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PREFACE

Core progresses of clinical gastroenterology and hepatology
in 2013
tional effort. The articles are arranged according to subspecialty, with 14 focusing on biliary tract diseases, 109
on digestive system neoplasms, 126 on gastrointestinal
diseases, 108 on liver diseases, 20 on pancreatic diseases,
and 4 on peritoneal diseases.
We are pleased to share this book with all of our colleagues who practice in the basic and clinical sciences. We
anticipate that this compendium will represent a springboard for knowledge exchange, as well as guide future
research endeavors that will not only benefit the scientists
and clinicians but also the patients that they serve.

It is our great pleasure to introduce the first edition of
World Clinical Gastroenterology, published by the
Baishideng Publishing Group in 2014. This book is intended to provide a comprehensive introduction to the
current knowledge in gastroenterology and the specialty
of hepatology. The collected research works, published in
2013, will emphasize the recent progress in diagnosis and
treatment, focusing on improvements in disease management and patient care from the perspectives of basic biology through medical technology. These collective works
will also serve to highlight existing challenges in the field.
The total 381 articles assembled herein were selected
from the following journals: World Journal of Gastroenterology (296 articles), World Journal of Hepatology (26),
World Journal of Gastrointestinal Endoscopy (20), World
Journal of Gastrointestinal Oncology (18), World Journal
of Gastrointestinal Pathophysiology (9), World Journal of
Gastrointestinal Pharmacology and Therapeutics (7), and
World Journal of Gastrointestinal Surgery (5). The authors
of these articles come from 43 countries, and represent the
diversity in backgrounds and expertise that epitomize the
current movement of scientific and medical research away
from an insular approach and towards a cohesive interna-
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PROGRESS IN BILIARY TRACT DISEASES

Precut sphincterotomy: A reliable salvage for difficult biliary
cannulation
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the setting of a failed standard cannulation method.
This paper discusses the technical details, timing, efficacy and potential complications of precut sphincterotomy.
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Abstract
Even experienced endoscopists have 90% success
in achieving deep biliary cannulation with standard
methods. Biliary cannulation may become difficult in
10%-15% of patients with biliary obstruction and precut (access) sphincterotomy is frequently chosen as
a rescue treatment in these cases. Generally, precut
sphincterotomy ensures a rate of 90%-100% successful deep biliary cannulation. The precut technique has
been performed as either a fistulotomy with a needle
knife sphincterotome or as a transpapillary septotomy
with a standard sphincterotome. Both methods have
similar efficacy and complication rates when administered to the proper patient. Although precut sphincterotomy ensures over 90% success of biliary cannulation, it has been characterized as an independent risk
factor for pancreatitis. The complications of the precut
technique are not limited to pancreatitis. Two more
important ones, bleeding and perforation, are also reported in some publications as being observed more
commonly than during standard sphincterotomy. It is
also reported that precut sphincterotomy increases
morbidity when performed in patients without dilatation of their biliary tract. Nevertheless, precut sphincterotomy is a good alternative as a rescue method in

WCG|www.wjgnet.com

INTRODUCTION
With the development of increasingly sophisticated imaging methods, endoscopic retrograde cholangiopancreatography (ERCP) is currently used more for the treatment than the diagnosis of biliary tract disease. The first
choice of treatment for biliary calculus, postoperative bile
leak and benign or malignant biliary stenosis is endoscopic, i.e., therapeutic ERCP. A preliminary condition to successful therapeutic ERCP is selective biliary cannulation.
Deep biliary cannulation performed by an experienced
endoscopist using standard cannulation techniques is successful in approximately 90% of cases[1]. Biliary cannulation may become particularly difficult in the 10%-15% of
patients with an anatomical problem or a disease such as
fibrosis, tumor of the sphincter of Oddi, periampullary
diverticuli, calculus impaction in the sphincter, or status
post Billroth Ⅰ-Ⅱ. Such situations are also risk factors
for complications of ERCP[2,3]. In a retrospective review
of 502 patients, Fukatsu et al[4] were not successful in
cannulating the biliary tract within the first 20 min using
standard methods in 80 of these patients (16%) for one
of the following reasons: female sex, post-hepatectomy
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Modified technique
The incision starts where the lower two thirds of the
papillary protuberance meet the upper third, and it proceeds downwards on the left of the median line of the
papilla and stops before reaching the papillary orifice.
The incision depth is obtained with 2-3 pushes on the
NK in a straight plane, while exerting sufficient pressure
from the surface of the ampulla towards the catheter.

hypertrophy of the left lobe, status post Billroth Ⅰ gastric
resection with reconstruction, and malignant stenosis.
In such patients, deep biliary cannulation fails often
enough, notwithstanding the use of various instruments
such as a tapered or standard-tip catheter, a sphincterotome, a guide wire, a metal-tip catheter, etc. Alternatively,
the pancreatic duct ends up being cannulated. Every new
attempt to cannulate through the papilla, or repeated
cannulation of the pancreatic duct, inevitably increases
the risk of post-ERCP pancreatitis (PEP)[5]. Published
reports indicate that ten or more transpapillary cannulation attempts or more than five cannulations of the pancreatic duct are independent risk factors for PEP[2,3,5].
The most popular method to address a difficult cannulation is needle-knife (NK) precut sphincterotomy,
which has been in use since the 1980s. The term precut was first used by Siegel[6] and later popularized by
Huibregtse et al[7]. A more recent technique for difficult
cases is transpancreatic precut sphincterotomy (TPS),
which was described after 1990[8]. Although precut (access) sphincterotomy ensures over 90% success of biliary
cannulation[9], it has been characterized as an independent
risk factor for PEP[10,11]. Patients in whom the precut
technique is applied are, however, already at a high risk
for PEP; they have, as a rule, already undergone mechanical trauma due to previous attempts at transpapillary
cannulation. Both situations are well known as PEP risk
factors. Therefore, a timely use of the precut technique
could reduce the risk of PEP. The complications of
the precut technique are not limited to PEP. Two more
important ones, bleeding and perforation, are reported
in some publications as being observed more frequently
than during standard sphincterotomy. It is also indicated
that precut sphincterotomy increases morbidity when
performed in patients who have no dilatation of their
biliary tract. This paper discusses the technical details,
timing, efficacy and complications of precut sphincterotomy.

Precut sphincterotomy is an endoscopic technique used
for deep biliary cannulation, and also for reaching the
pancreatic duct in rare cases. It consists of an incision in
the papilla in the absence of free biliary cannulation or
a guide wire. The incision is performed most frequently
with a needle-tip sphincterotome, and the technique is
referred to as “NK precutting”. Depending on the point
of origin of the incision, the technique is designated as
“standard” or “modified”.

Transpancreatic precut sphincterotomy or
transpancreatic papillary septotomy
This technique provides bile duct cannulation by entering the common duct or pancreatic duct through the
papillary orifice and then cutting the septum that separates the pancreatic duct from the bile duct. Transpancreatic papillary septotomy can be either wire-guided
after introducing a guide wire in the pancreatic duct, or
it can be performed without a guide. The wire-guided
method consists of introducing a soft guide in the pancreatic duct, then directing a papillotome, usually of the
standard type, towards the bile duct to perform the cut.
The catheter is introduced into the bile duct after its
ostium has become visible. The unguided technique first
introduces the sphincterotome into the common duct;
the septum between the pancreatic and the bile ducts is
incised, and the biliary and pancreatic orifices are made
visible separately. The pancreatic orifice is generally lower than the central position, to the right of the papillary
median line, and the bile duct orifice is to its left in the
middle. The latter presents a velvety appearance with an
off-yellow color. After visualizing the biliary orifice, deep
biliary cannulation is performed, and the sphincterotomy
operation is completed.
Different sphincterotomes have been developed for
precutting and NK[12] (Table 1). The catheters may possess
a single, double or triple lumen Iso-Tome. An isolatedtip papillotome to prevent energy leakage from the needle point has also been developed, as well as a coatedtip NK aimed toward preventing perforation. The Erlangen-type papillotome is one of these. It is similar to
the standard traction-type sphincterotome, with a 5 mm
monofilament cutting wire and a catheter tip measuring
less than 1 mm. Other modifications of the short-tip
or noseless sphincterotome are also used for precutting.
They are available with insulated or non-insulated cutting
wires. Yet another type of device used to perform a papillotomy to permit access is that of a catheter equipped
with a small scissor at the tip[13]. The lower blade of the
scissor is introduced into the papillary orifice, and the
scissor blades close to obtain a cut.

Standard technique
The incision starts at the orifice and proceeds upwards,
in the direction of 11 h on a clock dial, until it is past
the papillary protuberance. The length of the cut is determined by the intraduodenal part of the common bile
duct: it stops at the upper limit of the duodenal bulge of
the common bile duct.

How effective is a precut sphincterotomy in achieving
deep biliary cannulation? Does it increase post-ERCP
complications?
Standard cannulation techniques achieve deep biliary cannulation in approximately 90% of cases, while
10%-15% of cases present difficulties. Patients experiencing such difficulties generally have a disease such as

TECHNICAL DETAILS
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Table 1 Precut sphincterotomy devices
Tip
Distal
tip OD length
(mm)
(F)

Product

Boston Scientific (United States)
Needle knife RX
Micro knife XL
Mediglobe (Tempe, Arizona)
Precut sphincterotome
Needle knife
Olympus (Tokyo, Japan)
Triple lumen needle with clever coating
Triple lumen needle knife
Cook Medical (Winston-Salem, NC)
Huibregtse triple lumen needle knife
Zimmon needle knife
Fusion needle knife

Cut-wire
length
(mm)

Recommended Comments
guidewire size
(inch)

5
5

NA
NA

5
5

0.035
0.035

Triple lumen, shortwire
Triple lumen, precut

5 or 6
5 or 6

NA
NA

20 or 30
0-15

0.021-0.035
NA

5
5

NA
NA

5
5

0.035
0.035

Precut device
Precut device

5
5
6

NA
NA
NA

4
7
4

0.035
0.035
0.035

Triple lumen, precut
Precut device
Short-wire system

Double or tripleumen, noseless, erlange n-typesphincterotome
Single lumen

OD: Outside diameter; NA : Not available.

a stenosis or a tumor of the sphincter of Oddi, periampullar diverticula, status post-Billroth Ⅱ, etc., or an
anatomic abnormality. Cannulation difficulties lead to
multiple attempts. The resulting trauma and edema create a favorable ground for PEP. Precut papillotomy is an
invasive procedure to help achieve deep biliary cannulation. Studies and discussion of precut papillotomy have
been ongoing since the early 1980s, when this technique
was first used. Rabenstein et al[14] reviewed the patients
on whom they had performed precut papillotomy and
ERCP, dividing them in two groups based on the year
of the operation, 1981-1987 and 1988-1993. In both
periods, approximately one-third of the patients needed
a precut papillotomy to achieve deep biliary cannulation,
and precutting was successful in 85% of these cases. The
complication rates of primary endoscopic sphincterotomy (6.8%) and precutting (7.3%) were similar. Foutch
et al[15] succeeded in the deep cannulation of 414 of 456
patients (91%); endoscopic sphincterotomy was successful in 395 patients (87%), and 40 patients (9.7%) experienced complications, 21 (5.1%) of which were serious.
Precutting, which was used in 52 patients because of
insufficient deep cannulation or endoscopic sphincterotomy (EST), was successful in 47 patients (90%), 3 (5.8%)
of whom experienced complications, and these complications were serious in 2 (3.8%). No mortality related
to EST or precutting was observed. Binmoeller et al[16]
used precutting with an Erlangen-type instrument in 123
(38%) of 327 patients. Selective biliary cannulation was
successful in all patients. Hyperamylasemia, observed
in half of the patients who underwent precutting, was
present in 27% of the standard sphincterotomy group (P
< 0.001), while clinical PEP and the bleeding frequency
were similar in both groups (2.7% vs 2.4% and 1.6% vs
3.9%, respectively). Palm et al[17] compared their results
in 121 patients on whom they had performed precutting with the same type of papillotome with the result
of procedures performed in 481 other patients who
had received standard sphincterotomy (a precut ratio of
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25%). As in the earlier cited study, hyperamylasemia was
more frequent in the patients who underwent precutting
than in those with EST (31.3% vs 13.3%), while the rates
of other complications were similar (7.18% vs 8.3%).
Precutting resulted in a success rate of 98.2% for deep
biliary cannulation. In a study comparing primary and
secondary precutting, de Weerth et al[18] reported a 100%
success rate of biliary cannulation with a cannulation
time of 6.9 ± 1.8 min in the primary precutting. In 146
patients with secondary precutting who had previously
undergone attempts at standard cannulation and sphincterotomy, 104 had a successful cannulation within 8.3 ±
2.1 min (P < 0.001), and 42 had to repeat the secondary
precutting. PEP was observed with the same frequency
in both groups (2.1% vs 2.9%), and 1 patient in the secondary precut group experienced light bleeding. The
authors conclude that primary precutting is safer, more
efficient and faster. Kasmin et al[19] achieved a successful biliary cannulation at the first attempt in 50 (67%)
of 72 difficult patients, and 17 others were successful
at the second attempt, for a total of 67 (93%) successful procedures with NK sphincterotomy. Complications
were observed in eight (11%) patients, including guide
wire-related perforation, bleeding from precutting and
pancreatitis. A narrow common bile duct diameter was
determined to be an independent risk factor for complications in patients undergoing precutting. In a study of
the correlation of NK precut and PEP, Testoni et al[10]
performed NK precutting in 12.8% of their 732 patients
with naive papilla, with an 85% success rate. The PEP
frequency was 14.9% in the precut group vs 6.1% in the
non-precut group. Female sex, stenosis of the sphincter
of Oddi, partial pancreatic drainage and more than 15
previous cannulation attempts were independent risk
factors for PEP, while NK precutting was not. A stent
was implanted in the pancreatic duct in 22 patients, and
five of these experienced pancreatitis. The authors indicate that the pancreatic stent provides no protection
from PEP to patients at risk. Perforation, bleeding or
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ten or more transpapillary cannulation attempts or more
than five cannulations of the pancreatic duct are independent risk factors for PEP. Precutting before reaching
such a number of attempts would not constitute an additional PEP risk factor. In a meta-analysis by Cennamo
et al[21] of six controlled, randomized studies, pancreatitis
was found in 2.5% of patients undergoing early precutting vs 5.3% in those in whom the unsuccessful attempts
continued (odds ratio 0.47, 95% confidence interval:
0.24-0.91); early precutting was shown to lower the risk
of PEP. In another study, Tang et al[22] found fewer cases
of PEP in patients subject to precutting before reaching
10 unsuccessful cannulation attempts through the papilla
as opposed to those with 10 or more attempts. When
comparing the patients who underwent early precutting
with those in whom the endoscopists persisted with difficult cannulation, the success rates were, respectively,
75% and 73%, and the complication rates were 4% and
9%; the differences were not significant. Kaffes et al[23]
performed early NK precut sphincterotomy in 70 (20%)
patients out of a population of 346 undergoing therapeutic ERCP. The operation was performed in patients
in whom selective biliary cannulation was not successful within the first ten min or those with more than five
cannulations of the pancreatic duct. Successful biliary
cannulation was achieved at the first attempt in 58 (83%)
patients, and at the second attempt 24-48 h later, it was
successful in 7 more patients. Precutting was unsuccessful in 5 patients. Thus the total success rate for biliary
cannulation was 95%; six patients had light bleeding,
and one had light pancreatitis. It was concluded that
early precutting does not add to the PEP risk. Bruins
Slot et al[24], reporting a success rate of 99% for precut
sphincterotomy in achieving biliary cannulation with a
complication rate of 12%, interestingly found a 0.1%
PEP rate but observed relatively frequent perforation
(3%) compared to other reports, where perforation is
rare, and bleeding was reported in 5.5% of patients. The
bleeding reported with the NK precutting procedure is
characterized as mild, but it is generally more frequent
than with standard sphincterotomy. As a result of all
these reviewed studies, it may be said that, in addition to
not representing a risk factor for developing PEP, early
precut sphincterotomy does not cause complications in
addition to those of the ERCP or standard sphincterotomy methods, and it is safe.
Should a transpancreatic septotomy and NK precut
method be used, and what are their respective advantages
and complications? To answer these questions, the results
of several studies should be considered. In a paper by
Goff[25], who also first described TPS, on the long-term
comparative results of this technique vs those obtained
with standard sphincterotomy, 51 (25%) patients of a total of 200 were subjected to precutting. Of these, 49 (94%)
had a successful biliary cannulation at the first attempt;
the complication rate was 2.1% for standard and 1.96%
for precut sphincterotomy. Catalano et al[26] performed
TPS in 29 patients and NK precutting in 34. The cannulation success rate was 100% in the former and 77% in

Table 2 Precut admission, success and complication rates (%)
Standard
PrecutDeep
The
associated sphincterotomybiliary
need for
associated
precutting cannulation complication
complication

Ref.

Bailey et al[10]
Rabenstein et al[14]
Foutch et al[15]
Binmoeller et al[16]
Palm et al[17]
Cennamo et al[20]
deWeerth et al[18]

12.8
30
9
38
25
20
30

85
85
90
100
98.2
92
99

14.9
7.3
9.8
5.5
8.3
8
2.9

6.1
6.8
9.7
5.1
7.18
2.1

severe pancreatitis were not observed. As for Cennamo
et al[20], they applied criteria somewhat differently from
the previous studies, performing precutting if the standard attempt failed within 5 min or after three repeated
cannulations of the pancreatic duct; they compared
this group of patients to those who had undergone late
precutting after failed cannulation within 20 min. In
the early precut group, cannulation was successful in 32
(92%) of 36 patients at the first attempt and 100% at
the second. In 78 of the 110 late precut patients, biliary
cannulation was achieved within an average of 7.6 min
by standard methods, while precutting was performed in
the first 20 min in the remaining patients. Deep biliary
cannulation was successful at the first attempt in 26 (81%)
of these patients and at the second in the remaining
four. The complication rate was 8% in the early precut
group and 6% in the late precut (P = 0.7). Patients with
periampullary diverticuli, gastric surgery and papillary
neoplasia were excluded from this study. Oddi’s sphincter stenosis was not an exclusion criterion, but it was not
found in any of the patients during the procedure. The
authors concluded that there was no difference between
the early and late precut patient groups with regard to
biliary cannulation success rates and complication rates.
Considering, however, the early decision regarding the
failure of standard cannulation in the early precut group,
it can be speculated that biliary cannulation could still
have been achieved by standard methods with a longer
trial in some of these patients. Another question is the
exclusion of patients with important PEP risk factors
and the absence of cases of stenosis of the sphincter of
Oddi, which both may have contributed to the absence
of a difference in terms of complications. Additionally,
an apparent difference in the first-pass success rates in
favor of the early precut patients, 92% vs 81%, was not
discussed in the conclusion. A review of these studies
(Table 2) shows that precutting is successful in achieving
deep biliary cannulation in more than 95% of the cases,
without causing a substantial increase in the complication rate.
The timing of the precutting intervention is important for reducing the complications. The number of
transpapillary cannulation attempts and that of pancreatic duct cannulations are two of the most important factors contributing to PEP. Published reports indicate that
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bile duct dilatation may be decisive. Patients in whom
there is no stenosis of the sphincter of Oddi and the bile
duct, and thus no bulging in the duodenum of the duodenal portion of the bile duct, are not good candidates
for fistulotomy or the modified technique of NK precut. The perforation risk due to precutting was elevated
in such patients; TPS is more adapted to these cases.
Patients with a stenosis of the sphincter of Oddi are at
high risk for PEP, and biliary cannulation by TPS following the placement of a stent in the pancreatic duct is the
procedure of choice. As for patients with an impacted
calculus in the orifice, or those with a papillary orifice
displaced downwards due to a tumor of the sphincter of
Oddi, fistulotomy or NK precut by the modified technique are appropriate.
Stent placement in the pancreatic duct has also been
attempted to prevent PEP. Goldberg et al[32] were successful in the deep cannulation of 38 (97.4%) out of
39 patients who presented cannulation difficulties, using TPS after having implanted a stent in the pancreatic
duct. Two (5.1%) of these patients had mild pancreatitis.
Performing TPS after pancreatic duct stent implantation
seemed to be as successful in cannulation as other methods, while the lower pancreatitis frequency was doubtful.
This was a retrospective study with few patients. Madácsy et al[33] implanted a pancreatic duct stent in 22 patients
with a dysfunction of the sphincter of Oddi if cannulation had failed within the first ten min or if the pancreatic duct had been entered five times before performing
NK precutting. Biliary cannulation was successful in 20
patients, and none developed PEP, which was present in
14 of the 35 control group patients. A reduction of the
risk of PEP due to the use of a pancreatic stent in patients at high risk is a possibility; prospective studies with
more patients are needed to resolve this issue. The stent
mostly falls off spontaneously within 3-5 d from the
time of implantation because its distal notch is generally
left outside the duct. If the stent is still in place on the
follow-up abdominal x-ray at one week, it must be pulled
out by esophagogastroduodenoscopy.
In a study comparing the standard technique to the
modified technique for NK[22], three patients in each
group had bleeding, and one in the modified technique
group had pancreatitis. No difference was detected
among the two techniques regarding their complications.
It is assumed that the pancreatic duct orifice is protected
by the incision in the modified technique, which starts
at the summit of the papillary protuberance and ends
before reaching the orifice, and PEP will not develop
after its use. The only patient who experienced pancreatitis in the cited study was, however, in the group that
received the modified technique. It may be that edema
due to temperature elevation in the tissues obstructs the
pancreatic duct orifice. The emptying of the pancreatic
duct is easier with the standard technique or TPS due to
the incision of the common duct or even the pancreatic
duct starting from the papillary orifice.
Articles on precut sphincterotomy generally start
with the following disclaimer: “this method is efficient

Table 3 The comparison of needle knife papillotomy and
transpancreatic precut sphincterotomy (%)
Transpancreatic Needle knife
P
precut
precut
value

Ref.
Catalano et al[26]
Successful biliary cannulation
Complications
Wang et al[27]
Successful biliary cannulation
Complications
Halttunen et al[30]
Successful biliary cannulation
Complications

100
3.5

77
17.7

0.01
NS

90
14.9

90.8
18.4

NS
NS

97.3
9.3

7.3
8.2

< 0.001
NS

NS: Not significant.

the latter group (P = 0.1). Complications were observed
in one TPS patient (3,5%) and in six (17.7%) who had
NK. Wang et al[27] applied TPS in 140 patients and NK in
76, with similar rates of biliary cannulation success, PEP,
and other complications (90% vs 90.8%, 11.4% vs 11.8%
and 14.9% vs 18.4%, respectively). Akashi et al[28] performed TPS without using a guide wire in 172 patients,
with 163 (95%) successful biliary cannulations and a 10%
complication rate. They note in their conclusions that the
general complication rate of ERCP was low at 0.8%, and
that of TPS was relatively elevated (P < 0.001). Kahaleh
et al[29] obtained a deep biliary cannulation success rate of
85% without guide wire in 116 patients; three patients
(2.6%) experienced bleeding, 9 (8%) had pancreatitis,
and 2 (1.7%) had a perforation. The authors reported
that these frequencies were no different than those of
the standard sphincterotomy patients. Halttunen et al[30]
used precutting in 588 (9%) of 6209 ERCP patients due
to cannulation difficulties and compared TPS to NK.
Precutting was successful in 529 of the 588 patients. Of
these, 351 had TPS and 178 had NK. The success rate
for biliary cannulation was 97.3% in the TPS group and
71.3% with NK (P < 0.001); the frequency of PEP was
8.8% in the TPS group and 5.1% in the NK patients (P
= 0.16). The authors characterized TPS as a substantially
efficient and safe technique (Table 3). Weber et al[31] inserted a soft guide wire in the pancreatic duct to perform
TPS in 108 patients; 94 (87%) of these were successfully
cannulated at the first attempt, and nine others were successful at a second session 1-4 d later, for a total success
of 103 (95.4%) patients. PEP was observed in six (5.6%)
cases, four of which were mild, and bleeding was similarly observed in six (5.6%) patients, four of whom required
transfusion. There was no perforation and no mortality.
The bleeding frequency was higher than usual in the last
study; this may be related to the reported use of a pure
cutting current. As summarized above, the results of TPS
with or without the placement of a guide in the pancreatic duct seemed to be similar to each other with regard
to the rates of biliary cannulation success and complications. Although there is thus no definite evidence as to
the superiority of either method, the macroscopic appearance of the papilla and the presence or absence of
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and safe if performed by experienced endoscopists”.
Sphincterotomy and precutting are the most critical therapeutic operations during ERCP, and they necessitate a
certain amount of experience. A study regarding this by
Rabenstein et al[34] showed a complication frequency of
5.6% with endoscopists who treated 40 or more cases
per year vs 9.3% for those with fewer cases (P < 0.05).
In their study addressing the endoscopist’s experience
in precut fistulotomy, Lee et al[35] used this technique in
23% of cases, achieving 88.7% biliary cannulation success in the first session and 93.7% by the second session.
PEP developed in 5.7% of cases. More than 15 cannulation attempts before fistulotomy was defined as being a
PEP risk factor. The study determined that the operation duration decreased in an inverse relationship to the
number of interventions practiced by the endoscopist,
thus reducing the operative complications. Sufficient experience is of crucial importance not only for precutting
but also for ERCP, especially for procedures of therapeutic nature. Experience is acquired by treating a large
number of cases, following what is being performed,
and continuously updating knowledge. The endoscopist
will be entirely familiar with papillary anatomy after having observed many cases. The person performing the
endoscopy must know what will be observed, what is
being sought and what will be found in every millimeter
that is being cut.
Is precutting the ultimate solution to difficult biliary cannulation? There is no doubt that it is not. A new
technique is that of endoscopic ultrasound (EUS) rendezvous for common bile duct cannulation. Dhir et al[36]
have compared precutting to the rendezvous technique
with EUS in a non-randomized, retrospective study. Successful common bile duct cannulation was achieved in
90% of patients with precutting and 98% with EUS (P
= 0.03); the complication rates were 6.9% and 3.4%, respectively (P = 0.27). The authors reported that the EUS
rendezvous technique is more successful than precutting
for difficult biliary cannulation. It would be wrong, however, to accept these results from a retrospective, nonrandomized study as unbiased; additionally, conventional
cannulation was considered to have failed after five attempts and EUS was initiated, where one may speculate
that extending this limit to ten or another number could
have allowed it to succeed. Without a doubt, the EUS
rendezvous technique represents an important step to
be used as a salvage procedure when precutting is insufficient.

should remain reserved for patients who need a therapeutic intervention.
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Endoscopic ultrasonography guided biliary drainage:
th
Summary of consortium meeting, May 7 , 2011, Chicago
Michel Kahaleh, Everson LA Artifon, Manuel Perez-Miranda, Kapil Gupta, Takao Itoi, Kenneth F Binmoeller,
Marc Giovannini
patients with advanced malignancy, seeking minimally
invasive interventions and improved quality of life.
With the advent of biliary drainage via endoscopic ultrasound (EUS) guidance, EUS guided biliary drainage
has been used more frequently within the last decade
in different countries. As with any novel advanced
endoscopic procedure that encompasses various approaches, advanced endoscopists all over the world
have innovated and adopted diverse EUS guided biliary
and pancreatic drainage techniques. This diversity has
resulted in variations and improvements in EUS Guided
biliary and pancreatic drainage; and over the years
has led to an extensive nomenclature. The diversity of
techniques, nomenclature and recent progress in our inth
trumentation has led to a dedicated meeting on May 7 ,
2011 during Digestive Disease Week 2011. More than
40 advanced endoscopists from United States, Brazil,
Mexico, Venezuela, Colombia, Italy, France, Austria,
Germany, Spain, Japan, China, South Korea and India
attended this pivotal meeting. The meeting covered
improved EUS guided biliary access and drainage procedures, terminology, nomenclature, training and credentialing; as well as emerging devices for EUS guided
biliary drainage. This paper summarizes the meeting’s
agenda and the conclusions generated by the creation
of this consortium group.

Michel Kahaleh, Division of Gastroenterology and Hepatology,
Weill Cornell Medical College, New York, NY 10021, United
States
Everson LA Artifon, Department of Gastroenterology, University of São Paulo Medical School, São Paulo 05403-000, Brazil
Manuel Perez-Miranda, Endoscopy Unit, Hospital Universitario
Rio Hortega, 47012 Valladolid, Spain
Kapil Gupta, Pancreatic Biliary Department, Cedars-Sinai Medical Center, Beverly Hills, CA 90048, United States
Takao Itoi, Department of Gastroenterology and Hepatology,
Tokyo Medical University, Tokyo 160-0023, Japan
Kenneth F Binmoeller, California Pacific Medical Center, San
Francisco, CA 94115, United States
Marc Giovannini, Department of Gastroenterology, Paolicalmettes Institute, 13273 Marseille, France
Author contributions: Kahaleh M, Artifon ELA, Perez-Miranda
M, Gupta K, Itoi T, Binmoeller KF and Giovannini M designed
and organized the meeting and provided summary results; Kahaleh M summarized the data and wrote the paper.
Correspondence to: Michel Kahaleh, MD, FASGE, Professor
of Medicine, Chief of Endoscopy, Division of Gastroenterology
and Hepatology, Weill Cornell Medical College, 1305 York Avenue, 4th Floor, New York, NY 10021,
United States. mkahaleh@gmail.com
Telephone: +1-646-9624000 Fax: +1-646-9620110
Received: June 30, 2012
Revised: August 20, 2012
Accepted: December 22, 2012
Published: January 28, 2014

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract

Key words: Endoscopic ultrasound; Biliary drainage; Endosonography-guided cholangiopancreatography; Endoscopic ultrasound guided; Pancreatic drainage; Endoscopic retrograde cholangiopancreatography

Endoscopic retrograde cholangiopancreatography (ERCP)
has become the preferred procedure for biliary or pancreatic drainage in various pancreatico-biliary disorders.
With a success rate of more than 90%, ERCP may not
achieve biliary or pancreatic drainage in cases with
altered anatomy or with tumors obstructing access to
the duodenum. In the past those failures were typically
managed exclusively by percutaneous approaches by
interventional radiologists or surgical intervention. The
morbidity associated was significant especially in those
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fore potentially be accessed under EUS with minimal
risks. The retroperitoneal location of the CBD makes it
also an attractive access site for patients with ascites, in
whom fluid around the liver makes transhepatic access
(whether percutaneous or transgastric under EUS) more
difficult and hazardous.
As explained in more detail, antegrade stent insertion from an extrahepatic access site is challenging and
has only been reported in a few series[14,15]. The real
choice between transmural and transpapillary drainage
after extrahepatic bile duct access under EUS therefore
lies between EUS-guided choledochoduodenostomy
(EUS-CDS) and rendezvous. Proponents of rendezvous
argue that it may be less invasive than EUS-CDS, since
transmural intervention is usually limited to puncture
and guidewire passage, then drainage is accomplished
in a retrograde fashion via ERCP without the need for
puncture tract dilation[16]. However, EUS-BD can fail even in expert centers - because guidewire passage across
the stricture and the papilla can be unsuccessful. The
needle does not permit manipulation of the guidewire,
across a stricture in the same way as it can be done during ERCP using flexible catheters. EUS-BD by needlerendezvous may require repeat punctures with different
angles often resulting in a prolonged, labor-intensive
procedure with the risk of shearing the wire or biliary
leakage. The second part of the rendezvous involves
exchange of the echoendoscope for a duodenoscope
and guidewire retrieval through the duodenoscope. This
is also cumbersome and plagued with difficulties. EUSCDS despite being perhaps more invasive, appears to be
a more reproducible approach over transpapillary rendezvous. Nonetheless, both EUS-BD variant approaches can
be considered complementary. As we will discuss below,
some indications are better suited for one technique versus another. Similarly, even if rendezvous is the intended
drainage technique, EUS-CDS can be used as a second
line approach to salvage the significant proportion of
failed rendezvous cases[17,18]. This open-ended approach
to EUS-BD (i.e., inclusive of both rendezvous and EUSCDS) results in comparatively higher success rates than
that of EUS-BD series limiting their approach to just
rendezvous[16]. Obviously, future prospective studies comparing EUS-BD with PTBD or surgery are necessary.

INTRODUCTION
Endoscopic retrograde cholangiopancreatography (ERCP)
is the procedure of choice for biliary drainage in obstructive jaundice resulting from pancreatico-biliary cancer.
Although this is successful in more than 90% of the times
biliary drainage cannot be achieved via ERCP in certain
cases[1,2]. This is usually related to a difficult anatomy from
prior surgical interventions or due to locally advanced
tumors obstructing access to the duodenum[3-5]. Traditionally, such patients underwent percutaneous transhepatic
cholangiography[6-8]. However, this method carries a high
complication rate and could be associated with fistula formation and recurrent infection[9]. In 1996, Wiersema used
endoscopic ultrasound (EUS)-guided cholangiography to
define the biliary anatomy, guiding repeat ERCP[10]. The
initial report of biliary drainage using EUS guidance was
published by Giovannini et al[11], and described a bilio-duodenal anastomosis guided by EUS using a single 10 French
plastic stent. Shortly after, the same author published a
left hepatico-gastrostomy under EUS-Guidance. A selfexpandable metal stent (SEMS) was then placed across
the fistula created[12]. Later a “rendez-vous” technique was
demonstrated in a series by Kahaleh et al[13], describing a
total of 13 cases undergoing trans-gastric puncture of the
left biliary system. With the combination of techniques increasingly available it became obvious that this technique
was destined to grow further. Since then many more papers have been published regarding this technique.

TECHNIQUES APPROACHES IN
EUS-GUIDED BILIARY DRAINAGE
EUS-guided biliary drainage (EUS-BD) are divided by access route into EUS-guided intrahepatic bile duct drainage, where the intrahepatic bile duct is punctured from
a transesophageal, transgastric or transjejunal approach,
and EUS-guided extrahepatic bile duct drainage, where
the common bile duct (CBD) is punctured from a transduodenal or transgastric approach (usually from the distal
antrum). The overall rationale for performing EUS-BD
is threefold: (1) logistic advantage (it can be performed
in the same session as the originally failed ERCP without
further delay); (2) physiologic advantage (it provides immediate internal biliary drainage without the need for
external drains); and (3) anatomic advantage (it can be
tailored to the individual patient’s anatomy; the precise
imaging provided by EUS resulting in a potentially less
invasive procedure than percutaneous transhepatic biliary
drainage.

TERMINOLOGY
Diagnostic and therapeutic ESCP
EUS-guided access to bile and pancreatic ducts under
fluoroscopy in order to obtain diagnostic ductograms was
termed “endosonography-guided cholangiopancreatography” and acronymized EGCP in 1996. The alternative
acronym ESCP stands for the same name. Within ten
years, therapeutic procedures building on the ESCP paradigm were reported in 39 patients to attempt duct drainage (26 biliary and 13 pancreatic). Despite seeming differences in technique and a confusing plethora of terms, the
13 reports originating from 9 different institutions which

Extrahepatic approach
In addition to the underlying common rationale for EUSBD, the extrahepatic approach has its own limitation and
advantage. In case of obstruction the common bile duct
or common hepatic duct are more easily imaged under
EUS than the intrahepatic bile ducts, in contrast to what
happens under transabdominal ultrasound. It can there-
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Table 1 Variant endosonographic cholangiopancrea-tography approaches (n )
Transpapillary
Retrograde
Pancreatic duct

1

Antegrade

Transmural

2

Institutions

Patients

Institutions

Patients

Institutions

Patients

4

7

1

2

2

4

Bataille et al[19] (1)
Mallery et al[20] (4)
Dewitt et al[21] (1)
Will et al[22] (1)
Intrahepatic bile duct

1

Extrahepatic bile duct

2

Kahaleh et al[25] (5)

Kahaleh et al[23] (2)

5

1

7

1

Mallery et al[20] (2)
Lai et al[26] (1)
Kahaleh et al[27] (4)

Püspök et al[14] (1)

François et al[24] (4)

1

1
Püspök et al[14] (1)

2

3
Burmester et al[2] (2)
Giovannini et al[11] (1)
4
9
Giovannini et al[28] (1)
Burmester et al[2] (2)
Püspök et al[14] (4)
Kahaleh et al[27] (1)
Kahaleh et al[25] (1)3

1

18 out of 19 retrograde transpapillary endosonographic cholangiopancrea-tography (ESCP) were carried out via rendezvous; 2None of these four antegrade
transpapillary ESCP were “pure” antegrade. Kahaleh et al[23] used a single stent bridging both the papilla and the puncture tract, whereas Püspök et al[14]
used dual stenting: a transmural stent together with a transpapillary stent; 3Retrograde cannulation of spontaneous bilio-duodenal fistula developing in the
setting of postoperative duct injury, after intrahepatic bile duct injection. Similar to the methylene-blue approach, but using contrast material.

Nomenclature problem
Determining the essential elements of a given procedure the common ground to all its potential variant approaches
- and the key variables defining those variant approaches,
is of critical relevance to successfully name it. An example
of a successful name encapsulating the essence of a complex procedure is ERCP. The acronym ERCP has withstood the test of time over four decades, as the procedure
itself metamorphosed from diagnostic to therapeutic,
branching out to encompass an ever growing range of
interventions. The opposite is true for EUS-guided ductal
access and drainage interventions. Not a single one of the
13 early reports replicates the name ESCP. It is significant
that 5 of them fail to reference it at all when describing
their individual variants of ESCP. However, it is even
more significant that most will mention it as just one of
the many then developing applications of EUS, overall or
on the pancreas. A parent role for ESCP is acknowledged
only implicitly and occasionally. This tendency to focus on
the uniqueness of each novel variation, losing touch with
the prior common ground, has worsened in subsequent
reports. With a few hundred cases published, over 120
names and 30 different acronyms have been put in circulation to refer to essentially the same procedure or any of
its major variants. Table 2 lists the 22 names and 8 different acronyms proposed for an all-variant encompassing
procedure. Further name lists could be produced for just
biliary overall (n = 19), pancreatic (n = 14), transmural
overall (n = 22), transmural biliary (n = 24) or transpapillary (n = 22) variants.

1
3
6 5
2
4

Figure 1 Therapeutic endosonographic cholangiopancreatography:
Variant approaches. 1: Transmural drainage, intrahepatic access (hepaticogastrostomy); 2: Transmural drainage, extrahepatic access (choledochoduodenostomy); 3: Transpapillary drainage, intrahepatic access; 4: Transpapillary
drainage, extrahepatic access; 5: Transmural drainage, pancreatic access (pancreaticogastrostomy); 6: Transpapillary drainage, pancreatic access. (Reprinted
from Perez-Miranda et al[41] with permission).

detail these 39 procedures are strikingly consistent (Table
1)[2,14,19-28]. In all of them fluoroscopy-guided intervention
through ERCP-based techniques was used to provide
drainage following EUS-guided ductal access in complex
cases not amenable to ERCP. The substantial anatomic
variation in this highly selected patient cohort led to different procedural options, which can be classified into 9
subgroups (3 pancreatic and 6 biliary) based on just two
variables, access route and drainage route (Figure 1). Access route can be intrahepatic biliary, extrahepatic biliary
or pancreatic, whereas drainage route can be either transmural or transpapillary. Transpapillary drainage can be accomplished either antegradely - most commonly by direct
stent insertion across the EUS puncture tract into the
duct, the stricture and then the papilla, or retrogradely most commonly via rendezvous ERCP.

WCG|www.wjgnet.com
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Semantic analysis of names listed in Table 2 under the
heading “diagnosis” reveals that descriptors incorporated
into the final name include EUS (or endosonography),
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as a manageable acronym would help frame a unifying
concept for a procedure distinct from other EUS-guided
interventions and from combined EUS-ERCP arrangements, despite the manifold ways in which it can be carried out. Consistently used terms describing individual
ESCP approaches, such as hepaticogastrostomy, choledochoduodenostomy or rendezvous, would be bound by a
specific umbrella concept and name rather than standing
independently among the growing list of EUS-guided
interventions.

Table 2 List of endosonographic cholangiopancreatography
names (biliary and panc, n =22)
Name
Diagnosis Endosonography-guided cholangiopancreatogra
phy
Endosonographic cholangiopancreatography
EUS-guided cholangiopancreatography
EUS-guided cholangiography and
pancreaticography
EUS-assisted cholangiopancreatography
EUS-guided ductography
Endo-radio-sono-cholangiopancreatography
Endoscopic anterograde
cholangiopancreatography
Therapy EUS-guided cholangio and pancreatic drainage
EUS-guided pancreaticobiliary access and
therapy
EUS-assisted duct access and drainage
EUS-assisted duct opacification and drainage
EUS-guided ductal access and drainage
EUS-guided ductal cannulation and therapy
EUS-guided pancreatic and biliary ductal
drainage
EUS-guided drainage
EUS-guided drainage of pancreatico-biliary
ducts
EUS-guided pancreatobiliary drainage
EUS-guided stent insertion
Pancreatobiliary drainage by EUS-FNA
Therapeutic EUS-FNA with drainage
EUS-guided biliary and pancreatic duct puncture
and drainage

Acronym
EGCP
ESCP
EUSCP

ERSCP
EACP

Dr. Binmoeller proposed the alternative term “EACP”:
Endoscopic (or EUS-guided) anterograde cholangiopancreatography. He argued that EACP highlights the
anterograde route of duct access (relative to the ampulla)
in contrast to the retrograde of ERCP, and therefore
should be the key distinguishing feature. He noted that
“ERCP” does not specify use of a specific imaging modality, in contrast to ESCP. To withstand the test of time,
the acronym should be open to imaging modalities that
may be used in the future. Choosing an acronym that
is familiar will be more likely to achieve adoption, and
EACP mirrors ERCP as the anterograde option. Like
ERCP, EACP broadly covers a range of diagnostic and
therapeutic bilio-pancreatic interventions that will eventually be used under this name. A vote was taken during
the conference and the majority favored “ESCP” over
“EACP”, however, adequate presentation time was not
allowed to discuss the pros and cons of the acronyms.
It is important to consider the acceptance of this name
worldwide and further discourse is planned.

ECPD

EUS-PBDD

EUS-PBD

EUS: Endoscopic ultrasound; FNA: Fine needle aspiration.

the ductal component (allowing differentiation between
ESCP and related procedures such as EUS-guided pseudocyst drainage), and the presence of fluoroscopy (expressed in the suffix “-graphy”). Names in Table 2 under
the heading “therapy” usually omit the critical element
of fluoroscopy and often as well the ductal nature of the
target pursued under EUS (which, in turn, is what gives
fluoroscopy more prominence in ESCP than in, for example, a pseudocyst drainage procedure). The therapeutic
intent is variably described, resulting in exceedingly long
names. Inconsistent modifiers such as “guided” or “assisted” (sometimes also “directed”) introduce another
source of variability without much added meaning. A
simple way to solve the terminology conundrum would
be to follow the ERCP paradigm with ESCP, where the
latter refers not only to the ductograms it literally designates but also to therapeutic intervention under fluoroscopy to provide bile and/or pancreatic duct drainage.
“Endoscopic” and “retrograde” qualify the way ducts are
accessed, as would “endosonographic”.

TRAINING IN JAPAN AND IN THE
WORLD: DOES ONE SIZE FIT ALL?
Interventional EUS has become popular. In order to
perform EUS-guided pancreatico-biliary drainage, experience of not only endosonographer but also ERCP endoscopist is required.
Current situation of EUS instrument in Japan and in the
world
Diagnostic EUS using radial model began in 1980s in Japan. Since then, basically radial EUS has been popular in
Japan. In contrast, in United States and Europe, although
at first radial EUS was performed, EUS-guided fine needle aspiration (EUS-FNA) showed a rapid increase. The
ratio of curved linear array (CLA) echoendoscopes to all
EUS scopes is 12% in Japan and 40% in United States
and Europe[29,30]. One of the reasons is the reimbursement
of EUS-FNA procedure. The cost of EUS-FNA in Japan
is about less than 200 United States dollars.

A parent procedure with two major branches
The acronym ESCP could accommodate the term “endosonography-guided cholangiopancreatography” if it
proves too ingrained as well as the shorter more specific
versions of ESC and ESP, just like ERCP does with ERC
and ERP, to designate one ductal system only. ESCP

WCG|www.wjgnet.com

Current situation of EUS centers in Japan and in the
world
There is no dedicated center for interventional EUS using linear EUS since endosonographers usually perform
both radial and linear EUS not only for pancreaticobili-
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↑ Funnel (L)
Funnel (L)

→

→

Human dummy model

EMERGING DEVICES FOR EUS-BD

Funnel (S)

The technique entails three basic steps using various “offthe-shelf ” tools in conjunction with a therapeutic CLA
echoendoscope.

Insertion mouse

EUS-guided ductal puncture
Most cases described in the literature use conventional
FNA needle (usually 19-gauge to enable passage of a
0.035 inch wire). The continuous stainless steel needle
lends excellent visibility on sonographic and fluoroscopic imaging, as well as excellent transfer of force. Drawbacks of the FNA needle are its relative stiffness, which
results in a very tangential angle of puncture. An alternative instrument for access is a diathermic needle knife
with removable inner needle. Pure cutting current is applied during puncture to penetrate tissue. The advantage
of the needle knife is the ability to immediately exchange
the inner needle for a guidewire. The outer catheter can
then be easily steered in the bile duct, off-axis from the
angle that the duct was punctured. The main drawback
of the needle knife is the poor visibility of the needle,
limited to the catheter tip, on ultrasound and fluoroscopy. A further drawback is the risk of diathermy trauma
to tissue, a particular concern should the needle veer off
course during puncture. Whereas a continuous stainless
steel needle will maintain the predicted trajectory path
as it is advanced, the more flexible needle knife catheter
may veer off-axis into a neighboring structure, which
may be a major vessel.

↑ Abdominal phantom
↑ Base plate

Figure 2 Pancreaticobiliary phantom model (Olympus Medical Systems).

ary diseases but also for gastrointestinal tract diseases,
like esophageal or rectal lesions. Most high volume EUS
centers have tutorial courses or EUS seminars for endoscopists who want to learn diagnostic EUS, namely EUS
imaging including fundamental mode, contrast-enhanced
mode and elastography, and EUS-FNA[31].
In Japan, there are more than 30 EUS centers in
which conventional therapeutic EUS including pancreatic pseudocyst drainage and celiac plexus neurolysis are
performed. Of these centers, only in about 5 EUS centers, EUS-guided biliary drainage and/or pancreatic duct
drainage are performed (more than 20 cases). In United
States, there are more than 40 therapeutic EUS centers. In
Australia, endosonographers perform interventional EUS
in more than 17 centers. In South America, therapeutic
EUS is performed in more than 10 EUS centers. In Asia
including Japan, there are more than 70 EUS centers. In
Europe, around 30 EUS centers provide interventional
EUS services.

Dilation of the bilio-enterostomy tract
Tract dilation is required prior to stenting. As in ERCP,
graduated bougies and non compliant balloon catheters
can be used. Each has pros and cons. Bougies have the
advantage of excellent operator control of the dilation
force, as the operator can gauge the amount of resistance encountered during advancement of the bougie.
However, the dilation force is axial, which can lead to a
separation of tissue planes during bougie advancement.
Balloons have the advantage that they can be inserted
in a compressed state, thereby minimizing the delivery
catheter size to around 5 Fr. The dilation force is radial.
However, balloons dilate to a fixed diameter in an ‘‘all-ornothing’’ fashion which increases the risk of perforation,
leakage, and bleeding.
If passage of a balloon or bougie across the bowel
wall fails after guidewire access, tract dilation can be
facilitated with diathermy using a double lumen needle
knife catheter. Alternatively, a catheter with a diathermic
ring at the tip can be used. Endoscopists in Europe have
used a 6 Fr diathermic ring device, (Endoflex, Voerde,
Germany). In the United States, only a 10 Fr diathermic
ring device (Cystotome CST10; Cook Medical) is Food
and Drug Administration cleared. Due to the large size,
the Cystotome is a rigid device that is difficult to advance
across the oblique exit of the working channel of the
therapeutic CLA echoendoscope.

Current status of EUS training
As many endosonographers described, there is no well
designed EUS training system. In terms of United States
and Europe, the American Society for Gastrointestinal Endoscopy (ASGE) and the European Society of
Gastrointestinal Endoscopy sponsored hands-on EUS
workshops using a porcine model is regularly held. We
can perform not only diagnostic EUS (imaging) but
also EUS-FNA (including cyst puncture). Because EUS
training on a swine model is recognized to be the more
expensive way for EUS teaching, not all trainees in every
country can use the model. In contrast, computer-based
simulator (EUS mentor; Simbionix, Tel Hashomer, Israel)
has been developed for repeat training and shortening
the learning phase of EUS. This model is relatively similar to normal anatomy, but it is also expensive. Recently,
Olympus Medical Systems made the pancreaticobiliary
phantom for both radial and linear EUS training (Figure
2). It includes not only the parenchymal organs but also
middle to large vessels. Training system using this kind of
phantom and porcine model will probably become mandatory to establish skills in therapeutic EUS.

WCG|www.wjgnet.com
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Stent drainage
Again, as in ERCP, a variety of plastic and metal stents
can be used. Pigtail stents are a logical choice to minimize
the risk of stent migration (especially into the duct), but
the pigtail end makes coaxial stent insertion more difficult.
An advantage of a straight stent is the ability to retrieve
or exchange the stent over the wire without loss of ductal
access. Covered SEMS have been used for transenteric
drainage, but may migrate, particularly with shortening[32].
The covering may block drainage of a secondary duct (e.g.,
cystic duct or intrahepatic branch). Uncovered SEMS are
unsuited for transenteric drainage due to leakage between
the struts. However, an uncovered SEMS can be placed
in exchange for a temporary plastic stent after the fistula
tract has matured[11].

and there was no evidence of bile leak or perforation. All
coils dislodged successfully into the duodenum.
Exchange-free lumen-apposing device
Binmoeller et al[35] reported on a catheter-based system
(AXT System, Xlumena, Mountain View, CA) that delivers multiple tools in a co-axial fashion without the need for
device exchange to secure bile duct access, tract dilation
and immediate stent placement for drainage. The AXT
device locks to the echoendoscope and is designed for
single operator - single hand deployment. The exchangefree system is composed of a unique anchor needle that
punctures the walls of the gastrointestinal tract and bile
duct and maintains continous apposition of the two lumens to prevent leakage of contents during instrumentation. A fully covered lumen-apposing metal stent (AXIOS,
Xlumena), previously evaluated in porcine studies[36], is
pre-loaded into the AXT System and deployed directly
over the anchor needle to maintain tissue apposition and
create a tract for drainage. Chronic porcine survival studies were conducted on 3 animals with technical success in
creation of a cholecystgastrostomy in all.

Current technical challenges
There are three main limitations using current “off-theshelf ” tools. The first is the “step-off ” between the wire
and device. The device tends to “buckle” where tissue
resistance is encountered and may not advance over the
wire. The second is the need to exchange multiple devices
over-the-wire. This can result in leakage of bile into the
periductal space, or leakage of enteric contents into the
extraintestinal space. Device exchanges are cumbersome
and time consuming, and guidewire access to the bile duct
can be lost. The third limitation relates to tubular stents,
which are designed for luminal drainage. Whether plastic
or metal, tubular stents do not impart the necessary apposition of two nonadherent lumens to prevent leakage.
Lacking anchorage, the stent may move or dislocate. The
ends of tubular stents may also cause tissue injury.

CERTIFICATION AND CREDENTIALING
EUS guided biliary drainage is becoming more widely
accepted as an alternative to failed ERCP[13,28,37]. Like any
other evolving technology in its developing stages, currently there are no defined guidelines as to who should
be performing ESCP and what should be the criteria
for credentialing someone to perform this procedure.
The limitation of this technique resides in its infrequent
use with limited number of cases performed and hence
formal training dedicated to this specific procedure can
be difficult. Further, having a fixed minimum number of
cases required as part of training can be even more challenging. Currently ESCP is also limited by the tools available, which are not dedicated for this type of procedure.
National and International organizations also do
not have any recommendations or required criteria for
training. ASGE has recommendations for number of
procedures required for EUS and ERCP credentialing.
ASGE recommends 75 mucosal and pancreatico-biliary
exams and 50 EUS with FNA[38]. For ERCP the number
required is 180 with half being therapeutic[39] . Even these
numbers seem suboptimal for comfort of these procedures based on surveys of trainees in advanced training.
Definitely the numbers for EUS guided biliary drainage
will be much higher based on the significant technical
complexity involved. Different variations of the technique with different complexity, are further complicating
the credentialing process.
Based on these complexities, in this recent consortium
meeting of experts, recommendations on who should be
doing ESCP include: (1) Endoscopists routinely performing pancreatico-biliary EUS and FNA; (2) Endoscopists
with large ERCP and EUS experience for nearly 4-5 years
(at least 200-300 EUS and ERCP each year); (3) Endosco-

Compression magnet anastomosis
Jamidar et al[33] reported on a novel hinged metalloplastic
anastomotic device to create a choledochoduodenostomy. The device resembles a 7 Fr stent, but has a central
ferrous metallic component. The devices were inserted
into the bile duct of pigs using standard ERCP technique
over a 0.035-inch guidewire. A magnet was then endoscopically positioned in the duodenum to mate with the
bile duct magnet and exert compressive ischemic force.
Anastomoses ranging from 5 to 10 mm were successfully
accomplished in all survival animals.
Compression coil anastomosis
Chang et al[34] reported on a novel EUS-guided coil technique using a modified compression coil device with
“fin-coil” configuration in dogs. The coil delivery device
consisted of a 19 gauge needle pre-loaded with stretched
coil in the lumen. EUS-guided needle puncture into the
CBD was followed by deployment of 50% of the coil
into CBD, and remaining 50% stayed within the duodenal
bulb to hold the CBD and duodenum walls together with
its compressive force. Immediate drainage was successful
in 3/4 animals with overall drainage (normalization of
bilirubin) successful in 4/4. Creation of a chronic fistula
between CBD and duodenum was achieved in all 4 dogs
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pists with 95%-98% success rate for standard ERCP with
normal anatomy; and (4) Location into a center with IR
and/or pancreatico-biliary surgery back up.
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CODING AND REIMBURSEMENT
Optimal reimbursement of a procedure is dependent on
appropriate coding. When developing a code for a procedure, components, which are looked at, are: physician
work, practice expense and malpractice expense.
Currently no specific codes exist for ESCP. They are
billed with combination of EUS codes and ERCP codes.
Some of the interventions done don’t fall in the realm
of either EUS or ERCP and then surrogate codes are
used which is not optimal. Some of the interventions
performed, which are unique to ESCP are EUS guided
contrast injection, guidewire placement, dilation of the
transgastric and transduodenal tracts (balloon/bougie
or needle knife) and transmural stent placement[13,37].
CPT specifically states that one should not simply “approximate” coding by using codes that may seem “close
enough” but do not accurately describe a service.
The different approaches and drainage routes used
make this even more complex. In situations where EUS
is used as a mode to access the bile duct (extrahepatic or
intrahepatic) and subsequent rendezvous transpapillary
ERCP is performed is the simplest situation to code. One
can combine EUS with FNA with standard ERCP codes.
Even in this case, as there is no specific code for passage
of guidewire through the EUS needle, part of the procedure is not clearly defined with currently available codes.
Hence the procedure should also be coded with additional
code for unlisted procedure and procedure explained in detail.
The most optimal way for coding these EUS guided
bile duct procedures will be to use standard codes for very
obvious interventions and along with that use the code
for unlisted procedure[40]. Using code for unlisted procedure
requires additional work. Supporting documentation with
each claim has to be submitted separately which should
describe the nature, extent and need for the procedure.
Time effort and equipment necessary along with complexity of symptoms, final diagnosis, and patient findings are
to be described as well. Manual review by payor on caseby-case review is done and many times individual payor
has to be contacted to discuss the procedure.
In conclusion, EUS-guided biliary drainage is a novel
procedure destined to be incorporated into our therapeutic arsenal. The ability to offer a tailored minimally
invasive solution for patients in whom ERCP fails or is
not feasible due to various reasons; led to the creation of
a dedicated consortium. This consortium aims to create a
registry to catalogue the growing number of ESCP techniques and tools, as well as indications. Ultimately, technical advancements will be driven by dedicated research
protocols, while nomenclature, training and credentialing
will be formalized. Only this will allow to establish EUSBD as a standard procedure.
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Core tip: Biliary complications continue to be a major
cause of morbidity in liver transplant recipients. In this
article, we review the etiology, as well as the main
types of biliary complications according to the technique of biliary reconstruction and liver transplant procedure performed. Their management is also discussed
with endoscopic techniques emerging as the preferred
treatment option, obviating the need for surgery in
majority of patients.
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Abstract
Biliary tract complications are the most common complications after liver transplantation. These complications are encountered more commonly as a result of
increased number of liver transplantations and the
prolonged survival of transplant patients. Biliary complications remain a major source of morbidity in liver
transplant patients, with an incidence of 5%-32%.
Post liver transplantation biliary complications include
strictures (anastomotic and non-anastomotic), leaks,
stones, sphincter of Oddi dysfunction, and recurrence
of primary biliary disease such as primary sclerosing
cholangitis and primary biliary cirrhosis. The risk of occurrence of a specific biliary complication is related to
the type of biliary reconstruction performed at the time
of liver transplantation. In this article we seek to review the major biliary complications and their relation
to the type of biliary reconstruction performed at the
time of liver tranplantation.

INTRODUCTION
Since the first experiences with liver transplantation in the
1960s, this procedure has become a standard treatment
for end stage liver disease. Limited primarily by the donor
liver supply, the number of orthotopic liver transplants
(OLT) has continued to increase. In the United States
alone, according to the American Liver Foundation, 6500
liver transplantations were performed in 2005. Although,
because of constant improvements in surgical techniques,
the rate of biliary complications following liver transplantation has been decreasing; they remain a major source
of morbidity and mortality[1,2]. Post liver transplantation
biliary complications include strictures, leaks, stones or
debris, and sphincter of Oddi dysfunction (SOD). T-tube
biliary reconstruction, Roux-en-Y anastomosis, ischemia,
reperfusion injury, hepatic artery thrombosis (HAT), cytomegalovirus infection, and primary sclerosing cholangitis are some of the risk factors that have been implicated
in biliary complications.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Liver transplantation; Complication; Biliary;

WCG|www.wjgnet.com

16

January 28, 2014|First Edition|

Kochhar G et al . Biliary complications following liver transplantation

CJ include intestinal perforation, stricture, leakage, and
bleeding at jejuno-jejunostomy site.

TYPES OF BILIARY RECONSTRUCTION
The choice of biliary anastomosis is a major determinant
of the risk of biliary complications after OLT[3,4]. The
two most common forms of biliary reconstruction are
choledochocholedochostomy (CC, duct-to-duct anastomosis) and choledochojejunostomy (CJ, connection of
the bile duct to a portion of jejunum). The choice of
biliary reconstruction is determined by multiple factors,
including the underlying liver pathology, the size of donor and recipient bile ducts, prior transplant or previous
biliary surgery, and the preference of the performing
surgeon. There are no clear-cut guidelines on the optimal type of biliary reconstruction, and considerable variability exists between surgeons.
CC is the most common biliary reconstruction procedure performed during OLT. This type of reconstruction
is usually preferred because the procedure is technically
easier, it preserves the function of Sphincter of Oddi,
and it also allows easy endoscopic access to the biliary
system after the surgery[5]. Furthermore, the preservation of the sphincter of Oddi, theoretically decreases
the risk of ascending cholangitis as it serves as a barrier against the reflux of enteric contents into the biliary tree. CC can be performed either with or without a
T-tube. Routine use of a T-tube allows direct measurement of bile output and color in the early post-operative
period, maintains easy access for radiological evaluation
of the biliary system and allows rapid decompression
of the biliary tree if needed. It also may reduce the risk
of anastomotic stricture formation. On the other hand,
the use of T-tubes has been associated with bile leak
and cholangitis at the time of their removal. A recent
retrospective study of 180 patients demonstrated an increased rate of overall complications (33% vs 15.5%) and
an increased rate of cholangitis (10% vs 2.2%) in patients
with a T-tube compared to those without. In that study
patients without a T-tube had an increased survival rate
compared to the T-tube population (80.1% vs 72.8%),
an observation that was attributed to higher complication rates among those with a T-tube[5]. This observation is supported by a recent meta-analysis consisting
of 1027 patients, in which those without a T tube had a
decreased incidence of cholangitis and peritonitis with
overall decreased rate of biliary complications. Interestingly, this meta-analysis did not show any significant differences between the T-tube and non T-tube groups in
terms of other complications such as anastomotic bile
leaks, fistulas, choledochojejunostomy revisions, stenting
of the bile duct, hepatic artery thromboses, retransplantation, and mortality due to biliary complications[6].
CJ is another type of biliary reconstruction usually
recommended in patients with pre-existing biliary disease
such as primary sclerosing cholangitis, or prior biliary
surgery, and also when there is a size mismatch between
donor and recipient ducts. Compared to CC, CJ takes
longer to perform and adversely affects the ability to
perform an endoscopic evaluation of the biliary system
after the liver transplantation. Potential complications of

WCG|www.wjgnet.com

DIAGNOSIS OF BILIARY COMPLICATIONS
The presentation of biliary complications varies considerably. Some complications such as bile leaks may occur
immediately in the post-operative period, while others
may take weeks to develop. The clinical presentation can
vary from asymptomatic patient with moderate liver enzyme elevations to a septic patient with fever and hypotension due to ascending cholangitis. Whenever a biliary
complication is suspected, work-up usually begins with
laboratory evaluation and an abdominal doppler ultrasound. Abdominal ultrasounds are relatively inexpensive,
and are easy to perform. An abdominal ultrasound allows for the evaluation of the biliary tree and the corresponding hepatic vasculature. The positive predictive value of abdominal ultrasound is very high, especially in the
presence of dilated bile ducts. In the absence of dilated
bile ducts, the sensitivity of the ultrasound for detecting
biliary obstruction ranges from 38%-68%[7]. In the event
that the ultrasound does not reveal evidence of bile
duct dilatation despite clinical suspicion, the next step
can be magnetic resonance cholangiopancreatography
(MRCP) or endoscopic retrograde cholangiopancreatography (ERCP), depending on their availability. MRCP
has excellent sensitivity (93%-100%) in detecting biliary
strictures; and can also offer a road map for the endoscopist in planning the necessary intervention[8]. Another
advantage of MRCP is that it does not carry the invasive
risk involved with ERCP or other interventions such as
percutaneous transhepatic cholangiography (PTC). The
upside of ERCP and PTC, on the other hand, is that
they both offer a potential therapeutic advantage over
MRCP. It should be noted, however, that ERCP is associated with a high failure rate in patients with Roux-en-Y
reconstruction, except when double balloon enteroscopy
is available to assess the biliary tree. PTC is usually reserved in cases where ERCP cannot be performed.
Bile leaks after OLT
Bile leaks, along with strictures, account for the majority
of complications post-OLT. Bile leaks occur in 2%-25%
of cases after liver transplantation and can be classified
in two categories: early bile leaks, which present within 4
wk of OLT; and late bile leaks, which present beyond this
time[9-12].
Etiology: Early bile leaks usually occur at the anastomotic site or at the T-tube insertion site. They can be caused
by ischemia, relative downstream obstruction, sphincter
of Oddi hypertension, or as a result of T-tube removal[13].
The majority of bile leaks after OLT are associated with
either planned or inadvertent T-tube removal, and the
leak often occurs at the T-tube insertion site. One factor
that has been shown to predict development of bile leak
after T-tube removal is the presence of mucosal duct irregularities on cholangiography.
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Presentation: The presentation varies with extent of the
leak. Bile leak should be suspected in any patient who
develops abdominal pain, fever or any sign of peritonitis
after liver transplant, especially after T-tube removal.
Bile leaks not related to T-tube removal typically present
within the first 30 d after OLT. Some patients, especially
those on corticosteroids, may be asymptomatic, with no
signs of pain or fever. In such cases, any unexplained
elevations in serum bilirubin, fluctuation in cyclosporine
levels, or bilious ascites should raise suspicion for a bile
leak.

strictures at the CC anastomosis are often not typically
evident until after removal of the T-tube. A slight and
transient narrowing of the biliary lumen occurs frequently
in biliary anastomosis shortly after the OLT due to postoperative edema. It is uncertain how many of these cases
progress to clinically significant strictures.
Presentation: Biliary stricture should be suspected in any
OLT patient who presents with jaundice, fever, abdominal
pain, or even in patients with asymptomatic biochemical
cholestasis. Dilatation of the bile ducts proximal to the
biliary anastomosis may be observed on imaging studies
in some patients but is not a pre-requisite for diagnosis.
Histologic findings may be suggestive of biliary obstruction, such as pericholangitis or bile duct proliferation.

Management: Once the clinical suspicion of a bile leak
following T-tube removal is raised, initial management
usually involves pain control with analgesics, intravenous
fluids, and supportive care. Biliary leaks due to ischemia
are difficult to treat since the cause is usually not corrected by endoscopic or radiologic intervention. Leaks
due to other causes usually respond to non-operative
diversion of biliary flow, such as unclamping of the T
tube, endoscopic sphincterotomy with or without endoscopic stenting at the time of ERCP, or placement of
a PTC. ERCP with stenting of the bile duct, sphincterotomy, nasobiliary drainage, or a combination of these
techniques has been shown to have high rates of success[9,14]. Most studies report resolution of symptoms in
85%-100% of the cases[15]. Although one study reported
better results with nasobiliary drainage; most centers use
an internal biliary stent to overcome the difference in
pressure in the bile duct and the gut. The stent usually
remains in place for several weeks. PTC is commonly
used in cases where ERCP cannot be performed, or in
patients with Roux-en-Y reconstruction where the biliary orifice cannot be reached with a regular sideview endoscope. In rare cases, surgical intervention may become
necessary[9].

Management: When a clinically significant AS is found,
treatment is warranted. In recent years, ERCP has seen
an increase in popularity in the management of AS.
Although results differ markedly, studies have demonstrated good response after endoscopic therapy in over
75% of the patients[17,18]. Endoscopic treatment is thus
regarded as the treatment of choice for AS, especially in
the CC group of patients. Stenting of the stricture during ERCP is performed with or without balloon dilatation of the stricture. The initial stent is then exchanged
for a larger stent or multiple stents every 3 mo for an
average of 1 year to dilate the stricture and prevent clogging and stone formation. In patients with CJ reconstruction, the initial treatment usually involves stenting
by percutaneous approach. Some centers have reported
that early strictures respond better to therapy than late
strictures. If a stricture does not respond to endoscopic
or percutaneous therapy, surgery may be indicated. Previous endoscopic or percutaneous treatment has not
shown to influence the success rate of surgery in treating such complications.

Biliary strictures
Post liver transplantation biliary strictures are usually
classified as anastomotic or non-anastomotic. The incidence of biliary stricture ranges from 5%-15% after
deceased donor liver transplantation and 28%-32% after
living donor liver transplantation[7]. Strictures are commonly seen as late complications, occurring approximately 5-8 mo after transplantation.

Non anastomotic strictures
Non anastomotic strictures (NAS), also known as ischemic type strictures, are well known and have been described since the beginning of liver transplantation. They
are frequently hilar in location, but can also be diffusely
intrahepatic. NAS tend to be longer and multiple on
presentation. NAS incidence ranges from 5%-15% with
mean time to presentation of 3.3-5.9 mo post-OLT[19,20].

Anastomotic strictures
Anastomotic strictures (AS) at the site of biliary anastomosis are frequent after OLT and can occur in both CC
and CJ type of reconstruction. AS are more common
after CJ than CC due to the direct bilioenteric connection[1,12].

Etiology: A few theories have been proposed for the
development of NAS. The blood supply to the supraduodenal bile duct is predominantly from vessels which are
resected during OLT. The remaining blood supply to the
donor bile duct then comes from the hepatic artery and
its branches, which are tenuous and highly susceptible to
ischemic injury. In patients with NAS, up to 50% have
demonstrable HAT[21]. Prolonged cold ischemia time has
also been shown to be responsible for the development
of NAS. Besides ischemia, an immunological cause has
also been proposed. This is mainly due to the observa-

Etiology: The pathogenesis of AS is believed to be from
inadequate mucosa-to-mucosa anastomosis, surgical technique, local tissue ischemia, and the fibrotic nature of the
healing process[16]. Early bile leak is also considered to be
a risk factor for developing AS[9]. In those with a T-tube,
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Biliary stones, sludge, and casts
On ERCP, stones, sludge and casts are usually seen as a
defect in the contrast column and described as “filling
defects”. Intrinsic bile duct obstruction, in the form of
biliary stones and sludge, can virtually occur at any time
following the OLT. Sludge is described as a thick collection of mucous, calcium bicarbonate and cholesterol
cystals, which, when left untreated, can go on to form
biliary stones. Sludge and casts usually occur within the
first year of transplant, while stones tend to occur later
on.

tion of an increased incidence of NAS in cases with
ABO-incompatible grafts, in patients with autoimmune
hepatitis or primary sclerosing cholangitis, in patients
suffering from chronic ductopenic rejection, and those
with a CC chemokine receptor 5delta32 polymorphism.
In many cases, NAS are probably multifactorial in origin
with injury resulting from one or more of the above
mechanisms[7,22].
Management: The presentation of NAS is similar to
that of AS. NAS are more difficult to manage than AS,
as treatment in each case has to be individualized. It is
therefore difficult to make generalized recommendations for management of NAS. In cases with early HAT,
aggressive management with either revascularization or
early re-transplantation has been recommended. In NAS
not associated with HAT, endoscopic or percutaneous
therapy are often attempted first. Repeated dilatation
with stenting seems to be the most accepted treatment
form[14]. Treatment success depends upon stricture severity, number, and location. Extra-hepatic strictures generally respond better to therapy. Different studies report variable treatment success rates, ranging from 50%-70%[10,23].
If radiological and endoscopic therapies fail, surgery may
become necessary. Success rates are higher if surgery is
done within 2 years of OLT and if the liver biopsy does
not show any significant fibrosis. Retransplantation may
also be considered in patients with treatment failure, or
in the presence of secondary biliary cirrhosis, recurrent
cholangitis, or progressive cholestasis.

Etiology: Theoretically, anything that increases the visco
sity of bile or reducing flow can predispose to the formation of sludge, and stones. Bile duct mucosal damage due
to obstruction, ischemia, or infection is thought to play a
role in the development of casts. Of patients presenting
with biliary stones and sludge, most will have an underlying stricture. In addition, medications such as cyclosporine may play a role in bile lithogenicity by inhibiting bile
secretion and promoting functional biliary stasis. Bile in
transplant patients has been shown to be supersaturated
with cholesterol, which is aggravated by T-tube drainage
and depletion of the bile acid pool.
Presentation: Patients commonly present with abdominal pain, cholestatic liver tests, and uncommonly with
cholangitis.
Management: A study demonstrated that cholangiography is the only reliable imaging method for sludge;
ultrasonography and CT scans are of limited value. If slu
dge alone is present, then it would be reasonable to first
attempt medical treatment with ursodeoxycholic acid.
Endoscopic therapy with sphincterotomy, lithotripsy and
stone extraction are successful in treating majority of filling defects, especially biliary stones[23].

SOD
Another common occurrence after OLT is a mild increase in the size of donor and recipient common bile
ducts. In certain cases, significant dilatation of both recipient and donor bile duct in association with biochemical abnormalities occurs in the absence of cholangiographic evidence of obstruction. In these cases, SOD is
suspected. The incidence of SOD is reported to be up to
7%[11,24].

Biloma
Bile rupture and spilling of bile within the liver and abdominal cavity may result in the formation of a biloma.
Small bilomas, especially ones that communicate with the
biliary tree, may resolve on their own. Although bilomas
can generally be treated with antibiotics and percutaneous drainage, some may require placement of a biliary
stent in the extrahepatic bile duct[9]. Surgical drainage of
a biloma is viewed as a last resort option.

Etiology: The pathogenesis of SOD is attributed to
denervation of the sphincter during OLT. This leads
to an increase in basal pressure, thus causing increased
pressures in the choledochal duct[24]. Very few studies
have directly assessed the pressures in the sphincter of
Oddi post-OLT. Two types of SOD have been proposed
on the basis of pathogenic mechanisms: stenosis and
dyskinesia[16,25,26]. Any process that leads to chronic inflammation and fibrosis, can lead to sphincter stenosis.
Dyskinesia, on the other hand, is usually seen as a result
of functional disturbance of the sphincter.

Hemobilia
One of the rare complications seen after OLT is hemobilia. It is usually associated with percutaneous liver
biopsy or PTC. The commonly described triad of right
upper quadrant pain, jaundice, and gastrointestinal bleed
is seen only in a minority of patients. Treatment of hemobilia requires both hemostasis and treatment of any
associated biliary obstruction by clots. The bleeding
stops spontaneously with supportive therapy and correction of coagulopathy in some cases. Embolization of the

Management: There have been virtually no clinical trials that demonstrate the best treatment option for SOD.
In recent years, endoscopic therapy with sphincterotomy
with or without stenting has been the most acceptable
treatment option for SOD.
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bleeding vessel by interventional radiology is required if
bleeding is persistent or severe[27]. Removal of clots from
the biliary tree for relief of obstruction is usually done
by ERCP.

9

Ductopenia
Ductopenia (also referred to as bile duct paucity and
vanishing bile duct syndrome) is a descriptive term for
small intrahepatic bile duct loss from any cause. In post
liver transplantation patients, acute and chronic rejection
and ischemia are the most common culprits. The diagnosis is established by liver biopsy in the appropriate clinical setting. Treatment depends mainly on the underlying
etiology of ductopenia.

10

11

12

CONCLUSION
Biliary complications following liver transplantation
are relatively common and continue to be a challenging
aspect in the management of such patients. The development of these complications is heavily influenced by
the type of anastomosis during surgery. The majority of
biliary complications after liver transplantation are now
a days being managed endoscopically rather than surgically. ERCP, in particular, has proven to be relatively safe
and effective in the management of these complications.
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Core tip: This is an invited editorial on the role of different treatment options for patients with bile duct cysts.
It is not meant to be a thorough review on the numerous aspects of this disease, but instead intends to provide critical insights into current developments in interventional and surgical therapies, defining their potential
and indicating that they should not be seen as competitive but as complementary options. The diagnostic term
“bile duct cyst” comprises quite different pathological
and clinical entities. Interventional therapy, hepatic resection, and liver transplantation all have their place in
the treatment of this heterogeneous disease group.

Abstract
Cystic dilatations of the bile ducts may be found along
the extrahepatic biliary tree, within the liver, or in
both of these locations simultaneously. Presentation in
adults is often associated with complications. The therapeutic possibilities have changed considerably over
the last few decades. If possible, complete resection of
the cyst(s) can cure the symptoms and avoid the risk
of malignancy. According to the type of bile duct cyst,
surgical procedures include the Roux-en-Y hepaticojejunostomy and variable types of hepatic resection. However, the diffuse forms of Todani type Ⅴ cysts (Caroli
disease and Caroli syndrome) in particular remain a
therapeutic problem, and liver transplantation has become an important option. The mainstay of interventional treatment for Todani type Ⅲ bile duct cysts is via
endoscopic retrograde cholangiopancreatography. The
diagnostic term “bile duct cyst” comprises quite different pathological and clinical entities. Interventional
therapy, hepatic resection, and liver transplantation all
have their place in the treatment of this heterogeneous
disease group. They should not be seen as competitive
treatment modalities, but as complementary options.
Each patient should receive individualized treatment
after all of the clinical findings have been considered by
an interdisciplinary team.

Original sources: Cerwenka H. Bile duct cyst in adults: Interventional treatment, resection, or transplantation? World J
Gastroenterol 2013; 19(32): 5207-5211 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v19/i32/5207.htm DOI:
http://dx.doi.org/10.3748/wjg.v19.i32.5207

INTRODUCTION
The modified Todani[1,2] classification that is widely used
for bile duct cysts has several drawbacks. In particular,
it combines different disease processes and does not account for the risk of malignant transformation or differences in epidemiology, pathogenesis, complications, and
treatment. As a result, its clinical significance has been
the subject of critical discussion and further modifications have been proposed. Moreover, there is uncertainty
on the categorization of some variants.
Type Ⅰ bile duct cysts comprise the subtypes ⅠA
(cystic dilatation of the common bile duct), ⅠB (segmental dilatation of the common bile duct), and ⅠC (fusiform
dilatation extending to the common hepatic duct). Type

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Ⅱ is a true diverticulum in the extrahepatic duct (supraduodenal). Type Ⅲ is a choledochocele confined to the

element of intrahepatic dilatation. They concluded that
type Ⅰ and Ⅳa cysts only differ in terms of the extent
of intrahepatic dilation, which makes discriminating
between these two types rather arbitrary. Furthermore,
an additional category, termed type Ⅵ, has been used
for cystic malformations of the cystic duct[23,24]. However, these cysts could also be classified as a subtype of
type Ⅱ[25]. Loke et al[26] described diverticular cysts of
the cystic duct, whereas Wang et al[27] reported a patient
with type Ⅰ and type Ⅲ choledochal cysts that occurred
simultaneously.
Notwithstanding these drawbacks, the crucial advantages of the Todani classification are its widespread use
and reproducibility, which allow comparisons among the
various published studies that have been built upon it.
Therefore, its further use is to be advocated, despite its
shortcomings. For this reason, the Todani system is also
used in this editorial as a background for the therapeutic
considerations.

common bile duct within the duodenal wall. An important differential diagnosis for a type Ⅲ cyst is a juxtapapillary duodenal diverticulum. Type Ⅳ is divided into type
Ⅳa (multiple intra- and extrahepatic bile duct cysts) and
type Ⅳb (multiple extrahepatic bile duct cysts, which are
less common than type Ⅳa). Finally, type Ⅴ corresponds
to Caroli disease (single or multiple intrahepatic bile duct
cysts). When associated with congenital hepatic fibrosis,
type Ⅴ is termed Caroli syndrome and is inherited as an
autosomal recessive trait[3-5].
Caroli disease (CD) and Caroli syndrome (CS) are part
of a broader spectrum of diseases with ductal plate malformations. These diseases have a close relationship with
congenital kidney disorders, notably autosomal recessive
polycystic kidney disease[6]. Generally, Caroli syndrome is
characterized by early onset, with rapid disease progression due to the combination of cholangitis and portal
hypertension[7-9]. Ductal plate malformations affect different levels of the intrahepatic biliary tree, including the
large and proximal ducts in CD, the smaller ducts in CS
and congenital hepatic fibrosis, and the more peripheral
interlobular ducts in polycystic liver disease and von Meyenburg complexes[10,11]. Type Ⅴ cysts can be considered
as a distinct disease entity from types I-Ⅳ, and type Ⅲ
might be an anatomical variation rather than a true dilatation of the common bile duct[12]. Indeed, Ziegler et al[13]
suggested that the classification of bile duct cysts should
not include choledochoceles (type Ⅲ), as they differ from
choledochal cysts with respect to age, gender, presentation, pancreatic duct anatomy, and their management.
Michaelides et al[14] described a dilatation of the central portion of the cystic duct apart from the dilatation
of the common hepatic and common bile duct, giving
the cyst a bicornal configuration. They suggested classifying this finding as a further subtype of Todani Ⅰ cysts,
namely Todani ID. However, Calvo-Ponce et al[15] have
already proposed Todani ID as a cyst above the junction
of the common hepatic duct and the cystic duct.
Okada et al[16] described a “common channel syndrome” and Lilly et al[17] used the term “forme fruste
choledochal cyst” for a long common channel secondary
to a proximal junction of the common bile duct and pancreatic duct with stenosis of the distal common bile duct,
combined with cholecystitis and the classical pathological
features of a choledochal cyst in the wall of the common
bile duct. Forme fruste choledochal cysts are associated
with only minimal or no dilatation of the extrahepatic
bile duct, pancreaticobiliary maljunction, and protein
plugs or debris in the common channel[18-20]. The cut-off
diameter of the extrahepatic bile duct above which the
diagnosis of a forme fruste is unacceptable has been arbitrarily described as 10 mm[20].
Kaneyama et al[21] reported variants with a type Ⅱ
diverticulum arising from a type IC bile duct cyst, resulting in “mixed type Ⅰ and Ⅱ” cysts. Visser et al[22] argued
that all varieties of type Ⅰ bile duct cysts have some
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INTERVENTIONAL TREATMENT
For type Ⅲ bile duct cysts, endoscopic retrograde cholangiopancreatography (ERCP) is an important diagnostic
tool, and interventional therapy via ERCP is the mainstay
of treatment. For the diagnosis of the other types, the
less-invasive magnetic resonance cholangiopancreatography (MRCP) has widely replaced ERCP and represents
the “gold standard” approach. However, ERCP remains
the imaging modality of choice for type Ⅲ cysts because
it also enables a simultaneous therapeutic sphincterotomy
to be performed. Originally, type Ⅲ cysts were treated by
transduodenal excision and sphincteroplasty; however,
endoscopic sphincterotomy is now considered to be sufficient. Ohtsuka et al[28] reported malignancies in 3 out
of 11 patients with type Ⅲ cysts. Therefore, endoscopic
surveillance is recommended. Interventional therapy with
ERC and shock-wave lithotripsy, in addition to antibiotics
and bile acid treatment (ursodeoxycholic acid, UDCA)[29],
is also used for type Ⅴ cysts, but cannot be expected to
be curative. Its success is usually only temporary, and
recurrent episodes of cholangitis cannot be prevented[30].
Internal biliary stents have also been described as a therapeutic option in anecdotal case reports[31,32].
A crucial argument against long-term treatment with
interventional techniques and for removal of the cyst is
the increased risk of malignancy. About 2.5%-17.5% of
patients with bile duct cysts develop malignancies, and
this incidence increases with age[33]. In a series of 38 adult
patients published by Visser et al[22], 21% developed malignancies. The underlying mechanisms that cause carcinogenesis may be complex, as a consequence of chronic
inflammation, cell regeneration, and DNA breaks leading
to dysplasia. Pancreatic reflux might also play a role in
causing K-ras mutations, cellular atypia, and the overexpression of p53[34]. Malignancy in Caroli disease has been
reported to occur in 7%-15% of patients[33], underlining
the need for surgery and surveillance.
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Visser et al[22] suggested that excision of the extrahepatic
component with hepaticojejunostomy should be performed; however, in cases with symptomatic intrahepatic
affections (with stones, cholangitis, or biliary cirrhosis),
treatment should correspond to that used for type Ⅴ
cysts, with hepatic resection for localized disease and
transplantation for diffuse forms.
Although reported numbers in the literature are low,
there is broad consensus that hepatic resection is the
therapy of choice in patients with localized forms of type
Ⅴ cysts (Figure 1). If patients with monolobar disease
remain asymptomatic, they will only require supportive
dissolution therapy and surveillance; however, the risk of
malignancy also has to be considered. For example, Kassahun et al[42] determined a cholangiocarcinoma incidence
of 9.7%, whereas Ulrich et al[30] reported 9.1% and Bockhorn et al[43] reported 25%.
In symptomatic patients with acute cholangitis, a variable symptom-free interval may be achieved by using
antibiotic treatment with or without endoscopic sphincterotomy and calculi removal or lithotripsy. However,
most of these patients will develop recurrent cholangitis,
chronic inflammation, and an increased risk of cholangiocarcinoma. These patients are best treated by liver
resection if their hepatic function is preserved and there
are no contraindications to liver surgery.
In earlier publications, a rather small proportion of
monolobar disease (20%-25%) was described, with almost 90% of these cases located in the left hepatic lobe.
Due to small patient numbers, the prevalence of localized
CD may have been underestimated. Recent studies indicate higher percentages (80%) of patients with localized
disease[30,42] and a more variable distribution of disease
between the left and right lobes.

A

B

Figure 1 Intraoperative picture (A) and a detailed view (B) of the operative specimen (left hepatic lobe) in a patient with Todani type Ⅴ bile duct
cysts.

RESECTION
Complete resection of cysts and Roux-en-Y hepaticojejunostomy (RYHJ) is the procedure of choice for
type Ⅰ and Ⅳb bile duct cysts. The success rate of this
approach has been reported as 92%[35]. If adequate, the
procedure may be performed laparoscopically. The benefits of the laparoscopic approach are also underlined in
the reports by Gander et al[36] and by Palanivelu et al[37].
Potential complications of RYHJ include cholangitis,
pancreatitis, biliary calculi, and, rarely, malignancy. Watanabe et al[38] reported that malignancy occurred in less
than 1% of patients after a previous cyst excision, but
higher incidences have been observed that may be due to
incomplete cyst removal. Postoperative complications are
usually seen in patients with inflammation and fibrosis at
the time of surgery.
For forme fruste choledochal cysts, excision of the malformed ductal tissue with biliary reconstruction is required,
as cholecystectomy alone is an inadequate treatment[39].
In all cases, complete removal of the cyst makes a
decisive difference. With incomplete removal, Liu et al[40]
reported a malignancy rate of 33.3%, compared to 6%
after complete resection. Simple excision may be feasible
for type Ⅱ cysts, with ligation at the neck and without
the need for biliary reconstruction. If possible, a laparoscopic approach may be advantageous[41].
For type Ⅳa cysts, a tailored approach is necessary.

WCG|www.wjgnet.com

TRANSPLANTATION
Diffuse forms of type Ⅴ cysts (CD and CS) remain a
therapeutic problem. In patients with these cysts, combined procedures with partial hepatectomy and biliodigestive anastomoses[44,45] have been described, but transplantation offers the only curative option. The progression of
congenital hepatic fibrosis in CS and the development of
secondary biliary cirrhosis in patients with CD may also
lead to portal hypertension that is not treatable by conservative means. De Kerckhove et al[46] reported congenital
hepatic fibrosis in 27% of their patients and the primary
indication for orthotopic liver transplantation was recurrent cholangitis (90%).
An important argument for liver transplantation is the
avoidance of cholangiocarcinoma development[47]. Concerns include the choice of an appropriate time point for
transplantation, procedural risks, and the use of immunosuppression in young and otherwise healthy individuals.
Potential postoperative complications include rejection
and vascular thrombosis[46]. Pre-transplant workup of
these patients for occult cholangiocarcinoma is crucial.
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In patients with associated polycystic kidneys and renal
failure, immunosuppression after kidney transplantation
may predispose to severe cholangitis, and therefore, combined liver/kidney transplantation should be considered.
The results of liver transplantation for diffuse forms of
type Ⅴ cysts compare favorably with those of transplantations for other indications. In the review carried out by
Millwala et al[48], the overall graft and patient survival rates
at 1, 3, and 5 years were 79.9%, 72.4% and 72.4%, and
86.3%, 78.4% and 77%, respectively; living donor transplantation was performed in 3.8% of cases. In the singlecenter study by Habib et al[49], overall graft and patient
survival rates at 1, 5, and, 10 years were reported as 73%,
62%, and 53%, and 76%, 65% and 56%, respectively.
In conclusion, the diagnostic term “bile duct cyst”
comprises quite different pathological and clinical entities. Interventional therapy, hepatic resection, and transplantation all have their place in the treatment of this
heterogeneous disease group. They should not be seen
as competitive, but complementary options. In spite of
several shortcomings, the modified Todani classification
offers a basis for treatment planning and for comparing
results reported in the literature. Each patient, however,
should receive tailored individual treatment after all findings have been discussed by an interdisciplinary team.
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PROGRESS IN BILIARY TRACT DISEASES

New insights in bilirubin metabolism and their clinical
implications
Eva Sticova, Milan Jirsa
MRP3 at the sinusoidal membrane into the blood, from
where they are subsequently reuptaken by sinusoidal
membrane-bound organic anion transporting polypeptides OATP1B1 and OATP1B3. OATP1B proteins are
also responsible for liver clearance of bilirubin conjugated in splanchnic organs, such as the intestine and
kidney, and for a number of endogenous compounds,
xenobiotics and drugs. Absence of one or both OATP1B
proteins thus may have serious impact on toxicity of
commonly used drugs cleared by this system such as
statins, sartans, methotrexate or rifampicin. The liverblood cycling of conjugated bilirubin is impaired in cholestatic and parenchymal liver diseases and this impairment most likely contributes to jaundice accompanying
these disorders.
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Abstract
Bilirubin, a major end product of heme breakdown,
is an important constituent of bile, responsible for its
characteristic colour. Over recent decades, our understanding of bilirubin metabolism has expanded along
with the processes of elimination of other endogenous
and exogenous anionic substrates, mediated by the
action of multiple transport systems at the sinusoidal
and canalicular membrane of hepatocytes. Several
inherited disorders characterised by impaired bilirubin
conjugation (Crigler-Najjar syndrome type Ⅰ and type
Ⅱ, Gilbert syndrome) or transport (Dubin-Johnson and
Rotor syndrome) result in various degrees of hyperbilirubinemia of either the predominantly unconjugated or
predominantly conjugated type. Moreover, disrupted
regulation of hepatobiliary transport systems can explain jaundice in many acquired liver disorders. In this
review, we discuss the recent data on liver bilirubin
handling based on the discovery of the molecular basis
of Rotor syndrome. The data show that a substantial
fraction of bilirubin conjugates is primarily secreted by
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Core tip: Experiments with Oatp1a /1b -null mice and
Oatp1a /1b ; Abcc3 combination knockout mice plainly
demonstrated that even under physiologic conditions
a substantial portion of bilirubin glucuronides is not
excreted directly into bile but is transported back to
the blood by Abcc3. Oatp1a /1b activity accentuated in
downstream (centrizonal) hepatocytes allows efficient
reuptake of bilirubin conjugates, with a subsequent
possibility being safely eliminated by excretion into bile.
This and molecular findings in Rotor syndrome suggest
that human transporters MRP3 and OATP1Bs form a
sinusoidal liver-to-blood cycle which mediates shifting
(hopping) of bilirubin and other substrates from periportal to centrizonal hepatocytes (References 18, 19,
22, 125).
Original sources: Sticova E, Jirsa M. New insights in bilirubin
metabolism and their clinical implications. World J Gastroenterol
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nal biliary excretion[18,19]. The process is mediated by sinusoidal transporters MRP3 and organic anion-transporting
polypeptides OATP1B1 and OATP1B3. OATP1B transporters facilitate sodium-independent uptake of numerous endogenous and exogenous substrates[20,21]. Since
expression of OATP1Bs is higher in centrilobular hepatocytes, the MRP3-OATP1B1/3 loop is likely responsible
for shifting (hopping) of conjugated bilirubin and other
substrates from the periportal to the centrilobular zone
of the liver lobule (Figure 1). Such intralobular substrate
transfer may protect periportal hepatocytes against elevated concentrations of various xenobiotics[22]. In addition, the OATP1B proteins mediate hepatic clearance of
bilirubin conjugated in splanchnic organs and may represent an important alternative pathway in enterohepatic
circulation[18].
OATP1Bs may also contribute to liver uptake of
UCB since complete absence of both OATP1Bs in Rotor syndrome (RS, see below) is associated with elevated
levels of UCB and single nucleotide polymorphisms in
genes encoding OATP1B proteins have been shown to
influence serum bilirubin level[23,24]. Furthermore, results
of functional studies demonstrate that OATP1B3, but
not OATP1B1, may play an important role in the carriermediated uptake of foetal UCB by the placental trophoblast and contribute to elimination of UCB across the
placental barrier[25,26].
Mild or moderately elevated serum bilirubin seems
to be beneficial: Bilirubin is known as a strong antioxidant[27,28] and the protective effects of bilirubin on atherogenesis and cancerogenesis have been demonstrated in
both in vitro and in vivo studies[29-33]. On the other hand,
patients with profound unconjugated hyperbilirubinemia
are at risk for bilirubin encephalopathy (kernicterus)[34,35].
The toxic effects of bilirubin are explained by inhibition of DNA synthesis[36]. Bilirubin may also uncouple
oxidative phosphorylation and inhibit adenosine triphosphatase (ATPase) activity of brain mitochondria [37,38].
Bilirubin mediated inhibition of various enzyme systems,
RNA synthesis and protein synthesis in the brain and
liver, and/or alteration of carbohydrate metabolism in
the brain can also contribute to its toxicity[39-43]. The accumulation of bilirubin in plasma and tissues results in
characteristic yellow discoloration of tissues known as
icterus or jaundice.
Inherited disorders of bilirubin excretory pathway
played the key role in understanding the individual steps
of the bilirubin excretory pathway. Disrupted regulation
of hepatobiliary transport systems explained jaundice
in many acquired liver disorders[44-48]. Additional information was obtained from a number of animal models
of hereditary jaundice. These include the Gunn rat and
Ugt1(-/-) mouse mimicking the Crigler-Najjar syndrome
type Ⅰ[49-51], the Bolivian population of squirrel monkeys
mimicking Gilbert syndrome (GS)[52,53] and mutant TR or
GY (Groningen yellow) rats with organic anion excretion
defect (TR -/-), Eizai hyperbilirubinuria rats (EHBR),
mutant Corriedale sheep, and Mrp2(-/-) mice, all modelling the Dubin-Johnson syndrome (DJS)[54-58].

2013; 19(38): 6398-6407 Available from: URL: http://www.wjgnet.com/1007-9327/full/v19/i38/6398.htm DOI: http://dx.doi.
org/10.3748/wjg.v19.i38.6398

INTRODUCTION
Bilirubin is the end product of heme breakdown. About
80% of bilirubin originates from degradation of erythrocyte haemoglobin in the reticuloendothelial system; the
remaining 20% comes from inefficient erythropoiesis in
bone marrow and degradation of other heme proteins[1-4].
Water insoluble, unconjugated bilirubin (UCB) bound to
albumin is transported to the liver where it is removed
from the plasma. The exact mechanism of UCB uptake
is unknown; however, passive transmembrane diffusion
seems to be combined with active transport mediated by
several sinusoidal transporters (see below). Within the
cytoplasm of hepatocytes, bilirubin is bound to ligandin
and transported to endoplasmic reticulum where conjugation with glucuronic acid takes place. Conjugation is
catalysed by the enzyme uridine diphosphate glycosyltransferase 1A1 (UGT1A1; EC2.4.1.17), a member of an
enzyme family in the endoplasmic reticulum and nuclear
envelope of hepatocytes[5-8]. In addition to the liver, UGT
activity has also been detected in the small intestine and
kidney[9,10]. UGT1A1 gene (ID: 54658) is a part of a complex locus encoding 13 UDP-glucuronosyltransferases[11].
The locus contains a series of thirteen unique alternate
promoters and first exons, followed by four common
exons No. 2-5. Theoretically, each of the unique first exons is spliced to the first of the four shared exons. The
unique first exons encode different substrate binding
domains whereas the other functional domains encoded
by the shared exons 2-5 are the same[11-15]. In reality, only
9 of the 13 predicted UGT1As are active genes encoding
functional enzymes; four are nonfunctional pseudogenes.
The excretion of conjugated bilirubin into bile is mediated by an ATP-dependent transporter identified as the
multidrug resistance-associated protein MRP2/cMOAT
and, to a lesser extent, also by ATP-binding cassette
(ABC) efflux transporter ABCG2. MRP2 is encoded by
ABCC2 and expressed under physiologic conditions at
the apical (canalicular) membrane of hepatocytes and,
to a much lesser extent, in the kidney, duodenum, ileum,
brain and placenta[16]. Since the MRP2 mediated export
represents an important step in detoxification of many
endogenous and exogenous substrates, the absence of
functionally active MRP2 prevents the secretion of these
conjugates into bile. Absence of MRP2 mediated transport is followed by upregulation of the basolateral MRP2
homologues at the sinusoidal membrane of hepatocytes
and conjugated bilirubin flow is redirected into sinusoidal
blood[17]. Aside from MRP2 mediated transport of conjugated bilirubin into bile, recent studies have shown that a
significant fraction of the bilirubin conjugated in the liver
is, under physiologic conditions, secreted into sinusoidal
blood and subsequently reuptaken by hepatocytes for fi-
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Figure 1 Liver cycle of conjugated bilirubin. Bilirubin conjugated in endoplasmic reticulum of hepatocytes is secreted into the bile. This process is mediated by
MRP2/ABCC2 with possible minor contribution of other transporters (ABCG2) at the canalicular membrane of hepatocytes. In addition, even under physiologic conditions, a fraction of bilirubin conjugates is secreted by MRP3 across the sinusoidal membrane into the blood, from where they can be subsequently reuptaken by sinusoidal membrane-bound OATP1B1 and OATP1B3 transporters. The highest overall expression of OATP1Bs has been demonstrated at the centrilobular hepatocytes.
The process of substrate shifting (hopping) from periportal to centrizonal hepatocytes may act as a protection of the periportal hepatocytes against elevated concentrations of various xenobiotics. MRP: Multidrug resistance-associated protein; OATP: Organic anion transporting polypeptide; UGT: Uridine diphosphate glucuronosyltransferase; ABC: ATP-binding cassette.

ous brain damage with permanent neurologic sequelae.
Intermittent phototherapy is lifelong and it results in a
thorough elimination of water-soluble photoisomers of
unconjugated bilirubin via bile. The effectiveness of phototherapy may decrease gradually with age and patients
are at higher risk of sudden brain damage[63].
Although new treatment modalities such as hepatocyte or hepatic progenitor cell transplantation have
already been used to treat CN1 patients, liver transplantation is still considered to be the only definitive treatment
for CN1[63-67]. Gene therapy seems to be a promising
therapeutic possibility for the patients with CN1 in the
near future[68,69].
CN2 (Arias syndrome, MIM #606785), described by
Arias in 1962[70], is characterised by reduced UGT1A1
enzyme activity with a moderate degree of nonhemolytic
jaundice. Bilirubin levels do not exceed 350 µmol/L and
CN2 is only rarely complicated by kernicterus[71]. Virtually
all the mutations responsible for the syndrome are autosomal recessive, as in CN1, but several observations have
also suggested the possibility of autosomal dominant
pattern of inheritance[72-74].
An important clinical difference between CN type Ⅰ and
type Ⅱ is the response to PB treatment, with no effect in
type Ⅰ (complete loss of the UGT1A1 enzyme activity)
and a decrease of serum bilirubin levels by more than
30% in CN type Ⅱ (some residual UGT1A1 activity is
preserved). Moreover, bilirubin glucuronides are present in bile in CN2. However, the method of choice for
the diagnosis of CN syndrome is mutation analysis of

HEREDITARY PREDOMINANTLY
UNCONJUGATED HYPERBILIRUBINEMIA
Conjugation of bilirubin in endoplasmic reticulum is catalysed by the enzyme UGT1A1. Mutations in UGT1A1
can lead to decreased expression or partial or even complete inactivation of the enzyme[59]. By contrast, expression of UGT1A1 can be increased by phenobarbital (PB)
administration. PB response activity is delineated to a
290-bp distal enhancer module sequence (-3483/-3194)
glucuronosyltransferase phenobarbital response enhancing motif (gtBPREM) of the human UGT1A1 [59,60].
gtBPREM is activated by the nuclear orphan receptor,
human constitutive active receptor (hCAR). CAR is a cytoplasmic receptor which, after treatment with activators
such as PB, translocates into the nucleus, forms a heterodimer with the retinoid X receptor and activates the
PB response enhancer element.
Three types of inherited, predominantly unconjugated hyperbilirubinemia with different levels of UGT1A1 activity are recognised: Crigler-Najjar syndrome
type Ⅰ (CN1), type Ⅱ (CN2) and GS.
CN1 (MIM#218800), the most deleterious form, described in 1952 by Crigler and Najjar[61], is characterised
by complete or almost complete absence of UGT1A1
enzyme activity with severe jaundice[62]. Icterus occurring
shortly after birth is complicated by bilirubin encephalopathy (kernicterus). Until the introduction of phototherapy and plasmapheresis, kernicterus was fatal in almost
all cases during the first two years of life or caused seriWCG|www.wjgnet.com

29

January 28, 2014|First Edition|

Eva S et al . New insights in bilirubin metabolism

UGT1A1[75].
GS (MIM #143500), described in 1901 by Gilbert and
Lereboulet[76], is characterised by fluctuating mild, unconjugated nonhemolytic hyperbilirubinemia < 85 µmol/L
without overt haemolysis, usually diagnosed around puberty, and aggravated by intercurrent illness, stress, fasting or after administration of certain drugs[77,78]. Physical
examination and the results of routine laboratory tests
are normal apart from elevated serum bilirubin and jaundice. The clinical diagnosis of GS can be established if
patients have a mild, predominantly unconjugated hyperbilirubinemia and normal activity of liver enzymes. The
reduced caloric intake test and phenobarbital stimulation
test have low diagnostic specificity in GS subjects[79].
Histological findings in GS are mild, with a slight centrilobular accumulation of pigment with lipofuscin-like
properties[80]. Ultrastructurally, hepatocytes reveal hypertrophy of smooth endoplasmic reticulum[81,82]. Since the
morphological picture of GS is completely non-specific
and the disorder is benign, liver biopsy is not indicated.
GS is characterised by reduced levels of UGT1A1
activity to about 25%-30% caused by homozygous, compound heterozygous, or heterozygous mutations in the
UGT1A1 with autosomal recessive transmission[80].
GS is the most frequent hereditary jaundice affecting nearly 5%-10% of the Caucasian population [83].
The genetic basis of GS was first disclosed in 1995[84]
as presence of the allele UGT1A1*28, characterised by
insertion of TA in the TATAA box (A[TA]7TAA) in the
proximal promoter of UGT1A1. UGT1A1*28 has been
identified as the most frequent mutation in Caucasian
GS subjects[85]. The insertion is responsible for reduction of transcription of UGT1A1 to 20% from normal
and for a decrease of hepatic glucuronidation activity by
80% in a homozygous state[86]. In Caucasians and African Americans, the frequency of UGT1A1*28 allele is
about 35%-40%, but it is much lower in Asians, including
Koreans (13%), Chinese (16%), and Japanese (11%)[87-89].
Moreover, in the majority of Caucasian GS subjects,
expression of UGT1A1 is further decreased by the presence of the second mutation T>G in gtPBREM[59,60].
In addition to the mutations in the promoter, GS may
be caused by mutations in structural regions of the
UGT1A1. In Asians, other variants, such as UGT1A1*6
characterised by a missense mutation involving G to A
substitution at nucleotide 211 (c.211G>A) in exon 1 (also
known as p.G71R), UGT1A1*7 (p.Y486D), UGT1A1*27
(p.P229Q), and UGT1A1*62 (p.F83L) have been detected[60,87-90].
In addition to biochemical defect leading to reduced
glucuronidation, other factors, such as impaired hepatic
(re)uptake of bilirubin (see Rotor syndrome below for
the possible mechanism) or an increased load of bilirubin, seem to be necessary for clinical manifestation of
GS[86,91,92].
GS is benign and GS carriers present with no liver
disease. However, the mutations in the UGT1A1 identical
to those recognised in GS subjects may contribute to the
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development of prolonged neonatal hyperbilirubinemia
in breast-fed infants[93,94].
Moreover, since the process of glucuronidation is an
important step in elimination of numerous endogenous
and exogenous substrates, GS subjects may be more susceptible to the adverse effects of some drugs metabolised
by UGT1A1, such as indinavir, atazanavir[95-99] or irinotecan[100-102].

HEREDITARY PREDOMINANTLY
CONJUGATED HYPERBILIRUBINEMIA
Two types of hereditary conjugated jaundice are known
as Dubin-Johnson and Rotor syndrome. Both are characterised by the presence of mixed, predominantly conjugated hyperbilirubinemia, with conjugated bilirubin more
than 50% of total bilirubin.
DJS (MIM # 237500), a benign autosomal recessive disorder described in 1954 by Dubin et al[103] and Sprinz et al[104],
is characterised by fluctuating mild, predominantly conjugated hyperbilirubinemia, with typical manifestation
in adolescence or young adulthood. Most patients are
asymptomatic except of occasional slight abdominal pain
and fatigue. Urine excretion of total coproporphyrin in
24 h is normal, but 80% are represented by coproporphyrin I. Biliary excretion of anionic dyes including bromosulfophthalein (BSP), indocyanine green and cholescintigraphy radiotracers is delayed with absent or delayed filling
of the gallbladder[105]. BSP clearance in DJS subjects is
normal at 45 min with the second peak at 90 min[106].
Liver histology in DJS shows an accumulation of distinctive melanin-like lysosomal pigment in an otherwise normal liver that gives the organ a characteristic dark pink
or even black colour. The pigment is positive in PAS and
Masson-Fontana reaction with marked autofluorescence.
In contrast to melanin, DJS pigment does not reduce
neutral silver ammonium solution[103,107]. The amount of
pigment may vary and possible transient loss may occur in coincidence with other liver diseases[108,109]. The
molecular mechanism in DJS is absence or deficiency of
human canalicular multispecific organic anion transporter
MRP2/cMOAT caused by homozygous or compound
heterozygous mutation in ABCC2 (gene ID: 1244) on
chromosome 10q24[110-114]. The ABCC2 mutation alters
not only MRP2-mediated transport of conjugated bilirubin but also transport of many anionic substrates as well
as a wide range of drugs, such as chemotherapeutics, uricosurics, antibiotics, leukotrienes, glutathione, toxins and
heavy metals. Absence of MRP2/cMOAT may result in
impaired elimination and in subsequent renal toxicity of
the substrates mentioned above[115-120].
A rare type of hereditary mixed hyperbilirubinemia caused by the simultaneous presence of mutations
characteristic for DJS and GS has been classified as dual
hereditary jaundice[121]. Serum direct bilirubin concentrations in dual hereditary jaundice reach only 20%-50% of
total bilirubin.
RS (MIM #237450), described in 1948 by Rotor et al[122],
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is characterised by mild, predominantly conjugated hyperbilirubinemia with delayed excretion of anionic dyes
without re-increase of their concentration. Total urinary
coproporphyrin excretion is significantly increased and
the proportion of coproporphyrin Ⅰ in urine is approximately 65% of the total in homozygotes and 43% in
heterozygotes[123,124]. By histopathological examination,
the liver tissue does not display any marked architectural
or cytomorphological abnormalities and pigment is not
present.
The presence of homozygous mutations in both
SLCO1B1 and SLCO1B3 neighbouring genes located on
chromosome 12 with complete and simultaneous deficiency of proteins OATP1B1 and OATP1B3 has recently
been identified as the molecular mechanism of the syndrome[125]. The complete absence of both transporters
OATP1B1 and OATP1B3 has been confirmed by immunohistochemistry in all studied Rotor subjects. Interestingly, the presence of a single functional allele of either
SLCO1B1 or SLCO1B3 prevented the jaundice.
RS does not require any therapy but, with regard to
the impact of OATP1B transporters on pharmacokinetics of a broad spectrum of commonly used drugs such
as penicillins, statins, sartans, rifampicin, methotrexate
and many others, it is assumed that RS subjects and also
those with the deleterious mutations in either of the SLCO1B genes, even without full clinical expression of the
syndrome, may be at increased risk for drug toxicity[125-129].

and MDR3 are unchanged. At stage Ⅲ, immunostaining
intensities of the sinusoidal uptake transporters and their
mRNA levels decrease. Irregular MRP2 immunostaining suggests redistribution of MRP2 into intracellular
structures in the advanced stages of PBC; however, at
stage Ⅲ and Ⅳ, basolateral uptake transporters NTCP
and OATP1B1 are downregulated. Expression of the
canalicular export pumps for bile salts (BSEP) and bilirubin (MRP2) remains unchanged and the canalicular
P-glycoproteins MDR1 and MDR3 and the basolateral
efflux pump MRP3 are upregulated[132-135].
At the early-stages of cholestasis in extrahepatic
biliary atresia, BSEP, MDR3, MRP2, NTCP/SLC10A1,
SLCO1A2 and nuclear receptor farnesoid X receptor
are downregulated. At the late-stages of cholestasis,
farnesoid X receptor and BSEP levels returns to normal,
MDR3 and MDR1 are upregulated and MRP2 is downregulated[136].
In primary sclerosing cholangitis, the level of OATP1B1 mRNA in liver tissue has been demonstrated to
represent 49% of controls and the level of MRP2 mRNA
dropped to 27% of controls[137].

CONCLUSION AND PERSPECTIVES
Over the last decades, molecular basis of hyperbilirubinemia syndromes has been elucidated and mutations
affecting the basolateral and apical membrane transporters responsible for accumulation of either conjugated or
unconjugated bilirubin have been identified.
Except for GS, the majority of inherited hyperbilirubinemia syndromes are rare autosomal recessive disorders with a low prevalence in the general population and,
apart from CN syndrome type Ⅰ and some cases of CN
type Ⅱ in neonatal period, mostly not requiring further
therapy. Nonetheless, the enzyme and transport systems
involved in bilirubin metabolism may play an important
role in the elimination and disposition processes of many
other endogenous and exogenous substrates including
hormones, drugs, toxins and heavy metals[102,138]. Dysfunction or absence of these systems, including selected ABC
transporters and OATPs, may alter pharmacokinetics and
pharmacodynamics of many biologically active agents,
affect penetration of the substrates into various tissues
and lead to their intracellular accumulation with a subsequent increase of organ toxicity[126,127,128]. In addition, the
absence of the functional transport proteins involved in
hepatobiliary and enterohepatic circulation may involve
drug disposition, drug-drug or drug-food interactions
and result in decreased effectiveness or even resistance to
a diverse spectrum of chemotherapeutic agents and xenobiotics[139-141]. Individuals with mutations in the responsible gene or genes with the fully expressed phenotype of
the corresponding hyperbilirubinemia syndrome, as well
as subjects carrying mutations without clinical manifestation of hyperbilirubinemia under normal conditions, may
be more susceptible to the adverse effects of some drugs
and metabolites[142,143].

BILIRUBIN HANDLING PROTEINS IN
CHOLESTASIS
Animal models of obstructive and intrahepatic cholestasis help us to discover and understand the main principles of acquired defects in hepatobiliary transport of bile
salts and other organic anions. Up and down regulation
of these mechanisms can explain impaired liver uptake
and excretion of the biliary constituents resulting in the
cholestasis and icterus which accompanies many common acquired liver disorders[48,130,131]. A general pattern of
response to cholestatic liver injury is initiated by downregulation of the basolateral membrane bound transporters NTCP and OATP1B1. The expression of several
canalicular export pumps is relatively unaffected [bile
salt export pump (BSEP), multidrug resistance protein
2 (MDR2)] or even upregulated (MDR1). Decreased expression of MRP2 in sepsis or in obstructive cholestasis
is followed by upregulation of several MRP homologues
at basolateral membrane of hepatocytes that may extrude
bile salts back to the sinusoidal blood and systemic circulation. Most of these changes are believed to help prevent
an accumulation of potentially toxic bile components and
other substrates in the liver.
Similar patterns of expression of the bilirubin and
bile salts handling proteins and mRNA are observed in
cholestatic liver diseases in humans. At the stage Ⅰ and Ⅱ
of primary biliary cirrhosis (PBC), expression and localisation of OATP1B1, OATP1B3, NTCP, MRP2, MRP3
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Clarifying the molecular genetic basis of hereditary
hyperbilirubinemia syndromes together with the discoveries of the major systems essential for the metabolism
and transport of bilirubin and other endogenous and exogenous substrates represent a substantial contribution to
the current knowledge of the heme degradation pathway.
Further investigation of how bilirubin transport proteins
and their variations affect pharmacokinetics of drugs
may be of significant clinical importance.
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INTRODUCTION

Abstract

Bile is a lipid-rich hepatic secretion that is necessary
for elimination of cholesterol and xenobiotics from
the body and for dispersion and efficient absorption of
digested dietary lipid in the upper small intestine[1]. Biliary function is a vital function of the liver, which results
from the sequential vectorial transport of endogenous
and exogenous substrates through three compartments:
the vascular space, cellular space and biliary space. Canalicular bile is produced by polarized hepatocytes that
hold transporters in their basolateral (sinusoidal) and
apical (canalicular) plasma membrane[2]. The biliary function is responsible for the homeostasis of lipid metabolism, in particular cholesterol metabolism, elimination
of toxic endo- and xenobiotics such as bilirubin, lipid
bacteria products (endotoxin), and several inflammatory
mediators[3]. Bile coming into the canaliculi is modified
by cholangiocytes through secretion and absorption. The
main determinant of bile formation is an osmotic filtration process resulting from active transport of bile acids
and other osmotic solutes[3]. Pavlov et al[4] established
the basic mechanisms of bile secretion, its entry into
the duodenum, and the role of bile in digestion. Bile is
essential for the intestinal digestion and absorption of
nutriments. Almost half a century had passed before the

This review considers the physiological and molecular
biochemical mechanisms of bile formation. The composition of bile and structure of a bile canaliculus, biosynthesis and conjugation of bile acids, bile phospholipids,
formation of bile micellar structures, and enterohepatic
circulation of bile acids are described. In general, the
review focuses on the molecular physiology of the
transporting systems of the hepatocyte sinusoidal and
apical membranes. Knowledge of physiological and
biochemical basis of bile formation has implications
for understanding the mechanisms of development of
pathological processes, associated with diseases of the
liver and biliary tract.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Bile acids; Bile phospholipids; Bile micelle
structures; Bile salt transporters
Core tip: Over the past 50 years, significant progress
has been made in understanding the mechanisms of
bile formation and secretion. This became possible due
to the advances of fundamental investigations in cell
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experimentally founded ideas on the mechanisms of bile
formation appeared. Later, they were clarified and in the
late 1970s took shape as a number of hypotheses of the
mechanisms of bile formation. Recent insights into the
cellular and molecular mechanisms that control the function and regulation of hepatobiliary transport have led to
a greater understanding of the physiological significance
of bile secretion. Individual carriers for bile acids and
other organic anions in the liver and intestine have now
been obtained from several species. In addition, complex networks of signals that regulate key enzymes and
membrane transporters located in cells that participate in
the metabolism or transport of biliary constituents are
being unraveled[5]. Most of the membrane transporters
ensuring bile formation have now been identified. The
expression of these membrane transporters is regulated
through transcriptional and post-transductional mechanisms. Transcriptional regulation is under the control of
nuclear receptors activated by ligands such as bile acids,
which act as endogenous steroids synthesized from cholesterol in hepatocytes[3].
Bile is an iso-osmotic electrolytic fluid that is formed
in the liver and is a product of its secretory function. Bile
is primarily secreted by hepatocytes (i.e., canalicular bile)
and subsequently delivered to the intrahepatic bile ducts,
where it is modified by cholangiocytes (i.e., ductal bile).
Bile secretion by liver parenchymal cells is the result of
vectorial transcellular transport of solutes and involves
the coordinated action of transport proteins at the basolateral (sinusoidal) and apical (canalicular) membranes of
the hepatocyte. A complex network of signals controls
uptake and efflux transporters on a long- and short-term
timescale, including regulation at the level of gene transcription, protein translation and maturation, covalent
modification, and dynamic localization of transporter
proteins, as well as substrate availability[6].

Na

+

Anion

Cations

Anions + taurocholic acid

Taurocholic acid
= 0.98 ± 0.09
Cations - anions

Figure 1 The bile content of anions, cations and taurocholic acid.

potassium. Excretion of sodium, potassium, and calcium
into the bile is closely related to the rate of metabolic
processes in the liver and depends on its functional state
and on the content of salts in the body. The bile concentration of anions is 5-15 times smaller than that of
cations.
A deficit of anions is compensated for by taurocholate (Figure 1). Bile contains a considerable quantity of
phosphorus, magnesium, iodine, iron, and copper. The
relative proportions of the major bile components are
distributed in the following order: bile acids (67%), phospholipids (22%), proteins (4.5%), cholesterol (4%), and
bilirubin (0.3%). Among the bile acids, the primary bile
acids, cholic and chenodeoxycholic acids in a ratio of
1:1, account for about 50%. These are followed by the
secondary bile acids, deoxycholic and lithocholic acids, as
well as ursodeoxycholic and sulfolithocholic acids in the
decreasing order.
The use of color cathode-luminescence scanning
electron microscopy (CCL SEM) has made it possible to
study the qualitative composition of dehydrated human
bile and its components in the native state. CCL SEM
provides video information about the structural pattern
of bile and its chemical composition. Loginov et al[8] were
the first to show the earlier unknown phenomenon of
cathode autoluminescence of non-conjugated bilirubin,
unesterified cholesterol, high-molecular-weight protein,
and other organic compounds. The pictures (Figure 2)
show that the amorphous powder mass of bilirubin is
red-emitting (Figure 2A), crystal cholesterol luminesces
blue (Figure 2B), and the green coloration tingled with
red is predominant in the sample of protein (Figure 2C).
Graphically, all three samples have chromaticity histograms in the form close to the Gaussian curve.
Examination of the dehydrated samples of normal
bile by CCL SEM has ascertained the tree-type structure
of precipitates (Figure 2D). The qualitative assessment of
the samples suggests their balanced content of three ma-

COMPOSITION OF BILE AND STRUCTURE
OF A BILE CANALICULUS
Bile contains almost all body components: proteins,
lipids, carbohydrates, vitamins, mineral salts, and trace
elements. The greater part of the bile proteins consists
of globulins, and the lesser part comprises albumins.
Phospholipids, cholesterol and its esters, neutral fats,
and fatty acids rank high among bile lipids. Lecithins
(phosphatidylcholines, PCs) are the major representatives
of bile phospholipids. They are synthesized in the liver
from the same components as plasma PCs; however, they
differ from the latter in the higher content of palmitic
acid[7]. The human bile concentration of free fatty acids
and α-monoglycerides is small. Human cystic bile shows
small quantities of diglycerides and is virtually free of triglycerides.
The electrolyte content of bile is similar to that of
plasma. The major cations are sodium, potassium, and
calcium; the anions are chloride and bicarbonate. The bile
content of sodium is about 10 times higher than that of
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Figure 2 Color cathode-luminescence scanning electron microscopy images. Color cathode-luminescence scanning electron microscopy (CCL SEM) micro images of unconjugated bilirubin (A), unesterified cholesterol (B), high-molecular-weight protein (C), and dehydrated sample of normal human cystic bile (D).

polarity effect. Fu et al[9] have discussed possible mechanisms for how taurocholate affects different cell polarity
factors, particularly AMPK, and thereby regulates events
that generate polarity.
Bile production starts in the intercellular bile canaliculi. The bile canalicular lumen is formed by the external
hemileaflet of the apical part of the plasma membrane
of the adjacent hepatocytes and the tight junctions located at the point of contact of the hepatocytes. The
hepatocyte tight junctions separate the bile canalicular
lumen from the hepatic blood system[11]. Tight junctions
contain proteins, including occludin, claudin and zona occludens (ZO)-1 protein. The integrity of tight junctions
depends on the presence of protein ZO-1 on the inner
surface of the plasma membrane. The impaired integrity
of the tight junctions is accompanied by regurgitation of

jor bile components: bilirubin, cholesterol, and protein.
Hepatocytes are the major epithelial cells in the liver, and
are polarized. The polarized surfaces of hepatocytes consist of a basolateral domain facing the circulation and an
apical domain that forms the bile canaliculus; the smallest
branch of the biliary tree[9]. A major function of the liver
is biliary secretion, which requires hepatocyte polarization. The mechanisms controlling hepatocyte polarization
are only partially understood[10]. Structurally, they include
cytoskeletal, tight junction and intracellular trafficking
components. Recently, it was discovered that the major
mammalian bile acid, taurocholate, accelerated polarity in
primary rat hepatocytes. Taurocholate increases cellular
cAMP and signals through an exchange protein activated
by cAMP (EPAC)-Rap1-MEK-liver kinase B1 (LKB1)AMP-activated protein kinase (AMPK) pathway for its
WCG|www.wjgnet.com
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BIOSYNTHESIS OF BILE ACIDS

CYP27A1

CYP7A1

In 1848 Strecker discovered bile acids[16,17]. In chemical structure, they belong to a group of steroids and are
cholanic acid derivatives. Bile acids are the end metabolic
product of cholesterol and one of the most important
routes of its elimination from the body[18-20]. Bile acid synthesis occurs through two pathways: the classic (neutral)
pathway or the alternative (acidic) pathway[21,22]. The liver
is the only organ that has all 14 enzymes required for de
novo synthesis of two primary bile acids in humans, cholic
acid (CA; 3α, 7α, 12α-trihydroxy-cholanic acid) and chenodeoxycholic acid (CDCA; 3α, 7α-dihydroxy-cholanic
acid)[23].
The biosynthetic pathway includes a number of successive enzymatic conversions associated with the oxidation of cholesterol in the smooth endoplasmic reticulum
and the shortening of its side chain in mitochondria.
The production of bile acids involves restoration of a
double bond in cholesterol, С-3 inversion to give rise to
a 3α-ОН-group, further α-hydroxylation of either only
a 7-carbon atom or 7- and 12-carbon atoms, as well as
β-oxidation of the side chain of cholesterol. Cytochrome
Р450 is involved in all oxidative reactions. The classic
bile acid biosynthetic pathway is initiated by enzyme
cholesterol-7α-hydroxylase (CYP7A1) (Figure 3)[20]. The
enzyme CYP7A1 of smooth endoplasmic reticulum is a
limiting link in the synthesis of bile acids[20]. The activity of this enzyme is regulated by the quantity of intestinally absorbed bile acids, other than cholesterol[20,24].
Numerous studies have demonstrated that bile acids,
steroid hormones, inflammatory cytokines, insulin, and
growth factors inhibit CYP7A1 transcription through
the 5′-upstream region of the promoter[25-30]. Sterol 12
α-hydroxylase (CYP8B1) is required for synthesis of CA.
Mitochondrial sterol 27 hydroxylase (CYP27A1) catalyzes sterol side chain oxidation, after which cleavage of
a three-carbon unit in the peroxisomes leads to formation of a C24 bile acid. Cholesterol is converted to two
primary bile acids in human liver, CA and CDCA. Key
regulated enzymes, CYP7A1, CYP8B1, CYP27A1, and
7α-hydroxylase (CYP7B1) expressed, in the pathways are
indicated. CYP7A1 initiates the classic (neutral) bile acid
biosynthetic pathway in the liver. CYP27A1 initiates the
alternative (acidic) pathway in the liver and macrophages.
CA and CDCA are conjugated to glycine (G) and taurine
(T). Bile acid: CoA synthase (BACS) and bile acid: amino
acid transferase (BAT) are two key enzymes involved in
amino conjugation of bile acids[20].
An alternative (acidic) pathway is initiated by CYP27A1, which in addition to the liver is expressed in
macrophages and most other tissues, and may contribute
significantly to total bile acid synthesis (Figure 3). Other
minor pathways initiated by 25-hydroxylase in the liver
and 24-hydroxylase in the brain also may contribute to
bile acid synthesis. A nonspecific CYP7B1 expressed in
all tissues is involved in the generation of oxidized metabolites (oxysterols), which may be transported to the

CYP7B1

CYP8B1
CYP27A1
CYP27A1

Chenodeoxycholic acid

Cholic acid

Bacs
Bat

Glycinecholic acid

Bacs
Bat

Taurinecholic acid

Glycinechenodeoxycholic acid

Taurinechenodeoxycholic acid

Figure 3 Bile acid synthesis. CYP7B1: 7α-hydroxylase; CYP7A1: Enzyme
cholesterol-7α-hydroxylase; CYP8B1: Sterol 12 α-hydroxylase; CYP27A1:
Mitochondrial sterol 27 hydroxylase.

canalicular bile into the sinusoids. Three individual domains, such as sinusoidal, lateral, and canalicular parts of
the membrane, are arbitrarily identified in the hepatocyte
plasma membrane. The differences in the lipid and protein composition of the three domains of the hepatocyte
plasma membrane determine its functional polarity. The
sinusoidal membrane is enriched with receptors, enzymes, and transport proteins. The lateral membrane of
the hepatocyte is involved in intercellular interaction, but
it contains no transport systems. Transport systems for
bile acids, organic anions and cations, as well as the enzymes γ-glutamyltransferase, Mg2+-ATPase, and alkaline
phosphatase are located on the canalicular membrane.
Cl-/HCO3- exchangers and selective Сl- channels are also
identified[12]. Whether there are transport systems for glutathione and its conjugates in the apical membrane is still
debated[13]. The release of glutathione S-conjugates from
cells is an ATP-dependent process mediated by integral
membrane glycoproteins[14].
The hepatocyte cytoplasm around the bile canaliculus
contains cytoskeletal structures: microtubules, microfilaments, and intermediate filaments[15]. The microtubules
take part in the mediated vesicular transport, secretion of
lipids. The microfilaments determine canalicular contractility and motor activity. The intermediate filaments form
a network between the plasma membranes, nucleus, intracellular organelles, and other cytoskeletal structures. The
canaliculus is the least branch of a biliary tree and has a
diameter of approximately 1 μm.
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liver and converted to CDCA[20]. Farnesoid X receptor
(FXR) plays a central role in the regulation of bile acid
synthesis, excretion, and transport [31,32]. FXR inhibits
CYP7A1[33], CYP8B1[34], and CYP27A1[35] transcription. It
has been reported that peroxisome proliferator activated
receptor (PPAR)α plays a role in the regulation of bile
acid synthesis[36]. Bile acids induce PPARα transcription
via induction of FXR[37].
Di- and tri-hydroxycholanic primary bile acids are
produced from cholesterol during biosynthesis of bile
acids in humans. Under normal conditions, 200-600 mg
primary bile acids is formed daily[20,38]. Bile acid synthesis
increases in the morning regardless of food intake[39]. In
humans, bile acid synthesis exhibits a diurnal rhythm with
two peaks around 15:00 and 21:00 h[20]. Bile acids lost in
the feces (0.2-0.6 g/d) are replenished by de novo synthesis
in the liver to maintain a constant bile acid pool. Hepatic
conversion of cholesterol to bile acid balances fecal bile
acid excretion and this process represents a major route
for elimination of cholesterol from the body[40,41].
Bile acids are physiological detergents that generate
bile flow and facilitate intestinal absorption and transport
of lipids, nutrients and vitamins[20]. Bile acids, end products of the pathway for cholesterol elimination, are required for dietary lipid and fat-soluble vitamin absorption
and maintain the balance between cholesterol synthesis in
the liver and cholesterol excretion[21].

acids[20]. FXR stimulates bile acid conjugation by inducing expression of genes encoding BACS and BAT, which
also are induced by hepatocyte nuclear factor (HNF)
4α[46]. Thus, FXR and HNF4α may coordinately regulate
bile acid synthesis and conjugation.
The normal human ratio of the glycine to taurine
conjugates of bile acids is 3:1. The ratio of the glycine/
taurine conjugates may be altered under the influence of
alimentary and hormonal factors, in some liver diseases.
The presence of unconjugated bile acids in the bile most
frequently is a result of hepatic disease.
In the intestine, glyco- and tauro-conjugated CA and
CDCA are deconjugated, and 7α-dehydroxylase activity
in bacterial flora removes a 7α-hydroxy group to form
secondary bile acids deoxycholic acid (DCA; 3α,12αdihydroxy) and lithocholic acid (LCA; 3α-monohydroxy),
respectively[20].
Bile acids may be also exposed to glucuronidation
or sulfation, which results in a reduction of their toxic
properties and promotes their urinary and fecal excretion[43,47-49]. A small amount of bile acids circulated to
the liver is sulfoconjugation at the 3-hydroxy position
by sulfotransferase (SULT2A1) and rapidly secreted into
bile. Sulfation is the major pathway for detoxification of
extremely hydrophobic bile acids in humans[50]. Details
of bile acid chemistry, biology, physiology, and synthesis
have been reviewed recently[51,52].

CONJUGATION OF BILE ACIDS

BILE PHOSPHOLIPIDS

Under physiological conditions, free bile acids are not frequently found in bile. Newly synthesized bile acids conjugate with glycine or taurine, by giving rise to bile salts:
(chenodeoxy-)cholylglycine or (chenodeoxy-)cholyltaurine
(Figure 3). The physiological significance of bile acids
conjugation is that their salts are more polar compounds
than free bile acids. Conjugation of bile acids to glycine
or taurine decreases bile acid toxicity and increases their
solubility that benefits secretion into bile. Conjugated
bile acids have a smaller critical concentration for micellar formation[42]. The taurine conjugates of bile acids are
more polar compounds than their glycine conjugates[43].
Taurine (2-aminoethanesulfonic acid) is the most abundant free amino acid in humans and plays an important
role in several essential biological processes such as bile
acid conjugation, maintenance of calcium homeostasis,
osmoregulation and membrane stabilization[44]. Taurine
is efficient at reducing plasma and liver cholesterol concentrations. The cholesterol-lowering effect of taurine is
involved in the regulatory mechanism of cholesterol and
bile acid homeostasis that is mediated by CYP7A1, which
has become a biomarker for cholesterol metabolism and
is itself also regulated by several factors and nuclear receptors[45].
The C-24 conjugation of free cholanic acids with
glycine or taurine is accomplished by hepatocyte acyltransferases. The reaction proceeds in two steps with the
participation of ATP and in the presence of Mg2+. BACS
and BAT are involved in amino acid conjugation of bile

Phospholipids are a heterogeneous group of substances.
They contain fatty acids with a varying length of carbon
chain. Phospholipids are an important component of cell
membranes, plasma, and bile. In all mammalian species,
including humans, bile phospholipids are represented
solely by a mixture of PC (lecithin) molecules. The fatty
acids of bile PC molecules greatly differ from those of
lecithin of plasma and liver tissue. Depending on fatty
acid residues at C1 and C2 of the glycerine molecule that
is part of PC, there are a variety of lecithins. Human
bile predominantly contains 1-palmitoyl, 2-linoleyl, and
1-palmitoyl, 2-oleoyl PCs. This lecithin subpool represents nearly 5% of the total pool of hepatic PCs. The
lecithins destined for bile secretion have been shown to
be apparently completely synthesized de novo[53]. Selection
of certain types of PC seems to occur during bile formation[7]. Bile salts and primarily PC are the main organic
solutes in bile, and play a crucial role in cholesterol and
dietary lipid solubilization. Bile salts and phospholipids in
concert increase the biliary solubility of cholesterol by >
1 million-fold, thereby permitting entry of hepatocellular
cholesterol into bile[54]. Hepatic PC biosynthesis is likely
to be regulated by bile salts. Biliary lipid secretion is driven by bile salts, the primary metabolites of cholesterol.
There are multiple data showing that the biliary secretion
of PC (as cholesterol secretion) depends on that of bile
acids[55,56]. It has also been shown that the secretion of
bile phospholipids is not only associated with that of bile
acids, but is regulated by the amount and type of bile
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Figure 4 Proposed model for lipid secretion into bile[58]. BSEP: Bile salt export pump; MDR3: Multidrug-resistance protein 3; MRP2: Multidrug-resistance-associated protein 2; ATP: Adenosine triphosphate; ADP: Adenosine diphosphate; Pi: Inorganic phosphate.

salts passing through the hepatocytes[7,57].
The use of electron microscopy has demonstrated
that phospholipids are secreted as vesicles into bile, and
that vesicle secretion is almost wholly dependent upon
MDR3 P-glycoprotein function[58]. Biliary-specific PC
molecules are recruited initially from intracellular sources,
predominantly the endoplasmic reticulum[59]. A proposed
mechanism for PC delivery to the canalicular plasma
membrane involves monomeric transfer via binding to
the cytosolic PC transfer protein (PC-TP)[60]; a process
that is stimulated by low concentrations of bile salts typical of the hepatocytic cytosol. Alternatively, biliary lipid
may arrive at the canalicular membrane via intracellular
vesicle transport[1].
Biliary PC molecules are translocated from the endoplasmic to the exoplasmic hemileaflet by the action of a
transmembrane translocator[61].
MDR3 P-glycoprotein is thought to translocate PCs
from the internal to the external hemileaflet of the hepatocyte canalicular plasma membrane; possibly generating
microdomains of the more fluid biliary-type PCs. Luminal bile salts, secreted as monomers through the action
of bile salt transporters (cBATs), interact preferentially
with these microdomains to promote vesiculation of the
membrane external hemileaflet; possibly involving nonlamellar phase transitions. Cholesterol, which can freely
flip between the internal and external hemileaflets, may
be released into bile either by diffusing laterally into nascent vesicles, or by bile-salt-mediated transfer through
the aqueous phase. The model is based on data from the
study[59] and published work[1,62,63].
Crawford et al[58] proposed the concept that biliary PC
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molecules are flipped from the internal to the external
hemileaflet of the hepatocyte canalicular membrane by
the action of MDR3 P-glycoprotein, followed by release
of PC vesicles from the external hemileaflet into bile
(Figure 4). Formation and detachment of unilamellar
vesicles from the canalicular membrane is presumably
mediated by the detergent action of luminal bile salts.
Vesiculation of the external hemileaflet provides an
explanation of how luminal bile salts can extract large
quantities of phospholipid on the basis of their detergent
action, without disrupting the integrity of the detergentresistant canalicular plasma membrane. This remarkable
mechanism for selective secretion of membrane phospholipids appears to be uniquely adapted to the detergent
environment of the bile canaliculus.

BILE MICELLES
Bile lecithins, bile acid salts, and cholesterol are amphiphiles molecules (Figure 5). In this connection, in the water medium, such as bile, these compounds cannot exist
in the monomolecular form and they generate micellar or
lamellar structures.
According to the inclusions into the lipid complex,
simple micelles (PC + cholesterol), up to 3 nm in size,
mixed (PC + cholesterol + bile acids), 3-6 nm in diameter, and vesicles (PC + cholesterol + bile acids), 25-130
nm in diameter, are identified (Figure 6).
They can all contain amphiphilic proteins on their
surface. Lipid molecular inclusions in the micelles of bile
acids and the formation of mixed micelles are the main
form of interaction of bile acids and lipids in the bile.
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By forming mixed micelles, bile acids along with lecithin
provide cholesterol solubilization. Bile salts as detergents
form micelles when the critical concentration of micellar formation (CCM) is achieved. CCM depends on the
type of bile salts and their hydrophobicity. Based on their
hydrophobic properties, bile acids may be arranged in
the following order: deoxycholate > chenodeoxycholate
> cholate > ursodeoxycholate[64]. Hydrophobic, but not
hydrophilic, bile acids are efficacious endogenous ligands
of the nuclear receptors FXR (NR1H4), pregnane X
receptor (PXR; NR1I2), and vitamin D receptor (VDR;
NR1I1) that play critical roles in the regulation of bile
acid synthesis and metabolism[20].
A mixture of bile acids, lecithin, and cholesterol at
certain molecular ratios is able to form lamellar liquidcrystalline structures[64]. Vesicles are monolamellar glob-
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ules that consist of phospholipids and bile acids. At a certain concentration (about 0.1 mmol/L), phospholipids as
amphiphiles have been found to produce enclosed globules, in which the polar heads are directed outward, and
the nonpolar “tails” are inside. This particle is capable of
forming many substances, including protein, and cholesterol, by providing solubilization of the latter by bile acids. Vesiculation is largely determined by the hydrophilichydrophobic balance of bile acids and the content of
cholesterol[65]. The proportion of bile-mixed micelles and
vesicles depends on the concentration and composition
of bile acids. The most important feature of phospholipid masses is their ability to change their consistency from
crystalline gel to liquid-crystalline state depending on
environmental conditions. The liquid-crystalline states are
typified by the structural order peculiar to true crystals
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with the preserved mobility of the molecules observed
in solutions. The fusion of monolamellar vesicles may
give rise to multilamellar vesicles. The vesicles are a rather
stable formation and together with micelles play a pivotal
role in the solubilization and transport of cholesterol into
the bile[24].
Lipid vesicles 60-80 nm in diameter have been documented repeatedly by electron microscopy and quasielastic light scattering of freshly secreted hepatic bile[1,58]. Microscope laser light scattering of bile canaliculi in isolated
rat hepatocyte couplets also detects intraluminal vesicles
of similar size; the numbers of which increase upon cellular incubation with bile salts[66].
Acid-dependent and acid-independent bile fractions
are identified[67]. The former is associated with the synthesis and active transport of bile acids in the hepatocytes. The volume of the resultant bile is linear with the
concentration of bile acids, caused by the osmotic effect
of bile acid anions, and Sperbet[68] first argued it in 1959.
The bile composition greatly varies in the bile canaliculi
due to the increased constant volume of water and bicarbonates irrespective of the secretion of bile acids. This
acid-independent bile fraction is regulated by an active
Na+ transport. Its physiological role is to dilute and excrete an acid-dependent fraction[69]. Further bile formation occurs in the bile ducts because a fluid enriched with
bicarbonates and chlorides is produced in the latter. This
process is under the control of secretin (80%) and other
gastrointestinal hormones. The volume of the water secreted in the ducts depends to greater degree on the active transport of bicarbonates[70].

soluble vitamins. As bile acids are moving through the
intestine they may participate 4-6 times in the transportation of monoglycerides and fatty acids in enterocytes.
In the small intestine, bile acids are absorbed by both
passive and active mechanisms[71]. Although passive absorption occurs down the length of the intestine, active
absorption of bile acids is restricted to the ileum[72,73].
Passing through the intestinal tract, some bile acids are
reabsorbed in the upper intestine by passive diffusion, but
most bile acids (95%) are reabsorbed in the distal ileum
by apical sodium-dependent bile acid transporter (ASBT)
located in the brush border membrane[71]. In humans and
all other vertebrates examined to date, the ileal epithelium
has developed an efficient transport system for the active
reclamation of bile acids[51]. Approximately 95% of the
bile acids secreted into bile are derived from the recirculating pool[71]. Bile acids are transdiffused across the enterocytes to the basolateral membrane where the organic
solute transporter and heterodimer (OST/OST) effluxes
bile acids into the portal blood circulation[74,75], transports
them to the sinusoids, where they are taken up by Na+dependent taurocholate cotransport peptide (NTCP)
into hepatocytes[20]. The bulk of bile acids are absorbed
by hepatocytes into the liver, and again excreted into the
bile. Later, this enterohepatic cycle recurs. Hepatocytes
are known to secrete as much as 90% of the bile acids
that have returned into the cells during enterohepatic circulation, and about 10% of the newly synthesized bile acids[20]. A bile acid pool of about 3 g is recycled 4-12 times
a day[71]. At a fundamental level, the bile acid enterohepatic circulation can be viewed as a series of storage chambers (gallbladder and small intestine), valves (sphincter of
Oddi and ileocecal valve), mechanical pumps (canaliculi,
biliary tract, and small intestine), and chemical pumps
(hepatocyte and enterocyte transporters)[71].
The enterohepatic circulation of bile acids serves as
an important physiological route for recycling bile acids
and absorption of nutrients, as well as regulation of
whole-body lipid metabolism[20]. Enterohepatic circulation ensures a continuous supply of bile acids to be used
repeatedly for lipid absorption during the digestion of a
single meal or multiple meals throughout the day[76]. Efficient intestinal reabsorption and hepatic extraction of
bile acids also enables effective recycling and conservation that largely restricts these potentially cytotoxic detergents to the intestinal and hepatobiliary compartments.
FXR plays a key role in the control of enterohepatic
circulation of bile acids. FXR induces the expression of
BSEP in the canalicular membrane, which is the driving
force for bile formation. FXR inhibits Ntcp transcription
by SHP-dependent inhibition of retinoid X receptor/retinoic acid receptor induction of Ntcp[77]. Thus, FXR plays
a critical role in the coordination of bile acid synthesis,
biliary bile acid secretion, intestinal bile acid reabsorption
and secretion, and bile acid uptake into hepatocytes.
Hepatocytes hold a central position in the enterohepatic circulation of bile acids, with which their highest (as
compared to other cells) content of cholanic acids is as-

ENTEROHEPATIC CIRCULATION OF BILE
ACIDS
The bile acids synthesized in the hepatocyte participate
in the human body, in the so-called enterohepatic circulation. Conjugated bile acids are secreted from the hepatocytes into the bile canaliculus by canalicular bile salt
export pump (BSEP, ABCB11). Some bile acids secreted
in the bile duct are reabsorbed in the cholangiocytes
and recycled back to hepatocytes (the cholangiohepatic
shunt)[20]. The bulk of bile acids secreted are stored in
the gallbladder. After each meal, gallbladder contraction
empties bile acids into the intestinal tract. Bile acids are
mixed up with food masses (together with other digestive
secretions), and take an active part in the processes of fat
and fat-soluble vitamins metabolism and absorption.
Fatty acids and monoglycerides formed from neutral
fats with participation of bile acids and of lipases in the
upper parts of the small intestine are absorbed by enterocytes as lipoid-biliary complexes. These complexes disintegrate in the enterocytes. Released monoglycerides and
fatty acids are used by the cells as energy and building
materials or are transported to the basolateral membrane
of the enterocytes and enter the portal venous system.
Bile acids may return to the intestine and continue to
participate in metabolism and absorption of fat and fat-
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sociated.

membranes and movement inside the hepatocytes. The
molecular and metabolic processes occurring on the
hepatocyte sinusoidal membrane involve: (1) hepatocyte
absorption of bile acids and proteins from blood; and (2)
transmembrane transfer of inorganic ions. The principal
intracellular molecular and metabolic processes determining the mechanisms of hepatocyte bile secretion are: (1)
biosynthesis and conjugation of bile acids; (2) hydroxylation and conjugation of bile acids entering the hepatocytes from the blood; and (3) transfer of bile acids and
proteins from the perisinusoidal to pericanalicular area of
the hepatocytes.
The molecular mechanisms of hepatocyte canalicular
membrane function ensure the transmembrane transfer
of bile acids, proteins, inorganic and organic cations and
anions into the bile canalicular cavity.

Molecular mechanisms of hepatocyte bile secretion
Hepatocyte secretion of bile is the passive transhepatocellular filtration of water and electrolytes (Na+, K+, and
Cl-) from blood into the bile canalicular cavity, which
is caused by the osmotic gradient between the bile and
blood, which results from active transport of organic and
inorganic anions from blood and hepatocytes to the bile
canaliculi. The ionic transport systems that govern ionic
and electrical gradients onto the membrane surface (Na+/
K+, Na+/H+, Na+/HCO3-, Cl-/HCO3-, and Na+/Ca2+) are
the basis for the mechanism of targeted bile secretion[78].
The transport of bile salts, organic anions and cations,
bilirubin and other substances from the portal blood into
the biliary system is accomplished through the action of
an array of transporter proteins in the hepatocytes[79].
The hepatocytes are polar cells in which the transport
of osmotically active bile components has a strict direction from the sinusoidal (basal) surface to its canalicular
(apical) part. There is evidence on the importance of taurocholic acid in the directed transport of substances in
the liver cells[44]. This vectorial trans-hepatocellular movement of bile acids is a remarkably concentrative transport process that is driven by a distinct set of primary
(ATP-dependent), secondary (Na+ gradient-dependent),
and tertiary (OH- or HCO3--dependent anion exchange)
transport systems at the sinusoidal and canalicular plasma
membranes[80,81]. Bile secretion is a highly regulated process. To maintain this process, liver cells must transport
bile acids efficiently from the portal blood into bile. ATP
binding cassette (ABC) transporters[57] mediate transport
of bile salts. Expression of these transporters is regulated in a coordinate fashion by a set of nuclear hormone
receptors explaining the old observation of coupling between bile salt secretion and biliary lipid secretion. Over
the past two decades, there has been significant progress
toward identifying the individual membrane transporters
and unraveling their complex regulation[74]. The hepatocytes are polarized cells that express differential transport
systems in their plasma membrane domains. Molecular
cloning has identified most of these transport proteins,
and their transport properties characterized by functional
studies. The NTCP, the bile salt export pump (BSEP), the
ASBT, and the organic solute transporter OSTα-OSTβ,
the major bile acid transporters that control the fate of
bile acids, through either absorption and enterohepatic
cycling or excretion and elimination from the body.
These transporters play a key role in the vectorial
transfer of solutes and water from sinusoidal blood into
the bile, thus contributing to bile formation and the biliary excretion of various xenobiotics. In the liver and intestine, transporters play a critical role in maintaining the
enterohepatic circulation and bile acid homeostasis[71,82].
Bile acids determine the secretion of an acid-dependent bile fraction. The transport of bile acids from
the sinusoidal space to the bile canaliculus comprises
their penetration across the sinusoidal and canalicular

WCG|www.wjgnet.com

Molecular physiology of the transporting systems of
the hepatocytic sinusoidal membrane: The specific
feature of transport of bile acids from blood to the hepatocyte across the sinusoidal membrane is to overcome
the high gradient of their concentration and electrical
potential. Hepatocytes absorb bile acids from the blood
by the bile acid carriers, which are integral hepatocyte sinusoidal membrane proteins[78] (Figure 7).
Liver sinusoids possess a specific architecture that allows passage of organic compounds bound to albumin
through endothelial fenestrae into the space of Disse,
from where they can be taken up by the sinusoidal transport systems of the hepatocytes[83,84].
The bulk (about 85%) of the bile acids are present in plasma as a complex of plasma proteins (mainly,
albumin)-bile acid, therefore, it has been shown that
albumin performs its inherent transport function and
contributes to the interaction of bile acids with specific
sinusoidal membrane receptors in the mechanisms of hepatocyte absorption of bile acids. The bile acids in sinusoidal blood are efficiently taken up by hepatocytes from
Disse’s space despite being highly albumin bound, due to
the existence in the basolateral membrane of transporters[85,86]. The powerful techniques of molecular biology
have enabled gene cloning of the transporters involved
in biliary secretion and the enterohepatic circulation of
bile acids. This has permitted elucidation of their function as well as their regulation by nuclear receptors[87].
The enterohepatic circulation results from efficient ileal
absorption, and is highly regulated at two sites. In the
hepatocytes, biosynthesis of bile acids is regulated by
negative feedback by the nuclear receptor FXR as well as
by cytokines and by a peptide (FGF-19) liberated by bile
acids from the ileal enterocytes. In the ileal enterocytes,
bile acid reclamation is regulated by negative feedback by
FXR and other nuclear receptors. BSEP mediates uphill
canalicular bile acid secretion[87]. The plasma membranes
of hepatocytes have been found to contain the proteins
that selectively bind bile acids[87]. This uptake is carried
out against an electrochemical gradient, is saturable[88],
and depends on the structure of the bile acids. It is more
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ids[93,101-104]. Depending on the structure of the bile acid
and NTCP, unconjugated bile acids are moderate or weak
substrates[102,105,106] and sulfated bile acids appear to be
only weakly transported[107]. The high level of NTCP expression at the sinusoidal membrane of hepatocytes and
high affinity of NTCP for conjugated bile acids promote
efficient extraction of bile acids from portal blood. Thus,
NTCP functions to maintain the enterohepatic circulation of bile acids and maintain plasma concentrations at
a minimum.
The uptake of bile acids by Na+-independent mechanisms seems to be mediated by less-specific transporters, known as organic anion-transporting polypeptides
(OATPs), which exchange these molecules for other
anions, such as HCO3-, glutathione (GSH) or even other
bile acids[89,90,108].
Four OATPs have been cloned and characterized
from human liver: OATP1A2 (SLCO1A2/SLC21A3;
formerly, OATP-A), OATP1B1 (SLC21A6; formerly,
OATP-C or LST-1), OATP1B3 (SLC21A8; formerly,
OATP-8) and OATP2B1 (SLC21A9; formerly, OATP-B).
These transporters may take up bile acids (mainly unconjugated forms), endogenous OA- (thyroid hormones,
monoconjugated bilirubin) and xenobiotic compounds
(e.g., toxins, drugs and food components)[109]. In contrast
to NTCP, members of the OATP family expressed on
the hepatocyte sinusoidal membrane, such as Oatp1a1
(Slco1a1), efficiently transport unconjugated or sulfated

efficient for trihydroxy- than for dihydroxy-bile acids and
for conjugated more than for unconjugated bile acids[89].
Transporters on the basolateral membrane, which faces
the space of Disse, are responsible for the uptake of bile
salts and organic anions[79]. The liver cells have an active
transport system to transfer bile acids from the blood
to the hepatocytes. Basolateral uptake transporters can
be divided into Na+-dependent and Na+-independent
systems. The NTCP, the main Na+-dependent bile acids
transporter[90-92] is only expressed in the basolateral membrane[93]. NTCP, (gene name SLC10A1) is the founding
member of the SLC10 family of solute carrier proteins,
which includes two bile acid carriers (SLC10A1/NTCP
and SLC10A2/ASBT), one steroid sulfate transporter
(SLC10A6/SOAT), and four orphan carriers (SLC10A3,
SLC10A4, SLC10A5, SLC10A7)[94-96]. Na+-dependent
uptake involves co-transport of solutes with Na+. Moreover, the driving force is the energy of ATP generated by
Na+,K+-АТPase. This enzyme is located on the sinusoidal
and lateral membranes of hepatocytes[97,98] and undetectable on the canalicular (apical) part[99,100]. The active transport of bile acids ensures their continuous hepatocyte
pumping from blood to bile, thus causing their low level
in the blood flowing from the liver and in plasma as a
whole. The properties of NTCP satisfy all the functional
criteria for hepatocyte Na+-coupled bile acid uptake[71,94].
The major physiological substrates of NTCP include
all the major glycine- and taurine-conjugated bile ac-
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bile acids, suggesting that these carriers participate in the
hepatic uptake of those bile acid species in vivo[89,102,110].
The heterodimeric protein OSTα/OSTβ is expressed
at the basal membrane of hepatocytes and cholangiocytes [111]. This is a sodium-independent bile acid
transporter that may play a role in bile acid efflux from
hepatocytes toward blood when these compounds are
accumulated under cholestatic conditions. Moreover, in
cholangiocytes, in addition to playing a similar role, this
transporter may also be involved in the cholehepatic
shunting of bile acids.
Hepatocellular uptake of organic cations is mediated
by two separate transport systems, which depends on the
substrate molecular size[112]. Thus, small (type Ⅰ) organic
cations are taken up by the organic cation transporter,
OCT1/Oct1 (SLC22A1/Slc22a1), which is electrogenic
in nature. In contrast, human OATP-A mediates the
uptake of bulky (type Ⅱ) organic cations. In addition to
conjugated and unconjugated bile salts, Oatps/OATPs
accept other cholephilic compounds, including glucuronidated (and maybe unconjugated) bilirubin, exogenous
organic anions (e.g., sulfobromophthalein), leukotrienes,
estrogen-conjugates (e.g., estrone-3-sulfate or estradiol17-β-d-glucuronide), thyroid hormones, mycotoxins, and
numerous xenobiotics[92,113-115].

demonstrated that specific vesicle trafficking machinery
is required for membrane polarity. The overall functions
based on hepatocyte polarity are not attributable to the
mere presence of transporters in both poles of these
cells[128] but also to their intracellular trafficking and temporary anchorage to the different hepatocyte membranes
(Figure 7).
Molecular physiology of the transporting systems of
the hepatocyte canalicular membrane: After traversing the cell by Fick’s diffusion, cholephilic compounds
mostly bound to high-affinity cytosolic proteins are excreted into the bile mainly by ATP-dependent pumps of
the superfamily of ABC transporters; in particular those
belonging to the family of multidrug-resistance proteins,
MDR/Mdr, or to the family of multidrug-resistanceassociated proteins, MRP/Mrp[57,71].
MDRs/Mdrs are members of the ABC superfamily
that were originally described in cancer cell lines, where
they confer resistance to therapeutic agents. Three gene
products were identified in rodents, Mdr1a (Abcb1a),
Mdr1b (Abcb1b) and Mdr2 (Abcb4), and two in humans,
MDR1 (ABCB1) and MDR 3 (ABCB4). MDR1/Mdr1
functions as an efflux pump for a wide range of amphiphilic, bulky type Ⅱ cationic drugs, together with other
hydrophobic compounds, such as endogenous and exogenous metabolites or toxins, steroid hormones, hydrophobic peptides and even glycolipids[113]. Two closely related but functionally distinct Mdr1 isoforms, mdr1a and
mdr1b, are present in the murine but not human phenotype[129]. MDR3/Mdr2 functions as a flippase, which
translocates PC from the inner to the outer hemileaflet
of the canalicular membrane, followed by release of PCcontaining vesicles from the outer hemileaflet into bile; a
process facilitated by the detergent properties of luminal
bile salts[58].
Monoanionic bile salts are excreted in the canalicular pole by the bile salt export pump (BSEP/Bsep;
ABCB11/abcb11); another member of the MDR family[130]. In contrast, canalicular efflux of divalent, bipolar
sulfated or glucuronidated bile salts is mediated by the
multidrug-resistance-associated protein 2 (MRP2/Mrp2;
ABCC2/Abcc2)[131,132]. This carrier is also engaged in the
biliary excretion of many other organic anions, including
glutathione-S-conjugates (e.g., leukotriene C4 or sulfobromophthalein, among others), glucuronides (e.g., bilirubin
and estrogens), and reduced (GSH) and oxidized glutathione (GSSG) - the former with low affinity[133,134]. Both
GSSG and GSH are major determinants of the so-called
“canalicular bile-salt-independent bile flow”[135].
The canalicular membrane domain also contains the
electroneutral anion exchanger 2 (AE2/Ae2; SLC4A2/
slc4a2), which extrudes HCO3- by exchanging the anion
for biliary Cl-[136]. It functions to regulate intracellular pH
when hepatocytes are exposed to an alkaline load[136]. In
addition, AE2/Ae2 plays a role in bile flow generation,
because HCO3- excretion is thought to be an additional
primary driving force of the canalicular bile-salt-inde-

Molecular physiology of the intracellular processes
underlying the hepatocyte secretion of bile: In order
to explain the transit of bile acids from the sinusoidal
membrane to the pericanalicular region, two different,
not mutually exclusive, mechanisms have been proposed:
(1) simple diffusion of bile acids bound to intracellular proteins[116]; and (2) vesicular transport of bile acids
driven by cytoskeleton contractile activity[117,118]. Two arguments have been raised against the role of the second
mechanism. One is that hepatic transit of labeled bile
acids is too fast[118]. The second is that the baseline secretion of bile acids is not modified by microtubular disruption[117]. However, the overload of bile acids intensifies
the vesicular trafficking from the Golgi complex to the
pericanalicular zone[119], and under these circumstances
the alteration in the functional integrity of the cytoskeleton results in impaired bile acid secretion[120] and subsequent cholestasis[121].
The quantity of ABC transporters in the apical membrane is regulated by the amount of biliary components
available for secretion[122,123]. The regulated intracellular
vesicular traffic of canalicular ABC transporters[123,124] is
crucial for normal bile secretion. BSEP (formerly SPGE,
a sister of P-glycoprotein) is the main, if not the only,
canalicular bile acid transporter[125], and it is also located
in subcanalicular vesicles that may act as an intracellular
pool. It is therefore probable that the impaired secretion
of bile acids observed in overloaded conditions is an indirect result of the distortion of the increased vesicular
traffic of transporters to the canalicular membrane[120].
These and other studies[126,127] have established the actual
role of vesicular trafficking in hepatocytes, and have
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labelled methionine) and an albumin bile protein fraction[143].
Thus, the gallbladder takes an active part in changing
the composition of bile via reabsorption of its components into the blood and making the bile components
circulate along the small circuit: liver-gallbladder-bloodliver.
The flow of bile is lowest during fasting, and a majority of that is diverted into the gallbladder for concentration. When chyme from an ingested meal enters the small
intestine, acid and partially digested fats and proteins
stimulate secretion of cholecystokinin and secretin. These
enteric hormones have important effects on pancreatic
exocrine secretion. They both are also important for secretion and flow of bile.

PCh
-0.54

12.31
Pi
1.89
PCh
-0.59

12.31
Pi
1.67

Figure 8 31P-NMR spectroscopy hepatic (left part of figure) and gallbladder (right part of figure) bile. Signals: 12,31 (standard); inorganic phosphate
(Pi); phosphatidilcholine (PCh). PCh signal of gallbladder bile is increased with
respect to such signals from hepatic bile. Signal of standard and inorganic
phosphate of gallbladder bile are decreased with respect to such signals of
hepatic bile. The concentration of lipids is increased by water absorption by
gallbladder mucosa.

Cholecystokinin: The name of this hormone describes
its effect on the biliary system-cholecysto = gallbladder
and kinin = movement. The most potent stimulus for
release of cholecystokinin is the presence of fat in the
duodenum. Once released, it stimulates contractions of
the gallbladder and common bile duct, resulting in delivery of bile into the gut.

pendent bile flow[136,137]. Both in humans and rats, three
transcript variants of AE2/Ae2 have been described: the
full-length transcript AE2a/Ae2a, expressed from the
upstream promoter in most tissues, and the alternative
transcripts AE2b1/Ae2b1 and AE2b2/Ae2b2, expressed
in a more tissue-restricted fashion (mainly in liver and
kidney). AE2b1/2/Ae2b1/2 transcription is driven from
overlapping promoter sequences within intron 2, which
results in AE2/Ae2 protein isoforms with short N-terminal differences[138,139].
In water transporters, for a solute to drive blood-tobile vectorial water transport primarily, resultant osmotic
forces need to be associated with aquaporin (AQP)-mediated transcellular movement of water molecules from
plasma to the bile canaliculus[140]. Both immunochemical
and functional studies have demonstrated the constitutive
expression of the water channel AQP9 at the basolateral
membrane of rat hepatocytes, and the regulated expression of the water channel AQP8 at the hepatocellular
canalicular membrane domain[140-142]. AQP8 is suggested
to play a role in bile formation, facilitating the osmotic
movement of water under choleretic stimulus[140,142]. AQP
isoforms that mediate polarized water transport in human hepatocytes, if any, remain to be identified.

Secretin: This hormone is secreted in response to acid in
the duodenum. Its effect on the biliary system is similar
to that seen in the pancreas: it simulates biliary duct cells
to secrete HCO3- and water, which expands the volume
of bile and increases its flow into the intestine.
Sphincter of Oddi
The sphincter of Oddi is located at the interface of the
common bile duct and the main pancreatic duct at their
confluence into the duodenum. Anatomical and immunohistochemical studies have indicated that the sphincter
of Oddi is richly innervated with cholinergic, adrenergic,
and peptidergic neurons.
The location of the sphincter of Oddi determines its
function: to regulate the entry of bile and pancreatic juice
into the duodenum and to prevent reflux of duodenal
contents into the common bile duct and the main pancreatic duct. The sphincter coordinates the time and rate
of secretion of about 3 L/d of bile and pancreatic juice
into the duodenum[144]. Normally, the sphincter is characterized by considerable phase contractions throughout
the interdigestive period.

Gallbladder
The bile formed outside the digestive periods enters the
gallbladder that performs two important functions: concentration of bile and its storage up to the evacuation
into the duodenum. Minor quantities of bile acids (about
1.3%) are absorbed in the gallbladder walls. Micelles and
vesicles enter the gallbladder where the concentration
of lipids is increased by water absorption, which causes
some physicochemical changes in the bile (Figure 8).
If the gallbladder functions well due to its contraction, all agglomerated vesicles and micelles with bile flow
reach the duodenum. The gallbladder mucosa actively
absorbs amino acids (this has been established by 35S-
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Transport of bile acids along the portal venous system
Bile acid salts come from the intestine into the portal venous system. Bile acids with venous blood enter the liver
where they are apparently completely (99%) absorbed by
hepatocytes. And only a small quantity (about 1%) of bile
acids enters the peripheral blood. In this connection, in
healthy individuals the blood concentration of circulating
bile acid salts is small.
In the hepatocytes, the secondary bile acids, deoxycholic and lithocholic, are subject to hydroxylation and
they conjugate with glycine or taurine. Bile acids come as
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Figure 9 Formation of IXα bilirubin from heme.

conjugates from the liver into the bile again. The normal
enterohepatic circulation of bile acids occurs 2-6 times
daily depending upon the dietary regimen.
It has been shown that the normal kidneys are not
involved in the excretion of bile acids from the body.
Portal venous blood bile acids are bound by plasma proteins, mainly albumins[145] and, to a lesser extent, by α-and
β-globulins. The data available suggest binding of blood
bile salts to lipoproteins[146,147]. The bile acids are loosely
bound to lipoproteins. In healthy individuals, bile acids
are detectable in all classes of lipoproteins[147].

tissues. However, the highest activity of this enzyme is
found in the spleen[150]. Heme oxygenase has an evident
stereospecificity for the α-meso-bridge of a heme molecule, resulting in the formation of primarily IX-α isomers
of biliverdin in man.
Cytosolic biliverdin reductase is also present in all
body tissues; its activity is most pronounced in the spleen,
liver, and kidney.
A gram of hemoglobin produces 36.2 mg of bilirubin[151]. In an adult, the daily bilirubin production determined by different methods is 3.9 ± 0.7 mg/kg (or
250-350 mg/d) - when determined with labeled bilirubin;
and 4.4 ± 0.7 mg/kg established from СО2 formation
when heme is converted to bilirubin[149,154]. Normally,
a human being generates bilirubin IX-α and a minor
quantity of its structural isomers: bilirubins IX-β, IX-γ or
IX-δ.
Bilirubin is liberated from the endothelial tissue cells
to plasma, binds to albumin, and is delivered to the hepatocytes and taken up by liver cells in a form dissociated
from albumin. Bilirubin transport across the basolateral
part of a membrane within the hepatocyte is accomplished by transport systems such as organic anions

METABOLISM OF BILE PIGMENTS
Bilirubin is a principal bile pigment. Bilirubin is formed
in the cells of the reticuloendothelial system. Unconjugated bilirubin is a product of heme catabolism (Figure 9).
Degradation of heme involves its conversion to biliverdin
followed by reduction of biliverdin to bilirubin[148,149]. Two
different enzyme systems are involved in the production
of bilirubin from heme: (1) microsomal heme oxygenase[150-152]; and (2) cytosolic biliverdin reductase[153,154].
The heme oxygenase activity is detectable in all body
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transport protein[155], via the flip-flop mechanism[156], or
by simple diffusion due to chemical concentration gradient. The uptake of bilirubin is highly effective because of
its rapid hepatic metabolism and excretion into the bile
and of the presence of cytosolic binding proteins, such
as glutathione-S-transferase. Unconjugated bilirubin is a
nonpolar (fat-soluble) substance. In the endoplasmic reticulum of hepatocytes, bilirubin is converted by microsomal UDP-glucuronyl transferase to a polar conjugate
with glucuronic acid. Mono- and diglucuronide bilirubin
is formed. Water-soluble conjugate of bilirubin is easily
excreted into bile. Much smaller fractions of bilirubin are
conjugated to sulfates, glucose, or xylose[157].
The physiological significance of conjugation of bilirubin to sugars or glucuronic acid is diminishing its toxic
properties through increasing molecular hydrophilicity,
which improves bilirubin transport across the membrane
structures and ensures secretion into the bile. However,
IXβ, IXγ, and IXδ isomers of bilirubin require no conjugation for bile secretion because they have no rigid structure as compared to the molecule of bilirubin IXα. The
latter has a rigid structure due to intramolecular hydrogen
bonds. Interestingly, the destruction of the bonds can improve the biliary secretion of bilirubin IXα. It has been
demonstrated that UV blood irradiation results in destruction of intramolecular hydrogen bonds in bilirubin.
This facilitates the diffusion of bilirubin IXα molecules
across the membrane structures without conjugation with
glucuronic acid or sugars.
A greater proportion of conjugated bilirubin in the
bile is present in the mixed micelles containing cholesterol, phospholipids, and bile acids. Conjugated bilirubin
is hydrolyzed by bacterial glucuronidases under urobilinogens. Having a nonpolar molecule, urobilinogen is well
absorbed in the small intestine, and in minimal quantities
in the colon. The liver and kidneys re-excrete small quantities of absorbed urobilinogen. In hepatocyte dysfunction, hepatic urobilinogen re-excretion is impaired and
renal excretion is increased[151,153,154].

patocyte plasma membranes (transcellular route). The
paracellular route was traditionally proposed as the major
pathway for water movement.
The tight junctions play an important role in the
paracellular secretion of water and the dissolved lowmolecular-weight compounds of the latter. Water and
electrolytes are assumed to pass from the intercellular
space through the tight junctions into the bile canalicular
lumen[99]. Moreover, the selectivity of electrolyte excretion is considered to be cause by the presence of a negative charge at the site of a tight junction. This charge
serves also as a barrier to regurgitation of substances
from the bile canaliculus into the sinusoidal space. The
molecular mechanisms of paracellular permeability are
currently associated with the functioning of the specific
tight junction protein ZO-1. ZO-1 is phosphorylated
with protein kinases, which is of importance in the molecular mechanisms responsible for the regulation of
paracellular permeability[160]. Tight junctions exhibit low
water permeability but allow electrolyte permeation that
enables canalicular spaces to shrink below the van’t Hoff
equilibrium during the osmotic maneuver[161]. Nonetheless, the experimental data supporting this view remain
limited and largely indirect[162].
The cloning and functional characterization of a family of proteins that works as membrane water channels,
named AQPs[163], challenged the former concepts of
water transport and contributed to the better understanding of bile physiology. The discovery of the AQP water
channels has clarified the mechanisms by which water,
the major component of bile, moves across the hepatobiliary epithelia[164].
Direct osmotic water permeability assessment by
stopped-flow spectrophotometry in canalicular and sinusoidal plasma membrane vesicles revealed the presence
of both lipid (non-channel) and AQP-mediated pathways
for sinusoidal and canalicular water movement[165]. The
study demonstrated that the canalicular plasma membrane domain has lower water permeability than the sinusoidal membrane, and thus it is rate limiting for transcellular water transport in hepatocytes[159]. However, upon
cAMP stimulus the intracellular AQP8 inserts to the
canalicular domain and so this membrane becomes highly
water permeable. Therefore, the transcellular pathway via
water channels seems to account for most of the water
entering the bile canaliculus. Hepatocytes express AQPs,
a family of membrane channel proteins that facilitate the
osmotically driven movement of water molecules. AQP8
is localized to canalicular membranes and modulates
membrane water permeability, providing a molecular
mechanism for the osmotically coupled transport of solute and water during bile formation.
There is experimental evidence suggesting that defective hepatocyte AQP8 expression leads to alterations in
normal bile physiology. Thus, AQP8 protein is downregulated (and canalicular water permeability decreased),
in established rat models of cholestasis, such as sepsisassociated cholestasis, estrogen-induced cholestasis, and

SECRETION OF WATER AND
ELECTROLYTES INTO BILE
Formation of bile and generation of bile flow are driven
by the active secretion of bile salts, lipids and electrolytes
into the canalicular and bile duct lumens followed by the
osmotic movement of water[158]. Thus, water has to cross
rapidly into and out of the cell interior driven by osmotic
forces. Bile as a fluid, results from complicated interplay
of hepatocyte and cholangiocyte uptake, secretion and
concentration that involves various transporters of lipids,
anions, cations, and water. Considering bile is composed
of > 95% water, the molecular basis and regulatory
mechanisms of water transport in hepatocytes during bile
formation are still under evaluation[159].
Theoretically, water can flow through the hepatocyte
epithelial barrier either across tight junctions between
adjacent hepatocytes (paracellular route) or across he-

WCG|www.wjgnet.com

50

January 28, 2014|First Edition|

Reshetnyak VI. Mechanisms of bile formation

extrahepatic obstructive cholestasis[166].
The entry of inorganic cations and anions into the
hepatocytes is effected with the participation of specific
ion channels and carriers, which include Na+,K+-АТPase,
Na+/H+-exchanger, Na+/HCO3- cotransporter, and Na+independent carrier of SO42-[153]. It is suggested[167] that
by analogy with the mechanisms of water reabsorption
from the bile in the gallbladder, water is reabsorbed by
the bile duct epithelial cells as a result of Na+-coupled
cotransport of Cl-. Enhanced reabsorption after removal
of the gallbladder is regarded as an adaptive mechanism
that provides bile concentration.
The primary mechanism of biliary copper excretion
involves ATP7B-mediated vesicular sequestration of
copper rather than direct copper translocation across the
canalicular membrane[168].
The microfilament system is of no small importance
in the canalicular secretion of bile. Bile is transported to
the ducts via contraction of a canaliculus, which is associated with the activity of microfilaments. The latter play
a great role in the regulation of permeability of a tight
junction for water and electrolytes.

synthesis of bile acids. The synthesis of bile acids is a key
point in the formation of bile. Acid-dependent and acidindependent bile fractions are identified. The structure of
a hepatocyte provides a targeted transport of bile constituents from the basolateral to apical membrane of a
liver cell. The transport of bile acids across the sinusoidal
membrane is associated with the overcoming of a high
concentration gradient and an electrical potential and it
is accomplished by an active transport with the participation of carrier proteins. The vesicles are the basic form
of the transport of lipids in and out of the cell itself. Bile
lipids are secreted into the bile canaliculi as monolamellar
vesicles. Bile acids pass across the apical part of a hepatocytic membrane independently, by ABC transporters,
solubilize the phospholipids and cholesterol from the
membrane surface in the bile canalicular lumen.
There is a constant transformation of vesicles to and
from micelles in the bile canaliculi and ducts as a result
of absorptive and secretory processes with the participation of bile acids. All the aforesaid suggests considerable
progress made in the understanding of the mechanisms
of bile formation and excretion, which has made possible
due to the advances of fundamental investigations in cell
biology, molecular biology and biochemistry.

SECRETION OF PROTEINS INTO BILE
Proteins, as bile acids, are referred to as the osmotically
active components of bile, which determine the rate of
its secretion[99]. Albumin and the other proteins that are
close to its molecular weight make a major contribution
to the creation of an osmotic gradient.
Tens of different proteins with a molecular weight of
6-220 kDa are detectable in the bile[99]. The greater part
of them are blood proteins; the lesser are the proteins entering the bile directly from the hepatocytes and epithelial
cells of bile ducts. The experimental data[99] suggest that
many plasma proteins interact with the specific receptors
available on the sinusoidal membrane of hepatocytes and
form a plasma protein-receptor complex that enters the
liver cells via endocytosis.
The intracellular transfer of proteins from the perisinusoidal area of a hepatocyte to its pericanalicular one
is mainly accomplished by targeted vesicular transport.
The large proportion of proteins entering the hepatocyte from blood as a receptor-plasma protein complex
generate a receptosome (endosome) and are transported
in such a form to the Golgi apparatus, then to the canalicular membrane [99]. The newly synthesized proteins
entering the bile canaliculi are also transported just from
the hepatocytes by targeted vesicular transport. It is presumed that apolipoproteins perform in the bile the same
function as lipoproteins in the serum, that is, ensure lipid
transport[169].
Apoproteins are taken up from the sinusoidal space
by endocytosis, transported in the hepatocytes as vesicles
and released into the bile across the canalicular membrane by exocytosis[170].
In conclusion, the cholesterol that is newly synthesized in the hepatocytes serves as a substrate for the
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Core tip: IgG4-related sclerosing cholangitis (IgG4-SC)
has become a third distinct clinical entity of sclerosing
cholangitis. The diffuse cholangiographic abnormalities
observed in IgG4-SC may resemble those observed in
primary sclerosing cholangitis (PSC), and the presence
of segmental stenosis suggests cholangiocarcinoma
(CC). IgG4-SC responds well to steroid therapy, whereas PSC is only effectively treated with liver transplantation, and CC requires surgical intervention. IgG4-SC
should be carefully diagnosed based on a combination
of characteristic clinical, serological, morphological,
and histopathological features after cholangiographic
classification and targeting of a disease for differential
diagnosis.

Abstract
IgG4-related sclerosing cholangitis (IgG4-SC) is often
associated with autoimmune pancreatitis. However,
the diffuse cholangiographic abnormalities observed in
IgG4-SC may resemble those observed in primary sclerosing cholangitis (PSC), and the presence of segmental stenosis suggests cholangiocarcinoma (CC). IgG4-SC
responds well to steroid therapy, whereas PSC is only
effectively treated with liver transplantation and CC
requires surgical intervention. Since IgG4-SC was first
described, it has become a third distinct clinical entity
of sclerosing cholangitis. The aim of this review was to
introduce the diagnostic methods for IgG4-SC. IgG4SC should be carefully diagnosed based on a combination of characteristic clinical, serological, morphological,
and histopathological features after cholangiographic
classification and targeting of a disease for differential
diagnosis. When intrapancreatic stenosis is detected,
pancreatic cancer or CC should be ruled out. If multiple intrahepatic stenoses are evident, PSC should be
distinguished on the basis of cholangiographic findings
and liver biopsy with IgG4 immunostaining. Associated
inflammatory bowel disease is suggestive of PSC. If
stenosis is demonstrated in the hepatic hilar region, CC
should be discriminated by ultrasonography, intraductal
ultrasonography, bile duct biopsy, and a higher cutoff
serum IgG4 level of 182 mg/dL.

WCG|www.wjgnet.com

Original sources: Nakazawa T, Naitoh I, Hayashi K, Miyabe K,
Simizu S, Joh T. Diagnosis of IgG4-related sclerosing cholangitis.
World J Gastroenterol 2013; 19(43): 7661-7670 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v19/i43/7661.htm
DOI: http://dx.doi.org/10.3748/wjg.v19.i43.7661

INTRODUCTION
IgG4-related sclerosing cholangitis (IgG4-SC) is a characteristic type of sclerosing cholangitis, with an unknown
pathogenic mechanism. Patients with IgG4-SC display
increased serum IgG4 levels[1] and dense infiltration of
IgG4-positive plasma cells with extensive fibrosis in the
bile duct wall[2]. Circular and symmetrical thickening of
the bile duct wall is observed in the areas without stenosis
that appear normal on cholangiography, as well as in the
stenotic areas[3]. IgG4-SC has been recently recognized as
an IgG4-related disease. IgG4-SC is frequently associated
with autoimmune pancreatitis (AIP). IgG4-related dacryoadenitis/sialadenitis and IgG4-related retroperitoneal
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fibrosis are also occasionally observed in IgG4-SC[4-7].
However, some IgG4-SC cases do not involve other
organs[8]. IgG4-SC is most common in elderly men. Obstructive jaundice is frequently observed in IgG4-SC. The
clinical and radiological features of IgG4-SC are resolved
by steroid therapy, although its long-term prognosis is
not clear[9-12]. The diffuse cholangiographic abnormalities observed in IgG4-SC may resemble those observed
in primary sclerosing cholangitis (PSC), and the presence
of segmental stenosis suggests cholangiocarcinoma (CC).
IgG4-SC responds well to steroid therapy, whereas PSC
is effectively treated only with liver transplantation, and
CC requires surgical intervention. It is also necessary to
rule out secondary sclerosing cholangitis (SSC) caused by
diseases with an obvious pathogenesis.
Precise diagnosis is needed before choosing appropriate treatments. Therefore, this paper provides a review of
the clinical and pathological characteristics of IgG4-SC,
focusing on its differential diagnosis from other biliary
diseases such as PSC and CC.

frequently observed in PSC patients. Standard ursodeoxycholic acid doses lead to improvements in biochemical
abnormalities but not in histological findings, cholangiographic appearance, or patient survival. Liver transplantation is considered effective for end-stage liver disease
because of PSC and is associated with improved patient
survival. PSC usually leads to cirrhosis, with a mean survival time of 12-17 years.
IgG4-SC
Recently, IgG4-SC has attracted much attention with the
emergence of clinical characteristics that distinguish it as
a new clinical entity. The diffuse cholangiographic abnormalities observed in association with AIP may resemble
those observed in PSC, and the segmental stenosis suggest CC. IgG4-SC responds well to steroid therapy compared with the other two types of SC.
We have previously reported on the differences between IgG4-SC and PSC[9]. The age at clinical onset is
significantly older for patients with IgG4-SC. Among the
chief complaints in IgG4-SC, obstructive jaundice, reflecting marked concentric stenosis of the large bile duct,
is most frequently observed. However, in Japan, patients
with PSC who present without symptoms after liver injury are identified by physical examination[14].
An elevated serum IgG4 level is a characteristic
feature of IgG4-SC[15]. In patients with IgG4-SC, the
pancreas is the most common organ involved other than
the liver. Patients with IgG4-SC have multiorgan involvement, including sclerosing sialadenitis, retroperitoneal
fibrosis, and mediastinal lymphadenopathy[4-7].

CLASSIFICATION OF SC
SC has been classified into two categories: PSC and SSC.
IgG4-SC has sometimes been described as an isolated
biliary tract lesion, even in the absence of pancreatic
involvement, and has thus been established as a distinct
clinical entity. Therefore, we propose that SC should
now be classified into three categories: PSC, IgG4-SC,
and SSC. We have identified three reasons why IgG4SC should be considered independent of other forms of
SSC. First, steroid therapy is highly effective for IgG4SC, which is in contrast to the other types of SC. Second,
in comparison with the other forms, IgG4-SC is the most
frequently encountered in daily clinical practice. Third,
the characteristics of IgG4-SC need to be fully discriminated from those of the other three intractable diseases,
that is, pancreatic cancer (PCa), PSC, and CC.
With regard to the diagnosis of SC, SSC should be
initially ruled out. Thereafter, IgG4-SC should be suspected, the serum IgG4 level measured, and further
exploration for pancreatic involvement or other IgG4related systemic disease, conducted. Finally, compatibility
with the PSC criteria should be ascertained.

SSC
SSC is a chronic cholestatic biliary disease that can develop after a diverse range of insults to the biliary tree.
SSC is considered to develop as a consequence of known
injuries or secondary to pathological processes of the
biliary tree. The etiology of SSC can usually be identified,
although the exact pathogenesis often remains speculative. The most frequently described causes of SSC are
long-standing biliary obstruction, surgical trauma to the
bile duct, and ischemic injury to the biliary tree in liver allografts.
The different types of SSC have been described in the
diagnostic criteria established by the Mayo Clinic[13]. Two
reviews of SSC cases have been published[16,17]. IgG4-SC
was previously classified into SSC. We classified the etiology of SSC based on three review articles[13,16,17] (Table 1).
There are few studies comparing patients with SSC and
PSC. A 10-year retrospective review (1992-2002) by the
Mayo Clinic identified 31 patients with SSC[18]. The documented etiologies in their series included surgical trauma
from cholecystectomy, intraductal stones, recurrent pancreatitis, and abdominal injury. Nine of their patients
with SSC ultimately required liver transplantation, and
four died. In their series, when compared with matched
controls with PSC, the patient transplant-free survival
was significantly shorter.

PSC
The following diagnostic criteria for PSC, which were
proposed by the Mayo Clinic, have been widely used[13]:
typical cholangiographic abnormalities involving the intrabiliary and extrabiliary trees, compatible clinical and
biochemical findings, and exclusion of other causes of
SSC. Liver biopsy had been used in the past to help confirm diagnosis, but its diagnostic specificity and sensitivity
have become controversial. Nevertheless, liver biopsy is
useful in the diagnosis of small duct PSC, for patients
with suspected PSC but normal cholangiographic findings, and for the exclusion of other cholestatic diseases.
Characteristic inflammatory bowel diseases (IBDs) are
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A cutoff IgG4 level of 135 mg/dL is widely used as part
of the diagnostic criteria for AIP. However, twice the upper limit of normal is also recommended to discriminate
AIP from PCa. In the international consensus diagnostic
criteria for AIP, once or twice the upper limit of normal
is included in levels 1 and 2 diagnoses, respectively[21].
Only a few reports have been published concerning
the cutoff IgG4 level in the diagnosis of IgG4-SC. We
published for the first time, the diagnostic criteria for
IgG4-SC based on a comparative study[22]. The cutoff
IgG4 level of 135 mg/dL is useful in discriminating
IgG4-SC from PCa and PSC. However, this cutoff level
displayed lower specificity in discriminating IgG4-SC
from CC. Oseini et al[23] evaluated the utility of serum
IgG4 level in distinguishing IgG4-SC from CC. They reported that among their 126 patients with CC, 17 (13.5%)
had elevated (> 140 mg/dL) and four (3.2%) had a >
2-fold increase (> 280 mg/dL) in serum IgG4 levels.
PSC was present in 31/126 CC patients, of whom seven
(22.6%) had an elevated serum IgG4 level. The authors
concluded that some patients with CC, particularly PSC,
had elevated serum IgG4 levels and diagnosis using a
twofold higher cutoff serum IgG4 level may not reliably
distinguish IgG4-SC from CC. However, a cutoff level
fourfold higher than the upper limit of normal had 100%
specificity for IgG4-SC.
We recently established a cutoff serum IgG4 level
to differentiate IgG4-SC from the three other diseases
(type 1 IgG4-SC vs PCa, type 2 IgG4-SC vs PSC, and type
3 IgG4-SC vs CC) using serum IgG4 levels measured in
nine Japanese high-volume centers[24]. The cutoff obtained from receiver operator characteristic (ROC) curves
displayed similar sensitivity and specificity to those of 135
mg/dL when all the IgG4-SC cases and controls were
compared. However, a new cutoff value was established
when IgG4-SC subgroups and controls were compared.
A cutoff level of 182 mg/dL can increase the specificity to 96.6% (a 4.7% increase) for distinguishing types 3
and 4 IgG4-SC from CC. A cutoff level of 207 mg/dL
might be useful for completely distinguishing types 3 and
4 IgG4-SC from CC.
Alswat et al[25] demonstrated that serum IgG4 levels could efficiently detect patients with IgG4-SC after
excluding SC patients with AIP. However, previously
reported IgG4-SC cases without pancreatic involvement displayed no marked increase in serum IgG4 level
compared with patients with AIP-associated IgG4-SC.
Hamano et al[8] demonstrated modestly high serum IgG4
levels (119, 122, and 195 mg/dL) in three IgG4-SC cases
without an obvious pancreatic mass.
Elevated serum IgG4 level is considered a characteristic feature of IgG4-SC[1]. However, Mendes et al[26]
measured the serum IgG4 level in 127 patients with PSC
and found that it was elevated in 12 (9%). The patients
with elevated IgG4 levels had higher levels of total bilirubin and alkaline phosphatase, higher PSC Mayo risk
scores, and lower incidence of IBD. It is important to
note that the time to liver transplantation was shorter in

Table 1 Etiology of secondary sclerosing cholangitis
Congenital

Caroli’s disease
Cystic fibrosis
Chronic obstruction Choledocholithiasis
Biliary stricutures (secondary to surgical trauma,
choronic pancreatitis)
Anastomotic stricutures in liver graft
Neoplasms (benign, malignant, metastatic)
Infectious
Bacterial cholangitis
Recurrent pyogenic cholangitis
Parasitic infection (cryptosporidiosis,
microsporidiosis)
Cytomegalovirus infection
Toxic
Accidental alcohol, formaldehyde, hypertonic
saline instillation in the bile ducts
Immunologic
Eosinophilic cholangitis
Acquired immunodeficiency
Ischemic
Vascular trauma
Post-traumatic sclerosing cholangitis
Post-transplantation hepatic artery thrombosis
Hepatic allograft rejection (acute, chronic)
Intra-arterial, chemotherapy-related injury
Transcatheter arterial embolization therapy
Infiltrative disorders Systemic vasculitis
Amyloidosis
Radiation injury
Sarcoidosis
Systemic mastocytosis
Hypereosinophilic syndrome
Hodgkin’s disease

IgG4-SC DIAGNOSIS
Cholangiographic classification
IgG4-SC displays various cholangiographic features similar to those of PCa, PSC, and CC. The characteristic features of IgG4-SC can be classified into four types based
on the stricture regions revealed by cholangiography and
differential diagnosis (Figure 1)[19,20]. Type 1 IgG4-SC
displays stenosis only in the lower part of the common
bile duct and thus should be differentiated from chronic
pancreatitis, PCa, and CC. Type 2 IgG4-SC, in which stenosis is diffusely distributed throughout the intrahepatic
and extrahepatic bile ducts, should be differentiated from
PSC and is further subdivided into two subtypes: type
2a, characterized with narrowing of the intrahepatic bile
ducts with prestenotic dilation; and type 2b, characterized
by the narrowing of the intrahepatic bile ducts without
prestenotic dilation and reduced bile duct branches,
which is caused by marked lymphocytic and plasmacyte
infiltrations into the peripheral bile ducts. Type 3 IgG4SC is characterized by stenosis in the hilar hepatic lesions
and the lower part of the common bile duct. Type 4
IgG4-SC presents with strictures of the bile duct only in
the hilar hepatic lesions. The cholangiographic findings
of types 3 and 4 IgG4-SC should be discriminated from
those of CC.
Serum IgG4 level
Serum IgG4 level has been reported to be a useful marker for discriminating AIP from other pancreatic diseases.
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Type 1
a

Differential
diagnosis
Useful
modalities

Pancreatic cancer
Bile duct cancer
Chronic pancreatitis
IDUS (bile duct)
EUS-FNA (pancreas)
Biopsy (bile duct)

Type 2
b

Type 3

Type 4

Primary sclerosing cholangitis

Bile duct cancer
Gallbladder cancer

Liver biopsy
Colonoscopy
(R/O coexistence of IBD)

EUS (bile duct, pancreas)
IDUS (bile duct)
Biopsy (bile duct)

Figure 1 Cholangiographic classification of IgG4-related sclerosing cholangitis and differential diagnosis. Stenosis is located only in the lower part of the
common bile duct in type 1; stenosis is diffusely distributed in the intra-and extra-hepatic bile ducts in type 2. Type 2 is further subdivided into two. Extended narrowing
of the intrahepatic bile ducts with prestenotic dilation is widely distributed in type 2a. Narrowing of the intrahepatic bile ducts without prestenotic dilation and reduced
bile duct branches are widely distributed in type 2b; stenosis is detected in both the hilar hepatic lesions and the lower part of the common bile ducts in type 3; strictures of the bile duct are detected only in the hilar hepatic lesions in type 4. IDUS: Intraductal ultrasonography; EUS-FNA: Endoscopic ultrasound-guided fine needle
aspiration; IBD: Inflammatory bowel disease.

the patients with elevated IgG4 levels (1.7 years vs 6.5
years, P = 0.0009). As only one of the patients in their
series had an abnormal pancreatogram, the documented
cases appeared to conform to the diagnosis of IgG4-SC.
Therefore, clinical trials in which patients with PSC are
evaluated for IgG4 and patients presenting elevated levels
are treated with corticosteroids should be considered.

type AIP sometimes displays similar imaging findings to
those of PCa, making discrimination between the two
diseases difficult[28]. The sensitivity rates of diagnostic
criteria for AIP have been reported to range from 80%
to 92%[29]. Therefore, useful diagnostic criteria need to be
established for IgG4-SC when it is not associated with
AIP or when diagnosis of AIP is unclear. IgG4-SC is
occasionally associated with other systemic IgG4-related
diseases including symmetrical dacryoadenitis/sialadenitis
and retroperitoneal fibrosis. These associations are helpful in the accurate diagnosis of IgG4-SC.

Other organ involvement
The concept of IgG4-related disease has been established
internationally[27]. IgG4-SC is included in the IgG4-related
disease category. Serum IgG4 level elevation and tissue
infiltration with IgG4-positive plasma cells are common
threads that connect a variety of apparently disparate
conditions observed previously in multiple organs. Certain clinical and pathological features help define IgG4related disease and distinguish it from its potential mimics. IgG4-related disease is a fibroinflammatory condition
characterized by a tendency to form tumefactive lesions,
a dense lymphoplasmacytic infiltrate rich in IgG4-positive
plasma cells, storiform fibrosis, frequent but not invariable elevations in serum IgG4 level, and a swift initial
response to glucocorticoids, provided that tissue fibrosis
has not supervened.
The pancreas was the first organ in which IgG4related disease was identified, but the disease has now
been described in virtually every organ system: the biliary
tree, salivary glands, orbital tissues (e.g., lacrimal gland, extraocular muscles, and retrobulbar space), kidneys, lungs,
lymph nodes, meninges, aorta, breast, prostate, thyroid
gland, pericardium, retroperitoneum, and skin.
Association with AIP is a useful finding in the diagnosis of IgG4-SC. In one study, 59 (95%) of 62 patients
with IgG4-SC had associated AIP, with high prevalence[21]. Ghazale et al[15] reported an incidence rate of
AIP association of 92% in 53 patients with IgG4-SC,
which was a comparatively large sample. However, focal-
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Pathological features
In IgG4-SC, fibroinflammatory involvement is observed
mainly in the submucosa of the bile duct wall, whereas
the epithelium of the bile duct is intact[2]. However, slight
injury and/or neutrophil infiltration are occasionally observed in IgG4-SC with associated secondary cholangitis.
PSC should be ruled out if inflammation is observed,
particularly in the epithelium of the bile duct wall. The
characteristic pathological findings of IgG4-SC were first
reported as “lymphoplasmacytic sclerosing pancreatitis
with cholangitis”[30]. Abraham et al[31] reported frequent
fibroinflammatory involvement of the gallbladder and
common bile duct in patients with lymphoplasmacytic
sclerosing pancreatitis. Zen et al[2] revealed that the bile
duct wall in IgG4-SC had pathological features similar
to those of AIP, displaying dense infiltrations of lymphocytes and IgG4-positive plasma cells, with extensive
fibrosis and obliterative phlebitis. They classified IgG4SC into six categories according to the extent of inflammation and association with an inflammatory pseudotumor. IgG4-positive plasma cells are sparse in the affected
bile ducts in PSC, and the luminal side of the bile ducts,
including lining biliary epithelial cells, is preferentially
affected compared with IgG4-SC. In PSC, the fibrosis
is denser and older, whereas in IgG4-SC, the entire bile
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PSC

IgG4-SC, severe lymphoplasmacyte infiltration into bile
ducts in the long region is the main cause of biliary stenosis, resulting in long strictures (Figure 3).
In contrast, Kalaitzakis et al[38] reported that diagnosing IgG4-SC by cholangiography displayed high specificity but poor sensitivity and may have led to the misdiagnosis of IgG4-SC as PSC or CC.
Associated ulcerative colitis is suggestive of PSC.
IBD is present in only 0%-6% of patients with IgG4SC[9,12,15]. IBD is usually not a feature associated with type
1 AIP, unlike the frequent association of IBD with type
2 AIP[23]. IBD associated with PSC represents a third
phenotype in western countries[39]. Backwash ileitis, rectal
sparing, and low disease activity appear to be features that
characterize IBD when it is associated with PSC[39,40].
The histological features of IgG4-SC on liver biopsy
are distinctive and, in conjunction with IgG4 immunohistochemical staining, help distinguish IgG4-SC from
PSC [36,41]. We have already reported that liver needle
biopsy is especially useful for distinguishing IgG4-SC
from PSC in patients with cholangiographically evident
intrahepatic biliary strictures[37]. Four (57%) of seven
patients with type 2 IgG4-SC presented infiltration with
≥ 10 IgG4-positive plasma cells per HPF in liver biopsy
samples, whereas none of the PSC patients presented this
feature.
Types 3 and 4 IgG4-SC need to be discriminated from
CC. The modalities useful for the differential diagnosis of
types 3 and 4 IgG4-SC are endoscopic procedures[42] such
as endoscopic ultrasonography, IDUS[3,43], cytological examination, and/or biopsy of the bile duct[3,34]. Although
we described how type 2 IgG4-SC could be discriminated
from PSC on the basis of characteristic cholangiographic
features, cholangiography cannot discriminate the segmental stricture of types 3 and 4 IgG4-SC from CC.
Therefore, we applied our discriminant analysis formula
for cholangiographic features to discriminate between
only type 2 IgG4-SC and PSC.
IDUS findings such as circular-symmetrical wall thickening, smooth outer margin, smooth inner margin, and
homogeneous internal echo at the stenotic area were useful for the diagnosis of IgG4-SC. The most characteristic
IDUS finding in the IgG4-SC cases was thickening of
the bile duct wall, which appeared normal on cholangiography[3]. Bile duct wall thickening spread continuously
from the intrapancreatic bile duct to the upper bile duct
in most cases. To differentiate IgG4-SC from CC, 0.8-mm
thickness of the bile duct wall that appeared normal on a
cholangiogram was the best cutoff as indicated by ROC
curves. The sensitivity, specificity, and accuracy were 95%,
90.9%, and 93.5%, respectively, when the cutoff value
was 0.8 mm. No CC cases had a bile duct wall thicker
than 1 mm. The sensitivity, specificity, and accuracy were
85%, 100%, and 87%, respectively, when the cutoff value
was set at 1 mm. We considered a 1-mm thickness as an
optimal cutoff wall thickness to completely exclude CC.
Ghazale et al[15] reported the usefulness of endoscopic biliary biopsy for diagnosis of IgG4-SC. They

IgG4-SC

3
6
1

2
4

5

7

Figure 2 Schematic illustration of comparison of cholangiographic (primary sclerosing cholangitis vs IgG4-related sclerosing cholangitis) findings[28]. The schematic comparison of cholangiographic findings between IgG4related sclerosing cholangitis (SC) and primary sclerosing cholangitis (PSC).
IgG4-related SC displays segmental and long strictures and stricture of the
lower common bile duct, whereas PSC displays band-like strictures (1-2 mm),
beaded appearance (short and annular stricture alternating with normal or minimally dilated segments), pruned-tree appearance (diminished arbolization of
intrahepatic duct and pruning), and diverticulum-like outpouching (outpouchings
resembling diverticula, often protruding between adjacent strictures). 1: Bandlike stricture; 2: Beaded appearance; 3: Pruned-tree appearance; 4: Dverticulum-like outpouching; 5: Segmental stricture; 6: Long stricture with prestenotic
dilation; 7: Stricture of lower common bile duct.

duct wall and periductal tissue are affected. However, a
recent study by Zhang et al[32] revealed that 23 (23%) of
98 liver explants with PSC had periductal infiltration with
abundant IgG4-positive plasma cells [10/high-power
field (HPF)] in the hilar area.
Differential diagnosis of IgG4-SC based on
cholangiographic classification
IgG4-SC displays various cholangiographic features
similar to those of PCa, PSC, and CC[9]. The differential
diagnosis based on cholangiographic classification is sufficient in clinical practice because the useful modalities
depend on the cholangiographic types (Figure 1)[20].
Type 1 IgG4-SC should be differentiated from
chronic pancreatitis, PCa, and CC. The modalities useful
for differential diagnosis are intraductal ultrasonography
(IDUS)[3], endoscopic ultrasound-guided fine-needle aspiration for the pancreas[33], and cytological examination
and/or biopsy of the bile duct[3,34].
Type 2 IgG4-SC should be differentiated from PSC.
The modalities useful for differential diagnosis are cholangiography[35], evaluations for associated IBD[9,12], and
liver biopsy[36,37]. Our discriminant analysis formula for
cholangiographic features, including age, was able to
discriminate type 2 IgG4-SC from PSC[35]. Band-like
strictures, a beaded or “pruned tree” appearance, and
diverticulum-like outpouching are significantly more frequent in PSC cases. In contrast, segmental strictures, long
strictures with prestenotic dilation, and strictures of the
lower common bile duct are significantly more common
in IgG4-SC. These differences are illustrated in Figure 2.
The characteristic cholangiographic features reflect the
underlying pathological processes involved in each condition. In PSC, obliterative fibrosis is the main cause of
biliary stenosis, creating short strictures. In contrast, in
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Figure 3 Cholangiogram displaying stenosis in the intrahepatic ducts (A-1) and hilar hepatic lesions (B-1); intraductal ultrasonography revealing bile duct
wall thickening in areas with stenosis (1) and without (2).

reported that 14 (88%) of 16 patients had immunostaining results indicating abundant IgG4-positive cells (> 10
IgG4-positive cells/HPF) in bile duct biopsy specimens.
Furthermore, they considered that the absence of malignant cells in the presence of an inflamed mucosa with
many IgG4-positive plasma cells provided histological
evidence to support the diagnosis of IgG4-SC. However,
we were unable to diagnose any case as IgG4-SC on the
basis of hematoxylin-eosin and elastin-van Gieson staining alone[3]. Abundant IgG4-positive plasma cells were
observed in only three (18%) of 17 patients. We were
able to diagnose IgG4-SC in only three patients (18%) on
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the basis of its characteristic histopathological features.
However, it was possible to rule out CC by transpapillary
biopsy. In addition, one of 11 CC cases presented with
abundant IgG4-positive plasma cells. Zhang et al[32] also
reported that abundant IgG4-positive plasma cells were
evident in seven (18%) of 38 cases of CC. Harada et al[44]
reported that CC cells could play the role of nonprofessional antigen-presenting cells and Foxp3-positive regulatory cells, inducing IgG4 reactions via the production of
interleukin-10 indirectly and directly, respectively.
We could rule out CC by transpapillary biopsy. The
superficial nature of endoscopic biopsy specimens lim-
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its their usefulness for demonstrating the characteristic
histological features of IgG4-SC. However, Kawakami et
al[34] reported that the diagnostic rate from ampullary and
bile duct biopsies was 52% (15/29 cases) based on the
threshold of 10 IgG4-positive plasma cells per HPF, and
that bile duct biopsy was valuable for patients with swelling of the pancreatic head. Ampullary biopsy is sometimes useful in the diagnosis of AIP and IgG4-SC[45,46].
Itoi et al[47] reported that cholangioscopy was useful in
differentiating IgG4-SC from PSC and that monitoring
patterns of proliferative vessels on video peroral cholangioscopy may be useful in differentiating IgG4-SC from
CC.

orthotopic liver transplantation. However, further study is
needed to elucidate the long-term outcome of IgG4-SC.
Steroid trial
Although, generally, diagnosis should be made before
starting therapy, a steroid trial is needed in some cases[52].
If a diagnosis cannot be clearly established in type 2
IgG4-SC, then a steroid trial is recommended. If malignancy is not confirmed by bile duct biopsy in types 3
and 4 IgG4-SC and bile duct wall thickening that appears
normal on a cholangiogram, a steroid trial is an option.
No reports on any steroid trial for IgG4-SC have been
published thus far. A short-term steroid trial should be
performed carefully only by specialists in pancreatic and
biliary diseases. In addition, steroid pulse therapy is also
an option[53]. Advanced-stage IgG4-SC may sometimes
be unresponsive to steroid therapy because cases of AIP
and IgG4-SC show a predominantly inflammatory nature
at the early stage, followed by relatively less inflammation
but marked fibrous scarring later. This should be kept in
mind when attempting a steroid trial for IgG4-SC diagnosis[54]. The time frame for a steroid trial for IgG4-SC
remains unknown. When a cholangiogram is indicative of
type 1, 3 or 4 IgG4-SC, IgG4-SC should be discriminated
from PCa or CC. It is important not to delay the timing
of surgery by performing a long-term steroid trial. If a
cholangiogram is indicative of type 2 IgG4-SC, IgG4-SC
should be discriminated from PSC. Sufficient time should
be devoted to a steroid trial only if an increased risk of
biliary infection can be avoided.

Treatment and prognosis
Although some patients responded to biliary drainage or
surgical resection, IgG4-SC displays a good response to
steroid therapy, as is the case for pancreatic lesions.
Nishino et al[11] reported that bile duct stricture improved to various degrees in all 10 patients treated by
steroid therapy but persisted in the lower part of the bile
duct in four patients. Hirano et al[48] reported that steroid
therapy could reduce AIP-related unfavorable events and
that multivariate analysis indicated that steroid therapy
and obstructive jaundice at onset were significant factors
predictive of unfavorable events. Thus, early introduction
of steroid therapy is recommended, especially for patients with obstructive jaundice. Ghazale et al[15] reported
the clinical courses after steroid treatment (n = 30), surgical resection (n = 18), and conservative management
(n = 5). Relapses occurred in 53% of cases after steroid
withdrawal, whereas 44% relapsed after surgery and were
further treated with steroids. The presence of proximal
extrahepatic/intrahepatic strictures was predictive of
relapse. Steroid therapy normalized liver enzyme levels
in 61% of patients, and it was possible to remove biliary
stents in 17 of 18 patients. Fifteen patients treated with
steroids for relapse after steroid withdrawal responded to
the treatment, and seven treated with additional immunomodulatory drugs reportedly remained in steroid-free
remission. Topazian et al[49] reported that biliary strictures
in one patient improved after rituximab therapy and thus
the biliary stents were removed. However, the role of
immunomodulatory drugs for relapse warrants further
study. In one of our series, six of seven cases of IgG4SC without steroid therapy and IgG levels > 2000 mg/dL
were associated with significantly higher incidence of
recurrence or progression[50].
Morphological and functional changes in the liver
and bile ducts in IgG4-SC during long-term observation
have not yet been reported. Our long-term follow-up of
IgG4-SC cases without steroid therapy revealed that two
patients developed portal obstruction and liver atrophy
but no sign of liver cirrhosis or failure[51]. Ghazale et al[15]
reported that four of 53 patients displayed portal hypertension and liver cirrhosis during their clinical courses.
It is possible that persistent jaundice without steroid administration could result in liver failure, thus necessitating
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Diagnostic criteria
Only three sets of diagnostic criteria for IgG4-SC have
been proposed[15,20,24]. AIP should be clinically discriminated only from PCa. However, IgG4-SC should be discriminated from all of the three intractable diseases, that
is, PCa, PSC, and CC. Therefore, diagnostic criteria that
take into account the differential diagnosis between these
three intractable diseases need to be established[22]. Our
diagnostic criteria provide a concrete diagnostic algorithm
for IgG4-SC (Figure 4). Association with AIP and other
organ involvements are common useful diagnostic parameters in all three IgG4-SC types. Characteristic cholangiogram, liver biopsy and exclusion of IBD are useful
parameters in type 2 IgG4-SC. IDUS findings, exclusion
of malignancy by bile duct biopsy and a serum IgG4 cutoff level of 207 mg/dL were useful parameters in type 3
and 4 IgG4-SC. Although, generally, diagnosis should be
made before starting therapy, a steroid trial is needed in
some cases.
The HISORt criteria for the diagnosis of IgG4-SC[15]
are based on the characteristic features of IgG4-SC on
histological, imaging, and serological examination; other
organ involvement; and response to steroid therapy,
which parallel the HISORt criteria established for AIP[55].
The Research Committee of IgG4-related Diseases
and the Research Committee of Intractable Diseases of
Liver and Biliary Tract, in association with the Ministry

63

January 28, 2014|First Edition|

Nakazawa T et al . Diagnosis of IgG4-SC
Diffuse or segmental stenosis of bile duct with wall thickness

Association with AIP or other organ involvemets
+

Cholangiographic classification

Type 1

Type 2

Type 3,4

Characteristic cholangiogram
(discriminant analysis)

Steroid therapy
Pancreatic mass -

Pancreatic mass +

+ (< 0)

+ (> 0)

Bile duct biopsy
Malignancy

EUS-FNA
Malignancy
+
IgG4 > 135

Steroid therapy

IgG4 ≤ 135

IgG4 > 135

IgG4 ≤ 135

PSC-IBD
-

Steroid
therapy

IgG4 (+)

Liver
biopsy

-

+

PSC
UDCA

IgG4 (-)

Steroid trial

IDUS
Not effective

Steroid trial
Not effective

IgG4-SC

+

IgG4 < 207

IgG4 ≥ 207

operation
Not effective

Pathological diagnosis

+

PCa

Steroid trial

CC

Figure 4 Algorithm for management of IgG4-related sclerosing cholangitis (cited from [22]). CC: Cholangiocarcinoma; PSC: Primary sclerosing cholangitis;
IgG4-SC: IgG4-related sclerosing cholangitis; IDUS: Intraductal ultrasonography; EUS-FNA: Endoscopic ultrasound-guided fine needle aspiration; IBD: Inflammatory
bowel disease; UDCA: Ursodeoxycholic acid.

of Health, Labor and Welfare, Japan, and the Japan Biliary Association, proposed clinical diagnostic criteria for
IgG4-SC in 2012[20]. These diagnostic criteria also include
the concept of differential diagnosis based on cholangiographic classification.

3

CONCLUSION
Since IgG4-SC was first described, it has become a third
distinct clinical entity of SC. IgG4-SC should be carefully diagnosed based on a combination of characteristic
clinical, serological, morphological, and histopathological
features after cholangiographic classification and targeting of a disease for differential diagnosis.

4

5

REFERENCES
1

2

Hamano H, Kawa S, Horiuchi A, Unno H, Furuya N, Akamatsu T, Fukushima M, Nikaido T, Nakayama K, Usuda N,
Kiyosawa K. High serum IgG4 concentrations in patients
with sclerosing pancreatitis. N Engl J Med 2001; 344: 732-738
[PMID: 11236777 DOI: 10.1056/NEJM20010308344100]
Zen Y, Harada K, Sasaki M, Sato Y, Tsuneyama K, Haratake
J, Kurumaya H, Katayanagi K, Masuda S, Niwa H, Morimoto H, Miwa A, Uchiyama A, Portmann BC, Nakanuma
Y. IgG4-related sclerosing cholangitis with and without

WCG|www.wjgnet.com

6

7

64

hepatic inflammatory pseudotumor, and sclerosing pancreatitis-associated sclerosing cholangitis: do they belong
to a spectrum of sclerosing pancreatitis? Am J Surg Pathol
2004; 28: 1193-1203 [PMID: 15316319 DOI: 10.1097/01.
pas.0000136449.37936.6c]
Naitoh I, Nakazawa T, Ohara H, Ando T, Hayashi K,
Tanaka H, Okumura F, Takahashi S, Joh T. Endoscopic
transpapillary intraductal ultrasonography and biopsy in
the diagnosis of IgG4-related sclerosing cholangitis. J Gastroenterol 2009; 44: 1147-1155 [PMID: 19636664 DOI: 10.1007/
s00535-009-0108-9]
Kamisawa T, Funata N, Hayashi Y, Eishi Y, Koike M, Tsuruta K, Okamoto A, Egawa N, Nakajima H. A new clinicopathological entity of IgG4-related autoimmune disease.
J Gastroenterol 2003; 38: 982-984 [PMID: 14614606 DOI:
10.1007/s00535-003-1175-y]
Ohara H, Nakazawa T, Sano H, Ando T, Okamoto T,
Takada H, Hayashi K, Kitajima Y, Nakao H, Joh T. Systemic
extrapancreatic lesions associated with autoimmune pancreatitis. Pancreas 2005; 31: 232-237 [PMID: 16163054 DOI:
10.1097/01.mpa.0000175178.85786.1d]
Hamano H, Arakura N, Muraki T, Ozaki Y, Kiyosawa K,
Kawa S. Prevalence and distribution of extrapancreatic
lesions complicating autoimmune pancreatitis. J Gastroenterol 2006; 41: 1197-1205 [PMID: 17287899 DOI: 10.1007/
s00535-006-1908-9]
Naitoh I, Nakazawa T, Ohara H, Ando T, Hayashi K, Tanaka H, Okumura F, Miyabe K, Yoshida M, Sano H, Takada
H, Joh T. Clinical significance of extrapancreatic lesions in

January 28, 2014|First Edition|

Nakazawa T et al . Diagnosis of IgG4-SC

8

9

10

11
12

13
14

15

16
17
18

19

20

21

22

autoimmune pancreatitis. Pancreas 2010; 39: e1-e5 [PMID:
19924018 DOI: 10.1097/MPA.0b013e3181bd64a1]
Hamano H, Kawa S, Uehara T, Ochi Y, Takayama M,
Komatsu K, Muraki T, Umino J, Kiyosawa K, Miyagawa S.
Immunoglobulin G4-related lymphoplasmacytic sclerosing cholangitis that mimics infiltrating hilar cholangiocarcinoma: part of a spectrum of autoimmune pancreatitis?
Gastrointest Endosc 2005; 62: 152-157 [PMID: 15990840 DOI:
10.1016/S0016-5107(05)00561-4]
Nakazawa T, Ohara H, Sano H, Ando T, Aoki S, Kobayashi
S, Okamoto T, Nomura T, Joh T, Itoh M. Clinical differences
between primary sclerosing cholangitis and sclerosing cholangitis with autoimmune pancreatitis. Pancreas 2005; 30:
20-25 [PMID: 15632695]
Erkelens GW, Vleggaar FP, Lesterhuis W, van Buuren
HR, van der Werf SD. Sclerosing pancreato-cholangitis responsive to steroid therapy. Lancet 1999; 354: 43-44 [PMID:
10406367 DOI: 10.1016/S0140-6736(99)00603-0]
Nishino T, Toki F, Oyama H, Oi I, Kobayashi M, Takasaki K,
Shiratori K. Biliary tract involvement in autoimmune pancreatitis. Pancreas 2005; 30: 76-82 [PMID: 15632703]
Nishino T, Oyama H, Hashimoto E, Toki F, Oi I, Kobayashi
M, Shiratori K. Clinicopathological differentiation between
sclerosing cholangitis with autoimmune pancreatitis and
primary sclerosing cholangitis. J Gastroenterol 2007; 42:
550-559 [PMID: 17653651]
Lindor KD, LaRusso NA. Primary sclerosing cholangitis.
10th ed. Schiff E, editor. Philadelphia: Lippincott Wiliams
and Wilikins, 2007: 673-684
Takikawa H, Takamori Y, Tanaka A, Kurihara H, Nakanuma Y. Analysis of 388 cases of primary sclerosing cholangitis in Japan; Presence of a subgroup without pancreatic
involvement in older patients. Hepatol Res 2004; 29: 153-159
[PMID: 15203079 DOI: 10.1016/j.hepres.2004.03.006]
Ghazale A, Chari ST, Zhang L, Smyrk TC, Takahashi N,
Levy MJ, Topazian MD, Clain JE, Pearson RK, Petersen BT,
Vege SS, Lindor K, Farnell MB. Immunoglobulin G4-associated cholangitis: clinical profile and response to therapy.
Gastroenterology 2008; 134: 706-715 [PMID: 18222442 DOI:
10.1053/j.gastro.2007.12.009]
Abdalian R, Heathcote EJ. Sclerosing cholangitis: a focus
on secondary causes. Hepatology 2006; 44: 1063-1074 [PMID:
17058222 DOI: 10.1002/hep.21405]
Ruemmele P, Hofstaedter F, Gelbmann CM. Secondary
sclerosing cholangitis. Nat Rev Gastroenterol Hepatol 2009; 6:
287-295 [PMID: 19404269]
Gossard AA, Angulo P, Lindor KD. Secondary sclerosing
cholangitis: a comparison to primary sclerosing cholangitis.
Am J Gastroenterol 2005; 100: 1330-1333 [PMID: 15929765
DOI: 10.1111/j.1572-0241.2005.41526.x]
Nakazawa T, Ohara H, Sano H, Ando T, Joh T. Schematic
classification of sclerosing cholangitis with autoimmune
pancreatitis by cholangiography. Pancreas 2006; 32: 229
[PMID: 16552350 DOI: 10.1097/01.mpa.0000202941.85955.07]
Ohara H, Okazaki K, Tsubouchi H, Inui K, Kawa S, Kamisawa T, Tazuma S, Uchida K, Hirano K, Yoshida H, Nishino
T, Ko SB, Mizuno N, Hamano H, Kanno A, Notohara K,
Hasebe O, Nakazawa T, Nakanuma Y, Takikawa H. Clinical diagnostic criteria of IgG4-related sclerosing cholangitis
2012. J Hepatobiliary Pancreat Sci 2012; 19: 536-542 [PMID:
22717980 DOI: 10.1007/s00534-012-0521-y]
Shimosegawa T, Chari ST, Frulloni L, Kamisawa T, Kawa
S, Mino-Kenudson M, Kim MH, Klöppel G, Lerch MM,
Löhr M, Notohara K, Okazaki K, Schneider A, Zhang L.
International consensus diagnostic criteria for autoimmune
pancreatitis: guidelines of the International Association of
Pancreatology. Pancreas 2011; 40: 352-358 [PMID: 21412117
DOI: 10.1097/MPA.0b013e3182142fd2]
Nakazawa T, Naitoh I, Hayashi K, Okumura F, Miyabe K,
Yoshida M, Yamashita H, Ohara H, Joh T. Diagnostic cri-

WCG|www.wjgnet.com

23

24

25

26

27

28

29

30

31

32

33

65

teria for IgG4-related sclerosing cholangitis based on cholangiographic classification. J Gastroenterol 2012; 47: 79-87
[PMID: 21947649 DOI: 10.1007/s00535-011-0465-z]
Oseini AM, Chaiteerakij R, Shire AM, Ghazale A, Kaiya J,
Moser CD, Aderca I, Mettler TA, Therneau TM, Zhang L,
Takahashi N, Chari ST, Roberts LR. Utility of serum immunoglobulin G4 in distinguishing immunoglobulin G4associated cholangitis from cholangiocarcinoma. Hepatology
2011; 54: 940-948 [PMID: 21674559]
Ohara H, Nakazawa T, Kawa S, Kamisawa T, Shimosegawa
T, Uchida K, Hirano K, Nishino T, Hamano H, Kanno A,
Notohara K, Hasebe O, Muraki T, Ishida E, Naitoh I, Okazaki K. Establishment of a serum IgG4 cut-off value for the
differential diagnosis of IgG4-related sclerosing cholangitis:
a Japanese cohort. J Gastroenterol Hepatol 2013; 28: 1247-1251
[PMID: 23621484 DOI: 10.1111/jgh.12248]
Alswat K, Al-Harthy N, Mazrani W, Alshumrani G, Jhaveri
K, Hirschfield GM. The spectrum of sclerosing cholangitis
and the relevance of IgG4 elevations in routine practice.
Am J Gastroenterol 2012; 107: 56-63 [PMID: 22068666 DOI:
10.1038/ajg.2011.375]
Mendes FD, Jorgensen R, Keach J, Katzmann JA, Smyrk T,
Donlinger J, Chari S, Lindor KD. Elevated serum IgG4 concentration in patients with primary sclerosing cholangitis.
Am J Gastroenterol 2006; 101: 2070-2075 [PMID: 16879434
DOI: 10.1111/j.1572-0241.2006.00772.x]
Stone JH, Khosroshahi A, Deshpande V, Chan JK, Heathcote JG, Aalberse R, Azumi A, Bloch DB, Brugge WR, Carruthers MN, Cheuk W, Cornell L, Castillo CF, Ferry JA,
Forcione D, Klöppel G, Hamilos DL, Kamisawa T, Kasashima S, Kawa S, Kawano M, Masaki Y, Notohara K, Okazaki
K, Ryu JK, Saeki T, Sahani D, Sato Y, Smyrk T, Stone JR,
Takahira M, Umehara H, Webster G, Yamamoto M, Yi E,
Yoshino T, Zamboni G, Zen Y, Chari S. Recommendations
for the nomenclature of IgG4-related disease and its individual organ system manifestations. Arthritis Rheum 2012;
64: 3061-3067 [PMID: 22736240 DOI: 10.1002/art.34593]
Nakazawa T, Ohara H, Sano H, Ando T, Imai H, Takada
H, Hayashi K, Kitajima Y, Joh T. Difficulty in diagnosing
autoimmune pancreatitis by imaging findings. Gastrointest
Endosc 2007; 65: 99-108 [PMID: 17185087 DOI: 10.1016/
j.gie.2006.03.929]
Okazaki K, Kawa S, Kamisawa T, Naruse S, Tanaka
S, Nishimori I, Ohara H, Ito T, Kiriyama S, Inui K, Shimosegawa T, Koizumi M, Suda K, Shiratori K, Yamaguchi
K, Yamaguchi T, Sugiyama M, Otsuki M. Clinical diagnostic
criteria of autoimmune pancreatitis: revised proposal. J Gastroenterol 2006; 41: 626-631 [PMID: 16932998 DOI: 10.1007/
s00535-006-1868-0]
Kawaguchi K, Koike M, Tsuruta K, Okamoto A, Tabata I,
Fujita N. Lymphoplasmacytic sclerosing pancreatitis with
cholangitis: a variant of primary sclerosing cholangitis extensively involving pancreas. Hum Pathol 1991; 22: 387-395
[PMID: 2050373 DOI: 10.1016/0046-8177(91)90087-6]
Abraham SC, Cruz-Correa M, Argani P, Furth EE, Hruban
RH, Boitnott JK. Lymphoplasmacytic chronic cholecystitis
and biliary tract disease in patients with lymphoplasmacytic
sclerosing pancreatitis. Am J Surg Pathol 2003; 27: 441-451
[PMID: 12657928 DOI: 10.1097/00000478-200304000-00003]
Zhang L, Lewis JT, Abraham SC, Smyrk TC, Leung S, Chari
ST, Poterucha JJ, Rosen CB, Lohse CM, Katzmann JA, Wu
TT. IgG4+ plasma cell infiltrates in liver explants with primary sclerosing cholangitis. Am J Surg Pathol 2010; 34: 88-94
[PMID: 20035148 DOI: 10.1097/PAS.0b013e3181c6c09a]
Mizuno N, Bhatia V, Hosoda W, Sawaki A, Hoki N, Hara K,
Takagi T, Ko SB, Yatabe Y, Goto H, Yamao K. Histological
diagnosis of autoimmune pancreatitis using EUS-guided
trucut biopsy: a comparison study with EUS-FNA. J Gastroenterol 2009; 44: 742-750 [PMID: 19434362 DOI: 10.1007/
s00535-009-0062-6]

January 28, 2014|First Edition|

Nakazawa T et al . Diagnosis of IgG4-SC
34

35

36

37

38

39

40

41

42
43

44

45

Kawakami H, Zen Y, Kuwatani M, Eto K, Haba S, Yamato
H, Shinada K, Kubota K, Asaka M. IgG4-related sclerosing
cholangitis and autoimmune pancreatitis: histological assessment of biopsies from Vater’s ampulla and the bile duct.
J Gastroenterol Hepatol 2010; 25: 1648-1655 [PMID: 20880174
DOI: 10.1111/j.1440-1746.2010.06346.x]
Nakazawa T, Ohara H, Sano H, Aoki S, Kobayashi S, Okamoto T, Imai H, Nomura T, Joh T, Itoh M. Cholangiography
can discriminate sclerosing cholangitis with autoimmune
pancreatitis from primary sclerosing cholangitis. Gastrointest Endosc 2004; 60: 937-944 [PMID: 15605009 DOI: 10.1016/
S0016-5107(04)02229-1]
Umemura T, Zen Y, Hamano H, Kawa S, Nakanuma Y,
Kiyosawa K. Immunoglobin G4-hepatopathy: association
of immunoglobin G4-bearing plasma cells in liver with autoimmune pancreatitis. Hepatology 2007; 46: 463-471 [PMID:
17634963 DOI: 10.1002/hep.21700]
Naitoh I, Zen Y, Nakazawa T, Ando T, Hayashi K, Okumura F, Miyabe K, Yoshida M, Nojiri S, Kanematsu T, Ohara H,
Joh T. Small bile duct involvement in IgG4-related sclerosing cholangitis: liver biopsy and cholangiography correlation. J Gastroenterol 2011; 46: 269-276 [PMID: 20821235 DOI:
10.1007/s00535-010-0319-0]
Kalaitzakis E, Levy M, Kamisawa T, Johnson GJ, Baron TH,
Topazian MD, Takahashi N, Kanno A, Okazaki K, Egawa N,
Uchida K, Sheikh K, Amin Z, Shimosegawa T, Sandanayake
NS, Church NI, Chapman MH, Pereira SP, Chari S, Webster
GJ. Endoscopic retrograde cholangiography does not reliably distinguish IgG4-associated cholangitis from primary
sclerosing cholangitis or cholangiocarcinoma. Clin Gastroenterol Hepatol 2011; 9: 800-803.e2 [PMID: 21699807 DOI:
10.1016/j.cgh.2011.05.019]
Loftus EV, Harewood GC, Loftus CG, Tremaine WJ, Harmsen WS, Zinsmeister AR, Jewell DA, Sandborn WJ. PSCIBD: a unique form of inflammatory bowel disease associated with primary sclerosing cholangitis. Gut 2005; 54: 91-96
[PMID: 15591511 DOI: 10.1136/gut.2004.046615]
Sano H, Nakazawa T, Ando T, Hayashi K, Naitoh I, Okumura F, Miyabe K, Yoshida M, Takahashi S, Ohara H, Joh
T. Clinical characteristics of inflammatory bowel disease
associated with primary sclerosing cholangitis. J Hepatobiliary Pancreat Sci 2011; 18: 154-161 [PMID: 20740366 DOI:
10.1007/s00534-010-0319-8.]
Deshpande V, Sainani NI, Chung RT, Pratt DS, Mentha G,
Rubbia-Brandt L, Lauwers GY. IgG4-associated cholangitis:
a comparative histological and immunophenotypic study
with primary sclerosing cholangitis on liver biopsy material. Mod Pathol 2009; 22: 1287-1295 [PMID: 19633647 DOI:
10.1038/modpathol.2009.94]
Moon SH, Kim MH. The role of endoscopy in the diagnosis
of autoimmune pancreatitis. Gastrointest Endosc 2012; 76:
645-656 [PMID: 22898422 DOI: 10.1016/j.gie.2012.04.458]
Hyodo N, Hyodo T. Ultrasonographic evaluation in patients with autoimmune-related pancreatitis. J Gastroenterol 2003; 38: 1155-1161 [PMID: 14714253 DOI: 10.1007/
s00535-003-1223-7]
Harada K, Shimoda S, Kimura Y, Sato Y, Ikeda H, Igarashi
S, Ren XS, Sato H, Nakanuma Y. Significance of immunoglobulin G4 (IgG4)-positive cells in extrahepatic cholangiocarcinoma: molecular mechanism of IgG4 reaction in cancer
tissue. Hepatology 2012; 56: 157-164 [PMID: 22290731 DOI:
10.1002/hep.25627]

46

47

48

49

50

51

52

53

54

55

Kubota K, Kato S, Akiyama T, Yoneda M, Fujita K, Ogawa
M, Inamori M, Kobayashi N, Saito S, Kakuta Y, Ohshiro H,
Nakajima A. Differentiating sclerosing cholangitis caused
by autoimmune pancreatitis and primary sclerosing cholangitis according to endoscopic duodenal papillary features.
Gastrointest Endosc 2008; 68: 1204-1208 [PMID: 19028233
DOI: 10.1016/j.gie.2008.08.013]
Sepehr A, Mino-Kenudson M, Ogawa F, Brugge WR, Deshpande V, Lauwers GY. IgG4+ to IgG+ plasma cells ratio of
ampulla can help differentiate autoimmune pancreatitis
from other “mass forming” pancreatic lesions. Am J Surg
Pathol 2008; 32: 1770-1779 [PMID: 18779730 DOI: 10.1097/
PAS.0b013e318185490a]
Itoi T, Kamisawa T, Igarashi Y, Kawakami H, Yasuda I, Itokawa F, Kishimoto Y, Kuwatani M, Doi S, Hara S, Moriyasu
F, Baron TH. The role of peroral video cholangioscopy in
patients with IgG4-related sclerosing cholangitis. J Gastroenterol 2013; 48: 504-514 [PMID: 22948487 DOI: 10.1007/
s00535-012-0652-6]
Hirano K, Tada M, Isayama H, Yagioka H, Sasaki T, Kogure
H, Nakai Y, Sasahira N, Tsujino T, Yoshida H, Kawabe T,
Omata M. Long-term prognosis of autoimmune pancreatitis
with and without corticosteroid treatment. Gut 2007; 56:
1719-1724 [PMID: 17525092 DOI: 10.1136/gut.2006.115246]
Topazian M, Witzig TE, Smyrk TC, Pulido JS, Levy MJ,
Kamath PS, Chari ST. Rituximab therapy for refractory biliary strictures in immunoglobulin G4-associated cholangitis.
Clin Gastroenterol Hepatol 2008; 6: 364-366 [PMID: 18328441
DOI: 10.1016/j.cgh.2007.12.020]
Nakazawa T, Ohara H, Ando T, Hayashi K, Naitoh I, Okumura F, Tanaka H, Sano H, Joh T. Clinical course and indications for steroid therapy of sclerosing cholangitis associated with autoimmune pancreatitis. Hepatogastroenterology
2009; 56: 584-588 [PMID: 19621659]
Hirano A, Nakazawa T, Ohara H, Ando T, Hayashi K,
Tanaka H, Naito I, Okumura F, Yokoyama Y, Joh T. Liver
atrophy and portal stenosis in two cases of sclerosing cholangitis associated with autoimmune pancreatitis. Intern Med
2008; 47: 1689-1694 [PMID: 18827417 DOI: 10.2169/internalmedicine.47.1192]
Moon SH, Kim MH, Park DH, Hwang CY, Park SJ, Lee
SS, Seo DW, Lee SK. Is a 2-week steroid trial after initial
negative investigation for malignancy useful in differentiating autoimmune pancreatitis from pancreatic cancer? A
prospective outcome study. Gut 2008; 57: 1704-1712 [PMID:
18583399 DOI: 10.1136/gut.2008.150979]
Tomiyama T, Uchida K, Matsushita M, Ikeura T, Fukui T,
Takaoka M, Nishio A, Okazaki K. Comparison of steroid
pulse therapy and conventional oral steroid therapy as initial treatment for autoimmune pancreatitis. J Gastroenterol
2011; 46: 696-704 [PMID: 21188426 DOI: 10.1007/s00535-0100361-y]
Nakazawa T, Naitoh I, Ando T, Hayashi K, Okumura F,
Miyabe K, Yoshida M, Ohara H, Joh T. A case of advancedstage sclerosing cholangitis with autoimmune pancreatitis
not responsive to steroid therapy. JOP 2010; 11: 58-60 [PMID:
20065555]
Chari ST, Smyrk TC, Levy MJ, Topazian MD, Takahashi N,
Zhang L, Clain JE, Pearson RK, Petersen BT, Vege SS, Farnell
MB. Diagnosis of autoimmune pancreatitis: the Mayo Clinic
experience. Clin Gastroenterol Hepatol 2006; 4: 1010-106; quiz
934 [PMID: 16843735 DOI: 10.1016/j.cgh.2006.05.017]
P- Reviewers: Kin T, Mizrahi S, Nanashima A
S- Editor: Wen LL L- Editor: Kerr C E- Editor: Ma S

WCG|www.wjgnet.com

66

January 28, 2014|First Edition|

WC G

World Clinical
Gastroenterology

2014 First Edition
bpgoffice@wjgnet.com

ISBN 978-0-9914430-0-0
© 2014 Baishideng Publishing Group Inc. All rights reserved.

PROGRESS IN BILIARY TRACT DISEASES

Endoscopic papillary balloon dilation: Revival of the old
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suggest the indications and optimal techniques of EPBD
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Core tip: Endoscopic papillary dilation with a dilating
balloon is technically simple and effective. However,
there is still debate regarding safety, and there is no
guideline or consensus of detailed techniques. Because
the procedure is performed to treat a common benign
condition, it is important to ensure that there are no
lethal procedure-related complications. It, however, can
lead to potential morbidity and even death. As the foremost priority is patient safety, it should be performed
with appropriate techniques in selected patients. Therefore, we suggest the optimal indications and tips for
avoiding severe complications of endoscopic papillary
balloon dilation with a small balloon or a large balloon.

Abstract
Radiologists first described the removal of bile duct
stones using balloon dilation in the early 1980s. Recently, there has been renewed interest in endoscopic
balloon dilation with a small balloon to avoid the complications of endoscopic sphincterotomy (EST) in young
patients undergoing laparoscopic cholecystectomy.
However, there is a disparity in using endoscopic balloon papillary dilation (EPBD) between the East and the
West, depending on the origin of the studies. In the
early 2000s, EST followed by endoscopic balloon dilation with a large balloon was introduced to treat large
or difficult biliary stones. Endoscopic balloon dilation
with a large balloon has generally been recognized as
an effective and safe method, unlike EPBD. However,
fatal complications have occurred in patients with endoscopic papillary large balloon dilation (EPLBD). The
safety of endoscopic balloon dilation is still a debatable
issue. Moreover, guidelines of indications and tech-
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INTRODUCTION
A common bile duct (CBD) stone is one of the most
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CBD stones[14].
In EPLBD, EST is generally recommended before
balloon dilation, because the preceding EST may shift
the expansile force toward the CBD rather than the pancreatic orifice. When this combined approach is used, a
large endoscopic sphincterotomy is not required. As a
result, EPLBD can enlarge the biliary orifice to a greater
extent than a standard full EST and create a large biliary
orifice (Figure 2). EPLBD may have the advantages of a
lower risk of bleeding and perforation over a routine full
EST[14]. Although EST is generally used at the start of
the EPLBD procedure, the safety of large balloon dilation alone without a preceding EST is reported in some
studies[15,16]. In contrast to EPLBD, the biliary orifice
after EPBD is usually less wide than after a full EST. The
target stones of EPBD are small- to moderate-sized in
minimally dilated CBDs, whereas those of EPLBD are
large stones in considerably dilated CBDs (Table 1).

common indications of endoscopic retrograde cholangiopancreatography (ERCP). In 1974, endoscopic sphincterotomy (EST) was introduced to remove CBD stones[1].
It has since become established as the standard treatment
for widening the biliary orifice. Although the success rate
of ERCP with EST is more than 90%, EST accounts for
a major portion of the morbidity and mortality associated with ERCP[2,3].
To avoid complications of EST, endoscopic papillary balloon dilation with a small balloon (EPBD) was
introduced as an alternative to EST. Before the development of EPBD, interventional radiologists originally
introduced the transpapillary elimination of CBD stones
through dilation of the sphincter with a 6 mm balloon
in 1981[4]. In 1983, Staritz et al[5] applied this technique to
endoscopy during an ERCP procedure. However, EPBD
had not been routinely used for the removal of CBD
stones in those days because of frequent complications,
mainly acute pancreatitis (in patients with sphincter of
Oddi dysfunction)[6]. Nevertheless, there was renewed
interest in EPBD to preserve the function of the biliary
sphincter.
As time passed on, various studies reported on the
safety, effectiveness, and advantages of EPBD in the
East. In contrast, Western studies showed more frequent
lethal complications of EPBD compared with EST[7,8].
This disparity has led to the different current practices
between East and West. Balloon dilation of the intact papilla is rarely used in most Western countries whereas this
technique is popularly used in Eastern countries.
Recently, EST followed by endoscopic papillary
balloon dilation with a large balloon (EPLBD) was introduced[9]. This review discusses conventional EPBD
and EPLBD separately, because the concept, potential
advantage, indication, and main purpose of EPBD may
differ from those of EPLBD, which utilizes a larger balloon. EPBD may be technically simple and easy to use,
but there is still debate regarding safety. The aim of this
review is to address the concept, outcomes, safety, techniques and advantages of EPBD and EPLBD. In addition, we suggest indications and technical tips for EPBD
and EPLBD individually.

OUTCOMES
Outcome of EPBD compared with that of EST for
extraction of bile duct stones
In a Japanese randomized controlled trial (RCT), EPBD
and EST had similar outcomes in the successful removal
of bile duct stones (99.3% vs 100%) and overall complications (14.5% vs 11.8%)[2]. In contrast, RCTs from
Western countries did not show the same results. In a
German RCT, EPBD was inferior to EST in terms of
stone removal during the first attempt (77% vs 100%)[7].
The overall complication rate of EPBD was also higher
than that of EST (30.0% vs 5.0%). Although the bleeding rate was lower in the EPBD group, cholangitis and
pancreatitis developed more frequently than in the EST
group. Severe pancreatitis with pancreatic necrosis occurred only in the EPBD group (6.7%). This study was
terminated early due to this complication in the EPBD
group. Another well-known RCT from the United States
reported 2 deaths due to severe pancreatitis developing
after EPBD[8]. This study was also terminated at the first
interim analysis.
Two meta-analyses evaluating the outcome of EPBD
compared with EST are available by Baron et al[3] (8 studies analyzed) and Weinberg et al[17] (15 studies analyzed).
Baron et al[3] showed that EST and EPBD had comparable overall success rates of stone removal (94.3% vs
96.5%). However, in the first attempt without EST, the
initial success rate of stone removal was lower in the
EBPD group than in the EST group (70.0% vs 79.8%).
Furthermore, the use of ML was also more prevalent
in the EPBD group than in the EST group (20.9% vs
14.8%). Overall complication rates were similar in both
the EPBD and EST groups (10.5% vs 10.3%). However,
the rate of pancreatitis was significantly higher in the
EPBD group than in the EST group (7.4% vs 4.3%)
while the rate of bleeding was lower in the EPBD group
than in the EST group (0% vs 2.0%). Rates of cholangitis
and perforation were similar in both groups.

DEFINITIONS AND CONCEPTS
EPBD involves the dilation of the biliary sphincter with a
dilating balloon, and is usually performed without EST by
using a small-diameter dilating balloon (≤ 10 mm) (Figure 1). The potential advantages of the EPBD over EST
are to avoid short-term complications of bleeding and
perforation, to preserve the biliary sphincter, and possibly to reduce long-term sequelae of EST[8,10,11]. EPLBD
is usually defined as the use of a dilating balloon with a
diameter of 12 mm or larger in order to remove large
stones that require a larger opening of the CBD[12,13]. The
potential advantages of EPLBD are to reduce the use of
mechanical lithotripsy (ML) and to reduce the complications related to full EST in removing large or difficult
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Figure 1 Endoscopic papillary balloon dilation with a
small dilating balloon. A: Huge periampullary diverticulos
were noted near the ampulla; B: The 8 mm sized small balloon
is gradually inflated with diluted contrast material; inflation is
maintained for 30 s; C: Fluoroscopy during balloon dilation
shows complete disappearance of the sphincter waist; D: A
common bile duct stone was removed by basket through the
enlarged biliary orifice.

Figure 2 Endoscopic papillary large balloon dilation with
minor sphincterotomy. A: A minor incision of up to one-third
of the papilla was performed over a guidewire; B: The 15 mm
sized large balloon is gradually inflated with diluted contrast
material; inflation is maintained for 30 s; C: Fluoroscopy during
balloon dilation shows complete disappearance of the sphincter waist; D: A large biliary orifice can be seen after balloon
dilation.

Weinberg et al[17] reported that EPBD was statistically
less successful for extraction of the stone at the first attempt than EST (73.5% vs 80.9%), and the overall success
rate of EPBD was slightly lower than that of EST (90.1%
vs 95.3%). There was no significant difference in shortterm complications between the EPBD and EST groups
(12.1% vs 12.7%). Incidences of bleeding and short-term
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infections were significantly lower in the EPBD group
than in the EST group. The incidence of perforation was
not different between the 2 groups. While many of the
complications were similar or lower in the EPBD group
than in the EST group, this meta-analysis showed that
the incidence of pancreatitis was significantly higher in
the EPBD group than in the EST group (8.6% vs 4.3%).
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vs 7.0%). Moreover, no significant difference was seen in
the frequency of pancreatitis, perforation, hemorrhage or
cholangitis. In another prospective randomized comparison of EPLBD with EST and ML with EST (involving
90 patients), EPLBD had a similar success rate of stone
removal as ML with EST (97.7% vs 91.1%), whereas the
complication rate was lower in the EPLBD group than in
the ML with EST group (4.4% vs 20.0%)[30]. Cholangitis
was less frequent in the EPLBD group than in the ML
with EST group (0% vs 13.3%). Rates of pancreatitis
were similar between the 2 groups.

Table 1 Comparison of endoscopic balloon dilation methods
according to balloon diameter
Small-balloon EPBD
Balloon diameter used ≤ 10 mm (6-10 mm)
Target stone
Small to moderate sized
stones in no or minimally
dilated CBD
Endoscopic biliary
Not performed
sphincterotomy

Large-balloon EPBD
≥ 12 mm (12-20 mm)
Large stones in
considerably dilated
CBD
Mostly, in conjunction
with a small EST1

1

Preceding small-endoscopic biliary sphincterotomy (EST) use may shift
the expansile force more toward the common bile duct (CBD) rather than
the pancreatic orifice. EPBD: Endoscopic papillary balloon dilation.

EPLBD without a preceding EST: Although EST is
generally used at the start of the EPLBD procedure, only
large balloon dilation without a preceding EST is performed for removal of large CBD stones in some studies. In a retrospective study, the overall success rate of
EPLBD without a preceding EST was 97.4%, and complete duct clearance with EPLBD alone was performed in
76.3% of patients[16]. ML was used in 21.1% of patients.
Procedure-related pancreatitis was observed in only one
patient (2.6%) and there were no other complications,
such as bleeding, perforation, or cholangitis. This study
suggested that EPLBD without a preceding EST might
be as simple, effective, and safe in patients with large bile
duct stones, as EPLBD with a preceding EST. However,
the study had a limitation in that there was no comparison of EPLBD without a preceding EST and EPLBD
with a preceding EST. Therefore, EPLBD without a preceding EST was not regarded as a routine technique for
the removal of large bile duct stones, though it could be
an alternative treatment.

Furthermore, in the subgroup analysis, the risk of pancreatitis was higher in younger patients of the EPBD
group. These meta-analyses consistently showed that,
while EPBD and EST had similar overall success rates
for stone removal, acute pancreatitis occurred more frequently in the EPBD group than in the EST group.
Outcomes of EPLBD
EPLBD with EST: In the first introduction of EPLBD
by Ersoz et al[9], stone clearance was successful without using ML in patients with large stones (> 15 mm).
After this retrospective study, many studies showed
that EPLBD could be a useful alternative technique in
patients with large CBD stones that were difficult to remove with standard EST.
Recent studies showed that complete stone removal in
the first session of EPLBD was accomplished in 89.3%
of procedures, and ML was required in 9.5% of patients
(including 6 retrospective and 1 prospective trials involving 496 patients)[14,18-23]. Overall success of stone removal
was 97.6%. Only 8.5% of patients had documented complications, such as bleeding and perforation. Pancreatitis
developed in 1.6% of patients. Severe pancreatitis was
not reported, contrary to that seen with EPBD.
In a retrospective comparison of EPLBD (with EST)
and EST alone (2 studies involving 250 patients)[24,25],
EPLBD showed similar outcomes to EST in overall successful stone removal (98.4% vs 96.0%) and complications (4% vs 6%). However, ML was required significantly
more often in the EST group than in the EPLBD group
(21.6% vs 7.2%). Total procedure time was shorter in
the EPLBD group due to less use of ML (13 min vs 22
min)[24]. Moreover, EPLBD was an effective and safe
method for removal of CBD stones in patients with
Billroth Ⅱ gastrectomy, prior biliary sphincterotomy, and
periampullary diverticulum[14,26,27].
In prospective randomized comparison studies (2
studies involving 255 patients) [28,29], EPLBD showed
similar outcomes to EST for overall success rate of bile
duct stones (97.0% vs 98.0%) and stone removal at the
first attempt (83.5% vs 85.9%). Overall use of ML was
not different in the EPLBD group and in the EST group
(13.4% vs 14.1%). The prevalence of overall complications was similar in the EPLBD and EST groups (7.1%
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POTENTIAL ADVANTAGES OF EPBD
Avoidance of bleeding
An important advantage of EPBD over EST is the
avoidance of sphincterotomy-induced bleeding. Patients
with coagulopathy and those who take anticoagulation
medication have a higher risk of EST-induced bleeding[31,32]. Several RCTs showed that EPBD might significantly reduce the risk of bleeding compared with
EST[2,8,33]. In a comparison of bleeding risk in patients
with liver cirrhosis and coagulopathy, it was reported that
the rate of EST-related hemorrhaging was 30%, whereas
the hemorrhagic rate of EPBD was 0%[34]. Moreover, a
meta-analysis commented that the occurrence of major
bleeding was significantly lower in patients treated with
EPBD than those treated with EST[17]. EPBD is currently
regarded as an alternative method to EST in patients with
coagulopathy to avoid sphincterotomy-induced bleeding.
EPLBD
The rate of bleeding after EPLBD was reported as various rates, approximately 0%-8.3%[23,29,35]. According to
a recent report, severe bleeding occurred less frequently
in patients with EPLBD than with EST, though minor
bleeding and bleeding in patients with coagulopathy were
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excluded[36]. However, the rate of bleeding was not significantly different between EPLBD and EST in comparison studies[28,30]. Moreover, several reports mentioned that
serious massive bleeding had occurred after EPLBD[37,38].
Severe bleeding may be caused by the large balloon, and
it may lead to surgical intervention or even mortality.
These results suggest that EPLBD is not superior to EST
with regard to ERCP-related bleeding, unlike EPBD.

complete, EPBD is still an attractive method, especially
in younger patients, to avoid long-term complications.
However, young age is an important risk factor for acute
pancreatitis, and acute pancreatitis is more frequent after
EPBD. Furthermore, a meta-analysis showed that the
pancreatitis risk was higher in younger patients than in
older patients in the EPBD group[17]. Although EPBD
was performed to preserve SO function in younger patients, it is ironic that post-EPBD pancreatitis was more
evident in the younger patients.

Preservation of sphincter of Oddi function
Until now, EST has been widely accepted as an effective
and standard technique for the removal of CBD stones;
however, EST causes permanent loss of sphincter of
Oddi (SO) function. Pneumobilia and duodenal biliary
reflux were observed in approximately 50% of patients
after EST and almost 100% of patients developed bactericholia and chronic inflammation of the biliary system[39,40]. Because laparoscopic cholecystectomy (LC) has
been widely performed, preservation of the SO function
is needed to avoid complications in young patients undergoing LC[41].
Since EST disrupts the SO function for a long period of time, it is hoped that EPBD reduces damage to
SO function compared with EST. Based on an anatomic
study in pigs, EPBD showed no rupture of SO smooth
muscle, and it was expected to preserve papillary smooth
muscle integrity in humans[42]. In a manometric study of
the SO function[43], EPBD seemed to depress SO function for at least 1 wk. However, 1 mo after EPBD, SO
peak pressure and frequency of SO contraction increased
significantly, and SO basal and CBD pressure tended to
increase compared with the first week’s values. These
results suggested at least partial recovery of SO function
in 1 month after EPBD. In another manometric comparison study of SO function between EPBD with EST,
SO basal and peak pressures partially recovered at 1 year,
although these values still remained lower than those before EPBD[44]. The risk of long-term complications and
pneumobilia were also lower in the EPBD group than in
the EST group. This study suggested that SO function
was preserved to a greater degree than after EST. However, there were studies with different results of preservation of the SO function after EST or EPBD.
In a comparison study, SO function was estimated
by measurement of pancreatic enzyme activity in bile
aspirated from the CBD [45]. According to this study,
there were no significant differences in pancreatic enzyme levels from before the procedure vs 1 year after the
procedure in both EPBD and EST groups. In another
prospective study, bacterial cultures of bile were used to
evaluate bacterial contamination of the biliary tract after
EPBD or EST[46]. There was no significant difference in
the bacterial cultures at 6 mo or 2 years after the procedures between the EPBD and EST groups. As a result,
it is not clear whether the preservation of SO function
with EPBD was superior to that of EST, although several
studies showed that damaged SO function after EPBD
was substantially recovered over time.
Although the preservation of SO function is in-
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EPLBD
The preservation of SO function after EPLBD is not
clear. Because the acquirement of the large CBD opening
after ballooning was the aim of EPLBD, preservation of
SO function was not regarded as an important factor in
EPLBD. Theoretically, SO function is permanently ablated
after EPLBD. From our experience, it is found that SO
function does not recover after EPLBD regardless of EST.

POTENTIAL ADVANTAGES OF EPLBD
ML
ML has been commonly used for the management of
large CBD stones. EPLBD was developed to reduce the
complications related to full EST and to avoid the use of
ML for removal of large bile duct stones. In a prospective study of 60 patients, only 3 patients (5%) required
adjuvant ML for stone extraction after EPLBD[23]. In
another RCT, ML was required significantly more often
in the EST group than in EPLBD group (25% vs 6%)[24].
Contrary to previous reports, EPLBD compared with
EST alone resulted in similar outcomes in terms of overall successful large CBD stone removal (94.4% vs 96.7%)
and the use of ML (8.0% vs 9.0%) in another RCT[28].
Furthermore, there was no difference in the use of ML
for large-sized CBD stones in a recent meta-analysis[47], although the overall rate of ML use for various sized stones
was less frequent in the EPLBD group than in the EST
group. A few discrepancies in the use of ML for removal
of large CBD stones have been seen, although many studies report that ML has been used less often in the EPLBD
group compared with the EST group. Because the outcomes of the use of ML were not consistent, the choice
of EPLBD only to reduce the use of ML in the removal
of large CBD stones should be carefully considered.
EPBD
A reduction in the use of ML is not the main purpose of
EPBD, unlike EPLBD. Most studies, including 2 metaanalyses, reported that the use of ML was more prevalent
in EPBD groups than in EST groups[3,17,48].

SAFETY ISSUES
EPBD and EPLBD are technically simple and effective,
but safety is still a debatable issue. As the procedures
are performed to treat a common benign condition, it is
important to ensure that there are no lethal procedure-
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8

8
8
8 or less
4-8
8-12
8
8
8
10
60
120
30 or more

60
60-120
60
180

60

15
120/300
120

45-60

Time of inflation duration of maximal
(s)
dilation (s)
2
1
1
1
1
1
3
1
Repeated until
satisfaction
2

Number of
ballooning

100%

77%
89%
97.4%
99%
94.1%
93%
93%
100%
87.4%

Overall success
rate

5.7%

20%
7%
15.4%
10.8%
0%
5%
0%
19%
4.8%

Post-EPBD
pancreatitis

0%

0%
0%
10.5%
0%
2%
0%
0%
0%
0%

Bleeding

0%

0%
2%
0%
0%
0%
0%
0%
0%
0%

Perforation

0%

10%
4%
1%
2.9%
0%
2%
2%
0%
1.9%

Infection

0

0
1 for perforation
2 for pancreatitis
0
0
0
0
0
0

Death (n )
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EPBD
It is not clear why small balloon EPBD has been shown to have a high risk compared with EST in the United States while it is relatively safe in South Korea and Japan. A recent
study showed that post-EPBD pancreatitis was more frequent in an EPBD group than in a group with percutaneous transhepatic papillary balloon dilation[25]. This suggests
that post-EPBD pancreatitis may be associated with detailed procedure protocols, rather than balloon dilation itself. Differences in the detailed methodology might lead to differences in outcome, although there are several possible reasons for the differences in outcome. The EPBD techniques in various RCTs are summarized along with procedurerelated complications in Table 2. Technical factors that may be related to the outcomes include balloon diameter, dilation pressure, and dilation time.
Among these technical factors, selection of the optimal balloon diameter is important. Generally, a balloon smaller than the diameter of the CBD is recommended to reduce the damage to the SO and pancreatic orifice[51]. If a large CBD stone exceeding the diameter of the papillary orifice remains after EPBD, additional treatment, such as

TECHNICAL ISSUES

related complications. Although adequate procedural techniques may reduce complications, optimal techniques do not always prevent all complications.
Acute pancreatitis is the most common severe complication of EPBD. In a United States RCT, 2 patients with post-EPBD pancreatitis died[8]. Another study reported
that one patient died of retroperitoneal perforation after EPBD[49], although perforations are usually rare in EPBD. EPLBD has been regarded as a safe and effective method,
regardless of a preceding EST. However, massive bleeding and perforation were occasionally reported in some studies. Life-threatening hemorrhage following EPLBD with
a preceding EST was reported, and it was treated with angiographic embolization[37]. Four patients died due to EPLBD-related complications in a Korean and Japanese multicenter study[50]. Of these 4 patients, 3 died as a result of perforation, and the other died due to delayed massive bleeding. Perforation was a more frequent severe complication
of EPLBD, although some patients died due to both bleeding and perforation.
For EPBD, serious pancreatitis has been reported in several studies, although it was showed that discrepancy of complications between East and West. Therefore, the choice
of EPBD (in the young patients with CBD stone) only to preserve SO function should be carefully considered. The reason is that the long-term effect from the preservation
of SO functions has not proven, until now. For EPLBD, although EPLBD is reported as an effective method in many studies, several reports showed procedure-related deaths
due to perforation and delayed bleeding. Therefore, the choice of EPLBD only to reduce the use of ML should be carefully considered. In terms of safety issue, to avoid serious complications, strict selection of patients is of utmost importance in both EPBD and EPLBD.

6

Waist
8-12
3
60-80 mmHg
8
12

10
Waist

Balloon
Maximum pressure of
diameter (mm)
inflation (atm)

EPBD: Endoscopic papillary balloon dilation

30
101
117
138
51
41
51
16
103

Patients (n )

Arnold et al[7]
Bergman et al[49]
DiSario et al[8]
Fujita et al[2]
Lin et al[53]
Natsui et al[58]
Ochi et al[11]
Tanaka et al[59]
Vlavianos et al[60]

Ref.
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58
22
100
30
44
103
74
55
50
88
60
53
946

Patients (n )

Without EST

Full
small
small
Variable
full
Full
small
small
Full
small
Full
Full
Variable

Extent of EST

15-18

12-20
10-15
12-20
10-18
15-20
12-18
10-18
15-20
15-20
20
12-15
15-20
12-20

Balloon diameter (mm)

10-60

30
15-30
30-180

60
30-60
30-45

20-45
40
60
60
10-12

duration of balloon
dilation (s)

97.4%

100%
100%
97%
94.5%
97.7%
95%
91.9%
100%
100%
98.9%
100%
100%
96.9%

Overall
success rate

21.1%

0%
27.2%
2.7%
5.5%
10%
1%
5%
5.6%
10.0%

6.9%
9.1%
8%

Use of ML

2.6%

3%
4.5%
4%
10%
2.2%
0%
2.7%
0%
8%
1%
0%
1.9%
2.5%

Post-EPBD
pancreatitis

0%

9%
0%
0%
10%
2.2%
2%
8.1%
3.6%
6%
1%
8.3%
0%
5.9%

Bleeding

0%

0%
0%
0%
0%
0%
1%
0%
0%
0%
0%
0%
0%
0.9%

Perforation

0%

3%
0%
1%
3.3%
0%
0%
0%
0%
0%
1%
0%
1.9%
0.6%

Infection
0
0
0
0
0
0
0
0
0
0
0
0
4 (1 for bleeding, 3 for
perforation)
0

Death (n )

73

EPLBD
There are not many analyses of EPLBD technique, although EPLBD has been accepted to be an effective and safe method for large CBD stone removal. The EPLBD techniques of several studies are summarized with procedure-related complications in Table 3. In contrast to EPBD, the important complications of EPLBD are not post-EPBD
pancreatitis, but perforation and bleeding. Therefore, the techniques of concern are different from that of EPBD.
Regarding the techniques related to EPLBD, the extent of EST, diameter of the balloon, and the method of balloon inflation are considered the most important. The size

EST or ML, is often needed.
Other techniques, such as balloon inflation and duration of balloon dilation, were also analyzed in several studies. Techniques of balloon inflation were divided into 2 categories in a recent study[52]. In the ungraded inflation method, the balloon was gradually inflated to the target pressure during a fixed time (approximately 30-60 s). In the graded
inflation method, the balloon was slowly inflated until the disappearance of the balloon’s waist, and then the pressure was maintained for 15 s. In the graded inflation group, the
incidence of post-EPBD pancreatitis was significantly lower than in the ungraded inflation group. The result suggested that lower pressure and shorter duration was less traumatic to the papilla, resulting in fewer complications.
Until recently, the optimal duration of balloon dilation had not been established. In most studies and during actual practice, the dilation of EPBD was performed for a
short duration of 1 min or less. However, some studies examined a longer duration of balloon dilation and the results showed adequate outcomes with no post-EPBD pancreatitis[43,53]. A 5-min EPBD improved the efficacy of stone removal and reduced the risk of post-EPBD pancreatitis, compared with a 1-min EPBD[54]. In addition, the duration
of EPBD was inversely associated with pancreatitis risk in a meta-analysis, with less than 1-min dilations actually increasing acute pancreatitis[55]. Another 2 studies explained
that a long duration of balloon dilation served to loosen the SO sufficiently and to resolve compartment syndrome, which involved intramucosal hemorrhaging and edema at
the papilla. They suggested that an inadequately loosened SO surrounding the common channel may cause a compartment phenomenon that compresses pancreatic flow and
increases the risk of post-EPBD pancreatitis[3,42]. Therefore, a long duration (5 min) of EPBD might be preferred over a short duration (less than 1 min) to reduce the risk of
post-EPBD pancreatitis.

ML: Mechanical lithotripsy; EPBD: Endoscopic papillary balloon dilation; EST: Endoscopic biliary sphincterotomy.

Jeong et al[16]

Ersoz et al[9]
Bang et al[21]
Heo et al[28]
García-Cano et al[35]
Stefanidis et al[30]
Attasaranya et al[20]
Kochhar et al[18]
Lee et al[14]
Misra et al[22]
Minami et al[61]
Maydeo et al[23]
Itoi et al[24]
Park et al[50]
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Table 4 Indications for endoscopic balloon dilation according
to balloon diameter
Small-balloon EPBD
Absolute
indication

Relative
indication

Possible
indication

Patients with
coagulopathy and need for
anticoagulation to avoid
sphincterotomy-induced
bleeding
Patients with anatomical
abnormalities including
gastric bypass surgery
(Billroth Ⅱ gastrectomy) or
periampullary diverticulum
To preserve SO functions

Table 5 Tips for avoiding severe complications of endoscopic
papillary balloon dilation
EPBD

Large-balloon EPBD

Patients with altered
anatomy, such as gastric
bypass surgery (Billroth Ⅱ
gastrectomy), periampullary
diverticulum and prior biliary
sphincterotomy
To reduce the use of ML for
removal of large CBD stones
To avoid full EST-induced
bleeding

3. If the balloon’s waist remains
after 2–3 s at maximal balloon
inflation, balloon dilation must be
stopped immediately.

1. Maximal inflated diameter of
balloon should not exceed the CBD
diameter.
2. A small extent of EST followed
by large balloon dilation may be
recommended, rather than large
balloon dilation without EST.
3. The balloon should be inflated
gradually to avoid perforation and
bleeding.
4. If the balloon’s waist remains
at 80% of the maximum inflation
capacity, balloon dilation must be
stopped immediately and change
to alternative procedures, such as
EST and ML.
5. Close monitoring must be
necessary after EPLBD to detect
the delayed complications, such as
perforation and delayed bleeding.

SO: Sphincter of Oddi; EPBD: Endoscopic papillary balloon dilation; CBD:
Common bile duct.

of the CBD stone and diameter of the dilated CBD
are significant factors for the selection of balloon size.
Among these factors, the diameter of the CBD is regarded more important, because excessive balloon dilation over the CBD diameter might increase the risk of
perforation. Therefore, the maximal inflated diameter of
balloon should not exceed the diameter of the proximally
dilated CBD. Generally, a small EST is recommended to
reduce the risk of bleeding, because full EST increases
the damage of the large vessel at the papillary roof. A
small EST also lowers the risk of perforation, because
direct observation of ampullary tearing is possible during
balloon dilation.
In a South Korean study, the techniques of larger
balloon dilation were recommended to avoid severe complications, such as perforation and massive bleeding[56].
If the balloon waist remained at 80% of the maximum
inflation capacity, it meant that significant stricture existed in the distal CBD. Excessive inflation for distal
CBD stricture could cause a perforation. Therefore, the
balloon should be inflated gradually to avoid perforation,
with observation of disappearance of the balloon waist
at the distal CBD. Unlike EPBD, the duration of ballooning was regarded to be of no importance in the EPLBD,
because the small EST might prevent acute pancreatitis[15]. In EPLBD, bleeding is not uncommon; however,
the bleeding site could be invisible endoscopically. If
hemostasis could not be completed by local therapy, the
insertion of a fully covered biliary metal stent should be
considered for a tamponade effect[57].

SO: Sphincter of Oddi; EPBD: Endoscopic papillary balloon dilation; CBD:
Common bile duct; EST: Endoscopic biliary sphincterotomy; ML: Mechanical lithotripsy; EPLBD: Endoscopic papillary large balloon dilation.

cians, these methods are very attractive because they are
very easy to perform, technically simple, and have a short
learning curve. Although EPBD and EPLBD are generally safe, clinicians must remain aware that they can lead
to potential morbidity and even death. The foremost
priority is the patient’s safety, so these methods should
not be use indiscriminately, but be performed carefully in
selected patients. In addition, doctors should be prepared
to use EST or ML if the initial treatment fails. When
EPBD and EPLBD are used for the correct indications
(Table 4), according to the technical guideline (Table 5),
an effective and safe outcome should be expected.
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Core tip: To date, technical restrictions of endoscopic
retrograde cholangiopan-creatogram may explain the
insufficient sensitivity of diagnostics when biliary changes are suspected. Therefore choledochoscopy may be
TM
a direct diagnostic procedure to help. SpyGlass is a
technically advanced cholangioscopy system facilitating
diagnostics in the bile duct due to its single-operator
feature. Different studies reported a clearly enhance
diagnostic accuracy for this technique. However, the
visualization of bile duct lesions itself is of great value
since it offers precise dignity evaluation based on macroscopic criteria.

Abstract
Different diagnostic procedures exist for the detection
of bile duct lesions in clinical practice. However, neither
retrograde contrast imaging of the bile duct endoscopic
retrograde cholangiopancreatogram nor other imaging procedures allow a safe diagnosis of the lesions.
Therefore choledochoscopy may be a useful diagnostic
procedure in macroscopic assessing lesions of the bile
duct. Even if the diagnostic sensitivity and specificity is
not sufficient, first studies suggest an enhanced diagnostic accuracy for choledochoscopy. Since the progress
of choledochoscopy has started in the 1970 different
improvements were achieved. Meanwhile, the examination can be performed by an examiner and samples can
be taken. Image and Resolution quality has improved
over the past years, also. The SpyGlass system is a
technically advanced cholangioscopic device to provide
endoscopic diagnosis in case of inconclusive bile duct
findings. Further more, two more lumina allow specific
biopsy forceps and optical fibers for electrohydraulic or
laser lithotripsy. The most frequent useful insert of SpyGlass in clinical practice are in complex gallstones and
bile duct lesions of unclear dignity.

Original sources: Hoffman A, Rey JW, Kiesslich R. Single operator choledochoscopy and its role in daily endoscopy routine.
World J Gastrointest Endosc 2013; 5(5): 203-210 Available
from: URL: http://www.wjgnet.com/1948-5190/full/v5/i5/203.
htm DOI: http://dx.doi.org/10.4253/wjge.v5.i5.203

INTRODUCTION
To date, the prediction of dignity for indistinct bile
duct lesions in clinical practice are a difficult endeavour
and mean a true diagnostic challenge to all disciplines
involved. Neither retrograde contrast imaging of the
bile duct endoscopic retrograde cholangiopancreatogram (ERCP) nor other imaging procedures allow for
a safe diagnosis of the type if biliary duct findings are
inconclusive like the ones experienced with strictures or
intraluminal defects[1]. Even with steadily improved endosonography and the use of microprobes enhancing bile
duct lesion imaging, a number of limitations set by these
investigation methods are still to overcome[2]. Choledo-
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choscopy may be a direct diagnostic procedure to help in
macroscopically assessing inconclusive lesions inside the
biliary duct system. However, technical means were limited so far as the “mother-baby” system had to be operated
by two interventionalists, while confirming the results of
malignity-suspicious findings remained a true histological
challenge[3-5]. Technical restrictions of the above mentioned procedures may explain the insufficient sensitivity
of diagnostics when it comes to biliary changes[6].
SpyGlass is a technically advanced cholangioscopy
system facilitating diagnostics in the bile duct due to its
single-operator feature. First studies show that the use of
SpyGlass may clearly enhance diagnostic accuracy. First
of all, cholangioscopy-guided tissue acquisition in the
biliary duct is much easier to perform even though diagnostic sensitivity and specificity require further improvement[7].

©Boston Scientific Corporation

Figure 1 Principle of “Mother-Baby” endoscope technique.

PROGRESS IN CHOLEDOCHOSCOPY
Since the 1970s, choledochoscopy is used mainly in
centers focussing on hepatobiliary diagnostics to macroscopically diagnose bile duct lesions[8]. This procedure
directly investigates the biliary tract endoscopically and
benefits from directly assessing the mucous membrane so
as to help evaluate the dignity of inconclusive lesions in
the bile duct[9]. For the first time, this offered diagnostic
options superior to other imaging procedures in this region[8,9].
In choledochoscopy, a general distinction is made
between percutaneous transhepatic and retrograde endoscopic access using the so-called “mother-baby” endoscope technique[10,11].
With the frequently used and less invasive “motherbaby“ endoscope technique, a thin choledochoscope
(“baby scope”) is introduced in the bile duct for ERCP
via instrument channel of a duodenoscope (“mother
scope”) (Figure 1).
However, a number of limitations using the motherbaby choledochoscopy technique are still to cope with:
The first fiber optic choledochoscopies provided a poor
image quality with low resolution and poor illumination
of the bile duct. The steerability of the microendoscope
in only two planes considerably limited the maneuverability in the bile duct. Another clear disadvantage of the
mother-baby endoscope technique was the need of two
operators required to perform the procedure. However,
the greatest detriment of all for a great many years was
the fact that tissue acquisition was impossible which limited the use to diagnostic indications.
In the 1980s, a second generation of choledochoscopies was introduced providing a working channel and
offering improved maneuverability.
In the late 1990s, first prototypes of video choledochoscopies were tested and first images of staining or
virtual chromoendoscopy in the bile duct were presented,
yet more to provide evidence of the possible and feasible
than to introduce a serious means of routine endoscopy.

WCG|www.wjgnet.com
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Figure 2 Single-operator choledochoscopy system: “SpyGlass Direct
Visualization System®”.

To date, all available choledochoscopies on the market
are fiber optic systems and all reports of high-resolution
video choledochoscopies are based on a few prototype
case reports only[12-14].
The first single-operator choledochoscopy system was
presented in 2005 by Boston Scientific under the name
“SpyGlass Direct Visualization System®”. The system is
a technically advanced cholangioscopic device to provide
endoscopic diagnosis in case of inconclusive bile duct
findings[15].
The system does not only without the need of a second operator but also visualizes the bile duct lesions in
a way to allow for effective assessment of their dignity
(Figure 2). The targeted tissue acquisition performed by
the same operator represented another novelty and allowed for further investigation of abnormalities[15].

SPYGLASS DIRECT VISUALIZATION
SYSTEM
The SpyGlass system consists of an integrated platform
with a light source, camera, and monitor (Figure 3). Proven fiber optic technique is still used to illuminate the bile
duct, yet with improved resolution to optimize bile duct
visualization. An advanced steering system of the 10 Fr
cholangioscopy catheter to be attached to the duodeno-
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used to achieve the required angulation facilitating intubation of the bile duct. With the SpyScope in the bile duct
the optical fiber may be carefully advanced via catheter tip
to directly inspect the bile duct lumen. Obstructive mucus
or tough bile may be removed using the SpyScope’s footactivated dedicated irrigation device.

INDICATIONS
Among the most frequent clinical uses of the SpyGlass
choledochoscopy are complex gallstones and bile duct lesions of unclear dignity (Figure 7).

©Boston Scientific Corporation

Use of SpyGlass in bile duct lesions
Diseased bile ducts often are a clinical challenge since diagnostics have their limitations; on the other hand, quick
and therapeutically relevant decisions for the patient may
urgently be required[17,18]. Sound assessment of the dignity is essential for therapy planning, however often difficult. Especially histological confirmation of malignitysuspicious findings is a key issue gastroenterologists have
to cope with[19-21]. Cholangiocarcinoma portend a dismal
prognosis which makes an early decision for surgery
based on timely diagnosis desirable[17]. Limited diagnostic approaches hardly offer any solution, and patients
may not be diagnosed properly until symptomatic with
the tumor being in an advanced stage beyond any curative therapy[19]. Brush cytology and endosonographically
guided fine needle aspiration biopsy may be the preferred
investigation methods to date, yet in almost all the studies
the low sensitivity of the method is a serious issue[21-26].
Cytology may provide good specificity which is why
false positive cases are rarely found in literature but the
low sensitivity of about 50% remains a key problem of
this method[21-26].
The golden standard when diagnosing bile duct diseases remains to be ERCP[27]. Using ERCP provides good
imaging of the bile duct anatomy including any pathological changes such as strictures ad intraluminal filling
defects. However, they might be insufficient, especially in
early stages, to make definitive therapy decisions.
Special risk populations e.g., patients with a primary
sclerosing cholangitis (PSC), have an increased carcinoma
risk due to years of chronic bile duct inflammation[28].
Checks on a regular basis are supposed to detect in a
timely manner carcinomatous prestages especially in such
patient collective with multiple bile duct changes, yet the
problem of safe differentiation between inflammatory/
benign and dysplastic, potentially malign lesions remains
unsolved.
Peroral choledochoscopy as the direct visualization of
the bile duct therefore represents an important and interesting enhancement of ERCP[7,29].
Since the introduction of the SpyGlass Direct Visualization System several studies and a number of publications describe a variety of clinical experiences[15] (Table 1).
A center point of the publications was the accessibility
and macroscopic imaging of suspicious lesions. A cur-

Figure 3 SpyGlass system as integrated platform with light source, camera and monitor.

scope has been re-designed and eliminates the need for
a second operator to handle the choledochoscope[15,16].
This steering unit with its two steering wheels provides
steering options in four planes, comparable to standard
endoscopes (Figure 4).
The steering unit is positioned on top of the so-called
10-Fr guiding catheter or SpyScope equipped with four
lumina (Figure 5). One lumen is intended for use of the
fiber optic system to be advanced to the SpyScope’s end.
The fiber optic system consists of a coherent bundle of
optical fibers surrounded by light fibers representing the
system’s most fragile component. Two more lumina are
used for irrigation and a fourth one serves as the working
channel for the specific biopsy forceps.
The SpyScope itself is advanced into the bile duct similar to the mother-baby technique via duodenoscope working channel. Due to the particular stability of the SpyScope
offering optimum protection to the optical glass fibers the
sometimes unavoidable angulation may be achieved during introduction into the bile duct when fully activating the
Albarran lever. When in the bile duct, mucus or tough bile
may be removed via the SpyScope’s two dedicated irrigation channels by foot-activating the irrigation device. The
most important access offers a 1.2 mm working channel.
A specifically designed biopsy forceps (SpyBite) and also
optical fibers for electrohydraulic or laser lithotripsy may
thus be introduced into the biliary tract via working channel (Figure 6).
SpyGlass technique
First, the steering unit is attached to the duodenoscope
handle. Normally, the guidewire already positioned in the
bile duct at the distal end of the guiding catheter is now
threaded in to the SpyScope via working channel to ease
bile duct intubation using the guiding catheter (SpyScope)
and the guidewire as a guide rail. Before advancing the
guiding catheter (SpyScope) via duodenoscope working
channel to intubate the bile duct the optical fiber should
be advanced to the tip with care through a suitable working channel. Self-explanatory symbols pointing to the
correct access support the process.
Having reached the papilla the Albarran lever is easily

WCG|www.wjgnet.com

80

January 28, 2014|First Edition|

Hoffman A et al . Single operator choledochoscopy and its role in daily endoscopy routine

©Boston Scientific Corporation

©Boston Scientific Corporation

Figure 4 Components of the SpyGlass system.

of 77%. In an additional SpyGlass-guided biopsy a sensitivity of 71% and specificity of 100% were achieved,
both significantly superior to brush cytology results[30].
The most frequently expressed criticism with this
method is that sensitivity of the cholangioscopically guided tissue acquisition is low; in some papers it even had to
be adjusted downwards. To be stressed are quantity and
quality of the acquired tissue frequently considered insufficient by pathologists. Grounds may be the too small
a size of the tissue samples acquired using the SpyBite
forceps offering no bigger option. To ensure sufficient
amount of tissue for pathological investigation multiple tissue acquisitions (3 to 4 biopsies) from the lesion
in question are recommended[15,31]. But apart from the
already mentioned histological criteria, macroscopic aspects should not be ignored. For effective differentiation
of lesions, their macroscopic appearance in the bile duct
is of great importance. It is in fact known that almost all
malign changes in the hepatobiliary system are characterized by significant vascularization including tortuous and
dilated vessels. In addition, exophytic growth, ulcerations,
and being raised are considered further aspects of malignity suspicion allowing for correct diagnosis[32].
In a retrospective study including 129 patients, the
initial working diagnosis was modified in 68% of the
patients with biliary strictures based on the SpyGlass
investigation[33]. The significance of this result cannot be
overestimated considering that in as many as 45% of the
patients an initial tumor suspicion of the lesion was not
confirmed when SpyGlass was used for diagnosis meaning for the individual patient a completely different thera-

Copyright ©2007 Boston Scientific Corporation or its affiliates. All Right reserved.

Figure 5 SpyScope.

rent study documents that the sensitivity of macroscopic
evaluation using SpyGlass is significantly higher than with
ERCP (81% vs 53%)[29]. Another multi-center prospective study with nearly 300 enrolled patients investigated
as a primary study endpoint whether there was success in
reaching the suspicious lesion and acquiring tissue[7].
Secondary study endpoints were the sensitivity and
specificity of the cholangioscopically guided biopsies. A
total of 96% of the biliary strictures were reached endoscopically using the cholangioscopic catheter and provided sufficient visualization. Additional tissue acquisition
was possible in 88% of the cases[7].
In his pilot study, researchers was able to clearly show
in 35 patients that SpyGlass not only ensures reaching the
lesions but also allows for sufficient macroscopic evaluation of findings with a sensitivity of 100% and specificity
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Figure 6 Re-designed biopsy forceps.

A

B

C

D

Figure 7 Typical cholangioscopic findings (source: A Hoffman). A: Normale bile duct; B: Inflammation with stricture; C:
Cholangiocellular carcinoma with villous like appearance; D: Cholangiocellular carcinoma with ulcers and intraluminal growth.

peutic proceeding.

reason for hospitalization due to gastrointestinal complaints.
An estimated 15%-20% of the Caucasian population is supposed to suffer from some sort of gallbladder
disease, 15%-20% of which also have stones in their bili-

Use of SpyGlass in the treatment of gallstones
Cholecysto- and choledocholithiasis are an important issues in the Western industrialized countries and a main
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Table 1 Overview about the sensitivity and specificity of SpyGlass
First author, publication,
year
Chen[15], 2007
Ramchandani et al, 2012
Hartmann et al, 2012
Chen et al, 2011
Kalaitzakis et al, 2012

Study design

Prospective study
Prospective study
Retrospective analysis
Prospective study
Retrospective analysis

Specificity for
Patient Sensitivity for visual
(n )
diagnosisual diagnosis/ visual diagnosis/
biopsy
biopsy
35
36
89
297
141

100%/71%
95%/82%
/57%
77.8%/48.9%
72%

77%/100%
79%/82%
/100%
82%/98%
97%

PPV for visual
diagnosis/
biopsy

NPV for visual
diagnosis/
biopsy

Accuracy for
biopsy/visual
diagnosis

70%/100%
88%/100%
/100%
80%/100%
93%

100%/87%
92%/100%
/68%
80%/72%
86%

89%/82%
/78%
80%/75%
88%

PPV: Positive predictive value; NPV: Negative predictive value.

panying cholangioscopy. Apart from the complications
associated with ERCP a complication rate of only 0.3%
is assumed whereas it is difficult to differentiate whether
the complication was caused by ERCP itself or by the
cholangioscopy[33].
The most common complication reported is cholangitis (3%). In some reports ascending cholangitis or
cholangitis with intrahepatic abscess, especially after
taking biopsies are reported. Some cases of ascending
cholangitis, which were only marked by jaundice without
fever, but white blood cell elevation or positive blood cultures, developed even some days after SpyGlass examination.
Irrigation should not be excessive when proximal of
a stenosis especially with already existing cholangitis since
it may significantly increase the risk of bacteremia. But
all of the published studies are done by experts in ERCP
with a low complication rate in all ERCP related therapeutic procedures. There is no published data about the
complication rate during the learning curve of choledochoscopy or the complication rate of trainees in ERCP
using SpyGlass.
Among other complications are: drop in blood pressure, abdominal pain, pancreatitis, and bile duct perforation caused by the guidewire.

Figure 8 Stone after direct probe-targeted fragmentation via short-pulsed
laser waves (holmium laser) (Source: A Hoffman).

ary tracts. Normally, ERCP succeeds in removing these
stones from the biliary duct system avoiding potential
complications such as pancreatitis or cholangitis [34,35].
In some cases, however, stones cannot be removed via
traditional ERCP due to the large size of the calculi or
their specific anatomy. Unfortunately, the success rate of
extracorporeal shock wave lithotripsy with subsequent
endoscopic extraction is also very low in these special
cases[33-35]. Using the SpyGlass system with its option of a
full-fledged working channel in addition to dedicated irrigation, a probe may be advanced under direct visual control until it reaches the stone to perform lithotripsy using
short-pulsed laser waves (Nd-YAG-2 laser or Holmium
laser) or electrohydraulic waves[36-38]. Direct advancement
of the probe to the stone reduces the risk of bleeding
or perforation of the bile duct and significantly increases
the success rate of stone extraction versus extracorporeal
shock wave lithotripsy[39,40] (Figure 8).
Another important aspect is stones overlooked during
ERCP. In two studies-one particularly with PSC patients,
the other after routine ERCPs-an immediately following
SpyGlass procedure diagnosed an initially overlooked
29% and 30% of stones[41,42].

CONCLUSION
The SpyGlass Direct Visualization System introduces
a new type of cholangioscope for endoscopic use. Not
only can cholangioscopy now be performed by a single
operator but the optimized steering unit enables the user
to exactly fix the biliary target lesion and acquire tissue
providing true diagnostic benefit. The visualization of
bile duct lesions itself is of great value since it offers
precise dignity evaluation based on macroscopic criteria.
Literature includes more and more reports on the safe
and efficient use of the unit in clinical practice. Sceptics
of the method mostly criticize the low sensitivity of cholangioscopically guided tissue acquisition. Standardization
of the number of biopsies and further development of
biopsy forceps may result in the desired enhancement of
sensitivity.
Even if histological confirmation of the visual findings may remain difficult using SpyGlass-acquired tissue this new investigation method represents a valuable

COMPLICATIONS
Based on published data for SpyGlass to date, only a few
but not severe procedure related complications are to be
assumed. But currently published complications do not
differ from those of therapeutic ERCP without accom-
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complement in the diagnostic algorithm of inconclusive
bile duct findings in terms of staged diagnostics.
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Abstract
An accurate, noninvasive and cost-effective method of in
situ tissue evaluation during endoscopy would be highly

advantageous for the detection of dysplasia or early cancer and for identifying different disease stages. Optical
coherence tomography (OCT) is a noninvasive, high-resolution (1-10 µm) emerging optical imaging method with
potential for identifying microscopic subsurface features
in the pancreatic and biliary ductal system. Tissue microstructure of pancreaticobiliary ductal system has been
successfully imaged by inserting an OCT probe through
a standard endoscope operative channel. High-resolution
OCT images and the technique’s endoscopic compatibility have allowed for the microstructural diagnostic of the
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INTRODUCTION
Outstand from various existing diagnosis methods such
as, endoscopic retrograde cholangiopancheatography
(ERCP), percutaneous transhepatic cholangiography
(PTC), magnetic resonance cholangiopancreatography
(MRCP), computed tomographic cholangiography (CTC),
endoscopic ultrasound guided fine-needle aspiration
(EUS-FNA), available for the assessment of pancreatic

86

January 28, 2014|First Edition|

Mahmud MS et al . Imaging biliary duct with OCT
Table 1 Imaging methods for diagnosis of bile duct strictures n (%)
Techniques

SEN (%)

SPEC

PPV

NPV

Accuracy

BC/FNA[2,11,23]
Forceps biopsy[2,11,23]
BC + FNA + biopsy[2,11,23]
ERCP/MRCP[9,17,32,50-52]
ERCP-BC/BX[9,11,33,38]
EUS[17,32,33,47,53]
EUS-FNA[9,23]
IDUS[32,38]
IDUS + ERCP/biopsy[32,33,38,54]
OCT[1,2]
OCT-BC/BX[2]

30 (30-60)
43 (40-70)
62 (60-75)
70 (67-90)
43 (36-60)
80 (70-100)
85 (80-100)
90 (85-100)
91 (90-100)
79 (75-90)
84 (80-90)

95 (90-100)
90 (90-100)
90 (90-100)
75 (70-80)
80 (75-100)
80 (75-100)
95 (90-100)
85 (80-100)
93 (90-100)
69 (65-90 )
69 (70-90)

100 (90-100)
95 (90-100)
96 (90-100)
80 (68-90)
95 (94-100)
80 (76-100)
95 (95-100)
85 (80-100)
94 (84-100)
75 (70-90)
76 (70-90 )

28 (28-50)
31 (30-50)
39 (35-60)
88 (70-95)
90 (56-100)
80 (54-90)
80 (60-90)
90 (80-100)
90 (84-95)
73 (70-90)
78 (70-100)

48 (30-50)
48 (30-70)
55 (45-75)
70 (50-80)
70 (60-75)
80 (78-90)
85 (80-90)
90 (83-90)
92 (90-100)
74 (70-85)
77 (70-90)

True positive (TP) and true negative (TN) represent the accurate diagnosis of biliary and non-biliary strictures respectively; False positive (FP) reflects the
incorrect diagnosis of non-malignancy, whereas, false negative (FN) reflects incorrect diagnosis of the benign strictures; Sensitivity, specificity, positive
predictive values and negative predictive values were calculated as Ref. [54]. BC: Brush cytology; BX: Forceps biopsy; FNA: Fine-needle aspiration; ERCP:
Endoscopic retrograde cholangiopancheatography; MRCP: Magnetic resonance cholangiopancreatography; EUS-FNA: Endoscopic ultrasound-guided
FNA biopsy; IDUS: Intraductal ultrasonography; OCT: Optical coherence tomography; SEN: TP (TP + FN); SPEC: TN/(TN + FP); PPV: TP/(TP + FP); NPV:
TN/(TN + FN).

and biliary disorders; optical coherence tomography
(OCT) shows great potential for identifying dysplastic or
early malignant epithelial changes and for differentiating
between neoplastic and non-neoplastic lesions[1,2]. This
is because ERCP and PTC are not risk free and in some
cases, patients must undergo subsequent surgical or percutaneous procedures[3-5]. Additionally, diagnosis accuracy
of ERCP-based tissue sampling (brush cytology and/or
forceps biopsy) is relatively low (less than 70%) and
highly variable[6-11]. Sometimes, tissue specimens collected
with forceps biopsy and/or brushes may contain superficial tissue layers that are inherently insensitive to diagnosis and prone to false-negative results. MRCP[12-16] method
is noninvasive, and is apparently less operator-dependent
and its diagnostic accuracy is comparable (or slightly less)
to ERCP. However, MRCP is expensive which requires
additional tests for data analysis and diagnose diseases.
Computed tomography[15-18] may provide better diagnostic information, but usually should be avoided due to the
radiation exposures and contrast materials.
EUS-FNA is used for diagnosing cholangiocarcinoma and/or tumors in the biliary duct, especially in
patients with negative brush cytology and forceps biopsy
findings[19-27]. The technique shows diagnosis accuracy
over 80%, however, the performance is hindered by
system resolution; additionally expensive equipments are
required during procedure. Intraductal ultrasonography
(IDUS) is another safe and effective method performed
during ERCP to diagnose localized stenosis and early
malignant changes in main pancreatic duct[28,29], common
bile duct stone[30,31] and to identify malignant biliary strictures[32-39]. During IDUS, a high-frequency ultrasound
probe is placed into the pancreaticobiliary duct under
ERCP guidance. IDUS shows diagnosis accuracy over
90% in patients with biliary strictures[31-38]. The major
drawbacks of IDUS are the impossibility of tissue sampling and IDUS findings that might have showed limited
reproducibility[30]. Therefore, more reliable and adequately sensitive diagnostic procedure is on demand for early
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detection of pancreatic and biliary diseases.
OCT an optical modality shows great potential
for identifying dysplastic or early malignant epithelial
changes and for differential diagnosis between neoplastic
and non-neoplastic lesions. OCT is a noninvasive, highresolution, cross-sectional in vivo imaging method based
on the principle of low-coherence interferometry[40,41].
This technology has been widely used in various clinical and pathological applications, such as, in the field of
ophthalmology[40,42], cardiology[43], gastroenterology[44,45],
oncology[46], respiratory airways[47,48] and oral cavity disorder[49]. Main limitation OCT is its shallow penetration
depth (2-3 mm) of imaging which depends upon the
tissue structure, depth of focus of the probe used and
absorption and/or scattering properties of the tissue
sample.
General criteria (accuracy, sensitivity and specificity,
positive and negative predictive values) of various imaging
methods used to diagnose biliary duct strictures (malignant
and benign) are summarized in Table 1. The advantages
and disadvantages of these imaging modalities are listed in
Table 2.
In this review, we focused on the feasibility of OCT
approach that improves the diagnostic accuracy of the
ductal epithelial changes, with a potential to diagnose
neoplastic and non-neoplastic lesions as well as pancreatic cysts. We discussed the mechanism of an OCT
imaging system and then image pancreatobiliary ductal
system with OCT. The images of pancreaticobiliary
ductal system are divided into two categories: normal
pancreatico-biliary ductal system and pathological (neoplastic) ductal structure. Various pancreatic cysts with
OCT are also discussed at the end of this review.

OCT IMAGING OF THE
PANCREATOBILIARY DUCTAL SYSTEM
Introduction to OCT imaging system
Figure 1 shows the schematic diagram of an endoscopic
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Table 2 Comparison of various imaging modalities
Imaging modality
Projection/
tomograph
Resolution
Imaging depth
Tissue sampling
Portability
Therapy
System cost
Operator dependence
Staging of malignancy
Safety
Experiment duration
Complications

Comments pros

Cons

PTC

ERCP

MRCP

US/HFUS/EUS/IDUS

CT

OCT

Projection

Projection

Tomographic

Tomographic

1-2 mm

1-2 mm

1-5 mm

5-60 mm

Projection or tomographic
Fairly poor
3-5 mm
Entire biliary tree

300-500 μm
μCT: 3-125 μm
Entire biliary tree

++

+++

-

+

-

-

+

-

-

++

+++

+++

-

-

+

++

++++

+++

++

++

High

High

Low

US/EUS 100-250 μm
HFUS/IDUS 50-100 μm
US/EUS: 5-10 cm
HFUS/IDUS: 1-3 cm
US +
EUS + + +
US + + +
EUS + +
US EUS +
US EUS + +
Very high

Projection or tomographic
Fairly high
1-10 μm
1-3 mm

Low

Low

-

-

++

+++

-

2-4 h

+
30-120 min

+++
10-30 min

US +
EUS + + +
++
20-40 min

++
15-30 s

+++
5-10 min

+++
++
+
Risk (5%-10%) Risk (< 5%) BleedClaustrophobia in
Risk (1%) of failure rate,
Rare allergic reaction (< No complication
of Infection, ing, perforationpansome patients
bleeding and perforation 1%) to iodinated agents
bleeding and creatitis cholangitis
bile leaks
+ Diagnosis
+ Diagnosis and
Non-invasive
Usually non-invasive
Non-invasive
Non-invasive
and therapeu- treatment procedure + No ionizing radia(sedation)
+ Faster method
+ No ionizing
tic (treatment)
tion
+ Diagnosis tool combined
+ High resolution
radiation
procedure
+ Relatively operator with tissue and/or lesion + Operator-independent + High resolution
-independent
sampling
+ Faster method
+ Operator-independent
Invasive ionInvasive
Expensive-poor resoOperator dependent
Ionizing radiation
Low imaging
izing radiation Ionizing radiation
lution
Highly motion sensitive Solely diagnostic method
depth 3 mm
Operator- de- Operator dependent
Solely diagnostic
Thermal effects and cavitaMotion sensitive
pendent
method
tions
Motion sensitive
claustrophobia

PTC: Percutaneous transhepatic cholangiography; ERCP: Endoscopic retrograde cholangiopancheatography; MRCP: Magnetic resonance cholangiopancreatography; US: Ultrasound; EUS: Endoscopic ultrasound; HFUS: High frequency ultrasound (> 10 MHz); IDUS: Intraductal ultrasonography; CT: Computed tomography; OCT: Optical coherence tomography.

OCT system. Light generated from a low coherence infrared light source spits into two parts: the sample and
reference arms. The back-reflected light from the tissue
interferes with the reference signal which then fed to a
detector and then sent the signal to a computer for visualization. OCT is analogous to the ultrasound imaging[1],
but uses light waves rather than ultrasound waves. Therefore, OCT provides high resolution (1-10 µm) which is
at-least ten times better than the currently available highfrequency ultrasound imaging system. For investigating
the epithelial layers of the main pancreatic duct (MPD),
common bile duct (CBD) and sphincter of Oddi (SOD)
an OCT probe (guide wire) is inserted through the working channel of an endoscopic catheter (Figure 1). The
outer diameter of this endoscopic catheter can be made
as small as 1.2 mm. Repeated frames are taken by the
“pull-back” technique while connecting the catheter with
a rotator, giving a large number of transitional-rotational
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images. Diagnoses of the intraductal pathology of the
pancreatobiliary system, such as biliary and/or pancreatic stricture, are improved with OCT method where the
conventional biopsy is technically difficult and is associated with risk[6,7]. After the targeted tissue is identified
with a conventional endoscopy, a narrow-diameter (about
1.2 mm) OCT probe is inserted through the operating
channel of the endoscope and positioned on the site of
interest. No special patient preparation is required during
OCT imaging and images can be acquired within several
minutes (5-10 min). Three different types of OCT systems are wildly used in various research and clinical applications (Table 3). Companies currently produce OCT systems are: Novacam, Bioptigen, Heidelberg Engineering,
Alcon/LenSx, Canon/Optopol, Volcano Crop, Optovue,
Thorlabs, Topcon, Imalux, Nidek, Tomey, Schwind, Wasatchphotonics, OptiMedica, Optos/OTI, Volcano Crop,
LightLab Imaging, Shenzhen Moptim Imaging, Techno-
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Low coherence
laser source

CL
Ref. Mirror
10%

Coupler
90:10

SM fiber

90%
PC
D

Catheterendoscope

Figure 1 Schematic diagram of an endoscopic optical coherence tomography system. The endoscopic
probe is connected to the sample arm (Color online).
Light generated from a low coherence laser source
spits into two parts, the sample arm and reference arm.
Both back-reflected lights from sample and reference
arms recombine in a fiber coupler (10:90). If both backreflected reference and sample light travels the same
distance (optical) then interference will occur and the
interference signal will fed to a detector (D). Magnified
region of interest in the second image is the endoscopic
probe head, consisting primarily of an optical fiber (OCT
probe), catheter channel, elevator, video camera and
aiming light[55]. Scale bar: 10 mm.

Probe head

Air nozzle

Camera

Cuide light
OCT probe

Catheter channel
Endoscopic head

Elevator

Table 3 Comparison of different types of optical coherence tomography systems
Parameters

TD-OCT

Mechanism

Major components
Spectrum
Imaging depth
Resolution
Imaging speed
(axial scan rate)
SNR
Image quality
Sensitivity
Phase stability
Portability
System cost

SD-OCT

SS-OCT/OFDI

Interference signals are detected as a func- Interference signals are detected Spectral fringes are mapped to time domain by use of
tion of optical time delay between obj. and with a camera as a function of
a swept laser and are measured with a detector as a
ref. arm.
optical frequency
function of time
Broadband laser, optical delay line and a Broadband laser, spectrometer
Tunable laser, digitizer and a balanced detector
detector
and camera
800 nm, 1000 nm, 1300 nm
800 nm, 1000 nm, 1300 nm
800 nm, 1000 nm, 1300 nm
1-3 mm
1-3 mm
1-3 mm
1-10 µm
1-10 µm
≥ 10 µm
Slow (≤ 5 kHz)
Fast (20-150 kHz)
Fairly fast (20-400 kHz)
Low
Moderate
Low (70-90 dB)
Low
Yes
Low

High
Fairly high
High (85-105 dB)
High
Yes
High

High
High
High (≥ 100 dB)
Moderate
Yes
Moderate

SNR: Signal-to-noise ratio; dB: Decibel; TD-OCT: Time domain OCT; SD-OCT: Spectral-domain OCT; ODFI: Optical frequency domain imaging; SS-OCT:
Swept source OCT.

in a study[58,60], post-mortem[56] and in vivo and ex vivo in
animals[61,63] and in vivo in ERCP-based OCT studies[2,64,65].
The SOD structure was investigated in normal and pathological conditions either in ex vivo or in vivo studies[2,58,65].

las Perfect Vision, and Carl Zeiss Meditec. Cost of an
OCT system varies with imaging engines (consisting of
an interferometer, light source, and detector) and imaging
devices (or OCT probes) and ranges from $20000-$80000.
The cost per correct diagnosis (or procedure cost) is approximately $100 (100-200).

Human pancreatobiliary duct studies: Tearney et al[56]
first performed ex vivo OCT imaging from the post-mortem
cadaveric pancreatobiliary tissue. OCT images obtained
from CBD-wall were able to identify layered structures
and could resolve the submucosa-muscularis and muscularis-adventitia boundaries. Mucosa, submucosa, muscularis propria and adventitial layers, serosa in the gallbladder
and biliary duct were visualized due to different back-

Normal pancreatobiliary ductal system
Visualization of epithelium layer structure of main pancreatic duct has been obtained from post-mortem[56] and
ex vivo in humans[57-60], while in vivo, it comes from single
study in animals[61] and another in humans[62]. Normal
biliary ductal system was investigated in humans, ex vivo
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Figure 2 In vivo optical coherence tomography image of a
normal common bile duct wall. Three recognizable layers were observed from the surface of the duct to a depth of 1 mm (Color online).
The inner single layer of epithelial (EL) cells (400-600 µm thick) is
visible as a superficial, hypo-reflective layer. The intermediate connective fibro-muscular (FM) layer surrounding the epithelium is visible
as a hyper-reflective layer (350-480 µm thick) and the outer connective layer (CL) is visible as a hypo-reflective layer with longitudinal
relatively hyper-reflective strips (smooth muscle fibers)[58]. White scale
bar: 150 µm.

EL
EL
FM

FM

CL

CL

Figure 3 In vivo optical coherence tomography image of a normal
main pancreatic duct wall compared with histology. Three recognizable layers were observed from the surface of the duct to a depth
of 1 mm (Color online). The inner single layer of epithelial (EL) cells
(400-800 µm thick) is visible as a superficial, hypo-reflective layer. The
intermediate, connective fibro-muscular (FM) layer surrounding the
epithelium, is visible as a hyper-reflective layer (350-600 µm thick).
The outer connective-acinar (CL) structure close to the ductal wall epithelium is visible as a hypo-reflective layer[58]. White scale bar: 150 µm
(right image).

EL
EL

FM

FM

CL

CL

FM

FM

CL

Figure 4 In vivo optical coherence tomography image of a normal
sphincter of Oddi wall. Three recognizable layers were observed
from the surface of the duct to a depth of 1 mm (Color online). The
inner single layers of epithelial (EL) cells are visible as a superficial,
hypo-reflective layer (400-800 µm thick). The intermediate connectivemuscular (FM) layer surrounding the epithelium is visible as a hyperreflective layer (250-400 µm thick). The outer connective layer (CL)
is visible as a hypo-reflective layer with longitudinal relatively hyperreflective strips (smooth muscle fibers). Within intermediate and outer
layer, vessels could be visualized (marked with arrows) as nonreflecting areas. The boundaries between the intermediate and outer layers
are not clearly recognizable due to irregular distribution of the connective and muscular structure[59]. White scale bar: 150 µm.

EL

EL

CL

surrounding the epithelium. The outer layer is less definite and corresponds to the smooth muscular structure
within a connective tissue in the CBD and at the level of
the SOD, and connective-acinar structure in the MPD.
The inner hypo-reflective layer showed a mean thickness of 500 µm (range: 400-800 µm). Layer thickness,
surface roughness and reflectance of inner layer were not
substantially differing in CBD, MPD and SOD. Thickness of the intermediate hyper-reflective layer (about 400
µm) is substantially similar to MPD and CBD, whereas
it reduces by 25% at the level of SOD[55]. Tiny, multiple,
nonreflective areas can be appeared within the intermediate MPD layer and at the level of SOD (Figures 3 and
4). The outer hypo-reflective layer was recognizable up
to a depth of about 1 mm (focus distance of the OCT
probe) from the lumen. Multiple, smooth-muscle longitudinal strips appeared within hypo-reflective layer at
the level of CBD and SOD and were particularly more

scattering characteristics within each layer. For example,
submucosa and/or muscularis layers showed higher intensities and regular scattering pattern than the adventitial
layer, most likely due to the presence of adipose tissue
into the adventitial layer. The tissue microstructure, such
as secretions within individual glands (glandular structure), and cross-sectional imaging of islets Langherans
cells were visualized. The pancreatic duct appeared as a
highly backscattering band near the lumen of the tissue
and the pancreatic stroma was seen beneath the pancreatic duct.
Testoni et al[58,59,62,66] further studied in vivo MPD, CBD
and SOD wall structures with OCT. Three different layers (Figures 2-4) were recognized from the surface of
the duct to a depth of about 1 mm. The inner layer defined from the surface to the lumen, consisting of single
layers of epithelial cells. The intermediate layer is homogeneous, consisting of connective fibro-muscular layer
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A

B

C

D

Figure 5 Magnified optical coherence tomography images. A: Sections with normal main pancreatic duct (MPD) wall; B: The presence of chronic pancreatitis; C:
Low-grade dysplasia; D: Adenocarcinoma. Three differentiated layer architecture with a linear, regular surface, and a homogeneous back-scattered signal from each of
the layer was observed in the normal condition. In the presence of chronic pancreatitis the optical coherence tomography (OCT) image still showed three-layer architecture, however, the inner epithelial layer appeared slightly larger than normal and the intermediate layer appeared more hyper-reflective; probably due to the presence of
the dense mononuclear cell infiltrate. In the presence of dysplasia, OCT image showed thickened, strongly hypo-reflective and hetero-geneous inner MPD layer. Irregular
surfaces were observed in the whole MPD structure. None of these layers were recognizable in the presence of adenocarcinoma[66]. Scale bar: 200 µm (Color online).

was first investigated by Testoni et al[59,60] in humans in
two ex vivo studies. MPD chronic inflammatory changes
showed a conserved, three-layer architecture. However,
the inner hypo-reflective layer was slightly larger than the
normal tissue layer and the intermediate layer was more
hyper-reflective than normal condition. Additionally
back-scattered signal from each layer is more heterogeneous than the normal layer condition.
In the presence of dysplasia, OCT showed thickened,
strongly hypo-reflective and hetero-geneous inner layer
of MPD (Figure 5C). Irregular surfaces were observed
between the inner and intermediate layers. The intermediate layer is strongly hyper-reflectance, particularly
close to the inner layer. The outer layer was homogeneously hypo-reflective and did not differ from normal
condition. The agreement between OCT and histology
in chronic pancreatitis and dysplasia were 62% in these
cases. Overall, approximately one-third sections of normal wall structure and chronic inflammatory/low-grade
dysplastic changes were not distinguishable with OCT.
In the presence of adenocarcinoma, MPD wall structure with OCT is shown in Figure 5D. All three layer
structures and their linear, regular surface were not recognizable. No clear identifiable margin was seen between
connective fibro-muscular layer and acinar tissue. The
back-scattered signal was strongly heterogeneous with
multiple nonreflective areas in the disorganized pancreatic microstructure. The OCT and histology were 100%
concordant for sections with adenocarcinoma. OCT images from sections of MPD with normal tissue, tumorassociated chronic inflammation, low-grade dysplasia,
and adenocarcinoma are shown in Figure 5.
OCT can differentiate three-layer architecture in
either normal MPD or chronic pancreatitis; however,
in a neoplastic lesion the layer architecture is totally
subverted with heterogeneous light back-scattering. In
addition, OCT can distinguish non-neoplastic from neoplastic lesions of MPD and can gave 100% accuracy for

pronounced in SOD than in CBD. Furthermore, OCT
images can identify veins, arteries and/or secondary pancreatic ducts which were characterized by hypo- or nonreflective, well delimited areas.
All of these layers showed linear, regular surface and
each layer had a homogeneous back-scattered signal in
every frame. However, the differentiation between outer
and intermediate layer appeared more difficult than that
of between inner and intermediate layer. The muscular
and connective-acinar structure was visible until the focus distance (about 1 mm) of the OCT probe into the
tissue.
Other biliary ductal studies: Singh et al[61] reported in
vivo OCT images of animal (dog) pancreatic biliary ducts.
Hwang et al[63] observed the normal structures of an ex
vivo pig pancreas including small pancreatic ducts and
pancreatic acini. OCT image identified biliary duct wall
structure, features within lamina propria and some of
the surrounding fibrous tissue. But OCT could not identify the nuclei or subcellular structures and/or adjacent
structures such as blood vessels. A thin, low-scattering
superficial layer appeared on the majority of the images,
corresponding to the cuboidal epithelium. The lamina
propria appeared as highly reflecting layer underneath the
mucosal surface. Irregular reflections from layers underlying the lamina propria were from the dense connective
tissue. Low reflected peribiliary glands were viewed as
large open spaces with a single layer epithelium. The pancreatic duct in dogs has a flat mucosal layer composed of
cuboidal epithelium and virtually has no lamina propria.
OCT was able to image wall of the pancreatic duct but
not the surrounding parenchyma. The pancreatic duct
images were homogeneous and moderately reflective.
Pathological (dysplastic/neoplastic) pancreatobiliary
ductal system
Imaging pathological pancreatic ductal system with OCT
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cross-sectional OCT image of a patient with a benign
stricture. The probe is surrounded by ERCP catheter
(marked with arrow). The three-layered structure of
the biliary wall is recognizable. Figure 7B-D show images of the malignant bile duct strictures. Disorganized
layer architecture of the stricture wall which is one of
the criteria for malignancy is shown in Figure 7B. Large,
nonreflective, surface of at least 0.03 mm2 tumor vessels
were observed in Figure 7C. Malignant stricture due to
hilar metastases of an esophageal squamous carcinoma
was observed in Figure 7D.

Intrapancreatic
cholangiocarcinoma

Studies of pancreatic cysts with OCT
OCT modality shows great potential to reveal specific
morphologic features of pancreatic cysts and thus to differentiate between the interior structures of low risk (i.e.,
serous cyst adenomas) and high risk (i.e., mucinous cystic
neoplasms and intraductal papillary mucinous neoplasms)
pancreatic cysts with over 95% sensitivity and specificity[68,69]. Fresh pancreatic specimens (pancreatic cysts)
from patients were made available immediately after the
surgery and then examined with OCT. An OCT probe
was inserted into the cut surface of the pancreatic cysts.
The main characteristics of each type of cystic lesion are
shown in Figure 8.
Based on OCT images, the cysts were prospectively
divided into two groups: mucinous (i.e., Mucinous Cystic
Neoplasms and Intraductal Papillary Mucinous Neoplasms) and non-mucinous (i.e., Serous Cysts Adenomas
and others). Multiple tiny cysts with well-defined outlines are seen in low-risk (i.e., Serous Cysts Adenomas)
of pancreatic cystic lesions. Thin septae between cysts
create honeycomb appearance. The cyst content usually
appears as dark due to lack of the scattering effect. Focal intra-luminal scattering can be found in some cysts
which usually correspond to hemorrhage. In high-risk
(i.e., Mucinous Cystic Neoplasms, Intraductal Papillary
Mucinous Neoplasms) pancreatic cyst multiple small
cysts present (marked with white arrow), which may
sometime surround the main cystic cavity (marked with
red arrow). The cystic content may show some scattering
due to presence of dead epithelial cells.
The above criteria mainly based on the visual appearance of the cystic wall morphology and on the scattering
properties of the cystic fluid. Although relatively simple,
they provide a very good discrimination between serous
and mucinous pancreatic cysts. This ex vivo study suggests that OCT could be used by clinicians in future to
more reliably differentiate between benign and malignant
pancreatic cysts.

Figure 6 Adenocarcinoma (neoplasia) of the common bile duct at early
stage, detected with optical coherence tomography probe maintained
inside the endoscopic retrograde cholangiopancheatography catheter. In
the presence of Adenocarcinoma (neoplasia), optical coherence tomography
(OCT) patterns showed distorted common bile duct (CBD) wall structure (Color
online). All three-layer architecture and their linear and regular surface, normally
giving a homogeneous back-scattered signal, are not recognizable. OCT image
shows heterogeneous back-scattered signal with minute, multiple, nonreflective
areas (necrotic areas) in the highly disorganized CBD microstructure. Therefore,
epithelial structure and various biliary disorders in early-stage of cancer can be
distinguishable with OCT[67].

detection of neoplastic tissue compared with 66.7% for
brush cytology[62]. MPD layer architectures derived from
different back-scattered signals from each layer were
confirmed as a reliable OCT parameter for distinguishing non-neoplastic from neoplastic tissue. However, this
technology is unable to discriminate between a normal
MPD structure and other MPD benign lesions. Further
studies are necessary which might improve the diagnostic accuracy of OCT in this challenging imaging scenario.
OCT imaging during ERCP can identify CBD layer
structure and diagnose neoplastic lesions and/or adenocarcinoma at early stages which is usually missed by
cytology and X-ray imaging[55-67]. The normal CBD wall
shows three recognizable layers, with a linear, regular
surface and different homogeneous back-scattering of
the light[58]. These inner to outer layers are: epithelium,
connective-fibromuscular, and muscular layer in normal
CBD wall (Figure 2). However, with the presence of
neoplastic tissue, OCT patterns showed distorted CBD
wall structure with heterogeneous light back-scattering
(Figure 6). Therefore, epithelial structure and various
biliary disorders in early-stage of cancer can be distinguishable with OCT.
Arvanitakis et al[2] conducted biliary intraductal OCT
during ERCP studies in thirty-seven patients with biliary strictures and assess the potential of this method
for improving the diagnosis accuracy of the malignant
biliary strictures. This study concluded to satisfactory
accuracy levels regarding distinction between malignant
and benign strictures, especially when combined to biopsies. Based on OCT images, two malignancy criteria
were considered: (1) disorganized and subverted layer
architecture and (2) presence of large nonreflective areas compatible with tumor vessels. Figure 7A shows the
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CONCLUSION
Limitations of standard endoscopic practices are addressed by the OCT technology described in this review.
OCT identified layer structures of common bile duct,
main pancreatic duct and sphincter of oddi and could
resolve the submucosa-muscularis and muscularis-adven-
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Figure 7 Optical coherence tomography image of a patient
with a benign stricture. The three-layered structure of the
biliary wall is recognizable (Color online). A-D shows images of
malignant bile duct strictures. B: Disorganized layered structure
with unidentifiable margins and a strongly heterogeneous backscattering signal; C: Large, nonreflective areas in the intermediate layer suggesting the tumor vessels; D: Malignant stricture
due to hilar metastases of an esophageal squamous carcinoma
showing nonreflective areas and disorganized layer architecture[2].

1.0

OCT image

A

2.0

Specific OCT features

Muclnous cystic neoplasms
Large cavity cysts (over several millimeters in size, see
red arrows area), sometimes surrouned by multiple
relatively small diameter microcysts (higher than
several hundred micrometres in size see white arrows)
Well defined thick mural layer
Moderate to hight scattering in the lumen
500 µm

500 µm

B

Intraductal papillary muclnous neoplasms
Multilocular small cysts (less than 500 µm in size)
Moderate to hight scattering in the lumen
Well defined thick mural layer
Located within or very close to the pancreatic duct

500 µm

C

500 µm
Serous cyst adenomas
Multiple small cysts separated by a delicate septae
Cystic lumen not larger than 2 mm
Honeycomb appearance
Clear-lack of OCT signal in the lumen

500 µm

500 µm

Figure 8 Optical coherence tomography image. A, B: Diagnostic criteria for high-risk (i.e., Mucinous Cystic Neoplasms, Intraductal Papillary Mucinous Neoplasms);
C: Low risk (i.e., Serous Cysts Adenomas) pancreatic cysts. Multiple small cysts are marked with yellow arrow, while surrounded main cystic cavity is marked with red
arrow. Scale bar = 500 μm[69]. OCT: Optical coherence tomography.
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titia boundaries. Layers of these biliary ducts showed linear, homogeneous and regular surface; however, the difference between hypo-reflective intermediate and hyporeflective outer layer appeared more difficult than that
of between the hypo-reflective inner and intermediate
layer. Potentially, OCT shows real-time, high-resolution,
cross-sectional images, or “optical biopsies” for detecting
the early stages of pancreatiobiliary diseases. OCT can
improve the quality of images obtained during ERCP,
which may be important in distinguishing between the
neoplastic and non-neoplastic lesions. Further studies
are necessary for the proper clinical applications of this
promising method in the pancreaticobiliary duct system
and diagnosis of pancreatic cysts.
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INTRODUCTION
Common bile duct (CBD) stones are seen in approximately 7%-12% of patients who undergo cholecystectomy for symptomatic cholelithiasis and are a common
indication for referral to a biliary endoscopist[1]. They
vary in size ranging from rather small (approximately 1-2
mm) to very large (> 3 cm). Endoscopic retrograde cholangiopancreatography (ERCP) with endoscopic sphincterotomy (ES) and basket or balloon extraction are well
established therapeutic procedures for the management
of CBD stones. It is estimated that nearly 85%-95% of
all CBD stones can be managed effectively by these conventional endoscopic methods[2,3]. Failure to clear the bile
duct renders the patient vulnerable to biliary obstruction,
cholangitis and pancreatitis, thereby increasing the morbidity[4,5]. The occurrence of acute cholangitis is associated with significant mortality, especially in the elderly, underscoring the need for early intervention to clear the bile
duct of stones and to relieve the obstruction to achieve
adequate biliary drainage. Extraction of CBD stones is
one of the most commonly performed procedures by
therapeutic endoscopists. With novel advances in extraction techniques and instruments emerging routinely, it is
vital to keep abreast of the new developments in order to
improve the outcome. This review focuses on the alter-

Abstract
Endoscopy is widely accepted as the first treatment
option in the management of bile duct stones. In this
review we focus on the alternative endoscopic modalities for the management of difficult common bile duct
stones. Most biliary stones can be removed with an
extraction balloon, extraction basket or mechanical
lithotripsy after endoscopic sphincterotomy. Endoscopic
papillary balloon dilation with or without endoscopic
sphincterotomy or mechanical lithotripsy has been
shown to be effective for management of difficult to
remove bile duct stones in selected patients. Ductal
clearance can be safely achieved with peroral cholangioscopy guided laser or electrohydraulic lithotripsy in
most cases where other endoscopic treatment modalities have failed. Biliary stenting may be an alternative
treatment option for frail and elderly patients or those
with serious co morbidities.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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native endoscopic management options for the treatment
of difficult to remove CBD stones.

REVIEW CRITERIA
In July 2011, we searched MEDLINE from 1982 to
the present using the Medical Subject Headings terms
common bile duct stone, endoscopic retrograde cholangiopancreatography, difficult stone, endoscopy, and the
key word “common bile duct stone”. Full papers and
abstracts in English language were considered. Important
developments in research, reports from centers of excellence, and our own clinical experience in managing them,
form the basis of this review article.

Figure 1 Example of a three-layered mechanical lithotripsy device with
the basket, inner plastic sheath and an outer metal sheath. The stone is
captured by the basket and crushed against the outer metal sheath.

FACTORS ASSOCIATED WITH DIFFICULT
TO TREAT BILE DUCT STONES

Mechanical lithotripsy
In 1982, Riemann et al[10], first introduced mechanical lithotripsy (ML). ML is currently the most widely used technique for fragmentation of stones. Contemporary lithotripter baskets have a high breaking strengths and have
improved the success rate of ML for extraction of large
CBD stones (> 2 cm) to well over 90% without serious
complications[11]. Broadly speaking, there are two types
of baskets for ML. The type of basket used depends on
whether lithotripsy is done on an elective (“through the
scope”) basis or on an emergent basis (salvage device)
for basket impaction[12]. The ‘through the scope’ model is
typically a three-layer system with the basket, inner plastic
sheath, and an outer metal sheath (Figure 1). The stone
is captured with the basket and the outer metal sheath is
advanced to the stone which will be crushed against it.
Sometimes, unexpectedly, stone and basket impaction can
occur even during routine extraction of smaller stones.
Under such circumstances, stone fragmentation can be
done after removing the handle from the basket and the
duodenoscope from the patient. An endotriptor (a spiral
metal sheath) is introduced under fluoroscopic guidance,
over the basket wires, and the stone is crushed after connecting the bare basket wires to the crank handle (Figure
2). The broken basket and the stone are then removed.
The shaft of the endotriptor is generally shorter and
thicker than that employed in standard ML[13]. Although
basket impaction can occur with through the scope lithotripsy baskets; it is more commonly encountered with
extraction baskets, which have thinner wires and weaker
handles not suitable for fragmentation of stones.
In patients with multiple large stones, lithotripters
with a sleeve system can be employed multiple times
without withdrawal of the endoscope, facilitating stone
fragmentation[14,15].
ML has been widely used as it is a readily available,
cost effective, and simple procedure. Unfortunately the
failure rate is high especially in patients with stones greater than 2.8 cm in diameter[15]. In a retrospective study the
size of the stone was the only factor that significantly af-

Multiple factors have been postulated to govern the success or failure of endoscopic extraction of CBD stones.
In approximately 10%-15% of patients, managing biliary
stones becomes formidable primarily due to difficulties
in accessing the bile duct (periampullary diverticulum,
sigmoid shaped CBD, post-gastrectomy Billroth type Ⅱ
anatomy, Roux-en-Y-gastrojejunostomy), large number
of stones (greater than 10), large size of stones (stones
with a diameter > 15 mm which cannot be grasped with
a basket), unusually shaped stones (barrel-shaped) or location of the stones (intra hepatic, cystic duct, proximal
to strictures)[6]. In addition, endoscopic management
becomes challenging in Mirizzi syndrome, in which
stones in the cystic duct cause obstruction of the main
bile duct[7]. Kim et al[8] prospectively evaluated the factors
contributing to technical difficulty during endoscopic
clearance of CBD stones. They reported that older age
(> 65 years), previous gastrojejunostomy, larger stone
size (≥ 15mm), impaction of stones, shorter length of
the distal CBD arm (≤ 36mm), and more acute distal
CBD angulation (≤ 135 degrees) are all contributors to
technical difficulty for endoscopic removal of bile duct
stones[8].

MANAGEMENT OF DIFFICULT STONES
In high risk patients, the risks and benefits of alternative
techniques for removal of bile duct stones not amenable
to conventional endoscopic techniques must be carefully
balanced against each other and with surgery. The individual decision concerning the appropriate therapy is also
influenced by the local expertise and the availability of
the technical equipment.
CBD stones up to 1.5 cm in diameter can be extracted intact after endoscopic sphincterotomy. The rate of
successful retrieval progressively declines with increasing
size of the stone[9]. Larger stones especially those with a
diameter ≥ 2cm may need fragmentation before removal
to reduce the risk of stone impaction.
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Figure 2 Image of a mechanical lithotripter which can be used as a “salvage device” for removal of impacted
baskets.

when Koch attempted fragmentation of biliary stones using this technology[19]. Electrohydraulic Lithotripsy (EHL)
consists of a bipolar lithotripsy probe which discharges
sparks with the aid of a charge generator in an aqueous
medium. The sparks generated under water generate
high-frequency hydraulic pressure waves, the energy of
which is absorbed by nearby stones and results in their
fragmentation[20]. The shock waves can cause inadvertent
injury or perforation of the bile duct wall if the probe is
not deployed close to the stone and away from the ductal
wall. EHL can be performed under fluoroscopic guidance by using centering balloons or direct cholangioscopic vision[20]. The disadvantage of using only fluoroscopic
guidance is related to the two dimensional imaging and
the inability to confirm correct positioning of the probe.
Therefore direct visualization is frequently preferred to
avoid damage to the ductal wall[21]. A cholangioscope is
inserted through the instrument channel of the mother
scope. One or two dedicated biliary endoscopists are
needed for this procedure. Continuous irrigation with
water during the procedure generates a fluid medium for
propagation of the shock waves and in addition offers a
clear view of the stones by flushing away the debris[20].
The overall complication rate ranges from 7% to
9%[22,23], with most common complications being hemobilia, cholangitis, and less commonly, ductal perforation.
Binmoeller et al[6], in one of the earlier large studies reported that EHL was successful in 63 of the 64 patients
who had failed previous attempts of ML. Smaller published studies report stone fragmentation rates between
77%-100% for peroral EHL with minimal complications[22,24-28]. Arya et al[23], reported a stone fragmentation rate of 96% and final stone clearance of 90%. In a
retrospective study of 94 patients who had failed stone
extraction by conventional techniques, Hui et al[29], compared the outcomes of EHL with further endoscopy to
stenting alone in a subset of elderly and infirm patients.
They demonstrated that EHL and further ERCPs had a
higher success rate (80%) with a low complication rate
(7.7%) and recommended that elderly and frail patients
should be referred to tertiary centers for EHL in order to
prolong survival and decrease biliary complications[29].
The EHL equipment is compact, requires no special
electricity, and is relatively inexpensive[30]. Other advantages are that the EHL procedure does not require special training or protective gear. In the United States, use
of EHL for fragmentation and removal of biliary stones
is quite common in centers with special interest in biliary
disorders.

fected the success or failure of bile duct clearance. In this
study of 162 patients, the cumulative probability of bile
duct clearance ranged from > 90% for stones with a diameter less than 10 mm to 68% for those greater than 28
mm in diameter (P < 0.02)[15]. A subsequent prospective
study by Garg et al[16] however reported that stone size
alone may not be important unless considered together
with the diameter of the bile duct. They concluded that
the only important predictive factor that compromised
the success of mechanical lithotripsy was stone impaction
in the bile duct, with either an inability to pass the basket
proximal to the stone or a failure of the basket to open
fully around the stone to allow it to be grasped properly[16]. Although stone composition was not included in
the study by Leung et al[12], some endoscopists believe that
stones that are hard and densely calcified (visualized on
a plain radiograph) resist mechanical fragmentation, resulting in an extraction failure with standard baskets. Although the stones which are molded to the shape of the
bile duct may be softer, they are more difficult to crush
because they may not be easily engaged by the lithotripter
basket[12].
A multi-center study reported the rate of complications associated with ML to be around 3.6%[13]. Among
the spectrum of complications, basket impaction or
fracture of the basket wire are uniquely associated with
ML. Non-surgical interventions that have been utilized in
this setting include extension of sphincterotomy, awaiting
spontaneous passage of the impacted basket and stone
after successful stent placement, use of a second lithotripter, extracorporeal shock wave lithotripsy (ESWL),
laser lithotripsy, electrohydraulic lithotripsy, and transhepatic lithotripsy and stone dislodgement[13-18]. Other
complications include broken handle and perforation or
injury to the bile duct[13-18].
In about 10% of the patients ML proves to be cumbersome, protracted and ineffective[6] wherein one has
to resort to other methods such as electrohydraulic, or
laser lithotripsy for stone fragmentation and subsequent
removal.

Laser lithotripsy
In laser lithotripsy (LL), laser light at a particular wavelength is focused on the surface of the stone to induce
a wave-mediated fragmentation. The pulsed laser energy
utilized in stone fragmentation is in contrast to the continuous laser energy used in tumor ablation[7]. The first
successful use of pulsed laser for shock-wave lithotripsy
of bile duct stones was reported in 1986[31]. Since then

Electrohydraulic lithotripsy
Initially used as an industrial tool for fragmenting rocks
in mines, its application was extrapolated to medical use
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biliary stones are radiolucent and are not adequately
visualized by fluoroscopy alone, placement of a nasobiliary tube for contrast instillation is required if ESWL is
performed under fluoroscopy. In case of first generation lithotripters, the patients needed to be immersed
in a water bath. Subsequent ESWL lithotripters employ
water-filled compressible bags and a gel is applied to the
skin surface for interface with the patient. Comparison
between the lithotripters at a single center showed no
significant difference in fragmentation of CBD stones[40].
General anesthesia is usually needed as the discomfort
produced may not be adequately controlled by conscious
sedation. The critical determining factor for success of
single ESWL session is stone size and microcrystalline
structure and architecture of the stone[41,42]. The presence or absence of bile duct stenosis can also influence
the success of ESWL[43]. Sauerbruch et al[44], reported the
efficacy of ESWL in achieving CBD stone fragmentation in over 90% of patients with minimal side effects.
In most institutions that already have access to ES
WL for treatment of renal calculi, no other purchases of
equipment needs to be made. For ESWL direct contact
with the calculi is not needed, and multiple stones can be
managed simultaneously[41]. ESWL can be of particular
help in patients with abnormal anatomy such as those
who have undergone Billroth-Ⅱ or Roux-en-Y surgeries
in whom endoscopic access to the major papilla is difficult.
Although in general ESWL is tolerated well, it can be
associated with adverse events such as transient biliary
colic, subcutaneous ecchymosis, cardiac arrhythmia, self
limited hemobilia, cholangitis, ileus and pancreatitis[7,45].
Perinephric hematoma, biliary obstruction, bowel perforation, lung injury and splenic rupture are among the
rarely reported complications[42]. Multiple ESWL sessions may be required in a subset of patients to achieve
ductal clearance, and endoscopic procedures between the
ESWL sessions may become necessary to clear the bile
duct of debris to assure drainage. The recurrence rate of
CBD stones after ESWL clearance during a 1 to 2 year
follow up was considerable and was around 14%[45,46].
In a randomized trial comparing fluoroscopic guided
ESWL and LL, LL was preferable not only for successful stone free rate (73% vs 97%), but also in terms of the
number of sessions needed to clear the duct (3 in ESWL
vs 1.2 in LL) and the duration of treatment[30]. Another
randomized trial comparing ultrasound guided ESWL
and laser lithotripsy in the treatment of CBD stones
refractory to conventional treatment clearly showed superior stone clearance rate and cost effectiveness in laser
lithotripsy (52.4% vs 82%)[40]. However, a prospective
trial comparing EHL vs ESWL showed no difference in
success rates for clearing the CBD, duration and cost of
hospitalization between the two modalities[24].
In the United States, ESWL is rarely performed for
management of biliary stones and most centers prefer
cholangioscopy-guided LL or EHL for this purpose.

Figure 3 Laser lithotripsy of a bile duct stone under cholangioscopic
guidance.

the technology has evolved and other laser types such as
neodymium: yttrium-aluminum-garnet (Nd: YAG), flash
lamp-pulsed dye (coumarin), the flash lamp-pulsed dye
(rhodamine) with an automatic stone recognition system
and the new Frequency Doubled Double Pulse Nd:YAG
(FREDDY) system have been introduced[32-35]. LL is typically performed perorally under cholangioscopic or fluoroscopic guidance or by the transhepatic approach. As
with EHL, LL under direct visualization using a cholangioscope is often preferred to avoid damage to the ductal
wall (Figure 3).
Based on some reports, ductal clearance can be accomplished in 64% to 97% of patients by using[7,36] LL.
In the majority of patients ductal clearance could be
achieved in one session, although more sessions were
required occasionally. LL has been demonstrated to be
more effective than ESWL in terms of stone clearance
rate and more rapid stone fragmentation with a shorter
duration of treatment leading to a significant reduction
in cost[37,38]. In some centers where the laser equipment is
available, laser lithotripsy has gained popularity and has
managed to replace EHL as the primary modality for
fragmentation of difficult to remove stones.
A recent innovation worth mentioning is the introduction of a double-lumen basket which allows passage
of a laser probe for effective laser lithotripsy after the
stone is captured by the basket[39]. For a selected group
of patients, this technique was shown to be feasible and
effective, and the authors hope that continuous improvements in designs and construction materials would further enhance the success rate of this device.
Extracorporeal shockwave lithotripsy
In ESWL, high-pressure shock waves are generated outside the body (extracorporeal) by underwater spark gap
(electrohydraulic) generated by piezoelectric crystals or
electromagnetic membrane technology[30]. The shock
waves are focused by elliptical transducers to the designated target through a liquid or tissue medium which
prevents the energy attenuation. ESWL is performed
under ultrasound or fluoroscopic guidance. Since most
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copy has several advantages. It offers a single operator
platform, digital image quality and simultaneous irrigation
and therapeutic capabilities. The most profound disadvantage of DPOC, however, is the difficulty associated
with traversing the biliary sphincter to gain access to the
bile duct. This is mainly due to looping of the ultraslim
upper endoscope in the stomach or in the duodenum.
To enhance the success rate of DPOC, specialized accessories or techniques are needed to advance the ultra slim
endoscope into the proximal biliary system.
Larghi and Waxman[52] reported their experience in
which the ultraslim upper endoscope was inserted with
the aid of a guidewire placed during ERCP to maintain
access. Additional use of manual pressure applied on the
patient’s abdomen has been shown to ease the passage
of the ultraslim endoscope into the hilar area in some
patients[53]. The main drawback encountered with passage of an ultraslim upper endoscope over a guidewire
for gaining access to the bile duct is the dislodgement
of the guidewire from the bile duct and also large loop
formation hindering the entrance of the endoscope
into the biliary system. Moon et al[54] demonstrated the
ropeway technique using an intraductal balloon that can
be anchored within an intrahepatic bile duct to advance
an ultraslim upper endoscope into the biliary tree for
performance of DPOC. However, withdrawal of the
balloon may cause technical difficulties in maintaining
access which underscores the need for other accessories
to maintain the scope’s position within the bile duct. The
same group also reported use of an overtube balloon
originally designed for double balloon enteroscopy to facilitate the introduction of an ultraslim upper endoscope
into the biliary tree[55]. However the large inner diameter
of the overtube (10.8 mm) compared to the outer diameter of the ultraslim upper endoscopes (5.2-6 mm), makes
it difficult to manipulate both instruments and results in
discomfort to the patient, looping of the endoscope in
the duodenum, and difficulty in reaching the proximal
bile duct[55,56].
In a recent study, we assessed utility of a novel anchoring balloon for performance of DPOC. Use of the
anchoring balloon allowed consistent access to the biliary tree for performance of diagnostic and therapeutic
DPOC distal to the confluence of the right and left
hepatic ducts. More proximal access, however, was challenging owing to looping of the ultraslim endoscope after
balloon removal.
Efforts are underway to develop the combined use
of an intraductal anchoring balloon and an overtube especially designed for DPOC. Very recently, air embolism
was reported following DPOC, resulting in a left sided
hemiparesis[57]. Endoscopists must be conscious of the
fact that air embolism could remain asymptomatic, as in
regional embolism (portal venous gas) or manifest as hypoxia, shock, cardiac arrest or cerebral ischemia as noted
in this case[57].
Once the hurdle of introducing an ultraslim upper
endoscope into the bile duct has been overcome, a laser

Figure 4 Direct peroral cholangioscopy guided laser lithotripsy of a bile
duct stone. The red laser light makes targeting of the stone easier).

Cholangioscopy-guided lithotripsy
EHL or LL is ideally performed under direct visual
control using a cholangioscope. The traditional cholangioscopy systems consist of a duodenoscope (also called
“mother scope”) and a dedicated cholangioscope (also
called “baby scope” or “daughter scope”) which is introduced into the bile duct through the accessory channel
of the mother scope. The baby scope itself has an instrument channel through which the EHL or laser probe is
introduced. Peroral cholangioscopy guided EHL or LL is
cumbersome and can be labor intensive requiring an additional endoscopic unit and often participation of two
skilled endoscopists, one to handle the duodenoscope
and the other to maneuver the cholangioscope. The traditional cholangioscopes are capable of only 2-way steering, which may limit the field of view. These cholangioscopes are also extremely vulnerable to damage, requiring
frequent expensive repairs. Furthermore, sharp angulations in the biliary tree may limit access into intrahepatic
ducts or the cystic duct[47].
To negate these limitations, the Spyglass Direct Visualization System (Boston Scientific Corp, Natick, Mass)
was designed for single operator examination of the
bile ducts, 4-way steering, and dedicated irrigation channels[48,49]. In a large international multicenter study conducted at 10 centers in the United States and 5 centers
in Europe, ductal clearance was successfully achieved in
71% of the patients using the Spyglass cholangioscopy
system[50]. Despite its effectiveness, the spyglass system
has been underutilized mainly due to its fiber optic image
quality which is inferior to the video image quality offered by the new videocholangioscopes[51].
Direct peroral cholangioscopy
In direct peroral cholangioscopy (DPOC), an ultraslim
upper endoscope is maneuvered across the biliary sphincter and into the bile duct for direct observation. With the
introduction of high-definition ultraslim endoscopes with
narrow band imaging capability, direct peroral cholangioscopy has gained popularity. This is mainly due to the
many advantages of this technique. Compared to ductoscopy using a dedicated cholangioscope, direct cholangios-
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in whom a full sphincterotomy cannot be successfully
achieved.
Some authors have suggested that the stone recurrence rate may also be higher with EPBD than with endoscopic sphincterotomy and mechanical lithotripsy[69].
However the results of a Japanese multicentric trial with
a mean follow up of 6.7 years demonstrated that there
is lesser risk of stone recurrence following EPBD when
compared with sphincterotomy[70]. Further, a recent metaanalysis which included 15 randomized trials comparing
EPBD and endoscopic sphincterotomy showed reduced
risk of bleeding and infections and is especially indicated
in older patients, those who are at risk for infection and
coagulopathy[71]. Despite its effectiveness, EPBD has
been associated with serious complications[63]. A higher
risk of post ERCP pancreatitis has been observed which
has been attributed to the inadequately loosened sphincter of Oddi and the intra mucosal hemorrhage and inflammation/edema around the papilla. This may cause
compression of the pancreatic duct and may accentuate
the risk of pancreatitis[72]. In this regard, a randomized
controlled trial demonstrated that a 5-min dilation time
as opposed to the conventional 1-min time resulted in an
adequately loosened sphincter of Oddi and consequently
reduced the risk of post ERCP pancreatitis and improved
its efficacy[73]. The rate of these complications can be
reduced by strict patient selection, avoidance of forced
procedures, optimal dilation duration and immediate
conversion to an alternative procedure if any difficulty is
encountered during EPBD.

Figure 5 Large diameter papillary balloon dilatation to remove bile duct
stone.

or an EHL probe can easily be passed through the working channel of the ultraslim endoscope. Stones can be directly visualized before and during lithotripsy by DPOC
(Figure 4). Lithotripsy is performed using this technique
until the stones are satisfactorily fragmented to allow
removal through the biliary sphincter. In a small study
with 18 patients who had failed conventional endoscopic
therapy including ML, DPOC guided EHL or LL was
successful in approximately 90% of the patients with an
average of 1.6 treatment sessions per patient[58].
Specialized ultraslim upper endoscopes are being designed to facilitate access to the biliary tree for DPOC[59].
Ultraslim upper endoscopes can be passed through the
nasal cavity for performance of DPOC. Direct transnasal
cholangioscopy has been reported for successful extraction of CBD stones[60].

Endoscopic biliary stenting
In very old patients and those with serious co-morbidities
where other endoscopic or surgical procedures may confer unacceptably high risks, endoscopic biliary stenting
is a useful alternative[69]. Biliary drainage by stenting is
mandatory if ductal clearance cannot be achieved during
ERCP or in between procedures in patients who require
more than one session for ductal clearance. CBD stones
have been reported to reduce in size in 60% of patients
within one to two years after biliary stenting[69].
Mechanical irritation of the stent on the stone is postulated to be one of the mechanisms.
In a study involving 28 geriatric patients with CBD
stones refractory to conventional endoscopic removal,
endoscopic biliary stent placement combined with oral
ursodeoxycholic acid and terpene therapy for a mean
of six months led to significant reduction in the size of
CBD stone[74]. Subsequently, endoscopic stone removal
was successfully performed in 26 of 28 patients with a
mean of 1.7 ERCP procedures. This combination therapy may be of use for treatment of difficult to remove
CBD stones in a subset of patients with significant comorbidities and intolerance to prolonged endoscopic
treatment modalities.
In conclusion, the past several years have witnessed
the emergence of new technologies and techniques for
management of difficult to remove biliary stones. Treat-

Endoscopic papillary balloon dilatation
Endoscopic papillary balloon dilation (EPBD) was introduced as an alternative to endoscopic sphincterotomy
for removal of bile duct stones in 1980’s[61]. In an initial
report involving 10 patients with CBD stones, biliary
sphincteroplasty to 15 mm allowed removal of CBD
stones in 6 patients[61]. In the other 4 patients, ductal
clearance required a combination of biliary sphincterotomy and mechanical lithotripsy. The use of large diameter
papillary balloon dilatation (up to 20 mm in diameter)
for management of difficult to remove biliary stones was
reported by Ersoz et al[62] in 2003. They reported a high
success rate for stone removal. However, their complication rate was also high. Several reports have suggested
that EPBD is associated with risk of severe pancreatitis
which raises safety concern of this procedure[61,63]. In our
institution, we use EPBD selectively and try to avoid its
use in those with high risk of post ERCP pancreatitis
(Figure 5).
Since those initial reports, multiple studies have
shown that EPBD alone or in combination with other
techniques can be of use for management of difficult
to remove biliary stones[62-68]. EPBD is especially attractive in patients who are at risk for bleeding after endoscopic sphincterotomy or in those with altered anatomy
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ment of such stones is generally accomplished using a
multimodal approach combining conventional techniques
such as endoscopic sphincterotomy, use of extraction
balloons and baskets and mechanical lithotripsy, with
newer techniques such as cholangioscopy guided laser
or electrohydraulic lithotripsy. Recent advances in the
development of videocholangioscopes, single operator
catheter-based cholangioscopes and specially-designed
ultrathin upper endoscopes for DPOC have made lithotripsy under direct visual guidance safer, more reliable,
and more routine. Future studies will certainly shed more
light on the safety of different modalities for stone extraction and will help determine the best management
approach for different subgroup of patients with difficult
to remove bile duct stones.
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Endoscopic papillary large balloon dilation for the removal
of bile duct stones
Jin Hong Kim, Min Jae Yang, Jae Chul Hwang, Byung Moo Yoo
overall success rate was 96.5% in EPLBD with EST and
97.2% in EPLBD without EST, showing no significant
difference between both of them. The initial success
rate (84.0% vs 76.2%, P < 0.001) and the success
rate of EPLBD without EML (83.2% vs 76.7%, P =
0.001) was significantly higher, while the rate of use
of EML was significantly lower (14.1% vs 21.6%, P
< 0.001), in EPLBD with EST. The rate of overall adverse events, pancreatitis, bleeding, perforation, other
adverse events, surgery for adverse events, and fatal
adverse events were 8.3%, 2.4%, 3.6%, 0.6%, 1.7%,
0.2% and 0.2% in EPLBD with EST and 7.0%, 3.9%,
1.9%, 0.5%, 0.7%, 0% and 0% in EPLBD without EST,
respectively, showing no significant difference between
both of them. In conclusion, recent accumulated results
of EPLBD with or even without EST suggest that it is a
safe and effective procedure for the removal of large or
difficult bile duct stones without any additional risk of
severe adverse events, when performed under appropriate guidelines.
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Abstract
Endoscopic papillary large balloon dilation (EPLBD)
with endoscopic sphincterotomy (EST) has been widely
used as the alternative to EST along with endoscopic
mechanical lithotripsy (EML) for the removal of large or
difficult bile duct stones. Furthermore, EPLBD without
EST was recently introduced as its simplified alternative
technique. Thus, we systematically searched PubMed,
Medline, the Cochrane Library and EMBASE, and analyzed all gathered data of EPLBD with and without EST,
respectively, by using a single standardized definition,
reviewing relevant literatures, published between 2003
and June 2013, where it was performed with largediameter balloons (12-20 mm). The outcomes, including the initial success rate, the rate of needs for EML,
and the overall success rate, and adverse events were
assessed in each and compared between both of two
procedures: “EPLBD with EST” and “EPLBD without
EST”. A total of 2511 procedures from 30 published articles were included in EPLBD with EST, while a total of
413 procedures from 3 published articles were included
in EPLBD without EST. In the results of outcomes, the
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Core tip: We systematically analyzed all gathered data
of endoscopic papillary large balloon dilation (EPLBD)
with and without endoscopic sphincterotomy (EST), respectively, by using a single standardized definition, to
evaluate their outcomes, reviewing relevant literatures.
Thirty studies involving 2511 procedures of EPLBD with
EST and 3 studies involving 413 procedures of EPLBD
without EST were enrolled in this review. The results
of EPLBD with or even without EST suggest that it is a
safe and effective procedure for the removal of large or
difficult bile duct stones without any additional risk of
severe adverse events, when performed under appro-
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under title and abstract with the search terms “large balloon”, “balloon dilation”, “sphincteroplasty” and “endoscopic papillary large balloon dilation” by means of
the commonly used online databases; PubMed, Medline,
the Cochrane Library and EMBASE. After reviewing the
corresponding abstracts of the retrieved articles, those
that showed relevance to this review were downloaded in
full text. Additional articles were then searched by tracing
back on their references. Details of literature search and
evaluation process are shown in Figure 1.
The following inclusion criteria were employed in this
review: (1) original articles about clinical trials in humans
published between 2003 and 2013 June, since EPLBD
was first reported on in 2003[21]; (2) the language filtering
system was not used in online databases; (3) EPLBD performed with large-diameter balloons (12-20 mm) whether
preceding EST was done or not; and (4) EPLBD performed when the standard balloon and basket techniques
after EST failed even though the stone size was under
10 mm. Exclusion criteria of patients or articles were as
follows: (1) review articles[54-58], editorial letters[59-63], case
reports[64-68], case series[69] and preliminary reports[70]; (2)
articles which included EPBD with a dilating balloon less
than 12 mm in diameter[52,53,71-76]; (3) articles about clinical
trials on only patients with surgically altered anatomy of
the upper gastrointestinal tract, such as Billroth II surgery
and Roux-en-Y anastomosis[77-82]; (4) articles where data
extraction were not possible[83-86]; and (5) articles which
contained duplicated patient data from another publication[87].
Patient data from the relevant articles was independently extracted by two reviewers and is as follows;
baseline clinical characteristics of the patients, study
design, study inclusion criteria, a history of gastrointestinal surgery, periampullary diverticulum, largest stone
size, range of stones, number of stones, treatment naïve,
performance of EST, size of EST, prior EST, balloon
diameter, time duration of inflated balloon, initial success
rate, success rate of EPLBD without EML, rate of use
of EML, overall success rate, number of sessions needed
for complete stone removal, rates of adverse events and
rate of surgery and mortality due to adverse events. An
article of a large scaled multicenter study[43], that included
our institute, where the data of both the patients who
had EPLBD with EST and those without EST were calculated as one, was re-analyzed using its raw data in order
to re-group both of them separately. Any discrepancies
between the two reviewers’ results were resolved through
discussion.

priate guidelines.
Original sources: Kim JH, Yang MJ, Hwang JC, Yoo BM. Endoscopic papillary large balloon dilation for the removal of bile duct
stones. World J Gastroenterol 2013; 19(46): 8580-8594 Available from: URL: http://www.wjgnet.com/1007-9327/full/v19/
i46/8580.htm DOI: http://dx.doi.org/10.3748/wjg.v19.i46.8580

INTRODUCTION
Ever since its introduction in 1974[1,2], endoscopic sphincterotomy (EST) has become the standard procedure
for the removal of common bile duct stones. However,
it still runs the risk of various adverse events, such as
bleeding, perforation, pancreatitis and cholangitis[3-6], and
large bile duct stones may require endoscopic mechanical
lithotripsy (EML) as an adjunctive procedure to facilitate
stone clearance[7-11]. Endoscopic papillary balloon dilation (EPBD) was first proposed as an alternative to EST
in 1982[12]. Initially it was widely performed in the belief
that it had more advantages over EST such as the reduction of bleeding and perforation risks and functional
preservation of the biliary sphincter[13-17]. However, it has
been proven that EPBD is significantly less successful
in removing bile duct stones compared to EST, because
dilating balloons with a range of 6- to 10-mm in diameter
are inadequate in achieving an ampullary opening wide
enough[18,19]. More importantly the risk of pancreatitis
is significantly higher than EST to the extent of an increased mortality rate[7,18,20].
Endoscopic papillary large balloon dilation (EPLBD)
combined with EST was initially introduced to facilitate
in the removal of large bile duct stones in 2003[21], where
large-diameter balloons (12- to 20-mm balloon) are used
to remove large or difficult bile duct stones[22-26]. It was
initially presumed that this new technique would cause
higher incidence rates of potential serious adverse events
such as pancreatitis and bile duct perforation[27-31]. However, recent results on EPLBD with EST have quashed
these presumptions[32-36], therefore it is rapidly and widely
being adopted as a useful technique for the removal of
large or difficult bile duct stones[37-50]. As an alternative
technique, EPLBD without EST was formally incorporated as a simplified technique in 2009[51]. A number of
studies have recently been conducted in South Korea
and Taiwan[43,45,52,53], concurring that it is also as safe and
effective in patients with large bile duct stones without
any additional risk of severe pancreatitis or perforation.
Nevertheless, it was very difficult to get a precise analysis
of the outcomes of EPLBD, because the results from
each article were based on different definitions. Thus, we
analyzed all gathered data of EPLBD with and without
EST, respectively, by using a single standardized definition, reviewing relevant literatures.

DEFINITION
Because data from each article, such as size of EST, initial
success rate, success rate of EPLBD without EML, rate
of use of EML, overall success rate, and rate of adverse
events, was based on different definitions, we re-analyzed
all gathered data by using a single standardized definition,
in order to get a precise analysis of the outcomes. The
size of the EST used before performing EPLBD was
classified into 2 groups based on the extent of ampullary

LITERATURE SEARCH AND REVIEW
A search of literatures on EPLBD was initially performed
WCG|www.wjgnet.com
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Potentially relevant articles identified through online database
searching (n = 357)

Irrelevant titles or abstracts were excluded
(n = 290)

Figure 1 Flow-chart of literature
search and evaluation.1Data from
one article of a large scaled multicenter study was re-grouped into two;
endoscopic papillary large balloon
dilation with and without endoscopic
sphincterotomy, and the outcomes
were re-analyzed separately.

Articles retrieved for evaluation
(n = 67)

Excluded (n = 35):
Review articles, editorial letters (n = 10)
Case reports, case series, preliminary reports (n = 7)
Articles included EPBD with a balloon < 12 mm in diameter (n = 8)
Clinical trials on only patients with surgically altered anatomy (n = 6)
Data extraction not possible (n = 3)
Articles which were duplicated publications (n = 1)

Articles included in this review
1
(n = 32 )

incision: (1) “large” if EST was completed to anywhere
between two-thirds of the total length of the ampulla
and up until the major horizontal fold crossing the intramural portion of the bile duct or if the extent of EST was
described under such terms as “full incision EST”[40,46], “fullEST”[43], “maximum EST”[23], “major EST”[49], “complete
EST”[29], “standard EST”[30,36] or “normal EST”[44]; and
(2) “limited” if EST was made from the orifice of the
ampulla proximally up to, but no exceeding two-thirds
of the ampulla or if the extent of EST was described under
such terms as “mid-incision EST”[22,28,38], “medium EST”[28],
“middle EST”[48], “mid-EST”[43], “small EST”[24,42], “minor
EST”[25] or “limited EST”[41,47,48].
Initial success was defined as complete bile duct
stone clearance when only one session of EPLBD was
performed whether EML as an adjunctive procedure was
used or not. Overall success was defined as overall complete bile duct stone clearance by using EPLBD whether
EML as an adjunctive procedure was used or not, with
the exception of using other lithotripsies such as electrohydraulic lithotripsy and laser lithotripsy, irrespective
of the number of EPLBD sessions. Success of EPLBD
without EML was defined as complete stone clearance
without the assistance of EML by using EPLBD irrespective of the number of EPLBD sessions. The rate
of use of EML was defined as the rate for using EML
as an adjunctive procedure to remove bile duct stones in
all cases irrespective of the number of EPLBD sessions.
Adverse events were classified and graded according to
the consensus criteria proposed by Cotton et al[3].

significance of difference for categorical variables was determined using either chi-square test or Fisher’s exact test
and a logistic regression analysis was performed for multiple comparisons in the statistically significant categorical
variables that have more than two subgroups. Quantitative data were analyzed by either unpaired Student’s t test
or Mann-Whitney test, and presented as the mean ± SD.
A P value below 0.05 was regarded as statistically significant.

EPLBD COMBINED WITH EST
A total of 2511 procedures in 2503 patients were included in this review from 30 published original articles, made
up of 23 retrospective studies, 4 prospective studies and
3 prospective randomized controlled studies. The baseline clinical characteristics of the patients are described in
Table 1. Periampullary diverticulum, which was provided
in 25 studies, was noted in 36.7%. Prior EST, which was
provided in 28 studies, was done in 20.2%. Patients with
surgically altered anatomy of the upper gastrointestinal
tract, such as Billroth Ⅰ or Ⅱ surgery and Roux-en-Y
anastomosis were included in 2.4% from 20 studies.
Patient outcomes
Based on the size of EST, EPLBD was performed in 10
studies mainly when stone removal had failed with the
standard techniques after a large EST, in 13 studies after
a limited EST mainly if it is speculated that the stone size
is too large to be removed using the standard techniques,
in 4 studies without additional EST if they had a previous history of EST, and in one multi-center study after
variable sizes of EST. Twenty four studies described time
duration of inflated balloon using a dilating balloon with
a diameter of 12 to 20 mm which varied from 10 to 180
s, most of which were less than 60 s with the exception

STATISTICAL ANALYSIS
Statistical analyses were done using SPSS version 18.0
software (SPSS Inc., Chicago, Illinois, United States). The
WCG|www.wjgnet.com
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Table 1 Baseline clinical characteristics of the patients undergoing endoscopic papillary large balloon dilation with endoscopic
sphincterotomy n (%)
Ref.

Study No. of procedures, Mean age,
design No. of patients
year

Ersoz et al[21]
Hwang et al[22]
Maydeo et al[23]
Minami et al[24]
Heo et al[25]
Lee et al[26]
Kim et al[27]
Lee et al[28]
Misra et al[29]
Attasaranya et al[30]
Espinel et al[31]
Itoi et al[32]
Kim et al[33]
Itoi et al[34]
Kurita et al[35]
Ghazanfar et al[36]
Kim et al[37]
Youn et al[38]
Kim et al[39]
Stefanidis et al[40]
Rebelo et al[41]
Sakai et al[42]
Park et al[43]
Poincloux et al[44]
Hwang et al[45]
Paspatis et al[46]
Rosa et al[47]
Yang et al[48]
Yoon et al[49]
Harada et al[50]
Total

R
R
P
R
RCT
R
R
R
R
R
P
R
RCT
R
R
P
R
R
R
RCT
R
R
R
R
R
RCT
R
R
P
R

58
30
60
88
100
55
35
41
50
107, 103
93
53
27
18
24
84
70
101
72
45
30
59
633
64, 62
69
124
68
171, 169
52
30
2511, 2503

NA
71.3
58.0
74.01
64.4
70.8
66.9
72.2
40.1
70.1
76.5
75.3
70.3
79.1
82.01
48.4
68.7
69.1
69.3
69.4
68.0
76.7
72.7
77.0
68.2
74.9
70.8
69.3
68.1
78.0

No. of periampullary
diverticulum
4 (6.9)
6 (20.0)
0 (0.0)
NA
49 (49.0)
16 (29.1)
9 (25.7)
21 (51.2)
NA
36 (35.0)
30 (32.2)
25 (47.2)
9 (33.3)
9 (50.0)
18 (75.0)
NA
24 (34.3)
12 (11.9)
41 (56.9)
NA
7 (23.3)
27 (45.8)
246 (39.1)
15 (24.2)
33 (47.8)
21 (16.9)
NA
73 (43.2)
19 (36.5)
23 (76.7)
773 (36.7)

Mean size of
Range of
largest stone, mm stone size, mm
NA
21.6
16.0
14.0
16.0
20.8
26.1
18.2
NA
13.01
13.4
14.8
20.8
16.7
16.51
14.7
12.5
21.8
NA
NA
17.01
15.0
15.4
NA
16.5
15.7
16.8
15.01
20.1
18.0

12-28
15-35
12-20
> 12
NA
15.4-35.5
12-50
10-45
< 15-25
10-30
5-30
10-28
15-38.3
13-21
12-33
10-32
5-30
7-52
> 10
12-20
12-30
10-28
10-38.4
NA
NA
NA
NA
10-45
12-40
10-39
5-45

Prior
EST

Altered
anatomy

14
0
0
0
0
0
14
0
0
50
42
0
0
0
24
0
70
0
0
0
4
21
NA2
0
0
NA2
0
32
52
30
353 (20.2)

0
NA
0
NA
0
B-Ⅱ:2
NA
B-Ⅱ:2, R-Y:2
NA
B-Ⅱ:6
B-Ⅱ:4
0
0
B-Ⅰ:1
NA
NA
NA
B-Ⅰ:2, B-II:3
0
0
NA
B-Ⅰ:3, B-Ⅱ:2
B-Ⅱ:20
NA
0
0
0
B-Ⅱ:1
0
NA
48 (2.4)

1

Median value; 2Studies that included patients with a history of prior endoscopic sphincterotomy, but their exact numbers were not described. EST: Endoscopic sphincterotomy; R: Retrospective; P: Prospective; RCT: Randomized controlled trial; NA: Not available; B-Ⅰ: Billroth-Ⅰ anastomosis; B-Ⅱ: BillrothⅡ anastomosis; R-Y: Roux-en-Y anastomosis.

fatal cases, were reported in 4 studies[29,30,36,43]; two were
successfully managed with angiography and surgery, respectively, and the other two had expired due to postEPLBD massive bleeding. Perforation occurred in 0.6%
(0%-2.8%). Six problematic perforations (5 duodenum
and 1 cystic duct), including 3 severe and 3 fatal cases,
were reported in 3 studies[30,43,45]; two with duodenal
perforation were successfully managed with surgery and
one with cystic duct perforation with percutaneous drainage, and the other three expired due to septic shock and
multi-organ failure (2) and cardiogenic shock (1). Other
adverse events were noted in 1.7% (0%-14.8%), including cholangitis (14), hypotension (10), pain (4), intramural
dissection (3), pneumonia (3), basket impaction (2), sepsis
(2), cholecystitis (1), injured bile duct (1), and hypoxia (1).
All of these cases were successfully managed with conservative treatment, except for all basket impaction cases
who received surgery.

of 3 studies[27,43,49] (Table 2). The initial success rate was
84.0% (range 61.9%-100%), which was provided in only
24 studies, thirteen of which studies were designed to
include cases where EML was performed along with the
first session of EPLBD. The mean number of EPLBD
sessions for complete stone clearance was 1.2. The success rate of EPLBD without EML, the rate of use of
EML, and the overall success rate, which were provided
from all 30 studies, were 83.2% (59.6%-100%), 14.1%
(0%-38.6%) and 96.5% (79.7%-100%), respectively (Table 2).
Adverse events
The overall rate of adverse events following EPLBD
with EST was 8.3% (0%-17.0%), the majority of which
were of mild to moderate severity. Adverse events were
classified as pancreatitis, bleeding, perforation, and others (Table 3), and graded accordingly to severity as found
in Table 4. Pancreatitis occurred in 2.4% (0%-13.2%), all
cases of which were of mild to moderate severity (98.4%),
except for one fatal case who had had a history of severe
pancreatitis[46]. Bleeding occurred in 3.6% (0%-8.6%),
but it mostly was of mild to moderate severity (94.5%).
Four problematic bleedings, including 2 severe and 2
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Table 2 Procedure characteristics and outcomes of endoscopic papillary large balloon dilation with endoscopic sphincterotomy

n (%)
Ref.

Size of EST

Ersoz et al[21]
Hwang et al[22]
Maydeo et al[23]
Minami et al[24]
Heo et al[25]
Lee et al[26]
Kim et al[27]
Lee et al[28]
Misra et al[29]
Attasaranya et al[30]
Espinel et al[31]
Itoi et al[32]
Kim et al[33]
Itoi et al[34]
Kurita et al[35]
Ghazanfar et al[36]
Kim et al[37]
Youn et al[38]
Kim et al[39]
Stefanidis et al[40]
Rebelo et al[41]
Sakai et al[42]
Park et al[43]
Poincloux et al[44]
Hwang et al[45]
Paspatis et al[46]
Rosa et al[47]
Yang et al[48]
Yoon et al[49]
Harada et al[50]
Total

Large
Limited
Large
Limited
Limited
Limited
Limited
Limited
Large
Large
Large
Large
Limited
Large
Prior
Large
Prior
Limited
Limited
Large
Limited
Limited
Variable
Large
Limited
Large
Limited
Limited
Prior
Prior

Balloon Duration of inflated
size, mm
balloon, s
12-20
15-18
12-20
20
12-20
15-20
12-20
13-20
15-20
12-18
12-20
15-20
15-18
15-18
15-20
15-18
12-18
15-20
12-20
15-20
12-18
12-20
12-20
15-20
12-20
15-20
12-18
12-18
12-20
15-20
12-20

20-45
30-60
30
NA
60
30-60
60-90
20-60
30-45
NA
30-45
15-30
NA
10
30
NA
20-60
30-60
30
10-12
60
NA
30-180
30-60
60
30-60
60
NA
60-120
30
10-180

Initial success
48 (82.8)
NA
57 (95.0)
87 (98.9)
83 (83.0)
NA
NA
35 (85.3)
NA
102 (95.3)1
93 (100.0)1
51 (96.2)1
23 (85.2)1
17 (94.4)
23 (95.8)
52 (61.9)
68 (97.1)
93 (92.1)1
63 (87.5)1
44 (97.7)
25 (83.3)1
49 (83.1)1
3573 (65.4)1
62 (96.9)
65 (94.2)1
NA
56 (82.4)1
163 (95.3)1
NA
29 (96.7)1
1745 (84.0)

No. of
sessions, mean

Success without
EML

1.17
NA
1.05
1.00
1.12
NA
NA
1.20
NA
1.00
1.00
1.04
1.27
1.06
1.00
1.28
1.02
1.08
1.14
1.00
1.14
1.30
1.46
1.05
1.02
NA
1.10
1.00
1.70
1.00
1.202

54 (93.1)
30 (100.0)
57 (95.0)
87 (98.9)
90 (90.0)
52 (94.5)
22 (63.1)
37 (90.3)
45 (90.0)
78 (72.9)
90 (96.8)
50 (94.3)
18 (66.7)
14 (77.8)
23 (95.8)
67 (79.7)
69 (98.6)
94 (93.1)
64 (88.9)
44 (97.7)
23 (76.7)
51 (86.4)
4844 (78.4)
61 (95.3)
51 (73.9)
102 (81.8)
55 (80.9)
102 (59.6)
36 (69.2)
27 (90.0)
2077 (83.2)

Use of EML
4 (6.9)
0 (0.0)
3 (5.0)
1 (1.1)
8 (8.0)
3 (5.5)
9 (25.7)
4 (9.8)
5 (10.0)
29 (27.1)
3 (3.2)
3 (5.7)
9 (33.3)
4 (22.2)
1 (4.2)
0 (0.0)
1 (1.4)
7 (6.9)
6 (8.3)
0 (0.0)
6 (20.0)
8 (13.6)
1234 (19.9)
3 (4.7)
18 (26.1)
4 (3.2)
10 (14.7)
66 (38.6)
12 (23.1)
3 (10.0)
353 (14.1)

Overall success
58 (100)
30 (100)
60 (100)
88 (100)
97 (97.0)
55 (100)
31 (88.6)
41 (100)
50 (100)
102 (95.3)
93 (100)
53 (100)
27 (100)
18 (100)
23 (95.8)
67 (79.7)
70 (100)
101 (100)
70 (97.2)
44 (97.7)
29 (96.7)
57 (96.6)
6024 (97.6)
64 (100)
66 (95.7)
106 (85.0)
65 (95.6)
163 (95.3)
48 (92.4)
29 (96.7)
2407 (96.5)

1

Studies which were designed to include cases where endoscopic mechanical lithotripsy was performed along with the first session of endoscopic papillary
large balloon dilation; 2Calculated by dividing total number of procedures into total number of sessions which was calculated by multiplying each mean
number of session with each number of procedures; 3Total number of procedures was 546 due to missing data; 4Total number of procedures was 617 due to
missing data. EST: Endoscopic sphincterotomy; EML: Endoscopic mechanical lithotripsy; Prior: Prior endoscopic sphincterotomy; NA: Not available.

original articles, all of which were retrospective studies.
The baseline clinical characteristics of the patients are described in Table 5. Mean age was 71.8, periampullary diverticulum was noted in 33.2% of the patients, the mean
size of the largest stone was 15.4 mm, the range of stone
size was 10 mm up to 37 mm, and patients with Billroth
Ⅱ surgery were included in 2.7%.

Adverse events
The overall rate of adverse events following EPLBD
without EST was 7.0% (2.6%-7.7%), the majority of
which were of mild to moderate severity. Adverse events
were classified as pancreatitis, bleeding, perforation, and
others (Table 7), and graded accordingly to severity as
found in Table 4. No cases of severe or fatal adverse
events were reported. Pancreatitis and bleeding occurred
in 3.9% (2.6%-6.4%) and 1.9% (0%-2.6%), respectively,
all cases of which were of mild to moderate severity.
Perforation occurred in two cases, 0.5% (0%-0.6%), both
of which were of moderate severity, which were successfully managed with conservative management. As other
adverse events, only 3 cases of mild cholangitis were reported from one multicenter study[43].

Patient outcomes
EPLBD without EST was performed using a dilating
balloon with a diameter of 12 to 20 mm in all 3 studies with time duration of inflated balloon of 30 s up to
180 s. The initial success rate was 76.2% (74.1%-91.9%),
but two of the 3 studies were designed to include cases
where EML was performed along with the first session
of EPLBD. The mean number of EPLBD sessions for
complete stone clearance was 1.27. The success rate of
EPLBD without EML, the rate of use of EML, and the
overall success rate were 76.7% (76.0%-80.6%), 21.6%
(19.4%-21.7%), and 97.2% ( 96.8%-97.4%), respectively
(Table 6).
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Table 3 Adverse events of endoscopic papillary large balloon dilation with endoscopic sphincterotomy n (%)
Ref.

Overall
AEs

Ersoz et al[21]
Hwang et al[22]
Maydeo et al[23]
Minami et al[24]
Heo et al[25]
Lee et al[26]
Kim et al[27]
Lee et al[28]
Misra et al[29]
Attasaranya et al[30]
Espinel et al[31]
Itoi et al[32]
Kim et al[33]
Itoi et al[34]
Kurita et al[35]
Ghazanfar et al[36]
Kim et al[37]
Youn et al[38]
Kim et al[39]
Stefanidis et al[40]
Rebelo et al[41]
Sakai et al[42]
Park et al[43]
Poincloux et al[44]
Hwang et al[45]
Paspatis et al[46]
Rosa et al[47]
Yang et al[48]
Yoon et al[49]
Harada et al[50]
Total

9 (15.5)
1 (3.3)
5 (8.3)
15 (17.0)
5 (5.0)
2 (3.6)
1 (2.8)
3 (7.2)
7 (14.0)
6 (5.6)
2 (2.2)
2 (3.8)
0 (0.0)
0 (0.0)
0 (0.0)
6 (7.1)
1 (2.3)
7 (6.9)
6 (8.3)
2 (4.4)
4 (13.3)
4 (6.8)
71 (11.2)
9 (14.1)
5 (7.2)
17 (13.7)
10 (14.7)
8 (4.7)
0 (0.0)
1 (3.3)
809 (8.3)

Pancreatitis
2 (3.4)
0 (0.0)
0 (0.0)
1 (1.1)
4 (4.0)
0 (0.0)
0 (0.0)
2 (4.8)
4 (8.0)
0 (0.0)
1 (1.1)
1 (1.9)
0 (0.0)
0 (0.0)
0 (0.0)
3 (3.6)
1 (2.3)
2 (2.0)
5 (6.9)
1 (2.2)
1 (3.3)
0 (0.0)
13 (2.1)
2 (3.1)
3 (4.3)
4 (3.2)
9 (13.2)
2 (1.2)
0 (0.0)
0 (0.0)
61 (2.4)

Bleeding

Perforation

Others

AE-related
surgery

AE-related
death

5 (8.6)
1 (3.3)
5 (8.3)
1 (1.1)
0 (0.0)
2 (3.6)
0 (0.0)
1 (2.4)
3 (6.0)
2 (1.9)
1 (1.1)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
3 (3.6)
0 (0.0)
2 (2.0)
0 (0.0)
1 (2.2)
0 (0.0)
1 (1.7)
48 (7.6)
5 (7.8)
0 (0.0)
6 (4.8)
0 (0.0)
4 (2.4)
0 (0.0)
0 (0.0)
91 (3.6)

0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
1 (2.8)
0 (0.0)
0 (0.0)
1 (0.9)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
1 (1.0)
0 (0.0)
0 (0.0)
0 (0.0)
1 (1.7)
7 (1.1)
0 (0.0)
1 (1.4)
2 (1.6)
0 (0.0)
1 (0.6)
0 (0.0)
0 (0.0)
15 (0.6)

2 (3.4)
0 (0.0)
0 (0.0)
13 (14.8)
1 (1.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
3 (2.8)
0 (0.0)
1 (1.9)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
2 (2.0)
1 (1.4)
0 (0.0)
3 (10.0)
2 (3.4)
3 (0.4)
2 (3.1)
1 (1.4)
5 (4.1)
1 (1.5)
1 (0.6)
0 (0.0)
1 (3.3)
42 (1.7)

0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
1 (2.0)
1 (0.9)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (1.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
2 (0.3)
0 (0.0)
2 (2.9)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
6 (0.2)

0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
1 (1.2)
0 (0.0)
0 (1.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
4 (0.6)
0 (0.0)
0 (0.0)
1 (0.8)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
6 (0.2)

AE: Adverse event.

Table 4 Comparison between endoscopic papillary large balloon dilation with and without endoscopic sphincterotomy n (%)
EPLBD with EST
No. of procedures
Mean of mean age, yr
Periampullary diverticulum
Initial success
Success without EML
Use of EML
Overall success
Overall adverse events
Pancreatitis, total; M/Mod/S/F
Bleeding, total; M/Mod/S/F
Perforation, total; M/Mod/S/F
Other adverse events
AE-related surgery
AE-related death

No. of studies

EPLBD without EST

No. of studies

P value

30
29
23
24
30
30
30
30
30
30
30
30
30
30

413
70.3 ± 2.31
122 (33.2)
285 (76.2)
306 (76.7)
86 (21.6)
388 (97.2)
29 (7.0)
16; 14/2/0/0 (3.9)
8; 7/1/0/0 (1.9)
2; 0/2/0/0 (0.5)
3; 3/0/0/0 (0.7)
0 (0)
0 (0)

3
3
2
3
3
3
3
3
3
3
3
3
3
3

0.808
0.186
< 0.001
0.001
< 0.001
0.432
0.370
0.089
0.079
1.000
0.148
1.000
1.000

2511
69.6 ± 8.61
773 (36.7)
1745 (84.0)
2077 (83.2)
353 (14.1)
2407 (96.5)
209 (8.3)
61; 51/9/0/1 (2.4)
91; 75/11/2/2 (3.6)2
15; 3/6/3/3 (0.6)
42 (1.7)
6 (0.2)
6 (0.2)

1

mean ± SD; 2One case of bleeding was not graded for severity. M: Mild; Mod: Moderate; S: Severe; F: Fatal; EPLBD: Endoscopic papillary large balloon dilation; EST: Endoscopic sphincterotomy; EML: Endoscopic mechanical lithotripsy; AE: Adverse event.

EPLBD without EML (83.2% vs 76.7%, P = 0.001) were
significantly higher in patients who received EPLBD with
EST than in those who received EPLBD without EST,
while the rate of use of EML (14.1% vs 21.6%, P < 0.001)
were significantly lower in patients who received EPLBD
with EST. Overall adverse events, pancreatitis, bleeding,
perforation, other adverse events, the rate of surgery for

EST and those who received EPLBD without EST were
summarized in Table 4. Mean age and the rate of periampullary diverticulum showed no significant difference
between both procedures. Mean number of EPLBD
session and the overall success rate were not significantly
different between both procedures, but the initial success
rate (84.0% vs 76.2%, P < 0.001) and the success rate of
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Table 5 Baseline clinical characteristics of the patients on endoscopic papillary large balloon dilation without endoscopic
sphincterotomy n (%)
Ref.

Study design

No. of
procedures

R
R
R

38
62
313
413

Jeong et al[51]
Hwang et al[45]
Park et al[43]
Total

Mean age, yr

No. of periampullary
diverticulum

Mean size of largest
stone, mm

Range of stone
size, mm

Altered anatomy

NA
16 (25.8)
106 (34.6)
122 (33.2)

17.7
15.7
15.0
15.42

12-31
12-26
10-37
10-37

0
0
B-Ⅱ:11
11 (2.7)

68
70.4
72.6
71.81

1

Calculated by dividing total number of procedures into total number of the parameter which was calculated by multiplying each mean value with each
number of procedures; 2A retrospective multicenter study where missing data are present in each analyzed variable. R: Retrospective; B-Ⅱ: Billroth-Ⅱ
anastomosis.

Table 6 Procedure characteristics and outcomes of endoscopic papillary large balloon dilation without endoscopic sphincterotomy n (%)
Ref.

Balloon
Duration of
size, mm inflated balloon, s

Jeong et al[51]
Hwang et al[45]
Park et al[43]
Total

15-18
12-20
12-20
12-20

60
60
30-180
30-180

Initial success

No. of sessions,
mean

Success without EML

Use of EML

Overall success

1.20
1.05
1.33
1.272

29 (76.3)
50 (80.6)
2274 (76.0)
306 (76.7)

9 (23.7)
12 (19.4)
654 (21.7)
86 (21.6)

37 (97.4)
60 (96.8)
2914 (97.3)
388 (97.2)

25 (65.8)
57 (91.9)1
2033 (74.1)1
285 (76.2)

1

Studies which were designed to include cases where endoscopic mechanical lithotripsy was performed along with the first session of endoscopic papillary
large balloon dilation; 2Calculated by dividing total number of procedures into total number of sessions which was calculated by multiplying each mean
number of session with each number of procedures; 3Total number of procedures was 274 due to missing data; 4Total number of procedures was 299 due to
missing data. EML: Endoscopic mechanical lithotripsy.

Table 7 Adverse events of endoscopic papillary large balloon dilation without endoscopic sphincterotomy n (%)
Ref.

Overall
AEs

Jeong et al[51]
Hwang et al[45]
Park et al[43]
Total

1 (2.6)
4 (6.4)
24 (7.7)
29 (7.0)

Pancreatitis
1 (2.6)
4 (6.4)
11 (3.5)
16 (3.9)

Bleeding

Perforation

Others

AE-related
surgery

AE-related
death

0 (0.0)
0 (0.0)
8 (2.6)
8 (1.9)

0 (0.0)
0 (0.0)
2 (0.6)
2 (0.5)

0 (0.0)
0 (0.0)
3 (1.0)
3 (0.7)

0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

AE: Adverse event.

Table 8 Comparison of adverse events among endoscopic papillary large balloon dilation with large, limited and without endoscopic
sphincterotomy n (%)

No. of procedures
Overall adverse event
Pancreatitis
Bleeding
Perforation
Other adverse events
AE-related surgery
AE-related death

EPLBD with large EST

EPLBD with limited EST

EPLBD without EST

P value

756
65 (8.6)
18 (2.4)
31 (4.1)
3 (0.4)
13 (1.7)
2 (0.3)
2 (0.3)

946
71 (7.5)
29 (3.1)
12 (1.3)
5 (0.5)
25 (2.6)
2 (0.2)
0 (0.0)

413
29 (7.0)
16 (3.9)
8 (1.9)
2 (0.5)
3 (0.7)
0 (0.0)
0 (0.0)

0.568
0.349
0.0011
1.000
0.054
0.832
0.166

1

EPLBD with large EST vs EPLBD with limited EST, P < 0.001; EPLBD with large EST vs EPLBD without EST, P = 0.049; EPLBD with limited EST vs EPLBD
without EST, P = 0.35. EPLBD: Endoscopic papillary large balloon dilation; EST: Endoscopic sphincterotomy; AE: Adverse event.

adverse events, and fatal adverse events were not significantly different between both procedures.
We compared the rates of adverse events among 3
kinds of EPLBD procedures which we classified based
on the extent of ampullary incision of the EST; large
EST, limited EST and no EST (Table 8). There were no
significant differences among the 3 EPLBD procedures
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in the rates of the overall adverse events, pancreatitis,
perforation, other adverse events, and adverse events related to surgery and death, but the rate of bleeding was
significantly higher in EPLBD with large EST, compared
with EPLBD with limited EST (P < 0.001, OR = 3.33)
or without EST (P = 0.049, OR = 2.17), but no significant difference between EPLBD with limited EST and
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Table 9 Comparison among endoscopic sphincterotomy, endoscopic papillary balloon dilation, and endoscopic papillary balloon
dilation with endoscopic sphincterotomy n (%)
EST
No. of procedures
Mean age, range, yr
Mean stone size, range, mm
Initial success
Use of EML
Overall success
Overall adverse events
Pancreatitis
Bleeding
Perforation
AE-related death

1

890
47-71
7.3-16.9
322 (80.9)
121 (13.3)
776 (95.3)
113 (12.7)
36 (4.3)
33 (4.8)
3 (0.5)
2 (0.3)

1

EPBD

No. of studies

878
49-75
7-15.6
285 (73.5)
162 (19.6)
733 (90.1)
106 (12.1)
71 (8.6)
1 (0.1)
2 (0.3)
4 (0.7)

15
15
15
7
13
13
15
14
12
9
7

EPLBD with EST
2511
40-82
5-45
1745 (84.0)
353 (14.1)
2407 (96.5)
209(8.3)
61 (2.4)
91 (3.6)
15 (0.6)
6 (0.24)

No. of studies P value
30
29
25
24
30
30
30
30
30
30
30

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.941
0.152

1

Results of a meta-analysis by Weinberg et al[18]. EST: Endoscopic sphincterotomy; EPBD: Endoscopic papillary balloon dilation; EPLBD: Endoscopic papillary large balloon dilation; EML: Endoscopic mechanical lithotripsy.

because their meta-analysis was of relatively small bile
duct stones. Furthermore, the initial success rate in this
review was statistically flawed, because studies included
were designed heterogeneously based on different definitions, some of which included cases where EML was
performed along with the first session of EPLBD. There
were only 4 comparison studies, including 2 prospective
randomized studies[25,33] and 2 retrospective studies[32,39],
done for the evaluation of outcomes between EPLBD
with EST and EST alone with the assistance of EML in
patients with large or difficult bile duct stones. However,
these studies failed to show any differences in the initial
success rate and the overall success rate between both
procedures, except one retrospective study[32], where
EPLBD with EST was superior to EST alone only in the
initial success rate, not the overall success rate[32]. The
initial success rate in EPLBD without EST in this review
was significantly lower, compared with that in EPLBD
with EST, most likely due to the opening of the orifice
retracting almost immediately back to its original size
which is commonly seen in EPBD alone. However, the
overall success rate showed no significant difference between both of them.
The intended purpose of EPLBD was to simplify
removing large or difficult bile duct stones without additional adverse events to EST alone or EPBD alone, and
contemplated major advantages were that it would reduce
both the need of EML and the procedure time, increasing
the success rates of stone removal, compared with EST
alone and EPBD alone. This is believed to be because
the wider ampullary orifice, made when using EPLBD,
would facilitate in the easier extraction of relatively large
bile duct stones. In addition, it may also reduce potential
EML-related adverse events, such as basket impaction
and bile duct injury. However, the frequency of EML use
in EPLBD might be related to various factors, such as the
diameter of dilating balloon used, discrepancy in the size
between the stone and the ampullary orifice or the distal
bile duct, and the shape of the stone and the bile duct.
The rate of use of EML was 14.1% in EPLBD with
EST with a wide range of 0% to 38.6% in this review. It

without EST (P = 0.35).

DISCUSSION
Standard basket and balloon techniques after EST are
most commonly used for the removal of bile duct stones
with overall success rates of more than 80% to 90%[88-92].
When it fails due to the stone size being larger than the
widened ampullary orifice by performing EST or the
distal common bile duct, additional endoscopic procedures, mainly EML, are usually required for complete
stone clearance[93-97]. However, EML proved to be a timeconsuming and challenging technique[11,98,99]. EPLBD has
been widely used as the alternative to EST with EML for
the removal of large or difficult bile duct stones. EPLBD
was initially performed when the standard techniques
failed after a large EST[21,23], but recently it has been performed after a limited EST or sometimes without EST,
even before attempting trials the standard technique with
a large EST. Such procedure is usually performed when it
is speculated that the size of the stone is too large for it
to be removed using the standard techniques after a large
EST and on the assumption that it would reduce the incidence rate of potential serious adverse events of a large
EST such as bleeding and bile duct perforation.
The initial success rate and the overall success rate
were 84.0% and 96.5%, respectively, in EPLBD with EST
in this review, while the results showed 80.9% and 95.3%
in EST alone and 73.5% and 90.1% in EPBD alone, respectively, in a previous meta-analysis[18] (Table 9). When
we compared these results, the initial success rate was significantly lower in EPBD alone than EPLBD with EST
(P < 0.001, OR = 1.89) and EST alone (P = 0.013, OR
= 1.53), but showing no significant differences between
EPLBD with EST and EST alone (P = 0.131); the overall
success rate was also significantly lower in EPBD alone
than EPLBD with EST (P < 0.001, OR = 2.72) and EST
alone (P = 0.001, OR = 2.03), and showing also no significant differences between EPLBD with EST and EST
alone (P = 0.141). However, a comparison between these
meta-analysis results and ours is somewhat contradictory
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showed similar results in EST alone of 13.3% in a previous meta-analysis[18], but significantly lower than EPLBD
without EST of 21.6% from this review and EPBD alone
of 19.6% in a previous meta-analysis[18]. In 4 comparison
studies between EPLBD with EST and EST alone, there
were conflicting results concerning the use of EML for
the removal of large or difficult bile duct stones; two
prospective randomized studies reported no significant
difference in the use of EML[25,33], on the contrary to two
retrospective studies[32,39]. These studies overlooked one
important fact that the rate of use of EML when tallied
against the number of patients requiring EML, could not
help but be similar between both procedures, because
EML was still needed in patients where the size of the
stones exceeded the size of the widened ampullary orifice
even after EPLBD. However, the need for repeated EML
would be reduced due to a wider ampullary orifice, if the
stones were fragmented mostly by one session of EML
following EPLBD. Thus, for a more accurate evaluation
about the rate of use of EML, it should be calculated
based on the frequency of EML use in each patient who
underwent EPLBD, not the number of patients requiring EML. Mean procedure time was evaluated in two of
these 4 comparison studies; one prospective randomized
study failed to show any difference between EPLBD
with EST and EST alone[33], while the other retrospective
study showed a shorter procedure time in EPLBD with
EST[32]. Large-scale, prospective multicenter comparison
studies will be needed to confirm advantages of EPLBD
in the frequency of EML use and procedure time.
In results of adverse events following EPLBD in
this review, adverse events in EPLBD without EST
showed no significant difference compared with those in
EPLBD with EST. The most common adverse event in
each procedure was bleeding with a mean rate of 3.6%
in EPLBD with EST and pancreatitis with a mean rate
of 3.9% in EPLBD without EST. Our results showed
definite evidence that EPLBD with and even without
EST, did not increase the risk of serious pancreatitis, as
more frequently seen in EPBD using small-diameter balloons (≤ 10 mm)[18-20]. It is no doubt that the mechanism
of pancreatitis would be different in EPLBD, compared
with EPBD, although its mechanism still remains unclear,
a major etiologic factor of pancreatitis. The most serious
adverse event was bile duct perforation in EPLBD with
EST. The following shows the comparison of adverse
events between results of a previous meta-analysis[18] in
EST alone and EPBD alone and those of our review in
EPLBD with EST (Table 9); the rate of overall adverse
events was significantly lower in EPLBD with EST than
EST alone (P < 0.001, OR = 1.60) and EPBD alone (P
= 0.001, OR = 1.51); the rate of pancreatitis was significantly lower in EPLBD with EST than EST alone (P =
0.006, OR = 1.80) and EPBD alone (P < 0.001, OR =
3.77); the rate of bleeding was not significantly different
between the EPLBD with EST and EST alone (P = 0.164)
and was significantly lower in EPBD alone than EPLBD
with EST (P = 0.001, OR = 25.27) and EST alone (P =
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0.001, OR = 33.75); the rate of perforation and the rate
of adverse event-related death showed no significant
differences among the 3 procedures (P = 0.941 and P =
0.152, respectively). However, within 4 comparison studies on adverse events between EPLBD with EST and
EST alone, each study showed no significant differences
between both of them [25,32,33,39].
Major risk factors which are related to adverse events
include procedure-related factors such as size of balloon,
size of EST, and time duration of inflated balloon, and
patient-related factors such as the existence of bile duct
strictures, periampullary diverticulum, surgically altered
anatomy, and a bleeding tendency. Park et al[43] reported
that larger stone size more than 16mm in diameter,
underlying cirrhosis, and full-length EST were independently associated with an increase in adverse events. The
size of the balloon is the most important major factor in
ensuring a success of EPLBD and a reduction of adverse
events[53]. As the ampullary orifice becomes wider as a
result of balloon dilation, stone removal becomes easier.
However, choosing an inappropriately oversized balloon
increases the risk of adverse events, such as perforation
or bleeding due to blood vessel injury[53]. Interestingly, a
multicenter study by Park et al[43] reported that balloons
larger than 14 mm in diameter were independently associated with a decreased risk of pancreatitis, projecting
that only simple stretching of the ampullary orifice or
direct blockage of the pancreatic orifice by compression
of large-diameter balloons is not a major etiologic factor
of pancreatitis following EPLBD.
The intended maximal target diameter of a dilating
balloon for EPLBD should be determined based on the
size of the stone and the size of the distal bile duct proximal to the tapered segment[26,55,100], but must never exceed
the diameter of the distal bile duct to prevent bile duct
perforation[43,53]. A 12- to 20-mm diameter balloon for
pyloric use (CRETM wire-guided balloon dilator, Boston
Scientific, Natick, Massachusetts, United States) is mostly
used to dilate the duodenal ampulla during EPLBD, each
of which gradually inflates in 3 different diameter steps
by increasing balloon inflation pressure. The balloon used
should be selected with the 2nd or the 3rd diameter step
being the intended maximal target diameter, and be inflated gradually, starting from a smaller diameter step of
the balloon than the intended maximal target diameter.
The balloon is slowly dilated until it reaches its 1st diameter step with gradual increment of balloon pressure to
prevent sudden tearing of the ampullary roof. If the balloon is dilated without any difficulty with the disappearance of its central waist, it is then dilated gradually to its
2nd diameter step and then further up to its 3rd diameter
step till its diameter reaches the intended maximal target
diameter. If the central waist of the balloon does not
disappear against the marked resistance of the bile duct
or the patient indicates severe pain during balloon inflation at any step, further balloon inflation must be ceased
for the prevention of bile duct perforation[43]. Lee et al[55]
recommended based on personal experience that balloon
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inflation should be discontinued if the balloon waist does
not disappear even once it reaches 75% of the recommended maximal inflation pressure. In patients who are
known to have obvious distal bile duct strictures, EPBLD
should be avoided to prevent bile duct perforation[43,55].
If there is a suspicion of strictures, based on personal
experience, we recommend pulling back a large retrieval
balloon, that should be inflated up to approximately the
same size as the distal bile duct, just up until the inside of
the ampullary orifice. If there is no existence of a stricture, the suspected site of stricture should easily expand
allowing the balloon to pass through without any resistance.
The extent of ampullary incision is another important
major factor to prevent adverse events, such as bleeding
and perforation. Theoretically, EPLBD with limited EST
would have combined advantages to minimize major adverse events of both EST alone and EPBD alone, such as
bleeding and perforation mainly in a large EST and pancreatitis mainly in EPBD[54]. In comparison of the 3 different EPLBD procedures based on the extent of ampullary incision of the preceding EST, which were classified
into large, limited and no EST, it showed no significant
differences among them in the rates of overall adverse
events, pancreatitis, perforation and other adverse events.
However, the rate of bleeding was significantly higher
in EPLBD with large EST than in EPLBD with limited
EST or without EST, but there was no significant difference between EPLBD with limited EST and without
EST. Delayed fatal bleeding was noted in 2 patients who
underwent a full-incision EST before EPLBD in this review. Delayed serious bleeding may occur if a large blood
vessel located at the proximal part of the ampullary roof
is severed during full-incision EST, not injury caused by
stretching of the ampullary orifice using a large-diameter
balloon. Therefore, EPLBD with large, especially fullincision EST should be avoided to prevent serious bleeding. In patients with prior EST, it is known that extended
incision of the previous EST site can increase the risk of
adverse events such as bleeding or perforation[3,6,8]. Therefore, almost all patients with prior EST did not receive
repeated EST in this review. There were 3 retrospective
studies and one prospective study about clinical trials
of EPLBD using 12- to 20-mm large balloons on only
patients with prior EST but without repeated EST, showing similar results in stone clearance and adverse events,
compared with their counterpart studies in which all patients underwent no prior EST[35,37,49,50].
The main purpose of EST during EPLBD is not to
make an incision of the duodenal ampulla long, but to
control the direction of tearing during balloon dilation.
A probable mechanism of a reduced pancreatitis rate in
EPLBD with EST is believed to be that the radial force
exerted by the dilating balloon shifts along the cutting
direction made during EST toward the bile duct away
from the pancreatic orifice, resulting in less periampullary
injury around the pancreatic duct with a decreased risk
of pancreatitis[21,24,43,101]. However, EST may be a limited
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role in preventing pancreatitis in EPLBD, because there
was no evidence that EPLBD without EST increased
the risk of pancreatitis in this review. So to explain this,
we suggest the following hypothesis surrounding the
mechanism of pancreatitis after EPLBD; manipulation
of Dormia basket and retrieval balloon catheter as well
as the frequency of EML in EPLBD with, or even without, EST, may be reduced due to a sufficiently widened
ampullary orifice, resulting in less periampullary trauma
or edema that occurs during stone extraction and eventually leading to a low risk of pancreatitis. On the contrary,
its frequency in EPBD using small-diameter balloons
is increased due to the ampullary orifice not widening
enough, increasing the risk of pancreatitis[100].
Time duration of inflated balloon of the duodenal
ampulla during EPLBD is mostly around 1 min in this
review, after the intended maximal target diameter of the
balloon was reached. One prospective randomized study
revealed that 30 s of duration of inflated balloon was not
different in adverse events, including pancreatitis, bleeding and perforation, to 60 s in EPLBD with EST[46]. The
longer the time duration of inflated balloon did not seem
to be related to an increase of the risk of adverse events,
and the shorter the time duration of inflated balloon
seems to be related to an increase of the risk of serious
bleeding, due to insufficient compression by the balloon.
Further studies are warranted to determine the optimal
time duration of inflated balloon during EPLBD.
The patient-related factors related to adverse events
include periampullary diverticulum, surgically altered
anatomy, and a bleeding tendency. Patients with periampullary diverticulum were suitable for EPLBD. A
retrospective comparison study in patients between with
and without periampullary diverticulum, showed similar
stone clearance rates and adverse events in both, following EPLBD with limited EST[76], and several studies reported that the presence of a periampullary diverticulum
was not associated with a significant increased rate of
adverse events such as pancreatitis, bleeding, or perforation[43,46,48,86]. There were 6 studies about clinical trials of
EPLBD on only patients with surgically altered anatomy,
such as Billroth Ⅱ surgery (5)[77-81] and Roux-en-Y anastomosis (1)[82], resulting in complete stone clearance in all
patients with a low incidence of pancreatitis and bleeding. In patients with coagulopathy, EPLBD without EST
may be useful, but should be undertaken cautiously[43,100],
even though further studies are warranted. Park et al[43]
reported that the size of the bile duct stone (≥ 16 mm)
and presence of cirrhosis might be independent factors
of bleeding. If serious bleeding from the ampulla occurs
after balloon deflation, compression of the ampulla with
re-ballooning can be done for several minutes till the
bleeding stops.
Our recommendations for a successful EPLBD are
as follows, based on the results in this review and personal experiences: (1) EPLBD with large, especially fullincision EST should be avoided to prevent serious bleeding; (2) EPLBD with limited EST is recommended to be
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Table 10 Recommendations for successful endoscopic papillary large balloon dilation
1 EPLBD with large, especially full-incision EST should be avoided
2 EPLBD with limited EST is recommended to be performed, even before attempting trials of a standard technique with large EST, when the stone is seen
to be too large on cholangiogram
3 EPLBD without EST may be useful in some patients with coagulopathy, periampullary diverticulum, or surgically altered anatomy
4 In patients with obvious distal bile duct strictures, EPBLD should be avoided. If there is a suspicion of strictures, using the pulling method of a large
inflated retrieval balloon through the site is recommended to confirm an existence
5 The intended maximal target diameter of the balloon should be determined based on the diameter of the largest stones, but should not exceed the
diameter of the distal bile duct
6 The balloon should always be inflated gradually, starting from a smaller diameter step of the balloon than the intended maximal target diameter
7 Further balloon inflation must be ceased, if the central waist of the balloon does not disappear or the patient indicates severe pain during balloon
inflation at any step
EST: Endoscopic sphincterotomy; EPLBD: Endoscopic papillary large balloon dilation.

performed to reduce the risk of bleeding and perforation
even before attempting trials of a standard technique
with large EST, when the stone is seen to be too large
on cholangiogram; (3) EPLBD without EST may be useful in some patients with coagulopathy, periampullary
diverticulum, or surgically altered anatomy to reduce the
risk of serious bleeding and perforation; (4) In patients
with obvious distal bile duct strictures, EPBLD should
be avoided to prevent perforation. If there is a suspicion
of strictures, using the pulling method of a large inflated
retrieval balloon through the site is recommended to
confirm an existence; (5) The intended maximal target
diameter of the balloon should be determined based on
the diameter of the largest stones, but should not exceed
the diameter of the distal bile duct to reduce the risk of
perforation; (6) The balloon should always be inflated
gradually, starting from a smaller diameter step of the
balloon than the intended maximal target diameter; and
(7) Further balloon inflation must be ceased to prevent
perforation, if the central waist of the balloon does not
disappear or the patient indicates severe pain during balloon inflation at any step (Table 10).
There are several limitations to this review. It was
very difficult to analyze systematically the outcomes of
EPLBD, because the results from each relevant article
were based on different definitions. So we re-analyzed
all gathered data by using a single standardized definition. An article of a large scaled multicenter study[43] that
included our institute, where the data of the patients undergoing EPLBD with and without EST were calculated
as one, was re-analyzed using its raw data in order to regroup both of them separately. Another limitation is that
most articles included in this review are not prospective
controlled studies, but retrospective studies. Therefore,
further large-scale prospective randomized controlled
studies will be needed not only to confirm our claims on
effectiveness of EPLBD with or without EST, compared
with both of EST alone and EPBD alone, but to assess
the facts which affect the outcome and adverse events
of EPLBD. In conclusion, recent accumulated results
of EPLBD with or even without EST suggest that it is a
safe and effective procedure for the removal of large or
difficult bile duct stones without any additional risk of
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severe adverse events, when performed under appropriate guidelines.

ACKNOWLEDGMENTS
We would like to extend a special thanks to Dr. Soo Jung
Park, Division of Gastroenterology, Department of Internal Medicine, Yonsei University College of Medicine,
Seoul, South Korea for helping us to reanalyze the data
of the large-scale multicenter study described in this review.

REFERENCES
1

2
3

4

5

6

7

8

116

Classen M, Demling L. Endoscopic sphincterotomy of the
papilla of vater and extraction of stones from the choledochal duct (author’s transl). Dtsch Med Wochenschr 1974; 99:
496-497 [PMID: 4835515 DOI: 10.1055/s-0028-1107790]
Kawai K, Akasaka Y, Murakami K, Tada M, Koli Y. Endoscopic sphincterotomy of the ampulla of Vater. Gastrointest
Endosc 1974; 20: 148-151 [PMID: 4825160]
Cotton PB, Lehman G, Vennes J, Geenen JE, Russell RC,
Meyers WC, Liguory C, Nickl N. Endoscopic sphincterotomy complications and their management: an attempt at consensus. Gastrointest Endosc 1991; 37: 383-393 [PMID: 2070995]
Sherman S, Ruffolo TA, Hawes RH, Lehman GA. Complications of endoscopic sphincterotomy. A prospective series
with emphasis on the increased risk associated with sphincter of Oddi dysfunction and nondilated bile ducts. Gastroenterology 1991; 101: 1068-1075 [PMID: 1889699]
Boender J, Nix GA, de Ridder MA, van Blankenstein M,
Schütte HE, Dees J, Wilson JH. Endoscopic papillotomy for
common bile duct stones: factors influencing the complication rate. Endoscopy 1994; 26: 209-216 [PMID: 8026367 DOI:
10.1055/s-2007-1008945]
Leung JW, Chan FK, Sung JJ, Chung S. Endoscopic sphincterotomy-induced hemorrhage: a study of risk factors and
the role of epinephrine injection. Gastrointest Endosc 1995; 42:
550-554 [PMID: 8674926]
Bergman JJ, Rauws EA, Fockens P, van Berkel AM,
Bossuyt PM, Tijssen JG, Tytgat GN, Huibregtse K. Randomised trial of endoscopic balloon dilation versus endoscopic sphincterotomy for removal of bileduct stones.
Lancet 1997; 349: 1124-1129 [PMID: 9113010 DOI: 10.1016/
S0140-6736(96)11026-6]
Freeman ML, Nelson DB, Sherman S, Haber GB, Herman
ME, Dorsher PJ, Moore JP, Fennerty MB, Ryan ME, Shaw
MJ, Lande JD, Pheley AM. Complications of endoscopic biliary sphincterotomy. N Engl J Med 1996; 335: 909-918 [PMID:
8782497 DOI: 10.1056/NEJM199609263351301]

January 28, 2014|First Edition|

Kim JH et al . Endoscopic papillary large balloon dilation
9

10

11

12

13

14

15
16

17

18

19

20

21

22

23

24

Higuchi T, Kon Y. Endoscopic mechanical lithotripsy for the
treatment of common bile duct stone. Experience with the
improved double sheath basket catheter. Endoscopy 1987; 19:
216-217 [PMID: 3678165 DOI: 10.1055/s-2007-1013015]
Moriai T, Hasegawa T, Fuzita M, Kimura A, Tani T, Makino I.
Successful removal of massive intragastric gallstones by endoscopic electrohydraulic lithotripsy and mechanical lithotripsy. Am J Gastroenterol 1991; 86: 627-629 [PMID: 2028958]
Hintze RE, Adler A, Veltzke W. Outcome of mechanical
lithotripsy of bile duct stones in an unselected series of 704
patients. Hepatogastroenterology 1996; 43: 473-476 [PMID:
8799379]
Staritz M, Ewe K, Meyer zum Büschenfelde KH. [Endoscopic
papillary dilatation: an alternative to papillotomy? (author
‘s transl)]. Dtsch Med Wochenschr 1982; 107: 895-897 [PMID:
7084054 DOI: 10.1055/s-2008-1070041]
Mathuna PM, White P, Clarke E, Merriman R, Lennon JR,
Crowe J. Endoscopic balloon sphincteroplasty (papillary
dilation) for bile duct stones: efficacy, safety, and follow-up
in 100 patients. Gastrointest Endosc 1995; 42: 468-474 [PMID:
8566640]
Yasuda I, Tomita E, Enya M, Kato T, Moriwaki H. Can endoscopic papillary balloon dilation really preserve sphincter of
Oddi function? Gut 2001; 49: 686-691 [PMID: 11600473 DOI:
10.1136/gut.49.5.686]
Kozarek RA. Balloon dilation of the sphincter of Oddi.
Endoscopy 1988; 20 Suppl 1: 207-210 [PMID: 3168949 DOI:
10.1055/s-2007-1018177]
Minami A, Nakatsu T, Uchida N, Hirabayashi S, Fukuma
H, Morshed SA, Nishioka M. Papillary dilation vs sphincterotomy in endoscopic removal of bile duct stones. A randomized trial with manometric function. Dig Dis Sci 1995; 40:
2550-2554 [PMID: 8536511]
Sato H, Kodama T, Takaaki J, Tatsumi Y, Maeda T, Fujita S,
Fukui Y, Ogasawara H, Mitsufuji S. Endoscopic papillary
balloon dilatation may preserve sphincter of Oddi function after common bile duct stone management: evaluation
from the viewpoint of endoscopic manometry. Gut 1997; 41:
541-544 [PMID: 9391256 DOI: 10.1136/gut.41.4.541]
Weinberg BM, Shindy W, Lo S. Endoscopic balloon sphincter dilation (sphincteroplasty) versus sphincterotomy for
common bile duct stones. Cochrane Database Syst Rev 2006;
(4): CD004890 [PMID: 17054222 DOI: 10.1002/14651858.
CD004890.pub2]
Zhao HC, He L, Zhou DC, Geng XP, Pan FM. Meta-analysis
comparison of endoscopic papillary balloon dilatation and
endoscopic sphincteropapillotomy. World J Gastroenterol
2013; 19: 3883-3891 [PMID: 23840129 DOI: 10.3748/wjg.v19.
i24.3883]
Disario JA, Freeman ML, Bjorkman DJ, Macmathuna P,
Petersen BT, Jaffe PE, Morales TG, Hixson LJ, Sherman S,
Lehman GA, Jamal MM, Al-Kawas FH, Khandelwal M,
Moore JP, Derfus GA, Jamidar PA, Ramirez FC, Ryan ME,
Woods KL, Carr-Locke DL, Alder SC. Endoscopic balloon
dilation compared with sphincterotomy for extraction of bile
duct stones. Gastroenterology 2004; 127: 1291-1299 [PMID:
15520997 DOI: 10.1053/j.gastro.2004.07.017]
Ersoz G, Tekesin O, Ozutemiz AO, Gunsar F. Biliary sphincterotomy plus dilation with a large balloon for bile duct
stones that are difficult to extract. Gastrointest Endosc 2003;
57: 156-159 [PMID: 12556775 DOI: 10.1067/mge.2003.52]
Hwang SJ, Kim YG, Lee KC, Ji MK, Kim HS, Baik SG, Lee
KM, Chang JH, Kim MS, Paik YH, Lee SJ, Park HJ, Lee KS,
Lee SI, Lee DK. Endoscopic sphincterotomy plus endoscopic
papillary large balloon dilatation for large bile duct stones [In
Korean with English abstract]. Korean J Gastroint Endosc 2006;
32: 184-189
Maydeo A, Bhandari S. Balloon sphincteroplasty for removing difficult bile duct stones. Endoscopy 2007; 39: 958-961
[PMID: 17701853 DOI: 10.1055/s-2007-966784]

WCG|www.wjgnet.com

25

26

27

28

29

30

31
32

33

34

35

36

37

117

Minami A, Hirose S, Nomoto T, Hayakawa S. Small sphincterotomy combined with papillary dilation with large balloon permits retrieval of large stones without mechanical
lithotripsy. World J Gastroenterol 2007; 13: 2179-2182 [PMID:
17465497]
Heo JH, Kang DH, Jung HJ, Kwon DS, An JK, Kim BS, Suh
KD, Lee SY, Lee JH, Kim GH, Kim TO, Heo J, Song GA, Cho
M. Endoscopic sphincterotomy plus large-balloon dilation
versus endoscopic sphincterotomy for removal of bile-duct
stones. Gastrointest Endosc 2007; 66: 720-726, quiz 768, 771
[PMID: 17905013 DOI: 10.1016/j.gie.2007.02.033]
Lee DK, Lee BJ, Hwang SJ, Baik YH, Lee SJ. Endoscopic
papillary large balloon dilation after endoscopic sphincterotomy for treatment of large common bile duct stone.
Digestive Endoscopy 2007; 19: S52-S56 [DOI: 10.1111/
j.1443-1661.2007.00716.x]
Kim MK, Kim MH, Lee TY, Oh HC, Kwon SH, Han JH, Choi
HO, Park SJ, Kim TH, Lee SS, Seo DW, Lee SK. Combined
endoscopic sphincterotomy and large balloon sphincteroplasty for bile duct stones [In Korean with English abstract].
Korean J Med 2007; 73: 474-480
Lee SH, Hong SW, Cho YD, Cheon YK, Kim SG, Jang JY,
Kim YS, Moon JH, Lee JS, Lee MS, Shim CS, Kim BS. The
safety and effectiveness of medium endoscopic sphincterotomy with endoscopic papillary large balloon dilation for
removing difficult common bile duct stones [In Korean with
English abstract]. Korean J Gastroint Endosc 2007; 35: 80-86
Misra SP, Dwivedi M. Large-diameter balloon dilation after
endoscopic sphincterotomy for removal of difficult bile duct
stones. Endoscopy 2008; 40: 209-213 [PMID: 18264886 DOI:
10.1055/s-2007-967040]
Attasaranya S, Cheon YK, Vittal H, Howell DA, Wakelin DE,
Cunningham JT, Ajmere N, Ste Marie Jr RW, Bhattacharya
K, Gupta K, Freeman ML, Sherman S, McHenry L, Watkins
JL, Fogel EL, Schmidt S, Lehman GA. Large-diameter biliary
orifice balloon dilation to aid in endoscopic bile duct stone
removal: a multicenter series. Gastrointestinal Endoscopy 2008;
67: 1046-1052 [DOI: 10.1016/j.gie.2007.08.047]
Espinel J, Pinedo E. [Large balloon dilation for removal
of bile duct stones]. Rev Esp Enferm Dig 2008; 100: 632-636
[PMID: 19119789]
Itoi T, Itokawa F, Sofuni A, Kurihara T, Tsuchiya T, Ishii K,
Tsuji S, Ikeuchi N, Moriyasu F. Endoscopic sphincterotomy
combined with large balloon dilation can reduce the procedure time and fluoroscopy time for removal of large bile
duct stones. Am J Gastroenterol 2009; 104: 560-565 [PMID:
19174779 DOI: 10.1038/ajg.2008.67]
Kim HG, Cheon YK, Cho YD, Moon JH, Park do H, Lee TH,
Choi HJ, Park SH, Lee JS, Lee MS. Small sphincterotomy
combined with endoscopic papillary large balloon dilation versus sphincterotomy. World J Gastroenterol 2009; 15:
4298-4304 [PMID: 19750573 DOI: 10.3748/wjg.15.4298]
Itoi T, Sofuni A, Itokawa F, Kurihara T, Tsuchiya T, Ishii K,
Tsuji S, Ikeuchi N, Umeda J, Moriyasu F. New large-diameter balloon-equipped sphincterotome for removal of large
bile duct stones (with videos). Gastrointest Endosc 2010; 72:
825-830 [PMID: 20883862 DOI: 10.1016/j.gie.2010.06.018]
Kurita A, Maguchi H, Takahashi K, Katanuma A, Osanai M.
Large balloon dilation for the treatment of recurrent bile duct
stones in patients with previous endoscopic sphincterotomy:
preliminary results. Scand J Gastroenterol 2010; 45: 1242-1247
[PMID: 20521873 DOI: 10.3109/00365521.2010.495420]
Ghazanfar S, Qureshi S, Leghari A, Taj MA, Niaz SK,
Quraishy MS. Endoscopic balloon sphincteroplasty as an
adjunct to endoscopic sphincterotomy in removing large and
difficult bile duct stones. J Pak Med Assoc 2010; 60: 1039-1042
[PMID: 21381560]
Kim KO, Kim TN, Lee SH. Endoscopic papillary large balloon dilation for the treatment of recurrent bile duct stones in
patients with prior sphincterotomy. J Gastroenterol 2010; 45:

January 28, 2014|First Edition|

Kim JH et al . Endoscopic papillary large balloon dilation

38

39

40

41

42

43

44

45

46

47

48

49

1283-1288 [PMID: 20635102 DOI: 10.1007/s00535-010-0284-7]
Youn YH, Lim HC, Jahng JH, Jang SI, You JH, Park JS, Lee
SJ, Lee DK. The increase in balloon size to over 15 mm does
not affect the development of pancreatitis after endoscopic
papillary large balloon dilatation for bile duct stone removal. Dig Dis Sci 2011; 56: 1572-1577 [PMID: 20945093 DOI:
10.1007/s10620-010-1438-4]
Kim TH, Oh HJ, Lee JY, Sohn YW. Can a small endoscopic
sphincterotomy plus a large-balloon dilation reduce the use
of mechanical lithotripsy in patients with large bile duct
stones? Surg Endosc 2011; 25: 3330-3337 [PMID: 21533521
DOI: 10.1007/s00464-011-1720-3]
Stefanidis G, Viazis N, Pleskow D, Manolakopoulos S,
Theocharis L, Christodoulou C, Kotsikoros N, Giannousis
J, Sgouros S, Rodias M, Katsikani A, Chuttani R. Large balloon dilation vs. mechanical lithotripsy for the management
of large bile duct stones: a prospective randomized study.
Am J Gastroenterol 2011; 106: 278-285 [PMID: 21045816 DOI:
10.1038/ajg.2010.421]
Rebelo A, Ribeiro PM, Correia AP, Cotter J. Endoscopic
papillary large balloon dilation after limited sphincterotomy
for difficult biliary stones. World J Gastrointest Endosc 2012; 4:
180-184 [PMID: 22624069 DOI: 10.4253/wjge.v4.i5.180]
Sakai Y, Tsuyuguchi T, Sugiyama H, Nishikawa T, Kurosawa J, Saito M, Tawada K, Mikata R, Tada M, Ishihara T,
Yokosuka O. Endoscopic sphincterotomy combined with
large balloon dilation for removal of large bile duct stones.
Hepatogastroenterology 2013; 60: 58-64 [PMID: 22641109 DOI:
10.5754/hge12351]
Park SJ, Kim JH, Hwang JC, Kim HG, Lee DH, Jeong S,
Cha SW, Cho YD, Kim HJ, Kim JH, Moon JH, Park SH, Itoi
T, Isayama H, Kogure H, Lee SJ, Jung KT, Lee HS, Baron
TH, Lee DK. Factors predictive of adverse events following
endoscopic papillary large balloon dilation: results from a
multicenter series. Dig Dis Sci 2013; 58: 1100-1109 [PMID:
23225136 DOI: 10.1007/s10620-012-2494-8]
Poincloux L, Rouquette O, Privat J, Gorce D, Abergel A,
Dapoigny M, Bommelaer G. Large-balloon dilation of the
sphincter of Oddi after sphincterotomy or infundibulotomy
to extract large calculi or multiple common bile duct stones
without using mechanical lithotripsy. Scand J Gastroenterol
2013; 48: 246-251 [PMID: 22229762 DOI: 10.3109/00365521.20
11.647064]
Hwang JC, Kim JH, Lim SG, Kim SS, Shin SJ, Lee KM, Yoo
BM. Endoscopic large-balloon dilation alone versus endoscopic sphincterotomy plus large-balloon dilation for the
treatment of large bile duct stones. BMC Gastroenterol 2013;
13: 15 [PMID: 23324454 DOI: 10.1186/1471-230X-13-15]
Paspatis GA, Konstantinidis K, Tribonias G, Voudoukis E,
Tavernaraki A, Theodoropoulou A, Chainaki I, Manolaraki
M, Chlouverakis G, Vardas E, Paraskeva K. Sixty- versus
thirty-seconds papillary balloon dilation after sphincterotomy for the treatment of large bile duct stones: a randomized controlled trial. Dig Liver Dis 2013; 45: 301-304 [PMID:
23195665 DOI: 10.1016/j.dld.2012.10.015]
Rosa B, Moutinho Ribeiro P, Rebelo A, Pinto Correia A,
Cotter J. Endoscopic papillary balloon dilation after sphincterotomy for difficult choledocholithiasis: A case-controlled
study. World J Gastrointest Endosc 2013; 5: 211-218 [PMID:
23678373 DOI: 10.4253/wjge.v5.i5.211]
Yang XM, Hu B, Pan YM, Gao DJ, Wang TT, Wu J, Ye
X. Endoscopic papillary large-balloon dilation following
limited sphincterotomy for the removal of refractory bile
duct stones: experience of 169 cases in a single Chinese
center. J Dig Dis 2013; 14: 125-131 [PMID: 23167553 DOI:
10.1111/1751-2980.12013]
Yoon HG, Moon JH, Choi HJ, Kim DC, Kang MS, Lee TH,
Cha SW, Cho YD, Park SH, Kim SJ. Endoscopic papillary
large balloon dilation for the management of recurrent difficult bile duct stones after previous endoscopic sphincter-

WCG|www.wjgnet.com

50

51

52

53

54

55
56

57

58

59

60

61

62

63

64

118

otomy. Dig Endosc 2013 Apr 14; Epub ahead of print [PMID:
23581623 DOI: 10.1111/den.12102]
Harada R, Maguchi H, Takahashi K, Katanuma A, Osanai M,
Yane K, Hashigo S, Kaneko M, Katoh R, Katoh S. Large balloon dilation for the treatment of recurrent bile duct stones
prevents short-term recurrence in patients with previous endoscopic sphincterotomy. J Hepatobiliary Pancreat Sci 2013; 20:
498-503 [PMID: 23361432 DOI: 10.1007/s00534-012-0579-6]
Jeong S, Ki SH, Lee DH, Lee JI, Lee JW, Kwon KS, Kim HG,
Shin YW, Kim YS. Endoscopic large-balloon sphincteroplasty without preceding sphincterotomy for the removal
of large bile duct stones: a preliminary study. Gastrointest
Endosc 2009; 70: 915-922 [PMID: 19647241 DOI: 10.1016/
j.gie.2009.04.042]
Chan HH, Lai KH, Lin CK, Tsai WL, Wang EM, Hsu PI,
Chen WC, Yu HC, Wang HM, Tsay FW, Tsai CC, Chen IS,
Chen YC, Liang HL, Pan HB. Endoscopic papillary large balloon dilation alone without sphincterotomy for the treatment
of large common bile duct stones. BMC Gastroenterol 2011;
11: 69 [PMID: 21668994 DOI: 10.1186/1471-230X-11-69]
Oh MJ, Kim TN. Prospective comparative study of endoscopic papillary large balloon dilation and endoscopic
sphincterotomy for removal of large bile duct stones in patients
above 45 years of age. Scand J Gastroenterol 2012; 47: 1071-1077
[PMID: 22934594 DOI: 10.3109/00365521.2012.690046]
Attam R, Freeman ML. Endoscopic papillary large balloon
dilation for large common bile duct stones. J Hepatobiliary Pancreat Surg 2009; 16: 618-623 [PMID: 19551331 DOI:
10.1007/s00534-009-0134-2]
Lee DK, Han JW. Endoscopic papillary large balloon dilation: guidelines for pursuing zero mortality. Clin Endosc 2012;
45: 299-304 [PMID: 22977823 DOI: 10.5946/ce.2012.45.3.299]
Meine GC, Baron TH. Endoscopic papillary large-balloon
dilation combined with endoscopic biliary sphincterotomy
for the removal of bile duct stones (with video). Gastrointest
Endosc 2011; 74: 1119-1126 [PMID: 21944309 DOI: 10.1016/
j.gie.2011.06.042]
Lee DK, Jahng JH. Alternative methods in the endoscopic
management of difficult common bile duct stones. Dig
Endosc 2010; 22 Suppl 1: S79-S84 [PMID: 20590778 DOI:
10.1111/j.1443-1661.2010.00960.x]
Lee DK, Lee BJ. EST, EPBD, and EPLBD (Cut, Stretch, or
Both?). In: Niwa H, Tajiri H, Nakajima M, Yasuda K. New
Challenges in Gastrointestinal Endoscopy. Tokyo: Springer,
2008: 385-397
Ustundag Y, Ersoz G, Saritas U. Analysis of adverse events
associated with endoscopic papillary large-balloon dilation. Dig Dis Sci 2013; 58: 2426-2427 [PMID: 23812860 DOI:
10.1007/s10620-013-2741-7]
Koruk I, Parlak E, Seçilmiş S, Akdoğan M, Köklü S.
Endoscopic sphincteroplasty with large balloon dilatation
for extraction of difficult common bile duct stones. Dig
Dis Sci 2008; 53: 1737-1738 [PMID: 17940901 DOI: 10.1007/
s10620-007-0060-6]
Vila JJ, Artifon EL. endoscopic papillary large-balloon
dilatation in patients with Billroth II gastrectomy. Dig Dis
Sci 2013; 58: 1452-1453 [PMID: 23543086 DOI: 10.1007/
s10620-013-2650-9]
Ozaslan E. Endoscopic large balloon dilation after sphincterotomy: is perforation risk an alarming issue? Dig Dis Sci
2013; 58: 1438 [PMID: 23504351 DOI: 10.1007/s10620-0132615-z]
Lee JH. Is combination biliary sphincterotomy and balloon
dilation a better option than either alone in endoscopic removal of large bile-duct stones? Gastrointest Endosc 2007; 66:
727-729 [PMID: 17905014 DOI: 10.1016/j.gie.2007.03.1060]
Lee YS, Moon JH, Ko BM, Choi HJ, Cho YD, Park SH, Lee
MS, Shim CS. Endoscopic closure of a distal common bile
duct perforation caused by papillary dilation with a largediameter balloon (with video). Gastrointest Endosc 2010; 72:

January 28, 2014|First Edition|

Kim JH et al . Endoscopic papillary large balloon dilation

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

616-618 [PMID: 20541195 DOI: 10.1016/j.gie.2010.02.034]
Katsinelos P, Fasoulas K, Beltsis A, Chatzimavroudis G,
Zavos C, Terzoudis S, Kountouras J. Large-balloon dilation
of the biliary orifice for the management of basket impaction: a case series of 6 patients. Gastrointest Endosc 2011; 73:
1298-1301 [PMID: 21492853 DOI: 10.1016/j.gie.2011.01.034]
Maroy B. Life-threatening hemorrhage caused by balloon
dilation after sphincterotomy for extraction of a large stone.
Endoscopy 2011; 43 Suppl 2 UCTN: E94-E95 [PMID: 21425028
DOI: 10.1055/s-0030-1256026]
Lee TH, Park SH, Lee CK, Chung IK, Kim SJ, Kang CH. Lifethreatening hemorrhage following large-balloon endoscopic
papillary dilation successfully treated with angiographic
embolization. Endoscopy 2009; 41 Suppl 2: E241-E242 [PMID:
19757375 DOI: 10.1055/s-0029-1214984]
Lee JH, Kang DH, Park JH, Kim MD, Yoon KT, Choi CW,
Kim HW, Cho M. Endoscopic removal of a bile-duct stone
using sphincterotomy and a large-balloon dilator in a patient
with situs inversus totalis. Gut Liver 2010; 4: 110-113 [PMID:
20479922 DOI: 10.5009/gnl.2010.4.1.110]
Park SY, Park CH, Yoon KW, Cho SB, Lee WS, Joo YE, Kim
HS, Choi SK, Rew JS. Endoscopic large-diameter balloon dilation after fistulotomy for the removal of bile duct stones in
a difficult cannulation. Gastrointest Endosc 2009; 69: 955-959
[PMID: 19327486 DOI: 10.1016/j.gie.2008.12.048]
Abstracts of Digestive Disease Week and ASGE (American
Society for Gastrointestinal Endoscopy) Annual Postgraduate Course, May 2007, Washington, DC, USA. Gastrointest
Endosc 2007; 65: AB90-A371 [PMID: 17536233 DOI: 10.1016/
j.gie.2007.03.107]
Bang S, Kim MH, Park JY, Park SW, Song SY, Chung JB.
Endoscopic papillary balloon dilation with large balloon
after limited sphincterotomy for retrieval of choledocholithiasis. Yonsei Med J 2006; 47: 805-810 [PMID: 17191309 DOI:
10.3349/ymj.2006.47.6.805]
Kochhar R, Dutta U, Shukla R, Nagi B, Singh K, Wig JD.
Sequential endoscopic papillary balloon dilatation following
limited sphincterotomy for common bile duct stones. Dig
Dis Sci 2009; 54: 1578-1581 [PMID: 19005760 DOI: 10.1007/
s10620-008-0534-1]
Draganov PV, Evans W, Fazel A, Forsmark CE. Large size
balloon dilation of the ampulla after biliary sphincterotomy
can facilitate endoscopic extraction of difficult bile duct
stones. J Clin Gastroenterol 2009; 43: 782-786 [PMID: 19318979
DOI: 10.1097/MCG.0b013e31818f50a2]
Martín-Arranz E, Rey-Sanz R, Martín-Arranz MD, GeaRodríguez F, Mora-Sanz P, Segura-Cabral JM. Safety and efficacy of large balloon sphincteroplasty in a third care hospital. Rev Esp Enferm Dig 2012; 104: 355-359 [PMID: 22849496]
García-Cano J, Arana LT, Ayllón CJ, Chicano MV, Fernández RM, Sánchez LS, Ruiz CJ, xAriño MJ, García JI, Vigara
MG, Cerezo ER, Sola AP. Biliary sphincterotomy dilation for
the extraction of difficult common bile duct stones. Rev Esp
Enferm Dig 2009; 101: 541-545 [PMID: 19785493]
Kim HW, Kang DH, Choi CW, Park JH, Lee JH, Kim MD,
Kim ID, Yoon KT, Cho M, Jeon UB, Kim S, Kim CW, Lee JW.
Limited endoscopic sphincterotomy plus large balloon dilation for choledocholithiasis with periampullary diverticula.
World J Gastroenterol 2010; 16: 4335-4340 [PMID: 20818818]
Kim GH, Kang DH, Song GA, Heo J, Park CH, Ha TI, Kim
KY, Lee HJ, Kim ID, Choi SH, Song CS. Endoscopic removal
of bile-duct stones by using a rotatable papillotome and a
large-balloon dilator in patients with a Billroth II gastrectomy (with video). Gastrointest Endosc 2008; 67: 1134-1138
[PMID: 18407269 DOI: 10.1016/j.gie.2007.12.016]
Itoi T, Ishii K, Itokawa F, Kurihara T, Sofuni A. Large balloon papillary dilation for removal of bile duct stones in
patients who have undergone a billroth ii gastrectomy. Dig
Endosc 2010; 22 Suppl 1: S98-S102 [PMID: 20590782 DOI:
10.3748/wjg.v16.i34.4335]

WCG|www.wjgnet.com

80

81

82

83

84

85

86

87
88
89

90
91

92
93

94

119

Kim TN, Lee SH. Endoscopic Papillary Large Balloon Dilation Combined with Guidewire-Assisted Precut Papillotomy
for the Treatment of Choledocholithiasis in Patients with
Billroth II Gastrectomy. Gut Liver 2011; 5: 200-203 [PMID:
21814601 DOI: 10.5009/gnl.2011.5.2.200]
Choi CW, Choi JS, Kang DH, Kim BG, Kim HW, Park SB,
Yoon KT, Cho M. Endoscopic papillary large balloon dilation in Billroth II gastrectomy patients with bile duct stones.
J Gastroenterol Hepatol 2012; 27: 256-260 [PMID: 21793902
DOI: 10.1111/j.1440-1746.2011.06863.x]
Jang HW, Lee KJ, Jung MJ, Jung JW, Park JY, Park SW, Song
SY, Chung JB, Bang S. Endoscopic papillary large balloon
dilatation alone is safe and effective for the treatment of difficult choledocholithiasis in cases of Billroth II gastrectomy:
a single center experience. Dig Dis Sci 2013; 58: 1737-1743
[PMID: 23392745 DOI: 10.1007/s10620-013-2580-6]
Itoi T, Ishii K, Sofuni A, Itokawa F, Kurihara T, Tsuchiya T,
Tsuji S, Ikeuchi N, Umeda J, Tanaka R, Moriyasu F. Large
balloon dilatation following endoscopic sphincterotomy using a balloon enteroscope for the bile duct stone extractions
in patients with Roux-en-Y anastomosis. Dig Liver Dis 2011;
43: 237-241 [PMID: 20947457 DOI: 10.1016/j.dld.2010.09.002]
Kim JH, Kim YS, Kim DK, Ha MS, Lee YJ, Lee JJ, Lee SJ,
Won IS, Ku YS, Kim YS, Kim JH. Short-term Clinical Outcomes Based on Risk Factors of Recurrence after Removing
Common Bile Duct Stones with Endoscopic Papillary Large
Balloon Dilatation. Clin Endosc 2011; 44: 123-128 [PMID:
22741123 DOI: 10.5946/ce.2011.44.2.123]
Ha DW, Song GA, Kim DU, Kim GH, Heo J, Lee HW, Cho
EJ, Jeon HK. [Recurrent common bile duct stone and endoscopic treatment after endoscopic papillary large balloon
dilatation with minor endoscopic sphincterotomy]. Korean J
Gastroenterol 2011; 57: 352-357 [PMID: 21694487]
Kim KH, Rhu JH, Kim TN. Recurrence of bile duct stones
after endoscopic papillary large balloon dilation combined
with limited sphincterotomy: long-term follow-up study.
Gut Liver 2012; 6: 107-112 [PMID: 22375179 DOI: 10.5009/
gnl.2012.6.1.107]
Lee JW, Kim JH, Kim YS, Choi HS, Kim JS, Jeong SH, Ha
MS, Ku YS, Kim YS, Kim JH. [The effect of periampullary diverticulum on the outcome of bile duct stone treatment with
endoscopic papillary large balloon dilation]. Korean J Gastroenterol 2011; 58: 201-207 [PMID: 22042420]
Espinel J, Pinedo E, Olcoz JL. [Large hydrostatic balloon for
choledocolithiasis]. Rev Esp Enferm Dig 2007; 99: 33-38 [PMID:
17295596]
Hochberger J, Tex S, Maiss J, Hahn EG. Management of difficult common bile duct stones. Gastrointest Endosc Clin N Am
2003; 13: 623-634 [PMID: 14986790]
Binmoeller KF, Brückner M, Thonke F, Soehendra N.
Treatment of difficult bile duct stones using mechanical,
electrohydraulic and extracorporeal shock wave lithotripsy.
Endoscopy 1993; 25: 201-206 [PMID: 8519238 DOI: 10.1055/
s-2007-1010293]
Gupta N, Poreddy V, Al-Kawas F. Endoscopy in the management of choledocholithiasis. Curr Gastroenterol Rep 2008;
10: 169-176 [PMID: 18462604]
Wojtun S, Gil J, Gietka W, Gil M. Endoscopic sphincterotomy for choledocholithiasis: a prospective single-center study
on the short-term and long-term treatment results in 483
patients. Endoscopy 1997; 29: 258-265 [PMID: 9255528 DOI:
10.1055/s-2007-1004186]
Sivak MV. Endoscopic management of bile duct stones. Am
J Surg 1989; 158: 228-240 [PMID: 2672845]
Gutiérrez-Bermúdez JA, Adalid-Martínez R, Güitrón-Cantú
A. [Endoscopic mechanical lithotripsy in choledocholithiasis
of difficult extraction handling]. Rev Gastroenterol Mex 2006;
71: 16-21 [PMID: 17063570]
Kudrevatykh IP, Shchetinin VN. [Endoscopic mechanical
lithotripsy in the treatment of choledocholithiasis]. Vestn

January 28, 2014|First Edition|

Kim JH et al . Endoscopic papillary large balloon dilation

95

96

97

Khir Im I I Grek 2001; 160: 19-20 [PMID: 11836992]
Cohello R, Bordas JM, Guevara MC, Liach J, Mondelo F,
Ginès A, Terés J. [Mechanical lithotripsy during retrograde
cholangiography in choledocholithiasis untreatable by conventional endoscopic sphincterotomy]. Gastroenterol Hepatol
1997; 20: 124-127 [PMID: 9162531]
Cipolletta L, Costamagna G, Bianco MA, Rotondano G,
Piscopo R, Mutignani M, Marmo R. Endoscopic mechanical
lithotripsy of difficult common bile duct stones. Br J Surg
1997; 84: 1407-1409 [PMID: 9361600]
Vij JC, Jain M, Rawal KK, Gulati RA, Govil A. Endoscopic management of large bile duct stones by mechanical
lithotripsy. Indian J Gastroenterol 1995; 14: 122-123 [PMID:
8868351]

98

Leung JW, Tu R. Mechanical lithotripsy for large bile duct
stones. Gastrointest Endosc 2004; 59: 688-690 [PMID: 15114312]
99 Shaw MJ, Mackie RD, Moore JP, Dorsher PJ, Freeman ML,
Meier PB, Potter T, Hutton SW, Vennes JA. Results of a multicenter trial using a mechanical lithotripter for the treatment
of large bile duct stones. Am J Gastroenterol 1993; 88: 730-733
[PMID: 8480739]
100 Shim CS. Balloon dilation of the native and postsphincterotomy papilla. In: Baron TH, Kozarek RA, Carr-Locke DL.
ERCP. Philadelphia: Elsevier Saunders, 2013: 139-151
101 Akashi R, Kiyozumi T, Tanaka T, Sakurai K, Oda Y, Sagara
K. Mechanism of pancreatitis caused by ERCP. Gastrointest
Endosc 2002; 55: 50-54 [PMID: 11756914 DOI: 10.1067/
mge.2002.118964]
P- Reviewers: Coskun A, Lakatos PL S- Editor: Cui XM
L- Editor: A E- Editor Wu HL

WCG|www.wjgnet.com

120

January 28, 2014|First Edition|

WC G

World Clinical
Gastroenterology

2014 First Edition
bpgoffice@wjgnet.com

ISBN 978-0-9914430-0-0
© 2014 Baishideng Publishing Group Inc. All rights reserved.

PROGRESS IN BILIARY TRACT DISEASES

Minimally invasive treatment of cholecysto-choledocal
lithiasis: The point of view of the surgical endoscopist
Giovanni D De Palma
opted on a selective basis, i.e. , in patients with acute
obstructive suppurative cholangitis, severe biliary pancreatitis, ampullary stone impaction or severe comorbidity. In a setting where all facilities are available,
decision in the selection of the therapeutic option
depends on the patients, the number and size of choledocholithiasis stones, the anatomy of the cystic duct
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Core tip: Development of Endoscopic Retrograde
Cholangiopancreatography and Laparoscopic Surgery
have influenced new approaches to the management
of cholecysto-choledocal lithiasis. At present available
minimally-invasive treatments include: single-stage
laparoscopic treatment, perioperative endoscopic treatment and endoscopic treatment alone. Current data
does not suggest clear superiority of any one approach
with regard to success, mortality, morbidity and costeffectiveness. Considering the variety of therapeutic
options available for management, a critical appraisal
and decision-making is required. This should preferably
be dictate on the patient, the clinical presentation, the
timing of diagnosis (established pre-operative diagnosis
or incidental intraoperative diagnosis), the surgical pathology and the local expertise.

Abstract
The rate of choledocholithiasis in patients with symptomatic cholelithiasis is estimated to be approximately
10%-33%, depending on the patient’s age. Development of Endoscopic Retrograde Cholangiopancreatography and Laparoscopic Surgery and improvement of
diagnostic procedures have influenced new approaches to the management of common bile duct stones in
association with gallstones. At present available minimally-invasive treatments of cholecysto-choledocal
lithiasis include: single-stage laparoscopic treatment,
perioperative endoscopic treatment and endoscopic
treatment alone. Published data evidence that, associated endoscopic-laparoscopic approach necessitates
increased number of procedures per patient while
single-stage laparoscopic treatment is associated with
a shorter hospital stay. However, current data does
not suggest clear superiority of any one approach
with regard to success, mortality, morbidity and costeffectiveness. Considering the variety of therapeutic
options available for management, a critical appraisal
and decision-making is required. Endoscopic retrograde cholangiopancreatography/EST should be ad-
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Laparoscopic common bile duct exploration can be
achieved through transcystic approach or by performing choledochotomy. Endoscopic treatment comprises
preoperative ERCP with endoscopic sphincterotomy
(ES) followed by LC (sequential treatment), intraoperative ERCP with ES (LC + ES, rendezvous technique) as
a single stage treatment of CBDS, postoperative ERCP
with ES as a two stage treatment of CBDS and ERCP
with ES without subsequent gallbladder removal. Each
of these options has advantages and disadvantages that
have been reported in numerous publications that are
summarized in Table 2[7-14].

INTRODUCTION
The rate of choledocholithiasis (CBDS) in patients with
symptomatic cholelithiasis is estimated to be approximately 10%-33%, depending on the patient’s age[1-4]. In
Western countries CBDS typically originate in the gallbladder and migrate into the common bile duct. Compared to stones in the gallbladder the natural history of
secondary CBDS is not well understood. It is unclear
whether an asymptomatic choledocholithiasis requires
treatment. A prospective study of common bile duct
calculi in patients undergoing laparoscopic cholecystectomy (LC) have suggested that a third of patients with
CBDS at the time of cholecystectomy pass their stones
spontaneously within 6 wk of surgery[1]. It is not clear
what stone size precludes transpapillary migration into
the duodenum nor which criteria will predict complications if CBD stones are not treated. On the other hands,
complications of ductal stones, including pain, partial
or complete biliary obstruction, cholangitis, hepatic abscesses or pancreatitis are well recognized and often serious. Therefore, it is generally recommended to treat CBD
stones whenever detected, except in selected patients that
have contraindications (e.g., high risk patients, refusal of
operative or endoscopic treatment etc.), when conservative and expecting modality are accepted[5].
For many years, open cholecystectomy with choledochotomy and/or surgical sphincterotomy and cleaning of
the bile duct were the gold standard to treat both pathologies. Development of endoscopic retrograde cholangiopancreatography (ERCP) and laparoscopic surgery and
improvement of diagnostic procedures have influenced
new approaches to the management of CBDS in association with gallstones.
ERCP has become a widely available and routine
procedure, whilst open cholecystectomy has largely been
replaced by a laparoscopic approach, which is considered
the treatment of choice for gallbladder removal since
NIH Consensus on 1993[6]. New imaging techniques such
as magnetic resonance cholangiography (MR) and endoscopic ultrasound (EUS) offer the opportunity to accurately visualize the biliary system without instrumentation
of the ducts. As a consequence clinicians are now faced
with a number of potentially valid options for managing
patients with CBDS.

ANALYSIS OF THE CURRENT
LITERATURE
Current data does not suggest clear superiority of any
one approach with regard to success, mortality, morbidity
and cost-effectiveness. Published data evidence that associated endoscopic-laparoscopic approach necessitates increased number of procedures per patient while LCBDE
is associated with a shorter hospital stay[15-17]. Moreover,
the long-term sequelae of sphincterotomy can also be
avoided with laparoscopic bile duct clearance[18,19].
However there are several issues concerning these
results that deserve some considerations. First, coming
from experienced laparoscopic centers, the application of
these results to the wider surgical community should be
made with some caution. Second, when applying the results to clinical practice, it is important to consider the inclusion criteria for each of the studies, since many studies
excluded patients from laparoscopic CBD exploration in
cases of high-risk patients (American Standards Association status 3-4), acute cholangitis, gallstone pancreatitis or
anatomy precluding LCBDE. Finally, most of the trials
were limited by their small sample size.
Moreover, it is important also to note that the laparoscopic technique has not been widely accepted by the
surgical community. In common practice, from a 2005
survey of English hospitals, it is estimated that only 20%
of bile duct explorations are performed laparoscopically[20]. Similarly, a survey of general surgeons practicing in
the United States showed that, although 44% of surgeons
could perform laparoscopic CBD exploration, only 22%
actually did so routinely and that 75% considered the
preoperative ERCP as the preferred approach to a patient
with choledocholithiasis[21]. The most common reasons
for not performing LCBDE were that the procedure was
too time consuming (58%), lack of equipment (24%), increased morbidity (1.5%) and lack of skill (1.5%).

MANAGEMENT STRATEGIES OF
CHOLECYSTO-CHOLEDOCAL LITHIASIS
The primary challenge in the management of CBD
stones in association with gallstones is to select the best
strategy with regard to success, morbidity and costeffectiveness. At present available minimally-invasive
treatments of cholecysto-choledocal lithiasis include:
single-stage laparoscopic common bile duct exploration
(LCBDE), perioperative endoscopic treatment and endoscopic treatment alone (Table 1).
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Table 1 Management strategies of minimally invasive
treatment of cholecysto-choledocal lithiasis

Table 2 Discussion overview of management strategies
Type of procedure

One step surgical treatment
Endoscopic + surgical approach

Endoscopic treatment alone1

Laparoscopic

Advantages

ERCP + ES

Less invasive
Procedure of choice in
post-cholecystectomy
patients, acute cholangitis,
gallstone pancreatitis
LCBDE: transcystic
Minimal invasive
One stage procedure

Preoperative ERCP
Intraoperative ERCP
Postoperative ERCP
Endoscopic stones extraction without
subsequent cholecystectomy

1

Selected patients. ERCP: Endoscopic retrograde cholangiopancreatography.
LCBDE:
choledochotomy

is required. This should preferably be dictate on the patient, the clinical presentation, the timing of CBD stones
diagnosis (established pre-operative diagnosis or incidental intraoperative diagnosis), the surgical pathology and
the local expertise.

Equipment
Local expertise
2 stage procedure
Complications
Equipment
Local expertise
Anatomic variations
Prolonged OR time
Most invasive
Necessitate of T-tube
Prolonged OR time

ERCP: Endoscopic retrograde cholangiopancreatography; ES: Endoscopic
sphincterotomy; LCBDE: Laparoscopic common bile duct exploration; OR:
Operative time.

Patient
An assessment of operative risk needs to be made prior
to scheduling intervention. Where this risk is deemed
prohibitive, endoscopic therapy should be considered as
an alternative since endoscopic treatment is less invasive
than surgical approach. For patients aged less than 50-60
years, although the available evidence suggests that ERCP
with ES can be safely used for extracting stones, it’s important to take in mind late complications of ES including recurrent stone formation and cholangitis[18,19,22-24].
For an individual patient these risks need to be weighed
against those of alternative treatment options.

acute pancreatitis. The timing of LC following acute biliary pancreatitis can vary markedly depending on the severity of pancreatitis and the overall health of the patient.
In mild disease LC can be safely performed within 7 d,
whereas in severe disease, especially in extended pancreatic necrosis, at least three weeks should elapse because of
an increased infection risk[32]. Routine preoperative ERCP
is considered unnecessary in non-jaundiced patients with
mild biliary pancreatitis scheduled to undergoing cholecystectomy since in this group of patients 80% of stones
spontaneously pass and it is uncommon to find ductal
stones in this group at ERCP[33-37]. Every effort should
be made to identify biliary obstruction, including MRCP
and EUS when accessible, before resorting to ERCP[38,39].
In the setting of acute pancreatitis, it’s important to note
that ERCP is generally more difficult to perform because
the duodenum and ampulla are edematous[35].

Clinical presentation
Bacterial contamination of bile is a common finding in
patients with CBDS and may causes acute cholangitis. Biliary decompression is considered the primary treatment
of acute cholangitis due to biliary stones. Immediate
decompression could be planned for patients who fail to
respond to antibiotic therapy or who have signs of septic
shock. Urgent decompression (< 72 h) could be planned
for patients who respond to initial therapeutic measures
or patients with poor prognostic parameter (elderly patients; associated comorbidities). The most appropriate
method of biliary decompression is ES supplemented
by stenting and/or stone extraction. Surgical approach in
this group is associated with a considerably higher mortality than ERCP and should be avoided[25-29].
Common bile duct stones are a recognized cause of
acute pancreatitis. The United Kingdom guidelines for
the management of acute pancreatitis advocate urgent
therapeutic ERCP in every patient with suspected gallstone etiology and predicted severe pancreatitis or when
there is cholangitis, jaundice or a dilated common bile
duct[30]. Conversely, the AGA Institute guidelines on acute
pancreatitis recommend that early ERCP is not indicated
in patients with predicted severe pancreatitis without
concomitant cholangitis or high suspicion of a persistent
common bile duct stone[31]. Laparoscopic cholecystectomy is recommended as a treatment of choice for biliary
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One stage procedure

Disadvantages

Timing of diagnosis
CBD stones can be diagnosed before the LC (established
preoperative diagnosis), during (incidental diagnosis)
or after the LC. ERCP with ES is recommended as the
primary form of treatment for patients with CBDS post
cholecystectomy. This approach is advocated, though it
should be noted there are no trials directly comparing endoscopic stone extraction with surgical stone extraction
in this setting. Successful endoscopic treatment is possible in the majority of patients and in skilled hands duct
clearance can be achieved in over 90%, though in 5%-25%
of patients this requires two or more ERCPs[5,40-42]. In patients with preoperative diagnosis or incidental diagnosis,
decision may depend on the surgical pathology and local
expertise.
Surgical pathology
There are several factors that can affect the choice of the
technique including the size and number of CBD stones,
the cystic duct size and anatomy, the diameter of the
common bile duct, and the past surgical history.
Transcystic stone clearance may be hampered by cys-
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gallbladder stones[60-63]. Therefore in patients with CBDS
and gallstones ES with stone extraction as sole treatment
should be avoided unless there are patient related factors
that make cholecystectomy inappropriate. The role of
LC in patients with empty gallbladders is less clear. Large
scale prospective follow-up of such patients suggests
that, following successful ES, there is a low rate of recurrent bile duct stones and a low risk of cholecystitis[60].

tic duct anatomy (tortuous, < 3 mm in diameter), proximal (hepatic duct) stones, strictures and large (> 6 mm)
or numerous stones (> 5)[43-45]. Following laparoscopic
choledochotomy, closure over a T-tube may be required
if the common bile duct is inflamed[46-48]. Extraction of
ductal stones via an endoscopic biliary sphincterotomy
may be difficult or inappropriate for a variety of reasons,
including size, shape and number of stones, intrahepatic location, stone impaction, Billroth Ⅱ gastrectomy
or Roux-en-y anatomy, recurrent bile duct stones after
prior open exploration of the CBD and biliodigestive
anastomosis, periampullary diverticula, and Mirizzi syndrome[8,49].
It is important that adequate biliary drainage is ensured in patients with CBD stones that have not been
extracted by standard or advanced (such as lithotripsy)
endoscopic techniques, eventually by a temporary biliary stent. The use of a biliary stent as sole treatment
for CBDS should be restricted to a selected group of
patients with limited life expectancy and/or prohibitive
surgical risk[50-52].

CONCLUSION
ERCP/EST should be adopted on a selective basis, i.e.,
in patients with acute obstructive suppurative cholangitis,
severe biliary pancreatitis, ampullary stone impaction or
severe comorbidity. In a setting where all facilities are
available, decision in the selection of the therapeutic option depends on the patients, the number and size of
CBD stones, the anatomy of the cystic duct and common bile duct, the surgical history of patients and local
expertise.
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Ursodeoxycholic acid therapy in gallbladder disease, a story
not yet completed
Michele Pier Luca Guarino, Silvia Cocca, Annamaria Altomare, Sara Emerenziani, Michele Cicala
of the less expensive, best tested and safest of the
drugs currently available. This editorial is aimed to provide a brief review of the principal non-invasive nonsurgical medical treatments for cholesterol gallstones.
Based on the literature and on our experimental and
clinical works we try to summarize the recent developments in ursodeoxycholic acid use, current indications
for its use and the more recent advances in understanding its effects in terms of an anti-inflammatory
drug. For these reasons, the story would not appear to
end herewith but deserves further attention and investigation.
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Abstract
Gallstone disease represents an important issue in the
healthcare system. The principal non-invasive nonsurgical medical treatment for cholesterol gallstones is
still represented by oral litholysis with bile acids. The
first successful and documented dissolution of cholesterol gallstones was achieved in 1972. Since then
a large number of investigators all over the world,
have been dedicated in biochemical and clinical studies on ursodeoxycholic acid (UDCA), demonstrating its
extreme versatility. This editorial is aimed to provide
a brief review of recent developments in UDCA use,
current indications for its use and, the more recent advances in understanding its effects in terms of an antiinflammatory drug.

INTRODUCTION
Gallstone disease still represents a relevant issue for the
healthcare system and one of the most common and
costly of all digestive diseases if we consider the number
of cholecystectomies, which are performed annually
all over the world, and the hospital admission rate for
complicated gallstone disease[1,2]. A marked variation in
overall gallstone prevalence between the different ethnic populations has been reported; native populations
from North and South America represent the groups
at the highest risk in the world. Symptoms occur in approximately 20% of patients, and this subgroup is at
the highest risk of developing serious complications
from gallstone disease. These complications can range
from simple to severe recurrent biliary colic, ascending
cholangitis and/or pancreatitis[3].
Gallstone disease is a complex disorder where both
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environmental and genetic factors contribute to the susceptibility to the disease. Risk factors include age, gender,
race, parity, dietary factors. A family history of gallstones
has also been identified as a risk factor suggesting that genetics play a role in gallstone formation. Genetic factors
seems to be responsible for at least 30% of symptomatic
gallstone disease[4]. Furthermore, as in atherosclerosis, the
risk of cholesterol gallstone disease increases with obesity, type 2 diabetes, insulin resistance and dyslipidaemia,
conditions associated with the metabolic syndrome[1,5].
Gallstones are classified as cholesterol and pigment
stones. More than 90% of gallstones consist mainly of
cholesterol and are formed within the gallbladder[3].

France, in 1987, and, in the United States, in 1988. This
technique has now replaced open cholecystectomy as
first-choice treatment for selected types of patients and
represents one of the safer surgical procedures[8].
Non-surgical management of gallstones has been
widely investigated over the last few decades, including
gallstone dissolution both by mechanical and biochemical
means[10].
Since its introduction, in 1985, in Germany, extracorporeal shockwave lithotripsy (ESWL) had been shown to
be useful for fragmentation of bile duct stones that were
not extractable endoscopically and its efficacy was soon
established for selected patients at high surgical risk (>
70 years old, high morbidity and mortality rates) presenting gallstone disease (solitary radiolucent calculi < 2
cm in diameter)[11]. ESWL adopts focused shock waves
produced by electromagnetic or ultrasound sources to
fragment gallstones, but its efficacy depends upon the
amount of energy delivered to the stone as well as the
emptying and fasting volumes of the gallbladder[6]. Since
its introduction in gastroenterology, ESWL had been
considered as an adjuvant of oral bile acid in the treatment of gallstones, since it increases the surface for bile
salt action fragmenting the stones into smaller particles.
The major disadvantage of ESWL is the high postdissolution recurrence rate (being 11%-26% for a 24-mo
period), which had always raised the issue of cost-effectiveness[12]. For this reason, at present, even if advances
have been made in lithotripsy technology (i.e., the introduction of pulverization), none of the ESWL machines
have been approved by the Food and Drug Administration (FDA) for routine clinical use in the United States,
therefore this technique is no longer widely used, except
in some European countries[8]. In the early period of the
first use of ESWL, much interest was aroused by the
application of contact dissolution agents, even if considerably less experience had been recorded. It involved
direct entry of a potent cholesterol solvent (such as methyl tertiary-butyl ether, MTBE), either instilled directly
into the gallbladder or into the bile duct following endoscopic intubation. Cholesterol prevalent stones could be
cleared within hours to days. Interest in this method was
soon lost due to the potential side-effects and was therefore limited to patients that were at high surgical risk[13] .
The principal non-invasive non-surgical medical
treatment for cholesterol gallstones is still represented
by oral litholysis with bile acids[14]. The first successful
and documented dissolution of cholesterol gallstones
was achieved in 1972 by oral administration of chenodeoxycholic acid (CDCA), a primary trihydroxy bile acid[15].
The use of CDCA due to a dose-dependent increase in
aminotransferases, to an increase in serum low-density
lipoprotein cholesterol and the development of bile saltinduced diarrhoea, raised concerns[15]. Since the more
hydrophilic UDCA appeared to be as effective in gallstone dissolution but practically devoid of side-effects, it
rapidly replaced CDCA and represents the most widely
recorded experience in the literature[16].

TREATMENT OF GALLSTONE DISEASE
A physician of the Byzantine Empire first described
calculi in the human liver, but the earliest evidence of
human gallstones is represented by the finding of 30
stones in the intact gallbladder of a mummified Egyptian priestess from around 1500 BC. In the past, a multiplicity of treatments have been used to attempt gallstone
dissolution, including prayer, magic, herbs and potions[6].
The modern medical therapeutic management of
gallstone disease depends primarily upon the clinical
stage: asymptomatic, symptomatic (typical biliary colic
pain), and complicated disease.
Asymptomatic gallstones rarely warrant treatment,
since they generally have a benign natural course; the
progression to symptomatic disease is relatively low, ranging from 10% to 25%. The majority of patients rarely
develop gallstone-related complications without having at
least one episode of biliary pain. In the pre-laparoscopy
era, cholecystectomy was generally performed for symptomatic disease. The minimally invasive laparoscopic
cholecystectomy refuelled the controversies regarding
the optimal management of asymptomatic or silent gallstones, but most experts agree that the majority of patients should be managed by observation alone (expectant
management)[7]. According to the National Institutes of
Health Consensus Conference report “the availability
of laparoscopic cholecystectomy should not expand the
indications for gallbladder removal”[8]. Moreover, followup studies on a total of 279 patients with silent gallstone
disease reported that the natural history of asymptomatic
gallstones is benign and only 20% of these patients developed pain or complications within 24 years[9].
Symptomatic gallstone disease or acute cholecystitis
are the primary indications for cholecystectomy that is
currently considered the “gold standard” for the treatment of gallstone disease. Cholecystectomy is one of
the most commonly performed abdominal surgical
procedures, the first carried out in 1882 by Carl von
Langenbuch[6]. The credit of establishing surgery of the
gallbladder on a firm footing belongs to Langenbuch.
The safety and success of this operation was soon established. Laparoscopic cholecystectomy is a minimally
invasive surgical technique that was first performed in
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Recently some studies have suggested the possibility of using, as therapeutic agents for gallstone disease,
cholesterol-lowering agents such as statins and ezetimibe
that inhibit hepatic cholesterol synthesis or reduce the
absorption of cholesterol in the small intestine, alone or
in combination with other forms of treatment[17-21]. Despite some promising initial data in the literature, there
are still some conflicting results, thus suggesting that
UDCA is the most suitable of medical treatments for
gallstone disease.

eases, the largest amount of evidence still remains the
beneficial effect of UDCA in dissolution of cholesterol
gallstones.

UDCA IN GALLSTONE DISEASE
UDCA, in pharmacological doses, markedly decreases
biliary cholesterol saturation by 40%-60%, by inhibition
of cholesterol absorption in the intestine, and cholesterol secretion into bile as indicated by a decrease in the
cholesterol fraction of biliary lipids[24]. Moreover, it is
well known that UDCA decreases toxicity of bile acids
which can damage cell membranes and cause cholestasis, through different means of action: by inhibition of
hydrophobic endogenous bile acids absorption from
the small intestine, by exerting a choleretic function that
induces dilution of endogenous bile salts in the bile
ducts and by protecting hepatocytes against toxic bile
acids[25,26].
Since Makino et al [22] first reported gallstone dissolution with UDCA, it has been used above all in the
treatment of gallbladder cholesterol stones as an alternative to cholecystectomy[24,27]. Although gallstones are
mainly composed of cholesterol, only a small number
of patients (< 10% of total) can be treated with systemic dissolution therapy using UDCA[16]. Candidates
for UDCA treatment should have cholesterol-enriched
non-calcified gallstones < 20 mm in diameter and a patent cystic duct. The recommended dose of UDCA for
gallbladder stones is 8-10 mg/kg per day, larger doses
do not offer additional benefits. A dissolution rate of
30%-60% (about 1 mm decrease in stone diameter per
mo) has been reported, although the initial gallstone diameter has been shown to be the most important factor
affecting the dissolution rate[27-29]. A clinical study demonstrated complete disappearance of small stones (< 5
mm) with UDCA treatment after 6 mo (90% in approximately 90% of cases)[16]. Following complete dissolution,
UDCA should be continued for another 3 mo in order
to confirm decomposition of microscopic stones that
may not be detected by ultrasonography. Absence of, or
minimal, change in gallstone diameter within 6 to 12 mo
of UDCA treatment represents a poor prognostic sign
for dissolution[28]. The chance of reducing, by means of
dissolution the size of large (> 20 mm diameter) or multiple stones, is very poor (less than 40%-50% after 1 year
of treatment)[16].
Biliary sludge has been considered another therapeutic target of UDCA. Sludge formation in the biliary
system can be accelerated for example by rapid weight
loss, pregnancy, total parenteral nutrition and solid organ
transplantation. The beneficial effect of UDCA in this
condition has been shown in a clinical study in which
idiopathic acute pancreatitis has been related to microscopic gallstones or biliary sludge. In this study UDCA
administration within 3 to 6 mo prevented gallstone
recurrence and more episodes of pancreatitis over a
follow-up of 44 mo[28].

URSODEOXYCHOLIC ACID
The use of UDCA in the treatment of liver diseases
dates back to the traditional Chinese medicine during
the Tang Dynasty. For centuries, the Chinese drug “shorea spp.”, derived from the bile of adult black bears, has
been used to cure various hepatobiliary disorders. Only
at the beginning of the 20th century, was UDCA identified from polar bear bile by Hammarsten[22], a swedish
research worker, who named this uncharacterized bile
acid as ursocholeinic acid. The bile acid he identified
was actually CDCA. It is anecdotally said that he ran
out of the sample during the course of purification and
abandoned its crystallization. Twenty years later, in 1927,
Shoda, from Okayama University, isolated UDCA from
bear bile imported from China, succeeded in crystallizing
it and then called it by its present name, i.e., Urso-deoxycholic (“urso”, bear in Latin), being the predominant bile
acid in bears[22].
Until Makino et al[22] clearly demonstrated that treatment with UDCA resulted in dissolution of cholesterol
gallstones, UDCA was predominantly used in Japan as
a liver tonic being administered in doses that were too
small to have any significant therapeutic effect. Thereafter its use spread worldwide following further confirmation of its effectiveness and safety[23].
From the time of marketing to the present day, a
large number of investigators all over the world have
been involved in biochemical. At present, and clinical
studies on UDCA, demonstrating its extreme versatility.
UDCA can be used as a therapeutic tool in cholestatic
liver diseases, being currently considered the only medical treatment officially approved by the United States
FDA, to treat primary biliary cirrhosis. It can also be a
therapeutic tool for non-cholestatic diseases and even
for non-hepatobiliary ones[24]. For example, it appears
to exert an anti-proliferative effect in terms of colon
cancer prophylaxis and adenoma recurrence, an immunomodulating effect in patients affected by AIDS and
it would appear to play a protective role in idiopathic
recurrent pancreatitis[25]. Finally, UDCA, thanks to its
biochemical structure, can penetrate the blood-brain
barrier, so in the future it may be found an application
of UDCA as a cell membrane stabilizer in central nervous system disorders[25].
Despite the extensive evidence accumulated regarding the possible use of UDCA in various types of dis-
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The greater limit of UDCA therapy for gallstone
dissolution can be considered the high recurrence
rate. Several studies have reported a recurrence rate of
30%-50% at 5 years and 50%-70% at 12 years, after successful treatment, especially in patients with multiple
gallstones[16,28,29].
For these reasons, the therapeutic effect of UDCA
in patients with symptomatic gallbladder stones has been
controversial over the last few decades but the usefulness
of this bile acid, as a therapeutic tool, has been successively reconsidered not only for its dissolution capacity,
but also for the anti-inflammatory effect. A long-term
follow-up study on UDCA treatment showed a significant decrease in the incidence of gallstone disease complications. In particular, this study showed that UDCA
treatment in patients with symptomatic gallstones reduced the incidence of biliary pain and acute cholecystitis
compared with no treatment over an 18-year period[30].
Interestingly, this therapeutic effect was independent
of gallstone dissolution suggesting that UDCA could
achieve these effects by restoring the normal gallbladder
environment which more recent studies, on gallstone disease, have clearly shown to be characterized by an inflammatory status. A more recent 3-mo randomized placebocontrolled study showed that UDCA did not exert any
beneficial effect on biliary pain or complications[31]. It
should be pointed out that, there are significant differences in the recurrence rates of biliary pain and need for
cholecystectomy between these two studies. Tomida et
al[30] reported recurrence rates of < 10% in those patients
on UDCA compared to 40% in those on placebo after
4 years. In contrast, in the most recent clinical trial, the
need for cholecystectomy after 100 d on UDCA or placebo reached almost 75%[31]. These differences suggest
that UDCA may not be effective in patients with more
advanced chronic inflammatory gallbladder disease. Our
earlier findings showing that UDCA treatment restores
gallbladder muscle functions and reduces the biochemical markers of oxidative stress and inflammation may
support, and partially explain, the beneficial effects in
patients with symptomatic gallbladder stones which were
independent of gallstone dissolution[32].
A series of in vitro studies have investigated the antiinflammatory effect of UDCA. Cystic duct ligation in
guinea pigs does not to cause acute cholecystitis unless
the bile is lithogenic with cholesterol and concentrated
bile is injected into the gallbladder [33,34]. Guinea pigs
submitted to common bile duct ligation develop acute
cholecystitis within 2-3 d together with biochemical and
pathologic changes similar to those found in human
acute cholecystitis, with or without gallstones[34,35]. Gallbladder muscle cells present increased levels of reactive
oxygen species (ROS), lipid peroxidation and prostaglandin E2 (PGE2) levels, their response to cholecystokinin
(CCK-8), PGE2 and potassium chloride being impaired,
and associated with a significant reduction in receptor
binding of these ligands[34]. These abnormalities were
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reproduced by treating normal human muscle cells with
H2O2 or with hydrophobic bile acids (tauro-chenodeoxycholic acid, TCDC) and are prevented by pre-treatment
with PGE2 or with the free radical scavenger catalase
suggesting that hydrophobic bile acids damage receptors and calcium channels of gallbladder muscle cells by
stimulating the generation of ROS[36,37]. Interestingly, in
vitro studies have shown that muscle cells pre-incubated
with UDCA prevent TCDC-induced muscle cell damage
and ROS production[36]. This specific beneficial effect of
UDCA has been confirmed by the previously mentioned
double blind, randomized 4-wk, study, carried out by our
group, comparing the effects of UDCA with those of
placebo in patients scheduled to undergo cholecystectomy for symptomatic gallbladder stones. In particular, this
study revealed that pre-treatment with UDCA restores
the normal contraction of gallbladder muscle cells by reducing cholesterol content in the plasma membranes and
levels of H2O2, lipid per-oxidation, platelet-activating
factor-like lipids as well as the production of PGE2 and
catalase activity[32]. These results are consistent with data
reported in a non-randomized study showing improved
gallbladder muscle strip contraction in patients treated
with UDCA for 3 wk compared to patients not receiving
treatment[38].
These data support the hypothesis that lithogenic bile
containing excess cholesterol creates a permissive environment in the gallbladders altering the normal balance
between hydrophobic bile acids and gallbladder protective mechanisms. Bile acids stimulate the formation of reactive oxygen species, capable of initiating inflammatory
processes and cholecystitis. Thus UDCA, by reducing the
excess cholesterol and “neutralizing” the hydrophobic
bile acids, restores the balance between aggressive biliary
factors and gallbladder protective mechanisms[32].
Hydrophobic bile acids, such as chenodeoxycholic
and deoxycholic acid, have also been demonstrated to
have a toxic effect on the liver mainly by the generation of reactive oxygen species[39,40]. In particular, hydrophobic bile acids, following hepatic retention, may
affect not only the hepatocytes but also the resident
macrophages (i.e., Küpffer cells) which generate reactive oxygen species and increase the level of oxidative
stress[41]. Therapeutic concentrations of UDCA enrich
the bile acid pool with UDCA resulting in a pool profile
shifting from hydrophobicity to hydrophilicity[42]. UDCA
administration has been shown to prevent and reduce
the hydrophobic bile acid damage in the liver; indeed, in
addition to displacement of the hydrophobic bile acids,
UDCA appears to exert a beneficial effect by preventing
hydrophobic bile acid-induced stimulation of macrophage oxidative processes[41].
A study from our group suggests that UDCA appears to exert a prophylactic action on the effects of
hydrophobic bile acids on the macrophage oxidative
processes in the gallbladder. Data emerging from this
study reveal the occurrence, in gallbladders surgically
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removed from patients with cholesterol gallstones, of an
increased number of macrophages in the muscle layer
when compared to the normal gallbladder. Of interest,
this double blind randomised 4-wk study comparing the
effects of UDCA with those of placebo in patients with
symptomatic gallbladder stones, scheduled to undergo
cholecystectomy, showed that this hydrophilic bile acid
leads to a decrease in the number of activated macrophages in the muscle layer and to the reduced production of PGE2 in the gallbladder muscle[43]. PGs are catalytic products of cyclooxygenase-2 (COX2) and are wellknown modulators of gastro-intestinal smooth muscle
function[44,45]. In our study, COX2 was mainly expressed
in the muscle by macrophages and a direct correlation
was found between the number of the COX2 and the
CD68 positive cells which represent the macrophages.
Although a minor contribution of other cell types, such
as mast cells and muscle cells, in which PGE2 production contributes to the mechanisms of cytoprotection[46],
cannot be definitely excluded, our findings support the
hypothesis that another anti-inflammatory effect of
UDCA could result from the decrease in the number of
activated macrophages which are the main source of PG
production. This finding adds another evidence of the
anti-inflammatory effect of this hydrophilic bile acid.
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CONCLUSION
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The large number of studies concerning the UDCA in
gallbladder and liver disease published in the literature,
over the last few years, clearly indicates the beneficial
effect of this bile acid, supported by the more recent
advances in the understanding of its effects in terms of
anti-inflammatory drug.
Indeed, as only a small number of patients can benefit from UDCA, in terms of dissolution therapy, its
specific beneficial effect is related also to prevention of
complications in symptomatic gallstone carriers, which is
independent from stone dissolution. In our opinion this
hydrophilic bile acid could be an alternative therapeutic
approach in high surgical risk patients with symptomatic
gallbladder stones.
Furthermore, UDCA is one of the less expensive,
best tested and safest drugs currently available. For these
reasons, the story would not appear to end herewith but
deserves further attention and investigation.
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INTRODUCTION
Obesity is increasing worldwide and affects a large portion of the population in developed[1-5] and some developing nations[6-13]. In many countries obesity and its
comorbidities have become a major public health concern[1,14-16]. Recently, obesity-associated cancer has attracted great attention. Epidemiological studies have provided
strong evidence that obesity can increase the incidence
of many cancer types[17] including colon[18,19], breast[20,21],
liver[22], endometrium[23,24], kidney[25], esophagus[26], stomach[27] and pancreas[28].
Cholangiocarcinomas (bile duct cancers) are malignant tumors arising from cholangiocytes inside or outside of the liver. Traditionally cancers arising from the
cholangiocytes inside the liver were grouped together
with hepatic cancers and classified as primary liver tumors, while those arising from the cholangiocytes outside the liver were grouped together with cancers of the
gallbladder and the ampulla of Vater and classified as
biliary cancers[29]. More recently, the term cholangiocarcinoma has been used to refer to cancers arising from
cholangiocytes irrespective of their location[29].
Intrahepatic cholangiocarcinomas originate from cho
langiocytes lining the small intrahepatic ductules while
extrahepatic cholangiocarcinomas arise from cholangiocytes lining the larger bile ducts (right and left hepatic
ducts, common hepatic duct, and common bile duct)[30].
The distinction between intrahepatic and extrahepatic
cholangiocarcinomas is important, as the incidence and
risk factors associated with each may be different[31-33].

Abstract
It is estimated that about half of the population in developed countries are either overweight or obese. In
some developing nations obesity rates have increased
to surpass those seen in Western countries. This rate
increase in obesity has many implications as obesity
has been associated with numerous negative health
effects including increased risks of hypertension, diabetes, cardiovascular disease, stroke, liver disease,
apnea, and some cancer types. Obesity is now considered to be one of the major public health concerns
facing the society. Cholangiocarcinomas (bile duct cancers) are malignant tumors arising from cholangiocytes
inside or outside of the liver. Although cholangiocarcinomas are relatively rare, they are highly lethal. The
low survival rate associated with cholangiocarcinoma is
due to the advanced stage of the disease at the time
of diagnosis. Prevention is therefore especially important in this cancer type. Some data suggest that the
incidence of cholangiocarcinoma in the western world
is on the rise. Increasing rate of obesity may be one of
the factors responsible for this increase. Determining
whether obesity is a risk factor for cholangiocarcinoma
has significant clinical and societal implications as obesity is both prevalent and modifiable. This paper seeks
to provide a summary of the current knowledge linking
obesity and cholangiocarcinoma, and encourage further research on this topic.
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misclassified as intrahepatic cholangiocarcinoma[29,30]. Fi
nally, some studies use histology as the only diagnostic
criterion while others accept other forms of diagnosis
such as clinical evaluation or imaging studies.
Despite these shortcomings, the available data suggest a highly variable incidence in different parts of the
world, with the highest incidence in Southeast Asia and
lowest in Australia[43,44]. The incidence of cholangiocarcinoma has been reported to be as high as 96 cases per
100 000 in men and 38 per 100 000 in women in northeast Thailand[43]. In Australia, the reported incidence is 0.2
per 100 000 among Australian men and 0.1 per 100 000
among Australian women[43]. In other Western countries
including the Unites States the incidence is close to 1 case
per 100 000 population[43]. In Western countries, approximately 80% of cholangiocarcinomas are extrahepatic[45].
Differing exposure to risk factors is thought to account
for the varying geographic incidences, with parasitic infections and hepatolithiasis being more prevalent in Asia[46-48].
Recent data show that the incidence of intrahepatic
cholangiocarcinoma is increasing around the world, while
the incidence of extrahepatic cholangiocarcinoma has
been largely stable or even decreasing[32,43,49]. Although
the exact underlying mechanism for this discrepancy is
not known, it suggests that intrahepatic and extrahepatic
cholangiocarcinomas may be biologically different[32,49,50].
Finally, there is evidence suggesting under-diagnosis
of cholangiocarcinoma. For example among patients
transplanted for liver cirrhosis of various etiologies, an
incidental cholangiocarcinoma was found in approximately 12% of explanted livers[51]. This suggests that the
true incidence of cholangiocarcinoma may be higher
than previously reported.

In Western countries established risk factors for cho
langiocarcinoma are age, sex, primary sclerosing cholangitis, and bile duct cysts. Less-established potential
risk factors include cirrhosis, diabetes, obesity, alcohol,
and smoking. Some data suggest that the incidence of
cholangiocarcinoma in the Western world is on the rise.
Increasing rate of obesity may be one of the factors responsible for this increase.
Although cholangiocarcinomas are rare in Western
countries, they are highly lethal[34]. Annual mortality associated with cholangiocarcinoma is virtually identical to its
incidence throughout the world, underscoring the high
case fatality rate of this cancer type[35]. The low survival
rate associated with cholangiocarcinoma is due to the
advanced stage of the disease at the time of diagnosis[36].
Prevention is therefore especially important in this cancer type. Determining whether obesity is a risk factor for
cholangiocarcinoma has significant clinical and societal
implications as obesity is both prevalent and modifiable.

EPIDEMIOLOGY
Obesity prevalence
Obesity is considered to be among the most alarming
health concerns in the United States. It has been estimated that each year, more than 300 000 Americans die from
illnesses related to overweight and obesity[37]. The Centers for Disease Control and Prevention (CDC) defines
obesity based on the body mass index (BMI). BMI is
the ratio of weight in kilograms (kg) to height in meters
squared (m2). Per CDC criteria, a BMI of 18.5-25 kg/m2
is normal, 25-30 kg/m2 is overweight and ≥ 30 kg/m2
is obese[38]. The most recent statistics from the National
Health and Nutrition Examination Surveys using BMI as
a measure of overweight and obesity indicate that 35.7%
of adults 20 years or older were obese in 2009-2010[39].
Compared with the statistics for 1976-1980 this reflects
a 2-fold increase in the prevalence of adult obesity[40,41].
This rate increase in obesity has many implications as
obesity has been associated with numerous negative heal
th effects including increased risks of hypertension, diabetes, cardiovascular disease, stroke, liver disease, apnea,
and some cancer types possibly also cholangiocarcinoma.
Therefore, as a potentially modifiable risk factor, a reduction in the prevalence of obesity among adults could
have a substantial impact on morbidity, mortality, and
incidence of various cancers.

Obesity as a risk factor for cholangiocarcinoma
Data assessing the association of obesity and cholangiocarcinoma are limited. So far, four epidemiologic studies
have tried to assess the link between obesity and cholangiocarcinoma (Table 1). Three of these studies were
specifically designed to identify risk factors for cholangiocarcinoma[52-54].
One of those studies using the Surveillance, Epidemiology, and End Results database that links cancer registry
data and Medicare enrollment and claims files, reported
a significant association between obesity and intrahepatic
cholangiocarcinoma, but not between obesity and extrahepatic cholangiocarcinoma[52]. That study however, has
several limitations. The study only included patients 65
years of age and older, therefore the findings might not
be generalizable to a younger population. Furthermore,
because Medicare data are collected for billing rather than
research purposes, completeness and accuracy of the Me
dicare data on prevalence of obesity and cholangiocarcinoma can be questioned. Finally, the possibility of diagnostic bias cannot be excluded because obese people with
different medical conditions are more likely to undergo
testing and thus have more diagnoses than other people.
Another population-based study conducted in Denmark did not find any significant association between

Cholangiocarcinoma incidence
The available epidemiologic data on incidence and prevalence of cholangiocarcinoma are difficult to interpret
because of differing classifications and diagnostic criteria
across studies[29,32,42]. For instance, some studies group
intrahepatic cholangiocarcinomas with liver cancers while
others group extrahepatic cholangiocarcinomas with ga
llbladder cancers and cancers of the ampulla of Vater.
Furthermore, some studies misclassify types of cholangiocarcinomas. For example, Klatskin tumors (a type of
extrahepatic cholangiocarcinoma), at times, have been
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Table 1 Epidemiologic studies assessing obesity as a potential risk factor for cholangiocarcinoma
Ref.

Study design

Type of CC

Study findings

Study limitations

Welzel et al

Case-control

ICC and ECC

Welzel et al[53]
Grange et al[54]

Case-control
Case-control

ICC
NS

Oh et al[55]

Cohort

NS

Positive association between obesity and ICC;
no association between obesity and ECC
No association between obesity and ICC
Positive association between obesity and
cholangiocarcinoma
Positive association between obesity and
cholangiocarcinoma

Only included age ≥ 65 yr; database
limitations; possible diagnostic bias
ECC not included
Type of CC not specified;
diagnosis subject to misclassification
Does not distinguish ECC and ICC;
included only males; database limitations

[52]

CC: Cholangiocarcinoma; ECC: Extrahepatic cholangiocarcinoma; ICC: Intrahepatic cholangiocarcinoma; NS: Not stated.

obesity and intrahepatic cholangiocarcinoma[53]. That stu
dy used a fairly accurate and complete national registry.
Another strength of that study was histological confirmation of cholangiocarcinoma diagnosis in all cases. Extrahepatic cholangiocarcinoma, however, was not studied.
The third study, conducted in the United Kingdom
by Grainge et al[54], found that obese patients (BMI ≥
30 kg/m2) had 1.5 times the risk of cholangiocarcinoma
compared with those with BMI < 25 kg/m 2. In that
study the type of cholangiocarcinoma (intrahepatic versus extrahepatic) was not specified. Another limitation
of that study was that the diagnosis was not based on
histology and therefore subject to misclassification.
Aside from studies looking specifically to identify risk
factors for cholangiocarcinoma, a South Korean population-based study tried to assess the effect of excess weight
on incidence of various cancers including cholangiocarcinoma[55]. The study found that compared to the reference
group (BMI 18.5-23 kg/m2), increasing BMI was associated with an increase in the relative risk for development
of cholangiocarcinoma[55]. That study, however, did not
distinguish between intrahepatic and extrahepatic cholangiocarcinomas, included only males, and the database
used was not inclusive of the entire population.
In summary, the epidemiologic data available on obesity as a risk factor for cholangiocarcinoma show conflicting results and are too limited to make any conclusions.

food consumption and caloric homeostasis[58,59]. Although
the major physiological site of leptin action is in the central nervous system, leptin receptors are also expressed
at lower levels in peripheral tissues[60]. Two studies have
shown presence of leptin receptors on cholangiocytes[61,62].
Circulating serum leptin is increased in obesity, and has
been suggested as a risk factor for cholangiocarcinoma[62].
A recent study showed that normal and malignant intrahepatic cholangiocytes express leptin and leptin receptors[62]. The investigators of that study also showed that
leptin stimulates growth and migration, and prevents
apoptosis of intrahepatic cholangiocarcinoma cells in
vitro[62]. They also showed that genetic ablation of leptinmediated signaling inhibits cancer development and
growth in an animal model of cholangiocarcinoma[62].
Adiponectin is another adipokine that may be invol
ved in cancer development[63]. It acts on a number of
tissues to regulate glucose and lipid metabolism. Adiponectin levels are reduced in obesity. Several basic and
epidemiological studies have suggested that adiponectin
has antitumor effects[63,64]. Although the link between adiponectin and cholangiocarcinoma has not been studied,
there is convincing evidence for an inverse association
between adiponectin levels and cancer risk for several
cancer types[59,63,65-67].
Several pro-inflammatory cytokines are secreted by
monocytes and other immune cells that infiltrate adipose
tissues in obesity[68,69]. Among these cytokines, interleukin-6 (IL-6) and tumor necrosis factor-α (TNF-α) have
been found to have a role in development of cholangiocarcinoma[70]. A growing body of evidence suggests
that the inflammatory environment in the obese state
is linked to the development of cancer through various
mechanisms[71]. IL-6 seems to have an important role in
the pathogenesis and growth of cholangiocarcinoma and
has been shown to act by both an autocrine and paracrine manner stimulating several intracellular pathways
involved in survival and growth of malignant cholangiocytes[36,72-74]. TNF-α is a mediator of inflammation with
actions directed towards both tissue destruction and
recovery[70]. Evidence suggests that TNF-α may act as an
endogenous tumor promoter in addition to its role in immune responses[75,76]. Overexpression of TNF-α receptor
genes has been observed in cholangiocarcinoma associated with hepatolithiasis[75-78].
Although not specifically linked to cholangiocarcino-

BIOLOGIC MECHANISMS FOR POSITIVE
ASSOCIATION BETWEEN OBESITY AND
CHOLANGIOCARCINOMA
Obesity is an excess of adipose tissue. Adipose tissue is a
biologically active organ which in addition to adipocytes
contains multiple other cell types such as pre-adipocytes,
endothelial cells, macrophages and other immune cells[56].
Adipose tissue secretes molecules into the bloodstream,
which signal to other metabolic organs or to the brain to
coordinate responses to altered metabolic demands[57].
Some of these molecules, known as adipokines, have
a role in modulating the risk of cancer development.
Among adipokines, some of the most studied are leptin,
adiponectin and pro-inflammatory molecules.
Leptin is a hormone that is primarily secreted by the
adipose tissue[58]. It acts on the hypothalamus to regulate
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ma, there are multiple other substances that have directly
or indirectly been linked to cancer in general[57]. Research
on the role of different substances on development and
progression of different cancers including cholangiocarcinoma is evolving.

6
7

DISCUSSION

8

It is estimated that about half of the population in developed countries are either overweight or obese[79]. In
some regions of the world overweight and obesity affects
more than two-thirds of the population[80]. By 2008, an
estimated 1.5 billion adults globally were overweight and
500 million adults were obese[81]. Because of such high
prevalence, establishing a clear link between excess body
weight and cholangiocarcinoma can have significant effect on prevention of cholangiocarcinoma. Establishing
a link may also encourage further research on identification of underlying pathophysiologic mechanisms that can
potentially lead to discovery of better treatment options.
Research on obesity and cholangiocarcinoma risk
should be encouraged through a variety of activities, including large cooperative initiatives, database resources,
epidemiologic studies, basic science studies, and increase
in funding resources.
If a link between excess weight and cholangiocarcinoma is established, multiple new questions will emerge
that will need to be answered. Does reversal of obesity
affect the risk for cholangiocarcinoma? Are there any
differences between different modes of weight reduction (calorie restriction, exercise, drugs, bariatric surgery)
in terms of cholangiocarcinoma risk reduction? Can the
link between obesity and cholangiocarcinoma be somehow disrupted in the absence of weight loss (which for
many individuals is a difficult task)?
Answers to these and other questions that will surely
follow require well-designed studies that incorporate
molecular, genetic, metabolic and nutritional factors.
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PROGRESS IN DIGESTIVE SYSTEM NEOPLASMS

Intraductal papillary neoplasm of the bile duct
Xue-Shuai Wan, Yi-Yao Xu, Jun-Yan Qian, Xiao-Bo Yang, An-Qiang Wang, Lian He, Hai-Tao Zhao,
Xin-Ting Sang
an accurate preoperative diagnosis because of IPNB’s
low incidence and the lack of specificity in its clinical
manifestation. The most common abnormal preoperative imaging findings of IPNB are intraductal masses
and the involvement of bile duct dilation. Simultaneous
proximal and distal bile duct dilation can be detected
in some cases, which has diagnostic significance.
Cholangiography and cholangioscopy are needed to
confirm the pathology and demonstrate the extent of
the lesions. However, pathologic diagnosis by biopsy
cannot reflect the actual stage in many cases because
different foci may be of different stages and because
mixed pathologic findings may exist in the same lesion.
Surgical resection is the major treatment. Systematic
cholangioscopy with staged biopsies and frozen sections is recommended during resection to ensure that
no minor tumors are left and that curative resection is
achieved. Staging, histologic subtype, curative resection and lymph node metastasis are factors affecting
long-term survival.
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Abstract

Core tip: In this review, we have provided a more comprehensive understanding of “intraductal papillary neoplasm of the bile duct” than in other research articles.
We found that preoperative pathologic diagnosis by
biopsy could not reflect the actual stage in many cases
because different foci might be of different stages
and because mixed pathologic findings might exist in
the same lesion. Staging, histologic subtype, curative
resection and lymph node metastasis were factors affecting long-term survival.

Intraductal papillary neoplasm of the bile duct (IPNB)
is a variant of bile duct carcinoma that is characterized
by intraductal growth and better outcomes compared
with common cholangiocarcinoma. IPNBs are mainly
found in patients from Far Eastern areas, where hepatolithiasis and clonorchiasis are endemic. According
to the immunohistochemical profiles of the mucin
core proteins, IPNBs are classified into four types:
pancreaticobiliary, intestinal, gastric, and oncocytic.
Approximately 40%-80% of IPNBs contain a component of invasive carcinoma or tubular or mucinous adenocarcinoma, suggesting that IPNB is a disease with
high potential for malignancy. It is difficult to make
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in situ can take 1-2 years to evolve into an invasive lesion.
Considering the findings of mixed pathologic types in
each case, as well as papillary adenocarcinoma in the
background of papillary adenoma, a process of inflammatory cell-repair dysplasia and malignant transformation is likely[6,8,9] (Figure 1). Approximately 40%-80%
of IPNBs contain a component of invasive carcinoma
or tubular or mucinous adenocarcinoma, suggesting
that IPNB is a disease with a high potential for malignancy[2,3,6,8,9]. Immunohistochemical study of surgically
removed specimens shows that almost all IPNBs express
CK7, CK20, and mucin (MUC)5AC, which are markers
of biliary, intestinal, and gastric epithelium, respectively.
This finding indicates that IPNB tumor cells retain a
biliary immunophenotype and obtain intestinal and gastric immunophenotypes during carcinogenesis. MUC1
expression is frequently associated with the development
of invasive lesions[2,4,6,10-14], especially tubular adenocarcinoma, while mucinous carcinoma is usually associated
with negativity for MUC1 but positivity for MUC2. Sasaki et al[15] found that overexpression of enhancer of zeste
homolog 2 might be associated with malignant behavior
in IPNB, in parallel with up-regulated MUC1 expression
and down-regulated MUC6 expression. Recently Nakanuma et al[16] provided evidence that peribiliary glands
(PBGs) contain cells implicated in the origin of IPNB.
Cardinale et al[17] suggested that IPNB might arise from
biliary tree stem/progenitor cells (BTSCs) located in
PBGs. In response to risk factors such as inflammation,
BTSCs might undergo a series of genetic changes and
progress from dysplasia to invasive carcinoma.

able from: URL: http://www.wjgnet.com/1007-9327/full/v19/
i46/8595.htm DOI: http://dx.doi.org/10.3748/wjg.v19.i46.8595

INTRODUCTION
In the biliary system there is a class of tumor that is characterized by predominant intraductal papillary growth, which
can occur anywhere along the biliary tree. Growths are
usually multifocal, with or without macroscopically visible mucin secretion, and can be of any type of pathological transformation, from low-grade dysplasia to
invasive carcinoma. According to these features, these
growths used to be identified by various names such
as biliary papillomatosis, mucin-producing cholangiocarcinoma, mucin-hypersecreting bile duct tumor, and
biliary intraductal papillary mucinous neoplasm. They
share common phenotypic changes in tumorigenesis or
tumor-progression and show more favorable prognoses
compared with non-papillary cholangiocarcinoma. The
clinical entity intraductal papillary neoplasm of the bile
duct (IPNB) was added to the 2010 World Health Organization (WHO) classification, and it includes intraductal
papillary cholangiocarcinoma and its precursor lesions[1].
Previous studies have usually focused on one or several
aspects of this disease and have added to our knowledge
about their clinicopathological features. This review aims
to summarize this knowledge and provide a more comprehensive understanding of IPNB.

EPIDEMIOLOGY
IPNB is mainly found in patients in Far Eastern areas,
such as Taiwan, Japan, and Korea, where hepatolithiasis
and clonorchiasis are endemic. It is a rare disease, and
papillary cholangiocarcinoma accounts for approximately 4%-38% of all bile duct adenocarcinomas. Current reports are of sporadic cases without a tendency to
familial aggregation. IPNB most commonly develops in
patients between 50 and 70 years of age and shows different sex preponderances in different regions such that
the male-to-female ratio is nearly 1:2 in Taiwan, 1:1 in
Japan, and 2:1 in Korea and Western countries[2-5].

PATHOLOGY
IPNB usually appears as singular or multiple grayishtan to yellow, friable, papillary masses anywhere along
the biliary tree, and small lesions may at times be remote
from the main tumor. Histologically, IPNB is defined by
tumors that show papillary proliferation of neoplastic
biliary epithelial cells with delicate fibrovascular stalks
within the bile duct, the macroscopic or microscopic
existence of mucin, and dilation of the proximal or remote bile duct. Hematoxylin and eosin staining and immunohistochemical profiling of the mucin core proteins
are used to classify IPNB into four types[7](Table 1). The
pancreaticobiliary type consists of columnar cells with
eosinophilic cytoplasm and round nuclei. This type is
often positive for MUC1 but negative for MUC2. The
intestinal type resembles an intestinal villous neoplasm,
and the neoplastic cells consistently express MUC2 and
MUC5AC but not MUC1. The gastric type consists of
columnar cells resembling gastric foveae that express
MUC5AC but are negative for MUC1 and MUC2. The
oncocytic type consists of cells with abundant, intensely
eosinophilic cytoplasm that consistently express MUC5AC with focal expression of MUC1 and/or MUC2.
The pancreaticobiliary type is the most common and is
usually associated with invasive lesions, while the onco-

ETIOLOGY AND PATHOGENESIS
Although the specific etiology and pathogenesis are
unclear, IPNB is known to have two major risk factors:
hepatolithiasis and clonorchiasis. Yeh et al[6] reported that
nearly 87% of patients with IPNB had hepatolithiasis in
Taiwan. Another study[7] from Korea suggested that 31%
of IPNB patients had hepatolithiasis and 18% had clonorchiasis, but there was no such association in Western
countries[2]. This phenomenon suggests that racial and
environmental factors may play a role in the development of IPNB in addition to the two major risk factors.
The time lag between the development of hepatolithiasis and IPNB is 6-8 years, and intraductal carcinoma
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Figure 1 A representative case of intraductal papillary neoplasm of the bile duct with macroscopically visible mucin secretion. Within a single tumor (A),
the coexistence of adenoma (B), borderline lesion (C), and adenocarcinoma (D) was found (hematoxylin and eosin stain, × 200 ).

from their origins, leading to acute obstruction of the
bile duct. Second, more patients are diagnosed with biliary stones in IPNB than in typical cholangiocarcinoma.
Third, macroscopic mucin hypersecretion can be observed in nearly one third of IPNB patients. Theoretically, abundant mucin discharge into the bile duct may
intermittently impede bile flow, leading to obstructive
jaundice and cholangitis, which can also cause volatile
jaundice. The majority of IPNBs are found in the hilum
and left liver; however, despite these variable locations,
the primary site does not affect the course of the disease
or prognosis[2].

Table 1 Histologic subtypes classified by mucin core protein
and cytokeratins
Histologic subtype
Pancreaticobiliary
Intestinal
Gastric
Oncocytic

Profile of MUCs

Cytokeratin

MUC1

MUC2

MUC5AC

CK7

CK20

+
Focal+

+
Focal+

+
+
+
+

+
+
+
+

+
+
+
+

MUC: Mucin core proteins; CK: Cytokeratin.

cytic and gastric types are rare. According to the degree
of dysplasia and depth of invasion, IPNB is classified
into four stages: IPNB with low-to-intermediate grade
dysplasia; IPNB with high-grade dysplasia; intraductal
growth-type cholangiocarcinoma, AJCC stage T1; and
intraductal growth-type cholangiocarcinoma, AJCC stage
T2 or higher.

LABORATORY TESTS
Laboratory data show common manifestations of obstruction of the bile duct such as elevation of alanine
aminotransferase (ALT), aspartate aminotransferase
(AST), total bilirubin, direct bilirubin, gamma-glutamyl
transpeptidas, alkaline phosphatase, etc. Yeh et al[18] found
that an increased ALT level (> 36 U/L, P = 0.022) in
IPNB was the only independent factor that could differentiate it from conventional cholangiocarcinoma. However, the specific relationship was not clearly elaborated,
and this finding has not been supported by any other
reports. Lee et al[8] observed elevation of CA19-9 in 20
of 50 IPNB patients, and the mean level was higher in
patients with mucin hypersecretion. Yeh et al[6] found
that an elevated serum CA19-9 level was detected in
35% of benign lesions, while 61% of malignant lesions

CLINICAL MANIFESTATION
The most common clinical manifestations of patients
with IPNB are right hypochondralgia (35%-88.5%),
repeated episodes of acute cholangitis (5%-59%), and
obstructive jaundice (20%-36%). Anemia and loss of
body weight are relatively less common. Some patients
are asymptomatic[2,3,5-9]. Acute cholangitis, which is not
a common presentation of conventional cholangiocarcinoma, is the second most common manifestation
of IPNB. First, friable tumor emboli can easily detach
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Figure 2 Schematic drawings of intraductal papillary neoplasms of the bile duct showing the five imaging patterns. A: Type 1: Diffuse duct ectasia with a
grossly visible papillary mass; B: Type 2: Diffuse duct ectasia without a visible mass; C: Type 3: An intraductal polypoid mass within localized duct dilation; D: Type 4:
Intraductal cast-like lesions; E: Type 5: A focal stricture-like lesion with mild proximal ductal dilation.

had elevated levels; however, there was no significant
difference. Thus, the elevation of CA19-9 may be due to
common cholestasis or cholangitis associated with mucin overproduction[19-22]. Additionally, an elevated CEA
level was detected in nearly 25% of malignant IPNBs, so
CEA may be of some value in differentiating intraductal
papillary cholangiocarcinoma from its precursor lesions.

ate a stone from a tumor in most cases, the accuracy of
ultrasound depends on the skill of the investigator. In
addition, the presence of mucin cannot be detected on
ultrasound because it is equally anechoic as bile. Endoscopic ultrasonography (EUS) and intraductal ultrasonography (IDUS) are useful for assessing the depth of
invasion and involvement of the lymph nodes even in
the presence of thick mucin, which is important to judge
the resectability and predict prognosis. Therefore, it is
difficult to distinguish between inflammatory wall thickness and the superficial spread of a tumor using EUS or
IDUS[24,25].

IMAGING FEATURES
The most common abnormal preoperative imaging findings for IPNB are intraductal masses and the involvement of bile duct dilation. Simultaneous proximal and
distal bile duct dilation can be detected in some cases,
which has diagnostic significance. Imaging patterns can
be specifically classified into five subtypes[7,23] (Figure 2).
Type 1 shows diffuse duct dilation with a grossly visible intraductal mass (45.4%). Type 2 shows diffuse and
marked duct ectasia as in type 1 but without a grossly
visible mass (23.7%). Type 3 shows an intraductal papillary mass with localized duct dilation (19.6%). Type 4
shows mild ductal dilation filled with intraductal cast-like
lesions (4.1%). Type 5 shows a focal stricture-like lesion
with mild proximal duct dilation (7.2%).

Computed tomography and magnetic resonance image
Computed tomography (CT) can detect tumors larger
than 1 cm and dilated bile ducts, and its sensitivity is
50%. The enhancement pattern of a tumor is related to
the tumoral blood volume and blood flow as well as the
prevalence of stromal space. IPNB is usually confined
to the mucosa of the bile duct and suspended on small
fibrovascular stalks, so it more often shows washout in
enhancement scanning rather than the gradually persistent or progressive enhancement observed for conventional cholangiocarcinoma. IPNB appears as a slightly
lower signal than hepatic parenchyma in T1WI and as
a slightly higher signal in T2WI on magnetic resonance
image (MRI) axial scanning. The enhancement pattern
on MRI is similar to CT scan[26-28]. Neither CT nor MRI
can detect the presence of mucin.

Ultrasound and ultrasonography
Ultrasound is sensitive for the detection of bile duct dilation, but it is only able to detect a low-echoic mass in
nearly 41.2% of cases[8]. Although it helps to differenti-
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mucosa, and it cannot differentiate tumors from stones or
benign strictures of the bile duct.
Cholangioscopy
Peroral cholangioscopy (POCS) and percutaneous transhepatic cholangioscopy (PTCS) can visualize the bile duct
directly and confirm the histology and extent of the lesions to ensure that appropriate treatment is provided. In
a study by Lee et al [8], PTCS revealed additional lesions in
nearly one third of IPNB patients after radiologic imaging
examinations including ERC and MRC. Therefore, preoperative cholangioscopy has been suggested to be essential.
If the papillary orifice is dilated with or without mucin secretion, POCS can be performed immediately after ERC,
resulting in an accurate early diagnosis of IPNB. This approach avoids the complications caused by PTCS, such as
catheter dislodgement, hemobilia, and tumor seeding of
the sinus tract[25,29].

Figure 3 Endoscopic retrograde cholangiography showing an amorphous
filling defect, suggesting the presence of mucobilia.

Table 2 Major utility of different imaging techniques
Techniques

Utility

Ultrasound

Detection of bile duct dilation
Differentiation from a stone
Assessing the depth of invasion and lymph node
involvement
Detect tumors larger than 1 cm and bile duct
dilation
Differentiation from conventional
cholangiocarcinoma
Define the extent of tumors
Detection and drainage of mucin in ERC and PTC
Confirm the histology and extent of lesions
Adjuvant treatments
Detection of unsuspected distant metastases

EUS/IDUS
CT/MRI

Cholangiography
Cholangioscopy
PET/CT

Position-emission tomography/computed tomography
Malignant IPNB with a large mural nodule will present
an increased fludeoxyglucose uptake. FDG PET has advantages in the detection of unsuspected distant metastases and in patients with renal dysfunction[24,30,31].

DIAGNOSIS AND DIFFERENTIAL
DIAGNOSIS
It is difficult to make an accurate diagnosis preoperatively because of IPNB’s low incidence and lack of a
specific clinical manifestation. The combined application of different imaging techniques is very helpful
(Table 2). Noninvasive imaging modalities such as CT
and MRI usually fail to detect minor tumors and mucin;
thus, cholangiography and cholangioscopy are needed
to confirm pathology and demonstrate the extent of the
lesions. Kang et al[32] reported that the accuracy of predicting macroscopic multiplicity based on preoperative
radiologic imaging findings was 53.5%, with a false positive rate of 25.8% and a false-negative rate of 37.7%.
In multifocal IPNB, different foci may be of different
stages, and mixed pathologic findings may exist within
the same lesion. This phenomenon suggests that pathologic diagnosis by biopsy cannot reflect the actual stage
in many cases[8].
The differential diagnoses of IPNB includes recurrent pyogenic cholangitis with bile duct stones[31], massforming cholangiocarcinomas[18,27], and biliary mucinous
cystic neoplasms (MCNs) (cystadenoma/cystadenocarcinoma)[33-36]. Both IPNB and recurrent pyogenic cholangitis with bile duct stones involve intermittent and
incomplete biliary obstruction and intraluminal masses
or filling defects on imaging. Mucin plugs or sloughed
masses may be confused with stones. Invasive methods
such as ERC or cholangioscopy may be necessary to
differentiate these diseases. Mass-forming cholangiocarcinoma often appears as a single intrahepatic mass
with upstream bile duct dilation and gradually persistent

EUS: Endoscopic ultrasonography; IDUS: Intraductal ultrasonography;
ERC: Endoscopic retrograde cholangiography; PTC: Percutaneous transhepatic cholangiography; CT: Computed tomography; MRI: Magnetic
resonance image; PET: Positron emission tomography.

Cholangiography
IPNB often involves the biliary epithelium either diffusely
or multifocally, and the actual extent of the lesions usually exceeds CT, MRI and other conventional imaging
findings. Cholangiography, including indirect (magnetic
resonance cholangiography, MRC) and direct [endoscopic
retrograde cholangiography (ERC), percutaneous transhepatic cholangiography (PTC)] cholangiography, is useful
for showing the entire bile duct to define the extent of the
IPNB[5,25]. MRC is noninvasive and can demonstrate the
extent of narrowing or dilation of the bile duct and multifocal intraductal tumors, but it cannot detect the presence
of overproduced mucin. ERC and PTC can show multiple small irregular filling defects in the bile duct wall. In
patients with mucin overproduction, hypersecreted mucin
draining through the ampulla and a patulous ampulla are
the characteristic findings. On cholangiography, diffuse
bile duct dilation and amorphous filling defects in the
bile duct are characteristic[5] (Figure 3). However, a large
amount of mucin secretion and obstruction by the tumor
may prevent the complete opacification of the entire biliary system to locate the tumors. Cholangiography cannot
detect multiple small tumors or lesions confined to the
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or progressive enhancement on CT and MRI imaging.
However, IPNB usually appears as multifocal papillary
lesions with both upstream and downstream bile duct
dilation with or without visible mucin overproduction
that shows washout on enhancement scanning. The vast
majority of MCN patients are female; 90% of cases are
histologically benign but have the potential to recur and
undergo malignant transformation. Multilocular cysts
with separation or a cyst-in-cyst appearance are distinctive. Mucin produced by MCNs is confined and does not
enter the biliary duct. Ovarian-like stroma is the characteristic microscopic finding. On the contrary, there is
no such sex preponderance in IPNB, and 40%-80% of
IPNBs are malignant. IPNBs communicate with the bile
duct, and there is no ovarian-like stroma pathologically.

of IPNBs. Thus, a strategy of initial resection to select
patients without positive lymph nodes or advanced tumor invasion by definitive analysis of the specimen who
would actually benefit from a subsequent liver transplantation seems to be reasonable[37].
Palliative treatment
In case major surgery is not indicated, palliative treatments are recommended[34]. Palliative intrahepatic tubing or percutaneous transhepatic biliary drainage can
alleviate jaundice and cholangitis to prolong survival.
Recently, new approaches such as percutaneous cholangioscopic laser ablation, cholangioscopic electrocoagulation, iridium-192 intraluminal therapy, and argon plasma
coagulation are also useful for improved survival[45].

TREATMENTS

PROGNOSIS AND FOLLOW-UP

Surgical resection
Patients without distant metastasis are considered for
surgical resection[37-39]. Preoperative IDUS or EUS is
used for extrahepatic bile duct assessment and to look
for the presence of lymph nodes. Cholangioscopy
should be performed to determine the extent of the lesions and to draw up the optimal surgical strategy. During resection, systematic cholangioscopy is performed
with staged biopsies and frozen sections. Patients with
IPNBs localized to the intrahepatic bile duct are treated
with hepatectomy. Patients with IPNBs involving one of
the two intrahepatic bile ducts are treated with resection
of the affected hemiliver and the common bile duct. For
IPNBs localized to the extrapancreatic portion of the
bile duct, complete resection of the bile duct from the
biliary confluence to the intrapancreatic portion with
extended lymphadenectomy is recommended. In cases
of positive distal frozen sections, resection of the bile
duct is performed with or without pancreatic resection
(transduodenal resection). A partial liver resection can be
performed when a proximal frozen section is positive in
a single intrahepatic duct. Hilar lymphadenectomy has
been suggested to be essential for tumors localized to
the hilum or common bile duct, but a policy of selective
application of caudate lobectomy and portal vein resection can be applied when it is necessary to achieve tumor
clearance[40].

The prognosis of patients with IPNB has been consistently better than of those with conventional bile duct
cholangiocarcinoma[40,46-49], and this finding may be related to the inherent biology of IPNB or its primarily
intraductal growth pattern. Likewise, there is significant
heterogeneity among these tumors. We summarize several factors affecting IPNB patient survival below.
Staging
There was no uniform staging system for IPNB before
the 2010 WHO classification. However, it seems to be
clear that the overall survival and recurrence-free survival of patients with IPNB is worse as one progresses
from low-grade dysplasia to invasive carcinoma on the
pathological scale[5,6]. Rocha et al[2] found that both depth
of invasion and percentage of invasive carcinoma components correlated with survival (Figure 4). The depth
of invasion, graded as ≥ 5 mm, < 5 mm, or none, was
associated with survivals of 39, 128, and 144 mo, respectively (P < 0.007). In addition, the percentage of invasive
carcinoma components, graded as ≥ 10%, < 10%, or
none, was associated with survivals of 42 mo, 128 mo
and 144 mo, respectively (P < 0.03).
Histologic subtypes
Kim et al[7] studied a group of 97 patients with IPNB
and found that the histologic subtypes of IPNB were
associated with different clinicopathologic features and
prognoses. Specifically, the pancreaticobiliary type was
distinct from the gastric and intestinal types with respect
to higher histologic grades, more lymph node metastases, more postoperative recurrences, and worse clinical
outcomes. The MUC1-high expressing group showed a
shorter disease-specific and recurrence-free survival than
the MUC1-low expressing group. In addition, patients
with mucinous carcinoma showed a better prognosis
compared with patients with tubular adenocarcinoma[3,13].

Liver transplantation
Surgical resection may remain incomplete due to the
high risk of recurrence given positive margins in cases
with superficial mucosal spread or recurrence on the
remnant bile duct because of the high incidence of multifocal involvement. Resection of the entire biliary tree
by liver transplantation and duodenopancreatectomy can
be theoretically regarded as the only curative treatment.
So far, case reports[41-44] on this approach indicate that
patients with positive lymph nodes or major tumor invasion or associated severe comorbidities have not been
eligible for liver transplantation. However, the preoperative assessment is usually insufficient for the majority
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Lee et al[8] reported that the disease-free survival rate for
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Figure 4 Kaplan-Meier survival estimates of overall survival (A) and disease-specific survival (B) according to the depth of extraductal invasion (none, < 5
mm, and ≥ 5 mm) and resection type (R0 vs R1). P < 0.05 was considered significant.

years in a group of 58 cases of IPNB, and the mean survival period was 60.87 ± 5.86 mo (95%CI: 49.38-72.36),
while it was 36.72 ± 6.61 mo (95%CI: 23.77-49.67) in
patients who underwent palliative treatments such as
percutaneous transhepatic biliary drainage (PTBD). Rocha et al[2] found that R0 resection was associated with
an improved median survival time of 82 mo compared
with 36 mo in the R1 resection group (Figure 4). Positive
resection margins were strongly associated with shorter
overall and recurrence-free survival rates, even for lowto-intermediate grade dysplasia[3].

has been reported at nearly 20%, which rises to 60% in
malignant cases, and most recurrences are locoregional[2,7]. Therefore, to improve the prognosis, full preoperative evaluation of the extent of disease is essential; and
to detect recurrences, follow-up appointments scheduled
every 3 mo for the first year and every 6 mo beginning
in the second year are recommended. MRC is the optimal imaging method, while cholangioscopy can also be
performed percutaneously or through the jejunal loop[34].

Lymph node metastasis
Lymph node metastasis is rare in early-stage IPNB. Even
in patients with invasive carcinoma, it is relatively less common than conventional cholangiocarcinoma. Yeh et al[5]
found that the mean survival times with malignant IPNB
with and without lymph node metastasis were 12.1 ±
5.1 mo (95%CI: 2.0-22.0) and 39.0 ± 6.7 mo (95%CI:
25.9-52.1), respectively.
A high rate of recurrence after surgical resection has
been noticed. Incomplete preoperative assessment of
the extent of IPNB might be an important contributing factor. Because small papillary tumors may not be
detected by conventional radiologic methods, these undetected lesions, which are usually remote from the main
tumor, may be the foci of recurrence[50,51]. In addition,
positive margins related to the superficial spreading pattern of IPNB may be the reason for recurrence in many
cases[8]. The recurrence rate at 5 years in benign IPNBs

Recent studies[2,4,12,13,16,52] have revealed striking similarities between IPNB and pancreatic intraductal papillary
mucinous neoplasm (IPMN). In both organs, these neoplasms arise within the duct system and show a predominantly intraductal growth pattern macroscopically and
papillary proliferation with delicate fibrovascular cores
and four types of tumor cells microscopically, occasional
association with multiple lesions, possible progression
to tubular adenocarcinoma and mucinous carcinoma,
and more favorable biological behaviors and clinical outcomes. Based on these similarities, IPNB is recognized
as a biliary counterpart of IPMN and can be differentiated from conventional cholangiocarcinoma. However,
there are several differences between IPNB and IPMN.
The most frequent phenotype is intestinal in IPMN but
pancreaticobiliary in IPNB, which is more often associated with invasive carcinoma. The other important difference between IPNB and IPMN is with respect to mucin
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hypersecretion. Mucin is macroscopically identifiable in
most cases of IPMN but only in one third of IPNB cases. Considering the existence of goblet cells (one of the
mucin-producing cells) and the expression of secretorytype mucin core proteins such as MUC2 and MUC5AC,
this difference might be caused by the amount of mucin
production.
Ohtsuka et al[9] separated IPNB with or without hypersecretion of mucin into two groups, and found that
they were similar in terms of clinical features but somewhat different in pathological findings. IPNB without
mucin hypersecretion showed a tubulopapillary growth
pattern and uniform degree of cytoarchitectural atypia
throughout the neoplasm, which was different from the
mixed pathologic transformations in IPNB with mucin
hypersecretion. Therefore, whether IPNB with and without mucin hypersecretion are different subtypes or they
are distinct clinical entities needs further study.
In conclusion, intraductal papillary neoplasm of the
bile duct is a rare biliary tumor with a better prognosis than conventional cholangiocarcinoma. Its specific
mechanism of pathogenesis and progression has not
yet been well defined[14,15,53-55], and its clinicopathologic
features are similar to IPMN. Curative resection is the
major treatment and an important favorable factor for
long-term survival, especially in patients with early-stage
IPNB.
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EDITORIAL
Hilar cholangiocarcinoma (HC) is a rare tumor (0.74-1.05
×100000 inhabitants), representing 3% of gastrointestinal cancers[1,2]. It accounts for 2/3 of the tumors of the
biliary tract[1]. Although HC is frequently discussed at surgical scientific meetings and arouses great interest, it has
far fewer citations than other HPB cancers and several
questions regarding the condition remain unanswered in
the medical literature.
Untreated, the prognosis of HC is very poor. Surgery
is the only therapy that offers the possibility of cure but
is technically very complex[1,3]. A few years ago, the number of patients operated and resected was very low, and
5-year survival was mediocre. With recent improvements
in the therapeutic strategies applied by multidisciplinary
teams comprising radiologists, gastroenterologists, surgeons and oncologists, survival rates in the different series currently range from 25% to 45%[3,4].
A group of experts devoted to HC (pathologists, gastroenterologists, radiologists, surgeons and oncologists)
have reviewed and updated every open question in HC
in this special issue focusing in the following areas of the
management and treatment of patients with HC:
Prof. Valls et al[5] has updated diagnostic methods in
HC: Imaging methods have improved diagnostic sensitivity and specificity, especially for determining biliary and
vascular involvement. These methods include multidetector computed tomography, Cholangio-magnetic resonance, percutaneous transhepatic cholangioscopy, positron
emission tomography computed tomography and staging
by laparoscopy reviewed by Prof. Rotellar et al[6].
Prof. Suarez-Munoz et al[7] have updated the classification/staging systems in HC: There have been several pro-

Abstract
Hilar cholangiocarcinoma (HC) is a rare tumor. It accounts for 2/3 of the tumors of the biliary tract. Untreated, prognosis is very poor. Surgery is the only
therapy that offers the possibility of cure but is technically very complex. With recent improvements in
the therapeutic strategies applied by multidisciplinary
teams, survival rates in the different series currently
range from 25% to 45%. A group of experts devoted
to HC (pathologists, gastroenterologists, radiologists,
surgeons and oncologists) have reviewed and updated
every open question in HC in a special issue.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Most remarked avances are: imaging methods have improved diagnostic sensitivity and specificity, especially for determining biliary and vascular
involvement; there have been several proposals to
improve the classic Bismuth-Corlette classification; preand post-operative care; technical aspects trying to
obtain a R0 resection: widespread use of liver resection, resection of segment I and venous and arterial
resection, refinement of post-operative histology and
adjuvant therapies.
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posals to improve the classic Bismuth-Corlette classification, among them the Memorial Sloan-Kettering Center
system, the 7th edition of TNM, and the most complete
system so far devised by de DeOliveira et al[2]. Correct
preoperative staging is essential to identify the patients
who should be operated.
Prof. Ramos[8] has devoted his paper to perioperative
care and technical aspects: Several pre-operative measures
have been used to minimize risks and improve results:
uni- or bi-lobar pre-operative biliary drainage, the use of
probiotics, autologous blood, replacement of drained
bile, portal embolization, enteral nutrition, and so on[3].
The widespread use of liver resection (above 80% in
the most recent series), resection of segment I, venous
resection (performed in 6%-43% of patients), arterial
resection, and the non-touch technique have improved
survival for many reasons, but above all because they allow an increase in R0 resections.
Prof. Serrablo et al[9] have resumed surgical outcomes
in HC: All these technical improvements have been
achieved without significantly increasing morbidity and
mortality[1-3]; mortality in HC surgery currently ranges between 0% and 11.9%[3,5].
Prof. Castellano-Megías et al[10] have reviewed the importance of an adequate and minucius pathologic study
of surgical specimens in HC.
Dra. Ramírez-Merino et al[11] have updated the role of
adjuvant treatment in HC: There have been advances in
chemotherapy used, brachytherapy, photodynamic therapy, and so on.
All the authors hope that this special issue answered
every question about HC that readers need to be answered.
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Abstract
Hilar cholangiocarcinoma is a rare malignant tumor
arising from the epithelium of the bile ducts. Surgery
is still the only chance of potentially curative treatment
in patients with perihilar cholangiocarcinoma. However,
radical resection requires aggressive surgical strategies
that should be tailored optimally according to the location, size and vascular invasion of the tumors. Accurate
diagnosis and staging of these tumors is therefore critical for optimal treatment planning and for determining a
prognosis. Multidetector computed tomography (MDCT),
magnetic resonance imaging (MRI) and MR cholangiography are useful tools, both to diagnose and stage
hilar cholangiocarcinoma. Modern imaging techniques
allow accurate detection of the level of obstruction and
the longitudinal and radial spread of the tumor. In addition, high-resolution MDCT and MR provide specific
radiographic features to determine vascular involvement
of anatomic structures, such as the hepatic artery or
the portal vein, which are critical to decide the surgical
strategy. Finally, radiological staging allows detection of
patients with distant metastasis in the liver or peritoneum who will not benefit from a surgical approach.

WCG|www.wjgnet.com

INTRODUCTION
Carcinomas of the extrahepatic biliary tree, commonly
known as hilar cholangiocarcinoma (HCCA), Klatskin tumors or perihilar cholangiocarcinomas, are rare malignancies that account for up to 3% of all gastrointestinal cancers. With an incidence rate of 0.5-2.0 cases per 100000,
it is estimated that there are between 2500 and 4000 new
cases per year in the United States[1].
Although this tumor may potentially affect any location of the biliary tree, tumors involving the biliary
confluence, left-hand drive (LHD) and right-hand drive
(RHD) (true Klatskin tumors) are most common and
account for 40%-60% of all cases. Around 2/3 of cholangiocarcinomas are hilar or extrahepatic and originate
from the bile duct epithelium at the level of confluence
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of the right and left ducts, whereas 30% are distal or
intrapancreatic and 5%-10% are intrahepatic[2]. Due to
recent improvements in radiological techniques, there is
a wide range of imaging tools available for diagnosis and
staging HCCA, such as multidetector computed tomography (MDCT), magnetic resonance (MR), endoscopic
ultrasonography, endoscopic retrograde cholangio pancreatography (ERCP) and angiography. However, to date,
there is no consensus as to the best staging algorithm.
The aim of this paper is to review the results in the preoperative staging of HCCA with modern non-invasive
imaging techniques, including MDCT, magnetic resonance imaging (MRI) and MR cholangiopancreatography
(MRCP).

such as primary sclerosing cholangitis (PSC), although
the vast majority of cancers are seen in patients with no
readily identifiable predisposing condition. PSC is an autoimmune condition that causes bile duct inflammation
resulting in scarring and fibrosis. This chronic inflammation is thought to lead to dysplastic and ultimately
neoplastic changes in the bile ducts. The risk of cholangiocarcinoma in patients with PSC is thought to be
over a 1000-fold higher than in the general population
and is thought to be 0.5%-1.0% per year or 10%-40%
lifetime risk[7]. While both intrahepatic and extrahepatic
cholangiocarcinoma are well-known complications of
PSC in Western countries, hepatolithiasis, infections due
to liver flukes and bile stasis are risk factors strongly
associated with cholangiocarcinoma in Eastern Asia.
However, approximately 90% of patients diagnosed with
cholangiocarcinoma do not have a recognized risk factor
in Western countries[8]. Other risk factors include an abnormal choledochopancreatic junction, choledocal cyst,
ulcerative colitis, cirrhosis, alcoholic liver disease, type Ⅱ
diabetes, thyrotoxicosis, pancreatitis and possibly duodenal ulcer disease[9].

PATHOLOGICAL AND CLINICAL
FEATURES
Cholangiocarcinoma is a malignant tumor arising from
bile duct epithelium of any portion of the biliary tree. It
is the second most common primary liver cancer in the
world, except for certain areas where it is more common
than hepatocellular carcinoma (HCC). Traditionally, it has
been classified as an intrahepatic and extrahepatic tumor
according to its location with respect to the liver; this
last category has been subdivided into upper, middle and
distal by its location. However, recent literature classifies
extrahepatic cholangiocarcinoma into perihilar and distal
cancer, due to the relatively low incidence of middle bile
duct cancer[2], and the correlation of these categories with
anatomic distribution and preferable treatment. Perihilar
cholangiocarcinoma, also called Klatskin tumors[3], can be
defined as tumors originating on the right or left duct, near
their junction or in close vicinity to the bile duct confluence, and represent two-thirds of cholangiocarcinomas[4].

Clinical features
Obstructive jaundice is the main clinical feature and can
appear relatively early, even with small neoplasms. It may
progress rapidly or fluctuate. Other symptoms may include weight loss, pruritus, right-upper quadrant pain or
fever and chills if cholangitis develops.

DIAGNOSIS OF HCCA
Imaging techniques
The majority of patients with HCCA present with severe
painless jaundice as the initial clinical presentation. However, not every patient with jaundice and biliary obstruction at the hepatic hilus will eventually be confirmed as
HCCA. In fact, almost 25% of cases turn out to have
other benign conditions (such as lymphoplasmacytic
cholangitis or Mirizzi syndrome) or other malignant disease (such as gallbladder cancer or nodal metastasis) that
has obstructed the hepatic confluence[10].
Initial radiological assessment is performed with
sonography in most patients with perihilar biliary tract
malignancies. Ultrasound rarely allows direct demonstration of perihilar biliary cancer, although indirect signs
such as isolated intrahepatic dilatation can be useful in
suggesting the diagnosis. However, in most cases, additional diagnostic procedures are necessary to confirm the
diagnosis. The main goals of imaging in that setting will
be to differentiate HCCA from other conditions leading
to obstructive jaundice with intrahepatic dilatation and
to perform an accurate preoperative evaluation of tumor
resectability, focusing on vascular and biliary invasion as
well as invasion and distant metastasis to the liver and
lymph nodes. In the past, direct cholangiography combined with angiography was used to assess tumor extension. More recently, the advent of MDCT and MRCP has

Pathology
Most cholangiocarcinomas are adenocarcinomas with
variable differentiation grades and fibroplasia. According
to the last World Health Organization (WHO) histological classification, different types of adenocarcinoma are
considered, and precursor lesions such as biliary intraepithelial neoplasia and intraductal papillary neoplasms
are also included[5]. Macroscopically, carcinomas of the
extrahepatic bile ducts have been divided into polypoid,
nodular, scirrhous constricting and diffusely infiltrating
types. These categories can provide a guide to the operative procedure, extent of resection and prognosis. However, except for the polypoid type, this division is rarely
possible due to overlapping on gross features. However,
the nodular and scirrhous types which tend to coexist are
prone to infiltrate surrounding tissues, while the diffusely
infiltrating type tends to spread linearly along the ducts.
Epidemiology and risk factors
Cholangiocarcinoma occurs with a highly varying frequency in different areas of the world [6]. There are
several recognized risk factors for cholangiocarcinoma,
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dramatically changed the imaging evaluation of patients
with hilar cholangiocarcinoma.
The role of cholangiography in the evaluation of
hilar cholangiocarcinoma is two-fold: to assess tumoral
extension to identify potentially resectable patients and
to help in planning palliative biliary drainage in nonresectable patients. In this clinical setting MRCP has a
number of potential advantages over ERCP and transhepatic cholangiography (THC). MRCP allows rapid
non-invasive evaluation of the biliary tract without instrumentation and therefore without the risk of inducing
sepsis in patients with ductal obstruction. Additionally,
MRCP depicts tumoral extension along the intrahepatic
branches of the biliary tree more consistently than
ERCP and THC, especially in high grade stenosis[11]. In
Fulcher’s series[12], MRCP allowed a more detailed visualization of the bile ducts than direct cholangiography
in 3 of 4 patients who underwent both techniques. In
another study, Holzknecht et al[13] performed a prospective comparison of MRCP and ERCP in 61 patients
who underwent ERCP for a variety of clinical indications. ERCP demonstrated 36 stenosis in 33 patients
(15 malignant and 21 benign). MRCP diagnosis was
correct in 89% of the cases (32/36) and there were 4
false negative findings. However, MRCP was correct in
all 15 patients with high-grade malignant stenosis. On a
patient-by-patient basis, statistical analysis to compare
the grade of stenosis indicated that differences between
MRCP and ERCP were not significant. In a recent study
by Yeh et al[14], the efficacy of MRCP and ERCP in 40
patients with malignant perihilar obstruction, including
26 patients with Klatskin tumor, were compared. ERCP
was unsuccessful in 2 patients. In this series, MRCP was
superior to ERCP in delineating the anatomic extent of
the tumoral lesions: 34/40 vs 24/38. Therefore, direct
cholangiography, either endoscopic or percutaneous,
has been definitively abandoned as a diagnostic tool and
substituted by MRCP.
MDCT allows for faster scanning with thinner collimation and results in an improved diagnosis and staging
hilar cholangiocarcinoma. CT is usually performed to
assess the level of biliary obstruction (longitudinal extension) as well as involvement of liver parenchyma and
vascular hilar structures (radial extension). High resolution CT allows for accurate depiction of a thickened bile
duct wall and tumor spread into liver parenchyma or hilar
vessels and therefore plays a key role in the diagnosis and
staging of HCCA. Previous results of conventional CT
in the diagnosis and staging of hilar cholangiocarcinoma
have been limited. The advent of helical technology has
dramatically improved the results of CT in the detection
and diagnosis of Klatskin tumors, although its ability to
perform an accurate staging is still limited. In the series
by Tillich et al[15], HCT correctly detected all hilar cholangiocarcinomas using a biphasic technique. However, its
overall accuracy for predicting resectability was only 60%.
In Feydy’s series[16], HCT correctly detected and localized
the mass in 91% of the cases.
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Figure 1 Mass forming cholangiocarcinoma. Axial computed tomography
scan in the portal phase (A) and in delayed phase (B) shows a heterogeneous
hypovascular mass (arrow) with rim-like peripheral enhancement. The lesion is
associated with ductal infiltration and biliary dilation.

Diagnostic features
Diagnostic features of HCCA include intrahepatic segmental biliary dilatation, periductal thickening, endoluminal lesions and direct tumor spread to the liver or adjacent vessels. Biliary dilatation is usually intrahepatic and
often segmental and located proximally to an ill-defined
biliary mass near the hepatic hilus. The transition between dilated and non dilated bile ducts is usually abrupt
and this is a key feature for diagnosis. Therefore, these
patients should not be drained before an adequate imaging study is performed.
On the basis of the Japanese Liver Cancer Group[17]
classification, cholangiocarcinomas are classified into
three types: mass-forming, intraductal growing and periductal infiltrating. The latter is the most prevalent in the
hilar portion of the biliary tree and forms the majority of
perihilar cholangiocarcinomas.
Mass-forming cholangiocarcinoma: In some cases,
HCCA presents as a mass-forming lesion (Figure 1).
This pattern of presentation includes periductal thickening and a solid tumor lesion involving the adjacent liver
parenchyma[18]. Mass-forming intrahepatic cholangiocarcinoma is usually a bulky lesion with infiltrating features
around the adjacent peripheral branches of the portal
vein. On CT and MRI, mass-forming HCCA are usually
heterogeneous hypovascular masses with rim-like peripheral enhancement in the arterial and portal phase and
delayed enhancement in the equilibrium phase. These
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Figure 2 Intraductal growing cholangiocarcinoma. A: Axial computed tomography in
the portal phase in a 52-year-old male shows
a heterogeneously enhancing endoluminal
lesion with dysmorphic calcifications (arrow).
Note biliary dilatation upstream; B: Coronal
thin-slab (echo spacing 4.2 ms, effective echo
time 183 ms, image matrix 272 x 512, FOV
385 mm) T2-W sequence shows marked
dilatation of the common hepatic duct and a
hypointense endoluminal mass (arrow); C:
Axial thin-slab (echo spacing 4.2 ms, effective echo time 183 ms, image matrix 272 x
512, FOV 385 mm) T2-W sequence shows
a hypointense filling defect consistent with
polypoid cholangiocarcinoma in the common
hepatic duct (arrow).
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enhancement features reflect the nature of the tumor,
which is mainly desmoplastic. The bile ducts peripheral
to the tumor are usually dilated because of obstruction
by the tumor.

mass on imaging studies. However, with the advent of
MDCT, thin-collimation tumoral periductal involvement
is almost always detectable. High-resolution CT shows
tumoral involvement as an irregular periductal thickening
completely obstructing or narrowing a short segment of
the biliary tree around the biliary bifurcation or common
hepatic duct (Figure 3).
Periductal thickening is usually iso-hypo enhancing
in arterial and portal phases and shows marked enhancement on delayed phase imaging (Figure 4). Occasionally
periductal thickening may show brisk hyperenhancement in
the arterial phase, mimicking endobiliary HCC (Figure 5).
On MRCP, non union of the right and left hepatic ducts
is a typical finding of infiltrating hilar cholangiocarcinoma.

Intraductal growing cholangiocarcinoma: In intraductal growing cholangiocarcinoma, bile ducts can be
dilated because of tumoral obstruction, increased mucin
secretion or sloughed tumor debris. This pattern of cholangiocarcinoma is frequently found in papillary cholangiocarcinomas (Figure 2). On imaging, the involved bile
ducts are asymmetrically dilated. Typically, an endoluminal mass is found in the segment with more intense
dilatation. Intraductal cholangiocarcinoma is confined in
the lumen of the dilated bile duct without direct tumoral
extension to the surrounding liver parenchyma. This pattern of spread is radically different from mass-forming
or periductal infiltrating cholangiocarcinoma that typically
shows marked infiltration. This is related to the different
histological patterns of the tumors. Intraductal growing
cholangiocarcinoma appears as a nodular, well defined
mass on CT or MR and typically shows intense enhancement after contrast injection. The mass is confined within
the bile ducts and therefore there is preservation of the
bile duct wall[18].

Differential diagnosis
There is a wide variety of benign and neoplastic lesions
at the liver hilum that may cause biliary stricture. In particular, inflammatory lesions may present with the same
radiological features as those from malignant tumoral
causes.
The most frequent benign lesions that may mimic
cholangiocarcinoma include lymphoplasmacytic cholangiopathy (IgG4 sclerosing cholangitis), endobiliary metastases, endobiliary HCC and Mirizzi Syndrome.
Several studies have noted that approximately 14% to
25% of resected patients for cholangiocarcinoma (HCCA)
prove to have a benign lesion at histopathology[19,20]. Differentiation between malignant and benign strictures in
patients with suspicion of cholangiocarcinoma is often
impossible before laparotomy due to overlapping of radiological and clinical features. In addition, there are no
specific radiological or laboratory tests that may distin-

Periductal infiltrating cholangiocarcinoma: This pattern of cholangiocarcinoma is frequently found in perihilar cholangiocarcinoma. Periductal infiltrating cholangiocarcinoma typically shows marked dilatation on imaging
of the biliary tree proximal to the tumoral lesion. On CT,
the involved bile ducts are diffusely narrowed or obliterated. With conventional helical or incremental CT it was
extremely difficult or impossible to depict the tumor
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A

B

Figure 3 Periductal cholangiocarcinoma multidetector computed tomography. A: Multidetector computed tomography (MDCT) in the portal phase at the level of
the hepatic hilus shows an irregular periductal thickening completely obstructing the common hepatic duct consistent with periductal cholangiocarcinoma (arrow). The
lesion is hypoenhancing in the portal phase; B: Delayed phase MDCT at the same level shows marked hyper-enhancement of the tumoral lesion (arrow).

A

Figure 4 Periductal cholangiocarcinoma
multidetector computed tomography
and magnetic resonance cholangiopancreatography. A: Multidetector computed
tomography in the portal phase shows periductal cholangiocarcinoma (arrow) producing complete biliary obstruction and atrophy
of the right liver; B: Coronal reconstruction
shows to a better advantage the scirrhous
infiltrating cholangiocarcinoma slightly hyperenhancing (arrow) and the dilated bile
ducts upstream; C: Coronal thick-slab (echo
spacing 8.3 ms, effective echo time 1000 ms,
image matrix 512 x 512, FOV 350 mm)
MRCP T2-W sequence in the same patient
shows marked dilatation of intrahepatic bile
ducts and a signal void (arrow) at the level
of the hepatic convergence and common
hepatic duct consistent with malignant obstruction by cholangiocarcinoma; D: Matrix
(272 x 512, FOV 385 mm) T2-W sequence
shows marked dilatation of the intrahepatic
ducts and a narrow stenosis at the hepatic
bifurcation (arrow).

B

D

C

guish HCCA from benign proximal bile duct lesions.
Malignant stricture is characterized by bile-duct wall
thickening greater than 1.5 mm, arterial and venous hyperenhancement of the stricture, and greater extent of
proximal dilatation compared with benign lesions[21]. Different imaging studies have shown that only one feature,
vascular involvement, was significantly different in benign
and malignant lesions[22].

of serum immunoglobulin G4. IgG4-sclerosing cholangitis shows clinical response to steroid therapy. Prompt initiation of steroid treatment in these patients could greatly
improve outcomes, at least in part by avoiding unnecessary surgery. Both the intrahepatic and extrahepatic segments can be involved by lymphoplasmacytic infiltration
characterized by transmural fibrosis which may extend to
the periportal area of the liver, causing biliary stricture[24].
A stricture of the distal CBD is the most common
abnormality of IgG4 sclerosing disease, reported in
54%-79% cases[25,26]. Associated imaging findings of autoimmune pancreatitis, such as focal or diffuse pancreatic
enlargement with a peripheral ring of low attenuation and
a diffusely narrowed pancreatic duct, are useful features
in pointing the diagnosis of autoimmune cholangitis[26].
However, accurate preoperative diagnosis of lymphoplasmacytic cholangitis and differentiating this condition from hilar cholangiocarcinoma is still very difficult

Lymphoplasmacytic cholangiopathy
IgG4-sclerosing cholangitis is considered part of IgG4
systemic-related diseases and is commonly associated
with autoimmune pancreatitis[23]. The occasional absence
of pancreatic involvement in these patients has been previously reported. No strict diagnostic criteria have been
described to date and diagnosis relies on a combination
of clinical and histopathological findings. A typical diagnostic feature of IgG4-sclerosing cholangitis is elevation
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A

A

Figure 5 Hypervascular periductal cholangiocarcinoma. A: Multidetector computed tomography shows
periductal cholangiocarcinoma with brisk arterial enhancement in the arterial phase (arrow); B: Portal phase
multidetector computed tomography at the same level
shows mild tumoral enhancement (arrow).

B

Figure 6 Lymphoplasmacytic cholangiopathy multidetector computed tomography. A: Multidetector computed tomography (MDCT) in the
portal phase shows marked intrahepatic dilatation and marked irregular
thickening of the common hepatic duct; B: MDCT in the same patient more
caudally shows abrupt stenosis and obliteration of the bile duct lumen.
Surgical exploration confirmed lymphoplasmacytic cholangiopathy.

B

because of the overlapping imaging features of both
conditions (Figures 6 and 7). Both HCCA and LC have
a similar gross macroscopic appearance related to their
fibrous nature.

HCC may be related to blood clots, sludge or intrabiliary
tumoral growth. In the absence of gallbladder stones,
the most frequent cause of intrabiliary filling defects is
HCC.
Intrabiliary growth of HCC shows the same enhancement pattern as the primary tumor and is hyperenhancing
in the arterial phase with wash-out in portal and delayed
phases. Occasionally, endobiliary growth of HCC may
be found in patients without a definite hepatic mass[28].
In that setting, the differential with intraductal growing
cholangiocarcinoma may be very difficult with imaging,
although a clinical setting of chronic liver disease may
suggest the diagnosis.

Endobiliary metastases: Neoplastic intraductal filling
defects are usually considered primary intraductal biliary
neoplasms until they are proved otherwise pathologically.
Nevertheless, it is also well-known that extrabiliary malignant tumors, such as lung, breast, gallbladder, colon,
testis, prostate, pancreas, melanoma and lymphoma, can
metastasize to the bile duct and manifest as an intraductal
mass too. When an intraductal lesion is found in a patient
with extrabiliary malignancy, the presence of a contiguous parenchymal mass, an expansible nature of the intraductal lesion, and a history of colorectal cancer may
suggest the presence of intraductal metastasis rather than
double primary intraductal cholangiocarcinoma[27].
However, occasionally endobiliary metastases can be
isolated without associated liver metastases and only the
clinical setting may help in the differential diagnosis (Figure 8).

Mirizzi syndrome: Mirizzi syndrome is a form of obstructive jaundice caused by a bile duct stone impacted
in the neck of the gallbladder or in the cystic duct. The
stone and surrounding inflammation compress the
common hepatic duct and results in dilation of the bile
ducts upstream[29]. This is a rare complication of cholelithiasis. An accurate diagnosis is essential for proper
management of a patient. From a pathophysiological
point of view, Mirizzi syndrome may have two causes.
In Mirizzi type Ⅰ there is chronic inflammation of
the gallbladder with marked contraction of the fibrous
gallbladder wall that adheres to the common bile duct,
resulting in fibrous stenosis of the biliary lumen. In
Mirizzi type Ⅱ there is a direct cholecysto-biliary fistula
secondary to direct compression of large stones on the
wall of the common hepatic duct. Imaging reveals dilated intrahepatic bile ducts with a normal common bile
duct. The gallbladder is usually collapsed. The diagnosis

HCC with endobiliary growth: Obstructive jaundice
as the main clinical feature is uncommon in patients
with HCC. Only 1%-12% of HCC patients present with
obstructive jaundice as the initial complaint. HCC may
involve the biliary tract in several different ways: tumor
thrombosis, hemobilia or endoluminal tumor extension.
Jaundice in patients with HCC is usually related to diffuse tumoral intrahepatic extension with hepatic insufficiency. Filling defects in the biliary tree in a patient with
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A

B

D

C

E

Figure 7 Lymphoplasmacytic cholangiopathy multidetector computed tomography and magnetic resonance cholangiopancreatography. A, B: Coronal reconstructed and axial multidetector computed tomography in the portal phase show periductal thickening of the common hepatic duct and hepatic bifurcation (arrows); C:
Coronal thin-slab (echo spacing 4.2 ms, effective echo time 183 ms, image matrix 272 x 512, FOV 385 mm) T2-W sequence shows marked intrahepatic biliary dilatation and an abrupt stenosis of the coronary heart disease and biliary bifurcation (arrows); D: Coronal thick-slab (echo spacing 8.3 ms, effective echo time 1000 ms, image matrix 512 x 512, FOV 350 mm) magnetic resonance cholangiopancreatography T2-W sequence in the same patient shows marked dilatation of intrahepatic bile
ducts and a signal void in the hepatic bifurcation mimicking Klatskin tumor. Surgical exploration and histological study confirmed lymphoplasmacytic cholangiopathy.

A

B

C

Figure 8 Endobiliary metastases. Sixty eight-year-old patient with obstructive jaundice. The patient had been operated on for liver metastases of colorectal cancer
3 years ago (right hepatectomy). A, B: Portal phase computed tomography shows left intrahepatic biliary dilatation (arrowheads) and a solid slightly hyperenhancing
endoluminal mass in the left hepatic duct; C: Coronal reconstruction shows to a better advantage the fluid density of dilated bile ducts and the solid density of the endobiliary tumor (arrows). Percutaneous fine-needle aspiration biopsy confirmed endobiliary metastasis.

may be suspected on CT when calcified bile stones are
detected. However, in most cases stones are radiolucent
and not detectable with CT. MRCP is the most efficient
imaging technique in this setting, allowing detection of
impacted stones at the gallbladder neck with compression of the hepatic duct and upstream biliary dilatation.
The treatment of Mirizzi’s syndrome may be a simple
cholecystectomy with or without hepaticojejunostomy
in case of fistula.
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PREOPERATIVE STAGING AND
ASSESSEMENT OF RESECTABILITY
Cholangiocarcinoma is one of the most difficult tumors,
both to stage and treat. Surgery remains the only curative treatment for HCCA. However, surgical treatment
of this malignant tumor is impaired by the lack of an
effective adjuvant treatment. In addition, the specific anatomic location of these tumors usually involving critical
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Ⅰ

Ⅲa

is to resect the whole tumor with free margins but still
leave enough liver to maintain hepatic function. This is
particularly difficult in HCCA due to its infiltrating nature. Preoperative staging should focus on biliary, vascular, hepatic, lymph node and extrahepatic extension.
Unresectability criteria generally include liver metastasis, distant lymph node metastasis, bilateral arterial or portal invasion, unilateral vascular invasion and contralateral
lobar atrophy and distant metastases. Parenchymal invasion is not considered an unresectability criterion because
a right or left hepatectomy can be performed. Bismuth
stage Ⅳ is also not always considered an unresectability
criterion because with an extra-Glissonian approach and
hepatectomy some lesions can be safely resected.

Ⅱ

Longitudinal extension of cholangiocarcinoma: Biliary
staging
Biliary extension is usually assessed with MRCP. MRCP
can confidently classify cholangiocarcinoma according to
the Bismuth-Corlette Classification in stagesⅠ, Ⅱ, Ⅲa,
Ⅲb and Ⅳ (Figure 9). StageⅠ includes tumor confined
to the common hepatic duct. Stage Ⅱ includes tumor involving the confluence of the right and left hepatic ducts
without proximal biliary involvement. Stage Ⅲa includes
tumor involving the confluence of the right and left hepatic ducts with proximal extension to the confluence
of the anterior and posterior right segmental bile ducts.
Stage Ⅲb includes tumor involving the confluence of the
right and left hepatic ducts with proximal extension to
the confluence of bile ducts for segments Ⅳ and Ⅱ-Ⅲ.
Bismuth stage Ⅳ includes tumor involving the confluence of the right and left hepatic ducts with proximal
extension to both secondary confluences of the right and
left hepatic ducts.
In the paper by Maselli et al[32], fifteen patients with hilar cholangiocarcinoma underwent radical surgery and preoperative MR imaging. MRCP and gadolinium-enhanced
dynamic T1-W images were correlated with surgical findings in the evaluation of the extent of biliary infiltration
according to the Bismuth-Corlette classification.
Radiological-pathological correlation disclosed that the
assessment of the bile duct stenosis by MRCP alone was
correct in 80% of the patients (12/15). MRCP underestimated tumor spread in two patients who were considered
preoperatively type Ⅱ and type ⅢA and turned out to be
type ⅢA and Ⅳ respectively at surgical exploration.
MRCP overestimated the neoplastic biliary extent in
another patient who was considered type Ⅲa preoperatively and was proven to be type Ⅱ at histology. Overall
accuracy for MRCP to classify tumor according to the Bismuth Classification was 80%. In the series by Lee et al[33],
longitudinal biliary involvement was accurately predicted
with MDCT in 84% of the patients.

Ⅲb

Ⅳ

Figure 9 Bismuth-Corlette classification.

vascular structures makes complete resection extremely
challenging. This is a critical point because long-term
survival in patients with HCCA depends on complete
tumor resection. Due to the infiltrative growth pattern
of HCCA, thorough preoperative evaluation of the extent of tumor along the biliary tree and major vessels at
the hepatic hilum is needed in order to plan adequate
surgical treatment. Initial reports on surgical resection
of cholangiocarcinoma involved only patients treated
with biliary resection with hepaticojejunostomy with
poor survival benefits[30]. Experience over recent years
has shown a dramatic increase of radical surgical procedures with extended right or left hemi-hepatectomies,
reporting 5-year survival rates between 25% and 40%[31].
In addition, development of sophisticated preoperative
imaging techniques with multiplanar, biliary and vascular
reconstructions has improved the depiction of both direct radial hepatic invasion and longitudinal intraductal
extension of cholangiocarcinoma. The main problem until now has been the poor results of preoperative staging
methods in order to separate potentially resectable from
non-resectable patients and to avoid unnecessary surgical
procedures, because benefits in terms of survival are only
achieved if the tumor is completely resected.
The cornerstone of oncological resection in the liver
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Radial extension of cholangiocarcinoma: Vascular
staging
Vascular extension is either assessed with MDCT or gadolinium-enhanced dynamic MRI. Accurate preoperative
assessment of HCCA requires thorough evaluation of
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A

A

B

B

Figure 10 Liver infiltration of cholangiocarcinoma. A: Coronal reconstructed multidetector computed tomography shows a periductal mass at the hepatic
confluence consistent with cholangiocarcinoma (arrow); B: Axial computed
tomography of the same patient shows a hypoenhancing mass involving the
liver parenchyma and hilar vessels (arrow) consistent with tumoral infiltration by
cholangiocarcinoma.

Figure 11 Portal infiltration of cholangiocarcinoma. A: Axial computed tomography in the portal phase shows a periductal mass in the portal confluence
(arrowheads) producing biliary dilatation (arrows); B: The mass extends cranially and shows encasement and infiltration of the left portal vein.

be unresectable (NPV: 50%), although none of them was
related to vascular invasion (lymphadenopathy, metastasis,
intraductal extension and anatomic variants).
In Maselli’s series[32], MRI correctly predicted vascular
involvement in 73% of the cases. MR correctly showed
arterial involvement in 88% of the cases (8/9) and had
false positive findings in 12% (1/9). Portal invasion was
correctly assessed in 73% of the cases (11/15) and underestimated in 20% of the cases (3/15). In 7% of the
patients (1/15), portal vein invasion was overestimated
and not confirmed by histology.
In the series by Lee et al[33], the accuracy of MDCT in
the prediction of portal vein and hepatic artery invasion
was 85.5% and 92.7% respectively. Overall accuracy of
resectability was 74.5%.
In Chryssou’s series[35], preoperative dynamic MRI
with gadolinium was fully concordant with surgical
data in the assessment of tumoral invasion in 77% of
the veins studied (63/82) and in 58% (43/74) arteries. Concordance was better concerning the assessment
of venous invasion but several cases with discordance
were reported in that series. MRI showed no tumoral
involvement in 5 cases but surgical exploration suggested
tumoral infiltration. These veins were resected but final
histological study showed no tumor infiltration.
In addition, only 60% of the veins with suspected tumor infiltration on MR and survival exploration showed
definite microscopic wall invasion at histological study.
However, those lesions would probably not have been

the hepatic artery (right, left and common hepatic artery)
and portal veins (right, left and main portal vein) (Figures
10 and 11).
MDCT and MRCP are useful techniques to delineate
the extent of the tumor and to rule out vascular invasion and locoregional lymph node extension. Helical CT
should be performed to rule out liver and lymph node
metastasis as well as vascular encasement but proximal
tumor extent along bile ducts is often underestimated.
On the other hand, helical CT also plays a key role
in the management and staging of cholangiocarcinoma.
HCT allows assessment of tumor spread to the liver or
regional
lymph nodes, as well as arterial or portal involve[15]
ment . Previous results of conventional CT in the diagnosis and staging of hilar cholangiocarcinoma have been
limited. The advent of helical technology has dramatically
improved the results of CT in the detection and diagnosis
of Klatskin tumors, although its ability to perform an ac[15]
curate staging is still limited. In the series by Tillich et al ,
HCT correctly detected all hilar cholangiocarcinomas
using a biphasic technique. However, its overall accuracy
for predicting
resectability was only 60%. In a study by
[34]
Cha et al , 21 patients with perihilar cholangiocarcinoma
were studied with MDCT. CT correctly detected that
the tumor was unresectable in 8 cases (PPV: 100%), due
to vascular involvement in 8 cases and distant lymphnode metastases in 1 case. However, in 12 patients with
suspected resectable disease by CT, 6 cases turned out to
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resectable without vascular resection.
Some surgical studies[36] have reported that tumoral
involvement of portal veins may be overestimated by surgical exploration compared with histology because there
was no adventitial tumoral invasion. These studies reflect
the challenges of vascular staging of hilar cholangiocarcinoma. In most cases, there is close contact between
the tumor and the venous or arterial structure and it is
difficult to determine if it is invaded or not. In our experience, only complete tumor encasement (tumor contact
with the vessel of more than 50%) is an adequate sign
to predict tumor invasion. Despite the fact that in some
cases the wall of the vein is actually not invaded microscopically by tumor, the fact is that the tumor cannot be
resected without resecting the vessel. In cases of minor
tumoral abutment, the patient should not be considered
unresectable and surgery should be performed.
In Chryssou’s series[35], 80% of non-stented patients
with tumor-to-portal vein contact of more than 90% but
without stenosis on MR had invasion of the adventitia
confirmed histologically. This may be a useful criterion
for predicting invasion of the portal vein or its segmental
branches in non-stented patients. In the same series[35],
the excellent correlation between MRI and surgery was
associated with a weaker correlation between MRI and
pathology. These results reflect that both MRI and surgery have limitations in differentiating true microscopic
invasion from adherent perivascular fibrosis. This kind
of fibrosis is especially frequent in patients with previous biliary drainage because at the hepatic hilus there is
close anatomic contiguity between the vessels and the
biliary tree. Therefore, in patients with suspected perihilar
cholangiocarcinoma it is critical that biliary intervention
should be avoided before an adequate preoperative staging is performed. Invasion of adjacent liver parenchyma
is also critical in order to assess resectability of cholangiocarcinoma. In mass forming cholangiocarcinoma,
parenchymal infiltration is readily seen because tumor
has an eccentrical location related to bile ducts. However,
in periductal cholangiocarcinoma, parenchymal infiltration may be subtle and high-resolution thin collimation
scanning is needed. Imaging with MDCT or MRI shows
a hypovascular infiltrating tumoral mass growing beyond
the duct and invading the adjacent liver parenchyma. In
Masseli’s series[32], MRI accurately showed a local parenchymal invasion in 80% of the patients (Figure 12).

Figure 12 Arterial infiltration of cholangiocarcinoma. Multidetector computed tomography in the arterial phase shows a periductal mass in the hepatic
hilus completely surrounding the right hepatic artery consistent with tumor infiltration.

Recently, with the advent of functional imaging such
as positron emission tomography computed tomography
(PET-CT) that allows the study of the whole body, the
need for additional imaging in patients with cholangiocarcinoma has arisen, in order to rule out distant metastases before radical treatment. The utility of 18F-fluorodeoxyglucose (FDG) positron emission tomography
(PET scan) in the diagnosis and staging of HCCA is uncertain. Anderson et al[37] showed that PET can accurately
detect nodular cholangiocarcinomas as small as 1 cm with
a sensitivity of 85%. However, infiltrating tumors which
are more frequent are only detected in 18% of the cases.
The addition of PET-CT changed the initial management
in 30% of the cases by detecting unexpected distant metastasis. This study is relatively old and the results should
be interpreted cautiously, especially in patients with PSC
or biliary stents in place.
In a recent meta-analysis by Ruys et al [38], data of
the literature concerning diagnosis and staging of hilar
cholangiocarcinoma during the period 1966-2011 were
reviewed. The initial search yielded 766 articles but only
16 papers, which included 448 patients, met the inclusion
criteria and were actually analyzed. Most data concerned
CT as the primary diagnostic tool and therefore comparison with MRI and PET-CT was not possible. Only data
on CT were sufficient for pooling the findings. Pooled
accuracy of CT for assessment of ductal extent of the
tumor was 86%, whereas pooled sensitivity and specificity for assessment of portal vein involvement was 89%
and 92% respectively. Pooled sensitivity and specificity
in the assessment of hepatic artery tumoral involvement
was 84% and 93% respectively. Concerning regional
lymph node metastasis, pooled sensitivity and specificity
were 61% and 88%. Only one study that met the inclusion criteria reported the results of PET-CT for the assessment of lymph node metastasis with a sensitivity and
specificity of 42% and 80%, respectively[39].
Concerning distant metastases, the results of the meta-analysis are somewhat limited because only one study
reported on the sensitivity and specificity of incremental
non helical CT on metastasis (67% and 94% respectively).

Distant extension of cholangiocarcinoma: Distant
staging
Different imaging techniques are currently used for the
preoperative staging of hilar cholangiocarcinoma. However, accurate staging remains a challenge. Distant staging
is usually performed with CT or MR at the same time as
doing local vascular and biliary staging, yet most evidence
is available from CT. Although the quality of imaging has
improved in recent years, a substantial proportion of tumors are still found to be unresectable during laparotomy
despite extensive pre-operative work and only 50% of
the tumors surgically explored are eventually resectable[31].
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The same study reported a sensitivity and specificity of
56% and 88%, respectively for PET/CT in the detection
of distant metastasis. The series by Ruys et al[40] evaluated
retrospectively the additional value of FDG-PET/CT
in staging of hilar cholangiocarcinoma after extensive
conventional preoperative work-up with CT or MR.
The primary tumor was 18F-FDG-positive in 88% of
patients. However, all benign lesions in the series were
also FDG-positive. Sensitivity and specificity for the
detection of regional lymph node metastases and distant metastases were 67% and 68%, and 33% and 96%,
respectively.
To summarize, the data in the literature concerning
accuracy of imaging techniques in the diagnosis and staging of hilar cholangiocarcinoma are still very limited and
most studies have important methodological limitations
precluding direct head-to-head comparison of different
imaging modalities. The only evidence available concerns
staging with CT, which has acceptable accuracy for both
longitudinal and radial staging, with sensitivity and specificity ranging between 84% and 90%.
However, no solid evidence is available concerning
distant staging. The sensitivity of CT regarding lymph
node involvement seems to be low (61%) but this is
probably not very relevant in the planning of surgical
resection since lymphadenectomy is systematically performed in these patients. There are still no solid data
concerning the results of the different imaging modalities
in the distant staging of hilar cholangiocarcinoma.
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Abstract

INTRODUCTION

Radical resection remains the only potential curative
therapy for hilar cholangiocarcinoma (HCCA). The aim
of staging laparoscopic (SL) is to identify patients with
previously undetected advanced disease who will not
benefit from surgical palliation and therefore avoid unnecessary laparotomies. The accuracy of non-invasive
imaging techniques has significantly improved during
the last years. As a consequence, the diagnostic yield
of SL of biliary tract malignancy should have decreased
proportionally. At the same time, some authors have
recently questioned the value of laparoscopic ultrasound (LUS) as a complement of SL. In this setting, the
precise role of SL and LUS in the preoperative workup
of HCCA remains unclear. As it seems undoubtedly
clear that its efficacy has decreased in the last decades,
there is a general consensus that the universal use of
SL shouldn't be recommended anymore; SL should be
performed only in selected patients with higher risk
of holding unresectable disease (T2/T3 or Bismuth
type 3/4 and patients with suspicion of metastases).
It would also be recommended in patients with potentially resectable disease who would need preoperative
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Radical resection, with an en bloc partial hepatectomy in
most cases, remains the only potential curative option[1-3]
for patients with hilar cholangiocarcinoma (HCCA).
Staging laparoscopy (SL) is a quick and safe minimally
invasive investigation that helps to determine the presence of peritoneal disease and occult dissemination within the liver. The addition of direct contact laparoscopic
ultrasound (LUS) provides the ability to assess further the
local stage of the disease and to evaluate the presence of
liver metastases[4].
The accuracy of non-invasive imaging techniques is
continuously improving. This improvement has resulted
in highly accurate staging for many hepato-pancreatobiliary malignancies, and so, its use is nowadays recommended in selected patients. As an example, the use of
SL/LUS appears to be useful as an adjunct in the preoperative staging of patients with resectable colorectal liver
metastases, when peritoneal disease is suspected[5]. With
regard to pancreatic cancer, the routine use of SL is
not warranted any more. Instead, different studies have
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determined criteria to identify the subset of patients at
high risk for extended disease[6,7] in which LS still has a
beneficial yield.
In spite of all the advances in preoperative imaging,
evaluation of HCCA remains a challenge. Furthermore,
it is not yet clearly stated whether SL should be used
routinely in HCCA, or, if selectively, when.
In a recent study from the Memorial Sloan Kettering Cancer Center (MSKCC), with 380 patients, 295
were considered to have resectable disease and underwent surgery. Nevertheless, from these 295 patients
that underwent exploration with curative intent, only
157 (53.2%) underwent a potentially curative resection, and ultimately only 120 (40.6%) underwent a R0
resection[8]. In this series SL was performed in patients
with high risk of advanced disease, but, in spite of this
approach, there was still a high rate of unnecessary
laparotomies.
The purpose of this article is to review and update
the available evidence to determine the precise role of
SL in the diagnostic evaluation of HCCA.

A systematic scanning of the liver should be
performed in order to rule out possible intrahepatic
metastasis. They can appear as hyper, iso or hypoechoic
lesions, and therefore, any suspicious lesion should be
biopsied under ultrasound control[4]. After this, careful
identification of the structures including the primary tumor in the porta hepatis is mandatory. If the quality of
the study is not good enough due to inadequate probe
contact, the right upper quadrant can be filled with saline solution until hepatic pedicle is covered. Another
possible manoeuvre is to release the neumoperitoneum
almost completely. This will help to assess the local extension of the tumor and the presence of lymph node
metastases. Vascular invasion is suggested if there is
loss of planes between the tumor and surrounding vessels. Metastatic lymph nodes are not well circumscribed
and hypo-echoic[4]. Simply enlarged nodes may not be
invaded by tumor and therefore its malignity should be
confirmed by histogical study.
Patients with no evidence of disseminated disease
after LS + LUS undergo laparotomy and resectability is
again evaluated. At some institutions, diagnostic laparoscopy and laparotomy have to be performed in two differents sessions for logistic reasons[13].

TECHNIQUE
The use of SL for optimizing resectability in HCCA has
been reported from the early beginnings of laparoscopy,
and naturally, the technique differs from one to another
author[4,9-11]. Below is summarized a standard approach.

Findings and resectability
The concept of resectability in HCCA related to technical and oncologic variables has evolved with time and
may vary from center to center[2,3,8,14].
It is beyond the scope of this article to determine or
discuss the concept of resectability for HCCA, but as a
general rule it is considered according to the criteria defined by the MSKCC group[1,15]. In their studies, tumors
were considered unresectable if any of the following
conditions were present before surgery or at laparoscopy
or laparotomy: peritoneal metastases; discontinuous intrahepatic metastases; involved lymph nodes in the periduodenal, retropancreatic, common hepatic, or celiac nodal
basin; locally advanced disease secondary to main portal
vein encasement or tumor extension to second-order
biliary radicals bilaterally; or unilateral tumor extension to
secondary biliary radicals with contralateral lobar atrophy
or contralateral portal vein involvement. The presence
of involved proximal porta hepatis lymph nodes is not
a contraindication to resection. In addition, selected patients undergoing exploration with involvement of the
portal vein generally undergo hepatectomy with resection
of the portal vein.

Simple laparoscopic staging
SL generally begins with two trocars. A third trocar is
frequently inserted to help in the inspection or biopsy
procedure. The sites of the trocar insertion are usually
chosen within the line of the planned incision should the
disease be found resectable by laparoscopic assessment[12].
After insertion of the first port, whether by open or
closed technique, pneumoperitoneum is established, and
a first general inspection performed. A second trocar is
inserted, generally in the right mid-quadrant, and a careful
inspection of the peritoneum is performed paying particular attention to the diaphragm, falciform ligament, liver
(superior and inferior surface), porta hepatis and lesser
omentum. Also pelvis is inspected, and by retracting the
greater omentum, the small bowel and mesenteric root
can be visualized. Any suspicious lesion is biopsied and
sent for frozen section analysis[4,9]. If SL reveals previously
undetected evidence of unresectability, the procedure
terminates here. In any case, a sample must be taken and
malignity must be histologically confirmed.

AVAILABLE EVIDENCE

LUS
LUS was soon added to SL with the objective of increasing the sensitivity of the exploration[9-11], and is nowadays
routinely used in many centers.
There are several flexible-tip high-resolution types of
transducers available and they usually enter through a 10
mm trocar. If needed to allow images in different planes,
it can be inserted trough different placed ports (and even
occasionally is useful to insert an additional trocar).
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There are not randomized trials that set the role of LS or
LUS in the detection of unresectable disease in HCCA.
Operable HCCA is not a common condition, and therefore the studies generally extent for long periods of time.
Table 1 summarizes the results of those studies assessing the efficacy and accuracy of SL in detecting unresectable disease in HCCA. In those series that include
other kind of tumors, only the subset of patients with
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Table 1 Available studies assessing the efficacy and accuracy of staging laparoscopy in detecting unresectable disease in hilar
cholangiocarcinoma
n

LUS
(yes/no)

Tilleman et al[13]
Weber et al[15]

110
56

Yes
Yes

41.8%
25%

Goere et al[16]
Connor et al[17]

20
84

No
Yes

175

No

25%
24% (SL)
41.5% (+ LUS)
14%

Ref.

Ruys et al[18]

Efficacy

Overall yield

Accuracy

Whole series: 25%
-T1: 9% (2/23)
-T2/T3: 36% (12/33)
25% (5/20)

Patients resected
n (%)

Histology
(yes/no)

Morbidity/
mortality

Period of
study

72%
42% (14/33)

35 (86)
23 (41)

Yes
Yes

3%/0%
-

1993-2000
1997-2001

45% (5/11)
53%

9 (45)
20 (27)

Yes
Yes

6%/0%
-

2002-2004
1992-2003

32%

89 (51)

Yes

-

2000-2010

LUS: Laparoscopic ultrasound; SL: Staging laparoscopic.

HCCA was selected[15,16]. Final diagnostic was confirmed
by pathology after resection or by biopsy if tumoral
extension was found in all the patients of all referred
series[13,15-18]. In spite of all diagnostic tools used preoperatively and after undergoing SL ± LUS, only 30%-50%
of the patients were ultimately amenable to a potentially
curative resection.
The efficacy and accuracy of the SL seems to have decreased throughout the years: from 41% to 72% respectively in the 2002 report by Tilleman et al[13] to 14% and 32% in
the most recent report that was published by Ruys et al[18] in
2011, although in this study LUS was not performed.
With regard to the LUS, Connor et al[17] found in 2005
that the addition of ultrasonography increased the yield
of the exploration from 24% to 41.5%. Nevertheless
there is not a consensus about its use, and in some recent
series LUS is not routinely used[16,18].
The group of the MSKCC analyzed specific subgroups of patients with HCCA in an effort to identify
patients with high risk of holding occult unresectable
disease. In this study, accrued over a relatively short period of time (4 years) patients were classified according
to a preoperative T stage system[1]. They found that the
yield of SL was greater (36%) in T2-T3 tumors than in
T1 tumors (9%)[15].
Finally, there are no mortality cases reported, and
morbidity-when reported-is low (3%-6%).

for presumed proximal bile duct malignancy reported a
15% false positive rate[19]. Finally, most of the causes of
unresectability in HCCA constitute features difficult to
determine preoperatively with imaging techniques such
as small peritoneal metastasis, lymph node involvement
or local ingrowth. That is why HCCA assessment constitutes one of the most difficult tasks of the hepatobiliary
specialized radiologists.
SL will be useful in those patients with unsuspected
extended disease in whom a nonsurgical palliative procedure is of benefit, and therefore could avoid an unnecessary laparotomy. HCCA patients would therefore, at least
theoretically, benefit largely from SL: there is a high rate
of undetected tumoral extension and there is currently
enough evidence of the benefit of the percutaneous or
endoscopic placement of self expanding metal stents for
palliation of unresectable cases[20]. Nevertheless, as explained below, its yield is not as high as we could expect
and lower than for other hepatobiliary malignancies. But
before, we will discuss about the possibility of port-site
metastasis, as it was a great concern at the early beginnings
of the technique. Large series of different types of oncological resection procedures have confirmed the safety of
the laparoscopic approach. The rate of incisional recurrence after open surgery seems to be similar to the portsite recurrence observed. To our knowledge, there are no
reported any port-site recurrence after SL in HCCA.
Regarding the evidence for the diagnostic yield of SL
in HCCA, there are scarce available data, and the published
series are extremely variable. Cholangiocarcinoma is a rare
disease, accounting for less than 1% of all human malignancies[1]. Many clinical series, therefore, extend over a
prolonged period of time, often greater than 20 years[21-23].
With regard to SL role (Table 1), one of the largest study,
with 84 patients, was performed over an 11-year period[17],
during which the quality of imaging undoubtedly varied[4].
Moreover, as reported by some authors[17], SL may have not
been used universally, but with a selective approach, what
makes it even more difficult to determine the real global
diagnostic yield of this technique.
We find an additional difficulty when interpreting
the results of the series. Most of the studies include
different types of hepatobiliary[15,16] or pancreatobiliary[9,14,24,25] malignancies, and there are few studies fo-

PRESENT AND FUTURE OF SL IN HCCA
Preoperative evaluation of any stenosis or tumour mass
at the hepatic confluence remains a significant challenge despite continuous improvements in non-invasive
radiological techniques. It is sometimes difficult to differentiate between gallbladder cancer (GBC) and HCCA:
in a cohort of 110 patients with supposed proximal bile
duct obstruction there was doubt about the localization
of the tumour in at least 20% of the cases[13]. But the
difficulties lie not only in identifying the exact origin,
but also the malignant or benign character of the lesion.
In the referred series, resection was performed in 13
patients who turned out to have benign disease after histopathologic examination of the specimen[13]. And this
is not uncommon: A previous study of 132 resections
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cused exclusively in SL in HCCA[17,18]. This makes it difficult to extract the information specifically regarding
HCCA. Nevertheless, we can get some interesting information from this apparent jumble of data. Although
all of them are bile duct tumors (HCCA, GBC or distal
cholangiocarcinomas), they have different patterns of
spread that will affect their respective SL diagnostic
yields. In this context, the worst rates are for HCCA[16].
In 2002 the MSKCC published an analysis of 100 patients with biliary cancers (44 GBC and 56 HCCA). The
diagnostic yield in GBC was significantly superior than
that obtained for HCCA (48% vs 25%)[15]. This is due to
their particular spread tendency: GBC tends to spread
with peritoneal and liver metastases, whereas the most
common cause of unresectability in HCCA was vascular
invasion and lymph node metastasis. SL easily identifies
the first ones, but the second ones are often missed.
Due to the low overall efficacy to identify unresectable disease in HCCA (less than 30%), the MSKCC
group proposed in 2001 performing SL only in those
patients with higher risk of holding unresectable disease
according to a preoperative staging system[1]. In their
study, those patients with locally advanced but potentially resectable HCCA, the yield of laparoscopy was
greater, 36% (12/33, T2/T3 tumors) vs 9% (2/23, T1
tumors)[15]. T2 and T3 patients would constitute therefore the HCCA patients that should undergo LS before
surgical exploration.
The most recent available evidence in this subject is
from 2011. Ruys et al[18] published a study of 175 patients
with suspected HCCA who underwent SL during the
past decade. As shown in Table 1, the overall yield of
SL decreased from an average 25% of earlier reports to
14%. The authors consider this is likely the result of imaging techniques evolution and improvement during this
period of time and therefore they conclude that the place
of SL in the workup of patients with HCCA should be
reconsidered. As this is the largest and more recent series
published to date, it is worth taking a closer look at it.
At final pathology, 12 patients showed benign disease,
fact that also has an impact in the yield. Reviewing data
of Ruys et al[18], LUS was only performed in four (out of
175) patients. At laparotomy, they identified several unresectable cases that-they declare-would have been spared
with a more extensive SL: twenty-one patients were identified with distant positive lymph nodes precluding a curative resection and an additional 13 patients with positive
lymph nodes nearby the celiac trunk or common hepatic
artery would have increased the yield of SL to 20%. It is
not known if this disease could have been identified if SL
was performed more thoroughly by a highly experienced
surgeon or with the addition of LUS. This is a very interesting study, but the facts above discussed recommend
that not definitive conclusions should be drawn from this
apparent drop of yield. Nevertheless, the proportion of
patients that were ultimately resected raised to 51% as
opposed to 27%-45% in previous studies.
With regard to the use of LUS, it seems reasonable
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that as it offers additional information, its use would
therefore increase the yield of SL. In fact, several early
reports soon showed this ability to increase the sensitivity of SL[9-11] in hepatobiliary and pancreatic cancers.
In the study from Edinburgh [17], LUS increased the
diagnostic efficacy from 24.3% to 41.5%. As shown in
Table 1, 20 patients out of 84 were identified as having unresectable disease by LS alone. Adding LUS, a
further 14 patients were deemed unresectable (one with
intraparenchymal metastases and 13 due to locally advanced disease). Nevertheless, this is not a consistent
finding, and it remains controversial since Tilleman et
al[13] reported a limited value of LUS in a series of 110
patients with malignant proximal bile duct obstruction
(that includes an undetermined number of patients with
GBC). LUS was performed in 74 patients, 12 of whom
already had histologically proved metastases detected on
SL alone. Among the other 62 patients, metastasis was
suspected in 11 patients and locally extensive disease
in eight, but histologic proof could only be obtained in
one patient. The authors consider that LUS is a waste
of time, as in their experience approximately half of
the time was used for the LUS imaging. They explicitly
recommend diagnostic laparoscopy without LUS [13].
Other authors consider the findings of LUS difficult to
interpret[24], and as previously said, some authors have
abandoned its use.
A final comment about logistic aspects. There are
two different subset of patients to consider. The first
group of patients are those with apparent resectable disease who would need preoperative external drainage or
portal vein embolization. In them, SL should be performed prior to these procedures. The early detection by SL
of occult advanced disease can avoid unnecessary invasive procedures and lead to immediate institution of palliative care[16]. The second group are those patients with a
potentially resectable HCCA and no need of preoperative
procedures. In them, SL should be followed by laparotomy in the same session, but in some hospitals this is not
always possible. As reported by Tilleman et al[13], in those
patients who undergo a “delayed” laparotomy, the total
hospital stay was longer, as they are eventually admitted
a second time. As a consequence, the potential financial
benefit was not as great as would be possible.
In summary, the precise role of SL and LUS in the
preoperative workup of HCCA remains unclear. What
seems clear is that its yield has decreased in last years
and therefore there is an agreement that its universal use
shouldn’t be recommended anymore. There is a general
consensus to perform LS only in selected patients with
higher risk of holding unresectable disease (T2/T3 or
Bismuth type 3/4 and patients with suspicion of metastases). It would also be recommended in patients with
potentially resectable disease who would need preoperative invasive procedures. Finally, SL should be performed
preceding laparotomy in one session. Further studies on
the benefit of SL and LUS in this subset of HCCA patients are warranted.
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Kettering cancer center proposes a staging system
according to three factors related to local tumor extent: the location and extent of bile duct involvement,
the presence or absence of portal venous invasion,
and the presence or absence of hepatic lobar atrophy.
The TNM classification, besides the usual descriptors,
tumor, node and metastases, provides additional information concerning the possibility for the residual
tumor (R) and the histological grade (G). Recently, in
2011, a new consensus classification for the Perihilar
cholangiocarcinoma had been published. The consensus was organised by the European Hepato-PancreatoBiliary Association which identified the need for a new
staging system for this type of tumors. The classification includes information concerning biliary or vascular
(portal or arterial) involvement, lymph node status or
metastases, but also other essential aspects related to
the surgical risk, such as remnant hepatic volume or
the possibility of underlying disease.

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Cholangiocarcinoma is the second most common
primary malignant tumor of the liver. Perihilar cholangiocarcinoma or Klatskin tumor represents more
than 50% of all biliary tract cholangiocarcinomas. A
wide range of risk factors have been identified among
patients with Perihilar cholangiocarcinoma including
advanced age, male gender, primary sclerosing cholangitis, choledochal cysts, cholelithiasis, cholecystitis,
parasitic infection (Opisthorchis viverrini and Clonorchis sinensis ), inflammatory bowel disease, alcoholic
cirrhosis, nonalcoholic cirrhosis, chronic pancreatitis
and metabolic syndrome. Various classifications have
been used to describe the pathologic and radiologic
appearance of cholangiocarcinoma. The three systems
most commonly used to evaluate Perihilar cholangiocarcinoma are the Bismuth-Corlette (BC) system, the
Memorial Sloan-Kettering Cancer Center and the TNM
classification. The BC classification provides preoperative assessment of local spread. The Memorial Sloan-

Key words: Hilar cholangiocarcinoma; Klatskin tumor;
Perihilar cholangiocarcinoma; Bile duct cancer
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Core tip: The terminology and classification of Perihilar
cholangiocarcinoma (Klatskin tumors) are sometime
confusing. In the present revision, we analyze some of
the risk factors identified as preneoplastic conditions,
and the different systems used for staging these tumors,
including the most recent consensus classification
promoted by the European Hepato-Pancreato-Biliary
Association.
Original sources: Suarez-Munoz MA, Fernandez-Aguilar JL,
Sanchez-Perez B, Perez-Daga JA, Garcia-Albiach B, Pulido-Roa Y,
Marin-Camero N, Santoyo-Santoyo J. Risk factors and classifications
of hilar cholangiocarcinoma. World J Gastrointest Oncol 2013; 5(7):
132-138 Available from: URL: http://www.wjgnet.com/1948-5204/
full/v5/i7/132.htm DOI: http://dx.doi.org/10.4251/wjgo.v5.i7.132

168

January 28, 2014|First Edition|

Suarez-Munoz MA et al . Risk factors and classifications of hilar cholangiocarcinoma

lation[8]. The risk of malignancy decreases after complete
choledochal cyst excision; however, these patients are still
at a increased risk of developing CC compared with the
general population.
The hepatobiliary flukes Opisthorchis viverrini and Clonorchis sinensis are associated with the development of
CCA, particularly in Southeast Asia (fivefold increased
risk of CCA and an annual incidence of 87 per 100000).
They are flat worms that inhabit the bile ducts and, occasionally, the gallbladder and pancreatic duct of mammals. Both parasites increase the susceptibility of cholangiocytes to endogenous and exogenous carcinogens via
chronic irritation and increased cellular turnover. Nevertheless, a recent study from Thailand, found that despite
the endemicity of Opisthorchis viverrini (24.5% prevalence
among the adult population), the lifetime risk of CCA is
only 5%, which suggest other co-factor must exists, such
as role of lifestyle, diet and certain polymorphisms[9].
Another risk factor for CCA that is more common
in Asian than Western countries is hepatolithiasis. It has
been postulated that prolonged irritation and inflammation of the biliary epithelium by the calculi, bile stasis,
and bacterial infections predispose to malignancy. CCA
incidence rates of 10% in patients who have hepatolithiasis have been reported[10].
A recent study from China had stressed the importance of metabolic syndrome as potential risk factor for
the development of biliary tract cancer. Cholelithiasis,
triglycerides, LDL, diabetes, Apolipoprotein A and Apolipoprotein B were signiﬁcantly associated with extrahepatic cholangiocarcinoma[11].

RISK FACTORS FOR HILAR
CHOLANGIOCARCINOMA
Cholangiocarcinoma (CCA) is the second most common
primary malignant tumor of the liver after hepatocellular
carcinoma. Depending on their location is generally divided into intrahepatic or extrahepatic (distal tumours of
the common bile duct and perihilar or Klatskin tumor).
The classical description of this tumor corresponds to
William Altemeier (1957) and Gerald Klatskin (1965) and
is a subtype of CCA that stems from aberrant growth
of the ductal epithelium in the extrahepatic biliary tree.
Perihilar cholangiocarcinoma (PHC) or Klatskin tumor
represents more than 50% of all biliary tract cholangiocarcinomas[1].
In the United States, the incidence of this disease is
rare with approximately 3000 cases diagnosed annually,
and the age-adjusted incidence of extrahepatic CCA has
decreased from 1.08 per 100000 to 0.82 per 100000 individuals over a 20-year period[2]. Some observed variations
in the incidence of CCA and PHC may be due to a coding misclassification of these tumors in the International
Classification of Diseases for Oncology (ICD-O), having
been proposed a revision in order to ensure that all PHC
are coded topographically to extrahepatic tumours only,
rather than as currently to intra- or extrahepatic[3,4].
A wide range of risk factors have been identified
among patients with PHC including advanced age, male
gender, primary sclerosing cholangitis (PSC), choledochal
cysts, cholelithiasis, cholecystitis, parasitic infection, inflammatory bowel disease, alcoholic cirrhosis, nonalcoholic cirrhosis and chronic pancreatitis[5].
One of the most influential and well-established risk
factors is PSC. The prevalence of cholangiocarcinoma
in patients who have PSC is 5%-15%, with an annual
incidence rate of 0.6%-1.5%. In contrast to patients with
ulcerative colitis, the time since diagnosis seems to have
no importance. In most cases, cholangiocarcinomas are
diagnosed within the first 2.5 years after the diagnosis of
PSC, and prospective studies have reported that 37% of
patients developing cholangiocarcinoma will do so within
the first year following the diagnosis of PSC. The median
age of diagnosis is in the 5th decade of life. At autopsy,
CCA has been identified in as many as 40% of patients
with PSC[6].
Cholelithiasis is also a known risk factor for both intrahepatic CCA and extrahepatic CCA. In a recent large
retrospective review, patients with gallstones who did
not have a cholecystectomy performed had a twofold
increased incidence of CCA. This increased risk subsides
to the equivalent of the normal population 10 years after
cholecystectomy[7].
Bile-duct cysts are an established risk factor for CCA.
Type I (solitary, extrahepatic) and IV (extrahepatic and
intrahepatic) bile-duct cysts have the higher incidence.
The lifetime incidence of CCA in these patients ranges
from 6% to 30%. The average age at malignancy detection has been reported to be 32 years, which is younger
than the age at presentation of CCA in the general popu-
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CLASSIFICATION OF HILAR
CHOLANGIOCARCINOMA
Various terminology and classifications have been used
to describe the pathologic and radiologic appearance of
cholangiocarcinoma, and each describes a specific aspect
of the tumor. However, some of the terminology and
classifications are ambiguous and therefore confusing.
In 1901, Eggel classified cholangiocarcinomas as nodular, massive and diffuse, like hepatocellular carcinoma.
In 1983, Weinbren and Mutum classified cholangiocarcinoma into three types: nodular, sclerosing and papillary. Rosai, in 1996, distinguishes between polypoid and
sclerosing forms. In the radiologic literature, hilar and
extrahepatic cholangiocarcinomas have been classified as
exophytic, infiltrating and polypoid (or papillary)[12].
The Liver Cancer Study Group of Japan proposed in
2000 a new classification based on growth characteristics,
with tumors being identified as mass-forming, periductalinfiltrating and intraductal-growing types (Figure 1). This
classification describes the gross appearance, growing
characteristics, and biologic behavior, and it is helpful
for radiologic interpretation. According to this classification, the exophytic or nodular type matches the massforming type, the infiltrating or sclerosing type matches
the periductal-infiltrating, and the polypoid or papillary
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A

tion without extension into the intrahepatic bile ducts),
Types Ⅲa and Ⅲb (occluding the common hepatic duct
and the right or left hepatic ducts, respectively), and Type
Ⅳ (involving the confluence and both the right and left
hepatic ducts) (Figure 2).
In a recent study addressed to evaluate the accuracy,
sensitivity, prognostic value and impact on the management of patients with Klatskin tumors, Paul et al [17],
analyzing data of two centers of excellence and a metaanalysis of the literature, found that BC classification had
an accuracy rate < 50%, with a low sensitivity for Type Ⅲ
A/ⅢB tumors (in the 30% range), and it is not indicative
of survival. Although the BC classification provides the
first preoperative assessment of the possibility and extent
of surgical resection, decision for laparotomy cannot be
based on it, however, because does not include crucial
information such as vascular encasement and distant metastases and further preoperative workup has to be made.
Another aspect to consider is that longitudinal spread
pattern of a tumor can be related to gross morphology.
Papillary tumors frequently present with long-range mucosal spread, while infiltrating tumors tend to show subepithelial extension.

B

C

Figure 1 Morphologic classification of cholangiocarcinoma. A: Massforming; B: Periductal-infiltrating; C: Intraductal-growing.

type matches the intraductal-growing type. The prognosis
for mass-forming and periductal-infiltrating cholangiocarcinomas is generally unfavorable, whereas the prognosis
for intraductal-growing types is much better after surgical
resection[13].
CCAs can be classified anatomically as intrahepatic
(peripheral), perihilar (Klatskin tumor), or extrahepatic.
Perihilar cholangiocarcinoma arises at the bifurcation of
the hepatic ducts, whereas intrahepatic cholangiocarcinoma arises from beyond second-order bile ducts. The extrahepatic bile ducts can be further divided into proximal,
middle, and distal bile ducts. The proximal extrahepatic
bile duct extends from the confluence of the right and
left hepatic bile ducts to the level of the cystic duct. The
middle portion of the extrahepatic bile ducts extends
from the cystic duct to the level of the duodenum. The
distal ducts are composed of the bile duct that extends to
the level of the ampulla[14].
As in any other type of cancer, a staging system must
ideally provide information about the prognosis and natural history of the disease, serve as a guide for therapy,
and enable convincing comparisons of therapies among
various institutions and over time. In so-called surgical
diseases, a staging system is crucial for deciding between
an aggressive approach (i.e., chance for cure) and only
palliative alternatives. Another criteria for a good staging
system is its ability to identify patients for the best type
of surgery (e.g., local resection vs extensive resection or
even liver transplantation).
The three systems most commonly used to evaluate
PHC in most parts of the world are the Bismuth-Corlette
(BC) system, the Memorial Sloan-Kettering Cancer
Center (MSKCC) classification, and the American Joint
Committee on Cancer (AJCC)/Union for International
Cancer Control (UICC) TNM classification.

MSKCC classification
In 1998, the MSKCC, proposed a different stage criteria
for hilar cholangiocarcinoma according to three factors
related to local tumor extent: the location and extent of
bile duct involvement (in agreement to the BC system),
the presence or absence of portal venous invasion, and
the presence or absence of hepatic lobar atrophy. The
initial system comprises four staging groups[18], but was
simplified three years later to the definite model which
comprises three stage groupings rather than four and
represents a simple combining of two stages from the
earlier format (Table 1). By taking full account of local
tumor extent, the proposed staging system for hilar cholangiocarcinoma accurately predicts, in author’s opinions,
resectability, the likelihood of metastatic disease, and survival[19].
TNM classification
The AJCC has recently published new staging criteria for
extrahepatic bile duct tumors (Table 2)[20]. These tumors
were previously grouped into proximal, middle and distal
tumors but were considered as a single entity and had single TNM classification. Now, the middle group of extrahepatic bile duct tumors have been removed as the treatment of this group is similar to either proximal or distal
group. Currently, extrahepatic bile duct tumors are simply
classified as perihilar and distal bile duct tumors. Further,
these two subgroups have different TNM staging as their
pathology, treatment and prognosis is variable.
Perihilar tumors refer to those located in the extrahepatic biliary tree proximal to the origin of the cystic
duct. The early stage (T1) tumor for the extrahepatic bile
duct cancers is described as tumor confined to the bile
duct wall. On imaging this tumor presents as wall thick-

BC classification
The BC classification[15,16] provides preoperative assessment of local spread, and classifies Klatskin tumors as
Type Ⅰ (proximal bile duct tumors that do not extend to
the bifurcation), Type Ⅱ (tumors extend to the bifurca-
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Ⅰ

Ⅱ

Ⅲa

Ⅲb

Ⅳ

Figure 2 Bismuth-Corlette classification of Perihilar (Klatskin) tumors. TypeⅠ: Proximal bile duct tumor that do not extend to the bifurcation; TypeⅡ: Tumor
extend to the bifurcation without extension into the intrahepatic bile ducts; TypeⅢa: Tumoral occlusion of the common hepatic duct and the right hepatic duct; TypeⅢ
b: Tumoral occlusion of the common hepatic duct and the left hepatic duct; Type Ⅳ: Tumor involving the confluence and both the right and left hepatic ducts.

Table 1 Memorial Sloan-Kettering Cancer Center classification

Table 2 Perihilar bile duct tumors (American Joint
th
Commission on Cancer Staging 7 edition)

Stage Criteria
T1

T2

T3

The tumor involves the biliary confluence with unilateral
involvement up to secondary biliary radicles. There is no portal
vein involvement or liver atrophy
The tumor involves the biliary confluence with unilateral
involvement up to secondary biliary radicles. There is ipsilateral
portal vein involvement or ipsilateral hepatic lobar atrophy
The tumor involves the biliary confluence with bilateral
involvement up to secondary biliary radicles, unilateral extension
to secondary biliary radicles with contralateral portal vein
involvement, unilateral involvement up to secondary biliary
radicles with contralateral hepatic lobar atrophy, or main/bilateral
portal vein involvement

T1
T2a
T2b
T3
T4

Node
Nx
N0
N1

ening of the bile duct. The low (fat) attenuation of the
periductal fat is preserved. The T2 tumors are cancers
that invade the periductal fat (T2a) or the liver (T2b). The
proximal extrahepatic bile duct tumors may extend to the
portal vein or hepatic artery.
The unilateral vascular extension is considered T3,
whereas more advanced extension is considered T4. The
latter (T4) includes extension into the main portal vein,
common hepatic artery, contralateral vascular extension,
and involvement of secondary biliary radical. Hepatic
parenchymal involvement is now classified as T2 instead
of T3, as patients with hepatic parenchymal involvement
alone have a better prognosis compared to those with
unilateral vascular involvement[21]. Distal bile duct tumors
refer to those located between the junction of the cystic
duct-bile duct and the ampulla of Vater. Previously these
had the same AJCC classification as the proximal tumors
but it has been recognized that these tumors have significant differences in the anatomy compared to the proximal lesions, which affect their resectability. Hence, these
lesions have a separate TNM classification.
The nodal staging of bile ducts tumors is also different for the proximal and distal bile duct tumors. The
proximal bile duct tumors have three classifications (N0,
N1 and N2). N1 nodes refer to regional nodes such as

WCG|www.wjgnet.com

N2

Tumor confined to bile duct histologically
Tumor beyond the wall of bile duct into adjacent fat
Tumor beyond the wall of bile duct into liver parenchyma
Tumor invades ipsilateral portal vein (R or L) or hepatic
artery (R or L)
Tumor invades
(1) Main portal vein or its branches bilaterally (or)
(2) Common hepatic artery (or)
(3) The second-order biliary radicals bilaterally
(4) Unilateral second-order biliary radicals with
contralateral portal vein or hepatic artery involvement
Regional lymph nodes cannot be assessed.
No regional lymph node metastasis
Regional lymph node metastasis (including nodes along
the cystic duct, common bile duct, hepatic artery, and
portal vein)
Metastasis to periaortic, pericaval, superior mesenteric
artery, and/or celiac artery lymph nodes

Metastasis
M0
No distant metastasis
M1
Distant metastasis
Tumor stage AJCC staging 6th edition
0
Tis, N0, M0
T1, N0, M0
Ⅰ
T2a-b, N0, M0
Ⅱ
T3, N0, M0
Ⅲa
T1 or T2
Ⅲb
T3, N1, M0
T4, N0
Ⅳa
N1, M0
Any T, N2, M0
Ⅳb
Any T, any N, M1
AJCC: American Joint Committee on Cancer; R: Right; L: Left.

hilar, cystic, pericholedochal, hepatic artery, portal and
posterior pancreaticoduodenal. The N2 nodes refer to
distant nodes such as celiac, superior mesenteric artery,
and para-aortic nodes. The presence of N2 nodes may
disqualify the patient from potential curative surgery. On
imaging, there are no definite criteria for the diagnosis of
malignant nodes[22] and for this reason the presence of
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images provide optimum contrast between lymph nodes
and background anatomy. The M-staging for the extrahepatic biliary tumors is the similar for proximal and distal
bile duct tumors. Metastases may be seen on computed
tomography and magnetic resonance as soft tissue masses
in the peritoneum, lungs, adrenals, liver and other sites. It
is generally accepted that a fluorodeoxyglucose positron
emission tomography (FDG-PET) is useful to detect distant metastases and may lead to change in management
in up to 30% of patients.
Besides the stage grouping shown in Table 1, the
TNM classification has additional descriptors for the
residual tumor (which is labeled ‘‘R’’): Rx means that the
presence of the residual tumor cannot be assessed, R0
represents no residual tumor, R1 reveals a microscopic
residual tumor, and R2 denotes a macroscopic residual
tumor. In addition, the histological grade (‘‘G’’) is expressed as Gx (no assessment), G1 (well differentiated),
G2 (moderately differentiated), G3 (poorly differentiated), or G4 (undifferentiated).
The BC classification system is possibly the system
most commonly used worldwide to stage PHC, although
it fails to provide other key information such as vascular
encasement, lymph node involvement, distant metastases and atrophy of a part of the liver. The MSKCC system does not evaluate the presence of nodal or distant
metastases or the involvement of the artery. And the
TNM staging is mostly used postoperatively and therefore fails to distinguish between the various surgical options, so that its usefulness in the preoperative setting is
thus limited.
A consensus conference organized by the European
Hepato-Pancreato-Biliary Association in 2007, identified the need for a new staging system for perihilar
cholangiocarcinoma[23]. For this reason, an international
working group was constituted with the aim to design a
new staging system and registry for these tumors. The
results of this project were published in 2011, proposing a new classification for Klatskin tumors using some
parameters from previous staging systems [24] (Table
3). The BC classification is kept for the assessment
of the bile duct (which is labeled ‘‘B’’ for bile duct or
Bismuth); the letters ‘‘a’’ and ‘‘b’’ are omitted and are
replaced by ‘‘R’’ (for right hepatic duct) and ‘‘L’’ (for
left hepatic duct; Figure 3A). Thus, the label indicating
one of the four types (depending on the localization of
the tumor) will follow ‘‘B’’; for example, B2 indicates
invasion of the bile duct confluence by the tumor. Additionally, the tumor size should be labeled as T1 (1
cm), T2 (1-3 cm), or T3 (3 cm). The choice of a 3-cm
cutoff for T3 is based on accumulating data indicating a better prognosis for smaller tumors; this includes
excellent outcomes after liver transplantation in the
absence of any extrahepatic spread. The macroscopic
form (which is labeled ‘‘F’’) will also be recorded as the
periductal or sclerosing type (sclerosing), the nodular
or mass-forming type (mass), or the polypoid or intraductal type (polypoid). Often, a distinction between the
sclerosing type and the mass forming type is difficult,

Table 3 Consensus classification (European Hepato-PancreatoBiliary Association)
Label

Side location

Bile duct (B)
B1
B2
B3
B3
B4
Tumor size (T)
T1
T2
T3
Tumor form (F)
Sclerosing
Mass
Mixed

R
L

Common bile duct
Hepatic duct confluence
Right hepatic duct
Left hepatic duct
Right and left hepatic duct
< 1 cm
1-3 cm
≥ 3 cm

Polypoid
Involvement (> 180°) of the portal vein (PV)
PV0
PV1
PV2
PV3
R
PV3
L
PV4
Involvement (> 180°) of the hepatic artery (HA)
HA0
HA1
HA2
HA3
R
HA3
L
HA4
Liver remnant volume (V)
V0

V%

Description

Indicate segments

Underlying liver disease (D)

Lymph nodes (N)
N0
N1
N2
Metastases (M)
M0
M1

Sclerosing (or periductal)
Mass-forming (or nodular)
Sclerosing and massforming
Polypoid (or intraductal)
No portal involvement
Main portal vein
Portal vein bifurcation
Right portal vein
Left portal vein
Right and left portal veins
No portal involvement
Proper hepatic artery
Hepatic artery bifurcation
Right hepatic artery
Left hepatic artery
Right and left hepatic
artery
No information on the
volume needed (liver resection not foreseen)
Percentage of the total
volume of a putative remnant liver after resection
Fibrosis
Nonalcoholic steatohepatitis
Primary sclerosing cholangitis
No lymph node involvement
Hilar and/or hepatic artery
lymph node involvement
Periaortic lymph node
involvement
No distant metastases
Distant metastases (including liver and peritoneal
metastases)

R: Right; L: Left.

equivocal lymph nodes cannot be used as a criterion for
unresectability. A node that is larger than 1 cm in minimum diameter, round in morphology and heterogeneous
in attenuation or with central necrosis, is likely to be
malignant. Proximity to the primary mass also increases
the likelihood of malignancy. The MR diffusion weighted
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and therefore, a mixed type of tumor is added (mixed).
The next factors providing information about the
natural history and the choice of therapy include involvement of the vessels. In this regard, the portal vein is labeled ‘‘PV’’, and the hepatic artery is labeled ‘‘HA’’. The
addition of “R” or “L” describes the side, right or left,
with tumor involvement. It is also important to highlight
when both the vein and the artery are free (HA0 and
PV0, respectively).
In order to provide information related to the possibility to achieve a R0 resection in cases requiring en bloc
resection of the bile duct and major hepatectomy, the
staging system include a “V” (remnant hepatic volume)
and a “D” (indicate the presence of an underlying disease
such as fibrosis, nonalcoholic steatohepatitis, or PSC) labels, both identified as risk factors for surgery.
Lymph nodes are labeled ‘‘N’’, and classified as N1
(positive periportal or hepatic artery lymph nodes) and N2
for positive para-aortic lymph nodes. Metastases, including liver and peritoneal metastases, are marked as ‘‘M’’.
The staging should ideally be performed before and
after surgery, and it should include all intraoperative information and results from macroscopic and microscopic
examinations. In order to promote the use of this new
complete, but complex, classification, an on line registry
has been implemented and available at www.cholangioca.
org (Figure 3).
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Core tip: The aim of this article is to describe the surgical techniques for the treatment of hilar cholangiocarcinoma (HC). In recent years, parenchyma-preserving
hepatic resections have been proposed to treat high
risk surgical patients without vascular infiltration. This
type of liver resection must include segments Ⅰ, Ⅳb
and Ⅴ. Radical surgery in patients with type Ⅰ or Ⅱ tumors should also include a right liver resection, except
in the case of papillary HC and in high-risk surgical patients.

Abstract

Original sources: Ramos E. Principles of surgical resection in
hilar cholangiocarcinoma. World J Gastrointest Oncol 2013; 5(7):
139-146 Available from: URL: http://www.wjgnet.com/1948-5204/
full/v5/i7/139.htm DOI: http://dx.doi.org/10.4251/wjgo.v5.i7.139

The aim of this article is to describe the surgical techniques for the treatment of hilar cholangiocarcinoma
(HC). Resection with microscopically negative margin
(R0) is the only way to cure patients with HC. Today,
resection of the caudate lobe and part of segment Ⅳ,
combined with a right or left hepatectomy, bile duct
resection, lymphadenectomy of the hepatic hilum and
sometimes vascular resection, is the standard surgical
procedure for HC. Intraoperative frozen-section examination of proximal and distal biliary margins is necessary to confirm the suitability of resection. Although
lymphadenectomy probably has little direct effect on
survival, inaccurate staging information may influence
post resection treatment recommendations. Aggressive
venous and arterial resections should be undertaken in
selected cases to achieve a R0 resection. The concept
of “no-touch proposed” in 1999 by Neuhaus et al combine an extended right hepatectomy with systematic
portal vein resection and caudate lobectomy avoiding
hilar dissection and possible intraoperative microscopic
dissemination of cancer cells. More recently minor liver
resections have been proposed for treatment of HC.
As the hilar bifurcation of the bile ducts is near to liver
segments Ⅳ, Ⅴ and Ⅰ, adequate liver resection of
these segments together with the bile ducts can result
in cure.

WCG|www.wjgnet.com

INTRODUCTION
The aim of this article is to describe and discuss aspects
of the surgical techniques used in the treatment of hilar
cholangiocarcinoma (HC). No exhaustive survey of the
results obtained by surgery will be made; this question is
addressed in a separate section.
As is the case with the surgical treatment of other
tumor diseases, the improvements introduced in recent
decades have derived not from evidence obtained in clinical
trials but from a better understanding of the pathways of
tumor spread[1-11]. Furthermore, most of the publications
on this subject are studies comparing the results in recent
cohorts with historical data. Due to the rarity of HC, most
surgical series have a long inclusion period[12,13]. As a result,
changes in perioperative management techniques over the
course of a study can introduce bias. All these features have
complicated and delayed the introduction of new techniques and strategies in the surgical treatment of HC.
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HC surgery remains one of the most technically challenging operations for hepatobiliary surgeons, due to the
complex, intimate, and sometimes variable anatomical
relations of the bile duct and vascular structures. Radical
resection with a microscopically negative margin (R0) is
the only way to cure patients with HC and is associated
with marked survival advantages compared to marginpositive resections. Unfortunately, only 50%-70% of
patients who undergo surgery are candidates for curative
resection[14]. Over the last decades, various technical innovations have been introduced in order to increase the
chances of achieving a negative resection margin, which
is the only prognostic factor under the control of the
surgeon. Today, resection of the caudate lobe and part
of Couinaud’s segment Ⅳ, combined with a right or left
hepatectomy, bile duct resection, lymphadenectomy of
the hepatic hilum and sometimes vascular resection, is
the standard surgical procedure for HC.
In the early 1970s, Longmire[15] introduced the concept of partial hepatectomy in resection of HC. However, because of the poor postoperative outcomes, hepatic
resection was not recommended during the two following
decades. Starting in the 1990s, more partial liver resections were performed for HC and were routinely combined with complete excision of the caudate lobe which
is now fully accepted[16-22]. Likewise, better outcomes
were reported with more radical surgery. The Memorial
Sloan-Kettering group found that a concomitant hepatectomy resulted in an R0 resection in 78% of the patients and it was the only independent predictor of longterm survival[14]. Today the reported resectability rate
ranges between 28% and 95% and the radical resection
rate varies from 14% to 95%[23-27].
Over this period, Japanese surgeons have adopted a
more aggressive approach and have achieved a higher
negative margin resection rate[28]. They have also published numerous “tricks” to increase the chances of
achieving radical resection.

unnecessary laparotomy in only 14% of patients, with an
accuracy of 32%.
Explanations for these changes are the impact of
new imaging techniques and a better selection of patients for laparoscopy. After their review, the authors
recommended that laparoscopy should be performed
only in patients with Bismuth type Ⅲ and Ⅳ and that it
should be used preceding laparotomy in a single session.

INTRAOPERATIVE BIOPSIES OF BILIARY
MARGIN
Intraoperative frozen-section examination of proximal
and distal biliary margins is necessary to confirm the
suitability of resection. If invasive cancer is observed in
the examination, additional resection is recommended to
complete tumor removal[24,32]. However, additional resection of a positive proximal bile duct is difficult, and, usually, only a few extra millimeters can be resected. Some
evidence has suggested that this additional resection of
the proximal bile duct margin does not confer any survival advantage[33]. However, Ribero et al[34] found that
median survival after additional resection of an intraoperative proximal bile duct margin was similar to that observed after primary R0 resections (30.6 vs 29.3). Therefore, although the available evidence is inconsistent, it
seems advisable to try to complete resection whenever
possible. On the other hand, this additional resection is
associated with increasing incidence of postoperative
biliary fistula. Finally, it should be borne in mind that intraoperative frozen section analysis of proximal bile duct
margin is misleading in 9% patients.

LYMPHADENECTOMY
Lymphadenectomy associated with resection of HC
must include lymph nodes, lymphatic channels and
nerves surrounding the portal vein and hepatic artery.
Nodal invasion beyond the hepatoduodenal ligament, including para-aortic nodal metastases, has a dismal prognosis with a 5-year survival of 0%-12%[35,36]. Therefore,
routine lymph node dissection beyond the hepatoduodenal ligament is not generally recommended[36,37]. Once
HC has metastasized to lymph nodes, an extended nodal
dissection can provide a more accurate staging of the
disease, but cannot improve survival.
The intraoperative finding of lymph node metastases is not considered a reason for abandoning resection
when lymph node metastases are confined to the hepatic
pedicle or the hepatoduodenal ligament[29]. However,
tumor positive lymph nodes along the common hepatic
artery or celiac axis are usually considered a contraindication for resection.
Lymphadenectomy for HC is unlikely to provide any
great clinical benefit. Recently, Kitagawa et al[35] analysed
110 patients with HC who underwent both regional and
para-aortic lymphadenectomy. A median of 24 lymph

LAPAROSCOPIC ASSESSMENT
The goal of staging laparoscopy is to exclude peritoneal
metastases and small liver metastases, for which other
noninvasive tests lack accuracy. van Gulik et al[29] reported that laparoscopy avoided unnecessary laparotomy
in 25%-40% of patients. However, the use of staging or
preoperative laparoscopy for HC is not widely accepted.
Regimbeau et al[30] observed that laparoscopic assessment
was not routinely performed in France in 2008 and that
the accuracy of this procedure even in selected patients
appeared to be low. That series included 56 patients and
only in one case was resection contraindicated due to
peritoneal carcinomatosis. More recently, Ruys et al[31]
evaluated the benefit of laparoscopic assessment in 195
patients treated from 2000 to 2010. They found that the
yield and accuracy of laparoscopy were considerably
lower than those reported in previous studies including
one performed by their own team. Laparoscopy avoided
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nodes were retrieved during surgery. The disease-specific
survival of patients with para-aortic lymph node metastasis was similar to M1 patients, suggesting that survival
is not influenced by the extent of lymphadenectomy but
rather by the presence of metastatic disease. However
the Nagoya group[35] reported the 5-year survival for
patients with para-aortic nodal metastases to be 12.3%.
The finding that long-term survival is possible in patients with para-aortic disease encouraged the authors to
perform aggressive surgery with extended lymph node
dissection in selected patients.
Some authors have reported changes in the extent
of lymphadenectomy in successive historical periods. In
the initial period[38] lymphadenectomy was regional. It
was then extended to include para-aortic nodes from the
level of the diaphragm to aortic bifurcation, but this was
associated with high morbidity. Finally lymphadenectomy was reduced to include the para-aortic nodes from
the level of the coeliac axis to the mesenteric inferior
vein. However, in the elderly (> 70 years) lymphadenectomy was limited to regional nodes in order to reduce
perioperative mortality.
Although lymphadenectomy probably has little direct
effect on survival, inaccurate staging information may
influence post resection treatment recommendations
which in turn have the potential to affect outcome. The
studies by the Memorial Sloan-Kettering Center[39,40] suggest that a minimum of seven lymph nodes are needed
in the surgical specimen to obtain a correct staging.

resection of the portal vein to achieve more radical
surgery. This latter strategy will be discussed in another
section. However, there are no randomized studies to
support it.
Advances in surgical technique have facilitated the
performance of hepatic artery resection and reconstruction during surgical treatment of HC. However, most
of the studies[44-46] have shown negative results and do
not recommend a combined resection of the hepatic
artery for biliary cancer. However, in 2010, Igami et al[47]
reported their experience with major hepatectomies with
resection and reconstruction of the hepatic artery. In
this series of 53 patients (18%) undergoing concomitant
hepatic artery resection with or without PVR, only one
patient died in the postoperative period and two survived more than five years after surgery.

EXTENDED HEPATECTOMY FOR HC:
NO-TOUCH CONCEPT
Extended right hemihepatectomy consists of the resection of the right liver, the inferior part of segment
[48]
Ⅳ, the hilar plate, and the entire caudate lobe , while
extended left hemihepatectomy consists of resection
of the left liver, the hilar plate of the right paramedian
sector, and most of the caudate lobe. Both are coupled
with complete resection of the extrahepatic bile duct
and porta hepatis lymphadenectomy. The choice of
side is dependent on the predominance of the tumor,
but an extended right-hemihepatectomy is indicated for
centrally located tumors, because of the length of each
hepatic duct, the location of the hilar common bile duct
in the hepatoduodenal ligament, the ease of complete
caudate lobectomy and portal vein reconstruction, and
the frequent involvement of the right hepatic artery[9,32].

VASCULAR RESECTIONS
The role of portal vein resection (PVR) is controversial. Although portal vein bifurcation invasion used to
be considered a relative contraindication for resection,
more recently some surgeons have advocated a more
aggressive approach[41]. Despite recent advances in diagnostic imaging techniques, portal vein invasion is still
a relatively frequent intraoperative finding. Surgeons
should suspect the presence of this invasion if they find
severe adhesions between the tumor and the portal vein
bifurcation. In this situation, combined resection and
reconstruction of the portal vein is necessary to obtain a
negative surgical margin.
de Jong et al[41] recently published the results of an
international, multicenter database from seven major
hepatobiliary centers. They found that 30-d postoperative mortality was higher in the cohort of patients who
underwent concomitant PVR (17.6% vs 10.6%, P = 0.03).
However, no differences in long-term outcome were
observed compared to patients who underwent hepatectomy without vein resection. The authors conclude that
PVR should be undertaken when necessary to extirpate
all disease.
Nagino[42] recommend PVR only when the vessel
adheres to and cannot be freed from the tumor during
skeletonization resection of the hepatoduodenal liga
ment. In contrast, Neuhaus et al[43] recommend routine

WCG|www.wjgnet.com

“No-touch” concept
Usually, resection of the portal vein is carried out when
the vein is adherent to the tumor and cannot be freed.
However, even in cases where negative margins are pro
ven histologically, local or peritoneal recurrence may
occur during the follow-up period. One possible reason
for recurrence is the microscopic dissemination of cancer cells during dissection of the portal vein in the hilar
region, where the bile duct involved lies very close to the
portal vein. In fact, the distance between the tumor and
the outer layer of the adventitia of the portal vein is less
than 1 mm, even in cases without portal infiltration[6].
What is more, the majority of hilar malignancies have
microscopic perineural infiltration of the tumor.
Ebata et al[6] reported that the intraoperative macroscopic diagnosis of portal infiltration, regardless of
microscopic diagnosis, was a significant prognostic factor. This result probably confirms that exposure of the
tumor may occur during portal dissection, even in a case
without microscopic infiltration. In the operative field
microscopic invasion cannot be distinguished from adhesion and perivascular fibrosis[49].
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shorter than in the left[52]. Furthermore, there are many
anatomical variations in the right sectional bile ducts[53].
These anatomical issues may increase the difficulty of
achieving tumor-free stumps for right sectional ducts
during left hepatectomy compared with right hepatectomy. Furthermore, the presence of more complex biliary
anastomoses increases the risk of postoperative biliary
leakage.
Another oncological problem with left or left-extended hepatectomy is the need to preserve the right hepatic
artery and the right portal vein, which increases the risk
of tumor cell dissemination.
To confirm whether a predominantly left-sided tumor
is resectable with a left trisectionectomy, the surgeon can
apply a combination of manual palpation, intraoperative
ultrasound and dissection along the posterior aspect of
the right portal pedicle. These maneuvers could help to
determine whether the tumor has extended to the posterior division of the right pedicle[54]. Lowering the hilar
plate would be very useful in this exploration, because
the division occurs intrahepatically; however, this dissection would be too close to the boundaries of the tumor
and is not recommended.
If the right hepatic artery is infiltrated by the tumor,
it must be resected en bloc to achieve a radial R0 resection. In this situation reconstruction of the right hepatic
artery is difficult and the risk of technical failure is high.
Based on the knowledge of spontaneous arterial revascularization of the liver after ligation of the proper
hepatic artery, it has been proposed that pre-operative
embolization of the proper hepatic artery induces development of arterial collaterals through the hepatic ligaments, providing additional arterial supply to the liver.
This will facilitate the performance of a R0 resection, as
the proper, left and right hepatic arteries could be totally
resected without vascular anastomosis.
Yasuda et al[55] reported the preoperative arterial embolization of the proper hepatic artery in six patients. In
all patients, arterial flow signals were detected in the liver
with Doppler ultrasonography. Three weeks after embolization, surgery was performed and in all cases a R0
resection was achieved. During surgery, intraoperative
Doppler ultrasonography confirmed collateral arterial
blood flow in the right anterior and posterior segmental
branches of the right hepatic artery. During dissection
of the hepatoduodenal ligament, the bile duct can be
dissected in the right liver without risk of injury to accompanying arterial branches. However, mobilization of
the right liver or division of ligaments must be avoided
to preserve arterial revascularization.
In the study by Shimizu et al [56] R0 resection was
achieved in all seven patients who underwent right trisectionectomy, but in only eight of 13 patients (61.5%)
undergoing left trisectionectomy. This suggests that a
more extended resection from the right side, but not
from the left, may provide greater potential for cure.
Some authors[57] consider that extended left hepatectomy increases the extent of resection in the periphery

The concept of no-touch was proposed in 1999 by
Neuhaus et al[50] as a result of a multivariate analysis of
prognostic factors in 100 resected patients. Surgical radicality, lymphangiosis carcinomatosa, perineural sheath
infiltration and histopathological grading were identified
as independent prognostic variables for the entire group
of patients. However, in patients with curative resection, the only independent prognostic variable was an
additional resection of the portal vein bifurcation. After
this, the authors decided to apply the principles of notouch techniques to HC and combined an extended right
hepatectomy with PVR and caudate lobectomy. This
technique avoids the dissection of the right hepatic artery, which can easily be infiltrated by tumor, and obtains
a wide tumor-free biliary margin, since the left hepatic
duct measures up to 5 cm.
The goal of a no-touch technique and an en bloc resection can be achieved by placing vascular clamps on
the left portal vein branch within the umbilical fissure as
well as on the portal vein trunk, directly above the pancreatic head, and dividing the two vessels without dissecting the portal vein bifurcation. This strategy is facilitated by the anatomical characteristics of the left portal
vein which runs transversely from the bifurcation to the
umbilical portion. After this, an end-to-end venous anastomosis is performed. This reconstruction straightens
the portal vein, avoiding the kinking frequently observed
after right hepatic resections. Depending on the extent
of tumor growth to the left, it may be impossible to
keep the whole of segment IV. This increases the risk of
postoperative liver insufficiency, but reduces the number
of biliary orifices to anastomose.
In 2012, Neuhaus et al[43] compared the oncological
results of hilar en bloc resection to that of major hepatectomy. The 5-year survival of patients who underwent en
bloc resection was significantly superior (58% vs 29%, P =
0.021).

LEFT RESECTIONS
Right or extended right hepatectomy is not indicated
in cases of HC extending far to the left, with atrophy
of segments Ⅱ and Ⅲ and with vascular complications
in the left hemiliver. In these situations left resections
are indicated and represent about 25%-30% of all resections. Left hepatectomy is considered to be a more
complicated procedure, than right hepatectomy[8,51] and
requires greater skill, especially in cases involving PVR
and reconstruction. Resecting the portal vein bifurcation
when performing a left trisectionectomy is substantially
more difficult because of the relatively short course of
the right portal vein before branching. Surgical resection
for Bismuth-Corlette type Ⅲb tumor with involvement
of the portal vein bifurcation may not be feasible even
in specialized centers because of the difficulty of portal
vein reconstruction.
The distance from the principal biliary bifurcation
to the sectional ramification in the right liver is much
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of the liver, but that the oncological benefit in the perihilar region is very limited. However Nagino[42] reported
that left trisectionectomy increased the number of negative proximal ductal margins compared with left hepatectomy, leading to a high proportion of R0 resections,
and improving survival for patients with advanced leftsided perihilar cholangiocarcinomas[58]. Therefore, these
authors recommend left trisectionectomy in such cases,
even if the tumor is deemed to be resectable by left
hepatectomy.
Despite the difficulties associated with left liver resections, no other treatments achieve survival rates comparable to those of surgical resection. Therefore left or
extended left hepatectomy should be aggressively performed for type Ⅲb tumor if curative resection is possible, even in cases with portal involvement.

Minor liver resection (three segments or fewer, according to the Couinaud nomenclature) may be one way
to resolve the problem of the high mortality after major
liver resections. As the hilar bifurcation of the bile ducts
is near to liver segments Ⅳ, Ⅴ and Ⅰ, adequate liver
resection of these segments together with the bile ducts
can result in cure. For early tumor stage, minor resection of segments Ⅰ, Ⅳb and Ⅴ has been performed to
excise the tumor with adequate margins; this is termed
“central liver resection” by some authors[60].
A central hepatectomy for HC can preserve up to
35% more functional liver parenchyma than an extended
hepatectomy. However, it has not been widely accepted
as an alternative to extended hepatectomy because of its
uncertain oncological equivalence and greater technical
complexity[61,62].
The study by Chen et al[63] did not find differences in
cumulative survival rates between major and minor liver
resection in patients with HC. Furthermore, major liver
resection was associated with higher operative mortality
and morbidity rates than minor resection. Chen at al[63]
hold that major resections should be reserved for Bismuth-Corlette type Ⅲ HC with vascular invasion, or type
Ⅳ HC. In central liver resection for HC, many intrahepatic bile ductal openings are left behind, making the reconstruction very difficult; this is the main disadvantage
of this procedure. However, using their own technique
of hepatojejunal anastomosis the same authors reported
a bile leak rate of only 14%[63].

STRATEGY WITH BISMUTH TYPE Ⅰ
AND Ⅱ PATIENTS
Some authors[12,14,27] have considered that patients with
Bismuth type Ⅰ or Ⅱ tumors can be treated with local or
hilar resections including the extrahepatic suprapancreatic biliary tract. However, others[10] have recommended
a left hepatectomy, because this procedure affords high
resectablity, is safe and provides good quality of postoperative life. Finally, others[13,32] support the indication of a
right hepatectomy because the right hepatic artery passes
behind the common hepatic duct and, therefore, can be
infiltrated by cancer.
Bismuth type Ⅰ and Ⅱ HCs appear less advanced on
cholangiography and are easier to resect than Bismuth
type Ⅲ and Ⅳ tumors. Therefore hilar resection is the
procedure preferred by many surgeons. However, locoregional recurrence may be frequent[12,15] even after R0
resections. Moreover, Seyama et al[26] reported better prognosis in patients with Bismuth type Ⅰ and Ⅱ tumors who
underwent right hepatectomy with caudate lobectomy.
Histologic evaluation of the right hepatic artery showed
that its infiltration is infrequent, but the distance between the edge of the cancer and the arterial adventitia
was very short (1 mm in many cases). Therefore without
right hepatectomy the resection margin could have been
positive.
In the opinion of Ikeyama et al[59] the surgical approach to Bismuth type Ⅰ and Ⅱ HCs should be based
on the macroscopic tumor type seen in the preoperative
study. For nodular and infiltrating HCs, right hepatectomy offers the best long-term survival, whereas for
papillary tumor bile duct resection with or without limited hepatectomy is adequate unless spread of superficial
cancer is discovered preoperatively.

OTHER SURGICAL “TRICKS”
Resection of middle hepatic artery in right hepatectomy
Frequently, the middle hepatic artery (MHA) runs in
close proximity to the HC. In this case, preservation of
this artery in a right hepatectomy may result in a positive
resection margin. On the other hand, interruption of
the arterial flow could cause postoperative complications
related to biliary ischemia such as the disruption of the
bilioenteric anastomosis and liver abscess.
A retrospective study by Hirano et al[64] investigated
the anatomical variations of the MHA and also assessed
the safety of resection of the MHA combined with right
hepatectomy, caudate lobectomy, and bile duct resection.
In this study of 61 patients with hilar biliary malignancies, the perioperative outcomes in patients in whom the
MHA was resected were similar to those in whom it was
preserved.
Anatomic study of the microcirculation of the liver
revealed that the intrahepatic bile ducts are fed by a
dense surrounding vascular plexus arising from the hepatic artery[65]. After a right hepatectomy, the peribiliary
plexuses of the bile ducts from the left medial and lateral
sections may retain their connections through the plate
system, compensating for any loss of arterial blood supply. Compensatory arterial blood supply to the area fed
by the interrupted artery may also derive from intrahepatic interconnecting arterial pathways or vessels connecting the hepatic artery and the portal system.

PARENCHYMA PRESERVING SURGERY
A reduction in morbidity and mortality after liver resection is the key strategy for improving the results of surgical treatment of HC.
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Portal vein arterialization
PVA has been used in patients with portal hypertension, liver transplantation and acute liver failure to solve
the occlusion of the hepatic artery. In the context of
HC this procedure can be used to allow radical resection in patients requiring an extended left hepatectomy
who present encasement of the right hepatic artery[66].
The encasement of the hepatic artery can prevent its
resection and anastomoses. The objective of the PVA is
to ensure adequate oxygen delivery to hepatocytes and
biliary ducts. Animal experiments have suggested that
PVA can improve the microcirculation in the liver, but a
sustained increase in portal pressure can promote hepatocyte apoptosis and inhibit liver regeneration[67]. Anastomoses with small arteries (< 3 mm) should reduce the
risk of severe portal hypertension. PVA can be considered a salvage procedure in special situations[68], but has
some drawbacks that limit its indications.

3
4

5

6

7
8

CONCLUSION
The goal of surgical treatment of HC should be an R0
resection. The planning of surgery should take into account the difficulties in establishing tumor boundaries
intraoperatively and the close proximity to certain anatomical structures such as the caudate lobe and the right
hepatic artery. Therefore, potentially radical intervention
should include resection of the bile duct with lymphadenectomy of the hepatic hilum and right hepatectomy including the caudate lobe and part of segment Ⅳb. There
is evidence that systematic resection of the portal bifurcation can decrease the risk of loco-regional recurrence.
However, not all authors agree on this point.
When the HC mainly involves the left liver (Ⅲb type) a
left or left-extended hepatectomy should be performed.
These interventions are technically more difficult and
potentially less radical. In selected patients, resection and
reconstruction of the right hepatic artery may offer the
possibility of radical surgery in patients with tumors that
mainly affect the left liver. Portal arterialization may be a
salvage procedure in these patients when resection and
reconstruction of the right hepatic artery is not possible.
In recent years, parenchyma-preserving hepatic resections have been proposed to treat high risk surgical
patients without vascular infiltration. This type of liver
resection must include segments Ⅰ, Ⅳb and Ⅴ. Radical
surgery in patients with type Ⅰ or Ⅱ tumors should also
include a right liver resection, except in the case of papillary HC and in high-risk surgical patients.
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Outcome of surgical resection in Klatskin tumors
Alejandro Serrablo, Luis Tejedor
vein embolization and staging laparoscopy should be
considered in selected patients. Additional evidence is
needed to fully define the role of orthotopic liver transplant. Portal and lymph node involvement worsen the
prognosis and long-term survival, and surgery is the only
option that can lengthen it. Improvements in adjuvant
therapy are essential for improving long-term outcome.
Furthermore, the lack of effective chemotherapy drugs
and radiotherapy approaches leads us to can consider R1
resection as an option, because operated patients have a
longer survival rate than those who not undergo surgery.
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Abstract

Core tip: Klatskin described the specific clinical characteristics in 1965, and the tumor is often referred to
as Klatskin tumor. Cholangiocarcinomas (CC) are the
second most frequent primary hepatic malignancy. Hilar
cholangiocarcinoma (HCC) is the most common type,
and accounts most of CC cases. These tumors are slowly growing, and have a tendency to local spread and
infrequent distant metastases. The most common presentation is with the onset of jaundice. The majority of
HCC are small infiltrating tumors. Long-term survival in
patients with HCC depends critically on complete tumor
resection. This work is an important update concerning
outcome of surgical management in Klatskin tumors.

Cholangiocarcinomas are the second most frequent
primary hepatic malignancy, and make up from 5% to
30% of malignant hepatic tumours. Hilar cholangiocarcinoma (HCC) is the most common type, and accounts
for approximately 60% to 67% of all cholangiocarcinoma cases. There is not a staging system that permits
us to compare all series and extract some conclusions
to increase the long-survival rate in this dismal disease.
Neither the extension of resection, according to the
sort of HCC, is a closed topic. Some authors defend
limited resection (mesohepatectomy with S1, S1 plus
S4b-S5, local excision for papillary tumours, etc .) while
others insist in the compulsoriness of an extended hepatic resection with portal vein bifurcation removed to
reach cure. As there is not an ideal adjuvant therapy,
R1 resection can be justified to prolong the survival
rate. Morbidity and mortality rates changed along the
last decade, but variability is the rule, with morbidity
and mortality rates ranging from 14% to 76% and from
0% to 19%, respectively. Conclusion: Surgical resection continues to be the main treatment of HCC. Negative resection margins achieved with major hepatic
resections are associated with improved outcome. Preresectional management with biliary drainage, portal
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INTRODUCTION
Carcinomas arising from the confluence of the hepatic
ducts were first described by Altemeier et al[1]. Klatskin[2]
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Table 1 Staging of perihilar cholangiocarcinoma (Green FL
2002)

Table 2 Memorial Sloan Kettering Cancer Centre stage
Stage Hilar involvement

Tumor, nodes and metastases definitions

T1

Primary tumor
Tis Carcinoma in situ
T1 Tumor confined to the bile duct histologically
T2 Tumor invades beyond the wall of the bile duct
T3 Tumor invades the liver, gallbladder, pancreas, and/or ipsilateral
branches of the portal vein or hepatic artery
T4 Tumor invades any of the following: main portal vein or its branches
bilaterally, common hepatic artery, or other adjacent structures, such as the
colon, stomach, duodenum, or abdominal wall.
Regional lymph nodes
N0 No regional lymph node metastasis
N1 Regional lymph node metastases
Metastasis
M0 No distant metastasis
M1 Distant metastasis
Stage grouping
Stage 0 Tis, N0, M0
Stage IA T1, N0, M0
Stage IB T2, N0, M0
Stage IIA T3, N0, M0
Stage IIB T1, N1, M0 T2, N1, M0 T3, N1, M0
Stage III T4, any N, M0
Stage Ⅳ Any T, any N, M1

T2

T3

Lobar atrophy

Biliary confluence ± 1/2 unilateral
No
No
extension to second-order biliary
radicles
Biliary confluence ± unilateral + Ipsilateral
+ Ipsilateral
extension to second-order biliary
radicles
Biliary confluence + bilateral
Yes/No
Yes/No
extension to second-order biliary
radicles
Biliary confluence + unilateral + Contralateral
Yes/No
extension to second-order biliary
radicles
Biliary confluence + unilateral
Yes/No
+ Contralateral
extension to second-order biliary
radicles with contralateral hepatic
lobar atrophy;
Biliary confluence + unilateral/
Bilateral
Yes/No
bilateral

mittee on Cancer (AJCC) (Table 1) is the most commonly
used for staging of HCC. However, this system is based
on histological criteria and does not provide information
on the potential for resectability. de Jong et al[9] conclude
that the AJCC T-classification criteria did not stratify patients with regard to prognosis and that depth of tumor
invasion is a better predictor of long-term outcome. Besides that, the histologic type of tumor may also modify
the staging and type of surgery required[10].
Therefore, other staging systems have been used to
predict resectability and evaluate the extent of resection.
The modified Bismuth-Corlette (B-C) classification stratifies patients according to the extent of biliary involvement by tumor[11-13]. Although it does not incorporate
radial tumor extension, it provides a useful preoperative
terminology to describe the extension of the hepatic resection that will be necessary to encompass the longitudinal intraductal extension of HCC.
The preoperative clinical T-staging system of the Memorial Sloan Kettering Cancer Centre (MSKCC) (Table 2), as
proposed by Jarnagin and Blumgart (MSKCC), defines
both the longitudinal and radial extension of HCC,
which are critical factors in the determination of resectability[14,15]. This staging system incorporates three factors
based on preoperative imaging studies: (1) location and
extent of ductal involvement; (2) presence or absence
of portal vein invasion; and (3) presence or absence of
hepatic lobar atrophy. Criteria for unresectable disease
include: locally advanced tumor extending to secondary
biliary radicles bilaterally, unilateral sectional bile ducts
with contralateral portal vein branch involvement, encasement or occlusion of the main portal vein proximal
to its bifurcation, and atrophy of one hepatic lobe with
contralateral tumor extension to sectional bile ducts. Of
note, the right bile duct is shorter and therefore more
likely to be involved when the tumor appears at the confluence. Patients who have distant metastases, including
metastases to lymph node groups beyond the hepatoduo-

described the specific clinical characteristics in 1965, and
the tumor is often referred to as Klatskin tumor. Cholangiocarcinomas (CC) are the second most frequent primary hepatic malignancy and make up from 5% to 30%
of malignant hepatic tumors. Hilar cholangiocarcinoma
(HCC) is the most common type, and accounts for approximately 60% to 67% of all CC cases (intrahepatic,
hilar and distal)[3,4]. These tumors are slowly growing, and
have a tendency to local spread and infrequent distant metastases. The most common presentation is with the onset
of jaundice. The majority of HCC are small infiltrating
tumors. Approximately 90% of malignant-appearing hilar
strictures prove to be HCC[5].
Adenocarcinoma is the most common histologic
subtype. Three morphologic subtypes of cholangiocarcinoma have been described: sclerosing (70%), nodular
(20%), and papillary (5%)[6]. Characteristics of nodular
and sclerosing types may coexist.
Long-term survival in patients with HCC depends
critically on complete tumor resection. In the absence of
widespread disease, the likelihood of achieving a complete resection requires examination of all factors related
to local tumor extent, which increasingly has become
possible with non invasive imaging studies[7,8]. Tumor location and extent within the biliary tree is only one component. Additional factors that must be addressed relate
to radial tumor growth and its impact on adjacent structures, specifically portal venous involvement and consequent hepatic lobar atrophy. Perihilar CC’s are focused on
because liver resection is required in most cases.

STAGING AND RESECTABILITY
The TNM staging system of the American Joint Com-
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1980 81 82 83 84

85 86 87 88 89

90 91 92 93 94

95 96

97 98 99 2000 01 02 03 04 05

06

07 08 09 10

Indocyanine green (ICG) test to evaluate liver function
Abdominal angiography
MDCT

Preoperative

Portal vein embolization for extended hepatectomy
PTBD
ENBD
PTCS for suspected superficial spreading
Replacement of bile drained from PTBD or ENBD

Postoperative Intraoperative

Blood donation
Preoperative synbiotic
treatment

Use of closed drain
Use of absorbable
sutures

Intra- and postoperative routine use of fresh frozen plasma
Parenteral nutrition through central venous catheter
Early enteral feeding
Postoperative synbiotic treatment

Figure 1 Changes in pre-, intra-, and postoperative management over the course of the study period (With permission. Courtesy of Professor Nimura).
ENBD: Indicates endoscopic naso-biliary drainage; MDCT: Multidetector-row computed tomography; PTBD: Percutaneous transhepatic biliary drainage; PTCS: Percutaneous transhepatic cholangioscopy.

denal ligament are also unresectable. By incorporating
these criteria of resectability, the MSKCC staging system
has been shown to correlate with both surgical resectability and survival, but it still is not the ideal staging[14].
Consequently, the staging systems are not uniform and
the prognostic factors that can be obtained do not allow a
rigorous comparison between series. Furthermore, many
series extend over a prolonged period, frequently longer
than 20 years. Indeed, these reports lack a uniform approach to diagnosis, assessment of disease extent and resection, and the evaluation of the results is hence complicated. Also, most studies come from surgical departments
and tend to appraise the operating findings and their results, whereas they do not contribute data of all the valued
patients, which makes drawing conclusions difficult.
Characteristics of the growth pattern of HCC include:
transmural invasion of bile ducts, radial extension into periductal tissue and adjacent structures, and longitudinal extension along the bile ducts in the submucosa[16]. The papillary
phenotype is associated with better prognosis[17]. In contrast,
longitudinal spread along the duct wall with microscopic
submucosal extension is characteristic of mass-forming and
periductal-infiltrating subtypes; this biologic feature often
impedes obtaining histologically negative margins[18]. These
tumors are often accompanied by both direct and lymphatic
invasion into the periductal tissues, causing marked fibrosis and infiltration of inflammatory cells. These histologic
changes give a macroscopic similarity between the tumor
and peritumoral inflammatory changes that make preoperative and intraoperative biopsies diagnostically challenging.
Radial extension of HCC is also common, often resulting in
invasion of the portal vein, hepatic arteries and the hepatic
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parenchyma adjacent to the hilar plate.
When analysing survival according to staging, Li et al[19]
in their audit of 215 patients found that the results from
univariate analyses suggest that histological grade, lymph
node metastasis, vascular invasion, neuroinvasion, R1 resection and T2 or T3 stage were significant predictors for
poor survival rates; by multivariate analysis, only lymph
node metastasis and R1 resection were significantly associated with poor survival rates.
Series with more than 100 cases in consulted literature
are scarce, and those ones that fulfil this condition cover
a prolonged period of time and are retrospective. The
resectability rates were highly variable, ranging between
28% and 95%, and curative resection rates ranged between 14% and 95%[4,14,15,17,20-42]. Such wide variability of
resectability is probably due to heterogeneous methods
of patient selection, differences in preoperative imaging
techniques, and the broad range of data for inclusion in
these studies. The report of DeOliveira et al[43] where 282
HCC patients are assessed, is one of the biggest published
series of only one institution, together with that one of
Nagoya group, but it covers a 31-year period and is retrospective[44]. Apart from the changes in management over
the course of a long period of time, as can be seen in
Figure 1, the resectability rate in that study was 62% and
R0 resection was achieved only in 19% of cases[43].
Even in high-volume centres, the resectability rate is
about 30% of all patients with HCC, with the operative mortality rate ranging from 0% to 15%. After curative resection,
the 1-, 3- and 5-year survival rates range from 50% to 70%,
30% to 40%, and 10% to 40%, respectively (Figure 1)[14,20,43-48].
The major determinants of resectability include ex-
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tent of vascular invasion, hepatic lobar atrophy, amount
of hepatic parenchyma involved, and extent of spread
within the biliary tree. Hepatic lobar atrophy with contralateral portal vein or hepatic artery encasement or contralateral tumor extension to secondary biliary radicles may
preclude resection. Bilateral hepatic disease and presumed
insufficient hepatic reserve preclude resection. Even with
current imaging technology, accurate determination of
tumor resectability pre-operatively may occur in as few
as 60%-74% of patients[49,50]. Thus, a number of patients
undergoing resection with curative intent will be left with
a resultant R1 margin status.

PBD, while the rate was 8% in patients without PBD.
This may be associated with increased postoperative infections such as wound or intraperitoneal abscesses[60].
However, unrelieved biliary obstruction is associated
with hepatic and renal dysfunction and coagulopathy.
Most patients with HCC will benefit from PBD of remnant liver to increase post-resection hypertrophy ability.
Reported complications in transhepatic percutaneous
catheter placement include: haemobilia, pseudoaneurysm
of hepatic artery, fistula between hepatic artery and bile
duct or between hepatic artery and portal vein, and catheter tract implantation metastases.
Some randomized controlled trials have revealed
that biliary diversion does not improve perioperative
results and increases infectious complications. But, also,
none of these trials has managed to clarify the safety
of major hepatic reaction for cholestatic patients with
HCC[53,54]. The report of Laurent et al[58] states some
conditions to avoid PBD: onset of jaundice < 2-3 wk,
total bilirubin < 200 µmol/L, functional remnant liver
(FRL) > 40%, neither endoscopic retrograde cholagiopancreatography nor percutaneous transhepatic cholangiography, and no sepsis. Although the results are not
modified for not to drain, in agreement with other
authors, undrained patients have a higher postoperative
morbidity rate and transfusion requirements, and both
facts are important factors of tumor recurrence. Thus,
it may depend on each group’s experience to determine
whether to use PDB or not. It will be taken into consideration that, if the conditions described by Laurent
et al[58] are not fulfilled, there will be more perioperative
transfusion and morbidity if the patient is not drained,
which could affect the overall survival and disease-free
survival rate.

ADJUVANT TREATMENT
Adjuvant therapy for CC has not been supported by
clinical evidence. Recently, gemcitabine has been shown
to be active, with response rates of 8%-60% and median
survival of 6-16 mo. Therefore, further studies of gemcitabine and of 5-FU plus cisplatin are warranted. For
HCC, Cheng et al[51] reported better survival for patients
with Bismuth types Ⅲ/Ⅳ tumors who received adjuvant
radiotherapy after curative resection. Todoroki et al[41] also
showed a statistically significance of radiotherapy for R1
radical resection of stage Ⅳa HCC. Thus, radiotherapy
is potentially beneficial in patients with positive resection
margins or unresectable tumors. However, Vern-Gross
concluded that there is no benefit with adjuvant therapy
in postoperative setting[52].

PREOPERATIVE BILIARY DRAINAGE
The role of preoperative biliary drainage (PBD) in jaundiced patients remains controversial[22,45,53,54]. Actually,
most patients undergo biliary drainage prior to referral
for resection, despite the lack of data showing a benefit.
Clearly, the presence of cholangitis mandates biliary decompression, but there is no proof that routine biliary
drainage in all patients facilitates resection or reduces
postsurgical morbidity[55,56]. On the contrary, the available data would suggest that biliary stents are associated
with greater postoperative infection complications[57,58].
Previous studies investigating this issue have been criticized for several design flaws, and whether major hepatic
resection in the face of biliary obstruction is associated
with a greater risk of liver failure or other complications
remains an open question[59].
Cherqui et al[53] reported the results of major hepatobiliary resection without PBD in 20 patients with biliary
cancer. Postoperative liver failure rate was 5%, and mortality was documented in the same patients.
PBD is associated with an increased risk of cholangitis and prolonged postoperative hospital stay, and
can impede the ability to determine the extent of tumor
during surgery. Cholangitis after PBD has been reported
in 20%-60% of cases and may compromise subsequent
surgery with patient dropout. Intraoperative bile cultures
have been found to be positive in 65% of patients with
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PORTAL VEIN EMBOLIZATION
Resection greater than 80% of total liver volume is associated with major complications and prolonged hospital
stay in patients with normal liver function, and resection
greater than 60% is associated with an increase of major
complications, postoperative hepatic insufficiency and
mortality in patients with impaired liver function due to
chronic liver disease, chronic biliary obstruction or highdose chemotherapy[61-64]. Preoperative portal vein embolization (PVE) was first described in 1986 and is currently
used to increase FRL volume and function[65].
Randomized controlled trials and individual institutional series support the safety and efficiency of preoperative PVE[20,61,66-69]. A potential disadvantage of PVE
is that it may be difficult to determine preoperatively
whether a right or left hepatectomy will be required if
the tumor is located centrally in the hilum. At present,
there is no evidence to support the routine use of PVE
for HCC, but PVE should be considered for potentially
resectable patients with normal liver function when anticipated FRL is less than 20% of the total liver volume,
or for patients with compromised liver function when
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anticipated FRL is less than 40% of the total liver volume. Most patients with HCC present with jaundice and
are considered to have cholestasis-induced compromised
liver function. There are not many data on the impact
and real volume of PVE on FRL liver function increase,
associated or not to biliary drainage. Only in the second
period in which their series is divided do Cannon et al[70]
use PVE in 9.1% of cases, which means 4.5% out of a
total of 110 patients, and despite that use they achieve
only 62% of R0 resections.
As a consequence, PVE must be assessed and chosen
with precaution to avoid the frightening postoperative
hepatic insufficiency, one of the main causes of mortality
in these patients. Also, its application must be evaluated
in accordance with a previous surgical plan, which, if uncertain, could lead us to use another type of tactic, such
as associating liver partition and portal vein ligation for
staged hepatectomy (ALPPS)[71].

duct resection. For Bismuth stage Ⅲa/Ⅲb lesions, resection of the corresponding hemiliver was recommended.
However, major hepatic resection is a formidable operation in patients with a cholestatic liver and carries a high
complication rate, with a morbidity of up to 81% and
mortality rates of between 6% and 10% in the most advanced centres.
Vascular encasement with or without biliary obstruction may result in segment or lobar atrophy. Longstanding biliary obstruction can cause moderate atrophy,
whereas concomitant portal venous compromise usually
produces rapid and severe atrophy of the involved segments[3]. Approximately 30% of patients subjected to
surgical exploration show evidence of lobar atrophy[15]. It
is one of the problems of the PVE, together with vascular involvement not detected before embolization.
The caudate lobe is frequently involved by either
direct invasion or ductal extension. Caudate bile ducts
can drain to both the right and left hepatic ducts; in fact,
some series have identified microscopic tumor infiltration
into the caudate lobe in nearly all patients with HCC[21].
In general, the primary drainage of the caudate lobe is
into the left hepatic duct[73]. For this reason, it has been
alleged the necessity to resect the caudate lobe in Bismuth type Ⅱ from now on.
Ikeyama et al[10], in their audit of 54 consecutive type I
and Ⅱ HCC resected patients, concluded that for nodular and infiltrating tumors right hepatectomy is essential;
for papillary tumors, bile duct resection with or without
limited hepatectomy is adequate. But the problem is that
it is very difficult to know these issues preoperatively and
intraoperatively. Nuzzo et al[74] reached the same conclusion in their audit of 440 patients, showing that pathologic factors independently predicted overall and diseasefree survival at multivariate analysis.
Major hepatic resections have increased the proportion of R0 resections[4,14,29,37], improved the outcome of
disease-free survival, and decreased the prevalence of
hepatic recurrence[75]. Surgical results improved in the
1990s thanks to a better ability to perform R0 resections, which is likely due to increasing use of major
hepatic resection and portal resections, as well as the
improvement of preoperative management concerning both prognosis and FRL preparation and care[44,75].
Recent studies have also reported an improvement in
morbidity and mortality in comparison with previous
decades, which probably responds to advances in overall perioperative care. Also, the improvement of preoperative management has had a consequence, as can be
seen in the report of Nagino et al[44].
Nonetheless, it is uncertain whether the major hepatic resection may improve the survival of patients with
B-C typesⅠ or Ⅱ HCC. Ikeyama et al[10] and Jang et al[76]
showed survival benefit in right hepatectomy with caudate lobectomy for nodular and sclerosing tumors,
but not for papillary ones. However, others have
reported a non-significant difference between hepatectomy and isolated bile duct resection in B-C types
[77]
Ⅰ and Ⅱ tumors .

LIVER RESECTION: HOW MUCH IS
ENOUGH?
In the last 20 years the use of hepatic resection in patients with HCC has risen. The objective of all the techniques and of the tendency to major resection with or
without resection of vessels is to obtain free resection
margins. The 5-year survival rate in patients undergoing non-curative resection for HCC is below 10%[4]. The
5-year survival rate for operated patients is with curative
intention 11%-41% (Figure 1). All scientific community
agrees that surgical resection is the only potentially curative treatment for CC, but the disease is usually advanced
at the time of diagnosis and mostly treated by chemoradiotherapy or palliative therapy, including biliary drainage
or stenting. Resectability rates are low because of early
infiltration of the tumor into adjacent structures such as
hepatic artery, portal vein and caudate lobe. In patients
treated with curative intent, an extended hemihepatectomy is often needed to achieve negative margins. Preoperative jaundice and extended procedures are important
risk factors for postoperative complications[57].
The aims of surgery in HCC are: (1) to achieve
macroscopic removal of the tumor; (2) to restore satisfactorily the bile flow to the gut; and (3) to minimize
postoperative liver failure or death. At the beginning
of last decade, resection was possible only in 20% of
cases, and the operative mortality was 10%. The median
survival was only 20 mo, but resected patients enjoyed a
good quality of life[3,4]. Last decade saw an aggressive approach to HCC with an increasing use of major hepatic
resections[5,14,20,27,43-46,66]. The resectability rate increased to
80% with the addition of hepatic resection to bile duct
resection without increasing the postoperative death
rate. Bismuth et al[13] and Pichlmayr et al[72] suggested a
stagewise management strategy with the prime objective
of achieving complete surgical resection of the tumor
without leaving behind macroscopic residual disease. Patients with Bismuth typesⅠ and Ⅱ were treated by bile
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Regarding proximal margin, it can be stated nowadays
that survival outcomes improve when bile duct resection
is associated with hepatectomy, even in patients with B-C
typesⅠ and Ⅱ tumors[14,26]. In the series published by Jarnagin et al[14] in 2001, the 5-year survival was 37% when a
hepatic resection was performed (84% of R0 resections)
and 0% when only a bile duct excision was performed
(56% of R0 resections). The best results are obtained
with a right hepatectomy, probably because this surgical
technique facilitates en-bloc resection of the tumor and
surrounding tissues and thereby increases radicality[26].
In the series of Neuhaus et al[24,77], the worst outcomes
after hepatectomy with curative intent were obtained in
patients undergoing left hepatectomy. Although Nimura
defended the radical surgery of left-sided Klatskin tumors by performing a left trisectionectomy, this is characterized by high morbidity rates and by mortality rates
superior to 10%[78,79]. The analysis of recurrence after R0
resection with hepatectomy shows a low frequency of local recurrence, but a high frequency of peritoneal seeding
recurrence[26]. Then, manipulation of the tumor as well as
biopsies may favour local recurrence, and this is the reason why some authors advise en-bloc resection including
surrounding vessels, a “non-touch technique”, in order to
avoid this cause of recurrence.
The hepatectomy must include the caudate lobe, since
this is a frequent site of tumor recurrence when it is not
included in the resection piece. However, as it happens
with other “evidences” related to Klatskin tumor treatment, there are no controlled studies that support this
recommendation[32,80]. Performing a perioperative biopsy
of the biliary resection margin in the liver remnant is
common practice for most surgeons.
In a recent report of Ribero et al[81], in the analysis
of 82 cases, the group of patients who had primary R0
was compared with those patients who achieved a secondary R0 after an intraoperative additional resection,
and also with the patients who were R1. The 1-, 3- and
5-year survival rates were similar in the groups with primary R0 and secondary R0, but different in R1 patients
(5-year survival rate: 50%, 30.8% and 0% respectively).
The authors concluded that an additional resection of
a positive proximal bile duct margin, albeit associated
with an increased risk of biliary fistula, offers a significant survival benefit and should be attempted whenever
possible. But this Italian group does not re-operate on
those patients who the pathologist changes to R1 resection in the postoperative study, and thus, although they
only have 13 cases that underwent re-resection, they do
not defend re-operations on patients when this occurs.
However, it is necessary to take into consideration that
frozen biopsy is often not concluding and that resection extension, when the biopsy is positive, is frequently
impracticable[26]. This explains why perioperative biopsies in this location have low profitability. Furthermore,
such resection of margin-positive proximal duct does
improve survival even when a negative margin can be
achieved with additional resection[82].
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LYMPHATIC SPREAD
In addition to extension along the bile ducts, HCC often
metastasizes via the lymphatics. Lymphatic metastases
are found in 30% to 50% of patients undergoing resection[14,83,84]. Hilar and pericholedochal lymph nodes (LN)
are the most commonly involved, followed by periportal,
common hepatic, posterior pancreoticoduodenal, celiac
and preaortic ones[85]. Metastasis in regional LN is an
important prognostic factor that affects survival after the
resection of an HCC[36]. Kitagawa et al[73] evaluated 110
patients that underwent resection for HCC with LN dissection, including both the regional and para-aortic ones,
and found that 47% of patients had no involved LN,
35% had metastases in regional LN and 17% had metastases in regional and para-aortic LN. The 5-year survival
was 30% for patients with negative LN, 15% for patients
with metastases in regional LN and 12% for patients with
metastases in regional and para-aortic LN. Other studies
have reported a worse survival in patients with LN involvement beyond the hepatoduodenal ligament, with a 5-year
survival rate ranging from 0% to 6%[42]. Consequently, routine LN dissection beyond hepatoduodenal ligament is not
recommended. Patients with macroscopically involved LN
beyond hepatoduodenal ligament are considered to have
unresectable disease, even though some surgeons resect
them if they find them intraoperatively.
Only one study has presented the number of affected
LN as a variable than worsens survival[86].

VASCULAR RESECTION
Radial growth of the tumor may infiltrate the surrounding vessels. Right hepatic artery involvement is more
frequent due to its proximity to the biliary bifurcation.
Contralateral artery infiltration to the hepatic resection
that is to be performed is a reason for contraindication
of surgical treatment. Portal involvement is present in
20%-30% of R0 resections and its preoperative identification is achieved with a precision of 85%. In the experience of Nagoya University, in approximately one third of
the patients whose portal vein is resected because of apparent infiltration, this is not histologically confirmed[66].
However, most of these patients had a tumor infiltration
adjacent to the vein, and the margin would have been
positive without vein resection. On the other hand, vascular resection was not associated with a significant increase of morbimortality. Anyhow, resection can improve
survival in some patients when R0 resection is achieved.
Encasement or occlusion of the main portal vein or
vessels supplying the hepatic remnant is considered a
contraindication to surgery[14]. Recent reports have shown
that en-bloc resection with vascular reconstruction can
achieve negative margins with a 10% perioperative mortality in selected patients.
Portal vein resection and reconstruction has been carried out in HCC with conflictive results[24,87]. Although
several retrospective series have not shown difference in
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Table 3 Prognostic factors and 5-year survival rate
Hilar cholangiocarcinoma No. of patients
[14]

Jarnagin et al
Seyama et al[20]
Dinant et al[27]
DeOliveira et al[43]
Rea et al[45]
Silva et al[46]
Witzigmann et al[47]
Baton et al[48]
Wahab et al[55]
de Jong et al[90]

80
58
99
281
46
45
60
59
243
305

Prognostic factors

Operative mortality(%) 5-yr SV (%)

Margin, hepatectomy, differentiation
Lymph nodes
Margin, resection period, lymph nodes
Margin, lymph nodes
Lymph nodes, tumor grade, bilirubin
Tumor stage, margin
Residual tumor status, grading
Chemotherapy, margin, lymph nodes
Margin, S1 resection, lymph nodes, grading
Lymph nodes, margin

10
0
15
5
9
9
8
5
7
5

27
40
27
10
26
11
22
20
16
20

SV: Survival rate.

operative mortality between the patients that underwent
portal vein resection and those ones that did not[24], the
impact of portal vein resection on long-term survival is
less clear. Neuhaus et al[24] proposed portal vein resection
as part of a “non-touch” resection of the tumor and surrounding tissue. Portal vein resection was identified as a
positive independent prognostic factor in their multivariate analysis of patients undergoing R0 resections, when
mortality within the first 60 d was excluded. Nevertheless, overall mortality within 60 d after portal vein resection was 17%, in comparison with 5% in patients without
portal resection, and all the deaths occurred after noncurative resections. Other studies have reported similar or
worse survival in patients undergoing portal vein en-bloc
resection[22,75,88]. The role of routine portal vein resection
(as stated by Neuhaus) is not likely to be clearly designed
unless a randomized clinical trial is completed. However,
Hemmings rejects the routine performance of this procedure and in 2012 the Nagoya group reported a 5-year
survival rate of 40% in the last period of portal resection, but a morbidity of 57.3%[42-44].
Portal resection must be recommended whenever
the tumor cannot be freed from it, since the microscopic
invasion of the portal vein does not seem to influence on
survival when a vascular resection is carried out, whereas
the macroscopic invasion does have negative results on
survival.
Nishio et al[89] concluded that although lymph node
metastasis and macroscopic portal vein involvement were
independent negative prognostic factors, the 5-year survival rate obtained in patients with portal vein resection
or lymph node metastasis still was about 10% (Table 3).
Even in patients with both cancer invasion of the portal
vein and regional lymph node metastasis, or with paraaortic lymph node metastasis, curative resection resulted
in significantly longer survival than the one found in unresected patients.
Some groups had 100% morbidity and mortality in arterial resections, although in arterial and portal combined
resections mortality was 43%, and the overall percentage
of positive margins was 32%[29]. de Jong et al[90] reported in
a recent paper that combined hepatectomy, extrahepatic
biliary duct resection and portal vein resection can offer
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long-term survival in some patients with advanced HCC,
with 17.6% mortality rate and 28% 5-year survival rate.
Some authors recommend hepatectomy with simultaneous arterial and portal vein resection. They reach 66%
of R0 resection with 2% mortality rate, 54% morbidity rate
and 1-, 3-, and 5-year survival rates of 78.9%, 36.3%, and
30.3%, respectively, but these data are not reproducible[86].
Su et al[39], Miyazaki et al[87] and Muñoz et al[91] reported
as a conclusion that, although both portal vein and hepatic artery resection are independent poor prognostic
factors after curative operative resection for locally advanced HCC, portal vein resection is acceptable from an
operative risk perspective and might improve the prognosis in the selected patients, but combined hepatic artery
resection cannot be justified because the 3-year survival
rate is 0%.

LIVER TRANSPLANT
Orthotopic liver transplant (OLT) is contraindicated in
HCC because of disappointing long-term outcomes.
However, a recent multi-institutional study in the United
States, including 280 patients with earlier-stage tumors who
received aggressive neoadjuvant chemoradiation, has reported that transplantation remarkably improves survival:
the 1- and 5-year survival rates were 74% and 38%, respectively[92]. The Mayo Clinic protocol sets a strict selection
of the patients candidates to liver transplant. Although the
selection is highly rigorous and biased for patients with
biologically favourable disease, the early results published
by the Mayo group showed an 82% 5-year survival rate[93].
The histological analysis of resected pieces confirmed N0
and R0 state in all the patients. However, only 58% of the
patients had histologically confirmed cancer.
Liver transplantation is currently done only in the
setting of clinical trials. It offers the advantage of resection of all structures that may be involved by the tumor,
including portal vein, bilateral hepatic ducts and atrophic
hepatic lobes. Thus, total hepatectomy may permit R0
resection even in locally advanced tumors, which are beyond resection criteria. Efficacy of neoadjuvant therapy
and transplantation is demonstrated by comparing results
with the natural history of the disease. Untreated HCC

189

January 28, 2014|First Edition|

Serrablo A et al . Outcome of surgical resection in Klatskin tumors

therapy for HCC in patients with resectable disease, but it
offers a potential option to patients with underlying primary sclerosing cholangitis. Additional studies are necessary to define the role of OLT in depth.

Table 4 Morbidity and mortality rate and R0 resections
Ref.
Burke et al[3]
Nakeeb et al[4]
Jarnagin et al[14]
Nimura et al[15]
Jarnagin et al[17]
Seyama et al[20]
Kosuge et al[23]
Neuhaus et al[24]
Launois et al[25]
Kondo et al[26]
Dinant et al[27]
Gerhards et al[29]
Hemming et al[32]
IJitsma et al[33]
Kawarada et al[34]
Klempnauer et al[35]
Miyazaki et al[37]
Nimura et al[38]
Su et al[39]
Todoroki et al[41]
DeOliveira et al[43]
Nagino et al[44]
Rea et al[45]
Nuzzo et al[74]
Ito et al[85]
Kawasaki et al

Resections

R0
(%)

30
109
80
55
106
87
65
80
131
40
99
112
53
42
65
151
76
142
49
101
281
574
46
440
38
79

83
26
78
84
77
64
52
61
NA
95
31
14
80
65
64
77
71
61
49
14
62
76.5
80
77.3
63
68

Morbidity Mortality
NA
47
64
41
62
43
37
55
NA
48
66
65
40
76
28
NA
33
49
47
14
60
43.1
52
47.5
32
14

6
4
10
6
8
0
9
8
19
0
15
18
9
12
2.3
10
13
9
10
4
5
4.7
9
8.6
0
1.3

5-yr
Survival rate
45
11
26
41
NA
40
33
22
NA
NA
27
NA
35
19
26
28
26
26
15
28
30
32.5
26
25.5
33
22

MORBIDITY AND MORTALITY
Due to the complex biliary and liver resections required
to obtain complete tumor removal, the risks of perioperative morbidity and mortality are significant. Morbidity
and mortality rates range from 14% to 76% and from
0% to 19%, respectively. Perioperative morbidity includes haemorrhage, biliary fistula, hepatic insufficiency
and infectious complications. Among them, infectious
complications are particularly common and account for
50% to 80% of all complications[14,42]. The postoperative liver failure and its morbidity have been joined with
the extension of hepatic resection[23]. However, recent
publications suggest a decrease in morbidity and mortality with the use of preoperative PVE, even in extended
hepatectomies[33,42,61,69](Table 4).

OUTCOME OF RESECTION
Published 5-year survival rates range from 25% to 40%
in recent series, and, even, it has been reported that many
clinical and histological factors have a positive impact on
long-term outcome, including negative histologic margin
status[99,100], concomitant hepatic resection[30], absence
of nodal involvement[14, 23,48,101], low TNM status[36], welldifferentiated tumor grade[68], papillary tumor morphology[36,44,80], and lack of perineural invasion[23]. Complete
resection with negative histologic margins is the only
modifiable factor and, for that reason, the primary aim of
surgical therapy. There is a close association between hepatic resection and negative margins[24,37,99]. The effect of
R1 resection vs no resection on outcome has been object
of discussion and analysis in surgical literature, with some
recent studies that report improvement in survival after
R1 resection in comparison with patients with unresectable disease[42].
Recurrence after resection occurs quite frequently, in
up to 50%-75% of cases[10,22,76]. The median recurrence
time ranges from 12 to 43 mo[10,22,42,76]. Prognostic factors
for recurrence-free survival include histologic grade, T
and N stages, and margin status[10,22,76,102]. Since patients
with recurrent disease are not candidates for curative
therapy, advances in adjuvant therapy are essential to
improve long-term outcome. However, the effectiveness
of radiotherapy and chemotherapy is still very limited.
In the report of Cherqui et al[53], the authors concluded
that adjuvant radiotherapy was not associated with an improvement in long-term overall survival in patients with
resected HCC.

NA: Not available.

has a 50%-70% mortality rate within 12 mo, which is
much worse than 55% 5-year survival for patients who
entered the Mayo Clinic protocol and 71% 5-year survival
after transplantation[94,95].
The Cincinnati Transplant Tumor Registry reported
28% 5-year survival, with a tumor recurrence rate of
51%[88]. The Spanish liver transplant centres provided
similar results, with 30% 5-year survival rate and 53%
tumor recurrence rate, in 36 patients with unresectable,
non-disseminated HCC[96]. As a consequence of such initial results and the limited availability of organs, HCC was
perceived as a relative contraindication to OLT. Also, it
is a well-known fact that 55% of HCC even in T2 stages
have affected LN, which is one of the contraindications
to transplant[97].
A further complication to transplants in HCC is that,
as response to postoperative radiotherapy and chemotherapy is low both in R1 and recurrence, tumors must
have a more favourable biological behaviour, and if
sizes bigger than 2 cm are rejected for rescue with liver
transplant, then very few patients can be candidates to be
transplanted[52]. It is important to remember that, out of
the 281 cases analysed by DeOliveira, 58% were > 2 cm
and hilar involvement occurred in 28%[43].
Schüle et al[98] concluded that an acceptable survival
rate could be achieved by transplantation for HCC with
LN metastases as the only exclusion criterion, even if they
use living donors. In this article, the authors got a 5-year
survival rate of 50% in those patients with negative LN.
Nowadays, OLT cannot be considered as a standard
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CONCLUSION
Surgical resection continues to be the main treatment
of HCC. Negative resection margins enhanced by major
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hepatic resections are associated with improved outcome.
Pre-resectional management with biliary drainage, PVE
and staging laparoscopy should be considered in selected
patients. Additional evidence is needed to fully define
the role of OLT. Improvements in adjuvant therapy are
essential for improving long-term outcome. Portal and
node involvement worsens the prognosis and long-term
survival, and surgery is the only option that can lengthen
it. Furthermore, the lack of effective chemotherapy and
radiotherapy treatments, at this moment, leads us to consider R1 resection as an option because these patients
have a longer survival rate than patients who do not undergo resection.
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Core tip: The controversy regarding the definition of hilar and perihilar cholangiocarcinoma (CC) is addressed.
The authors review the main pathological features
(gross and microscopic findings, immunophenotype)
of hilar CC, including rare histological variants as well
as precursor lesions (biliary intraepithelial neoplasia
and intraductal papillary neoplasm of the biliary tract).
Considerations regarding staging and other histological
prognostic factors are also included. The authors also
provide a series of 29 cases of resected hilar CC.

Abstract
Cholangiocarcinoma (CC) arising from the large intrahepatic bile ducts and extrahepatic hilar bile ducts
share clinicopathological features and have been called
hilar and perihilar CC as a group. However, “hilar and
perihilar CC” are also used to refer exclusively to the
intrahepatic hilar type CC or, more commonly, the extrahepatic hilar CC. Grossly, a major distinction can
be made between papillary and non-papillary tumors.
Histologically, most hilar CCs are well to moderately
differentiated conventional type (biliary) carcinomas.
Immunohistochemically, CK7, CK20, CEA and MUC1
are normally expressed, being MUC2 positive in less
than 50% of cases. Two main premalignant lesions are
known: biliary intraepithelial neoplasia (BilIN) and intraductal papillary neoplasm of the biliary tract (IPNB).
IPNB includes the lesions previously named biliary
papillomatosis and papillary carcinoma. A series of 29
resected hilar CC from our archives is reviewed. Most
(82.8%) were conventional type adenocarcinomas,
mostly well to moderately differentiated, although with
a broad morphological spectrum; three cases exhibited
a poorly differentiated cell component resembling sig-
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NOMENCLATURE AND TOPOGRAPHY
Considerations on the concept and classification of
hilar cholangiocarcinoma
As stated in the World Health Organization (WHO) classification of tumors of the bile duct, the use and meaning of the terms hilar (and perihilar) may differ among
pathologists, surgeons and radiologists[1]. The right and
left hepatic ducts, their confluence and their first to third
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branches are collectively called hilar and perihilar bile
ducts and they are intra and extrahepatically located. The
boundary between the intra and extrahepatic biliary tree
has been somewhat confused in the literature. Hilar bile
ducts proximal to the junction of the second-order bile
ducts are intrahepatic because the peritoneum is attached
there and they are called large intrahepatic bile ducts,
whereas the main hilar bifurcation (i.e., the right and left
hepatic ducts) can be considered extrahepatic[2-5].
Depending on its anatomical location, cholangiocarcinoma (CC) has normally been classified in intrahepatic
or extrahepatic types, with extrahepatic CC further categorized in proximal (upper third), middle (middle third)
and distal (lower third) subtypes[6]. Intrahepatic cholangiocarcinomas (ICC) have classically been separated into
two groups: CC arising in small intrahepatic bile ducts
(peripheral type CC) and CC originating from the major
intrahepatic bile ducts, including the hilum (hilar type
CC). CC originating from the large intrahepatic bile ducts
(hilar type CC) exhibit significant clinicopathological differences from tumors of small bile duct origin (peripheral
type CC)[7] and several decades ago it was suggested that
it was more practical to treat such hilar carcinomas together with extrahepatic bile duct carcinomas (EBDCs)
because of the similarity in symptomatology[8]. In addition, bile duct carcinoma arising near or at the confluence of the right and left hepatic ducts has also been
classically known as hilar CC or Klatskin tumor[9,10]. The
term hilar CC is very commonly used in a narrow sense
to refer to this extrahepatic hilar bile duct carcinoma (i.e.,
Klatskin tumor or proximal type extrahepatic CC), but
hilar CC has also been used in a broad sense to refer to
CCs involving the hepatic hilum regardless of their intra
or extrahepatic location (i.e., including intra and extrahepatic hilar CC)[11,12]. Because hilar CC is the commonest
CC, the incidence of intra and extrahepatic CC in the
literature has largely depended on how the hilar CC has
been considered[13].
More recently, with respect to not only anatomical
distribution but also preferred surgical treatment, CC has
been classified as intrahepatic, perihilar and distal types.
In this classification, perihilar CC has been defined as
that tumor involving or requiring resection of the hepatic
duct bifurcation even if it has a significant intrahepatic
component[14,15]. Some authors consider that perihilar
CC is a single entity that includes all the tumors involving the hepatic hilum irrespective of whether they are
extrahepatic (i.e., extrahepatic hilar CC) or intrahepatic
(i.e., intrahepatic hilar CC) as these tumors have comparable biological behavior with similar clinical management. These authors have suggested that perihilar tumors
should preferably be staged by a staging system specific
for extrahepatic bile duct cancer[11]. However, other authors argue that perihilar CCs are potentially divisible in
ICC involving the hepatic hilum and extrahepatic hilar
bile duct carcinomas because they have found different
prognoses after hepatobiliary resection[16]. Perihilar CC
is considered by the American Joint Committee Cancer/
Union for International Cancer Control (AJCC/UICC)
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TNM system as an EBDC but the term perihilar CC is
also sometimes used to refer to intrahepatic large bile
duct carcinomas[1,17]. Therefore, as with hilar CC, the term
perihilar CC has been used in both a broad and narrow
sense.
Another pertinent issue refers to the most appropriate use of the term CC. One option is to use CC for any
bile duct carcinoma originating from the small intrahepatic bile ducts until the end of the common bile duct
into the ampulla of Vater. In this option, the term CC is
preceded by the anatomical location, such as intrahepatic,
hilar, perihilar or extrahepatic CC. The other option, assimilated by the WHO system, is to restring the term CC
for carcinomas arising in the intrahepatic bile ducts (ICC)
and use the term bile duct carcinoma for the extrahepatically derived CC (i.e., EBDC)[4]. According to the WHO
classification, hilar CCs (i.e., Klatskin tumors) are EBDC.
However, the WHO system argues that, especially in locally advanced cases, their distinction from ICC of the
major intrahepatic bile ducts is usually controversial and
such cases could be included in the definition of perihiliar ICC[1,17]. Ultimately, it is up to the pathologist to establish the topographical origin of these hilar tumors in the
surgical specimen, often with the essential collaboration
of the surgeon. Since the histological classification of the
ICC and EBDC is somewhat different, the location of
the tumor also involves applying either of these classifications. In the case of EBDC, they are histologically subclassified the same as the carcinomas of the gallbladder
by the WHO system[1].
In conclusion, several factors contribute to the designation of these tumors: topography (intrahepatic, extrahepatic, peripheral, hilar, perihilar, proximal, distal), histogenesis (small or large duct), preoperative staging by radiology
(of interest for surgical approach-resectable, unresectable),
definitive staging (of prognostic interest and for additional oncological treatment approach) with pathological
staging of the resected tumor in the surgical specimen
(intraepithelial, intraductal, invasive) and clinical aspects
(obstructive or not). Ideally, all these parameters should
be incorporated into the final diagnosis. With respect to
the histological designation, we recommend naming this
tumor biliary duct carcinoma (CC), specifying the exact
location (for example: bile duct adenocarcinoma-CC-of
the common hepatic duct and its confluence).
The different use of the term hilar CC complicates
the review of its pathological features in the literature. In
addition, many reports are confounded by the inclusion
of patients with tumors arising from other locations of
the biliary tract (for example, including mid and distal bile
duct tumors).

MACROSCOPIC PATHOLOGY
Hilar CC has been grossly classified in polypoid or papillary, nodular, scirrhous constricting or nodular-infiltrating, and diffusely infiltrating types, each type showing
different resectability and prognosis[18,19]. The polypoid
or papillary type protrudes to the lumen in a bland and
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friable cauliflower-like fashion. The nodular type is characterized by a firm, gray-white tumor bulging from the
mucosa, with the border of the tumor to the adjacent
tissue fairly well defined. Both papillary and nodular
types have evident tumorous lesions. On the contrary,
scirrhous constricting or nodular-infiltrating type exhibits
only a slight protuberance of the mucosa and involves
the thickness of the wall with distortion or annular fibrous constriction. In the diffusely infiltrating type, the
tumor appears as an ill-defined stricture of the duct due
to a hard fibrous thickening of the duct wall, with more
linear extension than the scirrhous constricting type[19].
Nodular, and especially nodular-infiltrating and diffusely
infiltrating types, usually infiltrate more intensively than
polypoid (papillary) type and more frequently exhibit
submucosal extension at the proximal border that may
make their resection difficult. On the contrary, mucosal
extension at the proximal border is observed more often
in nodular and even more in papillary tumors. These
macroscopic classifications present difficulties in practice
because many tumors may have overlapping features.
The papillary type has the best prognosis, is more often
resectable and less invasive, and usually corresponds to
well differentiated papillary tumors. Therefore, hilar CC
can be classified macroscopically, making a major distinction between papillary and non-papillary (i.e., nodularsclerosing) types[9].

which well, moderate and poorly differentiated biliary
duct adenocarcinomas were composed of, respectively,
95%, 40%-94% and 5%-39% of glands[21,27]. However,
the current WHO classification does not mention any
quantitative criteria[1]. The College of American Pathologists (CAP) has proposed a quantitative grading system in
which greater than 95%, 50%-95% and less than 50% of
tumor composed of glands corresponds to, respectively,
well, moderate and poorly differentiated bile duct adenocarcinomas[28]. We believe it is advisable to use a degree of
differentiation based on cytological atypia in addition to
architectural pattern (tubular, papillary, solid, single cells).
Immunohistochemically, cytokeratin (CK) 7 is nearly
always positive in hilar CC, like the rest of the CC. The
majority of perihilar ICC and EBDC also express CK20
(80% in case of hilar tumors), most commonly with a low
or moderate labeling index. On the contrary, peripheral
ICC is CK20 negative in just over half of the cases[29].
Several mucin-related glycoproteins and oncoproteins,
such as carcinoembryonic antigen (CEA), human mucin
(MUC) type 1 (MUC1) and 5AC (MUC5AC), B72.3 and
CA 19-9 are normally expressed, although they may be
focal[30,31]. Surface proteins such as CEA or MUC1 may
be related to anti-adhesion molecular functions that promote the release of cells from the tumor and facilitate
tissue invasion. CEA is generally limited to the apical
membrane in biliary duct benign cells but it is commonly
detected in the cytoplasm of biliary duct adenocarcinoma
cells, more intensely in advanced tumors or poorly differentiated adenocarcinomas[32]. MUC1 is expressed in the
majority of EBDC, with cytoplasmic expression more
frequently observed in invasive lesions. MUC1 expression
is related to poor differentiation, locoregional tumor progression, metastases to the liver and poor outcome[33,34].
In contrast, MUC2 (an intestinal-type secretory mucin) is
expressed in less than half of the cases (usually with low
or moderate labeling index), is highly expressed in welldifferentiated adenocarcinomas, and is inversely related to
tumor progression and poor outcome[34].
Variably dispersed endocrine cells, immunoreactive
for neuroendocrine markers such as synaptophysin and
chromogranin, may be observed in just under a third of
the EBDC, especially in well to moderate differentiated
tumors[21,35].
p53 is a tumor-suppressor gene very commonly mutated in different human tumors. DPC4 is another tumorsuppressor gene, known to be inactivated in around 55%
of pancreatic adenocarcinomas and less often in other
tumors. Immunohistochemically, p53 overexpression
and loss of DPC4 expression have been observed in,
respectively, 25% and 15% of hilar CC. On the contrary,
carcinoma of the distal bile duct exhibited a higher frequency of p53 overexpression and DPC4 inactivation, in
proportions more similar to those observed in pancreatic
adenocarcinoma[36,37]. The reported rates of K-ras mutations in EBDCs has also shown lower frequencies in
proximal compared to distal EBDC[38-40]. These findings
suggest that the molecular mechanisms in the tumorigenesis along the biliary tract might be different, reflecting

MICROSCOPIC PATHOLOGY
Conventional histology and immunohistochemistry
Most of hilar CC or Klatskin tumors histologically correspond to well to moderately differentiated biliary type
adenocarcinomas [1,20]. These biliary type EBDCs are
histologically very similar to those arising in intrahepatic
large bile ducts (perihilar ICC)[1,3]. They are characterized
by tubules or glands in a typical desmoplastic stroma with
variable inflammatory response. There may also be solid
nests and cords in less differentiated cases and same papillary groups are often seen on the surface. Tumor cells
are columnar to cuboidal with moderate amount of clear
to eosinophilic cytoplasm. Nuclei are generally small,
although a major grade of nuclear atypia is also possible.
They typically produce numerous peri and intraneural
invasions. They also tend to produce lymphatic invasion,
with venous invasion less frequent[11,21,22]. Perineural invasion is a specific route of invasion in bile duct carcinomas and it is an important prognostic factor[23]. Spread
by direct invasion to periductal hilar tissues, portal vein
branches, hepatic arterial branches and adjacent liver tissue are common findings in hilar CC[5,24]. Although hilar
CC has traditionally been considered a slow-growing locally invasive tumor, different reports have found lymph
node involvement in 30%-50% of patients on exploration and 20% had involvement of distant sites[11,22,25,26].
Biliary duct adenocarcinomas can be histologically
graduated based on their degree of glandular or tubular
differentiation. The previous edition of WHO classification established a quantitative grading system in
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different etiologies, whereas distal bile duct and pancreas
would share similar molecular alterations. However, the
reported rates of p53 and K-ras alterations have differed
widely in different studies[41]. The immunohistochemical
reported results of HER-2/neu (c-erbB-2) overexpression in EBDC has also varied considerably. More recent
studies have observed c-erbB-2 overexpression in 4% to
up to one third of EBDC[42-45].

metastatic renal cell carcinoma. The presence of areas
of conventional biliary adenocarcinoma and the immunohistochemical study permit the correct diagnosis. For
instance, primary clear cell carcinoma of the hilar ducts
express CK7, whereas this is not the case for renal clear
cell carcinoma[52,53].
Gastric foveolar type hilar CCs are well-differentiated
tumors with tubular glands lined by slender tall columnar
cells with mucin-containing cytoplasm and basal nuclei
with small nucleoli, resembling gastric foveolar cells.
Long and irregular tubular glands, nuclear pseudostratification and minor foci of less differentiated tumor cells
can also be observed[1,54]. Very recently, three hilar CCs
with pyloric gland phenotype have been described as a
new morphological variant of EBDC. Although they
were extremely differentiated, their infiltrative pattern
and perineural invasion facilitated the diagnosis and
their clinical behavior was similar to that of conventional biliary adenocarcinoma. They exhibit complex
glands with a stellar pattern that seems to be a unique
feature of this distinctive variant. Immunohistochemically, this variant coexpress MUC5AC (gastric foveolar mucin) and MUC6 and is negative for MUC2 and
CDX2. This immunophenotype is similar to that observed in foveolar adenocarcinomas[20].
Other carcinomas that have very rarely been described
in the extrahepatic bile ducts are signet ring cell carcinoma, carcinosarcoma and undifferentiated carcinoma[1,20,55].

Non conventional histology: histological variants
Hilar CC rarely corresponds to other histological variants.
Adenosquamous carcinoma exhibits variable amount of
malignant squamous cells with keratin pearls and/or intercellular bridges and a glandular component identical to
conventional adenocarcinoma. Either of the two components can be predominant. The squamous areas are positive for high molecular weight cytokeratins, CK5/6, p63
and S100A2, these markers being negative in the adenocarcinoma component[31,46]. The survival time for patients
with adenosquamous carcinoma seems to be significantly
worse when compared with adenocarcinoma of the bile
ducts. An inverse relationship between the proportion
of the squamous component and patient survival has
been observed[46,47]. Currently, the WHO classification
makes no comment on the need for a minimum amount
of squamous cell component required for the diagnosis
of adenosquamous carcinoma of the extrahepatic bile
ducts[1]. Squamous cell carcinoma of the hilar bile duct is
very rare. The presence of any amount of glandular component excludes this diagnosis. The majority of reported
cases were already advanced at the time of diagnosis
so it has been assumed that its prognosis is poor[48,49].
Malignant transformation of squamous metaplasia in
biliary epithelium has been suggested for the origin of
squamous cell carcinoma and adenosquamous carcinoma,
whereas histopathological alteration from adenocarcinoma to squamous cell carcinoma has been suggested as
an alternative etiology for adenosquamous carcinomas[48].
Mucinous (colloid) adenocarcinoma is characterized
by prominent extracellular or stromal mucin deposition.
In the literature, mucinous (colloid) adenocarcinoma
of the extrahepatic bile ducts is normally described as
the invasive component related to some papillary noninvasive neoplasms[50,51]. Intestinal type adenocarcinoma
is composed of tubular glands closely resembling those
of colonic adenocarcinomas. It has been pointed out that
some conventional bile duct carcinomas (i.e., pancreatobiliary type) can exhibit a somewhat pseudostratified
appearance with tall columnar cells or some expression
of intestinal makers, such as MUC2 and CDX2, which
may have led to classifying these cases as intestinal type
adenocarcinoma[30]. In any case, pure mucinous adenocarcinoma and intestinal adenocarcinoma are very rare in the
biliary ducts[20,30].
Clear cell carcinoma of the extrahepatic bile ducts is
composed of tumor cells with clear cytoplasm containing
PAS-positive diastase-labile cytoplasmic granules. It can
exhibit trabecular, nesting, glandular and sheet pattern
in variable proportions and must be differentiated from
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Premalignant lesions
Currently, two premalignant lesions related to the development of CC are known. They are referred to in the
WHO classification of biliary tumors with the names of
biliary intraepithelial neoplasia (BilIN) and intraductal
papillary neoplasm of the biliary tract (IPNB)[1]. They
are usually found in the intrahepatic large bile ducts and
extrahepatic ducts (including the hilar bile ducts) and
are precursors of some ICC and EBDC. BilIN e IPNB
are postulated to be in many respects the counterpart of
respectively, pancreatic intraepithelial neoplasm (PanIN)
and intraductal papillary mucinous neoplasm (IPMN)
of the pancreas (IPMN-P) because they share common
morphological features and biological behaviors[51].
Previously known as atypical biliary epithelium, biliary dysplasia or carcinoma in situ, BilIN are flat or lowpapillary lesions, therefore only recognizable microscopically. Currently, BilIN are classified into three histological
grades based on the degree of atypia, suggesting a spectrum of lesions with increasing neoplastic potential. Diagnostic criteria of consensus, for which a moderate interobserver agreement among experienced pathologists
has been observed, are available[56,57]. BilIN-1 lesions
are most commonly flat, with cellularity only slightly increased and round or oval nuclei only slightly enlarged.
BilIN-2 are flat, pseudo or micropapillary lesions with
loss of cellular polarity, nuclear pseudostratification and
enlargement of the nuclei with hyperchromasia and
irregular nuclear membrane. BilIN-3 cytologically resemble carcinoma (includes the lesion previously called

198

January 28, 2014|First Edition|

Castellano-Megías VM et al . Hilar cholangiocarcinoma: Pathological aspects

carcinoma in situ), mostly being pseudo or micropapillary, sometimes with budding of small cluster of cells
into the lumen, with large hyperchromatic nuclei with
severe membrane irregularities[57]. When accompanied by
invasive lesions, BilIN is known to progress to conventional CC (i.e., tubular adenocarcinoma) with biliary type
phenotype. This pathway is characterized by MUC2-/
CK7+/CK20-, with an increased expression of MUC1
along with the disease progression. MUC2 and CK20,
reflecting the intestinal type, is rarely observed in this
lineage[58].
Intraepithelial carcinoma (BilIN-3, carcinoma in situ)
have been described in 10% to 75% of invasive EBDC.
When observed associated with invasive carcinoma, these
intraepithelial malignant cells might belong to a primary
carcinoma in situ or could be due to cancerization of the
surface epithelium from the invasive carcinoma. Extensive intraepithelial spread (also called superficial spread)
have been defined as the presence of intraepithelial carcinoma 20 mm or more in length from the margin of the
main lesion to the proximal or distal side and has been
observed in 13%-18% of EBDC[18,59]. The majority of
cases with extensive intraepithelial spread are histologically well differentiated papillary tumors. In resected
specimens, the presence of extensive intraepithelial
spread has been observed to be associated with a better
postoperative prognosis, although it might be related to
late relapses of the tumor in the bile duct stump.
Biliary papilloma, biliary papillomatosis, papillary CC,
CC of the intraductal growth type, mucin hypersecreting CC, mucin hypersecreting bile duct tumors, mucin
ball-producing EBDC and others are different terms to
designate a constellation of biliary papillary tumors that
currently are considered to belong to a single tumor entity called IPNB[60-62]. The incidence of IPNB among all
bile duct carcinomas range from 7% to 38%[63]. IPNB
produce papillary projections macroscopically evident
into the lumen of the bile ducts. Around a third of the
IPNB secrete mucus grossly visible into the lumen (IPNB
with excess mucin secretion or mucin secreting biliary
tumor)[1,64]. Infrequently, IPNB appears as a cystic tumor
(IPNB with prominent cystic changes or cystic variant of
IPNB)[64,65].
Histologically, IPNB are composed of papillary
fronds with delicate fibrovascular cores, with or without
gland formations that may be lined with four different
cell types: pancreatobiliary, intestinal, gastric and oncocytic type. The most frequent phenotype is the pancreatobiliary, characterized by columnar cells with moderate
amphophilic cytoplasm and enlarged nuclei resembling
biliary epithelium (MUC1+, MUC2-, MUC5AC+ being
the most common immunophenotype). Next in frequency are the intestinal and gastric types, with different
outcomes in terms of its prevalence. The intestinal type
show columnar cells and goblet cells resembling intestinal
epithelium (MUC1-, MUC2+, MUC5AC+), whereas the
gastric type is composed of columnar epithelial cells with
abundant cytoplasmic mucin that resemble the gastric
foveolar epithelium (MUC1-, MUC2-, MUC5AC+). The
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oncocytic type (MUC-/+, MUC2+, MUC5AC+) is considered a variant of the pancreatobiliary type and is the
rarest form. In some cases it may be difficult to identify
the type only by its microscopic appearance as it is necessary to carry out its classification on the basis of immunohistochemistry[60,62,63,66]. Although pancreatobiliary type
is the most common phenotype, the majority of IPNB
with macroscopically visible mucin secretion (mucin producing biliary tumors) are intestinal type (also referred as
columnar type). These mucin secreting papillary tumor,
also known as biliary tract IPMN, are the IPNB who
most resemble IPMN of the pancreas pathologically,
especially the main pancreatic duct type[61,67,68]. Recently, a
rare case of pseudomyxoma peritonei preceded by IPNB
has been described[69].
IPNB exhibit a spectrum of architectural complexity and cytological atypia but, unlike BilIN, there are no
well-defined criteria for their grading. Instead, consensus
criteria for IPMNP have been applied to grade IPNB.
Accordingly, the current WHO system classifies IPNB
into low, intermediate and high grade[1,58].
Most IPNB (70%-80% of cases) are associated with
a component of invasive adenocarcinoma[63]. Invasive
papillary carcinoma has been the classical name for this
invasive adenocarcinoma. However, currently this tumor
is better named “intraductal papillary neoplasm with
associated invasive adenocarcinoma”. In fact, invasive
papillary structures are very rarely observed, the invasive
component associated with IPNB being a conventional
type (tubular or pancreatobiliary type) adenocarcinoma
in the majority of cases, although can also frequently
be a colloid carcinoma and other invasive type components may occasionally be seen[58,67]. During carcinogenesis from IPNB to invasive carcinoma, most of IPNB
are characterized by an intestinal immunophenotype
(MUC1-/MUC2+) which is commonly conserved in
associated colloid carcinomas, whereas the majority of
tubular adenocarcinoma related to IPNB acquires MUC1
expression (MUC1+, MUC2+). MUC1 is also expressed
in the majority of biliary duct adenocarcinomas not related to IPNB. The CK7+/CK20+ pattern is the commonest both in tubular and colloid carcinomas related
to IPNB. CK20 is most frequently expressed in invasive
adenocarcinoma associated with IPNB compared to CC
not related to IPNB[58,62]. It has been suggested that invasive tumors arising from IPNB have a better prognosis
than invasive carcinomas not related to IPNB. However,
it is now believed that evolution depends largely on the
stage of the invasion and histological type, the prognosis
being better in colloid carcinomas. Minimally invasive
papillary carcinomas (i.e., with only superficial stromal
infiltration) of the extrahepatic bile duct have been found
to have a good prognosis, similar to noninvasive papillary
carcinomas[50,70].
Recently, two cases have been described of so called
biliary intraductal tubulopapillary neoplasm (ITPN) in the
hilar bile ducts. It has been proposed that biliary ITPN is
a distinct tumor entity with a suggested origin from preexisting peribiliary cysts[71].
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Table 1 Observed survival of a series of 29 patients with
resected hilar cholangiocarcinoma

Table 3 Other histological features in 29 cases of perihilar
bile duct carcinomas n (%)

Period (yr)

Gross type
Sclerosing
Nodular
Nodular-sclerosing
Papillary
Papillary-nodular
Papillary-sclerosing
BilIN
BilIN-1 and/or 2
BilIN-1
BilIN-2
BilIN-3 (in situ carcinoma)
Lymphatic invasion (L1)
Venous invasion (V1)
Perineural invasion
T-staging (according to AJCC/UICC (7th ed)
pTis
pT1
pT2a
pT2b
pT3
Lymph node status:
Positive
Negative
No lymph nodes histologically studied
Margin status
Negative (R0)
Positive (R1) (invasive carcinoma)
Bile duct margin
Radial margin

Observed survival (95%CI)

1
2
3
4
5

68.4 (51.3-85.5)
39.6 (21.5-57.7)
35.6 (17.7-53.5)
31.2 (13.5-48.9)
22.3 (6.2-38.4)

Table 2 Histological types of 29 cases of perihilar bile duct
carcinomas n (%)
Histology
Adenocarcinoma, biliary type
Without IPNB
Well or moderately differentiated
Poorly differentiated with signet ring cells
With IPNB
Well or moderately differentiated
Poorly differentiated with signet ring cells
IPNB high grade (papillary carcinoma)
Without invasive carcinoma
With invasive carcinoma, biliary type
Well-moderately differentiated
Poorly differentiated with signet ring cells
Adenocarcinoma, gastric foveolar type
Adenocarcinoma, clear cell type
Adenosquamous carcinoma
Total number of cases

24 (82.8)
20 (69)
18
2
4
3
1
5 (17.2)
1 (3.4)
4 (13.8)
3
1
2 (13.8)
1 (3.4)
1 (3.4)
29

1.0

Cumulative survival

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0
10
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Figure 1 Survival curve of a series of 29 patients with resected hilar cholangiocarcinoma.

Staging and other histological prognostic factors
There are different staging schemes to evaluate hilar CC:
the modified Bismutt-Corlette system[72], the Memorial
Sloan-Kettering Cancer Center classification[73] and the
more recently described new proposal by the International CC Group for the Staging of Perihilar CC[74]. Currently,
the system most widely used by pathologists to stage
these tumors after surgical resection is the pathological
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1 (3.4)
1 (3.4)
10 (34.5)
12 (41.4)
5 (17.2)
7 (24.1)
16 (55.2)
6 (20.7)
12 (41.4)
17 (58.6)
10 (34.5)
11 (37.9)

TNM included in AJCC/UICC TNM classification[5]. The
AJCC/UICC establishes three different staging systems
for intrahepatic, perihilar and distal bile duct carcinomas.
Proximal or perihilar CC (Klatskin tumors) are defined
anatomically by the AJCC/UICC as tumors located in
the extrahepatic biliary tree proximal to the origin of
the cystic duct, which may extend proximally into either
the right or left hepatic ducts, or both. Recently, some
problematic aspects that may arise when applying the
pathological TNM for EBDC have been revised, looking for opportunities for improvement[75]. For instance,
perihilar CC is considered pT1 if it is confined to the bile
duct, with extension up to the muscle layer or fibrous
tissue, and pT2a when it invades beyond the wall of the
bile duct to the surrounding adipose tissue. However, the
muscle layer is only well-defined in the very distal common bile duct and in many bile ducts there are no hallmarks to determine where the ducts end, especially in the
setting of fibrosis which often accompanies these tumors.
As an alternative, some authors have proposed the use of
the depth of invasion as part of the T-staging of EBDC.
They have found that the cutoff points of 5 and 12 mm
separate patients with EBDC into three groups with different lengths of survival. For hilar CC, tumor depth ≥ 5 mm
was predictive of poor survival in one study[76,77]. pT3 and
pT4 definitions involve determining whether the portal
vein and hepatic artery or their branches are affected, as

0.9

5

10 (34.5)
9 (31)
5 (17.2)
6 (20.7)
9 (31)
11 (37.9)
23 (79.3)

BilIN: Biliary intraepithelial neoplasia; AJCC/UICC: American Joint Committee Cancer/Union for International Cancer Control.

IPNB: Intraductal papillary neoplasm of the biliary tract.

0

10 (34.5)
8 (27.6)
6 (20.7)
2 (6.9)
2 (6.9)
1 (3.4)
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A

A

B

B

C

Figure 3 Intraductal papillary neoplasm of the biliary tract. A: Intraductal
papillary neoplasm of the biliary tract (IPNB) without invasion, classically named
biliary papillomatosis (HE stain, ×20); B: IPNB with associated invasive carcinoma, previously named invasive papillary carcinoma (HE stain, × 20).

Figure 2 Biliary intraepithelial neoplasia. A: Biliary intraepithelial neoplasia
(BilIN) 1 (HE stain, ×200); B: BilIN 2 (HE stain, ×100); C: BilIN 3 (HE stain, ×100).

well as the secondary biliary radicals. However, this assessment may be inaccessible to the pathologist unless
some of these structures are specifically marked by the
surgeon[75]. Positive lymph nodes represent one of the
most relevant prognostic factors[11,14]. Regional lymph
node metastases (nodes along the cystic duct, common
bile duct, hepatic artery and portal vein) are considered
pN1, whereas periaortal, pericaval, superior mesenteric
artery and celiac artery lymph nodes are assigned pN2[5].
To avoid an incorrect staging, lymph nodes should be referred properly identified with regards to their origing to
the pathologist.
The incidence of positive surgical resection margins
in patients treated surgically with curative intent is very
variable (9%-74%). The affected ductal resection margins
by invasive carcinoma has a strong adverse effect on patient survival, whereas being affected by severe dysplasia
or carcinoma in situ does not seem to have such a pernicious effect, although it could be responsible for some
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Figure 4 An example of a nodular-sclerosing cholangiocarcinoma in the
common, right and left hepatic ducts.

late recurrences in the stump. This suggests that carcinoma in situ could take several years to become invasive
in the stump[14,15,25,78,79]. The dissection margin has been
defined as the remaining surgical cleavage plane with the
adjacent hilar structures. Although it seems that less emphasis has been placed on dissection margin, this radial
margin should be taken into consideration. Positivity of
the dissection margin in hilar CC has been observed to
be considerably higher compared to the ratio of positivity of the ductal margins[22]. In addition, intraoperative
examination by frozen sections is very useful for obtaining a ductal resection margin free of invasive carcinoma
(the distinction between dysplasia, carcinoma in situ and
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A

B

C

D

A

B

Figure 5 Examples of the
broad morphological spectrum of hilar bile duct carcinoma. A: Well differentiated
biliary type adenocarcinoma
(HE stain, ×40); B: A case
with well defined tumor glands
interspersed with poorly differentiated small tumor groups
an single tumor cells (besides,
biliary intraepithelial neoplasia
3 can be observed on the duct
surface) (HE stain, ×100); C:
A case with poorly differentiated cell component with
resembling signet ring cells
(HE stain, ×200); D: Perineural
invasion by well differentiated
glands (HE stain, ×40).

Figure 6 Histological variants. A: Gastric foveolar type
carcinoma (HE stain, ×100); B:
Very well differentiated glands
of a gastric foveolar type carcinoma near a nervous fascicle
(HE stain, ×200); C: Adenosquamous carcinoma showing
the glandular and squamous
component (HE stain, ×100).

C

reactive changes in frozen sections is less reliable) but is
not really feasible for the dissection margin in most cases.
Another issue concerns the minimal distance required
between tumor and resection margin. Some authors
have observed that a distance of tumor less than 5 mm
from the transverse surgical margin is associated with the
worst prognosis. In Japan, a distance of 5 mm has been
proposed to define R0 resections, although the TNM
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AJCC/UICC system does not make any consideration in
this regard[26,80,81]. We prefer to follow the notion of R0
according to its definition by the AJCC/UICC literally, so
we only consider R0 if the tumor is not at the margin. In
addition, we add the distance between the tumor and the
margin in the report.
Other histological factors that have been adversely associated with prognosis in univariable and, in some cases,

202

January 28, 2014|First Edition|

Castellano-Megías VM et al . Hilar cholangiocarcinoma: Pathological aspects

The majority of the tumors (82.8%) were conventional type adenocarcinomas (biliary or pancreatobiliary),
most of them well to moderately differentiated (21 cases,
72.4%). A component of in situ carcinoma BilIN-3 was
present in 6 of the cases (20.7%) (Figure 2). Five cases
exhibited IPNB (17.2%), four of them with an associated
invasive carcinoma (Figure 3). We consider it more appropriate to call these latter cases adenocarcinoma with
associated IPNB rather than invasive papillary carcinoma
given that they did not infiltrate with a papillary pattern
but with a conventional appearance. Four and one IPNB,
respectively, showed a biliary and an intestinal differentiation. All the IPNB, including the one without an invasive
component, exhibited a high cytological grade of dysplasia. With respect to their macroscopic appearance, two
grossly papillary cases correspond to the IPNB without
associated invasive carcinoma and one case of IPNB
with associated superficial invasive carcinoma (i.e., microinvasive carcinoma o pT1). Cases with papillary-nodular
pattern (2) and papillary-sclerosing pattern (1) pertain
to the remaining observed cases of invasive carcinoma
associated to IPNB. Among non-papillary tumors, the
separation between nodular and sclerosing types was a
somewhat subjective in practice (Figure 4).
Histologically, conventional adenocarcinomas exhibited a broad morphological spectrum from one case to
another and even within the same tumor, with cuboidal
or tall cells, different sized glands, tubules, cords and
single cells. Desmoplastic stroma was constantly present,
at least in some tumor areas. Some cases were extremely
well differentiated. In these cases, the diagnosis was aided
by their infiltrative appearance in the surgical specimen;
however, the diagnosis of these cases in small biopsies
would be extremely difficult. We observed three cases
with a poorly differentiated cell component resembling
signet ring cells, one of then somewhat histiocytoid. In
addition, we observed a biliary type adenocarcinoma with
taller cells with greater nuclear stratification resembling
intestinal adenocarcinoma, although with other glands
showing biliary features clearly (Figure 5).
With respect to non-conventional histology, two well
differentiated tumors belonged to the gastric foveolar
type (although this variant, as well as the more recently
described pyloric type would need studies of larger series
for better characterization). In addition, a clear cell type
carcinoma and one case of adenosquamous carcinoma
was observed (Figures 6 and 7).
Most reviewed cases (23 cases, 79.3%) showed perineural invasion, which in most cases was extensive (Figure
5). Lymphatic and venous vessel invasion was observed
in 9 (31.0%) and 11 (37.9%) cases, respectively. Lymphatic invasion especially showed a significant subjectivity
in its assessment, in part due to tissue shrinkage around
many neoplastic groups.
Seventeen specimens (58.6%) exhibited involvement of
the surgical margins, with the bile duct margin positive in
10 (34.5%) and radial margin positive in 11 (37.9%) cases.
Radial margin involvement frequently occurred in the periductal soft tissue and in some cases at the liver parenchyma.

A

B

Figure 7 Histological variants: clear cell carcinoma (HE stain, ×100). A: An
area with glandular pattern; B: An area with trabecular pattern.

multivariable analysis, are the high tumor grade, the presence of vascular, lymphatic or perineural invasion[11,23,28]
and nodular or sclerosing gross features (vs papillary tumors)[9]. Some histological subtypes like adenosquamous
and squamous carcinoma could have greater malignant
potential than conventional biliary type adenocarcinoma[47,49]. According to the CAP protocol for perihilar CC,
high-grade tumors, such as signet-ring cell carcinomas,
small cell carcinomas and undifferentiated carcinomas,
are associated with a poorer prognosis compared with
conventional adenocarcinoma[28].
Contribution of a series of hilar CC from our institution
A total of 71 patients with extrahepatic non ampullary
biliary duct carcinoma were obtained from the files of
the Department of Pathology, Hospital “12 de Octubre”
in Spain between January 1999 to December 2011. After
excluding distal bile duct tumors and cases with only incisional biopsies or cytology samples, we reviewed the surgical specimens of 29 patients, 17 males and 12 females,
aged 47 to 82 years (median age, 68 years; mean age, 67.5
years) with hilar CC. The observed survival was 39.6%
and 22.3% at one and three years. The survival curve is
shown in Table 1 and Figure 1. A summary of the histological features is given in Tables 2 and 3.
With respect to T-staging, in three cases the tumor
extended to the cystic duct and/or gallbladder, although
the main tumor mass was located in the hilar bile ducts.
This situation is not covered by the current TNM system
for perihilar CC.
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Chemotherapy for cholangiocarcinoma: An update
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complete resection but node-positive disease. Clinical
trials are ongoing. The locally advanced cholangiocarcinoma setting includes a heterogeneous mix of patients:
(1) patients who have had surgery but with macroscopic residual disease; (2) patients with locally recurrent disease after potentially curative treatment; and (3)
patients with locally unresectable disease at presentation. In these patients, surgery is not an option and
chemoradiation therapy can prolong overall survival and
provide control of symptoms due to local tumor effects.
Nowadays, no neoadjuvant therapy can be considered
a standard approach for the treatment of patients
with cholangiocarcinoma. There are promising results
and randomized trials are needed in patients with a
metastatic cholangiocarcinoma. In systemic therapy, no
single drug or combination has consistently increased
median survival beyond the expected 8-12 mo. It is always recommended that patients enrol in clinical trials.
Clinical trials have shown that the more standard chemotherapy for a first line regimen of gemcitabine plus
cisplatin (or oxaliplatin as a potentially better tolerated
agent) is superior to gemcitabine alone. Leucovorinmodulated 5-fluorouracil, capecitabine monotherapy
or single agent gemcitabine are reasonable options for
patients with a borderline performance status. After
progression in patients with an adequate performance
status, active regimens that could be considered include gemcitabine plus capecitabine, or erlotinib plus
bevacizumab, for second line treatment.
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Abstract
Cholangiocarcinomas (bile duct cancers) are a heterogeneous group of malignancies arising from the epithelial cells of the intrahepatic, perihilar and extrahepatic
bile ducts. Patients diagnosed with cholangiocarcinoma
must be evaluated by a multidisciplinary team and be
treated with individualized management. First of all, it
is very important to define the potential resectability
of the tumor because surgery is the main therapeutic
option for these patients. Overall, cholangiocarcinomas
have a very poor prognosis. The 5-year survival rate
is 5%-10%. In cases with a potentially curative surgery, 5-year survival rates of 25%-30% are reported.
Therefore, it is necessary to increase the cure rate from
surgery, exploring the survival benefit of any adjuvant
strategy. It is difficult to clarify the role of adjuvant
treatment in localized and locally advanced cholangiocarcinomas. There are limited data and the role of
adjuvant chemotherapy/chemoradiation in patients
with resected biliary tract cancer is poorly defined. The
most relevant studies in the adjuvant setting are one
from Japan, the well known ESPAC-3 and BILCAP from
the United Kingdom and a meta-analysis. We show the
results of these trials. According to medical oncology
guidelines, postoperative adjuvant therapy is widely
recommended for all patients with intrahepatic or extrahepatic cholangiocarcinoma who have microscopically
positive resection margins, as well as for those with a
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an heterogeneous group of malignancies arising from
the epithelial cells of the intrahepatic, perihilar and
extrahepatic bile ducts. Leucovorin-modulated 5-fluorouracil, capecitabine monotherapy or single agent
gemcitabine are reasonable options for patients with
a borderline performance status. After progression in
patients with an adequate performance status, ac-
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in guidelines from medical oncologist expert groups, the
survival benefit of any adjuvant strategy has never been
proven in specifically designed randomized clinical trials.
Most of the recommendations are primarily based on
practice patterns at some institutions and on retrospective studies from single center experiences[7,8]. There are
limited data from multiple retrospective series and small
phase Ⅱ trials from single institutions, but most of these
studies are not randomized and with heterogeneous patient populations often combine gallbladder cancers with
pancreatic cancers with intrahepatic and extrahepatic
cholangiocarcinomas.
The optimal treatment strategy in the adjuvant setting
has not been determined. There are no randomized phase
Ⅲ clinical trial data to support a standard adjuvant regimen. There are phase Ⅱ trials that support the following
regimens: gemcitabine/cisplatin; gemcitabine/oxaliplatin; gemcitabine/capecitabine; capecitabine/cisplatin;
capecitabine/oxaliplatin; 5-fluorouracil (5-FU)/oxaliplatin; 5-FU/cisplatin; and for monotherapy with the single
agents gemcitabine, capecitabine and 5-FU[9,10].
Following complete surgical resection of intrahepatic
or extrahepatic cholangiocarcinoma, postoperative adjuvant therapy is widely recommended for all patients
who have microscopically positive resection margins
and for all those who have node-positive disease. This is
the recommended management suggested in guidelines
from expert groups but the actual survival benefit of any
adjuvant strategy for cholangiocarcinomas has not been
proven in well-designed randomized trials. There are limited data from multiple retrospective series that suggest
superior outcomes for patients with postoperative chemoradiotherapy compared to historical series of patients
who did not undergo the treatment[11,12].
In a recent retrospective review of the period of
1995-2005 at a single institution, of the patients treated
for biliary tract cancer, only 6.5% received adjuvant
chemotherapy alone and another 6.5% received chemoradiation[13]. In another retrospective analysis which used
the Surveillance Epidemiology and End Results (SEER)
database to investigate patients with gallbladder cancer
from 1992-2002, only 17% of the 2325 patients in the
surgical cohort received adjuvant chemoradiation[14].
There are few studies that evaluate the use of adjuvant chemotherapy alone in patients with biliary tract
cancer. Some groups[15] have reviewed the available data
on both chemotherapy and targeted therapies for biliary
carcinoma and, with conventional chemotherapy, a response rate ranging from 10% to 40% has been reported.
There are other studies: one from Japan, the wellknown European Study Group for Pancreatic Cancer-3
and BILCAP from the United Kingdom and a metaanalysis. The first is a single multi-institutional randomized trial from Japan which compared postoperative
chemotherapy [two courses of mitomycin C plus infusional 5-FU, followed by prolonged oral administration
of 5-FU until tumor progression] vs surgery alone in 508
patients with resected pancreatobiliary malignancies, 139

tive regimens that could be considered for second line
treatment include gemcitabine plus capecitabine or
erlotinib plus bevacizumab.
Original sources: Ramírez-Merino N, Aix SP, Cortés-Funes
H. Chemotherapy for cholangio- carcinoma: An update. World J
Gastrointest Oncol 2013; 5(7): 171-176 Available from: URL:
http://www.wjgnet.com/1948-5204/full/v5/i7/171.htm DOI: http://
dx.doi.org/10.4251/wjgo.v5.i7.171

INTRODUCTION
Cholangiocarcinomas (bile duct cancers) are malignancies
arising from the epithelial cells of the intrahepatic, perihilar and extrahepatic bile ducts.
Bile duct cancers are a heterogeneous group. Overall,
cholangiocarcinomas have a very poor prognosis[1]. The
5-year survival rate is 5%-10%. In cases which undergo a
potentially curative surgery, the reported 5-year survival
rates are 25%-30%[2,3]. In metastatic disease, no single
drug or combination has consistently increased median
survival beyond the expected 8-12 mo. Different outcomes present depending on the specific location. Other
prognosis factors to consider are: perihilar had particularly
poor prognosis; margin status; vascular invasion; lymph node
metastases; transmural extension to the gallbladder; hepatic
venous invasion; histology (papillary ones have a better prognosis); gender (female is better); albumin level (< 3 g/dL is
adverse); bilirubin level (> 10 g/dL is adverse)[4,5].

TREATMENT OF LOCALIZED
CHOLANGIOCARCINOMAS: ROLE OF
ADJUVANT TREATMENT
Patients diagnosed with cholangiocarcinoma must be
evaluated by a multidisciplinary team and be treated with
individualized management.
First of all, it is absolutely vital to assess the potential
resectability of the tumor since surgery represents the
main therapeutic option for these patients. Even in patients who undergo complete surgical resection, prognosis is poor and relapses are frequent. The most common
relapse pattern is local; distant metastases are less common but not rare, typically a hepatic or peritoneal recurrence[6].
So, it is necessary to increase the cure rate from
surgery, exploring the survival benefit of any adjuvant
strategy. Postoperative adjuvant therapy is widely recommended for all patients with intrahepatic or extrahepatic
cholangiocarcinoma who have microscopically positive
resection margins, as well as for those with a complete
resection but node-positive disease.
The role of adjuvant chemotherapy/chemoradiation
in patients with resected biliary tract cancer is poorly
defined. Although it is widely used and recommended
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were cholangiocarcinomas. Lymph node metastases were
present in 84% and 88% of the patients randomly assigned to chemotherapy and surgery alone, respectively.
In the subset of patients with bile duct cancer, 5-year
overall survival (5yOS) was not significantly better with
chemotherapy (27% vs 24%). When the results were
stratified according to surgical margins, chemotherapy did
not significantly improve outcome in patients undergoing
non curative resection (5yOS: 8% vs 16%), while there
was a statistically non significant trend towards better
5yOS among patients with a potentially curative resection
(41% vs 28%)[16].
Secondly, the European Study Group for Pancreatic
Cancer-3 trial, the largest randomized trial was conducted
in patients with resected periampullary adenocarcinomas.
Four hundred and twenty-eight patients with periampullary malignancies (96 bile ducts) were randomly assigned
to one of three arms: observation, 6 mo of leucovorinmodulated FU or 6 mo of single agent gemcitabine. The
use of adjuvant treatment was associated with a potential
advantage but was not statistically significant (median 43
mo vs 35 mo, HR 0.86, 95%CI: 0.66-1.11), but multivariate analysis, correcting for prognosis factors, found a
statistically significant survival benefit for chemotherapy,
specifically for gemcitabine, and with a better safety profile. These results must be considered hypothesis generating for further studies[17].
The other important study from the United Kingdom is the BILCAP study[18]. BILCAP is a multi-center
prospective, randomised phase Ⅲ trial which is trying
to examine the role of adjuvant chemotherapy with oral
fluoropyrimidine (capecitabine) in patients following
potentially curative surgical resection of a biliary tract
cancer. Since 2006, patients in England and Wales with
a macroscopically complete surgical resection are randomised to receive either adjuvant chemotherapy with
capecitabine or observation. BILCAP is the most successful adjuvant study in biliary tract cancer and is on
target to complete accrual early in 2013.
The meta-analysis includes the Japanese trial, two
SEER registry analyses and 17 retrospective series, which
includes 6712 patients, of whom 1797 received some
form of adjuvant therapy. There were 8 studies of radiotherapy (RT) plus chemotherapy, 3 of chemotherapy
alone, and 9 of RT alone. Only one study included intrahepatic cholangiocarcinoma. In this meta-analysis,
the improvement in five year survival with any adjuvant
therapy was not statistically significant [pooled odds ratio
(OR) = 0.74, 95%CI: 0.55-1.01] compared with surgery
alone. The results were similar when gallbladder and bile
duct cancers were analyzed independently. However, the
survival benefit from adjuvant therapy was statistically
significant when the data from the two large registry
series (n = 1233 patients) were excluded (OR = 0.53,
95%CI: 0.39-0.72). The benefits of adjuvant therapy were
modality-dependent. In a combined analysis of gallbladder and bile duct cancers, there was a significant survival
benefit for chemotherapy (OR = 0.39, 95%CI: 0.23-0.66)
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and chemoradiotherapy (OR = 0.61, 95%CI: 0.38-0.99)
but not RT alone (OR = 0.98, 95%CI: 0.67-1.43). Pooled
data from nine studies, in which at least 50% of the patients had nodal or margin positivity, confirmed a statistically significant overall survival advantage for any adjuvant therapy in node-positive disease (OR = 0.49, 95%CI:
0.30-0.80). The majority of these patients (77%) had
received chemotherapy alone, while the remainder underwent chemoradiotherapy. Similarly, a significant benefit
for any adjuvant therapy was shown for patients with
margin-positive disease (OR = 0.36, 95%CI: 0.19-0.68)[19].
While this analysis supports current practice (i.e.,
adjuvant therapy for high risk subgroups with bile duct
cancer), it does not resolve the question of the best treatment strategy for high risk patients or adequately address
the benefit of adjuvant therapy for patients with low risk
(i.e., node negative) disease.

GUIDELINE RECOMMENDATIONS
The National Comprehensive Cancer Network
For extrahepatic cholangiocarcinoma: For patients
with resected, margin-negative extrahepatic cholangiocarcinoma with negative regional nodes, observation,
fluoropyrimidine or gemcitabine-based chemotherapy or
fluoropyrimidine-based chemoradiotherapy are acceptable options; for patients with carcinoma in situ at the
margins or positive margins with invasive disease, fluoropyrimidine-based chemoradiotherapy followed by additional fluoropyrimidine or gemcitabine chemotherapy;
for positive regional lymph nodes, fluoropyrimidine or
gemcitabine-based chemotherapy[20].
For intrahepatic cholangiocarcinoma: For no residual
local disease, no adjuvant therapy recommendations are
made. For patients with positive margins, options include
re-resection, ablation, fluoropyrimidine or gemcitabinebased chemoradiotherapy, or fluoropyrimidine or gemcitabine-based chemotherapy.
Guidelines from the European Society of Medical
Oncology
For treatment of either intrahepatic or extrahepatic cholangiocarcinoma, the following are suggested: supportive
care or palliative chemotherapy and/or radiotherapy after
a non curative resection and consideration of postoperative chemoradiotherapy as an option after complete surgical resection[21].
Efforts should also be made to conduct randomized
clinical trials in which the individual disease entities are
evaluated separately. They are desperately needed in this
area and several are now ongoing. Clinical trial participation is especially encouraged.

NEOADJUVANT THERAPY
Nowadays, no neoadjuvant therapy can be considered
a standard approach for the treatment of patients with
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cholangiocarcinoma; usually, they are patients with jaundice and a poor functional status at presentation and
where a neoadjuvant strategy of preoperative chemoradiotherapy to convert to a potentially resectable disease is
difficult. However, there are promising results that suggest the potential benefit of this approach for selected
patients in the following small reports.
In an early series of nine (out of a total of 91) patients with extrahepatic cholangiocarcinoma who underwent preoperative chemoradiotherapy prior to exploration, three had a pathological complete response while
the remainder showed different degrees of histological
response to treatment. Margin negative resections were
possible in all nine patients compared to only half of
those who did not receive neoadjuvant therapy[22]. The
benefit of neoadjuvant chemoradiotherapy was also suggested in a report of 45 patients undergoing concurrent
chemoradiotherapy in resected extrahepatic cholangiocarcinoma, of whom 12 were treated neoadjuvantly. Three
had a complete pathological response and 11 were able to
undergo a complete (R0) resection. Despite having more
advanced disease at presentation, patients who received
neoadjuvant chemoradiotherapy had longer five year
survival (53% vs 23%) and rates of grade 2 to 3 surgical
morbidity were no higher (16% vs 33%) compared with
those treated in the postoperative setting[23]. These are
promising results that support the need for randomized
trials to test this strategy of preoperative chemoradiotherapy.

or with multiple positive nodes, some prefer the use of
gemcitabine plus oxaliplatin concurrent with radiotherapy.
There are three different modalities included in radiotherapy: (1) external beam irradiation (EBRT) delivered
either by conventional approaches or with conformal
treatment planning techniques; (2) brachytherapy with
iridium-192; and (3) stereotactic radiotherapy.
Conventional dose EBRT (with or without systemic
chemotherapy) may relieve pain and contribute to biliary decompression. At one year, 60%-75% of patients
are free of locoregional disease progression and median
survival approximates 7 to 12 mo [24]. However, local
failure remains the first site of disease progression in
50%-75% of cases. Higher dose RT approaches that use
either a combination of transcatheter brachytherapy plus
EBRT, three-dimensional conformal radiation therapy
or intensity modulated radiation therapy with or without
chemotherapy may be associated with better local control
and possibly prolonged survival[25]. Technical advances
over the past few years have created the ability to deliver
more precise, highly conformal radiation treatment to the
tumor, maximally sparing adjacent normal tissues. The
enhanced capability to spare such normal tissues now
permits the safe delivery of a single or limited number of
high dose radiation fractions to a target, whereas in the
past, small fractions of daily radiation were typically used
to spare normal tissues. Approaches such as these are referred to as stereotactic body radiotherapy or stereotactic
body radiosurgery, although many current approaches no
longer utilize an external stereotactic localization method.
Experience is limited. One report included 27 patients
with unresectable cholangiocarcinoma who underwent
stereotactic body radiotherapy (45 Gy in three fractions)
as the sole form of therapy[26]. At a median follow-up of
5.4 years, only two were still alive and the median progression-free and overall survival was 6.7 and 10.6 mo,
respectively. While local control was maintained in 84%
of patients at one year, six had severe duodenal/pyloric
ulceration and three developed duodenal stenosis.
No randomized trial has compared any of these
newer radiotherapy techniques to conventional EBRT
alone or fluoropyrimidine-based chemoradiotherapy using conventional fractionation. Furthermore, the possibility of higher rates of long-term toxicity[27] has tempered
enthusiasm for these approaches.

TREATMENT OF LOCALLY ADVANCED
CHOLANGIOCARCINOMA
The term “locally advanced cholangiocarcinoma” includes a heterogeneous mix of patients: patients who
have had surgery but with macroscopic residual disease;
patients with locally recurrent disease after potentially curative treatment; patients with locally unresectable disease
at presentation.
Between 50% and 90% of patients with cholangiocarcinoma present with locally unresectable disease. The
prognosis for patients with locally unresectable or recurrent disease is very poor, typically measured in months.
The goals of palliative therapy are relief of symptoms
(pain, pruritus, jaundice) and improvement in quality of
life. There is no role for tumor debulking in these cases.
In this setting, chemoradiation therapy can prolong overall survival and provide control of symptoms due to local
tumor effects.
The optimal regimen remains uncertain but expert
groups suggest fluoropyrimidine or gemcitabine based
chemotherapy, like the regimens for advanced disease.
In some centers, with its convenience, capecitabine
825 mg/m2 twice daily during the 5 wk of RT, or even
weekly infusional 5-FU (225 mg/m2 daily for 5 wk of
RT) is used, following an additional 4 mo of chemotherapy alone with capecitabine alone 1000 mg/m2 twice daily
for 14 d of every 21 d. In cases of very aggressive tumors
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SYSTEMIC THERAPY FOR ADVANCED
CHOLANGIOCARCINOMA
Several regimens of chemotherapy are active for the
treatment of advanced cholangiocarcinoma. Evidence is
inconsistent because the literature regarding treatment
results with specific regimens is limited because most
series are small and reports consist of a mix of bile duct
cancers, gallbladder cancer, ampullary cancer and either
pancreatic or hepatocellular cancers. The most active
agents are 5-FU, gemcitabine, cisplatin and oxaliplatin.
In patients with advanced biliary tract cancer, the
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survival benefit for chemotherapy over best supportive
care alone was suggested in a trial that randomly assigned
90 patients with advanced pancreatic or biliary cancer (37
with bile duct cancer) to 5-FU-based systemic chemotherapy with leucovorin and etoposide vs best supportive care
alone (median survival 6 vs 2.5 mo, respectively)[28].
Chemotherapy combinations and single agents have
been evaluated in clinical studies in the metastatic setting,
as reviewed by Hezel et al[10].
Chemotherapy combinations with activity demonstrated in phase Ⅱ clinical trials include: gemcitabine plus
cisplatine; gemcitabine plus capecitabine; gemcitabine
plus oxaliplatin; capecitabine plus oxaliplatin; capecitabine
plus cisplatine; and 5-FU plus cisplatine.
It is known that gemcitabine is the main cytostatic
for bilio-pancreatic cancer. Additional support for gemcitabine as an anchor drug for the treatment of advanced
biliary cancer comes from these results: Firstly, a recent
pooled analysis of 104 trials of patients with advanced
biliary tract cancers that showed that the subgroup receiving a combination of gemcitabine and platinum-based
agents had the greatest benefit[29]. Then, a retrospective
review of 304 patients with advanced cholangiocarcinoma who received gemcitabine, a cisplatin-based regimen
or a fluoropyrimidine-based regimen, showing that patients receiving a gemcitabine-based regimen had a lower
risk of death[30].
Most importantly, the superiority of the combination
gemcitabine-cisplatin regimen is shown in the recently
published ABC Trial. A multicenter, randomized controlled phase Ⅲ study, which enrolled 410 patients with
locally advanced or metastatic cholangiocarcinoma (n =
242), gallbladder (n = 148) and ampullary (n = 20) cancers, demonstrated that the combination of gemcitabine
and cisplatin improved overall survival and progression
free survival by 30% more than gemcitabine alone. Median overall survival was 11.7 vs 8.1 mo (HR 0.64, 95%CI:
0.52-0.80) and median progression free survival was 8.0 mo
vs 5.0 mo (HR 0.63, 95%CI: 0.51-0.77), both in favor of
the combination arm. Based on these results, the combination gemcitabine plus cisplatin is considered as the
standard of care as first-line chemotherapy for biliary
tract cancer treatment[31].

disciplinary team. Surgery is the main therapeutic option
for these patients but it is necessary to improve results
and survival benefit. It is difficult to clarify the role of
adjuvant treatment. In medical oncology guidelines,
postoperative adjuvant therapy is widely recommended
for all patients with intrahepatic or extrahepatic cholangiocarcinoma who have microscopically positive resection
margins, as well as for those with a complete resection
but node-positive disease. There are clinical trials ongoing. In systemic therapy, gemcitabine plus cisplatin has
been shown to be superior to gemcitabine alone, but this
regimen has not been compared head to head with other
gemcitabine-based combinations. It is always recommended that patients enrol in clinical trials. Nevertheless,
if a patient is not a candidate for a clinical trial or if one
is not available, we suggest gemcitabine plus cisplatin (or
oxaliplatin as a potentially better-tolerated agent) for a
first line regimen for patients with a good performance
status. Leucovorin-modulated 5-FU, capecitabine monotherapy or single agent gemcitabine are reasonable options for patients with a borderline performance status.
After progression in patients with an adequate performance status, active regimens that could be considered
include gemcitabine plus capecitabine or erlotinib plus
bevacizumab for second line treatment.
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Core tip: Tumors of the biliary tree are relatively rare;
but their incidence is rising worldwide. When biliary disease is suspected, magnetic resonance imaging (MRI)
can often help differentiate between benignity and malignancy, stage tumors, select surgical candidates and
guide surgical planning. Nowadays remarkable technical
advances in magnetic resonance technology have expanded the clinical applications of MRI in case of biliary
diseases. In this article, it is also discussed how recent
developments in MRI contributes to the diagnosis of
the bile duct cancer and the evaluation of patients with
risk factors affecting bile duct cancer.

Abstract
Tumors of the biliary tree are relatively rare; but
their incidence is rising worldwide. There are several
known risk factors for bile duct cancers, and these
are seem to be associated with chronic inflammation of the biliary epithelium. Herein, 2 risk factors
have been discussed, primary sclerosing cholangitis
and reflux of pancreatic juice into the bile duct, as
seen in such as an abnormal union of the pancreaticbiliary junction because magnetic resonance imaging
(MRI) is used widely and effectively in the diagnosis
of these diseases. When biliary disease is suspected,
MRI can often help differentiate between benignity
and malignancy, stage tumors, select surgical candidates and guide surgical planning. MRI has many
advantages over other modalities. Therefore, MRI is
a reliable noninvasive imaging tool for diagnosis and
pre-surgical evaluation of bile duct tumors. Nowadays
remarkable technical advances in magnetic resonance
technology have expanded the clinical applications
of MRI in case of biliary diseases. In this article, it is
also discussed how recent developments in MRI contributes to the diagnosis of the bile duct cancer and
the evaluation of patients with risk factors affecting
bile duct cancer.

Original sources: Sugita R. Magnetic resonance evaluations
of biliary malignancy and condition at high-risk for biliary
malignancy: Current status. World J Hepatol 2013; 5(12): 654-665
Available from: URL: http://www.wjgnet.com/1948-5182/full/v5/
i12/654.htm DOI: http://dx.doi.org/10.4254/wjh.v5.i12.654

INTRODUCTION
Bile duct malignancies are relatively rare, estimated at
2% of all cancers with an incidence of 0.01%-0.04% in
autopsy series[1]; however their incidence is rising worldwide [2,3]. The several known risk factors account for
bile duct cancers, and these seem to be associated with
chronic inflammation of the biliary epithelium[4-7]. The
exact mechanism of tumor development is not completely understood and various possible pathways have
been proposed, including chronic inflammatory process
in the bile duct, mutation, and parasite-induced DNA
damage[4,7-11]. When biliary disease is suspected, optimal
imaging studies provide the required information for
differentiating between benign and malignant tumors, tumor staging, selection of surgical candidate, and surgical
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planning of bile duct cancer. Various imaging modalities,
invasive and noninvasive, are employed in diagnosis and
staging of bile duct tumors[1,12]. The invasive methods
include endoscopic retrograde cholangiopancreatography
(ERCP), endoscopic ultrasonography (EUS), intraductal
ultrasonography (IDUS), percutaneous transhepatic cholangiography (PTC), and optical coherence tomography.
Noninvasive imaging methods include ultrasonography
(US), multidetector computed tomography (MDCT),
magnetic resonance imaging (MRI), and positron emission tomography-computed tomography (PET-CT).
ERCP and PTC are not used as diagnostic tools alone
owing to invasive nature. Nowadays ERCP is used for
interventions such as biopsy, drainage and EUS/IDUS.
US, EUS and IDUS are useful technique for screening
biliary diseases particularly gallbladder disease; however
their efficacy depends on operator skill and experience.
MDCT are accurate and useful imaging techniques for
the evaluation of biliary diseases. MDCT offers detailed
information about the biliary tree and surrounding structures; however, it has some demerits such as ionized
radiation and adverse reaction of intravenous contrast
materials. MRI is a reliable noninvasive common imaging
tool for the diagnosis and pre-surgical evaluation of bile
duct tumors. MRI has many advantages over other modalities: (1) it is completely noninvasive, does not require
exposure to ionizing radiation, and does not cause patient
discomfort; (2) it does not require expert technicians with
sophisticated technical skills. Therefore MRI has become
an important diagnostic tool for bile duct diseases.
Moreover nowadays remarkable technical advances
in magnetic resonance (MR) technology have increased
the clinical applications of MRI for diagnosing biliary
diseases[12-15]. In this article, it is discussed how developments in MRI have improved the evaluation of patients
with risk factor affecting bile duct cancers and the diagnosis of bile duct cancers.

the hepatocyte-specific contrast agents (Gd-EOB-DTPA,
Gd-BOPTA, etc.) allows the usual early-phase imaging
of the arterial, portal, and venous phases, plus delayedphase hepatic parenchymal and biliary imaging, taking
advantage of the fact that about 50% of injected dose
of these contrast agents are excreted via the biliary system[19,20].
MRCP use 2 varieties of T2-weighted sequences.
One is obtained with a single-shot turbo spin-echo T2weighted sequence by using a long echo time to selectively display the fluid filled bile ducts. The other is obtained by using a navigator-based respiratory-triggered
three-dimensional acquisition sequence with a longer
acquisition time[21]. The differences of both are small,
and thus either or both are used for MRCP accordingly.
DWI can obtain additional information derived from
the microscopic motion of proton in water, which is not
possible by using conventional MRI. DWI is a sensitive
sequence for the detection of tumors and inflammation
of the bile ducts. It has the advantage of quantitative
data analysis through the generation of apparent diffusion coefficient (ADC) maps, which can contribute to
objective disease assessment and monitoring of response
to therapy[22-25].
MRI can allow us to evaluate the analysis of bile and
pancreatic juice flow, which may have relate to carcinogenesis of the bile duct tumors. Although by now the
flow analysis of the bile duct based on MRI was held
by a continuous MRCP examination after secretin injection, a new method [time-spatial labeling inversion pulse
(SLIP) imaging] become to evaluate the flow analysis
easier and faster than before[26].

CLINICAL INDICATION
Benign biliary diseases and condition at a high-risk for
malignancy
Risk factors for bile duct carcinoma include (1) primary
sclerosing cholangitis (PSC), (2) reflux of pancreatic juice
into the common bile duct, such as in an abnormal arrangement of the pancreato-biliary ductal system (AAPB),
(3) exposure to chemicals, and (4) medication such as oral
contraceptives and methyldopa[4-7]. In this chapter, MRI
applications for benign biliary diseases and condition at
a high-risk for malignancy are discussed about PSC and
reflux of pancreatic juice into the bile duct because MRI
is used widely and effectively for these entities (Table 1).

MRI TECHNIQUE
A pre-procedural fasting is recommended for gallbladder
distension and gastric emptying. When fluid is present
in the stomach and duodenum, visualization of the bile
duct may be obscured by interposition of bowel loop.
Therefore administration of oral contrast agent (iron oxide particles, blueberry juice or pineapple juice) is recommended.
Most institutes may perform MR examinations at
1.5 T with a torso coil. Although imaging at 3 T can
improve the signal-to-noise ratio and spatial resolution,
it may be hampered by dielectric effects, banding, and
other pulse sequence-related effects[16-18]. The pulse sequences used for MRI of the bile duct are usually axial
T1- and T2-weighted imaging, MR cholangiopancreatography (MRCP), and axial diffusion-weighted imaging (DWI). T1-weighted image may be used under an
intravenous contrast material. Most gadolinium contrast
agents produce an enhancement pattern similar to that
observed with iodine-based CT contrast. The advent of
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PSC: PSC is a chronic cholestatic liver disease of possible autoimmune origin, characterized by intra- and extrahepatic bile duct inflammation and fibrosis[4,27-31]. PSC is
the most common risk factor for cholangiocarcinoma in
Western countries, with a prevalence of cholangiocarcinoma ranging from 8% to 25%[27]. Diagnostic criteria for
PSC include (1) typical cholangiographic abnormalities;
(2) clinical, biochemical, and hepatic histologic finding;
and (3) the exclusion of secondary cause of sclerosing
cholangitis.
The diagnosis of PSC was based on characteristic
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Table 1 Characteristics of magnetic resonance of each diseaseson
MR characteristics
PSC

Diffuse stricture and/or beaded appearance of the bile duct on MRCP

Differential diagnosis

Sensitivity and specificity Pitfall of MRI

Cholangitis, Cholangio- ERCP is considered the
carcinoma
standard method. MRCP is
considered being sufficient
for diagnosis of PSC

High sensitivity and very It is often
high specificity
difficult to
differentiate
malignant
tumors from
PSC
MRI with MRCP is usually Diagnosis of biliary
Minimal invaconsidered the modality of stenosis by MRCP is high sion along the
choice in the diagnosis of sensitivity and specificity. mucosa and
cholangiocarcinoma
The ability of differenin the peritiation between benign
neural space
obstruction and malignant is difficult to
is low
diagnose

Cholangiocarcinoma

Intrahepatic The tumor shows an irregular shaped
cholangio- solid mass with peripheral rim enhancecarcinoma ment and incomplete concentric pooling
of contrast material on dynamic study
Extrahepatic The most common pattern of the tumor
cholangio- growth is focal infiltration of the ductal
carcinoma wall or the periductal-infiltrating type,
resulting in focal strictures
Gallbladder
In the diffusely infiltrative type, the
carcinoma
tumor appears as a large solid mass in the
gallbladder fossa
In the polypoid and mural thickening
types, lesion more than 10 mm in diameter or which enhance after intravenous
contrast material, are usually malignant
Ampullary
It is difficult to diagnose because of the
carcinoma
small tumor on MRI. DWI has the potential for differentiating malignant from
benign ampullary tumors

Comparison to other
modalities

Metastasis, Mixed
HCC, cholangiocellular
carcinoma
PSC, cholangitis (IgG4,
infection, AIDS), sarcoidosis
Polyp, adenomyomatosis, xanthogranulomatous cholecystitis,
chronic cholecystitis

Cholangiocarcinoma,
Pancreas cancer, adenoma, inflammatory
diseases, carcinoid

Usually, US is used as an
initial diagnostic modality
As a second step, CT, MRI
with MRCP, and /or traditional cholangiography
is often used for obtaining
additional information
MRI with MRCP is more
accurate than CT in differentiating between malignant and benign lesions

Conventional MRI
showed 74% of sensitivity
and 68%-83% specificity,
while DWI set added to
conventional MRI showed
high sensitivity and specificity
High sensitivity (100%)
and low specificity
(59.1%-63.6%). Adding of
DWI to conventional MRI
improve specificity

It is often
difficult
malignant
from benign
tumors

It is often
difficult to
diagnose
because of the
small tumor

PSC: Primary sclerosing cholangitis; MRCP: Magnetic resonance cholangiopancreatography; ERCP: Endoscopic retrograde cholangiopancreatography;
HCC: Hepatocellular carcinoma; MRI: Magnetic resonance imaging; US: Ultrasonography; CT: Computed tomography.

cholagiographic finding in combination with clinical,
biochemical, and histologic features. Therefore ERCP
was considered the standard method for diagnosis of
PSC. However, owing to developments in MR technology, MRCP has become another important modality[32-41].
The result of a meta-analysis showed that MRCP had
high sensitivity and very high specificity for the diagnosis
of PSC[33] (Figure 1). The radiological characteristics of
PSC mimic those of cholangiocarcinoma[42]. Both make
differential diagnosis quite difficult even with current diagnostic modalities including MRI.

rare congenital biliary tract anomalies characterized by
biliary tree dilatation. Although the incidence in the
Western population is 1 in 100000 to 150000 live births,
it is much higher in Asian countries, particularly Japan,
where they can be found in up to 1 in 1000 live birth[43-45].
Choledochal cysts are usually classified into several types,
based on anatomical findings. According to Todani’s
classification system, choledochal cysts include five main
types.
In Todani’s classification system, almost all patients with
choledochal cyst are classified into 3 types (type Ⅰa, Ⅰc
and Ⅳ-A), and that associated with AAPB. Biliary tract
malignancies were seen in 10%-30% of patients with
choledochal cyst and it increases with age[45]. A prompt
and accurate diagnosis of choledochal cyst, follow by
surgical is therefore essential.
In diagnostic imaging, researchers have shown that
MRCP can offer diagnostic information equivalent to
that of ERCP for assessment of choledochal cysts in
adults[46,47] (Figure 2). Although MRCP should not replace ERCP totally in pediatric patients, MRCP should
be considered the first-choice imaging technique for
evaluation of choledochal cysts. MRCP can provide preoperative information about minute structure of AAPB

AAPB: AAPB is a congenital anomaly defined as the
junction of the pancreatic and bile ducts being located
outside the duodenal wall. As the contraction of the
sphincter of Oddi within the duodenal wall does not
functionally affect the junction in patients with this congenital abnormality, continuous pancreaticobiliary reflux
occurs, resulting in a high incidence of biliary cancer.
AAPB can be divided into (1) AAPB with biliary dilatation (choledochal cyst) and (2) AAPB without biliary dilatation.
AAPB with choledochal cyst: Choledochal cysts are
WCG|www.wjgnet.com
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Figure 1 Primary sclerosing cholangitis in a 54-year-old man. Magnetic
resonance imaging shows multifocal strictures and beading of the bile duct.

Figure 2 Choledochal cyst Todani Ⅳ-A type in a 58-year-old man. Magnetic
resonance imaging shows dilatation both intrahepatic and extrahepatic bile
ducts with abnormal arrangement of the pancreato-biliary ductal system.

lished on the basis of ERCP. Although Kamisawa et al[50]
have shown that MRCP can be used to detect AAPB
(Figure 3), they have reported that some atypical cases
with relative short common channel cannot be diagnosed by MRCP, and should be confirmed by ERCP.
AAPB cases with choledochal cysts have clinical
symptoms due to cholangitis or pancreatitis in childhood, and thus they tend to be diagnosed in childhood.
Patients without choledochal cysts are usually not diagnosed until adulthood, when they have already progressed
to advanced stage gallbladder carcinoma, which has a
poor prognosis. An appropriate strategy is necessary to
detect and manage these cases. Takuma et al[51] have suggested that MRCP should be performed in patients who
are found to have gallbladder wall thickening by US.

Figure 3 Magnetic resonance image in a 48-year-old woman with abnormal arrangement of the pancreato-biliary ductal system without a choledochal cyst.

Pancreatic juice reflux without AAPB
Recently, several case series have been published on the
reflux of pancreatic juice into the bile duct without a
morphologically AAPB, and the correlation of such cases
with biliary diseases, especially biliary malignancies, is
drawing attention[52-57]. These cases could not detected
by existing imaging modalities based on morphological
change.
Several reports have shown that high amylase levels
in bile samples on ERCP, which indicate reflux of pancreatic juice, or reflux of contrast medium into the pancreatic duct during intraoperative cholangiography, were
found in 26%-87% of patients with normal pancreaticobiliary duct anatomy[58,59].
Several reports have revealed that MRCP can be used
to detect pancreatic juice reflux in those patients[53,55]. In
patients without AAPB, reflux of pancreatic juice into
the common bile duct can be indirectly observed by using secretin-stimulating MRCP. The cause of such reflux
may be dysfunction of the sphincter of Oddi.
The new method of time-SLIP technique, used in
vascular studies, has the potential to visualize pancreatic
juice flow directly[26] (Figure 4). Researchers have shown
that this method can be used to detect pancreatic juice
flow reflux in the normal patients (Figure 5). The new

in children with choledochal cysts[48].
AAPB without choledochal cyst: AAPB patients without choledochal cyst, similar to those with choledochal
cyst, experience continuous reciprocal reflux between
pancreatic juice and bile[49]. Because the hydro pressure
within the pancreatic duct is usually greater than that
within the bile duct, pancreatic juice frequently refluxes
into the bile duct in these patients, which results in a high
incidence of cancer of the biliary tract.
Although AAPB patients with and without choledochal cyst have a risk of biliary malignancy, the usual sites of
malignancy differ. To the contrast bile duct and gallbladder cancers were seen in 34% and 65% of AAPB with
choledochal cysts, only gallbladder cancer was found in
almost all of 38% of AAPB without biliary dilatation[50].
Once AAPB is diagnosed, prophylactic flow-diversion
surgery (bile duct resection and biloenteric anastomosis) is
performed for patients with choledochal cyst.
Treatment of patients with AAPB without biliary
dilatation is controversial. Prophylactic cholecystectomy
is performed in many institutions. However, some surgeons propose excision of the extrahepatic bile duct,
together with gallbladder.
The diagnostic criteria for AAPB have been estab-
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Figure 4 Flow of pancreatic juice by time-spatial labeling inversion pulse imaging. A: Magnetic resonance cholangiopancreatography image; B: Time- spatial
labeling inversion pulse image obtained by applying labeling pulse box surrounded by lines to the body and tail portions of the main pancreatic duct, not showing
movement; C: Flow of pancreatic juice in duct from body into the head of pancreas is identified by high signal intensity (arrow).

A

B

Figure 5 Pancreatic juice reflux into the biliary tree by time-spatial labeling inversion pulse imaging. A 56-year-old female patient underwent magnetic resonance imaging after abnormal laboratory findings. Magnetic resonance cholangiopancreatography revealed normal morphology, but time- spatial labeling inversion
pulse imaging showed pancreatic juice reflux into the biliary tree. A: Magnetic resonance cholangiopancreatography image; B: Flow of pancreatic juice from body of
the pancreas into the head of the pancreas is identified by high signal intensity (arrows).

of primary hepatic tumors[4,7,8]. This ratio includes intrahepatic and extrahepatic tumors. The patients present
mostly in the 6th and 7th decades of life.
The pathologic classification of cholangiocarcinoma categorize into 3 types: mass-forming, periductal
infiltrating, and intraductal growing[60]. The intraductal
growing type is currently thought to be the counterpart
of intraductal papillary mucinous neoplasm of the pancreas[13,61-67].
MRI with MRCP is usually considered the modality of choice for the diagnosis of cholangiocarcinomas.
Several studies have shown that MRI has sensitivity and
specificity > 90%. However, its ability to differentiate
between benign and malignant obstruction is low and
variable, according to the authors[68].

technique may reveal more information on the rate of
pancreaticobiliary reflux in the population with normal
biliary anatomy and help determine whether is associated
with an increased incidence of biliary malignancy.

BILIARY MALIGNANCIES
In general, the diagnosis of biliary tumors, particularly
early detection and differential diagnosis, is still challenging, although many sensitive direct and indirect techniques have been adopted.
Cholangiocarcinoma
Cholangiocarcinoma arise from the epithelial cells lining
the biliary tree. Intrahepatic cholangiocarcinoma arise
within the intrahepatic ducts and extrahepatic cholangiocarcinoma originate in the bile duct along the hepatoduodenal ligament. Extrahepatic biliary carcinomas are
further divided into hilar, also called Klatskin tumors,
and distal tumors. Hilar tumors represent approximately
60%-70% of cholangiocarcinoma, distal tumors represent 20%-30%, and intrahepatic cholangiocarcinomas
represent 5%-10%[1,4,5].
The tumors are rare, estimated at 3% of all gastrointestinal cancers. They are the second most common type

WCG|www.wjgnet.com

Intrahepatic cholangiocarcinoma: Intrahepatic cholangiocarcinoma is the second most common primary
hepatic malignant tumors after hepatocellular carcinoma[13,68,69]. The important prognostic factors of intrahepatic cholangiocarcinoma are tumor size, lymph node
metastasis, and vascular invasion.
The mass-forming type makes up a large percentage
of intrahepatic cholangiocarcinoma, and shows an irregular shaped solid mass with peripheral rim enhancement
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B

Figure 6 Intrahepatic cholangiocarcinoma in a 70-year-old man. A: Axial T2-weighted image shows high signal intensity liver mass (arrow); B: Diffusion-weighted
imaging shows high signal intensity in the lesion (arrow).

A

B

C

Figure 7 Hilar bile duct cancer in an 84-year-old woman. A: Axial T2-weighted image shows wall thickening and high signal intensity of hilar bile duct (arrow); B:
Diffusion-weighted imaging shows high signal intensity in the lesion (arrow); C: Magnetic resonance cholangiopancreatography shows occlusion of the hilar bile duct
(arrow).

and incomplete concentric pooling of contrast material
on dynamic studies [13,70-72]. The MRI appearances depend on the degree of fibrosis, coagulative necrosis, cell
debris, and mucin production. Capsular retraction, bile
duct dilatation distal to the tumor, vascular encasement,
and central scar have been also reported.
Several researchers have reported that the use of
hepatocyte-specific contrast agent (Gd-EOB-DTPA)
may aid in the diagnosis of intrahepatic cholangiocarcinoma[73-76]. They have shown that Gd-EOB-DTPA enhanced images displayed increased lesion conspicuity and
better delineation of daughter nodules and intrahepatic
metastases. Other researchers have reported that DWI
may be also useful for detection of bile duct cancers[77,78]
(Figure 6).

hypo- to isointense on T1-weighted images and mildly
iso- to hyperintense on T2-weighted images as compared
to adjacent liver parenchyma.
Hilar bile duct cancers are most commonly of the
infiltrative type and less frequently exophytic or polypoid lesions[13,14]. Many studies have reported that MRI,
including MRCP, is useful in the staging of perihilar bile
duct cancers[79-84] (Figure 7). MRI cannot assess tumor
in stented ducts[81,82]. Minimal invasion along the mucosa
and in the perineural space may escape detection if it is
below the limit of resolution[82,83].
Distal extrahepatic cholangiocarcinomas are most
commonly of the infiltrative type and grow intramurally,
beneath the bile duct epithelium. The accuracy of MRCP
is reported to be comparable to that of ERCP for differentiating extrahepatic bile duct carcinoma from benign
stricture[60,85-92]. Although some overlap exists, in general
the presence of a long segment of extrahepatic bile duct
stricture with irregular margins and asymmetric narrowing is suggestive of cholangiocarcinoma, whereas a short
segment with regular margins and symmetric narrowing
indicates a benign cause[87]. The addition of a contrastenhanced dynamic study to evaluate the longitudinal
tumor extent of bile duct cancers is controversial. One
report has shown favorable results, but another report
showed no improvement in diagnostic accuracy[93,94].
Several researchers have reported on the utility of

Extrahepatic biliary cancer: Extrahepatic biliary carcinomas are divided into hilar, also called Klatskin tumors,
and distal tumors. Hilar tumors represent approximately
60%-70% and distal tumors 20%-30% [4,5]. The most
common pattern of tumor growth is focal infiltration of
the ductal wall or the periductal-infiltrating type, resulting in focal strictures. The mass-forming and intraductalgrowing types are less common[13].
The role of MRI is to detect and characterize the
tumor, and determine respectability. On cross-sectional
MRI, the lesion appears ill-defined, and moderately
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Figure 8 Distal extrahepatic cholangiocarcinoma in an 83-year-old woman. A: Axial T2-weighted image shows wall thickening and slight high mass of the distal
common bile duct (arrow); B: Diffusion-weighted imaging shows high signal intensity in the lesion (arrow); C: Magnetic resonance cholangiopancreatography shows
occlusion of the distal common bile duct (arrow).
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B

C

Figure 9 Gallbladder carcinoma in a 56-year-old woman. A: Axial T2-weighted image shows focal wall thickening (arrow); B: Diffusion-weighted imaging shows
high signal intensity in the lesion (arrow); C: Magnetic resonance cholangiopancreatography shows a filling defect in the gallbladder (arrow). Abnormal arrangement
of the pancreato-biliary ductal system is identified.

DWI in these lesions, and it may play an important role
in the diagnosis of extrahepatic tumors[95,96] (Figure 8).

obscuring the gallbladder. The presence of gallstones
within the mass may be helpful in making the diagnosis.
In tumor staging, differentiation between stage T1 (lesions confined to the muscular layer) and stage T2 (lesions
confined to subserosal or perimuscular connective tissue)
is important, because vastly different operative procedures
used depending on the stage. Yoshimitsu et al[101] have reported that submucosal enhancement on a delayed phase
dynamic MRI study is a useful sign for differentiating
between the stages.
Several researchers have showed that DWI may be
useful in the diagnosis of gallbladder carcinoma[106-109]
(Figure 9). The sensitivity and specificity of conventional
MRI alone was 74% and 68%-83%, respectively; these
values increased when DWI was used along with conventional MRI[24].

Gallbladder cancer
Primary carcinoma of the gallbladder is the most common malignancy of the biliary tract. Spread of gallbladder carcinoma to the liver is common due to the
thinness of the gallbladder’s smooth muscular layer and
the proximity to the liver, allowing spread to lymphatic
channels[97-101]. Gallbladder carcinomas exhibit 3 typical
patterns: polypoid, mural thickening, and diffusely infiltrative[102]. Nearly 70% of gallbladder carcinoma present
as diffusely infiltrative lesions[97].
Usually, US is used as an initial diagnostic modality.
As a second step, CT, MRI with MRCP, and/or traditional cholangiography is often used for obtaining additional information. Comparative studies of CT and MRI
with MRCP are desirable.
The role of MRI is to characterize the tumor, and
determine respectability[103,104]. Gallbladder carcinoma
usually exhibits low to intermediate signal intensity on
T1-weighted sequences and heterogenous hyperintensity
on T2-weighted sequences with a characteristically illdefined contour[105]. In the polypoid and mural thickening types, lesion more than 10 mm in diameter or which
enhance after intravenous contrast material, are usually
malignant. The diffusely infiltrative type, the tumor
appears as a large solid mass in the gallbladder fossa,
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Ampullary cancer
Ampullary carcinoma tends to appear as small mass that
causes biliary obstruction. Although CT and MRI are
used to evaluate ampullary carcinoma, it is difficult to diagnose because of the small tumors and difficulty of differentiating between the tumors and surrounding normal
structure. MRI, including MRCP, has been reported to be
more accurate than CT[110,111]. MRI in ampullary carcinoma has a high sensitivity and low specificity[112]. EUS and
ERCP are usually used to identify ampullary carcinoma.
Histologically, most ampullary carcinoma develop
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Figure 10 Ampullary cancer in an 84-year-old woman. A: T2-weighted axial image shows a focal mass in the ampullary region (arrow); B: Diffusion-weighted imaging shows high signal intensity within an ampullary cancer (arrow); C: Magnetic resonance cholangiopancreatography shows marked dilatation of the bile duct and
slight dilatation of the main pancreatic duct.

from 1 of 2 types of epithelium, resulting in an intestinal-type adenocarcinoma arising from the intestinal
epithelium lining the duodenal papilla and pancreaticobiliary-type adenocarcinoma developing from the biliary
epithelium of the ampullary portion. The subtypes of
ampullary tumors have different prognoses. Chung et al[113]
have shown MRI may be helpful in determining the subtypes of ampullary tumors.
Several studies have reported that DWI has the potential for differentiating malignant ampullary tumors
from benign ampullary tumors[114,115]. Researchers have
reported that malignant tumors have a low ADC value
compared to that of benign tumors (Figure 10).

9

10

11

CONCLUSION

12

MRI is a promising non-invasive imaging technique for
evaluating biliary lesions. MRI can be used for diagnosis, tumor characterization, preoperative planning, and
follow-up of malignant biliary lesions.
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PROGRESS IN DIGESTIVE SYSTEM NEOPLASMS

Nestin: A novel angiogenesis marker and possible target for
tumor angiogenesis
Yoko Matsuda, Masahito Hagio, Toshiyuki Ishiwata
cancer, colorectal cancer, and pancreatic cancer, and its
expression is more specific for newly formed blood vessels than other endothelial cell markers. Nestin-positive
blood vessels form smaller vessels with high proliferation activity in tumors. Knockdown of nestin in vascular
endothelial cells suppresses endothelial cell growth and
tumor formation ability of pancreatic cancers in vivo .
Using nestin to more accurately evaluate microvessel
density in cancer specimens may be a novel prognostic
indicator. Furthermore, nestin-targeted therapy may
suppress tumor proliferation via inhibition of angiogenesis in numerous malignancies, including pancreatic
cancer. In this review article, we focus on nestin as a
novel angiogenesis marker and possible therapeutic
target via inhibition of tumor angiogenesis.
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Abstract

Original sources: Matsuda Y, Hagio M, Ishiwata T. Nestin: A
novel angiogenesis marker and possible target for tumor angiogenesis. World J Gastroenterol 2013; 19(1): 42-48 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v19/i1/42.
htm DOI: http://dx.doi.org/10.3748/wjg.v19.i1.42

Abnormal vasculature, termed tumor vessels, is a hallmark of solid tumors. The degree of angiogenesis is
associated with tumor aggressiveness and clinical outcome. Therefore, exact quantification of tumor vessels
is useful to evaluate prognosis. Furthermore, selective
detection of newly formed tumor vessels within cancer
tissues using specific markers raises the possibility of
molecular targeted therapy via the inhibition of tumor
angiogenesis. Nestin, an intermediate filament protein,
is reportedly expressed in repair processes, various
neoplasms, and proliferating vascular endothelial cells.
Nestin expression is detected in endothelial cells of
embryonic capillaries, capillaries of the corpus luteum,
which replenishes itself by angiogenesis, and proliferating endothelial progenitor cells, but not in mature endothelial cells. Therefore, expression of nestin is relatively
limited to proliferating vascular endothelial cells and
endothelial progenitor cells. Nestin expression is also
reported in blood vessels within glioblastoma, prostate
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INTRODUCTION
A hallmark of solid tumors is abnormal vasculature,
termed tumor vessels, which is adjacent to the tumor
itself. Greater number of tumor vessels increases the
risk that tumor cells will enter systemic circulation. The
basement membranes of newly formed tumor vessels are
highly permeable, enabling tumor cells to penetrate them
more easily than mature vessels[1]. Furthermore, tumor
angiogenesis enhances the supply of oxygen and nutrients to solid tumor cells. As a result, the tumor grows
more rapidly and easily when tumor vessels are formed
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in close proximity. After a tumor has attained a size of
1-2 mm, the induction of new blood vessel formation
is required for further growth and expansion[2]. In fact,
the degree of tumor angiogenesis reportedly correlates
with clinical outcome, and angiogenic properties correlate with tumor aggressiveness in gastrointestinal (GI)
cancers including colorectal cancers[3], gastric cancers[4],
esophageal cancers[5], and pancreatic cancers[6,7]. These
findings suggest that exact quantification of tumor vessels is useful to evaluate prognosis. Furthermore, selective
detection of newly formed tumor vessels within cancer
tissues using specific markers raises the possibility of
molecular targeted therapy via the inhibition of tumor
angiogenesis. Microvessel density (MVD), measured immunohistochemically in tumors, is often reported to correlate with prognosis in various malignancies[8,9], including
GI cancers[10-14]. However, the clinical significance of
MVD is controversial; for example, pancreatic cancer is
characterized by hypovascularization[15,16]. For MVD analysis, CD34, CD31, and factor Ⅷ are commonly used as
endothelial cell markers in tumor vessels (Table 1). CD34
and CD31 are cell surface markers, and factor Ⅷ is an essential blood clotting protein in vascular endothelial cells
of normal tissues. However, these markers do not specifically identify newly formed tumor vessels, but also detect
pre-existing large sized blood vessels[17]; therefore, they
are not considered suitable for the sensitive analysis of
tumor angiogenesis. Inclusion of pre-existing mature vessels in MVD of various tumors may cause controversial
results when determining the relationship between tumor
angiogenesis, clinicopathologic features, and prognosis.
Nestin, an intermediate filament (IF) protein, has
recently been recognized as a more specific marker for
newly formed blood vessels and as a therapeutic target
via inhibition of angiogenesis. In this review, we summarize and emphasize recent research evidences concerning
nestin in tumor angiogenesis in GI cancers, including
pancreatic cancer.

sion in tumor endothelium is enhanced by the first intron[24]. Although nestin is expressed at the early stages
of normal development, under pathological conditions,
it is re-expressed in repair processes, various neoplasms,
and proliferating vascular endothelial cells[25].

NESTIN IN ANGIOGENESIS DURING
DEVELOPMENT
Much evidence has shown that nestin expression in va
scular endothelial cells is associated with proliferation
and angiogenesis[24,26-29]. Nestin expression was detected
in endothelial cells of embryonic capillaries[28], capillaries
of the corpus luteum, which replenishes itself by angiogenesis[30], and proliferating endothelial progenitor cells,
but not in mature endothelial cells[24].
At the early stage of development, high levels of
nestin are identified in endothelial cells lining all blood
vessels of E14-15 rat fetuses and extraembryonic (chorion, placenta, umbilical cord) and intraembryonic blood
vessels. Expression of nestin by vascular endothelial
cells is greatly reduced in adult tissues[28].
These findings suggest that nestin plays important
roles in vasculogenesis during development.

NESTIN IN ANGIOGENESIS IN NONCANCEROUS DISEASES
Angiogenesis is a process of new blood vessel formation
from pre-existing vessels; it is the mechanism mediating
the growth and modification of a capillary network[31]. In
non-cancerous diseases, nestin plays important roles in angiogenesis of wound healing in various tissues. In an adult
rat necrotizing pancreatitis model, nestin is expressed in
reactive stellate cells, or submesothelial cells, and endothelial cells during active angiogenesis[32], and nestin-positive
cells may participate in tissue repair of the pancreas.
Nestin-expressing interfollicular blood vessel networks
contribute to skin transplant survival and wound healing[33]. Scar formation following an ischemic insult to the
heart is referred to as reparative fibrosis and represents an
essential physiological response to damaged myocardium.
Several studies reported that scar formation was associated with the recruitment of neural crest-derived cardiac
resident nestin-positive cells that display characteristics
consistent with a neural progenitor/stem cell phenotype[34,35]. During the reparative fibrotic response, these
nestin-positive cells participate in neural remodeling and
represent a novel cellular substrate of angiogenesis.
In the rat ovary, the endogenous luteinizing hormone
surge induces nestin expression in capillary endothelial
cells of the theca interna via the vascular endothelial
growth factor (VEGF) signaling pathway[36]. Angiogenic
induction of chorion-derived stem cells results in higher
mRNA levels of pro-angiogenic protein, fibroblast
growth factor-4, and stem cell markers ABCG-2, Sox-2,
FZD9, BST-1, nestin, and Oct-4[37]. Endothelial precursors express nestin, and it participates in the formation
of the cytoskeleton of newly formed endothelial cells.

BASIC CHARACTERIZATION OF NESTIN
Nestin is a class Ⅵ IF protein originally described as a
neuronal stem cell marker. After cellular differentiation,
nestin expression is downregulated and replaced by neurofilament, a tissue specific IF[18]. Nestin is also expressed
in non-neuronal immature or progenitor cells in some
normal tissues[19]. It is a large protein (> 1600 amino acids) containing a short N terminus and an unusually long
C terminus. The C terminus interacts with other IFs
including vimentin, desmin, or internexin, subsequently
forming heterodimers and mixed polymers [19-21]. The
long C-terminal portion of nestin protrudes from the
filamentous body and may function as a link or crossbridge between IFs and microtubules. Nestin is known
to contribute to the disassembly of vimentin during
mitosis, inactivation of cyclin-dependent kinase 5[22], and
modulation of mitosis-associated cytoplasmic reorganization during mitosis via phosphorylation at Thr316 by
cdc2 kinase[23]. Neural cell-specific expression is usually
regulated by the second intron, whereas nestin expresWCG|www.wjgnet.com
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Table 1 Angiogenesis markers for analysis of microvessel density
Factor Ⅷ

CD 31

CD 34

Nestin

Roles

Glycoprotein
Blood coagulation
Large size
Mature vessels

Glycoprotein
Cell-cell adhesion factor, facilitate
opening of vascular lumens[58]
Small to large size
Immature to mature vessels

Cytoskeletal protein
Cell cycle[22,59], migration

Character of positive
vessels

Glycoprotein
Endothelial cell intercellular
junctions[57], migration
Small to large size
Immature to mature vessels

Poor prognosis[61,62]
No relation[66]
Poor prognosis[68]

Prostate cancer
Glioblastoma

Poor prognosis[79-81]
Tumor grade[84]

No relation[82]
No relation[85]

Poor prognosis[63,64]
No relation[45]
Poor prognosis[67]
Poor prognosis[68]
Liver metastasis[69]
Poor prognosis[70,72-75]
No relation[28]
Poor prognosis[77,78]
Poor prognosis[83]
No relation[86]

No relation[44]
Poor prognosis[42]

Liver cancer
Pancreatic cancer

Poor prognosis[60]
Advanced stage[65]
No relation[68]
Liver metastasis[69]
No relation[70]
Poor prognosis[16]

Clinical outcome
Esophageal cancer
Gastric cancer
Colorectal cancer

No relation[71]
Lymph node meta[76]

VEGF is essential for the differentiation of the primitive
embryonic vascular system and has been implicated in the
vascularization of organs. VEGF is considered a modulator involved in neurogenesis as well as angiogenesis[38,39].
Human VEGF overexpressed transgenic mice showed an
increased number of nestin positive cells after temporal
ischemia of the central nervous system, as compared
with wild type mice[40]. Therefore, VEGF is involved in
nestin expression. Furthermore, pre-eclamptic human
placenta showed higher nestin expression levels[41], thus
hypoxia may be involved in expression of nestin.

No relation[27]
Poor prognosis[26]
Tumor grade[45]

studies using other endothelial markers, only a limited
number of investigations have used nestin. Large scale
studies of various different malignancies using nestin as
a MVD marker are needed to determine the efficacy of
nestin as a predictive and prognostic marker.
The origin of nestin-positive vascular endothelial
cells in tumor tissue is still controversial. Migration of
mesenchymal stem cells from the bone marrow has been
proposed[47]. Dong et al[48] showed that human glioma
stem/progenitor cells transdifferentiate into vascular
endothelial cells in vitro and in vivo. In skin angiogenesis,
nestin-positive hair follicle cells form neovasculature[49];
therefore tissue stem cells are one possible origin of
nestin-positive vessels.
Recent studies showed that nestin is an effective
marker for in vivo imaging of tumor angiogenesis[50,51] and
vascular formation in metastatic tumors[52].

NESTIN IN TUMOR ANGIOGENESIS
Expression of nestin by newly formed blood vessels in
various tumor tissues, including pancreatic cancers, has
been reported[26,27,30,42,43]. Its expression is not reported
in mature vessels within cancer tissues. This suggests
that nestin may be an angiogenesis-specific marker in
malignant tumors[27,44]. Strongly nestin-positive MVD
colorectal carcinomas[42] and prostate cancers[26] show a
worse prognosis. In colorectal cancer, nestin is strongly
localized to vascular endothelial cells, but not to cancer
cells. Nestin-expressing vessels in colorectal cancer tissues are of smaller size and show greater positivity for
proliferating cell nuclear antigen than CD34-expressing
cells[42]. In glioblastomas, expression of nestin in both
tumor cells and endothelial cells increased with tumor
grade[45]. Similarly, nestin expression correlates with more
advanced stage in melanoma[46]. In gastric cancers, there
is no correlation between nestin-positive MVD and
patient’s clinical outcome, while in patients with larger
carcinomas, MVD determined by nestin correlates better
with longer survival than MVD determined by CD34[44].
We previously reported that nestin-positive blood vessels in pancreatic cancer exhibit high proliferating ability,
but does not correlate with prognosis[27]. Tumor angiogenesis is essential for tumor progression, but increased
angiogenesis may be influenced by variations in the existing vasculature of the host organ. Compared to MVD
WCG|www.wjgnet.com

Small size[27]
Immature vessels[26,30]
High-proliferating activity[26,27]

NESTIN IN PANCREATIC CANCER
Pancreatic cancer is an aggressive malignancy with an
overall five-year survival rate of less than 5%[53]. Since
the majority of patients have locally advanced or metastatic disease at the time of diagnosis, there has been
little progress in extending survival[54]. For over ten years,
chemotherapy with gemcitabine, whose strategy is to
inhibit tumor growth, has been the standard treatment
for patients with advanced pancreatic cancer, prolonging
survival by only five to six months.
To improve upon this modest benefit, several investigations explored other strategies aimed at inhibiting pancreatic cancer growth, including the use of anti-angiogenic agents. Tumor angiogenesis is an important factor in
the proliferation, invasion, metastasis, and drug sensitivity
of pancreatic cancers[6]. For a tumor to develop a highly
malignant and deadly phenotype, it must first recruit and
sustain its own blood supply. The process of angiogenesis
is also sustained by secretion of specific angiogenic factors by cancer and non-cancer cells. Angiogenic factors
can initiate a multi-step process that begins with vasodila227
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Figure 1 Immunohistochemical images of blood vessels in pancreatic cancer. Nestin was expressed in small vessels (arrowheads) and in the surrounding
cancer cells (a), but not in large vessels (arrows). CD34 and CD31 were expressed in both small and large vessels (arrowheads and arrows), whereas factor Ⅷ was
expressed only in large vessels (arrows).

duces tumor cell migration and metastasis[56] and downregulation of nestin in tumor vessels also inhibits tumor
formation[27]. These findings may indicate that nestin is
a target not only for inhibition of tumor angiogenesis,
but also within some cancers themselves that expression
nestin, such as glioblastomas, melanomas, and pancreatic
cancer (Figure 2).

tation, followed by the enhancement of vessel permeability and stroma degradation. Angiogenic factors can also
promote endothelial cell migration and proliferation.
Several clinical agents have been developed to inhibit
the angiogenesis process, including the VEGF pathway[55],
and a number of phase Ⅱ and phase Ⅲ trials combined
gemcitabine with novel anti-angiogenic agents with the
hope of improving patient survival. Bevacizumab, which
inhibits only the VEGF receptor, and sorafenib, which
inhibits raf-1 kinase and the platelet-derived growth factor receptor tyrosine kinase in addition to the VEGF
receptor, were studied in combination with gemcitabine.
However, this approach has largely been unsuccessful
and additional novel strategies are clearly needed.
In pancreatic cancers, we found that CD34, CD31,
and factor Ⅷ, which are commonly used for MVD quantification by immunohistochemical analysis, were expressed
in both newly formed small sized blood vessels and preexisting vessels (Figure 1, arrows and arrowheads), whereas nestin was expressed only in newly formed blood vessels (arrowheads). Therefore, nestin is a potentially useful
marker to distinguish newly formed blood vessels from
pre-existing vessels in tumor tissues[27].
More importantly, we observed that knockdown of
nestin in vascular endothelial cells suppresses cell growth
and tumor formation of pancreatic cancers in vivo[27].
Therefore, nestin is a potential molecular target via inhibition of angiogenesis in pancreatic cancer.
Nestin is expressed in both pancreatic cancer cells
and tumor vessels. Inhibition of nestin in cancer cells re-
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CONCLUSION
More accurate estimation of MVD using nestin in GI
cancers may reveal a strong relationship between tumor
vessels and clinical outcome. Future studies on MVD
with a large patient population are needed to clarify the
efficacy of nestin as a predictive and prognostic marker.
Nestin-targeting small interfering RNA (siRNA) has
shown a tumor inhibitory effect in vivo via inhibition
of tumor angiogenesis[27], thus nestin may be a novel
therapeutic target for tumor angiogenesis. Treatment
resistance often occurs with the isolated use of antiVEGF therapy. Therefore, combination therapy that also
includes nestin-targeting agents is a potentially effective
therapeutic strategy. Nestin is expressed in some cancer
cells, thus targeted therapy may exert inhibitory effects
both on cancer cells and vascular endothelium in certain
tumor types, including pancreatic cancers. In addition
to small molecule compounds, emerging biotechnology
including RNA aptamer and siRNA targeting nestin will
possibly be adopted as new therapeutics for GI cancers,
especially for pancreatic cancers.
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Figure 2 In pancreatic cancer, nestin is highly expressed in some pancreatic cancer cells and small proliferating tumor vessels.
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Advanced endoscopic technologies for colorectal cancer
screening
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screening that are either already available or close to
clinical trial. In particular, we focus on visual-inspectiononly advanced flexible colonoscopes, interventional
colonoscopes with alternative propulsion mechanisms,
wireless capsule colonoscopy, and technologies for intraprocedural bowel cleansing. Many of these devices
have the potential to reduce exam related patient
discomfort, obviate the need for sedation, increase diagnostic yield, reduce learning curves, improve access
to screening, and possibly avert the need for a bowel
preparation.
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Abstract

INTRODUCTION

Colorectal cancer is the third most common cancer in
men and the second most common cancer in women
worldwide. Diagnosing colorectal has been increasingly successful due to advances in technology. Flexible endoscopy is considered to be an effective method
for early diagnosis and treatment of gastrointestinal
cancer, making it a popular choice for screening programs. However, millions of people who may benefit
from endoscopic colorectal cancer screening fail to
have the procedure performed. Main reasons include
psychological barriers due to the indignity of the procedure, fear of procedure related pain, bowel preparation
discomfort, and potential need for sedation. Therefore,
an urgent need for new technologies addressing these
issues clearly exists. In this review, we discuss a set of
advanced endoscopic technologies for colorectal cancer

WCG|www.wjgnet.com

Colorectal cancer (CRC) is the third most common cancer
in men and the second most common cancer in women
worldwide with approximately 608 000 people dying each
year[1]. In the United States alone there are approximately
1.14 million people alive who have a history of CRC and
1 in 20 will be diagnosed with cancer of the colon or
rectum in their lifetime[2]. Unfortunately, this number is
projected to increase by 62% by the year 2030[3].
Diagnosing CRC has been increasingly successful due
to numerous advances in technology. One of the para
mount technological advances has been the ability to di
rectly visualize the gastrointestinal (GI) tract (and provide
therapy) with the flexible endoscope. The earliest flex
ible endoscope, completely based on optical fibers, was
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presented at the American Gastroscopy Society annual
meeting in May 1957 by Hirschowitz[4]. This achieve
ment was inspired by a paper published in 1954, entitled
“a flexible fiberscope using static scanning”, by Hopkins
et al[5] at the Imperial College of Science and Technol
ogy in London. Building on this history of technological
innovation, and driven by breakthroughs in electronics,
material science, computational capabilities, sensing, and
actuation strategies, many novel GI devices and diagnos
tic techniques have emerged. In this review, we will dis
cuss a set of advanced endoscopic technologies for CRC
screening that are either already available or close to
clinical trial; and have the potential to reduce procedure
related patient discomfort and increase diagnostic yield.

entery muscles. Looping of the endoscope has been
shown to be responsible for 90% of the pain episodes in
colonoscopy and increases the chance of tissue damage
and perforation[11]. Special maneuvers can be performed
to minimize this effect, making colonoscopy a procedure
that requires a great degree of training, technical skill,
and experience to safely perform[12,13]. Despite these tech
niques, even expert endoscopists can not always prevent
all challenges or complications; partially because the flex
ible endoscope design is one of compromise and is not
perfect for its intended purpose[10]. Additionally, the need
for a bowel preparation acts as a potential deterrent due
to the unpleasantness of ingesting powerful medications
to clean the intestine. A detailed discussion on bowel
preparation is beyond the scope of this review and will
only be discussed briefly.

LIMITATION OF STANDARD GI
ENOSCOPY

TOWARD MECHANISMS ENABLING
PAINLESS COLONOSCOPY

Flexible endoscopy is considered to be an effective me
thod for early diagnosis and treatment of GI cancer,
thus is a primary choice for screening programs. Few
complications are associated with this technique, with
cardiorespiratory problems related to sedation and anal
gesia being the most common (0.03%-20% incidence[6]).
Less frequent complications include, infection (0.2%
incidence[7]), bleeding (0.2%-2.1% incidence) or perfora
tion (0.1% incidence[8]), which potentially require subse
quent medications, transfusions, or endoscopic/surgical
intervention to correct.
Based on the efficacy and low complication rate of
flexible endoscopy, it is clear that the main clinical chal
lenge facing GI endoscopy is one of distribution. Mil
lions of people who may benefit from endoscopic CRC
screening fail to have the procedure performed. The
reasons cited include psychological barriers due to the
indignity of the procedure, fear of procedure related
pain, bowel preparation discomfort, and potential need
for sedation[9].
How rational are these fears? From a mechanical per
spective, the endoscope consists of a long and fairly stiff
(compared to the compliant colon) tube with a steerable
head. The colonoscope must easily navigate the colon
curves and traverse the intestinal environment efficiently
- meaning that a colonoscope must be simultaneously
stiff and compliant. If the colonoscope is too stiff, it
will deform the colon wall significantly at turns; yet, if
it is too compliant there will be undesired buckling[10].
Since the colonoscope must be pushed from the back,
while the tip is aimed along the lumen center, when the
intestine bends, the shaft pushes against the colon wall
until the lumen and its surroundings provide sufficient
counter pressure to force the endoscope shaft to bend.
This stretches the colon and often leads to “loop” for
mation, thus potentially causing substantial discomfort.
In particular, looping occurs when the colonoscope
continues to be advanced into the colon without a cor
responding progression of the tip. This displaces the
colon from its native configuration and stretches mes
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Several colonoscope modifications have recently been
presented with the common goal of preventing excessive
force application to the colon wall and consequent loop
ing. These devices can be categorized into two groups:
those designed purely for visual inspection (visual inspec
tion devices), and those that contain internal channels
through which interventional devices (i.e., biopsy, snare,
needle, etc.) can be passed (interventional devices). In ad
dition to flexible colonoscope modifications, wireless
capsule colonoscopy is emerging as a “patient-friendly”
alternative technique for visual inspection of the colon.
In this section we will provide an overview of recent ad
vancements in these three device categories.
Visual-inspection-only advanced flexible colonoscopes
An example diagnostic-only device is the CathCam, whose
development has been supported by Ethicon Endo Sur
gery, Inc., represented in Figure 1A. The CathCam is a
nonsterile, disposable, multilumen catheter with a work
ing length of 1.8 m and a diameter of 11 mm. Vision
and illumination are provided by a 3-mm camera with six
light-emitting diodes. The catheter is designed for single
use, while the camera is reusable and is mounted into the
catheter tip prior to the procedure. The channels of the
CathCam accommodate the cables of the video camera
and enable the system to provide suction, irrigation, and
visualization. An accessory channel (2.8 mm in diameter)
is provided for a looped guide wire (0.024-inch hinged
lumen-seeking guide wire) that is advanced through the
channel and into the lumen of the colon. The guide wire
then serves to guide the catheter forward when the cath
eter is pushed[14]. This device has demonstrated 30%-40%
peak force reduction in benchtop experiments and in live
pigs, in comparison to standard colonoscopes[15] (Table 1).
Another advanced diagnostic flexible endoscope is
the Aer-O-Scope™ (GI View Ltd., Ramat Gan, Israel),
which is a pneumatic, skill-independent, self-propelling,
and self-navigating disposable colonoscope[16], repre
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A

B
Rectal introducer
Supply cable
Scanning balloon
Scope
Rectal balloon

C

D

E1

E2

F

Camera
head

Bending section

Disposable
Sleeve folded

G

Disposable
Sleeve inflated

H

Figure 1 Figures of the devices. A: The CathCam system, reprinted from[15], with permission from Elsevier; B: The Aer-O-Scope™ system, reprinted from[18], with
permission from Elsevier; C: The Endotics™ system, image courtesy of Era Endoscopy; D: The NeoGuide™ system, reprinted by permission from Macmillan Publisher Ltd.: The American Journal of Gastroenterology[11], copyright 2007; E: The Invendoscope™ system, reprinted from[24] with permission from Elsevier; F: The
ColonoSight™ system, reprinted from[26] with permission from Elsevier; G: Magnetic endoscopic device described in[27]; H: The Endo-Ease™ overtube over a pediatric
colonoscope, reprinted from[28], with permission from Elsevier.
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Table 1 Main characteristics of advanced flexible colonoscopes
Technology

Advantages

Disadvantages

CathCam
Aer-O-Scope™
Endotics™

Disposable; peak force reduction with respect to standard colonoscope
Disposable; “tip pulling” locomotion; computer-aided control
Disposable; Steerable head; “tip pulling” locomotion;
computer-aided control; thin tail
Instrument channel; shape retention; 3D map of the device;
computer-aided control
Disposable; instrument channel; “tip pulling” locomotion;
computer-aided control
Disposable; instrument channel; “tip pulling” locomotion
Instrument channel; “tip pulling” locomotion;
computer-aided control; thin tail
Facilitates cecal intubation
3D real-time visualization of the device

No instrument channel; no steering
No instrument channel; no steering
No instrument channel; average
procedure time longer than colonoscopy
Reusable (need for cleaning);
large diameter
Diameter similar to a colonoscope

No
Yes[18]
Yes[20,21]

Diameter similar to a colonoscope
Complexities related to magnetic control

Yes[26]
No

Large diameter
Standard colonoscope

Yes[29]
Yes[32,33]

NeoGuide™
Invendoscope™
ColonoSight™
Magnetic
endoscopic device
Endo-Ease™
ScopeGuide™

sented in Figure 1B. The device is composed of a rectal
introducer, a supply cable, and an endoscope embedded
within a scanning balloon that serves as its vehicle. The
rectal introducer is a hollow silicon tube (1.7 m in length,
19 mm in diameter) with a silicone balloon (80 mm in
diameter) attached to its outer surface. The introducer is
inserted into the rectum with its outer balloon, and the
endoscope and its vehicle balloon are passed through the
hollow tube of the introducer. The silicone balloon on
the introducer seals the anus to prevent gas leakage. CO2
is insufflated between the two inflated balloons, and gas
pressure advances the vehicle balloon, endoscope, and a
trailing supply cable. The supply cable on the endoscope/
scanning balloon is a flexible polyurethane multi-lumen
catheter, 5.5 mm in diameter, coated with a hydrophilic
material, which supplies the electro-optical capsule (the
scope) and its vehicle balloon with electricity, air, water,
and suction. The volume of the vehicle/scanning balloon
is pressure-regulated. The balloon is designed to adapt to
the shape of the colon as it travels forward. The balloon
has a large predetermined maximal volume and thin wall
(8 µm) that help it adapt to the shape of the colon in
response to pressure exerted by the colonic walls. These
features allow the balloon to maintain the seal with the
colon wall, so that gas introduced on one side of the
balloon does not escape to the other side. This allows a
pressure gradient to develop from behind the balloon to
in front of it during forward propulsion, and vice versa
during withdrawal. Since the tip has no steering capabili
ties, an omnidirectional colonoscopic viewing system has
been installed on the tip of the latest prototype[17]. The
Aer-O-Scope™ is intended to be used for diagnostic pur
poses and therefore does not have a working channel for
therapeutic instruments. In a preliminary pilot feasibility
study[18], the Aer-O-Scope™ effectively intubated the ce
cum in 10 out of 12 subjects (83%) with an average time
to cecum of 14 min ± 7 min.
Another approach, inspired by Geometer moths, is
inchworm locomotion[19]. Inchworm locomotion is simi
lar to the motion utilized in double balloon endoscopy
where there is lengthening and shortening along two
anchor points (distal anchor and proximal anchor). The
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Human studies

Yes[11]
Yes[24,25]

Endotics™ system (Era Endoscopy s.r.l., Pisa, Italy) ef
fectively utilized inchworm locomotion and consists of
a disposable robotic probe as a head, a steerable tip, a
flexible body (17 mm in diameter), a thin tail (7.5 mm in
diameter), and a control box with an electro-pneumatic
connector. The Endotics™ endoscopic device is repre
sented in Figure 1C. The head hosts both a vision system,
including camera, light emitting diode light source and
channels for a water jet and air insufflation/suction. The
operator can steer the head of the robotic colonoscope
180° in every direction, elongate the body of the probe in
order to move it forward along the intestine, and can con
trol rinsing, insufflation, and suction. A semiautomatic se
quence of actions is implemented to move the probe like
an inchworm, wherein two vacuum anchors located in the
proximal and distal ends of the probe are sequentially ac
tuated between extensions and retractions of the central
body. Experiments in a phantom model with embedded
force sensors demonstrated 90% lower force application
than conventional colonoscopy[20]. A human study[21] with
71 unsedated patients demonstrated that this system has a
comparable diagnostic accuracy to colonoscopy, and does
not require sedation. The frequency of successful proce
dures (i.e., reaching the cecum), the total procedure time,
and the need for sedation were recorded in this study. In
13 cases (18%), the device was unable to reach the cecum
and the average procedure time was 45.1 ± 18.5 min for
the Endotics™ system compared to 23.7 ± 7.2 min for
traditional colonoscopy (P < 0.0001).
Currently, the lack of tissue interaction makes it im
probable that diagnostic-only devices will completely
replace traditional colonoscopes. Only prospective com
parative outcome trials will be able to conclusively de
termine whether a diagnostic-only device (followed by
conventional colonoscopy for potential therapeutic inter
vention) will be preferable to conventional colonoscopy
with both diagnostic and therapeutic capabilities.
Interventional colonoscopes with alternative propulsion
mechanisms
A first subset of this class of colonoscopes consists of
shape retention devices, which are essentially tubes that
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the goal of minimizing patient discomfort - even with
out sedation. Other than these mechanisms, the Inven
doscope™ functions in a manner similar to conventional
endoscopes, allowing for insufflation, rinsing, and suc
tion. It also has a 3.2-mm working channel, allowing for
therapeutic procedures to be performed.
A pilot study of 34 healthy volunteers (19 men; mean
age 49.7 years) demonstrated that the Invendoscope was
able to reach the cecum without any sedation in 80%-90%
of cases[24]. This result was supported by a prospective
single-arm study of 61 healthy volunteers (34 men and 27
women; mean age 57.5 years) undergoing screening colo
noscopy, with a cecal intubation rate of 98.4% with less
than 5% of patients requiring sedation[25].
The ColonoSight™, a disposable, self-propelling de
vice based on IntraPull and ProtectiScope technologies
by Stryker, Inc., has three working channels: a 3.7-mmwide channel for suction and insertion of accessory tools,
a channel for irrigation, and a channel for insufflation
(Figure 1F). A disposable sleeve anchored at the proximal
end of the device envelopes the endoscope, protecting it
from contamination. The IntraPull mechanism generates
a force close to the tip of the scope by pumping com
pressed air inside the sleeve controlled by depressing a
foot pedal. The material of the sleeve does not allow ex
pansion, and therefore the increased pressure inside the
sleeve creates a force directed toward the tip of the colo
noscope, thus pushing the tip forward as the folded part
of the sleeve is deployed. The maximum force generated
is 4.9 N (0.5 kgf) whereby the maximum force generated
with a standard colonoscope is approximately 44 N (4.5
kgf). Once the endoscopist releases the foot pedal, the
sleeve is deflated and the applied force is removed. A
pilot prospective study of 178 participants (48 women
and 130 men; age 51.8 ± 10.7 years) reported a success
rate of 90% in reaching the cecum without complication
of bleeding or perforation. All patients in the study were
sedated using midazolam, mepiridine, or propofol; there
fore, no data on patient discomfort was reported[26].
With the exception of the Endotics™ system, tip de
flection of the above devices are accomplished by wires
travelling the length of the device - effectively creating
a minimum outer endoscope diameter (lower boundary)
of approximately 10 mm. If however, one could “pull”
rather than “push” the endoscope, the outer diameter
lower boundary may be reduced further; limited by the
space needed for the therapeutic channel and the electri
cal connections to the vision module[21]. Magnetic steer
ing and control was applied to an endoscopic device
containing a tip-mounted magnetic camera (diameter 11
mm, length 26 mm) connected to an external control
box by a 5.4-mm diameter multi-lumen soft tether[27].
This connection was used for insufflation, passage of
a therapeutic instrument, activation of a lens cleaning
mechanism, and for operating the vision module. The
external magnet was held by a 7 degree-of-freedom (DoF)
robotic arm that was controlled in real-time by the en
doscopist. The external magnet driving the endoscopic
device is represented in Figure 1G.

are initially flexible and can be stiffened when desired.
While several examples of devices utilizing this prin
ciple are described in literature[10], only one has reached
the clinical trial stage. This is the NeoGuide™ from
NeoGuide Systems Inc. (a company based in San Jose,
California, United States that was acquired in 2009 by
Intuitive Surgical of Sunnyvale, CA, United States). The
NeoGuide™, represented in Figure 1D, consists of a
173 cm-long endoscope composed of sixteen 8 cm-long
independent vertebrae. Each segment can be directed to
assume a right, left, up, down, circular curve, or a combi
nation of these motions. During manual insertion of the
device, the position and angle of the scope tip are encod
ed into a computer algorithm. As the colonoscope is ad
vanced, the computer directs each successive vertebra to
take the same shape that the tip had at a given insertion
depth. The insertion tube thus changes its shape at dif
ferent insertion depths in a “follow-the-leader” manner.
By controlling the shape of the insertion tube, the Neo
Guide™ does not rely on conventional pushing against
the colon wall to maneuver. The cross-sectional diameter
of the NeoGuide™ insertion tube is approximately 14
mm at the tip, increasing to approximately 20 mm at the
proximal shaft of the scope (the working channel is 3.2
mm). The mechanical valves that control insufflation,
suction, or water irrigation are the same as in conven
tional endoscopes. Biopsies and therapeutic maneuvers
are conducted with the scope in passive mode; where
the shape and stiffness of the endoscope is the same as
that of a standard colonoscope. In vitro evaluation of the
NeoGuide™ system[22] showed significantly less looping
and lateral force required for advancement than proce
dures with a standard colonoscope. An initial clinical
trial of 10 sedated patients demonstrated a looping rate
of 40%. Although looping was defined as extensive in
three of four cases, it was successfully straightened under
computerized 3D imaging and the cecum was reached
in all patients[11]. The 3D map images generated by the
NeoGuide™ endoscopy system provide information re
garding tip position, insertion tube position, and colonic
looping[23]. These additional pieces of information may
contribute to a safer and more comfortable procedure
for the patient.
Another computer-aided colonoscope is the dispos
able Invendoscope™ (Invendo Medical GmbH, Kissing,
Germany). The colonoscope, represented in Figure 1E,
has a working length of 210 cm and the internal func
tional endoscope is covered by several layers, starting
with a 10-mm diameter sheath. The sheath is covered by
double layers of an “inverted sleeve” that provides the
propulsion mechanism. Eight drive wheels in the driving
unit grip the inner layer of the inverted sleeve and rotate,
causing it to move forward. The “inverted sleeve” mech
anism causes the colonoscope to “grow” at a position 10
cm below the distal end. Similarly, when the colonoscope
is being retracted, the drive wheels rotate in the opposite
direction and the endoscope “shrinks”. This technology,
combined with a small bending radius, was designed to
reduce the forces exerted on the walls of the colon, with
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A magnetic field sensor was also embedded in the
device head to enable localization and closed loop con
trol. The magnet capsule system allowed for “pulling”
of the device throughout the colon thus eliminating the
need for structural cables traveling the length of the de
vice and the need for pushing the endoscope at the base
in order to forward advance the scope. This approach
would appear to prevent looping and reduce stretching
of the colon wall. These advantageous characteristics
are enhanced by dramatic reduction in both the bending
stiffness of the shaft and in the mass of the proposed
device (from 1240 g for a standard colonoscope to 34 g,
including the soft tether), while retaining the therapeutic
capabilities provided by a conventional colonoscope.
The device has been tested in ex-vivo colon models and
animal trials with encouraging results. Human trials are
planned, but have not yet been conducted.
Another noteworthy mechanism for locomotion, de
signed to improve cecal intubation rate when standard
colonoscopy fails, is the Spirus Endo-Ease™ system[28].
The Endo-Ease™ system, represented in Figure 1H,
consists of a 90 cm disposable flexible plastic overtube
with a 5-mm soft spiral thread at its tip. The overtube is
designed with a 13-mm inner diameter to host a variablestiffness pediatric colonoscope. Clockwise rotation of
the overtube, which mimics the motion of a corkscrew,
pleats the bowel onto the external surface of the tube.
Bowel pleating is accomplished without apparent twist
ing of the lumen because the mesentery attachment
resists the rotation. In a preliminarily clinical trial[29] of
22 patients (the median age 68 years, 58% men) with
incomplete colonoscopy secondary to redundancy of
their colon, the cecal intubation rate was reported in 22
patients (92%) with a median time to cecum of 14.2 min
(range 6-30 min). No complications were reported.
The same principle was used in a computer-aided colo
noscope[30] where two sections with a spiral thread rotate
to achieve forward motion. While preliminary qualitative
data about in vivo experience shows the feasibility of this
approach (forward speed of 11 mm/min), clinical trials
have not been reported to date.
A common theme in reducing discomfort associated
with standard colonoscopy appears to be shifting the lo
cation of the propulsive force from the base of the de
vice outside of the patient (i.e., “pushing”, typical force
profile available in literature[31]) to the tip of the colono
scope inside the patient (i.e., “pulling”). The latter can
result in improved alignment of the direction of the ap
plied force with the desired direction of forward tip mo
tion. Several devices have demonstrated that this tech
nique can reduce forces applied to the colon wall during
insertion, which is believed to correlate with a reduction
in patient discomfort and the risk of colon perforation.
Diverse methods for reducing tip forces have been pro
posed, ranging from pneumatic pressure[22,25,26] to robotic
locomotion[21] to magnetic fields[27]. While it remains to
be seen which of these technologies will achieve market
penetration and widespread clinical use; the thin tether
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of the last two devices described previously appears ad
vantageous.
An alternative approach to minimize looping of the
endoscope may lie in the endoscopists ability to “visual
ize” the shape of the endoscope as she or he advances
it throughout the colon. A commercially available endo
scopic system from Olympus, the ScopeGuide™ (CFH180DL), integrates electromagnetic tracking into a stan
dard colonoscope and provides a real-time rendering of
the endoscope shape in free space on a display. A recent
study[32] comparing this platform with standard colonosco
py reported reduced cecal intubation time (181 s vs 216 s;
P < 0.05) and reduced patient discomfort on a 10-point
visual analog scale (2.44 vs 1.85; P < 0.05). Unfortunately,
other studies[33] of expert endoscopists utilizing this de
vice have not reproduced these results; leading one to
believe that the application of the system may be limited
to novices.
In regard to reducing the learning curve, computeraided devices or image guided techniques [18,21,23,25,27,32]
have the potential to make colonoscopy less technically
challenging for novices. Haptics has also been explored
with promising results to facilitate colonoscopy[34]. In par
ticular, lumen detection by real-time image analysis was
used to provide a feedback force at the user interface that
should aid the physician to steer the endoscope tip to
ward the lumen. Given the increasing role of technology
in healthcare, one day it may be possible for examinations
to be carried out remotely (i.e., patient and provider are
not in the same physical location) by health care profes
sionals in the community in order to meet the increased
demand for screening colonoscopy.
Wireless capsule colonoscopy
Trends in consumer electronics such as miniaturization,
low power operation, and wireless technologies have
paved the way to the introduction of wireless capsule
endoscopy (WCE) in 2000[35]. This technology has now
become essential for small bowel inspection[36] and it
is trying to expand its reach for use in the large intes
tine with purposely developed capsule devices, such
as the PillCam™ Colon by Given Imaging (Yokneam,
Israel). The effectiveness of the second generation of
PillCam™ Colon[37] as an alternative to colonoscopy for
CRC screening has been analyzed in a recent editorial[38]
that appeared in this journal on the basis of recent clini
cal trials. Although the sensitivity for polyp detection for
the PillCam™ Colon is close to 90%, specificity remains
disappointingly low due to a substantial rate of false-pos
itive results[39]. Therefore, despite clear patient comfort
benefits provided by WCE, colonoscopy is still the goldstandard for CRC screening[40].
A main research stream for WCE toward the final
goal of replacing flexible endoscopy consists in providing
the capsule with the possibility to be remotely controlled
and manipulated. Magnetic coupling is one of the few
physical phenomena capable of transmitting actuation
forces across a physical barrier. Remote magnetic ma
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nipulation has been adopted to steer capsule endoscopes
by several research groups worldwide. Given imaging has
investigated the use of a handheld external magnet to
translate and orient a capsule in the upper GI tract using
a modified version of PillCam™ Colon, which was halffilled with magnets[41]. This demonstrated the feasibility
of magnetic steering, but revealed that more research was
required to increase the reliability and accuracy of mag
netic control[42]. An alternative technique for generating
the external magnetic field, jointly developed by Olympus
and Siemens, involved use of a magnetic resonance imag
ing scanner to create the field and field gradients[43]. In a
recent nonrandomized blinded pilot study comparing a
capsule device to traditional endoscopy for evaluation of
the stomach, the overall diagnostic yield was similar for
both methods[44].
A robotic navigation system - commonly used for
cardiovascular clinical procedures (Niobe™, Stereotaxis,
Inc, United States) - was used to control the orientation
of a wireless capsule endoscope throughout the entire
GI tract in several ex-vivo and in-vivo animal trials[45-47].
This technique was validated by equipping a PillCam™
with a custom-made coaxial magnetic shell[48] glued to
its external surface. In vivo tests performed with 3D fluo
roscopic localization demonstrated an accuracy of 1° in
orientation[47]; however, the Niobe™ does not allow for
field-gradient control, thus controlled translations of the
capsule are not possible - this is an important limitation
for this approach.
Magnetic control over position and orientation of
a capsule inside the colon was demonstrated by cou
pling permanent magnets - one embedded inside the
endoscopic capsule and the other connected as the end
effector of a 6 DoF industrial robotic arm in an animal
pilot study[49]. The same kind of magnetic coupling was
used by the first ever reported wireless therapeutic en
doscopic capsule[50]. This pilot study in a porcine model
demonstrated the feasibility of wireless controlled de
ployment of a surgical clip to close an iatrogenic bleed
in the colon. In a different study[51], the combined use of
external static magnetic fields and internal actuation to
move small embedded permanent magnets allowed for
wirelessly controlled precise camera steering. This ap
proach was used to obtain a full 360° view in the gastric
cavity and a 45° span inside the colon.
Overall, this body of literature indicates that precise
capsule manipulation can be achieved by means of mag
netic coupling and that, if relevant clinical evidence will
further support this approach, the next generation of
wireless capsule endoscopes may eventually have a con
crete potential to replace traditional colonoscopy, at least
for CRC screening.

tion. An innovative device addressing this challenge is
the ClearPath™ system[52] that consists of a control cabi
net and a disposable unit. The control cabinet includes
a peristaltic pump, a controller, and a pinch valve that
enables control of suction. The disposable element con
sists of a multi-lumen, custom-made, extruded tube. The
tube has two channels: one that supplies water for irriga
tion and one that provides suction. When attached to the
standard colonoscope, the ClearPath™ system adds an
additional 6 mm to the outer diameter of the standard
colonoscope. Water for irrigation flows through four 0.6
mm nozzles in the distal head and debris is evacuated
through a single 18 mm2 cross-sectional aperture. Prelim
inary animal trials on partially prepared domestic swine
demonstrated effective intraprocedural colon cleaning
with no immediate mucosal damage, acute complication
(i.e., perforation), or delayed adverse consequence.
An alternative approach [53] for cleaning the colon
during colonoscopy consists of a disposable soft-tipped
catheter with a water jet spray that can be advanced, un
der direct vision, through the accessory channel of the
standard colonoscope and into fecal matter. When the
water jet is activated the solid stool can be broken apart
for removal by suction. The water jet catheter tip has 4
radial nozzles through which the water is pumped. Fea
sibility studies in the unprepared colons of anesthetized
pigs demonstrated effectiveness; however, mucosal trau
ma, bleeding, perforation, clogging of the colonoscope
suction channel, and electrolyte imbalances may limit the
overall impact.
A similar approach for intraprocedural bowel cleans
ing[54], still based on a disposable catheter, has been devel
oped by Medjet Ltd., Tel Aviv, Israel. The MedJet digestive
tract lumen cleaning device provides controlled delivery
of a supersonic two-phase jet of micro-droplets consist
ing of minimal amounts of saline solution and CO2. The
solution is accelerated through the catheter, and enhances
visibility by clearing away stool, secretions, or blood; and
by disintegrating small particles for suctioning through
the working channel of the endoscope during colonosco
py. In a recent clinical study[54], the MedJet was reported
to be effective - offering significant improvement in bow
el cleansing in 32 patients with no device-related adverse
events.
In summary, there have been promising advances in
the development of devices utilized for CRC screening
with the devices designed to achieve a common goal to
improve the way we directly view the colon (and possible
intervene on any pathology present). The main principle
that must be kept in mind with any new device is patient
safety. Secondary principles that continue to be addressed
include ease of use, reduction of the learning curve,
improvement in colonic visualization, improvement in
patient procedural comfort, better access to endoscopic
screening, and possibly obviation of the need for a bowel
preparation. With technology improving at a rapid pace,
it may not be long before a disruptive innovation takes
hold and we see the conventional colonoscope as an item
on the shelf in a medical museum.

TOWARD MECHANISMS ENABLING
UNPREPARED COLONOSCOPY
A significant common disadvantage of both convention
al and novel colonoscopes is the need for bowel prepara
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INTRODUCTION
It is being increasingly recognized that colorectal cancer
(CRC) is not a single disease, but rather a heterogeneous
disorder including a collection of many distinct diseases
with diverse molecular background and clinicopathological manifestations. According to the adenoma-carcinoma
sequence proposed by Vogelstein et al[1] adenomatous polyps have long been considered as the sole preneoplastic
lesions leading to CRC. On the other hand, hyperplastic
polyps (HP) often found in the distal colon, until recently
have been considered innocuous lesions, despite some
contradictory opinions[2,3]. This common view has recently been challenged, as it turned out that these polyps
along with other similar lesions commonly termed “serrated polyps” can be precursors to CRC[4,5].
The aim of this article is to provide a thorough clinicopathologic overview of this emerging pathway in colorectal carcinogenesis and help to understand how this accumulating data can be translated into clinical management
strategies and better clinical outcomes.

Abstract
Serrated polyps have been an area of intense focus
for gastroenterologists over the past several years.
Contrary to what was thought before, a growing body
of literature indicates that these polyps can be precursors of colorectal cancer (CRC). Most of these lesions,
particularly those in the proximal colon, have so far
been under-recognized and missed during colonoscopy, qualifying these lesions to be the main cause
of interval cancers. It is estimated that 10%-20% of
CRCs evolve through this alternative, serrated pathway,
with a distinct genetic and epigenetic profile. Aberrant
DNA methylation plays a central role in the development of this CRC subtype. This characteristic molecular
background is reflected in a unique pathological and
clinical manifestation different from cancers arising via
the traditional pathway. In this review we would like to
highlight morphological, molecular and clinical features
of this emerging pathway that are essential for gastroenterologists and may influence their everyday practice.

CLASSIFICATION OF SERRATED POLYPS
General features of serrated polyps
The term “serrated polyp” contains a wide variety of
colonic lesions and broadly refers to HP and different
serrated adenomas. The main histological feature of serrated polyps is the infolding of the crypt epithelium[5],
that is represented as a serrated or saw-toothed appearance in longitudinal section and a stellate or starlike
appearance on cross section (Figure 1). The molecular
basis for this histological feature has been attributed to
decreased apoptosis[6-8] that is caused by the activated
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A

Figure 1 Microscopic features of serrated polyps. A: On cross
section serrated crypt shows a stellate or starlike appearance; B: In
longitudinal section a characteristic serrated or saw-toothed appearance can be seen.

B

mitogen activated protein kinase (MAPK)-ERK pathway
that is induced by either BRAF or KRAS mutation (Figure
2). Inhibited apoptosis leads to the accumulation of nonproliferating cells. Serration is a general characteristics of
this pathway from HP all the way to serrated adenocarcinoma (SAC)[9].

ration limited to the upper half of the crypt, with lack of
cytologic or architectural dysplasia. These alterations can
be seen only in the upper third or only on the surface of
the crypts[18]. The proliferative zone may be expanded, but
usually confined to the crypt base. The nuclei are small,
uniform and basally placed[18], the cytoplasm is eosinophilic. If surface epithelium is not present for histological
evaluation, a thickened basal membrane and muscularis
mucosae with short smooth muscle extensions into the
basal part of the mucosa (“comb-like” appearance) can be
helpful hints to identify HP[19] (Table 1).
HPs usually occur a decade earlier (in the fifth and the
sixth decade) than adenomatous polyps[20]. Several risk
factors have been linked with the prevalence of serrated
polyps including cigarette smoking, alcohol consumption,
obesity and low-folate intake[20,21], whereas regular nonsteroidal anti-inflammatory drug use, hormone replacement
therapy, and high calcium intake have been associated
with reduced risk[20]. It is of note that besides smoking,
all other factors have also been linked to adenoma formation via the traditional pathway[9,20]. This observation
gained further importance when it was discovered that
smoking is only a strong risk factor for those CRCs that
exhibit a unique molecular phenotype [CpG island methylator phenotype (CIMP)] linked to sessile serrated pathway[22,23].

Hyperplastic (non-dysplastic) aberrant crypt foci
The earliest known microscopical precursors to CRC
are mucosal abnormalities termed aberrant crypt foci
(ACF). ACF can be further subclassified into two categories: dysplastic and hyperplastic[10,11] (also called as
heteroplastic or non-dysplastic). Dysplastic ACFs, often
termed as microadenomas, have been associated with
sporadic adenomas arising via the traditional pathway[12,13].
Hyperplastic ACF may be serrated or non-serrated[11].
They are very frequent; almost every individual over 50
has at least one ACF in the distal colorectum[14]. Serrated
hyperplastic ACF has a higher frequency of BRAF mutations, than non-serrated ACF, whereas non-serrated ACF
has a higher frequency of KRAS mutations, than serrated
ACF[11,15]. This finding supports the idea that these lesions
are potentially initiating step on the serrated pathway to
CRC[15], however their high frequency imply that only a
small fragment progresses to HP or more advanced lesions of the serrated pathway[9]. BRAF and KRAS (mutually exclusive) mutations induce the activation of the
MAPK-ERK pathway leading to decreased apoptosis and
an initial burst of MAPK-ERK-dependent proliferation,
leading to the formation of hyperplastic crypts. This uncontrolled proliferation is counteracted by a protective
phenomenon called oncogene-induced senescence that is
driven by telomere attrition, that triggers the induction of
tumor suppressors including p16[16] or IGFBP7[17] (insulinlike growth factor binding protein 7), similarly as it was
described in melanocytes. Hyperplastic crypts may remain
dormant for prolonged periods due to the induction of
crypt senescence[8] (Figure 2).

Subclassification of HP
Based on the epithelial mucin content, Torlakovic et al[19]
histologically subclassified HPs into three categories:
goblet cell-rich, microvesicular, and mucin-poor.
Microvesicular hyperplastic polyp (MVHP), also
called type 2 HP, is the most common type and the
typical representation of HPs encountered in the distal
colon. It is characterized by large microvesicular mucincontaining epithelial cells in the upper half of the crypt,
reduced goblet cells compared to normal colonic mucosa,
and goblet cell abnormalities. MVHP shows prominent
serration mostly in the upper half of the crypt and it has
a large proliferative zone, which may take up the basal
half of the mucosa. Nuclear stratification is present, but
it is not prominent. The overall architecture is slightly
distorted and minimal to mild crypt dilatation is present.
Almost all MVHPs are slightly thicker than surrounding
normal colonic mucosa. At the molecular level, MVHPs

HP
HPs are the most common (80%-90%) and the best described serrated polyps. They occur most frequently in
the distal colon and the rectum; they are usually slightly
elevated, diminutive polyps, less than 5 mm in size. Key
morphological features include elongated crypts with ser-
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Figure 2 Schematic representation of the sessile and traditional serrated pathways. N: Normal mucosa; ACF-Hs: Serrated hyperplastic-type aberrant crypt focus; ACF-Hns: Non-serrated hyperplastic-type aberrant crypt focus; MVHP: Microvesicular hyperplastic polyp; OIS: Oncogene-induced senescence; GCHP: Goblet
cell-rich hyperplastic polyp; SSA: Sessile serrated adenoma; TSA: Traditional serrated adenoma; SSA-HGD: Sessile serrated adenoma with high grade dysplasia;
TSA-HGD: Traditional serrated adenoma with high grade dysplasia; SAC: Serrated adenocarcinoma; IGFBP7: Insulin-like growth factor-binding protein 7; MAPK:
Mitogen activated protein kinase-ERK pathway; MLH1: MutL homolog 1; MGMT: O-6-methylguanine-DNA methyltransferase; CIMP-H: CpG island methylator
phenotype-high; CIMP-L: CpG island methylator phenotype-low; MSI-H: High-level microsatellite instability; MSI-L: Low-level microsatellite instability; MSS: Microsatellite stable.

commonly (80%) exhibit BRAF V600E mutation [24],
where valine is substituted for glutamic acid. As it was
discussed above, this induces MAPK-ERK pathway that
is followed by oncogene-induced senescence that includes
overexpression of growth control genes p16 and IGFBP7
holding the cells in a dormant state. Aberrant CpG island
methylation of the promoter region of p16 and IGFBP7
bypasses this dormant state[8] and drives MVHPs further
to the next stage of serrated polyp progression, namely
sessile serrated adenoma[9]. CpG island methylation is
more pronounced in proximal MVHPs than in those located distally[25,26] (Figure 2).
Goblet cell-rich hyperplastic polyp (GCHP), also
known as type 1 HP, is most commonly found in the
distal colon, and is probably the most under-recognized
variant. As its name implies this subtype is abundant of
large, mature, distended goblet cells in the upper half of
enlarged crypts and surface epithelial cells. Surface serrations are less prominent than in MVHP. Nuclear atypia
is generally not present, but nuclei are slightly enlarged.
KRAS mutations (in codon 12 and 13) were detected in almost half of these lesions[24,27], whereas BRAF mutations
were rarely detected[27]. Successor lesions of GCHPs were
rarely observed and it is open question whether they are
self-limiting[9,24] or progress to advanced KRAS-mutated
serrated polyps, presumably traditional serrated adenomas
(TSA)[28] (Figure 2).
The mucin-poor hyperplastic polyp is the rarest form,
almost absent of goblet cells. It has prominent nuclear
atypia, hyperchromatic nuclei, lack of mucin, therefore it
is considered to be a reactive version of MVHP with unknown clinical significance[29].
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This distinction among these HP variants is primarily
of theoretical importance, and an area of academic interest
with little or no clinical importance at the moment. However, the distinction between HPs and more advanced lesions
is of cardinal clinical importance[28] (Table 1).

PRECURSOR LESIONS TO SERRATED
ADENOCARCINOMA
Serrated adenomas
In their landmark paper from 1990, Longacre and
Fenoglio-Preiser[30] retrospectively overviewed 18  000
colorectal polyps and identified 110 (0.6%) as serrated
adenomas. In 2003, Torlakovic et al[19] further divided serrated adenomas into two categories, TSA (those originally
described by Longacre and Fenoglio-Preiser) and a new
group identified as sessile serrated adenomas (SSAs), lesions with a serrated morphology without cytologic dysplasia.
Sessile serrated adenoma
SSAs are thought to be the second most common form
of serrated polyps representing about 20% of all serrated polyps[18,19,31], however more recent studies have
shown decreased prevalence (3%-8%)[32,33]. As mentioned
above, before 2003 SSAs were labeled as “HP”[34]. It was
demonstrated in a recent case series that according to the
new WHO classification for serrated colonic polyps[35] a
considerable proportion of HPs (especially those greater
than 5 mm) were reclassified as SSAs[36].
Still today it is hard to distinguish SSAs from HPs, as
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Traditional serrated adenoma
TSAs were first described by Longacre and FenoglioPresier[30] in 1990. As mentioned above, until 2003 they
were termed serrated adenomas when Torlakovic et al[19]
divided serrated adenomas to SSA and TSA. In 2008 the
same group further characterized these lesions[42]. TSAs
represent the rarest subtype of serrated lesions, with a
frequency of 1%-6%[18]. Similar to the majority of serrated lesions (unlike SSAs), TSAs have a predilection for
the distal colon and the rectum. Macroscopically they
resemble traditional adenomas, as having a pedunculated,
polypoid appearance. Cytologic dysplasia (90% low-grade
and 10% high-grade[18]), as their name implies, is a major
feature of TSAs (Table 1).
In 2008, Torlakovic et al[42] proposed ectopic crypt formation as decisive morphological criterion for diagnosing
TSAs. Ectopic crypts are newly formed aberrant crypts
that lost their anchoring to the underlying muscular layer
of mucosa[18]. Other characteristics include diffuse eosinophilic cytoplasm, mucosal bridges and protrusions
resembling tennis-racquets[42]. On a molecular level, TSAs
are frequently KRAS mutants; however they can exhibit
BRAF mutation, and also lack both mutations.
Filiform serrated adenoma is an unusual, less aggressive
variant of traditional serrated adenoma, with morphological
features similar to TSA[43]. Unlike TSA, filiform SA is composed predominantly of prominent, thin, elongated filiform
projections lined by neoplastic epithelium with a serrated
contour[44].

there are only subtle differences, and SSAs lack the typical features (such as cytologic dysplasia) of traditional
adenomas. SSAs tend to locate in the proximal colon, but
they can also be encountered in the distal colon (Table 1).
The microscopical features of SSAs were first described by Torlakovic and Snover[37] in their landmark paper in 1996, then the term was reintroduced in 2003[19,31].
Microscopically, most characteristic features include horizontal crypt extensions (inverted T- or L- shape) at the
crypt bases, crypt branching, crypt invaginations and inverted crypts beneath the mucosal muscle layer (pseudoinvasion), mature goblet cells at the crypt bases, dilation
in the lower crypts, serration throughout the crypt length,
extending into the lower third of the crypt as well[18,38].
The proliferation zone can extend to the basis of the
crypt. SSAs can exhibit mild nuclear atypia, but always
lack cytologic dysplasia.
Endoscopically, SSAs are flat or slightly elevated, malleable lesions with irregular borders and may be covered
with a thin layer of yellowish mucus giving them a pale
appearance[28,38]. They are usually larger than 5 mm in diameter. Their surface is smooth or granular[28], sometimes
resembling a prominent mucosal fold. These features
altogether make it difficult to detect and remove completely with conventional white-light endoscope, therefore advanced, image-enhanced endoscopy techniques
including traditional or virtual magnifying chromoendoscopy are needed. Chromoendoscopy is an image-enhanced endoscopic technique that highlights differences
in colonic mucosa based on structural patterns, so-called
“pit patterns”. In a recent magnifying endoscopy study a
new Type Ⅱ open-shape pit pattern (Type Ⅱ-O) was described and shown highly predictive of SSAs (with a sensitivity of 65.5% and a specificity of 97.3%). Progression
of SSAs to more advanced lesions was associated with
additional morphological changes, including the Type Ⅲ,
[39]
Ⅳ and Ⅴ pit patterns (Table 1).
On a molecular level, SSAs exhibit BRAF mutation
and high level of CpG island methylation, supporting
the hypothesis that they represent an intermediate stage
between MVHPs and sporadic CIMP-H cancers. It was
shown that SSAs can progress to dysplasia (SSA with
high grade dysplasia, SSA-HGD) and then to CIMP-H
cancers. Methylation and consequential loss of expression of MLH1 (a major DNA mismatch repair gene)
is thought to drive this transformation. Impaired mismatch repair leads to high level of microsatellite instability (MSI-H) (Figure 2). It was hypothesized that this
malignant progression can occur at faster rate than that
observed in the lesions emerging via the traditional pathway[40]. This is based on the observation that SACs are
more prevalent than SSA-HGD[31,32,38]. The exact time of
progression from SSA to SAC is unknown. In a recent
case report an untreated SSA was described to transform
into an early submucosal invasive cancer in a period of 8
months[41]. These data further underline the need for improved detection of these lesions.
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Mixed polyps
Mixed polyps are combinations of traditional adenomas
and serrated lesions. They are postulated to be the result
of collision tumors[45] and successors of SSAs. It is not
encouraged to use this term as it does not disclose the
preinvasive nature of these lesions[18]. Still, “mixed polyp”
is a widely used term and when used it is recommended
to describe the components of these lesions (e.g., TSA
and traditional adenoma etc.)[18].

SERRATED ADENOCARCINOMA
Morphologic features
SAC, a special subtype of colorectal adenocarcinomas
morphologically and histochemically resembling serrated
polyps, was first described by Jass and Smith in 1992[46].
The relationship between serrated adenomas and SAC
were further confirmed by Mäkinen et al[47], then histological characteristics of SAC were described[48] and reviewed by the same group[38]. Based on these seminal reports, most important diagnostic criteria of SAC include
epithelial serrations, eosinophilic and abundant cytoplasm
with vesicular nuclei, chromatin condensation and lack
of necrosis. SAC was further classified into three major
growth patterns. The most common (70%) serrated pattern contains mature, abundant, mucus-producing epithelium with well-preserved polarity, very similar to serrated
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polyps[38]. The mucinous pattern (43%) strongly overlaps
with the first group, and is characterized by eosinophilic
papillary rods (93%) and eosinophilic cell balls floating in
the mucus[38]. The least common (7%) trabecular pattern
is a feature of poorly differentiated SACs, where serrated
structures are absent and cancer cells grow in a trabecular
pattern, but still these cases show eosinophilic epithelium
with vesicular nuclei, uncharacteristic of poorly differentiated traditional CRCs[38].

The prognosis of SAC seems to be defined by its molecular profile (Figure 2). BRAF-mutated, microsatellitestable cancers in the proximal colon confer a very poor
survival [54] with adverse histological features such as
lymphatic and perineural invasion and high tumor budding[55]. On the other hand, BRAF-mutated cancers with
MSI-H phenotype (sporadic MSI-H CRCs) have a favorable prognosis[56].

SERRATED POLYPOSIS: A GENETIC
PREDISPOSITION SYNDROME

Molecular features
Gene expression profiling study by Laiho et al[49] provided molecular evidence that SAC is a biologically distinct
subclass of CRC. Comparison of SAC and conventional CRCs revealed 201 differentially expressed genes.
Three potential candidates were identified that can be
involved in the oncogenesis of SAC: Ephrin receptor
B2 (EPHB2), hypoxia-inducible factor 1-alpha (HIF1α)
and patched (PTCH) appeared as genes important for
the oncogenesis of serrated CRC. EPHB2 and PTCH
expression are decreased in SAC compared to conventional CRC. On the other hand, constitutive overexpression of HIF1α, a major proangiogenic factor, can be the
cause of infrequent necrosis seen in SAC[50]. Activating
mutations of oncogenic BRAF and KRAS are common
findings in SAC[26]. As mentioned above, these mutually
exclusive mutations induce MAPK-ERK pathway that
leads to the inhibition of apoptosis resulting in serrated
appearance. Accumulation of CpG island methylation in
the promoter regions and consequential silencing in key
proapoptotic and tumor suppressor genes, such as p16
or IGFBP7 sets up a vicious circle. It is well established
that methylation of MLH1 leading to MSI-H phenotype
(closely linked with the sessile serrated pathway) and
methylation of MGMT leading to MSI-L are the main
inducing factors in the malignant progression of serrated adenomas (Figure 2).
It is generally thought that CpG island hypermethylation is confined to the serrated pathway (CIMP)[51,52],
however a recent study showed that sporadic CRCs and
precursors arising via the traditional adenoma-carcinoma
pathway also have a characteristic DNA methylation pattern different from those evolving through the serrated
pathway[53].

Serrated polyposis, formerly called hyperplastic polyposis,
is a rare form of intestinal polyposis, initially described
in 1970 by Goldman et al[2]. Current diagnostic criteria,
manifested in 2010[35], include (1) at least five serrated
polyps proximal to the sigmoid colon with two or more
of these being > 10 mm; (2) any number of serrated polyps proximal to the sigmoid colon in an individual who
has a first-degree relative with serrated polyposis; and (3)
> 20 serrated polyps of any size distributed throughout
the colon (not all in the rectum).
Although serrated polyposis provided the first evidences for the malignant potential of serrated polyps, it is
still one of the most under-recognized and poorly understood intestinal polyposis syndrome. This is probably due
to its rarity (1 in 3000)[57], but also to the phenotypic plasticity[58] and overlapping clinical phenotypes within this
disorder[59]. However, based on clinical observations including earlier onset of CRC, multiple cancers, increased
individual and familial risk, accumulating evidence indicates that serrated polyposis is a genetic predisposition
syndrome to CRC and probably confers also an increased
risk for some extracolonic cancers[60].

IMPLICATIONS FOR MANAGEMENT OF
SERRATED POLYPS
It is imperative to detect and completely remove serrated
lesions, as majority of these lesions tend to progress, and
contribute to the development of interval cancers. Data
on the natural history of serrated polyps is limited, only
retrospective studies with small sample size[61] are currently available. High risk serrated polyps are frequently
flat and associated with synchronous advanced colorectal
neoplasms[62]. Magnifying chromoendoscopy can facilitate
to differentiate between serrated polyps, but it is still difficult to distinguish between SSA and typical HP[63]. Both
endoscopists and pathologists should know the most
important features in order to detect and diagnose these
lesions (Table 1).
To date, no consensus guidelines exist on the management of serrated polyps, but new guidelines including
recommendations for management and follow-up of
serrated polyps are expected to be available in the near
future. With the exception of small and diminutive HPs
in the rectosigmoid, that confer no malignant potential,

Clinical characteristics
SAC predominantly locates to cecum (52%) and rectum
(33%)[47]. It is estimated that 16% of proximal CRCs are
SACs, whereas this proportion in the distal colon is only
6%[48]. It is hypothesized that proximal SACs (mostly
MSI-H) arise from SSAs and distal SACs (MSI-L and
MSS) originate from TSAs[38] (Figure 2). While serrated
adenomas are more common in males, SACs are almost
twice (1.9 : 1) as common in females, than in males[48].
The higher risk of malignant progression of serrated
adenomas to SAC in (elderly) women was explained with
postmenopausal estrogen deficiency and decreased folate
level, however this needs to be further investigated[38].
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[18,19,38,39,62]

Table 1 Most important features of serrated polyps

Sessile serrated adenoma
Location
Proximal
Macroscopic
Sessile, flat, covered with mucus, poorly
characteristics
defined borders
Color
Normochromatic, pale
Size
> 5 mm
Molecular features
BRAF mt
Histological
Dilated, branched serrated crypts at the bottom
characteristics
Pit pattern
Open-shape (type II-O)
Precursor
MVHP
Malignant potential
+++
CIMP status
CIMP-H
MSI status
MSI-H or MSS
Gender predominance
Female
Dysplasia
Absent
Ectopic crypt formation
Absent

Traditional serrated adenoma

Hyperplastic polyps

Distal
Protruding, pedunculated

Distal
Flat

Reddish
> 5 mm
KRAS mt
Prominent crypt serration, ectopic crypt formation

Pale
< 5 mm

Fern or pinecone-like
GCHP
++
CIMP-L
MSI-L or MSS
Male
Present
Present

Serrations at the top
Starlike (type II)
ACF
MSS
Male
Absent
Absent

MVHP: Microvesicular hyperplastic polyp; GCHP: Goblet cell-rich hyperplastic polyp; ACF: Aberrant crypt focus; CIMP-H: CpG island methylator
phenotype-high; CIMP-L: CpG island methylator phenotype-low; MSI-H: High-level microsatellite instability; MSI-L: Low-level microsatellite instability;
MSS: Microsatellite stable.

Table 2 Colonoscopic management and surveillance strategies for serrated polyps based on experts’ opinion and current
[28,34,51,63]
literature
Serrated polyp

Intervention

Surveillance interval

Hyperplastic polyp in the rectosigmoid
SSA without dysplasia

No surveillance recommended
Endoscopic resection (EMR)

SSA with dysplasia

Endoscopic resection (EMR)

TSA

Endoscopic resection (cold-snare)

Serrated polyposis

Endoscopic resection

Serrated polyposis in first-degree relative

Screening at an age 10 yr younger

Screening colonoscopy at 10 yr
< 3 lesions, < 1 cm: 5 yr
≥ 3 lesions, ≥ 1 cm: 3 yr
Complete: 2-6 mo
Incomplete: Segmental colectomy
Complete: 3 yr
Incomplete: Segmental colectomy
Follow-up colonoscopy at 6-12 mo
Children: screening at an age 10 yr younger than index case
Follow-up colonoscopy at 12 mo

SSA: Sessile serrated adenoma; TSA: Traditional serrated adenoma; EMR: Endoscopic mucosal resection.

all other serrated polyps should be endoscopically removed. If endoscopic resection cannot be implemented,
then segmental colectomy is advised[51]. There is no consensus among experts on the optimal post-polypectomy
surveillance intervals, however because of lack of data
and presumed faster progression rate a more intensive
surveillance is recommended (Table 2).
Due to their sessile nature, SSAs are difficult to detect
and remove endoscopically. For the removal of flat SSAs
endoscopic mucosal resection (EMR) is the method of
choice[34]. It is recommended to use a chromoendoscopy
contrast dye (either onto the surface or injected submucosally) to define the border of the lesion, lifting it, then
snare removing in toto or in multiple sessions[28,34]. It is important to note that because of the thin wall of proximal
colon (where SSAs typically locate[65]), this difficult technique is even more challenging, as one has take the complications of EMR (bleeding, perforation, incomplete
resection) into account and it is advised to use argon
plasma coagulation to reduce the risk of complications
and recurrence[34,66].
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CONCLUSION
It is getting generally accepted that CRC is a heterogeneous disease. Serrated pathway is serrated pathway is a
rapidly evolving concept in colorectal carcinogenesis and
it is postulated that 10%-20% of CRCs arise via this alternative pathway. In the past two decades since its original
description our knowledge of morphologic and molecular
alterations of serrated lesions has greatly expanded and
these lesions are getting increasingly recognized. A major
challenge is how to translate these new findings into clinical practice and how to determine appropriate surveillance
intervals in order to avoid interval cancers. Further investigation is needed to better characterize natural history,
optimize management and improve clinical outcomes.
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INTRODUCTION
Colorectal cancer is responsible for 8% of all cancer
deaths worldwide, with an estimated 608 000 deaths annually, and it is ranked as the fourth most common cause
of death from cancer[1]. It has been estimated that the
numbers of deaths due to colorectal cancer will reach
approximately 376 700 by 2020 in Asia[1].
A decline in colorectal cancer mortality has been
observed in most western and northern European countries[2] and the United States[3]. Among Asian countries,
the mortality started to decrease in the early 1990s in
Japan[4,5]. The trends in colorectal mortality differ by
geographic region, sex, and age group[6]. In this review,
we analyzed the trends in colorectal cancer mortality in 4
Asian countries stratified by sex and age groups.

Abstract
To clarify the trend in colorectal cancer mortality in
Asian countries. We analyzed the colorectal cancer
mortality in four Asian countries using the World Health
Organization mortality database and the Korea National
Statistics Office database. The annual age-standardized
rates and truncated rated for the three age groups
(30-49, 50-69 and ≥ 70 years) for Hong Kong of
China (1969-2009), Japan (1955-2009), South Korea
(1985-2006), and Singapore (1966-2009) were estimated. A joinpoint regression model was used to detect
significant trends in mortality rates. Colorectal cancer
mortality in men started to decrease in 1992 in Japan
followed by Singapore and Hong Kong of China in
1995. The mortality rates in women stared to decrease
in 1980 in Singapore, followed by Hong Kong of China
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DATA ANALYSIS
Colorectal cancer mortality data were extracted from
the World Health Organization (WHO) mortality data250
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base[7]. The 3 countries or regions with data available for
the longest period were Japan (since 1955), Singapore
(since 1966) and Hong Kong of China (since 1969) were
included in the analysis. In addition, Korean data were
available from the WHO mortality database for 1985
to 2006 and from the Korea National Statistics Office
for 2007 to 2010 and were included in the study[8]. The
annual age-standardized rates (ASR) and the truncated
rates for the 3 age groups (30-49, 50-69 and ≥ 70 years)
were estimated using the world standard population.
The trends in colorectal cancer mortality were tested
using joinpoint regression models, using Joinpoint software version 3.5.3. The software was developed by the
Surveillance Research Program of the United States
National Cancer Institute and is based on the Poisson
assumption[9]. A maximum of 3 joinpoints was allowed,
and the default settings were used.
Table 1 shows the age-adjusted mortality rates for
colorectal cancer in the 4 countries. Singapore showed
the highest female mortality rates of the 4 countries from
1966 to 2009. Singapore also showed the highest male
mortality during the same period, except for 2005, when
males in Hong Kong of China showed a slightly higher
rate. Korean men and women showed the lowest rates
among the 4 countries.
Table 2 shows the results for the joinpoint regression analyses. Colorectal cancer mortality in men started
to decrease in 1992 in Japan, followed by Singapore and
Hong Kong of China in 1995. The mortality rates in
women stared to decrease in 1980 in Singapore, followed
by Hong Kong of China and Japan in 1996. In South
Korea, the mortality rates plateaued in 2002 in men and
started to decrease in 2004 in women.
In men, the decline in mortality started for younger
age groups first. In Japan, mortality started to decrease in
1977 for the 30-49 years age group, in 1995 for the 50-69
years age group, and in 1998 for the 70 and older age
group (Table 2). A similar trend was observed for Hong
Kong of China, Singapore and South Korea. Similarly, a
significant decrease in APC was first observed for younger age groups in Hong Kong of China, Japan and South
Korea in women. For example, in Hong Kong of China,
female mortality began to decrease in 1992 for the 30-49
years age group, in 1994 for the 50-69 years age group,
and in 2002 for the 70 years and older age group. Whereas, for women in Singapore, the decrease began in 1980
in the 50-69 years age group, which was 4 years earlier
than among the 30-49 years age group (Table 2). Figure 1
shows the trends in colorectal cancer mortality rates for
the 3 age groups in Hong Kong of China, Japan, South
Korea, and Singapore between 1955 and 2010.

decline in 1978[10]. The APC for white men was -0.6%
between 1973 and 1978 and -2.0% in 1986[10]. The decline
in the mortality of white women was more rapid, with an
APC of -2.1% between 1973 and 1997[10].
In Asia, a reduction in colorectal cancer mortality has
been observed for economically advanced regions, such as
Japan, Hong Kong of China, Singapore, and more recently, in South Korea. Notably, the decline started in younger
age groups. A more favorable mortality trend and a consequent widening of the survival gap between the elderly
and middle age groups were observed in Europe[2,6,11].
In contrast, the incidence rates for colorectal cancer in
these countries have increased, except for men and women in Japan and women in Hong Kong of China[4,12-14].
Singapore experienced a sharp increase in the colorectal
cancer incidence between 1968 and 2002, particularly
among older men [12] . In Hong Kong of China, the
ASR peaked in 1994 and has since declined in women,
whereas the ASR progressively increased in men[14]. The
increase was notable among men above 60 years old and
women above 70 years old[14]. Similarly, the APCs for the
incidence rate of colorectal cancer was prominent among
older Korean men and women between 1999 and 2009[13].
Japan is the only Asian country in which the incidence
rates for colorectal cancer have decreased in both men
and women[4]. The Osaka Cancer Registry data showed
that the overall colorectal cancer incidence in women has
decreased since 1995. In men, the rate has been stabilized
since 1996[9].
Changes in risk factors, particularly those related to
lifestyle, have been suspected as main contributors to the
colorectal cancer increase. Among modifiable lifestyle
factors, alcohol consumption, obesity, cigarette smoking,
and dietary habits (e.g., red meat and processed meat consumption) have been associated with colorectal cancer
risk[15,16]. In a study for population-attributable fractions
of cancer in Japan, 31%-33% of the colorectal cancer
incidence or mortality was explained by known preventable risk factors, such as alcohol consumption, cigarette
smoking, obesity, and physical inactivity[17] when men
and women combined. Among them, alcohol consumption was attributed for the greatest portion, followed by
cigarette smoking and obesity. In a Chinese study, the
population-attributable fraction of known preventable
risk factors for cancer death was 14.6% for colon cancer and 2.2% for rectal cancer[18]. Alcohol consumption
was accountable for 32.9% of male colorectal cancer
and 2.1% of female colorectal cancer in Japan [17]. In
China, alcohol consumption was accountable for 2.1%
and 0.2% of colorectal cancer cases in men and women,
respectively[19]. The prevalence and amount of alcohol
consumption in these countries and South Korea have
not decreased during the last few decades[17,18,20]. However, the prevalence of obesity, particularly in men, and a
sedentary lifestyle has increased in Hong Kong of China,
South Korea, and Japan[14,17,21]. Fortunately, the prevalence
of cigarette smoking has declined in South Korea, Japan,
and China[17,18,20]. These changes may explain the transition in the colorectal cancer epidemiology in these Asian
countries.

DISCUSSION
Colorectal cancer mortality in the European Union has
declined since the early 1980s. These decreases were observed in most western and northern European countries,
whereas a persistent excess in mortality was observed in
Hungary and the Czech Republic[6]. In the United States,
colorectal cancer mortality rates in white men began to
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Table 1 Colorectal cancer mortality rates in Hong Kong of China, Japan, South Korea and Singapore, 1955-2010 (age-standardized
mortality rates per 100 000)
Country or area
Hong Kong (China)
Japan
South Korea
Singapore

Period

Men

1969-2009
1955-2009
1985-2010
1966-2009

Women

1955

1975

1995

2005

1955

1975

1995

2005

14.5
-

29.7
23.8
37.2

40.7
38.2
8.6
52.1

37.8
34.8
30.5
36.8

12.5
-

18.8
18.3
26.1

26.1
22.3
11.8
31.7

23.4
20.8
17.2
27.5

Table 2 Joinpoint analysis for colorectal cancer mortality at all ages and at age 30-49, 50-69 and ≥ 70 year in Hong Kong of China,
Japan, South Korea and Singapore, 1955-2010
Trend 1
Men
All ages
Hong Kong (China)
Japan
South Korea
Singapore
30-49 yr
Hong Kong (China)
Japan
South Korea
Singapore
50-69 yr
Hong Kong (China)
Japan
South Korea
Singapore
≥ 70 yr
Hong Kong (China)
Japan
South Korea
Singapore
Women
All ages
Hong Kong (China)
Japan
South Korea
Singapore
30-49 yr
Hong Kong (China)
Japan
South Korea
Singapore
50-69 yr
Hong Kong (China)
Japan
South Korea
Singapore
≥ 70 yr
Hong Kong (China)
Japan
South Korea
Singapore

Trend 2

Trend 3

Year

APC

Year

APC

1969-1995
1955-1975
1985-2002
1966-1995

1.31
2.01
7.91
1.41

1995-2009
1975-1992
2002-2010
1995-2009

-0.1
1.21
0.3
-1.51

1969-2009
1955-1960
1985-2002
1966-1989

-1.11
-1.0
2.51
0.5

1960-1977
2002-2010
1989-2009

3.81
-2.1
-2.61

1969-1994
1955-1963
1985-2003
1966-1989

1.21
0.4
6.51
2.11

1994-2009
1963-1995
2003-2010
1989-2009

-0.4
2.91
-1.41
-1.21

1969-2001
1955-1980
1985-1994
1966-1995

1.91
3.41
14.01
1.71

2001-2009
1980-1998
1994-1998
1995-2009

-0.8
2.01
5.9
-0.9

1969-1996
1955-1960
1985-1994
1966-1980

1.51
14.31
9.91
4.71

1996-2009
1960-1983
1994-2004
1980-1998

-1.71
2.91
4.31
-0.2

1969-1992
1955-1963
1985-1991
1966-1984

0.4
0.2
8.81
2.8

1992-2009
1963-1974
1991-2010
1984-2009

-2.41
3.11
-0.6
-3.21

1969-1994
1955-1963
1985-1994
1966-1980

1.01
0.4
8.31
4.41

1994-2009
1963-1992
1994-2003
1980-2009

-2.31
1.41
3.31
-1.81

1969-2002
1955-1975
1985-1993
1966-1981

2.51
3.11
16.91
5.81

2002-2009
1975-1999
1993-2003
1981-2000

-1.91
1.11
7.71
0.91

Trend 4

Year

APC

Year

APC

1992-2004

-0.41

2004-2009

-2.21

1977-1998

-0.51

1998-2009

-2.51

1995-2009

-1.61

1998-2009
1998-2002

-0.91
12.21

2002-2010

1.11

1983-1996
2004-2010
1998-2009

0.91
-1.21
-2.61

1996-2009

-0.71

1974-1991

0.3

1991-2009

-2.11

1992-2004
2003-2010

-0.81
-1.1

2004-2009

-2.51

1999-2009
2003-2010
2000-2009

-0.91
0.0
-2.61

1

P < 0.05 vs the younger age groups. APC: Annual percent change.

A rapid increase in the incidence among older age
groups may reflect the accumulated exposure to risk factors[22]. In contrast, a major contributor to the mortality
reduction for colorectal cancer in the younger generation is the adaptation of screening programs. In Japan, a
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colorectal cancer screening program using a fecal occult
blood test (FOBT) has been in place since 1992 under
the Health Services Law for the Aged[23]. Colorectal can
cer screening programs were introduced as a part of the
National Cancer Screening Program for Medical Aid
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Figure 1 Trends in age-standardized colorectal cancer mortality rates per 100 000 in Hong Kong of China, Japan, South Korea and Singapore, 1955-2010. A:
Men 30-49 yr; B: Men 50-69 yr; C: Men ≥ 70 yr; D: Women 30-49 yr; E: Women 50-69 yr; F: Women ≥ 70 yr.

recipients and National Health Insurance beneficiaries in
the lower income bracket in 2004 in South Korea[24]. The
FOBT is provided free of charge as a primary modality
for men and women aged 50 years or older. FOBT-posWCG|www.wjgnet.com

itive individuals were provided follow up by either colonoscopy or a double-contrast barium enema[24]. According
to the Korean National Cancer Screening Survey, which
covers both organized and opportunistic cancer screen253
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ing programs, the lifetime screening rates for colorectal
cancer were 25.3% in 2004 and 54.2% in 2010[25]. Although colorectal cancer screening for the average-risk
population is recommended to start at 50 years of age,
a national screening program is not available in Singapore[26]. However, compliance with opportunistic screening in Singapore was reasonably high[26].

12

13

CONCLUSION

14

In Hong Kong of China, Japan, South Korea and Singapore in which economic development and the westernized lifestyle were adopted early, colorectal cancer mortality has started to decrease. The decline or stabilization of
mortality occurred the earliest in younger age groups and
in women. The most important contributor to the decline in mortality is the introduction of colorectal cancer
screening programs, although the role of the transition
of lifestyle risk factors needs to be addressed.
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are regarded as promising chemopreventive agents.
Hence, regular consumption of these natural bioactive
compounds found in foods can contribute to prevention, suppression, and/or delay of gastroenterological
cancer development. In this review, we will summarize
natural phytochemicals possessing potential antioxidant and/or anti-inflammatory and anti-carcinogenic
activities, which are exerted by regulating or targeting
specific molecules against gastroenterological cancers,
including esophageal, gastric and colon cancers.

Abstract

INTRODUCTION

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Curcumin; Resveratrol; (-)-Epigallocatechin
gallate; Isothiocyanates; Sulforaphane; Gastroenterological cancers; Molecular target
Original sources: Chung MY, Lim TG, Lee KW. Molecular
mechanisms of chemopreventive phytochemicals against gastroenterological cancer development. World J Gastroenterol 2013; 19(7):
984-993 Available from: URL: http://www.wjgnet.com/1007-9327/
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Cancer is a leading cause of death worldwide. Surgery,
chemotherapy and radiation therapy are commonly used
cancer treatments. However, these can cause a number
of side effects, and complete cure is often infeasible for
most patients suffering from specific cancers. Epidemiological studies have suggested that regular consumption
of vegetables, fruits, red wine and tea is associated with
lower incidences of many chronic diseases, including
cancers[1-4]. A recent review reported that natural bioactive compounds found in various foods can activate
or deactivate molecular signaling cascades by targeting
small molecules in cancer cells[5]. A number of natural
phytochemicals, including isoflavones, gingerol, (-)-epi-

Cancer is one of the leading causes of death worldwide. Commonly used cancer treatments, including
chemotherapy and radiation therapy, often have side
effects and a complete cure is sometimes impossible.
Therefore, prevention, suppression, and/or delaying
the onset of the disease are important. The onset of
gastroenterological cancers is closely associated with
an individual’s lifestyle. Thus, changing lifestyle, specifically the consumption of fruits and vegetables, can help
to protect against the development of gastroenterological cancers. In particular, naturally occurring bioactive
compounds, including curcumin, resveratrol, isothiocyanates, (-)-epigallocatechin gallate and sulforaphane,
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gallocatechin gallate (EGCG), quercetin, resveratrol, and
curcumin have been identified to be chemopreventive
and their significant health benefits are an active field of
research[5]. In particular, gastroenterological cancers are
closely associated with lower consumption of fruits or
vegetables. Therefore, in this review, we will summarize
the natural phytochemicals possessing potential antioxidant and/or anti-inflammatory and anti-carcinogenic
activities, which act by regulating or targeting specific
molecules against gastroenterological cancers, including
esophageal, gastric and colon.

demonstrated that PEITC (> 1.0 μmol/g diet) protects
against esophageal cancer by inhibiting tumor incidence
and multiplicity in rats treated with N-nitrosobenzylmethylanime (NMBA), the most potent inducer of esophageal
tumors and is commonly used to study the pathogenesis
of esophageal cancer[16].
Several studies of the molecular mechanism whereby
PEITC inhibits NMBA-induced esophageal tumorigenesis have revealed that PEITC suppresses the activity of
cytochrome P450 enzymes in rats with NMBA-induced
esophageal cancer[11,17,18], and also inhibits DNA methylation by inhibiting the formation of the pro-mutagenic
adduct O 6-methylguanine in rat esophageal DNA [16].
Significant correlations between DNA adduct formation and tumor multiplicity have been observed in rat
lungs as well as esophagi[18], indicating that DNA adduct
formation probably contributes to tumor incidence and
multiplicity. Collectively, PEITC is likely to have anti-carcinogenic activity via regulation of P450 enzyme activity
and inhibition of DNA damage, contributing to the prevention of esophageal cancer. However, no direct target
has been identified. Hence, future investigation is needed
to elucidate the molecular target(s) of isothiocyanates or
their metabolites in the prevention and/or treatment of
esophageal cancer.

PHYTOCHEMICALS IN ESOPHAGEAL
CANCER
Esophageal cancer is the eighth most common cancer
and is the sixth most common cause of cancer-related
deaths[6]. Due to the lack of symptoms, individuals are
rarely aware of their condition until the metastatic stages
of the disease[7]. Despite developments in current cancer
treatments, including chemotherapy, radiation therapy,
and surgery (esophagogastric resection), patients with
esophageal adenocarcinoma are not often cured of the
disease[8]. Statistical analysis for the past 5 years shows
that Americans and Europeans with esophageal cancer
have relatively low survival rates, 10%-15% and 10% respectively[9]. Moreover, this suggests that the esophageal
tumors are resistant to regular therapies and, thus, alternative strategies for the treatment and/or prevention of
esophageal cancer are required.
Major risk factors for esophageal cancer are chewing
and smoking tobacco, drinking alcoholic beverages[10],
low consumption of fruits and vegetables[1] and consumption of salt-cured, salt-pickled, and moldy foods[11].
Therefore, quitting cigarette smoking, reducing alcohol
consumption, increasing fruit and vegetable consumption, and avoiding foods containing nitrosamines and
nitrosamine precursors are critical for the prevention
of this disease. In addition to such lifestyle changes,
identifying foods or food constituents that can help to
prevent, suppress, and/or delay the onset of esophageal
cancer is essential[12,13]. Recent attention has focused on
the beneficial actions of natural phytochemicals, such
as isothiocyanates, curcumin, and resveratrol, against
esophageal cancer (Table 1). Although the underlying
molecular mechanisms have not been fully understood,
such natural chemicals are known to protect against disease progression by targeting specific proteins.

EGCG
Polyphenols are major components of tea. One-third
of the dry weight of green or black tea is composed of
polyphenols, which have powerful antioxidant and antiinflammatory potential[19]. Wang et al[20] reported that
both decaffeinated green and black tea consumption reduced esophageal tumorigenesis and molecular events in
rats treated with N-nitrosomethylbenzylamine, which is
probably due to the suppression of tumor incidence and
multiplicity[21]. EGCG is the most abundant and active
constituent among tea polyphenols. In general, the anticarcinogenic activities of EGCG are mediated via multiple mechanisms, including the inhibition of mitogen activation protein kinases (MAPK), activator protein-1 and
cell transformation[22-24], inhibition of epidermal growth
factor receptor (EGFR) phosphorylation[25], induction of
cell cycle arrest (G0/G1)[26,27] and apoptosis[28], and inhibition of DNA methyltransferase (DNMT) activity[29].
EGCG also regulates multiple targets and mechanisms in protecting against esophageal cancer. EGCG (40
μmol/L) inhibits phosphorylation of ERK1/2, c-Jun,
and cyclooxygenase-2 (COX-2), which are increased in
the human esophageal cancer cell lines SKGT-4 and
TE-8 as well as in esophageal tissue specimens obtained
from patients[30]. In vivo analysis using nude mouse xenograft models also confirmed that lower tumor formation
and growth are associated with the decreased expression
levels of phosphorylated extracellular-signal-regulated
kinase (ERK) and COX-2 induced by EGCG treatment(50 μg/kg per day)[30]. Together these suggest that
EGCG may protect against esophageal cancer by reducing pro-inflammatory mediators, including ERK, c-Jun

Isothiocyanates
Isothiocyanates are naturally occurring phytochemicals in
cruciferous vegetables, including Chinese watercress, cabbage, Brussels sprouts, turnips and cauliflower[14]. In the
gastrointestinal tract, isothiocyanates are released from
their precursor via hydrolysis catalyzed by myrosinase.
Of its metabolites, phenethyl isothiocyanate (PEITC)
has been reported to be rapidly absorbed and distributed
in mice following oral administration[15]. Studies have
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Table 1 Chemopreventive
Chemopreventive phytochemicals
phytochemicals and
and their
their actions
actionsand
andtargets/mechanisms
targets/mechanismsduring
duringthe
thedevelopment
developmentofofesophageal
esophagealcancer
cancer,
gastric cancer and colon cancer
Natural phytochemical
Esophageal Isothiocyanate
cancer
EGCG

Curcumin

Gastric
cancer

Curcumin

Chemopreventive action

Targets/mechanisms

Inhibition of DNA damage
Inhibition of tumorigenesis
Anti-inflammation

Inhibition of DNA methylation
Inhibition of cytochrome P450 enzymes activity
Inhibition of phosphorylated ERK1/2, c-Jun and COX-2 expressions
Decreased COX-2 expression and PGE2 production
Inhibition of EGFR phosphorylation
Inhibition of cyclin D1
Inhibition of DNA methyltransferase activity
Induction of SOD-1
Inhibition of COX-2
Inhibition of NF-κB activity
Inhibition of IL-8 mRNA expression
Inhibition of Notch signaling
Downregulation of NF-κB
Induction of apoptotic genes Bcl-2 and Bcl-xL
Downregulation of EGFR-PAK1

Growth inhibition
Induction of cell cycle arrest
DNA damage
Antioxidant
Anti-inflammation

Apoptosis and cell cycle arrest
Chemoresistance
Suppression of cell proliferation
and invasion

Resveratrol

Inhibition of cell cycle progression

Sulforaphane

Induction of apoptosis
Protection against oxidative stress
Anti-bacterial activity

Colon
cancer

Curcumin

Growth inhibition
Suppression of tumorigenesis

Resveratrol

Anti-proliferation Apoptosis
Apoptosis growth inhibition

Ref.

Reduction of cyclin D1 expression
Inhibition of PKC
MEK1/2-ERK1/2-c-Jun
Reduction in Bcl-2, enhancing Bax gene
Stimulation of Nrf2
Enhancement of GST and glutathione levels
Decrease in gastric bacterial colonization
Reduction in the expression of TNF-α and IL-1β
EGFR/IGFR
ERK/Egr-1/EGFR
AMPK-COX-2
Wnt/β-catenin
IGF-1, p53
PPP-FAK signaling
AMPK

[17]
[11,18]
[30]
[32]
[31]
[32]
[29]
[46]
[46]
[50-52]
[52]
[57]
[61]
[61]
[62]
[62]
[72,73]
[74]
[76,77]
[78-80]
[78,81]
[82]
[82]
[102]
[87,96]
[101]
[102,106]
[108]
[109]
[110]

ERK: Extracellular-signal-regulated kinase; COX-2: Cyclooxygenase-2; PGE2: Prostaglandin E2; EGFR: Epidermal growth factor receptor; EGCG: Epigallocatechin gallate; SOD: Superoxide dismutase; NF-κB: Nuclear factor κB; IL-8: Interleukin-8; PKC: Protein kinase C; MEK: Mitogen-activated protein kinase;
Bcl-2: B-cell lymphoma 2; GST: Glutathione S-transferase; TNF: Tumor necrosis factor; IGFR: Insulin-like growth factor receptor; PPP: Pentose phosphate
pathway; FAK: Focal adhesion kinase; AMPK: Adenosine monophosphate-activated potein kinase.

and COX-2 in in vitro carcinogenesis and in vivo tumorigenesis models, and cancer patients.
EGCG inhibits phosphorylation of EGFR and HER2/neu in KYSE 150 esophageal squamous cell carcinoma, leading to the inhibition of growth factor receptor
and, thus, exerting anti-carcinogenic activity[31]. Another
study demonstrated that EGCG (4 mg/kg i.p.) attenuates
cyclin D1 and COX-2 gene expression, thereby reducing the production of prostaglandin E2 (PGE2) in rats
treated with NMBA[32]. This suggests that cyclin D1 and
COX-2 may act as partial targets of EGCG. EGCG-me
diated decrease in PGE2 production following NMBA
treatment was further supported by another study using
F344 rats[33]. Lastly, EGCG also inhibits DNA methylation, thereby suppressing the onset of esophageal
cancer. Indeed, hypermethylation of DNA is associated
with critical events during cancer progression, such as
cell cycle regulation, DNA repair, and apoptosis[34-36].
In particular, methylation of CpG by DNMT is known
to cause chromosome condensation and transcription
repression[37,38]. The importance of DNA demethylation
has been emphasized in strategies to develop cancer
therapies and was further supported by studies using

WCG|www.wjgnet.com

DNMT inhibitors. Treatment with DNMT inhibitors
leads to the inhibition of cancer cell growth, induction
of cancer cell apoptosis, and attenuation of tumor volume in mice[39-42]. In fact, Fang et al[29] demonstrated that
EGCG acts as a potent DNA methylation inhibitor by
suppressing DNMT activity, leading to the demethylation
of CpG and reactivation of methylation-silenced genes
in the human esophageal cancer cell line KYSE 510.
Curcumin
Curcumin is a yellow pigment derived from turmeric,
the powdered rhizome of Curcuma longa Linn. Accumulating evidence suggests numerous health benefits
of curcumin, including antioxidant, anti-inflammatory,
and anti-carcinogenic properties[43,44], which are probably
mediated by regulation of multiple intracellular targets[5].
Multiple molecular targets have been identified using
various cancer cell lines and xenograft animal models of
esophageal cancer.
Curcumin is a well-known antioxidant [43]. Excess
amounts of reactive oxygen species (ROS) lead to the
initiation, progression, and promotion of various cancers[45]. Therefore, the role of antioxidants is critical dur-
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Curcumin
It has been suggested that curcumin inhibits H. pylori
infection in mice by reducing its growth[60]. The mechanisms of cellular growth and potential therapeutic capacity of curcumin have been further investigated by in vitro
studies using multiple gastric cancer cell lines. Curcumin
protects against chemoresistance in human gastric cancer
cells by downregulating NF-κB and subsequent NF-κBmediated anti-apoptotic genes, such as Bcl-2 and Bcl-xL
in the human gastric cancer SGC 7901 cell line[61].
In addition, curcumin reduces EGFR expression and
the activity of p21-activated kinase (PAK)1, a downstream regulator of EGFR. Curcumin also reduces NFκB activity, regulated by PAK1, leading to decreases in
cell proliferation by reducing the mRNA and protein
expression of cyclin D1 and suppresses cell cycle progression from the G1 to S phases. Therefore, curcumin
inhibits the proliferation and invasion of various gastric
cancer cells[62].

ing the development of cancers. In fact, treatment with
curcumin (10-100 μmol/L) reversed suppression of the
powerful antioxidant superoxide dismutase (SOD)-1 and
induction of COX-2 gene expression following treatment with bile acid in an esophageal epithelial cell line
(HET-1A)[46]. This suggests that the antioxidant capacity
of curcumin contributes to the prevention of esophageal cancer by increasing the activity and/or expression
levels of antioxidant enzymes, including SOD, and reducing pro-oxidant enzymes, such as COX-2.
In addition to its antioxidant capacity, curcumin
exerts its anti-cancer activities via its anti-inflammatory
activity. Nuclear factor κB (NF-κB) is a well-known proinflammatory transcription factor involved in the initiation, promotion and progression of cancers[47]. It is
also known that increased NF-κB activity is associated
with greater cell proliferation, invasion, angiogenesis,
metastasis, suppression of apoptosis, and chemoresistance in various types of cancer[48,49]. Several studies have
demonstrated that curcumin inhibits NF-κB activity in
esophageal adenocarcinoma[50,51]. Rawat et al[52] reported
that curcumin (50 μmol/L) protects against bile acidinduced enhanced NF-κB activity in an esophageal cell
line (OE33), which in turn reduces the expression levels
of NF-κB target genes, including interleukin (IL)-8. In
addition, patients with Barrett’s esophagus supplemented
with curcumin (a 500 mg curcumin tablet daily for 7 d)
showed decreased IL-8 mRNA expression, suggesting
that curcumin can act as a potential chemopreventive
agent against esophageal cancer[52].
Recently, it was demonstrated that curcumin induces
cell death (apoptosis) and cell cycle arrest by blocking
Notch signaling pathways. Notch signaling was recently
found to be upregulated in esophageal cancer and is as a
therapeutic target for esophageal cancer due to its critical roles in tumor cell proliferation, apoptosis and stem
cell maintenance and renewal[53-56]. Inhibition of Notch
signaling in oral squamous carcinoma cells by curcumin
also contributes to downregulation of NF-κB, which in
turn reduces the expression of target genes of NF-κB,
including Bcl-2, cyclin D1, vascular endothelial growth
factor, and matrix metalloproteinase-9[57].

Resveratrol
Resveratrol is a highly abundant polyphenol found in
red grapes and red wine. Epidemiological studies have
revealed an inverse relationship between red wine consumption and the incidence of cardiovascular disease[63,64].
The cardioprotective effect of red wine was attributed to
resveratrol[65]. During the last two decades, extensive research has focused on the antioxidant, anti-inflammatory
and anti-carcinogenic health benefits of resveratrol[66].
Specifically, resveratrol was found to have antibacterial
effects[67] by inhibiting the growth of multiple H. pylori
strains[68-70]. Increased expression of IL-8 and increased
production of ROS were detected in the gastric mucosa
following exposure to H. pylori. Furthermore, H. pylorimediated infection increases motility and leads to morphological changes in co-cultured cells, known as the
hummingbird phenomenon. Treatment with resveratrol
(1-100 μmol/L) significantly attenuated IL-8 secretion,
ROS formation, and markedly inhibited morphological
changes in cells infected with H. pylori[71]. Hence, resveratrol is a candidate therapeutic agent against gastric cancer.
Resveratrol inhibits cell cycle progression of nitrosamine-stimulated KATO-Ⅲ and RF-1 cells by inducing
cell cycle arrest in the G0/G1 phase through inhibiting
kinase C-mediated mechanisms and induces apoptotic
cell death in various gastric adenocarcinoma cell lines[72,73].
Another mechanism by which resveratrol regulates cell
proliferation is associated with the MEK1/2-ERK1/2c-Jun signaling cascade, a critical signaling pathway in
the proliferation and growth of human adenocarcinoma
gastric cells. Resveratrol was found to suppress the phosphorylation of MEK1/2-ERK1/2, which subsequently
inhibits translocation of c-Jun into the nuclear compartment, leading to inhibition of cell proliferation[74].
In addition to the inhibition of cell proliferation, resveratrol (50-200 μmol/L) induces apoptosis in human
gastric cancer SGC7901 cells by producing ROS, which
can be reversed by treatment of cells with SOD or catalase, leading to the attenuation of resveratrol-mediated

PHYTOCHEMICALS IN GASTRIC CANCER
Gastric cancer is the seventh most common cause of
cancer-related mortality in the world. Exposure to chemical carcinogens or Helicobacter pylori (H. pylori) infection
causes several events which may lead to the development
of gastric cancer [58]. In particular, H. pylori infection
results in infiltration of neutrophils and macrophages
into the gastric mucosa. Infiltration of neutrophils and
macrophages leads to the production of free radicals,
including superoxide and nitric oxide. ROS-mediated
stress responses result in gastric mucosal injury, ulcers,
and ultimately gastric cancer[59]. Therefore, agents that
have powerful antioxidant potential via scavenging ROS
or enhancing antioxidant capacity may help to protect
against gastric cancer development (Table 1).
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cellular apoptosis[75]. Resveratrol induces apoptosis in
esophageal carcinoma (EC-9706) cells, mediated by reducing the expression of Bcl-2 and enhancing that of
the pro-apoptotic gene Bax[76]. Resveratrol can induce
apoptosis of transplanted tumor cells, probably mediated by downregulation of the anti-apoptotic gene bcl-2
and upregulation of the apoptotic gene Bax by resveratrol in implanted primary human gastric cancer cells in
nude mice[77].

nization as well as reduced expression of tumor necrosis
factor (TNF)-α and IL-1β in the gastric mucosa, contributing to amelioration of inflammation and, thus, prevention of high salt-induced gastric corpus atrophy[82].
Interestingly, the anti-bacterial and anti-inflammatory activities of sulforaphane were not observed in mice with
Nrf2 gene depletion, suggesting that sulforaphane exerts
its effect via Nrf2[82].

PHYTOCHEMICALS IN COLORECTAL
CANCER

Sulforaphane
The natural chemical compound sulforaphane is an isothiocyanate and is abundant in cruciferous vegetables,
especially broccoli[59]. Sulforaphane is present as sulforaphane glucosinolates (SGS), which is biologically inactive.
SGS is hydrolyzed by the action of myrosinase in the
oral cavity and small intestine to produce sulforaphane.
Biologically active sulforaphane is ultimately absorbed
into the systemic circulation, where it exerts various activities[59]. Although sulforaphane is not itself an antioxidant, it exerts antioxidant activity by stimulating Nrf2-depedent antioxidant enzymes, such as glutathione S-transferase (GST), thereby protecting cells against oxidative
stress[78-80]. Compared to other strong antioxidants, such
as vitamin C or polyphenols, sulforaphane maintains the
activities of antioxidant enzymes, including NAD(P)H:
quinone oxidoreductase (NQO1) and GST in the gastric
mucosa of Nrf2-/- mice infected with H. pylori and fed a
high salt diet[59]. This renders sulforaphane a more potent
antioxidant substance and mediates its protection of the
gastric mucosa against oxidative stress.
Sulforaphane increases detoxification as well as antioxidant enzymes in a Nrf2-dependent manner. Fahey et
al[78] demonstrated that sulforaphane suppresses benzo
[a]pyrene-evoked forestomach tumors in ICR mice. This
is probably mediated by inducing phase 2 detoxification
enzymes, including NQO1 and GST, and upregulating
antioxidant enzymes, which are abrogated in mice without the Nrf2 gene[78]. In patients with H. pylori-associated
gastritis, H. pylori eradication increased or restored the
activity of GST and glutathione levels in the antral
mucosa[81]. This further emphasizes the importance of
antioxidants during the development of gastric cancers
associated with H. pylori infection.
In addition to its antioxidant capacity, sulforaphane
exerts chemoprotective effects which are attributed to its
in vitro anti-bacterial activity[59]. In a clinical study of H.
pylori-infected patients (n = 48), the group that consumed
broccoli (70 g/d; containing 420 μmol/L sulforaphane
precursor) for 8 wk showed decreased levels of markers
of H. pylori colonization (i.e., urease level and H. pylori
stool antigen) and markers of gastric inflammation (i.e.,
serum pepsinogens Ⅰ and Ⅱ) compared to the placebo
group[82]. An in vivo study using C57BL/6 female mice
infected with H. pylori Sydney strain 1 and maintained on
a high-salt (7.5% NaCl) diet confirmed the anti-bacterial
activity of sulforaphane. Mice treated with broccoli rich
in sulforaphane showed decreased gastric bacterial colo-
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Colorectal cancer is one of the most commonly diagnosed cancers in both males and females[83]. The mortality rate of males with colon and rectal cancer was the
third highest for cancers in the United States between
1930 and 2007[84]. Consumption of a high-calorie diet
that is high in fat leads to obesity. Many studies have investigated the contribution of obesity to colorectal diseases[85-88]. The colon is one of the first organs to encounter
various factors in foods and, thus, the effects of natural
bioactive compounds in the diet on colorectal tissue are
the subject of extensive investigation.
The Wnt signaling pathway is a primary factor in
colorectal cancer. Among several Wnt signaling proteins, β-catenin is a key regulator, which turns on and
off cell proliferation proteins. In the normal state, the
“destruction” complex comprising axin, APC, and glycogen synthase kinase-3β, phosphorylates β-catenin, which
subsequently becomes degraded[89]. However, after activation of the Wnt signaling pathway, the “destruction”
complex is suppressed and β-catenin is not degraded
by ubiquitination. Accumulated β-catenin then translocates into the nucleus and binds directly to the T-cell
factor (TCF)/lymphoid enhancer factor (LEF) family
molecules. These interactions stimulate TCF/LEF target
genes involved in cellular proliferation, such as c-myc
and cyclin D1[90,91].
More importantly, the Wnt signaling pathway is sti
mulated by obesity[92] and is a secondary factor in the
development of colon cancers[93,94]. Obesity is associated
with chronic inflammation[85]. In obesity-related cancers,
phosphoinositide-3-kinase (PI3K)/Akt, MAPK, and their
downstream signaling proteins, including mammalian
target of rapamycin (mTOR), are activated as the severity of obesity increases[95]. Overall, it is commonly accepted that suppression of the inflammatory signaling
pathway may represent an important strategy for inhibition of both Wnt- and obesity-related colon cancers.
Several lines of evidence have reported the anti-colon
carcinogenic effects of natural compounds, which act as
small molecule inhibitors of the inflammatory signaling
pathway. Among them, curcumin and resveratrol are the
most significant anti-carcinogenic compounds (Table 1).
Curcumin
Curcumin is the yellow pigment of turmeric and numerous studies using various carcinogenesis models have
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shown its chemopreventive effects. One clinical study reported that curcumin has anti-colon carcinogenic effects.
Indeed, oral intake of curcumin (4 g for 30 d) decreased
the number of aberrant crypto foci in the colon in this
Phase Ⅱa clinical trial of curcumin for the prevention
of colorectal neoplasia.
A number of studies have investigated the mechanisms underlying the inhibition of colon cancer development by curcumin. The major targets of the signaling
pathways regulated by curcumin are EGFR[96,97], AMPKCOX-2[98], MAPK[99] and Wnt/β-catenin[100]. EGFR is one
of four family erbB receptors and is involved in many
malignancies, including colorectal cancer[97], by modulating multiple signaling pathways. Specifically, ligandactivated EGFRs are autophosphorylated and activate
Ras and other signaling pathways, which in turn increase
the expression of EGFR target genes. Indeed, increased
levels and function of EGFR are closely associated with
the metastatic potential of human colon carcinoma cells.
Chen et al[96] reported that curcumin inhibits colon cancer
cell growth by reducing the ERK/Egr-1/EGFR signaling
pathway and decreasing the expression of EGFR. Curcumin was also demonstrated to prevent the emergence
of chemoresistant colon cancer cells via inhibition of
EGFR and insulin-like growth factor (IGF)-1R.
AMPK is a highly conserved kinase in eukaryotes.
Although its main function is in maintenance of energy
homeostasis, novel roles for AMPK were discovered
recently. The AMPK-COX-2 cascade is an important
pathway associated with cancer growth. Previous studies
demonstrated that a signaling cascade involving AMPK,
pAkt and COX-2 is a promising target as it is regulated
by curcumin during cancer cell growth. Over 80% of
colonic adenomas and carcinomas exhibit mutations in
the APC gene and constitutive activation of Wnt signaling[101]. Thus, Wnt/β-catenin signaling has been targeted
for the development of novel anti-colorectal cancer
drugs. Curcumin also inhibits the Wnt/β-catenin signaling pathway[102]. Curcumin impairs Wnt signaling and
cell-cell adhesion pathways, subsequently inducing G2/M
phase and apoptosis in colon cancer cells.

Resveratrol (300 ppm) supplementation reduced levels
of markers of DSS-mediated colitis inflammation, such
as iNOS, COX-2 and TNF-α, in mice[105]. Resveratrol
also inhibited the 1,2-dimethylhydrazine-induced tumor
burden per animal, per group and over the three regimens of colon carcinogenesis (initiation, post-initiation
and entire period)[107].
Resveratrol suppresses IGF-1-induced human colon
cancer cell proliferation by activating p53 signaling pathways. Because the IGF signaling pathway is closely related to obesity-mediated colorectal carcinogenesis[108],
resveratrol may be useful for suppressing obesity-induced
colorectal cancers. Additionally, resveratrol inhibits human colon cancer cell proliferation and promotes apoptosis by suppressing the pentose phosphate pathway and
focal adhesion kinase, a critical protein for cell-extracellular matrix communication. This supports the anti-coloncarcinogenic effect of resveratrol in obese individuals[109].
Furthermore, resveratrol exerts synergistic anti-cancer
effects on chemoresistant cancer cells by regulating the
AMPK signaling pathway. The HT-29 cell line has been
used to develop anti-cancer drugs intended to overcome
chemoresistance[110]. Although 100 μmol/L etoposide,
an anti-cancer agent, did not inhibit the proliferation
of HT-29 cells, pretreatment with resveratrol (50-400
μmol/L) induced cytotoxicity under 100 μmol/L etoposide[110]. Additionally, the phosphorylation level of acetylCoA carboxylase (ACC), the downstream molecule of
AMPK, was increased by co-treatment with resveratrol
and etoposide and increased phospho-ACC and pAMPK
inhibition of cell viability. Compound C, an AMPK inhibitor, reduced resveratrol/etoposide-induced cytotoxicity on HT-29 cells[110].

CONCLUSION
Gastroenterological cancers, including those of the eso
phagus, stomach and colon, are closely associated with
lifestyle factors, especially diet. Patients suffering from
gastroenterological cancers often cannot be completely
cured with regular chemopreventive strategies and, thus,
prevention, suppression, and/or delaying the onset of
these cancers are critical. A number of natural phytochemicals, including curcumin, resveratrol, isothiocyanates, EGCG, and sulforaphane have been shown to
have anti-carcinogenic, anti-inflammatory, and antioxidant activities by targeting small molecules or regulating
signaling cascades, thereby protecting against the development of gastroenterological cancers. Although most
phytochemicals act as small molecule inhibitors, they
often have low bioavailability following oral administration. Indeed, the concentration of resveratrol is lower
than its major metabolite resveratrol sulfate glucuronide
after daily administration of 0.5 g resveratrol for 8 d to
colorectal cancer patients[103]. The majority of the phytochemicals are readily converted to their metabolites in
the gastrointestinal tract. These metabolites may have
similar or better effects than their parent compounds
and, thus, may also represent primary therapeutic agents.

Resveratrol
Resveratrol is a naturally occurring phenolic phytochemical, which is present in red grapes. Resveratrol exerts
its chemopreventive and chemotherapeutic effects by
modulating multiple biological activities. Daily p.o. doses
of 0.5 g or 10 g resveratrol for 8 d inhibited tumor cell
proliferation by 5% with no resveratrol-related adverse
effects in patients with resectable colorectal cancer (n =
90)[103]. Another clinical study demonstrated that ingestion of grape powder suppresses the expression of Wnt
target genes, including cyclin D1 and axin Ⅱ, in normal
colonic mucosa. This suggests that dietary supplementation with resveratrol-containing products is a potential
colon cancer preventive strategy and that Wnt/β-catenin
is a potential target for resveratrol in normal colonic
mucosa[104]. The anti-colonic tumor effects of resveratrol
have been investigated in various in vivo studies[105-107].

WCG|www.wjgnet.com

260

January 28, 2014|First Edition|

Chung MY et al . Phytochemicals protect against gastroenterological cancer development

REFERENCES
1

2

3
4
5
6
7
8

9

10
11

12

13
14

15

16

17

18

Block G, Patterson B, Subar A. Fruit, vegetables, and cancer
prevention: a review of the epidemiological evidence. Nutr
Cancer 1992; 18: 1-29 [PMID: 1408943 DOI: 10.1080/0163558
9209514201]
Frankel EN, Kanner J, German JB, Parks E, Kinsella JE. Inhibition of oxidation of human low-density lipoprotein by
phenolic substances in red wine. Lancet 1993; 341: 454-457
[PMID: 8094487 DOI: 10.1016/0140-6736(93)90206-V]
Renaud S, de Lorgeril M. Wine, alcohol, platelets, and the
French paradox for coronary heart disease. Lancet 1992; 339:
1523-1526 [PMID: 1351198 DOI: 10.1016/0140-6736(92)91277-F]
Steinmetz KA, Potter JD. Vegetables, fruit, and cancer. I.
Epidemiology. Cancer Causes Control 1991; 2: 325-357 [PMID:
1834240 DOI: 10.1007/BF00051672]
Lee KW, Bode AM, Dong Z. Molecular targets of phytochemicals for cancer prevention. Nat Rev Cancer 2011; 11:
211-218 [PMID: 21326325 DOI: 10.1038/nrc3017]
Parkin DM, Bray F, Ferlay J, Pisani P. Global cancer statistics, 2002. CA Cancer J Clin 2005; 55: 74-108 [PMID: 15761078
DOI: 10.3322/canjclin.55.2.74]
Jemal A, Siegel R, Ward E, Murray T, Xu J, Thun MJ. Cancer statistics, 2007. CA Cancer J Clin 2005; 57: 43-66 [PMID:
17237035 DOI: 10.3322/canjclin.57.1.43]
Subramaniam D, Ponnurangam S, Ramamoorthy P, Standing D, Battafarano RJ, Anant S, Sharma P. Curcumin induces cell death in esophageal cancer cells through modulating
Notch signaling. PLoS One 2012; 7: e30590 [PMID: 22363450
DOI: 10.1371/journal.pone.0030590]
Sant M, Aareleid T, Berrino F, Bielska Lasota M, Carli PM,
Faivre J, Grosclaude P, Hédelin G, Matsuda T, Møller H,
Möller T, Verdecchia A, Capocaccia R, Gatta G, Micheli A,
Santaquilani M, Roazzi P, Lisi D. EUROCARE-3: survival of
cancer patients diagnosed 1990-94--results and commentary.
Ann Oncol 2003; 14 Suppl 5: v61-118 [PMID: 14684501 DOI:
10.1093/annonc/mdg754]
Wynder EL, BROSS IJ. A study of etiological factors in
cancer of the esophagus. Cancer 1961; 14: 389-413 [PMID:
13786981 DOI: 10.1002/1097-0142(196103/04)14]
Stoner GD, Kresty LA, Carlton PS, Siglin JC, Morse MA.
Isothiocyanates and freeze-dried strawberries as inhibitors
of esophageal cancer. Toxicol Sci 1999; 52: 95-100 [PMID:
10630596]
Engel LS, Chow WH, Vaughan TL, Gammon MD, Risch
HA, Stanford JL, Schoenberg JB, Mayne ST, Dubrow R,
Rotterdam H, West AB, Blaser M, Blot WJ, Gail MH, Fraumeni JF. Population attributable risks of esophageal and
gastric cancers. J Natl Cancer Inst 2003; 95: 1404-1413 [PMID:
13130116 DOI: 10.1093/jnci/djg047]
Stoner GD, Gupta A. Etiology and chemoprevention of
esophageal squamous cell carcinoma. Carcinogenesis 2001; 22:
1737-1746 [PMID: 11698334 DOI: 10.1093/carcin/22.11.1737]
VanEtten CH, Daxenbichler ME, Williams PH, Kwolek WF.
Glucosinolates and derived products in cruciferous vegetables. Analysis of the edible part from twenty-two varieties of cabbage. J Agric Food Chem 1976; 24: 452-455 [PMID:
1270657 DOI: 10.1021/jf60205a049]
Eklind KI, Morse MA, Chung FL. Distribution and metabolism of the natural anticarcinogen phenethyl isothiocya
nate in A/J mice. Carcinogenesis 1990; 11: 2033-2036 [PMID:
2225337 DOI: 10.1093/carcin/11.11.2033]
Wilkinson JT, Morse MA, Kresty LA, Stoner GD. Effect of
alkyl chain length on inhibition of N-nitrosomethylbenzylamine-induced esophageal tumorigenesis and DNA methylation by isothiocyanates. Carcinogenesis 1995; 16: 1011-1015
[PMID: 7767958 DOI: 10.1093/carcin/16.5.1011]
Morse MA, Lu J, Gopalakrishnan R, Peterson LA, D’Ambrosio SM, Wani G, Stoner GD. Mechanism of enhancement
of esophageal tumorigenesis by 6-phenylhexyl isothiocya-

WCG|www.wjgnet.com

19

20

21

22

23

24

25

26

27

28

29

30

31

261

nate. Cancer Lett 1997; 112: 119-125 [PMID: 9029177 DOI:
10.1016/S0304-3835(96)04556-9]
Stoner GD, Morse MA. Isothiocyanates and plant polyphenols as inhibitors of lung and esophageal cancer. Cancer Lett
1997; 114: 113-119 [PMID: 9103268 DOI: 10.1016/S0304-3835
(97)04639-9]
Weisburger JH. Mechanisms of action of antioxidants as
exemplified in vegetables, tomatoes and tea. Food Chem
Toxicol 1999; 37: 943-948 [PMID: 10541449 DOI: 10.1016/
S0278-6915(99)00086-1]
Wang ZY, Wang LD, Lee MJ, Ho CT, Huang MT, Conney
AH, Yang CS. Inhibition of N-nitrosomethylbenzylamineinduced esophageal tumorigenesis in rats by green and
black tea. Carcinogenesis 1995; 16: 2143-2148 [PMID: 7554067
DOI: 10.1093/carcin/16.9.2143]
Chen J. The effects of Chinese tea on the occurrence of
esophageal tumors induced by N-nitrosomethylbenzylamine in rats. Prev Med 1992; 21: 385-391 [PMID: 1615000
DOI: 10.1016/0091-7435(92)90046-K]
Chung JY, Huang C, Meng X, Dong Z, Yang CS. Inhibition
of activator protein 1 activity and cell growth by purified
green tea and black tea polyphenols in H-ras-transformed
cells: structure-activity relationship and mechanisms involved. Cancer Res 1999; 59: 4610-4617 [PMID: 10493515]
Chung JY, Park JO, Phyu H, Dong Z, Yang CS. Mechanisms
of inhibition of the Ras-MAP kinase signaling pathway in
30.7b Ras 12 cells by tea polyphenols (-)-epigallocatechin3-gallate and theaflavin-3,3’-digallate. FASEB J 2001; 15:
2022-2024 [PMID: 11511526 DOI: 10.1096/fj.01-0031fje010031fje]
Dong Z, Ma W, Huang C, Yang CS. Inhibition of tumor
promoter-induced activator protein 1 activation and cell
transformation by tea polyphenols, (-)-epigallocatechin gallate, and theaflavins. Cancer Res 1997; 57: 4414-4419 [PMID:
9331105]
Shimizu M, Deguchi A, Lim JT, Moriwaki H, Kopelovich L,
Weinstein IB. (-)-Epigallocatechin gallate and polyphenon
E inhibit growth and activation of the epidermal growth
factor receptor and human epidermal growth factor receptor-2 signaling pathways in human colon cancer cells.
Clin Cancer Res 2005; 11: 2735-2746 [PMID: 15814656 DOI:
10.1158/1078-0432.CCR-04-2014]
Ahmad N, Cheng P, Mukhtar H. Cell cycle dysregulation
by green tea polyphenol epigallocatechin-3-gallate. Biochem
Biophys Res Commun 2000; 275: 328-334 [PMID: 10964666
DOI: 10.1006/bbrc.2000.3297]
Gupta S, Hussain T, Mukhtar H. Molecular pathway for
(-)-epigallocatechin-3-gallate-induced cell cycle arrest and
apoptosis of human prostate carcinoma cells. Arch Biochem
Biophys 2003; 410: 177-185 [PMID: 12559991 DOI: 10.1016/
S0003-9861(02)00668-9]
Ahmad N, Feyes DK, Nieminen AL, Agarwal R, Mukhtar H.
Green tea constituent epigallocatechin-3-gallate and induction of apoptosis and cell cycle arrest in human carcinoma
cells. J Natl Cancer Inst 1997; 89: 1881-1886 [PMID: 9414176
DOI: 10.1093/jnci/89.24.1881]
Fang MZ, Wang Y, Ai N, Hou Z, Sun Y, Lu H, Welsh W,
Yang CS. Tea polyphenol (-)-epigallocatechin-3-gallate inhibits DNA methyltransferase and reactivates methylationsilenced genes in cancer cell lines. Cancer Res 2003; 63:
7563-7570 [PMID: 14633667]
Ye F, Zhang GH, Guan BX, Xu XC. Suppression of esophageal cancer cell growth using curcumin, (-)-epigallocatechin-3-gallate and lovastatin. World J Gastroenterol 2012; 18:
126-135 [PMID: 22253518 DOI: 10.3748/wjg.v18.i2.126]
Hou Z, Sang S, You H, Lee MJ, Hong J, Chin KV, Yang CS.
Mechanism of action of (-)-epigallocatechin-3-gallate: autooxidation-dependent inactivation of epidermal growth
factor receptor and direct effects on growth inhibition in human esophageal cancer KYSE 150 cells. Cancer Res 2005; 65:

January 28, 2014|First Edition|

Chung MY et al . Phytochemicals protect against gastroenterological cancer development

32

33

34

35
36
37

38

39

40

41

42

43

44

45

46

47
48

8049-8056 [PMID: 16140980]
Li ZG, Shimada Y, Sato F, Maeda M, Itami A, Kaganoi J,
Komoto I, Kawabe A, Imamura M. Inhibitory effects of
epigallocatechin-3-gallate on N-nitrosomethylbenzylamineinduced esophageal tumorigenesis in F344 rats. Int J Oncol
2002; 21: 1275-1283 [PMID: 12429978]
Li ZG, Shimada Y, Sato F, Maeda M, Itami A, Kaganoi J,
Komoto I, Kawabe A, Imamura M. Promotion effects of hot
water on N-nitrosomethylbenzylamine-induced esophageal tumorigenesis in F344 rats. Oncol Rep 2003; 10: 421-426
[PMID: 12579283]
Esteller M. CpG island hypermethylation and tumor suppressor genes: a booming present, a brighter future. Oncogene 2002; 21: 5427-5440 [PMID: 12154405 DOI: 10.1038/
sj.onc.1205600]
Jones PA, Baylin SB. The fundamental role of epigenetic
events in cancer. Nat Rev Genet 2002; 3: 415-428 [PMID:
12042769 DOI: 10.1038/nrg816nrg816]
Lichtenstein AV, Kisseljova NP. DNA methylation and
carcinogenesis. Biochemistry (Mosc) 2001; 66: 235-255 [PMID:
11333147]
Nguyen CT, Gonzales FA, Jones PA. Altered chromatin
structure associated with methylation-induced gene silencing in cancer cells: correlation of accessibility, methylation,
MeCP2 binding and acetylation. Nucleic Acids Res 2001; 29:
4598-4606 [PMID: 11713309 DOI: 10.1093/nar/29.22.4598]
Rice JC, Massey-Brown KS, Futscher BW. Aberrant methylation of the BRCA1 CpG island promoter is associated with
decreased BRCA1 mRNA in sporadic breast cancer cells.
Oncogene 1998; 17: 1807-1812 [PMID: 9778046 DOI: 10.1038/
sj.onc.1202086]
Bender CM, Pao MM, Jones PA. Inhibition of DNA methylation by 5-aza-2’-deoxycytidine suppresses the growth of
human tumor cell lines. Cancer Res 1998; 58: 95-101 [PMID:
9426064]
Cheng JC, Matsen CB, Gonzales FA, Ye W, Greer S, Marquez VE, Jones PA, Selker EU. Inhibition of DNA methylation and reactivation of silenced genes by zebularine. J Natl
Cancer Inst 2003; 95: 399-409 [PMID: 12618505 DOI: 10.1093/
jnci/95.5.399]
Christman JK. 5-Azacytidine and 5-aza-2’-deoxycytidine
as inhibitors of DNA methylation: mechanistic studies and
their implications for cancer therapy. Oncogene 2002; 21:
5483-5495 [PMID: 12154409 DOI: 10.1038/sj.onc.1205699]
Zhou L, Cheng X, Connolly BA, Dickman MJ, Hurd PJ,
Hornby DP. Zebularine: a novel DNA methylation inhibitor
that forms a covalent complex with DNA methyltransferases. J Mol Biol 2002; 321: 591-599 [PMID: 12206775 DOI:
10.1016/S0022-2836(02)00676-9]
Esatbeyoglu T, Huebbe P, Ernst IM, Chin D, Wagner AE,
Rimbach G. Curcumin--from molecule to biological function. Angew Chem Int Ed Engl 2012; 51: 5308-5332 [PMID:
22566109 DOI: 10.1002/anie.201107724]
Goel A, Aggarwal BB. Curcumin, the golden spice from
Indian saffron, is a chemosensitizer and radiosensitizer for
tumors and chemoprotector and radioprotector for normal
organs. Nutr Cancer 2010; 62: 919-930 [PMID: 20924967 DOI:
10.1080/01635581.2010.509835]
Valko M, Rhodes CJ, Moncol J, Izakovic M, Mazur M. Free
radicals, metals and antioxidants in oxidative stress-induced
cancer. Chem Biol Interact 2006; 160: 1-40 [PMID: 16430879
DOI: 10.1016/j.cbi.2005.12.009]
Bower MR, Aiyer HS, Li Y, Martin RC. Chemoprotective
effects of curcumin in esophageal epithelial cells exposed to
bile acids. World J Gastroenterol 2010; 16: 4152-4158 [PMID:
20806431 DOI: 10.3748/wjg.v16.i33.4152]
Rayet B, Gélinas C. Aberrant rel/nfkb genes and activity in human cancer. Oncogene 1999; 18: 6938-6947 [PMID:
10602468 DOI: 10.1038/sj.onc.1203221]
Arlt A, Gehrz A, Müerköster S, Vorndamm J, Kruse ML,

WCG|www.wjgnet.com

49

50

51

52

53

54

55

56

57

58

59

60

61

262

Fölsch UR, Schäfer H. Role of NF-kappaB and Akt/PI3K in
the resistance of pancreatic carcinoma cell lines against gemcitabine-induced cell death. Oncogene 2003; 22: 3243-3251
[PMID: 12761494 DOI: 10.1038/sj.onc.1206390]
Kunnumakkara AB, Guha S, Krishnan S, Diagaradjane P,
Gelovani J, Aggarwal BB. Curcumin potentiates antitumor
activity of gemcitabine in an orthotopic model of pancreatic
cancer through suppression of proliferation, angiogenesis,
and inhibition of nuclear factor-kappaB-regulated gene
products. Cancer Res 2007; 67: 3853-3861 [PMID: 17440100
DOI: 10.1158/0008-5472.CAN-06-4257]
Hartojo W, Silvers AL, Thomas DG, Seder CW, Lin L, Rao
H, Wang Z, Greenson JK, Giordano TJ, Orringer MB, Rehemtulla A, Bhojani MS, Beer DG, Chang AC. Curcumin
promotes apoptosis, increases chemosensitivity, and inhibits nuclear factor kappaB in esophageal adenocarcinoma.
Transl Oncol 2010; 3: 99-108 [PMID: 20360934]
Tian F, Song M, Xu PR, Liu HT, Xue LX. [Curcumin promotes apoptosis of esophageal squamous carcinoma cell
lines through inhibition of NF-kappaB signaling pathway].
Ai Zheng 2008; 27: 566-570 [PMID: 18570726]
Rawat N, Alhamdani A, McAdam E, Cronin J, Eltahir Z,
Lewis P, Griffiths P, Baxter JN, Jenkins GJ. Curcumin abrogates bile-induced NF-κB activity and DNA damage in vitro
and suppresses NF-κB activity whilst promoting apoptosis
in vivo, suggesting chemopreventative potential in Barrett’
s oesophagus. Clin Transl Oncol 2012; 14: 302-311 [PMID:
22484638 DOI: 10.1007/s12094-012-0799-x]
Masuda S. Dysfunctional transforming growth factor-β signaling with constitutively active notch signaling in Barrett’
s esophageal adenocarcinoma. Cancer 2012; 118: 1956-1957;
author reply 1957-1958 [PMID: 21898377 DOI: 10.1002/
cncr.26444]
Mendelson J, Song S, Li Y, Maru DM, Mishra B, Davila
M, Hofstetter WL, Mishra L. Dysfunctional transforming growth factor-β signaling with constitutively active
Notch signaling in Barrett’s esophageal adenocarcinoma.
Cancer 2011; 117: 3691-3702 [PMID: 21305538 DOI: 10.1002/
cncr.25861]
Peters JH, Avisar N. The molecular pathogenesis of Barrett’
s esophagus: common signaling pathways in embryogenesis
metaplasia and neoplasia. J Gastrointest Surg 2010; 14 Suppl 1:
S81-S87 [PMID: 19760304 DOI: 10.1007/s11605-009-1011-7]
Woo SM, Kim J, Han HW, Chae JI, Son MY, Cho S, Chung
HM, Han YM, Kang YK. Notch signaling is required for
maintaining stem-cell features of neuroprogenitor cells
derived from human embryonic stem cells. BMC Neurosci
2009; 10: 97 [PMID: 19682396 DOI: 10.1186/1471-2202-10-97]
Liao S, Xia J, Chen Z, Zhang S, Ahmad A, Miele L, Sarkar
FH, Wang Z. Inhibitory effect of curcumin on oral carcinoma CAL-27 cells via suppression of Notch-1 and NF-κB signaling pathways. J Cell Biochem 2011; 112: 1055-1065 [PMID:
21308734 DOI: 10.1002/jcb.23019]
Kuipers EJ. Review article: exploring the link between
Helicobacter pylori and gastric cancer. Aliment Pharmacol
Ther 1999; 13 Suppl 1: 3-11 [PMID: 10209681 DOI: 10.1046/
j.1365-2036.1999.00002.x]
Yanaka A. Sulforaphane enhances protection and repair of
gastric mucosa against oxidative stress in vitro, and demonstrates anti-inflammatory effects on Helicobacter pyloriinfected gastric mucosae in mice and human subjects. Curr
Pharm Des 2011; 17: 1532-1540 [PMID: 21548875 DOI: 10.217
4/138161211796196945]
De R, Kundu P, Swarnakar S, Ramamurthy T, Chowdhury
A, Nair GB, Mukhopadhyay AK. Antimicrobial activity
of curcumin against Helicobacter pylori isolates from India and during infections in mice. Antimicrob Agents Chemother 2009; 53: 1592-1597 [PMID: 19204190 DOI: 10.1128/
AAC.01242-08]
Yu LL, Wu JG, Dai N, Yu HG, Si JM. Curcumin reverses

January 28, 2014|First Edition|

Chung MY et al . Phytochemicals protect against gastroenterological cancer development

62

63

64

65

66
67

68

69
70

71

72

73

74

75

76
77

78

chemoresistance of human gastric cancer cells by downregulating the NF-κB transcription factor. Oncol Rep 2011;
26: 1197-1203 [PMID: 21811763 DOI: 10.3892/or.2011.1410]
Cai XZ, Wang J, Li XD, Wang GL, Liu FN, Cheng MS, Li F.
Curcumin suppresses proliferation and invasion in human
gastric cancer cells by downregulation of PAK1 activity and
cyclin D1 expression. Cancer Biol Ther 2009; 8: 1360-1368
[PMID: 19448398 DOI: 10.4161/cbt.8.14.8720]
Kopp P. Resveratrol, a phytoestrogen found in red wine. A
possible explanation for the conundrum of the ‘French paradox’? Eur J Endocrinol 1998; 138: 619-620 [PMID: 9678525
DOI: 10.1530/eje.0.1380619]
Sun AY, Simonyi A, Sun GY. The “French Paradox” and
beyond: neuroprotective effects of polyphenols. Free Radic
Biol Med 2002; 32: 314-318 [PMID: 11841921 DOI: 10.1016/
S0891-5849(01)00803-6]
Hung LM, Chen JK, Huang SS, Lee RS, Su MJ. Cardioprotective effect of resveratrol, a natural antioxidant derived from grapes. Cardiovasc Res 2000; 47: 549-555 [PMID:
10963727 DOI: 10.1016/S0008-6363(00)00102-4]
Catalgol B, Batirel S, Taga Y, Ozer NK. Resveratrol: French
paradox revisited. Front Pharmacol 2012; 3: 141 [PMID:
22822401 DOI: 10.3389/fphar.2012.00141]
Chan MM. Antimicrobial effect of resveratrol on dermatophytes and bacterial pathogens of the skin. Biochem
Pharmacol 2002; 63: 99-104 [PMID: 11841782 DOI: 10.1016/
S0006-2952(01)00886-3]
Daroch F, Hoeneisen M, González CL, Kawaguchi F, Salgado F, Solar H, García A. In vitro antibacterial activity of
Chilean red wines against Helicobacter pylori. Microbios
2001; 104: 79-85 [PMID: 11297014]
Mahady GB, Pendland SL. Resveratrol inhibits the growth
of Helicobacter pylori in vitro. Am J Gastroenterol 2000; 95:
1849 [PMID: 10926010]
Mahady GB, Pendland SL, Chadwick LR. Resveratrol and
red wine extracts inhibit the growth of CagA+ strains of Helicobacter pylori in vitro. Am J Gastroenterol 2003; 98: 1440-1441
[PMID: 12818294 DOI: 10.1111/j.1572-0241.2003.07513.x]
Zaidi SF, Ahmed K, Yamamoto T, Kondo T, Usmanghani
K, Kadowaki M, Sugiyama T. Effect of resveratrol on Helicobacter pylori-induced interleukin-8 secretion, reactive
oxygen species generation and morphological changes
in human gastric epithelial cells. Biol Pharm Bull 2009; 32:
1931-1935 [PMID: 19881312 DOI: 10.1248/bpb.32.1931]
Atten MJ, Attar BM, Milson T, Holian O. Resveratrolinduced inactivation of human gastric adenocarcinoma
cells through a protein kinase C-mediated mechanism. Biochem Pharmacol 2001; 62: 1423-1432 [PMID: 11709203 DOI:
10.1016/S0006-2952(01)00788-2]
Atten MJ, Godoy-Romero E, Attar BM, Milson T, Zopel M,
Holian O. Resveratrol regulates cellular PKC alpha and delta to inhibit growth and induce apoptosis in gastric cancer
cells. Invest New Drugs 2005; 23: 111-119 [PMID: 15744586
DOI: 10.1007/s10637-005-5855-8]
Aquilano K, Baldelli S, Rotilio G, Ciriolo MR. trans-Resveratrol inhibits H2O2-induced adenocarcinoma gastric cells
proliferation via inactivation of MEK1/2-ERK1/2-c-Jun
signalling axis. Biochem Pharmacol 2009; 77: 337-347 [PMID:
19038233 DOI: 10.1016/j.bcp.2008.10.034]
Wang Z, Li W, Meng X, Jia B. Resveratrol induces gastric cancer cell apoptosis via reactive oxygen species, but independent of sirtuin1. Clin Exp Pharmacol Physiol 2012; 39: 227-232
[PMID: 22211760 DOI: 10.1111/j.1440-1681.2011.05660.x]
Zhou HB, Yan Y, Sun YN, Zhu JR. Resveratrol induces
apoptosis in human esophageal carcinoma cells. World J
Gastroenterol 2003; 9: 408-411 [PMID: 12632486]
Zhou HB, Chen JJ, Wang WX, Cai JT, Du Q. Anticancer
activity of resveratrol on implanted human primary gastric
carcinoma cells in nude mice. World J Gastroenterol 2005; 11:
280-284 [PMID: 15633232]

WCG|www.wjgnet.com

79

80

81

82

83

84

85

86

87

88

89
90

91
92

263

Fahey JW, Haristoy X, Dolan PM, Kensler TW, Scholtus
I, Stephenson KK, Talalay P, Lozniewski A. Sulforaphane
inhibits extracellular, intracellular, and antibiotic-resistant
strains of Helicobacter pylori and prevents benzo[a]pyreneinduced stomach tumors. Proc Natl Acad Sci USA 2002; 99:
7610-7615 [PMID: 12032331 DOI: 10.1073/pnas.112203099]
Fahey JW, Zhang Y, Talalay P. Broccoli sprouts: an exceptionally rich source of inducers of enzymes that protect against
chemical carcinogens. Proc Natl Acad Sci USA 1997; 94:
10367-10372 [PMID: 9294217 DOI: 10.1073/pnas.94.19.10367]
Ramos-Gomez M, Kwak MK, Dolan PM, Itoh K, Yamamoto
M, Talalay P, Kensler TW. Sensitivity to carcinogenesis is
increased and chemoprotective efficacy of enzyme inducers
is lost in nrf2 transcription factor-deficient mice. Proc Natl
Acad Sci USA 2001; 98: 3410-3415 [PMID: 11248092 DOI:
10.1073/pnas.051618798]
Oijen AH, Verhulst ML, Roelofs HM, Peters WH, de Boer
WA, Jansen JB. Eradication of Helicobacter pylori restores
glutathione S-transferase activity and glutathione levels in
antral mucosa. Jpn J Cancer Res 2001; 92: 1329-1334 [PMID:
11749699 DOI: 10.1111/j.1349-7006.2001.tb02157.x]
Yanaka A, Fahey JW, Fukumoto A, Nakayama M, Inoue S,
Zhang S, Tauchi M, Suzuki H, Hyodo I, Yamamoto M. Dietary sulforaphane-rich broccoli sprouts reduce colonization
and attenuate gastritis in Helicobacter pylori-infected mice
and humans. Cancer Prev Res (Phila) 2009; 2: 353-360 [PMID:
19349290 DOI: 10.1158/1940-6207.CAPR-08-0192]
Basch E, Jia X, Heller G, Barz A, Sit L, Fruscione M, Appawu M, Iasonos A, Atkinson T, Goldfarb S, Culkin A,
Kris MG, Schrag D. Adverse symptom event reporting by
patients vs clinicians: relationships with clinical outcomes. J
Natl Cancer Inst 2009; 101: 1624-1632 [PMID: 19920223 DOI:
10.1093/jnci/djp386]
Siegel R, Ward E, Brawley O, Jemal A. Cancer statistics,
2011: the impact of eliminating socioeconomic and racial
disparities on premature cancer deaths. CA Cancer J Clin
2011; 61: 212-236 [PMID: 21685461 DOI: 10.3322/caac.20121]
Padidar S, Farquharson AJ, Williams LM, Kearney R, Arthur JR, Drew JE. High-fat diet alters gene expression in the
liver and colon: links to increased development of aberrant
crypt foci. Dig Dis Sci 2012; 57: 1866-1874 [PMID: 22373862
DOI: 10.1007/s10620-012-2092-9]
Park H, Kim M, Kwon GT, Lim do Y, Yu R, Sung MK, Lee
KW, Daily JW, Park JH. A high-fat diet increases angiogenesis, solid tumor growth, and lung metastasis of CT26 colon
cancer cells in obesity-resistant BALB/c mice. Mol Carcinog
2012; 51: 869-880 [PMID: 21919080 DOI: 10.1002/mc.20856]
Sung MK, Yeon JY, Park SY, Park JH, Choi MS. Obesityinduced metabolic stresses in breast and colon cancer.
Ann NY Acad Sci 2011; 1229: 61-68 [PMID: 21793840 DOI:
10.1111/j.1749-6632.2011.06094.x]
Tang FY, Pai MH, Chiang EP. Consumption of high-fat diet
induces tumor progression and epithelial-mesenchymal
transition of colorectal cancer in a mouse xenograft model.
J Nutr Biochem 2012; 23: 1302-1313 [PMID: 22221675 DOI:
10.1016/j.jnutbio.2011.07.011]
Herbst A, Kolligs FT. Wnt signaling as a therapeutic target for cancer. Methods Mol Biol 2007; 361: 63-91 [PMID:
17172707]
He TC, Sparks AB, Rago C, Hermeking H, Zawel L, da Costa
LT, Morin PJ, Vogelstein B, Kinzler KW. Identification of
c-MYC as a target of the APC pathway. Science 1998; 281:
1509-1512 [PMID: 9727977 DOI: 10.1126/science.281.5382.1509]
Tetsu O, McCormick F. Beta-catenin regulates expression of
cyclin D1 in colon carcinoma cells. Nature 1999; 398: 422-426
[PMID: 10201372 DOI: 10.1038/18884]
Liu Z, Brooks RS, Ciappio ED, Kim SJ, Crott JW, Bennett
G, Greenberg AS, Mason JB. Diet-induced obesity elevates
colonic TNF-α in mice and is accompanied by an activation of Wnt signaling: a mechanism for obesity-associated

January 28, 2014|First Edition|

Chung MY et al . Phytochemicals protect against gastroenterological cancer development
colorectal cancer. J Nutr Biochem 2012; 23: 1207-1213 [PMID:
22209007 DOI: 10.1016/j.jnutbio.2011.07.002]
93 Campbell PT, Jacobs ET, Ulrich CM, Figueiredo JC, Poynter
JN, McLaughlin JR, Haile RW, Jacobs EJ, Newcomb PA, Potter JD, Le Marchand L, Green RC, Parfrey P, Younghusband
HB, Cotterchio M, Gallinger S, Jenkins MA, Hopper JL,
Baron JA, Thibodeau SN, Lindor NM, Limburg PJ, Martínez ME. Case-control study of overweight, obesity, and
colorectal cancer risk, overall and by tumor microsatellite
instability status. J Natl Cancer Inst 2010; 102: 391-400 [PMID:
20208017 DOI: 10.1093/jnci/djq011]
94 Key TJ, Spencer EA, Reeves GK. Symposium 1: Overnutrition: consequences and solutions. Obesity and cancer risk.
Proc Nutr Soc 2010; 69: 86-90 [PMID: 19954565 DOI: 10.1017/
S0029665109991698]
95 Chen J. Multiple signal pathways in obesity-associated
cancer. Obes Rev 2011; 12: 1063-1070 [PMID: 22093240 DOI:
10.1111/j.1467-789X.2011.00917.x]
96 Chen A, Xu J, Johnson AC. Curcumin inhibits human colon
cancer cell growth by suppressing gene expression of epidermal growth factor receptor through reducing the activity
of the transcription factor Egr-1. Oncogene 2006; 25: 278-287
[PMID: 16170359 DOI: 10.1038/sj.onc.1209019]
97 Patel BB, Gupta D, Elliott AA, Sengupta V, Yu Y, Majumdar
AP. Curcumin targets FOLFOX-surviving colon cancer cells
via inhibition of EGFRs and IGF-1R. Anticancer Res 2010; 30:
319-325 [PMID: 20332435]
98 Lee YK, Park SY, Kim YM, Park OJ. Regulatory effect of
the AMPK-COX-2 signaling pathway in curcumin-induced
apoptosis in HT-29 colon cancer cells. Ann NY Acad Sci 2009;
1171: 489-494 [PMID: 19723094 DOI: 10.1111/j.1749-6632.
2009.04699.x]
99 Binion DG, Otterson MF, Rafiee P. Curcumin inhibits VEGFmediated angiogenesis in human intestinal microvascular
endothelial cells through COX-2 and MAPK inhibition.
Gut 2008; 57: 1509-1517 [PMID: 18596194 DOI: 10.1136/
gut.2008.152496]
100 Ryu MJ, Cho M, Song JY, Yun YS, Choi IW, Kim DE, Park
BS, Oh S. Natural derivatives of curcumin attenuate the
Wnt/beta-catenin pathway through down-regulation of the
transcriptional coactivator p300. Biochem Biophys Res Commun 2008; 377: 1304-1308 [PMID: 19000900]
101 Powell SM, Zilz N, Beazer-Barclay Y, Bryan TM, Hamilton
SR, Thibodeau SN, Vogelstein B, Kinzler KW. APC mutations occur early during colorectal tumorigenesis. Nature
1992; 359: 235-237 [PMID: 1528264 DOI: 10.1038/359235a0]

102 Jaiswal AS, Marlow BP, Gupta N, Narayan S. Beta-cateninmediated transactivation and cell-cell adhesion pathways
are important in curcumin (diferuylmethane)-induced
growth arrest and apoptosis in colon cancer cells. Oncogene 2002; 21: 8414-8427 [PMID: 12466962 DOI: 10.1038/
sj.onc.1205947]
103 Patel KR, Brown VA, Jones DJ, Britton RG, Hemingway
D, Miller AS, West KP, Booth TD, Perloff M, Crowell JA,
Brenner DE, Steward WP, Gescher AJ, Brown K. Clinical
pharmacology of resveratrol and its metabolites in colorectal cancer patients. Cancer Res 2010; 70: 7392-7399 [PMID:
20841478 DOI: 10.1158/0008-5472.CAN-10-20270008-5472.
CAN-10-2027]
104 Nguyen AV, Martinez M, Stamos MJ, Moyer MP, Planutis
K, Hope C, Holcombe RF. Results of a phase I pilot clinical
trial examining the effect of plant-derived resveratrol and
grape powder on Wnt pathway target gene expression in
colonic mucosa and colon cancer. Cancer Manag Res 2009; 1:
25-37 [PMID: 21188121]
105 Cui X, Jin Y, Hofseth AB, Pena E, Habiger J, Chumanevich A,
Poudyal D, Nagarkatti M, Nagarkatti PS, Singh UP, Hofseth
LJ. Resveratrol suppresses colitis and colon cancer associated with colitis. Cancer Prev Res (Phila) 2010; 3: 549-559 [PMID:
20332304 DOI: 10.1158/1940-6207.CAPR-09-0117]
106 Sengottuvelan M, Deeptha K, Nalini N. Resveratrol ameliorates DNA damage, prooxidant and antioxidant imbalance
in 1,2-dimethylhydrazine induced rat colon carcinogenesis.
Chem Biol Interact 2009; 181: 193-201 [PMID: 19523937 DOI:
10.1016/j.cbi.2009.06.004]
107 Sengottuvelan M, Nalini N. Dietary supplementation of
resveratrol suppresses colonic tumour incidence in 1,2-dimethylhydrazine-treated rats by modulating biotransforming enzymes and aberrant crypt foci development. Br J Nutr
2006; 96: 145-153 [PMID: 16870003]
108 LeRoith D, Roberts CT. The insulin-like growth factor
system and cancer. Cancer Lett 2003; 195: 127-137 [PMID:
12767520]
109 Vanamala J, Radhakrishnan S, Reddivari L, Bhat VB, Ptitsyn A. Resveratrol suppresses human colon cancer cell proliferation and induces apoptosis via targeting the pentose
phosphate and the talin-FAK signaling pathways-A proteomic approach. Proteome Sci 2011; 9: 49 [PMID: 21849056]
110 Hwang JT, Kwak DW, Lin SK, Kim HM, Kim YM, Park OJ.
Resveratrol induces apoptosis in chemoresistant cancer cells
via modulation of AMPK signaling pathway. Ann NY Acad
Sci 2007; 1095: 441-448 [PMID: 17404056]
P- Reviewer Tanabe S S- Editor Song XX
L- Editor Hughes D E- Editor Xiong L

WCG|www.wjgnet.com

264

January 28, 2014|First Edition|

WC G

World Clinical
Gastroenterology

2014 First Edition
bpgoffice@wjgnet.com

ISBN 978-0-9914430-0-0
© 2014 Baishideng Publishing Group Inc. All rights reserved.

PROGRESS IN DIGESTIVE SYSTEM NEOPLASMS
Jung Eun Lee, ScD, Assistant Professor, Series Editor

Vitamin B6 and colorectal cancer: Current evidence and
future directions
Xue-Hong Zhang, Jing Ma, Stephanie A Smith-Warner, Jung Eun Lee, Edward Giovannucci
colorectal cancer comparing high with low concentrations. The reasons for the discrepancy in the results
between dietary-based and plasma-based studies
remain unresolved. Other unresolved questions include the effects of vitamin B6 intake in early life (i.e. ,
childhood or adolescence) and of suboptimal vitamin
B6 status on colorectal cancer risk, whether the associations with vitamin B6 differ across molecular
subtypes of colorectal cancer, and whether the vitamin
B6-colorectal cancer association is modified by genetic
variants of one-carbon metabolism.

Xue-Hong Zhang, Jing Ma, Edward Giovannucci, Channing Division of Network Medicine, Department of Medicine,
Brigham and Women’s Hospital and Harvard Medical School,
Boston, MA 02115, United States
Stephanie A Smith-Warner, Edward Giovannucci, Department of Nutrition, and Department of Epidemiology, Harvard
School of Public Health, Boston, MA 02115, United States
Jung Eun Lee, Department of Food and Nutrition, Sookmyung
Women’s University, Seoul 140742, South Korea
Author contributions: All authors contributed to conception
of the study; ZhangXH drafted the article; Ma J, Smith-Warner
SA, Lee JE and Giovannucci E revised it critically for important
intellectual content; all authors approved the final version of this
article.
Correspondence to: Edward Giovannucci, MD, Professor of
Nutrition and Epidemiology, Department of Epidemiology, Harvard School of Public Health, 665 Huntington Avenue, Boston,
MA 02115, United States. egiovann@hsph.harvard.edu
Telephone: +1-617-4324648 Fax: +1-617-4322435
Received: September 19, 2012 Revised: December 25, 2012
Accepted: January 11, 2013
Published: January 28, 2014

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Vitamin B6; Plasma pyridoxal 5’-phosphate;
Colorectal cancer; Adenoma; Incidence; Case-control
study; Cohort study; Randomized controlled trial; Epidemiology
Original sources: Zhang XH, Ma J, Smith-Warner SA, Lee JE,
Giovannucci E. Vitamin B6 and colorectal cancer: Current evidence
and future directions. World J Gastroenterol 2013; 19(7): 1005-1010
Available from: URL: http://www.wjgnet.com/1007-9327/full/v19/
i7/1005.htm DOI: http://dx.doi.org/10.3748/wjg.v19.i7.1005

Abstract
Colorectal cancer remains the third most common
cancer in both women and men worldwide. Identifying modifiable dietary factors is crucial in developing
primary prevention strategies. Vitamin B6 is involved
in more than 100 coenzyme reactions, and may influence colorectal cancer risk in multiple ways including
through its role in one-carbon metabolism related DNA
synthesis and methylation and by reducing inflammation, cell proliferation, and oxidative stress. Observational studies of dietary or dietary plus supplementary
intake of vitamin B6 and colorectal cancer risk have
been inconsistent with most studies reporting nonsignificant positive or inverse associations. However,
published studies of plasma pyridoxal 5’-phosphate
(the active form of vitamin B6) levels consistently support an approximately 30%-50% reduction in risk of
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INTRODUCTION
Colorectal cancer is the third most common cancer world
wide[1]. In the United States, colorectal cancer will ac
count for approximately 143 460 new cases in 2012[2].
The wide variation in age-adjusted incidence rates for
colorectal cancer between countries suggests a role of
environmental factors such as diet in colorectal carcino
genesis. However, as summarized in several recent re
views[3-5], the effect of dietary factors on colorectal can
cer remains largely inconclusive. For example, based on
a comprehensive review of published studies, the 2011
World Cancer Research Foundation and American Insti
tute for Cancer Research report on diet and colorectal
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cancer identified that there was convincing evidence only
for red meat, processed meat, and alcoholic drinks (in
men) as risk factors and for dietary fiber as a protective
factor for colorectal cancer[3]. The effect of other dietary
factors such as vitamin B6 on colorectal cancer remains
to be elucidated. Vitamin B6, a one-carbon metabolism
related nutrient, may have a potential role in colorectal
carcinogenesis. The current epidemiologic studies exam
ining vitamin B6 and risk of sporadic colorectal cancer
and adenomas are briefly summarized here. Although
the possible effect of vitamin B6 may differ by mo
lecular subtype of colorectal cancer or be mediated by
genetic variants in one-carbon metabolism, few data are
available to date[6-11] and thus are not reviewed here.
Vitamin B6 is a water-soluble vitamin that participa
tes in more than 100 coenzyme reactions involved in the
metabolism of protein, carbohydrates, and lipids[12]. In
the United States, the major food sources for vitamin
B6 include fortified cereals, starchy vegetables, beef, and
poultry[12]. The recommended daily allowance (RDA)
for vitamin B6 intake is 1.7 mg/d for men and 1.5 mg/
d for women aged 51 years or older[12] although some
subgroups of the population including smokers, blacks,
seniors, and current and former oral contraceptive users
require higher intakes[13]. Plasma pyridoxal 5’-phosphate
(PLP) is the active form of vitamin B6 and is most com
monly used to measure vitamin B6 status. A PLP level of
more than 20 nmol/L is an indicator of adequate vitamin
B6 status in adults[12]. The 2003-2006 national health and
nutrition examination survey found that 11% of vitamin
B6 supplement users (approximately 20%-30% of United
States adults[14]) and 24% of people in the United States
who do not take supplements containing vitamin B6 have
suboptimal plasma PLP concentrations (< 20 nmol/L)[13].

OBSERVATIONAL STUDIES OF VITAMIN
B6 INTAKE AND COLORECTAL CANCER
RISK
Despite potential mechanisms supporting the hypothesis
that vitamin B6 may reduce colorectal cancer risk, epi
demiologic evidence examining vitamin B6 intake and
colorectal cancer risk has been inconclusive. At least 9
case-control studies have examined the relation between
vitamin B6 intake and colorectal cancer risk. The majority
of the case-control studies reported a modest significant
inverse association for comparisons of the highest with
the lowest vitamin B6 intake categories. For example, a
quantitative review of six case-control studies published
in 2008 reported a summary multivariable relative risk
(RR) of 0.67 (95%CI: 0.60-0.75) comparing high with
low vitamin B6 intake[28]. However, there was borderline
significant heterogeneity among these case-control stud
ies (P value for heterogeneity = 0.09) with risk estimates
ranging from 0.51 to 1.00. In addition, a meta-analysis
of nine cohort studies that included eleven risk estimates
(3 studies analyzed men and women separately) found
no substantial effect of vitamin B6 intake on colorectal
cancer risk (high vs low intake categories, summary RR =
0.90, 95%CI: 0.75-1.07). However, there was statistically
significant heterogeneity in the results from the cohort
studies (P value for heterogeneity = 0.01) with 6 cohort
studies reporting 18%-39% lower risks of colorectal can
cer comparing the highest vs lowest categories (the asso
ciations in three studies were statistically significant) and
5 studies reporting nonsignificant positive associations[29].
In the meta-analysis, only two cohort studies had evalu
ated associations with total vitamin B6 intake and a non
significant association was observed (summary RR = 0.90,
95%CI: 0.73-1.11)[29]. The only subsequently published
study of two cohorts examined potential latency effects
of vitamin B6 intake on colorectal cancer risk and found
no difference for intakes measured 0-4 years before diag
nosis compared to intakes measured 12-16 years before
diagnosis[30]. Of note, the study populations in these stud
ies were relatively well nourished, with a low prevalence
(i.e., 5%-10%) of individuals below the RDA levels of
vitamin B6 intake, limiting the ability to test the potential
effect of suboptimal vitamin B6 status on colorectal can
cer risk.

VITAMIN B6 AND POTENTIAL
MECHANISMS RELATED TO
COLORECTAL CARCINOGENESIS
Vitamin B6 may influence colorectal carcinogenesis thro
ugh its role in DNA synthesis and methylation[15], both
of which are potentially involved in colorectal carcino
genesis. In addition, animal models have demonstrated
that supplemental vitamin B6 suppressed cell prolifera
tion and reduced the number of tumors in the colon[16,17].
Moreover, vitamin B6 has been shown to inhibit angio
genesis[18], suppress nitric oxide[16], and reduce oxidative
stress [19], all of which are associated with preventing
carcinogenesis. Further, low vitamin B6 status may link
to chronic inflammation[20], a potential risk factor for
colorectal cancer[21], based on significantly lower PLP
concentrations observed among patients with inflamma
tory bowel diseases[22] and rheumatoid arthritis[23,24] com
pared to generally healthy populations. Other evidence of
the link between vitamin B6 and inflammation includes
the inverse relation of plasma PLP with cardiovascular
disease[25,26], C-reactive protein[23,27], and tumor necrosis
factor alpha[24].
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NESTED CASE-CONTROL STUDIES OF
PLASMA PLP CONCENTRATIONS AND
COLORECTAL CANCER RISK
Four out of five nested case-control studies conducted to
date have shown that higher pre-diagnostic plasma PLP
concentrations were statistically significantly associated
with a 30%-50% lower risk of colorectal cancer[29]. The
first study was from the United States (n = 188 cases,
highest vs lowest quartile, RR = 0.48, 95%CI: 0.25-0.92,
P value for trend = 0.03)[31]. The second study conducted
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in Finland found that men in the highest quartile of PLP
concentrations had non-significant lower risk of colorec
tal cancer (n = 275 cases, RR = 0.61, 95%CI: 0.32-1.14, P
value for trend = 0.08)[32]. Similar magnitudes of inverse
associations were also observed in subsequent analyses
using data from the Multiethnic Cohort study (n = 223
cases, RR = 0.52, 95%CI: 0.29-0.92, P value for trend =
0.03)[33] and the Physicians’ Heath Study (n = 197 cases,
RR = 0.49, 95%CI: 0.26-0.92, P value for trend = 0.01)[34].
Likewise, in the largest and most recent analysis to date
(n = 1365 cases), the RR comparing the highest to low
est quintile was 0.68 (95%CI: 0.53-0.87, P value for trend
< 0.001) in the European Prospective Investigation into
Cancer and Nutrition cohort[9]. As shown in the metaanalysis of these studies[29], the pooled RR of colorectal
cancer for the highest vs lowest categories of PLP levels
was 0.52 (95%CI: 0.38-0.71).

tent than observed for colorectal cancer, with only a small
number of studies published[10,11,31,38]. Specifically, the first
study found a suggestive inverse association between
plasma PLP concentration and advanced (≥ 1 cm in size,
or villous or tubulovillous) distal colorectal adenoma (n
= 408 cases, RR = 0.65, 95%CI: 0.37-1.11, P value for
trend = 0.08), but a weaker association with low risk of
(small and tubulous) adenoma (n = 210 cases, RR = 0.85,
95%CI: 0.52-1.38, P value for trend = 0.52)[31]. The other
cohort study showed that high plasma levels of PLP were
inversely associated with risk of colorectal adenoma (n
= 210 cases, highest vs lowest tertile, RR = 0.44, 95%CI:
0.26-0.74, P value for trend = 0.002)[10]. Among 2 stud
ies that evaluated the effect of vitamin B6 and adenoma
recurrence, the first study from the Wheat Bran Fiber in
tervention trial showed a lower odds of adenoma recur
rence for higher vitamin B6 intake (n = 495 recurrences,
highest vs lowest quartile, OR = 0.65, 95%CI: 0.45-0.94,
P value for trend = 0.03)[38]. The Aspirin/Folate Polyp
Prevention Study, a trial of folic acid supplementation,
found a borderline significant inverse association with
plasma PLP concentrations and risk of adenoma recur
rence (n = 430 recurrences, highest vs lowest quartile, RR
= 0.78, 95%CI: 0.61-1.00, P value for trend = 0.08)[11].

CLINICAL TRIALS OF VITAMIN B6
SUPPLEMENT AND COLORECTAL
CANCER
The effect of treatment with vitamin B6 supplements
(40 mg/d) on colorectal cancer incidence and mortality
has been evaluated, to the best of our knowledge, in only
two randomized double-blind, placebo-controlled trials,
the Norwegian Vitamin Trial[35] and the Western Norway
B Vitamin Intervention Trial[36]. These studies were not
primarily designed to examine cancer outcomes and in
cluded 6837 participants with ischemic heart disease after
a median of 39 mo of treatment and an additional 38 mo
of post-trial observational follow-up[37]. In both trials,
participants were randomized into one of four groups: (1)
folic acid (0.8 mg/d), vitamin B12 (0.4 mg/d), and vita
min B6 (40 mg/d); (2) folic acid (0.8 mg/d) and vitamin
B12 (0.4 mg/d); (3) vitamin B6 alone (40 mg/d); or (4)
placebo. The pooled analysis of data from these two tri
als showed no benefit of vitamin B6 supplementation on
incident colorectal cancer or fatal colorectal cancer. Of
note, only a limited number of colorectal cancer cases
and deaths were included in the analysis. A total of 26
participants (1.5%) who received vitamin B6 and 22 (1.3%)
participants in the placebo group were diagnosed with
incident colorectal cancer during the trial (vitamin B6 vs
non-vitamin B6 group, RR = 1.18, 95%CI: 0.69-2.00)[37].
Furthermore, there were only 5 deaths due to colorec
tal cancer in the vitamin B6 group and 7 in the placebo
group (vitamin B6 vs non-vitamin B6 group, RR = 0.51,
95%CI: 0.17-1.55)[37].

DISCUSSION
Overall, based on a meta-analysis of nine cohort studies
a substantial effect of vitamin B6 intake in adulthood
and colorectal cancer risk was not evident although the
study-specific results were inconsistent. In contrast, all
five studies of circulating PLP levels found that partici
pants with higher plasma PLP levels had a 30%-50%
lower risk of colorectal cancer with the associations be
ing statistically significant in four of the studies. Of note,
only two nested case-control studies[31,33] have examined
associations with both vitamin B6 intake and PLP levels
and colorectal cancer risk and in these two studies in
verse associations of similar magnitude were observed
for vitamin B6 intake and plasma PLP concentrations
and colorectal cancer risk. Several issues related to ex
amining associations between vitamin B6 and colorectal
cancer risk are discussed below.
Confounding by other factors?
Vitamin B6 intake is an important determinant of PLP
levels[39]. However, individuals with high vitamin B6 in
take tend to have healthy behaviors such as higher physi
cal activity, less smoking, and higher intakes of folate,
calcium, and vitamin D compared to individuals with
lower vitamin B6 intake[30,40-42]. Because being physically
active, not smoking, and having higher intakes of folate,
calcium and vitamin D may reduce the risk of colorec
tal cancer[3,5,43,44], the inverse associations observed with
higher PLP concentrations might be simply due to the
correlations between vitamin B6 intake and these healthy
behaviors. Although previous studies have adjusted for
these potential confounding factors[29,30], residual con
founding may still exist. Further, it is challenging to tease

VITAMIN B6 INTAKE, PLASMA PLP
CONCENTRATIONS AND COLORECTAL
ADENOMAS
The evidence for the association between vitamin B6 in
take or plasma PLP concentrations and risk of colorectal
adenoma, precursors of colorectal cancer, is less consis
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out the independent effect of vitamin B6 from certain
other nutrients such as folate, calcium, and vitamin D
given that their intakes are positively correlated, particu
larly for intakes from food and supplemental sources
combined. In addition, variation in plasma PLP could
possibly reflect metabolic states such as chronic inflam
mation[22-24,27,45], a risk factor for colorectal cancer[21]. Stud
ies have shown that patients with inflammatory bowel
diseases[22] and rheumatoid arthritis[23,24] have significantly
lower plasma PLP concentrations than healthy individu
als. Although the data are not in full agreement[46], plasma
PLP concentrations also have been found to be inversely
correlated with C-reactive protein levels[23,27], and tumor
necrosis factor alpha levels[24], both of which are markers
of inflammation and possible risk factors for colorec
tal cancer[47]. Possibly, lower PLP levels could reflect a
patho-physiologic state such as inflammation, which may
be associated with higher risk of colorectal cancer, but
increasing plasma PLP concentrations through increased
intake may not necessarily lead to lower colorectal cancer
risk. However, one study found that the inverse associa
tion with higher plasma PLP concentrations did not
change even after adjustment for plasma concentrations
of homocysteine, C-reactive protein, tumor necrosis fac
tor alpha, and interleukin-6[34]. Nonetheless, it is unclear
whether plasma PLP levels per se or the healthy behaviors
or physiologic states associated with plasma PLP levels
conferred the benefits observed in the studies of PLP
concentrations and colorectal cancer risk.

tion between vitamin B6 intake and colorectal cancer risk.
Misclassification of vitamin B6 status also may occur in
studies of PLP levels and colorectal cancer risk given that
the studies published to date have only used one blood
sample to measure PLP levels which may not reflect long
term vitamin B6 status.
Interaction with other factors?
Inconsistent results might also result from differences
in distributions of potential effect modifiers of the as
sociation between vitamin B6 and colorectal cancer risk.
Given that alcohol consumption may decrease vitamin
B6 levels[50,51], any effect of vitamin B6 on colorectal
cancer risk might therefore be stronger among heavy
drinkers. To date, results have been conflicting among
the six studies we identified. A non-significant interac
tion between vitamin B6 and total alcohol consumption
including wine, beer, spirits was observed in three stud
ies of vitamin B6 intakes[30,52] and one study of plasma
PLP levels[31]. In contrast, a stronger inverse association
with plasma PLP concentrations[9] or vitamin B6 intake[41]
has been reported among alcohol drinkers compared to
nondrinkers. In addition, if vitamin B6 influences the de
velopment of colorectal cancer through the one-carbon
metabolism pathway, the potential benefit of vitamin B6
might be stronger among individuals with low intake of
other one-carbon metabolism related nutrients such as
folate, riboflavin, methionine, and vitamin B12. However,
current studies are limited and found no evident pat
tern[30,31]. With respect to adenomas, studies are limited
and results have also been mixed. Results from the Multi
ethnic Cohort Study showed a non-significant interaction
between plasma PLP and alcohol consumption[10] and
the Aspirin/Folate Polyp Prevention Study found that
the inverse association with plasma PLP was evident only
among nondrinkers (P value for interaction = 0.03)[11].

Measurement error in assessment of vitamin B6?
Measurement error may have occurred in estimated vi
tamin B6 intake assessed using food frequency question
naires (FFQs). However, the relatively high correlations
(ranged from 0.4 to 0.8) observed between vitamin B6
intake assessed by FFQs and intake assessed using a ref
erence methods (i.e., dietary records)[6,30,40-42,48,49] reduce
the possibility of missing a strong association between
vitamin B6 intake and colorectal cancer risk in cohort
studies. Moreover, total vitamin B6 intake (from food and
supplemental sources combined) appears to be a good
predictor of plasma PLP concentrations. For example,
among representative random samples from the Nurses’
Health Study (n = 381 women) and the Health Profes
sionals Follow-up Study (n = 345 men) who had provided
blood samples and served as controls in a nested casecontrol study of colorectal cancer[30], an approximately
3-fold difference was observed in mean plasma PLP con
centrations comparing the top vs bottom quintiles of to
tal vitamin B6 intake. Specifically, for the top and bottom
quintile categories of total vitamin B6 intake, the mean
plasma PLP concentrations were 98.3 nmol/L and 38.9
nmol/L in women and 183.2 nmol/L and 66.0 nmol/L
in men. In addition, the Spearman correlation coefficients
between total vitamin B6 intake and plasma PLP concen
trations were 0.52 in women and 0.54 in men[30]. Thus,
the ability of FFQs to predict an almost 3-fold difference
in plasma PLP levels argues against measurement error in
vitamin B6 intake masking detection of a strong associa
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Timing of intake is important?
Because most cohort studies conducted to date have only
a single assessment of vitamin B6 intake[29,30], it is uncer
tain when in the natural history vitamin B6 intake may
influence colorectal cancer risk. However, a recent study
that specifically evaluated the timing using time lagged
analyses found no clear pattern [30]. In contrast, when
potential latency effects of total folate intake (another
one-carbon metabolism related nutrient) were examined,
only total folate intake measured 12-16 years prior to di
agnosis of colorectal cancer was significantly associated
with a lower risk of colorectal cancer, consistent with the
only prior study examining the timing of folate intake on
colorectal cancer risk[53]. When total folate and total vita
min B6 intakes measured 12-16 years prior to diagnosis
were simultaneously included in the multivariate model,
a statistically significant inverse association continued to
be observed for total folate intake while a weak, nonsig
nificant association was observed for total vitamin B6
intake. However, it is unknown whether vitamin B6 in
take in childhood, adolescence, or early adulthood might
be important in colorectal carcinogenesis because dietary
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habits experienced early in development may play an im
portant role in adult disease[54,55]. The previous observa
tional studies that we identified have focused on vitamin
B6 intake in adulthood[30].

10

11

CONCLUSION
In contrast to the inverse associations observed in most
studies of plasma PLP concentrations, the results from
cohort studies of vitamin B6 intake in adulthood and
colorectal cancer risk in relatively nourished populations
have been inconsistent. The reason for this discrepancy
between dietary-based and plasma-based studies remains
unresolved and a better understanding is needed of the
determinants of plasma PLP concentrations. Future stu
dies should focus on early life intake (i.e., childhood or
adolescence), the effects of suboptimal vitamin B6 status,
molecular subtypes of colorectal cancer, and effect modi
fication by genetic variants of one-carbon metabolism.
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(0.79-0.97), 0.68 (0.56-0.82), and 0.72 (0.61-0.85),
respectively]. A significant association was found only
between flavonols and stomach cancer risk based on a
limited number of selected studies [OR (95%CI) = 0.68
(0.46-0.99)]. In the summary estimates from casecontrol studies, all flavonoid subclasses except flavones
and flavanones were inversely associated with colorectal cancer risk, whereas neither total flavonoids nor any
subclasses of flavonoids were associated with colorectal
cancer risk in the summary estimates based on the cohort studies. The significant association between flavonoid subclasses and cancer risk might be closely related
to bias derived from the case-control design. There was
no clear evidence that dietary flavonoids are associated
with reduced risk of stomach and colorectal cancer.
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Abstract
Stomach and colorectal cancers are common cancers
and leading causes of cancer deaths. Because the alimentary tract can interact directly with dietary components, stomach and colorectal cancer may be closely
related to dietary intake. We systematically searched
published literature written in English via PubMed by
searching for terms related to stomach and colorectal
cancer risk and dietary flavonoids up to June 30, 2012.
Twenty-three studies out of 209 identified articles were
finally selected for the analysis. Log point effect estimates and the corresponding standard errors were calculated using covariate-adjusted point effect estimates
and 95%CIs from the selected studies. Total dietary flavonoid intake was not associated with a reduced risk of
colorectal or stomach cancer [odds ratio (OR) (95%CI)
= 1.00 (0.90-1.11) and 1.07 (0.70-1.61), respectively].
Among flavonoid subclasses, the intake of flavonols,
flavan-3-ols, anthocyanidins, and proanthocyanidins
showed a significant inverse association with colorectal cancer risk [OR (95%CI) = 0.71 (0.63-0.81), 0.88
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Original sources: Woo HD, Kim J. Dietary flavonoid intake and risk
of stomach and colorectal cancer. World J Gastroenterol 2013; 19(7):
1011-1019 Available from: URL: http://www.wjgnet.com/1007-9327/
full/v19/i7/1011.htm DOI: http://dx.doi.org/10.3748/wjg.v19.i7.1011

INTRODUCTION
Stomach and colorectal cancer are common cancers and
leading causes of cancer deaths[1]. Because the alimentary tract can interact directly with dietary components,
stomach and colorectal cancer may be closely related to
dietary intake. The consumption of meat, especially of
red and processed meats that produce N-nitrosamine,
was positively associated with stomach and colorectal
cancer risk in a previous meta-analyses[2-4]. However,
fruit and vegetable intakes were inversely associated with
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colorectal cancer risk in people with high intakes of red
and processed meat[5], and inverse association between
vitamin C intake and stomach cancer risk was stronger
in high red and processed meat intake group[6]. High
fruit and vegetable intakes are associated with beneficial
health effects, and these effects have been partly attributed to the high flavonoid content of these foods. Flavonoids are polyphenolic compounds that are abundant
in fruits and vegetables. The beneficial health effects of
flavonoids have been attributed to their free radical scavenging properties. In addition to their antioxidant properties, flavonoids have antiviral, antiallergic, antiinflammatory, and antitumor activities[7,8]. Flavonoids are generally classified as flavonols, flavones, flavanones, flavanols,
isoflavones or anthocyanidins based on their chemical
structure[9-11]. The antioxidant activities of the dietary flavonoids and their subclasses vary due to the differences
in their chemical structures. Flavonols, the most common flavonoids in foods, include kaempferol, myricetin,
quercetin, and isorhamnetin. Among them, quercetin
is abundant in onions and apples, and has been studied
extensively due to its high bioavailability and strong antioxidant effects. Flavones, such as apigenin and luteolin,
are abundant in green leafy spices (e.g., parsley, thyme,
and celery), and the flavanones naringenin, hesperetin,
and eriodictyol are found in citrus fruits. Flavanols, often
referred to as flavan-3-ols, include catechin, gallocatechin, and epicatechin, which are abundant in teas, red
wine, and apples. Isoflavones, especially genistein, are
found in soy foods and have been studied widely due to
their antitumor properties. Anthocyanidins are found in
cherries, strawberries, and red wine.
A reduced risk of cardiovascular disease associated
with flavonoid intake has been observed in many epidemiological studies[12,13]. Flavonoids have been suggested
to reduce the risk of cardiovascular disease by modulating various mechanisms [14]. However, the association
between cancer risk and dietary flavonoid intake has less
supportive evidence from epidemiological studies, and
the results have been inconsistent. To date, meta-analyses
have focused mainly on dietary flavonoids and cardiovascular disease[12,13] or tea flavonoids and lung cancer[15,16].
Thus, we performed a meta-analysis of summary data to
calculate the effect estimates of dietary flavonoid intake,
including individual subclasses of flavonoids, on stomach and colorectal cancer risk.

naringenin or flavan-3-ol or catechin or epicatechin or
theaflavin or anthocyanidin or cyanidin or delphinidin
or malvidin or pelargonidin or peonidin or petunidin or
proanthocyanidin or isoflavone)” up to June 30, 2012.
The inclusion criteria were as follows: (1) original articles
with a case-control or cohort design; (2) articles reporting intake of either total flavonoids or subclasses of
flavonoids and stomach or colorectal cancer; (3) articles
with at least 3 categories of dietary flavonoid intake;
and (4) studies reporting adjusted odds ratios (OR) or
relative risks (RR) with 95%CIs for the risk of stomach
or colorectal cancer in subjects with the highest dietary
flavonoid intake compared with those with the lowest
intake of dietary flavonoids.
The retrieved studies were reviewed independently
by two investigators (Woo HD and Kim J). Data on authors, publication year, types of flavonoids, cancer sites,
country in which the study was performed, number of
cases and controls, categories of flavonoids or subclasses
of flavonoids, subclasses included in the calculation of
total flavonoids, and adjusted OR/RR and 95%CI were
collected for the meta-analysis. The multivariate-adjusted
values for OR/RR and 95%CI were selected for the meta-analysis to reduce the effects of potential confounding variables. If there was additional adjustment for fruit
and vegetable intake, the adjusted values were selected.
All statistical analyses were performed using the
STATA software package (version 10; Stata Corp, College Station, TX, United States). Log point effect estimates and the corresponding standard errors were calculated using the covariate-adjusted point effect estimates
and 95%CI from selected studies and weighted by the
inverse variance to calculate the summary estimates[17].
The heterogeneity across studies was measured using
the Q-test based on the χ 2 statistic. Heterogeneity was
considered statistically significant when P < 0.1 for the
Q-test and was quantified using the I2 test as described
by Higgins et al[18]. Based on the heterogeneity of the
included studies, fixed or random effects models were
selected to calculate the pooled effect measures. Sensitivity analyses were performed to test the robustness of the
results of the combined effects.
A total of 209 studies were identified, and 160 studies were excluded based on the titles and abstracts. The
full texts of the remaining 49 studies were reviewed,
and 25 studies were excluded for the following reasons:
7 studies were not related to dietary flavonoid intake or
any of the flavonoid subclasses; 5 studies presented only
recurrence or survival analysis data; 5 studies were not
related to stomach or colorectal cancer: 4 studies did not
report cancer risk; 2 studies were review articles; and 2
studies reported plasma concentrations instead of die
tary flavonoid intake.
Sensitivity tests were conducted for the remaining
24 studies of total flavonoids and each subclass of flavonoids. One study showing substantial influence on
the summary estimates in the sensitivity tests was excluded[19]. Thus, 23 studies, comprising 13 case-control

DIETARY FLAVONOID INTAKE AND
RISK OF STOMACH AND COLORECTAL
CANCER
English-language studies were systemically searched
using PubMed with the phrase “cancer risk and (stomach or gastric or colorectal or colon or bowel or rectal)
and (flavonoid or flavonol or quercetin or kaempferol
or myricetin or isorhamnetin or flavone or luteolin or
apigenin or flavanone or eriodictyol or hesperetin or
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studies and 10 cohort studies, were finally selected to
estimate the overall effects of total dietary flavonoid or
flavonoid subclass intake on stomach and colorectal cancer risk (Table 1)[20-42]. Begg’s funnel plot and Egger’s test
were used to evaluate the publication bias in studies of
total flavonoids and each subclass of flavonoids. Egger’s
test showed no significant bias.
The summary estimates for the risk of cancer in subjects with the highest dietary flavonoid intake, compared
with that in subjects with the lowest flavonoid intake, are
presented in Table 2. The heterogeneity was low in the
overall results, but heterogeneity was found in several
summary estimates of the studies that included mostly
case-control design. Total dietary flavonoids were not
associated with a reduced risk of colorectal or stomach cancer [OR (95%CI) = 1.00 (0.90-1.11) and 1.07
(0.70-1.61), respectively]. However, flavonol, flavan-3ol, anthocyanidin, and proanthocyanidin intakes showed
a significant inverse association with colorectal cancer
risk among flavonoid subclasses [OR (95%CI) = 0.71
(0.63-0.81), 0.88 (0.79-0.97), 0.68 (0.56-0.82), and 0.72
(0.61-0.85), respectively]. A significant association was
found only for flavonol intake and stomach cancer risk
in a limited number of selected studies [OR (95%CI) =
0.68 (0.46-0.99)].
Subgroup analyses by study design or sex were conducted for each subclass of flavonoids. In case-control
studies, all flavonoid subclasses except flavones and flavanones were inversely associated with colorectal cancer
risk. However, neither total flavonoids nor any subclasses of flavonoids were associated with colorectal cancer
risk in the cohort studies. Colorectal cancer showed a
statistically significant association for the summary estimate of flavonols in both female and male subjects [OR
(95%CI) = 0.84 (0.75-0.93) and 0.87 (0.79-0.96), respectively] and isoflavones in male subjects [OR (95%CI) =
0.90 (0.83-0.99)]. A reduced risk of colorectal cancer was
not observed for the subclasses of flavonols.
The preventative effects of flavonoids on stomach
and colorectal cancer risk were estimated by pooling the
estimates based on the published observational studies.
Total dietary flavonoid intake was not associated with
a reduced risk of stomach and colorectal cancer, but
several subclasses of flavonoids, mostly in case-control
studies, showed protective effects against stomach and
colorectal cancer risk.
Flavonoids could affect cancer risk through their antiinflammatory and antitumor activities. Flavonoids exert
their antiinflammatory activities by inhibiting cycloxygenase-2 (COX2) in colon cancer cells, and this is associated with a reduced risk of colorectal cancer[43]. Plant
flavonoids induce apoptosis and suppress the growth of
colon cancer cells by inhibiting the COX2- and Wnt/
epidermal growth factor receptor/nuclear factor-κBsignaling pathways, which play crucial roles in colorectal
cancer [44]. Quercetin inhibits tyrosine kinase activity,
thus downregulating cell proliferation[45]. The antitumor
effects of flavonoids have not been demonstrated con-
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clusively, but it has been suggested that the free radical
scavenging properties of flavonoids are closely related
to beneficial effects on cancer risk, as flavonoids are
more effective antioxidants than vitamin C, vitamin E
and carotenoids[46]. Hydroxylation at the 3-position on
the C ring, the increased number of hydroxyl groups in
ring B, and a saturated 2-3 bond on the C ring showed
enhanced scavenging activities[47,48].
Reduced risks of colorectal cancer were observed in
the summary estimates for flavonols, flavan-3-ols, anthocyanidins, and proanthocyanidins in the present study, as
well as in subgroup analyses. The intake of total dietary
flavonols and dietary quercetin were associated with a
significant reduction of stomach cancer risk. These results might be attributed to the antiinflammatory and antitumor effects of those nutrients. However, no reduced
risk of stomach and colorectal cancer was observed in
the summary estimates of total dietary flavonoids, including the subgroup analyses by sex and study design,
in the present meta-analysis. The subclasses of flavonoids included in the calculations of total flavonoids
were different across studies, as shown in Table 1. All
studies included flavonols and flavones among the total
dietary flavonoids, but flavan-3-ols, proanthocyanidins,
which can contribute a considerable proportion of the
total flavonoid intake, were not considered in most studies. These discrepancies can lead to highly heterogeneous
results. However, the overall results were homogenous
in terms of the effects of total flavonoids, except for
the summary estimate of case-control studies, which
showed moderate heterogeneity. Thus, dietary flavonoid
intake might not be truly associated with stomach or
colorectal cancer risk. Furthermore, dietary intake of
quercetin, kaempferol, and myricetin showed no significant association with colorectal cancer risk, whereas total
dietary flavonols showed statistically significant results
for both cancer types. These results might be closely
related to the design of the selected studies. The studies
that investigated total flavonoids as well as the flavonols
quercetin, kaempferol and myricetin were mostly cohort
designs, while the studies that investigated total flavonols
were mostly case-control designs. Case-control studies are more subject to recall bias, resulting in either an
underestimate or overestimate of the risk estimates. Especially in stomach and colorectal cancer, patients might
have intestinal discomfort prior to diagnosis, resulting in
changes in dietary habits. Similar results were found in
a meta-analysis of fruit and vegetable consumption[49].
A statistically significant association between the risk of
stomach and colorectal cancer and fruit and vegetable
consumption was observed only in the summary estimate of case-control studies. This summary risk estimate
was highly heterogeneous, unlike that of the cohort
studies, suggesting that bias might be introduced in casecontrol studies. Another explanation for the lack of association in cohort studies is the typically short followup times. In a meta-analysis of association between fruit
and vegetable consumption and gastric cancer risk[50], a
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Table 1 Selected studies on dietary flavonoids and risk of stomach and colorectal cancer
Case/
control
(n /n )

Controlled confounders

Reported Included Intake comparison
Dietary
assessment flavonoids subclasses High vs low
1
for total (mg/d)
method
flavonoids

Ref.

Cancer site Country

Study
period

GarciaClosas
et al[20]

Stomach

Spain

1987-1989 354/354

Diet
history

Q,
K,
M

Q4 vs Q1 mean (SD),
Q: 7.1 (6.5),
K: 1.2 (1.9),
M: 0.65 (1.17)

Lagiou
et al[21]

Stomach

Greece

1981-1984 110/100

FFQ

F1,
F2,
F3,
F4,
An,
I

F1: per 10.0,
F2: per 0.3,
F3: per 19.8,
F4: per 135.1,
An: per 40.4,
I: per 2.0.

Cotterchio
et al[22]
Rossi
et al[23]

Colorectum Canada

1997-2000 1095/1890 FFQ

I

> 1.097 vs < 0.289.

Colorectum Italy

1992-1996 1953/4154 FFQ

T,
F1,
F2,
F3,
F4,
An,
I
F1,
F2,
F3,
F4,
Q,
H,
N, C, E
I

T: > 191.1 vs < 75.3,
F1: > 28.5 vs < 13.2,
F2: > 0.7 vs < 0.3,
F3: > 67.0 vs < 12.5,
F4: > 88.5 vs < 20.8,
An: > 31.7 vs < 5.3,
I: > 33.9 vs < 14.4
F1: > 36.75 vs < 16,
F2: > 1.9 vs < 0.5,
F3: > 45.2 vs < 16.7,
F4: > 162.1 vs < 42.6,
Q: > 22.9 vs < 11.7,
H: > 21.1 vs < 3.95,
N: > 19.7 vs < 3.8
> 62.41 vs < 24.77

Theodoratou Colorectum Scotland
et al[24]

-

Akhter
et al[25]

Colorectum Japan

2004-2005 721/697

FFQ

Kyle
et al[26]

Colorectum United
1998-2000 261/404
Kingdom

FFQ

F1,
F3,
F4

F1: > 40.4 vs < 19.3,
F3: > 32.2 vs < 2.73,
F4: > 188.8 vs < 67.1

Rossi
et al[27]

Stomach

FFQ

Rossi
et al[28]

Colorectum Italy

1992-1996 1953/4154 FFQ

F1,
F2,
F3,
F4,
An,
I,
P
P

F1: > 32.3 vs < 13.2,
F2: > 0.7 vs < 0.3,
F3: > 56.8 vs < 12.9,
F4: > 79.2 vs < 21.6,
An: > 21.5 vs < 6.2,
I: > 34.3 vs < 15.0,
P: > 373.0 vs < 339.6
> 486.6 vs < 202.5

Budhathoki Colorectum Japan
et al[29]

2003-2003 816/815

I

74.4 vs 15.5 (median)

Ekström
et al[30]

1989-1995 C81, Non; FFQ
420 /1116

Q

> 11.89 vs < 3.88

Italy

Stomach
Sweden
(cardia and
non cardia)

1456/1456 FFQ

F1,
F2,
F3,
F4,
An,
I

1997-2007 230/547
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Total energy intake, intake
of nitrites, nitrosamines,
vitamin C, total carotenoids
(α-carotene, β-carotene, lutein,
and lycopene) and other
specific favonoids (quercetin,
kaempferol, myricetin, and
luteolin)
Age, gender, total energy
intake, place of birth, BMI,
height, years of education,
smoking habits and
duration of smoking, alcohol
consumption, and fruit and
vegetable consumption
Age, sex, and total energy
intake
Age, sex, energy intake, study
center, family history of
colorectal cancer, education,
alcohol consumption, BMI, and
occupational physical activity

Total energy intake, family
history of colorectal cancer,
total fiber intake, alcohol
intake, NSAID intake,
smoking, BMI, physical
activity, and fruit and
vegetable intake
Age, sex, total energy intake,
screening period, family
history of colorectal cancer,
cigarette smoking, alcohol
consumption, BMI, physical
activity, supplement use
and non-steroidal antiinflammatory drug use
Age, energy, family
history, non-steroidal antiinflammatory drugs, aspirin,
Mn, riboflavin, vitamin C,
folate
Age, sex, education, year
of interview, BMI, tobacco
smoking, and total energy
intake

Age, sex, study center, family
history, education, alcohol
consumption, BMI, physical
activity and energy intake
Age, sex, total energy intake,
resident area, parental
colorectal cancer, smoking,
alcohol use, BMI, type of job,
and leisure time physical
activity
Age, sex, socioeconomic status,
number of siblings, BMI, smok
ing and energy and salt intake
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ZamoraRos
et al[31]

Colorectum

Spain

1996-1998

424/401

Djuric
et al[32]

Colorectum

United
States

2003-2005

1163/1501 FFQ

Hirvonen Colorectum, Finland
[33]
Stomach
Knekt
Colorectum, Finland
et al[34]
Stomach

FFQ

T,
F1,
F2,
F3,
F4,
An,
I,
P
Q

F1,
F2,
F3,
F4,
An,
I,
P,
Th

F1,
F2
F1,
F2,
F3

Follow-up (yr) Case (n)
6.1 (median)
C 133
S 111
30 (maximum) C 90
S 74

Diet
history
Diet
history

T
T,
Q,
K,
M,
H,
N

Age, sex, energy intake, BMI, alcohol
and fiber intake, red and processed meat
intake, tobacco consumption, physical
activity, regular drugs, and family
history of colorectal cancer

16.3 vs 4.2 (median)

Age and supplementation group

T: > 39.5 (F), 26.9 (M)
vs < 8.5 (F), 4.3 (M),
Q: > 4.7 (F), 3.9 (M)
vs < 1.8 (F), 1.5 (M),
K: > 0.9 (F), 0.8 (M)
vs < 0.2 (F), 0.1 (M),
M: > 0.2 (F), 0.11 (M)
vs < 0.03 (F), 0.06 (M),
H:> 26.8 (F), 15.4 (M)
vs < 3.2 (F), 0 (M),
N: > 7.7 (F), 4.7 (M)
vs < 0.9 (F), 0 (M)
Q5 vs Q1
(NHS: > 31.1
vs < 9.6,
HPFS: > 30.5
vs < 10.7)

Age, sex, geographic area, occupation,
smoking, and BMI

Lin
et al[35]

Colorectum

United
States

-

878

FFQ

T,
Q,
K,
M

Akhter
et al[36]

Colorectum

Japan

7.6 (mean)

886

FFQ

I

Mursu
et al[37]

Colorectum

Finland

16.2 (mean)

55

F1,
F2,
F3,
F4,
An

Q4 vs Q1
T: 416.3
vs 265.0 (mean)

Simon
et al[38]

Colorectum

Netherlands

13.3

1271

Food
T,
recording F1,
F2,
F3,
F4,
An
FFQ
T,
F4

F1,
F2

Wang
et al[39]

Colorectum

United
States

11.5 (mean)

305

FFQ

T

F1,
F2

T: > 36 vs < 16 (M),
F4: > 84.3 vs < 44.4 (M),
T: > 38.3 vs < 18.4 (F),
F4: > 95.9 vs < 51.6 (F)
T: > 34.6 vs < 11.6

Yang
et al[40]

Colorectum

United
States

6.4 (mean)

321

FFQ

I
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F1,
F2

T: > 167.9 vs < 68.9,
F1: > 11.5 vs < 5.1,
F2: > 2.1 vs < 0.7,
F3: > 17.7 vs < 3.7,
F4: > 12.9 vs < 4.9,
An: > 10.6 vs < 3.3,
I: > 0.17 vs < 0.07,
P: > 112.3 vs < 40.9
> 10.29 vs < 4.33

Q4 vs Q1

T3 vs T1
34.8 vs 20.9 (mean)

Age, sex, physical activity at age
30-39, BMI, family history of colorectal
cancer, highest education achieved, and
nonsteroidal antiinflammatory drug
use (NSAID) use, red meat, and total
calcium intake

Age, BMI, family history of colorectal
cancer, history of colorectal polyps,
prior sigmoidoscopy screening, physical
activity, smoking status, red meat
intake, alcohol consumption, total
energy intake, total calcium intake, total
folate intake, total fiber intake, aspirin
use, and multivitamin use
Age, public health center area, history
of diabetes mellitus, BMI, leisure time
physical activity, cigarette smoking,
alcohol drinking, and intake of vitamin
D, dairy products, meat, fruit, vegetable,
and fish, (F) + menopausal status and
current use of female hormones
Age and examination years, BMI,
smoking status, pack-years of smoking,
physical activity, intakes of alcohol,
total fat and saturated fat, and energy
adjusted intake of fiber, vitamin C and E
Age, family history of colorectal
cancer, smoking status, alcohol intake,
occupational physical activity at longest
held job, BMI and processed meat intake
Age, race, total energy intake, and
randomized treatment assignment,
smoking, alcohol use, physical activity,
postmenopausal status, hormone
replacement therapy use, multivitamin
use, BMI, family history of colorectal
cancer, ovary cancer, and breast cancer,
and intake of fruit and vegetables, fiber,
folate, and saturated fat
Age, education, household income, BMI,
physical activity, menopausal status,
family history of colorectal cancer, total
calorie intake, and average intakes of
fruit, vegetables, red meat, nonsoy
calcium, nonsoy fiber, and nonsoy folic
acid

January 28, 2014|First Edition|

Woo HD et al . Dietary flavonoids and cancer risk
Ward
et al[41]

Colorectum Unitd 9 (mean) 221
States

Hara
et al[42]

Stomach

Japan

Food
I
recording

1249 FFQ

Continuous

Age, height, weight, family history of colorectal cancer,
smoking status, aspirin use, physical activity, and average
daily intake of fat, energy, calcium, alcohol, and red and
processed meats, (F) + oral contraceptive use, menopausal
status, menopausal hormone therapy use, parity, breastfeeding,
and surgical removal of ovaries
Q4 vs Q1 (median) Age, public center area, BMI, smoking status, ethanol intake,
42.3 vs 9.2 (M)
family history of gastric cancer, vegetable, fruit, fish, salt, and
41.8 vs 9.4 (F)
total energy intake

I

1

M and F represent male and female in this row. Q: Querectin; K: Kaempferol; M: Myricetin; H: Hesperidin; N: Naringenin; C: Catechin; E: Epicatechin; F1:
Flavonols; F2: Flavones; F3: Flavanones; F4: Flavan-3-ols; An: Anthocyanidins; I: Isoflavones; P: Proanthocyanidins; Th: Theaflavins; BMI: Body mass index.

Table 2 Summary estimates of dietary flavonoids and stomach and colorectal cancer risk
Combined

Colorectum
Heterogeneity

n
Total flavonoids
Cohort
Case-control
Female
Male
Flavonols
Case-control
Female
Male
Quercetin
Kaempferol
Myricetin
Flavones
Case-control
Female
Male
Flavanones
Case-control
Female
Male
Hesperidin
Naringenin
Flavan-3-ols
Cohort
Case-control
Female
Male
Anthocyanidines
Case-control
Proanthocyanidines
Isoflavones
Cohort
Case-control
Female
Male

a

11
9
5
7
6
8
4
4
6
5
7
6
3
3
9
6
5
4
3
14
7
7
7
6

RR

95%CI

1.00
1.05
1.05
0.71
0.70
0.81
0.95
1.15
0.84
0.82
1.04
1.05
1.12
1.11
0.88
0.87
0.75
0.76
0.55
0.90
0.98
0.78
0.95
0.89

0.91-1.11
0.93-1.18
0.96-1.15
0.63-0.80
0.62-0.79
0.68-0.97
0.65-1.37
0.87-1.51
0.74-0.96
0.66-1.02
0.86-1.27
0.85-1.30
0.90-1.40
0.89-1.38
0.80-0.97
0.77-0.98
0.64-0.89
0.64-0.90
0.35-0.87
0.80-1.01
0.85-1.12
0.70-0.87
0.81-1.11
0.82-0.96

I

2

15.0%
0%
0%
10.7%
0%
44.1%
55.2%
0%
44.8%
55.0%
44.5%
53.3%
0%
0%
16.3%
24.7%
21.9%
37.9%
74.4%
54.4%
44.0%
37.5%
47.7%
35.7%

P

b

0.301
0.517
0.514
0.348
0.755
0.085c
0.082c
0.965
0.107
0.064c
0.094c
0.057c
0.675
0.732
0.297
0.249
0.275
0.185
0.020c
0.008c
0.098
0.143
0.075c
0.170

Stomach
Heterogeneity

n

RR

95%CI

9
7
2
3
4
5
4
2
3
4
2
2
4
3
2
3
5
4
2
3
2
2
7
3
4
3
4
3
2
2
10
5
5
6
5

1.00
1.04
0.81
0.93
1.05
0.71
0.70
0.84
0.87
0.90
1.12
1.15
0.83
0.83
0.94
0.92
1.08
1.08
1.01
0.99
1.15
1.13
0.88
0.91
0.86
0.94
1.07
0.68
0.68
0.72
0.89
1.02
0.76
0.93
0.90

0.90-1.11
0.92-1.18
0.50-1.29
0.84-1.04
0.96-1.15
0.63-0.81
0.62-0.79
0.75-0.93
0.79-0.96
0.80-1.03
0.91-1.38
0.80-1.67
0.63-1.09
0.61-1.14
0.84-1.04
0.84-1.02
0.95-1.22
0.95-1.23
0.89-1.14
0.89-1.11
0.91-1.45
0.90-1.42
0.79-0.97
0.76-1.08
0.76-0.98
0.87-1.02
0.99-1.15
0.56-0.82
0.56-0.83
0.61-0.85
0.77-1.02
0.90-1.15
0.68-0.85
0.78-1.11
0.83-0.99

I

2

28.2%
9.6%
67.9%
0%
18.6%
37.0%
0%
0%
45.4%
42.2%
0%
0%
64.4%
87.9%
0%
0%
28.2%
46.4%
0%
0%
0%
0%
30.1%
26.9%
46.6%
54.7%
23.5%
0%
0%
0%
65.1%
43.1%
36.2%
54.3%
42.0%

Heterogeneity

b

n

RR

95%CI

I2

Pb

0.194
0.355
0.078c
0.890
0.298
0.175
0.510
0.361
0.160
0.159
0.979
0.607
0.038c
0.016c
0.353
0.477
0.234
0.144
0.734
0.583
0.587
0.539
0.198
0.254
0.132
0.110
0.270
0.868
0.668
0.372
0.003c
0.135
0.180
0.052c
0.141

2
2
0
0
1
2
2
0
0
4
2
2
2
2
0
0
2
2
0
0
1
1
2
0
2
0
0
2
2
1
4
2
2
1
1

1.07
-

0.70-1.61
-

0%
-

0.464
-

0.68
-

0.46-0.99
-

0%
-

0.586
-

0.66
0.73
1.13
0.76
-

0.51-0.85
0%
0.31-1.71 71.8%
0.75-1.71
0%
0.54-1.08
0%
-

0.472
0.060c
0.935
0.635
-

0.72
-

0.49-1.07 38.3%
-

0.203
-

0.91

0.66-1.26

0%

0.335

-

-

-

-

1.03
-

0.73-1.43
-

0%
-

0.509
-

0.91
0.88
1.02

0.78-1.06 5.5%
0.74-1.05 48.7%
0.73-1.44
0%

0.206
0.163
0.430

P

a

Selected study numbers; bP values for heterogeneity from Q-test; cRandom effects model was used if P < 0.1. RR: Relative risk.

significant association was observed only in the metaanalyses of studies with more than 10 years of followup. Meta-regression also revealed that longer follow-up
time was associated with lower risk of gastric cancer.
The mean follow-up times were more than 10 years for
all cohort studies reporting total dietary flavonoid intake
in our study, except for Hirvonen et al[33]. A meta-analysis
performed after excluding this study did not change the
results. Thus, the hypothesis of an inverse association
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between dietary flavonoids and risk of stomach and
colorectal cancer cannot be supported by our results.
Although this meta-analysis provided little evidence
of an inverse association between stomach and colorectal cancer risk and flavonoid intake, several mechanisms
supported by in vitro and animal studies remain biologically plausible. Antitumor effects were shown for
quercetin, luteolin, and myricetin[51-54], and polyphenols
extracted from apple and olive oil had a chemopreven-
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tive effect in colon cancer cell lines or mice[55-57] and
antioxidant activities in gastric mucosa[58,59]. Most subclasses of flavonoids were inversely associated in the
present meta-analyses, although some bias might have
been introduced. Thus, it is thought that dietary flavonoids are inversely associated with stomach or colorectal
cancer risk, but this association is very small, making
it difficult to detect. The United States Department of
Agriculture (USDA) database for food flavonoids has
been updated several times since 2003[60]. Most total dietary flavonoids are flavan-3-ols (82.5%), as estimated
by USDA database and 24 h dietary records provided by
United States adults[61]. The second greatest contributor
was flavanones (7.6%), followed by flavonols (6.8%),
anthocyanidins (1.6%), flavones (0.8%), and isoflavones
(0.6%). However, the bioavailability of these compounds
might be different. For example, tea flavonoids showed
low absorption rates, whereas quercetin and isoflavones
showed strong bioavailability. The main source of dietary
flavonoid subclasses in Scotland in a database by Kyle et
al[62] was tea[24], whereas the main sources of total flavonoids in Spain[31], calculated using the USDA database[60],
were fruits (65.1%), followed by wine (14.4%), legumes
(6.3%), and vegetables (4.2%). The methods used to
estimate total flavonoids from dietary intake are poorly
established[61]. Levels of exact individual flavonoid intake
from food should be determined to confirm the true association between flavonoids and stomach and colorectal
cancer risk.
The main limitation of this study is the small number
of publications included. Especially in the case of stomach cancer, summary estimates could not be calculated
in several subgroup analyses due to the limited number
of studies. Because a significant association was found in
the analyses of case-control studies which were subject
to bias, the inverse association between subclasses of
dietary flavonoid intake and cancer risk may be overestimated.

3

4

5

6

7
8

9

CONCLUSION

10

There was no clear evidence that dietary flavonoids are
associated with reduced risk of stomach and colorectal
cancer in the present meta-analysis. However, there is
a possibility that there may be a weak association with
stomach and colorectal cancer based on consistent associations for subclasses of flavonoids. The association of
flavonoids with stomach and colorectal cancer could be
relatively small and thus might only be detected with better methods of estimating true dietary flavonoid intake.
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INTRODUCTION
The incidence rate of esophageal cancer ranked eighth
worldwide, accounting for 3.8% of all new cancers, and
its mortality rate ranked sixth, accounting for 5.4% of all
cancer deaths in 2008[1]. The most predominant histological types of esophageal cancer are esophageal squamous
cell carcinoma (ESCC) and esophageal adenocarcinoma
(EAC), representing distinct characteristics in patterns of
cancer development and risk factors[2].
Given that mutagenic compounds such as heterocyclic
amines (HCAs), polycyclic aromatic hydrocarbons (PAHs),
and N-nitroso compounds (NOCs) generated from red
and processed meats were associated with cancer development[3], concerns about a high incidence of esophageal
cancer related to a high consumption of red and processed
meats have been increasing. In 2007, a consensus report
of experts assembled by the World Cancer Research Fund
(WCRF) and the American Institute for Cancer Research
(AICR)[4] concluded through review of studies published
up to 2004 that there were suggestive but inconclusive associations between red and processed meat consumption

Abstract
To summarize the evidence about the association between red and processed meat intake and the risk of
esophageal cancer, we systematically searched the
PubMed and EMBASE databases up to May 2012, with
a restriction to English publications, and the references
of the retrieved articles. We combined the studyspecific relative risks (RRs) and 95%CI, comparing
the highest with the lowest categories of consumption
by using a random-effects model. A total of 4 cohort
studies and 23 case-control studies were included in
the meta-analysis. The combined RRs (95%CI) of the
cohort studies comparing the highest and lowest categories were 1.26 (1.00-1.59) for red meat and 1.25
(0.83-1.86) for processed meat. For the case-control
studies, the combined RRs (95%CI) comparing the
highest and lowest categories were 1.44 (1.16-1.80)
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and esophageal cancer risk. The WCRF/AICR expert report also indicated that the lack of consistent results may
be because of insufficient data, especially from prospective cohort studies. Another review of studies published
up to 2005[5] suggested a possible increased risk of esophageal cancer with processed meat (9 case-control studies) and combined white and red meat (2 cohort and 18
case-control studies); however, this study concluded that
more prospective data involving a larger number of cases
would be needed to determine the association between
meat consumption and the risk of esophageal cancer.
Since the completion of the two reviews, the results
of the large prospective studies as well as new or updated
case-control studies that examined association between
red and processed meats and esophageal cancer risk have
been published, but no meta-analysis of the prospective cohort studies has been reported. We, therefore,
performed a meta-analysis of large prospective cohort
and case-control studies to summarize the association
between red and processed meat intake and the risk of
esophageal cancer. We also quantified the dose-response
relationships in the analysis of the cohort studies.

DATA EXTRACTION
We independently extracted the following data from each
study, according to the meta-analysis of observational
studies in epidemiology guidelines[6], and any discrepancies were resolved by discussion: the first author’s last
name, the publication year, the country where the study
was conducted, the study period, the age range of the
subjects, the number of cases and controls or the cohort
size, the measures and comparison levels of the exposures, the multivariate adjusted RRs with corresponding
95%CI for the highest vs lowest categories of red or processed meat intake, and the variables that were adjusted
for in the analysis. For each study, we used the most fully
adjusted RRs in the multivariate model. Any disagreements were resolved through consensus. The same two
authors assessed the quality of the studies based on
the Newcastle-Ottawa Scale, which ranged from 1 to 9
stars[7]. The average score for each study was used in the
analysis.

STATISTICAL ANALYSIS
We conducted separate meta-analyses for case-control
and cohort studies, using results that compared red and
processed meat intake as well as those that assessed each
type individually. We also performed a meta-analysis
combining both case-control and cohort studies. Using
a random-effects model that considered both within and
between study variation[8], we combined the study-specific
multivariate RRs and 95%CI, comparing the highest and
the lowest categories of red and processed meat intake.
We assessed the statistical heterogeneity among the
studies by using Q and I2 statistics[9], where significance
was reached at P < 0.1. Publication bias was evaluated by
using the Egger asymmetry test[10], with significant level at
P < 0.05. We investigated the potential sources of heterogeneity among the studies by conducting subgroup and
meta-regression analyses for histological subtype (ESCC
and EAC), sex (males, females, and both sexes), study
location (Asia, Europe, North America, and South America), study quality, and confounders adjusted for in the
analysis [alcohol, smoking, body mass index (BMI), and
fruit and/or vegetable]. We also conducted the sensitivity analysis for case-control and cohort studies separately,
omitting each study individually to evaluate whether the
results could have been affected substantially by any one
study.
In a sensitivity analysis, we estimated a dose-response
for combined RRs for 100 g/d increments of red or
processed meats for 3 cohort studies[11-13], which are less
prone to selection or recall bias than case-control studies.
We did not include one study (Yu et al[14]), that presented
binary categories of exposure for a dose-response analysis. For two studies[11,13], the estimates were rescaled into
100 g/d increments. All statistical analyses were performed
with Stata software, version 11 (Stata Corp., College Station, TX, United States). P < 0.05 considered statistically
significant.

SEARCH STRATEGY
Two authors (Choi Y, Song S) independently performed a
systematic search of published articles using the PubMed
and EMBASE databases up to May 2012[6]. We used the
following search terms: “oesophageal or esophageal or
esophagus or oesophagus” and “cancer or neoplasm or
carcinoma” and “cohort or prospective or case-control”
and “food or diet or meat”. We also reviewed the reference
lists from the retrieved articles and those from previous review studies to identify additional relevant studies that may
not have been identified by our database searches.

INCLUSION CRITERIA
Studies were included in our meta-analysis if they met
the following criteria: (1) either a cohort or case-control
design was used; (2) relative risk (RR) estimates and the
95%CI were provided for the association between red
and/or processed meat intake and esophageal cancer;
(3) the outcomes of interest were either the overall incidence of esophageal cancer or the two main histological
subtypes, ESCC or EAC; and (4) the study was published
in English. We included studies that reported the associations of esophageal cancer with exposures identified
as “red meat” or “processed meat” and individual food
items within the two groups. Studies generally included
beef, pork, minced meat, lamb, veal, and offal (e.g., liver,
kidney) for unprocessed red meat and sausage, ham, bacon, salami, luncheon meat, or frankfurters, and any types
of meat that were processed by smoking, curing, salting,
or the addition of preservatives for processed meat. We
excluded studies providing no apparent classification of
meat or studies reporting a combination of red and white
meat (e.g., poultry). If data were duplicated in more than
1 study, the latest studies were included.
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640 articles identified from database search
267 from EMBASE
373 from Pubmed

144 duplicate studies excluded

496 title and /or abstract screened
415 excluded based on selection criteria

1 articles identified from reference lists
82 articles were considered for full-text review

55 Excluded
14 duplicate study population
7 did not provide HR or 95%CI
34 articles not relevant to exposure and/or outcome of interest
27 articles included in meta-analysis
23 case-control studies
4 cohorte studies

Figure 1 Selection of studies included in meta-analysis.

ies (P = 0.15, I2 = 35.3%), but there was a heterogeneity
among the case-control studies (P < 0.01, I2 = 72.8%).
Combining the two types of study design resulted in an
overall combined RR of 1.38 (95%CI: 1.17-1.64; P for
heterogeneity: P < 0.01, I2 = 67.1%). Excluding a single
study did not substantially influence the combined estimates of the cohort or case-control studies. There was
no statistical evidence of publication bias according to
the Egger asymmetry test (P = 0.79 for cohort studies
and P = 0.34 for case-control studies). Dose-response
associations were examined in 3[11-13] of 4 cohort studies,
showing the combined RRs of 1.05 (95%CI: 0.91-1.21; P
for heterogeneity = 0.42, I2 = 0.2%) for every 100 g/d increment of red meat intake. The associations did not vary
significantly by histological subtypes, study location, sex,
and study quality (Table 2). In addition, the associations
did not differ by adjusted confounding factors including
alcohol, smoking, BMI, and fruit and vegetable intakes
(data not shown).

LITERATURE SEARCH
The preliminary literature search yielded 640 articles. Of
these, 81 articles and 1 additional article identified from
the reference lists were considered for further review
(Figure 1). After the full-text review, 7 articles that did not
provide RRs or 95%CI, 14 articles that used duplicated
study populations, and 34 articles that were unrelated to
exposure or outcomes of interest were excluded. A total
of 27 articles were included in the meta-analysis; 22 articles (4 cohort and 18 case-control studies) that reported
findings on red meat and 18 articles (3 cohorts and 15
case-controls) that reported findings on processed meat
were included in the meta-analysis.

RED MEAT INTAKE
We identified 4 cohorts studies[11-14] involving 2324 cases
and 1 149 981 participants and 18 case-control studies[15-32] involving 5165 cases and 26 350 control subjects
(Table 1). Two of the 22 studies reported results for
both ESCC and EAC, 16 studies reported the results for
either EAC or ESCC, and 6 reported results for overall
esophageal cancer without the histological subtypes. Six
studies were conducted in Asia, 6 in Europe, 7 in United
States, and 3 in South America. The studies used either
a food frequency questionnaire (FFQ) or a structured
questionnaire form to measure red meat intake. Fifteen
studies provided RR estimates that were adjusted for alcohol intake, 16 for smoking habit, 12 for BMI, and 7 for
fruit and/or vegetable intake. Eight studies were given a
score of 7 stars or above, representing a high quality of
studies[7]. The combined RRs (95%CI) comparing the
highest and lowest categories of red meat intake were 1.26
(1.00-1.59) for the 4 cohort studies and 1.44 (1.16-1.80)
for the 18 case-control studies (Figure 2A). There was
no evidence of heterogeneity among the cohort stud-
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PROCESSED MEAT INTAKE
We conducted a meta-analysis of 3 cohort studies[11-13],
which included 1162 cases and 1 137 288 participants and
15 case-control studies[15,16,19-21,24,25,27,30,32-37], which included
3851 cases and 10 064 controls (Table 1). Two of the 18
studies examined both ESCC and EAC as the primary
endpoints, 13 studies reported the results for either EAC
or ESCC and 5 did not differentiate between histological subtypes. Five studies were conducted in Asia, 7 in
Europe, 5 in United States, and 1 in South America. The
studies used either a FFQ or a structured questionnaire
form to measure processed meat intake. Fourteen studies provided RR estimates that were adjusted for alcohol
intake, 15 for smoking habit, 10 for BMI, and 8 for fruit
and/or vegetable intake. Six studies were given a score of
7 or greater, indicating a high methodological quality[7].
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Table 1 Characteristics of the studies included in the meta analysis
Ref.

Study
period

Sex

No. of
cases

No. cohorts Dietary
or controls assessment

Cohort studies
Keszei
1986-2002 M ESCC: 107
et al[11]
F EAC: 145
M
F

120 852

M
F

M
F

Cross
et al[12]

M
F
1995-2006 C ESCC: 215

494 979

EAC: 630

González
et al[13]

Yu
et al[14]

1992-1998 C

EAC: 65

521 457

1974-1989 C

All: 1162

12 693

Case-control studies
Ward
1988-1993 C
et al[15]

EAC: 124

449

De Stefani 1996-2004 C ESCC: 234
et al[16]

2020

Gao
et al[17]

1997-2005 C ESCC: 600

1514

Wu
et al[18]

2003-2007 C

All: 1495

3819

ESCC: 47

96

Hajizadeh N/A
et al[19]

C

O'Doherty 2002-2005 C
et al[20]

EAC: 221
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Exposure and
Adjusted RR
comparison level (95%CI)

FFQ 150 items Red meat
ESCC
Q5 vs Q1
T3 vs T1
EAC
Q5 vs Q1
T3 vs T1
Processed meat
ESCC
Q5 vs Q1
T3 vs T1
EAC
Q5 vs Q1
T3 vs T1
FFQ 124 items Red meat
(Q5 vs Q1)
ESCC
EAC
Processed meat
(Q5 vs Q1)
ESCC
EAC
FFQ 88-266
Red meat
items
(T3 vs T1)
Processed meat
(T3 vs T1)

Study Adjustment for
1
quality confounders
9

Age, smoking (including years and
numbers per day), total energy, BMI,
alcohol drinking, vegetable, fruit,
education, non-occupational PA

9

Age, sex, BMI, education, ethnicity,
smoking, alcohol drinking, PA at work,
vigorous PA, daily intakes of fruit, vegetable, saturated fat, energy

8

Sex, height, weight, education, smoking,
smoking intensity, work and leisure PA,
intakes of alcohol, energy, vegetable, citrus fruit, non-citrus fruit, types of meat
intake were mutually adjusted
Age, sex

2.66 (0.94-7.48)
0.87 (0.42-1.79)
0.57 (0.28-1.19)
1.09 (0.44-2.75)

3.47 (1.21-9.94)
0.63 (0.28-1.44)
0.94 (0.46-1.89)
0.58 (0.22-1.50)

1.79 (1.07-3.01)
1.15 (0.84-1.57)

1.32 (0.83-2.10)
1.08 (0.81-1.43)
1.67 (0.75-3.72)
3.54 (1.57-7.99)

Questionnaire Pork
15 items
(never vs
regular/
occasional)

1.37 (1.11-1.68)

7

Questionnaire Red meat
100 items
(> 157.2 g/d
vs ≤ 73.8 g/d)
Processed meat
(> 52.3 g/d
vs ≤ 16.1 g/d)
FFQ 64 items Red meat
( T3 vs T1)
Processed meat
(T3 vs T1)
Questionnaire Red meat
35 items
(> weekly
vs monthly/
seldom/never)
FFQ
Red meat
(Q4 vs Q1)

2.85 (1.00-8.16)

5

Age, sex, race, vital status, year of birth,
sex, No. of cigarettes per day, BMI,
intakes of retinoic acid, folate, riboflavin,
zinc, carbohydrate, protein, total energy.

7

Age, sex, residence, education, BMI,
smoking, drinking, mate temperature,
total energy, total intakes of vegetable
and fruit, scored pattern
Age, sex, geographic region

FFQ
168 items

FFQ
101 items

Red meat
(T3 vs T1)
Processed meat
(T3 vs T1)
Red meat
(Q4 vs Q1)
Processed meat
(Q4 vs Q1)

283

1.40 (0.62-3.15)

4.97 (2.98-8.29)
0.76 (0.51-1.13)
1.37 (1.03-1.82)

5

1.13 (0.94-1.36)

7

2.47 (0.76-7.96)

6

1.10 (0.36-2.47)
3.15 (1.38-7.20)
1.41 (0.67-2.95)

7

Age, sex, education, previous income,
BMI, pack-years smoking, weekly ethanol intake, study area
Age, sex, education, tobacco smoking,
symptomatic gastroesophageal reflux,
BMI, total energy
Age, sex, smoking, BMI 5 yr
before interview date, education,
job type, Intakes of energy, fruit,
vegetable, alcohol (g/d), Helicobacter
pylori infection, nonsteroidal antiinflammatory drug use 5 yr before,
interview date, gastroesophageal reflux
symptoms, location, types of meat
intake were mutually adjusted
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Sapkota
et al[21]

1999-2003 C ESCC: 187

1110

Navarro
Silvera
et al[22]

1993-1995 C EAC: 282

687

Wang
et al[23]
Wu
et al[24]

2004-2006 M ESCC: 355
F
1992-1997 C EAC: 206

408

Chen
et al[25]

Takezaki
et al[26]
Bosetti
et al[27]

Rolón
et al[28]

1308

1988-1993 C EAC: 124

1988-1997 M All: 284

449

11 888

1992-1997 C ESCC:304

743

1988-1991 C All: 131

379

Questionnaire Red meat
23 items
(≥ 1/wk vs < 1/mo)
Processed meat
(≥ 1 time/wk
vs < 1 time/mo)
FFQ
Red meat
104 items
(high vs low)

0.62 (0.19-2.09) 6

Questionnaire Pork
(often vs none/seldom)
Questionnaire Red meat
124 items
(Q4 vs Q1)
Processed meat
(Q4 vs Q1)
Questionnaire Red meat
54 items
(Q4 vs Q1)
Processed meat
(Q4 vs Q1)

2.06 (1.42-2.99) 5
1.91 (1.16-3.16)
1.29 (0.8-2.2)
5

Questionnaire Beef
(≥ 3/wk vs ≤ 3/mo)
FFQ
Red meat
78 items
(Q5 vs Q1)
Processed meat
(Q5 vs Q1)
FFQ
Red meat
(highest vs lowest)

Castelletto 1986-1989 C ESCC: 131
et al[29]

261

FFQ
Beef (≥ daily vs < daily)
10 food groups

Tavani
et al[30]
Rogers
et al[31]

1984-1992 C All: 46

230

1983-1987 C All: 127

466

FFQ
14 items
FFQ
125 items

Yu
et al[32]

Chen
et al[33]

1975-1981 C Beef: 267
Fried bacon
or ham: 265
Barbecued
or smoked
meat: 268
1996-2005 M ESCC: 320

Ham (Q3 vs Q1)
Liver (Q2 vs Q1)
Beef
(≥ 1/wk vs < 1/wk)

As a main dish
As a sandwich
Pork (≥ 1/wk vs < 1/wk)
Beef: 267
Questionnaire Beef (≥ 5/wk vs ≤ 1/wk)
Fried bacon 10 food groups Fried bacon or ham
or ham: 265
(≤ 1/wk vs ≥ 5/wk )
Barbecued
Barbecued or smoked
or smoked
meat (≥ 2/wk vs ≤ 1/wk)
meat: 268
709
Questionnaire Cured meat
6 items
(≥ 1/wk vs < 1/wk )

Yang
et al[34]

2003-2004 C All: 185

185

Questionnaire Processed meat
9 Items
(> 3 meals/wk
vs < 1 meal/wk)

Levi
et al[35]

1992-2002 C All:138

660

FFQ
79 items

Li
et al[36]

1997-2000 C All:1248

1248

Processed meat
(> 3.2 freq/wk
vs < 0.8 freq/wk)
Questionnaire Sowbelly
12 items
(daily vs < 1/wk)

1.12 (0.52-2.41)

3.02 (1.65-5.52) 7

1.23 (0.7-2.1)
1.4 (0.61-3.2)

7

1.7 (0.71-3.9)

0.9 (0.6-1.5)

5

1.93 (1.09-3.41) 5
1.39 (0.85-2.26)
3.8 (1.3-11.0)

0.6 (0.3-0.9)

1.4 (0.6-3.3)
1.1 (0.5-2.3)

0.8 (0.4-1.4)
1.0 (0.6-1.7)
1.2 (0.8-2.5)
1.3 (0.6-2.7)
2.0 (1.1-3.5)

Age, sex, country, tobacco packyear, education, BMI, frequency of
alcohol consumption, vegetable,
fruit consumption
Age, sex, study site, race, proxy
status, income, education, BMI,
No. of smoking cigarettes per day,
intakes of beer, wine, liquor, and
energy
Age, sex, marital status, education
Age, sex, race, birthplace, education,
smoking, BMI, reflux, use of
vitamins, total energy
Age, sex, energy intake, respondent
type, BMI, alcohol drinking,
smoking, education, family history,
vitamin supplement use, age
squared for EAC
Age, year and season of visit,
smoking, drinking
Age, sex, area of residence,
education, tobacco smoking, alcohol
drinking, non-alcohol energy

5

Age, sex, alcohol, smoking, design
variable of the study, hospital
group, intakes of red meats, fats,
fish, milk
6 Age, sex, design variable, hospital,
education, No. of cigarettes
smoking per day, intakes of alcohol,
barbecued meat, potatoes, raw
vegetables, cooked vegetables
5.5 Age, sex, education, total alcohol
intake
5 Age, sex, pack-years of cigarette,
drink-years of alcohol, energy
intake, beta-carotene intake,
ascorbic acid intake
5

Age, sex, race

1.7 (0.9-3.0)

0.8 (0.4-1.4)

5

Age, educational level, ethnicity,
source of hospital, smoking, alcohol
drinking, areca nut chewing
0.66 (0.31-1.41) 5.5 Family history of esophageal cancer,
occupation, smoking, drinking,
eating hot food, eating speed,
intakes of vegetables, fruit, pickled
vegetables, fresh meat, egg, tea,
water supply
4.48 (2.05-9.79) 6 Age, sex, education, smoking,
intakes of alcohol, energy, fruit and
vegetable intake
2.28 (1.6-3.3)
5 Age, sex, income, residence,
occupation, alcohol, tobacco

1

Study quality was assessed using the Newcastle-Ottawa Scale (range: 1-9 stars). RR: Relative risk; M: Male; F: Female; C: Combined males and females;
ESCC: Esophageal squamous cell carcinoma; EAC: Esophageal adenocarcinoma; FFQ: Food frequency questionnaire; BMI: Body mass index; PA: Physical
activity; N/A: Not available.
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Table 2 Combined relative risks and 95%CI for esophageal cancer associated with red meat or processed meat by other factors in
both cohort and case-control studies
Red meat
Factors

Studies Ref.
(n )

Histological subtypes
EAC
ESCC
Study location
Asia
Europe
United States
South America
Sex
Male
Female
Both
Study quality1
≥7
<7

Processed meat

RR (95%CI)

P for
Studies Ref.
heterogeneity (n )

RR (95%CI)

P for
heterogeneity

9
9

[11-13,15,20,22,24,25,32]
[11,12,16,17,19,21,23,27,29]

1.42 (1.02-1.98)
1.55 (1.10-2.17)

0.19

8
7

[11-13,15,20,24,25,32]
[11,12,16,19,21,27,33]

1.38 (1.07-1.78)
1.08 (0.80-1.44)

0.3

6
6
7
3

[14,17,18,19,23,26]
[11,13,20,21,27,30]
[12,15,22,24,25,31,32]
[16,28,29]

1.33 (1.09-1.62)
1.33 (0.86-2.07)
1.32 (1.03-1.70)
2.20 (0.48-10.04)

0.67

5
7
5
1

[19,33,34,36,37]
[11,13,20,21,27,30,35]
[12,15,21,25,32]
[16]

1.09 (0.61-1.95)
1.49 (0.99-2.23)
1.30 (1.08-1.57)
0.76 (0.51-1.13)

0.65

3
2
19

[11,23,26]
[11,23]
[12-22,24,25,27-32]

1.26 (0.66-2.41)
1.31 (0.78-2.21)
1.42 (1.17-1.71)

0.88

2
1
16

[11,33]
1.24 (0.58-2.65)
[11]
0.61 (0.33-1.13)
[12,13,15,16,19-21,24,25, 1.43 (1.15-1.77)
27,30,32,34-37]

0.14

8
14

[11-14,16,18,20,22]
[15,17,19,21,23-32]

1.60 (1.20-2.13)
1.25 (1.02-1.54)

0.23

6
12

[11-13,16,20,25]
1.20 (0.88-1.62)
[15,19,21,24,27,30,32-37] 1.43 (1.11-1.86)

0.42

1

Study quality was assessed using the Newcastle-Ottawa Scale (range, 1-9 stars); RR: Relative risk; ESCC: Esophageal squamous cell carcinoma; EAC:
Esophageal adenocarcinoma.

A
Study

Year

Sex

Endpoint Exposure

RR (95%CI)

Case-control study
[15]

Ward et al
[16]
De Stefani et al
[17]
Gao et al
[17]
Gao et al
[18]
Wu et al
[20]
O'Doherty et al
[19]
Hajizadh et al
[21]
Sapkota et al
[22]
Navarro Silvera et al
[23]
Wang et al
[23]
Wang et al
[24]
Wu et al
[25]
Chen et al
[26]
Takezaki et al
[27]
Bosetti et al
[28]
Rolón et al
[29]
Castelletto et al
[30]
Tavani et al
[31]
Rogers et al
[31]
Rogers et al
[31]
Rogers et al
[32]
Yu et al
2
Subtotal (I = 72.8%, P

2012
2012
2011
2011
2011
2011
2011
2008
2008
2007
2007
2007
2002
2000
2000
1995
1994
1994
1993
1993
1993
1988
< 0.01)

Cohort study
[11]
Keszei et al
2012
[11]
Keszei et al
2012
[11]
Keszei et al
2012
[11]
Keszei et al
2012
[12]
Cross et al
2011
[12]
Cross et al
2011
[13]
González et al
2006
[14]
Yu et al
1993
2
Subtotal (I = 35.3%, P = 0.15)
2
Overall (I = 67.1%, P < 0.01)

C
C
C
C
C
C
C
C
C
M
F
C
C
C
C
C
C
C
C
C
C
C

EAC
ESCC
ESCC
ESCC
All
EAC
ESCC
ESCC
EAC
ESCC
ESCC
EAC
EAC
All
ESCC
All
ESCC
All
All
All
All
EAC

Red meat
Red meat
Red meat (before 1984)
Red meat (after 1984)
Red meat
Red meat
Red meat
Red meat
Red meat
Pork
Pork
Red meat
Red meat
Beef
Red meat
Red meat
Beef
Liver
Beef (as a main dish)
Beef (as a sandwich)
Pork
Beef

2.85 (1.00, 8.14)
4.97 (2.98, 8.29)
0.82 (0.48, 1.39)
1.37 (1.03, 1.82)
1.13 (0.94, 1.36)
3.15 (1.38, 7.20)
2.47 (0.76, 7.99)
0.62 (0.19, 2.06)
3.02 (1.65, 5.52)
2.06 (1.42, 2.99)
1.91 (1.16, 3.15)
1.29 (0.78, 2.14)
1.40 (0.61, 3.21)
0.90 (0.57, 1.42)
1.93 (1.09, 3.41)
3.80 (1.31, 11.05)
0.60 (0.35, 1.04)
1.10 (0.51, 2.36)
0.80 (0.43, 1.50)
1.00 (0.59, 1.68)
1.20 (0.68, 2.12)
0.77 (0.36, 1.64)
1.44 (1.16, 1.80)

M
F
M
F
C
C
C
C

ESCC
ESCC
EAC
EAC
ESCC
EAC
EAC
All

Red meat
Red meat
Red meat
Red meat
Red meat
Red meat
Red meat
Pork

2.66
0.87
0.57
1.09
1.79
1.15
1.67
1.37
1.26
1.38
0.5
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1

1.5

3

(0.94,
(0.42,
(0.28,
(0.44,
(1.07,
(0.84,
(0.75,
(1.11,
(1.00,
(1.17,

7.50)
1.80)
1.18)
2.73)
3.00)
1.57)
3.72)
1.69)
1.59)
1.64)

5.5
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B
Study

Year

Sex

Endpoint

Exposure

RR (95%CI)

Case-control study
[15]
Ward et al
2012
C
[16]
De Stefani et al
2012
C
[19]
Hajizadh et al
2011
C
[20]
O'Doherty et al
2011
C
[33]
Chen et al
2009
M
[21]
Sapkota et al
2008
C
[24]
Wu et al
2007
C
[34]
Yang et al
2005
C
[35]
Levi et al
2004
C
[36]
Li et al
2003
C
[25]
Chen et al
2002
C
[37]
Takezaki et al
2001
C
[27]
Bosetti et al
2000
C
[30]
Tavani et al
1994
C
[32]
Yu et al
1988
C
[32]
Yu et al
1988
C
2
Subtotal (I = 57.1%, P < 0.01)

EAC
ESCC
ESCC
EAC
ESCC
ESCC
EAC
All
All
All
EAC
All
ESCC
All
EAC
EAC

Processed meat
Processed meat
Processed meat
Processed meat
Cured meat
Processed meat
Processed meat
Processed meat
Processed meat
Sowbelly
Processed meat
Salted meat
Processed meat
Ham
Fried bacon or ham
Barbecued or smoked meat

1.40
0.76
1.10
1.41
0.80
1.12
1.23
0.66
4.48
2.28
1.70
0.93
1.39
1.40
2.00
1.70
1.36

(0.62,
(0.51,
(0.42,
(0.67,
(0.43,
(0.52,
(0.71,
(0.31,
(2.05,
(1.59,
(0.73,
(0.38,
(0.85,
(0.60,
(1.12,
(0.93,
(1.07,

3.16)
1.13)
2.88)
2.96)
1.50)
2.41)
2.13)
1.41)
9.79)
3.27)
3.98)
2.28)
2.27)
3.28)
3.57)
3.10)
1.74)

Cohort study
[11]
Keszei et al
2012
M
[11]
Keszei et al
2012
F
[11]
Keszei et al
2012
M
[11]
Keszei et al
2012
F
[12]
Cross et al
2011
C
[12]
Cross et al
2011
C
[13]
González et al
2006
C
2
Subtotal (I = 63.4%, P = 0.01)

ESCC
ESCC
EAC
EAC
ESCC
EAC
EAC

Processed
Processed
Processed
Processed
Processed
Processed
Processed

3.47
0.63
0.94
0.58
1.32
1.08
3.54
1.25

(1.21,
(0.28,
(0.46,
(0.22,
(0.83,
(0.81,
(1.57,
(0.83,

9.95)
1.43)
1.91)
1.51)
2.10)
1.43)
7.99)
1.86)

meat
meat
meat
meat
meat
meat
meat

2

Overall (I = 58.4%, P < 0.01)

1.32 (1.08, 1.62)
0.5

1

1.5

3

5.5

Figure 2 The combined relative risks and 95%CI of esophageal cancer risk for the highest vs lowest categories of red meat (A) and processed meat (B). M:
Male; F: Female; C: Combined males and females; ESCC: Esophageal squamous cell carcinoma; EAC: Esophageal adenocarcinoma.

In a meta-analysis of the 15 case-control studies, we
found that the highest categories of processed meat intake were associated with a 36% increase in esophageal
cancer risk when compared with the lowest categories
(95%CI: 1.07-1.74; Figure 2B); however, we found a nonsignificant, positive association when we examined only
the cohort studies (RR: 1.25; 95%CI: 0.83-1.86). When
we examined whether an individual study was the source
of heterogeneity among either the cohort or case-control
studies, there were heterogeneities between the case-control studies (P < 0.01, I2 = 57.1%) and the cohort studies
(P = 0.01, I2 = 63.4%). When the results from the cohort
and case-control studies were combined, the overall combined RR comparing the highest and the lowest category
of processed meat was 1.32 (95%CI: 1.08-1.62; P for
heterogeneity: P < 0.01, I2 = 58.4%). The heterogeneity
observed between the prospective studies of processed
meat intake and esophageal cancer risk was no longer significant (P = 0.12) after excluding a study by González et
al[13]. However, excluding any one case-control study from
the analysis did not influence the heterogeneity findings
observed among case-control studies.
No publication bias was found for either the cohort
or case-control studies (P = 0.65 for the cohort studies and P = 0.80 for the case-control studies). In a doseresponse meta-analysis of 3 cohort studies, we found
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that each 100 g/d increase in processed meat intake was
positively, but not significantly, associated with esophageal cancer risk (RR: 1.37; 95%CI: 0.88-2.13). There was
no evidence of heterogeneity (P = 0.17, I2 = 33.5%).
When stratifying the analyses by histological subtypes,
study location, sex, and study quality, we found no significant differences in the associations, although the magnitude of the associations differed slightly in these subgroups (Table 2). The associations also did not vary by
adjusted confounding factors including alcohol, smoking,
BMI, and fruit and vegetable intakes (data not shown).

DISCUSSION
To our knowledge, this is the first systematic meta-ana
lysis of cohort and case-control studies to summarize
the evidence regarding the association between red or
processed meat intake and the risk of esophageal cancer. High red meat consumption was associated with a
38% higher risk of esophageal cancer compared to low
consumption in a meta-analysis of both case-control and
cohort studies. A 26% higher risk of esophageal cancer
was observed among those who had high red meat intake
compared to those with low intake in a meta-analysis of 4
cohort studies. With regard to processed meat, we found
a higher risk of esophageal cancer with high processed
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meat intake compared to low intake in a meta-analysis of
case-control studies, but the combined estimate of cohort studies did not reach statistical significance. Prospective cohort studies are less prone to selection or recall
bias compared to case-control studies, which is critical
in research of diet and cancer etiology. Therefore, a significant association in only the case-control studies and
not in the meta-analysis of the 3 cohort studies could not
provide adequate supportive evidence of an increased
risk associated with processed meat consumption. However, the results for more prospective cohort studies need
to be reported to obtain a clearer conclusion.
There are possible underlying mechanisms linking
the consumption of red and processed meats and the
incidence of cancer. HCAs and PAHs are chemical compounds with mutagenic potential that are formed when
meat is boiled, fried, or grilled at high temperatures[3].
Animal studies have suggested that these two mutagenic
compounds may induce changes in DNA, possibly promoting carcinogenesis[3,38]. Another class of meat-related
mutagen is NOCs, the majority of which are potent carcinogens[39] formed either endogenously or exogenously.
Processed meat is typically preserved by adding nitrate or
nitrite, which increases the formation of NOCs[3]. Heme
iron, largely derived from red meat sources, has been
suggested to promote the endogenous formation of
NOCs[40]. There is only limited epidemiological evidence,
however, to suggest that the dietary intake of nitrite
or nitrosamine is positively associated with the risk of
esophageal cancer[5]. The esophagus is frequently exposed
to these dietary mutagenic and/or carcinogenic compounds as stomach and colon, permitting food to pass
from the esophagus into the stomach. While the specific
mechanism by which meat causes esophageal cancer has
not been fully elucidated, one likely reason may involve
the potential for increase the susceptibility to carcinogenesis by repeated exposure of esophagus to the mutagenic
and/or carcinogenic compounds, given their effects on
carcinogenesis in animal models[3,38,39].
The results from the subgroup and meta-regression
analysis could not completely explain the potential sources of between-study heterogeneity because we did not
observe statistically significant differences by histological subtype, study location, sex, or study quality. For red
meat intake, it appeared that a single study did not substantially influence the overall combined RR, whereas, the
observed heterogeneity among the prospective studies of
processed meat intake and esophageal cancer risk disappeared when the study by González et al[13] was excluded.
However, the observed heterogeneity among the casecontrol studies of processed meat intake and esophageal
cancer risk was not martially altered in sensitivity analyses
excluding one study at a time.
Our meta-analysis had some limitations. Although
the majority of the studies adjusted for known potential
confounding factors, there may be a possibility that unidentified or residual confounding factors remained that
were not adjusted for in the multivariate analysis or by
covariates inadequately measured. Most studies, however,
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adjusted for alcohol and smoking, both of which are established risk factors for esophageal cancer. Additionally,
we found an increased risk of esophageal cancer with
high red meat intake in a meta-analysis of well-scored
studies, which were relatively recent and adjusted for various potential confounding factors. The random measurement error of meat consumption that occurred during
dietary assessment or the systematic error resulting from
recall or selection bias in the case-control studies may
have influenced our findings; however, we found a statistically significant association between red meat intake and
esophageal cancer risk in a meta-analysis of prospective
studies, which supports the hypothesis that red meat intake increases the risk of esophageal cancer.
Our meta-analysis also included several strengths. Our
meta-analysis updated the recent large prospective and
case-control studies with a larger number of cases that
were not included in previous reviews. In particular, the
inclusion of new data from large cohort studies, which
were unavailable when earlier conclusions of these associations were made by the WCRF/AICR expert panel[4]
or by a review study[5], enabled us to provide more unbiased evidence compared to the review that included only
case-control studies. The findings from this meta-analysis
were not subject to publication bias, indicating that the
probability of publishing a study did not rely on the
strength and direction of the associations.

CONCLUSION
The findings from our meta-analysis of either prospective cohort or case-control studies suggest that a high
consumption of red meat may increase the risk of esophageal cancer. Although we found an increased risk in a
meta-analysis of the case-control studies for processed
meat intake in relation to esophageal cancer risk, the prospective cohort studies did not strongly support this evidence. There is a need for further large scale prospective
studies to determine whether processed meat intake increases the risk of esophageal cancer. Moreover, further
studies evaluating the effect of red or processed meat
intake on individual histological subtypes of esophageal
cancer are warranted.
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INTRODUCTION
Diet and dietary factors play an important role in many
biological processes and are also involved in the regulation of pathological progressions including cancers.
Several epidemiological and preclinical studies suggested
that increased intake of bioactive dietary components
may modulate cancer risk. Many studies provide compelling evidence that part of the anti-cancer properties contributed to several bioactive dietary components may relate to modulation of epigenetic process including DNA
methylation and histone protein modifications. Here, we
provide a brief overview of dietary modulation of DNA
methylation and histone modifications and its potential
role in cancer prevention. Also, we will discuss several
new epigenetic methods to help understand the effect of
dietary factors on epigenetic modifications.

Abstract
Current progress in epigenetic research supports the
view that diet and dietary components are important in
cancer etiology by enhancing or inhibiting carcinogenesis. Since diet and dietary factors may significantly contribute to the causation and progression of many cancers, it is important to find the molecular mechanisms
of action of such dietary factors for cancer prevention
and treatment. Recently, the role of epigenetic mechanisms in the cancer development and progression has
attracted more attention as additional evidence along
with traditional DNA sequence based mechanisms such
as mutations and structural re-arrangements. Such an
increasing interest in cancer epigenetics has also accelerated the development and application of molecular
assays and tools for DNA methylation detection and
histone modification enrichment analysis. In this paper,
key assays and methods for epigenetic research are
reviewed and discussed in terms of their utility and
usability. In addition, more advanced methods for genome-wide analysis are introduced as part of upcoming
research trends and directions.
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EPIGENETICS AND CANCER
The growing interest in the role of epigenetics in cancer
came from the demonstration that epigenetic modifications are involved in tumor development and progression. Epigenetics can be defined as phenomena that
alter the expression of the information in the genome
at the transcriptional, translational, or posttranslational
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level without change in DNA sequence[1,2]. Epigenetic
information is maintained to preserve cellular identity in
normal cells, while cancer cells are characterized by profound alteration of epigenetic regulation[3-7]. The overall disruption of epigenetic phenomena is a common
feature of all human tumors and includes alteration of
DNA methylation and histone modification patterns[8].
DNA methylation patterns of neoplastic cells have been
recognized as being substantially altered compared with
normal cells[3,4]. Two types of changes in the DNA methylation pattern can occur in cancer: global DNA hypomethylation and hypermethylation of CpG islands which
are associated with gene silencing[3,4,7]. DNA in eukaryotic
cells is intimately associated with a family of small, basic
histone proteins forming a highly ordered and condensed
DNA-protein complex termed chromatin. Because of
this chromatin structure, changes in DNA methylation
in cancer cells are not isolated events; they occur in the
context of more complex epigenetic deregulation [9].
Chromatin is the physiological template of the genetic
information and is composed of DNA, histones, and
other chromosomal proteins. The fundamental repeating unit of chromatin is the nucleosome octamer, which
consists of 147 base pairs of DNA wrapped around 2
copies each of histones H2A, H2B, H3 and H4[10]. The
amino-terminal tails of histones are subject to posttranslational modifications, including acetylation, methylation,
phosphorylation, ubiquitination, SUMOylation, and
ADP-ribosylation[11], and multiple histone modifications
may occur on a given histone tail[12]. Histone modifications patterns distinguish the structure of chromatin
status, in particular, acetylation of histone H3 and H4 is
associated with active gene expression with open chromatin structure. Histone acetylation is regulated by several enzymes such as histone acetyltransferase and histone
deacetylases activity. Aberrations in post-translational
modifications of histones have been shown to occur in
cancer cells. Although alterations in global histone modification patterns in cancer cells have remained unknown,
recent studies on global histone modifications at specific
amino acids have been suggested as predictive clinical
outcomes for various cancers[13-15]. Additionally, a number
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of studies have been focused only on changes of a particular histone modification at individual gene promoters
in cancer cells.

DNA METHYLATION
Methyl-deficient diet induced hepatocarcinogenesis
In last 4 decades, researchers have developed various
tools for exploring DNA methylation, and started to
apply those new technologies to the field of nutrition
science. The methyl-deficient model of endogenous
hepatocarcinogenesis is one of which in DNA methylation has been extensively studied. This animal model
is unique in that dietary omission rather than chemical
carcinogens addition can lead to tumor formation[16].
Specifically, deficiency of the major dietary sources of
methyl groups - methionine, choline, folic acid and vitamin B12 - leads to the development of liver cancers
in rats and certain mouse strains[17-19]. From early 1990,
these animal models have shown that the methyl-deficiency is associated with several defects, including genome-wide DNA hypomethylation and gene-specific hypermethylation[20-22]. Importantly, the aberrant epigenetic
alterations imposed by this diet have been hypothesized
to be the primary mechanism responsible for malignant
transformation of rat liver cells[15,20,22,23]. Figure 1 displays
a simplified version of biological methylation pathway
from one-carbon metabolism, emphasizing that various
dietary methyl sources (methionine, choline, various coenzymatic forms of folate and vitamin B2, B6 and B12)
play an important roles in DNA methylation. Methyl
source deficiency has marked effects on the flow of
one-carbon units through this web of reactions as the
effect of methyl source deficiency are highlighted in red.
The major effect observed in methyl deficiency models is a rapid decrease in hepatic S-adenosylmethionine
(SAdoMet) levels and genomic DNA hypomethylation.
In other recent studies examining the early stages of hepatocarcinogenesis induced by methyl deficiency in rats,
substantial alterations in other aspects of the epigenetic
machinery have been observed, including aberrant expression of DNA methyltransferases and methyl-CpG
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Table 1 DNA methylation analyses used in methyl-deficient model of hepatocarcinogenesis in rodents
Dietary component

Model Observations

Amino acid-defined diet lacking choline,
methionine, folic acid and vitamin B12
Amino acid-defined diet lacking choline,
methionine, folic acid and vitamin B12
Diet low in methionine lacking in choline
and folic acid
Diet low in methionine lacking in choline
and folic acid
Diet low in methionine lacking in choline
and folic acid
Diet low in methionine lacking in choline
and folic acid

Rat

Depletion of SAdoMet and DNA hypomethylation

Rat

Hypomethylation of CCGG site of c-myc, c-fos and
c-Ha-ras
Hypermethylation of p16INK4A

Rat

Methylation assay

Ref.

Liver DNA methyltransferase activity
assay with labeled SAdoMet
Enzyme digestion by HpaⅡ/MspⅠ

[20]

MS-PCR

[94]

HpaⅡ/MspⅠ-based cytosine extension
assay
Rat
HpaⅡ/MspⅠ-based cytosine extension
assay
Rat
ID methylation by methylation-sensitive
McrBC-PCR array; LINE-1 methylation
by COBRA-assay; global histone
methylation by Western blotting; LINE1-associated histone methylation by ChIP
Diet deficient in methionine lacking in
Rat
Indirect methods by DNA
choline and folic acid
methyltransferases and Methyl CpG
binding proteins
Amino acid-defined diet lacking choline
Rat Hypermethylation of upstream of E-cadherin and Cx26 Bisulfite sequencing
Diet deficient in methionine lacking in
Rat global loss of DNA methylation; hypermethylation of
Global DNA methylation by cytosine
choline and folic acid
CpG islands
extension assay and [3H-methyl]
incorporation; CpG island methylation
by [32P]dGTP incorporation
Diet deficient in methionine lacking in
Mouse Global DNA hypomethylation; substantial loss of
Global DNA methylation by cytosine
choline and folic acid
repetitive sequences (LINE-1, SINES, IAP elements)
extension assay; methylation-sensitive
cytosine methylation. Increase in histone H3-Lys9
McrBC-qPCR assay; global histone
trimethylation and decrease in histone H4-Lys20
modifications by Western blot
trimethylation
Diet deficient in methionine lacking in
Mouse Detection of CpG island methylation profiles
MeDIP
choline and folic acid
Rat

Decrease in the total percent of methylated CCGG sites
in DNA
Depletion of S-AdoMet, decrease in S-AdoMet/
S-AdoHcy and global DNA hypomethylation
Hypomethylation of ID element and LINE-1 in
preneoplastic livers and liver tumors; Decrease in
histone H4-Lys20 trimethylation and increase in histone
H3-Lys9 trimethylation; Decrease in histone H4-Lys20
trimethylation at the LINE-1 regulatory region
Changes in the DNA methylation machinery

[21]

[22]
[23]
[15]

[24]

[95]
[30]

[96]

[97]

S-AdoMet: S-adenosylmethionine; ID: Identifier; LINE-1: Long interspersed nucleotide elements; SINES: Short interspersed nuclear elements; IAP: Intracisternal A-particle; MS-PCR: Methylation-specific polymerase chain reaction; ChIP: Chromatin immunoprecipitation; MeDIP: Methylated DNA immunoprecipitation.

binding proteins[24], defects in histone methyltransferase
protein expression and histone posttranslational modifications[15]. In Table 1, various DNA methylation assays
were summarized in methyl-deficient model of hepatocarcinogenesis in rodents.

phy/electrospray ionization/mass spectrometry (LC/
ESI/MS). This method allows accurate measurement of
the absolute amount of 5-methyl-2’deoxycytidine relative
to the total amount of cytosine residues, furthermore,
it requires relatively lower amount of DNA and has a
shorter run time for each sample than other high-performance liquid chromatography-based methods[33-35]. DNA
methylation assay by LC/ESI/MS has been widely used
for quantitative DNA methylation in animal studies and
population-based studies in the light of its greater reproducibility and precision in large number of samples[32,36-40].

Genomic DNA methylation assays
One of widely used methods for global DNA methylation assay is a radioassay that utilizes the enzyme SssⅠ
DNA methyltransferase to catalyze the de novo methylation of the CpG sites with radiolabeled [3H]-SAdoMet, a
universal methyl donor in vitro[20,25-28]. And another method
was developed thanks to the discovery of methylationsensitive restriction endonucleases. In 1999, Pogribny
et al[29] developed a new method based on methylationsensitive endonucleases followed by single nucleotide
extension with radiolabeled [3H]-dCTP. This cytosine
extension assay was used in various studies of methyl-deficient model of hepatocarcinogenesis for genomic DNA
methylation[22,23,29,30]. These enzyme based methods have
wide variations in precision as a result of inconsistency
in the activity of methyl-sensitive endonucleases and the
instability of methyltransferase activity[31]. In 2002, Friso
et al[32] developed a method for quantitative determination
of 5-methyl-2’deoxycytidine using liquid chromatogra-
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Gene-specific DNA methylation measurements
DNA methylation has long been recognized as an important factor on the silencing of genes, therefore it has
become important to know the methylation status of individual CpG site. The first generation of DNA methylation detection assay is Southern blot or polymerase chain
reaction (PCR) amplification that follows the enzyme
digestion with methylation-sensitive restriction endonucleases[41-46]. Currently, the most commonly used methods
for gene-specific DNA methylation can be categorized
into three major methods.
Bisulfite DNA sequencing and methylation-specific
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PCR: Treatment of DNA with bisulfite converts cytosine residue to uracil, but leaves 5-methylcytosine residue unaffected. Bisulfite sequencing involves chemical
conversion of cytosine to uracil, followed by PCR, and
DNA sequencing[47]. While providing single-base resolution, the high cost and labor-intensive steps limit the use
of this method for high-throughput analyses[48]. Methylation-specific-PCR also employs bisulfite conversion, but
avoids the need to sequence the area of interest. Instead,
methyl-specific and unmethyl-specific primer sets are
designed, to distinguish methylated from unmethylated
DNA in bisulfate-converted DNA[49]. This method is
powerful to explore CpG islands with high methylation
density, as increased numbers of CpG in the primer increase the specificity of the assay. However, these two
methods using bisulfite conversion are not currently suitable for whole-genome analysis on multiple samples but
commonly used for data validation from array-based me
thods.

gate larger numbers of CpG, there are three major types
of microarray-based methylation analysis. Direct hybridization to CpG island arrays is the first high-throughput
approach capable of detecting DNA methylaion in genes
across several CpG sites. Based on the bisulfite modification of DNA, this method utilizes methylation-specific
oligonucleotides arrayed on glass slides for detection of
all possible methylation in target DNA[53]. Methylated
DNA immunoprecipitation (MeDIP) is also a large-scale,
genome-wide purification method that is used to enrich
for methylated DNA sequence using antibody raised
against 5-methylcytosine[54]. DNA from MeDIP can be
used for either array-based hybridization (MeDIP-chip)
or high-throughput sequencing (MeDIP-seq). Although
MeDIP helps generate comprehensive DNA methylation profiles, both applications have their typical limitation of array-based technology, restricted resolution.
The HELP assay (HpaⅡ tiny fragment enrichment by
ligation-mediated PCR) is comparative isoschizomer
profiling of DNA methylation[55]. DNA is digested by
HpaⅡ in parallel with MspⅠ (resistant to DNA methylation), and then the HpaⅡ and MspⅠ products are either
amplified by ligation-mediated PCR and hybridized using
separate fluorochromes to a customized array, or directly
sequenced[56]. These high-throughput array-based approaches for DNA methylation are relatively inexpensive
tool suitable for genome-wide analysis, therefore, help
to target aberrant methylation patterns in various cancer
models. Furthermore, methylation profiling achieved
from high throughput methods will offer differentially
methylated regions to understand the effect of dietary
factors on epigenetic modifications in cancer, subsequently, provide insight in prevention strategies to reduce
the burden of cancer.

Methods that focus specific single-CpG: These include
Combined Bisulfite Restriction Analysis (COBRA)[50],
MethyLight[51], and bisulfite pyrosequencing[52]. In COBRA, the combination of bisulfite conversion and PCR
amplification is used, therefore it results in sequence
conversion (unmethylated cytosine residue to thymidine
and methylated cytosine to cytosine) which can lead to
new methylation-dependent restriction enzyme sites.
The following digestion of the PCR product with at
least one CpG site in the recognition sequence only proceeds if the CpG site is protected from bisulfite conversion by methylation. For this reason, the signal ratio of
restriction products indicating methylation to undigested
PCR product representing unmethylated sequences
can be used as a measure for the methylation level of
this specific CpG. MethyLight is a bisulfite-dependent,
fluorescence-based, quantitative real-time PCR method
for DNA methylation. MethyLight relies on methylationspecific priming combined with methylation-specific
fluorescent probing. This combination of methylationspecific detection principles results in a highly methylation-specific detection technology, with an accompanying ability to sensitively detect very low frequencies of
hypermethylated alleles. Bisulfite pyrosequencing has
been used to analyze bisulfite-converted DNA without
using methylation-specific PCR. Following PCR amplification of the region of interest, pyrosequencing is
used to determine the bisulfite-converted sequence of
specific CpG sites in the region. The ratio of cytosine to
thymidine at individual sites can be determined quantitatively based on the amount of cytosine and thymidine
incorporation during the sequence extension. While the
methods mentioned above are sensitive, specific, and
relatively inexpensive, none of these methods is suitable
for analysis of the whole genome, which includes about
28 million CpGs.

HISTONE MODIFICATION
Histone deacetylase inhibition by butyrate
In addition to the effects on DNA methylation, dietary
components can affect posttranslational modifications of
histones. The dietary agent best studied in histone modifications is the short chain fatty acid butyrate which is generated in the colon as a result of bacterial fermentation of
dietary fiber. Higher intake of dietary fiber is associated
with reduced risk of colorectal cancer[57,58]. The molecular
mechanisms underlying this anti-cancer effect of dietary
fiber are poorly understood, however, the strongest evidence is based on the anti-carcinogenic actions of butyrate. Butyrate can be found at millimolar concentrations
in the lumen of the colon[59], and has inhibitory effects
on types Ⅰ and Ⅱ histone deacetylase enzymes. Butyrateinduced alterations in histone marks, especially acetylation at histone H3 and/or H4, have been associated with
several processes, including cellular differentiation[60,61],
cell cycle arrest[62-64], apoptosis[65-67], and inhibition of invasion[68] in a number of cancer cell studies. Table 2 summarized some of evidence of the effects of butyrate on
histone acetylation. Although butyrate has strong marks

Microarray-based methods: These enable to interro-
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Table 2 A summary of selected evidence for effects of butyrate in histone modification and histone modification assays in cancer
cell culture models
Dietary component Cell culture model

Observations

Histone modification assay

Ref.

Sodium butyrate

Increased global histone H4 acetylation

Western blot

[70]

Increased global histone H4 acetylation

Western blot

[98]

Increased acetylation of histone H3 and H4 within CDKN1A
promoter site
Increased histone H3 and H4 acetylation associated with
promoter of cathelicidin
Increased global histone H3 and H4 acetylation;
Genome-wide changes in acetylation of DNA-bound histones

ChIP

[64]

ChIP

[99]

Sodium butyrate
Sodium butyrate
Sodium butyrate
Sodium butyrate

SW620 human colon
carcinoma cells
A375 human melanoma
and S91 mouse melanoma
Colo-320 human colon
cancer cells
EBC-1 human lung
epithelial cells
HepG2 human
hepatocarcinoma

Western blot; ChIP-chip (ChIP [100]
and microarray hybridization)

CDKN1A: Cyclin-dependent kinase inhibitor 1A; ChIP: Chromatin immunoprecipitation.

on histone acetylation, a small fraction of cellular genes is
regulated in response to butyrate[69-71]. Therefore, it should
be noted that site-specific approach by chromatin immunoprecipitation (ChIP) based experimental tools will
provide a better understanding on the chemopreventive
effects of butyrate, showing gene-specific histone acetylation and its associated gene expression.

an “epigenome” level, since ensuring an antibody of
high specificity is often laborious and time-consuming.
Another important concern with ChIP scalability is the
maximum range of target regions that can be investigated by a single assay. For instance, a typical experiment
of ChIP coupled with qPCR is designed to measure the
enrichment levels of a DNA binding protein at a handful of sites (e.g., gene promoters). However, in general,
even a single epigenetic event in the cell pervasively occurs over a wide range of genomic regions, often involving thousands of genes and their associated regulatory
elements. Thus, it becomes more important to have an
ability to run the assay on a genome-wide scale for having a more balanced and unbiased perspective on the
underlying mechanisms. Coupled with genomic profiling
technologies such as tiling arrays or next generation sequencing (NGS), ChIP can be extended over the whole
genome. In the following sections, we will introduce two
major methods coupled with ChIP that enable epigenome-scale research of histone marks and transcription
factors.

Global histone acetylation assays
The first estimates for the rate of acetylation turnover
were measured by pulse, pulse-chase, and steady-state
acetylation labeling in hepatoma tissue culture cells in
1975[72]. Boffa et al[73] showed that sodium butyrate suppressed histone deacetylation in vivo and in vitro by measuring the kinetics of [3H] acetate release from histone
proteins. Since specific antibodies to modified histones
were developed, Western blot has been used to detect
histone modifications. As shown in Table 2, butyrateinduced histone acetylation was confirmed by Western
blot in many studies.
Gene-specific histone acetylation measurements
ChIP: The antibodies to acetylated histone H3 and H4
have been used for ChIP to determine histone acetylation in specific regions of gene promoter and other
regulatory regions. ChIP is a specialized immunoprecipitation used to detect the covalent interaction between
the DNA sequence and DNA-binding proteins such as
transcription factors or histone proteins. ChIP using histone antibodies is able to determine the specific location
in the genome that various histone modifications are associated with, indicating the target of the histone modifiers[74]. For example, ChIP experiment unveiled that butyrate induced an increase in histone H3 and H4 acetylation within the CDKN1A promoter, which regulates the
p21 protein, in Colo-320 human colon cancer cells[64].
Due to its ability to precisely detect the DNA binding
of modified histones, transcription factors, and nonhistone chromosomal proteins, ChIP has been widely
used to generate and test numerous hypotheses regarding transcriptional and epigenetic regulations. However,
it remains to be still challenging to conduct ChIP on
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ChIP-chip: ChIP-chip is based on the combination of
ChIP and a genomic tiling array technology (i.e., chip),
in which DNA sequences extracted after ChIP hybridize
with probes that are designed to cover the whole genome
or specific regions of interest such as promoter[75,76]. Due
to bias in microarray hybridization, a control experiment
using chromatin input or DNA from non-specific immunoprecipitation (IP) (e.g., IP against immunoglobulin G)
is often recommended. Most algorithms for ChIP-chip
are designed to compute the normalized ratio between
the hybridizations of ChIP and control after removing
random and/or systemic noise. Then, they call binding
sites as those significantly enriched in ChIP over control[77-79]. Since its emergence in the early and mid 2000s,
ChIP-chip has been widely adopted in many transcriptional and epigenetic regulation studies, assisting scientists to more understand the role of each histone mark in
physiological and pathological processes[80-83]. However,
the utility of ChIP-chip is heavily restricted by a tiling
array probe design, which determines the resolution of
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the measurement (i.e., intervals between adjacent probes)
and the regions that can be explored (e.g., omission of
repetitive sequence areas). These weaknesses of ChIPchip have accelerated the major platform shift to NGS.

ine perspective on the target histone mark by observing
somatic mutations in several key chromatin remodelers
and histone enzymes.

CONCLUSION

ChIP-Seq: In ChIP-Seq, the extracted DNA sequences
are directly sequenced using a NGS technology instead
of being hybridized onto tiling arrays. NGS refers to
sequencing technologies that newly emerged since the
mid 2000s as an alternative to the traditional automated
Sanger sequencing. NGS is characterized as massive pa
rallel sequencing of template DNA or RNA (cDNA)
molecules by a relatively short length ranging over 50-400
bp[84]. One advantage of ChIP-Seq over ChIP-chip is that
ChIP-Seq does not require any predefined array design,
which allows a more unbiased assay at a much higher resolution (100-1000 bp in ChIP-chip vs 10-100 bp in ChIPSeq). Since NGS generally produces a notoriously large
amount of data than array-based methods, more powerful bioinformatics support is essential for data processing
and analysis[85,86]. Bioinformatics analysis for ChIP-Seq
in epigenetic research includes the pre-processing for
sequence data such as quality control and read mapping,
the identification of candidate sites enriched by the target
histone mark, and further down-stream analysis for revealing biological implications of the observations from
the precedent steps[85,86].
In cancer studies, the down-stream analysis is focused
on finding the most associated genes or regulatory elements (e.g., promoters or enhancers) with the histone
mark of interest and investigating how these genes and
regulatory elements can be understood in the context
of biological pathways. Since Barski et al[87] and Wang et
al[88] studies on 19 histone methylations and 18 histone
acetylations using the human CD4+ T cell, many studies
have been done to understand the biological implications
of histone marks in normal conditions[80-82]. However,
due to the plasticity of epigenome and heterogeneity of
cancer, cancer epigenetics of examining histone modifications on a genome scale still remains in its beginning
stage. For this reason, most of currently on-going efforts
in cancer epigenetics still largely target DNA methylation
(e.g., The Cancer Genome Atlas, http://cancergenome.
nih.gov/)[89]. Therefore, it will be a long-term goal to accumulate the knowledge on cancer epigenetics from histone
modifications and use it for cancer studies, which will
require a great amount of public and private investments.
Another interesting research direction is an attempt to
comprehend how genetic variations lead to epigenetic
changes in cancer. In 2011, several studies have been
published about the possibility of multiple chromatin
remodelers and histone enzymes as potential oncogenes
or tumor suppressor genes[90-93]. These studies suggest
that the disruption of chromatin remodelers and histone
enzymes due to driving somatic mutations in their coding regions may cause aberrant epigenetic changes, which
eventually lead to cancer development or evolution in at
least several cancer indications. Such approach is particularly interesting because it may be able to provide a genu-
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In conclusion, a number of aberrant epigenetic modi
fications have been found in cancer cells, and diet and
dietary factors play an important role to prevent cancer
as well as to stimulate carcinogenesis. The use of epigenetic technology offers significant advantages to study
the epigenetic mechanisms of cancer development and
progression. Also, the newly developed technologies for
epigenetic study expand the scope of nutrition study in
the field of cancer research by helping monitor and pin
down specific epigenetic pathways in diet-related cancers.
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radiological staging of patients with colorectal cancer.
In this article the diagnosis of these lesions with multiple imaging modalities, their frequency, significance
and relevance to staging and disease management are
described in a multidisciplinary way. In particular the
interplay between clinical, radiological and pathological
staging, which are usually conducted independently, is
discussed. The integrated approach shows that there
are both advantages and disadvantages to abandoning
the MX category. To avoid ambiguity arising both by
applying and interpreting MX category for stage assigning, its abandoning seems reasonable. The recognition
of the importance of small lesion characterization raises
the need for applying a separate category; therefore a
proposal for their categorization is put forward. By using the proposed categorization the lack of consideration for indeterminate visceral lesions with the current
staging system will be overcome, also optimizing tailored follow-up.

Giacomo Puppa, Service de Pathologie Clinique, Hôpitaux Universitaires de Genève, 1211 Geneva, Switzerland
Graeme Poston, Department of Surgery, Aintree University
Hospitals, Liverpool L9 7AL, United Kingdom
Per Jess, Department of Surgery, Roskilde Hospital, University
of Copenhagen, 2200 Copenhagen, Denmark
Guy F Nash, Department of Colorectal Surgery, Poole General
Hospital, Poole BH15 2JB, United Kingdom
Kenneth Coenegrachts, Department of Radiology, AZ St.-Jan
Brugge-Oostende AV, B-8000 Bruges, Belgium
Axel Stang, Department of Oncology, Hematology and Palliative
Care, Asklepios Hospital Hamburg-Barmbek, 22291 Hamburg,
Germany
Author contributions: Puppa G and Stang A designed the study
and wrote the paper; Puppa G and Coenegrachts K provided the
images from their departments; Poston G, Jess P, Nash GF and
Coenegrachts K revised the text for important intellectual content.
Correspondence to: Giacomo Puppa, MD, PhD, Service de
Pathologie Clinique, Hôpitaux Universitaires de Genève, 1, rue
Michel Servet, 1211 Genève,
Switzerland. giacomo.puppa@hcuge.ch
Telephone: +41-22-3724956 Fax: +41-22-3724924
Received: June 25, 2012
Revised: August 18, 2012
Accepted: September 19, 2012
Published: January 28, 2014

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colorectal cancer; Staging; Indeterminate
lesions; Imaging; Metastases
Original sources: Puppa G, Poston G, Jess P, Nash GF, Coenegrachts K, Stang A. Staging colorectal cancer with the TNM 7th:
The presumption of innocence when applying the M category.
World J Gastroenterol 2013; 19(8): 1152-1157 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v19/i8/1152.htm
DOI: http://dx.doi.org/10.3748/wjg.v19.i8.1152

Abstract
One of the main changes of the current TNM-7 is the
elimination of the category MX, since it has been a
source of ambiguity and misinterpretation, especially
by pathologists. Therefore the ultimate staging would
be better performed by the patient’s clinician who can
classify the disease M0 (no distant metastasis) or M1
(presence of distant metastasis), having access to the
completeness of data resulting from clinical examination, imaging workup and pathology report. However
this important change doesn’t take into account the
diagnostic value and the challenge of small indeterminate visceral lesions encountered, in particular, during
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INTRODUCTION
Stage Ⅳ colorectal cancer (CRC) is no longer considered
a single entity[1] and after several proposals for stratifying it[2,3] the current TNM-7 subdivides the M1 category
into M1a (metastasis confined to one organ: liver, lung,
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ovary, non-regional lymph node(s) and M1b (metastasis
in more than one organ or the peritoneum): accordingly
stage Ⅳ is subdivided in IVA (Any T, Any N, M1a) and
IVB (Any T, Any N, M1b)[4]. Population-based studies
demonstrate that the prognosis for surgically resected
stage Ⅳ disease is near identical for that of patients following potentially curative surgery for stage Ⅲ disease[5].
The prognosis and treatment options (including increasingly used multimodality approaches) within the M1
stages depend largely on the extent and distribution of
the metastases. Therefore, the current staging will be able
to take into account improvements that have been made
in surgical techniques for resectable metastases, and the
impact of modern chemotherapy on rendering initially
unresectable CRC liver metastases operable, while at the
same time distinguishing between patients with a chance
of cure at presentation and those for whom only palliative treatment is possible[3].
An other major change with the new TNM-7 is that
the category ‘‘MX: Distant metastasis cannot be assessed’’
has been eliminated[4].
In this report, the change with the TNM-7 is discussed in a multidisciplinary setting and the diagnostic
significance of small indeterminate visceral lesions encountered during radiological staging of patients with
colorectal cancer is presented.
The resulting problems, in particular the ambiguities
for stage assigning when applying the MX category and
the risk of inaccurate staging and follow-up planning
because of its elimination, are discussed. A proposal is
presented for the categorization of such small, indeterminate visceral lesions.

when applying the R classification (R for residual as
descriptor of ‘‘tumour remaining in the patient’’ after
primary surgical resection): the assignment of the R classification must be performed “by a designated individual
who has access to the complete data”[9].
Despite extensive clinical assessment of treatment
results and careful pathologic examination, in some cases
the presence of residual tumour cannot be assessed: the
RX category applies[9,10].
If the pathologist hasn’t access to the preoperative
clinico-radiological work-up, he/she can do only a limited staging (pT and pN), in the dark about these clinical
data.
As an accurate pathological examination is the prerequisite for a prognostic staging and a tailored patient
treatment, the enhanced search for additional prognostic
factors applies in particular cases (problems with resection margins assessment; involvement of the peritoneum
and/or adjacent structures or organs; suspicion for vascular invasion; few lymph nodes recovered; pericolonic
tumour deposits)[11,12].
In this setting, patient characteristics, treatment-related features and disease extension as evaluated both during surgery and preoperatively are all relevant information.
In other words, the stage grouping, as well the risk
assessment of patients belonging to the same stage, are
better performed in the multidisciplinary setting than
considered in isolation.

RADIOLOGICAL STAGING
The major task of radiological staging is the exclusion
(cM0) or detection (cM1) of metastases, particularly
in the liver and/or the lung. The most frequently used
imaging modalities for staging of CRC cancer patients
are ultrasonography (US), computed tomography (CT),
magnetic resonance imaging (MRI), and positron emission tomography (PET)/CT (PET/CT)[13]. In the past
10 years, important advances have been made within all
four techniques. While some (CT and PET/CT) will give
patient specific information regarding abnormal masses
and increased tissue metabolic activity throughout the
body, others (MRI) will yield organ (liver) specific information and allow characterization of specific abnormalities to differentiate benign from malignant lesions.
However, no single modality will diagnose all metastases,
and the optimal imaging strategy to classify cM0 or cM1
depends on the clinical context, the organ site investigated, and the individual aims of oncologic care.
With the introduction of multidetector row CT
(MDCT) scanning, CT imaging will continue to play the
dominant role in the radiological staging of CRC patients[14]. Improved MDCT technologies have resulted in
increased CT detection of small (< 1 cm) indeterminate
lesions in the lung and/or liver (in around 10%-40% of
CT CRC staging examinations)[15-20].

CHANGE WITH THE TNM FROM THE
PATHOLOGIST POINT OF VIEW
There are basically two reasons for MX elimination.
Firstly the MX category has been a source of misinterpretation, especially by pathologists (i.e., pMX) who
“may assign MX, meaning that they cannot assess distant
metastasis”[6]. This is a clinical, not pathological assessment. “If there are no obvious signs of metastasis, M0
or cM0 classifications are appropriate. In other words,
once clinically examined, a patient is M0 until proven
otherwise”[6] in analogy with the legal right Presumption
of Innocence.
The second reason is that assigning the MX category
prevents stage grouping by American cancer registries[6].
The elimination of MX allows only two categories,
M0 (cM0): no distant metastasis and M1 (cM1 or pM1):
distant metastasis[4] utilizing imaging and/or pathological
assessment[7].
This goes against the TNM rule of assigning the X
category, since the proper use of X is to denote the absence or uncertainty of assigning a given category[8] but
importantly these are two different situations.
A similar clinical-pathological context is encountered
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Figure 2 Example of a small lesion which proved to be malignant after
follow-up. A: Positron emission tomography (PET)/computed tomography
negative (PET-cold) focal liver lesion (white arrow) in a patient who received
chemotherapy in the past; B: Corresponding T1w Gradient Echo magnetic resonance imaging (MRI) image before injection of contrast agent shows a rather
hypo-intense focal liver lesion (white arrow); C: Corresponding T1w Gradient
Echo MRI image in the venous phase after injection of contrast agent shows a
hypo-intense focal liver lesion with ring-enhancement compatible with an (active)
malignant focal liver lesion (colorectal cancer liver metastasis) (white arrow).

Figure 1 Example of a small lesion which proved to be benign after
follow-up. A: Two small (< 10 mm) indeterminate focal liver lesions (white arrow) on contrast-enhanced computed tomography; B: Corresponding magnetic
resonance imaging (MRI), images showing a T2w Turbo Spin Echo sequence
with fat suppression. Two clearly hyperintense focal liver lesions (white arrow)
are displayed compatible with simple liver cysts; C: Corresponding MRI images
showing a T2w Turbo Spin Echo sequence without fat suppression. Two clearly
hyperintense focal liver lesions (white arrow) are displayed compatible with
simple liver cysts.

should include the T stage and the nodal status of the
primary tumour and the distribution patterns of lesions
as the probability of malignancy of small lung or liver
lesions depends on the stage of the primary tumour (T
stage) and the nodal status (N stage)[17,18].
Further evaluation with complementary imaging
modalities is needed in patients with small CT-indeterminate lesions if a change of M staging would alter the
treatment. In the thorax, additional PET/CT may be
helpful in the differentiation of a single < 1 cm pulmonary lesion, but it may not be efficient when more than
one small lesion is found on MDCT examination. In the
liver, US may be the primary modality of choice in cases
of advanced liver metastases, whereas contrast-enhanced
US [22] MRI [23,24] and/or US-CT fusion imaging tech-

A major drawback of MDCT is that its ability to detect small lesions has outstripped its ability to characterize them. Although most tiny lung and/or liver lesions
detected on CT staging of CRC patients are benign
(Figure 1), 10%-20% of CT-indeterminate lung and/or
liver lesions do develop into definite metastases (Figure 2)[17,18,20,21]. The M stage of CRC patients with CTindeterminate lung and/or liver lesions, therefore, would
require the category MX (“X” meaning uncertainty).
Regarding the definite diagnosis of whether or not
these lesions are benign or malignant, consideration
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Figure 3 Restaging the liver after neoadjuvant therapy in a patient with multiple liver metastases from rectal cancer. A: On computed tomography (CT) before
intravenous contrast, all the metastases disappeared except for a small lesion suspicious of residual disease (white arrow); B: Corresponding CT after intravenous
contrast showing the challenging lesion (white arrow); C: Also on magnetic resonance imaging the lesion (white arrow) remains suspicious for malignancy providing
indication for a liver resection.

A

B

Figure 4 Pathological examination of the resected liver specimen corresponding to the lesion indicated by the white arrow in figure 3. A: Gross specimen:
on cut the macroscopic examination shows a star-like whitish lesion; B: At histology (hematoxylin and eosin, x 100) only fibrosis and inflammation are seen indicating
a complete response to chemotherapy.

niques[25] may complement the initial CT information in
candidates for liver resection.
Follow-up CT imaging may be a reasonable approach
in patients in whom a change of M staging would alter
the clinical management, as malignant lesions would be
expected to grow but benign lesions less so.
During restaging after neoadjuvant chemotherapy,
besides the complete clinical remission (disappearance
on CT, ycM0) achieved in a small number of patients
with metastases (mainly in CRC lung or liver metastases), small lesions, suspected as being residual tumour
may be encountered (Figure 3): the difficulties in interpreting these lesions are made harder by the response to
chemotherapy which may impact on the sensitivity of
preoperative imaging studies in identifying all sites of
disease[26].
Either chemotherapy itself, or the fatty infiltration
it commonly causes, can affect the ability of CT to effectively restage patients, resulting in both false negative
and false positive results; thus, in patients with known
hepatic steatosis, or in patients receiving neo-adjuvant
chemotherapy, liver MRI is often recommended for staging or restaging of hepatic disease[14].
However, only pathologic examination can determine
the actual nature of these lesions (Figure 4).
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CONCLUSION
Advantages and disadvantages of the revised TNM
classification of metastatic status
Disease management for CRC has evolved in recent
years into a multidisciplinary setting and is essentially
based on tumour stage.
Cancer staging represents the operational basis for
choosing the most appropriate therapy and for evaluating the efficacy of different therapeutic methods; it is
an essential component of patient care, cancer research,
and control activities, even in light of the impressive
progress that has been attained in the fields of clinical
strategies and molecular medicine.
The TNM system is subjected to continuous updating through an ongoing expert review of existing data.
Proposals for changes are made in different situations, including when the classification is poorly accepted, poorly used, or criticized in the literature[27]: here
comes the decision for MX category elimination[6].
As the MX category results in ambiguity (lack of information or uncertainty in assigning a given category)
both in applying and in interpreting it for stage assigning, it seems reasonable to abandon it.
This is also in accord with the general rule of the
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TNM system which states that, “if there is doubt concerning the correct category to which a particular patient
should be allotted (T, N, or M), then the lower (i.e., less
advanced) category should be used”[8].
However, the increased detection of small indeterminate lesions due to improved imaging technologies, particularly with MDCT imaging[20], suggests that a separate
category is needed.
This is to avoid the application of M0 category to all
indeterminate/suspicious lesions, with consequent reduced diagnostic accuracy and staging errors.

9

Proposal
Cancer patients with small indeterminate lesions (e.g., in
the lung and/or liver) are at risk of developing metastases and therefore need continued follow-up with imaging. The TNM staging system uses an extensive number
of prefixes and suffixes, as additional descriptors, their
presence indicating cases needing separate analysis[4] and
ongoing investigation. We propose to add a suffix (e.g.,
iPUL, iHEP) to cM0 to indicate the presence of "small
indeterminate lesions" considered to be benign but to be
surveyed on further follow-up imaging to confirm that
they are benign by their unchanged size and radiologic
characteristics.
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INTRODUCTION
Gastric cancer (GC) is the fourth most frequent cancer
and is the second leading cause of cancer-related death
worldwide[1]. Histologically, gastric tumors are divided
into intestinal and diffuse types according to the Lauren
classification[2]. The intestinal type of GC mostly progresses through the successive steps of normal gastric
mucosa, leading to acute and chronic gastritis, atrophic
gastritis, intestinal metaplasia, dysplasia, and finally a
gastric tumor[3]. In contrast, the sequence of events in
the development of diffuse type GC is poorly understood, although a subset of diffuse type GC appears to
develop independently of atrophic gastritis or intestinal
metaplasia [4,5]. Differences in the clinicopathological
characteristics between these two histological types indicate that development occurs through distinct molecular
pathways[6-10]. Each histological type is a consequence of
a progressive accumulation of different genetic and epigenetic alterations.
Epigenetics refers to a number of modifications in
the chromatin structure that affect gene expression without altering the primary DNA sequence, and these changes lead to transcriptional activation or silencing of the
gene. Interestingly, epigenetic modifications of DNA can
also increases mutagenesis and influence the interactions
between DNA and carcinogens and ultraviolet light[11].
Epigenetic modifications play a central role in gastric car-

Abstract
Epigenetic alterations contribute significantly to the development and progression of gastric cancer, one of the
leading causes of cancer death worldwide. Epigenetics
refers to the number of modifications of the chromatin
structure that affect gene expression without altering
the primary sequence of DNA, and these changes lead
to transcriptional activation or silencing of the gene.
Over the years, the study of epigenetic processes has
increased, and novel therapeutic approaches that target DNA methylation and histone modifications have
emerged. A greater understanding of epigenetics and
the therapeutic potential of manipulating these processes is necessary for gastric cancer treatment. Here, we
review recent research on the effects of aberrant DNA
and histone methylation on the onset and progression
of gastric tumors and the development of compounds
that target enzymes that regulate the epigenome.
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cinogenesis[12]. Recent reports indicate that infection with
Helicobacter pylori (H. pylori) or Epstein-Barr virus (EBV),
pathogens with a substantial role in development of GC,
are associated with elevated levels of aberrant DNA
methylation in GC[13-16]. The study of epigenetic processes has increased in recent years, and novel therapeutic
approaches that target DNA methylation and histone
modifications have emerged. A greater understanding of
epigenetics and the therapeutic potential of intervention
into these processes is necessary to help GC treatment.
In this review, after a brief introduction to the methylation machinery, we focus on the roles that aberrant
DNA and histone methylation play in the onset and progression of gastric tumors, and the development of compounds that target enzymes that regulate the epigenome.

CpG binding domain[29,30]. Over the last decade, proteins
that utilize different structures to recognize and bind
DNA or its components have been identified. In 2001,
Prokhortchouk et al[31] identified Kaiso proteins, which
bind methylated DNA through a zinc finger motif. Other
MBPs including UHRF1 and UHRF2 were identified,
and these proteins use the SRA to bind 5mCpG[32,33].
In cancer, the roles of MBPs are related to their functions as transcriptional repressors or chromatin remodelers (Table 1)[34-36]. However, a few studies have reported
MBPs in GC (Table 1). Mutations in MBD4 have been
found in gastric tumors in association with microsatellite instability[37,38]. MBD4 encodes a protein that interacts
with the mismatch repair protein hMLH1. Therefore, it
has been postulated that mutations in MBD4 may result
in mismatch repair deficiency[30].
The processes of DNA methylation and histone modification often involve dynamic interactions that either reinforce or inhibit epigenetic changes. Thus, histone modification can also alter chromatin remodeling, and this is a
possible mechanism for decreased gene expression[39-41].
The nature of the interaction between DNA and histones, which are composed of pairs of the four core proteins H2A, H2B, H3, and H4, alters the accessibility of
DNA transcription sites to RNA polymerase Ⅱ and other transcription factors. The interaction between histones
and DNA is thought to be under epigenetic control,
because specific amino acid residues on specific histone
core proteins are subjected to post-translational modifications, such as acetylation, methylation, phosphorylation,
ubiquitination, sumoylation, proline isomerization, and
ADP ribosylation[42,43]. Histone acetylation and methylation are the only modifications that have been clinically
associated with pathological epigenetic disruption in cancer cells[44]. In this review, we focus on histone methylation modifications.
Histones can be mono-, di-, or trimethylated at lysine and arginine residues by histone methyltransferases (HMTs) or demethylated by histone demethylases
(HDTs). Depending on the residue and the level of
methylation, the chromatin may be transcriptionally active or inactive. In general, trimethylation at H3K4 and
H3K36 or monomethylation at H3K27, H3K9, H4K20,
H3K79, and H2BK5 is associated with transcriptional activation. In contrast, trimethylation at H3K27, H3K9, and
H4K20 or monomethylation at H3K27, H3K9, H4K20,
H3K79, and H2BK5 is associated with transcriptional
repression[44].
A growing number of studies have analyzed the
HMTs and HDMs in tumor cells, whereas few genes
involved in histone methylation activity have been described for GC (Table 1). EZH2, an HMT that plays a
role in trimethylation of H3K27 and leads to silencing
of important genes in carcinogenesis, is overexpressed
in several types of cancer, including GC[45,46]. Cai et al[47]
reported that EZH2 plays an important role in the multistep process of intestinal-type GC. In addition, Fujii et
al[48] demonstrated that silencing of EZH2 by siRNA resulted in a lower H3K27me3 protein level in GC cells.

METHYLATION MACHINERY
DNA methylation refers to the addition or subtraction
of a methyl moiety at the 5 position of the cytosine ring
within CpG dinucleotides that are usually located in CpGrich regions or CpG islands and around the gene promoter. DNA methylation in gene promoter regions represses
transcription of their downstream genes associated with
the suppression of gene expression[17]. However, methylation in gene bodies does not block transcription and is
sometimes associated with active transcription[18]. Methylation status is controlled by DNA methyltransferases
(DNMT1, DNMT3A, and DNMT3B)[19]. DNMT1 maintains the existing methylation patterns following DNA
replication, whereas DNMT3A and DNMT3B target
unmethylated CpGs to initiate methylation and are highly
expressed during embryogenesis and minimally expressed
in adult tissues[20]. Another DNA methyltransferase family member, DNMT3L, interacts with DNMT3A and
DNMT3B to facilitate methylation of retrotransposons[21].
Many studies have shown that overexpression of DNA
methyltransferases is closely related to tumorigenesis,
although the role of DNMT3L in cancer is still unclear
(Table 1). In addition, H. pylori infection may increase
DNA methyltransferase activity through upregulation of
the epidermal growth factor and its receptor or via the
release of inflammatory mediators, such as nitric oxide[22].
In particular, DNMT1 overexpression has been associated
with EBV infection in GC[23-25].
DNA methylation has also been implicated in the
regulation of higher order chromatin structure, the maintenance of genome integrity, and stable patterns of gene
expression. These biological effects of DNA methylation
are, at least in part, mediated by proteins that preferentially bind to methylated DNA[26]. Methylated DNA is
specifically recognized by a set of proteins called methylCpG-binding proteins (MBPs), which belong to three
different structural families: methyl-CpG binding domain
proteins (MBDs), Kaiso domain proteins, and SET and
RING finger-associated domain (SRA) domain proteins[27,28]. MBD family proteins (MeCP2, MBD1, MBD2,
MBD3 and MBD4) bind methylated CpG (5mCpG)
through a conserved protein motif called the methyl-
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Table 1 Methylation machinery in gastric cancer
Gene

Function

Alteration in cancer

Ref.

Maintenance of methylation
Repression of transcription

Upregulation
Mutation

DNMT3A

De novo methylation during embryogenesis
Imprint establishment Repression

Upregulation
Mutation

DNMT3B

De novo methylation during embryogenesis
Repeat methylation Repression

Upregulation
Mutation

MeCP2

Transcription repression

MBD1

Transcription repression

MBD2

Transcription repression DNA demethylase

MBD3

Transcription repression, but requires MBD2 to recruit it
to methylated DNA
Transcription repression DNA repair
Glycosylase domain, repair of deaminated 5-methyl C
Transcription repression
Histone methyltransferase

Upregulation
Mutation
Upregulation
Mutation
Downregulation
Mutation
Upregulation
Mutation
Downregulation
Mutation
Upregulation
Gene Repression
Underexpression
Mutation
Upregulation
Upreguletion

Kanai et al[93]
Fang et al[94]
Ding et al[95]
Yang et al[96]
Mutze et al[97]
Ding et al[95]
Fan et al[98]
Yang et al[96]
Ding et al[95]
Su et al[99]
Hu et al[100]
Yang et al[96]
Wada et al[101]

DNMT1

MBD4
Kaiso
G9a
RIZ1
PRDM2
SUZ12
BMI1

Histone methyltransferase
Histone methyltransferase
Histone methyltransferase

EVI1
EZH2

Histone methyltransferase
Histone methyltransferase

Chromosomal rearrangement
Amplification
Upregulation
Mutation

NSD2/MMMSET

Histone methyltransferase

SUV39H1 -2
LSD1/BHC110
JARID1A-D

Histone methyltransferase
Histone demethylase
Histone demethylase

Upregulation
Translocation
Polymorphism
Downregulation
Upregulation
Inactivation
Mutation
Upregulation
Downregulation

JMJD2A
JHDM3A
JMJD1A-C

Histone demethylase
Histone demethylase

Kanai et al[102]
Pinto et al[38] D'Errico et al[37]
Ogden et al[103]
Lee et al[104]
Oshimo et al[105]
Pan et al[106]
Yoo et al[107]
Liu et al[108]
Xiao et al[109]
Lu et al[110]
Zhang et al[111]
Li et al[112]
Takahata et al[113]
Mattioli et al[114]
Varambally et al[115]
Fujii et al[48]
Cai et al[47]
Choi et al[46]
Zhou et al[116]
Hudlebusch et al[117]
Li et al[84]
Magerl et al[118]
Zeng et al[51]
Li et al[119]
Katoh et al[120]

DNMT: DNA methyltransferase; EVH1: Domain containing 1; EZH2: Enhancer of zest homolog2; JARID: Jumonji, AT-rich interactive-domain; JHDM: JmjC
domain-containing histone demethylase 1; JMJD: Jumonji domain containing 2; LSD1: Lysine specific demethylase; MBD: Methyl-CpG-binding domain;
NSD2: Nuclear receptor-binding SET-domain protein 2; PRMT: Protein arginine methyltransferase 1; RIZ1: Retinoblastoma protein-interacting zinc finger 1;
SUV39H: Suppressor of variation 3-9 homolog.

Among the HDTs, RBP2 is a newly identified member of the JARID family of proteins, and RBP2 specifically targets tri- and dimethylated H3K4 for demethylation in cancer[49,50]. Zeng et al[51] reported that RBP2 is
overexpressed in GC and suggested that HDT inhibition
by targeting RBP2 may be an anticancer strategy.

DNA hypo- or hypermethylation. DNA hypomethylation, which refers to the loss of DNA methylation, affects chromosomal stability and increases aneuploidy[52].
DNA hypermethylation, which refers to the gain of
methylation at a locus originally unmethylated, usually results in stable transcriptional silencing, which functions in
regulating gene expression[53,54].
Global DNA hypomethylation is usually considered
one of the hallmarks of cancer cells, because aberrant
hypermethylation-vulnerable genes are overlapped by

DNA METHYLATION
DNA methylation contributes to cancer mainly through
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Table 2 Aberrant DNA methylation in gastric cancer
Gene
ABCB1
ADAM23
ALDH2
APC
ARPC1B (p41ARC)
BNIP3
BRCA1
CAV1
CDH1
CHFR
DAPK
FHIT
FLNC
GATA4/5
HAND1
HRAS
IGFBP3
LOX
MGMT
MLF1
MLH1
MOS
MTHFR

MYC
P14ARF

Role

Aberrant methylation

Ref.

Multidrug resistance
Tissue cell invasion and metastasis
Oxidative pathway of alcohol
metabolism
Tissue cell invasion and metastasis
Signal transduction
Cell morphology
Apoptosis
DNA repair
Tissue cell invasion and metastasis
Tissue invasion and metastasis

Hyper
Hyper
Hypo

Poplawski et al[121], Tahara et al[122], Lee et al[123]
Takada et al[124], Watanabe et al[125], Kim et al[126]
Balassiano et al[127]

Hyper

Bernal et al[128], Ksiaa et al[63], Shin et al[69], Geddert et al[129]

Hyper
Hyper
Hyper
Hyper
Hyper

Cell cycle regulation
Apoptosis

Hyper
Hyper

Apoptosis
Cell morphology
Transcriptional factor
Cell differentiation
Signal transduction
Cell cycle regulation
Tissue cell invasion and adhesion
DNA repair

Hyper
Hyper
Hyper
Hyper
Hypo
Hyper
Hyper
Hyper

Cell differentiation
DNA repair

Hyper
Hyper

Cell cycle regulation
DNA synthesis
DNA repair
DNA methylation
Cell cycle regulation
Cell cycle regulation
Apoptosis
Cell differentiation
Cell cycle regulation

Hypo
Hypo

Maekita et al[130], Shin et al[69]
Murai et al[131], Hiraki et al[132], Sugita et al[133]
Bernal et al[128], Ryan et al[134]
Yamashida et al[135]
[136]
Leal et al , Bernal et al[136], Borges et al[61], Tahara et al[122],
Al-Moundhri et al[137], Balassiano et al[127]
Oki et al[138], Hiraki et al[139], Hu et al[140]
Bernal et al[128], Zou et al[74], Hu et al[140],
Tahara et al[122], Sugita et al[133]
Leal et al[136], Bernal et al[128]
Kim et al[126], Shi et al[141]
Akiyama et al[142], Wen et al[143],
Maekita et al[130], Shin et al[69], Shi et al[141]
Fang et al[144], Luo et al[145]
Gigek et al[146], Ryan et al[134], Chen et al[147]
Maekita et al[130], Shin et al[69], Tamura et al[148]
Bernal et al[128], Hibi et al[149], Ksiaa et al[63]; Zou et al[74],
Schneider et al[14], Hiraki et al[139], Balassiano et al[127], Shi et al[141]
Watanabe et al[125], Shi et al[141], Yamashita et al[135]
Bernal et al[128], Poplawski et al[121], Hiraki et al[139], Kim et al[150],
Shin et al[58]
Shin et al[58]
Balassiano et al[127]

Hypo
Hyper

Fang et al[144], Luo et al[145]
Balassiano et al[127], Geddert et al[129]

Hyper

Hyper
Hyper
Hyper

Zou et al[74], Guo et al[153], Shin et al[58]

RORA
RPRM
RUNX3

Cell differentiation
DNA binding
Activation transcription
DNA repair
Cell cycle regulation
Cell differentiation
Cell cycle regulation
Signal transduction

Ksiaa et al[63], Dong et al[151], Zou et al[74], Shin et al[69], Hu et al[140],
Ryan et al[134], Geddert et al[129], Balassiano et al[124], Al-Moundhri et al[137],
Shin et al[58]
Watanabe et al[125], Shu et al[152]
Bernal et al[128], Ksiaa et al[63]

Hyper
Hyper
Hyper

SHP1
TERT
TFF1
THBD
TWIST1

Signal transduction
Cell senescence
Repair gene
Inflammation response
Cell differentiation

Hyper
Hyper
Hyper
Hyper
Hyper

Watanabe et al[125], Yamashida et al[131]
Bernal et al[128], Schneider et al[14]
Bernal et al[128], Sakakura et al[154], Lee et al[104], Zou et al[74],
Hiraki et al[139], Tamura et al[148], Hu et al[140], Fan et al[155],
Al-Moundhri et al[137]
Bernal et al[128], Ksiaa et al[63],
Kang et al[67], Wang et al[75], Gigek et al[77]
Carvalho et al[156], Ryan et al[134]
Maekita et al[130]; Shin et al[69]
Kang et al[67], Schneider et al[14]

P16

PRDM5
RAR-beta 2
RASSF1A/ RASSF2

ABCB1: ATP-binding cassette, sub-family B (MDR/TAP), member 1; ADAM23: ADAM metallopeptidase domain 23; ALDH2: Aldehyde dehydrogenase 2
family (mitochondrial); APC: Adenomatous polyposis coli; ARPC1B (p41ARC): Actin related protein 2/3 complex, subunit 1B, 41kDa; BNIP3: Adenovirus
E1B 19kDa interacting protein 3; BRCA1: Breast cancer 1 gene; CAV1: Caviolin 1; CDH1: Cadherin 1; CHFR: Checkpoint with forkhead and ring finger
domains; DAPK: Dapk death associated protein kinase; FHIT: Fragile histidine triad gene; FLNC: Filamin C, gamma; GATA4/5: GATA binding protein
4/5; GSTP1: Glutathione S-transferase pi 1; HAND1: Heart and neural crest derivatives expressed 1; HRAS: v-Ha-ras Harvey rat sarcoma viral oncogene
homolog; IGFBP3: Insulin-like growth factor; binding protein 3; LOX: Lysyl oxidase; MGMT: O-6-methylguanine-DNA methyltransferase; MLF1: Myeloid
leukemia factor 1; MLH1: MutL homolog 1; MOS: Moloney murine sarcoma viral oncogene homolog; MTHFR: Methylenetetrahydrofolate reductase
(NADPH); MYC: v-myc myelocytomatosis viral oncogene homolog (avian); P14ARF: Cyclin-dependent kinase inhibitor 2A; P16: Cyclin-dependent
kinase inhibitor 2A; PRDM5: PR domain containing 5; RAR-beta 2: Retinoic acid receptor β 2 gene; RASSF1A/RASSF2: Ras association (RalGDS/AF-6)
domain family member 1/member 2; RORA: RAR-related orphan receptor A; RPRM: TP53 dependent G2 arrest mediator candidate; RUNX3: Runt-related
transcription factor 3; SHP1: Hematopoietic cell-specific protein-tyrosine phosphatase; TERT: Telomerase reverse transcriptase; TFF1: Trefoil factor 1; TFPI2:
Tissue factor pathway inhibitor 2; THBD: Thrombomodulin; TWIST1: Twist homolog 1.
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genes targeted by hypomethylation[55,56]. Compare et al[57]
suggested that global DNA hypomethylation may be
implicated in GC associated with H. pylori infection at
an early stage. At the individual gene level, DNA hypomethylation is often associated with activation of protooncogenes.
In GC, few studies have shown promoter hypomethylation associated with the activation of proto-oncogenes
(Table 2). In particular, Shin et al[58] reported that the
hypomethylation of the MOS promoter in GC was associated with tumor invasion, lymph node metastasis, and
the diffuse type. A number of genes involved in cell cycle
regulation, tumor cell invasion, DNA repair, chromatin
remodeling, cell signaling, transcription, and apoptosis are
known to be silenced by hypermethylation in GC (Table
2).
Multiple reports have been published regarding gene
hypermethylation in both intestinal and diffuse types of
GC. Interestingly, the methylation profile differs between
the intestinal and diffuse types of GC[54].
The epithelial cadherin gene CDH1, which is a wellstudied gene involved in cancer, is downregulated in
gastric tumors and is hypermethylated more frequently
in the diffuse type than in the intestinal type of GC. Loss
of CDH1 during tumor progression has led to the notion that this is a tumor suppressor gene[59,60]. In addition,
mapping of the CDH1 promoter has revealed a positive
association between hypermethylation and older age, as
well as a significant correlation between DNA hypermethylation and the A allele of the -160 C→A polymorphism. The A allele has been described to increase the
risk of developing GC in association with the methylation status[61]. Unlike the CDH1 gene, the P16 gene is hypermethylated mainly in the intestinal type of GC[54,62,63].
This epigenetic mark was recently associated with tumor
location and H. pylori infection in GC[64].
Other studies have also described a number of genes
that are silenced by hypermethylation in association
with H. pylori or EBV infection: APC, SHP1, p14, and
CDH1[63,65-67]. According to Chan et al[68], the eradication
of H. pylori infection significantly reduces the methylation
index of the CDH1 promoter. In contrast, it has been
shown that a portion of the aberrant DNA methylation
induced by H. pylori infection may persist even after the
infection has disappeared[69,70]. Shin et al[58] observed that
the methylation levels in MOS remained significantly increased in patients with previous H. pylori infection compared with H. pylori-negative subjects.
Moreover, hypermethylation of several gene promoters has also been observed in the premalignant stages of
GC, suggesting that aberrant methylation occurs early
during gastric carcinogenesis[59,71-74]. For example, the
methylation levels of the catalytic subunit of the telomerase gene (hTERT) promoter are increased during gastric
carcinogenesis. Wang et al[75] reported that the hTERT
promoter was more methylated in GC than in precancerous lesions and non-neoplastic gastric tissues. Therefore,
it has been suggested that the degree of methylation of
the hTERT promoter may be useful in the early diagnosis
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of GC and/or may have an impact on the anti-telomerase strategy for cancer therapy. Other studies, however,
showed that methylation of the hTERT promoter and
resultant gene expression were opposite to the general
model of regulation by DNA methylation, which is usually dependent on the CpG islands studied[76,77].
Recently, aberrant hypermethylation of the newly associated metastatic suppressor gene RECK was found to
be associated with GC development and may also be useful for early diagnosis and treatment[78]. These abovementioned findings lead to the possibilities that epigenetic
alterations may also occur at different stages of gastric
tumorigenesis.

HISTONE METHYLATION
Histone modifications leading to gene expression alterations have been described in several cancer types, but
the methylation status of chromatin is still unclear for
GC. Using the ChIP-on-chip technique, Zhang et al[79]
identified candidate genes with significant differences in
H3K27me3 in GC samples compared to adjacent nonneoplastic gastric tissues. These genes included oncogenes, tumor suppressor genes, cell cycle regulators, and
genes involved in cell adhesion. Moreover, these investigators demonstrated that higher levels of H3K27me3
produce gene expression changes in MMP15, UNC5B,
and SHH.
In 2011, Kwon et al [80] showed that LAMB3 and
LAMC2 were overexpressed in GC samples in comparison with non-neoplastic adjacent tissue samples.
Furthermore, these researchers demonstrated that overexpression of these genes was a result of the enrichment
of H3K4me3 in the gene promoter. Using immunohistochemistry, Park et al[81] showed that higher levels of
H3K9me3, which is a repressive mark, was associated
with higher T stage, lymphovascular invasion, and recurrence in gastric tumors. They also observed that the
level of H3K9me3 was correlated with patient survival,
because stronger methylation corresponded to a worse
prognosis and intermediate methylation to an intermediate prognosis.
Taken together with results from previous studies,
these results have suggested that histone methylation
results in a worse prognosis by inactivating certain tumor
suppressor genes[82,83]. Moreover, Li et al[84] used GC cell
lines to demonstrate that the PRC1 member CBX7 initiated trimethylation of H3K9 at the P16 locus through
recruitment and/or activation of the HMT SUV39H2 to
the target locus. This finding links two repressive epigenetic landmarks, H3K9me3 formation and PRC1 binding
within the silenced domains in euchromatin, and builds
up a full pathway for epigenetic inactivation of P16 by
histone modifications.
Recently, Angrisano et al[85] reported that H. pylori infection is followed by activation of iNOS gene expression,
chromatin changes at the iNOS promoter (including
decreased H3K9 methylation and increased H3K4 methylation), and selective release of MBD2 from the iNOS
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promoter in a GC cell line.

Thus, the recognition of the methylation machinery,
genes with aberrant methylation status, and histone methylation levels in gastric carcinogenesis exemplified in this
review allow us to contemplate the possibility of dealing
with the aforementioned oncological issue in a new way
that may have a significant impact on the therapy and
management of GC.

METHYLATION INHIBITOR DRUGS
The silencing of cancer-related genes by DNA methylation and chromatin modification are reversible and may
represent a viable epigenetic therapeutic target. In the last
decade, drugs that modify chromatin or DNA methylation status have been used alone or in combination in order to affect therapeutic outcomes[86]. Specially, cytosine
analogs (5-azacytidine and 5-aza-2’- deoxycytidine) are
powerful mechanism-based inhibitors of DNA cytosine
methylation. These cytosine analogs are incorporated
into the DNA of replicating cells after the drugs have
been metabolized to the appropriate dNTP. After incorporation into the DNA, the analogs interact with DNA
methyltransferases to form covalent intermediates, and
this interaction inhibits DNA methylation in subsequent
rounds of DNA synthesis[87]. Both drugs have been approved by the US Food and Drug Administration for use
in hematological malignancy treatment[88].
In GC, surgery remains the primary curative treatment for gastric tumors. Currently, adjuvant and neoadjuvant therapies are accepted[89]; however, so-called
epigenetic therapy has not yet been used in treatment of
GC patients.
In the past few years, epigenetic screening techniques
using treatment with a demethylating agent have been
developed to identify genes with epigenetic aberrations
in GC cell lines. Zheng et al[90] treated a GC cell line with
5-aza-2’-deoxycytidine and performed DNA methylation
array analysis of these cells with six normal mucosal samples from healthy patients. These results revealed 82 hypermethylated gene promoters. These authors investigated 15 candidate genes by methylation-specific PCR and
confirmed five highly methylated promoters: BX141696,
WT1, CYP26B1, KCNA4, and FAM84A. All of these,
except FAM84A, also showed DNA hypermethylation
in serum of GC patients, suggesting that serum DNA
offers a readily accessible bioresource for methylation
analysis.
A similar study conducted by Jee et al[91] described 11
selected genes and validated the genes in three GC cell
lines and in non-neoplastic gastric tissue by bisulfate
sequencing. Differential DNA hypermethylation was
observed in GPX1, IGFBP6, IRF7, GPX3, TFPI2, and
DMRT1 promoter regions in GC cells but not in nonneoplastic tissues. Moreover, a poor survival rate was observed in those individuals with higher methylation status
at the TFPI2 gene. TFPI2 is a serine protease inhibitor,
which negatively regulates the enzymatic activities of
trypsin, plasmin, and a tissue factor complex. Therefore,
it has been proposed that this gene inactivation may be
implicated in human carcinogenesis and metastasis[92].
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TRADITIONAL APPROACH TO
COLORECTAL CANCER SCREENING

Abstract
Colorectal cancer (CRC) is still one of the leading causes
of cancer-related death in Western countries, despite
major improvements in its treatment. The dramatically
high social and economic impact of CRC on human
health makes the identification of a reliable screening tool of paramount importance. Current screening
methods, such as the fecal occult blood test and colonoscopy do not adequately meet the ideal requisites
of a screening test because, even if they are effective,
they are limited first by too low specificity and sensitivity, or second by high invasiveness, costs and risk.
Nowadays extended efforts are made by researchers
to look for more reliable and effective screening tests
based on a systems biology approach, using biological
samples easily available, such as urine, breath, serum
and feces. The effectiveness and reliability of several
new attempts to screen these patients by non-invasive
analysis of their biological samples using genomic (genetic and epigenetic alteration), transcriptomic (miRNA),
proteomic (cancer-related antigens, new antibodies
against tumor-associated antigens, mutated proteins)
and metabolomic (volatile organic metabolites) methods are discussed in this review. Among the most interesting new screening tools, fecal fluorescent long-DNA,
fecal miRNA and metabolomic evaluation in breath and/
or serum seem to be most promising.
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Colorectal cancer (CRC) is the second most commonly
diagnosed cancer and the second leading cause of cancer
death in Europe, with an incidence of 43 600 new cases
between 2007 and 2008[1]. The dramatically high social
and economic impact of CRC on human health makes
the identification of a reliable screening tool of paramount importance. CRC, as a cancer actually fulfills the
World Health Organization conditions required for mass
screening, since it is a very common disease, with major
morbidity and mortality rates and is almost always preceded by a slow progressive premalignant lesion (the adenomatous polyp) which can readily be removed leading
to true cancer prevention[2]. Screening strategies for CRC
involve the separation of the population into two main
categories: average risk and high risk populations. Each
of these categories is targeted using a different screening
program. In the first group, adults over 50 years without
a personal or family history of CRC, polyps or inflammatory bowel diseases (IBD) are screened. The high risk
population includes subjects with a family history of
CRC, a personal history of CRC or polyps or are index
cases affected by IBD. There is, however, a third category,
more specifically characterized by an heredofamilial risk
and represented by hereditary cancer syndromes such
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as familial adenomatous polyposis and hereditary nonpolyposis CRC[3,4]. Such cases should be screened directly
with total colonoscopy (TC). The average risk population
reflects the vast majority of the population and needs to
be screened by less-invasive, low-cost techniques with acceptable patient compliance[5]. For that reason, in the last
decade, there has been a great interest and research effort
in developing the optimal CRC screening tool.
Clinically validated screening strategies currently available in practice include fecal occult blood testing (FOBT),
TC, flexible sigmoidoscopy (FS) and radiographic imaging, such as double contrast barium enema and virtual
TC. FOBT is the most commonly used method for CRC
screening. In this respect, it is non-invasive, inexpensive
and matches patient compliance better than other screening tools. In 2008, Hewitson et al[6] published a systematic review comparing the results of four randomized
controlled trials, using FOBT as a screening tool, and in
approximately 320 000 patients screened, there was an
overall reduction of the relative risk of dying of CRC
of 16%. Despite this, FOBT has demonstrated an unacceptably low specificity rate. To improve its reliability in
this regard, fecal immunohistochemistry testing (FIT),
which specifically detects non-degraded human globin
using anti-human hemoglobin antibodies, has replaced
the older guaiac-based FOBT (which identified the heme
group by pseudoperoxidase). Despite this major improvement, the search for occult blood in the feces still
has severe limitations as a screening tool, mainly because
of its low specificity, hence leading to a high number of
unnecessary colonoscopies[7,8]. FS has been proposed as
a balance between the invasiveness of a given test (such
as low invasive tests like FOBT and FIT), their accuracy
and their potential complications (e.g., TC), considering
that about two-thirds of the screened CRCs detected are
located in the rectum and sigmoid colon. It may be possible to increase the performance characteristics of FS
by combining it with FOBT/FIT, however, the risk of
leaving undetected CRC in other colonic sites is currently
unacceptable[9,10].
TC still remains the gold standard for the diagnosis
of both colorectal polyps and malignancies. The National
Polyp Study demonstrated that the incidence of CRC
was reduced from 76% to 90%[11] after polypectomy.
Although very effective for diagnosis and treatment, TC
has the limitations of low patient compliance, high cost,
a high level of invasiveness and a moderate incidence
of serious complications in specific subgroups (an incidence of 0.1%-0.3% of life-threatening complications
including bleeding and perforation). TC colonography
(or virtual TC) involves the use of helical TC to generate
high-resolution 3D images of the abdomen and pelvis,
replacing the older barium enema in providing full structural evaluation of the entire colon. A study conducted
by Fenlon et al[12] in a high risk population, reported a
sensitivity of 71% for TC colonography, although this
was strongly influenced by polyp size where only 55% of
polyps between 1 and 5 mm in maximal diameter were
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correctly identified. The sensitivity for virtual diagnosis
was significantly higher when polyps ranged between 6
and 9 mm or were larger than 10 mm in size (82% and
91%, respectively; P = 0.001)[12]. This investigation, however, had the drawbacks of considerable exposure to ionizing radiation, discomfort of the bowel preparation and
the necessity to complete the procedure by TC in cases
of polyp or cancer detection, as well as being expensive
(with inherent derivative costs) and currently not suitable
for screening purposes.
From these considerations it is clear that current screening methods do not properly meet the ideal requisites of a
screening test, so that extended effort has been dedicated
by researchers at looking for more reliable and effective
screening tests based on the systems biology approach
using biological samples easily available such as urine,
breath, serum and feces. Since the human genome was
completely identified in 2003, the entire set of genes and
proteins expressed have been extensively studied using
genomic, transcriptomic or proteomic approaches.

GENOMIC APPROACH TO CRC
SCREENING
Several authors have attempted to identify cancer-related
mutated DNA/RNA, mutated proteins or normal proteins abnormally synthesized [e.g., carcinoembryonic antigen (CEA), cytokeratins] in different biological samples as
potential biomarkers for CRC. Colorectal carcinogenesis is
characterized by genetic alteration (gene mutation or gene
amplification) and epigenetic alteration (gene hypermethylation or chromatin modification), which both transform
normal epithelial cells into cancer cells. CRC cells are continuously shed in the feces, due to a high proliferative rate,
so that mutated DNA can be readily detected in the feces
of these patients. This issue is complex, where mutation
in the APC, K-ras and p53 genes were initially investigated
in stool samples of CRC patients, in accordance with the
Volgenstein model of CRC genesis[13]. Other markers have
also been studied by Imperiale et al[14] who conducted a
large population-based study comparing the fecal DNA
test with FOBT, using a DNA marker panel formed by
21 mutations and demonstrated a sensitivity of 52% for
invasive cancers compared with 13% for FOBT in the
same population. Fecal DNA testing has been commercially available in the United States since 2003, but so far
has rarely been adopted for screening despite preliminary
studies showing that the use of a large pool of genetic
markers results in a sensitivity of 71%-91% and a specificity of more than 93%[15]. A recent interesting approach
involves the use of fluorescent long DNA (FL-DNA)
measurement, designed to identify cancer DNA fragments
greater than 150-200 db pairs. Changes are noted since
cancer cells do not undergo apoptosis, which in normal
epithelial cells typically initiate DNA cleavage and degradation producing small measurable fragments. This FLDNA technique has shown a performance sensitivity up
to 80% in detecting CRC[16]. Such mutated DNA can also
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be demonstrated in the urine of CRC patients. Human
urine has been shown to contain two types of DNA: large
type, greater than 1 kb, presumably derived from cells
shed into the urine from the urinary tract and small type,
between 150 bp and 250 bp, derived from the circulation,
which can cross the renal barrier. Sample urine collection
is non-invasive and isolation of DNA from urine is easier
than from others specimens, due its low extraneous protein content. The comparison of mutated K-ras sequences,
in particular the mutation in codon 12, between tumor,
blood and urine from CRC patients and healthy controls
showed an 83% correspondence of mutated DNA in
urine and tumor tissue in the same patients[17]. Epigenetic
changes which characterize CRC cells have only been
studied in urine samples; most notably, the hypermethylated
vimentin (m-VIM) gene. The detection of m-VIM in urine
samples is significantly associated with CRC when compared with healthy controls[18].

CRC patients compared with controls, but where levels
were higher in patients with adenomas and tended to decrease in cancer cases. Other researchers, however, were
unable to confirm the higher expression of miR21, whilst
the clusters miR17-92 and miR135 have been found to
be significantly higher in the feces of CRC patients when
compared with controls[25]. Another fecal mRNA frequently investigated as a potential CRC marker in stool is
the prostaglandin-synthase 2, which showed a sensitivity
between 50% and 90% and a specificity of 93% or higher
in the diagnosis of CRC, although the reliability of this
study was limited by the small number of CRC patients
evaluated[26,27].

PROTEOMIC APPROACH TO CRC
SCREENING
A further method for early detection and screening of
CRC is to look at the modified “proteome” as a direct effect of mutated gene expression or as the occurrence of
new antibodies against tumor-associated antigens (TAAs)
identified in CRC. Hundt et al[28] have published a systematic review of 19 studies, in which 52 protein markers
were analyzed, using common standard procedures such
as enzyme-linked immunoassay, radioimmunoassay or
more recent approaches like chromatographic and mass
spectrometric assays based on surface-enhanced laser
desorption/ionization time-of-flight (TOF) and matrixassisted laser desorption/ionization TOF technologies.
These compounds can be divided into antigens, antibodies, cytokines and other CRC-relevant proteins. CEA
is the most investigated marker. High CEA levels are
derived from embryonic tissues and CRC, but they also
increase in other malignancies, including gastric and pancreatic cancer, as well as in IBD and in smokers. Its role
for screening is limited because CEA evaluation has been
shown to have a sensitivity of only 43%-69% in detecting
early CRC, whilst its reliability increases in metastatic cancer where assessment lies outside the screening purpose.
Carbohydrate antigens such as CA 19-9, CA195, CA
50 or CA 72-4 have been investigated in many studies,
but with comparatively disappointing results. The best
performance amongst these antigens is that of CA 19-9,
with a sensitivity ranging between 18% and 65% and a
specificity of over 90%. Other antigens considered for
screening purposes include the sialylated Lewis antigen
[29]
[30]
Ⅹ, CO 29.11 , urokinase-type plasminogen activator
[31]
and small intestinal mucin antigen , but none of these
serological antigens have so far demonstrated an acceptable reliability in clinical testing. Recently Matsubara et
al[32] studying the proteome of CRC patients compared
with healthy controls, using label-free quantitative mass
spectrometry and protein microarray, identified the
adipophilin or adipose differentiation-related protein,
a protein involved in the cancer pathway and normally
expressed in cancer cells but not by the normal mucosa.
This protein has been investigated as a potential plasma
biomarker for early CRC stages, showing high receiver

TRANSCRIPTOMIC APPROACH TO CRC
SCREENING
The most recent transcriptomic approach to identify potential biomarkers for CRC involves the study of microRNAs (miRNA), short non-coding 18-22 nucleotide RNA
molecules involved in regulation of gene expression
through post-transcriptional processing. Their expression is deregulated in cancer cells where altered miRNA
expression leads to altered expression of their target gene
including a range of potential oncogenes and oncosuppressors during carcinogenesis. Chen et al[19] showed that
levels of miRNA in the serum are stable, reproducible
and consistent in humans, concluding that they can be
potential biomarkers for different diseases. Recent studies
have indicated that circulating microRNAs incorporated
into microvesicles and exosomes may be involved in
genetic informational exchange between cells and may
regulate extracellular matrix degradation, immunologic
response and angiogenic factors which favor cancer cell
growth and metastasis[20]. MiR-145, miR-143, miR-135a
and b, miR-17-92, miR-21 have been most studied in
CRC where Ng et al[21] were able to identify a significant
increase of miR92 in the plasma of CRC patients compared with controls. Similar results have been reported
by Huang et al[22] demonstrated a significant increase in
miR29a and miR92a in patients with adenomas and CRC
compared with controls, supporting the hypothesis that
the miR17-92 cluster could have a role in cell proliferation, tumor angiogenesis and apoptotic suppression.
Altered miRNA[23] expression has been examined in the
stools of CRC patients and could represent an optimal
screening tool for this cancer where colonic cancer cells
exfoliate in greater quantity and their nucleic acid can
be extracted and distinguished from those of bacteria.
In this regard, Link et al[24] compared fecal specimens of
patients with CRC, patients with adenomas and normal
controls, showing a specific miRNA pattern in the three
groups where miR21, miR106 were over expressed in
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operating characteristics[32].
Other studies have focused on the use of autoantibodies antibodies against TAAs as serological markers for cancer diagnosis, because they are absent in healthy subjects
and other non-cancer conditions. Many autoantibodies
against known or unknown TAAs, have been found in the
sera of patients with a range of malignancies[33-35]. Various
technologies such as serologic analysis of recombinant
cDNA expression libraries, first described in 1995 by Sahin et al[36], and protein arrays or phage display techniques
have been used in their measurement. The occurrence
of several serum autoantibodies against TAAs, such as
epithelial cell adhesion molecule or cytokeratin, p53, p62,
CEA, HER-2/neu, Ras, topoisomerase Ⅱ-alpha, histone
deacetylases 3 and 5, ubiquitin C-terminal hydrolase L3,
tyrosinase, tropomyosin and cyclin B1 have all been evaluated in CRC patients[37], but were detected only in a limited
proportion of patients (< 40%). Mutated or abnormal
proteins have been detected also in the feces as potential
biomarkers for screening, including tumor pyruvate kinase
type M2, which has good sensitivity for CRC (85%), but
not for adenomas (28%)[38], S100 calcium binding protein
A12 and metallopeptidase inhibitor 1. The latter showed
a sensitivity for cancer of around 85% and a specificity of
95%[39] compared with healthy controls.

network statistics have identified some volatile organic
metabolites as potential biomarkers for CRC in urine[45],
and very recently, a Japanese group has developed a
CRC-prediction model based on serum metabolomic
analysis and which demonstrated a high sensitivity (82.8%)
as a novel potential screening test for CRC[46]. A similar
metabolomic approach was carried out by our group[47],
looking at the VOCs contained in breath. In this study,
15 of the 58 VOCs identified formed a specific pattern
in CRC patients and, using a probabilistic neural network,
the ability to identify CRC patients showed a sensitivity
of 86%, a specificity of 83% and an accuracy of 85% (area
under the receiver operating characteristics curve: 0.85)
for the diagnosis of CRC.
In conclusion, despite their usefulness and effectiveness, traditional methods for CRC screening are still far
from fulfilling the optimal requisites for a screening test.
The FOBT/FIT both have too low a sensitivity or specificity whilst the high sensitivity of CT is counterbalanced
by its invasiveness and high cost. TC colonography is
still improving its technical performance but is expensive
and, in cases of positivity, a traditional TC is still required
to remove polyps or for biopsies. New hopes are rapidly
growing in this field with the application of the systems
biology approach using biological samples which are
readily available. Among these, the search for fecal FLDNA, fecal miRNA and metabolomic evaluation in the
breath and/or serum seems to be the most promising.

METABOLOMIC APPROACH TO CRC
SCREENING
More recently, the study of specific metabolomic biomarkers for cancers has developed as a new frontier in
cancer screening. Metabolomics are the endpoint of the
“omics” cascade and incorporate the comprehensive
study of low-molecular-weight metabolites, using highthroughput technologies, such as gas chromatographymass spectrometry, or other analytical platforms. Ikeda et
al[40] investigated the differences in serum metabolite profiles of esophageal, gastric and CRC patients and healthy
volunteers, using the metabolomic approach to determine
specific metabolomic biomarker candidates. They showed
a different distribution of L-alanine, glucuronic lactone
and L-glutamine in CRC patients, with a sensitivity of
54.5%-81.8% and a specificity of 6.7%-91.6%[40]. Specific
metabolomes can be identified in several types of biologic samples, including feces, urine, serum, sputum and
breath. In this regard, breath analysis could be considered
the favored option for medical diagnostic purposes mostly because of its non-invasive nature, its low cost and its
ready patient compliance[41]. Volatile organic compounds
(VOCs) in exhaled breath were first isolated by Pauling et
al[42] in 1971, and alteration in VOC production in cancer
patients has been postulated to relate to (per)oxygenation
of cell membrane-based polyunsaturated fatty acids resulting from genetic and/or protein mutations within tumor cells and the increased relative prevalence of reactive
oxygen species within cancer cells[43,44]. Urine and serum
are ideal tools for metabolomic analyses. Some studies
using high-throughput techniques and artificial neural
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INTRODUCTION
Sporadic cancers are complex diseases that are caused by
the accumulation of somatic mutations that are acquired
by the genomes of the cells of the tissue in which the
cancer originated[1]. The importance of identifying the
“driver” (causal) somatic mutations amongst the much
more numerous “passenger” mutations has long been
recognized. However, previous cancer genome sequencing studies have also been constrained by technological
limitations. Although several early attempts were made
to sequence the coding regions of the majority of the
consensus coding sequence and/or RefSeq genes in
several cancers (e.g., breast and colorectal), these studies
were conducted in “brute-force” mode employing traditional low-throughput polymerase chain reaction-Sanger
sequencing methods[2,3]. The advent of next-generation
sequencing (NGS) technologies has revolutionized the
sequencing of cancer genomes, the first example of
which employed whole-genome sequencing (WGS) to
characterize an acute myeloid leukemia (AML) genome
thereby identifying numerous tumor-specific mutations[4].
This study clearly demonstrated the technical feasibility of applying NGS to interrogate the genome-wide
somatic mutational spectra of entire cancer genomes in
tandem with paired constitutional DNA samples.
In parallel, the development of a variety of exome
enrichment methods to selectively capture the entire collection of exons in the human genome has made wholeexome sequencing (WES) technically feasible[5]. Coupling this development to the high-throughput NGS
techniques has allowed the exome to be sequenced very

Abstract
The arrival of both high-throughput and bench-top ne
xt-generation sequencing technologies and sequence
enrichment methods has revolutionized our approach to
dissecting the genetic basis of cancer. These technolo
gies have been almost invariably employed in wholegenome sequencing (WGS) and whole-exome sequenc
ing (WES) studies. Both WGS and WES approaches
have been widely applied to interrogate the somatic
mutational landscape of sporadic cancers and identify
novel germline mutations underlying familial cancer
syndromes. The clinical implications of cancer genome
sequencing have become increasingly clear, for example
in diagnostics. In this editorial, we present these ad
vances in the context of research discovery and discuss
both the clinical relevance of cancer genome sequenc
ing and the challenges associated with the adoption of
these genomic technologies in a clinical setting.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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rapidly and in unprecedented detail. In comparison to
WGS, WES is more affordable for larger sample sizes
and is analytically less challenging since only 1%-2% of
the entire genome needs to be sequenced[6-8]. As a result, a larger number of cancer DNA samples have been
sequenced by WES than WGS in attempts to identify
recurrent mutations (i.e., identical mutations that recur
in different samples) and highly mutated genes (genes
harboring multiple mutations in a significant proportion of the cancer samples)[9-12]. The other reason for
the more widespread adoption of WES has been that
the mutations identified within protein coding regions
are inherently easier to interpret than those in the noncoding regions, which still remain largely uncharacterized
in functional terms. In addition to the advances being
made in characterizing the somatic mutational landscape
in various cancers, the applications of cancer genome
sequencing in a clinical setting have also become increasingly numerous.

tium which aims to interrogate the somatic mutational
landscape of at least 50 different cancer types and subtypes in thousands of samples, with the eventual aim of
integrating these genomic data with both transcriptomic
and epigenomic data. NGS technologies are instrumental in generating these “omics datasets”[20]. The concept
of an integrative approach for a range of different omics
data is not new, but in recent years it has resurfaced and
become reinvigorated by technological advancement.
The integrative analysis of different omics datasets (providing information in different dimensions, from DNA
sequence to the transcriptional and translational levels)
is expected to be more informative, and hence ought to
provide new and more detailed biological insights, than
would be possible using individual datasets[21].
Although most of the cancer genome sequencing
studies were not conducted with a view to investigating
their applications in a direct clinical context per se (but
rather to characterize the somatic mutational spectrum
in order to understand better the genetic basis and biology of the cancer in question), the data generated are
nevertheless important as a means to identify the drug
targets as well as potential biomarkers (e.g., single mutations or mutational patterns that could be used for diagnostic and prognostic applications). The potential of
driver mutations to shape the future science of cancer
taxonomy was recently outlined by Stratton (2011) i.e.,
the drawing up of a system based on causal mutations
rather than the conventional organ-based (e.g., breast,
lung or colorectum tissue) classification and TNM-staging system that are widely applied in the clinic[22].
So far, what are the potential implications of cancer
genome sequencing for the clinical setting? The application of cancer genome sequencing in diagnostics
has been increasingly evident, as demonstrated by two
recent studies using WGS[23,24]. WGS has demonstrated
both its discovery and confirmatory role in a specific
patient characterized by an ambiguous diagnosis or
clinical presentation. More specifically, it has been used
to determine the genetic aberration in a patient with a
diagnosis of AML of unclear subtype[23]. The ambiguity came from the observation that the patient’s clinical
presentation was consistent with acute promyelocytic
leukemia (which is a subtype of AML with a favorable
prognosis), but it was contradicted by cytogenetic analysis. The cytogenetic analysis revealed a different subtype
associated with a poor prognosis for which bone marrow transplantation in first remission is recommended.
The diagnostic and treatment uncertainty was resolved
by WGS performed on the original leukemic bone marrow and from a skin biopsy. The WGS analysis detected
a novel insertional translocation on chromosome 17
which generated a pathogenic PML-RARA gene fusion
thereby confirming a diagnosis of acute promyelocytic
leukemia. This type of complex rearrangement could not
have been made by targeted sequencing (as the genetic
etiology was unsuspected), further demonstrating that
WGS represents both a discovery and a comprehensive

SOMATIC MUTATIONS IN SPORADIC
CANCERS
WGS and WES have been commonly applied to study
the patterns of somatic mutation in a range of different
cancers[13,14]. Collectively, these endeavors have generated
new insights into the mutational landscape of various
cancers, and have resulted in the identification of a large
number of recurring mutations as well as many highly
mutated genes. For example, in the context of gastrointestinal cancers, WES of 15 gastric adenocarcinomas
and their matched normal DNAs succeeded in identifying several frequently mutated genes such as TP53,
PIK3CA and ARID1A[15]. In addition, it was found that
cell adhesion was the most enriched biological pathway
among the frequently mutated genes. More importantly,
mutations in three chromatin remodeling genes (ARID1A, MLL3 and MLL) were detected in almost half of
the gastric cancers examined[15]. In fact, an earlier study
which performed WES in 22 gastric cancer samples also
identified frequent inactivating mutations in ARID1A,
which encodes a member of the switch/sucrose nonfermenting chromatin remodeling family. Further, the
mutational spectrum for ARID1A was found to differ
between molecular subtypes of gastric cancer[7]. In similar vein, mutations in multiple chromatin regulator genes
such as ARID1A, ARID1B, ARID2, MLL and MLL3
were also found in about half of hepatocellular carcinomas through WGS[16]. The consistent finding of mutations in chromatin remodeling genes in different cancers,
which also included renal carcinoma and glioblastoma
multiforme, further highlights a close inter-relationship
(or possibly a “synergy” interaction effect) between somatic mutations and aberrant epigenetic regulation in
the pathogenesis of cancers[8,17-19].
In addition to individual studies, technological advances have made possible large-scale international projects such as the International Cancer Genome Consor-
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analytical tool for the entire genome. More importantly,
the molecular confirmatory diagnosis carries important
clinical implications for the treatment and management
of the patient[23]. Similarly, WGS was also employed to
resolve the genetic basis of a suspected cancer susceptibility syndrome based upon the early onset of several
primary tumors[24]. Further, therapeutic prediction has
also benefited from NGS as a powerful discovery tool.
For example, a recent study employed a targeted NGS
approach to sequence 138 cancer genes in melanomas
derived from a patient (before and after relapse) and
succeeded in identifying the underlying genetic mutation
in the MEK1 gene responsible for acquired resistance
to PLX4032 (vemurafinib) after an initial dramatic response, revealing a novel mechanism of acquired drug
resistance[25].
The potential applications of cancer genome sequen
cing in the clinical arena are promising, but what are the
challenges associated with their adoption? As WGS and
WES are high-throughput methods which generate huge
amounts of data, our ability to perform both the analysis
and the interpretation of the data in a clinically relevant
time-frame is critical. This challenge is being addressed
in the context of a “comprehensive genomic approach”
where WGS, WES and transcriptome sequencing are
applied to cancer samples to evaluate their clinical utility
and feasibility (in terms of technical, time and cost)[26].
In particular, the time required, from biopsy sampling
and wet-lab experiments to computational analysis and
initial results, was streamlined to just 24 d with the cost
of all the sequencing and analysis estimated to be only
USD5400. An obvious advantage of this “integrative
genomic approach” is that the findings can be crossvalidated more efficiently. For example, both WGS and
WES detected an amplification event on chromosome
13q spanning the CDK8 gene in a metastatic colorectal
carcinoma; the over-expression of CDK8 was confirmed
by transcriptome sequencing. Although this “comprehensive genomic approach” was shown to be both timeand cost-effective, the handling and interpretation of
the huge amount of genomic data remains a key issue.
To address this challenge, it was proposed that a multidisciplinary “sequencing tumor board” (which included
professionals from multiple disciplines such as clinicians,
geneticists, pathologists, biologists, bioinformatic specialists and bioethicists) should take responsibility for the
clinical interpretation of the sequencing data obtained
from each patient[26].

linkage analysis and positional cloning. However, the
genetic causes of many familial cancer syndromes have
remained elusive. For example, CDH1 was the first and
only causal gene identified for hereditary diffuse gastric
cancer through linkage analysis[27], but germline mutations in this gene account for only a proportion of hereditary diffuse gastric cancer cases. Thus germline mutations in CDH1 were found in 30%-40% of clinically
defined families with hereditary diffuse gastric cancer
from different ethnic backgrounds[28,29]. This suggests
that an as-yet-to-be identified gene(s) is likely to be responsible for the remaining cases unexplained by CDH1.
On the other hand, whereas most Lynch syndrome cases
can be accounted for by mutations in DNA mismatch
repair genes, the genetic basis of familial colorectal cancer type X still remains elusive[30,31]. Similarly, the genetic
causes of other familial cancer syndromes, such as familial pancreatic cancer, still remain largely unknown[32,33]. In
a fashion similar to that noted with the identification of
somatic mutations, cancer genome sequencing provides
new opportunities to identify germline mutations for
familial cancer syndromes. This is well exemplified by
the case of hereditary pheochromocytoma, a rare neural
crest cell tumor; by harnessing the latest technological
advances, germline mutations in MAX were identified in
three unrelated individuals with hereditary pheochromocytoma by WES[34]. The segregation of two MAX gene
variants with hereditary pheochromocytoma was observed in families from whom DNA from affected relatives was available. Further, additional data to support
the causative role of the MAX variants came from their
absence (or non-detection) in more than 750 populationmatched control chromosomes. Additional screening for
MAX mutations in 59 cases lacking germline mutations
in known genes for hereditary pheochromocytoma then
identified two additional truncating mutations and three
missense variants in the gene[34]. Following this discovery,
a recent study found that germline mutations in MAX
are responsible for 1.12% pheochromocytomas or paragangliomas (both are genetically heterogeneous neural
crest-derived neoplasms) by sequencing MAX in 1694
patients[35].
In addition to its role in research discovery, cancer
genome sequencing has also been used as a diagnostic
tool to detect known germline mutations for familial
cancer syndromes. Indeed, by leveraging technological
advances in genomic sequence enrichment methods and
NGS technologies, studies have developed NGS-based
diagnostic tests for breast and ovarian cancers and Lynch
syndrome. For example, Walsh et al[36] designed custom
oligonucleotides in solution to capture 21 genes responsible for hereditary breast and ovarian cancers, and the
enriched genomic DNA was then subjected to sequencing using an NGS platform. This NGS-based test was
evaluated in 20 women diagnosed with breast or ovarian
cancer and with a known mutation in one of the genes
responsible for inherited predisposition to these cancers.
The results were very promising in that all the known

FAMILIAL CANCER SYNDROMES
In addition to the investigation of somatic mutations
in sporadic cancers, cancer genome sequencing has also
made significant advances in relation to the study of
the germline mutations underlying familial cancer syndromes. The early successes in the identification of causal mutations and genes for familial cancer syndromes
(e.g., RB1 and APC) were achieved by painstaking family
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point mutations and small indel mutations (ranging
from 1 bp to 19 bp), as well as large genomic duplications and deletions (ranging from 160 bp to 101 013bp),
were detected in all the samples. The potential to detect
different mutations of various sizes has further demonstrated the technical advantages of NGS-based tests over
conventional PCR-Sanger sequencing methods. For example, two different tests were offered separately to detect point mutations and large deletions/amplifications
for genetic testing of BRCA1/2 genes, respectively[36].
Similarly, attempts have also been made to incorporate
custom genomic enrichment and NGS methods into the
genetic diagnostic testing of Lynch syndrome by capturing every exon in a panel of 22 genes (most of which
are known to be associated with hereditary colorectal
cancer) followed by NGS[37].
Technological advances have facilitated the accessibility of cancer genome sequencing in the clinical arena.
In addition to the custom sequence enrichment methods
(i.e., either based on polymerase chain reaction amplification such as Fluidigm and RainDance technologies, or
based on target-probe hybridization such as the Agilent
and Nimblegen technologies) that allow one to selectively capture the genomic regions of interest, the arrival of
several bench-top NGS instruments has not only made
the sequencing of a panel of genes highly feasible technically but also cost-effective[5,38,39]. This is an important
step towards the development and adoption of NGSbased diagnostic tests in the clinic. The bench-top NGS
instruments (Roche 454 Genome Sequencer Junior, Ion
Torrent Personal Genome Machine Sequencer and Ⅰ
lluminaMiSeq) have a much lower throughput (ranging
from > 10 Mb to > 1 Gb per run) than the conventional
high-throughput NGS machines [38,39]. The bench-top
NGS instruments are therefore more suitable in terms
of their throughput for sequencing panels of genes (as
discussed earlier for the panels of genes for breast/ovarian cancers and Lynch syndrome) than WES or WGS.
Further, sample indexing (or barcoding) is also available
for the bench-top NGS instruments which can further
optimize sample throughput and cost-effectiveness by
multiplexing up to several tens of samples for sequencing. However, the level of multiplexing is dependent
on the sizes of the regions to be sequenced and the
throughputs of the instruments being used. Although
it remains to be demonstrated in the context of cancer,
WES has been widely assessed and shown as a promising diagnostic tool for various Mendelian disorders[40-43].
In addition to diagnosis, WGS has also been applied to
optimize patient treatment regimens, although not in the
context of cancer. In the context of inherited disease,
WGS has been applied to sequence a fraternal twin pair
diagnosed with dopa (3,4-dihydroxyphenylalanine)-responsive dystonia (OMIM 128230); germline compound
heterozygous mutations were identified in the SPR gene
encoding sepiapterin reductase. As a result, supplementation of L-dopa therapy with 5-hydroxytryptophan has
led to clinical improvements in both twins[44].
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PERSPECTIVES AND CONCLUSIONS
NGS technologies have already made a major contribution to characterizing somatic mutations in cancer
genomes. This endeavor will be further accelerated by
international initiatives such as the International Cancer
Genome Consortium. Although the number of studies
is currently still very limited, NGS should also be applied
to identify germline mutations in those familial cancer
syndromes whose genetic causes have not yet been fully
characterized. On the other hand, the successful demonstration of the applications of NGS/WGS/WES in a
clinical setting such as cancer diagnostics are likely to be
just the first examples of how the new technologies will
prove their worth; the numbers are expected to increase
in the coming year.
So far, the applications of NGS in a clinical setting
have been very promising. However, challenges ranging from technical, analytical and interpretational, to the
need for a considerable number of well-trained professionals from a range of disciplines in these genomic
technologies must be further addressed before the ado
ption of NGS-based tests in the clinic. The technical
challenges include, for example, incomplete capture of
the exons in WES and uneven sequencing across the
genome which might result in poor sequence coverage
in some of the regions and affect both the sensitivity
and specificity of variant detection[39]. Having specialists
trained in genomic technologies is critical to (1) obtaining fully informed consent from patients in relation to
the genomic tests; (2) ensuring accurate and reliable interpretation of the data for clinical decision-making; and
(3) counselling the patients on the basis of the results obtained. It is also evident from the Global Cancer Genomics Consortium (GCGC) that the translation of emerging
cancer genomics knowledge into clinical applications
can only be achieved through the integration of multidisciplinary expertise[45]. The GCGC is an international
collaborative platform that brings cancer biologists and
cutting edge high-throughput genomics expertise together with medical oncologists and surgical oncologists to
address the most important translational questions that
are central to cancer research, diagnosis and treatment.
As to test affordability, although the total cost of sequencing for several genomic experiments was only a few
thousands of USD per patient, it should be appreciated
that this is unlikely to be the final chargeable cost to the
patients. The cost of sequencing is currently plummeting and will become ever cheaper in the future with new
developments. However, it should be appreciated that
hidden costs are likely to be incurred for data storage,
interpretation of results and subsequent clinical consultation.
Further, handling of the complex ethical issues such
as revealing findings that might be considered incidental
to the initial testing (WGS and WES) procedure must
also be given serious consideration[46]. Determining what
to disclose and what not to disclose to the patients is
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likely to be quite challenging e.g., those results which are
deemed clinically important i.e., those which could have
a direct impact on the patient’s care or management, but
which are irrelevant to the initial purpose of the diagnostic test (i.e., incidental findings). Have the patients the
right to be informed about those results which are/might
be clinically important but not actionable e.g., mutations
that are considered likely to predispose to certain inherited diseases, although preventive treatments are not yet
available? Adequate consultation must also be given to
the reporting of results that are of unknown clinical importance. This raises concerns as to whether periodic reanalysis of the WGS/WES data might be needed, which
in turn would lead to some practicality issues potentially
incurring additional costs. Finally, any results from WGSand WES-based tests that would affect clinical decisionmaking must be properly validated or the tests must be
performed in a heavily regulated clinical setting according to the College of American Pathologists/Clinical
Laboratory Improvement Amendments.
It is widely anticipated that cancer genome sequencing or the NGS-based tests will gradually become more
accessible in clinical practice once the associated challenges and ethical issues have been adequately addressed.
Irrespective of the challenges that still remain to be over
come, the application of NGS in the clinic appears inevitable.
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INTRODUCTION
Abstract

Gastric cancer is a leading disease in Eastern Asia (South
Korea, Japan and China) (Figure 1). The incidence and
mortality of gastric cancer in East Asian areas rank respectively the second and the third among the most common cancers worldwide[1,2]. According to World Health
Organization[3] statistics, there were 988  000 new cases
of gastric cancer worldwide and 736  000 deaths in 2008.
Approximately 60% of the cases are found in East Asia
(mainly China). In China, approximately two-thirds of
patients develop advanced or metastatic disease, and more
than half have recurrent disease after curative surgery.
The median survival time for these patients is only 6-9
mo[4-6]. Several reasons restrict the diagnosis and treatment
of gastric cancer: (1) limited diagnostic measures for early
detection; (2) weak prognostic value of outcome; (3) poor
effect of surgery or cytotoxic cell treatment for advanced
disease; and (4) lack of biomarkers for targeted therapy.
The discovery of microRNA (miRNA) may change the
above-mentioned difficulties, and improve the level of diagnosis and treatment of gastric cancer.
miRNAs include 20-24 nucleotides and are a class
of noncoding small molecular single chain RNAs, and

Recent research has shown that microRNA (miRNA),
which is involved in almost every step of gastric carcinogenesis, has broad prospective application in
diagnosis and therapy of gastric carcinoma. Eastern
Asia (South Korea, Japan and China) has the highest
incidence of gastric cancer in the world. There were
988  000 new cases of gastric cancer worldwide and
736  000 deaths in 2008. Approximately 60% of the
cases of gastric cancer are found in East Asia (mainly
China). We herein provide a brief review of the clinical applications of miRNA, which include the following aspects: (1) miRNA may serve as a potential new
generation of tumor markers; (2) a complete miRNA
expression profile is highly specific, can reflect the evolutionary lineage and differentiation of tumors, and be
used to carry out diversity analysis; (3) detecting specific miRNA expression in peripheral blood will become
a new method for diagnosis of gastric cancer; (4) miRNA can predict prognosis of gastric cancer; (5) miRNA
has predictive value in determining chemotherapy and
radiotherapy resistance; and (6) miRNA could be a type
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have highly conservative, temporal and tissue-specific
characteristics[7-9]. Through complete or incomplete base
pairing with target gene mRNA, RNA-induced silencing
complex degrades mRNA or blocks its translation, and
regulates target gene expression at the post-transcriptional level[10]. They exist widely in eukaryotic organisms
and regulate cell proliferation, differentiation and apoptosis. Although the tissues of the body appear malignant,
specific miRNAs are overexpressed or underexpressed
in different tumors and at different stages, which implies
a correlation with occurrence and development of tumor and prognosis[11-13]. Further study of the relation of
miRNA and gastric cancer could provide new applications in early tumor detection, monitoring, prognosis,
gene therapy, and resolving chemotherapy resistance.
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Figure 1 Gastric cancer incidence, mortality and prevalence in South Korea, Japan, China, Eastern Asia, and worldwide in 2008.

Specific tumor markers are often ideal screening tools.
Existing clinical tumor markers [such as carcinoembryonic antigen (CEA), cancer antigen (CA)19-9, and CA72-4]
for gastric cancer lack specificity and sensitivity[14]. miRNA may serve as a potential new generation of tumor
markers for the following reasons[15-17]: (1) good tissue
specificity - Rosenfeld et al[18] have detected unknown
sources of miRNA in order to make clear its sources,
and its specificity is 90%; (2) expression of miRNA in
tumors differs significantly from that in normal tissues; (3)
miRNA participates in tumor occurrence and development; (4) expression of miRNA has stage specificity - the
same tumors at different stages have different expression
profiles[19,20]; and (5) miRNA in fresh tissues, paraffinembedded tissues, and cells and peripheral blood shows
good stability[21].
Detection methods of miRNA and miRNA expression in gastric cancer: miRNA is a good tumor marker in
clinical application[22,23]. At present, the detection method
for miRNA has become mature. By deep sequencing, we
can discover unknown miRNAs, and miRNA chips can
be used for identification of the differences in miRNAs
between the study and control groups. Finally, they can
be verified by real-time quantitative polymerase chain reaction (qPCR)[24].
In diagnosis of gastric cancer, a single miRNA is
often characterized by poor specificity or sensitivity, but
a complete miRNA expression profile is highly specific,
can reflect the evolutionary lineage and differentiation of
tumors, and be used to carry out diversity analysis[25,26].
Through horizontal comparison of gastric carcinoma
with adjacent normal tissues, we have found specific
expression of miRNAs in cancer tissues. Further longitudinal comparison at different tumor stages has enabled
us to identify the different miRNAs at each stage and to
complete final tumor diagnosis and staging[27,28].
We acquired gastric cancer miRNA expression profiles from numerous Chinese and international study
groups from 2008 to 2012[29-36] (Table 1). These results
differed considerably and lacked stability and consistency
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for the following reasons: (1) differences in miRNA
chips and software; (2) individual differences between
races and patients; (3) differences in collected specimen
standards; (4) differences in sample size; and (5) miRNA
expression profile differences for different cancer types
and stages. According to the above expression profiling,
we confirmed several reliable miRNAs in the multiple
experiments which had 1.5 fold differential expressions
between gastric cancer and normal gastric tissues. We are
looking forward to having a large sample multi-center
study or even international cooperation to compare
complete miRNA expression profiling based on different pathological types and stages of gastric cancer. In
particular, countries like China, Japan and South Korea
should cooperate using the same platform in complete
standard miRNA expression profiling of gastric cancer in
East Asian populations.
Change in miRNA expression is an early event during the development of gastric tumor[37,38]. Tracking the
changes in miRNA expression profiling in the relevant
gastric tissues might enable early tumor diagnosis. Traditional methods for the detection of gastric cancer are
endoscopy and biopsy. A minimally invasive examination
method would be helpful for screening and early detection of cancer in high-risk populations[39]. Detection of
tumor in the peripheral blood of patients with specific
miRNA expression level has been a research hotspot in
recent years, which will perhaps become a new method
for diagnosis of gastric cancer[40-42].
Researchers have shown that 90% of plasma miRNA
is based on protein-miRNA complex formation. As tumor markers in peripheral blood, miRNAs have the following advantages: (1) miRNAs exist in great volume in
peripheral blood[43,44]; (2) miRNAs can resist enzymatic
digestion[45-47]; (3) miRNAs have strong resistance to the
external environment; and (4) miRNAs show abnormal
expression in tumor patients’ serum[48].
In the past two years, Japanese and Chinese research-
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Table 1 microRNA expression in gastric cancer in 2008-2012
Group

Method

Katada et al[29]

Guo et al[30]

Yao et al[31]

Luo et al[32]

Microarray +
qRT-PCR

Ueda et al[33]

Tsukamoto et al[34]

Li et al[35]

Carvalho et al[36]

Sample

TaqManmiRNA 42 undifferentiated
assays +
gastric cancer and
qRT-PCR
controls
Microarray
3 gastric cancers
and adjacent normal
tissues
Microarray +
10 gastric cancers
qRT-PCR
and adjacent normal
tissue
24 gastric cancers

Upregulated

Downregulated

miR-34b miR-34c miR-128a

miR-128b, miR-129, miR-148

miR-20b, miR-20a, miR-17, miR-106a, miR-18a, miR-21, miR106b, miR-18b, miR-421, miR-340, miR-19a, miR-658

miR-768-3p, miR-378, miR-31,
miR-139-5p, miR-195,
miR-497, miR-133b,
miR-638, miR-378

miR-223, miR-106b, miR-147, miR-34a, miR-130b, miR-106a,
miR-18a, miR-17, miR-98, miR-616,miR-181a-2, miR-185,
miR-1259, miR-601, miR-196a, miR-221, miR-302f, miR-340,
miR-337-3p, miR-520c-3p, miR-575 and miR-138
MiR-26b, miR-30a-5p, miR-212, miR-320, miR-379, miR-518b,
miR-409-3b

MiR-9, miR-19b, miR-155,
miR-188, miR-197, miR-338,
miR-370, miR-383, miR-433,
miR-490, miR-503, miR-545,
miR-551a, miR-567, miR-575,
miR-611, miR-630, miR-649,
miR-652
Microarray +
353 (184 gastric
miR-181d, miR-181a-1, miR-181a-2, miR-181c, miR-181b-1, miR- miR-148a, miR-148b, miR-375,
qRT-PCR
cancers 169 controls) 181b-2, miR-21, miR-25, miR-92-1, miR-92-2, miR-93, miR-17miR-29b-1, miR-29b-2, miR5p, miR-106a, miR-20b, miR-135a-1, miR-135a-2, miR-425-5p,
29c, miR-152, miR-218-2
miR-106b, miR-20a, miR-19b-1, miR-19b-2
miR-451, miR-30d
Microarray
22 gastric cancers
miR-18a, miR-106a, miR-17, miR-146a, miR-93, miR-19a, miR- miR-375, miR-29c, miR-148a,
(470) +
20a, miR-20b, miR-25, miR-15b, miR-425, miR-92a, miR-194,
miR-30a-5p, miR-30e-5p,
qRT-PCR
miR-10a, miR-222, miR-7, miR-106b, miR-320a, miR-21, miRmiR-638
34a, miR-19b, miR-103, miR-215, miR-192, miR-429, miR-27a,
miR-223, miR-23a, miR-107, miR-200b, miR-24, miR-15a, miR-16
TaqManmiRNA 30 gastric cancer miR-223, miR-21, miR-23b, miR-222, miR-25, miR-23a, miR-221,
let-7a, miR-126, miR-210,
assays +
and controls
miR-107, miR-103, miR-99a, miR-100, miR-125b, miR-92, miRmiR-181b, miR-197, miRqRT-PCR
146a, miR-214 and miR-191,
30aa-5p
Microarray +
76 gastric cancers
miR-582-5p, miR-151-5p, miR-296-5p, miR-30b, miR-513-5p,
miR-451, miR-502-3p,
qRT-PCR
miR-335, miR-576-5p, miR-219-2-3p, miR-331-5p, miR-889,
miR-101 miR-33a, miR-516amiR-152, miR-992, miR-93, miR-519c, miR-599, miR-520a-5p,
3p/miR-516b
miR-631, miR-550, miR-136, miR-22, miR-515-5p, miR-127-3p,
miR-374a, miR-181a, miR-192, miR-532-3p, miR-30d, miR-640,
miR-425, miR-92b, miR-501-5p, miR-514, miR-576-3p, miR-519e,
miR-149, miR-219-1-3p, miR-424, miR-220, miR-96, miR-218-2,
miR-649, miR-215, miR-182, miR-122, miR-524-3p, miR-187,
miR-526b, miR-770-5p, miR-545, miR-200b, miR-9, miR-141,
miR-579, miR-493, miR-137, miR-216a, miR-503, miR-126, miR23b, miR-99b, miR-101, miR-323-3p, miR-25, miR-92a-1, miR-429

qRT-PCR: Quantitative reverse transcriptase polymerase chain reaction.

al[49] observed that the plasma miRNAs (miR-1, miR-20a,
miR-27a, miR-34, and miR-423-5P) in the gastric cancer
patients had significantly higher expression than in the
control group (164 gastric cancer patients vs 127 healthy
individuals). The AUC was 0.879 (95%CI: 0.822-0.936).
It is interesting that, in the same sample, they also compared the AUC values of CEA and CA19-9 which were
only 0.503 and 0.600, respectively. The results show that
miRNA has some advantages as a tumor marker. We
have found that miRNAs have good sensitivity and specificity for gastric cancer and are promising tumor markers.
However, at present, some factors still limit their clinical
diagnostic applications[56]: (1) relative difficulty of detection (in quality and quantity); (2) lack of a unified testing
platform and standardization; (3) plasma miRNA source
and release mechanism are not clear; and (4) differences
in expression of tissue and peripheral blood miRNA still
exist[57]. Thus, searching and identifying specific miRNAs
for the diagnosis of gastric cancer is the first task that

ers have investigated miRNA in the peripheral blood
of patients with gastric cancer[49-55] (Table 2) and have
obtained some positive results. For example, by comparing serum of 61 gastric cancer patients with that of 61
healthy persons, Liu et al[49] found that the expression
of miR-378 in the gastric cancer group was significantly
higher than that in the healthy group. The area under the
receiver-operating characteristic curve was 0.861 (95%CI:
0.766-0.928), and sensitivity/specificity was 87.5%/70.7%,
respectively. Similarly, after investigating the peripheral
serum in 69 gastric cancer patients and 30 healthy volunteers by qRT-PCR, Tsujiura et al[55] found that the plasma
concentrations of miRNAs (miR-106a and miR-106b)
were significantly higher in the patients than in the controls, whereas let-7a concentration was lower in the patients, in which the area under the curve (AUC) for miR106a and let-7a was 0.879, and sensitivity/specificity was
85.5%/80.0%, respectively. These miRNAs could become
ideal tumor markers for gastric cancer. In addition, Liu et
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Table 2 Expression of miRNA and area under curve, sensitivity and specificity in serum samples of patients with gastric cancer
Group
Liu et al[49]
Liu et al[50]

Sample

MicroRNA

AUC

Method

Sensitivity/specificity (%)

61 GC/61 C
164 GC/127 C

miR-378↑
(miR-1, miR-20a, miR-27a, miR-34,
miR-423-5P)↑
miR-451↑
miR-486↑
miR-221, miR-744 and miR-376c↑
miR-106a↑
miR-17↑
miR-21↑
miR-106b↑
miR-106a↑, let-7a↓

0.861
0.879
0.831
0.96
0.92
NA
0.684
0.743
0.81
0.72
0.879

qRT-PCR
Microarray + qRT-PCR

87.5/70.7
79.3/86.5

Microarray + qRT-PCR

96.0/100
86.0/97.0
82.4/58.8
48.2/90.2
51.9/92.7
56.7/94.9
NA
85.5/80.0

Konish et al[51]

56 GC/30 C

Song et al[52]
Zhou et al[53]

82 GC/82 C
90 GC/27 C

Wang et al[54]
Tsujiura et al[55]

174 GC/39 C
69 GC/30 C

qRT-PCR
Microarray + qRT-PCR
Microarray + qRT-PCR
Microarray + qRT-PCR

qRT-PCR: Quantitative reverse transcriptase polymerase chain reaction; GC: Gastric cancer, C: Control; AUC: Area under curve; NA: Not available;
↑: Upregulated; ↓: Downregulated.

Table 3 Gastric cancer with potential predictive role of miRNAs
Potential predictive role of miRNA
MiRNAs of high expression
Short survival time
Lymph node metastasis
Relapse
Advanced gastric cancer
Invasion, metastasis

[29]

MiRNAs of low expression
[61]

miRNA-20b, miRNA-150 , miRNA-142-5p , miRNA-375,
miRNA-451, let7g1, miRNA-4331[33], miRNA-125-5p3[63]
miRNA-214[62]
miRNA-27a[29], miRNA-650[64]
miRNA-126[65], miRNA-146a[66], miRNA-148[67], miRNA-218[68],
miRNA-335[69], miRNA-429[70]
[61]
2
2
miRNA-375 , miRNA-451 , miRNA-199-3p ,
miRNA-142-5p[61]
miRNA-1952[71]
miRNA-2214[72]
miRNA-126[65], miRNA-148a[67], miRNA-218[68]
miRNA-223[35], miRNA-148a[73], miRNA-107[74]
miRNA-610[75], miRNA-200b5[76], miRNA-7[77]

1

The two miRNAs also indicate short survival and lymph node metastasis, and deeper invasion; 2The three miRNAs also indicate short survival and
recurrence, especially miRNA-451; 3The miRNA also indicates short survival and hepatic metastases, deeper invasion, and tumor enlargement; 4The
miRNA also indicates lymph node metastasis and deeper invasion, and advanced gastric cancer; 5The miRNA also indicates lymph node metastasis and
deeper invasion, and the tumor is enlarged.

subtypes, and Lauren classification[59,60]. In gastric cancer,
many Chinese and other research teams have discovered
a number of miRNAs that play a role as a predictor. For
example, high expression of miRNA-20b, miRNA-150,
miRNA-142-5p[61], miRNA-375 and miRNA-214[62] and
low expression of miRNA-451, let7g, miRNA-433 and
miRNA-125-5p[63] are associated with short survival time.
High levels of miRNA-27a and miRNA-650[64] and low
levels of miRNA-126[65], miRNA-146a[66], miRNA-148[67],
miRNA-218[68], miRNA-335[69] and miRNA-429[70] indicate lymph node metastasis. Patients with overexpression
of miRNA-375, miRNA-451, miRNA-199-3p and miRNA-195[71] and decreased expression of miRNA-142-5p
are more likely to relapse. High levels of miRNA-221[72]
and decreased levels of miRNA-126, miRNA-148a and
miRNA-218 indicate advanced gastric cancer. High
expression of miRNA-223, miRNA-148a[73] and miRNA-107[74] and reduced expression of miRNA-610[75],
miRNA-200b[76] and miRNA-7[77] were associated with
invasion and metastasis (Table 3). Therefore, many potential predictors have proved useful for judging the
prognosis of gastric cancer patients and are the basis for
targeted therapy. However, researching miRNAs as prognostic factors involves small sample sets, high volume of
work in validation, and research of independent cohorts,

must be undertaken. Establishment of a suitable standard
testing system for clinical application, including quality
control, and diagnostic threshold determination are still
issues that require some work. There is a high incidence
of gastric cancer in East Asian countries. High-risk populations could be screened by miRNAs, which should be
able to increase the detection rate of early gastric cancer
and improve the effects of treatment.

miRNA AND PROGNOSIS PREDICTION
Predicting patient survival time, disease progression,
prognostic outcome or response to treatment is challenging. Because of the stability and specificity of expression in tissues and circulation, miRNA may be regarded
as a forecasting tool for disease outcomes. A lot of the
literature suggests that miRNAs have a close relationship with survival time of gastric cancer patients, disease
stage, tumor recurrence, and lymph node metastasis. Li
et al[58] have shown that a seven-miRNA signature (miR10b, miR-21, miR-223, miR-338, let-7a, miR-30a-5p, and
miR-126) is an independent predictor of overall survival
[hazard ratio (HR) = 3.046; P = 0.015] and relapse-free
survival (HR = 3.337; P = 0.012). It can predict the prognosis of the patient in relation to tumor stage, cytological
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Table 4 Expression of miRNA and prediction of the effect of chemotherapy and radiotherapy
Upregulated

Downregulated

Chemosensitivity
Chemoresistance

(let-7g, miR-342, miR-16, miR-181, miR-1, miR-34)1[81]
(miR-518f, miR-520a, miR-520d, miR-519e, miR-363, miR-517)1[81]

Radiosensitivity
Radioresistance

miR-451[85]
miR-221/222[97]

(miR-196a, miR-200family, miR-338, miR-126, miR-31, miR-98,
let-7g, miR-7)2[82] miR-15b, miR-16[83]

1

Drugs were cisplatin and 5-fluorouracil; 2Drug was hydroxy camptothecin.

and affect multiple information pathways[88]. miRNAs
will be more effective than coding genes as a biological
treatment of tumor target molecules. The basic strategy of current treatment based on miRNAs is to adopt
gene knockout to inhibit or downregulate the expression
level of oncogene miRNAs. On the contrary, for antioncogenes, we used the method of gene knock-in to
introduce foreign miRNAs, increase the expression level,
and achieve the purpose of tumor treatment. The following strategies were used: administration of small molecule
drugs for inhibiting miRNA, e.g., anti-miRNA oligonucleotides (AMOs) following base pairing rules, competitively
blocked the miRNA with target gene interaction[89], such
as locked nucleic acid[90-91]; miRNA sponges, e.g., the adsorption with miRNA could not combine with the natural target[92]; and miR-Mask[93], miRNA inhibitors and so
on. miRNA expression is often increased by using viruses
as a carrier to introduce a specific miRNA or miRNA
mimics and finally upregulate miRNA and inhibit the tumor[94].
A number of Eastern Asian researchers followed the
above principle of miRNA-mediated treatment and ach
ieved good results in vitro and in animal experiments. For
example, miRNA-221/222 is upregulated in gastric cancer cell line SGC7901. By transfecting AS-miR-221/222
2000 into cancer cells with liposomes, miRNA-221/222
is knocked out. This inhibits gastric cancer cell growth
and invasion. Their target molecule is PTEN[95]. MiR-5163p has been transfected into the gastric scirrhous carcinoma cell line 44AS3 with liposomes, was significantly
overexpressed, and finally inhibited cancer cell growth,
invasion and metastasis[96]. Similar results were obtained
in a nude mouse transplantation model of human gastric
cancer. Zhang et al[97] through AMOs, knocked down the
originally high expression of miRNA-21 and caused the
proliferation of gastric cancer cells to slow and apoptosis to increase visibly. In addition, Ji et al[98] have added
a miRNA-34 analog to p53 mutated gastric cancer cell
lines to restore its function and upregulate its expression, which inhibited cell growth and maintained them at
phase G1.
Many studies based on treatment of gastric cancer by
miRNA have shown good results. In particular, Chinese,
Japanese and South Korean researchers have attempted
this. However, we still have several major obstacles to
overcome. First, the multi-targeting nature of miRNAs
brings the risk of unconscious off-target effects. Second,
the expression of target genes may often be regulated by

all of which are required before assays for miRNAs can
be used clinically.

miRNAs AND CHEMOTHERAPY AND
RADIOTHERAPY
Resistance to chemotherapy and radiotherapy is a major
obstacle to improving the survival of the patients with
gastric cancer[78-80]. We can predict the occurrence of resistance to chemotherapy and radiotherapy[81-83] (Table 4)
through detecting the miRNA expression profile of the
patients. Through investigating drug resistance to cisplatin and 5-fluorouracil in 90 patients with gastric cancer
and comparing patients’ miRNA expression before and
after chemotherapy, Kim et al[81] found that high expression of let-7g, miR-342, miR-16, miR-181, miR-1 and
miR-34 indicated sensitivity to chemotherapy, and high
expression of miR-518f, miR-520a, miR-520d, miR-519e,
miR-363 and miR-517 indicated resistance to chemotherapy. By predicting miRNAs, we used a new method
for choosing chemotherapy regimen and monitoring its
effects, and even reversing the chemotherapy resistance
through transfecting specific pre-miRNA. miRNA-15b
and miRNA-16 are downregulated severely in the multidrug resistant gastric carcinoma cell line SGC7901/VCR.
By improving miRNA-15b and miRNA-16 expression
levels, sensitivity to vincristine was enhanced. Chen et al[84]
transfected miRNA-200c into SGC7901/DDP gastric
cancer cells, which increased sensitivity to DDP, 5-fluorouracil, paclitaxel and doxorubicin. The same situation
occurred in radiotherapy on gastric cancer by transfection into AS-miRNA-221/222, which down-regulated
the miRNA-221/222 expression in gastric cancer cell
line SGC7901. Zhang et al found that the survival rate of
cancer cell was significantly lower than that in the control
group. Radiosensitivity was promoted through 0-6 Gy irradiation. In addition, Bandres et al[85] transfected cancer
cells with pre-miRNA-451, which improved expression
of miRNA-451 in AGS gastric cancer cells. Under 0-4
Gy irradiation, the effect of treatment was significantly
better than that in the control group.

miRNAs AND TREATMENT
miRNAs are regulatory factors for gene expression and
act as a control center in the process of tumor development[86,87]. miRNAs can modulate protein expression
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multiple miRNAs, which could greatly reduce the effect
of treatment based on a specific miRNA. Finally, we still
lack good specificity and an efficient miRNA delivery
system for treatment[99,100].

11
12
13

CONCLUSION
miRNAs are involved in almost all stages of gastric carcinogenesis, and may have broad applications in early
diagnosis of gastric carcinoma, prognosis, detection of
radiotherapy and chemotherapy efficacy, and be a new
target for treatment. However, studies based on the clinical application of miRNAs for gastric cancer still lack
reliable and exact data from large multi-center studies.
In recent years, miRNAs have been a focus of biomedical research. New miRNAs have been discovered and
research techniques constantly updated. It will be a great
challenge to integrate new data and establish standard
procedures. For diagnosis, we need unified standards and
testing platforms. For treatment, we need better-designed
small-molecule drugs based on a well detailed and more
accurate medication carrier without toxic side effects. We
look forward to further studies of miRNAs improving
their clinical applications for the diagnosis and treatment
of gastric cancer. East Asia, as an area with a high incidence of gastric cancer, should undertake more studies
for the application of miRNAs in gastric cancer.
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PROGRESS IN DIGESTIVE SYSTEM NEOPLASMS

Angiogenic inhibitors for older patients with advanced
colorectal cancer: Does the age hold the stage?
Giuseppe Aprile, Caterina Fontanella, Eufemia Stefania Lutrino, Laura Ferrari, Mariaelena Casagrande,
Giovanni Gerardo Cardellino, Gerardo Rosati, Gianpiero Fasola
sion or arterial thromboembolic events may be higher
in the elderly than in the younger patients. In addition,
it should be emphasized that the patients included
in the clinical studies discussed herein were selected
and therefore may not be representative of the usual
elderly population. Advanced age alone should not discourage the use of bevacizumab. However, a careful
patients’ selection and watchful monitoring of toxicities
are required to optimize the use of antiangiogenics in
this population.
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Core tip: Although promising, limited evidence supports
the use of antiangiogenic drugs to treat elderly colorectal cancer patients, that also may have increased toxicities compared to younger subjects. However, advanced
age per-se should not discourage the use of these
drugs. Since older patients constitute a heterogeneous
population in terms of overall health status and comorbid conditions, a careful patients’ selection and a
watchful monitoring of potential treatment-related side
effects are recommended to optimize the use of angiogenesis inhibitors in this population.

Abstract
Although major progress has been achieved in the
treatment of advanced colorectal cancer (CRC) with
the employment of antiangiogenic agents, several
questions remain on the use of these drugs in older
patients. Since cardiovascular, renal and other comorbidities are common in the elderly, an accurate assessment of the patients’ conditions should be performed
before a treatment decision is made. Since most CRC
patients enrolled in clinical trials testing antiangiogenic
drugs were aged < 65 years, the efficacy and tolerability of these agents in elderly patients has not been
adequately explored. Data suggest that patients with
advanced CRC derive similar benefit from bevacizumab
treatment regardless of age, but the advantage of other antiangiogenic drugs in the same class of patients
appears more blurred. Literature data suggest that specific antiangiogenic-related toxicities such as hyperten-

WCG|www.wjgnet.com

Original sources: Aprile G, Fontanella C, Lutrino ES, Ferrari L,
Casagrande M, Cardellino GG, Rosati G, Fasola G. Angiogenic inhibitors for older patients with advanced colorectal cancer: Does the
age hold the stage? World J Gastroenterol 2013; 19(14): 2131-2140
Available from: URL: http://www.wjgnet.com/1007-9327/full/v19/
i14/2131.htm DOI: http://dx.doi.org/10.3748/wjg.v19.i14.2131

INTRODUCTION
Whilst most of cancer diagnosis and deaths occur in older
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subjects[1,2], three major factors are shaping the scenery in
which the advanced colorectal cancer (CRC) is managed
in all developed countries. Firstly, people are steadily aging and cancer incidence and prevalence are rising among
senior citizens[3,4]. Secondly, the incorporation of new
drugs within more complex treatment strategies has raised
the median survival of CRC patients to unprecedented
figures of 30 mo[5]. Lastly, more often than before, aggressive surgery and other regional approaches are performed
with curative intent in older oligometastatic patients. As
a result, the soaring demand for care of senior with CRC
is likely to further increase. Although many elderly cancer
patients have concurrent chronic disorders or morbidities
requiring medical treatment and present with diminished
organ functions, impairment of daily vital activities or
minor cognitive deficits, the majority of them are treated
with systemic chemotherapy and/or biologics[6,7]. Bevacizumab, a humanized vascular endothelial growth factor
(VEGF) inhibitor, has proven efficacy when added to systemic chemotherapy regardless CRC patients’ age in first
or subsequent lines of therapy[8]. Specific data regarding
its use in the older population are limited. Nevertheless,
one out of three patients receive bevacizumab beyond 65
years of age[9]. Chronological age is still a major barrier
that limits the proposal of standard treatment options
to the elderly and the harm-to-benefit risk is particularly
challenging when treating with noncurative intent[10].
However, patients’ chronologic age does not always reflect
their overall health status and older patients are highly
heterogeneous because of dissimilar types and grades of
concurrent morbidities. All these reasons may increase the
difficulty in choosing the most appropriate treatment. Besides, advanced age is a common exclusion criteria to be
recruited in clinical trials so that elderly patients have been
underrepresented in CRC studies and the few included,
usually representing less than 15% of the whole trial population, are highly selected. Despite recent studies have
demonstrated the usefulness of a comprehensive geriatric
assessment, its adoption in the clinical practice is still limited. Herein, we present the latest data regarding the use
of antiangiogenic drugs in older CRC patients, specifically
focusing at safety issues and efficacy results of landmark
clinical studies.

of anticancer treatment. Bevacizumab, the first Food and
Drug Administration-labeled antiangiogenic antibody,
was been approved for clinical use after showing efficacy
in combination with chemotherapy in CRC patients. Still,
many issues are unresolved, such as the lack of validated
predictive biomarkers[13], the reasons for initial or acquired resistance to VEGF-inhibitors, and the uncertainty
surrounding the opportunity for further antiangiogenic
treatment beyond tumor progression. The study of nonendothelial cells involved in the neoangiogenesis through
the production of growth factors or the modulation of
cell-matrix interactions is of interest[14]. For example,
pericyte recruitment, a key phenomenon in the neovascular formation that is regulated by platelet-derived growth
factor (PDGF), transforming growth factor beta (TGF-β)
and angiopoietin/Tie2, may be blocked by a number of
novel antiangiogenic multitarget tyrosine kinase inhibitors
(TKI), including sunitinib, sorafenib, and regorafenib.

ANTIANGIOGENIC DRUGS IN OLDER CRC
PATIENTS: FRIENDS OR FOES?
Elderly patients who received 5-FU either alone[15] or in
combination with irinotecan[16] or oxaliplatin[17] had similar survival benefits when compared to younger patients,
although they may suffer higher rates of specific toxicities[18]. Despite these reassuring data, clinicians tend to be
conservative when considering systemic therapy in the
elderly, either not proceeding or upfront reducing chemotherapy doses[19]. The use of antiangiogenic drugs in
patients with advanced CRC is supported by strong scientific evidence and common bevacizumab-related side-effects have been extensively described. Although its treatment effect does not seem to be influenced by patients’
age, specific outcome data on the use of bevacizumab in
elderly patients derive from retrospective subpopulation
analyses of large randomized controlled trials[20], small
phase 2 studies[21-25], non-randomized community-based
registries[26-29], or cohort studies[30,31], and have been summarized elsewhere[32].
In all, available data suggest that medically fit older
CRC patients exposed to bevacizumab achieved the same
benefits compared to younger patients[33,34], with a similar
toxicity profile, except for a significant increase in arterial
thrombosis[20].
More recently, the randomized phase Ⅲ AVEX study
has prospectively evaluated the additive effect of bevacizumab in the older CRC population. In this trial, 280
elderly patients (median age 76 years, range 70-87 years)
received either capecitabine alone (1000 mg/sqm bid days
1-14, q21) or combined with bevacizumab (7.5 mg/kg).
Over 90% of the enrolled patients had ECOG PS ≤ 1.
Clinically significant cardiovascular disease was among
exclusion criteria. The simultaneous use of bevacizumab
produced significant increase of median PFS (9.1 mo
vs 5.1 mo, HR = 0.53). Interestingly, the RR was twice
as high in the combination arm (19.3% vs 10.0%) while
the safety profile was similar to that previously reported

THE IMPORTANCE OF ANGIOGENESIS IN
COLORECTAL CANCERS
Angiogenesis is a cornerstone of tumor mass expansion.
In response to hypoxia, the activation of hypoxia-inducible factor (HIF) triggers the expression of VEGF, one
of the most important proangiogenic molecules[11], and
its numerous isoforms[12]. In order to grow, CRCs need
to continually acquire new blood supplies throughout the
neoangiogenetic process, the formation of new capillaries rising from the splitting of existing ones. In the same
way as in other solid tumors, angiogenesis plays an important role in CRC progression and metastatization, and
its therapeutic inhibition has become a key component
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adopted in the general population [47]. However, the
optimal treatment strategy in the elderly population is
unconfirmed and the use of diuretics may be preferred.
The JNC-7 hypertension guidelines suggested the use
of thiazidic diuretics either alone or in combination as
initial therapy for older patients[48]. Importantly, the Hypertension in the Very Elderly Trial study showed that
the use of indapamide, either alone or combined with
perindopril,significantly reduced the incidence of stroke
and heart failure even in patients aged ≥ 80 years[49,50].
Although the long term benefits from antihypertensive
drug treatment may be relevant for elderly subjects, fit
octogenarians with bevacizumab-induced hypertension
and a reduced life-expectancy should achieve benefits
from intervention as soon as possible. Actually, immediate treatment compared with delayed treatment reduced
the occurrence of stroke by 28% and cardiovascular
complications by 15% in the Systolic Hypertension in
Europe extension trial[51].
Interestingly, retrospective studies have consistently
reported a better survival outcome for patients who had
developed bevacizumab-induced hypertension[52,53]. Inhibition of VEGF signaling may induce a rapid increase
in blood pressure, suggesting that hypertension could be
a useful pharmacodynamic surrogate marker of VEGF
activity[54]. However, a retrospective analysis of seven
randomized phase Ⅲ trials with bevacizumab in different
types of metastatic cancers, showed that the correlation
between the vascular side-effect and the clinical outcome
was shaggy, since the development of bevacizumabinduced hypertension inconsistently predicted longer PFS
and OS[55].

when testing the combination of capecitabine and bevacizumab. Although the trial was underpowered to detect
differences in survival, median OS was longer in the
experimental arm (20.7 mo vs 16.8 mo, HR = 0.79)[35].
Nevertheless, senior patients are usually underrepresented in well-designed randomized clinical trials and those
enrolled, with good PS and few comorbidities, may not
represent the average elderly population. This is the main
reason why although skilled in dealing with hypertension,
proteinuria, vascular thromboembolic events, bleeding,
congestive heart failure, gastrointestinal perforation, and
wound-healing complications, most oncologists fear that
frequency and intensity of those side-effects might be
greater in older CRC patients and the benefit-to-risk ratio
less favorable in the general practice.

ANTIANGIOGENIC-INDUCED
HYPERTENSION IN OLDER CRC
PATIENTS
Epidemiological data collected over the last 30 years have
demonstrated that the increasing prevalence of hypertension with age is linked to the combination of increased
arterial stiffness, neurohormonal and autonomic dysregulation, and the progressive decline of renal function[36-38].
In the elderly, hypertension per-se is a significant risk
factor for cardiovascular morbidity and mortality. The
increase of blood pressure, the most frequent side-effect
of systemic inhibition of VEGF signaling, may occur at
any time during therapy and it is often associated with
asymptomatic proteinuria that spontaneously resolves as
soon as treatment ends[39-41]. According to a retrospective
review that found an incidence of increased blood pressure of 29% in patients aged > 75 years vs 11% in those
aged 65 to 75 years[42], advanced age has to be considered a risk factors for the development of bevacizumabinduced hypertension.
Since hypertension-related disorders, such as stroke
or myocardial infarction, have been reported with a
higher incidence in older patients, a careful home-based
daily blood pressure monitoring is suggested during the
whole treatment period[43,44]. Older patients developing
elevated systolic blood pressure may be at particular risk
for complication, since this event is even more associated
with cardiovascular morbidity and mortality than diastolic
hypertension[45].
Management of antiangiogenic-induced hypertension in older patients usually requires standard treatment and should be promptly adopted[46]. An 1.5%-3.4%
60-d mortality rate has been reported for CRC patients
older than 65 years who developed or worsened preexisting hypertension during exposure to bevacizumab in
the BRITE trial[26]. How to manage this side-effect has
been largely discussed. The upfront use of angiotensinconverting enzyme inhibitors is supported by their
ability to counteract bevacizumab-induced plasminogen activator inhibitor-1 and this intervention is widely
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OTHER CARDIOVASCULAR SIDEEFFECTS: VENOUS THROMBOEMBOLIC
EVENTS, ARTERIAL THROMBOEMBOLIC
EVENTS, BLEEDING, AND HEARTH
FAILURE
Older cancer patients are at increased risk for vascular
thrombosis[56-59], More specifically, placebo-controlled trials confirmed that the risk for venous thromboembolic
events (VTE) is higher when the patient is aged ≥ 65,
diagnosed with gastrointestinal malignancies, or receiving antiangiogenic drugs[60]. The average risk for VTE
among ambulatory patients undergoing chemotherapy
exceeds 12% over one year after treatment initiation, being the use of bevacizumab a potential risk factors[61,62].
Nevertheless, a pivotal randomized trial enrolling over 800
CRC patients showed similar VTE incidences (19.4% vs
16.2%) regardless of bevacizumab exposure[63]. In addition, a large pooled analysis showed similar incidence of
all-grade VTE among CRC cancer patients exposed to bevacizumab (10.9%) compared to the control group (9.8%),
with a similar median time to VTE of 2.2 mo vs 1.7 mo[64].
Moreover, a real-practice observational study enrolling 637
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with bevacizumab[74]. Nevertheless, in the presence of
ECgraphic signs of asymptomatic ischemia or in the case
of angina or myocardial infarction, antiangiogenic treatment should be immediately discontinued[75].

advanced CRC patients reported a VTE incidence rate of
only 4% in those aged over 65 years[9]. Taking into account
these data, it remains to be clarified if thromboprophylaxis
should be considered for all cancer patients[65,66], or limited
to older patients with limited mobility[67].
Some concerns surround the use of antiangiogenic
drugs and the risk of arterial thromboembolic events
(ATE) in elderly patients, many of whom may have
preexisting cardiovascular risk factors or known cardiovascular disease. Although the event-related death rate
remained low, the overall incidence of ATE is close to
4% for advanced CRC patients receiving bevacizumab,
and less than 2% in those receiving chemotherapy alone.
Significant risk factors for ATE are the history of previous VTE (HR = 2.17) and the older age (HR = 3.65)[43].
In the BRITE (Bevacizumab regimens: investigation of
treatment effects and safety) study, the rate of ATE was
identical in patients aged < 65 years old (1.4%) compared
with those aged between 65-74 years (1.4%), but it was
significantly higher in patients aged > 75 years (4.8%).
The analysis of the MAX AGTGC showed that bevacizumab was associated with a modestly higher risk of
ATE, but the safety profile was similar regardless of age,
previous history of ATE or other vascular risk factors[68].
Whether the use of low-dose aspirin may be beneficial
in reducing the rate of cardiovascular events in cancer
patients as well as in the general population[69] is plausible
but unproven.
Atrial fibrillation and coronary artery disease are prevalent with increasing age. Patients on antithrombotic treatment for those conditions should be carefully monitored
since bleeding is another potentially severe bevacizumabinduced adverse event[70]. Whether patients on anticoagulant or antiplatelet therapy could be safely treated with
bevacizumab is unclear[71]. Patients receiving full-dose anticoagulants have a limited risk of severe bleeding (< 1%)
regardless concomitant antiangiogenic exposure[64] and advanced CRC patients treated with bevacizumab while on
low-dose acetylsalicylic acid experienced similar rates of
bleeding compared to the others (11% vs 14%, P = 0.13)[72].
Nonetheless, because of the retrospective nature of the
data, a note of caution should be used in patients who are
candidates for bevacizumab and are receiving full-dose
anticoagulation or antiplatelet therapy.
A large population-based study evaluated the risk of
cardiovascular events (ATE, cardiac death, cardiomiopathy or congestive hearth failure) among 6803 older CRC
patients receiving bevacizumab and chemotherapy[73].
Median age of included patients 73 years and a fifth were
80 years or older. The cohort study confirmed that the
cardiovascular risk of bevacizumab use is modest, reporting no clear association between bevacizumab use and
cardiovascular events and a lower than expected increased
risk for ATE (HR = 1.82). Accordingly, a large Surveillance, Epidemiology and End-Results Medicare analysis
suggested that older CRC patients treated with bevacizumab do not experience an increased risk of cardiovascular adverse events compared with patients not treated
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ANTIANGIOGENIC-INDUCED
PROTEINURIA AND THE AGING RENAL
FUNCTION
Animal models showed that VEGF is critical in the regulation of renal vascular network and that perturbations
of VEGF expression may damage cellular architecture
and function, leading to hypertension and proteinuria[76].
Clinical data confirmed that bevacizumab may induce
thrombotic microangiopathy by reducing glomerular
VEGF, and the presence of podocyturia in patients
treated with antiangiogenic drugs suggested that to quantify urinary podocyte excretion may be a highly sensitive
indicator of glomerular damage[77]. A retrospective chart
review showed that only 1.6% of patients developed
severe proteinuria during bevacizumab administration;
baseline chronic kidney disease and the development
of hypertension significantly correlated with its occurrence (P < 0.01)[78]. Indeed, a number of factors may
increase the chance for antiangiogenic-induced renal toxicity among elderly patients, including age-related renal
structural changes and limited nephron reserve, baseline
comorbid conditions such as hypertension, diabetes, or
cardiovascular diseases, and the use of polypharmacy or
potentially nephrotoxic agents[79]. Since renal failure is initially asymptomatic, a decreased glomerular filtration rate
(GFR) or/and an increased albumin-to-creatinine ratio
(albuminuria > 30 mg/g of creatinine) may suggest initial
kidney damage and forecast later kidney failure[80]. Therefore, an accurate assessment of renal function is essential
during antiangiogenic therapy, especially for elderly people at risk of developing renal dysfunctions. In the clinical practice, elderly CRC patients should be accurately
screened for proteinuria before starting bevacizumab or
other antiangiogenic drugs by dipstick urine analysis, and
a 24-h urine collection is suggested when a 2+ or greater
urine dipstick reading is detected. The frequency of the
test during the course of therapy should be customized.

THE ISSUE OF THE INTACT PRIMARY
TUMOR IN THE ELDERLY
Metastatic CRC patients with intact primary tumor seldom require palliative treatment while on systemic upfront chemotherapy[81,82]. Although bevacizumab has been
associated with a 2% incidence of bowel perforation and
a possible increased risk may exist in those with intact
primary tumor, upfront noncurative intestinal resection
of asymptomatic metastatic CRC patients may be avoided[83,84]. Among 1953 bevacizumab-treated patients included in the BRITE study, 37 (1.9%) developed gastrointestinal perforation[85]. Twenty-six of these cases (70%)
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occurred within the first 6 mo since treatment start, with
a median time to event of 3.5 mo. The presence of an intact primary tumor (HR = 2.0) or having received radiotherapy (HR = 2.1) were significant risk factors for perforation. Interestingly, the study failed to show higher rates
of perforation in patients with history of peptic ulcer
disease, diverticulosis, or in those who chronically used
aspirin (≥ 325 mg/d) or other anti-inflammatory drugs.
Moreover, the event was less frequently reported among
those aged > 65 (1.1%) compared to those younger than
66 (2.6%) with an HR of 0.49. Similarly, in the MAX
AGTGC trial, no gastrointestinal perforations were reported in CRC patients aged over 75 years exposed to
bevacizumab, but 4 cases noted in the younger cohort[34].
Alongside, the rate of intestinal perforation was 3.6%
among 223 patients with unresected primary tumor compared to 1.2% among 1373 patients who had been previously resected in the First BEAT study, although an age
breakdown was not available[86].

ramucirumab deserve to be presented. Aflibercept, a humanized protein composed of the extracellular domains
of VEGFR-1/2 fused onto the constant region of human IgG, was specifically designed to bind VEGF-A,
VEGF-B, and PIGF. VELOUR is a phase Ⅲ placebocontrolled trial that tested the combination of FOLFIRI
and aflibercept for advancer CRC patients that had failed
an oxaliplatin-based first-line therapy[91]. The primary
endpoint of the trial was OS; secondary endpoints included PFS, overall response rate, and safety. Median age
of patients treated with aflibercept was 61 years (range
21-82 years). Patients exposed to aflibercept had longer
median OS (13.5 mo vs 12 mo, HR = 0.81) and PFS (6.9
mo vs 4.6 mo, HR = 0.75) compared to those who were
not. However, the toxicity profile was not negligible.
While the increases in hypertension and proteinuria
were expected as class side-effects, patients receiving
aflibercept reported unforeseen significantly higher
rates of severe diarrhea (19.3% vs 7.8%), fatigue (16.9%
vs 10.6%), stomatitis (13.7% vs 5.0%), and neutropenia
(36.7% vs 29.5%). This should be considered when offering the treatment to older subjects because they may
have increased toxicity when treated with second-line
FOLFIRI. Ramucirumab, a VEGFR-2 inhibitor that
has shown efficacy in second line gastric cancer, is being
studied combined with FOLFOX in the RAISE trial[92].
In this phase 3 study, over 1000 CRC patients that have
previously failed first-line FOLFIRI and bevacizumab
are randomized to FOLFOX or FOLFOX plus ramucirumab (8 mg/kg) every 2 wk. Results are eagerly awaited.

IS MAINTENANCE WITH BEVACIZUMAB
USEFUL IN THE ELDERLY?
Showing a greater benefit if bevacizumab was given until
disease progression, results of No. 19966 trial suggested a
possible role of antiangiogenic drugs in the maintenance
phase[87]. In addition, a number of randomized studies have
been conducted to formally assess the role of bevacizumab
as maintenance agent[88]. In the MACRO (Maintenance in
Colorectal) trial, 480 CRC patients were randomly assigned
to receive six cycles of bevacizumab, capecitabine, and oxaliplatin every 3 wk followed by bevacizumab either alone
or combined with the same chemotherapy regimen until
progression[89]. A slightly longer median PFS was reported
in the combination arm (10.4 mo vs 9.7 mo), although
burdened by a higher rate of severe sensory neuropathy
(26% vs 8%) and HFS (13% vs 7%). Up today, the role
of bevacizumab as maintenance therapy is still controversial[90] and additional randomized maintenance studies,
such as the AIO KRK0207, the CAIRO-3, the FFCD
Prodige 9, and the SAKK 41/06 trial, will soon clarify
the point. Waiting for more substantial data, small nonrandomized studies have investigated the role of bevacizumab as maintenance therapy. In the BOXE study, 44
elderly CRC patients with median age of 74 years (range
70-84 years) received XELOX and bevacizumab at the
dose of 7.5 mg/kg every 3 wk for up to 8 cycles followed
by maintenance with single-agent bevacizumab at the
same dose[23]. The trial suggested that the combination is
feasible and safe in the elderly population and a maintenance with bevacizumab may be offered to responding
patients with the intent to prolong PFS.

IS THERE A ROLE FOR ORAL TKI IN CRC?
In the last few years a number of small molecule inhibiting the VEGF pathway have been tested for advanced
CRC patients with disappointing results. A phase Ⅲ randomized trial compared FOLFIRI plus sunitinib (37.5 mg
every 4 out of 6 wk) to FOLFIRI alone in 768 patients
with advanced disease[93]. At the second planned interim
analysis the trial was stopped because the data monitoring committee found that the futility boundary had been
crossed and more toxicity events were reported in the
experimental arm, including neutropenia and severe diarrhea. Final results confirmed no differences in median
PFS (7.8 mo vs 8.4 mo, HR = 1.05) and a more severe
toxic profile.
Vatalanib (PTK787/ZK222584) is an antiangiogenic
TKI that blocks VEGFR-1, 2, and 3 by acting as a competitive inhibitor at the adenosine triphosphate–binding
site of the receptor kinase. Two randomized, placebocontrolled, large phase 3 trials studied the role of vatalanib in CRC patients treated upfront or in second-line
setting[94,95]. The CONFIRM-1 study showed that the
addition of vatalanib to FOLFOX-4 had no impact on
median PFS (7.7 mo vs 7.6 mo, HR = 0.88) or OS (21.4
mo vs 20.5 mo, HR = 1.08) compared with FOLFOX-4
alone as first-line treatment. Similarly, the CONFIRM-2
trial compared FOLFOX plus vatalanib or placebo in

NOVEL ANTIANGIOGENIC ANTIBODIES:
DO THEY FOSTER HOPE FOR OLDER
PATIENTS?
Among the more promising novel drugs, aflibercept and
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855 advanced CRC patients after the failure of a first-line
treatment. Again, marginal differences in terms of PFS
(5.6 mo vs 4.2 mo, HR = 0.83) were registered with identical survival results (OS 13.1 mo vs 11.9 mo). In both
trials, more gastrointestinal toxicities, dizziness, anorexia,
pulmonary embolism and hypertension were reported in
the vatalanib group. Taken together, the results of these
trials suggested the uselessness of vatalanib for CRC patients, although a PFS advantage (HR = 0.65) was noted
in those patients with higher lactate dehydrogenase baseline values.
The combination of oxaliplatin-based chemotherapy
and cediranib, a potent inhibitor of the VEGF family
receptor tyrosine kinases with multitarget TKI properties, has been extensively tested. The HORIZON Ⅲ trial
compared FOLFOX plus cediranib (20 mg, daily) or bevacizumab in over 1400 advanced CRC patients in first-line
setting[96]. The study did not meet its primary endpoint and
the group exposed to cediranib experienced more toxicity.
In addition, the randomized HORIZON Ⅱ trial showed a
marginal improvement in median PFS (8.6 mo vs 8.3 mo)
when cediranib was added to FOLFOX or XELOX (vs
placebo), without overall survival differences[97]. A third
randomized trial compared the outcome of advanced
CRC patients receiving FOLFOX combined to bevacizumab or cediranib at two different daily doses (20 or
30 mg)[98]. The trial revealed reduced median PFS for the
low-dose cediranib group compared to the standard arm
(5.8 mo vs 7.2 mo). Similar outcome results and increased
toxicity rates were noted when comparing the high-dose
cediranib arm to the standard arm.
After all these unsatisfactory data, regorafenib renewed the interest in oral VEGF inhibitors for CRC patients. Regorafenib is an oral multi-kinase inhibitor which
targets angiogenic, stromal and oncogenic receptor TK[99].
In the randomized double-blind, placebo-controlled
CORRECT study 760 advanced CRC patients received
regorafenib or placebo plus best supportive care after
progression to all approved standard therapies[100]. Overall
survival, the primary endpoint, was significantly increased
from 5 to 6.4 mo. The most common regorafenib-related
AE included fatigue (47.4%), HFSR (46.6%), diarrhea
(33.8%), anorexia (30.4%), voice alteration (29.4%), hypertension (27.8%), mucositis (27.2%), and rash/desquamation (26.0%).
Currently, there are no available data on the specific
use of these new drugs in the elderly, and trials designed
specifically for older patients are strongly desirable.

ful monitoring of cardiovascular and renal potential side
effects.
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CD133: A cancer stem cells marker, is used in colorectal
cancers
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unclear, we have discussed several possible functions
and associated mechanisms that may partially explain
the role of CD133 in colorectal cancers. In addition, we
focus on the prognostic value of CD133 in colorectal
cancers. Finally, we predict that CD133 may be used as
a possible target for colorectal cancer treatment.
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Core tip: CD133 is not a reliable marker to identify the
entire population of cancer stem cells (CSCs). However,
the abundance of CD133 may be a good indicator of
CSC identity and consistent with the biological characteristics of CSCs; The expression of CD133 is correlated to the poor survival; CD133(+) cells exhibit more
chemoresistant behavior than CD133(-) cells; Whether
CD133-targeting therapies can be a specific or efficient
treatment for colorectal cancer has not been confirmed.

Abstract
Colorectal cancer is one of the most common malignant tumors worldwide. A model of cancer development involving cancer stem cells has been put forward
because it provides a possible explanation of tumor
hierarchy. Cancer stem cells are characterized by their
proliferation, tumorigenesis, differentiation, and selfrenewal capacities, and chemoradiotherapy resistance.
Due to the role of cancer stem cells in tumor initiation and treatment failure, studies of cancer stem cell
markers, such as CD133, have been of great interest.
CD133, a five-transmembrane glycoprotein, is widely
used as a marker to identify and isolate colorectal
cancer stem cells. This marker has been investigated
to better understand the characteristics and functions
of cancer stem cells. Moreover, it can also be used to
predict tumor progression, patient survival, chemoradiotherapy resistance and other clinical parameters. In
this review, we discuss the use of CD133 in the identification of colorectal cancer stem cell, which is currently
controversial. Although the function of CD133 is as yet
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INTRODUCTION
Colorectal cancer is regarded as one of the most common cancers in the world, and a main cause of cancerrelated death in western countries. In spite of progressing
treatments, a large percentage of advanced tumors have
poor prognosis. Recent studies have shown that a small
population of tumor cells, known as cancer stem cells
(CSCs), may be considered the main initiators of recurrence and metastasis. It is critical to find specific bio-
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markers to identify and isolate CSCs as well as to predict
patient prognosis. CD133 is one of the best-characterized
markers of CSCs. However, its role in colorectal cancer
needs further study. Here, we have attempted to elucidate
the relationship between CD133 and colorectal cancer
based on the results of previous studies.

after serial transplantation. The long-term tumorigenic
potential of CD133(+) colon cancer cells has also been
confirmed in vitro[15]. More importantly, CD133(-) colon
cancer cells have no ability to form tumors. However,
Shmelkov et al[16] discovered that CD133 was ubiquitously
expressed in differentiated colonic epithelium rather
than restricted to stem cells. Furthermore, in vitro, both
CD133(+) and CD133(-) metastatic tumor subpopulations formed colonospheres. Both subpopulations
maintained long-term tumorigenesis in a NOD/SCID
serial xenotransplantation model. It should be noted that
Shmelkov et al[16] used subpopulations from metastatic
tumors. However, the distinction of CSCs and the function of CD133 in primary and metastatic tumors are still
unknown. Despite this fact, the discovery challenged the
view of CD133 as a marker of Co-CSCs, and further
studies were performed to investigate the discrepancy.
Kawamoto et al [17] showed that although both
CD133(+) and CD133(-) cells could form tumors after
injection into NOD/SCID mice, the CD133(+) cells
formed larger tumors. There remained a difference in
these tumors. CD133(+) cells could not be found in tumors generated by the injection of CD133(-) cells but
were observed in tumors from injections of CD133(+)
cells, suggesting that CD133(+) cells had self-renewing
capability whereas CD133(-) cells did not. The investigation is consistent with Shmelkov’s finding that CD133(-)
cells also have the ability to form tumors, although it
seems that the CD133(+) cells were associated with
stronger tumorigenesis than CD133(-) cells. Thus, the
presence of CD133 may not be a reliable indicator of
CSC vs non-CSC identity. A more appropriate distinction is the relative abundance of the CD133 protein[18].
Liao et al[19] attempted to confirm this hypothesis by sorting cancer cells according to the abundance of CD133.
CD133 (High), CD133 (Mid), and CD133 (Low) subgroups of SW620 cells (a colorectal cancer cell line) were
distinguished, and their biological characteristics were
analyzed. The CD133 (High) subgroup exhibited a higher
growth rate than the CD133 (Mid) and CD133 (Low)
subgroups did. However, despite its much slower growth,
the CD133 (Low) subgroup retained its tumorigenicity.
One likely explanation is that CD133 is expressed on
not only CSCs but also differentiated tumor cells. However, during CSC differentiation, the specific epitopes
recognized by AC133 are masked due to differential glycosylation[20]. The expression of CD133 could be modulated by factors in the microenvironment, such as energy
supply[21]. In addition, the inactivation of CD133 during
the progression of colorectal cancer can be considered a
result of transcriptional repression, due to promoter hypermethylation of the CD133 CpG islands[22]. CD133(-)
cells likely lack the AC133 epitopes, the expression of
which is influenced by posttranslational modification
under certain conditions. It appears that CD133 is not a
reliable marker to identify the entire population of CSCs.
However, the abundance of CD133 may be a good indicator of CSC identity.

INTRODUCTION OF CD133
CD133, a five-transmembrane glycoprotein, was first
found to be expressed in hematopoietic stem and progenitor cells by Yin et al[1]. The protein has a molecular
weight of 120 kDa[1] and localizes to membrane protrusions. The protein may be expressed as one of two isoforms, CD133-1 and CD133-2. CD133-1 was the first to
be discovered, by Yin et al[1], and it is mainly expressed
in human fetal liver, bone marrow and blood. CD133-2,
first cloned and identified by Yu et al[2], is another cell
surface antigen that is recognized by anti-AC133 monoclonal antibodies. Relative to AC133-1 cDNA, a small
exon of 27 nucleotides is deleted in AC133-2 by alternative mRNA splicing[2]. CD133-2 mRNA is prominently
expressed in human fetal tissue, adult tissues and several
carcinomas[2]. It has also been suggested that CD133-2 is
expressed in multiple stem cell niches[2]. Based on these
biological characteristics, CD133 is widely used to identify and isolate stem cells and cancer stem cells. However,
its function is still unclear. It is hypothesized to be associated with the cell-cell interaction or signal transduction.

CANCER STEM CELLS AND CD133
Tumor cells show heterogeneity in their morphology,
inheritance, functions and other characteristics. However,
some tumor cells present not only heterogeneity but also
hierarchy. The increasing CSCs model represents a breakthrough in explaining this phenomenon. In this model,
CSCs, despite being only a small subset of cancer cells,
have the capability to self-renew and sustain the tumor.
These CSCs also have the ability to proliferate, resulting
in expansion of the CSC pool, and to differentiate into
the heterogeneous cancer cell subgroups that may not
themselves be tumorigenic but usually constitute the majority of the tumor[3].
More and more studies have indicated that CD133 is a
surface marker of CSCs. CD133 has been found in many
tumors, including cancers of the brain[4], colon[5,6], liver[7],
pancreas[8], kidney[9], lung[10], endometrium[11], ovary[12] and
bone[13]. The exploration of CD133 as a surface marker
of colon cancer stem cells (Co-CSCs) is still in progress.
In 2007, both O’Brien et al[14] and Ricci et al[15] found that
CD133(+) cells in colon cancers had the ability to initiate
tumor growth. The colon cancer-initiating cells (CC-ICs)
represented enrichment in CD133(+) populations. These
two studies strongly support CD133 as a marker of CoCSCs based on the evidence that CD133(+) cells could
produce tumors with preserved self-renewal and differentiation capabilities and without phenotypic alterations
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Although some studies suggest that CD133(+) cells
have characteristics consistent with those of CSCs, such
as tumor initiation, proliferation, invasion, differentiation and self-renewing capacities[23-26], CD133 should
be used as the sole marker of Co-CSCs with caution.
Thus, additional markers for detecting CSCs and evaluating their clinical significance in colorectal cancers
have been proposed. These markers include CD44[27-31],
CD166[25,32], CD29[25,32,33], CD24[5,32,34], Lgr5[6,32], nuclear
beta-catenin[32,35], EpCam[33,36], ALDH1[33,37], CDCP1[5],
CXCR4[5] and CC188[38]. The use of the combination of
these markers to identify CSCs in colorectal cancers will
uncover more about the function of CSCs and will also
play a significant role in clinical usage.
Some pathways, including the wingless related (Wnt),
transforming growth factor-beta (TGF-β), Notch and
Hedgehog signaling pathways[39], and other mechanisms
have been found to be associated with CSCs and CD133
expression in colorectal cancers. The Wnt pathway
plays an essential role in the growth and maintenance
of CSCs[40]. This pathway is regulated at the level of
β-catenin, which is degraded by adenomatous polyposis
coli (APC). Mutations in the APC gene are found in most
colorectal tumors[41]. As a result, β-catenin is accumulated in the nucleus, where it activates target genes with
important functions in colorectal cancer development[42].
Some studies have confirmed the activation of the Wnt
pathway in CD133(+) cells[43,44]. The TGF-β pathway acts
as a tumor suppressor pathway in healthy tissues but as a
promoter in colorectal cancers[45]. Mutations in the type
[46]
[45]
Ⅱ receptor gene , type Ⅰ receptor gene , Smad family
[47]
member 4 and other Smads are observed in colorectal
cancer specimens. Notch signaling is active in CC-ICs
and is essential for the intrinsic maintenance of CC-ICs
self-renewal and the repression of secretory cell lineage
differentiation gene[48]. It has also been reported that
the Hedgehog signaling, which is active in both colon
cancer epithelial cells and, strikingly, CD133(+) cancer
stem cells, promotes colon cancer growth, stem cell selfrenewal and metastatic behavior in advanced cancers[49,50].
In addition, the CD133(+) CSCs may be relevant to the
Ras-Raf[51,52], STAT3[53], Akt, mitogen-activated protein kinase[54], hypoxia-inducible factor-1α[55] and microRNAs[56].
Although CD133 was observed to be associated with actively proliferating cells, few studies have investigated the
role of CD133 in the cell cycle. However, these studies
could not explain the function of CD133 directly.
In colorectal cancer tissues, CD133 is localized to
apical/endoluminal surfaces, the cytoplasm and to luminal contents[57-60]. CD133 is concentrated in plasma
membrane protrusions[61], suggesting that CD133 may
play a role in cell-cell and cell-matrix contact formation.
CD133(+) cells have an enhanced ability to interact with
adjacent carcinoma-associated fibroblasts[26,62], indicating
that CD133(+) cells are more interactive with the stromal
microenvironment, and thus more tumorigenic and invasive, than CD133(-) cells. Furthermore, CD133 contains
a ganglioside-binding domain at its N-terminus. Through
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this epitope, certain gangliosides could modulate the accessibility of CD133 and regulate cell-cell contacts[63].
However, knocking down the CD133 did not affect
the biological characteristics of the colon cancers, which
indicated that CD133 has no obvious functions in tumor
malignancy[64]. Whether CD133 has biological function
remains a question, but the use of CD133 as one of the
CSC markers in colorectal cancers is widely accepted.

THE PROGNOSTIC VALUE OF CD133 IN
COLORECTAL CANCERS
As CD133 is a notable marker of CSC identity, it is
thought to be a predictive indicator for colorectal cancer.
A number of studies have demonstrated that CD133
expression was correlated with survival, recurrence, metastasis and chemotherapy resistance. Horst et al[60] analyzed tissues from 57 colorectal cancer patients (T2/T3,
N0, and M0) using immunohistochemistry (IHC). The
CD133-high patients had a worse 5- and 10-survival
than CD133-low patients. Further investigations have
been performed with larger sample sizes, specific tumor
stage, different IHC evaluations, combinations with other
markers, the use of polymerase chain reaction (PCR) and
preoperative chemotherapy conditions. The majority of
these results support the hypothesis that CD133 expression is predictive of survival[35,51,55,57,59,65-68]. However, Choi
et al[34] investigated 523 colorectal cancer patients with
various tumor stages using the IHC approach and reported that survival was not significantly related to CD133
expression. In addition, Kijima et al[69] analyzed samples
from 189 patients with different stages of colorectal
cancer by IHC and found that patients with and without CD133 overexpression exhibited no differences in
recurrence-free survival but had significantly poorer
overall survival. A summary of related studies published
is presented in Table 1. Different patient patterns, study
designs and the use of commercial antibodies for IHC,
which may lead to high background noise, could cause
the discrepancies among these studies. In studies involving IHC, different researchers used different valuation
criteria. Some studies evaluated IHC results as positive
or negative. Others evaluated the results according to the
positivity extent. As discussed above, the abundance of
CD133 may be a better indicator of CSCs than the presence vs absence of CD133. Despite a large sample size,
Choi evaluated the presence or absence of CD133, which
might not reliably indicate CSC identity. In addition, that
study included patients with various stages of colorectal
cancers. Those who had poorly-differentiated tumors or
higher stage, especially stage Ⅳ, but were CD133 negative, could introduce significant statistical confounding.
Because no biologically relevant IHC cut-off point has
been established to date, most studies set the cut-off
arbitrarily. The use of a receiver operating characteristic
curve to determine the cut-off point has been proposed
to improve the clinical utility of IHC findings[70]. All studies[51,55,59,65,67] that used PCR to measure CD133 expres-
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Table 1 Studies of the relationship between CD133 expression and survival
n

Ref.
Choi et al[34]
Kemper et al[51]
Saigusa et al[55]
Jao et al[57]
Saigusa et al[59]
Horst et al[60]
Yasuda et al[65]
Li et al[66]
Artells et al[67]
Kojima et al[69]
Kojima et al[69]

523
90
52
233
33
77
40
104
60
160
140

Cancer category

Tumor stage

Colorectal adenocarcinomas
Stages Ⅰ-Ⅳ
Colorectal cancers
Stage Ⅱ
Rectal cancers (post-CRT)
Unclear
Colorectal adenocarcinomas (post-CRT)
Stages Ⅰ-Ⅳ
Rectal cancers (post-CRT)
Stage Ⅱ/Ⅲ
Colorectal adenocarcinomas
T2/T3, N0, M0
Rectal cancers (post-CRT)
Advanced
Colon carcinomas
Stage ⅢB
Colorectal cancers
Stages Ⅰ-Ⅲ
Colorectal cancers
Stages Ⅰ-Ⅳ (well- and moderately-differentiated)
Colorectal cancers
Stages Ⅰ-Ⅳ (well- and moderately-differentiated)

Method

Did CD133 expression
predict poor survival?

IHC
No: overall survival
RT-PCR Yes: relapse-free survival
RT-PCR Yes: recurrence-free survival
IHC
Yes: overall survival
RT-PCR Yes: disease-free survival
IHC
Yes: cancer-specific survival
RT-PCR Yes: disease-free survival
IHC
Yes: overall survival
RT-PCR
Yes: overall survival
IHC
Yes: overall survival
IHC
No: recurrence-free survival

IHC: Immunohistochemistry; RT-PCR: Reverse-transcription polymerase chain reaction; CRT: Chemoradiotherapy.

patients with better outcomes as well as advanced stage
(stage Ⅳ) patients with worse outcomes, current studies may not accurately distinguish between the outcomes
in patients with early and advanced stages of colorectal
cancer. However, the prognostic value of CD133 mRNA
in the peripheral blood of patients with middle-stage
disease (stages Ⅱ and Ⅲ) has been confirmed by some
studies.
Chemoradiotherapy (CRT) resistance is a major problem that affects the survival of patients with colorectal
cancer. Furthermore, the acquired resistance has a longterm memory[77]. Conventional chemotherapy targets
rapidly dividing cells, but CSCs divide slowly. Therefore,
CSCs are likely to contribute to the resistance of cytotoxic systemic therapies[78]. Efforts have been made to demonstrate that the role of CD133(+) colorectal tumors are
more resistant to 5-fluorouracil-based chemotherapy than
CD133(-) tumors. Ong et al[79] conducted a clinical study
containing 501 primary colorectal cancer cases that provided evidence supporting this hypothesis. Moreover, recent studies showed that the level of CD133 increased in
post-CRT specimens[65] and that CD133 expression was
detected in 27.5% of non-CRT and 70% of CRT specimens[80]. In vitro, CD133 was overexpressed in human
colon cancer cell lines that were resistant to 5-fluorouracil
and oxaliplatin, such as HT29/5FU-R and HT29/OxR[81].
These results suggest that CD133 is a good predictor of
CRT resistance. However, Hongo et al[82] recently reported that CD133(-) cells are more resistant to 5-fluorouracil
than CD133(+) cells, which challenged the previous view.
However, these authors isolated CD133(+) and CD133(-)
cells from a single colorectal cancer cell line, and the original characteristics may have been altered during longterm culture. Therefore, the clinical studies are more reliable than in vitro studies. Meanwhile, Ong’s research was
conducted in a large clinical sample size, and other clinical[57,80,83] and in vitro studies[81,84] supported their results.
Considering that Hongo’s study was based on a single cell
line and that no further studies have drawn similar conclusions to date, we feel it is appropriate to conclude that
CD133(+) cells exhibit more chemoresistant behavior
than CD133(-) cells. However, more studies, especially

sion at the mRNA level, concluded that CD133 expression is inversely correlated with survival. The majority of
these studies included post-chemoradiotherapy patients.
However, all of these studies used small sample sizes.
Although some studies had deficiency in their design,
majority of them came to the similar conclusion that the
expression of CD133 was correlated to the poor survival,
and more uniform studies should be performed to demonstrate this confusion.
CD133 can be found in not only primary tumors but
also metastatic tumors such as liver metastases. It was
reported that the CD133(+)/CD44(+) subpopulation
was responsible for this metastasis[30,71]. Neumann et al[72]
reported that cases with MLH1(+), CD133 (high scores)
and β-catenin (high scores) tumors were associated with
a very high rate of distant metastases (94.4%). Thus, it
seems that CD133, in combination with other markers,
may be a good predictor of metastasis risk.
Several studies have investigated whether the CD133
mRNA level in peripheral blood is useful for prognosis
in colorectal cancers. Lin et al[73] first described that an
increased level of CD133 mRNA in the peripheral blood
could predict colon cancer recurrence, independent of
tumor-node-metastasis stage. Pilati et al[68] investigated
patients with liver-confined hepatic metastasis from
colorectal cancers. The level of CD133, used as a marker
of circulating tumor cells, increased inversely with the
survival. Iinuma et al[74] showed that in patients with
Dukes’ stage B and C cancer, CEA/CK/CD133 demonstrated significant prognostic value. In contrast, no
significant differences were seen in patients with Dukes’
stage A disease. These studies support the use of CD133
mRNA in peripheral blood as prognostic marker. However, Gazzaniga et al[75] reported that there was no correlation between the expression of CD133 in circulating
tumor cells isolated from peripheral blood and outcomes
in patients with metastatic colorectal cancers. All these
studies used an reverse-transcription polymerase chain
reaction approach, but this method may have low sensitivity and lead to a high rate of false positive results in
detecting circulating tumor cells[76]. Due to the limitation
of this method and the inclusion of early stage (stage Ⅰ)
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clinical studies, should be performed to clarify the role of
CD133 in chemoresistance.
The mechanism of chemoresistance is still under
investigation. Intrinsic factors such as antiapoptotic proteins and soluble microenvironmental molecules, including growth factors and cytokines, may cause the refractoriness of CSCs. Several studies have demonstrated that
the interleukin 4 (IL-4) produced by cancer cells themselves negatively regulated apoptosis[85-87]. Todaro et al[88]
reported that IL-4 protected CD133(+) cells from apoptosis in colon cancer. They later found that treatment
with an IL-4 receptor alpha chain antagonist or anti-IL-4
neutralizing antibody strongly enhances the antitumor
efficacy of standard chemotherapeutic drugs through
selective sensitization of CD133(+) cells[89]. These studies
highlight the importance of IL-4 in chemoresistance. In
addition, the secretion of IL-4 induced an immunosuppressive state in the microenvironment of the tumor,
which facilitates the tumor progression. These results indicate that IL-4 may be a good target of colorectal cancer
treatment.

carbon nanotubes (SWNTs) conjugated with CD133
monoclonal antibodies. GBM cells were exposed to these
SWNTs and then irradiated with near-infrared laser light.
They found that the CD133(+) cells were eliminated, and
the tumorigenic and self-renewal characters of CD133(+)
cells were also blocked. However, some have argued
that CD133(-) cells can be reversed to CD133(+) cells
through microenvironmental factors and that CD133 is
not the only marker able to identify CSCs, indicating that
targeting CSCs through CD133 alone is not sufficient to
cure tumors. Whether CD133-targeting therapies can be
a specific or efficient treatment for colorectal cancer requires further exploration.

CONCLUSION
Although CD133 has been used as a CSC marker, it cannot be the only marker used to characterize CSCs in
colorectal cancers. It seems that a small population of
CD133(-) cells also have the biological characteristics of
CSCs. Other markers should be used in combination to
identify CSCs. Which combination of these markers is
the best to identify CSC or shows consistent biological
characters with CSC remains a question. Moreover, little
is known about the function of CD133. Whether CD133
participates in the biological behavior of CSC or merely
acts as a marker of the CSC phenotype is not clear. A
variety of studies have confirmed the prognostic value
of CD133 in colorectal cancers. However, these studies
lack uniform samples, clinical conditions, methods and
evaluations. Although CD133 is believed to be a target of
advanced colorectal cancer, few efforts have been made to
confirm this hypothesis directly. Regardless, it is desirable
to explore new strategies of colorectal cancers by the use
of CD133.

COLORECTAL CANCER TARGET
THERAPIES
There are two major targets for advanced colorectal
cancer therapy: epidermal growth factor receptor and
vascular endothelial growth factor. The Wnt pathway is
an additional potential target. Data has shown that Wnt
pathway activity could be responsible for the chemoresistance of CD133(+) cells in colorectal cancer cells. Deng
et al[43] demonstrated that 5-fluorouracil upregulated Wnt
activity in CD133(+) colon cancer stem-like cells. Dickkopf-1, an inhibitor of Wnt signaling, decreased the expression of CD133 and Lgr5. It also reduced the proliferation, migration, and invasion of colon cancer cells[90].
This indicates that blocking the Wnt pathway may be one
possible solution to the problem of chemoresistance.
Furthermore, other pathways, such as the Notch and
Hedgehog signaling pathways involved in maintaining
CSC identity, and other regulators, such as STAT3[53,91,92]
and microRNAs, could be conceivable targets.
CSCs can be eliminated by targeting membrane proteins such as CD133 and then delivering medicines that
can specifically induce to death. Several efforts have
been made to utilize CD133 in the treatment of cancers.
Damek-Poprawa et al[93] conjugated a CD133 monoclonal antibody (MAb) to a genetically modified cytolethal
distending toxin (Cdt). The proliferation of CD133(+)
cells in cell lines derived from head and neck squamous
cell carcinomas was preferentially inhibited in a rateand dose-dependent manner by the Cdt-MAb complex.
Moreover, Rappa et al[94] decreased the number of CD133
molecules using two different short hairpin RNAs in
FEMX-I melanoma cells. The cell growth, cell motility
and spheroids-forming capacity were inhibited as a result
of downregulation of CD133. In addition, Wang et al[95]
investigated glioblastoma (GBM) using single-walled
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Core tip: According to the “cancer stem cell” (CSC) theory, tumor growth and spread are driven by a minority
of cancer cells which exhibit characteristics similar to
normal stem cells. Although CSCs have been implicated
in colon carcinogenesis, due to the complexity of their
biology and unsolved technical issues, an unequivocally
approved identification and isolation strategy is still a
matter of debate. Several markers have been used to
identify colon CSCs but the function of these proteins
in CSC biology has not yet been clarified. Moreover, the
possibility that CSCs might contribute to the failure of
existing chemotherapies to eradicate malignant tumors,
indicate that targeting of CSCs may represent a promising strategy to eradicate chemoresistant cancers. Aim
of this review was to acquire more information on the
biology of human colon CSCs and shed light on the role
of this cells in the onset and the maintenance of colon
cancer.
Original sources: Puglisi MA, Tesori V, Lattanzi W, Gasbarrini
GB, Gasbarrini A. Colon cancer stem cells: Controversies and
perspectives. World J Gastroenterol 2013; 19(20): 2997-3006
Available from: URL: http://www.wjgnet.com/1007-9327/full/v19/
i20/2997.htm DOI: http://dx.doi.org/10.3748/wjg.v19.i20.2997

Abstract
Tumors have long been viewed as a population in
which all cells have the equal propensity to form new
tumors, the so called conventional stochastic model.
The cutting-edge theory on tumor origin and progression, tends to consider cancer as a stem cell disease.
Stem cells are actively involved in the onset and
maintenance of colon cancer. This review is intended
to examine the state of the art on colon cancer stem
cells (CSCs), with regard to the recent achievements of
basic research and to the corresponding translational
consequences. Specific prominence is given to the
hypothesized origin of CSCs and to the methods for
their identification. The growing understanding of CSC
biology is driving the optimization of novel anti-cancer
targeted drugs.

INTRODUCTION
The intestine epithelium is subjected to a rapid and continuous regeneration, supported by crypt intestinal stem
cells (ISCs). This feature severely increases the risk for
malignant conversion[1]. Indeed, colorectal cancer (CRC)
is one of the most common type of neoplasm worldwide, representing the second leading cause of morbidity
and mortality from cancer in both Europe and the United
States. This means that CRC can also be considered one
of the main national emergencies, both in terms of morbidity and in terms of social and economic costs[2].
Studies on CRC pathogenesis have been originally
focusing on the clonal selection process, a model of carcinogenesis postulated in 1975[3]. The characterization
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of the genetic mechanisms underlying this process has
been performed, for the first time, in the early 90s by
Bert Vogelstein, who developed the molecular model of
CRC progression known as “Vogelstein model”. According to it, the CRC develops from epithelial cells lining
the gastrointestinal tract, which undergo sequential mutations in specific DNA sequences that disrupt normal
mechanisms of proliferation and self-renewal[3,4]. This
pathogeneic model still represents a paradigm of tumor
growth and provides a standard rationale to dissect the
molecular mechanisms responsible for CRC. Though,
current anticancer treatments are often unable, even
those based on molecular targeted strategies, to eradicate
the disease. Otherwise, the cellular origin of human cancers is still controversial and the mechanisms responsible
for the complexity and heterogeneity of tumors remain
to be defined[3,4]. In recent years, converging evidence
has suggested that human cancer can be considered as a
stem cell disease. Therefore, the “stochastic” theory for
the cellular origin of cancer, based upon the assumption
that all cancer cells are equally malignant and able to give
rise to tumors, has been abandoned in favor of the “hierarchical” theory. The latter assumes that: (1) tumors are
hierarchically organized; and (2) only a rare subpopulation of undifferentiated cells at the apex of this hierarchy
have the unique biological properties necessary for tumor
initiation, maintenance and spreading. Given the similarities between tumor-initiating cells and normal stem cells
(SC), the tumor-initiating cells have been termed “cancer
stem cells” (CSCs)[5]. In its simplicity, this hypothesis suggests that tumorigenesis is an “aberrant organogenesis”,
supported by a minority of cancer cells, that by consecutive genetic changes, can differentiate to give rise to different phenotypes in the neoplastic population[6].
The hierarchical model implies that within tumors
there are cells with different tumorigenic potential: cells
that have lost the ability to propagate the tumor and cells
that retain their clonogenic ability. Indeed, biologically
distinct populations of CSCs have been identified within
hematological malignancies[7] and in most solid tumors,
including colon cancer[8,9]. The origin of CSCs is still
unclear but the discovery of stem cells in the majority
of normal tissues, including colon crypts, support the hypothesis that normal SC might represent a possible target
for tumorigenic mutations, due to both their long life and
their capacity of self-renewal[10].
Cancer stem cells theory has profound translational
implications. Current treatments are hardly able to completely eradicate cancer cells, being often complicated by
the occurrence of tumor recurrence and/or metastasis
and are burdened by toxicity issues. The failure of chemotherapy may at least in part lie in its capacity of targeting the bulk of cancer without affecting stem cells. These
can on turn replicate after treatment and, eventually,
develop selective features responsible for the occurrence
of drug-resistance, which usually characterize and complicate the course of the disease[11-13].
Several studies have suggested that the CSC fraction

WCG|www.wjgnet.com

may be identified within a variety of human cancers,
including CRC, by the expression of the CD133 surface
marker[8,9,14,15]. CD133 (also known as prominin-1 in rodents or AC133 in humans), a 120 kDa transmembrane
and cell surface protein, has been shown to characterize
normal and cancer stem cells in several human tissues,
including the colonic mucosa. Hence, CD133 has been
used to identify and isolate tumor initiating cells from
human colon cancers. CD133+ cells are able to maintain
themselves as well as to differentiate and re-establish tumor heterogeneity upon serial transplantation in vivo[8,9].
However, despite constant research efforts, the molecular
mechanisms and signaling pathways that regulate the behavior of CD133-expressing cells remain unknown. Aim
of this review was to acquire more information on the
biology of human colon CSCs and shed light on the role
of CD133+ tumor-initiating cells in the onset and the
maintenance of colon cancer.

CANCER STEM CELLS: PROPERTIES
It is widely accepted the concept that tumor is an heterogeneous entity derived from a small subpopulation
of undifferentiated cancer cells, the CSCs. CSCs are defined as cells having three unique properties: the capacity
of self-renew indefinitely, the ability to recreate the full
repertoire of cancer cells of the parent tumor and the
expression of a distinctive set of surface biomarkers[16]. It
must be emphasized that self-renewal is not synonymous
with proliferation. Self-renewal involves the ability of SC
populations to precisely maintain their numbers through
a combination of symmetric and asymmetric SC division, giving rise to one or both daughter cells identical
to the mother and retaining SC properties[17]. In the case
of CSCs, mechanisms involved in self-renewal are deregulated and seem to lead to CSC overpopulation. The
underlying mechanisms for generating excess of CSC
numbers are believed to relate to increases in symmetric CSC division (which produces two CSC daughters)
relative to asymmetric CSC division (which produces
one CSC daughter and one non-CSC daughter). Many
authors have documented this concept quantitatively, using mathematical modeling[17] or fluorescent dye assay[18].
These authors have showed that only increased symmetric division of CSCs could account both for the biologic
observation that there is an exponential increase in CSC
populations in tumoral tissues and for the known long lag
phase, which is typical in the development of many cancers, including colorectal cancer[17]. Although CSCs have
the capacity for self-renewal, they are relatively quiescent;
that is, they have proliferative capacity but are often not
cycling. Indeed, they have been shown to have significantly longer cell cycle times than proliferating non-SCs.
This is presumably due to the arrest of SCs at a G0-like
cell cycle phase or checkpoint[19].
Another property of CSCs is their potential for multilineage differentiation. This is consistent with the concept that CSCs, like normal SCs, give rise to a hierarchical
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organization of cell populations that underlie organogenesis[20].
CSCs also display alterations of DNA repair, due
to the presence of cytoprotective properties (including
telomerase activation and high expression of anti-apoptotic factors), and a relatively low proliferative potential.
In addition, they express high levels of proteins belonging to the ABC membrane transporters family, involved
in chemotherapeutic resistance (i.e., to paclitaxel, cisplatin,
5-fluoruracilee, mitoxantrone, methotrexate, anthracyclines, etoposide, vinca alkaloids, camptothecins, topotecan, imatinib)[20]. These unique properties of CSCs would
explain the failure of many antitumor therapies, which
affect rapidly dividing cells, determining only a reduction
of tumor cells number, while CSCs divide slowly and are
not sensitive to the cytotoxic drugs. New insight in the
molecular mechanisms that underlie these processes were
obtained by studying the intracellular regulator of gene
expression[21].
On this regard, Bitarte and colleagues showed that
the micro RNA miR-451 was downregulated in colonspheres, obtained from different colon carcinoma
cells, versus parental cells. The expression of miR-451
caused a decrease in self-renewal, tumorigenicity, and
chemoresistance to irinotecan of colonspheres. Authors
demonstrated that miR-451 downregulation allows the
expression of the target gene macrophage migration inhibitory factor, which induces cyclooxygenase-2 (COX-2)
expression. In turn, COX-2 allows Wnt activation, which
is essential for CSC growth. Furthermore, miR-451 restoration decreased expression of the ATP-binding cassette
drug transporter ABCB1 and resulted in irinotecan sensitization. These findings correlated well with the lower
expression of miR-451 observed in patients who did not
respond to irinotecan-based first-line therapy compared
with patients who did[22]. Moreover, various signaling
pathways have already been identified and described in
CSCs. It is known that standard pathways for self-renewal
of normal stem cells, such as Wnt, Notch and Hedgehog
signaling, are also present in CSCs and have an important
role in their function. Targeting critical steps in those
pathways, however, will be complicated by intense crosstalks as well as main safety issues related to the pleiotropic effects of these signaling molecules[23]. Nevertheless,
there are already several reports indicating that CSCs can
be selectively targeted without damaging normal stem
cells[24]. These and other findings could reasonably pave
the way to the development of novel, more efficient and
less toxic anti-cancer medications.

these terms (cancer stem cell and tumor-initiating cells)
can cause confusion about the cell type to which they
relate[16]. In fact, the term CSCs might suggest that these
cells arise from normal stem cells, which have acquired a
number of genetic mutations sufficient to induce malignant transformation. This assumption is probably true in
many cancers, but may not be the case of all tumors. It is
plausible, indeed, that in some tumors, a number of differentiated cells can acquire the capacity for self-renewal,
through multiple mutagenic events, and thus ‘‘reacquire’’
stem-like properties[25].
On the other hand, the term “tumor-initiating cells”,
according to experimental evidence, refers to the ability
of these cells to initiate tumors when transplanted in a
xenograft model. In this case, it could be incorrectly inferred that the cell that gives rise to the xenograft tumor
is the same cell in which the first oncogenic mutation occurred. This is unlikely, since it is clear that the cells that
drive aberrant growth at one precise moment may differ
from those acting during different stages in tumor evolution or during metastasis. Furthermore, both genetic and
epigenetic instability can induce cellular heterogeneity
within the stem and non-stem cell populations of the tumor[26]. It has been argued that species differences alone
might account for the selective growth of subpopulations
of cells in xenotransplantations. Indeed, the great majority of cells in a mouse lymphoma were shown recently
to possess tumor initiating capacity when allografted into
syngenic mice[27].

WHICH IS THE ORIGIN OF COLON
CANCER STEM CELLS?
Although, as mentioned earlier, the sequence of events
in CRC has been intensively studied, the cell of origin for
cancer formation is still poorly known. Two possible hypotheses have been suggested: the so called “bottom-up”
and the “top-down” theories. The first proposes that an
ISC, either a progenitor or a differentiated cell, is the first
transformed cell, as a consequence of anomalous differentiation, giving rise directly to cancer cells or reprogramming itself, acquiring SC behavior before inducing
cancer[28-30] (Figure 1).
ISCs represents the ideal target for neoplastic transformation, due to their extended life span that alter their
behavior as a result of genetic and epigenetic changes.
Also, similar signalling pathways may regulate self-renewal in stem cells and cancer cell, so that the transformation
of an SC would require fewer mutations compared to a
progenitor cell[31,32]. Conversely, histological evidence suggested that colon cancer might arise from late progenitors or even an early differentiated cell[33], sustaining the
“top-down model” of CRC development. By contrast,
genetic observation recently support strongly the bottomup theory. Indeed, the identification of specific genes
expressed in the stem cells of the intestine has recently
allowed to show that the cell of origin of adenomas, induced by a constitutively active Wnt signaling, is the stem

CANCER STEM CELLS: DEFINITION
In operational terms, CSCs can only be defined experimentally on the basis of their ability to regenerate
continuously the tumor. The implementation of this
approach, explains the use of alternative terms in the literature. For example, the term “tumor-initiating cells” is
frequently used to describe putative CSCs. However, both
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A

"Bottom-up" model

B

Table 1 Summary of characteristics and controversies about
colon cancer stem cells

"Top-down" model

Origin

Identification
assays

ISC

Therapeutic
strategies

Normal cell
Neoplastic cell

Figure 1 Schematic presentation of two possible ways of colon adeocarcinoma formation. A: “Bottom-up” theory: intestinal stem cells (ISCs, arrow)
at the base of the crypt, within the stem cell zone, are the cell of origin of neoplasia as a consequence of anomalous differentiation; B: “Top-down” theory: a
progenitor or differentiated cell is the first transformed cell that can acquire stem
cells (arrow) behavior before inducing cancer.

cell of the small intestine[30,34,35]. This studies have demonstrated that ISC-specific deletion of both functional
adenomatous polyposis coli (APC) alleles using Bmi1-,
CD133- and (leucine-rich-repeat containing G-proteincoupled receptor 5) Lgr5- CRE recombinase mice leads
to efficient tumor formation. Interestingly, Barker and
colleagues also showed that tumor formation does not
occur when APC is deleted in progenitors or differentiated cells[30]. These results show that the cell giving rise to
adenomas in the small intestine is the stem cell. It is still
pending, though, whether BMI-, LGR5-expressing cells
or CD133-expressing cells of the tumor, are able alone to
induce tumor progression and therefore are markers of
the intestinal CSC.
Recently, Schwitalla et al[36] have suggested that these
models do not exclude each other and that tumorinitiating mutations can occur in both Lgr5+ crypt stem
cells or in more differentiated Lgr5-cells, as long as these
initially negative cells dedifferentiate and re-express Lgr5.
Indeed, the authors have demonstrated, in a genetic model of intestinal tumor initiation, that epithelial non-stem
cells can re-express stem cell markers and be converted
into tumor-initiating cells. This phenomenon is strictly
dependent on the degree of Wnt activation and can only
be observed when Wnt signaling is markedly elevated[37].
It has also been discussed that even cells from outside
the tumor, for example, bone marrow-derived cells, might
also serve as CSC’s ancestors. This phenomenon has been
firstly demonstrated in a murine model of gastric cancer
induced by Helicobacter pylori, in which SC derived from
bone marrow were able to generate the tumor[37,38].
Emerging evidence suggests that bone-marrowderived mesenchymal stem cells (BM-MSCs) contribute
to tissue regeneration in the colon partly by promoting
neovascularization or arteriogenesis[39,40]. Although tumor stromal fibroblasts are mainly recruited from local
tissue fibroblasts, it has been proposed that BM-MSCs
are recruited into the stroma of developing tumors[41-43].
Several studies have demonstrated that BM-MSCs can se-
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“Bottom-up” theory[30-32,34,35]
“Top-down” theory[33]
CSCs can derive from epithelial non-stem cells that reexpress stem cell markers[36]
CSCs can derive from bone marrow cells[37-43]
Serial transplantation in immune-compromised
mice[8,9,27]
Expression of cell surface marker CD133[5,8,9,14,31,44-46,48,49]
Side Population[52-61]
Induction of CSC differentiation by salinomycin or
BMP4[72,73]
Monoclonal antibodies directed against cell surface
molecules, such as CD133, CD44, EGFR (cetuximab)
and VEGF (bevacizumab)[74,76-79]
Blockage of self-renewal pathways, including
Wnt, Notch, PTEN, Hedgehog , EMT and IL-4
pathway by microRNA or selected small-molecule
antagonists[65-70,80-86]
Target the Warburg effect[87,88]

CSC: Colon cancer stem cell; EGFR: Epidermal growth factor receptor;
VEGF: Vascular endothelial growth factor; EMT: Epithelial-to-mesenchymal transition.

lectively migrate to sites of mucosal damage and wound
healing including colorectal cancers, where a number of
tumor-related inflammatory reactions and abnormal tissue regeneration phenomena take place actively. It also
has been shown that cancer cells release specific factors
that induce BM-MSC mobilization and recruitment to
the tumor stroma where they eventually contribute to the
formation of a tumor-supportive microenvironment[44]
(Table 1).

IDENTIFICATION OF COLON
CANCER STEM CELLS: LIMITS AND
CONTROVERSIES
The correct identification and isolation of the cells responsible for tumor formation is always challenging in
cancer research. Although CSCs have been implicated in
colon carcinogenesis, due to the complexity of their biology and unsolved technical issues, an unequivocally approved identification and isolation strategy is still a matter
of debate[32]. The gold standard for identifying a CSC is
the capacity to propagate tumors as xenografts in immuno-compromised mice. However, it has been argued that
species differences alone might account for the selective
growth of subpopulations of cells in these assays. Indeed, the great majority of cells in a mouse lymphoma
were shown recently to possess tumor initiating capacity
when allografted into syngenic mice[27]. Moreover, serial
transplantation experiments with animal models are laborious and time-consuming, hence the need to develop
reliable surrogate assays.
Several in vitro assays have been used to identify CSCs
can derive, including sphere assays, surface cell markers
and the Hoechst dye efflux properties, which identify the
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so-called Side-Population (SP). Studies have also been
performed to define putative CSC genetic signatures.
However, each of these methods has potential pitfalls
that complicate the interpretation of results[25].
It is clearly not sufficient to define a stem cell based
only on surface markers. Moreover, none of the markers
used to isolate stem cells in various normal and cancerous tissues is expressed exclusively by the stem cell fraction. Indeed most markers used for colon CSC isolation
are chosen either because they are expressed in normal
stem cells or as they were found to identify CSCs in other
malignancies, either hematological or solid. The disadvantage of choosing markers in this fashion is that the
functional effect of expression of the marker in CSCs is
usually unknown.
For instance, focusing on CRC, several studies have
suggested that the CSC fraction within colon cancer
might be identified by the expression of the cell surface
marker CD133[8,9]. CD133 is a trans-membrane glycoprotein, expressed by normal progenitors belonging to neuronal, hematopoietic, epithelial and endothelial lineages.
In the last years, CD133 has become the “molecule of
the moment”, being recognized as a putative CSC marker
for many human solid tumors, including liver, pancreas
and colon neoplasms[14,45]. However, despite constant
research efforts, the molecular mechanisms and signaling
pathways that regulate the behavior of CD133-expressing
CSC, remain unknown.
In particular, we demonstrated the existence of a
population of self renewing cells expressing CD133
within primary and metastatic human CRC[5]. This antigen was expressed in significantly higher percentage in
CRC samples, compared to the respective normal tissues.
CD133-positive cells were also found in liver metastases
(up to 10%), while they were hardly detectable in the
healthy liver tissue[5]. In addition, CD133+ cells, isolated
from different human colonic adenocarcinoma lines
(CaCo-2, HT29, LoVo), were highly clonogenic in vitro
and gave rise to tumors following transplantation in mice.
Conversely, the CD133-negative fraction of all cell lines
had a lower clonogenic potential in soft agar assays and
did not generate tumors in secondary recipients[45], confirming the tumor initiating properties of CD133+ CSC.
Interestingly, we also provided the original demonstration
that modulation of CD133 expression in the CaCo-2
colon cancer cell line was associated with corresponding
variations in the expression levels of both Endothelin-1
and nuclear receptor subfamily 4, group A, member 2[46],
both known to play an important role in the proliferation
and metastasis processes. This modulation was associated with a significant inhibition of the cells’ clonogenic
and migration ability, thus further confirming a role of
the CD133 molecule in the definition of the CSC phenotype[46].
There are though still some controversies on the role
of CD133 as a CSC marker in CRC; the opposing theories emerge from the evidence that most CD133 antibodies target glycosylation-dependent epitopes [35], whose
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presence is related to the differentiation stage of the cell.
Experimental data from colon and glioblastoma cells
suggested that the differential glycosylation of specific
epitopes may mask the presence of CD133 on cells previously characterized as negative[47,48]. Moreover, CD133
has been found to be expressed by the full spectrum of
undifferentiated and differentiated colonic epithelial cells,
both in humans and in mice[49]. Shmelkov et al[49] have
demonstrated that primary and metastatic colon cancers
contain CD133+ and CD133- parenchymal tumor cells,
and both types of cells are capable of tumor initiation, as
observed in a xenotransplantation model. A similar lack
of specificity has been also observed for other potential
CSC markers of CRC, such as CD44, CD166, CD29,
CD24, Lgr5, and nuclear beta-catenin[50]. In fact, the vast
majority of cells that express these markers are not stem
cells[51].
Another approach to identify CSCs is their presence
within the so-called “Side Population”. SP cells have
been first described within the hematopoietic system. In
particular, bone marrow stem cells contain a subpopulation that extrude the DNA-binding dye, Hoechst 33342,
out of the cell membrane. Comparing the fluorescence
intensity on the wavelength of blue against the red, the
SP appears as a tail of cells with low fluorescence. This
phenotype is attributed to the activity of the ABC membrane transporter proteins that can confer drug resistance
to stem cells. These proteins can be blocked by inhibitors
of efflux pumps, such as verapamil[52-54]. The SP fractions have been identified in various human tissues[55,56],
cancer specimens[57,58] and tumor cell lines[59,60] and it has
been suggested that they may represent the true stem cell
population. However, as with cell surface markers, the
SP phenotype is not synonymous with stemness. Indeed,
a recent article claimed that both SP and non-SP cells,
isolated from gastrointestinal cancer cell lines, displayed
similar clonogenic and tumourigenic potential in vitro and
in vivo, and showed identical expression of putative stem
cell markers. Therefore, the Authors concluded that the
SP does not enrich for stem cells in gastrointestinal cell
lines[61]. Also, possible toxicity of the dye, in cells not capable of extrusion, should also be considered as a caveat
to interpreting functional assays of SP cells.
Without a better understanding of normal tissue stem
cells and their susceptibility to neoplastic transformation,
it will be difficult to conduct conclusive studies of the
existence and origins of CSCs (Table 1).

WHICH STRATEGY TO TARGET COLON
CSCS?
According to the CSC model, the few self-renewing
CSCs that mediate tumor growth are difficult to kill and
their persistence might explain tumor recurrence after
therapy[62]. Indeed, chemotherapeutics interfere with the
ability of rapidly growing cells to divide, so CSCs may be
spared, leading to tumor recurrence and metastasis[11-13].
Therefore, to assess the efficacy of therapeutics, it is
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necessary to accurately distinguish tumorigenic from
non-tumorigenic cancer cells and to understand which
progression model occurs in the tumor. Unfortunately,
the complex network of mechanisms that regulate SC
renewal and carcinogenesis is not clear.
Chemotherapeutic resistance is exerted either through
a shift from active state to quiescence or through a wide
spectrum of protective mechanisms that characterize
CSC biology; these include altered DNA damage repair,
altered cell-cycle checkpoint control, malfunction of
apoptosis, expression of drug transporters and detoxifying enzymes, and a high expression of proteins belonging
to the ABC membrane transporters famil[63,64].
Moreover, the plasticity of CSCs and the epithelialto-mesenchymal transition (EMT) complicate therapeutic
approaches because participate in the acquisition of both
de novo and acquired drug resistance[65]. Indeed, EMT can
trigger reversion to a CSC-like phenotype, providing an
association between EMT, CSCs and drug resistance[66].
Several key signaling pathways contribute to this process,
such as transforming growth factor β and Wnt, that are
well known to induce EMT and promote stem cell maintenance[67,68]. Recent studies have implicated microRNA
functionality in these processes; indeed the dysregulation
of microRNA expression is likely to be a major contributing factor in the etiology of some cancers[69,70].
It is therefore essential to renovate the therapeutic
repertoire by designing new treatments that specifically
target CSCs and, at the same time, also eliminate the nonCSC population, intervening in the process of EMT[65,71].
Novel therapeutic strategy based on targeting EMT pathways and CSC maintenance might be a promising tool for
CRC defeat.
Moreover, CSCs can be functionally antagonized by
inducing their differentiation. Differentiation therapy
forces cells to shift into a mature phenotype, lose their
self-renewal abilities, and therefore become vulnerable to
conventional treatment. For instance, salinomycin, a highly selective potassium ionophore, was recently described
as the first compound that can selectively eradicate the
tumor through induction of terminal epithelial differentiation of CSCs[72]. Gupta et al[72] revealed that salinomycin decreases the proportion of CD44high/CD24low breast
cancer cells, whereas paclitaxel has opposing effects. Importantly, cells exposed to salinomycin were less capable
of inducing tumors following injection into mice; salinomycin also slowed the growth of the animals’ tumors
through unknown mechanisms[71]. Salinomycin is thought
to inhibit potassium-positive channel-regulated migration
and interfere with EMT and metastasis[72]. Also induction
of differentiation in colon CSCs by exposing these cells
to Bone Morphogenetic Protein 4 (BMP4), which can
initiate a differentiation program as well as mediate apoptosis, sensitizes CRC cells to the effects of 5-Fluorouracil
(5-FU) or oxaliplatin in vivo, resulting in complete and
long term regression of colon xenografts[73].
The potential toxic effect, that might occur from
the impact on normal SCs, can be minimized by target-
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ing molecules or pathways that are preferentially active
in CSCs[73]. Monoclonal antibodies could be directed
against cell surface molecules, such as CD133, CD44, or
even drug transporters, resulting in reduction of tumor
size, metastatic potential, and resistance to chemoradiotherap[74,75].
Advances in high-throughput technologies and bioinformatics will allow developing additional compounds
targeting CSC signaling pathways. Currently there are two
established targets for such therapies: epidermal growth
factor receptor (EGFR), which belongs to the ErbB family of tyrosine kinase receptors and is abnormally activated in many tumors[76], and vascular endothelial growth
factor (VEGF), which is known to promote formation
of new vessels by inducing growth and differentiation
of endothelial cells[77,78]. Several clinical trials have demonstrated that introduction of targeted therapies with
monoclonal antibodies against EGFR (cetuximab) and
VEGF (bevacizumab) in addition to 5-FU, resulted in a
significant survival increase in patients with advanced disease[79].
Another rational target includes blockage of various
self-renewal pathways, including Wnt, Notch, PTEN, and
Hedgehog[80]. Small-molecules that inhibit the Wnt pathway and γ-secretases that inhibit the Notch pathway have
been recently identified as novel approaches to CRC[73].
The Wnt/β-catenin pathway has been implicated in the
maintenance of the intestinal crypt stem cell phenotype
and Wnt signaling dysregulation through either loss of
APC function or oncogenic β-catenin mutations has
been shown to cause the majority of sporadic cancer cases[81]. Disruption of Tcf/β-catenin complexes by selected
small-molecule antagonists has been shown to antagonize
cellular effects of β-catenin and to result in inhibition of
cellular proliferation in colon cancer cells[82]. Similarly, the
Notch signaling pathway has been reported to be overexpressed in colon CSCs, where it was found to play a role
in colon CSC viability, tumorigenicity, and self-renewal[83-87]. Van Es et al[87] have demonstrated that blocking the
Notch cascade with a gamma-secretase inhibitor induced
goblet cell differentiation in adenomas in mice carrying a
mutation of the APC tumor suppressor gene and subsequent tumor growth arrest. Moreover, Hoey et al[88] have
demonstrated that by inhibiting delta-like 4 ligand (DLL4),
an important component of the Notch pathway, with
human monoclonal antibody 21M18 in colon carcinoma
xenografts, the tumor growth as well as the CSC frequency, was decreased compared to control. Interestingly,
even though treatment of the xenografts with irinotecan,
a chemotherapeutic often used in colon cancer, slowed
down tumor growth, and the clonogenicity was increased.
Combination treatment of irinotecan with anti-hDLL4
reduced again the tumor growth and stem cell frequency,
at even higher levels than the anti-DLL4 treatment alone.
This indicates that inhibiting Notch signaling reduces
CSC frequencies and sensitizes tumor cells for irinotecan
treatment.
It has recently been observed that the inhibition of
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the interleukin (IL)-4 pathway with an anti-IL-4 antibody
or an IL-4 receptor antagonist in CD133+ colorectal
CSCs augmented the antitumor effects of conventional
chemotherapeutics[89-90]. Indeed, colon carcinomas produce IL-4 that functions in an autocrine manner, promoting antiapoptotic pathways in these tumors. Inhibiting
IL-4 by blocking antibodies sensitizes the cells for killing
by 5-FU and oxaliplatin IL-4[89-90].
Reversing chemoresistance and radioresistance represents a promising proposal. This can be achieved through
interference with a plethora of cellular components,
including inactivation of drug transporters and DNA
checkpoint kinases, depletion of reactive oxygen species
scavengers, and inhibition of signal transduction pathways.
Interestingly, little is as of yet known with regard to
the metabolism of CSC population, leaving an exciting
avenue unstudied in the dawn of the emerging field of
metabolomics. The Warburg effect, the premise of which
is that cancer cells restrict use of fatty-acid oxidation in
favor of glycolysis as an ATP energy source, can also
be harnessed to create novel broad-spectrum anticancer
agents[91-94]. A recent study by Akao et al[95] provided initial
evidence of metabolic changes in therapy-resistant cell
populations by demonstrating significant overexpression
of a metabolic “master-regulator” Sirt1 in DLD-1 5-FUresistant cells.
Altogether, these data illustrate the therapeutic utility
of the cancer stem cell concept, which, by enabling specific examination of more aggressive cancer-initiating and
cancer propagating subpopulations, provides the tools
for discovery of novel mechanisms of cancer therapeutic
resistance (Table 1).
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Understanding the details of CSCs’ biology is a primary
goal in basic oncology research but would also pave the
way for a better clarification of CRC progression. The
translation implication of such information is clearly
deducible. In particular, the combination of previously
known and new markers defining CSC specificity, could
lead to the development of a better oriented anticancer
therapy, possibly targeting CSCs.
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PROGRESS IN DIGESTIVE SYSTEM NEOPLASMS

E2F transcription factors and digestive system
malignancies: How much do we know?
Athanasios Xanthoulis, Dina G Tiniakos
tochemical expression has been correlated with higher
tumor grade and worse patient survival, whereas in
esophageal, gastric and colorectal adenocarcinomas is
a marker of increased patient survival. E2F2 has only
been studied in colorectal cancer, where its role is not
considered significant. E2F4’s role in colorectal, gastric
and hepatic carcinogenesis is tumor-promoting. E2F8
is strongly upregulated in human HCC, thus possibly
contributing to hepatocarcinogenesis. Adenoviral transfer of E2F as gene therapy to sensitize pancreatic cancer cells for chemotherapeutic agents has been used
in experimental studies. Other therapeutic strategies
are yet to be developed, but it appears that targeted
approaches using E2F-agonists or antagonists should
take into account the tissue-dependent function of
each E2F member. Further understanding of E2Fs’ contribution in cellular functions in vivo would help clarify
their role in carcinogenesis.
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Abstract
E2F family of transcription factors regulates various
cellular functions related to cell cycle and apoptosis.
Its individual members have traditionally been classified into activators and repressors, based on in vitro
studies. However their contribution in human cancer
is more complicated and difficult to predict. We review
current knowledge on the expression of E2Fs in digestive system malignancies and its clinical implications
for patient prognosis and treatment. E2F1, the most
extensively studied member and the only one with
prognostic value, exhibits a tumor-suppressing activity
in esophageal, gastric and colorectal adenocarcinoma,
and in hepatocellular carcinoma (HCC), whereas in
pancreatic ductal adenocarcinoma and esophageal
squamous cell carcinoma may function as a tumorpromoter. In the latter malignancies, E2F1 immunohis-
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Core tip: The E2F family of transcription factors has
been in the focus of cancer research because its members regulate significant cellular functions related to
cell cycle and apoptosis. E2Fs may act either as tumorpromoters or as tumor-suppressors, depending on the
tissue. This review highlights the role of E2Fs in digestive system malignancies and their possible implication
in diagnosis, treatment and prognosis.
Original sources: Xanthoulis A, Tiniakos DG. E2F transcription factors and digestive system malignancies: How much do we
know? World J Gastroenterol 2013; 19(21): 3189-3198 Available from: URL: http://www.wjgnet.com/1007-9327/full/v19/
i21/3189.htm DOI: http://dx.doi.org/10.3748/wjg.v19.i21.3189
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INTRODUCTION
The E2F family of transcription factors is involved in
a vast number of cellular functions related to cell cycle
and apoptosis. The study of E2F began in the mid 1980s
when it was identified as a transcription activator of the
adenoviral E2 gene promoter[1,2]. The role of the prototype member, E2F1, in cancer was identified in the early
1990s through its ability to bind to and regulate the retinoblastoma protein pRb[3-7] with several members to follow
either through their homology to E2F1 or through their
association with pRb-related proteins (pocket proteins)[8-16].
Early in vitro studies rose expectations that, through
the traditional classification of the E2F family members
into activators and repressors, accurate predictions about
their contribution in human carcinogenesis could be possible, with oncogenic behavior expected for the former
and tumor-suppressing function for the latter group. Nevertheless, in vivo studies have sunk the initial enthusiasm as
their role appears to be by far more complicated[17].
E2F1 is the most thoroughly investigated member of
the E2F family in human malignancies. Other members
have also been studied but in lesser extent. In non-small
cell lung carcinoma, increased E2F1 and E2F3 expression
has been associated with worse patient prognosis[18-21]. In
breast cancer, enhanced E2F1 or E2F4 expression have
been proposed as poor prognostic indicators, whereas increased E2F5 expression has been reported in certain histological subtypes[22-26]. In ovarian cancer, E2F1-5, E2F7
and E2F8 expression is reportedly increased. In addition,
increased E2F4 and E2F7 expression has been related to
better overall or disease-free survival, respectively, whereas that of E2F8 was linked to worse overall survival[27-30].
In prostate cancer, E2F2 and E2F3 expression increases,
while E2F1 is absent[25,31]. In urothelial carcinomas of
the bladder, E2F3 expression is enhanced, while that of
E2F1 depends on the presence of invasion[25,32-37]. Increased E2F1 expression has also been observed in thyroid cancer, small cell lung carcinoma, glioblastoma and
lymph node metastases from malignant melanoma[38-42].
The aim of the current review is to summarize the
collective knowledge on the role of various E2F family
members in digestive system malignancies and to identify
possible clinical implications for patients’ diagnosis and
prognosis and for future treatment strategy design.

LZ MB

E2F3a
E2F3b
E2F4
E2F5
E2F6
E2F7a

DBD1

DBD2

E2F7b
E2F8
Nuclear localization signals
Binding to cyclin A/cdk2
DBD
Nuclear export signals

Dimerization: LZ; MB
Transactivation
Binding to pocket proteins

Figure 1 Mammalian E2F family of transcription factors. In the context of
digestive system malignancies, E2F1 may exhibit a tumor-suppressing role in
colorectal, gastric and esophageal adenocarcinoma, as well as in hepatocellular carcinoma. On the contrary, in pancreatic ductal adenocarcinoma and
esophageal squamous carcinoma a tumor-promoting role has been shown. A
tumor-promoting role is demonstrated for E2F4 in colorectal, gastric and liver
carcinogenesis. E2F8 may contribute to hepatocarcinogenesis, as it has been
shown to be strongly upregulated in human hepatocellular carcinoma. DBD:
DNA binding domain; LZ: Leucine zipper; MB: Marked box.

of this family is observed in the DNA binding domain.
The older members E2F1-6 possess N-terminal DNA
binding domain, followed by leucine zipper and marked
box domains that mediate heterodimerization. With the
exception of E2F6, the established members of the family possess a C-terminal transactivation domain containing the pocket protein binding region[36]. E2F1-3 have nuclear localization signals adjacent to their cyclin A-binding
domain. This ensures their movement to the nucleus,
thereby modulating E2F activity in a cell cycle-dependent
manner[51-53]. E2F1-6 require heterodimerization with one
of the dimerization partner (DP) proteins, DP1, DP2
or DP3 in order to form functional transcription factors
which can bind DNA with high affinity[54-59]. E2F4 and
E2F5 have bipartite nuclear export signals, which mediate their export to the cytoplasmic compartment and they
rely on heterodimerization with one of DP proteins for
their translocation to the cell nucleus[60,61]. The proteins
DP2 and DP3 are thought to be alternatively spliced
products of a single gene. The role of DP subunits is not
completely elucidated and it appears that the function of
E2F-DP heterodimer is dictated by the E2F subunit[56,57].
The transcriptional activity of E2F1-5 is regulated
through their binding with the pRb protein or the related
pocket proteins p107 and p130[62-64]. E2F1-3 bind to
pRb when the latter is found in its hypophosphorylated
form[13], E2F4 can bind to any of the pocket proteins,
whereas E2F5 associates predominantly with p130[65,66].
Generally, when a pocket protein is hypophosphorylated
can associate and block the transcriptional activity of
E2F-DP heterodimers by masking the transcription activation domain of E2Fs, rendering them inactive (passive
repression)[43]. Furthermore, the pocket protein/E2FDP complex is guided to E2F binding sites where it can

E2F STRUCTURE AND REGULATION
To date, eight members of the mammalian E2F family
have been recognized and characterized[36,43], though the
most recently identified, namely E2F7[44,45] and E2F8[46,47],
bear little homology to their traditional counterparts
(Figure 1). Two E2F3 proteins, E2F3a and E2F3b, have
been identified, which are produced from the same gene
through the use of alternate promoters[48,49]. E2F7 also
has two isoforms, E2F7a and E2F7b, which are produced
through by alternative splicing of the primary transcript[50].
The greatest homology among the different members
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apoptosis in vivo can be explained by a model suggested
in non-small cell lung carcinoma, whereby tumors with
deregulated E2F1/pRb network cannot promote p53dependent apoptosis under conditions of p53 mutation
or MDM2 overexpression[19]. The situation is quite the
opposite in esophageal adenocarcinomas arising in the
background of Barrett esophagus. In such cases, E2F1
immunohistochemical expression exhibits a positive correlation with apoptosis and an inverse relationship with
cell proliferation, implying that apoptosis is probably the
tumor-suppressive mechanism activated by E2F1. The
tumor-suppressing activity of E2F1 in adenocarcinomas
of Barrett esophagus could be explained by the intestinaltype nature of the metaplastic mucosa and it may also be
dictated by the embryological origin of the lower third of
esophagus from the foregut[78].

recruit histone deacetylases that suppress transcription
by remodelling the nucleosome (active repression)[67-70].
E2F6-8 are presumed to repress E2F-responsive genes
independently of pocket proteins[10,11,50,71].

ROLE AND FUNCTION OF E2F
TRANSCRIPTION FACTORS
E2F family members have been traditionally classified as
activators and repressors. E2F1-3a are often referred to
as activators because they transcriptionally activate certain
target genes, for example cyclin E. This E2F subclass is
expressed in a cell cycle-regulated manner exhibiting highest levels in the late G1 and S phase. In other words, they
induce the entrance of quiescent cells in the S phase of
cell cycle and overcome arrest mediated by the p16INK4a
cyclin-dependent kinase inhibitor[43,72]. E2F3b-5 comprise
the repressor subclass because their main function seems
to be the repression of transcription of some E2F target
genes when they associate with pocket proteins. This
subgroup is expressed constitutively, but transcriptional
repression by these factors takes place predominantly
in cells which are in quiescence and early G1 phase[43].
E2F6-8 are also considered as repressors but they do so,
as previously stated, by a manner independent of pocket
protein family members[10,11,16,44-46,71]. The abovementioned
classification, which is based on results of in vitro studies, is probably oversimplified and does not accurately
reflect the dynamics of E2F-dependent transcriptional
control[17,43]. The study of E2Fs’ role in vivo has been challenging because of three main obstacles impending complete understanding of their functions. Firstly, there is a
high degree of functional redundancy among activators
and repressors. Secondly, there is a functional antagonism
between E2F-mediated activation and repression in the
regulation of normal cell proliferation. Thirdly, the members of this family have the ability to regulate each others
expression, forming complex feedback loops to ensure a
balance between activators and repressors in each phase
of the cell cycle[17].

Gastric adenocarcinoma
E2F1 is found to be overexpressed in about 40% of
gastric adenocarcinomas, whereas gene amplification
of E2F1 rarely occurs[79-81]. Experimental studies have
provided evidence that adenovirus-mediated E2F1 overexpression in gastric carcinoma cells induces widespread
apoptosis, probably through direct or indirect upregulation of phosphatase and tensin homolog (PTEN) expression, activation of caspase-3 and -9 and decrease in
nuclear factor kappa-light-chain-enhancer of activated B
cells expression via PI3K/PTEN/Akt signalling pathway,
especially when combined with cyclin-dependent kinase
inhibitors, such as roscovitine. This points to a tumorsuppressing role of E2F1 in this type of cancer[82-86].
Interestingly, at least one study has demonstrated the opposite effect, i.e., downregulation of E2F1 significantly
inhibited the infiltration and proliferation abilities of human gastric cancer cells. This inconsistency was attributed
to the difference in activation of E2F1 at different points
of the cell cycle to keep a dynamic balance[87]. E2F1
immunoreactivity was shown to independently predict
favorable overall survival in gastric adenocarcinoma patients who received adjuvant chemoradiation therapy with
5-fluorouracil and leucovorin after gastrectomy and correlated with localized tumor, intestinal histological subtype and thymidylate synthase expression, supporting its
role as a potential biological marker, predictive of clinical
outcome in this particular setting[88]. Similar to colorectal
adenocarcinomas, microsatellite unstable gastric adenocarcinomas frequently exhibit mutation of the adenosineguanine-cytosine (AGC) repeat of the E2F4 gene, that
probably represents an early event in this context, allowing for additional gene anomalies to accumulate during
tumor progression[89-94].

E2FS IN DIGESTIVE SYSTEM
MALIGNANCIES
Esophageal cancer
Amplification of E2F1 is often found in esophageal
squamous cell carcinomas and the survival of patients
with such aberration is significantly lower than that of
patients without it[73]. Furthermore, positive E2F1 immunostaining correlates with histological grade and tumor
stage with the overall survival being worse for patients
with E2F1-positive tumors[74,75]. E2F1 expression is also
shown to be positively associated with cell proliferation
but not apoptosis[76]. Interestingly, the sequential transfer
of the wild-type p53 and E2F1 genes into esophageal
cancer cell lines induces tumor cell apoptosis via E2F1/
ARF/MDM2/p53 pathway[77]. It is possible that reduced
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Colorectal adenocarcinoma
There are a number of studies that investigated the role
of E2F family members, especially E2F1, in the context
of colorectal cancer. E2F1 expression was indeed found
increased in some early studies[81,95]. Later on, increased
E2F1 expression was found directly related to increased
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apoptotic levels and inversely related to cell proliferation,
particularly when serial or semiserial sections were analyzed[25,96,97], suggesting a tumor-suppressing role. E2F1
expression is higher in lung metastasis of colon adenocarcinoma and also correlates closely with the expression
of thymidylate synthase in both the primary tumor and
metastases, indicating worse response to 5-fluorouracil
due to resistance[98,99].
On the other hand, E2F4 has been directly associated
with cell proliferation in colorectal cancer, suggesting a
tumor-promoting role[97,100]. This finding is in agreement
with experimental observations in cell line and animal
models demonstrating increased nuclear expression of
E2F4 in the replicating colon epithelium[101-104]. Of interest, the immunohistochemical expression of E2F1 was
inversely correlated with that of E2F4 when studied in
serial histological sections, suggesting a possible mechanistic interlink between the two family members that has
yet to be identified[97]. An other interesting observation
is that E2F4 contains a stretch of 13 serine residues in
its trans-activation domain encoded by a microsatellite
trinucleotide AGC repeat within the E2F4 gene. This
repeat is often found mutated in various gastrointestinal
tumors, including human colorectal cancer with microsatellite instability and it is believed to be one of the targets
of DNA mismatch repair deficiency[93,105-107].
E2F2 has only recently been investigated in colorectal
adenocarcinoma. Its expression at the tissue level was
found to be very low without any relationship to kinetic
parameters, leading to the hypothesis that E2F2 expression does not contribute in colorectal carcinogenesis but
rather reflects the functional redundancy between E2F
members of the same subgroup[97].

Lastly, it has been demonstrated that E2F8 is strongly
upregulated in human HCC and it could thus contribute
to oncogenesis and progression in this type of cancer.
Mechanistic analyses indicated that E2F8 could bind to
regulatory elements of cyclin D1, regulating its transcription and promoting accumulation of S-phase cells[118].
Pancreatic cancer
E2F1 may have a tumor-promoting role in pancreatic
ductal adenocarcinoma. A direct correlation has been
found between E2F1 immunohistochemical expression
and cell proliferation index, as well as an inverse relationship between E2F1 immunopositivity and histological
grade and disease-associated survival[119]. Interestingly,
stable overexpression of E2F1 and decreased pRb expression resulting in the liberation of E2F in pancreatic
cancer cell lines may be responsible for the demonstrated
increase in chemotherapy-induced apoptosis[120]. Moreover, infection of pancreatic cancer cells lines by E2F1expressing adenoviral vector has been shown to increase
gemcitabine-induced apoptosis as well as etoposide- or
roscovitine-induced apoptosis[121,122].

ISSUES IN E2F BIOLOGY
Deregulated expression of E2F family of transcription
factors is a common phenomenon in human cancer. Little is known though about the magnitude and the nature
of their contribution. The prevailing view is that E2F activators and repressors operate in a coordinated manner
to achieve proper cell cycle progression and/or apoptosis
and that disturbance of this well orchestrated interaction can contribute to carcinogenesis. According to the
traditional classification of the different E2F members
into activators and repressors, it would be expected that
clear predictions about their function in cancer could be
made. Unfortunately, this is not the case and this classical
approach stemming from in vitro studies is openly challenged in practice[17,43]. To complicate things further, numerous E2F target genes have been identified reflecting
the fact that E2Fs participate in cellular processes beyond
the cell cycle[123-127].
Regarding digestive system malignancies, E2F1 may
exhibit a tumor-suppressing role in colorectal, gastric
and esophageal adenocarcinoma, as well as in hepatocellular carcinoma, probably through pro-apoptotic activity[25,78,82-86,96,97,108]. On the contrary, a tumor-promoting
role has been attributed to E2F1 in the context of pancreatic ductal adenocarcinoma and esophageal squamous
carcinoma[73-76,119]. It is very interesting though that in experimental models involving adenoviral transfer of E2F1
in esophageal squamous and pancreatic cancer cell lines
apoptosis was evoked[77,121,122]. The possible role, correlations and prognostic significance of E2F1 expression in
digestive system malignancies is summarized in Table 1.
E2F4, a classical “repressor”, seems to play a tumorpromoting role in colorectal, gastric and liver carcinogenesis[90,92,93,97,117]. It is also well documented that AGC

Hepatocellular carcinoma
In a recent study, nuclear immunohistochemical expression for E2F1 was positively related to tumor apoptotic
index in a series of human hepatocellular carcinomas,
supporting a pro-apoptotic role of E2F1 in this type of
cancer[108]. Interestingly, studies investigating HCC-cell
lines or mouse models have provided evidence pointing
towards a tumor-promoting role of E2F1 by demonstrating that its overexpression led to increased expression of
upstream cell proliferation or anti-apoptotic genes[109-112].
Other investigators have demonstrated that, in a transgenic mouse model, endogenous c-myc was upregulated
in the early stages of hepatocarcinogenesis, whereas p53
was overexpressed in the tumors, suggesting that both
E2F1-mediated proliferation and apoptosis are operative
but at different stages of hepatocarcinogenesis[113].
E2F3 and E2F4 are also shown to be upregulated in
HCC[114-116]. Of note, HCCs exhibiting microsatellite instability has shown deletions in AGC triplet repeats in the
coding region of the E2F4 gene in a similar manner as
demonstrated for microsatellite unstable colorectal cancer[93,105-107,117]. These results suggest that both microsatellite
instability and mutations of E2F4 commonly occur in HCC
and may play an important role in hepatocarcinogenesis[117].
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Table 1 Possible role, correlations and prognostic significance of increased E2F1 expression in digestive system malignancies
Tumor
Esophageal
Squamous cell carcinoma
Adenocarcinoma
Gastric adenocarcinoma
Colorectal adenocarcinoma
Hepatocellular carcinoma
Pancreatic ductal adenocarcinoma

Role

Clinicopathological relationships

Prognostic significance

Ref.

Tumor-promoting
Tumor-suppressing
Tumor-suppressing
Tumor-suppressing
Tumor-suppressing
Tumor-promoting

↑ tumor stage, ↑ histological grade, ↓ overall survival
↑ survival
Localized disease, intestinal histological type, ↑ overall survival
↑ survival

Yes
Yes
Yes
Yes
No
Yes

[74,75]
[78]
[88]
[25,96]
[108]
[119]

↑ histological grade, ↓ disease-free survival

↑: Increased; ↓: Decreased.

repeats in the E2F4 gene are commonly found mutated
in various gastrointestinal malignant neoplasms exhibiting microsatellite instability and they are thought to
represent one of the targets of DNA mismatch repair
deficiency[89-94,105-107,117]. Of note, in colorectal cancer, an
inverse relationship between the immunohistochemical
expression of E2F1 and E2F4 has been demonstrated
when examined in serial histological sections[97]. It would
be interesting to investigate if such a relationship can be
confirmed in other gastrointestinal cancers as well and,
if so, whether there is a common “switch” connecting
mechanistically these two opposing transcription factors.

their contribution in normal tissues. This can be the necessary step in order to clarify to which extent they exert
pivotal roles in cancer development[17].
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Green tea and the risk of gastric cancer: Epidemiological
evidence
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studies were included. The relative risks or odds ratio of
GC for the highest level of green tea consumption was
compared. Seven studies suggested no association,
eight an inverse association, and one a positive association. One study had shown a significantly lowered GC
risk when tea was served warm to cold. Another study
also showed a significantly risk with lukewarm tea. All
studies that analyzed men and women separately have
suggested a reduced risk in women than in men, albeit
no significant difference. This review demonstrates that
there is insufficient information to support green tea
consumption reduces the risk of GC. More studies on
the subject matter are warranted.
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Core tip: Gastric cancer (GC) is one of the leading cau
ses of cancer death in the world. Numerous efforts are
being made to find chemoprotective agents able to
reduce its risk. This review demonstrates that there is
insufficient information to support green tea consumption reduces the risk of GC. More studies on the subject
matter are warranted.

Abstract
Gastric cancer (GC) is one of the leading causes of
cancer death in the world. Numerous efforts are being
made to find chemoprotective agents able to reduce
its risk. Amongst these, green tea has been reported
to have a protective effect against stomach cancer.
This article aims to critically evaluate all epidemiological studies reporting an association between green tea
consumption and GC risk. MEDLINE, EBSCOHOST and
Google Scholar were used to search for clinical trials of
green tea and its correlation to stomach cancer. Studies include cohort and case-control studies. Outcome
of interests are inverse association, no association, and
positive association. Seventeen epidemiologic studies
were reviewed. Eleven studies were conducted in Japan, five in China, and one with Japanese descendent
in Hawaii. Ten case-control studies and seven cohort
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INTRODUCTION
Gastric cancer (GC) is the fourth most common cancer
and second leading cause of death from cancer throughout the world. A 2011 world analysis showed that 989600
new GC cases and 738000 deaths were estimated to have
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occurred in 2008[1]. The incidence of GC varies up to
10-fold across the world with the greatest percentage in
China, followed by South Korea, South American countries and Japan[1]. These variations may be due to differences in environmental and lifestyle factors.
An excessive intake of protein, fat, salt or meat increases the risk of stomach cancer. Contrarily, dietary
fiber, vegetables, fruit, and soy have been shown to play
an important role in prevention of GC[2]. Tea, one of the
most commonly consumed beverages in the world, has
been reported in pre-clinical and epidemiological studies to provide protective effects against GC[3]. Green tea
and its constituents have been shown to exhibit multiple
health benefits[4-6]. Green tea and its bioactive constituents
inhibit tumorigenesis in many animal models, including
those for cancer of the skin, lung, oral cavity, esophagus,
stomach, small intestine, colon, liver, pancreas, bladder,
breast, and prostate[7-11].
Polyphenols, which include flavanols, flavandiols,
flavonoids, and phenolic acids, constitute the most interesting group of green tea leaf components. Most green
tea polyphenols (GTPs) are flavonoids. Flavonoids are
phenol derivatives synthesized in substantial amounts
(0.5%-1.5%) and variety (more than 4000 flavonoids identified), and widely distributed among plants[12]. The main
flavonoids present in green tea are catechins. Catechins
are colorless, astringent, water soluble compounds, and
are readily oxidizable. Since green tea does not undergo
fermentation, it contains greater amounts of various catechins than in black or oolong tea. Traces of catechins
are also found in grapes, wine, and chocolate[13]. The four
kinds of catechins found mainly in green tea include:
(-)-epicatechin-3-gallate (ECG), (-)-epigallocatechin,
(-)-epicatechin, and (-)-epigallocatechin-3-gallate (EGCG).
Out of the above, EGCG accounts for more than 40%
of the total catechin content. Figure 1 shows the chemical structure of the four major catechins present in green
tea. EGCG is the most abundant polyphenol in green tea
and has gained most attention as the active constituent responsible for the anticarcinogenic activity of this tea. One
cup of brewed green tea (2.5 g of green tea leaves/200
mL of water) may contain 90 mg of EGCG[14]. In black
tea, the catechins compounds such as theaflavins and
thearubigins predominate. Black and green tea both contains similar amounts of flavonoids, however they differ in their chemical structure; green tea contains more
catechins (simple flavonoids). Conversely, the oxidation
undergone by black tea processing converts these simple
flavonoids into theaflavins and thearubigins[12].
The first green tea clinical trial with cancer patients as
a phase Ⅰ study using green tea capsules was performed
in 1997 and later published in 2001[15]. The purpose of
this study was to determine the maximum-tolerated dose,
toxicity, and pharmacology of oral green tea extract. A
total of 49 cancer patients with solid tumors were studies.
There were two treatment arms in this two years study:
0.05-5.05 g/m2 once daily dose and 1.0-2.2 g/m2 threetimes-daily for 6 mo. The maximum tolerated dose was 4.2
g/m2 once daily or 1.0 g/m2 three times a day. This study
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recommended that 1.0 g/m2 for three times daily should
be considered for future clinical trials and that doses
studied can be taken safely for at least 6 mo[15]. Thereafter, several phase Ⅰ studies on healthy volunteers have
also been conducted to define the basic pharmacokinetic
parameters and safety profile for oral consumption of
various types of green tea preparations[16,17]. In 2003, a
phase Ⅰ study investigated polyphenon E™ (a defined,
decaffeinated GTP mixture) in healthy individuals[18].
The study concluded that greater oral bioavailability of
EGCG can be achieved by taking the polyphenon E™
capsules on an empty stomach after an overnight fast. Recent phase Ⅰ studies have concluded that the consumption of green tea appears to be relatively safe (8-16 cups
of green tea once a day or in divided doses twice a day
for 4 wk)[3]. However, up to 2 g orally twice per day was
observed to be well tolerated in patients with stage 0 to
[19]
[20]
Ⅱ chronic lymphocytic leukemia . Bettuzzi et al had
reported that 600 mg of daily catechin extract had a statistically significant protective effect in patients with highgrade prostate intraepithelial neoplasia. EGCG delivered
in the capsule form (200 mg/d for 12 wk) has also been
reported to be effective in patients with human papilloma
virus-infected cervical lesions[21].
Although many clinical trials have been conducted
to explore the safety and efficacy of green tea extract in
cancer patients, similar studies in GC patients have not
yet been executed. Over the last three decades, a number
of epidemiological studies were conducted to investigate the association between green tea consumption and
stomach cancer risk in human subjects[22-27]. Nonetheless,
the epidemiologic studies have not yielded clear conclusions concerning the protective effects of tea consumption against cancer formation in humans. The aim of this
systematic and up-to-date review was to critically evaluate
all epidemiological studies published so far to report an
association between green tea consumption and GC risk.

SEARCH STRATEGY AND METHODS
Database and search strategy
Research articles presented in this review includes epidemiological studies of green tea consumption in relation to GC risks. Epidemiological studies were retrieved
through three computerized literature search engines:
PubMed (Medline), American University of Health Science’s literature database EBSCOHOST, and Google
Scholar. All 5490 journals in PubMed and 32 publications in EBSCOHOST are utilized in the search. Only
articles published between 1990 and 2012 were retrieved.
The major descriptor key words used for the search were
stomach cancer, GC, green tea, Camellia sinensis, EGCG,
polyphenol, catechin and the minor descriptor key words
used were tumor, cancer, lesion, polyp, adenocarcinoma.
The identifiers used were risk, prevention, treatment, prolong disease. In addition, relevant publications retrieved
from reference lists were manually searched to be included in this review. Abstracts were reviewed and studies
retrieved in full.
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Inclusion criteria
Only case-control studies, cohort studies, and prospective studies reporting association between green tea and
stomach cancer risk were included. Articles specifying
the number of GC cases and controls for case-control
studies, odds ratio (OR) or relative risk (RR) and its corresponding 95%CI for highest versus non/lowest levels
of tea intake are presented in this review.

steps of title screening, 125 studies were excluded (16 duplicate articles, 31 articles not in English, and 78 were not
epidemiologic studies). Abstracts from 85 articles were
reviewed and an additional 67 studies were excluded (33
were not epidemiologic studies, 34 were not conducted
in humans), resulting in 18 articles for full publication review. Of these, 7 were excluded (5 were not green tea, 2
did not report usable data). Of the remaining 11 articles,
six articles were identified from the reference lists and are
included in this review. As a result, 17 articles were found
to meet the inclusion criteria described above.
Eleven studies were conducted among the Japanese
population in Japan[28-30,33,35,39-44], five studies were conducted among the Chinese population in China[31,32,34,36,37],
and others were conducted among the Japanese-born
population in Hawaii, United States[38]. All of the Chinese
studies were case-control studies. RR, OR, 95%CI of
the highest green tea consumption levels were included.
Table 1 represents the main characteristics of the studies
included in this review.
Three hospital-based case control studies were carried out in Japan[29,33] and China[37]. In all investigations,
all cases were confirmed histologically and controls were
free of gastrointestinal diseases. Information on green
tea consumption, as well as lifestyle habits and family history, was obtained through a self-administered questionnaire before the final diagnosis. Adjustments were made
for age, gender, place of residence[29], age, gender, year
and season at first hospital visit, smoking and alcohol
drinking status, physical exercise, intake of coffee, black
tea, fruit, rice and beef[33], or age, gender, education level,
and smoking status[37]. The RRs or ORs were calculated
using, as reference category, subjects who drank less than
1 cup/d, or non-drinking subjects[33,37]. Although Kato
et al[29] did not find an association between green tea

Exclusion criteria
In vitro cell culture and animal studies were excluded. Papers that failed to report the number of individuals (cases
and controls) involved in the study and the level of green
tea consumption (amount or frequency of green tea consumed) were also excluded. Articles written in foreign
languages, as well as abstracts, were excluded since the
complete publications were not available for this review
work.
Data extraction
All articles were read in full. From those studies finally
selected, the following data were extracted: study design,
study name (first author, publication year), region and
study period (years), population size, green tea consumption level, OR or RR with 95%CI of the highest consumption level, and adjustments.

GREEN TEA AND GC RISK
This review included a total of 17 epidemiological studies (10 case-control studies[28-37] and 7 cohort studies[38-44]
published between 1988 and 2010. Figure 2 displays
a flow diagram of the procedure used to identify the
studies included in this review. There were 210 papers
relevant to the words used for the search. Through the
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Articles identified in online databases and citation search (n = 210)

Excluded (n = 125)
Duplicates (n = 16)
Not in English (n = 31)
Not epidemiologic studies (n = 78)
Abstract retrieved for detailed evaluation (n = 85)

Excluded (n = 67)
Not epidemiologic studies (n = 33)
Not human studies (n = 34)

Articles retrieved in full (n = 18)

Included articles identified from references
of the remaining 11 articles (n = 6)

Excluded (n = 7)
Not green tea (n = 5)
No usable data reported (n = 2)

Articles included in this review (n = 17)

Figure 2 Flow diagram of identification of relevant studies.

consumption and GC risk, Inoue et al[33] and Deandrea
et al[37] showed that the frequent consumption of green
tea (≥ 7 cups/d and ≥ 750 g/year, respectively) decreased the risk of GC. Furthermore, Deandrea et al[37] observed a significant decrease in GC risks amongst drinkers
of green tea at lukewarm temperature.
Five population-based case control studies were conducted in Japan[35] and China[31,32,34,37]. Cancer cases were
confirmed pathologically[34,37], histologically[31,32] or by
other methods[35]. In some epidemiological studies, controls were randomly selected[32,34,36] and matched according
to age and gender[31,32,35], or study area[35]. Information was
either obtained through interview[31,32,34,37] or administration of questionnaires[35]. Adjustments were made for age,
education, birthplace, alcohol and cigarette usage, fresh
fruit, vegetable and preserved fruit intake[31]; age, income,
education among women and further adjusted for smoking and alcohol drinking among men[32]; age, gender, body
mass index, cigarette smoking, and alcohol drinking[34];
and age gender, education, income, body mass index,
smoking and alcohol drinking, very hot food eating habit,
Helicobacter pylori (H. pylori) infection, stomach disease,
family history of GC[35]. The RRs or ORs were calculated
using, as reference category, non-tea drinkers[31,32,34,36] or
low consumption of green tea[35]. Four of these five studies reported an inverse association between green tea consumption and the risk of GC[31,32,34,36]. The investigation
conducted in Japan did not report any association[35]. Yu
et al[31] reported that drinking warm or cold tea was associated with significant decreased GC risk compared with
non-drinkers. This coincides with the findings of Deandrea et al[37] that there is a significant inverse association
with consuming lukewarm green tea and GC risk.

WCG|www.wjgnet.com

Two population-hospital-based case control studies
were conducted in Japan[28,30]. In both studies, cases were
histologically diagnosed and hospital controls were recruited. Information from cases and hospital controls, as
well as population controls, on the frequency and amount
of green tea consumption was obtained by interview. Interviews were performed by the public health nurses and
hospital staff[28] or by the authors and colleagues[30]. In
both studies, the interview on cases and hospital controls
were conducted before diagnostic procedures. The results
were adjusted for age, gender, smoking, intake of mandarin oranges and other fruits[28]; and age, gender, residence,
and smoking status[30]. The RRs for both studies were
compared intermediate and high consumption with low
consumption of green tea. Kono et al[28] observed a significantly decreased GC risk with high consumption of
green tea (10 or more cups/d) compared to both hospital
and population controls. However, Hoshiyama et al[30] observed a minimal to positive association in hospital and
population controls.
All of the seven cohort studies were carried out
among the Japanese population[38-44]. However, one was
conducted in Hawaii, United States[38]. Information on
the frequency and amount of green tea consumed and on
other lifestyle factors was obtained by a self-administered
postal questionnaire. In two of the seven cohort studies, the validity of the food frequency questionnaire was
evaluated[42,44], and in two of the seven cohort studies the
questionnaire was checked by interviewers[40,41]. In the
study by Galanis et al[38] of 11907 randomly selected Japanese residents of Hawaii, 108 participants developed GC
(follow-up period of 14.8 years on average). The study by
Nakachi et al[39] on 8552 residents in Saitama Prefecture,
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Table 1 Characteristics of epidemiological studies on green tea consumption and stomach cancer risk
Ref.

Region and
observation
period

Case-control studies
Kono
Kyushu,
et al[28],
Japan,
1988
1979-1982
Kato
Aichi, Japan,
et al[29],
1985-1989
1990

Study
1
population

Green tea
consumption
2
levels

RR or OR (95%CI)

139 GC cases
2574 HC
278 PC
427 GC cases
3014 HC

≤ 4 cups/d

HC: 0.5 (0.3-1.1)
PC: 0.3 (0.1-0.7)

5-9 cups/d
≥ 10 cups/d
1-4 cup/d
≥ 5 cups/d

Hoyoshima
et al[30],
1992
Yu
et al[31],
1995

Saitama,
Japan,
1984-1990
Shanghai,
China,
1991-1993

294 GC cases
202 HC
294 PC
711 GC cases
711 matched
PC

≤ 4 cups/d

Ji
et al[32],
1996

Shanghai,
China,
1988-1989

1124 GC cases
1451 matched
PC

Inoue
et al[33],
1998

Nagoya,
Japan,
1990-1995

893 GC cases
21128 HC

Non drinkers
Males:
≤ 1200 g/yr
≤ 2000 g/yr
≤ 3000 g/yr
Females:
≤ 1200 g/yr
> 1200 g/yr
Rarely
≥ 7 cups/ d

Setiawan
et al[34],
2001
Hoshiyama
et al[35],
2004

Yangzhong,
China,
1995
Japan,
1988-1990

133 GC cases
433 PC

Mu
et al[36],
2005

Deandrea
et al[37],
2010

Males: 1.01 (0.70-1.47)
Females: 0.81 (0.51-1.27)

HC: 1.3 (0.8-2.1)
PC: 0.8 (0.5-1.3)

Direction of
association

Adjustments

Inverse
Age, gender, cigarette smoking,
(significant) with mandarin oranges and other fruits
high consumption
None
Age, gender, residence
(metropolitan area in Aichi prefecture,
other areas of Aichi prefecture, and
other prefectures)
Minimal to
Age, gender, residence, cigarette
positive
smoking

Temperature: 0.71 (0.54-0.93)
Boiling hot: 1.18 (0.75-1.86)
Hot: 0.63 (0.46-0.87)
Warm/cold: 0.51 (0.29-0.91)
Males: 0.76 (0.55-1.27)
Females: 0.81(0.46-1.43)

Inverse
(significant
with warm/
cold green tea)
Inverse

Age, education, birthplace, alcohol
drinking, cigarette smoking, intake of
fresh fruit, vegetables and preserved
fruit
Age, income, and education among
women; further adjusted for smoking
and alcohol drinking among men

0.69 (0.48-1.00)

Inverse

0.39 (0.15-1.01)

Inverse
(significant)

157 GC cases
285 PC

Non drinkers
1-21 cups/wk
> 21 cups/wk
< 1 cup/d
1-2 cups/d
3-4 cups/d
5-9 cups/d
≥ 10 cups/d

Age, gender, year and season at first
hospital visit, habitual smoking,
habitual alcohol drinking, regular
physical exercise, intake of coffee,
black tea, fruit, rice and beef
Age, gender, body mass index,
cigarette smoking, alcohol drinking

1.20 (0.6-2.5)

None

Taixing,
China,
2000

206 GC cases
415 PC

Non-drinkers
> 250 g/mo

0.39 (0.17-0.91)

Inverse

Harbin,
China,
1987-1989

266 GC cases
533 HC

Non-drinkers
< 750 g/ yr
≥ 750 g/yr

Temperature: 0.87 (0.60-1.25) Inverse
Hot: 1.27 (0.85-1.90)
(significant
Lukewarm: 0.19 (0.07-0.49)
with lukewarm
green tea)

108 GC cases
11907 Japanese
residents
488 GC cases
8552 adults

Non-drinkers
1 cup/d
> 2 cups/d
≤ 3 cups/d
4-9 cups/d
≥ 10 cups/d
< 1 cups/d
1-2 cups/d
3-4 cups/d
≥ 5 cups/d

1.5 (0.9-2.3)
Males: 1. 6 (0.9-2.9)
Females: 1.3 (0.6-2.6)
0.59 (0.35-0.98)
Males: 0.54 (0.22-1.34)
Females: 0.57 (0.34-0.98)
1.2 (0.9-1.6)
Males: 1.5 (1.0-2.1)
Females: 0.8 (0.5-1.3)

Positive

Age, gender, years of education and
Japanese place of birth

Inverse

0-1 cups/d
2-4 cups/d
≥ 5 cups/d

0.95 (0.76-1.2)

None

Cigarette smoking, alcohol drinking,
intake of green and yellow vegetables,
intake of rice
Age, gender, type of health insurance,
history of peptic ulcer, cigarette
smoking, alcohol consumption,
consumption of rice, black tea, coffee,
meat, green or yellow vegetables,
pickled vegetables, other vegetables,
fruits and bean-paste soup
Age, gender, city of residence,
radiation exposure, cigarette
smoking, alcohol drinking, body
mass index, education level

Prospective cohort studies
Galanis
Hawaii,
et al[38],
Unites States,
1998
1975-1994
Nakachi
Saitama,
et al[39],
Japan
2000
Tsubono
Miyagi,
et al[40],
Japan,
2001
1984-1992

Nagano
et al[41],
2001

5-7 cups/d
≥ 8 cups/d
Non drinkers
Drinkers

3

Hiroshima
Nagasaki,
Japan,
1979-1981

419 GC cases
26311 adults

901 GC cases
37639 adults
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None

Age, gender, cigarette smoking,
H. pylori infection, history of peptic
ulcer, family history of stomach
cancer, educational level, consumption
of rice, miso soup, green-yellow
vegetables, white vegetables, fruits,
preference for salty foods
Age, gender, education, income, body
mass index, cigarette smoking, alcohol
drinking, very hot food eating habit,
H. pylori infection, stomach disease,
family history of stomach cancer
Age, gender, education level, cigarette
smoking
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Hoshiyama Japan (nationwide),
et al[42],
1988-1997
2002

Fujino
et al[43],
2002
Sasazuki
et al[44],
2004

Japan (nationwide),
1988-1990
Japan (nationwide)
Cohort Ⅰ: 1990-2001
Cohort Ⅱ: 1993-1999

359 GC deaths < 1 cups/d
72851 adults
1-2 cups/d
3-4 cups/d
5-9 cups/d
≥ 10 cups/d
379 GC deaths Everyday
328030 adults ≤ 3 times/d
> 3 times/d
892 GC cases
< 1 cups/d
72943 adults
1-2 cups/d
3-4 cups/d
≥ 5 cups/d

Men: 1.0 (0.5-2.0)
Women: 0.7 (0.3-2.0)

None Age, smoking, history of peptic ulcer, family
history, consumption of rice, miso soup, greenyellow vegetables, fruits and preference for
salty foods

Males: 1.11 (0.75-1.63)
Females: 1.43 (0.78-2.62)

None Age, gender, cigarette smoking, alcohol
drinking, diet, sporting activities, medical
history, education level
None Age, area, cigarette smoking, consumption of
fruit, green-yellow vegetables, fish gut, miso
soup, rice, black tea and coffee

Males: 0.97 (0.77-1.22)
Females: 0.70 (0.47-1.05)

1

Number of gastric cancer (GC) cases observed over the study period; 2Frequency of green tea consumption reported in each study; 3Relative risk (RR) or
odds ratio (OR) for the highest green tea (GT) consumption level studies. HC: Hospital controls; PC: Population controls; H. pylori: Helicobacter pylori.

CRITICAL ANALYSIS OF
EPIDEMIOLOGICAL FINDINGS

Table 2 Summary of findings: Number of epidemiological
studies with its reported direction of association between
green tea consumption and gastric cancer risk
Study design
Case-control studies
Cohort studies
Total

Green tea contains polyphenols, powerful antioxidants
that act as chemopreventive agents. EGCG is considered
the major polyphenol that constitute to green tea’s preventive constitute. Significant amounts of in vitro studies
with human cancer cells as well as in vivo studies with
animal models and have investigated the mechanism of
EGCG for its anticarcinogenic properties. EGCG blocks
multistage carcinogenesis by modulating a wide spectrum
of signal transduction pathways, including mitogenactivated protein kinases, Janus kinase-signal transducer
and activator of transcription, phosphoinositide 3-kinase/protein kinase B, Notch, nuclear factor-κB and
Wnt/β-catenin, involved in cell proliferation, transformation, apoptosis, inflammation, invasion and metastasis[45].
Accumulative studies show another green tea catechin
ECG can also interfere with multiple cell signaling pathways and has multiple cellular targets which are likely to
interact in concert to reduce the risk of cancer[46]. Several
clinical studies with human subjects have also demonstrated that consumption of green tea as well as EGCG
exert beneficial effects[45]. However, epidemiologic studies are somewhat limited with mixed results. Of the 17
epidemiological studies investigated in this review, eight
have no association[29,30,35,40-44], eight have inverse association[28,31-34,36,37,39], and one has positive association[38]. Table
2 provides a summary of findings. A trend observed is
that decreased risk was associated with an increased green
tea consumption level. The studies conducted in China
showed a stronger reduction in GC among green tea
drinkers than those conducted in Japan. A few authors
have argued that the relative lack of subjects in Japan
who do not drink green tea may have resulted in an insufficient number of non-drinkers, and this might be an
explanation for the weaker association among Japanese
studies[36,41,47]. In terms of study design, prospective/cohort studies are considered to be more reliable than casecontrolled studies because of the large population size.
However, the value of a study depends not only on the
type of design, but also on the overall quality. This review
identified seven cohort studies which examined the association between cancer risk and green tea consumption.

Direction of association
Negative/inverse

None

Positive

Total

7
1
8

3
5
8

0
1
1

10
7
17

Japan found 488 deaths from GC (follow-up period of 11
years). In the study by Tsubono et al[40] on 26311 residents
of the Miyagi Prefecture, 419 participants developed GC
(follow-up period of 9 years). Nagano et al[41] examined
37639 atomic bomb survivors, and of those 901 participants developed GC (follow-up period of 15 years).
In the study by Hoshiyama et al[42] on 72851 Japanese
residents, 359 subjects died of GC (follow-up period of
7 years). In the study by Fujino et al[43] on 328030 Japanese
residents, 345 subjects died of cancer (follow-up period
of 7 years). Finally, in the study conducted by Sasazuki
et al[44] of 72943 Japanese residents, 892 participants developed GC (follow-up period of (follow-up period of
10 years). In all cohorts studies, some adjustments were
made: age[38-44], gender[38-41,44], years of education[38,41,43],
cigarette smoking (for men only)[38-44], alcohol consumption (for men only)[39-41,43], place of birth[38], history of
peptic ulcer[40,42], body mass index[41], coffee consumption
and several other foodstuffs[39,40,42,43]. RRs of the highest
green tea consumption levels were included instead for all
consumption levels. In all studies, some adjustments were
made: gender, age, years of education, cigarette smoking,
alcohol consumption, place of birth, family history of
GC, body mass index, coffee consumption and several
other foodstuffs. The RRs were calculated using, as reference category, either non-drinkers[38] or the lowest level
of green tea consumption[39-44]. In the first cohort study,
Galanis et al[38] reported a non-significant increased risk
of GC associated with green tea consumption. In contrast, Nakachi et al[39] reported a slight inverse association
between green tea consumption and GC risks. The other
five cohort studies found no association between green
tea consumption and GC incidence[40-44].
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der[18,22,28-30,32-34]. In these eight studies, men were considered to show no relation at all. Women, however, seemed
to show lower risk, though there was no statistically
significant difference. It should also be noted that cigarette smoking and alcohol consumption are important
confounding factors. For example, in a case-control study
by Tsubono et al[40], a protective effect of green tea consumption was observed in women, mostly non-smokers,
with an OR of 0.8 and a 90%CI of 0.5-1.3. However,
no protective effect was found in men, who were mostly
smokers (OR = 1.5, 95%CI: 1.0-2.1). In Asia, tea drinking
is commonly associated with cigarette smoking in men.
Although the study by Tsubono et al[40] and other studies
included in this review tried to correct for smoking, the
interaction between these two factors is difficult to assess.
It is noted by Yu et al[31] that among green tea drinkers, the risk of developing GC did not depend on the
age when routine tea drinking started. This implied that
green tea may disrupt gastric carcinogenesis at the intermediate and late stages. In addition to finding a negative
association between green tea drinking and GC risk,
Yu et al[31] noted that a lowered risk is observed when
the tea was served warm/cold (boiling hot, OR = 1.18,
95%CI: 0.75-1.86; warm/cold, OR = 0.51, 95%CI:
0.29-0.91). This observation was further supported by
another case-control study by Deandrea et al[37] (hot, OR
= 1.27, 95%CI: 0.85-1.90; lukewarm, OR = 0.19, 95%CI:
0.07-0.49).
In one of the cohort studies, Galanis et al[38] suggested
that tea might have a mutagenic effect (OR = 1.5, 95%CI:
0.9-2.3). However, the number of cases in this study was
very small, and that may have resulted in the exaggerated
risk estimates.
Overall, these data do not seem to suggest a protective effect of green tea on GC. The inconsistent results
between the epidemiologic studies may be due to variables, such as differences in tea preparation and consumption, the methods of tea production, the bioavailability of tea compounds, and genetic variation in how
the human body responds to tea consumption.
All research findings from tumor cell cultures, animal
models, and epidemiological studies have shown the effects of green tea and tea polyphenols in GC prevention.
However, this should be confirmed in clinical trials in order to gain more knowledge of the relationship between
green tea consumption and GC risks. This review shows
that the overall evidence for protective effects of green
tea against cancer is inconclusive. Therefore, further epidemiologic studies and clinical trials are warranted. Adequate sample sizes, better descriptions of populations
and/or clear definitions of green tea consumption may
be required for conclusive studies. It is also important to
consider the type of tea or its preparation (e.g., short time
vs long brewing time and hot tea vs iced tea) due to the
marked impact of these factors on polyphenol content
and concentration. It is also important to draw attention
on the need of further in-depth studies on the nature and
mechanisms of the active green tea compounds, on the
bioavailability of the different catechins in human and

Of these, the smallest study observed an inverse association[39], whereas the five largest studies observed no association[40-44]. One study found a non-significant positive
association[38].
A negative association is stronger in case-control studies than in cohort studies. Seven of the ten case-control
studies have suggested an association of green tea consumption and reduced GC risk[28,31-34,36,37], whereas only
one of the seven cohort studies showed a reduced GC
risk[39]. These discrepancies may be partly associated with
the limitations of case-control design: recall, information, selection, and confounding biases. Cancer patients
may recall their dietary habits differently from healthy
controls, and healthy controls are rarely representative of
the population as a whole and tend to report a healthy
dietary habit[36]. In retrospective studies like case control
studies, the decreased consumption of green tea after
abdominal symptoms due to GC may have biased the
patient’s recall of past consumption, resulting in underestimating the patient’s true intake on green tea. Moreover,
present dietary habits might influence the accuracy of
recalling past dietary habits. In case-control studies, there
may be a problem with the reliability of information,
because information that exposes the past history is collected after cancer is diagnosed. In all studies included
in this review, selection and confounding bias was minimized (i.e., cases and controls were drawn from the same
population; adjustment for certain factors). However, in
hospital-based case control studies, the controls were not
free of diseases. Furthermore, self-selection bias could
not be excluded because information was obtained by
questionnaire survey. Only one cohort study (reporting
no association between green tea consumption and GC
risk) showed limitations due to selection bias[30].
The non-significant findings regarding the effects of
green tea consumption on GC risk in this review contradicts the results of previous experimental studies on
this topic using in vivo animal models and in vitro cancer
cell lines. The experimental studies have suggested that
GTPs might have a protective effect against GC due to
apoptosis-inducing, antimutagenic, anti-inflammatory,
and antioxidant activities. The reason for this discrepancy
between the results of experimental studies and this review is unclear. However, there might be a few possible
explanations. First is the difference in causative factors
between the cancers in humans and animals. It is possible
that green tea may be only effective against GC in certain
animal species. Second, in in vivo studies, the doses of
green tea used in animal models are much higher in comparison to human consumption. Lastly, in the context of
GC, there might be a difference in the biological activities
of polyphenols as an independent compound rather than
green tea taken as a whole. Despite the protective role of
an independent compound against the development of
cancer, it is possible that the adverse effect of green tea
taken as a whole is due to the interactions and complex
biological mechanisms of its multiple constituents.
In this review, eight studies have analyzed men and
women separately, provided RRs or ORs for each gen-
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appropriate dose level to act as functional food. Further
epidemiological research, designed specifically to study
the effect of green tea on GC, is needed. Because many
green tea drinkers brew more than one cup of tea from
each batch of dried leaves, in future studies, green tea
consumption should be assessed in terms of the amount
of active ingredient consumed in a given period. Nevertheless, the in vitro, animal, and epidemiologic studies on
the topic of green tea consumption and GC risks offered
insightful results worthy of future research on potential
cancer prevention in human.
This review has several limitations. First of all, this
review only analyzed studies of the Japanese and Chinese
population. Green tea is consumed mainly in Asian countries, such as China, Japan, and South Korea, it is not appropriate to generalize the findings in the study and apply
it to all populations. The findings and explanations should
be explored in further clinical research on a more diverse
population. Second, as with most literature reviews, the
results should be interpreted with caution because the
highest consumption of green tea, lengths of follow-up,
and questionnaire were not uniform. Although all publications included in this review adjusted for the consumption of dietary items other than green tea as much as
possible, the possibility of residual confounding factors
cannot be excluded. Lastly, 15 of the 17 studies investigated did not incorporate H. pylori infection, a strong risk
factor for GC, as a confounding factor. The subjects with
chronic gastritis caused by H. pylori infection might have
limited their consumption of foods and beverages, including green tea. On the other hand, several studies have
indicated positive interactions between green tea and H.
pylori. EGCG, one of the green tea catechins, has been
showed to possess significant protective effect against H.
pylori-induced cytotoxicity in gastric epithelial cells via interference of the toll-like receptor 4 signaling induced by
H. pylori[48]. Green tea or GTPs have exhibited bactericidal
and/or bacteriostatic effects against H. pylori[49,50]. Various
components of green tea have been reported to inhibit
H. pylori infection as well as H. pylori-induced gastritis and
gastric epithelial cell proliferation in animal models[51-53].
Chronic atrophic gastritis (CAG) represents a precancerous lesion of the stomach, and H. pylori infection is
known to increase the risk of CAG. Shibata et al[54] conducted a cross-sectional study on 636 subjects livening
in a farming village in Japan to examine the relationship
among green tea consumption, H. pylori infection, and
CAG. H. pylori infection was positively associated with
the risk of CAG (OR = 3.73; 95%CI: 2.59-5.36). High
green tea consumption (> 10 cups/d) was negatively associated with the risk of CAG, even after adjustment for
H. pylori and lifestyle factors associated with green tea
consumption (OR = 0.63; 95%CI: 0.43-0.93). The results
support the hypothesis that green tea consumption prevents gastric preneoplasia. Hence, future epidemiological
studies on green tea and GC risk should consider multivariate analysis on relationship among H. pylori infection
sustained by cytotoxin-associated gene A-positive strains,
other risk factors, and green tea consumption.

WCG|www.wjgnet.com

REFERENCES
1
2

3

4
5

6
7
8

9
10

11

12

13

14
15

16

17

18

386

Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman
D. Global cancer statistics. CA Cancer J Clin 2011; 61: 69-90
[PMID: 21296855 DOI: 10.3322/caac.20107]
Risch HA, Jain M, Choi NW, Fodor JG, Pfeiffer CJ, Howe
GR, Harrison LW, Craib KJ, Miller AB. Dietary factors and
the incidence of cancer of the stomach. Am J Epidemiol 1985;
122: 947-959 [PMID: 2998182]
Liu J, Xing J, Fei Y. Green tea (Camellia sinensis) and cancer prevention: a systematic review of randomized trials
and epidemiological studies. Chin Med 2008; 3: 12 [PMID:
18940008 DOI: 10.1186/1749-8546-3-12]
Suzuki Y, Miyoshi N, Isemura M. Health-promoting effects
of green tea. Proc Jpn Acad Ser B Phys Biol Sci 2012; 88: 88-101
[PMID: 22450537 DOI: 10.2183/pjab.88.88]
Hügel HM, Jackson N. Redox chemistry of green tea polyphenols: therapeutic benefits in neurodegenerative diseases.
Mini Rev Med Chem 2012; 12: 380-387 [PMID: 22303970 DOI:
10.2174/138955712800493906]
Cooper R. Green tea and theanine: health benefits. Int J
Food Sci Nutr 2012; 63 Suppl 1: 90-97 [PMID: 22039897 DOI:
10.3109/09637486.2011.629180]
Yang CS, Wang X. Green tea and cancer prevention. Nutr
Cancer 2010; 62: 931-937 [PMID: 20924968 DOI: 10.1080/016
35581.2010.509536]
Yang CS, Maliakal P, Meng X. Inhibition of carcinogenesis
by tea. Annu Rev Pharmacol Toxicol 2002; 42: 25-54 [PMID:
11807163 DOI: 10.1146/annurev.pharmtox.42.082101.
154309]
Butt MS, Sultan MT. Green tea: nature’s defense against
malignancies. Crit Rev Food Sci Nutr 2009; 49: 463-473 [PMID:
19399671 DOI: 10.1080/10408390802145310]
Yang CS, Wang H, Li GX, Yang Z, Guan F, Jin H. Cancer
prevention by tea: Evidence from laboratory studies. Pharmacol Res 2011; 64: 113-122 [PMID: 21397027 DOI: 10.1016/
j.phrs.2011.03.001]
Yang P, Zhou Y, Chen B, Wan HW, Jia GQ, Bai HL, Wu XT.
Overweight, obesity and gastric cancer risk: results from
a meta-analysis of cohort studies. Eur J Cancer 2009; 45:
2867-2873 [PMID: 19427197 DOI: 10.1016/j.ejca.2009.04.019]
Vinson JA, Dabbagh YA, Serry MM, Jang J. Plant flavanols,
especially tea flavonols, are powerful antioxidants using an
in vitro oxidation model for heart disease. J Agric Food Chem
1995; 43: 2800-2802 [DOI: 10.1021/jf00059a005]
Heneman K, Zidenberg-Cherr S. Nutrition and health infosheet for health professionals. CA, United States: UC Cooperative Extension Center for Health and Nutrition Research,
2008
Wu CD, Wei GX. Tea as a functional food for oral health. Nutrition 2002; 18: 443-444 [DOI: 10.1016/S0899-9007(02)00763-3]
Pisters KM, Newman RA, Coldman B, Shin DM, Khuri FR,
Hong WK, Glisson BS, Lee JS. Phase I trial of oral green tea
extract in adult patients with solid tumors. J Clin Oncol 2001;
19: 1830-1838 [PMID: 11251015]
Chow HH, Cai Y, Alberts DS, Hakim I, Dorr R, Shahi F,
Crowell JA, Yang CS, Hara Y. Phase I pharmacokinetic
study of tea polyphenols following single-dose administration of epigallocatechin gallate and polyphenon E. Cancer
Epidemiol Biomarkers Prev 2001; 10: 53-58 [PMID: 11205489]
Yang GY, Liao J, Kim K, Yurkow EJ, Yang CS. Inhibition
of growth and induction of apoptosis in human cancer cell
lines by tea polyphenols. Carcinogenesis 1998; 19: 611-616
[PMID: 9600345 DOI: 10.1093/carcin/19.4.611]
Chow HH, Hakim IA, Vining DR, Crowell JA, RangerMoore J, Chew WM, Celaya CA, Rodney SR, Hara Y, Alberts DS. Effects of dosing condition on the oral bioavailability of green tea catechins after single-dose administration of
Polyphenon E in healthy individuals. Clin Cancer Res 2005;
11: 4627-4633 [PMID: 15958649 DOI: 10.1158/1078-0432.
CCR-04-2549]

January 28, 2014|First Edition|

Hou IC et al . Green tea and stomach cancer risk
19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

Shanafelt TD, Call TG, Zent CS, LaPlant B, Bowen DA,
Roos M, Secreto CR, Ghosh AK, Kabat BF, Lee MJ, Yang
CS, Jelinek DF, Erlichman C, Kay NE. Phase I trial of daily
oral Polyphenon E in patients with asymptomatic Rai stage
0 to II chronic lymphocytic leukemia. J Clin Oncol 2009; 27:
3808-3814 [PMID: 19470922 DOI: 10.1200/JCO.2008.21.1284]
Bettuzzi S, Brausi M, Rizzi F, Castagnetti G, Peracchia G,
Corti A. Chemoprevention of human prostate cancer by
oral administration of green tea catechins in volunteers with
high-grade prostate intraepithelial neoplasia: a preliminary
report from a one-year proof-of-principle study. Cancer
Res 2006; 66: 1234-1240 [PMID: 16424063 DOI: 10.1158/
0008-5472.CAN-05-1145]
Ahn WS, Yoo J, Huh SW, Kim CK, Lee JM, Namkoong
SE, Bae SM, Lee IP. Protective effects of green tea extracts
(polyphenon E and EGCG) on human cervical lesions. Eur J
Cancer Prev 2003; 12: 383-390 [PMID: 14512803 DOI: 10.1097
/00008469-200310000-00007]
Borrelli F, Capasso R, Russo A, Ernst E. Systematic review:
green tea and gastrointestinal cancer risk. Aliment Pharmacol Ther 2004; 19: 497-510 [PMID: 14987318 DOI: 10.1111/
j.1365-2036.2004.01884.x]
Zhou Y, Li N, Zhuang W, Liu G, Wu T, Yao X, Du L, Wei
M, Wu X. Green tea and gastric cancer risk: meta-analysis of
epidemiologic studies. Asia Pac J Clin Nutr 2008; 17: 159-165
[PMID: 18364341]
Sasazuki S, Tamakoshi A, Matsuo K, Ito H, Wakai K, Nagata C, Mizoue T, Tanaka K, Tsuji I, Inoue M, Tsugane S.
Green tea consumption and gastric cancer risk: an evaluation based on a systematic review of epidemiologic evidence among the Japanese population. Jpn J Clin Oncol 2012;
42: 335-346 [PMID: 22371426 DOI: 10.1093/jjco/hys009]
Boehm K, Borrelli F, Ernst E, Habacher G, Hung SK, Milazzo S, Horneber M. Green tea (Camellia sinensis) for the prevention of cancer. Cochrane Database Syst Rev 2009; CD005004
[PMID: 19588362 DOI: 10.1002/14651858.CD005004.pub2]
Myung SK, Bae WK, Oh SM, Kim Y, Ju W, Sung J, Lee YJ,
Ko JA, Song JI, Choi HJ. Green tea consumption and risk
of stomach cancer: a meta-analysis of epidemiologic studies. Int J Cancer 2009; 124: 670-677 [PMID: 18973231 DOI:
10.1002/ijc.23880]
Hoshiyama Y, Kawaguchi T, Miura Y, Mizoue T, Tokui N,
Yatsuya H, Sakata K, Kondo T, Kikuchi S, Toyoshima H,
Hayakawa N, Tamakoshi A, Yoshimura T. Green tea and
stomach cancer--a short review of prospective studies. J
Epidemiol 2005; 15 Suppl 2: S109-S112 [PMID: 16127221 DOI:
10.2188/jea.15.S109]
Kono S, Ikeda M, Tokudome S, Kuratsune M. A case-control
study of gastric cancer and diet in northern Kyushu, Japan.
Jpn J Cancer Res 1988; 79: 1067-1074 [PMID: 3143695 DOI:
10.1111/j.1349-7006.1988.tb01528.x]
Kato I, Tominaga S, Ito Y, Kobayashi S, Yoshii Y, Matsuura
A, Kameya A, Kano T. A comparative case-control analysis
of stomach cancer and atrophic gastritis. Cancer Res 1990; 50:
6559-6564 [PMID: 2208116]
Hoshiyama Y, Sasaba T. A case-control study of single and
multiple stomach cancers in Saitama Prefecture, Japan.
Cancer Sci 1992; 83: 937-943 [DOI: 10.1111/j.1349-7006.1992.
tb02004.x]
Yu GP, Hsieh CC, Wang LY, Yu SZ, Li XL, Jin TH. Green-tea
consumption and risk of stomach cancer: a population-based
case-control study in Shanghai, China. Cancer Causes Control
1995; 6: 532-538 [PMID: 8580302 DOI: 10.1007/BF00054162]
Ji BT, Chow WH, Yang G, McLaughlin JK, Gao RN, Zheng
W. The influence of cigarette smoking, alcohol, and green
tea consumption on the risk of carcinoma of the cardia
and distal stomach in Shanghai, China. Cancer 1996; 77:
2449-2457 [DOI: 10.1002/(SICI)1097-0142(19960615)77:
12<2449: : AID-CNCR6>3.0.CO; 2-H]
Inoue M, Tajima K, Hirose K, Hamajima N, Takezaki T,

WCG|www.wjgnet.com

34

35

36

37

38

39

40

41

42

43

44

45

46

47

387

Kuroishi T, Tominaga S. Tea and coffee consumption and
the risk of digestive tract cancers: data from a comparative
case-referent study in Japan. Cancer Causes Control 1998; 9:
209-216 [PMID: 9578298]
Setiawan VW, Zhang ZF, Yu GP, Lu QY, Li YL, Lu ML,
Wang MR, Guo CH, Yu SZ, Kurtz RC, Hsieh CC. Protective
effect of green tea on the risks of chronic gastritis and stomach cancer. Int J Cancer 2001; 92: 600-604 [PMID: 11304697
DOI: 10.1002/ijc.1231]
Hoshiyama Y, Kawaguchi T, Miura Y, Mizoue T, Tokui N,
Yatsuya H, Sakata K, Kondo T, Kikuchi S, Toyoshima H,
Hayakawa N, Tamakoshi A, Ohno Y, Yoshimura T. A nested case-control study of stomach cancer in relation to green
tea consumption in Japan. Br J Cancer 2004; 90: 135-138
[PMID: 14710220 DOI: 10.1038/sj.bjc.6601512]
Mu LN, Lu QY, Yu SZ, Jiang QW, Cao W, You NC, Setiawan VW, Zhou XF, Ding BG, Wang RH, Zhao J, Cai L,
Rao JY, Heber D, Zhang ZF. Green tea drinking and multigenetic index on the risk of stomach cancer in a Chinese
population. Int J Cancer 2005; 116: 972-983 [PMID: 15856451
DOI: 10.1002/ijc.21137]
Deandrea S, Foschi R, Galeone C, La Vecchia C, Negri E,
Hu J. Is temperature an effect modifier of the association between green tea intake and gastric cancer risk? Eur J Cancer
Prev 2010; 19: 18-22 [PMID: 19864955]
Galanis DJ, Kolonel LN, Lee J, Nomura A. Intakes of selected foods and beverages and the incidence of gastric cancer among the Japanese residents of Hawaii: a prospective
study. Int J Epidemiol 1998; 27: 173-180 [PMID: 9602395 DOI:
10.1093/ije/27.2.173]
Nakachi K, Matsuyama S, Miyake S, Suganuma M, Imai
K. Preventive effects of drinking green tea on cancer and
cardiovascular disease: epidemiological evidence for multiple targeting prevention. Biofactors 2000; 13: 49-54 [PMID:
11237198 DOI: 10.1002/biof.5520130109]
Tsubono Y, Nishino Y, Komatsu S, Hsieh CC, Kanemura
S, Tsuji I, Nakatsuka H, Fukao A, Satoh H, Hisamichi S.
Green tea and the risk of gastric cancer in Japan. N Engl
J Med 2001; 344: 632-636 [PMID: 11228277 DOI: 10.1056/
NEJM200103013440903]
Nagano J, Kono S, Preston DL, Mabuchi K. A prospective
study of green tea consumption and cancer incidence, Hiroshima and Nagasaki (Japan). Cancer Causes Control 2001; 12:
501-508 [PMID: 11519758]
Hoshiyama Y, Kawaguchi T, Miura Y, Mizoue T, Tokui N,
Yatsuya H, Sakata K, Kondo T, Kikuchi S, Toyoshima H,
Hayakawa N, Tamakoshi A, Ohno Y, Yoshimura T. A prospective study of stomach cancer death in relation to green
tea consumption in Japan. Br J Cancer 2002; 87: 309-313
[PMID: 12177800 DOI: 10.1038/sj.bjc.6600487]
Fujino Y, Tamakoshi A, Ohno Y, Mizoue T, Tokui N, Yoshimura T. Prospective study of educational background
and stomach cancer in Japan. Prev Med 2002; 35: 121-127
[PMID: 12200096 DOI: 10.1006/pmed.2002.1066]
Sasazuki S, Inoue M, Hanaoka T, Yamamoto S, Sobue T,
Tsugane S. Green tea consumption and subsequent risk of
gastric cancer by subsite: the JPHC Study. Cancer Causes
Control 2004; 15: 483-491 [PMID: 15286468]
Singh BN, Shankar S, Srivastava RK. Green tea catechin,
epigallocatechin-3-gallate (EGCG): mechanisms, perspectives and clinical applications. Biochem Pharmacol 2011; 82:
1807-1821 [PMID: 21827739 DOI: 10.1016/j.bcp.2011.07.093]
Pan MH, Chiou YS, Wang YJ, Ho CT, Lin JK. Multistage
carcinogenesis process as molecular targets in cancer chemoprevention by epicatechin-3-gallate. Food Funct 2011; 2:
101-110 [PMID: 21779554 DOI: 10.1039/c0fo00174k]
Sun CL, Yuan JM, Koh WP, Yu MC. Green tea, black tea
and colorectal cancer risk: a meta-analysis of epidemiologic
studies. Carcinogenesis 2006; 27: 1301-1309 [PMID: 16638787
DOI: 10.1093/carcin/bgl024]

January 28, 2014|First Edition|

Hou IC et al . Green tea and stomach cancer risk
48

49

50

51

Lee KM, Yeo M, Choue JS, Jin JH, Park SJ, Cheong JY, Lee
KJ, Kim JH, Hahm KB. Protective mechanism of epigallocatechin-3-gallate against Helicobacter pylori-induced gastric
epithelial cytotoxicity via the blockage of TLR-4 signaling.
Helicobacter 2004; 9: 632-642 [PMID: 15610077 DOI: 10.1111/
j.1083-4389.2004.00281.x]
Stoicov C, Saffari R, Houghton J. Green tea inhibits Helicobacter growth in vivo and in vitro. Int J Antimicrob Agents
2009; 33: 473-478 [PMID: 19157800 DOI: 10.1016/j.ijantimica
g.2008.10.032]
Ankolekar C, Johnson D, Pinto Mda S, Johnson K, Labbe
R, Shetty K. Inhibitory potential of tea polyphenolics and
influence of extraction time against Helicobacter pylori and
lack of inhibition of beneficial lactic acid bacteria. J Med
Food 2011; 14: 1321-1329 [PMID: 21663484 DOI: 10.1089/
jmf.2010.0237]
Akai Y, Nakajima N, Ito Y, Matsui T, Iwasaki A, Arakawa
Y. Green Tea Polyphenols Reduce Gastric Epithelial Cell

52

53

54

Proliferation and Apoptosis Stimulated by Helicobacter pylori Infection. J Clin Biochem Nutr 2007; 40: 108-115 [PMID:
18188412 DOI: 10.3164/jcbn.40.108]
Matsubara S, Shibata H, Ishikawa F, Yokokura T, Takahashi
M, Sugimura T, Wakabayashi K. Suppression of Helicobacter
pylori-induced gastritis by green tea extract in Mongolian
gerbils. Biochem Biophys Res Commun 2003; 310: 715-719
[PMID: 14550260 DOI: 10.1016/j.bbrc.2003.09.066]
Takabayashi F, Harada N, Yamada M, Murohisa B, Oguni I.
Inhibitory effect of green tea catechins in combination with
sucralfate on Helicobacter pylori infection in Mongolian
gerbils. J Gastroenterol 2004; 39: 61-63 [PMID: 14767736 DOI:
10.1007/s00535-003-1246-0]
Shibata K, Moriyama M, Fukushima T, Kaetsu A, Miyazaki
M, Une H. Green tea consumption and chronic atrophic
gastritis: a cross-sectional study in a green tea production
village. J Epidemiol 2000; 10: 310-316 [PMID: 11059513 DOI:
10.2188/jea.10.310]
P- Reviewers Franceschi F, Shibata T, Yen HH
S- Editor Huang XZ L- Editor A E- Editor Xiong L

WCG|www.wjgnet.com

388

January 28, 2014|First Edition|

WC G

World Clinical
Gastroenterology

2014 First Edition
bpgoffice@wjgnet.com

ISBN 978-0-9914430-0-0
© 2014 Baishideng Publishing Group Inc. All rights reserved.

PROGRESS IN DIGESTIVE SYSTEM NEOPLASMS

Clinical utility of anti-p53 auto-antibody: Systematic review
and focus on colorectal cancer
Aravind Suppiah, John Greenman
the data of anti-p53 auto-antibody in colorectal cancer
studies, and discusses future strategies including the
potentially promising role using anti-p53 auto-antibody
presence in screening and surveillance.

Aravind Suppiah, Postgraduate Medical Institute, Biomedical
and Environmental Sciences, University of Hull, Cottingham
HU6 7RX, United Kingdom
Aravind Suppiah, Castle Hill Hospital, Cottingham HU16 5JQ,
United Kingdom
John Greenman, School of Biological, Biomedical and Environmental Sciences, University of Hull, Cottingham HU6 7RX,
United Kingdom
Author contributions: Suppiah A drafted, wrote and submitted
the manuscript; Greenman J revised the manuscript, and provided
final approval.
Correspondence to: Aravind Suppiah, MD, FRCS, Castle Hill
Hospital, Castle Road, Cottingham HU16 5JQ,
United Kingdom. aravind.suppiah@hotmail.com
Telephone: +44-79-20486056 Fax: +44-14-82622335
Received: February 22, 2013 Revised: May 29, 2013
Accepted: June 18, 2013
Published: January 28, 2014

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: p53 gene; p53 mutation; Anti-p53 autoantibody; Cancer; Colorectal cancer
Core tip: Anti-p53 auto-antibodies are commonly produced in response to p53 mutations. Anti-p53 autoantibody titres generally increase with tumour load, but
not all patients who are initially sero-negative develop
an auto-antibody response despite disease progression
and metastases. Conversely, sero-positive patients do
not lose their anti-p53 auto-antibodies despite the cancer being completely excised. In general, cancers with
the highest p53 mutation rate, e.g. , oesophageal and
ovarian, demonstrate the highest anti-p53 auto-antibody rates; conversely, melanoma and testicular carcinoma with the lowest mutation rate have the lowest
serum auto-antibody levels. Measurement of anti-p53
auto-antibodies may be useful in screening or monitoring for tumour recurrence.

Abstract
Mutation of the p53 gene is a key event in the carcinogenesis of many different types of tumours. These can
occur throughout the length of the p53 gene. Anti-p53
auto-antibodies are commonly produced in response to
these p53 mutations. This review firstly describes the
various mechanisms of p53 dysfunction and their association with subsequent carcinogenesis. Following this,
the mechanisms of induction of anti-p53 auto-antibody
production are shown, with various hypotheses for the
discrepancies between the presence of p53 mutation
and the presence/absence of anti-p53 auto-antibodies.
A systematic review was performed with a descriptive
summary of key findings of each anti-p53 auto-antibody study in all cancers published in the last 30 years.
Using this, the cumulative frequency of anti-p53 autoantibody in each cancer type is calculated and then
compared with the incidence of p53 mutation in each
cancer to provide the largest sample calculation and
correlation between mutation and anti-p53 auto-antibody published to date. Finally, the review focuses on
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INTRODUCTION
The p53 gene is located on the distal band of the short
arm of chromosome 17p13[1,2]. It consists of approximately 20000 base pairs spread over 11 exons[2-5]. p53 was
initially discovered in 1979 as a protein binding to a viral
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mutation but also elevated levels of normal p53. This is
discussed later (see Anti-p53 Auto-antibody).
Wild-type p53 protein expression is intra-nuclear
with a half-life of 5-30 min and is subject to complex
regulation[29]. The most important regulator is thought to
be Murine Double Minute 2 (Mdm2)[29,30]. Mdm2 is an
ubiquitin-dependant E3 ligase which targets wild-type p53
protein for nuclear and cytoplasmic proteasome-mediated
degradation[31,32]. When up-regulated p53 binds to the
Mdm2 promoter leading to increased levels of mdm-2
transcription; the Mdm2 gene product then inhibits p53
thus creating a negative feedback loop. This feedback
process is complex and regulated by multitude of factors.
Mdm-2 in itself is subject to modifications mainly selfdegradation by (1) auto-ubiquitination[33,34]; (2) small Ubiquitin-like Modifier (SUMO)-ylation[35]; (3) acetylation[36];
(4) post-translational upstream kinases (e.g., ATM kinase
phosphorylation of Mdm2 and Mdm-X)[37-39]; (5) Mdm-2
in conjunction with Mdm-X (also known as Mdm-4) can
form a Mdm2-MdmX-p53 complex which represses p53
activity; and (6) Mdm-X can furthermore act independently of Mdm-2 and repress p53-bound chromatin, without Mdm2, most likely by direct binding. The combinations of these mechanisms, regulate p53 accumulation in
response to various cellular stresses (Figure 1).
p53 increases in response to cellular stress caused by
a variety of insults including DNA damage, oncogene
activation, ribosomal stress and hypoxia[11] by several
mechanisms: (1) increased transcription; (2) increased
intra-nuclear accumulation of active p53; (3) increased
extra-nuclear export of Mdm-2[40,41]; (4) down-regulation
of Mdm2-Mdmx which usually represses chromatinbound-p53 [24]; (5) various downstream post-translational modifications of both p53 and its regulators e.g.,
Mdm2[17]; and (6) raised cytosolic p53[42-45].
Active p53 has tumour suppressive activity by causing
cell cycle arrest, apoptosis and autophagy. Cell cycle arrest initially provides additional time for the cell to repair
damaged DNA. However, cells unable to repair damage
are directed towards apoptosis by shifts in the balance
between pro-arrest, pro-autophagy and pro-apoptotic
factors severe cellular damage, the cell pushed directly towards apoptosis by the relative increase in pro-apoptotic
markers relative to cell-cycle arrest promoters[19].
Autophagy is an evolutionary catabolic process of
mass lysosomal self-degradation of cytosol/proteins/organelles which are sequestered into a double membrane
vesicle which is then fused with lysosomes for bulk degradation[42,43]. p53 plays a dual role in activating and/or
inhibiting autophagy by transactivating numerous autophagy regulators including mammalian target of rapamycin (mTOR)[46], activated protein kinase (AMPK) and
tuberous sclerosis protein (TSC2)[43,47]. p53 is also able to
influence the decision between apoptosis and autophagy
by selectively activating pro-autophagy proteins such as
AMPK, death-associated protein kinase 1 (DAPK-1)
and damage-regulated autophagy modulator (DRAM)[48].
Alternatively, p53 also promotes apoptosis by activating pro-apoptotic markers such as B-cell Lymphoma 2

oncogene, Simian Vacuolating 40 (SV40) large T-antigen,
and hence was thought to be an oncogene itself[6-8]. It
has since been established that it has a critical role as a
tumour-suppressor gene[9-11]. p53 inactivation predisposes
cells to malignant transformation in rodent models and
in human clinical diseases such as Li-Fraumeni syndrome;
the latter being characterized by germline mutations of
p53[12-14]. The tumour suppressive role of p53 is so crucial
that it is referred to as “the guardian of the genome”[15,16].
It is the most common mutation found in cancers and is
present in half of all solid tumours thus emphasising its
importance in protecting cells from carcinogenesis[3]. The
frequency of mutation varies in individual cancers ranging from 5%-12% in cervical and haemopoietic malignancies to 40%-50% in colorectal and ovarian cancer[1,5].
Additionally, the remaining cancers with no detectable
p53 mutation are still thought to have dysfunctional p53
caused by mechanisms other than mutation[9,17-20]. The
most recent advances in colorectal cancer (CRC) treatment have been in the field of immunology with the use
of antibodies against potent growth factors including epidermal growth factor receptor (EGFR) and vascular endothelial growth factors (VEGF)[21,22]. As such, p53, with
its diverse immuno-regulatory role maintains a vital role
in future of management of cancer and benign diseases.
This review begins with the description of the normal
p53 gene function and mechanisms of p53 inactivation
in cancer, followed by a systematic review of the association between the anti-p53 auto-antibody response and
underlying p53 mutations, and finally a clinical focus on
the current evidence and potential future role of anti-p53
auto-antibody in colorectal cancer.

p53 GENE AND GENE FUNCTION
p53 acts as a tumour suppressor by preventing propagation of defective cells. It is up-regulated by various
upstream factors in response to cellular stress or damage such as DNA damage, hypoxia, telomere shortening
and oncogenic stimulation or radiation[2,11]. Activated p53
modifies downstream gene expression and co-factor transcription, which in conjunction with p53, lead to growth
arrest (e.g., via p21WAF1) or apoptosis (e.g., p53-upregulated
modulator of apoptosis, PUMA)[19,23,24].
The p53 gene encodes for a 393 amino-acid, 53 kDa,
phospho-protein which is divided into 3 domains-an amino (-NH2) terminal region (approximately amino acids
1-100), a central “core” domain (amino acids 100-300)
and a terminal carboxyl (-COOH) region (amino acids
320-360)[25-27]. Almost all mutations are harboured in the
central “core” which contains the DNA-binding regions.
Thus p53 dysfunction is most likely caused by mutations that alter DNA binding behaviour. However, most
anti-p53 auto-antibodies do not recognise central core
mutations but rather recognise epitopes in the 2 terminal
regions. An interesting observation is that these terminal
regions which contain the least mutations are also found
on the wild-type and the mutant p53 protein[25,27,28]. This
suggests anti-p53 is not only produced in response to
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Figure 1 Normal p53 function highlighted in green boxes and blue figures as described. Red boxes show mechanisms for inactivation; Normal p53 function
highlighted in green and blue figures. PI3K: Phosphatidylinositol-3-kinase; PTEN: Phosphatase and tensin homolog; AKT: Protein kinase B; ATM: Ataxia telangiectasia
mutated kinase; mTOR: Mammalian target of rapamycin; DAPK: Death-associated protein kinase; DRAM: Damage-regulated autophagy modulator; PUMA: p53upregulated modulator of apoptosis; hTERT: Human telomerase reverse transcriptase.

(Bcl-2), Bcl-2 associated death protein (BAD), Bcl-2 associated X-protein (BAX), p53-upregulated modulator of
apoptosis (PUMA)[49] and autophagy inhibitors such as
TP-53 induced glycolysis and apoptosis regulator proteins
(TIGAR)[42].
Disruption of p53 gene transcription function and
subsequent production of an inactive mutant p53 protein
allows cells to escape the cellular arrest/apoptosis controls. This allows unregulated propagation of abnormal
cells and a predisposition to malignant transformation.
It is important to be aware that in vivo p53 behaviour can
be different from in vitro response. This could be due to
different stress types[50,51], cell types[52] and immune responses[24,53,54].

which is further corroborated by the UMD-TP53 mutation database, another international database that spans
over 25 years[1,3,56]. The most common type of mutation
is mis-sense (73%) followed by frame shift (9%), nonsense (8%), silent (4%) and others (6%)[1,3,57].
p53 is also inactivated by mechanisms other than p53
gene mutation and are described below (Figure 1).
Proto-oncogene activation
Proto-oncogenes are normal proteins that become oncogenic with relatively minor modifications[6]. These protooncogenes are usually important cell cycle regulators
(e.g., p14ARF)[58]. Human papilloma virus (HPV) 16/18 E6
protein which causes cervical cancer is able to inactivate
p53 without mutation. This explains the relatively low incidence of p53 mutation in cervical cancer[59,60]. The SV40
large-T-antigen is another viral oncogene which is able to
inactivate wild-type p53[61].

MECHANISMS OF p53 INACTIVATION
The most common cause of p53 inactivation is mutation which most frequently occurs within the p53 core,
and furthermore 70% occur at “hot spots”-amino acids
132-142, 151-159, 172-179, 237-249 and 272-286 [26,55].
The International Agency for Research on Cancer (IARC)
TP53 database similarly reports the most frequent p53
mutations at codons 175, 245, 248, 249, 273 and 282;
WCG|www.wjgnet.com

Mdm2 over-expression
Mdm2 is a negative regulator of p53 and reduces the cell’
s ability to trigger the pro-arrest/apoptotic pathway in
the event of cellular damage[62,63]. Mdm2 over-expression
can occur by gene amplification, gene over-expression or
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mRNA over-transcription[20,56]. Mdm2 over-expression is
classically observed in soft tissue sarcomas[64,65]. Interestingly, instead of a decrease in p53 expression, the levels
of both Mdm2 and p53 expression are increased. This
suggests Mdm2 may have an additional p53-independent
oncogenic mechanism (in addition to p53 suppression by
negative feedback) which can promote tumour growth.

body response declined due to the lack of accurate quantification methods and no observable clinical relevance.
Research into the auto-antibody was invigorated in the
1990s when the critical role of p53 gene in carcinogenesis
was recognized. The exact cause of induction of anti-p53
auto-antibody production is unknown but is thought to
be associated with the presence of p53 mutation and p53
protein over-expression.
An anti-p53 auto-antibody is not normally produced
wild-type p53 protein induces tolerance of the host[32,79].
In abnormal cells, mutant p53 protein is stabilised as
discussed above which cause relatively high intra-nuclear
p53 protein accumulation which then escapes into the
cytoplasm. The resulting high cytoplasmic p53 levels increase the likelihood of p53 protein being degraded by
proteasomes and presented on cell surfaces to be recognised by T-cells in a MHC Ⅰ response[16]. Auto-antibodies
recognises epitopes on the terminal regions of the protein, and hence auto-antibody production can theoretically be triggered by either the wild-type or the mutant
p53, provided sufficiently high levels of these immunodominant epitopes are present at the cell surface[80]. Another probable antigen presentation mechanism is where
cancer cells containing high cytoplasmic concentrations
of p53 undergo necrosis and release p53 into the blood
and lymphatic system where appropriate B-cells can interact. These antigens are also captured by Antigen Presenting Cells (APC) in their normal scavenging role and
are presented in association with MHC class Ⅱ response
causing a Th2-like cell response[16] (Figure 2).
P53 mutation alone is insufficient to trigger anti-p53
auto-antibody production as evidenced by several observations. Firstly, only 20%-50% of patients with detectable
p53 mutations produce detectable auto-antibodies[81,82].
This is attributed to the type of mutation, e.g., mis-sense
mutations are associated with higher auto-antibody production compared with other mutations[5,56,57,83]. This is
probably because mis-sense mutations are more likely to
produce a stable mutant p53 protein which is more likely
to accumulate to sufficient levels to increase the likelihood of antigen presentation. Other mutations such as
non-sense, frameshift and deletions often lead to truncated mRNA and unstable protein sequences which are
less likely to accumulate, and thus less likely to induce
auto-antibody production[84]. Secondly, anti-p53 autoantibodies most frequently recognise terminal epitopes
but not the central domain with the majority of mutations[25,27,28,81]. Thirdly, large SV40 T-antigen stabilises p53
protein leading to accumulation of the wild-type protein
which also induces auto-antibody production. Together
these observations suggest that humoral response is triggered by elevated p53 protein levels per se (mutated and/
or wild-type) rather than specifically directed at a mutated
sequence.

Dysfunction of regulators of the p53-Mdm2 loop
Mutations of in the p53-Mdm-2 feedback loop such
as AKT Kinase, Phosphatidylinositol-3-kinase (PI3K),
Phosphatase and Tensin Homolog (PTEN) and Ataxia
Telangiectasia Mutated (ATM)-Kinase can inappropriately influence levels of p53 (see detailed description below).
p53 disruption has also been associated with inactivation
of other tumour suppressors e.g., BRCA1, Bcl-2, transforming growth factor (TGF)-β. AKT-kinase not only influences p53 levels but forms an apoptotic pathway with
mTOR, an autophagy marker, in the PI3K/AKT/mTOR
pathway demonstrating the complex interplay between
p53 and the relative levels of its regulators in deciding cell
fate[19,42,43]: (1) AKT-kinase phosphorylates Mdm2 and
induces migration of phosphorylated-Mdm2 into the
nucleus where it inactivates p53. AKT over-expression
has been shown to occur in cancer cells[66,67]; (2) PTEN
is tumour-suppressive and activated in response to stress
leading to p53 up-regulation. Wild-type PTEN inhibits
AKT-kinase phosphorylation of Mdm-2 and thus, intranuclear Mdm2 migration which suppresses p53 activity[29,68,69]. In contrast mutated PTEN is unable to inhibit
AKT-kinase which leads to continuous Mdm2- phosphorylation and Mdm-2 intra-nuclear migration leading to
reduced p53 tumour suppressive ability[69,70]; and (3) Cell
stress (e.g., irradiation) activates factors up-stream of p53
such as ATM kinase and checkpoint Kinase-2[54,65]. Mutated ATM-kinase is unable to activate p53 in response to
radiation-induced stress.
Nuclear exclusion and cytoplasmic p53
Extrusion of p53 into cytoplasm has been observed in
certain tumours such as breast[71], colon[72], neuroblastoma[73] and malignant melanoma[74]. Nuclear extrusion prevents p53 from performing its intra-nuclear interactions.
Gain of oncogenic function
Mutant p53 has an impaired ability to regulate cell cycle
which is referred to as “loss of function”[3,6,75]. In addition to this, mutated p53 can also exhibit conformational
changes which result in acquisition of new pro-oncogenic
abilities; this is known as “gain of function”. Such functions include increased transcription of tumour-promoting factors such as MYC and VEGF[76] and disruption of
protective pro-apoptotic factors such as p73[7,77].

ANTI-p53 AUTO-ANTIBODY

Discrepancy between anti-p53 auto-antibody and p53
mutation
There are discrepancies between the presence of p53
mutation, p53 protein product expression and anti-p53

An anti-p53 auto-antibody response was first reported by
Crawford et al[78] in 1982 in 9% (14/155) of patients with
breast cancer. Further interest in this anti-p53 auto-anti-
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Figure 2 Proposed mechanisms of anti-p53 auto-antibody induction. MHC: Major histocompatibility complex; CD8: Cluster of 8 differentiation; CTL: Cytotoxic
T-cell; IL: Interleukin; APC: Antigen presenting cell.

auto-antibody production. This is largely attributed to
the methodological differences of detection. Initial gene
screening studies reported that most p53 mutations were
localised to exons 5-8 and to a lesser extent 4, 9, 10. Subsequent studies then only tended to screen these regions
leading to substantial screening bias. It is now known that
at least 10% of p53 mutations occur outside these areas[84,85]. Another source of methodological difference is
p53 protein detection which is inherently subject to tissue
sampling and biopsy errors. Older studies (pre-1999) had
different immuno-histochemical, fixation, paraffinization,
antigen and antibody retrieval and observer scoring techniques. Finally, the antibody used to detect the mutant
p53 protein affects sensitivity of p53 protein detection in
IHC and also the detection of anti-p53 auto-antibody in
ELISA as described below.
Historically, the auto-antibody was initially detected
using immunoblots or in-house enzyme linked immunosorbent assay (ELISA). These ELISA used different cutoff values leading to a vast range of reported frequencies
of anti-p53 auto-antibody within individual cancers in
many older studies. Although standardised commercial
ELISA are now widely available leading to an increase
in anti-p53 ELISA studies (2000 onward), auto-antibody
detection can still vary depending on different manufacturers’ product[86]. Most importantly, these ELISAs only
measure an antibody response against those p53 epitopes,
which are expressed by the recombinant proteins used as
the coating antigen. This may account for the reason that
there are minor variations in commercial ELISA studies in different populations but when the same ELISA is

WCG|www.wjgnet.com

used in the same population, inter and intra-coefficient
of variations of 0.3%-2.7% are extremely reliable[82].
Finally, the differences in individual’s immune systems
cannot be ignored. The humoral response is dependent
on an individual’s unique MHC presentation as shown by
several observations. Firstly, patients with similar cancers
containing the same p53 mutations do not necessarily
mount the same immune response[81]. Secondly, whilst
anti-p53 auto-antibody titres increase in response to tumour load, all patients who are initially sero-negative do
not develop an auto-antibody response despite disease
progression and metastases. Conversely, patients who are
sero-positive at diagnosis do not sero-convert to a negative anti-p53 auto-antibody status even after the cancer is
completely excised. It seems that once the patient’s immune system has been primed, there is sufficient p53 antigen available to maintain a long-term anti-p53 humoral
response[28,87,88].

MATERIALS AND METHODS:
SYSTEMATIC REVIEW
Literature searches were performed using Medline and
PubMed up to January 2012. Keywords used were “p53”,
“anti-p53”, “antibody”, “auto-antibody”, “cancer” and
combinations. No language or time restrictions were applied. All abstracts were reviewed and the relevant articles retrieved. The results of all published anti-p53 autoantibody cancer studies were accumulated and compiled
in Table 1 with relevant key findings. The anti-p53 auto-
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Table 1 Cumulative reported frequencies of anti-p53 auto-antibody (anti-p53 ) in controls and individual cancers n (%)
Group
Healthy/Benign

Oesophageal

Head/Neck16

Oral

Ovary

Colorectal
(detailed results
in Table 2)

Ref.

Anti-p53 positive

Summary of study and tumour type

Park et al[107]
Wu et al[133]
Kulić et al[134]
Suppiah et al[130]
Cai et al[125]
Atta et al[135]
Mattioni et al[136]
Akere et al[137]
Müller et al[123]
Chang et al[85]
Fonseca et al[95]
Shimada et al[82]
Neri et al[138]
Numa et al[139]
Mack et al[140]
Chow et al[141]
Moch et al[142]
Hofele et al[143]
Hagiwara et al[144]
Ralhan et al[145]
Bielicki et al[111]
Soussi[90]
Total
Blanchard et al[146]
Wu et al[133]
Cai et al[125]

4/79 (5)
9/879 (1)
1/20 (5)
0/28 (0)
0/30 (0)
5/29 (17.2); 13/26 (50)1
0/64 (0)
4/45 (8.9)
0/57 (0); 0/379 (0)2
0/40 (0)
0/15 (0)
10/205 (6.3); 13/189 (7)3
0/51 (0)
0/9 (0)
1/46 (2.2)
1/28 (3.6)
2/130 (1.5)
0/80 (0)
0/13 (0)
4/50 (8)
0/28 (0)
35/2404 (1.5)
102/4924 (2.1)
24/97 (28)
4/29 (13.8)
18/46 (39.1)

Comparative study with lung cancer
Case-control study of anti-p53 in various cancers
Comparative study with breast carcinoma
Comparative study with colorectal carcinoma
Comparative study with oesophageal carcinoma
Comparative study with hepatocellular carcinoma
Comparative study with gastric carcinoma
Comparative study with hepatocellular carcinoma
Single study of anti-p53 in various cancers
Comparative study with colorectal carcinoma
Comparative study with glioma
Multi-institutional study of anti-p53 in various cancers
Comparative study with lung carcinoma
Comparative study with uterine, ovarian, cervical carcinoma
Comparative study with SCLC
Comparative study with head and neck carcinoma
Comparative study with skin carcinoma (SCC/BCC)
Comparative study with oral SCC
Comparative study with oesophageal carcinoma
Comparative study with lung carcinoma
Comparative study with colorectal carcinoma
Literature review of anti-p53 in various cancers (1979-1999)

Müller et al[123]
Bergström et al[147]
Shimada et al[82]
Kozłowski et al[148]
Shimada et al[99]

10/50 (20)
31/42 (73.8)
90/301 (29.9)
20/75 (26.6)
14/35 (40)

Hagiwara et al[144]

13/46 (28)

Ralhan et al[145]

36/60 (60)

Soussi[90]
Total
Wu et al[133]
Shimada et al[82]
Chow et al[141]
Total
Wu et al[133]
Hofele et al[143]
Castelli et al[149]
Soussi[90]
Total
Wu et al[133]
Qiu et al[150]
Shimada et al[82]
Numa et al[139]
Abendstein et al[151]

85/274 (31)
345/1055 (32.7)
1/20 (5.0)
10/31 (32.3)
23/75 (31)
34/126 (27.0)
5/15 (33.3)
19/102 (18.6)4; 12/24 (50)5
3/61 (18.7); 9/13 (69.2)3
309/1062 (29.1)
348/1219 (28.5)
5/12 (41.6)
36/92 (39.1)
2/27 (7.4)
8/30 (27)
28/113 (25); 21/113 (19)6

Soussi[90]
Total
Wu et al[133]
Suppiah et al[130]
Nozoe et al[97]
Müller et al[123]
Chang et al[85]
Lechpammer et al[88]
Shimada et al[82]
Forslund et al[84]
Tang et al[89]
Broll et al[152]
Takeda et al[98]
Shiota et al[112]

140/635 (22)
219/909 (24.1)
11/66 (16.7)
20/92 (21.7)
17/36 (47.2)
63/197 (32)7; 7/46 (15.2)8
47/167 (28.1)
40/220 (18.2)
46/192 (23.9)
24/88 (27.3)
130/998 (13)
20/130 (15.4)
17/27 (63)
18/71 (25.4)
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Correlates with decreased overall and disease free survival
Case-control study of anti-p53 in various cancers
Correlates with advanced histological grade, stage, lymph node metastases
and decreased tumour response following radiotherapy
No correlation with stage or prognosis
No correlation with clinico-pathological parameters, tumour size or survival
Multi-institutional study of anti-p53 in various cancers
No correlation with stage, lymph node metastases or size.
Correlates with tumour p53 protein expression but not clinico-pathological
parameters
Correlates with increased stage and tumour p53 protein expression but not
prognosis
Correlates with tumour p53 protein expression and missense mutations but
not clinico-pathological parameters.
Literature review of anti-p53 in various cancers (1979-1999)
Case-control study of anti-p53 in various cancers
Multi-institutional study of anti-p53 in various cancers
Correlates with nodal metastases but not prognosis
Case-control study of anti-p53 in various cancers
Correlates with poor prognosis
Serum anti-p53 is useful as a screening tool in pre-malignant lesions
Literature review of anti-p53 in various cancers (1979-1999)
Case-control study of anti-p53 in various cancers
Correlates with p53 expression, not clinico-pathological parameters
Multi-institutional study of anti-p53 in various cancers
Correlates with p53 tumour expression and poor prognosis
Correlation between serum and ascitic anti-p53. No correlation with stage or
grade. Anti-p53 in ascites associated with poor prognosis
Literature review of anti-p53 in various cancers (1979-1999)
Case-control study of anti-p53 in various cancers
No correlation with stage or prognosis
Correlates with advanced lymph node status and stage
No correlation with stage or prognosis
p53 mutation, not anti-p53, correlates with poor prognosis
? Correlation with stage or prognosis in Dukes’ A/B1
Multi-institutional study of anti-p53 in various cancers
Correlates with p53 mutation
Correlates with advanced lymph node involvement but not prognosis
No correlation with stage or prognosis
95% negative sero-conversion within 3 wk post-surgery
Correlates with advanced stage and poor prognosis
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HCC

Bladder

Lung

Bielicki et al[111]
Soussi[90]
Total
Wu et al[133]
Atta et al[135]
Akere et al[137]
Müller et al[123]
Charuruks et al[153]
Tangkijvanich et al[154]

30/145 (20.7)
307/1244 (24.7)
797/3719 (21.4)
15/93 (16.1)
28/41 (68.3)
5/41 (12.2)
19/80 (23.8)
26/141 (18.4)
16/121 (13.2)17

Sitruk et al[155]
Soussi[90]
Total
Wu et al[133]
Müller et al[123]
Watanabe et al[156]

19/159 (12)
82/387 (1.2)
210/1063 (19.8)
0/11 (0)
3/24 (12.5)
17/63 (27)9

Gumus et al[157]
Gumus et al[158]

14/80 (17.5)
25/76 (33)

Shimada et al[82]
Morita et al[159]
Wunderlich et al[160]
Soussi[90]
Total
Park et al[107]
Wu et al[133]
Bergqvist et al[161]

4/33 (12.1)
12/100 (12)
4/32 (12.5)
8/29 (27.6)
70/385 (18.2)
28/82 (34.1)
13/95 (13.7)
14/84 (16.6)

Bergqvist et al[162]
Neri et al[138]
Cioffi et al[163]
Zalcman et al[126]
Mack et al[140]

Cervix

Gastric

Breast

Uterus

Pancreas

Shimada et al[82]
Soussi[90]
Total
Shimada et al[82]
Numa et al[139]
Total
Wu et al[133]
Qiu et al[150]
Mattioni et al[136]
Lawniczak et al[164]
Müller et al[123]
Shimada et al[82]
Nakajima et al[165]
Maehara et al[166]

12/58 (20.7)
2/30 (6.7)10; 8/48(16.7)11
35/109 (32.1)
20/97 (20.6)
4/35 (11.1)12; NSCLC 13/99
(13.3)13
18/125 (14.4)
219/1282 (17.1)
373/2049 (18.2)
10/53 (18.9)
12/86 (14)
22/139 (15.8)
7/43 (16.3)
19/61 (31.1)
17/111 (15.3)
16/71 (22.5)
14/122 (11.5)
13/123 (10.6)
13/81 (16)
23/120 (19.2)

Soussi et al[90]
Total
Nozoe et al[167]
Wu et al[133]
Kulić et al[134]
Müller et al[123]
Gao et al[168]

105/727 (14.1)
227/1459 (15.6)
15/42 (35)
9/25 (16)
21/61 (35)
17/50 (34)
31/144 (21.5)

Shimada et al[82]
Volkmann et al[169]

13/71 (18.3)
18/165 (10.9)

Metcalfe et al[87]
Soussi[90]
Total
Wu et al[133]
Shimada et al[82]
Numa et al[139]
Total
Wu et al[133]

155/1006 (15.4)
296/2006 (14.8)
539/3467 (15.5)
1/13 (7.7)
5/22 (22.7)
5/41 (12)
11/79 (13.9)
0/17 (0)
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? Correlation with Dukes’ A →B
Literature review of anti-p53 in various cancers (1979-1999)
Case-control study of anti-p53 in various cancers
Correlates with advanced stage and shorter survival.
Correlates with increased Okuda stage
Non-significant trend towards poor prognosis
Correlates with stage but not tumour p53 protein expression
Preliminary report of Charuruks et al (2001). No correlation with severity,
stage or prognosis. Survival too short for survival analysis (3 mo vs 4 mo)
Correlates with multinodular, infiltrative tumour but not survival
Literature review of anti-p53 in various cancers (1979-1999)
Case-control study of anti-p53 in various cancers
No correlation with prognosis
Correlates with higher grade, stage, lymph node metastases and tumour p53
protein expression, but not prognosis
Correlates with tumour p53 protein expression and poor prognosis.
Negative sero-conversion post-treatment (35%, 8/23) associated with good
prognosis.
Multi-institutional study of anti-p53 in various cancers
Correlates with stage, and p53 protein expression but not prognosis
Correlates with tumour protein p53 expression but not stage.
Literature review of anti-p53 in various cancers (1979-1999)
Sensitivity study with other markers for lung cancer
Case-control study of anti-p53 in various cancers
No correlation with tumour volume. Correlates with survival in
adenocarcinoma, but not SCC
No correlation with tumour volume or lymph node metastases
No correlation with stage, histology or prognosis. Non-significant increased
survival in LC but not MM
Low sensitivity, but high specificity (100%) and accuracy (69%). Only 14%
agreement with other tumour markers (CEA/TPA, CYFRA21-1, NSE.)
Correlates with poor prognosis in limited stage SCLC, but not all SCLC
Correlates with stage and prognosis in NSCLC but not SCLC
Multi-institutional study of anti-p53 in various cancers
Literature review of anti-p53 in various cancers (1979-1999)
Multi-institutional study of anti-p53 in various cancers
No correlation with tumour p53 protein expression or prognosis
Case-control study of anti-p53 in various cancers
Correlates with tumour size but not prognosis.
Correlates with tumour p53 protein expression, prognosis and survival
Correlates with tumour type and age, but not stage or prognosis
No correlation with prognosis
Multi-institutional study of anti-p53 in various cancers
Correlates with lymph node metastases but not stage or prognosis
Correlates with increased stage and tumour p53 protein expression but not
prognosis
Literature review of anti-p53 in various cancers (1979-1999)
Correlates with grade 3 and triple negative cancer
Case-control study of anti-p53 in various cancers
Correlates with decreased 5 year survival
Non-significant trend towards poor prognosis
Correlates with stage, lymph node metastases, ER negative, c-erb-2 and
tumour p53 protein expression
Multi-institutional study of anti-p53 in various cancers
Poor concordance between recombinant/native p53 ELISA, immunoblot and
immunofluorescence
No correlation with stage and prognosis
Literature review of anti-p53 in various cancers (1979-1999)
Case-control study of anti-p53 in various cancers
Multi-institutional study of anti-p53 in various cancers
No correlation with tumour p53 expression/prognosis (see Cervix, Ovary)
Case-control study of anti-p53 in various cancers
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Lymphoma

Biliary tract16

Haematological

Glioma

Prostate

Skin

Müller et al[123]

5/22 (22.7)

Shimada et al[82]
Ohshio et al[170]
Soussi[90]
Total
Messmer et al[171]
Wu et al[133]
Soussi[90]
Total
Wu et al[133]
Limpaiboon et al[172]
Shimada et al[82]
Tangkijvanich et al[173]
Total
Wu et al[133]
Shimada et al[82]
Soussi[90]
Total
Wu et al[133]
Fonseca et al[95]
Shimada et al[82]
Soussi[90]
Total
Wu et al[133]
Shimada et al[82]
Soussi[90]
Total
Moch et al[142]

3/28 (10.7)
19/82 (23.2)
60/650 (9.2)
87/799 (10.9)
19/120 (15.8)
0/18 (0)
19/248 (14.3)
38/386 (9.8)
1/8 (6.3)
6/49 (12.2)
1/6 (16.7)
6/82 (7.3)
14/145 (9.7)
8/33 (25)
32/364 (6.3)14
14/428 (3.3)15
54/825 (6.5)
1/24 (4.2)
5/24 (20.8)
2/31 (6.5)
6/144 (4.2)
14/223 (6.3)
1/8 (12.5)
4/23 (17.4)
4/148 (2.7)
9/179 (5.0)
3/105 (2.9)

Soussi[90]
Soussi[90]

0/144 (0)
0/58 (0)
3419/18595 (18.4)

Testicular
Melanoma
Total

Increase sensitivity in conjunction with CA19-9. No correlation with
prognosis.
Multi-institutional study of anti-p53 in various cancers
No correlation with tumour p53 expression or prognosis
Literature review of anti-p53 in various cancers (1979-1999)
Associated with 17p deletions
Literature review of anti-p53 in various cancers (1979-1999)
Case-control study of anti-p53 in various cancers
Correlates with tumour p53 protein expression but not stage
Multi-institutional study of anti-p53 in various cancers
Correlates with tumour p53 mutation

Case-control study of anti-p53 in various cancers
Multi-institutional study of anti-p53 in various cancers
Literature review of anti-p53 in various cancers (1979-1999)
Case-control study of anti-p53 in various cancers
No correlation with p53 protein but increased in patients < 16 years
Multi-institutional study of anti-p53 in various cancers
Literature review of anti-p53 in various cancers (1979-1999)
Case-control study of anti-p53 in various cancers
Multi-institutional study of anti-p53 in various cancers
Literature review of anti-p53 in various cancers (1979-1999)
No difference between controls and patients. Increased in aggressive SCC (8%)
vs slow-growing BCC (1.5%)
Literature review of anti-p53 in various cancers (1979-1999)
Literature review of anti-p53 in various cancers (1979-1999)
All cancers (1979-2012)

Cancer types are listed in order of decreasing anti-p53 auto-antibody frequency. The reported studies within each cancer type are listed in reverse chronology. Squamous cell carcinoma (SCC); basal cell carcinoma (BCC), hepatocellular carcinoma (HCC), carcino-embryonic antigen (CEA). Tissue polypeptide
antigen (TPA), CYFRA21-1, Neurone-specific enolase (NSE), Oestrogen receptor (ER), c-erb-2. 1Cirrhosis; 2Benign disease; 3Oral pre-malignant lesionsexcluded from calculation; 4Primary carcinoma; 5Secondary/recurrent carcinoma; 6Ascitic titre, not included in calculation of serum titres; 7Colon; 8Rectum;
9
Upper renal tract tumours, excluded from anti-p53 titres in bladder carcinoma; 10Malignant mesothelioma (MM); 11Lung carcinoma (LC); 12Small cell lung
carcinoma (SCLC); 13Non-small cell lung carcinoma (NSCLC); 14Myeloma; 15Leukaemia; 16Tumour type not specified; 17Excluded as is preliminary report of
the same cohort (duplicate) reported in Charuruks et al.
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Figure 3 Percent p53 mutations (International Agency for Research on Cancer, 2008) and percent anti-p53 auto-antibody incidence calculated in this review. r2 = 0.45, Correlation = 0.59. CRC: Colorectal cancer; HCC: Hepatocellular carcinoma.

antibody frequency from all published studies in each
cancer type was calculated in this review. This calculated
anti-p53 auto-antibody frequency was then correlated
with reported p53 mutation rates to determine the associated between anti-p53 auto-antibody presence and muta-
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tion in each cancer (Figure 3).
Methodological quality of anti-p53 and CRC publications
All published studies on anti-p53 auto-antibody
(1979-2012) were retrospective or cross-sectional case
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control series with relatively small sample size (27-220
subjects tested) with a heterogeneous mix of cancer stages. The largest single study was published by Tang et al[89]
that included a cohort of 998 CRC patients with anti-p53
present in only small numbers (n = 130) for stage-specific
analysis. An earlier non-systematic review by Soussi in
2000 recruited large numbers from various anti-p53 studies but was study quality was limited by different cancers
at various stages and different auto-antibody detection
methods[90]. The primary outcome was not stated in most
studies, and none was powered appropriately for survival
outcomes.

exceptions are gliomas and skin cancers which have moderate p53 mutation rate and low anti-p53 auto-antibody
rate (Figure 3). Proposed reasons for the low anti-p53 auto-antibody production are poor brain antigenicity, poor
p53 antigen-presentation across the blood-brain barrier,
and use of immuno-suppressive steroids (dexamethasone)
in the majority of glioma cases[90,94,95]. Similar arguments
about poor antigen presentation across an epithelial barrier are made for the majority superficial skin cancer. In
summary, anti-p53 auto-antibody has up to 35% sensitivity, depending on cancer type, nearly 100% specific for
any malignancy but varies in individual cancer types; and
demonstrates moderate correlation with p53 mutation
rate of each cancer.

ANTI-p53 AUTO-ANTIBODY IN ALL
CANCER TYPES

ANTI-p53 AUTO-ANTIBODY AND
COLORECTAL CANCER VARIATIONS

The reported frequency of anti-p53 auto-antibody in
individual cancer studies vary significantly due to small
sample sizes, stage bias (usually a greater proportion of
advanced stage tumours were included and different detection methods used. Anti-p53 auto-antibody is usually
measured in patients’ sera but has also been measured
in ascitic fluid of patients with ovarian cancer[68], saliva
of patients with oral cancer[91] and in pleural effusions
(12.5%) associated with lung, colon and pancreatic cancer[92]. In a landmark review, Soussi compiled results of
80 anti-p53 auto-antibody studies in 18 cancer types over
a 20 year (1979-1999) period[90]. The mean serum seropositivity across all cancer types was 16.9% (1600/9489
patients, range 0%-31%) compared with 1.45% (35/2404)
in controls thus demonstrating remarkable specificity
(98%) but poor sensitivity. The specificity would be even
higher as half the false positive subjects (17 out of 35)
were from a single study reporting an extra-ordinarily
high sero-positivity (24%, 17/70)[93](Table 1). When this
study was excluded anti-p53 auto-antibody specificity is
near 100% for any cancer, which is confirmed by most
recent reports.

CRC has the second highest anti-p53 auto-antibody seropositivity rates due in part to the high frequency of p53
mutation. Pre-1999, eight studies used an “in-house”
developed ELISA, 1 used Western blotting (WB), 1
used immuno-precipitation (IP) and another used all 3
detection methods (ELISA, WB, IP)[90]. Despite these
methodological differences, most studies, 10 out of 11,
reported a sero-positivity rate between 12.5% and 32%.
The only study to report a discrepant and much higher
sero-positivity rate (68%) used WB thus demonstrating
the potential bias caused by non-standardised detection
methodology[96]. New standardised commercial ELISA
kits have since been developed with less variation in seropositivity (13%-27%) with intra- and inter-assay coefficient of variation of 1.85%-2.37% and 0.3%-3.32%
respectively (MESACUP anti-p53 Test; Medical and Biological Laboratories, MBL, Nagoya, Japan)[82].
The mean sero-positivity from ELISA-only CRC
studies calculated in this review was 19.9% (479/2409)
with individual studies reporting of 13%-27% (Table 2).
Only two studies reported inconsistently high rates of
47% and 63% in patients, and also in controls (2.6%),
which suggests a lower cut-off value was used[97,98]. The
same authors then reported an unusually high (40%) seropositivity in superficial oesophageal carcinoma in another
series, compared with 20%-30% in the majority of other
studies. These studies used the same ELISA (Pharmacell,
France)[99]. Interestingly, when the same authors later used
a different ELISA (anti-p53 EIA Kit Ⅱ, MESACUP) in
a similar population, they reported a much lower seropositivity of 30% (oesophageal cancer) and 24% (CRC)
which was more consistent with other published ELISA
studies[82]. This highlights potential methodological biases with anti-p53 auto-antibody quantification even with
commercially standardised ELISA kits.

Relationship between anti-p53 auto-antibody and p53
mutation
The 30-year cumulative sera anti-p53 auto-antibody
frequencies in individual cancers were calculated in this
review to provide the most comprehensive anti-p53 autoantibody frequency in each cancer to date (Table 1). The
auto-antibody frequencies are plotted (point) against the
p53 mutation rate (bars) as reported by the IARC TP53
Mutation Database to ascertain a relationship between
anti-p53 auto-antibody and p53 mutation rates in each
cancer.
The graph shows moderate correlation (r2 = 0.45,
correlation 0.59) between anti-p53 auto-antibody and
p53 mutation (Figure 3). In general, cancers with the
highest p53 mutation rate such as oesophageal, head and
neck, and colorectal demonstrate highest anti-p53 autoantibody rates[82,90]. Conversely, melanoma and testicular
carcinoma with the lowest mutation rate have the lowest
serum anti-p53 auto-antibody rates (< 1%)[90]. The two
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Anti-p53 auto-antibody in diagnosis and screening
Cancer screening is used when early detection and intervention can lead to improved outcome for example CRC
where 5 year survival in Dukes’ A is 95%-100% com-
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Table 2 Anti-p53 auto-antibody in all published colorectal cancer studies and key findings n (%)
Ref.
Suppiah et al[130]

Nozoe et al[97]

Muller et al[123]

Chang et al[85]

Lechpammer et al[88]

Method and manufacturer

Samples

Follow-up

ELISA (p53 ELISAPLUS,
Calbiochem, Darmstadt,
Germany)
ELISA
(Pharmacell, France)

20/92 (21.7);
0/20 (0)1
0/8 (0)2
17/36 (47.2)

Median 97
mo

Immunoblot

Colon 63/197
CRC
(32); Rectum 7/46 patients
(15.2); 0/57 (0)1 enrolled into
0/379 (0)2
trial with 5
year followup
ELISA (p53-AK, Dianova,
47/167 (28.1); Median 36.3
Hamburg, Germany)
0/40 (0)1
mo (4-58)

ELISA (ELISAPLUS
Oncogene Research
Products, Cambridge,
United States)

40/220 (18.2);
0/42 (0)1

40 patients
up to 20 wk;
8 patients
up to 48 wk

Shimada et al[82]

ELISA (Anti-p53 EIA Kit
II, MESACUP anti-p53
Test; MBL; Nagoya, Japan)

46/192 (23.9);
10/205 (4.9)1;
13/189 (6.9)2

Not
reported

Forslund et al[84]

ELISA (Dianova,
Hamburg, Germany)

24/88 (27)

Not
reported

Tang et al[89]

ELISA (CalbiochemNovabiochem, Darmstadt,
Germany)

130/998 (13);
2/211 (1)3

Not
reported

Broll et al[152]

ELISA (p53autoantikorpfer ELISA,
Dianova, Hamburg,
Germany)

20/130 (15);
0/44 (0)1

Median 25.5
mo

Anti-p53 EIA
(PharmaCell, Paris,
France)

17/27 (63);
1/38 (2.6)3

Up to 2
years
Median not
reported

Takeda et al[98]

Takeda et al[174]

Shiota et al[112]

ELISA (anti-p53-EIA kit, 40 patients with Up to 29 mo
Pharmacell, Paris, France) anti-p53 ab from
previous studies

ELISA (GIF, Munster,
Germany)
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18/71 (25);
1/18 (6)3

Key findings

No correlation with tumour stage, differentiation or location.
Multivariate analysis show only Stage (Dukes’ and TNM) to be
independent prognostic factors
Not stated Anti-p53-ab (+) associated with greater lymphatic invasion (94.1%;
16/17 vs 68.4%; 13/19), nodal involvement (70/6%; 12/17 vs 17.6%;
3/17) and advanced stage (P = 0.02). Anti-p53 frequency higher in
p53 protein expressing tumours (74%; 14/19 vs 18%; 3/17). Only 3
patients with Dukes’ A CRC, all sero-negative

Not stated,
median
survival 56
mo anti p53
ab negative
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No correlation with clinico-pathological parameters or prognosis.
Trend toward higher anti-p53 sero-positivity in N2/3 disease, poor
differentiation and metastases. There were no patients with Dukes’
A in this study. Anti-p53 independent of CEA and CA19-9 with
16% information gain. This is the only study to report negative to
positive sero-conversion (3.6%, 11/303)
Anti-p53 correlates with p53 mutation (43% vs 18%) but not
tumour p53 expression, clinico-pathological features or prognosis.
p53 mutations, advanced stage and pre-operative CEA > 5 ng/mL
were independent prognostic factors (in that order). p53 mutation
strongly associated with advanced stage and poor differentiation
Anti-p53 had higher tumour p53 expression (70% vs 52%). Anti-p53
frequency shows highest increase in Dukes’ A (0%, 0/28) →
Dukes’ B: (24%, 21/87) but no increase in progression to Dukes’
C (18%,19/105). No correlation with overall tumour grade or
metastases. Anti-p53 reflects tumour load following surgery,
during chemotherapy and with disease recurrence
Validation study for MESACUP ELISA using prevalence of
anti-p53 in various cancers. Good intra- and inter-assay coefficient
of variation of 1.85-2.37% and 0.3-3.2% respectively. Demonstrates
stability of anti-p53 titres at room temperature for 7 d and
following 10 freeze-thaw cycles. No comment on correlation with
clinico-pathological parameters or prognosis
Cross-sectional study on relationship between p53 mutations and
anti-p53 presence. Frequency of p53 mutation higher in anti-p53
sero-positive group (92%, 22/64 vs 34%, 22/64) Correlation with
clinico-pathological and survival parameters not reported
Anti-p53 sero-positivity increases in progression from N2→
N3 (2.9%-10.6%); but not N0→N1 (11.7%-12.3%), N1→N2
(12.3%-10.6%) or M0→M1 (12%-17%). No correlation with CEA,
overall TNM stage or metastases. Anti-p53 associated with shorter
survival in uni- but not multi-variate analysis. Largest study on
anti-p53 in CRC
Anti-p53 positive predictive value of 100%, but accuracy 37%
and negative predictive value 29% due to poor sensitivity (15%).
Anti-p53 correlated with p53 expression (P < 0.05), but not TNM
stage, grade or location (exact numbers not shown). Approximately
70% of series Stage Ⅰ/Ⅱ CRC
Anti-p53 correlates with p53 protein expression and independent
of CEA and CA-19-9. Sero-conversion in 94% (16/17) within 3 wk
of endoscopic resection. No correlation with clinico-pathological
parameters or prognosis/recurrence as all patients had early
superficial CRC (23 mucosal, 4 submucosal invasion). This study
reports exceptionally high anti-p53, especially considering very
early CRC
No correlation between post-operative anti-p53 sero-positivity
and histological (depth, lymphatic or venous invasion) or clinicopathological features of lymph node or liver metastases. High
(96%; 27/28) sero-conversion in patients with complete tumour
resection. No sero-conversion in patients with residual disease.
Anti-p53 correlates with TNM stage (Stage Ⅰ-Ⅲb: 9%, 4/45 vs Ⅳ:
56%, 14/25), Dukes’ stage (A-C: 9%, 4/45 vs D: 56%, 14/25), CEA,
CA19-9 and tumour p53 protein expression. Anti-p53 associated
with shorted survival (56 mo vs 20 mo) and is weak poor
prognostic indicator. Anti-p53 prognostic significance secondary to
other factors, including weak factors e.g., CEA and CA19-9. Only
small number of Stage Ⅰ-Ⅲb patients
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Bielicki et al[111]

Soussi[90]

ELISA (Dianova,
Hamburg, Germany)

30/145 (21);
0/20 (0)2;
0/8 (0)3

ELISA/WB/IP

307/1244 (24.7)

Total (1999-2009)

479/2409 (19.9)

Review Total (1979-2009)

786/3653 (21.5)

Not stated. No correlation with Dukes’ Stage (A/B: 22%, 16/73 vs C/D 19%
Cross
14/72), size, location, CEA. Highest increase in anti-p53 frequency
sectional
from Dukes’ A (0%, 0/6) to Dukes B1 (28%, 5/18) but no further
study
difference in progression to Dukes’ C (19%, 7/36). Only 6 Dukes’
A patients in study, all sero-negative
ELISA/
Review combining all studies with different methodologies from
WB/IP
1979-1999. Range of sero-positivity (12.5%-68% in 11 studies)
All modern studies (1999 onwards) using commercial ELISA only,
with one exception using Immunoblot (Muller et al, 2006)
All studies on anti-p53 in CRC (1979-2009)

Studies prior to 1999 used different methodology and not included (see above). Enzyme-linked immunosorbent assay (ELISA); Western blotting (WB); Immunoprecipitation (IP) 1healthy, 2benign disease, 3adenoma. The study by Muller et al was included despite using immunoblot technique as it was a recent
study with relatively large sample size. CRC: Colorectal cancer; CEA: Carcino-embryonic antigen.

sensitivity[107]. Combined biomolecular and endoscopic
strategies[108] are being investigated, and in conjunction
with other new diagnostic non-invasive modalities (e.g.,
CT-colonography)[109] may be able to further broaden the
screening programmes for CRC and other cancers in the
general population.

pared with 5% in Dukes’ D. Colonoscopy is the current
gold-standard diagnostic tool but is painful, expensive
and is associated with life-threatening complications such
as colonic perforation (0.01%-0.3%) and haemorrhage
(0.6%)[100,101]. The United Kingdom Flexible Sigmoidoscopy Screening Trial has provided evidence that one-off
screening flexible sigmoidoscopy between age 55 and 64
was beneficial in reducing CRC incidence by 23%-33%
and reducing mortality by 31%-43%[102,103]. Similar mortality reduction has been reproduced in other screening
trials such as Norwegian Colorectal Cancer Prevention
(NORCCAP)[104]. A recent meta-analysis similarly confirmed benefits of screening (endoscopy or stool-based
screening) over an unscreened population in increasing
detection and prognosis[105].
There are intuitive benefits of screening with serum
anti-p53 auto-antibody compared to CT, barium enemas
and colonoscopy. The titre is not subject to tumour sampling error, is quicker, cheaper, easier and less traumatic,
thus making it more repeatable in the general population.
The auto-antibody titre itself is remarkably stable, showing no significant change when stored at room temperature for up to 7 d, or when stored at -80  ℃ for 3 years[81].
Repeated freeze-thaw cycles (up to 10 cycles) have minimal or no effect on serum levels as immunoglobulins are
generally robust proteins[82]. Also, anti-p53 auto-antibody
appears to be independent of other conventional CRC
tumour markers such as carcino-embryonic antigen
(CEA) which means it could detect CRC in CEA-negative patients. The combined advantages of serum testing
and the characteristics of anti-p53 auto-antibody (serum
stability, 95%-100% specificity, independent of current
tumour markers), makes anti-p53 auto-antibody a potentially valuable screening modality.
The role of p53 in screening is promising its specificity for cancer, but this enthusiasm is tempered by a low
sensitivity (20%-30%). It would thus be required as part
of a panel of tumour markers. This panel could then be
used to guide more invasive investigations such as colonoscopy. Combined serum immuno-testing for 6 markers
(CEA, anti-p53 auto-antibody, CYFRA 21-1, osteopontin,
separase and ferritin) has been reported to have comparable sensitivity (> 80%) to faecal immuno-testing[106].
A similar tumour marker panel using CYFRA-21, CEA
and anti-p53 has been used in lung cancer also with 80%
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Anti-p53 auto-antibody and clinico-pathological
parameters of CRC
p53 mutation is usually a late event in the adenomacarcinoma sequence and hence anti-p53 auto-antibody is
unlikely to be present in early pre-invasive lesions where
p53 mutations have not occurred[110]. The largest study
reports 1% (2/211) sero-positivity in adenomas which
increased to 6% in carcinoma in-situ[89]. This 1% could be
due to undetected microfoci of invasive cancer within
adenoma or changes that predate microscopic detection.
The increase prevalence of anti-p53 auto-antibody to 6%
in carcinoma in situ can be expected in these tumours
which are at the end of the adenoma-carcinoma sequence
with greater proportion of p53 mutation. This would then
suggest that anti-p53 auto-antibody should increase with
further growth (CRC stage) but this is not seen. Almost
all studies reported no association between anti-p53 autoantibody and CRC stage (Tables 1 and 2). This was reported in the largest cross-sectional series, and confirmed
by other long-term follow-up studies[89] (Table 2). Only a
handful of studies have suggested an association between
anti-p53 and T-stage[88,111], selected nodal disease[89] and
metastases[112]
Tumour depth
Two studies reported increased anti-p53 in progression
from Dukes’ A to B, but not with progression from
Dukes’ B to C[88,111]. Lechpammer et al[88] reported 0%
(0/28) anti-p53 in Dukes’ A which increased significantly
to 9.6% (21/87) in Dukes’ B, but did not increase further
with Dukes C (8.6%, 19/105). Bielicki et al[111] similarly
reported increased anti-p53 auto-antibody from Dukes’
A (0%) to Dukes’ B (28% Dukes’ B1, 22% Dukes’ B2);
but no increase in progression to Dukes C (19%). This
suggests auto-antibody production is stimulated by early
(Tis to T2) local invasion such as microvascular basement
membrane invasion leading to antigen presentation; but
not further progression. Further studies are required to
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anti-VEGF therapy for CRC and liver metastases, or oestrogen- or progesterone-status in breast cancer.

Table 3 Prevalence of anti-p53 auto-antibody and carcinoembryonic antigen in studies reporting the presence of both
tumour markers in colorectal cancer n (%)
CEA
Tang et al[89]
Shibata et al[96]
Bielicki et al[111]
Hammel et al[175]
Overall

408/943 (43.3)
23/47 (48.9)
46/148 (31.1)
20/54 (37.0)
497/1192 (41.7)

Anti-p53 auto-antibody and carcino-embryonic antigen
CEA is the most common serum tumour marker used in
CRC. It is a 180 kDa serum glycoprotein which is present
at low levels in normal cells but over-expressed in adenocarcinoma, especially of the colon, rectum, breast and
lung[113]. Pre-operative CEA presence has been associated
with aggressive CRC and poor prognosis[114,115]. CEA has
also been used as an adjunct in CRC screening, monitoring for disease recurrence following resection, or as part
of tumour marker panel for metastases of unknown
primary origin. CEA has high specificity (80%) with false
elevations in smokers, inflammatory diseases, cirrhosis,
obstructive jaundice, gastric ulcers, emphysema, diabetes
and collagen vascular diseases[116-118].
CEA in isolation is not recommended for screening
or detection of recurrence due to its variable sensitivity
(30%-80%)[114,119]. CEA sensitivity can be modulated by
changing the cut-off values for “positivity” but sensitivity has still remained low despite variations in the cut-off
value used[120,121]. Despite this, The American Society of
Surgical Oncology (ASCO) guidelines suggest serial CEA
measurements every 3 mo in Stage Ⅱ/Ⅲ CRC for at
least 3 years following diagnosis, and during treatment of
metastatic disease[122].
Tumour markers used in conjunction with CEA
could increase the efficacy of CRC screening in selected
populations. Such tumour markers should be independent of CEA as to detect the CEA-negative CRC population and thus increase sensitivity of the tumour marker
panel. The majority of studies have shown that anti-p53
auto-antibody is independent of CEA (Table 3). The two
studies which report a positive correlation had results inconsistent with other studies, with the first study having
an unusually strong association between anti-p53 autoantibody and Stage Ⅳ disease (as discussed earlier)[112] and
the second reporting the highest anti-p53 auto-antibody
frequency (68%) and used WB, not ELISA[96]. Methodological difference and sample bias are most likely responsible for the results observed.
In this review, information is compiled from all studies reporting CEA and anti-p53 in Table 4. This shows
that when used in isolation, anti-p53 auto-antibody can
CEA can detect CRC in 17% and 42% respectively. If
both tumour markers are used, the sensitivity increases
to 51% (as both markers are absent in 48.9%). This results in information/sensitivity gain of +9% (compared
with CEA alone); and +34% (compared with anti-p53
auto-antibody alone). The only other study to report
“information gain” using anti-p53 auto-antibody in CRC
confirmed reported mean increased sensitivity of 16%
with individual increased sensitivity from 55% to 71% in
colon cancer and 78% to 83% in rectal cancer[123]. This
report is consistent with our calculation using data from
all other published anti-p53 auto-antibody and CEA studies in CRC (Tables 3 and 4).

Anti-p53
130/998 (13.0)
32/47 (68.0)
29/148 (19.6)
14/54 (25.9)
204/1247 (16.4)

CEA: Carcino-embryonic antigen.

understand the precise series of events in anti-p53 autoantibody production.
Nodal involvement
Anti-p53 auto-antibody is produced in part due to response to p53-antigen presentation. Thus nodal involvement should also increase anti-p53 auto-antibody production by increasing probabilities of antigen presentation
to the humoral system. However, there is no correlation
between anti-p53 auto-antibody and nodal involvement
in any of the studies (Table 2). Tang et al[89] suggested
increased anti-p53 with “advanced” nodal disease (N3:
> 10 regional nodes or systemic nodal metastases) compared to N0-2 CRC in selected analysis. We re-classified
the data into node “positive” and “negative” disease and
found no difference in sero-positivity of 12% vs 14%
with nodal involvement (calculation not shown).
Metastases
It would be expected that haematogenous cancer cell dissemination should invoke a further immune response but
there has been no association between anti-p53 auto-antibody status and metastatic disease except one study[112].
In this study, anti-p53 auto-antibody had extremely high
prevalence (56%, 14/25) in Stage Ⅳ disease, and unusually low prevalence in Stage I-Ⅲ (9%, 4/45) leading to
strong anti-p53 bias towards Stage Ⅳ disease. This is the
only study to report anti-p53 auto-antibody association
with stage and adverse prognosis which is discussed later
(anti-p53 auto-antibody in prognosis in CRC).
Summary of anti-p53 auto-antibody and CRC Stage
Anti-p53 auto-antibody production is initially most likely
to be produced in the final stages the adenoma-carcinoma
sequence (in keeping with p53 mutation being a relatively
late event. It is likely that anti-p53 auto-antibody production is no longer dependant on antigen-presentation, but
rather now dependant on immune-recognition by (1)
tumour factors e.g., p53 mutation type and conformation,
presence of co-factors; and (2) patients’ immune-specific
factors such as MHC expression required for recognition. This response is not sufficiently consistent to justify
a separate clinico-pathological parameter of its own. In
the future, anti-p53 auto-antibody may have some benefit
in refining CRC stage if there is influence on prognosis
or treatment, similar to k-RAS status in anti-EGFR and
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This cost efficacy of serial anti-p53 auto-antibody
for surveillance must be considered in the light of only
20%-30% prevalence at presentation and subsequent
sero-conversion (Table 5). Assuming 1% future seroconversion and 3-monthly serum measurements for 3
years as per ASCO recommendations, this would result
in 20-30 initial positives at diagnosis; and an additional
1 positive over the subsequent 3 years. This results in an
initial yield 20-30 positives followed by only 1 positive out
of 960 samples over next 3 years (remaining 80 patients
× 4 samples per year × 3 years). We then consider this
1 positive sero-conversions out of 960 samples may not
alter treatment as serum measurements may predate clinical evidence of disease, and treatment cannot be offered
based anti-p53 auto-antibody titres alone.
An alternative more cost-effective strategy of screening would be to screen all patients for anti-p53 autoantibody at diagnosis with further serial measurements
only in patients sero-positive at diagnosis. Post-operative
patients with rising titres could be selected for expedited
investigations and thus increase diagnostic yield, compared to current blanket strategy of routine investigations for surveillance at fixed time intervals. Preliminary
studies in small groups using tumour marker panel (CEA,
TPA, CA19-9 and CA72.4) demonstrated 81% sensitivity
for recurrence with mean lead times of 5.3 mo prior to
radiological confirmation of recurrence[124]. A cost efficacy study would be required to ascertain the ability of
anti-p53 auto-antibody as part of a tumour marker panel
to guide post-operative surveillance, improve resource allocation and prolong survival.

Table 4 Combined carcino-embryonic antigen and anti-p53
auto-antibody rates from all studies reporting the presence of
both markers (n = 1192) n (%)

Anti-p53 ab present
Anti-p53 ab absent

CEA normal

CEA elevated

112 (9.4)
584 (48.9)

90 (7.6)
406 (34.1)

CEA: Carcino-embryonic antigen.

The clinical utility of this “information gain” requires
examination. CRC has low prevalence in the general
population and thus pick-up rates would remain low
despite the use of both tumour markers. Both markers
also have preponderance towards later stage CRC (as
opposed to Stage Ⅰ) which reduces impact of earlier
detection and thus screening efficacy. It is thus likely
that these 2 markers alone are insufficient and additional
markers would be required, i.e panel of 6 tumour markers was used to form a panel with sensitivity similar to
faecal occult testing in population screening[108]. In postoperative surveillance, small studies have demonstrated
overall 4 tumour markers (CEA, TPA, CA19-9, CA72.4)
panel sensitivity of 81% compared with 9%-45% using
individual markers[124]. Hence, the optimal strategy would
be to use other markers in addition anti-p53 and CEA to
select patients for investigations. The cost-effectiveness
of these immunological-targeted strategies for general
population screening, high risk population screening or
post-operative surveillance requires further evaluation.
Anti-p53 Auto-antibody and monitoring for recurrence
or metastases
Anti-p53 auto-antibody may have its most promising
role in post-operative monitoring for disease recurrence
or distant metastases. Several, but not all, studies have
demonstrated that anti-p53 reflects tumour load, with
increasing serum titres corresponding with disease recurrence/progression and decreased titres following surgery/chemotherapy[81,88,120]. Lechpammer et al[88] produced
the most convincing series demonstrating clear decreases
with post-surgery and during chemotherapy. More importantly, increases, especially during chemotherapy, predated
clinical diagnosis of recurrence. Smaller subset analysis in
other studies has also demonstrated fluctuations in serum
titres with disease load. Similar fluctuations with resection
and radiotherapy have been reported in oral, oesophageal, lung, ovarian and breast cancer[125-127].
In almost all cases, the anti-p53 auto-antibody persists
but at a much lower level. Only one study has reported
complete absence of the anti-p53 auto-antibody in a series of patients with superficial (mucosal and submucosal) CRC treated with endoscopic resection[98]. This may
be because the early stage CRC had a smaller mutant p53
load which may not have adequately stimulated the humoral system to produce a prolonged immune response
following CRC removal. The other studies had more
advanced CRC where there would have been prolonged
antigen exposure to the humoral system[81,88,98,128].
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Anti-p53 auto-antibody and prognosis in CRC
p53 mutations have been associated with poor prognosis,
possibly in part due to chemo-resistance against p53dependant chemotherapy (e.g., 5-fluorouracil) but reports
of its prognostic significance are inconsistent[90,129]. As
the anti-p53 auto-antibody response has been associated
with p53 mutations and serum testing is easier than DNA
sequencing, studies have focused on using anti-p53 autoantibody to predict prognosis. The majority of studies
report that anti-p53 auto-antibody response has no independent prognostic value. This was confirmed in the
study with the longest follow-up which reported CRC
stage, but not anti-p53 auto-antibody, to be an independent prognostic marker in multivariate analysis[130], and also
by the study with the second longest follow-up but larger
sample size[85] (Table 6).
Four studies report an adverse prognostic significance
but in 3 of these, the prognostic significance was in selective univariate analysis where anti-p53 was associated
with advanced stage, and prognostic significance was
lost when stage was incorporated in multivariate analysis[112,131,132]. The fourth, and only study, to report anti-p53
auto-antibody as an independent prognostic indicator in
multivariate analysis strongly associated anti-p53 autoantibody with Dukes’ D to an extent that median survival
of anti-p53 positive patients was extremely low (20 mo)
compared to other studies reporting median survival up
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Table 5 Anti-p53 auto-antibody and sero-conversion in colorectal cancer
Ref.
Müller et al[123]

Lechpammer et al[88]

Patients, method

Follow-up

Findings

303 patients, 197 colon, 46 rectal

Median 6 mo

All cancers: 3.6% (11/303) sero(-)→ (+); 3.6% (11/303) sero(+)→
(-); Total 7.2% (22/303) sero-conversion.
Colon cancer: 3% (4/137) sero(-)→ (+); 3.6% (5/137) sero(+)→ (-);
Total 6.6% (9/137) sero-conversion.
Rectal cancer: 6.5% (2/31) sero(-)→ (+); 3.2% (2/31) sero(+)→ (-);
Total 12.9% (4/31) sero-conversion
Non-significant decrease at 4 wk (pre-first cycle chemo) and
significant decrease at 12 wk post-surgery
Significant decreases during chemotherapy and 2 patients with
anti-p53 increase at 12 wk (during chemotherapy) developed
recurrence
8 patients with extended follow-up: 7/8 had decreased anti-p53
with no recurrence. 1/8 anti-p53 decrease post-surgery/
chemotherapy but increased at 12 wk corresponding with liver
metastases. Anti-p53 fluctuates in response to tumour load but
does not disappear. Anti-p53 levels reflects tumour load even
during chemotherapy
CUR A (n = 30): 28/30 sero(+)→(-) in 6 mo; 2 no sero-conversion:
1 recurrence
CUR B (n = 5): 2 sero(+)→(-) no recurrence. 3 no sero-conversion,
2 had metastases
CUR C: No sero-conversion
Correlation between post-operative negative conversion and
operative curability
94%, 16/17 sero(+)→(-) within 3 wk post-surgery
No recurrences as early stage tumours and hence not able to
comment on anti-p53 and recurrence rates
8 followed-up: 5/8 remained sero(+) post-operatively. All
developed metastases
3/8 decreased anti-p53 titres. No metastases or recurrence.
Anti-p53 titres decreased within 1 mo of surgery/chemotherapy
but no sero-conversion to anti-p53(-)
Anti p53 decreases with surgery/chemotherapy but persists at
low levels
Anti-p53 increases with recurrence
Anti-p53 reflects tumour load more sensitively than CEA (n = 5)
and in non-CEA producing tumour (n = 1)
Anti-p53 in 5/8 patients decrease by > 25% within 1 mo.
At 1 year, 3 with normal anti-p53 levels and 3 with substantial
decrease in anti-p53 remain disease-free
2 patients with post-operative increased anti-p53: 1 developed
recurrence and 1 developed metastases
Anti-p53 decreased again following surgery in both patients. CEA
and CA19-9 were normal in both cases

Immunoblot 32 , ELISA (Oncogene, Research Up to 20 wk; 8
Products, Cambridge, United States)
patients-48 wk

Takeda et al[174]

30 CUR A, 5 CUR B, 5 CUR C,
anti-p53 EIA, Pharmacell

Median 26 mo
(13-144)

Takeda et al[98]

17 mucosal/submucosal,
ELISA (anti-p53 EIA, Pharmacell, France)

Up to 2 years

Polge et al[128]

10, ELISA (Dianova, Hamburg, Germany)

Up to 6 mo

Angelopoulou et al[81]

6, “In house” immunofluorometric assay

Up to 17 mo

12, “In house” ELISA

Up to 20 mo

Hammel et al[175]

Sero(-): Sero-negative; Sero(+): Sero-positive; CUR A: No residual tumour macroscopically; CUR B: No residual tumour but not as evaluable as CUR A;
CUR C: Definite residual tumour; CEA: Carcino-embryonic antigen.

to 60 mo and 5-year survival > 50%[89,123,130]. Remarkably, anti-p53 auto-antibody prognostic significance was
even weaker than CA19-9, a pancreatic tumour marker
considered unsuitable for pancreatic cancer screening by
ASCO[112,122]. The results of this study are hard to credit.
As such, anti-p53 auto-antibody has no independent
prognostic value.

low (13%-32%) sensitivity in CRC but is nearly 100%
specific for malignancy. The auto-antibody frequency may
increase with early local invasion or late nodal progression but is not sufficiently consistent to form a separate
stage classification. There may be a promising future role
of anti-p53 auto-antibody in screening and monitoring
for disease recurrence. The characteristics of the immunoglobulin and the benefits of serum testing provide a
promising role in guiding the radiological and endoscopic
screening of high risk populations in conjunction with
other current tumour markers. The most promising future focus of anti-p53 auto-antibody lies in being part of
a bio-molecular panel of tumour markers to guide endoscopic and radiological screening in general population
and high-risk population screening; and in post-operative

CONCLUSION
The anti-p53 auto-antibody response is the end-point of
a complex multi-factorial humoral response to the accumulation of p53 protein which is a product mainly of
p53 gene mutation, but also mutation of p53 regulators
and non-mutative pathways. Anti-p53 auto-antibody has
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Table 6 Anti-p53 auto-antibody and prognosis in colorectal cancer
n (%)

Ref.
Suppiah et al[130]
Müller et al[123]
Tang et al[89]
Chang et al[85]

Shiota et al[112]

Kressner et al[131]

Houbiers et al[132]

Follow-up

Findings

20/92 (21.7) Median 97 mo
No difference in overall survival (62 mo vs 60 mo) or disease-free survival (73 mo vs 82 mo)
70/243 (28.8)
5-year trial
No survival difference with anti-p53 in CRC and other cancers. Trend towards decreased survival in
protocol
anti-p53 positive patients with HCC and breast carcinoma
130/998 (13)
Recruitment
Anti-p53 associated with decreased survival in univariate analysis but not multivariate analysis.
1995-2000
Anti-p53 associated with advanced nodal disease (Stage N2→N3) and metastases (M1)
147/167 (28) Median 36.3 mo p53 mutation associated with poor differentiation and advanced stage. Multivariate analysis shows
(22-85)
p53 mutation most significant survival predictor, followed by CRC stage. No prognostic significance
of p53 protein expression or anti-p53
18/71 (25)
Not stated
Anti-p53 associated with shorter overall survival (20 mo vs 56 mo) but highly significant association
with metastases (M1). Cox regression showed prognostic significance with liver metastases, TNM
stage, Dukes stage, Ca19-9 and anti-p53 (in that order)
59/184 (32.1) Median 6 years
Anti-p53 associated with decreased survival in univariate, but not multivariate analysis. Anti-p53
is independent prognostic indicator in Dukes’ A-C with curative surgery (i.e., when metastases
excluded)
65/255 (25.5)
36 mo
Anti-p53 associated with reduced overall (75% vs 88%) and disease-free survival (56% vs 64%) at 3
years in subgroup analysis of Dukes’ A and B1. No difference in overall survival (61% vs 68%) or
disease-free survival (51% vs 58%) when all stages included

CRC: Colorectal cancer; HCC: Hepatocellular carcinoma.

cancer surveillance to guide earlier detection of cancer
and cancer-recurrence; and finally with more significant
impact on cost-efficacy and survival.
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Core tip: The differentiation of malignant from benign
lymph nodes by ultrasound, computed tomography and
magnetic resonance imaging traditionally relies mainly
on size measurements and topographic distribution.
However, sensitivity and specificity in the differentiation
of benign and malignant lymph nodes are disappointing using only size parameters. The presented paper is
intended to discuss, comment and illustrate the clinical
important work-up of lymphadenopathy with respect of
recently introduced imaging techniques including contrast enhanced ultrasound and elastography.
Original sources: Cui XW, Jenssen C, Saftoiu A, Ignee A, Dietrich CF. New ultrasound techniques for lymph node evaluation.
World J Gastroenterol 2013; 19(30): 4850-4860 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v19/i30/4850.htm
DOI: http://dx.doi.org/10.3748/wjg.v19.i30.4850

Abstract
Conventional ultrasound (US) is the recommended imaging method for lymph node (LN) diseases with the
advantages of high resolution, real time evaluation and
relative low costs. Current indications of transcutaneous ultrasound and endoscopic ultrasound include the
detection and characterization of lymph nodes and the
guidance for LN biopsy. Recent advances in US technology, such as contrast enhanced ultrasound (CEUS),
contrast enhanced endoscopic ultrasound (CE-EUS),
and real time elastography show potential to improve
the accuracy of US for the differential diagnosis of benign and malignant lymph nodes. In addition, CEUS
and CE-EUS have been also used for the guidance of
fine needle aspiration and assessment of treatment
response. Complementary to size criteria, CEUS could
also be used to evaluate response of tumor angiogenesis to anti-angiogenic therapies. In this paper we
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INTRODUCTORY CONSIDERATIONS
The differentiation of malignant from benign lymph
nodes by ultrasound (US), computed tomography (CT)
and magnetic resonance imaging (MRI) traditionally relies
mainly on size measurements and topographic distribution[1-3]. However, sensitivity and specificity in the differentiation of benign and malignant lymph nodes are disappointing using only size parameters. Reasons for the low
accuracy include that malignant lymph node infiltration
occurs in up to 30% in lymph nodes of less than 5 mm
which has been shown for lung, esophageal, gastric, pancreatic and rectal carcinoma[4-10]. The evaluation of shape
and border often adds no or only little more information
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DHC
LKmg
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LKnx
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Figure 1 Lymph node infiltration, carcinoma. A: With lymph node (LN) specific contrast agents malignant infiltration can be delineated (LKmg) as focal hypoenhancement in the upper part of this perihepatic LN. The lower part (LKnx) shows normal (physiological) enhancement; B: With SonoVue®. Necrotic (non-enhancing,
arrows) areas can be detected within this perihepatic lymph node. Necrotic areas are typically for carcinoma infiltration and tuberculosis. IVC: Inferior vena cava; Ao:
Aorta; DHC: Common bile duct.

to exclude malignancy[11,12]. New imaging methods should
be able to delineate the early and circumscribed malignant
infiltration and to improve ultrasound guided biopsy.
Colour Doppler ultrasound (CDI) adds value for the
differentiation of malignant from normal or reactive
nodes by displaying the macrovessel architecture. Normal
LNs generally show hilar predominant normal vascularity. Inflammatory lymph nodes are typically more vascularised without changes of the predominant hilar vessel
architecture. In contrast metastatic lymph nodes present
peripheral or mixed vascularity and loss of hilar type of
vascularisation[13].
Contrast enhanced CDI has improved the viusalisation of macrovessels (angioarchitecture) but does not
allow evaluation of microvessels[14]. Demonstration of
malignant neovascularisation, e.g., vessels penetrating the
LN capsule, has been used as the characteristic feature of
lymph node metastases.
Spectral Doppler ultrasound contributes to differentiation of malignant and benign solid neoplasia[15]. Likewise,
normal and inflammatory lymph nodes show lower vascular resistance [resistive index (RI)] as compared to malignant lymph nodes[16] but overall results are disappointing.
Although Doppler ultrasound techniques have extended the opportunities for the differentiation of malignant from benign lymph nodes by displaying changes
of macrovascularity and the vascular resistance[13,17,18],
they do not improve lymph node detection rate and
vascularity is often not detected in small lymph nodes[19].
Therefore, Doppler techniques and contrast enhanced
Doppler techniques in general have not significantly
improved the diagnostic work up of lymphadenopathy.
There is a need for new imaging techniques for better
characterisation of lymph nodes with the opportunity
to assess also the internal microvessel architecture of
lymph nodes and tissue elasticity for detection of early
circumscribed malignant infiltration.
In the presented paper we discuss current knowledge
about recent advances in ultrasound technology for improved lymph node evaluation.

WCG|www.wjgnet.com

CONTRAST ENHANCED ULTRASOUND
Contrast enhanced ultrasound (CEUS) is the application of ultrasound contrast agents (UCA) to traditional
sonography. The currently used UCA are microbubbles
stabilized by a shell which has a high degree echogenicity. Since their physical size is just 1-4 micrometres in
diameter (equal to or smaller than red blood cells), UCA
allow depiction of both the macrovasculature and the
microvasculature[20]. CEUS has been introduced more
than ten years ago and guidelines have been published
for the liver[20,21] and non-liver indications[22]. Currently 4.8
mL SonoVue® is recommended for imaging superficial
LNs with a high frequency probe and for imaging the
mediastinal and abdominal LNs with a high frequency
endoscopic probe in CE-EUS.
CEUS techniques provide information on vascularisation and perfusion patterns, and exploit the differences in
blood flow characteristics between normal and pathological tissue but knowledge about lymph node evaluation is
limited[22]. CEUS could be helpful by identifying changes
in vascular architecture of macro- and micro-vessels and
avascular areas as signs of malignant infiltration.
Carcinoma
Carcinoma infiltration causes the development of pathological vessels (neoangiogenesis) and, therefore, a change
of the perfusion pattern with heterogeneous enhancement due to the presence of caliber changes of the neoplastic vessels and arteriovenous shunts[23-27]. Focal hypoenhancement may result from the partial insufficiency
of blood-supply due to overpressure in the LN caused
by the neoplastic infiltration. Malignant lymph nodes not
only have a greater number of peripheral vessels, but also
longer contrast enhancement duration than benign lymph
nodes[28]. Destructive avascular necroses are an important imaging sign for malignant infiltration (Figures 1-3).
Avascular areas are detected by the lack of contrast agent
uptake in the necrotic zones and the peripherally located
pronounced hyperenhancement (rim enhancement)[29,30].
The contrast enhancement pattern of focal cortical
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A

B

Figure 4 Lymph node infiltration (50 mm), non-Hodgkin’s lymphoma. Typically the hilum predominant vessel architecture is preserved (between markers).

Lymphoma
It is essential to consider lymphoma separately because
some of its features are different from other LN disease[13,31]. The very few studies published so far showed
that in lymphoma contrast enhancement patterns are
highly variable. The most often observed pattern is intense homogeneous enhancement, which is not different
from reactive inflammatory lymph nodes[25,31] (Figure 4).
In conclusion, there is evidence that the vascular pattern of lymphomatous lymph node infiltration resembles
that of non-malignant nodes.

Figure 2 Carcinoma infiltration. Typically vessel destruction with chaotic
vessels in the lymph node can be observed. B-mode (A) and 3D angiographic
mode (B).

Center

Inflammation
Most inflammatory processes do not change the hilum
predominant vessel architecture of lymph nodes. According to the majority of published papers, normal
and inflammatory LNs are characterized by a centrifugal
and homogeneous enhancement pattern[23-26] (Figure 5).
Therefore, inflammation changes the enhancement pattern only by the amount (peak) enhancement but not by
changes of distribution. It is worth mentioning that nondestructive necrosis, which is reflected in avascular areas
on CEUS, can be also found in granulomatous lymphadenitis, e.g., cat-scratch disease (bartonellosis), tuberculosis
and sarcoidosis.

Perphery
Thrombosis

Iliacal vein

Figure 3 Prostate carcinoma infiltration of the pelvis. Typically vessel
destruction with interruption of vessel architecture can be observed in patients
with carcinoma. The center of the lymph node is almost non-enhancing except
one visible vessel whereas the periphery shows hyperenhancement. Thrombosis of the iliac vein is indicated as well.

Treatment response
Changes and reduction of intranodal vascularity may be
the first sign of response to antineoplastic treatment as
shown for gastrointestinal stromal tumors and renal cell
carcinoma[22,32]. Since tumour growth depends on neovascularization, CEUS can also help to detect focal nodular
tumour recurrence in scars and to guide biopsy[33]. In
Hodgkin’s disease well demarcated avascular areas have
been described as a typical sign of treatment response[34,35].

thickening has been also identified as an important sign
to differentiate benign and malignant lymphadenopathy.
In benign lymph nodes contrast enhancement within the
cortex is homogeneous, whereas in malignant lymph the
cortical thickening is less well vascularized than the adjacent normal lymph node parenchyma[24].
In conclusion, criteria for carcinomatous lymph node
infiltration on CEUS are centripetal inhomogeneous enhancement and perfusion defects.

WCG|www.wjgnet.com

Dynamic contrast enhanced ultrasound
Quantification software (time intensity curve analysis) has
been used for the differential diagnosis of benign and
malignant LNs but results so far are conflicting[36]. There
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Figure 5 Inflammatory perihepatic lymph node dorsal in the hepatoduodenal ligament. Inflammation most often shows no changes of the symmetric lymph
node vascularity and homogenous contrast enhancement (A-D). The hilum is indicated. LN: Lymph node.

are two studies showing that the difference of intensity
between the hypervascular and hypovascular regions was
significantly higher in metastatic than in non-metastatic
LNs[26,37]. Steppan et al[38] reported that malignant compared to benign lymph nodes showed higher maximum
intensity and duration of enhancement while Yu et al[25]
reported no significant differences on maximum intensity.
Time to peak intensity and area under the curve of malignant lymph nodes and lymphomas were less than that
of benign LNs. Ahuja could demonstrate a reduction of
vessel density (vascularity) and delay in the time to peak
enhancement after treatment. It has to be mentioned that
the changes in peak enhancement were operator dependent[33]. Since evidence is inconsistent quantification techniques cannot be generally recommended for clinical use.
European Federation for Ultrasound in Medicine and
Biology (EFSUMB) has published recommendations on
the use of dynamic contrast enhanced ultrasound (DCEUS) discussing the current use and limitations in detail[39].
In conclusion, contrast enhanced techniques compared to conventional ultrasound may improve the differential diagnosis of benign LNs from malignant LNs and
provide a more accurate selection of nodes to be submitted to fine-needle aspiration biopsy[25,28].

been studied for the evaluation of lymph nodes. One
form is strain elastography (SE). The ultrasound probe is
used to palpate the tissue[40] usually transcutaneously but
optionally also intra-operatively or via an endoscope[41-45].
The tissue deformation produced (i.e., strain) is assessed
by following the way the speckle in the image moves,
usually with a tracking algorithm working on the radiofrequency data. The data can then be used to form an
image that is coded in colour or grey-scale to show the
pattern of strain, which is inversely related to tissue stiffness. Therefore, SE allows assessment and visualization
of relative elasticity differences. The area to be evaluated
is defined by a ROI in a similar way to CDI[44,46]. New
technical developments allow for averaging over several
frames to calculate the mean histogram value which corresponds to overall elasticity within a selected area[47].
Comparing two different areas within the ROI allows
calculation of the strain ratio. SE is the most commonly
used method for the evaluation of lymph nodes. The
other forms of elastography are shear wave elastography
techniques (SWE) which include transient elastography
(TE) (e.g., Fibroscan™, Echosens, France), Acoustic Radiation Force Impulse imaging (e.g., ARFI, Siemens, Germany) and Supersonic Shear Wave Imaging (SSI) (Supersonic, France). In shear wave elastography the “pushing”
ultrasound beam causes minute displacements in soft
tissue, which depend on the magnitude of tissue stiffness. Using tracking algorithms, the resulting shear waves
can be detected sonographically. So far only SSI has been
studied for the evaluation of LN. In elastographic images

ELASTOGRAPHY
Elastography is a non-invasive method in which the stiffness of the tissue can be imaged as colour map or shear
wave velocity. Two main forms of elastography have

WCG|www.wjgnet.com

412

January 28, 2014|First Edition|

Cui XW et al . Lymph node evaluation

blue-coding lymph node area) to differentiate malignant
from benign lymph nodes in head and neck cancer patients.
A blue coded (hard) area of > 50% of total lymph node
area (score 3 and 4) or observation of a central necrosis
(score 5) predicted malignant infiltration with high accuracy
and added value to traditional ultrasound criteria[55-57].
So far two papers are published for the differential
diagnosis of lymph nodes using shear wave elastography
on 55 cervical enlarged lymph nodes using SSI. Malignant
nodes were homogeneously stiffer than benign lymph
nodes. The sensitivity (42%), specificity (100%) and accuracy (62%) were promising defining a cut-off level of
30.2 kPa[58]. The intra- and inter-observer reliability of
shear wave elastography using SSI was shown to be fair
to excellent for 176 neck lesions according to the intraclass correlation coefficients (0.78-0.85)[59].
In conclusion, elastography seems to be a very promising diagnostic tool for the differentiation between
benign and malignant lymph nodes. This is reflected by
a recent meta-analysis which reported a pooled sensitivity and specificity for the diagnosis of malignant lymph
nodes of 74% and 90% for elasticity scores, and 88%
and 81% for strain ratio, respectively[60]. However, to date
studies comparing the two techniques of elastography (SE
and SWE) are lacking.

A

B

Figure 6 Colorectal carcinoma with presacral circumscribed lymph node
metastasis proven by colonic endoscopic ultrasound using Fine Needle
Aspiration Cytology. Sonoelastography reliability test evaluation reveals typically harder (blue) area in the lymph node.

Lymphoma
Knowledge of strain imaging in lymphoma is very limited. So far different lymphoma cannot be differentiated.
Initial experience suggests that focal lymph node infiltration (Figure 7A) is indicative for low grading of follicular
lymphoma whereas diffuse and homogenous lymph node
infiltration is typically found in high grade lymphoma
(Figure 7B).

of normal lymph nodes the nodal cortex is significantly
harder than the medulla and the hilum[48,49].
EFSUMB has prepared recommendations on the use
of elastography. In two sets of papers the techniques are
explained in more detail[50,51].

Inflammation
Most inflammatory processes do not change the elastographic architecture of lymph nodes. The hilum in normal
lymph nodes remains softer than the stiffer cortex also
in inflammatory lymph nodes. Circumscribed softer (and
stage dependent also stiffer) lymph node areas are found
in tuberculosis but this has only been shown in few cases.

Carcinoma
Typically the well differentiated carcinoma at least initially
infiltrates lymph nodes in a circumscribed manner (focally
stiffer, harder) (Figure 6), whereas the undifferentiated
carcinoma leads to a diffuse (stiffer, harder) infiltration.
Suspected cervical LN metastases from hypopharyngeal and thyroid carcinomas have been recently investigated using SE (real time elastography)[39,52]. An elasticity
index has been created by comparing the elasticity of the
LN with the surrounding head and neck muscle tissue
(muscle to LN strain ratio). Using a ratio of > 1.5 as an
indicator of malignant infiltration, sensitivity was 82%
and specificity 98% which is superior to the best B-mode
criteria[52]. These data have been reproduced by Tan et al[53].
Moreover, interobserver agreement with SE was very
high (kappa 0.828-0.946)[53].
Applying a higher cut-off value for strain ratio (1.78)
Teng et al[54] at the cost of an only moderate specificity
(65%) reported a very high sensitivity (98%) for discriminating malignant from benign suspicious cervical lymph
nodes.
Other authors used a scoring system (percentage of
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ENDOSCOPIC ULTRASOUND
Diagnostic and therapeutic endoscopic ultrasound has
been established in the last thirty years[61,62]. The technique can be also applied with colour Doppler imaging as
discussed above. Recently CE-EUS and real time endoscopic elastography (RTE-EUS) have been introduced.
Contrast enhanced endoscopic ultrasound
Contrast enhanced endoscopic ultrasound (CE-EUS) is
CEUS performed with an endoscopic probe, which can
be performed on both Doppler mode with high MI and
contrast specific mode with low MI[63] to also guide therapeutic procedures. The dose of the ultrasound contrast
agent (UCA) should be 4.8 mL for SonoVue®. CE-EUS
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B
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C

Figure 7 Non-Hodgkin’s lymphoma involving the inguinal region. A: Sonoelastography reliability test evaluation reveals typically asymmetric and circumscribed infiltrated harder (blue) lymph node tissue in low grade follicular cell
lymphoma; B: Elastography (acoustic structured quantification) reveals mainly
homogenous diffuse infiltration in high grade follicular cell lymphoma.

can improve the detection of small intranodal vessels and
thus could be useful in characterization of LNs[3,64] (Figure
8). CE-EUS has improved our understanding of gastrointestinal (subepithelial) tumors[65-67], differential diagnosis
of pancreatic neoplasia[15,68-75] and other organ infiltration[74,75] through analysis of perfusion patterns.
There are only a few reports about the usefulness of
contrast enhanced endoscopic Doppler ultrasound in
the differentiation between malignant and benign lymphadenopathy. Kanamori et al[64] performed CE-EUS with
high MI on 46 patients in whom EUS revealed LN in the
mediastinum or abdominal cavity and suggested that CEEUS is useful for differentiating benign from malignant
LNs by detecting defects of enhancement in malignant
nodes. The sensitivity, specificity, and accuracy rate of
CE-EUS were 100%, 86.4% and 92.3%, respectively. In
another study by Hocke et al[3], high MI CE-EUS was
performed in 122 patients, and it was found that CEEUS improved the specificity in diagnosing benign LNs
as compared to B-mode EUS by analysing arteries and
veins. However, it did not improve the accurate identification of malignant LNs and therefore could not replace
EUS-guided fine-needle aspiration[3].
To the best of our knowledge, there is only one report on the application of low MI CE-EUS for the discrimination of benign and malignant abdominal lymph
nodes. A Japanese group investigated 43 patients with
intra-abdominal lesions of undetermined origin, which

WCG|www.wjgnet.com

Figure 8 Endosonography of enlarged subcarinal lymph nodes in NonHodgkin Lymphoma. A: B-mode reveals two enlarged lymph nodes; B:
contrast enhanced endoscopic ultrasound demonstrates extensive avascular
(necrotic) areas in the lymph nodes; C: real time endoscopic elastography indicates hard, infiltrated areas (blue color), thus targeting endoscopic ultrasoundguided biopsy.

were suspected to be malignant lymph nodes, and evaluated the enhancement pattern after injection of the UCA
Sonazoid®. Final pathological examination revealed that
35 lesions in fact were lymph nodes. All but one of the
malignant lesions showed a heterogeneous enhancement
pattern, whereas none of the benign lesion displayed heterogeneous enhancement. Most interestingly the interobserver agreement was very high (kappa 0.953)[78].
Endosonographic elastographic lymph node evaluation
(strain imaging)
Endoscopic elastography is real time elastography performed with an endoscopic probe, which has led to further
improvement in B mode imaging results for classification
of benign and malignant LNs (Figure 8), particularly by
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targeting LNs for needle sampling. Janssen et al[79] reported
on 50 patients, 66 LNs were described elastographically
(dominant colour/tissue hardness and guidance for tissue
samples) and the elastogram data later compared with
the histological findings obtained in the same session
from fine needle biopsy. This study revealed that benign
LNs exhibited predominantly intermediate homogeneous
deformation (yellow/green), while malignant LNs were
characterized by a quantitative dominance of hard (blue)
units. The accuracy, which could be consistently reproduced by two more reviewers (kappa 0.84), for benign vs
malignant LNs was about 85%. Intra- and interobserver
agreement was also high in one recent study using visual
assessment of the elastography image to differentiate
between malignant and benign lymph nodes[80]. However,
the same group found that EUS elastography did not
perform better than EUS morphology in differentiating
between malignant and benign lymph nodes in patients
with resectable upper gastrointestinal cancer[45]. These
findings conflict with the results of two other groups,
which showed superior accuracy of EUS elastography
strain ratio and histogram analysis, respectively, in comparison with conventional EUS criteria in differentiating
malignant and benign lymph nodes in the nodal staging
of esophageal cancer[81,82].
Sǎftoiu et al[41] used similar criteria for qualitative analysis in their study. In computer analysis, accuracy for differential diagnosis of malignant vs benign LNs increased
slightly from 93% to 95%. In a follow-up study[47], they
reached an accuracy for differentiation between benign
and malignant LNs of 89%, using the computer based
histogram analysis of video sequences, while this was significantly superior to the B-Mode image analysis (accuracy
53%). Another recent study with pathological confirmation yielded however lower values for sensitivity, specificity and accuracy, based on strain ratio calculations[45].
A recent meta-analysis calculated a sensitivity of 88%
and a specificity of 85%, respectively, of EUS elastography for differentiating between benign and malignant
lymph nodes[83].
In conclusion, the sensitivity of an imaging procedure critically depends on spatial resolution, which in
elastography is as good as in conventional ultrasound
since both depend on the same physical rules. The smallest LN metastases may escape both B-mode diagnosis
and endosonographic fine needle biopsy. Elastography
can detect the smallest metastasis-related changes in tissue hardness and it is considered to be potentially useful
for target selection prior to endosonographic guided tissue sampling[10].
RTE can be recommended for discrimination of
benign and malignant lymph nodes by identifying malignant regions that should be targeted for EUS-FNA
(Figure 8).

micrometastases is critical in staging cancer, especially
breast cancer and melanoma, because it directly affects
patient’s prognosis and surgical management. It is well
known that conventional US is not able to detect SLN in
most cases. However, studies showed that low MI CEUS
can be used for detecting SLN, which may become a potential application in clinical routine, like lymphoscintigraphy[32,84-89]. The application of CEUS for the investigation
of SLN has shown promising results in animal models
but the technique has not been sufficiently evaluated in
humans. About 1 mL of contrast agent (e.g., SonoVue®) is
injected subcutaneously (intralymphatic) near the tumour
site and the enhanced lymphatics are traced to the sentinel
lymph node. Initial experience indicates that the method
is not toxic and performs as well as blue dye or radioisotope methods. The current literature has been recently
reviewed[90] and the topic is not the subject of this paper.

PANORAMIC IMAGING, 3D AND
3D-CEUS
Panoramic imaging, 3D[91] and 3D-CEUS[92,93] have been
used for improved anatomic and topographic description of lymphadenopathy but have not gained additional
information except improved presentation of results to
clinicians.

CONCLUSION
The currently possible lymph node detection rate is limited
by a minimal required lymph node size which is between
5-10 mm. Since about one third of malignant infiltrations occur in lymph nodes which are not detectable by all
imaging methods, reliable exclusion of malignant lymph
node infiltration is almost impossible. Therefore, current
imaging methods mainly focus on the improved detection
of early malignant infiltration in detectable lymph nodes,
e.g., to guide neoadjuvant treatment strategies.
Ultrasound techniques (CEUS, CE-EUS and elastography) demonstrate high spatial resolution which is important for early detection of malignant lymph node infiltration (Table 1). CEUS compared with conventional CDI
could improve the visualization of vessels in LNs which is
essential for the evaluation of vessel distribution. The visualization of avascular necrotic deposits of neoplastic cells
is helpful for the differentiation of benign and malignant
lymphadenopathy. The identification of hypoenhancing
areas in malignant lymph nodes may guide biopsy for improved early detection of malignant infiltration.
In addition, the strictly intravascular distribution of
intravenously injected contrast agents (e.g., SonoVue®)
allows the assessment of neoangiogenesis which is of importance for treatment evaluation under antiangiogenetic
treatment.
CEUS cannot be recommended for the diagnosis of
lymphoma so far. However, CEUS may be a tool to assess the treatment response by indentifying the reduction
of vascularisation, e.g., in Hodgkin’s disease.

SENTINEL LYMPH NODE EVALUATION
The detection or exclusion of sentinel lymph node (SLN)
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Table 1 Criteria on lymph node characterization using different ultrasound modes
Lymphadenopathy
more (most) likely
Inflammatory

Malignant infiltration
(metastasis)

Lymphoma

B-mode
Preserved architectur,
homogeneous, thin
cortex

Destroyed architecture
(capsule), eccentric
hypoechoic
cortical thickening,
inhomogeneity of the
internal structure, loss
of echogenic hilum,
surrounding edema
Focal or global
hypoechoic cortical
thickening, usually
without echogenic
hilum, peri-nodular
edema, pseudocystic
appearance

(Contrast enhanced)

Vascular resistance

CEUS (contrast special

Elastography

Colour Doppler
Preserved vessel
architecture, hilar
vascularity with or
without tree like
branching.
Peripheral or
mixed vascularity,
inhomogeneous vessel
density, split arteries,
torturous course of
vessels

imaging mode)
Lower, RI < 0.8, PI < 1.6 Homogeneous
enhancement from
the hilum, centrifugal
enhancement

No data, most often
normal architecture
(except tuberculosis)

Higher, RI > 0.8,
PI > 1.6, often variable
at different sites

Centripetal
enhancement,
different intra-nodal
enhancement levels,
inhomogeneous washout, perfusion defects

Initially circumscribed.
SR in diffuse infiltration
> 1.5 (1.78)

Often but not always
preserved vessel
architecture, rich
vascularity

Intermediate RI and PI

Intense homogeneous
No data; wide range of
enhancement, starts with appearance applying
diffuse bright spots,
qualitative criteria
peripheral hypo- or
non-enhancement

CEUS: Contrast enhanced ultrasound; RI: Resistive index; PI: Pulsatility index.

Elastography is mainly helpful in delineating the very
early circumscribed malignant infiltration for improved
US- and EUS-guided fine needle aspiration (biopsy). Additionally, normal elastographic architecture of enlarged
inflammatory lymph nodes can be helpful to prove a benign inflammatory disease, e.g., sarcoidosis.
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Core tip: Modern targeted therapy with anti-angiogenic
agents is based on inhibition of angiogenesis, as the
formation of new vessels is crucial for the growth and
metastasis of malignant cells. Recent studies on the
biological agent, bevacizumab, a humanized monoclonal antibody against vascular endothelial growth factor
activity, have shown improved outcome in advanced
colorectal cancer. The combination of irinotecan,
capecitabine and bevacizumab is currently the most
frequently used regime in the treatment of metastatic
colorectal cancer with improved response rates. However, the rare side-effects of bevacizumab should always be considered.

Abstract
Angiogenesis affects both wound healing and malignant cell growth through nutrients and oxygen.
Vascular endothelial growth factor (VEGF) is the most
important element involved in this complex process.
Inhibition of VEGF influences angiogenesis and may restrict tumor growth and metastatic ability. Modern antiangiogenic therapy is based on this theory. Bevacizumab is a recombinant humanized monoclonal antibody
(immunoglobulin G1) which binds with VEGF-A forming
a large molecule. It can not be bound with VEGF tyrosine kinase receptors preventing VEGF-A incorporation;
thus its activity is inhibited inducing blockage of VEGFmediated angiogenesis. Bevacizumab, in combination
with chemotherapy or other novel targeted therapeutic
agents, is currently used more frequently in clinical
practice, mainly for managing advanced colorectal
cancer. It is also used for managing other malignancies, such as breast cancer, pancreatic cancer, prostate
cancer, non small-cell lung cancer, metastatic renal
carcinoma and ovarian tumors. Although it is generally
considered a safe treatment, there are reports of some
rare side effects which should be taken into account.
Recent experiments in rats and mice show promising
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INTRODUCTION
Angiogenesis is a complex process responsible for the
formation of new vessels originating from pre-existing
vessels. It is necessary for the proliferation and growth
of normal cells and tissues during the fetal and neonatal period, but also for the proliferation and growth of
cancer cells. Its physiological role in adult life is limited
in wound healing and the reproductive cycle of females.
The development of such vessel networks, or even col-
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lateral circulation, aim to supply the tissues with oxygen
and nutrients, remove carbon dioxide and waste products
of cell metabolism and transfer hormones. A variety of
factors are involved in the regulation of angiogenesis.
Vascular endothelial growth factor (VEGF) is one of the
main growth factors involved in vessel formation[1,2].
The current targeted therapy of cancer with antiangiogenic agents is based on angiogenesis inhibition and
restriction of tumour spread, as neo-angiogenesis has a
crucial effect on the growth and invasion of malignant
cells[3-7].
The topic of this study has attracted much interest
in clinical oncology and experimental research. VEGF
by promoting angiogenesis favours tumor growth, while
its inhibition results in tumor limitation. The novel antiangiogenic agent, bevacizumab, is a recombinant humanized monoclonal antibody against VEGF activity. This
targeted therapy is currently combined with chemotherapy and used mainly in the treatment of metastatic
colorectal cancer.

proliferation of epithelial cells, migration and creation
of tubular formations and finally new vessel formation.
VEGF initiates angiogenesis by abruption of cell walls
and protein lysis of vessel walls, proliferation and migration of endothelial cells and formation of new vessels.
This vessel network is derived from endothelial tip cells,
which have phenotypic and functional differentiation
from other endothelial stalk cells[3,4].
Six subtypes of VEGF have been reported, i.e.,
VEGF-A, VEGF-B, VEGF-C, VEGF-D, virus VEGF-E
and placental VEGF (PIGF). VEGF-A increases vascular
permeability, degeneration of the extracellular matrix and
cell aggravation. VEGF-B and PIGF are involved mainly
in the normal angiogenesis process. However, an increase
in PIGF levels promotes angiogenesis in pathological conditions, such as tumors and inflammation. VEGF-C and
VEGF-D have a predominant role in lymphatic angiogenesis; VEGF (PIGF) regulates placental angiogenesis[8].
Four isomers of VEGF-A have been reported in humans (VEGF121, VEGF165, VEGF184, VEGF206). The isomer VEGF165 is over-expressed in the majority of human
malignancies. This over-expression enhances growth,
invasiveness and metastatic ability.
VEGF is derived from malignant cells and promotes
the growth of colorectal cancer[9]. However, a recent study
has shown that the expression of EGFR and VEGF are
not prognostic factors in the survival of patients with
colorectal cancer and the expression of EGFR does not
determine lymphatic metastasis; however, this issue remains controversial[10]. It is the over-expression of VEGF
and not the density of microvasculature or vein invasion
that plays the important role; it is also responsible for
hematogenous dissemination after curative resection for
gastric cancer[11].
VEGFr is a receptor of tyrosine kinase and has three
forms, VEGFr-1, 2, 3. They are expressed in vessel endothelial cells as well as in cancer cells (VEGFr-1 and 2).
VEGFr-1 is also found in monocytes and macrophages.
VEGFr-3 is found in endothelial cells of the lymphatic
system. VEGF-A correlates with receptors VEGFr-1
and 2, VEGF-B and PIGF with receptor VEGFr-1, and
VEGF-C and D correlate with receptor VEGFr-3. VEGFr-2 plays an important role in the angiogenesis process
in physiological as well as in pathological conditions.
VEGFr-2 stimulation promotes cell growth and migration, the creation of tubular formations (endothelial cells)
and the increase in vascular permeability[1,2].
The role of VEGF in other diseases such as allergic and immune-mediated diseases has been wellestablished[12,13]. The potential positive effect of other
biological drugs (specific immunotherapy) such as tumor
necrosis factor-α inhibitors on the mechanisms of action
of VEGF has also been debated[14].

ANGIOGENESIS AND ITS INHIBITION
VEGF and its receptor (VEGFr) play important roles in
the neo-angiogenesis process in physiological growth and
healing as well as in pathological states such as malignancy. VEGF levels are known to be increased, particularly in
the most malignant tumors, such as colorectal cancer, and
are associated with an increased ability of the malignancy
to spread and with poorer prognosis. Thus, inhibition of
angiogenesis results in growth restriction or even a reduction in malignant cells[8]. A variety of events and factors
at the molecular level have been evaluated for application
in novel anti-cancer drugs. VEGF is one of these factors.
Targeting VEGF with bevacizumab, a humanized monoclonal immunoglobulin G (IgG) antibody, in combination
with adjuvant chemotherapy has been proved to effectively manage advanced colorectal cancer[5,6,8].
Malignant tumors require nutrients for growth, and
tumors more than 1-2 mm3 in size ensure independent
blood flow for continuing growth. These new vessels
develop via angiogenesis. Inadequate blood flow leads to
hypoxia, the main stimulus for angiogenesis initiation.
Proteins such as hypoxia inducible factor are activated
resulting in over-expression of pro-angiogenic factors including VEGF and fibroblastic growth factors. The number of cancer cells is reduced in parallel with the expression of anti-angiogenic factors, such as thrombospondin
I. Through the over-expression of pro-angiogenic factors,
as opposed to anti-angiogenic factors, endothelial cells are
activated, thus triggering the initiation of angiogenesis[8].
In spite of the similarities in the angiogenesis process
between wound healing and malignancy, there are differences in the structure of new vessels.
Several angiogenic factors derived from platelets and
inflammatory cells are involved in the stages of wound
healing through various mechanisms. They include phosphorylation of tyrosine kinase receptors, activation and
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BEVACIZUMAB-ACTION MECHANISM
As mentioned above, angiogenesis plays a pivotal role
in cell proliferation and tumor growth. Malignant cells
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Figure 1 The process of angiogenesis and the mechanism of action of bevacizumab. A: The malignant cells secrete vascular endothelial growth factor (VEGF)-A;
B: It is incorporated with its tyrosine kinase receptors (VEGFRs), promoting endothelial cell proliferation and migration; C: It leads to increased angiogenesis inducing
tumor growth; D: Bevacizumab is combined with VEGF-A forming a new large molecule that lacks the ability to bind with its receptors; thus avoiding its incorporation
and action, it then inhibits angiogenesis. Taken from Shord et al[15].

the acceptable dose is 5 mg/kg bw every 2 wk, it has been
suggested that active levels of the drug may be detected
for 12 wk[8] (Figure 1).

secrete VEGF-A, a growth factor responsible for neoangiogenesis. This action is accomplished by incorporation of its tyrosine kinase receptors, VEGFrs, which are
located on the surface of epithelial cells. An increase in
angiogenesis facilitates blood flow to malignant cells permitting their growth and spread by ensuring a supply of
oxygen and nutrients. Bevacizumab, a recombinant humanized monoclonal antibody, combines with VEGF-A
forming a new molecule that lacks the ability to bind with
its receptors, VEGFrs, thus avoiding its incorporation
and action. This restriction of VEGF-A receptors activity induces a reduction in small vessel growth, inhibits
new vessel formation and restores normal tumor blood
supply[15].
Bevacizumab is an IgG1 that inhibits the activity of
VEGF and its isomers. This monoclonal antibody has
been derived from murine antihuman VEGF and is 93%
human and 7% murine[16]. The absence of VEGF influences epithelial cells resulting in destruction of neoplastic
capillaries. Although it has been reported that malignant
cells continue to grow despite the absence of VEGF,
they exhibit reduced invasion ability resulting in reduced
metastatic activity. Furthermore, their reduced intracellular pressure makes them more vulnerable to chemotherapy and radiotherapy.
The half-life time of bevacizumab ranges from 11 to
50 d (mean half-life time 20 d). As a result, even small
doses of the drug (0.3 mg/kg bw) may be bound with
VEGF preventing incorporation with its receptors, and
thus inactivating VEGF efficiency. Bearing in mind that

WCG|www.wjgnet.com

CLINICAL APPLICATION
Bevacizumab in colorectal cancer
The current data on the management of colorectal cancer indicate that angiogenesis and its inhibition are key
factors. Bevacizumab remains the most important and
well-studied drug among the known anti-angiogenic
agents. The use of bevacizumab (Avastin, Roche Pharma
AG) has been widely accepted as first-line therapy in the
management of advanced colorectal cancer in combination with other classic chemotherapy agents such as
5-fluorouracil (5-FU) or novel agents[17-22]. This combination improves the response rates to treatment, progression-free survival and overall survival, in patients with
advanced disease, as opposed to chemotherapy alone[23-25].
Its licence was granted in 2004 in the United States and
in 2005 in Europe[26]. Currently, the combination of the
novel targeted therapy agents irinotecan, capecitabine
and bevacizumab is the most widely used in metastatic colorectal cancer resulting in increased response
rates[23,24,27,28].
Bevacizumab is the first agent to affect survival in
patients with metastatic colorectal cancer, improving
survival by 30%[16]. Furthermore, it has been established
as the first- and second-line therapy for this cancer, due
to its advantages compared with routine chemotherapy,

422

January 28, 2014|First Edition|

Pavlidis ET et al . Bevacizumab in malignancy

which include less resistance and toxicity[23]. Its beneficial effect has been proved in phases Ⅱ and Ⅲ clinical
trials[25].
Conclusions have been drawn from a variety of trials
investigating its safety and efficacy. It has been suggested
that surgery should be performed at least 6-8 wk after
drug cessation to minimize complications; post-operatively, re-initiation should be after 28 d and/or complete
wound healing[29].
The usual dose of bevacizumab is 5 mg/kg bw every
two weeks in combination with other chemotherapeutic
agents such as irinotecan and 5-fluorouracil/leucovorin
(LV). It is administered by intravenous (IV) injection
which must last 90 min initially and is gradually reduced
to 60 min and 30 min; IV bolus injection is contraindicated[16].
Bevacizumab has been used postoperatively 6 wk
after colorectal cancer resection for the management of
synchronous liver metastasis at a dose of 5 mg/kg bw every 2 wk or 7.5 mg/kg bw every 3 wk[30].
The usual dose of bevacizumab is 5 mg/kg bw every 2
wk for 5 cycles and even the uncommon dose of 10 mg/
kg bw has been combined with 5-FU/LV or capecitabine
in advanced colorectal cancer[31-34].
Recent trials have confirmed the effectiveness of bevacizumab in combination with other chemotherapeutic
agents in metastatic colorectal cancer showing its increasing application in clinical practice. A large randomized
multi-center controlled trial showed that the addition of
bevacizumab to capecitabine plus or minus mitomycin
significantly improved progression-free survival (PFS)
without inducing further major toxicity; only expected
modest adverse events including proteinuria, hypertension, arterial thromboembolism and hemolytic uremic
syndrome were observed. However, it did not improve
response rate or overall survival (OS), and overall quality
of life was similar. Furthermore, there were 11 treatmentrelated deaths: one in the capecitabine group (sepsis);
seven in the capecitabine-bevacizumab group (hemorrhage, myocarditis, bowel perforation, sepsis); and three
in the capecitabine-bevacizumab-mitomycin group (hemorrhage, pulmonary embolism, neutropenic colitis)[35]. A
meta-analysis of 5 randomized controlled trials showed
that the addition of bevacizumab to first-line chemotherapy significantly increased both the PFS and OS. Females
and patients with primary rectal tumors seemed to benefit most[36].
Based on a pivotal study, the United States Food and
Drug Administration (FDA) in February 2004 approved
bevacizumab for the first-line treatment of patients with
metastatic carcinoma of the colon and rectum. In this
study, 833 patients were randomly allocated to irinotecan,
5-FU, and LV either alone (the IFL regimen) or with
bevacizumab (5 mg/kg every 2 wk). In the group treated
with bevacizumab, OS was significantly longer (median,
20.3 mo vs 15.6 mo) as were PFS and response rate[24].
Subsequently on June 20, 2006, the FDA approved bevacizumab administered in combination with 5-fluorouracil,
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leucovorin, and oxaliplatin (FOLFOX4) as a secondline treatment for metastatic carcinoma of the colon
or rectum. This was based on the Eastern Cooperative
Oncology Group open-label, multicenter, randomized,
three-arm, active-controlled trial. In this study, 829 patients with recurrence following prior chemotherapy
were randomly allocated to bevacizumab (10 mg/kg, as a
90-min iv infusion on day 1, every 2 wk) with FOLFOX4,
or FOLFOX4 alone. In the group treated with bevacizumab, there was a statistically significant and clinically
meaningful improvement in OS (13.0 mo vs 10.8 mo) in
patients whose disease had progressed after adjuvant chemotherapy with 5-FU and irinotecan and in patients with
advanced or metastatic disease who had received prior
5-FU and irinotecan. The administration of bevacizumab
was beneficial in these sub groups, well tolerated and with
no impact on quality of life[37].
In a recent phase Ⅱ study, bevacizumab was added to
capecitabine plus irinotecan (XELIRI) as first-line treatment for metastatic colorectal cancer and acceptable tolerability and improved outcome were observed[38].
An updated meta-analysis and systematic review of
10 randomized controlled trials including 1366 patients
with metastatic colorectal cancer identified the additional
benefits of bevacizumab to cytotoxic chemotherapy regarding OS and PFS[39].
However, there was controversy regarding the aforementioned findings in a large phase Ⅲ trial of 2672 patients with stage Ⅱ to Ⅲ colon cancer. The addition of
bevacizumab to modified FOLFOX6 (mFOLFOX6; i.e.,
infusional/bolus fluorouracil, leucovorin, and oxaliplatin)
as adjuvant treatment for 1 year, did not significantly prolong disease free survival[40].
The development of bevacizumab-induced hypertension as a biomarker did not predict radiological response
or survival in patients with poor-risk colorectal liver-only
metastases unsuitable for upfront resection[41].
Overall survival, disease-free survival, and local control showed favourable trends in patients with stage Ⅱ
/Ⅲ rectal cancer treated with neo-adjuvant bevacizumab
with chemoradiotherapy followed by surgery[42]. Another
study of neo-adjuvant oxaliplatin, bevacizumab, continuous infusion 5-FU, and radiation in rectal cancer was
terminated early because of significant gastrointestinal
toxicity[43].
Bevacizumab has been used as first-line treatment
early in advanced cancer and in patients with stage Ⅲ
unresectable or stage Ⅳ adenocarcinoma of the colon or
rectum[44,45].
A retrospective analysis of a large United States
managed database estimated that the cost of treatment
containing bevacizumab was lower than that containing
cetuximab[46].

BEVACIZUMAB IN OTHER
MALIGNANCIES
Several clinical trials have confirmed the effectiveness
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of bevacizumab in other malignancies, i.e., breast cancer,
pancreatic cancer, prostate cancer, non-small cell lung
cancer, metastatic renal carcinoma, and ovarian tumors.
Recently, targeted therapy with various anti-angiogenic agents including sunitinib, sorafenib, temsirolimus,
everolimus and bevacizumab has been used as first-line
systemic therapy with impressive success in patients with
metastatic renal cell carcinoma, which otherwise has a
poor prognosis[47].
The combination with another anti-angiogenic agent
enhances activity and decreases toxicity[48].
Bevacizumab has been accepted in combination with
taxanes for the treatment of metastatic breast cancer in
unselected patients[49]. Its combination with paclitaxel
showed a statistically significant difference in outcome
compared to treatment with paclitaxel alone.
Results of trial E2100 led to the initial approval of
bevacizumab as first-line therapy for patients with metastatic breast cancer in the United States in February 2008.
However, based on results from subsequent trials, the
United States FDA Oncologic Drugs Advisory Committee revoked its approval in July 2010[50-52]. The drug costs
about $90000 (£58000; €68000). Bevacizumab has not
been shown to be safe and effective in metastatic breast
cancer, as several studies showed no influence on overall
survival or benefits in overcoming the drug’s serious and
potentially life-threatening side effects.
Despite the FDA decision, it was not withdrawn in
Europe by the European Medicines Agency, however, the
prescribing practice has been reduced[50]. A recent survey
highlighted the discord between the opinion of oncologists and the FDA’s recent decision[53]; similarly there is
controversy over the FDA decision[54].
Bevacizumab has also been used in primary and
metastatic brain tumors, mainly in glioblastomas[55]. It
has been extensively studied in patients with primary
malignant gliomas and has been approved as second-line
chemotherapy alone or in combination with irinotecan
following first or second recurrence after radiotherapy
and temozolomide[56-58]. Furthermore, the efficacy and
safety of combining bevacizumab with standard-of-care
therapy in patients with newly diagnosed glioblastoma
multiforme is currently being studied by the AVAGLIO
phase Ⅲ randomized trial[59].
Bevacizumab has also been proved to be effective as
mono-therapy in recurrent ovarian stromal tumors[60].
Chemotherapy plus targeted therapy with bevacizumab had better efficacy than chemotherapy alone in
patients with non-small cell lung cancer, which otherwise
has a poor prognosis[61]. The combination of paclitaxel/
carboplatin with bevacizumab showed increased efficacy
(27% vs 10% with chemotherapy alone) and raised overall
survival to 12.5 mo vs 10.2 mo, respectively.
Bevacizumab is currently being used more frequently
in the management of breast, ovarian and cervical cancer[62-64]. It has also been used in advanced pancreatic cancer in phase Ⅱ clinical trials alone or combined with other
therapeutic agents, but without improved outcome[21,65,66].
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BEVACIZUMAB SIDE EFFECTS AND
REPORTED COMPLICATIONS
Despite the documented benefits of bevacizumab use
in the treatment of colorectal cancer, there have been
reports of rare side effects, i.e., thrombosis, arterial hypertension, proteinuria, perforation of the gastrointestinal tract or nasal septum, wound healing abnormalities,
irreversible leuco-encephalopathy syndrome, allergic skin
rash and hypersensitivity reactions[15,67,68]. Wound healing
abnormalities include wound dehiscence, ecchymosis,
bleeding and wound infection. Hypersensitivity reactions
include flashing, pruritus, arterial hypertension, rigors,
broncho-constriction, chest pain, and sweats. The risk
of postoperative bleeding is statistically significant[25,29] as
well as the risk of thromboembolic events, i.e., deep vein
thrombosis, pulmonary embolism, transient ischemic
attack, and acute mesenteric ischemia[69-71]. Due to the
aforementioned side effects, continuous monitoring of
patients receiving bevacizumab treatment is mandatory to
achieve the best outcome[72].
The contraindications of bevacizumab use include
hypersensitivity to its active components or to recombinant monoclonal antibodies, pregnancy, lactation, brain
metastasis without treatment due to bleeding risk, gastrointestinal tract perforation, wound healing complications, persistent arterial hypertension, proteinuria, arterial
thromboembolic episodes, hemorrhage and congestive
heart failure or cardiomyopathy[16].
The reported wound healing complications include
bowel perforation, external abdominal fistula, anastomotic dehiscence, intraperitoneal bleeding, gastrointestinal hemorrhage and cellulitis. In oncoplastic surgery
for advanced breast cancer, failure of free flaps due to
increased thrombotic risk as well as bleeding episodes increase the morbidity and mortality rate[67].
The risks of GI-tract perforation including free perforation, fistula formation and intra-abdominal abscess
are rare, but these are serious complications, which may
be fatal[73,74]. These risks depend on the drug dose and
increases in cancer patients. The use of non-steroidal
or other anti-inflammatory drugs, peptic ulcer and colon diverticular disease are also risk factors. It should be
stressed that there have been isolated reports of spontaneous delayed (several months or even one year after
operation) leakage from previous colon or rectal anastomosis after treatment with bevacizumab[75-78].
An interesting case reported skin flap necrosis in a
female undergoing preoperative bevacizumab and paclitaxel plus 5-FU, epirubicin, and cyclophosphamide treatment for locally advanced breast cancer[78]; we should also
mention the case of Fournier’s gangrene in a male during
bevacizumab treatment 4 mo after chemotherapy with
5-FU/LV/oxaliplatin for advanced colorectal cancer[79].
However, in a recent study of 57 cancer patients who
received bevacizumab and underwent immediate insertion of a central venous access port, there were no sideeffects such as delayed wound healing, bleeding, infection
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or ulceration[80].
The reported long-term anastomotic complications
attributed to the use of the anti-angiogenic agent refer to
18 cases[81]. They occurred more than a year or even 78
mo following bevacizumab treatment. The risk factors
included low anterior recto-sigmoid resection for rectal
cancer, perioperative radiotherapy and healed early anastomotic leakage.
For the aforementioned reasons, it has been recommended that a period of 6 wk should elapse following
drug cessation before hepatectomy; post-operatively, a
4-wk period is required before therapy is re-initiated[82].
However, there has recently been a debate based on experimental findings[83,84] and clinical data. The safety and
effectiveness of bevacizumab were proved in a large meta-analysis of randomized controlled trials, which found
no statistically significant difference in wound healing[85].

CONCLUSION
The promotion of angiogenesis by VEGF favors tumor
growth. Bevacizumab, which is a recombinant humanized monoclonal antibody against VEGF activity, inhibits
angiogenesis restricting the growth of malignant cells and
thus prevents tumor spread. It has recently been used
as targeted therapy in combination with chemotherapy,
mainly in advanced colorectal cancer with hepatic or
other metastasis, and in breast cancer despite the debate
surroundings its use for this disease, and occasionally in
pancreatic cancer (but without proven efficiency), ovarian
tumors, small-cell lung cancer, renal cancer and prostate
cancer. A number of experimental studies have also attracted great interest on its use in other advanced malignancies. This novel biological agent is generally safe and
well-tolerated. However, there are rare, although serious
side effects and complications that should be considered.

BEVACIZUMAB EXPERIMENTAL
USE-PERSPECTIVES
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Risk factors for local recurrence following neoadjuvant
chemoradiotherapy for rectal cancers
Jia-Yuan Peng, Zhong-Nan Li, Yu Wang
lymph nodes should be considered in advanced lowlying cancers. Although better tumor response resulted
in a relatively lower recurrence rate, the evidence available is insufficient to justify a non-operative approach
in clinical complete responders to nCRT. LR cannot be
totally avoided by current multidisciplinary approaches.
The related risk factors resulting from nCRT should be
considered when making decisions regarding treatment
selection.
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Core tip: This review identifies the distinctive risk factors associated with local recurrence (LR) in patients
with rectal cancer receiving neoadjuvant therapy.
These factors are different from the traditional risk factors seen in patients treated with surgery and/or adjuvant therapy alone. The clinical significance of these
risk factors is clarified in detail. To our knowledge, no
reviews concerning this topic have been published. The
present manuscript might help to understand the origin
of LR following neoadjuvant chemoradiotherapy and
may receive attention from investigators devoted to improving the prognosis of rectal cancer.

Abstract
Local recurrence (LR) has an adverse impact on rectal
cancer treatment. Neoadjuvant chemoradiotherapy
(nCRT) is increasingly administered to patients with
progressive cancers to improve the prognosis. However, LR still remains a problem and its pattern can
alter. Correspondingly, new risk factors have emerged
in the context of nCRT in addition to the traditional risk
factors in patients receiving non-neoadjuvant therapies. These risk factors are decisive when reviewing
treatment options. This review aims to elucidate the
distinctive risk factors related to LR of rectal cancers
in patients receiving nCRT and to clarify their clinical significance. A search was conducted on PubMed
to identify original studies investigating patients with
rectal cancer receiving nCRT. Outcomes of interest,
especially potential risk factors for LR in patients with
nCRT, were then analyzed. The clinical importance of
these risk factors is discussed. Remnant cancer cells,
lymph-nodes and tumor response were found to be
major risk factors. Remnant cancer cells decide the status of resection margins. Local excision following nCRT
is promising in ypT0-1N0M0 cases. Dissection of lateral
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INTRODUCTION
Local recurrence (LR) is a major problem and threatens
the prognosis of rectal cancer patients. For locally pro-
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gressive tumors, LR can not be prevented just by improving surgical techniques. Therefore, preoperative, also
known as neoadjuvant, therapy has been advocated due
to its ability to down-stage tumors and thus increase resectability. Multidisciplinary neoadjuvant approaches have
been proven to effectively control LR[1,2] and improve
overall survival[3,4]. However, LR still occurs[5,6] and its pattern can change[7,8] with regard to time and location. For
example, the time from operation to LR is prolonged[9].
Most importantly, neoadjuvant therapy and its downsizing
effects on tumors have resulted in the emergence of some
LR-associated risk factors unlike those related with only
surgery plus adjuvant chemoradiotherapy, such as vascular
invasion or tumor differentiation[8,10]. These distinctive risk
factors, consisting of isolated remnant cancer cells and tumor response to neoadjuvant chemoradiotherapy (nCRT),
have been reported to be associated with the prognosis of
patients[11]. Therefore, determination of the characteristics
of these factors and their clinical significance would provide very helpful data for clinical practice.
The aim of the present review was to characterize the
risk factors in patients receiving neoadjuvant therapy, mainly nCRT. Moreover, the clinical implications of these risk
factors in treatment decision-making following nCRT were
also explored.

differentiation, vascular invasion, TNM staging and circumferential resection margin status were excluded. Risk
factors related to the downsizing effect of nCRT were
included.
Analysis of the data from the included studies was
carried out. Descriptive statistics (simple counts, means,
and medians) were either directly derived from the article
or calculated based on the data presented in the article,
and used to report studies, patients, and treatment-level
data. Outcomes of interest, especially potential risk factors for LR in patients who received nCRT were synthesized by pooling relevant data, and then analyzed. Due to
high heterogeneity among the studies and lack of RCTs,
a meta-analysis was not deemed appropriate.

PATTERNS OF LR FOLLOWING nCRT
Time and location of LR
To better understand the risk factors, a deep insight into
the patterns of LR is required. The patterns of LR can be
described by two aspects, namely timing and location. The
first aspect is the time interval to development of LR.
Habr-Gama et al[9] found that the mean recurrence interval
was 52 mo (18-79 mo) in 6 cases with sustained complete
clinical response to nCRT. However, Coco et al[6] reported
that the time to development of LR was longer than 5
years in approximately one third of cases treated with
nCRT (4 of 14 cases). Similar results were observed in
studies[12,13], in which only neoadjuvant radiotherapy (nRT)
was administered. However, in a study which included
patients receiving surgery alone or associated with postoperative chemoradiotherapy (pCRT) with an average
follow-up of 10 years, LR occurred in 72% of patients
within 18 mo of surgery[14]. These data suggest that neoadjuvant therapy may have an ongoing impact, different
from that of pCRT, on the natural history of rectal cancer. This may be the reason why a better response can be
induced by nCRT over time[15,16].
The second pattern is the subtle alteration concerning subsites of LR. It has been shown that the incidence
of anastomotic recurrence is declining [12,17]. The two
most common sites of LR in nCRT cases are the lower
pelvis (56%) and presacral region (22%)[18,19]. Syk et al[20]
indicated that the majority of LRs in patients receiving
nRT were located anatomically below the S1-S2 interspace. The higher frequency of LR within the presacral
area in patients undergoing nRT may be explained by
the unique anatomical locations of the mesorectum and
lateral lymph nodes (LLNs). The mesorectum is defined
as the fatty and fibrous tissues surrounding the rectum.
Most mesorectal tissues are located at the dorsal side of
the rectum and include lymphatic and vascular vessels
to which cancer may disseminate. Furthermore, a recent
anatomical study revealed the presence of an alternative
lymphatic drainage pathway from mesorectal LNs to
LLNs[21] using three-dimensional reconstruction and histological section. This connection may provide a pathway
for the cancer cells to spread or escape and LLNs may

SEARCHING STRATEGIES AND SELECTING
CRITERIA
A systematic review was performed in order to explore
potential risk factors for LR following nCRT. A literature
search was performed in PubMed and EMBASE databases for English-language papers published over the last 10
years, with outcome data limited to humans. The search
terms used included “rectal cancer” or “rectal neoplasm”;
“neoadjuvant” or “preoperative”; “radiotherapy” or “chemotherapy” or “chemoradiotherapy”; “recurrence” or
“local recurrence” or “local control” or “local relapse” or
“local failure” or “prognosis”.
The criteria for including potential studies in the systematic review were: (1) randomized clinical trials (RCTs)
or cohort studies investigating patients with rectal cancer
receiving nCRT; (2) retrospective studies of LR in patients with rectal cancer who were treated with nCRT;
and (3) studies evaluating parameters (risk factors) that
may influence the outcome in terms of LR in patients
with rectal cancer who were treated with nCRT. Articles
that did not show LR or investigate the causes of LR
were excluded. Furthermore, abstract-only publications
and chapters from books were excluded. When the same
series of patients were reported by the same authors in
different articles, only the series with the longest followup was included in the review.
Two reviewers independently reviewed each article,
and discrepancies were resolved by discussion and consensus. All data were extracted from the main text, tables,
and figures of the articles. Traditional risk factors such as
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Resection line
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Resection line
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Figure 1 A diagram of risk factors for local recurrence in cases treated with neoadjuvant chemoradiotherapy. Resection line marks the resection range of a
standard total mesorectum resection. nCRT: Neoadjuvant chemoradiotherapy.

serve as a harbor for these cells[22,23]. Some isolated cancer
cells in the mesorectum or lymphatic tissues (see “Isolated tumor cells”) serve as seeds for LR following nCRT.
These cells are inhibited, but not killed, by nRT and rest
in the G0 phase[24]. During surgery, cells may be spilled
and implanted in the lower pelvis and presacral region
resulting in LR.
We hypothesize that the seeds of LR may be the cancer cells at the margin of the mesorectum or within the
lymphatic pathway from the mesorectum to LLNs. During a standard total mesorectum resection (TME), these
cells may “leak” following complete resection of the mesorectum, implant in the presacral space due to the force
of gravity and trigger subsequent LR (Figure 1). This hypothesis may be further confirmed if the tumor cells can
be separated from post-operative lymph fluid drainage.

than “destructive” for a certain proportion of cancer
cells. Thus, the surviving cells, if not removed by surgery,
may restore their viability and evolve into seed cells for
LR (Figure 1). These seed cells can be divided into two
groups, extranodal and intranodal seed cells, according to
their relationship with lymph nodes (LNs). Furthermore,
two major types of LR derived from extranodal seed
cells, tumor budding (inside the bowel wall) and mesorectal microfoci (MMF), have been reported, according to
their locations.

TUMOR BUDDING
Relationship with LR
Tumor budding is described as a subset of isolated cancer cells located at the invasive front and extending from
the neoplastic gland structures to the adjacent stroma[28].
Tumor budding has been reported to be an independent factor predicting prognosis[29,30]. Research on nCRT
cases has shown that tumor budding is always described
as isolated or small clusters of remnant cancer cells resulting from tumor regression. A control-case study[24]
showed that nRT increased the frequency of budding
cells compared with surgery without nRT (mean 54 vs 38,
P = 0.03). These cells are always surrounded by fibrosis
or an inflammatory reaction induced by nCRT. NCRTinduced tumor budding can be classified into two grades:
high grade (clusters of budding cells easily observed by
pathological examination) and low grade (minimal or
isolated budding barely detected by pathological examination). According to Gavioli et al[31] study of 139 patients
with nCRT, LR did not appear in the low grade budding
group, while 8.8% of the high grade budding patients
developed LR. In a more recent study, patients with low
grade budding also had better 5-year disease-free survival
than those with high grade budding (87.5% vs 55.6%, P <
0.0001).

Clinical importance of follow-up
Understanding the altered LR patterns in patients with
different neoadjuvant and intraoperative therapies has
practical implications. On the one hand, delayed LR occurs
in patients receiving nCRT, and thus, the standard 5-year
follow-up currently recommended by the European Society for Medical Oncology[25] should be extended to at least
7-8 years and intensified monitoring is required in selected
cases[26]. In addition, if delayed LR is expected to occur in
a proportion of patients, the observational period in prospective and randomized trials[4,27] should be prolonged in
order to draw more definitive conclusions. On the other
hand, attention should be paid to common regions involved in LR in patients receiving neoadjuvant therapies
which may help us accurately select the area at high risk for
radiotherapy and avoid unnecessary irradiation.

ISOLATED REMNANT CANCER CELLS
As mentioned above, nCRT may be “suppressive” rather
WCG|www.wjgnet.com
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Table 1 Intramural spreading distance after neoadjuvant therapy
Ref.

No. of patients

Chmielik et al[32]
Chmielik et al[32]
Mezhir et al[37]
Guillem et al[36]

106
86
20
109

Neoadjuvant therapy regimen

Intramural spreading distance

Radiotherapy (Gy)

Chemotherapy

0-5 mm

6-10 mm

>10 mm

5×5
50.4
50.4
50.4

None
5-Fu + LV
5-Fu + LV
5-Fu + LV

93
78
12
108

9
8
7
1

4
0
1
0

5-Fu: 5-fluorouracil; LV: Leucovorin.

Clinical significance: decide the status of distal
resection margin
It has been shown that the distal intramural spread of tumor budding is discontinuous in 57% of patients receiving nCRT[32]. The nature of this discontinuity is of special
clinical importance; the supposed “clean” distal resection
margin (DRM) in sphincter-sparing resection may not
necessarily be free of cancer cells and longer a DRM may
be required in a proportion of patients due to the possible existence of tumor budding. Thus, the focus is now
“How far does tumor budding go?” Two studies demonstrated that DRMs less than 10 mm did not compromise
LR[33,34]. In contrast, a study with a longer follow-up (5.6
years) demonstrated that a DRM less than 8 mm was associated with increased LR[35]. Why was there discrepancy
between these two studies? First, the average period of
follow-up may have had an influence. The follow-up time
in these two studies may have been too short to draw
definite conclusions (both were less than 36 mo). Second,
the whole-mount section of the pathological examination
was not used in these two studies, making the conclusion less convincing. Studies using whole-mount sections
have shown that approximately 90% of patients receiving nCRT have a distal intramural extension of tumor
budding within 5 mm, and 8% within 6-10 mm and less
than 2% over 10 mm[32,36,37] (Table 1). Correspondingly, it
has been suggested that the required length of the DRM
should be shortened from 20 to 10 mm due to tumor remission induced by nCRT[36]. A DRM less than 10 mm is
not yet justified for cases receiving nCRT based on current evidence. Therefore, following nCRT, the existence
of budding cells is discontinuous and a supposed “negative” DRM less than 10 mm may not be a real negative
margin for low-lying cancers.

gates between the fasciculus and perineurium) and isolated (cancer deposits within the mesorectum, not a continuous extension from the main tumor mass). Clinically,
MMF can be identified by careful pathological examination. Studies[39-41] have shown that MMF are detected in
13.8%-44.2% of cases after surgery despite downstaging
induced by nCRT. Prabhudesai et al[38] reported that LR
occurred in 17.2% (5/29) of patients with MMF and in
3.8% (1/26) of those without MMF, although the difference was not statistically significant.
Clinical significance: decide the status of circumferential
resection margin and distal mesorectal margin
Similar to tumor budding, MMF may decide the status
of the circumferential resection margin (CRM) and distal
mesorectal margin (DMM) (Figure 2). However, no data
are available regarding the appropriate CRM and DMM
after nCRT. Should CRM and DMM be correspondingly
shortened? Further pathological studies are required.

LYMPH NODES
Relationship with LR
Cancer cells harbored within LNs surrounding the rectum may serves as the seeds for LR. Although the nCRTinduced tumor regression does not necessarily parallel
the sterilization of LNs metastasis, better tumor response
may predict less LNs metastasis. Recent studies have
proven that tumors at stage ypT0-1 correlate with a very
low incidence of positive LN involvement[31,42-52] (Table 2).
With regard to stage ypT2, LN involvement is present in
about 20%-30% of cases[44,48].
Clinical significance: indication for local excision
With the belief that favorable tumor response may be
equal to the disappearance of LNs metastasis, we propose that a proportion of pretreated T3 or T4 tumors
might meet the requirements for local excision (LE).
Several studies have shown that LR is not observed in
ypT0 cases followed by LE, and the LR rate is around
3%-6% in ypT1 cases[53-60]. Moreover, the LR cases can
be efficiently salvaged by subsequent radical dissection if
early detection is achieved[54,61]. Therefore, LE is recommended by some authors for ypT0 or ypT1 cases due to
its efficacy in local control which is equivalent to radical
surgery[49,52,53,59,61-64]. Although these results are encouraging, the majority of the above-mentioned studies are retrospective and include small sample sizes. Thus, further

MMF
Relationship with LR
Unlike tumor budding which is intramural, MMF, another risk factor for LR, is mesorectal. MMF is primarily
defined as extranodal cancer deposits discontinuous with
the primary tumor[38] in the mesorectum. The incidence
of MMF is reported to be directly associated with the infiltrating depth of the primary tumor[38].
Ratto et al[39] specifically classified MMF into four major subtypes: endovascular (cancer deposits in blood vessels), endolymphatic (cancer deposits in lymphatic vessels
but not in lymph nodes), perineural (cancer cell aggre-
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Figure 2 A diagram of resection margins of rectal cancer
and their relationships with mesorectal microfoci and tumor
budding. CRM: Circumferential resection margin; DRM: Distal
resection margin. DMM: Distal mesorectal margin; LNs: Lymph
nodes; MMF: Mesorectal microfoci.

MMFs
CRM
LNs

Tumor

Tumor
budding

Distal intramural spread

DRM

Microscopic margin
DMM

Table 2 Association between ypT stage and ypN status n (%)
Ref.

No. of patients

Zmora et al[42]
Read et al[43]
Bujko et al[44]
Bujko et al[44]
Pucciarelli et al[45]
Tulchinsky et al[46]
Habr-Gama et al[47]
Stipa et al[48]
Kundel et al[49]
Gavioli et al[31]
Kim et al[50]
Lindebjerg et al[51]
Coco et al[52]
Total

109
644
147
138
235
101
401
187
320
139
282
135
271
3109

Neoadjuvant therapy regimen
Radiotherapy (Gy)

Chemotherapy

45-50.4
20-45
5×5
50.4
45-50.4
45
50.4
50.4
45
50
45
60
NS

5-Fu
5-Fu
5-Fu
5-Fu
5-Fu
5-Fu
5-Fu
5-Fu
5-Fu
5-Fu
5-Fu
NS

Time interval
(wk)
6
NS
1
4-6
6-8
5-7
8
NS
4-8
4
4-8
8
NS

1

No. of patients with ypT0/T1
ypN+/ypT0-1

ypN+/ypT2-4

4/33 (12.1)
3/87 (3.4)
0/4 (0.0)
2/33 (6.1)
3/69 (4.3)
1/22 (4.5)
3/25 (10.7)
3/44 (6.8)
3/69 (4.3)
2/34 (5.9)
2/58 (3.4)
8/47 (17.0)
3/71 (4.2)
37/596 (6.2)

30/61 (49.2)
217/557 (39.0)
69/138 (50.0)
41/101 (40.6)
45/166 (27.1)
29/75 (38.7)
75/224 (33.5)
48/143 (33.6)
49/222 (22.1)
38/105 (36.2)
85/224 (37.9)
32/88 (36.4)
70/200 (35.0)
828/2304 (35.9)

1

Time interval refers to the time from the end of neoadjuvant therapy to subsequent operation. NS: Not specified; 5-Fu: 5-fluorouracil.

prospective, population-based and multi-center investigations are required to confirm these results.
With regard to ypT2 stage, 63% (53/88) of patients
with ypT2 are reported to have at least one unfavorable
pathological feature in addition to LNs metastases (vascular or perineural invasion, mucinous type and tumor
size > 3 cm) for LE[65]. Perez et al[66] reported that the LR
rate in patients with ypT2 who underwent LE was 9%
(8/88) after nCRT. In cases with ypT3N0 or ypT4N0, the
rate was up to 25% (14/25), including 14.7% (n = 8) systemic and 10.3% (n = 6) local relapse despite the absence
of LNs micro-metastasis[66]. These findings indicate that
ypT2-4 may have more residual cancer cells than detected
and these tumor stages are not suitable for LE under the
current nCRT regimen.

tion of LLNs is not included during regular TME. The
incidence of LLN involvement varies from 7.7% to 20%
in low and middle rectal cancer[67-69]. There is evidence to
suggest that TME even with nCRT cannot completely
remove remnant cancer cells in LLNs (Figure 1), especially in advanced tumors[45,70,71]. Kim et al[72] reported that
9 (7.9%) of 366 patients developed LR after nCRT and
TME during a mean follow-up of 5 years, and lateral
pelvic recurrence accounted for most (n = 24, 82.7%) of
these cases. Patients with positive LLNs had a higher risk
of lateral pelvic recurrence, compared with those with
negative LLNs (LR rate: 26.6% vs 2.3%). Kusters et al[73]
demonstrated that bilateral lateral lymph node dissection
(LLND) generally resulted in better local control than
unilateral LLND (LR rate: 15.4% vs 8.3%) in patients
with advanced cancers after nCRT. When positive LLNs
were detected preoperatively, the difference between
unilateral and bilateral LLND was still significant (LR
rate: 32.8% vs 14.2%). Furthermore, LR was detected on
the contralateral side in a proportion of patients who

LATERAL LYMPH NODES
Relationship with LR
LLNs are a particular type of lymph nodes and dissec-
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Table 3 Relationship between tumor response and local recurrence rate n (%)
Ref.

No. of patients

Gavioli et al[31]
Stipa et al[57]
Hughes et al[71]
Kim et al[82]
Kuo et al[83]
Chan et al[84]
García-Aguilar et al[86]
Wheeler et al[87]
Theodoropoulos et al[88]
Total

139
200
130
114
248
128
168
63
88
1278

Neoadjuvant therapy regimen

No. of LR

Radiotherapy (Gy)

Chemotherapy

pCR LR/total

Non-pCR LR/total

50
50
45
50.4
50
50
40-65
45-50
45

5-Fu
5-Fu
5-Fu
5-Fu
5-Fu
5-Fu
5-Fu
5-Fu
5-Fu

0/25 (0.0)
0/60 (0.0)
0/23 (0.0)
0/10 (0.0)
2/36 (5.6)
0/32 (0.0)
0/21 (0.0)
1/29 (3.4)
0/16 (0.0)
3/252 (1.2)

8/114 (7.0)
6/140 (4.3)
23/107 (17.7)
17/104 (16.3)
66/212 (31.1)
24/96 (18.4)
7/147 (5)
8/34 (23.5)
3/72 (4.2)
162/1026 (15.8)

LR: Local recurrence; pCR: Pathologic complete remission; 5-Fu: 5-fluorouracil.

underwent unilateral lymph node dissection. These data
indicate that positive LLNs are a vital risk factor causing
pelvic recurrence even after nCRT.

chances of R0 resection. Moreover, complete regression
of the primary cancer is paralleled with the disappearance of remnant cancer cells either in the mesorectum or
lymph nodes[39].

Clinical significance: application of LLND
There is controversy between Western and Japanese researchers concerning the application of LLND. Western
researchers believe that nCRT plus TME may have a comparable outcome to that of LLND[74]. Moreover, resection
of LLNs may result in injury to pelvic nerves. Thus, they
recommend nCRT plus TME, not LLND. However, Japanese researchers indicate that LLND has a comparable
outcome to that of nCRT plus standard TME regarding
local control and the incidence of complications[75]. Thus,
they recommend LLND. In our opinion, LLNs status is
reflective of overall mesenteric LNs status and LLNs positivity may represent the poor response of rectal cancer to
nCRT. LLND should be undertaken in selected patients,
e.g., those with tumor below the peritoneal reflection and
poor tumor response. In addition, laparoscopic technology has unique advantages over laparotomy in terms of
decreasing morbidity following LLND due to its highdefinition close view in nerve-sparing.

Clinical significance: non-operative management
It has been shown that in patients with pCR, no residual
cancer is found in resected specimens. This raises the
question as to whether immediate radical surgery following nCRT is necessary, or, whether “watch and wait” is
an appropriate strategy for these selected patients. Since
pathological response can be judged only after tumor resection, a substitute parameter, clinical complete response
(cCR), has been used to preoperatively screen potentially
suitable patients[9,89]. A single-center study revealed that in
patients treated with chemotherapy without surgery, only
5% of cCR cases (5 of 99) developed LR[9], whereas another study found that 8 of 10 patients had LR[90]. How
do we explain such a big discrepancy? Actually, the critical premise for the “watch and wait” approach is to correctly identify the “real” suitable responders. A long-term
persistent cCR may be a better representative of pCR.
Only patients with sustained cCR for at least 12 mo were
submitted to non-operative management in the study by
Habr-Gama et al[9]. In contrast, the majority (75%) of patients with a short-term cCR (6-12 wk) were reported to
have microscopic remnant cancers[70], at high risk of LR
if subjected to “watch and wait”. In addition, accuracy
of staging in cases pretreated with nCRT is controversial.
The absence of palpable tumors is not reliable evidence,
nor is an invisible tumor on imaging methods, including transrectal ultrasonography, CT and MRI. Therefore,
the overall attitude toward non-operative management
remains critical and cautious, although the results from
Habr-Gama et al[9,91] are promising. In our opinion, only
selected cCR patients may undergo close observation
without immediate radical surgery.

TUMOR RESPONSES
Relationship with LR
A better tumor response may predict a more favorable
prognosis for patients with advanced rectal cancer[76]. The
response to neoadjuvant therapy includes remission in
both primary tumor volume and lymphatic or vascular
metastasis. Pathologic complete response (pCR) is defined as both ypT0 and ypN0, and the pCR rates range
from around 10% to 30% in patients who underwent
nCRT[77-80]. The final pathologic stage after nCRT and radical surgery is considered a vital factor in predicting LR.
According to Mandard’s Tumor Regression Grade (TRG)
criteria[81], patients achieving a significant tumor remission (TRG1-3) displayed a relatively lower LR rate[71,82-87]
compared with the non-downstaging group (TRG4-5).
This figure decreased to 0%[31,71,82,86,88] (Table 3) in the pCR
group. The reason for this may be that a pCR suggests
a more favorable biological behavior and increases the
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proved significantly in patients with rectal cancer, especially in those receiving anterior resection (AR)[92]. In
comparison, abdominoperineal resection (APR) is reported to be related to a higher LR rate and poorer prognosis[93,94]. A possible explanation for the inferior outcome after APR is that surgeons often encounter more
difficulties when resecting lower-lying tumors within a
narrow pelvis[93]. Moreover, for those receiving nCRT, the
appropriate surgical plane may be difficult to recognize
due to tissue edema and fibrosis. These factors together
may lead to inadequate excision of the mesorectum or
of the tumor itself. In addition, the incidence of inadvertent intra-operative rectal perforation and post-operative
anastomotic leak may increase, resulting in a higher LR
rate[95-97].
With regard to AR, there is a legitimate concern about
implanting exfoliated tumors cells when using circular
staples. Despite the feasibility of low colorectal anastomosis, staples may also lead to implantation of viable
tumor cells lying freely in the bowel lumen during staple
firing[98,99]. That may also explain the mechanism of anastomotic recurrence in patients receiving nCRT (see Patterns of LR Following nCRT), who were expecting that
tumor regression may translate to final sphincter-sparing
surgery. Some authors[100,101] recommend intra-operative
washout to eliminate exfoliated cancer cells because it is
relatively risk-free and adds little to the operative trauma.
However, it is difficult for surgeons to accomplish rectal
washout in laparoscopic AR, as frequent laparoscopic
manipulation probably increases tumor exfoliation,
making wash-out even more crucial. Therefore, specific
equipment or tools need to be designed to overcome the
technical problems of laparoscopic rectal wash-out.
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CONCLUSION

11

nCRT can downsize rectal cancer and facilitate subsequent radical resection. However, the impact of nCRT
on downstaging of rectal cancer may also result in an altered pattern of LR and several distinctive risk factors for
LR. These distinctive risk factors and altered patterns of
LR are of clinical importance because they are decisive in
treatment selection and follow-up. In future studies, we
should not only identify but also improve our multidisciplinary approaches to minimize these factors.
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Abstract
Esophageal cancer (EsC) is one of the least studied and
deadliest cancers worldwide because of its extremely
aggressive nature and poor survival rate. It ranks sixth
among all cancers in mortality. In retrospective studies
of EsC, smoking, hot tea drinking, red meat consumption, poor oral health, low intake of fresh fruit and
vegetables, and low socioeconomic status have been
associated with a higher risk of esophageal squamous
cell carcinoma. Barrett’s esophagus is clearly recognized
as a risk factor for EsC, and dysplasia remains the only
factor useful for identifying patients at increased risk,
for the development of esophageal adenocarcinoma in
clinical practice. Here, we investigated the epidemiologic
patterns and causes of EsC. Using population based
cancer data from the Surveillance, Epidemiology and
End Results Program of the United States; we generated the most up-to-date stage distribution and 5-year
relative survival by stage at diagnosis for 1998-2009.
Special note should be given to the fact that esophageal
cancer, mainly adenocarcinoma, is one of the very few
cancers that is contributing to increasing death rates
(20%) among males in the United States. To further
explore the mechanism of development of EsC will
hopefully decrease the incidence of EsC and improve
outcomes.

INTRODUCTION
Esophageal cancer (EsC) including squamous cell carcinoma (SCC) and adenocarcinoma is considered as a serious
malignancy with respect to prognosis and a fatal outcome
in the great majority of cases[1,2]. Esophageal carcinoma
affects more than 450000 people worldwide and the incidence is rapidly increasing[3]. Currently, EsC is the eighth
most common incident cancer in the world because of its
extremely aggressive nature and poor survival rate[4,5].
EsC exhibits an epidemiologic pattern distinct from
all other cancers[6,7]. The incidence of esophageal adenocarcinoma has increased sharply over the past few
decades, both by period and birth cohort. Etiological
studies are required to explain the rapid increase of this
lethal cancer[8]. Understanding the epidemiology of EsC
will be the key to elucidating the causes and risk factors
for esophageal cancer and thus the cornerstone of developing any prevention strategies.

PATHOLOGY AND ANATOMY
Cancer of the esophagus typically occurs in one of two

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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forms, SCCs arising from the stratified squamous epithelial lining of the organ, and adenocarcinomas affecting
columnar glandular cells that replace the squamous epithelium[9]. Sarcomas and small cell carcinomas generally
represent less than 1%-2% of all esophageal cancers[10,11].
On rare occasions, other carcinomas, melanomas, leiomyosarcomas, carcinoids, and lymphomas may develop in
the esophagus as well[5].
SCC is the predominant histologic type of esophageal
cancer worldwide[12]. The incidence of squamous cell cancer of the esophagus increases with age as well and peaks
in the seventh decade of life. The incidence of squamous
cell esophageal cancer is three times higher in blacks than
in whites, whereas adenocarcinomas are more common
in white men.
The natural histories of SCCs and adenocarcinomas
of esophagus appear to differ substantially. For squamous
cell cancers, transition models have described squamous
epithelium undergoing inflammatory changes that progress to dysplasia and in situ malignant change[13,14].
Most adenocarcinomas, however, tend to arise in the
distal esophagus from columnar-lined metaplastic epithelium, commonly known as Barrett’s esophagus[15,16], which
replaces the squamous epithelium during the healing
reflux esophagitis and may progress to dysplasia. Gastroesophageal reflux disease (GERD), or just reflux[17-19]
can damage the lining of esophagus which causes Barrett’
s esophagus[17], characterized by abnormal “tongues” of
salmon-colored mucosa extending proximally from the
gastroesophageal junction into the normal pale esophageal mucosa, develops in approximately 5 to 8 percent of
patients with gastroesophageal reflux disease.
Cancers that start at the area where the esophagus
joins the stomach (the GE junction), which includes
about the first 2 inches of the stomach (called the cardia),
tend to behave like esophagus cancers (and are treated
like them, as well), so they are grouped with esophagus
cancers. Approximately three quarters of all adenocarcinomas are found in the distal esophagus, whereas SCCs
are more evenly distributed between the middle and
lower third. The cervical esophagus is an uncommon site
of disease. Nowadays the terminology used for the definition of adenocarcinomas at the GE junction is “cardiac
carcinoma”, which can be easily misunderstood. This
definition of adenocarcinomas of the GE junction does
not allow correct comparison of diagnosis (endoscopic,
radiological and pathologic), epidemiology and surgical
therapy in national and international aspects, because different tumor can develop in the same area, and all called
cardia tumors[20]. Siewert and Stein recommended a classification to solve this problem[21]. The classification of the
tumors is morphological/topographical[21,22]. Type Ⅰ is
adenocarcinoma of the distal part of the esophagus.
Type Ⅱ is adenocarcinoma of the real cardia and type
Ⅲ is subcardial gastric adenocarcinoma. The importance
of this classification is it enables unified pre-operative
assessment and it can also help to decide the type of the
surgical intervention[20,23-27].

WCG|www.wjgnet.com

INCIDENCE
Cancers arising from the esophagus, including the
GE junction, are relatively uncommon in the United
States[28,29]. The rate of cancer of the distal esophagus is
about equal to that of the more proximal two-thirds[30].
SCC is the predominant histologic type of esophageal
cancer worldwide. The incidence of SCC increases with
age as well and peaks in the seventh decade of life, which
is three times higher in blacks than in whites, whereas adenocarcinomas are more common in white men.
The most important precancerous disease is Barrett’s
esophagus[31-34]. Patients with Barrett’s esophagus have
a 50 to 100 times increase in their risk of developing
cancer compared to the general population. People with
Barrett’s esophagus are much more likely to develop cancer of the esophagus. These people require close medical
follow-up in order to find cancer early. Still, although they
have a higher risk, most people with Barrett’s esophagus
do not go on to develop cancer of the esophagus. In
their population-based cohort study, Hvid-Jensen et al[35]
reported an annual risk of esophageal adenocarcinoma
of 0.12% among patients with Barrett’s esophagus.
For different types of esophageal cancer, the risk
increases with age, with a mean age at diagnosis of 67
years. Esophageal cancer age-adjusted incidence of
blacks was about twice that of whites (8.63/100000 vs
4.39/100000, P < 0.05)[36]. Squamous cell carcinoma was
more commonly diagnosed in blacks and white females,
whereas adenocarcinoma was more common among
white males.
Although the disease is relatively uncommon in the
United States, it is a major global health threat[37]. Esophageal cancer is four times more common and slightly more
lethal in men than in women. According to the National
Cancer Institute (Cancer.gov) in 2012, it is estimated that
17460 persons (13950 men and 3510 women) will be diagnosed with and 15070 persons will die of cancer of the
esophagus in 2012.
Esophageal cancer occurs at a rate 20 to 30 times
higher in China than in the United States. An esophageal
“cancer belt,” primarily squamous cell cancers, extends
from northeast China to the Middle East[38-40]. Evidence
of an association between environment and diet and
esophageal cancer comes from the profound differences
in incidence observed in various parts of the world. The
majority of the factors so far implicated in cancer of the
esophagus appear to act directly on the esophagus rather
than systemically. Nutritional deficiencies can develop
by chronic alcohol use as well as by poverty and lack of
an adequate food supply, but diet does not explain the
whole picture. External carcinogens are necessary to affect the end result. The association between nutrition and
esophagitis may suggest methods of primary prevention
of esophageal cancer and provide a chance of lowering
the incidence of this deadly disease[31].
From 1996-2009, the annual percentage change was
increased by 0.5% in all races and 0.4% in white. How-
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A

Figure 1 Estimated esophageal cancer mortality worldwide in 2008 (GLOBOCAN 2008). A: Men; B: Women.
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Survival varied widely according to cancer site. The differences in survival related to histology were also expected[42]. Although survival was poor for all groups, it
was significantly poorer in blacks than in whites (Figure 2).
The overall 5-year relative survival for 2002-2008 from 18
SEER geographic areas was 16.9%. Five-year relative survival by race and sex was: 18.1% for white men; 17.0%
for white women; 10.4% for black men; 12.6% for black
women.
The overall relative 5-year survival rates over time increase gradually in white and black, man and women. For
example, the rate was below 2% in 1995 to over 10% in
2008 in black men (SEER).
Although the overall outlook for patients diagnosed
with esophageal cancer has improved in the past 30 years,
most patients still present with advanced disease, and
their survival remains poor[43]. One-third to one-half of
patients treated with either chemoradiation therapy or
chemoradiation therapy plus surgery are alive at 2 years,
without recurrence of esophageal cancer.
The reason is because esophageal cancer is diagnosed
at rather late stage. Overall, more than 30 percent of patients have metastatic disease at the time of presentation
(32.15% in white and 31.83% in black). None was found
that has in situ cancer, due to the fact that it can be diffi-
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Figure 2 Relative survivals for esophageal cancer for all races.

ever, the increase of incidence is because of the increase
incidence in men. Actually, the incidence in woman
dropped by 0.4% (Surveillance, Epidemiology and End
Results, SEER).

MORTALITY
Figure 1 shows the age-adjusted esophageal cancer mortality. It is in line with the incidence rate in the world but
there is no difference between men and women. Ageadjusted mortality for blacks, although showing a declining trend, was nearly twice that of whites (7.79 vs 3.96, P
< 0.05). Squamous cell carcinoma was more commonly
diagnosed in blacks and white females, whereas adeno-
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Table 1 Stage distribution and 5-year relative survival by
stage at diagnosis for 1998-2009, all races, both sexes

Table 2 Esophageal cancer risk factors
Risk factor

Stage at diagnosis
Localized (confined to primary site)
Regional (spread to regional lymphnodes)
Distant (cancer has metastasized)
Unknown (unstaged)

Stage
5-year relative
distribution
survival
22%
30%
35%
13%

First or second hand smoke
Alcohol consumption
Consumption of red meat
Barrett’s esophagus
Reflux symptoms
Being overweight
Poverty
Caustic injury to the esophagus
History of head and neck cancer
History with radiotherapy
Frequent consumption of extremely hot
drinks
Polymorphism Cyclin D1 (CCND1)
G870A polymorphism
p53
polymorphism
TERT A279T
polymorphism

37.80%
19.80%
3.40%
10.50%

cult to diagnose esophageal cancer early. Among patients
who are undergoing primary surgery, 22 percent have localized disease, 30 percent have regional cancer (Table 1).

RISK FACTORS
The patterns of esophageal cancer are dramatically
changing in the United States. However, the mechanisms
of esophageal tumorigenesis are not fully understood[5].
Three decades ago the large majority of these cancers
were SCCs, but the incidence of esophageal adenocarcinoma has been steadily increasing[44]. Tobacco and alcohol consumption are the primary causes of SCCs of the
esophagus[45]. One of the strongest emerging risk factors,
however, is obesity. Increases in the prevalence of obesity
and the incidence of esophageal adenocarcinoma are
parallel, and several epidemiologic studies have shown
upwards of threefold excess risks among overweight individuals. Further research into the causes of these usually
fatal cancers may help identify other potential determinants and provide needed information to help stem their
increase.
Cigarettes, red meat, alcohol and hookah smoking[4],
nass use (a chewing tobacco product), opium consumption, hot tea drinking, poor oral health, low intake of fresh
fruit and vegetables, and low socioeconomic status have
been associated with a higher risk of esophageal SCC (Table
2). Barrett’s esophagus is clearly recognized as a risk factor
for EsC, and dysplasia remains the only factor useful for
identifying patients at increased risk, for the development
of esophageal adenocarcinoma in clinical practice.

+++
+++
+
++
++++
++++
+++
+

++
+
++++
+++
++
+++
-

-

+

+

-

+

+

-: No effect; +: Suspicious effect; ++: Positive effect; +++, ++++: Strong
positive effect.

sive alcohol intake, especially in combination with smoking[46,47]. This does not hold true for adenocarcinoma.
This may account for more than 90 percent of all cases
of SCC of the esophagus in developed countries[48].
Chronic esophageal irritation also occurs when food
is retained and decomposed by bacteria, releasing various
chemical irritants. Frequent consumption of hot beverages also appears to increase the incidence of SCC[49].
Obesity
Esophageal squamous cell carcinoma (ESCC) is clearly
linked to a low socioeconomic status. The increasing
prevalence of obesity in the Western world is thought to
add to the rising incidence of esophageal adenocarcinoma. More specifically, it has been postulated that obesity
increases intraabdominal pressure and gastroesophageal
reflux by a specific mechanism, although some studies
provided contradictory results. On the other hand, adipose tissue itself influences tumor development[50-54]. Adipocytes and inflammatory cells secrete adipokines and
cytokines which are known to promote tumor development. The abundant availability of lipids from adipocytes
in the tumor microenvironment, supports tumor progression and uncontrolled growth. Given that adipocytes are
a major source of adipokines and energy for the cancer
cell, understanding the mechanisms of metabolic symbiosis between cancer cells and adipocytes, should reveal
new therapeutic possibilities.

Smoking increases risk of SCC and adenocarcinoma of
the esophagus
Moderate to heavy smokers face an increased risk of
both SCC and adenocarcinoma of the esophagus. Research suggests that when a smoker ingests tobacco
condensates, it causes tobacco carcinogens, particularly
nitrosamines, to come in contact with the esophageal
mucosa. There is a direct correlation between the number
of cigarettes a smoker smokes per day; the length of time
the smoker spends smoking, and the risk of esophageal
cancer[2].

Genetic changes
The genetic and molecular changes underlying the development of EsC remain poorly understood. Genetic analysis of these cancers reveals frequent chromosomal losses
(4q, 5q, 9p, and 18q), chromosomal gains (8q, 17q, and
20q), and occasional gene amplifications (7, 8, and 17q)[5].
In the past decade, efforts have been made to use can-

The effects of chronic irritation and inflammation on
SCC
The incidence of SCC of the esophagus has been found
to dramatically increase in the presence of any factor that
causes chronic irritation and inflammation, such as exces-
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didate gene approaches to identify genetic susceptibility
factors for ESCC. The genome-wide association studies
(GWAS) has emerged as a powerful and successful tool
to identify common disease alleles by using high-throughput genotyping technology to interrogate a large number
of tagging single nucleotide polymorphisms (SNPs) that
serve as surrogates for untested common SNPs across
the genome. So far, GWAS of esophageal cancers including ESCC in individuals of European and Japanese
ancestry, have shown that variants in ADH genes and/or
ALDH2 are associated with risk of ESCC[55-58]. More
recently, Wu et al further reported that nine new ESCC
susceptibility loci, of which seven, at chromosomes 4q23,
16q12.1, 17q21, 22q12, 3q27, 17p13 and 18p11, had a
significant marginal effect (P = 1.78 × 10-39 to P = 2.49
× 10-11) and two of which, at 2q22 and 13q33, had a
significant association only in the gene-alcohol drinking
interaction [gene-environment interaction P (PG × E) =
4.39 × 10-11 and PG × E = 4.80 × 10-8, respectively]. Variants at the 4q23 locus, which includes the ADH cluster,
each had a significant interaction with alcohol drinking
in their association with ESCC risk (PG × E = 2.54 × 10-7
to 3.23 × 10-2). They confirmed the known association
of the ALDH2 locus on 12q24 to ESCC, and a joint
analysis showed that drinkers with both of the ADH1B
and ALDH2 risk alleles had a fourfold increased risk for
ESCC compared to drinkers without these risk alleles.
Their results underscore the direct genetic contribution
to ESCC risk, as well as the genetic contribution to ESCC
through interaction with alcohol consumption[55].
There are also some studies on polymorphism on other locations for esophageal adenocarcinoma with smaller
samples. Cyclin D1 (CCND1) G870A polymorphism has
been known to be a risk factor in multiple cancers[59-63].
However, investigations concerning the association of
CCND1 G870A polymorphism with esophageal cancer
risk have generated conflicting results[64-69]. The overall
data suggest that CCND1 G870A variations might have
an association with increased esophageal cancer susceptibility. The earliest findings, published in 2005, reported
that CCND1 G870A was a risk factor for esophageal adenocarcinoma[67]. A study conducted by Liu’s group, drew
the exact opposite conclusion: CCND1 G870A was not
associated with susceptibility to esophageal adenocarcinoma[70]. Liu’s group explained the discrepancy by noting
that all previous studies were based on small samplings.
Since the definition of G870A is the same for both
groups, the significant difference lies in the methods that
they used. Casson’s group did polymerase chain reaction
(PCR) followed by enzyme digestion, and visualized the
result by running the products in a 15% acrylamide gel,
and is referred to as “PCR-restriction fragment length
polymorphism (RFLP),” which was widely used ten years
ago. Liu’s group genotyped by the 5′-nuclease assay (TaqMan), using the ABI Prism 7900HT Sequence Detection
System (Applied Biosystems, Foster City, CA, United
States). This is currently considered the gold standard
in genotyping. Casson’s group included patients with
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GERD. Since GERD is rather common in the general
population, they selected strictly asymptomatic individuals for their control groups. Liu’s group chose instead
to use healthy visitors as their control group. And those
healthy controls might have had some undiagnosed diseases related to GERD, such as Barrett’s esophagus.
One source of bias between the two groups may lie
in the different controls that were used. This may explain
why the rate of G/G is different between the two groups.
The second reason may be due to the detection method
used. Usually, sequencing is viewed as the gold standard,
but it is not always correct[71]. To detect polymorphism,
the PCR-RFLP that Casson’s group used, might have
been a better choice because PCR-RFLP tests detect the
correct genotype. Direct sequencing of the PCR products, obtained with one of the primers located adjacent
to a mutated nucleotide, may cause unequal amplification
of alleles in heterozygous samples. This effect is even
stronger when mismatched primers are used. Therefore,
there is a potential pitfall in DNA sequencing, indicating that sequencing may not always be the gold standard.
The third reason may be due to the inherent differences
between the two groups. As we know, the minor allele
frequency (maf) of a SNP is different among different
populations. Since it is ethnicity related, more information is needed to know the demographic information of
the patient and the control group.
Although Li argues that others may be drawing different conclusions than his group, due to smaller samplings,
it cannot be ruled out that other factors are involved,
such as how the different control groups were recruited.
Zhuo et al[64] reported that homozygous AA alleles might
elevate esophageal cancer risk among Asians, but not
Caucasians. This might partially explain why the two
groups drew different conclusions.
CCND1 G870A polymorphism might be a low-penetrant risk factor for esophageal carcinoma, particularly
among Asians. More information is needed to study large
samples in relationship to pertinent demographic data.

PREVENTIVE FACTORS
The keys to prevention of esophageal cancer vary by cell
type. For SCC, reduction or elimination of tobacco and
alcohol consumption provide the best means to reduce
the incidence of this cancer. However, no one particular risk factor is responsible for the rising incidence of
esophageal adenocarcinoma. Several preventive strategies
are under investigation using such agents as nonsteroidal
anti-inflammatory drugs, selenium, alpha-difluoromethylornithine, and retinoids[72]. Vegetable intake, and fruit
intake is considered to be a preventive role. Carotene,
vitamin C, and vitamin E are protective, most likely in
combination with each other and other micronutrients.
The role of vitamin A is not clear because of conflicting
findings in the studies reviewed[73]. When intake of raw
vegetables and cooked vegetables was analyzed separately, raw vegetables were found to be more protective.
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Because fruits are relatively expensive in most places,
increased consumption may reflect higher socioeconomic
status.
Since obesity is closely related to the incidence of the
esophageal cancer, it would be interesting to follow up
those patients with precancerous lesion to monitor their
weight.
In patients with high-grade dysplasia, the options for
preventive approaches include surveillance, endoscopic
therapies, and surgical resection, but the optimum approach is debated[3]. In an analysis of more than 15 studies, the mean incidence of occult adenocarcinoma in
patients with a preoperative diagnosis of high-grade dysplasia treated with esophagectomy was 41%. This high
incidence provides a rationale for use of esophagectomy,
but there is concern about the risk of morbidity. Use of
endoscopic treatments for high-grade dysplasia has been
supported in two randomised trials. In one trial of photodynamic therapy plus proton-pump inhibitors compared
with proton-pump inhibitors alone, progression to cancer
was significantly decreased in the photodynamic-therapy
group (13% vs 28%). In the other, which assessed endoscopic radiofrequency ablation in patients with Barrett’
s esophagus and high-grade dysplasia, radio frequency
ablation was more effective in eradication of high-grade
dysplasia than a proton-pump inhibitor alone, and the
progression to cancer was lower (4% vs 22%) during
short-term follow-up[74-77].

not routinely recommended.
However, some experts have recommended that
endoscopy be performed every three to five years in patients who have Barrett’s esophagus in the absence of epithelial dysplasia and more frequently if they are found to
have low-grade dysplasia. Diagnostic endoscopy for early
detection can be conducted in 2 steps: at first detection
of an abnormal area through changes in relief, in color or
in the course of superficial capillaries; then characterization of the morphology of the lesion. Then treatment
decision offers 3 options according to histologic prediction: abstention, endoscopic resection, surgery. The rigorous quality control of endoscopy will reduce the miss
rate of lesions and the occurrence of interval cancer[78].

CONCLUSION
The precise causes of EsC have not been identified.
Despite uncertainties in our understanding of the causes
of mechanistic pathways of esophageal cancer, there is
sufficient evidence to take effective steps to prevent the
majority of SCC in western countries, while more information is needed to curb the epidemic increase in adenocarcinoma[7,79].
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Core tip: We summarize the latest study findings about
microRNA-21 in colorectal cancer through a systematic
review of literature. We recommend microRNA-21 as
one of the most important microRNAs, which is rapidly
emerging as a novel biomarker, with good potential as
a diagnostic and therapeutic target.

Colorectal cancer (CRC) is one of the most common
malignant diseases worldwide and the prognosis is still
poor although much progress has been achieved in
recent years. In order to reduce CRC-related deaths,
many studies are aimed at identifying novel screeningand prognosis-related biomarkers. MicroRNAs (miRNAs)
are a class of 18-27-nucleotide single-stranded RNA
molecules that regulate gene expression at the posttranscriptional level. It has been demonstrated that
miRNAs regulate a variety of physiological functions,
including development, cell differentiation, proliferation,
and apoptosis. They play important roles in various
physiologic and developmental processes and in the
initiation and progression of various human cancers.
It has been shown that miRNAs can critically regulate
tumor cell gene expression, and evidence suggests that
they may function as both oncogenes and tumor suppressor genes. In CRC, miRNAs-21 is one of the most
important miRNAs and is rapidly emerging as a novel
biomarker in CRC, with good potential as a diagnostic
and therapeutic target. In this review, we summarize
the latest research findings of the clinicopathological
relevance of miRNAs-21 in CRC initiation, development,
and progress, highlighting its potential diagnostic, prognostic, and therapeutic application, as well as discuss-
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INTRODUCTION
Colorectal cancer (CRC) is the third most common cancer and the second leading cause of death in the United
States. It was estimated that there were about 142570
new cases diagnosed and 51370 deaths in 2010[1]. Progress in diagnosis and treatment has had a positive effect
in improving overall survival, with more patients being
diagnosed in the early stage of the disease, but the outcomes of patients diagnosed with advanced stage disease
remains quite poor[2]. Long-term survival and better
prognosis of patients depend on the stage of the tumor
at the time of detection. Fecal occult blood testing and
tumor markers (e.g., carcinoembryonic antigen) are used
as the primary screening tools, with colonoscopy reserved
for patients testing positive. However, they are generally
considered to lack the desired convenience, sensitivity
and specificity[3]. There are currently no tests or biomark-
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ers that precisely predict the presence of early tumors,
recurrence, sensitivity to chemotherapy and long-term
survival. It is clear that improvements in early detection
of primary and recurrent disease are required.
MicroRNAs (miRNAs) are a family of small, noncoding RNAs (19-22 nucleotides) which post-transcriptionally regulate gene expression. In general, miRNAs are
transcribed as a group called the pri-miRNA complex,
which is cleaved in the nucleus to form the pre-miRNA
which is then translocated to the cytoplasm where they
undergo final maturation into a functional miRNA [4].
Once in the cytoplasm, the miRNAs regulate gene expression by binding to the 5’-untranslated region of their
target mRNA resulting in degradation of the doublestranded mRNA mediated by the Dicer complex. More
than 700 miRNAs have thus far been identified in plants,
viruses, animals and humans, and this number continues
to increase (www.mirbase.org). Studies have shown that
about 30% of human genes are regulated by miRNAs[5].
This wide regulation has implications in many important
cellular functions including development, differentiation,
proliferation, and programmed cell death[6-8]. Given the
critical regulatory roles miRNAs serve, it is no surprise
that they have been shown to be associated with many
cancers[9]. CRC is a complex genetic disease characterized
by uncontrolled proliferation, migration, invasion, and
failure of apoptotic cell death, due to oncogene activation
and tumor suppressor gene defects[10]. Many miRNAs
which mediate cell growth and tumor progression have
been found to be upregulated in CRC including miR-20,
miR-21, miR-17-5p, miR-15b, miR-181b, miR-191 and
miR-200c[9,11-14]. While lower levels of mature miRNAs
such as miR-34a, miR-126, miR-143, miR-145 and
miR-342 are also found, suggesting that they act as tumor
suppressor miRNAs[15-18]. This deregulation of various
miRNAs has been associated with tumor diagnosis and
prognosis indicating that they might be potential biomarker in clinical application[3,19-21]. Multiple studies have
identified that miR-21 plays a significant role in cancer biology, diagnostics and prognosis. In this article, we review
the literature demonstrating the importance of miR-21
in CRC, summarize the association of miR-21 expression
level with CRC diagnosis and prognosis, and discuss the
potential therapeutic implications for the future.

Table 1 Current screening methods and guidelines for
colorectal cancer
Method
Fecal tests
FOBT

Interval

Society

Yearly

USPSTF, ASGE,
USMSTF

FIT
65.8%[32,33]
Yearly
Fecal DNA
50%-60%[34] Unspecified
USMSTF
Serum markers
CEA
30%[35]
CA19-9
Imaging tests
DCBE
85%-97%[36] Every 5 years
USMSTF
CTC
55%-94%[37] Every 5 years
USMSTF
Optical tests
FS
Every 5 years USPSTF, ASGE, USMSTF
Every 10 years
FC
USPSTF, ASGE, USMSTF
FOBT: Fecal occult blood test; FIT: Fecal immunochemical based stool tests;
CEA: Carcinoembryonic antigen; DCBE: Double-contrast barium enema;
CTC: Computed tomography colonography; FS: Flexible sigmoidoscopy;
FC: Flexible colonoscopy; USPSTF: United States Preventive Services Task
Force; ASGE: American Society for Gastrointestinal Endoscopy; USMSTF:
Multi-Society Task Force on Colorectal Cancer.

significant suppression of PDCD4 proteins in vitro. Resected normal and tumor tissues of 22 CRC patients
demonstrated that miR-21 expression has a direct correlation with tumor invasion and metastasis.
miR-21 in adenomas
It is clear that the majority of CRCs begin as benign
adenomas, and through a series of accumulated genetic
events, end up as invasive tumors. However, not all polyps will progress to invasive carcinomas. In fact, it is
estimated that up to 20% of benign, subcentimeter adenomas will ultimately regress[27,28]. Therefore, it seems
that the key to preventing polyps from progressing to
malignant carcinomas is being able to determine which
ones have the potential to progress and removing them
at the benign stage. Interestingly, increased expression
of several miRNAs such as miR-21, miR-31, miR-96,
miR-221, miR-191, miR-19a, and miR-135b has been
shown to correlate with the presence of adenomas[29,30].
In fact, Yamamichi et al[31] analyzed miR-21 expression
patterns in different stages of CRC development using in
situ hybrization, and found higher miR-21 expression in
precancerous adenomas but not in non tumorigenic polyps. Furthermore, the frequency and extent of miR-21
expression increased during the transition from precancerous colorectal adenoma to advanced carcinoma. This
demonstrates that expression of miR21 in benign colon
adenomas may represent an early event in the progression to carcinoma.

MIR21 IN COLORECTAL CANCER
Human miR-21 (hsa-miR-21) was cloned from HeLa cell
total RNA and is highly conserved among species including human, rat, mouse, fish and frog[22]. It is located on
chromosome 17q23-1 overlapping with the TMEM49
gene, a human homologue of rat vacuole membrane protein-1. MiR-21 encodes a single hairpin and is regulated
by its own promoter containing binding sites for AP-1
and PU.1 transcription factors[23]. Experimental data has
shown that miR-21 functions in many cell types as an
anti-apoptotic and pro-survival factor and plays a significant role in cancer biology and prognosis[24-26]. Asangani
et al[26] transfected Colo206f cells with miR-21 and found
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Sensitivity

Expression of miR-21 as a screening test for colorectal
cancer
Current recommendations for CRC screening are found
in Table 1[32-37]. Fecal occult blood testing is a widely used
test but its low specificity and sensitivity limits its clinical
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use, particularly for early detection. Newer screening tests
are taking advantage of the presence of stem cells from
human exfoliated deciduous teeth cells in the stool and
are using various molecular tests to examine these cells
for genetic events consistent with malignant changes. Expression levels of miRNAs offer attractive new potential
biomarkers as they are uniquely stable and may represent
some of the earliest changes in adenomas. Ng et al[38] reported high expression levels of miRNAs in colorectal
tumors and plasma. Of the panel of 95 miRNAs analyzed by real-time polymerase chain reaction (PCR), five
were upregulated in both plasma and tissue. The results
were again validated using the plasma of 25 patients
with CRC and 20 healthy controls. In these studies, the
miRNAs 21, 17-3p, and 92 were elevated in patients with
CRC (P < 0.0005). The authors further demonstrated
that the plasma levels of these markers were significantly
reduced after surgery in 10 patients with CRC (P < 0.05)
suggesting that the high levels specifically indicate the
presence of a carcinoma. Kristina et al tested the levels
of 15 miRNAs in stool and colorectal tissue samples
from 15 patients with CRC and five healthy individuals[39]. Although, variability was more pronounced among
the stool samples than the tissue samples, the authors
concluded that specific miRNA expression profiles could
be defined, suggesting that stool is yet another biological
material in which miRNAs are preserved and are amenable for early diagnosis of CRC. A stage-independent,
sensitive, and specific marker for CRC in plasma or stool
would be clinically important, and clearly these promising
results support further assessment of miRNAs as potential biomarkers both in adenoma and extracellular fluids.

miR-21 expression levels and the p53 tumor suppressor, and also demonstrated that the tumor suppressors
PDCD4 and maspin are targets of miR-21[44]. Consistent
with the importance in the process of carcinogenesis,
Staby et al[45] demonstrated that higher miR-21 expression
levels were correlated with advanced cancer stages, worse
outcome, poor response to therapy, and shorter diseasefree survival. Additionally, they found that miR-21 levels
were positively correlated with cancer stage, lymph node
involvement, and development of distant metastasis.
The most comprehensive analysis of miRNA expression in CRC performed to date tested two cohorts of
197 colon cancer patients by utilizing microarrays containing 389 miRNAs probes[46]. This analysis revealed 37
miRNAs which were differentially expressed in stage Ⅱ
colonic adenocarcinoma compared with adjacent normal
tissue using a test set and two validation cohorts. In one
of the cohorts, miR-20a, miR-21, miR-106a, miR-181b,
and miR-203 were found to be overexpressed in tumor
tissues with high tumor to normal ratios, as well as being
associated with poor overall survival. However, the prognostic relevance could be confirmed in the validation set
for only one of the candidates, miR-21, and the clinical
and biological implications of differential expression of
the remaining miRNAs were unclear. Similar conclusions
were drawn from a study of 29 tumor samples, in which
miR-21 expression was associated with poor survival and
therapeutic outcome in stage Ⅱ and Ⅲ CRC[46]. Nielsen
et al[47] reported the expression of miRNA-21 in 130 colon and 67 rectal stage Ⅱ cancer specimens using highaffinity locked nucleic acid (LNA) probes. High levels of
miR-21 correlated with shorter disease-free survival (hazard ratio: 1.28; 95% confidence interval: 1.06-1.55; P =
0.004) in the stage Ⅱ colon cancer patient group, whereas
no significant correlation with disease-free survival was
observed in the stage Ⅱ rectal cancer group.

miR-21 expression levels and prognosis
The prognosis of patients with CRC is associated with
tumor stage and phenotypic characteristics of resected
cancer specimens such as tumor grade, positive lymph
nodes, and angiolymphatic invasion[40]. Unfortunately,
recently identified genomic and proteomic biomarkers,
tumor cell mutations, and microsatellite instability cannot be recommended for routine clinical use because
of insufficiently available data[41]. However, markers of
prognosis are needed to help stratify patients into high
risk thereby identifying patients who are likely to benefit
from further therapy. Many studies on tumor biomarkers
have been undertaken[42]. However, no study has identified a new marker that has been validated in clinical trials.
The miRNAs represent particularly attractive markers as
they seem to be micromanagers of cellular gene expression and may represent the earliest events responsible
for carcinogenesis. In fact, studies have shown that the
expression levels of different miRNAs, such as miR-21,
miR-320, miR-498, miR-106a and miR-200c, correlate
with disease-free and overall survival[43].
miR-21 may be a particularly attractive target as it has
been shown to regulate the expression of many genes
thought to be important in carcinogenesis. Target validation studies on putative miR-21 targets in breast cancer
samples and CRC cells have demonstrated a link between
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miR-21 expression and implications for treatment
miR-21 and response to chemotherapy: The current
treatment for CRC involves a multidisciplinary approach
including surgery supplemented with chemotherapy and
radiation therapy in certain instances. In general, patients
with node-positive disease benefit from chemotherapy.
However, there may be a subgroup of patients with
node-positive disease who are at low risk of recurrence,
as nearly 40% of patients randomized to a no-treatment
arm in chemotherapy trials did not develop a recurrence[48]. In addition, it is clear that some patients with
node-negative disease who have advanced T-stage tumors
are at high risk of developing recurrences[49]. A test that
would allow for the accurate stratification of patients
with stage Ⅱ and Ⅲ disease into low and high risk would
be very clinically useful. Recently, the role of miRNAs in
predicting the response to 5-fluorouracil (5-FU)-based
chemotherapy in CRC treatment has been explored. A
significant focus has been placed on the value of miR-21
expression levels and their abilities to predict both response to and need for chemotherapy[50].
Rossi et al[51] utilized two subclones from the human
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Table 2 MicroRNA-21 expression in colorectal cancer
Ref.

Regulation Biological material tested

Tumor development
Fassan et al[60]
Up

Detection method

300 polypoid lesions of the
colon mucosa

RT-PCR
ISH

Clinical relevance

Comment

Significant miR-21 upregulation High miR-21 expression is consistent
in preneoplastic/neoplastic
with PDCD4 downregulation
samples
Significantly higher expression

Yantiss et al[61]

Up

24 patients < 40 years
45 patients ≥ 40 years

RT-PCR

Tumor diagnosis
Link et al[62]

Up

Stool samples

RT-PCR

Higher expression in patients
with adenomas and CRCs

May be an excellent candidate of
a noninvasive screening test for
colorectal neoplasms

Tumor prognosis
Chang et al[63]

Up

48 colorectal tumors, 61
normal tissues , 7 polyps

RT-PCR

Disease recurrence

Nielsen et al[47]

miR-21 post-transcriptionally
modulates PDCD4 via mRNA
degradation

Up

ISH

Kulda et al[64]

Up

Shorter disease-free survival in
colon cancer, but not in rectal
cancer
Disease-free interval

Schetter et al[46]

Up

130 stage Ⅱ colon and
67 stage Ⅱ rectal cancer
specimens
46 paired tissue samples
30 tissue samples with live
metastasis
196 paired tissues

Schetter et al[46]

Up

US cohort: 84 patients;
Hong Kong cohort: 113
patients

RT-PCR

RT-PCR

MicroRNA
microarray, RT-PCR

Association with cancer-specific miR-21 expression are independent
mortality, including stage Ⅱ
predictors of colon cancer prognosis
patients alone
and may provide a clinically useful
tool to identify high-risk patients
Poor survival and poor
therapeutic outcome

RT-PCR: Reverse transcription-polymerase chain reaction; ISH: In situ hybridization; PDCD4: Programmed cell death protein 4.

CRC cell lines HT29 and HCT116 to investigate the effect of 5-FU on miRNA expression and also to determine patterns of expression that correlated with response
to therapy. Quantitative real-time PCR revealed that 5-FU
upregulated 19 and downregulated three miRNAs. While
some changes in miRNA expression were consistent
with the antitumor effects of the drug, others were not,
such as upregulation of miR-21 and the polycistronic
miR-17-92 cluster (which include miR-19a and miR-20).
In fact, a number of miRNAs that are already overexpressed in neoplastic tissues, including miR-21, have been
shown to be upregulated in colon cancer cell lines treated
with 5-FU[51]. Tomimaru et al[52] found that hepatocellular carcinoma cells transfected with pre-miR-21 were
significantly resistant to 5-FU, while the 5-FU sensitivity
of transfected anti-miR-21 was weakened by transfection with siRNAs of the target molecules, PTEN and
PDCD4. This finding may be a cell-specific defense
mechanism to survive 5-FU treatment. Svoboda et al[53]
found significant changes in miRNA expression in 35
patients with rectal carcinoma undergoing preoperative
capecitabine chemoradiation therapy. Tumor biopsies
were taken before starting therapy and after 2 wk of therapy. The extent of the tumor response to the therapy was
investigated microscopically by an experienced pathologist according to Mandard’s tumor regression criteria. In
addition, the levels of miRNAs were evaluated using realtime PCR. The authors found dramatic changes in the
expression levels of many miRNAs including miR-21,
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miR-10a, miR-145, miR-212, miR-339, miR-361. However, only two miRNAs, miR-125b and miR-137, were
found to be significantly increased after 2 wk of therapy
and these miRNA expression levels had a positive correlation with a poorer tumor regression response[53]. These
types of studies highlight the potential for using miRNA
expression profiles to predict the response to chemotherapy. However, verification of the targets in adequately designed clinical panels is the important next step that has
yet to be taken.
miR-21 maybe a potential therapeutic target in colorectal cancer treatment: miRNAs are important regulators
of gene expression and may present potentially interesting therapeutic targets in cancer. The synthesis, maturation and activity of miRNAs can be manipulated with
various oligonucleotides that encode the sequences complementary to mature miRNAs. By influencing particular
miRNAs, a cascade of pathways could be modified to
inhibit tumor growth.
Wong et al[54] reported the application of 20-O-methyland/or DNA/LNA-mixed oligonucleotides to specifically inhibit miR-21 in cultured glioblastoma and breast
cancer cells suppressed cell growth in vitro in association
with increased caspase-mediated apoptosis[55]. Suppression of miR-21 also significantly reduced invasion and
lung metastasis in MDA-MB-231 metastatic breast cancer[56]. Although there are at present no clinical reports
describing therapy targeting miR-21 in CRC treatment,

453

January 28, 2014|First Edition|

Li T et al . MicroRNA-21 as colorectal cancer biomarker
Precancerous adenomas

2

Early detection FOBT,
fecal DNA, CEA

3

microRNA-21 in
serum and fecal

4
Clinical evaluation imaging,
CT, MRI, PET-CT, FC

5
6

Biopsy

miR-21 in biopsy
Chemotherapy resistance?

Molecular test KRAS,
BRAF, EGFR, P53

7

Pathology
differentiation

8
miR-21
Potential therapeutic target?

Individual treatment
Surgery, chemotherapy, radiology, etc.

miR-21 in tumor tissue

Prediction of tumor recurrence, survival

9

Figure 1 miR-21 as a potential biomarker in colon and rectal cancer. CT:
Computed tomography; MRI: Magnetic resonance imaging; PET-CT: Positron
emission tomography-computed tomography; FC: Fiber colonscopy; FOBT: Fecal occult blood test; CEA: Carcinoembryonic antigen.

10
11

most seem to have optimistic views on the future utility
of miR-21 as therapeutic targets but further studies are
clearly needed[57-59]. Expression of microRNA-21 and the
clinical relevance in CRC are summarized in Table 2.

12

FUTURE PERSPECTIVES
The role of miRNAs in CRC presents potentially exciting
new opportunities for future investigations to determine
the use of miRNAs as potential biomarkers for prognosis
at the time of diagnosis as well as to determine their ability to predict the response to chemotherapy. In addition,
the potential for miRNAs to serve as targets for new chemotherapeutic treatments has yet to be realized. Among
the many miRNAs that have been associated with clinical
outcomes, miR-21 has been consistently shown to be
dysregulated in CRC. Many of the early studies relating
miR-21 to CRC have been performed in vitro on established cell lines. In addition, studies using human tumor
tissue have been performed in a retrospective fashion,
which limits the conclusions because of inherent study
bias. If these micromanagers of cell processes are to be
useful tools in the diagnosis or treatment of colon cancer,
we will have to study them in well-designed prospective
trials. It remains to be discovered if these types of molecular expression profiles will be used in clinical practice
(Figure 1).
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60% in most studies, both for rectal wall invasion and
for lymph nodes involvement. In particular the ability
to predict complete pathological response, in order to
tailor the surgical approach, remains low. Due to the
radio-induced tissue modifications, combined with imaging technical aspects, low rate accuracy is achieved,
making modern imaging techniques still unreliable in
restaging rectal cancer after chemo-radiotherapy.

Abstract

Core tip: Neoadjuvant chemoradiotherapy has become
the standard treatment for patients with advanced rectal cancer allowing reduction of local recurrences and
increased sphincters’ preservation. New trends have
proposed the possibility to change the planned surgical resection after neoadjuvant treatment, in case of
extensive tumor response, and several Authors claim
limited resection or non operative “wait and see” policy.
In this setting restaging plays a crucial role in identifying patients with complete response. The diagnostic
accuracy in predicting tumor response of the currently
available imaging techniques is extensively reviewed in
order to determine the reliability.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Rectal cancer; Restaging; Neoadjuvant
therapies; Diagnostic accuracy; Complete pathological
response

In patients with advanced rectal cancer, neoadjuvant
chemo radiotherapy provides tumor downstaging and
downsizing and complete pathological response in up
to 30% of cases. After proctectomy complete pathological response is associated with low rates of local
recurrence and excellent long term survival. Several
authors claim a less invasive surgery or a non operative policy in patients with partial or clinical complete
response respectively, however to identify patients
with true complete pathological response before surgical resection remains a challenge. Current imaging
techniques have been reported to be highly accurate
in the primary staging of rectal cancer, however neoadjuvant therapy course produces deep modifications
on cancer tissue and on surrounding structures such
as overgrowth fibrosis, deep stroma alteration, wall
thickness, muscle disarrangement, tumor necrosis,
calcification, and inflammatory infiltration. As a result,
the same imaging techniques, when used for restaging,
are far less accurate. Local tumor extent may be overestimated or underestimated. The diagnostic accuracy
of clinical examination, rectal ultrasound, computed
tomography, magnetic resonance imaging, and positron emission tomography using 18F-fluoro-2’-deoxy-Dglucose ranges between 25% and 75% being less than
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INTRODUCTION
In the last two decades the treatment of rectal cancer has
been modified by virtue of the introduction of neoadju-
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vant treatment[1], better imaging techniques and improvement of surgery with total mesorectal excision (TME).
The crucial goals reached by upgrading diagnostic techniques and therapeutic strategies accounts for reduction
of local recurrence rate and increase of sphincter preserving surgeries.
Preoperative chemoradiation therapy (CRT) has
become the standard treatment in the last decade[1-3].
Advantage of neoadjuvant treatment is the downsizing/
downstaging of the tumor thus allowing the preservation
of the sphincter, in case of extremely distal rectal lesions,
and, often, avoiding multiorgan resection in case of responding tumor that had involved other organs before
the neoadjuvant regimen. The overall benefits of this
therapeutic regimen are, eventually, the reduction rates of
local recurrence and the improvement in survival[4-7].
Reduction of local recurrence after surgery was first
achieved with the introduction of complete excision of
the visceral rectal mesentery, bringing up the concept that
mesorectum harbors positive lymph nodes and tumor
residues[8]. Moreover, it has been highlighted that surgical local radicality has to be carried out by improving the
control on radial margins tumor-spread other than distal
and proximal ones[9,10]. These findings have been demonstrated by pathological analysis of circumferential resection margin (CRM).
The key of neoadjuvant treatment and restaging
of the tumor is, finally, the possibility of changing the
planned surgical treatment and, in particular, the chance
of providing a sphincter preserving procedure. In a more
experimental way, new trends have proposed local resection in case of extensive tumor response[11] or a nonsurgical “wait-and-see course” in case of complete tumor
regression[12-15]. On the contrary, for non-responding or
poor responding rectal tumors, more aggressive, traditional surgery, after restaging, is indicated. This decision
depends mostly on the reliability of the imaging techniques provided by modern technology and the synergy
between the radiologist and surgeon.
The main issue of re-staging after CRT with imaging techniques, is to discriminate cancerous mass from
non malignant tissue because of the radio induced overgrowth fibrosis[16]. Tumor tissue changes, during and
within 6-8 wk after chemo-radiotherapy, account for deep
stroma alteration. Fibrosis compresses the colon tissue
and ends up in causing wall thickness and muscle disarrangement. Other variation are tumor necrosis, calcification, and inflammatory infiltration of lymphocytes and
macrophages[17].
The tumor regression grade (TRG) exactly reflects the
ratio between residual tumor percentage and overgrowing fibrosis percentage. Thus the more reliable restaging
technique has, eventually, the goal to predict TRG because it positively correlates with disease free and overall
survival[18]. Ideally, precise staging of rectal cancer has to
define the tumor depth of invasion through the rectal
wall, detect positive lymphnodes, and establish the resectability of locally advanced tumors.
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Several techniques have been described to restage
rectal carcinoma after CRT, the most predominantly
used being computer tomography (CT) scan, rectal ultrasounds (RUS), and magnetic resonance imaging (MRI).
In the present study we revise the accuracy and reliability of current techniques, used to re-stage rectal
cancer after neoadjuvant therapy, in terms of sensitivity,
specificity, and diagnostic accuracy, compared with pathological findings after surgical resection. Special attention
will be paid to the ability to predict complete response
(cPR).

CLINICAL EXAMINATION
There is no doubt that clinical examination, comprising
digital rectal examination (DRE) and proctoscopy, is the
first and essential approach to patients with rectal cancer.
Moreover, clinical assessment of response to CRT may
provide important information regarding the surgical
strategy. Nevertheless few studies evaluated the accuracy of clinical assessment in predicting tumor response
after completion of CRT, and the majority of these
studies were retrospective. Clinical assessment may underestimate[19,20] or overestimate[21] pathological response
therefore most authors claim that clinical examination is
inaccurate and should not be used as the unique mean to
define the efficacy of neoadjuvant therapy.
Only 2 studies tried to answer the question whether
clinical parameters are able to predict cPR. In the study
by Perez et al[22], 99 patients were prospectively examined,
by the same experienced colorectal surgeon, after 12 wk
from completion of CRT; 16 patients had a complete
clinical response (cCR), 3 underwent local excision of a
residual scar, and a cPR was confirmed; 13 patients were
enrolled in a strict follow-up without radical surgery, only
one patients subsequently developed a local recurrence
after a mean follow-up of 42 months; moreover the cCR
positively correlated with the PET results[22]. On the contrary Hiotis et al[23] retrospectively analyzed 448 patients
and found that 75% of patients with cCR had residual
cancer in the resected specimens: 60% having T2 or T3
disease, and 18% node-positive disease. In addition, in
the group of patients with no residual primary tumor
at histology (T0), the percentage of node positivity was
15%.
Habr-Gama et al[24], in an effort to standardize the
clinical findings, clearly defined clinical and endoscopic
sign to define complete response as: whitening of the
mucosa, with or without telangiectasia, or loss of pliability of the rectal mucosa, absence of deep or superficial
ulceration, or palpable nodule or stenosis located in previously tumor bearing area. Nevertheless the likelihood
of detecting occult nodal disease in patients with no residual primary tumor is highly unlikely.
In conclusion even if clinical parameters may predict
tumor response, they are unable to distinguish cPR and
to predict which patient does not require surgical excision
following CRT.
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The accuracy in restaging lymph nodal involvement
is somehow higher than accuracy for primary tumor,
ranging between 39% and 83% and being around 70%
in most studies. For this parameter overstaying was only
slightly more common than understaging (8%-39% vs
11%-28%). Correct identification of N0 varies between
70% and 80%[8,9,11-13,16,18,28-30,34]. Moreover 13%-55% of
patients with lymph nodal involvement were recognized
as N0[30,34,35].
When compared with other imaging techniques,
namely CT and standard MRI, ultrasound resulted the
most accurate in determining rectal wall infiltration and
lymph node involvement in some studies[31], while performed worse in others[27].
It is of note that in the majority of the studies diagnostic accuracy is reported separately for T and N
stage, thus preventing accuracy for complete pathological
response (ypT0N0) to be determined. Kahn examined
25 patients with T0N0 tumors after preoperative radiotherapy and reported that endorectal ultrasound failed
to detect the absence of disease in 83% of patients,
with overstaying of T0 lesions diagnosed as T1 in 67%
of cases and T2 in 16%. In the 25 patients’ series of
Maor, ultrasound correctly predicted postchemoradiation
T0N0 stage in only 50% of cases. Radovanovic reported
only one correct diagnosis out of 5 patients (20%) with
cPR[36]. While complete remission was not correctly predicted in any of the 11 patients by Huh et al[27].
The occurrence of uT0 harboring microscopic foci
of tumor at histology is also reported[35].
In conclusion endorectal ultrasound is insufficient in
detecting which tumors become T0N0 after neoadjuvant
treatment to possibly undergo limited resection or nonoperative treatment.

RECTAL ULTRASOUNDS
The assessment of rectal tumor by means of ultrasonography is based on the evaluation of depth of invasion
through the 5 layers of the bowel wall. With high resolution probes T1-2 tumors can be correctly diagnosed and
even SM1, SM2 and SM3 tumors can be recognized[25].
On the other hand the mesorectum and peritoneum cannot be visualized by endorectal probe thus limiting the
use of ultrasound for the evaluation of CRM.
Endorectal ultrasound can visualize perirectal lymph
nodes and nodes located in the mesorectum while
lymph nodes along the mesentery or the upper pelvis
are generally unreachable. Normal lymph nodes are usually not seen sonographically. Enlarged lymph nodes
are considered benign if oval shaped, and thought to be
inflammatory if hyper echoic with well defined margins.
There is no agreement as when to consider a lymph node
as pathological. Dimensional, morphologic, and echographic pattern are to be considered. Nodes greater than
5 mm, round shaped and with echogenicity similar to the
primary tumor (hypoechogenic), are usually considered
as predictors of metastatic involvement by most, but not
all authors, who may choose only one of the aforementioned parameters, in particular size is considered the
most reliable feature.
Different probes are employed for imaging rectal
cancer including transrectal rigid, rotating or non rotating probe, either two-dimensional or with three-dimensional reconstruction, flexible endoscope either radial or
linear, miniprobes able to pass through the biopsy channel[26], with frequency ranging between 5 and 10 MHz.
No comparison of the performance of different instruments has been made up to now. Unlike other imaging
modalities, the endorectal ultrasound in the different
settings is performed by a radiologist, a gastroenterologist or a colorectal surgeon, and this could be a further
confounding factor when examining the accuracy of the
examination.
There is no consensus regarding the time that must
elapse between CRT and evaluation. The majority of the
authors re-examined the patients after 4 to 6 wk. However a better diagnostic accuracy for N staging has been
reported by Huh when the patients are re-evaluated after
7 wk[27] from completion of CRT.
Accuracy in T restaging ranges between 27% to 72%,
with overstaying between 16% and 53%. In the majority
of the studies T1-2 stage are more misdiagnosed than
T3[8,9,11-13,16,18,28-30]. When examining the accuracy to correctly diagnose T0 the figure drop to 0% to 60%[31-33].
Gavioli et al[29] studied the modification of morphology
induced by radiotherapy in 29 patients. They found that
fibrosis replacing tumor corresponded to hypoechoic pattern at ultrasound that was difficult to differentiate from
the pattern related to the tumor itself, thus inducing overstaying. In some cases of complete pathological response
the fibrosis caused persistent interruption of the 5 layers
leading to misinterpretation of the examination.

WCG|www.wjgnet.com

COMPUTER TOMOGRAPHY
CT is one of the preferred tools to evaluate tumor
response, in relation to the tumor size modification,
because of its high reproducibility and availability. Compared with the other commonly used techniques, CT scan
is more largely accessible, faster, inexpensive and less
operator-dependent. Also the unique advantage of CT
is that a single scan provides staging for local tumor and
distant metastasis. Therefore every re-staging techniques
pattern usually includes a total body CT scanning.
Accuracy of CT scan in predicting T stage after neoadjuvant course is still debated in the literature and the
results are often inconsistent or discordant[17,27,37].
In a recent study, 90 patients with locally advanced
rectal cancer were prospectively analyzed before and after neoadjuvant regimen. Accuracy of CT in predicting
pathological T after radiotherapy was low (37%). However CT was reported to be accurate in the identification
of involved CRM (71%)[37]. Conversely, Lee et al[17] have
demonstrated, in a series of 91 patients undergoing CT
restaging after neoadjuvant course, that T status positively
correlated with pathological examination with an accura-
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by fibrotic tissue[46,47]. To overcome this issue, Kim et al[48]
suggested that comparison of both pre- and post neoadjuvant course should be mandatory to improve the accuracy of MRI restaging. Position, extension, and signal
intensity of the tumor are to be considered the key points
to compare MRI images before and after neoadjuvant
course[48]. Measurement of tumor size by three dimensional MR volumetry can be effective to establish tumor
downsizing and it has shown good correlation with ypT
stage after neoadjuvant regimen[49,50]. Perfusion MRI imaging is able to determine tumor vascularization which
reflects aggressiveness of the tumor. The microcirculation enhancement could suggest an increased tumor angiogenicicty. Thus this technique is reported to be effective in predict tumor response to neoadjuvant course[51-53].
Moreover, in diffusion weighted MRI, apparent diffusion
coefficient (ADC) could be a useful parameter to predict
responsiveness of tumor to neoadjuvant treatment. ADC
reduction has been associated to cell apoptosis and increased response to radiotherapy[54,55]. It is crucial also to
consider that some histological types of adenocarcinoma
have different behavior under CRT and different appearance at MRI. For instance, mucinous adenocarcinoma is
more aggressive than usual adenocarcinoma and its typical feature is the production of mucin. This histological
type is considered poor responder to neoadjuvant and,
noteworthy, the great amount of mucin leads to misinterpretation of MRI imaging[56] because of its high signal
intensity on T2 weighted images[48,57].
Nodal staging by MRI usually relies on size criteria.
Typically a lymph node is considered malignant when its
short axis measure over 0.5 cm[58,59]. It has been reported
that also the examination of imaging features such as undefined edges, dissimilar signal enhancement within the
node could increase the accuracy of MRI[39,60]. Nonetheless, due to fibrosis, undefined borders might be detected
after chemoradiotherapy in negative nodes[48]. Therefore lymph nodes restaging often results in overstaying because, usually, alteration of nodes structure after
radiotherapy is associated with tumor invasion[46,47]. New
promising strategies using lymph node specific paramagnetic nanoparticles have been reported to increase the
accuracy in detecting micro metastasis[61-63].

cy of 61%. Moreover they found a statistically significant
correlation with CT downstaging assessment and TRG
at pathology. However over staging was frequently found
in patients with fibrosis and alteration in muscle dissarrayment[17]. In the study conducted by Huh et al[27] on 80
patients, CT accuracy in restaging the depth of rectal wall
invasion was poor (46.3%). CT was also found to more
likely overstage T3 tumor and understage T2 ones[27].
Finally CT scan is commonly considered an unreliable
restaging technique to assess cPR[17,38]. In none of patients retrospectively analyzed by Huh CT scan was able
to predict cPR[27].
Nodal involvement detection plays a crucial role in
those selected cases which are candidates to receive a local excision after extensive tumor response. In a local excision setting, it is compulsory to be aware of any residual
nodal disease risk. Moreover the size of lymph nodes “per
se” is considered not satisfactory for the determination
of presence of disease. It has been shown that also texture arrangement and nodes profile are prognostic factors
for malignancy[39,40]. However restaging lymph nodes after
neoadjuvant course could also be more complex since radiotherapy has the ability to reshape and modify the size
and the texture of the nodes.
In terms of nodal involvement CT has an accuracy of
82% by using a cut off of 10 mm[37]. On the contrary, in
a 5mm cut-off setting, accuracy has been reported to be
62%[38]. In Huh series, with respect to nodal involvement,
CT demonstrated a sensitivity of 56% and a specificity
of 74%.

MAGNETIC RESONANCE IMAGING
MRI currently plays a crucial role in the primary staging
of rectal cancer by leading the therapeutic management.
MRI shows high accuracy in the assessment of CRM and
sphincter invasion assessment[3-4,41-43], and high resolution
T2 weighted images are considered the standard sequences to evaluate rectal cancer[44,45].
However, when it comes to restage rectal cancer,
MRI utility remains debatable. Several Authors have
reported a reduction of its accuracy after neoadjuvant
regimen[46,47]. Accuracy in predicting rectal wall invasion
is 50% (sensitivity, 100%; specificity 35%) and nodal involvement is 65%[48]. Prediction of CRM is reported to
be 66%-85%[37,43].
The disappointing accuracy of MRI imaging in restaging rectal cancer is due both to overstaying and understaging[48]. Typically, overstaying, in the assessment of
rectal wall invasion, occurs because after radiotherapy the
responding tumors can be replaced by fibrosis, inflammatory and vascular proliferation[7,48]. This often results in
overstaying T1 or T2 tumors[46,47] because tumors are surrounded by diffuse hypointense tissue infiltration[48] and
the thickness caused by fibrosis is overestimated by MRI.
Another common cause of overstaying is radio-induced
ulceration or proctitis[48]. Understaging is usually due to
the inability to detect a small residual tumor overwhelmed
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PET
Positron emission tomography using 18F-fluoro-2’-deoxyD-glucose (FDG-PET) is a diagnostic modality that
visualizes the cellular glucose metabolism; it exploits the
enhanced glycolysis in tumor cells to distinguish cancer
from surrounding tissue with normal metabolic activity. Nowadays functional PET images are coupled with
anatomical computed tomography scan so that PET/TC
is normally employed for better tumor localization and
improvement of diagnostic accuracy[64,65].
PET/CT has been used as noninvasive tool in rectal
cancer patients, after neoadjuvant CRT, to detect metabolic activity in the residual tumor and to assess change
induced by the treatment[66,67]. There is however lack of
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uniformly regarding several issues: time interval between
end of treatment and examination, parameters used to
evaluate tumor response, and criteria to define and measure response.
Radiotherapy and chemotherapy cause tissue inflammation with accumulation of FDG uptake[68,69], since this
reaction may last up to several months from the end of
treatment, the choice of the time interval to perform the
examination is of crucial importance. In addition radiotherapy and chemotherapy can produce a confounding
effects called “stunning” a reversible phenomenon characterized by temporarily decrease of glucose metabolisms
in viable tumor cells, lasting several weeks. Although
the optimal time for the acquisition of PET images has
not been established, the control is performed by most
authors after 4-6 wk from the end of CRT; it seems that
earlier restaging could underestimate tumor response[70].
Different parameters can be used to evaluate tumor
response: maximum standardized uptake value (SUVmax), absolute difference (ΔSUVmax), mean standardized
uptake value (SUVmean), percent SUV max difference
(response index RI), and change in total lesion glycolysis
(γTLG). Depending on the adopted criteria sensitivity
and specificity may vary widely. Moreover different cut
off value are reported for each parameter producing different diagnostic accuracy. In the majority of the studies
the evaluated end point is response to treatment, in relation to regression in T stage or TRG (tumor regression
grade). It is important to underline that, for the reasons
previously mentioned, and for the limited spatial resolution of PET, that ranges between a 0.4- and 1.0-cm[71-74],
it is almost impossible to distinguish major to complete
pathological response and therefore to find out yT0N0
tumors. Sensitivity and specificity of FDG-Pet in predicting response, irrespectively from criteria and cut off
value, range between 45%-84.5% and 79%-81%[73,75-79].
Few authors evaluated the relation between PET and
complete pathological response. In the series of Cho et
al[64] 18F-FDG PET/CT correctly predicted three of the
four patients with a pathologic complete response after
preoperative CRT. While the only patient with complete
response at histopathology was correctly detected by visual FDG-PET analysis by Denecke et al[80].
In conclusion although FDG-PET can be considered
a promising tool to assess metabolic response after neoadjuvant treatment and to recognize patients more prone
to respond to radio chemotherapy from non responders,
its role in defining complete response to tailor the therapy is far to be reached.

tigators to sphincter preserving and organ sparing surgery[83,84]. In this setting, trans-anal resection of partial
responder tumor with negative lymph node assessment
by pelvic imaging could be considered as paradigm organ
sparing resection.
Moreover the effects of cytoreduction, provided by
multimodality treatment, can produce complete clinical response (absence of clinically detectable tumor) or
complete pathological response (absence of viable tumor
cells at pathology examination after cancer resection) in
up to 30% of patients[5,23,85-87]. Given that rectal resection
is related to significant morbidity, several authors have
recommended careful “wait and see strategy” in clinical complete response cases[13,88-90]. In this setting rectal
cancer restaging after multimodality treatment has been
claimed to provide adjustment of the surgical conduct.
Current imaging techniques have been reported to
be highly accurate in the primary staging of rectal cancer. On the other hand, radiotherapy and chemotherapy
course produce deep modifications on cancer tissue and
on surrounding structures. As a result, when used to
restage rectal cancer after CRT, the same imaging techniques produce inconstant results. Indeed pathological T
stage and lymph nodes status prediction has been shown
to be far less inaccurate when compared to primary staging.
Overstaying is a basic issue of current imaging modality. The overstaying is commonly due to the inability
of distinguish residual tumor from radio-induced desmoplastic reaction and overgrowth fibrosis in the surrounding tissue. False positive diagnosis can clearly lead to over
treat patients that indeed could take advantage of organ
sparing surgery such as local excision for yT1 N0 tumors.
Moreover this possibility could be considered for high
surgical risk patients thus avoiding morbidity and mortality of rectal resection.
On the contrary, understaging could lead to consider
local excision in patients with occult mesorectal positive
lymph node, thus producing a non-oncological resection
with consequent reduction of survival. Furthermore it
has been reported that, after radiotherapy, local recurrence could be more aggressive than native tumor and
the situation could be more concerning when leaving
untreated patients with complete response without surgically removing the site of the tumor[91].
However, Habr-Gama et al[13] found no significant
difference in terms of survival and disease free rate
when comparing patients with complete clinical response
undergoing “wait and see policy” and patients with histologically proven complete response after surgery. Interestingly this group, when assessing complete pathological
response, mainly relies on direct endoscopic visualization
of rectal mucosa and uses additional radiological studies
only in case of recurrence suspicion[24].
Although currently available imaging techniques display an overall low accuracy in restaging rectal cancer, CT
scan and MRI are efficient in excluding tumor extent to
adjacent organs (T4 tumor) and CRM invasion[37].

CONCLUSION
Neoadjuvant course is effective in producing downstaging and downsizing of locally advanced rectal tumor.
Tumor response to such treatment has been significantly
associated with improved outcome after surgical resection[81,82].
Enthusiasm about these findings has drove inves-
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Clear assessment of lymph node status should be
provided when considering local tumor excision due to
the risk of leaving positive mesorectal nodes. Prediction of lymph node positivity is reported to be still poor.
Moreover there is no consensus about the standard
criteria to define lymph nodes positivity. It is clear that
the size measurement only is not reliable and analysis of
nodal contour, shape and structure has to be considered
to improve the accuracy of restaging.
In conclusion modern imaging techniques are unreliable in restaging rectal cancer after CRT given the low
correspondence between pathological status prediction
and actual pathological assessment. In our opinion imaging evaluation patterns are to be reexamined to reduce
the false positive and false negative percentage and to
broaden diagnostic accuracy.
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Core tip: Approaches for treatment advanced gastric
cancer are object of interesting debates toward scientific community worldwide over the last 20 years. Chemotherapy based on platinum and fluoropirimidine agents
remained up to now the standard of care for those patients, otherwise triplet therapy either an anthracycline
or taxane may be considered. Herein we provide an additional discussion regarding the role of biologic agents,
such as trastuzumab and novel therapies for improve
survival in this field.
Original sources: de Mello RA, Marques AM, Araújo A.
HER2 therapies and gastric cancer: A step forward. World J
Gastroenterol 2013; 19(37): 6165-6169 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v19/i37/6165.htm DOI:
http://dx.doi.org/10.3748/wjg.v19.i37.6165

Abstract
Gastric cancer usually is diagnosed in advanced stages
and thus current medical practice affords limited therapeutic options. However, recent studies established
the role of human epidermal growth factor receptor 2
(HER2) in clinical management. Trastuzumab, an antiHER2 monoclonal antibody, acquired a main role in
advanced gastric cancer harboring HER2 overexpression and/or amplification improving survival to 17.1 mo
according to trastuzumab for gastric cancer phase Ⅲ
trial results. Also, new promising drugs, such as c-Met
inhibitors, are in development and assessment for this
setting. Certainly, novel drugs will emerge in the next
feel years for help oncologists improve clinical management of advanced gastric cancer providing higher
survival and quality of life. In this mini-review we will
discuss some issues in this regard and provide an actual overview of this setting.

INTRODUCTION
Gastric cancer (GC) is one of the leading types of cancer
worldwide. Although the trend in death rates[1] for GC
is decreasing, this tumor continues to have a poor prognosis and few efficacious therapeutic options particularly
in advanced stages. Since most of symptoms for this
type of cancer are nonspecific and screening strategies in
many countries are absence, GC is usually diagnosed in
advanced stages. The predominant histological type of
GC is adenocarcinoma (95% of tumors) and the main
adenocarcinomas sub-types are intestinal, diffuse and
mixed type. Recent studies showed the human cancer is
the human epidermal growth factor receptor in advanced
GC personalizing treatment[2-5]. Herein we will discuss
issues concerning novel biologic agents for advanced
gastric cancer, focusing in anti-human epidermal growth
factor receptor 2 (HER2) therapies, such as trastuzumab,
and promising novel agents.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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arm. The overall response rate was 47.3% vs 34.5% in
transtuzumab plus chemotherapy and chemotherapy,
respectively. The toxicity did not increased substantially
with transtuzumab addition; however, the most common
grade 3/4 adverse reactions associated with trastuzumab
in metastatic GC were neutropenia, diarrhea, fatigue,
anemia, stomatitis, weight loss, upper respiratory tract
infections, fever, thrombocytopenia, mucosal inflammation, nasopharyngitis and dysgeusia. Thus, the ToGA trial
showed that trastuzumab in combination with chemotherapy can be considered as a new standard option for
patients with HER2-positive advanced GC or GEJC. So,
trastuzumab was approved by the Food and Drug Administration and the European Medicines Agency (EMA)
for patients with HER2-positive metastatic GC or GEJ
who have not received previous anticancer therapy for
metastatic disease.

HER2 AND GASTRIC CANCER
Treatment depends on the site and extent of the tumor[4,6,7]. Treatment objectives vary from through curative approaches, such as curative surgery, radiotherapy
and perioperative chemotherapy, that may improve the
survival rate of operable GC patients; to palliative approaches in advanced stage patients or those who are
subject to relapse after prior curative surgery [7,8]. For
advanced patients, 5-fluorouracil (5-FU) plus platinum remain standard treatment regimens, with or without an anthracycline or taxane[9]. This therapeutic regimen offers a
response rate of 30%-50% with 9-11 mo median overall
survival (OS)[10]. Given these poor results, an investment
in new treatment weapons is required. One of the most
considerable innovative targets in human cancer is the
human epidermal growth factor receptor (EGFR) family[11]. The human HER family includes four structurally
related members, HER1 (ErbB1, also known as EGFR),
HER2 (ErbB2), HER3 (ErbB3) and HER4 (ErbB4)[12].
Relatively to HER2, this is highly expressed in a significant proportion of GC[13] and thus it is nowadays considered an excellent therapeutic target. GC harboring HER2
overexpression was shown to have a worse prognosis[14].
In HER2-amplified patients the median survival was 5.5
mo compared with 12.6 mo in non-amplified patients.
HER2 overexpression was more commonly seen in the
intestinal-type than diffuse-type cancers (32% vs 6%)[15-17].

NOVEL AGENTS AND PROMISING
MOLECULES
Nevertheless, others monoclonal antibodies have been
developed as an alternative to transtuzumab[25-28]. For example, HER dimerization inhibitor, such as pertuzumab,
which in combination with the transtuzumab has shown
to have a promising effect in experimental models of
GC[29,30]. In addition, some studies with anti-HER2 combination treatments indicate that the use of more than
one HER2-targeted therapy was superior to one of these
agents alone, particularly in breast cancer (BC) HER2
positive[31-33]. For instance, the CLEOPATRA[34] phase
Ⅲ trial compared the efficacy and safety of pertuzumab,
trastuzumab, and docetaxel with placebo, trastuzumab,
and docetaxel in patients with HER2-positive first-line
metastatic breast cancer, showed a significant improvement in OS with addition of pertuzumab. So, there is
need for planning studies to assess the safety and efficacy
of the pertuzumab in the GC HER2 positive[35,36].
However, when the patients acquire resistance to
transtuzumab, what to do? The molecular mechanisms
underlying trastuzumab resistance in GC are still unknown, but intra-tumoral heterogeneity of this tumor
may contribute to this resistance[12,37-39]. There are some
mechanist theories in a study that attempted to explain
this phenomenon, e.g., that catecholamine-induced β2AR activation mediates desensitization of GC cells to
trastuzumab through up regulation of the MUC4 expression[40,41]; or that interaction between HER2 and insulinlike growth factor 1 receptor in trastuzumab-resistant
breast cancer cells and involved in cross-talk that results
in p27 downregulation [42]. Furthermore, hepatocyte
growth factor (HGF) and its receptor, the trans-membrane tyrosine kinase c-Met, promote cell proliferation,
survival, motility and invasion as well as morphologic
changes that stimulate tissue repair and regeneration in
normal cells but can be co-opted during tumor growth[28].
Previous studies reported that high levels of HGF or
c-Met are associated with poor prognosis in gastric can-

HER2 MOLECULAR TESTS AND
TRASTUZUMAB
HER2 overexpression can be determined by immunohistochemistry (IHC) using a monoclonal antibody or
by the detection of HER2 gene ampliﬁcation through
ﬂuorescent in situ hybridization (FISH)[18-20]. Thus, it is
current practice to test all new diagnoses of GC for
HER2 by IHC[21,22]. Tumors can be classified by IHC as
IHC 0/1+, negative resulted; IHC2+, equivocal resulted
and it is recommended FISH testing, and IHC3+, positive resulted[18,23].
In the trastuzumab for gastric cancer (ToGA) trial[2],
trastuzumab, a recombinant humanized monoclonal
antibody that targets the extracellular domain Ⅳ of the
HER2 protein, was evaluated in HER2 overexpressing
gastric and gastroesophageal junction (GEJC) cancer. In the mentioned study, patients with GC or GEJ
that showed HER2 overexpression were eligible for
the analysis and randomized in two arms. To one arm
standard chemotherapy alone (5-FU/capecitabine plus
cisplatin) was administered while to the other arm it was
administered chemotherapy plus transtuzumab. Median
OS was 13.8 mo in those assigned to trastuzumab plus
chemotherapy compared with 11.1 mo in those assigned
to chemotherapy alone[24]. The median of progressionfree survival (PFS) was increased with the addition of
transtuzumab to standard chemotherapy: 6.7 mo in the
transtuzumab arm and 5.5 mo in the chemotherapy alone
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cer, due to gene amplification and protein overexpression
of c-Met drive resistance to epidermal growth factor
receptor family inhibitors, both in preclinical models and
in patients[21,27,28,43,44]. Only a few phase Ⅰ-Ⅱ trials[26,45]
recently assessed the role of c-Met inhibitors, such as
crizotinib[46] and foretinib[26], in gastric cancer setting. In
a studied by Lennerz et al[46] two patients harboring MET
amplification were treated with crizotinb and presented
tumor shrinkage (-30% and -16%) and experienced progression after 3.7 and 3.5 mo. Shah et al[26] reported 67
advanced gastric cancer patients who were treated with
foretinib irrespective of c-Met status. Best response was
stable disease (SD) in 10 (23%) patients receiving intermittent dosing and 5 (20%) receiving daily dosing; SD
duration was 1.9-7.2 mo (median 3.2 mo). Of 67 patients
with tumor samples, 3 had MET amplification, one of
whom had SD. Treatment-related toxicity occurred in
91% of patients[26]. Thus, the response to this dilemma
is not to simple and current there are many options for
explore in this regard.
In this regard, others classes of targeted drugs, including tyrosine kinase inhibitors, such as lapatinib[47]
and dacomitinib [48], mammalian target of rapamycin
pathway inhibitors, such as everolimus[49], have also been
investigated. Lapatinib inhibits the catalytic activity of
the EGFR and it is also a HER2 inhibitor; thus, it is a
dual tyrosine kinase inhibitor of both EGFR and HER2.
The SWOG S413 trial[47] analyzed lapatinib in the first
line therapy in patients with advanced or metastatic GC
showing 9% response rate (11% overall response rate)
and a median OS of 4.8 mo. In summary, lapatinib as a
single agent presents reduced responses, but in combination with other chemotherapeutic agents may have additional benefits. Dacomitinib[18] is a pan-HER inhibitor
with potential use in cancer treatment via mutations or
overexpression/amplification of HER family members
or their target molecules alone or in combination with
chemotherapeutic and/or molecular-targeted agents,
however, there are no clinical trials phase Ⅱ/Ⅲ to justify
its use in GC patients.

advanced stages. Unfortunately, the GC continues to
still have a poor prognosis. In the future it is intended to
develop new trials and look for other genetic alterations
that may be highly specific therapeutic targets and less
toxic as well.
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Core tip: Metastatic colorectal cancer (mCRC) remains
a challenge for oncologists worldwide. Despite a very
aggressive disease profile, mCRC’s outcomes are improving toward last decades. Target drugs, such as cetuximab and panitumumab, acquired a main role in this
scenario whether phase Ⅲ trials showed interesting
results in overall survival and disease control. Thus, we
will briefly in this paper discuss some issues and pitfalls
concerning this framework.
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Abstract
Colorectal cancer (CRC) has high incidence and mortality worldwide. In 2012, CRC was the second most prevalent cancer among males (9%) and the third among
females (8%). In recent decades, standard chemotherapies protocols combining 5-fluorouracil, leucovorin,
irinotecan and oxaliplatin were important for improve
survival in this set of patients. Further, biological drugs
throughout epidermal growth factor receptor (EGFR)
pathways showed interesting results in metastatic disease (mCRC) control when in association to standard
chemotherapy regimens. Cetuximab and panitumumab
are two cornerstones for mCRC treatment and are both
approved in Europe and United States based on previous results phase Ⅲ trials. This paper will briefly summarize those anti-EGFR therapies framework in mCRC
and discusses some issues in this regard.

INTRODUCTION

© 2014 Baishideng Publishing Group Inc. All rights reserved.

EPIDERMAL GROWTH FACTOR
RECEPTOR

Colorectal cancer (CRC) has high incidence and mortality worldwide. In 2012, CRC was the second most
prevalent cancer among males (9%) and the third among
females (8%)[1]. The survival rates, in advanced CRC
remain low; therefore, the development of new therapeutic weapons becomes a real need. Targets therapies
through epidermal growth factor (EGF) and its receptor
(EGFR) and also KRAS pathways modulation acquired
a main role whether in association with standard chemotherapy[2]. Since its discovery, EGFR has been considered a good candidate for targeted cancer therapy[3,4].
It is over expressed in many types of cancers, especially
CRC[5].

Key words: Colorectal cancer; Epidermal growth factor
receptor; KRAS mutation; Chemotherapy; Cetuximab;
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Table 1 Mainly clinical trial and target therapies
Study

Design

PACCE trial[18]

Peeters et al[22]

PRIME study[28]

COIN trial[29]

NORDIC-VII[20]

PMAB + Bev/Ox-CT
+
PMAB + Bev/Iri-CT
Bev/Ox-CT
+
Bev/Iri-CT
Panitumumab-FOLFIRI
(in the WT KRAS
subpopulation)
FOLFIRI (in the WT KRAS
subpopulation)
Wild-type KRAS stratum
Panitumumab +
FOLFOX (4)
FOLFOX(4)
Mutant KRAS stratum
Panitumumab +
FOLFOX (4)
FOLFOX (4)
Ox and 5FU (arm A) in
KRAS wild-type tumours
Ox and 5FU plus
cetuximab (arm B) in
KRAS wild-type tumours
Standard Nordic FLOX
(arm A)
Cetuximab and FLOX
(arm B)
Cetuximab combined with
intermittent FLOX (arm C)

Median PFS Median
(mo)
OS (mo)
10

19.4

11.4

24.5

5.9

14.51

3.9

12.51

9.6

23.91

8.0

19.71

7.3

15.51

8.8
8.61

19.31
17.91

8.61

17.01

7.91

20.41

8.31

19.71

7.31

20.31

Toxicity (grade 3/4)

Genetic analyses

Response rate

Skin rash, diarrhea,
infections and pulmonary
embolism

KRAS status was determined in
82% tumor samples. Mutations
were found in 40%

46%

48%

Toxicities associated with KRAS status was available for 91%
anti-EGFR therapy
of patients: 597 (55%) with wildtype KRAS tumors, and 486 (45%)
with mutant KRAS tumors

Improved to
35% vs 10% with
the addition of
panitumumab
55%

Toxicities associated with
anti-EGFR therapy

KRAS results were available for
1100 ( 93%)patients

NA

565 (43%) had KRAS mutations

Skin rash and
gastrointestinal toxic
effects
The regimens were well KRAS and BRAF mutation analyses
tolerated
were obtained in 498 (88%) and 457
patients (81%) respectively

48%
40%
40%
57%
64%

41%
49%
47%

1

Without statistical significance. PFS: Progression-free survival; OS: Overall survival; PMAB: Panitumumab; Bev: Bevacizumab; Ox:CT: Oxaliplatin:
based chemotherapy; Iri-CT: Irinotecan-based chemotherapy; 5FU: 5-fluorouracil; FOLFOX/FLOX: Fluorouracil, leucovorin and oxaliplatin; FOLFIRI:
Fluorouracil, leucovorin and irinotecan; NA: Not applicable.

tor, this expression-stage association may play a crucial
role in the decision to initiate an adjuvant treatment toward KRAS mutation assessment[6] as it will be discussed
below.
However, not all patients have a good response to
anti-EGFR monoclonal antibodies, and given the risks
for adverse effects associated with their use and their
substantial cost, there is particular interest in identifying
predictors of treatment benefit or lack thereof[2]. Genetic
alterations may explain the resistance to anti-EGFR
therapies[7]. In current clinical practice, KRAS mutation
(codon 12 and 13) is mainly responsible for primary resistance to the EGFR target drugs, particularly cetuximab
and panitumumab[8]. Thus the advantages of anti-EGFR
monoclonal antibody treatment of colorectal cancer may
be limited to KRAS wild-type patients[9].

chemotherapy in patients with mCRC or maintenance
therapies in chemorefractory tumors (Table 1). In overall,
current guidelines advocate the use of the following regimens as initial standard chemotherapy for mCRC: fluorouracil, leucovorin, and oxaliplatin-based chemotherapy
(FOLFOX), fluorouracil, leucovorin, and irinotecanbased chemotherapy (FOLFIRI), capecitabine plus oxaliplatin (CapeOx or XELOX)[12,13], and fluorouracil, leucovorin, oxaliplatin and irinotecan-based chemotherapy
(FOLFOXIRI)[14]. The addition of a biological agent,
such as anti-vascular endothelial growth factor (bevacizumab)[15] or anti-EGFR (cetuximab or panitumumab), in
KRAS wild-type, will depends on patients KRAS profile,
fitness and related- clinical co-morbidities.
However, we should be aware for the toxicity profile.
Most common anti-EGFR adverse events[16] are the skin
acneiform rash, xeroderma, hypomagnesemia, diarrhea
and nausea[17]. Hecht et al[18] assessed panitumumab plus
bevacizumab versus regular chemotherapy (oxaliplatin
and irinotecan-based) as first line treatment for mCRC
and showed no outcomes benefit, but only increase in
toxicity profile, particularly diarrhea, infections and pulmonary embolism[19]. The increased in the toxicity can
be explicated by dual-pathway inhibition in combination
with chemotherapy[18]. In this study the patients were

METASTATIC COLORECTAL CANCER
Currently, we know that many monoclonal antibodies has
been approved by Food and Drugs Administration (FDA)
and European Medicine Agency for the treatment of
mCRC: cetuximab and panitumumab in KRAS wild-type
patients[5,9] and bevacizumab for those harbor codon 12 or
13 mutation[10,11]. These drugs are used in association with
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enrolled onto one of two cohorts per investigator arm:
a fluorouracil, leucovorin, and oxaliplatin-based chemotherapy (FOLFOX) cohort or a fluorouracil, leucovorin,
and irinotecan-based chemotherapy (FOLFIRI) cohort,
each with bevacizumab. Anyway, panitumumab given
with FOLFOX or with FOLFIRI in the absence of bevacizumab appears to be well tolerated in other studies.
Tveit et al[20] evaluated in mCRC patiens the efficacy
of cetuximab plus bolus fluorouracil/folinic acid and
oxaliplatin, administered continuously or intermittently
as first line regimen. This study did not show significant
benefit compared with the FOLFOX regime. For another
hand in third-line treatment of patients with chemotherapy-refractory mCRC, cetuximab provides a substantial
prolongation of progression-free-survival (PFS) and
overall survival[21]. Similarly, panitumumab plus FOLFIRI
has shown significantly improved in PFS and was welltolerated as second-line treatment in patients with wildtype KRAS mCRC[22].
Plus, the combination of cetuximab plus FOLFIRI as
first-line chemotherapy in wild-type KRAS tumors also
can reduce the risk of progression of mCRC as compared with FOLFIRI alone[23]. Moreover, we should note
that the toxicity of FOLFIRI plus cetuximab combination was superior to FOLFIRI regimen alone (notably
skin reactions). Notwithstanding, patients with KRAS
wild-type locally advanced rectal cancer with the addition of cetuximab to chemoradiation regimen based on
irinotecan plus capecitabine showed no benefit compared
to the use of chemoradiation alone[24]. Further, in spite
of we have focused our attention to KRAS mutations;
there are others biomarkers that are also implicated in
colorectal cancer outcomes, such as BRAF mutation.
BRAF-mutant tumors have worse prognosis[25]. Recently
BRAF inhibitor, vemurafenib, was approved by the FDA
for treatment of patients with BRAF-mutant metastatic
melanoma[26]. It is expected that in the near future other
BRAF inhibitors are developed and maybe directed to
mCRC.
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Personalizing therapies for gastric cancer: Molecular
mechanisms and novel targeted therapies
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HER2 monoclonal antibody, was the first target drug
in the metastatic setting that showed benefit in overall
survival when in association with platinum-5-fluorouracil based chemotherapy. Further, HER2 overexpression analysis acquired a main role in predict response
for trastuzumab in this field. Thus, we conducted a
review that will discuss the main points concerning
trastuzumab and HER2 in gastric cancer, providing a
comprehensive overview of molecular mechanisms and
novel trials involved.
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Core tip: Advanced gastric cancer is a very aggressive
disease thought the standard chemotherapy protocols
available. In 2010, Trastuzumab for Gastric Cancer trial
showed that the combination of trastuzumab, could be
considered a new standard option for patients with human epidermal growth factor receptor 2 (HER2) positive advanced gastric and gastro-esophageal junction
cancer. Thus, a new era emerged for those patients
due to the interesting possibility in prolong survival in
a personalized setting (HER2 positive). Our manuscript
will provide an overview of the molecular mechanisms
involved and also promising targeted therapies in this
field.

Abstract
th

Globally, gastric cancer is the 4 most frequently dind
agnosed cancer and the 2 leading cause of death
from cancer, with an estimated 990000 new cases and
738000 deaths registered in 2008. In the advanced
setting, standard chemotherapies protocols acquired an
important role since last decades in prolong survival.
Moreover, recent advances in molecular therapies provided a new interesting weapon to treat advanced gastric cancer through anti-human epidermal growth factor
receptor 2 (HER2) therapies. Trastuzumab, an anti-
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The importance of addressing HER2 as a therapeutic target is underscored by a number of molecular and
pathological findings. Amplified HER2 relates to processes of carcinogenesis and adverse pathologic features
such as tumor size, invasion and metastastatic spread; the
level of HER2 gene expression is much higher in cancer cells than that in non-malignant adult cells[17]. HER2
overexpression has been reported in breast, lung, salivary
gland, ovary, colon, prostate and pancreatic cancers[18,19].
About 10%-34% of invasive breast cancers present
HER2 overexpression. Trastuzumab has shown survival
advantage in early and metastatic disease and is now
a part of standard care. HER2 overexpression stands
as a poor prognosis marker for chemo- and endocrine
therapy but at the same time as a positive predictive
marker for treatment with trastuzumab. Furthermore,
trastuzumab proved to be effective as adjuvant treatment in breast cancer with HER2 overexpression, with
different chemotherapy regimens[20-26]. In gastric cancer,
the prognostic role of HER2 overexpression remains
controversial. The most important prognostic factor
for gastric cancer is the tumor node metastasis (TNM)
stage[20,27]. Initial works addressing the prognostic significance of HER2 overexpression reported a negative
effect on overall survival (OS)[28,29]. However, conflicting
results regarding the prognostic value of HER2 have
been published more recently. Some studies found a
negative effect of HER2 on prognosis with reduction in
OS[17,20,29-36], others found no relationship[37-40] and a trend
towards improved survival was found in one cohort[41].
A comprehensive review by Jørgensen et al[42] found that
the majority of publications that fulfilled the selection
criteria for the analysis, associated HER2-positive status
with poor survival and clinicopathological characteristics
such as serosal invasion, lymph node metastases, disease
stage or distant metastases. Chua et al[43] recently reviewed
49 studies with data regarding the relation of HER2 with
clinicopathological variables and survival and concluded
that HER2 overexpression is associated with poor survival; results pertaining other variables were not conclusive. HER2 overexpression has also been suggested as a
molecular abnormality in the development of intestinal
type gastric cancer and HER2 expression increases with
disease progression, leading to the suggestion that the
initial timing of this event probably occurs in early stages.
Barros-Silva et al[20] found overexpression and amplification in both components of mixed tumors (intestinal and
diffuse components) and HER2 amplification in early
stages, supporting this idea of amplification in an early
stage of carcinogenesis. Further support arises from the
high levels of concordance between primary tumors and
paired metastatic sites found by some authors, suggesting
HER2 amplification as an early event and not acquired
at a later moment by cells with metastatic potential[44].
Kataoka et al[45] found no HER2 positivity in the diffuse
component of mixed type cases, but also found HER2
overexpression in early TNM T1a cases, pointing towards
an early event[30,46]. Although these data tend to establish

INTRODUCTION
Gastric cancer has been described since 3000 BC in ancient Egypt. One of the first epidemiologic studies on
cancer, with data spanning from 1760 to 1839, pointed
gastric cancer as the most common and lethal. In modern times, it remains one of the most important forms
of cancer, with different geographic, ethnic and socioeconomic distributions. Incidence is particularly high in
Japan, China, South Korea, Chile and Costa Rica. The
large regional variations in incidence possibly reflect different prevalences of Helicobacter pylori infection, which
is responsible for more than 60% of gastric cancer globally. Globally, gastric cancer is the 4th most frequently
diagnosed cancer and the 2nd leading cause of death from
cancer, with an estimated 990000 new cases and 738000
deaths registered in 2008[1]. The human epidermal growth
factor receptor 2 (HER2) protein, a 185 kDa protein (p185)
encoded by a gene located on chromosome 17q21 is a
transmembrane tyrosine kinase receptor with an extracellular ligand-binding domain; a short transmembrane
domain and an intracellular domain with kinase activity
(Figure 1). It belongs to the epidermal growth factor
receptor (EGFR) family of growth factors comprising
four structurally related members, HER1 or ErbB1, also
known as EGFR, HER2 or ErbB2, HER3 or ErbB3 and
HER4 or ErbB4. Activation occurs through homo- or
heterodimerization induced by ligands. HER2 is designated an orphan receptor which is believed to homodimerize independently of a ligand or to heterodimerize with
another ligand-bound member of the EGFR family.
Activation triggers a cascade of events that involves autophosphorilation and activation of the tyrosine kinase
domain, Ras/Raf/mitogen-activated protein kinase pathway, phospholipase C-γ and phosphatidylinositol-3-kinase
(PI3K)/Akt/mammalian target of rapamycin (mTOR)
(Figure 2). HER2 receptors have also been found in nuclear localization, where they act as transcription factors
for cycline D1 and p53[2,3]. Therefore, HER2 (also known
as c-erbB-2/neu) acts as an oncogene involved in the regulation of cell proliferation, differentiation, motility and
apoptosis[4-8]. Heterodimers of HER2 with other members of the HER family, particularly with HER3, are the
most mitogenic dimers and HER2 increases the affinity
of EGFR, HER3 and HER4 to their ligands[9-12].
Analysing the molecular structure of HER2 allows
new insights into approaching it as a potential therapeutic
target (Figures 1 and 3). The extracellular domain of the
receptor is subdivided into four subdomains. Whereas
subdomains Ⅱ and Ⅳ are involved in the process of
dimerization, subdomains Ⅰ and Ⅲ are the binding sites
for pertuzumab and trastuzumab respectively, two of
the most well studied HER2 inhibitors which will be discussed further on. The transmembrane domain of HER2
plays an important role in the process of dimerization
and oncogenic mutations in this region were described.
The intracellular domain contains the active enzyme site
which activates different downstream pathways by phosphorylation[13-16].
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Figure 1 Human epidermal growth factor receptor 2 and binding sites. Ⅰ-Ⅳ: Epidermal growth factor receptor 1-4.

HER2 as a potential negative prognostic factor in gastric
cancer, the relation seems not to be as consistent as in
breast cancer[42]. In fact, more recent studies demonstrate
no significant prognostic relationship. In a study involving 381 metastatic gastric cancer patients, Yanjigian et al[47]
found that patients with HER2-positive gastric cancer
had longer median OS compared with HER2-negative
gastric cancer patients, but on multivariate analysis HER2
status was not an independent prognostic factor. Terashima et al[48] found no correlation with OS in 829 stage
[49]
Ⅱ/Ⅲ resected gastric cancer patients. Hsu et al investigated 1036 gastric cancer patients undergoing curativeintent resection. Although HER2 positivity emerged as
a favourable prognostic factor for stage Ⅲ-Ⅳ gastric
cancer on univariate analysis, it did not on multivariate
adjustment.
Despite these conflicting results, it seems likely that
HER2 is not associated with an adverse prognosis in
gastric cancer in an extent similar to breast cancer; nevertheless, inhibition of the HER2 pathway in patients
with HER2 amplification demonstrated clinical benefits.
In this review, we will address the main advances in the
treatment of advanced gastric cancer, focusing on the
novel biomarkers and target therapies concerning HER2
signalling pathways.

also used in the current practice of HER2-status determination in breast cancer. Current evidence suggests the
need to adopt the methods used in breast cancer in order
to address HER2 expression in gastric cancer[50]. Considering the different biologic origin of the tissue, the high
density of glandular structures needs to be understood
in its context. In gastric tissue, ICH staining for HER2
occurs typically on the basolateral membrane and less so
on the luminal aspect of the cell, conferring an U-shaped
appearance to the staining whereas completeness of the
membrane staining is the rule for higher scores in breast
cancer. Another difference concerns the heterogeneity of
immunostaining which is rare in breast, but frequent in
gastric tumors. ICH should be used as primary test; cases
with ICH score 3+ are candidates for HER2 directed
therapy, 2+ scoring cases should be re-tested using ISH;
in the case of ISH positivity patients are eligible for these
therapeutic modality[51].

HER2-DIRECTED THERAPIES IN GASTRIC
CANCER
In January 2010, the European Medicines Agency granted
approval to trastuzumab plus chemotherapy in the treatment of with IHC 3+ or 2+/metastatic adenocarcinoma
of the stomach or gastro-esophageal junction (GEJ)[52].
The United States Food and Drug Administration approved trastuzumab for HER2 overexpressing patients,
without further specification[53].
Trastuzumab is a fully humanized monoclonal antibody that binds to the extracellular domain of the receptor, acting by blockage of the HER2 receptor cleavage,
inhibition of dimerization, as well as by the induction

HER2 TESTING IN GASTRIC CANCER
A precise analysis is necessary in order to address the
status of HER2 expression in gastric cancer, which constitutes an essential step to select the patients feasible to
treatment with HER2 target therapies. Techniques include primarily immunohistochemistry (ICH) and in situ
hybridization (ISH), which constitute standard techniques
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Figure 2 Human epidermal growth factor receptor 2 signalling pathways. HER: Human epidermal growth factor receptor; PI3K: Phosphoinositide 3-kinase; BAD:
Bcl-2-associated death promoter protein; NF-κB: Nuclear factor κB; PLC-γ: Phospholipase C gamma 1; PKC: Protein kinase C; Grb2: Growth factor receptor-bound
protein 2; SOS: Son of Sevenless; MEK: Mitogen-activated protein kinase kinase 1; MAPK: Mitogen-activated protein kinase; mTOR: Mammalian target of rapamycin;
RAS: Rat sarcoma viral oncogene; RAF: Rapidly accelerated fibrosarcoma.

is scarce, HER2 has been shown to be amplified in gastric cancer and HER2 is progressively regarded as an important biomarker and driver of cancerization in gastric
cancer, with studies pointing out amplification or overexpression in 7%-34% of tumors, mainly in the intestinal
type and in GEJ and proximal tumors[17,27,66].
Cortés-Funes et al[67] presented preliminary results of a
phase Ⅱ study involving 21 chemothreapy-naïve patients
with HER2 overexpressing locally advanced or metastatic
gastric cancer. Trastuzumab at a loading dose of 8 mg/kg
and maintenance dose of 6 mg/kg and cisplatin 75 mg/m2
were administered every 21 d until progression, unacceptable toxicity or withdrawal of consent. Response rate
was of 35%, with 17% of patients achieving stabilization.
The tolerability profile was favourable; no grade 4 toxicity
was observed and most the frequent grade 3 events were
asthenia, nausea or vomiting, diarrhea, hiporexia and neutropenia. Data from another preliminary phase Ⅱ study
involving 16 gastric cancer patients were presented by
Egamberdiev et al[68]. Trastuzumab 6 mg/kg was administered once in addition to cisplatin 100 mg/m2 during 3
d + fluorouracil (5-FU) 1000 mg/m2 3 d + leicovirin 100
mg/m2 3 d, every 3 wk. Authors reported an objective
response rate of 54.5% in the combined therapy group
vs 33.3% in the chemotherapy-only group and a median
remission duration of 8.3 mo vs 5.2 mo. In a recent phase

of antibody-dependent cellular cytotoxicity (ADCC),
increasing endocytosis of the receptor and possibly
through anti-angiogenic effects[54-56]. It was developed in
the 1990s, after murine monoclonal antibodies directed
to the extracellular domain of HER2 were produced and
evaluated in cell lines and xenografts[57-59].
Preclinical data
Overexpression of HER2 in gastric cancer cells was first
reported in 1986 by Sakai et al[60] and Fukushige et al[61].
Preclinical models of gastric cancer were successful in
demonstrating the inhibitory effect of trastuzumab on
human gastric cancer cell lines in vitro and in mice xenografts in vivo, with additive and synergistic antineoplastic
effects in combination with chemotherapy[59,62-65]. A study
by Tanner et al[17] points out a gastric cancer cell line that
was as sensitive to trastuzumab as a breast cancer cell line,
both of them with amplified HER2, while Matsui et al[63]
reported suppression of tumor growth in a xenograft
model. Enhanced antineoplastic effects were observed
with capecitabine, cisplatin, docetaxel, paclitaxel and irinotecan[62], and a further synergistic effect with cisplatin
has been found by Kim et al[64].
Clinical data
Although information on the specific pathways involved
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or 5-FU 800 mg/m² per day was given by continuous infusion on days 1-5 of each cycle. Trastuzumab was given
intravenously at a loading dose of 8 mg/kg on day 1 of
the ﬁrst cycle, followed by 6 mg/kg afterwards.
The primary objective of the study was to compare
OS in both arms, and the secondary objectives were to
compare progression-free survival (PFS), time to progression, overall response rate, disease control, duration of response and quality of life between the two treatment arms.
Among 3665 tumor tissue specimens screened for HER2
positivity, 22% were HER2 positive (34% of the intestinal
type vs 6% of diffuse and 20% of mixed types). Assessment was done with IHC and fluorescence ISH (FISH),
according to Figure 3. The highest rate was observed in
34% of GEJ cancer and 20% of gastric cancer samples[74],
which is in conformity with other studies where positivity rates for the GEJ are between 24%-35% and in gastric
cancer samples comprise 9.5%-21.0%[17,27,75-77].
The combination of trastuzumab with chemotherapy in
advanced HER2-positive cancer patients led to signiﬁcantly
better OS compared to the same chemo-therapeutic regimen alone (median OS in the combination therapy group
was 13.8 mo against 11.1 mo in the chemotherapy-alone
group). This effect was observed in patients with intestinal
type gastric cancer but not in those with diffuse type gastric
cancer[73,78]. Median PFS (6.7 mo vs 5.5 mo) and radiological
response rate (47% vs 35%,) also improved with trastuzumab therapy. Exploring these data further, a sub-group analysis of the ToGA study which excluded patients with IHC
0-1+ FISH+ disease, found a main gain in median survival
of 4.2 mo, comparable to the figures in breast cancer[28].
In fact, patients with strongest HER2 expression (IHC 3+
FISH+) gained the greatest benefit, with a median survival
of 17.9 mo in patients treated with trastuzumab vs 12.3 mo
with chemotherapy alone.
A summary of selected clinical trials of trastuzumab
in gastro-esophageal cancer can be found in Table 1.

Patient tumor sample

Test overexpression IHC

0 or 1 +

2+

3+

Test amplification ISH

-

+

HER2
negative

HER2
positive

Figure 3 Human epidermal growth factor receptor 2 testing algorithm.
IHC: Imunohistochemistry; HER2: Human epidermal growth factor receptor 2;
ISH: In situ hybridization.

Ⅱ study carried out by Grávalos et al

[69]

, chemo-naïve
patients with non-resectable advanced or metastatic gastric or GEJ adenocarcinoma overexpressing HER2 were
treated with trastuzumab 8 mg/kg as loading dose and 6
mg/kg in subsequent cycles + cisplatin 75 mg/m2 every
3 wk. Twenty-two out of 228 patients (9.6%) enrolled
had HER2 overexpression. An overall response rate of
32% was found, with disease control achieved in 64%
of patients; median time to progression was 5.1 mo. No
grade 4 toxicities occurred, whereas most frequent grade
3 adverse events were asthenia, neutropenia, anorexia, diarrhoea and abdominal pain. Interestingly, higher baseline
HER2 extracellular domain levels associated with better
response to therapy.
In more recent studies, HER2 overexpression was
found to be lower than previously reported, especially in
distant gastric cancers[70]. Resectable gastric cancer has reported HER2-positive ratios of 8.1% and 11.7%, suggesting that in resectable gastric cancer HER2 positive status
might be less frequent than in advanced gastric cancer[71,72].
The phase Ⅲ ToGA trial constitutes a milestone,
establishing trastuzumab as the first biological therapy
that demonstrated survival benefits in gastric cancer[62,63].
ToGA was a multicenter, international trial, undertaken
in 24 countries[73]. It evaluated the combination of trastuzumab with standard chemotherapy (cisplatin + either
capecitabine or 5-FU) in advanced (inoperable locally
advanced, recurrent or metastatic) HER2-positive gastric cancer as a ﬁrst-line therapy vs chemotherapy alone.
Patients were treated with six cycles of chemotherapy in
both treatment arms, with patients in the experimental
arm continuing to be treated with trastuzumab until disease progression. Cisplatin 80 mg/m² was given on day 1
by intravenous infusion. Capecitabine 1000 mg/m² was
given orally twice a day for 2 wk followed by a 1-wk rest
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Adjuvant treatment
In this behalf, it is important to consider the possible
benefits of trastuzumab in the adjuvant setting for earlier
stages of the disease; however activity of targeted therapeutics in advanced disease should not automatically be
extrapolated into the adjuvant setting, as results may be
misleading[79]. Trials have been initiated which intend to
investigate anti-HER2 therapeutics in this setting[80,81].
Early onset gastric cancer (presenting at or under the age
of 45) seems to have lower HER2 overexpression than in
late onset cases, with possible different molecular genetic
pathways[82-84]. Ongoing clinical trials with trastuzumab
can be found in Table 2.
Maintenance therapy
From a clinical perspective, data known from breast
cancer suggest that trastuzumab administration after
disease progression might have benefits in OS[23,85]. In an
observational of study of 623 patients, median time to
progression was longer in patients who continued trastu-
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Table 1 Selected clinical trials of trastuzumab in gastro-esophageal cancer
Ref.

Phase

Bang et al[73]

Ⅲ

Cortés-Funes et al[67]
Egamberdiev et al[68]

Ⅱ
Ⅱ

Grávalos et al[69]

Ⅱ

n

Treatment

OS (mo) PFS (mo)

5-FU + cisplatin or capecitabine + cisplatin
290
Trastuzumab + 5-FU + cisplatin or trastuzumab + capecitabine + cisplatin 294
Trastuzumab + cisplatin
21
Trastuzumab + leucovirin + cisplatin + 5-FU
16
Leucovirin + cisplatin + 5-FU
18
Trastuzumab + cisplatin
22

11.1
13.8
NA
NA
NA
NA

5.5
6.7
NA
8.3
5.2
5.1

RR

CR

PR

34.50% NA
NA
47.30% NA
NA
41.10% 5.80% 35.00%
54.50% NA
NA
33.30% NA
NA
32.00% NA
NA

OS: Overall survival; PFS: Progression-free survival; 5-FU: 5-fluorouracil; RR: Response rate; CR: Complete response; PR: Partial response; NA: Not
available.

Table 2 Clinical trials with trastuzumab-based combination therapies
Setting, therapy line
Operable disease

Advanced first line

Advanced second line

ID

Phase

n

Treatment combined with trastuzumab

Primary EP

Status

NCT01196390
NCT01472029
NCT01130337
NCT01450696
NCT01503983
NCT01461057
NCT01396707
NCT01364493
NCT01359397
NCT01228045
NCT01191697
NCT01402401

Ⅲ

480
53
45
400
51
30
56
51
80
30
36
48

Carboplatin, paclitaxel, radical radiotherapy
5-FU, leucovorin, docetaxel, oxaliplatin
Oxaliplatin, capecitabine
Cisplatin, capecitabine
Oxaliplatin, capecitabine
Cisplatin, capecitabine, pertuzumab
Oxaliplatin, capecitabine
Oxaliplatin, capecitabine
Docetaxel, oxaliplatin, capecitabine, bevacizumab
Cisplatin, S-1
Oxaliplatin, capecitabine, bevacizumab
AUY922

PFS
Rate of CR
PFS
OS
OS
Safety
RR
RR
PFS
RR
RR
RR

Recruiting
Recruiting
Active, not recruiting
Recruiting
Recruiting
Active, not recruiting
Recruiting
Recruiting
Recruiting
Unknown
Recruiting
Terminated

Ⅱ
Ⅱ
Ⅲ
Ⅱ
Ⅱ
Ⅱ
Ⅱ
Ⅱ
Ⅱ
Ⅱ
Ⅱ

ID, NCT identification (information available at http://clinicaltrials.gov, as accessed June 28, 2013). OS: Overall survival; PFS: Progression-free survival;
5-FU: 5-fluorouracil; RR: Response rate; CR: Complete response; PR: Partial response; NA: Not available.

zumab beyond progression than in those who stopped
(10.2 mo vs 7.1 mo)[86]. Data from an interventional study
involving 156 patients revealed OS rates of 20.4 mo vs
25.5 mo and response rates of 27.0% vs 48.1% in patients who stopped and continued trastuzumab beyond
progression, respectively. Continuation of trastuzumab
beyond progression was not associated with increased
toxicity[87]. However, the issue is still a matter of debate,
as increasing therapeutic options pose a challenge on the
best possible sequencing and combinations of these interventions[88-90].

responses were attained in 2 cases and a partial response
with tumor mass reduction allowing for an extensive surgery in another case[94-96].
Pharmacokinetics and pharmacodynamics
Most data regarding the pharmacokinetic and pharmacodynamic profiles of trastuzumab stem from studies
in breast cancer. A low systemic clearance (5.15 ± 2.45
mL/kg per day) and volume of distribution (44 mL/kg)
have been described. Serum minimum concentrations of
10 μg/mL are needed to attain anti-proliferative effects
and ADCC. With the usual loading dose of 4 mg/kg followed by 2 mg/kg per week, trastuzumab achieves and
maintains serum minimum concentrations greater than
20 μg/mL. Recent results demonstrate that trastuzumab
6 mg/kg every 3 wk lead to the same plasma trough
levels as trastuzumab 2 mg/kg weekly. Trastuzumab has
been found not to exhibit dose-related nonlinear pharmacokinetics and the value of half-life of trastuzumab
has an estimated value of 28.5 d[97,98]. No relevant drug
interactions have been reported to date and elimination
pathways remain largely unknown[99]. An extensive review about the pharmacodynamic and pharmacokinetic
profiles, tolerability and dosage of trastuzumab in gastric
cancer has been elaborated by Croxtall et al[100]. Targeted
delivery systems involving anti-HER2 antibody mediated
nano-scaled systems, drug conjugates, and fusion proteins
are under active investigation[4,101,102].

Perioperative treatment
Perioperative chemotherapy regimens have shown
promising results in gastric cancer. The MAGIC trial
randomized over 500 patients to either surgery alone or
perioperative chemotherapy consisting of epirubicin, cisplatin and fluorouracil (3 cycles before and 3 cycles after
surgery). This triplet therapy demonstrated a decrease
in tumor size and improved PFS and OS in comparison
with surgery alone[91,92]. In addition, some data indicate
that response to neoadjuvant treatment is a major predictive factor of survival after curative surgical resection[93].
Although there is no trial so far reporting results
on the role of trastuzumab in the neoadjuvant setting,
a number of case reports with trastuzumab-containing
neoadjuvant chemotherapy regimens have been published, with interesting outcomes; complete pathological
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Safety
The most commonly described adverse events with
trastuzumab are infusion-related, described as fever,
rigors, chills, nausea, dyspnea, and hypotension, and are
present in about 40% of patients after the first administration and in 5% with subsequent treatment[103]. Trastuzumab has been extensively evaluated in breast cancer
with a wide range of chemotherapeutic agents showing
no signiﬁcant overlapping toxicity, with one important
exception, regarding an increased risk of cardiotoxicity.
Trastuzumab-related cardiac dysfunction is largely reversible on withdrawal of the antibody. However, significant
cardiopathy such as valvular heart disease, angina pectoris, previous transmiocardial infarction and heart failure
with left ventricular ejection fraction (LVEF) < 50% are
generally regarded as counter-indications for trastuzumab
use[28]. With the chemotherapy doublet regimen evaluated
in the ToGA trial, trastuzumab contributed with little
added toxicity; no increase in chemotherapy related grade
3-4 toxicities (68% both arms) or cardiac events (6% both
arms) were found. Nonetheless the number of patients
with cardiac dysfunction (considered a ≥ 10% drop in
LVEF to an absolute value < 50%) was low in both arms
(5% trastuzumab + chemotherapy vs 1% chemotherapy
alone). The European Society for Medical Oncology[104],
issued a statement regarding the cardiac monitoring of
patients receiving trastuzumab. Clinical evaluation and
assessment of cardiovascular risk factors and comorbidities should be performed in every patient proposed for
treatment with trastuzumab[105]. While screening algorithms for trastuzumab-induced cardiomyopathy provide
guidance, patient-based strategies of surveillance remain
important. Many clinical trials involving patients with
metastatic breast cancer include a screening study to document the baseline LVEF, followed by serial monitoring
at 8- to-16-wk intervals[106].
In the ToGA trial, serious adverse events were reported in 32% of patients treated with trastuzumab +
chemotherapy and 28% in the chemotherapy group; with
treatment-related mortality of 3% and 1% respectively.
The adverse events were similar between both groups,
with no difference in the overall rate of adverse events.
Nausea, neutropenia, vomiting, and anorexia were the
most frequently reported adverse events. Patients treated
with trastuzumab + chemotherapy had slightly higher
rates of diarrhoea, stomatitis, anemia, thrombocytopenia,
fatigue, chills, weight loss, pyrexia, mucosal inﬂammation,
and nasopharyngitis[73]. In a phase Ⅱ study with trastuzumab and cisplatin as first-line therapy in GEJ and
gastric cancer, trastuzumab showed a favourable toxicity
profile[69].

metastatic breast carcinomas is described in 66%-88% of
cases, with resistance eventually ensuing after a relatively
short treatment period; in fact, the majority of patients
who achieve an initial response to trastuzumab-based
regimens develop resistance within 1 year (PFS between
6.7 and 7.4 mo)[85,107-109].
Proposed resistance mechanisms include aberrations
in the PI3K/AKT/mTOR pathway with or without
loss of the phosphatase and tensin homologue protein
(PTEN) tumor suppressor gene, accumulation of truncated forms of the HER2 receptor that lack the extracellular trastuzumab-binding domain (collectively known
as p95HER2), loss of phosphatase, activation of other
tyrosine kinase receptors including the insulin-like growth
factor receptor (IGF-1R), increased expression of membrane-associated glycoprotein (MUC1 and MUC4) and
cyclin E overexpression[85,109-111].
PTEN inhibits PI3K, thereby inhibiting the PI3K/
AKT/mTOR pathway. Loss of this tumor suppressor
gene leads to at least partial resistance to trastuzumab.
Indeed, both PIK3 mutations and PTEN loss were associated with inferior PFS and OS in a retrospective
study of 256 HER2-positive metastatic breast cancer
patients treated with trastuzumab[112]. A potential role for
PI3K, AKT or mTOR inhibitors seems to exist, since
these agents preclude the constitutive activation of this
pathway, reversing PTEN loss-induced trastuzumab resistance[113-116].
Truncated forms of HER2 which arise through
the proteolytic shedding of the extracellular domain
of full-length HER2 or by alternative translation initiation from two methionine residues are the predominant
HER2 forms in some tumors. The biological function
of p95HER2 has not been fully characterized, though
overexpression of p95HER2 has been shown to lead
to growth of tumor xenografts in nude mice. The
p95HER2 protein has kinase activity, and this activity is
required for tumor growth; however, the mechanisms
involved and its possible relationship with those used by
full-length HER2 are still unknown. Importantly, since
p95HER2 lacks the binding site for trastuzumab, it conveys resistance to this antibody. p95HER2 is expressed
in approximately 30% of HER2-positive breast tumors
and is correlated with poor disease-free survival and increased nodal metastasis when compared with patients
that express full-length HER2[110,117]. p95HER2 can therefore be seen as a prognostic and predictive biomarker in
breast cancer. In one study analysing 93 metastatic breast
tumors, patients overexpressing p95HER2 were found
to have a higher incidence of lung metastases and had
significantly shorter PFS and OS with trastuzumab treatment in comparison with patients expressing only the
full-length receptor[118]. Tumors that express p95HER2
may be resistant to trastuzumab but sensitive to the inhibitory effects of lapatinib, a low-molecular-weight dual
tyrosine kinase inhibitor (TKI) of HER1/2 that has activity in patients with HER2-expressing tumors that are
resistant to trastuzumab. Combination of trastuzumab

Resistance to trastuzumab
Whilst data regarding mechanisms of resistance to trastuzumab in gastroesophageal cancer is scarce, important
information can be retrieved from previous knowledge
in the treatment of breast cancer. Primary resistance
to single-agent trastuzumab in HER2-overexpressing
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et al[134], patients with HER2 amplified gastro-esophageal,
bladder, ovarian, or uterine tumors were enrolled into
a double-blinded randomized discontinuation study of
lapatinib 1500 mg per os a day. Of a total of 141 patients
screened, 32 patients with HER2 amplified tumors
were enrolled in the study. At 3 mo, 1 (3%) patient had
a complete response (CR), 9 (28%) had stable disease,
20 (63%) had progressive disease, and 2 (6%) were unknown. Unfortunately, due to low response rate and slow
enrolment, the study had to be closed early. Concerning
gastro-esophageal cancer, a modest CR rate of 6.25%
was reported. A phase Ⅱ study with lapatinib as firstline therapy in 47 patients with advanced gastric cancer
showed modest single-agent activity, with 12% response
rate, 20% disease stabilization, 7% of patients experiencing partial response and a median OS of 5 mo, less than
that seen with conventional cytotoxic chemotherapy[135].
Another phase Ⅱ study of lapatinib monotherapy in
patients with HER2-overexpressing GEJ or esophageal
cancer reported limited single-agent activity, with no objective responses and stable disease in 8% of pacients[136].
Lapatinib in conjunction with capecitabine in the first
line treatment of HER2 positive metastatic gastric cancer setting was addressed in a multicenter phase Ⅱ trial,
reporting a response rate of 22% and stable disease rate
of 45%[137]. In another phase Ⅱ trial, partial response of
24% and stable disease in 34% of patients was reported
with lapatinib + capecitabine. Most frequent grade 3 and
4 side effects were anorexia, hand-foot syndrome, anemia
and nausea; no significant cardiotoxicity was reported[138].
Two phase Ⅲ studies evaluating the role of lapatinib in
combination with chemotherapy in advanced esophagogastric cancer are currently being conducted, the LOGIC
trial[139,140] (combination of lapatinib with oxaliplatin and
capecitabine as first-line treatment) and the TYTAN
trial[141,142] (lapatinib in combination with weekly paclitaxel
in second-line setting). OS results from the LOGIC trial
are expected in 2014. Data from the TYTAN trial were
presented at ASCO GI 2013. 430 patients were randomized, with an OS of 11 mo for the experimental arm vs 8.9
mo for the paclitaxel-alone arm; the subgroup of patients
with HER2 3+ expression score attained an OS of 14
mo.
As previously stated, dual blockade with lapatinib and
trastuzumab in metastatic breast cancer patients that progressed on trastuzumab-containing regimens improved
PFS and clinical response rate[120]; a clinical case reported
durable stable disease in a patient treated with this strategy despite progression during prior chemotherapy with
trastuzumab[143].

with lapatinib has been evaluated in women with HER2positive, trastuzumab-refractory metastatic breast cancer.
Lapatinib with trastuzumab was superior to lapatinib
alone in clinical benefit: complete response, partial response, and stable disease for ≥ 24 wk was observed in
24.7% of patients in the combination arm vs 12.4% in
the monotherapy arm[119,120]. According to some authors
this combination could provide a chemotherapy-free option after first line chemotherapy + trastuzumab[109].
Increased signalling through other receptor TKIs
including EGFR, HER3, MET and IGF-1R has been
found in cells resistant to HER2-targeting treatments[109].
PI3K/AKT/mTOR pathway activation through upregulation of HER3 signalling was demonstrated after
exposure of breast cancer cells to HER TKIs[121]. On the
other hand, pertuzumab, a HER2-HER3 dimerization
inhibitor has demonstrated activity against trastuzumab
resistant breast cancer cells[122]. Taking this findings into
account, HER3 seems to play an important role in the
mechanism of trastuzumab resistance.
In preclinical studies, co-expression of HER2 and
IGF-1R in breast cancer cells resulted in loss of sensitivity to trastuzumab, conversely, inhibiting ligand-mediated
activation of IGF-1R restored sensitivity to trastuzumab,
therefore pointing towards a possible strategy to reduce
or delay trastuzumab resistance[123,124].
Overcoming resistance to trastuzumab
Strategies to overcome trastuzumab resistance imply
the important fact that many HER2-positive gastric tumors retain dependency on downstream signalling via
the HER2 pathway. Therefore, besides other anti-HER2
agents (described in the following section), a focus on
targeting these downstream signalling molecules has
emerged[125,126]. Implied targets include mTOR inhibitors,
HSP90 inhibitors and MET inhibitors; particularly interesting data exists concerning the possibility to combine
some of these agents with anti-HER2 agents on which a
patient has progressed, as the potential to reverse resistance to trastuzumab has been demonstrated[127-129].

OTHER ANTI-HER2 AGENTS
Lapatinib
Lapatinib is a dual TKI active on both EGFR and HER2,
with known activity in trastuzumab resistant advanced
breast cancer; data suggests that there is no cross-resistance
with trastuzumab and lapatinib restored trastuzumab sensitivity in preclinical models[28,130,131]. Wainberg et al[132] evaluated the effect of lapatinib in HER2-amplified cell lines
and xenograft models, concluding that lapatinib inhibits
the growth of HER2-amplified cancer cell lines, induces
cell cycle arrest and apoptosis and acts synergistically with
trastuzumab.
It is approved as combination therapy with capecitabine for patients with HER2-overexpressing breast cancer
with prior progression on trastuzumab, an anthracycline
and a taxane[133]. In a phase Ⅱ trial conducted by Galsky
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Pertuzumab
Pertuzumab is a monoclonal antibody targeting HER2
in domain Ⅱ (Figure 1), preventing formation of the
highly mitogenic HER2/HER3 dimer. Available data
stem mostly from breast cancer. As with trastuzumab,
the antibody is not effective in patients without amplification of HER2[144]. In the phase Ⅲ CLEOPATRA
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Table 3 Clinical trials with other anti-human epidermal growth factor receptor 2 agents
Setting, therapy line

ID

Phase

n

Treatment

Primary EP

Status

Operable disease
Advanced first line

NCT00450203
NCT00680901
LOGiC
NCT01395537
NCT01123473
NCT00526669
NCT00486954
TYTAN
NCT01522768
NCT01152853
NCT01145404

Ⅲ

370
535

Lapatinib, epirubicin, cisplatin, capecitabine
Lapatinib, oxaliplatin, capecitabine

OS
OS

Recruiting
Active, not recruiting

43
192
67
273

Lapatinib, carboplatin, paclitaxel
Lapatinib, epirubicin, cisplatin, capecitabine, 5-FU
Lapatinib, capecitabine
Lapatinib, paclitaxel

Safety, RR
PFS
RR
OS

Active, not recruiting
Unknown
Active, not recruiting
Completed

27
28
76

Afatinib
Dacomitinib
Lapatinib, capecitabine

RR
PFS
RR

Recruiting
Unknown
Active, not recruiting

Advanced second line

Ⅲ
Ⅱ
Ⅱ
Ⅱ
Ⅲ
Ⅱ
Ⅱ
Ⅱ

OS: Overall survival; PFS: Progression-free survival; 5-FU: 5-fluorouracil; RR: Response rate; CR: Complete response; PR: Partial response; NA: Not
available.

study, 808 patients with HER2-positive metastatic breast
cancer received placebo + trastuzumab + docetaxel (control group) or pertuzumab + trastuzumab + docetaxel
(pertuzumab group). Median PFS was 12.4 mo in the
control group vs 18.5 mo in the pertuzumab group. The
hazard ratio for the addition of pertuzumab to docetaxel
+ trastuzumab for PFS was 0.62, with moderate toxicity added by the second antibody[145]. Pre-clinical results
show potentiation of trastuzumab antitumour activity
when combined with pertuzumab[146]. Pertuzumab is currently under investigation in a phase Ⅱ study, in the first
line gastric setting in combination with trastuzumab and
platinum-fluoropyrimidine based chemotherapy[147].

regression in HER2-overexpressing human gastric cancer
xenograft models. They act by inhibition of HER family
receptor phosphorylation and blocking of hetero-dimerization among them. Pre-clinical data reveal a synergistic
effect with other molecular targeted agents (including
trastuzumab) and chemotherapeutic agents. Currently
investigated pan-HER TKIs include dacomitinib and afatinib[150,151].
Selected ongoing clinical trials exploring other antiHER2 agents can be found in Table 3.

OTHER HER2-DIRECTED STRATEGIES
HER2 vaccines, both DNA and peptide-based, are
actively researched in the field of breast cancer and results indicate a possible future role for this modality in
combination with other HER2 targeted therapies. A
phase Ⅰ study carried out by Hamilton et al[152] combined
HER2 immunization with lapatinib found this combination to be safe and immunogenic, however, the anticancer
activity of immunization-induced antibodies is still not
well characterized. Successful repression of the HER2
gene by the means of adenovirus constructs rises expectations for possible applications in cancer treatment[153].
Radioimmunotherapy is another possible application of
HER2 directed homing, with authors currently evaluating
212Pb immunoconjugates with trastuzumab in intraperitoneal application after preclinical studies showed interesting results[154,155].

Trastuzumab emtansine
Trastuzumab emtansine (T-DM1) is an antibody-drug
conjugate, which combines trastuzumab with the targeted
delivery of the cytotoxic agent DM1, a derivative of maytansine, and a potent antimicrotubule agent. As systemic
therapy, gastrointestinal toxicity limits the therapeutic usefulness of the agent[109]. In xenograft models, T-DM1 was
found more effective than trastuzumab alone, with positive results independent of the tumor burden at therapy
initiation, or preceding treatment with trastuzumab[101].
In a phase Ⅱ study by Burris et al[148], T-DM1 had robust
single-agent activity in patients with heavily pre-treated,
HER2-positive metastatic breast cancer, with a favourable toxicity profile. In breast cancer, the EMILIA trial
assigned patients with HER2-positive advanced breast
cancer, previously treated with trastuzumab and a taxane, to T-DM1 or lapatinib + capecitabine. Median PFS
was 9.6 mo with T-DM1 vs 6.4 mo with lapatinib plus
capecitabine; with an objective response rate of 43.6% for
T-DM1[149]. Taken together, results from preclinical studies and breast cancer clinical trials point out T-DM1 as a
promising agent to be evaluated in gastro-esophageal cancer. Currently, a phase Ⅱ-Ⅲ study is ongoing to evaluate
T-DM1 vs taxane in patients with previously treated locally
advanced or metastatic HER2+ gastric and GEJ cancer.

CONCLUSION
Now, times are changing. New strategies had been developed and implemented for advanced gastric cancer
treatment. HER2 acquired a main role in gastric cancer
management and current is also mandatory in order to
predict trastuzumab response in association with standard platinum-based chemotherapy. Furthermore, others
drugs are in developing to overcome resistance to trastuzumab, serious treatment-related toxicities and also help
oncologists to improve treatments approaches. In future,
genomic profiles will probably be part of clinical routines

Pan-HER TKIs
Irreversible small molecule pan-HER TKIs causes tumor
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for personalizing therapies and improve outcomes of
those patients.
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Core tip: Pulmonary complications following esophagectomy significantly contribute to postoperative morbidity
and mortality. Over the years many strategies aimed
at reducing pulmonary complications have been investigated. In the current article, we discuss these strategies, specifically minimally invasive surgical techniques;
anti-inflammatory therapies and optimization of patient
performance.
Original sources: Weijs TJ, Ruurda JP, Nieuwenhuijzen GAP,
van Hillegersberg R, Luyer MDP. Strategies to reduce pulmonary
complications after esophagectomy. World J Gastroenterol 2013;
19(39): 6509-6514 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v19/i39/6509.htm DOI: http://dx.doi.
org/10.3748/wjg.v19.i39.6509

Abstract
Esophagectomy, the surgical removal of all or part of
the esophagus, is a surgical procedure that is associated with high morbidity and mortality. Pulmonary
complications are an especially important postoperative
problem. Therefore, many perioperative strategies to
prevent pulmonary complications after esophagectomy
have been investigated and introduced in daily clinical
practice. Here, we review these strategies, including
improvement of patient performance and technical
advances such as minimally invasive surgery that have
been implemented in recent years. Furthermore, interventions such as methylprednisolone, neutrophil elastase inhibitor and epidural analgesia, which have been
shown to reduce pulmonary complications, are discussed. Benefits of the commonly applied routine nasogastric decompression, delay of oral intake and prophylactic mechanical ventilation are unclear, and many of
these strategies are also evaluated here. Finally, we will
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INTRODUCTION
Esophageal cancer is the sixth leading cause of cancer
related mortality, and its incidence is increasing rapidly[1].
For patients with loco-regional disease the best chance
for long-term survival is offered by a transthoracic
esophagectomy after neoadjuvant therapy[2-4]. However,
esophagectomy is considered to be one of the most invasive and complex gastrointestinal procedures with a high
post-operative morbidity and mortality[5]. Concentration
of surgical treatment in high volume centers and improvements in perioperative care have led to significant
reductions in postoperative mortality and improved long-
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term survival[5,6].
Respiratory complications are most common after
esophagectomy, with up to a 60% incidence rate; respiratory failure due to pulmonary complications remains the
major cause of postoperative morbidity and mortality
after esophagectomy[7,8]. A wide range of perioperative
strategies have been introduced in order to reduce these
pulmonary complications. In this editorial we will discuss
several of these strategies.

intestinal surgery improves patient recovery and reduces
morbidity and mortality[17]. However, commonly a nil-bymouth regimen is still applied after esophagectomy. The
rationale for this regimen is the concern that early oral intake would result in vomiting with subsequent aspiration
pneumonia. Furthermore sequelae of anastomotic leakage are thought to be more severe if leaked fluids contain
food besides to saliva. However, benefits of a nil-bymouth regimen are theoretical and evidence is lacking[18].
Jejunal tube feeding can be started early to ensure
enteral nutrition following esophagectomy. Compared to
total parenteral nutrition or fasting this reduces postoperative pneumonia rates by 50% or more[19,20]. Drawbacks
are frequent dislocation of nasojejunal tubes, and serious
complications such as leakage[21].
The risks of artificial feeding, combined with the lack
of evidence concerning effects of a nil-by-mouth regimen, are reasons to investigate the feasibility and safety
of starting oral intake early after esophagectomy. Interestingly, for major upper abdominal surgery early oral intake
has already been demonstrated to be feasible and safe[22].
However, further research is needed to provide more evidence in patients undergoing esophagectomy.

DEFINITIONS
The most severe pulmonary complications following
esophagectomy are pneumonia, adult respiratory distress
syndrome (ARDS) and acute lung injury (ALI). Pneumonia is the most common complication and is significantly
associated with need for re-intubation, prolonged hospital stays and in hospital mortality[9]. Although ARDS
and ALI have been clearly defined during AmericanEuropean consensus conferences, criteria for pneumonia
differ widely[10-12]. In a recent systematic review, pneumonia rates were reported by 56 studies and defined by
18 studies. However, 16 different definitions were used,
resulting in a wide range of reported pneumonia rates
(between 1.5% and 38.9%). Consequently, this variation
makes it difficult to compare study results[10]. Therefore,
generating a consensus on the definition of pneumonia
after esophagectomy is an important step in improving
the quality and comparability of research. Despite the
heterogeneity in definitions, several interesting strategies
to reduce pulmonary complications after esophagectomy
have been described.

Inspiratory muscle training
Another method to optimize performance status is
through physical exercise. If postoperatively compromised, respiratory muscle strength will result in reduced
lung function and insufficient coughing. This might induce atelectasis, which, acting in combination with postoperative pain and sedation, might result in hypoxia[23].
For this reason, several studies have been performed to
prevent postoperative decrease in muscle function by
preoperative physiotherapy. For example, a large-scale
randomized controlled trial (RCT) demonstrated that
inspiratory muscle training (IMT), for two or more weeks
before coronary artery bypass graft surgery reduced the
incidence of all pulmonary complications from 35% to
18%, and for pneumonia from 16% to 7%[23]. Preoperative IMT is also feasible for patients undergoing esophagectomy, and even preserves postoperative respiratory
muscle strength[24,25].

OPTIMISATION OF PERFORMANCE
STATUS
Nutrition
Improvement of performance status of patients undergoing esophagectomy is important in reducing pulmonary
complications. Adequate enteral nutrition is an important
tool to achieve this in the pre-operative and postoperative
phase. When nutrition is inadequate, leading to malnutrition, this is associated with expiratory muscle weakness
and pulmonary complications after major upper abdominal surgery[13]. Preoperative malnutrition also increases
the risk for overall complications after esophagectomy
(OR = 3.50, 95%CI: 1.89-6.49)[14]. Furthermore, when all
patients undergoing esophagectomy receive preoperative
intensive nutritional support by a dietician, fewer postoperative complications are observed (OR = 0.23, 95%CI:
0.05-0.97)[15]. This is supported by another prospective
cohort study that investigated preoperative nutritional
support for malnourished patients[16]. Despite the fact
that preoperative nutritional support seems a logical and
promising strategy to prevent postoperative pulmonary
complications, clear evidence is lacking.
An important role for nutrition also exists in the
postoperative phase. Early enteral nutrition after gastro-
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Minimizing irradiated lung volume
Patients with esophageal cancer are mostly treated neoadjuvant with radiotherapy and chemotherapy[4]. However,
these multimodality treatments are often correlated with
an increase in postoperative pulmonary complications
and mortality[26]. An adjustable factor in these treatments
is the amount of radiation on the lung. For example,
when ≥ 40% of the lung volume received ≥ 10 Gy,
the incidence of pneumonia and ARDS significantly increased from 8% to 35%[26]. Multivariate analysis of various dosimetric factors has shown that the total amount
of lung spared from doses > 5 Gy is significantly correlated with reduced pulmonary complications[27]. Though
this correlation is not found in all studies, it seems reasonable to reduce the amount of irradiated healthy lung
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gency conversion in prone position to left lateral with
subsequent difficult airway management. However, a
recent systematic review concluded prone positioning to
be safe[30]. Furthermore in the previously mentioned trial
during thoracoscopic dissection all patients were in prone
position[29].

Table 1 Advantages of prone positioning
Alveolar recruitment
Improved redistribution of ventilation
Redirection of compressive force of the heart
Better clearance of secretion
Lung retraction not necessary
Shorter operation time
Fewer ports needed

Corticosteroids and neutrophil elastase inhibitors
Pulmonary complications can be reduced by dampening
the inflammatory response through medication. Sato et
al[33] found a pre-operative single dose of methylprednisolone (10 mg/kg) significantly reduced postoperative
inflammation and subsequent pulmonary complications
(from 30% to 9%). Other studies found similar benefits
of methylprednisolone, without observing adverse effects[34].
However, even with pre-operative methylprednisolone
administration, pulmonary complications occur frequently[35]. This might be caused by the systemic inflammatory
response on esophagectomy, leading to accumulation of
neutrophils in the lungs. Subsequently local release of
neutrophil elastase injures the lung[36]. Since glucocorticoids do not affect the release or function of neutrophil
elastase, additional selective inhibition of neutrophil
elastase might be beneficial[37]. Indeed, adding a selective
neutrophil elastase inhibitor to methylprednisolone improves oxygenation during the first seven postoperative
days[38]. Furthermore, perioperative selective neutrophil
elastase inhibition prevented ALI after minimally invasive
esophagectomy[36].
The results of perioperatively administered methylprednisolone and neutrophil elastase inhibitors are encouraging. However, all trials were conducted in Eastern
populations. Because genomic factors might influence
results, trials should be conducted in other populations in
order to determine whether these results can be extrapolated to all populations.

tissue from an oncological viewpoint.

PEROPERATIVE STRATEGIES
Minimally invasive surgery
Minimally invasive surgery has rapidly evolved in recent
years. Since minimally invasive approaches reduce factors
associated with pulmonary complications (e.g., blood loss,
pain, and inflammation), minimally invasive esophagectomy would be especially beneficial with respect to pulmonary complications[28]. Recently, a prospective RCT demonstrated the benefits of a minimally invasive approach
regarding pulmonary complications for the first time[29].
Fifty-nine patients undergoing thoracolaparoscopic
esophagectomy in prone positioning were compared to
56 patients undergoing open transthoracic esophagectomy in a left semi-lateral position. The pneumonia (clinical diagnosis confirmed by radiologic investigation and a
positive sputum culture) rate within the first two postoperative weeks was 9% vs 29% in the open group (RR =
0.30, 95%CI: 0.12-0.60). Since a sputum culture is often
negative in case of pneumonia, this study may underestimate the true pneumonia rate. However, the observed
reduction in postoperative pneumonia by the minimal
invasive approach is significant[29].
It is questionable whether the minimally invasive approach, the prone positioning, or a combination of both
caused the outcomes in this trial. Traditionally, patients
undergo an open transthoracic esophagectomy in a left
lateral decubitus position with double lumen tube intubation for one-lung ventilation. However, with the development of minimally invasive, thoracoscopic techniques,
patient positioning was no longer restricted to a lateral
decubitus position giving rise to minimally invasive, thoracoscopic, prone position techniques[30]. There are several advantages to a prone positioning, including partial
or intermittent single lumen ventilation, as opposed to
total lung collapse by a double lumen intubation in lateral
decubitus position (Table 1). Further, perioperative distribution of pulmonary ventilation and circulation might
be improved, leading to better oxygenation[30]. These advantages translate in improved postoperative outcomes,
as shown by two studies that demonstrated an advantage
of prone positioning compared to left lateral decubitus
positioning[31,32].
Despite these advantages, prone positioning has not
been adopted widely. Surgeons question whether or not
safety is compromised due to the difficulty of an emer-
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Protective ventilation
Protective ventilation can reduce the amount of mechanically induced pulmonary injury during esophagectomy.
During protective ventilation, tidal volumes are reduced
and a moderate positive end-expiratory pressure is applied[39]. This strategy reduces inflammation and improves
oxygenation compared to conventional ventilation.
Though pneumonia rates have shown to be lower after
protective ventilation, this was not significantly different[39].
Goal-directed fluid therapy
Goal directed fluid administration reduces postoperative
pulmonary complications in other types of surgery such
as major (upper) abdominal and major vascular surgery
(RR = 0.7, 95%CI: 0.6-0.9)[40]. With this strategy, fluids
are administered to achieve predefined, patient-specific
hemodynamic goals, avoiding excessive resuscitation or
under-resuscitation as seen with liberal or restrictive fluid
administration[40]. Increased volume of perioperative fluid
administration increases the risk for pulmonary complica-
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tions following esophagectomy[41]. Therefore, it would be
interesting to determine if this can be prevented by goaldirected fluid administration. However, because instruments that adequately measure hemodynamic parameters
to guide fluid administration are invasive or difficult to
use, they are not commonly applied. As a consequence
several simple, minimally invasive instruments have been
developed. Further research should first compare these
devices in order to determine which impacts outcomes
most[42].

CONCLUSION
Pulmonary complications are an important problem after esophagectomy. However, many advances have been
made in recent years. Proven effective strategies are minimally invasive surgery, thoracic epidural analgesia and
early enteral nutrition. Perioperative methylprednisolone
and neutrophil elastase inhibitor administration can be
added to these strategies if their benefits are confirmed
in additional studies.
Preoperative optimization of performance status,
prone positioning and targeted fluid therapy are promising for further research. While new interventions are extensively investigated before application, it seems unjust
to apply invasive interventions without proven benefits.
Therefore several commonly applied strategies (e.g., routine nasogastric decompression, delay of oral intake, prophylactic mechanical ventilation) are currently being reevaluated.

POSTOPERATIVE STRATIEGIES
Strategies to reduce pulmonary complications that are
applied postoperatively are analgesia, prolonged postoperative ventilation, and nasogastric decompression. Adequate postoperative analgesia is important after esophagectomy, because postoperative pain from thoracic and
upper abdominal wounds compromises pulmonary function, coughing, and mobilization, resulting in atelectasis
and pneumonia. In patients undergoing esophagectomy,
thoracic epidural analgesia is more effective then intravenous opioid analgesia[43]. Furthermore, thoracic epidural
analgesia facilitates early extubation and reduces the risk
for respiratory failure, overall pulmonary complications
and mortality[9,44].
Postoperative pain, aspiration and airway edema were
the main rationale for routinely performing prolonged
postoperative ventilation for many years. Mechanical
ventilation could cause barotrauma, ventilator acquired
pneumonia and endotracheal tube related problems. Early extubation, based on individual clinical factors, does
not increase pulmonary complications[45]. After early extubation, routine bronchoscopic clearance of secretions
was associated with reduced mortality, possibly due to
preventing of postoperative pulmonary complications[44].
However, further studies are needed to substantiate this
retrospectively found effect.
Another commonly applied strategy to reduce pulmonary complications due to postoperative aspiration is routine nasogastric decompression. However, a recent metaanalysis showed that after major upper abdominal surgery
this strategy increased pulmonary complications (OR =
1.49, 95%CI: 1.01-2.21)[46]. Routine insertion of a nasogastric tube six to ten days following a esophagectomy
is not beneficial compared to early removal of the nasogastric tube (second day postoperative)[47]. Furthermore,
the commonly used single lumen nasogastric tube does
not reduce aspiration compared to the situation in which
no tube is routinely inserted[48,49]. In addition, routine
nasogastric decompression failed to reduce pneumonia
rates[48,49]. However, trials that have investigated routine
nasogastric tube insertion did not specifically investigate
pulmonary complications, highlighting a need for a trial
to detect a clinically significant reduction in pulmonary
complications is needed.
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Core tip: Next-generation sequencing (NGS)-driven genomic analyses are facilitating the genomic dissection
of various types of human cancers, including colorectal
cancer (CRC). This review contains an up-to-date summary of recent NGS-based CRC studies and an overview
of how these efforts have advanced our understanding
of colorectal carcinogenesis with novel biomarkers for
genome-based cancer diagnosis and personalized cancer therapeutics.

Abstract
Like other solid tumors, colorectal cancer (CRC) is a
genomic disorder in which various types of genomic
alterations, such as point mutations, genomic rearrangements, gene fusions, or chromosomal copy
number alterations, can contribute to the initiation
and progression of the disease. The advent of a new
DNA sequencing technology known as next-generation
sequencing (NGS) has revolutionized the speed and
throughput of cataloguing such cancer-related genomic
alterations. Now the challenge is how to exploit this
advanced technology to better understand the underlying molecular mechanism of colorectal carcinogenesis
and to identify clinically relevant genetic biomarkers for
diagnosis and personalized therapeutics. In this review,
we will introduce NGS-based cancer genomics studies
focusing on those of CRC, including a recent large-scale
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INTRODUCTION
Colorectal cancers (CRC) are the third most common human malignancy, and are also the leading cause of cancerrelated deaths worldwide[1]. Early detection of premalig-
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Table 1 The next-generation sequencing platforms for cancer genome analysis
NGS types
Source
Alteration
types

Whole genome sequencing
Genomic DNA
Point mutations and indels, rearrangements2, DNA copy number changes

Exome sequencing

Epigenome sequencing

Genomic DNA (targeted)
Point mutations and indels

1

RNA-seq

Genomic DNA (targeted)
DNA methylation and posttranscriptional histone modifications

RNA
Gene fusions3, alternative splicing
events, point mutations and indels

1

Epigenome sequencing can be classified into chromatin immunoprecipitation (ChIP)-based methods to detect genomic domains with epigenetic
modifications[80] and more direct DNA methylation sequencing such as bisulfite-sequencing[59,60]; 2From whole genome sequencing data, the genomic
rearrangements and DNA copy number changes are generally detected by paired-end mapping[81] and read-depth based methods[82], respectively; 3Gene
fusions can also be identified by paired-end, high-coverage whole genome sequencing, but the transcription-related events such as exon skipping or other
alternative splicing events can only be identified by RNA-seq. NGS: Next-generation sequencing.

Table 2 The list of next-generation sequencing-based studies of colorectal cancer genomes
Ref.

NGS types

Major findings

Bass et al[16]

WGS (9 pairs; tumor-matched normal)

Oncogenic fusion (VTI1A-TCG7L2)

TCGA consortium

WGS (97 pairs; low-pass)
RNA-seq (218 tumors)
Exome-seq (254 pairs)

See main text

Timmermann et al[84] Exome-seq (2 pairs, one MSI-H and one
MSS)
Zhou et al[85]
Exome-seq (1 series: normal-adenomaadenocarcinoma)
Kloosterman et al[73] WGS (4 pairs; primary-metastasismatched normals)
Targeted 1300 genes (4 pairs)
Brannon et al[88]
Targeted 230 genes (50 pairs: primary(Proceedings)
metastasis-matched normals)
Yin et al[89]
RNA-seq (2 pairs)

Comparison of mutation spectrum between MSI-H and MSS CRC genomes
Comparison of benign and malignant
CRC genomes in the same patient
Comparison of primary or metastatic
CRC genomes
Comparison of primary or metastatic
CRC genomes
RNA-seq based mutation study

Alteration types and software used
Point mutations (MuTect[83])
Indels (Indelocator)1
Rearrangements (dRanger)1
Point mutations (MuTect)
Recurrent mutations (MutSig)1
DNA copy numbers (BIC-seq[82])
Rearrangements (BreakDancer[81])
Point mutation and indel (Vendor-provided
GS reference mapper, Roche)
Point mutation and indel (Samtools[86])
Chromothripsis and mutations (BurrowWheeler aligner[87] based in-house tools)
IMPACT (integrated mutation profiling of
actionable cancer targets)
Point mutations and indels (Samtools)

1

Description of the software is available at https://confluence.broadinstitute.org/display/CGATools/. NGS: Next-generation sequencing; CRC: Colorectal
cancer; TCGA: The cancer genome atlas; MSI: Microsatellite instability.

nant lesions such as adenomatous polyps has decreased
the risk of CRCs[2], however, cases which are initially
undetected and progress to advanced CRC with distant
metastasis are still unfortunately incurable[3]. The development of CRC is a complex and heterogeneous process
arising from an interaction between multiple etiological
factors, including genetic factors[4] and environmental
factors such as diet and lifestyle[5]. Recently, significant
progress has been made in the characterization of genetic
and epigenetic alterations in CRC genomes in support
of the genomic view of colorectal carcinogenesis. Like
other types of human solid tumors, CRC genomes harbor various types of genomic alterations ranging from
small-scale changes (i.e., point mutations or small indels)
to large-scale chromosomal copy number changes or rearrangements. Some of these alterations may contribute
to colorectal carcinogenesis as oncogenic drivers, but the
full spectrum of driver genomic alterations in CRC genomes is still incomplete.
For decades, the genome-wide profiling of cancer
genomes has been mainly conducted using hybridizationbased microarray technologies (i.e., expression microarrays and array-based comparative genomic hybridization)[6,7] or low-throughput Sanger sequencing[8]. Recently,
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the advancement of DNA sequencing technologies next-generation sequencing (NGS) - has revolutionized
the speed and throughput of DNA sequencing[9,10]. Table
1 lists the NGS platforms widely used in the characterization of cancer genomes. Since the first attempt at cancer
genome sequencing using NGS technology[11], successful
sequencing by NGS has been accomplished in many major human cancer types[12,13] including gastrointestinal malignancies such as esophageal[14], gastric[15], colorectal[16],
and hepatocellular carcinomas[17,18]. The NGS-based studies of CRC genomes are summarized in Table 2. These
studies identified the unique mutational spectrum and
novel targets of genomic alterations in respective cancer
types with biological and clinical significance.

SOMATIC MUTATIONS IN CRC
GENOMES
Like other solid tumors, CRC is thought to initiate and
progress through a series of genetic and epigenetic alterations. The progression model of colorectal carcinogenesis (i.e., from adenomatous polyp to benign adenoma,
eventually progressing to invasive adenocarcinoma) has
been referred to as a classical cancer evolution model in
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Normal
epithelium

Figure 1 A classical progression model of
colorectal carcinogenesis. A classical progression model of colorectal carcinogenesis is illustrated with genes whose alterations are responsible for each of the progressive steps. The right
panel shows recent next-generation sequencingbased reports of the corresponding genes. CRC:
Colorectal cancer; ATM: Ataxia telangiectasia
mutated.

[22]

APC

APC/WNT pathway altered in about 90% of CRC
• Two major loci are APC and CTNNB1 (about 70%)
• Additional 16 target genes in WNT/APC pathway (about 20%)

KRAS

Confirmed recurrent oncogenic mutations (coding 12, 13, 61)

BRAF

BRAF mutations exclusive in hypermutated CRC[22]

SMAD4

Chromosomal deletions more common than mutations

TP53

Mutual exclusivity with deletions and mutations of ATM

Small
adenoma

Large
adenoma

Carcinoma

Unknown
Metastasis

[22]

[22]
[22]

Metastatic lesion-specific alterations are relatively rare
[86]
enriched in cancer-relevant pathways

[73,74]

, but

Table 3 The platforms used in the Cancer Genome Atlas consortium
Alteration types

Glioblastoma multiforme (2008, TCGA)

Colorectal cancers (2012, TCGA)

Sanger sequencing

Illumina GA and HiSeq DNA Sequencing1
ABI SOLiD DNA Sequencing1
Agilent CGH Microarray Kit 1 × 1 M and 244 A
Affymetrix Genome-Wide SNP Array 6.0
Illumina Infinium 550 K and 1M-Duo BeadChip
Illumina Infinium DNA Methylation 27
Illumina DNA Methylation Cancer Panel Ⅰ
Illumina GA and HiSeq RNA sequencing1
Agilent 244 K Custom Array

Point mutations, indels
DNA copy numbers

DNA Methylation
Transcriptome

MicroRNA
Whole-genome sequencing

Agilent Human CGH Microarray 244 A
Affymetrix Genome-Wide SNP Array 6.0
Illumina Human Infinium 550 K BeadChip
Illumina Infinium DNA Methylation 27
Affymetrix Human Genome U133 Plus 2.0
Agilent 244 K Custom Array
Affymetrix Human Exon 1.0 ST Array
Agilent 8 × 15 K Human miRNA Microarray
N/A

Illumina GA and HiSeq miRNA sequencing1
Illumina HiSeq DNA sequencing1

1

Next-generation sequencing-based platforms are noted. The platforms used in the genomic characterization of glioblastoma multiforme in 2008 (left) and
colorectal cancer genomes in 2012 (right) are shown. TCGA: The Cancer Genome Atlas.

which the CRC genome acquires somatic alterations in
a progressive manner throughout several developmental
stages. In this model, dysregulation of the APC/WNT
pathway via the inactivation of APC occurs in the normal epithelium as an initiation process, while the loss of
TP53 and TGF-β /SMAD4 gives rise to clonal expansion
of tumor cells in the invasive adenocarcinoma (Figure
1)[4,19]. However, the genomic alterations associated with
colorectal carcinogenesis may be more complicated than
previously assumed. A complete and comprehensive
catalogue of oncogenic drivers associated with colorectal
carcinogenesis remains to be discovered.
To extend the mutational spectrum in CRC genomes,
the first exome-wide screening of approximately 13000
genes was conducted by Sanger sequencing[20]. This analysis identified approximately 800 somatic non-silent mutations in 11 CRC genomes. To distinguish oncogenic drivers
from neutral passenger mutations, they identified the mutations whose frequency was significantly higher than random. The analysis revealed 69 potential oncogenic driver
mutations in CRC genomes, including several well-known
cancer-related genes (i.e., TP53, APC, KRAS, SMAD4, and
FBXW7), and a large number of previously uncharacterized genes. Since they examined two distinct tumor types
(CRC and breast cancers), they were able to identify the
differences in the panel of candidate driver genes as well as
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identify the differences in the mutation spectrum between
CRC and breast cancer genomes. The difference in the
mutation spectrum (i.e., the predominance of C:G to T:
A transitions over C:G to G:C transversions in CRC genomes) was confirmed by a subsequent kinase sequencing
study across various cancer types[21] and by a recent wholegenome sequencing of nine CRC genomes[16].

NGS-BASED CRC STUDIES - LESSONS
FROM THE CANCER GENOME ATLAS
CRC STUDY
The advance in sequencing technologies has facilitated
the use of genome sequencing for cancer genome studies,
including CRC genomes. The largest NGS-based exome
sequencing study of CRC genomes to date (approximately
200 CRC genomes) has recently been published as part
of the Cancer Genome Atlas (TCGA) projects[22]. The
platforms used in the multidimensional genomic characterization of CRC genomes were compared with those
used for glioblastoma multiforme in 2008 (Table 3)[23].
Two important lessons from this large-scale multidimensional TCGA CRC analysis are as follows:
First, similar to previous findings[20], most of the
significantly recurrent mutations were observed at
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hypermethylation) are mutually exclusive to each other[38].
The method to identify the pairs of exclusive genomic
alterations is formulated as a standard analysis pipeline in
TCGA projects as Mutual Exclusivity Modules (MEMo)
in cancer[39]. In CRC genomes, MEMo analysis revealed
that nearly half of the TCGA CRC genomes showed an
exclusive relationship between the up-regulation of IGF2
and IRS2, and between the mutation of PIK3 pathway
genes (PIK3CA and PIK3R1) and the homozygous deletion of PTEN[22]. This suggests that the IGF2-IRS2 axis
is a major signaling pathway upstream of the PI3K pathway in CRC genomes[22]. The mutual exclusivity between
the mutations of TP53 and ATM was also identified in
the TCGA CRC genomes[22].

known cancer-related genes, such as APC, TP53, KRAS,
PIK3CA, FBXW7, SMAD4, and NRAS. The study also
revealed frequent coding microsatellite instability (MSI)
on ACVR2A, TGFBR2, MSH3, and MSH6 by manual
examination of sequencing reads for 30 known MSI
loci. Although the majority of recurrent mutations were
previously known, a number of novel mutations were
also identified, which may have functional implications
on colorectal tumorigenesis. For example, the mutations
in SOX9[24], FAM123B[25], and 14 other genes are known
to be implicated in the altered WNT/APC pathway. Although the biallelic inactivation of APC and the activating mutation of CTNNB1 encoding β-catenin are two
major events that occurred in about 74% of the total
CRC genomes studied, the mutations and deletions of an
additional 16 (about 18%) genes in the WNT/APC pathway were not negligible, leading to the conclusion that
nearly all CRC genomes (about 92%) have an alteration
in the WNT/APC pathway[22].
A study which assigned potential molecular functions
to rare mutations in CRC genomes using the pathway-level convergence was previously reported[26]. Thus, pathwayor network-level information from available resources (i.e.,
Gene Ontology[27]) and other methodologies to predict
the functional impacts of non-synonymous point mutations[28,29] may help determine the potential functions of
rare mutations and distinguish oncogenic drivers in studies
with small-sized cohorts. This issue is also related to the
sample-size problem in study design. Due to the limits on
sample availability and research budget, many of the cancer mutation studies use a small discovery cohort for the
generation of candidate mutations that are subsequently
validated in an extended set. Increasing the number of
samples in the initial discovery set would be beneficial in
identifying events that are not highly recurrent but are still
clinically meaningful (i.e., gene fusions involving receptor
tyrosine kinases with available inhibitors). For example,
the frequency of gene fusions such as ALK[30] and RET[31]
in lung adenocarcinomas and FGFR[32] in glioblastoma
multiforme are less than 5%. Although the level of recurrence is still the generally accepted functional indicator of
genomic alterations[33,34], the incorporation of knowledge
from other resources may facilitate the identification of
biological or clinically relevant mutations more efficiently
in a moderate-sized cohort.
Second, the concordant and discordant relationships
between alterations examined across the samples may
reveal valuable functional insights. The concordant relationship adopts the concepts of co-expressed networks
in which the genes with significantly correlated expression levels (measured by Pearson’s correlation coefficients
or mutual information) across diverse cellular conditions
may have a functional relationship[35-37]. Importantly, TCGA-related studies revealed that the exclusivity between
the potential oncogenic drivers may be common. For
example, TCGA ovarian cancer study showed that the
alterations of BRCA1 and BRCA2 (including germline or
somatic mutations and epigenetic silencing via promoter
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GENOMIC REARRANGEMENTS AND
GENE FUSIONS IN CRC GENOMES
Bass et al [16] reported whole-genome sequencing (sequencing coverage about 30-fold) of nine CRC genomes.
By comparing them with matched normal genomes, they
identified approximately 140000 putative somatic mutations per CRC genome, which included approximately
700 non-silent point mutations and indels in coding
sequences. One advantage of whole-genome sequencing is that the genome-wide landscape of the mutation
spectrum in CRC genomes can be obtained, such as the
relative paucity of mutations in exons and higher mutation frequency in intergenic regions than introns. This
phenomenon is probably due to the selection pressure
and transcription-coupled repair, and is consistent with
other types of cancer genomes such as prostate cancers[40] and multiple myelomas[41]. Since most of the nonsynonymous nucleotide substitutions were observed at
known cancer genes such as KRAS, APC, and TP53,
they focused on novel aspects that can only be identified
from paired-end whole-genome sequencing data such as
chromosomal rearrangements. Among the approximately
700 candidate rearrangements, 11 events give rise to inframe fusion genes. The extended screening further revealed that VTI11A-TCF7L2 fusion is recurrent (3 out
of 97 primary CRC genomes) and the siRNA-mediated
down-regulation of this fusion transcript reduced the
anchorage-independent cell growth in vitro, indicative of
their potential oncogenic activity.
The low-pass (sequencing coverage approximately
3-4-fold) whole-genome sequencing of 97 TCGA CRC
genomes also identified three genomes harboring NAV2TCF7L1 fusion[22]. The predicted protein structures of
fusion proteins lacked the β-catenin binding domain of
TCF3 (encoded by TCF7L1), which is similar to the fusion of VTI11A-TCF7L2 that lacks the β-catenin binding domain of TCF4 (encoded by TCF7L2). In addition,
the inactivation of TTC28 by genomic rearrangements is
of note since this event is recurrent (21 out of 97 cases)
and involves multiple partners for rearrangements in
TCGA CRC genomes[22]. Gene fusions can also be identified from transcriptome sequencing, so called RNA-
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seq[42,43]. A recent RNA-seq-based study revealed recurrent gene fusions involving R-spondin family members
of RSPO2 and RSPO3[44]. These fusions were exclusive
to APC mutations in the observed CRC genomes, suggesting their potential roles in activating the APC/WNT
pathway in colorectal carcinogenesis. Cancer-related gene
fusion events are gaining attention since there has been
no effective gene fusion screening method other than
NGS-based paired-end sequencing. More importantly,
many of the fusion candidates discovered so far represent oncogenic drivers and clinically actionable events (i.e.,
the fusion activates potential oncogenes such as tyrosine
kinases that can be inhibited by small molecule inhibitors)
as shown in recent studies[30-32] including the C2orf44ALK fusion in CRC[45].
In addition, it was proposed that the genomic rearrangements in individual cancer genomes can be used as
personal cancer markers to trace the disease activity (i.e.,
to detect recurrences or to evaluate the tumor burden of
residual diseases)[46]. The proposed method, personalized
analysis of rearranged ends, was applied to four cancer genomes, including two CRCs in a pilot test. It was
demonstrated that the PCR-based quantification of the
rearranged DNA in the plasma correlated well with the
treatment course of CRC[46].

exome-sequencing data may be used for large-scale MSI
screening to identify novel MSI events targeting tumor
suppressor genes in cancer genomes.

NGS AND CRC EPIGENETICS
For decades, DNA methylation has been studied as one
of the major cancer-related epigenetic modifications.
Until recently, it was recognized that cancer genomes are
undermethylated overall, but some genomic loci have focal DNA hypermethylation[54,55]. Transcriptional silencing
by focal hypermethylation, especially at the CpG islands
of gene promoters, is among the putative inactivating
mechanisms of tumor suppressor genes in cancer genomes and often preferred over the inactivation by irreversible nucleotide substitutions[56]. Yet, the landscape of
cancer-associated DNA methylation seems more dynamic
than previously anticipated, as revealed by genome-wide
CRC methylome studies[57,58]. Two recent CRC methylome
studies used NGS-based sequencing of bisulfite-treated
genomic DNA for bp-resolution methylome profiling[59,60].
Both studies proposed the presence of large blocks of
DNA hypomethylation that occupied almost half of the
genomes. Additionally, they reported that such findings as
the genome-wide methylation variability of the adenoma
genome is an intermediate between those of normal epithelium and CRC[60] and the domains of DNA hypomethylation regionally coincided with those of nuclear lamina
attachment[59]. In addition, DNA methylation profiling has
been also proposed as a means of early CRC diagnosis using non-invasive resources (i.e., blood- or stool-based)[61,62],
which can benefit from NGS technologies.

MICROSATELLITE INSTABILITY IN CRC
GENOMES
Microsatellites are short tandem repeat sequences present at millions of sites in the human genome[47]. MSI
defined as the length polymorphism of microsatellite
repeat sequences, can arise due to a defect in the DNA
mismatch repair system[48]. MSI is common in hereditary
nonpolyposis colon cancers, also known as Lynch syndrome, where germline mutations of MLH1 and MSH2
are commonly observed[49,50]. About 15% of sporadic
CRC are microsatellite-unstable, where transcriptional
silencing of MLH1 by promoter hypermethylation is
common[51,52]. The microsatellite-unstable sporadic CRC
has distinct clinical and genomic features (i.e., common
in right-sided colons and elderly females, and nearly diploid, etc.) compared to microsatellite-stable, but aneuploid
CRC genomes. The key genes targeted by somatic point
mutations and MSI-induced frameshifting mutations are
different between the microsatellite-stable and -unstable
CRC genomes, as shown in the TCGA CRC study[22].
Since the MSI analysis in the TCGA CRC study was limited to a manual search of exome sequencing reads for
about 30 known loci with frequent MSI (i.e., TGFBR2,
ACVR2A, BAX, etc.), a question remains as to whether
we can fully exploit the NGS technology to screen the
locus-level MSI in an exome- or genome-wide scale. One
interesting report by Wang et al[53] showed that pancreatic
cell lines with a homozygous deletion of MLH1 (which
is a frequent target of promoter hypermethylation in MSI
CRC genomes) frequently harbors truncating indels in
TP53 and TGFBR2. This suggests that whole genome- or
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NOVEL ASPECTS OF CRC GENOMES BY
NGS STUDIES
NGS-based genome analysis may facilitate the identification of previously unrecognized, novel features of
CRC cancer genomes. For example, owing to its highthroughput nature, NGS analysis may be able to detect
the presence of foreign DNA sequences originating from
bacterial or viral pathogens. Although the clear association
between pathogens and certain human tumor types has
been demonstrated in limited cases such as hepatitis B or
C viruses with hepatocellular carcinoma, there have been
ongoing efforts to use the sequencing data for pathogen
discovery[63,64]. For instance, Kostic et al[65,66] analyzed nine
CRC whole genome sequencing data sets[16] using their
algorithm of PathSeq to identify microbial sequences
enriched in CRC genomes compared to those in matched
normal genomes. They observed that the sequences of
Fusobacterium are enriched in CRC genomes, which was
also shown in transcriptome sequencing results by independent researchers[67]. Although the oncogenic role of
Fusobacterium in CRC genomes is only beginning to be
elucidated[68], these results highlight the possibility that
NGS-driven sequencing data will be a valuable resource to
identify novel pathogens associated with human cancers.
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Chromothripsis is a unique cancer genome-associated
phenomenon in which tens to hundreds of chromosomal
rearrangements occur in a “one-off ” cellular event[69].
This phenomenon involves one or a few chromosomes
in which massive chromosomal fragmentation is followed
by rejoining of the fragments[70]. This results in unique
genomic signatures that can be identified by paired-end
sequencing (i.e., massive intrachromosomal rearrangements in the affected chromosome that can be visualized
in a Circos diagram[71]) or from copy number profiles (i.e.,
frequent oscillations between two copy number states
indicative of retained and lost chromosomal fragments).
After the first discovery of chromothripsis in one chronic
lymphocytic leukemia patient by paired-end sequencing[69], Stephens et al[69] also examined the copy number
profiles of 746 cancer cell lines, observing that 2.4% of
them (18 cell lines) showed the genomic signatures of
chromothripsis. Recently, Kim et al[72] reported the tumor
type-specific frequencies of chromothripsis as measured
from a large-scale copy number profile of about 8000
cancer genomes including CRCs. Six out of 366 CRC
genomes (1.8%) in the database showed the signature of
chromothripsis (i.e., significant frequent alternation between different copy number states[72]) and the frequency
was not substantially different from the average across
the database (1.5%). Of note, Kloosterman et al[73] reported the paired-end whole-genome sequencing results
of four CRC genomes with liver metastases, observing
that all cases harbored evidence of chromothripsis. In
addition, the comparison between primary and metastatic
CRC genomes revealed that most genomic arrangements
are shared both by primary and metastatic genomes,
indicating that metastasis occurs quite rapidly with few
additional mutational events, which was also proposed in
mutation-based CRC genome studies[74]. Along with chromothripsis, several unique features of cancer genomes
have been reported in breast cancer genomes (kataegis;
regional hypermutations near rearrangement breakpoints)[75] and in prostate cancer genomes (chromoplexy;
chains of copy-neutral rearrangements across multiple
chromosomes)[40], which may expand the mutational categories in CRC genomes.

timeline (< 4 wk after enrollment) and cost (approximately
3600 USD), as well as the presence of a multidisciplinary
sequencing tumor board (STB) to evaluate the mutation
profiles of the patients and make a clinical decision. In
their pilot study, the STB evaluated the sequencing results
from a patient with metastatic CRC harboring NRAS
mutation and CDK8 amplification and concluded that
BRAF/MEK inhibitors and PI3K and/or CDK inhibitors could be beneficial for the patient. Second, the more
complete and comprehensive collection of CRC-related
somatic genomic alterations will advance the pathwaylevel understanding of colorectal carcinogenesis and help
distinguish the oncogenic drivers from neutral passengers, as seen in large-scale meta-analyses of cancer genome profiles[72,77]. Finally, NGS-driven genomic studies
are already reporting novel features of cancer genomes
beyond the traditional mutational categories. Besides the
MSI and chromothripsis we discussed, some researchers
used publicly available genome sequencing data (including
those of CRC genomes[16]) and reported novel mitochondrial mutations[78] and the activity of human retrotranspositions in the cancer genomes[79]. Taken together, NGS
technology will advance our understanding of CRC genomes and the obtained knowledge will lead to a better
diagnosis and personalized targeted therapeutics for CRC
management.
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Core tip: Cyclooxygenase-2 (COX-2) plays an important
role in gastric cancer development and progression.
The present review aims to determine the molecular
mechanism of COX-2 overexpression in gastric cancer
and focus on the detailed information on COX-2 involved in carcinogenesis. By reviewing research progress, this may be helpful in clarifying the internal relationship of the afore-mentioned aspects.

Abstract
Although the incidence of gastric cancer has been
declining in recent decades, it remains a major public
health issue as the second leading cause of cancer
death worldwide. In China, gastric cancer is still the
main cause of death in patients with malignant tumors. Most patients are diagnosed at an advanced
stage and mortality is high. Cyclooxygenase-2 (COX-2)
is a rate-limiting enzyme in prostanoid synthesis and
plays an important role in the development and progression of gastric cancer. The expression of COX-2 in
gastric cancer is upregulated and its molecular mechanisms have been investigated. Helicobacter pylori
infection, tumor suppressor gene mutation and the
activation of nuclear factor-kappa B may be responsible for the elevated expression of COX-2 in gastric
cancer. The mechanisms of COX-2 in the development and progression of gastric cancer are probably
through promoting the proliferation of gastric cancer
cells, while inhibiting apoptosis, assisting angiogenesis and lymphatic metastasis, and participating in
cancer invasion and immunosuppression. This review
is intended to discuss, comment and summarize recent research progress on the role of COX-2 in gastric
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INTRODUCTION
Gastric cancer is one of the most common malignant tumors worldwide, and the morbidity and mortality associated with this disease are ranked second highest of all malignant neoplasms[1-3]. In China, the incidence of gastric
cancer has been declining in recent years[4]. Since 75% of
gastric cancer patients are diagnosed at an advanced stage
and cannot be cured merely by surgery, chemotherapy
combined with surgery is often the primary treatment.
There are many factors that affect the prognosis of gastric cancer, and of these factors invasion and metastasis
are leading causes of death. The role of cyclooxygenase-2
(COX-2) in gastric cancer development and progression
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malignant tumors are correlated with infection[25]. Various
inflammation networks have been confirmed to play crucial roles in the microenvironment of carcinogenesis[26],
and the most important network is the COX-2/PGE2
pathway[27]. In addition, it has been well established that
COX-2 is up-regulated in a variety of cancers and promotes their growth[28-30].

has been extensively studied. The expression of COX-2 is
elevated in gastric cancer tissues, therefore, inhibition of
COX-2 expression may prevent or reverse gastric carcinogenesis. This review focuses on the crucial role of COX-2
in gastric cancer development and progression. In addition, its mechanisms of action are illustrated.

COX

EXPRESSION OF COX-2 IN GASTRIC
CANCER

COX, also known as prostaglandin synthase, is the ratelimiting enzyme responsible for the conversion of arachidonic acid (AA) into the various prostaglandins (PGS),
a family of lipid mediators that have widespread and diverse biological functions[5]. This enzyme possesses both
peroxidase activity in catalyzing prostaglandin G2 (PGG2)
to prostaglandin H2 (PGH2) and COX catalytic activity
in the conversion of PGG2 from AA[6]. Members of the
PGS family including PGD2, PGE2, PGF2, PGG2, and
PGH2 are widely distributed in organic bodies and play
different roles in metabolism[7-11]. It is reported that PGE2
was overexpressed in tumor tissues and was involved in
carcinogenesis[12-14].
COX, with a relative molecular mass of 71000, is a
type of glycoprotein which is located on the surface of
the nuclear membrane and microsomal membrane. Two
COX isoforms have been found: COX-1 and COX-2. Although COX-1 and COX-2 share a high level of homology (65%), the activity and expression of these enzymes
are different, and they can function independently within
the same cell type[15].
The COX-1 gene, comprised of 11 exons and 10 introns, is a type of housekeeping gene, which is located at
chromosome 9 q32-33.3. The full length of the COX-1 gene
is about 22.5 kb, and no hogness box and promoter elements are found. In most tissues, COX-1 is composed of
599-600 amino acid residues and expressed constitutively
and continuously[16]. The basic functions of COX-1 are
not only promoting the synthesis of PGS, but also maintaining the homeostasis of an organism such as regulating the clotting mechanism, stabilizing renal blood flow
and protecting gastric mucosa[17-19]. COX-1 is expressed
negatively or weakly in tumor tissues and is not involved
in carcinogenesis[20].
The COX-2 gene, located at chromosome 1q25.2-25.3, is
composed of 10 exons and 9 introns. With hogness box,
CAAT/enhancer binding protein (C/EBP) and cAMP
response elements in the 5’-terminal nucleotide sequence,
the gene is approximately 8.3 kb in size [21]. There are also
some binding sites in the gene sequence such as the activator protein-2 (AP-2) binding site and the nuclear factor-kappa B (NF-κB) binding site[22]. COX-2 is composed
of 604 amino acid residues and is expressed negatively
in normal tissues and organs under physiological conditions, except the constitutive expression in kidney and
brain. It is inducible in response to certain stimuli such as
growth factors and cytokines. COX-2 is involved in many
pathological processes such as inflammation and carcinogenesis[23,24]. It was reported that more than 15% of
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The first report on the expression of COX-2 in gastric
cancer was from Ristimaki et al[23]. Their study showed
that human gastric adenocarcinoma tissues contained
significantly higher levels of COX-2 mRNA when compared with paired gastric mucosal specimens devoid of
cancer cells. Immunohistochemical staining detected
COX-2 protein expression in the cytoplasm of gastric
carcinoma cells, but not in the surrounding stroma. Uefuji confirmed the overexpression of COX-2 protein
in human gastric adenocarcinomas by immunoblotting,
and reported that overexpression of COX-2 protein was
independent of the histologic type of gastric cancer[31].
A study further confirmed the significant difference in
COX-2 protein expression between normal tissues and
gastric cancer tissues[32]. Researchers found that the overexpression of COX-2 protein was not related to the clinicopathological characteristics of gastric cancer patients[33],
but related to tumor node metastasis clinical stage,
depth of invasion and metastasis[33,34]. A series of studies
showed that COX-2 protein expression was associated
with intestinal histological subtype, proximal location,
tumor size and advanced clinical stage and lymph node
involvement[35-39]. Importantly, the expression of COX-2
protein and mRNA was already detected in noninvasive
gastric dysplasia[40,41]. Thus, it seems likely that COX-2
plays a role in early gastric carcinogenesis.
There are controversial results in the association between COX-2 and survival rate. Although COX-2 played
a crucial role in gastric carcinogenesis and was relevant
to the degree of tumor differentiation, the expression of
COX-2 protein was not correlated with survival rate. In
addition, it made little sense in predicting gastric cancer
prognosis[42]. In contrast, other research results suggested
that COX-2 was an independent prognostic factor for
gastric cancer as the 5-year survival rate of COX-2 protein positively expressed patients was lower than that of
negatively expressed patients[43]. In addition, early-stage
gastric cancer patients with high expression of COX-2
protein were at a higher risk for cancer-related death than
those with a low level of COX-2 expression[35]. Another
study[44] assessed the correlation between tumor progression and epithelial mesenchymal transition using multivariate analysis, and showed that COX-2 protein overexpression was an independent prognostic factor for
poor survival, due to angiogenesis, cancer invasion and
metastasis. Recently, scientists also found that COX-2
protein and p53 expression were independent prognostic
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in COX-2 expression induced by H. pylori[58].

factors for poor survival, in addition to late-stage disease
and non-curative surgery[45]. Most of the findings illustrated above share the similar points, while the controversial points need to be further investigated to reach a
consensus.

Suppressor gene mutation
An imbalance of oncogenes and suppressor genes is
responsible for carcinogenesis. The mutation of a suppressor gene can lead to the occurrence of cancer. A
study revealed that COX-2 expression in patients with
P53 mutation was higher than in those without P53 mutation. This indicated that P53 mutation might be related
to COX-2 over-expression[59]. The protein of wild-type
P53 could inhibit the formation of a complex composed
of TATA box binding proteins and promoters located
upstream of the gene sequences, and eventually inhibited
the expression of COX-2. In contrast, the product of
mutant type P53 could elevate COX-2 expression by the
Ras/Raf/MAPK signal pathway. Moreover, COX-2 could
reversibly induce mutation of P53, and both were coexpressed in gastric cancer tissues[60].
P16 is a tumor suppressor gene located at chromosome 9p21. It can inhibit the function of cyclinD1/CDK4
and CDK6 complex, and cause p53-independent G1 arrest through the phosphorylation of pRb[61,62]. This gene
is usually inactivated in human gastric cancers for different reasons. A study indicated that p16 was found to
harbor promoter methylation associated with the loss of
protein expression in cancer cells, suggesting that p16 inactivation due to promoter methylation may be important
for gastric tumorigenesis[63]. Other mechanisms such as
mutation and homozygous deletion, are also responsible
for the inactivation of p16, which lead to the development and progression of tumors[64]. Researchers explored
the expression of COX-2 protein and p16 protein in
gastric cancer mucosa, and found that COX-2 protein
expression was negatively related to p16 protein expression. There may be a relationship between the expression
of COX-2 and p16. However, the mechanism involved
needs to be clarified in further research[65,66].

MECHANISM OF ELEVATED COX-2
EXPRESSION IN GASTRIC CANCER
Helicobacter pylori infection
Some studies suggested that Helicobacter pylori (H. pylori)
infection was significantly related to COX-2 expression[46-48]. H. pylori infection can lead to a local inflammatory response, phenotypic change of epithelial cells,
promotion of cell proliferation and inhibition of cell
apoptosis, and ultimately an increased risk of gastric
cancer[49].
H. pylori is classified as a class Ⅰ carcinogen by the
International Agency for Research on Cancer. Over-expression of COX-2 was detected in H. pylori positive gastritis compared with H. pylori negative gastritis[50]. COX-2
over-expression was found in 50%-80% of gastric cancer
patients. Another study showed that 24 h after H. pylori
infection of epithelial cells in mice, the expression of
COX-2 and PGE2 were significantly elevated[51]. An in
vitro study also obtained similar results[48]. After the coculture of MKN 28 cell lines with H. pylori for 24 h, the
COX-2 mRNA transcription level increased five-fold and
the expression of PGE2 increased three-fold, suggesting
that synthesis of COX-2 and PGE2 was one of the factors for H. pylori associated gastric cancer[52].
The mechanism of COX-2 over-expression caused by
H. pylori infection is not entirely clear. In an in vitro study,
H. pylori induced the expression of COX-2 and inducible
nitric oxide synthase by activating AP-1 of AGS cells[53].
Cytokines from the H. pylori associated inflammatory response also promoted the upregulation of COX-2[54]. In
an in vivo study, H. pylori infection influenced the expression of 385 genes, and 160 of these genes were related
to COX-2, including the inflammation genes (Icam1), the
apoptosis genes (Clu), the proliferation genes (Gdf3, Igf2),
the gastric physiology genes (Galr-1) and the epithelial
barrier function genes (Tjp1, Aqp5). After treatment with
NS398, a COX-2 inhibitor, the expression of 140 genes
changed, which indicated that COX-2 was correlated
with the occurrence of gastritis[55]. Another study indicated that H. pylori could lead to the phosphorylation of
p38 mitogen-activated protein kinase (p38 MAPK) and
its downstream transcription factor ATF-2, and the expression of COX-2 could be inhibited by a p38 MAPK
inhibitor. These results indicated that the p38/ATF-2
signal transduction pathway induced by H. pylori was the
crucial mechanism involved in COX-2 expression[56]. Infection with H. pylori stimulated the secretion of gastrin
which promoted the expression of COX-2 and extended
the half-life of COX-2 mRNA[57]. In addition, the inhibitor of gastrin-releasing peptide decreased the expression
of COX-2, which indicated that gastrin may be involved
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NF-κ B
NF-κB is a protein which has the ability to combine with
the nucleotide sequence in the promoter region and enhancer region of some genes, and consequently activate
or enhance the transcription of these genes. NF-κB is
usually distributed in the cytoplasm in the inactive form
under physiological conditions. It is then activated and
enters the nucleus in response to outside stimuli. The
NF-κB signal pathway is involved in many processes such
as the inflammatory response, cell proliferation, apoptosis
and carcinogenesis. Some inflammatory cytokines, such
as tumor necrosis factor (TNF)-α, can activate NF-κB,
and this activated transcription factor can induce overexpression of inflammatory factors including COX-2 and
TNF-α itself, forming the inflammatory network in the
tumor microenvironment[67]. The COX-2 promoter region contains several elements, with the presence of two
NF-κB consensus sites[68]. COX-2 expression decreased
significantly when NF-κB was blocked by chondroitin
sulfate[69,70]. Expression of COX-2 and NF-κB increased
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simultaneously during the process from chronic atrophic
gastritis, dysplasia to gastric cancer. The co-expression
of COX-2 and NF-κB played an important role in the
angiogenesis of stomach tissues. In addition, NF-κB upregulated the expression of vascular endothelial growth
factor (VEGF), which is an important promoter of angiogenesis[71].

has found that COX-2 over-expression was associated
with increased PGE2 biosynthesis and angiogenesis in
gastric cancer[85]. Furthermore, COX-2 can induce cells to
produce VEGF and TGF-β, which could promote endotheliocyte migration and tubular morphogenesis. In addition, VEGF was an independent prognostic factor for
gastric cancer prognosis[86]. After being transfected with
COX-2 siRNA, the expression of VEGF was down-regulated and the growth of gastric cancer cells was significantly inhibited[22]. Other studies indicated that COX-2
upregulated the expression of Bcl-2 and Akt, which can
inhibit the apoptosis of endothelial cells and promote
vessel formation[87,88].
VEGF-C has been identified as a new member of the
VEGF family and is considered a specific lymphangiogenic factor. It can promote the formation and dilation of
lymphatic vessels, enhance the permeability of lymphatic
vessels and facilitate lymphatic metastasis. A recent study
confirmed a positive correlation between the expression
of COX-2 and VEGF-C in gastric cancer patients, and
both were related to gastric cancer prognosis[89].

MECHANISM OF COX-2 IN GASTRIC
CARCINOGENESIS
Cell proliferation and apoptosis
Accumulating evidence indicates that inflammation plays
an important role in the development of cancers[72,73].
TNF-α, which is a mediator of PGE2, plays a crucial role
in mediating the inflammatory process through activation of NF-κB. It has been found that stromal NF-κB
can enhance proliferation of epithelial cells by inducing
cytokines, chemokines, and growth factors, such as IL-6,
IL-1β, macrophage inflammatory protein-2 and TNF-α,
while epithelial NF-κB can suppress apoptosis by inducing anti-apoptotic proteins, such as GADD45β, A1/Bfl1,
and cIAP1[74,75]. As a product of AA catalyzed by COX-2,
PGE2 is involved in gene mutation and cancer cell proliferation[76]. Protein encoded by COX-2 genes is a type
of oncogenic protein, which could promote the high
expression of PGE2. PGE2 can stimulate the growth of
blood vessels, inhibit local immune function and regulate
a variety of signal transduction pathways which ultimately
influence the proliferation of cells and the growth of tumors[77]. It has also been confirmed that over-expression
of COX-2 promoted cell proliferation by weakening the
anti-proliferative effect of transforming growth factor-β
(TGF-β)[78].
An in vitro study showed that cell proliferation was
suppressed when gastric cells were treated with COX-2
small interfering RNA (siRNA)[79]. In MKN-45 cells,
inhibition of COX-2 with NS-398 led to reduced proliferation and induction of apoptosis, connected with
downregulation of Bcl-2 (an anti-apoptotic gene) and
upregulation of Bax (an apoptotic gene)[80]. COX-2 was
a regulatory factor in the Bcl-2 upstream sequences,
which upregulated the expression of Mcl-1, a member
of the Bcl-2 family, through the phosphatidyl inositol
3-kinase (PI3K) signal pathway, and eventually inhibited
the apoptosis of cancer cells[81]. Some studies confirmed
that COX-2 could inhibit the apoptosis of cancer cells
by inducing the mutation of P53[82]. Other researchers
indicated that COX-2 weakened the apoptotic signal mediated by Fas protein. After adding the COX-2 inhibitor,
they detected the elevated expression of caspase, a key
enzyme of death receptor signaling and apoptotic signaling pathways[83].

Invasion and metastasis
Invasion is the premise of cancer metastasis which involves a variety of cytokines. Adhesion molecule is a type
of cell surface glycoprotein that mediates cell adhesion.
E-cadherin adhesion which inhibits the separation of
cancer cells from tissue can prevent cancer cell invasion.
COX-2 can lower the activity of E-cadherin, thus the
invasiveness of cancer cells is enhanced for further metastasis. The activity of E-cadherin was enhanced after
inhibition of COX-2[90]. It has been confirmed that the
over-expression of matrix metalloproteinase (MMP) accelerated the decomposition of collagen in local tissues,
which was beneficial to the spread of cancer cells. A
correlation between COX-2 and MMP upregulation was
also found[91]. COX-2 inhibitors reduce the expression of
MMP[92]. CD44, which acts as the membrane receptor of
hyaluronic acid and is expressed in cancer stem-like cells,
played an important role in cancer metastasis. A large
number of CD44(+) gastric glands was found in human
adenocarcinomas and adjacent metaplasias, but not in
normal gastric epithelium. In addition, CD44(+) tumor
cell expansion is triggered by the cooperative actions of
PGE2 and Wnt in gastric tumorigenesis[93]. Studies also
confirmed that PGE2 could upregulate the expression of
CD44[94], while COX-2 inhibitor could inhibit CD44 expression[95]. A study demonstrated that CD44v, a variant
form of CD44, could protect tumor cells from oxidative
stress in a mouse gastric cancer model, thus it plays an
important role in tumor development[96]. Other possible
mechanisms include the upregulation of urokinase-type
plasminogen activator (uPA) in promoting the metastasis
of cancer cells[97] and more potential pathways need to be
further clarified.

Angiogenesis and lymphatic metastasis
The growth and metastasis of tumors depend on the formation of new blood vessels. PGE2 and PGF2 can promote vessel formation directly or indirectly[84]. Research
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Immunosuppression
It has been found that COX-2 was involved in the im-
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munosuppression in gastric cancer, where effector T
cells were suppressed by regulatory T cells. In Treg cells,
expression of COX-2 was correlated with that of forkhead box p3. By using a COX-2 inhibitor, the immunosuppression of effector T cells was reversed[98]. The
possible mechanisms involved may be as follows: PGE2
disabled the function of dendritic cells in the tumor microenvironment and the cells could not present the tumor antigen effectively, and eventually the T cells did not
recognize or kill the cancer cells[99]. In addition, PGE2
may also reduce the immunosurveillance of the immune
system on mutant cells by inhibiting the expression of
human leucocyte antigen Ⅰ and Ⅱ, and by reducing the
production of lymphokine. The immunosurveillance effect could be enhanced by using a COX-2 inhibitor and
stimulating the activity of natural killer cells[100].
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CONCLUSION
The COX-2/PGE2 pathway involved in the inflammatory
response plays a critical role in the microenvironment of
gastric tumorigenesis. Expression of COX-2 is elevated
in gastric cancer and its over-expression is associated with
H. pylori infection, mutation of suppressor genes and
NF-κB. Over-expressed COX-2 participates in gastric
carcinogenesis by promoting cell proliferation, inhibiting
cell apoptosis, inducing vessel formation, and enhancing
metastasis and immunosuppression. Although progress
has been made in exploring the mechanism of gastric
cancer development, some issues remain to be explored
in further studies. As research continues, interventions in
gastric cancer using COX-2 as a target might eventually
become a specific treatment of choice.
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Abstract

INTRODUCTION

Colorectal cancer (CRC) is the fourth most commonly
diagnosed cancer and the second leading cause of
cancer death in both men and women in the United
States, with about 142820 new cases and 50830
deaths expected in 2013. Metastatic disease (mCRC)
remains a challenge for oncologists worldwide due to
its potential comorbidities. Recently, chemotherapy
regimens containing 5-fluorouracil, leucovorin, oxaliplatin and irinotecan combinations are a standard of
care in the metastatic disease. Currently, biological
therapies involving vascular endothelial growth factor and epidermal growth factor receptor pathways,
such as bevacizumab and cetuximab, have emerged as
good option for improving mCRC patient survival. Now,
aflibercept plus standard chemotherapy has also been
approved in second line regimen for mCRC patients.
Our review will discuss novel biological drugs and their
indications for mCRC patients and will bring future perspectives in this regard.
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Colorectal cancer (CRC) is the fourth most commonly
diagnosed cancer and the second leading cause of cancer death in both men and women in the United States,
with about 142820 new cases and 50830 deaths expected
in 2013[1]. In Europe, CRC represents the second most
common cancer and leading cause of cancer death, in
both genders combined[2]. Consequently, CRC is considered a prominent global health problem.
Usually, early CRC has no symptoms, and this is why
screening is so important. Moreover, almost all symptoms (i.e., change in bowel habits, general abdominal
discomfort, weight loss with no apparent cause, constant
tiredness) are not well specific. Consequently, CRC might
be diagnosed when a patient has symptoms or as a result
of a screening program[3]. Colonoscopy is the main diagnostic tool for primary screening due to its great benefit
on either flexible sigmoidoscopy or guaiac fecal occult
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blood test[4].
The 1- and 5-year relative survival rates for patients
with CRC are respectively 83.2% and 64.3%, considering
all stages. Additionally, ten years after diagnosis, survival
continues to decline to 57.6%[5]. The most important
problem remains disease relapse following surgery since,
commonly, it is the cause of death in these patients[3].
This fact becomes relevant when we observe that when
CRC are detected at a localized stage, the 5-year relative
survival rate is 90.1% and, after disease involves adjacent
organs or lymph nodes, the 5-year survival rate falls to
69.2%. Moreover, when cancer has spread to distant organs, the 5-year survival rate is 11.7%[5].
Many patients have metastatic disease (mCRC) initially
not suitable for resection[6]. The majority of patients with
mCRC cannot be cured, and the goals of chemotherapy
for them are to prolong survival, improve quality of life
and provide palliation, when applicable[7]. Over the past
years, the outcome of these patients has been improved,
with median survival reaching almost 24 mo[6,8].
The liver is the most common site of hematogenous
metastasis in CRC, and its appearance is a frequent event
for patients with CRC and remains a major cause of
cancer-related death[9]. Approximately 25% of patients
present synchronous liver metastasis at time of diagnosis,
and another 25% of patients will develop liver metastases
during the course of their disease, usually within a 2-year
period after initial surgical treatment of their primary
tumor[10]. The only potentially curative treatment for
patients with liver metastasis is surgical resection, which
results in a 5-year survival rate of 36%[11]. Nevertheless,
70% of these patients will suffer a relapse after resection
of their hepatic metastasis, with the majority in the first 2
years after surgery and the remaining continuing to occur
up to 10 years[12].
Over the past years, the development and incorporation of agents that target angiogenesis in clinical practice
have led to improvements in the treatment of mCRC,
with benefits in progression-free survival (PSF) and overall survival (OS) in these patients[13]. This paper aims to
review the impact of known and new anti-angiogenic
therapies for mCRC, especially those which target vascular endothelial growth factor (VEGF) pathways.

angiogenic enzymes, endothelial-specific receptors, and
adhesion molecules as well as various antiangiogenic factors including angiostatin, endostatin, thrombospondin,
canstatin, and pigment epithelium-derived factor[16]. As
blood vessels are needed to supply nutrients and oxygen
to tissues, angiogenesis plays an essential role in normal
growth and development. Nevertheless, imbalances between the angiogenic mediators and inhibitors may result
in the development of pathologies, as cancer[17].
In order to continue grow and metastasize, tumors
need to continually acquire an adequate blood supply,
which is accomplished by inducing angiogenesis[18]. Since
Folkman recognized, in the early 1970s, the therapeutic
potential for the inhibition of angiogenesis process in
cancer, angiogenesis has been largely studied[19].
Figure 1 shows the main angiogenic mechanisms
related to VEGF pathways. The VEGF family, which
plays a critical role in tumor angiogenesis[20], includes six
members: VEGF-A, -B, -C, -D, -E and placental growth
factor (PIGF)[21]. VEGF-A, also known as VEGF, is the
most important member and the major physiologic and
pathologic mediator of angiogenic mechanism[20]. The
VEGF-A gene, located on chromosome 6 (6p21.3), undergoes alternative splicing to yield mature isoforms of
121, 145, 165, 183, 189, and 206 amino acids[22-24]. In vivo,
only three isoforms have been related to angiogenesis,
VEGF121, VEGF145 and VEGF165. The latter has been
demonstrated to be a predominant isoform secreted
by malignant and benign cells[25]. VEGF signals, mainly
through VEGF receptor 2 (VEGFR-2) which is tightly
expressed by endothelial cells, are involved in angiogenesis. VEGF binds to VEGF receptor 1 (VEGFR-1), with
approximately 10 times the affinity of VEGFR-2 binding.
However, its signal-transducing properties are extremely
weak[26].
Most solid tumors present hypoxic regions as they
grow and, thus, outweigh their blood supply. The results
of the cellular adaptation to hypoxic microenvironment are aggressive disease, resistance to therapy, and
decreased patient survival[27]. The transcription factor
hypoxia-inducible factor-1 (HIF-1 or HIF) is the most
important regulator of the hypoxic response, which upregulates expression of proteins involved in the regulation of several aspects of tumor biology, such as oxygen
transport, iron metabolism, glycolysis, glucose transport,
cell survival and proliferation, angiogenesis, invasion and
metastasis[28,29]. VEGF is one of several proangiogenic
factors directly activated by HIF-1 and acts to promote
new blood vessel formation and thereby provide the reestablishment of oxygen and nutrient supply[27].
Paracrine mechanisms generated through VEGF
production by tumor cells may also influence angiogenesis pathways. However, those cells cannot adequately
respond to VEGF directly since they do not have enough
cell surface VEGF receptors for that purpose. In contrast, endothelial cells recruited during angiogenesis express numerous VEGF receptors, but produce little or no
detectable VEGF ligand. In this context, the amount of

Angiogenesis and CRC-molecular mechanisms
Blood vessel formation comprises two main types: vasculogenesis and angiogenesis. During early embryonic
development, vasculogenesis is the process responsible
for the formation of the primary vasculature of the body,
which consists in the formation of blood vessels from
endothelial cell progenitors (i.e., hemangioblasts)[14]. On
the other hand, angiogenesis is a complex and highly
regulated biological process that refers to the formation of new vascular segments. During this process, the
combination of sprouting, splitting, and remodeling of
the existing vessels occurs[15]. Physiologically angiogenesis
occurs under tight regulation by a wide range of proangiogenic inducers, such as growth factors, chemokines,
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Figure 1 Main angiogenesis pathways involving vascular endothelial growth factor and the interactions with anti-angiogenic target drugs. VEGF: Vascular
endothelial growth factor. HIF: Hypoxia-inducible factor; EGF: Epidermal growth factor; EGFR: Epidermal growth factor receptor; VEGFR: Vascular endothelial growth
factor receptor; PIGF: Placental growth factor.

VEGF necessary to propel angiogenesis comes from several host cells in human body, such as platelets, smooth
muscle cells, and tumor-associated stromal cells, which,
together, produce the necessary amounts of VEGF for
angiogenesis to begin[30-32].
The other VEGF family members are important for
diverse mechanisms of new vessel creation. VEGF-B
and PIGF bind to VEGFR-1 whereas VEGF-C and
-D are specific ligands for VEGFR-2 VEGF receptor
3 (VEGFR-3), after proteolysis processing[26]. VEGF-B
and PIGF act through VEGFR-1, which is capital for
the organization of embryonic vasculature, but is not essential for endothelial cell differentiation[33,34]. VEGFR-1
is expressed in many non-endothelial cells such as monocyte/macrophages, dendritic cells, osteoclasts, pericytes
and trophoblasts in the placenta. The value of VEGFR-1
expression in these cells remains unclear; however, this
receptor could play a regulatory role in cell survival[26].
Furthermore, recent studies have shown that VEGFR-1
is present and functional on CRC cells and its activation,
by VEGF family ligands, can result in activation of processes involved in tumor progression and metastasis[33].
VEGF-C and -D play an important role in lymphangiogenesis through VEGFR-2 and -3 binding[26]. Concerning
VEGF-C, it is involved both in lymphangiogenesis and in
promotion of metastasis to regional lymph nodes in multiple cancers, including CRC[35]. VEGF-D is also implicated in lymphangiogenesis and lymphatic metastasis[36].
Angiogenesis is regulated not only by VEGF path-
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ways but also by other pathways including Notch,
angiopoietins and integrins[20]. The Notch pathway, an
intercellular signaling pathway, influences many biological processes, including cell fate determination, cellular
differentiation, proliferation, survival and apoptosis[37,38].
There are four Notch cell-surface receptors (Notch-1,
-2, -3 and -4) and five Notch membrane-anchored ligands [Jagged-1, Jagged-2, Delta-like (Dll)-1, -3, and -4],
expressed by various cell types. Both ligand and receptor
are transmembrane proteins with large extracellular domains that consist of epidermal growth factor (EGF)-like
repeats. Notch is synthesized as a precursor protein that
is processed in the Golgi before being transported to the
cell surface, where it resides as a heterodimer. Interaction of Notch receptors with Notch ligands, between
two bordering cells, initiates a series of successive proteolysis cleavages. The first cleavage, mediated by ADAMfamily metalloproteases such as ADAM10 or tumor necrosis factor a-converting enzyme (TACE), generates a
substrate for cleavage by the gamma-secretase complex.
This cleavage leads to the release of Notch intracellular
domain (NICD) from the cell membrane. This protein
fragment, then, translocates into the nucleus and operates as a cofactor to regulate transcription of Notch
target genes[39]. The induction of Dll4-Notch signaling
acts as a mechanism intended to prevent excessive angiogenesis and to control the development of new blood
vessels[40].
Vascular endothelial cells express Notch 1 and Notch
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4 receptors and the Jagged-1, Dll1, and Dll4 ligands.
Among these, Dll4 is expressed exclusively by endothelial
cells[20]. Dll4 is usually induced by VEGF as a negativefeedback regulator of vascular growth. In contrast to
VEGF blockade, which results in a loss of many tumor
vessels and an apparent normalization of the remaining
vessels of the tumor, DLL4 blockade results in a striking increase in these vessels. Paradoxically, this increased
vascularity is associated with decreased tumor growth,
even for tumors that are highly resistant to blockade of
VEGF[41]. Since VEGF induces Dll4 and Dll4 induces
vascular quiescence and differentiation, and down-regulates VEGFR-2[42], it is obvious that the balance of these
two pathways may be important to the development and
outcomes of therapeutic acting in these pathways[43].
Recently, the angiopoietins have emerged as important regulators of angiogenesis[16]. The human angiopoietin family comprises Ang-1, -2 and -3, all of which act as
ligands for endothelial cell-specific tyrosine kinase receptor Tie2, expressed principally on the vascular endothelial
cells[44-46].
Ang-1, which is predominantly expressed in perivascular cells such as pericytes, vascular smooth muscle cells,
fibroblasts and tumor cells, binds to Tie2 receptor as an
antagonist. Upon binding of Ang-1, Tie-2 receptor autophosphorylates, leading to stimulation of various intracellular signaling pathways which promote endothelial cell
survival and the maintenance of an endothelial barrier
and a quiescent vasculature. Mural cells, such as vascular
smooth muscle cells and pericytes, constantly produce
Ang-1 under physiological conditions, and maintain vascular stabilization and maturation[47]. On the other hand,
Ang-2 produced by the endothelium, acts as an antagonist for Tie2 by competing with Ang-1[45]. It induces vascular destabilization and vessel proliferation. VEGF and
angiopoietins have complementary roles in angiogenesis.
In the presence of VEGF, Ang-2 stimulates tumor angiogenesis by promoting vessel destabilization, whereas in
the absence of VEGF, Ang-2 promotes endothelial cell
death and vessel regression[48].
Blockade of Tie-2 pathway has been more difficult
than blockade of the VEGF pathway, due to the complexity of agonistic and antagonistic ligands for the same
receptor. Moreover, it has been a challenge to find and
design effective and specific drugs against Tie-2 or angiopoietins[20].
Fibroblast growth factor (FGF)/FGF receptor
(FGFR) signaling is involved in multiple cellular processes, such as proliferation, anti-apoptosis, drug resistance,
and angiogenesis[49]. FGFs are heparin-binding growth
factors that are part of a family that comprises 23 members (FGF-1 to -23), of which only 18 are functional ligands for FGFR in humans. The members of the FGFR
family (FGFR-1 to -4) share a common domain architecture consisting of extracellular immunoglobulin-like domains and a cytoplasmic tyrosine kinase domain[50]. Although FGF1 and FGF2 are among the first discovered
molecules that contribute to angiogenesis, some mem-
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bers of the VEGF ligand family and VEGFR are now
accepted to play a main role in driving embryonic vascularization, angiogenesis and lymphangiogenesis[51]. Nevertheless, both FGFs and VEGF cooperate to promote
angiogenesis. FGF-2 induces the expression of VEGF in
vascular endothelial cells, while the blockade of VEGF
reduces the expression of endogenous FGF-2, suggesting a positive feedback mechanism. Furthermore, inhibition of FGFR-1 and FGFR-2 activity can reduce tumor
vascularization as well as VEGF expression. Therefore,
promotion of angiogenesis by FGFs may be dependent
of crosstalk between FGF-VEGF signaling pathways[52].
EGF signaling is initiated by the binding of EGF
family members to the extracellular domain of erythroblastic leukemia viral oncogene homologue (ErBb) receptors. The ErBb receptor tyrosine kinase family comprises
4 members, namely, EGF receptor (EGFR)/ERBB1/
HER1, ERBB2/HER2, ERBB3/HER3 and ERBB4/
HER4[53]. The major contributors of these receptors are a
complex signaling cascade that modulates growth, signaling, differentiation, adhesion, migration and survival of
cancer cells[54].
The EGF family members bind to the ErbB receptors
and are classified into 3 groups based on their receptor
affinities: in the first group, EGF, transforming growth
factor-α, amphiregulin (AR), and epigen (EPG), specifically bind to EGFR; in the second group, betacellulin
(BTC), heparin-binding EGF (HB-EGF), and epiregulin
(EPR), which exhibit dual specificity, bind to both EGFR
and ErbB4; and the third group, which includes neuregulins (NRGs), forms two subgroups on the basis of their
capacity to bind ErbB3 and ErbB4 (NRG-1 and NRG-2)
or only ErbB4 (NRG-3 and NRG-4)[53,55]. On binding,
ErbBs form homo or heterodimers and initiate multiple
pathways involving effectors including rat sarcoma viral
oncogene homologue (RAS)/mitogen-activated protein
kinase, phosphatidylinositol 3-kinase-AKT, mammalian
target of rapamycin, signal transducer and activator of
transcription, SRC tyrosine kinase, phospholipase C-γ1/
protein kinase C (PKC) and p27. The activation of these
pathways plays a relevant role in several aspects of development and tissue homoeostasis[54]. Increased EGFR signaling is particularly common in several cancers, including CRC, through one or more of the family members[56].
EGFR and its family members, due to their vast role in
the progression of cancer, have emerged as attractive
candidates for anti-cancer therapy.

TREATMENT OF mCRC
Nowadays, there are many therapeutic strategies approved by the Food and Drug Administration (FDA)
for the management of mCRC: 5-fluorouracil (5-FU),
leucovorin (LV), irinotecan, capecitabine, oxaliplatin,
regorafenib, ziv-aflibercept, and the monoclonal antibodies bevacizumab, cetuximab, and panitumumab. Of these
drugs, only few have FDA-approved indications for use
as monotherapies and reveal activity as a single agent
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Table 1 Clinical trials and main anti-angiogenic drugs in metastatic disease
Clinical trial
Aflibercept
VELOUR
NCT00561470[87]
AFFIRM
NCT00851084[86]
Brivanib
NCT00640471[90]
Regorafenib
CORRECT
NCT01103323[99]
Sorafenib
RESPECT
NCT00865709[107]
Sunitinib
NCT00668863
NCT00457691[108]
Valatanib
CONFIRM1
NCT00056459[110]
CONFIRM 2
NCT00056446[111]

Phase

Line

Regimen

Median PFS (mo)

Median OS (mo)

ORR (%)

Ⅲ

2nd
1st

6.90 vs 4.67
HR = 0.758, P = 0.0001
8.48 vs 8.77

13.50 vs 12.06
HR = 0.817, P = 0.0032

Ⅱ

FOLFIRI + aflibercept vs
FOLFIRI + placebo
mFOLFOX6 + aflibercept
vs mFOLFOX6

19.8 vs 11.1
P = 0.001
49.1 vs 45.9

Ⅲ

3rd

Cetuximab + brivanib vs
cetuximab + placebo

5.0 vs 3.4
HR = 0.72, P < 0.001

8.8 vs 8.1
HR = 0.88, P = 0.12

13.6 vs 7.2
P = 0.004

Ⅲ

2nd

Regorafenib vs placebo

1.9 vs 1.7
HR = 0.49, P < 0.000001

6.4 vs 5.0
HR = 0.77, P = 0.0052

Ⅱ

1st

mFOLFOX6 + sorafenib
vs mFOLFOX6 + placebo

9.1 vs 8.7
HR = 0.88, P = 0.46

17.6 vs 18.1
HR = 1.13, P = 0.51

Ⅱ
Ⅲ

1st
1st

FOLFIRI + sunitinib vs
FOLFIRI + placebo

7.8 vs 8.4
HR = 1.095, P = 0.807

20.3 vs 19.8
HR = 1.171, P = 0.916

32 vs 34
P = 0.683

Ⅲ

1st
2nd

7.7 vs 7.6
HR = 0.88, P = 0.118
5.6 vs 4.2
HR = 0.83, P = 0.013

21.4 vs 20.5
HR = 1.08, P = 0.260
13.1 vs 11.9
HR = 1.00, P = 0.957

P > 0.05

Ⅲ

FOLFOX4 + vatalanib vs
FOLFOX4 + placebo
FOLFOX4 + vatalanib vs
FOLFOX4 + placebo

mCRC: Metastatic colorectal cancer; PFS: Progression-free-survival; OS: Overall survival; ORR: Overall response rate; FOLFIRI: 5-fluorouacil + leucovorin +
irinotecan; mFOLFOX6: 5-fluoroaucil + leucovorin + oxaliplatin; HR: Harzard ratio.

against CRC, including fluoropyrimidines (5-FU and
capecitabine), irinotecan, cetuximab, and panitumumab.
The combination chemotherapy is the only standard
for first-line treatment of mCRC. Regardless of which
regimen is used, outcome may be maximized in patients
who receive, alone or in combination, 5-FU, LV, irinotecan, and oxaliplatin sometime during the course of
treatment. These chemotherapy regimens have been extensively studied in phase Ⅱ and Ⅲ trials, both as firstand second-line therapies[57,58]. Tables 1 and 2 summarizes
current and future trials on mCRC anti-angiogenic therapies.

levels) plus 5-FU/LV resulted in a higher response rate
(RR) (control arm: 17%; low-dose arm: 40%; high-dose
arm: 24%), longer median time to disease progression
(control arm: 5.2 mo; low-dose arm: 9.0 mo; high-dose
arm: 7.2 mo), and longer median survival (control arm:
13.8 mo; low-dose arm: 21.5 mo; high-dose arm: 16.1
mo). Based on these results, in the most subsequent
phase Ⅲ trials on mCRC the 5 mg/kg bevacizumab dosing is chosen[61].
The phase Ⅲ AVF 2107 trial (NCT00109070) randomized 813 patients to receive IFL plus either bevacizumab 5 mg/kg (n = 402) or placebo (n = 411), every 2
wk. The addition of bevacizumab compared with IFL
alone provided significantly clinical and statistical improvement in median OS (20.3 mo vs 15.6 mo; HR = 0.66,
P < 0.001), PFS (10.6 mo vs 6.2 mo, HR = 0.54, P < 0.001)
and overall response rate (ORR) (44.8% vs 34.8%, P =
0.004)[13].
In the NO16966 phase Ⅲ trial (NCT00069095), with
2 × 2 factorial design, 1401 patients with mCRC were
randomized to receive FOLFOX or XELOX and then
bevacizumab or placebo. Median PFS was significantly
increased when bevacizumab was added (9.4 mo in bevacizumab group vs 8.0 mo in placebo group; HR = 0.83, P
= 0.0023). Median OS was 21.3 mo in the bevacizumab
group and 19.9 mo in the placebo group (HR = 0.89, P
= 0.077), and RR was similar in both arms. A planned
subset analysis demonstrated significant improvement
of PFS with bevacizumab in the XELOX subgroup (P
= 0.0026), as opposed when FOLFOX4 (P = 0.187)
was added. Safety results showed that grade 3 or higher
adverse events were slightly higher in the bevacizumab

Antiangiogenic drugs
Bevacizumab is a humanized monoclonal antibody that
binds and inactivates VEGF, preventing angiogenesis
and, hence, tumor growth and proliferation. Bevacizumab contains human framework regions and the complementarity-determining regions of a murine antibody
that inhibits all active isoforms of VEGF[59]. Currently,
bevacizumab is the only agent specifically targeting the
VEGF pathway for the treatment of CRC[60].
Over the past decades, many trials have investigated
bevacizumab in mCRC. It has been studied with different
active chemotherapy and biological agents, as well as in
multiple treatment setting, sequencing and duration[61].
The phase Ⅱ trial conducted by Kabbinavar et al[62]
compared two doses of bevacizumab plus 5-FU/LV
(low-dose bevacizumab: 5 mg/kg every 2 wk; high-dose
bevacizumab: 10 mg/kg every 2 wk) with 5-FU/LV alone
in 104 patients untreated. Compared with the 5-FU/LV
control arm, treatment with bevacizumab (at both dose

WCG|www.wjgnet.com

518

January 28, 2014|First Edition|

Marques I et al . Angiogenesis and metastatic colorectal cancer
Table 2 Current clinical trials considering anti-angiogenic therapies for colorectal cancer

Bevacizumab

Trial

Phase

Line

Therapy/arms

Status of trial

NCT01321957
NCT00819780

Ⅱ
Ⅱ

1st
1st

FOLFOX + bevacizumab vs FOLFOX + bevacizumab + irinotecan
Panitumumab + mFOLFOX6 vs bevacizumab + mFOLFOX6

NCT01531595

Ⅱ

1st

NCT01067053

Ⅱ

1st

NCT01765582

Ⅱ

1st

NCT01006369

Ⅱ

-

NCT01417494

Ⅱ

1st

NCT01532804

Ⅱ

2nd

3 cycles of XELOX + bevacizumab alternating with 3 cycles of
XELIRI + bevacizumab
Bevacizumab + capecitabine + oxaliplatin - 6 cycles; after the first
6 cycles of treatment, continuing only with bevacizumab and
capecitabine
FOLFOXIRI + bevacizumab vs Sequential FOLFOXIRI +
bevacizumab vs FOLFOX + bevacizumab
FOLFOX6 + bevacizumab + hydroxychloroquine vs XELOX +
bevacizumab + hydroxychloroquine
Chemotherapy (FOLFIRI, FOLFOX, LV5FU2) + bevacizumab vs
Chemotherapy (FOLFIRI, FOLFOX, LV5FU2)
FOLFOX6 + bevacizumab (day 1 = day 15, 12 cycles) vs Raltitrexed
+ oxaliplatin + bevacizumab ( day 1 = day 21, 8 cycles)
FOLFIRI + bevacizumab and during the chemotherapy-free
interval maintenance with bevacizumab vs FOLFIRI + bevacizumab
and during the chemotherapy-free interval NO maintenance
mFOLFOX6 + bevacizumab vs FOLFOXIRI + bevacizumab
Cetuximab + capecitabine + oxaliplatin

Currently recruiting participants
Ongoing, but not recruiting
participants
Currently recruiting participants

NCT00952029 Ⅱ/Ⅲ

1st

NCT01640405
NCT00444678

Ⅲ
Ⅱ

1st
-

NCT01251536

Ⅱ

1st

NCT01718808
NCT01867697

Ⅱ
Ⅱ

1st
1st

NCT00640081

Ⅱ

1st

NCT00479752

Ⅱ

1st

NCT00482222

Ⅲ

1st

NCT00433927

Ⅲ

1st

Cetuximab (standard dose: 250 mg/m2 weekly) vs Cetuximab (dose
escalation: days 22 and 29-350 mg/m2, from day 36 onwards - 500
mg/m2 weekly)
Cetuximab + capecitabine vs Cetuximab
Cetuximab (biweekly) + FOLFIRI (continuously) vs Cetuximab
(biweekly) + alternating FOLFIRI and mFOLFOX6
Intermittent chemotherapy plus intermittent cetuximab treatment
(12 wk), plus cetuximab followed by a period off all therapy;
reintroduction of the same chemotherapy and cetuximab regimen
(12 wk after initial progression off treatment) vs Intermittent
chemotherapy plus continuous cetuximab treatment (12 wk),
plus cetuximab followed by a period of withdrawal of the
chemotherapy, but continued weekly cetuximab monotherapy
with reintroduction of the same chemotherapy regimen to the
cetuximab (12 wk after initial progression off chemotherapy
treatment)
FOLFOX4 + cetuximab (initial dose: 400 mg/m² in week 1,
followed by weekly doses of 250 mg/m²) vs FOLFOX4 + cetuximab
(500 mg/m² every 2 wk)
Oxaliplatin/fluoropyrimidine vs oxaliplatin/fluoropyrimidine +
cetuximab pre and post surgery
FOLFIRI + cetuximab vs FOLFIRI + bevacizumab

Panitumumab NCT01228734

Ⅲ

1st

Cetuximab + FOLFOX4 vs FOLFOX4

NCT01030042

Ⅲ

2nd

NCT00885885

Ⅱ

-

FOLFOX4 followed, after progression, by irinotecan + cetuximab
vs Cetuximab + irinotecan
Panitumumab + FOLFOX4 vs Panitumumab + FOLFOX4

NCT01215539
NCT01126112

Ⅱ
Ⅱ

1st
1st

Panitumumab + capecitabine + oxaliplatin
Panitumumab (6 mg/kg every 2 wk )

NCT00819780

Ⅱ

1st

Panitumumab + mFOLFOX 6 vs bevacizumab + mFOLFOX 6

NCT01328171
NCT01508000

Ⅱ

1st
1st

NCT01814501
NCT00940316

Ⅱ
Ⅱ

2nd
2nd

NCT00364013

Ⅲ

1st

FOLFOXIRI + panitumumab vs FOLFOXIRI
mFOLFOX6 (6 cycles after and before surgery) + surgery vs
mFOLFOX6 + bevacizumab (6 cycles after and before surgery) +
surgery vs mFOLFOX6 + panitumumab (6 cycles after and before
surgery) + surgery
5-FU + irinotecan + panitumumab
Erlotinib + panitumumab + irinotecan (treatment repeats every 2
wk) vs Erlotinib + panitumumab (treatment repeats every 2 wk) vs
Erlotinib + panitumumab
FOLFOX + panitumumab vs FOLFOX

Cetuximab

Ⅱ
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Ongoing, but not recruiting
participants
Currently recruiting participants
Currently recruiting participants
Currently recruiting participants
Currently recruiting participants
Currently recruiting participants

Currently recruiting participants
Ongoing, but not recruiting
participants
Currently recruiting participants

Currently recruiting participants
Currently recruiting participants
Ongoing, but not recruiting
participants

Ongoing, but not recruiting
participants
Currently recruiting participants
Ongoing, but not recruiting
participants
Ongoing, but not recruiting
participants
Currently recruiting participants
Ongoing, but not recruiting
participants
Currently recruiting participants
Ongoing, but not recruiting
participants
Ongoing, but not recruiting
participants
Currently recruiting participants
Not yet open for participant
recruitment

Currently recruiting participants
Currently recruiting participants

Ongoing, but not recruiting
participants
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Aflibercept

NCT01910610

Ⅲ

1st

NCT01669720
NCT01652196
NCT01802684

Ⅱ

2nd
1st
1st

NCT01882868
NCT01889680

Ⅱ

Ⅱ
Ⅱ

Ⅱ

2nd
1st

NCT01646554 Ⅱ/Ⅲ

1st

NCT01661270

Ⅲ

2nd

NCT01571284
NCT01670721

Ⅲ
Ⅲ

2nd
2nd

Brivanib

NCT01367275

Ⅱ

2nd

Cediranib

NCT00588900

Ⅱ

2nd

Ramucirumab NCT01111604

Ⅱ

2nd

NCT01183780

Ⅲ

2nd

NCT01298570

Ⅱ

2nd

NCT01289821

Ⅱ

1st

NCT01875380

Ⅱ

1st

NCT01103323

Ⅲ

2nd

NCT01584830

Ⅲ

2nd

NCT01853319

Ⅲ

2nd

NCT01538680

Ⅲ

2nd

Regorafenib
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FOLFIRI + cetuximab, followed by oxaliplatin-based chemotherapy
Not yet open for participant
+ bevacizumab vs OPTIMOX + bevacizumab, followed by
recruitment
irinotecan-based chemotherapy + bevacizumab, followed by an
anti-EGFR agent (cetuximab +/- irinotecan or panitumumab) with
or without irinotecan
Aflibercept iv (4 mg/kg every 2 wk)
Currently recruiting participants
Aflibercept iv + mFOLFOX 6 iv (days 1 and 15; repeats every 28 d)
Currently recruiting participants
Induction therapy (sequence #1)
Not yet open for participant
Regimen: Aflibercept + mFOLFOX7 - 6 cycles (3 mo) Maintenance
recruitment
after induction (sequence #2) First phase (sequence #2A);
Regimen: Aflibercept + fluoropyrimidine (simplifed LV5FU2
or capecitabine) - 6 cycles (3 mo) Second phase (sequence #2B);
Regimen: Aflibercept +/- fluoropyrimidine (simplifed LV5FU2
or capecitabine) - until PD or limiting toxicity Reintroduction
(sequence #3); Regimen: Aflibercept + mFOLFOX7 - 6 cycles (3
mo) Maintenance after reintroduction (sequence #4); Regimen:
Aflibercept + fluoropyrimidine - until PD or limiting toxicity
Aflibercept iv + FOLFIRI Aflibercept + FOLFIRI (every 2 wk)
Currently recruiting participants
mFOLFOX6 + aflibercept (every 14 d for 6 cycles) plus 5-FU/LV
Not yet open for participant
(every 14 d) vs mFOLFOX6 + aflibercept (every 14 d for 6 cycles)
recruitment
plus 5-FU/LV + aflibercept (every 14 d)
mFOLFOX6 and SURGERY 6 cycles before and 6 cycles after
Not yet open for participant
surgery consisting in: Hour 0: Oxaliplatin 85 mg/m² iv 2-h
recruitment
infusion; Hour 0: Folinic acid 400 mg/m² (DL form) or 200 mg/m2
(L form) iv 2-h infusion; Hour 2: 5-FU 400 mg/m² iv bolus over
2-4 min; Hour 2: 5-FU 2400 mg/m² given as a continuous infusion
over 46 h; On day 1 of a 14 d cycle vs mFOLFOX6 + aflibercept
and surgery; 6 cycles before and 6 cycles after surgery consisting
in: Hour 0: Aflibercept 4 mg/kg intravenous infusion 1-h; Hour
1: Oxaliplatin 85 mg/m2 2-h infusion; Hour 1: Folinic acid 400
mg/m2 (DL form) or 200 mg/m2 (L form) 2-h infusion; Hour 3: 5-FU
bolus 400 mg/m2 iv bolus over 2-4 min; Hour 3: 5-FU 2400 mg/m²
given as a continuous infusion over 46 h; Day 1 of a 14 day cycle
Aflibercept iv (day 1 of each cycle, every 2 wk) + FOLFIRI vs
Currently recruiting participants
Placebo iv (day 1 of each cycle, every 2 wk) + FOLFIRI
Aflibercept IV (every 2 wk ) + FOLFIRI
Currently recruiting participants
Aflibercept IV (on day 1) + FOLFIRI administered as follows: dICurrently recruiting participants
leucovorin infusion over 2 h on day 1; Irinotecan: infusion over
90-min infusion, on day 1, followed by bolus 5-FU and 5-FU
continuous infusion over 46 h or as individualized by physician's
clinical judgment; Treatment cycle to be administered every 2 wk
Brivanib (800 mg orally daily days 1-14) + Irinotecan iv (180 mg/
Ongoing, but not recruiting
m2 on day 1)
participants
Irinotecan iv (days 1 and 8) + Cediranib oral (days 1-21)
The recruitment status of this study
is unknown because the information
has not been verified recently
mFOLFOX-6 vs mFOLFOX-6 + ramucirumab ( 8 mg/kg iv
Ongoing, but not recruiting
infusion, administered every 2 wk) vs mFOLFOX-6 + icrucumab (
participants
15 mg/kg iv infusion, administered every 2 wk)
FOLFIRI + ramucirumab ( 8 mg/kg administered intravenously
Currently recruiting participants
every 2 wk) vs FOLFIRI + placebo
Regorafenib (160 mg, po, daily, per 7 day cycle) + FOLFIRI (day
Currently recruiting participants
1 and day 15 of each 28 d cycle) vs Placebo (oral administration,
days 4-10 and days 18-24 of 28 day cycle +)+ FOLFIRI (day 1 and
day 15 of each 28 d cycle)
Day 1 and day 15 of each cycle: 85 mg/m² oxaliplatin + folinic acid
Ongoing, but not recruiting
(either 400 mg/m² D/L-folinic acid or 200 mg/m² L-folinic acid),
participants
iv + 400 mg/m² 5 FU iv + 2400 mg/m² 5 iv; Days 4 to 10 and days
18 to 24: regorafenib 160 mg (four 40 mg tablets)
Regorafenib (orally, 160 mg per day for 3 wk, followed by 1 wk of
Not yet open for participant
rest)
recruitment
Regorafenib (160 mg per oral once daily for 3 wk on 1 wk off of
Ongoing, but not recruiting
every 4 wk cycle) vs Placebo (per oral once daily for 3 wk on 1 wk
participants
off of every 4 wk cycle)
Regorafenib [3 wk on/1 wk off (160 mg od po)]
Ongoing, but not recruiting
Placebo [3 wk on/1 wk off (160 mg od po)]
participants
Regorafenib (160 mg per oral every day for 3 wk of every 4 wk
Not yet open for participant
cycle)
recruitment
Regorafenib (160 mg po every day for 3 wk on, 1 wk off)
Expanded access is currently available
for this treatment
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Semaxanib

NCT00021281

Ⅲ

1st

Sorafenib

NCT01715441
NEXIRI 2

Ⅱ

2nd

NCT01471353

Ⅱ

2nd

NCT00826540

Ⅱ

2nd

NCT00839111

Ⅱ

2nd

NCT01290926

Ⅱ

2nd

NCT00326495

Ⅱ

2nd

NCT00936832

Ⅱ

1st

Sunitinib

Semaxanib iv (on days 1, 4, 8, 11, 15, 18, 22, 25, 29, 32, 36 and 39)
The recruitment status of this study
+ irinotecan iv, leucovorin calcium iv, fluorouracil iv (on days 1, is unknown because the information
8, 15, and 22) (every 6 wk) vs Irinotecan iv, leucovorin calcium iv,
has not been verified recently
fluorouracil iv (on days 1, 8, 15, and 22) (every 6 wk) vs Semaxanib
iv (on days 1, 4, 8, 11, 15, 18, 22, 25, 29, 32, 36 and 39) + irinotecan
iv (days 1, 15 and 29) + leucovorin calcium iv, fluorouracil iv (on
days 1, 2, 15, 16, 29 and 30) vs Irinotecan iv, leucovorin calcium iv,
fluorouracil iv (on days 1, 8, 15, and 22) (every 6 wk)
Irinotecan 180 mg/m2 iv with cross over to irinotecan and
Currently recruiting participants
sorafenib combination at progression vs Sorafenib 400 mg twice
daily with cross over to irinotecan and sorafenib combination at
progression vs Irinotecan 120 mg/m2 iv at cycle 1, 150 mg/m² at
cycle 2 and 180 mg/m² at cycle 3 + sorafenib 400 mg twice daily
from cycle 1
Sorafenib 200-400 mg po twice daily on days 1-21 (dose escalation
Currently recruiting participants
scheme) + capecitabine 1000 mg/m2 po twice daily on days 1-14
repeated every 21 d
Sorafenib twice daily on days 1-5 and 8-12 + bevacizumab iv on
Ongoing, but not recruiting
day 1
participants
Sorafenib (400 mg twice daily from day 3 to day 14, day 17-28) +
The recruitment status of this study
FOLFIRI
is unknown because the information
has not been verified recently
Sorafenib (200 mg in the morning, 400 mg in the evening) +
The recruitment status of this study
capecitabine (850 mg/m2 twice daily)
is unknown because the information
has not been verified recently
Oral sorafenib (400 mg by twice daily) plus cetuximab (400 mg/
Currently recruiting participants
m2, week 1; 250 mg/m2 iv, weekly)
FOLFIRI (on days 1, 15, and 29) + oral sunitinib (on days 1-28).
The recruitment status of this study
(repeats every 6 wk)
is unknown because the information
has not been verified recently

Research on July 25, 2013 (http://clinicaltrials.gov.). 5-FU: 5-fluoraucil; FOLFIRI: 5-fluorouacil + leucovorin + irinotecan; mFOLFOX6: 5-fluoroaucil +
leucovorin + oxaliplatin; HR: Harzard ratio.

group (30% vs 21%)[63].
In the phase Ⅲ MAX study, 471 patients with previously untreated and unresectable mCRC were randomly
assigned to the following arms: capecitabine alone,
capecitabine plus bevacizumab, or capecitabine, bevacizumab, and mitomycin. Median PFS was 5.7 mo for the
capecitabine arm, 8.5 mo for the capecitabine-bevacizumab arm, and 8.4 mo for the capecitabine-bevacizumabmitomycin arm. Thus, there was statistical improvement
in PFS between the capecitabine arm and the other two
arms (capecitabine vs capecitabine-bevacizumab: HR =
0.63, P < 0.001; capecitabine vs capecitabine-bevacizumab-mitomycin: HR = 0.59, P < 0.001)[64]. Based on these
results, in United States and Europe, bevacizumab in association with standard chemotherapy has been approved
for first-line treatment of KRAS-mutant mCRC or for
second-line treatment of KRAS-wild type patients previously treated with anti-EGFR drugs.
Despite those interesting benefits reported in previous trials, researchers and clinicians should be knowledgeable about toxicities, such as for hypertension and
bleeding.

as mono-therapy or in combination with chemotherapy[66].
Cetuximab is a recombinant human-murine chimeric
IgG1 monoclonal antibody that binds to the extracellular
region of the EGFR with high specificity and with higher
affinity than EGF on normal and tumor cells[67].
A phase Ⅱ clinical trial conducted by Tabernero et al[68]
assessed 43 patients who received cetuximab and FOLFOX4 as first-line chemotherapy. RR was 72%; median
PFS was 12.3 mo and median OS was 30 mo. Cetuximab
did not increase the characteristic toxicity of FOLFOX4
and was collectively well tolerated. The most commonly
reported grade 3 or higher adverse events were diarrhea,
neutropenia, and paresthesia.
The OPUS study, also a phase Ⅱ trial (NCT00125034),
included 337 patients who were randomized to receive
FOLFOX4 with cetuximab (n = 169) or alone (n = 168)
in first-line chemotherapy[69]. In 93% of measured KRAS
patient samples, 57% were KRAS-wild type. Patients
whose tumors were KRAS-wild type who received cetuximab plus FOLFOX4 had a 2.6-fold increased odds ratio
of response (ORR: 57% vs 34%, OR = 2.551, P = 0.0027)
and a 43% decrease in the risk of disease progression
(median PFS 8.3 mo vs 7.2 mo, HR = 0.567, P = 0.0064)
compared with those who received FOLFOX4 alone.
Also, median OS was improved by the addition of cetuximab to FOLFOX4 for patients in that group (22.8 mo
vs 18.5 mo, HR = 0.855, P = 0.39). On the other hand,
patients whose tumors carried KRAS mutations who

Anti-EGFR agents
Cetuximab and panitumumab are two EGFR inhibitors
currently indicated as monotherapy in patients with wildtype KRAS tumors as a first or second-line treatment[65].
Only cetuximab is indicated in combination with irinotecan, and has been approved for use in first-line in Europe
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received cetuximab plus FOLFOX4 had a decreased odd
of response (34% vs 53%, OR = 0.459, P = 0.0290) and
a higher risk of disease progression (median PFS 5.5 mo
vs 8.6 mo, HR = 1.720, P = 0.0153) compared with those
who received FOLFOX4 alone[70].
In the phase Ⅲ CRYSTAL study (NCT00154102),
1198 patients who received cetuximab plus FOLFIRI (n
= 599) or FOLFIRI alone (n = 599) were included. The
addition of cetuximab to chemotherapy significantly
reduced the risk of progression by 15% (8.9 mo vs 8.0
mo, HR = 0.85, P = 0.048) and improved ORR (46.9%
vs 38.7%, OR = 1.40, P = 0.048). On the other hand,
no significant difference in median OS between the two
treatment groups was observed (19.9 mo vs 18.6 mo,
HR = 0.93, P = 0.31)[71]. In that study, KRAS and BRAF
mutations were detected in 37% and 6% of patients,
respectively. The addition of cetuximab to FOLFIRI
in patients with wild-type KRAS resulted in significant
improvement in median OS (23.5 mo vs 20.0 mo, HR =
0.796, P = 0.0093), median PSF (9.9 mo vs 8.4 mo, HR =
0.696, P =0.0012), and RR (57.3% vs 39.7%, OR = 2.069,
P < 0.001) compared with FOLFIRI alone. These results
showed the role of KRAS mutation status as a powerful
predictive biomarker for the efficacy of cetuximab plus
FOLFIRI. Concerning grade 3 or 4 adverse events, they
were more common with use of regimen with cetuximab
and included skin reactions, infusion reactions and diarrhea[72].
In the phase Ⅲ study NORDIC VⅡ (NCT00145314),
571 patients with mCRC were randomized to one of the
following three arms: continuous FLOX alone or with
cetuximab or intermittent FLOX with continuous weekly
cetuximab. No differences were found in RR, median
PFS or OS in patients receiving cetuximab, either in
KRAS-mutant or -wild-type[73].
In the phase Ⅲ trial MRC COIN, 1630 patients were
randomized to receive oxaliplatin-based chemotherapy
(FOLFOX or XELOX) with or without cetuximab. The
determination of KRAS mutation was performed in
1316 (81%) patients and it was identified in 729 (55%)
patients[74]. Patients with wild-type KRAS tumors showed
no improvements in median OS for cetuximab combined
with chemotherapy when compared with chemotherapy
alone (17.0 mo vs 17.9 mo, HR = 1.038, P = 0.68) or
PFS (8.6 mo vs 8.6 mo, HR = 0.96, P = 0.60); however,
there was an increase in ORR (57% vs 64%, P = 0.049).
Furthermore, there was a potential benefit with improvement in PFS for wild-type KRAS patients who received
cetuximab plus infused 5-FU (HR = 0.72, P = 0.037) but
not cetuximab plus capecitabine (HR = 1.02, 95%CI:
0.82-1.26, P = 0.88)[74].
Based on those trials, cetuximab in addition with standard chemotherapy has been approved in United States
and Europe for wild-type KRAS mCRC patients in firstline regimen. It is important to monitor toxicity profile
such as skin rash, diarrhea, nausea and mucositis in order
to provide a good tolerability for patients. Regular medical visits before each cycle and support medication could
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help address this concern.
Panitumumab is a recombinant human IgG2к monoclonal antibody that binds EGFR and prevents receptor
dimerization, tyrosine autophosphorylation of EGFR,
and the activation of downstream signaling molecules[75].
The phase Ⅲ trial PRIME (NCT00364013) included
1183 patients without prior chemotherapy for mCRC,
who were randomly assigned to receive FOLFOX4 with
or without panitumumab therapy. In the wild-type KRAS
subgroup, panitumumab plus FOLFOX4 produced a significantly improved median PFS compared with FOLFOX4 alone (9.6 mo vs 8.0 mo, respectively; HR = 0.80,
P = 0.02). Nevertheless, a non-significant increase in
median OS was found for panitumumab plus FOLFOX4
versus FOLFOX4 alone (23.9 mo vs 19.7 mo, respectively, HR = 0.83, P = 0.072). In the mutant KRAS subgroup
PFS was significantly reduced in the panitumumab plus
FOLFOX4 arm when compared with the FOLFOX4
alone arm (HR = 1.29, P = 0.02), and median OS was
15.5 mo vs 19.3 mo, respectively (HR = 1.24, P = 0.068)[76].
As a conclusion, the use of cetuximab or panitumumab for wild-type KRAS mCRC patients will depend
on the patient fitness, toxicity profile and drug wiliness
in each circumstance. Both drugs are safe and prove to
improve OS in the metastatic setting.
Double monoclonal antibody therapy
The efficacy of bevacizumab and anti-EGFR agents in
first-line treatment of mCRC encouraged two clinical trials of double monoclonal antibody therapy[77].
In the phase Ⅲ PACCE (NCT00115765) study, a total of 1053 patients were randomized to receive first-line
chemotherapy [oxaliplatin/5-FU/LV (n = 823 patients)
or irinotecan/5-FU/LV (n = 230 patients)] and bevacizumab with or without panitumumab. The study was discontinued early after a planned interim analysis showed
reduced PFS and increased toxicity in the panitumumab
arm. In the final analysis, median PFS (10.0 mo vs 11.4
mo for the panitumumab and control arms, respectively,
HR = 1.27) and OS (19.4 mo vs 24.5 mo for the panitumumab and control arms, respectively) were shorter in
the panitumumab arm in the entire study cohort as well
as in the subset with wild-type KRAS. Grade 3/4 adverse
events in the oxaliplatin (panitumumab vs control) cohort included skin toxicity (36% vs 1%), diarrhea (24% vs
13%), infections (19% vs 10%), and pulmonary embolism
(6% vs 4%)[78].
Similarly, in the phase Ⅲ CAIRO2 trial, 755 patients
with previously untreated mCRC were randomly assigned
to receive capecitabine, oxaliplatin, and bevacizumab
(CB regimen, n = 378 patients) or the same regimen plus
weekly cetuximab (CBC regimen, n = 377 patients). The
addition of cetuximab to XELOX plus bevacizumab resulted in shorter PFS in the entire study cohort (10.7 mo
in the CB group vs 9.4 mo in the CBC group, P = 0.01)
and in the wild-type KRAS subset compared with XELOX plus bevacizumab. No difference in OS (20.3 mo
in the CB group vs 19.4 mo in the CBC group, P = 0.16)
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or ORR (50.0% in the CB group vs 52.7% in the CBC
group, P = 0.49) was verified between treatment arms.
Patients treated with cetuximab who had tumors bearing
a mutated KRAS gene had significantly decreased PFS as
compared with cetuximab-treated patients with wild-type
KRAS tumors (8.1 mo vs 10.5 mo, P = 0.04) or patients
with mutated KRAS tumors in the CB group (8.1 mo vs
12.5 mo, P = 0.003). Grade 3 or 4 adverse events were
more frequent in the CBC group, which were attributed
to cetuximab-related adverse cutaneous effects[79].
On the basis of these studies, double monoclonal
antibody therapy with bevacizumab and an anti-EGFR
agent is not recommended[77].

showed in Tables 1 and 2. Further down, we will discuss
the main trials in each field.
Aflibercept
Aflibercept (Ziv-aflibercept, VEGF-Trap) is a recombinant VEGFR-antibody protein generated by the fusion
of second immunoglobulin (Ig) domain of the VEGFR-1 and the third Ig domain of the VEGFR2 to the Fc
domain of human IgG1[84]. In contrast to bevacizumab,
which only binds to VEGF-A and forms multimeric
complexes, aflibercept traps the different isoforms of
VEGF-A, with approximately 1000-fold higher affinity than bevacizumab. In addition, aflibercept binds to
VEGF-B and PIGF[85]. This VEGF-Trap effectively suppresses tumor growth and vascularization in vivo, resulting
in stunted and almost completely avascular tumors[84].
To investigate the potential role of aﬂibercept in the
ﬁrst-line treatment of mCRC with chemotherapy, the
phase Ⅱ AFFIRM trial (NCT00851084) recruited 236
patients who had never received therapy for mCRC or
angiogenesis inhibitors. A total of 117 patients received
mFOLFOX6 alone and 119 received mFOLFOX6 plus
aflibercept (4 mg/kg iv every 2 wk). This study showed
similar efﬁcacy of FOLFOX plus aflibercept vs FOLFOX
alone with respect to ORR (49.1% vs 45.9%, respectively)
and median PFS (8.48 mo vs 8.77 mo, respectively)[86].
The purpose of the phase Ⅲ randomized, placebocontrolled clinical trial VELOUR (NCT00561470) was
to investigate the efficacy and safety of aflibercept plus
FOLFIRI in the second-line treatment of mCRC after
oxaliplatin failure. 614 participants were randomly assigned to receive aflibercept (4 mg/kg intravenously; 612
patients) or placebo (614 patients) every 2 wk in combination with FOLFIRI. Median OS was 13.50 mo for aflibercept and 12.06 mo for placebo (HR = 0.817, P = 0.0032).
Adding aflibercept to FOLFIRI also increased PFS relative to placebo plus FOLFIRI (HR = 0.758, P = 0.0001),
with median PFS times of 6.90 mo vs 4.67 mo, respectively. The ORR in the aflibercept group was 19.8% compared with 11.1% in the placebo group (P = 0.001). Grade
3/4 adverse events with an at least 2% higher incidence
with aflibercept versus placebo were diarrhea, asthenia/
fatigue, stomatitis/ulceration, infections, hypertension,
gastrointestinal/abdominal pain, neutropenia/neutropenic
complications and proteinuria[87]. Approximately one third
of study participants had previously been treated with bevacizumab (187 in the placebo and 186 in the aflibercept
group). Aflibercept produced a consistent trend towards
prolonged OS (P = 0.7231) and PFS (P = 0.6954), regardless of prior use of bevacizumab. The incidence of adverse events in the aflibercept arm was similar in patients
with prior bevacizumab (100%) to those without (98.9%),
with a similar incidence of grade 3/4 events (82.5% and
83.9%, respectively). Results of this subgroup analysis
showed that the addition of aflibercept to FOLFIRI leads
to a consistent trend of increased OS and PFS, regardless
of prior bevacizumab use[88].

Management of liver metastasis
In order to determine the treatment strategy for hepatic
metastases of CRC, it is important to verify the presence of one of three situations: metastases are readily
resectable; metastatic disease is initially considered to be
unresectable, principally due to location; or liver metastases are unlikely ever to become resectable[80]. Surgical
resection undoubtedly remains the gold standard for
the treatment of resectable colorectal liver metastases
because it improves patient’s prognosis if the metastases
are resectable. When surgery is not indicated for hepatic
metastases, chemotherapy is the ﬁrst-choice treatment.
In cases where surgical resection becomes possible and
chemotherapy is effective, the long-term prognosis may
be good[81].
For patients with initially resectable disease, with good
prognostic factors, one approach is immediate surgical
resection and another is perioperative chemotherapy such
as FOLFOX4[82,83]. Today, chemotherapy before surgery,
even in patients with resectable metastases, can increase
the complete resection rate, facilitate limited hepatectomies, improve postoperative recovery, treat micrometastases, provide a test of chemoresponsiveness, identify
aggressive disease, spare ineffective therapy and prolong
relapse-free survival[80].
In potentially resectable colorectal liver metastases,
neoadjuvant chemotherapy, infused 5-FU/LV, in combination with either irinotecan or oxaliplatin, as well as
triple cytotoxic drug therapy, e.g., FOLFOXIRI, and more
recent combination chemotherapy regimens with targeted
agents cetuximab and bevacizumab, should be considered
to enhance the chance of cure of patient with initially
unresectable liver metastases[80,82].
In liver metastases that are unlikely to ever become
resectable, palliative chemotherapy based on FOLFOX4/
XELOX, FOLFIRI, with or without biological therapies,
should be considered. In this setting, the possibility of
doing a resection should not be excluded[82].

TARGET THERAPIES-OTHERS
Others drugs are also under investigation or have been
recently approved for the use in the metastatic setting, as
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Brivanib
Brivanib alaninate (BMS582664) is an oral, potent selective inhibitor of both the FGF and VEGF family of receptors[89]. Besides its antiangiogenic activity from blocking VEGFR-2 and -3, its ability to disrupt FGF receptors
(FGFRs) -1, -2 and -3 has been suggested to circumvent
primary and/or acquired resistance to VEGF blockade,
and block FGF-dependent tumor proliferation[90]. In preclinical studies using in vivo tumor xenograft models of
CRC resistant to bevacizumab, the strong antiangiogenic
effects and antitumor activity of brivanib[91] were established. Phase Ⅰ studies evaluated brivanib in combination
with cetuximab in advanced gastrointestinal malignancies,
including CRC, and demonstrated good tolerability and
some evidence of clinical activity[92,93].
A phase Ⅲ study (NCT00640471) was carried out to
evaluate combined use of brivanib and cetuximab without chemotherapy in third-line therapy for mCRC. A total of 750 patients were randomly assigned to treatment:
376 on brivanib plus cetuximab arm and 374 on placebo
plus cetuximab arm. Patients included in this trial had
wild-type K-RAS, had received prior fluoropyrimidine,
and had been treated with irinotecan and oxaliplatin. Despite positive effects on PFS (5.0 mo in brivanib arm and
3.4 mo in placebo arm-HR = 0.72, P < 0.001) and objective response, cetuximab plus brivanib increased toxicity
and did not significantly improve OS in patients with
metastatic, chemotherapy-refractory, wild-type K-RAS
colorectal cancer (8.8 mo in brivanib arm and 8.1 mo in
placebo arm-HR = 0.88, P = 0.12). A total of 51 patients
in brivanib arm and 27 patients in placebo arm had complete or partial response, yielding ORR of 13.6% and
7.2% for brivanib and placebo arms, respectively. The
difference in ORR was statistically significant, supporting the brivanib plus cetuximab combination (P = 0.004).
The median duration of response was 5.8 mo in brivanib
arm and 5.4 mo in placebo arm (P = 0.04). Incidence
of grade 3 or higher adverse events was 78% in brivanib
arm and 53% in placebo arm, particularly fatigue, hypertension, rash, abdominal pain, diarrhea, dehydration, and
anorexia. Hematologic adverse events were uncommon
in both arms[90].

with placebo plus chemotherapy.
HORIZON Ⅲ (NCT00384176) incorporated a phase
/
Ⅱ Ⅲ study design. An end-of-phase-Ⅱ analysis of efficacy and safety was undertaken to determine whether
the study should continue into the phase Ⅲ part. In this
study, a randomized comparison of mFOLFOX6 in
combination with cediranib versus mFOLFOX6 in combination with bevacizumab as first-line chemotherapy was
made in patients with mCRC.
Ramucirumab
Ramucirumab (IMC-1121B) is a fully humanized IgG1
monoclonal antibody that binds with high affinity to
the extracellular VEGF-binding domain of VEGFR-2.
Ramucirumab binds to a VEGFR-2 epitope involved in
ligand binding and blocks VEGF ligands from binding
this site and activating the receptor[95]. The inhibition of
VEGF-stimulated VEGFR-2 activation provides ramucirumab significant antitumor activity in a range of malignancies in animal models as a single agent or in combination with other therapeutics[96].
Several studies assessing ramucirumab in mCRC are
currently underway (Table 2), without reported results.
In a phase Ⅱ study (NCT00862784) participants were
treated with ramucirumab (8 mg/kg infusions every 2
wk) in combination with mFOLFOX6 as first-line therapy. In another phase Ⅱ study (NCT01111604), patients
with disease progression on an irinotecan-based, first-line
chemotherapy regimen (FOLFIRI or CAPIRI) received
mFOLFOX-6 alone or in combination with ramucirumab (8 mg/kg infusions every 2 wk). The phase Ⅱ study
NCT01079780 evaluated the combination of ramucirumab, cetuximab, and irinotecan versus cetuximab and
irinotecan in patients with mCRC and progression following a bevacizumab-based regimen. A phase Ⅲ study
(NCT01183780) evaluates the role of ramucirumab, in
combination with FOLFIRI chemotherapy, in patients
with progression following first-line combination therapy
with bevacizumab, oxaliplatin, and a fluoropyrimidine.
Soon, ramucirumab may show its place in the current
clinical practice scenario.
Regorafenib
Regorafenib (BAY 73-4506) is an oral multikinase inhibitor that blocks the activity of multiple protein kinases,
including kinases involved in the regulation of tumor
angiogenesis (VEGFR-1, -2, and -3, and angiopoietin-1
receptor), oncogenesis (KIT, RET, RAF1, BRAF, and
BRAFV600E), and the tumor microenvironment (PDGFR and FGFR)[97]. Preclinical studies (both in vitro and in
vivo) showed a broad spectrum of antitumor activity of
Regorafenib as a result of its ability to block several angiogenic, stromal and oncogenic kinases[98].
The phase Ⅲ trial CORRECT (NCT01103323) investigated the use of regorafenib in 760 patients who
had received all locally approved standard therapies and
had progressed during or within 3 mo after the last standard therapy. Patients were randomized in a 2:1 ratio to

Cediranib
Cediranib (AZD2171) is a highly potent and selective
inhibitor of the three VEGFRs and has a half-life suitable for once-daily oral dosing[94]. Cediranib is currently
in phase Ⅲ development for the first-line treatment of
mCRC. The clinical development program includes two
global phase Ⅱ/Ⅲ studies (HORIZON Ⅱ and HORIZON Ⅲ) in the first-line treatment setting, and a phase
Ⅱ study in second-line treatment.
HORIZON Ⅱ (NCT00399035) is a randomized
phase Ⅱ / Ⅲ trial aimed to compare chemotherapy
(FOLFOX or XELOX) with cediranib or placebo as
first-line therapy in patients with mCRC. In this study,
cediranib plus chemotherapy significantly improved PFS
(HR = 0.84) but not OS (HR = 0.94) or ORR, compared
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receive regorafenib (160 mg orally daily for 3 out of 4 k;
n = 500) versus placebo (3 wk on and 1 wk off; n = 253),
respectively. Randomization was based on pre-allocated
block sizes and patients were stratified by previous treatment with VEGF-targeting drugs, time from diagnosis
of metastatic disease (≥ 18 or < 18 mo), and geographical region. This study reported an increase in OS for
regorafenib-treated patients against best supportive care,
after progression on standard therapy (6.4 mo vs 5.0 mo,
respectively, HR = 0.77, one-sided P = 0.0052). Also, median PFS was 1.9 mo vs 1.7 mo when compared with placebo (HR = 0.49, one-sided P < 0.000001). After the interim analysis, the study was unblinded and patients were
allowed to cross over to the regorafenib arm. Treatmentrelated adverse events occurred in 93%of patients in the
regorafenib arm and in 61% of those in the placebo arm.
The most common grade 3 or higher side effects related
to regorafenib were hand-foot skin reaction (17%), fatigue (10%), diarrhoea (7%), hypertension (7%), and rash
or desquamation (6%)[99]. Based on the CORRECT study,
regorafenib received approval from the FDA in October
2012 for the treatment of chemorefractory mCRC patients. However, we believe that this drug should be provided only in a specific context due to the modest results
reported on OS benefit and pharmaco-economic evaluation.

results were observed in the subgroup analyses: in patients with wild-type KRAS, the median PFS was 9.5 mo
vs 9.2 mo, respectively (HR = 0.84), with corresponding
medians of 7.8 mo vs 7.6 mo, respectively, in the mutant
KRAS subgroup (HR = 0.96). In patients with wild-type
BRAF, the median PFS was 9.2 mo vs 9.0 mo, respectively (HR = 0.91), and the median PFS for patients with
mutant BRAF was 8.6 mo vs 7.3 mo, respectively (HR =
0.89). There was no difference between treatment arms
for median OS (17.6 mo in the sorafenib arm vs 18.1 mo
in the placebo arm-HR = 1.13, P = 0.51). In patients
with wild-type KRAS, median overall survival was 19.9
mo vs 16.8 mo, respectively (HR = 0.89), and 17.0 mo vs
19.4 mo, respectively, in patients with mutant KRAS (HR
= 1.29). In patients with wild-type BRAF, median overall
survival was 18.8 mo vs 18.3 mo, respectively (HR = 1.09),
and 13.9 mo vs 11.9 mo, respectively, in patients with mutant BRAF (HR = 0.46). The most common grade 3/4
adverse events in the sorafenib and placebo arms were
neutropenia (48% vs 22%), peripheral neuropathy (16% vs
21%), and grade 3 hand-foot skin reaction (20% vs 0%).
Treatment discontinuation because of adverse events was
9% and 6%, respectively. Generally, dose intensity (duration and cumulative doses) was lower in the sorafenib
arm than in the placebo arm. This study did not detect
a PFS benefit with the addition of sorafenib to first-line
FOLFOX6 for mCRC, and KRAS and BRAF status did
not seem to impact treatment outcomes. These results
do not support further development of sorafenib in
combination with mFOLFOX6 in molecularly unselected
patients with mCRC[104].
The clinical phase Ⅱ study FOSCO (NCT00889343)
studied the combination of FOLFOX6 or FOLFIRI with
sorafenib or alone, as a second-line therapy in mCRC
patients. Although the study had already been completed,
its results are not yet known.

Semaxanib
Semaxanib (SU5416) is a potent, specific and competitive (with respect to ATP) inhibitor of the tyrosine kinase
activity of Flk-1/KDR. Semaxanib was shown to inhibit
VEGF-dependent mitogenesis of human endothelial
cells, without inhibiting the growth of a variety of tumor
cells in vitro[100,101].
A clinical phase Ⅲ study (NCT00004252) studied the
combination of 5-FU/LV with semaxanib or alone, as a
first-line therapy for mCRC patients. Although the study
had already been completed, its results are not yet known.

Sunitinib
Sunitinib malate (SUTENT) is an oral, multitargeted tyrosine kinase inhibitor that selectively inhibits the VEGFR
and PDGFR family members, as well as stem-cell factor
receptor (KIT), glial cell line-derived neurotrophic factor
receptor (rearranged during transfection; RET), colonystimulating factor receptor (CSF-1R), and FMS-like tyrosine kinase-3[105-107].
In a phase Ⅲ trial (NCT00457691), 768 patients with
mCRC were randomly assigned to receive intravenous
FOLFIRI (every 2 wk) plus sunitinib (37.5 mg/d, 4 wk
on, 2 wk off) (n = 386) or placebo (n = 382). Median PFS
was 7.8 mo in the sunitinib plus FOLFIRI arm and 8.4
mo in the placebo plus FOLFIRI arm (HR = 1.095; P =
0.807), indicating a lack of superiority for sunitinib plus
FOLFIRI. Median OS was 20.3 mo in the sunitinib arm
and 19.8 mo in the placebo arm (HR = 1.171, one-sided
stratified Log-rank P = 0.916). In addition, the ORR in
the sunitinib arm failed to be significantly better than that
in the placebo arm (32% vs 34%; P = 0.683). The study
failed to demonstrate superiority for FOLFIRI plus suni-

Sorafenib
Sorafenib is an oral multikinase inhibitor with antiproliferative and anti-angiogenic effects. It inhibits the
activity of the serine/threonine kinases c-Raf and B-Raf;
the mitogen-activated protein kinases MEK and ERK;
VEG; PDGFR; the cytokine receptor c-KIT; the receptor tyrosine kinases Flt-3 and RET; and the Janus kinase/
signal transducer and activator of transcription (JAK/
STAT) pathway[102]. In vivo and in vitro studies showed that
sorafenib inhibits tumor growth and disrupts tumor microvasculature through antiproliferative, antiangiogenic,
and/or proapoptotic effects[103].
In the double-blind placebo-controlled phase Ⅱ study
RESPECT (NCT00865709), the addiction of sorafenib
to mFOLFOX6 was evaluated. 198 patients were randomized to receive sorafenib (400 mg bid) (n = 97) or
placebo (n = 101), combined with mFOLFOX6 every 14
d. Median PFS was 9.1 mo for the sorafenib arm and 8.7
mo for the placebo arm (HR = 0.88, P = 0.46). Similar
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vs 2.3%, respectively), and pulmonary embolism (5.7% vs
1.7%, respectively)[110].
The CONFIRM 2 (NCT00056446) was a phase Ⅲ
trial aimed to compare treatment with vatalanib plus
FOLFOX4 versus placebo plus FOLFOX4 in patients
with previously treated mCRC, whose disease had recurred or progressed during or within 6 mo of treatment
with irinotecan in combination with a fluoropyrimidine.
The median OS was 13.1 and 11.9 mo (HR = 1.00, P =
0.957). Median PFS was longer with vatalanib than with
placebo (5.6 and 4.2 mo, respectively; HR = 0.83, P =
0.013). Treatment-related adverse events occurred in
81.4% patients in vatalanib arm and in 71% of those in
placebo arm. The most common grade 3 or higher side
effects related to vatalanib were neutropenia, hypertension, diarrhea, fatigue and nausea[111].

tinib. Sunitinib plus FOLFIRI was associated with more
grade ≥ 3 adverse events and laboratory abnormalities
when compared to FOLFIRI plus placebo [neutropenia
(68% s 30%), diarrhea (16% vs 8%), thrombocytopenia
(11% vs 1%), anemia, stomatitis, fatigue, hand-foot syndrome and febrile neutropenia)]. In addition, more deaths
as a result of toxicity (12 vs 4) and signiﬁcantly more dose
delays, dose reductions and treatment discontinuations
occurred in the sunitinib arm[108].
A phase Ⅱ, open-label, single-arm study (NCT00668863)
investigated oral sunitinib (37.5 mg/d 4 wk on, 2 wk off)
combined with intravenous FOLFIRI (every 2 wk) for
the first-line treatment of Japanese patients with unresectable or metastatic CRC. Median PFS was 6.7 mo by
independent review and 7.2 mo by investigator assessment. ORR was 36.6% by independent review and 42.3%
by investigator assessment. There was a high incidence of
adverse events such as neutropenia (97.2%), leukopenia
(97.2%); thrombocytopenia (84.5%), diarrhea (78.9%),
nausea (78.9%), decreased appetite (74.6%) and fatigue
(66.2%). Furthermore, almost 20% of patients discontinued study treatment permanently, due to adverse events
and over 90% of required temporary interruptions of
study treatment to perform treatment for related toxicities. The study was closed early when the concurrent
phase Ⅲ study of first-line sunitinib plus FOLFIRI in
non-Japanese patients with mCRC was stopped due to
futility, as discussed previously.

CONCLUSION
Nowadays, mCRC treatment remains a challenge for
oncologists worldwide. Over last three decades, mCRC
treatment has came from fluropirimidine based chemotherapy to the addition of innovative chemotherapies
regimen combination, such as FOLFOX, FOLFIRI,
XELOX, XELIRI, 5-FU + LV, and innovative biologic
therapies, such as bevacizumab, cetuximab and panitumumab. More recently, Aflibercept was approved for
combination with standard chemotherapy in second line
regimens for mCRC patients. Therefore, many options
are now available with a powerful capacity to improve
survival for metastatic patients. Thus, we should be aware
for those previous mentioned innovative opportunities to
fit them for each patient according to the adequate indication and tolerability. Also, pharmaco-economic studies
are warranted to provide useful tools for public health
entities, which might allow better clinical decisions, especially when willing those advances in research.

Vatalanib
Vatalanib (PTK 787/ZK 222584; PTK/ZK) is a potent,
orally active angiogenesis inhibitor that interferes with
the kinase activity of all three VEGF receptors, acting
as a competitive inhibitor at the ATP-binding site of the
receptor kinase. This inhibition is reversible, highly selective for VEGFRs and translates to growth inhibition in a
variety of different experimental tumor models. Although
tumor regression did not occur, an attenuation of tumor
growth was observed[109].
In the clinical phase Ⅲ trial CONFIRM1 (NCT00056459),
1168 patients with untreated mCRC were randomly assigned 1:1 to receive FOLFOX4 plus vatalanib or placebo. This study showed that the addition of vatalanib
to FOLFOX4 did not improve PFS (7.7 mo in vatalanib
arm and 7.6 mo in placebo arm: HR = 0.88, P = 0.118)
or OS (21.4 mo in vatalanib arm and 20.5 mo in placebo
arm: HR = 1.08, P = 0.260) and no statistically significant differences between the two treatment groups were
observed in ORR (42% in vatalanib arm and 46% in
placebo arm). Furthermore, vatalanib increased toxicity
and more patients withdrew from treatment because of
events other than disease progression in the vatalanib
arm. Incidence of adverse event was 85.3% in vatalanib
group and 77.5% in placebo group, particularly neutropenia, hypertension, and diarrhea. Concerning grade 3 or
higher adverse events, the most notable differences were
noted for hypertension (23.0% vs 6.8%, respectively),
diarrhea (15.4% vs 11.1%, respectively), dizziness (7.4%
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found in industrialized countries. At present only a minority of CRCs are characterized by a strong genotypeto-phenotype relation. This is due to several additional
factors determining phenotype expression. In conclusion, molecular characterization (genotype) is essential
to interpret the histological findings (phenotype) and
to identify prognostic groups as well as patients for targeted therapy.
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Abstract
Colorectal carcinomas (CRCs) are frequently found in
industrialized countries and lead to a high incidence of
malignancy-related mortality. Defined by histomorphological features, CRCs and their pre-invasive lesions
are quite heterogeneous. The underlying molecular
mechanisms include genomic instability, genomic
mutation of tumor suppressor genes or oncogenes,
epigenetic changes, and the microRNA network. The
molecular mechanisms are guided by repeated clonal
selections. The genotype-to-phenotype relation is assumed to be the great challenge of cancer research
and the development of effective targeted therapies.
At present a strong genotype-to-phenotype relation
is characterized only for a minority of CRCs. Consequently, the molecular characterization of CRCs is essential to interpret histological patterns and to identify
prognostic groups as well as patients for targeted
therapy.

INTRODUCTION
Colorectal carcinoma (CRC) is frequently found in industrialized countries and is a leading cause of cancerrelated death[1]. It is suggested by several studies that
the genotype-to-phenotype relation remains the great
challenge of basic cancer research[2,3]. The important
development of DNA sequencing technologies enables
clinicians and scientists to perform assessment through
to full mutation analysis of CRCs. This approach makes
it clear that the number of genetic aberrations in tumor
cells is highly variable, including tumors with more than
80 mutations as well as carcinomas harboring fewer than
10 mutations[4,5]. However, in addition to cancer-related
mutations, several other genetic and epigenetic mechanisms contribute to CRC heterogeneity. This point of
view implies that the genotype-to-phenotype relation is
more complex than previously assumed and is not only
founded by mutations. The basic molecular events determining and guiding development of histologically defined
CRC phenotypes (adenocarcinomas and non-glandular
variants classified by the World Health Organization) are
not elucidated. At present, several histomorphological tu-
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mor variants can be distinguished, but specific molecular
characteristics reflecting the histotype only exist in small
subgroups. For example, microsatellite instability (MSI)
is frequently found in mucinous adenocarcinomas and
some signet ring cell carcinomas, but not in all tumors of
these classes. In addition, microsatellite stability and cytosine-phosphate-guanine (CpG) island hypermethylation
are usually, but not always, found in intestinal cribriform
comedo-type adenocarcinomas. Because of the molecular heterogeneity of CRCs, identification of basic principles of carcinogenesis has been studied in hereditary
CRCs where distinct molecular events were characterized.
Familial adenomatous polyposis and hereditary nonpolyposis colon cancer (HNPCC) are the most important
syndromes that account for the vast majority of hereditary CRCs.
At present, the combination of multiple genetic alterations and clonal selections modified by lifestyle and
environmental factors is recognized as the driving force in
colorectal carcinogenesis[6]. The imbalance between mutation development and cell-cycle control further contributes to tumor development. In the review, major classes
of molecular events targeting colorectal carcinogenesis are
detailed concerning the genotype-to-phenotype relation.

and in almost all HNPCC (Lynch syndrome) associated
CRCs due to either somatic inactivation of both alleles
or an inherited germline mutation to one allele with additional somatic inactivation of the other[8]. A mismatch
repair function usually corrects deletion/insertion errors
during DNA replication. In MSI, sequence corrections
resulting in alleles of varying length are not performed.
The differences in length are diagnostic in PCR-based
strategies using consensus primer panels. In standardized
panels for MSI testing, two mononucleotides (BAT25
and BAT26) and three dinucleotide microsatellites
(D5S346, D2S123, D17S250) were used[9]. MSI CRCs are
not usually associated with mutations in KRAS or TP53.
However, genes containing simple repeats such as EGFR,
BAX, and TGFbetaRⅡ are often mutated in these tumors. The BRAF status is another variable in MSI CRCs
and a prognostic factor. Disease-free survival and overall
survival are significantly improved in patients with MSI
and non-mutated BRAF[10]. MSI CRCs do not have chromosomal abnormalities.
On microscopic examination, MSI CRCs are often
poorly differentiated, containing mucinous components,
have intratumoral lymphocytes, displaying Crohn’s like
inflammatory response near to the tumor edge, and are
plump infiltrative. These morphological features are variably expressed and sometimes absent in MSI CRCs.

GENOMIC INSTABILITY
Genomic instability (GIN) is determined by separate molecular phenomena and describes loss of mutation control by the cell-cycle[1]. The important molecular events/
pathways of GIN are chromosomal instability (CIN),
CpG island methylator phenotype (CIMP), and MSI. In
the following, these main pathways are further detailed.

CIMP
The CIMP was originally grouped together with MSI
tumors. The islands are CpG rich regions within the
genome and especially found in promoter sequences. In
carcinogenesis, methylation of CpG islands (so-called
type C methylation) leads to transcriptional silencing of
genes involved in tumor suppression, apoptosis, DNA
repair, and cell-cycle control[11]. Genes that are frequently
affected by this non-covalent epigenetic modification are
p16, MGMT, and hMLH1. The age-related methylation
of genes is designated as type A methylation. Based on
molecular data, different subgroups of CIMP CRCs are
defined. CIMP1 includes carcinomas with frequent MSI
and BRAF mutation, whereas CIMP2 refers to microsatellite stable carcinomas with a high frequency of KRAS
mutations. Microsatellite stable carcinomas with frequent
TP53 mutations are commonly CIMP negative[12].
Clinically, CIMP CRCs are commonly found in a
proximal location and often have methylation of the
hMLH1 mismatch repair gene. However, over 50% of
the CIMP CRCs are microsatellite stable. In general,
CIMP CRCs have a poor prognosis and are associated
with mutations in KRAS and/or BRAF. The histological
phenotype of CIMP CRCs is not well characterized or
defined. In these carcinomas a poor degree of histomorphological differentiation is frequently found reflecting
some aspects of MSI. However, despite methylation of
the hMLH1 mismatch repair gene, histomorphological
MSI-related histological features are not fully expressed
in CIMP CRCs.

CIN
The molecular mechanisms underlying CIN, the most
common type of GIN, include chromosome rearrangements, sequence changes, chromosomal number alterations, and chromosomal segregation defects. Loss of 18q
with the deletion of genes such as SMAD2, SMAD4, or
DCC, which is found in up to 70% of primary CRCs, is a
common molecular finding in CIN-related tumors[7]. The
carcinomas almost always have a mutation in the APC,
while KRAS mutations occur in about 50%. CIN-related
molecular lesions are found in dysplastic crypt foci. However, it has not been clear up to now whether CIN is a
cause or a consequence of malignant cell growth[1,7]. It is
suggested that CIN acts as a molecular founder and promoter of neoplastic growth.
CIN-related CRCs demonstrate no characteristic histomorphological pattern. They differ in tumor grading,
occurrence of necrosis, and accumulation of extracellular
mucin. The putative molecular founder event/mutation
for the intestinal phenotype of CRCs has not been characterized up to now.
MSI
MSI is found in up to 15% of so-called sporadic CRCs
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Small tubular
adenoma

It has been recognized that about 20% of CRCs arise
from a distinct pathway including special molecular and
histomorphological features[1]. The so-called serrated
pathway is associated with a sequence of genetic and
epigenetic alterations. Activating mutations of the BRAF
gene, coding a pro-proliferative, anti-apoptotic serinethreonine kinase, are an early event. The anti-apoptotic
BRAF function and probably additional failures in the
apoptotic pathway of enterocytes are assumed to be crucial in the establishment of serration, where an accumulation of cells is found. The BRAF associated proliferative
burst is probably followed by up-regulation of p16INK4a,
acting as a tumor suppressor, and increased secretion of
an insulin-like, growth-factor-binding protein 7 (IGFBP7).
Silencing of either p16INK4a or IGFBP7 CIMP sensible
cells via methylation is proposed as essential in the progression to sessile serrated adenoma/polyp (SSA/P)[13].
The phenotypes of serrated polyps vary considerably
and the entity mixed polyp reflects the considerable overlap among these lesions[14]. SSA/P constitutes about 20%
of all serrated polyps and is morphologically defined
by the elongation of serrated crypts and distortion of
the proliferative zone[15]. Several crypts display a dilated,
L-shaped, inverted T-shaped or anchor-shaped morphology with excess serration at the crypt base. Progression
of SSA/P is associated with the occurrence of cytological
dysplasia and development of invasive adenocarcinoma.
SSA/P and related adenocarcinomas are preferentially
found in the right hemicolon.
Traditional serrated adenomas (TSA) are morphological variants of serrated adenomas and show considerable
differences from SSA/P concerning mutation (KRAS
mutation in about 25%), localization (left-sided), and
methylation status (increased methylation, but not methylation of MLH1)[16]. In terms of histomorphology, TSAs
display an overall complex, often filiform configuration
with tall columnar cells, eosinophilic cytoplasm, a centrally placed, elongated, hyperchromatic nucleus, and the
formation of so-called ectopic crypts (the relationship
of crypts with the adjacent muscularis mucosae is not
preserved). The filiform serrated adenoma may represent
a TSA subset. Conventional adenomas with serrated architecture are defined as an additional subgroup in the
alternative serrated neoplastic pathway[1]. These morphologically defined entities are reflected by molecular findings and the model of an alternate pathway in colorectal
carcinogenesis[13]. Important pathways in colorectal carcinogenesis are summarized in Figure 1.
Given the malignant potential of serrated polyps, two
important serrated pathways of colorectal carcinogenesis
were characterized: (1) sessile serrated pathway; and (2)
traditional serrated pathway. The resulting serrated adenocarcinoma has architectural similarity to a SSA/P that
may be accompanied by additional morphological features including trabecular and mucinous areas. However,
these CRCs can have MSI-L or MSI-H, BRAF- or KRAS-
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Figure 1 Three important molecular pathways in colorectal carcinogenesis are characterized at present. In these models only a basal genotypeto-phenotype relation is given. CIN: Chromosomal instability; CIMP: Cytosinephosphate-guanine island methylator phenotype.

mutations, and CIMP[13,14]. Given the molecular heterogeneity of serrated adenocarcinomas, a strong genotype-tophenotype relation is not well established at present.

ADDITIVE MOLECULAR PATHWAYS
In addition to the molecular mechanisms and pathways
in colorectal carcinogenesis detailed above, several other
molecular events have been characterized[1]. These molecular lesions include mutational inactivation of tumor
suppressor genes such as APC, TP53, and TGF-beta, activation of oncogene pathways driven by the RAS-RAFMAPK or the PI3K-Akt signaling, injury of the miRNA
network (common changes in CRCs are: up-regulation
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of miR-31, miR-183, and miR-17-5; down-regulation of
miR-143, and miR-145), and epigenetic changes such as
histone modification[1,17-19]. Experimental data describing and characterizing the molecular network behind
colorectal carcinogenesis are continuously growing and
should give more insight into the genotype-to-phenotype
relation.

5

CONCLUSION
CRC is a heterogeneous disease and a leading cause of
cancer-related mortality. At present, a strong genotypeto-phenotype relation, which is assumed to be the great
challenge of cancer research and the development of
effective targeted therapies, is only defined in a small
number of CRC variants. Nevertheless, the molecular
understanding of key events and modifying pathways in
colorectal carcinogenesis has been essentially improved
through CRC classification and therapeutic regimes in
molecular terms. However, the scientific progress in the
molecular understanding of CRCs calls the paradigm
of a strong genotype-to-phenotype relation into question. Factors that govern the expression of pathogenic
mutations include genomic aberration in a heterozygote
background, the network of products from mutant and
wild type genes, and environmental factors. In summary,
the molecular characterization of CRCs is essential to
interpret histological patterns and to identify prognostic
groups as well as patients for targeted therapy.
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Follow-up and surveillance of early colon cancer
Core tip: Evidence has now accumulated that colonoscopy and removal of polyps, especially during screening
and surveillance programs, is effective in overall risk
reduction for colon cancer. After resection of malignant
pedunculated colon polyps or early stage colon cancers,
long-term repeated surveillance programs can also lead
to detection and removal of asymptomatic high risk advanced adenomas and new early stage metachronous
cancers. In future, novel imaging technologies (e.g. ,
confocal endomicroscopy), coupled with increased
pathological recognition of high risk markers for lymph
node involvement (e.g. , “tumor budding”) should lead
to improved staging and clinical care.

Abstract
Evidence has now accumulated that colonoscopy and
removal of polyps, especially during screening and
surveillance programs, is effective in overall risk reduction for colon cancer. After resection of malignant
pedunculated colon polyps or early stage colon cancers, long-term repeated surveillance programs can
also lead to detection and removal of asymptomatic
high risk advanced adenomas and new early stage
metachronous cancers. Early stage colon cancer can
be defined as disease that appears to have been
completely resected with no subsequent evidence of
involvement of adjacent organs, lymph nodes or distant sites. This differs from the clinical setting of an
apparent “curative” resection later pathologically upstaged following detection of malignant cells extending into adjacent organs, peritoneum, lymph nodes or
other distant sites, including liver. This highly selected
early stage colon cancer group remains at high risk
for subsequent colon polyps and metachronous colon
cancer. Precise staging is important, not only for assessing the need for adjuvant chemotherapy, but also
for patient selection for continued surveillance. With
advanced stages of colon cancer and a more guarded
outlook, repeated surveillance should be limited. In
future, novel imaging technologies (e.g. , confocal
endomicroscopy), coupled with increased pathological recognition of high risk markers for lymph node
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INTRODUCTION
Adenocarcinoma of the colon, including rectum, is a major cause of morbidity and mortality among all internal
malignant diseases in men and women. When the disease
is at an advanced stage with documented metastatic involvement of lymph nodes or other organs, the prognosis is especially dismal. A number of different staging
criteria have been used to estimate the depth of cancer
penetration in the colon as well as the extent of extracolonic disease involvement. Currently, a commonly used
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of a malignant pedunculated polyp that has minimal invasion. For these malignant polyps, however, deep histopathological assessment is not possible and lymph nodes
are not removed. Further upstaging of colon cancer may
result from employment of ultrasound, computed tomography (CT), magnetic resonance imaging or position
emission tomography with pathological confirmation. In
contrast, studies have already confirmed that methods
such as fecal immunochemical testing (FIT) or CT have
limited value in the detection of early stage colon cancer.
For example, a high rate of false-negative results with
FIT for early stage cancers was recently recorded[2] and
CT was shown to have a low sensitivity for diagnosis of
early T1 or T2 cancers[3].
Studies to explore staging using evolving endoscopic
methods have also appeared. For example, a recent report[4] compared new techniques for assessment of the
actual depth of colon cancer invasion. Magnification
chromoendoscopy and endoscopic ultrasound were
found to have similar accuracy in estimating the depth of
invasion, but neither procedure was believed to currently
have sufficient diagnostic accuracy for use as a reliable or
recommended standard[4]. Further investigative efforts
are needed to explore novel and emerging imaging developments, particularly endoscope-based or probe-based
confocal endomicroscopic methods. These offer the
possibility for more rapid (and possibly for economical)
differentiation of neoplastic from non-neoplastic colonic
disease, earlier diagnosis of colorectal cancer, further
evaluation of degree of differentiation and estimation of
invasion depth for early colorectal cancer[5-8].

Table 1 Colon cancer staging
AJCC stage
Stage 0
Stage Ⅰ
Stage Ⅰ
Stage ⅡA
Stage ⅡB
Stage ⅢA
Stage ⅢB
Stage ⅢC
Stage Ⅳ

TNM stage

TNM criteria

Tis N0 M0
T1 N0 M0
T2 N0 M0
T3 N0 M0
T4 N0 M0
T1-2 N1 M0
T3-4 N1 M0
Any T, N2, M0
Any T or N, M1

Tumor confined to mucosa
Tumor invades submucosa
Tumor invades muscularis propria
Tumor invades subserosa
Tumor invades adjacent organs
Tumor metastases to 1-3 nodes
Tumor metastases to 1-3 nodes
Tumor metastases to 4 or more nodes
Metastases to distant sites

AJCC: American Joint Committee on Cancer; TNM: tumor/nodes/
metastases. Other classification methods include: Dukes System: A, tumor
confined to intestinal wall; B, tumor invading through the intestinal
wall; C, tumor with lymph node involvement; D, tumor with distant
metastases; and Astler-Coller System: A, Tumor limited to mucosa; B1,
Tumor through muscularis mucosa but not muscularis propria; B2, Tumor
beyond muscularis propria; C1, B1 with lymph node metastases; C2, B2
with lymph node metastases; D, Distant metastases. Other criteria include:
venous and lymphatic invasion and differentiation.

staging method for colon cancer is based on the TNM
(tumor/node/metastases) system as delineated by the
American Joint Committee on Cancer (AJCC), now with
a staging manual and atlas in its 7th edition[1]. These different AJCC stages are summarized in Table 1.

EARLY STAGE COLON CANCER
Early stage colon cancer can be defined as disease that
appears to have been completely resected with no subsequent evidence of involvement of adjacent organs,
lymph nodes or distant sites. This definition differs from
the clinical setting of an apparent “curative” resection
later pathologically upstaged following detection of malignant cells extending into adjacent organs, peritoneum,
lymph nodes, or other distant sites, including the liver.
This highly-selected group with disease localized in
the colon still remains at especially high risk for subsequent development of colon polyps and metachronous
colon cancer. Conceptually, this definition of early stage
disease reflects increasing use of colonoscopic surveillance as an important tool in an emerging management
approach. Precise staging, however, is critical, not only in
assessing the need for adjuvant chemotherapy, but also
for the selection of patients for continued surveillance.
In patients with advanced stages of colon cancer and a
more guarded outlook, repeated surveillance should be
limited.

OUTCOME OF STAGING
Evidence has accumulated to show that a more advanced
cancer stage is correlated with a worse clinical outcome.
In patients with localized and limited disease confined
to the submucosa or muscularis propria, the overall 5
year survival is about 70%. With more advanced disease
extending beyond the subserosa into adjacent structures,
peritoneum, lymph nodes or distant sites, the overall 5
year survival is about 30%. Even in early stage colorectal cancer, bowel perforation from the tumor itself or
anastomotic leakage following surgery is associated with
increased recurrence rates and an impaired disease-free
survival[9].
Early detection of colon cancer has been an important goal for physicians evaluating patients at increased
risk for colon cancer. Colonoscopic regimens of surveillance have emerged based on good evidence that morbidity and mortality can be improved[10,11]. A number of
guidelines have been developed for endoscopic surveillance of high risk groups to detect colon cancer. Some
high risk categories have included a documented personal
and family history of colon adenomas and colon cancer
as well as inflammatory bowel disease. Among these high
risk groups, a prior history of a completely resected colon cancer is a special group that should be considered
for regular surveillance, particularly for those with early

IMAGING METHODS
Although imaging methods are important in defining
suspected areas of involvement, complete staging currently requires pathological assessment of resected tissue, particularly to define early stage disease. Usually
staging has been estimated after surgical removal of the
colon cancer, however, experience has shown that complete staging is also possible after endoscopic resection
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stage disease[12]. Most important, recent publications have
provided good evidence that colonoscopy is associated
with reduced colorectal cancer mortality[13,14]. In addition,
persistent and sustained reduction in colorectal cancer
mortality has been attributed, in large part, to the effect
of polypectomy[14]. For malignant colorectal polyps with
localized submucosal invasion, similar long-term results
have been recorded, although a risk for new colon polyps,
including advanced adenomas, and metachronous colon
cancer persists[15].

complete electrocautery removal of malignant pedunculated polyps. For example, a distance from the leading
invasive margin of the cancer to the cautery line of more
than 2 mm has been empirically used as a guideline of an
adequate resection of a pedunculated lesion with a stalk.
If the cautery line is involved with malignant cells after
removal of a malignant polyp, colectomy should be done.
For non-polypoid malignant lesions with submucosal
invasion, assessment is more difficult. In these, level 4
invasion was traditionally defined[24]. Others have suggested a different classification schema, especially for
surgically-resected specimens, defined by submucosal
depth of invasion (i.e., specifically, sm1, sm2, sm3) with
greatest depth of invasion having greatest risk for lymph
node involvement[27,31]. For endoscopic resection, complete removal of the submucosa may be more difficult
pathologically to define, although a retrospective evaluation of colorectal cancer initially treated with endoscopic
resection suggested that a positive vertical (rather than
lateral) resection margin and inadequate lifting sign were
positively correlated with risk of residual tumor and
lymph node metastases[32]. Other pathological risk factors
for node metastases have also been emphasized include
venous or lymphatic invasion, moderately or poorly differentiated tumor grade, tumor “budding” at the submucosal invasive front of the cancer, or a completely cancerdisrupted muscularis mucosa[33]. A high CEA value may
also be predictive of metastatic disease[34,35]. Because of
this increased risk for node involvement after endoscopic
resection with these high risk factors, colectomy may be
recommended to ensure complete cancer removal and
permit more detailed node sampling for metastatic disease.

SURVEILLANCE AFTER COLON CANCER
RESECTION
Earlier randomized clinical trials compared intense with
less intense surveillance after a “curative” resection[16-20].
Unfortunately, a number of methodological flaws in
these studies were noted[21], particularly the inclusion
of both early- (i.e., node-negative) and late- (i.e., nodepositive) stage disease together in the comparison groups,
regardless of the intensity of later surveillance. Perhaps,
in these earlier studies, evaluation of more homogeneous
populations, particularly with early-stage colon cancer,
would have shown a positive effect of surveillance because prognosis for patients with nodal involvement,
invasion of other structures and distant metastases would
be expected to be much more limited[21]. Moreover, a
more recent Cochrane evaluation has suggested a survival
benefit for selected patients with more intense followup[22]. Finally, long-term studies of symptomatic early
stage colon cancer patients followed over more than
10 years[23] demonstrated no locally recurrent disease.
However, in the same study[23], there was still an ongoing risk for new and asymptomatic neoplasms, including
advanced adenomas and early-stage metachronous colon
cancers.

TUMOR BUDDING AND OTHER RISK
FACTORS
“Tumor budding” is an independent prognostic indicator
of risk for lymph node involvement, especially in early
TNM stage colorectal cancer, as recently emphasized by
expert pathologists[36]. This description of “tumor budding” was attributed to Imai who first postulated that
this particular pathological feature of an invasive colon
cancer represented a sudden or rapid growth of the leading or invasive edge of a carcinoma, in part, related to an
interaction between epithelial and mesenchymal elements
at the tumor margin[36]. Evidence has accumulated that
tumor budding as well as high tumor grade or lymphovascular invasion are independent risk factors for lymph
node metastases in patients with submucosally invasive
colon cancer[37,38]. Patients with none of these high risk
pathological features had only rare lymph node metastases (less than 1%) whereas the risk increased substantially
with one (i.e., about 20%) or multiple (i.e., almost 40%)
risk factors. In addition, this study showed that absence
of extensive, particularly lateral, submucosal invasion
(specifically, < 4 mm in width and < 2 mm in depth), had
no apparent risk of metastases to lymph nodes (using an-

RISK OF LYMPH NODE METASTASES
A number of factors critical to accurate clinical and
pathological staging have been explored in recent years,
especially definition of high risk factors for lymph node
involvement, if only early stage colon cancer with submucosal invasion (or T1) disease appears to be present.
These factors include lymphatic invasion, venous invasion, tumor budding, poor tumor differentiation, extent
(especially width) of submucosal invasion, complete
disruption of muscularis mucosa. Indeed, some studies
have suggested that up to 16% with localized submucosal
invasive disease may already have lymph node metastases[24-30].
For malignant pedunculated colon polyps, Haggitt
et al[24] initially proposed a 4-level classification defined
by increasing depths of cancer invasion into the submucosa, particularly if deeper than the polyp stalk. Level 4
invasion into the submucosa was thought to represent
the highest risk for lymph node metastases. Some have
used alternative measures of depth of invasion to ensure
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ti-cytokeratin immunohistochemical staining method for
detection of lymph node micrometastases) if other high
risk markers were absent. Similar observations have been
independently reported[39-42], including a recent evaluation
following endoscopic removal of submucosal invasive T1
colorectal cancers[43].
In future, the clinical relevance of other clinical and
pathological methods of evaluation for staging, including stage Ⅱ colon cancer, will need additional evaluation.
These include number of lymph nodes surgically harvested[44-47], techniques used for lymph node evaluation
(including detection of micrometastases with novel immunohistochemical stains and polymerase chain reaction
methods)[48-51] as well as definition of the precise role of
sentinel node mapping for node sampling[52-54] and final
staging.

7

8

9

10

CONCLUSION
Colonoscopy screening and surveillance have a documented benefit in reducing the risk of colon cancer. As a
result, more early stage colon cancers will be detected in
surveillance programs and treated with endoscopic methods. Emerging imaging technologies, such as confocal endomicroscopic methods, may lead to further refinements
in definition of patients with early stage disease as well
their management. Pathological staging to define early
stage disease also continues to evolve, particularly with
the increased recognition of risk factors for lymph node
disease in early stage colon cancers and immunohistochemical methods for lymph node evaluation, especially
detection of lymph node micrometastases.
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Core tip: The choice of the first-line therapy is crucial
for patients with advanced, unresectable colorectal
cancer. The aim of this review is to critically focus on
updated scientific data that medical oncologists need to
interpret to make the most appropriate evidence-based
choice among many possible treatment options.
Original sources: Aprile G, Lutrino SE, Ferrari L, Casagrande M,
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Abstract
Colorectal cancer (CRC) is a significant health problem,
with around 1 million new cases and 500000 deaths
every year worldwide. Over the last two decades, the
use of novel therapies and more complex treatment
strategies have contributed to progressively increase
the median survival of patients with unresectable
advanced CRC up to approximately 30 mo. The availability of additional therapeutic options, however, has
created new challenges and generated more complicated treatment algorithms. Moreover, several clinically
important points are still in debate in first-line, such
as the optimal treatment intensity, the most appropriate maintenance strategy, the preferred biologic to be
used upfront in patients with KRAS wild-type CRC, and
the need for more detailed information on tumor biology. In this moving landscape, this review analyses
why the first-line treatment decision is crucial and how
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WHICH REASONING DOES LIE
BENEATH THE CHOICE OF A FIRST-LINE
TREATMENT?
Colorectal cancer (CRC) is currently the second most
common cancer in Europe, with nearly 450000 new cases
and approximately 215000 deaths occurred in 2012[1].
Half of those patients are either initially diagnosed at
an advanced or metastatic stage or later develop distant
metastases, and have a 5-year survival rate of 5%-10%[2].
While chemotherapy following resection of liver or lung
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metastases has been reported to increase the chance of
cure in selected patients, palliative systemic treatments
may at least produce survival benefits for those presenting with diffuse unresectable disease. Over the last two
decades, the median survival of patients with metastatic
CRC has progressively improved, approaching 30 mo in
recent reports. Notably, not only the widespread use of
all available active agents (including 4 different chemotherapy drugs and 5 biologics) has shaped this clinical
success, but also more patients have profited enhanced
quality of life while receiving modified or less intensive
maintenance treatments or while enjoying chemotherapyfree intervals. In fact, a smoother, more plastic concept
embracing a “comprehensive treatment strategy” has
substituted the rigid classical sequence of following
structured treatment lines in the continuum of care. Notwithstanding those significant advances, the treatment
landscape for unresectable advanced CRC has become
increasingly complex. For all those incurable patients,
mainstay of the treatment is to maximise survival while
minimizing toxicities and maintaining optimal quality of
life. The availability of more therapeutic options, however, has generated intricate algorithms of treatment
decision-making and medical oncologists are often overwhelmed by a large number of trials providing unclear or
conflicting results.
Unquestionably, when deciding the delivery of an
optimally personalized treatment sequence, the ultimate
treatment goal, outcome data from randomized clinical
trials, different regimen-related toxicity profiles, molecular
status of the disease, and patients’ willingness should all
be considered. However, while recent guidelines suggest
to combine chemotherapy with targeted agents for the
vast majority of those aged less than 75 years[3], it is much
less clear which patients deserve a higher treatment intensity and which is the best biologic to use upfront for CRC
patients with KRAS wild-type disease[4]. Moreover, it
should be acknowledged that the proportion of patients
receiving therapy diminishes with subsequent lines and
that efficacy results are the greatest in untreated patients
and usually reduce along with treatment course because
of a growing degree of chemoresistance. The foundation
of the upfront treatment is, therefore, crucial: in firstline setting the highest number of patients may benefit
therapies with the highest response rates and the longest
median progression-free survival (PFS). Moreover, there
is still a chance for unexpected resection and even cure,
and for all those who will not be cured, first-line therapy
may impact on overall survival (OS).
Actually, whenever discussing with a previously untreated patient the different first-line treatment options,
some clinical considerations should be made: (1) How
long will the patient survive and how long will the patient
benefit from first-line treatment? (2) Does the patient
need (and agree on) an aggressive strategy? (3) Will a
deeper knowledge of tumor molecular biology aid in
the decision-making process? (4) May the patient benefit
from maintaining an antiangiogenic strategy across treat-
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ment lines? and (5) Has the first-line choice potential impact on further treatment lines?
In addition, if the patients has previously received
adjuvant chemotherapy (indeed, approximately 30% of
metastatic CRC patients had), other questions arise: (1)
How long have the patient lived without evidence of
disease? (in other words, how long did the disease-free
interval last?) and (2) May previous adjuvant treatments
condition the first-line treatment choice?
Reporting as a springboard for discussion results
from key randomized clinical trials (Table 1), aim of this
viewpoint is to help clinicians making an evidence-based
decision when choosing among possible first-line treatments for their medically-fit advanced unresectable CRC
patients.

WHEN TO TREAT PATIENTS WITH
HIGHER INTENSITY? SEARCHING FOR
THE OPTIMAL FINE-TUNING
The idea of combining all available drugs upfront with
the aim to hit and immediately kill as many cancer cells as
possible is certainly not new. In CRC, the combination of
5-fluorouracil, oxaliplatin, and irinotecan (FOLFOXIRI)
was initially compared to 5-fluorouracil and irinotecan
(FOLFIRI) in two independent studies[5,6]. Results from
the phase Ⅲ randomized Italian trial showed significant
advantage for the triplet in terms of RR (66% vs 41%, P
= 0.0002), PFS (9.8 mo vs 6.9 mo, HR = 0.63), OS (22.6
mo vs 16.7 mo, HR = 0.70), and secondary resections for
those with liver-limited disease (36% vs 12%, P = 0.01),
thus presenting such an intensive upfront regimen among
the potential choices to be used when a significant tumor
shrinkage is needed. Oppositely, although based on an
encouraging preclinical[7] and clinical[8] background, final
results of combining doublet chemotherapy with both
bevacizumab and Epidermal Growth Factor Receptor
(EGFR)-inhibitors were vastly disappointing[9,10]. Overall,
both the randomized phase Ⅲ CAIRO2 and PACCE
studies showed significantly reduced PFS outcome results
and increased toxicity profiles for the 4-drugs combination when compared to chemotherapy plus bevacizumab alone. The reasons for the unforeseen antagonism
between the two biologic agents when combined with
chemotherapy are still uncertain[11]. The issue regarding
how much intense the chemotherapy backbone should
be remains critical also in the era of targeted agents. Two
randomized trials, phase Ⅲ TRIBE[12] and phase Ⅱ OLIVIA[13], investigated the combination of the FOLFOXIRI based-regimen with the antiangiogenic bevacizumab.
In the first trial, 508 advanced CRC patients received
upfront FOLFIRI or FOLFOXIRI plus bevacizumab.
Patients in the experimental arm achieved a significantly
longer PFS (12.1 mo vs 9.7 mo; HR = 0.77, 95%CI:
0.64-0.93, P = 0.006). The triplet also provided a significant increase in RR (65% vs 53%, P = 0.006), but not in
radical resection rate (15% vs 12%, P = 0.327). Neverthe-
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Table 1 Outcome results of major randomized phase Ⅲ trials in the first-line setting in metastatic colorectal cancer patients
Ref.

Regimen

Hurwitz et al[80]
IFL
Tebbutt et al[119]
Hurwitz et al[80]
IFL+bevacizumab
Cunningham et al[118] Capecitabine
Capecitabine + bevacizumab
Saltz et al[8]
XELOX/FOLFOX
XELOX/FOLFOX + bevacizumab
Heinemann et al[81]
FOLFIRI + cetuximab
FOLFIRI + bevacizumab
Capecitabine
Tebbutt et al[119]
Capecitabine + bevacizumab
Capecitabine + bevacizumab + MMC
Falcone et al[12]
FOLFOXIRI + bevacizumab
FOLFIRI + bevacizumab
Van Cutsem et al[82] FOLFIRI
FOLFIRI + cetuximab
Maughan et al[91]
XELOX/FOLFOX2
XELOX/FOLFOX + cetuximab
Tveit et al[120]
FLOX
FLOX + cetuximab
FLOX intermittently + cetuximab
Douillard et al[90]
FOLFOX4
FOLFOX4 + panitumumab
Schmoll et al[89]
FOLFOX + bevacizumab
FOLFOX + cediranib
Díaz-Rubio et al[60]
XELOX + bevacizumab
XELOX + bevacizumab→bevacizumab

n

Previous adjuvant
treatment

411

28%

34.8%

6.2

15.6

50%

402
140
140
701
699
297
295
156
157
158
252
256
599
599
815
815
185
194
187
590
593
713
709
239
241

24%
18.6%
32.1%
25%1
24%1
22.1%
18.9%
22%
28%
16%
12%
12%
18.9%
17.4%
25%1
25%1
8%1
9%1
10%1
15%1
16.1%1
19%
17%
13%1
17%1

44.8%
10%
19%
38%
38%
62%
58%
30.3%
38.1%
45.9%
65%
53%
39.7%
57.3%
57%
64%
41%
49%
47%
48%
55%
47.3%
46.3%
47%
49%

10.6
5.1
9.1
8
9.4
10
10.3
5.7
8.5
8.4
12
9.7
8.4
9.9
8.6
8.6
7.9
8.3
7.3
8
9.6
10.3
9.9
10.4
9.7

20.3
16.8
20.7
19.9
21.3
28.7
25
18.9
18.9
16.4
31
25.8
20
23.5
17
17.9
20.4
19.7
20.3
19.7
23.9
21.3
22.8
23.2
20

50%
37%
37%
53%
46%
65.7%
61.7%
68%
62%
61%
NA3
NA3
71.7%
66%
62%
56%
73.5%
75.8%
64.2%
63%
53%
23.8%
28.2%
72%
74%

ORR

Median PFS (mo) Median OS (mo)

Post-study
therapy

1

No previous oxaliplatin-based treatment allowed; 2Both Arm A (continuously) and Arm B (intermittently) have been considered; 3Data will be available in
2014. ORR: Overall response rate; PFS: Progression-free survival; OS: Overall survival; IFL: Irinotecan, fluorouracil, leucovorin therapy; FOLFIRI: 5-fluorouracil and irinotecan; XELOX: Capecitabine/oxaliplatin.

less, the study population was unselected for conversion
to surgical resectability, since only 20% of randomized
patients had liver-limited disease. Preliminary data
showed a trend toward improved OS in the FOLFOXIRI plus bevacizumab arm (31.0 mo vs 25.8 mo; HR =
0.83, 95%CI: 0.66-1.05). Phase Ⅱ OLIVIA trial allocated
80 advanced CRC patients with liver-only unresectable
metastases to receive 5-fluorouracil and oxaliplatin (FOLFOX) or FOLFOXIRI plus bevacizumab. Overall resection rate, the primary endpoint, was numerically higher
in the FOLFOXIRI plus bevacizumab arm (61.0% vs
48.7%, P = 0.27). The more intensive regimen provided
both a higher RR (80.5% vs 61.5%, P = 0.061) and radical (R0) resection rate (48.8% vs 23.1%, P = 0.017), with
longer PFS (18.8 mo vs 12.0 mo, P = 0.0002). Moreover,
retrospective data suggest that the addition of bevacizumab to the FOLFOXIRI regimen does not impact on
liver toxicity while enhancing the rate of pathologic response and tumor necrosis[14].
The combination of FOLFOXIRI with EGFR-inhibitors showed also interesting results in a phase Ⅱ trial,
but a formal phase Ⅲ comparison of the added benefit
of cetuximab or panitumumab to the triplet regimen is
currently lacking. In the TRIP study, 37 highly molecularly selected patients (concomitant wild-type status for
KRAS, BRAF, NRAS, and HRAS) received FOLFOXIRI
plus panitumumab with a reported RR of 89%. Fortythree percent of them underwent secondary surgery of
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metastases, and R0 resection was achieved in 13 cases
(35%). After a median follow-up of 17.7 mo, median PFS
was 11.3 mo[15]. Another phase Ⅱ study enrolled 43 CRC
patients with unresectable liver metastases to receive cetuximab plus chronomodulated irinotecan, 5-fluorouracil,
leucovorin and oxaliplatin as neoadjuvant chemotherapy[16]. After a median number of 6 cycles, RR was noted
in 79% of patients, and median OS was of 37 mo.
Based on available results, when should we opt for a
very intensive treatment? The use of triplet plus bevacizumab could be considered a possible treatment option
for those who parallel the trial’s inclusion criteria (i.e.,
unresectable, metastatic disease, age < 75 years; optimal
ECOG PS, no major comorbidities), but this appears
to be a much more intriguing and logical option for patients with symptomatic, bulky or aggressive disease or
when conversion from unresectable to resectable status is
deemed possible (liver-limited unresectable metastases).
In the first circumstance, patients may benefit from a fast
disease shrinkage that while reducing the tumor burden
may better control cancer-related symptoms or avoid
their occurrence. In the second condition, the advantage
of using this highly active combination is that it may exert its effect in few cycles, avoiding a sustained exposure
to chemotherapy that might potentially increase liver
toxicity just before hepatic surgery. Although phase Ⅱ
studies results are promising, the use of a triplet regimen
combined with EGFR-inhibitors outside of a clinical trial
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should be currently discouraged, even in patients with
optimal molecular selection. In order to ameliorate the
tolerability, the intensification of the upfront therapy in
never resectable patients usually requires to plan a short
initial treatment period (induction phase) followed by a
less intensive treatment (maintenance phase). To avoid
excessive toxicity in a palliative setting, the strength of
such an induction treatment should last no longer than 8
cycles. After that, patients are usually switched to an appropriate, more tolerable, maintenance regimen that may
be continued for a long period. Ongoing studies are clarifying the role of the maintenance therapy and expounding which are the optimal agents to be used. Potential
drawbacks of an intensive treatment include higher toxicity and more limited rescue options once the tumor has
become resistant.

in PFS were documented (HR = 1.06; 95%CI: 0.88-1.26,
P = 0.54). Of note, in the cohort of patients assessable
for response (n = 526, 89%), encompassing all those who
had received a minimum of 3 cycles and had performed
at least a CT-scan evaluation following baseline, RR was
significantly higher in favour of cetuximab-containing
arm (72.2% vs 63.1%, OR = 1.52, P = 0.017). Although,
no significant differences in median PFS were reported
(10 mo vs 10.3 mo, HR = 1.03; 95%CI: 0.88-1.26), a clinically meaningful 3.7-month median advantage in OS was
evidenced in favour of the cetuximab arm (28.7 mo vs
25 mo, HR = 0.77; 95%CI: 0.62-0.96), confirmed in all
exploratory subgroups analysed. Disparities in subsequent treatment lines may hardly explain this unforeseen
survival difference, being the proportion of patients who
crossed over or received treatment beyond progression
similar between treatment arms (65.7% in the cetuximab
arm vs 61.7% in the bevacizumab arm, P = 0.34). Oppositely, the association of both early tumor shrinkage
(at least 20% decrease in the sum of the longest diameter
compared with baseline at week 8) and the deepness of
response (percentage of tumor shrinkage observed at
the smallest tumor size compared to baseline) to EGFRinhibitors with the post-progression survival were advocated as possible reasons for success[32]. According to
this theoretical model, the higher tumour shrinkage may
result in a lower tumour load, as per RECIST, at the time
of disease progression so that the benefit achieved in
terms of deepness of response may influence the following history of patients’ disease. Likewise, a significant
correlation of the early objective tumor response (EOTR)
with survival was demonstrated by an individual patient
data meta-analysis of 15 randomized first-line trials enrolling approximately 12000 patients from the ARCAD
database[33]. In the analysis, median PFS and median OS
were consistently longer in patients with an EOTR at 6,
8 or 12 wk compared to those without. Overall, these results support the hypothesis that the advantage in terms
of activity of an intensive upfront regimen may translate
into a significant survival gain regardless the opportunity
to achieve secondary resections. While a confirmatory
correlation analysis is being conducted in FIRE-3 trial,
outcome results from a larger intergroup phase Ⅲ trial
(CALGB 80405, NCT00265850) that aims to compare
upfront chemotherapy with bevacizumab or cetuximab
in over 1200 metastatic CRC patients are awaited. Differently from FIRE-3, OS is the primary endpoint of the
CALGB and SWOG cooperative groups trial.
To simultaneously explore the head-to-head comparison and the treatment strategy, the GERCOR is sponsoring the phase Ⅲ STRATEGIC-1 trial[34] that is designed
to provide information on the optimal treatment sequence, with two different strategies each including all
the currently available agents (oxaliplatin, irinotecan, fluoropyrimidines, bevacizumab, and EGFR-inhibitors), but
in a different order. With disease control rate of the full
strategy as the primary endpoint, nearly 500 patients with
unresectable wild-type KRAS metastatic CRC will be

WHICH BIOLOGIC SHOULD BE
PREFERRED IN THE UPFRONT
TREATMENT OF KRAS WILD-TYPE CRC
PATIENTS?
Although the predictive role of G13D mutation still remains a matter of discussion[17-19], having a KRAS mutation in codon 12 or 13 is a universally accepted marker
for EGFR-inhibitor inefficacy [20,21]. Other germline
mutations in RAS or BRAF genes also seem to predict
unfavourable results[22,23], and acquired secondary mutations may cause resistance to EGFR-inhibitors[24-26].
Moreover, retrospective data confirmed that using a
more adequate technique RAS or BRAF mutations were
found in approximately 20% of cancers initially classified
as wild-type[20], and this might help in refining the target
population[27,28]. Current molecular selection has a negative predictive value, but it does not help in the clinicaldecision process for patients with wild-type CRC. Actually, which targeted agent should be combined to first-line
chemotherapy in KRAS wild-type patients is one of the
hot-topics in colorectal oncology. Up today, the choice
was essentially based on cross-trial comparisons and on
meta-analyses estimating the magnitude of benefit provided by each targeted agent[29,30]. While EGFR-inhibitors
were considered powerful shrinking agents, bevacizumab
was preferred for its ability to delay tumor progression.
FIRE-3, the first phase Ⅲ randomized trial to provide
results on the head-to-head comparison, randomized 592
KRAS wild-type CRC patients to upfront FOLFIRI plus
either cetuximab or bevacizumab, with the aim to detect
a difference of 12% in RR induced by FOLFIRI plus cetuximab (62%) compared to FOLFIRI plus bevacizumab
(50%)[31]. Though unusual for a randomized phase Ⅲ trial, RR was chosen as the primary endpoint of the study.
Because of a higher than expected treatment activity reported for patients exposed to bevacizumab, RR resulted
similar between treatment arms (62% in the FOLFIRI
plus cetuximab arm vs 58% in the FOLFIRI plus bevacizumab arm, OR = 1.18, P = 0.18) and no differences
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plus either bevacizumab or panitumumab[56] consistently
show that patients harbouring rare KRAS mutations
in exon 3 (codons 59/61) and 4 (codons 117/146), or
NRAS mutations in exon 2 (codons 12/13), 3 (codons
59/61), and 4 (codons 117/146) may not benefit from
the EGFR-inhibitor. In the first analysis, patients without RAS mutations had a 2.2 mo median advantage in
median PFS (10.1 mo vs 7.9 mo, HR = 0.72, 95%CI:
0.58-0.9, P = 0.004), and a 5.8 median advantage in OS (26
mo vs 20.2 mo, HR = 0.78, 95%CI: 0.62-0.99, P = 0.04).
Impressively, patients with no RAS or BRAF mutations
(n = 446) derived a 7.6 median survival benefit (28.3 mo
vs 20.9 mo, HR = 0.74, 95%CI: 0.57-0.96, P = 0.02) if
exposed to FOLFOX and panitumumab in first-line. An
exploratory biomarker tumor analysis[57] of patients enrolled in the panitumumab vs BSC randomized phase Ⅲ
study[58] reported similar results. Importantly, the addition
of panitumumab to first-line FOLFOX might be even
detrimental in patients with less common RAS mutations
and should be cautiously avoided. On the basis of these
data, marketing authorization for panitumumab has been
amended, including the analysis of NRAS status before
prescription, and restraining its use to RAS wild-type
CRC patients. Since it has been highlighted how a more
detailed molecular profile may impact on the evidencebased decision making process, a more accurate selection
of candidates to upfront EGFR-inhibitors is warranted.
Results of a similar deeper molecular analysis in patients
exposed to upfront cetuximab or bevacizumab combined
with FOLFIRI in the FIRE-3 trial will be soon presented.

randomized to FOLFIRI-cetuximab, followed by an oxaliplatin-based chemotherapy with bevacizumab (Strategy
A) or OPTIMOX-bevacizumab, followed by irinotecanbased chemotherapy with bevacizumab, followed by an
EGFR-inhibitor with or without irinotecan (Strategy B).
The study is starting soon the target recruitment.

TOWARD A BETTER MOLECULAR
SELECTION? BROADENING CRC
BIOLOGIC KNOWLEDGE BEYOND KRAS
Since the acknowledgment that CRC is a highly heterogeneous disease with regards to clinical evolution and
response to treatments and the fact that it may change
over time or evolve under treatment pressure[35], a more
profound molecular knowledge of this cancer has been
promoted[36]. Actually, a deeper understanding of the
disease pathobiology and its molecular underpinnings
allow clinicians to take advantage of a more detailed
disease classification[37] and more robust information on
predictive and prognostic biomarkers as well as resistance bioindicators for both antiangiogenic[38] and EGFRinhibitors[39]. Whether serial tumor biopsies and repeated
mutation testing may be useful to better capture the CRC
heterogeneity and to systemically track its genomic evolution is a matter of debate[40,41], but the application of
innovative, low-invasive techniques may find acceptance
from both scientific and ethical standpoints[42,43]. Specifically focusing on the treatment tailoring, the landscape
has rapidly evolved beyond KRAS codon 12 and 13 mutational status[44]. For example, rare mutation occurring in
other KRAS codons, such as mutation in codons 61 or
146, may result in reduced EGFR-inhibitor efficacy[22]. As
well, V600E BRAF mutations occurring in approximately
10% of all KRAS wild-type CRC tumors[45] or more rare
KRAS amplifications[46] seem to limit the benefit from
EGFR-inhibitors[47-49]. However, while there is total agreement on its negative prognostic value, the negative predictive role of BRAF mutations with regards to EGFRinhibitor therapy is not universally accepted [50-52] and
loss of PTEN expression or activity[53,54] have also been
associated to inferior benefit from EGFR-inhibitors, but
the small sample size of the cohort analysed linked to
the relatively rare events prevent to draw strong definitive
conclusions.
Importantly, the use of EGFR-inhibitors in the clinical practice should be based on a deep molecular analysis
with further refinement of tumor-specific genetic markers in order to simultaneously allow: (1) identification of
a wider patient population that does not benefit from
the target treatment or may have detrimental effect; and
(2) selection of patients who may achieve a maximized
survival improvement. A prospective-retrospective
analyses of phase Ⅲ PRIME trial[55] that randomized
1083 patients to upfront FOLFOX plus or minus panitumumaband a preplanned analysis of phase Ⅱ PEAK
study that assigned in first-line 285 patients to FOLFOX
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ANGIOGENIC INHIBITORS UPFRONT AND
IN THE FOLLOWING TREATMENT LINES?
THE ISSUE OF MAINTENANCE AND
TREATMENT BEYOND PROGRESSION
The choice of an upfront bevacizumab-based combination is considered a widely accepted standard treatment option for the majority of advanced CRC patients.
Although supported by limited evidence, to continue
the angiogenic inhibitor until disease progression is not
uncommon in the clinical practice, especially for those
patients who partially or entirely withhold the associated
chemotherapy because of toxicity or towering cumulative
doses of oxaliplatin[59]. Actually, results of randomized
trials such as MACRO[60], DREAM[61], and COIN-B[62]
suggest to continue bevacizumab as maintenance therapy
until disease progression. In the MACRO trial, 480 CRC
patients were randomly assigned to receive six cycles of
bevacizumab, capecitabine, and oxaliplatin followed by
bevacizumab either alone or combined with the same
chemotherapy regimen until progression. A slightly longer median PFS was reported in the combination arm (10.4
mo vs 9.7 mo, HR = 1.1, P = 0.38), although burdened by
a higher rate of severe sensory neuropathy (26% vs 8%, P
= 0.0001) and HFS (13% vs 7%, P = 0.03). The primary
analysis of DREAM demonstrated that a maintenance
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therapy with bevacizumab and erlotinib may significantly
prolong median PFS (10.2 mo vs 9.3 mo, HR = 0.76;
95%CI: 0.61-0.94, P = 0.009) but not median OS (28.5
mo vs 27.0 mo, HR = 0.89; 95%CI: 0.7-1.12, P = 0.31)
after a first-line bevacizumab-based induction therapy[63].
The additive value of erlotinib to bevacizumab in this
setting is however unconfirmed[64]. Yet, the issue regarding the role of bevacizumab in the maintenance phase
was not formally addressed until recently. SAKK 41/06[65]
and CAIRO-3[66] phase Ⅲ trials compared observation to
a maintenance strategy following an induction phase of
chemotherapy plus bevacizumab. In the non-inferiority
Swiss study, 262 CRC patients without disease progression at 4-6 mo since treatment start were randomized
to continue on single-agent bevacizumab until disease
progression or observation. Even though median PFS (+
1.2 mo) and OS (+ 3.3 mo) were both longer for patients
who continued on bevacizumab, the trial formally failed
to meet its primary endpoint, since the median time to
progression did not differ sufficiently between treatment
arms (17.9 wk vs 12.6 wk; HR = 0.74; 95%CI: 0.57-0.94,
P = 0.47; with a non-inferiority limit for HR = 0.727). In
CAIRO-3 trial, patients without disease progression after
6 cycles of capecitabine, oxaliplatin (CAPOX regimen)
and bevacizumab were randomized to observation or
continuing with capecitabine and bevacizumab. Upon the
first disease progression, CAPOX plus bevacizumab was
reintroduced and maintained until the second evidence
of progression. The primary endpoint was the PFS2,
defined as the time from randomization to progression
upon treatment re-introduction. Patients in the maintenance arm achieved a significantly longer PFS2 (11.8 mo
vs 10.5 mo, HR = 0.81; 95%CI: 0.67-0.98, P = 0.028),
PFS (8.5 mo vs 4.1 mo, HR = 0.44; 95%CI: 0.36-0.53, P
< 0.00001) and a non-significant advantage in OS (21.7
mo vs 18.2 mo, HR = 0.87; 95%CI: 0.71-1.06, P = 0.156),
that became significant in the adjusted analysis (HR =
0.80). AIO KRK0207, a phase Ⅲ randomized trial comparing observation to maintenance with either bevacizumab alone or bevacizumab plus capecitabine, will clarify
if a maintenance treatment, instead of a full holiday
period, is actually needed for all patients. In conclusion,
while reasonable, safe, and clinically feasible, whether a
maintenance therapy is needed for all patients is still an
open question.
The role of cetuximab in the maintenance therapy is
also being investigated. The two-arm phase Ⅱ COIN-B
study randomized 169 patients with unresectable KRAS
wild-type CRC to intermittent chemotherapy plus continuous or intermittent cetuximab as first-line treatment.
Continuous cetuximab was associated with a longer
failure free survival (FFS), chemotherapy-free interval
(3.7 mo vs 5.1 mo) and time to progression (20.1 mo
vs 18.4 mo). Median FFS was 12.0 and 13.7 mo, respectively[62]. The phase Ⅲ Macbeth trial (EUDRACT
2011-000840-70) is an ongoing multicenter, randomized,
open-label study designed to evaluate the efficacy and
safety of eight cycles of FOLFOXIRI plus cetuximab
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followed by maintenance with cetuximab or bevacizumab
as first-line treatment for unresectable KRAS wild-type
metastatic CRC patients.
Another point of discussion is the use of antiangiogenics beyond disease progression. Data from retrospective registries such as BRITE[67] or ARIES[68] suggested a survival benefit with the use of bevacizumab beyond
disease progression. More recently, the randomized phase
Ⅲ ML18147 trial prospectively tested the efficacy of
maintaining bevacizumab beyond disease progression[69].
After the failure of a bevacizumab-containing first-line
treatment, 820 patients were randomized to receive a different second-line chemotherapy with or without bevacizumab. Those that continued on the antiangiogenic agent
reported significantly longer OS (11.2 mo vs 9.8 mo; HR
= 0.81; 95%CI: 0.69-0.94, P = 0.0062) and PFS (5.7 mo
vs 4.1 mo, HR = 0.68; 95%CI: 0.59-0.78, P < 0.0001).
Toxicity profiles were similar between the two arms, although more bleedings (2% vs 1%), venous thromboembolic events (5% vs 3%), and gastrointestinal perforations
(2% vs < 1%) were noted among those receiving bevacizumab. In the phase Ⅲ BEBYP trial[70], 184 patients who
had failed a bevacizumab-based first-line treatment were
randomized to receive second-line chemotherapy with
or without bevacizumab. The trial was stopped early, as
soon as the positive results of the ML18147 were diffused. Performance status (ECOG PS 0 vs 1-2), length of
the chemotherapy-free interval (< or > 3 mo), and type
of second-line chemotherapy were considered as stratification factors. Two thirds of the patients received oxaliplatin-based combinations in both treatment arms. After
a median follow-up of 22 mo, the results confirmed
the benefit in PFS (6.8 mo vs 5 mo, HR = 0.72; 95%CI:
0.54-0.97, P = 0.029) for those maintained on bevacizumab, while OS data are still immature to be analyzed.
Indirect evidence supports how CRC patients may
benefit from further angiogenic treatments after disease progression while on bevacizumab. The phase Ⅲ
VELOUR trial showed the efficacy of aflibercept (a fusion protein with high affinity to all VEGF-A isoforms,
VEGF-B, PlGF-1, and PIGF-2) in combination with
FOLFIRI in 1,266 CRC patients who had failed a firstline oxaliplatin-based therapy[71]. Both median OS (13.5
mo vs 12.06 mo, HR = 0.817; 95%CI: 0.71-0.94, P =
0.0032) and PFS (6.9 mo vs 4.67 mo, HR = 0.76) were
significantly longer in those who received FOLFIRI
and aflibercept. Importantly, prior exposition to antiangiogenics did not reduced the outcome effect. Actually,
a similar benefit in PFS (6.7 mo vs 3.9 mo, HR = 0.66;
95%CI: 0.51-0.85) and OS (12.5 mo vs 11.7 mo, HR =
0.86; 95%CI: 0.67-1.10) was reported for the use of aflibercept in those who had received bevacizumab as part
of their upfront treatment (approximately 28% in both
treatment arms). Regorafenib is another agent with broad
antiangiogenic properties [72]. In the CORRECT trial,
760 chemorefractory CRC patients were randomized 2:1
to regorafenib (160 mg daily in a 3-wk-on, 1-week-off
schedule) or placebo[73]. All patients had previously re-
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ceived bevacizumab. Median OS was 6.4 mo in the regorafenib group vs 5.0 mo in the placebo group (HR = 0.77;
95%CI: 0.64-0.94).
Large, international efforts have tried to define who
are the patients more likely to benefit from the antiangiogenic strategy. Unfortunately, given the complexity of
cancer-related angiogenesis, conflicting results have been
reported both at molecular[74] or clinical levels[75,76]. The
prospective validation of other single predictive biomarkers such as baseline LDH value[75], number of circulating
endothelial cells[77], or level of miRNA[78] are still pending,
but will unlikely succeed.

upfront an irinotecan-based chemotherapy plus bevacizumab, but one treatment line would be lost if the
patient starts with an irinotecan-based therapy plus cetuximab. This hypothetical reasoning may be revised (and
even reversed) if the outcome results of CALGB 80405
trial will confirm the unexpected 3.7-mo median survival
advantage reported in FIRE-3 for KRAS wild-type CRC
patients receiving FOLFIRI and cetuximab in first-line.
When opting for a first-line treatment including oxaliplatin, antiangiogenic drugs[60,89] or EGFR-inhibitor[90,91]
may be used in combination, although the upfront use of
bevacizumab seems to be preferable because it may better fit in the maintenance strategy[92,93] for its convenience
and safety when combined to capecitabine[94]. Moreover,
the upfront combination of oxaliplatin with an EGFRinhibitor requires more detailed molecular biology data
(see paragraph 4) and increased watchfulness if using an
oral fluoropyrimidine[91]. At disease progression, many
reasons strongly support the choice of switching to an
irinotecan-based regimen, including the potential cumulative neurotoxicity of prolonged oxaliplatin use. Since
in second-line setting many alternative options exist, to
establish which is the optimal biologic to be delivered is
challenging and depends on the previous use of targeted
agents. A number of second-line randomized trials have
investigated the role of biological agents in the treatment of CRC patients not previously exposed to EGFRinhibitors. Tested agents included bevacizumab[69], aflibercept[71], cetuximab[95], or panitumumab[96,97]. Of note,
in all those trials patients may have been upfront treated
with bevacizumab, but the proportion of those who did
receive the angiogenic inhibitors in first-line vastly varied,
ranging from 2%[97] to 100%[69]. Results of ML18147 and
VELOUR have been already discussed (see before). In
the phase Ⅲ EPIC study[92], 1298 patients who had prior
failed a first-line oxaliplatin-based regimen, were randomized to receive irinotecan plus cetuximab or irinotecan
alone. The addition of cetuximab to irinotecan resulted
in a significant improvement of PFS (4.0 mo vs 2.6 mo,
HR = 0.69; 95%CI: 0.617-0.776, P < 0.0001), but no OS
advantage was reported (10.7 mo vs 10.0 mo, HR = 0.97).
Panitumumab was tested in another randomized phase
Ⅲ trial, comparing in 1,186 pretreated metastatic CRC
patients, the addition of panitumumab itself to FOLFIRI, to placebo. A significant improvement in PFS was
observed (5.9 mo vs 3.9 mo, HR = 0.73; 95%CI: 0.59-0.90,
P = 0.004), with a trend for longer OS (14.5 mo vs 12.5
mo, HR = 0.85; 95%CI: 0.70-1.04, P = 0.12). Similarly,
the PICCOLO study[97] reported higher RR (34% vs 12%,
P < 0.001), longer PFS (HR = 0.78; 95%CI: 0.64-0.95, P
= 0.015), but no survival advantage (10.9 mo vs 10.4 mo;
HR = 1.01; 95%CI: 0.83-1.23, P = 0.91) for the use of
panitumumab and irinotecan-based chemotherapy compared to irinotecan alone. If the upfront biologic was the
EGFR-inhibitor, less options are permitted (see point A).
Again, regorafenib may be considered as salvage treatment for all pretreated patients. As discussed before, if
the patient is started with a EGFR-inhibitor, the number

WILL THE FIRST-LINE CHOICE IMPACT
ON FOLLOWING TREATMENT LINES?
If and how the first-line therapy may influence further
treatment is a matter of debate at many levels (molecular,
clinical, regulatory). Nevertheless, how oncologists decide the sequence of treatment to use should be always
based on a solid mainstay. The following reasoning is
founded on a critical analysis of major phase Ⅲ randomized studies.
Accordingly to the results of a pivotal phase Ⅲ trial
that compared FOLFOX6 followed by FOLFIRI to
FOLFIRI followed by FOLFOX6 and showed similar
outcomes regardless of the treatment sequence[79], the
backbone treatment used after first disease progression
of disease is currently based on a crossover from an irinotecan- to an oxaliplatin-based regimen or vice-versa. In
that trial, 220 patients were randomized to receive initially
either FOLFIRI or FOLFOX6 and to switch to the other
regimen at disease progression. Neither first-line RR (56%
vs 54%), nor first-line median PFS (8.5 mo vs 8 mo, P
= 0.26), nor median OS (21.5 mo vs 20.6 mo, P = 0.99)
were statistically different between treatment arms.
Ten years after the widespread use of biologics has
begun in the clinical practice, the scenario has become
much more complicated, particularly in patients with
KRAS wild-type tumors that may benefit from a scope
of different treatments. The initial choice of the upfront
chemotherapy regimen, however, retains its value.
When opting for an irinotecan-based first-line regimen, either bevacizumab[80] or cetuximab[81,82] could be
used as optimal biologic partners. Either way the patient
is started, survival results of the ECOG E3200 phase
[83]
Ⅲ trial would suggest to use FOLFOX plus bevacizumab as second-line treatment after an irinotecanbased first-line failure. Later on, following on the
treatment route, the choice of third-line may become
critical. In this setting, while strong data support the
use of EGFR-inhibitors either alone[84,58] or combined
to irinotecan[85],evidence suggesting potential benefit
from retreating patients with EGFR-inhibitors is more
shaggy[86,87] or under investigation[88]. Regorafenib, indeed,
would be an appropriate choice for all highly pretreated
patients[73]. Consequently, the treatment algorithm would
offer 4 potential lines of treatment if the patient receive
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85 mg/m2).
In NO16968 study, any grade peripheral neuropathy
occurred in 78% of patients exposed to oxaliplatin, and
grade 3-4 in 11%. At the end of adjuvant treatment, residual neurotoxicity was still present in 68% of patients.
Toxicity data were confirmed in another randomized
trial that tested the efficacy of bevacizumab combined to
oxaliplatin-based chemotherapy in the adjuvant setting[105].
Grade 2 or grade 3 sensory neuropathy was reported in
43.7% of patients treated with FOLFOX6 and in 48.9 %
of those treated with FOLFOX6 + bevacizumab, with the
delivery of similar median doses of oxaliplatin. Notably,
about 10%-20% of patients developed severe neurotoxicity after cumulative oxaliplatin dose of 750-850 mg/m2[106].
Recently, a number of studies reported on a longlasting oxaliplatin-induced peripheral neurotoxicity[107,108].
Those studies showed that a not-negligible proportion of
patients (5%-15%) still suffer from chronic neurotoxicity
many years after treatment end, and refer troublesome
numbness or tingling of hands and feet. Than, it is conceivable that a proportion of oxaliplatin-exposed patients
may still have neurological symptoms at the time of
recurrence. In order to prevent or reduce the incidence
and intensity of this toxicity in the adjuvant setting,
several strategies are being studied, including a reduced
exposition to oxaliplatin[109] or the potential use of neuroprotectants such as glutathione[110], oxcarbazepine[111],
or venlafaxine[112], but no preventive treatment has been
recognized as a standard. Moreover, retrospective studies suggested that the iv supplementation with calcium
and magnesium may be useful[113]. However, a randomized phase Ⅲ trial enrolling 362 radically resected CRC
patients with no pre-existing peripheral neuropathy to
compare calcium/magnesium supplementation vs placebo
failed to show any significant difference among treatment
arms in the rate of moderate or severe neuropathy[114].
For all these reasons, whether the clinical outcome
of an oxaliplatin-based first-line therapy is maintained
in patients who had been already exposed to the drug in
the adjuvant setting is unclear and few data are available
on this regard. Recently, a retrospective study assessed
the first-line RR to either FOLFIRI or FOLFOX in 32
patients with advanced CRC who had previously received
adjuvant FOLFOX after radical surgery[115]. The median
time between the beginning of adjuvant chemotherapy
and disease recurrence was 1.7 years. The overall RR was
17% in the FOLFOX group vs 36% in the FOLFIRI
group. Despite a trend in favor of FOLFIRI, the difference was not statistically significant (P = 0.22).
For patients with residual neurotoxicity at the time
of disease recurrence, the stop-and-go strategy may be
an appropriate option to avoid the side-effect worsening while still using an active agent. Two different randomized trials showed a clinically significant reduction
in the rate of severe neurotoxicity with the use of this
strategy[116,117]. In conclusion, an oxaliplatin-based regimen could still be an option for patients without or with
minimal residual neurotoxicity that become metastatic

of therapeutic options seems narrowed.

CHOOSING A FIRST-LINE TREATMENT
FOR CRC PATIENTS WHO HAVE FAILED
ADJUVANT OXALIPLATIN - IS THERE
ANY DIFFERENCE?
Since approximately 50% of stage Ⅲ and 20% of stage
Ⅱ CRC patients do eventually recur, one third of patients
present with metachronous metastatic disease, which is
currently defined as more than 1 year between the occurrence of the primitive tumor and metastasis. Not surprisingly, a significant proportion of those patients may have
already received an oxaliplatin-based chemotherapy, a
universally confirmed standard regimen in the adjuvant
setting[98-100]. Indeed, patients enrolled in first-line phase
Ⅲ randomized trials which had already been exposed to
adjuvant chemotherapy ranged from 8% to 32% (Table
1). However, having received a previous treatment with
oxaliplatin was sometimes included among the exclusion
criteria, and even when it was permitted, how many of
those pretreated patients had actually received an oxaliplatin-based regimen was rarely specified in the publication.
To fully understand the importance of this point,
some data should be further discussed. The analysis of
over 20000 CRC patients included in the ACCENT database showed that the risk of recurrence peaks between
18 and 24 mo after radical surgery, and then decreases
over time[101]. Most patients who recur, therefore, develop
metastatic disease within 18 mo since the end of postoperative chemotherapy.
The use of oxaliplatin is burdened by the frequent occurrence of chronic peripheral sensory neuropathy[102,103],
a dose-dependent disturbing toxicity characterized by
dysesthesia and distal paresthesia, that often negatively
impacts on patients’ quality of life[104]. In addition, acute
neuropathy (oral-facial and peripheral), which in some
cases is induced or exacerbated by exposure to cold, was
also reported. This neurological side-effect, quite unusual
in the initial chemotherapy cycles, frequently appears during the treatment course as long as the cumulative dose
of oxaliplatin increases.
The vast majority of the patients enrolled in randomized clinical trials that tested oxaliplatin in the adjuvant
setting developed peripheral sensory neuropathy. In
MOSAIC trial, any grade peripheral neurotoxicity was
observed in 92% of patients, while grade 2 (moderate)
or grade 3 (severe) was reported in 44%. Often, however, the symptoms ameliorated or resolved over time: one
and four years after treatment, 30% and 15% of patients
had minimal residual toxicity, respectively. In NSABP
C-07 trial, grade 3-4 peripheral neuropathy was reported
in 8.4% of patients. At 1 year from random assignment,
the rate of severe neurotoxicity was 0.6%. The inferior
rate of neurotoxicity may be due to the lower cumulative
dose of oxaliplatin in NSABP C-07 (9 planned doses of
85 mg/m2) compared to MOSAIC (12 planned doses of
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after at least 12 mo since the end of an oxaliplatin-based
adjuvant therapy. Oppositely, for those who relapse early
(within 12 mo) or still have clinically significant neurotoxicity, it is reasonable to choose a regimen without oxaliplatin and delay as much as possible the reintroduction
of the neurotoxic drug.

4

5

CONCLUSION
The landscape of CRC treatment is changing very fast,
and the availability of new therapeutic options has created new challenges and generated more complicated treatment algorithms. In conclusion, we would like to suggest
the reader short possible answers to the initial questions.
Undoubtedly, the optimal choice of the first-line treatment is still of great importance. When considering this
choice, patients’ performance status, comorbidities and
desires should be considered as well as the ultimate goal
of the treatment and the molecular features of the tumor. An highly intensive regimen is particularly indicated
for younger patients without comorbid conditions or
for those patients with aggressive colorectal carcinomas
(symptomatic, bulky disease or BRAF mutant tumors).
The application of a deeper molecular analysis not only
helps identifying those patients who may benefit the most
from EGFR-inhibitors but also has a prognostic value.
In the majority of cases with RAS and BRAF wild-type
status, a first-line combination with an EGFR-inhibitor
seems to be the preferred treatment option, while the
antiangiogenic strategy should be pursued in those with
RAS mutated tumors or when a less aggressive treatment
is favoured. The exposition to oxaliplatin in the adjuvant
setting may somehow limit its use in the advanced phases
of the disease due to possible cumulative neurotoxicity.
Randomized trials, however, are verifying if a shorter
oxaliplatin-based adjuvant treatment may be equally protecting and less toxic. Notably, many other new molecules
are being studied in randomized trials and, hopefully, results of those studies will help clinicians further refining
the current treatment paradigms.
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Abstract
In rectal cancer treatment, attention has focused on
the local primary tumour and the regional tumour
cell deposits to diminish the risk of a loco-regional
recurrence. Several large randomized trials have also
shown that combinations of surgery, radiotherapy
and chemotherapy have markedly reduced the risk of
a loco-regional recurrence, but this has not yet had
any major influence on overall survival. The best results have been achieved when the radiotherapy has
been given preoperatively. Preoperative radiotherapy
improves loco-regional control even when surgery
has been optimized to improve lateral clearance, i.e. ,
when a total mesorectal excision has been performed.
The relative reduction is then 50%-70%. The value of
radiotherapy has not been tested in combination with
more extensive surgery including lateral lymph node
clearance, as practised in some Asian countries. Many
details about how the radiotherapy is performed are
still open for discussion, and practice varies between
countries. A highly fractionated radiation schedule
(5 Gy × 5), proven efficacious in many trials, has
gained much popularity in some countries, whereas
a conventionally fractionated regimen (1.8-2.0 Gy ×
25-28), often combined with chemotherapy, is used in
other countries. The additional therapy adds morbidity to the morbidity that surgery causes, and should

WCG|www.wjgnet.com

Core tip: Neo-adjuvant radiotherapy is beneficial to
many rectal cancer patients since it reduces the risk of
a local failure. Provided surgery is optimized, it does
not substantially improve overall survival. This review
describes the results of the randomized trials that form
the basis for the present treatment recommendations.
It also pinpoints reasons for differences in the care of
rectal cancer patients seen worldwide. Finally, the concept of organ preservation is critically discussed.
Original sources: Glimelius B. Neo-adjuvant radiotherapy in
rectal cancer. World J Gastroenterol 2013; 19(46): 8489-8501
Available from: URL: http://www.wjgnet.com/1007-9327/full/v19/
i46/8489.htm DOI: http://dx.doi.org/10.3748/wjg.v19.i46.8489

INTRODUCTION
Colorectal cancer is the third most common cancer
worldwide and the second or third most common cause
of cancer death. One third of the cancers arise in the
rectum, the rest in the colon and most cases are adenocarcinomas. Survival has for decades been less favourable
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in rectal than in colon cancer, but this is no longer the
case[1-4]. Efforts to decrease rectal cancer loco-regional
recurrence rates by better staging, improved surgery
and incorporation of radiotherapy are the most likely
reasons for the presently slightly better 5-year survival
rates in rectal cancer. The local recurrence rates have also
decreased from 30%-40% a few decades ago down to
5%-10% or even lower in some recent studies, and this
has influenced survival in certain population-based studies. Survival still differs extensively between countries,
and differences in therapy traditions are probably a major
reason for this[5].
Radical removal of the primary rectal cancer, together
with all regional tumour cell deposits are prerequisites
for cure, although occasional local recurrences can be
salvaged by (chemo)radiotherapy [(C)RT] and secondary
surgery. Avoidance of persistent or recurrent tumour in
the pelvis is important, even if cure cannot be achieved
since uncontrolled pelvic growth is usually associated
with severe symptoms. Even if overall survival is not
improved, improved local control is a legitimate outcome
of different interventions in rectal cancer. The primary
tumour in the bowel is usually not the major problem
unless it grows extensively towards organs not readily
removed. In these patients, preoperative therapy with the
aim of sterilizing macroscopic tumour cells in the periphery of the tumour is required. The most prevalent clinical
problem is rather to eradicate the microscopic tumour
cell deposits, adjacent to the primary which the surgeon
does not always manage to remove with a standard surgical approach, today usually encompassing a total (or partial) mesorectal excision (TME). In Japan and other Asian
countries, more extensive surgery with lateral node excision is performed in patients with high risk tumours[6],
whereas in the western world, pre- or previously also
postoperative (C)RT have been used to kill the subclinical
tumour cells not removed by surgery. The (C)RT is then
administered as adjuvant therapy after surgery, and as
neo-adjuvant therapy before surgery.
An important aim is, thus, to treat so that the risk of
residual disease in the pelvis is very low or preferably less
than 5% in the population, in which curative treatment is
intended. This should be possible in all but the few (≤
10%) cases, who present with a fixed tumour growing
into a non-readily resectable organ. At the same time, as
little acute and late morbidity as possible should be aimed
at. Surgery, particularly if extensive, may give rise to substantial morbidity and the additional treatments, whether
given pre- or post-operatively, increase both acute and
late morbidity. Thus, all additional treatments, as well as
more extensive surgery, should be given only when the
expected gains are sufficiently large to motivate the increased morbidity.
This review about the value of radiotherapy to improve loco-regional control and overall survival in rectal
cancer is based upon a systematic approach to the scientific literature. The available literature has been identified
in several systematic overviews and meta-analyses[7-11]. It
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gives in addition some personal comments on observed
developments during the past decades about sphincteror organ preservation, where we lack good evidence of
beneficial effects from controlled clinical trials.
Diagnosis and staging of rectal cancers
Appropriate diagnosis and staging are fundamental as
regards choice of therapy. Tumours with distal extension
to 15 cm or less from the anal margin (as measured by
rigid sigmoidoscopy) are classiﬁed as rectal, and more
proximal tumours as colonic. Others, e.g., in Japan[12], prefer to separate colon and rectal cancers at the peritoneal
reflection, or about 9-12 cm from the anal verge. Since
the localization of the tumour in relation to other organs
and structures and thus, the distance from the anal verge,
is important for outcome and treatment, cancers between
10 and 15 cm are, in this author’s opinion, best discussed
as rectal cancers since radiotherapy (RT) is an important
component of therapy, even if this is less common than
for lower rectal cancers (0-10 cm)[13]. Lateral lymph node
involvement is, however, rare in tumours above the peritoneal reflection[14].
Rectal MRI is recommended for staging in order to
select preoperative treatment and extent of surgery, although endoscopic ultrasonography can be used for the
earliest tumours[15,16]. If MRI and ultrasound are combined, a study claimed that accuracy was improved[17].
The TNM staging system should be used. At present,
the latest version 7 from 2010 is preferred by most, even
if it shows marked interobserver variations in defining
stages Ⅱ and Ⅲ[18]. There is a need for further subclassification of clinical stage T3 (cT3) (Table 1) in order to
individualize therapy, i.e., to decide whether surgery alone
is appropriate or whether preoperative RT alone or with
chemotherapy (CRT) should be recommended.
Subdivision of rectal cancer with different therapeutic
strategies
In order to define the extent of surgery and whether
neo-adjuvant (or preoperative) (C)RT is required, rectal cancers can be divided into four groups, very early
(some cT1), early (cT1-2, some cT3), intermediate (most
cT3, some cT4) and locally advanced (some cT3, most
cT4). Other factors than clinical T-stage, such as tumour
height, closeness to the mesorectal fascia (mrf), potentially the circumferential margin (crm) (preoperatively, the
term mrf is better than crm, since the crm cannot be defined until after surgery[19]), nodal (cN)-stage and vascular
and nerve invasion are also relevant. It is not possible to
precisely define which T and N sub-stages that belong to
these groups. The terms “very favourable”, “favourable
or early or good”, “intermediate or bad”, and “locally
advanced or ugly” can be used for categorizing the rectal
cancers into these clinical subgroups. This subdivision
(Table 2) is clinically relevant since primary treatment differs.
In many recent studies, the term “locally advanced”
has been used for the “intermediate/bad” group, but is
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Table 2 Subgrouping of localized rectal cancer assessed by
1
magnetic resonance imaging and the recommended primary
treatment

Table 1 Tumor node metastasis-7 classification (2010) with
subclassification of stage T3
TNM

Extension to

Tis
T1
T2
T3
T3a1
T3b
T3c
T3d
T4

Carcinoma in situ: intraepithelial or invasion of lamina propria
Submucosa
Muscularis propria
Subserosa/perirectal tissue
Less than 1 mm
1-5 mm
5-15 mm
15+ mm
Perforation into visceral peritoneum (a) or invasion to other
organs (b)
1-3 regional nodes involved
1 lymph node
2-3 lymph nodes
Small deposits in the fat
4 or more regional nodes involved
4-6 lymph nodes
7 or more lymph nodes
Distant metastases
1 distant organ or set of lymph nodes
More than 1 organ or to the peritoneum

N1
N1a
N1b
N1c
N2
N2a
N2b
M1
M1a
M1b

Favourable “good”
group
Mid/upper rectum
T1-3b
Low rectum T1-2, T3a
N0
mrf clear

5 yr LFR2 < 10%
5 yr DFR3 < 15%
Primary surgery
(TME)4

Intermediate “bad”
group
Mid/upper rectum
T3c/d
low rectum also
includes T3b
T4 with peritoneal or
vaginal involvement
only
N1/N2
mrf clear
5 yr LFR2 10%-20%
5 yr DFR3 15%-60%
Preop 5 × 5 Gy with
immediate surgery5

Advanced “ugly” group

T3 mrf positive
T4 with overgrowth
to prostate, seminal
vesicles, base of urinary
bladder, pelvic side walls
or floor, sacrum positive
lateral lymph nodes
5 yr LFR2 20%-100%
5 yr DFR 30%-80%
Preop CRT or 5 × 5 Gy
with delayed surgery6

best reserved for the truly “locally advanced/ugly” tumours[9,13,20]. Even if there is variability in what is called
locally advanced there is consensus about the need to
subgroup along these lines[13,21,22]. Subgrouping is an important step towards individualized therapy. Major discrepancies do, however, exist as regards which treatment
is selected for these subgroups (Table 2).

The algorithm (modified from[102] with permission from the publisher
Informa) does not primarily address the risk of systemic disease, although
this risk also increases with the presence of many of “the risk factors”;
however, not necessarily parallel to the local failure rate (LFR). The algorithm is also “too simplified”, in that a other factors like size of the
mesorectum, anterior or posterior location, extramural vascular invasion
(EMVI+) are also relevant. 2Calculated in the group of patients planned for
surgery, i.e., irrespective of the surgical outcome. The table are valid if the
surgeon is an experienced rectal cancer surgeon and no pre-treatment is
given. 3The 5-year risk of distant failure (DFR) is also given, although this
risk is not well established. Risk factors detectable on magnetic resonance
imaging for distant failure are N2 (versus N0 and N1), EMVI+, mrf+ and
all T4 (a and b, see Table 1). These are also the risk factors used in the ongoing trial[88], where patients at high risk failing systemically are included.
4
A local procedure is possible in a few patients [chiefly pT1, sm1 (+ 2), N0].
This group is in the text referred to as “very favourable”.5Preoperative
chemotherapy (CRT) is also a valid option according to international clinical guidelines[21]. 6CRT means chemoradiotherapy to 50.4 Gy in 1.8 Gy
fractions with 5-fluorouracil (capecitabine). 5 × 5 Gy with delayed surgery
should be used only in patients not fit for CRT.

Different treatment principles in the world
There is marked difference in how the subclinical tumour
deposits often seen in tumours below the peritoneal reflection are managed in Asia and in the rest of the world.
Surgical removal of the lateral nodes on one or both
sides has been the preferred option in Asia[6,23], whereas
the rest of the world has explored the value of radiation,
in addition to surgery for the primary tumour in the bowel, to kill the tumour deposits. Since radiation does not
selectively irradiate the lateral nodes, but also includes the
primary tumour and the mesorectal nodes, the need for
a meticulous surgical dissection technique has not been
the same in the Western world as in Asia. Both extensive
surgery and additional radiotherapy increase morbidity. It
is not known which of the two alternatives is most efficient in eradicating all tumour cells, i.e., preventing a local
failure and which alternative results in the least morbidity since no randomized studies have compared the two
strategies. Inter-trial comparisons have reported that the
results are similar at specialized centres[24]. It is, however,
probably more efficient to remove all subclinical cancer
deposits using radiation rather than surgery, unless one
can dissect in a surgical plane. The morbidity caused by

extensive surgery is very different from that caused by
external RT and less extensive surgery, although the relevance of this on patient well-being differs between cultures.
In the Western world, preoperative RT was mainly explored in Europe whereas postoperative RT was explored
in the US. A few small studies showed that postoperative
CRT was better than postoperative RT in preventing local
recurrence and that combined treatment was more effective than surgery alone. A NIH Consensus Conference
and a subsequent NCI report in the early 1990s stated
that postoperative CRT should be standard treatment in
rectal cancer stages Ⅱ and Ⅲ[25,26].
In Europe, several randomized trials compared surgery alone versus preoperative RT and surgery. These
studies showed a relative reduction in local failure rates
of 50%-60% if the radiation dose was moderately high
(Table 3). If the radiation dose was lower, corresponding
to a biologically effective dose (BED) below 30 Gy[7], no
or a more limited effect was shown. As a consequence,
preoperative RT was recommended as routine therapy in
many European countries[13](Table 3).

1

1

This subclassification is based upon an evaluation using magnetic resonance imaging prior to treatment decision is clinically valuable, and
recommended in this review. It can be used also in the histopathological
classification but is not validated and not incorporated in TNM version 7.
TNM: Tumor node metastasis.
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1993-03

1995-02

FFCD 9203[37]

AIO-94[30,100]

1998-05

Post-TME era
EORTC 22921[38] 1993-03

MRC-CR07[31]

Stockholm Ⅱ[99] 1987-93

1998-03

742

1982-86
1987-90

North-West[98]
SRCT[53,55]

LARCS[39]

1011

1980-84
1981-89

S:t Marks[96]
MRC2[97]

1996-99

557

1980-85

Uppsala[95]

TME[54,101]

284
1110

1980-87

Stockholm Ⅰ[94]

1350

207

1861

823

395
279

471

849

466
169

1976-81
1976-85

EORTC[92]
Bergen[93]

824

1975-78

Inclusion No of
time
patients

Pre-TME era
MRC1[91]

Study

-

-

Yes

-

-

-

Yes

Yes
Yes

Yes
Yes

-

Yes

Yes
Yes

Yes

5 Gy × 5

RT
CRT

5 Gy × 5

RT
CRT
CRT

RT
CRT3

5 Gy × 5

5 Gy × 4
5 Gy × 5

5 Gy × 3
2 Gy × 20

5.1 Gy × 5

5 Gy × 5

5 Gy × 1
2 Gy × 10
2,3 Gy × 15
1.75 Gy × 18
AP-PA

AP-PA
AP-PA

AP-PA

3D-C on RT

3D-C on RT

3D-C on RT

3D-C on RT

3D-C on RT

3D-RT

3D-C on RT
3D-C on RT

AP-PA
AP-PA

No

No

No

No

No

No

Yes

No
No

Yes
No

No

Yes

No
No

No

Radiation
Increased
2
technique postop death

3D-C on RT

1

CRT if CRM+ 3D-C on RT

CRT

RT
CRT

2 Gy × 30

Surgery alone Preop (C)RT Postop (C)RT

Treatments

Table 3 Major randomized radiotherapy trials in primary rectal cancer

11%

25%

41%
27%

24%
46%

-

28%

28%
24%

43%

5%2

33%
18%1

5%3

17%
8%1
6%2

17%
9%2

12%3

18%3
12%3

17%
36%1

13%1

14%2

45%
47%
14%1
17%

11%

13%

-

-

22%

-

Surgery alone Preop RT + surgery Postop RT

Local recurrence

Yes

Yes

No

No

No

No

Yes

No
Yes

No
No

No

No

No
No

No

Increased
survival

2 × 2 design, chemotherapy in addition to RT
gives fewer local recurrences as first event than RT
alone irrespective of whether concomitant (9%) or
postoperative (10%), or both (8%), increased toxicity,
no increased survival
Preop CRT results in fewer local recurrences than
preop RT, increased toxicity, no survival difference
Preop CRT is less toxic and gives fewer local
recurrences than postop CRT, no difference in survival
No increased postop mortality. Decreased local
recurrence risk even with TME, no improved survival,
some risk of increased late complications after 5-10 yr
The only study in “ugly” rectal cancers, preop CRT
gives better local control and better disease and cancer
specific survival, tendency towards better survival (66%
vs 53% after 5 yr). Increased acute and possibly late
toxicity from CRT
Preop 5 Gy × 5 better than postop CRT if CRM+,
marginally increased survival. No increase in late
complications (3-5 yr)

Decreased local recurrence risk
Marginally decreased local recurrence risk, comparably
low dose
Increased postop death (8% vs 2%), large target,
suboptimal technique, decreased local recurrence risk.
Increased risk late complications
Preop 5 Gy × 5 is better than postop RT (60 Gy).
Increased risk of late complications after postop RT
Increased postop death (9% vs 4%)
Slightly reduced risk of local failure, tendency to
improved survival (HR = 0.79, 95%CI: 0.6-1.04)
Decreased local recurrence risk, 10 x 10 cm beams
Decreased local recurrence risk, no increased acute
toxicity, some late toxicity after 10-15 yr
Overlaps to a large part SRCT, simplified radiation
technique, tendency to increased postop mortality (4%
vs 1%). Lower local recurrence risk, increased survival
as in SRCT. Increased risk of late complications

Very low radiation dose, no benefit

Comments
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2001-06

TROG[34]

326

312

-

-

5 Gy × 5
CRT

5 Gy × 5
CRT
3D-C on RT

3D-C on RT

No

No

7%
4%

11%
16%
No

No

First study that shows less risk of acute toxicity from
5 × 5 compared with preop CRT, no difference in local
recurrence and survival or late complications (3-5 yr)
Same design as the Polish study, same results
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Short- or long-course radiotherapy?
The question of whether the preoperative RT is best given as a short-course (5 Gy × 5) schedule or as long-course conventionally fractionated RT (1.8-2.0 Gy × 25-28) has
been ongoing since the first results of the Uppsala trial were published in 1985[28], and the matter has not yet been settled. The potential advantages and disadvantages of the
two fractionation schedules are presented in Table 4. The most recent RT trial in rectal cancer in Sweden, the Stockholm Ⅲ trial recently closed patient entry (Jan 2013). It has
compared the different fractionation schedules in 845 patients randomized to either 5 Gy × 5 with immediate surgery, 5 Gy × 5 with delayed (4-8 wk) surgery and 2 Gy × 25,
likewise with delayed surgery. Results of the primary outcome, local recurrences, will be available in 2015. Two other trials including 316 and 326 patients, respectively, could not
find any differences in local recurrence rates, disease-free (DFS) and overall survival (OS) between the groups randomized to short-course RT alone or long-course CRT[33,34]. A
German trial[35] with a similar design was initiated in 2004. No data has yet been released.
The short-course schedule has gained much popularity in Northern European countries where the health care system is rarely dependent upon private initiatives, whereas
the long-course schedule is preferred in countries where physician and hospital budgets are influenced by the number of treatments given. Reimbursement has thus influenced
routines, although this is seldom officially admitted. Many concerns have been expressed about the long-term consequences of hypofractionated RT. There is considerable evidence that the short-course schedule results in long-term morbidity, and the scale of that morbidity is well known[36]. The long-term morbidity of CRT, whether given pre- or

Pre- or postoperative radiotherapy?
A randomized trial showed at an early stage that preoperative short-course RT (5 fractions of 5 Gy in one week) was more effective and less toxic than postoperative longcourse RT (Table 3). In the trial[28,29], significantly fewer local recurrences (13% vs 22%, P < 0.05) was seen in the group of patients randomized to the brief preoperative
schedule than to an “optimized” postoperative schedule (high total radiation dose, 60 Gy in 7-8 wk, only given to high risk groups, stages Ⅱ + Ⅲ). Subsequently, several trials
comparing preoperative CRT with postoperative CRT were initiated. The only completed trial[30] again showed that preoperative therapy was more efficient and less toxic than
postoperative. In the trial, fewer local recurrences (6% vs 13%, P < 0.01) were seen in the group receiving preoperative CRT (Table 3). The preoperative treatment was also less
toxic. No difference in survival was detected. Superiority of preoperative short-course RT over postoperative CRT was also shown in the MRC-CR07-trial; local recurrences
were less commonly seen in the preoperatively irradiated group (5% vs 11%, P < 0.01)[31]. Most of the world has now accepted that additional (C)RT in rectal cancer should be
given before, i.e., neo-adjuvant, rather than after surgery. An analysis of data from the randomized studies also indicated that preoperative RT is more dose-efficient than postoperative RT[32].

How is the radiotherapy best given?
For about two decades, four questions have been particularly discussed, viz (1) should the RT be given before or after surgery; (2) should it be long-course or short-course; (3)
should the long-course RT be given alone or with chemotherapy? In Europe researchers were not universally convinced of the advantages of adding concomitant chemotherapy considering the increased toxicity[27], as stated in the US documents. Furthermore; (4) could sphincter-saving surgery be increased after preoperative CRT? More recently, a
fifth question; and (5) has attracted much interest, viz if it is possible to avoid major surgery, i.e., to preserve the organ, in patients who respond well to the preoperative CRT.

Only large studies of relevance for present treatment recommendations are included. Patients with tumours considered to be resectable were included in all studies but one (LARCS). Staging has varied considerably over the
years, but most included patients belonged to the intermediate group (bad) except in the LARCS study where most tumours were locally advanced (ugly). 2AP-PA, anterior posterior beams with no blocking, meaning high radiation doses to large normal tissue volumes, 3D-CRT, 3D-conformed radiotherapy, 3 or 4 beams with blocking of normal tissues that did not contain tumour cells. 3D-RT (in the Stockholm Ⅱ study) means 4 beams but no blocking.
3
CRT means chemoradiotherapy with 1.8-2 Gy daily to 45-50.4 Gy. RT means the same radiotherapy as in the CRT arm without chemotherapy. aP < 0.05, bP < 0.01, cP < 0.001. TME: Total (or partial) mesorectal excision; CRT:
Chemotherapy.

1

1999-02

Polish[33]
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should, however, be recognized that the gains from the
chemotherapy addition are rather limited and come with
a rather high price with significantly increased acute toxicity[11], and in all probability also increased late toxicity
(see below).
The drug most extensively used to sensitize the RT
has been 5-fluorouracil (5-FU), although oral capecitabine gives the same potentiation of the effects, and is
more convenient[40]. Other oral fluoropyrimidines such
as UFT[41,42] have also been explored, but have not yet
been the subject of randomized trials. Combinations of
5-FU and other cytotoxic drugs such as oxaliplatin and
irinotecan, and targeted drugs, have been extensively explored during the past decade. Multiple phase Ⅱ studies
in so-called “locally advanced rectal cancer” have claimed
superior results [more down-sizing, higher pathological
complete (pCR) rates]. It is likely that these apparently
favourable results depend upon the inclusion of mainly
early or intermediate cancers. Five large randomized trials
have failed to show any superior results from the addition of oxaliplatin[43-47]. When cetuximab was added to
CRT with capecitabine and neo-adjuvant chemotherapy
with capecitabine-oxaliplatin in a randomized phase Ⅱ
study, the primary endpoint, pCR rate, was not increased,
but more radiological responses (89% vs 72%, P = 0.002)
and improved OS (96% vs 81% at 3 years, P = 0.04) were
seen in the KRAS wild-type population (n = 90)[48]. These
results need confirmation.

Table 4 Main differences between and potential advantages
of short-course and long-course preoperative radiotherapy in
1
intermediate (bad) rectal cancers

Total (physical) radiation dose
Fraction size/number of
fractions
Radiation duration
BED2, acute effects
BED2, late effects
Overall treatment time
Demands of radiation resources
Concomitant chemotherapy3
Acute toxicity
Late toxicity

Down-sizing/down-staging

Short-course

Long-course

25 Gy
5 Gy/5

45-50.4 Gy
1.8-2 Gy/23-28

1 wk
37.5 Gy
66.7
About 10 d
Planning +
5 fractions
No
Minimal
Present,
considered
limited in the
“bad” group

4.5-5.5 wk
37.5-44.4 Gy
72-84 Gy
10-14 wk
Planning +
23-28 fractions
Yes
More
Present, but
not extensively
studied.
Anticipated to be
higher than after
short-course
Yes5

No4

1

In locally advanced (ugly) tumours, long-course CRT is the preferred option although short-course RT with a delay to surgery is an option if CRT
is not tolerated because of high age or co-morbidity; 2Biologically effective
dose according to the time-corrected linear quadratic model. Major uncertainties exist in the relative biological efficacy of the fractionation schedules concerning the acute, antitumour effects. The parameters selected for
the acute effects were those used in the meta-analyses from 2001[7], even if
they can be criticized and probably are incorrect. For late effects, an α/β
of 3 Gy with no time correction is used. The anticipated antitumour effects
do not thus differ substantially and late toxicity is at least not higher with
short-course RT; 3Improved local control with long-course RT, increased
acute toxicity and probably also late toxicity. Should not be given with
short-course RT; 4Seen after short-course RT with delayed surgery; 5Not
relevant in these intermediate tumours (unless organ-preservation is
aimed at), however, relevant in locally advanced (ugly) tumours. BED:
Biologically effective dose.

Sphincter preservation, organ preservation
Trials, again chiefly run in Europe, have explored whether long-course (C)RT with a delay before surgery could
increase sphincter preservation rates, whereas others took
it for granted that this was the case. The trials could not
show that this occurred to any meaningful extent[49]. The
hopes about improved chances of sphincter saving influenced routines in many countries, particularly in Southern Europe, Germany and the United States. At present,
hopes about organ preservation (see below) influence
treatment decisions at many centres.

postoperatively has not been studied systematically with
the result that the extent of late morbidity is not precisely known. Both options, short-course 5 Gy × 5 and
long-course CRT are considered valid in the intermediate group of rectal cancers, according to recent clinical
guidelines[13,21]. The demands of radiation resources and
the acute toxicity are much higher using long-course
CRT than using short-course 5 Gy × 5. It is possible to
conclude from the randomized trials that they have similar efficacy and do not differ in the risk of late toxicity;
therefore, it is surprising to this author that they are considered equally valid (Table 4).

TREATMENT ACCORDING TO RISK
GROUP
Very favourable rectal cancer
In the earliest rectal cancers, chiefly the malignant polyps [Haggitt 1-3, T1 sm 1(-2?) N0], a local procedure,
e.g., using the transanal endoscopic microsurgery (TEM)
technique, is sufficient for cure[50,51]. If the resection is
not radical (R0), there are signs of vessel invasion, poor
differentiation or if the tumour infiltrates more deeply
into the submucosa (Haggit 4, T1) or is a T2 tumour, the
risk of recurrence is too high (≥ 10%) and the patient
should be recommended postoperative CRT or, more
safely, major (TME) surgery. If the cancer diagnosis is
biopsy-verified, presurgical CRT is preferred if the intent
is to perform a local procedure[50]. As an alternative to local surgery, alone or with CRT, local RT (brachytherapy

Radiotherapy alone or with chemotherapy?
Three randomized trials, two in the intermediate
group[37,38] and one in the locally advanced, ugly group[39],
have provided an answer to the third question. Local
control was better in the combined treatment arm in all
three studies, whereas a significant survival gain was only
seen in the trial including locally advanced cancers[9,39].
Whenever a patient with a locally advanced, ugly rectal
cancer receives preoperative treatment, CRT should be
used unless the patient cannot tolerate this treatment. It
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or contact therapy using the Papillon technique) can be
used. Experience of these treatments is limited outside
specialized centres[52] and more prospective studies are
required before they could be a part of clinical routines.

preoperative 5 × 5 Gy was randomly compared with
postoperative CRT if the crm was positive. Local recurrence rates favoured the preoperative arm (5% vs 17%,
P < 0.001)[31]. DFS was also superior in the preoperative
arm (HR = 0.76, P = 0.01) whereas OS did not differ significantly (HR = 0.91, P = 0.04).

Favourable, “good” rectal cancers
In these cases cT1-2, some early cT3, N0 [cT3a(-b) and
clear mrf (mrf-) according to MRI], “good” group, surgery alone using the TME technique is appropriate, since
the risk of local failure is low unless the tumour is at the
level of the levators[13]. Although the large randomized
trials have indicated that short-course RT even further
reduces local recurrence rates[31,53,54], surgery alone is recommended since the addition of preoperative RT results
in overtreatment of too many individuals[13].

Locally advanced, “ugly” rectal cancers
In the locally advanced, frequently non-resectable cases
[cT3 mrf+, cT4 with overgrowth to other organs (cT4b)],
preoperative CRT, 50.4 Gy, 1.8 Gy/fraction with concomitant 5-FU-based therapy should be used[9,13,39], followed by radical surgery 6-8 wk later. In a Nordic randomized trial (cT4NXM0), local control was significantly
better after 5 years in the CRT arm (5-FU + 50 Gy) than
in the RT only arm (82% vs 67%, P = 0.03). Also DFS
and cancer-specific survival were significantly better in
the combined modality arm, whereas OS did not differ
significantly (66% vs 53%, P = 0.09)[39].
In very old patients (≥ 80-85 years) and in patients
not fit for CRT, 5 × 5 Gy with a delay of approximately
8 wk before surgery is an alternative option, based upon
three retrospectively analyzed patient series revealing
favourable results[56-58]. A randomized trial will in all probability never be performed in this patient group, which is
not considered to tolerate standard therapy.

Intermediate, “bad” rectal cancers
In this group most cT3 [cT3(b)c+ without threatened or
involved mrf (mrf-) according to MRI], some cT4 (e.g.,
vaginal or peritoneal involvement only, N+), preoperative RT is recommended since the risk of local failure
is not negligible (> 8%-10%), even if proper surgery is
performed. Even in the absence of signs of extramural
growth on ultrasound or MRI (cT2) in very low tumours
(0-5 cm), preoperative RT may be indicated because the
distance to the mrf or the levator muscles is very small.
Surgery alone, often an abdomino-perineal excision, will
then again result in unacceptably high local recurrence
rates. Twenty-five Gy delivered during one week and followed by immediate surgery (< 10 d from the first radiation fraction) has in randomized trials reduced the risk
of local failure by 50%-70% vs surgery alone[31,53-55]. The
relative efficacy is likely to be the same irrespective of
tumour height, although this was not seen in the TME
trial[54]. CRT to 46-50.4 Gy, 1.8-2.0 Gy/fraction with 5-FU
(bolus, continuous infusion or peroral) is an alternative,
although it is more demanding and not proven to be
more effective[33,34,37,38]. CRT is preferred in low rectal cancers even at centres that otherwise use 5 Gy × 5. It must
be stressed that RT (or CRT) cannot compensate for
poor surgery. Surgery should aim at clear resection margins (crm-); therefore, in low rectal cancers requiring an
abdomino-perineal excision, it is important to do the dissection so that a “waist” is avoided. As described above,
two European trials[37,38] showed that the addition of 5-FU
improved local control with a reduced risk of local failure
as first event. After 5 years these were 17% in the preoperative RT arms alone and 8%-9% in the CRT arms. In
the EORTC trial, the same reduction was seen whether
the chemotherapy was administered concomitantly with
the RT, only postoperatively or both pre- and postoperatively. Two randomized trials (Polish, TROG 1.04) could
not detect any statistically significant differences in local
recurrence rates, DFS and OS after preoperative 5 × 5
Gy or preoperative CRT (5-FU + 50.4 Gy)[33,34]. In the
TROG study, numerically more recurrences were seen
in the group randomized to 5 Gy × 5 (6/48 vs 1/31, P =
0.21)[34]. In the MRC-CR07-trial including 1350 patients,
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Organ preservation?
Apart from the earliest tumours that can be treated with a
local procedure or local RT, as described above, it has become increasingly popular to give CRT, then wait and restage the tumour[59-62]. If no signs of remaining tumour/
no viable tumour cells are found when biopsies are performed, major surgery is not performed and the patient
is monitored closely for at least 5 years. The hypothesis
is that potential lymph node metastases have been eradicated parallel with the response of the primary tumour.
Although this occurs in some patients, this strategy has
not been the subject of properly controlled prospective
studies. This excellent response will not be frequent in
the intermediate and locally advanced cases[63,64], but only
in early cases. The cell kill effect of available CRT schedules is too small.
No major surgery and no rectal excision in very low
tumours can be clearly beneficial for individuals who run
a high risk of surgical therapy or who cannot accept a
stoma. However, the disadvantages for many patients are
seldom discussed. In most patients with an early rectal
cancer, a low anterior resection alone is the reference
treatment. Cure rates are high and morbidity is only a
result of the surgery. If these patients are treated with
the aim of organ preservation, all will receive CRT with
its acute morbidity. Patients who respond with a clinical
complete remission (cCR), and are not operated are the
ones potentially having a benefit of a wait-and-see approach, although they will all suffer from the long-term
toxicity that can be seen after CRT. If the tumour is located in the lower rectum, at least part of the sphincters
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must be included in the irradiated volume, and suboptimal anal function can be a result. Those who do not
achieve a cCR or those who recur during follow-up will
require major surgery. These patients will thus suffer the
morbidity from both CRT and major surgery. It is presently not possible to know the proportion of patients
who do not require major surgery. With the CRT schedules available today, the group of patients having a true
advantage is most probably much smaller than the group
of patients who suffer extra morbidity.

The ischiorectal fossae should be included only when
the levator muscles and the internal and external sphincters are involved. The fascia inside the levators is considered to be a strong barrier to tumour cell penetration[76].
Other opinions have been expressed[65].
Late toxicity from rectal cancer radiotherapy
The prevention of a local failure with the severe morbidity this may have must be weighed against the morbidity
from (C)RT that all treated patients can develop. From
the Swedish and Dutch randomized trials, the morbidity
after 5 × 5 Gy RT is well described and reviewed in[36].
Increased risks of poor anal and sexual function, small
bowel toxicity with obstruction and secondary malignancies have been reported. Studies have tried to estimate
what minimal absolute gain should be present for patients to prefer RT. These studies are difficult to interpret,
although many patients accept an absolute 3% difference
in local recurrence risk for the known morbidity risks of
RT[77].
After having treated rectal cancer patients for over
30 years, and thus, seeing many patients with a local
recurrence during the first part of the period, and being actively involved in research aimed at estimating the
extent of late toxicity up to 20 years after the RT, it is my
opinion that an absolute risk reduction of approximately
5% motivates the recommendation to irradiate. The
recommendations given above, as well as in recent consensus statements[13,21] reflect this opinion. Furthermore,
and very importantly, the RT we give today, and the RT
that routinely can be given in only a few years[66,78,79], will
mean even less late toxicity than that seen in the followup studies of the RT deli vered during the 1980s-1990s.
Better understanding of internal movements will also allow more precise delivery of the radiation dose[80] and of
dose-response relationships for e.g., faecal incontinence[81].
An important question is the late toxicity from 5 × 5
Gy compared with the late toxicity seen after 46-50 Gy
in 25-28 fractions, usually administered with 5-FU. The
long-term morbidity from 5 Gy × 5 up to at least 10
years follow-up (with yesterday’s techniques) is known
from studies including thousands of patients. This
knowledge is not as solid from CRT. The Polish[33] and
the MRC-CR07 trials[31] could not detect any differences
between 5 × 5 Gy and CRT to 46-50 Gy after 4 years of
follow-up. The short-course schedule uses a high fraction
size of 5 Gy, compared with 1.8-2.0 Gy, whereas the total dose is less (25 Gy compared to 46-50 Gy). Both the
fraction size and the total dose are relevant. The relationship between total dose, fraction size and late toxicity is,
however, complex.
Another question is whether the addition of 5-FU increases late toxicity. In one of the two larger randomized
trials in the intermediate risk group[37,38], the addition of
5-FU negatively affected global QoL, social functioning and diarrhoea. Almost 60% of the patients suffered
from faecal incontinence, impairing their social life[82]. In
the trial in locally advanced/ugly cancers, more patients

Radiation therapy volumes and doses
In the “intermediate/bad” group, with the aim of lowering the risk of local failure, the primary tumour with the
mesorectum and lymph nodes outside the mesorectum,
at risk to contain tumour cells more than exceptionally
should be irradiated[65,66]. In the “early/good” group before or after a local procedure, only mesorectal nodes are
at sufficient risk to be involved. The appropriate dose to
subclinical disease should with 5-FU chemotherapy be at
least 45 Gy in 1.8-2.0 Gy fractions. The relative reduction
in local failure rates is then in the order of 50%-60%, and
subsequently there is room for improvement. A boost of
about 4-6 Gy in 2-4 fractions to the primary tumour is
sometimes given[67]. A brachytherapy boost has also been
tried; however, without any apparent advantage[68]. The
clinical problem is not the primary tumour in the bowel,
unless you aim at organ preservation (see above).
In the “locally advanced/ugly” tumours, the target
is basically the same as in the intermediate group, although the primary tumour extends more laterally and
more lymph nodes can be at risk. In these patients, a
lateral boost to areas where it can be difficult to surgically
remove all cells can be indicated[69]. It is not primarily
motivated to boost the centre of the tumour, e.g., where
the PET-uptake is the highest, if this can surgically be
removed.
The entire mesorectum is in most cases at great risk
of having tumour deposits and should be included in the
clinical target volume (CTV). In high tumours it is sufficient to include the 4 cm distal to the tumour. Besides
the mesorectal nodes, the presacral nodes up to the level
of S1-2 should be included in CTV. If presacral nodes
are radiologically involved, the upper border of CTV
should be even higher. Local recurrences above S1-2 are
infrequent[70-72]. The lateral nodes, including the internal
iliac nodes up to the bifurcation of the common iliac arteries should be included in tumours below the peritoneal
reflection, i.e., in tumours up to about 9-12 cm from the
anal verge[73]. The risk of lateral node involvement in the
Western world is not precisely known, but studies from
Asia show that these lymph nodes are rarely involved in
low-mid rectal pT1-2 tumours and in high tumours irrespective of T-stage[14,74]. External iliac nodes should only
be included if an anterior organ such as the urinary bladder, prostate or female sexual organs are involved. The
medial inguinal nodes need only to be prophylactically included when the tumour grows below the dentate line[75].
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had a stoma or a poor anal function in the CRT group
than in the RT group (89% vs 70%, P = 0.046)[83]. If this
means that the addition of chemotherapy results in more
late toxicity or if this difference reflects the survival of
patients with more advanced tumours in the CRT group
cannot be deduced. No differences in QoL were seen after 4-8 years[84].

the experimental group (5 × 5 Gy followed by 3 FOLFOX-4 cycles preoperatively). No postoperative therapy
is scheduled.
During the past 30 years, a better understanding of
the molecular mechanisms involved in tumour development and progression has placed great expectations on
improved diagnosis, staging, prognostic evaluation and
selection of the individually best therapy. Much new and
valuable information has been created, but no new clinically valuable markers have been identified. The number
of mm’s from the most peripheral part of the rectal tumour to the mrf (or crm postoperatively) is most informative. No predictor of which pre- (or post-)operative
treatment to choose is available. The efforts to translate
basic knowledge into clinically useful information must
be intensified or explored along other paths. Sampling
of representative and sufficient tumour material for diagnosis and research prior to, during and after therapy may
help. Functional imaging showing where to sample, may
be helpful. We need predictors and must find better ways
of identifying them than has been possible in the past.

CONCLUSION
During the past three decades, a severely disabling condition for many rectal cancer patients, viz a local failure
with uncontrolled growth of the cancer in the perineum
and pelvis has disappeared, although, unfortunately, not
yet at all centres. Multiple trials have confirmed the superiority of what can presently be considered as recommended care and treatment (Table 2). A multidisciplinary
approach has been a must in this development, at present
formalized as (weekly) multidisciplinary team (MDT)
meetings, during which all patients are discussed before
the first treatment decision, postoperatively, and at critical
time points during the course of the disease. Many countries have successfully launched quality assurance and
quality control programmes in rectal cancer surgery[85,86].
It is important that, besides surgical details, RT and CRT
details are also fully integrated in the programmes.
Practically all details in the care of the patients have
been the subject of prospective, frequently randomized
trials. It should, however, also be recognized that many
uncertainties about what is the best treatment still exist.
Furthermore, alternative approaches to attain low local
failure rates and improved survival together with as little
negative consequences from the disease and its treatment
as possible, also exist.
The trials have repeatedly shown that RT, whether
alone or with chemotherapy, should be given before surgery to have the best efficacy and least toxicity. This was
shown as early as 1985, but is only recently unanimously
agreed upon. It is also a belief that systemic treatment,
being the weakest part of the therapy, should be given
before and not after the surgery in order to have greatest
efficacy. Progression of the local primary should then not
occur during the systemic treatment, presently requiring a
duration of 5-6 mo. The discovery that the short-course
schedule results in substantial down-staging, is tolerable
and permits full chemotherapy starting soon after the
RT[56,87], has led to the next generation of studies, such
as the multicentre “RAPIDO” trial[88]. Patients with ugly
rectal cancers at high risk to recur are randomized to the
present standard, CRT, surgery and adjuvant chemotherapy (even if not all consider this standard[89]) and an
experimental arm with 5 × 5 Gy, neo-adjuvant chemotherapy and surgery at the end. A Polish study, likewise in
locally advanced, unresectable rectal cancer, with a similar
design is also ongoing[90]. In an interim analysis after 97
randomized patients, no major differences in acute toxicity and local efficacy were seen between the control group
receiving CRT (50.4 Gy with 5-FU/FA/oxaliplatin) and
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Core tip: This state-of-the-art review article covers current and future contribution of various imaging modalities in the diagnosis of colorectal cancer. Primary local
staging, metastatic spread, restaging and posttreatment response evaluation are discussed in depth using
emerging techniques such as virtual computed tomography (CT) colonoscopy, endorectal ultrasound and
positron emission tomography/CT. The role and indications of more recently developed techniques as magnetic resonance imaging (MRI) with diffusion weighted
images and hepatobiliary contrast materials are evaluated. The challenges and evolving role of functional
imaging with MRI spectroscopy and hepatic transit time
analysis using MRI and contrast enhanced ultrasound in
the detection of liver metastases are also covered.

Abstract
In the last 10 years the mortality rate of colorectal
cancer (CRC) has decreased by more than 20% due
to the rising developments in diagnostic techniques
and optimization of surgical, neoadjuvant and palliative therapies. Diagnostic methods currently used
in the evaluation of CRC are heterogeneous and can
vary within the countries and the institutions. This article aims to discuss in depth currently applied imaging modalities such as virtual computed tomography
colonoscopy, endorectal ultrasound, computed tomography (CT) and magnetic resonance imaging (MRI)
in the diagnosis of CRC. Special focus is put on the
potential of recent diagnostic developments as diffusion weighted imaging MRI, MRI biomarkers (dynamic
enhanced MRI), positron emission tomography with
2-(fluorine-18)-fluoro-2-deoxy-D-glucose (FDG-PET)
combined with computed tomography (PET/CT) and
new hepatobiliary MRI contrast agents. The precise
role, advantage and disadvantages of these modalities
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biopsy samples to be taken for definitive diagnosis with a
simultaneous opportunity for a therapeutic polypectomy,
therefore improving a long-term prevention of CRC
deaths[11]. However, patients with tumor related stenosis,
older patients and those with comorbidities are more
likely to have an incomplete or difficult OC[12,13].

Available from: URL: http://www.wjgnet.com/1007-9327/full/v19/
i46/8502.htm DOI: http://dx.doi.org/10.3748/wjg.v19.i46.8502

INTRODUCTION
Colorectal cancer (CRC) is the second most common
cause of cancer death in the western world, with a high
lifetime incidence of 6%. The prognosis of CRC is like
other tumors staging dependent and the 5 years survival
lies in the range of 40%-60%. Due to optimization of
surgical techniques, introduction of neoadjuvant therapies and recent developments in diagnostic imaging modalities, the mortality rate has decreased significantly by
20% in the last years.
Utilization of different imaging modalities in diagnosing of CRC vary between countries and institutions.
While computed tomography virtual colonoscopy (CTC)
is a validated tool in the primary diagnosis of CRC in the
United States[1], this method is used with caution in many
European countries due to radiation exposure and is thus
not included as a screening modality in asymptomatic
patients[2]. The pros and cons of this rapidly evolving diagnostic modality compared to endoscopy are discussed
controversially.
Imaging for surgical planning depicts the relationship
of the tumor to surgical key landmarks and shows the
presence of metastatic disease. Imaging features enable
preoperative evaluation of prognostic features, which
may guide patient selection for specific (e.g., neoadjuvant)
therapy[3]. Recent developments in imaging technologies
and validation of newer imaging techniques may lead
to significant improvements in the management of patients with CRC. Diagnostic techniques such as diffusion
weighted imaging (DWI), Fluorodeoxyglucose positron
emission tomography (FDG-PET) and dynamic contrast
enhanced magnetic resonance imaging (DCE-MRI) are
increasingly used and have shown to be clinically useful
in tumor characterization[4-6]. Newly developed techniques
such as perfusion computed tomography (CT) and MRI
spectroscopy allowing insights in tumor biology have
shown promising results, however they are not yet validated for clinical practice[7,8].
This review discusses the current and future contribution of various imaging modalities to already established
and recently developed techniques to improve the diagnosis for both-tumor detection and tumor characterization of CRC. In addition, the evolving role of newly developed methods for functional evaluation of otherwise
“occult” hepatic metastases such as Doppler perfusion
index (DPI)[9] and hepatic transit time (HTT) analysis using contrast enhanced MRI[10] will also be covered.

VIRTUAL CT COLONOSCOPY
In recent years the role of CTC as a potential alternative
to endoscopy has been widely studied[14-16]. CTC image
formation is based on the X-ray attenuation of lowdensity; high-intrinsic-contrast objects such as the air
contained in the colonic lumen versus the large bowel
walls, acting as an interface between intra luminal air and
the extra luminal compartment. Low X-ray energy is
sufficient to achieve diagnostic CTC images, resulting in
a low radiation dose. If CTC is aimed at the sole examination of the colon (e.g., for CRC screening purposes),
the use of low radiation dose CT acquisition protocols
is warranted. Conversely, regular dose CT protocols can
be used if CTC is part of a CT examination in which all
abdominal organs have to be investigated. This method is
applied in patients with known CRC and incomplete OC,
in whom CT plays a role for both complete assessment
of the colonic lumen and for oncological staging (Figure
1). For adequate colonic distention to be achieved, air or
carbon dioxide is usually delivered into the patients colon
with a thin rectal catheter prior to CTC. Air has the advantage of no cost and the ease of administration, but is
less tolerated as it is not absorbed by the colonic mucosa.
Conversely, carbon dioxide is more comfortable as it is
gradually absorbed by the colonic walls, although larger
volumes must be supplied compared with air. In practical
terms, administration of 1.0-1.5 liter of air or 3-4 liter of
carbon dioxide is usually sufficient[17]. The CT acquisition
is usually performed twice: in supine and prone position (or vice versa). This is to optimize the distention of
the various colonic segments depending on gravitational
compression by the surrounding abdominal structures,
as well as to distinguish polyps which may be fixed to
the bowel walls from fluid and/or fecal residues. Colonic
distention is also favored by parenteral administration of
spasmolytic agents, such as glucagon or hyoscine-N-butyl
bromide, which inhibit peristalsis and reduce the tone of
the parietal musculature. By orally administering positive
contrast material (barium or iodine), fecal and fluid tagging can be performed, helping to distinguish fecal/fluid
residues from parietal polyps. Tagged residual fluid can
then be electronically removed from CTC images by
means of a dedicated software. 3D reconstructions enable accurate quantification of polyp volume, which can
be helpful in a follow-up to assess growth of the polyps.
Research is in progress on subtracting solid tagged stool
in patients who do not undergo cathartic cleansing.
Pickhardt et al[14] found CTC comparable to colonoscopy in detection of bigger colorectal polyps. Two metaanalysis studies showed a high sensitivity (100%) of CTC
in the detection of colon cancer and 87.9% for adenomas
less than 10 mm[18,19]. Despite such promising data, there

PRIMARY DIAGNOSIS OF COLORECTAL
CANCER
Considering the high diagnostic performance, optical
colonoscopy (OC) remains the gold-standard investigation in the early detection of CRC. Colonoscopy allows
WCG|www.wjgnet.com
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Figure 1 A 64-year-old male patient who underwent routine screening colonoscopy terminated due to severe discomfort. A: Virtual computed tomography
(CT) colonoscopy detected a 1 cm polyp (arrow) in right colonic flexure, biopsy proved as adenocarcinoma; Fly-through with a 3D view of the polyp; B: The virtual X-ray
reconstruction; C: Coronal reconstruction using the lung window shows the tumor clearly.

A

B

C

Figure 2 Abdominal magnetic resonance imaging for local staging of rectal adenocarcinoma in a 58-year-old female. A, B: Post-contrast fat-suppressed axial
images show 7 cm long contrast enhancing neoplastic mass with lymph node metastases within the mesorectal fascia (arrow); C: Peripheral desmoplastic reaction
(arrowheads) on T1 sagittal images.

sis of local tumour extension, location, T stage, potential
circumferential resection margins, mesorectal fascial involvement and extramural or venous invasion is essential
for defining the treatment strategy. For this reason, MRI
is the recommended modality for initial staging, due to its
high accuracy for the definition of localization, determining the total extension and the relationship of the tumor
to the peritoneal reflection[22]. Furthermore, MRI is accurate in measuring the distance between the anorectal
junction and the distal part of the tumor. It is also accurate for determining the length of the tumor. Although
it has been the standard in the past, it is inappropriate to
use the term circumferential resection margins (CRM)
for initial clinical staging before surgery, since CRM can
be defined only postoperatively by the surgical plane. The
tumor growth on primary staging MRI should be best
described in relation to an anatomical structure, like the
mesorectal fascia[23]. Most staging failures with MRI occur
in the differentiation of T2 stage and borderline T3 stage
with overstaging as the main cause of errors[24]. Overstaging is often caused by desmoplastic reactions[5] and it is
difficult to distinguish on MRI between spiculation in
the perirectal fat caused by fibrosis alone (stage pT2) and
spiculation caused by fibrosis that contains tumor cells in
stage pT3 (Figure 2).

is currently no transcontinental consensus on whether
CTC should be used as a screening method in asymptomatic patients. Since 2008 CTC is recommended as a
validated diagnostic tool by the American Cancer Society
and is included among the screening tests of CRC[1]. This
recommendation was revalidated in a recent large patient
sample (1610 patients) multicenter randomized trial by
Atkin et al[16], concluding that CTC is a similarly sensitive, less invasive alternative to colonoscopy. However, in
many European countries the use of CTC as a screening
method in asymptomatic populations is prohibited due to
radiation related consequences and only advised in cases
of incomplete preoperative colonoscopy[2].
An alternative method to CTC could be MRI colonoscopy which is not radiation exposure related[20]. However, currently there are insufficient study results available
to recommend this method as a screening modality.

LOCAL STAGING OF CRC: MRI AND
ENDORECTAL ULTRASOUND
The tumor node metastasis classification of the American
Joint Committee on Cancer is the internationally accepted
standard for the staging of CRC[21]. The accurate diagno-
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Figure 3 A 58-year-old female with biopsy-proven adenocarcinoma of the rectum. A: Post-contrast fat-suppressed axial T1 images show a contrast-enhancing
mass (arrow), extending from rectum into the anal canal and invading the posterior aspect of the vagina; B, E: Both, the primary tumor and the lymph node metastases, show an hyperintense signal on diffusion weighted imaging; C, F: An reduced apparent diffusion coefficient reflecting the tight tumor cellularity; D: Enlarged,
contrast-enhancing lymph nodes along the right iliac axis (arrow).

Although previous studies have not shown much
advantage of dedicated phased-array coils[25], our clinical experience is positive and at our institution we use
phased-array coils as a standard in the primary diagnosis
of colorectal cancer. The advantage of high spatial resolution with a large field of view is making phased-array
MRI suitable for staging of both superficial and advanced
rectal tumors. A standard phased-array MRI protocol for
rectal cancer consists of T2-weighted turbo spin-echo
(TSE) MR sequences with high spatial resolution. The
strength of T2-weighted turbo spin-echo MRI of rectal
cancer is that fat tissue remains high in signal intensity.
In this way, the tumor contrasts well with the surrounding fat tissue, and even very thin hypointense structures
such as the mesorectal fascia can always be identified
independent of the body habitus of the patient, owing to
the high contrast between the hypointense fascia and the
hyperintense fat tissue in and outside the mesorectum[5].
At our institution, phased-array MRI for primary
rectal cancer staging is performed at 1.5 Tesla (Siemens
Avanto and Espree, all Siemens Healtcare, Erlangen, Germany) and 3.0 Tesla (Siemens Prisma, Skyra and Verio).
The protocol consists of a T2 SPACE 1.0 mm isovoxel
sequence, a standard echo planar imaging sequence for
diffusion (b-values: 0, 40, 400 and 800 s/mm2) including
an apparent diffusion coefficient (ADC) map and a T1
TSE Dixon sequence with fat saturation (FS) and calculation of in-/opposed-/fat- and water maps before con-
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trast administration (Figure 3). Post contrast sequences
are just a standard transversal T1 TSE FS (SL 5 mm) and
a T1 VIBE FS 1.2 mm isovoxel. The pre- and post contrast isovoxel sequences can be reconstructed in line with
and perpendicular to the individual tumor.
Endorectal Ultrasound (ERUS) is now an established
modality for evaluation of the integrity of the rectal wall
layers. With accuracies for T staging varying between 69%
and 97%, endorectal ultrasonography (US) is currently
the most accurate imaging modality for the assessment
of T1 tumors[2]. ERUS and endorectal MRI have similar
accuracy in the differentiation between superficial (T1
and T2) and T3 tumors[26]. However, endorectal MRI is
related to high costs, limited availability and is less patient
friendly. Consequently, endorectal MRI is not recommended by the European Society for Medical Oncology
Guidelines as a preferred imaging modality for clinical T
stage in colorectal cancer[22].

METASTATIC SPREADING OF CRC
In 25% of patients with colonic cancer and in 18% of
patients with rectal cancer, metastases are present at the
time of the first diagnosis. The most frequently used imaging modalities for the detection of CRC metastases are
US, CT, MRI and PET/CT[27]. Current National Comprehensive Cancer Network guidelines for initial staging
of CRC suggest the use of chest/abdomen/pelvis CT or
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A

Figure 4 A 63-year-old female with colorectal cancer and suspected liver metastasis.
A: Primovist images acquired 10 min p.i., during the hepatobiliary phase using a T1 VIBE
isovoxel sequence with coronal orientation;
B: Due to the high resolution axial reconstructions are also done routinely. The lesion in
segment Ⅰ (arrow) is clearly demarcated as a
contrast defect because of the missing hepatocytes in the metastasis while the other parts of
the liver show a bright contrast enhancement.

B

MRI, while FDG-PET/CT is reserved for surveillance or
problem solving.

lesions compared to chest X-ray (CXR), a large number
of these lesions (4%-42%) does not allow for a definitive
diagnosis. Only one quarter of unspecified pulmonary
lesions found on CT are demonstrated to be metastases,
therefore the high sensitivity of CT cannot guarantee
important benefit for the patients[32]. This concept is supported by a recent study showing that preoperative staging chest CT is not beneficial for CRC patients without
liver and lymph node metastasis on abdominal and pelvic
CT who had a negative initial CXR finding[33].

N staging
ERUS, CT and MRI use the size as the main criterion in
the assessment of nodal involvement, although the lymph
node size is not an ideal indicator of metastasis and
lacks sufficient accuracy for clinical decision-making[28].
FDG-PET gives better insight in tumor biology, however, due to limited spatial resolution it does not allow
for reliable detection of small lymph node metastases.
FDG-PET/CT may provide additional information and
could increase the accuracy of lymph node involvement
significantly with a sensitivity and specificity of 51% and
85% for local lymph nodes and 62% and 92%, for distant
lymph nodes[29].

RESTAGING: THERAPEUTIC RESPONSE
EVALUATION
General considerations
Patients after primary tumor resection and those treated
with chemoradiation therapy (CRT) for locally advanced
CRC require a regular post treatment evaluation. Within
the first 5 years after curative therapy there is an increased
chance for a locoregional relapse (3%-24%), occurrence
of distant metastases (25%) and for developing metachronous secondary tumors (1.5%-10%). The introduction of preoperative adjuvant CRT has led to a reduction
in local recurrency rates and has become standard of care
for patients with locally advanced rectal cancer.
Several studies investigating the role of imaging for
restaging after CRT suggest that neither MRI nor ERUS
or FDG-PET are sufficiently accurate for identifying the
true complete responders with positive predictive values
ranging from 17%-50%[34-36]. T2 weighted MRI has been
standardly used for local restaging (Figure 5). Many recent
reports have shown that DWI MRI may be useful for
the response evaluation after CRT[37,38]. DWI has shown
to be feasible as an early marker of treatment response
because cell death and vascular alterations typically occur
before size changes. It also has been proved that DWI
in addition to standard MRI significantly improves the
performance of radiologists to select complete therapy
responders compared to standard MRI only[39,40]. In a recent systematic review and meta analysis study including
1556 patients from thirty-three studies MRI has shown to
be useful for tumor-free CRM restaging, however nodal
staging remained challenging[41]. High b-value DWI is
sensitive for detecting the location of lymph nodes, but

M staging
Correct detection of hepatic and pulmonary metastases
can be challenging considering the possible difficulties
in differentiation with benign lesions in these organs.
CT has a better diagnostic performance (sensitivity
74%-84%, specificity 95%-96%) compared to US in detection of CRC liver metastases[30]. A meta analysis of
prospective studies comparing FDG-PET, MRI, and CT
demonstrated a superior performance of MRI over the
other two modalities on a lesion-by-lesion basis of the
liver and in particular in evaluating lesions less than 1 cm
in size (sensitivity 80%-88% and specificity 93%-97%)[6].
Recently, DWI and hepatobiliary phase MRI with new
hepatobiliary contrast agents have been integrated for the
detection of liver metastases demonstrating improved sensitivity over routine MRI alone[31]. The newest hepatobiliary
contrast agent available is Gd-EOB Primovist® in Europe
and Eovist® in United States and Canada (Bayer Healthcare, Leverkusen, Germany). Uptake of contrast within
the hepatocytes results in peak parenchymal enhancement approximately 10-20 min p.i., referred to as the
hepatobiliary phase. As expected, lesions like metastases
without containing hepatocytes are strongly hypointense
compared to the surrounding enhanced parenchyma in
this phase (Figure 4).
For the detection of pulmonary metastases imaging
can be limited to chest X-ray. Although CT detects more
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Figure 5 Initial rectal cancer staging of a 48 year old female. A: Occlusion of the rectum by solid tumor on magnetic resonance imaging (MRI) (arrow); B: Corresponding high Fluorodeoxyglucose metabolism in the Fluorodeoxyglucose positron emission tomography/computed tomography; C: Post treatment (chemoradiation
therapy) magnetic resonance imaging shows a clear tumor size reduction (arrow) with a continuing lumen after chemoradiation therapy.

characterization of neoplastic nodes yields false-negative
results and reactive hyperplastic nodes false-positive results.
It has been reported that transient decrease in the
ADC may occur early in treatment related to cellular
swelling, reduction in the blood flow or extravascularextracellular space[42]. However, early decreases in ADC
values are not consistently seen and it has recently been
reported that increases in ADC value with therapy response occur within 3-7 d in responding CRC patients
treated with chemotherapy[43]. Therefore the utilization
of ADC values in the CRC evaluation needs further standardization and validation.
The role of FDG-PET in evaluating of recurrent
colon cancer is controversial. Some of the previously
published studies showed high specificity of this modality (up to 98%) based on evident FDG reduction after
adjuvant CRT[44]. Metabolic changes in response to treatment occur before any structurally detectable change (e.g.,
tumor shrinkage). In the neoadjuvant setting, serial FDGPET examinations may aid treatment planning to decide
the appropriate length of neoadjuvant chemotherapy to
maximize tumor response before surgical resection. In
this setting, FDG-PET could lead to changes in therapies
for those patients with tumors that show no metabolic
change[45]. On the contrary, other studies suggest that
when radiation therapy is applied, FDG-PET cannot reliably identify pathologic complete response to CRT due
to radiation related increased FDG uptake by rectal mucosa resulting in high false-positive data[46,47]. For this reason, when using FDG-PET to monitor tumor response,
it is not advocated within the first 4 wk after completion
of CRT. FDG-PET/CT is a unique combination of the
cross-sectional anatomic information provided by CT
and the quantitative metabolic information provided by
FDG-PET. In the past years, FDG-PET/CT has taken
an important place in treatment response assessment[48].
Limitations of FDG-PET/CT are that the technique is
cost- and time-consuming (utilizing about 1.5 h per patient) and is not widely available.
Considering a very limited benefit of CRC follow-up
in stage Ⅰ tumors, described as only 1% increase in patient survival[49], a regular follow-up in these patient group
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is not indicated. In patients with advanced primary CRC
(stage Ⅱ and Ⅲ), US is advised for the follow-up of liver
metastases. US has a slightly lower sensitivity compared
to CT in the detection of liver metastases, however the
performed studies did not show a convincing advantage
of CT over US in evaluation of asymptomatic patients[50].
Therefore, abdominal US can be indicated as a costeffective, widely available and relatively simple diagnostic
modality in the follow-up of CRC liver metastases.
Up to 7% of all curatively treated patients with
CRC develop distant pulmonary metastases which in
3.4%-30.0% are detected with chest X-Ray[51]. Therefore
CRX evaluation can be sufficient in follow-up of asymptomatic patients.
For anatomic objective response evaluation criteria
based on assessment of the size of the tumor or metastases, Response Evaluation Criteria in Solid Tumors
(RECIST) have been developed[52]. RECIST uses unidimensional measurements of the sum of the longest lesion diameters of target lesions. At our institution we use
a commercially available software for RECIST analysis
(mint Lesion®, Mint Medical GmbH, Heidelberg, Gemany), which will be discussed below.
Software based follow-up
Proper response assessment and reporting of metastatic
lesions are crucial. A major pitfall in tumor response
monitoring is the increasing incidence of mixed response
to chemotheraphy and subjective measurements of the
lesions, e.g., liver and lung metastases, also lesion measurements are time-consuming and can be investigator
dependent. Computerized tools able to optimize the radiologist’s workflow of the image reading process are spreading as the need for a systematic, standardized follow-up
procedure grows. For example, the syngo® CT Oncology
software (Siemens Healtcare, Erlangen, Germany) is able
to perform automated measurement of neoplastic lesions
helping to solve the long-standing issue of interobserver
variability.
Another automated tool is mint Lesion® (Mint Medical GmbH, Heidelberg, Gemany), developed at the German Cancer Research Center (Heidelberg, Germany)
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Figure 6 An automated software (mint Lesion®, Mint Medical GmbH, Heidelberg, Gemany) used at our Institution for tumor treatment response evaluation. A:
Computed tomography images show liver metastasis in a patient with colorectal cancer on nine follow-up examinations; B: Graphical evaluation depicts the measurement of the lesion standardized throughout the whole staging period consisting of baseline (BL) and nine follow up assessments (1-9). Tumor response is evaluated
according to Response Evaluation Criteria in Solid Tumors.

which is currently routinely used at our institution for
oncological assessment. Connected with our Picture
Archiving Computer System (PACS) the mint Lesion
software is able to continually synchronize and upgrade
its worklist retrieving and matching precedent patients’
related studies allowing a workflow optimization. It covers management of patient cohorts in terms of disease
and treatment, assessment of lesions with respect to the
overall patient treatment course, statistical response evaluation in line with response criteria, and consistent and
comprehensive automated reporting.
In the initial baseline assessment target and non-target
lesions are defined. In subsequent follow-up exams the
software is able to correlate and match images of the previous studies allowing a faster recognition of previously
described lesions; by showing exactly how quantitative
measurements (i.e., volumetry, density and intensity) were
performed in previous studies, interobserver variability
WCG|www.wjgnet.com

is thus reduced. Apart from the reproducible measurements, assessment notes, treatment outcome statistics for
patient cohorts and individual patients, mint Lesion® provides an automatically generated, consolidated visual and
textual overview of a single treatment course (Figure 6).
Graphical charts help to identify the dimensions of tumor load change with respect to baseline, nadir and previous exams. Therapy course overview is clearly depicted
in the results and can be sent as digital imaging and communications in medicine to the PACS as well as actively
included in the report. By such means, the standardization of the read workflow contributes to the assessment
quality of longitudinal follow-up sequences providing
comprehensible information for an interdisciplinary assessment of the therapy response by a tumor board.
Beyond resolution: Functional imaging
Functional imaging now has a growing role in colorec576
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tal cancer assessment. Recent developments in imaging
technologies and validation of these newer imaging techniques may lead to significant improvements in the management of patients with colorectal cancer.
To date, FDG-PET does not have an established role
in primary diagnosis of colon cancer reflecting limited
availability of resources and lack of convincing cost-benefit data[53]. This technique has low sensitivity revealing
mucinous adenocarcinomas in which metabolic activity
is low. Partial volume averaging and necrotic lesions may
cause false-negative results, and incidental physiologic
bowel FDG uptake or inflammation will produce increased tracer uptake, giving rise to false-positive findings that can mimic a tumor. The controversial role of
FDG-PET in the posttreatment setting has been already
discussed above. Prediction of the nodal status by CRC
remains problematic. A novel nanoparticle MRI lymphographic agent - ultrasmall superparamagnetic iron oxide
particles showed an overall sensitivity and specificity of
88% and 96% in the detection of lymph node metastases
of CRC[54]. Regretfully these MRI contrast agents are not
yet available for clinical practice.
Dynamic contrast-enhanced (DCE) CT and MRI
have been described as potential prognostic biomarkers
in CRC. The results of the studies evaluating DCE-CT as
a biomarker for chemoradiation are controversial: while
baseline low perfusion values were described to be associated with a poorer response in the study by Bellomi et al[55],
another group reported the contrary[56]. DCE-MRI data
uses two compartments for contrast agent accumulation:
blood plasma and extravascular-extracellular space. Ktrans
(volume transfer constant between the blood plasma and
the extravascular-extracellular space, the washout rate,
measured in minutes-1) and Kep (rate constant between the
extravascular-extracellular space back to the blood plasma, the washout rate, measured in minutes-1) determine
the transport between these two compartments. Rectal
tumors with higher Ktrans values at presentation appear to
respond better to CRT than those with lower values. After CRT, usually Ktrans values are reduced, while persistent
raised values indicate residual active disease[57].

FDG-PET/CT was used to localize the colorectal tumor,
and CT coordinates were used to plan the subsequent
perfusion. The study showed good intra- and interobserver agreement for the metabolic-flow differences, suggesting this approach as a robust parameter for clinical
practice.
The role of MR Spectroscopy (MRS) has been of
great interest in the recent years to improve the primary
diagnosis of various cancer groups. In a small sample
ex vivo prospective study on 24 subjects with colorectal
cancer without neoadjuvant treatment, MRS was able to
discriminate healthy from neoplastic tissue and to distinguish patients with different prognoses[7].
Functional imaging in liver metastases of colorectal cancer
The liver is the first organ most likely to develop distant
metastases from CRC. Knowledge of hepatic metastatic
involvement during identification of the primary tumor is
therefore crucial. The idea is not new and we can follow
several attempts to get access to that information back
to the nineteen-eighties. The approach is to detect the
arterialization of the liver blood supply during the onset
and development of liver metastases. In a normal healthy
individual approximately two thirds of the blood supply
of the liver arrives via the portal vein and one third via
the hepatic artery. During the development of liver metastases, this relation changes: the above mentioned arterialization occurs, which means the arterial portion of the
liver blood supply increases while the portal vein portion
decreases[59]. This has been shown first with technetium
colloid scintigraphy to estimate the so called hepatic perfusion index (HPI) in overt liver metastases[60-62]. Meanwhile it has been shown that the hemodynamic changes
occur already at an early microscopic stage of metastasis
formation[63,64].
Leen et al[65] developed a Doppler ultrasound method
to get a parameter similar to the HPI, the DPI, which
gives the hepatic arterial blood flow relative to the portal venous flow. This ratio was raised in patients with
liver metastases. The method demonstrated not only the
possibility to detect overt liver metastases but also the
arterialization due to occult metastases for the standard
morphology based imaging methods. This study showed
that patients with colorectal cancer, without liver metastases on first imaging and a raised DPI, had a much higher
risk of developing liver metastases in the following five
years than those with normal DPI. The DPI method thus
seems to detect the presence of metastases which were
occult to all other imaging modalities[9]. Unfortunately,
DPI measurements are strongly operator dependent and
other groups could not reproduce Leen’s results[66,67].
HTT analysis of a microbubble ultrasound contrast agent
has then been proposed as an alternative technique for
detecting hepatic arterialization[68]. It was initially used to
show arterialization in patients with hepatic cirrhosis[69,70].
Meanwhile several studies have shown that the method is
able to detect hemodynamic changes in liver metastases
but depends on the used contrast agent[10,71-73] (Table 1).

Experimental techniques in primary colorectal cancer
diagnosis
In a study by Ng et al[58], CT texture features of primary
colorectal cancer were studied in relation to 5-year overall
survival rate. The authors studied the tumor heterogeneity using a range of parameters, including entropy, uniformity, kurtosis, skewness, and standard deviation of the
pixel distribution histogram. According to this study tumors demonstrating less heterogeneity at fine filter levels
were associated with poorer survival, concluding that the
addition of texture analysis to staging contrast-enhanced
CT may improve prognostication in patients with primary
colorectal cancer. Goh et al[8] assessed an interobserver
agreement in a prospective study with integrated FDGPET/CT and perfusion CT to evaluate the relationship
between tumor glucose metabolism and vascularization.
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Figure 7 Magnetic resonance imaging images of the T1-weighted sequence for hepatic transit time analysis at different time points. A: Baseline image without contrast; B: Arterial phase with opacification of the aorta (AO); C: Arterial phase with opacification of the AO and the hepatic artery (HA); D: Portal venous phase
with additional enhancement of the portal vein (PV); Note that the hepatic veins (HV) are still not enhanced; E: Venous phase with complete opacification of all vessels
including the HV; F: Example of a typical time intensity curve acquired from a ROI placed at the position of the HA; The raw data in the graph (blue line) has a modulation due to patient breathing. Therefore the curve has to be fitted and smoothed (red line). The calculated baseline as well as threshold point, demonstrating the arrival
time of the contrast agent is drawn.

summarized under the term diffusion/perfusion measurements (Figure 7). Especially with focal or global
perfusion methods, MRI seems to have great potential
to detect hemodynamic changes due to focal liver lesions[76]. While the first studies just measured perfusion
parameters in one single plane[77,78], this changed to measurements of the whole liver with 3D Datasets but with
limited time resolution[79,80]. It should currently be possible to increase this time resolution in further studies. All
the previous mentioned methods required intravenous
contrast material, which might have an influence on the
results similar to the results on MRI as it was shown with
CEUS. Therefore new methods without contrast material, like hemodynamic response imaging, which has proven to show therapy response in experimental settings, are
very promising[81].
Overall, for functional imaging in patients with
colorectal cancer, MRI of the liver offers the widest variety of possibilities in the future. This might be essential
for the detection of occult liver metastases at the time of
first diagnosis of colorectal cancer and will then result in
different therapeutic approaches due to the results of the
measurement.

Table 1 Summary of studies with measurement of hepatic
transit times in subjects with and without the evidence of
liver metastases
Hepatic transit time
(arterial to venous) (s)
Study

Number
Liver
No liver
of patients metastases metastases

Bernatik et al[73]
Hohmann et al[10]
Zhang et al[71]
Haendl et al[72]
Haendl et al[72]
Haendl et al[72]
Hohmann et al[78]

28/36
22/22
5/3
20/15
12/14
20/15
20/21

6.7
7.4
6.2
6.3
9.9
6.3
7.1

15.4
11.1
11.3
9.3
14.8
9.2
13.5

contrast
agent

modality

Optison1
SonoVue2
SonoVue2
SonoVue2
Levovist3
Luminity4
MultiHance2

CEUS
CEUS
CEUS
CEUS
CEUS
CEUS
MRI

1

Amersham, Little Chalfont, United Kingdom; 2Bracco, Milano, Italy;
Bayer, Berlin, Germany; 4Lantheus, N. Billerica, MA, United States. These
are mainly studies using CEUS but also one study which used MRI. All
other MRI studies used slightly different approaches and did not measure
directly comparable values. CEUS: Contrast enhanced ultrasound; MRI:
Magnetic resonance imaging.
3

There have also been other attempts to measure hepatic
blood supply changes with CT and MRI. With CT this is
usually a perfusion measurement with the calculation of
different perfusion parameters such as hepatic artery and
portal vein perfusion and the HPI[74,75]. The major drawback of CT measurements is radiation exposure and,
therefore, most of the studies are animal studies. Even
though the results are promising, there are probably no
realistic possibilities for CT perfusion measurements in
humans.
With MRI the approaches are different which are
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CONCLUSION
In recent years several attempts have been made to improve the diagnostic performance of imaging modalities
for better characterization of CRC. To date, OC remains
the most precise modality in the detection of primary
CRC simultaneously allowing biopsy and therapeutic

578

January 28, 2014|First Edition|

Kekelidze M et al . Imaging of colorectal cancer

polypectomy. Virtual CT colonoscopy is gaining importance as a potential alternative to OC, recently showing
a similar diagnostic performance[16]. However, radiation
exposure and the lack of instantaneous therapeutic possibilities remain a primary concern. To date, there are insufficient study results to recommend MR Colonoscopy
as a screening modality.
MRI and ERUS at present show the best results in the
local staging of rectal carcinoma[5,22,23]. MRI is the superior imaging modality for the evaluation of primary tumor
location, extension and mesorectal fascia involvement.
Overstaging remains problematic on MRI, related to difficulties in differentiating desmoplastic reaction caused
by fibrosis alone (stage pT2) and by fibrosis that contains
tumor cells (stage pT3). ERUS, with an accuracy of up
to 97%, is currently the most accurate imaging modality
in the assessment of T1 rectal tumor[2]. For the detection
of CRC distant metastases, US and CT are the most advocated modalities. Although FDG-PET/CT shows an
increased accuracy in metastatic lymph node assessment,
utilization of this modality is limited and cannot be applied broadly. Recent studies support the concept that in
preoperative staging chest CT is not beneficial and imaging of the patients without hepatic and lymphatic metastases can be limited to CXR[81].
Newer techniques in functional imaging may lead to
significant improvements in the management of CRC.
The hepatobiliary MRI contrast agent (Gd-EOB Primovist/Eovist®, Bayer Healthcare) is available to improve
the detection of liver metastases and could be problemsolving in difficult cases. In treatment response monitoring, DWI is gaining a promising role as a reliable marker
to improve MRI performance, however, characterization
of metastatic lymph nodes remains challenging. Other
MRI biomarkers in the treatment response evaluation
such as Dynamic contrast enhanced MRI and perfusion
CT might improve the insights in tumor biology to better
characterize residual tumor. Experimental studies on MRI
spectroscopy of primary CRC, MRI diffusion/perfusion
and hepatic transit time analysis using MRI in the detection of metastatic liver disease are promising. However,
further research in larger series is needed to be applicable
in clinical practice.
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work-up may result in higher accuracy of histological
diagnosis. The clinical value of more recent technical
advances, such as sentinel lymph node biopsy and
molecular analysis of lymph nodes tissue still remains
to be defined.

Abstract

Core tip: For patients with colorectal cancer, the indication for adjuvant therapy is mainly guided by the presence of regional lymph node metastasis. This review
provides an in depth analysis of parameters affecting
the clinical significance of lymph node staging, focusing
on changing definitions of lymph nodes, involved lymph
nodes, and tumor deposits in different editions of the
American Joint Committee on Cancer/Union for International Cancer Control tumor node metastasis staging system, the minimum number of lymph nodes that
should be evaluated, lymph node ratio, extracapsular
invasion, sentinel node biopsy, and the potential benefit
of ancillary techniques, such as immunohistochemistry
and molecular analysis.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Outcome prediction based on tumor stage reflected
by the American Joint Committee on Cancer (AJCC)/
Union for International Cancer Control (UICC) tumor
node metastasis (TNM) system is currently regarded
as the strongest prognostic parameter for patients
with colorectal cancer. For affected patients, the indication for adjuvant therapy is mainly guided by the
presence of regional lymph node metastasis. In addition to the extent of surgical lymph node removal and
the thoroughness of the pathologist in dissecting the
resection specimen, several parameters that are related to the pathological work-up of the dissected nodes
may affect the clinical significance of lymph node
staging. These include changing definitions of lymph
nodes, involved lymph nodes, and tumor deposits in
different editions of the AJCC/UICC TNM system as
well as the minimum number of nodes to be dissected. Methods to increase the lymph node yield in the
fatty tissue include methylene blue injection and acetone compression. Outcome prediction based on the
lymph node ratio, defined as the number of positive
lymph nodes divided by the total number of retrieved
nodes, may be superior to the absolute numbers of
involved nodes. Extracapsular invasion has been identified as additional prognostic factor. Adding step sectioning and immunohistochemistry to the pathological
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INTRODUCTION
Colorectal cancer is one of the most common cancers
worldwide. In the United States, approximately 102480
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new cases of colon cancer and 40340 new cases of rectal
cancer have been estimated for 2013. For the same time
period, 50830 deaths from colorectal cancer have been
calculated, accounting for about 9% of all cancer deaths[1].
Surgical resection is the treatment of choice for patients with locally confined disease. Outcome prediction
based on tumor stage reflected by the American Joint
Committee on Cancer (AJCC)/Union for International
Cancer Control (UICC) tumor node metastasis (TNM)
system is currently regarded as the strongest prognostic
parameter. Adjuvant chemotherapy, which is primarily
based on 5-fluorouracil, has decreased tumor recurrence
in AJCC/UICC stage Ⅲ patients, while neoadjuvant chemotherapy and total mesorectal excision have improved
local control in patients with rectal cancer. The indication
for adjuvant therapy is mainly guided by the presence of
regional lymph node metastasis[2-4].
A plethora of controversies exists how the evaluation
of resected lymph nodes should be performed, many of
these affecting the clinical significance of lymph node
staging in daily routine practice (Table 1). This already
starts with varying definitions of lymph nodes as such,
lymph nodes involved by metastatic tumor tissue, and
their differentiation from tumor deposits, as is reflected
by changing criteria in different editions of the AJCC/
UICC TNM staging system[5]. The number of examined
lymph nodes has been identified as an additional important issue. Some investigators claim the lymph node ratio,
defined as the number of positive lymph nodes divided
by the total number of retrieved nodes, to be more important than the absolute number of positive nodes[6-9].
Likewise, the identification of extracapsular invasion by
cancer cells may help to improve the prognostic significance of lymph node staging[10-13].
Manual dissection with subsequent histological assessment based on routinely hematoxylin and eosin (HE)
stained slides is the standard approach in the examination
of regional lymph nodes in cancer specimens (Figure
1)[14]. However, some studies have raised the suspicion
that analysis based solely on HE stained slides is insufficient for a proper evaluation. This notion has led to the
introduction of new techniques, such as sentinel node
biopsy, immunohistochemical and molecular analyses in
the work-up of cancer specimens[15].
In this review, we will refer to the controversies mentioned above in detail, focusing on both clinical impact and
technical issues. Data for this review were compiled using
MEDLINE/PubMed and Thomson Reuters Web of Science®, assessing articles published before August 2013.
The search terms included colorectal cancer, colon cancer,
rectum cancer, TNM classification, lymph node metastasis,
lymph node ratio, extracapsular invasion, sentinel lymph
node, immunohistochemistry, and molecular analysis. Only
articles published in English were considered.

Table 1 Parameters affecting the clinical significance of
lymph node staging in colorectal cancer
Extent of surgical lymph node removal
Thoroughness of the pathologist in dissecting the resection specimen
Technical methods to increase lymph node yield
Methylene blue injection
Fat clearing
Acetone compression
Changing definitions of lymph nodes, involved lymph nodes, and
tumor deposits in different editions of the AJCC/UICC TNM staging
system
History of neoadjuvant treatment
Absolute number of retrieved lymph nodes
Absolute number of positive lymph nodes
Lymph node ratio
Presence of extracapsular invasion
Sentinel node biopsy
Number of histological sections
Use of immunohistochemistry to identify micrometastasis and/or
isolated tumor cells
Use of molecular techniques to identify minimal tumor disease in
lymph node tissue
AJCC: American Joint Committee on Cancer; UICC: Union for International Cancer Control; TNM: Tumor node metastasis.

validated as a powerful prognostic tool in patients with
colorectal cancer. In particular, the absolute number of
positive nodes has been identified as a highly effective
predictor of adverse outcome, as shown by worsening
of prognosis with increasing number of lymph nodes
involved by cancer[16,17].
Hence, in the AJCC/UICC staging system the prognostic stratification of nodal disease is based on the
absolute number of positive lymph nodes. Difficulties,
however, arise with respect to changing definitions of
lymph nodes as such, involved lymph nodes, and/or tumor deposits (satellites) in different editions[5]. Tumor deposits are macroscopic or microscopic nests or nodules
of cancer found in the pericolic and/or perirectal adipose
tissue’s lymph drainage area of a primary carcinoma (away
from the leading edge of the infiltrating tumor) without
histological evidence of residual lymph node in the nodule. They are histologically heterogeneous and may be
seen associated with distinct anatomic structures, such
as veins[18]. These deposits may represent discontinuous
primary tumor spread, venous invasion with extravascular
spread, or a totally replaced lymph node (Figure 2A-C).
The main differences between the different editions
of the AJCC/UICC TNM system regarding lymph node
staging are as follows: The 5th edition of the TNM system (TNM-5) introduced the 3 mm rule for their classification, providing a tool based exclusively on the size of
the lesions[19]. The 6th edition (TNM-6) discarded the size
criterion and referred to the contour of the lesions[20].
The 7th edition (TNM-7) focused on the differentiation
of lymph node metastases from tumor deposits, including the latter in the pN category (pN1c)[21]. Details are presented in Table 2.
Nagtegaal et al[5] have proven lymph node staging according to TNM-5 to be superior to TNM-6, as demon-

LYMPH NODE STAGING ACCORDING TO
THE AJCC/UICC TNM SYSTEM
Quantitative lymph node evaluation has repeatedly been
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Figure 1 Manual dissection with subsequent histological assessment based on routinely hematoxylin and eosin stained slides is the standard approach
in the examination of regional lymph nodes in cancer specimens. A: Rectum cancer specimen of a 56-year-old female; B: Ulcerated primary tumor, measuring 5
cm in largest diameter; C: After preparation of the primary tumor (including the fatty tissue underneath the lesion and the circumferential margin) the remaining perirectal/mesocolic fatty tissue is carefully removed; D: Specimen for subsequent manual lymph node dissection; E: 36 presumed lymph nodes are isolated, of which the
largest four are cut into halves and embedded on their own, respectively (lower right); F: 31 lymph nodes are confirmed on hematoxylin and eosin stained slides, one
of which with metastatic cancer tissue (encircled).
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A

B

C

D

Figure 2 Lymph node metastases and tumor deposits in patients with colorectal cancer. A: Metastatic adenocarcinoma within a mesocolic lymph node [hematoxylin and eosin (HE) original magnification, × 100]; B: Mesocolic lymph node totally replaced by metastatic cancer tissue, note the smooth contour of the lesion (HE,
original magnification, × 150); C: Tumor deposit (satellite) within the mesocolic fatty tissue, note the irregular contour of the lesion (HE, original magnification, × 250); D:
Mesocolic lymph node metastasis with extracapsular extension of cancer tissue (original magnification, × 250).

strated in two independent populations. Therefore, several national guidelines in Europe still refer to TNM-5 for
classification. It is simpler, more reproducible, allows for
comparison with preoperative imaging, and is effective
and accurate[5]. The potential value of TNM-7 remains to
be evaluated in larger prospective studies. The fact that
all patients with tumor deposits will now be classified in
the node-positive group has raised major concerns. This
holds true particular for the evaluation of tumor regression and residual tumor foci after neoadjuvant therapy. In
the group of patients who did not receive preoperative
treatment, however, staging according to TNM-7 appears
to be highly prognostic and possibly superior to TNM-5
and TNM-6[5]. The reproducibility of the definitions
given in the latest version may, however, be imperfect. In
a recent interobserver variability study of lymph nodes
and tumor deposits by Rock et al[22], seven gastrointestinal
pathologists completely agreed on only 11 of 25 lesions
(κ-value 0.48; 95%CI: 0.28-0.67). Top-ranked features
for the differentiation of lymph node metastases from
tumor deposits included round shape, peripheral lymphocyte rim, peripheral lymphoid follicles, subcapsular sinus,
residual lymph node surrounding fibroadipose tissue,
and thick capsule. As inconsistency remains even under
expert pathologists, it is currently unclear whether the criteria that are available for the distinction of lymph node
metastases from tumor deposits are feasible in everyday
routine practice performed by general pathologists.

WCG|www.wjgnet.com

MINIMUM NUMBER OF LYMPH NODES
Adequate assessment of nodal status depends on the total number of retrieved lymph nodes that are available for
histological evaluation. A recommendation put forward
by Fielding et al[23] stated the ideal minimum to be 12
nodes since below this cut-off value there is a high risk
of false-negative reporting of lymph node involvement
due to inadequate sampling[16]. This recommendation was
adopted by the AJCC/UICC TNM system and has been
included in various clinical practice guidelines[2-4,24]. The
minimum number of lymph nodes that should be assessed ensures adequate staging, prognostication, and accurate treatment, since affected lymph nodes are the primary determinant for the use of adjuvant chemotherapy.
The variability in the number of retrieved lymph
nodes remains to be a major problem in patient management since often the recommended minimum number
of 12 lymph nodes is not achieved. This may be due to
differences in the extent of surgical lymph node removal,
the thoroughness of the pathologist in dissecting the
cancer specimen, and/or the actual number of regional
lymph nodes that is related to tumor location[25,26]. In
rectal cancer, the increasing use of neoadjuvant therapy
represents another important factor affecting lymph
node yield. Under combined chemo-and radiotherapy
regional lymph nodes undergo a process of regression.
Thus, the recommended number of 12 lymph nodes was
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recently published study[29], the application of this technique does not seem to be associated with an increased
detection of lymph node metastases. In this study, comparing methylene blue assisted dissection with standard
dissection, neither the rate of nodal positive cases, nor
the rate of pN2 cases differed between the two groups.
The most probable explanation for this finding is the fact
that mostly involved lymph nodes are enlarged and therefore easy to find[30].
The acetone elution and compression method was
introduced by Basten et al[31]. After manual dissection for
large palpable lymph nodes (usually > 1 cm in diameter)
the mesorectal fat is perforated with a needle roller and
transferred to acetone. After elution in acetone, tissue
samples are mechanically compressed using a manual
squeezing machine, as described in detail by Gehoff et
al[27]. By this method a reduction of about 90% of mesorectal fat volume is achieved. Specifically, acetone compression facilitates the detection of any tumor deposit in
mesorectal and mesenteric fatty tissue and therefore provides a reliable survey of tumor cell deposits including
perineural cancer infiltrates, particularly after neoadjuvant
therapy[27]. As for methylene blue-assisted lymph node
dissection, the total number of harvested lymph nodes
markedly increased in that study, the number of positive
lymph nodes, however, did not change. From a biological standpoint it is interesting to note that, basically, the
number of lymph nodes is independent of pretreatment
status[27].

Table 2 Changing definitions of lymph nodes, involved
lymph nodes, and tumor deposits in different editions of the
American Joint Committee on Cancer/Union for International
Cancer Control tumor node metastasis staging system
TNM-5 A tumor nodule greater than 3 mm in diameter in perirectal
or pericolic adipose tissue without histological evidence of
a residual lymph node in the nodule is classified as regional
lymph node metastasis. However, a tumor nodule up to 3 mm
in diameter is classified in the T category as discontinuous
extension, i.e., T3
TNM-6 A tumor nodule in the pericolic/perirectal adipose tissue
without histological evidence of residual lymph node in the
nodule is classified in the pN category as a regional lymph
node metastasis if the nodule has the form and smooth contour
of a lymph node. If the nodule has an irregular contour, it
should be classified in the T category and also coded as V1
(microscopic venous invasion) or V2, if it was grossly evident,
because there is a strong likelihood that it represents venous
invasion.
TNM-7 Tumor deposits (satellites), i.e., macroscopic or microscopic
nests or nodules, in the pericolorectal adipose tissue’s lymph
drainage area of a primary carcinoma without histological
evidence of residual lymph node in the nodule, may represent
discontinuous spread, venous invasion with extravascular
spread (V1/2) or a totally replaced lymph node (N1/2). If such
deposits are observed with lesions that would otherwise be
classified as T1 or T2, then the T classification is not changed,
but the nodule(s) is recorded N1c. If a nodule is considered
by the pathologist to be a totally replaced lymph node
(generally having a smooth contour), it should be recorded as
a positive lymph node and not as a satellite, and each nodule
should be counted separately as lymph node in the final pN
determination.
TNM: Tumor node metastasis.

LYMPH NODE RATIO OR ABSOLUTE
NUMBER OF INVOLVED LYMPH NODES?

reached in only about 20% of cases in large international
trials that investigated the benefit of neoadjuvant therapy
in rectal cancer. This observation prompted the question
whether the insufficient number of lymph nodes is due
to the disappearance of the nodes, or just reflects progressive atrophy and fibrosis with subsequent reduction
in lymph node size, rendering them undetectable during
routine pathological work-up[27].
Due to the fact that the recommended number of
nodes is often not reached by traditional manual dissection new technical methods were introduced to facilitate
lymph node harvest in the fatty tissue. These include fat
clearing methods, methylene blue-assisted lymph node
dissection, as well as acetone elution with subsequent
compression of adipose tissue (“acetone compression”).
The method of methylene blue-assisted lymph node dissection was introduced in 2007 as a cheap and simple
tool[28]. The method is based on ex vivo intraarterial injection of 15-20 mL of methylene blue solution in the fresh
or shortly formalin-fixed resection specimen. After fixing overnight lymph nodes are dissected manually. This
technique results in dramatically increased lymph node
counts compared to conventional dissection. The effect
is particularly evident in rectal cancer patients after neoadjuvant therapy and helps to ensure a sufficient lymph
node harvest in these patients. However, according to a
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Several studies have demonstrated that simply the analysis
of a larger number of lymph nodes results in a survival
advantage for patients with stage Ⅱ and Ⅲ disease, while
the situation for stage Ⅰ disease is less clear[32-36]. A study
by Lykke et al[36] demonstrated that in patients with more
than 12 nodes, there was a significantly higher proportion
of stage Ⅲ disease, indicating that stage migration takes
place when high numbers of lymph nodes are harvested.
To overcome the dependence on the number of harvested lymph nodes, a ratio-based node staging system has
been proposed.
The lymph node ratio, defined as the number of positive lymph nodes divided by the total number of retrieved
nodes, has gained increasing attention. A large number
of studies showed that the prognostic significance of
lymph node ratio is superior to that of the absolute number of involved lymph nodes[6,8,36-44]. Lymph node ratio
was identified as an independent predictor of diseasefree survival, overall survival, and cancer-specific survival
in stage Ⅲ disease. Notably, lymph node ratio remains to
be an independent prognosticator even after neoadjuvant
therapy, despite reduction of the absolute number of retrieved nodes[45]. The lymph node ratio may thus improve
TNM-based prognostic stratification and may help to
identify patients at high risk of disease recurrence and/or
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progression.
Problems, however, remain, particularly as different
cut-off values were applied in the studies that identified
lymph node ratio as promising tool. Currently, we do not
know which cut-off value is ideal and whether this value
may be the best for both colon and rectum cancer. Future
prospective studies, applying a data-driven approach are
urgently needed to accurately define these cut-off values,
as obviously “not one size fits all”[40].
Although the concept of lymph node ratio was developed to generate a prognostic marker that is independent
from the number of examined nodes data are still conflicting in this regard. According to Chen et al[43], lymph
node ratio independently estimates survival, irrespective
of the number of nodes examined. In the study by Berger et al[38], lymph node ratio was a significant parameter
when 10 or more lymph nodes were removed, but not
for patients with less than 10 lymph nodes.

SENTINEL LYMPH NODE BIOPSY
The sentinel lymph node, defined as the first lymphatic
station within a given lymph drainage area, is considered
to be of eminent importance in oncologic practice. Sentinel node detection may be accomplished by injection of
blue dye (e.g., methylene blue) or radiotracers near to the
tumor. Afterwards the surgeon detects the node by visual
inspection or by use of gamma probe or Geiger counter.
In clinical practice, sentinel lymph node biopsy has been
found to be highly effective in correctly predicting the
nodal status in malignant melanoma and breast cancer[49].
Commonly, a frozen section procedure is employed so
if neoplasia is detected further lymph node dissection
may be performed. If, however, the sentinel node is free
of cancer the extent of operation may be kept to a minimum.
Within the last two decades, several investigators
aimed to enlarge the field of application and have evaluated sentinel lymph node biopsy in various malignancies[50]. In colorectal cancer, the potential benefit of
sentinel lymph node biopsy is different from that of malignant melanoma and breast cancer. Here, the method
does not intend to reduce the extent of surgery but aims
to identify conditions that might lead to more extensive
surgical lymph node dissection. Another purpose is to
establish more accurate lymph node staging in order to
identify patients at risk for disease recurrence and/or
progression[51].
According to a recent meta-analysis[52], the pooled
sentinel node identification rate is approximately 90% in
patients with colorectal cancer, with a significantly higher
rate in studies including more than 100 patients or studies using an ex vivo approach. The pooled sensitivity of
the procedure is approximately 70%. Subgroups with
significantly higher sensitivity could be identified. These
include individuals with ≥ 4 sentinel nodes identified (vs
individuals < 4 nodes), colonic location (vs rectal location), and early, i.e., pT1/2 carcinomas (vs advanced, i.e.,
pT3/4 carcinomas).
How sentinel lymph node biopsy may be successfully incorporated in routine practice has recently been
illustrated in a study by Saha et al[53]. The authors investigated 192 patients undergoing surgery for colon cancer
and identified aberrant drainage, i.e., drainage outside the
standard resection margin requiring change of the extent
of operation, in 22% of patients. Notably, nodal positivity was higher in patients undergoing change of operation (62%) compared to those undergoing only standard
oncologic resection (43%).
Major drawbacks remain to be the still imperfect detection rate and the comparably low sensitivity for the
identification of nodal disease. The detection rate is significantly influenced by several patient-and disease-specific factors, the most important of which being body mass
index, center experience, and learning curve[49]. The considerably high false-negative rate to identify node-positive
patients may be explained by aberrant drainage sites and
the presence of skip lesions. It is known that skip lesions

EXTRACAPSULAR LYMPH NODE
INVASION
Extracapsular lymph node invasion refers to the extension of cancer cells through the nodal capsule into the
perinodal fatty tissue (Figure 2D)[46]. This phenomenon
has gained considerable attention as prognostic variable
in several solid organ tumors, particularly in cancers originating from breast and head and neck region as well as in
several gastrointestinal malignancies.
In colorectal cancer, extracapsular invasion has been
observed in 18% to 68% of stage Ⅲ tumors[10-13,46]. According to Komuta et al[10], extracapsular invasion occurs
more likely in lymph nodes that are occupied for more
than 50% by cancer cells, compared to lymph nodes with
less than 50% occupation. Its occurrence has been related
to high pT-classification, high number of involved nodes,
and presence of positive distant lymph nodes, which allows the conclusion that extracapsular invasion is more
likely to be found in advanced tumor stage[11-13].
The ability of metastatic nodes to recruit degradation factors that permit cancer cells to break through the
lymph node capsule reflects the invasiveness and aggressiveness of the primary tumor, even in an immunologically hostile environment[46]. Thus, patients with extracapsular invasion at metastatic sites are at particularly high
risk to develop disease progression and distant cancer
spread[12,13]. In particular, survival and recurrence rates
of patients with extracapsular invasion are significantly
worse than those of patients without, and extracapsular
invasion has been identified as independent predictor of
disease-free and overall survival in patients with node
positive cancers[11,12,47,48].
Overall, the detection and, possibly, quantification
of extracapsular invasion may help to individualize postoperative treatment strategies by identification of a subgroup of patients with significantly poorer long-term
survival and poorer local control who might benefit from
intensified adjuvant therapy[46].
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Figure 3 Value of immunohistochemistry in the evaluation of lymph nodes from patients with colorectal cancer. A: Micrometastasis in the subcapsular sinus
of a mesocolic sentinel node evaluated by standard hematoxylin and eosin (HE) staining (original magnification, × 400); B: Micrometastasis in the subcapsular sinus
of a mesocolic sentinel node evaluated by immunohistochemistry using an antibody preparation directed against pankeratin (serial section to A, original magnification,
× 400); C: Atrophic perirectal lymph node with marked fibrosis after neoadjuvant treatment (original magnification, × 100); D: Identification of residual cancer cells by
pankeratin immunostaining (original magnification, × 400).

occur when lymphatics are obstructed by tumor. Retter
et al[54] showed that in 63% of their false negative tumors,
lymphatic and venous invasion by cancer cells was present.
The extent of the pathological work-up is another
major factor with significant impact on the performance
and clinical significance of the sentinel node biopsy concept. According to the meta-analysis cited above, adding
step sectioning and immunohistochemistry, e.g., using
antibodies directed against pankeratin (Figure 3), to the
pathological work-up resulted in a mean upstaging in
18.9% (range 0%-50%). True upstaging defined as micrometastases [pN1(mi)] rather than isolated tumor cells
[pN0(i+)] occurred in 7.7%[52]. The optimal technical
method how sentinel lymph nodes should be evaluated
still has to be defined. Several papers have addressed this
topic, the three most relevant will be referred to in detail.
In the study by Bembenek et al[49], a total of 141 of
186 patients classified as nodal negative by routine HE
staining underwent step sectioning and immunohistochemical analysis for pankeratin (MNF116) of their
sentinel lymph nodes. Thirty of these patients revealed
micrometastases (n = 7) or isolated tumor cells (n = 23),
resulting in an overall upstaging rate of 30 of 141 (21.3%).
In the clinically important subgroup of stage Ⅱ patients,
upstaging occurred in 24.2% (21 of 91).
In the study by van der Zaag et al[51], three serial sections (cut at 500 μm intervals) of all 908 lymph nodes
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from 58 patients with pN0 carcinomas (according to
standard evaluation on HE stained slides) were examined
with three different antibodies [directed against pankeratin (Cam5.2), keratin 20, and Ber-EP4]. The examination
revealed occult tumor cells in 33% (19 of 58) of histologically pN0 patients (12% micrometastases and 21%
isolated tumor cells). Occult tumor cells were predominantly found in sentinel nodes with an overall sensitivity
of sentinel mapping for occult tumor cells of 88%.
In the study by Märkl et al[55], applying methylene blue
injection in an ex vivo approach lymph node metastases
were found in 20 of 47 (43%) cases with skip metastases
occurring in four of them. Performing three additional
HE step sections and immunohistochemical staining for
pankeratin (MNF116) in sentinel lymph nodes and all
other lymph nodes, resulted in true upstaging (N0N1mi)
in 1 of 23 cases (4%).

MOLECULAR ANALYSIS OF LYMPH
NODES - A FEASIBLE APPROACH?
The identification of lymph node involvement is the
most important factor to predict outcome and qualify affected patients for adjuvant chemotherapy[55]. Manual dissection of fatty tissue and histopathology based on HE
stained sections remain to be the standard approach in
pathological lymph node evaluation.
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compared to advanced evaluation applying immunohistochemistry.
MUC2 apoprotein, which is secreted from nonneoplastic intestinal goblet cells and is expressed in the
majority of colorectal cancers, has been introduced as
another promising marker[15,63,72,73]. Some groups investigated carcinoembryonic antigen[63,68,69,72,74], while others
referred to guanylyl cylase C (GCC)[58,68,75]. GCC is a receptor for bacterial enterotoxins and the paracrine ligands
guanylin and uroguanylin and is expressed selectively by
intestinal epithelium. Comparable to mucin apoprotein 2
(MUC2), the expression of GCC is preserved throughout
the transition from adenoma to carcinoma in colorectal
tissues[56,58]. Most recently, so-called one-step nucleic acid
amplification (OSNA) has been introduced to detect
keratin 19 (K19) mRNA as a surrogate for lymph node
metastasis. K19 is expressed in many types of cancer,
albeit in varying frequencies. OSNA is based on reverse
transcription-loop-mediated isothermal amplification to
amplify K19 mRNA[59,61,76].
All these techniques allow the examination of the
entire lymph node, thereby overcoming the problem
of sampling bias due to insufficient analysis of material in the standard histological approach. This may lead
to improved staging and better selection of patients for
adjuvant chemotherapy. More importantly the molecular
detection of tumor cells in regional lymph nodes has
been associated with disease recurrence and poor survival
in node-negative colorectal cancer[14,77].
Problems, however, remain. The value of quantitative
RT-PCR assays for the detection of occult tumor cells
in regional lymph nodes relies on the balance between
sensitivity and specificity in order to minimize the occurrence of false-positive or false-negative results[78].
None of the markers are really specific. K19 has been
used as a molecular marker in a variety of studies dealing
with several types of cancer, including colorectal cancer.
Doubt has arisen about the tissue specificity of K19 gene
expression. Already in 1996, Gunn et al[79] noted K19 gene
expression in 34 of 40 lymph nodes from patients who
underwent bowel resection for benign disease. The reasons for the observed false-positivity rate are not entirely
clear. In addition to simple contamination or dissemination of tumor cells and/or tumor cell fragments via the
lymphatics during the procedure, amplification of K19
pseudogenes may play a role[78]. Finally, Bustin et al[68] detected K20, carcinoembryonic antigen, and GCC mRNA
in 47%, 89% and 13% of 149 lymph nodes, respectively
from patients with benign disease indicating that K19 is
not the only marker for which specificity problems remain to be solved.
Nevertheless, the molecular approach has opened new
options concerning the diagnosis of isolated tumor cells
and micrometastases in patients with histopathology-negative lymph nodes[57]. Benefits of the molecular approach
have to be weighed against potential drawbacks. A major
reason for controversy is the lack of standardization of
molecular analyses hampering comparison of different
studies as well as inclusion of molecular techniques into

Table 3 Markers for molecular lymph node staging
Keratin 20
Keratin 19 (including one-step nucleic acid amplification technique)
Mucin apoprotein 2
Guanylyl cylase C
Carcinoembryonic antigen
CEACAM6
CEACAM1-S
CEACAM1-L
CEACAM7-1
CEACAM7-2
c-Met
K-ras mutation
Estrogen receptor promoter methylation

This may, however, lead to underestimation of disease
and understaging of patients. About 30% of the patients
with histopathology-negative lymph nodes (AJCC/UICC
TNM stages Ⅰ and Ⅱ) develop recurrent and/or progressive disease, likely associated with undetected metastatic
deposits[15,56-59]. As shown above, the use of additional
step sections and immunohistochemistry may improve
the identification of positive lymph nodes. Of note,
many patients initially staged lymph node-negative, who
experienced disease recurrence had isolated tumor cells
and/or micrometastases after advanced evaluation[60]. A
major limitation of the histological examination is the
fact that only a small portion of the lymph node, usually
the section(s) with the largest cut surface, is assessed leaving most parts of the nodes uninspected[61].
As current techniques for nodal examination may be
inadequate for the detection of micrometastases and/or
isolated tumor cells, molecular analysis of lymph node
tissue has been introduced as additional tool in the workup of cancer patients. The identification of minimal
disease in lymph nodes by molecular techniques may help
to identify patients at high risk for recurrence and/or
progression, who could benefit from adjuvant therapy[62].
The following features are relevant: (1) no expression of
the respective marker in immune cells; (2) no or weak
downregulation in tumors compared to normal tissue;
and (3) relatively high and constant expression in tumor
tissue irrespective of tumor stage[63]. Several molecular
markers have been applied (Table 3). In the following we
will refer to some of them in detail.
Keratin 20 (K20) is constitutively expressed in intestinal epithelia and is the most important keratin subtype
expressed in colorectal cancer. It can be found in more
than 90% of primary tumors. Immunoreactivity in metastatic tissues is known to match well with that of corresponding primary tumors, with high concordance for
lymph node and distant metastases, respectively[64]. The
significance of quantitative real-time polymerase chain
reaction (RT-PCR) for the detection of K20 mRNA
in regional lymph nodes of cancer patients has been
investigated by several groups, mainly in sentinel node
biopsies[15,57,65-71]. In general, these studies demonstrated
a higher sensitivity of molecular analysis compared to
standard evaluation based on HE stained slides and also
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routine practice[57]. According to current practice guidelines, AJCC/UICC stage Ⅲ patients receive adjuvant
treatment. This strategy results in significantly improved
outcome when nodal disease is proven histologically.
However, it is currently not entirely clear whether the
patients with nodal disease proven on a molecular level
experience similar benefits if chemotherapy is given.

8

9
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CONCLUSION
Lymph node staging is a major prognostic factor in
colorectal cancer and remains to be the most important
criterion to select patients for adjuvant treatment. Changing definition of lymph nodes, involved lymph nodes,
and tumor deposits in different editions of the AJCC/
UICC TNM system have influenced the significance of
lymph node staging in the past. The standard approach
for lymph node evaluation is based on manual dissection
and histological evaluation of HE stained slides. Methylene blue injection and fat clearing methods increase
lymph node harvest in cancer specimens. Adding step
sectioning and immunohistochemistry to the pathological work-up may result in higher accuracy of histological
diagnosis. The clinical value of more recent techniques,
such as sentinel lymph node biopsy and molecular analysis of lymph nodes tissue still remains to be defined.
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chemotherapy and radiation therapy can improve
survival rates, it is imperative to integrate alternative strategies such as immunotherapy to improve
outcomes for patients with advanced CRC. In this
review, we will discuss the effect of immunotherapy
for inducing cytotoxic T lymphocytes and the major
immunotherapeutic approaches for CRC that are currently in clinical trials, including peptide vaccines,
dendritic cell-based cancer vaccines, whole tumor cell
vaccines, viral vector-based cancer vaccines, adoptive cell transfer therapy, antibody-based cancer
immunotherapy, and cytokine therapy. The possibility of combination therapies will also be discussed
along with the challenges presented by tumor escape
mechanisms.
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Core tip: The prognosis for patients with recurrent or
metastatic colorectal cancer (CRC) is extremely poor.
Immunotherapy may be effective for treating CRC
patients and/or preventing relapse. The immunotherapeutic approaches for CRC, including peptide vaccines,
dendritic cell-based cancer vaccines, whole tumor cell
vaccines, viral vector-based cancer vaccines, adoptive
cell transfer therapy, antibody-based cancer immunotherapy, and cytokine therapy have been demonstrated. The blockade of multiple immune regulatory
checkpoints combined with immunotherapy and/or
conventional chemotherapy may be effective in treating
patients with advanced CRC.

Abstract

Original sources: Koido S, Ohkusa T, Homma S, Namiki Y,
Takakura K, Saito K, Ito Z, Kobayashi H, Kajihara M, Uchiyama
K, Arihiro S, Arakawa H, Okamoto M, Gong J, Tajiri H. Immunotherapy for colorectal cancer. World J Gastroenterol 2013;

The incidence of colorectal cancer (CRC) is on the
rise, and the prognosis for patients with recurrent
or metastatic disease is extremely poor. Although
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amino acids) in association with MHC class Ⅱ molecules
on APCs and enhance the persistence of antigen-specific
CD8+ CTLs through secretion of interleukin (IL)-2
and interferon (IFN)- γ[12]. Therefore, the interaction
of the αβ TCR with complexes of peptides and MHC
class Ⅰ and class Ⅱ molecules on APCs is a central event
in cancer immunotherapy. The αβ TCR expressed by
CD8+ CTLs recognizes MHC class Ⅰ-peptide complexes on tumor cells and leads to tumor cell killing through
effector molecules such as perforin and granzyme B[13].
Moreover, there is increasing evidence that CD4+ T cells
play a more direct role in generating efficient antitumor
immunity beyond simply assisting[14]. Therefore, effective antitumor responses depend on the presence and
function of T cells that recognize and eliminate tumor
cells[14,15].
A unique subset of human T cells expresses the
TCR-γδ. Human γδT cells include several subsets of
cells defined by their TCR. The most common subset of
TCR-γδT cells in circulating blood express the Vγ9Vδ2
receptor[16,17]. Although cancer immunotherapy strategies
primarily focus on activation of these MHC-restricted
T cells, γδT cells and αbT cells share certain effector
functions such as cytokine production and potent cytotoxic activity. However, they recognize different sets of
antigens, usually in a non-MHC-restricted fashion[16,18].
Thus, T cells can attack tumors in their HLA-unrestricted
cytotoxic capacity, as well as by secreting cytokines. Indeed, tumor-infiltrating γδT cells have been detected in
a broad range of cancers, including CRC[19]. Importantly,
activated γδT cells can kill cells from metastatic renal cell
carcinomas, mammary carcinomas, prostate carcinomas
and colorectal carcinomas, while sparing normal, untransformed cells[18,19].

19(46): 8531-8542 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v19/i46/8531.htm DOI: http://dx.doi.
org/10.3748/wjg.v19.i46.8531

INTRODUCTION
Colorectal cancer (CRC) is the third most common cancer in men (accounting for 10.0% of all cancers) and the
second most common cancer in women (accounting for
9.4% of all cancers) worldwide. Additionally, CRC is the
fourth most common cause of cancer-related death[1].
Optimization of surgical resection for patients with localized disease has dramatically improved 5 year and 10 year
survival rates. The prognosis for patients with resectable
tumors depends on the disease stage. CRC patients with
distant metastasis have a 12% survival rate[2], and more
than 20% of CRC patients have metastatic disease at
the time of diagnosis[3,4]. Moreover, despite the fact that
80% of CRC patients with localized disease demonstrate
complete macroscopic clearance of the tumor by surgery,
50% of CRC patients will relapse due to the presence of
micro-metastasis at the time of surgery[5]. Chemotherapy
is approved for the treatment of regionally metastatic
CRC, but it shows only modest efficacy and is ineffective
against distant metastases[6]. The prognosis for patients
with advanced disease remains unfavorable due to the
frequency of recurrence, distant metastasis, and resistance to chemotherapy. Thus, novel treatment modalities
are needed. Interestingly, tumors that develop chemotherapy or radiation resistance are still suitable targets for
immunotherapy[7-10]. Therefore, cancer immunotherapy
may be effective for treating CRC patients and/or preventing relapse.

Natural killer cells
Natural killer (NK) cells are component of innate immunity responses to tumor cells[20]. NK cells can rapidly
kill certain target cells, including tumor cells with downregulated MHC class Ⅰ molecules[21]. Thus, NK cells play
a critical role in antitumor immunity. NK cells recognize
tumor cells via cellular stress or DNA damage signals[22].
Activated NK cells directly kill target tumor cells through
several mechanisms, including[23]: (1) cytoplasmic granules
such as perforin and granzyme B[24]; (2) tumor necrosis
factor-related apoptosis-inducing ligand and Fas ligand
(FasL)[25,26]; (3) effector molecules such as IFN-γ and nitric oxide (NO)[24,27]; and (4) antibody-dependent cellular
cytotoxicity (ADCC)[28]. NK cell activators (IL-2, IL-12,
IL-15, and IL-18), have also been validated in preclinical
cancer models[23].

ANTITUMOR IMMUNE RESPONSES
T cells
Tumor cells degrade endogenous and exogenous tumorassociated antigens (TAAs) into short peptides (usually
8-10 amino acids) and present them on the cell surface in
the context of major histocompatibility complex (MHC)
class Ⅰ molecules. T cell receptor (TCR) interaction with
the complex of peptides and MHC class Ⅰ molecules
on tumor cells is a critical event in the T cell-mediated
antitumor immune response. T cells that express the αβ
TCR generally express CD4+ (helper T cells) or CD8+
(cytotoxic T cells) lineage markers[11]. In particular, CD8+
T cells recognize peptides (usually 8-10 amino acids) derived from TAAs bound by MHC class Ⅰ molecules on
tumor cells. Thus, immunotherapy may promote cancer
cell killing by eliciting antitumor immune responses by
recognizing specific TAAs on tumor cells.
To induce antigen-specific CD8+ cytotoxic T lymphocytes (CTLs), peptides derived from TAAs must
be presented on the surface of antigen presenting cells
(APCs) in the context of MHC class Ⅰ molecules. In
contrast, CD4+ T cells recognize peptides (usually 10-30
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Dendritic cells
Dendritic cells (DCs) are potent APCs that have been
used in cancer vaccines due to their ability to initiate antitumor immune responses[12]. DCs are characterized by
expression of MHC class Ⅰ, class Ⅱ, and costimulatory
molecules (B7, ICAM-1, LFA-1, LFA-3, and CD40)[29-31].
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Treg subset[37]. Induced Tregs (CD4+CD25+Foxp3-) secrete TGF-β and IL-10 and suppress Th1 and Th2 phenotypes[38,39]. Therefore, Tregs play a pivotal role in tumor
progression and the suppression of antitumor immunity.
The cancer microenvironment consists not only of
cancer cells but also stromal cells such as cancer-associated fibroblasts, tolerogenic DCs, myeloid-derived suppressor cells, immunosuppressive tumor-associated macrophages (TAMs), and Tregs. These immune suppressive
cells secrete vascular endothelial growth factor (VEGF),
IL-6, IL-10, TGF-β, soluble FasL, and indolamine-2,3dioxygenase (IDO)[40], which inhibit antitumor immunity
by various mechanisms, including depletion of arginine
and elaboration of reactive oxygen species (ROS) and
NO. Moreover, the tumor microenvironment promotes
the accumulation of Tregs that suppress CD8+ CTL
function due to the secretion of IL-10 or TGF-β from
Tregs and tumor cells[40] (Figure 1).

These molecules function in concert to generate a network of secondary signals essential for reinforcing the
primary antigen-specific signal in T-cell activation[29-31].
DCs process endogenously synthesized antigens into
antigenic peptides, which are presented on the cell surface in MHC class Ⅰ-peptide and recognized by the αβ
TCR on naïve CD8+ T cells[12]. DCs can also capture and
process exogenous antigens, which are then presented by
MHC class Ⅰ molecules through an endogenous pathway
in a process known as “cross-presentation”[32]. Moreover,
exogenous antigens from the extracellular environment
are also captured by DCs and delivered to the endosomal/lysosomal compartment, where they are degraded to
antigenic peptides by proteases and peptidases. These antigens then complex with MHC class Ⅱ for recognition
by the αβ TCR of naïve CD4+ T cells[12]. Efficient antigen presentation by MHC class Ⅰ and class Ⅱ on DCs is
essential for evoking tumor-specific immune responses[33].
Mature DCs are significantly better at processing and
presenting MHC-peptide to the TCR and inducing CTLs
due to higher expression of MHC class Ⅰ and class Ⅱ
and costimulatory molecules[33].
Immature DCs reside in peripheral tissues where
they take up and process antigens that are degraded
to peptides. These peptides are then bound to MHC
class Ⅰ molecules for presentation to CD8+ CTLs or
bound to MHC class Ⅱ molecules for presentation to
CD4+ T helper (Th) cells. Differentiation of the immature DCs into mature DCs is triggered by molecular
stimuli that are released in response to tissue disturbance
and local inflammatory responses caused by pathogens[34].
After antigen uptake and stimulation by the inflammatory
response, immature DCs in the peripheral tissues undergo a maturation process characterized by the up-regulation of MHC class Ⅰ and class Ⅱ and costimulatory molecules, the up-regulation of chemokine receptors such as
CCR7, and the secretion of cytokines such as IL-12[34,35].
The mature DCs migrate to secondary lymphoid organs,
where they present antigens to CD4+ and CD8+ T cells
through the MHC class Ⅰ and class Ⅱ pathways, respectively[12,34]. Therefore, the aim of immunotherapy is to
simultaneously activate CD8+ CTLs (which recognize
TAA) and CD4+ Th cells.

IMMUNOTHERAPY
Immunotherapy is an active therapeutic approach designed to trigger the immune system to respond to
tumor-specific antigens and attack tumor cells. Immunotherapy strategies include the use of peptides derived
from TAAs, whole tumor cells, in vitro-generated DCs, or
viral vector-based cancer vaccines (Table 1).
Peptide vaccines
A peptide vaccine is based on the identification and synthesis of epitopes, which can induce TAA-specific antitumor immune responses. CRC cells express TAAs such
as carcinoembryonic antigen (CEA)[41,42], mucin 1[41-43],
epidermal growth factor receptor (EGFR)[44], squamous
cell carcinoma antigen recognized by T cells 3 (SART3)[45],
[46]
β-human chorionic gonadotropin (β-hCG) , Wilms’
[47]
[48]
Tumor antigen 1 (WT1) , Survivin-2B , MAGE3[49],
p53[50], or mutated KRAS[51], which are potential targets
for immunotherapy. Peptide vaccines targeting these
TAAs may be a useful approach for immunotherapy in
CRC patients.
Peptide vaccines are simple, safe, stable, and economical. Multiple MHC class Ⅰ-binding peptides have been
identified and tested for immunogenicity. Several peptide
vaccines for CRC have been tested in phase Ⅰ clinical trials. Fifteen patients with advanced or recurrent CRC expressing survivin were vaccinated with a peptide derived
from HLA-A*2402-restricted epitopes[48]. In 6 patients,
tumor marker levels (CEA and CA19-9) decreased transiently during the survivin-2B peptide vaccination. Moreover, in phase I trial of peptide-cocktail vaccines derived
from ring finger protein 43 (RNF43) and translocase of
the outer mitochondrial membrane 34 (TOMM34), 8 of
21 patients exhibited antigen-specific CTL responses to
both RNF43 and TOMM34, and 12 patients exhibited
CTL responses to one of the peptides only[52]. The patients who did not demonstrate any CTL responses had
the lowest survival rates. By vaccination with a 13-mer

Immune suppressive cells
CD4+ Th cells are critical for inducing and regulating immune responses. Immune homeostasis is primarily controlled by two distinct helper T cell subsets, Th1 and Th2
cells[36]. Th1 cells secrete IFN-γ, which can further sensitize tumor cells to CTLs by inducing the up-regulation
of MHC class Ⅰ molecule expression on tumor cells and
antigen-processing machinery in DCs[12]. Th2 cells secrete
type Ⅱ cytokines such as IL-4 and IL-10 that enhance
humoral immunity (the antibody-based antitumor response)[12]. Importantly, tumor cell-derived soluble factors
such as transforming growth factor-β (TGF-β) and IL-10
induce tolerance by promoting the expansion of the
CD4+α-2R (CD25)+ forkhead box P3 (Foxp3)+ natural
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Figure 1 Immunosuppression in the tumor microenvironment. Cancer cells secrete various factors such as vascular endothelial growth factor (VEGF), interleukin
(IL)-6, IL-10, transforming growth factor-β (TGF-β), Fas ligand (FasL), PD1 ligand 1 (PD-L1), and indolamine-2,3-dioxygenase (IDO), all of which promote the accumulation of heterogeneous populations of cancer-associated fibroblasts (CAFs), tumor-associated macrophages (TAMs), myeloid-derived suppressor cells (MDSCs),
and tolerogenic dendritic cells (DCs). These immunosuppressive cells inhibit antitumor immunity by various mechanisms, including depletion of arginine and elaboration of reactive oxygen species (ROS) and nitric oxide (NO). The tumor microenvironment promotes the accumulation of Tregs that suppress CD8+ cytotoxic T lymphocyte (CTL) function through secretion of IL-10 and TGF-β.

exist[13]. Synthetic long peptides may be more attractive
candidates for peptide-based vaccines. In a phase I/Ⅱ
trial, 10 CRC patients were vaccinated twice with a set of
10 overlapping p53 synthetic long peptides[50]. p53-specific CD4+ and CD8+ T-cell responses were observed
in 9 of 10 CRC patients, and 6 of 9 tested patients maintained p53-specific T-cell reactivity for at least 6 mo. New
trials may focus on improving the long peptide vaccineinduced antitumor immune responses.

mutant ras peptide, 2 of 7 CRC patients showed antitumor immune responses that were significantly associated
with prolonged overall survival[53]. Moreover, in a phase
Ⅱ trial, vaccination with the β-hCG peptide induced anti[46]
β-hCG antibody production in 56 of 77 CRC patients .
Interestingly, anti-β-hCG antibody induction was associated with longer overall survival[46]. However, some clinical trials report a discrepancy between clinical and immunological responses. In SART3 peptide vaccine therapy,
IgE-type anti-peptide antibodies were detected after
vaccination; however, immunological responses were not
detected in the patients[45]. Peptide vaccines for CRC patients are generally well-tolerated, with no patients requiring cessation due to toxicity; however, a high frequency
of reactions were observed at the injection site due to the
use of adjuvants such as incomplete Freund’s adjuvant,
IL-2, granulocyte-macrophage colony-stimulating factor
(GM-CSF), and bacillus Calmette-Guerin (BCG). Importantly, peptide vaccines have shown only limited success
in clinical trials. There are several drawbacks to the peptide vaccination strategy, including: (1) limitations due to
the patient’s HLA type[54]; (2) ineffectiveness of CD8+
CTLs due to the down-regulation of certain antigens and
MHC class Ⅰ molecules; (3) impaired DC function in patients with advanced cancer[55]; and (4) tumor microenvironments, where immune suppressive cells such as Tregs
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DC vaccines
Three signals were required for induction of efficient
CTL responses: (1) simultaneous presentation of multiple
TAAs by both MHC class Ⅰ and class Ⅱ molecules; (2)
costimulation by membrane-bound receptor-ligand pairs;
and (3) cytokines to direct polarization of the resultant
antitumor immune responses. DCs can provide all three
of these signals that are essential for the induction of
antitumor immunity[33]. Therefore, many clinical trials of
antigen-pulsed DCs have been conducted in patients with
various types of tumors, including CRC.
To date, various strategies for delivering TAAs to DCs
have been developed to generate potent CTL responses
against tumor cells. DCs have been pulsed with synthetic
peptides derived from the known TAAs[56], tumor cell
lysates[57], apoptotic tumor cells[32], and tumor RNA[58], or
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Table 1 Immunotherapy strategies for colorectal cancer
Vaccine

Clinical response

Peptide
Survivin-2B

Combination chemotherapy with peptide
vaccine against RNF43 and TOMM34

13-mer mutant ras

β-hCG
SART3

A set of 10 overlapping p53 synthetic long
peptides
DC
DC pulsed with CEA peptide or CEA mRNA
DCs pulsed with CEA-derived altered
peptides combined with the adjuvant Flt3
ligand
Whole tumor cell
Autologous tumor cells combined with BCG

NDV-infected irradiated autologous tumor
cells

Viral vector
Replication-defective recombinant fowlpox
and vaccinia viruses encoding the CEA antigen
and TRICOM (B7.1, ICAM-1, and LFA-3)
Combination chemotherapy and vaccination
with a nonreplicating canarypox virus (ALVAC)
expressing the CEA and T-cell costimulatory
molecule B7.1 (ALVAC-CEA/B7.1)

Immunological response

PR (1/15)
Increase of Survivin-2B-specific CTL frequency
SD (3/15)
DTH 40% (6/15)
PD (11/15)
Temporary decrease of CEA level 40% (6/15)
SD (16/19)
8 of 21 patients exhibited antigen-specific CTL
PD (3/19)
responses to both RNF43 and TOMM34, and 12
patients exhibited CTL responses to one of the
peptides only
Of nine patients who completed all six
Two CRC patients showed immunological
vaccinations, seven patients showed no
responses, and the antitumor immune response
remaining evidence of disease
was significantly associated with prolonged
overall survival
Prolongation of survival in patients with a Induction of serum antipeptide antibody (56/77)
high level of antipeptide antibodies
Diagnosis at 5 mo after first vaccination:
Increased CTL activity (2/11), induction of
SD (1/19)
serum antipeptide IgG (2/12), IgE (5/12),
PD (10/19)
DTH (0/12)
Induction of p53-specific CD4+ and CD8+ T-cell
responses (9/10), maintained p53-specific CTL
reactivity for at least 6 mo (6/9)

Ref.
[48]

[52]

[53]

[46]
[45]

[50]

Disease stabilization was observed in several
The majority of CRC patients demonstrated
[60-65]
patients
induction of CEA-specific T cell responses
2 of 12 patients exhibited SD for 3 and 6 mo; Expansion of CD8+ T cells that recognize both
[64]
2 patients exhibited CR for more than 10 mo; the native and altered epitopes and possess an
1 patient had a mixed response with some
effector CTL phenotype
regression of liver metastases
No significant clinical benefit was seen with
When treatment compliance was evaluated,
[68]
whole tumor cell vaccines in surgically
the trend indicated benefits from vaccination
resected patients with stage Ⅱ or Ⅲ CRC
in terms of disease-free survival (P = 0.078) and
overall survival (P = 0.12)
A randomized phase Ⅲ study of 50 patients
DTH (21/31)
[74,75]
with resectable CRC liver metastases
demonstrated that vaccination with
NDV-infected whole tumor cell did not
significantly improve overall survival.
SD (3/9)

Induction of CEA-specific CTL (3/9)

[79]

Objective response
(42/118)

Increases in CEA-specific T cells were detected
in patients treated with chemotherapy and
booster vaccination

[80]

Immunotherapy strategies including peptides derived from tumor-associated antigens, whole tumor cells, in vitro-generated dendritic cells (DCs), or viral
vector-based cancer vaccine. PD: programmed cell death protein; CTL: cytotoxic T lymphocytes; CEA: carcinoembryonic antigen; CRC: colorectal cancer;
RNF43: ring finger protein 43; TOMM34: translocase of outer mitochondrial membrane 34; β-hCG: β-human chorionic gonadotropin; SART3: Squamous
cell carcinoma antigen recognized by T cells 3; NDV: Newcastle disease virus.

physically fused with whole tumor cells[59] to induce efficient antitumor immune responses (Figure 2). Because
CEA is a tumor-associated antigen expressed by most
CRCs, DCs have been pulsed with CEA peptides[60-64]
or CEA mRNA[63,65]. In these phase Ⅰ clinical trials, the
majority of vaccinated CRC patients demonstrated the
induction of CEA-specific T cell responses. Moreover,
disease progression stabilized in several patients, and the
vaccine was safe and well-tolerated. As CEA is a selfantigen and poorly immunogenic, Fong et al[64] generated
altered peptide ligands that were derived from native T
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cell epitopes and contained amino acid substitutions that
either increased the peptide affinity for the MHC peptidebinding groove or modified interactions with the T cell receptor. In this trial, 12 patients were immunized with DCs
loaded with altered peptides derived from CEA and the
Flt3 adjuvant ligand. Two of 12 patients showed disease
stabilization for 3 mo and 6 mo, 2 patients showed complete responses for more than 10 mo, and one patient had
a mixed response with some regression of liver metastases. To improve the clinical efficacy of DC-based cancer
vaccines, it is crucial to design novel strategies that boost

599

January 28, 2014|First Edition|

Koido S et al . Immunotherapy for CRC

CTL

CD8

CD4Th

Perforin
Granzyme B

Cancer
cell

Peptide

Dendritic
cell

αβ TCR

MHC class Ⅰ
MHC class Ⅱ

Costimulatory
molecules

Defined antigens

Whole antigens

Peptide

Tumor lysates

DNA

Tumor RNA

RNA

DC/tumor fusions

Figure 2 Dendritic cell vaccines. Dendritic cells (DCs) are loaded with antigens, which are taken up and degraded into peptide fragments by antigen-presenting
cells such as immature DCs. DCs process tumor-derived peptides and major histocompatibility complex (MHC) class Ⅰ peptides derived from DCs. They form MHC
class Ⅰ-peptide complexes in the endoplasmic reticulum, which are then transported to the surface of the DCs and presented to CD8+ T cells. DCs also synthesize
MHC class Ⅱ peptides in the endoplasmic reticulum, which are transported to the cytoplasm where MHC class Ⅱ-peptide complexes are assembled with tumorderived peptides and presented to CD4+ T cells. CD8+ T cells become cytotoxic T lymphocytes (CTLs), which destroy cancer cells through effector molecules such as
perforin and granzyme B. TCR: T cell receptor.

adaptive antitumor immunity to overcome tolerance.

ally insufficient to provide benefit to patients. To improve
the immunogenicity of whole tumor cell vaccines, autologous tumor cells have been genetically modified to secrete GM-CSF and then re-administered to the patient[69].
The trials have shown promising results in patients with
prostate carcinoma[70], renal cell carcinoma[71], metastatic
non-small-cell lung carcinoma[72], and melanoma[73]. This
approach is based on the fact that GM-CSF is required at
the site of the tumor to effectively prime TAA-specific
immunity[69]. Another tumor cell vaccine approach utilizes
Newcastle disease virus (NDV)-infected irradiated tumor
cells as autologous CRC vaccines[74]. This approach resulted in a 97.9% two-year survival rate in patients with
resected CRC, compared to 66.7% when treated with
autologous tumor cells combined with BCG. However, a
randomized phase Ⅲ study of 50 patients with resectable
CRC liver metastases demonstrated that vaccination with
NDV-infected whole tumor cells did not significantly improve overall survival, disease-free survival or metastasesfree survival, although subgroup analyses suggested that
the vaccines were somewhat beneficial[75]. The immunogenicity of whole tumor cells needs to be improved for
this vaccination strategy to be effective. However, it is
unclear which specific agents (such as cytotoxic chemotherapeutics, ionizing irradiation, and chemical agents)
are best suited for killing tumor cells to generate highly
immunogenic whole tumor cell vaccines.

Whole tumor cell vaccines
Because autologous tumor cells express a whole TAAs
including those known and unidentified, using whole
tumor cells could greatly diminish the chance of tumor
escape compared to using a single epitope peptide[41,42]. A
significant disadvantage to this approach is the difficulty
in generating a “universal” vaccine that could be applicable to all patients with a given cancer. Autologous whole
tumor cells have been used as cancer vaccines to induce
polyclonal CTL induction in several cancer types[66,67], including CRC[68]. A randomized phase Ⅲ clinical trial of a
combined autologous whole tumor cell plus BCG vaccine
was conducted to determine whether surgical resection
plus vaccination was more beneficial than resection alone
in 412 stage Ⅱ and Ⅲ CRC patients. This study showed
no significant clinical benefit from whole tumor cell vaccination in surgically resected patients with stage Ⅱ or Ⅲ
CRC. However, effective immune responses were associated with the improved disease-free and overall survival.
Only a small proportion of the proteins in an autologous
whole tumor cell vaccine are specific to tumor cells, while
a vast majority of antigens in the vaccine are shared with
normal cells. Moreover, whole tumor cell vaccines are
likely to be poorly immunogenic. Therefore, the immune
response generated by whole tumor cell vaccines is gener-
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Viral vector vaccines
Recombinant viral vectors are potentially useful vaccine
vehicles for cancer therapy. Many types of recombinant
viruses are naturally immunogenic, infect APCs (specifically DCs), and express TAAs[76]. The natural immunogenicity of viral vectors acts as an adjuvant to help boost
TAA-specific immune responses. In one study, CRC
patients were immunized with vaccinia virus or a replication-defective avian poxvirus encoding CEA. In this
phase I study, viral-based vaccination with replicationdefective recombinant fowlpox and vaccinia viruses encoding the CEA antigen and TRICOM (B7.1, ICAM-1,
and LFA-3) induced CEA-specific T cell responses[77] and
disease stabilization in 40% of patients with metastatic
cancer (including CRC) for at least 4 mo[78]. A phase Ⅱ
clinical trial in patients with metastatic CRC examined
the efficacy of chemotherapy combined with vaccination with a nonreplicating canarypox virus (ALVAC)
expressing the CEA and T-cell costimulatory molecule,
B7.1 (ALVAC-CEA/B7.1). Anti-CEA-specific T cell responses were successfully generated in 50% of patients
undergoing chemotherapy and booster vaccination. Objective clinical responses were observed in 40% of the
patients[79,80]. Interestingly, chemotherapy does not appear
to inhibit vaccine-mediated immunity.

examined human T cells engineered to express a highavidity CEA-specific TCRs[85]. In this study, autologous
T cells genetically engineered to express a murine TCR
against human CEA were administered to three patients
with metastatic colorectal cancer that was refractory to
standard treatments. All patients experienced profound
decreases in serum CEA levels (74%-99%), and one patient had an objective regression of cancer metastatic to
the lung and liver. However, all three patients developed
severe transient inflammatory colitis.

ANTIBODY-BASED CANCER
IMMUNOTHERAPY
Monoclonal antibodies (mAbs) that target surface antigens expressed on tumor cells are clinically effective as
cancer therapeutics[86]. Three mAbs (Cetuximab, Bevacizumab and Panitumumab) are approved for the treatment
of CRC in the United States, and many other mAbs are
being tested in clinical trials[87]. Treatment with mAbs can
induce tumor cell death by several mechanisms, including interference with vital signaling pathways. Moreover,
it is becoming apparent that innate immune effector
mechanisms that engage the Fc portion of the antibody
via Fc receptors are equally important[88]. The immune
cytotoxicity includes ADCC, complement-mediated cytotoxicity, and antibody-dependent cellular phagocytosis.
Bevacizumab, a recombinant humanized monoclonal
antibody that selectively binds to human VEGF, is effective in KRAS wild-type CRC patients[89]. Recent evidence
has also shown clinical benefits from treatment with antiEGFR, Cetuximab and Panitumumab in KRAS wild-type
CRC patients[90].

ADOPTIVE CELL TRANSFER THERAPY
Cancer immunotherapy can be either active or passive. In
passive cellular immunotherapy, specific effector cells are
directly infused and are not induced or expanded within
the cancer patient. Because most tumor cells express
MHC class Ⅰ-peptide, which can be recognized by antigen-specific CD8+ CTLs. Therefore, adoptive transfer
of activated CTLs successfully used in patients with advanced cancer[81]. In adoptive cell transfer therapy (ACT),
autologous T cells are removed from patients, activated,
expanded to large numbers in vitro and transferred back
into the patients. ACT overcomes tolerogenic mechanisms by enabling the selection and activation of highly
reactive T cell subpopulations and manipulating the host
environment into which the T cells are introduced. Indeed, upon the successful induction of specific CTLs
in vitro, a clinical response to adoptive immunotherapy
can be expected even in patients with advanced CRC[82].
Moreover, injection of IFN promotes the MHC class Ⅰpeptide on the cell surface, thus antitumor immune
responses are augmented. However, there are several
drawbacks to ACT that should be considered, including
a potential lack of immune memory, poor persistence
of activated effector cells in patients, the prohibitive expense, and the time required to expand the cells.
A new approach using T cells genetically modified to
express receptors that recognize TAAs with high specificity to tumor cells may provide significant clinical benefits, especially for large solid tumors[83]. Recently, several
clinical trials have demonstrated the therapeutic potential
of this approach, which lead to impressive tumor regression in cancer patients[84]. A phase I trial in CRC patients
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CYTOKINE THERAPY
Cytokines are substances proteins and glycoproteins that
are secreted by immune cells. They have autocrine and
paracrine functions and function locally or at a distance
to enhance or suppress antitumor immunity. To date,
IL-2 and IFN-α are two cytokines approved by the FDA
for cancer therapy. Cytokines may be useful for treating
hematologic malignancies (hairy cell leukemia and chronic myelogenous leukemia) or immunogenic tumors (melanoma and renal cell carcinoma). The major cytokines
currently in use or under evaluation for cancer therapy
are IFN-α, IL-2, GM-CSF, and IL-12.

COMBINED IMMUNOTHERAPY
It is well known that even if CRC appears to have been
eradicated by chemotherapy and radiation, a small cancer
stem cell (CSC) fraction that can self-propagate and sustain tumor growth frequently persists, leading to relapse
and therapeutic failure. Although CSC is often resistant
to a variety of treatments, including chemotherapy and
radiotherapy, immunotherapy may still be effective[8-10]. A
combined approach that uses conventional chemotherapy
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Figure 3 Immune regulatory checkpoints in cancer immunotherapy. Cytotoxic T lymphocyte-associated antigen 4 (CTLA-4) and programmed cell death protein
1 (PD1) are two well-described co-inhibitory molecules that are expressed on naïve or memory T cells and decrease antitumor immune responses. The CTLA-4mediated immune checkpoint is induced in T cells at the initial response to antigen (early activation phase). After the T cell receptor (TCR) is triggered by antigen encounter, CTLA-4 is transported to the surface of naïve or memory T cells. In contrast, the major role of the PD1 pathway is not at the initial T cell activation stage but
rather the regulation of inflammatory responses by effector T cells that recognize antigen in peripheral tissue cells. Thus, PD-1 is highly expressed by antigen-specific
cytotoxic T lymphocytes (CTLs) in malignancies and is associated with impaired T-cell function. The best-characterized signal for PD1 ligand 1 (PD-L1) induction is
interferon‑γ (IFN-γ), which is predominantly produced by Th1 cells. Although PD-L2 expression is limited to dendritic cells (DCs) and macrophages, PD-L1 is broadly
expressed in tissues and is considered a molecular shield that protects cells from auto-reactive attack. In some tumors, PDL1 is not constitutively expressed but is
induced in response to inflammatory signals that are produced by an active antitumor immune response. Loading DCs with soluble PD1 decreases their function.
Therefore, antibodies can be used to block inhibitory ligand:receptor interactions by acting on tumor cells, DCs (e.g., anti-PD-L1) or T cells (e.g., anti-CTLA-4 or antiPD1). Combining the blockade of multiple inhibitory pathways synergistically decreases T cell anergy and improves T cell responsiveness against tumors.

or radiation to kill the bulk of cancer cells and immunotherapy to keep residual CSCs and differentiated cancer
cells in check may abrogate the replenishing pool of CRC
cells[91]. In addition, treatment with chemotherapy such
as cyclophosphamide or gemcitabine can augment the
antitumor effects of cancer immunotherapy by depleting Treg, potentially enhancing antitumor immune responses[92]. Therefore, chemotherapy can kill cancer cells
and boost antitumor immune responses all at the same
time[93,94]. A recent study reported that immune checkpoint blockade with monoclonal antibodies targeting the
inhibitory immune receptors cytotoxic T-lymphocyteassociated antigen 4 (CTLA-4), PD-1, and PD-L1 can be
used to successfully treat patients with advanced melanoma (Figure 3)[95-98]. Combined, these approaches have the
potential to significantly improve patient outcomes compared to treatment with conventional cancer therapies
such as chemotherapy, radiation, monoclonal antibodies,
hormonal therapy, and photodynamic therapy.

normal tissues are urgently needed. Work in our laboratory focuses on these key aspects by combining the use
of DCs pulsed with MHC class Ⅰ and Ⅱ peptides and
conventional chemotherapy. Immunotherapy may be
combined with conventional therapy to reduce Tregs
and enhance CTL responses. Knockdown of PD-L1 and
PD-L2 on monocyte-derived DCs and tumor cells may
help decrease tolerance (Figure 3). DCs electroporated
with PD-L small-interfering RNAs are highly effective in
enhancing T cell proliferation and cytokine production
and are therefore attractive candidates for improving the
efficacy of DC vaccines in cancer patients[99]. Moreover,
combined blockade of PD1 and CTLA-4, which play
key roles in inhibiting T-cell activation, enhances antitumor immune responses compared to either agent alone
(Figure 3)[100]. Combining immunotherapies, particularly
agents that target different immune checkpoints, may be
a promising approach. Preliminary clinical findings indicate that combined targeted therapies and simultaneous
blockade of multiple immune checkpoints could promote
therapeutic synergy and long-term antitumor immunity
to improve clinical outcomes for melanoma patients[101].
In the metastatic CT26 CRC mouse model, simultaneous
blockade of CTLA-4 and PD-L1 enhanced antitumor

FUTURE PERSPECTIVE
Improved treatment options that selectively target
cancer-dependent pathways with little or no toxicity to
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activity in an interleukin-15-dependent manner[102].
11

CONCLUSION
The limitations of surgery and adjuvant chemo/radio/
antibody therapies in treating CRC patients necessitate
the development of novel approaches, including immunotherapy. Despite tremendous progress in basic immunological research, effective immunotherapies for most
types of cancer, including CRC, are still lacking. Immunotherapy alone may be insufficient for treating advanced
CRC patients. The most promising therapeutic approach
for activating antitumor immunity in cancer patients may
be blockade of inhibitory immune regulatory proteins
such as immune checkpoint ligands and receptors. Therefore, it is important to develop cancer vaccines that do
not express inhibitory molecules such as PD-L1, but do
express high levels of molecules that enhance CTL priming, such as CD80 and 4-1BBL. The blockade of multiple
immune regulatory checkpoints combined with immunotherapy and/or conventional therapy may be effective in
treating patients with advanced CRC.
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Core tip: We summarize the current knowledge on the
assessment of nodal status and nodal staging in digestive carcinomas and highlight the prognostic impact
of two epithelial-mesenchymal transition-related phenomena, tumor budding and tumor deposits, that are
involved in tumor progression. In light of the biological,
prognostic and therapeutic impact of these phenomena,
the role of staging and surgical procedures in digestive
carcinoma could be reevaluated and redefined.

Abstract
Lymph node involvement is one of the most important
prognostic indicators of carcinoma of the digestive tract.
Although the therapeutic impact of lymphadenectomy
has not been proven and the number of retrieved nodes
cannot be considered a measure of successful cancer
surgery, an adequate lymph node count should be guaranteed to accurately assess the N-stage through the
number of involved nodes, lymph node ratio, number of
negative nodes, ratio of negative to positive nodes, and
log odds, i.e. , the log of the ratio between the number
of positive lymph nodes and the number of negative
lymph nodes in digestive carcinomas. As lymphadenectomy is not without complications, sentinel node mapping has been used as the rational procedure to select
patients with early digestive carcinoma in whom nodal
dissection may be omitted or a more limited nodal dissection may be preferred. However, due to anatomical
and technical issues, sentinel node mapping and nodal
basin dissection are not yet the standard of care in
early digestive cancer. Moreover, in light of the biological, prognostic and therapeutic impact of tumor budding and tumor deposits, two epithelial-mesenchymal
transition-related phenomena that are involved in tumor
progression, the role of staging and surgical procedures
in digestive carcinomas could be redefined.
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INTRODUCTION
Lymph node involvement is one of the most important
prognostic indicators of carcinoma of the digestive tract.
In contrast to Eastern countries, in Western countries
lymph node involvement is not considered to be a prognostic “governor” and the therapeutic impact of lymphadenectomy is not acknowledged. Recent advances in
minimally invasive treatment procedures for cancer have
promoted their application for the assessment of lymph
node status (positive/negative), i.e., sentinel node mapping and biopsy. In addition, other prognostic factors related to epithelial-mesenchymal transition (EMT) that are
involved in tumor progression, such as tumor budding
and tumor deposits, have been gaining ground.
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Here, we review the current knowledge on these issues and highlight the need for a redefinition of the role
of surgical and staging procedures in digestive cancer
surgery in light of recent advances in our understanding
of the biology of tumor progression.

However, the clinical significance of micrometastasis
[pN1(mi), i.e., tumor cell clusters of > 0.2 mm but ≤ 2
mm] and isolated tumor cells [pN0(i), i.e., single tumor
cells or small clusters of cells of ≤ 0.2 mm at their greatest extent that can be detected by routine hematoxylin
and eosin (HE) stains or immunohistochemistry (IHC) or
clusters of ≤ 200 cells in a single histological cross-section][17] in gastrointestinal carcinoma remains unclear[18].
In early and advanced pN0 gastric cancer, the occurrence
of nodal micrometastasis was shown to have no impact
on prognosis[19]; however, other studies showed that LN
micrometastasis was one of the most important prognostic factors in multivariate survival analysis of pT1N0[20],
and the prognosis was significantly poorer in patients
with isolated tumor cells than in those without them[21]. A
recent systematic review and meta-analysis reported that
molecular detection of tumor cells (isolated tumor cells
and/or micrometastasis) in regional lymph nodes is associated with an increased risk of disease recurrence and
poor survival in patients with N0 colorectal cancer[22].
In N+ digestive carcinomas, lymph node ratio (LNR)
is a better prognostic factor than number of metastatic
nodes (pN), and it may minimize the stage migration effect[23-28] because it is assumed to be constant regardless
of the number of examined nodes[29]. However, LNR
stages can be more accurately differentiated with a large
number (> 15) of examined nodes[11,30-32]. Negative node
count has been proposed as a prognostic indicator in
patients with gastric cancer based on the assumption
that nodal metastasis and micrometastasis cannot be prevented without adequate negative node dissection[33,34].
A negative lymph node count has been associated with
improved survival in colorectal cancer patients, independent of patient, pathologic and molecular characteristics;
however, the beneficial effects of a negative count are
stronger in stage Ⅰ-Ⅱ patients than in stage Ⅲ-Ⅳ patients[35]. Moreover, a straight ratio between negative and
positive lymph nodes (RNPL), which provides direct information on nodal metastasis, micrometastasis, and the
immune condition of the patient, could be more accurate
than LNR for the prognostic evaluation of curatively resected gastric cancer[36]. At the same time, the log odds of
positive lymph nodes (LODDS), i.e., the log of the ratio
between the number of positive LNs and the number of
negative LNs, is superior to the pN+ and LNR classifications for prognostic assessment in gastric and colorectal
carcinoma[37,38]. In effect, LODDS is a function of the
number of negative LNs, whereas LNR is a function of
the total number of LNs[39]. Moreover, LNR is not applicable to pN0 patients, whereas LODDS is a useful
lymph node classification for pN0 patients because it can
discriminate between subgroups with different survival
rates[38]. With respect to the pN and LNR classifications,
LODDS has shown more power for minimizing the stage
migration phenomenon caused by an insufficient number
of retrieved nodes[38,40].
The prognostic power of the number of involved
nodes in patients with digestive carcinomas is limited.

NUMBER OF EXAMINED NODES, LYMPH
NODE RATIO, LOG ODDS
Several studies have shown an association between the
number of excised nodes and overall survival, providing evidence that examination of an insufficient number
of lymph nodes (LNs) may have a detrimental effect on
survival in patients with gastrointestinal carcinoma[1,2].
However, much of this appears to be the effect of stage
migration, which impacts the stage-specific survival
without affecting overall survival[3]. Variations in patient
demographics, tumor location and tumor biology raise
questions regarding the evidence for a minimum LN
harvest[1,4]. In gastric cancer, the stage migration effect
is most striking when fewer than 10 LNs are assessed,
but it is still present with a greater number of examined
LNs[5,6]. Therefore, although current guidelines support
the assessment of a minimum of 16 LNs, examination
of more LNs is necessary to reduce the stage migration
effect[1]. In colorectal cancer, the aim should be to collect
as many LNs as possible to improve staging and increase
survival. In fact, particularly following neo-adjuvant treatment for rectal cancer, downstaging with fewer LNs implies a positive treatment response and a more favorable
prognosis[4].
An association between better postoperative longterm survival and a greater number of dissected nodes
has also been reported in patients with several N0 digestive malignancies, including esophageal[7], gastric[8],
colorectal[9], and pancreatic carcinomas[10,11]. This may be
due to a not negligible rate of nodal micrometastasis, and
the probability of missing a positive LN decreases as the
number of examined LNs increases, i.e., the Will Rogers
phenomenon[7,9,12]. In patients with node-negative gastric
cancer, a prophylactic D2 lymphadenectomy[8,13] with almost 16 LNs examined[12] seems to be effective, although
retrieval of more than 25 nodes has been suggested[14].
The removal of at least 18 LNs during an esophagectomy with curative intent results in improved survival in
esophageal cancer, particularly in patients with adenocarcinoma[7]. In N0 pancreatic carcinoma, examination of
more than 10 LNs has been associated with improved
survival[10]. In stage Ⅱ (T3-4N0) colorectal cancer, current guidelines consider a number of harvested LNs of
less than 12 an indication to perform adjuvant chemotherapy; harvesting of less or more than 12 LNs allows
a better prognostic stratification of stage Ⅱa (T3N0)
patients for postoperative treatment[9,15]. On the basis of
statistical considerations, the current recommended goal
of 12-15 recovered lymph nodes without evidence of
metastatic disease provides approximately 80% negative
predictive value for colorectal carcinoma metastasis[16].
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Furthermore, although the therapeutic impact of lymphadenectomy has not been proven and the number of
retrieved nodes cannot be considered a measure of successful cancer surgery, an adequate LN count should be
guaranteed to accurately assess the N-stage through the
number of involved nodes, LNR, number of negative
nodes, ratio of negative to positive nodes, and LODDS
in digestive carcinomas[4,41]. In fact, in Western countries,
D2 lymphadenectomy is gradually becoming the recommended surgical approach for patients with resectable
gastric cancer[11,42,43], and total mesorectal excision (TME)
is the recommended procedure for extraperitoneal rectal
carcinoma. However, because lymphadenectomy is not
without complications and institutional screening programs leading to the detection of cancer at an early stage
have increased the prevalence rate of clinical N0 tumors,
sentinel node (SLN) mapping has been used as the rational procedure to select patients in whom nodal dissection
may be omitted or a more limited nodal dissection may
be preferred.

during rectal excision is necessary to minimize the risk of
both residual tumor and relapses, and this assumption is
the basis of the TME technique. The aim of the currently
adopted SLN mapping procedure in colorectal carcinoma
is not to avoid extended nodal dissection and therefore
related morbidities, but rather to improve the sensitivity
of the histopathological evaluation through the selective
application of serial step sectioning, immunohistochemistry, and/or RT-PCR techniques, and “ex vivo” techniques
of sentinel node mapping have been developed for this
goal[51]. We observed that this ex vivo sentinel node procedure is an effective method for improving nodal staging
in clinically node-negative colorectal carcinoma by immunohistochemical detection of micrometastasis in SLNs.
However, it is not useful for the detection of satellites (i.e.,
the presence of macroscopic or microscopic tumor deposits in pericolorectal adipose tissue), which should be
assessed by TNM staging of colorectal cancers[52]. Moreover, the “in vivo” and “ex vivo” procedures are associated
with a identification rate of 90% and a sensitivity of less
than 70%[53]. Advances in imaging technologies could allow a more accurate preoperative detection of SLNs than
the current dye- or radio-guided methods. Moreover, new
dye-guided intraoperative technologies might revolutionize the SLN mapping procedure in gastrointestinal cancers. Indocyanine green (ICG) infrared or fluorescence
imaging may identify a higher number of SLNs than
radio-guided methods because the particle size of dyes is
smaller than that of radioactive colloids. In gastric cancer, ICG infrared imaging is a useful tool in laparoscopic
detection of SLNs. ICG fluorescence imaging is feasible
even by preoperative ICG injection at, for instance, 1 or 3
d before surgery; it is also feasible in laparoscopy-assisted
gastrectomy via a small laparotomy[47]. There is only limited experience with the application of ICG fluorescenceguided SLN mapping in colon cancer. The method has
been shown as feasible and safe but further analyses in
larger series are necessary to determine its definitive role
in colon cancer patients[54].
The rationale for performing SLN mapping and
biopsy is to determine the N status in tumors in which
the N status may impact the prognosis, thus potentially
avoiding unnecessary lymphadenectomy. This is possible
if the determination of N status is accurate, i.e., when the
SLN procedure has acceptable false-negative rates. Actually, in pN0 cases, a greater number of retrieved nodes
have a beneficial impact on outcome, and a false-negative
rate of SLN determination is common in gastrointestinal
carcinomas. Moreover, apart from anatomical, technical, surgical and pathological issues, in light of the latest knowledge about the biology of tumor progression,
determination of N status by the sentinel node mapping
procedure, leaving out of consideration currently emerging progression-related phenomena, may not be sufficient
for prognostic evaluation.

Sentinel node mapping and biopsy

Recent meta-analyses have shown acceptable SLN detection rates and accurate determination of lymph node
status in gastric cancer[44,45]. However, SLN mapping and
nodal basin dissection are not yet the standard of care in
early gastric cancer because of several unsolved anatomical (skip metastasis, multidirectional lymphatic drainage
patterns) and technical (dye method, radio-colloid method or combination of the dye method and radio-colloid
method) issues that may impact the detection rates and
false negative rates. Moreover, there is another problem
regarding the pathological diagnosis of SLN metastasis,
including micrometastasis. Pathologic examination of
SLNs has not been standardized in gastric cancers[46]. Serial sectioning results in a more accurate evaluation of
metastases; however it is time-consuming. HE staining
and IHC have been used in combination with serial sections of frozen and paraffin-embedded specimens for
the detection of micrometastatic disease in SLNs[47]. Occult metastasis in SLN has been detected in 4% of pN0
gastric cancer patients using IHC in the 5-μm-thick serial
step sections at 85-μm intervals of whole formalin-fixed
paraffin-embedded tissues of all resected SLN[48]. The
highly sensitive real-time reverse transcription polymerase
chain reaction (RT-PCR) system, which enables rapid
analysis to detect the mRNA of CK19, CK20 and carcinoembryonic antigen[49], and the one-step nucleic acid
amplification (OSNA) assay[50] are promising tools for
intraoperative diagnosis of SLN involvement in gastric
cancer. In rectal carcinoma, the “in vivo” procedure of
sentinel node mapping and biopsy entails breaking the
mesorectal fascia intraoperatively to search for and dissect the SLNs. However, from a surgical point of view,
the preservation of the integrity of the mesorectal fascia
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nodal (N), or distant metastasis (M) categories are debated[69-71]. Several authors support the inclusion of TDs in
the staging of gastric cancer[70-72]. Snail and Twist are transcriptional repressors of E-cadherin and EMT inducers.
In colorectal cancer, overexpression of Twist enhances
TD formation, and upregulation of Snail expression contributes to lymph node metastasis through two different
molecular pathways, both involving EMT, by repression
of the membranous expression of E-cadherin: TwistEMT-TDs and Snail-EMT-LN metastasis[73]. Overexpression of Snail and Twist has been shown in pancreatic
carcinoma[74].
Therefore, the occurrence of TB and formation of
TDs seem to be the result of different steps in tumor
progression promoted by EMT. Although the precise
involvement of the EMT process in tumor progression is
not well understood, the existence of other progressionrelated phenomena with biological, prognostic and
therapeutic impact between the T, N and M is undeniable. In digestive cancers, the role of staging and surgical
procedures could be re-evaluated and redefined from the
perspective of the biological, prognostic and therapeutic
impact of these tumor progression-related phenomena.

EPITHELIAL-MESENCHYMAL
TRANSITION-RELATED PHENOMENA
OF TUMOR PROGRESSION: TUMOR
BUDDING AND TUMOR DEPOSITS
Two EMT-related phenomena involved in cancer progression have been recently shown to have prognostic
impact: tumor budding (TB), which is the presence of dedifferentiated, isolated single cells or small cell clusters (up
to five cells) scattered in the stroma at the invasive front
of the tumor[55]; and the formation of tumor deposits
(TDs, satellites), which are macroscopic or microscopic
nests or nodules found in the lymph drainage area of a
primary carcinoma without evidence of residual lymph
nodes in the nodule. TDs may represent discontinuous spread, venous invasion or a totally replaced lymph
node[17].
The EMT process allows an epithelial cell to assume
a more mesenchymal phenotype with increased migratory capacity, invasiveness, resistance to apoptosis and
production of extracellular matrix molecules[56]. Loss of
E-cadherin, a transmembrane glycoprotein localized in
the adherens junction of epithelial cells, is a key event in
EMT, enabling tumor cells to migrate, invade and metastasize[57]. Interestingly, the first step in a tumor bud’s life
seems to be its detachment from the main tumor body
by loss of membranous expression of the adhesion molecule E-cadherin[58]. TB has been observed in gastrointestinal carcinomas including colorectal, esophageal, gastric,
ampullary and pancreatic carcinomas[55,59-65]. Although
the definition of “high-grade budding” (i.e., 10 buds in
a 25 × field) by Ueno et al[55] is the most widely applied,
there are no well-defined, evidence-based criteria for
quantitative (i.e., optimal cut-off and field diameter) and
qualitative assessment of TB[66]. In colorectal carcinoma,
TB is an independent predictor of tumor progression
and outcome, especially in stage Ⅱ (T1-3 N0) tumors,
in which high TB may be used as a high-risk criterion to
select patients for adjuvant therapy[66,67]. In pancreatic carcinoma, high grade TB has been identified as an independent and highly unfavorable prognostic factor. Moreover,
TB is associated with more aggressive phenotypes such
as advanced pT classification and lymphatic invasion[65].
In esophageal squamous cell carcinoma, TB is a significant prognostic factor for patients who have undergone
surgery alone[61], and high grade TB has been reported to
be the most important predictor of poor prognosis in patients who received chemotherapy followed by surgery[62].
Moreover, tumor buds could be used as a potential target
for new therapeutic approaches[58,65].
TDs have been detected in various types of carcinomas other than colorectal carcinoma, including gastric,
pancreatic, gallbladder and bile duct carcinomas[68]. The
latest TNM classification of colorectal carcinoma has
categorized TDs as N1c[17]. However, the nature of TDs
as well as their histopathological definition and prognostic classification regarding primitive tumor (T), regional
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Core tip: Rectal carcinoids less than 10 mm in diameter can be resected by various endoscopic techniques, such as conventional polypectomy, endoscopic
mucosal resection (EMR), cap-assisted EMR (EMR-C),
endoscopic submucosal dissection (ESD), or transanal
endoscopic microsurgery (TEM). There are currently
limited comparative data to recommend a specific
endoscopic treatment. Therefore, the choice of treatment
modalities for small rectal carcinoids depends on the
degree of endoscopic or surgical expertise at a given
facility. Furthermore, any one of the above treatment
methods could have a favorable clinical outcome if
performed by gastroenterologists or surgeons with
special techniques. EMR-C and TEM can be used as
a salvage treatment after incomplete resection by
endoscopic polypectomy. The efficacy of endoscopic
submucosal resection with ligating device and ESD for
salvage treatment requires further investigation.

Abstract
The incidence of rectal carcinoids is rising because of
the widespread use of screening colonoscopy. Rectal
carcinoids detected incidentally are usually in earlier
stages at diagnosis. Rectal carcinoids estimated endoscopically as < 10 mm in diameter without atypical
features and confined to the submucosal layer can be
removed endoscopically. Here, we review the efficacy
and safety of various endoscopic treatments for
small rectal carcinoid tumors, including conventional
polypectomy, endoscopic mucosal resection (EMR),
cap-assisted EMR (or aspiration lumpectomy),
endoscopic submucosal resection with ligating device,
endoscopic submucosal dissection, and transanal
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INTRODUCTION
Carcinoids, also termed well-differentiated neuroendocrine tumors (NETs), are the most common neu-
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roendocrine tumor of the gastrointestinal tract[1]. The
incidence and prevalence of carcinoid tumors have
increased quickly and steadily worldwide over the past
few decades[2]. Rectal carcinoids are typically small, localized, nonfunctioning tumors that rarely metastasize[2].
The Surveillance, Epidemiology, and End Results registry database of the National Cancer Institute showed
that the age-adjusted incidence of rectal carcinoids has
increased from approximately 0.2 per 100000 in 1973 to
0.86 per 100000 in 2004[2,3]. The increased incidence can
be partially explained by widespread colorectal cancer
screening, heightened awareness, and improved diagnostic modalities. Rectal carcinoids comprise 12.6% of all
carcinoid tumors and represent the third largest group
of the gastrointestinal carcinoids in Western countries[1].
The frequency of rectal carcinoids is higher in studies
from South Korea (48%) and Taiwan (25%) compared
to Western countries[4,5]. The causes of racial/ethnic differences in NETs by site are unclear and require further
investigation.
The treatment of rectal carcinoids depends on the
tumor size (Figure 1). Recent consensus guidelines
on the management of rectal carcinoids suggests that
small tumors (< 1-2 cm) confined to the mucosa or
submucosa can be managed with endoscopic resection
due to their low risk of metastatic spread[6]. Rectal carcinoids estimated endoscopically as < 10 mm in diameter
without atypical features and confined to the submucosal
layer without lymphovascular invasion rarely metastasize.
Therefore, these tumors are considered good candidates for local excision, including endoscopic resection.
A variety of endoscopic techniques are used to treat
rectal carcinoids. Those techniques include conventional
polypectomy, endoscopic mucosal resection (EMR),
cap-assisted EMR (EMR-C or aspiration lumpectomy),
endoscopic submucosal resection with ligating device
(ESMR-L), endoscopic submucosal dissection (ESD),
and transanal endoscopic microsurgery (TEM). Due to a
lack of controlled prospective studies, the management
of small rectal carcinoid tumors has been a matter of
debate. In this Technical Advances article, we review the
efficacy and safety of various endoscopic treatments for
small rectal carcinoid tumors.

Rectal carcinoids

Risk factors
(angioinvasion
or infiltration of
muscularis propria, or
tumor size of > 2 cm)

Yes

Surgery

≤ 1.0 cm

EMR or
polypectomy or
ESD

1.1-2 cm

Surgery (EMR or
ESD in case of
surgical risk or
for carcinoids of
11-14 mm in
diameter)

Figure 1 Treatment of rectal carcinoids. EMR: endoscopic mucosal resection;
ESD: endoscopic submucosal dissection.

POLYPECTOMY OR EMR USING TWOCHANNEL COLONOSCOPY
Using a two-channel colonoscope, both grasping forceps
and a polypectomy snare can be inserted into the gastrointestina lumen simultaneously. Therefore, rectal carcinoids
can be pulled toward the center of the lumen and resected
by electrocoagulation (Figure 3). Iishi et al[12] demonstrated
that the complete resection rate of rectal carcinoids with
a two-channel colonoscopy (9 of 10 tumors, 90%) was
significantly higher than with a one-channel colonoscopy (2
of 7 tumors, 29%). In addition, there were no complications during or after endoscopic treatment. Polypectomy
or EMR using the two-channel method are expected to
have a deeper vertical resection margin and lead to a curative resection. However, a recent study showed a positive
resection margin in 11 (26%) of 58 EMR samples collected using the two-channel method. Furthermore, the
complete resection rate of this method was not different
from conventional EMR[13]. Another limitation is that the
mucosa can be torn before the tumor is adequately elevated with the grasping forceps[14].

CONVENTIONAL POLYPECTOMY OR
EMR

EMR-C OR ASPIRATION LUMPECTOMY

Endoscopic resection of rectal carcinoids with conventional polypectomy or EMR is a simple procedure
(Figure 2)[7-9]. However, it is difficult to achieve histologically complete resection with these techniques because
76% of rectal carcinoids extend into the submucosal
layer[9,10]. In addition, crush injury of resected specimens
could lead to difficulty in pathologic evaluation[7]. The
histologically complete resection rate of conventional
polypectomy varies from 28.6% to 100% according to
previous studies[11]. Incomplete resection of the tumors
often requires additional surgical intervention.

WCG|www.wjgnet.com

No

Aspiration lumpectomy is an endoscopic approach for
a tumor that can be easily resected by lifting the mucosa
away from the submucosa with saline injection, followed
by aspirating the lesion into a transparent cap or cy
linder[15]. In 1996, Imada-Shirakat et al[16] reported that
histologically complete resection was achieved in eight
patients with rectal carcinoids less than 10 mm and
located within the submucosal layer using this technique.
There were no recurrences or distant metastasis found
during the mean observation period of 13.3 mo. Nagai

615

January 28, 2014|First Edition|

Choi HH et al . Endoscopic treatment of small rectal carcinoid tumor

A
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D

A

B
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D

Figure 2 Endoscopic mucosal resection. A:
An approximately 6 mm rectal carcinoid tumor;
B: Injection of submucosal saline solution;
C: endoscopic mucosal resection (EMR)
procedure; D: A clear, post-EMR ulcer.

Figure 3 Endoscopic mucosal resection
using two-channel colonoscopy. A: An
approximately 5 mm rectal carcinoid tumor;
B: Injection of submucosal saline solution into
the base of the lesion using needle forcep;
C: Pulling the lesion with grasping forcep and
snare resection; D: A clear, post-endoscopic
mucosal resection ulcer.

patients with rectal carcinoids. Jeon et al [17] used this
technique for secondary endoscopic treatment to remove
the remnant tumor after primary EMR or polypectomy,
which is technically difficult due to submucosal fibrosis

et al[14] demonstrated that the rate of complete resection
with aspiration lumpectomy (100%) was significantly
higher (P < 0.05) than with saline assisted snare resection
(termed ‘strip biopsy’) in a small series of consecutive
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Figure 4 Endoscopic submucosal resection
with ligating device. A: Aspiration of a carcinoid
tumor into the ligating device; B: Deployed elastic
band; C: Snare resection performed below the
band; D: A clear, post-endoscopic submucosal
resection with ligating device ulcer.

(50%). In a large-scale study comparing ESMR-L (45
lesions) and EMR (55 lesions) including 100 cases, the
overall ESMR-L complete resection rate was higher than
EMR (93.3% vs 65.5%, respectively, P = 0.001)[21]. In
addition, this study demonstrated that the location of
the tumors had no influence on the complete resection
rate when ESMR-L was performed, in contrast to the
results of EMR. Recently, Moon et al[22] introduced EMR
using a double ligation technique (ESMR-DL) to treat
11 patients with small rectal carcinoids. The lesion was
aspirated into the ligating device, and an elastic band was
placed around the base. Then, a detachable snare was
used to perform a ligation below the elastic band, and
the lesion was removed with snare resection above the
band. After ESMR-DL, there were no immediate or delayed complications such as bleeding or perforation.

of residual tissue. This study demonstrated that EMR-C
is a useful method for salvage treatment of a failed en
bloc resection of rectal carcinoids after primary EMR
or polypectomy. One of the interesting findings of
this study is that all 7 patients had positive microscopic
margins after primary EMR but negative endoscopic and
histological findings based on a biopsy of the scarred
tissue. The pathologic findings from all tissue obtained
by salvage resection showed the existence of remnant
tumor. This result suggests that a negative biopsy in a
surveillance examination does not prove the absence of
a remnant tumor and that false negative results might be
due to embedding or the residual remnant tumor during
tissue healing after the primary resection

ENDOSCOPIC SUBMUCOSAL RESECTION
WITH LIGATING DEVICE

ESD

In 1999, Berkelhammer et al[18] first introduced the bandsnare resection as a method of EMR for small rectal
carcinods. This method may provide a more appropriate
resection margin compared to standard polypectomy
(Figure 4). A randomized controlled study comparing
ESMR-L to EMR showed that the complete resection
rate of ESMR-L (100%, 8/8) was significantly higher
than EMR (57.1%, 4/7), and all patients were followedup for 3 years without any recurrence[19]. In a large case
series including 61 patients, the complete resection rate
of ESMR-L was 95.2% (60 out of 63 lesions)[20]. The
complete resection rate for lesions located in the lower
rectum was 98.3%, which was significantly higher than
lesions in the upper rectum and rectosigmoid colon

WCG|www.wjgnet.com

endoscopic submucosal dissection is considered a va
luable endoscopic treatment for early gastric cancer
and large superficial gastric neoplasms. This technique
provides a higher en bloc and histologically complete
resection rate than EMR, enables accurate pathologic
diagnoses, and is less invasive than surgery (Figure 5)[23].
Recently, ESD has been applied to the treatment of large
colorectal neoplasms and has been reported to be more
effective than either EMR or EMR-precutting[24]. However, ESD has the disadvantage of a considerably higher
risk for perforation because the technique involves dissection of the submucosal tissue beneath the lesion. In
addition, highly trained endoscopists are required. Thus,
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Figure 5 Endoscopic submucosal dissection.
A: An approximately 5 mm rectal carcinoid tumor;
B: Mucosal incision and submucosal dissection; C:
A clear, post-endoscopic submucosal dissection
ulcer; D: Endoscopic closure of the ulcer floor with
endoclips.

significantly lower than that of the ESMR-L (95%) and
ESD groups (97.7%). This result suggests that ESMR-L
and ESD may be superior to conventional EMR. A
recent study by Choi et al[25] comparing ESMR-L (n =
29) with ESD (n = 31) for the endoscopic treatment of
rectal carcinoids showed that the complete resection rate
was 80.6% in the ESD group and 82.8% in the ESMR-L
group (P = 0.833). The resection time was significantly
longer in the ESD group than in the ESMR-L group. The
authors concluded that ESMR-L might be considered
the treatment of choice for small rectal carcinoid tumors
because of reduced procedure time. A small comparative
study by a Japanese group [34] also showed a similar
result to the above study. A retrospective analysis of
3 types of endoscopic resection technique by Zhao et
al[35] demonstrated that complete resection rates using
the EMR, EMR-C, and ESD were 80%, 100%, and
100%, respectively. The average procedure time was the
shortest in the EMR-C group. This study concluded that
EMR-C might be the best endoscopic excision method,
considering the clinical efficacy, surgical time, and
complication rate.

the safety issues associated with this technique must be
solved. As a result, ESD is not yet widely accepted for
the treatment of colorectal neoplasms[25].
There have been few studies reporting the efficacy
and safety of ESD for the resection of rectal carcinoids.
Recently, Onozato et al[26] reported that ESD was tech
nically feasible in five cases with rectal carcinoids less than
10 mm. In addition, no complications were observed,
and all lesions were completely resected histologically.
In a meta-analysis including four studies[27-30], ESD was
a more effective procedure for the treatment of rectal
carcinoids and had a higher complete resection rate
than EMR [31]. ESD was more effective than EMR in
complete histological resection [odds ratio, 0.29; 95%CI:
0.14-0.58; P = 0.000]. Additionally, ESD was as safe as
EMR (rate difference, -0.01; 95%CI: -0.07 - 0.05; P =
0.675). The recurrence rate did not differ significantly
between the EMR and ESD groups. The duration of
ESD was longer than EMR. Because the rectum is fixed
in the retroperitoneum, the risk of peritonitis following
perforation is lower than in other parts of the colon.
One of limitations of ESD with a knife is the inability
to fix the knife to the target lesion, which leads to high
complications such as bleeding and perforation. New
grasping type scissor forceps, which can grasp and incise
the targeted tissue using an electrosurgical current, may
reduce these complications[32]. More recently, there have
been a few studies comparing ESD to other endoscopic
treatment modalities besides EMR. Kim et al[33] reported a
large retrospective analysis including 115 patients, which
were classified into an EMR group (n = 33), ESMR-L
group (n = 40), and ESD group (n = 44). The curative
resection rate in the EMR group was 77.4%, which was
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TEM
transanal endoscopic microsurgery was originally designed
by Buess et al[36] in the 1980s. The procedure allows full
thickness excisions as high as 20 cm from the anal verge
to be performed using a 40-mm operating rectoscope.
Although TEM is not superior to conventional transanal
excision (TAE) for resecting lesions in the lower rectum,
it has distinct advantages for removing lesions in the
mid and upper rectum [37] . In addition to improved
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access to more proximal lesions, TEM provides several
advantages over TAE, including improved visualization
with better exposure, higher likelihood of achieving
clear resection margins, and lower recurrence rates[38].
The application of TEM for rectal carcinoids has been
described in several small case series [6]. Kinoshita et
al[39] reported clinical experience including 27 patients
with rectal carcinoids treated by TEM. In this study,
TEM was performed as a primary excision (n = 14) or
as completion surgery after incomplete resection by
endoscopic polypectomy (n = 13). Negative margins
were obtained in all cases. There was no additional
radical surgery performed, and patients were followedup for 70 mo without recurrence. The largest series
in the United States included 24 patients over a
12-year period[40]. There were 6 (25%) primary surgical
resections, and 18 (75%) resections were performed after
incomplete snare excisions during colonoscopy. This
study showed all negative margins, a similar zero rate of
recurrence and a similarly low morbidity rate. In addition
to its usefulness in primary surgical resection of rectal
carcinoids especially in the mid and upper rectum, TEM
can be used as a salvage treatment after incomplete
resection by endoscopic polypectomy. The possible
complications of TEM include bleeding and perforation.
In addition, transient soiling can occur due to the large
width of the rectoscope tube[37].

vide better pathological assessment of radial margins
and the depth of invasion[41].
EMR-C and TEM can be used as a salvage treatment
after incomplete resection by conventional polypectomy
or EMR. However, the efficacy of ESMR-L and ESD
for salvage treatment requires further investigation.
Endoscopic tattooing of colonic lesions helps to localize polypectomy sites that may difficult to identify with
repeat endoscopy[42]. In cases with positive resection
margin after endoscopic treatment of rectal carcinoids,
tattooing the area of resection will help facilitate the lesion site location for further resection.
Newly developed over-the-scope clip (OTSC) has
a higher compression force and the capacity to capture
a larger volume of tissue than the through-the-scope
clip[43]. Recent prospective study has shown that perforations occurring after full- thickness resection of gastric
subepithelial tumors less than 3 cm could be managed by
OTSC closure[44]. Although further prospective clinical
trial is required, this study suggests that endoscopic fullthickeness resection with OTSC closure can be applied
to selected patients with colonic subepithelial lesions to
have malignant potential. Finally, a prospective largescale study is warranted for the assessment of therapeutic efficacy of various endoscopic treatments and longterm outcome.
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PROGRESS IN DIGESTIVE SYSTEM NEOPLASMS

Clinical importance and surgical decision-making regarding
proximal resection margin for gastric cancer
Doosup Shin, Sung-Soo Park
development and improvement of reliable methods to
confirm a negative resection margin intraoperatively
would minimize the extent of surgery and offer a better quality of life to more patients. In the same context, special attention has to be paid to patients who
have advanced stage or diffuse-type gastric cancer, because they are more likely to have a positive margin.
Therefore, a wider excision with intraoperative frozen
section (IFS) examination of the resection margin is
necessary. Despite all the attempts to avoid positive
margins, there is still a certain rate of positive-margin
cases. Since the negative impact of a positive margin
on prognosis is mostly obvious in low N stage patients,
aggressive further management, such as extensive
re-operation, is required for these patients. In conclusion, every possible preoperative and intraoperative
evaluation should be thoroughly carried out to identify
in advance the patients with a high risk of having positive margins; these patients need careful management
with a wider excision or an IFS examination to confirm
a negative margin during surgery.
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Abstract
Because of the intramural spread of gastric cancer, a
sufficient length of a resection margin has to be attained to ensure complete excision of the tumor. There
has been debate on an adequate length of proximal
resection margin (PRM) and its related issues. Thus,
the objective of this article is to review several studies on PRM and to summarize the current evidence
on the subject. Although there is some discrepancy in
the recommended values for PRM between authors,
a PRM of more than 2-3 cm for early gastric cancer
and 5-6 cm for advanced gastric cancer is thought to
be acceptable. Once the margin is confirmed to be
clear, however, the length of PRM measured in postoperative pathologic examination does not affect the
patient’s survival, even when it is shorter than the
recommended values. Hence, the recommendations
for PRM length should be applied only to intraoperative
decision-making to prevent positive margins on the
final pathology. Given that a negative resection margin
is the ultimate goal of determining an adequate PRM,
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INTRODUCTION
Although there have been great improvements in the
diagnosis and treatment of gastric cancer, it remains
a major health problem as the fourth most common

622

January 28, 2014|First Edition|

Shin D et al . Proximal resection margin in gastric cancer

Impact of positive resection margins on recurrences
Recurrence following curative surgery is a critical pro
blem for patients with gastric cancer, because most
patients die within the first year after diagnosis of recurrence and the mean survival time has been reported to
be only 8.7 mo[22]. Since any residual tumor cells at the
resection lines may contribute to a recurrence, it is not
unexpected that patients with positive margins have
more recurrences than those with negative margins[3,18,19].
In detailed analysis, however, there are several interesting
issues.
First, recurrences do not always develop in all pati
ents whose resection margins have remaining cancer
cells on microscopic examination. This phenomenon
can be partly explained by the successful eradication of
these cells by postoperative adjuvant therapies which are
performed in some patients with positive margins[5]. Furthermore, a few residual cancer cells could be eliminated
by the patient’s own immune system or poor blood
supply at the resection margin[17,20]. Another possibility
is that tumor cells are involved only in diagnostic resection margins but not in the true surgical margins. A discrepancy between diagnostic margins and true surgical
margins due to the removal of the stapled resection lines
before histological examination might lead to misinterpretation of margin status[20].
Second, locoregional recurrence is not always the
most common type of relapse in positive-margin pati
ents. Clinically, recurrences are classified as locoregional,
peritoneal, or distant. A locoregional recurrence is defined as any cancer recurrence in the gastric bed, upper
abdominal retroperitoneal lymph nodes or at the local
anastomotic sites[18]. Of the three patterns of recurrence,
the locoregional type seems to be the most affected by
positive margins, in that residual tumor cells can grow
and lead to a recurrence at that location. However, Wang
et al[21] demonstrated that distant metastasis constituted
the most common site of recurrence in positive-margin
patients, whereas the rate of locoregional recurrence was
the lowest. Considering that locoregional is reported to
be the most common recurrence pattern in negativemargin patients[23,24], these results are very interesting,
because negative margins resulted in more locoregional
recurrences but positive margins resulted in more distant
recurrences. Since positive-margin patients are likely to
suffer from more aggressive cancer which frequently
results in distant or peritoneal recurrences, they might
have more distant or peritoneal recurrences than locoregional. Consequently, the aggressiveness of the cancer
rather than margin status is what really affects the recurrence patterns in positive-margin patients. Nonetheless,
another group showed somewhat different results, which
suggested the possible contribution of residual tumor
cells at a resection line to locoregional recurrence [18].
Hence, the relationship between positive margins and
locoregional recurrence remains in dispute and further
studies are needed.
Third, in one study that compared the recurrence
patterns by pT, pN, and tumor-node-metastasis (TNM)

cancer and the second leading cause of cancer death
worldwide[1,2]. Complete resection with negative surgical
margins along with lymph node dissection has been accepted as the only possibly curative treatment for gastric
cancer. The gross resection margin should be somewhat
far from the edge of the mass to avoid the possibility
of cancer involvement at the line of resection, because
tumor cells spread intramurally beyond the macroscopically detectable boundaries of the lesion. Surgeons are
also concerned about the possibility of recurrences with
a short distance between tumor mass and resection margins. Hence, they try to remove the tumor completely
with a wide range of normal stomach.
The adequate length for the required resection margin to be obtained during gastrectomy has been debated,
but it is important because it determines the extent of
the operation. Although there have been several studies on the sufficient length of margins that guarantees
tumor-free resection and prevents local recurrences[3-9],
a definite consensus has not yet been reached, especially
about the proximal resection margin (PRM). Furthermore, it is hard to secure the recommended length of
PRM in some patients, and the appropriate management
for these patients is still controversial.
The purpose of this article is to review issues and
controversies about the importance of safe margins, an
adequate length of PRM, and how to deal with the patients with insufficient PRM.

SIGNIFICANCE OF NEGATIVE
RESECTION MARGIN
According to the criteria of the International Union again
st Cancer/American Joint Committee on Cancer, curative
(R0) surgery is defined as en bloc resection of primary
tumor and complete lymphadenectomy without microscopic or macroscopic residual disease[10]. Thus, a microscopically negative resection margin is a prerequisite
for R0 resection. To clearly discuss margin status in this
article, we defined the ‘positive resection margins’ as
the presence of viable tumor cells at the line of resection on the postoperative pathologic examination even
in gastrectomy with curative intent with or without an
intraoperative frozen section examination. Furthermore,
the term, ‘unintended positive resection margin’, was
used in the case of tumor involvement at the resection
margin on the final pathologic examination, although it
was thought to be negative by an intraoperative frozen
section examination (false negative). We also defined
the ‘negative resection margins’ as the absence of both
macroscopic and microscopic tumor involvement at the
resection line confirmed by the final pathologic examination.
Not surprisingly, most studies have demonstrated
that a positive margin is an independent unfavorable
factor for patients who have had a gastrectomy[11-21]. In
this section, the negative impact of a positive margin on
tumor recurrence and patient survival was analyzed in
detail.
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patients. Their good survival was explained by limitation
of laterally spreading T1 cancer along the resection line
which lacked a good blood supply[17]. Putting all this together, the negative predictive value of positive margins
is prominent in lower T stage disease, while it is still controversial in EGC (T1) patients.
Furthermore, when it comes to overall TNM stage,
the predictive value of positive margins is less clear.
This is because some have concluded that the margin involvement leads to poorer survival only in patients with
overall stage Ⅰ and Ⅱ cancer[18,32], whereas others have
described different results[17,21].
In conclusion, although margin status is an important
prognostic factor for survival after gastrectomy, subgroup analyses revealed that this effect was restricted to
early stage patients, especially those with minimal or no
nodal involvement. Therefore, it is reasonable to consider the stage of cancer in predicting survival of patients
with positive margins and plan further management for
them. For example, positive margins in N0-N1 patients
should be regarded as a more serious condition which
needs aggressive retreatment. Furthermore, if N0-N1
stage is suspected before or during surgery, it would be
better to avoid positive margins at all costs, including
using a wide excision and an intraoperative frozen section (IFS) examination of margins.

Table 1 Effects of positive margins on survival
Ref.

Kim
et al[11]
Cascinu
et al[19]
Cho
et al[16]
Sun
et al[16]
Morgagni
et al[17]

Inclusion

GC

n

619

Effect of positive margins on survival
Subgroup analysis

All patients
P value

Nodal status

P value

< 0.0001

≤ 5 LNI

0.0001
NS
0.001
NS
0.0001
0.259
< 0.001
0.007
NS
0.001
0.003
0.009
NS

AGC

259

Significant

AGC

2740

0.0028

GC

2728

< 0.001

GC

89

< 0.0001

> 5 LNI
Node negative
Node positive
Node negative
Node positive
N0
N1
N3, N4
N0
N1
N2
N4

GC: Gastric cancer; AGC: Advanced gastric cancer; NS: Not significant;
LNI: Lymph node involvement.

stage, higher recurrence rates for positive-margin patients were seen only in pT1-2, pN0-1, and stage Ⅰ-Ⅱ
cancer[18]. In other words, the margin status did not affect
recurrence rates in the patients with T3-4, N2-3, and
stage Ⅲ-Ⅳ cancer. The effects of a positive margin seem
to be masked by the aggressiveness of the cancer, which
is thought to have a strong influence on recurrences in
advanced-stage patients. Thus, these patients might not
benefit from negative resection margins, although every
effort to make margins clean should still be made for curative surgery[25].

Predictors of positive resection margins
Many predictors of positive margins after curative resection of gastric cancer have been elucidated. Larger
tumor size, higher T stage, higher N stage, higher overall
stage, Borrmann type 4, diffuse histologic type, positive lymphatic vessel invasion, and upper tumor location
were found to be associated with a higher probability of
resection line infiltration by tumor cells[11,16-19,21]. On multivariate analysis, higher T stage, higher N stage, larger
tumor size, and diffuse histologic type were significant
independent predictors for a positive margin[16-18,21]. Surgeons should be more cautious about margin involvement when treating patients with these characteristics.
Thus, thorough preoperative evaluations by an endoscopist, radiologist and pathologist are needed to determine
the properties of the cancer and predict the risk of the
patient having positive margins. Additionally, an IFS
examination is also recommended for these high risk patients to prevent positive margins; this will be discussed
later in this article. These preoperative and postoperative
efforts are important as they have reduced the rates of
positive margins in Japan[33].

Impact of positive resection margins on survival
In the registry study by the American College of Surgeons, the 5-year survival rate of the patients with microscopically clear margins was 35% and 13% in those
with positive margins[26]. Poorer survival of positivemargin patients was also reported by others [27-29]. As
summarized in Table 1, many studies have demonstrated
the negative predictive value of positive margins on survival. P-values for this association were always significant
for the entire population. In subgroup analysis, however,
positive margins were associated with poor survival only
in the patients with low N stage gastric cancer[11,16-18]. The
association was not significant for those who had many
tumor-involved lymph nodes, possibly because the adverse effects of positive margins might be overwhelmed
by the more detrimental impact of nodal metastasis on
survival.
A similar tendency was seen after stratifying T stage.
The negative impact of positive margins was limited to
T1-2 stage patients[18]. Accordingly, this seems to impact
patients with either low N stage or low T stage[30]. On
the contrary, some authors reported discordant results
with regard to T1 or early gastric cancer (EGC)[5,17,31].
Since EGC patients with positive margins had a good
survival rate in their studies, they argued that a positive
margin was not a significant adverse factor for EGC
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ISSUES REGARDING PROXIMAL
RESECTION MARGIN
Why is the proximal resection margin a problem?
Surgeons try to remove gastric cancer completely with
negative resection margins to reduce the risk of recurrences, which can result from even a few residual cells.
For a gastrectomy to be curative, a sufficient distance
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Table 2 Studies on an adequate length of proximal resection margin in gastric cancer
Ref.

Characteristics

RLPRM

Brief results of the study

Bozzetti et al[4]

without SI
with SI

≥ 3 cm

No positive margin if gross PRM ≥ 3 cm
No positive margin if gross PRM ≥ 6 cm
(0% if PRM ≥ 6 cm vs 7% if PRM < 6 cm)

Ito et al[7]

Papachristou et al[3]
Kim et al[36]
Ha et al[6]

Cardia
T1, T2
T3, T4
Gastric cancer
Upper third
EGC
AGC

≥ 6 cm

≥ 4 cm
≥ 6 cm
≥ 6.5 cm
≥ 2 cm

≥ 3 cm

No positive margin if gross PRM ≥ 4 cm
No positive margin if gross PRM ≥ 6 cm
Median length of gross PRM in patients with or without recurrences: 6.5 cm vs 3.5 cm, respectively
Recurrences: 8.2% (PRM > 2 cm) vs 14.5% (1-2 cm) and 30% (< 1 cm), P = 0.024
PRM did not affect survival if margins were negative
Recurrences: 32.9% (PRM ≥ 3 cm) vs 37.6% (< 3 cm), NS;
5-yr survival: 57% (PRM ≥ 3 cm) vs 46% (< 3 cm), P = 0.02

RLPRM: Recommended length of proximal resection margin; PRM: Proximal resection margin; SI: Serosa infiltration; NS: Not significant; EGC: Early gastric
cancer; AGC: Advanced gastric cancer.

Studies on the adequate length of proximal resection
margin
Table 2 is a summary of various studies that have suggested an adequate length of PRM for a gastrectomy. Authors recommended such values either to ensure negative
margins on final pathologic exam or to prevent recurrences which were thought to be a result of insufficient
distance between gross resection margin and the lesion.
Bozzetti et al[4] and Ito et al[7] documented that there were
no positive-margin cases if gross PRM was longer than
certain figures, and they recommended them as adequate
lengths of PRM for negative margins. Other authors
have compared the rate of recurrences and survival according to the length of PRM and suggested proper cutoff values that provided a significantly low rate of poor
outcomes[3,6,36].
Recent guidelines from the Japanese Gastric Cancer
Association[35] recommended 2 cm or more gross PRM
for T1 gastric cancer, 3 cm or more gross PRM for T2 or
deeper tumors with an expansive growth pattern, and 5
cm or more gross PRM for T2 or deeper tumors with an
infiltrative pattern. When these rules cannot be observed,
the guidelines advised to examine the PRM by IFS.
Although the values for each situation were somewhat different between the studies, similarities were also
found. First, a longer PRM was needed for more advanced or aggressive cancer. Three to six centimeters of
gross PRM for advanced or aggressive gastric cancer was
generally recommended, while 2-3 cm of PRM was adequate for EGC. Second, recommended lengths differed
by the characteristics of the tumor, such as T stage, histologic type, and location. An infiltrative type of gastric
cancer requires a longer PRM.

from the gross lesion to any surgical margin is necessary because of the following reasons. First, a grossly
normal resection margin, determined by intraoperative
inspection or palpation, is often insufficient to ensure
pathologic clearance due to intramural spread of gastric
cancer. Second, surgeons are concerned about the high
probability of recurrence if the distance between the
tumor and resection margin is short. Hence, complete
resection of the tumor mass with a wide margin of normal stomach is required. There have been a number of
studies and recommendations on the sufficient length
of proximal and distal resection margins (PRM and
DRM, respectively), which aimed to guarantee negative
margins on final pathologic examination and to prevent
recurrences after gastrectomy[3-7,34,35]. These references
can help surgeons to decide the extent of surgery in the
operative field by making them confident of negative
margins whenever following the recommendations.
DRM has been generally determined as at least 2 to
4 cm distal to the pylorus[5,8,9]. More debate on an adequate length of DRM is meaningless, because it must
be proximal to the orifice of the common bile duct and
pancreatic duct no matter how long a DRM we want to
secure. If a tumor requires a longer DRM that includes
the orifice, it is likely to be metastatic disease and the
surgical option needed is no longer gastrectomy alone.
On the other hand, the adequate length of PRM is
more variable and there is still inconsistency in specific
recommended values between authors[3-7]. To what extent
the grossly normal stomach tissue needs to be excised
proximally is important, because this is critical in deciding the type of resection. For example, for a tumor located in the middle part of the stomach, the length of PRM
that surgeons try to achieve determines whether a total
gastrectomy (TG) or distal gastrectomy (DG) should be
performed. In addition, the recommendations regarding
the way to manage the patient who has a shorter PRM
postoperatively than was originally intended during surgery is another important issue. In this section, we will
introduce several studies about PRM and discuss the related problems.
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Determining an adequate length of proximal resection
margin: How long is safe?
One of the most important reasons for the efforts to
determine an adequate length of PRM and to try to
achieve it during surgery is to obtain negative resection margins in all cases. An adequate length of PRM,
however, is emphasized not only to ensure negative
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it is costly, time-consuming, and not always available[41].
The most suitable candidates for IFS examination
are those who have a high possibility of having positive
margins, including patients with T3-T4 stage, poorly
differentiated, Bormann type Ⅳ or signet ring cell type
gastric cancers[42-44]. When the gross margin status is
still suspicious despite acquisition of the recommended
length of PRM, IFS examination will help to avoid positive margins. This technique is also used to determine
the extent of surgery, providing negative margins when
it is impossible to attain the recommended length of
PRM. Even in this case, however, all attempts must firstly be made to achieve the recommended length of PRM,
because IFS exam may give false-negative results[27,45]. An
unintended positive margin, defined herein as a falsenegative result of IFS exam, has been more frequently
associated with signet ring cell or poorly differentiated
type gastric cancers due to their extension under the
submucosal layer of the gastric wall[46]. Of course, patients with unintended positive margins are also included
in the positive-margin cases and need to be treated as
such. Fortunately, the numbers are expected to decrease
by virtue of several improvements in this procedure,
such as cytokeratin immunohistochemistry[47].

margins. Many surgeons are anxious about a short PRM,
even when it is confirmed to be negative in the final
pathologic exam. This is because a short PRM has been
associated with more recurrences and poorer survival.
The median length of gross PRM in patients with recurrences was found to be 3.5 cm vs 6.5 cm in patients who
did not develop recurrences[3]. Kim et al[36] documented
that a PRM shorter than 2 cm resulted in a higher rate
of recurrences in patients with upper gastric cancer. Furthermore, the survival rate of AGC patients was lower if
PRM was less than 3 cm in the final pathological examination[6]. According to these studies, a short PRM itself
seemed to negatively affect the patient’s outcome. Nevertheless, we have to be careful about the interpretation
of these findings for two reasons. First, the PRM tended
to be short in patients with advanced stage cancers in
which poor prognosis was expected. This means the aggressiveness of the cancer in cases with a short PRM
could be the real cause of a poor outcome, and thereby
could serve as a confounding factor when assessing the
correlation between a short PRM and adverse outcome.
Second, the group of patients who had inadequate PRM
included positive-margin cases. Poorer outcomes seen in
that group might be partially attributed to these positivemargin patients. Therefore, it has been hard to know the
pure effect of the length of PRM on prognosis.
Recently, some authors have found that the length
of PRM measured by final pathology did not affect the
5-year survival rates if a negative margin was obtain
ed[37,38]. These results could, to some degree, answer the
question about the true impact of PRM length on prognosis. Based on these studies, the belief that short PRM
would result in more recurrences and poorer survival has
to be reconsidered. It also seems that the length of PRM
is irrelevant if resection lines are clear on final pathology,
and the concept of an adequate length of PRM should
be applied to the intraoperative determination of a gross
resection margin but not to the postoperative pathologic
assessment.
The fundamental problem here is that no reliable
method has been available thus far to ensure negative
margins in the operating room, except resecting the tumor mass with a wide range of normal stomach. Therefore, current recommendations for gross PRM are still
significant and any intraoperative decision about the extent of surgery has to be made in accordance with them.
In some cases in which the recommended length of
PRM cannot be attained during surgery, IFS examination
is helpful to ensure negative margins.

Inadequate proximal resection margin and re-operation
Although surgeons have done their best to perform
tumor-free resection based on the present recommendations, the prevalence of positive margins has been reported to be 0.8%-20.0%[11,19,26,29,42,48]. Also, the distance
to resection margins measured intraoperatively sometimes differs from values measured in the final pathologic exams. For these reasons, the way to manage the
patients with an insufficient length of PRM or a positive
margin is an important issue. Do we have to re-operate
these patients to provide adequate margins?
Studies have shown that if PRM is confirmed to be
negative for malignancy but shorter than the recommended length, further resection to acquire a longer
PRM is unnecessary, since better survival cannot be expected[37,38].
Regarding the positive-margin cases, the necessity of
re-operation depends on whether the patients will benefit from it or not. The benefits of reoperation always
have to be balanced with the risks of this technically demanding procedure. In the previously mentioned studies,
a negative margin improved the survival of patients with
early stage cancer[16,19,30]. Hence, an extended re-operation appears to have the most obvious survival advantage in low-stage patients, especially when few nodes are
involved (N0 or N1). In contrast, as advanced N stage
patients with positive margins might not benefit from
an extended re-excision, the decision has to be made
with much deliberation. In fact, multidisciplinary options
including chemotherapy and irradiation are more appropriate treatments for positive-margin patients[16,49]. Even
with all options, however, the most important objective
should be to prevent positive margins beforehand, by

IFS examination of PRM
IFS examination of resection lines is commonly used to
assess margin status. The accuracy of this procedure has
been reported to be about 98%[39] and both sensitivity
and specificity are seen to be high[40]. Some authors have
encouraged the routine use of IFS examination [30,34].
Nonetheless, it is more practical to selectively perform
this procedure in patients who may benefit from it, since
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evaluating the cancer status before and during surgery to
determine the patients with a high risk of having positive margins and treating them more carefully.

final pathologic exam, a sufficient length of gross PRM
is always required. Whenever surgeons try to attain 2-3
cm of gross PRM in EGC and 3-5 cm of gross PRM
in AGC during the operation, positive margins should
be avoided. If the final PRM examination is clear but
shorter than that originally intended intraoperatively, a
short PRM itself seems not to affect a patient’s prognosis. Along with this principle, IFS examination of
resection lines is also used to confirm margin status in
various situations. If despite all attempts, however, there
are still positive margins, then re-operation is reasonable, especially in those who have low N stage diseases.
In conclusion, achieving a negative resection margin is
the ultimate goal when determining the adequate length
for PRM and debating related issues. Every possible preoperative and intraoperative evaluation should be thoroughly carried out to find the patients with a high risk
of having positive margins in advance, and subsequent
careful management of these patients with a wider excision or an IFS examination to confirm a negative margin
during surgery is necessary.

Optimal type of gastrectomy and the length of proximal
resection margin
Different types of gastrectomy have been recommended
for gastric cancers located in each part of the stomach.
For proximally located gastric cancers, TG has been recommended as a first choice, excluding limited cases in
which some authors have suggested proximal gastrectomy as an alternative[7,36,50]. DG is generally performed for
gastric cancers of the lower third of the stomach, since
DG showed a similar long-term prognosis, improved
quality of life and lower morbidity for distal-third cancer
in randomized prospective studies[51,52].
When it comes to middle-third gastric cancers, the
most appropriate procedure is controversial because of
the ambiguity of their location. The issues surrounding adequate PRM greatly matter for these, because the
choice between TG and DG depends on the length of
PRM required. Generally, a longer PRM can be achieved
by TG, whereas DG is associated with a better quality
of life and similar or lower morbidity[51-55]. Of the two
options, TG has been adopted as the standard treatment
for middle-third gastric cancer by many surgeons who
are concerned about the possibility of recurrences with
a short PRM after DG. As explained above, however,
the length of PRM does not impact prognosis if the
lines of resection are free of tumor[37,38]. In these studies,
the authors suggested DG should be the first surgical
option for intermediately located gastric cancer if negative margins could be guaranteed. Furthermore, when
the surgery has to be converted from DG to TG to gain
a few more centimeters of PRM to obtain the recommended values, DG with IFS examination, which can
provide better quality of life, is a better choice if negative margins are confirmed by the frozen exam. When
doing this, there is a practical problem that the residual
part of the stomach can become necrotic owing to the
poor blood supply. Therefore, surgeons try to preserve
a short gastric artery technically as much as possible to
make it successful.
In addition, we expect that less extensive surgery can
be performed more commonly in gastric cancer patients
who are not eligible for DG based on the current recommendations on PRM length, if unintended positive
margins can be prevented by improvement of IFS exam
or if other reliable methods to confirm negative margins
intraoperatively are developed.
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Abstract

INTRODUCTION

Colorectal cancer (CRC) incidence and mortality are
constantly decreasing, but CRC still remains the third
most prevalent cancer and the third most common
cause of cancer death in both males and females in
the United States. Recent rapid declines in CRC incidence rates have largely been attributed to increases
in screening that can detect and remove precancerous
polyps, and the decrease in death rates for CRC largely
reflects improvements in early detection, treatment
and the understanding of molecular/genetic basis of
CRC. One of the important molecular/genetic findings
is the presence of microsatellite instability (MSI) in
CRCs. Many studies have shown the importance of MSI
testing in diagnosing Lynch syndrome and predicting
prognosis and response to chemotherapeutic agents
in CRCs. Increased emphasis has been placed on the
importance of MSI testing for all newly diagnosed individuals with CRCs. Both immunohistochemical staining
(IHC) and polymerase chain reaction (PCR)-based MSI
testing show high sensitivity and specificity in detecting
MSI. The current clinical guidelines and histopathology
features are indicative of, but not reliable in diagnosing
Lynch syndrome and CRCs with MSI. Currently, there
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Colorectal cancer (CRC) is the third most prevalent cancer and the third most common cause of cancer death in
both males and females in the United States[1]. However,
widespread screening for CRC and progress in its treatment have both contributed to a recent decline in the
incidence of mortality of the disease. In parallel, much
progress has been made in the understanding of the
molecular and genetic basis of CRC[2-4]. Chromosomal
instability (CIN) and microsatellite instability (MSI) constitute the predominant tumorigenic pathways in CRC
(Figure 1)[5-8]. CIN is associated with high mutation rates
in genes tightly linked to the development of CRC, such
as APC, KRAS, SMAD4, PI3KCA SOX9, ARID1A,
FAM123B and TP53, which lead to the development of
CIN tumors[5]. MSI is a form of genetic instability caused
by alterations in the DNA mismatch repair (MMR) system. Although the majority of CRCs develop through the
CIN pathway, approximately 15% of CRCs display MSI
due to germline mutations, epigenetic silencing of MMR
gene or a combination of these factors[9].
Germline mutations in MMR genes cause a cancer
susceptibility syndrome called Lynch syndrome, previ630
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ously referred to as hereditary nonpolyposis CRC. These
individuals are predisposed to CRC and multiple other
cancers including endometrial, gastric, ovarian, urothelial,
hepatobiliary tract, brain, small intestine, pancreatic, and
skin (specifically sebaceous adenomas or carcinomas and
benign keratoacanthomas) cancers[10-12]. Approximately
90% of CRCs occurring in Lynch syndrome patients
exhibit MSI. The exact prevalence of Lynch syndrome
among CRCs is unclear. A prospective, multicenter, nationwide study (the EPICOLON study), consisting of
patients newly diagnosed with CRC in 20 community
hospitals in Spain, showed the prevalence was only 0.9%
compared with 2.9%-3.5% in other studies[13,14]. A most
recent study showed that the prevalence of Lynch syndrome is 3.1% in all CRCs[15]. Many studies have found
that some CRCs occurred in non-Lynch syndrome patients also showed MSI (sporadic CRCs with MSI) and
CRCs with MSI showed different clinical-pathological features, prognosis and response to chemotherapeutic agents
comparing to microsatellite-stable CRCs[9,16]. Increased
emphasis has been placed on the importance of MSI testing for all newly diagnosed individuals with CRCs.

MutLα, MutLβ, or the MutLγ complex, which in turn
will mediate the processes of mismatch recognition and
enzymatic repair[9,16,19,20]. Mutations in the MMR system
lead to the accumulation of errors in DNA, which results in MSI.

GENETIC BASIS FOR LYNCH SYNDROME
AND SPORADIC CRCS WITH MSI
Lynch syndrome is a genetically heterogeneous disorder which is caused by autosomal dominant germline
mutations in MMR genes. The overall risk of CRCs in
individuals with this syndrome is 75% by the age of 70
years and cancers occur predominantly in the right side
of the colon. The mean age at diagnosis of CRC in individuals with Lynch syndrome is younger (approximately
42-61 years) than that in the general population (approxi
mately 65 years). Mutations in MLH1, MSH2, MSH6
and PMS2 are found in 32%, 38%, 14% and 15% of
Lynch syndrome cases, respectively[11,21]. Individuals with
mutations in the MSH6 and PMS2 genes have a somewhat lower risk of CRC and a later age of onset of CRC
compared with individuals with mutations in the MLH1
and MSH2[10,22,23]. Endometrial carcinoma is the most
common extra-colonic carcinoma in Lynch syndrome
and occurs in 28%-60% of women with an average age at
diagnosis of 47-55 years, compared to a sporadic rate of
2%-3% in women with an average age at diagnosis in the
mid 60s in the general population[10]. Endometrial cancers are more frequently associated with mutations in the
MSH2 and MSH6 genes than the MLH1 or PMS2 genes.
Recently, deletions of the epithelial cell adhesion molecule (EpCAM) gene (previously known as TACSTD1,
tumor-associated calcium signal transducer 1), which is
located upstream of MSH2, have been described in a
subset of families with Lynch syndrome[24]. Deletions affecting the 3’ exons of the EpCAM gene lead to a transcriptional read-through and mediate epigenetic silencing
of the MSH2 allele in a mosaic pattern. Therefore CRCs
in individuals with heterozygous germline EpCAM deletions will be MSH2-negative MSI cancers[25]. Though
frequency of EpCAM deletions have been reported in
different populations[24-26], further research is needed to
confirm the prevalence and clinical phenotype of EpCAM deletions.
MSI CRCs that are not associated with germline
mutations in the MMR system and Lynch syndrome are
commonly referred to as “sporadic CRCs with MSI”.
Sporadic CRCs with MSI account for about 10%-13%
of CRCs with MSI. The most frequent cause of sporadic
MSI is acquired promoter hypermethylation of MLH1.
Hypermethylation of CpG islands in the promoter regions of both copies of MLH1 gene leads to inactivation of the gene and loss of expression of the MLH1
gene product in a manner analogous to the germline mutations of DNA MMR genes seen in Lynch syndrome.
These sporadic CRCs with MSI are similar histologically
to Lynch syndrome CRCs and, like Lynch syndrome,
CRCs are more likely to be located in the right colon and

MOLECULAR BASIS OF THE MMR
SYSTEM
The human genome is dynamic. It is estimated that each
cell undergoes > 20 000 DNA damaging events and >
10 000 replication errors per cell per day[17]. One of the
mechanisms to repair replication errors is the MMR system. The MMR system, a DNA repair pathway which
is conserved from bacteria to humans, targets base-base
mismatches and insertion-deletion mismatches that arise
as a result of replication errors[18]. A proficient MMR system enhances replication accuracy 1000-10 000-fold[16].
A hallmark of MMR-deficient cells is instability (replication errors) at microsatellite regions. Microsatellites are
mono-, di-nucleotide or higher-order nucleotide repeats
such as (A)n or (CA)n that are distributed throughout the
entire genome, and due to their repetitive pattern, they
are prone to errors during DNA replication. The terminology used for the MMR system in eukaryotes is based
on the analogous system in prokaryotes, best characterized in Escherichia coli (E. coli)[16]. The major E. coli MMR
proteins include MutS and MutL[19]. Eukaryotic MutS
homologs include MSH2, MSH3 and MSH6, and are
primarily responsible for recognizing mismatches and
recruiting MutL to the mismatch location. MutL homologs include MLH1, PMS1 and PMS2. Eukaryotic cells
possess two MutS activities that function as heterodimers and share MSH2 as a common subunit: MutSα
(MSH2-MSH6 heterodimer) and MutSβ (MSH2-MSH3
heterodimer). Eukaryotic MutL activities also function as heterodimeric complexes with MLH1 serving
as a common subunit including MutLα (MLH1-PMS2
heterdimer), MutLβ (MLH1-PMS1 heterodimer) and
MutLγ (MLH1-MLH3 complex)[20]. Specifically, when
a mismatch exists, MSH2 will form a MutSα or MutSβ
complex. Both MutSα and MutSβ can then recruit either
WCG|www.wjgnet.com
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Figure 1 Molecular classification of colorectal cancer. EpCAM: Epithelial cell adhesion molecule; MMR: DNA mismatch repair; FAP: Familial adenomatous polyposis; APC: Adenomatous polyposis coli.

they tend to have a better overall prognosis. In contrast
to Lynch syndrome, however, these MSI CRCs do not
present with a strong hereditary background nor occur
at a young age, but tend to be more common in older
population. Testing for mutations in the gene for the
B-type Raf kinase (BRAF) can help distinguish sporadic
CRCs with MSI from Lynch syndrome-associated CRCs.
BRAF, a serine/threonine protein kinase, is an immediate
downstream effector of KRAS in the MAP kinase signaling pathway. An activating mutation of BRAF is often
present when the promoter region of the MLH1 gene is
methylated. About 90% of the mutations in the BRAF
gene in CRCs are transversion (1799 T>A), identified as
V600E. Recently, reviewing the BRAF V600E mutation
in 4562 tumors from 35 studies and MLH1 promoter
methylation in 2975 tumors from 43 studies, Parsons et
al[27] demonstrated that the BRAF V600E mutation occurred in 63.5% of CRCs displaying MLH1 promoter
hypermethylation or MLH1/PMS2 protein loss. The
frequency of BRAF V600E mutation in MSS CRCs
was only 5.0%. More importantly, BRAF mutations are
virtually absent in Lynch syndrome-associated tumors,
and this is a very useful feature for distinguishing Lynch
syndrome from sporadic CRCs with MSI. Evidence of
MLH1 promoter hypermethylation or a BRAF V600E
mutation is highly predictive of a sporadic CRC with
MSI. Individuals with unmethylated MLH1 promoter
and wild type BRAF should undergo further testing for
Lynch syndrome. However, there are rare case reports
of hypermethylation of the MLH1 promoter as the
“second-hit” in a patient with a germline mutation[22,23].

of one or more of the MMR proteins can cause MSI.
Antibodies against MMR proteins such as MLH1, PMS2,
MSH2 and MSH6 are commercially available and can
be used to provide information of functionality of the
MMR system. Loss of expression and the pattern of
loss of expression of one or more of these proteins suggest deficient MMR, and indicate which gene harbors a
germline mutation or has been inactivated by hypermethylation. As mentioned earlier, eukaryotic MMR proteins
form functional heterodimers. MSH2 dimerizes with
either MSH6 or MSH3, and then recruits heterodimers
of MLH1 and PMS2 or MLH1 and PMS1 to excise the
mismatched nucleotides. MSH2 and MLH1 proteins
are the common subunits of their respective heterodimeric complexes, and when mutated, a loss of both the
common subunits and their associated partner proteins
by IHC is typically observed. However, the opposite is
generally not true, since other proteins, such as MSH3,
MLH3 and PMS1, may bind to the common subunits to
stabilize them. Loss of staining of MSH6 or PMS2 alone
is typically observed with germline mutations in each of
these respective genes but with retained positive staining
of corresponding MSH2 or MLH1. Understanding the
expression patterns of MMR proteins and genetic basis
of Lynch syndrome and sporadic CRCs with MSI are
crucial to the interpretation of the IHC results and for
guiding the further molecular analysis. For example, a
CRC that fails to stain for both MLH1 and PMS2, but retains expression of MSH2 and MSH6, is due to an altera
tion in the MLH1 gene. However, determining whether
the deficiency of MLH1 is due to a germline mutation
or promoter hypermethylation requires further investigation (MLH1 hypermethylation test and/or BRAF mutation test). A CRC that shows loss of expression of both
MSH2 and MSH6 is most often consistent with defective
MMR through MSH2 germline mutations (Lynch syndrome), and this finding should be followed by genetic
testing of MSH2. As mentioned earlier, a subset of
Lynch syndrome is due to deletion of EpCAM, a gene
upstream of MSH2. The deletion of EpCAM will lead
to somatic hypermethylation of MSH2 and finally loss of
expression of MSH2. A recent study showed that a lack
of EpCAM immunostaining in MSH2-negative CRCs is

DETECTION OF MSI
Currently, MSI is detected indirectly by demonstrating
absence of expression of MMR proteins by immunohistochemical staining (IHC), or more directly by polymerase chain reaction (PCR)-based amplification of specific microsatellite repeats.
IHC of MMR proteins
The principle of using IHC of MMR proteins to indirectly indicate the presence of MSI is that the absence
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indicative of EpCAM gene alterations with a 100% specificity[28], and also EpCAM negative immunostaining can
be detected even at a precancerous stage[29]. Therefore,
performance of EpCAM IHC before molecular analysis
is suggested to be included in the algorithm approach to
Lynch syndrome identification in MSH2-negative CRC
cases.

sitive (92.3%), and extremely specific (100%) method
for screening for DNA MMR defects. The predictive
value of normal IHC for an MSS/MSI-L phenotype was
96.7%, and the predictive value of abnormal IHC was
100% for an MSI-H phenotype[37]. The major advantage
of IHC is that it is widely available in general pathology
laboratories. Another advantage of IHC is that tumors
with MSH6 germline mutations sometimes lack MSI in
PCR-based testing owing to a functional redundancy in
the MMR system, but demonstrate loss of MSH6 staining by IHC[16]. Furthermore, a key advantage to the use
of IHC is its ability to guide and direct genetic testing.
However, rare missense mutations, which are reported
usually in MLH1 and MSH6 genes, affect protein function other than protein translation and antigenicity. IHC
will still show positive staining despite MSI[16,22]. In these
cases, PCR-based MSI testing can help to determine
whether there are true functional MMR proteins through
these mutations.

PCR-based MSI testing
The principle of using PCR-based MSI testing is to detect
the presence of different lengths of specific microsatellite repeats in tumor cells comparing to normal tissues
caused by mismatches due to the absence of one or more
of the MMR proteins. In 1997, National Cancer Institute
(NCI) workshop established a reference panel of microsatellites for clinical and research testing, and also defined
the criteria for diagnosing MSI. The core panel consists
of two mononucleotide repeats (BAT25, BAT26) and
three dinucleotide repeats (D5S346, D2S123, D17S250).
Nineteen ‘‘alternative loci’’ are also suggested. Three categories of MSI have been established based on the following criteria: MSI-high (MSI-H), indicating instability
at two or more loci (or > 30% of loci if a larger panel of
markers is used); MSI-low (MSI-L), indicating instability
at one locus (or in 10%-30% of loci in larger panels); and
MSS, indicating no loci with instability (or < 10% of loci
in larger panels)[30]. MSI-L CRCs do not appear to differ
clinically or pathologically from MSS CRCs, and generally
MSI-L CRCs are categorized as group of MSS CRCs[31].
MSI-L cases usually only show instability for dinucleotide markers, so the assessment of dinucleotides alone
could lead to the misclassification of MSI-L as MSI-H.
By contrast, mononucleotides BAT25 and BAT26 are
nearly monomorphic. In 2002, NCI workshop (the revised Bethesda guidelines) addended new guidelines with
recommendations of testing additional mononucleotide
markers in tumors with instability at only dinucleotide
loci, as mononucleotide markers are more reliable in the
identification of MSI-H tumors[31]. Recent years, the uses
of panels containing more mononucleotide markers and
the availability of commercial kits including predominant
mononucleotide markers have been improving the sensitivity and specificity[32-34].

ERA OF UNIVERSAL MSI TESTING
The diagnosis of Lynch syndrome and recognition of
sporadic CRCs with MSI have important implications
regarding cancer prevention, surveillance and management. Studies have shown that MSI-H CRCs carry a better prognosis compared to those with MSS CRCs[38]. In
addition, stage Ⅱ MSI-H CRCs achieved similar progression free survival and overall survival with or without
5-flurouracil (5-FU)-based neoadjuvant chemotherapy[39].
Therefore, patients with stage Ⅱ MSI-H CRC are not
recommended to receive 5-FU based adjuvant chemotherapy. As mentioned earlier, individuals with Lynch
syndrome have significantly higher risks of developing
extra-colonic malignancies besides early onset of CRC.
Intensive cancer surveillance has shown to substantially
reduce cancer-related death in this group of patients[40].
Most recently, it also has shown that aspirin can be used
as a chemopreventive agent in carriers of Lynch syndrome to prevent the development of CRCs and extracolonic carcinomas[41].
Historically, diagnosis of Lynch syndrome relied on
clinical characteristics of personal and family history of
cancer. The Amsterdam criteria[42], later revised to Amsterdam Ⅱ criteria[43] are now well-recognized to be too
stringent and insufficiently sensitive because of small
family sizes, unfamiliarity with Lynch syndrome by clinicians, lack of documentation of tumors in the family,
and/or reduced penetrance of the tumors in the family.
With the availability of molecular diagnostic testing, the
Bethesda guidelines[44], and then the revised Bethesda
guidelines [31], were developed to select patients who
should undergo MSI analysis. These guidelines incorporated tumor histopathology features into their criteria,
including the presence of tumor infiltrating lymphocytes,
Crohn’s-like lymphocytic reaction, mucinous/signetring differentiation, and/or a medullary growth pattern.
However, data suggests that the clinical guidelines and
histopathology features are neither sensitive nor specific

Comparison of IHC and PCR-based MSI testing
The results of MMR IHC and PCR-based MSI testing have been shown to be largely concordant (97.80%
concordance, exact 95%CI: 96.27-98.82)[35]. Studies have
shown that IHC for the MMR proteins MLH1, PMS2,
MSH2 and MHS6 provides a rapid, cost-effective, sensitive, and highly specific technique for screening CRC
for MSI. Reviewing the IHC results of 16 series representing 3494 cases, Rigau et al[36] demonstrated that
the following performances of IHC in assessing MSI:
sensitivity, 92.4%; specificity, 99.6%; positive predictive value, 98.5%; and negative predictive value, 97.8%,
which are comparable to PCR-based molecular MSI
testing. In one previous large study, IHC in CRCs for
MLH1 and MSH2 provided a rapid, cost-effective, sen-
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in determining the presence or absence of MSI. For
example, up to 50% of mutation carriers do not meet
the Amsterdam criteria and 40%-45% of families who
fulfill the Amsterdam criteria do not demonstrate MSI
on tumor testing or MMR gene germline mutations[16,23].
In an effort to improve the detection rate of Lynch syndrome individuals and sporadic CRCs with MSI, it has
been suggested that all CRCs (universal testing) should
be tested for MSI using either a PCR-based or an IHC
approach[45]. Julié et al[46] compared the performance of
the revised Bethesda guidelines with universal molecular
testing in 214 newly diagnosed CRC patients. The revised
Bethesda guidelines identified 42.1% of patients for MSI
testing. Of these 4.2% were MSI positive and 6 were
MMR mutation-positive. However, using a universal MSI
testing strategy in these patients, 9.8% were found to be
MSI positive and 5.1% of the MSI positive patients were
MMR mutation-positive. Thus, the authors concluded
that the revised Bethesda guidelines does not adequately
identify mutation carriers and CRCs with MSI[46]. Morrison et al[47] compared the MSI detection rate in 445
primary CRCs resected between November 2006 and
March 2009, when MSI testing was based on histopathology features and age, with the rate in 145 CRCs resected between July 2009 and July 2010 when a universal
testing paradigm was used. The overall Lynch syndrome
screening rate between November 2006 and March 2009
was 34.8%, and the extrapolated MSI-H rate was 8.5%
(38/445). Strict adherence to the revised Bethesda guidelines, that is, without testing CRC diagnosed in patients
over 60 years, would have missed 26 (68.4%) MSI CRCs.
The overall Lynch syndrome screening rate between
July 2009 and July 2010 was 76.3% and the MSI rate was
20.6% (30/145). These data indicated that the revised
Bethesda guidelines is inadequate for Lynch syndrome
screening when personal and family cancer history is
not available to the pathologist, a universal screening
paradigm greatly increased the rate of MSI testing and
MSI CRC detection[47]. Most recently, Pérez-Carbonell
et al[48] investigated 2093 patients with CRC from the
EPICOLON Ⅰ and Ⅱ cohorts and found the revised
Bethesda guidelines strategy failed to detect 14.3% cases
with Lynch syndrome and 57.1% cases with probable
non-sporadic MSI-H tumors. The authors concluded
that routine screening of patients with CRC for Lynch
syndrome using immunohistochemistry or PCR-based
MSI testing has better sensitivity for detecting mutation carriers than the Bethesda guidelines alone[48]. Many
studies have identified other histopathologic features,
which are included in the revised Bethesda guidelines,
such as right-sided location, lack of “dirty necrosis”, a
circumscribed/expansile growth pattern, histologic heterogeneity, lack of intratumoral budding, and carcinoma
associated with sessile serrated adenoma/polyp (serrated
pathway) are all suggestive of MSI-H[49-52]. However, our
experience and that of others have shown that around
3%-6% of CRCs with feature of “dirty necrosis” and a
portion of left-sided tumors do show MSI-H, especially
with MSH6 loss[22].
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Recent data have shown that testing for MMR expression can be performed on the diagnostic CRC biopsy samples prior to definitive surgery[53], with results
comparable to those obtained on the surgical resection
specimens[54,55]. Using this approach the diagnosis of
Lynch syndrome can be made preoperatively, and this
information can help the surgeon in planning the operative approach (extended colectomy, subtotal colectomy,
or total colectomy) and in recommending screening for
cancers in other organs. Another argument for early
testing for MMR expression is the fact that neoadjuvant
chemotherapy and radiation can cause aberrant or loss
of immunoexpression of MMR proteins. Diminished
MMR staining in treated tumors should prompt IHC
evaluation of pretreatment biopsy samples before genetic testing is pursued for Lynch syndrome[56].

ALGORISM FOR MSI TESTING
Even though the increased emphasis has been placed on
the importance of MSI testing and recommendations
have been proposed to identify individuals at risk for
Lynch syndrome[10], and both PCR-based and IHC MSI
detection are highly sensitive methods for the identification of individuals with defective MMR[21], the approach
of universal MSI testing for all newly diagnosed CRCs
has not been widely accepted and understood. A recent
survey of Canadian hospitals demonstrated that up to
21.2%, 42.1% and 38.2% of respondents either do not
have access or are uncertain whether they have access to
MMR-IHC, PCR-based MSI testing, and genetic counseling services respectively[57]. It has been demonstrated
that the highest detection rate of Lynch syndrome in
CRC is achieved through integrated efforts of pathologists, clinicians (surgeons, gastroenterologists, and family
doctors) and genetic counselors[58]. However, only 13.1%
of respondents have an integrated multidisciplinary approach to Lynch syndrome detection. A recent survey
of United States hospitals reported that routine tumor
testing with IHC, PCR-based MSI testing, or both is currently performed at 71% of NCI comprehensive cancer
centers, 36% of American College of Surgeons-accredited community hospital comprehensive cancer programs,
but only 15% of community hospital cancer programs[59].
Awareness of the importance of MSI testing and an appropriate algorithmic approach (Figure 2), starting with
PCR-based MSI testing or IHC analysis on all newly diagnosed CRC specimens (universal testing) will help recognize Lynch syndrome and distinguish sporadic CRCs
with MSI and Lynch syndrome effectively.

CONCLUSION
Many studies have shown the importance of MSI testing
in diagnosing Lynch syndrome and predicting prognosis
and response to chemotherapeutic agents. Increased emphasis has been placed on the importance of MSI testing
for all newly diagnosed individuals with CRCs. Both IHC
and PCR-based MSI testing show close concordance and
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All newly diagnosed colorectal cancer

Tumor testing for MSI and/or IHC

MSS/IHC normal

Stop

Abnormal (MSI-H/IHC)

Loss of MLH1

Loss of PMS2 , MSH2 or MSH6

Genetic mutation
analysis of PMS2

BRAF mutation ± hypermethylation

Positive

Negative

Sporadic MSI CRC

Genetic mutation
analysis of MLH1

Genetic mutation analysis
of MSH2 or MSH6

Negative and IHC
with MSH2 loss

Positive

Negative

Genetic deletion analysis
or IHC of EpCAM

Lynch syndrome

Clinical management

Positive

Figure 2 Testing algorithm for Lynch syndrome and sporadic microsatellite instability colorectal cancer. MSI: Microsatellite instability; IHC: Immunohistochemical staining; CRC: Colorectal cancer; EpCAM: Epithelial cell adhesion molecule.

high sensitivity and specificity in detecting MSI. The current clinical guidelines and histopathology features are
indicative of, but not sensitive and specific in diagnosing
Lynch syndrome and CRCs with MSI. Currently, there
are evidences that universal testing for MSI starting with
either IHC or PCR-based MSI testing is cost effective,
sensitive, specific and is getting widely accepted.
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Abstract
Squamous cell carcinoma, one of the two major subtypes of esophageal carcinomas, constitutes the great
majority of tumors in the upper and middle third of the
organ. Declining in incidence in western countries, it
continues to be a significant public health problem in the
far east. Targeted treatments are novel therapies introduced in the clinical therapeutic armamentarium of oncology in the last 10-15 years. They represent a rational
way of treating various cancers based on their molecular
lesions. Although no such agent has been approved so
far for the treatment of esophageal squamous cell carcinomas (ESCC), several are in clinical trials and several
others have displayed pre-clinical activity that would
justify the efforts and risks of pursuing their clinical development in this disease. This paper discusses some of
these targeted agents in more advanced development in
metastatic ESCC, as well as some promising drugs with
pre-clinical or initial clinical data in the disease.

INTRODUCTION
Two major histologic types of esophageal cancers exist
and differ in their epidemiology and risk factors. Esophageal adenocarcinomas arise almost exclusively in the lower third of the esophagus and esophagogastric junction,
have an increasing incidence in western populations and
are associated with Barrett’s metaplasia and chronic gastro-esophageal reflux[1]. In contrast, esophageal squamous
cell carcinomas (ESCC) are mostly situated in the upper
two thirds of the organ and are associated with smoking
and alcohol[2]. Salty foods and nitrosamine compounds
in foods have also been implicated[3]. Their incidence
decreases in western countries but remains a significant
public issue in Asian populations[4].
Unfortunately, despite these differences that imply a
distinct pathogenesis, the two types are mostly lumped
together in clinical trials, a fact that would dilute a possible benefit in only one of the two histologies if the
other histology would not benefit from a given treatment.
Although this may be true even for chemotherapy as evidenced in the case of pulmonary adenocarcinomas and
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4 wk with or without cetuximab 250 mg/m2 weekly (after
a loading dose of 400 mg/m2) in the first line setting[12].
A trend towards longer progression-free survival (PFS)
(5.9 mo vs 3.6 mo) and overall survival (OS) (9.5 mo vs 5.5
mo) was noted in the cetuximab arm. Of interest cetuximab did not exacerbate grade 3 or 4 toxicities, except
for rash and diarrhea. A randomized three arm phase Ⅱ
study (CALGB 80403/ECOG 1206) took a reverse approach and sought to determine what chemotherapy is
best in combination with cetuximab in metastatic esophageal and gastroesophageal junction cancer[13]. Patients
were randomized to epirubicin, cisplatin, 5-FU (ECF) or
5-FU, folinic acid, oxaliplatin (FOLFOX) or irinotecan/
cisplatin. All three arms received concomitant cetuximab.
Only a few (about 10%) of patients had ESCC. Results
have been presented so far in an abstract form for the
adenocarcinoma patients. The two first arms were more
effective and the FOLFOX arm less toxic[13]. Conclusions
regarding the clinical utility of adding cetuximab to first
line chemotherapy are awaiting information from ongoing randomized phase Ⅲ trials.
Regarding the role of cetuximab in the 2nd line chemotherapy setting there is a lack of published trials. A phase
nd
Ⅱ study in the 2 line setting adding cetuximab to cisplatin
and irinotecan in patients with irinotecan and cisplatin-refractory metastatic esophageal cancer (NCT 00397904) has
completed accrual. This study has included both squamous
and adenocarcinomas and results are awaited.
The other clinically available anti-EGFR monoclonal
antibody, panitumumab is investigated in combination
with chemotherapy in a phase Ⅲ study (NCT01627379)
of non-resectable advanced or metastatic ESCC. Patients
included have not been treated with chemotherapy previously (except in the neo-adjuvant setting). All patients
receive cisplatin and 5-FU and are randomized to receive
or not panitumumab.
A third investigational anti-EGFR antibody, nimotuzumab has been studied in patients with ESCC in the
first line metastatic setting in combination with paclitaxel
and cisplatin[14]. Results of 25 patients treated in a phase
Ⅱ study showed a 63.6% partial response (PR) rate and
31.8% stable disease (SD). The same investigators study
nimotuzumab in the second line setting in combination
with mFOLFIRI chemotherapy (Trial NCT01486992).
Both orally active TKIs gefitinib and erlotinib that are
currently available in clinical practice have been tested in
metastatic ESCC. These TKIs block the ATP binding site
of the EGFR tyrosine kinase molecule. A phase Ⅱ trial
of gefitinib 500 mg daily in the 2nd line treatment of metastatic esophageal cancer showed a higher disease control
rate (PR plus SD) in patients with SCCs compared with
adenocarcinomas (P = 0.013). Patients with high EGFR
expression and lower levels of phosphorylated kinase
adams kara taylor (Akt) had higher disease control rates
(P = 0.002 and 0.009 respectively)[15]. Nine patients with
SCC were among the 36 patients enrolled in this study
and five (55.5%) showed a PR or SD. Five of six patients
tested had a strong expression of EGFR (more than 25%

squamous cell carcinomas where differences in response
to various regimens have been revealed[5], it is particularly
important for targeted therapies that would work only if
the intended target is expressed, functional and involved
in the pathogenesis of a carcinoma. A recent change
in the trend of trials in the field of esophageal cancers
necessitated by the development of targeted therapies
adjoins esophageal adenocarcinomas and adenocarcinomas of the gastro-esophageal junction with gastric
adenocarcinomas with which they share a common histology and are at times difficult to discern at the margins
of the two organs. For the development of trastuzumab
therapy, adenocarcinomas of the gastro-esophageal junction have been included in the trials and those of lower
esophagus are often treated with the drug if they display
an increased expression or amplification of human epidermal growth factor receptor 2 (HER-2)/Neu[6]. With
these facts in perspective, the current paper will discuss
only data concerning targeted therapies in metastatic or
locally advanced inoperable ESCC. For studies that have
included both esophageal histologies, discussion will be
restricted to patients with squamous histology. When
there are significant data available specifically for ESCC
on expression of a possible tumor target and preclinical
anti-tumor activity of a corresponding therapy, they will
be mentioned, as they might represent an opportunity for
future clinical development.

ANTI-EPIDERMAL GROWTH FACTOR
RECEPTOR THERAPIES
Immunohistochemical (IHC) studies showed epidermal
growth factor receptor (EGFR) protein over-expression
in 50% of patients with ESCC and gene amplification
was evident in 28% of over-expressors (or 14% of the
total patients in the series)[7]. Over-expression was significantly correlated with the depth of tumor invasion[7].
Mutations in exons 19 and 21 of EGFR were not identified in any of the patients examined. Others have found
amplification of EGFR in 15% in a series of 55 patients
with ESCC[8] and rare EGFR mutations in ESCC specimens and a ESCC cell line[9,10]. Half of the patients displayed high levels of EGFR protein expression measured
by a semi-quantitative IHC-based method. Protein expression correlated with gene amplification in this and in
another series of 105 ESCC patients[11]. In this last series
EGFR amplification or polysomy by fluorescence in situ
hybridization (FISH) was seen in 31% of patients[11].
Several studies have examined the efficacy of antiEGFR therapies in ESCC. Two types of agents targeting
the EGFR signaling pathway are available: the anti-EGFR
monoclonal antibodies cetuximab and panitumumab and
the small molecule tyrosine kinase inhibitors (TKIs) erlotinib and gefitinib.
In metastatic ESCC, a randomized phase Ⅱ study
compared cisplatin 100 mg/m2, day 1 and 5-fluorouracil
(5-FU) 1000 mg/m2/d continuous infusion, days 1-5 every
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of tumor cells stained strongly) by IHC. Among the five
patients with a PR or SD, all four tested had high EGFR
expression. Another phase Ⅱ trial of gefitinib in recurrent or metastatic esophageal or gastroesophageal
junction cancer included 58 patients but only 4 among
them had squamous histology [16]. Authors state that
both histologies derived a clinical benefit but obviously
the small number of ESCC patients precludes any definitive conclusion from this study.
A phase Ⅲ study (NCT01243398) randomizing patients with ESCC and adenocarcinoma to gefitinib versus
placebo after one or two lines of chemotherapy is currently ongoing.
Recently a phase Ⅱ study of erlotinib monotherapy
in previously treated esophageal cancer was published[17].
Similarly to gefitinib, erlotinib shows activity in squamous
cancer. Among the 30 patients included in this study, thirteen patients had squamous histology and twelve of them
had some degree of EGFR positivity by IHC (defined as
more than 10% of tumor cells staining for the receptor
tyrosine kinase). Two patients obtained a response which
lasted for 5.5 and 7 mo while seven additional patients
had stable disease for a median of 5 mo. The median
time to disease progression in all squamous histology patients in the study was 3.3 mo. No correlation of EGFR
status and degree of expression with erlotinib efficacy
could be established possibly due to the small number of
patients.
Overall, interesting activity with acceptable toxicity
of anti-EGFR agents is seen in these initial studies. More
definitive results from larger trials are expected. Wellvalidated biomarkers will certainly help to define sub-sets
of patients that will benefit most.

12 (trying to take advantage of a natural killer cell mediated cytotoxicity) in HER-2 overexpressing carcinomas
has included 4 patients with ESCC[27]. Two of them had a
partial response lasting for 25 and 43 wk.

ANTI-HUMAN EPIDERMAL GROWTH
FACTOR RECEPTOR 2 THERAPIES

ANTI-VASCULAR ENDOTHELIAL GROWTH
FACTOR THERAPIES

The benefit of treatment with the humanized anti-HER-2
monoclonal antibody trastuzumab in cases of HER-2
protein over-expressing or gene amplified metastatic
breast and gastric adenocarcinomas is well established[6,18].
About 15%-20% of squamous esophageal cancers show
over-expression of HER-2 by IHC and about 1%-20%
show gene amplification by FISH[19-22]. Few studies correlated HER-2 status with clinical outcomes in ESCC[20,21].
These retrospective studies have shown a worse survival
in ESCC when HER-2 is over-expressed. Preclinical data
show that trastuzumab, targeting the extracellular domain of the HER-2 protein, has anti-proliferative activity directly but also through antibody dependent cellular
cytotoxicity in esophageal carcinoma cells[23-26] , providing
a rational for clinical trials in ESCC with HER-2 overexpression/amplification. Nevertheless no such studies
investigating trastuzumab treatment or treatment with the
newer anti-HER-2 agents pertuzumab and trastuzumab
emtansine in ESCC have been conducted so far. A phase
Ⅰ study of paclitaxel and trastuzumab with interleukin

Angiogenesis plays a crucial role in carcinogenesis and
progression of malignancies. Vascular endothelial growth
factor (VEGF) pathway is among the important signal
transducers in this process[29]. Several ligands including
VEGF-A, -B, -C and -D initiate signals by binding cell
surface receptor tyrosine kinases VEGF-R1 (also known
as flt1), VEGF-R2 (also known as flk1) and VEGF-R3
(also known as flt4) and triggering down-stream cascades of cell proliferation and survival. VEGF pathway
alterations are involved in pathogenesis of esophageal
cancer[30]. VEGF-A expression is present in most ESCC
and ranges between 24%-93% in different studies[31].
Moreover the over-expression of VEGF isoforms has
been significantly correlated with poorer prognosis of
ESCC[32,33].
Bevacizumab is a monoclonal antibody targeting VEGF. It is used clinically in colon, breast, ovarian
and lung adenocarcinomas. Its development in gastric
and gastro-esophageal junction adenocarcinomas has
progressed through phase Ⅲ trials[34] but in squamous
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DUAL ANTI-EGFR AND ANTI-HER-2
THERAPIES
Given that a percentage of ESCC overexpress both
EGFR and HER-2[25], there is a rational for use of drugs
that inhibit both receptors. Lapatinib is a small TKI that
inhibits both EGFR and HER-2. A phase Ⅱ study of
lapatinib in recurrent or metastatic ESCC has been initiated (NCT00239200) but has been terminated and there
are no published data regarding the outcomes. Another
oral TKI pan-HER inhibitor, PF-00299804 is studied
in a Korean phase Ⅱ trial in patients with recurrent
and metastatic ESCC (trial NCT01608022). The dual
EGFR and HER-2 inhibitor afatinib has been investigated in a phase Ⅰ study in which one of 7 esophageal
cancer patients participating had an unconfirmed partial
response[28]. Phase Ⅱ development is pursued only in
esophago-gastric adenocarcinomas. Based on the accumulated evidence from other malignancies, it can be
expected that the efficacy of anti-EGFR/anti-HER-2
agents would be restricted to tumors with high expression or specific mutations of these receptors. Further
development of targeted EGFR/HER-2 drugs should
be focused to these sub-sets of ESCC. Although this
focusing would limit the pool of available patients and
make clinical trials more cumbersome and slow to accrue, it will, on the other hand, increase the probability
of obtaining positive results.
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cancers there is a reluctance to pursue development
given safety issues with hemorrhage in squamous nonsmall cell lung cancer[35]. Small molecule TKI of VEGF
receptor (VEGFR) have been studied in early trials that
have included ESCC patients. Pazopanib, a TKI targeting VEGFR, platelet-derived growth factor receptor
and c-Kit is already approved for the treatment of clear
cell renal carcinoma. A phase Ⅰ study combining it
with carboplatin and paclitaxel in patients with various
advanced cancers found the maximal tolerated dose
to be 200 mg daily[36]. Among the patients in this trial
there were 4 with esophageal carcinoma (histology not
specified) and two of them had a complete response.
The TKI sunitinib is evaluated in phase Ⅱ studies as
a single agent or in combination with paclitaxel in patients with advanced esophagogastric cancer of both
histologies[37,38]. Another anti-VEGF TKI, sorafenib is
studied as monotherapy. Responses so far have been
reported in adenocarcinomas but only 2 patients with
ESCC were included in this preliminary report[39]. A
fourth anti-VEGFR TKI, vandetanib is in phase Ⅰ development in combination with oxaliplatin and docetaxel
in advanced esophageal and gastroesophageal junction
adenocarcinomas and squamous carcinomas (trial number NCT00732745). It is evident from these data that
the field of anti-VEGF therapy development in esophageal cancer is dominated by adenocarcinoma histology
and few results for ESCC are available. It remains to be
seen if further development, optimally aided by predictive markers, will be pursued in ESCC.

dylinositol 3-kinase (PI3K)/Akt pathway down-stream
of receptor tyrosine kinases, a combined inhibition
with inhibitors of these kinases may be advisable.
Combination with direct inhibitors of PI3K could be
an alternative. PI3K inhibitors are in development[47,48].
The hedgehog pathway is also co-operating with the
PI3K/Akt pathway[49] and is activated in a sub-set of
ESCC[50,51]. Hedgehog signaling is important in foregut
development, a fact that may underline its importance
in carcinogenesis in both squamous and adenocarcinomas of the esophagus[51]. Hedgehog pathway inhibitor
vismodegib is used for the treatment of basal cell cutaneous carcinomas[52]. Preclinical studies have shown
synergy of vismodegib with everolimus in esophageal
adenocarcinomas[53]. A phase Ⅱ study of the addition
of vismodegib to FOLFOX chemotherapy in gastroesophageal adenocarcinomas is in progress[54]. Further
development of mTOR inhibitors in ESCC enriched
for activated mTOR with or without other targeted or
chemotherapeutic treatments seems to be warranted.

OTHER TARGETED THERAPIES
Hepatocyte growth factor/scatter factor (HGF) is the
ligand for proto-oncogenic cell surface receptor c-Met.
c-Met transduces proliferative and pro-angiogenic
signals and has been related to prognosis of different
malignancies[55,56]. A study in ESCC patients has shown
that the serum level of HGF is higher than controls
and correlates with levels of interleukin-8 and VEGF,
both important mediators of angiogenesis[57]. HGF was
also an independent prognostic factor for survival. Patients with higher than the median serum HGF had a
median survival of 34 mo and a 2 year survival of 63%
while those with serum HGF lower than the median
had a median survival of only 15 mo and a 2 year survival of 37%[57]. Antibodies blocking this pathway could
be a potential therapeutic strategy in ESCC. The small
molecule kinase inhibitor against anaplastic lymphoma
kinase crizotinib is concomitantly an inhibitor of c-Met
and could be used to target this pathway.
Bryostatin-1 is an agent with antitumor activity via
the inhibition of protein kinase C and has synergistic
activity with chemotherapeutic agents such as paclitaxel[58]. In esophageal cancer a phase Ⅱ trial of weekly
paclitaxel and bryostatin-1 that included 22 patients
demonstrated a response rate above 25% and up to
40% in the higher doses reached[59]. Nevertheless this
trial has included only 2 patients with ESCC and had
to close prematurely because of high rates of toxicities
(myalgia) and two possibly treatment-related deaths.
Bryostatin-1 analogs have been synthesized and could
be alternatively developed if proved to have a better
toxicity profile[60].
Bortezomib is a proteasome inhibitor that is used in
the treatment of myeloma and lymphoma. In pre-clinical
studies in ESCC, bortezomib has shown activity by cooperating with both intrinsic and extrinsic pathways in

ANTI-MTOR THERAPIES
Mammalian target of rapamycin (mTOR) is an intracellular serine/threonine kinase that plays important roles
in RNA translation, cell proliferation and angiogenesis.
Inhibition of mTOR by everolimus has shown activity
and is used clinically in renal cell carcinoma[40], pancreatic
neuroendocrine tumors[41] and in breast cancer where it
has been found to reverse tumor resistance to hormonal
treatments[42]. In ESCC mTOR is reported to be activated in 25% of cases and co-relates with a lower degree
of differentiation[43]. Another group found activation
of mTOR in 50% to 70% of ESCC and showed worse
overall and cancer specific survival in cases with activated
mTOR compared with non-activated cases[44,45]. Proliferation of ESCC cell lines with activated mTOR was inhibited by everolimus in vitro and in vivo in mouse xenograft
models[44].
Very few clinical data on mTOR inhibitors in ESCC are
available. In a phase Ⅰ trial of everolimus a single esophageal cancer patient included (histology not reported)
treated with 10 mg/d showed a marked response in
a metastatic supraclavicular lymphadenopathy before
dying of tumor-related hemorrhage[46]. An additional
strategy for mTOR inhibitor development in ESCC
would be their combination with other targeted treatments. As mTOR may be activated by the phosphati-
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apoptosis induction[61,62]. A possible role of the drug
in enhancing radiotherapy-induced cell death was suggested[62]. Despite the rational in targeting the proteasome
as an anti-neoplastic treatment, in several solid tumors
bortezomib has shown minimal activity. Thus an alternative approach with the identification and use of predictive biomarkers could be more effective if bortezomib (or
other newer proteasome inhibitors such as carfilzomib[63])
were to be developed in ESCC.
The inducible form of the pathway enzyme cyclooxygenase (COX)-2 plays a role in the promotion
of ESCC. Studies in preclinical models have shown
that COX-2 inhibition has anti-tumor effects in ESCC
cells[64]. These effects have been attributed to induction
of apoptosis, inhibition of angiogenesis and suppression of invasion. In human ESCC, increased COX-2
expression correlates with reduced OS[65,66] and more
ag gressive tumor characteristics [67] . Further more,
increased expression of EP2, the receptor for the
COX-2 product prostaglandin PGE2, is associated
with worse survival in patients with localized ESCC[68].
Dawson et al [69] report a response rate of 54% in a
phase Ⅰ/Ⅱ study of the COX-2 inhibitor celecoxib in
combination with 5-FU/cisplatin/radiotherapy in 13
patients, with 3 of them having squamous histological
type. This small number precludes any conclusions and
no data are available in the metastatic setting. Moreover there are safety concerns with the coxib class of
COX-2 inhibitors that limits their potential for further development. A recent study demonstrates that
celecoxib antagonizes the cytotoxicity of cisplatin[70],
further complicating a putative development of coxibs
in ESCC. Other non-steroidal anti-inflammatory drugs
with a better safety record such as aspirin may be preferable, although many of them lack the selectivity of
coxibs for COX-2 and inhibit concomitantly the constitutive form, COX-1.
Other opportunities for targeted treatments clearly
exist based on detected abnormalities in ESCC cells. For
example global histone H3 and H4 hypoacetylation was
detected in tumors from patients with ESCC[71]. This may
be the result of increased histone deacetylase 1 (HDAC1)
expression in ESCC cells compared with adjacent normal tissues[72]. Inhibition of the expression of HDAC1
by RNAi resulted in enhanced radiosensitivity of ESCC
cells in vitro. Histone deacetylase inhibitor vorinostat
inhibited invasion of ESCC cells pretreated with tumor
necrosis factor α and transforming growth factor β in an
in vitro assay[73]. The combination of vorinostat with the
aforementioned proteasome inhibitor bortezomib further
increased these invasion-inhibiting effects. Despite these
pre-clinical encouraging data, no clinical data in ESCC are
available for the time being regarding HDAC inhibitors.
Natural products contained in berries have been
found to prevent ESCC in Fischer-344 rats treated with
N-nitrosomethyl benzylamine (NMBA)[74]. This is a model
of ESCC in which rats develop pre-neoplastic lesions
passing from hyperplasia to dysplasia and finally to neo-
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plasia (papillomas). In a clinical trial conducted in China,
treatment with 60 mg daily of freeze-dried strawberries
reversed mild to moderate dysplasia of esophagus[75]. Several carcinogenesis-involved molecules such as COX-2,
nuclear factor κB and targets of the mTOR pathway have
been modified after this treatment. Whether the treatment could have beneficial effect in established carcinomas and what compound or compounds in the extracts
provide the beneficial effect remains to be investigated.

CONCLUSION
No targeted treatment agent has been introduced in the
clinic for the treatment of ESCC until now. This relates
to several factors that impede the clinical development
of new drugs in ESCC. The rarity of these tumors not
only makes the execution of trials with satisfactory numbers to extract conclusions more difficult but also obliges investigators to perform trials with both histologies in
the organ or even including gastric cancer patients. As a
result, effective treatments for only one of the histologies may be missed. The problem of patient recruitment will not be helped in the future as ESCC incidence
(fortunately) decreases in western countries. Thus other
solutions are needed including judicious “use” of the
patient pool at hand. This implies that new agents to
be entered in the clinical development face should have
robust pre-clinical data supporting them and a molecular
rational.
Another factor that may dilute possible positive results
even within the same histology stems from the significant
heterogeneity of cancer. This is probably of even greater
importance for the development of targeted treatments
than for chemotherapy agents. A promising strategy to
overcome the heterogeneity barrier is the identification
of prognostic markers which can help in the selection of
patients. Such identification would lead in trials that will
test a new targeted agent only in patients whose tumors
over-express the target or express a mutated form of it.
In some instances mere over-expression of the target is
not enough or is not even present and demonstration
of lesions in other proteins of the pathway(s) in which
it participates is required for determination of sensitive
sub-groups of a given tumor type. An illustrative example is anti-EGFR agents in colorectal cancer which are
more effective in the sub-group of tumors with wild type
Kras protein[76]. This protein is a down-stream effector
of EGFR and when mutated blunts the activity of antiEGFR agents because it is active even without receiving
signals from the EGFR up-stream.
Related to the problem of tumor heterogeneity is the
theory of tumor stem or tumor initiating cells. According
to this theory only a generally small sub-set of neoplastic cells has the ability to propagate the tumor, while the
bulk of the tumor derived from the sub-set of stem cells
is less important because it lacks the capacity to proliferate indeterminably except if it acquires a stem cell phenotype[77]. In addition stem cells have been found to be drug
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resistant and possess the ability to undergo epithelial to
mesenchymal transition, a process endowing them with
metastatic potential[78]. Thus a potential strategy for clinical development of targeted agents would be to determine the expression of their targets in stem cells and the
dependence of those cells to these targets. By targeting
tumor initiating cells one can argue that the anti-tumor
effect would be more pronounced and durable.
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oncogene operates physiologically. It also describes
the mutations in these pathways that lead to colorectal
cancer (CRC), as well as other mutations outside these
cascades affecting RAS function and also leading to
CRC. The prognostic value of each mutation is assessed
and linked to response rates to available biological
treatments. Monoclonal antibodies under development
are also briefly discussed.
Original sources: Zenonos K, Kyprianou K. RAS signaling
pathways, mutations and their role in colorectal cancer. World J
Gastrointest Oncol 2013; 5(5): 97-101 Available from: URL:
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Abstract
Two of the main cellular pathways in which the RAS
protein operates are the mitogen-activated protein
kinases (MAPK) and phosphoinositide-3 kinase (PI3K)
pathways. In a normal cell, these are important in controlling several functions, such as cell growth and survival. It becomes self-evident that these events will be
disrupted in a malignant cell with a deregulated MAPK
or PI3K pathway. Mutations in genes involved in these
pathways and interacting with RAS, as well as RAS itself will be discussed. The second part of this review
concentrates on how crucial RAS signaling is in colorectal cancer progression, with references to treatment
response and prognosis when RAS or other related mutations are present.

MITOGEN-ACTIVATED PROTEIN KINASES
SIGNALING CASCADE
Two of the main cellular pathways in which the RAS
protein operates are the mitogen-activated protein kinases
(MAPK) and phosphoinositide-3 kinase (PI3K) pathways.
In a normal cell, these are important in controlling several
functions, such as cell growth and survival[1,2]. The first step
towards activating this pathway occurs when a ligand binds
to a receptor tyrosine kinase (RTK). For example, a well
known ligand is epidermal growth factor (EGF), whose
receptor is EGFR. Before being able to bind EGFR, EGF
must first be released from the cell surface membrane
where it resides. This is achieved by means of the TACE/
ADAM-17 enzyme, which is particularly capable of cleaving transforming growth factor-α and amphiregulin, two
of the ligands belonging to the EGF family[3].
Following ligand binding, the receptor becomes
dimerised and phosphorylated[4]. Next, a complex of
proteins is established within the cell, with growth factor
receptor-bound protein 2 (GRB2) becoming attached
to the receptor, whilst being bound by son of sevenless

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: This review outlines clearly the normal function of the mitogen-activated protein kinases and phosphoinositide-3 kinase cascades, in which the RAS proto-
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effects by amplifying signaling in the MAPK pathway[7].

(SOS). Then the SOS protein, whilst still attached to
GRB2, binds RAS as well. It should be noted here that
there are several subtypes of the RAS protein, such as
HRAS, NRAS and KRAS, but the most important one
with regards to colorectal carcinogenesis is the latter, followed by NRAS[1].
After the attachment of SOS to RAS, SOS shows
guanine nucleotide exchange factor activity. This means
that SOS is capable of displacing guanosine diphosphate
(GDP) molecules from RAS and thus allowing guanosine
triphosphate (GTP) molecules to bind and activate it.
Active GTP-RAS is able to recruit the RAF proteins (ARAF, B-RAF and C-RAF) to the cell surface. The RAF
proteins are normally bound to, and therefore inhibited by,
the 14-3-3 proteins in the cytosol. However, after binding to
GTP-RAS, the RAF proteins are released from the 14-3-3
proteins and are therefore activated; they pair up amongst
them and form heterodimers, which are then capable of
binding and activating the KSR1 enzyme[1].
The KSR1 enzyme is a relay hub connecting RAF
heterodimers with the MEK protein. Hence, RAF proteins are able to phosphorylate and activate MEK, which
in turn phosphorylates and activates ERK. ERK then
enters the cell nucleus to activate a range of transcription
factors, such as Jun and Fos[1]; these bind to the AP-1
DNA domain of the nucleus and transcribe genes involved in cell proliferation[5].
The above process is entirely normal in a healthy cell,
and is terminated by means of RAS-GTPase activating
(GAP) proteins. As their name suggests, these proteins
activate GTPase enzymes found within RAS, which hydrolyse GTP to GDP and therefore switch RAS off[1].

BRAF mutations
BRAF can also be mutated in the MAPK pathway, and
this appears to happen in about 5%-10% of all colon
cancer cases[6]. The commonest BRAF mutation amongst
all cancers, including colorectal, is the V600E mutation.
This occurs when adenine replaces thymine at nucleotide
1799. Consequently, glutamic acid (E) substitutes valine
(V) at codon 600, hence the name of the mutation[8,9].
Two basic models were proposed to explain how
CRCs arise, and BRAF mutations occur in both of them.
The first model proposed by Fearon and Vogelstein in
1990 suggested that CRC is a result of multiple adenomatous lesions progressing to carcinomas, following
several somatic and inherited gene alterations[10]. Apparently, this is what happens in the majority of the cases[11].
In this model, the mutation of adenomatous polyposis
coli (APC) leading to initial formation of the polyps is of
paramount importance[12].
The second model, true in approximately 15% of all
CRC cases[6], holds that CRC is caused by mutation of
mismatch repair (MMR) genes, which normally fix errors in DNA replication. Hence the mutations result in
replicative errors not being corrected and therefore microsatellites (short DNA repetitions) start accumulating or
become abnormally short, leading to microsatellite instability (MSI)[13] and colorectal carcinogenesis. Inactivation
of MMR genes can be observed in the hereditary nonpolyposis CRC (HNPCC) syndrome, but it usually occurs
epigenetically; epigenetic inactivation most often involves
the hypermethylation of MutL homolog 1 (MLH1), one
of the MMR genes, and falls under a category of colorectal tumours called CpG island methylator phenotype
(CIMP). CIMP tumours have a specific histological appearance, termed sessile serrated adenomas (SSAs). BRAF
mutations are very frequent in SSAs, but not so frequent
in HNPCC. Overall, they are mostly found amongst sporadic, high in MSI (MSI-H) colorectal tumours[6].
In any case, a BRAF mutation will lead to increased
kinase activity and therefore increased downstream signaling in the MAPK cascade[6].

MUTATIONS RELATIVE TO THE MAPK
PATHWAY
RAS mutations
One of the most frequent ways in which the MAPK
is set to overdrive is by a mutation in the RAS protein;
mutations in the KRAS protein are found in about 40%
of all colorectal cancer (CRC) cases, whereas NRAS
mutations are less common, having a frequency of 5%.
Both in KRAS and NRAS, the most typical mutations are
found at codons 12, most of the times, 13 and 61 (the
latter being rarely affected). These mutations are sometimes present in early adenomas and in cells with minimal potential to develop a malignancy. However, they
are also thought to enhance the malignant behaviour of
cells with advanced CRC; both in vitro and animal studies
indicate that silencing these mutated codons leads to attenuation of the tumourigenic growth properties of the
affected cells[6].
In molecular terms, mutations in these three KRAS/
NRAS codons may lead to conformational changes so
that the RAS-GAP protein cannot activate the inherent
GTPase enzyme anymore. As a result, the GTP molecules
are not hydrolysed and instead they maintain RAS continuously in its active state, thus causing protumorigenic
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EGFR and other RTK mutations
EGFR (HER-1) gene amplifications or point mutations
may cause an up-regulation of the receptor, thus increasing the probability of its activation by EGF binding and
thus increasing signaling. However, such events are quite
uncommon and appear in less than 5% of CRCs[14]. The
human epidermal growth factor receptor 2 (HER-2)/neu
receptor can also be overexpressed; though the evidence
is inconsistent and ranges are anywhere between 0% and
83%, it is unlikely that this is a major determinant of
colorectal tumorigenesis[15].

PI3K SIGNALING CASCADE
The other main pathway in which RAS is involved is the
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PI3K pathway. This is a very complex pathway, therefore only some of its key elements will be mentioned
here. Just like in the case of the MAPK pathway, various
growth factors initially bind on receptor tyrosine kinases,
leading to their dimerisation and autophosphorylation.
The next stage involves PI3Ks. There are three different
classes of PI3Ks, but the most important class in human
cancer is IA. The regulatory subunit of this class, p85,
attaches to phosphotyrosine residues and/or other adaptors found on the RTKs. As a result, p110, the catalytic
subunit of the PI3Ks is disinhibited and phosphorylates
PIP2 to PIP3[2]. RAS can also activate the pathway physiologically by directly binding p110[16]. Conversely, the tumour suppressor protein PTEN dephosphorylates PIP3
back to PIP2, thus terminating signaling[2].
Once PIP3 is formed, it recruits PDK1 and AKT
kinases and brings them in close proximity. PDK1 phosphorylates AKT. Consequently, AKT becomes activated
and generates several signals, the details of which are
probably unrelated to this topic. These signals essentially
contribute to cellular growth and evasion of apoptosis[2].

role in colorectal carcinogenesis when mutated, because
it can no longer inhibit RAS signaling effectively. Indeed
some studies have found increased NF1 mutations in
malignant colorectal tissue[18,19], and in concurrence with
KRAS mutations as well. Having said that, NF1 mutations may also occur with wild type KRAS. In addition,
one study found that the majority of NF1 mutations
were actually concurrent with BRAF mutations, especially
in MSI-H tumours[18]. Paradoxically, a more recent in vitro
study observed that the mitogen-activated protein kinase
(MAPK) pathway signaling was upregulated in malignant colorectal cells with wild type BRAF and a knocked
out NF1 gene[20]. Therefore, the role of NF1 in human
colorectal carcinogenesis remains largely controversial.
The inverse relationship between CRC and neurofibromatosis type 1 is also evident; rarely, children with homozygous deficiency of the MLH1 gene, which leads to
HNPCC, exhibit features of neurofibromatosis type 1[21].
RASSF mutations
The RASSF is a family of ten genes (RASSF1-10), members of which seem to act as tumour suppressors. An
emerging body of evidence indicates that they can stimulate growth arrest and proapoptotic signals mediated by
RAS. The exact way they achieve this is still unclear; there
are suggestions that there is a domain in RAS which
RASSF can bind, and indeed this holds true to date for
RASSF1, RASSF2, RASSF4 and RASSF5. RASSF1A
is one of the most well studied members of the family[22], and it has been said that it either binds farnesylated
KRAS directly[18,23] or it has to form a heterodimer with
RASSF5 before is able to bind RAS[18,24].
Silencing of RASSF1A may occur when a specific sequence on the gene, the CpG island promoter region [i.e.,
a region rich in cytosine (C) and guanine (G) nucleobases
linked by phosphodiester (p) bonds] is methylated. This
event is regarded to be a major contributor to early CRC
development, ranging from 12% to 81% amongst different studies. Methylation can also affect RASSF2 and
RASSF5 in the context of CRC. Nevertheless, exactly
how they bring about malignancy is currently under investigation[22].

MUTATIONS RELATIVE TO THE PI3K
PATHWAY
PIK3CA mutation
PIK3CA is the gene encoding for P110α. Mutation of
RAS often coexists with mutations at exons 9 and 20 of
PIK3CA[17]. It has been hypothesised that, when RAS is
mutated, it can no longer bind the physiological form
of P110α efficiently. This necessitates the mutation of
PIK3CA, which apparently will encode for a truncated
version of P110α, on which the mutant RAS will be able
to bind effectively. The estimated frequency of PIK3CA
mutations in CRC is 15%-25%, and these may lead to increased PI3K activity[6].
Phosphatase and tensin homolog mutation
Nonsense mutations and deletions in the phosphatase
and tensin homolog (PTEN) gene makes the PTEN protein unable to convert PIP3 to PIP2, thus it can no longer act as an antagonist to PI3K signaling. This mutation
is cardinal to the manifestation of Cowden syndrome, as
it appears in 85% of all its cases. Cowden syndrome is an
autosomal dominant disorder that predisposes to multiple cancers, including colorectal. Overall, it is estimated
that PTEN is mutated in 10%-20% of all CRCs[6].

HOW IMPORTANT RAS SIGNALING IS
FOR CRC
In order to evaluate the importance of RAS signaling, it
is reasonable to examine how RAS and associated mutations behave in the clinical setting; whether they respond
to current treatments, and how good the prognosis is
when such mutations are evident.

OTHER MUTATIONS AFFECTING RAS
SIGNALING
Neurofibromin 1 mutations
The neurofibromin 1 (NF1) gene is responsible for causing the genetic disease neurofibromatosis type 1. NF1
acts as a negative regulator of RAS because it transcribes
neurofibromin, a GAP; as mentioned above, these proteins hydrolyse RAS-bound GTP to GDP, therefore inactivating RAS. It has been suggested that NF1 may play a
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Issues with KRAS
Screening for KRAS mutation is the only widely used and
accepted prognostic tool to decide eligibility for monoclonal antibody therapy[25,26]. This is largely because, the
only molecular treatment currently licensed to be used
in clinical practice is anti-EGFR therapy[26]. Hence, the
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identification of a KRAS mutation is used as a means of
exclusion from anti-EGFR therapy. The rationale for this
is that since the MAPK pathway signaling is upregulated
by a constitutively active KRAS protein, it is worthless to
try and block the EGFR since MAPK signaling is no longer dependent on the activation of the receptor[25].
However, the above notion, though probably true
most of the times, is not universally accepted. Although
mutant KRAS, especially the G12V mutation, is often
associated with poor response to anti-EGFR agents[26],
some studies have not found the same results. Several
clinical studies observed that patients with a p.G13D (codon 13) mutation in KRAS actually responded to treatment with cetuximab, as they had increased progressionfree and overall survival compared to those on best
supportive care or chemotherapy alone. This is a conclusion not to be ignored, because p.G13D positive patients
are often refused administration of cetuximab (based on
the rationale described above), albeit they could potentially benefit from it. Hence, further prospective clinical
trials should be performed to confirm these data, since
the value of the KRAS p.G13D mutation as a negative
predictive biomarker is still contradictory[27].
In addition, regarding metastatic CRC, there is also a
question of whether the primary or the metastatic lesion
should be analysed for genetic mutations. Some researchers postulate that there is no difference between the two,
whereas others report significant variations. It is also
argued that the genetic profile of the metastatic lesion is
what matters most, because it is the metastasis that causes
the bulk of the morbidity and mortality related to the
disease. These hypotheses may again have ethical implications. In a hypothetical scenario, a patient has a genetic
variation between his primary and metastatic lesions; the
majority of his metastatic cells carry the wild type KRAS
gene, but the primary lesion has mutant alleles. Based on
the latter, he is wrongfully denied potentially beneficial
anti-EGFR therapy, if indeed the metastasis is what’s
causing the major problem[26].
Finally, there is uncertainty regarding how many and
which KRAS codons should be screened, as well as issues
with cost-effectiveness[26].

BRAF mutation responded to either cetuximab or panitumumab. BRAF mutations are also mutually exclusive
with KRAS mutations, i.e., these two do not occur together[18,25-28]. This means that if mutant KRAS is identified in a patient, there is no point of screening for BRAF
as well. It is rather more useful to screen for KRAS first,
since some particular mutations, as already discussed, may
validate the use of anti-EGFR therapy. This is not the
case for BRAF, where there is no response to monoclonal
antibodies whatsoever. Hence, as a prognostic biomarker,
BRAF can only be used to indicate complete insensitivity
to anti-EGFR agents.
Contrary to BRAF, PIK3CA and PTEN are not mutually exclusive to KRAS[29]. Loss of function of PTEN
or mutation in PIK3CA is often associated with poorer
response to cetuximab or panitumumab, as expected.
However, there is no standard, reliable scoring system by
which PTEN loss can be detected, thus making it an unsuitable prognostic biomarker. At the same time, the data
regarding PIK3CA mutations is not uniform, as some
studies report no overall difference in 5-year survival
for patients with PIK3CA mutation, whilst others report
positive response to cetuximab[29].
The future
Most patients responding well to current treatments are
essentially those who only have EGFR upregulation. All
the other mutations necessitate the discovery of agents
that can block RAS signaling further down the pathway.
Such a discovery will render any specific gene alteration
irrelevant. Indeed, there has been a development of a
RAF inhibitor, called PLX4032, which showed inhibition
of RAF in melanoma, but had little success with CRC
cells[30]. Similarly, AZD6244, a MEK inhibitor which recently entered phase 2 trials for CRC showed no significant advantage over chemotherapy[26].

CONCLUSION
It has recently been said that the MAPK and PI3K cascades are important to carcinogenesis and progression of
CRC[25]. Apart from KRAS mutations, which are the main
reason why anti-EGFR agents fail, several other genes related to RAS signaling also contribute to CRC manifestation and, some more than others, to anti-EGFR therapy
insensitivity. If nothing else, KRAS and BRAF mutations
can be used as negative biomarkers to identify patients
who will not benefit from cetuximab and panitumumab.
Nevertheless, as mentioned earlier, we do not know everything, as there are still several controversies in the data
regarding the clinical status of some mutations, as in the
case of p.G13D KRAS, PIK3CA and others. These indicate that there is a need to perform larger clinical trials
that will minimise statistical error and will find out what
exactly happens in these cases. In doing so, perhaps a
deeper insight will be gained into the molecular mechanisms giving rise to CRC, thus allowing for pioneering
pharmacological agents to be successfully developed.

Clinical status of other mutations
There are a great number of cases with wild type KRAS
tumours which fail to respond to anti-EGFR therapy.
This of course might happen because there are other
mutations disrupting the MAPK pathway. These may
include mutations in other regions of the KRAS gene
which are not commonly tested. Indeed, the majority of
clinical trials regarding KRAS mutations in CRC involved
screening codons 12 and 13 only, whereas there are reported mutations in exons 3 and 4 as well[26]. NRAS also
becomes mutated occasionally.
BRAF mutation is associated with very poor prognosis as it does not respond to anti-EGFR therapy. In
fact, in a study performed by Di Nicolantonio et al[28], it
was observed that none of the patients with a V600E
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enchymal tumors. Both traditional and minimally invasive surgery are used to remove these tumors with
minimal morbidity and excellent perioperative outcomes. The revolutionary use of specific, molecularlytargeted therapies, such as imatinib mesylate, reduces
the frequency of disease recurrence when used as an
adjuvant following complete resection. Neoadjuvant
treatment with these agents appears to stabilize disease in the majority of patients and may reduce the
extent of surgical resection required for subsequent
complete tumor removal. The important interplay between the molecular genetics of GIST and responses
to targeted therapeutics serves as a model for the
study of targeted therapies in other solid tumors. This
review summarizes our current knowledge and recent
advances regarding the histogenesis, pathology, molecular biology, the basis for the novel targeted cancer
therapy and current evidence based management of
these unique tumors.
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Abstract

Core tip: Gastrointestinal stromal tumors have been
recognized as a biologically distinctive tumor type, different from smooth muscle and neural tumors of the
gastrointestinal tract. This review summarizes our current knowledge and recent advances regarding the
histogenesis, pathology, molecular biology, the basis for
the novel targeted cancer therapy and current evidence
based management of these unique tumors.

Gastrointestinal stromal tumors (GISTs) have been
recognized as a biologically distinctive tumor type, different from smooth muscle and neural tumors of the
gastrointestinal tract (GIT). They constitute the majority of gastrointestinal mesenchymal tumors of the
GIT and are known to be refractory to conventional
chemotherapy or radiation. They are defined and diagnosed by the expression of a proto-oncogene protein detected by immunohistochemistry which serves
as a crucial diagnostic and therapeutic target. The
identification of these mutations has resulted in a better understanding of their oncogenic mechanisms. The
remarkable antitumor effects of the molecular inhibitor
imatinib have necessitated accurate diagnosis of GIST
and their distinction from other gastrointestinal mes-
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activity and hence it was shown that the interstitial cells
of Cajal express the KIT receptor. Hirota et al[4] were
investigating the mutational status of c-KIT in mesenchymal tumors of the GIT and reported that GISTs
contained activated c-KIT mutations, which play a central
role in its pathogenesis, and that mutations of c-KIT
resulted in gain of function of the enzymatic activity of
the KIT tyrosine kinase.

INTRODUCTION
Gastrointestinal stromal tumors (GISTs) are uncommon
mesenchymal tumors that arise predominantly in the
gastrointestinal tract (GIT). In the past, there has been
considerable debate regarding its nomenclature, cellular
origin, diagnosis and prognosis[1-3]. Due to their similar
appearance by light microscopy, GISTs were previously
thought to be smooth muscle neoplasms and most were
classified as leiomyomas, leiomyoblastomas, leiomyosarcomas or schwannomas[3]. It was in 1998, after the discovery of gain-of-function mutations in the c-KIT protooncogene that these tumors were reliably distinguished
from other histopathological subtypes of mesenchymal
tumors[1,4]. This review attempts to provide an overview
of the histogenesis, molecular pathogenesis, clinical
picture, investigations, surgical and non surgical management of GIST specific to the GIT.

MOLECULAR PATHOGENESIS
What is KIT?
KIT is a 145-kDa glycoprotein. The KIT receptor can be
detected by immunohistochemical staining for CD117,
which is the epitope on the extra-cellular domain of the
KIT receptor. Steel factor (SLF) AKA stem-cell factor
is a ligand for KIT. On binding of SLF to KIT, KIT
undergoes receptor homo-dimerization, which leads to
activation of KIT tyrosine kinase activity, effecting intracellular signal transduction[4,7,8]. Membrane receptor
tyrosine kinase cellular signaling pathways regulate key
cell functions, including proliferation, differentiation and
anti-apoptotic signaling. Auto-phosphorylation of c-KIT
causes ligand-independent tyrosine kinase activity, leading
to an uncontrolled cell proliferation due stimulation of
downstream signaling pathways. An unregulated activation can lead to various forms of cancer/benign proliferative conditions. SLF-KIT interaction is essential for
development of melanocytes, erythrocytes, germ cells,
mast cells and ICCs. Hence, mutations involving c-KIT
produce cellular defects in hematopoiesis, melanogenesis, gametogenesis and in the interstitial cells of Cajal.
Mutations of different exons of the c-KIT gene (exon 11,
exons 9 and exon 13) cause constitutive activation of the
tyrosine kinase function of c-KIT[4-9,12].
GISTs can develop anywhere along the GI tract from
the esophagus to the rectum; however, stomach (60%)
and small intestine (30%) are the most common locations
for GIST. Only 10% of GISTs are found in the esophagus, mesentery, omentum, colon or rectum. Up to 30%
of GISTs exhibit high-risk (malignant) behavior such as
metastasis and infiltration[8,9,13,14]. The metastatic pattern
is predominantly intra-abdominal, with spread throughout the peritoneal cavity and to the liver. Lymph nodal
invasion is uncommon. GISTs with indolent (low-risk)
behavior are typically found as small submucosal lesions.
True smooth muscle tumors/leiomyomas also occur
throughout the GI tract but are now thought to be rare
in comparison to GISTs, except in the esophagus where
they are more common[6,7,9,13-15].

EPIDEMIOLOGY
GISTs represent the most common mesenchymal neoplasms of the GIT. With an annual incidence of 11-14
per 106, they form 0.1%-3.0% of gastrointestinal malignant tumors[5,6]. The median age at diagnosis is 60 years.
There is usually no predilection for either gender but
some series suggest a slight male predominance. GIST
occurring in the familial form is autosomal dominant[5-7].
5% of GISTs occur in patients with neurofibromatosis
type 1 syndrome, occurring mostly in the small intestine
and without KIT mutations. GIST also occurs as a part
of Carney triad along with paraganglioma and pulmonary
chordoma in young females[6-9].

HISTORY
Stromal tumors were referred to as smooth muscle neoplasms of GIT but immunohistochemistry (IHC) demonstrated that these tumors lacked features of smooth muscle
differentiation and, while some had markers of neuronal
differentiation, some had neither[1-3,7,8]. Mazur et al[3] coined
the term “gastrointestinal stromal tumors” to collectively
refer to a group of mesenchymal tumors of neurogenic
or myogenic differentiation which lacked the immunohistochemical features of Schwann cells and did not have the
ultrastructural characteristics of smooth muscle cells.

DISCOVERY OF KIT
In 1986, a new acute transforming feline retrovirus, the
Hardy-Zuckerman 4 feline sarcoma virus (HZ4-FeSV),
was isolated from feline fibrosarcoma. The viral genome of HZ4-FeSV contained a new oncogene that was
designated v-KIT, which encoded a transmembrane
tyrosine kinase receptor called KIT. c-KIT is the cellular homologue of the oncogene v-KIT[10]. Huizinga
et al[11] showed that mice with mutations in the KIT gene
lacked the network of interstitial cells of Cajal associated
with Auerbach’s nerve plexus and intestinal pacemaker
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CLINICAL PRESENTATION
Only 70% of the patients with GIST are symptomatic.
While 20% are asymptomatic and the tumors are detected
incidentally, 10% of the lesions are detected only at autopsy. Symptoms and signs are not disease specific, they
are related more to the site of the tumor[6,7,16]. Bleeding
(30%-40%) comprises the most common symptom after
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vague abdominal discomfort (60%-70%). Bleeding is attributed to the erosion into the GIT lumen. Bleeding occurring into the peritoneal cavity due to a ruptured GIST
can lead to acute abdominal pain presenting as a surgical
emergency. Bleeding into the GI tract lumen, causing
hematemesis, melena or anemia, is usually more chronic
on presentation. Most of the patients present with vague
symptoms, such as nausea, vomiting, abdominal discomfort, weight loss or early satiety. Symptoms are usually
site specific. These include dysphagia in the esophagus,
biliary obstruction around the ampulla of Vater or even
intussusception of the small bowel[6,7]. Lymph node metastases are uncommon in GIST. Distant metastases most
commonly occur in GISTs of the peritoneum, omentum,
mesentery and the liver. GISTs have a high tendency to
seed and hence intraperitoneal or even scar metastases
are known to occur[6,7,16].

Table 1 Response Evaluation Criteria in Solid Tumors
Complete response
Partial response

Progressive disease

Stable disease

Originated from [23], with permission.

GISTs appear as a large, well-defined soft tissue mass
with heterogeneous enhancement. Tumors are usually
of varying density and show patchy enhancement after
intravenous contrast. Varying degrees of necrosis may
frequently be demonstrated within the mass, more so in
tumors responding to chemotherapy. Response to therapy is assessed using the Response Evaluation Criteria in
Solid Tumors (RECIST) or the Choi criteria (Table 1).
According to the Choi criteria, responsive tumors show
a 10% decrease in tumor size and 15% decrease in tumor
density on CECT. This criteria has been shown to be
better than RECIST criteria in assessing the response of
GIST to tyrosine kinase inhibitor (TKI) therapy[18,22,23].
Endoscopic ultrasound (EUS) has been used in the diagnosis of GIST; it assesses the depth of invasion and is
useful in obtaining a tissue sample. Preoperative percutaneous biopsy should not be used because of a significant
risk of tumor rupture or dissemination[15,20]. Conventional
endoscopic sampling techniques such as forceps biopsy
are limited in their clinical utility given the difficulty of
sampling lesions in a subepithelial location and the increased risk for perforation. The efficacy of EUS guided
fine needle aspiration (EUS-FNA) has been pointed out in
several studies and the reported accuracy is 80%-85%[18,24].
A clear role for EUS guided Trucut biopsy has yet to be
defined, given the inconsistent results in providing adequate tissue yield. However, at present, EUS-FNA should
be considered the procedure of choice to secure a tissue
diagnosis of GIST[15,18,24]. EUS features of GIST which
are predictive of an adequate tissue yield include a size of
10 cm, round/oval shape and location in a specific sonographic wall layer. EUS features of a high grade GIST include irregular extra-luminal borders, heterogeneous echo
patterns, presence of cystic spaces and echogenic foci[25].
GISTs are positron emission tomography (PET) avid
tumors because the receptor tyrosine kinase increases the
glucose transport protein signaling[20]. PET is useful in revealing small metastases which would otherwise not have
been picked up on CECT[9]. It helps differentiate an active tumor from necrotic or inactive scar tissue. PET also
differentiates malignant from benign tissue and recurrent

PATHOLOGY
GIST vary greatly in size from a few millimeters to more
than 30 cm, the median size being between 5 and 8 cm.
Macroscopically, GIST usually has an exophytic growth and
the common intra-operative appearance is that of a mass
attached to the stomach, projecting into the abdominal cavity and displacing other organs[5,7,9,17]. Mucosal ulceration
may be present at the summit of the lesion in 50% of
cases. On gross appearance they are smooth gray and white
tumors which are well circumscribed, usually with a pseudocapsule. A small area of hemorrhage or cystic degeneration
and necrosis may be visible[7,18]. Gastric GISTs have a solid
or nested form, often with a hyalinized stroma that shows
myxoid change. GISTs in the small intestine are more often
spindled than epithelioid and may show a paragangliomatous pattern. Another characteristic is the eosinophilic
structures, composed of collagen, which are stained brightly
with periodic acid-Schiff (PAS) stain[18,19].
GISTs (> 95%) are positive for CD117. In 60%-70%
of the patients, IHC for CD34 (mesenchymal/hematopoietic precursor cell marker) is also positive[7,8,13,15].
Vimentin and smooth muscle actin is positive in 15%
to 60%. GISTs (10%-15%) have no detectable KIT or
PDGFRA mutations [wild-type GIST (WT-GIST)]. Absence of mutations does not exclude the diagnosis of
GIST[7,8,13,15,19]. DOG1 is a calcium dependent, receptor
activated chloride channel protein expressed in GIST;
this expression is independent of mutation type and can
be used in the diagnosis of KIT-negative tumors[20,21].

INITIAL EVALUATION AND WORKUP
Due to the vague and protean presentation of GIST,
initial diagnosis can be delayed. Imaging in the form of
contrast enhanced computed tomography (CECT) is the
modality of choice; it is used to characterize the lesion,
evaluate its extent, and assess the presence or absence
of metastasis at the initial staging workup. CECT is also
used for monitoring response to therapy and performing
follow-up surveillance of recurrence[15,18,20]. On CECT,
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Disappearance of all target lesions
At least a 30% decrease in the sum of the longest
diameter of target lesions, taking as reference the
baseline sum longest diameter
At least a 20% increase in the sum of the longest
diameter of target lesions, taking as reference the
smallest sum longest diameter recorded since
the treatment started or the appearance of one or
more new lesions
Neither sufficient shrinkage to qualify for partial
response nor sufficient increase to qualify for
progressive disease, taking as reference the
smallest sum longest diameter since the treatment
started
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are defined as small GIST. They are usually discovered
incidentally on endoscopy[29]. If these lesions are symptomatic, complete surgical resection is recommended.
Small asymptomatic gastric GISTs (less than 2 cm) with
no high-risk EUS features can be managed conservatively
with endoscopic surveillance at 6 to 12 mo intervals[27-29].
Endoscopic resection of these small tumors would be
another option. With the recent advent of endoscopic
resection techniques, endoscopists can now remove
mucosal or submucosal tumors by endoscopic mucosal
resection (EMR). Complete resection of subepithelial
tumors larger than 2 cm in size and those originating
from the muscularis propria layer still remain difficult
by EMR[30-32]. A study performed in elderly and high risk
surgical patients showed that EUS guided band ligation
of small duodenal tumors is a safe and efficient therapeutic method[33].

Table 2 European Organization for Research and Treatment
of Cancer metabolic response criteria for tumors evaluated
with positron emission tomography
Complete metabolic response

Partial metabolic response

Progressive metabolic disease

Stable metabolic disease

Complete resolution of [18F]-FDG uptake
within the tumor volume indistinguishable
from surrounding normal tissue
Reduction of a minimum of 15%-25% in
tumor [18F]-FDG SUV after one cycle of
chemotherapy
Reduction of a minimum of > 25% in
tumor [18F]-FDG SUV after more than one
treatment cycle
Increase in [18F]-FDG tumor SUV > 25%
within the tumor region, visible increase
in the extent of [18F]-FDG tumor uptake (>
20% in the longest dimension)
Appearance of new [18F]-FDG uptake.
Increase in tumor [18F]-FDG SUV < 25%,
decrease of < 15%.
No visible increase in extent of [ 18F]FDG tumor uptake (< 20% in the longest
dimension)

PRINCIPLES OF SURGERY
Surgery is the primary treatment of choice in localized
or potentially resectable GIST. It is imperative to avoid
tumor rupture. The tumors are fragile and should be
handled with care, with an aim to achieve complete gross
resection of the tumor with an intact pseudocapsule.
Multivisceral and radical surgery should be avoided where
possible. Segmental or wedge resection with an aim to
obtain histologically negative margins is sufficient. Resection should be accomplished with minimal morbidity. Reresection is not indicated for patients with an R1 resection. Lymphadenectomy is not required as GISTs have a
low incidence of nodal metastases[15,18,29].

Originated from [26], with permission. PET: Positron emission tomography; [18F]-FDG: 18F-fluoro-de-oxyglucose; SUV: Standardized uptake value.

tumor from nondescript benign changes. Changes in the
metabolic activity of tumors precede anatomic changes
on CECT; it is hence used to assess the response to TKI
therapy. PET helps to clarify ambiguous findings seen on
computerized tomography (CT) or magnetic resonance
imaging and to assess complex metastatic disease in patients who are being considered for surgery. Routine use
of PET for surveillance after resection is not yet recommended. The European Organization for Research and
Treatment of Cancer metabolic response criteria is based
on tumor evaluated with PET[9,20,22,26] (Table 2).

ROLE OF LAPAROSCOPY
Although prospective trials are lacking, small series and
retrospective analyses have shown low recurrence rates,
shorter hospital stay and low morbidity with a laparoscopic approach[9,15,18,29]. It has been recommended for
selected GISTs present in favorable anatomic locations
like the anterior wall of the stomach, jejunum and ileum.
The same surgical principles as open surgery are applicable in laparoscopic surgery for GIST. The specimen
is removed from the abdomen in a plastic bag to avoid
spillage or seeding of port sites. Endoscopic resection
of small GISTs is more controversial due to the risks
of positive margins, tumor spillage and intact specimen
retrieval[9,15,18,29]. During laparoscopic partial gastrectomy
for GIST of the stomach, it is important to avoid an
excessive surgical resection of the gastric wall as this can
cause a deformity of the stomach[34-36]. Laparoscopic and
endoscopic cooperative surgery (LECS) is a procedure
which enables tumor resection with minimal surgical
margin[35-38]. The LECS procedure involves seromuscular
resection by laparoscopy with endoscopic dissection for
the mucosal to submucosal layers, making it possible to
standardize gastric submucosal tumor resection independent of tumor location, such as in the vicinity of the
esophagogastric junction or pyloric ring[34-38].

PRINCIPLES OF BIOPSY AND
PATHOLOGICAL ASSESSMENT
Routine preoperative biopsy is not mandatory but biopsy
is necessary prior to the initiation of preoperative therapy
with TKI. EUS-FNA biopsy of the primary site is preferred over percutaneous biopsy as it reduces the risk of
tumor hemorrhage and intra-abdominal tumor dissemination[24,25,27,28]. Percutaneous image guided biopsy can be
used while confirming the presence of metastatic disease.
While assessing a specimen, a pathology report should
include the anatomic location, size and mitotic rate measured in the most proliferative area of the tumor and reported as the number of mitoses in 50 high power fields
(equivalent to 5 mm2 of tissue). The specimen should be
subjected to IHC for KIT and molecular genetic testing
to identify mutations in the KIT or PDGFRA genes[8,20,27].

MANAGEMENT OF GIST
Small GIST
Tumors which are less than 2 cm in the widest dimension
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IMATINIB MESYLATE

Table 3
tumors

Imatinib mesylate is a tyrosine kinase inhibitor with activity against ABL, BCR-ABL, KIT, PDGFRA, PDGFRB
and CSF1R. Its structure mimics adenosine triphosphate
(ATP) and it binds competitively to the ATP binding site
of the target kinases. This prevents substrate phosphorylation and signaling, thereby inhibiting proliferation and
survival[9,15,18,27]. Patients with advanced GIST started on
imatinib have shown a 35%-49% 9 year survival. The presence and the type of KIT or PDGFRA mutation status
are predictive of response to imatinib. Exon 11 mutations
occur in the KIT juxtamembrane domain and are the most
common mutations in GISTs. Tumors with exon 11 mutations have better response rates to imatinib, with a longer
progression free survival (PFS) and overall survival (OS).
Exon 9 mutations occur in the KIT extracellular domain;
these mutations are specific for intestinal GIST. Exon
9 mutations are associated with a decreased response to
imatinib and a poorer PFS. PDGFRA mutations are common in gastric GIST. Mutations in PDGFRA affect exon
18 in the tyrosine kinase domain[9,15,18,27,39-44]. There have
been multiple trials testing the most appropriate dosing of
imatinib. 400 mg/d has been found to have equivalent response rates and OS compared to higher doses, which are
associated with more side effects. Indications for a higher
dosing (800 mg/d) include patients with an exon 9 KIT
mutation or those with tumors which continue to progress
on the standard 400 mg/d dosage[41-45].

Mitotic rate

Tumor size
(cm)

Stomach

Jejunum/
Ileum

≤ 5/50 HPF

≤2
> 2, ≤ 5
> 5, ≤ 10
> 10
≤2
> 2, ≤ 5
> 5, ≤ 10
> 10

None
Very low
Low
Moderate
None
Moderate
High
High

None
Low
Moderate
High
High
High
High
High

> 5/50 HPF

Duodenum Rectum
None
Low
High

None
Low
High

NA
High
High

High
High
High

Originated from [54], with permission. HPF: High-power fields; NA: Not
available.

ADJUVANT THERAPY
Although surgery is the therapeutic modality of choice, it
does not routinely cure GIST. Complete resection is possible in approximately 85% of patients and 50% patients
will develop recurrence or metastasis following complete
resection[9,18,25,27,51]. The 5-year survival rate is approximately 50%, while the median time to recurrence after
resection of primary high-risk GIST is 2 years. Adjuvant
imatinib has been shown to improve PFS and OS in
postsurgical patients. In patients who have not received
preoperative imatinib and have undergone complete resection, imatinib has been found to be beneficial if continued for 36 mo, especially in patients with an intermediate or high risk of recurrence. Estimation of this risk is
based on the tumor size, site, mitotic count and tumor
rupture (Table 3). A survival benefit is seen in patients
with a high risk of recurrence (mitotic count > 5/50
HPF, size > 5 cm, non-gastric location and tumor rupture)[27,29,35,40,51-55]. In those patients who had received preoperative imatinib and undergone a complete resection,
continuation of imatinib at the same dose for 2 years
following surgery is recommended. In patients with a
positive resection margin, imatinib is continued/started
regardless of surgical margins until disease progression
is noted[27,29,50].

NEOADJUVANT IMATINIB - RESECTABLE
DISEASE
Surgery is the primary treatment for all tumors which
can be resected without significant morbidity. If this is
not the case, then preoperative imatinib should be considered. Imatinib is effective in reducing the size of the
tumor prior to resection, increasing the likelihood of
negative margins without significant morbidity[27,29,46]. Before starting a patient on neoadjuvant imatinib, a baseline
CECT is recommended. The optimal duration of preoperative therapy is yet unknown. In patients responding
to therapy, imatinib is continued until maximal response
(defined as no further improvement between 2 successive CT scans). This can be as long as 6-12 mo but it is
not always necessary to wait for a maximal response prior
to surgery. Surgery is recommended when the tumor
appears to have downsized to a point where complete
resection can be achieved without significant morbidity[9,18,27,29,46-49]. Imatinib should be stopped just before surgery and resumed as soon as the patient is able to tolerate
oral medications, regardless of the surgical margins. The
recommended dose is 400 mg/d, with dose escalation to
800 mg/d advised in cases of documented mutations in
KIT exon 9[29,44,46-50]. In cases where there is no progression, continuation of the same dose of imatinib is recommended and resection is considered. If there is tumor
progression, as confirmed with CECT scan, surgery is
recommended after discontinuing imatinib[29,44,46-49].

WCG|www.wjgnet.com

Risk stratification of gastrointestinal stromal

UNRESECTABLE, METASTATIC OR
RECURRENT DISEASE
Imatinib has a very high likelihood of clinical benefit and
a positive response in patients with documented unresectable GIST. Imatinib is indicated when primary resection would carry the risk of severe postoperative functional deficit[51]. It is also indicated in those who have a
widespread metastatic disease or a recurrence after resection. There is a survival benefit of cytoreductive surgery
following preoperative imatinib in patients responding to
preoperative imatinib[51,55-62]. The lesion is assessed within
3 mo of initiating therapy to determine if it has become
resectable. In cases where the tumor remains unresectable, imatinib is continued indefinitely until there is evi-
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dence of tumor progression. Continuation of TKI therapy life-long for palliation of symptoms forms an essential
component of best supportive care[9,18,27,29,51,56-62]. Options
for patients with progressive disease or with widespread
systemic disease and good performance status (0-2) include continuation of imatinib at the same dose, dose
escalation up to 800 mg in the absence of severe adverse
drug reactions or switching to sunitinib[29,44-46,51,53,55].

sponse rates in patients with primary KIT exon 9 mutations than in those with KIT exon 11 mutations (58% vs
34% respectively)[27,29,66-72]. The recommended dosage of
sunitinib is 50 mg orally once daily on a schedule of 4
wk on treatment followed by 2 wk off. Common adverse
effects which are also dose-limiting include fatigue, nausea and vomiting. Other toxicities include hematological
toxicities (anemia, neutropenia), diarrhea, abdominal
pain, mucositis, anorexia and skin discoloration. Patients
on sunitinib have a significant risk of developing handfoot skin reaction, the incidence of which can be reduced by routine application of emollient lotions[27,29,68].
Hypertension is common because sunitinib targets the
vascular endothelial growth factor receptor (VEGFR).
Other significant toxicities involve cardiotoxicity and hypothyroidism. Close monitoring of blood pressure and
left ventricular ejection fraction is essential, especially in
patients with a history of heart disease or cardiac risk[72].
Routine monitoring (every 3-6 mo) of thyroid stimulating hormone levels is indicated. All of sunitinib-related
toxicities can managed with dose interruptions or reductions[68,69,72,73].
Second-generation TKIs like sorafenib, nilotinib, dasatinib and regorafenib have shown activity in patients
resistant to imatinib and sunitinib [75-88]. Results with
regorafenib are most encouraging. Regorafenib is a multikinase inhibitor with activity against KIT, PDGFR and
VEGFR and is well tolerated, with common adverse effects being hypertension (23%), hand-foot skin reaction
(20%) and diarrhea (5%)[29,75,76 ].

TOXICITY OF IMATINIB
The more common side effects include fluid retention,
diarrhea, nausea, fatigue, muscle cramps, abdominal pain
and rash. The adverse-effect profile improves with prolonged therapy. The more serious side effects include liver function abnormalities, lung toxicity, low blood counts
and GI bleeding[29,44-47]. Congestive heart failure has been
noted in 8.2% of patients, manageable with medical
therapy. Arrhythmias and acute coronary syndromes have
also been reported[63]. All the toxicities abate if imatinib
is withheld. Sunitinib should be considered, after discontinuing imatinib[29,44-47].

RESISTANCE TO IMATINIB
Non achievement of stable disease or progression of disease within 6 mo of an initial clinical response (KIT exon
9 mutation or no detectable kinase mutation – wild-type
tumors, PDGFRA exon 18) is defined as primary resistance, occurs in 10%-20% patients and relates to the mutational profile of the tumor. The majority of wild-type
GISTs [pediatric GISTs (Carney Triad), NF1 GISTs, adult
WT-GISTs] show primary resistance[29,52]. When there is
disease progression after more than 6 mo of clinical response (new acquired kinase mutation in KIT or PDGFR
that interferes with imatinib activity, secondary mutations
in KIT exon 11), it is termed as secondary resistance. This
has been attributed to genomic amplification and overexpression of KIT/PDGFRA without new point mutations
and to loss of KIT expression, accompanied by activation
of an alternative tyrosine kinase or other oncogenes. Secondary resistance is also related to the acquisition of new
kinase mutations[29,44,52,64,65]. Dose escalation of imatinib
is the first step in overcoming drug resistance. If there is
continued resistance, the use of other kinase inhibitors
(sunitinib) is recommended[29,44,52,64,65].

PERITONEAL AND LIVER METASTASES
Patients who are medically fit with surgically accessible focally progressive disease should be considered
for resection. The rationale behind this approach is the
elimination of drug-resistant clones that will allow ongoing therapy with imatinib[89-94]. Debulking in the form of
removal of the gross tumor followed by intraperitoneal
chemotherapy with cisplatin and doxorubicin or mitoxantrone have been attempted; the median time to recurrence was increased from 8 to 21 mo with the addition of
intraperitoneal chemotherapy[94-97]. Surgery in metastatic
patients is a case based decision. Residual tumor resection is safe but multifocal resection is not recommended
without considering the patient’s performance status and
personal situation[29,89-91]. When surgery may not be possible, limited evidence exists that similar benefits could
be obtained with nonsurgical ablative techniques such as
radiofrequency ablation or embolization[98-100]. In carefully
selected patients with GIST liver metastases, radiofrequency ablation has been shown to be a safe and useful
therapeutic option[100]. Liver transplantation for patients
with metastatic GIST has been attempted with guarded
results. Serralta et al[101] performed a transplant in three
patients for tumors which on histopathology turned out
to be GIST; all their patients had a recurrence after a median period of 3 years and survival was extended by starting them on imatinib.

SUNITINIB MALATE
Sunitinib malate is an orally administered multi-targeted
receptor tyrosine kinase inhibitor which has shown significant and sustained clinical benefit in patients with
imatinib-resistant or imatinib-intolerant GIST. Sunitinib
has been associated with a significant improvement in
median time to progression (27.3 wk vs 6.4 wk) and significantly greater estimated OS[66,67]. The clinical activity
of sunitinib in imatinib-resistant GISTs is significantly
influenced by both primary and secondary mutations
in the KIT kinase domain. Sunitinib induces higher re-
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SURVEILLANCE
GISTs have unpredictable behavior and long term follow up is essential for all patients, independent of their
benign or malignant characteristics. As the majority of
GISTs tend to recur within the first 3-5 years, intense follow up is required during this period[18,27,29]. It is recommended both for persistent gross residual disease and for
completely resected disease. Clinical examination with
abdominopelvic CECT scan every 3-6 mo is the recommended surveillance protocol[18,29].

9
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CONCLUSION
GISTs are the most common mesenchymal tumors of
the GI system. Improved knowledge of the oncogenic
drivers and resistance mechanism operant in GIST has
acted as a foundation for the general understanding of
the role of targeted therapies in human cancers. Surgery is the primary treatment of choice in localized or
potentially resectable GIST. Surgery and imatinib form
the first-line therapy and their effectiveness for the majority of patients has been revolutionary. Sunitinib is an
approved second-line agent which is effective in many
non-responders to imatinib therapy. Personalizing the
treatment of GISTs and tailoring treatments to tumor
genotype using combination therapies in order to prevent
emergence of resistance is essential to optimize patient
outcomes.
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and thus would allow an improved assessment of response to neoadjuvant treatment. Therefore, more
information could be provided to assess the efficacy
of pre-surgical treatment. We describe the potential
use of PnCT to assess the response to neoadjuvant
therapy in esophageal cancer with an imaging pathologic correlation.
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Core tip: Pneumo-computed tomography may be a useful technique to monitor neoadjuvant therapy response
as it enhances morphologic details. Besides, it provides
key information for surgical planning as it helps to define both upper and lower borders of esophageal or
gastro-esophageal neoplasms in a single examination.

Abstract
Pneumo-computed tomography (PnCT) is a technique
primarily developed and used to study stenotic lesions
of the esophagus, gastroesophageal junction and
stomach for pre-surgical planning. It helps to define
both upper and lower borders of neoplasms located
in the aforementioned areas. It achieves maximum
lumen distension with CO2 highlighting thickened areas of the esophageal wall, thus allowing an accurate
quantification of their extents. Although there are
other alternatives for distension (oral contrast agents,
water and effervescent granules), they may be suboptimal. Patients with locally advanced esophageal cancer have a dismal prognosis despite surgical resection.
Therefore, neoadjuvant treatment strategies using
radiation therapy and chemotherapy were developed
to improve survival. Neoadjuvant therapy improves
esophageal tumor prognosis in a substantial proportion of patients, and the use of imaging techniques is
mandatory to detect their response. PnCT combined
with virtual endoscopy and multiplanar reconstruction
enhances morphologic details in esophageal cancer,
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INTRODUCTION
Esophageal carcinoma is the sixth most common cause
of cancer deaths worldwide[1]. There are approximately
14000 new cases of esophageal cancer per year in the
United States, half of which are adenocarcinomas[2]. It is
currently the most rapidly increasing cancer in the United
States and Western Europe[3]. Prognosis is poor, with an
overall survival of less than 10% within 5 years[4,5]. There663
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Figure 1 Pneumo-computed tomography in esophageal and gastric neoplasms. A: Pneumo-computed tomography (PnCT) multiplanar reconstructions (MPR)
coronal soft tissue window reconstruction depicting involvement of mid-thoracic esophagus. Note detailed demonstration of location; B: PnCT MPR coronal soft tissue
window reconstruction depicting involvement of the gastroesophageal junction; C: PnCT MPR coronal soft tissue window shows a GIST tumor arising from gastric wall.

fore, there is need to improve the survival rate for patients with this disease, by earlier diagnosis when prognosis is more favorable, and/or by improving its therapy[6].
Neoadjuvant treatment strategies have been developed to improve survival[7]. Under current standards,
chemoradiation is administered preoperatively in the
majority of patients with advanced locoregional disease[8].
Thence, the ability to predict response to this combined
therapy is clearly desirable.
Despite the importance of accurate pre-operative
staging of esophageal neoplasm, there isn’t a well accepted method to do so by imaging[9]. The spectrum of
diagnostic modalities most commonly used used besides
computed tomography (CT), includes endoscopic ultrasound, positron emission computed tomography (PET)/
CT and magnetic resonance imaging (MRI). The strength
of endoscopic ultrasound is in its role in the initial staging of esophageal cancer. One weakness is its inaccuracy
for staging after neoadjuvant therapy because of its inability to distinguish inflammation and fibrosis from residual cancer[10].
Even though PET/CT is primarily indicated to look
for distant metastases, it has also been used as a noninvasive test to evaluate response after neoadjuvant therapy
before surgical resection[11,12]. One of its drawbacks lies
in the fact that it does not provide accurate information
for surgical planning because of lack of distension of the
esophageal lumen.
MRI studies using routine clinical protocols have
demonstrated a limited ability to evaluate esophageal
anatomy[6]. Dynamic contrast-enhanced MRI is an emerging approach that needs further validation to be used in
daily practice.
PneumoCT (PnCT) is a recently described technique
that optimizes tumor visualization in the esophageal wall,
gastroesophageal junction (GEJ) and stomach[13] (Figure
1). It achieves maximum lumen distension, highlighting
thickened wall areas[13,14].
The purpose of this review is to present a correlation
between PnCT findings and post surgical pathology in
order to evaluate the response of esophageal cancer to
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neoadjuvant therapy.
First, we discuss the basic technique of how to perform PnCT. Second, we describe the reconstruction steps
followed by the classification and CT parameters used to
assess response to neoadjuvant therapy. Finally, we present clinical examples of pre- and post-neoadjuvant cases
with imaging-pathological correlation.

PNCT TECHNIQUE
Patients are given before their imaging appointment an
information sheet describing the procedure in detail
including mention of slight discomfort that may be experienced by the esophageal distension. Patients with an
8-h pre-procedural fasting are received in the radiology
department by a nurse, and a peripheral venous line is
placed. Once in the CT suite, after administration via
spray of a local anesthetic a lubricated Foley catheter is
introduced transorally or transnasally, placing its distal tip
below the cricopharyngeal muscles (Figure 2).
Continuous and sustained supply of CO2 is maintained
during the CT acquisition, with a pressure between 10 and
20 mmHg. We use the the same CO2 pump as in CT-Colonography (Protocol pump, PROTOC02L, E-Z-EM, Inc.,
Lake Success, NY, United States). Patients are instructed to
hold the air and avoid burping during the procedure.
Pn6CTs are performed at our institution with Aquilion 64-row multidetector computed tomography (MDCT)
(Toshiba Inc, Tokyo, Japan) with the following technical
parameters: 0.5 mm slices, 0.25 mm table feed, 50 mAs,
120 kV, 0.75 s rotation time and 0.875 pitch. Anterior and
lateral scout views are obtained to protocol the scans. We
perform two cervico-thoraco-abdominal phases, the first
non-enhanced and the second enhanced. The time required for each acquisition is approximately of 8 seconds.
Nonionic iodinated contrast (Iobitridol, Xenetix® 350;
Guerbet, France) at a dose of 1 mL/kg is infused using
an automatic injection pump at a flow of 2.5 mL/s. No
oral contrast is used. We haven’t experienced a major adverse events specific to the CO2 insufflation. The typical
effective radiation dose is 18 mSv.
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Figure 2 Pneumo-computed tomography technique. A: The
tip of the Foley catheter is lubricated with gel anesthesia; B: The
Foley catheter is introduced transorally.

B
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Figure 3 Comparison of different distention options in the same patient with diagnosis of adenocarcinoma. A: Distension with positive oral contrast, the
double arrow shows the extent of the lesion, which is larger than b and c, thus overestimating the neoplasm size; B: Distension with effervescent granules, the double
arrow shows the tumor extent which is larger than c, still overestimating its size; C: Distension with pneumo-computed tomography technique, the double arrow shows
the extent of the wall thickening which is shorter than a and b in accordance with the surgical specimen.

doluminal views akin to esophagoscopy, to further asses
lesion morphology.
A description of shape and location of the lesion as
well as measurements of size and wall thickening are performed. Also, we evaluate for presence of periesophageal
fat stranding, adenopathy, and extraesophageal disease
Information regarding panoramic and longitudinal extent
of the esophageal lesion is obtained.

DISTENSION OPTIONS
Other well-known alternatives for esophageal and gastric
lumen distension (i.e., oral contrast agents or effervescent
granules) are used in daily practice[15]. However, distention may be suboptimal due to rapid transit of contrast
and the required esophageal distension cannot always
be achieved[16]. Oral contrast enhancement may generate
confusing images, with the same density as the tumor[17,18].
Moreover, a suboptimal distension can cause distortion
both in the quantification of the extension and in the degree of wall thickening (Figure 3).

INDICATIONS
This technique was originally developed for GEJ stenosis,
since the GEJ is a known difficult area to distend with
traditional double contrast esophagograms[13,14]. The obtained gastric distension led to an adequate definition of
both the upper and lower borders of GEJ lesions and in
turn proved to be helpful for surgical planning[13,14].
We then extended its use to all cases of esophageal
stenosis impeding the passage an endoscope and also to
cases were endoscopy was contraindicated. The latter include cases in which a noninvasive method for endoluminal lesion characterization stenosis grading, and beyond
stricture visualization of the esophagus and/or the stomach is needed.
Palliation therapy with self-expandable stenting is
the method of choice[19] both in unresectable esophageal
tumors due to distant metastasis or local invasion, and

RECONSTRUCTION STEPS AND
INTERPRETATION
Once acquired, images are sent to a Vitrea 2 working
station (Vital Images, Inc, Minnesota, United States)
for evaluation. Multiplanar reconstructions (MPR) and
curved MPRs are performed with different window settings in order to characterize the lesion. In addition, we
performed 3D reconstructions with different window
settings (surface-shaded and transparent modes similar
to the images obtained in single- and double-contrast
barium studies). These images are easy to understand and
allow visualization of the tumor. Finally, we obtain fly
through views of the esophageal lumen and generate en-
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Figure 4 Adenocarcinoma of the pylorus. A: Coronal multiplanar reconstructions (MPR) reconstruction, the arrow shows the tumor and its relationship with the pylorus; B: Sagital MPR reconstruction, the arrow shows the tumor and its relationship with the pylorus.

post-neoadjuvant therapy for wall thickening evaluation.
To analyze its density, we make the same pre- and postneoadjuvant therapy comparison by placing a region of
interests (ROI) at the same site of greatest wall thickening, excluding areas of low density representing wall
necrosis. Finally, we compare adenopathy sizes as well
before and after neoadjuvant therapy.

Table 1 Dworak classification for gastrointestinal tumors
Dworak classification
Dworak grade 0
Dworak grade 1
Dworak grade 2
Dworak grade 3
Dworak grade 4

Is define as no regression
Is define as prevalence of active cells and fibrosis/necrosis
Is define as many of fibrosis or necrosis with active cells easier to find
Is define as scarce neoplastic cells, hard to detect
Is define as absence of tumor cells

IMAGING-PATHOLOGIC CORRELATION
The use of neoadjuvant therapy began to be practiced
for rectal cancer[24]. Its use was extended to esophageal
and other gastrointestinal cancers[24]. Since neoadjuvant
therapy changes the internal structure of tumor, pathologists have been faced to reconsider the staging of these
neoplasms resected after receiving chemo-radiation. The
appearance of fibrosis and necrosis confirms the action
of therapy and constitutes the basis for several new staging classifications[24].
In 1997, Dworak et al [24] presented a pathological
classification for rectal cancer based mainly on the difficulty of highlighting viable tumor cells in a fibronecrotic
stroma. Thus, five categories were identified (Table 1).
Due to its usefulness, this classification, has also been
extrapolated to other gastrointestinal tumors[25].

in high-risk patients. In these patients, the definition of
both upper and lower limits of the lesion in the longitudinal axis provided by PnCT allowed determining the
stent graft length and the need for a valved stent. Thus
no further barium studies are required.
Although the stomach can be well distended with
other contrasts, such as water, milk, effervescent granules,
the pyloric area is also a known difficult area to distend.
Due to the optimal distension obtained with PnCT, we
began to use this technique for distal stomach pathology
with suspected pyloric involvement (Figure 4).

TOMOGRAPHIC PARAMETERS
USED TO ASSESS RESPONSE TO
POST-NEOADJUVANT THERAPY

CORRELATION BETWEEN THE PN64MDCT
AND DWORAK CLASSIFICATION

Esophageal tumors exhibit increased expression of proangiogenic factors such as basic fibroblast growth factor
(bFGF) and vascular endothelial growth factor[20,21]. This
form of malignancy is associated with greater vascularization and has a higher microvascular density compared
with normal esophageal tissue and precancerous lesions[20-23]. These properties suggest a valid pathologic basis upon which quantifying the density with PnCT could
not only detect esophageal tumors and but also evaluate
their response to neoadjuvant therapy.
The following CT parameters are measured to evaluate (or restage) response to neoadjuvant therapy: wall
thickening, density, and presence of adenopathy.
We compare the maximum diameters of pre- and
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We use clinical examples to show the change observed in
the CT findings comparing pre- and post-therapy PnCT
scans with correlation with the Dworak classification obtained after surgery.
Wall thickening persistence is evident in the preand post-neoadjuvant therapy measure comparison at
the same level (Figure 5). Placing the ROI on the site
of maximum wall thickening, the density in Hounsfield
Units (HU) increases from (90.8 HU) before to 95.7 HU
after therapy. The increase in the density may be given by
the persistence of active cells containing proangiogenic
factors (Figure 5). Additionally, an adenopathy monitor-
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Figure 5 Advanced adenocarcinoma. Dworak grade I, prevalence of active cells. A: Axial pre neoadjuvant therapy image. Both wall thickness and density are
measured; B: Axial post-neoadjuvant therapy image reveals persistence of the wall thickening and almost no variation in density; C: Axial pre-neoadjuvant therapy
image, the arrow is pointing to a lymphadenopathy; D: Axial post-neoadjuvancy image reveals resolution of the adenopathy; E: Coronal multiplanar reconstructions
(MPR) pre-neoadjuvancy reconstruction. The circle shows the long axis compromise of the tumor; F: Coronal MPR post-therapy reconstruction. The circle shows the
long axis of the tumor and its precise location; G: Surgical specimen of total esophagectomy and upper polar gastrectomy. Open piece shows an important thickening
of the lower esophagus, at squamo-columnar junction recognizes a polypoid lesion and poorly defined borders. The remaining gastric mucosa presents edematous
folds; H: Section shows at gastroesophageal junction one degrade injuries ranging from low-grade dysplasia to invasive adenocarcinoma. The primary lesion is below
the squamocolumnar junction. Generally infiltrates shaped surface (submucosa) with occasional foci in muscle layer and extends in the form of multiple separate foci
below esophageal epithelium. Proximal margin: adenocarcinoma foci observed at adventitia and submucosa layers. Tumor is seen infiltrating striated muscle tissue.

ing can be performed, determining it’s evolution.
On the other hand, the pre- and post- comparison
of the wall thickness in Figures 6 and 7 at the same level
demonstrate a decrease of over 50% in the measured
density, for instance before 85.7 HU and after 36.4 HU
chemotherapy and radiotherapy (Figures 6-8). This decrease in density could be explained by the presence of
extensive areas lacking proangiogenic factors. The disappearance of the lymphadenopathy can also be observed.
In patients without response to neoadjuvant therapy
(Dworak Ⅰ), there was no change in the density of the
tumor when we compared the PnCT pre- and post- therapy. This finding could be explained by the presence in
the active cells of bFGF and vascular endothelial growth
factor. Conversely, there is reduction in the thickness and
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in the Hounsfield Units density (between 33% and 46%
less) of the tumor in those patients with a good response
to therapy, correlating well with a significant regression in
the post-surgical pathological staging of Dworak Ⅲ or Ⅳ
neoplasms.

CONCLUSION
PnCT is a useful non-invasive imaging technique for evaluating esophageal and gastroesophageal tumors, allowing
a precise evaluation of their size, location, local extension
and regional adenopathy a single examination[13,14].
Further, PnCT provides key pre-surgical planning information, since it defines both upper and lower borders
of neoplasms located in the GE junction[13,14] .
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Figure 6 Advanced adenocarcinoma of the gastroesophageal junction. Dworak grade 2, large areas of fibrosis or necrosis with active cells. A: Axial pretherapy image. Both wall thickness and density are measured. Yellow arrows indicate two small lymph nodes; B: Axial post-therapy image reveals a clear decrease of
tumor size and in density. Lymph nodes are not visible; C: Coronal multiplanar reconstructions (MPR) pre-therapy reconstruction. The circle shows the long axis of the
tumor; D: Coronal MPR after therapy reconstruction. Note marked decrease in tumor size; E: Surgical specimen of total esophagectomy and upper polar gastrectomy
correlating well with the lesion demonstrated with pneumo-computed tomography. Open piece, is recognized at the level of the gastro-esophageal junction an indurated area with diminished mucosal folds and elevated edges with whitish nodule and firm consistency; F: Submucosal layer with nodular accumulations of atypical
epithelial cells scant cytoplasm that are arranged in small tubular structures, cords or dispersed. Nodules are found at the distal esophagus and cardia underlying
mucosa. Linfovasculares tumor emboli are observed. In small area is observed submucosal fibrosis, chronic inflammation and congestion. At the level of the gastroesophageal junction is observed extensive intestinal metaplasia to intramucosal carcinoma focus. Preserved oxyntic gastric mucosa.
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Figure 7 Epidermoid carcinoma. Dworak grade 3, scarce neoplastic cells. A: Axial pre-neoadjuvant therapy image. Both wall thickness and density are measured; B: Axial post- neoadjuvant therapy image reveals a clear decrease of the wall thickening and density; C: Coronal multiplanar reconstructions (MPR) preneoadjuvant therapy reconstruction. The circle shows the long axis of the tumor; D: Coronal MPR post-neoadjuvant therapy reconstruction with decrease in tumor
size; E: Surgical specimen of total esophagectomy. Open piece, shows thickening at the middle third of the esophagus with an ulcerated area; F: The sections shows
at submucosal layer a nodular accumulation of atypical epithelial cells with vesicular nuclei and scant cytoplasm that are arranged in small tubular structures. Also the
submucosa presents fibrosis, chronic inflammation and congestion. Mucosal layer shows conserved squamous epithelium and focal fibrosis regression suggesting
changes.
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Figure 8 Epidermoid carcinoma of the thoracic esophagus [CME #5]. Dworak grade 4, absence of tumor cells. A: Axial pre-neoadjuvant therapy image. Both wall
thickness and density are measured; B: Axial post- neoadjuvant therapy image reveals a clear decrease of the wall thickening and density; C: Axial pre- neoadjuvant
therapy image, the arrow is pointing to adenopathy; D: Axial post-neoadjuvancy image reveals disappearance of adenopathy; E: Coronal multiplanar reconstructions
(MPR) pre-neoadjuvant therapy reconstruction. The circle shows the long axis of the tumor; F: Coronal MPR reconstruction post- neoadjuvant therapy. The neoplasm
is not longer detected; G: Surgical specimen of total esophagectomy and upper polar gastrectomy. Open piece, is recognized at the level of the gastro-esophageal
junction an area of white-depressed with elevated edges; H: Squamous epithelium with acanthosis, conserved cell polarity. Fibrohialinosis in lamina propria and submucosa with lymphocytic infiltrate. Absence of atypical cells. At the level of the gastroesophageal junction shows a sector with intestinal metaplasia in the stomach
side, negative for dysplasia.

We also demonstrate the PnCT findings correlate
with the Dworak pathologic classification and could allow assessing the response of esophageal neoplasms to
neoadjuvant therapy. This is crucial regarding the overall
prognosis and therapeutic strategy.
Our next goal is to prove in a prospective, blinded
and randomized study the accuracy of PnCT to asses response to neoadjuvant therapy in esophageal neoplasms
and its correlation with post resection pathological staging.
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INTRODUCTION
Colorectal cancer screening has become a defining concern of current gastroenterological practice in many
Western nations. This same focus does not exist in many
developing countries, including Pakistan.

Abstract

LACK OF EPIDEMIOLOGICAL DATA

Colorectal cancer screening has become a defining
concern of current gastroenterological practice in many
Western nations. This same focus does not exist in
many developing countries, including Pakistan. There
is a need to develop a model for the developing world.
Here are several areas that need to be pursued: (1)
epidemiological research; (2) physician and public education; (3) training of gastroenterologists, especially
female ones; (4) less expensive and more culturally
acceptable screening options (fecal occult blood testing); and (5) cost-effectiveness analyses. Gastroenterologists in developing countries need to step up to
educate people and promote, where possible and in
keeping with local conditions, the prevention and early
diagnosis of colorectal cancer.

A basic prerequisite for any screening program is knowledge of the incidence and prevalence of the disease in
question. In the absence of this information any screening
process is unjustifiable. Until as recently as last year, there
was no useful incidence data on colorectal cancer in Pakistan. Recently a study has shown that Pakistan falls into a
low incidence region/category for colorectal cancer[1]. The
crude incidence rate is 3.2% in both males and females.
Most significantly, however, the incidence appears to be
rising, particularly in males. This study also suggested that
given an aging population, a strong tradition of consanguineous marriages, and a high prevalence of colorectal
cancer risk factors, including a trend towards a more
“westernized” dietary intake, this low incidence may, in
fact, be an artifact. This data may also be an underestimation of colorectal cancer in Pakistan because the registry
is voluntary and some cases may have gone unreported.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colon cancer; Cancer screening; Pakistan;
Cancer
Core tip: Gastroenterologists in developing countries
need to step up to educate people and promote, where
possible and in keeping with local conditions, the prevention and early diagnosis of colorectal cancer.

FINANCIAL LIMITATIONS
Implementation of Western models of large scale
colonoscopic screening programs would place an insurmountable burden on already struggling health care systems in many developing countries. As a reflection of the
state of healthcare in Pakistan, data on life expectancy

Original sources: Ahmed F. Barriers to colorectal cancer screen-

WCG|www.wjgnet.com

671

January 28, 2014|First Edition|

Ahmed F. Developing world colon cancer screening barriers

and would impede the implementation of a colon cancer
screening program. Patients are wary of talking about
even the possibility of cancer, there is widespread fear of
endoscopic procedures due to concerns about potential
complications and rumors of excruciating procedure-induced pain, and there is a widespread misconception that
biopsying a malignant lesion invariably leads to spread of
cancer. Finally, with Pakistan being a conservative Muslim
country, female patients here are reluctant to have colonoscopy exams performed by male doctors and in this
country of 180 million people, there are only a handful
of female gastroenterologists.
The Asia Pacific consensus recommendations for
colorectal cancer have focused primarily on data from
East and Southeast Asia and have overlooked the Indian
Subcontinent (Pakistan, India, Bangladesh) which together comprise more than one billion people[2]. A prospective multinational colonoscopy screening study found
that the prevalence of advanced colorectal neoplasms in
asymptomatic Asians is comparable to that in the West[3].
Again, the Indian Subcontinent was under-represented.
Finally, cost-effective analyses conducted in other parts
of the world are not necessarily directly applicable to our
setting.
For all the reasons mentioned above, the implementation of more well-established cancer screening protocols
(for breast cancer, cervical cancer, prostate cancer) have
also not yet occurred in Pakistan. Is colon cancer screening a luxury of developed nations, unaffordable in the
developing world? There are possible solutions to these
obstacles. There is a need to develop a model for the
developing world. Here are several areas that need to be
pursued: (1) epidemiological research; (2) physician and
public education; (3) training of gastroenterologists, especially female ones; (4) less expensive and more culturally
acceptable screening options (fecal occult blood testing);
and (5) cost-effectiveness analyses.
In a country beset by terrorism, militancy, and political uncertainty, it is easy to lose sight of issues relating
to cancer screening. The initiation and implementation
of any large-scale cancer screening program requires
careful thought. Before starting a colon cancer screening
program in Pakistan, efforts must be made to increase
physician and public awareness regarding colon cancer, in
particular, and the philosophy behind cancer screening,
in general. Gastroenterologists in Pakistan and other developing countries need to step up to educate people and
promote, where possible and in keeping with local conditions, the prevention and early diagnosis of colorectal
cancer.

Table 1 Life expectancy, healthcare expenditure per capita in
Pakistan compared with other countries
Country
Pakistan
India
Bangladesh
Sri Lanka
Singapore
United Kingdom
United States

Life expectancy

Expenditure on health

(M/F, yr)
66/68
64/67
69/70
71/78
80/85
79/82
76/81

per capita ($, 2011)
69
141
67
191
2787
3322
8608

Available from: URL: http://www.who.int/countries/, accessed on May
16, 2013.

and healthcare expenditure per capita are given in Table
1. In Pakistan there is no health insurance system and the
burden of any investigation rests solely with the patient.
Given that the average annual income in Pakistan is $650,
the cost of different screening options is of paramount
consideration. A colonoscopy costs $100 here and fecal occult blood testing costs $1.30. Regardless, it is still
cheaper to diagnose colorectal cancer early than treat advanced malignancies.

LACK OF RESOURCES
Even if money to support a large scale colorectal cancer
screening process were to be suddenly available, many
trained gastroenterologists would be required which are
already in short supply in many developing countries. In
Pakistan, a country of 180 million people, there are limited number of gastroenterologists and endoscopy units
and these are mostly concentrated in urban areas leaving
the majority of the population without any access to gastroenterologic facilities.

LACK OF PHYSICIAN AND PUBLIC
AWARENESS
There is a great lack of awareness about many malignancies, including colorectal cancer, in Pakistan. Even amongst
physicians, there is a lack of awareness about the symptoms of colorectal cancer. For example, many physicians
do not know that the presence of blood in the stool, especially in someone older than 50, needs to be investigated
further and can’t simply be attributed to hemorrhoids and
ignored. Risk factors for colorectal cancer need to be highlighted, in particular the genetic aspects of colorectal cancer risk. First degree relatives of patients with colon cancer
are rarely told that they are at increased risk for developing
this malignancy and, therefore, need to be screened appropriately. Beyond this, the concept of screening asymptomatic persons, at average risk for colorectal cancer needs to
be introduced and promoted here.
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Core tip: Colorectal cancer is a very common malignancy and its incidence is rapidly increasing worldwide.
Of all patients with metastatic colorectal cancer, up to
77% have a liver-only disease and about 10%-20%
of them are considered resectable at the time of diagnosis. Surgery actually still represents the best option
of treatment, but new strategies such as perioperative
chemotherapy and targeted therapies are emerging
with promising results. However, optimal management requires a multidisciplinary approach, both local
and systemic. This review aims to critically analyze the
management of potentially resectable colorectal liver
metastases.

Abstract
Colorectal cancer is a very common malignancy worldwide and development of liver metastases, both synchronous or metachronous, is a common event. Of all
patients with metastatic colorectal cancer, up to 77%
have a liver-only disease and approximately 10%-20%
of patients with colorectal liver metastases are considered resectable at the time of diagnosis. Surgical resection of liver metastases remains the best treatment
option and it is associated with a survival plateau and
a 20%-25% of long-term survivors. Perioperative chemotherapy for resectable liver metastases may improve
resecability of liver metastases and disease free survival, but its impact on overall survival is still unclear and
more studies are needed. Moreover, preoperative chemotherapy can increase postoperative complications.
Further studies are needed to define the role of adjuvant chemotherapy after a R0 resection of liver metastases and to define the criteria for a better selection of
patients candidate to hepatectomy. New strategies such
as targeted therapies are emerging with promising results. Optimal management requires a multidisciplinary
approach, local and systemic, but it is a still pending
question. Colorectal liver metastases represent a major
challenge for oncologists and surgeons. In this review
will be analyzed available data about assessment and
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INTRODUCTION
Colorectal cancer (CRC) is a leading cause of cancerrelated morbidity and mortality[1]. The liver is the most
common site of CRC metastases and nearly 25% of
patients with CRC present with synchronous liver metastases at the time of initial diagnosis and 50%-75% of
patients within three years after primary colonic surgery
at the time of disease recurrence[2-5]. Though most of
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tors to 60% in those without risk factors[19]. In an attempt
to confirm these results, Tomlinson et al have validated
the reliability of this “score”, recording a 10-year OS of
21% in resected patients with a low score (0-2) and of
10% in those with a high-risk score (3-5)[20]. On the other
hand, Nordlinger score included seven risk factors: age
≥ 60 year, extension into the serosa of the primary cancer, lymphatic spread of the primary cancer, interval less
than 2 years from primary tumor to metastases, number
of metastases ≥ 4, largest size of liver metastasis ≥ 5,
definig three risk groups (low, intermediate, high) with
different 2-years survival rates[21]. Finally, there are increasing clinical evidences that medical perioperative treatment
may improve the outcome of these patients[22,23].

these patients have a poor prognosis, there is a subset
of patients with liver metastases, both synchronous or
metachronous, that can benefit from radical surgery and
possibly even achieve cure[6]. In fact, from 25% to 50%
of patients with surgically resected colorectal liver metastases (CLM) today can survive five or more years after
surgery[7-11]. Unfortunately, only a small percentage of
patients, estimated at 10%-20%, exhibits with initially resectable liver metastases[12] and up to 2/3 of patients with
resected CLM will experience a recurrence in the majority
cases just in the same organ[13,14]. In the last two decades,
we have observed remarkable advances in the treatment
of CLM, both from a medical point of view with the
advent of new chemotherapeutic and biologic agents,
and with the improvement of surgical techniques and a
better definition of the resectability criteria. However, up
to now, strong scientific evidences about what is the best
strategy for the treatment of CLM are still debated. One
of the obstacles to be addressed is the difficulty in defining “Who is resectable?”. The indications for resection
of CLM changed significantly over the years. In the late
eighties, Ekberg defined restrictive criteria for resectability: less than four metastases (uni or bilobar), absence of
extrahepatic disease, and resection margin of at least 1
cm. Moreover, Steele suggested resection of liver metastases only from colorectal primary, three or less lesions,
R0 resections, absence of comorbidities and extrahepatic
disease[5,15]. Starting from the nineties, these criteria were
gradually extended, in relation to location and size of
tumor, number of lesions, and absence of extrahepatic
disease[16]. Currently, the number or size of hepatic nodules in the hands of trained surgeons and in high-volume
liver departments, are no longer considered an absolute
contraindication to hepatectomy if the remnant healthy
liver is > 25%-30%[17]. Preoperative liver magnetic resonance imaging and intraoperative ultrasound offer the
optimal assessment of the number, size, and proximity
of tumors to key vascular and biliary structures. Moreover, recent guidelines from the National Comprehensive
Cancer Network (NCCN) (v3.2013) recommend a staging positron emission tomography scan for patients with
potentially surgically curable metastatic colorectal cancer.
Even the simultaneous presence of potentially resectable
extrahepatic disease is no longer an absolute contraindication to surgery of liver metastases, particularly if
the extrahepatic disease is surgically resectable lung or
ovarian metastases. From 1996 to 2009 were identified at
least twelve prognostic scoring-systems, in an attempt to
predict survival after resection of CLM as a function of
the number of risk factors present in the patient’s medical history[18]. One of these scoring-systems was tested by
Fong et al[3] and assessed five risk factors on approximately 1000 patients: presence of metastatic nodes at the time
of the surgery of the primary tumor, disease-free interval
< 12 mo, > 1 metastatic lesion; size > 5 cm and a value
of Carcinoembrionyc Antigen (CEA) > 200 ng/mL. The
5-year OS ranges from 14% in patients with five risk fac-

WCG|www.wjgnet.com

NEOADJUVANT CHEMOTHERAPY
Surgery remains the treatment of choice for cure or
prolonged survival if it is possible to obtain a radical resection (R0) and with the preservation of a residual functioning liver of 25%-30% of the original liver volume.
The term “neoadjuvant chemotherapy” is reserved for
chemotherapy for resectable and potentially resectable
liver metastases prior to surgery. The role of neoadjuvant
chemotherapy in the management of potentially resectable CLM is still controversial and debated[24]. In fact, not
infrequently, in patients with favorable prognostic factors,
“upfront” surgery of liver metastases is the preferred
strategy. An argument in favor of the use of preoperative
chemotherapy is that this may be a good test in vivo to
evaluate the chemosensitivity of the tumor. Tumor progression while on preoperative treatment is almost always
associated with a poor prognosis, even if the metastases
will be resected[25]. Perioperative treatment of resectable
liver metastases is supported by the phase Ⅲ European
Organization for Research and Treatment of Cancer
(EORTC) 40983 trial (Table 1). This study randomized
364 patients with 1-4 resectable CLM to 6 cycles of preoperative and 6 cycles of postoperative 5-fluorouracilleucovorin-oxaliplatin (FOLFOX4) compared with
surgery alone. The primary endpoint was progression
free survival (PFS). If we consider all of the 364 enrolled
patients (182 per arm), the gain in PFS at 3 years was
7.3% in the perioperative chemotherapy arm compared
with surgery alone, although this difference was not statistically significant (P = 0.058). If you take into account
only the patients who underwent a surgical resection
of CLM, then the increase in favor of the perioperative
treatment reaches the statistical significance (difference in
PFS between the two arms of 9.2%, P = 0.025)[22]. In a
recent update of the study after a median follow-up of 8.5
years, the 5-years OS (secondary endpoint) was found of
7 mo longer in the experimental arm (an increase of 3.4%,
HR = 0.88; 95%CI: 0.68-1.14, P = 0.339), but also in this
case not such to reach a statistical significance. Note that
in the experimental arm only 2/3 of resected patients
has been able to receive the programmed postoperative
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Table 1 European Organization for Research and Treatment of Cancer 40983 Trial
n

Treatment

HR for progression

3-yr PFS

5-yr PFS

Postoperative OS complications

All pts

364

Elegible pts

342
329

0.79
P = 0.058
0.77
P = 0.041
0.73
P = 0.025

35.4
28.1
36.2
28.1
42.4
33.2

51.2
47.8 (P = 0.339)
52.4
48.3 (P = 0.303)

Resected pts

CHT
Surgery alone
CHT
Surgery alone
CHT
Surgery alone

25%
16%

Reproduced from reference Nordlinger et al[22] and Sorbye et al[23]. pts: Patients; CHT: Chemotherapy; HR: Hazard ratio; PFS: Progression free survival; OS:
Overall survival.

chemotherapy and that the post-surgery morbidity was
more significant (25% vs 16%, P = 0.04), although reversible, in patients treated with preoperative chemotherapy.
Operative mortality was 1% in both treatments group[23].
It remains unresolved the question whether the benefit in
PFS observed in this study is mainly due to the perioperative treatment in toto or primarily to adjuvant post-resection treatment, in favor of which there are several studies
that confirm its effectiveness[26-31]. Two other small phase
Ⅱ trials support the use of a preoperative treatment with
FOLFOX/XELOX (Capecitabine plus Oxaliplatin) and
XELOX with bevacizumab[32,33], but before we could say
a definitive word on the best approach to the treatment
of potentially resectable CLM we still need further dedicated studies, with or without new biological agents. Another aspect to consider in these challenging economic
times is cost-effectiveness: according to literature, the
use of neo-adjuvant chemotherapy could be convenient
because it could possibly avoid hepatic resection in those
patients who do not respond to this treatment. Nevertheless this analysis is controversial for synchronous
resectable metastases[34,35]. Neoadjuvant chemotherapy
can induce damage to the remnant liver and the risk of
hepatic toxicity and surgical complications increase with
the duration of pre-opertative treatment[36,37]. Steatosis
has been associated with both fluoropyrimidines and irinotecan. Vauthey et al[38] reported 20% patients receiving
irinotecan having steatohepatitis and this was associated
with increased 90-d mortality and morbidity after hepatectomy. Hepatic sinusoidal obstruction syndrome can
emerge in patients treated with oxaliplatin but does not
seem to be strongly associated with increased postoperative mortality[37,39]. A recent retrospective study evaluated
histological specimens from 366 resected patients for
CLM after preoperative chemotherapy and found that the
two independent prognostic factors for OS after hepatectomy were the overall pathologic response > 75% and,
surprisingly, fibrosis > 40% and not necrosis as expected[40]. Another problem with preoperative chemotherapy
includes the shrinkage of viable disease, known as “vanishing metastases”, so it is not visible and therefore not
resected at laparotomy. However, in many cases, this
clinical complete response does not match with pathologic complete response. According to Adam et al[41], the
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predictive factors for a complete pathologic response are:
age ≤ 60 year, size of metastases ≤ 3 cm, CEA levels
at diagnosis ≤ 30 ng/mL, and objective response following chemotherapy. Patients who achieved a complete
pathologic response after neoadjuvant chemotherapy
had high survival rates (76% at 5 year). Patients should
be carefully monitored during chemotherapy and receive
surgery before metastases disappear. Therefore, response
to neoadjuvant therapy must be closely monitored and it
is recommended to revaluate disease after no more than
2 mo of treatment[42]. The duration of treatment in toto
(preoperative and adjuvant) should not exceed 6 mo[43].
In summary, many oncologists feel that perioperative
therapy is the best current option of treatment for resectable CLM and the recent European Society for Medical
Oncology guidelines define this subset of patients with
clearly R0-resectable CLM as “Group 0”. The treatment
aims of patients placed in “Group 0” is cure and decrease
risk of relapse. Hence, the intensity of neoadjuvant treatment will be “nothing” (upfront surgery) or “moderate”
(FOLFOX)[44].

ADJUVANT THERAPY AFTER RESECTION
OF LIVER METASTASES
Nearly 70% of patients relapse after an hepatic resection
for CLM and most of them just in the liver and within
the first two years after surgery[13,14,45]. In an attempt to
improve the outcome of these patients was thus adopted the rationale of adjuvant therapy. Two randomized
phase Ⅲ studies and a subsequent meta-analysis of data
extracted by them, have evaluated the role of the combination of bolus fluorouracil and leucovorin (5-FU/LV)
for 6 mo after R0 surgery of CLM vs surgery alone[26-28].
The results of these studies, although showing a trend in
favor of adjuvant chemotherapy both in PFS and OS, do
not provide a strong evidence in favor of postoperative
treatment, probably due to their limited statistical power
and the use of a chemotherapy regimen that actually does
not represent the best combination to be administered in
patients considered as metastatic patients. There are two
additional meta-analyses that support the use of an adjuvant fluoropyrimidine-based treatment[29,30]. In the study
of Ychou et al[31], the regimen FOLFIRI, as expected, has
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Table 2 Phase Ⅲ trials of adjuvant chemotherapy after resection of colorectal liver metastases
Ref
Langer et al[26]
Portier et al[27]
Mitry et al[28]
Ychou et al[31]

n

CHT

Median PFS (mo)

129
173
278
306

5-FU/LV
5-FU/LV
5-FU/LV
FOLFIRI vs 5-FU/LV

No difference
24.4 vs 16.6 (P = 0.028)
27.9 vs 18.8 (P = 0.059)
24.7 vs 21.6 (P = 0.44)

Median OS (mo)
No difference
62.1 vs 46.4 (P = 0.13)
61.1 vs 46.9 (P = 0.125)
No difference

CHT: Chemotherapy; PFS: Progression free survival; OS: Overall survival; 5-FU/LV: 5-fluorouracil/Leucovorin;
FOLFIRI: 5-FU/LV/Irinotecan.

Gruenberger et al[32] reported their experience of a phase
Ⅱ study with oxaliplatin, capecitabine and bevacizumab
in 56 curable CLM patients. This regimen showed a high
response rate (73%) with R0 hepatic resections in 52 out
of 56 patients and 5 complete pathologic responses. Actually, phase Ⅲ studies with anti-EGFR antibody cetuximab and with anti-VEGF antibody bevacizumab are ongoing to better define the role of these biological agents
in the treatment of potentially resectable CLM.

failed to show advantage in disease free survival (DFS)
compared to 5-FU/LV (Table 2). It was argued, as in the
classical adjuvant therapy after surgery of the primary
tumor, that an oxaliplatin-based regimen[46] may be more
effective, but there are no definitive data and studies
with the FOLFOX or XELOX regimens with or without
biologic agents, are currently ongoing. Several interesting
experiences, but difficult to reproduce on a large scale
especially for technical difficulties and specific toxicities (i.e., sclerosing cholangitis), were obtained with the
administration of a derivate of fluorouracil (floxuridine,
FUDR) plus high-dose dexamethasone in the hepatic
artery (HAI), using the rationale of the prevalent arterial
vascularization of liver metastases and of lower risk of
systemic toxicities despite higher doses of chemotherapy[47-53].
In conclusion, it is common practice to administer
a postoperative chemotherapy in patients with resected
CLM due to the high-relapse rate expectations and the
positive impact on PFS, but unfortunately definitive data
in favor of adjuvant therapy after R0 resection of CLM
are still lacking. Nevertheless, actually the preferred regimen to be administered in these patients are empirically
an oxaliplatin-based regimen.
Hence, it will be crucial to identify subsets of patients
at increased risk of relapse and candidate to receive adjuvant treatment.

CONCLUSION
CLM are a common problem, but many patients are
able to undergo R0 liver resection, and a significant proportion of those patients may achieve cure or at least
obtain prolonged DFS[65]. A multidisciplinary team approach is important for coordinating care of patients
with CLM. Surgery is the treatment of choice for resectable CLM and requires that an adequate liver remnant
remains after surgery. Perioperative chemotherapy with
FOLFOX regimen for six mo according to the results of
the EORTC 40983 randomized trial improves the outcome of these patients and it is actually recommended
for most patients[66-69]. When it an upfront surgery of
CLM is performed, then adjuvant chemotherapy with an
oxaliplatin-based regimen is a reasonable option. Based
on our experience we suggest a close follow up schedule
for patients who underwent CLM resection. The role of
targeted therapies in neoadjuvant setting of potentially
resectable CLM remains to be defined and needs further
studies. Finally, where a local approach to CLM is indicated and surgery is contraindicated, the radiofrequency
ablation of liver metastases is often considered a good
alternative, although generally less effective than surgery
in terms of relapse rate and OS[70-76].

TARGETED THERAPIES
More recently, the introduction of new biological drugs in
the available arsenal of the oncologist has improved the
results obtained in the treatment of metastatic colorectal cancer. In particular, anti-epidermal growth factor
receptor (EGFR) monoclonal antibodies cetuximab and
panitumumab in patients with K-RAS wild-type[54-60] and
anti-vascular endothelial growth factor (VEGF) antibody
bevacizumab[61-64] have shown a synergistic action when
associated to classical chemotherapy regimens with two
or three drugs, thus increasing significantly the PFS, the
overall response rate and hence also the rate of hepatic
resection for CLM if compared with chemotherapy
alone, especially when used as “conversion” treatment for
unresectable liver metastases. Whether these results provide a real OS advantage, it still remains unclear. Unfortunately, data about targeted therapies in the perioperative
or neoadjuvant setting of resectable CLM are lacking.
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Core tip: Open resection of primary colorectal tumor
and liver metastasis in one operation or in separate
operations is currently common practice but synchronous resections of the same by laparoscopy are controversial. Since open resection of primary colorectal
tumor and liver metastasis in one operation results in
an equally good short-term outcome when compared
with that done in separate operations, laparoscopic
resection of the same in one single operation seems to
be a good option. Recent evidence has shown that this
new approach is a safe alternative with a shorter hospital stay. Large scale randomized controlled trials are
needed to demonstrate its effectiveness.

Abstract
Liver metastasis of colorectal cancer is common. Resection of solitary tumors of primary and metastatic
colorectal cancer can have a favorable outcome. Open
resection of primary colorectal tumor and liver metastasis in one operation or in separate operations is
currently common practice. Reports have shown that
synchronous resections do not jeopardize short or
long-term surgical outcomes and that this is a safe and
effective approach in open surgery. The development
of laparoscopic colorectal surgery and laparoscopic
hepatectomy has made a minimally invasive surgical
approach to treating colorectal cancer with liver metastasis feasible. Synchronous resections of primary
colorectal tumor and liver metastasis by laparoscopy
have recently been reported. The efficacy and safety
of laparoscopic colorectal resection and laparoscopic
hepatectomy have been proven separately but synchronous resections by laparoscopy are in hot debate.
As it has been shown that open resection of primary
colorectal tumor and liver metastasis in one operation results in an equally good short-term outcome
when compared with that done in separate operations,
laparoscopic resection of the same in one single operation seems to be a good option. Recent evidence
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OVERVIEW
Colorectal cancer (CRC) is the third commonest cancer
and the fourth leading cause of cancer deaths in the
world. In 2008, there were around 50000 deaths related
to CRC in the United States alone. Around 25% of
CRC patients have stage Ⅳ disease upon presentation[1].
CRC metastasizing to the liver is common. Evidence has
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shown that resection of solitary metastatic tumors of
CRC can have a favorable outcome[2]. With the use of
sophisticated imaging systems, such as high resolution
contrast computed tomography and positron emission
tomography, the sensitivity of detection of liver metastases larger than 2 cm is as high as 90%[3,4]. Open resection
of primary colorectal tumor and liver metastasis in one
operation or in separate operations is currently common
practice[5,6]. Improved chemotherapies and biological
agents have made many previously unresectable tumors
resectable[7]. Reports have shown that synchronous resections do not jeopardize short or long-term surgical
outcomes and that this is a safe and effective approach in
open surgery[8-11].
Like laparoscopic hepatectomy, laparoscopic colorectal surgery has become popular in recent years because
of its absolute advantage of allowing fast return of bowel motion and a shorter hospital stay[12-15]. More recently,
synchronous resections of primary colorectal tumor and
liver metastasis by laparoscopy have been reported[16-19].
Since the complication rate of synchronous resections is
generally higher, as documented by Slesser et al[20], careful patient selection is important. Contrast computed
tomography and positron emission tomography can provide accurate disease staging. Laparoscopy is not suitable
for very bulky tumors. Although major resection by laparoscopy is feasible, the patient would not benefit from a
small incision as a relatively large wound must be created
for retrieval of the resected tumor.
Approximately 25% of CRC patients have concurrent
liver metastasis on presentation. Liver is the most common site of hematogenous dissemination. Contemporary
management of CRC calls for multidisciplinary involvement. Positron emission tomography using 18F-fluorodeoxyglucose can provide very accurate staging of disease,
enabling surgeons to achieve an R0 resection with curative intention[21]. Novel chemotherapeutic agents used in
target therapy are effective in causing remarkable tumor
response[22,23]. Nonetheless, viable cancer cells can still
be present after chemotherapy despite extensive tumor
necrosis[5] and hence, chemotherapy should not replace
resection. After all, resection of primary and metastatic
tumors is the best way to maximize patient survival.

that resection of the colorectal tumor is conducted first
to make sure that the primary tumor is resectable before
any metastatic tumor is to be resected. Moreover, conducting colorectal resection before hepatic resection can
avoid bowel edema, a condition that makes anastomosis
difficult, caused by the Pringle maneuver. The colon or
rectum is mobilized with an ultrasonic dissector and the
mesenteric artery and vein are controlled with clips. For a
rectal tumor, the rectum is transected with an endoscopic
linear stapler[24]. Intracorporeal colorectal anastomosis is
performed with a circular stapler. A laparoscopic anterior
resection usually takes 2 h or so[15]. For hepatic resection, the no-touch technique can be used. The area to be
transected is marked by diathermy. Transection of the
liver parenchyma can be done with a Cavitron ultrasonic
surgical aspirator and a Harmonic scalpel. The margin
from the lesion is ideally 1 cm and is marked by intraoperative ultrasound. Both the primary and metastatic
tumors are retrieved with protection through an incision
with size similar to the largest diameter of the tumors[13].
Routine hepatic inflow control may not be necessary. A
laparoscopic minor hepatectomy usually takes 2-3 h and a
major one usually takes 6-8 h[14].

CONSIDERATIONS
Short-term benefits of laparoscopic surgery for CRC
have been proven by randomized controlled trials[25-29].
Emerging evidence also shows that the laparoscopic approach does not compromise patient survival[30,31]. As it
has been shown that open resection of primary colorectal tumor and liver metastasis in one operation results in
an equally good short-term outcome when compared
with that done in separate operations[20], laparoscopic resection of the same in one single operation seems to be
a good option. The obvious advantage of laparoscopic
surgery is small surgical incisions. With improvements of
laparoscopic equipment, the present high definition feature of most monitoring units provides magnificent magnification of the operation field. The margin of resection
is thus not compromised even although the operation is
conducted through a very small opening[32-34].
The risk of hemorrhage is an important concern
when conducting hepatic resection on patients who have
received chemotherapy treating their primary cancer
and the location of liver metastasis can be a challenge
in laparoscopic hepatic resection. Careful interpretation
of the liver anatomy displayed by preoperative highresolution imaging and intraoperative ultrasonography
helps to avoid injury to the major hepatic vein, enabling
safety of laparoscopic hepatic resection in difficult locations[35]. Careful use of the Cavitron ultrasonic surgical
aspirator followed by application of clips helps to reduce
blood loss. Strict control of the central venous pressure
with careful administration of intravenous fluid and an
intra-abdominal pressure of 12 to 15 mmHg contributes
to minimal oozing of blood during liver transection[14].
The Pringle maneuver can be easily applied to the liver

TECHNIQUES
Laparoscopic synchronous resections of primary colorectal tumor and liver metastasis are normally carried out
under general anesthesia. The patient is placed in a supine
position with Trendelenburg adjustment. A 12 mm port
is created using the open method. Pneumoperitoneum is
introduced by insufflation of CO2 and the intra-abdominal pressure is maintained at 12 cm H2O. Another two
12 mm ports and two 5 mm ports are made under direct
vision. Standard diagnostic and staging laparoscopy is
then conducted. The liver is examined with laparoscopic
ultrasound to confirm the extension of the tumor and its
relationship to the hepatic vasculature[12-14]. It is preferred
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hilum in the laparoscopic approach but a routine Pringle
maneuver is not encouraged as it tends to cause venous
congestion and thus leakage of anastomoses.
Both colorectal resection and hepatic resection are
complicated operations. Whether combining these two
complicated procedures in one laparoscopic surgery will
do patients more harm or good is in hot debate. However, synchronous resections of primary colorectal tumor
and liver metastasis by laparoscopy are not only feasible
but also safe. Therefore, this approach is an alternative to
open resection in one or separate operations for selected
patients, especially when minimally invasive surgery is desired. Large-scale randomized controlled trials are needed
to demonstrate the effectiveness of this minimally invasive approach.
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INTRODUCTION
Progress in science and medicine depends on new ideas
being developed, tested and introduced into mainstream
practice. Animal experimentation is used not only in
medicine and surgery but also in science, the pharmaceutical industry, the military and educational establishments. In medicine it is essential to establish beyond
doubt the safety of a drug, instrument or procedure before it even begins phase 1 of clinical trials. To establish
the safety of this heterogeneous range of treatments the
medical profession has frequently had no option but to
the use of live animals. Although this practice is highly
undesirable and many people are morally opposed to
these experiments, unless and until viable alternatives are
available legislation prevents the introduction of these
new drugs and procedures without this prior testing.
Indeed virtually all drugs and surgical treatments that are
in use today have been tested on animals.
Although the best treatment for liver tumour remains
surgical resection[1] the majority of patients are still affected by unresectable lesions. To these patients hepatic
ablation provides an opportunity to increase survival[2].
Experimental research over the last twenty years has seen
the development of a number of ablative modalities and

Abstract
Numerous techniques developed in medicine require
careful evaluation to determine their indications, limitations and potential side effects prior to their clinical
use. At present this generally involves the use of animal
models which is undesirable from an ethical standpoint,
requires complex and time-consuming authorization,
and is very expensive. This process is exemplified in
the development of hepatic ablation techniques, starting experiments on explanted livers and progressing
to safety and efficacy studies in living animals prior
to clinical studies. The two main approaches used are
ex vivo isolated non-perfused liver models and in vivo
animal models. Ex vivo non perfused models are less
expensive, easier to obtain but not suitable to study the
heat sink effect or experiments requiring several hours.
In vivo animal models closely resemble clinical subjects
but often are expensive and have small sample sizes
due to ethical guidelines. Isolated perfused ex vivo liver
models have been used to study drug toxicity, liver
failure, organ transplantation and hepatic ablation and
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several of these have been applied clinically[3,4]. Ablation
experiments are now focused to increase the diameter of
the ablation zone to achieve better tumor margins[5-12], or
to conduct safe ablations on lesions positioned close to
major vessels[13-16]. Numerous experimental models are
available, each with different advantages, disadvantages
and ethical implications. It is therefore imperative that
the researcher that wants to explore the field of experimental hepatic ablation is aware of their characteristics.

OBJECTIONS TO LIVE ANIMAL
EXPERIMENTS
Despite these advances and those that took place subsequently many people remained understandably opposed
to any form of live animal experimentation. Claude
Bernard was known as the “prince of vivisectors” and
the father of physiology[23] but ironically his wife Marie
Francoise Martin founded the first anti-vivisection society in France in 1883 and famously wrote in 1865 that
“the science of life is a superb and dazzlingly lighted hall
which may be reached only by passing through a long
and ghastly kitchen[23,24]. Opposition to animal experimentation continued and many eminent scientists voiced
their disapproval. Charles Darwin in 1871 wrote to Ray
Lancaster in reply and stated “You ask about my opinion
on vivisection. I quite agree that it is justifiable for real
investigations on physiology; but not for mere damnable
and detestable curiosity. It is a subject which makes me
sick with horror, so I will not say another word about it,
else I shall not sleep tonight”[25].
Objections to live animal experiments emerged in the
United States in the 1860’s and Henry Bergh founded
the American Society for the Prevention of Cruelty to
Animals. The first movement which specifically opposed
vivisection was the American Antivivisection Society,
which was founded in 1883. The continued opposition
to the use of animals together with the dramatic increase
in the number of procedure that were being performed
(in 2002 in the United Kingdom 2.7 million live animal
experiments were authorized and in the United States, it
is estimated that between 19 and 29 million experiments
were performed although exact estimates were difficult
because 90% of the animals were rats, mice and other
species recently exempt from legislation) encouraged
many researchers in science and medicine to seek other
methods to test drugs and procedures and much of this
ethos has been incorporated into legislation or guidelines. Although British law requires that any new drug be
tested on at least two different species of animals (one
must be a large non-rodent), United Kingdom regulations in respect of animal experimentation are very strict
and the Animals Act of 1986 requires that no animal experiments be conducted if there is a realistic alternative.
It also exhorts investigators to examine their research
carefully to determine the smallest number of animals
that may be used to answer the questions posed by the
research.
There remains however a dilemma with both ethical
and legislational dimensions. All scientists agree that animal experimentation is unacceptable if there is a viable
alternative but legislation will not allow the introduction
of new products without rigorous testing. In 1988, the
American Medical Association published a white paper
defending biomedical research in animals[26], and stated
that “In fact, virtually every advance in medical science

Historical background of animal
experimentation
The Greeks almost 2500 years ago described the earliest recorded animal experiments. Aristotle (384-322
BC), and Erasistratus (304-258 BC)[17,18] both performed
studies on live animals and in 2nd century Rome Galen
who is known as the father of vivisection dissected live
goats and pigs[19]. These studies continued into the Roman era and were then passed on to medical schools in
Arabia. The practice died out after this and was absent
completely in the Dark Ages only being revived in Italy
in the 16th century. Subsequently live animals have been
used throughout history to study a wide range of problems and to assess new treatments particularly drugs and
vaccines. In the 17th century, many pivotal discoveries
came to light because of these studies including the understanding of lung function and the circulation of the
blood. In the 1840’s general anesthesia emerged (initially
ether and chloroform) and it became possible to study
unconscious animals. In 1881, 250 experiments were carried out in Britain, the first year that records were kept
of the procedures carried out on animals. The following
year (1822) the first animal protection law was passed
in Britain and in 1876 the Cruelty to Animals Act came
into being and was the first law specifically designed to
regulate animal testing.
Many advances in our understanding did result from
these animal studies including those in basic science and
also medicine. These included Antoine Lavoisier demonstrating that respiration was a form of combustion using
guinea pigs in calorimeters[20], Stephen Hales measuring
blood pressure in the horses, and in the 1880’s Louis
Pasteur demonstrating the concept of “germs” by giving
anthrax to sheep[21]. Also in the 1880’s and 1890’s Emil
von Behring was able to isolate the diphtheria toxin and
not only demonstrate its effects in guinea pigs but also,
by 1898 produce immunity by the injection of a mixture of toxin and antitoxin, for which he was awarded
the Nobel Prize in Physiology and Medicine in 1901. In
1921 Banting ligated the pancreatic duct of dogs and
demonstrated that pancreatic isolates could be used to
keep these diabetic animals alive, and by 1922 working with John Macloed he isolated insulin from bovine
sources and famously treated Leonard Thompson, a
14-year-old diabetic boy with diabetes[22].
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in the 20th century, from antibiotics and vaccines to
antidepressant drugs and organ transplants, has been
achieved either directly or indirectly through the use of
animals in laboratory experiments”. In Europe European Centre for the Validation of Alternative Methods was
established in October 1991 by a communication from
the Commission to the Council and the Parliament. The
aim was to try and organize research and exchange information to limit the need for animal experimentation. As
defined in the communication it was felt that this could
be achieved in four ways: (1) to coordinate the validation
of alternative test methods at the European Union level;
(2) to act as a focal point for the exchange of information on the development of alternative test methods; (3)
to set up, maintain and manage a database on alternative
procedures; and (4) to promote dialogue between legislators, industries, biomedical scientists, consumer organizations and animal welfare groups, with a view to the
development, validation and international recognition of
alternative test methods.
Although there has been considerable progress in
these areas, notably with the use of fresh and cryo-preserved cells (particularly hepatocytes) problems remain
when it is necessary to investigate a treatment prior to its
use inpatients. The problem is particularly acute in the
field of biotechnology in which many of the devices that
are proposed and developed are potentially harmful and
effects in living tissue are essentially unknown. Today it
is certainly possible to computer model some of the effects (widely used in the pharmaceutical industry to predict the usefulness and safety of new drugs) but many
results remain unpredictable. Fresh tissue can be used
and will provide answers if the procedure takes a short
time and its effects and results do not rely on changes
(particularly at the cellular level) that require interaction
with living cells or evolve over a significant time period
(several hours or longer). Unfortunately many devices
do produce changes due to interaction with normally
vascularized tissue and frequently take prolonged periods
to produce effects. With these the only way to date that
the results could be examined in detail was in living animals. In addition although prototypes could be studied
in small animals instruments that have been developed
for human use because of their size can often only be
studied in large animals.

the liver (for primary or secondary tumors) containing
the tumour. The ablation techniques currently in place
for the treatment of liver tumors include radiofrequency
ablation (RFA), microwave ablation (MWA), cryotherapy,
percutaneous ethanol injection, high intensity focused
ultrasound, interstitial laser photocoagulation, electrolysis and bimodal electric tissue ablation[4]. The additional
availability of methods for real-time monitoring to ensure that a sufficient volume is ablated (to engulf the
tumor and reduce the likelihood of local recurrence)
has seen an upsurge in the number of procedures performed and the consequent emergence of survival data
that are very encouraging. In addition there is evidence
that ablative techniques produce immunologically active
components that may confer some extra survival advantage but also systemic effects with potentially harmful
consequences.
The development of any new hepatic ablative therapy is a long process that requires a detailed understanding of the basic physical and chemical properties of the
ablative modality and their application in clinical settings. It includes designing equipment suitable for clinical application, identifying methods of assessing tissue
response to ablation, optimizing treatment monitoring,
exploring local and systemic effect of the ablation, and
finally, demonstrating the safety and efficacy in humans.
Understanding of the tissue temperature changes and
radiological evolution of lesion generated by each ablative modality is crucial before it can be used in a clinical
setting. Further problems occur with some of the techniques that rely on temperature changes for their effectiveness. Particularly with RFA and MWA the effect can
be significantly attenuated in the vicinity of large blood
vessels due to the “heat sink effect” where the large flow
in the vessels conducts heat away sufficiently rapidly to
interfere with the treatment and potentially leave viable
tumor cells around these vessels. Flows within the hepatic vessels have been shown to reduce the ablative energy
via heat sink effects resulting in a greater energy requirement when ablating in close proximity to larger vessels
with an associated higher risk of vascular and bile duct
complications[15,27]. For the same reasons, thermal ablation techniques particularly are influenced by the effects
of the separate occlusion of the hepatic artery, portal
vein or both (Pringle maneuver). This delicate balance
between safety and efficacy of ablation has been the focus of many experimental studies[15,28,29].
One further attraction of ablative techniques is the
fact that they can often be performed percutaneously
or laparoscopically and considerable effort has been
expended in the development of suitable probes. These
probes can be complex and are generally modeled initially on computers to predict the likely outcome after the
delivery of a set amount of energy. Unfortunately the
alterations in tissue resistance and electrical and thermal
conductivity consequent upon the use of the probes,
together with the complex designs (and frequent use of
multiple probes or probes that assume unpredictable

LIVER ABLATION EXPERIMENTAL
MODELS
The number of patients with liver lesions, which are
potentially suitable for treatment, continues to rise with
advances in critical care, anesthesia, surgery and oncology. At present, the gold standard remains surgical resection that produces long-term survivors and cure in
a significant number of patients. The advent of laparoscopic resection has further widened the indications but
by far the most attractive concept remains ablation of
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shapes after deployment) means that to date it has been
essential to test the devices in animal models. These will
also be necessary to “calibrate” all new devices and produce standard dose-response curves, so that in addition
to real-time monitoring a prediction can be made about
the amount of energy that needs to be delivered to ablate a predetermined volume.
The increasing popularity and deployment of these
techniques means that to accomplish these aims would
require the use of a large number of experimental
animals, and because of this it is valuable to consider
whether there is an alternative approach that can produce reliable data of sufficient quality to facilitate the incorporation of these methods into clinical practice without the need for subsequent large animal studies. Ex vivo
perfused liver models have been developed recently for
the study of the hepatic toxicity of new pharmacological
agents[30-32], and in an attempt to improve the outcome
from organ transplantation. Organ transplantation models, which use pulsatile perfusion after harvesting, would
seem to offer an excellent alternative that could closely
mimic the in vivo situation and allow data to be collected
for up to 24 h. In a sufficiently well developed perfusion
model in which parameters can be accurately controlled
it seems likely that data generated would be genuinely
useful and achieve the aim of avoiding the use of live
animal models.

ablation with a set amount of energy. Furthermore detailed studies of the cellular changes in the ablated area
cannot be conducted due to the ischemia produced by
explantation and the rapid cessation of metabolic and
physiochemical processes.

IN VIVO MODELS
In view of the limitation of ex vivo models particularly
with respect to the absence of blood flow, in vivo animal
models have been widely used for the study of hepatic
ablation. Data generated from these studies are very
reliable and the close similarity to results in humans allows the experience to be directly transferred to clinical
practice. Small laboratory animal models such as murine
models are easier to handle but have significant differences in organ size, function and anatomy compared to
the human liver. The relatively small organ size also limits the number of ablations that can be carried out per
liver. In contrast, in vivo porcine liver closely resembles
human livers in size, vascularity and metabolic function
and although the shape is different the organ is also
lobulated in a similar way to the human liver. This allows
comparisons to be drawn with respect of the positioning
of probes, real dosage levels and consequences of treatment. The result is that the porcine model is by far the
most commonly used at present for the final evaluation
of all ablative techniques.
The two major approaches to date for the study of
hepatic ablation in animals, ex vivo non-perfused liver
models and in vivo animal studies, and their respective
advantages and limitations are compared in Table 1. A
number of studies have been carried out simultaneously
on in vivo and ex vivo non-perfused models to try and assess the magnitude of the changes produced and also to
evaluate the specific differences. The volume of the ablated regions is always significantly smaller in the in vivo
models when similar energy of ablation is applied[5,38,39].
These findings can probably be attributed to the presence of vascular flow, which removes some of the energy (heat) during the treatment in the in vivo models and
hence these models are used to examine the influence
of vascular occlusion on the size of ablated area. In vivo
models also allow histological study of different zones,
and the evolution of these zones in lesions generated by
thermal ablations.
Results generated from in vivo models are directly
transferable to clinical practice and are at present the
gold standard for pre-clinical experimental studies of
hepatic ablation. However the use of living animals requires specific laboratory facilities and research teams
with expertise in anesthetizing and handling different
species. The size and temperament of larger animal
models such as porcine and bovine models poses practical problems when animals need to be anesthetized,
moved or examined post-procedure (particularly if
blood sampling is required).

EX VIVO NON-PERFUSED MODELS
The most commonly used model for the study of hepatic ablation is liver explanted from animals. Bovine
and porcine livers are most frequently used because of
their similarity to human livers in terms of size and density, and because they are farm animals that are readily
available and inexpensive. In addition long-term use has
resulted in a familiarity with the animals’ anatomy that
is essential in studies on the liver where the lobulation
and blood supply are an important determinants of outcome. Although the organ is not perfused the position
of the ablation in respect of vessels and bile ducts remains important. Their size also allows a number of ablations to be carried out on each individual model, which
minimizes the number of animals required.
These models can be used to examine the relationship between ablative energy and lesion size, to assess
the effect of different antenna configurations on lesion
size and to study the dielectric properties of liver tissues[33-36]. Crocetti et al[37] used ex vivo calf livers to assess
the feasibility and validity of fusion imaging that combines ultrasound and computed tomography in the monitoring of RFA. Unfortunately the results of this study
were not directly transferable to the clinical setting because of the absence of respiratory excursion and subject motions of this model. The absence of perfusion
within ex vivo models also limits their ability to assess the
effect of blood flow on the size of the lesion created by
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Table 1 Advantages and limitations of ex vivo and in vivo models for experimental study of hepatic ablation
Models
Ex vivo
(non
perfused)
models

In vivo
models

Applications

Advantages

Limitations

Compare the efficacy of different
antenna configurations
Trial of different energy setting

Allow histological examination of whole
lesion to study zones of ablation
Cheap
Larger study sample size
Easy to manipulate during experiment
Does not require ethical approval/animal
license
Small animals
Easier to handle
Cheaper

Non-physiological

Study of lesion evolution over time
Histological examination of lesion
Study of heat sink effect and the
effect of bile duct cooling
Study of systemic responses to
ablation
Study of the effect of large volume
ablation (in larger animals)

Ability to have larger sample size

Homogenous parenchyma
Absence of respiratory excursion and subject motions
Lack of cooling effect secondary to tissue perfusion
Unable to study heat sink effect

Small animals
Small volume of liver
Limit number of ablation on each liver
Not suitable for the study of large volume ablation

Large animals
Large animals
Closer resemblance to human liver in terms Size and temperament poses challenges during anesthesia
of size and physiology
More ablations can be carried out in each
Difficult vascular access in porcine models
liver
Also limited by strict ethic regulation
Small study sample size

Isolated Study of lesion evolution over time
Cheaper than in vivo experiments
Study of heat sink effect and the
Sophisticated and accurate manipulation of
perfused
effect of bile duct cooling
hepatic inflow (e.g., Pringle manoeuvre)
ex vivo
Study of early inflammatory
Does not require ethical approval
liver
response
models
Greater control of perfusion characteristics
(e.g., portal vein and hepatic arterial flows
and pressures)

Perfusion circuit itself may activate some degree of
systemic response

studies have been conducted subsequently to establish
valid models of liver perfusion using asanguineous perfusates or autologous blood[41,48-50]. These models have
been used for physiological research, treatment of liver
failure, studies of metabolism and toxicity of new pharmacological compounds and in transplant units for the
recovery and preservation of organs, which are to be
implanted[51-53]. Hildebrand et al[54] have advocated the
use of a perfused ex vivo liver model for the training in
laparoscopic RFA.
For the ex vivo perfused model the main limitation is
the limited lifespan and the determination of intervals
during this lifespan when valid data can be extracted.
Nevertheless perfusion models, and particularly those
using autologous blood and pulsatile perfusions, have
become very sophisticated and physiological parameters
can be very accurately maintained for many hours. The
interaction of blood with non-biological surfaces of the
perfusion circuit does activate a number of biological
pathways producing some degree of systemic response
and interpretation of responses to ablation will have to
take these into account. However the response will be
the same for each experiment and should not interfere
with comparisons of different dose responses or different modalities[55]. The absence of other interacting

EX VIVO PERFUSED MODELS
Ex vivo non-perfused and in vivo models have significant
advantages with respect to specific scientific questions
but an alternative model, the isolated perfused ex vivo
model, theoretically would have most of the advantages
of both. A normothermic liver perfusion system using
autologous blood maintains physiological and metabolic functions and the hemodynamic changes resemble
those of in vivo models with good preservation of liver
architecture[40-42]. The organ would be perfused over a
number of hours, and within this period valuable data
could be produced within a relatively inexpensive model
with no ethical problems and no requirement for licensing (Table 1)[43-45]. This should permit the histological
study of lesions generated by hepatic thermal ablation,
real-time monitoring of the evolution of the lesions and
experiments designed to study the “heat sink” effect
with different modalities. In addition, with a sufficiently
sophisticated and stable model it should also be possible
(by venous sampling) to study the early inflammatory
responses following hepatic ablation[44,46].
Liver perfusion studies date back as far as the 19th
century when they were first performed for research
on physiological function of the liver[47]. A number of
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organs may also affect the extent of systemic responses
following hepatic ablation but this model still potentially
represents an exciting new method of studying these
new devices while avoiding the need to use live animals.
The true potential and weakness of an isolated perfused
liver model for the study of hepatic ablation remain to
be seen (and will be determined by future research) but
recent advances have certainly developed the model to
the stage that merits this research[56].

4

5

6

FUTURE DIRECTIONS AND ADVANCES
7

To overcome the limitations of disconnecting the liver
from the remaining organs, Chung et al[56] recently created the first multiorgan ex vivo perfused model in which
the liver was serially connected with the kidney. The viability of both organs and the inflammatory reaction elicited have been investigated in two separate studies[56,57].
The addition of the kidney to the circuit improved the
biochemical milieu of the circuit and consented a more
physiological environment for those experiments requiring strict conditions[57]. At the same time, the combination of two organs in the circuit did not increase the
cytokine production compared to the classic “liver-alone”
circuit[56] and therefore could be used to test the inflammatory reaction produced by ablative techniques[44] without significant interferences by the newly added organ.

8

9

10

CONCLUSION
The key advantages of isolated perfused liver models are
the avoidance of live animal experiments, the ability to
control accurately physiological parameters and to analyze morphological changes following hepatic ablation.
In addition detailed study of the “heat sink” effect and
changes consequent upon bile duct perfusion can be assessed. Other organs and tissues from the same animals
from which the livers are procured can also be used
in other research leading to an overall reduction in the
number of animals required. Validation of the role of
isolated perfused liver models for experimental studies
of hepatic ablation is essential to establish their position
in this field of research.
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Clinicopathological characteristics in the differential
diagnosis of hepatoid adenocarcinoma: A literature review
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raise the suspicion of HAC, and characteristic pathological immunohistochemical stains can help with the differential diagnosis. Novel immunohistochemical markers
may be useful to clearly differentiate HAC from HCC.
Once metastatic HAC is diagnosed, the primary tumor
origin should be identified for adequate treatment. The
majority of HAC originates from the stomach, so panendoscopy should be arranged first.
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INTRODUCTION
Abstract

Hepatoid adenocarcinoma (HAC) is a rare but important
special type of extrahepatic adenocarcinoma with clinicopathological presentation mimicking hepatocellular carcinoma (HCC). HAC was first reported as an α fetoprotein
(AFP)-producing tumor in 1970[1], and Ishikura et al[2,3], in
a report of seven AFP-producing gastric adenocarcinomas (GAC), proposed the term hepatoid adenocarcinoma
due to the high AFP levels, ranging from 4730 to 700  000
ng/mL in serum. A serum AFP level higher than 200 ng/
mL has been one of the screening criteria for HCC in international guidelines, and HCC may be diagnosed when
liver tumors with high serum AFP are found among patients with liver cirrhosis[4,5]. Because of high serum AFP
levels among patients with HAC, identification of tumor
origin may be difficult, especially when liver tumors aris-

Hepatoid adenocarcinoma (HAC) is a rare but important special type of extrahepatic adenocarcinoma with
clinicopathological presentation mimicking hepatocellular carcinoma (HCC), and prompt and correct diagnosis
can be a challenge, especially in endemic areas with
a high incidence of HCC. To date, HAC has only been
reported in case series or single case reports, so we
aimed to review the clinicopathological characteristics
of HAC to obtain a more complete picture of this rare
form of extrahepatic adenocarcinoma. All the articles
about HAC published from 2001 to 2011 were reviewed, and clinicopathological findings were extracted
for analysis. A late middle-aged male with high serum
α-fetoprotein and atypical image finding of HCC should
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ing from HAC metastasis are initially found. Distinguishing between HAC and HCC is important, especially in areas with a high incidence of chronic hepatitis B, chronic
hepatitis C and HCC.
HAC can originate from different organs such as the
stomach[6], gallbladder[7], colon[8], lung[9] and urinary bladder[10], and the stomach is the most common origin of
tumors in the literature. Finding the primary tumor origin
of HAC is crucial, and prompt and adequate treatment
may improve outcomes of patients. However, HCC with
various extrahepatic metastases such as to the stomach
has been reported[11], and determining the tumor origin
may become a challenge for physicians, especially when
clinicopathological findings of liver tumors are not typical
for HCC. Pathological findings in immunohistochemical (IHC) stains may help in the differential diagnosis of
HAC, and some specific IHC stains such as cytokeratin
(CK)19, AFP, Hep-Par 1 and palate, lung, and nasal epithelium carcinoma-associated protein (PLUNC) have
been used in the literature[12]. A systemic literature review
regarding differential diagnosis of HAC by IHC stains is
lacking, and the IHC presentations of HAC, HCC and
common GAC (except HAC) are compared in this review.
The majority of HAC originates from the stomach,
and the incidence of gastric HAC among GAC cases was
reported to be 0.3%-1% in some recent articles[6,13,14]. The
clinical features of gastric HAC are old age, aggressive
clinical course, poor survival and frequent metastasis to
the liver and lymph nodes, and data have suggested that
HAC of the stomach has a poorer prognosis than common GAC[14]. Detection of tumors in the early stage,
followed by surgical resection is still considered to be the
only way to cure HAC. Because clinical presentations of
HAC differ from those of common GAC, studies focusing on gastric HAC may be important in the future, and
clinical characteristics may provide useful clues for further
research. Moreover, a review of HAC originating from organs other than stomach is still lacking. To date, HAC has
only been reported in case series or single case reports, so
we aimed to review the clinicopathological characteristics
of HAC to obtain a more complete picture of this rare
form of extrahepatic adenocarcinoma.

literature search. Among the 98 articles, 32 were excluded
because the diagnosis was not confirmed as HAC, and 13
were excluded because the full text was not available. In
total, 217 patients with HAC were included in our review.
(All 53 reviewed articles are listed in Supplementary References online).

CLINICAL CHARACTERISTICS
The clinical features of HAC cases are summarized in
Table 1. Most HAC originated from the stomach (83.9%),
and origins other than the stomach, including gallbladder (3.7%), uterus (3.2%), lung (2.3%) and urinary bladder (1.8%), were rare. Moreover, HAC originating from
the esophagus and peritoneum was very rare (0.9%), and
HACs of the rectum, transverse colon, testis, ovary, jejunum or ureter were only reported in single case report
form (< 0.5%). The mean age of HAC patients was 63.0
± 12.8 years, with a range of 21 to 100 years. Patients with
HAC were usually male and the male-to-female ratio was
2.3:1. Most patients had elevated serum AFP (84.8%),
with a range from less than 1.0 to 475  000 ng/mL.
When HAC was diagnosed, metastases from original
organs were usually found. The most common sites of
metastasis were lymph nodes (57.5%), followed by liver
(46.3%) and lung (3.4%) metastasis. Liver and gastric tumors were often found simultaneously, and liver tumors
could be detected before gastric tumors. As in common
gastric cancer, surgical resection was the primary curative
treatment in HAC. Most patients received surgical resection (80.2%), even when lymph node or distant metastases
were found. In addition, about half of patients (52.1%)
received adjuvant chemotherapy following surgical resection. In our literature review, survival data were not
reported for all patients, but we were able to analyze data
from 125 cases with various tumor origins. The median
survival of all HAC patients was 12 mo, and 64 (51.2%)
patients died within the first 12 mo.

PATHOLOGICAL CHARACTERISTICS
Hematoxylin and eosin stain
HAC usually showed morphologic similarity to HCC
in histology, and polygonal tumor cells were found in
hematoxylin and eosin (HE) stains. Polygonal tumor
cells proliferating in both trabecular and intestinal-like
structures could be found (Figure 1), but definite diagnosis of HAC was difficult only based on findings in
histology. Further IHC stains were usually done for differential diagnosis.

LITERATURE REVIEW
All articles cited in the Medline/PubMed database from
January 2001 to December 2011 were searched to identify
relevant medical literature, and the search terms included
“hepatoid adenocarcinoma”, “AFP-producing tumor”,
“α fetoprotein-producing tumor” and “α fetoproteinproducing gastric cancer”. In addition, a manual search
of all relevant articles was conducted. All studies with full
text were included. The search limits were: (1) type of article: all types; (2) languages: English; (3) species: humans;
(4) sexes: both male and female; (5) subsets: all types and
fields; (6) ages: all ages; and (7) search field tags: titles.
Studies without pathological confirmation of HAC or
without clinical data were excluded.
A total of 98 articles were initially identified from the
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Immunohistochemical staining
The major IHC presentations of HAC tumor tissues are
depicted in Table 2. Positive AFP stains (Figure 2A) were
found in the majority of HAC (91.6%), but positive Hep
Par 1 stains were only found in some HAC patients (38.1%)
(Figure 2B). In addition, positive carcinoembryonic antigen (CEA) stains were found in most HAC patients
(78.7%). Among epithelial markers, all HAC tumors were
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217 (100)
182 (83.9)
8 (3.7)
7 (3.2)
5 (2.3)
4 (1.8)
2 (0.9)
2 (0.9)
1 (< 0.5)
1 (< 0.5)
1 (< 0.5)
1 (< 0.5)
1 (< 0.5)
1 (< 0.5)
1 (< 0.5)

135 (194)
121 (159)
2
–
4
4
1
1
1
1
–
–
–
–
–

2.3:1
3.2:1
1:03
–
4:01
–
1:01
1:01
–
–
–
–
–
–
–

Ratio
M:F
63 (21–100)
63.3 (28–100)
66.1 (55–76)
69.4 (61–86)
54.8 (49–68)
70 (61–85)
60 (44–76)
46.5 (21–72)
47
36
59
40
59
50
80

Age (range),
yr
78 (84.8)
56 (87.5)
3 (75)
7 (100)
2 (60)
4 (100)
0 (0)
1 (50)
1 (100)
1 (100)
1 (100)
1 (100)
NA
1 (100)
NA

Elevated serum
AFP
122 (57.5)
115 (63.9)
2 (28.6)
2 (28.6)
2 (40)
NA
0 (0)
1 (50)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)

Lymph node
metastasis
94 (46.3)
84 (48.8)
3 (42.9)
2 (28.6)
1 (20)
NA
1 (50)
1 (50)
0 (0)
0 (0)
0 (0)
0 (0)
1 (100)
0 (0)
1 (100)

Liver
metastasis

696

Number

217 (100)
182 (83.9)
8 (3.7)
7 (3.2)
5 (2.3)
4 (1.8)
2 (0.9)
2 (0.9)
1 (< 0.5)
1 (< 0.5)
1 (< 0.5)
1 (< 0.5)
1 (< 0.5)
1 (< 0.5)
1 (< 0.5)

AFP

177 (91.6)
156 (90.6)
5 (83.3)
6 (85.7)
4 (100)
4 (100)
2 (100)
1 (50)
NA
1 (100)
1 (100)
1 (100)
NA
1 (100)
1 (100)

24 (38.1)
12 (26.7)
4 (66.7)
NA
0 (0)
4 (100)
1 (50)
1 (100)
NA
0 (0)
NA
1 (100)
NA
1 (100)
NA

Hep Par1

CEA
37 (78.7)
27 (75.0)
3 (75)
1 (100)
1 (100)
4 (100)
NA
NA
NA
NA
1 (100)
NA
NA
NA
NA

CK18
22 (100)
17 (100)
1 (100)
NA
1 (100)
NA
NA
1 (100)
NA
NA
NA
1 (100)
NA
1 (100)
NA

CK19
27 (100)
16 (100)
6 (100)
NA
1 (100)
NA
NA
NA
NA
NA
NA
1 (100)
1 (100)
1 (100)
1 (100)

6 (28.6)
5 (38.5)
0 (0)
NA
1 (50)
NA
NA
0 (0)
NA
NA
NA
0 (0)
NA
0 (0)
0 (0)

CK20

4 (15.4)
0 (0)
2 (33.3)
NA
2 (0)
NA
NA
NA
NA
NA
NA
0 (0)
NA
0 (0)
NA

CK7

12 (92.3)
10 (100)
1 (100)
NA
NA
NA
NA
1 (50)
0 (0)
NA
NA
NA
NA
NA
NA

AE1/AE3

16 (7.9)
9 (5.2)
1 (14.3)
1 (14.3)
2 (40)
NA
0 (0)
0 (0)
1 (100)
0 (0)
1 (100)
0 (0)
0 (0)
0 (0)
1 (100)

10 (91)
7 (87.5)
1 (100)
NA
NA
NA
2 (100)
NA
NA
NA
NA
NA
NA
NA
NA

α1-AT

138 (80.2)
107 (77.5)
7 (100)
7 (100)
5 (100)
4 (100)
2 (100)
1 (50)
0 (0)
1 (100)
0 (0)
1 (100)
1 (100)
1 (100)
1 (100)

Operation

5 (62.5)
0 (0)
3 (100)
1 (100)
1 (100)
NA
NA
NA
NA
NA
NA
NA
NA
NA
0 (0)

CD10

49 (52.1)
34 (50)
2 (28.6)
5 (71.4)
2 (50)
NA
1 (50)
2 (100)
1 (100)
NA
1 (100)
NA
1 (100)
NA
0 (0)

10 (100)
10 (100)
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

GPC3

12 (1.2-66)
13 (1.2-66)
12 (5-20)
22 (12-36)
15 (2-45)
19 (12-26)
N/A
6
N/A
28
N/A
N/A
N/A
N/A
N/A

Chemotherapy Median survival
(range), mo

CEA: Carcinoembryonic antigen; CK: Cytokeratin; AE1/AE3: Anti-pancytokeratin AE1/AE3; CD10: Cluster of differentiation 10; α1-AT: α1-Antitrypsin; GPC-3: Glypican 3; AFP: α-fetoprotein; NA: Not available.

Total
Stomach
Gallbladder
Uterus
Lung
Urinary bladder
Esophagus
Peritoneum
Retroperitoneum
Testis
Ovary
Jejunum
Transverse colon
Rectum
Ureter

7 (3.4)
5 (2.9)
0 (0)
1 (14.3)
NA
NA
0 (0)
0 (0)
0 (0)
1 (100)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)

Lung metastasis Other metastasis

Table 2 Immunohistochemical staining characteristics of patients with hepatoid adenocarcinoma in the literature review n (%)

59 (194)
38 (159)
6
7
1
–
1
1
–
–
1
1
1
1
1

Male (total), n Female (total), n

AFP: α-fetoprotein; NA: Not available.

Total
Stomach
Gallbladder
Uterus
Lung
Urinary bladder
Esophagus
Peritoneum
Retroperitoneum
Testis
Ovary
Jejunum
Transverse colon
Rectum
Ureter

Number

Table 1 Clinical characteristics of patients with hepatoid adenocarcinoma in the literature review n (%)
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A

B

C

Figure 1 Presentations of hematoxylin and eosin stains: Gastric hepatoid adenocarcinoma. A: Polygonal cells with glandular pattern; B: Trabecular pattern; C:
Metastatic liver tumor tissue from gastric hepatoid adenocarcinoma showed focal glandular pattern (arrows).

A

B

C

Figure 2 Presentations of immunohistochemical stains: Gastric hepatoid adenocarcinoma. A: Positive finding in α fetoprotein stain; B: Metastatic liver tumor
tissue from gastric hepatoid adenocarcinoma showed negative for Hep Par 1 stain; C: Metastatic liver tumor tissue from gastric hepatoid adenocarcinoma showed
positive for glypican 3 stain.

positive for both CK18 and CK19 stains (100%), and
only a small proportion of HAC patients showed positive
stains for CK20 (25%) and CK7 (15.4%). High proportions of HAC tumors were positive for pancytokeratin
(AE1/AE3) stain (92.3%) and α1-antitrypsin (α1-AT)
stain (91%), and 62.5% of HAC patients were positive for
CD10 antigen. In addition, positive glypican 3 (GPC-3)
staining (Figure 2C) was found in all HAC patients (100%).

ditions including HAC, so AFP is not suggested for diagnosis of HCC nowadays[18]. Diagnosis of HCC should
be based on dynamic image studies (such as computed
tomography or magnetic resonance imaging) and/or liver
tumor biopsy, and the typical dynamic image of HCC
shows intense arterial uptake followed by “washout” of
contrast in the venous and/or delayed phases[18]. Even in
liver tumors with elevated AFP, secondary malignancies
still should be considered especially when the presentations of imaging studies are atypical, and liver tumor biopsy is recommended for differential diagnosis. In addition, risk factors such as liver cirrhosis, chronic hepatitis
B or chronic hepatitis C infection can usually be found
among patients with HCC, but those risk factors may
not be observed among patients with HAC. Once AFPproducing metastatic liver tumors are found, an intensive
search for primary tumor origin should be initiated.
HAC is a very aggressive neoplasm with metastasis
in a high proportion of patients at the time of diagnosis. Lymph nodes and the liver are the most common
sites of metastasis. Once metastatic HAC is suspected,
panendoscopy should be arranged because the stomach
is the most common origin of HAC. HCC with metastasis to the stomach has been reported[11], and a clinical
challenge of differentiating primary tumor origin arises
when liver and gastric tumors are found simultaneously.
Pathology markers, especially IHC stains, may provide
clues to make a correct diagnosis. In addition, finding
the tumor origin may be challenging when no tumor can
be detected in the liver and/or stomach, so other organs

DIFFERENTIAL DIAGNOSIS
Clinical presentation
Although the stomach is the most common origin of
HAC, the clinical presentation of HAC may vary greatly
depending on the anatomic location of the tumor.
Among gastric HAC cases, clinical symptoms were usually non-specific, such as fatigue, weight loss, nausea, poor
appetite, emesis, diarrhea, epigastric distress, epigastric
mass, abdominal pain or abdominal distension[15-17]. It is
difficult to make a differential diagnosis from the clinical
symptoms alone.
HAC is usually found in late middle-aged males, and
elevated serum AFP is commonly noted among patients
with HAC. Due to similar clinicopathological features,
HAC may closely resemble and even be indistinguishable from HCC. Serum AFP has long been used for the
screening and diagnosis of HCC, and high AFP in HAC
may confuse physicians[4,5]. HAC may be incorrectly diagnosed as HCC, especially in endemic areas with a high
incidence of HCC. AFP may be elevated in various con-

WCG|www.wjgnet.com

697

January 28, 2014|First Edition|

Su JS et al . Differential diagnosis of hepatoid adenocarcinoma

ential diagnosis between HAC and HCC (Figure 2B), but
some HAC tumors can still present with positive staining.
In addition, although a low percentage of gastric HAC
was stained positive for Hep Par 1 (Table 2), high percentages of non-gastric HAC such as HAC of the gallbladder
and urinary bladder were stained positive. However, due
to the small case numbers of non-gastric HAC, large cohort studies are needed to confirm this finding. Moreover,
other tumors such as adrenal cortical carcinoma, yolk sac
tumor, colonic adenocarcinoma, lung carcinoma, ovarian
carcinoma and endocervical adenocarcinoma may be occasionally positive for Hep Par 1 stain[22].
The proportion of HAC with a positive CEA stain
was high in both gastric (75%) and non-gastric HAC
(75%-100%), but it can also be positive in HCC and other metastatic adenocarcinoma of the liver[23] arising from
the gastrointestinal tract such as the colon[24,25], stomach[26]
and pancreas[27]. Among epithelial markers, AE1/AE3,
CK18 and CK19 are usually positive for HAC (92.3%,
100% and 100%, respectively), but the proportions of
positive CK20 and CK7 stains are low (25% and 15.4%,
respectively). CK7 and CK20 have diagnostic value in
differentiating the tumors of unknown primary sites,
and epithelial neoplasms with negative staining for CK7
and CK20 include adrenal cortical carcinoma, germ cell
tumor, prostate carcinoma, renal cell carcinoma, and
HCC[28]. In the differential diagnosis between HAC and
HCC for AFP-producing liver tumors, HAC is strongly
suggested if AE1/AE3, CK18 and C19 stains show
strong positive findings.
Regarding other IHC stains for HAC such as α1-AT,
1-antichemotrypsin,
CD10, CDX2, MUC1, PLUNC
α
and GPC-3 have been reported to be promising in the
differential diagnosis of HAC[12]. For example, Sentani et
al[29] reported that positive PLUNC staining was observed
in all six gastric HAC, and PLUNC staining was also
detected in both liver metastases. Furthermore, PLUNC
staining was not observed in 52 cases of HCC, and it was
a novel marker that might well distinguish HAC from
HCC. However, case numbers in the literature were small
(Table 2), and further studies to confirm sensitivity and
specificity will be crucial.
In Table 3, we summarize and compare positive rates
of commonly-used key IHC stains among HCC, HAC,
and common GAC (except HAC) from our literature
review[16,29-36] of the most common clinical malignancies
needing differential diagnosis. Although the AFP stain
can be positive in both HCC and HAC, it is overwhelmingly positive in HAC (91.6%) in our review. In other
words, tumors with a negative AFP stain are rare in
HAC, and they usually do not indicate HAC. Moreover,
AFP staining is almost always negative in common GAC
(0%-0.8%) in the literature, and it may be a useful tool to
confirm HAC-type GAC. Similar to the AFP stain, the
GPC-3 stain can be used in the differential diagnosis because of its low positive rate in common GAC but high
positive rate in HAC (Figure 2C). However, although
GPC-3 and AFP stains can be positive in both HCC and

Table 3 Comparison of positive rates of commonlyused key immunohistochemical stains in hepatocellular
carcinoma, hepatoid adenocarcinoma, and common gastric
adenocarcinoma
IHC stains
AFP
GPC-3
Hep Par 1
CK19

HCC

1

8.2%-37%
84%
73%-93%
8.2%-15%

HAC

2

92.1%
100%
38.1%
100%

3,4

Common GAC

0%-0.8%
3.4%
4%-47%
83.6%-89.7%

IHC: Immunohistochemical; HCC: Hepatocellular carcinoma; HAC:
Hepatoid adenocarcinoma; GAC: Gastric adenocarcinoma. 1HCC: AFP
stain in 218 cases[16,29,30], GPC-3 stain in 56 cases[30], Hep Par 1 stain in 308
cases[16,29-32] and CK19 stain in 233 cases[16,29,33]; 2HAC data source: Data
based on our review in Table 2; 3Common GAC data source: AFP stain in
122 cases[34,35], GPC-3 stain in 118 cases[35], Hep Par 1 stain in 108 cases[22,32],
CK19 stain in 384 cases[33,36]; 4Common GAC means GAC except HAC.

such as the gallbladder, urogenital tract, lung and intestine should be carefully checked.
As a result of the high rate of metastasis and a disappointing response to chemotherapy in HAC, poor patient
survival can be predicted. Data have suggested that HAC
has a poorer prognosis than more common types of tumors[14], and more than half of patients died within the
first 12 mo in our literature review. There has been no
systemic therapy proven to be effective for HAC until
now, but target therapy such as sorafenib is recommended as a standard treatment in HCC with extrahepatic metastasis to prolong patient survival[18].
Pathological presentation
Because HAC bears a striking morphologic similarity to
HCC in histology and IHC stains, HCC could be mistakenly diagnosed when liver tumors are the only initial finding, especially in regions with a high incidence of HCC.
However, HAC and HCC differ in histologic presentation, and specific findings suggesting HAC may provide
important clues. Kodama et al[19] described two histologic
types of HAC: one was the medullary type, characterized
by polygonal cells arranged in a solid nest or sheets, with
scattered large pleomorphic or multinucleated giant cells,
and the other was well-differentiated papillary or tubular
type with clear cytoplasm. However, two types of HAC
sometimes coexist in a single tumor. If polygonal tumor
cells proliferating in both trabecular and intestinal-like
structures are found in HE staining, HAC should be considered (Figure 1).
HAC usually secretes some special chemomediators,
so it could be characterized by some IHC stains (Table
2). As an AFP-producing tumor, HAC is commonly >
90% stained for AFP regardless of organ origin (Figure
2A). Although AFP is a characteristic stain for identifying
HAC, it can also cause confusion in differentiating HAC
from HCC. AFP, a well-known tumor marker of HCC, is
usually secreted by HCC and gonadal tumors, and AFP
can be positive in tissues of these tumors[20,21]. Hep Par 1,
a highly specific marker of HCC, may help in the differ-
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HAC, HCC with a negative AFP stain may be confirmed
by GPC-3 staining. Hep Par 1 is another important stain
with a high positive rate in HCC, but it can also be positive in some HAC (38.1%) in our review. The Hep Par
1 stain is usually negative in common GAC, and liver
tumors with a negative Hep Par 1 stain suggest metastasis from other origins such as the stomach. Epithelial
marker CK19 stain has an almost 100% positive rate in
HAC, and it is also frequently positive in common GAC.
However, the positive rate of CK19 in HCC is very low,
and HCC is usually not suggested with a positive CK19
stain in liver tumors. In summary, HAC is a special type
of extrahepatic adenocarcinoma with pathological presentation mimicking HCC, and HAC should be suspected
once polygonal tumor cells proliferating in both trabecular and intestinal-like structures are found in HE staining.
There is no single IHC stain that can completely differentiate HAC from HCC, and a panel of IHC stains, such
as CK19, PLUNC, Hap-Par 1 and CEA, with detailed
clinical history and endoscopic findings are essential for
definitive diagnosis.

6

7

8

9

10
11

CONCLUSION

12

HAC is a rare but important special type of extrahepatic
adenocarcinoma with clinicopathological presentation
mimicking HCC, and prompt and correct diagnosis can
be a challenge, especially in endemic areas with a high
incidence of HCC. A late middle-aged male with high
serum AFP and atypical image findings of HCC should
raise the suspicion of HAC, and characteristic pathological IHC stains can help in differential diagnosis. Novel
IHC markers may be useful to clearly differentiate HAC
from HCC. Once metastatic HAC is diagnosed, a search
for the primary tumor origin should be initiated for adequate treatment. The majority of HAC arise from the
stomach, so panendoscopy should be arranged first.
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INTRODUCTION
The incidence of hepatocellular carcinoma (HCC) is rising worldwide being currently the fifth most common
cancer and third cause of cancer-related mortality[1]. HCC
accounts for more than 90% of primary liver cancers,
and it usually arises in the setting of long-term underlying
liver disease. In fact, HCC is now the first cause of death
among cirrhotic patients[2]. According to the Barcelona
Clinic Liver Cancer (BCLC) algorithm, HCC can be classified into 5 stages when considering variables related to
tumor burden, liver function and health status. Additionally, this algorithm links tumor stage with a specific treatment strategy[3]. Despite recent advancements in HCC
management such as the introduction of the molecular
targeted agent sorafenib for advanced stages[4], the mainstream potential curative therapies in HCC are still resection, transplantation and percutaneous ablation.
HCC surveillance programs for cirrhotic patients
have enabled the identification of small nodules with
higher frequency[5], and nowadays account for 10%-15%
of patients diagnosed in the West and almost 30% in
Japan[6]. “Small HCC” is a term frequently used to define
tumors less than 2 cm in diameter. This cut-off is based

Abstract
The incidence of hepatocellular carcinoma (HCC) is rising worldwide being currently the fifth most common
cancer and third cause of cancer-related mortality.
Early detection of HCC through surveillance programs
have enabled the identification of small nodules with
higher frequency, and nowadays account for 10%-15%
of patients diagnosed in the West and almost 30% in
Japan. Patients with small HCC can be candidates for
potential curative treatments: liver transplantation, surgical resection and percutaneous ablation, depending
on the presence of portal hypertension and co-morbidities. This review will analyze recent advancements in
the clinical management of these individuals, focusing
on issues related to the role of portal hypertension, the
debate between resection and ablative therapies and
the future impact of molecular technologies.
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on the outstanding outcomes of patients with these tumors treated with surgical resection when compared to
those with larger ones[7]. However, small HCC can be
two different entities in pathology: vaguely and distinctly
nodular[7]. Vaguely nodular tumors are well-differentiated
without local invasiveness and around 12 mm in size;
whereas distinctly nodular are frequently larger (16 mm)
and often show local invasiveness features such as microvascular invasion[8]. European Association for the Study
of the Liver (EASL) and American Association for the
Society of Liver Diseases (AASLD) guideless for HCC
management enables an accurate diagnosis of tumors
larger than 1 cm in cirrhotic livers when a dynamic imaging technique [computed tomographic (CT) or magnetic
resonance (MR)] show the so-called “hallmark” features
of HCC: uptake in the arterial phase with early wash-out
in the portal phase[9]. For nodules between 1-2 cm, this
criterion is still maintained particularly in referral centers
with a dense experience in HCC management. In case
these imaging features are absent, diagnosis still requires
a biopsy. According to the BCLC algorithm, patients with
small HCC can be candidates for potential curative treatments, depending on portal hypertension and co-morbidities. This short review will analyze recent advancements
in the clinical management of these individuals, focusing
on issues related to the role of portal hypertension, the
debate between resection and ablative therapies and the
future impact of molecular technologies.

pertension (CSPH) was 70% at 5 years, while it dropped
to 25%-50% in patients with CSPH[3]. In addition, even
small increases in bilirubin, above the 1 mg/dL cutoff,
were also independently associated with increased mortality. The impact of PH-related variables on the risk of
post-operative liver failure and mortality has been confirmed in many Western and in Eastern series[3,12-24] (Table
1). In these studies 3-year survival was in mean 59%
(range: 45%-71%) in patients with clinical signs of portal
hypertension, while it increased to 72% (62%-81%) in patients without any clinical sign of the syndrome. A similar difference is observed analyzing post-opertative liver
decompensation and 5-year survival, and similar results
were obtained in a Japanese cohort of resected HCC[25].
Overall these data show that even if the presence of
CSPH is not an absolute contraindication for performing liver resection for HCC, it clearly increases the risk
of post-operative complications and death, suggesting
that other available options such as liver transplantation
(see below) should be considered in this subgroup of
patients. Hence, the best candidates for surgical resection
are patients with solitary tumors, preserved liver function
and absence of CSPH. Consequently, the European and
American Associations for the study of the Liver (EASL[9]
and AASLD[10]) guidelines for HCC management recommend surgical resection as the first-line option in patients
with small HCC without CSPH or liver dysfunction.
A main drawback of liver resection is the risk to
develop a tumor recurrence, that accounts for 70% at 5
years[26] either because of true metastasis or de novo HCC.
By definition, patients with small HCC are within Milan criteria for liver transplantation[27], and besides treating the tumor liver transplantation provides a solution
for the underlying liver disease. However, the scarcity of
donors limits its feasibility and increases time in the waiting list. Even though there are no robust data, the risk
of dropout from the waiting list seems lower in patients
listed with small HCC. Hence, liver transplantation is the
best option for patients in BCLC stage 0/A, CSPH and
absence of other medical conditions that contraindicate
this procedure.

TREATMENT STRATEGY OF SMALL HCC
AND IMPACT OF PORTAL HYPERTENSION
ON POSTOPERATIVE OUTCOME
The EASL[9] and AASLD[10] guidelines recommend three
alternatives for the treatment of patients with small
HCC, depending on the presence of portal hypertension
and co-morbidities: liver transplantation, surgical resection and percutaneous ablation. Overall, these therapies
achieve a 5-year survival rate between 60%-75% in early
HCC (BCLC 0/A), even though in small HCC survival
rates can even be higher. About 80% of HCC develop in
patients with underlying chronic liver disease, where liver
failure and portal hypertension may be present. Since different treatment options are available for patients with
small HCC, allocation to a given option should rely on
evidence-based criteria, considering expected outcomes
rather than merely treatment feasibility[11].
As for surgical resection, peri-operative mortality has
decreased to 2%-3% with current surgical techniques. On
the other hand a pioneer study by our group in Barcelona[12] showed that in a series of 29 Child A cirrhotic patients and HCC less than 5 cm undergoing liver resection
surgery, hepatic venous pressure gradient (HVPG) ≥ 10
mmHg was independently associated with unresolved
decompensation 3 mo following surgery. In a larger series
published later, post-operative survival of patients with
Child A cirrhosis without clinically significant portal hy-
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Local ablation
Local ablation is considered as a competitive alternative to
resection or transplantation in patients with small HCC[28]
not suitable for surgery. Both radiofrequency ablation
(RFA) and percutaneous ethanol injection (PEI) are standard of care techniques for tumor ablation, being used
worldwide. They are both able to induce necrosis through
different mechanisms. PEI presents a higher post-treatment rate of recurrence that can reach 40% at two years
in larger lesions[29,30]. RFA has shown its ability to better control the disease with a lower local recurrence rate
(2%-18% at 2 years) when compared with PEI (11%-45%)
in randomized control trials (RCT)[31-35]. However, differences in survival were not described. Therefore, current
guidelines recommend the use of PEI in cases where
RFA is not feasible for technical reasons[9]. Five-year
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Table 1 Relevant reported studies describing the impact of hepatic venous pressure gradient or portal-hypertension related variables
in patients with potentially resectable or resected hepatocellular carcinoma
Patients included (n )

Ref.

Portal hypertension-related variables studied

Llovet et al[3]

43

HVPG

Bruix et al[12]
Berzigotti et al[13]

29
63

Boleslawski et al[14]

43

Capussotti et al[15]
Cescon et al[16]

217
90

Chen et al[17]

190

HVPG
Spleen size; platelet count; platelet count/
spleen diameter; liver stiffness; LSPS PH risk
score
HVPG
Platelet count; spleen size; esophageal varices
= indirect signs of PH
Platelet count; spleen size; esophageal varices
Liver stiffness; platelet count; spleen size;
esophageal varices
Intraoperative measurement of PVP

Cucchetti et al[18]

241

Platelet count; spleen size; esophageal varices

Figueras et al[19]
Giuliante et al[20]
Imamura et al[21]

39
588
532

Ishizawa et al[22]

203

HVPG
Platelet count; spleen size; esophageal varices
Varices, hypersplenism or hepatofugal portal
flow
Platelet count

Kim et al[23]
Llop et al[24]
Ishizawa et al[25]

72
79
434

Liver stiffness
Liver stiffness
Platelet count; spleen size; esophageal varices

Outcome
CSPH independently associated with 5-yr post-operative
mortality
CSPH independently associated with PLF at 3-mo
Best single predictor of CSPH: liver stiffness; combination with
spleen size and platelet count improved the results (AUROC
LSPS 0.852; PH risk score 0.884)
CSPH independently associated with increased PLF and 90-d
mortality. Indirect signs of PH showed no discriminative
ability
PH associated with lower 3-yr and 5-yr survival
LS (but not other signs) independently associated with the risk
of PLF
PVP independently associated with PLF on multivariate
analysis
PH associated with lower 3-yr and 5-yr survival, but not after
adjusting for MELD, albumin and extent of resection no
CSPH associated with increased risk of morbidity
PH independently associated with increased mortality
PH associated with a higher risk of post-operative ascites
Platelet count < 100 × 103/mL independently associated with
PLF
LS predicted PLF with good accuracy; LS better than ICG15
CSPH predicted with good accuracy
PH associated with lower 3-yr and 5-yr survival

HVPG: Hepatic venous pressure gradient; PH: Portal hypertension; LS: Liver stiffness; PVP: Portal vein pressure; PLF: Post-operative liver failure; CSPH:
Clinically significant PH (HVPG ≥ 10 mmHg); AUROC: Area under receiver operating characteristic curve; MELD: Model for end-stage liver disease.

survival with RFA reaches 70%[36,37], with the best results
in patients with good liver function (Child-Pugh A) and
small tumors[38]. Although resection remains the first-line
option for patients without CSPH, well-preserved liver
function and solitary tumors less than 2 cm, there is an
increasing debate as to whether ablative therapies (particularly RFA) could be a competitive option in these patients.
Theoretically, in these solitary small tumors RFA could be
as effective as surgery in terms of oncological results, and
avoid all the possible complications related to the surgical
procedure. However, available evidence is still limited as
the few RCT available evaluating face-to-face both therapeutic options show controversial results (Table 2). In
addition, there are several methodological issues that preclude reaching any robust conclusion from these trials (e.g.,
treatment allocation, patient selection criteria, trial implementation, short follow-up, etc.). In fact, none of them
was specifically design to only include patients with HCC
less than 2 cm. Replacement of resection by RFA as first
line therapy in patients with early HCC cannot be recommended at this point. Further evidence will be needed to
appropriately address this issue.
Tumor recurrence is the main drawback in patients
treated with resection or ablation, since the risk factor for
HCC development (i.e., cirrhosis) is still present[39]. Early
recurrence usually occurs within the 2 years after surgery
and it is due to true metastatic spread. However, late recurrence appears later on, usually beyond 2 years, and it is
consider as de novo tumor developed as a consequence of
the carcinogenic effect of underlying cirrhosis (field ef-
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fect)[21]. Besides clinical differences[21], these two patterns
of recurrence also differ in their molecular profile[40]. A
large Japanese study found that non-anatomical resection, high AFP serum levels and presence of microscopic
vascular invasion were risk factors for early recurrence,
whereas grade of hepatitis activity, multiplicity and gross
tumor classification impacted mostly late recurrence[21].

PORTAL HYPERTENSION ASSESSMENT
IN PATIENTS WITH CIRRHOSIS AND
SMALL HCC
The above-mentioned data underscore the need of an
accurate discrimination of the presence of portal hypertension in patients with small HCC. Portal hypertension
(PH) is a clinical syndrome hemodynamically defined as
an increase in the pressure gradient across the liver (between portal pressure and inferior vena cava pressure)
above the normal value of 5 mmHg[41]. In patients with
cirrhosis, this gradient can be estimated by its clinical
equivalent-the HVPG-which is assessed at hepatic vein
catheterization and avoids the need to directly puncture
the portal vein[41]. An elevated HVPG between 6 to 9
mmHg defines subclinical portal hypertension, whereas
an HVPG ≥ 10 mmHg defines clinically CSPH, since all
the potential complications of the syndrome (e.g., varices, ascites, etc.) can appear above this threshold[41]. The
gold standard for the diagnosis and assessment of PH
is the measurement of the HVPG, which is obtained as
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Table 2 Randomized controlled trials comparing surgical resection and percutaneous ablation in patients with early hepatocellular
carcinoma
Treatment
allocation

Ref.
Chen et al[17]
Huang et al[66]

Multidisciplinary
team of doctors
Consecutive
enrolment

Huang et al[67] Consecutive
enrolment
Feng et al[68] Consecutive
enrolment

Sample size (n ) Serum bilirubin

Tumor median size

90 (resection) > 2 mg/dL (33%)
< 3 cm (52%)
71 (ablation) > 2 mg/dL (26%)
< 3 cm (46%)
38 (ablation)
NR
≤ 2 cm (55%)/2-3 cm
(45%)
38 (resection)
NR
≤ 2 cm (63%)/2-3 cm
(37%)
115 (ablation) 15.3 ± 4.6 μmol/L
≤ 3 cm (49%)
115 (resection) 16.4 ± 5.3 μmol/L
≤ 3 cm (39%)
84 (ablation)
17.2 μmol/L ≤ 2 cm (37%)/> 2 cm
and < 4 cm (63%)
84 (resection)
15.1 μmol/L ≤ 2 cm (30%)/> 2 cm
and < 4 cm (46%)

Nodules

Median Recurrence
rate
follow-up

1/3/5 yr survival

Single (100%)
NR
Single (100%)
NR
Single (79%) 37.7 ± 14.5

NR
NR
47%

94%/68%/NR
93%/73%/NR
100%/95%/92%

Single (89%) 38.4 ± 16.4

39%

97%/89%/87%

Single (73%)
Single (84%)
Single (57%)

NR
NR
NR

63%
41%
42%

86.9%/69.6%/54.78%
98.26%/92.17%/75.6%
96%/87.6%/NR

Single (62%)

NR

32%

93.1%/83.1%/NR

NR: Not reported.

Ultrasound (US) is the first-line imaging technique
used in patients with suspected cirrhosis and portal
hypertension, since it is cheap, repeatable, and allows
direct visualization of the anatomical changes induced
by PH[53,54]. US signs of PH in cirrhosis are multiple[55,56];
overall, the sensitivity of the technique is moderate, but
its specificity is above 90%. Hence, the presence of one
or more US signs of PH allows to diagnose CSPH, but
the absence of signs do not exclude CSPH, suggesting
that it should be investigated by more sensitive techniques
(e.g., HVPG measurement). Splenomegaly, defined as an
increase in spleen diameter above 12 cm, is among the
most commonly reported signs. It is sensitive but poorly
specific, while porto-collateral vessels have a low sensitivity but 100% specificity for the diagnosis of CSPH. This
last sign can be therefore considered a reliable surrogate
of PH if detected either on US or on CT/MR imaging.
Liver stiffness (LS) measured by transient elastography (Fibroscan ®) is a well-accepted objective noninvasive method to reliably estimate liver fibrosis[57]. It
has been shown that LS and HVPG show a good correlation in patients with compensated cirrhosis[13,58]. LS
cut-off for the detection of CSPH varies across studies,
but it is widely accepted that values above 21 kPa have a
high specificity for CSPH. This has been recently confirmed by a longitudinal study using clinical endpoints
that showed that HVPG ≥ 10 mmHg and LS > 21 kPa
equally predict clinical decompensation in patients with
compensated cirrhosis at baseline[59], making LS the most
accurate method so far for predicting CSPH. Preliminary
data suggests that spleen stiffness has a better correlation
with HVPG than LS, but data are still limited[60].
The combination of different non-invasive methods
offers potential benefits by integrating complementary information. In a recent study by our group where HVPG
was used as the gold standard for diagnosing CSPH, the
combination of LS, platelet count and spleen size either
as LSPS[23] or as a newly calculated PH risk score improved the accuracy of LS alone for detecting CSPH, and
allowed a correct diagnosis in 86% of cases[13].

the difference between “wedged” (occluded) and “free”
hepatic venous pressures. This method is safe, objective,
reproducible, and accurate; and it provides prognostic
information independent of liver function. It is currently
the best marker to predict clinical events in patients with
liver diseases within research protocols[42].
Since development of gastroesophageal varices is a
direct consequence of CSPH, the presence of esophageal
varices on endoscopy is a 100% specific sign of CSPH.
However, approximately 50% of well compensated patients without any evident sign of portal hypertension
(e.g., without esophageal varices) already show CSPH on
hemodynamic assessment[43]. In the specific setting of
well-compensated patients without varices, CSPH independently increases the risk of developing esophageal
varices, clinical decompensation and HCC during followup[43-45], resulting in a higher mortality. Hence, CSPH
should be always assessed in patients with cirrhosis for
prognostic stratification[41].
HVPG measurement has some limitations such as
cost, invasiveness (even if minor) and the need for a specific training for its performance and interpretation. Since
it is not available in all centers, noninvasive surrogate
methods to diagnose portal hypertension are needed, and
have been widely evaluated. Non-invasive markers include laboratory tests, ultrasonography and liver stiffness.
Regarding routine laboratory tests, the objective components of Child-Pugh score (albumin, bilirubin, INR) correlate with HVPG[46-48] and with the prevalence and grade
of esophageal varices in cirrhotic patients. Interestingly
this correlation is also observed in patients with compensated cirrhosis[49] suggesting that there is a close correlation between liver structural damage and the onset of
portal hypertension and hepatocellular dysfunction. Low
platelet count, either alone or in combination with spleen
size[50-52] is associated with CSPH and esophageal varices,
and is the single most commonly reported non-invasive
sign of portal hypertension. Nonetheless, there is not any
established cut-off for platelet count able to accurately
diagnose or exclude CSPH in patients with cirrhosis[13].
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The EASL[9] and AASLD[10] practice guidelines for
HCC management recommend evaluation of portal hypertension prior treatment decision in HCC patients with
a single tumour. For this purpose, HVPG measurement
is the best available option and should be considered the
standard-of-care. However, it cannot be routinely performed in all hospitals. Platelet count below 100 × 103/
mL is often used to identify CSPH, especially when associated with splenomegaly[13]. In this regard, it should be
underscored that both platelet count and spleen size are
inaccurate for diagnosing CSPH in this specific setting[13].
Specifically, while in patients with both signs CSPH is
highly probable, the absence of thrombocytopenia and/
or splenomegaly cannot exclude CSPH. This has been recently confirmed in a prospective study in patients undergoing surgery for HCC including HVPG measurement[14]
and reinforces the notion that more objective and accurate
methods are still needed to accurately diagnose or exclude
CSPH in patients with potentially resectable HCC.
Given that liver stiffness by transient elastography is
currently considered the single most reliable non-invasive
surrogate marker of PH, researchers from Eastern and
Western countries evaluated its accuracy to predict CSPH
and PH-related complication after surgery for HCC. A
study including 72 patients found that LS had a good accuracy (area under receiver operating characteristic curve
0.824) in discriminating which patients would decompensate after surgery, being superior than the test usually
used in Eastern countries (indocyanine green clearance at
15 min)[61]. Our group tested LS accuracy in the diagnosis of CSPH versus the gold-standard measurement of
HVPG in a series of 90 patients with Child A cirrhosis
and potentially resectable HCC[24]. In the 79 patients in
whom LS was feasible (88% of applicability), the correlation with HVPG was lower than previously published in
patients without HCC, suggesting that factors related to
tumor location might interfere with LS measurements[24].
Nonetheless, results demonstrated that a cut-off of 13.6
kPa was 90% sensitive to detect CSPH, while the 21.1
kPa cutoff was highly specific. In other words, CSPH
could be reasonably excluded in patients with LS < 13.6
kPa, and reliably diagnosed in those with LS ≥ 21.1 kPa.
This simple rule could eventually decrease the need for
HVPG measurement by half, being confined to those patients with intermediate LS levels (between 13.6-21.1 kPa)
and those with unreliable measurements (e.g., obesity, etc.).
Furthermore, combination of LS with platelet count and
spleen diameter has the potential of reducing the number
of patients in this “grey zone”, allowing to correctly diagnose CSPH in 85% of patients, although these findings
need validation in independent series.

field trying to provide physicians with better tools to
characterize early lesions and even to optimize patient
selection for personalize therapies.
Different studies indicate that HCC can be broadly
classified according to its molecular features in two major
subclasses[62]. One is characterized by molecular signals of
proliferation and cell cycle, usually enriched in TP53 inactivation; whereas the second subclass is characterized by
CTNNB1 mutations and enrichment in WNT target genes
GLUL, LGR5, and LECT2. The subclass related to proliferation can be been further divided according to the activation
of other cascades such as transforming growth factor-beta
signaling, insulin-like growth factor[63], Notch[64], etc.
Besides molecular classification, a number of studies
have reported gene signatures able to predict prognosis
in HCC (thoroughly reviewed elsewhere[62]), not only generated from the tumor but also from the adjacent nontumoral cirrhotic tissue. Recently an integrated prognostic
model that combines genomic information from both
the tumor and the adjacent tissue together with clinicalpathologic data was able to accurately predict outcome
in patients with a single nodule early HCC[65]. Despite
all these data from molecular profiling studies, gene signatures have not been yet incorporated clinical practice
guidelines[62].
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for designing successful chemoprevention strategies
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Abstract
Hepatocellular carcinoma (HCC) develops in the context of environmental risk factors like chronic viral hepatitis, diabetes and alcohol exposure, often associated
to an increased risk of cirrhosis. Antiviral treatments
that are effective to counteract hepatitis B and C may
also attenuate the risk of tumor development. However, since hepatitis B-related carcinogenesis is promoted
independently of the onset of cirrhosis, such antiviral
treatments as nucleo(t)side analogs can promote regression of cirrhosis, prevent clinical decompensation
and variceal bleeding but not HCC. This means that
in successfully treated patients with cirrhosis, HCC is
often the consequence of their extended survival. In
hepatitis C patients, a sustained virological response
to interferon-based therapies can reduce the rate of
HCC development, even in patients with cirrhosis who
experience histological regression of their liver disease.
Future therapies aimed at this endpoint in at risk populations should take into consideration pretreatment
patient stratification for host, viral and environmental
risk factors. In this context the recent discovery of single nucleotide polymorphisms involved in the immune
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most common cancer in men and seventh in women, accounting
for 7% of all cancers, and the third most common cause
of cancer related death, worldwide[1]. HCC is characterized by peculiar biological and clinical features that may
be relevant to primary and secondary prevention strategies. Indeed, up to 95% of all HCCs occur in the context
of known and preventable risk factors, such as chronic
viral hepatitis, alcohol abuse and cirrhosis (Table 1). Secondly HCC is one of the few cancers that can be diagnosed by radiological techniques, hence avoiding invasive
diagnostic methods. Lastly, HCC is the only cancer that
does not contraindicate patients to organ transplantation
but actually benefits from liver transplantation in accurately selected patients. These rather unique features of
HCC, in theory, could be used to implement therapeutic
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and diagnostic measures to reduce or prevent the rate
of HCC development in patients at risk, enforce surveillance programs in at risk patients aimed at early diagnosis
and individualize treatment options based upon patient
and tumor characteristics once the tumor has developed.
Some of these points have been thoroughly investigated
by clinical research studies and have led to significant
advances in clinical practice that include the development
of specific guidelines on surveillance protocols and on
individualized treatment algorithms for HCC. Less successful have been attempts to design primary prophylaxis
studies in at risk populations, such as those with hepatitis
B virus (HBV) or hepatitis C virus (HCV), a fact that is
especially worrisome as HCC arising in these patients still
represents the core of the HCC epidemic in most countries. Indeed, chronic HBV and HCV infection affect
roughly 400 and 200 million people, respectively, worldwide, and are the current leading causes of liver-related
death and the main indication for liver transplantation in
developed countries[2].

Table 1 Risk factors for hepatocellular carcinoma
Environmental

Host related

Alcohol exposure
Metabolic syndrome

Age
Male sex
Genetics

HIV: Human immunodeficiency virus; HBV: Hepatitis B virus; HCV:
Hepatitis C virus.

Cirrhosis is not only driven by viral hepatitis but can
also be the consequence of other conditions like hemochromatosis, Wilson’s disease, antitrypsin deficiency,
primary biliary cirrhosis, and autoimmune hepatitis[3].
Patients with cirrhosis stemming from genetic hemochromatosis have a 20-fold relative risk of developing HCC,
compared to the general population, with an annual incidence of about 3%-4%[15]. In general, the risk of HCC
in patients with cirrhosis increases in parallel to ageing,
male gender, disease activity, degree of liver cell proliferation, presence of hepatobiliary phenotype on liver cells
and serum level of alfa-fetoprotein. Patients with more
advanced Child-Pugh scores are at higher risk of liver
cancer, Child-Pugh class B/C patients having a 3-fold increased risk compared to Child Pugh A patients[16,17].

HCC RISK FACTORS
Hepatic disease status
HCC almost invariably occurs in a histologically abnormal liver, the mere existence of chronic liver disease
representing a potential risk for the development of this
tumor. Indeed, on the top of specific virus mechanisms
that may be directly carcinogenetic to the liver, chronic
necro-inflammation and accumulation of reactive oxygen
species contribute to carcinogenesis through chromosomal injury[3]. Cirrhosis, the end stage consequence of
hepatic inflammation resulting in nodular transformation of the liver, is considered a premalignant condition,
independently of etiology. Whether the association of
cirrhosis with HCC reflects a long lasting exposure to
carcinogenetic agents capable of causing liver cell inflammation or a carcinogenetic effect of disrupted lobular
organization, is a matter of debate[4].
The prevalence of cirrhosis in persons with HCC is
about 80%-90% in autopsied series worldwide, whereas
approximately only 10%-20% of HCCs may be encountered in non-cirrhotic patients[5]. However, only a few
non-cirrhotic patients with HCC have absolutely normal
liver histology, as the majority show fibrosis stages that
range from no fibrosis (F0) to septal (F2) and bridging
fibrosis (F3) with necroinflammation, steatosis, and liver
cell dysplasia[6-8].
In a detailed study from Japan involving 490 untreated patients with chronic hepatitis C, the HCC incidence
per 100 person years increased with the stage of fibrosis
at diagnosis, from 0.4 among patients with stage F0 or
F1 to 1.5, 5.1 and 6.9 among those with fibrosis stages
F2, F3 and F4, respectively[9]. The presence of large cell
change[10], irregular regeneration of hepatocytes and macroregenerative nodules have been evaluated as morphologic predictors of HCC in cirrhosis independently of
baseline disease[10-14].
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Viral
HIV
HBV
HCV

Viral factors
HBV: The annual incidence of HCC in patients with
chronic hepatitis B, ranges from 2% to 5%, in strict correlation with the histological stage of the underlying liver
disease, serologic status and geographic area[18]. Chronic
HBV infection is commonly considered a primary risk
factor for the development of HCC, exerting its prooncogenic properties through both indirect and direct
mechanisms[19-23]. The indirect mechanisms are related to
its propensity to induce continuous or recurrent phases
of liver necroinﬂammation and to promote the progression of chronic hepatitis to cirrhosis, often preceding
the development of HCC[24]. Most cases of HBV-related
HCC (70%-90%) occur in patients with cirrhosis secondary to chronic necroinflammation, but HBV itself can
cause HCC in the absence of cirrhosis through direct
carcinogenic mechanisms that have been related to the
capacity of HBV to integrate into the host’s genome and
to produce proteins (X protein and truncated preS-S protein) with potential transforming properties[25].
In Europe, HBV-related HCC is associated with cirrhosis in the majority of patients[26,27], whereas this is not
true in Asia and Africa where the tumor is common also
among carriers with mild hepatic fibrosis, likely as a consequence of long standing infection that is often acquired
perinatally[28-30].
HCC risk may be modulated by viral load[31-35], even
when this predictor is measured years before tumor diagnosis, and can be modified also by serum hepatitis B e
antigen (HBeAg) persistence and hepatitis B surface antigen (HBsAg) status[31,36-38].
Recently, it has been demonstrated that HCC may
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also develop in Asian carriers with inactive hepatitis (i.e.,
persistently normal alanine transaminase and serum HBV
DNA < 2000 IU/mL)[26,27,31,39] and HCC was also found
to develop in a significant number of patients from 1
year to more than 10 years following spontaneous clearance of serum HBsAg, with a higher risk among patients
who had HBsAg seroclearance after 50 years of age[40].
Other studies with sensitive amplification assays have
shown that HBV DNA persists in serum or liver as an
occult HBV infection, even following spontaneous serologic recovery from transient HBV infection (HBsAgnegative status)[41].
The estimated incidence rates of HCC in subjects
with chronic HBV infection in East Asian countries is
0.2 per 100 person-years in inactive carriers, 0.6 per 100
person-years for those with chronic HBV infection without cirrhosis, and 3.7 per 100 person-years for those with
compensated cirrhosis; while in Europe/North America
the HCC incidence rate was 0.02 per 100 person-years in
inactive carriers, 0.3 per 100 person-years in subjects with
chronic HBV without cirrhosis, and 2.2 per 100 personyears in subjects with compensated cirrhosis[42].
Male sex, positive family history and African origins
are added risk factors for HCC development in HBV
positive patients[28-30]. Genotype B of the HBV seems
to be associated with lower rates of HCC development
compared to genotype C of HBV[43-48], since it is characterized by anticipated HBeAg seroconversion, higher
rates of sustained remission after HBeAg seroconversion,
less active hepatic necroinflammation and slower progression to cirrhosis. Genotype A infections have a generally
more favorable outcome than genotype D infections
which predominate in the Mediterranean basin[49,50].

The HCV genome consists of a single stranded positive sense RNA of approximately 9.6 kb in length, that
encodes a 327 kDa polyprotein that is processed into
10 mature structural and non structural viral proteins[55].
HCV proteins have been shown to impact on cell signalling, transcriptional modulation, transformation, apoptosis, membrane rearrangements, vesicular trafficking and
translational regulation[52]. Four of the HCV gene products (core, NS3, NS4B and NS5A) show transformation
potential in cell culture systems. Transgenic mouse models support HCV induced carcinogenesis, with transgenic
lineages with high level liver specific expression of the
core protein and transgenic mice for the two envelop
proteins E1 and E2 developing HCC even in the absence
of hepatic inflammation[56,57]. HCV can also induce endoplasmic reticulum (ER) stress, a homeostatic mechanism
that regulates cellular metabolism and protein synthesis
in response to perturbations in protein folding and biosynthesis[58]. Persistent ER stress may result in intra- and
extra-cellular accumulation of DNA-damaging factors
known to predispose cells to mutagenesis.
Human immunodeficiency virus: Human immunodeficiency virus (HIV) infection significantly increases
the risk of liver-related morbidity and mortality, primarily because during the highly active antiretroviral therapy
(HAART) era an important reduction in HIV-related
complications has occurred, leading to the emergence of
co-infection with HBV (6%-14%) and HCV (25%-30%)
as hepatotoxic factors in addition to excessive alcohol
consumption, non-alcoholic fatty liver disease and druginduced liver injury[59].
While the MORTAVIC study in 2001 indicated HCC
to be responsible for 25% of all liver deaths in HIV patients, in the HAART era there are studies showing HCC
developing in co-infected patients to be more aggressive, to present at an earlier age and to less frequently be
curable compared to HCC developing in HCV monoinfected patients. A direct oncogenic effect of the virus
has therefore been hypothesized by some[60,61].

HCV: Chronic infection with HCV affects more than
170 million individuals, representing a major cause of
morbidity and anticipated liver-related death in western
countries and Japan. HCC is the dominant, first to appear
complication of patients with long standing infection
complicated by cirrhosis, which in fact is considered the
main risk factor for HCC in patients with HCV infection,
as only a minority of HCC cases develop in patients with
mild-to-moderate HCV disease. Malignant transformation of hepatocytes occurs through a pathway of increased liver cell turnover, induced by chronic liver injury
and regeneration in a context of inflammation and oxidative DNA damage[51] which facilitates the occurrence of
genetic and epigenetic alterations that over decades can
lead to the development of HCC. Still there are lines of
evidence that support a direct role for HCV in cancer
promotion[52]. Clinically this is supported by the incidence
of HCC in HCV-related cirrhosis being higher than that
reported in cirrhosis resulting from other liver diseases
such as autoimmune hepatitis or metabolic syndrome[53].
Whether HCV genotype 1b produces a higher risk of
HCC development compared to other HCV genotypes, is
debatable, yet de facto reinforces the concept that HCV
itself may promote HCC[54].
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Environmental risk factors
Alcohol: Chronic consumption of more than 80 g of
ethanol per day for more than 10 years increases the risk
of HCC by approximately 5-fold; in women even smaller
quantities of alcohol consumption (10 g/d) are associated
with a significant (24%) increase of HCC risk[62]. Alcohol
abuse in patients with chronic hepatitis C doubles the risk
for HCC, due to a synergism between alcohol and hepatitis C in anticipating HCC onset or causing more severe
histological tumor patterns. In a HCC cohort in Austria,
alcoholic liver disease was the likely cause of HCC in
35% of subjects[63], whereas in the United States, the
hospitalization rate for HCC related to alcoholic cirrhosis is (8-9)/100 000 people per year compared to about
7/100 000 people per year for hepatitis C[64]. Heavy alcohol consumption can lead to liver damage by direct liver
cell injury and generation of toxic metabolites, thereby
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hepatic disease[76-79].
In patients with cirrhosis, there is a striking gender
imbalance in HCC incidence, with a predominance for
males independently from geographic area, etiologic factors and ethnicity with a male to female ratio between
2:1 to > 4:1 being reported across studies[80]. While male
preponderance could just reflect the greater incidence
of viral hepatitis and alcohol-related disease in males, it
could also be related to hormonal diversity. High serum
levels of testosterone have been associated with increased
HCC risk in nested case-control studies of HBV carriers
in Taiwan and Shanghai[81], while a cross-sectional study
in male veterans with chronic HCV in the United States
associated higher total serum levels of testosterone with
risk of advanced hepatic fibrosis and inflammatory activity, without examining the association with HCC[82].
Among the complex molecular mechanisms behind
gender disparities in HCC, estrogens may play a role in
increasing interleukin-6 (IL-6) production and modulation of gene expression through FOXA transcription
factors that have been shown to prevent HCC development in experimental models. However, more data are
still needed to define the implication of sexual hormones
in the molecular pathogenesis of HCC[83].

transforming the liver in a mitogenic and mutagenic environment. This not only causes development of liver
fibrosis and cirrhosis[65,66], but also increases conversion
of pro-carcinogens to carcinogens through oxidation and
metabolism of ethanol in the liver[67]. Acetaldehyde and
oxygen free radicals deriving from ethanol metabolism
may also directly induce cell damage by initiating peroxidation of membrane lipids, through oxidative stress[68].
Metabolic syndrome: Diabetes is an independent risk
factor for HCC; a recent surveillance epidemiology and
end results based re-analysis has shown a 2-3-fold increase in the risk of HCC, regardless of the presence of
other major risk factors[69]. Further evidence that obesity
and diabetes are either jointly or independently associated
with an increased risk of HCC is provided by an Italian
case control study and by several large-scale epidemiological studies, that have associated the overweight and obesity pandemic in the general population with an increase
in HCC risk[70].
In a cohort of 900 000 American adults, the risk of
dying from liver cancer was 4.5 times higher in men with
a body mass index of 35 kg/m2 or above compared to
men with a normal body mass index (18.5-24.9 kg/m2)[71].
A meta-analysis of case control and cohort studies concluded that the relative risk of liver cancer was 1.17 for
overweight subjects and 1.89 for obese patients[72]. These
and other studies contribute to the increased recognition
of non-alcoholic steatohepatitis (NASH) as a cause of
cirrhosis and HCC, with many patients progressing to
liver cancer without histological evidence of advanced
fibrosis or cirrhosis[73,74].
A yearly cumulative incidence of HCC in 2.6% of
patients with NASH compared to 4.0% of those with
HCV over a median follow-up time of 3.2 years was also
demonstrated in patients referred for liver transplant
evaluation at Cleveland Clinic in Ohio[75]. Interestingly, in
this cohort of patients, older age at diagnosis of cirrhosis
and any alcohol consumption were independently associated with the development of HCC in a NASH-cirrhosis
population, suggesting that alcohol intake, even in socially
accepted amounts, may potentially increase the risk of
HCC development both in NASH- and HCV-cirrhotic
patients.
The precise mechanisms through which metabolic
factors drive HCC development are complex and beyond
the scope of this article; however, major systemic and liver specific molecular mechanisms like insulin resistance,
hyperinsulinemia, increased expression of tumor necrosis
factor signaling pathways and direct lipotoxicity are major
players in the development of HCC.

Single nucleotide polymorphisms associated with HCC
Genetic host factors play an important role in HCC development. The most common form of genetic variation
between individuals is single nucleotide polymorphisms
(SNPs) which are a variation in a DNA base at a particular nucleotide locus. A common SNP is defined by
having a minor allele frequency of at least 5%. In studies designed with a “candidate gene approach”, a limited
number of biologically plausible SNPs were tested. The
starting hypothesis is that a given variant in a specific
gene involved in a pathway that influences HCC development can sufficiently alter either protein function or
expression, and result in the modulation of cancer risk.
Another approach to study genetic factors is through
“genome wide association studies” (GWAS). These studies are by definition “hypothesis free”, and compare allele/genotype frequency of common variants between
cases and unaffected controls and test 100 000 of tag
SNPs reflecting common genetic variations across the
entire human genome. To reach GWAS significance (P
value = 0.05/number of SNPs tested) a P value in the
order of < 10-8 is typically required[84].
To identify susceptible genetic variants for HCV- and
HBV-related HCC many genetic association studies have
been conducted; unfortunately most publications suffer
from major methodological drawbacks because of their
case-control, retrospective and single center design, mainly involving selected Asian populations. This minimizes
the potential importance of ethnic diversity, calling for
external validation in populations of different ancestry
before effectively translating results to clinical practice.
Prospective cohort studies conducted in large homogeneous populations with sufficient number of events

Host-related risk factors
Age and sex: Among host factors, older age and male
sex have consistently been found in longitudinal studies
to be associated with an increased risk of HCC among
persons with cirrhosis of different etiologies, with the
caveat, however, that age might reflect longer duration of
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Table 2 Genetic associations with hepatocellular carcinoma at genome wide association studies level
Study
Kumar et al[85]

Miki et al[86]

Zhang et al[88]
Chan et al[89]

Clifford et al[123]

Patients

n

SNP locus

Strength

CHC
HCV neg
CHC-HCC
CHC
CHC-HCC

1730
8376
2115
2390
922

MICA

OR 1.3

This study considers HCV-negative individuals as the controls, hence it isn’t useful in
distinguishing HCC high risk population among HCV-related cirrhotic patients

DEPDC5

OR 2.2

CHB
CHB-HCC
CHB
CHB-HCC

1790
2317
825
595

KIF1b

0.6

Given the relatively small number of cases in the GWAS phase, the statistical power to
detect an effect caused by this SNP was only 50%, compared to the 80% recommended to
detect an association of the expected effect size
Confounding non-genetic HCC risk factors cannot be ruled out in multivariate analysis

DLC1

1.3

HCC1
Cirrhosis2
Controls3

386
86
787

MHC Ⅱ

p1 × 10-13

Comment

Factors of selection bias cannot be excluded because 11.6% of the “genotyping cohort”
had > 60 g alcohol consumption per day, secondly because 16.5% of the controls received
antiviral treatment before enrolment
The viral infection status of controls was not ascertained with the consequence that there
might be hypothetical cases with chronic liver disease

1

89% HBV or HCV viral infection; 276% HBV or HCV viral infection; 3Not known viral status. CHC: Chronic hepatitis C; CHB: Chronic hepatitis B; GWAS:
Genome-wide association study; HCC: Hepatocellular carcinoma; HCV: Hepatitis C virus; SNP: Single nucleotide polymorphism.

during follow-up require a long time to be conducted and
therefore are still scarce.
The genetic regions found to have a significant statistical association with HCC at a GWAS level in chronic
hepatitis C patients are the 5’ flanking region of MICA
(the MHC class Ⅰ polypeptide-related sequence A gene,
on chromosome 6p21.33) which is essential for direct immune system functions[85] and isoform1 of the DEPDC5
locus on chromosome, where deletion of the region
containing DEPDC has been reported in malignant brain
glioblastomas[86]. Also the MHC class Ⅱ locus presenting
antigen to CD4 þ (helper) T cells contains three variants
strongly associated with HCC, probably related to altered
MHC class Ⅱ proteins that result in an ineffective T-cell
response[87]. KIF1B was identified as a new susceptibility
locus for HCC in chronic HBV carriers; the loss of heterozygosity on this locus is a common genetic lesion in a
broad range of human cancers[88]. Variations at chromosome 8p12 may also promote HCC in patients with HBV
and risk-associated 8p12 SNPs or haplotypes might have
an interacting effect on the DLC1 locus (Deleted in Liver
Cancer 1), which becomes more susceptible to deletion
or chromosomal loss[89] (Table 2).
In the HALT-C study cohort a significant association between a polymorphism on epidermal growth factor gene and HCC was detected in a retrospective casecontrol study, by the use of a candidate gene approach[90].
With this same approach in HBV patients many other
genes involved in immune and tumorigenesis processes
were found to be significantly associated with HCC development, among these cytotoxic T-lymphocyte antigen
4 gene[91], the promoter region of MCM7 gene and the
enhancer Ⅱ (EnhⅡ)[92], basal core promoter, and precore
regions of HBV[93].
Still the SNPs identified so far only partly explain the
overall variability in HCC susceptibility as they carry a
rather low risk ratio for HCC development, have been
mostly assessed in well selected patients where HCC
tissue was obtained following surgical resection and
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therefore at this moment do not permit prediction at the
individual and population level. Whole genome sequencing analysis of HCCs nodules are promising approaches;
recently Fujimoto et al[94] have identified etiological diverse specific mutation patterns and several mutation of
chromatin regulators in 27 HCCs.
In 2008 the International Cancer Genome Consortium was launched with the purpose to coordinate largescale cancer genome studies in tumors from 50 cancer
types and/or subtypes that are of main importance
across the globe, including HCC. Systematic studies of
more than 25 000 cancer genomes at the genomic, epigenomic and transcriptomic levels are needed to reveal the
repertoire of oncogenic mutations, uncover traces of the
mutagenic influences, define clinically relevant subtypes
for prognosis and therapeutic management, and enable
the development of new cancer therapies. Hopefully in
the not so distant future, partial or full cancer genomes
will routinely be sequenced as part of the clinical evaluation of cancer patients and as part of their on-going
clinical management[95].

CHEMOPREVENTION
Although all host related HCC risk factors are unmodifiable and at this moment do not call for any preventive
measures, environmental and viral factors can either be
prevented, suppressed or in some cases cured by effective
treatments[96]. For viral hepatitis B and C and for HIV
infection the question is whether the effective antiviral
treatments that have been developed in the last decade to
treat patients with virus induced liver disease can be considered chemopreventive approaches for HCC in parallel.
HBV
Prevention of HCC in patients with a sustained suppression of HBV following interferon or NUC therapy is far
from being convincingly demonstrated, especially since
this dramatic and life threatening complication in most
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Figure 1 Hepatocellular carcinoma rates in nucleos(t)ide analogs-naive
cirrhotic patients with long-term response. Several studies have shown that
hepatitis B virus patients who achieve a virological response to lamivudine in
some cases still develop hepatocellular carcinoma (HCC) as the only complication. LAM: Lamivudine; ETV: Entecavir; RCT: Randomized controlled trial.

5.6%

5.8%

1.9%
Yoshida (1999) Shiratori (2005)

Bruno (2007)

Cardoso (2010)

Figure 2 Cumulative incidence of hepatocellular carcinoma in patients
with cirrhosis stratified by sustained virological response. Studies in Caucasian patients as well as in patients from Asia have repeatedly shown that a
sustained virological response (SVR) following interferon-based therapies can
reduce the rate of hepatocellular carcinoma development in hepatitis C virus
related cirrhosis. HCC: Hepatocellular carcinoma.

patients occurs many decades after viral infection and
many years after diagnosis of hepatitis.
The benefits of a virological suppression in patients
with cirrhosis are easier to evaluate as these patients are
the closest to developing hepatitis-related complications. Several studies have shown that HBV patients who
achieve a virological response to lamivudine are protected
against HCC during the precirrhotic phase of infection,
in fact this is the only complication arising in virological
responders with preexisting cirrhosis[97-101] (Figure 1). In
a systematic review of studies of nucleos(t)ide analog
treatment of patients with HBV it was clearly shown that
HCC was prevented in patients with chronic hepatitis but
not in those with cirrhosis, and in general in patients that
could not achieve complete virological suppression[98].
This was confirmed by a recent cohort study from
Greece where long-term cirrhotic patients responding to
lamivudine remained at risk of developing liver cancer[99].
All these studies enrolled patients treated with lamivudine or rescued with adefovir, i.e., regimens characterized
by limited potency and low to moderate genetic barrier,
which are not recommended any more by International
guidelines for treatment of patients with chronic hepatitis
B in general, and especially in patients with compensated
cirrhosis. This raised the hope that more potent antiHBV drugs, like entecavir and tenofovir, might confer
an advantage in terms of HCC prevention in responders
with cirrhosis, however with disappointing results. A multicenter study in Italy conducted in patients with compensated cirrhosis who achieved persistently undetectable
serum HBV DNA during 4 years of entecavir monotherapy, showed an annual rate of neoplastic transformation
of the liver of approximately 2.5%, that mimics the HCC
rates in untreated HBeAg negative patients in Europe[100].
The reasons for these negative results may be many fold:
it should be recalled that development of HCC in successfully treated patients with cirrhosis is often the conse-
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quence of an extended survival provided by nucleot(s)ide
analogues (NUCs) preventing clinical decompensation, as
it was the case in the Italian multicenter study. Another
explanation is that HBV related liver carcinogenesis is
likely to be promoted by cellular events that are established early during chronic infection with HBV, independently on the onset of cirrhosis. This would explain why
NUCs can determine regression of cirrhosis, protection
from clinical decompensation and variceal bleeding but
not from HCC development[102-104].
HCV
With regards to HCV there is conclusive evidence that
an sustained virological response (SVR) following interferon (IFN) based therapies can reduce the rate of HCC
development, independently of fibrosis stage[9,105-108]. This
has been repeatedly shown both by studies in Caucasian
patients as well as in patients from Asia (Figure 2). Interestingly an SVR does not completely negate the risk of
HCC, as a small group of patients will still develop HCC
in the long term follow-up period, although the annual
rate is extremely low and reduced compared to non responders or untreated patients. In an Italian study on 920
patients with compensated cirrhosis who received IFN
monotherapy and who were followed-up for a median
period of 96 mo after treatment completion, Bruno et
al[109] found that SVR patients had significantly lower rates
of HCC (0.66 vs 2.10 per 100 person-years) and liverrelated death (0.19 vs 1.44 per 100 person-years, P < 0.001)
compared to those with treatment failure. Similar findings were also reported by Cardoso et al[110] in a study that
analyzed 307 patients with bridging fibrosis or cirrhosis
followed-up for 3.5 years after the end of treatment. The
authors found significantly lower incidence rates per 100
person-years of liver-related complications, liver-related
deaths, and HCC in SVR than in non-SVR patients (0.62
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vs 4.16, 0.61 vs 3.76 and 1.24 vs 5.85, respectively; P <
0.001 for all comparisons). A study from France analyzing a cohort of HCV cirrhotics subjected to repeated
liver biopsies following an SVR, has linked the protective
effect of an SVR on HCC development on regression
of cirrhosis[111]. Indeed the 44% of patients who showed
cirrhosis regression had 0% occurrence of HCC during
a 118 mo follow-up period, while in the 22 patients without cirrhosis regression 3 patients developed HCC.
Unfortunately the clinical significance of the protective effect of an SVR on HCC development in HCV
patients with cirrhosis is limited as the vast majority of
HCV cirrhotics fail to achieve a SVR to IFN plus ribavirin therapy. In fact cirrhosis is one of the main factors
associated with treatment failure to any regimen based
on IFN, hence most of HCV cirrhotics even if treated
remain at high risk of HCC. In this context it is important to understand the role played by other clinical and
demographic factors in determining treatment outcome
to PegIFN plus ribavirin and their interplay with the
presence of cirrhosis[112,113]. Not all cirrhotics show reduced rates of SVR, since the presence of a treatment
favorable HCV genotype, HCV-2 and in part HCV-3, or
a protective SNP in the IL-28B coding region in HCV-1
and HCV-4 patients can lead to SVR rates in the 70%
range[114-116]. IL-28B has been shown by several studies
to be the strongest baseline predictor of treatment outcome; however its clinical utility in terms of individualized chemoprevention strategies is limited by its relatively
low negative predictive power that should never lead to
treatment deferral, especially considering the significant
advantages obtained by an SVR in patients with advanced
fibrosis/cirrhosis[117].
Given that IFN also exerts several important indirect effects in the virus-infected liver that might result
in tumor prevention, including immunostimulation and
expression of HLA class 1 MC, and inhibition of mutagenic factor beta-UGF, three randomized controlled
studies were designed to assess if a long term course of
low dose PegIFN therapy could reduce the rate of liver
related complications in patients with advanced fibrosis/cirrhosis who did not achieve an SVR to a full course
of PegIFN plus ribavirin therapy[116-120]. Although the
three studies are hardly comparable due to differences in
the patients characteristics and in the assigned treatment
regimens, still they unanimously failed to demonstrate
any positive impact of PegIFN maintenance therapy on
HCC incidence rates[121]. A recent extended analysis of
the original HALT-C study, performed by Lok et al[122]
and focused on the development of HCC, has partially
contradicted these findings as long-term PegIFN maintenance therapy was associated with reduced HCC rates
in patients with pre-treatment cirrhosis. The cumulative
incidence of HCC at 3, 5 and 7 years was 2.6%, 5.1% and
7.8% in the PegIFN group and 4.0%, 11.1% and 24.2%
in the untreated group (log-rank test, P = 0.009).
These results are hard to interpret and require caution
before suggesting PegIFN maintenance therapy as an ef-

WCG|www.wjgnet.com

fective chemoprevention strategy in HCV cirrhotics; still
they provide important clues and directions for future
studies. Indeed, it shows patients enrolled in chemoprevention studies need to be stratified for risk factors at
baseline; in this particular case enrolling patients with
different disease severity stage might have precluded
observation of a protective effect of low dose PegIFN
on HCC development. Secondly it suggests that conducting studies on high risk rather than medium risk patients
might provide more clinically meaningful data.
HIV
Although a detailed discussion about the effect of antiviral therapy in HIV positive patients on HCC development is beyond the purpose of this study, convincing
evidence has been provided that HCC incidence is rising
amongst the HIV positive population receiving HAART,
almost exclusively in patients with concomitant HCV or
HBV infection. The main explanation behind these findings is probably the increased longevity obtained by effective antiviral treatment in this population of patients.
An investigation of the Swiss HIV cohort assessed that
latest CD4þ cell count and CD4þ cell count percentage
were significantly associated with HCC, but no association between HAART use and HCC risk was detected[123].
Similarly, Sulkowski et al[124] reported that HCC occurred
in many patients despite the use of effective HAART for
a median of more than 7 years.
Thus, antiretroviral therapy is unlikely to modify the
risk of HCC in HCV-infected patients in whom the risk
of cancer is driven by HCV-related cirrhosis and where
antiretroviral therapy is also known to have some direct
hepatotoxic effects which are worsened by co-infection
with HBV or HCV, raising the possibility that HAART
per se might hasten the progression to cirrhosis and hence
HCC[125]. However the role of HAART on HCC development is controversial because its ability to preserve
immune system functions could in theory provide a
putatively more active anti-tumor response, since once
HCC has developed, chronically low CD4+ and CD8+
lymphocyte counts may result in more rapid growth and
spread of disease.

CONCLUSION
HCC develops in the context of readily identifiable environmental risk factors, first of all HBV and HCV, a fact
that in theory should enable for successful primary prophylaxis. There are solid treatment endpoints that allow
hepatologists to determine the efficacy of an antiviral
regimen and its ability to positively modify both the natural course of the disease as well as to reduce the risk of
HCC development.
Unfortunately in patients with chronic HBV and HCV
infection tumor prevention is an end point quite difficult
to assess in patients with early, mild hepatitis whereas it
can only partially be achieved in patients with established
cirrhosis given they are at higher risk of liver cancer.
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In these patients there is increasing need to improve
diagnosis rate, ensure equal access to antiviral therapies
and develop well tolerated therapies that will finally allow
most, if not all, patients with viral hepatitis to benefit
from effective antiviral treatment. In fact it is estimated
that as few as 35% of patients with chronic HBV and
only 25% of HCV patients are aware of their disease in
developed countries, with this number obviously shrinking even more in developing countries[126]. Moreover in
Europe and the United States, even if patients are diagnosed correctly only 1%-16% of HBV and HCV patients
are estimated to receive treatment[127-129].
This highlights that one of the key issues for therapies aimed at HCC chemoprevention is to broaden access
to therapies by containing costs and increasing disease
awareness, or eventually concentrate treatment in those
more at risk of HCC development. Performing prospective studies where patients are stratified according to
complex models of “genomic risk prediction” that incorporate various panels of specific SNPs, is undoubtedly a
bold and possibly unreachable goal, but still it could lead
to individualized chemoprevention strategies in the future, while reducing the number of patients needed to be
enrolled into chemoprevention studies to assess efficacy
of a treatment regimen. Until this is reached, secondary prevention through surveillance of risk populations
aiming at early diagnosis is the only approach to improve
treatment and survival of patients with HCC.
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Abstract

INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the leading
causes of cancer deaths worldwide, primarily affecting populations in the developing countries. Aflatoxin,
a food contaminant produced by the fungi Aspergillus
flavus and Aspergillus parasiticus , is a known human
carcinogen that has been shown to be a causative
agent in the pathogenesis of HCC. Aflatoxin can affect a wide range of food commodities including corns,
oilseeds, spices, and tree nuts as well as milk, meat,
and dried fruit. Many factors affect the growth of Aspergillus fungi and the level of aflatoxin contamination in food. Drought stress is one of the factors that
increase susceptibility of plants to Aspergillus and thus
aflatoxin contamination. A recent drought is thought to
be responsible for finding of trace amounts of aflatoxin
in some of the corn harvested in the United States. Although it’s too soon to know whether aflatoxin will be
a significant problem, since United States is the world’s
largest corn producer and exporter, this has raised
alarm bells. Strict regulations and testing of finished
foods and feeds in the United States should prevent
a major health scare, and prevent human exposure
to deleterious levels of aflatoxin. Unfortunately, such
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On August 30, 2012, Reuters reported high alert in United
States grain sector because of finding of trace amounts
of aflatoxin in some of the corn harvested in the United
States[1]. Since strict regulations in the United States prohibit sale of aflatoxin contaminated crops, the alert was
mainly because of potential economic consequences for
United States farmers. Aflatoxins are one of the most
important of the environmental toxins especially in the
regions of the world where dietary foodstuffs are highly
contaminated. Aflatoxins are primarily produced by fungal
species Aspergillus flavus, Aspergillus parasiticus, and Aspergillus nomius, which colonize a wide variety of food commodities including maize, oilseeds, spices, groundnuts,
tree nuts, milk and dried fruit[2]. There are several different types of aflatoxins and nearly all of them can cause
illness in human beings and animals. Aflatoxin B1 is the
most abundant and toxic member of the family. It is also
the most potent hepatocarcinogen known. Aflatoxin B1
has been classified by the World Health Organization as a
“group A” carcinogen because of it’s proven contribution
to the pathogenesis of hepatocellular carcinoma (HCC)[3,4].
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HCC is a leading cause of cancer related death and a
major public health problem worldwide[5,6]. Annual mortality associated with HCC is virtually identical to its incidence throughout the world, underscoring the high case
fatality rate of this cancer type[7].
The incidence of HCC varies greatly according to
geographic region. The distribution of HCC also differs
among different ethnic groups and regions within the
same country. In parts of Asia and Africa, HCC accounts
for nearly 70% of cancer deaths[8]. In China, HCC is the
third leading cause of cancer mortality accounting for
at least 250 000 deaths per year and with an incidence
rate in some counties approaching 100 cases per 100 000
individuals per year[9].
The differences in distribution of HCC are thought
to be because of different levels of exposure to HCC
risk factors. In developing countries the major risk factors for HCC are chronic infection with hepatitis B virus
and exposure to aflatoxins, while in developed countries
the major risk factor is cirrhosis of the liver due to hepatitis C virus infection and alcohol abuse. In developed
countries the majority of HCCs occur in older patients
with long-standing chronic liver disease. In regions with
high frequency of hepatitis B virus carriers and aflatoxin exposure, like sub-Saharan Africa, the mean age of
presentation of HCC is decades earlier than in Western
countries, often decreased to as low as 33 years[10,11].

The mechanism of aflatoxin-induced carcinogenesis
is thought to involve tumor promotion or progression.
There is evidence that aflatoxin is involved in the activation of proto-oncogenes and mutations in the tumor
suppressor gene p53. Aflatoxin exposure and p53 mutations have been tightly linked in epidemiologic studies in
Africa and China. Specifically, aflatoxin has been linked
to a p53 mutation whereby there occurs a G-to-T transversion at codon 249[15,16]. This biomarker has been used
in epidemiologic studies to establish the link between
aflatoxins and hepatic cancer and also to show that cofactors such as infection with hepatitis B virus increase
the risk of HCC substantially. It has also been suggested
that aflatoxin induces various chromosomal aberrations,
unscheduled DNA synthesis and chromosomal strand
breaks in human cells. Another suggested mechanism
for aflatoxin-mediated carcinogenesis is production of
mutagenic substances as a result of metabolization of
Aflatoxin by hepatic cytochrome p450.

ENVIRONMENTAL RISKS
Aflatoxins can affect a wide range of commodities including cereals, oilseeds, spices, and tree nuts as well as
milk, meat, and dried fruit. The major sources of exposure are maize and groundnuts as these are the foods that
are most susceptible to contamination and consumed in
the greatest amounts. Developing countries located in the
tropical regions, are at greatest risk given their reliance
on these commodities as their staple food source[2]. Food
insufficiency and lack of food diversity substantially
increases the risk of exposure to aflatoxins among individuals who live in these regions.
Many factors affect the growth of Aspergillus fungi
and the level of aflatoxin contamination in food. Contamination can occur at any stage of food production
from pre-harvest to storage[2,17]. Factors that affect aflatoxin contamination include the climate of the region,
the genotype of the crop planted, soil type, minimum
and maximum daily temperatures, and daily net evaporation[2]. Aflatoxin contamination is also promoted by stress
or damage to the crop due to drought prior to harvest,
insect activity, poor timing of harvest, heavy rains at harvest and post-harvest, and inadequate drying of the crop
before storage. Humidity, temperature, and aeration during drying and storage are also important factors[2].

TOXICOLOGY
Aflatoxins are associated with both toxicity and carcinogenicity in human and animal populations[12]. Acute aflatoxicosis results in death, whereas chronic aflatoxicosis
results in more prolonged pathologic changes, including
cancer and immunosuppression[12]. The liver is the primary target organ, and liver damage has been documented
in rodents, poultry, and nonhuman primates following
ingestion of aflatoxin B1. Acute aflatoxicosis has been
manifested in humans as an acute hepatitis[12]. In India
in 1974, an outbreak of hepatitis occurred in which 100
people died following consumption of maize that was
heavily contaminated with aflatoxin. Aflatoxin B1 was
detected in high concentration in the livers of those individuals who died[13,14].
It has been hypothesized that kwashiorkor, a severe
malnutrition disease, and Reye syndrome, marked by
encephalopathy and fatty degeneration of the viscera,
represent forms of pediatric aflatoxicosis. Although aflatoxins have been found in the livers of children with
kwashiorkor and in Reye syndrome patients, a strong
cause-and-effect relationship between aflatoxin exposure
and these disease states has not been established[12].
Chronic low-level exposure to aflatoxins in the diet
is a risk factor for the development of HCC. Such exposure has been shown experimentally to produce cancer
in many animal species and several epidemiologic investigations have shown that increased aflatoxin ingestion
correlates with increased risk of HCC in humans[12].
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VULNERABLE POPULATIONS
Children
Children differ from adults in many ways that have relevance to environmental health[18,19]. Due to smaller body
weights, doses that might not affect adults may induce
illness in children. They have more immature neurologic
and immune systems and so are more prone to develop
complications. Children’s developmental state may have
a disproportionate impact on their reaction to different
environmental toxins.
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It is well established that dietary aflatoxins reduce the
rate of growth and other measures of productivity in
animals. To assess the effects of aflatoxin exposure on
growth in humans, Gong et al[20,21] conducted two separate
epidemiologic studies in West Africa. Those studies revealed a striking association between exposure to aflatoxin in children and both stunting (a reflection of chronic
malnutrition) and being underweight (an indicator of
acute malnutrition). Aflatoxin exposure has also been
shown to be a factor in modulating the rate of recovery
from kwashiorkor in children[22,23]. The exact mechanisms
underlying these effects of aflatoxins have not been elucidated.

during growing, harvesting and storage of crops. Steps
that can be followed to avoid or minimize contamination have been developed. Information is also available
on safe storage, handling and transportation practices
of agricultural commodities. However, this information
is rarely communicated to farmers, traders and all those
who need to be informed. Much could be done if the
value of different interventions is communicated and
the information is disseminated in an appropriate and
accessible manner[31]. As an example, during an outbreak
in Kenya in 2005, individuals who received information
on maize drying and storage had lower serum aflatoxin
levels than those who did not receive this information[2].

Individuals with viral hepatitis infection
The risk of liver cancer in individuals exposed to chronic
hepatitis B virus infection and aflatoxin is up to 30 times
greater than the risk in individuals exposed to aflatoxin
alone[24,25]. These two HCC risk factors, aflatoxin and
hepatitis B virus, are prevalent in poor nations worldwide. Within these nations, there is often a significant
urban-rural difference in aflatoxin exposure and hepatitis
B virus prevalence, with both these risk factors typically
affecting rural populations more strongly[25,26].
Aflatoxin also appears to have a synergistic effect on
hepatitis C virus-induced liver cancer, although the quantitative relationship is not as well established as that for
aflatoxin and hepatitis B virus in inducing HCC[25,27-29].
Studies have also shown that the genetic characteristics
of the virus, and the age and sex of the infected person
may play a role in increasing the risk of aflatoxin induced
HCC[27].

Agricultural strategies
Agricultural interventions are methods or technologies
that can be applied either in the filed (“pre-harvest”) or
in drying, storage, and transportation (“post harvest”) to
reduce aflatoxin levels in food[32].
The presence and growth of Aspergillus on pre-harvested crops is dependent on the environment. Agricultural practices including proper irrigation and pest management can reduce aflatoxin contamination[2]. Pre-harvest
interventions include choosing crops with resistance to
drought, disease, and pests and choosing strains of that
crop which are genetically more resistant to the growth of
the fungus and the production of aflatoxins[2]. Elimination
of inoculum sources such as infected debris from the previous harvest may prevent infection of the crop[2].
Before storage, crops should be properly dried to prevent the development of aflatoxins. Sorting and disposing
of visibly moldy or damaged kernels before storage has
proven to be an effective method for reducing the development of aflatoxins[2,33,34]. During storage, moisture,
insect, and rodent control can prevent damage to the
crop and reduce aflatoxin development. Aflatoxin contamination of maize is influenced by the facilities used for
storage, storage time, and the form of maize stored[2,35].
A community-based intervention study in Africa showed
that simple and inexpensive measures such as thorough
drying and proper storage of groundnuts can have a significant impact on aflatoxin levels[34].

PREVENTIVE MEASURES AND
INTERVENTION STRATEGIES
Role of politics
The political will at a national level to address the issue
of aflatoxin exposure is probably the most important
factor in reducing the health hazards associated with
aflatoxins in poor countries. As signatories to Codex
Alementarius (World Health Organization and Food and
Agricultural Organization documents that deal with food
quality) aflatoxin regulatory programs are already in place
in most countries[30]. On the export side these regulatory
programs are strictly enforced to protect the export market of agricultural commodities, otherwise the importing
countries would reject the commodities resulting in a
loss of valuable foreign exchange earnings. On the other
hand, domestic regulatory measures on aflatoxins have
received very little attention and are rarely enforced, with
no incentives given for the aflatoxin free produce and no
heavy penalty on the violators of aflatoxin regulations.

Vaccination against hepatitis B virus
Hepatitis B virus infection increases the risk of HCC in
individuals exposed to aflatoxins exponentially. Vaccination against hepatitis B virus in infancy is an effective approach to prevent HCC, particularly in developing countries where both incidence of hepatitis B virus and exposure to aflatoxins are high[26,36,37]. Although the vaccine
itself has no impact on actual aflatoxin levels in diets, it
reduces aflatoxin-induced HCC by lowering hepatitis B
virus risk, thereby preventing the synergistic impact of
hepatitis B virus and aflatoxin in inducing liver cancer[38].
Those who already have chronic hepatitis B virus infection would not benefit from the vaccine, which is why
vaccination should be offered in infancy[38]. Hepatitis B
vaccination in infancy has been shown to be safe and effective[26,39].

Information dissemination
Considerable information has been gathered concerning
the health hazards of aflatoxin exposure and conditions
that lead to mold growth and aflatoxin contamination
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Determination of in utero and early childhood exposure
effects
In endemic areas, pregnant women are often exposed to
aflatoxin contaminated food. There is lack of knowledge
about the effects of aflatoxin exposure in utero and early
childhood. Research is needed to better understand these
effects. This knowledge is fundamental in identification
and design of preventive strategies.

RESEARCH PROBLEMS AND NEEDS
Better funding
Aflatoxin research programs need adequate resources in
terms of qualified personnel, capital investment, and analytical and technical facilities. Improved funding for aflatoxin research is in dire need, especially in countries with
high rate of afltoxin food contamination. Currently, on a
global basis, there is an imbalance between the extent of
aflatoxin problem and the funds that have been allocated
to its research.

CONCLUSION
The purpose of this editorial is to summarize the current
knowledge on association of aflatoxin and HCC, encourage future research and draw attention to this global public health issue.

Promotion of a multidisciplinary approach
Aflatoxin contamination of food and feed is a problem
that affects multiple disciplines such as agriculture, toxicology, medicine, biology, microbiology, veterinary medicine and other related fields. Hence, a multidisciplinary
research approach to the problem should be encouraged
and promoted.
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INTRODUCTION
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Over 350 million people globally are chronically infected
with hepatitis B virus (HBV) and around 25% of these
will develop hepatocellular carcinoma (HCC)[1,2]. HCC is
the fifth most common malignancy with approximately
750 000 new cases occurring worldwide each year[3,4].
Overall 70%-90% of patients with HCC have liver cirrhosis caused mainly by HBV and hepatitis C virus[5,6].
HBV, an oncogenic virus, can cause HCC in the absence
of cirrhosis and the risk of HBV-induced HCC varies
depending on the presence or absence of concomitant
cirrhosis. Chronic carriers of HBV have up to a 30-fold
increased risk of HCC[7]. In areas of high HBV endemicity, persons with cirrhosis have an approximately 16-fold
higher risk of HCC than the inactive carriers, and a 3-fold
higher risk for HCC than those with chronic hepatitis but
without cirrhosis[8]. While epidemiological studies provide
strong evidence for a causal role of chronic HBV infection in the development of HCC, the pathogenesis of
HBV infection and carcinogenesis of HBV-associated
HCC are still not fully understood. It is thought that
HBV exerts its oncogenic potential through both indirect
and direct mechanisms that may act in synergy[9-11].
In this frontier report we discuss a possible way to
optimize treatment outcomes in patients with HBV and
HCC by treatment with entecavir (ET) and sorafenib
(SO), on the basis of our practice and published evidence
from the literature.
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POTENTIAL ROLE OF ET AND SO

Original sources: D’Angelo S, Secondulfo M, De Cristofano R,
Sorrentino P. Sorafenib and entecavir: The dioscuri of treatment
for advanced hepatocellular carcinoma? World J Gastroenterol
2013; 19(14): 2141-2143 Available from: URL: http://www.wjgnet.com/1007-9327/full/v19/i14/2141.htm DOI: http://dx.doi.
org/10.3748/wjg.v19.i14.2141

The most effective way to prevent HBV-related HCC is
by vaccination but in patients already infected with HBV,
antiviral therapy is the best strategy[9]. ET, a cyclopentyl
guanosine analog, is a potent inhibitor of chronic HBVDNA polymerase, inhibiting both the priming and elongation steps of viral DNA replication. In clinical trials,
ET was superior to lamivudine for all primary end points

Abstract
Hepatitis B virus (HBV) is responsible for 50%-80% of
cases of hepatocellular carcinoma (HCC) worldwide.
Entecavir (ET) is a potent inhibitor of chronic HBV-DNA
polymerase, inhibiting both the priming and elongation steps of viral DNA replication. Sorafenib (SO) has
proven efficacy in prolonging survival in patients with
advanced HCC. In this frontier report we discuss a possible way to optimize treatment outcomes in patients
with HBV and HCC by treatment with ET and SO, on
the basis of our practice and published evidence from
the literature.
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evaluated in both nucleoside-naive and lamivudine-resistant patients as well as being effective in both hepatitis
B “e” antigen-positive and -negative nucleoside-naive
patients. Antiviral therapy can reduce, but not eliminate
the risk of HCC especially in patients with pre-existing
cirrhosis and it is therefore important to maintain virological remission. The use of ET allows long-term HBVDNA suppression with a low risk of resistance.
SO, a tyrosine kinase inhibitor, has been demonstrated in two large scale randomized, double-blind, placebocontrolled, multicentre, phase Ⅲ trials (the SHARP trial
and the Asia-Pacific trial) to prolong median overall survival and delay the median time to progression in patients
with advanced HCC[12,13]. The SHARP study was the first
to show an overall survival benefit for SO in patients
with advanced HCC, in which the overall survival was
10.7 mo[14]. Subanalyses of the SHARP population based
on a range of parameters including aetiology (hepatitis
B virus present/absent); tumour burden (macroscopic
vascular invasion and/or extrahepatic spread present/absent); presence or absence of either lung or lymph node
metastasis at baseline, confirmed the efficacy and safety
of SO in these subpopulations indicating that SO is effective for patients from the AP region with advanced
HCC, irrespective of baseline status[15,16].
Individually ET and SO have been demonstrated to
have important roles in the management of patients with
HBV and HCC but how best should we use these agents
- in combination or as a sequential strategy. The problem
is that although there are a number of published guidelines on the treatment of patients with HBV there are
no precise indications on the use of antiviral agents in
patients with HBV-related HCC, however it is recognized
that the goal of antiviral therapy for HBV is to preserve
liver function and prevent the development of cirrhosis
and HCC. Early intervention is therefore necessary to
prevent liver cell damage and decrease viral genome integration. We believe that it is vital to prevent the deterioration of liver function as modulation of liver function may
affect survival directly and indirectly but also it may have
an impact on the patient’s ability to tolerate subsequent
treatments.
In a study by Jin et al[17], first-line ET monotherapy
was effective in HBV patients (with and without HCC),
improved hepatic function and importantly was associated with increased survival after eradication of HCC
- confirming previous results that it improved liver
function in patients with decompensated cirrhosis[18,19].
Considering that liver function is a key factor in deciding
treatment options for a given patient and concomitant
liver dysfunction often hampers both curative and palliative therapies, the fact that ET can improve hepatic function is decisive in the clinical scenario[20]. Furthermore,
in a study by Chang et al[21] the majority of nucleosidenaive patients with HBV who were treated with longterm ET achieved substantial histological improvement
together with regression of fibrosis or cirrhosis. SO has
also shown promising antifibrotic activity with efficacy at
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Table 1 Baseline characteristics and main treatment outcomes
of our cohort (n = 15) n (%)
Baseline characteristics

Value

Characteristic
Male
Age, yr (range)
BCLC stage
B - intermediate
C - advanced
Child-Pugh score
5
6
Treatment outcomes
Overall survival, mo (range)
Liver decompensation
Hepatocellular carcinoma progression
Interruption of sorafenib therapy due to adverse events

1 (6.7)
67 (62-76)
10 (66.7)
5 (33.3)
6 (40)
9 (60)
26.5 (10-36)
4 (26.7)
3 (20.0)
0 (0)

All subjects achieved viral clearance following entecavir treatment before
the initiation of sorafenib 800 mg/d.

relatively low doses at the early stage of liver fibrosis[22].

OUR EXPERIENCE
In our unit, we treated a total of 15 patients (1 male; aged
62-76, median 67 years) with advanced HCC and a history of HBV cirrhosis from October 2008 to December
2011. Diagnosis of advanced HCC was made according
to the Barcelona Criteria using contrast enhanced ultrasound, elevated values of alpha-fetoprotein and/or liver
biopsy. Ten patients had intermediate BCLC stage B and
5 had advanced BCLC stage C and all had Child Pugh A
(9 with an A6, 6 with A5). The baseline characteristics of
patients are summarized in Table 1.
All patients achieved a complete clearance of HBVDNA following the administration of ET (0.5 mg/d)
before the initiation of SO. The dosage of SO was gradually increased over a 6-wk period to reach the recommended dosage of 800 mg/d.
The median survival in these patients with HCC and
HBV was 26.5 mo (range 10-36 mo). No patient stopped
therapy due to AEs (cardiac, gastrointestinal, haematological, neurological or dermatological, or endocrinological). All patients had blood pressure within the accepted
recommend range, assumed regular cardiac medication
as necessary and were negative for HBV-DNA. Four
patients had liver decompensation and three had progression of HCC.
It must be emphasized that our experience is reported
here in a very synthetic form, since this paper should be
intended as a short commentary addressing how treatment
with SO and ET might optimize treatment outcomes in
patients with HBV and HCC. In addition, the data reported here present several limitations, which should be
taken into account to put the above-mentioned findings
in a proper framework. First, the sample observed in our
experience is too limited to draw any conclusion. Second,
the pure observational nature of our findings does not

727

January 28, 2014|First Edition|

D'Angelo S et al . Sorafenib and entecavir for HCC treatment

allow to retrieve any definite cause-effect relationship.
These limitations taken into account, these results are
somehow encouraging: this may be, at least in part, due
to the viral clearance achieved by patients. We cannot rule
out, however, that the longer survival observed in our patients can be attributed to the high proportion of subject
with BCLC-B stage HCC.

8

9

CONCLUSION

10

On the basis of our experience and current literature,
therefore, we propose that in patients with HBV monotherapy with ET should be given initially to reduce viral
load and preserve liver function thereby allowing followup treatment with SO to treat HCC. We believe that this
treatment approach may represent a potential improvement in the current management of advanced HCC in
patients with concomitant HBV infection. However,
further, well-designed studies are needed to investigate
the efficacy and safety of this therapy in a large sample
of patients. If such study will provide positive results, we
feel that SO and ET will be considered the “Dioscuri”,
the warrior twins of the Greek mythology, of the treatment of advanced HCC.
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PROGRESS IN DIGESTIVE SYSTEM NEOPLASMS

Systematic review of surgical resection vs radiofrequency
ablation for hepatocellular carcinoma
Alessandro Cucchetti, Fabio Piscaglia, Matteo Cescon, Giorgio Ercolani, Antonio Daniele Pinna
three randomized controlled trials (RCT), most studies
are affected by uncertain methodological approaches
since surgical and ablated patients represent different
populations as regards clinical and tumor features that
are known to affect prognosis. Unfortunately, even the
available RCTs report conflicting results. Until further
evidences become available, it seems reasonable to
offer RFA to very small HCC (< 2 cm) with no technical contraindications, since in this instance complete
necrosis is most likely to be achieved. In larger nodules, namely > 2 cm and especially if > 3 cm, and/or in
tumor locations in which ablation is not expected to be
effective or safe, surgical removal is to be preferred.
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Core tip: The present review shows the lights and
shadows of the comparative literature regarding hepatic
resection and radiofrequency ablation for hepatocellular carcinoma. Nineteen studies that directly compared
these two therapies were found through an extensive
literature review; of them, three randomized controlled
trial were available for comparison whereas the remaining studies were represented by retrospective observational studies. Results are often conflicting and further
randomized controlled trial are warranted; otherwise,
retrospective observational studies should include in
their analyses statistical approaches aimed at reduce
possible confounding sources at a minimum.

Abstract
Hepatocellular carcinoma (HCC) represents one of the
most common neoplasms worldwide. Surgical resection and local ablative therapies represent the most
frequent first lines therapies adopted when liver transplantation can not be offered or is not immediately accessible. Hepatic resection (HR) is currently considered
the most curative strategy, but in the last decade local
ablative therapies have started to obtain satisfactory
results in term of efficacy and, of them, radiofrequency
ablation (RFA) is considered the reference standard.
An extensive literature review, from the year 2000,
was performed, focusing on results coming from studies that directly compared HR and RFA. Qualities of the
studies, characteristics of patients included, and patient
survival and recurrence rates were analyzed. Except for
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INTRODUCTION

WHAT GUIDELINES RECOMMEND

Hepatocellular carcinoma (HCC) represents one of
the most common primary malignancies of the liver
worldwide, with an incidence that varies in the different
geographic areas as a consequence of the regional variations in exposure to risk factors for this tumor[1,2]. The
increasing use of surveillance in clinical practice, and
the advancements in diagnostic and therapeutic abilities
achieved in the last decades have greatly improved patient
survival[3-5]. Liver resection and radiofrequency ablation
represent the most common first-line therapies adopted
when HCC is diagnosed at early stages[6]. Liver resection
still remains a mainstay of HCC treatment, and thanks
to the considerable improvements in surgical techniques
and peri-operative care, the rates of death and complications after liver resection have remarkably decreased over
time, giving the procedure added value[7,8]. However, surgery can negatively impact on the already compromised
function of cirrhotic livers and, on the other hand, radiofrequency ablation seems safer but its ability to achieve
complete and sustained tumor necrosis can be less predictable, and technical feasibility may be sub-optimal.
For these reasons, the choice between hepatic resection
and radiofrequency ablation for HCC is still a matter of
debate. The aim of the present review is to examine the
available literature that directly compares these two therapeutic strategies. The qualities and flaws of each included
study were highlighted in the attempt to reach conclusions regarding the effectiveness of one treatment with
respect to the other and to make suggestions for future
research on this debated topic.

Clinical practice guidelines should be evidence-based and
should represent the consensus of expert committees.
However, it is often very difficult to reach a consensus
in the field of HCC, especially as regards the therapeutic
approach, given the extremely limited availability of high
quality trials. Table 1 reports a summary of the levels of
evidence and the strength of recommendations from
three published guidelines, namely, the European Association for the Study of the Liver (EASL-EORTC),
updated in 2012[10], the American Association for the
Study of Liver Diseases (AASLD), updated in 2010[11],
and the Asian Pacific Association for the Study of the
Liver (APASL), updated in 2010[12]. The EASL and AASLD guidelines are mainly based on the Barcelona Clinic
Liver Cancer (BCLC) algorithm for staging and treatment of HCC and represent the most popular treatment
algorithms in Western countries[13], however, the BCLC
algorithm is not very popular in Asia. There are two
important aspects of these guidelines that deserve attention and that are strictly related to each other. The first
is represented by the role of the “alternative strategy”
of ablation, with respect to resection, and the second is
the recommended selection criteria for surgery. It can be
immediately noted that radiofrequency ablation is always
considered as a strategy alternative, and not competitive,
to resection: the EASL recommends ablative therapies
“for patients with BCLC 0-A tumours not suitable for
surgery”, the AASLD suggests that ablative therapy is
“effective for patients who cannot undergo resection”
and the APASL recommends local ablation as “an acceptable alternative to resection”. These recommendations
mainly derive from indirect comparisons of the results
from the two treatments. In brief, modern standards of
HCC resection in cirrhotic patients call for a peri-operative mortality < 3% and an expected 5-year survival rate
above 60%[10,14-18], whereas, on the other hand, mortality
after RFA has been reported to range between 0.9% and
7.9% and the 5-year survival rate to range between 40%
and 70%[19-25]. Most of the uncertainties are related to the
efficacy of ablation techniques, since response to ablative
therapies is strongly influenced by tumor size and location[19,26-29]. In addition, patients allocated to ablation tend
to suffer from a more advanced degree of liver dysfunction in comparison to those undergoing surgery, and this
feature can negatively impact the observed results. On
the other hand, strict selection criteria for hepatic resection can ameliorate patient survival after surgery and this
is especially true as regards liver reserve. These two features are obviously related to each other, since at varying
criteria for resection, different patients will be shifted to
ablation techniques and this represents the second aspect
that deserves attention. For example, a selection of candidates for hepatic resection strictly based on the hepatic
vein pressure gradient (HVPG), as recommended by the
EASL[10], could exclude several patients from surgery,
shifting them to RFA. Specifically, HVPG should be <

LITERATURE STRATEGY SEARCH
A systematic search within the Medline and Embase
databases, in the period between 1 January 2000 and 1
December 2012, was performed with the MeSH terms
“hepatocellular carcinoma” and (“hepatectomy” or “surgical therapy”) and “ablation techniques”. The keywords
“hepatocellular carcinoma”, “partial hepatectomy”,
“hepatic resection”, “radiofrequency ablation” or “percutaneous ablation” and “survival” were used to supplement the literature search. The reference lists of retrieved
publications were reviewed for other relevant papers.
Only articles involving human subjects and that directly
compared radiofrequency ablation vs hepatic resection for
HCC were considered for the present review. The quality of the selected articles was attributed on the basis of
their level of evidence and by means of the NewcastleOttawa quality assessment scale for observational studies [9]. The Newcastle-Ottawa Scale (NOS) is a score
system that was developed to assess the quality of nonrandomized studies, in which a study is judged on three
broad perspectives: (1) the selection of the study groups;
(2) the comparability of the groups; and (3) the ascertainment of either the exposure or outcome of interest for
case-control or cohort studies, respectively.
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Table 1 Proposed evidences and recommendations from international guidelines
Guidelines
EASL

EORTC[9]

AASLD[10]

APASL[11]

Hepatic resection

Radiofrequency ablation

Resection is the first-line treatment option for patients with
Local ablation with radiofrequency or percutaneous ethanol injection is
solitary tumors and very well-preserved liver function, defined considered the standard of care for patients with BCLC 0-A tumors not
as normal bilirubin with either hepatic venous pressure
suitable for surgery (evidence 2A; recommendation 1B)
gradient ≤ 10 mmHg or platelet count ≥ 100000 (evidence 2A;
recommendation 1B)
Additional indications for patients with multifocal tumors
In tumors < 2 cm, BCLC 0, Ethanol injection and radio-frequency ablation
meeting Milan criteria (≤ 3 nodules ≤ 3 cm) or with mild
achieve complete responses in more than 90% of cases with good longportal hypertension not suitable for liver transplantation
term outcome [evidence 1(i)A; recommendation 1C]
require prospective comparisons with loco-regional treatments.
(evidence 3A; recommendation 2C)
Patients who have a single lesion can be offered surgical
Local ablation is safe and effective therapy for patients who cannot
resection if they are non-cirrhotic or have cirrhosis but still have undergo resection, or as a bridge to transplantation (recommendation 2);
well preserved liver function, normal bilirubin and hepatic vein
Alcohol injection and radiofrequency are equally effective for tumors
pressure gradient < 10 mmHg (recommendation 2)
< 2 cm. However, the necrotic effect of radiofrequency ablation is more
predictable in all tumor sizes and its efficacy is clearly superior to that of
alcohol injection in larger tumors (recommendation 1)
Liver resection is a first-line curative treatment of solitary or Local ablation is an acceptable alternative to resection for small HCC (< 3
multifocal HCC confined to the liver, anatomically resectable,
cm) in Child-Pugh A cirrhosis (evidence 2B, recommendation B);
and with satisfactory liver function reserve (evidence 2B,
Local ablation is a first-line treatment of unresectable, small HCC
recommendation B)
with 3 or fewer nodules in Child-Pugh A or B cirrhosis (evidence 2B,
recommendation B)

Strength of evidence according to study design: Level 1, Randomized controlled clinical trials or meta-analyses of randomized studies; Level 2, Nonrandomized controlled clinical trials; Level 3, Case series. Strength of evidence according to end-points: A, Total mortality; B, Cause-specific mortality; C,
Carefully assessed quality of life; D, Indirect surrogates. Grading of recommendation: 1, Strong recommendation warranted; 2, Weaker recommendation.
Grading of recommendation: A, Further research is very unlikely to change out confidence in the estimate of effect; B, Further research is likely to have an
important impact on our confidence in the estimate of effect and may change the estimate; C, Further research is very likely to have an important impact on
our confidence in the estimate of effect. BCLC: Barcelona Clinic Liver Cancer; HCC: Hepatocellular carcinoma; EASL: European Association for the Study of
the Liver; EORTC: European Organisation For Research And Treatment Of Cancer; AASLD: American Association for the Study of Liver Diseases; APASL:
Asian Pacific Association for the Study of the Liver.

10 mmHg to allow a safe resection[13], but the evidence
for this recommendation is not very strong since it was
based on data obtained in a very small cohort studied in
the 1990s[30] and surgical techniques have substantially
improved since then. Only one recent external validation
was conducted on only 39 patients[31], whereas other studies could not confirm the influence of portal hypertension[32]. HVPG measurement can probably help to select
surgical candidates, with a very low or null probability of
post-operative liver failure, but it probably also excludes
patients that can still benefit from surgery and that will be
submitted to RFA with a lower chance of cure[32]. Thus,
more restrictive criteria for resection result in a better
outcome after surgery and a worse outcome after ablation that represents the alternative therapy to be adopted.
It can be concluded that such discrepancies, evident even
in international guidelines, are attributable to the relatively low level of evidence that can be obtained from the
literature, as is pointed out in the following paragraphs.

can be noted from Table 2, the NOS scale of observational studies ranged from 5 to 8, none of them reached
the maximum quality assessment of 9 and most of them
had a quality scale below 8. In fact, the review of these
studies showed that for the two treatment arms patients
often have significant differences regarding most clinical
and tumor variables, that are able to confound results.
Thus, stratification for tumor size was attempted in order
to reduce to a minimum potential biases resulting from
covariate distribution. Differences observed between the
two treatment arms were also highlighted. Characteristics
of RCTs are reported in Table 3 and of observational
studies in Table 4.
Randomized controlled studies
At December 2012, three RCTs were available for review
and all were from Eastern countries[33-35] (Table 3). The
first RCT was published by Chen et al[33]. Tumor recurrence rate at 2 years after treatment was used as the primary outcome measure to estimate the sample size of
the study. After post-randomization exclusion, the study
involved 71 patients submitted to ablation and 90 submitted to resection. The results showed that the 3-year
overall survival was 71.4% after ablation and 73.4% after
surgery. The corresponding disease-free survival rates
were 64.1% and 69.0%, respectively. No statistical difference was observed and no differences were observed
when patients were stratified by tumor size (P-values not
provided). The authors concluded that the overall and

COMPARATIVE STUDIES ON RESECTION
VS ABLATION
The literature review retrieved 19 studies that directly
compared resection and radiofrequency ablation; of
them, three RCTs were available for comparison whereas
the remaining studies were represented by retrospective
observational studies. Randomized controlled studies
were reviewed separately from observational studies. As
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section over ablation. Even if higher survival rates after
resection were also observed in the analyses of Chen and
Feng, they did not find a statistically significant superiority of surgery over ablation, leaving the question regarding
the best therapeutic approach to be adopted unsolved. It
should be noted, however, that the different proportions
of HCC beyond the very early stage can, at least in part,
explain the conflicting results, since it is known that ablation beyond this stage is less able to achieve complete tumor necrosis, thus biasing the final results[19,28,29]. Hence,
a further review of the available observational studies is
necessary to obtain more clinical, useful information.

Table 2 Summary of published articles that directly compared
hepatic resection and radio-frequency ablation identified
through literature search
Ref.
Feng et al[35]
Peng et al[36]
Wang et al[37]
Ruzzenente et al[47]
Nishikawa et al[42]
Hung et al[38]
Takayama et al[39]
Huang et al[34]
Ueno et al[41]
Abu-Hilal et al[48]
Guglielmi et al[43]
Hiraoka et al[40]
Hasegawa et al[46]
Lupo et al[45]
Chen et al[33]
Ogihara et al[49]
Montorsi et al[50]
Hong et al[51]
Vivarelli et al[44]

Study period

Type of study

NOS

2005-2008
2003-2008
2002-2009
1995-2009
2004-2010
2002-2007
2000-2003
2003-2005
2000-2005
1991-2003
1996-2006
2000-2007
2000-2003
1999-2006
1999-2004
1995-2003
1997-2003
1999-2001
1998-2002

RCT
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
RCT
Retrospective
Retrospective
Retrospective
Retrospective
Survey
Retrospective
RCT
Retrospective
Retrospective
Retrospective
Retrospective

7
6
8
7
7
5
7
8
7
7
6
8
7
6
6
5

Single tumors less or equal to 2 cm
Four observational retrospective studies analyzed outcomes of resection and ablation in single tumors ≤ 2
cm[36-39] (Table 4) while none of the previous reported
RCTs analyzed this specific tumor stage. None of the
observational studies reported a convincing comparability between the two treatment arms, and the most frequent differences observed between ablated and surgical
patients were that RFA patients were older than surgical patients, had a lower platelet count, belonged more
frequently to Child-Pugh class B and were affected by
smaller tumors (P < 0.050). Thus, results in terms of
both patient survival and recurrence rate can be biased
by covariate distribution. Three articles deserve some
discussion for different reasons. The first article derives
from a multi-institutional database of the Liver Cancer
Study Group of Japan involving 2550 patients[39]. In this
report, disease-free survival (DFS) was significantly better
(P = 0.001) after resection (n = 1235) than after RFA (n
= 1315), but patient survival was similar (P = 0.280). Ablated patients were more frequently in Child-Pugh class B,
had higher ICG-R15 and smaller tumor size in comparison to resected patients (P = 0.001 in all cases). Therapy
and Child-Pugh class were independent prognostic factors of DFS at Cox regression analysis but regression
on patient survival was not performed. This report represents the largest series published in the literature that
analyzed this specific tumor stage. It can be speculated
that patient survival after RFA could be under-estimated,
because of more advanced hepatic dysfunction, and, on
the contrary, recurrence rate over-estimated because of
smaller tumor size. These observations support the hypothesis that patient survival after ablation can be similar
to that of surgery for tumors < 2 cm; unfortunately the
choice of a composite end-point, as DFS is (in which
the event is death or recurrence), does not allow a similar
conclusion for just recurrence rate.
In a more recent report by Wang et al[37], the authors
tried to handle the different covariate distribution by
means of propensity score one-to-one match. In their
sub-analysis of 104 matched patients with single tumor <
2 cm (52 patients for each arm), the authors reported that
resection and RFA provide similar patient survival (P =
0.296), but that DFS of surgical patients was significantly
better than that of RFA patients (P = 0.031). Unfortu-

The Newcastle-Ottawa Score (NOS) scale can range from 5 to 9. RCT:
Randomized controlled trials.

disease-free survivals were the same for patients with
a single tumor ≤ 5 cm treated with either ablation or
resection; however, ablation showed an advantage over
surgical resection in causing less post-treatment complications, less pain, and a shorter in-hospital stay[33].
The second RCT was published by Huang et al[34].
The 5-year overall survival rate after treatment was used
as the primary outcome measure to estimate the sample
size of the study. After post-randomization exclusion,
the study involved 115 patients submitted to ablation and
115 submitted to resection. Results showed that the 5-year
overall survival rates was 54.8% after ablation and 75.7%
after surgery (P = 0.001). The corresponding recurrencefree survival rates were 28.7% and 51.3%, respectively (P
= 0.017). The benefit of resection was maintained when
patients were stratified by tumor size and number. The
authors concluded that surgical resection may provide
better survival and lower tumor recurrence rates than ablation for HCC within Milan criteria[34].
The third, and last, RCT was published by Feng et
al[35]. The 3-year overall survival rate after treatment was
used as the outcome measure to estimate the sample size
of the study. After post-randomization exclusion, the
study involved 84 patients submitted to ablation and 84
submitted to resection. Results showed that the 3-year
overall survival rates was 67.2% after ablation and 74.8%
after surgery (P = 0.342). The corresponding recurrencefree survival rates were 49.6% and 61.1%, respectively (P
= 0.122). No stratification for tumor stage was provided.
The authors concluded that percutaneous radiofrequency
ablation may provide therapeutic effects similar to those
of hepatic resection[35].
Thus, the available RCTs report different results and
only Huang demonstrated a superiority of hepatic re-
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Table 3 Characteristics of randomized controlled studies that compared hepatic resection vs radiofrequency ablation
Ref.
Chen et al[33]

Huang et al[34]

Feng et al[35]

Liver function

Tumor features

Treatment

Child-Pugh class A
ICG-R15 < 30%
PLT > 40000/mm3

Single < 5 cm

HR: 90
RFA: 71

Study characteristics and main findings

21% of patients randomized to RFA withdrew their consent. The 1-, 3-,
and 4-year overall survival rates after RFA and surgery were 95.8%, 71.4%,
67.9% and 93.3%, 73.4%, 64.0%, respectively. The corresponding DFS rates
were 85.9%, 64.1%, 46.4% and 86.6%, 69%, 51.6%, respectively. Statistically,
there was no difference. The 5-year rates were not reported
Single tumor ≤ 3 cm
HR: 42
Authors stated that patient survival and DFS did not change in tumors < 3
RFA: 37 cm but survival rates and P-values were not provided (only Kaplan-Meier
curves were reported)
Single 3.1-5.0 cm
HR: 48
Authors stated that patient survival and DFS did not change in tumors
RFA: 34 between 3.1 and 5.0 cm but survival rates and P-values were not provided
(only Kaplan-Meier curves were reported)
Child-Pugh class A/B Single ≤ 5 cm or up to HR: 115
Despite randomization, RFA patients had higher prevalence of nodules
≤ 3 cm (P = 0.021). The 3- and 5-year survival rates for the RFA group
ICG-R15 < 20%
3 nodules < 3 cm
RFA: 115
PLT > 50000/mm3
and the HR group were 69.6%, 54.8% and 92.2%, 75.7%, respectively (P =
0.001). The corresponding RFS rates were 46.1%, 28.7% and 60.9%, 51.3%,
respectively (P = 0.017)
Single tumor ≤ 3 cm
HR: 45 The 3- and 5-year survival rates for the RFA group and the HR group were
RFA: 57
77.2%, 61.4% and 95.6%, 82.2%, respectively (P = 0.030). Neither DFS nor
RFS for this subgroup were provided
Single 3.1-5.0 cm
HR: 44 The 3- and 5-year survival rates for the RFA group and the HR group were
RFA: 27
66.7%, 51.5% and 95.5%, 72.3%, respectively (P = 0.046). Neither DFS nor
RFS for this subgroup were provided
Multifocal < 3 cm
HR: 26 The 3- and 5-year survival rates for the RFA group and the HR group were
RFA: 31
58.1%, 45.2% and 80.8%, 69.2%, respectively (P = 0.042). Neither DFS nor
RFS for this subgroup were provided
Child-Pugh class A/B Up to 2 nodules < 4 cm HR: 84 The 1- and 3-year survival rates for HR and RFA groups were 96.0%, 74.8%
ICG-R15 < 30%
RFA: 84
and 93.1%, 67.2%, respectively (P = 0.342). The corresponding RFS rates
PLT > 50000/mm3
were 90.6%, 61.1% and 86.2%, 49.6%, respectively (P = 0.122). Results at
5-year not reported (or not reached). On the basis of this lack of evidence,
the authors did not include treatment as a variable in multivariate analysis

Other inclusion criteria common to all randomized controlled trials (RCTs): no radiological evidence of invasion into the portal/hepatic vein branches,
no extra-hepatic metastases, no previous treatment of hepatocellular carcinoma (HCC), patient should be suitable to be treated by surgical resection and
radiofrequency ablation. HR: Hepatic resection; RFA: Radiofrequency ablation; DFS: Disease-free survival; PLT: Platelet.

nately, the match was unconvincing and the inaccuracy of
the match procedure is reinforced by the match provided
in the same manuscript for patients with tumors < 3 cm,
where covariates were still significantly different, after
matching, among the two treatment arms (P < 0.001 in
some cases)[37]. This work highlights the need for a rigorous statistical approach in the presence of significant covariate differences; without such an approach, the results
can remain difficult to interpret with some degree of
certainty.
The third report was published by Peng[36] in 2012,
and involved 145 patients, submitted to resection, or
ablation, for single tumor ≤ 2 cm. The authors found
that overall survival was better after RFA (P = 0.048) but
that recurrence-free survival (RFS) was unaffected (P =
0.548). The results are intriguing since, when looking at
the baseline characteristics, the two groups were quite
similar as regards clinical and demographical covariates,
except for lower prothrombin time and platelet count in
the RFA arm. Thus, supposing an effect of worse liver
function on survival, this would have to be shown in patients undergoing RFA, returning to an under-estimation
of survival after ablation. Multivariate regression analyses
showed that treatment allocation was the only significant
prognostic factor for overall survival (P = 0.046). If a
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conclusion, regarding comparative analyses in this HCC
stage, is to be drawn, it can be said that there is some evidence that for single nodules, not larger than 2 cm, RFA
can provide survival similar to that of resection[24]. An
increased recurrence rate, however, has to be expected
after RFA even if the tumor is small but this could theoretically be the subject of re-treatment, justifying comparable survivals. For very early HCC, dedicated RCTs are
warranted.
Single tumors less than or equal to 3 cm
There is greater experience published in the literature
when this size threshold was selected as an inclusion
criterion. Overall, seven studies were found to analyze
ablation vs resection in single tumors ≤ 3 cm, or that included a sub-analysis in this specific tumor stage (Tables
3, 4)[33,34,40-44]. Two of these studies were the previously
cited RCTs by Chen et al[33] and Huang et al[34], which contained a sub-analysis for this specific tumor stage. In the
RCT by Chen et al[33], the authors stated that both patient
survival and DFS did not change in single tumors < 3
cm, but, unfortunately, both survival rates and P-values
were not provided. The RCT by Huang et al[34] reported a
survival advantage of surgery: in the subgroups of 45 resected patients vs 57 ablated patients with a solitary nod-
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Table 4 Characteristics of observational studies that compared hepatic resection vs radiofrequency ablation
Ref.

Liver function

Tumor features

Treatment

Study characteristics and main findings

Peng et al[36]

Child-Pugh
class A

Single tumor ≤ 2 cm

HR: 74
RFA: 71

Wang et al[37]

Child-Pugh
class A and B

BCLC early stage

HR: 208
RFA: 254

BCLC early stage
after PS match

HR: 208
RFA: 208

Single tumor < 2 cm

HR: 52
RFA: 91

Single tumor < 2 cm
after PS match

HR: 52
RFA: 52

Child-Pugh
class A and B

Up to 3 tumors ≤ 6
cm after PS match

HR: 88
RFA: 88

Child-Pugh
class A and B

Single tumor < 5 cm

HR: 45
RFA: 40

RFA patients showed lower prothrombin activity (P = 0.001) and lower platelet
count (P = 0.010). Other features were similar between the two groups
The 3-, and 5-year survival rates were 87.7% and 71.9%, respectively, after RFA and
70.9% and 62.1% after HR (P = 0.048). The corresponding RFS rates were 65.2% and
59.8% with RFA and 56.1%, and 51.3% after HR (P = 0.548)
Patient characteristics were considerably different between the two treatments.
RFA patients were significantly older, anti-HCV+, in Child-Pugh class B, with
lower platelet count, with smaller and multifocal tumors than HR patients (P = 0.001
in all cases)
The 3- and 5-year survival rates were 87.8% and 77.2% for HR, and 73.5% and
57.4% for RFA (P = 0.001). The 3- and 5-year DFS rates were 59.9% and 50.8% for
HR and 28.3% and 14.1% for RFA, respectively (P < 0.001)
Patient characteristics were different between the two treatment arms. RFA
patients were significantly older, anti-HCV+, in Child-Pugh class B, with lower
platelet count, with smaller and multifocal tumors than HR patients (P = 0.001 in
all cases). Patient and DFS rates not provided for this subgroup
Patient characteristics were different between the two treatment arms. RFA
patients were significantly older, anti-HCV+, with lower platelet count than HR
patients (P < 0.050). No Child-Pugh stratification was provided
The 3- and 5-year survival rates were 98% and 91.5% for HR, and 80.3% and 72%
for RFA (P = 0.073). The 3- and 5-year DFS rates were 62.1% and 40.7% for HR and
39.8% and 29.3% for RFA, respectively (P = 0.006)
Patient characteristics seem similar between the two treatments.
The 3- and 5-year survival rates were 98% and 91.5% for HR, and 82.8% and 82.8%
for RFA, respectively (P = 0.269). The 3- and 5-year DFS rates were 62.1% and
40.7% for HR and 46.8% and 38.0% for RFA (P = 0.031)
Patient characteristics seem similar between the two treatments.
The 3- and 5-year survival rates were 68.7% and 59.3% for HR, and 50.1% and
27.7% for RFA (P = 0.012). The 3- and 5-year DFS rates were 50.4% and 27.1% for
HR and 30.2% and 18.6% for RFA, respectively (P = 0.001)
The 3- and 5-year survival rates were 66.1% and 54.5% for HR, and 63.7% and
43.8% for RFA (P = 0.633). The 3- and 5-year DFS rates were 42.4% and 22.6% for
HR and 30.7% and 23.0% for RFA, respectively (P = 0.644). Patient and disease-free
survival after HR were significantly superior to RFA, in patients with tumors ≥ 5
cm
Further stratifications lead to very small groups (n < 10)
RFA patients had smaller tumors (P = 0.001) and lower platelet count (P = 0.004) in
comparison to HR patients
The 5-year overall survival rates after RFA and HR were 63.1% and 74.6%,
respectively (P = 0.259). The corresponding RFS rates were 18.0% and 26.0%,
respectively (P = 0.324). In the multivariate analysis treatment was not an
independent risk factor for overall and RFS
RFA patients were significantly older, anti-HCV+, with lower albumin and platelet
count (P < 0.050) in comparison to HR patients
The 3- and 5-year survival rates were 88.2% and 79.3% for HR, and 77.3% and
67.4% for RFA, respectively (P = 0.009). The 3- and 5-year RFS rates were 56.1%
and 40.9% for HR and 29.0% and 20.5% for RFA (P = 0.001)
Patient characteristics seem similar between the two treatments
Patient and DFS rates not provided but only reported in Kaplan-Meier graphs. For
patient survival no difference was found (P = 0.519); RFS was significantly worse
after RFA (P < 0.001)
RFA patients were significantly older, anti-HCV+, with lower albumin and platelet
count, higher bilirubin, AST and ICG-R15 and with smaller tumors (P = 0.001) in
comparison to HR patients
The 3- and 5-year survival rates were 91.1% and 84.6% for HR, and 86.5% and
77.8% for RFA, respectively (P = 0.358). The 3- and 5-year RFS rates were 42.6%
and 21.8% for HR and 59.5% and 45.2% for RFA (P = 0.104)
Data from the Liver Cancer Study Group of Japan database. Results were reported
in the form of brief communication. RFA patients were significantly more
frequently in Child-Pugh class B, had higher ICG-R15 and smaller tumor size (P =
0.001 in all cases) in comparison to HR patients
The 1- and 2-year survival rates were 98% and 94% for HR, and 99% and 95% for
RFA, respectively (P = 0.280). The 1- and 2-year DFS rates were 91% and 70% for
HR and 84% and 58% for RFA, respectively (P = 0.001)
Multivariate analysis on DFS confirmed alpha-fetoprotein, therapy and Child-Pugh
class as independent factors

Ruzzenente et al[47]

Nishikawa et al[42]

Child-Pugh Single tumor ≤ 3 cm HR: 78
class A and B
RFA: 92

Hung et al[38]

Child-Pugh
class A and B

Takayama et al[39]

Up to 3 tumors ≤ 5
cm

HR: 229
RFA: 190

Up to 3 tumors ≤ 5
cm after PS match

HR: 84
RFA: 84

Single tumor < 2 cm

HR: 50
RFA: 66

Child-Pugh Single tumor ≤ 2 cm HR: 1235
class A and B
RFA: 1315
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Ueno et al[41]

Child-Pugh
class A and B

BCLC early stage

HR: 123
RFA: 155

Single tumor ≤ 3 cm

HR: 78
RFA: 92

Single tumor 3.1-5.0
cm

HR: 32
RFA: 9

2 or 3 nodules ≤ 3
cm

HR: 13
RFA: 54

Abu-Hilal et al[48]

Child-Pugh Single tumor ≤ 5 cm HR: 34
RFA: 34
class A and B

Guglielmi et al[43]

Child-Pugh
class A and B

Hiraoka et al[40]

Up to 3 tumors ≤ 6
cm

HR: 91
RFA: 109

Child-Pugh Single tumor ≤ 3 cm HR: 20
class A
RFA: 11
Child-Pugh Single tumor > 3 cm HR: 33
class A
RFA: 23
Child-Pugh Single tumor ≤ 3 cm HR: 59
class A and B
RFA: 105

Hasegawa et al[46]

Child-Pugh
class A and B

Up to 3 tumors ≤ 3 HR: 2857
cm
RFA: 3022

Lupo et al[45]

Child-Pugh
class A and B

Single tumor 3-5 cm

HR: 42
RFA: 60

Ogihara et al[49]

Child-Pugh
class A and B

Single tumor
without size limit

HR: 47
RFA: 40

Child-Pugh Single tumor ≤ 5 cm HR: 18
class A and B
RFA: 26

Montorsi et al[50]

Child-Pugh Single tumor ≤ 5 cm HR: 40
class A and B
RFA: 58
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RFA patients were significantly more frequently in Liver Damage class B or C,
had higher ICG-R15, MELD score and smaller tumor size (P = 0.001 in all cases) in
comparison to HR patients
The 3- and 5-year survival rates were 92% and 80% for HR, and 92% and 63% for
RFA, respectively (P = 0.06). The 3- and 5-year DFS rates were 47% and 38% for HR
and 36% and 20% for RFA (P = 0.02)
The 3- and 5-year survival rates were 95% and 95% for HR, and 90% and 60% for
RFA, respectively (P = 0.01). The 3- and 5-year DFS rates were 56% and 44% for HR
and 37% and 11% for RFA (P = 0.02)
The 3- and 5-year survival rates were 92% and 72% for HR, and 73% and 73% for
RFA, respectively (P = 0.15). The 3- and 5-year DFS rates were 33% and 25% for HR
and 14% and 14% for RFA (P = 0.12)
The 3- and 5-year survival rates were 67% and not reached for HR, and 93% and
63% for RFA, respectively (P = 0.002). The 3- and 5-year DFS rates were 29% and
not reached for HR and 35% and 22% for RFA (P = 0.59)
This was a matched analysis for age, sex, tumor size, and Child-Pugh grade
The 5-year survival was 56% for HR, and 57% for RFA (P = 0.302). The 5-year DFS
was 28% for HR and 21% for RFA (P = 0.028)
RFA patients were significantly older, belonged more frequently to Child-Pugh
class B and more frequently had multinodular tumors (P = 0.010) in comparison to
HR patients
The 3- and 5-year survival rates were 64% and 48% for HR, and 42% and 20% for
RFA, respectively (P = 0.010). The 3- and 5-year DFS rates were 56% and 27% for
HR and 22% and 22% for RFA (P = 0.001)
Superiority of HR was confined to patients in Child-Pugh class A. Further
stratifications resulted in groups of patients not large enough (n < 10) to obtain
realistic comparisons
Type of treatment was significantly related to survival and DFS at multivariate
analyses
The 3- and 5-year survival rates were 93% and 71% for HR, and 50% and not
reached for RFA, respectively (P = 0.060)
The 3- and 5-year survival rates were 64% and 55% for HR, and 63% and 45% for
RFA, respectively (P = 0.700)
RFA patients belonged more frequently to Child-Pugh class B (P = 0.011), more
frequently had tumors < 2 cm (P = 0.001), and had worse ICG-R15 (P = 0.026) in
comparison to HR patients
The 3- and 5-year survival rates were 91.4% and 59.4% for HR, and 87.8% and
59.3% for RFA, respectively (P = NS). The 3- and 5-year DFS rates were 64.3% and
22.4% for HR and 58.7% and 24.6% for RFA (P = NS)
No multivariate analysis provided
Data were analyzed together with a population of 1306 patients submitted to
percutaneous ethanol injection. RFA patients were significantly older, belonged
more frequently to Child-Pugh class B, had lower serum albumin, higher bilirubin,
worse ICG-R15 and more frequently had multinodular and smaller tumors (P <
0.001 in all cases) in comparison to HR patients
Results were limited to 24 mo. The 1- and 2-year survival rates were 98.3% and
94.5% for HR, and 98.5% and 93.0% for RFA, respectively (P = 0.640)
The 1- and 2-year recurrence rates were 17.0% and 35.5% for HR and 26.0% and
55.4% for RFA (P < 0.001)
At multivariate analysis, type of treatment did not affect overall survival but
affected recurrence rate
The groups were similar in terms of median age, Child-Pugh score and tumor size
The 3- and 5-year survival rates were 57% and 43% for HR, and 53% and 32% for
RFA, respectively (P = 0.824). The 3- and 5-year DFS rates were 35% and 14% for
HR and 18% and 0% for RFA (P = 0.283)
No multivariate analyses were performed
RFA patients were significantly older, belonged more frequently to Child-Pugh
class B and had smaller tumors (P < 0.001 in all cases) in comparison to HR patients
The 3- and 5-year survival rates were 65% and 31% for HR, and 58% and 39%
for RFA, respectively (P = NS). DFS not provided. No multivariate analysis was
provided
In these subgroups, RFA patients were still significantly older and belonged more
frequently to Child-Pugh class B (P < 0.050) in comparison to HR patients
The 3- and 5-year survival rates were 64% and 21% for HR, and 53% and 32% for
RFA, respectively (P = NS). The 3- and 5-year DFS rates were 37% and 37% for HR
and 31% and 23% for RFA (P = NS)
Results did not change in single tumors > 5 cm
All RFA were performed with laparoscopic approach. RFA patients had
significantly worse INR and higher AST (P < 0.050). A trend toward higher
bilirubin, lower platelet count and higher ALT was also reported (P < 0.10)
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Hong et al[51]

Vivarelli et al[44]

Child-Pugh
class A

Single tumor ≤ 4 cm

HR: 93
RFA: 55

Child-Pugh
class A and B

No inclusion criteria
specified

HR: 79
RFA: 79

Child-Pugh Single tumor ≤ 3 cm HR: 21
class A and B
RFA: 22
Child-Pugh
class A and B

Single tumor > 3 cm

HR: 58
RFA: 57

The 3- and 4-year survival rates were 73% and 61% for HR, and 61% and 42% for
RFA, respectively (P = 0.139). The RFS rates were not reported and only plotted in
a Kaplan-Meier curve reporting a P = 0.024. Five-year rates not reported.
Multivariate analysis on survival did not include the primary exposure variable (HR
vs RFA)
RFA patients were significantly older (P < 0.001) but the other characteristics
reported were not statistically different between the two groups
The 1- and 3-year survival rates were 97.9% and 83.9% for HR, and 100% and
72.7% for RFA, respectively (P = 0.24). The 1- and 3-year RFS rates were 75.9% and
54.7% for HR and 74.1% and 40.2% for RFA (P = 0.54). Five-year rates not reported.
Results did not change when patients were stratified by AJCC or CLIP stages
No multivariate analyses were performed
RFA patients belonged more frequently to Child-Pugh class B and more frequently
had multinodular tumors (P < 0.001 in both cases)
The 1- and 3-year survival rates were 83% and 65% for HR, and 78% and 33%
for RFA, respectively (P = 0.002). The 1- and 3-year DFS rates were 79% and 50%
for HR and 60% and 20% for RFA (P = 0.001). Five-year rates not reported. No
multivariate analyses were performed
The 1- and 3-year survival rates were 89% and 79% for HR, and 89% and 50% for
RFA, respectively (P = NS). The 1- and 3-year DFS rates were 84% and 67% for HR
and 70% and 34% for RFA (P = NS). Five-year rates not reported
The 1- and 3-year survival rates were 81% and 59% for HR, and 74% and 24%
for RFA, respectively (P = 0.007). The 1- and 3-year DFS rates were 77% and 43%
for HR and 56% and 12% for RFA (P = 0.003). Five-year rates not reported. These
differences were confirmed when the analyses were confined to Child-Pugh class
A patients

HR: Hepatic resection; RFA: Radiofrequency ablation; RFS: Recurrence-free survival; DFS: disease-free survival; PS: Propensity score; AST: Aspartate
aminotransferase; NS: Not significant; BCLC: Barcelona Clinic Liver Cancer; HCV: Hepatitis C virus; AJCC: American Joint Committee on Cancer; CLIP:
Cancer of the Liver Italian Program; MELD: Model for end-stage liver disease.

a Liver damage B or C (P = 0.001). Stratification of survival for Liver damage returned to non-significant differences in terms of both patient and disease-free survivals
and these results did not help clarify, with a convincing
degree of evidence, the real superiority of resection over
ablation[41]. The remaining studies report results on very
small subgroups, often less than 10 patients[42-44], or suffered from wrongful comparison[37], making it hard to
consider findings to provide enough degree of evidence.

ule ≤ 3 cm, the 5-year survival after surgery was 82.2%,
significantly higher than the 61.4% after RFA of (P =
0.030). Disease-free or recurrence-free survivals were not
analyzed. One limitation is represented by the fact that
covariate distribution among the two treatment arms was
not provided for these specific subgroups of patients;
however, since in the whole study population tumor size
was the only variable that proved to be slightly different
among the two groups, this sub-analysis seems quite realistic and is, at present, the most robust evidence of the
superiority of one treatment (surgery) over the competing one (ablation)[34].
Similar comments regarding covariate distribution,
made for single tumors < 2 cm, can be repeated for analyses on single tumors < 3 cm. Of the five retrospective
studies found, two series deserve particular discussion. In
2008, Hiraoka published results from a population of 59
surgical and 105 RFA patients: no significant differences
were found in terms of both patient survival and DFS[40].
However, the magnitude of the differences observed
between the two treatment arms, in terms of Child-Pugh
class, ICG-R15, serum albumin, bilirubin, and tumor size
that were all in favor of resection, was so large that the
comparison was evidently unrealistic. Furthermore, the
authors did not provide an inferential analysis, leaving
the doubt unsolved[40]. In 2009, Ueno et al[41] published a
report from the Kagoshima Liver Cancer Study Group
reporting that patients with a single nodule ≤ 3 cm
achieved a 5-year survival of 95% after resection (n =
78), significantly higher than that of 60% after RFA (n =
92; P = 0.010), but 75.6% of the resected patients had a
Liver damage A whereas 66.3% of ablated patients had
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Single tumors 3-5 cm
Four articles were identified that analyzed comparative
results of surgery and ablation in single nodules between
3 and 5 cm or that included a sub-analysis in this specific
tumor stage (Tables 3 and 4)[33,34,41,45]. Two of these studies were, again, the RCT by Chen et al[33] and the one by
Huang et al[34], which contained a sub-analysis for this
specific tumor stage. In the RCT by Chen et al[33], the authors stated that both patient survival and DFS did not
change between treatment arms but survival rates and
p-values were again not provided. Huang’s results reported a 5-year survival after surgery of 72.3% vs 51.5% after
ablation (P = 0.046); neither DFS nor RFS were provided (Table 3)[34]. Thus, with the limitations of subgroup
analyses, the available RCTs reported a limited difference
between surgery and ablation for single nodules between
3 and 5 cm. When observational studies were analyzed,
the findings became very difficult to interpret. In a subgroup analysis by Ueno et al[41] (resection: 32 patients;
RFA: 9 patients), no differences were found in terms of
either patient survival (5-year rate after resection: 72%;
ablation: 73%; P = 0.15) or DFS (5-year rate after resec-
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Hepatic vein
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Figure 1 Clinical cases in which performing hepatic resection or radiofrequency ablation had to be decided. A: Small hepatocellular carcinoma (HCC), 22 mm
in diameter, located centrally in the right liver lobe in a patient with MELD 10 and clinical signs of portal hypertension. Surgery would have required a right hepatectomy, thus, radiofrequency ablation was preferred even if a reduced rate of complete necrosis could be expected due to the possible heat sink effect of the nearby large
vessels; B: The tumor is located sub-capsular, close to the bowel loops and in strict contact with the gallbladder, implying various technical contraindications to percutaneous ablation. Open surgery was the strategy adopted; C: The tumor (long arrow), shown in the arterial phase of contrast enhancement at computed tomography
scan, is located sub-capsular at the liver dome; D: Ultrasonography confirms the tumor (long arrow) to lie very deep and without a safe needle track; in fact, these
images are taken in deep inspiration, the lesion being hardly visible during normal breathing. The location was considered to contraindicate percutaneous ablation and
surgery was performed.

tion: 25%; ablation: 14%; P = 0.15) but, as can be immediately noted, the sample size was very small. Another
retrospective study published by Lupo et al[45] reported
that resection and ablation provide very similar results.
In particular, the 5-year survival was 43% after resection
(n = 42) and 32% after ablation (n = 60; P = 0.824), and
the corresponding DFS rates were 14% and 0% (P =
0.283). Thus, it must be noted that resection repeatedly
leads to better patient survival and recurrence-rate, but
the inability to detect a statistical difference between the
two treatments leaves the question of the superiority of
surgery unsolved. It could be speculated that it is paradoxical for ablation to be inferior to resection for nodules < 3 cm and equivalent for larger tumors, since the
ability of RFA to achieve tumor necrosis decreases with
the increase in tumor size[19,28,29,46]. Thus, for this single
HCC 3-5 cm, it can be said that the literature consistently reports higher patient and disease-free survival rates
that do not achieve statistical significance likely only for
the small sample size of study populations. This specific
tumor stage also probably deserves dedicated studies.

RCTs and the studies conducted on solitary tumors,
multifocal tumor prevalence was almost always higher in
ablated patients in comparison to surgical ones[37,43,44,46].
Only two studies reported a subgroup analysis on two
or three nodules less than 3 cm, thus within BCLC early
stage, excluding single nodules[34,41]. The RCT by Huang
reported a survival advantage of surgery (P = 0.042):
in the subgroups of 26 resected patients vs 31 ablated
patients with a solitary nodule ≤ 3 cm, the 5-year survival after surgery was 69.2%, significantly higher than
the 45.2% after RFA of[34]. Disease-free or recurrencefree survivals were not analyzed. In the report by Ueno
et al[41], the 5-year survival was not reached for surgical
patients (n = 13) and the 3-year survival was in favor of
RFA (n = 54; P = 0.002), while DFS was similar (P =
0.590). The difficulty to obtain a comparison within this
stage was highlighted by the sub-analysis by Guglielmi et
al[43] who tried to stratify for Child-Pugh class 11 ablated
patients (6 in Child-Pugh class A) vs 7 resected patients
(all belonging to Child-Pugh class A) without obtaining
any reliable result. For multiple tumors, the current comparative literature leaves the impression that the prognosis will be relatively lower despite the treatment adopted.

Multiple tumors
The presence of multiple tumors, at diagnostic evaluation prior to treatment, represents the most frequent indication for radiofrequency ablation. Except for the three
WCG|www.wjgnet.com
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Figure 2 Clinical cases in which performing hepatic resection or radiofrequency ablation had to be decided. A: Ultrasonography through a right inter-costal
scan shows a very early hepatocellular carcinoma (HCC) in segment 5 that can be reached with a safe needle track for thermal ablation. Given the small size and
easy access, radiofrequency ablation was carried out; B: Post treatment assessment with contrast enhanced ultrasound shows a necrotic devascularized area (34
mm × 35 mm) that includes the tumor with a safety margin > 5 mm; C: Superficial HCC of 35 mm in hepatitis B virus related cirrhosis with preserved liver function.
This lesion could be treated by either ablation or resection, but resection is preferable given the superficial location in segment 5 and the size > 3 cm; D: Tumor lesion
partially treated by a previous trans-catheter arterial chemoembolization performed in another hospital, in a sub-capsular location close to the stomach. The theoretical path for radiofrequency ablation would lead the needle to puncture the tumor directly and thermal ablation would imply a risk of heat damage to the stomach wall.
Laparoscopic resection was the strategy adopted. The long arrow indicates the HCC after treatment.

ports from Ruzzenente et al[47], in 2012, and from AbuHilal et al[48], in 2008, are examples of the attempt to
account for confounding variables through matching.
The first study used a propensity score match to select
patients, submitted to surgery or RFA, having similar
covariate distributions[47], and the second used an “apriori” match based on age, sex, tumor size and ChildPugh grade[48]. Both studies included tumors larger than
2 cm in both arms and reported an advantage of surgery
in determining DFS over ablation but not in terms of
patient survival that was similar for single tumors < 5
cm. Of note, the study by Abu-Hilal included only 34
patients for each arm and of the one by Ruzzenente
included Child-Pugh B patients. The remaining articles
reported results from comparative analyses without tumor size limit[49], or with large (up to 5 cm) size limit, but
unfortunately they lack inference analyses[50,51].

represent patient populations that appear quite different
as regards clinical and tumor features that are known to
affect prognosis. Despite the inconclusive results and the
interest in understanding which treatment strategy is best,
it is worthwhile pointing out that the situations in which
surgery and ablation would be both really equally feasible,
and in which they could thus truly compete, occur in
less than half of the cases seen in daily clinical practice.
In fact, most studies did not report how many patients
were excluded from either surgery or ablation, because
of the presence of absolute or relative contraindications
to one or the other treatment, which might differ in the
case of one or the other therapy (thus these patients
were most likely offered the alternative therapy). Patients
might not be considered suitable for surgery because of
liver dysfunction and/or portal hypertension, according
to the individual center’s strategy, as well as the presence of comorbidities or advanced age contraindicating
general anesthesia. Some clinical examples can be found
in Figures 1 and 2. In some cases, surgery might not be
considered because of the hepatic location of the tumor,
which would require very extensive parenchymal sacrifice. Conversely, a subcapsular anterior location exposes
the patient to a higher risk of bleeding and/or peritoneal
seeding[52], unless a direct puncture of the tumor could be

DISCUSSION
The present review shows the lights and shadows of
the comparative literature regarding hepatic resection
and radiofrequency ablation for HCC. It is evident that
most studies are affected by questionable methodological
approaches since surgical patients and ablated patients
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avoided[53], which is however not always possible. Moreover, complete necrosis of lesions close to the gallbladder
is less often possible to achieved because of the potential
risk of gallbladder wall damage[26]. Similarly, complete
necrosis of lesions abutting the diaphragm may not be
possible[27]. Finally, patients with compromised prothrombin time (prolonged International Normalized Radio) are
invariably excluded from surgery because this alteration
indicates liver dysfunction; similarly, a very low platelet
count (< 50.000) is often also considered a contraindication to surgery since it indicates portal hypertension.
Such patients should therefore be treated with ablation,
as the first alternative therapy, but a clotting impairment
might also contraindicate percutaneous ablation or at
least increase the risk of adverse events, despite the possibility of preliminary transfusions. All these different variables affecting the choice between resection and ablation
most likely justify the difference in the clinical covariates
found in the various non randomized studies, as commented above, leading to rather heterogeneous patient
populations. This is in keeping with the hypothesis that
patients were not randomly allocated to one or the other
treatment, but following clear preferences, so that in each
case either surgery or ablation was specifically preferred
on the basis of clinical variables. Only in rather a few
remaining cases of early HCC within the Milan criteria
might hepatic resection and radiofrequency ablation be
considered truly competitive, and no definitive evidence
exists strongly favoring one or the other technique.
However, based on the results reported and commented on above, we can conclude that, until further
studies become available, it seems reasonable to offer radiofrequency ablation to very small HCC (< 2 cm) which
present an easy access, with no technical contraindications, since in this instance complete necrosis, including
the desired safety margin, is most likely to be achieved.
At variance, in larger nodules, namely > 2 cm and especially if > 3 cm, and/or in tumor locations in which ablation is not expected to be effective or safe (which often
correspond to subcapsular locations, which instead make
atypical resections possible), surgical removal is to be
preferred in our opinion. For future explorative research,
it can be suggested that: (1) intention-to-treat analysis
should be included in the studies; (2) further RCTs are
warranted, especially for single tumors < 2 cm in which
ablation can achieve a sustained pathological response; (3)
retrospective observational studies should include in their
analyses an inference approach that includes the primary
exposure variable (that is resection vs ablation) regardless of its statistical difference at univariate analysis; and
(4) retrospective observational studies should include
stratification for tumor size and liver degree dysfunction
together with an attempt at matching, as propensity score
can provide.
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PROGRESS IN DIGESTIVE SYSTEM NEOPLASMS

MicroRNAs and liver cancer associated with iron overload:
Therapeutic targets unravelled
Catherine M Greene, Robert B Varley, Matthew W Lawless
miRNA expression patterns affecting cell cycle progression, evasion of apoptosis, invasion and metastasis. In
2009, miR-26a delivery was shown to prevent HCC progression, highlighting its therapeutic potential. Several
studies have since investigated the clinical potential of
other miRNAs with one drug, Miravirsen, currently in
phase Ⅱ clinical trials. miRNAs also have potential as
biomarkers for the diagnosis of HCC and to evaluate
treatment efficacy. Ongoing studies and clinical trials
suggest miRNA-based treatments and diagnostic methods will have novel clinical applications for HCC in the
coming years, yielding improved HCC survival rates and
patient outcomes.
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Abstract

Core tip: Hepatocellular carcinoma (HCC) has a high
incidence and low survival rate, largely attributable to
late diagnosis, resistance to treatment, tumour recurrence and metastasis. MicroRNAs (miRNAs) are regulatory RNAs that modulate protein synthesis and are involved in several biological and pathological processes
including the development and progression of HCC.
miRNAs represent important new targets for therapeutic intervention for HCC and have potential as diagnostic and prognostic HCC biomarkers. Ongoing studies
and clinical trials suggest miRNA-based treatments and
diagnostic methods will have clinical applications for
HCC in the coming years, yielding improved HCC survival rates and patient outcomes.

Primary liver cancer is a global disease that is on the
increase. Hepatocellular carcinoma (HCC) accounts for
most primary liver cancers and has a notably low survival rate, largely attributable to late diagnosis, resistance to treatment, tumour recurrence and metastasis.
MicroRNAs (miRNAs/miRs) are regulatory RNAs that
modulate protein synthesis. miRNAs are involved in
several biological and pathological processes including
the development and progression of HCC. Given the
poor outcomes with current HCC treatments, miRNAs
represent an important new target for therapeutic intervention. Several studies have demonstrated their
role in HCC development and progression. While many
risk factors underlie the development of HCC, one process commonly altered is iron homeostasis. Iron overload occurs in several liver diseases associated with
the development of HCC including Hepatitis C infection
and the importance of miRNAs in iron homeostasis
and hepatic iron overload is well characterised. Aberrant miRNA expression in hepatic fibrosis and injury
response have been reported, as have dysregulated
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mechanism of action is determined by the level of complementarity between the miRNA and the 3’-untranslated
region (UTR) target on the mRNA. In perfect complementarity, miRNA-mRNA binding induces mRNA cleavage and degradation by RISC. In imperfect complementarity, miRNA-mRNA binding represses target mRNA
translation[10]. Occassionally, miRNAs can upregulate
translation even in conditions of growth arrest[11]. However translation is more commonly inhibited and the
target mRNAs are eventually degraded in cytoplasmic
processing bodies[12].
Functional target sites on mRNAs usually consist of
a 6-8-nt long sequence complementary to the miRNA
sequence (followed by an adenosine), this is termed the
miRNA “seed” sequence and is located at the 5’ end of
the miRNA[13]. The complementary sequence commonly
referred to as a miRNA recognition element (MRE)
is usually located in the 3’-UTR of the target mRNA.
Some recent studies have shown miRNAs can also bind
to MREs located in the 5’-UTR or the open reading
frame[14-17]. Unusually miRNAs can act as decoys and bind
to ribonucleoproteins independent of a seed sequence
and RISC, thus interfering with roles requiring mRNA
binding[18].
Given the considerable potential for variety in miRNA-mRNA interaction, it is not surprising that a single
miRNA can target several genes[19-22]. In addition, approximately 60% of mRNAs carry at least one evolutionarily
conserved MRE. Bioinformatic analysis predicts that the
3’-UTR of a single transcript is often targeted by several
miRNAs, a prediction that has been validated experimentally for many genes[22]. The complex, widespread and cooperative regulation of gene expression by miRNAs is
an important consideration when studying normal and
pathological processes in terms of understanding the
processes themselves and identifying potential biomarkers. Recently investigators have begun to study the role
of miRNAs in the pathogenesis of HCC. In particular,
several studies have demonstrated a role for miRNAs in
HCC development and progression, wherein the importance of miRNAs in iron homeostasis and hepatic iron
overload were highlighted.
Many risk factors underlie the development of HCC
and one process commonly altered is iron homeostasis.
Iron overload in the liver occurs in several liver diseases
associated with the development of HCC, including
chronic hepatitis due to HCV infection and also due to
genetic conditions such as HH. Hepatic iron overload
is an independent risk factor for the development of
HCC[23] and emerging evidence points towards miRNAs
as central regulators of iron homeostasis

INTRODUCTION
Hepatocellular carcinoma (HCC) accounts for 85%-90%
of primary liver cancers; it ranks as the fifth most common cancer worldwide and the third leading cause of
death from malignancy[1]. The development and progression of HCC is a multistage process, with transformation
typically beginning in hepatocytes of livers undergoing
chronic hepatitis or cirrhosis[2]. The major risk factor
for HCC is chronic hepatitis due to infection with the
hepatitis B or hepatitis C virus (HBV/HCV) accounting
for 80%-90% of all HCC cases worldwide[3]. The other
most important risk factors for hepatocarcinogenesis are
alcoholic and non-alcoholic steatohepatitis-associated
cirrhosis; less common risk factors include genetic conditions such as hereditary haemochromatosis (HH), alpha-1
antitrypsin deficiency[4,5] and aflatoxin B1 intake. Regardless of the underlying risk factor, hepatocytes progress
through several hyperplastic and dysplastic stages before
eventually acquiring a malignant phenotype, with subsequent intrahepatic metastasis and distant spread of HCC
cells[6]. The 5-year survival rate of patients with HCC remains quite low, between 6%-11%. This is attributable to
late diagnosis, resistance to treatment, tumour recurrence
and metastasis[2].
Previously, studies investigating HCC development
and progression have focused on the therapeutic potential of targeting various genes and proteins[7]. However,
a new group of regulatory RNA molecules has more
recently been identified, called microRNAs (miRNAs).
Involvement of miRNAs in HCC development and
progression has been demonstrated; as such miRNAs
have considerable diagnostic and therapeutic potential
for HCC. Here, the role of miRNAs in the pathogenesis
of HCC is reviewed with a focus on their regulation of
iron homeostasis and in the setting of iron overload, a
common pathological event observed in several liver diseases associated with HCC development. The relevance
of miRNAs to HCC progression with regard to hepatic
fibrosis and response to injury, as well as their contribution to cell cycle progression, evasion of apoptosis and
metastasis is explored. Finally, the potential diagnostic
and therapeutic value of miRNAs in HCC is discussed.
miRNAs
miRNAs are endogenous single stranded RNAs, approximately 22 nucleotides in length. They are non-coding
but are important post-transcriptional regulators of gene
expression. miRNAs were first discovered in 1993, and
since then the considerable extent of the gene regulatory
capacity of miRNAs has been investigated. These investigations have demonstrated that specific miRNAs have
central roles in critical biological processes such as development, cell proliferation, apoptosis and oncogenesis.
The mechanisms of action and biogenesis of miRNAs
have been reviewed in detail[8,9].
Mature miRNAs enter the RNA-induced silencing
complex (RISC) in the cytosol. In this complex miRNA
can post-transcriptionally regulate gene expression. Their
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miRNAs, HCC AND IRON OVERLOAD
Hepatic iron overload and HCC
Hepatocytes act as the principal site of iron storage in the
body, storing iron as ferric oxyhydroxyapatite in the core
of ferritin. During iron overload, the ability of hepatocytes to safely sequester iron is exceeded, denaturation of
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ferritin subunits occurs leading to ionic iron release into
the hepatocyte cytoplasm[24]. The effects of hepatic iron
overload have been particularly well studied in patients
with the inherited iron metabolism disorder, HH and in
Africans with dietary iron overload.
Patients with HH, without timely appropriate treatment, almost always develop hepatic fibrosis and cirrhosis due to hepatic iron accumulation[25]. Similarly patients
with African dietary iron overload can develop cirrhosis,
albeit less often[26,27]. HCC is a potential complication
in untreated HH patients associated with premature
death[28,29]. Comparison studies have showed that cirrhosis plays a role in the development of HCC in HH[30,31]
however, HCC can also develop in HH patients without
cirrhosis, albeit rarely[32-37]. Together this suggests that hepatic iron storage could directly contribute to HCC development[38,39], in addition to its indirect effect as a cause of
cirrhosis. This concept is in keeping with a study comparing cirrhosis incidence in HH and non-iron related liver
diseases, where the risk of HCC was greater in HH[40].
Interestingly, despite HCC initially being thought not to
occur in dietary iron overload, three case/control studies
have demonstrated a causal association between African
dietary iron overload and HCC, even after allowing for
the confounding effects of cirrhosis, chronic HBV and
HCV infection and prolonged aflatoxin B1 exposure[41-43].
Dietary iron overload resulting in HCC has also been
reported in animal models[44,45] supporting the directly hepatocarcinogenic effects of hepatic iron accumulation.
HCC can also develop with other causes of hepatic
iron accumulation namely, thalassaemia major, sideroblastic anaemia and hereditary spherocytosis[46-48]. Lesser
degrees of hepatic iron accumulation are seen in other
liver diseases, such as chronic HCV hepatitis and alcoholic liver disease. Nonetheless, it is thought to have an
important role in these diseases[24]. One area of recent
interest is hepatic iron accumulation with HCV infection.
As the main risk factor for HCC development, HCV is
particularly relevant to HCC. Iron promotes the initiation
of HCV translation by increasing expression of eukaryotic initiation factor 3a and La protein, whereas inhibiting
expression of these proteins suppresses HCV translation[49,50]. Interestingly the expression of the chief iron
regulatory hormone, hepcidin, is suppressed in chronic
HCV infected patients. Given that hepcidin expression
has direct anti-viral activity against HCV in cell culture[51]
this represents an exciting area of ongoing research.
Hepatic iron accumulation has also been implicated
in non-alcoholic fatty liver disease (NAFLD). Hyperferritinemia is associated with higher hepatic iron and fat
content in NAFLD[52], and is also an independent predictor of liver damage in NAFLD patients[53]. As altered
iron trafficking is frequent in patients with NAFLD,
one recent study investigated the role of the Ala736Val
polymorphism of TMPESS6 (an inhibitor of hepcidin
expression) in NALFD-associated hepatic iron accumulation[54]. Homozygosity for this polymorphism was associated with low hepatic iron stores and was negatively as-

WCG|www.wjgnet.com

sociated with hepatic iron accumulation independent of
age, gender, human haemochromatosis (HFE) genotype
and beta thalassaemia trait.
Pathogenesis of HCC in hepatic iron overload
A recent animal study examined the long-term effects
of iron overload in HCC[44]. A high-iron diet was given
to Wistar albino rats over 16 mo to induce hepatic iron
overload. Altered hepatic foci developed in many animals
by 20 mo. By 28 mo, these foci were more numerous
and had become identical to the iron-free preneoplastic
nodules seen in HH patients who develop HCC[55]. HCC
was evident at 32 mo in the absence of portal fibrosis
or cirrhosis. The mechanisms by which free iron induces
hepatocarcinogenesis are not yet fully characterised but
are likely due to the generation of reactive oxygen intermediates (ROI) and oxidative stress which damages
DNA, lipids, and proteins resulting in both necrosis and
apoptosis within hepatocytes[56-60]. Oxidative DNA damage correlates with cell immortalisation in HCC through
induction of telomerase activity. This process has been
associated with miR-92 over expression, a miRNA affecting specific cell proliferation and apoptosis pathways[61].
Iron overload leading to lipid peroxidation is also thought
to contribute to HCC development[62-66]. Moreover, excess hepatic iron may induce immunologic alterations,
leading to impaired immune surveillance of malignant
transformation. Nontransferrin-bound iron can markedly
suppress lymphocyte proliferation[67]. The same study
showed that ferritin can inhibit lymphocyte proliferation. Indeed, the presence of both iron and ferritin were
found to significantly reduce the tumouricidal function
of macrophages[68]. In addition to its solitary effects, iron
overload can act in tandem with other HCC risk factors
to produce hepatocarcinogenesis. For example, dietary
iron overload and aflatoxin B1 exposure have superadditive effects on mutagenesis rates[69]. Furthermore ROI
generation and mutagenesis are synergistically increased
in animal models with both risk factors, leading to greater
DNA damage[70-73].
Control of cellular iron uptake by miRNAs: Most
cells obtain iron from plasma via iron-bound transferrin
(Tf-Fe2) uptake. Tf-Fe2 binds to TfR1 on the cell surface
and the complex is internalised by clathrin-dependent endocytosis. Acidification of early endosomes aids iron release from transferrin[74], so that it can be reduced to Fe2+
by metalloreductases[75]. Transport into the cytoplasm
occurs via endosomally-expressed Divalent metal transporter 1 (DMT1). Cell surface TfR1 levels reflect cellular
iron requirements, with regulation of TfR1 expression
mainly achieved by the IRE/IRP regulatory system[76].
However, recent studies have shown that the transferrin
cycle is also controlled by miRNAs, at two separate steps
(Figure 1A).
Cancerous cells have elevated TfR1 expression to
meet the increased iron requirements of rapid cellular
proliferation[77,78]. Conversely, differentiation of a human
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Figure 1 Effect of microRNAs on iron uptake, storage, and systemic regulation. A: Iron-bound transferrin (Tf-Fe2) binds to the transferrin receptor TfR1 which is
regulated by microRNA (miR)-22, miR-200a and miR-320. The complex is endocytosed leading to release of iron, its reduction to Fe2+ and transport to the cytoplasm
via DMT1 which may be regulated by various miRNAs; B: miR-200b regulates ferritin heavy (FtH1) and light (FtL) chains. Ferritin polymers containing 24 subunits detoxify excess iron via FtH1’s ferroxidase activity and store intracellular iron; C: Levels of human haemochromatosis (HFE) protein and hemojuvelin (HJV) are regulated
by miR-122, the levels of which are decreased in hereditary haemochromatosis. Reciprocal increases in HFE and HJV, in turn, enhance expression of hepcidin leading to decreased iron absorption due to degradation of ferroportin. DMT: Divalent metal transporter.

leukaemia cell line decreases TfR1 expression[79]; this is
accompanied by reciprocal increases in miRNAs predicted to bind to the TfR1 3’-UTR (miR-22, miR-200a
and miR-320). Of these, miR-320 was demonstrated to
suppress the activity of a luciferase reporter vector under
the control of the TfR1 3’-UTR[80]. Similarly, enforced
miR-320 expression in a lung carcinoma cell line can reduce TfR1 expression and slow cell cycle progression and
cell growth. This growth inhibitory effect can be reversed
by treatment with a soluble iron solution suggesting that
reduced TfR1 expression in miR-320-overexpressing cells
lowers iron availability and reduces cell proliferation[81].
Currently, it is unknown whether miR-320-mediated
TfR1 regulation is limited to cancer cells or whether it
has a role under normal physiological conditions.
In addition to miRNA-dependent TfR1 regulation,
miRNAs control the transferrin cycle at the release of
iron from the endosome via DMT1. The gene coding for
DMT1 (SLC11A2) produces four variant mRNA transcripts. These differ either at their 5’ end due to alternative promoter usage (DMT1A and 1B isoforms), or at the
3’ end, due to alternative splicing determining the presence or absence of an IRE sequence motif[82]; only the
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IRE-containing isoforms are controlled in response to
cellular iron levels by IRP binding[83]. All DMT1 isoforms
can transport iron and, with the exception of the duodenal 1A isoform, are ubiquitously expressed[84]. Of note,
miRNA-controlled DMT1 expression by let-7d can contribute to the uptake of non-transferrin bound iron[85].
Further studies are needed to determine how miRNAdependent control of DMT-1 expression is integrated
with additional DMT-1 control mechanisms.
Importantly, as miRNA maturation requires iron in
the form of heme[86], the finding that miRNAs control
cellular iron uptake suggests a possible regulatory loop in
which iron is needed for the efficient synthesis of mature
miRNAs, while certain mature miRNAs control cellular
iron uptake.
Control of cellular iron storage by miR-200b: Ferritin
heteropolymers consist of 24 subunits of heavy (FtH1)
and light (FtL) chains that bind iron from the cytoplasmic
‘‘labile iron pool’’[87]. The FtH1 subunit has ferroxidase
activity necessary for iron deposition in ferritin. Ferritin
detoxifies excess iron into a redox-inactive form, preventing chronic oxidative stress and subsequent cell and
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tissue damage. Ferritin also acts as an intracellular iron
store mobilised via proteasomal and lysosomal degradation. One recent study showed that human breast cancer
cells with an aggressive mesenchymal phenotype express
significantly higher FtH1 and FtL mRNA and protein
levels and have a smaller labile iron pool compared to
breast cancer cells with a less aggressive epithelial phenotype[88]. High FtH1 concentrations correlated with low
miR-200b expression, a miRNA that binds both FtH1
and FtL 3’UTRs (Figure 1B). Of clinical relevance, miR200b transfection improved sensitivity of breast cancer
cells to doxorubicin. Additionally, patients with higher
plasma ferritin levels showed worse treatment outcomes,
emphasising the clinical significance of this facet of iron
regulation. These findings suggest that down regulation
of miR-200b in human breast cancer contributes to increased cancer aggressiveness. Whether FtH1 and FtL
are regulated by miR-200b in hepatocytes and if this has
implications for HCC remains to be determined[89,90].

consequence of the signalling activities reduced by a lack
of HFE which is known to attenuate BMP/Smad signalling in HH patients and its respective murine disease
model[92].
The finding that miR-122 regulates systemic iron homeostasis is one of a growing number of functions known
for this liver-specific miRNA. For example, miR-122 is
necessary for HCV infection and replication, as well as
for responsiveness to interferon therapy[93-95], all processes
involving alterations in iron homeostasis[96]. miR-122 levels
are reduced in cirrhosis[97] and HCC[98,99], two pathologies
known to be exacerbated by increased liver iron levels[24].
Evidently, miRNAs have an important role in the maintenance of iron homeostasis, given their roles in controlling
the level of cellular uptake of iron-bound transferrin, iron
storage by ferritin, and hepatic control of systemic iron
levels via hepcidin (Figure 1). Furthermore, tissue iron
overload causes oxidative stress that itself has been shown
to alter miRNA expression[100,101].
Overall, these findings suggest that miRNAs control
large regulatory networks that link microenvironmental
stress, such as oxidative stress and hypoxia to the regulation of iron metabolism. As the maintenance of iron homeostasis is critical for many essential cellular functions,
it is expected that several more miRNAs that directly or
indirectly control iron-related genes will be discovered.
Given the role of miRNAs in regulating iron homeostasis and the significance of iron overload to the development of HCC, miRNAs likely play an important role in
the pathogenesis of HCC (Table 1). However, further
studies elucidating the full extent of miRNAs’ functions
in iron homeostasis under normal conditions are needed
to improve our understanding of the role of miRNAs in
pathologies such as HCC.

Control of systemic iron regulation by miR-122: The
liver regulates systemic iron homeostasis via hepcidin
and monitors systemic iron availability through genes
involved in HH (e.g., HFE, hemojuvelin and TfR2), the
bone morphogenetic protein (Bmp) 6 and the Smad4
protein. These all function in the regulation of hepcidin
transcription. Low hepcidin activity due to mutations in
HFE, hemojuvelin, TfR2 or hepcidin itself lead to the
development of HH which is associated with increased
iron uptake from the diet and increased iron release from
macrophages.
miR-122 is selectively expressed in the liver. One
recent study demonstrated that miR-122 expression is reduced in a mouse model of HFE-mutated HH[91]. Depletion of miR-122 in wild type mice led to low systemic
iron levels, decreased plasma iron levels and lower transferrin iron binding capacity. These events in turn resulted
in an insufficient iron supply to erythroid cells and a mild
impairment of haematopoiesis[91]. Furthermore, the iron
contents of the liver and spleen were also reduced. Interestingly, miR-122 depletion altered systemic iron homeostasis through changes in the level of expression of genes
involved in the sensing of systemic iron levels (i.e., HFE,
Hemojuvelin, and Bmpr1a), as well as genes that transmit
signals via the Bmp/Smad signalling pathway, to regulate
hepcidin transcription[91]. This study also validated HFE
and hemojuvelin as direct targets of miR-122 (Figure
1C).
This suggests a miR-122-dependent regulatory loop
that controls systemic iron homeostasis whereby depletion of miR-122 derepressed HFE and hemojuvelin
expression, in turn increasing hepcidin transcription.
As a result, high circulating hepcidin levels can enhance
the degradation of ferroportin on target cells, leading
to lower iron absorption from the diet and iron release
from macrophages. This likely leads to plasma and tissue
iron deficiency, with mild impairment of erythropoiesis.
miR-122 levels are not regulated as a result of iron accumulation in the liver of HH patients, but more likely as a
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miRNAs AND HCC PROGRESSION
In HCC miRNAs can act as oncogenes, promoting hepatocyte progression to HCC, or as tumour suppressors,
preventing this process[2]. Increased oncogenic miRNA
levels result in reduced translation of their gene targets,
contributing to HCC development and progression. By
contrast, miRNAs acting as tumour suppressors prevent
the expression of their oncogenic targets and hence the
downregulation of such miRNAs permits greater expression of these oncogenic genes, again contributing to
HCC development and progression. Progression from
normal hepatocytes to HCC is a multistage process. Several changes in the liver structure and in normal cell processes must occur for this progression to continue, mediated in part by altered miRNA expression profiles. These
include liver fibrosis and hepatic stellate cell-mediated
liver regeneration, while at the molecular level changes
in cell cycle progression, susceptibility to apoptosis and
capacity for invasion and metastasis are needed.
Liver fibrosis, hepatic stellate cells and liver
regeneration
miRNA expression profiles show considerable overlap
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studies investigating differential miRNA expression in
quiescent and activated rat HSCs showed that miR-15b
and miR-16 are also implicated in HSC activation[107,108].
This process is also regulated by miR-27a and b which
are up regulated and in turn repress RXRα[109]. Of interest miR-132 activates the methylCpG binding protein
MeCP2 and components of the polycomb repressive
process. Down regulation of miR-132, as seen in hepatic
fibrosis, permits MeCP2 translation. This protein is subsequently recruited to the 5’UTR of PPARγ mRNA and
through alteration of methylation patterns suppresses the
quiescent profile of HSCs[110] - this is an example of a
miRNA acting as an activator rather than an inhibitor of
gene expression. Thus as our understanding of the role
of miRNAs in the regulation of HSC differentiation improves so will the understanding of liver pathology and
hepatic responsiveness to injury.

Table 1 MicroRNAs with a role in hepatocellular carcinoma
miRNAs

Function

Outcomes

miR-22
miR-200a
miR-320
miR-200b

Predicted to bind ironbound transferrin
receptor (TfR1)
Targets ferritin
heteropolymers
(FtH1, FtL)
Targets HFE,
hemojuvelin, BMPr1a,
BMP/SMAD
signalling, hepcidin

Targets TfR1, DMT1 expression
thereby inhibiting cell cycle
progression and growth
Decreased miR-200b linked with
enhanced cancer aggressiveness via
increased iron indices
Control of systemic iron homeostasis.
Decreased miR-122 corresponds to
decreased HFE and hemojuvelin
expression. This correlates with
increased hepcidin expression

miR-122

HCC: Hepatocellular carcinoma; miR/miRNA: MicroRNA; DMT: Divalent
metal transporter; HFE: Human haemochromatosis; BMP: Bone morphogenetic protein; FtH: Ferritin heavy; FtL: Ferritin light.

in fibrotic disorders. The most significant mediators are
the miR-29 family, important in regulating translation of
extracellular matrix components and effectors of cellular differentiation[102]. Also important are miRs affecting
translation of proteins involved in the pro-fibrotic transforming growth factor (TGF)-β/SMAD signalling pathway. Microarray analyses in a CCl4 rodent model of hepatic fibrosis have shown 31 differentially expressed miRs,
10 of which are over expressed in fibrotic tissue including
miR-125-p, -199b, -221 and -302c[103]. This same study
revealed a significant down regulation in 21 miRs, most
notably the miR-29 family. Down regulation of miR-29b
and miR-29c was independently confirmed in a bile duct
ligation model and similar observations for miRs-29a/b/c
have been reported in humans liver tissue samples of patients with a Desmet fibrosis score of 2-4[104].
Hepatic fibrosis is also affected by miR-132 levels.
In two different models of hepatic fibrosis (BDL and
CCl4), where a significant reduction in miR-132 levels
was observed, this down regulation was found to alter
the activity of hepatic stellate cells (HSCs). HSCs are
the main effector cells of hepatic fibrosis, acting as the
primary source for type Ⅰ collagen deposition following
liver injury. HSC activation occurs in response to hepatic
insults including viral infection, alcohol consumption and
obesity. During their activation, quiescent lipid-rich cells
are transdifferentiated into fully activated myofibroblasts.
The activated cells can secrete pro-fibrogenic mediators
such as TGF-β, and produce extracellular matrix components[105]. Involvement of miRNAs in the process of
HSC activation has been demonstrated. For example,
let-7 family members are significantly up regulated in
HSCs of BDL animals whereas miR-150, -187, -194 and
-207 are down regulated[106]: over expression of miR-150
and miR-194 in human HSCs can inhibit HSC proliferation and prevent HSC transdifferentiation[106]. miR-150
together with another miR, miR-94, inhibits c-Myb and
Rac-1, two proteins involved in pathways contributing to
hepatic fibrosis development and progression. Further
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Cell cycle progression
Aberrant cell cycle control is necessary for the development and progression of all human cancers, including
HCC. Cell cycle regulation by oncoproteins and tumour
suppressors is often defective resulting in increased cell
proliferation. miRNAs targeting the main proliferation
pathways have been identified in HCC. These miRNAs
exert their effects through an interaction with essential
regulators of the cell cycle, including cyclin-dependent kinase enzyme (CDK) complexes, Cip/Kip family proteins
which act as cell cycle inhibitors, and the phosphoinositide 3-kinase (PI3K)/AKT/mammalian target of rapamycin (mTOR) pathway, among others.
Cyclins are positive cell cycle regulators, controlling
cell cycle stage advancement via activation of CDKs. Cyclin D2 and E2, mediators of cell cycle arrest, are directly
targeted by miR-26a; low miR-26a levels are frequently
found in HCC[111]. Modulation of cyclin G1 affects transcriptional activity and p53 protein stability, resulting in
reduced G2-M phase and lower invasive capacity of HCC
cells[112]. miR-122 inhibits hepatocyte growth by targeting
cyclin G1 expression, however it is barely detectable in
primary human HCC[113]. Levels of miR-122 are determined by several key regulatory molecules, including the
transcription factors HNF1A, HNF3A and HNF3B[114].
Low miR-122 correlates with high serum response factor, a validated miR-122 target and important promoter
of tumour development[115]. Expression of miR-195 is
also reduced in HCC. Normally it regulates expression of
cyclin D1, CDK6 and EnF3 however in its absence there
is a failure to induce cell cycle arrest at the G1-S checkpoint[116]. CDK6 is also targeted by miR-124, a miRNA
which blocks G1-S transition. miR-124 is silenced in
HCC by CpG methylation, as is miR-203[117].
Another method by which oncogenic miRNAs contribute to cell cycle progression is via inhibition of cyclindependent kinase inhibitors (CDKIs), most notably the
members of the Cip/Kip family. Both miR-106b and
miR-93 are overexpressed in HCC and directly target
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p21 and promote cell cycle progression[118]. miR-221 and
miR-222 both inhibit expression of p27 mRNA, another
member of the Cip/Kip family[119] whilst miR-221 also
regulates the CDKI p57[120]. Direct targeting of these two
CDKIs leads to greater numbers of HCC cells in the
S-phase thus promoting cell growth.
PI3K has an important role in balancing cell survival and apoptosis. Its activation leads to increased cell
growth via phosphorylation of mTOR by AKT kinase,
an effect that is inhibited by PTEN. mTOR is a target of
miR-199a-3p; restoring normal levels of miR-199a-3p
can cause cell cycle arrest in HCC by blocking the G1-S
transition, sensitising cells to doxorubicin[121]. miR-221
and miR-222, in addition to their effect on p27 also target
DNA damage-inducible transcription factor 4 (DDIT4),
a modulator of mTOR signalling[122]. PTEN is directly
targeted by miR-21, -221 and -222; all three are often
found to be overexpressed in HCC[123,124]. As such, suppression of PTEN resulting in increased PI3K/AKT
pathway activation is an important mediator of HCC cell
survival.
Other important cell cycle regulators are known targets of aberrantly-expressed miRNAs in HCC. Let-7g
down regulates c-Myc, an oncogenic transcription factor.
This suppresses HCC cell proliferation through reduced
c-Myc-induced miR-17-92 transcription, a tumourpromoting miR [125,126]. Others such as miR-1 [127] and
miR-375[128] suppress HCC cell proliferation whereas miR18a stimulates proliferation via targeting the ESR1 gene
thereby preventing oestrogen’s protective effects against
HCC in females[129].
These studies emphasise the important role that
miRNAs have in the progression of HCC by regulating
oncogenes and tumour suppressors, and a number of
miRNAs have now been identified in this context.

miRNA regulation of pro-apoptotic Bcl-2 family members, miR-221 and miR-25 are commonly over expressed
in HCC and target Bmf and Bim, respectively[138,139].
miRNAs can also target other apoptosis-related genes.
miR-602 is increased in HBV-related HCC, it targets
RASSF1A to exert an anti-apoptotic effect[140].
Invasion and metastasis
Invasion and metastasis are two hallmarks of cancers and
the leading causes of cancer-related mortality. Survival
rates after curative resection of HCC are still poor due
to high recurrence secondary to intrahepatic metastasis.
Given this, a better understanding of the mechanisms
underlying invasion and metastasis is critical to improvements in patient survival. Several metastasis-related genes
important in HCC have been identified, and with them,
several miRNAs promoting and preventing metastasis in
HCC.
miRNAs promoting metastasis: As mentioned, levels of miR-21, -221 and -222 are increased in HCC[124].
These miRNAs directly target PTEN, contributing to
cell growth but also mediating cell invasion. miR-221 and
miR-222 also modulate the expression of TIMP3 and
phosphatase 2A subunit B (PPP2R2A), thereby preventing inactivation of metalloproteases, important enzymes
involved in cell migration and invasion, and activating
the PI3K pathway[124,141]. miR-181b is induced by TGF-β
and also targets TIMP3 on a functional level, increasing
MMP2 and MMP9 activity [142]. The TGF-β-mediated
metastasis pathway is well characterised, and this TGF-β/
miR-181/TIMP3 axis may be an important component.
One study has also shown a novel miRNA, miR-143 is
induced by NFκB, promoting metastasis of HBV-related
HCC by inhibiting expression of fibronectin[143]. High
miR-17-5p levels are often found in HCC. This miRNA
activates p38 mitogen-activated protein kinase and leads
to greater heat shock protein 27 phosphorylation thereby
promoting HCC invasion[144].
The chromosomal region 8q24 is implicated in metastasis in HCC. Two frequently amplified miRNAs contained within, miRNA-30d and miRNA-151, are involved
in HCC invasion and metastasis[145,146]. An increased miR30d expression is frequently seen in HCC enhancing metastasis through repression of G-αi2. This can contribute
to metastasis both within the liver and to the lung. RhoGDIA, thought to be a suppressor of HCC metastasis is
targeted by miR-151; with subsequent activation of Rac1,
Cdc42 and Rho GTPases enhancing cell migration and
invasion[134]. Moreover, this miRNA is often co-expressed
with host gene focal adhesion kinase (FAK); it can function synergistically with FAK to increase HCC cell motility and spread[134].

miRNAs: INVASION, METASTASIS AND
APOPTOSIS
Evasion of apoptosis
Evasion of apoptosis is another key step in malignant
transformation and tumour progression. This allows
cells to escape normal surveillance mechanisms, enabling
continued survival in the tumour microenvironment. The
tumour suppressor gene p53 increases miR-34 expression leading to cell cycle arrest and apoptosis, whereas
low miR-34 levels, as are frequently seen in HCC, are believed to contribute to apoptosis evasion[130-133]. miRNAs
directly target the Bcl-2 family of genes, their proteins
being either pro-apoptotic (Bim, Bmf, Bax, Bak, Bid) or
anti-apoptotic (Bcl-2, Bcl-W, Bcl-XL, Mcl-1)[134]. miR-122
and let-7b regulate Bcl-w and Bcl-XL, respectively, whilst
Mcl-1 is regulated by miR-101 and miR-29[104,135-137]. Reduced levels of all of these miRNAs are often seen in
HCC thus increasing resistance to apoptosis. Bcl-2 is
also targeted by miR-29[104]; increasing miR-29 levels can
sensitise HCC cells to pro-apoptotic signals, a finding of
great therapeutic application potential. With respect to
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and reduces HGF-induced cell invasion and migration
via inhibition of FOS oncogene expression[151]. Taken together these studies highlight how miRNAs control the
central processes of invasion, metastasis and apoptosis
that contribute to malignant transformation and tumour
progression.

Table 2 MicroRNAs as potential diagnostics and therapeutics
for hepatocellular carcinoma
miRNAs

Detail

miR-221

4.8 fold higher in HCC
patients, positively correlates
with cirrhosis, tumour size and
stage. Negatively correlates
with overall survival
miR-199a Reduced and significantly
associated with HCC
miR-16
Reduced and significantly
associated with HCC
miR-26
Low levels associated with
high IL-6 and shorter survival
miR-375 Lower than normal levels
associated with β-catenin
mutation
miR-107

miR-122

miR-196
miR-26a

miR-124

Relevance
Potential circulating
biomarker

miRNAs AS DIAGNOSTICS FOR HCC

Potential circulating
biomarker
Potential circulating
biomarker
Potential biomarker to
assess prognosis of HCC
Potential for HCC
classification system,
determine treatment
allocation
Reduced levels associated with Potential for HCC
HFN 1α
classification system, use
to determine treatment
allocation
Expression inhibited using
Direct effect in chimpanzee
Miravirsen LNA-modified
model in reducing HCV
oligonucleotides
replication and viraemia
Selective target for intervention Implications for treatment
Deliverable to HCC sites
Decreased proliferation and
using adeno-associated virus
induced tumour-specific
serotype 8
apoptosis
Induces tumour-specific
Prevents and suppresses
apoptosis
HCV development in
murine model

miRNAs are predominantly down regulated in tumour
tissues[152], a pattern also seen in HCC. Several issues affect the identification and quantification of aberrantly
expressed miRNAs in clinical samples confounding their
potential as biomarkers. Despite these issues, several
consistently dysregulated miRNAs have been identified
in HCC (Table 2). Numerous studies have shown that
circulating miRNA levels are altered in HCC progression.
For example, serum miR-221 concentrations are 4.8-fold
higher in HCC patients; high miR-221 levels correlate
positively with cirrhosis, tumour size and tumour stage,
and negatively correlate with overall survival[153]. Currently, there are few clinically useful serum HCC markers;
α-fetoprotein (AFP), Lens culinaris agglutinin-reactive
AFP (AFP-L3) and des-γ-carboxyprothrombin (DCP)
are of limited use[154]. The American Association for the
Study of Liver Diseases discarded AFP as a marker for
HCC surveillance and diagnosis in its July 2010 Practice
Guidelines, highlighting the need for new biomarkers.
miRNAs may have this potential. However, their use
is complicated by the need for appropriate controls, as
HCC usually develops from an underlying liver condition.
For example, one study compared the miRNA expression
profiles of three patient groups: one with HCC, one with
chronic liver disease and one consisting of normal controls[155]. This study also showed that serum miR-16 and
miR-199a concentrations were reduced and significantly
associated with HCC[155]; of potential clinical relevance,
miR-16 was more sensitive for detection of HCC than
the three currently used biomarkers. Overall, these findings show the feasibility of miRNAs as serum markers
for diagnosis of HCC. Should they continue to outperform current HCC markers in further studies, circulating miRNAs could be used in first-line testing of HCC
patients. However, the study of circulating miRNAs
as HCC biomarkers is a relatively recent concept, with
further studies and validation of results in larger patient
cohorts needed before miRNAs are used in the clinical
setting. In particular, the discovery of a miRNA which
sensitively and reliably diagnose early stage HCC would
greatly enhance their potential for clinical use.
miRNA expression profiles can also be used to assess prognosis. For example, low miR-26 expression is
associated with high interleukin-6 expression and shorter
survival[156]; better response to interferon treatment also
occurs in patients with low miR-26 levels. Furthermore,
a 20-miRNA signature which accurately predicts survival
and recurrence of HCC has been developed[157]. These
studies suggest that miRNA profiling may play an impor-

HCC: Hepatocellular carcinoma; HCV: Hepatitis C virus; miR/miRNA:
MicroRNA; IL: Interleukin.

miR-122 and their expression is up regulated in primary
human HCC due to decreased miR-122 levels[115,147]. Metastatic HCCs also show significantly lower let-7g levels, a
miRNA that targets type Ⅰ collagen a2 and when present
at normal levels should prevent HCC spread[148].
The hepatocyte growth factor (HGF)/c-Met signalling cascade is considered a key pathway in HCC metastasis[134]. HGF interacts with the c-Met receptor tyrosine
kinase to increase cell motility and invasion, while also
conferring apoptotic protection. c-Met is associated with
aggressive HCC and poor outcomes, and is regulated
by miR-1, -34a, -23b and -199-3p levels of which are
low in HCC[134]. Silencing of miR-1 inhibits HCC cell
growth, and increases cell invasion, through c-Met down
regulation[127]. Ectopic expression of miR-34a prevents
HCC invasion and migration by reducing c-Met-induced
phosphorylation of extracellular signal-related kinases
1 and 2 in HepG2 cells[149]. Likewise, over expression
of miR-23b reduces levels of c-Met and urokinase-type
plasminogen activator, a downstream target of HGF/
c-Met signalling; this inhibits HCC proliferation and
migration[150]. Regulation of cell cycle progression by
restoring miR-199-3p levels to normal leads to induction
of G1-phase cell cycle arrest (miR-199-3p targets c-Met
and mTOR) thereby decreasing HCC cells’ invasive ability[121]. Finally, miR-101 is also downregulated in HCC
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tant role in HCC management in the clinic, both for classification of HCC into subtypes determining treatment
and in assessment of prognosis. Patterns of dysregulated
miRNAs distinguish tumours based on molecular characteristics. For example, β-catenin mutation is associated
with reduced miR-375 levels, and reduced miR-107 levels
with HNF1α[158]. Such findings led to the proposal of a
miRNA-based HCC classification system[159]; this could
be used to determine treatment allocation, based on molecular pathology.

toration of expression of a dysregulated miRNA in the
liver. Despite this, the relevance of therapeutic miRNA
delivery to human HCC patients remains to be determined, emphasising the considerable amount of research
needed in this field before clinical applications can be
made. Nevertheless, the early successes of RNA-based
therapies in clinical trials demonstrate that miRNAs and
their inhibitors show great therapeutic promise for HCC.
Future studies will no doubt shed light on how best miRNAs have the potential to alter survival rates of HCC
patients.
Findings have also pointed towards long non-coding
RNAs (lncRNA) as important tumorigenic candidates
actively involved in gene regulation, with lncRNAs suggested as a link in carcinogenesis. Morover, lncRNAs can
act as negative regulators of miRNAs and therefore may
become important factors to consider when developing
miRNA therapeutics. Several reports demonstrate an association of lncRNA with the development, progression,
metastasis and poor prognosis in HCC patients[164-168].

miRNAs AS THERAPEUTICS FOR HCC
Efficacy of miRNA-based gene therapy in HCC treatment
has been demonstrated (Table 2). In one study, miR-122
expression was inhibited in chimpanzees using SPC3649
LNA-modified oligonucleotides. As miR-122 up regulates
HCV replication in infected hepatocytes, its inhibition
reduced HCV RNA production and decreased viraemia[160]. A phase Ⅰ trial for SPC3649 (Miravirsen) resulted,
becoming the first miRNA-targeted drug to enter human
clinical trials. Miravirsen was well-tolerated and is currently undergoing phase Ⅱ trials in HCV null responders
to pegylated interferon-α and ribavirin. However, issues
regarding possible viral escape are arising, with one study
showing that mutations in the miR-122 binding site in
HCV 5’-UTR decreases Miravirsen efficacy[161]. Similarly,
therapeutic miR-196 targeting has been investigated,
with the results of these and similar studies likely to have
significant implications for future treatment of HCV infection and HCC[162]. Recently it was demonstrated that
HNF4α, a key regulator of hepatocellular carcinogenesis,
becomes stably inhibited during hepatocellular transformation. Perturbation of this event through miR-124
systemic administration can prevent and suppress HCC
development in a murine liver cancer model by inducing
tumour-specific apoptosis without toxic side effects[163].
Thus miR-124 has therapeutic potential for treating liver
cancer.
Several virally-delivered ‘‘classical’’ gene therapy products developed for HCC are currently progressing through
clinical trial phases; however, virus-delivered miRNAbased gene therapies have yet to be tested in clinical
trials[2]. Accurate assessment of this method’s potential
risks must be performed before further progress can be
achieved. Nevertheless, early results from studies investigating the therapeutic delivery of miRNAs are showing
promise. One such study in mice used self-complementary AAV serotype 8 (scAAV8) to deliver miR-26a to the
HCC site; this delivery restored miR-26a expression in
HCC cells, specifically decreasing cancer cell proliferation,
inducing tumour-specific apoptosis, and protecting from
HCC progression without toxicity[112]. 80% of treated
mice had no or small tumours at 3 wk post-transduction,
while most liver tissue in the untreated control group
was replaced with HCC tumours. This study is of critical
importance to the future of HCC treatment in that it was
the first to demonstrate the therapeutic potential of res-
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CONCLUSION
In summary, studies have demonstrated unequivocally
that miRNAs are important modulators of mRNA and
protein expression. They are known to be involved in a
variety of biological and pathological processes, such as
the regulation of iron homeostasis and in HCC development and progression. As predicted by bioinformatic
analysis and confirmed by numerous studies, some miRNAs target multiple genes involved in HCC progression.
Similarly, several miRNAs often regulate a single aberrantly expressed gene. From these findings, we see that
HCC progression is determined by a complex interaction
of dysregulated miRNAs and their target mRNAs. This
must be kept in mind when investigating the therapeutic
potential of miRNAs, as changing the expression of a
single miRNA may not be adequate to alter expression of
the target gene.
Investigations into the potential clinical uses of miRNAs are ongoing, most notably in the early diagnosis
and treatment of HCC. In addition, using miRNAs to
subdivide HCC cases based on molecular pathology has
been proposed; this system could also determine treatment allocation and aid in prognostic assessment. Overall, it seems likely that miRNAs will play an increasingly
important role in the diagnosis and treatment of liver
diseases associated with HCC over the coming years,
leading to improved patient survival rates and better patient outcomes.
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Practice guidelines for ultrasound-guided percutaneous
microwave ablation for hepatic malignancy
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the most frequent malignancies worldwide, with an
increasing number of new cases and deaths every
year. Traditional surgery is only suitable for a limited
proportion of patients and imaging-guided percutaneous thermal ablation has achieved optimistic results for
management of hepatic malignancy. This synopsis outlines the first clinical practice guidelines for ultrasoundguided percutaneous microwave ablation therapy for
hepatic malignancy, which was created by a joint task
force of the Society of Chinese Interventional Ultrasound. The guidelines aim at standardizing the microwave ablation procedure and therapeutic efficacy
assessment, as well as proposing the criteria for the
treatment candidates.
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Core tip: Thermal ablation has undergone rapid development as a minimally invasive procedure, with
optimistic results and rapid rehabilitation. This synopsis outlines the first clinical practice guidelines for
ultrasound-guided percutaneous microwave ablation
therapy for hepatic malignancy, which was created by
a joint task force of the Society of Chinese Interventional Ultrasound. The guidelines aim at standardizing
the microwave ablation procedure and therapeutic efficacy assessment, as well as proposing the criteria for
treatment candidates.
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Abstract
Primary liver cancer and liver metastases are among
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teleconference. The guidelines were circulated in draft
form to the full expert panel for review and approval. In
addition, practitioner feedback was obtained from physicians in the province of interventional treatment, and
their comments were incorporated into the guidelines.
These recommendations represent the panel’s attempt to
extract practical guidelines from a combination of published evidence and expert opinion where the literature
falls short.

INTRODUCTION
Primary liver cancer is the sixth most commonly diagnosed cancer worldwide and hepatocellular carcinoma
(HCC) accounts for 70%-90% of the total incidence.
There were 748300 new liver cancer cases and 695900
cancer deaths worldwide in 2008 and half of the cases
and deaths were estimated to occur in China as a result
of the high prevalence of chronic viral hepatitis [1,2].
Metastases are another common hepatic malignancy.
Colorectal liver metastasis is one of most common hepatic metastases. It has been reported that 14.5%-23.0%
of colorectal cancer patients have synchronous liver
metastases at the time of exploration for their primary
tumor and 76.8% eventually develop liver metastases[3].
A number of different locoregional therapies for hepatic
malignancy have been performed, including surgical
resection, percutaneous ethanol injection, microwave
ablation (MWA), radiofrequency ablation (RFA), highintensity-focus ultrasound and transcatheter arterial
chemoembolization (TACE). Traditionally, surgical resection is the reference standard for treatment of patients
with hepatic malignancy, however, only a small proportion of them have the chance to be candidates because
of disease progression, anatomical location, and poor
liver function. As an alternative therapy, imaging-guided
percutaneous ablation has been widely applied for management of hepatic malignancy, owing to its advantages
of minimal invasion, favorable efficacy, and reproducibility[4-7]. Among thermoablative techniques, RFA is the
most extensively used worldwide. MWA of liver cancer
was first adopted in Japan by Saitsu et al[8] and has been
widely applied in China over the past two decades[5,6,9-15].
Several studies[16-19] showed that the local tumor control,
complications and long-term survival were equivalent
for RFA and MWA in treatment of hepatic malignancy.
A recent multicenter study from China documented that
1007 patients with primary liver cancer treated by MWA
achieved 1-, 3-, and 5-year survival rates of 91.2%,
72.5%, and 59.8%, respectively[20]. For liver metastases,
MWA offers a mean 1-, 3- and 5-year survival rate of
73%, 30% and 16%, which represents an advantage over
palliative chemotherapy even in patients with extrahepatic disease[17].

LITERATURE SEARCHES
The expert panel completed the review and analysis
of data published since 1990. Computerized literature
searches of MEDLINE, EMBASE and the Cochrane
Collaboration Library were performed. The searches of
the English-language literature from 1990 to June 2011
combined the terms “hepatic neoplasms” and “liver neoplasms”, with the MeSH terms “microwaves” and “catheter ablation”. The searches were limited to human-only
studies and to specific study designs or publication types:
randomized clinical trials, meta-analyses, systematic reviews, and major clinical trials in MWA of liver tumors.

DESCRIPTION OF MWA
Mechanism
MWA refers to all electromagnetic methods of inducing
tumor destruction by using devices with frequencies ≥
900 MHz[21]. The rotation of dipole molecules accounts
for most of the heat generated during MWA[22,23]. Water
molecules are dipoles with unequal electric charge distribution, and they attempt to reorient continuously at
the same rate in the microwave oscillating electric field.
Therefore, electromagnetic microwaves heat matter by
agitating water molecules in the surrounding tissue, producing friction and heat, thus inducing cellular death via
coagulation necrosis. Another mechanism responsible
for heat generation is ionic polarization, which occurs
when ions move in response to the applied electric field
of microwaves. Displacement of ions causes collision
with other ions, which converts kinetic energy into heat.
However, it is a far less important mechanism than dipole rotation in living tissue. Currently, two kinds of
frequencies: 915 and 2450 MHz are used for MWA. A
frequency of 2450 MHz is more commonly adopted,
which is also the frequency used in conventional microwave ovens given optimal heating profiles[23]. Microwaves
of 915 MHz can penetrate more deeply than 2450 MHz
microwaves[24], therefore, the low frequency MWA may
theoretically yield larger ablation zones.

PURPOSE
The purpose of these guidelines is to establish basic
clinical practice guidance to assist physicians with: (1)
evaluating patients with hepatic malignancy, including
primary liver cancer and liver metastases, who may be
candidates undergoing percutaneous MWA under ultrasound (US) guidance; (2) providing relevant and updated
technical information for performing this treatment; and
(3) understanding the consequences of this treatment.
A working group including 44 experts from the Society of Chinese Interventional Ultrasound (SCIU) met
in June 2011 to consider the evidence for developing the
draft guidelines. Additional meetings were conducted via
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electromagnetic energy with the much broader field of
power density (up to 2 cm surrounding the antenna) to
rotate rapidly adjacent polar water molecules to achieve
primarily active heating, which can yield a much broader
zone of active heating[21]; (2) RFA is limited by the increase in impedance with tissue boiling and charring[22],
because water vapor and char act as electrical insulators.
MWA does not seem to be subject to this limitation.
Therefore, temperature > 100 ℃ is readily achieved[25];
(3) Owing to the active heating ability, MWA can achieve
higher intratumoral temperatures, larger ablation volumes, and shorter ablation times[25-28]. Because the cooling effect of blood flow is most pronounced within the
zone of conductive rather than active heating, MWA is
less affected by blood-vessel-mediated cooling (the heatsink effect). These benefits have the potential to allow
for a more uniform tumor kill in the ablation zone, both
within the targeted zone and perivascular tissue[28,29]; (4)
MWA allows for simultaneously multiple probe deployment to reduce the duration of therapy and increase the
diameter of ablation zone[21,22,25]; and (5) MWA does not
require the placement of grounding pads and the electrical energy is deployed in the target tissue only, which
avoids applied energy loss and skin burns. Moreover,
MWA is not contraindicated by the metallic materials
like surgical clips or pacemaker.
However, as one of most recent advances in the field
of thermoablative technology, MWA has a few limitations: (1) The higher thermal efficiency of MWA may
become a double-edged sword to injury easily the adjacent critical tissues because of the tissue surrounding
the antenna being rapidly ablated; and (2) Simultaneous
deployment of multiple probes of microwave antennae
can significantly increase the diameter of the ablation
zone, whereas recession of the coagulation zone for the
inter-antenna distance may not entirely cover the large
tumor and result in incomplete ablation[30].
Apart from theoretical comparison of technical characteristics, in limited comparative clinical trials between
MWA and RFA, two ablation techniques achieved similar
tumor necrosis effects and survival[18,19,31,32]. However,
Japanese researchers thought RFA had a tumor control
advantage in small liver lesions[33,34]. However, randomized controlled trials with large samples and long-term
follow-up are lacking and are strongly recommended to
provide evidence-based medicine.

tic efficacy. Currently, the design has focused largely on
needle-like, thin, coaxial-based interstitial antennae[35-37],
for the purpose of achieving larger ablation zones and
being appropriate for percutaneous use. To prevent
over-heating of the shaft, avoid skin injury, and permit
further deposition of energy into tissue with low impedance during ablation, cooled-shaft antennae have been
developed in recent years. The cooled-shaft antennae
have facilitated remarkable progress in obtaining larger
ablation zones[25,38]. The diameter of the antenna is from
1.6 to 2.8 mm (10-16 G), while the antenna with a diameter of 14-16 G is clinically commonly used.
Some types of commercially available radiofrequency
devices contain a thermocouple in the nickel-titanium
lateral tine of expandable electrode tip to allow temperature recording during the ablation procedure. The
aim of temperature monitoring is to ensure that the
maximum energy is applied by using the standard algorithm with the system[39]. The microwave machine can
also be equipped with a thermal monitoring system that
continuously measures temperature in real time during
ablation. The thermal monitoring needles are usually
classified into thermocouple and thermistor types, with
a diameter of 0.7-0.9 mm (20-22 G). The thermal monitoring needle is inserted into the target area through a
nonconducting needle trocar for real-time temperature
monitoring during ablation under US guidance. The purposes of temperature monitoring include the following.
(1) Therapeutic: the temperature monitoring needle is
inserted about 5-10 mm away from the tumor margin.
Total tumor necrosis is considered to be achieved when
the temperature remains at 54 ℃ for at least 3 min or
reaches 60 ℃ instantly; and (2) Protective: for high-risk
localized tumors (< 5 mm from the vital tissues, such as
bile duct, gastrointestinal tract, gallbladder, and blood
vessels), the real-time temperature of the tumor margin
is monitored to ensure that temperature does not reach
damaging levels. The temperature cutting off of ablation
therapy is set at 54 ℃ in the patients without a history
of prior laparotomy, or 50 ℃ in patients with a history
of laparotomy. The emission of microwaves is reactivated after the temperature decreases to 45 ℃, and then in
cycles until the entire tumor is completely encompassed
by hyperechoic water vapor.

Equipment
All MWA systems are composed of three basic elements:
microwave generator, low-loss flexible coaxial cable,
and microwave antenna. Microwaves are generated by
a magnetron in the generator. Antennae are connected
via a low-loss coaxial cable to the generator and transmit
microwaves from the magnetron into the tissue. Antennae can be classified as three types (dipole, slot, or
monopole), based on their physical features and radiation
properties[35]. Antenna shape includes straight, loop and
triaxial. Design of the antenna is crucial to the therapeu-

Diagnosis
Pathological diagnosis is necessary for both HCC and
metastatic cancer patients. The specific pathological
result ensures that the tumor ablated is actually malignant, and tumor differentiation will also provide forceful
surveillance guidance for the patients. Furthermore, the
metastatic site can be confirmed to guide future chemotherapy and radiotherapy schedules. If the patients need
to undergo biopsy to achieve pathological diagnosis, it
is preferred to perform intraoperative tumor biopsy before ablation under US guidance. According to several
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[based on the Barcelona Clinic Liver Cancer (BCLC)
Staging System[47]] and limited metastases, MWA should
be considered as curative therapy. The inclusion criteria are: (1) a single nodule with a diameter < 5 cm or a
maximum of three nodules with a diameter < 3 cm; (2)
absence of portal vein cancerous thrombus; or (3) no
extrahepatic spread to surrounding lymph nodes, lungs,
abdominal organs, or bone.
Palliative treatment criteria for MWA include patients
(1) with lesions > 5 cm in diameter or multiple lesions
(including BCLC B stage HCC); (2) suffering from a
small extrahepatic tumor burden (including part of
BCLC C stage HCC); or (3) unsuitable for other modalities and capable of tolerating the MWA procedure.

US guided percutaneous MWA

Contraindication
Indications

Curative treatment

1: 1 nodule < 5 cm
or 3 nodule < 3 cm
(including BCLC 0
and A stage HCC)
2: No portal vein
cancerous thrombus
3: No extrahepatic
spread

1: Liver failure or severe
other organ failure
2: Prothrombin time
> 30 s, prothrombin activity
< 40%, platelet count <
Palliative treatment
9
30 × 10 /L cells
3: Total tumor volume >
70% of the target liver
1: 1 nodule > 5 cm volume
or multi-nodules
4: High extrahepatic
(including BCLC
tumor burden (including
B stage HCC)
BCLC D stage HCC)
2: Small extrahepatic 5: Active inflammation
tumor burden
in any organ
3: Unsuitable for
6: Lesion location
other therapy
unsuitable

Contraindications
Contraindications include patients who have: (1) clinical evidence of liver failure, such as massive ascites or
hepatic encephalopathy, or with a trance-like state; (2)
severe blood coagulation dysfunction (prothrombin
time > 30 s, prothrombin activity < 40%, and platelet
count < 30 × 109/L cells); (3) high intrahepatic tumor
burden (tumor volume > 70% of the target liver volume
or multiple tumor nodules) or high extrahepatic tumor
burden (including BCLC D stage HCC); (4) acute or active inflammatory and infectious lesions in any organ; (5)
acute or severe chronic renal failure, pulmonary insufficiency or heart dysfunction; and (6) tumor proximity to
diaphragm, gastrointestinal tract, gallbladder, pancreas,
hepatic hilum and major bile duct or vessels. Successful
treatment of the high-risk localized tumor may require
adjunctive techniques (e.g., artificial fluid infusion or percutaneous ethanol injection) to prevent off-target heating of adjacent structures during the ablation procedure.

Figure 1 Indications and contraindications of ultrasound-guided percutaneous microwave ablation. MWA: Microwave ablation; BCLC: Barcelona
Clinic Liver Cancer; HCC: Hepatocellular carcinoma; US: Ultrasound.

reports with large-volume liver cancer patients treated by
MWA, the neoplastic seeding as a complication of liver
puncture is low risk with a rate of 0.4%-0.6%[10,40,41] and
is considered generally acceptable. Ablation immediately
after biopsy might decrease seeding rate after biopsy and
the thermal effect can stop bleeding after biopsy.
If the patient has obtained a histopathological diagnosis during previous treatment, or the tumor location or the patient’s condition is not appropriate for the
biopsy procedure, a combination of contrast-enhanced
US, contrast-enhanced computed tomography (CT)
and/or magnetic resonance imaging (MRI) associated
with a rising serum tumor marker level is recommended.
Contrast-enhanced imaging should include early arterial
phase enhancement and be performed to define better the extent and number of primary lesions, vascular
anatomy, vessel involvement, tumor involvement, and
extrahepatic disease[42-44].

PATIENT PREPARATION AND DATA
REQUIRED
Patients considered for MWA should be accurately evaluated through clinical history, physical examination, laboratory values and performance status. Pre-therapy evaluation of serum liver enzymes, cholinesterase, blood cell
count, coagulation, creatinine, and tumor markers such as
α-fetoprotein/carcinoembryonic antigen should be monitored and known before the procedure. The impaired
liver function and coagulation status need to be corrected
to withstand the ablation procedures. A full pre-ablation
imaging work-up (a combination of contrast-enhanced
imaging including US, CT or MRI) should be performed
to stage, locate the lesions and exclude portal venous
thrombosis and metastases accurately (Table 1).
Patients should receive both written and verbal information about the procedure prior to therapy. Informed
written consent must be obtained from the patient. Patients should be informed that this therapy is not likely
to cure their disease and is a palliative treatment directed
at their liver lesions. Patients must be informed of the
potential side effects of therapy as well.

Indications
Given the complexity of the hepatic malignancy, multidisciplinary assessment of tumor stage, liver function,
and physical status is required for proper therapeutic
planning. In general, the indications for MWA are broad
(Figure 1). One important application is to treat patients
who are not considered surgical candidates. Included in
this category are patients with inadequate liver remnant
to tolerate resection, tumor multinodularity, unresectable
lesions at difficult anatomical locations, or patients who
decline resection. Previous MWA was limited to treat
small liver tumors, but with the improvement of antennae and treatment strategies, lesions 5-8 cm can also be
effectively ablated[10,45,46].
For patients with very early stage and early stage HCC
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reach 60 ℃ by the end of treatment and does not remain
at 54 ℃ for at least 3 min, the treatment is prolonged
until the desired temperature is reached. Overheating can
also be avoided by thermal monitoring, thus decreasing
the incidence of complications. In recent years, contrastenhanced US has been used for immediate assessment
of technical success which is performed 10-15 min after MWA[48]. If the foci of nodular enhancement in the
treated tumor is observed, a new MWA session with an
identical device is performed as part of another course
of treatment. When withdrawing the antenna, the needle
track is coagulated with the circulated distilled water in
the shaft channel, which is stopped to prevent bleeding
and tumor-cell seeding.
This ablation therapy often includes a 5-10-mm ablative margin of apparently healthy tissue adjacent to the
lesion to eliminate microscopic foci of disease, and the
uncertainty that often exists regarding the precise location of actual tumor margin. For patients with severe
liver cirrhosis or the lesion adjacent to critical organs, an
ablation margin of < 5 mm or conformal ablation based
on tumor shape and contours is recommended to ensure
safe and radical treatment; otherwise, a 5-10-mm surgical
margin is preferred. Reducing the tumor bulk or conformal ablation is the strategy for patients undergoing palliative ablation treatment.

Table 1 Indications and check list for microwave ablation of
hepatic malignancy
Curative therapy

Palliative therapy

Single nodule with
a diameter < 5 cm
Maximum of 3 nodules
with a diameter < 3 cm

Lesion > 5 cm in
diameter
Multiple lesions

Check list

Histocytologic
diagnosis
US features of
nodule (blood,
location and size)
Absence of portal vein Suffering from a
CEUS, CT or MRI of
cancerous thrombus
small extrahepatic liver (lesion number, size,
tumor burden
blood and location, portal
venous thrombosis )
No extrahepatic spread Unsuitable for other Laboratory tests (routine,
modalities
coagulation function,
serum biochemical item
and tumor markers)
US: Ultrasound; CEUS: Contrast-enhanced ultrasonography; CT: Computed tomography; MRI: Magnetic resonance imaging.

TECHNIQUES
Patients are laid in the supine or oblique position in
the interventional US suite. Color Doppler and grayscale US are performed to choose the safest intercostal
or subcostal needle access. Local anesthesia and/or
intravenous conscious analgesia-sedation is usually sufficient for the percutaneous approach. Local anesthesia
is induced first with 1% lidocaine from the insertion
point at the skin to the peritoneum along the US-guided
puncture line before inserting the antennae. Then, the
skin is pricked with a small lancet, and the antenna is
introduced into the chosen area of the tumor. In the
multiple-needles procedure two or three prefixed puncture lines are made. Two or three active needle antennae
directly connected to the MW generator are inserted
into the tumor in parallel 1-2.5 cm apart. After placing
all the antennae (breathing cooperation is required from
the patient to complete the insertion), venous conscious
analgesia-sedation is induced with propofol and ketamine associated with standard hemodynamic monitoring. At each insertion, the tip of the needle is placed in
the deepest part of the tumor. Multiple thermal lesions
are created along the major axis of the needle antenna
by simply withdrawing the needle from the preceding
thermal lesion, and reactivating the MW generator. If
necessary, due to tumor size, multiple overlapping ablations are usually needed to envelope the entire tumor
with a safety margin. In general, the microwave energy
application is set at 50-80 W for 5-10 min in a session.
Size of the ablation zone can be roughly judged by
an expanding hyperechoic area arising during the procedure. For accurate assessment of the treatment efficacy,
the thermal monitoring system attached to the MW
generator can be used during MWA. One to three thermocouples are placed at different sites 5-10 mm outside
the tumor. The thermocouple can be introduced into the
parenchyma through an 18 G, 70-mm long, nonconducting needle trocar. If the measured temperature does not
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CARE AFTER MWA
After the MWA procedure, the punctured site is covered
with a sterile dressing under pressure. The patient then
undergoes recovery for 4-6 h of bed rest. The patients are
observed for 2-3 additional days and discharged from the
hospital when they feel no severe pain or when their body
temperature does not exceed 38 ℃.

COMBINED TREATMENT WITH OTHER
MODALITIES
The therapeutic efficacy of MWA can be augmented by
other therapies. Similar to other thermal ablation techniques, the coagulation area of MWA is also influenced
by perfusion-mediated cooling. Interruption of hepatic
blood flow can significantly increase the coagulation diameters[49]. TACE is an effective method for reducing the
blood flow of liver tumor because of its artery-blocking
effect. When combined with MWA, it may yield increased ablation volume. MWA can destroy the remaining viable part of the tumor after TACE, whereas TACE
may possibly control microscopic intrahepatic metastasis
that cannot be treated by MWA[50]. As the two modalities
are complementary, the combination of them is preferred, especially for treating large and multiple tumors.
The combination of TACE decreases the number of
microwave antenna insertions and microwave irradiation
time. The decision as to whether combined therapy with
TACE, intermittent treatment, or sequential therapy is
adopted should be based on the patient’s general condi-
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tion, liver function, local tumor size and number, tumor
infiltration, tumor vascularization, and reaction of tumor
to local treatment. Therefore, the principle of individual
treatment must be advocated.
For patients with high-risk localized tumors, combination of multiple techniques to ensure favorable effects
and few complications is also recommended. Hepatic tumor in high-risk sites refers to tumor adjacent to important organs and tissues including the diaphragm, gastrointestinal tract, hilum and major bile duct or vessels. The
thermal energy may spread into surrounding structures,
therefore, the major concern for MWA of such tumors
lies in the increased opportunity of thermal injury in the
important structures. However, combined with artificial
ascites, artificial pleural effusion, intraductal saline perfusion, intermittent emission of microwave antennae, and
temperature monitoring assisted with small-dose percutaneous ethanol injection[51-55], MWA becomes feasible
for the treatment of dangerous site tumors without sacrificing the therapeutic efficacy.
Although US guidance has the benefits of real-time
visualization of applicator placement, portability of the
technology, nearly universal availability and low cost, it
has several limitations including occasional poor lesion
visualization as a result of a lack of innate tissue conspicuity or overlying bone- or gas-containing structures.
MWA assisted by a real-time virtual navigation system is
a feasible and efficient treatment of patients with lesions
undetectable by conventional US[56]. Recently, 3D USguided MWA avoids the limitation of inaccurate needle
placement and the skill requirement resulting from conventional US guidance. These new techniques provide
an appealing alternative option, enabling the physician
to perform consistent, accurate therapy with improved
treatment effectiveness[57,58].

US, adhering to standard scanning protocols to facilitate
comparisons. Intravenous contrast is critical because
pathological studies have shown that the best correlation
of necrotic tissue is defined by the zone of non enhancement on cross-sectional studies[60-62]. If any areas of the
ablated mass are devoid of enhancement on followup enhanced imaging performed 1 mo after MWA,
technique effectiveness, namely complete response, is
achieved[59]. Then routine contrast-enhanced US, CT or
MRI and serum tumor markers are repeated to detect the
local treatment response and intrahepatic and extrahepatic metastases at 3-mo intervals after MWA. If irregular
peripheral enhancement in scattered, nodular, or eccentric pattern occurs in the original sites that were previously considered to be completely ablated during followup, which represents local tumor progression, further
ablation should be considered as soon as possible if the
patient still meets the criteria for MWA. US scanning is
the routine baseline examination method for the ablation
zone. During follow-up, the treated lesions slowly diminish in size, becoming undetectable by US, or appearing
only as small hyperechoic areas or isoechoic areas with
a hypoechoic rim, or simply as heterogeneous areas. On
contrast-enhanced imaging, the ablation zone presents as
a non-enhancement area. Additionally, positron emission
tomography may be helpful in identifying distant extrahepatic metastatic disease, and it can be considered as a part
of the postoperative evaluation if necessary.
Major complications of MWA are events that lead
to substantial morbidity and disability, increase the level
of care, or result in hospital admission or substantially
lengthen hospital stay. Major complications includes
bile duct stenosis, uncontrollable bleeding, liver abscess,
colon perforation, skin burn and tumor seeding (Table
2)[4,5,13,19,34,36,42,63,64]. These can be controlled by surgical operation, interventional approach, or medical therapy. Side
effects are undesired consequences of the procedure that,
although occurring frequently, rarely if ever result in substantial morbidity. Side effects include pain, post ablation
syndrome, and asymptomatic pleural effusions, which are
usually self-limited and do not require any further treatments. Low-grade fever and general malaise are common
manifestations of post ablation syndrome. Careful patient
selection, the most appropriate imaging modality, and the
best puncture routine may also help prevent complications.

FOLLOW-UP AND THERAPEUTIC EFFICACY ASSESSMENT
The Working Group on Image-Guided Tumor Ablation
proposed that postprocedural follow-up of patients to
assess any treatment-emergent side effects and tumor
response is conducted in the first week or, at the latest,
no more than 4 wk after the last course of a defined
ablation protocol[59]. Subsequent routine follow-ups are
then recommended every 3-4 mo. Evaluation of therapeutic effects, including technique effectiveness, local
tumor progression, and complications, is recommended.
The Working Group also recognized the need for close
surveillance and early reintervention to achieve optimal
primary tumor ablation success.
Frequent imaging studies may be required for individual patients to assess the therapeutic efficacy and to
detect the intrahepatic recurrent lesion. To ensure continuity of the follow-up, most of the studies are recommended to be performed serially at the institution where
the ablation is performed. The imaging studies should
consist of a high-quality, contrast-enhanced CT/MRI or
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DISCLAIMER
The SCIU has written and approved the guidelines to
promote the cost effective use of high-quality MWA
therapeutic procedures. Percutaneous MWA techniques
are recommended for use by clinical or imaging doctors with at least 3 years experience with interventional
procedures. These generic recommendations cannot be
rigidly applied to all patients in all practice settings. The
guidelines and technology assessments are not intended
to supplant physician judgment with respect to particular
patients or special clinical situations, and not be deemed
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Table 2 Procedure-related complications for microwave ablation of hepatic malignancies
Study

Intraperitoneal Bile duct injury Colon perfo-ration Liver abscess Skin burn Tumor seeding Symptomatic Perioperative mortality
bleeding
pleural effusion

Sakaguchi et al[4]
Martin et al[5]
Zhang et al[13]
Shibata et al[19]
Kuang et al[38]
Liang et al[40]
Yin et al[46]
Dong et al[63]
Iannitti et al[64]

0.51%
0.00%
0.00%
0.00%
0.00%
0.09%
0.92%
0.00%
0.00%

0.26%
0.00%
1.25%
2.78%
0.00%
0.18%
0.92%
0.00%
0.00%

0.00%
0.00%
0.00%
0.00%
1.11%
0.18%
0.00%
0.00%
0.00%

0.26%
2.00%
0.00%
2.78%
1.11%
0.44%
0.00%
0.00%
0.00%

inclusive of all proper procedures or exclusive of other
procedures reasonably directed towards obtaining the
same results. Accordingly, SCIU considers adherence to
this guideline assessment to be voluntary, with the ultimate determination regarding its application to be made
by the physician in light of each patient’s individual
circumstances. At present, the guidelines have been put
into practice in China by seven branches of the Chinese Medical Association, through holding standardized
courses (3 finished), training and checking interventional
physicians (> 300 physicians having obtained MWA licenses), and founding ablation demonstration bases (5
founded). MWA is undergoing rapid development and
receiving keen interest in Europe and America, so access
and training systems for MWA guidelines are expected to
be recommend according to the situation in each country. The guidelines will be updated when data or publications might change a prior recommendation or when the
panel feels clarifications are required for the oncology
community.
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PROGRESS IN DIGESTIVE SYSTEM NEOPLASMS

Epigenetics of hepatocellular carcinoma: Role of microRNA
Sharad Khare, Qiong Zhang, Jamal A Ibdah
survival or treatment outcome in patients. Furthermore, the review focuses on the potential role of miRs
as novel biomarkers and their translational applications
for diagnosis and therapy in HCC. With further insights
into miR deregulation in HCC, it is expected that novel
miR-based therapeutics will arise. Also, we orient the
readers to other reviews that may provide better understanding of miR research in HCC.
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Core tip: This review provides the relationship between microRNA (miR) and hepatocellular carcinoma
and speculates on the progress that will be achieved
through ongoing research. A research effort to identify
genetic polymorphisms associated with cancer is emphasized. The review highlights that miR-based therapeutics, and diagnostic and prognostic systems should
be used for patients.

Abstract

Original sources: Khare S, Zhang Q, Ibdah JA. Epigenetics
of hepatocellular carcinoma: Role of microRNA. World J
Gastroenterol 2013; 19(33): 5439-5445 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v19/i33/5439.htm DOI:
http://dx.doi.org/10.3748/wjg.v19.i33.5439

Hepatocellular carcinoma (HCC) represents a major
form of primary liver cancer in adults. MicroRNAs (miRs),
small non-coding single-stranded RNAs of 19-24
nucleotides in length, negatively regulate the expression of many target genes at the post-transcriptional
and/or translational levels and play a critical role in
the initiation and progression of HCC. In this review
we have summarized the information of aberrantly expressed miRs in HCC, their mechanism of action and
relationship to cancer. The recent advances in HCC
research reveal that miRs regulate expression of various oncogenes and tumor suppressor genes, thereby
contributing to the modulation of diverse biological
processes including proliferation, apoptosis, epithelial
to mesenchymal transition and metastasis. From a clinical viewpoint, polymorphisms within miR-binding sites
are associated with the risk of HCC. Polymorphisms in
miR related genes have been shown to correlate with
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INTRODUCTION
Liver cancer is the second and sixth leading cause of
cancer related-death in males and females respectively.
Hepatocellular carcinoma (HCC) that accounts for most
of the primary liver cancers is the fifth most frequently
diagnosed cancer worldwide. Early detection of HCC is
needed because the best indicator of prognosis is based
on the stage of the disease. About 90% of HCC cases
arise from cirrhosis and the disease is strongly associated
with several risks factors, including hepatitis B and C
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infections, alcohol abuse, primary biliary cirrhosis, autoimmune hepatitis and nonalcoholic steatohepatitis[1]. Epigenetic changes in microRNAs (miRs) and their target
gene expression may provide tools and opportunities for
detection and therapeutic intervention in HCC.
MiRs, a class of non-coding RNAs with lengths of
19- to -25 nucleotides (nt), act as post-transcriptional
regulators by binding to 3’-untranslated region (3’UTR)
of target messenger RNA (mRNA). MiRs function as
endogenous suppressor of gene expression by inducing
either mRNA degradation or translational repression.
The promoters of MiR genes are regulated by transcription factors, co-activators, enhancers and suppressors
similar to protein coding genes. Thus, proto-oncogene
c-myc[2,3] and tumor suppressor p53[4] transactivate miRs
in HCC. In a genomic cluster the individual miRs are often expressed at different times from the same pri-miR.
Pri-miRs are transcribed in the nucleus into a 70-100 nt
hairpin-shaped structure and the process is catalyzed by
Drosha, which is associated with cofactor DGCR8 and
other proteins. After translocation to the cytoplasm by
Exportin5, miRs are cleaved into a 19-25 nt miR duplex
by enzyme Dicer. One strand of the duplex is then incorporated into the RNA-induced silencing complex (RISC)
for its mRNA targets. MiRs function as endogenous
suppressor of gene expression by binding of RISC to
the 3’UTR of target mRNAs and inducing either mRNA
degradation or translational repression. The mRNA degradation is induced if miR binds completely or almost
completely, however, if the binding is incomplete, miR
represses translation of mRNA. Each step of the process is well regulated, and dysfunction at any level can
result in inappropriate miR functions. Gene silencing is
the most methodically studied role of miRs, however,
they can up-regulate gene transcription during cell cycle
arrest and, therefore, overexpression of miRs in human
cancers hinted to probable oncogenic functions of miRs.
As discussed earlier a direct binding of miR to 5’UTR or
promoter of the target genes activate rather inhibit gene
expression[5].
Analogous to the protein-coding genes, epigenetic
mechanisms, for example, CpG island hypermethylation[6-8] and histone modifications[9] also regulate miR
expression in HCC. MiRs that are transcribed from
CpG islands undergo DNA hypermethylation-coupled
repression due to binding of the transcriptional repressor methyl CpG binding proteins. Epigenetic regulation
of miRs might be more common than reported so far
as approximately 16% of the annotated human miRs are
located within 1000 bp of a CpG island. To date, more
than 1000 human miRs have been identified and each
miR control hundreds of genes. It has been suggested
that miRs regulate the translation rate of more than 60%
of protein coding genes.

as cellular differentiation, proliferation, apoptosis, migration and invasion. MiR expression profiles are different
between normal tissue and derived tumors and between
distinct tumor types. Protein coding genes of cell cycle,
apoptosis, and metastasis are direct targets of miRs in
HCC[10]. Microarray studies have identified a number of
miRs that are either up-or down-regulated[11]. Down-regulation of subsets of miRs is a common finding in HCC,
indicating that some of these miRs may act as putative
tumor suppressor genes. Restoration of tumor suppressive miRs leads to cell cycle block, increased apoptosis
and reduced tumor angiogenesis and metastasis by inhibiting migration and invasion. On the contrary, onco-miRs
that are up-regulated in HCC potentially target many
tumor suppressive genes. Experimental suppression of
onco-miRs helps restoring expression of tumor suppressive genes that initiates apoptosis and inhibits cell proliferation, angiogenesis and metastasis in HCC. In general,
to investigate the role of deregulated miRs in HCC, miR
expression vectors and mature miR mimics or inhibitors
(antagomirs) are transfected in HCC cell lines. Further,
to confirm the target genes of respective miRs, 3’UTR
luciferase vectors (empty luciferase vector or luciferase
vector containing wild-type or mutant-type target gene 3’
UTR) are utilized for reporter assays. Major down- and
up-regulated miRs and their target genes in HCC are discussed in Table 1.

CLINICAL SIGNIFICANCE AND
TRANSLATIONAL APPLICATIONS OF
MICRORNAS IN HCC
Single nucleotide polymorphism in miRs
Single nucleotide polymorphisms (SNPs) in miRs and
their targets have been associated with risk of various
cancers. Due to the stringent recognition requirement
needed by the miR and the binding region on its target
gene, it is rather conceivable that SNPs could have functional implications on the post-transcriptional regulation
of target genes. An SNP could either weaken a known
miR target or create a sequence match to the miR that
was not previously associated with the given mRNA.
Changes in the expression pattern of a gene could therefore influence a person’s risk of disease. Polymorphisms
in miR-34b-c/rs4938723[12], miR-101-1/rs7536540[13],
miR-101-2/rs-12375841 [13], miR-106b-25/rs99985 [14]
and miR-196a-2/rs11614913[15] are positively associated
with HCC. On the contrary, miR-371-373/rs3859501[16]
and miR-149c/rs2292832[17] are negatively associated
with HCC risk. Also, a positive association of HCC risk
has been demonstrated with polymorphisms in miR
target genes IL-1/rs3783553 (miR-122 and miR-378)[18],
-TrCP/rs16405 (miR-920) [19], IFNAR1/rs17875871
(miR-1231) [20], ErbB4/rs6147150 (miR-let-7c)[21] and
COL1A2/rs3917 (miR-let-7g)[22].

ABERRANT EXPRESSION OF MICRORNAS
IN HCC

miRs as biomarkers in HCC
miRs are prognostic markers of HCC. Down-regulation

MiRs play a central role in basic biological processes such
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Table 1 Down-regulated microRNA in hepatocellular carcinoma and their characteristics
miRs

Targets

Characteristics

Down-regulated
miR-1
ET1
miRs-7a, -7b, -7c, -7d, -7f-1, -7d
Caspase-3, HMGA2, C-myc, Bcl-xl
miR-101
Mcl-1, SOX-9, EZH2, EED, DNMT3A
miRs-122
Bcl-w, ADAM-1, Wnt-1
miR-125a, -125b
MMP11, SIRT7, VEGF-A, LIN28B2, Bcl-2, Mcl-1, Bcl-w
miR-139
c-Fos, Rho-kinase-2
miR-145
IRS1-2, OCT4
miR-195
miR-199a-3p, -199-5p
miRs-214
Up-regulated
miR-10a
miR-21
miR-221
miRs-224

CDK6, E2F3, cyclinD1
c-Met, mTOR, PAK4, DDR1, caveolin-2
HDGF, catenin
EphA4, CADM1
Pten, RhoB, PDCD4
Bmf, DDIT4, Arnt, CDKN1B/p27, CDKN1C/p57
Yin Yang1/Raf-1 kinase, NFkB pathways, apoptosis
inhibitor-5

Proliferation[52]
Proliferation, apoptosis[2,23,53-58]
Proliferation, apoptosis[59-61]
Angiogenesis, apoptosis, Metastasis[45,62-64]
Angiogenesis, apoptosis, metastasis, proliferation[65-70]
Metastasis[30,71]
Insulin-like growth factor pathway, Stem-like cells
tumorigenicity[31,72]
Proliferation, apoptosis, tumorigenicity[73,74]
Proliferation, autophagy, metastasis[9,75-78]
Proliferation, angiogenesis, metastasis[79-81]
EMT, metastasis[33,82]
Drug Resistance, metastasis[49,83-85]
Angiogenesis, apoptosis, proliferation[86-89]
Proliferation, apoptosis, metastasis[90-93]

miRs: MicroRNAs; EMT: Epithelial-mesenchymal transition.

of miR-let-7g[23], -22[24], -26[25], -29[26], -99a[27], -122[28],
-124[29], -139[30], -145[31] and -199b[32] is associated with
poor prognosis, increased risk of aggressive tumor recurrence and shorter disease free survival. Similarly, upregulation of HCC associated miRs-10b[33], -17-5p[34],
-21[35], -135a[36], -155[37], -182[38], -221[35], and -222[35,39] is
linked to poor prognosis. Studies have shown that miRs
are protected from enzymatic cleavage by RNAse in
blood and therefore miR expression profile in serum or
plasma could also be utilized as novel diagnostic markers.
More than 20 miRs in serum and/or plasma have been
associated with HCC detection. The expression profile
of miRs-500, -92a, -25, -375 and let-7f could identify
HCC cases from controls[40-43]. Furthermore, Zhou et al[44]
demonstrated that miR-122, -192, -21, -223, -26a, -27a
and-801a helped detecting early-stage HCC with high diagnostic accuracy.

ence sensitivity of tumors to anticancer drugs. Tumors
with high expression of oncomiR-21[49] and -181b[50] were
resistant to IFN-5FU combination therapy and doxorubicin treatment respectively. A strategy to suppress these
miRs by antagomirs might be useful in increasing drug
efficacy. Similarly, studies have demonstrated that restoration of tumor suppressive miR-122[51] makes HCC cells
more sensitive to Sorafenib treatment via down-regulation
of multidrug resistance genes.

CONCLUSION
miRs control expression of many target genes in HCC.
miR profiling reveals molecular mechanisms of pathogenesis and hidden visions into early detection and treatment of HCC. Hundreds of miRs have been identified
to date; however, computer models suggest there may
be hundreds more. There are several online tools available for researchers and clinicians to identify and predict
the targets of miRs. As research continues to verify in
silico predictions, miR profiling will be a prominent tool
for identification of differentially expressed miRs in
HCC. More information from genome-wide association
studies, assisted by high resolution SNP arrays and the
next-generation sequencing technology, is anticipated to
identify increasing number of polymorphisms in HCC
specific miRs and their 3’UTR targets. For future studies,
we should consider miRs and their regulatory networks in
order to comprehend the complex processes underlying
HCC transformation.

miRs as therapeutic targets in HCC
Tumor suppressive miRs that are expressed in normal
liver, however, are down-regulated in tumor tissues during tumorigenesis and metastasis. For treatment, a good
strategy would be to replenish such miRs systemically in
HCC patients. Such miR replacement therapies have been
demonstrated in the case of miRs -26a[3], -122[45], and
-124[46] in mice models of HCC. Conversely, suppression
of oncomir-221[47,48] by antagomirs resulted in prolonged
survival and reduction of tumors. As targeted gene therapies are gaining interest in cancer treatment, miR as a
therapeutic target would be more efficient since single
miR can control multiple deranged genes in HCC. However, this hypothesis is yet to be tested in HCC patients.
Further, chemotherapeutics kill normal cells and pose significant toxicities in cancer patients, a non-discriminatory
behavior of chemotherapy drugs. In mice models, as discussed above, no such toxicity was observed when miRs
were used to treat HCC. In this regard, miRs also influ-
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Core tip: Recent advances in treatment modalities have
improved the survival rate of patients with hepatocellular carcinoma (HCC). However, long-term outcomes of
patients with HCC remain unsatisfactory because of the
high incidence of distant intrahepatic recurrence, multicentric recurrence and low survival rates. In particular,
hepatitis C virus-related hepatocellular carcinoma has a
much higher recurrence rate than other cancers. In this
article, we describe the prognosis of recurrent HCC and
the therapeutic strategies for reducing recurrent HCC.

Abstract
Hepatocellular carcinoma (HCC) is the sixth most common cancer and the third leading cause of cancerrelated death in the world. With advances in imaging
diagnostics, accompanied by better understanding of
high-risk patients, HCC is now frequently detected at an
early stage; however, the prognosis remains poor. The
recurrence rate after treatment of HCC is higher than
that associated with cancers of other organs. This may
be because of the high incidence of intrahepatic distant
recurrence and multicentric recurrence, especially with
hepatitis C virus (HCV)-related hepatocellular carcinoma. The Barcelona Clinic Liver Cancer (BCLC) classification has recently emerged as the standard classification
system for the clinical management of patients with
HCC. According to the BCLC staging system, curative
therapies (resection, transplantation, transcatheter
arterial chemoembolization, percutaneous ethanol injection therapy, percutaneous microwave coagulation
therapy and percutaneous radiofrequency ablation)
can improve survival in HCC patients diagnosed at an
early stage and offer a potential long-term cure. However, treatment strategies for recurrent disease are not
mentioned in the BCLC classsification. The strategy for
recurrence may differ according to the recurrence pattern, i.e. , intrahepatic distant recurrence vs multicentric
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
common causes of cancer mortality in the world[1,2]. It is
estimated that HCC is responsible for more than 600000
deaths annually worldwide[3].
Recent advances in treatment modalities have improved the survival rate of patients with HCC[4,5]. However, long-term outcomes for patients with HCC remain
unsatisfactory because of the high incidence of intrahepatic distant recurrence, multicentric recurrence and low

773

January 28, 2014|First Edition|

Ishikawa T. Prospect for long-term survival with HCV-related HCC

survival rates.
In many cases, surgical options for HCC are limited
because of complicating hepatic cirrhosis; furthermore,
HCC is associated with a 5-year recurrence rate of approximately 80% after radical treatment, which is much
higher than that of other gastrointestinal carcinomas,
resulting from its tendency to multicentric carcinogenesis
secondary to chronic liver disease, or intrahepatic distant
recurrence[6,7].
Typically, recurrence rates in HCC follow a 2-peak
distribution. Early recurrence usually occurs within 2
years after resection, and is most closely related to cancer
metastasis, while late recurrence mainly results from de
novo tumors as a consequence of the carcinogenic cirrhotic environment[7]. Therefore, a treatment strategy
with a focus on recurrence is necessary.
In recent years, the Barcelona Clinic Liver Cancer
(BCLC) classification has emerged as the standard classification system for the clinical management of patients
with HCC[8]. However, in the recommendations regarding
topical therapy for the treatment of early stage HCC, the
BCLC guidelines do not mention a strategy for reducing
recurrence. Togo et al[9] recommended a strategy based
on the differentiation between recurrence types, i.e., intrahepatic distant recurrences vs multicentric recurrence.
Transcatheter arterial infusion (TAI) with platinum agents
may be effective as adjuvant therapy for the prevention
of residual liver recurrence after hepatectomy, probably
by suppression of the development of intrahepatic micrometastasis, rather than multicentric carcinogenesis.
Furthermore, antiviral treatment, including interferon
(IFN), is recommended for preventing multicentric recurrence. We discuss a possible strategy for reducing the
recurrence of hepatitis C virus (HCV)-related HCC in
terms of our clinical data.

therapy with PEG-IFN α-2b and ribavirin (RBV) after
radical treatment of HCV-related HCC[11].
This study comprised 54 patients with primary HCVrelated HCC (stage Ⅰ/Ⅱ) whose survival rate, metachronous recurrence rate and hepatic functional reserve
were assessed. Among these patients, 29 received combination therapy with PEG-IFN α-2b and RBV after
treatment of HCC (secondary IFN treatment group),
and the other 25 did not receive IFN, including PEGIFN α-2b and RBV (non-secondary treatment group).
The 1- and 3-year cumulative survival rates were 100.0%
and 90.2% in the secondary IFN treatment group, and
96.0% and 61.2% in the non-secondary treatment group,
respectively, showing a significant difference between the
groups. Multivariate analysis identified secondary IFN
treatment as a significant factor related to prognosis. In
the PEG-IFN α-2b/RBV group, serum albumin levels
decreased transiently but increased thereafter, indicating improvement in hepatic functional reserve. These
results show that combination therapy with IFN, including PEG-IFN α-2b and RBV, following treatment of
HCC, contributes to improvement in hepatic functional
reserve and increases treatment options in the case of
recurrence.

TREATMENT STRATEGIES FOR
INTRAHEPATIC METASTASIS
For intrahepatic metastasis, on the other hand, it is essential to select treatment not only for overt lesions, but
also for micrometastasis. Hence, combination therapy,
including intra-arterial treatment, such as transcatheter
arterial chemoembolization (TACE), is required for initial
treatment or treatment of recurrence.
Efficacy of platinum-containing drugs in transhepatic
arterial infusion
After treatment of HCC, the remaining liver is still in a
state of precarcinogenesis. The protective effect of chemotherapy against recurrence in the remaining liver is
demonstrated by its efficacy in patients with a high probability of intrahepatic metastasis, and thus, a high recurrence rate.
Although it is well-established that more effective
chemotherapy, performed preoperatively in patients with
intrahepatic micrometastasis or with the possibility of
intraoperative tumor spread, may prevent tumor recurrence in the residual liver and further improve prognosis,
few reports have described such cases. Systemic chemotherapy is generally not effective in most cases of HCC.
Further, chemotherapy often impairs liver function in
cases complicated by cirrhosis. At present, systemic chemotherapy with cytotoxic anticancer agents is only used
infrequently in the treatment of HCC. Compared with
systemic chemotherapy, hepatic arterial infusion (HAI)
chemotherapy has the advantages of increasing the local
concentration of chemotherapeutic agents to levels that
are adequate to kill cancer cells without damaging healthy

PREVENTIVE TREATMENT
STRATEGY PRIOR TO DEVELOPMENT
OF RECURRENT MULTIPLE
HEPATOCELLULAR CARCINOMA
TO MAINTAIN RESIDUAL HEPATIC
FUNCTION
IFN therapy may be useful in the prevention of recurrence of HCC secondary to chronic viral hepatitis after
radical treatment by inhibiting multicentric carcinogenesis, while chemotherapy based on TAI is recommended
to inhibit intrahepatic metastasis.
It is widely recognized that HCV infection is a major cause of liver cirrhosis and HCC in Japan and other
countries. According to the Liver Cancer Study Group of
Japan, 67.7% of Japanese patients with HCC are HCV
antibody-positive[10].
We evaluated the treatment response and functional
hepatic reserve in patients who received combination
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liver tissue, and of reducing systemic side effects.

whole liver arterial infusion of CBDCA (25 patients) or
DDPH (53 patients) for local control and recurrence
prevention were followed up on a long-term basis. The
clinical background factors, intrahepatic distant tumor recurrence rate, and intrahepatic distant tumor recurrence
factors were compared between the CBDCA and DDPH
groups. While no significant differences in background
clinical characteristics were observed between the two
groups, the intrahepatic distant tumor recurrence rate was
significantly lower in the DDPH group[20]. In multivariate
analysis using Cox’s proportional hazard model, whole
liver arterial infusion of DDPH was identified as an independent factor for the prevention of recurrence, i.e.,
whole liver arterial infusion of DDPH significantly prevented intrahepatic distant tumor recurrence. Significant
prevention of recurrence by a single infusion of DDPH
compared with CBDCA suggests the utility of DDPHbased treatment strategies in patients with intrahepatic
metastasis.
However, no evidence of its contribution to patient
survival has been found, and TAI is not mentioned in any
Western guidelines[21]. Nevertheless, it has been shown
that some patients with TACE-refractory HCC were responsive to repeated TAI, with survival being prolonged
in these responsive patients. According to the 18th nationwide follow-up survey of primary liver cancer, 85.8% of
1862 Japanese HCC patients treated with chemotherapy
underwent TAI[10]. TAI is relatively often selected as the
final choice for advanced HCC, including recurrent HCC;
therefore, it is important to improve the response rate to
TAI.
Thus, treatment strategies with DDPH-based TAI
need to be established by conducting prospective randomized control trials[22,23].

Treatment strategy and problems with TACE
In Japan, TACE, which is recommended for inoperable
patients in whom local puncture therapy is not indicated
according to the guidelines for the management of liver
cancer, plays a central role in the treatment of recurrent
advanced multiple HCC[12,13].
TACE is primarily performed as chemolipiodolization, using anticancer drugs mixed with lipiodol[14,15].
There have also been several retrospective reports of
TACE with anthracyclines vs platinum compounds, suggesting the utility of platinum compounds[16,17]. However,
no single effective drug has been identified, because no
prospective comparative studies have been performed,
and various anticancer drugs, including epirubicin, cisplatin, mitomycin C and doxorubicin, have been used with
intercenter variance.
Kaibori et al[18] previously recommended that preoperative whole-liver chemolipiodolization reduces postoperative recurrence and prolongs survival in patients
undergoing resection of hepatocellular carcinoma.
However, they subsequently performed a randomized
controlled trial to evaluate the influence of preoperative
TACE on survival after the resection of HCC, following
which they concluded that preoperative selective TACE
and whole-liver chemolipiodolization plus TACE do not
reduce the incidence of postoperative recurrence or prolong survival in patients with resectable HCC[19].
While intra-arterial chemotherapy is not highly appreciated in the West, HAI resulting in high local drug
concentrations, is expected to improve the prognosis
and prevent disease recurrence, because lesions are often
localized to the liver even in advanced stages of HCC.
However, various therapeutic regimens have been tried,
without reaching a consensus regarding the administration method or dose level.
We previously reported that platinum agents, such as
cisplatin, which are widely used for the treatment of a
variety of malignancies, may be effective for HCC treatment.
In Japan, a fine powder formulation of cisplatin
(cisplatin powder) (DDPH, IA call; Nippon Kayaku, Tokyo, Japan) was developed in 2004 and approved for the
treatment of HCC via a transarterial approach, without
lipiodol or embolic material. Cisplatin powder is readily
soluble and more suitable for the preparation of highconcentration (about three times) aqueous solutions (1.4
mg/mL) than conventional cisplatin formulations (0.5
mg/mL). Therefore, a single session of TAI therapy with
cisplatin powder has the benefit of increasing drug concentration locally in the HCC, and is expected to have a
high therapeutic efficacy.
We evaluated the effectiveness of additional chemotherapy with the platinum-containing drugs carboplatin
(CBDCA) and DDPH in preventing intrahepatic distant
tumor recurrence[20].
Seventy-eight patients with a diagnosis of primary
stage Ⅰ/Ⅱ HCC who underwent TACE and RFA after
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CONCLUSION
Currently, the efficacy of tertiary prevention of HCC
with any agent, including chemotherapy, HCV therapy, or
IFN, has yet to be proven, and safe and effective chemotherapy for HCC-recurrence has yet to be established.
In this article, we reviewed our strategy for improving survival and reducing the recurrence of HCV-related
HCC.
When deciding on treatment strategies for recurrence
of HCV-related HCC, it is very important to select appropriate treatment according to the degree of disease
progression, and to determine the patient’s functional hepatic reserve. The type of recurrence and previous treatments also should be taken into consideration. It is also
imperative to establish preventive strategies against precarcinogenesis associated with multicentric carcinogenesis
and residual intrahepatic metastasis as early as possible,
thereby improving prognosis.
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Core tip: Sorafenib is the first drug to prolong survival
of patients with advanced hepatocellular carcinoma
(HCC). This advance has shifted the paradigm of systemic treatment for HCC toward molecular targeted
therapy. This review aims to summarize the efforts to
target molecular components of the signaling pathways
that are responsible for the development and progression of HCC and to discuss perspectives on the future
direction of research.
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Abstract
Hepatocellular carcinoma (HCC) is one of the most
frequent tumors worldwide. The majority of HCC cases
occur in patients with chronic liver disease. Despite
regular surveillance to detect small HCC in these patients, HCC is often diagnosed at an advanced stage.
Because HCC is highly resistant to conventional systemic therapies, the prognosis for advanced HCC patients
remains poor. The introduction of sorafenib as the
standard systemic therapy has unveiled a new direction
for future research regarding HCC treatment. However,
given the limited efficacy of the drug, a need exists to
look beyond sorafenib. Many molecular targeted agents
that inhibit different pathways involved in hepatocarcinogenesis are under various phases of clinical development, and novel targets are being assessed in HCC.
This review aims to summarize the efforts to target
molecular components of the signaling pathways that
are responsible for the development and progression of
HCC and to discuss perspectives on the future direction
of research.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is a common solid cancer and the third most frequent cause of cancer-related
mortality worldwide. The 5-year relative survival rate for
patients with HCC is only 7%, and very few patients with
symptomatic disease survive for > 1 year[1]. One of the
primary reasons for the poor prognosis of patients with
HCC is the lack of effective treatment options, especially
for those with advanced disease. Although surgery and
percutaneous ablation can achieve long-term control in
some patients with early HCC, fewer than 40% of patients are diagnosed at early stages; hence, only a minority
of HCC patients are eligible for potentially curative therapies, such as resection, transplantation, or percutaneous
ablation[2]. Furthermore, systemic therapies (such as stan-
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dard chemotherapeutic agents) do not provide significant
efficacy in HCC based on randomized trials[3].
In recent years, improved knowledge of the oncogenic processes and signaling pathways that regulate
tumor cell proliferation, differentiation, angiogenesis,
invasion and metastasis has led to the identification of
several potential therapeutic targets, which has driven
the development of molecularly targeted therapies. An
ideal cancer target meets the following criteria: (1) the
target is relatively specific for cancer cells (not expressed
or expressed at very low levels in normal cells but overexpressed in cancer cells). Meanwhile, overexpression of
the target is associated with malignant biological phenotypes and/or poor prognosis; (2) inhibition of the target
is efficacious (the target plays an essential role in cancer
initiation and progression, and inhibition of expression
or activity of the target induces growth suppression
and/or apoptosis in cancer cells); and (3) the target is
“drugable” as an enzyme (e.g., a kinase) or a cell surface
molecule (e.g., a membrane-bound receptor) that can be
easily screened for small-molecule inhibitors or targeted
by a specific antibody[4].
The aim of this article is to review the efforts to target molecular components of the signaling pathways that
are responsible for the development and progression of
HCC and to summarize the evidence for the clinical activity of these agents in patients with HCC.

is present in approximately 80%-90% of HCC patients
and constitutes the largest single risk factor. In cirrhotic
liver, changes in fat metabolism associated with the activation of adipocyte-like pathways are thought to be
involved in neoplastic transformation[18].

MAPK PATHWAY (RAS/RAF/MEK/ERK)
The Raf/MAPK/extracellular-signal-regulated kinase
(ERK) pathway is an important pro-survival signaling
pathway that is primarily involved in cell growth and
survival and regulates cell differentiation. This pathway
transduces extracellular signals form membrane-bound
tyrosine kinase receptors, such as EGFR, insulin-like
growth factor receptor (IGFR), vascular endothelial
growth factor receptor (VEGFR), c-Met and plateletderived growth factor receptor (PDGFR), to the nucleus.
Growth factor binding results in receptor phosphorylation, which activates an adapter molecule complex known
as GRB2/SHC/SOS. This sequence in turn activates the
RAF/mitogen/extracellular protein kinase (MEK)/ERK
pathway, which triggers a cascade of specific phosphorylation events[19]. Within this pathway, the small GTPase
RAS and the serine/threonine kinase Raf are the key
signal regulators[20]. Intermediate signaling is regulated
by MEK1 and MEK2, which are responsible for phosphorylating and activating the final downstream signaling
molecules extracellular-regulated protein kinases (ERK)1
and ERK2[21]. ERK1/2 regulates cellular activity by acting
on more than 100 substrates in the cytoplasm and nucleus. RAS also regulates the phosphatidylinositol 3-kinase
(PI3K)/AKT/mammalian target of rapamycin (mTOR)
pathway, the phospholipase C/protein kinase C pathway
and the ral guanine nucleotide dissociation stimulator
pathway[22,23].
Up-regulated activation of the Raf/MAPK/ERK signaling pathway has been well documented in HCC and
correlates with advanced stage[24,25]. Mechanisms for the increased activity of the Raf/MAPK/ERK signaling pathway
in HCC include down-regulation of Raf kinase inhibitor
protein (a suppressor of the Raf/MAPK/ERK pathway)
and induction by hepatitis viral proteins (such as the hepatitis B X protein and the hepatitis C core protein)[26-28].
Targeting Raf kinase is one of the most promising
targeted approaches for the treatment of HCC. Sorafenib
has strong inhibitory activity against Raf-1 (C-Raf) kinase
and B-Raf (wild-type B-Raf and mutant V600E B-Raf)
and has been shown to inhibit other serine/threonine
kinases, the pro-angiogenic receptor tyrosine kinases
VEGFR, PDGFR and FGFR1, and tyrosine kinases such
as c-kit, Flt-3 and RET, which are involved in tumor progression and overall prognosis (Figure 1)[29].
Selumetinib (AZD6244) is an oral non-ATP-competitive small-molecule inhibitor of the mitogen-activated
protein kinase MEK1/2. A recent study has shown that
selumetinib plus rapamycin exerts antitumor and antiangiogenic effects in preclinical models of human HCC[30].
In a phase Ⅰ/Ⅱ study of selumetinib in combination with

HCC DEVELOPMENT AND SIGNALING
PATHWAYS
Hepatocarcinogenesis is a multistep process initiated by
external stimuli that lead to genetic changes in hepatocytes or stem cells, resulting in proliferation, apoptosis,
dysplasia and neoplasia. The majority of HCC cases are
related to chronic viral infections. However, the mechanisms by which hepatitis B virus (HBV) or hepatitis
C virus (HCV) induce malignant transformation seem
to differ. HBV DNA integrates into the host genome,
inducing chromosome instability and insertional mutations that may activate various oncogenes, such as cyclin
A[5-7]. Viral proteins, in particular X protein (HBx), act
as transactivators to upregulate several oncogenes (such
as c-myc and c-jun) and transcriptional factors [(such as
nuclear factor-kB][8-10]. Additionally, HBx activates promoters of genes encoding IL-8, tumor necrosis factor
(TNF), transforming growth factor (TGF)-β and epidermal growth factor receptor (EGFR)[11]. HBx can also
stimulate several signal transduction pathways, including
the JAK/STAT, RAS/RAF/MAPK, and Wnt/β-catenin
pathways[12-14].
The contributions of HCV to hepatocarcinogenesis
are mediated by viral proteins, including core, NS3 and
NS5A proteins. HCV core protein can promote apoptosis or cell proliferation through interaction with p53 or
upregulation of Wnt-1 at the transcriptional level[15,16].
NS4A and NS4B proteins mediate translational inhibition
and degradation of various cellular proteins[17]. Cirrhosis
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Figure 1 Ras/Raf/MEK/ERK signaling pathways and molecular targeted agents which is currently available or in development for hepatocellular carcinoma. EGF: Epidermal growth factor; EGFR: EGF receptor; ERK: Extracellular signal-regulated kinase; FGFR: Fibroblast growth factor receptor; IGFR: Insulin-like
growth factor receptor; PDGFR: Platelet-derived growth factor receptor; VEGF: Vascular endothelial growth factor; VEGFR: VEGF receptor; MEK: Mitogen/extracellular protein kinase.

activation of the PI3K/AKT/mTOR pathway[35]. Decreased PTEN expression has been shown to correlate
with increased tumor grade, advanced disease stage and
reduced overall survival (OS) in patients with HCC[35]. In
a mutation analysis of HCC samples, activation of the
IGF pathway, upregulation of EGF, dysregulation of
PTEN, and aberrant mTOR signaling were present in
half of the samples; inhibition of mTOR activity with a
rapamycin analog (everolimus) was effective in improving
survival and suppressing recurrence[36]. These results suggest that mTOR pathway activation plays a crucial role in
the pathogenesis of HCC (Figure 2).
The PI3K inhibitor RG7321 and the Akt inhibitor
perifosine target the PI3K/Akt/mTOR pathway and
are in early stages of clinical development. The mTOR
inhibitors everolimus (RAD001), sirolimus (Rapamune)
and temsirolimus (CCI-779) have been studied for efficacy and safety in patients with advanced HCC. Everolimus has produced a median progression-free survival
(PFS) of 3.8 mo and OS of 8.4 mo in phase Ⅰ / Ⅱ
testing in patients with advanced HCC[37]. A phase Ⅲ
study to compare everolimus and placebo and a phase Ⅰ
/randomized phase Ⅱ study (sorafenib + everolimus
vs sorafenib alone) to test the efficacy and tolerance of
sorafenib in combination with everolimus are underway
(NCT01035229). In a phase Ⅱ study of sirolimus in patients with advanced HCC, sirolimus exhibited some antitumor activity in patients with advanced HCC[38]. However, larger studies are required to determine the value of
this agent.
Temsirolimus, an mTOR inhibitor, has been approved
for the treatment of advanced renal cell carcinoma. The
efficacy and potential utility of this agent in HCC is currently under investigation (NCT01079767).

sorafenib in advanced HCC, the objective responses were
3 partial response (PR), 6 stable disease (SD) and 2 progressive disease (PD) among 11 patients, and the common
toxicities were diarrhea, rash, fatigue, and hypertension[31].
Another phase Ⅰ/Ⅱ study has evaluated the combination of the MEK inhibitor RDEA119 and sorafenib in
patients with advanced cancer (NCT00785226).

PI3K/AKT/MTOR PATHWAY
The PI3K/Akt/mTOR pathway also plays an important
role in cell growth, survival regulation, metabolism and
anti-apoptosis[32]. The binding of growth factors (such as
IGF and EGF) to their receptors activates PI3K[19]. PI3K
subsequently produces the lipid second messenger PIP3b
(phospho-inositol triphosphate), which in turn activates
the serine/threonine kinase AKT. Activated AKT also
phosphorylates several cytoplasmic proteins, most notably mTOR and BCL-2-associated death promoter[19]. The
activation of mTOR increases cellular proliferation, and
inactivation of BAD decreases apoptosis and increases
cell survival[21]. In normal tissue, this pathway is negatively regulated by the tumor suppressor phosphatase
on chromosome 10 [phosphatase and tensin homolog
(PTEN)], which targets the lipid products of PI3K for
dephosphorylation[21].
Expression of both IGF and the IGF receptor is
up-regulated in HCC and cirrhotic liver, resulting in
stimulation of the PI3K/AKT/mTOR signaling pathway in addition to activation of the RAF/MEK/ERK
and WNT/b-catenin pathways[33,34]. Anomalies in PTEN
function may lead to overactivation of the PI3K/AKT/
mTOR pathway in HCC. PTEN expression is reduced in
nearly half of all HCC tumors, resulting in constitutive
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Cetuximab

tumor microvessel density and postoperative recurrence
rate[47-49]. Tumor angiogenin expression correlates with mi
crovascular density in patients with HCC, and high serum
angiogenin levels are associated with decreased survival at
5 years[50].
The VEGF pathway can be targeted through two
approaches: anti-VEGF monoclonal antibodies or inhibitors of the receptor tyrosine kinase associated with
VEGFR. The anti-VEGF monoclonal antibody bevacizumab was the first angiogenesis inhibitor to be approved
as an antineoplastic agent. Bevacizumab has shown
encouraging early evidence of efficacy in patients with
advanced HCC[51,52]. The combination of bevacizumab
with either cytotoxic agents (gemcitabine, oxaliplatin, and
capecitabine) or erlotinib has also shown encouraging
results in four phase Ⅱ trials in patients with advanced
HCC[53-56].
Sorafenib is an orally available multikinase inhibitor
that was originally designed to target VEGFR-1, -2, -3,
PDGFR and c-kit. In a phase Ⅱ study of patients with
advanced inoperable HCC, sorafenib induced a PR in 2%
of the patients. The median time to progression (TTP)
was 4.2 mo and median OS was 9.2 mo[57]. In the phase
Ⅲ SHARP (Sorafenib HCC Assessment Randomized
Protocol) trial, sorafenib (400 mg twice daily) significantly
prolonged OS compared with placebo in patients with
advanced HCC (10.7 mo in the sorafenib group vs 7.9 mo
in the placebo group)[58]. The median time to radiological progression was significantly longer in the sorafenib
group (5.5 mo vs 2.8 mo). In another randomized phase
Ⅲ study performed in the Asia-Pacific region, the OS
was 6.5 mo in the sorafenib group compared with 4.2 mo
in the placebo group (the hazard ratio in the sorafenib
group was 0.68, P = 0.014)[59]. Sorafenib is the only targeted therapy to have been approved for clinical use in
several countries, including the United States and in Europe. Although sorafenib improved OS in patients with
HCC, the associated toxicities may significantly affect
patients’ quality of life. High rates of dermatologic side
effects have commonly been reported with sorafenib,
the most clinically significant of which is hand-foot skin
reaction[60]. Despite initial responses to sorafenib, most
HCC patients experience a loss of efficacy. No effective
second-line treatment options currently exist for patients
who are resistant or refractory to and/or intolerant of
sorafenib.
Beyond sorafenib, sunitinib is the most studied multikinase inhibitor targeting VEGFR-1 and VEGFR-2.
Sunitinib also displays inhibitory activities against other
receptor tyrosine kinases, including PDGFR-a/b, c-KIT,
FLT3, and RET kinases. Sunitinib is currently indicated
for the treatment of renal cell carcinoma and gastro
intestinal stromal tumors[61-63]. Two phase Ⅱ studies of
sunitinib in patients with advanced HCC have been performed. In the first study, the PR rate was 2.9%, and 50%
of the patients achieved stable disease[64]. In a second
phase Ⅱ study, one (2.7%) patient experienced a confirmed PR and 13 (35%) of 37 patients achieved stable
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Figure 2 PI3K/Akt/mTOR pathway and the molecular agents targeting this
pathway. BAD: BCL-2-associated death promoter; EGF: Epidermal growth
factor; EGFR: EGF receptor; IGFR: Insulin-like growth factor (IGF) receptor;
mTOR: Mammalian target of rapamycin; PTEN: Phosphatase and tensin homolog; PI3K: Phosphatidylinositol-3-kinase.

VEGF/VEGFR, PDGFR, AND FGFR
Normal angiogenesis is maintained by a balance between
proangiogenic and anti-angiogenic factors[39]. The angiogenic balance is disturbed in HCC. Angiogenesis is
important for HCC growth and metastasis and occurs
as a result of complex alterations that involve promoting factors [such as VEGF, angiopoietin and fibroblast
growth factor (FGF), inhibitory factors, including thrombospondin (TSP) and angiostatin], and the surrounding
tissue. A number of angiogenic growth factors, including
VEGF-A, angiopoietin-2 and PDGF, have been shown
to be upregulated in HCC tumors at the gene expression
level and plasma protein level in patients with HCC compared with cirrhotic patients[40]. The principal angiogenic
factors involved are VEGFs, PDGFs, TGF-alpha and
-beta, basic FGF, EGF, hepatocyte growth factor (HGF),
angiopoietins and interleukin-4 and -8[39,41]. These growth
factors and cytokines induce angiogenic signaling through
a variety of mechanisms, including activation of the
RAF/MEK/ERK, PI3K/AKT/mTOR and JAK/signal
transducer and activator pathways.
Increased VEGF expression has been reported in
cirrhotic and dysplastic liver tissue, suggesting a possible
role for VEGF-mediated angiogenesis in hepatocarcinogenesis[42]. VEGF clearly plays an important regulatory
role in HCC; high levels of VEGF expression have been
linked with HCC tumor grade, poor outcome after resection, disease recurrence, poor disease-free survival (DFS)
and OS, vascular invasion and portal vein emboli[43-46].
Expression of FGF-2 is also elevated in patients with
HCC, and FGF-2 expression in HCC correlates with
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disease[65]. A phase Ⅲ study comparing sunitinib with
sorafenib (NCT00699374) was discontinued due to a
greater incidence of adverse events in the sunitinib group
and because sunitinib failed to demonstrate superiority or
non-inferiority to sorafenib in extending the survival of
patients with advanced HCC.
Brivanib is a dual inhibitor of VEGFR and fibroblast
growth factor receptor signaling pathways. Because FGF
signaling may contribute to acquired “resistance” or
compensatory signaling during anti-VEGFR therapy, the
simultaneous inhibition of these 2 pathways by brivanib
may both delay initial progression in response to antiangiogenic therapy (as first-line treatment) and successfully
treat tumors that have already progressed during the
course of anti-VEGFR therapy (as second-line treatment)[66,67]. Brivanib has demonstrated a disease control
rate of 51% and an OS of 10 mo as first-line monotherapy in a phase Ⅱ trial of predominantly Asian patients
with HCC[68]. In another phase Ⅱ trial of brivanib in
patients with HCC who had been treated with sorafenib,
brivanib caused a tumor response rate of 4.3% and disease control rate of 45.7%[69].
Large randomized phase Ⅲ Brivanib Study in Patients at Risk (BRISK) HCC program trials have been
conducted to evaluate the role of brivanib in advanced
HCC (BRISK-FL, BRISK-PS and BRISK-APS). The
BRISK-PS trial evaluated brivanib vs placebo in patients
who had failed or were intolerant to sorafenib therapy
(NCT00825955). This study did not meet its primary
end point of improving OS, but treatment with brivanib
showed improvements in the response rate [70]. The
BRISK-FL trial (NCT00858871) directly compared the
clinical outcomes of brivanib vs sorafenib in patients with
advanced HCC who received no prior systemic therapy.
The median OS was 9.5 mo in the brivanib arm compared with 9.9 mo in the sorafenib arm, which was not a
statistically significant difference. No significant survival
differences were observed between subgroups based on
geographic regions, cause of HCC or disease severity.
The study did not meet its primary OS objective based
upon a non-inferiority statistical design[71].
Vatalanib (PTK787) is a potent tyrosine kinase inhibitor that binds directly to the ATP-binding sites of VEGF
receptors. Vatalanib inhibits both Flt-1 and Flk-1/KDR
and other class Ⅲ receptor tyrosine kinases, such as
PDGFR-β, Flt-4, c-kit, and c-fms[72]. In a phase Ⅰ/Ⅱ
study of vatalanib combined with doxorubicin in patients
with advanced HCC, the overall response rate was 26.0%,
with all of the responding patients achieving PR. Another
20% of the patients achieved SD for at least 12 wk[73].
Linifanib (ABT-869) is a novel receptor tyrosine kinase inhibitor with potent activity against members of
the VEGFR and PDGFR families[74]. In a phase Ⅱ study
of linifanib in advanced HCC, the estimated objective
response rate was 9.1%, the median time to disease progression was 3.7 mo, and the median OS was 9.7 mo[75].
An open-label, randomized phase Ⅲ study of the efficacy
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and tolerability of linifanib vs sorafenib in advanced HCC
(NCT01009593) was conducted. The OS of linifanib
given as monotherapy once daily was similar to sorafenib
given twice daily per standard of care[76].
TSU-68 is an oral tyrosine kinase inhibitor of FGFRs,
VEGFRs and PDGFR and has demonstrated some clinical efficacy in a phase Ⅰ/Ⅱ trial of heavily pretreated
patients with advanced HCC. Treatment of patients with
unresectable or metastatic HCC with TSU-68 was associated with disease stabilization or improvement in 51% of
the patients[77]. A randomized placebo-controlled phase
Ⅲ trial in Japan, South Korea and Taiwan is currently
recruiting patients with unresectable HCC and will evaluate transcatheter arterial chemoembolization (TACE) in
combination with either TSU-68 or placebo.
Cediranib (AZD2171) is another selective inhibitor
of VEGFR-1, -2 and -3. Cediranib also exhibits activity
against c-kit, PDGFR-β, and FLT4 at nanomolar concentrations. In a phase Ⅱ clinical study of advanced HCC,
the median OS was 5.8 mo. No patients experienced confirmed response. The median time to progression was 2.8
mo[78].

EGFR, IGF AND HGF/c-MET SIGNALING
EGFR, a member of the human epidermal growth factor receptor (HER) family, contains an intracellular tyrosine kinase domain which can trigger signal transduction
through the MAPK and PI3K/Akt/mTOR pathways.
Thus, these receptors contribute to cell growth, differentiation, survival and adhesion[79]. EGFR overexpression has
been reported in HCC. Immunohistochemical analysis by
Buckley et al[80] revealed that EGFR was overexpressed in
50 (66%) of 76 HCCs, and fluorescence in situ hybridization (FISH) showed additional EGFR gene copies in 17
(45%) of 38 HCCs. EGFR-targeting drugs include antiEGFR antibodies (such as cetuximab and panitumumab)
and inhibitors of EGFR tyrosine kinases (such as erlotinib, lapatinib and gefitinib); these drugs have been used
widely for the treatment of HCC.
Cetuximab is a recombinant chimeric monoclonal
antibody that targets the extracellular domain of EGFR.
In a phase Ⅱ clinical trial of cetuximab in patients with
advanced HCC, the median OS was 9.6 mo and the median PFS was 1.4 mo. The treatment was generally well
tolerated. No treatment-related grade 4-5 toxicities occurred. Grade 3 aspartate aminotransferase, hypomagnesemia, and fever without neutropenia were each noted in
1 patient[81]. A randomized trial comparing gemcitabineoxaliplatin (GEMOX) alone with a GEMOX-cetuximab
combination is ongoing to define the real contribution of
anti-EGFR therapy.
Erlotinib is a potent and reversible inhibitor of
EGFR tyrosine kinase. In an in vitro study, erlotinib potently suppressed the growth of human EGFR-expressing HCC cell lines. Erlotinib has been shown to inhibit
the RAF/MEK/ERK signaling pathway and block signal
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transducer and activator of transcription-mediated signaling[82]. A phase Ⅲ placebo-controlled, double-blind
SEARCH (Sorafenib and Erlotinib, a Randomized Trial
Protocol for the Treatment of Patients with HCC) trial
has been conducted in patients with advanced HCC.
Three hundred sixty-two patients received sorafenib
plus erlotinib and 358 received sorafenib plus placebo.
No significant differences were observed in OS or TTP
between the arms. Erlotinib, when added to sorafenib as
the standard of care in advanced HCC, did not prolong
overall survival[83].
Lapatinib is a dual inhibitor of EGFR and HER-2/
NEU that acts by docking into the ATP binding site of
the two receptors[84]. Phase Ⅱ results have indicated that
lapatinib is well tolerated and have shown preliminary
evidence of antitumor activity in HCC [85]. Among 40
patients with advanced HCC, the response rate was 5%,
median PFS was 2.3 mo and median OS was 6.2 mo.
The IGF/IGFR signaling pathway regulates several
cellular processes, including proliferation, motility and
inhibition of apoptosis[86]. Ligand binding to IGF-1R
triggers rapid receptor autophosphorylation, which in
turn initiates downstream cellular effectors, ultimately
leading to activation of PI3K, protein kinase B and the
RAF/MEK/ERK pathway[87]. In HCC, dysregulation of
IGF signaling occurs predominantly at the level of IGF-2.
IGF-2 is overexpressed in 16%-40% of human HCCs,
and IGF-2R (an alternative receptor for IGF-2) is underexpressed in approximately 80% of HCCs[88,89]. Associations have been reported between disease stage, metastasis
and survival and the functions of IGF and IGFR in
HCC[90,91]. Several strategies to target this system, including
monoclonal antibodies against the IGF-1 receptor (IGF1R) and small molecule inhibitors of the tyrosine kinase
function of IGF-1R, are under active investigation.
Pre-clinical evidence obtained from HCC cells has
shown that IMC-A12 (cituxumumab), a human monoclonal antibody that blocks IGF-1R. A phase Ⅰ study of
IMC-A12 yielded a partial response in HCC[92]. However,
a subsequent phase Ⅱ study in patients with advanced
HCC showed that IMC-A12 is inactive as a monotherapy[93]. Up to 46% of the patients developed grade 3-4 hyperglycemia in this study. Hyperglycemia may be the dose
limiting toxicity of IGF-1R monoclonal antibodies.
BIIB022 is an anti-IGF-1R monoclonal antibody that
blocks binding of both IGF-1 and IGF-2 to IGF-1R.
This agent does not appear to cause hyperglycemia, which
is a common side effect of receptor-specific antibodies.
A planned phase Ⅰ/Ⅱ study comparing sorafenib with
or without BIIB022 in patients with advanced HCC was
terminated due to a business decision by the sponsor
company.
AVE1642 is another monoclonal antibody that specifically blocks IGF-1R signaling. This agent has been
evaluated in combination with sorafenib in a phase Ⅰ
study in advanced HCC patients[94]. Long-lasting disease
stabilization was observed in most patients with PD.
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OSI-906 is a novel potent dual tyrosine kinase inhibitor of both IGF-1R and insulin receptor. The unique
advantage of OSI-906 over the previous class of antiIGF drugs is its ability to minimize IGF-2 activity in
situations in which IGF-1R inhibition alone is not sufficient. The phase Ⅱ study of second-line treatment for
advanced HCC patients who failed first-line treatment
with sorafenib (NCT01101906) was terminated because
the sponsor decided not to pursue the development of
this drug.
The HGF/Met pathway is involved in tumor growth,
invasion and angiogenesis in various types of cancer[95].
c-Met is a tyrosine kinase receptor for the HGF ligand.
HGF-induced activation of c-MET ultimately leads to
the activation of downstream effecter molecules, including phospholipase C, PI3K and ERK[96]. c-MET overexpression has been observed in 20%-48% of HCC, and
overexpression has been linked with decreased 5-year
survival in patients with HCC (FIgure 3)[97-99].
Tivantinib (ARQ 197) is a selective, oral MET receptor tyrosine kinase inhibitor with broad-spectrum antitumor activity as single agent. MET overexpression has
been shown to be a negative prognostic factor in HCC
after sorafenib failure. Tivantinib demonstrated a nearly
doubling of PFS and OS in the MET high group compared to placebo in a phase Ⅱ study as second-line treatment in patients with advanced HCC[100]. The activity of
tivantinib in combination with sorafenib is also promising. Adverse events include hematological toxicity, asthenia and loss of appetite. The initially high incidence of
neutropenia in patients with HCC led to dose reduction
from 360 mg bid to 240 mg bid. Currently, a pivotal phase
Ⅲ study in advanced, MET-high HCC after sorafenib
failure is planned.

WNT-BETA-CATENIN PATHWAY
A major and early carcinogenic event in the development
of HCC seems to be the abnormal regulation of the
transcription factor b-catenin, a key component of the
WNT signaling pathway.
During normal cell homeostasis, Wnt proteins are
absent. Initiation of Wnt signaling leads to a series of
events that cause loss of β-catenin phosphorylation,
which prevents its degradation. β-catenin then accumulates in the cytoplasm and translocates into the nucleus.
Hepatocytes with nuclear translocation of β-catenin
display abnormal cellular proliferation and express membrane proteins involved in HCC, metastatic behavior,
and cancer stem cells[101]. A high incidence of β-catenin
mutations (nearly 40%) has been observed in HCC cases
that occur in patients with HCV. HCC cases that occur in
HBV patients display β-catenin activation that is induced
in a mutation-dependent manner by the expression of
HBx protein[102,103]. Agents targeting Wnt-β-catenin are
under development. Preliminary studies targeting the
Wnt-β-catenin pathway have demonstrated a potential
space for new novel therapies to treat HCC.
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Table 1 Molecular targets and therapeutic agents

HGF/SF

Molecular targets
VEGF/VEGFR

Met

Tivantinib

EGF/EGFR
Grb2

Gab1
STAT3

Ras
Raf

IGF/IGFR
PI3K
Ras/Raf/MEK/ERK

JAK1

PI3K/Akt/mTOR
AKT

ERK/MAPK

Wnt-β-catenin
Proliferation

Invasion

Cell survival

MET

Figure 3 The c-Met signaling pathway suggested in hepatocellular carcinoma. Gab1: GRB2-associated binding protein 1; Grb2: Growth factor receptor-bound protein 2; HGF/SF: Hepatocyte growth factor/scatter factor; JAK1:
Janus kinase 1; Met: Met proto-oncogene; PI3K: Phosphatidylinositol-3-kinase;
STAT3: Signal transducer and activator of transcription 3; ERK: Extracellular
signal-regulated kinase.

Sorafenib
Bevacizumab
Vatalanib (PTK787)
Cediranib (AZD2171)
Brivanib
Sunitinib
Linifanib (ABT869)
Cetuximab
Erlotinib
Lapatinib
OSI-906
IMC-A12
AVE1642
BIIB022
Sorafenib
Selumetinib (AZD6244)
AZD8055
Everolimus
Sirolimus
Temsirolimus
PFK118-310
PFK115-584
CGP049090
Tivanitib

EGF: Epidermal growth factor; EGFR: EGF receptor; ERK: Extracellular
signal-regulated kinase; FGFR: Fibroblast growth factor receptor; IGFR:
Insulin-like growth factor (IGF) receptor; VEGF: Vascular endothelial
growth factor; VEGFR: VEGF receptor; mTOR: Mammalian target of
rapamycin; MET: Met proto-oncogene.

signaling pathways have been identified as contributing to
tumor development and progression[107,108].
Currently, sorafenib is the only effective systemic
treatment option for advanced HCC. While the drug is
effective for patients with advanced HCC, sorafenib prolongs life expectancy for only approximately three mo. To
move beyond sorafenib monotherapy, a potential role for
this agent in the adjuvant setting following surgical resection, radiofrequency ablation, or TACE or in combination with other targeted agents or chemotherapy is under
investigation.
Several new promising multi-targeted molecules have
been developed and are currently under investigation for
the treatment of HCC (Table 2). Unfortunately, HCCs
are refractory to many targeted therapies. Therefore,
resistance to treatment remains the major challenge
for targeted therapy. Many resistance mechanisms have
been identified, including epigenetic changes, alternative
splicing, target inactivation, upregulation of alternative
pathways (by cellular adaptation to the pathway being targeted), and a range of mutations. A combination of different agents or a single ‘‘unspecific’’ inhibitor of several
pathways may offer advantages to overcome resistance.
Combinations of targeted agents with chemotherapy
regimens also remain to be further explored. Molecular
targeted therapy blocking angiogenesis has demonstrated
somewhat promising results, but the efficacy of these
agents is limited by survival pathways induced by hypoxia.
Thus, the inhibition of hypoxia-induced survival signals

JAK/STAT PATHWAY
The Jak/Stat pathway is activated by more than 40 cytokines and growth factors and is involved in multiple cell
functions, including differentiation, proliferation, and
apoptosis[104]. In this pathway, cytokines induce phosphorylation of the Janus tyrosine kinases (Jak1, 2 and 3
and Tyk2), which is followed by activation of Stat1-6[105].
The phosphorylation of Jak1, Jak2, and Tyk2 tyrosine
kinases is not detected in normal livers but increases significantly between surrounding non-neoplastic liver and
HCCs[106]. Activation of Stat1, Stat3, and Stat5 has been
shown to be significantly higher in tumors than in the respective surrounding livers; pStat3 is higher in HCC with
poor prognosis than in HCC with better prognosis[106].
The levels of Jak/Stat targets, including Bcl-xl, Mcl-1,
cyclin D1, and c-Myc, are markedly elevated in the majority of HCCs. A phase Ⅰ study of the JAK2 inhibitor
AZD1480 in advanced solid malignancy (including HCC)
is planned (NCT01219543).

FUTURE PERSPECTIVES
Molecular targeted agents that have been introduced into
clinical use in recent years have been approved for the
treatment of a specific cancer and then frequently used
to treat various other types of cancer (Table 1). Genetic
alterations clearly play a major role in hepatocarcinogenesis, and abnormalities in several critical molecular
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Table 2 Efficacy results of targeted therapies for advanced hepatocellular carcinoma
Molecular targets/agents

Phase

Efficacy

Ref.

Median OS: 10.7 mo vs 7.9 mo

[58]

Sunitinib

Phase Ⅲ SHARP
Sorafenib vs placebo
Phase Ⅲ (Asian)
Phase Ⅱ

[59]
[65]

Brivanib

Phase Ⅲ
Sunitinib vs sorafenib
Phase Ⅱ, first-line

Median OS:6.5 mo vs 4.2 mo
Median PFS: 3.9 mo
Median OS: 9.8 mo
Median OS: 7.9 mo vs 10.2 mo
Median PFS: 2.8 mo
Median OS: 10 mo
Median PFS: 2.7 mo
Median OS: 9.8 mo
Median OS: 9.4 mo vs 8.3 mo
TTP: 4.2 mo vs 2.7 mo
RR: 12% vs 2%
Median OS: 9.5 mo vs 9.9 mo
TTP: 4.2 mo vs 4.1 mo
RR: 12% vs 8%
OS: 7.3 mo
PFS: 5. 4 mo
TTP: 3.7 mo
Median OS: 9.7 mo
Median OS: 5.8 mo
TTP: 2.8 mo

[68]

Median OS: 9.6 mo
Median PFS: 1.4 mo
Median OS: 9.5 mo vs 8.5 mo
TTP: 3.2 mo vs 4.0 mo
Median PFS: 2.3 mo
Median OS: 6.2 mo
Median OS: 9.1 mo vs 9.8 mo

[81]

VEGF/VEGFR
Sorafenib

Phase Ⅱ, second-line
Phase Ⅲ (BRISK-PS)
Brivanib vs placebo
Phase Ⅲ (BRISK-FL)
Brivanib vs placebo
Vatalanib (PTK787)

Phase Ⅰ/Ⅱ, combined with doxorubicin

Inifanib (ABT-869)

Phase Ⅱ

Cediranib (AZD2171)

Phase Ⅱ

EGF/EGFR
Cetuximab

Phase Ⅱ

Erlotinib

Phase Ⅲ (SEARCH)
Sorafenib/erlotinib vs orafenib/placebo
Phase Ⅱ

Lapatinib

Phase Ⅲ
Lipatinib vs sorafenib

[69]
[70]

[71]

[73]
[75]
[78]

[83]
[85]

IGF/IGFR
Cituxumumab (IMC-A12)
Ras/Raf/MEK/ERK
Selumetinib (AZD6244)

Phase Ⅱ

Median OS: 8 mo

[93]

Phase Ⅰ/Ⅱ

11 patients enrolled
PR in 3, SD in 6, PD in 2 patients

[31]

PI3K/Akt/mTOR
Everolimus

Phase Ⅰ/Ⅱ

Median PFS: 3.8 mo
Median OS: 8.4 mo
Median PFS: 15.3 wk
Median OS: 26.4 wk

[37]

Sirolimus

Phase Ⅱ

MET
Tivantinib

Randomized Phase Ⅱ
Tivantinib vs placebo
ITT population

[38]

[100]
Median TTP: 6.9 wk vs 6.0 wk
Median OS: 6.6 mo vs 6.2 wk
Median TTP: 11.7 wk vs 6.1 wk
Median OS: 7.2 mo vs 3.8 wk

c-Met high

ITT: Intent to treat; OS: Overall survival; PD: Progressive disease; PFS: Progression-free survival; PR: Partial response; RR: Response rate; SD: Stable disease;
TTP: Time to progression; VEGF: Vascular endothelial growth factor; VEGFR: Vascular endothelial growth factor receptor; mTOR: Mammalian target of
rapamycin; PI3K: Phosphatidylinositol-3-kinase; Met: Met proto-oncogene; EGFR: Epidermal growth factor (EGF) receptor.

might be required for targeted agents to block angiogenesis as an adjuvant therapy following TACE. Additionally,
exploring potential markers that can help in identifying
the patients who are most likely to respond (or to at least
identify those who will not respond) to treatment is critical. Future development of genomic analysis of HCC
will aid in the identification of specific biomarkers for
patient selection for either single agent or combination
molecular targeted therapies.
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Surveillance for hepatocellular carcinoma in chronic liver
disease: Evidence and controversies
Suzanne van Meer, Robert A de Man, Peter D Siersema, Karel J van Erpecum
boxyprothrombin, lectin-bound α-fetoprotein, and (most
recently) circulating TIE2-expressing monocytes, and radiological investigations such as computed tomographyscan or magnetic resonance imaging-scan. Although
early results appear promising, these tools have generally been tested in diagnostic rather than surveillance
setting, and in most cases, no detailed information is
available on their cost-effectiveness. For the near future, it remains important to define those patients with
highest risk of HCC and most benefit from surveillance,
and to restrict surveillance to these categories.
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Core tip: Hepatocellular carcinoma is a frequent phenomenon in cirrhotic patients. Survival is generally
poor, and curative options only exist if the tumor is
detected in an early stage (Barcelona Clinic Liver Cancer stage 0 or A). This review summarizes existing
evidence for surveillance including ultrasound, other
radiological modalities and various serum biomarkers,
and current guideline recommendations for surveillance. Selection of the appropriate high risk populations remains an important tool for cost-effective surveillance.

Abstract
Primary liver cancer is the sixth most common cancer in
the world and the third cause of cancer-related death.
Hepatocellular carcinoma (HCC) represents more than
90% of primary liver cancers and generally occurs in
patients with underlying chronic liver disease such as
viral hepatitis, hemochromatosis, primary biliary cirrhosis and non-alcoholic steatohepatitis. Especially cirrhotic
patients are at risk of HCC and regular surveillance
could enable early detection and therapy, with potentially improved outcome. We here summarize existing
evidence for surveillance including ultrasound, other
radiological modalities and various serum biomarkers,
and current international guideline recommendations for
surveillance. Ultrasound and α-fetoprotein (alone or in
combination) are most frequently used for surveillance,
but their sensitivities and specificities are still far from
perfect, and evidence for surveillance remains weak and
controversial. Various other potential surveillance tools
have been tested, including serum markers as des-car-
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INTRODUCTION
Primary liver cancer is the sixth most common cancer
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in the world and the third cause of cancer-related death.
Hepatocellular carcinoma (HCC) represents more than
90% of primary liver cancers and generally occurs in
patients with underlying chronic liver disease. Incidence
rates are highest in East Asia and Sub-Saharan Africa,
where approximately 85% of all cases occur. The high
HCC risk in these regions can be explained at least in
part by the high prevalence of underlying risk factors,
especially chronic hepatitis B virus (HBV) infection and
aflatoxin B1 in the diet[1,2].
Nevertheless, also in countries with relatively low incidence rates such as the United States, incidences have
doubled over the last two decades, due to growing impact of chronic liver disease from hepatitis C virus (HCV)
and non-alcoholic steatohepatitis (NASH)[3,4]. In Europe,
there is a mixed pattern, with increasing or decreasing
incidence rates in various countries. These geographical
differences are thought to be the consequence of changing patterns of underlying risk factors for HCC, such
as viral hepatitis, alcohol abuse and NASH. Although
NASH conveys relatively modest risks of HCC, the
burden of metabolic syndrome and insulin resistance
is expected to have significant further impact on HCC
incidence in the Western world in the near future. Also,
coexistent metabolic syndrome and obesity further increase HCC risk in patients with other underlying liver
diseases[5-7]. Smoking is another cofactor leading to increased HCC risk[7]. Interestingly, the use of cholesterol
synthesis inhibitors and metformin and coffee consumption are associated with decreased HCC risk[8-11].
New local treatment options such as radiofrequency
ablation (RFA) or transarterial chemo- and radioembolisation (TACE and TARE) have been introduced in
recent years. Also, the multikinase inhibitor sorafenib
leads to improved survival in patients with advanced
stage disease[12]. Nevertheless, most patients present at
relatively late stage, without options for curative treatment. Survival remains poor under these circumstances
[median survival: Barcelona Clinic Liver Cancer (BCLC)
stage B, 15 mo; BCLC stage C, 6 mo; BCLC stage D, < 3
mo][13]. Therefore, new strategies are urgently needed to
decrease the burden of HCC. First, primary prevention
of HCC can be achieved by hepatitis B vaccination, especially in endemic countries[14]. Second, antiviral therapies appear to be associated with decreased HCC risks
in patients with chronic viral hepatitis. Interestingly, according to recent meta-analyses and systematic reviews,
interferon-based antiviral treatment for hepatitis B is associated with only modest decrease of HCC risk (RR =
0.66, 95%CI: 0.48-0.89). Treatment with the nucleoside
analog lamivudine is associated with a more substantial
risk reduction (RR = 0.22, 95%CI: 0.10-0.50)[15-17]. It is
reasonable to expect even better results with the currently available potent nucleos(t)ide analogs tenofovir
and entecavir[18].
Third, and focus of the current review, surveillance
of patients at increased risk because of underlying chronic liver disease might detect HCC at earlier stages, and
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could lead to better outcomes with decreased mortality
(5-year survival with curative treatment in BCLC stage
0 or A: 40%-70%)[13]. Intuitively, this approach is attractive. Indeed, several international guidelines currently
advise surveillance programs, defined as the repeated
and systematic administration of a screening test, including registration and patient recall where applicable[19-21].
Nevertheless, surveillance remains controversial because
of limited evidence for its efficiency and potential risk of
side effects (for example complication from diagnostic
biopsy of liver mass detected during surveillance which
subsequently proves to be benign)[22,23]. This review offers
an overview of current knowledge on HCC surveillance
and gives a perspective on current international guidelines.

BIOMARKERS FOR HCC SURVEILLANCE
When introducing a surveillance program, applying the
optimal screening modality is essential. Detection of
HCC at intermediate or advanced stage [according to
Barcelona Clinic Liver Cancer Staging (BCLC) system]
by surveillance could have some impact, by allowing
TACE or sorafenib therapy. Nevertheless, surveillance
should preferably detect (very) early stage HCC (single
lesion ≤ 5 cm or ≤ 3 lesions each ≤ 3 cm without vascular involvement or metastasis), allowing potentially curative therapy. Serological biomarkers can be used at relatively low costs, without burden for the patient. Several
biomarkers have been investigated for HCC detection,
generally in diagnostic setting rather than in surveillance
studies.
α-fetoprotein (AFP) is the most frequently used biomarker for HCC worldwide. AFP is a glycoprotein expressed by fetal hepatocytes or poorly differentiated HCC
cells. Nevertheless, not all HCC cells secrete AFP into
the circulation. Also, serum AFP levels may be elevated
in patients with chronic liver disease in the absence of
HCC (related to height of transaminases) and in patients
with other malignancies[24]. Gupta et al[25] published a systematic review with five included studies on diagnostic
value of AFP for detecting HCC (all stages combined)
in cirrhotic and non-cirrhotic HCV patients. They concluded that even if one assumes best-case estimates of
sensitivity and specificity, the case for surveillance by
AFP remains weak. By using the usual cut-off point of
20 ng/mL, sensitivities and specificities for detecting all
stages of HCC were 41%-65% and 80%-94%, respectively. Positive and negative likelihood ratios ranged from
3.1 to 6.8 and from 0.4 to 0.6, respectively. In a recent
large case-control study with 419 included HCC patients
and 417 cirrhotic controls (with various underlying etiologies of liver disease), the performance of AFP in early
stage HCC was compared with other biomarkers, such as
des-carboxyprothrombin (DCP) and lectin-bound AFP,
with more encouraging results[26]. In this study, diagnosis
of HCC was based on current criteria for diagnosis, with
appropriate blinding and 6-mo post-enrollment follow-
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up for controls to eliminate false negatives. Sensitivity
and specificity of AFP for detecting early stage HCC
were 53% and 90%, respectively, using the currently recommended clinical cut-off point of 20 ng/mL. When
the point in the receiver operating characteristics (ROC)
curve with optimal sensitivity and specificity was used as
cut off (10.9 ng/mL), sensitivity was 66% and specificity
82%. This finding would suggest that the usual cut off
of 20 ng/mL is too high for optimal performance of
AFP surveillance. In a previous small case-control study
with 170 HCC patients (68 early stage HCC) and 170
matched cirrhotic controls, the cut off of 20 ng/mL appeared to exhibit optimal sensitivities and specificities[27].
Nevertheless, at this cut off, sensitivities and/or specificities were often insufficient in other studies[28,29].
DCP is an abnormal protein generated as a result of
an acquired defect in the posttranslational carboxylation
of the prothrombin precursor in malignant liver cells[30].
Several studies investigated the performance of DCP as
biomarker for early HCC, with inconclusive results[26,31-34].
For example, in a case-control study with 39 HCC patients and 77 matched controls, DCP had a greater accuracy than AFP[34]. DCP testing alone had a sensitivity and
specificity of 74% and 86%, respectively, using a cutoff
value of 40 mAU/mL. Another study reported much
lower sensitivities for DCP with the best performance in
chronic viral hepatitis[26].
Another potential biomarker for HCC is lectin-bound
AFP: One of the three glycoforms of AFP, based on
its reactivity in lectin affinity electrophoresis[35]. In a
multicenter prospective study, the diagnostic accuracy
of lectin-bound AFP vs AFP was compared in patients
with HCV-related cirrhosis[36]. The prevalence of HCC
at baseline and during the two years of follow-up was
significantly higher in patients with elevated lectin-bound
AFP than in those with elevated AFP. The relatively high
prognostic value of lectin-bound AFP was even higher
in patients with concomitantly elevated AFP levels. This
suggests that lectin-bound AFP has some clinical utility
as secondary test in HCV patients with mildly elevated
AFP levels, by identifying a subgroup with a relatively
high likelihood of HCC. Nevertheless, this study has
important limitations, such as a relatively short followup and potential selection bias. Also, other investigators
report less encouraging results. For example, in the previously mentioned case-control study of Marrero et al[26],
sensitivity of lectin-bound AFP for detecting early HCC
was only 37%. Several studies investigated the diagnostic
performance of a combination of serum biomarkers.
Nevertheless, when combining AFP and DCP, there appeared to be only little or no improvement in sensitivity
rates for detecting early stage HCC[26,33,34].
Recently, new serum biomarkers for HCC have been
suggested. Tyrosine kinase with Ig and EGF homology
domains 2 (TIE2) is a receptor of angiopoietins. TIE2expressing monocytes (TEMs) were recently reported to
be enriched in HCC and other tumors where angiogenesis is known to be important for tumor progression. In
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a recent publication on 168 HCV infected patients (89
with HCC), frequency of circulating TEMs in peripheral
blood was significantly higher in case of HCC, and independent of tumor stage[37]. TEMs were also increased
in a separate group of non-HCV HCC patients. Performance of TEMs in discriminating HCC from chronic
hepatitis or cirrhosis was superior to AFP or DCP (sensitivities 86% and 71% respectively; specificities 81%
and 90% respectively. Nevertheless, another study found
increased circulating and intrahepatic TEMs in HCV patients without HCC[38]. Although these findings relate to
a relatively small cohort of HCV-infected patients, they
raise concern that mobilization and expansion of TEMs
may not be strictly HCC-driven, but more generally associated with chronic liver infection[39]. Several other studies investigated the performance of Glypican-3 (GPC3).
GPC3 is a surface protein expressed in high percentages
of HCCs, whereas it is not detectable in hepatocytes
from normal subjects or patients with benign liver disease[40-42]. Another potential marker is Golgi protein 73
(GP73): An amino acid that normally remains in the
Golgi complex. Marrero et al[43] reported that levels of
GP73 are increased in serum of patients with HCC. In
this study, sensitivity of GP73 for detecting early HCC
was 62%. Also, interleukin-6 (IL-6) has been studied as
potential marker for HCC. IL-6 is a cytokine involved in
cell growth and differentiation. Serum IL-6 concentrations appeared to be increased in HCC patients (all stages combined) compared to controls[44,45]. Sensitivities of
IL-6 for discrimination between HCC patients (all stages
combined) and controls ranged from 46% to 73% and
specificities from 87% to 95%. Also, levels of squamous
cell carcinoma antigen (SCCA: A component of serine
protease inhibitors) appeared to be significantly higher
in HCC patients than in controls[46,47]. It remains to be
seen, whether these new serum biomarkers will provide
satisfactory results in the setting of surveillance in clinical practice.

ULTRASONOGRAPHY FOR HCC SURVEILLANCE
Currently, ultrasonography (US) is the most widely used
method for HCC surveillance. US is not invasive, but
time-consuming, relatively expensive and operator-dependent. Also, this investigation is often not suitable in case
of overweight. According to a recent meta-analysis with
13 included studies by Singal et al[48], pooled sensitivities
and specificities for detecting HCC at any stage were both
94%. However, US was less effective for detecting early
stage -potentially curable- HCC, with a pooled sensitivity
of 63% (95%CI: 49%-76%).
Another systematic review concluded that US is insufficiently sensitive for HCC surveillance[49]. Sensitivities for detecting HCC (all stages combined) of the 14
included studies ranged from 30% to 100% and specificities from 73% to 100%. Possible explanations for the
large variability between studies are differences in opera-
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tor skills and experience, in tested populations and/or in
tumor size.
The potential benefit of combining US with AFP for
detection of early stage HCC was also explored in the
previously mentioned meta-analysis by Singal et al[48]. The
pooled sensitivities increased from 63% to 69% (95%CI:
53%-81%), but this was not statistically significant (P =
0.65). This result suggests that adding AFP to ultrasound
is not very useful for HCC surveillance.
The optimal interval for ultrasonographic surveillance is not known. It should be based on rate of tumor
growth up to the limit of its detectability: Available evidence on tumor growth suggests that the interval from
undetectable to a two cm diameter lesion ranges from
4-12 mo[50]. According to the meta-analysis by Singal
et al[48] mentioned above, US sensitivities for detecting
early-HCC may be improved by US at 6-mo intervals
compared to surveillance intervals between 6-12 mo
(pooled sensitivities: 70% vs 50%, P = 0.001). However,
confidence intervals of pooled sensitivities were overlapping (95%CI: 55.6-84.6 vs 40.0-59.2).
Two recent retrospective cohort studies from Italy
and South Korea report that HCC is detected at earlier
stage, with curative therapy more often applied and
better survival in case of surveillance interval ≤ 6 mo
compared to longer surveillance intervals, even after correction for lead time bias[51,52].
A recent randomized control trial investigated whether a 3-mo interval of US surveillance was more effective
than a 6-mo interval[53]. More focal lesions < 10 mm were
found in the group with 3-mo surveillance (5-year cumulative incidence: 41% vs 28%, P = 0.002). Nevertheless,
44% of all focal liver lesions detected during surveillance
remained indeterminate. No differences in detection rates
of small HCCs eligible for curative treatment were observed between the two randomized groups. Inadequate
compliance occurred in approximately 10% of both
groups. Also, overall 5-year survival rates were similar in
both groups (85% vs 86%, P = 0.38).
Finally, a recent cluster-randomized trial from Taiwan compared 4- and 12-mo intervals in chronic HBV
or HCV patients with thrombopenia. Although tumors
were smaller in the group with 4-mo intervals, and curative treatment modalities more often applied, 4-year
overall survival did not differ[54].

1996-2004 included), spiral CT imaging appeared to offer
comparable sensitivities and specificities as US for detecting HCC (all stages) in patients with chronic liver disease.
The pooled sensitivities for US and spiral CT imaging
were 60% vs 68% and the pooled specificities 97% vs
93%. In the same systematic review, the reported pooled
sensitivities (81%) and specificities (85%) of magnetic
resonance imaging (MRI)-scan were, respectively, higher
and lower than those obtained with US or CT imaging.
However, diagnostic accuracies of CT-scan and MRIscan have increased in the past decade due to improvement of techniques[55-58]. For example, according to a recent retrospective study, the overall sensitivities of triplephase multidetector CT (MDCT) imaging for detecting
HCC (all stages combined) ranged between various
observers from 78% to 81%[57]. Sensitivity improved with
increasing HCC diameter. Also, in another recent study
with prospective design, the diagnostic performances of
US, MDCT imaging and contrast-enhanced MRI-scan
were compared in a population of cirrhotic candidates
for liver transplantation[58]. Dynamic MRI-scan with inclusion of the hepatobiliary phase had the highest accuracy
with sensitivities for detecting early stage HCC, ranging
from 59% to 85%. In contrast to CT imaging, MRI-scan
is not associated with radiation exposure. However, MRIscan is costly and there are no data from clinical practice
to support the use of MRI-scan for surveillance.

SURVEILLANCE EFFICIENCY
The aim of surveillance is to decrease HCC-related mortality. Unfortunately, high-level evidence is limited in this
respect. A recent Cochrane review[59] identified only one
study with data on mortality: Zhang et al[60] performed
a large cluster randomized controlled trial in which a
policy of surveillance vs no surveillance was compared
in 18816 patients with current or prior HBV infection or
a history of chronic hepatitis. There proved to be a survival benefit for the strategy of a 6-monthly surveillance
with combined AFP and US compared to the no surveillance strategy. Despite poor adherence to surveillance
(58%), HCC-related mortality rates were significantly
lower in the surveillance group than in the disease control group (83.2/100000 and 131.5/100000, respectively,
OR = 0.63). Since this study was performed in chronic
HBV patients in China, it is not clear whether its results
can be extrapolated to the Western World. Also, according to the Cochrane review, there are some discrepancies
between this publication and earlier publications about
the same trial[61-63]. For example, numbers of disease controls and total numbers of participants dropped from
9711 and 19144, respectively, in the initial preliminary
publication in 1997[62] to 9443 and 18816, respectively, in
two later publications in 1999 and 2004, after completion of the trial[60,61]. Also, confidence intervals were
computed as if cohorts had been randomly assigned
for each individual patient, without taking the cluster
randomization into account and statistical significance

OTHER IMAGING TECHNIQUES FOR HCC
SURVEILLANCE
Computed tomography (CT) and magnetic resonance
(MR) imaging are potential tools for HCC surveillance.
Until now, these imaging modalities are mainly used for
further evaluation in case of abnormal findings with
ultrasonographic surveillance and to determine extent
of disease. Test characteristics of CT and MR imaging
reported below are therefore all based on diagnostic studies rather than in a setting of surveillance. According to
a systematic review of Colli et al[49] (studies in the period:
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was claimed with a 95%CI that was only borderline
significant (95%CI: 0.41-0.98)[22]. In another large randomized controlled trial from China, the effectiveness
of surveillance by 6-monthly AFP measurement in 5581
HBV carriers was investigated[29]. HCC-related mortality
rates were not significantly different in the surveillance
group compared to the control group (1138/100000 and
1114/100000, respectively, P = 0.86).
At lower evidence level, several cohort studies suggest
that survival is improved with HCC surveillance[64,65]. In a
population-based study of Alaska natives, 1487 HBV carriers had surveillance with AFP at 6-mo intervals[64]. In
case of elevated AFP, US was performed. The long-term
survival rate for patients whose HCCs were detected by
the surveillance program was compared with a historical
disease control group of patients with HCC: Survival
rates were significantly higher for patients with HCC detected by surveillance (5-year survival rates: 42% and 0%,
respectively, P = 0.008; 10-year survival rates: 30% and
0%, respectively, P = 0.07). Similar results were found in
the study of Wong et al[65]. In this study, 56 HCC patients
were retrospectively divided in three groups according to
their initial presentation: Symptomatic patients presenting with abdominal pain, mass, bleeding, or weight loss;
asymptomatic patients who had ultrasound for abnormal liver enzyme levels or other (unrelated) indications;
and asymptomatic patients with underlying chronic liver
diseases in a surveillance program. Patients in the surveillance group survived significantly longer than those
in the symptomatic group (median survival of 1300 d vs
234 d, P = 0.009). Median survival of the asymptomatic
group without surveillance did not differ significantly
from the other groups. However, lead time bias due to
disease detection in an early stage could have affected the
results of the two previously mentioned studies. Also,
length time bias could have biased results by preferential
detection of slowly growing lesions that are more likely
to remain asymptomatic until late in disease course.
Several studies indicate that surveillance programs
could lead to more frequent detection of HCC at early
stages, when curative treatment is still possible[60,61,66,67].
In the previously mentioned large randomized controlled
trial by Yang et al[61], more resectable HCC cases were
detected in the surveillance group than in the disease
control group during five years follow-up (OR = 7.14;
95%CI: 3.53-14.43). In the later publication about the
same trial, Zhang et al[60] reported similar results. Again,
detection rates of small HCC (defined as a tumor diameter < 5 cm) were higher in the surveillance group than
in the disease control group (45% vs 0%, P < 0.01).
In the systematic review by Gebo et al[66] covering
publications in the period: 1996-2002, one prospective cohort study was identified that investigated HCC
surveillance in HCV patients. This study by Solmi et
al[67], compared 360 patients in the surveillance group
(combined US and AFP measurements at 6-mo intervals) with a disease control group of 2170 patients who
received usual care in other hepatology clinics. During
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a mean follow-up of 56 mo, the incidence of HCC in
the surveillance group was 6.7% and 5.5% in the disease
control group. Of note, in the surveillance group, 75%
of the HCC’s was unifocal and ≤ 3 cm in diameter
compared to only 16% in the disease control group (P =
0.000).
Success of a surveillance program depends in general
not only on the surveillance modality or target population. Recall strategy and adherence to follow-up are
also important factors. In a large retrospective cohort
study in the United States, 1873 HCC patients with a
prior diagnosis of cirrhosis were identified in the period:
1994-2002[68]. In the three years before HCC diagnosis,
17% received regular surveillance, 38% received inconsistent surveillance and 45% no surveillance. In the
regular surveillance group, 52% received both US and
AFP, 46% AFP only and 2% US only. In a subset of 541
patients in whom cirrhosis was diagnosed at least three
years prior to HCC, 29% received regular surveillance
and 33% inconsistent surveillance. In another prospective cohort study, 1005 HCV patients were included in
a surveillance program with combined US and AFP at
6- to 12-mo intervals[69]. During a mean follow-up of
6.1 years, 83 HCC cases were detected: 28% of those
were tumors outside Milan criteria. 70% of patients with
HCCs outside Milan criteria had experienced consistent
surveillance and follow-up, which was not different from
the total study group. Only in a minority of patients,
absence of surveillance (13%) or follow-up (17%) could
explain failure to detect patients at earlier stages. On
multivariate analysis, study site was a strong independent
predictor of consistent surveillance (P < 0.001). After
correction for study site, also platelet counts > 150 ×
106/mL and complete clinic visit adherence were positively associated with consistent surveillance.

TARGET POPULATIONS FOR SURVEILLANCE
Most HCCs develop in patients with chronic liver diseases. The decision to start surveillance should depend
on the chance of developing HCC, i.e., the incidence of
HCC in specific populations. Especially high risk patients should be included in surveillance programs. However, selection of these patients remains a subject of debate. Also, it is important to decide, prior to surveillance,
whether the clinical condition of the patient would allow
any therapy in case of HCC detection.
Computer analyses in hypothetical cirrhotic patients
Several studies have investigated cost-effectiveness of
HCC surveillance in cirrhotic patients based on computer
analyses of theoretical models. In general, surveillance
is considered cost-effective, if costs are less than $50000
per life-year or quality-adjusted life-year (QALY) gained.
According to Sarasin et al[70], surveillance with combined
US and AFP measurements at 6-mo intervals in patients
with compensated cirrhosis results in an increase of life

793

January 28, 2014|First Edition|

van Meer S et al . Surveillance for hepatocellular carcinoma

dence of 15%[74,75]. Studies in European HBV cirrhotics
reported lower incidence rates: 2.2 per 100 persons-years
and 5-year cumulative HCC incidence of 9%[76-79].
Several studies have investigated the risk of developing HCC in HCV patients[76,80-83]. In a large prospective
study of 12008 Taiwanese males, anti-HCV positive
subjects had a 20-fold increased risk of developing HCC
in comparison with anti-HCV negative subjects[81]. In
this study, the presence or absence of cirrhosis was not
evaluated. Other studies reported that especially cirrhotic HCV patients are at increased risk for developing
HCC[76,80,83]. In a retrospective cohort study, the annual
HCC incidence was 1.4% in European cirrhotic HCV
patients[76]. Also, Degos et al[83] reported HCC incidence
rates of 13.4% after five years follow-up in a cohort
of French patients with compensated HCV-related cirrhosis. In another study from Germany, 17 of 838 HCV
patients (2%) developed HCC during a mean follow-up
of 50 mo[80]. All HCCs occurred in cirrhotic livers. Cirrhotic patients had a 20-fold higher risk of developing
HCC than HCV patients without cirrhosis at study entry
(RR = 20.2, 95%CI: 2.4-170.9). Also, Lok et al[82] reported that HCC incidence was higher in HCV patients
with cirrhosis than in those with bridging fibrosis (annual
HCC incidence rates: 1.45% vs 0.8%, Ptrend = 0.08). This
study was performed in the United States.
In patients with cirrhosis due to causes other than
viral hepatitis, HCC incidence rates are generally not
precisely known. Nevertheless, alcoholic liver disease is a
clear risk factor for HCC. In a meta-analysis of Bagnardi
et al[84], the consumption of alcohol was associated with
an increased risk for developing liver cancer (RR = 1.86,
95%CI: 1.53-2.27 for alcohol consumption of 100 g/d
compared to no alcohol). The presence or absence of cirrhosis was not evaluated in this meta-analysis. In a Danish nationwide cohort study, 169 (2%) of 8482 patients
with alcoholic cirrhosis developed HCC during a median
follow-up of 4.1 years[85]. Five-years cumulative HCC risk
was 1.0% (95%CI: 0.8-1.3). Kuper et al[86] reported a relative risk of HCC of 2.4 for alcoholism alone and 22.4 for
alcoholic cirrhosis compared to the general population.
Several other studies also reported increased HCC risk in
cirrhotic patients with alcohol as primary cause[87-91]. In a
case-control study, heavy alcohol consumption contributed to a significant part of the 115 included HCC cases
(32%), independent of other known risk factors[92].
Patients with cirrhosis due to genetic hemochromatosis also are at increased risk of developing HCC. According to a meta-analysis, patients with genetic hemochromatosis who are homozygous for the C282Y mutation have
a 11-fold increased HCC risk compared to controls (OR
= 11, 95%CI: 3.7-34)[93]. In a Swedish population-based
cohort study, patients with genetic hemochromatosis
had a 20-fold increased risk for developing primary liver
cancer compared to the general population (standardized
incidence ratio: 21, 95%CI: 17-28)[94]. In both studies, the
presence or absence of cirrhosis was not evaluated. Several other studies reported similar results[95-98].

expectancy of 3 mo when HCC incidence is 1.5%/year.
However, in this case cost-effectiveness ratio of $55264
per life year gained exceeds the generally accepted threshold of $50000 per life year gained. When HCC incidence
rates are higher, increase of life expectancy will be even
more substantial. Cost-effectiveness ratios of systematic
surveillance range between $26000 (HCC incidence: 6%/
year) and $55000 (HCC incidence: 1.5%/year) for each
additional life-year gained, in best case scenarios. Another
study, using similar analyses in HCV cirrhotics, suggested
that HCC surveillance with combined three-phase CTscans and AFP measurements at 6-mo intervals was more
cost-effective than other surveillance strategies[71]. This
strategy was associated with an incremental cost-utility ratio of $25232/QALY compared to no surveillance. These
results are based on estimated HCC incidences of 1.4%/
year in patients with compensated cirrhosis and 4%/year
in patients with decompensated cirrhosis.
Lin et al[72] suggested that combined US and AFP
measurements at 6-mo intervals was the most effective
surveillance strategy in HCV patients with compensated
cirrhosis compared to other surveillance strategies (estimated annual HCC incidence: 0.02%-0.1%). However,
this strategy entailed higher additional cost per QALY or
life-year gained compared to a strategy of annual US and
AFP measurements (incremental cost-effectiveness ratio:
$106871/QALY) or no surveillance (incremental cost-effectiveness ratio: $129915/QALY). In this computerized
decision model, surveillance with US at 12-mo intervals
and AFP measurements at 6-mo intervals offered the
greatest gain in life-expectancy, while still maintaining
a cost-effectiveness ratio < $50000/QALY or life-year
gained, regardless of HCC incidence.
Another study in a hypothetical mixed-etiology cohort
of compensated cirrhotic patients suggested that combined AFP measurement and US imaging on a 6-monthly
basis is the most effective surveillance strategy[73]. Compared to no surveillance, this strategy is estimated to
increase the numbers of HCCs resectable at time of
diagnosis more than three-fold with 50% decrease of
HCC-related deaths. Significantly more small and medium-sized HCCs (diameter < 2 cm or diameter 2-5 cm,
respectively) would be identified by surveillance. However, when costs were taken into account, it was doubtful
whether US should be routinely offered to those with serum AFP levels ≤ 20 ng/mL (> $45000/QALY). Also,
cost-effectiveness varied considerably depending on type
of underlying chronic liver disease. In this computerized
decision model, annual HCC incidence ranged from 1.2%
to 4.1%.
HCC incidence in cirrhotic patients
Annual incidence rates of HCC in specific populations
with cirrhosis have been investigated extensively. Cirrhotic HBV patients have an increased risk for developing HCC. Studies that included only East Asian cirrhotic
HBV patients showed HCC incidence rates around 3.2
per 100 person-years and 5-year cumulative HCC inci-
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Table 1 Characteristics and results of studies on risk of hepatocellular carcinoma in patients with autoimmune hepatitis, a 1-antitrypsin
deficiency and Wilson’s disease
Ref.

Study design

Study period

Patient No.

Duration follow-up

Results

Autoimmune hepatitis
Yeoman et al[110] Prospective
cohort study

1971-2007

243

median: 11 yr
(range 1-36)

Wang et al[111]

Prospective
cohort study
Retrospective
cohort study
Retrospective
cohort study

Unknown

124

1990-2003

473

1999-2009

322

mean: 111
± 6 mo
median: 8.8 yr
(range 1-45)
mean: 6.25 yr

Retrospective
cohort study
Teufel et al[115]
Retrospective
cohort study
α 1-antitrypsin deficiency
Eriksson et al[116] Autopsy study

Unknown

212 (88 cirrhotics)

1970-2009

278 (89 cirrhotics)

Annual HCC incidence: 1.1%
HCC occurred more often in cirrhotic
patients (9.3% vs 3.4%, P = 0.048)
HCC incidence: 1 per 350 patient-year
HCC incidence in cirrhotics: 1 per 182 patient-year
23-fold increased HCC risk compared to
the general population. Only HCC in cirrhotics
HCC incidence all patients: 459 per
100000 patient-year (0.5%/yr)
In cirrhotics: 1920 per 100000
patient-year (1.9%/yr)
HCC incidence in cirrhotics: 1 per
1002 patient-year. (0.1%/yr)
No HCC observed in 431 cirrhotic patient-year

1963-1982

NA

Elzouki et al[117] Autopsy study

1963-1994

38250
(17 pts with A1AD)
50333
(31 pts with A1AD)

Propst et al[118]

1990-1992

Group 1: 240 cirrhotics with
different etiologies
(25% A1AD)
Group 2: 130 non-cirrhotic
A1AD pts

Unknown

1955-1987
1987-2000
1966-2002
No limitation

159

range: 10-45 yr

NA

NA

Werner et al[112]
Wong et al[113]

Park et al[114]

Retrospective
cohort study

Wilson’s disease
Walshe et al[119] Retrospective
cohort study
Thattil et al[120]

Case report
and review

mean: 123
± 9 mo
mean: 4.8 yr
(in cirrhotic pts)

NA

Increased HCC risk in patients with A1AD
compared to controls. (OR = 20, 95%CI: 3.5-114.3)
Increased HCC risk in patients with A1AD
compared to controls (OR = 5.0, 95%CI: 1.6-15.8;
P = 0.008). Only significant in males
No significant differences in HCC prevalence
between cirrhotic A1AD patients and
cirrhotic subjects due to other causes
No HCC in non-cirrhotic
A1AD patients
9 patients (6%) developed abdominal
malignancies (2 × HCC). Higher incidence
compared to the general population
19 published case reports of HCC in
patients with Wilson’s disease

HCC: Hepatocellular carcinoma; A1AD: α 1-antitrypsin deficiency; NA: Not applicable; pts: Patients.

Primary biliary cirrhosis (PBC) is another important
risk factor for HCC development. In a recent meta-analysis, PBC patients had a 19-fold higher risk to develop
HCC compared to the general population[99]. In a large
Japanese cohort of PBC patients, HCC incidence was
2.4% during a mean follow up of 80 mo. HCC incidence
was higher in males than in females (5.1% vs 2.0%)[100].
Caballeria et al[101] compared HCC incidence in 140 PBC
patients and a group of cirrhotic HCV patients. Cumulative HCC incidence in PBC patients was 3.6% during a
mean follow-up of 5.6 years. Incidence rates were much
higher (11.1%), when considering only those patients
with late stages of disease. PBC patients in stages Ⅲ
and Ⅳ appeared to have comparable risks for HCC as
cirrhotic HCV patients. Other studies reported similar
results[102-105].
The exact incidence of HCC in patients with cirrhosis due to non-alcoholic fatty liver disease (NAFLD) is
not known. Nevertheless, a recent systematic review of
White et al[106] reported that patients with NASH-cirrhosis had a consistently higher risk of HCC. Cumulative
incidence rates ranged from 2.4% over 7 years to 12.8%
over 3 years. In cohorts with non-cirrhotic patients with
NAFLD and NASH the risk of developing HCC was
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minimal: cumulative HCC mortality ranged from 0%-3%
for study periods ranging from 6 to 21 years. Ascha et
al[107] reported that annual cumulative HCC incidence in
patients with NASH-cirrhosis was 2.6%, compared to
4.0% in patients with HCV cirrhosis (P = 0.09). Besides,
in several studies features suggestive of NAFLD were
occasionally observed in HCC patients without a welldefined other cause of chronic liver disease[108,109].
Cirrhotics patients with  autoimmune hepatitis
(AIH)[110-115] or α 1-antitrypsin deficiency[116-118] seem to
have an increased HCC risk. However, the HCC incidence is lower than in cirrhotics with viral hepatitis. HCC
in patients with Wilson’s disease seems to be rare[119,120]
(Table 1). Only case-reports are available for HCC in patients with cystic fibrosis[121-123].
HCC incidence in non-cirrhotic patients
The previously mentioned cost-effectiveness analyses
were all restricted to cirrhotic patients and cannot be
extrapolated to non-cirrhotic patients. However, also
in some subgroups of HBV carriers without cirrhosis,
HCC surveillance with US and AFP could be cost-effective[19]. HCC incidence should exceed 0.2%/year under
these circumstances to allow cost-effective surveillance.
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Table 2 Comparison of recommendations regarding hepatocellular carcinoma surveillance in guidelines
Characteristics

AASLD guideline

[19]

EASL guideline

[20]

APASL guideline

[21]

Recommended target
population

Cirrhotic HBV and HCV patients
Cirrhotic patients with Child-Pugh stage A and B
Cirrhotic HBV
Alcoholic
Cirrhotic patients with Child-Pugh stage C
and HCV patients
cirrhosis
awaiting liver transplantation
Stage 4 primary biliary
Non-cirrhotic HBV carriers with active hepatitis
cirrhosis
or family history of HCC
Cirrhosis due to genetic
Non-cirrhotic patients with chronic hepatitis C
hemochromatosis
and advanced liver fibrosis F3
Cirrhosis due to α 1-antitrypsin deficiency
HBV carriers of Asian origin (male > 40 yr, female > 50 yr)
African/North American Blacks with hepatitis B
HBV carriers with family history of HCC
Surveillance benefit
HBV carriers younger than 40 (males) or
50 (females)
uncertain
Hepatitis C and stage 3 fibrosis
Non-cirrhotic NAFLD
Surveillance modality
US
US
US and AFP
Interval (mo)
6
6
6
AASLD: American Association for Study of Liver Disease; APASL: Asian Pacific Association for the Study of the Liver; HBV: Hepatitis B virus; HCV: Hepatitis C virus; NAFLD: Non-alcoholic fatty liver disease; US: Ultrasound, AFP: α-fetoprotein; HCC: Hepatocellular carcinoma; EASL: European Association
for the Study of the Liver.

A prospective population study in 22707 Taiwanese
male HBV carriers without cirrhosis showed that annual
HCC incidence rate was 0.5%[124]. Annual rates increased
with age. A Japanese study also reported a relatively high
incidence of HCC in HBV carriers (0.4%/year)[125]. Both
studies only included East Asian patients. In this population, with in general early HBV infection through vertical transmission, annual HCC incidence in non-cirrhotic
carriers depends on age and starts to exceed the threshold of 0.2% per year around the age of 40 years[126]. In
two large community-based prospective cohort studies
from Taiwan, predictors of progressive disease in chronic hepatitis B were evaluated[127,128]. High transaminases,
HBeAg positive status and high serum HBV DNA levels
were risk factors for developing HCC. Nevertheless,
non-Western HBV carriers remain at significant risk
for developing HCC, regardless viral replication status[127,129,130]. Although HBsAg loss leads to a pronounced
reduction of HCC risk, incidence remains higher that in
the general population due to HBV DNA integration in
the liver cell[124,131,132].
In contrast, uncontrolled prospective cohort studies
in North America have indicated that the HCC incidence
in HBV carriers could vary considerably[133,134]. Annual
HCC incidence rates ranged between 0.06% and 0.46%.
Non-Asian HBV carriers without cirrhosis are generally
infected in adulthood by horizontal transmission and
often exhibit low level of viral replication. They appear
to be at limited risk of developing HCC[135-137]. However,
HBV carriers with HCV or HIV co-infection or with a
first degree relative with HCC are at increased risk for
developing HCC[138-140]. Chronic HBV patients from subSaharan Africa often develop HCC at young age[129,141].
The HCC incidence in HCV patients without cirrhosis is not clear. A Japanese study investigated HCC
incidence in HCV patients and reported that annual
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HCC incidences ranged from 0.5% to 7.9% in untreated
chronic HCV patients with mild fibrosis and cirrhosis,
respectively[142]. However, Lok et al[82] reported that annual HCC incidence in HCV patients with bridging fibrosis
was only 0.8%. The risk of developing HCC in noncirrhotic patients with chronic liver disease due to other
causes than viral hepatitis, is not exactly known.

RECOMMENDATIONS OF GUIDELINES
In the last decade, several guidelines for management of
HCC have been published worldwide. Most relevant are
the practice guidelines of the American Association for
Study of Liver Disease (AASLD)[19], the EASL-EORTC
Clinical Practice Guidelines on the management of
hepatocellular carcinoma[20] and the Asian Pacific Association for the Study of the Liver (APASL) consensus
recommendations on hepatocellular carcinoma[21] (Table
2). The AASLD guideline recommends surveillance for
selected groups of cirrhotics (viral hepatitis, alcohol,
PBC, genetic hemochromatosis, α-1 antitrypsin deficiency) and high risk HBV patients without cirrhosis[19].
It is stated that there is insufficient evidence to recommend surveillance in HCV patients with advanced fibrosis or non-cirrhotic NAFLD. The EASL guideline
advises surveillance in cirrhotics (regardless underlying
cause)[20]. Also for HCV patients with advanced fibrosis
and non-cirrhotic HBV carriers with active hepatitis or
family history of HCC, surveillance is recommended.
Of note, according to the EASL guideline, the presence
of advanced (Child-Pugh C) cirrhosis prevents potentially curative therapies to be employed, and surveillance
is not cost-effective under these circumstances, except
for patients on the waiting list for transplantation. In
fact, Child-Pugh C cirrhosis will also exclude radiologic
interventions or sorafenib in palliative setting. According
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to the APASL recommendations, cirrhotic patients with
HBV and/or HCV should undergo surveillance[21]. Regarding modality of surveillance, the AASLD and EASL
guidelines both recommend surveillance by US[19,20]. According to the APASL guideline, surveillance should be
performed by combined US and AFP measurements[21].
All three guidelines recommend a surveillance interval
of 6 mo[19-21].

11

CONCLUSION

13

12

In the last decade, there has been a marked increase in
therapeutic options for HCC. Nevertheless, curative
options are only feasible in case of early detection. Although regular surveillance could be beneficial in this
respect, there is only limited evidence for its effectiveness in clinical practice. US at 6-mo intervals appears the
most promising tool for surveillance, but the debate on
serum tumor markers such as AFP has not yet ended.
Defining those high risk subgroups who will benefit
most from surveillance remains an important research
goal for the near future.
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Core tip: Hepatocellular carcinoma (HCC) occurs frequently, and its association with cirrhosis makes treatment complex and challenging. The treatment of HCC
must take into account the presence and stage of
chronic liver disease with the aim of preserving hepatic
function that is often already impaired. The different
treatment options include surgical resection, transplantation, local ablation, chemoembolization, radioembolization and molecular targeted therapies. Downstaging
and bridging are different strategies for the management of HCC patients who will undergo liver transplantation. The purpose of this review is to provide a comprehensive description of the current treatment options
for patients with HCC.

Abstract
Hepatocellular carcinoma (HCC) is the most frequent
primary liver tumor, and overall, it is one of the
most frequent cancers. The association of HCC with
chronic liver disease, and cirrhosis in particular, is
well known, making treatment complex and challenging. The treatment of HCC must take into account
the presence and stage of chronic liver disease, with
the aim of preserving hepatic function that is often
already impaired, the stage of HCC and the clinical
condition of the patient. The different treatment options include surgical resection, transplantation, local ablation, chemoembolization, radioembolization
and molecular targeted therapies; these treatments
can be combined in various ways to achieve different
goals. Ideally, liver transplantation is best treatment
for early stage HCC on cirrhosis because it removes
both the tumor and the chronic disease that produced
it; however, the application of this powerful tool is
limited by the scarcity of donors. Downstaging and
bridging are different strategies for the management
of HCC patients who will undergo liver transplanta-
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pends on the detection of the tumor at an early stage.
Once the population at risk is identified, screening of
HCC is based on ultrasonography and measurement of
serum alpha-fetoprotein (s-AFP) levels.
It is recommended that patients with advanced liver
fibrosis (F3) or established cirrhosis undergo a liver ultrasound (US) and serum measurements every 6 mo[6]. In
these patients, ultrasound has a sensitivity between 58%
and 89% and a specificity of 90%[7]. The sensitivity of
s-AFP measurements is lower and ranges between 25%
and 65% when values above 20 ng/mL are considered
positive[1]. The sensitivity and specificity of s-AFP measurement for the detection of HCC increase proportionally with higher blood s-AFP levels, particularly when the
level is above 400 ng/mL.
Once the presence of HCC is confirmed, the s-AFP
level can be correlated with tumor stage, particularly with
the size and multifocality of the tumor and the presence
of microvascular invasion. Overall, a screening strategy
that combines abdominal ultrasonography and measurement of s-AFP every 6 mo in patients with cirrhosis can
reduce HCC mortality by approximately 40%[8,9].

90% of the primary liver tumors and is currently the third
leading cause of cancer death worldwide. Approximately
500000 new cases of HCC are diagnosed worldwide
each year, with a peak incidence observed in countries
in which the hepatitis B virus (HBV) is endemic, such as
Southeast Asia and sub-Saharan Africa[1]. As the number
of carriers of chronic liver disease increases, HCC has
become a major public health issue.
The main risk factor for HCC is the presence of
chronic liver disease, particularly when the disease has
already resulted in liver cirrhosis. The constant process
of destruction and repair within the parenchyma that is
associated with cirrhosis increases hepatocyte metabolism and amplifies the risk of mutations in a multistep
progression from hyperplastic nodule to early HCC and
finally to moderately/poorly differentiated HCC.
Hepatitis B and C viruses (HBV and HCV) are known
to have oncogenic potential, and the risk of HCC in HBV
and HCV carriers is increased independently of the presence of cirrhosis[2,3]. Malignant transformation of hepatocytes in the infected liver could be caused by chronic inflammation and the oxidative DNA damage that leads to
genetic and epigenetic changes. There is also evidence that
proteins encoded by HBV and HCV may have a direct
role in hepatocarcinogenesis; in fact, proteins encoded in
the genome of each of these viruses have been linked to
alterations in hepatocyte physiology and hepatocellular
signal transduction[4]. Other causes of chronic liver diseases, such as alcohol abuse, non-alcoholic steatohepatitis
(NASH), hemochromatosis, α1-antitrypsin deficiency, autoimmune disease and Wilson disease are associated with
a higher risk of developing HCC and require close patient
monitoring. In Western countries, obesity and metabolic
syndromes associated with type Ⅱ diabetes, which are
strictly related with NASH, are now emerging as new potential predisposing factors for HCC[1].
Among patients with cirrhosis, the cumulative 5-year
risk of developing HCC ranges from 5% to 30%, depending on the presence and stage of underlying liver
disease, ethnicity, age, sex and duration of the exposure
to primary hepatotropic viruses[1,5].
The main peculiarity of HCC is that the treatment of
the tumor must take into account the presence and stage
of chronic liver disease, with the aim of preserving hepatic function that is often already impaired. A key step
in the choice of therapy is therefore the correct assessment of the functional reserve of the liver, which is often
more important than the staging of the tumor itself.
Several options are available for the treatment of
HCC, and these can often be combined; the choice of
treatment and the timing of its administration therefore
must be balanced accurately.
The aim of the present review is to provide an update
than can be useful in clinical practice for determining the
most appropriate treatment for HCC patients.

HCC DIAGNOSIS
The cirrhotic liver often displays multiple non-neoplastic
nodules (regenerative nodules) that result from the
chronic inflammatory process. These nodules must be
differentiated from HCC, and the diagnostic strategy
varies depending on the size of the nodule detected on
ultrasound. At present, the most widely used diagnostic
algorithm for the diagnosis of HCC is that proposed by
the American Association for the Study of Liver Diseases
(AASLD)[10] (Figure 1, modified by Forner et al[11]).
The nature of nodules with a diameter of less than
1 cm cannot be precisely defined during ultrasound, and
a follow-up control after 3-4 mo is required. Nodules
detected at US with a diameter greater than 10 mm must
be further investigated with contrast-enhanced triphasic
or quadriphasic computed tomography (CT) imaging
or magnetic resonance (MR) imaging. The diagnosis of
HCC is based on an arterial hypervascular phase (wash-in)
followed by disappearance of the contrast in the venous
phase (wash-out)[12].
Recent reports have demonstrated that MR has a
higher sensitivity compared with CT[13]; however, if the
data from the first imaging procedure are not conclusive, confirmation using a different technique is recommended. In cases in which the diagnosis is uncertain, a
s-AFP level > 400 ng/mL has a high positive predictive
value[1]. Histological confirmation through percutaneous
liver biopsy should be restricted to those nodules with
features on MR or CT that are not typical enough to allow a diagnosis[14]. In fact, the histological diagnosis of
HCC is complex, requires a great degree of expertise and
relies on the assumption that the core of the nodule has
been effectively sampled by the small needle that is used
for the percutaneous biopsy. The sensitivity and specificity reported for nodules less than 20 mm in diameter is
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Figure 1 Diagnostic algorithm for hepatocellular carcinoma. Modified by Forner et al[11]. MDCT: Multidetector computed tomography; MR: Magnetic resonance;
CT: Computed tomography; MRI: Magnetic resonance imaging.

60%[15]. A risk of tumor seeding in the path of the puncture has been reported in approximately 2.5% of the
cases with a median time of development of 17 mo[16].

sion on the most appropriate treatment for a patient with
HCC should be made by a multidisciplinary team that
includes a hepatologist, hepatobiliary surgeon, transplant
surgeon, radiologist and pathologist[18]. No single treatment strategy can be applied to all patients, and treatment
should be individualized.
In the management of HCC, attention must be focused on the presence and degree of the underlying
chronic liver disease at first observation, which will influence the choice of the treatment[19].
Liver resection can be offered to patients with wellpreserved liver function; however, the amount of parenchyma that can be removed in carriers of chronic liver
disease is inferior to that which is considered as the safety
limit in a normal liver (a “future remnant liver” that is
≥ 30% of the hepatic volume is generally considered
acceptable)[19]. Despite a normal liver function, the regenerative potential of a liver that harbors a chronic disease
can be surprisingly low.
In cases of impaired liver function, non-surgical procedures or liver transplantation (LT) can be offered; in
this setting, the number, size and location of the nodules
determine the choice of treatment.
Surgical resection, transplantation and ablation are the
treatments that offer the highest rates of complete response and are therefore considered as curative[10]. There
are no randomized trials comparing the efficacy of these
three approaches, and all evidence is based on the rate of
cure reported in different series.

HCC staging
The severity of chronic liver disease is usually classified
according to the Child-Pugh and model for end-stage
liver disease (MELD) scores, and the tumor is staged
with the TNM system; in the setting of liver transplantation, the indication for liver replacement is based mainly
on the Milan criteria[17]. Another staging system that has
gained acceptance is the Barcelona Clinic Liver Cancer
(BCLC) score, the advantage of which is that it takes into
account the characteristics of the tumor as well as the
liver function and the general conditions of the patient[8]
(Figure 2). The BCLC system was developed after a retrospective analysis of several cohort studies on patients
with HCC at different stages. This system identifies
patients with early HCC who may benefit from curative
therapies (stage 0 and A), those at intermediate (stage B)
or advanced (stage C) stages who may benefit from palliative treatments and those with a very poor life expectancy (stage D). BCLC is the most commonly used staging system in Europe, and it has been approved by the
European Association for the Study of the Liver (EASL)
and the AASLD.
Multidisciplinary management of HCC
Given the complexity of the clinical scenario, the deci-
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Figure 2 The Barcelona Clinic Liver Cancer staging system and treatment allocation. Copyright © 2010, American Association for the Study of Liver Diseases.
CLT: Cadaveric liver transplantation; HCC: Hepatocellular carcinoma; LDLT: Living donor liver transplantation; PEI: Percutaneous ethanol injection; RF: Radiofrequency; PST: Performance status.

Transarterial chemoembolization (TACE) is the least invasive approach; however, it cannot be considered curative.
Ideally, LT is best treatment for early stage HCC on
cirrhosis because it removes both the tumor and the
chronic disease that has produced it. However, the application of this powerful tool is limited by the scarcity of
donors, which results in strict patient selection criteria to
optimize the results.
Candidates for LT for whom a long waiting time (> 6
mo) is predicted may be offered resection, local ablation
or transarterial chemoembolization as a ‘bridge’ to transplantation to minimize the risk of tumor progression
while they are on the waiting list[20]. The same procedures
can also be utilized in attempts downstage tumors that
are beyond the eligibility criteria for LT at the time of diagnosis.
Yu et al[21] performed a study on HCC patients who
exceeded the University of California San Francisco
(UCSF) criteria for LT; these patients were downstaged
to fit the UCSF criteria using locoregional therapy and
finally underwent LT. Patients who were successfully
downstaged prior to transplantation had tumor-free and
overall survival rates similar to those observed in patients
who met the criteria from the beginning.
A 5-year survival comparable to that of “within
criteria” HCC patients can be achieved using LT after
successful downstaging. Successful downstaging should
include tumor size, number of viable tumors and s-αFP
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concentrations before and after downstaging. Then, a
minimum observation period of 3 mo is recommended
before considering LT[22].
If a patient’s hepatic function allows it, liver resection
can be offered prior to future transplantation by pursuing two different strategies: first, resection can be used as
the primary therapy with LT offered as a rescue therapy
should the patient develop tumor recurrence or postoperative liver failure (salvage transplantation); second, resection can be performed on patients with a high risk of
tumor progression while awaiting transplantation (bridge
to transplantation)[23,24].

SURGICAL RESECTION
When performed in specialized centers, hepatic resection
(HR) can be highly effective, with 5-year overall survival
rates well above 50% in the major series[25]. Resection
is the recommended treatment for patients without
advanced fibrosis as long as an R0 resection can be performed with a low risk of postoperative liver failure[14].
The elements that must be taken into account when
considering resection of the cirrhotic liver are the ChildPugh and MELD scores of the underlying liver disease,
the degree of portal hypertension and the extension of
the parenchymal excision required to obtain a free resection margin.
The aim of HR is to obtain radical resection with
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limited surgical morbidity; to achieve this goal, patient
selection is crucial. For the last several decades, the selection of candidates for resection has been based on ChildPugh classification. However, Child-Pugh classification
is far from accurate for predicting postoperative liver
failure; in fact, some Child-Pugh A patients already have
liver functional impairment with an increased bilirubin
concentration, clinically significant portal hypertension
or even minor fluid retention necessitating diuretic treatment[26]. The further investigation of hepatic functional
reserve tests, such as the aminopyrine breath test or clearance of indocyanine green (ICG), has been proposed;
however, their predictive value remains poorly validated.
In Japan, the ICG retention rate is utilized to identify the
best candidates for resection[27], whereas portal pressure
and bilirubin are the variables used in Europe and the
United States[10]. Recently, a preoperative MELD score ≥
10 was associated with a higher incidence (40%) of postoperative liver failure[28].
Markers of portal hypertension including a portocaval gradient > 10 mmHg, the presence of esophageal
varices, splenomegaly and a platelet count lower than 1
× 1011/L are predictors of postoperative morbidity and
mortality[29]. In patients without relevant portal hypertension and normal concentrations of bilirubin, the 5-year
survival is 70%, whereas this value is 50% for individuals
with portal hypertension and is even lower when both
these risk factors are present[30,31].
By integrating all of these factors, HR can be safely
performed on patients with Child-Pugh class A chronic
liver disease, a MELD score ≤ 10, a platelet count >
100.000/mm3 and a porto-caval gradient <10 mmHg.
These factors dramatically limit the potential number of
candidates, and overall, less than 30% of patients are candidates for HR[29].
After HR, the 5-year survival for cirrhotic patients
with HCC ranges from 30% to 50%, whereas the operative mortality ranges from 3% to 8%[29]. The severity of
cirrhosis, size of the tumor, number of tumors, presence
of vascular tumor invasion and presence of satellite nodules are well-established prognostic factors for recurrence
and survival[27,32,33]. Late recurrence is mainly due to the
carcinogenic effect of underlying chronic liver disease[34].
Absolute contraindications to HR are the presence
of extrahepatic metastases or neoplastic invasion of the
main portal trunk. Neoplastic portal vein thrombosis is a
poor prognostic factor; however, in highly selected cases,
hemi-hepatectomy can be feasible, particularly when
thrombosis of a main branch of the portal vein has led
to hypertrophy of the contralateral hemiliver.
When compared with open surgery, laparoscopy in
cirrhotic patients could have the advantage of avoiding
the interruption of collateral abdominal veins that are
present as a result of portal hypertension. Several studies have indeed demonstrated the benefits of the laparoscopic approach in terms reduced bleeding and lower
postoperative morbidity and mortality[35,36].
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LIVER TRANSPLANTATION
HCC is the only solid cancer that can be treated with
transplantation. Transplantation is the best curative option for patients with decompensated (Child-Pugh B or C)
cirrhosis; however, due to the shortage of donors, it can
only be offered to a limited number of patients. Candidates for LT are patients with tumors that have favorable
pathological features and therefore a low likelihood of
recurrence.
The most widely adopted criteria for selecting HCC
carriers for transplantation are the Milan criteria. According to these criteria, LT can be considered only for patients with a single tumor < 5 cm in diameter or for patients with up to 3 tumors < 3 cm without macrovascular
invasion[17]. A recent systematic review of 90 studies that
followed 17780 patients over a 15-year period identified
the Milan criteria as an independent prognostic factor of
outcome after LT[37].
Despite recent discussions concerning the restrictive nature of the Milan criteria, these criteria have been
adopted by the vast majority of transplant centers. The
results of LT in HCC within the Milan criteria are outstanding, with 5-year survival approaching 80%, which
is similar to that observed in patients transplanted for
benign diseases[30,38,39]. Outside the Milan criteria, survival
is significantly reduced, which is likely due to an increased
prevalence of variables associated with risk of recurrence, such as microvascular invasion, in tumors at more
advanced stages[40].
Neoadjuvant therapy through TACE can occasionally
downstage tumors that were outside the Milan criteria at
the time of diagnosis; in these cases, the results of LT are
similar to those achieved when the criteria were met at
first observation[41].
The time spent on the waiting list is a key factor that
must be considered when assessing the results of LT in
HCC patients; it depends on the availability of donors in
a given area and on the system used to prioritize organ allocation. It was demonstrated that 15%-20% of patients
with HCC initially within the Milan criteria experience
tumor progression until they dropped out from the waiting list; this highlights the need to analyze the results
of LT using an intention to treat approach[42]. Although
treatments aimed at delaying tumor progression, such as
ablation and transarterial chemoembolization, are widely
used, their efficacy is unproven[43]. Live donation is a valid
strategy for extending the donor pool; however, its applicability is reduced because of societal constraints, scarcity
of appropriate donors and the possible morbidity and
mortality of donors[44].
Currently, organs are allocated worldwide based on
MELD score; however, HCC patients with low MELD
scores are given extra points to shorten their waiting time
and avoid tumor progression. This policy is questioned
by some authors because it might be disadvantageous for
patients without HCC[45].
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observed in terms of overall and disease-free survival,
whereas RF was associated with lower perioperative
morbidity (4.2% vs 55.5%, P < 0.05) and mortality (0% vs
1.1%)[52]. However, in a retrospective comparative study
of Child-Pugh class A patients, surgery was significantly
more effective for patients with single tumors > 3 cm in
diameter, with an overall 3-year survival of 66% after surgery (vs 37% after RFA, P = 0.004) and a 3-year diseasefree survival of 44% (vs 19%, P = 0.001)[53]. This observation was confirmed by subsequent studies performed
by different groups[54-56]. A recent systematic review and
meta-analysis of 12 controlled trials showed a not notable
difference in the short-term effectiveness of RFA and
HR in the treatment of early-stage hepatocellular carcinoma meeting Milan criteria, but the long-term efficacy
of HR was better than that of RFA[57]. However, HR was
associated with more complications and a longer hospital
stay.
Rather than competing techniques, RFA and HR are
effective therapeutic options that can be chosen based on
the severity of chronic liver disease as well as the size and
location of the tumor.

LOCOREGIONAL TREATMENTS
Local ablation techniques have been developed for
patients with surgical contraindications and can be performed either through a percutaneous approach or,
less commonly, through laparoscopy. These maneuvers
include percutaneous ethanol injection (PEI), radiofrequency ablation (RFA), microwave ablation, cryoablation,
laser-induced thermotherapy, high-intensity focused ultrasound and irreversible electroporation[46].
The first percutaneous treatment was PEI, which
induces coagulative necrosis of the lesion as a result of
cellular dehydration, protein denaturation and chemical
occlusion of small tumor vessels due to the effects of
the injected absolute alcohol. Ablation techniques such as
RFA, microwave ablation, and laser ablation utilize high
temperatures; conversely, cryoablation causes direct tumor freezing[47].
The evaluation of responses to locoregional treatments and molecular-targeted therapies of HCC is currently based on modified RECIST (mRECIST) criteria,
which measure the diameter of the viable tumor component of target lesions[48].

Transarterial chemoembolization
Transarterial chemoembolization (TACE) is the most
commonly used initial treatment for unresectable HCC[58]
and is also the first-line therapy for downstaging tumors
that exceed the criteria for transplantation or to avoid tumor progression in patients awaiting LT. TACE may also
be considered as a neoadjuvant treatment that can be utilized before HR or RF ablation to reduce tumor volume
and possibly target satellite micrometastases[59].
The rationale behind TACE use is the well-characterized angiogenic activity of HCC that results in hypervascular arterial feeding. This technique depends on the
intra-arterial infusion of a cytotoxic chemotherapeutic
agent emulsioned with Lipiodol followed by embolization of the feeding vessels through a trans-arterial catheter[60]. TACE is a well-established treatment for HCC in
cirrhotic patients, and its efficacy for improving survival
compared with the other supporting treatments has been
demonstrated[61].
The maximum and sustained retention of the chemotherapeutic agent is used as a measure of the success
of TACE; thus, embolic microspheres are employed that
have the ability to sequester chemotherapeutic agents.
The concentration of these microspheres is increased
within the tumor, and their contents are subsequently released in a controlled manner over a 1-wk period, which
reduces the systemic toxicity to a minimum[62].
Doxorubicin-eluting beads (DEB) are another transarterial liver-directed therapy. The use of an eluting bead
can be considered an improvement over conventional
TACE. DEB are preformed, deformable microspheres
that are loaded with doxorubicin (up to 150 mg per treatment). The pharmacokinetic profile of DEB significantly
differs from that of conventional TACE; in particular, the
peak drug concentration in the serum is lower for DEB-

Radiofrequency ablation
RFA is the technique of choice for local destruction of
liver tumors. RFA induces coagulative necrosis of the
tumor with safety margins around the lesion and is the
most commonly used local ablative technique. RFA has
largely replaced PEI because it produces better results
in terms of recurrence-free survival and requires fewer
treatment sessions[49]. RFA can be performed percutaneously under imaging guidance (ultrasound, CT or MRI)
or during surgery guided by intraoperative US. The advantage of RF in the treatment of HCC in cirrhotic patients is that it allows selective destruction of the tumor,
sparing the surrounding parenchyma, and can be easily
repeated in case of recurrence. Complete ablation of lesions smaller than 2 cm is possible in more than 90% of
cases[50].
There are several major limits to the use of RF: (1)
complete necrosis is rarely observed when the tumor
diameter is > 3 cm or when the tumor is adjacent to a
major blood vessel due to the cooling effect of the blood
flow; (2) it is difficult to reach some areas of the liver
parenchyma percutaneously (e.g., segment 1); (3) subcapsular lesions can undergo rupture in the peritoneum; (4)
bladder injury can occur when lesions in segments Ⅳb-5
are treated; and (5) targeting the lesion can be difficult
under ultrasound guidance in livers with multinodular cirrhosis.
Taking these limitations into account, the benefit of
RF in the treatment of HCC has been well demonstrated,
with overall 5-year survival rates between 33% and 55%
in selected series[51]. The effectiveness of RFA has led to
the proposal of this technique as an alternative to HR.
In the only randomized prospective trial with balanced groups of patients comparing HR to RFA for
HCC < 3 cm in patients with cirrhosis, no difference was
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TACE compared with conventional TACE. An objective
response rate of 70% to 80% according to the EASL criteria has been achieved[63]. One- and 3-year survival rates
of 89.9% and 66.3%, respectively, have been reported in
a heterogeneous cohort of patients with BCLC (stages A
to C) treated with DEB-TACE[64].
Absolute contraindications for TACE are decompensated cirrhosis (Child-Pugh B ≥ 8, including jaundice,
clinical encephalopathy and refractory ascites), extensive
tumor with massive replacement of both lobes in their
entirety, severely reduced portal vein flow (portal vein
occlusion or hepatofugal blood flow), and a creatinine
clearance < 30 mL/min[65].

a bridge to liver transplant and can be safely combined
with locoregional therapies such as TACE[78,79].

SYSTEMIC TREATMENTS
Systemic treatment of HCC in cirrhotic patients is not
effective due to the poor chemosensitivity of the tumor,
and the impairment of hepatic function significantly increases the toxicity of chemotherapy.
Because the demonstrated benefits of systemic chemotherapy and hormonal treatments are lacking[80,81], molecular targeted therapies have recently been developed.
Sorafenib, an inhibitor of multi-kinase, has antiproliferative and antiangiogenic activity, delays tumor progression
and is currently the only agent with proven efficacy for
the treatment of patients with advanced HCC[11,82-84]. This
multitargeted tyrosine kinase inhibitor is a small molecule
that inhibits vascular endothelial growth factor receptor, platelet-derived growth factor receptor, B-Raf, Fmsrelated tyrosine kinase and c-kit[85,86].
The use of sorafenib is currently recommended for
patients with preserved liver function and advanced HCC
who are not suitable for HR or LT and have failed to respond to locoregional treatments[87]. It is recommended
that the treatment be continued until progression of the
tumor is demonstrated. The main side effects associated
with the use of sorafenib are diarrhea and hand-foot
skin reaction; other possible side effects include anorexia,
nausea, vomiting, weight loss, hoarseness of voice, asthenia and hypertension[52,88]. These effects can occasionally
require dose reduction or treatment discontinuation. The
potential benefit of sorafenib as adjuvant treatment after
LT has not been demonstrated.
On the basis of a large randomized phase Ⅲ study,
the Sorafenib HCC Assessment Randomized Protocol[83],
Sorafenib has been approved by the United States Food
and Drug Administration for the treatment of patients
with advanced HCC.
Studies are ongoing that aim to identify the best responders to Sorafenib; c-Jun N-terminal kinase (JNK)
activity was positively correlated with the CD133 expression level and inversely correlated with the therapeutic
response to Sorafenib. Accordingly, JNK activity may be
considered as a new predictive biomarker for response to
Sorafenib treatment[89].
To date, there is no second-line treatment for patients
who are intolerant to Sorafenib or experience tumor progression while undergoing treatment.

Microwave ablation
Microwave ablation (MWA) is a potentially curative ablation procedure that has been proven to be safe in both
percutaneous and intraoperative settings[66]. MWA can be
utilized in patients with advanced liver disease and HCC,
provides a more predictable ablation compared with RFA
and requires fewer treatment sessions[21,67,68].
Microwave ablation creates an electromagnetic field
in the tissues surrounding the ablation antenna with an
extension of several centimeter, without flow of electrical current. Tissue within the MWA field heats rapidly
to temperatures over 100  ℃ without the detrimental
effects of tissue impedance, allowing a more rapid and
consistent ablation[10]. Microwave ablation carries the risk
of more severe injury to adjacent structures due to differences in energy delivery when compared with RFA;
therefore, the operative approach is preferred over the
percutaneous approach because it allows liver mobilization and protection of adjacent organs[66,69,70].
Radioembolization
Radioembolization is a newer hepatic transarterial te
chnique that employs radioactive substances such as
Iodine-131-labeled Lipiodol[71] or microspheres containing Yttrium-90[72]. This technique has been shown to be
feasible and safe for the treatment of HCC in cirrhotic patients[73,74]. Microspheres are delivered to the tumor area for
selective production of high energy and low penetration
radiation. Radioembolization can be safely performed in
patients with portal vein thrombosis due to the minimally
embolic effect of 90Y microspheres[75]. The reported rate
of complete tumor necrosis is 90% for patients with HCC
< 3 cm[76], whereas the rate of complete necrosis after
TACE varies widely in the literature, from 15% to 70%[77].
Radiation therapy
Radiation therapy is generally not considered an option
in HCC consensus documents or national guidelines,
primarily because of the lack of level 1 evidence[78]. However, experience with conformal radiation therapy (RT),
intensity modulated RT, stereotactic body RT and particle
therapy is rapidly increasing. RT should be considered
as a treatment option in patients unsuitable for other
established local therapies[78]. RT has also been used as
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COMBINED TREATMENTS
A combination of the different therapeutic approaches
mentioned thus far is often required to address the different clinical peculiarities of HCC patients. For example,
chemoembolization or RFA can be performed before
radical surgery with curative intent (HR or LT) to allow
effective tumor downstaging or reduce tumor growth.
Different authors have proposed HR as a first-line ther-
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apy in patients who are candidates for LT[90]; however,
the possible effect of previous surgery on the technical
complexity of the liver transplantation procedure is a
matter of debate[90,91]. One argument in favor of hepatic
resection prior to LT is that histological analysis of the
tumor can provide useful information regarding its oncological behavior: features such as the presence of a tumor
capsule, the degree of differentiation or the presence of
micro-vascular invasion can be precisely assessed in the
surgical specimen and are well-known prognostic factors.
However, there is no consensus among different authors
regarding the influence that histological parameters
should have on the therapeutic strategy; some authors
suggest that LT should be contraindicated for patients
with tumors that display poor prognostic histological
criteria, whereas others recommend transplant priority in
the presence of the same risk factors[23,92].
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CONCLUSION
The treatment of HCC in cirrhotic patients has changed
significantly over the past several decades and has become a major clinical issue. Patients with HCC on cirrhosis can benefit from several effective treatments that will
improve their survival; however, the choice of the most
appropriate options depends on several factors, namely:
(1) severity of the underlying chronic liver disease; (2)
stage of the tumor assessed via imaging; (3) histological
features of the tumor (when available); (4) availability of
an active transplant program; (5) availability of a hepatobiliary surgical unit; and (6) availability of an experienced
interventional radiology service.
Some of these variables may account for the different attitudes that are often observed. To ensure that the
most effective treatment can be offered for a given case, a
multidisciplinary approach is warranted, and professionals skilled in the administration of the different treatment
types should be available. The increase in the incidence
of HCC justifies the development of services related to
the management of this tumor.
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Core tip: Hepatocellular carcinoma (HCC) is the third
leading cause of cancer-related deaths worldwide. Growing incidence of HCC has generated immense interest to
understand the mechanisms of disease at the physiological, cellular and molecular levels with the hope of developing novel therapeutics for the treatment of HCC. In the
past few years, it has become clear that innate immunity
plays a critical role in the development and progression of HCC. In this review, these new developments
and possibilities of developing novel therapeutic options
based on this newly gained knowledge are discussed.

Abstract
Hepatocellular carcinoma (HCC) is the most common form of liver cancer worldwide. It is caused by
a variety of risk factors, most common ones being
infection with hepatitis viruses, alcohol, and obesity.
HCC often develops in the background of underlying
cirrhosis, and even though a number of interventional
treatment methods are currently in use, recurrence is
fairly common among patients who have had a resection. Therefore, whole liver transplantation remains
the most practical treatment option for HCC. Due to
the growing incidence of HCC, intense research efforts
are being made to understand cellular and molecular
mechanisms of the disease so that novel therapeutic
strategies can be developed to combat liver cancer.
In recent years, it has become clear that innate immunity plays a critical role in the development of a
number of liver diseases, including HCC. In particular,
the activation of Toll-like receptor signaling results in
the generation of immune responses that often results
in the production of pro-inflammatory cytokines and
chemokines, and could cause acute inflammation in
the liver. In this review, the current knowledge on the
role of innate immune responses in the development
and progression of HCC is examined, and emerging
therapeutic strategies based on molecular mecha-
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common
form of liver cancer, and is the third leading cause of cancer-related deaths worldwide. It accounts for approximately
70%-80% of all primary liver cancer cases[1]. A variety of
risk factors such as hepatitis viruses, vinyl chloride, tobacco, foodstuffs contaminated with aflatoxin B1 toxin, heavy
alcohol intake, nonalcoholic fatty liver disease (NAFLD),
diabetes, obesity, oral contraceptives, and hemochromatosis cause HCC[2]. Recurrence is quite common in patients
who have had a resection, and survival rate is 30%-40% at
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five years post-surgery[2]. As a recent surveillance, epidemiology, and end results study using the Medicare dataset
of elderly patients in the United States has shown, in addition to the human loss, there is a substantial burden of
health care expense of illness associated with HCC[3]. To
underscore this point, the Centers for Disease Control has
recently recommended one-time health screening for the
entire generation born between 1945 and 1965. The dramatic rise in the incidence of HCC in Western countries
in recent years has generated intense efforts to understand
the mechanisms of disease at the physiological, cellular
and molecular levels with the hope of developing novel
therapeutics for the treatment of HCC.

MMP-9)[10]. They also produce IL-8, cyclooxygenase 2,
and secreted protein acidic rich in cysteine to recruit and
stimulate macrophage production, which can further increase the activation of CAFs through the secretion of
tumor necrosis factor-α (TNF-α) and platelet-derived
growth factor (PDGF)[11,12]. Tumor-associated macrophages (TAMs) are “polarized” into M2 mononuclear
phagocyte-like cells by various cytokines [IL-4, IL-10,
and transforming growth factor β (TGF-β)] present in
the tumor microenvironment[13]. These M2-like TAMs,
in turn, express cytokines (IL-10 and TGF-β), chemokines (CCL17, CCL22 and CCL24), vascular endothelial
growth factor (VEGF), and EGF to recruit regulatory T
cells (Tregs) and to promote angiogenesis[14,15]. KCs are
able to impair cluster of differentiation 8+ (CD8+) cytotoxic T lymphocyte (CTL)-mediated immune responses
through programmed death ligand 1[16]. Moreover, when
stimulated with pro-inflammatory cytokines (IL-1 β ,
TNF-α and PDGF), KCs and HSCs produce osteopontin that plays a pivotal role in various cell signaling pathways, which promote inflammation, tumor progression
and metastasis[17,18]. DCs process antigens and present
them to infiltrating CTLs by expressing them on their
cell surface. These antigen presenting cells (APCs) possess high endocytic activity, and therefore, are critical for
the induction of immune surveillance in tumors, and for
immune evasion[19]. Such tumor-antigen specific CD8+ T
cell responses were recently shown to suppress the recurrence of HCC[20].
In response to liver injury, HSCs transdifferentiate
into myofibroblast-like cells and produce cytokines, chemokines, growth factors, and ECM[17]. This phenotypic
transformation of HSCs is a key event in the development of hepatic fibrosis[21]. Hepatitis B virus (HBV)encoded X protein, hepatitis C virus (HCV)-encoded
non-structural proteins, MMP-9, PDGF, TGF-β, Janus
kinase (JNK), insulin-like growth factor binding protein
5, and cathepsins (B and D) are potent inducers of HSC
activation and proliferation that enhance liver fibrosis
and carcinogenesis[17]. Endothelial cells express a variety of angiogenic receptors including VEGFR, EGFR,
EGF homology domains-2 (Tie-2), PDGFR, and C-X-C
chemokine receptors. Tumor-associated endothelial
cells express high levels of TGF-β in HCC, which act
as a chemoattractant for cluster of differentiation 105
(CD105, also known as endoglin), a type Ⅰ cellular glycoprotein that is a port of the TGF-β receptor complex, to
promote tumor angiogenesis[22]. It has been shown that
CD105+ endothelial cells express increased angiogenesis
activity with greater resistance to chemo-therapeutic
agents and inhibitors of angiogenesis[23].
Infiltration of T cells into the tumor microenvironment is an important regulator of cancer progression. In
HCC tissues, CD4+/CD25+ Tregs impair proliferation
and activation of CTLs, degranulation, and production
of granzymes (A and B), and perforin[24]. In a recent
study, the infiltration of these Tregs into the tumors of
HCC patients was found to correlate with an increase in

PATHOPHYSIOLOGY OF HCC
The normal liver lobule is formed by hepatocytes, cholangiocytes and various non-parenchymal cells [Kupffer
cells (KCs), liver sinusoidal endothelial cells (LSECs), and
hepatic stellate cells (HSCs)]. Intrahepatic lymphocytes
and liver-specific natural killer (NK) cells are also present in the sinusoidal lumen and perisinusoidal space of
Disse[4]. Exposure to toxic substances and induction of
immune responses in the liver can result in inflammation
through the activation of KCs and HSCs, and can cause
necrosis. In this process, liver fibrosis and cirrhosis may
also occur. Even though the molecular basis for cancerpromoting effect of cirrhosis is unknown, the process
of recurrent liver cell necrosis and regeneration with increased cell turn-over renders liver cells more sensitive to
the adverse effects of other mutagenic agents[4]. Cirrhosis
is responsible for significant morbidity and mortality, and
is one of the most important risk factors for the development of HCC.
Carcinogenesis is a process that involves the transition of a normal cell into a preneoplastic lesion that
develops into malignant tumor [4]. Growing evidence
suggests that gradual accumulation of mutations and
genetic changes in preoneoplastic hepatocytes causes
malignant transformation that leads to the development
of HCC[5,6]. Tissue environment also plays a critical role
in tumor formation[7]. Interaction of different cell types
in the tumor stroma with components of the extracellular matrix (ECM), either directly or indirectly result in
the acquisition of an abnormal phenotype that causes
this transformation. Tumor stroma consists of fibroblasts [also referred to as “cancer-associated fibroblasts
(CAFs)”], macrophages (liver resident KCs and other tumor-infiltrating cells), leukocytes, HSCs, endothelial cells,
pericytes, neutrophils, and dendritic cells (DCs)[8]. Each
of these cells produces growth factors, cytokines, chemokines, free radicals, and other tumorigenic substrates that
contribute to tumor initiation and progression[9].
In HCC, CAFs are involved in tumor initiation and
progression. They produce epidermal growth factor
(EGF), hepatocyte growth factor, fibroblast growth factor, interleukin 6 (IL-6), chemokine (C-X-C motif) ligand
12 (CXCL12), and matrix metalloproteases (MMP-3 and
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tumor size[25]. Other studies have shown that low CD8+
T cell counts and high Treg numbers correlate with poor
prognosis in HCC patients, especially after resection[26-28].
More recently, a 14-immune gene signature that drives
the infiltration of lymphocytes into tumor has been identified[29]. This signature, which includes pro-inflammatory
cytokines [TNF-α and interferon (IFN)-γ] and chemokines (CXCL10, CCL5 and CCL2), is a good predictor
of patient survival at early tumor stages. In addition, dysfunctional regulation of immune response by excessive
neutrophil activity was also reported as a poor prognostic
indicator after resection of HCC[30].

responses against microbial pathogens in mammalian
systems. To date, 11 human TLRs and 13 mouse TLRs
have been identified, in addition to a number of TLRs in
other vertebrates, that recognize a variety of PAMPs and
trigger both innate and adaptive immune responses[32,38].
TLRs are membrane-bound proteins that contain varying
numbers of extracellular leucine-rich repeats and a TollIL receptor (TIR) domain in the cytoplasmic region that
are highly conserved (Figure 1). They recognize ligands
through LRRs and transmit signals through their TIR domain via protein-protein interactions with cellular adaptor
proteins triggering a cascade of signaling events such as
phosphorylation of interleukin-1 receptor-associated kinase 1 (IRAK-1) and activation of Nuclear factor kappa
B (NF-κB) or interferon regulatory factor 3 (IRF3), resulting in the production of immune mediators and IFNinducible genes[39]. Thus, a direct or indirect association
of a ligand with its cognate TLR serves as a signal to
trigger an innate immune response. Each step along the
TLR signaling pathways is tightly regulated by a complex
mix of phosphorylation and targeted degradation, and
sequestering of various signaling molecules is dependent
upon the nature of the invading pathogen[40].
In general, vertebrate TLRs were classified into six
distinct families based upon amino acid sequence homologies of LRRs[41]. Most mammalian cells express low levels of TLRs constitutively in a cell-type specific manner,
and interestingly, they can be present in both membranebound and soluble forms. For example, the rainbow trout
TLR5 is expressed constitutively as a membrane protein
but upon induction with the bacterial flagellin, a soluble
TLR5 is rapidly induced[42]. Normally, TLRs function as
homodimers. However, some TLRs form heterodimers
with other TLRs to recognize PAMPs. For instance,
TLR2 associates either with TLR1 or TLR6 as a heterodimer to recognize triacylated lipoproteins and diacylated
lipoproteins, respectively[32,38,40]. In addition, cellular membrane protein CD14 enhances the ligand recognition ability of TLR2[43].

INNATE IMMUNITY
To successfully detect and eliminate invading pathogens
by discriminating self from non-self, the mammalian immune system has developed mechanisms that can be divided into two distinct components: the innate immunity
and the adaptive immunity. In most multicellular organisms, the highly conserved innate immune system provides the first line of defense to limit infection by detecting pathogens using germline-encoded proteins[31]. The
adaptive immunity, present only in vertebrates, detects
non-self through the recognition of peptide antigens by
receptors expressed on the surface of B and T cells[32].
The adaptive responses are much more diverse than the
innate responses as each B and T lymphocyte clone expresses a distinct antigen receptor that arose by somatic
gene rearrangement through a process of evolution[33].
Most often innate immune responses emanate from
the host cell surface receptor with the recognition of
conserved structural motifs termed pathogen-associated
molecular patterns (PAMPs) on the surface of microorganisms. Toll-like receptors (TLRs), Nucleotide-binding
and oligomerization domain-like receptors (NLRs) and
RIG-I-like receptors (RLRs) are the key receptors that
recognize a variety of PAMPs[34]. While TLRs can recognize bacteria, viruses, fungi and protozoa, NLRs and
RLRs detect bacteria and viruses, respectively. All these
pattern recognition receptors (PRRs) generate innate
immune responses, either by acting alone or in combination with other receptors. The focus of the review is on
the role of TLRs as most of the current knowledge on
the role of innate immunity in liver diseases has been
obtained from studies on the TLRs.

TLR EXPRESSION IN THE LIVER
In the healthy liver, TLR expression is detectable only
at very low levels[44]. Eight TLRs are expressed in the
mammalian liver with varying levels of expression on
hepatocytes, KCs, HSCs and LSECs[45]. These TLRs not
only recognize microbial PAMPs but also the damageassociated molecular patterns (DAMPs) of dying host
cells [46]. Even though hepatocytes express all TLRs,
they are capable of responding to TLR2 and TLR4 ligands only, and these responses are very weak in vivo[47].
Under inflammatory conditions, however, hepatocyte
response to TLR2 ligands was significantly enhanced
but the response to TLR4 ligands was still not detectable in these cells[48]. LSECs express mRNAs of TLRs
1-9, and respond to various TLR ligands by expressing
TNF-α, IL-6, and IFN-β[49,50]. KCs express all TLRs and
respond to a variety of ligands by producing TNF-α

TLR SIGNALING IN MAMMALIAN CELLS
Toll was first identified as a gene important in the establishment of dorsal-ventral orientation during embryonic
development in the fruit fly Drosophila melanogaster[35].
Later, it was found that the Toll protein plays a critical
role in the fly’s immunity to fungal infections[35,36]. The
first mammalian homolog of Toll, Toll-like receptor 4
(TLR4), was identified as a PRR required for adaptive
immunity[37]. Subsequently, TLR4 and other TLRs were
shown to play critical roles in generating innate immune
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Figure 1 Toll-like receptor signaling in liver cells. Activation of a given TLR pathway is dependent on the nature of the stimulus. LPS: Lipopolysaccharide; TLR:
Toll-like receptor; HBV: Hepatitis B virus; HCV: Hepatitis C virus; MyD88: Myeloid differentiation factor 88; IRAK: Interleukin-1 receptor-associated kinase; TIRAP: Tollinterleukin-1 receptor domain containing adaptor protein; TIR: Toll-interleukin-1 receptor; TRAM: TIR-domain-containing adapter molecule; IRF: Interferon regulatory
factor; TRAF: Tumor necrosis factor receptor-associated factor; TAM: Tumor-associated macrophage; TAK: Transforming growth factor β-activated protein kinase; NFκB: Nuclear factor kappa B; MAPK: Mitogen-activated protein kinase; TRIF: TIR-domain-containing adapter-inducing interferon-β; RIP: Receptor-interacting protein;
IκB: Inhibitor of NF-κB; IFN: Interferon.

and IL-6[51,52]. When stimulated with ligands for TLRs
1, 2, 4 and 6, they produce IFN-γ and promote the proliferation of T cells[49]. In response to TLR3 and TLR4
ligands, they produce IFN-β, and for ligands against
TLR1 and TLR8, they display a high level of major histocompatibility Ⅱ expression. HSCs express low levels
of TLR4 and TLR9, but activation of TLR4 has been
shown to induce the expression of TLR2 as well[49]. In
human HSCs, TLR4 activation results in the production of CCL2, CCL3 and CCL4[53], and their expression
of TGF-β was implicated in the promotion of hepatic
fibrosis[54]. Activation of TLR9 by DAMPs induces the
differentiation of HSCs and increases the production of
collagen[55].
Among the non-parenchymal cells, hepatic DCs can
be classified into different subsets as plasmacytoid DCs,
myeloid DCs, lymphoid DCs, natural killer DCs, and a
mixture of lymphoid and myeloid DCs[56]. Differential
expression of TLRs in these hepatic DCs varies according to the subset type and the species type. For example,
in humans, pDCs express TLRs 1, 3 and 7 only, whereas
other DC subsets express all TLRs except TLR9[57]. On
the other hand, murine pDCs express TLRs 2, 4, 7 and 9
but not TLR3[58].
Hepatic lymphocyte population, which accounts
for about 25% of non-parenchymal cells consists of B
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cells, NK cells, NKT cells, αβT cells and γδT cells[59]. In
general, T cells are activated indirectly by TLRs through
APCs[60], and NK cells that express TLRs 1 to 9, but not
TLR5. They respond to various TLR ligands by producing IL-12[61]. Interestingly, expression of TLRs in B cells
has no effect on antibody production, and on B cell
memory responses[62]. However, TLR3 and TLR9 activation in CD4+ T cells enhances their proliferation[63], and
TLR2 serves as a co-stimulatory receptor for antigenspecific T cell development and participates in T cell
memory[64].

INVOLVEMENT OF TLRS IN LIVER
DISEASES
Significant amount of evidence in recent years has demonstrated the involvement of TLRs in the pathogenesis of
various liver diseases. Most of this evidence comes from
the overexpression of TLRs, activation of TLRs causing
enhanced disease in animal models, single nucleotide polymorphisms (SNPs) in TLR-coding genes and their adapters linked to disease susceptibility, and TLR knockout
mice being protected from disease[40]. Three most common risk factors for the development of HCC for which
TLR involvement has demonstrated to play a critical role
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peutic option to increase viral clearance[65]. TLR2, in
combination with TLR1 and TLR8, recognizes core and
nonstructural 3 proteins of HCV in immune cells such
as macrophages and monocytes, and triggers the production of pro-inflammatory immune mediators TNF-α,
IL-6, IL-8, IL-10 and IL-1β[70]. On the other hand, HCV
NS5 protein is recognized by TLR4 in both hepatocytes
and B cells[71]. Prolonged activation of KCs in the HCVinfected liver by HCV-encoded proteins causes persistent inflammation resulting in severe liver damage and
cancer[72]. It was reported recently that the expression
of TLR2 and TLR4 was highly elevated in peripheral
blood monocytes of HCV patients, and that the number
of Tregs was significantly higher in these chronically
infected individuals[73]. Similar correlation of TLR2 and
TLR4 expression, and Treg numbers was also reported
in HBV patients[74]. In a separate study, a strong correlation was also observed between TLR2/4 expression
and TNF-α production causing hepatic inflammation in
HCV patients[75]. Chronic infection with HBV and/or
HCV, and imbalanced immunity contributes to severe
inflammation, while TLR activation during this process might be a critical factor of this infection-induced
prolonged inflammation. Activation of innate immune
responses by viral proteins, and the interaction of HCV
with cellular proteins to evade host’s immune responses
as well as the role of SNPs in TLRs, their adaptors and
cytokine genes in altering these immune responses have
been extensively reviewed in the literature[76-78].

in the disease pathogenesis are discussed in this section.
Viral hepatitis
Chronic hepatitis virus infection that affects almost
half a billion people worldwide is a major risk factor for
HCC. The infectivity of a given virus type varies according to the geographical location[2]. Co-infection with one
or more viruses may also occur contributing to a higher
risk of HCC, albeit it is rare[35]. HCV is the most common blood-borne infection in the United States, with
nearly 20% of chronically infected individuals developing cirrhosis and HCC[65]. It is generally acknowledged
that the humoral antibody response contributes to the
clearance of circulating HBV particles and the prevention of viral spread within the host while the cellular
immune response eliminates infected cells[66]. The T cell
response to the HBV is vigorous, polyclonal and multispecific in acutely infected patients who successfully
clear the virus, and relatively weak and narrowly focused
in chronically infected patients, suggesting that clearance
of HBV is T cell dependent[66]. Persistent HBV infection
is characterized by chronic liver cell injury, regeneration,
inflammation, widespread DNA damage and insertional
deregulation of cellular growth control genes, which,
collectively, lead to cirrhosis of the liver and HCC[66].
Other factors that could contribute to viral persistence
are immunological tolerance, mutational epitope inactivation, T-cell receptor antagonism, incomplete downregulation of viral replication, and infection of immunologically privileged tissues[66]. However, these pathways
become apparent only in the setting of an ineffective
immune response, which therefore, is the fundamental
underlying cause[66]. In infected cells, the HBV capsid
induces cytokine production via TLR2 activation. It was
hypothesized that TLR2 activation is involved in viral
clearance based on the observation that the administration of adefovir and entricitabine in HBV patients
resulted in the up-regulation of TLR2 and reduction in
the viral load[46]. In HepG2 cells, HBV triggers the production of cholesterol-metabolism genes via the TLR2
pathway[67], and inflammatory stress exacerbated hepatic
cholesterol accumulation these cells and in mice by disrupting the PPAR-LXR-CYP7A1/ABCA1-mediated bile
acid synthesis and cholesterol efflux[68]. Interestingly in
HBV transgenic mice, activation of TLRs 3-5, 7, and 9,
but not TLR2, inhibited HBV replication via IFN-α/β
induction[69].
When immune responses were compared in macrophages of patients who spontaneously cleared HCV
with those who were chronically infected, it was found
that the TLR3 expression was significantly up-regulated
in the former group[65]. Individuals who cleared the virus
had an elevated expression of IFN-β and higher rate of
STAT-1 phosphorylation. A significant association of intronic TLR3 SNP (rs13126816) in the clearance of HCV
and the expression of TLR3 was found in this study,
suggesting that an elevated innate immune response enhances HCV clearance and may offer a potential thera-
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Alcoholic liver disease
Excessive alcohol consumption that causes alcoholic liver
disease (ALD) is a major risk factor for HCC worldwide[79].
ALD is an umbrella term used to describe a broad spectrum of liver abnormalities caused by alcohol that include
simple steatosis, alcoholic hepatitis, fibrosis and cirrhosis,
which can progress to HCC. The pathogenesis of ALD
is characterized by processes such as ethanol metabolismassociated oxidative damage, glutathione depletion, abnormal methionine metabolism, ethanol-mediated induction
of leakage of gut endotoxins, and inflammation[79]. Liver
inflammation is known to occur with exposure to a variety
of agents, including metabolites of alcohol[80]. If hepatic
metabolism is impaired to any degree and fails to convert
drugs and chemicals to non-reactive or non-immunogenic
substances, the metabolic intermediates formed in hepatic
tissues may cause liver damage[81]. In such cases, KCs and
other cell types release cytokines and chemokines that result in the inflammation of the liver. This reaction coupled
with deregulated hepatocyte proliferation can contribute to
the pathogenesis of HCC[81].
Simple steatosis is a benign condition that progresses
to alcoholic steatohepatitis (ASH) in about 10%-20% of
cases and is associated with inflammation and liver injury
caused by the innate immune responses[82]. Both MyD88dependent and MyD88-independent pathways are activated in ASH, and studies with animal models have demonstrated the up-regulation of inflammatory cytokines
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in the serum, and activation of IFN and IFN-responsive
genes in ASH[83,84]. Blocking of IL-1 receptor, which acts
through MyD88, in advanced ASH was shown to confer
protective effect in mice suggesting that IL-1 inhibitors
may be used in the treatment of ALD[85].
Excessive alcohol consumption increases gut permeability and the translocation of bacteria-derived lipopolysaccharide (LPS, also known as endotoxin) from the gut
to the liver[86]. In KCs, LPS interacts with TLR4 causing
oxidative stress, and the production of pro-inflammatory
cytokines and reactive oxygen species (ROS) that induce
hepatocellular damage[83,87]. However, this effect was
not abrogated in MyD88-deficient mice suggesting that
MyD88-independent pathways are involved in NF-κB
activation by alcohol[83]. Even though IRF-3 activation
was not affected by chronic alcohol treatment, IRF-7
and IRF-3-inducible genes expression was significantly
induced in KCs of alcohol-fed wild type mice[83]. The
activation of TLR4 has also been demonstrated to occur
during the alcohol and HCV synergism[88]. Furthermore,
alcohol activates complements C3 and C5, following
the production of TNF- α , and induces hepatocyte
injury[89,90]. In addition to Gram-negative bacteria that
produce LPS, gut is home to a large number of other
microorganisms belonging to eukaryotes, prokaryotes,
archaea, and viruses[91]. It is therefore likely that Grampositive bacteria which produce lipoproteins and activate
TLR2 signaling, and viruses that activate TLRs 3, 7, 8
and 9 may also leak from the gut to the liver. However,
little is known about the activation of these TLRs during
alcoholic liver injury.

dependence on MyD88 signaling, differential effects in
mice due to MyD88 and IL-1 deficiency, and activation
of inflammasome[96].
Progression of NASH is associated with the recruitment of T cells and T1 response leading to inflammation[101], and hepatic expression levels of inflammatory
mediators are modified in morbidly obese patients even
without pathohistological manifestations[102]. Accumulating evidence strongly suggests that inflammation causes
the progression of NAFLD to NASH, and that innate
immunity is involved in the inflammatory response.
While TLR2 and TLR9 pathways are critical for the development of NAFLD[103], deletion of either TLR4 or its
co-receptor MD-2 dampened (but not abolished) necroinflammatory activity of steatosis and fibrosis in a mouse
model of NASH[104]. Furthermore, in NASH, gut microorganisms enter the liver because of the leakage in the
intestinal mucosal barrier resulting in inflammation, due
to the activation of TLR signaling by intestinal bacteria
and their products such as LPS[45,93]. It is apparent from
these reports that the activation of TLR signaling is an
important factor in causing inflammation in NASH, and
could be a crucial factor in the progression of NASH
to cirrhosis. It was reported that the activation of TLR4
signaling and up-regulation of CD14 resulted in higher
responsiveness to LPS and saturated fatty acids in KCs,
and resulted in hepatic inflammation and liver complications in NASH patients[98,105].
Hepatocarcinogenesis
Chronic liver damage caused by excessive inflammation
due the exposure to various risk factors often results in
the development of fibrosis-associated HCC[106]. Since
the stimulation of TLR signaling pathways result in the
production of proinflammatory immune mediators, it is
likely that TLRs are involved in development and progression of hepatocarcinogenesis as well. The activation
of TLR signaling in liver diseases leads to the activation
of NF-κB and JNK pathways that are critical mediators
of tumor-associated cytokine production. NF-κB activation induces the proliferation of tumor cells through
the production of TNF-α[107]. Tumorigenic effect of
JNK in HCC is mediated through the regulation of
molecules involved in cell proliferation such as MMPs
and cyclins[108]. Studies in animal models of HCC have
shown that ROS-mediated JNK activation is critical for
tumor development[109], and that elevated ROS levels
induce hepatocyte cell death[110]. Moreover, hepatocytespecific knockdown of the NF-κB inhibitor IκB kinase
subunit NF-κB essential modulator causes spontaneous
development of HCC in mice[111]. However, interestingly,
hepatocyte-specific TGF- β -activated protein kinase
1-deficient mice had spontaneous hepatocyte cell death,
compensatory proliferation, inflammatory cell infiltration, and fibrosis in the liver[102,112]. Collectively, these results demonstrate the involvement of NF-κB-mediated
downstream molecules in cellular homeostasis and cancer development in the liver.

Nonalcoholic steatohepatitis
NAFLD is the most common chronic liver disease that
affects both adults and children worldwide[92]. Like ALD,
NAFLD includes a broad spectrum of liver abnormalities ranging from simple steatosis to non-alcoholic steatohepatitis (NASH), which can progress to cirrhosis
and HCC. Of these, NASH is characterized by hepatocyte injury, inflammation, and fibrosis[92-94]. Most of these
disease conditions are diagnosed at a late stage, and some
patients also present for the first time with cirrhosis[92].
The development of cirrhosis is significantly higher in
individuals with NASH when compared to patients with
simple steatosis[92-94]. Consequently, liver-related mortality
is also significantly higher in NASH patients.
NASH shares immunological characteristics with
ASH such as the activation of innate immune responses,
crosstalk between steatosis and inflammation, activation
of TLR4 by LPS and fatty acids, complement activation,
production of proinflammatory immune mediators, and
alteration in NK and NKT cell number and activity[95,96].
In addition, activation of KCs in response to gut microbiota, activation of TLR signaling via both MyD88dependent and -independent pathways, up-regulation
of type Ⅰ IFN and IFN-responsive genes occur in ASH
and NASH[97-100]. However, recent studies have shown
that NASH differs from ASH in certain aspects: insulin
resistance, crosstalk between adipose tissue and the liver,
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found that ligands specific for TLRs 3, 4, 5, 7 and 9, but
not TLR2, inhibited HBV replication in the liver[69]. On
the other hand, intravenous administration of the TLR7
agonist isatoribine significantly reduced viral RNA in
HCV patients independent of viral genotype[123]. The
decrease in viral load in this study coincided with markers indicating a heightened antiviral immune state. In
similar experiments, Weeratna et al[118] and Ma et al[124]
tested TLR7 agonist R-848 and CpG oligodeoxynucleotides containing CpG motifs (CpG ODN) that act as
the TLR9 agonists as adjuvants for HBV vaccination
in mice using the HBV surface antigen (HBsAg) as a
model antigen. This study was based on the notion that
the immunostimulatory sequences (ISS) containing CpG
motifs would elicit strong Th1 immune responses[125]. In
their studies, both these groups found that the TLR agonists trigger immune responses that are beneficial to the
host[118,124]. Along similar lines, Dynavax Corporation has
developed a commercial vaccine (Heplisav) against HBV
by combining a synthetic ISS sequence called ISS-1018
that acts as TLR9 agonist with the recombinant HBsAg.
This vaccine induced seroprotective responses when
administered in HBV patients[126]. Another CpG ODN
containing TLR9, CPG7909, was also successfully tested
as an adjuvant to HBV vaccine and is currently undergoing a phase 2 clinical trial[125,127].
In contrast to these TLR agonists, only a few studies have reported successful inhibition of TLR signaling
using antagonists. For example, lipid A mimetics that
bind directly to TLR4-MD2 were shown to inhibit LPSmediated activation of TLR4 signaling both in vitro and
in vivo[128]. TAK-242, another mimetic that targets the
intracellular domain of TLR4, inhibited TLR4-mediated
production of nitric oxide and TNF-α in murine and human cells by targeting TLR4-CD4 chimeric receptors[129].
Interestingly, however, TAK-242 had no effect on NF-κB
activation mediated by MyD88, TIRAP, TRIF or TRAM.
Recently, Cowden et al[130] tested two inhibitors of histamine H4 receptor that interacts with TLR4 and found
that they reduced TNF-α production and LPS-induced
inflammation in mouse livers.
In addition to the strategy of inhibiting TLRs, efforts
are also being made to selectively inhibit their adaptors
and downstream signaling molecules[131]. In such studies, Compound 4a inhibited the interaction of MyD88
protein with the TIR domain of TLRs and type Ⅰ IL-1
receptor [132], whereas MyD88 inhibitors ST2825 and
RO0884 blocked the recruitment of IRAK-1 and
IRAK-4 in human cells[133,134]. Additionally, ST2825 also
suppressed B cell proliferation and differentiation[133].
However, the efficacy of these molecules in reducing inflammation in the liver is yet to be determined.

TLR POLYMORPHISMS AND THE RISK
OF DEVELOPING HCC
Dysregulation of TLR expression may shift the balance
between the production of pro- and anti-inflammatory
cytokines, and will have a profound effect on the risk of
infection, chronic inflammation and cancer. Recently,
Nishalke et al[113] showed that the frequency of TLR2 -196
to -714del allele was significantly higher in HCV-associated HCC patients than in HCV-infected individuals demonstrating that this deletion plays a role in HCC development. In addition, a number of SNPs have also been
identified in every TLR gene. Some of these have been
shown to enhance the susceptibility of various cancers
in humans[114]. However, only a few reports have been
published on the role of TLR SNPs in the pathogenesis
of HCC. In one such study, Zhang et al[115], conducted
a genome-wide genotyping of 440794 SNPs in chronic
HBV carriers: 355 with HCC and 360 without HCC.
They found that one intronic SNP rs17401966 present in
the KIF1B gene on chromosome 1p36.22 was highly associated with HBV-associated HCC[115]. In a recent study,
Junjie et al[116] investigated the association between SNPs
of TLR2 and TLR9 genes, and the susceptibility of HCC
in a cohort of 211 patients that included 172 HBV carriers. They found that two TLR2 SNPs rs3804099 C/T
and rs3804100 C/T present in the same exon of TLR2
were associated with HCC, whereas TLR9 SNPs have
no role in tumor development[116]. Additional studies are
needed to fully understand the involvement of various
TLR SNPs in hepatocarcinogenesis.

MODULATION OF TLR SIGNALING TO
ALLEVIATE LIVER INFLAMMATION AND
CANCER
Overwhelming evidence on the involvement of TLR
signaling pathways in many human diseases has led to the
efforts to develop TLRs as vaccine adjuvants[117,118] and as
therapeutic targets[119-121]. As discussed earlier, chronic inflammation, which plays a critical role in the progression
of liver diseases and in the development of human cancers, is mediated by TLR activation. Hence, modulation
of TLR pathways using various drugs, antibodies, microRNAs (miRNAs), and small molecules that function
as TLR agonists and antagonists to reduce liver inflammation and to prevent the progression of liver diseases
towards cancer is a promising strategy to combat HCC.
TLR agonists and antagonists
Initial efforts on the modulation TLR signaling with
small TLR mimetics that act as agonists have produced
mixed results. Using the TLR2 agonist Pam2Cys as a
stimulant in vitro, it was shown that hepatoma cell lines
HuH7 and HepG2 respond to HBV infection by producing IL-8 and by inhibiting viral replication[122]. However, in in vivo studies with HBV transgenic mice, it was
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miRNAs
MiRNAs are a class of small, noncoding RNAs that act
as key regulators of many cellular processes. During the
past decade, it has been well established that the aberrant
expression of a large number of miRNAs correlate with
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disease severity and poor prognosis of HCC[135-144]. The
expression of these “miRNA signatures” are unique for
a given disease stage, and were useful in identifying patients with HCC who are likely to develop metastases and
recurrence. In recent years, efforts to identify miRNAs
involved in the regulation of innate immune genes has
resulted in the identification of a few promising miRNA
candidates that can be exploited for therapeutic purposes. For example, overexpression of miR-155 which
is directly involved in the regulation of more than 30
innate immune genes[145] results in the significant reduction of MyD88 expression and IL-8 production induced
by Helicobacter pylori[146]. Interestingly, in bone marrowderived macrophages and RAW264.7 cells, IL-10 inhibits
miR-155 expression after LPS stimulation and dampens
inflammatory immune responses in a STAT-3 dependent
manner[147].
When THP-1 monocytes were treated with ligands
for TLRs 2, 4 and 5, production of TNF-α correlated
inversely with the up-regulation of miR-146a[148], and
when the tragets of miR-146a IRAK-1 or TRAF6 were
knocked down, inflammatory responses to TLR2, TLR4
and TLR5 ligands were significantly reduced in these
cells suggesting a role for miR-146a in LPS-induced
cross-tolerance. Similarly, miR-132 and miR-212 were
shown to be involved in TLR2-mediated cross-tolerance
through IRAK4 modulation[149]. In addition, miR-146a
disrupts the translation of TLR4-induced TNF-α production in these cells[150]. miR-146b exerts this effect in
monocytes by negatively regulating TLR4 via a IL-10mediated STAT3 dependent loop[151]. Another study on
the expression profiling of endotoxin responsive genes
in human monocytes has revealed that miR-146 regulates
TLR and cytokine signaling in a NF-κB-dependent manner through a negative feedback regulation loop involving the down-regulation of IRAK-1 and TRAF6 protein
levels[152]. In THP-1 cells, miR-146a also regulates TLR2
signaling by reducing IRAK-1 and phosphorylated IκBα
expression[153].
In another study, miR-181a expression was found
to be significantly elevated in mice stimulated with LPS
and streptozotocin, which correlated strongly with the
expression of inflammatory factors TNF-α, IL-6, IL1β
in macrophages suggesting that the inhibition of miR181a could reduce TLR4-induced inflammation[154]. After
stimulation with LPS, miR-92a significantly inhibited the
activation of JNK/c-Jun pathway and the production of
inflammatory cytokines in macrophages by directly targeting mitogen-activated protein kinase kinase 4[155], demonstrating that miR-92a is a negative regulator of TLRtriggered immune responses.
In other studies, Benakanakere et al[156] demonstrated
that miR-105 binds directly to TLR2 and regulates its
expression. When keratinocytes were challenged by a
TLR2 agonist or when miR-105 was overexpressed, a
strong inverse correlation between miR-105 expression and TLR2 protein levels was observed. Similar to
miR-105, let-7i was recently shown to bind directly to
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TLR4 in cholangiocytes and to control its expression by
translational repression[157]. In this study, let-7i mimics
inhibited Cryptospiridium parvum induced TLR4 production. In dendritic cells of mice with colitis, the expression of miR-10a was found to be negatively regulated by
the intestinal microbiota, which correlated inversely with
the production of IL-12/IL-23p40[158]. This finding suggests that miR-10a targets IL-12/IL-23p40 to maintain
immune homeostasis.
When stimulated with ligands for TLRs 2-4 miR-147
is induced in murine macrophages[159]. Its expression was
found to be greater after the activation of TLR4 than that
of TLR2 or TLR4, and was dependent on both MyD88
and TRIF. In vivo, TLR stimulation induced the expression of miR-147 as a negative-feedback loop mechanism
to prevent excessive inflammatory responses[159]. Likewise, miR-145 targets the adaptor protein MAL, which
facilitates the interaction between TLR and TLR4 with
MyD88, and inhibits its expression[152]. Recently, Wendlandt et al[160] demonstrated that miR-200b and miR-200c
reduced the expression of MyD88 but had no effect
TLR4, IRAK-1 and TRAF6 in HEK293 cells. When
miR-200b and miR-200c mimics were overexpressed,
LPS-induced expression of IL-6, TNF-α, and CXCL9
was diminished, suggesting that these miRNAs regulate
TLR4 signaling via MyD88-dependent manner[160]. Upregulated miR-19a and miR-19b were able to inhibit the
expression of suppressor of cytokine signaling 1, a gene
important in the negative regulation of TLR signaling[161].
Programmed cell death 4 (PDCD4) is a pro-inflammatory protein that suppresses IL-10 production and
activates NF-κB. Sheedy et al[162] found that PDCD4deficient mice are protected from LPS-induced death
and demonstrated that miR-21 targets PDCD4 after
LPS stimulation to negatively regulate TLR4 pathway.
Recently, Fabbri et al[163] reported that miR-21 and miR29b secreted by lung cancer cells in exosomes function as
TLR ligands. These miRNAs bind to and activate TLR7
and TLR8 signaling pathways in peritoneal macrophages
cells, causing NF-κB activation and secretion of prometastatic inflammatory cytokines[163]. Secreted miR-21
was also found in the serum of HCC patients and in individuals with chronic hepatitis indicating that miR-21 is
a key factor in hepatocarcinogenesis[164]. Several other circulating miRNAs have also been identified in the serum
of patients with HCC[165-167]. Further studies are needed
to determine whether any of these miRNAs can be used
to modulate the TLR signaling pathways, and to alleviate
inflammation in liver tissues.

CONCLUSION
Hepatocarcinogenesis is a multifactorial disease in which
the expression of a large number of genes, proteins,
and other molecules from diverse cellular processes is
altered[2]. Growing evidence suggests that inflammation
plays a critical role in the progression of liver diseases to
HCC. Therefore, the use of combination therapy that
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targets multiple different steps and pathways, rather than
a single test or a set of tests, to reduce inflammation is an
appropriate therapeutic strategy to combat the development of HCC. Positive therapeutic outcomes achieved
with sorafenib that can inhibit receptor tyrosine kinases
of multiple signaling cascades[168], as well as evidence that
a single molecule miR-26a can significantly reduce HCC
without any toxicity[169] demonstrate the success of this
multi-pronged approach.
Despite recent advances in the use of miRNAs either
as antagomirs or in replacement therapy, the field of
miRNA therapeutics for HCC is still in its infancy. Only
a handful of successful outcomes have been reported so
far[135]. One such success story was that of MiraVasen,
which inhibited the activity of miR-122 and suppressed
HCV viraemia with no evidence for viral resistance
or side effects in chimpanzees[170]. This was the first
miRNA-based therapeutic drug developed to treat a liver
disease, and is currently being tested by Santaris Pharma
(Hørsholm, Denmark) in phase 2 clinical trials[171]. The
first successful demonstration of miRNA replacement to
restore the expression levels of a down-regulated miRNA
by delivery to the tumor was reported using a miR-26aencoding AAV vector in a mouse model of HCC[169].
More recently, another miRNA down-regulated in HCC,
miR-34a, has been successfully tested using this approach
an orthotopic model of HCC[172]. In latter two cases,
significant tumor reduction, dramatic protection from
disease progression without toxicity, and prolonged survival of animals has been reported. While these reports
were aimed to restore a loss of function, similar success
has not yet been achieved for HCC treatment using the
approaches to inhibit miRNA expression levels. In future
investigations, it is important to exercise caution while
designing clinical trials with miRNA mimics and TLR
inhibitors for targeting multiple genes relevant to the liver
diseases because of the concerns about potential toxicity
in normal tissues, and as they can cause severe detrimental effects due to imbalances in TLR expression, and cellular functions that could cause immune paralysis leading
to development of HCC.
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Bridging and downstaging treatments for hepatocellular
carcinoma in patients on the waiting list for liver
transplantation
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ever, for HCC patients listed for LT within the Milan
criteria, prolonging the waiting time over 6-12 mo is a
risk factor for tumor spread. Bridging treatments are
useful in containing tumor progression and decreasing dropout. Furthermore, the response to pre-LT
treatments may represent a surrogate marker of tumor biological aggressiveness and could therefore be
evaluated to prioritize HCC candidates for LT. Lastly,
although a definitive conclusion can not be reached,
the experiences reported to date suggest a positive
impact of these treatments on both tumor recurrence and post-transplant patient survival. Advanced
HCC may be downstaged to achieve and maintain
the current conventional criteria for inclusion in the
waiting list for LT. Recent studies have demonstrated
that successfully downstaged patients can achieve a
5-year survival rate comparable to that of patients
meeting the conventional criteria without requiring
downstaging.
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Abstract
Several therapeutic procedures have been proposed
as bridging treatments for patients with hepatocellular carcinoma (HCC) awaiting liver transplantation (LT).
The most used treatments include transarterial chemoembolization and radiofrequency ablation. Surgical
resection has also been successfully used as a bridging procedure, and LT should be considered a rescue
treatment in patients with previous HCC resection
who experience tumor recurrence or post-treatment
severe decompensation of liver function. The aims
of bridging treatments include decreasing the waiting list dropout rate before transplantation, reducing
HCC recurrence after transplantation, and improving
post-transplant overall survival. To date, no data from
prospective randomized studies are available; how-
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Core tip: The bridging treatments for patients with
hepatocellular carcinoma within Milan criteria listed for
liver transplantation are useful in decreasing dropout
rate from the waiting list and the experiences reported
to date suggest a positive impact on post-transplant
tumor recurrence and patient survival. The response to
treatments may represent a surrogate marker of tumor
biological aggressiveness and could be evaluated to
prioritize hepatocellular carcinoma candidates in the
waiting list. Advanced hepatocellular carcinoma may
be downstaged to achieve the current conventional
criteria for inclusion in the waiting list and successfully
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didates with HCC have dropout rates lower than nonHCC candidates, although the rate is similar to that of
standard MELD candidates with a score of less than 21.
Therefore, HCC patients appear to have an advantage in
the current system, raising the question of whether a calculated continuous HCC priority score should be developed that also considers some biological features of the
tumor such as the α-fetoprotein (AFP) value, size, and
rate of growth[17,18]. Indeed, HCC patients with a high
AFP level achieve acceptable LT outcomes if their AFP
levels can be reduced with locoregional therapy during the waiting period[22,23]. Furthermore, an inadequate
response to HCC bridging therapy was shown to be a
strong predictor of dropout probability in three singlecenter Italian studies [10,14,24], whereas both the serum
AFP level and the response to locoregional therapy were
related to tumor recurrence and death in a retrospective
international multicenter cohort study[25].
Lastly, the development of the survival-benefit approach, which proposes ranking priority according to the
benefit in survival between standard care and LT rather
than crude survival figures, changed the perspective of
the outcome evaluation system[26-28]. The practice most
widely used since 2005, which is in accordance with the
United Network for Organ Sharing rules, gives HCC
patients with unresectable T1 neoplasms (a single nodule
smaller than 2 cm) the same priority as patients listed for
non-neoplastic diseases.
In this scenario, several therapeutic procedures have
been proposed and largely used in the past as bridging neoadjuvant treatments for patients listed for LT with HCC
within the MC[29]. The rationale for their use is the possible
decrease of the waiting list drop-out rate before transplantation and of HCC recurrence after transplantation, which
is less than 15% in patients with HCC within the MC undergoing LT without any prior tumor treatment[30]. These
beneficial effects could also improve the overall survival of
transplanted patients. Both surgical resection and locoregional therapies can be used not only as bridging procedures
to LT in T2-HCC patients but also to downstage HCC patients who do not initially meet the conventional transplant
criteria[31]. According to this approach, patients can be safely
listed for LT if they can reach and maintain for an adequate
follow-up period the MC or slightly expanded criteria such
as the University of California San Francisco criteria (UCSF)
(a single HCC ≤ 6.5 cm or ≤ 3 tumors with the largest being ≤ 4.5 cm and a total tumor burden ≤ 8 cm)[32] or the
up-to-7 criteria [HCCs with 7 as the sum of the size of the
largest tumor (in cm) and the number of tumors][33]. The
aim of downstaging is to select HCC patients with reasonably low rates of tumor recurrence after LT among those
who are initially excluded according to the current numbersize criteria[34].
In this paper, we analyzed the indications and results of the various neo-adjuvant treatment modalities
currently administered to HCC patients awaiting LT to
avoid exceeding the MC while on the waiting list as well
as those used to downstage patients who do not meet

downstaged patients can achieve an excellent 5-year
survival rate.
Original sources: Pompili M, Francica G, Ponziani FR, Iezzi R,
Avolio AW. Bridging and downstaging treatments for hepatocellular carcinoma in patients on the waiting list for liver transplantation. World J Gastroenterol 2013; 19(43): 7515-7530 Available from: URL: http://www.wjgnet.com/1007-9327/full/v19/
i43/7515.htm DOI: http://dx.doi.org/10.3748/wjg.v19.i43.7515

INTRODUCTION
Liver transplantation (LT) is the treatment of choice
for patients with unresectable hepatocellular carcinoma
(HCC) complicating liver cirrhosis because it allows the
cure of both the tumor and the underlying chronic liver
disease. HCC classified within the so-called Milan criteria (MC) (1 nodule smaller than 5 cm or no more than 3
nodules smaller than 3 cm)[1] is recognized everywhere
as the standard indication for LT. However, after admission to the waiting list for LT, HCC patients can experience tumor growth beyond the conventional transplant
criteria. Indeed, there is a high cumulative probability
of drop-out from the waiting list for HCC patients due
to intrahepatic or extrahepatic tumor progression. This
probability has been reported to range between 7% and
11% at 6 mo and to be approximately 38% at 12 mo following enrollment by two papers published at the end
of the 1990s by Llovet et al[2] and Yao et al[3]. The probability has been correlated with tumor characteristics,
geographic origin, and length of time waiting for LT[4-6].
Allocation policies for HCC patients awaiting LT
remain controversial in the era of the model for endstage liver disease (MELD) for the management of the
LT waiting list. Different models have been developed
to quantify the risk of death in neoplastic and nonneoplastic patients[7-11]. As the neoplastic risk assessment
is not considered in MELD, patients with unresectable
HCC with a neoplasm fulfilling the MC have been considered exceptions in the American allocation system.
According to this rule, patients with T2-HCC fulfilling
the MC (a single tumor of 2-5 cm or 2-3 tumors each
< 3 cm) enter the waiting list with a MELD score equal
to 22 and are therefore given priority over patients with
less decompensated disease who enter the waiting list according to their laboratory MELD score (6 to 21). In addition, T2-HCC patients also receive incremental points
for every 3 mo spent on the waiting list[12,13]. A similar
approach has been implemented in other allocation
systems[14,15]. The 22 threshold has been set to offer to
HCC patients the same drop-out probability of patients
without malignancy[16]. More detailed studies based on a
dynamic prognosis parallelism have been published, and
more complex allocation models aimed at balancing the
risk of death in HCC and non-HCC patients have been
proposed; however, they have not been applied in clinical practice[7,17-21]. According to these studies, LT can-
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have more recently been reported by Belghiti et al[46]. They
showed that postoperative course, complications, and
the 3- and 5-year survival rates did not differ significantly
between cirrhotic HCC patients undergoing primary LT
or secondary LT after resection. Similarly favorable results for salvage LT have been subsequently reported by
other groups in patients initially submitted to LR within
the MC[15,47] or the UCSF criteria[48].
Salvage LT has been shown to be effective not only
in the setting of deceased donor LT but also in the setting of living donor LT, particularly in Asian countries.
Compared to deceased donor LT, the main advantage of
living donor LT is the reduction of the waiting list time,
whereas the main drawback is represented by the occurrence of severe life-threatening complications among
donors in approximately 1% of cases[49]. Indeed, Hwang
et al[50] have shown that the combination of prior recipient hepatectomy and a living donor liver graft is feasible
and provides excellent long-term survival in treated patients, and their results have recently been confirmed by
other groups[51,52].
Notably, the option of salvage LT cannot be offered
to all patients initially treated by LR, primarily due to
HCC recurrence overcoming the conventional LT criteria,
age over 65 years at the time of recurrence, and the presence of comorbidities preventing the feasibility of LT. In
a series reported by Poon et al[53], approximately 80% of
patients were still eligible for salvage LT at the time of
tumor recurrence. In a recent paper by Liu et al[48], among
71 patients with HCC recurrence within the UCSF criteria, salvage LT could be performed in 39 patients (54.9%).
Compared to 180 HCC patients who underwent primary
LT, patients treated with salvage LT for HCC recurrence
showed greater intraoperative blood loss and required
more blood transfusions; however, perioperative mortality, post-transplant complications, HCC recurrence rates,
and overall survival did not differ significantly between
the two groups.

the conventional transplant criteria.

NEO-ADJUVANT BRIDGING
PROCEDURES FOR PATIENTS WITH
HEPATOCELLULAR CARCINOMA
AWAITING LIVER TRANSPLANTATION
Surgical resection
Liver resection (LR) can be theoretically used as a firstline bridging procedure to LT. However, in most transplant centers, transarterial chemoembolization (TACE)
and percutaneous ablation therapies are the preferred
bridging therapies. The theoretical advantages of surgery
in this setting are twofold. The first advantage is the
best possible control of tumor growth, as TACE and
percutaneous treatments do not always achieve complete
tumor necrosis. The second advantage is the possibility
of selecting patients in whom pathological analysis of
the resected specimen shows features suggesting poor
prognosis in terms of tumor recurrence, such as undifferentiated histotype, satellitosis, microvascular invasion,
or capsular effraction, who should immediately undergo
evaluation for LT[35]. However, compared to non-surgical
therapies, the surgical bridging approach to patients
listed for LT implies higher costs, entails more peri-procedural risks, can only be proposed in well-compensated
patients without severe portal hypertension, and can
make the ensuing LT technically more difficult, with a
higher risk of post-operative complications[36].
Moreover, important issues regarding tumor resectability should also be considered. Single exophytic or
at least subcapsular neoplasms are easier to resect than
multiple neoplasms or those located adjacent to the
hilum or vena cava[37,38]. Furthermore, a location in the
left lobe represents a more favorable condition, and the
progress achieved in the laparoscopic resection of the
liver has reduced the number of HCC patients with an
absolute indication for LT[39]. However, the combination
of LR and LT over time appears to be a reasonable strategy; HCC patients within the MC who have preserved
liver function can undergo LR, limiting LT as a rescue
treatment in cases of tumor recurrence or liver function
failure (salvage LT)[40]. This approach allows a consequent saving of grafts, which can then be more efficaciously transplanted in other patients, and is supported
by the discrepancy between the limited donor pool and
the enormous number of LT candidates. However, there
are important differences in access to LT according to
cadaveric organ availability, blood group of the recipient,
implementation of a living donor program, and degree
of donor-recipient matching[41-44].
Although during the initial experience with LR, the
overall survival and disease survival rates of patients
undergoing secondary LT after HCC resection were significantly lower (due to higher perioperative mortality unrelated to HCC) than those observed in cirrhotic patients
with HCC undergoing primary LT[45], favorable results
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Transarterial chemoembolization
TACE is considered the standard treatment for patients
with intermediate-stage HCC according to the Barcelona-Clinic Liver Cancer classification[54], and it achieves
a partial response in 15%-55% of patients and an improvement of median survival from 16 to 20 mo[55]. The
most widely used conventional TACE procedure consists of an arterial infusion of a lipiodol emulsion with
a chemotherapeutic agent (e.g., doxorubicin or cisplatin)
followed by embolization with gelfoam. However, conventional TACE is not a standardized procedure, and
the optimal chemotherapeutic/embolizing agent and
retreatment strategy have yet to be determined[56]. In
particular, it is well known that TACE requires treatment
repetition either at regular intervals or ‘‘a la demande’’
and that repeating conventional TACE may damage
non-cancerous hepatocyte functions and affect the clinical course. Indeed, liver toxicity is a major limitation of
conventional TACE regimens, and superselective TACE
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Radiofrequency ablation
Radiofrequency thermal ablation (RFA) has gained widespread use over recent years as an effective procedure for
small HCCs not amenable to surgical resection. Thermal
ablation may be performed using cool-tip or hook needles
with comparable results[72]. Some studies have described
the use of RFA as a bridge to transplantation in HCC
patients in recent years. These studies have reported complete tumor necrosis at pathological evaluation of the
explanted liver in 47%-75% of cases, with a mean value
of 58%[73-77]. A clear difference in effectiveness can be observed when analyzing tumors according to size. Indeed,
the rate of complete necrosis ranges between 50% and
78% in HCCs up to 3 cm and between 13% and 43% in
larger neoplasms[73-75,77]. Furthermore, in two studies, a
tumor size larger than 3 cm was the only risk factor identified for HCC persistence after treatment[73,75].
Regarding RFA-related complications in the setting
of HCC patients awaiting LT, an analysis of the largest
available series demonstrated that the procedure is quite
safe. In fact, considering 5 large series, the mean rate
of post-ablation major complications was only as high
as 4.6%, including one case of death due to peritoneal
bleeding, two cases of acute peritonitis/cholecystitis,
and one case each of severe liver failure treated by urgent transplantation, severe persistent liver failure, biliary
stenosis, arterial hemorrhage, and small bowel perforation[73-76,78]. Additionally, the risk of tumor seeding at the
level of the abdomen wall appears to be low; however,
occasional cases of tumor seeding along the needle
track diagnosed after LT in patients submitted to RFA
as a bridging procedure have been reported in the literature[79,80].

is recommended in the setting of patients waiting for LT
to minimize ischemic injury to non-tumoral liver tissue.
Promising new data have been obtained using drug-eluting beads (DEBs), which are particles of variable size
that are able to bind and elute doxorubicin in a predictable manner[57]. Compared to conventional techniques,
DEBs appear to be a more standardized approach to
TACE with less liver-related toxicity and fewer systemic
adverse events[58].
TACE has been extensively used in the past as a
bridging treatment to LT, and a number of studies have
shown that it is an effective therapy in terms of adequate
tumor necrosis achievement at explant analysis. Analyzing the largest available series indicates that the rate of
patients treated by TACE reaching complete tumor necrosis is quite uniform, ranging between 27% and 57%
in patients within the MC[59-67].
Interestingly, the rate of tumor necrosis appears to
be higher in patients with single nodules when compared
with patients with multiple nodules, in patients submitted to superselective TACE when compared with lobar
TACE (complete necrosis achieved in 53.8% vs 29.8% of
cases, respectively), and in patients with nodules 3-5 cm
in size compared with patients with nodules smaller than
3 cm[65]. This last finding confirms the result obtained
by Alba et al[64] and may be explained considering that
larger nodules are typically fed by larger arteries, whereas
in some instances, smaller nodules lack fully developed
arterial neoangiogenesis; as a result, chemoembolization
may be more effective in the former[65]. Accordingly,
Kwan et al[66] have recently shown that the development
of > 90% lesion necrosis upon pathological analysis of
explanted liver was associated with avid lesion enhancement and the presence of a feeding vessel larger than 0.9
mm in diameter on the pre-TACE visceral angiogram.
On post-TACE computed tomography images, a lack of
residual contrast enhancement, a decrease in lesion size,
a high lesion density due to an accumulation, and a diffuse distribution of ethiodized oil throughout the lesion
were also correlated with near-complete lesion necrosis.
A recent small retrospective study compared tumor
response in explanted liver after treatment with DEBs or
standard TACE. TACE with DEBs achieved complete
necrosis in 77% of the lesions, which was significantly
higher than that reached after standard TACE (27.2%).
More data are needed to address the better performance
of DEBs compared to standard TACE in the transplant
setting[68].
Another important point to clarify is the evaluation
of TACE safety in patients awaiting LT. Because arteritis
of the celiac and hepatic arteries may complicate TACE
as a result of endovascular trauma caused by guides
and catheters, recipients could be exposed after the
transplant to an increased occurrence of complications
such as arterial thrombosis. However, the prevalence of
such serious complications has not been found to be
increased in some studies comparing patients with or
without TACE performed before LT[69-71].
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Other treatments
TACE and RFA are the most used bridging treatments
to LT in HCC patients, although other therapeutic options have been proposed (Table 1). Percutaneous ethanol injection (PEI) is the oldest and most used technique
for the local treatment of HCC, but it has been rarely
used as a bridging treatment to transplantation. In our
multicenter survey, the rate of complete necrosis in tumors smaller than 3 cm was 30%[75]. Castroagudín et al[81],
in a series of 20 nodules in 19 patients, showed that in
patients with small tumors (i.e., less than 3 cm), ethanol
injection induced complete necrosis in 58% of the cases.
In a more recent paper, Branco et al[82] reported a complete necrosis rate of 64% in 59 patients within the MC
and a mean tumor size of 2.4 cm (range: 0.5-5.5 cm). In
these studies, PEI was not affected by procedure-related
major complications and did not provide total necrosis
in most tumors larger than 3 cm.
Percutaneous laser ablation (PLA) performed using
multiple tiny laser fibers has recently been shown to be
an effective technique for the thermal ablation of HCC
in patients in whom surgical resection is not possible
or appropriate[83,84]. We recently showed that in HCC
patients awaiting LT, PLA provided results comparable
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Table 1 Advantages and disadvantages of the bridging and downstaging procedures for hepatocellular carcinoma in cirrhotic patients
who are candidates for liver transplantation
Advantages
Resection
TACE
TARE
RFA
PEI

PLA

MWA

Disadvantages

Higher complete effectiveness than non-surgical procedures
Unfeasible in patients with decompensated liver disease or severe portal
More simple in cases with peripheral subglissonian nodules
hypertension
More effective using the selective/superselective technique Unfeasible in patients with severely reduced portal vein flow, intratumoral
in well-vascularized nodules with large feeding arteries
arteriovenous fistula, or renal failure (creatinine clearance < 30 mL/min)
Possible better effectiveness than TACE in cases with
Less experience with TARE than TACE
multiple nodules
High cost
More effective in nodules ≤ 3 cm
Potentially dangerous in patients with impaired clotting parameters or lesions
located superficially or near the gallbladder, major bile ducts, or bowel loops
More effective in nodules ≤ 3 cm
Less effective than RFA for nodules > 2 cm
Suitable in patients with impaired clotting parameters or
lesions located in dangerous sites for thermal ablation
More effective in nodules ≤ 3 cm
Less experience with PLA than RFA
Suitable in patients with impaired clotting parameters
Technically complex
Potentially dangerous in cases of lesions located superficially or near the
gallbladder, major bile ducts, or bowel loops
Possible better effectiveness than RFA in nodules ≥ 3 cm
Less experience with MWA than RFA
or located near large vessels
Potentially dangerous in patients with impaired clotting parameters or with
lesions located superficially or near the gallbladder, major bile ducts, or bowel
loops

TACE: Transarterial chemoembolization; TARE: Transarterial radio embolization; RFA: Radiofrequency ablation; PEI: Percutaneous ethanol injection; PLA:
Percutaneous laser ablation; MWA: Microwave ablation.

to those of RFA; the rate of complete necrosis found
at explant analysis in a series of 13 nodules up to 3 cm
was 62%[85]. Due to the use of fine needles, the possible
advantages of PLA in respect to RFA include the treatment of patients with either nodules in high-risk sites (i.e.,
near vital structures)[86] or severe clotting impairment, in
whom RFA may be contraindicated, and the lower overall cost of the procedure.
Microwave ablation (MWA) has been shown to be
an effective thermal ablation procedure for the percutaneous treatment of HCC. Compared to RFA, this
technique could theoretically provide a larger volume of
necrosis and be more effective when treating nodules
adjacent to large vessels; however, a clear advantage
of MWA with respect to RFA has not been demonstrated[87,88]. The use of MWA as a bridging procedure
to LT or a downstaging procedure in HCC patients appears to be promising. In a recent preliminary study, 6
patients with 6 HCC nodules ranging between 2.5 and 5.0
cm (mean 3.5 cm) in diameter underwent MWA before
LT. At explant analysis, all of the nodules showed complete necrosis without intraoperative evidence of tumor
spread in all cases or evidence of tumor recurrence at a
one-year follow up in the 5 patients who could be evaluated[89].
The effectiveness of transarterial radioembolization
(TARE) with 90Yttrium microspheres has recently been
evaluated by Riaz et al[90], who studied 38 nodules in 35
patients. Of 15 patients with T2-HCC, none progressed
to T3-HCC (one nodule > 5 cm or up to three nodules
with one > 3 cm) before LT, whereas 8 of 10 patients
were downstaged from stage T3 to stage T2. At explant analysis, 23 of the 38 target lesions (61%) showed
complete tumor necrosis, and its achievement was af-
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fected by the size of the target lesion; indeed, complete
necrosis was detected in 89%, 65%, and 33% of lesions
smaller than 3 cm, between 3 and 5 cm, and larger than
5 cm, respectively.
Data regarding the use of external conformal radiotherapy (CRT) as a bridging treatment to LT in HCC
patients are scarce. In a recent paper, CRT was delivered
in five or six fractions to 10 patients with HCC awaiting
LT with tumor diameters ranging from 2.5 to 10.8 cm.
Nine patients completed the treatment, and it was well
tolerated in all cases. Two tumors remained stable; the
rest had 10%-50% regression, which was sustained on
follow-up imaging. Five patients underwent LT, and at
explant pathology, tumor necrosis ranging between 40%
and 90% was demonstrated. No patients showed tumor
recurrence after LT (median follow-up period of 6 mo).
The main conclusions of the paper were that CRT is a
safe and efficacious local bridging therapy for patients
with HCC who are on the waiting list for LT and that
further studies are warranted to compare the effectiveness of CRT to other local treatment regimens[91].
Combined treatments
Experiences with combined therapies such as TACE followed by RFA[92-94] or RFA shortly after TACE[95] have
been published in recent years, typically in the setting of
unresectable HCC larger than 3 cm. The rationale for
the use of combined treatment rather than a single treatment is to reach a higher local tumor control rate due to
higher rates of complete tumor necrosis. In this context,
the question arises of how TACE and RFA should be
sequenced. The advantage of performing TACE prior
to RFA is the reduced heat-sink effect with the ability
to create larger ablation zones more easily. The advan-
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tage of using TACE after RFA is that RFA generates a
hyperemic rim surrounding the ablation area, which can
consequently be targeted by transarterial means more
effectively. The approach of combined treatment may
be applied even as a bridge to LT. A recent experience
with combined TACE followed by RFA in a series of 44
HCC patients within the MC reported the absence of
major complications and a 76.9% rate of complete necrosis in the 16 patients with 26 nodules who underwent
LT[96].

Encouraging data have been reported following the
application of multimodal schedules of treatment; in
a series of 44 listed HCC patients within the MC who
systematically underwent TACE followed by RFA, the
intention-to-treat cumulative dropout rates were 5.5%
and 11.0% at 12 and 24 mo, respectively[96].
Lastly, the short-term response to bridging treatment
has recently been reported to be crucial in the prediction of dropout. In a recent report by De Giorgio et al[24],
170 HCC patients awaiting LT within the MC who underwent percutaneous ablation, TACE, or surgery as a
bridging treatment were analyzed. Total tumor diameter
and recurrence or persistence of tumor activity at the
6-wk follow-up after therapy were significantly correlated with progression beyond the MC and dropout from
the waiting list. The finding of a significantly decreased
dropout probability among T2 patients achieving a complete or partial response to bridging treatment compared
with patients with an inadequate or no response to treatment has also been confirmed in two other large studies[10,14].
In summary, there is sufficient evidence to conclude
that bridging treatments yielding complete or subtotal
HCC necrosis on imaging effectively reduce the rate of
dropout from the waiting list.

IMPACT OF BRIDGING TREATMENTS
ON DROPOUT FROM THE LIVER
TRANSPLANTATION WAITING LIST
The impact of bridging treatments on waiting list
dropout is uncertain due to the absence of prospective
comparative studies, but the dropout data of treated
patients should be compared with the features of HCC
patients awaiting LT without any bridging treatment. In
the latter case, the dropout rates were greater than 30%
12 mo after being added to the list[2,3]. In 2006, Lesurtel
et al[97] published an interesting paper dealing with the
usefulness of TACE in HCC patients undergoing LT according to the criteria of evidence-based medicine. The
question was whether TACE impacted the waiting list
dropout rate. They found insufficient evidence to answer
this question. Hayashi et al[61] reported a discouraging
35% dropout rate in patients with TNM stage 1 or 2
HCC and a mean waiting time of 340 d after treatment
with TACE. Similarly, among 54 listed HCC patients
who underwent TACE prior to LT, Maddala et al[98] revealed drop-out rates of 15% and 25% at 6 and 12 mo,
respectively. However, the most recent series including
patients treated with TACE before LT have indicated
that the dropout rate due to tumor progression is lower
and ranges between 3.0% and 9.3%, with a mean waiting
time on the transplantation list exceeding 6 mo in the
largest available studies[63,64,69] (Table 2).
Less data are available in this setting for patients
submitted to RFA. In a preliminary study published in
2002, Fontana et al[99] reported a dropout rate of 21%
over a mean waiting period of 7.9 mo among 33 patients
treated with RFA prior to LT. In more recent papers
including larger numbers of patients, the dropout rate
due to HCC progression was found to be 0% after a
mean waiting time of 9.5 mo in one study[73] and 5.8%
at 12 mo in another study[74] (Table 2). In a large study
including only HCC patients within the MC awaiting LT,
77 patients who underwent RFA were compared to 93
patients without any bridging treatment; a non-specific
trend toward a higher dropout rate for tumor-specific
events was detected among RFA patients (21% vs 11%),
but the mean waiting time was significantly higher in the
RFA group. Using survival analysis modeling, there was
no significant difference in the time to dropout between
the RFA and no-treatment groups for all causes[78].
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IMPACT OF BRIDGING TREATMENTS
ON RECURRENCE OF HEPATOCELLULAR
CARCINOMA AFTER LIVER
TRANSPLANTATION
A less than 15% recurrence rate has been reported for
HCC in patients within the MC undergoing LT without
any treatment[30]. Whether the application of bridging
therapies while on the waiting list decreases this rate is
controversial. Again, prospective multicenter comparative studies are lacking in this field, and the only available
data were obtained in single-center retrospective case
series.
Regarding TACE, in a cohort of 111 HCC patients
undergoing LT (54 treated preoperatively with TACE),
Majno et al[59] showed that downstaging of tumors > 3 cm
and total necrosis of the nodule at explant analysis were
associated with better 5-year disease-free survival than either an inadequate response to TACE or no TACE before
LT. Thereafter, low recurrence rates of 7.6% and 10.7%
were reported in two large series of HCC patients within
the MC who were treated with TACE before LT[63,64]. A
clear trend toward longer recurrence-free survival has
also been observed by Milllonig et al[63] in patients with
complete tumor necrosis when compared with patients
with viable tumor at explant analysis. More recently, Tsochatzis et al[67] evaluated 150 consecutive patients with
HCC within the MC who underwent LT. Sixty-seven patients (45%) underwent transarterial embolization (TAE)
with polyvinyl alcohol particles or TACE before LT,
and the remaining 83 patients were not treated before
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Table 2 Selected studies on non-surgical bridging therapy for hepatocellular carcinoma before liver transplantation n (%)
Ref.

Treatment

Patients

HCC stage

RFA
TACE
TACE
TACE

33 (15 LT)
48 (41 LT)
20 (12 LT)
54 (46 LT)

MC (30 pts)
MC
MC
MC (47 pts)

Mazzaferro et al[73]
Lu et al[74]

RFA
RFA

50 (50 LT)
52 (41 LT)

MC (40 pts)
MC (42 pts)

Castrogaudin et al[81]

PEI

34 (23 LT) UNOS T1-T2 (30 pts)

Fontana et al[99]
Graziadei et al[60]
Hayashi et al[61]
Maddala et al[98]

Pompili et al[75]
Porrett et al[79]
Brillet et al[76]

RFA, PEI 40 (40 LT)
TACE, RFA, 31 (31 LT)
TARE
RFA
21 (16 LT)

MC (37 pts)
UNOS T1-T2
MC

Millonig et al[63]
Majno et al[69]

TACE
TACE

68 (66 LT)
43 (43 LT)

MC
MC

Rodríguez-Sanjuán et al[77]
Alba et al[64]

RFA
TACE

28 (28 LT)
63 (56 LT)

MC (25 pts)
MC

PEI
RFA

62 (59 LT)
77 (51 LT)

MC
MC

Ashoori et al[96]

TACE + RFA 36 (16 LT)

MC

Tsochatzis et al[67]

TACE, TAE 67 (67 LT)

MC

Branco et al[82]
DuBay et al[78]

Dropout rate HCC recurrence Intention-to-treat
after LT
survival
-Total
-HCC progression

Survival after LT

NA
0
6 (35)
8 (14.8)
6 (11.1)
0 (0)
6 (12)
3 (5.8)
5 (14.7)
2 (5.9)
NA
NA

2 (13)
1 (2.4)
NA
5 (13.3)

NA
94% at 5 yr
61% at 3 yr
61% at 5 yr

85% at 3 yr
94% at 5 yr
100% at 4 yr
74% at 5 yr

2 (4)
0 (0)

NA
74% at 3 yr

83% at 3 yr
76% at 3 yr

5 (23.8)
3 (14.3)
2 (3)
12 (27.9)
4 (9.3)
NA
7 (11)
3 (4.8)
3 (4.8)
19 (25)
16 (21)
6 (16.7)
4 (11.1)
NA

1 (4.3)

NA

19/23 (82.6%) alive
(median FU 21 mo)
85.4% at 3 yr
84% at 3 yr

3 (7.5)
7 (22.6)

NA
NA

1 (6.3)

NA

5 (7.6)
4 (9.3)

70% at 5 yr
NA

11/16 (69%) alive
(median FU 25 mo)
NA
NA

2 (7.1)
6 (10.7)

NA
NA

NA
60.4% at 5 yr

3 (5.1)
1 (2)

64.4% at 3 yr
NA

67.7% at 3 yr
> 80% at 3 yr

0 (0)

NA

4 (6)

NA

11/16 alive
(median FU 29.9 mo)
NA

HCC: Hepatocellular carcinoma; LT: Liver transplantation; RFA: Radiofrequency ablation; MC: Milan criteria; NA: Not available; TACE: Transarterial chemoembolization; PEI: Percutaneous ethanol injection; UNOS: United Network for Organ Sharing; TARE: Transarterial radio embolization; TAE: Transarterial embolization.

LT. HCC recurrence after LT was significantly lower in
the TAE-TACE group (6%) than in the no TAE-TACE
group (18.1%) (Table 2). Furthermore, post-transplant
HCC recurrence was independently associated with no
neo-adjuvant transarterial therapy and the total radiological size of the HCC nodules.
HCC recurrence after LT has been evaluated in 7
studies of patients who underwent RFA as the only
bridging treatment. In total, 231 patients were evaluated over follow-up periods of 15-41 mo (mean 28 mo).
Overall, HCC recurrence was detected in 8 patients
(3.5%), and the rate of recurrence ranged between 0%
and 13%[73-78,99] (Table 2).
Some recent single-center studies appear to confirm
a positive impact of bridging treatments on HCC recurrence after LT. In a series of 147 HCC candidates
(38% outside the MC) who underwent RFA, TACE, or
multimodal treatment before LT, a complete or partial
response was observed in 57.8% of cases. Transplanted
patients with stable disease or no response to preLT HCC treatment had a significant 6-fold increase
in tumor recurrence after LT compared with patients
with a complete or partial response (13% vs 2%) [10].
In another study that included 315 HCC patients who
were candidates for LT (17% outside the MC) and
underwent TACE, RFA, PEI, or surgical resection, a
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complete response to treatment was observed in 49.1%
of cases; transplanted patients with a partial or no response to bridging treatments showed a significantly
higher risk of HCC recurrence compared with patients
with a complete response (19.4% vs 5.5%)[14]. Among
137 transplanted patients (42 outside the MC) who
underwent locoregional bridging treatments such as
resection, TACE, RFA, and PEI before LT, AFP > 400
ng/mL was the only significant pre-transplant factor
linked to HCC recurrence after LT. Conversely, the use
of locoregional treatments was a significant protective factor, and the best 5-year tumor-free survival was
observed in patients within the MC who underwent
locoregional treatment[100]. Lastly, within a group of 93
consecutive HCC patients (36 beyond MC) who underwent LT, 59 underwent pre-transplant TACE or RFA.
The 5-year tumor-free survival did not significantly
differ between treated and untreated patients (78% vs
68%). However, among the treated patients, the presence of more than 50% necrosis of the target lesions
at explant analysis was associated with a significantly
better 5-year tumor-free survival rate (96% vs 21%)[101].
Overall, a trend toward a decreased recurrence rate
after LT appears to emerge in patients achieving a total
or subtotal response to the treatment administered before LT.
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prior treatment; they found a non-significant trend toward improved 5-year survival in treated patients (81% vs
71%). Porrett et al[79] compared 30 treated patients to 33
untreated patients before transplant. Their study failed
to show any survival difference between the groups, but
it should be noted that only 20% of the treated patients
had complete HCC necrosis at explant analysis. Lastly,
in the previously cited study by DuBay et al[78], no differences in 5-year overall or tumor-free survival from the
list date or transplant were identified when comparing
77 patients treated with RFA to 93 matched untreated
patients. No data were provided about the achievement
of complete necrosis in the ablated tumors at explant
analysis.
Although a definitive conclusion cannot be made,
a positive impact of pre-LT treatments on post-LT
survival could be present. Indeed, in the United States,
data on liver transplant activity for HCC from 1997 to
2006 demonstrated a higher 3-year post-LT survival in
patients who underwent ablative procedures compared
with patients who did not[105]. Moreover, studies reporting no difference between treated and untreated patients
also tend to report shorter waiting times for LT[29].

IMPACT OF BRIDGING TREATMENTS
ON SURVIVAL AFTER LIVER
TRANSPLANTATION
Independent of the treatment administered, a key question remains to be answered: do bridging treatments improve survival in HCC patients who undergo LT? There
is insufficient evidence of a beneficial effect of TACE
because data obtained from prospective randomized
studies are lacking[97]. A multicenter retrospective case
control study from France compared 100 HCC patients
who underwent TACE before transplantation and 100
HCC patients transplanted without any prior treatment.
The 5-year survival (59% in both groups) and 5-year
disease free survival (69% vs 64%) rates were not significantly different. At explant analysis, greater than 80% total or subtotal HCC necrosis was found in 30% of treated patients, and this subgroup showed a non-significant
trend toward a better 5-year survival compared with a
matched untreated control group (63% vs 54%)[62]. It can
be reasonably argued that patients with total/subtotal
tumor necrosis might receive a significant survival benefit from TACE before LT, perhaps due to a decreased
risk of post-transplant HCC recurrence. This hypothesis
appears to have been confirmed in a study by Millonig
et al[63] that included 116 HCC patients who underwent
TACE before transplantation. Most of the patients were
within the MC, and complete tumor necrosis was found
in 27% of the cases. The 5-year survival rate was higher
in patients with completely necrotic tumors than in patients with partial necrosis (86% vs 66%), although this
difference did not reach statistical significance.
The influence of neo-adjuvant treatments on postLT survival should be analyzed independent of the
treatment used; however, the only available data come
from single-center retrospective series and provide contradictory results. In a study by Bharat et al[102], 46 HCC
patients undergoing various bridging treatments before
LT were compared to 46 matched HCC patients transplanted without any treatment. The 5-year survival rate
was significantly higher in the treated group (82% vs
52%), although the survival advantage was evident only
for patients with T2-T4 tumors, not for patients with
T0-T1 tumors. Even the 5-year disease-free survival rate
was slightly higher in the treated group (84% vs 76%),
although this difference was not significant. In a study
by Lao et al[103], 91 untreated HCC patients who underwent LT were compared to 33 patients with HCC who
underwent TACE, RFA, or PEI before LT. HCC recurred only in 9 untreated patients, and the only factors
significantly linked to tumor recurrence were a MELD
score < 14, AFP > 1000 ng/mL, and the absence of
pre-LT bridging treatment. The disease-free survival
showed a non-significant trend toward a better outcome
in treated patients, whereas the cumulative survival did
not differ. Heckman et al[104] compared the outcomes of
50 HCC patients undergoing bridging therapy before LT
to those of 73 HCC patients transplanted without any
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DOWNSTAGING OF HCC BEYOND
THE CONVENTIONAL LIVER
TRANSPLANTATION CRITERIA
Downstaging of HCC to within the MC or the UCSF
criteria is an attractive alternative to expanding the tumor
size limits for LT. Theoretically, the downstaging process
allows the selection of tumors with a more favorable biology that will likely respond to downstaging treatments
and will also do well following LT[106].
In recent years, several papers have been published
defining successful downstaging as fulfilling the MC[107-114]
or the UCSF criteria[106]. However, different criteria for
successful treatment have been used in other studies,
including fulfilling the MC without a serum AFP level
higher than 400 ng/mL[115], a 30%-50% decrease in the
size of treated nodules[60,116], or no tumor progression
during the downstaging treatment in patients with well
or moderately differentiated HCC[4,117] (Table 3). In some
of these studies, only TACE[60,108,110,112-114] or transarterial
chemoinfusion[107] was used as the downstaging procedure, whereas in other studies, a multimodal approach
was used, including TACE, RFA, PEI, or surgical resection[4,106,114,115,117]. TARE as a single downstaging procedure was retrospectively compared to TACE in a study
by Lewandowski et al[109]. Better performance was observed for TARE in terms of the downstaging success
rate and 3-year intention-to-treat post-HCC treatment
survival.
Significant factors for unsuccessful downstaging
related to biological tumor features have been reported
by some of these papers. In the study by Yao et al[106],
AFP > 1000 ng/mL was the only significant negative
prognostic factor. Barakat et al[111] showed that the mean
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Table 3 Selected studies on downstaging therapy for hepatocellular carcinoma before liver transplantation n (%)
Ref.

1

Pts

Inclusion criteria

Graziadei et al[60]

TACE

36

HCC > 5 cm

Decreased size > 50%
11/36 (31)

10

Otto et al[116]

TACE

62

Beyond MC

27

Cillo et al[4]

TACE, RFA, PEI,
Resection

40

Beyond MC
WD or MD HCC

TACE

76

Beyond MC

TACE, RFA,
Resection

61

Decreased size ≥ 30%
34/62 (55)
Maintenance of selection
criteria
NA
MC
18/76 (24)
UCSF
43/61 (71)

Chapman et al[108]
Yao et al[106]

Ravaioli et al[115]

Multimodal (TACE,
PEI, RFA,
Resection)

Lewandowski et al[109] TACE (43 patients)
TARE (43 patients)

1 HCC 5-8 cm
2-3 HCCs 3-5 cm,
total diameter ≤ 8 cm
4-5 HCCs ≤ 3 cm
total diameter ≤ 8 cm
48
1 HCC 5-8 cm
2 HCCs 3-5 cm, total
diameter ≤ 8 cm
3-5 HCCs ≤ 4 cm total diameter ≤ 12 cm
86
UNOS T3

De Luna et al[107]

TACI

27

Beyond MC

Jang et al[110]

TACE

386

Beyond MC

Barakat et al[111]

Bargellini et al[112]

Bova et al[113]

Lei et al[114]

TACE, TARE, RFA,
Resection

Successful downstage
-Criteria
-Rate

Transplanted Recurrence Intention to
pts
free survival treat survival
after LT

Treatment

32 Beyond UCSF (18 pts)
Beyond MC (14 pts)

TACE

33

Beyond MC

TACE, TAE

48

Beyond MC

TACE, RFA,
Resection, HIFU

58

Beyond MC Within
UCSF

Survival
after LT

Recurrent
HCC: 3 pts
(30)
68% at 5 yr

31% at 5 yr

41% at 4 yr

NA

73.2% at 5 yr

31

Recurrent
HCC: 0 pts

79% at 5 yr > 90% at 3 yr

17

50% at 5 yr

NA

93.8% at 5 yr

35

92% at 2 yr

69% at 4 yr

92% at 2 yr

MC and AFP < 400
ng/mL
32/48 (67)

32

71% at 3 yr

62% at 3 yr

NA

MC
TACE 11/35 (31)
TARE 25/43 (58)

TACE 11
TARE 9

MC
17/27 (63)
MC or complete tumor
necrosis
160/386 (41.5)
UNOS T2
18/32 (56.3)

15

TACE 73%
at 1 yr
TARE 89%
at 1 yr
NA

37

66.3% at 5 yr

NA

54.6% at 5 yr

13

NA

75% at 2 yr

Complete or partial
response, or stable
disease according to
mRECIST criteria
NA
MC
AFP < 100 ng/mL
19/48 (39)
MC
NA

33

Recurrent
HCC: 2 pts
(15.4%)
74.4% at 5 yr

NA

72.5% at 5 yr

Recurrent
HCC: 1 pt
(11.1%)
63.8% at 5 yr

NA

NA

NA

74.1% at 5 yr

9

58

TACE 19%
NA
at 3 yr
TARE 59%
at 3 yr
84.1% at 3 yr 78.8% at 3 yr

1

Patients with vascular invasion or extrahepatic tumor spread at baseline excluded in all series. HCC: Hepatocellular carcinoma; LT: Liver transplantation;
TACE: Transarterial chemoembolization; MC: Milan criteria; NA: Not available; RFA: Radiofrequency ablation; PEI: Percutaneous ethanol injection; WD:
Well differentiated; MD: Moderately differentiated; UCSF: University of California San Francisco; AFP: α-fetoprotein; TARE: Transarterial radio embolization; UNOS: United Network for Organ Sharing; TACI: Transarterial chemoinfusion; mRECIST: Modified Response Evaluation Criteria in Solid Tumors;
TAE: Transarterial embolization; HIFU: High-intensity focused ultrasound; pts: Patients.

AFP level and the rate of infiltrative tumors were significantly higher in patients who did not achieve successful downstaging. An AFP level lower than 100 ng/mL
and the 3-year survival probability calculated using the
Metroticket calculator [33] were the only independent
predictors of successful downstaging in the study by
Bova et al[113]. An AFP slope > 15 ng/mL per month and
tumor progression according to the Modified Response
Evaluation Criteria in Solid Tumors (mRECIST)[118] were
independent risk factors for HCC recurrence and patient death in an international retrospective multicenter
European study performed by Lai et al[25] that included
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MC-within (316 cases) and MC-outside (116 cases) patients who underwent LT after locoregional therapy. We
should also highlight that after successful downstaging,
some authors have recommended that patients undergo
a 3-mo observation period before listing to assess the
stability of neoplastic disease[4,106,115]. This “test of time”
will identify rapidly recurring lesions, vascular invasion,
and distant metastasis, thereby decreasing the risk of tumor recurrence and poor overall results after LT[34].
Overall, according to the presently available data, the
successful downstaging rate ranges between 24% and
71% (Table 3). The proportion of patients transplanted
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ranges between 10% and 67%, and the average waiting
time to LT ranges between 2 and 10.9 mo[29]. Additionally, the reported survival rates range from 78.8% to more
than 90% and from 54.6% to 93.8% at 3 and 5 years, respectively[119]. Two prospective studies have demonstrated that survival after LT in patients with large tumors
successfully downstaged within the MC[115] or the UCSF
criteria[106] is similar to that of patients who initially met
the criteria for transplantation. Six studies[4,60,107,108,114,116]
compared patients who were downstaged successfully
within the MC with those who initially met the MC.
Five of these studies[4,107,108,114,116] reported no significant
difference in absolute or disease-free survival between
groups, whereas one study[60] reported that patients who
were downstaged successfully had significantly worse
survival at 1, 2, and 5 years after LT. Lastly, in a recent
study, no significant differences in postoperative complications, tumor recurrence, or survival rate were reported
between two groups of patients with advanced HCC
who underwent deceased donor LT (52 patients) or living donor LT (31 patients) after successful downstaging
therapy[42].

line treatment for lesions up to 3 cm, in which complete
tumor necrosis has been shown in more than 50% of
cases at explant analysis. The risk of major complications related to RFA in this patient setting appears to be
quite low, but it is good clinical practice to limit needle
insertions and to avoid the treatment of superficially
located lesions. PEI appears to show lower efficacy and
can be reserved for small lesions located in sites considered “dangerous” for RFA (e.g., near the gallbladder
or bowel loops). TACE should be preferred for treating
lesions > 3 cm because its effectiveness appears to be
better in well-vascularized tumors with large feeding arteries; selective and superselective TACE should be preferred, and the possible advantage of DEBs-TACE over
lipiodol-TACE should be investigated in future studies.
Multimodal treatment strategies, including sequentially
applied TACE and RFA, appear to be promising, although the role of alternative treatments such as PLA,
MWA, TARE, and CRT needs to be investigated in a
larger number of patients. Regardless, all ablation procedures should be better evaluated with caution in patients
with decompensated liver function to avoid irreversible
liver failure and severe complications precluding LT.
The response of HCC to neoadjuvant treatments
should be evaluated using the mRECIST criteria[118]. The
RECIST criteria[124] were amended to the mRECIST in
2008[125] in the setting of HCC based on the concept that
the evaluation of the treatment response should consider
the amount of necrosis when estimating the decreased
tumor load, not only the reduction in tumor size. However, it should also be considered that computed tomography and magnetic resonance imaging, which are currently used to assess the results of the ablation bridging
procedures, tend to overestimate treatment effectiveness.
In several studies, the concordance in the diagnosis of
complete necrosis between the last imaging evaluation
before LT and the pathological assessment at explant
analysis of the target lesions has been reported to range
between 50% and 83%; this is primarily due to the persistence of microscopic avascular neoplastic foci that are
primarily located peripherally and cannot be detected by
contrast-enhanced imaging techniques[74,75,77,85,106,115,126,127].
Although no solid conclusions may be drawn due
to the absence of prospective comparative studies, it
appears reasonable to state that bridging treatments decrease the dropout rate from the waiting list of T2-HCC
patients and could have a positive impact on post-LT
HCC recurrence and overall survival, at least in patients
with complete or subtotal necrosis of the targeted lesions and a longer waiting period[29,105]. Furthermore, the
response to pre-LT treatments may represent a surrogate
marker of tumor biology and should be considered in
the selection and prioritization of candidates for LT.
That is, the transplant priority of T2-HCC candidates
could be reduced after successful bridging therapy and a
3-6 mo period of observation confirming inactive neoplastic disease, and patients showing stable or progressive disease after treatment could then be prioritized.

CONCLUSION
Currently, locoregional therapies play a crucial role in
the treatment of patients awaiting LT. For patients listed
within the MC (stage T2-HCC), a delay of LT over 6-12
mo without bridging treatment is a well-recognized risk
factor for tumor progression and dropout from the list
or interval dissemination with post-transplant tumor
recurrence[2,3,16]. For this reason, the optimal strategy for
T2-HCC patients awaiting LT should be to transplant
within 6 mo without pre-transplant therapy[120]. However,
if a longer waiting time is needed, following the current
guidelines of the American Association for the Study
of Liver Disease and the European Association for the
Study of the Liver for the treatment of HCC[121,122] and
the recommendations of a recent international consensus conference on the management of HCC patients
who are LT candidates[123], the use of bridging treatments is recommended, as several studies in recent years
have documented their usefulness in preventing tumor
progression. There is, however, no evidence that bridging treatments are useful in patients with T1-HCC[123].
In patients who underwent previous liver resection
and experienced tumor recurrence but are within the
currently accepted transplant criteria or those with liver
function failure, salvage LT using deceased donor livers
yields an acceptable long-term survival rate and can be
considered[6,25]. Salvage LT using living donors has also
been successfully performed in centers with high-volume living donor programs, and they appear to provide
long-term results comparable to those obtained using
deceased donor grafts[48].
Regarding non-surgical bridging therapies, no recommendation can be made for one type of locoregional
therapy over others[123]. However, RFA could be the first-
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However, if an advantage is given on the waiting list to
non-responding patients, a worsening in the outcome
of LT in terms of overall survival, primarily due to an
increased incidence of HCC recurrence after transplantation, should be considered. Whether this risk is acceptable is a matter of debate, and this issue should be
further addressed in future studies[14,29,128].
HCC downstaging using exclusively TACE or multimodal sequential therapies to meet the conventional
criteria for LT among carefully selected patients yields
promising results in terms of overall and disease-free
survival. In particular, some recent papers have demonstrated that patients successfully downstaged within the
MC or the UCSF criteria can achieve a 5-year survival
rate comparable to that of patients meeting the abovementioned criteria without requiring downstaging[123]. A
follow-up period of 3 mo demonstrating stable disease
after successful downstaging is suggested before inclusion on the waiting list for transplantation.
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Non-coding RNAs in hepatitis C-induced hepatocellular
carcinoma: Dysregulation and implications for early
detection, diagnosis and therapy
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techniques, a significant number of non-coding RNAs
(ncRNAs) associated with HCC, particularly caused by
HCV infection, have been found to be differentially
expressed and to be involved in pathogenesis of HCVassociated HCC. In this review, we focus on recent
studies of ncRNAs, especially miRNAs and lncRNAs
related to HCV-induced HCC. We summarize those
ncRNAs aberrantly expressed in HCV-associated HCC
and highlight the potential uses of ncRNAs in early
detection, diagnosis and therapy of HCV-associated
HCC. We also discuss the limitations of recent studies, and suggest future directions for research in the
field. miRNAs, lncRNAs and their target genes may
represent new candidate molecules for the prevention, diagnosis and treatment of HCC in patients with
HCV infection. Studies of the potential uses of miRNAs
and lncRNAs as diagnostic tools or therapies are still
in their infancy.

Weihong Hou, Herbert L Bonkovsky, the Liver, Digestive and
Metabolic Disorders Laboratory, and the Liver-Biliary-Pancreatic
Center, Cannon Research Center, Carolinas Medical Center,
Charlotte, NC 28203, United States
Author contributions: Hou W conceived the topic, reviewed the
literature and wrote the manuscript; Bonkovsky HL reviewed the
literature and revised this paper critically.
Supported by A grant from the NIH/NHLBI, No. HL117199;
Institutional funds from the Carolinas Health Care Foundation
and Carolinas Medical Center
Correspondence to: Weihong Hou, PhD, Research Scientist, the Liver, Digestive and Metabolic Disorders Laboratory,
and the Liver-Biliary-Pancreatic Center, Cannon Research Center, Carolinas Medical Center, 1000 Blythe Blvd, Charlotte, NC
28203, United States. weihong.hou@carolinashealthcare.org
Telephone: +1-704-3559683 Fax: +1-704-3557648
Received: September 28, 2013 Revised: October 14, 2013
Accepted: November 12, 2013
Published: January 28, 2014

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract

Key words: MicroRNA; Long non-coding RNAs; Non-coding RNAs; Hepatitis C virus; Hepatocellular carcinoma

Hepatitis C virus (HCV) infection is one of main causes
of hepatocellular carcinoma (HCC) and the prevalence
of HCV-associated HCC is on the rise worldwide. It is
particularly important and helpful to identify potential markers for screening and early diagnosis of HCC
among high-risk individuals with chronic hepatitis C,
and to identify target molecules for the prevention
and treatment of HCV-associated-HCC. Small noncoding RNAs, mainly microRNAs (miRNAs), and long
non-coding RNAs (lncRNAs) with size greater than 200
nucleotides, are likely to play important roles in a variety of biological processes, including development and
progression of HCC. For the most part their underlying
mechanisms of action remain largely unknown. In recent years, with the advance of high-resolution of microarray and application of next generation sequencing
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Core tip: Regulatory non-coding RNAs (ncRNAs),
mainly microRNAs (miRNAs) and long non-coding RNAs
(lncRNAs), are likely to play important roles in a variety of biological processes, including development and
progression of hepatitis C-induced hepatocellular carcinoma (HCC). In this review, we focus on recent studies
of ncRNAs, especially miRNAs and lncRNAs associated
with hepatitis C virus (HCV)-induced HCC. We summarize those ncRNAs aberrantly expressed in HCV-induced
HCC and highlight the potential of these ncRNAs to
aid in early detection, diagnosis and therapy of HCVinduced HCC. Further, we discuss the limitations of current studies, and suggest future directions for research
in the field.
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hepatic inflammation and fibrosis, suggesting that HCV
infection is likely to have direct and unique cancer-promoting effects, which may be different from other carcinogenic factors such as those due to hepatitis B virus
(HBV) and fatty liver disease. Understanding and insight
into unique ncRNAs involved in HCV-induced HCC may
suggest new approaches for diagnosis, prevention and
treatment of HCV-induced HCC. To date, there have
been few reports on differentially expressed lncRNAs in
HCV-induced HCC. In this review, we will summarize
recent studies regarding ncRNAs related to HCV-induced
HCC. We will then address the potential utility of these
ncRNAs in early detection, diagnosis and therapy of
HCV-associated HCC. Finally, we will discuss the limitations of current knowledge, and suggest future directions
for research in this field.

Original sources: Hou W, Bonkovsky HL. Non-coding RNAs
in hepatitis C-induced hepatocellular carcinoma: Dysregulation
and implications for early detection, diagnosis and therapy. World
J Gastroenterol 2013; 19(44): 7836-7845 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v19/i44/7836.htm DOI:
http://dx.doi.org/10.3748/wjg.v19.i44.7836

INTRODUCTION
Non-coding RNAs (ncRNAs) are transcribed RNA molecules with little or non-protein coding capacity; they
represent approximately 97% of RNAs in higher eukaryotic organisms. ncRNAs include structural or housekeeping ncRNAs such as transfer RNA, ribosomal RNA,
small nuclear RNA and small nucleolar RNA, as well as
regulatory ncRNAs, which function to regulate gene expression. Based on transcript size, regulatory ncRNAs are
classified into two major groups, small ncRNAs such as
microRNAs (miRNAs), approximately 22 nucleotides (nt)
in length, and long non-coding RNAs (lncRNAs) with
sizes longer than 200 nt (Figure 1). Based upon a large
number of experimental studies carried out over the past
decades or two, it is now generally well-accepted that
miRNAs play an important role in the regulation of gene
expression primarily through post-transcriptional destabilization, translational repression of target mRNAs which
bear complementary sites, or a combination of these two
mechanisms[1-4]. With the development of next generation sequencing (NGS) techniques, a growing number of
lncRNAs have been identified, characterized and functionally annotated[5,6]. lncRNAs are still among the least
well-understood of transcripts. Several lines of evidence
have suggested that lncRNAs are biologically functional
rather than transcriptional “noise”[5,6]. Thus, lncRNAs
have recently enjoyed increased and deserved attention,
although the underlying mechanisms by which they function remain largely unexplored and unifying theories
regarding their actions are still vague. ncRNAs including
miRNAs and lncRNAs have been reported to be associated with cancer, including hepatocellular carcinoma
(HCC), a highly prevalent and deadly cancer because of
its frequent recurrence and/or metastasis.
HCC is among the most frequent forms of cancer
worldwide, and its incidence is increasing rapidly. This
increase is related to several factors. Chief among these
are chronic hepatitis B and C (CHC) infections, and fatty
liver disease. Indeed, hepatitis C virus (HCV) infection is
one of the leading underlying causes of HCC, increasing
the risk for HCC development by nearly 17-fold compared to healthy individuals[7,8]. In recent decades and
especially in recent years, HCC incidence has increased
sharply, and has been attributed largely to HCV infection. HCV-induced HCC typically develops in the setting
of cirrhosis (advanced chronic liver diseases), although
it does also occur in the absence of cirrhosis. Similarly,
the development of HCC has been observed in mice expressing HCV transgenes in the absence of appreciable
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DYSREGULATED NCRNAS IN HCVINDUCED HCC
microRNAs
miRNAs regulate gene expression primarily through
post-transcriptional repression[3,4,9,10]. Sequence complementarity in the 6-8 base pair “seed regions” at the end
of miRNA-mRNA heteroduplexes seem to determine
the specificity of miRNA-target RNA interactions[11].
miRNAs are likely to play significant roles in the development and progression of cancers, including HCC[12,13] and
HCV replication[9,14-16]. Identification and characterization
of dysregulated miRNAs specific to HCV-induced HCC
in tissue- and biofluid-based studies are important and
helpful to reveal therapeutic targets or diagnostic markers,
in particular, molecular signatures for the detection and
early diagnosis of HCC among HCV patients in high-risk
groups. The miRNAs reported differentially expressed
in HCV-induced HCC are summarized in Tables 1 and 2,
and we now summarize their known biological functions,
and the molecular mechanisms and pathways in which
they might be involved.
Up-regulated miRNAs
miRNAs profiling studies in HCV-induced HCCs compared with paired controls have found that a number
of miRNAs are significantly elevated in HCV-induced
HCCs, compared with normal controls. miR-1269 is the
most increased in HCV-associated HCCs in contrast to
normal livers, HCV-associated cirrhosis, or HBV-associated liver failure. Up-regulation of miR-1269 has also been
found in other cancers such as breast cancer[17], colorectal
cancer[18] and laryngeal squamous cell carcinoma (LSCC),
one of the most common head and neck malignancies
with no significant difference between tumors with and
without lymphatic metastasis, suggesting that miR-1269
did not affect metastasis of LSCC. Thereto date there
have been few, if any, reports on function and role of
miR-1269 in HCC. Nevertheless, the increased expression of miR-1269 in HCV-induced HCC when compared
with controls suggests that this miRNA may have an on-
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Regulatory ncRNA

Small ncRNA
Function
Epigenetic regulation
Transcriptional regulation
Post-transcriptional regulation
Translational regulation

miRNA
siRNA
piRNA

Long ncRNA

Long intergenic ncRNA

Long intronic ncRNA
Natural antisense
transcript
Promoter-associated
long RNA
Transcribed pseudogene
Transcribed ultraconserved
region

Function
Epigenetic regulation
Transcriptional regulation
Post-transcriptional regulation
Genome imprinting
Alternatively splicing
RNA editing

Enhancer-like ncRNA

Figure 1 Classification of regulatory non-coding RNA and function in gene regulation. Regulatory non-coding RNA (ncRNAs) are divided into two major groups
based on transcript size, small ncRNAs such as microRNA, small interfering RNA and piwi-interacting RNA (piRNA), as well as long ncRNAs with size greater than 200 nt.
Both small ncRNA and long ncRNA have important regulatory function in gene expression. miRNA: microRNA; siRNA: small interfering RNA; piRNA: piwi-interacting RNA.

Table 1 Summary of microRNAs significantly up-regulated in hepatitis C virus-induced hepatocellular carcinoma
ncRNAs

Chromosomal location

Differential expression level

Clinical relevance

Ref.

4q13.2

15.7-fold, HCV-associated HCC (n = 9) vs normal livers (n =
12) and other liver diseases [HCV-associated cirrhosis (n =
10), HBV-associated accurate liver failure (n = 4)], P < 0.05
10.7-fold, HCV-associated HCC (n = 9) vs normal livers (n =
12) and other liver diseases [HCV-associated cirrhosis (n =
10), HBV-associated accurate liver failure (n = 4)], P < 0.05
10.1-fold, HCV-associated HCC (n = 9) vs normal livers (n =
12) and other liver diseases [HCV-associated cirrhosis (n =
10), HBV-associated accurate liver failure (n = 4)], P < 0.05
8.1-fold, HCV-associated HCC (n = 9) vs normal livers (n =
12) and other liver diseases [HCV-associated cirrhosis (n =
10), HBV-associated accurate liver failure ( = 4)], P < 0.05
3.7-fold, HCV-associated HCC (n = 9) vs normal livers (n =
12) and other liver diseases [HCV-associated cirrhosis (n =
10), HBV-associated accurate liver failure (n = 4)], P < 0.05
> 2-fold, HCV-associated HCC (n = 43) vs normal livers (n
= 3), P < 0.01; HCV associated dysplastic nodules (n = 9)
normal livers (n = 3), P < 0.05
> 2-fold, HCV-associated HCC (n = 43) vs normal livers (n
= 3); HCV associated dysplastic nodules (n = 9) vs normal
livers (n = 3)
> 2-fold, HCV-associated HCC (n = 43) vs normal livers (
= 3); HCV associated dysplastic nodules (n = 9) vs normal
livers (n = 3)

Potential therapeutic target molecule
to prevent HCV-induced HCC

[32]

Potential therapeutic target molecule
to prevent HCV-induced HCC

[32]

Potential therapeutic target molecule
to prevent HCV-induced HCC

[32]

Potential therapeutic target molecule
to prevent HCV-induced HCC

[32]

Potential therapeutic target molecule
to prevent HCV-induced HCC

[32]

Potential therapeutic target molecule
to prevent HCV-induced HCC

[30]

Potential therapeutic target molecule
to prevent HCV-induced HCC

[30]

Potential therapeutic target molecule
to prevent HCV-induced HCC

[30]

14q23.3

> 3-fold, HCV-associated HCC (n = 32) vs normal urine
samples ( = 12), P < 0.05

[33]

miR-532

Xp11.23

> 3-fold, HCV-associated HCC (n = 32) vs normal urine
samples ( = 12), P < 0.05

miR-618

12q21.31

> 3-fold, HCV-associated HCC (n = 32) vs normal urine
samples (n = 12), P < 0.05

Potential marker for the detection/
early diagnosis of HCC among highrisk HCV patients
Potential marker for the detection/
early diagnosis of HCC among highrisk HCV patients
Potential marker for the detection/
early diagnosis of HCC among highrisk HCV patients

Liver miRNAs
miR-1269

miR-224

Xq28

miR-452

Xq28

miR-224-3p

Xq28

miR-221

Xp11.3

miR-122

18q21.31

miR-100

11q24.1

miR-10a

17q21.32

Urinary miRNAs
miR-625

[33]

[33]

HCV: Hepatitis C virus; HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma; miRNAs: MicroRNAs; ncRNAs: Non-coding RNAs.
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Table 2 Summary of microRNAs down-regulated in hepatitis C virus-induced hepatocellular carcinoma
ncRNAs

Chromosomal location

Clinical relevance

References

7.2-fold, HCV-associated HCC (n = 9) vs normal livers (n =
12) and other liver diseases [HCV-associated cirrhosis (n =
10), HBV-associated accurate liver failure (n = 4)], P < 0.05
6.9-fold, HCV-associated HCC (n = 9) vs normal livers (n =
12) and other liver diseases [HCV-associated cirrhosis (n =
10), HBV-associated accurate liver failure (n = 4)], P < 0.05
6.2-fold, HCV-associated HCC (n = 9) vs normal livers (n =
12) and other liver diseases [HCV-associated cirrhosis (n =
10), HBV-associated accurate liver failure (n = 4)], P < 0.05
5.5-fold, HCV-associated HCC (n = 9) vs normal livers (n =
12) and other liver diseases [HCV-associated cirrhosis (n =
10), HBV-associated accurate liver failure (n = 4)], P < 0.05
Approximately 5-fold, HCV-associated HCC (n = 43) vs
normal livers (n = 3), P < 0.01; HCV-associated Dysplastic
nodules (n = 9) vs normal livers (n = 3), P < 0.01
4.6-fold, HCV-associated HCC (n = 9) vs normal livers (n =
12) and other liver diseases [HCV-associated cirrhosis (n =
10), HBV-associated accurate liver failure (n = 4)], P < 0.05
4.4-fold, HCV-associated HCC (n = 9) vs normal livers (n =
12) and other liver diseases [HCV-associated cirrhosis (n =
10), HBV-associated accurate liver failure (n = 4)], P < 0.05
3.9-fold, HCV-associated HCC (n = 9) vs normal livers (n =
12) and other liver diseases [HCV-associated cirrhosis (n =
10), HBV-associated accurate liver failure (n = 4)], P < 0.05
3.7-fold, HCV-associated HCC (n = 9) vs normal livers (n =
12) and other liver diseases [HCV-associated cirrhosis (n =
10), HBV-associated accurate liver failure (n = 4)], P < 0.05
2.9-fold, HCV-associated HCC (n = 9) vs normal livers (n =
12) and other liver diseases [HCV-associated cirrhosis (n =
10), HBV-associated accurate liver failure (n = 4)], P < 0.05
> 2-fold; HCV-associated HCC (n = 43) vs normal livers (n
= 3); HCV associated dysplastic nodules (n = 9) vs normal
livers (n = 3)

Potential therapeutic target molecule
to prevent HCV-induced HCC

[32]

Potential therapeutic target molecule
to prevent HCV-induced HCC

[32]

Potential therapeutic target molecule
to prevent HCV-induced HCC

[32]

Potential therapeutic target molecule
to prevent HCV-induced HCC

[32]

Potential therapeutic target molecule
to prevent HCV-induced HCC

[30]

Potential therapeutic target molecule
to prevent HCV-induced HCC

[32]

Potential therapeutic target molecule
to prevent HCV-induced HCC

[32]

Potential therapeutic target molecule
to prevent HCV-induced HCC

[32]

Potential therapeutic target molecule
to prevent HCV-induced HCC

[32]

Potential therapeutic target molecule
to prevent HCV-induced HCC

[32]

Potential therapeutic target molecule to prevent HCV-induced HCC

[30]

19q13.42

> 3-fold, HCV-associated HCC (n = 32) vs normal urine
samples (n = 12), P < 0.05

[33]

22q11.22

> 3-fold, HCV-associated HCC (n = 32) vs normal urine
samples (n = 12), P < 0.05

Potential marker for early diagnosis of HCC among high-risk HCV
patients
Potential marker for early diagnosis of HCC among high-risk HCV
patients

Liver miRNAs
miR-199a-5p

19q13.3

miR-199a-3p

19q13.3

miR-199b-3p

19q13.3

miR-214

1q24.3

miR-198

19p13.3

miR-139-3p

11q13.4

miR-139-5p

11q13.4

miR-424-3p

Xq26.3

miR-125a-5p

19q13

miR-130a

11q12.1

miR-145

5q32

Urinary miRNAs
miR-516-5p

miR-650

Differential expression level

[33]

HCV: Hepatitis C virus; HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma; miRNAs: MicroRNAs; ncRNAs: Non-coding RNAs.

for miRNA-224[21]. It is likely that miR-224 plays a role in
cell proliferation, migration, invasion, and anti-apoptosis
in HCC, and is involved in hepatocarcinogenesis by directly binding to its validated gene targets such as API-5,
SMAD4, etc.[20,22,23].
miR-122, a liver specific miRNA, is the most abundant miRNA expressed in hepatocytes (accounting for
approximately 70% of total miRNA’s) and the most extensively studied miRNA in liver diseases. miR-122 has
major effects on several enzymes of cholesterol metabolism[24,25]. Unexpectedly, miR-122 was also shown to be required for HCV replication[14-16]. The effects of miR-122
depend upon the context and location of its cognate
seed sequence binding sites. The sites in the 5’ region
are mostly associated with up-regulation of expression,
whereas those in the 3’ untranslated region are mostly
associated with repression of expression[26]. miR-122 exerts several functions in the HCV life cycle[27,28]. Recent

cogenic role in HCV-induced HCC.
Interestingly, miR-224, miR-224-3p and their precursor are significantly up-regulated in HCV-associated
HCCs compared to normal livers, HCV-associated cirrhosis and HBV-associated liver failure. miR-452, also
significantly up-regulated in HCV-induced HCC, was
recently shown to be coordinately expressed with its
neighboring miR-224 in HCC through epigenetic mechanisms[19]. The DNA that encodes miR-224 is located on
the X-Chromosome. miR-224 has been reported to be a
cancer-related miRNA, including in HCC. Wang et al[20]
identified and validated the apoptosis inhibitor 5 (API-5)
as a specific target gene for miR-224. Additionally,
SMAD family member 4 (SMAD4) has been identified
as another target gene for miR-224. Over-expression of
miR-224 increases the concentration of SMAD4 protein
in murine granulosa cells, while SMAD4 RNA levels remain unchanged, suggesting a post-transcriptional role
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found, they were considered to be merely transcriptional
“noise”[5]. Recently, with fast development and application of NGS techniques, the numbers of lncRNAs
continues to grow at a rapid pace, and it is increasingly
clear that lncRNAs are a new class of regulators of gene
expression, being involved in diverse biological processes
and human diseases such as cancer. The association
of lncRNAs with HCC has been studied and summarized[42], although the mechanisms whereby effects of the
lncRNAs are realized are largely unknown. Analysis of
the differentially expressed lncRNAs in HCCs (underlying etiology not specified) have revealed that a number
of lncRNAs such as HOTAIR[43-46], HEIH[47], MVIH[48],
MALAT-1)[49], HULC[50-52], H19[53-55], CUDR[56], YIYA[57],
lncRNA-Dreh[58], lncRNA-LET[59] and MEG3[60,61] are
associated with HCC. Most of these lncRNAs are upregulated in HCCs, but less expressed or undetectable in
normal controls. HCC patients with HOTAIR expression
had significantly poorer prognoses and larger primary
tumor sizes than those without HOTAIR expression[46].
Moreover, introduction of HOTAIR into human liver
cancer cells promoted more rapid proliferation compared
to controls[46]. Functional gene annotation analysis of
TUC338 indicated predominant effect on genes involved
in cell growth in both human and murine cells, suggesting
that TUC338 plays a critical role in regulation of transformed cell growth and in the pathobiology of HCC [62].
Lai et al[49] found up-regulation of MALAT-1 in both liver
cancer cell lines and HCC patient samples. HCC patients
with high level of MALAT1 had a significantly increased
risk of tumor recurrence after liver transplantation.
MVIH was identified to be related to frequent microvascular invasion and higher tumor-node-metastasis stages
as well as to decreased overall survival. In addition, in
mouse models it promoted tumor growth and intrahepatic metastasis by activating angiogenesis[48]. The expression
level of HEIH in HBV-induced HCCs is significantly associated with recurrence and is an important independent
prognostic factor for survival[47]. Further studies indicated
that HEIH plays a key role in the regulation of zeste homolog 2 (EZH2) and that this association was required
for the repression of EZH2 target genes, suggesting that
HEIH is an oncogenic lncRNA that promotes tumor
progression[47]. Thus far, few studies have been focused
on lncRNAs specific to HCV-induced HCC although
HCV infection is one of the major causes of HCC, and
HBV and HCV cause hepatocarcinogenesis by different
mechanisms.

studies have shown that miR-122 acts to protect HCV
genome from degradation, and therefore stabilizes HCV
RNA by decreasing activity of the cytosolic exonuclease
Xrn1[27,28]. The role of miR-122 in HCC has been controversial. Some but not all studies suggest that miRNA-122
is preserved and increased specifically in HCV-associated
HCC[12,29,30]. Nevertheless, a decrease in expression of
miR-122 or undetectable miRNA-122 in human hepatoma cell lines such as HepG2 and Hep3B cell has been
observed[31]. In parallel with these observations, overexpression of miR-122 inhibits anchorage-independent
growth, migration, invasion and tumor formation in nude
mice[31]. This needs to be further studied in the future.
Down-regulated miRNAs
The miR-199 family members including miR-199a-5p,
miR-199a-3p and miR-199b are the most down-regulated
miRNAs in HCV-induced HCC compared to normal
livers, HCV-associated cirrhosis and HBV-associated
liver failure[32]. miR-199a/b-3p is the third most highly
expressed miRNA in the liver[34], and was also found to
be consistently decreased in HCC patients with HBV
infection[34] and alcohol consumption[35]. Its decrement
significantly correlates with poor survival of HCC patients[34]. Down-regulation of miR-199a-3p results in
a pronounced increase in cell proliferation while overexpression miR-199a-3p inhibits cell proliferation by imposing G1 cell cycle arrest[36]. The target mRNAs for the
miR-199a-3p have been predicted using bioinformatic
approaches and validated experimentally. For example,
mammalian target of rapamycin (mTOR) has been identified as one of important targets for miR-199a-3p binding. Through negative regulation of oncogenic mTOR,
miR-199a-3p inhibits tumor proliferation[37].
miR-214 has been reported to be down-regulated by
5.5-fold in HCV-induced HCC compared to normal livers, HCV-associated cirrhosis and HBV-associated liver
failure[32]. The down-regulation of miR-214 has been
reported in HCC[20,38,39] and other cancers such as cervical
cancer, whereas increase in miR-214 was found to significantly reduce growth of Hela cells[40]. In addition, reduced level of miR-214 is associated with invasion, stemlike traits and early recurrence of HCC[41]. Re-expression
of miR-214 significantly suppressed the growth of HCC
cells in vitro and reduced the tumorigenicity in vivo[41].
In the same study, the enhancer of zeste homologue
(EZH2) and β-catenin (CTNNB1) were identified and
validated as two functional target mRNAs of miR-214.
Silencing miR-214 increased stem-like cells through activation of CTNNB1. Furthermore, the up-regulation of
EZH2, CTNNB1 and the down-regulation of E-cadherin
(CDH1), known to inhibit cell invasion and metastasis in
HCC patients, correlated with earlier recurrent HCC and
were independent predictors of poor survival.

CLINICAL IMPLICATIONS FOR
DIAGNOSIS AND THERAPY
miRNAs, lncRNAs and their target genes comprise a
large and still growing number of candidate molecules
for the prevention, diagnosis and treatment of HCC in
patients with HCV infection, and studies of the potential
use of miRNAs and lncRNAs as therapeutic or diag-

LncRNAs
The discovery of lncRNAs ushered in a new and exciting
area of study, although at the time lncRNAs were first
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et al[65] evaluated the safety and efficacy of miravirsen
in 36 patients with chronic HCV genotype 1 infection.
This landmark study demonstrated that the use of miravirsen produced prolonged dose-dependent reductions
in HCV RNA with no evidence of development of
viral resistance. Meanwhile, targeting a number of other
miRNAs such as miR-33a/b for the treatment of atherosclerosis[66,67], miR-208/449 for chronic heart failure,
miR-34 and the let-7 miRNA for cancer, await entering
clinical trials. In addition, Coelho et al[68] has recently
demonstrated a new therapeutic approach to transthyretin amyloidosis by RNA interference (RNAi). In this
phase Ⅰ clinical trial, a potent antitransthyretin small
interfering RNA was encapsulated in lipid nanoparticles,
delivered to human hepatocytes, and resulted in a significant reduction of transthyretin, establishing proof of
concept for RNAi therapy[68].
As summarized and discussed earlier in this review,
many of the significantly dysregulated cellular miRNAs
as listed in Tables 1 and 2, and currently found to be
involved in the modulation of cell growth, apoptosis
and invasiveness, can be considered as potential therapeutic targets for HCV-induced HCC therapy. The overexpression of these specific mature miRNAs can be
achieved by synthetic miRNAs mimics or expression
vectors. When inhibition of the selected miRNAs is
desirable, antagomir or antisense oligos complementary
to the specific miRNAs can be used. However, the introduction of the miRNA-based agents into clinical trials and the development of new therapeutic agents are
hampered by a number of factors. The major road block
is still the big challenge of developing a small animal
model used in biomedical research to understand roles
of ncRNAs in the pathogenesis of HCV-induced HCC.
Among nonhuman species, only chimpanzees have thus
far been capable of being infected with HCV, and disease
in them is generally relatively mild. Most recently, Dorner
et al[69] has reported a breakthrough and milestone in development of a genetically humanized mouse model for
HCV research, in which the entire HCV life cycle can be
completed and immune system is fully functioning. This
genetically humanized mouse model will allow us to gain
new insights into not only an important biology of HCV
but also carcinogenesis of HCC caused by HCV. Additional challenging factors remain which slow the progress
of the miRNA-based agents into clinical trials and new
drugs. The dysregulated miRNAs in HCV-induced HCC
as discussed earlier in this review were identified in individual studies, lacking consensus among the different
reports, having been attributed to the differences among
miRNA probe, staging and grade of malignancy of the
tumor and different HCV genotypes. Therefore, there is
still a long way to go before the miRNA-based therapy
can be used in the clinic in the prevention and treatment
of HCV-induced HCC.

nostic approaches is still in its infancy. In this section,
we mainly discuss clinical potentials of miRNAs and lncRNAs for HCV-induced HCC diagnosis and therapy.
miRNAs and lncRNAs to aid in diagnosis of
HCV-induced HCC
The biomarkers currently available for screening and early
diagnosis of HCC, including serum alpha-fetoprotein
(AFP), des-gamma-carboxyprothrombin, and AFP-L3
fraction or assaying cells from tissue biopsy by needle aspiration and surgical resection, suffer from numerous limitations[63,64]. Most patients chronically infected with HCV
are asymptomatic for many years, and the average time to
develop HCC after onset of HCV infection is about 28
years. The long latency period between initial HCV infection and development of HCC provides an important
time window of opportunity for individuals to be monitored for disease progression and intervention. Therefore,
the development of more reliable markers for diagnosis
of HCC at an early stage and better approaches for HCC
screening and early detection are urgently needed. The
recent study from Abdalla et al[33] to identify urinary miRNAs as biomarkers specific for early detection of HCVinduced HCC, appears to be attractive and promising.
The significantly up-regulated and down-regulated urinary
miRNAs as listed in Tables 1 and 2 can be considered as
promising candidate miRNA urinary markers for the early
detection and diagnosis of HCV-induced HCC among
high-risk HCV patients (Genotype 4). Of the identified
miRNAs, miR-618 was found to have a sensitivity of 64%
and a specificity of 68% for detecting HCC among HCVpositive individuals, whereas the sensitivity and specificity of urinary miR-650 were 72% and 58%, respectively.
Also worthy of note, miR-618/650 in tandem improved
the specificity to 75%, greater than the traditional methods based on serum levels of AFP. The urinary miRNAs
signatures found in this study may be of great value and
applied for the early diagnosis of HCC, before the onset
of disease in high-risk patients infected with HCV. However, it is noted that this study was carried out in patients
infected with HCV genotype 4, the most prevalent HCV
genotype in Egypt. The potential for their use in the early
diagnosis of HCC caused by different HCV genotypes
other than genotype 4 needs further investigation and
independent confirmation. So far, few studies have been
reported regarding on lncRNAs signatures in biofluids
specific to HCV-induced HCC, which may represent an
exciting area for future exploration.
miRNAs and lncRNAs for HCV-induced HCC therapy
Recent studies have suggested the exciting possibility
that ncRNAs may represent a novel therapeutic strategy
for human diseases. The miR-122 antagonist, miravirsen,
a locked nucleic acid-modified DNA phosphorothioate antisense oligonucleotide that sequesters mature
miR-122 in a highly stable heteroduplex, already has
shown promising results in phase 2a clinical trials at
seven international sites. In this clinical study, Janssen
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cent findings of roles of ncRNAs in not only regulating
HCV life cycle but also their contribution to pathogenesis of HCV-induced HCC have been remarkable, despite
the fact that we may have unveiled only a small portion
of the very large number of ncRNAs; this is probably
especially true for lncRNAs. We are only beginning to
understand the nature and extent of the involvement
of lncRNAs in disease. Recently, a number of lncRNAs
have been found to be aberrantly regulated in cancer, including HCC[42-48,53-55,57,59-62]. However, at the present time
there are no reports on aberrantly lncRNAs exclusively
associated with HCV-induced HCC, and thus remain a
large unexplored and undefined area, which may allow us
to better understand the role of lncRNAs in the pathogenesis of HCV infections and HCC and to identify
better therapeutic targets and more sensitive diagnostic
markers.
The intracellular ncRNAs that were significantly altered in HCV-induced HCC have been proposed to be
potential molecular targets for therapy to combat HCV
and HCV-induced HCC. Furthermore, over the past
years, extracellular ncRNAs, particularly ncRNAs in exosomes, have risen to be promising as biomarkers with
diagnostic or prognostic value. Exosomes (30-100 nm in
diameter) are one of the class of microvesicles found in
biofluids, including blood, ascites fluid, urine, culture media of cell cultures, etc. Exosomes carry with them various nucleic acids, including ncRNAs (e.g., miRNAs and
lncRNAs) and proteins from their cells of origin, which
allow us to achieve access to molecular information
about their cell-of-origin without biopsying or destroying the actual cells themselves[70-80]. This is of particular
importance because direct cellular biopsy may be difficult or otherwise unattainable for screening high-risk
populations, such as screening for HCC in CHC patients.
It is highly anticipated that future studies on exosomal
ncRNAs in different stages of HCC in HCV patients,
which reflect the stepwise carcinogenic process from
preneoplastic lesions to HCC may unveil better and reliable markers to aid in HCC early diagnosis among CHC
patients and tracking of disease progression, which may
directly benefit patients affected with HCC. Furthermore,
there is a possibility that ncRNAs in exosomes may be
taken by hepatocytes as a part of the cell-to-cell communication to spread HCV and promote carcinogenic signal
transduction among hepatocytes, and therefore studies on
exosomal ncRNAs associated with HCV-induced HCC
may suggest novel molecular targets to help prevent and
treat HCV-induced HCC patients.
In conclusion, the recent discovery of ncRNAs ushered in exciting and novel area to explore. Meanwhile,
challenges to investigators are obvious: With respect to
ncRNAs in HCV-induced HCC, in-depth knowledge
on functional roles for ncRNAs in HCV-induced HCC
through well-designed studies are required to shed light
on the molecular pathways of carcinogenesis and to aid
in truly exploiting the potential of ncRNAs to serve as
molecular targets or markers with a real value. Would it
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be possible in the future to use exosomal ncRNAs from
body fluids such as blood, ascites or urine, for screening and early diagnosis of HCC among HCV patients
at high-risk? Could we successfully slow or prevent the
development of HCC in HCV patients using selected
ncRNA antagomirs or mimics as novel approaches?
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dative stress play critical roles in HCC tumorigenesis.
Nevertheless, because there are few druggable genes
used in HCC therapy, the identification of new therapeutic targets through integrated genomic approaches
remains an important task. Because a large amount of
HCC genomic data genotyped by high density single
nucleotide polymorphism arrays is deposited in the
public domain, copy number alteration (CNA) analyses
of these arrays is a cost-effective way to reveal target
genes through profiling of recurrent and overlapping
amplicons, homozygous deletions and potentially unbalanced chromosomal translocations accumulated
during HCC progression. Moreover, integration of CNAs
with other high-throughput genomic data, such as aberrantly coding transcriptomes and non-coding gene
expression in human HCC tissues and rodent HCC
models, provides lines of evidence that can be used to
facilitate the identification of novel HCC target genes
with the potential of improving the survival of HCC patients.

Abstract

Core tip: In addition to detecting somatic mutations
in cancer genomes with high-throughput short-read
sequencing technologies, analysis of copy number
alteration in hepatocellular carcinoma (HCC) cancer
genomes genotyped by high density single nucleotide
polymorphism arrays is a cost-effective approach to
reveal genome-wide somatic alterations accumulated
during tumorigenesis. Integration with other genomic
data from HCC tissues derived from high-throughput
short-read sequencing, proteomics, epigenomics and
transcriptomics could provide lines of evidence to identify common and novel HCC genes for potential clinical
applications.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: copy number alteration; High-density single
nucleotide polymorphism arrays; Driver genes; Hepatocellular carcinoma

High-throughput short-read sequencing of exomes and
whole cancer genomes in multiple human hepatocellular carcinoma (HCC) cohorts confirmed previously identified frequently mutated somatic genes, such as TP53 ,
CTNNB1 and AXIN1 , and identified several novel genes
with moderate mutation frequencies, including ARID1A ,
ARID2 , MLL , MLL2 , MLL3 , MLL4 , IRF2 , ATM , CDKN2A ,
FGF19 , PIK3CA , RPS6KA3 , JAK1 , KEAP1 , NFE2L2 ,
C16orf62 , LEPR , RAC2 , and IL6ST . Functional classification of these mutated genes suggested that alterations
in pathways participating in chromatin remodeling,
Wnt/β-catenin signaling, JAK/STAT signaling, and oxi-
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(17q12-q21)[13]. Epigenetic mechanisms also contribute
to HCC progression, such as CpG island hyper- methylation of p16 (INK4a) and COX2[14-16], as well as altered
expression of microRNAs[17,18]. Conventional point mutation is another common mechanism to alter cancer gene
functions. In HCC, frequent point mutations of TP53
and β -catenin are involved in key pathways of hepatocarcinogenesis[19,20]. Other studies have reported mutations
in M6P/IGF2R[21], BRCA2[22], Smad2/4[23], HCCS1[24],
PTEN[25] and Axin1[26].
Recently developed high-throughput short-read sequencing technologies were used to identify somatic
mutations in HCC cancer genomes at genome-wide
scales. These studies confirmed that TP53 and CTNNB1
(encoding for β-catenin) are the most frequent recurrent
mutations in human HCC. In addition, moderate mutation frequencies were identified in multiple HCC cohorts
for several novel genes, including epigenetic and chromatin remodeling genes (ARID1A, ARID2, MLL and
MLL3) and members of a number of oncogenic pathways (RPS6KA3, JAK1 and KEAP1)[27-32]. These results
suggested that aberrant pathways involved in cell cycle
regulation, oxidative stress, chromatin remodeling and
oncogenic signaling, such as Wnt/β-catenin, JAK/STAT
and Akt/mTOR, play critical roles in the process of
HCC tumorigenesis. Nevertheless, HCC remains a highly
lethal cancer due to the lack of biomarkers for early diagnosis, molecular classification and efficient therapeutic
interventions. Efforts to develop specific inhibitors for
these aberrant pathways and reveal better therapeutic targets in HCC are urgently needed.

Original sources: Gu DL, Chen YH, Shih JH, Lin CH, Jou YS,
Chen CF. Target genes discovery through copy number alteration
analysis in human hepatocellular carcinoma. World J Gastroenterol 2013; 19(47): 8873-8879 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v19/i47/8873.htm DOI: http://dx.doi.
org/10.3748/wjg.v19.i47.8873

INTRODUCTION
Human hepatocellular carcinoma (HCC) is the fifth leading cause of cancer mortality, causing an estimated half
a million deaths annually[1,2]. Risk factors for developing
HCC include hepatitis infection, obesity, alcoholism and
consumption of aflatoxin-contaminated food. Due to
the rising incidence of hepatitis C infection, HCC is one
of the fastest-growing cancers in the United States and
Western countries, and the incidence is expected to continue to increase[3]. Surgical resection is the most successful treatment for early stage HCC. However, fewer than
30% of HCC patients are qualified for curative resection
owing to liver dysfunction and cirrhosis. Moreover, frequent tumor recurrence is observed even after curative
resection.
Recent successes in cancer targeted therapy arising
from the identification of somatic alterations and their
specific inhibitors are associated with reduced side effects
and prolonged patient survival. Many of these FDA-approved inhibitors are small molecules or monoclonal antibodies against cancer-specific tyrosine kinase mutations,
including Imatinib mesylate (Gleevec) for fusion oncogene Bcr/Abl-positive chronic myelogenous leukemia[4],
Gefitinib (Iressa) or Erlotinib (Tarceva) for epidermal
growth factor receptor mutated non-small cell lung cancer[5] and Trastuzumab (Herceptin) for HER2/neu receptor amplified and overexpressed breast cancer patients[6].
Although no specific drug target has been identified for
HCC, FDA approved the multi-kinase inhibitor sorafenib
for treatment of advanced HCC, due to a favorable overall patient survival[7]. However, HCC patients receiving
sorafenib showed marginal benefits, with a prolonged
survival of 3-4 mo on average[8,9]. With limited improvement of HCC patient survival, identification of recurrent
and altered somatic genes through integrated genomic
approaches is vital to better understand HCC molecular
tumorigenesis, to develop early diagnostic markers and
methods, and to find additional druggable targets for the
improvement of HCC management.

High Density single nucleotide
polymorphism arrays for
analysis of recurrent Copy
Number Alterations
Copy number alterations (CNAs), distinguished from
germ line transmitted copy number variations, account
for some of the genetic diversity of populations, in addition to the accumulated genomic DNA changes during
tumor progression. CNAs are important subclasses of
somatic mutations, with aberrant chromosomal regions
of amplification or deletion commonly associated with
overexpressed oncogenes or loss of tumor suppressor
genes, respectively[33]. With the comprehensive annotation
of human genome in the last decade, the mutated cancer
genes could be aberrant protein-coding and non-coding
genes such as small microRNAs or long non-coding
RNAs within the CNA regions[34].
Copy number alterations in cancer cells can be detected by conventional karyotyping and chromosomal
in situ hybridization technologies. To profile CNAs in
cancer genomes compared to the genomes of adjacent
normal cells, comparative genome hybridization (CGH)
technology was used to identify copy number changes in
karyotypes from breast cancer cell lines and primary blad-

Mutated HCC genes within
recurrent altered chromosome
loci
In HCC, many tumor suppressor genes and oncogenes
were identified based on recurrent genetic lesions,
including loss of TP53 (17p13) [10], RB and BRCA2
(13q)[11], and amplification of c-myc (8q24)[12] and ERBB2
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G-banding
5 Mb M-FISH

Average markers distance (log10)

1.5 Mb

Table 1 Copy-number altered regions in genomes of
hepatocellular carcinoma cell lines

BAC
1 Mb

Cytoband
SNP 10 k
26 kb SNP 500 k
5 kb

Amplicons
1q21.2-22
SNP 6.0
700 bp

Time line

Figure 1 Timeline and average marker distance of technologies for the
detection of copy number alterations.

151.89

6.90
170.07
170.28

9.43
170.24
170.99

5p15.33-12

171.21
0.40

173.50
45.14

7p22.2-14.3

4.15

32.10

7p12.1-11.2

52.79
56.00
40.44
129.21
65.85
67.58
67.91

55.17
56.53
40.62
129.29
66.44
67.71
69.35

12p12.1
24.36
20q13.31
53.94
Homozygous deletions
2q22.1
141.72
7q21.11
77.96
9p23
9.42
11.90
9p21.3
21.85

25.54
53.96
141.80
78.04
9.46
12.00
21.90

24.27
18.98

24.84
20.44

8p11.21
8q24.21
11q13.2-13.3

[35]

der tumors . With the availability of genomic resources
(e.g., BAC clones) and array technologies (e.g., high density oligonucleotide probes), array-based CGH (aCGH)
technologies not only examine genome-wide CNAs in
high resolution but also allow researchers to pinpoint and
profile the non-random CNAs for identification of novel
aberrant cancer genes (Figure 1)[36-38]. The recently developed high-throughput short-read sequencing technology
might become an alternative and effective approach to
simultaneously detect CNAs and other classes of somatic
mutations at the single nucleotide level[39,40]. Nevertheless,
the availability of thousands of cancer genomes genotyped by high-density SNP arrays from various tumor
samples and cancer cell lines at both NCBI GEO (Gene
Expression Omnibus) and EBI ArrayExpress databases
is a critical resource for in silico analysis of CNAs[41,42].
Moreover, integrated genomic analysis with both highthroughput short-read sequencing technology and highdensity SNP genotyping arrays to comprehensively
profile and validate recurrent CNAs of cancer genomes
are promising approaches for the identification of novel
cancer genes[40].

13q12.11

SHC1, CKS1B, CREB3L4, RAB1,
ADAM15
mir190b, S100A14
LMCD1
EVI1, MDS1,
TERC
FNDC3B
TRIO, AMACR,
LPCAT1,
DAB2
SEMA5A, CDH12
RAC1, ETV1,
CHN2
EGFR

RIN1, BRMS1

SLC29A2

LRP5, CCND1,
ORAOV1
BCAS1, K-ras

FGF4, FGF3

LRP1B
MAGI2
PTPRD
MTAP,
CDKN2A
TPTE2, Tg737

from genomic experiments in order to reveal genes residing in overlapping amplicons with up-regulated gene expression. For instance, FNDC3B, SLC29A2, Ago2, IER3
and many others were identified as putative oncogenes
due to their genomic DNA amplification and mRNA
overexpression in HCC tissues[38,44-47]. When ectopically
expressed, these putative oncogenes in HCC cells commonly show malignant phenotypes using various functional assays and facilitated tumor progression in vitro and
in vivo.
Third, CNA analysis allows the identification of HCC
genes with attributes of genomic DNA amplification,
mRNA overexpression and recurrent point mutations,
such as the putative metastatic HCC oncogene with
LMCD1 mutations at E135K (in 3/48 cases) and K237R
(in PLC/PRF/5 cells)[44]. When these mutations were expressed in HCC cells, HCC cell migration capability was
enhanced in association with cortical actin accumulation
and lamellipodial extension. Moreover, the overexpression of the LMCD1 E135K mutation in HCC cells significantly promoted systemic lung metastasis in a murine
tail vein injection model. Table 1 summarizes some novel
HCC genes in association with overlapping amplicons
and homozygous deletions in HCC cell lines. Finally,
CNA analysis detects differences in copy number (i.e.,
dosages), such as amplifications and deletions. Therefore,

Different types of cancer
mutations embraced in CNAs Loci
To identify novel diagnostic and therapeutic target genes,
CNA analysis of cancer genomes genotyped using commercial high-density SNP arrays from your own experiments or downloaded from public domains is a powerful
and cost-effective approach. First, to discover putative
tumor suppressor genes, we overlapped homozygous deleted regions from multiple samples to narrow down the
common deleted regions by using high-density SNP genotyping arrays. As shown in Figure 2, the homozygous
deleted region at chromosome 13q12.11 in SK-hep1 cells
could be refined from 1.88 to 1.46 Mb to facilitate the
identification of candidate tumor suppressor genes[38,43].
Second, for the identification of candidate oncogenes in
HCC, the most common approach is to integrate data
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13q11

HA22T
HA59T
Hep3B
HepG2
Huh6
Huh7
Mahlavu
PLC/PRF/5
Sk-Hep-1
SUN387
SUN398
SUN449
Tong
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1.8 Mb

1.4 Mb

13q12.11

13q12.12

Figure 2 Refinement of homozygous deletion by copy number alteration analysis at chromosome 13q12.11 in hepatocellular carcinoma cells.

Table 2 List of some integrated cancer genomic databases
Database

Project

Website

Ref.

cBioPortal for cancer genome Project provides visualization, analysis and download of large- http://www.cbioportal.org/public- Cerami et al[57]
scale cancer genomic data sets
portal/
COSMIC
Catalogue of somatic mutations in cancer
http://cancer.sanger.ac.uk/canForbes et al[58]
cergenome/projects/cosmic/
ICGC
International Cancer Genome Consortium provides tools for
http://dcc.icgc.org/
Joly et al[59]
visualizing, querying and downloading the data.
TCGA data portal
A platform for researchers to search, download, and analyze
https://tcga-data.nci.nih.gov/tcga/
data sets generated by TCGA
tcgaHome2.jsp
Tumorscape
High-resolution copy number data collected from multiple
http://www.broadinstitute.org/tucancer types
morscape/pages/portalHome.jsf
UCSC cancer genome browser A set of web-based tools to display, investigate and analyze
https://genome-cancer.ucsc.edu/
Goldman et al[60]
cancer genomic data and associated clinical information
proj/site/hgHeatmap/
COSMIC: Catalogue of somatic mutations in cancer.

it will not reveal balanced translocation but will detect
sudden dosage changes for unbalanced translocation.
Using CNA analysis and high-density SNP arrays, PAX5
fusion genes were identified with a variety of partner
genes, including ETV6, FOXP1, AUTS2, and C20orf112,
in pediatric acute lymphoblastic leukemia (ALL)[48].

of evidence to validate target genes embraced in the aberrant genomic loci from the level of DNA and RNA
to protein. For these advantages, several user-friendly
HCC databases were constructed, including OncoDB.
HCC, HCCnet, dbHCCvar, CellMinerHCC, HCC-M, and
EHCO[49-54]. However, only OncoDB.HCC integrated
genomic alteration data to prioritize HCC cancer genes
for further expression and functional validations in HCC
cell lines and tissues. Nevertheless, recent international
efforts at applying high-throughput short-read sequencing technologies and CNA analysis of cancer genomes in
multiple cancer types, including HCC, comprehensively
cataloged different types of somatic mutations and revealed genetic heterogeneity even from the same subtype

Integrated HCC cancer genomic
databases with CNAs
Integrated data derived from multiple genomic approaches could potentially avoid pitfalls of data inconsistency
usual with the single genomic approach and provide lines
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of cancer. Table 2 lists common open-access integrated
cancer genome databases for downloading and visualizing cancer genomic data[55,56].

CONCLUSION

12

As discussed in this review article, an integrated genomic
approach is an effective and essential method of identifying novel HCC genes. With the availability of a tremendous amount of high-throughput short-read sequencing
data and SNP array data from cancer genomes deposited
in the public domain, integrated genomic approaches,
including CNA analysis, are the most cost-effective approach for revealing HCC driver genes for improving
HCC therapy.
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Core tip: In this review, we summarize the recent findings on the somatic mtDNA alterations identified in
hepatocellular carcinoma (HCC) and their relationships
with the clinicopathological features of HCC. We suggest that somatic mtDNA mutations and a decrease in
the mtDNA copy number are common events in HCC
and that a mitochondrial dysfunction-activated signaling cascade may play an important role in the progression of HCC. Elucidation of the retrograde signaling
pathways in HCC and the quest for strategies to block
some of these pathways will be instrumental for the
development of novel treatments for this and other
malignancies.

Abstract
Hepatocellular carcinoma (HCC) is one of the most
common malignancies and is ranked third in mortality among cancer-related diseases. Mitochondria are
intracellular organelles that are responsible for energy
metabolism and cellular homeostasis, and mitochondrial dysfunction has been regarded as a hallmark of
cancer. Over the past decades, several types of mitochondrial DNA (mtDNA) alterations have been identified in human cancers, including HCC. However, the
role of these mtDNA alterations in cancer progression
is unclear. In this review, we summarize the recent
findings on the somatic mtDNA alterations identified in
HCC and their relationships with the clinicopathologi-

WCG|www.wjgnet.com

Original sources: Hsu CC, Lee HC, Wei YH. Mitochondrial
DNA alterations and mitochondrial dysfunction in the progression of hepatocellular carcinoma. World J Gastroenterol 2013;
19(47): 8880-8886 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v19/i47/8880.htm DOI: http://dx.doi.
org/10.3748/wjg.v19.i47.8880

861

January 28, 2014|First Edition|

Hsu CC et al . MtDNA alterations in HCC progression

A

INTRODUCTION
Hepatocellular carcinoma (HCC) is the one of most
common cancers worldwide and is ranked third with
respect to mortality[1,2]. There are approximately 434000
new cases of HCC per year[3]. Several risk factors have
been suggested to be involved in the development of
HCC, including aflatoxin exposure, alcohol consumption,
chronic inﬂammation associated with viral hepatitis and
familial tendency[4-8]. Moreover, inflammation and oxidative stress have been suggested to contribute to the carcinogenesis of HCC[9-11].
In the 1930s, the German biochemist Warburg[12] proposed that tumor cells prefer to utilize glycolysis rather
than respiration as a primary energy source, even in the
presence of abundant oxygen. This phenomenon was
termed “aerobic glycolysis” or the “Warburg effect”. He
further proposed that defects in energy metabolism, especially in the mitochondria, are involved in the initiation
or progression of cancer[13].
Mitochondria are cytoplasmic organelles that play
multiple roles in energy metabolism and cellular homeostasis, including the generation of ATP via respiration
and oxidative phosphorylation (OXPHOS), the production of reactive oxygen species (ROS), metabolic homeostasis, and the initiation and execution of apoptosis[14,15].
These roles are executed by proteins that are encoded by
genes in the nucleus and mitochondria. Mitochondrial
DNA (mtDNA) is a 16.6-kb, double-stranded circular
DNA that contains genes for 22 transfer RNAs, 2 ribosomal RNAs and 13 polypeptides that comprise the respiratory enzyme complexes[16]. In addition to the coding
region, mtDNA contains a non-coding region called the
“D-loop”, which is approximately 1.1 kb, encompasses
nucleotide position (np) 16024-np 576, and controls the
replication and transcription of the mtDNA[17].
Due to its lack of protective histone proteins, a limited DNA repair system and its spatial proximity to a high
level of ROS, mtDNA sustains a 10-fold higher level of
damage than that of nuclear DNA (nDNA)[18-20]. Somatic
mutation and damage to mtDNA can lead to impairment
of the OXPHOS system and enhanced ROS generation,
which in turn accelerates the occurrence of DNA mutations. This scenario has been proposed to contribute to
the initiation and progression of tumors[21,22].
Over the past decade, somatic mtDNA mutations
have been identified in several types of cancer, including
HCC[23-27]. Some of the acquired mtDNA mutations have
been suggested to cause mitochondrial dysfunction, increase
the production of ROS, and promote tumor growth[28,29].
In this article, we review the recent findings on somatic mtDNA alterations in HCC. In addition, we discuss the
potential roles of mtDNA alterations and mitochondrial
dysfunction in the progression and metastasis of HCC.
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Figure 1 The location distribution of the identified somatic point mutations
(A) and the types of somatic point mutations (B) in the mitochondrial DNA
in hepatocellular carcinoma. Data adapted from Yin et al[29] and Wong et al[30].

alterations have been identified in human HCC. These
mtDNA alterations include point mutations, deletions,
insertions and copy number changes.
Point mutations
Screening for somatic point mutations in the whole mitochondrial genomes of HCC samples[29,30] revealed that
approximately 52% of HCC patients carry at least one
homoplasmic or heteroplasmic point mutation in their
tumor tissue mtDNA. Of the identified point mutations,
76% are located in the D-loop region, 2% are located in
rRNA genes, 3% are located in tRNA genes and 19% are
located in mRNA genes (Figure 1A). The incidence and
location distribution of the point mutations are consistent with those observed in other cancer types[25].
The D-loop region is a hot spot for somatic mtDNA
mutations in HCC and other cancers. It was reported
that the D-loop region of mtDNA, especially the mononucleotide repeat in the np 303-309 poly-C sequence, is
the most susceptible site to oxidative damage compared
with the other regions of the mtDNA, implying that
oxidative damage contributes to point mutations in the
D-loop and/or the instability of the mononucleotide or
dinucleotide repeats in the mtDNA. However, the unique
G-to-T transversion caused by oxidative DNA damage is
not detected in HCC[29,30]. Among the mtDNA mutations
that have been identified in HCC, approximately 59% are
transition mutations (G/A-to-A/G or C/T-to-T/C) and

SOMATIC MITOCHONDRIAL DNA
ALTERATIONS IN HCC
Over the past decade, several types of somatic mtDNA
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38% are mono- or di-nucleotide instabilities (Figure 1B),
suggesting that oxidative damage per se is not the major
factor responsible for point mutations in HCC. The presence of hepatitis B infection, liver cirrhosis, alcohol abuse
or their combination may affect the qualitative changes in
the mtDNA in HCC[30].
Because the D-loop region controls the replication
and transcription of the mtDNA, mutations in the D-loop
region may influence the mtDNA copy number and
the expression of the mitochondrial genome[31]. It has
been shown that the occurrence of point mutations in
the D-loop, especially near the replication origin of the
heavy-strand (OH) of the mtDNA, affects the mtDNA
copy number in HCC[32]. In addition, Nishikawa et al[33]
reported that the number of mtDNA mutations in the
D-loop region is positively correlated with a poor HCC
differentiation grade. These findings suggest that the somatic mutations in the mtDNA D-loop region may affect
mitochondrial function by decreasing the mtDNA copy
number and/or transcription in HCC, thereby leading to
HCC progression.
Among the mutations in the coding region, the nonsense mutation G3842A creates a premature stop codon
and the missense mutations T6787C, G7976A, G9267A,
and A11708G result in amino acid substitutions in the
highly evolutionally conserved regions of the affected
mitochondrial genes. Moreover, the base-pair deletion
and insertion 11032delA and 12418insA may lead to a
frame-shift mutation, and the tRNA mutations T1659C
in tRNAVal and G5650A in tRNAAla may alter the tRNA
structure and were shown to associate with mitochondrial
disorders[29]. Therefore, these mtDNA point mutations
may result in mitochondrial dysfunction in HCC.

partly truncates the regulatory region of the mtDNA, the
mtDNA copy number in the HCC tissue was found to
be significantly reduced compared with that in the nontumor liver tissue[32]. This mtDNA deletion may lead to
mitochondrial dysfunction via mtDNA depletion and/or
impairment of the transcription of mitochondrial genes.
Insertions
Two small insertions (approximately 260 bp and approximately 520 bp) have been identified as a tandem
duplication and a tandem triplication and are flanked
by two poly-cytosine (poly-C) sequences at np 303-309
and np 568-573 in the D-loop region of the mtDNA in
various human cancers, including HCC[35]. This tandem
duplication or triplication was detected in approximately
4% of HCCs and is highly correlated with the presence
of length variation in the poly-C at np 568[44]. However,
these insertions have also been found in somatic tissues
in elderly subjects and, thus, are not specific for cancer
tissues.
Copy number changes
A decrease in the mtDNA copy number is a common
event in HCC[23,32,45,46]. Over 60% of HCCs have a lower
mtDNA copy number than their corresponding nontumor liver tissues. As mentioned above, it was observed
that the reduction in the mtDNA copy number is associated with point mutations located near the replication
origin in the D-loop region of the mtDNA[32]. Moreover,
it was suggested that the decrease in the mtDNA copy
number in HCC may be related to or result from the altered expression of genes involved in mitochondrial biogenesis, such as peroxisome proliferator-activated recept
activator-1 (PGC-1) and mitochondrial single-stranded
DNA binding protein (mtSSB)[23]. These results suggest
that the mtDNA mutations in the D-loop region and the
impairment of mitochondrial biogenesis contribute to
the decrease in the mtDNA copy number in HCC[34].
The reduction in the mtDNA copy number seems
to be more frequently observed in female patients with
HCC compared with male patients with HCC[23]. This
difference between male and female HCC patients could
be a result of clinical manifestation, progression and/or
mortality rate[23]. Yamada et al[46] showed that the low
mtDNA copy number in HCC is significantly correlated
with large tumor size and liver cirrhosis. In addition,
HCC patients with a lower mtDNA copy number in their
tumors tend to show poorer 5-year survival compared
with patients with a higher mtDNA copy number[46]. It
was also suggested that hepatitis B infection, liver cirrhosis, and alcohol abuse affect quantitative changes in the
mtDNA in HCC[29]. Recently, it was reported that there
is an association between the mtDNA content in the
peripheral blood leukocytes and hepatitis B virus-related
hepatocellular carcinoma [47], which suggests that the
mtDNA copy number in the peripheral blood leukocytes
could be used as a predictor of HCC occurrence.

Deletions
Among the large-scale deletions identified in the mtDNA
in different cancer types[32,34-37], the 4977-bp deletion is the
most common mtDNA deletion in tumors[23,38-43]. Consistent with findings in other types of cancer, the incidence
of the 4977-bp deletion and its accumulation level are
lower in the malignant tissues than the non-tumor tissues
of HCC patients[23,39]. Moreover, gender and a long-term
history of alcohol consumption in HCC patients may affect the accumulation of the 4977-bp-deleted mtDNA[23].
Although the role of mtDNA deletion in HCC is unclear, it has been suggested that the observed decrease in
mtDNA with a deletion is the result of the tumor cells
adapting to a new microenvironment during hepatocarcinogenesis[25,44].
In addition, a 50-bp deletion was previously reported
in one HCC patient[32]. This deletion is flanked by a 9-bp
direct repeat in the D-loop region of the mtDNA. The
mtDNA deletion appeared to be homoplasmic in the
HCC tissue but was not detected in the corresponding
non-tumor liver tissue. The tumor-specific accumulation
of this deletion does not seem to be similar to that of
the 4977-bp deletion in cancers. Because this deletion
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cently demonstrated that mitochondrial dysfunctionreduced intracellular ATP content represses the protein
expression of hypoxia-inducible factor-1 (HIF-1) through
the activation of the AMP-activated protein kinase
(AMPK)-mTOR pathways in HepG2 cells[54]. HIF-1 is
a nuclear transcription factor that plays a crucial role in
cancer progression, including angiogenesis, invasion and
metastasis[55]. These findings suggest that mitochondrial
dysfunction regulates nuclear gene expression and phenotypic changes to face the different microenvironments
of HCC. Therefore, the activation of retrograde signaling
from the mitochondria to the nucleus may play an important role in the malignant progression of HCC.
Consistent findings were observed in other types
of cancer. It has been reported that in some cancer cell
lines, a pathogenic mtDNA mutation (e.g., the T8993G
transversion) promotes tumor growth in nude mice
by preventing apoptosis[56-58]. Moreover, it was shown
that the heteroplasmic 12418insA mutation, which has
been identified in HCC[29] and other cancers[24,26,59], impairs mitochondrial respiratory function and promotes
tumorigenesis by enhancing ROS production[60]. In addition, ROS-generating mtDNA mutations have been
demonstrated to regulate tumor cell metastasis[61]. It was
also shown that mtDNA depletion or mitochondrial dysfunction can enhance invasive phenotype changes[62-64] or
chemo-resistance in some specific types of cancer[65]. The
underlying mechanisms have been suggested to involve
the communication between the mitochondria and the
nucleus called “retrograde signaling”[66,67]. Several biomolecules have been identified to be involved in this signal
transduction, including calcineurin, NFAT, ATF2, Akt,
and NFκB/Rel, which then affect the expression of an
array of nuclear genes[68,69]. The detailed mechanisms by
which mtDNA mutations and mitochondrial dysfunction
affect HCC progression await further investigation.
Although mtDNA alterations have been identified in
HCC, it remains controversial whether mtDNA alterations are correlated with the initiation and progression
of HCC. To dissect the role of mtDNA alterations in
HCC, a larger sample size of HCC is required in future
research. Moreover, some lines of evidence suggest that
mitochondrial dysfunction and the dysfunctions caused
by mtDNA alterations have the potential to contribute to
tumor progression. However, whether a specific mtDNA
mutation plays a driving force or is an indirect consequence of HCC progression requires further evaluation.
Therefore, it is important to develop a strategy to dissect
the role of specific mtDNA mutations in cancer progression and/or to exclude non-causal epiphenomena.
Because the coordination between the nDNA and
mtDNA is important for the maintenance of mitochondrial structure and function[14,17], mutations in the nDNAencoded genes that are responsible for mtDNA integrity
and/or mitochondrial function may play an important
role in tumorigenesis and cancer progression. For example, it was recently reported that defects in P53[70],
mitochondrial DNA polymerase[71], and mitochondrial

POTENTIAL ROLES OF MITOCHONDRIAL
DNA MUTATIONS AND MITOCHONDRIAL
DYSFUNCTION IN HCC PROGRESSION
Several types of somatic mtDNA alterations have been
identified in HCC, but the roles of these mtDNA alterations in HCC progression are unclear. Evidence from
several lines of research has substantiated the pathological role of mtDNA mutation and mitochondrial dysfunction in HCC.
The majority of the somatic point mutations in the
mitochondrial coding region and the decrease in the
mtDNA copy number may cause mitochondrial dysfunction in HCC. These findings provide a molecular basis
for the Warburg effect. In addition, it has been shown
that the low mtDNA copy number in HCC is significantly correlated with large tumor size, liver cirrhosis,
and poor 5-year survival[46]. Therefore, it is possible that
mtDNA mutations and a decrease in the mtDNA copy
number and, thereby, mitochondrial dysfunction modify
the progression of HCC.
In the human SK-Hep1 hepatoma cell line, mtDNA
depletion was demonstrated to induce resistance to
oxidative stress and chemotherapeutic agents through
an adaptive increase in the expression of manganese
superoxide dismutase (MnSOD) and other antioxidant
enzymes[48]. Moreover, chloramphenicol was found to inhibit mitochondrial protein synthesis in human hepatoma
HepG2 cells and to render these cancer cells resistant
to mitomycin-induced apoptosis[49]. Using similar approaches, respiratory inhibitors and an uncoupler of mitochondrial respiration as well as inhibitors of mtDNA
replication or protein synthesis in the mitochondria were
found to induce mitochondrial dysfunction and cisplatin
resistance in human hepatoma HepG2 cells and to promote cell migration in other hepatoma cells via a paracrine signaling pathway[50]. It was further demonstrated
that the mitochondrial dysfunction-induced upregulation
of amphiregulin contributes to the cisplatin resistance
and cell migration of hepatoma cells[50]. In addition, these
treatments also induced changes in the expression of
genes that affect the metastatic ability of cancers, including the integrin pathway, the PDGF signaling pathway
and the cadherin signaling pathway[51]. On the other hand,
the overexpression of PGC-1 in HepG2 cells was found
to elevate mitochondrial protein expression and to reduce
cell mobility via increased E-cadherin expression[52,53].
These findings support the hypothesis that mtDNA mutations and mitochondrial dysfunction contribute to the
malignant progression of HCC.
Mitochondrial dysfunction increases ROS production and Ca2+ mobilization and reduces ATP generation,
which may be involved in the malignant changes induced
by mtDNA mutations and mitochondrial dysfunction
in HCC. It has been demonstrated that antioxidants and
calcium chelators can block mitochondrial dysfunctioninduced amphiregulin expression and prevent cisplatin
resistance and cell migration[50]. In addition, it was re-
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deacetylase SIRT3[72] may affect mtDNA integrity and
promote tumorigenesis. In addition, not only mtDNA
mutations but also mitochondrial dysfunction caused
by nDNA mutations, oncogenes, and tumor microenvironments (hypoxia and inflammation) are suggested
to underlie energy metabolism reprogramming (or the
Warburg effect)[73,74]. In summary, the interaction between
mtDNA and nDNA may play an important role in the
initiation and progression of HCC.

2
3
4
5
6

CONCLUSION
Several types of mtDNA alterations, including point mutations, deletions, insertions and copy number changes,
have been identified in HCC. Somatic point mutations
and depletions are the two most common of these mtDNA alterations in HCC. The low mtDNA copy number
in HCC has been shown to be significantly correlated
with large tumor size, liver cirrhosis, and poor 5-year
survival[46]. However, the presence of somatic mtDNA
point mutations in HCC does not seem to correlate with
the patient’s age or sex, the tumor size or grade, hepatitis
virus infection, or the patient’s survival[29,30]. This finding
may result from the possibility that mtDNA point mutations do not always play a similar role in HCC progression. In addition, the heteroplasmic or homoplasmic level
of the same mtDNA mutation may result in different
consequences in tumorigenesis[60]. Therefore, the role of
the specific mtDNA mutation and its level during HCC
progression warrant further study.
The majority of the point mutations in the coding
region of the mtDNA and the decrease in the mtDNA
copy number likely cause mitochondrial dysfunction
in HCC. These findings have provided solid evidence
to substantiate the mechanism by which mitochondrial
dysfunction is involved in metabolic reprogramming or
the “Warburg effect” in cancer. Several lines of evidence
have important implications in the pathological role of
mtDNA mutation and mitochondrial dysfunction in
HCC. Pharmacologic approaches to induce mitochondrial dysfunction can enhance chemo-resistance and
promote metastasis, which may contribute to the malignant progression of HCC. Thus, the increased ROS
production and Ca2+ mobilization and the reduced ATP
generation induced by mitochondrial dysfunction may be
involved in the malignant changes of HCC. However, the
detailed mechanism by which mtDNA mutation and mitochondrial dysfunction affect HCC progression remains
unclear. Elucidation of the retrograde signaling pathways
in HCC and the search for strategies to block these pathways will be important for the development of novel
treatments for this and other malignancies.
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Core tip: Hepatocellular carcinoma (HCC), with the majority of cases associated with infection from hepatitis
B virus (HBV) or hepatitis C virus (HCV), is the most
common primary liver tumor. We introduced risk factors
and risk predictive scores associated with HCC development among chronic HBV and HCV infection for its early
diagnose and prevention. Vaccination plays a central
role in the prevention of HBV-related HCC. Treatment of
chronic HBV infection, especially by nucleoside analogue
therapy, could reduce the risk of HBV-related HCC. Pegylated interferon and ribavirin could reduce the risk of
HCV-related HCC. Chemopreventive agents in reducing
HBV- and HCV-related HCC were also discussed.

Abstract
Hepatocellular carcinoma (HCC) is a leading cause of
cancer-related mortality worldwide, with the majority of cases associated with persistent infection from
hepatitis B virus (HBV) or hepatitis C virus (HCV). Natural history studies have identified risk factors associated with HCC development among chronic HBV and
HCV infection. High-risk infected individuals can now
be identified by the usage of risk predictive scores.
Vaccination plays a central role in the prevention of
HBV-related HCC. Treatment of chronic HBV infection, especially by nucleoside analogue therapy, could
also reduce the risk of HBV-related HCC. Concerning
HCV infection, besides the advocation of universal
precautions to reduce the rate of infection, pegylated
interferon and ribavirin could also reduce the risk of
HCV-related HCC among those achieving a sustained
virologic response. Recently there has been mounting evidence on the role of chemopreventive agents in
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common
primary liver tumor, and represents the third leading
cause of cancer death worldwide. It is the fifth most
common cancer in men and seventh in women, accounting for 7% of all cancers[1]. Hepatocarcinogenesis
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is a multistep process mainly associated with persistent
infection with hepatitis B virus (HBV) or hepatitis C
virus (HCV)[2], which affects more than 350 and 170 million individuals respectively worldwide. HCC is highly
prevalent in regions endemic for chronic HBV and HCV
infection[3].
The incidence of HCC continues to increase worldwide, with a unique geographic, age, and sex distribution.
The most important risk factor associated with HCC is
liver cirrhosis, which is again predominantly caused by
chronic HBV or HCV infection. Primary prevention in
the form of HBV vaccination has led to a significant
decrease in HBV-related HCC, and the antiviral therapy
for chronic HBV and HCV infection also reduce the incidence of HBV- and HCV-related HCC[4].
China has one of the highest carrier rates of HBV in
the world，reaching nearly 10% of the general population. The disease burden of HBV infection and HCC is
also believed to be among the world’s largest, and that of
HCV infection is likely to be substantial as well[5].

1. These scoring systems are based on the longitudinal
follow-up of treatment-naïve CHB patients for 5 years or
more. Two common parameters used are age and serum
HBV DNA levels. Other parameters used include gender,
serum alanine aminotransferase levels, serum albumin,
HBeAg status, presence of cirrhosis and presence of
core promoter mutations[11-15]. Risk prediction is now
also possible for CHB patients undergoing nucleoside
analogue (NA) therapy. A recent study investigated the
risk of HCC among a large population of CHB patients
treated with entecavir. Older age and presence of cirrhosis were independently associated with HCC in the
entire cohort; advanced age and hypoalbuminemia were
associated with HCC in patients without cirrhosis. The
risk scores accurately predict which patients with CHB
treated with entecavir would have a higher chance of developing HCC[13].
Risk factors: CHC
When compared to CHB, fewer clinical scoring systems
have been developed for the prediction of HCV-related
HCC. These are as depicted in Table 1. The majority of
HCV-related HCC develop in patients with established
cirrhosis. In a study investigating prognostic risk factors
for HCV-related HCC, among 913 patients followed up
for at least 3 years, age, male sex, portal hypertension,
hepatic inflammation, and iron storage were significant
risk factors for HCV-related HCC[16]. In a meta-analysis
involving HCV-infected persons, sustained virologic
response (SVR) was associated with reduced risk for
HCC[17]. Even transient virologic control among patients
with subsequent relapse after treatment, was associated
with a lower risk of the development of HCC[18].
Prediction of HCV-related HCC may be enhanced
by the development of related markers. Signal transducer
and activator of transcription 1 and phosphatase and tensin homolog are associated with early growth response
protein 1 signaling, which potentially promotes angiogenesis, fibrogenesis, and tumorigenesis in HCV-related
HCC. This approach has potential for the early diagnosis
and possible prevention of HCC. The corresponding serum markers found can help to predict high-risk groups
for HCC[19].

RISK PREDICTION
An important component of HCC prevention is the
identification of high-risk HBV- and HCV-infected individuals, who will benefit from various chemopreventive
therapies discussed below. Several natural history studies
have identified important risk factors for HCC among
patients with chronic hepatitis B (CHB) and chronic hepatitis C (CHC), with risk predictive scores also designed
for practical usage.
Risk factors and prediction scores: CHB
A study evaluating the relationship between serum HBV
DNA level and risk of HCC demonstrated that the incidence of HCC among CHB patients increased with
serum HBV DNA level. Elevated serum HBV DNA
level (≥ 2000 IU/mL) is a strong risk predictor of HCC
independent of hepatitis B e antigen (HBeAg)-positivity,
serum alanine aminotransferase levels, and liver cirrhosis[6]. Subsequent studies also showed patients with
moderate levels of serum HBV DNA (60-2000 IU/mL),
when compared to individuals not infected with HBV,
still had a substantial increased risk of HCC and liverrelated death[7].
Besides serum HBV DNA levels, other host- and
viral-related factors could also predispose to HCC. A
meta-analysis found HBeAg-positive non-cirrhotic patients, when compared to HBeAg-positive cirrhotic patients, had a significantly reduced HCC risk after antiviral
therapy[8]. HBV genotype also plays a role; HBV genotype C is closely associated with HCC especially in cirrhotic patients aged > 50 years[9]. An observation study in
Hong Kong also found genotype C HBV infection to be
an independent risk factor for HCC development when
compared with genotype B[10].
Several clinical scoring systems have been developed
for the prediction of HCC in CHB, as depicted in Table
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Host factors
HCC is more common in HBV carriers with a family history of HCC. In a study of 5238 HBV carriers (553 with
HCC and 4685 without HCC), the risk of HCC was significantly higher in those with a family history of HCC,
with a multivariate-adjusted rate ratio for HCC of 2.41
compared with HBV carriers without a family history[20].
If the carriers had two or more affected family members,
the risk was even higher with the ratio increased to 5.55.
It is therefore recommended to begin surveillance in
adults once a family history of HCC has been identified.
A recently published study also included the presence of
family history, besides traditional viral-related parameters
as a component for risk prediction[15].
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Table 1 Risk factors and prediction scores for hepatitis B
virus- and hepatitis C virus-related hepatocellular carcinoma

Table 2 Antiviral interventions for prevention of hepatitis B
virus- and hepatitis C virus-related hepatocellular carcinoma

Risk factors

Antiviral interventions

Increased age
Male gender
Increased serum HBV DNA levels
Presence of cirrhosis
Increased serum ALT concentration
HBeAg positivity
Presence of core promoter mutations
Presence of virological remission
after 24 mo
Presence of hypoalbuminemia
Decreased serum albumin
Increased serum bilirubin
HBV genotype C
Presence of HBsAg
Family history of HCC
Presence of portal hypertension
Presence of hepatic inflammation
Increased iron storage levels
Presence of sustained virological
response
Presence of complete viral
suppression

HBV-related
HCC

HCV-related
HCC

√[11-15]
√[11,12,15]
√[11,12,14,15]
√[12-14]
√[11,15]
√[11,15]
√[12]
√[13]

√[16]
√[16]

IFN: IFN-α
Pegylated IFN
NAs: Lamivudine
Entecavir
Ribavirin
Vaccination
Screening of blood product

√[46]
√[47]

√[36]
√[37,38]
√[21,22]
√[27]

√[47]
√[27]

Table 3 Chemopreventive agents for hepatitis B virus- and
hepatitis C virus-related hepatocellular carcinoma
√[16]
√[16]
√[16]
√[17]

Chemopreventive agents
Statins
Antidiabetic medications
Aspirin
Propranolol
FASN
Dietory agents: Coffee
Vitamin E
Vitamin D
Fish oil (n-3 PUFA)
Phytochemicals: Resveratrol
EGb

√[17]

HBV: Hepatitis B virus; HCV: Hepatitis C virus; HCC: Hepatocellular
carcinoma; HBsAg: Hepatitis B surface antigen; ALT: Alanine aminotransferase.

PREVENTION OF HBV-RELATED HCC

HBV-related HCC
√[42]
√[42]
√[41,53]

√[54]
√[54]
√[55-57]
√[43]
√[44]

HCV-related HCC
√[42]
√[53]
√[51]
√[52]
√[54]
√[54]
√[50]
√[55-57]

HBV: Hepatitis B virus; HCV: Hepatitis C virus; HCC: Hepatocellular
carcinoma; PUFA: Polyunsaturated fatty acid; FASN: Fatty acid synthase;
EGb: Extract of ginkgo biloba leaf.

HBV infection is the major cause of HCC. Vaccination
against HBV is instrumental in the prevention of HCC,
and is recommended for all newborns and individuals
who are at increased risk for infection. Studies in Taiwan,
where universal HBV vaccination was introduced in
1984, have documented a significant decrease in the incidence of HCC in both children and adolescents after the
introduction of HBV vaccination as discussed below[21,22].
In patients already chronically infected with HBV,
antiviral treatment could prevent disease progression to
cirrhosis or HCC. Additionally, periodic surveillance using ultrasonography and serum α-fetoprotein every 3-6
mo for earlier detection of HCC is also important so
that curative treatments (e.g., hepatic resection) can be
offered[23].
The antiviral interventions and chemopreventive
methods to prevent HBV-related HCC are summarized
in Tables 2 and 3 respectively.

Taiwan from 1981 to 1994 showed that the average annual incidence of HCC in children 6-14 years of age
declined from 0.70 per 100000 children (between 1981
and 1986), to 0.57 per 100000 (between 1986 and 1990),
and to 0.36 per 100000 (between 1990 and 1994). The
corresponding rates of mortality from HCC had also
decreased. The incidence of HCC in children 6-9 years
of age declined from 0.52 per 100000 (for those born
between 1974 and 1984) to 0.13 per 100000 (for those
born between 1984 and 1986). Since the institution of
Taiwan’s program of universal HBV vaccination from
1984, the incidence of HCC in children has declined
dramatically[22]. The risk of developing HCC for vaccinated cohorts was statistically significantly associated
with incomplete HBV vaccination. The prevention of
HCC by HBV vaccination extends from childhood to
early adulthood. Failure to prevent HCC results mostly
from unsuccessful control of HBV infection by highly
infectious mothers[21].

Vaccination
Vaccination plays a central role in HBV prevention strategies worldwide, and a decline in the incidence and prevalence of HBV infection following the introduction of
universal HBV vaccination programs has been observed
in many countries[24]. Control and significant reduction in
incidence of new HBV infections as well as HCC have
been repeatedly reported in countries in East Asia and
Africa[25].
A study of the incidence of HCC in children in
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HCV-related HCC

+/-[28,29]

HBV: Hepatitis B virus; HCV: Hepatitis C virus; HCC: Hepatocellular carcinoma; IFN: Interferon; NA: Nucleotide analogs.

[13]

√
√[14]
√[14]
√[15]
√[15]
√[15]

HBV-related HCC

Antiviral therapy: Interferon and NAs
DNA integration of hepatitis viruses alters the function
of critical genes, promoting malignant transformation
of virus-infected liver cells[26]. Treatment of CHB infection aims to control viral replication and prevent the development of complications. There are currently seven
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drugs available for the treatment of CHB, five NAs and
two interferon (IFN)-based therapies. Long-term treatment with NA is often required, and the decision to treat
is based on the clinical assessment including the phase
of CHB infection and the presence and extent of liver
damage[24].
Concerning IFN therapy, a study involving 641 biopsy-proven CHB patients treated with IFN-α2b were followed up for a median period of 113 months. Although
HCC occurred less frequently in biochemical responders
than in non-responders, virologic response is not associated with decrease in HCC development. Poor biochemical response, as well as older age and a higher serum AFP
level remain independent predisposing factors of HCC
development in CHB patients treated with IFN-α[27]. In
addition, a study about the long-term effects of IFN-α
in Chinese patients showed that IFN-α was of no longterm benefit in inducing HBeAg seroconversion or in
the prevention of HCC and other cirrhosis-related complications[28].
On the contrary, nearly all the studies showed that
NA is able to reduce HCC[29]. Many randomized controlled trials showed that lamivudine, one of the earliest
oral NAs for antiviral therapy in HBV infection, can
reduce disease progression in HBV-related cirrhosis and
HCC[29-34]. A recent study followed up 293 CHB patients
without HCC who were treated with lamivudine for a
mean duration of 67.6 mo. In cirrhotic patients, the attainment of maintained viral response (defined as HBVDNA levels of < 4.0 log copies/mL) during lamivudine
treatment was revealed to reduce the risk of HCC development. No significant reduction was observed in the
non-cirrhotic group[35].
Entecavir is a potent NA with high genetic barrier to
resistance, and prolonged treatment results in regression
of fibrosis, hence is currently recommended as first-line
antiviral therapy for CHB. In a study of CHB patients
with liver cirrhosis, entecavir therapy reduces the risks of
hepatic complications, HCC, liver-related and all-cause
mortality of CHB patients with liver cirrhosis in 5 years,
particularly among those who had sustained viral suppression[36]. In another multicentre cohort study, 372 entecavir-treated patients followed up for a mean duration
of 114 mo were investigated. Clinical events were defined
as development of HCC, hepatic decompensation or
death. Virological response to entecavir (HBV DNA <
80 IU/mL) was associated with a lower probability of
disease progression in patients with cirrhosis, suggesting
that complete viral suppression is essential for NA treatment, especially in patients with cirrhosis[37].
A meta-analysis investigating the effects of IFN or
NA on the risk of developing HCC in CHB patients
shows that, the reduction in HCC is more significant
among patients with early cirrhosis than among non-cirrhotic patients. Five studies (n = 2289) compared patients
treated by NA with control. The risk of HCC after treatment is reduced by 78%. HBeAg-positive patients have
a more significant reduction in HCC risk with treatment.
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Patients without cirrhosis benefit more from NA than
those with cirrhosis, although resistance to NA blunts the
benefit of treatment[8].
In summary, while the evidence of the efficacy of
IFN in preventing HBV-related HCC remains conflicting,
there is a gradual accumulation of evidence supporting
the positive effect of NA on reducing HBV-related HCC.
Chemoprevention
The observation that anti-platelet therapy inhibits or
delays immune-mediated hepatocarcinogenesis suggests
that platelets may be one of the key players in the pathogenesis of HBV-associated liver cancer and that immunemediated necroinflammatory reactions may be an important cause of malignant transformation during chronic
hepatitis[38]. A prospective study on 300504 patients with
chronic liver disease showed that aspirin users had statistically significant reduced risks of incidence of HCC and
mortality due to chronic liver disease compared to those
who did not use aspirin[39]. Further studies are needed to
confirm this finding and clarify its underlying mechanism.
A study concerning the association between the use
of statins in HBV-infected patients and the risk of HCC
shows that statin use may reduce the risk for HCC in
HBV-infected patients in a dose-dependent manner[40].
This may be related to the effect of statins in reducing
fatty change in the liver, and requires future validation
studies to confirm the findings.
There are also several investigational drugs which
could have potential for chemoprevention against HBVrelated HCC. Resveratrol is a natural polyphenol that has
beneficial effects across various disease models. In an animal study investigating the efficacy of resveratrol against
HBV-related HCC in HBV X protein (HBx) transgenic
mice, resveratrol had a pleiotropic effect on HBx transgenic mice in terms of the down-regulation of lipogenesis, the promotion of transient liver regeneration, and the
stimulation of antioxidant activity. Furthermore, at later
precancerous stages, resveratrol delayed HBx-mediated
hepatocarcinogenesis and reduced HCC incidence from
80% to 15%. The potential mechanisms for resveratrol
on HCC prevention might be associated with its effects of stimulating the activity of Ampk and SirT1, and
downregulating the expression of the lipogenic genes,
Srebp1-c and peroxisome proliferator-activated receptor
gamma. The decrease in Srebp1-c further downregulates
the expression of its target genes, Acc and Fas[41]. Several
other studies demonstrated resveratrol downregulates
cyclin D1 as well as p38 MAP kinase, suppresses Akt and
Pak1 expression and activity, and increases ERK activity,
suggesting that growth inhibitory activity of resveratrol is
associated with the downregulation of cell proliferation
and survival pathways, and sensitization to apoptosis[42].
Resveratrol also acts as an inhibitor for sirtuins. Overexpression of SIRT1 in cancer tissue has been demonstrated to promote mitotic entry of liver cells, cell growth
and proliferation, and inhibit apoptosis related to the
PTEN/PI3K/AKT signaling pathway[43,44].
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A study in China suggested that extract of Ginkgo Biloba leaf (EGb) could reduce the incidence of the HCC
with HBV transgenic mice. The reason may be that EGb
could reduce liver HBx, p53, Bcl-2 protein expression in
HBV transgenic mice[45]. These investigational products
would need confirmation in human clinical trials in the
future.

of HCC. After a median observation period of 3.6
years, a significantly lower rate of HCC incidence was
noted in patients achieving SVR when compared to nonvirological responders. A similarly lower rate of HCC
incidence was noted among cirrhotic patients achieving
SVR (18.9%) when compared to cirrhotic non-virological
responders (39.4%)[18].
A meta-analysis study has been performed recently
with the data sources from MEDLINE, EMBASE, CINAHL, the Cochrane Library, Web of Science, and the
Database of Abstracts of Reviews and Effectiveness
from inception through 2012, to systematically review
observational studies to determine the association between response to HCV therapy and development of
HCC among persons at any stage of fibrosis and those
with advanced liver disease. Among HCV-infected persons, there is moderate-quality evidence demonstrating
SVR to be associated with reduced risk for HCC; SVR
after treatment among HCV-infected persons at any stage
of fibrosis is associated with reduced HCC[17].

PREVENTION OF HCC RELATED TO HCV
With the commencement of successful vaccination
programs against HBV, CHC is now emerging as an
important cause of chronic liver diseases. The drive of
carcinogenesis during HCV infection is thought to result
from the interactions of viral proteins with host cell proteins. Thus, the induction of liver mutation phenotypes
through the expression of HCV proteins provides a key
mechanism for the development of HCV-associated
HCC. With the emerging importance of CHC, mechanisms of HCV-associated hepatocellular carcinogenesis
should be clarified to provide insight into advanced
therapeutic and preventive approaches to decrease the
incidence and mortality of HCC[46].
Strategies aimed at eliminating the virus may provide
opportunities for effective prevention of the development of HCC. The first step is to encourage universal
precautions to reduce infections transmitted via different
modalities e.g., iatrogenic routes, sharing of intravenous
needles etc and further implementation of universal
screening of donated blood products. Concerning therapy for HCV, pegylated IFN plus ribavirin therapy is effective at reducing the risk of HCC in patients with CHC
who achieve SVR.
The effects of antiviral therapy and chemopreventive
measures in preventing HCC are mentioned in Tables 2
and 3 respectively.

Chemoprevention
Vitamin D insufficiency has been associated with the
occurrence of various types of cancer. A recent study
aimed to determine the relationship between genetic determinants of vitamin D serum levels and the risk of developing HCV-related HCC. The data suggest a relatively
weak but functionally relevant role for vitamin D in the
prevention of HCV-related hepatocarcinogenesis[49].
Propranolol has antioxidant, anti-inflammatory, antiangiogenic properties and antitumoral effects and therefore is potentially active in the prevention of HCC. A
retrospective long-term observational study suggests that
propranolol treatment might decrease HCC occurrence
in patients with HCV cirrhosis[50]. These findings also
need to be verified by prospective clinical trials.
Understanding the interplay between the viral and cellular components of the HCV replication complex could
provide new insight for prevention of the progression
of HCV-associated HCC. Fatty acid synthase (FASN) is
found to interact with NS5B. FASN may thereby serve as
a target for the treatment of HCV infection and the prevention of HCV-associated HCC progression[51]. Thus,
understanding the molecular mechanisms, which are implicated in the development of HCC during the course
of HCV infection, may help to design a general therapeutic protocol for the treatment and for its prevention.

Antiviral therapy: IFN and ribavirin
Current strategies to reduce HCC incidence in CHC
patients include prevention of cirrhosis development by
avoiding metabolic, pharmacological, or social factors
associated with accelerated progression of liver disease,
or through virus eradication by IFN-based treatments.
Moreover, a successful antiviral treatment has positive
impact on the rate of HCC development in patients who
are already cirrhotic[1].
Combination of pegylated IFN and ribavirin therapy
is recommended for antiviral therapy worldwide, and
is effective in reducing the rate of recurrence of HCVassociated HCC after curative resection or transplantation[47]. The pooling of data from the literature suggests
a preventive effect of antiviral therapy on HCC development in patients with HCV-related cirrhosis, but the
preventive effect is limited to those achieving SVR[48].
However, some HCV mutations, such as the amino acid
substitution M91L, are associated with treatment failure
and a poor prognosis[47].
There is a recent study of the effect of pegylated
IFN and ribavirin treatment of CHC on the incidence
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PREVENTION OF HCC RELATED TO HBV
AND HCV COINFECTION
HBV and HCV coinfection is not uncommon with an
estimated 7-20 million infected individuals worldwide[52].
A community-based prospective cohort study evaluating
HCC development in HBV and HCV co-infected subjects found the hazard ratios (HRs) of HBV monoinfection, HCV monoinfection, and HBV/HCV coinfection
were 17.1, 10.4 and 115.0, respectively. Different geno-
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types and multiplicative synergistic effect of HBV and
HCV coinfection on HCC risk was observed. Infection
with HCV genotype 1 (HR = 29.7) and mixed infection
with genotype 1 and 2 (HR = 68.7) significantly elevated
HCC risk, much higher than HBV infection. The effect
of different HCV genotypes and the multiplicative synergistic effect of HBV/HCV coinfection on HCC risk
underline the need for comprehensive identification of
hepatitis infection status in order to prevent and control
HCC[53].
Pegylated interferon-alpha plus ribavirin should be
recommended in patients with dominant HCV replication. However, HBV rebound may occur after elimination of HCV with anti-HBV treatment required. These
therapeutic measures may contribute to the prevention
of HCC this special group of patients[52].

HCC is a challenging malignancy of global importance. As HCC is strongly associated with chronic viral
hepatitis, prevention against the infection is crucial for
prevention against HCC. Vaccination against HBV in the
newborns and early childhood is highly effective to lower
infection rates substantially. For HCV, universal precautions when dealing with human blood, education on
high-risk behaviours and screening programs for blood
donors can reduce infection rates. Although prevention
and treatment of CHB and CHC have been improved
within the last decades even in high-risk countries, further
effective and sustainable reduction of these infections is
still needed[26].
Antiviral therapies for CHB and CHC, while important, can only reduce but not completely eliminate HCC.
Improvement in identification of infected persons, accessibility of care and affordability of treatment are needed
for antiviral therapy to have a major impact on the global
incidence of HCC[59]. Further advances in our understanding of the molecular pathogenesis of HCC hold
promise in improving the diagnosis and treatment of this
highly lethal cancer[4].

OTHER POTENTIAL CHEMOPREVENTIVE
METHODS
The use of aspirin, but not nonsteroidal anti-inflammatory drugs, is associated with a decreased risk of HCC and
death from chronic liver disease in the National Institutes
of Health-AARP Diet and Health Study of patients between the ages of 50 and 71 years[39]. However this study
does not provide information on the HBV and HCV
status of its participants, and would need confirmation
by future studies specifically for the HBV- and HCVinfected population.
More recent data have suggested dietary factors, including increased intake of coffee[54], unsaturated fatty acids and fish to be protective against HCC. Subjects with
known HBV or HCV status, and subjects who were antiHCV and/or hepatitis B surface antigen positive were
analysed. Consumption of n-3 polyunsaturated fatty acid
(PUFA)-rich fish or n-3 PUFAs, particularly eicosapentaenoic acid, docosapentaenoic acid, and docosahexaenoic acid, appears to protect against the development of
HCC, even among subjects with HBV and/or HCV infection[55], probably through dampening the inflammation
in the liver and decreasing formation of tumor necrosis
factor (TNF)-α, and through simultaneously inhibition
of COX-2 and beta-catenin[56,57]. The findings also point
to a potential anticancer role for the n-3 PUFA-derived
lipid mediators 18-HEPE and 17-HDHA, which can
down-regulate the important proinflammatory and proliferative factor TNF-α.
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and a low risk of drug resistance. However, treatment
outcomes are still far from satisfactory. Understanding the effects of anti-HBV treatment against HCC
incidence and recurrence after hepatectomy or liver
transplantation is required for further improvement of
outcome.
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Core tip: Chronic hepatitis B virus (HBV) infection is the
key driving force of hepatocellular carcinoma (HCC). In
this review, we discussed the mechanism of HBV induction of HCC and described the current trends in antiHBV therapy. The associations of anti-HBV therapy with
prevention of HCC incidence and recurrence after curative operations were also summarized. Moreover, based
on our center’s experiences, a standardized antiviral
strategy was suggested which greatly benefited those
patients who underwent hepatectomy and liver transplantation with regard to better clinical results.

Abstract
Chronic hepatitis B virus (HBV) infection is the key
driving force of liver disease progression, resulting in
the development of hepatic dysfunction, cirrhosis and
hepatocellular carcinoma (HCC). The primary aim of
therapy is to suppress or eliminate HBV replication
to reduce the activity of hepatitis, thus reducing the
risk of, or slowing the progression of, liver disease.
Nucleos(t)ide analogues (Nucs) may result in rapid
suppression of HBV replication with normalization
of serum transaminases and restore liver function,
thus increasing survival in patients with hepatic decompensation. Long-term Nuc therapy may result
in histological improvement or reversal of advanced
fibrosis and reduction in disease progression, including the development of HCC. The long-term benefits
of a finite course of interferon (IFN)-α therapy also
include a sustained and cumulative response, as well
as hepatitis B surface antigen seroclearance and reduction in the development of cirrhosis and/or HCC.
Pegylated IFN and newer Nucs may achieve better
long-term outcomes because of improved efficacy
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INTRODUCTION
Hepatitis B virus (HBV) is a member of the Hepadnaviridae family, which includes small enveloped DNA viruses.
HBV infection affects > 2 billion people worldwide and
is a significant cause of liver cirrhosis and hepatocellular
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carcinoma (HCC), which increases morbidity and mortality in these patients[1]. HBV targets and replicates in hepatocytes, and the risk of developing HCC among HBV
carriers is 10 to 100-fold greater compared with that in
uninfected people[2]. Treatment with antiviral drugs such
as nucleos(t)ide analogues (Nucs) or interferon (IFN)-α
may result in rapid suppression of HBV replication and
thus reduce the progression of fibrosis and the development of HCC[3]. Although localized or systemic radiation
and chemotherapy have been used to eliminate the tumor
mass, surgical resection or liver transplantation are still
the most effective treatments, but relapse is common[4].
It is widely accepted that comprehensive treatment is
required for prevention of HBV-associated HCC development and recurrence. Thus, this review highlights the
mechanism of HBV induction of HCC and discusses
the current trends in anti-HBV therapy for prevention of
HCC and its recurrence.

mitogen-activated protein kinase (Ras-Raf-MAPK), and
extracellular signal-regulated kinase (ERK). This may
provide a unified mechanism by which HBx exerts many
of its pleiotropic activities, including transcription, cell
cycle control, and apoptosis[11-14]. It is also reported that
HBx can activate NF-κB directly, which could be partially
via upregulated inhibitor of NF-κB kinase activity and
the mammalian target of rapamycin (mTOR) pathway[15].
As mentioned above, various inflammatory cytokines, including TNF-α, IL-1α, IL-1β, IL-6 and IL-8, which play
an important role in the inflammation-carcinogenesis axis
of the liver, are NF-κB activation-mediated, and IL-6 is
thought to be one of the most important[16]. Recently,
our group found that IL-22 could also promote HCC via
STAT3 activation, suggesting that inflammatory cytokines
have also attracted considerable attention as mediators of
the association between inflammation and hepatocarcinogenesis[17].
Furthermore, HBx could interfere with the antitumor immune response via other inflammatory cells.
Infected intrahepatic natural killer cells are also known to
induce cytolytic activity without IFN-γ production, suggesting that hepatocellular killing occurs without virus
clearance[18]. Dendritic cells may be infected with HBV,
which will cause defective chronic HBV infection, resulting in poor adaptive immunity[19]. CD4+ CD25+ FOX3P+
regulatory T cells could be induced by HBx-stimulated
production of TGF-β1, and their crosstalk with Th17
cells may contribute to an immune tolerance-clearance
balance in the liver[20].

HBV INFECTION INDUCES CHRONIC
INFLAMMATION AND CANCER
TRANSFORMATION
HBV persistently replicates in immortalized hepatocytes
in vitro without overt cellular damage or death, implying
that the viruses are not directly cytopathic, and the pathogenesis of hepatitis is immune mediated[5,6]. Liver injury
in response to inflammatory hepatitis elicits an inflammatory response in non-parenchymal cells (NPCs), such
as myeloid Kupffer cells and hepatic stellate cells. Tolllike receptor-nuclear factor (NF)-κB signaling activation
may trigger an innate immune response and inhibit virus
replication in HBV-transgenic mice[7]. NPCs secrete NFκB-regulated hepato-mitogens [e.g., tumor necrosis factor (TNF)-α, interleukin (IL)-6, and hepatocyte growth
factor], which promote compensatory proliferation of
quiescent hepatocytes carrying HBV-induced mutations.
This process allows for the transmission of genetic alterations to daughter cells, thereby favoring liver neoplastic
progression. Alternatively, autocrine secretion of transforming growth factor (TGF)-β by hepatocytes induces
cell survival and proliferation in the absence of liver
damage and independent of NPC-mediated secretion of
hepato-mitogens. Increased proliferation is then followed
by dysplasia, adenoma, and HCC formation[8,9]. In conclusion, NF-κB activation-associated carcinogenesis most
likely depends on downstream hepato-mitogen release
and death-driven compensatory proliferation[9,10].
HBV X (HBx) protein is encoded by the smallest
HBV open reading frame and is 154 amino acids in size,
with a molecular weight of approximately 17.5 kDa. HBx
can localize to the mitochondria where it acts as an adaptor or kinase activator to influence signal transduction
pathways such as: protein kinase C, Janus kinase/signal
transducer and activator of transcription (JAK/STAT),
phosphoinositide 3-kinase, stress-activated protein kinase/Jun N-terminal kinase (SAPK/JNK), Ras-Raf-
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MECHANISMS OF HBV ONCOGENESIS
Increasing evidence suggests that HBV contributes to
HCC by directly modulating pathways that may promote
the malignant transformation of hepatocytes. Firstly,
HBV insertions are associated with host large genetic alterations: deletions, duplications and chromosomal translocations. These events could either induce chromosome
changes or act “in cis” on the expression or function of
nearby cellular genes that contribute to chromosome instability[21,22]. For instance, integration of HBx gene fragments (316-462/262-462 bp) could directly transform
human immortalized normal liver L02 cells in studies using a cell model. Further, these integrations could be detected in five of 44 clinical HBV-positive HCC tissues[23].
Integration at specific sites in host genes may contribute
to a growth advantage in a clonal cell population but subsequent additional mutations will eventually accumulate.
Evidence was first provided in two independent HCCs,
with retinoic acid receptors and cyclin A being targeted
by HBV integration in tumors[24]. Recently, more genes
involved in cell survival, proliferation and immortalization were also reported as the HBV integration target,
such as human telomerase reverse transcriptase (hTERT,
a regulator of telomerase), platelet-derived growth factor
receptor, calcium signaling-related genes, and ribosomal
protein genes[25].
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Although it is suggested that upregulated expression
of HBx and HBV S proteins is associated with hepatocarcinogenesis in transgenic mouse models, the exact
mechanism remains unclear[26]. It is worth noting that
hepatocytes in cirrhotic livers display decreased proliferation rates with a dominant replicative senescence phenotype characterized by critically shortened telomeres and
permanent cell cycle arrest[1]. However, during hepatocyte
proliferation, low or absent telomerase activity in cirrhotic liver is associated with upregulated HBx or pre-S2
protein[27]. In a study of 55 HCC and 17 chronic hepatitis
patients, hTERT was positive in 81% of HCCs, and the
mean telomere length in HCC was significantly shorter
compared with that in chronic hepatitis[28].
HBx is also suggested to have the ability to induce
direct chromosomal instability by interfering with the
mitotic checkpoints[29,30]. HBx induces epigenetic changes,
including DNA methylation aberration, histone modification and miRNA expression. Jiang et al[31] reported that
increased miR-22 is associated with HCC development in
male patients. Xu et al[32] also suggested that suppression
of miR-148a upon HBx activation can enhance tumorigenesis. Moreover, HBx binds and inactivates p53, and
interacts with DNA damage-binding protein 1 (DDB1,
the DNA repair protein), which may affect repair functions and allow the accumulation of genetic changes, and
also confer resistance against nucleolar stress and anticancer drugs[33].

The results of this trial indicate that T-a1 is of potential interest in patients with anti-HBe- and HBV DNApositive chronic hepatitis B.
The introduction of 12-kDa linear polyethylene glycol
(PEG) for IFN-α2b and 40-kDa branched PEG for IFNα2a has allowed weekly rather than daily or three times
weekly injection[34]. This has had a significant impact on
the tolerability and ease of use. In addition, for patients
with HBeAg-positive chronic hepatitis B, Pegylated IFN
(PEG IFN)-α2a offers superior efficacy over lamivudine,
on the basis of HBeAg seroconversion, HBV DNA suppression, and hepatitis B surface antigen (HBsAg) seroconversion[37]. Overall, PEG IFN-α is an ideal treatment
strategy in selected patients with HBeAg-negative chronic
hepatitis B, because of its well-recognized and predictable
safety profile and unique mechanism of antiviral activity
leading to long-lasting immune control.
For high HBV DNA levels, Nucs are typically adopted for patients with more advanced liver disease,
and for those who have failed or cannot tolerate IFN
therapy. However, the main limitation is the development
of resistance: for example, after 5 years of therapy with
lamivudine (L-nucleoside), 76% of patients developed
resistance. Telbivudine, another L-nucleoside, is more
potent than lamivudine but resistance still developed in
25% of HBeAg-positive and 11% of HBeAg-negative
patients after 2 years. Adefovir, an acyclic phosphonate,
is relatively weak, but is effective against lamivudine- and
telbivudine-resistant mutations, and it should be used in
combination rather than substituted. Resistance to adefovir develops relatively slowly, rising to 29% for HBeAgnegative patients after 5 years, but more rapidly when
used alone for lamivudine-resistant HBV. Currently, the
two ﬁrst-line Nucs are entecavir and tenofovir. Entecavir,
a cyclopentane (D-nucleoside), is very potent, with 94%
of patients having undetectable HBV DNA after 5 years.
Resistance develops in only 1.2% of treatment-naïve
patients. Tenofovir, another acyclic nucleotide, is more
potent with less renal toxicity compared to adefovir. It
is effective against lamivudine-resistant mutations when
used alone. No resistance to tenofovir has been described
after its use for 3 years or longer, often for patients with
human immunodeﬁciency virus/HBV co-infection[38].
In conclusion, for patients with HBeAg-positive
chronic hepatitis B, PEG IFN-α offers superior efficacy
on the basis of HBeAg seroconversion, HBV DNA suppression, and HBsAg seroconversion. As a result of these
features, new therapeutic regimens based on combinations
of PEG IFN-α and third-generation Nucs such as entecavir and tenofovir are being developed to increase the rate
of HBsAg seroclearance, which remains the ideal endpoint in all HBeAg-negative chronic hepatitis B patients.

CURRENT OPINION IN ANTIVIRAL
THERAPY
Despite dramatic improvements in the treatment of patients against HBV over the past decade, treatment of
chronic HBV infection is currently based on two different strategies: (1) IFN-α or thymosin-a1 (T-a1) aimed at
inducing a sustained antiviral response; and (2) oral antiHBV Nucs to achieve long-term complete suppression
of HBV replication[34].
The first strategy is typically used in patients with less
advanced liver disease, with high alanine aminotransferase (ALT) and not too high HBV DNA replication. It is
particularly successful in younger patients and in those
infected with HBV genotype A or B. Since the first introduction of IFN-α in 1976, the long-term benefit of IFN
therapy has included a sustained and cumulative immune
response. T-a1 is an immunomodulator that triggers maturational events in lymphocytes and T-cell function. It
can promote reconstitution of immune defects and promote disease remission and cessation of HBV replication
in patients with hepatitis B e antigen (HBeAg)-positive
chronic hepatitis B, without significant side effects[35,36].
Eighteen patients with HBeAg-positive and serum HBV
DNA-positive chronic hepatitis B received 6 mo of treatment with 1.6 mg subcutaneous T-a1 twice weekly[37].
They achieved better HBV loss and seroconversion than
30 patients receiving 6 mo of 3-5 MU subcutaneous
IFN-α (injection daily for 15 d, then three times weekly).
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ANTIVIRAL THERAPY SUPPRESSES THE
CHRONIC INFLAMMATION-CANCER
TRANSITION
A prospective cohort study with 11 years follow-up
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showed that HBV DNA concentration > 104 copies/mL
is an especially strong predictor of risk of developing
HCC in individuals aged ≥ 30 years, independent of the
level of serum ALT[39]. It is accepted that anti-HBV therapy can improve the outcome of chronic HBV infection
in terms of HCC incidence.
In a randomized controlled trial of 101 male patients
in the Taiwan region, cumulative incidence of HCC
development was significantly decreased in the IFNα-treated group (1 of 67 patients) than in the control
group (4 of 34 patients), at 1.1-11.5 years after the end
of therapy[40]. In addition, a retrospective study suggested
that natural lymphoblastoid IFN-α (IFN-α nl) and IFN
therapy may provide better long-term beneficial effects
than placebo in terms of HBV clearance, reduction of
HCC, and prolonged survival. HCC was detected in 1.5%
of the IFN-α nl group, 3.7% of the IFN-α2a group and
14.7% of the control group.
As for the long-term benefits of Nucs, in a randomized control trial, HCC occurred in 3.9% of patients
treated with lamivudine and 7.4% of those in the placebo
group in a total of 651 patients (HR = 0.49, P = 0.047)[41].
A retrospective multicenter study of 377 Japanese patients receiving lamivudine treatment for up to 96 (23.1 ±
19.0) mo showed a marked reduction in the incidence of
HCC compared with a historical control group matched
for age, sex, liver fibrosis score, albumin level and platelet
count (0.4% per year vs 2.5% per year, P < 0.001)[42]. In
another study of 656 HBeAg-negative patients (54% had
chronic hepatitis, 30% had cirrhosis), lamivudine (median
22 mo, range 1-66) was highly effective in reducing viral
load in HBeAg-negative patients, and HBV suppression
reduced the development of HCC and disease worsening
in patients with cirrhosis[43]. A Korean study also showed
a reduced incidence of HCC in patients with compensated cirrhosis who received lamivudine therapy (4.9%)
compared to untreated patients or patients treated with
lamivudine who had viral breakthrough (11.8%) or a suboptimal response (19.4%)[44]. In a recent systemic review,
Papatheodoridis et al[45] reviewed 21 studies that included
3881 treated and 534 untreated patients and found that
HCC developed less frequently in Nuc-treated patients
(2.8% vs 6.4%, P < 0.003).
In a systematic review of 11 studies of the effect of
IFN and Nuc therapy on the outcome of HBV infection
over the past 10 years, Sung et al[46] indicated that IFN-α
or Nuc treatment significantly reduced the risk of HCC.
Although IFN benefited patients with cirrhosis, Nucs
benefited those with non-cirrhosis and HBeAg-positive
infection. From the experiences mentioned above, sustained HBV suppression induced by IFN-α and Nuc
therapy may be necessary to reduce the development of
HCC in HBV-infected patients.

rence after the most effective methods to reduce tumor
burden: partial hepatectomy or liver transplantation? As
suggested previously, the 5-year overall survival for all
early HCC patients was 58% (transplantation: 63%; resection: 53%)[47]. Huang et al[48] reported that patients with
HBV reactivation after liver resection have a higher liver
failure rate, lower 3-year disease-free survival rate, and
lower overall survival rate than those without reactivation
(11.8% vs 6.4%, P = 0.002, 34.1% vs 46.0%, P = 0.009,
and 51.6% vs 67.2%, P < 0.001, respectively).
Exploratory subset analysis showed that adjuvant
IFN-α had no survival benefit for pTNM stage Ⅰ/Ⅱ
tumor (5-year survival 90% in both groups; P = 0.917)
but prevented early recurrence and improved the 5-year
survival of patients with stage Ⅲ/ⅣA tumor from 24%
to 68% (P = 0.038)[49]. Lee et al[50] also reported that metastasis-associated protein 1-positive HCC recurred postoperatively in 26 of 93 patients (28%), although the PEG
IFN group had significantly lower overall cumulative
recurrence rates than the control group (7% and 14% vs
24% and 34% at 1 and 2 years, respectively; P < 0.05). In
addition, the 1- and 2-year cumulative survival rates were
higher in the PEG IFN group compared with the control
group (100% vs 93% and 100% vs 87%, respectively; P <
0.05). In a report of 237 HCC patients after hepatectomy
treated with IFN-α or placebo within comparable clinicopathological parameters, the median overall survival was
63.8 mo in the IFN-α group and 38.8 mo in the placebo
group (P = 0.0003), and the median disease-free survival
period was 31.2 vs 17.7 mo (P = 0.142)[51]. Chen et al[52]
showed that adjuvant IFN-α2b treatment was associated
with a significantly higher incidence of leukopenia and
thrombocytopenia and did not reduce postoperative recurrence of viral hepatitis-related HCC.
Regarding the effect of Nucs on HCC recurrence,
Anselmo et al[53] suggested that hepatitis B immunoglobulin (HBIg) and lamivudine treatment markedly reduced
HBV recurrence rate and significantly improved 1- and
3-year recurrence-free survival rates after liver transplantation. Chan et al[54] also reported that the 1-, 3- and
5-year disease-free survival rates in patients treated with
lamivudine or entecavir were 66.5%, 51.4% and 51.4%
compared with 48.9%, 33.8% and 33.8%, respectively, in
the control group. Kubo et al[55] reported that the tumorfree survival rate after hepatectomy was significantly
higher in the lamivudine than the control group. Recently,
multivariate analysis showed that HCC recurrence after
transplantation was markedly associated with HBV reinfection. However, HBIg was associated with worse survival as well as HBV reinfection and HCC recurrence (P
= 0.002, P < 0.001 and P < 0.001, respectively)[56].
In our center (Liver Transplantation Center, The First
Affiliated Hospital of Nanjing Medical University), we
suggest that HBsAg-positive patients who have > 104/
mL or 103-104/mL HBV DNA copies with impaired liver
function, must take lamivudine after curative surgery.
Moreover, for those who have HBV YMDD mutation
during initial treatment, entecavir and/or adefovir dipivoxil should be used as the replacement. If drug resistance

EFFECT OF ANTIVIRAL THERAPY ON
HCC RECURRENCE
Does anti-HBV therapy decrease the risk of HCC recur-
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Figure 1 Comparison of hepatocellular carcinoma recurrence and outcome in patients who received anti-hepatitis B virus therapy or placebo after
hepatectomy or liver transplantation. A: From September 2009 to May 2010, 224 HCC patients who received partial hepatectomy due to HBV-related HCC were
enrolled. HCC recurrence and 3-year overall survival rate in patients with anti-HBV treatment (n = 173) and patients without standardized anti-HBV treatment (n = 51)
were monitored for at least 3 years. Left: log-rank test, P = 0.013; right: log-rank test, P = 0.006; B: From January 2010 to August 2011, 42 HCC patients within Milan
criteria who received liver transplantation were enrolled. HCC recurrence and 2-year overall survival rate in patients with anti-HBV treatment (n = 28) and patients
without standardized anti-HBV treatment (n = 14) are shown. Left: log-rank test, P = 0.031; right: log-rank test, P = 0.045. HCC: Hepatocellular carcinoma; HBV:
Hepatitis B virus.

occurs, tenofovir disoproxil fumarate could be used
instead. In our randomized controlled clinical study, we
verified that standardized anti-HBV therapy could significantly improve the outcome and decrease the recurrence
of patients who underwent partial hepatectomy and liver
transplantation (Figure 1).

will probably confirm that new antiviral drugs such as
entecavir, tenofovir and telbivudine can offer even more
opportunities for reducing disease progression than lamivudine therapy does.
For patients who undergo hepatectomy or liver transplantation as curative treatment for HCC, tumor recurrence must be monitored by ultrasound and α-fetoprotein
assay. More importantly, from our experience, HBV
replication should also be monitored because sustained
HBV activation or relapse is significantly related to HCC
development and recurrence. Standardized anti-HBV
treatment can ultimately delay HCC recurrence and benefit survival.
Since PEG-IFN, as the newly introduced IFN, offers a better opportunity to suppress HBV replication in
patients who do not have cirrhosis or fibrosis, it should
provide promising prospects in reducing HCC development and recurrence. While in many third world countries, lamivudine is still the first-line drug, mass usage of

CONCLUSION
This literature review describes two different aspects of
the tumorigenesis of chronic HBV infection: the direct
mechanism by which HBV DNA and its main product
HBx induce host DNA instability; and HBV infectionassociated liver inflammation and imbalanced immunoregulation. We also briefly introduce the current strategy
against HBV infection and show that timely usage of
Nucs and immunomodulatory agents can eventually
prevent further disease progression, including HCC, in
patients with chronic HBV infection. Long-term studies
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newly developed IFN could be used more frequently in
the future and show better prospects.
In conclusion, developing safe and affordable agents,
as well as management strategies to improve sustained
or maintained HBV suppression, should be the ultimate
goals in the management of chronic HBV infection.
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dure. Education of both physicians and patients is of
paramount importance in order to improve the surveillance application and its benefits in patients at risk of
HCC. The promotion of specific educational programs
for practitioners, clinicians and patients is instrumental
in order to expand the correct use of surveillance in
clinical practice and eventually improve HCC prognosis.
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Core tip: This article deals with the role of surveillance
for early diagnosis of hepatocellular carcinoma in patients
at risk. It addresses several topics on this issue, including
how to best perform surveillance (tools and interval), its
results in terms of cancer stage, patient survival, costeffectiveness, pitfalls and actual under-(mis-)use.
Original sources: Giannini EG, Cucchetti A, Erroi V, Garuti
F, Odaldi F, Trevisani F. Surveillance for early diagnosis of
hepatocellular carcinoma: how best to do it? World J Gastroenterol 2013; 19(47): 8808-8821 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v19/i47/8808.htm DOI: http://dx.doi.
org/10.3748/wjg.v19.i47.8808

Abstract
Surveillance for hepatocellular carcinoma (HCC) is considered a standard of care for patients with chronic
liver disease who are at risk of developing this malignancy. Several studies have shown that surveillance
can improve the prognosis of patients diagnosed with
HCC through an increased likelihood of application of
curative or effective treatments. Repetition of liver ultrasonography (US) every 6 mo is the recommended
surveillance program to detect early HCCs, and a positive US has to entrain a well-defined recall policy based
on contrast-enhanced, dynamic radiological imaging or
biopsy for the diagnosis of HCC. Although HCC fulfills
the accepted criteria regarding cost-effective cancer
screening and surveillance, the implementation of surveillance in clinical practice is defective and this has a
negative impact on the cost-effectiveness of the proce-
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SURVEILLANCE AS A MEANS OF
IMPROVING SURVIVAL OF PATIENTS AT
RISK OF DEVELOPING HEPATOCELLULAR
CARCINOMA
Hepatocellular carcinoma (HCC) is one of the leading
malignancies worldwide, representing the fifth most common human cancer and the third cause of death from
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cancer[1,2]. Patients diagnosed with HCC often have a
dismal prognosis as it is diagnosed at late stages, when
therapeutic approaches are limited, if applicable at all.
Conversely, an early diagnosis of HCC allows the application of curative or effective treatments in most cases,
improving the survival of these patients[3]. Therefore there
is a need for early diagnosis of this tumor. Screening and
surveillance for HCC applied to patients with chronic
liver disease who are at risk of developing this cancer can
indeed identify malignancies at early stages and improve
patient survival, although there is still debate regarding
the optimal screening and surveillance tools and the actual
yield of surveillance[3-5]. This review addresses the current
evidence supporting surveillance programs in patients at
risk of developing HCC, the best way to perform surveillance, and the still unsolved nuances of this topic.

or serological tests, thus making the target population for
HCC surveillance readily identifiable.
Surveillance tests must have low morbidity, high
sensitivity and high specificity
The American and European guidelines for HCC management recommend surveillance to be carried out by
ultrasound examination of the liver (US) repeated every 6
mo[15,16]. This surveillance schedule has no morbidity and,
when US is properly carried out, a fairly high sensitivity
and specificity[17]. In particular, a recent meta-regression
analysis has shown that US can identify subclinical HCCs
with a sensitivity of 94%-95%, but this drops to 63% for
early HCC, while specificity ordinarily exceeded 90%[18].
However, series coming from referral centers reported
remarkably higher sensitivity figures (82%), even for early
HCC[19,20]. Therefore, the availability of sonographers with
expertise in this field is a mandatory prerequisite for a useful US-based surveillance for HCC[21]. The use of serum
alpha-fetoprotein (AFP) as a surveillance test has an acceptable specificity but a poor sensitivity for early HCC
since only a small fraction (10%-20%) of early cancers is
associated with elevated AFP serum levels[15,16,19,22-24]. The
combination of US and serum AFP assessment slightly
increases (6%) the sensitivity of surveillance but almost
doubles the cost for each small HCC detected due to a
high number of false positives[18,25].

DIFFERENCE BETWEEN SCREENING AND
SURVEILLANCE
Screening is the application of a test to detect a disease
in a population which has no signs or symptoms of that
disease, while surveillance is the periodic repetition of
the screening test in the same population. Both screening and surveillance have the aim of detecting a disease
before it becomes symptomatic, at an early time point
of its natural history and when treatment is more effective, with the ultimate goal of reducing disease-specific
mortality. Positive findings of screening or surveillance
tests must entrain a pre-defined recall policy aimed at
identifying true positive cases with additional diagnostic
procedures. Screening and surveillance must fulfill the
seven Prorok postulates[6] and, as outlined below, this is
the case for the surveillance of patients at risk of developing HCC.

The surveillance test must be acceptable to the target
population
A semiannual repetition of US is a non-invasive, easily-performed, and relatively low-cost surveillance schedule which
is not a major obstacle for patient adherence. Rather, physician education and knowledge of the potential benefits of
surveillance, and adequate operator training are areas where
there is still room for improving the effectiveness of surveillance programs[26-29].

The disease must be common and with substantial
morbidity and mortality
HCC is a common malignancy worldwide and its incidence is expected to rise in most Western world areas
due to the aging of patients with chronic hepatitis C virus (HCV) infection, which is the main etiological factor
of this tumor in developed countries[7,8]. Moreover, HCC
is currently the main cause of death of patients with
initially compensated liver cirrhosis[9,10]. Noteworthy, the
incidence and mortality rates of HCC are very similar
all over the world, thus emphasizing the high lethality
rate of this tumor in the short term, especially when it
is diagnosed at late stages precluding any effective treatment[2], although a favorable mortality trend has recently
been observed in Europe[11-13].

There must be standardized recall procedures
A positive result of the surveillance test must entrain a
prompt activation of a pre-defined standardized algorithm
(recall procedures) able to provide a definite diagnosis.
Recall procedures for suspected lesions identified by US
during screening or surveillance have to be consistently
defined and involve radiological, contrast-enhanced imaging procedures or pathological evaluation of the lesion(s)
relying on precise diagnostic criteria[15,16]. The diagnostic
yield of these recall procedures has been independently
confirmed, and allows an adequate evaluation of tumor
extension that, in turn, has a pivotal role in driving the
therapeutic strategy[21,30,31]. An inappropriate or delayed
application of recall procedures is an important cause of
surveillance failure[28].

The target population must be readily identifiable
More than 90% of HCCs develop in a cirrhotic liver, and
the main causes of chronic liver disease in these patients
are hepatitis B virus (HBV) or HCV infections, alcohol
abuse and non-alcoholic fatty liver disease[14]. These diseases can be detected on the basis of patient history and/
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There must be an acceptable and effective therapy
The goal of surveillance for HCC is to identify tiny lesions, amenable to curative treatments with the aim of
improving patient survival. Surgical resection, percutane-
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Table 1 Suggested thresholds of hepatocellular carcinoma incidence for the implementation of surveillance
Group of patients

[15]

Threshold incidence to
implement surveillance
(% per year)

Incidence of HCC

0.2
0.2
0.2
0.2
0.2-1.5
1.5
1.5
1.5
1.5
1.5

0.4%-0.6%/yr
0.3%-0.6%/yr
Incidence higher than without family history
Hepatocellular carcinoma occurs at a younger age
3%-8%/yr
3%-5%/yr
3%-5%/yr
Unknown, but probably > 1.5%/yr
Unknown, but probably > 1.5%/yr
Unknown

0.2
1.5
1.5

< 0.2%/yr
< 1.5%/yr
< 1.5%/yr

Surveillance recommended
Asian male hepatitis B carriers over age 40
Asian female hepatitis B carriers over age 50
Hepatitis B carriers with family history of hepatocellular carcinoma
African/North American Blacks with hepatitis B
Hepatitis B virus carriers, cirrhosis
Hepatitis C virus infection, cirrhosis
Primary Biliary Cirrhosis, stage 4
Genetic hemochromatosis, cirrhosis
Alpha 1-antitrypsin deficiency, cirrhosis
Other cirrhosis
Surveillance benefit uncertain
Hepatitis B carriers younger than 40 (males) or 50 (females)
Hepatitis C virus infection, stage 3 fibrosis
Non-cirrhotic non-alcoholic fatty liver disease
HCC: Hepatocellular carcinoma.

ous ablation, and liver transplantation (LT) are considered
curative options for patients with small HCCs. The results
of a randomized study carried out in China in HBV infection active carriers and of several cohort studies carried
out in Western and Japanese patients with cirrhosis support the use of surveillance as a way of identifying early
tumors amenable to curative treatment, and therefore of
improving patient survival[19,24,32-34]. Notably, refinements
in diagnostic techniques and patient management led to a
progressive improvement in the survival of patients diagnosed with HCC during surveillance[35].

guidelines mainly relies on the available proof-of-concept
evidence, showing that US surveillance can detect small,
asymptomatic tumors that are amenable to curative treatment while symptomatic HCCs are generally detected at
an advanced stage, which greatly limits or even precludes
any treatment. Pertinently, Western and Eastern cohort
studies comparing the outcome of patients with HCC
diagnosed during or outside surveillance programs consistently demonstrate that the assumed surveillance benefit
holds true[4,24,32-34,38,39].

WHO SHOULD BE SURVEILLED?

Surveillance should reduce disease-specific mortality
The ideal methodology for confirming that surveillance
reduces the disease-specific mortality would be to perform
a randomized, controlled trial comparing surveillance vs
care-on-demand in at-risk patients. Two such studies had
been performed in Chinese chronic HBV carriers with
contrasting results[32,36]. In particular, despite a 40% reduction in the disease-specific mortality, the first trial was
affected by a low degree (< 60%) of patient adherence
to the semiannual surveillance program and by the LT
unavailability, indicating that the reported figure was probably the “minimal” benefit achievable with surveillance
in HBV patients[32]. The negative study was instead methodologically flawed by the fact that patients diagnosed
with early HCC did not receive an effective treatment[36].
It is unrealistic to expect results on this topic from new
randomized controlled trials, at least in the Western world,
due to several reasons: (1) subjects in the control arm
would frequently undergo abdominal US due to extrahepatic or liver disease-related reasons; (2) almost all the
patients, if adequately informed on the risk-benefits of
surveillance, would refuse to participate in the study[37,38];
and (3) this position would likely be shared by most clinicians. Thus, the belief that surveillance for HCC reduces
the disease-specific mortality and the pertinent recommendations released by Western and Eastern international
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In the Western world, surveillance is recommended for
subjects at high risk of developing HCC such as patients with cirrhosis and certain categories of patients
with chronic hepatitis, while Japanese guidelines extend
this recommendation to all patients with chronic hepatitis[15,16,40]. An essential pre-requisite to perform surveillance is the absence of contraindications to treatmenteither curative or palliative-once HCC is diagnosed. Thus,
surveillance is useless in patients with Child-Pugh class C
cirrhosis not listed for LT[41], as an early detection of HCC
does not improve their survival due to the inapplicability
of therapeutic options for malignancy other than LT and
a strong competitive effect with cancer by liver failure as
the death cause[42].
As mentioned before, surveillance should be cost-effective and one crucial determinant of cost-effectiveness
(CE) is the disease incidence in the target population (see
also the specific chapter below). Therefore, the selection
of patients who should enter into surveillance programs
for HCC is driven by their oncologic risk, which can be
inferred from the incidence of HCC (Table 1). The incidence threshold that should trigger surveillance in patients with cirrhosis is 1.5% per year, while for patients
with chronic hepatitis this drops to 0.2% per year[15]. It is
important to note that these thresholds are not derived
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from experimental data but they were proposed considering the results of CE analyses based on the Markov
model showing an increase in survival of > 3 mo at a
cost of less than 50000 USD per year of life gained[43,44].

European guidelines for HCC management recommend
the implementation of surveillance programs in the subgroups of HBV-positive patients with active hepatitis or
a family history of HCC[16].
Although Japanese guidelines recommend HCC surveillance in chronic hepatitis C patients whereas American and European guidelines propose this procedure in
those with advanced fibrosis, the evidence supporting
these suggestions is less robust[15,16,40]. Indeed, on the one
hand, a study carried out in Japan showed that the annual incidence of HCC in untreated patients with chronic
hepatitis C increased with increasing fibrosis stage, being
0.5% in patients without or with mild fibrosis, and 5% in
those with severe fibrosis[52]. On the other hand, a large,
prospective study carried out in the United States to assess the incidence of HCC in patients with bridging fibrosis (Ishak stage 3 and 4) reported an incidence of 0.8%
per year[61,62]. Importantly, in this cohort the absence of
cirrhosis was assessed at enrollment and HCC was diagnosed after a median of 46.5 mo of follow-up, when
cirrhosis had developed in 65% of these patients (15/23
patients) and thrombocytopenia was present in all but
one patient[62]. These findings emphasize the difficulties
in identifying a clear hallmark indicating the transition
from a low to a high oncologic risk status. In an attempt
to overcome this problem, either bed-side clinical scores
or transient hepatic elastography have been proposed to
stratify patients according to HCC risk[62-65].
Lastly, although HCC may also occur in non-cirrhotic
patients with a non-viral chronic liver disease, exhaustive
data on its incidence in these categories are not currently
available, but it is unlikely for surveillance to be costeffective in these settings.

Cirrhosis
According to the above mentioned thresholds, patients
with cirrhosis are appropriate candidates for a cost-effective surveillance, as the annual incidence of HCC in cirrhotic patients with HCV or HBV infection is 1.5%-4.5%
and 2.2%-4.3%, respectively, and it is approximately 2.6%
in both alcoholic and non-alcoholic steatohepatitis cirrhosis[14,45-47]. Even cirrhotic patients with genetic hemochromatosis or primary biliary cirrhosis have an HCC risk
high enough to implement surveillance, whereas the annual incidence of HCC reported in cirrhotic patients with
autoimmune hepatitis is 1.1%, thus questioning the CE of
surveillance in this category of patients[48-50].
Patients with HCV-related cirrhosis who cleared the
infection with antiviral treatment represent a subset of patients with a decreased, but not abolished, risk of HCC[51,52].
Namely, the incidence rate of HCC per 100 person-years
in Japanese patients with cirrhosis who achieved a sustained virological response (SVR) to antiviral treatment
was 0.5% compared to 5% in patients without SVR and
8% in untreated cirrhotic patients, while a retrospective
Italian study showed figures of 0.7% after SVR and 2%
in non-responder patients[51,52]. It should be pointed out
that HCC incidences observed after SVR do not cross
the suggested CE threshold for surveillance in cirrhosis.
Nevertheless, non-viremic HCV cirrhotic patients represent a peculiar population where mortality due to the
complications of cirrhosis or liver failure is negligible and
the chance of applying aggressive treatments for HCC is
high[51,52]. The same applies to HBV patients effectively
treated with antiviral nucleos(t)ide drugs in whom the risk
of HCC remains as high as 1.3 per 100 person-years despite undetectable viremia[53,54].
To conclude, non-viremic HCV and HBV patients
should continue (or start) to undergo surveillance if they
were at high risk of developing HCC before starting antiviral treatment.

HOW SHOULD SURVEILLANCE BE
PERFORMED?
Imaging tools and expertise
In general, a surveillance test has to have a high sensitivity (to miss very few cancers) and an adequate specificity (to avoid unnecessary confirmatory testing). There is
universal agreement that US is the imaging tool to be used
for surveillance of HCC. A meta-regression analysis of
several cohort studies set the sensitivity of US, as a surveillance test for HCC, at 94% for asymptomatic tumors
and 63% for early HCC, with a specificity of > 90%[18].
The relatively low sensitivity of US for tiny lesions may be
explained by the fact that this technique is highly dependent on both the operator expertise and the quality of US
equipment. In fact, the presence of regenerative nodules
and fibrous septa conferring a coarse echo-pattern to the
cirrhotic liver makes it difficult to identify minute nodules. Therefore, US examination should be performed by
skilled operators and with adequate instruments. In this
case, the sensitivity for early-stage or small HCC ranges
from 82% to 91%, and the mean size of HCCs detected
during surveillance is < 2 cm, with only 1.4% of tumors
> 3 cm[19,20,66,67].

Non-cirrhotic chronic liver disease
Among pre-cirrhotic patients, those with chronic HBV
infection have the highest risk of developing HCC,
especially those with long-standing disease, who more
likely acquired the infection perinatally, and those with
persistent, high-load viral replication[55-57]. These features
are frequent in Asian patients, and a study from China
showed that patients with chronic hepatitis B without
cirrhosis have an annual HCC incidence of 0.8%, thus
exceeding the accepted threshold (0.2%) for a costeffective surveillance[15,58]. African active HBV carriers or
with a positive family history are also considered good
candidates for surveillance, due to high HCC incidence.
As the incidence of HCC in HBV-positive Western patients ranges from 0.1% to 0.4% per year[59,60], the latest
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Serum AFP
AFP is the serum tumoral marker most widely used in
the surveillance for HCC[22]. Its levels are influenced by
tumor size and aggressiveness, as well as by the etiology
and activity of the liver disease[23,68-74]. These limitations affect the usefulness of AFP as a surveillance test for HCC,
and its principal drawback is a poor sensitivity at cut-off
levels ensuring an adequate specificity[22,75]. Namely, serum
AFP levels are increased in a minority of early HCCs and,
when elevated, tend to identify highly malignant cancers
with a rapid growth rate[23,67-69,71-73]. Furthermore, AFP
lacks specificity for HCC since abnormal levels can be
caused by hepatitis activity flares in both HBV- and HCVinfected patients[70,74].
The combined use of US and AFP increases the sensitivity for early HCC by 6% compared to US alone, but also
enhances the rate of false positive results, with detrimental
consequences on direct and indirect costs for each early
HCC detected[76-80]. In fact, while false positive results occur
with US or AFP alone in 2.9% and 5.0% of cases, respectively, the figure rises to 7.5% on combining the two tests,
and this drop of specificity translates into a cost of approximately 2000 USD per HCC identified with US alone
as compared to 3000 USD with the combination of AFP
plus US[25].
Inadequate sensitivity for early lesions and lack of
specificity discourage the use of AFP as a screening and
surveillance tool for HCC[23,78], so that the use of US
alone in this setting has been recommended by Western
guidelines for HCC management[15,16]. This suggestion,
however, is not shared by the recently released Eastern
guidelines[40,81], that continue to propose the combined use
of US and sero-markers, such as AFP and des-gammacarboxy prothrombin, aimed at maximizing the sensitivity
of surveillance regardless of its negative impact on CE.

resource among oncologic and non-oncologic candidates),
and the use of these techniques has been associated with a
better CE ratio[21].
Patients with non-alcoholic liver cirrhosis represent a
growing population at risk of HCC[87-89], and in most of
them the presence of fatty liver and obesity may impair
imaging resolution of liver US exploration. Although no
formal studies have been carried out to address this issue,
in some studies CT was purposely used instead of US for
HCC surveillance in a minority of patients (3.3%) due to
the presence of suboptimal US resolution because of a
coarse liver echo-pattern or extreme obesity[67]. Instead, in
a study carried out in the United States, the presence of
an increased body mass index was not associated with a
decreased sensitivity of US for HCC detection, although
the robustness of this finding is flawed by the limited
statistical power of the study and the overall poor quality
of US results[90]. Thus, due to the growing prevalence of
non-alcoholic liver disease, this is a field where prospective studies comparing US with other surveillance tools
are urgently needed[91].
Optimal interval of surveillance (3 mo vs 6 mo vs 12 mo)
The surveillance interval should be dictated by the expected doubling volume time of the surveyed tumor,
and not by the degree of the inherent risk of HCC. Median doubling volume time of untreated HCC is around
170 d, although there is a great inter-individual variability
and the growth rate may be not constant over time[67,92].
This would indicate that the reference length of the surveillance interval is 6 mo. Increasing the length to 12 mo
is indeed associated with a greater likelihood of missing
early HCCs, reducing the applicability of effective treatments and thus worsening survival as compared to the
semiannual surveillance schedule[34,93]. In fact, after correction for the lead-time bias, the survival of Child-Pugh
class A or B patients with HCC identified during a semiannual surveillance was significantly improved as compared to patients undergoing 12 mo surveillance[34]. Similar
findings were obtained in Asian patients, in whom the
survival benefit adjusted for lead-time bias was significantly
greater when surveillance was carried out with an interval
[93]
≤ 6 mo as compared to > 6 mo . Conversely, a randomized study prevalently including patients with alcoholic
cirrhosis demonstrated that shortening the surveillance
schedule to 3 mo was detrimental as it did not significantly
increase the likelihood to detect small (≤ 3 cm) HCCs
(79% vs 70%), amenability to curative treatment (62% vs
58%) and 5-year survival (85% vs 86%), whereas it led to a
greater cumulative incidence of detected focal lesions that
proved non-malignant during the follow-up, thus leading
to an increased cost of recall procedures[94]. In this regard,
it should be emphasized that the proposal of the Japanese
and Asian guidelines to shorten the surveillance interval
to 3 mo in patients at very high risk of developing HCC
does not rely on experimental results or CE study models[40,81]. Thus, on the basis of the currently available evidence, a 6-mo interval should be recommended for HCC

Special subgroups (patients on LT waiting list, patients
with coarse liver echo-pattern, obese patients)
Patients on the LT waiting list represent a special subgroup where surveillance for HCC acquires additional
clinical significance, as the identification of an HCC in
these patients: (1) can hasten the urgency for LT by prioritizing the patient on the list; (2) alternatively, it may
represent a reason for waiting list drop-out if the tumor
burden exceeds the accepted criteria for LT[82-84]; (3) due
to these reasons, it also impacts on the probability of the
listed non-HCC patients to be transplanted[82,85]. NonHCC patients listed for LT usually have an advanced cirrhosis which associates with a coarse liver echo-pattern,
organ shrinkage and ascites, and these features may impair
the US ability to detect (small) focal lesions[86]. Therefore,
although there is no compelling evidence to support this
suggestion, an HCC surveillance carried out with multiphasic computed tomography (CT) or magnetic resonance (MR)
every 6 mo can be proposed for these patients; considering
that the expected surveillance duration seldom exceeds 1
year, the detection of HCC is crucial to define the priority
for LT (and hence to fairly allocate a limited therapeutic
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surveillance[15,16].

and the actual possibility to submit patients diagnosed
with HCC to potentially curative treatments; total costs
result from the sum of the costs of surveillance test(s),
tools utilized for tumor diagnosis and staging, and HCC
treatment(s).
As mentioned above, from a CE standpoint US surveillance of cirrhotic patients should be started when the
annual HCC incidence is expected to be at least 1.5%;
however, it cannot be excluded that different surveillance strategies, and different surveillance intervals, can
be more cost-effective in different clinical scenarios. For
instance, available data suggest that the annual program
of US surveillance (± AFP assessment) is cost-effective in
patients with a tumor risk up to 3%-3.5% per year, while
the semiannual program becomes more cost-effective in
patients with a risk above these figures[44,76,95,96]. Indeed, the
semiannual US strategy has been consistently reported to
be the most effective program for an early tumor diagnosis but it inevitably increases direct and indirect costs with
respect to programs with longer intervals. Considering
this, a reasonable alternative from a CE perspective is the
“AFP-triage strategy” that avoids US use in patients with
normal AFP values. This strategy has been reported to be
more cost-effective than semiannual US but with a lower
efficiency in detecting HCC[97].
The second main determinant of surveillance effectiveness is the possibility to timely submit HCC patients
to potentially curative treatments. While it is not possible to predict the tumor burden at presentation in the
individual patient, it is intuitive that an advanced degree
of liver dysfunction strongly limits-or even preventsthe therapeutic approach to the forthcoming HCC. The
literature lacks specific analyses comparing the CE of
surveillance vs no-surveillance in decompensated cirrhotic patients, also because surveillance is not currently
recommended in patients with advanced cirrhosis not
listed for LT. The only available evidence indicates that
semiannual US surveillance can be more cost-effective
than annual surveillance only if treatment can ensure a
huge survival gain after HCC diagnosis, as in the case of
LT[97], indirectly supporting the recommendation to keep,
among Child-Pugh class C patients, only candidates for
LT under surveillance.
The direct costs of surveillance test(s) are relatively
low, as both US examination and AFP dosage are not
high-cost procedures. It has been reported that costs for
surveillance and tumor diagnosis are around 18000 USD
per each potentially curable HCC detected, accounting
for only 10%-20% of total costs of cancer management
since the main determinant of costs is treatment[19,98,99].
Nevertheless, the CE of surveillance programs based
on CT, MR or contrast-enhanced US (CEUS) has been
tested with Markov model analyses and most of the studies found that their use raised costs, without a parallel
significant increase in HCC detection, resulting in a higher
incremental cost-effectiveness ratio (ICER) compared
to US surveillance[76,82,100,101]. Thus, there is not sufficient
evidence for adopting CT or MR as surveillance tests,

DIFFERENCES BETWEEN EFFICACY AND
EFFECTIVENESS
Efficacy is a measure of the degree to which one procedure obtains the expected result under standardized
conditions, generally chosen to maximize the chance to
observe the expected result. Effectiveness, instead, measures the extent of the benefit when the procedure is applied in clinical practice. Effectiveness not only depends
upon the efficacy of the procedure but also on “external”
non-standardized factors, such as physicians’ (specific
knowledge, convincement and recommendation) and
patients’ (acceptance and adherence) behavior, health
system organization (timeliness of the recall policy, availability and accessibility of appropriate diagnostic tools
and treatments, adequate follow-up), as well as economic,
cultural and social influences. In the case of surveillance
for HCC, it can be optimistically hypothesized that its
effectiveness is affected by the following drawbacks:
missed/unconvincing doctor recommendation (80%),
limitations to surveillance access (90%), patient refusal
(90%) or inadequate adherence (90%), untimely recall
(by 90%), untimely availability of appropriate diagnostic
and therapeutic options (90%) and improper follow-up
(90%). Thus, assuming that the mentioned limitations
are independent probabilities and the reduction in overall
mortality of cirrhotic patients with HCC diagnosed during surveillance is 40% - according to the Italian Liver
Cancer data (ITA.LI.CA)[34] - it can be calculated (0.40 ×
0.80 × 0.90 × 0.90 × 0.90 × 0.90 × 0.90 × 0.90) that the
actual effectiveness of surveillance in cirrhosis drops to
17%.
Therefore, surveillance for early diagnosis of HCC
is a typical example of “clinical nuance”, whose basics
tenets are that medical services and providers differ in the
clinical benefit provided; hence, the benefit of the service
depends on the person using it, as well as where and by
whom the service is provided. As previously pointed out
by our group, besides limited economical resources, a major flaw of surveillance for HCC is the “behavior hazard”
of both clinicians (prescription and organization) and
patients (adherence)[79]. These shortcomings explain the
large gap between efficacy and effectiveness of surveillance of patients at risk of HCC, and indicate the road
for reducing this gap and greatly improving the CE of the
procedure without the need for diagnostic and therapeutic
advancements.

COST-EFFECTIVENESS OF SURVEILLANCE
The economic aspect of HCC surveillance has also to be
considered. Its CE is mainly determined by two features:
the gain obtainable with surveillance in terms of qualityadjusted life-expectancy (effectiveness) and its total costs.
In turn, these features are determined by two components
each. Effectiveness strictly depends on HCC incidence
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whereas the use of CEUS, although intriguing, requires
further dedicated studies.
Another point that needs to be addressed is the use of
AFP as a surveillance test. Sensitivity of AFP is reported
to be around 60%, and its specificity is limited by the nonHCC related elevation of the marker due to hepatic necroinflammation and regeneration occurring in active hepatitis
or cirrhosis[15,16,70,71,74]. Consequently, the frequent false
positive results of a periodic AFP measurement, entraining
confirmatory tests, increase the total costs of surveillance
based on serum AFP measurement[96].
As mentioned before, the main determinant of surveillance costs derives from the tumor treatment. For example,
the inclusion of LT in the treatment algorithm, reimbursement of which can be up to 250000 USD (University of
Alabama)[100], results in an up to 10-fold increase of the
average cost-effectiveness when compared to scenarios
where LT is not an option. Hepatic resection is another
high-cost intervention, that can compete with percutaneous
ablation in terms of both survival and CE. Available literature suggests a CE advantage for ablation in the case of
single tumors ≤ 2 cm and 2-3 nodules each ≤ 3 cm, while
surgery becomes more cost-effective for single tumors > 3
cm[102]. Thus, the type of treatment adopted, the proportion
of patients undergoing each therapy and, more importantly,
costs assumptions are the main sources of uncertainty for
simulation models aimed at calculating the CE of surveillance for HCC. Therefore, it is advisable to propose prospective micro-costing analyses to refine this topic. Microcosting studies collect data and values on the resources utilized for each patient so that, although time- and resourceconsuming (expensive record keeping over time and use of
database management), they allow a precise definition of
costs. Only one prospective micro-costing study has been
published, and this was more than 10 years ago[19]. Due to
the changed scenario of HCC management since then, further similar studies are warranted.
To conclude, semiannual surveillance based on US
achieves a higher detection rate of early HCC but at increased costs with respect to the annual program. From a
CE perspective, alternative strategies, such as the semiannual AFP + annual US or the annual US (± AFP) schedules, could be proposed and tested in patients with a relatively low HCC incidence, such as young cirrhotic women
or patients who have become non-viremic after (HCVand HBV-infected) or during (HBV-infected) antiviral
treatment.

(meeting the Milan criteria) that, in turn, allows application of curative treatment and eventually improves patient
survival. It is recommended that patients are evaluated at a
referral center with availability of all diagnostic techniques
and therapeutic opportunities.
Importantly, any new lesion identified at screening or
during surveillance as well as pre-existing lesions enlarging or changing their echo-pattern should be regarded as
malignant unless otherwise demonstrated; however, as
most nodules < 1 cm are non-malignant, the institution
of recall procedures for these lesions would increase surveillance costs without clinical gain[94,103]. Therefore, these
lesions should be strictly followed-up with US every 3
mo until an increase in size occurs (allowing a suitable
definition of their nature with diagnostic techniques) or
for one-two years[15,16,104]. This shortening of the interval
between US scans (“enhanced” follow-up) is dictated by
the knowledge that the volume doubling time of some
HCCs may be as short as 30 d, and the main goal of
surveillance is to detect HCCs ≤ 2 cm[89]. It has to be
emphasized that the echo-pattern is not predictive of
malignancy since, although HCC more often presents as
a hypo-echoic lesion, it may be hyper-echoic or have a
“target” appearance[105,106].
The recall strategy for lesions ≥ 1 cm relies on the
use of dynamic, contrast-enhanced, multiphase, imaging
techniques with vascular contrast media (CT, MR, CEUS)
and overlaps with the diagnostic process. In cirrhotic patients, if the nodule shows the typical vascular patter i.e.,
homogeneous contrast enhancement in the arterial phase
(wash-in) followed by hypo-enhancement in the portal
or venous phase (wash-out) - it can be regarded as HCC
with no need for histological confirmation[20,21,30,31,107,108].
If the lesion does not display this typical pattern at the
first imaging procedure, an alternative imaging technique
can be performed, and if an atypical vascular pattern
is found again, the lesion should undergo biopsy. It is
recommended that histological samples are evaluated
by an expert in liver pathology and, in the case of nondiagnostic pathological results, a follow-up with US every
3 mo should be implemented and the recall procedures
repeated as soon as a nodule enlargement is observed
(Figure 1).
When selecting the most rewarding imaging technique to be firstly performed in a patient with suspected
HCC, it should be considered that MR has the highest
sensitivity to detect the typical vascular pattern in tiny
HCC (< 2 cm) and, using hepatocyte-specific contrast
agents, it can provide important additional information
in the so called “hepato-biliary phase” (hypo-intensity of
the nodule) to suspect malignancy even in the absence
of the wash-in phenomenon, a feature quite frequent in
tiny lesions[21,109-112]. Discovering the malignant nature of
nodules < 2 cm is indeed of paramount importance as,
above this size, the prevalence of unfavorable prognostic
factors, such as microscopic vascular invasion and satellites, greatly increases[59,112] (Figure 2).
The inclusion of CEUS among the imaging tech-

WHICH IS THE BEST RECALL POLICY?
Recall policy is instrumental to the success of surveillance,
since an abnormal surveillance test must promptly entrain
a pre-defined strategy aimed at ruling in/out the presence
of HCC and staging it. The diagnostic algorithm that
composes recall procedures should be carried out within
a reasonable time interval to allow timely and adequate
treatment. Recall procedures greatly concur in diagnosing HCC at a very early (solitary, ≤ 2 cm) or early stage
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1

The disease must be common, with
substantial morbidity and mortality

2

HCC develops in patients with cirrhosis in
more than 90% of cases

Hepatic ultrasound, the recommended
surveillance tool, has no morbidity

The annual incidence of HCC in patients
with compensated cirrhosis is 2-4%

Hcc can develop even in pre-cirrhotic
patients with HBV or HCV infection,
or metabolic liver diseases

The sensitivity of ultrasound for detection
of preclinical and early HCC is 94-95% and
63%, respectively, while specificity is > 90%

The population at risk of HCC is usually
identified on histological or clinical basis
and patients are often referred to
hepatology centers

The diagnostic performance of ultrasound
is greatly influenced by the operator
expertise: in erpert hands ultrasound is an
adequate surveillance test

5

The surveillance test must be acceptable to the target population

There must be standardized recall procedures
A positve result of the surveillance test has to timely entrain a
pre-definite algorithm aimed at diagnosis comfirmation (recall
procedures)

A semiannual repetition of ultrasound is a non-invasive,
easily-performed, and relatively low-cost surveillance schedule
Adherence to the surveillance schedule is a function of patient
education and physician awareness of the HCC risk

Recall procedures involve radiological, contrast-enhanced
imaging and/or pathological evaluation of the lesion (s)
relying on precise diagnositic criteria

Adequate operator training and access to the procedure are
instrumental to the outcome of the surveillance process

6

Surveillance tests must have low morbidity,
high sensitivity and high specificity

Hcc is the fifth most common human
cancer and the
third cause of death from cancer

HCC is the main cause of death in patients
with compensated cirrhosis

4

3

The targen population must be readily
identifiable

The suitability of standardized radiological procedures
has been comfirmed in independent series
7

There must be an acceptable and effective therapy

Surveillance should reduce disease-specific mortality

Liver transplantation, surgical resection and percutaneous ablation
are curative options for patients with small HCC, and can increase
their survival

In the absence of adequately powered randomized clinical
trials, simulations based on Markov model and cohort studies
represent the best evidence supporting surveillance benefit

Surveillance increases the amenability to curative treatments
compared to patients diagnosed with a symptomatic tumour

Cohort studies showed that surveillance for HCC improves
survival through an increased detection of tumors amenable
to curative treatments. One randomized controlled trial
performed in HBsAg carriers supports this information

Figure 1 Prorok’s postulates: Paradigm of surveillance for early diagnosis of hepatocellular carcinoma.

niques of the recall policy is currently debated, due to
the risk of misdiagnosis between HCC and intrahepatic
cholangiocarcinoma (ICC)[15,16,113-115]. However, the recently released Italian recommendations for HCC management[104] have included CEUS in the recall algorithm
due to: (1) its positive predictive value for HCC > 95%
when a typical vascular pattern is observed; (2) the fairly
low incidence of ICC in cirrhosis (1%-3% of newly diagnosed tumors); and (3) the fact that only half of small
ICCs display a pattern typical for HCC at CEUS[115-118].
From a CE standpoint, however, it should be pointed
out that, since a “panoramic” imaging technique is mandatory to correctly stage the tumor, CT or MR should
be preferred, using CEUS as a second-line procedure in
the case of inconclusive findings at radiological imaging
techniques[105,114].

controversy on its actual usefulness in clinical practice.
Some recent studies, coming from the United States, have
helped frame the receipt of HCC surveillance in everyday practice in this country and reported the obstacles
to its utilization, providing hints on how to improve its
uptake and outcome[116-121]. Indeed, initial reports showed
that no more than 28% of patients diagnosed with HCC
underwent at least 1 screening test in the 3 years preceding the diagnosis and, among them, 36% received AFP
testing alone as a screening test[117]. However, this study
did not report a measure of receipt of surveillance in the
whole population of patients at risk. A subsequent study,
performed on a larger and more representative sample,
confirmed a low uptake of surveillance in patients diagnosed with HCC, showing that 17% and 38% of patients
received consistent and inconsistent surveillance, respectively, before HCC detection, and demonstrated that being
followed up by a gastroenterologist/hepatologist or an
academic physician was associated with a higher likelihood
of receiving surveillance as compared to patients followed
by primary care physicians[118]. Thus, being followed by a
specialist in liver disease is a key factor for the likelihood
of receiving HCC screening and surveillance, a finding
indirectly supported by the result of a self-reported use of

ACTUAL UPTAKE OF SURVEILLANCE
AND LIMITATIONS TO ITS APPLICATION
Despite the available evidence that surveillance increases
the survival of patients diagnosed with HCC, expanding
the possibility to perform effective therapies, there is still
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New nodule

Ø < 1 cm

Ø ≥ 1 cm

Ultrasound at 3 mo

MRI or CT or CEUS1

Increase (Ø ≥ 1 cm)

Typical feature
(wash-in and wash-out)

No

Yes
No

Yes

Ultrasound every 3
mo (for 12 mo)
Alternative imaging
technique
Yes

Increase (Ø ≥ 1 cm)

Atypical feature

No

Typical feature

Biopsy
Ultrasound every 6
mo
Inconclusive

Other diagnosis

HCC
Figure 2 Recall policy and diagnostic algorithm proposed by the Italian Association for the Study of the Liver for cirrhotic patients with a nodule detected
during ultrasound surveillance. 1Note that, since magnetic resonance (MR) or computed tomography (CT) are anyhow needed for staging in the case of hepatocellular carcinoma diagnosis made by contrast-enhanced ultrasonography (CEUS), a pragmatic approach is to perform MR or CT as the first-line imaging technique for
diagnosis, and to resort to CEUS when radiological imaging techniques provide inconclusive features (reprinted with permission)[102].

surveillance ranging from 71% to 84% among members
of the American Association for the Study of the Liver
and the Veteran Health Administration[121,122]. Moreover,
an adequate surveillance was strongly associated with the
local availability of all possible treatments for HCC[121],
thus emphasizing the concept that patients at risk should
be followed up and managed at referral centers with availability of multi-disciplinary resources to optimize the
effectiveness of surveillance. These findings underscore
that the patient’s probability to be maintained under
surveillance is strictly connected with specialist care and
the possibility to receive treatment for HCC, and that effectiveness of surveillance is modest in decreasing HCC
mortality when surveillance uptake is markedly low[119,121].
Lastly, longitudinal evaluation of the ITA.LI.CA
database over 20 years showed an increase in the proportion of patients diagnosed with HCC during surveillance until 2002, followed by stationary figures over the
subsequent 6 years, accounting for approximately 53%
of these cases, but with a significant continuous shift to
preference of the 6-mo interval[89]. These data, as well

WCG|www.wjgnet.com

as those coming from the United States, clearly reveal
an insufficient and suboptimal use of surveillance in the
real world of health care and should stimulate educational policies aimed at expanding the knowledge and
the correct use of this tool for secondary prevention of
HCC. Indeed, audits with identification of barriers to
the application of surveillance and implementation of
measures able to improve physician and patient education, together with system re-design, have led to a great
increase in the application of adequate surveillance protocols for an early diagnosis of HCC[122].
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Core tip: Antiviral therapy reduces but does not eliminate the risk of hepatocellular carcinoma (HCC) in
chronic hepatitis B patients with or without cirrhosis.
The reduction of the HCC incidence under a high genetic barrier nucleos(t)ide analogue is higher in the vast
majority of patients who will achieve virological remission compared to those who may maintain detectable
viral replication. In current clinical practice, however,
patients at increased baseline HCC risk should continue
to undergo HCC surveillance according to the existing
recommendations even if they have achieved complete
long-term inhibition of viral replication and improvements in liver histology.

Abstract
Patients with chronic hepatitis B are at increased risk
of hepatocellular carcinoma (HCC), while the inhibition
of viral replication can represent a reasonable target
for HCC prevention. Interferon-α therapy results in
decreased HCC risk, which is more evident in patients
with high baseline HCC risk. The majority of chronic
hepatitis B patients are treated with a nucleos(t)ide
analogue (NA) for several reasons including the nonsustained response after interferon-α. The effect of
the first licensed and low genetic barrier NA, lamivudine, on HCC incidence, has been repeatedly evaluated. Lamivudine, compared to no treatment, reduces
the HCC incidence, which may increase again in cases
with lamivudine resistance. Emerging data with the
currently first-line NAs, entecavir and tenofovir, suggest that they also reduce the HCC incidence. The
treatment benefit in reduction of the HCC incidence is
always greater in patients with high baseline HCC risk,
particularly cirrhotics, and without virological remission under entecavir/tenofovir. However, the HCC risk
is not eliminated even in the vast majority of patients
who remain in virological remission under entecavir/
tenofovir. Therefore, patients at increased baseline
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most common neoplasm and the third most frequent cause of cancer death[1]. It represents more than 90% of primary liver
cancers and is a major global health problem. In most
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ment of carcinogenesis[13,14]. Furthermore, the viral protein HBx may play a crucial role in hepatocarcinogenesis
because its trans-activation is involved in the function of
a large number of signaling pathways and cellular genes
that are involved in oncogenesis, proliferation, inflammation and immune responses[15]. Since all of the above
mechanisms require the presence and replication of the
virus, suppression of viral replication seems to be a reasonable target for the prevention of HCC.
There are additional important viral and host factors
that may affect the risk of HCC development. Adequate
evidence suggest that HBV genotype C is associated with
more active and rapidly progressive liver disease including
more frequent HCC development, compared to genotype
B[16]. HBV genome mutations such as pre-S deletions,
enhancer II mutations (T1653) and core promoter mutations (V1753, T1762 and A1764) have also been found
to be associated with a higher HCC risk[17,18]. Moreover,
older age, male gender, alcohol abuse and possibly metabolic syndrome also increase the risk of HCC[19,20].
Lastly, recent data from Eastern Asia showed that
high levels of HBV surface antigen (HBsAg) (> 1000
IU/mL) in HBV e antigen (HBeAg) negative patients
with low levels of HBV DNA (< 2000 IU/mL) is an
independent risk factor for HCC development[21]. As HBsAg is mainly produced by the integrated form of HBV
DNA, low viremic patients who have high HBsAg level
might harbor more hepatocytes with HBV integration
thus increasing genomic instability which play an important role in carcinogenesis.

cases, HCC develops within an established background
of chronic liver disease. Following this, chronic hepatitis
B virus (HBV) infection is a significant predisposing factor for the development of HCC and accounts for more
than 50% of all cases[2]. The relative risk of HCC development is 100-fold higher for patients chronically infected with HBV versus those who are not infected. The risk
is even higher for cases with high viral replication and/or
HBV related cirrhosis[3].
In patients with cirrhosis, surveillance for HCC increases the possibility of an earlier diagnosis and improved survival [1]. However, screening programs are
rather unsatisfactory and the prognosis remains poor
because therapeutic interventions are rather ineffective
in advanced stages[4]. Therefore, the development of
preventive strategies is mandatory. HCC related to HBV
can be prevented by vaccination. Nationwide vaccination
of infants in Taiwan reduced the incidence of HCC in
children aged 6-9 years from 0.52 per 100.000 for those
born between 1974 and 1984 to 0.13 for those born between 1984 and 1986[5]. Nevertheless, the incidence of
HCC is expected to increase during the next years because approximately 400 million people who are already
chronically infected with HBV cannot benefit from immunization[6]. In patients with chronic HBV infection and
high serum HBV DNA levels, viral replication can be
inhibited by antiviral agents that prevent the progression
of liver disease and perhaps the development of HCC in
the long-term.
The current therapeutic options for patients with
chronic hepatitis B include treatment with standard or
PEGylated interferon-α (IFN-α), a drug with antiviral,
immunomodulatory and perhaps antitumoral activities,
and five oral nucleos(t)ide analogues (NAs) (lamivudine,
adefovir, entecavir, telbivudine, tenofovir)[7]. In this review, we summarize the data on the impact of antiviral
treatment in the prevention of HCC in patients with
chronic HBV infection.

IFN-α AND HCC
The usefulness of IFN-α in the prevention of HBVrelated HCC has been investigated only with traditional
IFN-α to date, as PEGylated IFN-α was licensed relatively recently and long-term follow-up studies have not
been published yet. The IFN-α data on HCC prevention
in patients with chronic hepatitis B have been conflicting so far and thus several meta-analyses have tried to
elucidate this issue (Table 1). The first meta-analysis of
7 studies (2 Oriental-5 European) including 1505 patients with cirrhosis suggested a decreased incidence of
HCC in IFN-α-treated patients (risk reduction-6.4%, P
< 0.001)[22]. However, the pooled estimate in favor of
IFN-α was a consequence of the two Oriental trials because the subgroup analysis of the five European studies
found no benefit from IFN-α on the prevention of HCC
(risk reduction-4.8%, NS). Sung et al[23] performed a metaanalysis of 12 randomized, case-control and cohort studies (1292 IFN-α treated and 1450 untreated patients) and
showed that the HCC risk was reduced by 34% in IFN-α
treated patients (RR = 0.66, 95%CI: 0.48-0.89). Subgroup
analysis revealed a significant benefit in patients with early
cirrhosis (RR = 0.53, 95%CI: 0.36-0.78) but not in patients without cirrhosis (RR = 0.72, 95%CI: 0.16-3.15). In
addition, no difference was found in the HCC incidence
in relation to virological response to therapy (RR = 0.76,

RATIONALE OF ANTIVIRAL TREATMENT
FOR HCC PREVENTION
It is believed that persistent viral replication together with
the resulting liver injury are key risk factors for HBVrelated HCC[8,9]. More specifically, a direct linear relationship was reported between viral load and HCC risk[10].
Chronic HBV infection promotes viral induced immune
response with release of cytokines and genotoxic reactive
oxygen species leading to liver cell necrosis as well as to
activation of liver fibrosis cascade. The ensuing acceleration of hepatocyte cell cycles and the increased risk of
genetic alterations might culminate in malignant transformation of hepatocytes[11].
Moreover, the HBV sequences can integrate into cellular DNA and may modulate the expression of neighboring cellular genes in a cis-acting way[12]. The integration of HBV DNA may cause overexpression of those
cellular genes which in turn contributes to the develop-
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Table 1 Summary of meta-analyses evaluating the effect of antiviral treatment on the incidence of hepatocellular carcinoma in
patients with chronic hepatitis B
st

1 author, year

Cammà et al[22],
2001
Sung et al[23],
2008

Yang et al[24],
2009
Miyake et al[25],
2009

Sung et al[23],
2008

Papatheodoridis
et al[38], 2010

Total No. of Treatment HCC cases,
No. of
total n
studies, total patients, treated/ regimen
1
untreated
(used )
7
(5)
(2)
12
(6)
(3)
(4)
(4)
11
8
(3)
(5)
(5)
(3)
(4)
(3)
5
(3)
(2)
(3)
(3)
(3)
(3)
21 (3)

Overall
European studies
Oriental studies
Overall
Cirrhotics
Non-cirrhotics
Virological responders
Non-virological responders
Overall

RD = -6.4
RD = -4.8
RD = -8.0
RR = 0.66
RR = 0.53
RR = 0.72
RR = 0.76
RR = 0.64
RR = 0.59

-2.8--10 < 0.001
-11.1-1.5
NS
-1.4--14.6 < 0.001
0.48-0.89
0.006
0.36-0.78
0.001
0.16-3.15
NS
0.08-7.23
NS
0.33-1.26
NS
0.43-0.81
0.001

RD = -5.0
RD = -0.5
RD = -8.5
RD = -9.4
RD = -0.2
RD = -6.0
RD = -5.4
RR = 0.22
RR = 0.17
RR = 0.21
RR = 0.52
RR = 0.37
RR = 0.21
RR = 0.25
2.8% (22/779) vs 6.4%
(34/534)
2.5% (9/353) vs 6.4%
(34/534)
2.8% (12/426) vs 6.4%
(34/534)
2.3% (23/982) vs 7.5%
(64/852)
2.3% (23/982) vs 5.9%
(19/320)

-9.4--0.5
-4.9-4.0
-13.6--3.6
-14.2--4.6
-4.3-4.7
-11.8--0.2
-15.4-4.6
0.10-0.50
0.04-0.79
0.10-0.47
0.28-0.97
0.17-0.77
0.10-0.44
0.06-1.06

RR = 0.48

0.38-0.61

122

1292/1458

IFN-a

190

1006/1076

IFN-a

178

553/750

IFN-a

100

1267/1022

LAM

152

3881/534

LAM

202

Overall
European studies
Asian studies
Incidental rate of HCC ≥ 10%
Incidental rate of HCC < 10%
HBeAg positive ≥ 70%
HBeAg positive < 70%
Overall
Cirrhotics
Non-cirrhotics
Drug resistance
Without drug resistance
HBeAg positive
HBeAg negative
Treated vs untreated

808

Treated in remission vs
untreated
Treated without remission vs
untreated
Treated in remission vs
treated without remission
Treated in remission under
initial therapy vs treated
in remission under rescue
therapy
LAM2 vs untreated

(10)
(14)

49 (6)

95%CI

IFN-a

(3)

Singal et al[49],
2013

RD or RR

853/652

(3)

10025/3571

LAM or
Other
NAs3

(49)

P value

HCC incidence

0.028
NS
0.001
< 0.001
NS
0.043
NS
< 0.001
0.020
< 0.001
0.040
0.008
< 0.001
NS
0.003
0.015
0.016
< 0.001
0.003

< 0.001

No difference between NAs3 Pooled HCC incidence rate:
1.3 (1.1-1.6) per 100 personyears

1

Number of studies included in each analysis; 2In 6 studies including both LAM treated (n = 3306) and untreated patients (n = 3571); 3In the 49 studies, there
were 5946 patients treated with LAM, 1929 patients treated with adefovir, 879 patients treated with entecavir, 616 patients treated with telbivudine and 657
patients treated with tenofovir. IFN-α : Interferon-α; LAM: Lamivudine; NS: Non-significant.

95%CI: 0.08-7.23). In a more recent meta-analysis involving 11 studies (1006 IFN-α treated and 1076 controls),
IFN-α reduced the risk of HCC in chronic hepatitis B
patients by 41% compared to untreated controls[24]. Finally, Miyake et al[25] included 8 studies in a meta-analysis
and found a preventive effect of treatment in favor of
IFN-α (risk difference, -5.0%, P = 0.028) that was more
pronounced in Asian patients, in patients with a baseline
HCC risk (HCC risk in untreated cohorts) > 10% and in
HBeAg positive patients (Table 1).
According to the aforementioned meta-analyses,
IFN-α therapy appears to decrease the incidence of
HCC, particularly in patients at high baseline risk for
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HCC development. It should be noted that the results of
the individual studies should be interpreted with caution,
as they were usually underpowered to capture relatively
infrequent hard end-points such as HCC and they often
tended to enroll subjects with less severe disease with
low HCC risk. The effectiveness of IFN-α treatment
was more evident in HBeAg positive patients suggesting that IFN-α may reduce the HCC risk more easily in
patients with high viral replication and perhaps without
HBV DNA integration into the host genome by accelerating the HBeAg seroconversion phase. There are
no data on the impact of IFN-α-induced HBV DNA
elimination in the reduction of HCC risk. In any case,
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most of the patients with sustained response to IFN-α
still have detectable HBV DNA by sensitive polymerase
chain reaction (PCR) assays. However, residual viraemia
in the absence of biochemical evidence of necroinflammatory liver activity seems to be of no clinical relevance,
as the achievement of sustained biochemical remission
in HBeAg negative patients has been associated with a
significant decrease of the HCC incidence[26]. It should
be noted that less than 30%-35% of patients who receive IFN-α achieve sustained responses[7,27,28]. Moreover,
patients with advanced cirrhosis may experience severe
liver decompensation during treatment with IFN-α[7,28].
Therefore, patients with contraindications to IFN-α including advanced liver disease as well as cases who do not
achieve sustained off-treatment response after a course
with IFN-α should receive therapy with a NA[7,28].

argued that the early termination of the study probably
made the effect of HCC prevention less obvious.
Sung et al[23] performed a meta-analysis of 5 studies
involving 1267 treated patients (mostly with lamivudine)
and 1022 controls (Table 1). They showed that the use of
NAs reduced the HCC incidence by 78% (2.5% for NAs
vs 11.7% for controls; RR = 0.22, P < 0.001). The HCC
risk was found to be significantly reduced in patients with
cirrhosis (NAs: 3.9% vs untreated controls: 22.4%; RR =
0.17, P = 0.02), in patients without cirrhosis (NAs: 1.8%
vs untreated controls: 8%; RR = 0.21, P < 0.001) and
even to patients who developed viral resistance (NAs:
3.3% vs untreated controls: 6.4%; RR = 0.52, P = 0.04).
In addition, significantly lower HCC rates reported in
treated than untreated HBeAg positive patients (1.7% vs
7.9%, P < 0.001), while there was only a numerical trend
for reduced HCC rates in treated compared to untreated
HBeAg negative patients (3% vs 10.5%, P = 0.06).
Papatheodoridis et al[38] performed another systematic
review including randomized or observational cohort
studies of adult patients with chronic hepatitis B and/or
cirrhosis who received treatment with lamivudine and/or
perhaps adefovir for a mean/median duration of ≥ 24
mo (Table 1). Twenty-one relevant studies (16 with NAs
naïve patients-5 with lamivudine resistant patients) were
identified including 3881 CHB patients (33% cirrhotics,
49% HBeAg positive). In the analysis of the 3 studies
including both treated and untreated patients[37,39,40], HCC
was detected significantly more frequently in untreated
controls (34/534 or 6.4%) than in all treated patients
(22/779 or 2.8%, P = 0.003) or in treated patients remaining in virological remission (9/353 or 2.5%, P = 0.015)
or in treated patients with virological breakthroughs or
no response (13/426 or 3%, P = 0.016). In the 16 studies
including NAs naïve patients, the incidence of HCC was
found to be higher in patients with than without cirrhosis
(10.8% vs 0.5%, P < 0.001) and in patients with virological non-response or breakthroughs than in patients remaining in virological remission (7.5% vs 2.3%, P < 0.001).
A higher incidence of HCC was also reported in studies
with than those without regular HCC surveillance (6.6%
vs 2.3%, P < 0.001), in studies including patients with a
mean/median age ≥ 50 than < 50 years (6% vs 2.8%,
P < 0.001) and in studies with predominantly (> 85%)
HBeAg negative than predominantly HBeAg positive patients (5.5% vs 0.5%, P < 0.001).
In the 5 studies including patients with lamivudine
resistance[38], HCC developed exclusively in cirrhotics
(17.6% vs 0%, P < 0.001) and more frequently in patients with persistent viremia than in those who achieved
virological remission (20.2% vs 5.9% P < 0.001). However, the induction of virological remission after rescue
therapy was not found to be associated with a decreased
HCC risk after the exclusion of 13 patients who had already developed HCC at the onset of the adefovir rescue
therapy (5.9% vs 8.8%, P = 0.466). The cumulative HCC
rate was significantly higher in patients with lamivudine
resistance than in naïve patients regardless of liver disease

NAS AND HCC
Most patients are currently treated with oral NAs. These
agents represent the first-line treatment option for the
majority of chronic hepatitis B patients because of the
relatively low efficacy and possible contraindications for
or poor tolerance of IFN-α. In addition, they are used
even in the majority of patients who may start with standard or recently PEGylated IFN-α and fail to achieve a
sustained response[7,29,30]. Long-term therapy with NAs
has improved the overall outcome of chronic hepatitis B
and resulted in a substantial reduction in the need for liver transplantation[31]. The third generation NAs, entecavir
and tenofovir, are currently recommended by the main
treatment guidelines as the first-line NAs options[7,29,30]
due to their high potency and high genetic barrier. Longterm monotherapy with entecavir or tenofovir achieves
maintained on-therapy complete viral suppression in the
vast majority of patients (> 95%), progressively increasing rates of HBeAg seroconversion in HBeAg positive
cases and improvement of liver histology including reversion of histological cirrhosis in most cases[32-36]. Nevertheless, the effect of NAs on the prevention of HBVrelated HCC is still unclear.

LOW-MODERATE GENETIC BARRIER NAS
Most of the published data on the effects of NAs on the
HCC risk are derived from studies using lamivudine. In
the only randomized, controlled clinical trial including
651 chronic hepatitis B patients (58% HBeAg positive)
with biopsy-proven cirrhosis or advanced fibrosis, lamivudine was found to significantly reduce the risk of HCC
compared to placebo (3.9% vs 7.4%, P = 0.047)[37]. When
HCC cases diagnosed during the first year of treatment
were excluded, the risk reduction was marginally nonsignificant (P = 0.052). It should be noted that the study
was terminated early (after a mean duration of 32.4 mo)
because of significant beneficial effects in the treatment
group (7.8% developed cirrhosis complications vs 17.7%
in the placebo group, P = 0.001). Therefore, it could be
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severity (7.1% vs 3.8%, P = 0.001) or among cirrhotics
(17.6% vs 10.8%, P = 0.015).
In a more recent large Greek cohort study published
after the latter meta-analysis, 818 HBeAg negative chronic hepatitis B patients with or without cirrhosis starting
with lamivudine monotherapy were included[41]. During
a median follow-up of 4.7 years, the HCC incidence was
again higher in older patients and those with cirrhosis at
baseline, but virological on-therapy remission was not
found to decrease the incidence of HCC in all patients (P
= 0.322) or in patients with cirrhosis (P = 0.327), while
there was a trend for lower incidence in non-cirrhotic
patients with than without maintained on-therapy remission (P = 0.076). In contrast, in another recent Japanese
cohort study, maintenance of virological remission under
lamivudine was reported to achieve significant reduction
in the HCC incidence[42]. These seemingly conflicting results may be due to differences in patient characteristics
(Caucasian or Asian patients, predominance of HBeAg
negative or HBeAg positive patients, older or younger
ages) as well as due to differences in the management of
lamivudine resistance (prompt or no rescue therapy).
Despite the limitations of most cohort studies including heterogeneous patient populations, variations in treatment regimens and patient monitoring, differences in the
definitions of response, wide range in the sensitivity of
HBV DNA assays and different durations of follow-up,
it is now widely accepted that even the administration of
lamivudine, a low genetic barrier NA, significantly reduces the risk of HCC particularly in patients with cirrhosis
and in those who achieve maintained virological remission. However, the risk of HCC remains high in patients
with cirrhosis even if they achieve virological remission,
particularly at older ages[2,4,38]. In addition, development
of lamivudine resistance appears to be associated with an
increased risk of HCC, which may not be reduced by an
effective rescue therapy. The latter data in combination
with the very high and progressively increasing rates of
lamivudine resistance further discourage the use of lamivudine as first-line option for the treatment of chronic
hepatitis B[7,29,30].

13.7%, P < 0.001). Cox regression analysis showed that
entecavir reduced the HCC risk by 63% (HR = 0.37;
95%CI: 0.15-0.91). However, the benefit of entecavir
in the reduction of cumulative HCC risk was significant
only in cirrhotics (7% vs 39%, P < 0.001) but not in noncirrhotics (2.5 vs 3.6%, P = 0.440).
The favorable effect of treatment with the high-genetic barrier NAs on the risk of HCC was also confirmed
in other studies. Wong et al[44] performed a retrospectiveprospective cohort study including 1446 NAs naïve or
NAs experienced (28%) patients treated with entecavir
and 424 historical untreated controls. Overall, there was
no significant difference in the HCC rates between the
entecavir treated patients and untreated controls. However, among patients with cirrhosis, entecavir significantly
reduced the incidence of HCC compared to untreated
cirrhotics (13.8% vs 26.4%, P = 0.049), while no difference was found in non-cirrhotics (3.3% vs 3.0%, P =
non-significant).
In another study, Kim et al[45] used a prediction model
to compare the incidence of HCC in 641 patients treated
for 6 years with tenofovir in the tenofovir long-term
registration trial with the predicted HCC rate estimated
by the REACH-B risk calculator. The authors found that
tenofovir reduced the HCC incidence compared to the
predicted HCC risk. Specifically, there was a progressive
divergence between the predicted and observed number
of HCC cases after 3.3 years of follow-up with a standardized incidence ratio of 0.55 (95%CI: 0.32-0.94) at the
latest follow-up (median: 5.52 years).
All the data summarized above show that treatment
with a high-genetic barriers NA reduces the risk of HCC
compared to no treatment with a more profound effect
in cirrhotics. The lower benefit on the HCC risk in noncirrhotic patients seems to be reasonably related to the
low baseline HCC risk in this sub-group of patients.
Therefore, great numbers of patients and long follow-up
periods are required to provide the studies including noncirrhotic patients with the appropriate power in order to
detect a potential benefit on the HCC incidence from
these agents.
The effect of entecavir on the risk of HCC has also
been compared to the effect of lamivudine in some studies. In the study from Japan by Hosaka et al[43], the HCC
incidence in the entecavir treated patients was compared
to that in a historical cohort of 182 patients treated with
lamivudine monotherapy without any rescue therapy in
case of resistance. The reduction in the HCC incidence
was greater in the entecavir treated than in non-rescued
lamivudine treated cirrhotic patients (7% vs 22%, P =
0.043) but such an effect was not seen in non-cirrhotics
(2.5% vs 4.9%, P > 0.05). On the contrary, an advantage
of entecavir over lamivudine in the reduction of HCC
risk was not confirmed in other studies. In a prospective
study from Japan as well, Kobashi et al[46] assessed the
incidence of HCC in 129 naïve patients (22% cirrhotics)
treated with entecavir and 127 patients (27% cirrhotics)
treated with lamivudine. After a mean follow-up of 4.25

HIGH-GENETIC BARRIER NAS
There are only a few recent retrospective or prospective
observational cohort studies that provide HCC data for
patients treated with the high-genetic barrier NAs. Most
of the available studies include patients treated with entecavir and only one patients treated with tenofovir that has
been available in chronic hepatitis B for a shorter period.
In a retrospective study from Japan, Hosaka et al[43]
compared the incidence of HCC in entecavir treated patients with a historical cohort of untreated HBV patients.
They used a propensity score matching to eliminate the
baseline differences resulting in a sample size of 316 patients per cohort (27% cirrhotics). The cumulative HCC
incidence at 5 years was significantly lower in the entecavir treated patients than in untreated controls (3.7% vs
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years, HCC developed in 35 patients (11 on entecavir
and 24 on lamivudine) with the 5-year cumulative HCC
incidence being similar (12.4%) in the two groups (P =
0.680). Lamivudine resistance was developed in 60 (47%)
of the 127 lamivudine treated patients and was associated
with a significantly increased risk of HCC compared to
patients without lamivudine resistance (P = 0.035). In a
large nationwide prospective cohort study from Greece,
Papatheodoridis et al[47] estimated the incidence of HCC
in 321 HBeAg negative chronic hepatitis B patients (25%
cirrhotics) treated with entecavir (86% naïve, 14% experienced) and compared it with the HCC incidence in a historical cohort of 818 patients treated with lamivudine and
perhaps adefovir upon lamivudine resistance (26% cirrhotics). After a mean follow-up of 30 mo, 1.2% (4/321)
of entecavir treated patients developed HCC with a trend
for lower 5-year cumulative HCC incidence in the entecavir compared to the lamivudine group (4.8% vs 5.6%, P
= 0.096). In the multivariate analysis, however, the HCC
risk was independently associated with older age, male
gender and cirrhosis but not with type of initial therapy.
Finally, in a relatively small study from Turkey, Köklü et
al[48] retrospectively analyzed the data from 227 patients
(86% naïve, 14% experienced) with HBV cirrhosis (46%
decompensated) who were treated with tenofovir (n = 72,
36% decompensated), entecavir (n = 77, 47% decompensated) or lamivudine (n = 74, 54% decompensated). The
incidence of HCC was not statistically different between
patients treated with newer antivirals (entecavir/tenofovir: 4% after 2 years of follow-up) and those treated with
lamivudine (9% after 3 years of follow-up).
Given that the newer high-genetic barrier NAs
achieve more potent and durable suppression of HBV
replication and that lamivudine resistance has been associated with an increased risk of HCC, one would expect
an advantage over lamivudine in the prevention of HCC
development. However, the data from the currently
available studies are limited and the findings appear to
be inconsistent. Only one study reported a significant
benefit in the reduction of the HCC incidence from entecavir over lamivudine without any rescue therapy upon
resistance[43]. In contrast, three other studies and a recent
meta-analysis reported no difference in the HCC rates
between entecavir and lamivudine treated patients (Table
1)[46-49]. All these findings should be seen with caution,
as they come from studies with low statistical power or
different strategies for the management of lamivudine
resistance (no rescue therapy, perhaps delayed rescue
therapy, prompt onset of rescue therapy) that may be
critical for the HCC risk. Moreover, these comparisons
have limited practical value, as a high-genetic barrier NA
should be used in any chronic HBV patient anyway because of their high potency and negligible risk of longterm resistance[7,28].
Other studies usually including NAs naïve and NAs
experienced patients assessed the impact of entecavir
on HCC development according to the induction of virological remission. Yang et al[50] investigated the risk of
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HCC in 487 chronic hepatitis B patients (34% NAs experienced, 40% cirrhotics) treated with entecavir for ≥
12 mo. HCC developed in 36 patients (7.4%). The risk
of HCC was lower in patients with than without virological remission in both cirrhotics (HR = 0.21, 95%CI:
0.07-0.60) and non-cirrhotics (HR = 0.08, 95%CI:
0.01-0.50). In a multicenter European cohort (VIRGIL)
study[51] including 372 entecavir-treated patients (26%
cirrhotics, 63% NAs experienced), virological remission
reduced the probability of a clinical event (HCC, hepatic
decompensation or death) by 71% (HR = 0.29, 95%CI:
0.08-1.00, P = 0.05). The benefit of virological remission
was significant only in patients with cirrhosis (HR = 0.22,
95%CI: 0.05-0.99, P = 0.04). Lastly, Kim et al[52] assessed
the risk for development of HCC in 324 entecavir treated patients with HBV cirrhosis (32% decompensated).
The 5-year cumulative incidence of HCC was 28.5%
and patients with virological remission had significantly
lower probability for development of HCC (RR = 0.056,
P < 0.001).
There is a considerable amount of evidence that
suppression of viral replication improves the outcome
of chronic hepatitis B patients[7,29,30]. Since the risk of
HCC is related to the viral load, reduction of viral load
with therapy should presumably reduce the incidence
of HCC[10]. This hypothesis is further supported by the
results of the above single-arm studies in which longterm virological remission under entecavir was associated
with a significant decrease in the incidence of HCC[50-52].
Again, the benefit on the reduction of the HCC incidence was more obvious in patients with cirrhosis who
are at a high HCC risk if they remain untreated.

CONCLUSION
It is currently clear that antiviral therapy reduces but does
not eliminate the risk of HCC in chronic hepatitis B patients with or without cirrhosis. Based on the standard
IFN-α data, the currently used PEGylated IFN-α is also
expected to reduce the incidence of HCC. Patients without a sustained off-treatment response after (PEGylated)
IFN-α therapy should be treated with a NA, which represents the treatment option for the majority of chronic
hepatitis B patients for several reasons[7,28]. Many data
have shown that even treatment with lamivudine reduces
the incidence of HCC, which may increase again in cases
with untreated lamivudine resistance. Emerging data with
the currently first-line NAs, entecavir and tenofovir, suggest that the risk of HCC is also reduced under longterm therapies with these agents. The treatment benefit
in the reduction of the HCC incidence is always greater
in patients with high baseline HCC risk, particularly those
with cirrhosis. In addition, the reduction of the HCC
incidence under a high genetic barrier NA is higher in the
vast majority of patients who will achieve virological remission compared to those who may maintain detectable
viral replication. Whether therapy with a high-genetic
barrier NA offers an additional benefit on the reduction
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of the HCC incidence compared to other NAs with lowmoderate genetic barriers remains unclear, but it has no
particular clinical interest, as monotherapy with entecavir and tenofovir represent the first-line NA choice for
chronic hepatitis B patients anyway due to superiority of
these agents in potency and resistance profile[7,28,32-36].
Since the risk of HCC is not eliminated even in patients who remain in virological remission under a highgenetic barrier NA, it has been suggested that HBV
DNA might have already been integrated into the host
genome before the onset of treatment resulting in genomic alterations and/or chromosomal instability[53].
Thus, the oncogenic process may have started before
therapy and the liver may contain clones of cells carrying
genetic abnormalities that predispose to cancer[54]. Given
that the duration of most studies with the high-genetic
barrier NAs does not exceed 4-6 years, it remains to be
seen whether the HCC incidence will remain stable over
time after 5-6 years of NA therapy. In current clinical
practice, however, patients at increased baseline HCC risk
should continue to undergo HCC surveillance according to the existing recommendations even if they have
achieved complete long-term inhibition of viral replication and improvements in liver histology.
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Hierarchical and selective roles of galectins in
hepatocarcinogenesis, liver fibrosis and inflammation of
hepatocellular carcinoma
María L Bacigalupo, Malena Manzi, Gabriel A Rabinovich, María F Troncoso
current literature implicating galectins in the pathogenesis of HCC. Expression of “proto-type” galectin-1,
“chimera-type” galectin-3 and “tandem repeat-type”
galectin-4 is up-regulated in HCC cells compared to
their normal counterparts. On the other hand, the
“tandem-repeat-type” lectins galectin-8 and galectin-9
are down-regulated in tumor hepatocytes. The abnormal expression of these galectins correlates with
tumor growth, HCC cell migration and invasion, tumor
aggressiveness, metastasis, postoperative recurrence
and poor prognosis. Moreover, these galectins have
important roles in other pathological conditions of the
liver, where chronic inflammation and/or fibrosis take
place. Galectin-based therapies have been proposed
to attenuate liver pathologies. Further functional studies are required to delineate the precise molecular
mechanisms through which galectins contribute to
HCC.
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Core tip: Galectins, a family of glycan-binding proteins,
are involved in the pathogenesis of hepatocellular carcinoma (HCC). Up-regulation of galectin-1, galectin-3 and
galectin-4 is observed in HCC cells, whereas galectin-8
and galectin-9 appear to be down-regulated in tumor
hepatocytes. This altered expression correlates with
tumor growth, HCC cell migration and invasion, tumor
aggressiveness, metastasis, postoperative recurrence
and poor prognosis. These galectins are also implicated
in inflammation- and fibrosis-related liver pathologies.

Abstract
Hepatocellular carcinoma (HCC) represents a global
health problem. Infections with hepatitis B or C virus,
non-alcoholic steatohepatitis disease, alcohol abuse, or
dietary exposure to aflatoxin are the major risk factors
to the development of this tumor. Regardless of the
carcinogenic insult, HCC usually develops in a context
of cirrhosis due to chronic inflammation and advanced
fibrosis. Galectins are a family of evolutionarily-conserved proteins defined by at least one carbohydrate
recognition domain with affinity for β-galactosides and
conserved sequence motifs. Here, we summarize the
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outcome[23]. Undoubtedly, the approval of oral administration of sorafenib highlights the the importance of
elucidating the molecular mechanisms underlying HCC
progression for the development of novel therapies.
Recently, there has been increasing evidence highlighting the involvement of galectins, a family of glycanbinding proteins, in the pathogenesis of HCC. In this
review, we present emerging data showing that expression
of some members of this family is altered in HCC cell
lines and tissues compared to normal liver. These observations led to the proposition that galectins are potential
prognostic biomarkers and therapeutic targets in HCC.
We will discuss the possible roles of these proteins in
HCC tumor transformation, progression, aggressiveness
and metastasis. Moreover, we will highlight the involvement of galectins in other pathological settings of the
liver, where chronic inflammation and/or fibrosis take
place.

Troncoso MF. Hierarchical and selective roles of galectins in hepatocarcinogenesis, liver fibrosis and inflammation of hepatocellular
carcinoma. World J Gastroenterol 2013; 19(47): 8831-8849 Available from: URL: http://www.wjgnet.com/1007-9327/full/v19/
i47/8831.htm DOI: http://dx.doi.org/10.3748/wjg.v19.i47.8831

INTRODUCTION
Hepatocellular carcinoma (HCC) represents a global
health problem. It is the fifth most common solid tumor
and the third cause of cancer-related mortality per year[1].
HCC is most prevalent in Eastern Asia and sub-Saharan
Africa; whereas the incidence in Europe and North
America is considerably lower[2-4]. The etiology of HCC
includes major risk factors such as infection with Hepatitis B or C virus (HBV, HCV), alcohol abuse or dietary exposure to aflatoxin[5-7]. Regardless of the carcinogenic insult, HCC usually develops in patients with cirrhosis due
to chronic inflammation and advanced fibrosis[8]. Nonalcoholic steatohepatitis (NASH), a metabolic disorder
resulting from insulin resistance syndrome that underlies
fibrosis and cirrhosis, is emerging as another important
risk factor for HCC[9,10].
During the past decade the management of HCC has
significantly improved[11]. New advances in the field have
led to a better knowledge and an earlier detection of this
disease. Additionally, current therapies such as, resection, transplantation, ablation and chemoembolization,
have provided benefit to patients diagnosed at early HCC
stages improving and extending their survival[12-14]. However, most patients are diagnosed at advanced stages and
therefore, they are not amenable to surgical treatment.
Even after resection or transplantation, the prognosis
remains unsatisfactory due to recurrence, metastasis and
the development of new primary tumors[15-17].
Recent progress toward a better understanding of
the molecular biology of HCC has allowed the development of molecular targeted therapies and has shed light
on new systemic therapies for HCC. Several intracellular
signaling pathways involved in abnormal proliferation,
survival, differentiation, invasion and metastasis have
been found to be dysregulated in HCC. Clinical trials are
currently testing the potential use of inhibitors of the
Ras/Raf/mitogen-activated protein kinase/extracellular
signal-regulated kinase (ERK), phosphatase and tensin
homolog deleted on chromosome 10/phosphoinositide
3-kinase (PI3K)/Akt/mammalian target of rapamycin,
transforming growth factor β (TGF-β), Wnt/β-catenin
and epidermal growth factor receptor (EGFR) pathways,
among others[18-20]. Sorafenib, a receptor tyrosine kinase
inhibitor targeting vascular endothelial growth factor,
platelet-derived growth factor and Raf signaling pathways
prolongs survival in patients with advanced unresectable
HCC[21,22]. Simultaneously, new immunotherapy strategies
are being developed for the treatment of HCC, which
could be administered in combination with conventional
therapies in order to obtain a more favorable clinical
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GALECTINS
Galectins are a family of evolutionary conserved glycanbinding proteins or lectins that recognize multiple
N-acetyllactosamine (Galβ1,4GlcNAc) units on cell surface glycoconjugates. These animal proteins are defined
by at least one carbohydrate recognition domain (CRD)
with affinity for β-galactosides and conserved sequence
motifs[24]. To date, fifteen galectins have been described
in mammals and according to their structural characteristics they are classified into three groups: “proto-type”
galectins (galectin-1, galectin-2, galectin-5, galectin-7,
galectin-10, galectin-11, galectin-13, galectin-14 and galectin-15) contain one CRD and can dimerize; “tandem
repeat-type” galectins (galectin-4, galectin-6, galectin-8,
galectin-9 and galectin-12) contain two distinct CRD in
tandem, connected by a linker peptide; and “chimeratype” galectin-3 which consists of unusual proline- and
glycine-rich short stretches fused onto the CRD[25,26].
Some galectins (e.g., galectin-1, galectin-3 and galectin-9) are widely expressed among different tissues
including, immune cells, endothelial and epithelial cells,
and sensory neurons (reviewed by[27-29]); whereas other
family members have a more restricted tissue localization
and compartmentalization (e.g., galectin-7 is preferentially
found in the skin, galectin-12 is abundantly expressed in
adipose tissue, galectin-5 is restricted to rat reticulocytes,
and galectin-10 is strongly represented in human but not
mouse eosinophils)[27].
These lectins do not possess a signal peptide for
export through the classical secretory pathway (Golgiendoplasmic reticulum); however they are secreted to
the extracellular milieu via a non-conventional poorly
understood secretory pathway[30-32]. For instance, nonclassical secretion of galectin-1 has been observed in
skeletal muscle during in vivo development and in cultured
myoblasts during differentiation[33]. Besides, secretion of
galectin-3 from macrophages, renal and polarized intestinal epithelial cells has been detected[34,35]. There is also
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evidence for secretion of galectin-9 in activated Jurkat T
cells[36] and CD4 T cells expressing galectin-9 on the cell
surface upon T cell receptor stimulation[37].
Through its binding to N-acetyllactosamine sequences, galectins form multivalent complexes with cell surface
glycoconjugates and thus, transmit signals inside the
cell[38-40]. Remarkably, it has also been demonstrated that
galectin-1 can be internalized by Jurkat T cells in a carbohydrate-dependent mechanism, following dual pathways
involving clathrin-coated vesicles and raft-dependent endocytosis[41]. Within the intracellular milleu, galectins bind
to their ligands preferentially through protein-protein interactions, and regulate intracellular processes, including
mRNA splicing, cell cycle progression, apoptosis, and cell
proliferation[42].
Galectins have emerged as pivotal regulators of cellular physiology. Over the past decade, multiple biological functions have been reported for this protein family
including roles in cell adhesion, migration, cytokine synthesis, and survival[43,44]. In fact, different members of the
family have shown critical roles as mediators of acute and
chronic inflammation[45,46]. Galectins are often aberrantly
expressed in many different tumor types including astrocytoma, melanoma and prostate, thyroid, colon, head
and neck, bladder, kidney, stomach, lung, bladder, uterine,
breast and ovary carcinomas[27,47,48]. Moreover, mounting
evidence indicates that these proteins play fundamental
roles in cancer biology including tumor transformation,
tumor growth, angiogenesis, migration, metastasis and
tumor-immune escape[49-52]. Given these pleiotropic activities in the tumor microenvironment, galectins are being
increasingly recognized as molecular targets for innovative cancer therapy[26,52-56].
In this review, we summarize the current data implicating galectins in HCC. Particularly, we focus our
discussion on selected members of the family, including
galectin-1, galectin-3, galectin-4, galectin-8 and galectin-9,
which roles in HCC biology have been demonstrated.

mental processes such as pre-mRNA splicing; and also
it interacts with oncogenic H-RAS and contributes to its
membrane anchorage, evidencing a key role for this galectin in driving tumor transformation (reviewed by[49,58]).
In the extracellular space, galectin-1 binds to glycoconjugates on the cell surface, including different members of
the integrin family and glycoproteins of the ECM such
as laminin and fibronectin[59,60]. It is likely that the local
abundance of galectin-1 in the tumor microenvironment
may play a critical role during attachment or detachment
of cancer cells throughout cancer progression[43]. Furthermore, galectin-1 promotes cell migration, a function
that correlates with the ability of this protein to influence
tumor progression, invasion and angiogenesis. However,
the biological roles of galectin-1 appear to be tissue-specific as it also decreases cell migration of most immune
cells providing a rational basis for its anti-inflammatory
properties[43,45,55,61].
Expression of galectin-1 has been well documented
in many different tumor types including astrocytoma,
melanoma and prostate, thyroid, colon, bladder and ovary
carcinomas[57,62]. Moreover, preferential accumulation of
galectin-1 in the peritumoral stroma has been described
for thyroid, head and neck, colon, ovary and prostate
carcinoma[57]. Functions of galectin-1 during tumor progression have been largely documented in the literature.
High levels of galectin-1 correlate with aggressiveness
of tumors[63-67], and the acquisition of a metastatic phenotype[68-71]. This lectin plays a fundamental role in tumor
angiogenesis by modulating endothelial cell biology[72,73]
and its expression is induced by hypoxia[74,75]. Importantly,
galectin-1 has been proposed to be a major immunosuppressive factor which contributes to tumor immunoevasive programs[76,77]. In fact, galectin-1 expression by tumor cells or by their surrounding stroma can regulate the
function, fate and viability of infiltrating tumor-specific T
cells[78].
Galectin-1 in HCC and in inflammation-associated liver
injury
Galectin-1 gene (LGALS1) regulation was extensively
studied using the well characterized system hepatoma
x fibroblast hybrids. Activation of gene expression was
achieved by treatment of galectin-1-non-expressing cells
with the DNA demethylating agent azacytidine. The
methylation status of the galectin-1 gene promoter was
identified as a central mechanism that controls gene expression in normal tissues and also in transformed cells
and tumors[27].
While in normal liver galectin-1 is expressed at low
constitutive levels, in HCC its expression is dramatically
up-regulated[79-82]. Gene expression profiling of normal
and HCC human tissues using cDNA microarrays allowed the identification of LGALS1 as one of the hallmark genes that are over-expressed in HCC, a phenomenon which was further confirmed by RT-PCR[79].
Kondoh et al[80] elucidated the molecular mechanism
governing LGALS1 gene expression in liver malignancy.
This group investigated the methylation states of the

GALECTIN-1
The first protein discovered within the galectin family
was galectin-1. This galectin possesses one CRD and can
form homodimers via non-covalent binding, which confers the ability to cross-link specific glycoconjugates[26,28].
Galectin-1 displays features of typical cytoplasmic proteins; it has been described in nucleus and cytoplasm and
can translocate to the intracellular face of cellular membranes. Although galectin-1 lacks a recognizable secretion
signal sequence, it is secreted through a non-conventional
secretory pathway[31,32]; thus being detected on the extracellular side of cellular membranes as well as in the extracellular matrices (ECM) of various normal and neoplastic
tissues[57].
While the role of galectin-1 within the intracellular
milieu is often independent of its lectin activity, its extracellular functions are mostly dependent on the binding
to N-acetyllactosamine units on cell surface glycoconjugates[28]. Intracellularly, galectin-1 is engaged in funda-
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Altered galectin expression in HCC is associated with
poor prognosis and worse overall survival

Figure 1 Galectins in hepatocellular carcinoma. In normal liver, galectin (Gal)-8 and galectin-9 are expressed in hepatocytes whereas galectin-1, galectin-3 and
galectin-4 are not detectable. This expression pattern is altered in hepatocellular carcinoma (HCC) as galectin-1, galectin-3 and galectin-4 are up-regulated, whereas
galectin-8 and galectin-9 are down-regulated in transformed hepatocytes. This aberrant expression favors tumor growth and hepatocyte adhesion to extracellular matrix (ECM), migration, adhesion to the endothelium, transendothelial invasion and metastasis. Galectin-3, normally absent in sinusoid endothelial cells, is up-regulated
in tumor capillary endothelial cells, probably promoting angiogenesis. Increased expression of galectin-1 and lack of galectin-9 expression also contribute to tumorimmune escape. HBV: Hepatitis B virus; HCV: Hepatitis C virus.

Although over-expression of galectin-1 was observed
in HCC in vivo as well as in vitro, the precise function of
this endogenous lectin in liver pathophysiology remained
uncertain for many years. However, emerging findings
shed light to the role to the leading role of galectin-1 in
HCC development and progression. Spano et al[81] reported that galectin-1 expression was significantly increased
in HCC samples from patients with metastatic disease
compared to those harboring a non-metastatic primary
tumor. However, no significant associations were found
with other parameters, although a trend toward an association between increased galectin-1 expression in HCC
and vascular invasion was observed. Moreover, galectin-1
expression profile was also examined in human HuH-7
and JHH-6 HCC cells and human normal liver, cirrhotic
tissue and HCC specimens using tissue microarrays. In
all cases, increased expression of the LGALS1 gene was
confirmed in HCC. Furthermore, immunohistochemical
analysis revealed a preferential accumulation of galectin-1

galectin-1 gene promoter in human HCC and adjacent
non-tumor liver tissue, and in different HCC cell lines.
Analysis of the methylation profile revealed that certain
CpG dinucleotides surrounding the transcription start
site of LGALS1 promoter were frequently methylated
in non-tumor liver, whereas these sequences were hypomethylated in HCC tissues. Interestingly, using a mobility
shift assay with nuclear extracts from three HCC cell lines
(HLF, HuH7, and HepG2) as well as human embryonic
primary liver (PL) cells, the authors showed specific interaction of a methylation-sensitive factor to the upstream
and downstream regulatory elements which appear to
be essential for the activation of the LGALS1 gene in
HCC cells[80]. Northern blot analysis demonstrated that
galectin-1 mRNA was up-regulated in primary HCC in
comparison to adjacent non-tumor liver tissues and human normal liver tissues. In fact, galectin-1 mRNA level
was higher in the HuH-7 and HLF HCC cell lines as
compared to HepG2 and PL cells[80].
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Table 1 Involvement of galectins in the pathogenesis of hepatocellular carcinoma
Galectin member
Galectin-1

Galectin-3

Galectin-4
Galectin-8
Galectin-9

Expression

Function and/or effect

Up-regulated (mRNA and protein) in
Correlates with tumor aggressiveness,
HCC, secreted by tumor hepatocytes and metastases and enhanced risk of postaccumulated in stroma surrounding HCC operative recurrence
Favors HCC cell adhesion to ECM, cell
migration and invasion
Increases tumor growth and metastasis in
draining-tumor lymph nodes
Possible role in the suppression of
antitumor immune responses
Up-regulated (mRNA and protein) in
HCC. Transactivation of murine LGALS3
promoter can occur by HBV-X protein.
High nuclear expression
Correlates with histological differentiation
and vascular invasion
Up-regulated in HCC-associated capillary Probably promotes angiogenesis
endothelial cells
Higher expression in HCC than normal
tissues
Diminished expression in hepatoblastoma
and hepatocarcinoma
Downregulated in HCC
Galectin-9 suppression promotes cell
proliferation and adhesion to ECM, tumor
cell-endothelial cell adhesion and transendothelial invasion of HepG2 cells.
Downregulation of galectin-9 represents a
risk factor for patient survival, correlates
with tumor histopathological grade,
vascular invasion and metastasis

Model

Ref.

Human HCC tissues

[79-82]

Human HCC cell lines

[81,85]

Nude mice injected with galectin-1
over-expressing HepG2 cells
Human HCC tissues

[85]
[82]

Human HCC tissues and cell lines [79,124,125]

Human HCC tissues

[126]

Tumor-associated endothelial cells
isolated from rats
Human HCC tissues and cell lines

[128]

Human HCC tissues

[159]

Human cell lines

[181]

Human HCC tissues

[181]

[154]

HCC: Hepatocellular carcinoma; ECM: Extracellular matrix; HBV: Hepatitis B virus.

α1, α2, α3, αv, and β1 integrins and involve PI3K and/or
ERK1/2 signaling pathways. Besides, galectin-1 overexpressing HepG2 cells showed an increased secretion of
this lectin to the extracellular compartment and remarkably, we also found that exogenously added recombinant
galectin-1 was internalized by HepG2 cells[85]. Hence, in
accordance with Spano et al[81], galectin-1 secreted from
HCC cells might exert its biological functions either by
engaging cell surface receptors and transmitting signals inside the cell or through receptor-mediated internalization
and endocytosis. However, because intracellular functions
have also been described for this protein[42] a cell surfaceindependent mechanism responsible for galectin-1 functions cannot be excluded. We also found that galectin-1
up-regulation in the tumor microenvironment favored
HCC growth in vivo and promoted a considerable increase
in tumor metastasis. This effect was evident in drainingtumor lymph nodes of mice injected with galectin-1
over-expressing HepG2 cells[85]. Collectively, these results
suggested the involvement of galectin-1 in neoplastic and
inflammatory processes of the liver (Figure 1 and Table 1).
Compelling evidence indicates that high expression of
galectin-1 predicts poor patient outcome in a variety of
tumors. However, the prognostic value of this endogenous
lectin in HCC patients remained elusive for many years.
Recently, Wu et al[82] reported that elevated galectin-1 expression in HCC is significantly associated with tumor aggressiveness (vascular invasion, incomplete encapsulation,
poor differentiation, and large tumor size) and enhanced

in the delicate stroma tissue surrounding tumor hepatocytes of HCC tumors. The authors hypothesized that
neoplastic hepatocytes secrete galectin-1 which is then
accumulated in the stroma surrounding HCC (Figure 1
and Table 1).
The correlation between increased expression of
galectin-1 in HCC and the presence of metastasis was
validated by in vitro functional studies. Expression of
LGALS1 gene and secretion of galectin-1 protein were
substantially up-regulated in JHH-6 (undifferentiated
cells) and HuH-7 (differentiated cells). Notably, galectin-1
over-expression increased the migratory and invasive capacities of HuH-7 cells, and both processes were mediated by the stimulation of the Sky receptor tyrosine kinase
(RTK) phosphorylation. Thus, similar to breast cancer[68],
neuroblastoma[83], oral squamous cell carcinoma and lung
adenocarcinoma[84], galectin-1 expression correlates with
HCC tumor aggressiveness (Figure 1 and Table 1).
Under this scenario, we have focused our attention
on the role of galectin-1 and its contribution to HCC
development. In this regard, we examined the involvement of this galectin in HepG2 HCC cell adhesion
and tumor growth[85]. We found that galectin-1 acts as a
glycan-dependent matricellular modulator of HepG2 cell
adhesion. We observed that galectin-1 favored cell adhesion to laminin, a polylactosamine-enriched glycoprotein
and a major component of the ECM and basement
membranes. Moreover, we demonstrated that the proadhesive effects of galectin-1 are specifically mediated by

WCG|www.wjgnet.com

910

January 28, 2014|First Edition|

Bacigalupo ML et al . Galectins in liver pathology
Table 2 Galectins in inflammation-associated liver injury
Galectin member
Galectin-1

Experimental model

Role

Hepatitis induced by injection of Con Protective
A
Inflammation-induced chronic
Protective
cholestatic hepatitis at an early age,
and HCC at later age (Mdr2-KO mice)
Galectin-1-KO mice in the context of Protective
Con A-induced autoimmune hepatitis

Galectin-3

Galectin-9

Effects

Ref.

Prevents both liver injury and T-helper cell liver infiltration,
induces apoptosis of Con A-activated T cells, suppresses
plasma levels of TNF and IFN-γ
Galectin-1 is up-regulated in Mdr2-KO/B6 strain at early age

[89]

[91]

Con A up-regulates galectin-1 in galectin-1-KO/B6 and Mdr2[91]
KO/FVB strains. Endogenous galectin-1 selectively protects
liver in the B6, but not in the FVB genetic background. It
probably determines strain-specific differences in the course of
chronic hepatitis and HCC development in the Mdr2-KO model
NASH model Galectin-3-KO mice
Protective
Develops NAFLD/NASH spontaneously with aging
[140,141]
CDAA diet-induced
Protective
Galectin-3 deficiency causes more severe hepatic injury
[142]
NAFLD/NASH in
and alterations in the expression of genes associated with
galectin-3-KO mice
carcinogenesis and lipid metabolism
Atherogenic dietPromotes disease Attenuates NASH: inhibits HSC-driven fibrosis, reduces
[143]
induced NASH in
severity
inflammatory-cell infiltration and hepatocyte apoptosis, acts as
galectin-3-KO mice
a major scavenger receptor involved in ALE/AGE uptake by
the liver
Human liver tissues
Protective
Negative expression of galectin-3 in normal hepatocytes,
[145]
strong staining for galectin-3 in hepatocytes from patients with
steatosis hepatitis, hepatitis, cholestasis and cirrhosis
Acute liver failure induced by APAP- Perpetuates liver In wild type mice, galectin-3 is up-regulated in liver infiltrating [147,148]
hepatotoxicity in galectin-3-KO mice injury
macrophages. In galectin-3 deficient mice the pro-inflammatory
M1-type macrophages subpopulation, the classical macrophage
activation markers iNOS, TNF and IL-12 and pro-inflammatory
chemokines are reduced
Hepatitis induced by injection of Con Pro-inflammatory Galectin-3 deficiency reduces the number of T lymphocytes, B
[149]
A in galectin-3-KO mice
lymphocytes, dendritic cells, NK and NKT cells and enhances
apoptosis of mononuclear cells
Con A-induced liver injury in wild
Pro-inflammatory TD139 attenuates liver injury, reduces the number of CD4+ and
[149]
type mice pretreated with a selective
CD8+ T cells, favors the influx of IL-10-producing CD4+ T cells
inhibitor of galectin-3 (TD139)
in the liver, decreases serum levels of IFN-γ, IL-17 and IL-4
Blockade of the TIM-3/galectin-9
Protective
Blockade of the TIM-3/galectin-9 pathway increases
[190]
pathway using an anti-TIM-3 or antihepatocellular damage, local neutrophil infiltration, T cell and
galectin-9 mAb in a context of liver
macrophage accumulation and liver cell apoptosis. Increases
IRI
IFN-γ production by Con A-stimulated spleen T cells and
augmented TNF and IL-6 production by Con A-stimulated
macrophages/T cells
Single injection of galectin-9 in the
Protective
Eliminates activated CD4+ effector T cells, prevents the
[191]
murine model of liver injury induced
synthesis and/or release of proinflammatory cytokine
by Con A
Mouse model of diet-induced NAFLD Limits the
Induces apoptosis of NKT cells, also interacts with TIM-3[195]
treated with galectin-9
inflammatory
expressing Kupffer cells to induce secretion of IL-15, thus
response
promoting NKT cell proliferation

ALE/AGE: Advanced lipoxidation and glycation end products; APAP: Acetaminophen; CDAA: Choline-deficient L-amino-acid; Con A: Concanavalin A;
HSC: Hepatic stellate cells; IFN-γ: Interferon γ; IL: Interleukin; iNOS: Inducible isoform nitric oxide synthase; IRI: Ischemia and reperfusion injury; NAFLD:
Non-alcoholic fatty liver disease; NASH: Non-alcoholic steatohepatitis; NK: Natural killer; NKT: NK T cells; TIM-3: T-cell immunoglobulin mucin domain 3;
TNF: Tumor necrosis factor; HCC: Hepatocellular carcinoma; KO: Knockout.

risk of post-operative recurrence. Additionally, galectin-1
expression in HCC was also associated with early tumor recurrence (≤ 24 mo) and dissemination of primary tumor
cells. Furthermore, a positive correlation was observed between galectin-1 expression and tumor-infiltrating FoxP3+
regulatory T cells (Tregs) in HCC samples from a large,
random HCC cohort. In line with this evidence, it has been
demonstrated that galectin-1 is a key regulator of murine
CD4+CD25+ regulatory Tregs[86] which play an essential
role in suppression of anticancer immunity[87]. Taken this
information into account it is possible to speculate that
interaction between galectin-1 and Treg cells might play a
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role in the suppression of antitumor immune responses
against HCC (Figure 1 and Table 1).
The immunomodulatory activities of galectin-1 in
the liver were also investigated in a model of hepatitis induced by injection of concanavalin A (Con A) into mice,
which leads to a dose-dependent injury in the liver[88].
T-cell activation is a crucial event in this model as shown
by resistance to this inflammatory disease of mice lacking T and B lymphocytes. Furthermore, pretreatment
with anti-interferon γ (IFN-γ) or anti-tumor necrosis factor (TNF) monoclonal antibodies conferred protection
against Con A-induced liver injury, indicating that Th1-
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Table 3 Galectins in fibrosis-related liver pathologies
Galectin Member
Galectin-1

Galectin-3

Expression

Function and/or effect
Induces proliferation of HSCs via ERK 1/2 through
CRD domain

Model

HSCs activated in vitro (cultured on
plastic for several days) and in vivo
(isolated form rats treated with CCl4 or
with bile duct ligation)
Positive in ICC cells,
Correlates with histologic dedifferentiation, vascular ICC tissue samples, CCKS1
intracellular expression invasion, and lymph node metastasis
cholangiocarcinoma cell line
and secretion
Over-expressed in
Induces proliferation via ERK 1/2 involving PKA and HSCs activated in vitro (cultured on
activated HSCs
PKC pathways
plastic for several days) and in vivo
Dependent on CRD domain
(isolated form rats treated with bile
duct ligation)
Intracellular Gal3 is required for activation
HSCs activated in vivo (isolated form
of HSCs via TGF-β
rats treated with CCl4)
Extracellular Gal3 required for activation of HSCs.
HSCs activated in vivo (isolated from
Integrin and CRD dependent effect
rats with bile duct ligation)
NFκβ induces expression and secretion of Gal3 in
activated HSCs
Up-regulated in
Poor liver function
Human fibrotic liver samples and
injured/cirrhotic
extracts from rats treated with CCl4
hepatocytes
Related to the preneoplastic and early neoplastic
ICC tissue samples
stages of ICC
Positive in ICC cells
Intracellular expression is associated with
ICC cell lines
anti-apoptotic activity and resistance to
chemotherapeutic agents
Over-expressed in
activated HSCs

Ref.
[93,94]

[96]

[94]

[132]
[134]

[124,133,136]

[96,137]
[138]

HSC: Hepatic stellate cells; CRD: Carbohydrate recognition domain; ERK: Extracellular signal-regulated kinase; ICC: Intrahepatic cholangiocarcinoma;
PKA: Protein kinase A; PKC: Protein kinase C.

dependent cytokines are involved in this inflammatory
disease. Interestingly, it has been demonstrated that galectin-1 exerts a protective role on Con A-induced autoimmune hepatitis in mice (Table 2)[89].
Recently, the protective role of galectin-1 in the liver
inflammatory response was investigated using the Mdr2knockout (Mdr2-KO) mice as a model of inflammationinduced chronic cholestatic hepatitis at an early age, and
HCC at a later age, which together mimic the evolution
of human disease[90]. Potikha et al[91] demonstrated that
HCC development was retarded in Mdr2-KO/B6 strain
compared to Mdr2-KO/FVB mice. Interestingly, upregulation of galectin-1 transcript in the liver of Mdr2KO/B6 mice was observed[91]. To highlight the relevance
of the endogenous protein galectin-1-KO/B6 mice were
used in the context of Con A-induced autoimmune
hepatitis. The results demonstrated that endogenous galectin-1 selectively protects against Con A-induced liver
injury in B6 mice (Table 2)[91].
Collectively, these data indicated that galectin-1 has an
important role in HCC tumor growth, aggressiveness and
metastasis (Figure 1 and Table 1). Moreover, they suggest
that galectin-1 may act as a protective anti-inflammatory
agent at early stages of the chronic liver pathology during inflammation-induced hepatocarcinogenesis, but as a
pro-tumorigenic agent at late stages of the disease.

process is associated with an inflammatory response
and a limited deposition of ECM. If the hepatic injury
persists (e.g., chronic viral hepatitis), and eventually the
liver regeneration fails, hepatocytes are substituted with
abundant ECM, including fibrillar collagen[92]. Kristense
et al[93] conducted a proteome analysis on cellular and
secreted proteins of normal (quiescent) and activated rat
hepatic stellate cells (HSCs), the main ECM-producing
liver cells. These researchers found that galectin-1 was
up-regulated in both in vivo and in vitro activated HSCs,
and in fibrotic liver tissues[93]. When the biological role of
galectin-1 was investigated in HSCs, it was found that this
lectin stimulated the proliferation rate and migratory activity of cultured HSCs through carbohydrate-dependent
mechanisms (Table 3)[94]. These data clearly indicated that
galectin-1 has an important role in the development of
liver fibrosis.
By immunohistochemistry, galectin-1 expression was
also assessed in the intrahepatic biliary tree. The intrahepatic biliary epithelial cells or cholangiocytes are involved
in modifying the bile of canalicular origin. Cholangiocarcinoma occurs frequently associated with inflammation
and fibrosis of bile ducts, and is caused by multiple factors including autoimmune, bacterial, congenital, drug,
or viral agents[95]. In normal livers, Shimonishi et al[96]
observed that intrahepatic bile ducts and hepatocytes did
not express galectin-1. Remarkably, 73 % of the intrahepatic cholangiocarcinoma (ICC) samples analyzed were
positive for galectin-1[96]. Expression of this lectin significantly correlated with histologic dedifferentiation of ICC,

Galectin-1 in fibrosis-related liver pathologies
Hepatic fibrosis is the physiological result of the woundhealing response of the liver to repeated injury. This
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vascular invasion, and lymph node metastasis of ICC[96].
These results suggest that galectin-1 over-expression in
ICC cells is associated with neoplastic progression and
tumor cell proliferation (Table 3).
These results highlight an important role of galectin-1
in chronically injured liver and its involvement in inflammation and fibrosis of bile ducts, thus providing the basis
for the development of effective therapies based on the
modulation of galectin-1-glycan interactions.

lectin-3 was observed in several cell types, such as human
T leukemia cell lines, human peripheral blood mononuclear cells, and activated mouse T cells[113].
Galectin-3 is widely expressed in human tissues, including immune cells, epithelial cells and sensory neurons
(reviewed by[29]). This lectin regulates immune cell activities and contributes to immunosuppression as it induces
monocyte and T-cell apoptosis, suppresses IL-15 production and inhibits B-cell differentiation[114,115]. In general,
galectin-3 is a powerful pro-inflammatory signal as demonstrated by both in vitro and in vivo assays[29,116]. Extracellular galectin-3 has been demonstrated to activate and
modulate the viability of immune and inflammatory cells,
although the effects of Galectin-3 in T-cell survival are
dependent on whether the protein is produced endogenously (anti-apoptotic) or is secreted to the extracellular
medium (pro-apoptotic)[114,116].
Expression of galectin-3 and its intracellular distribution are frequently altered in cancer and pre-cancerous
conditions [26], and it is evident that this lectin plays
multiple roles in cancer pathogenesis, proliferation and
spreading of metastasis[29,62,117]. Pre-clinical and clinical
data indicate that expression of galectin-3 is associated
with the carcinogenesis and malignant potential in melanoma, head and neck, thyroid, gastric, colon, uterine, and
renal cancers[118]. In fact, galectin-3 contributes to tumorigenesis and tumor progression through several different
mechanisms, including promotion of oncogenesis, angiogenesis, adhesion, invasion and metastasis[101,115].
The mechanisms of regulation of galectin-3 expression are still poorly understood. The promoter region of
the human galectin-3 gene (LGALS3) contains several
regulatory elements for activation by the SP1, AP-1,
CREB, and NF-κB transcription factors[119]. In this regard, c-Jun, CREB, and NF-κB have been implicated in
activation of the LGALS3 gene[29,49]. Galectin-3 expression is also regulated by methylation of CpG islands in
the promoter region. It has been demonstrated that demethylation of LGALS3 promoter induces expression of
galectin-3 in thyroid carcinoma[120,121]. Recently, Margadant
et al[122] demonstrated that, in cells from epithelial origin,
integrin β1 specifically triggers transcriptional activation
of galectin-3 through a mechanism that involves demethylation of the LGALS3 promoter. Further, it has been
shown that the cell-surface glycoprotein MUC1 controls
galectin-3 expression in an epigenetic manner in cancer
cells, through a miRNA-dependent mechanism[123].

GALECTIN-3
Galectin-3 is the unique ‘‘chimera-type’’ galectin containing three structurally distinct domains, an atypical N-terminal domain that includes a serine phosphorylation site,
important for the regulation of intracellular signaling, a
collagen-like sequence sensitive to proteolysis by MMP-2
and MMP-9 matrix metalloproteinases and a C-terminus
containing one carbohydrate-recognition domain (CRD)
containing an Asp-Trp-Gly-Arg motif. This sequence motif is also present in members of the B-cell lymphoma 2
(Bcl-2) family of apoptosis regulators, and is responsible
for the antiapoptotic activity of galectin-3[97]. In solution,
galectin-3 largely occurs as a monomer[98]. Although in the
absence of its binding partners it can form homodimers
by self-association through its CRDs[99], in the presence
of carbohydrate ligands, galectin-3 can polymerize up to
pentamers through its N-terminal domain[99,100].
Galectin-3 is mainly localized at the cytoplasmic compartment, but it is also present within the nucleus, in the
cell surface or in the extracellular space[29,101]. Translocation of this lectin from the cytoplasm to the nucleus is
mediated by its N-terminal domain[102], whilst translocation from nucleus to the cytoplasm involves a nuclear
export sequence located within its CRD[103] and occurs
through nucleoporin NP98[104]. Notably, the N-terminal
domain is also required for the secretion of the lectin to
the extracellular milieu[105].
Galectin-3 has multiple and complex functions. In the
cytoplasm, galectin-3 can bind to Bcl-2 and inhibit cellular apoptosis[97]. Also, it can interact with the activated
K-Ras (K-Ras-GTP)[106,107] and affect Ras-mediated Akt
signaling[108,109]. On the other hand, nuclear galectin-3 acts
as a pre-mRNA splicing factor and is involved in spliceosome assembly[110] by forming protein complexes with
Gemin4[111]. In the nucleus, Galectin-3 can also regulate
gene transcription by enhancing transcription factor association with Spi1 and CRE elements in gene promoter
sequences[29]. In addition, β-catenin, a molecule involved
in Wnt signaling pathway, was also identified as a novel
binding partner of galectin-3 in the nucleus[112].
On the other hand, extracellular galectin-3 mediates
cell adhesion and activation and also acts as a chemoattractant for certain cell types[29]. It often forms multimers
and thus, it cross-links cell surface ligands forming latticelike structures which trigger cell signaling[29]. Galectin-3
has been shown to bind glycosylated components of the
extracellular matrix, and cell-surface adhesion molecules
like integrins[43]. Pro-apoptotic activity of extracellular ga-
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Galectin-3 in HCC
Hsu and colleagues demonstrated using immunohistochemistry and immunoblot analysis, that normal hepatocytes do not express galectin-3; however this galectin
is prominently up-regulated in HCC tissues and in HCC
cell lines[124]. Increased expression of galectin-3 in HCC
was independent of whether the patients were previously
exposed to hepatitis B virus (HBV). However, galectin-3
expression in HCC was positively influenced by HBV
infection through a mechanism that included transactivation of the murine LGALS3 gene promoter [124].
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In vitro experiments and different experimental models
of liver injury and fibrosis demonstrated that galectin-3
stimulated the proliferation rate of cultured activated
HSCs and is also involved in myofibroblast activation,
identifying galectin-3 as a potential therapeutic target in
the treatment of liver fibrosis (Table 3)[94,132-134].
Liver fibrosis leads to progressive liver insufficiency,
portal hypertension and ultimately to cirrhosis and/or
HCC[135]. In patients with liver cirrhosis galectin-3 is
not extracted by the liver[136], and also, its expression is
induced in hepatocytes of cirrhotic liver[124,136]. Furthermore, galectin-3 was negatively associated with liver function in patients with alcoholic liver cirrhosis, an effect
which might be partly explained by the impaired hepatic
removal and/or by higher hepatic synthesis of galectin-3
(Table 3)[136].
As mentioned before, cholangiocarcinoma frequently
occurs in a context of inflammation and fibrosis of bile
ducts. Shimonishi et al[96] examined galectin-3 expression
pattern in intrahepatic cholangiocarcinoma (ICC), and
found that 93% of the ICC samples analyzed were positive for this lectin. The expression was more intense in
well-differentiated ICC, and was significantly decreased
in dedifferentiated areas or poorly differentiated ICCs,
indicating that galectin-3 expression is rather related to
the preneoplastic and early neoplastic stages of ICC, and
tends to disappear at later stages of ICC (Table 3)[96,137].
Also, it has been demonstrated that galectin-3 played
a role in apoptosis and response to chemotherapy in
cholangiocarcinoma cell lines (Table 3)[138]. These results
highlight the possibility of targeting galectin-3 as an alternative therapeutic approach in cholangiocarcinoma.

Accordingly, using cDNA microarray and gene expression profiling, Chung et al[79] reported the up-regulation
of Galectin-3 in HCC human tissues with respect to
their normal counterparts. Moreover, by analyzing gene
expression patterns, Luo et al[125] also reported the overexpression of galectin-3 gene in HCC tissues respect to
normal liver and adjacent non-tumoral tissues.
Interestingly, expression of galectin-3 correlated with
histological differentiation and vascular invasion in HCC
patients[126]. In particular, higher expression rate of nuclear galectin-3 denoted worse prognosis in this pathology
and serum galectin-3 levels were found to be increased in
HCC patients compared to those suffering chronic liver
disease[126]. These results highlighted a central role for galectin-3 in HCC development and progression (Figure 1
and Table 1).
HCC is a hypervascular tumor in which angiogenesis
plays a critical role. Tumor-associated capillary endothelial
cells (TECs) in HCC are known to originate from liver
sinusoid endothelial cells (SECs), which then undergo a
capillarization process to become morphologically and
functionally different TECs[127]. Using two-dimensional
gel electrophoresis coupled to mass spectrometry, Jia et
al[128] observed that galectin-3 is up-regulated in TECs,
respect to SECs. This result validated by immunoblot and
immunohistochemistry, demonstrated that galectin-3 is
generally absent in liver SECs, but is significantly up-regulated in HCC TECs (Table 1)[128]. Further investigation
is required to reveal whether galectin-3 produced in HCC
TECs could influence HCC angiogenesis.
EGFR family is an important mediator of cancer
cell transformation, proliferation, maintenance, and survival[129]. Paradoxically, high concentrations of epidermal
growth factor (EGF) initiates different signaling cascades
and mainly induces apoptosis of tumor cells expressing
high levels of EGF receptor[130]. Recently, the role of galectin-3 in EGF-induced apoptosis on HepG2 cells was
investigated[131]. Indeed, high concentrations of EGF inhibited proliferation and induced apoptosis of these cells,
concomitantly with a reduced expression of galectin-3
at both mRNA and protein levels[131]. Also, high levels
of EGF down-regulated the expression of cytoplasmic
galectin-3. Remarkably, the reduced expression of galectin-3 in EGF-treated cells was associated with reduced
phosphorylation of Akt and ERK. Moreover, overexpression of galectin-3 in HepG2 cells blocked EGF-induced growth inhibition and apoptosis[131]. Thus, cellular
proliferation and/or apoptosis induced by EGF signaling
pathway in HCC cells might rely on the expression levels
of galectin-3.
Collectively, these results demonstrate that galectin-3
over-expression correlates with HCC progression (Figure
1 and Table 1) and suggest that this lectin could serve as
a novel biomarker and therapeutic target in HCC.

Galectin-3 in inflammation-associated liver injury
Non-alcoholic fatty liver disease (NAFLD) is increasingly
recognized as a condition in which excess fat accumulates
in hepatocytes. NASH, a severe form of NAFLD in
which inflammation and fibrosis of the liver take place,
may eventually progress to end-stage liver disease and ultimately, to HCC[139]. Controversial results have been published on the effect of galectin-3 deficiency in models of
hepatic steatosis/inflammation, with studies indicating either protection or increased disease severity in galectin-3
knock-out (KO) mice (Table 2)[140-143]. On one hand, it has
been demonstrated that in choline-deficient L-amino-acid
(CDAA) diet-induced NAFLD/NASH hepatic injury
was more severe in galectin-3 KO mice, as compared to
wild type mice[142].
On the other hand, Iacobini et al[143] reported a complete prevention or marked attenuation of NASH induced by an atherogenic diet in galectin-3 KO mice. In
these animals, the earlier steps of NASH, e.g., steatosis,
hepatocyte injury, and inflammation, were dramatically
influenced[143]. Further research is needed to elucidate the
protective or promoting roles of galectin-3 in liver steatosis and inflammation.
Excess fatty acid oxidation and generation of reactive
carbonyls with formation of advanced lipoxidation and

Galectin-3 in fibrosis-related liver pathologies
Expression of galectin-3 is increased in liver fibrosis regardless of the initiating agent or disease process[94,132].
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glycation end products (ALEs and AGEs, respectively)
are involved in NASH. Several AGE-binding proteins
have been identified including galectin-3, which has been
widely recognized as an AGE receptor (AGE-R3)[144].
Butscheid et al[145] explored the expression of galectin-3
and RAGE, a member of the immunoglobulin superfamily which also serves as a receptor for AGEs, in
specific cell types and histological structures of human
liver biopsy specimens from patients with varying degrees of hepatic impairment (steatosis hepatitis, hepatitis, cholestasis and cirrhosis). They observed that when
liver function is impaired and AGE levels rise, overexpression of galectin-3 appears to contribute to tissue
protection (Table 2)[145].
Acetaminophen (APAP)-induced hepatotoxicity is a
major cause of acute liver failure[146]. Evidence suggests
that activated macrophages contribute to the pathogenic
response to APAP and, two major phenotypically distinct
subpopulations have been identified: classically activated
(M1-type) macrophages which show pro-inflammatory
function and alternatively activated (M2) macrophages
which often display anti-inflammatory wound repair
activities[147]. It appears that the outcome of tissue injury depends on which macrophage subpopulation
predominates. In wild type mice, galectin-3 is markedly
up-regulated in macrophages infiltrating the liver 48-72
h after APAP administration[147]. Interestingly, loss of galectin-3 resulted in reduced hepatotoxicity and decreased
expression of proinflammatory mediators[148]. Taken
together, the data suggest that galectin-3 plays a key role
in promoting late pro-inflammatory responses, classical
macrophage activation and perpetuating injury in the liver
following APAP intoxication (Table 2).
Supporting these findings, Volarevic et al[149] showed
that galectin-3 deficiency leads to a marked attenuation
of Con A-induced hepatitis. This effect was associated
with a decreased number of effector cells in the liver.
Moreover, pretreatment of wild type mice with a selective inhibitor of galectin-3 (TD139) attenuated Con
A-induced liver injury and reduced the number of CD4+
and CD8+ T cells (Table 2)[149]. Hence, galectin-3 plays
an important pro-inflammatory role in Con-A-induced
hepatitis and may function as a potential target for therapeutic intervention in acute liver diseases.

been recently demonstrated that galectin-4 functions
as a tumor suppressor in this type of malignancy[153]. In
contrast, galectin-4 expression is higher in HCC[154] and
gastric cancer cell[155], as compared to their corresponding normal tissues, suggesting a context-dependent role
of galectin-4 in tumor development and progression.
Kondoh et al[154] identified several cDNAs that were differentially expressed in surgically resected human HCC as
compared to non-tumor liver and normal liver tissues[154].
Non-tumor liver tissues were obtained from patients that
suffered cirrhosis associated with HCV infection and,
from patients suffering liver cirrhosis but in the absence
of HCV or HBV infection. Normal liver tissues that
were used as controls were obtained from patients who
died of pancreatic carcinoma and subarachnoid bleeding.
Interestingly, one of the genes differentially expressed
was the galectin-4 gene (LGALS4). Northern blot analysis revealed that galectin-4 mRNA was more abundant in
HCCs than in adjacent non-tumor liver tissues or normal
liver tissues from non-HCC patients[154]. When HCC cell
lines were analyzed (HuH-7 and HepG2 cells), the levels
of galectin-4 mRNA were undetectable or low in rapidly
growing cells. However, the levels of this lectin increased
considerably in HuH-7 cells growing at a higher cell
density, although the expression of galectin-4 did not
increase in HepG2 cells. Furthermore, the expression
of galectin-4 mRNA was also induced in HuH-7 cells
cultured with low concentration serum (0.1%)[154]. Thus,
although the precise roles of galectin-4 in HCC remained
to be elucidated, these results show a possible association between galectin-4 expression and liver malignancy.
Functional studies will provide insight to further understand the role of galectin-4 in HCC biology.

GALECTIN-8
Galectin-8 is another member of the “tandem-repeat”type family of galectins, which possesses two CRDs and
thus, behaves as a bivalent molecule. The galectin-8 gene
(LGALS8) encodes numerous mRNAs (most likely seven) generated through alternative splicing, mostly in intron Ⅷ[156]. Because the N-terminal domain of galectin-8
intrinsically dimerizes[157], cleavage of the linker region
between galectin-8N and galectin-8C may allow the possibility to dissect potential signaling pathways initiated by
each separate domain[46].
This lectin has been initially cloned from a rat liver
cDNA library[158]. Using Northern analysis it was established that galectin-8 mRNA is highly expressed in lungs
and, to a lesser extent in the liver, kidneys, spleen, hindlimb and cardiac muscles in the rat[158]. The role of galectin-8 has been mostly investigated in relation to tumor
malignancy[62,156] in a variety of different tumors from different origin[62,159]. Immunohistochemical studies revealed
that galectin-8 expression is increased in cancerous versus
normal tissues in the lung, bladder, kidney, prostate and
stomach. However, in the liver and also in large intestine,
pancreas, larynx and skin, immunohistochemical analysis
revealed decreased expression of this lectin in cancerous

GALECTIN-4
Galectin-4 is a “tandem-repeat” galectin, which possesses
two CRDs and is primarily expressed in epithelial cells
along the gastrointestinal tract[150]. Recently, this lectin
has been reported as a major component of lipid rafts
in brush border membranes of small intestinal epithelial
cells[151]. In a human colon adenocarcinoma cell line, galectin-4 has been proposed to play an important role in
the apical delivery of proteins[152].
Galectin-4 expression is altered in human malignancies[46,62,150]. Although controversial data has been
published, it is apparent that galectin-4 is significantly
down-regulated in colon adenocarcinoma. In fact, it has
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versus normal tissues, suggesting tissue-specific regulation of galectin-8 expression in cancer[159]. In normal and
cirrhotic livers, the staining intensities of galectin-8positive cells appeared to be moderate to strong. On the
contrary, in hepatoblastomas and hepatocarcinomas the
staining intensity of positive cells was weak to moderate.
Collectively, these experiments revealed tissue-specific
regulation of galectin-8 expression upon malignant transformation of various tissue types of epithelial origin.
Further investigation is necessary to further delineate the
functional roles of galectin-8 in liver carcinogenesis and
to determine if galectin-8 downregulation is associated
with poor prognosis of HCC.

Blocking or activation of the Galectin-9/TIM-3 signaling
pathway has been found to affect the evolution of many
diseases, including autoimmune diseases, allergic disorders, graft rejection and anti-viral immunity (reviewed
by[170]). Due to its potent roles in T cell suppression, galectin-9 has been considered as a therapeutic candidate
for autoimmune and inflammatory diseases[167,171].
Although most studies indicate that TIM-3 is involved
in galectin-9 mediated signaling in T cells, multiple mechanisms and alternative receptors have been also proposed
for this lectin[163,172,173]. More recently, a publication by
Leitner et al[174] suggested that TIM-3 does not act as a receptor for galectin-9. These controversial results emphasize the involvement of distinct glycosylated receptors in
galectin-9 effects.
In spite of considerable evidence indicating the role
of galectin-9 in tumor biology and inflammation, the
mechanisms governing expression of this protein are
poorly understood. So far, IFN-γ has been shown to induce galectin-9 expression in fibroblasts[175], endothelial
cells[176] and on Kupffer cell[177]. Additional modulators of
galectin-9 include interleukin-1β (IL-1β) and interleukin-5
(IL-5) in astrocytes[178] and eosinophils[179] respectively. Interestingly, decreased galectin-9 expression typically correlates with tumor progression and metastasis formation
in various types of cancer[166].

GALECTIN-9
Galectin-9 is a “tandem-repeat” galectin originally isolated from mouse embryonic kidney cells[160]. Galectin-9
consists of two different CRDs joined by a flexible peptide linker, with 39% amino acid sequence homology.
The C-terminal CRD and the N-terminal CRD share
high affinity for both branched N-glycans and repeated
oligo-lactosamines. Further, the N-CRD exhibits striking
affinity for the Forssman pentasaccharide and polymerized N-acetyllactosamine[161,162]. Alternative splicing leads
to the formation of three splice variants that vary only in
the length of the peptide linker. The 35.9 kDa mediumsized isoform (galectin-9M) corresponds to authentic
galectin-9 whereas the long and small-sized isoforms
(galectin-9L and S) have a 32-amino acid insertion and
a 12-amino acid deletion, respectively in the linker peptide[36]. The length of this region influences the rotational
flexibility of the two CRDs in the space, impacting on
galectin-9 valency[163].
Human galectin-9 was first identified as a tumor antigen in Hodgkin’s lymphoma, a condition characterized
by abundant blood and tissue eosinophilia[164] and it is
widely distributed within the immune system. This galectin is known to play a variety of cellular roles, including
modulation of cell differentiation, adhesion, aggregation, and cell death[165]. Through modulation of cell signaling, this lectin can regulate multiple physiological and
pathological processes such as immunity, inflammation,
and cancer.
Galectin-9 has been identified as a ligand for the T-cell
immunoglobulin mucin domain 3 (TIM-3), a membrane
glycoprotein expressed on the surface of Th1, Th17 and
citotoxic T cells, as well as in natural killer (NK) cells,
monocytes, dendritic cells, macrophages and mast cells
(reviewed by[166]). The galectin-9/TIM-3 pathway plays a
dual role in immunity. On one hand, it favors a pro-inflammatory response, induces maturation of monocytederived dendritic cells, and through this process, enhances Th1-type immune responses[167]. On the other hand,
galectin-9 contributes to apoptosis of thymocytes and
peripheral T cells, implicating a dual role of the Galectin-9/TIM-3 axis in both T-cell maturation and negative
regulation of T-cell-mediated immune reactions[168,169].
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Galectin-9 in HCC and in HCV/HBV infection-associated
HCC
Galectin-9 has been identified as a possible prognostic
marker in breast cancer, melanoma, and oral squamous
cell carcinoma[180]. Most recently, Zhang et al[181] examined
the relationship between galectin-9 expression and HCC,
using an in vitro approach and immunohistochemistry on
HCC tissues. The authors found that silencing galectin-9
expression in HepG2 HCC cells through siRNA-mediated strategies resulted in a weakened cell aggregation and
increased proliferation and adhesion to ECM[181]. Also,
galectin-9 suppression increased tumor cell-endothelial
cell adhesion and trans-endothelial invasion of HepG2
cells. Additionally, downregulation of galectin-9 in human HCC tissue specimens represented a significant risk
factor for patient survival and significantly correlated
with the histopathologic grade of the tumor, lymph node
metastasis, vascular invasion and intrahepatic metastasis[181]. These results emphasized an anti-metastasic role
for galectin-9 in HCC (Figure 1 and Table 1).
T-cell responses are regulated by multiple mechanisms
to maintain homeostasis and to prevent exuberant tissue inflammation and autoimmune disease. Whilst these
regulatory mechanisms are critical to terminate excessive
inflammatory responses, they can excessively constrain
antiviral immunity in settings of persistent viral infection[182]. Galectin-9 is present at significantly higher levels
in sera from patients infected with HCV or HBV compared to normal healthy controls[177,182,183]. Galectin-9 is
expressed mainly in Kupffer cells[177,182], but is also present in inflammatory leucocytes and hepatocytes[183]. Re-
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CD4+ T cells are the key mediators of IRI-triggered
liver inflammation[187]. Kupffer cells release pro-inflammatory mediators such as TNF and IL-6[188], and CD4+
T cells amplify Kupffer cell activity[189]. In this context,
blockade of the TIM-3/galectin-9 pathway exacerbated
local inflammation and liver damage (Table 2)[190]. These
results suggest the importance of TIM-3/galectin-9
signaling in the maintenance of liver homeostasis and
controlling dysregulated liver immune response, for example during IRI.
Similar results were observed in the murine model of
liver injury, Con A-induced hepatitis, where T cell activation plays a crucial role. Blockade of TIM-3 using an
anti-TIM-3 Ab resulted in more severe liver damage. On
the contrary, biochemical and histopathological data indicated that a single injection of galectin-9 was sufficient to
protect mice against Con A-induced hepatitis (Table 2)[191].
Another progressive inflammatory liver disorder is autoimmune hepatitis (AIH), where a defective control of
CD4+ T cells takes place. Liberal et al[192] showed that patients with AIH had reduced levels of TIM-3 and galectin-9 on effector CD4+ T cells and Treg cells, respectively,
as compared to healthy individuals[192]. Reduced signaling
of the TIM-3/galectin-9 axis contributed to impaired
control during AIH by rendering effector cells less prone
to Treg cell control and Tregs less capable of suppressing
effector responses.
A distinct subset of cells, referred as NKT cells has
been characterized by the expression of a semi-invariant
T cell receptor (TCR) and surface antigens typical of
natural killer (NK) cells. These cells exhibit features of
both cell types and act as a bridging system between innate and adaptive immunity[193]. NKT cells are particularly
enriched within the liver and regulate immune responses
through rapid secretion of large amounts of both Th1
and Th2 cytokines following stimulation[194]. The TIM-3/
galectin-9 signaling pathway also plays a critical role in
the homeostasis of hepatic NKT cells. It has been demonstrated that galectin-9 limits the inflammatory response
in a mouse model of diet-induced nonalcoholic fatty liver
disease (NAFLD) (Table 2)[195].
In summary, these observations validated the relevance of the TIM-3/galectin-9 signaling axis in maintaining a balanced local immune microenvironment in
the liver. Dysregulation of this axis can lead to a chronic
inflammatory liver disorder which can eventually develop
into an HCC.

cently, it has been reported that progression to persistent
infection of HCV was accompanied by increased plasma
levels of galectin-9[184].
In patients chronically infected with HCV or HBV,
multiple regulatory mechanisms act in concert to induce
failure of the immune response and facilitate viral persistence. Interestingly, it has been demonstrated that galectin-9 plays a key role in limiting T-cell responses in the
liver and facilitating the establishment of viral persistence.
Galectin-9 induces the secretion of pro-inflammatory
cytokines from monocytes and macrophages[177] that can
further amplify immunopathology associated with HCV/
HBV infection. As a counter-effect, galectin-9 induces
TIM-3-mediated apoptosis of effector T cells[177,182] and
favors the expansion of Tregs[177,184,185] thereby attenuating
adaptive immune responses.
Li et al[186] studied the relevance of galectin-9 in patients with HBV-associated HCC. By flow cytometry
analysis, the authors found that tumor cells and T cells
expressed low amounts of galectin-9 while dendritic cells
expressed moderate levels of this protein and Kupffer
cells showed the highest expression in HBV-associated
HCC tissues in comparison to non-tumor adjacent tissues[186]. The authors also observed that in HBV-positive
patients the percentage of galectin-9+ Kupffer cells was
higher in tumor tissues than in normal adjacent tissues.
However, in HBV-negative patients the expression of
galectin-9 in Kupffer cells was negligible in both HCC
and adjacent tissues. Interestingly, IFN-γ derived from
tumor-infiltrating T cells contributed to the increased galectin-9 expression in the HCC microenvironment[186]. In
addition, high numbers of TIM-3+ T cells were detected
in HBV-associated HCC, which expressed senescence
markers and exhibited decreased proliferative ability and
impaired effector function when compared with TIM-3T cells. Therefore, the TIM-3/galectin-9 signaling axis
mediates T-cell dysfunction and predicts poor prognosis
in patients with HBV-associated HCC[186].
Although these data indicates a major role for galectin-9 in regulating liver immune responses, the observation that this galectin predominantly dampens immune
function seems hard to reconcile with the poor outcome
in patients with low galectin-9 expression. Possibly, galectin-9 expression is lost during the course of tumorigenesis, enabling tumor cells to metastasize more easily while
alternatives modes of escape are being developed[180] (e.g.,
the up-regulation of galectin-1) (Figure 1 and Table 1). A
better understanding of the mechanisms underlying galectin-9 functions is required to elucidate its possible role
as a promising target in HCC.

CONCLUSION
Because of their roles in tumor progression, galectins
have evolved as promising targets for cancer therapy. A
variety of studies revealed the involvement of this evolutionarily conserved protein family in murine and human
cancers[26,52-56]. Modified citrus pectin, peptides, anti-galectin neutralizing antibodies and chemical inhibitors that
antagonize galectins CRDs have been demonstrated the
ability to reduce tumor volume, metastasis, angiogenesis,

Galectin-9 in inflammation-related liver pathologies
The ischemia and reperfusion injury (IRI), an inflammatory event controlled by an exogenous antigen-independent insult that stimulates innate immunity, remains
a critical problem in clinical organ transplantation. Liver
IRI occurs frequently after major hepatic resection or
liver transplantation. It has been demonstrated that
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potentiate immune responses and increase host survival
in various tumor-type models[73,75,196-198].
Current literature shows that the “proto-type” galectin-1, the “chimera” galectin-3 and “tandem-repeat”
galectin-4 are increased in HCC cells compared to their
normal counterparts. On the other hand, expression of
“tandem-repeat” galectin-8 and galectin-9 is decreased
in tumor hepatocytes. The aberrant expression (up- or
down-regulation) of these galectins correlates with tumor
growth, HCC adhesion, migration and invasion, tumor
aggressiveness, metastasis, postoperative recurrence and
poor prognosis (Figure 1 and Table 1). It is noteworthy
that galectins also play key roles in other liver pathologies
associated with chronic inflammation and fibrosis (Tables
2 and 3). Although research in this field is just beginning,
the role for these galectins in HCC biology is substantiated by a wide range of accumulating evidence from
animal models and human samples. Further functional
studies are crucial to delineate the precise mechanisms
by which galectins promote liver carcinogenesis, HCC
progression, aggressiveness, inflammation and metastasis.
Hopefully, in a near future, galectin-based therapies can
be developed for the treatment of HCC, liver-associated
fibrosis and liver chronic inflammatory disorders.

11

12
13
14
15

16

17

18

ACKNOWLEDGMENTS
We apologize to the many authors whose papers could
not be cited owing to space limitations.

19

REFERENCES

20

1

2

3

4
5
6
7
8
9

10

Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin
DM. Estimates of worldwide burden of cancer in 2008:
GLOBOCAN 2008. Int J Cancer 2010; 127: 2893-2917 [PMID:
21351269 DOI: 10.1002/ijc.25516]
Bosetti C, Levi F, Boffetta P, Lucchini F, Negri E, La Vecchia C. Trends in mortality from hepatocellular carcinoma
in Europe, 1980-2004. Hepatology 2008; 48: 137-145 [PMID:
18537177 DOI: 10.1002/hep.22312]
Qiu D, Katanoda K, Marugame T, Sobue T. A Joinpoint
regression analysis of long-term trends in cancer mortality
in Japan (1958-2004). Int J Cancer 2009; 124: 443-448 [PMID:
18844218 DOI: 10.1002/ijc.23911]
El-Serag HB. Hepatocellular carcinoma. N Engl J Med
2011; 365: 1118-1127 [PMID: 21992124 DOI: 10.1056/NEJMra1001683]
Farazi PA, DePinho RA. Hepatocellular carcinoma pathogenesis: from genes to environment. Nat Rev Cancer 2006; 6:
674-687 [PMID: 16929323 DOI: 10.1038/nrc1934]
But DY, Lai CL, Yuen MF. Natural history of hepatitisrelated hepatocellular carcinoma. World J Gastroenterol 2008;
14: 1652-1656 [PMID: 18350595 DOI: 10.3748/wjg.14.1652]
El-Serag HB. Epidemiology of viral hepatitis and hepatocellular carcinoma. Gastroenterology 2012; 142: 1264-1273.e1
[PMID: 22537432 DOI: 10.1053/j.gastro.2011.12.061]
Zhang DY, Friedman SL. Fibrosis-dependent mechanisms
of hepatocarcinogenesis. Hepatology 2012; 56: 769-775 [PMID:
22378017 DOI: 10.1002/hep.25670]
Baffy G, Brunt EM, Caldwell SH. Hepatocellular carcinoma
in non-alcoholic fatty liver disease: an emerging menace. J
Hepatol 2012; 56: 1384-1391 [PMID: 22326465 DOI: 10.1016/
j.jhep.2011.10.027]
Yu J, Shen J, Sun TT, Zhang X, Wong N. Obesity, insulin

WCG|www.wjgnet.com

21

22

23

24

25

918

resistance, NASH and hepatocellular carcinoma. Semin
Cancer Biol 2013; 23: 483-491 [PMID: 23876851 DOI: 10.1016/
j.semcancer.2013.07.003]
Villanueva A, Hernandez-Gea V, Llovet JM. Medical therapies for hepatocellular carcinoma: a critical view of the evidence. Nat Rev Gastroenterol Hepatol 2013; 10: 34-42 [PMID:
23147664 DOI: 10.1038/nrgastro.2012.199]
de Lope CR, Tremosini S, Forner A, Reig M, Bruix J. Management of HCC. J Hepatol 2012; 56 Suppl 1: S75-S87 [PMID:
22300468 DOI: 10.1016/S0168-8278(12)60009-9]
Forner A, Llovet JM, Bruix J. Hepatocellular carcinoma.
Lancet 2012; 379: 1245-1255 [PMID: 22353262 DOI: 10.1016/
S0140-6736(11)61347-0]
Mancuso A. Management of hepatocellular carcinoma: Enlightening the gray zones. World J Hepatol 2013; 5: 302-310
[PMID: 23805354 DOI: 10.4254/wjh.v5.i6.302]
Yamamoto J, Kosuge T, Takayama T, Shimada K, Yamasaki S, Ozaki H, Yamaguchi N, Makuuchi M. Recurrence of
hepatocellular carcinoma after surgery. Br J Surg 1996; 83:
1219-1222 [PMID: 8983610]
Ercolani G, Grazi GL, Ravaioli M, Del Gaudio M, Gardini
A, Cescon M, Varotti G, Cetta F, Cavallari A. Liver resection
for hepatocellular carcinoma on cirrhosis: univariate and
multivariate analysis of risk factors for intrahepatic recurrence. Ann Surg 2003; 237: 536-543 [PMID: 12677151 DOI:
10.1097/01.SLA.0000059988.22416.F2]
Vivarelli M, Risaliti A. Liver transplantation for hepatocellular carcinoma on cirrhosis: strategies to avoid tumor
recurrence. World J Gastroenterol 2011; 17: 4741-4746 [PMID:
22147974 DOI: 10.3748/wjg.v17.i43.4741]
Pang RW, Poon RT. From molecular biology to targeted
therapies for hepatocellular carcinoma: the future is now.
Oncology 2007; 72 Suppl 1: 30-44 [PMID: 18087180 DOI:
10.1159/000111705]
Llovet JM, Bruix J. Molecular targeted therapies in hepatocellular carcinoma. Hepatology 2008; 48: 1312-1327 [PMID:
18821591 DOI: 10.1002/hep.22506]
Shen YC, Hsu C, Cheng AL. Molecular targeted therapy
for advanced hepatocellular carcinoma: current status and
future perspectives. J Gastroenterol 2010; 45: 794-807 [PMID:
20567987 DOI: 10.1007/s00535-010-0270-0]
Llovet JM, Ricci S, Mazzaferro V, Hilgard P, Gane E, Blanc
JF, de Oliveira AC, Santoro A, Raoul JL, Forner A, Schwartz
M, Porta C, Zeuzem S, Bolondi L, Greten TF, Galle PR, Seitz
JF, Borbath I, Häussinger D, Giannaris T, Shan M, Moscovici
M, Voliotis D, Bruix J. Sorafenib in advanced hepatocellular
carcinoma. N Engl J Med 2008; 359: 378-390 [PMID: 18650514
DOI: 10.1056/NEJMoa0708857]
Cheng AL, Kang YK, Chen Z, Tsao CJ, Qin S, Kim JS, Luo
R, Feng J, Ye S, Yang TS, Xu J, Sun Y, Liang H, Liu J, Wang
J, Tak WY, Pan H, Burock K, Zou J, Voliotis D, Guan Z. Efficacy and safety of sorafenib in patients in the Asia-Pacific
region with advanced hepatocellular carcinoma: a phase
III randomised, double-blind, placebo-controlled trial.
Lancet Oncol 2009; 10: 25-34 [PMID: 19095497 DOI: 10.1016/
S1470-2045(08)70285-7]
Matar P, Alaniz L, Rozados V, Aquino JB, Malvicini M,
Atorrasagasti C, Gidekel M, Silva M, Scharovsky OG, Mazzolini G. Immunotherapy for liver tumors: present status
and future prospects. J Biomed Sci 2009; 16: 30 [PMID:
19272130 DOI: 10.1186/1423-0127-16-30]
Barondes SH, Castronovo V, Cooper DN, Cummings RD,
Drickamer K, Feizi T, Gitt MA, Hirabayashi J, Hughes C,
Kasai K, Leffler H, Liu F, Lotan R, Mercurio AM, Monsigny
M, Pillai S, Poirier F, Raz A, Rigby PWJ, Rini JM, Wang JL.
Galectins: a family of animal beta-galactoside-binding lectins. Cell 1994; 76: 597-598 [PMID: 8124704]
Barondes SH, Cooper DN, Gitt MA, Leffler H. Galectins.
Structure and function of a large family of animal lectins. J
Biol Chem 1994; 269: 20807-20810 [PMID: 8063692]

January 28, 2014|First Edition|

Bacigalupo ML et al . Galectins in liver pathology
26
27
28
29
30
31
32

33

34

35

36

37

38

39

40

41

42
43

Yang RY, Rabinovich GA, Liu FT. Galectins: structure, function and therapeutic potential. Expert Rev Mol Med 2008; 10:
e17 [PMID: 18549522 DOI: 10.1017/S1462399408000719]
Chiariotti L, Salvatore P, Frunzio R, Bruni CB. Galectin
genes: regulation of expression. Glycoconj J 2004; 19: 441-449
[PMID: 14758067 DOI: 10.1023/B:GLYC.0000014073.23096.3a]
Camby I, Le Mercier M, Lefranc F, Kiss R. Galectin-1: a
small protein with major functions. Glycobiology 2006; 16:
137R-157R [PMID: 16840800 DOI: 10.1093/glycob/cwl025]
Dumic J, Dabelic S, Flögel M. Galectin-3: an open-ended
story. Biochim Biophys Acta 2006; 1760: 616-635 [PMID:
16478649 DOI: 10.1016/j.bbagen.2005.12.020]
Cooper DN, Barondes SH. God must love galectins; he
made so many of them. Glycobiology 1999; 9: 979-984 [PMID:
10521533]
Hughes RC. Secretion of the galectin family of mammalian
carbohydrate-binding proteins. Biochim Biophys Acta 1999;
1473: 172-185 [PMID: 10580137]
Nickel W. Unconventional secretory routes: direct protein
export across the plasma membrane of mammalian cells.
Traffic 2005; 6: 607-614 [PMID: 15998317 DOI: 10.1111/
j.1600-0854.2005.00302.x]
Cooper DN, Barondes SH. Evidence for export of a muscle
lectin from cytosol to extracellular matrix and for a novel
secretory mechanism. J Cell Biol 1990; 110: 1681-1691 [PMID:
2335567]
Lindstedt R, Apodaca G, Barondes SH, Mostov KE, Leffler
H. Apical secretion of a cytosolic protein by Madin-Darby
canine kidney cells. Evidence for polarized release of an endogenous lectin by a nonclassical secretory pathway. J Biol
Chem 1993; 268: 11750-11757 [PMID: 8505302]
Sato S, Burdett I, Hughes RC. Secretion of the baby hamster
kidney 30-kDa galactose-binding lectin from polarized and
nonpolarized cells: a pathway independent of the endoplasmic reticulum-Golgi complex. Exp Cell Res 1993; 207: 8-18
[PMID: 8319774 DOI: 10.1006/excr.1993.1157]
Chabot S, Kashio Y, Seki M, Shirato Y, Nakamura K, Nishi
N, Nakamura T, Matsumoto R, Hirashima M. Regulation of
galectin-9 expression and release in Jurkat T cell line cells.
Glycobiology 2002; 12: 111-118 [PMID: 11886844]
Oomizu S, Arikawa T, Niki T, Kadowaki T, Ueno M, Nishi
N, Yamauchi A, Hattori T, Masaki T, Hirashima M. Cell
surface galectin-9 expressing Th cells regulate Th17 and
Foxp3+ Treg development by galectin-9 secretion. PLoS
One 2012; 7: e48574 [PMID: 23144904 DOI: 10.1371/journal.
pone.0048574]
Rabinovich GA, Toscano MA, Jackson SS, Vasta GR. Functions of cell surface galectin-glycoprotein lattices. Curr Opin
Struct Biol 2007; 17: 513-520 [PMID: 17950594 DOI: 10.1016/
j.sbi.2007.09.002]
Garner OB, Baum LG. Galectin-glycan lattices regulate
cell-surface glycoprotein organization and signalling. Biochem Soc Trans 2008; 36: 1472-1477 [PMID: 19021578 DOI:
10.1042/BST0361472]
Laderach DJ, Compagno D, Toscano MA, Croci DO, Dergan-Dylon S, Salatino M, Rabinovich GA. Dissecting the signal transduction pathways triggered by galectin-glycan interactions in physiological and pathological settings. IUBMB
Life 2010; 62: 1-13 [PMID: 20014236 DOI: 10.1002/iub.281]
Fajka-Boja R, Blaskó A, Kovács-Sólyom F, Szebeni GJ, Tóth
GK, Monostori E. Co-localization of galectin-1 with GM1
ganglioside in the course of its clathrin- and raft-dependent
endocytosis. Cell Mol Life Sci 2008; 65: 2586-2593 [PMID:
18581052 DOI: 10.1007/s00018-008-8143-x]
Liu FT, Patterson RJ, Wang JL. Intracellular functions of
galectins. Biochim Biophys Acta 2002; 1572: 263-273 [PMID:
12223274]
Elola MT, Wolfenstein-Todel C, Troncoso MF, Vasta GR,
Rabinovich GA. Galectins: matricellular glycan-binding proteins linking cell adhesion, migration, and survival. Cell Mol

WCG|www.wjgnet.com

44
45

46
47

48

49
50

51

52

53

54
55

56

57
58
59

60
61
62

919

Life Sci 2007; 64: 1679-1700 [PMID: 17497244 DOI: 10.1007/
s00018-007-7044-8]
Liu FT, Rabinovich GA. Galectins: regulators of acute and
chronic inflammation. Ann N Y Acad Sci 2010; 1183: 158-182
[PMID: 20146714 DOI: 10.1111/j.1749-6632.2009.05131.x]
Rabinovich GA, Croci DO. Regulatory circuits mediated
by lectin-glycan interactions in autoimmunity and cancer.
Immunity 2012; 36: 322-335 [PMID: 22444630 DOI: 10.1016/
j.immuni.2012.03.004]
Troncoso MF, Elola MT, Croci DO, Rabinovich GA. Integrating structure and function of ‘tandem-repeat’ galectins.
Front Biosci (Schol Ed) 2012; 4: 864-887 [PMID: 22202096]
Lahm H, André S, Hoeflich A, Kaltner H, Siebert HC,
Sordat B, von der Lieth CW, Wolf E, Gabius HJ. Tumor galectinology: insights into the complex network of a family
of endogenous lectins. Glycoconj J 2004; 20: 227-238 [PMID:
15115907 DOI: 10.1023/B: GLYC.0000025817.24297.17]
van den Brûle F, Califice S, Castronovo V. Expression of
galectins in cancer: a critical review. Glycoconj J 2004; 19:
537-542 [PMID: 14758077 DOI: 10.1023/B:GLYC.0000014083
.48508.6a]
Liu FT, Rabinovich GA. Galectins as modulators of tumour
progression. Nat Rev Cancer 2005; 5: 29-41 [PMID: 15630413
DOI: 10.1038/nrc1527]
Cedeno-Laurent F, Dimitroff CJ. Galectins and their ligands: negative regulators of anti-tumor immunity. Glycoconj J 2012; 29: 619-625 [PMID: 22544342 DOI: 10.1007/
s10719-012-9379-0]
Compagno D, Laderach DJ, Gentilini L, Jaworski FM,
Rabinovich GA. Delineating the “galectin signature” of the
tumor microenvironment. Oncoimmunology 2013; 2: e23565
[PMID: 23734312 DOI: 10.4161/onci.23565]
Thijssen VL, Rabinovich GA, Griffioen AW. Vascular galectins: Regulators of tumor progression and targets for cancer
therapy. Cytokine Growth Factor Rev 2013; 24: 547-558 [PMID:
23942184 DOI: 10.1016/j.cytogfr.2013.07.003]
Ingrassia L, Camby I, Lefranc F, Mathieu V, Nshimyumukiza P, Darro F, Kiss R. Anti-galectin compounds as potential
anti-cancer drugs. Curr Med Chem 2006; 13: 3513-3527 [PMID:
17168720]
Hasan SS, Ashraf GM, Banu N. Galectins - potential targets for cancer therapy. Cancer Lett 2007; 253: 25-33 [PMID:
17207926 DOI: 10.1016/j.canlet.2006.11.030]
Ito K, Stannard K, Gabutero E, Clark AM, Neo SY, Onturk
S, Blanchard H, Ralph SJ. Galectin-1 as a potent target for
cancer therapy: role in the tumor microenvironment. Cancer Metastasis Rev 2012; 31: 763-778 [PMID: 22706847 DOI:
10.1007/s10555-012-9388-2]
Wiersma VR, de Bruyn M, Helfrich W, Bremer E. Therapeutic potential of Galectin-9 in human disease. Med Res Rev
2013; 33 Suppl 1: E102-E126 [PMID: 21793015 DOI: 10.1002/
med.20249]
Danguy A, Camby I, Kiss R. Galectins and cancer. Biochim
Biophys Acta 2002; 1572: 285-293 [PMID: 12223276]
Rabinovich GA. Galectin-1 as a potential cancer target. Br
J Cancer 2005; 92: 1188-1192 [PMID: 15785741 DOI: 10.1038/
sj.bjc.6602493]
Martinez VG, Pellizzari EH, Díaz ES, Cigorraga SB, Lustig L,
Denduchis B, Wolfenstein-Todel C, Iglesias MM. Galectin-1,
a cell adhesion modulator, induces apoptosis of rat Leydig
cells in vitro. Glycobiology 2004; 14: 127-137 [PMID: 14638631
DOI: 10.1093/glycob/cwh025]
Elola MT, Chiesa ME, Alberti AF, Mordoh J, Fink NE. Galectin-1 receptors in different cell types. J Biomed Sci 2005;
12: 13-29 [PMID: 15864736 DOI: 10.1007/s11373-004-8169-5]
Cedeno-Laurent F, Dimitroff CJ. Galectin-1 research in T cell
immunity: past, present and future. Clin Immunol 2012; 142:
107-116 [PMID: 22019770 DOI: 10.1016/j.clim.2011.09.011]
Balan V, Nangia-Makker P, Raz A. Galectins as Cancer Biomarkers. Cancers (Basel) 2010; 2: 592-610 [PMID: 23658855

January 28, 2014|First Edition|

Bacigalupo ML et al . Galectins in liver pathology

63

64

65

66

67

68

69

70

71

72

73

74

75

DOI: 10.3390/cancers2020592]
Lefranc F, Mathieu V, Kiss R. Galectin-1-mediated biochemical controls of melanoma and glioma aggressive behavior.
World J Biol Chem 2011; 2: 193-201 [PMID: 21949569 DOI:
10.4331/wjbc.v2.i9.193]
Chung LY, Tang SJ, Sun GH, Chou TY, Yeh TS, Yu SL,
Sun KH. Galectin-1 promotes lung cancer progression and
chemoresistance by upregulating p38 MAPK, ERK, and cyclooxygenase-2. Clin Cancer Res 2012; 18: 4037-4047 [PMID:
22696230 DOI: 10.1158/1078-0432.CCR-11-3348]
Laderach DJ, Gentilini LD, Giribaldi L, Delgado VC,
Nugnes L, Croci DO, Al Nakouzi N, Sacca P, Casas G,
Mazza O, Shipp MA, Vazquez E, Chauchereau A, Kutok JL,
Rodig SJ, Elola MT, Compagno D, Rabinovich GA. A unique
galectin signature in human prostate cancer progression
suggests galectin-1 as a key target for treatment of advanced
disease. Cancer Res 2013; 73: 86-96 [PMID: 23108139 DOI:
10.1158/0008-5472.CAN-12-1260]
Verschuere T, Van Woensel M, Fieuws S, Lefranc F, Mathieu V, Kiss R, Van Gool SW, De Vleeschouwer S. Altered
galectin-1 serum levels in patients diagnosed with highgrade glioma. J Neurooncol 2013; 115: 9-17 [PMID: 23824536
DOI: 10.1007/s11060-013-1201-8]
Chen J, Zhou SJ, Zhang Y, Zhang GQ, Zha TZ, Feng YZ,
Zhang K. Clinicopathological and prognostic significance of
galectin-1 and vascular endothelial growth factor expression
in gastric cancer. World J Gastroenterol 2013; 19: 2073-2079
[PMID: 23599627 DOI: 10.3748/wjg.v19.i13.2073]
Jung EJ, Moon HG, Cho BI, Jeong CY, Joo YT, Lee YJ, Hong
SC, Choi SK, Ha WS, Kim JW, Lee CW, Lee JS, Park ST.
Galectin-1 expression in cancer-associated stromal cells correlates tumor invasiveness and tumor progression in breast
cancer. Int J Cancer 2007; 120: 2331-2338 [PMID: 17304502
DOI: 10.1002/ijc.22434]
Dalotto-Moreno T, Croci DO, Cerliani JP, Martinez-Allo
VC, Dergan-Dylon S, Méndez-Huergo SP, Stupirski JC,
Mazal D, Osinaga E, Toscano MA, Sundblad V, Rabinovich
GA, Salatino M. Targeting galectin-1 overcomes breast cancer-associated immunosuppression and prevents metastatic
disease. Cancer Res 2013; 73: 1107-1117 [PMID: 23204230
DOI: 10.1158/0008-5472.CAN-12-2418]
Kim HJ, Do IG, Jeon HK, Cho YJ, Park YA, Choi JJ, Sung CO,
Lee YY, Choi CH, Kim TJ, Kim BG, Lee JW, Bae DS. Galectin
1 expression is associated with tumor invasion and metastasis in stage IB to IIA cervical cancer. Hum Pathol 2013; 44:
62-68 [PMID: 22939954 DOI: 10.1016/j.humpath.2012.04.010]
Hsu YL, Wu CY, Hung JY, Lin YS, Huang MS, Kuo PL. Galectin-1 promotes lung cancer tumor metastasis by potentiating integrin α6β4 and Notch1/Jagged2 signaling pathway.
Carcinogenesis 2013; 34: 1370-1381 [PMID: 23389289 DOI:
10.1093/carcin/bgt040]
Thijssen VL, Barkan B, Shoji H, Aries IM, Mathieu V, Deltour L, Hackeng TM, Kiss R, Kloog Y, Poirier F, Griffioen
AW. Tumor cells secrete galectin-1 to enhance endothelial
cell activity. Cancer Res 2010; 70: 6216-6224 [PMID: 20647324
DOI: 10.1158/0008-5472.CAN-09-4150]
Thijssen VL, Postel R, Brandwijk RJ, Dings RP, Nesmelova
I, Satijn S, Verhofstad N, Nakabeppu Y, Baum LG, Bakkers
J, Mayo KH, Poirier F, Griffioen AW. Galectin-1 is essential
in tumor angiogenesis and is a target for antiangiogenesis
therapy. Proc Natl Acad Sci USA 2006; 103: 15975-15980
[PMID: 17043243 DOI: 10.1073/pnas.0603883103]
Le QT, Shi G, Cao H, Nelson DW, Wang Y, Chen EY, Zhao
S, Kong C, Richardson D, O’Byrne KJ, Giaccia AJ, Koong
AC. Galectin-1: a link between tumor hypoxia and tumor
immune privilege. J Clin Oncol 2005; 23: 8932-8941 [PMID:
16219933 DOI: 10.1200/JCO.2005.02.0206]
Croci DO, Salatino M, Rubinstein N, Cerliani JP, Cavallin
LE, Leung HJ, Ouyang J, Ilarregui JM, Toscano MA, Domaica CI, Croci MC, Shipp MA, Mesri EA, Albini A, Rabinovich

WCG|www.wjgnet.com

76

77

78

79

80

81

82

83

84

85

86

87

88

920

GA. Disrupting galectin-1 interactions with N-glycans suppresses hypoxia-driven angiogenesis and tumorigenesis in
Kaposi’s sarcoma. J Exp Med 2012; 209: 1985-2000 [PMID:
23027923 DOI: 10.1084/jem.20111665]
Rubinstein N, Alvarez M, Zwirner NW, Toscano MA, Ilarregui JM, Bravo A, Mordoh J, Fainboim L, Podhajcer OL,
Rabinovich GA. Targeted inhibition of galectin-1 gene expression in tumor cells results in heightened T cell-mediated
rejection; A potential mechanism of tumor-immune privilege. Cancer Cell 2004; 5: 241-251 [PMID: 15050916]
Juszczynski P, Ouyang J, Monti S, Rodig SJ, Takeyama K,
Abramson J, Chen W, Kutok JL, Rabinovich GA, Shipp MA.
The AP1-dependent secretion of galectin-1 by Reed Sternberg cells fosters immune privilege in classical Hodgkin
lymphoma. Proc Natl Acad Sci USA 2007; 104: 13134-13139
[PMID: 17670934 DOI: 10.1073/pnas.0706017104]
Banh A, Zhang J, Cao H, Bouley DM, Kwok S, Kong C,
Giaccia AJ, Koong AC, Le QT. Tumor galectin-1 mediates
tumor growth and metastasis through regulation of T-cell
apoptosis. Cancer Res 2011; 71: 4423-4431 [PMID: 21546572
DOI: 10.1158/0008-5472.CAN-10-4157]
Chung EJ, Sung YK, Farooq M, Kim Y, Im S, Tak WY,
Hwang YJ, Kim YI, Han HS, Kim JC, Kim MK. Gene expression profile analysis in human hepatocellular carcinoma
by cDNA microarray. Mol Cells 2002; 14: 382-387 [PMID:
12521301]
Kondoh N, Hada A, Ryo A, Shuda M, Arai M, Matsubara
O, Kimura F, Wakatsuki T, Yamamoto M. Activation of Galectin-1 gene in human hepatocellular carcinoma involves
methylation-sensitive complex formations at the transcriptional upstream and downstream elements. Int J Oncol 2003;
23: 1575-1583 [PMID: 14612929]
Spano D, Russo R, Di Maso V, Rosso N, Terracciano LM,
Roncalli M, Tornillo L, Capasso M, Tiribelli C, Iolascon A.
Galectin-1 and its involvement in hepatocellular carcinoma
aggressiveness. Mol Med 2010; 16: 102-115 [PMID: 20200618
DOI: 10.2119/molmed.2009.00119]
Wu H, Chen P, Liao R, Li YW, Yi Y, Wang JX, Sun TW, Zhou
J, Shi YH, Yang XR, Jin JJ, Cheng YF, Fan J, Qiu SJ. Overexpression of galectin-1 is associated with poor prognosis in
human hepatocellular carcinoma following resection. J Gastroenterol Hepatol 2012; 27: 1312-1319 [PMID: 22432916 DOI:
10.1111/j.1440-1746.2012.07130.x]
Cimmino F, Schulte JH, Zollo M, Koster J, Versteeg R, Iolascon A, Eggert A, Schramm A. Galectin-1 is a major effector
of TrkB-mediated neuroblastoma aggressiveness. Oncogene 2009; 28: 2015-2023 [PMID: 19363525 DOI: 10.1038/
onc.2009.70]
Wu MH, Hong TM, Cheng HW, Pan SH, Liang YR, Hong
HC, Chiang WF, Wong TY, Shieh DB, Shiau AL, Jin YT,
Chen YL. Galectin-1-mediated tumor invasion and metastasis, up-regulated matrix metalloproteinase expression, and reorganized actin cytoskeletons. Mol Cancer Res
2009; 7: 311-318 [PMID: 19276182 DOI: 10.1158/1541-7786.
MCR-08-0297]
Espelt MV, Croci DO, Bacigalupo ML, Carabias P, Manzi M,
Elola MT, Muñoz MC, Dominici FP, Wolfenstein-Todel C,
Rabinovich GA, Troncoso MF. Novel roles of galectin-1 in
hepatocellular carcinoma cell adhesion, polarization, and in
vivo tumor growth. Hepatology 2011; 53: 2097-2106 [PMID:
21391228 DOI: 10.1002/hep.24294]
Garín MI, Chu CC, Golshayan D, Cernuda-Morollón E,
Wait R, Lechler RI. Galectin-1: a key effector of regulation
mediated by CD4+CD25+ T cells. Blood 2007; 109: 2058-2065
[PMID: 17110462 DOI: 10.1182/blood-2006-04-016451]
Orentas RJ, Kohler ME, Johnson BD. Suppression of anticancer immunity by regulatory T cells: back to the future.
Semin Cancer Biol 2006; 16: 137-149 [PMID: 16376101 DOI:
10.1016/j.semcancer.2005.11.007]
Tiegs G, Hentschel J, Wendel A. A T cell-dependent experi-

January 28, 2014|First Edition|

Bacigalupo ML et al . Galectins in liver pathology

89

90

91

92
93

94

95

96

97
98

99

100

101
102

103

mental liver injury in mice inducible by concanavalin A. J
Clin Invest 1992; 90: 196-203 [PMID: 1634608 DOI: 10.1172/
JCI115836]
Santucci L, Fiorucci S, Cammilleri F, Servillo G, Federici B,
Morelli A. Galectin-1 exerts immunomodulatory and protective effects on concanavalin A-induced hepatitis in mice.
Hepatology 2000; 31: 399-406 [PMID: 10655263 DOI: 10.1002/
hep.510310220]
Mauad TH, van Nieuwkerk CM, Dingemans KP, Smit JJ,
Schinkel AH, Notenboom RG, van den Bergh Weerman
MA, Verkruisen RP, Groen AK, Oude Elferink RP. Mice
with homozygous disruption of the mdr2 P-glycoprotein
gene. A novel animal model for studies of nonsuppurative
inflammatory cholangitis and hepatocarcinogenesis. Am J
Pathol 1994; 145: 1237-1245 [PMID: 7977654]
Potikha T, Stoyanov E, Pappo O, Frolov A, Mizrahi L, Olam
D, Shnitzer-Perlman T, Weiss I, Barashi N, Peled A, Sass G,
Tiegs G, Poirier F, Rabinovich GA, Galun E, Goldenberg
D. Interstrain differences in chronic hepatitis and tumor
development in a murine model of inflammation-mediated
hepatocarcinogenesis. Hepatology 2013; 58: 192-204 [PMID:
23423643 DOI: 10.1002/hep.26335]
Bataller R, Brenner DA. Liver fibrosis. J Clin Invest 2005;
115: 209-218 [PMID: 15690074 DOI: 10.1172/JCI24282]
Kristensen DB, Kawada N, Imamura K, Miyamoto Y, Tateno C, Seki S, Kuroki T, Yoshizato K. Proteome analysis of
rat hepatic stellate cells. Hepatology 2000; 32: 268-277 [PMID:
10915733 DOI: 10.1053/jhep.2000.9322]
Maeda N, Kawada N, Seki S, Arakawa T, Ikeda K, Iwao H,
Okuyama H, Hirabayashi J, Kasai K, Yoshizato K. Stimulation of proliferation of rat hepatic stellate cells by galectin-1
and galectin-3 through different intracellular signaling pathways. J Biol Chem 2003; 278: 18938-18944 [PMID: 12646584
DOI: 10.1074/jbc.M209673200]
Glaser S, Francis H, Demorrow S, Lesage G, Fava G, Marzioni M, Venter J, Alpini G. Heterogeneity of the intrahepatic
biliary epithelium. World J Gastroenterol 2006; 12: 3523-3536
[PMID: 16773709]
Shimonishi T, Miyazaki K, Kono N, Sabit H, Tuneyama K,
Harada K, Hirabayashi J, Kasai K, Nakanuma Y. Expression of endogenous galectin-1 and galectin-3 in intrahepatic
cholangiocarcinoma. Hum Pathol 2001; 32: 302-310 [PMID:
11274640 DOI: 10.1053/hupa.2001.22767]
Yang RY, Hsu DK, Liu FT. Expression of galectin-3 modulates T-cell growth and apoptosis. Proc Natl Acad Sci USA
1996; 93: 6737-6742 [PMID: 8692888]
Morris S, Ahmad N, André S, Kaltner H, Gabius HJ, Brenowitz M, Brewer F. Quaternary solution structures of
galectins-1, -3, and -7. Glycobiology 2004; 14: 293-300 [PMID:
14693909 DOI: 10.1093/glycob/cwh029]
Yang RY, Hill PN, Hsu DK, Liu FT. Role of the carboxylterminal lectin domain in self-association of galectin-3. Biochemistry 1998; 37: 4086-4092 [PMID: 9521730 DOI: 10.1021/
bi971409c]
Ahmad N, Gabius HJ, André S, Kaltner H, Sabesan S, Roy
R, Liu B, Macaluso F, Brewer CF. Galectin-3 precipitates as
a pentamer with synthetic multivalent carbohydrates and
forms heterogeneous cross-linked complexes. J Biol Chem
2004; 279: 10841-10847 [PMID: 14672941 DOI: 10.1074/jbc.
M312834200]
Newlaczyl AU, Yu LG. Galectin-3--a jack-of-all-trades in
cancer. Cancer Lett 2011; 313: 123-128 [PMID: 21974805 DOI:
10.1016/j.canlet.2011.09.003]
Gong HC, Honjo Y, Nangia-Makker P, Hogan V, Mazurak
N, Bresalier RS, Raz A. The NH2 terminus of galectin-3 governs cellular compartmentalization and functions in cancer
cells. Cancer Res 1999; 59: 6239-6245 [PMID: 10626818]
Tsay YG, Lin NY, Voss PG, Patterson RJ, Wang JL. Export
of galectin-3 from nuclei of digitonin-permeabilized mouse
3T3 fibroblasts. Exp Cell Res 1999; 252: 250-261 [PMID:

WCG|www.wjgnet.com

10527616 DOI: 10.1006/excr.1999.4643]
104 Funasaka T, Balan V, Raz A, Wong RW. Nucleoporin
Nup98 mediates galectin-3 nuclear-cytoplasmic trafficking. Biochem Biophys Res Commun 2013; 434: 155-161 [PMID:
23541576 DOI: 10.1016/j.bbrc.2013.03.052]
105 Menon RP, Hughes RC. Determinants in the N-terminal
domains of galectin-3 for secretion by a novel pathway circumventing the endoplasmic reticulum-Golgi complex. Eur
J Biochem 1999; 264: 569-576 [PMID: 10491105]
106 Elad-Sfadia G, Haklai R, Balan E, Kloog Y. Galectin-3 augments K-Ras activation and triggers a Ras signal that attenuates ERK but not phosphoinositide 3-kinase activity.
J Biol Chem 2004; 279: 34922-34930 [PMID: 15205467 DOI:
10.1074/jbc.M312697200]
107 Shalom-Feuerstein R, Cooks T, Raz A, Kloog Y. Galectin-3
regulates a molecular switch from N-Ras to K-Ras usage in
human breast carcinoma cells. Cancer Res 2005; 65: 7292-7300
[PMID: 16103080 DOI: 10.1158/0008-5472.CAN-05-0775]
108 Lee YJ, Song YK, Song JJ, Siervo-Sassi RR, Kim HR, Li L,
Spitz DR, Lokshin A, Kim JH. Reconstitution of galectin-3
alters glutathione content and potentiates TRAIL-induced
cytotoxicity by dephosphorylation of Akt. Exp Cell Res 2003;
288: 21-34 [PMID: 12878156]
109 Oka N, Nakahara S, Takenaka Y, Fukumori T, Hogan V,
Kanayama HO, Yanagawa T, Raz A. Galectin-3 inhibits
tumor necrosis factor-related apoptosis-inducing ligand-induced apoptosis by activating Akt in human bladder carcinoma cells. Cancer Res 2005; 65: 7546-7553 [PMID: 16140916
DOI: 10.1158/0008-5472.CAN-05-1197]
110 Dagher SF, Wang JL, Patterson RJ. Identification of galectin-3 as a factor in pre-mRNA splicing. Proc Natl Acad Sci
USA 1995; 92: 1213-1217 [PMID: 7862663]
111 Park JW, Voss PG, Grabski S, Wang JL, Patterson RJ. Association of galectin-1 and galectin-3 with Gemin4 in complexes containing the SMN protein. Nucleic Acids Res 2001;
29: 3595-3602 [PMID: 11522829]
112 Shimura T, Takenaka Y, Fukumori T, Tsutsumi S, Okada
K, Hogan V, Kikuchi A, Kuwano H, Raz A. Implication of
galectin-3 in Wnt signaling. Cancer Res 2005; 65: 3535-3537
[PMID: 15867344 DOI: 10.1158/0008-5472.CAN-05-0104]
113 Fukumori T, Takenaka Y, Yoshii T, Kim HR, Hogan V, Inohara H, Kagawa S, Raz A. CD29 and CD7 mediate galectin3-induced type II T-cell apoptosis. Cancer Res 2003; 63:
8302-8311 [PMID: 14678989]
114 Hsu DK, Chen HY, Liu FT. Galectin-3 regulates T-cell functions. Immunol Rev 2009; 230: 114-127 [PMID: 19594632 DOI:
10.1111/j.1600-065X.2009.00798.x]
115 Radosavljevic G, Volarevic V, Jovanovic I, Milovanovic M,
Pejnovic N, Arsenijevic N, Hsu DK, Lukic ML. The roles
of Galectin-3 in autoimmunity and tumor progression. Immunol Res 2012; 52: 100-110 [PMID: 22418727 DOI: 10.1007/
s12026-012-8286-6]
116 Henderson NC, Sethi T. The regulation of inflammation by
galectin-3. Immunol Rev 2009; 230: 160-171 [PMID: 19594635
DOI: 10.1111/j.1600-065X.2009.00794.x]
117 Califice S, Castronovo V, Van Den Brûle F. Galectin-3 and
cancer (Review). Int J Oncol 2004; 25: 983-992 [PMID: 15375548]
118 Fukumori T, Kanayama HO, Raz A. The role of galectin-3 in
cancer drug resistance. Drug Resist Updat 2007; 10: 101-108
[PMID: 17544840 DOI: 10.1016/j.drup.2007.04.001]
119 Kadrofske MM, Openo KP, Wang JL. The human LGALS3
(galectin-3) gene: determination of the gene structure and
functional characterization of the promoter. Arch Biochem
Biophys 1998; 349: 7-20 [PMID: 9439577 DOI: 10.1006/
abbi.1997.0447]
120 Keller S, Angrisano T, Florio E, Pero R, Decaussin-Petrucci
M, Troncone G, Capasso M, Lembo F, Fusco A, Chiariotti
L. DNA methylation state of the galectin-3 gene represents
a potential new marker of thyroid malignancy. Oncol Lett
2013; 6: 86-90 [PMID: 23946782 DOI: 10.3892/ol.2013.1312]

921

January 28, 2014|First Edition|

Bacigalupo ML et al . Galectins in liver pathology
135 Jiao J, Friedman SL, Aloman C. Hepatic fibrosis. Curr Opin
Gastroenterol 2009; 25: 223-229 [PMID: 19396960]
136 Wanninger J, Weigert J, Wiest R, Bauer S, Karrasch T,
Farkas S, Scherer MN, Walter R, Weiss TS, Hellerbrand C,
Neumeier M, Schäffler A, Buechler C. Systemic and hepatic
vein galectin-3 are increased in patients with alcoholic
liver cirrhosis and negatively correlate with liver function.
Cytokine 2011; 55: 435-440 [PMID: 21715185 DOI: 10.1016/
j.cyto.2011.06.001]
137 Junking M, Wongkham C, Sripa B, Sawanyawisuth K, Araki N, Wongkham S. Decreased expression of galectin-3 is
associated with metastatic potential of liver fluke-associated
cholangiocarcinoma. Eur J Cancer 2008; 44: 619-626 [PMID:
18272359 DOI: 10.1016/j.ejca.2008.01.014]
138 Wongkham S, Junking M, Wongkham C, Sripa B, Chur-In
S, Araki N. Suppression of galectin-3 expression enhances
apoptosis and chemosensitivity in liver fluke-associated
cholangiocarcinoma. Cancer Sci 2009; 100: 2077-2084 [PMID:
19723119 DOI: 10.1111/j.1349-7006.2009.01304.x]
139 Erickson SK. Nonalcoholic fatty liver disease. J Lipid Res
2009; 50 Suppl: S412-S416 [PMID: 19074370 DOI: 10.1194/jlr.
R800089-JLR200]
140 Nomoto K, Tsuneyama K, Abdel Aziz HO, Takahashi H,
Murai Y, Cui ZG, Fujimoto M, Kato I, Hiraga K, Hsu DK,
Liu FT, Takano Y. Disrupted galectin-3 causes non-alcoholic
fatty liver disease in male mice. J Pathol 2006; 210: 469-477
[PMID: 17029217 DOI: 10.1002/path.2065]
141 Nakanishi Y, Tsuneyama K, Nomoto K, Fujimoto M,
Salunga TL, Nakajima T, Miwa S, Murai Y, Hayashi S, Kato I,
Hiraga K, Hsu DK, Liu FT, Takano Y. Nonalcoholic steatohepatitis and hepatocellular carcinoma in galectin-3 knockout mice. Hepatol Res 2008; 38: 1241-1251 [PMID: 18637146
DOI: 10.1111/j.1872-034X.2008.00395.x]
142 Nomoto K, Nishida T, Nakanishi Y, Fujimoto M, Takasaki I,
Tabuchi Y, Tsuneyama K. Deficiency in galectin-3 promotes
hepatic injury in CDAA diet-induced nonalcoholic fatty
liver disease. ScientificWorldJournal 2012; 2012: 959824 [PMID:
22593713 DOI: 10.1100/2012/959824]
143 Iacobini C, Menini S, Ricci C, Blasetti Fantauzzi C, Scipioni
A, Salvi L, Cordone S, Delucchi F, Serino M, Federici M,
Pricci F, Pugliese G. Galectin-3 ablation protects mice from
diet-induced NASH: a major scavenging role for galectin-3
in liver. J Hepatol 2011; 54: 975-983 [PMID: 21145823 DOI:
10.1016/j.jhep.2010.09.020]
144 Vlassara H, Li YM, Imani F, Wojciechowicz D, Yang Z, Liu
FT, Cerami A. Identification of galectin-3 as a high-affinity
binding protein for advanced glycation end products (AGE):
a new member of the AGE-receptor complex. Mol Med 1995;
1: 634-646 [PMID: 8529130]
145 Butscheid M, Hauptvogel P, Fritz P, Klotz U, Alscher DM.
Hepatic expression of galectin-3 and receptor for advanced
glycation end products in patients with liver disease. J Clin
Pathol 2007; 60: 415-418 [PMID: 16775125 DOI: 10.1136/
jcp.2005.032391]
146 Lee WM. Acetaminophen-related acute liver failure in the
United States. Hepatol Res 2008; 38 Suppl 1: S3-S8 [PMID:
19125949 DOI: 10.1111/j.1872-034X.2008.00419.x]
147 Dragomir AC, Sun R, Mishin V, Hall LB, Laskin JD, Laskin
DL. Role of galectin-3 in acetaminophen-induced hepatotoxicity and inflammatory mediator production. Toxicol Sci
2012; 127: 609-619 [PMID: 22461450 DOI: 10.1093/toxsci/
kfs117]
148 Dragomir AC, Sun R, Choi H, Laskin JD, Laskin DL. Role of
galectin-3 in classical and alternative macrophage activation
in the liver following acetaminophen intoxication. J Immunol
2012; 189: 5934-5941 [PMID: 23175698 DOI: 10.4049/jimmunol.1201851]
149 Volarevic V, Milovanovic M, Ljujic B, Pejnovic N, Arsenijevic N, Nilsson U, Leffler H, Lukic ML. Galectin-3
deficiency prevents concanavalin A-induced hepatitis in

121 Ruebel KH, Jin L, Qian X, Scheithauer BW, Kovacs K,
Nakamura N, Zhang H, Raz A, Lloyd RV. Effects of DNA
methylation on galectin-3 expression in pituitary tumors.
Cancer Res 2005; 65: 1136-1140 [PMID: 15734994 DOI:
10.1158/0008-5472.CAN-04-3578]
122 Margadant C, van den Bout I, van Boxtel AL, Thijssen VL,
Sonnenberg A. Epigenetic regulation of galectin-3 expression by β1 integrins promotes cell adhesion and migration.
J Biol Chem 2012; 287: 44684-44693 [PMID: 23118221 DOI:
10.1074/jbc.M112.426445]
123 Ramasamy S, Duraisamy S, Barbashov S, Kawano T, Kharbanda S, Kufe D. The MUC1 and galectin-3 oncoproteins
function in a microRNA-dependent regulatory loop. Mol
Cell 2007; 27: 992-1004 [PMID: 17889671 DOI: 10.1016/
j.molcel.2007.07.031]
124 Hsu DK, Dowling CA, Jeng KC, Chen JT, Yang RY, Liu FT.
Galectin-3 expression is induced in cirrhotic liver and hepatocellular carcinoma. Int J Cancer 1999; 81: 519-526 [PMID:
10225438]
125 Luo JH, Ren B, Keryanov S, Tseng GC, Rao UN, Monga SP,
Strom S, Demetris AJ, Nalesnik M, Yu YP, Ranganathan S,
Michalopoulos GK. Transcriptomic and genomic analysis
of human hepatocellular carcinomas and hepatoblastomas. Hepatology 2006; 44: 1012-1024 [PMID: 17006932 DOI:
10.1002/hep.21328]
126 Matsuda Y, Yamagiwa Y, Fukushima K, Ueno Y, Shimosegawa T. Expression of galectin-3 involved in prognosis of patients with hepatocellular carcinoma. Hepatol Res
2008; 38: 1098-1111 [PMID: 18684128 DOI: 10.1111/j.1872034X.2008.00387.x]
127 Frachon S, Gouysse G, Dumortier J, Couvelard A, Nejjari M,
Mion F, Berger F, Paliard P, Boillot O, Scoazec JY. Endothelial cell marker expression in dysplastic lesions of the liver:
an immunohistochemical study. J Hepatol 2001; 34: 850-857
[PMID: 11451168]
128 Jia J, Wang J, Teh M, Sun W, Zhang J, Kee I, Chow PK, Liang RC, Chung MC, Ge R. Identification of proteins differentially expressed between capillary endothelial cells of hepatocellular carcinoma and normal liver in an orthotopic rat
tumor model using 2-D DIGE. Proteomics 2010; 10: 224-234
[PMID: 19899081 DOI: 10.1002/pmic.200900607]
129 Lemmon MA, Schlessinger J. Cell signaling by receptor
tyrosine kinases. Cell 2010; 141: 1117-1134 [PMID: 20602996
DOI: 10.1016/j.cell.2010.06.011]
130 Krall JA, Beyer EM, MacBeath G. High- and low-affinity
epidermal growth factor receptor-ligand interactions activate distinct signaling pathways. PLoS One 2011; 6: e15945
[PMID: 21264347 DOI: 10.1371/journal.pone.0015945]
131 Hu Z, Jiang X, Xu Y, Lu N, Wang W, Luo J, Zou H, Zheng
D, Feng X. Downregulation of galectin-3 by EGF mediates
the apoptosis of HepG2 cells. Mol Cell Biochem 2012; 369:
157-165 [PMID: 22761016 DOI: 10.1007/s11010-012-1378-8]
132 Henderson NC, Mackinnon AC, Farnworth SL, Poirier
F, Russo FP, Iredale JP, Haslett C, Simpson KJ, Sethi T.
Galectin-3 regulates myofibroblast activation and hepatic
fibrosis. Proc Natl Acad Sci USA 2006; 103: 5060-5065 [PMID:
16549783 DOI: 10.1073/pnas.0511167103]
133 Yamazaki K, Kawai A, Kawaguchi M, Hibino Y, Li F, Sasahara M, Tsukada K, Hiraga K. Simultaneous induction of
galectin-3 phosphorylated on tyrosine residue, p21(WAF1/
Cip1/Sdi1), and the proliferating cell nuclear antigen at a
distinctive period of repair of hepatocytes injured by CCl4.
Biochem Biophys Res Commun 2001; 280: 1077-1084 [PMID:
11162637 DOI: 10.1006/bbrc.2000.4193]
134 Jiang JX, Chen X, Hsu DK, Baghy K, Serizawa N, Scott F,
Takada Y, Takada Y, Fukada H, Chen J, Devaraj S, Adamson R, Liu FT, Török NJ. Galectin-3 modulates phagocytosis-induced stellate cell activation and liver fibrosis in vivo.
Am J Physiol Gastrointest Liver Physiol 2012; 302: G439-G446
[PMID: 22159281 DOI: 10.1152/ajpgi.00257.2011]

WCG|www.wjgnet.com

922

January 28, 2014|First Edition|

Bacigalupo ML et al . Galectins in liver pathology

150
151
152

153

154

155

156
157

158
159

160
161

162

163

164

165

mice. Hepatology 2012; 55: 1954-1964 [PMID: 22213244 DOI:
10.1002/hep.25542]
Huflejt ME, Leffler H. Galectin-4 in normal tissues and
cancer. Glycoconj J 2004; 20: 247-255 [PMID: 15115909 DOI:
10.1023/B: GLYC.0000025819.54723.a0]
Danielsen EM, Hansen GH. Lipid raft organization and
function in the small intestinal brush border. J Physiol Biochem 2008; 64: 377-382 [PMID: 19391463]
Delacour D, Gouyer V, Zanetta JP, Drobecq H, Leteurtre E,
Grard G, Moreau-Hannedouche O, Maes E, Pons A, André
S, Le Bivic A, Gabius HJ, Manninen A, Simons K, Huet G.
Galectin-4 and sulfatides in apical membrane trafficking in
enterocyte-like cells. J Cell Biol 2005; 169: 491-501 [PMID:
15883199 DOI: 10.1083/jcb.200407073]
Satelli A, Rao PS, Thirumala S, Rao US. Galectin-4 functions as a tumor suppressor of human colorectal cancer. Int
J Cancer 2011; 129: 799-809 [PMID: 21064109 DOI: 10.1002/
ijc.25750]
Kondoh N, Wakatsuki T, Ryo A, Hada A, Aihara T, Horiuchi S, Goseki N, Matsubara O, Takenaka K, Shichita M,
Tanaka K, Shuda M, Yamamoto M. Identification and
characterization of genes associated with human hepatocellular carcinogenesis. Cancer Res 1999; 59: 4990-4996 [PMID:
10519413]
Hippo Y, Yashiro M, Ishii M, Taniguchi H, Tsutsumi S,
Hirakawa K, Kodama T, Aburatani H. Differential gene expression profiles of scirrhous gastric cancer cells with high
metastatic potential to peritoneum or lymph nodes. Cancer
Res 2001; 61: 889-895 [PMID: 11221876]
Bidon-Wagner N, Le Pennec JP. Human galectin-8 isoforms
and cancer. Glycoconj J 2004; 19: 557-563 [PMID: 14758080
DOI: 10.1023/B: GLYC.0000014086.38343.98]
Stowell SR, Arthur CM, Slanina KA, Horton JR, Smith
DF, Cummings RD. Dimeric Galectin-8 induces phosphatidylserine exposure in leukocytes through polylactosamine recognition by the C-terminal domain. J Biol Chem
2008; 283: 20547-20559 [PMID: 18456665 DOI: 10.1074/jbc.
M802495200]
Hadari YR, Paz K, Dekel R, Mestrovic T, Accili D, Zick Y.
Galectin-8. A new rat lectin, related to galectin-4. J Biol Chem
1995; 270: 3447-3453 [PMID: 7852431]
Danguy A, Rorive S, Decaestecker C, Bronckart Y, Kaltner H,
Hadari YR, Goren R, Zich Y, Petein M, Salmon I, Gabius HJ,
Kiss R. Immunohistochemical profile of galectin-8 expression in benign and malignant tumors of epithelial, mesenchymatous and adipous origins, and of the nervous system.
Histol Histopathol 2001; 16: 861-868 [PMID: 11510978]
Wada J, Kanwar YS. Identification and characterization of
galectin-9, a novel beta-galactoside-binding mammalian lectin. J Biol Chem 1997; 272: 6078-6086 [PMID: 9038233]
Hirabayashi J, Hashidate T, Arata Y, Nishi N, Nakamura T,
Hirashima M, Urashima T, Oka T, Futai M, Muller WE, Yagi
F, Kasai K. Oligosaccharide specificity of galectins: a search
by frontal affinity chromatography. Biochim Biophys Acta
2002; 1572: 232-254 [PMID: 12223272]
Sato M, Nishi N, Shoji H, Seki M, Hashidate T, Hirabayashi
J, Kasai Ki K, Hata Y, Suzuki S, Hirashima M, Nakamura
T. Functional analysis of the carbohydrate recognition domains and a linker peptide of galectin-9 as to eosinophil
chemoattractant activity. Glycobiology 2002; 12: 191-197
[PMID: 11971863]
Bi S, Earl LA, Jacobs L, Baum LG. Structural features of
galectin-9 and galectin-1 that determine distinct T cell
death pathways. J Biol Chem 2008; 283: 12248-12258 [PMID:
18258591 DOI: 10.1074/jbc.M800523200]
Türeci O, Schmitt H, Fadle N, Pfreundschuh M, Sahin U.
Molecular definition of a novel human galectin which is immunogenic in patients with Hodgkin’s disease. J Biol Chem
1997; 272: 6416-6422 [PMID: 9045665]
Hirashima M, Kashio Y, Nishi N, Yamauchi A, Imaizumi

WCG|www.wjgnet.com

166

167

168

169
170

171

172
173

174

175

176

177

178

923

TA, Kageshita T, Saita N, Nakamura T. Galectin-9 in physiological and pathological conditions. Glycoconj J 2004; 19:
593-600 [PMID: 14758084 DOI: 10.1023/B: GLYC.000001409
0.63206.2f]
Fujihara S, Mori H, Kobara H, Rafiq K, Niki T, Hirashima
M, Masaki T. Galectin-9 in cancer therapy. Recent Pat Endocr Metab Immune Drug Discov 2013; 7: 130-137 [PMID:
23514536]
Anderson AC, Anderson DE, Bregoli L, Hastings WD, Kassam N, Lei C, Chandwaskar R, Karman J, Su EW, Hirashima
M, Bruce JN, Kane LP, Kuchroo VK, Hafler DA. Promotion
of tissue inflammation by the immune receptor Tim-3 expressed on innate immune cells. Science 2007; 318: 1141-1143
[PMID: 18006747 DOI: 10.1126/science.1148536]
Sánchez-Fueyo A, Tian J, Picarella D, Domenig C, Zheng
XX, Sabatos CA, Manlongat N, Bender O, Kamradt T,
Kuchroo VK, Gutiérrez-Ramos JC, Coyle AJ, Strom TB.
Tim-3 inhibits T helper type 1-mediated auto- and alloimmune responses and promotes immunological tolerance.
Nat Immunol 2003; 4: 1093-1101 [PMID: 14556005 DOI:
10.1038/ni987]
Zhu C, Anderson AC, Kuchroo VK. TIM-3 and its regulatory role in immune responses. Curr Top Microbiol Immunol
2011; 350: 1-15 [PMID: 20700701 DOI: 10.1007/82_2010_84]
Li Y, Feng J, Geng S, Geng S, Wei H, Chen G, Li X, Wang L,
Wang R, Peng H, Han G, Shen B, Li Y. The N- and C-terminal carbohydrate recognition domains of galectin-9 contribute differently to its multiple functions in innate immunity
and adaptive immunity. Mol Immunol 2011; 48: 670-677
[PMID: 21146220 DOI: 10.1016/j.molimm.2010.11.011]
Chou FC, Shieh SJ, Sytwu HK. Attenuation of Th1 response
through galectin-9 and T-cell Ig mucin 3 interaction inhibits
autoimmune diabetes in NOD mice. Eur J Immunol 2009; 39:
2403-2411 [PMID: 19670381 DOI: 10.1002/eji.200839177]
Su EW, Bi S, Kane LP. Galectin-9 regulates T helper cell
function independently of Tim-3. Glycobiology 2011; 21:
1258-1265 [PMID: 21187321 DOI: 10.1093/glycob/cwq214]
Zhu C, Anderson AC, Schubart A, Xiong H, Imitola J,
Khoury SJ, Zheng XX, Strom TB, Kuchroo VK. The Tim-3
ligand galectin-9 negatively regulates T helper type 1 immunity. Nat Immunol 2005; 6: 1245-1252 [PMID: 16286920
DOI: 10.1038/ni1271]
Leitner J, Rieger A, Pickl WF, Zlabinger G, GrabmeierPfistershammer K, Steinberger P. TIM-3 does not act as a
receptor for galectin-9. PLoS Pathog 2013; 9: e1003253 [PMID:
23555261 DOI: 10.1371/journal.ppat.1003253]
Asakura H, Kashio Y, Nakamura K, Seki M, Dai S, Shirato Y,
Abedin MJ, Yoshida N, Nishi N, Imaizumi T, Saita N, Toyama Y, Takashima H, Nakamura T, Ohkawa M, Hirashima M.
Selective eosinophil adhesion to fibroblast via IFN-gammainduced galectin-9. J Immunol 2002; 169: 5912-5918 [PMID:
12421975]
Imaizumi T, Kumagai M, Sasaki N, Kurotaki H, Mori F,
Seki M, Nishi N, Fujimoto K, Tanji K, Shibata T, Tamo W,
Matsumiya T, Yoshida H, Cui XF, Takanashi S, Hanada K,
Okumura K, Yagihashi S, Wakabayashi K, Nakamura T,
Hirashima M, Satoh K. Interferon-gamma stimulates the
expression of galectin-9 in cultured human endothelial cells.
J Leukoc Biol 2002; 72: 486-491 [PMID: 12223516]
Mengshol JA, Golden-Mason L, Arikawa T, Smith M, Niki
T, McWilliams R, Randall JA, McMahan R, Zimmerman
MA, Rangachari M, Dobrinskikh E, Busson P, Polyak SJ,
Hirashima M, Rosen HR. A crucial role for Kupffer cell-derived galectin-9 in regulation of T cell immunity in hepatitis
C infection. PLoS One 2010; 5: e9504 [PMID: 20209097 DOI:
10.1371/journal.pone.0009504]
Yoshida H, Imaizumi T, Kumagai M, Kimura K, Satoh C,
Hanada N, Fujimoto K, Nishi N, Tanji K, Matsumiya T,
Mori F, Cui XF, Tamo W, Shibata T, Takanashi S, Okumura K,
Nakamura T, Wakabayashi K, Hirashima M, Sato Y, Satoh K.

January 28, 2014|First Edition|

Bacigalupo ML et al . Galectins in liver pathology

179

180

181

182

183

184

185

186

187

188 Jaeschke H, Farhood A. Neutrophil and Kupffer cell-induced oxidant stress and ischemia-reperfusion injury in rat
liver. Am J Physiol 1991; 260: G355-G362 [PMID: 2003603]
189 Hanschen M, Zahler S, Krombach F, Khandoga A. Reciprocal
activation between CD4+ T cells and Kupffer cells during hepatic ischemia-reperfusion. Transplantation 2008; 86: 710-718
[PMID: 18791453 DOI: 10.1097/TP.0b013e3181821aa7]
190 Uchida Y, Ke B, Freitas MC, Yagita H, Akiba H, Busuttil
RW, Najafian N, Kupiec-Weglinski JW. T-cell immunoglobulin mucin-3 determines severity of liver ischemia/
reperfusion injury in mice in a TLR4-dependent manner.
Gastroenterology 2010; 139: 2195-2206 [PMID: 20637206 DOI:
10.1053/j.gastro.2010.07.003]
191 Lv K, Zhang Y, Zhang M, Zhong M, Suo Q. Galectin-9 ameliorates Con A-induced hepatitis by inducing
CD4(+)CD25(low/int) effector T-Cell apoptosis and increasing regulatory T cell number. PLoS One 2012; 7: e48379
[PMID: 23118999 DOI: 10.1371/journal.pone.0048379]
192 Liberal R, Grant CR, Holder BS, Ma Y, Mieli-Vergani G,
Vergani D, Longhi MS. The impaired immune regulation
of autoimmune hepatitis is linked to a defective galectin-9/tim-3 pathway. Hepatology 2012; 56: 677-686 [PMID:
22371007 DOI: 10.1002/hep.25682]
193 Ronchi F, Falcone M. Immune regulation by invariant
NKT cells in autoimmunity. Front Biosci 2008; 13: 4827-4837
[PMID: 18508548]
194 Godfrey DI, Hammond KJ, Poulton LD, Smyth MJ, Baxter
AG. NKT cells: facts, functions and fallacies. Immunol Today
2000; 21: 573-583 [PMID: 11094262]
195 Tang ZH, Liang S, Potter J, Jiang X, Mao HQ, Li Z. Tim-3/
galectin-9 regulate the homeostasis of hepatic NKT cells in a
murine model of nonalcoholic fatty liver disease. J Immunol
2013; 190: 1788-1796 [PMID: 23296703 DOI: 10.4049/jimmunol.1202814]
196 Glinskii OV, Sud S, Mossine VV, Mawhinney TP, Anthony
DC, Glinsky GV, Pienta KJ, Glinsky VV. Inhibition of prostate cancer bone metastasis by synthetic TF antigen mimic/
galectin-3 inhibitor lactulose-L-leucine. Neoplasia 2012; 14:
65-73 [PMID: 22355275]
197 Liu HY, Huang ZL, Yang GH, Lu WQ, Yu NR. Inhibitory effect of modified citrus pectin on liver metastases in a mouse
colon cancer model. World J Gastroenterol 2008; 14: 7386-7391
[PMID: 19109874]
198 Nangia-Makker P, Hogan V, Honjo Y, Baccarini S, Tait L,
Bresalier R, Raz A. Inhibition of human cancer cell growth
and metastasis in nude mice by oral intake of modified
citrus pectin. J Natl Cancer Inst 2002; 94: 1854-1862 [PMID:
12488479]

Interleukin-1beta stimulates galectin-9 expression in human
astrocytes. Neuroreport 2001; 12: 3755-3758 [PMID: 11726788]
Saita N, Goto E, Yamamoto T, Cho I, Tsumori K, Kohrogi H,
Maruo K, Ono T, Takeya M, Kashio Y, Nakamura K, Hirashima M. Association of galectin-9 with eosinophil apoptosis.
Int Arch Allergy Immunol 2002; 128: 42-50 [PMID: 12037400]
Heusschen R, Griffioen AW, Thijssen VL. Galectin-9 in
tumor biology: a jack of multiple trades. Biochim Biophys
Acta 2013; 1836: 177-185 [PMID: 23648450 DOI: 10.1016/
j.bbcan.2013.04.006]
Zhang ZY, Dong JH, Chen YW, Wang XQ, Li CH, Wang J,
Wang GQ, Li HL, Wang XD. Galectin-9 acts as a prognostic
factor with antimetastatic potential in hepatocellular carcinoma. Asian Pac J Cancer Prev 2012; 13: 2503-2509 [PMID:
22938412]
Nebbia G, Peppa D, Schurich A, Khanna P, Singh HD,
Cheng Y, Rosenberg W, Dusheiko G, Gilson R, ChinAleong
J, Kennedy P, Maini MK. Upregulation of the Tim-3/galectin-9 pathway of T cell exhaustion in chronic hepatitis B
virus infection. PLoS One 2012; 7: e47648 [PMID: 23112829
DOI: 10.1371/journal.pone.0047648]
Barjon C, Niki T, Vérillaud B, Opolon P, Bedossa P, Hirashima M, Blanchin S, Wassef M, Rosen HR, Jimenez AS, Wei
M, Busson P. A novel monoclonal antibody for detection of
galectin-9 in tissue sections: application to human tissues
infected by oncogenic viruses. Infect Agent Cancer 2012; 7: 16
[PMID: 22805533 DOI: 10.1186/1750-9378-7-16]
Kared H, Fabre T, Bédard N, Bruneau J, Shoukry NH.
Galectin-9 and IL-21 mediate cross-regulation between
Th17 and Treg cells during acute hepatitis C. PLoS Pathog
2013; 9: e1003422 [PMID: 23818845 DOI: 10.1371/journal.
ppat.1003422]
Ji XJ, Ma CJ, Wang JM, Wu XY, Niki T, Hirashima M, Moorman JP, Yao ZQ. HCV-infected hepatocytes drive CD4+
CD25+ Foxp3+ regulatory T-cell development through
the Tim-3/Gal-9 pathway. Eur J Immunol 2013; 43: 458-467
[PMID: 23161469 DOI: 10.1002/eji.201242768]
Li H, Wu K, Tao K, Chen L, Zheng Q, Lu X, Liu J, Shi L, Liu
C, Wang G, Zou W. Tim-3/galectin-9 signaling pathway
mediates T-cell dysfunction and predicts poor prognosis
in patients with hepatitis B virus-associated hepatocellular
carcinoma. Hepatology 2012; 56: 1342-1351 [PMID: 22505239
DOI: 10.1002/hep.25777]
Zwacka RM, Zhang Y, Halldorson J, Schlossberg H, Dudus
L, Engelhardt JF. CD4(+) T-lymphocytes mediate ischemia/
reperfusion-induced inflammatory responses in mouse
liver. J Clin Invest 1997; 100: 279-289 [PMID: 9218504 DOI:
10.1172/JCI119533]

P- Reviewers: López de Heredia M, Kumar S S- Editor: Qi Y
L- Editor: A E- Editor: Wang CH

WCG|www.wjgnet.com

924

January 28, 2014|First Edition|

WC G

World Clinical
Gastroenterology

2014 First Edition
bpgoffice@wjgnet.com

ISBN 978-0-9914430-0-0
© 2014 Baishideng Publishing Group Inc. All rights reserved.

PROGRESS IN DIGESTIVE SYSTEM NEOPLASMS
WJG 20th Anniversary Special Issues (1): Hepatocellular carcinoma

Cellular reprogramming and hepatocellular carcinoma
development
Yun-Wen Zheng, Yun-Zhong Nie, Hideki Taniguchi
have been also observed, and the expression of these
transcription factors is associated with unfavorable
clinical outcomes in HCC. Studies indicate that cellular
reprogramming may play a critical role in the occurrence and recurrence of HCC. Recent reports have
shown that DNA methylation, miRNAs, tumor microenvironment, and signaling pathways can induce the
expression of stemness transcription factors, which
leads to cellular reprogramming in HCC. Furthermore,
studies indicate that therapies based on cellular reprogramming could revolutionize HCC treatment. Finally,
a novel therapeutic concept is discussed: reprogramming control therapy. A potential reprogramming control therapy method could be developed based on the
reprogramming demonstrated in HCC studies and applied at two opposing levels: differentiation and reprogramming. Our increasing understanding and control
of cellular programming should facilitate the exploitation of this novel therapeutic concept and its application in clinical HCC treatment, which may represent a
promising strategy in the future that is not restricted
to liver cancer.
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Core tip: Cellular reprogramming contributes to chemoresistance and radioresistance and cancer recurrence in
hepatocellular carcinoma (HCC). Recent findings on cellular reprogramming in HCC are summarized and discussed, including stemness transcription factors, DNA
methylation, miRNAs, tumor microenvironments, and signaling pathways. The novel therapeutic concept of reprogramming control therapy is also described, which may be
a promising strategy for HCC therapy in the future.

Abstract
Hepatocellular carcinoma (HCC) is one of the most
common cancers, and is also the leading cause of
death worldwide. Studies have shown that cellular
reprogramming contributes to chemotherapy and/or
radiotherapy resistance and the recurrence of cancers. In this article, we summarize and discuss the
latest findings in the area of cellular reprogramming
in HCC. The aberrant expression of transcription factors OCT4, KLF4, SOX2, c-MYC, NANOG, and LIN28
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Table 1 Expression of transcription factors in various cancer
types
Type of cancer
Breast cancer
Colorectal cancer
Gastric cancer
Hepatic cancer
Lung cancer
Esophageal cancer
Ovarian cancer

INTRODUCTION
Liver cancer is one of the most common tumors worldwide. An estimated 749000 new liver cancer cases and
695000 cancer deaths occurred worldwide in 2008[1]. Half
of these cases and deaths were estimated to have occurred in sub-Saharan Africa and Southeast Asia. Among
primary liver cancers, hepatocellular carcinoma (HCC)
represents the major histological subtype, which accounts
for 70%-85% of the total liver cancer burden worldwide[2].
Reports have shown that tumor recurrence[3] and patient survival[4,5] are correlated with HCC differentiation.
Based on the Edmondson-Steiner’s classification, HCC
can be graded from Ⅰ to Ⅳ: well-differentiated (grade Ⅰ),
moderately differentiated (grade Ⅱ), poorly differentiated (grade Ⅲ), and undifferentiated (grade Ⅳ) HCC[6].
The prognosis of poorly differentiated carcinoma is
worse than that of well-differentiated carcinoma[4], and
the five-year survival of patients with poorly differentiated HCC is significantly worse than that of patients with
moderately or well-differentiated HCC[7]. Ample evidence
demonstrates that the poor prognosis and low five-year
survival with poorly differentiated carcinoma are correlated with the expression of specific genes[4,8,9] and signal
pathway activation[10,11], which can increase the resistance
to chemotherapeutic drugs and the frequency of HCC
recurrence.
Evidence shows that aggressive poorly differentiated
human cancers express high levels of embryonic stem
cell-like genes, suggesting that reprogramming to a more
dedifferentiated state occurs during tumor progression[12].
Moreover, if different reprogramming factors are activated, cancer cells can form well-differentiated and poorly
differentiated sarcomas[13]. Poorly differentiated cancers
have a higher content of prospectively isolated cancer
stem cells than well-differentiated cancers[14]. These data
support the view that cancer is a reprogramming-like disease and that cancer stem cells (CSC) may arise through
a reprogramming-like mechanism before initiating tumor
formation and progression in HCC. Therefore, understanding the role of cellular reprogramming may facilitate
the development of new therapeutic strategies for HCC.

NANOG , SOX2[23], OCT4[24] and KLF4[22]
NANOG[25], SOX2[26] and OCT4[26]
NANOG[27], SOX2[27] and OCT3/4[27]
NANOG[28], SOX2[29], OCT4[29] and KLF4[30]
NANOG[31], SOX2[32] and OCT4[33]
NANOG[34], SOX2[35], OCT3/4[35] and LIN28[36]
OCT4[37] and LIN 28[38]

theory, all of cell types can arise from a signal cell, known
as a CSC, which has the potential for self-renewal and
differentiation[17]. Ample evidence supports a major role
for the CSC model in tumor heterogeneity. Lapidot et al[18]
first demonstrated a critical role for CSC in human acute
myeloid leukemia, where leukemic stem cells (LSC) initiated human acute myeloid leukemia after transplantation
into SCID mice. The existence of LSC prompted further
research into other types of cancer. CSC have recently
been identified in several solid tumors, including breast,
brain, colorectal, pancreas, liver, melanoma, and prostate
cancers[19]. CSC possess the properties of normal stem
cells, i.e., self-renewal and differentiation. Self-renewal
enables CSC to produce another CSC with essentially the
same developmental and replication potential, which can
increase the capacity for self-protection against drugs,
toxins, and radiation. Differentiation involves the production of different types of cancer cells that trigger tumor
initiation, maintain tumor growth, and finally form a bulk
tumor.
Cancer development
Studies have shown that reprogramming factors have
specific expression signatures in human tumors (Table 1)
and that the expression levels of these factors are correlated with the differentiation grades of tumor. BenPorath et al[12] found that poorly differentiated tumors
preferentially overexpressed embryonic stem cell (ESC)
genes. Moreover, the activation targets of reprogramming
factors, such as NANOG, OCT4, SOX2 and c-MYC, are
more frequently overexpressed in poorly differentiated
tumors than well-differentiated tumors[12]. Chiou et al[20]
reported that the expression levels of NANOG, OCT4
and CD133 were correlated with a poor survival prognosis in patients with oral squamous cell carcinoma. Reprogramming factors also play essential roles in maintaining
the properties of CSC in tumors. Silencing the expression
of Oct-4 in CD133+ lung cancer can significantly inhibit
the capacity for self-renewal, enhance CD133+ cell differentiation into CD133- cells, and reverse the effects of
chemotherapy or radiotherapy[21]. These data suggest that
reprogramming factors play critical roles in the origin and
development of CSC.

CELLULAR REPROGRAMMING AND
CANCER STEM CELLS
Cancer stem cells
Classical tumor formation theory, i.e., clonal evolution
theory, suggests that each cell in a tumor is biological
homogeneous[15], whereas the alternative theory considers
that the cells within a tumor are not identical, which is
also known as tumor heterogeneity[16]. In the alternative
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Origin of CSC
Studies have shown that the occurrence of CSC is related
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to cellular reprogramming, but the origin of CSC remains
a conundrum. However, important new evidence has
demonstrated that there are two possible routes for CSC
emergence.
First, CSC may arise from normal stem cells (SC)
that lose the ability to regulate proliferation. Kim et al[39]
showed that SC are more readily reprogrammed into induced pluripotent stem cells (iPS) compared with somatic
cells. OCT4 and either KLF4 or c-MYC are sufficient to
generate iPS from neural SC[39], which suggests that SC
can be reprogrammed, and the process may be much
easier than reprogramming mature cells. Riggi et al[40] successfully reprogrammed mesenchymal SC (MSC) into
Ewing sarcoma cancer SC by inducing the expression
of the ESC genes OCT4, SOX2 and NANOG using the
EWS-FLI1 fusion gene. Chiba et al[41] reported that normal SC can be transformed into CSC after overexpressing
the BMI-1 gene, which had the potential for tumor formation.
The alternative theory hypothesizes that CSC may
be reprogrammed from somatic cells, which acquire the
capacities for self-renewal and tumor initiation after genetic lesions. After forcing the expression of exogenous
OSKM (OCT4, SOX2, KLF4, MYC) in the human somatic fibroblast line TIG1, Nagata et al[42] isolated induced
cancer SC (iCSC) from cell populations with the capacity
for self-renewal. The lack of a functional RB1 can also
trigger reprogramming, which generates cells with the
properties of CSC from mouse fibroblasts[43]. Therefore,
studies suggest that CSC can be reprogrammed from
somatic cells. Moreover, the dedifferentiation of tumor
cells may also lead to stemness property of cells. Recent
studies suggest that tumor cells could also be a source
of CSC. The expression of the reprogramming factors,
OCT4 and NANOG, was detected in poorly differentiated lung adenocarcinoma, whereas ectopic expression
of OCT4 and NANOG increased the proportion of the
CD133-expressing subpopulation, sphere formation,
and enhanced drug resistance in lung adenocarcinoma[44].
Similar results were also observed in melanoma and colon cancer[45,46]. For example, exogenous expression of
the OCT4 gene or the transmembrane delivery of OCT4
protein promoted the dedifferentiation of melanoma
cells into CSC-like cells by the induced expression of
endogenous OCT4, NANOG and KLF4[45]. Su et al[46]
showed that HT29/CD44- cells can be reprogrammed
into CSC with significantly increased expression levels
of c-MYC, STAT3, SOX2 and OCT4 by the CD44-SRCintegrin axis.

creasing evidence has demonstrated that aberrant expression of reprogramming factors may confer primitive and
aggressive traits, which are associated with unfavorable
clinical outcomes in HCC. OCT4, NANOG and SOX2
have been detected in HCC cell lines and in tumor specimens from patients with HCC, and Oct4 could play a
significant role in activating the Wnt/β-catenin and transforming growth factor-β (TGF-β) signaling pathways[51].
Huang et al[29] demonstrated that SOX2- and OCT4Apositive expression were significantly associated with
an aggressive phenotype in HCC. SOX2 or OCT4A are
independent prognostic factors for HCC, but the coexpression of SOX2/OCT4A has the poorest prognosis in
HCC[29]. Increased expression of Nanog is also correlated
with a poorer clinical outcome in HCC, whereas the overexpression of NANOG in NANOG- cells increases the
capacity for self-renewal by the insulin-like growth factor
receptor (IGF1R) signaling pathway in HCC[28]. Of interest, expression of the pluripotent transcription factor
KLF4 is decreased or lost in primary HCC[30]. The loss
of KLF4 expression is also significantly associated with
poor survival in HCC[30]. Evidence suggests that KLF4 is
a putative tumor suppressor gene. The enforced restoration of KLF4 expression markedly inhibits cell migration,
invasion, and growth in vitro, and significantly attenuates
tumor growth and metastasis in HCC animal models[30,52].
Reprogramming factors are expressed preferentially in
hepatocellular carcinoma SC (HCSC). Expression levels
of CD44, OCT4 and BMI1 were specifically upregulated
in CD45-CD90+ cells isolated from the tumor tissues
and blood samples of patients with HCC compared with
those in CD45-CD90+ cells isolated from normal livers[53]. Ma et al[54] found that CD133+ HCC cells expressed
consistently higher mRNA levels of β-catenin, OCT-3/4,
BMI, SMO, and NOTCH-1 than CD133− HCC cells.
DNA methylation: Epigenetic studies have demonstrated that specific DNA methylation patterns, including
global hypomethylation and promoter hypermethylation,
may be early events in HCC[55]. A genome-wide DNA
methylation microarray analysis showed that side population (SP) cells had a different DNA methylation status
compared with non-SP cells in HCC[56]. Recent discoveries have shown that DNA methylation is an essential
epigenetic mechanism during iPS reprogramming[57]. Demethylating agents and demethylase proteins may activate
pluripotent gene promoters, thereby facilitating cellular
reprogramming and ultimately enhancing the efficiency
of iPS generation. Wang et al[58] found that chemoresistant cells exhibited increased expression levels of OCT4
in HCC, whereas the expression of OCT4 was regulated
by DNA methylation. More recent reports have shown
that the expression of OCT4 is associated with the protein level of lipid storage droplet (LSD) in pluripotent
cancer cells and human testicular seminoma tissues[59].
CD133 expression is also regulated by DNA methylation
in HCC[60]. The elevated expression of CD133 is associated with the demethylation of Line-1 in HCC[60]. More-

CELLULAR REPROGRAMMING OF HCC
Related factors
Transcription factors: Recently, it was demonstrated
that forced expression of combinations of four transcription factors, i.e., OCT4, KLF4, SOX2, and c-MYC
or OCT4, SOX2, NANOG and LIN28, can reprogram
somatic cells into iPS that closely resemble ESC[47-50]. In-

WCG|www.wjgnet.com

927

January 28, 2014|First Edition|

Zheng YW et al . Reprogramming and HCC
End- and exogenous interference
(Methylation, Microenvironment,
miRNAs, Signaling Activation, etc )

Reprogramming/
de-differentiation
Transcription
factors

Normal liver

HCC

Potential therapies
Differentiation

Full reprogramming

Microenvironment: Microenvironment plays a role in
HCC, although its role during cellular reprogramming
remains unclear. Hypoxia is a well-known characteristic
of the tumor microenvironment, including HCC. In the
emerging field of induced pluripotency, Yoshida et al[74]
have shown that hypoxia can significantly improve the
generation of iPS colonies following reprogramming.
Seven hypoxia-related prognostic genes, i.e., CCNG2,
EGLN3, ERO1L, WDR45L, FGF21, MAT1A and
RCL1, which were dysregulated in HCC, were associated
with chronic hypoxia, and were correlated with a poor
prognosis in HCC[75]. CCNG2[76] and EGLN3[77] were
upregulated in CSC, whereas MAT1A deficiency increases
the expression of CD133+ HCSC[78]. Mathieu et al[79] showed
that hypoxia by hypoxia-inducible factor (HIF) could
induce a hESC-like transcriptional program, including induction of the reprogramming factors, OCT4, NANOG,
SOX2, KLF4, cMYC and miRNA-302, in 11 cancer cell
types, including HCC. Haraguchi et al[80] reported that
CD13 is a marker for semiquiescent CSC in human liver
cancer cell lines, where the expression of CD13 is accompanied by the expression of carbonic anhydrase 9
(CA9), a hypoxia marker in HCC.
The tumor environment is always characterized by
inflammation. Interleukin (IL)-6, an inflammatory cytokine, led to HCC from an IL-6-driven transformed
SC with inactivated TGF-β signaling[81]. Moreover, a
subset of highly chemoresistant and invasive HSC were
screened that had aberrant expression levels of cytokine
IL-6 and TWIST. The secretion of IL-6 and TWIST can
significantly increase the expression levels of let-7 and
miR-181, which contribute to chemoresistance and cell
invasion in HCC[82].
Both of Hepatitis B virus (HBV) and Hepatitis C
virus (HCV) are the major etiological agents of chronic
liver disease and HCC. In vitro and in vivo studies have
shown that OCT4, NANOG, KLF-4, β -catenin and
(EpCAM) are activated by HBx, and the upregulated expression of multiple stem genes demonstrates that HBx
contributes to hepatocarcinogenesis, at least partly, by
promoting changes in gene expression, which are characteristics of CSC[83]. Moreover, HCV can also induce the
cancer stem cell-like signatures in cell culture and mouse

over, TGF-β-1 can inhibit the expression of DNA methyltransferases (DNMT)1 and DNMT3β, thereby leading
to significant demethylation in the CD133 promoter-1 in
CD133- Huh7 cells[61]. Studies of MSC have shown that
methylation of the tumor suppressor genes, HIC1 and
RASSF1A, is sufficient to successfully reprogram the
MSC into cancer stem/initiating cells[62]. These studies
suggest that the demethylation of reprogramming factors
and/or methylation of tumor suppressor genes contribute to reprogramming in HCC and to the origination of
HCSC.
MicroRNAs: MicroRNAs (miRNAs) are well-characterized regulators of development and differentiation[63].
Studies have demonstrated that specific miRNAs have
high expression levels in ESC and that they play a critical role in the control of pluripotency-related genes[64,65].
The clusters of miRNA-302s/367s [66] or miRNA302s/369s/200c[67] can directly reprogram mouse and
human somatic cells to pluripotency and increase the expression levels of OCT4 and SOX2. Studies have shown
that miRNA-302 is a direct target of OCT4 and SOX2 in
human ESC[68], whereas miRNA-302 and OCT4/SOX2
may work as a positive feedback system in cellular reprogramming. Moreover, the reprogramming miRNA-302
is highly expressed in a rare subpopulation of glioma cell
lines. miR-302 expression causes tumorsphere formation
and significant upregulation of pluripotent genes[69]. Results indicate that miRNAs participate in the neoplastic
transformation of HCSC in HCC. In total, 68 miRNAs
have been found to be overexpressed, whereas 10 miRNAs were underexpressed in a SP of HCC cells compared with fetal liver cells[70]. miRNA can also regulate
the expression of cancer SC markers in HCC. OCT4 was
regulated by miRNA-145 in T3A-A3, which are CSC-like
cells[71], whereas miRNA-148 attenuated the expression
of CD90 and CD44 in HCC[72]. miRNA-181 family members were highly expressed in (epithelial cell adhesion
molecule+ (EpCAM+AFP+) HCC cells, and the inhibition of miRNA-181 led to a reduction in the quantity of
EpCAM+ HCC cells and their tumor-initiating ability[73].
These reports suggest that miRNAs are potential factors
in the reprogramming of HCC (Figure 1).
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Figure 1 The process of cellular reprogramming
and potential therapies in hepatocellular carcinoma. The endogenous and exogenous interferences
such as DNA methylation, microenvironment factors,
microRNAs (miRNAs) and signaling activation (see text
for details) could induce the reprogramming of hepatic
cells and stem/progenitor cells, result in tumor initiation,
an excess of self-renewal and chemo/radio-resistance,
and form HCC. Reversely, the differentiation induction
including demethylation, miRNAs, RNAi and signaling
inhibition, will be the potential therapies for HCC. Additionally full reprogramming induction might offer us a
novel way to treat HCC. The reprogramming approach
would help to induce the partially reprogrammed cells
to transform in full reprogrammed cells, like induced
pluripotent stem cells, which can be induced to various
types of differential somatic cells. HCC: Hepatocellular
carcinoma.
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model.

well as tumorigenesis and abrogate the chemoresistance
of TICs[92].

Signaling pathways
Reprogramming is likely to induce drastic molecular
changes that involve the upregulation of pluripotent
genes and the repression of differentiation genes. Thus,
signaling pathways have profound effects on the reprogramming of somatic cells into iPS[84]. A class comparison analysis showed that 793 genes were differentially
expressed in hepatic stem cell-like HCC (HpSC-HCC)
and mature hepatocyte-like HCC (MH-HCC)[85]. A pathway analysis indicated that differentially expressed genes
were significantly associated with SC signaling pathways,
including Wnt/β-catenin, TGF-β and ERK/MAPK signaling[85]. These results suggest that signaling pathways
have significant effects on cell reprogramming in HCC.

Mitogen-activated protein kinase/ERK kinase:
The mitogen-activated protein kinase/ERK kinase
(MAPK/ERK) signaling pathway has been detected in
mouse ESC[93]. During reprogramming, the inhibition of
MAPK/ERK could promote the transformation of preiPS into ground state pluripotent SC, which are cells associated with inhibition of the glycogen synthase kinase-3
(GSK3) signaling pathway[94]. It has been reported that
CD133+ HCC exhibit a substantial increase in MAPK/
ERK pathway activation[95,96] and that activation of the
MAPK/ERK pathway can enhance proliferation, tumor
angiogenesis, and initiate tumors in CD133+ HCC. Moreover, MAPK inhibition using the MAPK kinase 1 (MEK1)
inhibitor PD98059 leads to a significant increase in TGF+
[97]
β-induced apoptosis in CD133 HCC .
In addition to these signaling pathways, the BMI-1
and Insulin-like growth factor-1 signal pathways also play
key roles during cellular reprogramming in HCC. BMI-1
expression was highly correlated with the CSC phenotype in CD133+ HCC cells, and a modification in BMI-1
expression resulted in a similar change in the maintenance of a CD133 subpopulation in HCC[98]. Insulin-like
growth factor (IGF2) and IGF1R can be upregulated in
NANOG+ CSC, and a specific inhibitor of IGF1R signaling may significantly inhibit self-renewal and NANOG
expression in HCSC, thereby indicating that IGF1R signaling participates in NANOG-mediated cellular reprogramming in HCC[28].

Wnt/β-catenin: It is well-known that Wnt/β-catenin
signaling can control ESC self-renewal and the maintenance of stemness[86], and it also regulates the expression
of ESC genes[87]. Furthermore, it may contribute to the
reprogramming of somatic cells in pluripotent cells[88].
Yamashita et al[89] identified a novel prognostic HCC
subtype based on EpCAM expression, which resembled
hepatic progenitor cells with activated stem cell markers
and Wnt/β-catenin signaling. The expression of EpCAM
was associated with the activation of Wnt/ β-catenin
signaling[89]. Similar results were reported by Yang et al[90]
who found that OV6+ cancer cells could endogenously
activate Wnt/β-catenin signaling in HCC. Expression
of OV6 increases after the activation of Wnt/β-catenin
signaling, whereas inhibition of Wnt/β-catenin signaling leads to a decrease in the proportion of OV6+ cells
in HCC[90]. Moreover, the activation of Wnt/β-catenin
signaling could be inhibited by silencing the expression
of OCT4, with a reduction in WNT-10b and β-catenin and
an increase in TCF3[51]. These results indicate that Wnt/
β-catenin signaling may be an essential part of cellular
reprogramming and the maintenance of stem-like characteristics in HCC.

POTENTIAL THERAPIES BASED ON
CELLULAR REPROGMMING
The detection and treatment of HCC have greatly improved with the advances in medicine; however, HCC
remains largely incurable due to tumor recurrence.
Conventional anticancer approaches, surgical resection,
chemotherapy, and radiotherapy are primarily directed
at bulk tumor populations. However, these strategies are
frequently ineffective because of resistance to drugs and/
or radiation[99]. Increasing evidence indicates that cellular
reprogramming is involved with self-renewal, drug and/
or radiation resistance, and tumorigenicity in HCC, and
the concept of using precancerous cells and their progeny, CSC, in cancer therapy could provide unique insights
into early cancer diagnosis, treatment, and preventive
therapy[100]. Cellular reprogramming could also be a potentially useful therapeutic target in HCC.

TGF-β: TGF-β signaling pathway has been reported in
many cellular processes in adult organisms and the developing embryo, including cell growth, differentiation,
apoptosis, and homeostasis. Ichida et al[91] demonstrated
that TGF-β signaling is involved with cellular reprogramming. The inhibition of TGF-β signaling can promote
the completion of reprogramming by the induction of
Nanog[91]. Recent studies have shown that the TGF-β
signaling pathway can regulate cellular reprogramming in
HCC. HCSC exhibit the unexpected loss of Transforming growth factor beta receptor Ⅱ, which could lead to
inactivation of the TGF-β signaling pathway[81]. Toll-like
receptor 4/NANOG-dependent tumor-initiating stemlike cells (TICs) were also detected with an inactivated
TGF-β signaling pathway. Restoration of the TGF-β signaling pathway can inhibit the expression of pluripotent
genes, including NANOG, CD133, OCT4 and SOX2, as
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Inhibition of reprogramming
Methylation: Given the essential role of DNA methylation during cellular reprogramming in HCC, DNA methylation may be a therapeutic target in HCC. Enhancer of
zeste homolog 2 (EZH2) is a histone methyltransferase
that catalyzes the addition of methyl groups to H3K27,
and the blocking of H3K27 methylation leads to a sig-
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nificant reduction in TF-induced reprogramming [101].
3-deazaneplanocin A, an S-adenosylhomocysteine hydrolase inhibitor, is an efficient inhibitor of the function of
EZH2, which reduces the levels of H3K27 me3 in HCC
cells, thereby reducing the number of EpCAM+ cells and
the self-renewal capacity of these cells[102]. Lysine-specific
histone demethylase 1 (LSD1) is a histone demethylase,
and specific small bioactive inhibitors of LSD1 can enhance H3K4 methylation, derepress epigenetically suppressed genes, and inhibit the proliferation of pluripotent
cancer cells, including teratocarcinoma, embryonic carcinoma, seminoma, and ESC[59]. All these studies suggest
that methylation of histone 3 may be a potential target in
HCC therapy.

chemotherapy or radiation stress and protect cells from
apoptosis. The combination of a CD13 inhibitor and the
genotoxic chemotherapeutic agent fluorouracil (5-FU)
drastically reduces the tumor volume in mouse xenograft
models[80].
Regulating signaling pathways
Reports have shown that the abnormal activation and/
or inhibition of signaling pathways in CSC, as well as
the regulation of signal pathways, may be effective approaches to HCC therapy. Yamashita et al[89] found that
TCF/β-catenin binding inhibitors were much more sensitive to EpCAM+ HCC than EpCAM− HCC, and they
significantly inhibited the growth of EpCAM + HCC.
CD133+ HCC cells that survived chemotherapy had increased preferential expression levels of proteins involved
with the AKT/PKB and BCL-2 pathways. AKT/PKB
pathway-related cell survival proteins significantly reduce
after treatment with an AKT1 inhibitor. Coincubation
of an AKT1 inhibitor with DOX or 5-FU almost completely inhibits the preferential survival effect induced by
CD133+ cells in HCC[107]. HCSC also exhibit an inactivated TGF-β signaling pathway[81]. A CD133+ population
demonstrated significant resistance to TGF-β induced
apoptosis compared with CD133− cells in HCC, whereas
the MEK1 inhibitor PD98059 leads to a significant increase in TGF-β-induced apoptosis in CD133+ cells[97].

miRNA: It is known that miRNAs are involved with
the reprogramming of HCC and that they directly regulate the expression of reprogramming factors; however,
miRNA can also act as a barrier during reprogramming.
Evidence suggests that miRNA-34 is a reprogramming
suppression miRNA, which can repress the expression
of pluripotent genes, including NANOG, SOX2 and
MYCN[103]. The expression of pluripotent genes in HCC
can also be downregulated by miRNAs. miRNA-145 can
directly target OCT4 to arrest the cell cycle and inhibit
the tumor growth of T3A-A3[71]. Moreover, miRNAs
can regulate self-renewal, differentiation, and chemoresistance in HCSC. The inhibition of let-7 increases the
chemosensitivity to sorafenib and doxorubicin by directly
targeting SOCS-1 and Caspase-3, whereas silencing of
miR-181 expression leads to a reduction in the motility
and invasion by directly targeting RASSF1A, TIMP3, and
nemo-like kinase in CD133+ HCC[82]. Zhang et al[104] demonstrated that overexpression of miR-150 downregulates
c-Myb protein levels and leads to a significant reduction
in CD133+ cells, which is accompanied with significant
inhibition of cell growth and tumorsphere formation.
Ma et al[105] reported that antagonizing miR-130b reduces
the resistance to chemotherapeutic agents, leads in the
loss of in vivo tumorigenicity, and inhibits self-renewal in
CD133+ TICs through TP53INP1 silencing.

Differentiation induction
Given that the formation of tumors involves various cancer cells that differentiate from CSC, it is expected that
CSC will become less malignant if forced to differentiate
into mature cells. Tang et al[81] demonstrated that IL-6 can
drive the differentiation of HCC from hepatic stem/progenitor cells with inactivated TGF-β signaling. Chow et al[108]
found that MYC-driven tumors contains a subset of cells
(SP cells), which are characterized by Hoechst 33342 efflux. SP tumor cells exhibit markers of hepatic stem cells
and chemoresistance, whereas chemoresistance is lost
when SP tumor cells differentiate into non-SP tumor
cells[108]. This suggests that the differentiation of hepatic
CSC may be a possible therapeutic approach. Recently,
Yamashita et al[109] identified an oncostatin M (OSM)
receptor in EpCAM+ HCSC. OSM treatment induced
hepatocytic differentiation in EpCAM+ HCSC with a
reduction of SC-related gene expression and an increase
in albumin expression. Furthermore, a combined treatment with OSM and 5-FU eliminated HCSC and nonCSC subpopulations in an efficient manner[109]. A recent
study showed that bone morphogenetic protein 4, a critical molecule in hepatogenesis and hepatic stem cell differentiation, can also promote differentiation and inhibit
self-renewal in CD133+ HCSC with a high exogenous
dose[110].

Silencing of transcription factors
Using chemotherapeutic drugs to select chemoresistant
cancer cells in HCC, Wang et al[58] showed that chemoresistant cells exhibit CSC features with dramatically increased Oct4 levels and a highly activated OCT4-TCL1AKT-ABCG2 pathway. OCT4 knockdown and/or AKT
pathway inhibition can reduce the resistance to chemotherapy both in vitro and in vivo[58]. Oikawa et al[106] focused
on Sal-like protein 4 (SALL4) and found that elevated
expression of SALL4 in tumors is associated with poor
survival in HCC. The silencing of SALL4 expression
significantly inhibits in vitro and in vivo tumor growth with
increased differentiation[106]. Yamashita et al[85] suggested
that RNAi-mediated knockdown of EpCAM can reduce
self-renewal, tumorigenicity, migration, and drug resistance in HCC cells. Haraguchi et al[80] demonstrated that
CD13 could ROS-induced DNA damage after genotoxic
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Full reprogramming induction
iPS can be generated from normal tissues by the expression of defined transcription factors, as well as from malignant cells[111]. After transformation with four ectopic
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reprogramming factors, i.e., OCT4, KLF4, SOX2 and
c-MYC, the chronic myeloid leukemia (CML) cell line
KBM7 could be reprogrammed into iPS[112]. Moreover,
Kumano et al[113] induced iPS in samples isolated from patients with CML sensitive to imatinib. This report was the
first example of the reprogramming of human primary
cancer cells into iPS. In principle, CSC can also be reprogrammed into iPS using four or less reprogramming factors. Kim et al[39] showed that iPS could be reprogrammed
from adult neural SC using only two reprogramming
factors. This indicates that the number of reprogramming factors could be reduced using somatic cells that
express appropriate levels of complementary factors
endogenously. Studies have shown that HCSC exhibit the
endogenous expression of SOX2, C-MYC, NANOG and
OCT4, and that these endogenous reprogramming factors could facilitate the reprogramming of CSC into iPS,
which may reduce the recurrence of HCC.

HCC therapy. Increased knowledge and control of cellular programming could lead to the development of this
novel therapeutic concept and its application in clinical
HCC therapy, which may be a promising strategy in the
future.
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tumor growth. Among these markers, the neutrophilto-lymphocyte ratio appears to be the most promising
and easily available serum parameter able to predict
HCC recurrence after LT and following other types of
treatment, although the exact mechanisms determining its elevation have not been clarified. Post-LT immunosuppression may impact on cancer control, and
the exposure to high levels of calcineurin inhibitors or
other immunusuppressants has recently emerged as
a negative prognostic factor for HCC recurrence and
patient survival. Despite the absence of prospective
randomized trials, inhibitors of the mammalian target
of rapamycin have been shown to be associated with
lower rates of tumor recurrence compared to other
immunosuppressors, suggesting their use especially in
patients with HCC exceeding the conventional indication criteria for LT.
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Abstract
Criteria for liver transplantation (LT) for hepatocellular
carcinoma (HCC) and post-LT indicators of prognosis are historically based on the measurement of the
tumor mass. Recently, high throughput technologies
have increased the prediction of recurrence, but these
tools are not yet routinely available. The interaction
between HCC and the immune system has revealed
an imbalance of lymphocyte phenotypes in the peritumoral tissue, and the increase of regulatory T cells
with respect to cytotoxic lymphocytes has been linked
to a higher rate of post-LT HCC recurrence. Moreover,
some inflammatory markers have shown good reliability in predicting cancer reappearance after surgery,
as a result of either a systemic inflammatory response
or a decreased capacity of the organism to control the
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Core tip: This review focuses on inflammatory markers recently emerged as indicators of tumor biological
behavior and on immune state of patients submitted to
liver transplantation for hepatocellular carcinoma (HCC),
with a particular reference to the role of neutrophilto-lymphocyte ratio. The impact of post-transplant immunosuppression on HCC recurrence is also analyzed
according to the most relevant evidences published so
far, which outline the importance of minimization of the
use of calcineurin inhibitors and the protective role of
inhibitors of the mammalian target of rapamycin.
Original sources: Cescon M, Bertuzzo VR, Ercolani G, Rav-
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state on recurrence and prognosis. World J Gastroenterol 2013;
19(48): 9174-9182 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v19/i48/9174.htm DOI: http://dx.doi.
org/10.3748/wjg.v19.i48.9174

RELATIONSHIP BETWEEN
INFLAMMATORY AND IMMUNOLOGICAL
MARKERS, AND OUTCOME AFTER LIVER
TRANSPLANTATION FOR HCC
In the last two decades, Virchow’s hypothesis, which
postulates that a relationship exists between inflammation and cancer, has permitted new insights into the phenomenon of carcinogenesis[34]. Given the importance of
the peritumoral (micro)-environment, researchers have
focused on markers that could be an expression of the
relationship between liver cancer and surrounding tissue,
with a possible consequent change of systemic inflammatory response.
Infiltration of pro-inflammatory macrophages, cytokines and chemokines in the tumor microenvironment
has been shown to enhance tumor growth, invasion and
metastases[34-36], allowing the use of inflammation parameters as tumor markers[37,38] and the development of new
therapeutic strategies[35,36].
C-reactive protein (CRP)[37-41] and erythrocyte sedimentation rate (ESR)[42-45] were the first serum inflammation indicators used as tumor markers. Elevated preoperative CRP, an acute-phase reactant synthesized by
hepatocytes in response to systemic inflammation, has
been recognized as a risk factor for incidental colorectal
cancer[39] and as an adverse prognostic factor in patients
undergoing hepatectomy for HCC[40], whereas ESR has
been identified as an indicator of poor prognosis in patients with clear cell renal cell carcinoma and in children
with Hodgkin’s lymphoma[42,45].
Inflammatory cytokines such as interleukin-6 (IL-6)
and IL-1b are linked to transcriptional signaling pathways
associated with carcinogenesis, tumor growth, and invasion[36,46]. IL-6 is known as one of the main regulators of
CRP production.
The neutrophil-to-lymphocyte ratio (NLR) is another
inflammation index that has been evaluated as a tumor
marker[47-53]. Originally used as a systemic inflammatory
response index in critically ill patients, it is obtained by
dividing the absolute neutrophil count by the absolute
lymphocyte count. According to published literature, an
NLR ≥ 5 can be considered a valid cut-off[48,50,51].
Some studies have demonstrated the relationship between NLR and tumor progression in patients with colon
cancer, liver metastases from colorectal cancer, pancreatic
cancer, breast cancer, esophageal cancer, cholangiocarcinoma, and HCC; in addition, a higher incidence of HCC
recurrence has been observed in patients with high NLR
and undergoing hepatic resection[47-53].
An elevation of NLR could be related to a relative
increase of neutrophils - as a consequence of some sort
of inflammatory response - to a decrease of lymphocyte
count - reflecting a lower immunological control of tumor growth - or to both phenomena, with several studies
supporting each of these hypotheses.
LT for HCC represents a particular field of investiga-

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
common malignancies worldwide, and its incidence is
increasing in Western countries[1]. For patients with HCC
and cirrhosis, liver transplantation (LT) represents the
treatment of choice and provides excellent oncological
results and a cure for cirrhosis.
Prognostic factors for tumor recurrence and patient
outcome have mainly been recognized as an expression
of tumor burden and of its biological aggressiveness.
Among these factors, the number and size of HCC
nodules, the degree of differentiation, the presence of
hepatic vascular invasion and elevated serum levels of
alpha-fetoprotein (AFP) are the ones most widely utilized
to define the indications for LT and to predict the outcome[2-8]. Since it is often difficult to safely and/or reliably
obtain histological parameters before LT[9,10], radiological
tumor criteria and AFP levels are the main preoperative
indicators of prognosis.
The role of markers of inflammation and of the
patient’s immunological state have recently emerged as
predictors of outcome, providing information on the environment in which the tumor grows and on the systemic
response to its expansion[11-20]. These markers are often
correlated with dimensional and histological factors determining a high risk of recurrence, but the mechanisms
by which they are expressed are still largely unexplored.
While waiting for more precise molecular markers[21-23] to
become of routine use in defining the indications for and
the prognosis of LT, the above parameters of inflammation may help to predict the biological behavior of HCC.
Since post-LT pharmacological immunosuppression
can ideally impact on the ability to control tumor reappearance, the type, duration and total load of immunosuppressors have also been investigated in recent years as
predictors of HCC recurrence[7,8,24-33].
The role of inflammatory markers and of post-LT
immunosuppression on tumor recurrence and patient
prognosis after LT for HCC are the subject of the present review. For this purpose, an extensive review of
the English literature using the PubMed database was
performed independently by two authors (Cescon M,
Bertuzzo VR), separately selecting papers pertinent to the
key terms “liver transplantation”, “hepatocellular carcinoma”, “recurrence” and “inflammation” for the investigation of the impact of inflammatory markers, and to the
terms “liver transplantation”, “hepatocellular carcinoma”,
“recurrence” and “immunosuppression” to assess the
post-LT impact of pharmacological immunosuppression.
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tion of inflammatory markers and local immunological
activation as possible expressions of tumor invasiveness
and biological behavior. Although the visible tumor mass
is usually treated preoperatively with neoadjuvant treatments, and then entirely removed with hepatectomy,
some parameters detected in the serum may help in
recognizing a systemic response to cancer relapse due to
viable cancer cells still in the patient’s circulation or in
remote organs, at any time during the waiting time to LT,
and following the procedure.
The role of CRP has been analyzed for prediction of
post-LT outcomes of HCC patients[14]. In a series of 85
patients, those with high CRP levels (≥ 1 mg/dL) at the
time of LT had higher total bilirubin levels, Child-Pugh
grade, Model for End-Stage Liver Disease score, maximal tumor size, and frequency of intrahepatic metastasis
compared to patients with low CRP levels (< 1 mg/dL).
By multivariate analyses, HCC beyond the Milan criteria, a high CRP level, and microvascular invasion were
associated with tumor recurrence, while a high CRP level
and microvascular invasion were related to lower overall
survival. In addition, high CRP level was an independent
factor for predicting poor outcomes in patients with
HCC beyond the Milan criteria, but not in patients with
HCC within the criteria[14]. Taken together, these findings suggest that CRP is related to poor liver function
and higher tumor invasiveness, but the precise molecular
mechanisms for its increase in such circumstances are not
clarified. Moreover, another study[16] failed to detect any
relationship between CRP (and ESR) and post-LT HCC
recurrence.
Unitt et al[11] studied the tumor CD4+, CD8+, CD25+
and Foxp3+ lymphocyte infiltrate in the explant tissue
of 69 patients transplanted due to HCC. On multivariate analysis, CD4:CD8 ratio, vascular invasion, tumor
size, and reduced lymphocyte infiltration were significant
independent predictors of recurrence. The presence of
regulatory T cells (Tregs; CD4+, CD25+, Foxp3+ T-lymphocytes) was not predictive of recurrence, but was associated with tumor vascular invasion. These data suggest
that a reduced immunological response against cancer expressed as prevalence of Tregs and a lower expression of
cytotoxic lymphocytes is associated with poor prognosis.
The above findings were partly supported by another
study by Mathai et al[12], who assessed the phenotype
of tumor-infiltrating lymphocytes in 131 histology sections of patients undergoing LT or liver resection for
HCC. An increased Foxp3:CD3 ratio was associated with
poorly differentiated HCC and higher Edmonson-Steiner
nuclear grade. An increased Foxp3:CD8 ratio was also associated with poorer differentiation, higher EdmonsonSteiner nuclear grade, tumor recurrence, decreased overall
survival, and decreased disease-free survival.
Although not focused on LT recipients, other studies
showed that patients with HCC have increased numbers
of CD4+ CD25+ Tregs not only among tumor-infiltrating
lymphocytes, but also in the peripheral blood; furthermore, the abundance of this cell population correlated
with tumor progression. These cells were anergic toward
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T-cell receptor stimulation and, when cocultured with
activated CD4+ CD25- cells, potently suppressed their
proliferation and cytokine secretion. Concomitantly, the
expression of granzyme A, granzyme B, and perforin
was decreased dramatically in tumor-infiltrating CD8(+)
T cells, confirming their inefficacy in controlling tumor
expansion[54,55].
In summary, an imbalance between Tregs and CD8
lymphocytes, with a prevalence of the former and a defective function of the latter, does reflect an aggressive
behavior of HCC and the inability of the organism to
control the disease. While these findings potentially pave
the way to new treatments, they cannot be unequivocally
correlated with markers easily available by means of common lab tests, such as NLR (see below).
Nevertheless, novel methods for assessing the immune function of transplanted patients could be useful
in the future. The Immu-Know assay, which measures
the amount of adenosine triphosphate (ATP) produced
by activated CD4+ T cells, has been used to evaluate the
global immune status, and thus the tendency to develop
rejection or, on the contrary, post-LT infections[56].
This tool has also proven to be reliable in predicting
post-LT HCC recurrence, with recipients diagnosed with
recurrent tumors having significantly lower values of
ATP compared to those without recurrence[13]. This refined measurement of the immune state of LT recipients
could replace the more indirect evaluation allowed by
systemic exposure to immunosuppressive agents.
Several studies have demonstrated that an increased
NLR is an independent factor for lower recurrence-free
survival and/or overall survival in LT HCC patients[15-20].
These studies are reported in Table 1. A total of 892 patients were included. The chosen cutoff value of NLR
ranged from 3 to 5, with most studies using the value of
5[15,16,18], while others identified lower values[17,19,20].
In the groups of patients with NLR above the selected risk thresholds, overall survival ranged between
14% and 57%, and recurrence-free survival was between
6% and 42%. Only one study reported both the NLR at
diagnosis of HCC and NLR at transplant, showing that
this variable had a similar negative impact on outcome at
the two chosen time points[18].
High NLR was an independent predictor of outcome
in all studies, in most cases together with other commonly recognized risk factors. Interestingly, in two studies
NLR was not correlated with histological, serological and
dimensional features with a recognized, negative impact
on recurrence[15,18].
In the above reports, different explanations for the
alteration of NLR were provided but, though reasonable,
most of them were speculative. Only one group, which
produced two different analyses on this topic, investigated the correlation between NLR and the alterations
of phenotype/function of leucocytes or other cells in tissues surrounding neoplastic nodules[19]. Interestingly, the
Authors found that serum and peritumoral IL-17 levels
were significantly higher in patients with high NLR, and
that the density of peritumoral CD163-positive tumor
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Table 1 Studies reporting the negative impact of increased neutrophil-to-lymphocyte ratio measured at transplant on the outcome
of liver transplantation for hepatocellular carcinoma
Patients (n )

Type of
LT

NLR cut-off
level for poor
prognosis

Halazun et al[15]

150

NA

5

Bertuzzo et al[16]

219

DDLT

5

Wang et al[17]

101

DDLT

Limaye et al[18]

160

Motomura et al[19]

Yoshizumi et al[20]2

Ref.

Other factors associated 5-yr RFS with 5-yr OS with Parameters positively correlated
with increased NLR
with worse outcome high vs low NLR high vs low
NLR
Tumor size
AFP
Microvascular invasion

25% vs 75%1

28% vs 64%

None

6% vs 89%

14% vs 73%

3

Tumor number
Macrovascular invasion

28% vs 65%1

19% vs 62%

NA

5

27% vs 79%

38% vs 68%

158

LDLT

4

Microvascular invasion
AFP
Outside MC

Micro/macro vascular invasion
Tumor grading
AFP
CRP
Outside MC
Macrovascular invasion
AFP
Tumor size
Outside MC
Outside UCSF criteria
Outside Hangzhou criteria
None

30% vs 89%

57% vs 84%

104

LDLT

4

Nodule size + number
≥ 8.0

42% vs 86%

Not reported

Serum/peritumoral IL-17
Density of peritumoral CD163
CRP
Tacrolimus vs cyclosporine
Microvascular invasion
Tumor grading

1

In these studies, disease-free survival instead of recurrence-free survival rates were reported (and displayed in the present table); 2This study was performed by the same authors as the previous one[19], and included only patients with surgical and/or locoregional treatment preceding living donor liver
transplantation (LDLT). Thus, the patient population is probably at least partly included in the population of the previous study from the same Institution.
NLR: Neutrophil-to-lymphocyte ratio; LT: Liver transplantation; HCC: Hepatocellular carcinoma; RFS: Recurrence-free survival; OS: Overall survival; NA:
Not assessable; AFP: Alpha-fetoprotein; CRP: C-reactive protein; MC: Milan criteria; DDLT: Deceased donor liver transplantation; UCSF: University of
California at San Francisco.

growth and neutrophil recruitment, thus it could be a
key molecule in the relationship between NLR (which
is supposed to increase due to expansion of neutrophils
following recruitment) and HCC recurrence; and (4) the
authors’ results are consistent with the demonstrated relationship between IL-7-producing T cells and TAMs. IL7-producing T cells promote the differentiation of tissue
macrophages in peritumoral tissue into TAMs, which in
turn promote tumor proliferation and angiogenesis. In
fact, monocytes are recruited from the circulation into
local tissue or malignant sites, where they are recognized
by CD68-positive residential macrophages. Under the effect of inflammatory cytokines released by tumors, some
of these macrophages differentiate into CD163-positive
TAMs that, contrary to CD68+ macrophages, are suppressors of the anti-tumor immune response.
IL-17-producing cells interact with TAMs in patients
with HCC, and both IL-17-producing cells and CD163+
TAMs generate the same family of chemokines promoting the recruitment of monocytes and neutrophils[19,57-61].
Finally, it should be considered that in the authors’
series splenectomy was performed during LT in patients
with hepatitis C virus-positive or significant portal hypertension, and splenectomy itself could have had a role in
the balance between neutrophil and lymphocyte count.
Moreover, TAMs have been demonstrated to originate
from splenic monocytes. However, splenectomy itself
was not associated with HCC recurrence in this study,

associated macrophages (TAM) was both correlated with
the density of peritumoral IL-17-producing cells, and
significantly higher in subjects with elevated NLR. Conversely, tumor, peritumoral and serum expression of vascular endothelial growth factor (VEGF) and of IL-8, i.e.,
two recognized angiogenesis and tumor growth factors,
was similar between high and low NLR groups. Tumor
expression of IL-17, CD68, and CD163 was also comparable in patients with elevated or normal NLR.
A positive correlation between CRP and NLR, the
absence of correlation between NLR and tumor markers,
number and size of nodules, and microvascular invasion, the association between high NLR and an increased
serum neutrophil count, and the absence of correlation
between NLR and total serum lymphocytes were other
important findings[19].
Consistently with previous studies[57-61], the authors
came to the following conclusions: (1) contrary to other
investigations, the elevation of NLR seems correlated
with an increase of neutrophil number rather than of
lymphocytes, suggesting a dependence of tumor relapse
on the inflammatory state rather than on an impaired
host immune response; (2) elevated neutrophils are
thought to be a reservoir of VEGF, but the expression
of VEGF and of IL-8 did not have any impact on NLR,
suggesting that NLR elevation is not directly responsible
for augmented HCC-related neo-angiogenesis; (3) IL-17
is a pro-inflammatory cytokine that promotes HCC
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Table 2 Studies reporting the effect of different basal immunosuppression schedules on the outcome of liver transplantation for
hepatocellular carcinoma
P value

Ref.

Evaluated
immunosuppressor

Evaluated parameter

Patients (n )

Overall
recurrence
rate

Outcome parameters

Vivarelli et al[24]

CsA cumulative
dosage 1st yr
SRL
CsA
CNI
ATG/OKT3
TAC
TAC and SRL
in patients outMC
TAC and SRL
TAC and SRL
TAC and SRL
SRL
Basiliximab and
steroids in patients
in MC
CNI

Low dosage 1st yr vs high dosage
1st yr
in MC vs out MC
Low exposure vs high exposure
CsA vs TAC
Not administered vs administered
Low exposure vs high exposure
TAC vs SRL

39 vs 30

12.20%

5 yr RFS: 93% vs 5 yr RFS: 76%

19 vs 21
49 vs 21
264 vs 119
356 vs 55
44 vs 16
46 vs 27

12.50%
10.00%
31.80%
31.80%
20.00%
27.40%

4 yr RFS: 81.1% vs 4 yr RFS: 76.8%
0.4800
RR: 0% vs RR: 33.3%
< 0.0010
5 yr RFS: 52.5% vs 5 yr RFS: 70.8%
0.0030
5 yr RFS: 58.8% vs 5 yr RFS: 45.4%
0.0200
RR: 9.1% vs RR: 50%
0.0010
2 yr OS: 50.9% vs 2 yr OS: 80.6%
0.0110

TAC + MMF vs TAC + SRL
52 vs 45
TAC + MMF vs SRL
106 vs 121
TAC vs TAC + SRL
31 vs 31
Not administered vs administered 2382 vs 109
TAC + MMF + basiliximab vs
28 vs 36
TAC + MMF + steroids

12.40%
11.00%
25.80%
-

5 yr RFS: 54.0% vs 5 yr RFS: 78.8%
5 yr RFS: 60% vs 5 yr RFS: 80%
0.0001
3 yr RFS: 56% vs 3 yr RFS: 86%
0.0400
5 yr OS: 68.7% vs 5 yr OS: 83.1% ≤ 0.0500
5 yr OS: 88.9% vs 5 yr OS: 57.4%
0.0220

Kneteman et al[25]
Vivarelli et al[26]
Decaens et al[27]
Decaens et al[27]
Vivarelli et al[7]
Zhou et al[28]
Zimmerman et al[29]
Chinnakotla et al[8]
Vivarelli et al[30]
Toso et al[31]
Xing et al[32]

Rodríguez-Perálvarez et al[33]

Low exposure 1st mo vs high
exposure 1st mo

171 vs 48

16.40%

5 yr RR: 14.7% vs 5 yr RR: 27%

0.0100

0.0070

LT: Liver transplantation; HCC: Hepatocellular carcinoma; CsA: Cyclosporine A; RFS: Recurrence free survival; SRL: Sirolimus; MC: Milan criteria; RR: Recurrence rate; CNI: Calcineurin inhibitors; TAC: Tacrolimus; ATG: Anti-thymocyte globulins; OS: Overall survival; MMF: Mycophenolate mofetil.

even though in the group of patients with elevated NLR,
splenectomy led to significantly better recurrence-free
survival than the abstention from this procedure, suggesting the supply of splenic TAMs with high IL-17 concentrations after LT[19].
The same authors confirmed the relevant role of NLR
on HCC recurrence in patients undergoing living donor
liver transplantation for tumor recurrence after surgical
resection and/or locoregional treatment[20], and in those
submitted to liver resection[62].
By evaluating 958 patients who underwent hepatectomy without preoperative therapy for HCC, multivariate
analysis showed that NLR was an independent prognostic
factor of lower overall and recurrence-free survival, the
best cutoff being 2.81. Again, CD163-positive cell counts
were significantly higher in tumors of patients with high
NLR than in those with low NLR[62].
Finally, one of the advantages of an easily obtainable
serum marker is to assess the response to pre-LT treatments of HCC and the probability of dropout from the
waiting list. NLR has been shown to be a good predictor of the risk of dropout, while platelet-to-lymphocyte
ratio has been related to post-LT HCC recurrence[63]. On
the other hand, since multimodal treatments are usually
adopted while on the waiting list for LT, it has also been
shown that NLR, or NLR postoperative changes, correlate with HCC recurrence and patient outcome after
radiofrequency ablation[64,65].

impact of pharmacological immunosuppression on the
outcome of LT for HCC[7,8,24-33]. Specifically, two clinical
pieces of evidence have emerged: (1) the higher the exposure to calcineurin inhibitors (CNI), i.e., cyclosporine and
tacrolimus, the higher the risk of post-LT HCC recurrence; and (2) one specific class of immunosuppressors,
i.e., inhibitors of the mammalian target of rapamycin
(mTORi), have a favorable effect in reducing the incidence of post-LT HCC recurrence compared to standard
immunosuppressors (CNI). Everolimus and sirolimus,
the two mTORi currently in use in solid organ transplantation, interfere with hepatocarcinogenesis through
the inhibition of the PI3K/Akt/mTOR pathway, which
is a key regulator of cellular proliferation and angiogenesis[66,67].
Several studies led to the above conclusions[7,8,24-33], although it is of relevance that none of these is a prospective, randomized trial. Table 2 depicts the retrospective
clinical studies published so far on this topic, with the exclusion of reports with less than 20 patients and previous
reviews or meta-analyses.
Overall recurrence rates ranged between 12% and
32%. Four out of 13 reported studies showed that among
patients immunosuppressed with CNI, those exposed to
higher dosages had unfavorable outcomes, with significantly higher HCC recurrence rates or lower recurrencefree survival rates compared to patients receiving lower
dosages[7,24,26,33]. One study reported a lower recurrencefree survival in patients treated with cyclosporine vs those
treated with tacrolimus[27].
In 5 studies, patients treated with sirolimus (most frequently in combination with low dosages of tacrolimus)
showed higher overall or recurrence-free survival rates
compared to patients receiving standard CNI-based immunosuppression[8,28-31]. In one study[25], patients treated
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TRANSPLANTATION
At present, there is a general consensus on the negative
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with sirolimus had similar recurrence-free survival rates,
irrespective of fulfillment of the Milan criteria.
One study showed a detrimental effect of the use
of monoclonal antibodies (anti-thymocite globulins or
OKT3), with a lower recurrence-free survival in patients
receiving these drugs compared to those not administered them[27]. Another study revealed that the use of
steroids vs basiliximab led to significantly lower overall
survival rates[32].
A definitive validation of the benefit of mTORi in
LT for HCC is expected to be provided in 2014 by an
international multicenter, prospective, randomized trial
comparing the outcomes of patients administered or not
administered sirolimus following post-LT histological
confirmation of HCC[68]. However, at present the use of
mTORi in LT for HCC seems justified on the basis of
the above reported results and according to a recent metanalysis conducted on 5 studies and 474 patients, which
showed a lower recurrence rate, longer recurrence-free
survival and overall survival, and lower recurrence-related
mortality in sirolimus-treated patients in comparison with
CNI-treated patients[69].

5

6

7

8

9

CONCLUSION
Recent insights into the interactions between tumor, peritumoral tissue, and systemic inflammatory and immune
response have offered new indicators for prognosis of
patients with HCC undergoing various types of treatment, including LT. NLR has proven to be a reliable and
easily available inflammatory marker of tumor biological aggressiveness, making its use advisable along with
common dimensional indexes in assessing the response
to treatments and the indication for LT, and to predict
the outcomes. Although recent reports provided a reasonable molecular basis for the alteration of NLR and,
more in general, for the tumor-related imbalance between
immune cells in terms of number and function, much
remains to be explored to expand targeted diagnostic and
therapeutic tools. On the other hand, despite the lack of
prospective, randomized studies, there is sufficient evidence for the minimization of immunosuppression and
for the use of mTORi in LT for HCC, especially in the
case of extended indications for transplant.
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Core tip: Deciding upon the best option for a patient
with hepatocellular carcinoma is complicated, involving
numerous ethical principles including: urgency, utility,
intention-to-treat survival, transplant benefit, harm to
candidates on waiting list, and harm to living donors. In
this paper we suggest that allocating organs by transplant benefit could help balance these competing principles, and also introduce equity between patients with
hepatocellular carcinoma and those with nonmalignant
liver disease. We also propose a triangular equipoise
model to help decide between deceased donor liver
transplantation, living donor liver transplantation, or
alternative therapies.

Abstract
Although liver transplantation is theoretically the best
treatment for hepatocellular carcinoma (HCC), it is
limited by the realities of perioperative complications,
and the shortage of donor organs. Furthermore, in
many cases there are available alternative treatments
such as resection or locoregional therapy. Deciding upon the best option for a patient with HCC is
complicated, involving numerous ethical principles
including: urgency, utility, intention-to-treat survival,
transplant benefit, harm to candidates on waiting
list, and harm to living donors. The potential contrast
between different principles is particularly relevant
for patients with HCC for several reasons: (1) HCC
candidates to liver transplantation are increasing; (2)
the great prognostic heterogeneity within the HCC
population; (3) in HCC patients tumor progression
before liver transplantation may significantly impair
post transplant outcome; and (4) effective alterna-
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mainly on a utility principle for two main reasons. First,
a utility-based system is one that gives priority according to expected post-transplant outcomes[6]. For patients
with HCC, the poor results achieved in early experiences
with patients transplanted for advanced tumors have favored the introduction of strict selection criteria focusing
mainly on post-LT outcome[5]. Therefore, patients beyond Milan criteria have limited probability of receiving a
transplant.
Second, in the current system all T2 HCC patients
receive the same priority regardless of their likelihood of
death on the waiting list.
If we consider LT candidates with and without cancer
as two separate populations, therefore, apparently opposite allocation principles are currently used at the majority
of LT centers around the world. This diversity in patient
selection policy intrinsically creates an ethical paradox, in
that donated organs are allocated to the “sickest patient
first” among the candidates with NM hepatic disease, but
to the “earliest patient first” among candidates for LT
who have HCC, irrespective of their survival prospects
with therapies other than transplantation.
Aristotle defined justice as “treating equal cases equally, and unequal cases unequally”. One of the fundamental
challenges of organ allocation science is maintaining
equity among the heterogeneous groups of patients on
the waiting list. In the specific organ allocation context,
equity means treating all patients according to a common
endpoint. From this perspective, the principle of equity is
hierarchically more important than all others, whether we
decide to favour urgency, or utility or benefit as endpoints
for our allocation system.
Based on these considerations (i.e., the increasing
proportion of HCC patients enlisted, and an excess of
priority for HCC patients with a low urgency for LT), recent proposals have tried to resolve the unbalance in the
access to transplantation between HCC and non-HCC
patients. One attempt involved developing risk models
within the HCC population for 3-mo drop-out risk as
common urgency endpoint[12,13]. However, this approach
(i.e., to equate the drop-out risk of different patients) carries the risk of prioritizing HCC patients with higher biological aggressiveness in terms of nodule size and AFP
levels, and consequently dramatically increasing the risk
of post-LT tumour recurrence or death[14]. Thus, methods are needed which balance the principles of urgency
and utility when attempting to reach equity between HCC
and non-HCC patients.

GENERAL PRINCIPLES REGULATING
PATIENT SELECTION AND
ORGAN ALLOCATION IN LIVER
TRANSPLANTATION
Urgency, utility, and equity
Liver transplantation (LT) is theoretically the best treatment for patients with end-stage liver disease but its
effectiveness is limited by intrinsic characteristics with
important ethical implications: (1) LT remains a technical
demanding procedure with a well-established short-term
mortality and morbidity[1]; (2) a persistent shortage of
deceased donors corresponds to an increasing demand
of deceased donor liver transplantation (DDLT)[2]; and
(3) the application of living donor liver transplantation
(LDLT) is limited by ethical and legal issues related to
the risk of harming the living donor[3]. Specific selection
policies have consequently been developed over the last
two decades to identify good candidates for this complex
therapeutic option[4,5].
For patients with non-malignant (NM) liver cirrhosis,
scores have been developed to measure disease severity, such as the Child Pugh and the model for end-stage
liver disease (MELD) scores[4], which support a selection
policy based on the urgency principle. Under a medical
urgency-based selection system, patients with worse outcomes while on the waiting list (WL) are given higher priority for transplantation[6]. Use of the MELD score, for
example, has significantly reduced waiting list times and
in the United States system in recent years[4,7]. If we consider the development of hepatocellular carcinoma (HCC)
as a complication of liver cirrhosis, and therefore as a
sign of disease severity, assigning a high priority to HCC
patients would also comply with this principle of urgency. This viewpoint is reflected in the United Network
for Organ Sharing (UNOS) allocation system, where an
arbitrary high MELD score is assigned to patients with
T2-HCC[7].
The limit of this approach is that it fails to consider
the extremely relevant prognostic heterogeneity of patients with HCC and the potential effectiveness of alternative therapies[8]. It is also only reasonable to consider
HCC as a complication of liver cirrhosis if this condition
is maintained within certain proportions of candidates on
the WL (e.g., < 20%), as in the US[9]. In some geographical LT settings, however, there has been a significant
increase in the proportion of LT candidates on the WL
with liver tumors in recent years and this has given rise
to similar proportions of liver transplants for HCC and
NM disease[10]. In these modern LT realities, it is probably
more reasonable to consider HCC patients as a separate
LT population and analyze the prognostic heterogeneity
of this particular medical condition more deeply[11].
If we observe the issues of patient selection and organ allocation from the HCC population point of view,
therefore, current LT selection policies for HCC patients
(e.g., the UNOS allocation system) appear to be based
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Intention-to-treat survival
To describe the effect of long waiting times on the effectiveness of LT as curative therapy for HCC[15], some years
ago the concept of intention-to-treat (ITT) survival was
introduced. Interestingly, analyzing the survival figures
of HCC patients from the day of enlisting and not from
that of transplant, the overall results of LT for HCC became worse than resection[16] due to the high dropout rate
of HCC patients from the WL for tumor progression.
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A

However, ITT survival is strongly related to the specific local/regional WL characteristics and in particular to
the patient median waiting time: assuming as a constant
the post-LT outcome, the lower the pre- LT mortality, the
higher the intention-to-treat survival. For this reason, in a
clinical scenario where HCC patients receive high priority
for LT (i.e., low waiting time and low risk of dropout) the
intention-to-treat survival of LT for HCC patients may
exceed that of liver resection[17].
For these reasons, survival analysis in LT should use
the ITT principle because it accounts for all the complex
LT processes from the day that LT is first considered.
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Transplant benefit
The concept of transplant benefit expresses the survival
gain offered by LT by comparison with the best alternative therapy. Transplant benefit can be calculated from
the time of transplant, or from the time a patient is first
evaluated for transplant-the latter would make it an ITT
endpoint. On an individual basis, the main advantage of
this principle is that it covers the overall LT process, simultaneously considering post- and pre-LT outcome. The
transplant benefit principle applied to the individual LT
candidate thus has the potential to create an ideal balance
between the concepts of urgency and utility. As suggested by Schaubel et al[6], moreover, by prioritizing patients
based on life-years gained thanks to transplantation, the
transplant benefit principle performs better than urgency
and utility schemes from a population perspective too.
This is because an urgency-based system would assign
donor organs to patients who are most likely to die while
on the WL, but this approach may be to the detriment of
utility because patients at the greatest risk of death while
on the WL may also be patients with the highest post-LT
mortality risk. A utility-based allocation system would ensure that transplanted organs go to patients with the lowest post-LT mortality risk, but patients with the best postLT outcomes may also have the best outcomes while on
the WL. The transplant benefit principle is consequently
the one best able to maximize the total life-years gained
by the patient population.
In recent years, the transplant benefit principle has
been proposed for LT candidates based on studies using
data from the Scientific Registry of Transplant Recipients
(SRTR)[2,6,18], but these studies did not consider the transplant benefit for the HCC population of LT candidates,
because they either focused only on NM candidates[2,11]
or they considered HCC as a complication[6] and not as a
separate, prognostically heterogeneous medical condition.
The concept of transplant benefit has the intrinsic
potential for being especially useful for HCC patients
since a particular feature of the approach lies in that it is
calculated by subtracting the area under the survival curve
after alternative therapies from the area under the survival curve after transplantation[9], a definition that coincides
with the gain in life expectancy (LE). This gives a relevant
weight not only to the crude post-LT outcome, but also
to the alternative therapies available and to the patient’s
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Figure 1 Clinical examples of the transplant benefit principle applied to
hepatocellular carcinoma patients. A: Man 40-year-old, HBV with 2 HCC
nodules, the largest of 6 cm, Child B (Milan out, University of California San
Francisco out); B: Man 65-year-old, HCV, with 1 HCC (diameter = 4 cm), Child A.
HCC: Hepatocellular carcinoma; HBV: Hepatitis B virus; HCV: Hepatitis C virus.

age, which are extremely important prognostic variables
for HCC patients[19]. Figure 1 shows two different clinical scenarios. The first (Figure 1A) concerns the case of
a young patient (40 years old) with a tumor beyond the
Milan criteria (calculated 5-year post-transplant survival
= 60%). The lack of any effective alternative therapies
makes the benefit of LT extremely high (8 years). The
second scenario (Figure 1B) considers an older patient
(65-year-old) within the accepted indications for LT
(5-year post-transplant survival = 70%), but with an effective alternative treatment option, i.e., liver resection,
which makes the benefit of LT much lower (4 years) than
in the first case, although the post-LT outcome would be
better.
The recent publication of important studies on the
survival prospects of patients with more advanced tumors after LT[20] and other therapies[21,22] makes it potentially feasible now to evaluate transplant benefit across
different stages of HCC disease. This could be extremely
important because, from a utility perspective, adopting
extended criteria for HCC patients would mean allocating more donated organs to HCC patients than to NM
patients[16]; taking a transplant benefit perspective, on the
other hand, would mean reallocating the same number
of organs to different groups of patients with a greater
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Harm to the living donor
The crucial element limiting the general applicability of
LDLT is the risk of harming a healthy living donor. In
the literature, the overall mortality attributed to living donor procedures is lower than 1%, but the risk of morbidity is significant, being around 38% in some experiences
as a whole, and < 10% when severe complications are
considered alone[28].
A recent worldwide survey[29] has brought more evidence about this field. Overall donor morbidity rate was
24%, but only 0.2% of them died, and 0.04% required
transplantation. If harm to donors is only considered in
terms of mortality, its impact on the therapeutic decision
(between LDLT, DDLT, or no LT) would be minimal
compared to the recipient’s risk of death on the WL[30].
Quantifying morbidity could be done by determining the
impact of complications on quality of life, but limited
data is currently available to derive such estimates.
Furthermore, it is controversial whether donor morbidity and mortality should be weighted equally to that of
the recipient[31]. Currently the transplant community takes
a protective approach (paternalist principle) to the living
donor, and tends to assign greater ethical weight to the
donor’s risk of death than to the recipient’s risk of death.
This approach, however, comes at the expense of donor
autonomy. Further thought is needed on this subject, including input from donors themselves.
One interesting proposal is to define a cut-off for acceptable morbidity and mortality from the perspective of
the donor[32,33].

Transplant
benefit

DD

LT

LT

LD

Harm to living
donor

Non transplant

Harm to
WL candidates

Transplant benefit > Harm to WL candidates + harm to donor

Figure 2 Ethical equipoise between benefit and harm of deceased-donor
liver transplantation and living donor liver transplantation. WL: Waiting list;
DDLT: Deceased donor liver transplantation; LDLT: Living donor liver transplantation.

benefit. In other words, the transplant benefit principle
would be able to maximize the total life-years of both the
HCC and NM population.
These concepts have been recently incorporated in
three papers[23-25] evaluating the transplant benefit principle in the HCC population. These studies underline
three main points: (1) Liver transplantation results in the
highest survival benefit for HCC patients with advanced
liver cirrhosis (BCLC stage D); (2) Patients with intermediate tumours (BCLC stages B-C) without effective
alternative therapies receive a relevant benefit from LT,
regardless of the nodule number-size criteria (i.e., Milan
criteria), provided that macroscopic vascular invasion
and extra-hepatic disease are absent; and (3) Patients with
early tumors and compensated cirrhosis have the lowest
benefit from LT when effective alternative therapies are
available[23-25].

REPRESENTATION OF THE POTENTIAL
EQUIPOISE BETWEEN BENEFITS AND
HARMS OF TRANSPLANTATION FOR
HCC PATIENTS
An ideal selection/allocation process for patients with
HCC should consider all aspects of the benefits and
harms of LT, and the aim of allocation systems should
be to reach a balance between the different principles involved in the selection process.
We have represented this equipoise using a triangle
containing vectors (Figure 2): the transplant benefit (life
expectancy with LT minus life expectancy without LT)
is at the top vertex and the potential harm to the rest of
the WL and to the living donor at the bottom vertices.
According to this model, transplantation is generally
indicated when the transplant benefit exceeds the harm.
Then, according to the relative weights of the harm to
the WL and donor, the decision will be oriented towards
LDLT or DDLT.
The first advantage of this conceptual model is that it
includes all ethical principles involved in the LT decision
process. The use of transplant benefit satisfies both utility and urgency principles, while the relationship between
benefit and harm to the waiting list satisfies equity-the
first principle aims to maximize the need of the single

Harm-benefit to other patients on the waiting list
When patients on a given WL receive an organ, they
harm the rest of the candidates on the WL because it is
as if they were taking that organ away from other potential candidates. The entity of this harm depends on the
extra time the other patients on the WL have to wait for
another organ. We can also see this concept from the opposite point of view: if we find an alternative treatment
for a patient on a WL for LT (e.g., if we perform a LDLT
or a liver resection), we create a benefit for the people on
said WL that can be calculated from the further waiting
time they spare. Knowing the characteristics of a WL in
detail (death probabilities according to disease severity,
median waiting time for LT, mean number of organs per
year, patient stratification according to MELD score and
HCC stage), we can calculate this harm/benefit to candidates on the WL[9,26,27]. This is very important because it is
the only allocation principle that takes the characteristics
of a specific WL into account (WL size, donor resources
and proportions of patients with severe disease).
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patient, while the second maximizes population total life
years[26].
The second advantage of this model is that it considers as different therapeutic procedures DDLT and LDLT.
Whenever we used urgency, utility or benefit, these principles taken alone do not distinguish between LDLT and
DDLT, so they cannot be used to decide between these
different strategies. The indication for LDLT is therefore
inevitably the same as for DDLT[32,33], so choosing between the two is difficult. This may partially explain why
LDLT has had a limited development in Western countries, especially since the introduction of the MELD[33].
Some authors[32] have recently stressed the possibility to consider different indications between LDLT and
DDLT based on the consideration that living donor
recipients don’t compete with other patients on the WL.
The same authors proposed a sort of double equipoise
model specific for LDLT to balance the donor risk and
the recipient benefit[32]. Our model has the advantage
to be used for both DDLT and LDLT. LDLT has a potentially relevant advantage over DDLT because it only
minimally harms the other candidates on the WL: this
harm is limited to the risk of the patient needing re-LT
after LDLT, which is estimated to be approximately 7%[34],
while the risk of liver failure requiring transplantation of
the donor is estimated to be 0.04%[29].
This model helps the selection of HCC patients for
LT and the choice of the more appropriate transplant
procedure (DDLT vs LDLT). However, it can not consider some crucial aspects. First of all, in some countries
religiosity or cultural aspects are barriers to DDLT[31]. As
second point, in some recipients of a partial liver from a
living donor insufficient liver volume can not be avoided
to maintain an adequate donor safety. A small-for-size
graft easily causes perioperative complications and results
in poor outcomes[31]. In summary, although LT is theoretically the best treatment for HCC, it is limited by the
realities of perioperative complications, and the shortage
of donor organs. Furthermore, the benefit of transplantation is not uniform among patients with HCC; rather,
it depends upon the severity of liver disease and the
available alternative treatment options. Current systems
allocate organs to HCC patients primarily based upon
the utility principle, as opposed to the urgency principle
which governs allocation to patients with nonmalignant
liver disease. Allocating organs by transplant benefit
could introduce equity between these patient groups. We
propose a triangular equipoise model to help decide between DDLT, LDLT, or alternative therapies.
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Core tip: We have described the technical aspects of
radiofrequency ablation (RFA), advances in delivery
mechanisms, indications for usage, and its equivalence or lack of equivalence to surgical resection. We
emphasized studies that reported long term oncologic
outcomes associated with RFA use for primary and
metastatic liver and lung tumors, and described the
evolving role of RFA for breast and solid renal tumors.

Abstract
Radiofrequency ablation (RFA) uses high frequency
alternating current to heat a volume of tissue around
a needle electrode to induce focal coagulative necrosis
with minimal injury to surrounding tissues. RFA can be
performed via an open, laparoscopic, or image guided
percutaneous approach and be performed under general or local anesthesia. Advances in delivery mechanisms, electrode designs, and higher power generators
have increased the maximum volume that can be ablated, while maximizing oncological outcomes. In general, RFA is used to control local tumor growth, prevent
recurrence, palliate symptoms, and improve survival in
a subset of patients that are not candidates for surgical resection. It’s equivalence to surgical resection has
yet to be proven in large randomized control trials.
Currently, the use of RFA has been well described as a
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INTRODUCTION
Surgical resection of all malignant cells remains the gold
standard for treatment of most solid tumors[1]. However,
surgical resection is not always an option in patients with
coexistent morbidities or poor functional status where

951

January 28, 2014|First Edition|

Shah DR et al . Applications of radiofrequency ablation

resection would be associated with a high morbidity and
mortality. As a result, a variety of local ablative methods, including chemical (ethanol, acetic acid, hot saline)
and thermal (radiofrequency ablation, microwave ablation, laser ablation, cryoablation), have been developed
to destroy cancer cells in situ. Radiofrequency ablation
(RFA) has risen to the forefront amongst these local
ablative modalities due to refinements in technology
that maximize effectiveness and simplicity of use while
minimizing associated morbidity. RFA is now used in the
treatment, both curative and palliative, for solid tumors
throughout the body. This minimally invasive technique
can serve both as treatment for patients who are not surgical candidates, as well as an adjunct to surgery, facilitating resection or in combination with surgery achieving
total tumor burden control.

ing longer flow of current. Longer duration of current
flow allows for a larger volume of local tissue coagulation, compared to non-internally cooled electrodes. Wet
electrodes using saline (either isotonic or hypertonic)
infused through the electrode into surrounding tissue,
increase conductivity with greater amounts of infusion
of ions in the tissue, increasing current flow and thus
allowing longer duration of current flow and increasing
volume of coagulation.
Several strategies have been developed to decrease
tumor tolerance to heat and increase the effectiveness of
thermal ablative techniques. The “heat-sink” effect created by proximity of tumors to large vessels that can dissipate heat is a primary mechanism by which the extent
of thermal injury can be limited[5,6]. The Pringle maneuver, which involves occluding portal inflow during open
RFA. This has been shown to improve volume of tissue
(tumor) coagulation by increasing local heat deposition,
rather than having heat being dissipated in the portal
vein[6,7]. Tissue damage from chemotherapy and hypoxic
injury to tumors cells from embolization have also been
shown to increase tumor sensitivity to hyperthermia. A
synergistic effect between neoadjuvant transarterial chemoembolization and RFA in the treatment of hepatocellular carcinoma has also been demonstrated[7].

TECHNICAL FEATURES OF RFA
RFA uses radiowaves, which are of low frequency (460-480
kHz) and long wavelength, to generate heat within a
tumor mass causing thermal coagulative necrosis. RFA
differs from other local methods in that the electrode
itself does not supply the heat. Needle electrodes supply an alternating electric current, which travels from the
electrode to a grounding pad (monopolar) or between
two electrodes (bipolar). As the ions within the tissue attempt to follow the alternating path of the current, ionic
agitation creates frictional heat. This friction heats the
surrounding tissue to 50-100 ℃, inducing instantaneous
coagulative necrosis. Temperatures greater than 100 ℃
result in tissue desiccation and charging with loss of ions
thus stopping current flow. This leads to a sudden rise
of impedance[2], thus limiting the volume of tissue that
can be successfully ablated.
The energy from the electrode tip produces a temperature that is proportional to the square of the radiofrequency current, which in turn decreases as the square
of the diameter from the electrode[2]. Larger tumors require overlapping spheres, which increases the risk of incomplete necrosis and, therefore, local recurrence. Over
the past several years, advances in delivery mechanisms
that can either increase the amount of energy deposited
or the conduction of heat through the tissue have increased the sphere of tissue that can be ablated[3]. There
are currently five companies that produce commercially
available RFA systems, four of which are approved by
the Food and Drug Administration and available in the
United States[4]. The specifications of each system are
presented in Table 1.
Multiprobe array electrodes, in which multiple tines
apply current simultaneously, achieve coagulation zones
of 3-5 cm. Internally cooled (or cool-tip) electrodes also
allow for greater ablation volumes. While it seems paradoxical to cool the electrode with a continuous infusion
of fluid within the lumen, this cooling results in no local
charring around the uninsulated electrode tip, thus allow-
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RFA technique
RFA can be performed percutaneously, or during laparoscopic or open surgery. There are advantages and disadvantages to each, and the approach will depend on the
condition of the patient, tumor characteristics such as location, size, number and growth pattern, and experience
and preference of the provider[8]. There is insufficient
evidence as of date indicating which delivery method is
the preferred due to a lack of randomized control trials
and varying patient and tumor characteristics between
single technique studies. In a study comparing open, laparoscopic, and percutaneous approaches for liver tumors,
there was no difference in mortality, major complications,
or overall survival; but open compared to percutaneous
approach resulted in improved disease free survival and
decreased local tumor recurrence[9].
The percutaneous approach has the advantage of
being performed under conscious or deep sedation,
providing an option for patients who are higher surgical
risk. This can usually be done as an outpatient or with a
very short hospital stay, and can be performed multiple
times if needed. The percutaneous approach can also
be performed under anesthesia. Other advantages of
this technique are the use of sonographic, computed tomography (CT) or magnetic resonance imaging (MRI) to
guide precise electrode placement. At the same setting,
contrast enhanced sonography or contrast enhanced CT
can be done during the procedure to check for adequacy
of ablation. Disadvantages of the percutaneous technique are lack of visualization of small surface tumors
or deeper tumors which can be better identified with the
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Table 1 Radiofrequency ablation systems commercially available in the United States

[4,8]

RFA system
Boston scientific
Valleylab (radionics)
RITA medical systems
Starburst XL
Starburst XLi
Starburst Flex
Berchtold

Electrodes

Generator power/
frequency

Control system

Algorithm used to
maximize volumes

14 gauge, 10-12 tines, umbrella shaped
17.5 gauge, single cooled needle or three
cooled needles in triangular cluster

200 W/460 kHz
200 W/480 kHz

Impedance controlled
Impedance controlled

Coaxial system
Cool-tip

250 W/460 kHz

Temperature controlled

14 gauge, 9 tines, Christmas tree shape
max diameter 5 cm
14 gauge, 9 tines, max diameter 7 cm
13 gauge, flexible
18-14 gauge

Expandable

60 W/375 kHz

Impedance or temperature controlled

Expandable, wet electrode
Wet electrode

Modified from[4,8]. Cool-tip: Cooled electrode achieved with chilled water flowing through electrode but not entering tissue; Wet-electrode: Saline infusion
into tissue adjacent to electrode creates larger “virtual” electrode around metal electrode tip.

open technique. Percutaneous RFA has shown excellent results for small < 3 cm neoplasms in the liver, lung
or kidney. However, higher local recurrence has been
shown with the percutaneous approach for larger tumors[10] and tumors in close proximity to major vessels,
such as the portal vein.
Open RFA allows for better visualization and the
ability to manipulate adjacent structures. It has the advantage of being able to detect occult metastatic disease
with use of intra-operative ultrasound (US) and allows
for treatment within a greater anatomic range. With hepatic RFA, another advantage is the ability to occlude
portal inflow (Pringle maneuver) which, as described
above, reduces heat dissipation and, therefore, increases
the volume of tissue ablated. This technique is particularly valuable when tumors are located in proximity to
vascular structures.
Laparoscopic RFA combines many of the benefits
of both the percutaneous and open approaches. It is
minimally invasive with less morbidity of a large incision
while still allowing better visualization of the tumor and
of adjacent structures to optimize staging. Pneumoperitoneum may also work in a similar manner to the Pringle
maneuver and decrease the heat sink effect in tumors in
proximity to large vessels by decreasing portal flow[11].
It also allows resection or displacement of structures
adjacent to tumors that cannot be performed with the
percutaneous technique.

trast is used at the time of the procedure to check for
complete ablation and whether re-treatment is needed at
the setting[12]. In the United States, a follow-up contrastenhanced CT or MR is typically used, with successfully
ablated areas failing to enhance. A thin enhancing rim
representing either inflammation or hemorrhagic granulation tissue may surround the ablated zone for several
weeks following treatment[13]. Follow-up may be done
with CT, MRI or positron emission tomography scan,
depending on the type, size and location of tumor.
The goal of RFA is usually to ablate 1 cm margin of
normal tissue surrounding the tumor on all sides[8,14,15].
This surgical margin is necessary because of the difficulty of accurately determining the extent of the coagulation zone, and because of the possibility of microscopic
malignancy surrounding the gross tumor[8]. Exceptions
to the 1 cm margin rule may include organs such as the
kidney, in which preservation of normal renal parenchyma would be a priority, or when tumor debulking for
palliation or relief of neuroendocrine symptoms is the
goal of treatment or when surrounding vital structures
limit the extent of ablation.
Complications
RFA has been shown to be a relatively safe procedure,
with mortality between 0.3% and 0.8% and morbidity
2% and 10%[16,17]. Complications include post-procedural
pain, post-RFA syndrome with fever and flu-like symptoms that usually resolves within the first 24 h, skin burns
from improperly placed grounding pads, thermal injury
to adjacent structures, bleeding, secondary infection, and
tumor seeding, which can be prevented by cauterization
of the needle tract on withdrawal of the probe[8].

Imaging
Imaging plays an important role in the diagnosis and
localization of the tumor, in real-time monitoring of the
ablation zone, in assessment of tissue response to RFA
therapy, and finally in patient follow-up. The RF probe
is usually placed under CT or US guidance, and the RFA
procedure monitored with real-time US. Ablation zones
are seen on US as hyperechogenic areas which represent
microbubbles created from the vaporization of interstitial fluid from ablated tissue. However, these hyperechogenic areas do not completely parallel the ablated
zone. To determine the extent of necrosis following
RFA in countries outside of the United States, US con-
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SOLID TUMOR ABLATIVE EXPERIENCE
Liver
The most extensive body of literature on RFA for the
treatment of solid tumors involves its use with hepatic
malignancies, both primary and metastatic. Currently,
RFA is considered a first line treatment modality for local control of hepatocellular carcinoma in patients with
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Table 2 Studies reporting survival after use of radiofrequency ablation for colorectal liver metastases
Ref.

Patients
(tumors)

n

Median
tumor size
(cm)

Extra
hepatic
disease

Chemotherapy

Method

%
complete
ablation

Local recurrence

Overall survival

No NR

0

NR

9% for
RFA

NR

37% for RFA
43% for
HR + RFA
73% for HR

NR
23% for RFA
2% for HR
9% for overall
0%-5% for < 3 cm
14.00%

NR
NR

20%2
NR

88%1

57%1

99%1
91%2
96%2
90%
72%2
75%2
93%2

58%1
28%2
71%2
42%
60%2
45%2
46%2

1 yr
Abdalla et al[26]

57 (110) for RFA 2.5

190 for HR

L
P

Yes

80% before RFA
73% after RFA
81% after HR
After RFA

5% for
HR + RFA
2% for HR
NR
NR

O, P

97%

3.9 (mean)

Yes

80% before RFA

P

NR

2.28 (mean)
3.0 (mean)
1.8
3.0 (0.8-7)
2.6

No
NR
No
No
Yes

78% parallel or after

101 for RFA + HR
Siperstein et al[27] 234 (665)
Park et al[28]
30 for RFA
59 for HR
Abitabile et al[54] 47 (147)

3.9 (mean)
2.0 for RFA
3.1 for HR
2

Yes
No

Gillams et al[55]

167 (167)

Jakobs et al[56]
Machi et al[57]
Schindera et al[58]
White et al[59]
Solbiati et al[60]

68 (183)
100 (507)
14 (20)
30 (56)
117 (179)

P
O, L, P
NR
P
36% before, 50% after
P
72% parallel
P

NR
89%
89%
98%

18.00%
7%
15%
17%
39%

3 yr

5 yr
NR

18%2
19%2 for RF1
48%2 for HR
21%1
30%1
25%2
31%
NR
NR
NR

1

Calculated from time of diagnosis of liver metastases; 2Calculated after radiofrequency ablation (RFA) treatment of liver metastases. P, L, O: Percutaneous,
laparoscopic, open; NR: Not reported; HR: Hazard ratio.

Child-Pugh B or higher cirrhosis where resection would
have a higher associated mortality. It is indicated in patients with 3 or fewer tumors that are 3 cm or smaller
(Milan criteria)[18]. It has recently been shown to be superior to percutaneous ethanol injection with regards to
survival and local recurrence[19]. It’s equivalence to surgical resection in patients who satisfy the Milan criteria
remains controversial. A prospective randomized trial
and a large retrospective analysis comparing local ablative techniques with surgical resection for patients with
small solitary tumors, stage T1, found no difference in
overall survival between RFA and surgical resection[20-22].
Smaller observational studies have demonstrated similar
results[11]. A meta-analysis comparing RFA to hepatic resection in all subsets of patients found improved 3 and 5
year overall and disease free survival and decreased local
recurrence in patients who underwent hepatic resection[23]. However, in patients with tumors smaller than
3 cm, the overall survival was comparable. In patients
with larger tumors (> 3 cm), the combination of chemoembolization with RFA has been demonstrated to be
superior to RFA alone in improving survival[24,25]. This
is based on the hypothesis that RFA results in a zone
of inflammation that can then be strategically used for
targeted delivery of chemotherapeutic agents via chemoembolization.
The majority of the literature regarding hepatic meta
stases comes from single arm, retrospective or prospective studies evaluating RFA for treatment of unresectable
colorectal metastases. In such studies, hepatic resection
is superior to both RFA alone or combination of RFA
with hepatic resection in regards to local recurrence and
overall survival[26]. However, during open resection, ad-
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ditional tumors may be detected on the liver surface or
deep metastases may be seen with intra-operative US.
These additional lesions can be resected or treated with
intra-operative RFA. Randomized control trials directly
comparing RFA to hepatic resection for resectable disease have yet to be performed.
There is considerable overlapping variability in the 5
year survival and the local recurrence rates due to differences in definition of local recurrence, inclusion criteria
for unresectability, extent of extrahepatic disease, and patient and tumor characteristics between the studies. Local
recurrence rates varied between 9% and 40% and 5 year
overall survival varied between 18% and 30% (Table 2).
The best outcomes were in patients with solitary tumors
less than 3 cm and slightly less in patients with 3 or fewer
tumors less than 3 cm[27]. Local recurrence was significantly larger in patients with tumors between 3-5 cm[20].
Retrospective studies comparing hepatic resection to RFA
for patients who were potentially resectable but poor
candidates for surgery due to co-morbidities or refusal,
demonstrated decreased local recurrence and improved
overall survival with hepatic resection[28]. Therefore it is
evident that surgical resection remains the gold standard;
but for those who are not candidates for surgery, an alternative such as RFA is valuable.
Lung
RFA is increasingly being applied to malignant lung
nodules for local control as well as for palliation as its
feasibility and efficacy is becoming more established in
the literature. Surgical resection remains the gold standard for curative treatment of primary lung cancers
and malignant metastasis. However, only about 30% of
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Table 3 Studies involving survival using radiofrequency ablation for primary lung tumors and metastases
Ref.

Mean
tumor
size (cm)

Patients
(tumors)

n

Overall survival

Median local
progression free
interval

40 for NSCLC
24 for Mets

< 3 cm - 15.8 mo 72% for NSCLC1 46% for NSCLC1 30% for NSCLC1
> 3 cm - 6.6 mo 88% for Met1
72% for Mets1
NR for Mets1

1 yr
Ambrogi et al[1] 54 (64)

Kim et al[30]
Simon et al[35]

Chua et al[37]

2.4

8 for RFA 3.66 for RFA All stage Ⅰ NSCLC
NR
14 for SR 3.99 for SR
153 (189)
2.7
75 for stage Ⅰ NSCLC < 3 cm - 45 mo
57 for Mets
> 3 cm - 12 mo
148

4

Complications

Tumor type

108 for CRCM
Other
40 for Mets
33 for NSCLC
73 for Mets

Lencioni et al[61] 106 (183)

3.5

Yan et al[62]

55

2.1

All CRCM

Hiraki et al[63]

20

2.4

All stage Ⅰ NSCLC

11 mo

NR

NR

9 mo

2 yr

3 yr

6 for PTX
1 for chest wall
hematoma
88% for RFA
50% for RFA
25% for RFA
1 for PTX
93% for SR
77% for SR
67% for SR
4 for hemoptysis
78% for NSCLC 57% for NSCLC1 36% for NSCLC1
18 for PTX
70% for Met
54% for Mets1
44% for Mets1
5 for hemoptysis
4 for death
NR
NR
60%
66 for PTX
16 for pleural effusion
1 for vleeding
70% for NSCLC 48% for NSCLC
27 for PTX
89% for CRCM 66% for CRCM
4 for effusion
92% for Other 64% for Other
85%
64%
46%
16 for PTX/
9 requiring drainage
5 for hemoptysis
90%
84%
74%
13 for PTX/
1 requiring drainage

1

Calculated based on Kaplan-Meier survival curves. NR: Not reported; NSCLC: Non-small cell lung cancer; CRCM: Colorectal cancer metastasis; Mets:
Other tumor metastases; PTX: Pneumothorax; SR: Surgical resection; RFA: Radiofrequency ablation.

patients with primary lung cancer are eligible for surgery
at the time of diagnosis due to poor functional status
and chronic obstructive pulmonary disease[29]. In patients
with pulmonary metastasis, multiple lesions and advanced stage usually precludes curative surgical resection.
Currently, there is insufficient evidence to prove that
RFA is comparable to surgical resection. There are currently no prospective randomized controlled trials comparing RFA with standard surgical treatment options in
patients with malignant lung nodules. Data is limited to
case series with differences in number of primary and
secondary lung lesions, criteria for unresectability, number of prior resections, history of prior radiation therapy,
differences in follow-up protocols, and criteria for determining extent of response to RFA treatment.
However, a small matched case series of 22 patients
comparing RFA to resection in patients with stage Ⅰ nonsmall cell lung cancer (NSCLC) demonstrated comparable survival in RFA patients at 1, 2, and 5 years[30]. The
RAPTURE study, a large prospective multicenter single
arm trial, using RFA in patients with early stage NSCLC
or lung metastases demonstrated 1 and 2 year overall survival rates of 70% and 48% respectively in patients with
primary lung tumors, and 89% and 66% 1 and 2 year
overall survival in patients with colorectal metastases. The
cancer specific survival was higher in both groups; 92%
and 73% at 1 and 2 years in the NSCLC cohort and 91%
and 68% in the cohort with colorectal metastases.
The 1, 2, 3 year overall survival for patients with early
stage primary lung cancer treated with RFA varies from
70% to 90%, 48% to 84%, 25% to 74%, respectively (Table 3). This is comparable to the 1, 3, 5 year overall sur-
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vival of patients who undergo lobectomy or segmental
resection for early stage lung cancer[31-34]. In most studies
that compare outcomes based on size of tumor ablated,
patients with tumors smaller than 3 cm had longer median progression free intervals and overall survival[35].
The median procedure related morbidity and mortality are 37.5% and 0% respectively[36]. The majority of
complications from thoracic RFA are minor with the
most frequently encountered being pneumothorax and
pleural effusions (4.5%-61%) and hemoptysis. Others
include pain, fever and pneumonia. Despite the high incidence of pneumothorax, only a minority, 11%, require
pleural drainage[36]. The incidence of pneumothorax increases as the number of lesions ablated[37].
Breast
The role of RFA in breast cancer is still emerging. There
is a growing trend towards breast conservation techniques
that minimize scarring, breast deformity, and improve
overall post procedure cosmesis. Several small single institution studies have established the feasibility of RFA
and outlined potential complications (Table 4). In majority of these studies, RFA was followed by lumpectomy or
mastectomy, either immediately or in a delayed fashion.
The procedure was done under local or general anesthesia depending on whether resection was delayed or followed immediately after RFA, respectively. Response was
assessed by pre- and post-procedural MRI which correlated better with pathologic response than US[38]. HE
staining, immunohistochemistry with CK 18/8, or nicotinamide adenine dinucleotide-diaphorase cell viability
assay were used to assess histopathologic response. There
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Table 4 Studies involving survival using radiofrequency ablation for primary lung tumors and metastases
Ref.
Burak et al[38]
Singletary et al[40]
Oura et al[41]
Khatri et al[64]
Noguchi et al[65]
Fornage et al[66]
Hayashi et al[67]
Izzo et al[68]

Patients

Range tumor
size (cm)

10
29
52
15
10
20
22
26

0.8-1.6
≤ 2.0
0.5-2.0
0.8-1.5
0.5-2.0
0.6-2.0
0.5-2.6
0.7-3.0

Mean tumor
size (cm)
1.2
1.3
1.28
1.1
1.2
0.9 (median)
1.8

Complete coagulation
necrosis n (%)

Resection

Assessment of
cell viability

Complications

9 (90)
25 (86)
52 (100)
13 (93)
10 (100)
21 (100)
19 (86)
25 (96)

Delayed
Immediate
Delayed
Immediate
Immediate
Immediate
Delayed
Immediate

HE CK8/18
HE NADH-diaphorase
NR
HE NADH-diaphorase
HE NADH-diaphorase
HE NADH-diaphorase
HE NADH-diaphorase
HE NADH-diaphorase

None
1 skin burn
1 skin burn
2 skin puckering
None
None
1 skin burn
1 skin burn

NR: Not reported; HE: Hematoxylin and eosin stain; NADH: Nicotinamide adenine dinucleotide.

are several studies that have reported HE staining maybe
inadequate to assess histopathologic response since it
gives a broad spectrum of necrosis and that techniques
that assess cell viability are better[38,39]. Complete coagulative necrosis was achieved in 80%-100% of the patients,
with skin burn being the most common complication in
a very small subset of patients.
Patient selection criteria were strict, including mostly
patients with invasive tumors less than 2 cm in size; a
few studies had a small portion of patient with noninvasive tumors. The presence of extensive intraductal
component was also a relative contraindication to RFA.
In addition, estrogen and progesterone receptor status,
her 2 status, grade, histology, and need for chemotherapy
had to be known prior to RFA since no residual tumor
cells would be available post-procedure if 100% successful. Superficial tumors within 1 cm of the skin are
a relative contraindication as well, due to increased risk
for skin burns. Various strategies to minimize skin burns
have been employed in the studies including cooling the
breast with sterile ice packs and subcutaneous injection
of sterile saline or a high resistance solution to displace
the tumor away from the skin. In addition, preoperative
chemotherapy is a contraindication since it can lead to
an underestimation of tumor size and leave occult foci
of residual carcinoma[40].
There are currently no studies comparing RFA to surgical resection, and no long term studies depicting local
recurrence rates or survival in patients who receive RFA
instead of surgical resection. Very few studies have evaluated RFA as an alternative to surgical resection. Oura et
al[41] reported their experience treating 52 patients, with
a mean tumor size of 1.3 cm (range 0.5-2.0 cm), with
RFA following sentinel node biopsy. There was no localregional or distant recurrence after an average 15-mo
follow-up (range 6-30 mo).
Patient response to RFA has been favorable. Oura
et al[41] retrospectively evaluated cosmetic results, which
were found to be excellent in 43 patients (83%), good in
6 patients (12%) and fair in 3 patients (6%). The authors
found that a major factor leading to poor cosmesis was
mass formation at the site of RFA, especially in women
with small breasts. This can lead to increased patient
anxiety as well.
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Progress in the application of RFA for breast tumors
is at present hampered by our ability to accurately judge
the margin status which is a critical variable in local recurrence rate. Evolution in imaging technology will foster
such advancements. Nonetheless, as more breast cancers
are being diagnosed at a smaller size, a focused imageguided ablation can minimize destruction of normal
breast tissue and thus may positively impact cosmesis.
Kidney
As with other solid tumors, RFA is increasingly being
applied for the therapy for renal tumors as less invasive
and nephron-sparing techniques, including partial nephrectomy and laparoscopic nephrectomy, have proven
to have comparable 5-year and disease-free survival[42].
Currently, RFA as primary treatment for renal malignancy is limited in study to a select group of patients
with early T1a disease or for whom surgical resection is
not an option. These include patients with only one kidney, multifocal disease, Von Hippel Lindau, limited renal
function, elderly patients or patients with comorbidities
that are poor candidates for surgery[8,43-45]. Contraindications include a life expectancy less than one year, the
presence of distant metastases, tumors > 5 cm, or tumors
in the hilum or central collecting system. Studies have
consistently shown 91%-97% complete first ablation success for small (< 3-4 cm), exophytic, peripherally located
tumors (Table 5). This is due to the fact that peripherally
located tumors are surrounded by peri-renal fat that provides insulation, allowing the high temperatures necessary
for successful ablation to be achieved. Conversely, hilar
blood flow creates a heat-sink effect making treatment
of central tumors more challenging. The recurrence free
survival varies from 79%-91% in biopsy proven renal cell
cancers, while the 3 and 5 year cancer specific survival
ranges from 95%-100% in the few long term studies.
Bone tumors and metastatic bone lesions
RFA has been long proven efficacious for the treatment
of osteoid osteomas. It is performed in patients with
typical clinical and radiographic characteristics of an osteoid osteoma (radiolucent nidus surrounded by reactive
sclerosis) for treatment of bone pain. It is successful initially in 73%-98% of patients with 92%-100% secondary
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Table 5 Studies involving survival after radiofrequency ablation for solid renal tumors
Ref.

Patients Method Mean RCC Complete Recurrence
free
first
tumor
(tumors)
survival
ablation
size
n
(cm)

Overall survival (yr)

1

3

5

3

5

95% for RCC

99% for RCC

NR

NR 63% for all3
58% for RCC4

NR

100% for all
100% for RCC

88% at 5 yr NR

NR

66%

NR

NR

91% at 3 yr2 NR

NR

NR

100% for RCC

NR

4 for perinephric hematoma ;
1 for liver burn;
1 for death from pneumonia
2 for pneumothorax no drainage;
2 for ureteral strictures
2 for minor; 3 for major

2.4

79%

97%

90% at 3 yr2 99%1 93%1

2.1

58%

91%

80% at 5 yr2 NR

Zagoria
et al[71]
Stern
et al[72]

P

2.6

100%

NR

P, L

2.4

81%

97%

40

Complications

85%

Tracy
208 (243) P, L, O
et al[69]
Levinson 31 (34)
P, L
et al[70]
41 (48)

Cancer specific survival (yr)

1

Calculated based on Kaplan-Meier curve and life table; 2In biopsy proven renal cell carcinoma (RCC); 380 mo overall survival; 457 mo overall survival. P, L, O:
Percutaneous, laparoscopic, open; NR: Not reported.

success rates and majority of patients experiencing pain
relief within the first 1-2 wk of treatment[46-49]. Complication rates are minimal with skin necrosis and burns
being the most common. It has been demonstrated to be
comparable to surgical resection with regards to recurrence[50]. RFA has also been described in case reports for
the treatment of other benign bone tumors.
More recently, RFA has been applied as a palliative
modality for the treatment of painful metastatic bone lesions. External beam radiation remains the gold standard
for treatment of localized bone pain from a metastatic
focus. However, 20%-30% of patients don’t respond
and are recalcitrant to pharmacotherapy[51,52]. In addition, patients previously irradiated at a recurrent site,
may not be eligible for repeat radiation therapy. Ninety
percent to ninety-five percent of patients treated with
RFA experience a clinically significant reduction in pain
that can been seen within the first week of treatment
lasting up to 24 wk[52,53]. Complication rates are minimal
and can vary from bleeding, pathologic fractures, skin
and muscle burns and damage to adjacent neurovascular
structures[46].

factor in determining who will most likely benefit.
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PROGRESS IN DIGESTIVE SYSTEM NEOPLASMS

Primary hepatocellular carcinoma and metabolic syndrome:
An update
Rubayat Rahman, Ghassan M Hammoud, Ashraf A Almashhrawi, Khulood T Ahmed, Jamal A Ibdah
ciation with obesity, diabetes mellitus, hyperlipidemia,
and hypertension. Current understanding of pathophysiology, clinical features, treatments, outcomes,
and surveillance of hepatocellular carcinoma in the
background of metabolic syndrome and non-alcoholic
fatty liver disease is reviewed. With the current epidemic of metabolic syndrome, the number of patients
with non-alcoholic fatty liver disease is increasing.
Subsequently, it is expected that the incidence and
prevalence of HCC will also increase. It is very important for the scientific community to shed more light
on the pathogenesis of HCC with metabolic syndrome,
both with and without cirrhosis. At the same time it
is also important to quantify the risk of hepatocellular
carcinoma associated with the metabolic syndrome in
a prospective setting and develop surveillance recommendations for detection of hepatocellular carcinoma
in patients with metabolic syndrome.
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Abstract
Hepatocellular carcinoma (HCC) is the most common
primary liver malignancy. The incidence of hepatocellular carcinoma has increased dramatically by 80% over
the past two decades in the United States. Numerous
basic science and clinical studies have documented a
strong association between hepatocellular carcinoma
and the metabolic syndrome. These studies have documented that, in most patients, non-alcoholic fatty liver
disease is the hepatic manifestation of the metabolic
syndrome, which may progress to hepatocellular carcinoma through the cirrhotic process. However, minority
of patients with non-alcoholic fatty liver disease may
progress to hepatocellular carcinoma without cirrhosis.
This review summarizes the current literature of the
link between hepatocellular carcinoma and metabolic
syndrome with special emphasis on various components of the metabolic syndrome including risk of asso-
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Core tip: Hepatocellular carcinoma is a common malignancy with dismal outcome. The metabolic syndrome
has been implicated for the recent increase in hepatocellular carcinoma. Numerous studies have shown a
strong association between hepatocellular carcinoma
and the metabolic syndrome. This review summarizes
the current literature linking hepatocellular carcinoma
and the metabolic syndrome.
Original sources: Rahman R, Hammoud GM, Almashhrawi
AA, Ahmed KT, Ibdah JA. Primary hepatocellular carcinoma
and metabolic syndrome: An update. World J Gastrointest Oncol
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similar outcomes across the world[13].
In the United States, the average age of diagnosis
for HCC is 63 years (62 years for males, and 69 years for
females). The age-adjusted incidence rate is 7.7/100000
per year. The age-adjusted death rate from HCC is
5.5/100000 per year. It is estimated that the median age
at death for HCC is 68 years of age. However, gender,
race and ethnic disparities exist in the incidence and
mortality rates of HCC in the United States. Table 1
summarizes the incidence and mortality rates of HCC
according to race, ethnicity and gender based on cases
diagnosed in 2006-2010 from 18 Surveillance Epidemiology and End Results (SEER) geographic areas[14,15].
The Centers for Disease Control and Prevention (CDC)
examined all HCC cases (48596) diagnosed during
2001-2006 that were reported to the National Program
of Cancer Registries (NPCR) or SEER from 45 cancer
registries (covering 90.4% of the United States population). As shown in Table 2[16], the data document that
the incidence rate of HCC is on the rise in both genders.
During this period, the annual percentage change (APC)
for males (3.6%) was significantly higher than the APC
for females (2.3%). The largest significant increase in
HCC incidence rates were among Non-Hispanic Whites
(APC = 3.8%), African American (APC = 4.8%), and
persons aged 50-59 years (APC = 9.1%)[16].

INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common
primary liver malignancy with increasing incidence and
prevalence both nationally and internationally that was
evident more than a decade ago[1]. According to International Agency for Research on Cancer (IARC), HCC
has high fatality worldwide with overall ratio of mortality to incidence of 0.93[2]. The incidence of HCC has
increased dramatically by 80% in the last two decades in
the United States[3]. This phenomenon was also observed
in many of the developed countries of the world[4]. The
trend of increased incidence of HCC from hepatitis C
virus is predicted to plateau by 2020 with no significant
changes of other known causes[5]. Most of the high risk
entities of HCC including hepatitis B virus, hepatitis C
virus, and alcohol are well defined. However, 5%-30%
of the HCC cases do not have any identifiable risk factor[6]. Moreover, some studies have indicated that even
up to 50% cases of HCC may not have any readily identifiable risk factor[7,8]. The majority of these “cryptogenic”
HCC in the United States and many other developed
countries are now widely attributed to the metabolic syndrome, specially its hepatic manifestation non-alcoholic
fatty liver disease (NAFLD)[9].
Metabolic syndrome (MetS), a cluster of metabolic
abnormalities is now considered a major public health
issue worldwide. It is particularly important in the
developed countries because of the alarming obesity
epidemic. MetS is also considered to be the central association of the current epidemic of diabetes and cardiovascular diseases[10]. It is estimated that 25% of the
United States population meet the diagnostic criteria of
MetS[11]. According to the Third National Health and
Nutrition Examination Survey (NHANES Ⅲ) criteria,
about 47 million people have metabolic syndrome in the
United States and the number is increasing at an alarming rate[12]. In the background of increasing “cryptogenic”
HCC, MetS and NAFLD, it is important to review the
relationship between HCC and the MetS.

METABOLIC SYNDROME
The World Health Organization (WHO) was the first to
identify MetS as a global problem and took initiative to
propose a definition and diagnostic criteria. The WHO
used insulin resistance (IR) as the major criteria for defining the MetS. However, in clinical practice it was difficult to quantify or qualify insulin resistance across the
world[17]. Subsequently in 2001, the National Cholesterol
Education Program expert panel on the detection, evaluation and treatment of high blood cholesterol in adults
(Adult Treatment Panel Ⅲ or ATP Ⅲ) defined the metabolic syndrome by the presence of three parameters of
the following criteria: hyperglycemia, hypertriglyceridemia, low HDL, abdominal obesity and hypertension[18].
Recently, the International Diabetes Federation (IDF)
adopted a definition with emphasis on central obesity in
MetS such that central obesity plus two additional factors are required in order to diagnose the MetS[19]. Table
3 summarizes the criteria used to define the metabolic
syndrome over time.
The prevalence of MetS varies worldwide depending
on the geographic location, socioeconomic background,
culture and ethnicity. It is estimated that the prevalence
of MetS is about 14% in China, 26% in South Asia, 19%
in Australia, 9% in France and 18% in Italy. Although
prevalence of obesity as defined by the WHO is relatively low in Asia compared to western countries, metabolic
syndrome is growing into a significant public health
problem. Comparative studies indicate that metabolic

EPIDEMIOLOGY OF HCC
Worldwide, HCC is the fifth most common cancer in
men and the seventh most common cancer in women
according to the IARC. Most of the disease burden of
HCC resides in developing countries such as East Asia,
South East Asia, and sub-Saharan Africa, where almost
85% of the cases occur. The overall gender ratio of
male: female is 2.4. Low incidence rates are estimated
in developed countries, with the exception of Southern
Europe where the incidence in men is significantly higher than in other developed regions. Worldwide, there was
an estimated 694000 deaths from HCC in 2008 (477000
in men, 217000 in women), making it the third most
common cause of death from cancer. The geographical distribution of HCC mortality rates is similar to that
observed for the incidence rates indicating more or less
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Table 2 Changes in incidence rate of hepatocellular carcinoma from 2001 to 2006

Table 1 Incidence and mortality rates of hepatocellular
carcinoma according to race/ethnicity and gender, reported
in Surveillance Epidemiology and End Results database
2006-2010

Incidence rate/100000
Overall
Male
Female

Race/Ethnicity

Incidence rate per Mortality rate per
100000
100000
Male
Female
Male
Female
All races
11.9
4.0
8.3
3.4
Non-Hispanic White
10.4
3.5
7.6
3.2
African American
15.1
4.5
11.8
4.1
Hispanics
18.3
6.9
12.3
5.4
Asian/Pacific Islander
21.4
8.2
14.4
6.0
American Indian/Alaska Native
20.6
7.7
13.2
6.1

2006

2.7
4.5
1.2

3.2
5.4
1.4

and now well established, that the MetS is contributing
to the development of HCC. With the current rising
epidemic of obesity and MetS in the general population,
it is established that MetS is responsible for HCC cases
with unaccounted association [26]. The prevalence of
MetS is paralleling the epidemic of obesity in the United
States. Obesity and MetS are well documented risks factors associated with NAFLD, a metabolic hepatic disorder that can progress to nonalcoholic steatohepatitis
(NASH) and fibrosis. A subset of aggressive NAFLD
can lead to cirrhosis and HCC. Worldwide, it is estimated that there are 400 million obese individuals, among
whom 75% have NAFLD. Up to 20% have NASH and
over 5-10 years, 33% of whom will develop cirrhosis[27,28]. In another study, among patients with NAFLD
followed for a mean of 8 years, the occurrence of cirrhosis was 20% and the incidence of HCC was 1%[29]. It
is estimated that the prevalence of NAFLD is 3-10 times
higher than the prevalence of hepatitis C virus (HCV)
in the United States ranging from 5.5% to 31% [30,31].
Besides being the most rapidly increasing cause of cancer death in the United States, the economic burden of
HCC is also enormous with an estimated cost of more
than 437 million dollars per year[32]. It is very imperative
for the medical care providers to appreciate the association of MetS and HCC with appropriate surveillance for
the high risk population groups.

responses to obesity may be greater in South and East
Asians than their western counterparts at given body
mass indexes (BMI)[10,20].
The prevalence of MetS was evaluated in adults in
the United States participating in the third National
Health and Nutrition Examination Survey (NHANES
Ⅲ, 1988 to 1994). The overall prevalence was 22%, with
an age-dependent increase (6.7, 43.5, and 42.0% for ages
20 to 29, 60 to 69, and > 70 years, respectively)[12]. Data
from NHANES 1999 to 2000 demonstrate that the prevalence has continued to increase, particularly in women.
The unrelenting increase in the prevalence of obesity in
the United States suggests that the current prevalence of
the metabolic syndrome is now very likely higher than
that estimated from 1988-1994 NHANES Ⅲdata[11]. According to CDC in 2008, the obesity rate among adult
Americans was estimated at 32.2% for men and 35.5%
for women; these rates were roughly confirmed again for
2009-2010. Recent data indicate that 34% of the adult in
the United States met the criteria for MetS and the rate
of increment was equal in both sexes[21]. This rapidly
increasing prevalence of obesity among adults in the
United States will lead to even higher rates of the MetS
now and in the near future [22]. Study has shown that
susceptibility to obesity cannot simply be attributed to
the combination of genetic and environmental factors,
but can also be triggered by influences on a baby’s development during intrauterine period, including mother’
s dietary habit. A mother’s nutrition while pregnant can
cause important epigenetic changes that contribute to
her offspring’s risk of obesity during childhood[23].

HEPATOCELLULAR CARCINOMA RISK
FACTORS ASSOCIATED WITH THE METABOLIC SYNDROME
Obesity
Many malignancies have been directly or indirectly associated with obesity and HCC is among these established
malignancies[33,34]. Meta-analysis of 11 studies conducted
in United States, Europe and Asia demonstrated that
both overweight (RR = 1.07, 95%CI: 1.01-1.15) and obesity (RR = 1.85, 95%CI: 1.44-2.37) were associated with
development of HCC[35]. Even in patients with chronic
HBV and HCV, coexisting obesity has been associated
with increased risk for HCC by more than 100-fold[36].
A Large prospective trial showed that obesity has influenced disease progression, and increased weight is associated with overall cancer mortality. In a prospective
study of United States adults, BMI > 35 kg/m2 negatively impacted overall mortality from HCC with a relative risk (RR) of 1.68 times in women and 4.52 times in
men. This was the highest for any malignancy analyzed

HEPATOCELLULAR CARCINOMA AND
THE METABOLIC SYNDROME
HCC is one of the most common malignancies in the
world, with more than 500000 new cases per year [24].
Data from SEER which covers 28% of the United States
population, reported a total of 4032 cases of HCC in
2001. This number increased by 27% to 5122 in 2005
and by 60% to 6464 in 2009[14]. It is predicted that the
total number of HCC will continue to increase in the future[25]. Since the association is not readily identifiable in
a significant percentage of HCC cases, it was postulated,
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Table 3 Criteria used to define the metabolic syndrome
Diagnostic criterion

WHO (1999)

Abdominal obesity

BMI - Waist/hip ratio > 0.9 (men) or
> 0.85 (women) or BMI ≥ 30 kg/m2
≥ 140/90 mmHg

ATP (2005)

IDF (2006)

Central - Waist ≥ 102 cm (men)
Central - Waist ≥ 102 cm
or ≥ 88 cm (women)
(men) or ≥ 88 cm (women)
≥ 130/85 mmHg
≥ 130/85 mmHg or drug
Hypertension
or drug treatment for hypertension
treatment for hypertension
≥ 5.6 mol/L
≥ 6.1 mol/L
Fasting glucose
IPG/HOMA
≥ 1.7 mmol/L (150 mg/dL) or drug
≥ 1.7 mmol/L (150 mg/dL) or drug
Hypertriglyceridemia ≥ 1.7 mmol/L (150 mg/dL) or drug
treatment for elevated triglycerides
treatment for elevated triglycerides
treatment for elevated triglycerides
Low HDL cholesterol
Not used
< 1.0 mmol/L (40 mg/dL) (men); < 1.3 mmol/L (50 < 1.0 mmol/L (40 mg/dL) (men); < 1.3
mg/dL) (women) or drug treatment for low HDL mmol/L (50 mg/dL) (women) or drug
treatment for low HDL
Micro albuminuria
Used
Not used
Not used
ATP: Adult Treatment Panel; BMI: Body mass index; HDL: High-density lipoprotein; IDF: International Diabetes Federation; IPG/HOMA: Impaired plasma glucose/homeostatic model assessment; WHO: World Health Organization.

in the study[37]. Comparable conclusions were drawn in
both Danish and Korean studies analyzing large cohorts
of obese patients [38,39]. SEER-Medicare data analysis
from 1993 to 2005 showed that adjusted odd ratio (OR)
of obesity for HCC was 1.93 (95%CI: 1.71-2.18, P <
0.0001)[40]. The Metabolic Syndrome and Cancer Project
(Me-Can) from Norway, Sweden and Austria examining
578700 subjects showed RR of 1.39 (95%CI: 1.24-1.58)
for obesity in the development of HCC[25]. Obesity is
also an independent predictor of HCC in obese transplanted patients (4% vs 3.4%)[34].
Moreover, in a large retrospective cohort of 342 consecutive patients who underwent liver transplantation for
hepatocellular carcinoma, BMI was found to be an independent predictor of micro vascular invasion[41]. Nonetheless, review of the United Network of Organ Sharing
database on all liver transplantations performed in the
United States, showed that obesity was an independent
predictor of HCC in patients with alcoholic cirrhosis
and cryptogenic cirrhosis, but not for those with cirrhosis of other associations[34].

with 615532 DM patients and 614871 controls, the overall hazard rate for the development of HCC in males
and females was 32.76 and 17.41 per 10000 patientsyears, respectively. Furthermore, in a recent Italian casecontrol study including 185 HCC cases and 404 controls,
diabetes and obesity were positively associated with
HCC risk, with ORs of 4.33 (95%CI: 1.89-9.86) and 1.97
(95%CI: 1.03-3.79), respectively[48]. DM with cirrhosis
demonstrated the highest risk of HCC development (RR
= 82.25, 95%CI: 76.84-94.58)[49]. SEER-Medicare data
analysis from 1993 to 2005 showed that adjusted OR of
DM for HCC was 2.9 (95%CI: 2.71-3.1, P < 0.0001)[40].
The Me-Can from Norway, Sweden and Austria examining 578700 subjects showed RR of 2.13 (95%CI:
1.55-2.94) for DM in the development of HCC[25].
Hyperlipidemia
Hyperlipidemia is an integral part of the MetS. Although
there have been several studies examining the association of HCC with MetS, only few studies reported the
association of HCC with hyperlipidemia individually.
Hyperlipidemia, in many instances is closely related with
the central mechanism of insulin resistance in MetS.
SEER-Medicare data analysis from 1993 to 2005 showed
that adjusted OR of dyslipoproteinemia for HCC was
1.35 (95%CI: 1.26-2.45, P < 0.0001)[40]. The Me-Can
from Norway, Sweden and Austria examining 578700
subjects showed RR of 0.85 (95%CI: 0.65-1.10) in the
development of HCC[25]. Although not well understood,
this discrepancy between Me-Can study[25] and SEERMedicare data analysis[40] could be secondary to the short
follow up period in the Me-Can study.

Diabetes mellitus
Diabetes mellitus (DM) is an independent risk factor
for the development of HCC. Analysis of 2061 patients
with HCC showed a significant increase in the development of HCC (OR 2.87, 95%CI: 2.49-3.3) in the
background of DM regardless of the presence of other
risk factors. There was a significant positive interaction
between obesity and HCV (P < 0.0001) for HCC [42].
Multiple European studies showed RR of 4.5 of HCC
in male patients, with a lower, but still significant RR of
1.86 in female patients with DM[43-45]. Moreover, a large
longitudinal study analyzing 173643 DM and 650620
non-DM controls over a period of 10- to 15-year revealed a RR of 2. This risk estimation even persisted after exclusion of the patients with viral hepatitis, alcohol
use, or fatty liver disease[46]. DM was established as an
independent risk factor for the development of HCC in
12 cohort studies after adjustment for infectious and alcoholic associations[47]. In a large population based study

WCG|www.wjgnet.com

Hypertension
Similar to hyperlipidemia, hypertension is one of the
parameters of the metabolic syndrome. Very few studies
examined the individual association of HCC with hypertension. SEER-Medicare data analysis from 1993 to 2005
showed that adjusted OR of hypertension for HCC was
2.22 (95%CI: 2.04-2.42, P < 0.0001)[40]. In a study from
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Table 4 Association of different components of metabolic syndrome and the development of hepatocellular carcinoma
Author

Type of Study

Risk Parameter

Obesity

Larsson et al[35]
Calle et al[37]

Meta analysis
Prospective

RR
RR

Welzel et al[40]
Borena et al[25]
Turati et al[48]
Davila et al[42]
Lagiou et al[43]

Retrospective
Prospective
Retrospective
Retrospective
Prospective

OR
RR
OR
OR
RR

1.85
4.52 (Male)
1.68 (Female)
1.93
1.39
1.97

Prospective
Prospective

RR
RR

El-Serag et al[46]
Tomimaru et al[55]

DM

Hyperlipidemia

HTN

2.9
2.13
4.33
2.87
4.5 (Male)
1.86 (Female)
2
82.2 (with cirrhosis)

1.35
0.85

2.2
2.08

RR: Relative risk; OR: Odd ratio; DM: Diabetes mellitus; HTN: Hypertension.

Genes: IRS-1, TNF-α,
PPAR, P13-K

cytokines, inhibition of anti-inflammatory cytokines and
lipotoxicity collectively promote and propagate both
systemic and hepatic insulin resistance, leading to hyperinsulinemia[52]. Multiple mechanisms have been proposed
that may work simultaneously and complementary to each
other to provide a tumor promoting environment in MetS.
This may distinguish the pathogenesis of HCC related to
NAFLD from that of infectious and alcoholic associations[53,54]. Hyperinsulinemia results in increased insulin
growth factor-1 (IGF-1) which has important proliferative
and antiapoptotic effects. IGF-1 promotes angiogenesis
through increased vascular endothelial growth factor production, which in turn leads to cancer cell proliferation.
Upregulation in IGF-1/IRS1 pathway has been shown to
contribute to the pathogenesis of HCC[55]. Likewise, peroxisome proliferator-activated receptors (PPARs) regulate
a network of genes encoding protein involved in fatty
acids uptake, enzymes required for the β-oxidation of
fatty acids, and enzymes required for ketogenesis. PPARs
play an important role in fatty liver, and its involvement in
carcinogenesis has been clarified. Abnormal stimulation
of PPAR-α has been shown to induce HCC in animal
models[56].
Expansion of adipose tissue in obesity may lead to
release of pro-inflammatory cytokines. Visceral fat accumulation has been shown to be an independent risk
factor for HCC recurrence after curative treatment[57].
Further, Interleukin-6 (IL-6) has been linked to obesityassociated inflammatory response such that it activates
STAT3 potentiating cell proliferation and anti-apoptotic
mechanisms. Tumor necrosis factor (TNF) activates prooncogenic pathways including JNK, NF-kB, mTOR, and
the extracellular signal-regulated kinases[58,59]. In experimental models, both TNF and IL-6 strongly promote
HCC growth induced by diethyl nitrosamine in mice.
Both dietary and genetic obesity promote liver inflammation and tumorigenesis by enhancing IL-6 and TNF
expression[60].
Adiponectin (an anti-inflammatory cytokine) is expressed at reduced levels in MetS and NAFLD, which
may not sufficient to suppress endotoxin-mediated inflammatory signaling. On the other hand, high circulating levels of leptin in NAFLD exert pro-inflammatory

Life style
Obesity

Insulin resistance

High FFA flux

Hyperglycemia

Hyperinsulinemia

Fat accumulation

Oxidative stress

Pro-fibrotic activities

Fatty liver

NASH

Hepatocellular carcinoma

Figure 1 Pathogenesis of hepatocellular carcinoma in the background
of metabolic syndrome. PPAR: Peroxisome proliferator-activated receptors;
NASH: Nonalcoholic steatohepatitis; FFA: Free fatty acid; IRS-1: Insulin receptor substrate 1; TNF-α: Tumor necrosis factor α.

a single center, among 209 NBNC-HCC patients, 38%
had hypertension, and 11% had hyperlipidemia[50]. The
Me-Can from Norway, Sweden and Austria examining
578700 subjects showed RR of 2.08 (95%CI: 0.95-4.73)
for hypertension in the development of HCC[25].

PATHOPHYSIOLOGY OF HEPATOCELLULAR CARCINOMA ASSOCIATED WITH
THE METABOLIC SYNDROME
Hepatocellular carcinoma generally arises in the background of cirrhosis (Figure 1). Factors that are associated
with development of the metabolic syndrome and HCC
maybe inherently linked (Table 4). It is well postulated and
established that insulin resistance is the principal dominator that links all the components of MetS. Insulin resistance exerts a major role in the development of NAFLD
even in lean subjects with appropriate glycemic control[51].
Insulin resistance leads to fat accumulation in the hepatocytes by lipolysis and hyperinsulinemia. Aberrant
adipose tissue accumulation, release of pro-inflammatory
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and pro-fibrogenic effects in NAFLD[61-63]. In addition,
there is evidence that lipid peroxides and free radicals
are elevated in MetS, which may cause oxidative injury,
endoplasmic reticulum stress, mitochondrial dysfunction,
and apoptosis[64].

death, or liver transplantation. The 5-year HCC development was lower in the group receiving metformin than
in the group without metformin (9.5% vs 32.1%; P =
0.001). Multivariate analysis showed that metformin
treatment was independently associated with decreased
HCC development (HR = 0.19; P = 0.023) and liverrelated death or transplantation in those patients (HR
= 0.22; P = 0.049)[74]. Several other studies also demonstrated that the use of insulin-sensitizing agents in
diabetes may reduce the risk of HCC development[75-77].
The role of rosuvastatin and ursodeoxycholic acid in the
treatment of NASH or NAFLD and in prevention of
NASH or NAFLD associated HCC is well studied[78,79].
A recent systematic review and meta-analysis showed a
50% reduction in HCC incidence with metformin use
(OR = 0.50, 95%CI: 0.34-0.73). However, thiazolidinediones did not modify the risk of HCC (OR = 0.54,
95%CI: 0.28-1.02)[80]. Moreover, post-hoc analysis of
randomized controlled trials did not reveal any significant association between antidiabetic medication use and
risk of HCC although there was considerable heterogeneity across studies[80].

CLINICAL FEATURES OF HCC IN THE
BACKGROUND OF METABOLIC SYNDROME
NAFLD leading to cirrhosis can predispose to HCC.
There are several reports that patients may even develop HCC from steatosis without cirrhosis. However,
the degree of developing HCC from NAFLD is less in
comparison to infectious and alcoholic associations[65].
Patients who develop HCC in the background of MetS
are predominantly males. The average age of diagnosis is older than HCC secondary to other causes; and
HCC secondary to NAFLD is generally well differentiated with early stages at diagnosis[53]. An analysis of 87
Japanese patients with HCC in the background of MetS
showed a median age of 72 years, and the male patients
appear to develop HCC at a less-advanced stage of liver
fibrosis[66]. Similar results were also confirmed by another
Japanese study[67]. Male predominance, older age at diagnosis, and early stages were also found in a prospective
study comparing 34 NASH cases with HCC with 348
NASH patients without HCC[68]. A recent study from
China examined 169 patients with NAFLD associated
HCC. The result showed 73% male predominance with
average age of diagnosis of 67 years, 99% had at least
one component of MetS, 76% with solitary nodule (mean
3.4 cm) and most of the patients were well or moderately differentiated. In more than 40% patients, HCC
developed in the absence of cirrhosis[69]. Comparable
results were reported by different studies with different
population groups[70-72].

SURVEILLANCE FOR HCC IN METABOLIC
SYNDROME
HCC still remains one of the malignancies with higher
mortality ratio[2]. With better imaging studies, improvement
of surgical techniques, and targeted therapy, the prognosis
for early stage HCC is improving. But for advanced HCC
the prognosis still remains poor. There are well established
recommendations for surveillance of the patients with
infectious risk factors and cirrhosis for HCC[81]. Evidence
on metabolic syndrome as a risk factor for development
of HCC, especially in the background of DM and obesity, is growing rapidly. With the ongoing epidemic of
obesity, increased number of patients with DM, and the
overall increase in the incidence and prevalence of MetS,
it is imperative to identify the high risk groups for the development of HCC with MetS and provide appropriate
surveillance strategies. The patients, who develop cirrhosis
in the background of NAFLD, may be under surveillance
as per current recommendations. But the question remains
whether surveillance in patients who have NAFLD, without
evidence of cirrhosis, is appropriate.
Most of the time, NAFLD will progress to cirrhosis
before the development of HCC. But in a very small
number of cases, it may progress to HCC without cirrhosis in the background of MetS. With about one third
(34%) of the United States adult population meeting
the criteria of MetS, surveillance for HCC may cause a
significant health related economic issue in this regard[22].
But nevertheless, there should be an urgent and collaborative process to resolve this issue in the near future.

TREATMENT AND OUTCOMES OF HCC
IN THE BACKGROUND OF METABOLIC
SYNDROME
Unfortunately there is no specific recommendation for
treatment of HCC developing in the background of
MetS. It is thought that HCC secondary to MetS may
have better prognosis than its other counterparts partly
because of early diagnosis with favorable prognostic
markers. Because of lack of specific guidelines at present, HCC secondary to MetS are treated like HCC from
other major associations. Insulin-sensitizing therapy may
also improve the outcome of HCC. Metformin therapy
is associated with lower mortality in diabetic patients
with early stage HCC after radiofrequency ablation[73]. In
another study, 100 diabetic patients with hepatitis C virus
and cirrhosis were prospectively followed for 2.3-8.3 years
and evaluated for the development of HCC, liver-related
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The associations of HCC have been identified in great
details. With the recent increase in the incidence of
HCC without any indefinable causes, major efforts have
been undertaken to identify more causative factors. The
metabolic syndrome, especially with obesity and DM,
has been implicated for the recent increase in HCC. Numerous basic science and clinical studies have shown a
strong association between HCC and the metabolic syndrome. These studies have documented that NAFLD, to
a large extent, is the hepatic manifestation of MetS and
may progress to HCC through the cirrhotic process. It
has also been shown that in a very small fraction of patients with NAFLD, HCC may develop without evidence
of cirrhosis.
With the current epidemic of MetS, the number of
patients with obesity and DM is increasing. Subsequently,
it is expected that the incidence and prevalence of HCC
will also increase. It is very important for the scientific
community to shed more light on the pathogenesis of
HCC with MetS, both with and without cirrhosis. At
the same time it is also important to quantify the risk of
HCC associated with the MetS in prospective setting and
develop surveillance recommendations to detect HCC
for patients with MetS.

12

13
14
15
16

17

18

REFERENCES
1
2
3

4

5

6

7
8

9
10
11

19

El-Serag HB, Mason AC. Rising incidence of hepatocellular
carcinoma in the United States. N Engl J Med 1999; 340: 745-750
[PMID: 10072408 DOI: 10.1056/NEJM199903113401001]
International Agency for Research on Cancer. GLOBOCAN 2008. Available from: URL: http://globocan.iarc.fr
Gomaa AI, Khan SA, Toledano MB, Waked I, TaylorRobinson SD. Hepatocellular carcinoma: epidemiology,
risk factors and pathogenesis. World J Gastroenterol 2008; 14:
4300-4308 [PMID: 18666317 DOI: 10.3748/wjg.14.4300]
Salomao M, Remotti H, Vaughan R, Siegel AB, Lefkowitch
JH, Moreira RK. The steatohepatitic variant of hepatocellular carcinoma and its association with underlying steatohepatitis. Hum Pathol 2012; 43: 737-746 [PMID: 22018903
DOI: 10.1016/j.humpath.2011.07.005]
Charlton M, Angulo P, Chalasani N, Merriman R, Viker K,
Charatcharoenwitthaya P, Sanderson S, Gawrieh S, Krishnan A, Lindor K. Low circulating levels of dehydroepiandrosterone in histologically advanced nonalcoholic fatty
liver disease. Hepatology 2008; 47: 484-492 [PMID: 18220286]
Siegel AB, Zhu AX. Metabolic syndrome and hepatocellular carcinoma: two growing epidemics with a potential link.
Cancer 2009; 115: 5651-5661 [PMID: 19834957 DOI: 10.1002/
cncr.24687]
Bosch FX, Ribes J, Cléries R, Díaz M. Epidemiology of hepatocellular carcinoma. Clin Liver Dis 2005; 9: 191-211, v [PMID:
15831268 DOI: 10.1016/j.cld.2004.12.009]
El-Serag HB, Rudolph KL. Hepatocellular carcinoma:
epidemiology and molecular carcinogenesis. Gastroenterology 2007; 132: 2557-2576 [PMID: 17570226 DOI: 10.1053/
j.gastro.2007.04.061]
Adams LA, Lindor KD. Nonalcoholic fatty liver disease.
Ann Epidemiol 2007; 17: 863-869 [PMID: 17728149 DOI:
10.1016/j.annepidem.2007.05.013]
McCullough AJ. Epidemiology of the metabolic syndrome
in the USA. J Dig Dis 2011; 12: 333-340 [PMID: 21091931
DOI: 10.1111/j.1751-2980.2010.00469.x]
Ford ES, Giles WH, Mokdad AH. Increasing prevalence of
the metabolic syndrome among u.s. Adults. Diabetes Care

WCG|www.wjgnet.com

20

21

22

23

24
25

26

27

967

2004; 27: 2444-2449 [PMID: 15451914 DOI: 10.2337/diacare.27.10.2444]
Ford ES, Giles WH, Dietz WH. Prevalence of the metabolic
syndrome among US adults: findings from the third National Health and Nutrition Examination Survey. JAMA 2002;
287: 356-359 [PMID: 11790215 DOI: 10.1001/jama.287.3.356]
International Agency for Research on Cancer. Cited
2013-01-07. Available from: URL: http://globocan.iarc.fr/
factsheet.asp
National Cancer Institute. SEER Stat Fact Sheets: Liver and
Intrahepatic Bile Duct. Available from: URL: http://seer.
cancer.gov/statfacts/html/livibd.html
Parkin DM, Bray F, Ferlay J, Pisani P. Global cancer statistics, 2002. CA Cancer J Clin 2005; 55: 74-108 [PMID: 15761078
DOI: 10.3322/canjclin.55.2.74]
Morbidity and Mortality Weekly Report (MMWR). Hepatocellular Carcinoma - United States, 2001-2006. Cited
2013-02-02. Available from: URL: http://www.cdc.gov/
mmwr/preview/mmwrhtml/mm5917a3.htm
Alberti KG, Zimmet PZ. Definition, diagnosis and classification of diabetes mellitus and its complications. Part 1:
diagnosis and classification of diabetes mellitus provisional
report of a WHO consultation. Diabet Med 1998; 15: 539-553
[PMID: 9686693]
Expert Panel on Detection, Evaluation, and Treatment of
High Blood Cholesterol in Adults. Executive Summary of
The Third Report of The National Cholesterol Education
Program (NCEP) Expert Panel on Detection, Evaluation,
And Treatment of High Blood Cholesterol In Adults (Adult
Treatment Panel Ⅲ). JAMA 2001; 285: 2486-2497 [PMID:
11368702 DOI: 10.1001/jama.285.19.2486]
Alberti KG, Zimmet P, Shaw J. Metabolic syndrome--a new
world-wide definition. A Consensus Statement from the International Diabetes Federation. Diabet Med 2006; 23: 469-480
[PMID: 16681555 DOI: 10.1111/j.1464-5491.2006.01858.x]
Gu D, Reynolds K, Wu X, Chen J, Duan X, Reynolds RF,
Whelton PK, He J. Prevalence of the metabolic syndrome and
overweight among adults in China. Lancet 2005; 365: 1398-1405
[PMID: 15836888 DOI: 10.1016/S0140-6736(05)66375-1]
Ervin RB. Prevalence of metabolic syndrome among adults
20 years of age and over, by sex, age, race and ethnicity, and
body mass index: United States, 2003-2006. Natl Health Stat
Report 2009; (13): 1-7 [PMID: 19634296]
Mokdad AH, Serdula MK, Dietz WH, Bowman BA, Marks
JS, Koplan JP. The spread of the obesity epidemic in the
United States, 1991-1998. JAMA 1999; 282: 1519-1522 [PMID:
10546690 DOI: 10.1001/jama.282.16.1519]
Godfrey KM, Sheppard A, Gluckman PD, Lillycrop KA,
Burdge GC, McLean C, Rodford J, Slater-Jefferies JL, Garratt
E, Crozier SR, Emerald BS, Gale CR, Inskip HM, Cooper C,
Hanson MA. Epigenetic gene promoter methylation at birth
is associated with child’s later adiposity. Diabetes 2011; 60:
1528-1534 [PMID: 21471513 DOI: 10.2337/db10-0979]
Parkin DM, Bray F, Ferlay J, Pisani P. Estimating the world
cancer burden: Globocan 2000. Int J Cancer 2001; 94: 153-156
[PMID: 11668491 DOI: 10.1002/ijc.1440]
Borena W, Strohmaier S, Lukanova A, Bjørge T, Lindkvist B,
Hallmans G, Edlinger M, Stocks T, Nagel G, Manjer J, Engeland A, Selmer R, Häggström C, Tretli S, Concin H, Jonsson
H, Stattin P, Ulmer H. Metabolic risk factors and primary
liver cancer in a prospective study of 578,700 adults. Int J
Cancer 2012; 131: 193-200 [PMID: 21805476 DOI: 10.1002/
ijc.26338]
Baffy G, Brunt EM, Caldwell SH. Hepatocellular carcinoma
in non-alcoholic fatty liver disease: an emerging menace. J
Hepatol 2012; 56: 1384-1391 [PMID: 22326465 DOI: 10.1016/
j.jhep.2011.10.027]
Lazo M, Clark JM. The epidemiology of nonalcoholic fatty
liver disease: a global perspective. Semin Liver Dis 2008; 28:
339-350 [PMID: 18956290 DOI: 10.1055/s-0028-1091978]

January 28, 2014|First Edition|

Rahman R et al . Liver cancer and metabolic syndrome
28
29

30

31

32

33
34

35
36

37

38

39

40

41

42

43

Caldwell S, Argo C. The natural history of non-alcoholic
fatty liver disease. Dig Dis 2010; 28: 162-168 [PMID:
20460906 DOI: 10.1159/000282081]
Matteoni CA, Younossi ZM, Gramlich T, Boparai N, Liu
YC, McCullough AJ. Nonalcoholic fatty liver disease: a
spectrum of clinical and pathological severity. Gastroenterology 1999; 116: 1413-1419 [PMID: 10348825 DOI: 10.1016/
S0016-5085(99)70506-8]
Browning JD, Szczepaniak LS, Dobbins R, Nuremberg P,
Horton JD, Cohen JC, Grundy SM, Hobbs HH. Prevalence
of hepatic steatosis in an urban population in the United
States: impact of ethnicity. Hepatology 2004; 40: 1387-1395
[PMID: 15565570 DOI: 10.1002/hep.20466]
Clark JM, Brancati FL, Diehl AM. The prevalence and etiology of elevated aminotransferase levels in the United States.
Am J Gastroenterol 2003; 98: 960-967 [PMID: 12809815 DOI:
10.1111/j.1572-0241.2003.07486.x]
2013 ASCO Annual Meeting. Cited 2013-02-17. Available
from: URL: http://www.asco.org/ASCOv2/Meetings/
Abstracts?&vmview=abst_detail_view&confID=53&abstrac
tID=10464
Caldwell SH, Crespo DM, Kang HS, Al-Osaimi AM. Obesity and hepatocellular carcinoma. Gastroenterology 2004; 127:
S97-103 [PMID: 15508109 DOI: 10.1053/j.gastro.2004.09.021]
Nair S, Mason A, Eason J, Loss G, Perrillo RP. Is obesity an
independent risk factor for hepatocellular carcinoma in cirrhosis? Hepatology 2002; 36: 150-155 [PMID: 12085359 DOI:
10.1053/jhep.2002.33713]
Larsson SC, Wolk A. Overweight, obesity and risk of liver
cancer: a meta-analysis of cohort studies. Br J Cancer 2007;
97: 1005-1008 [PMID: 17700568]
Chen CL, Yang HI, Yang WS, Liu CJ, Chen PJ, You SL, Wang
LY, Sun CA, Lu SN, Chen DS, Chen CJ. Metabolic factors
and risk of hepatocellular carcinoma by chronic hepatitis
B/C infection: a follow-up study in Taiwan. Gastroenterology 2008; 135: 111-121 [PMID: 18505690 DOI: 10.1053/
j.gastro.2008.03.073]
Calle EE, Rodriguez C, Walker-Thurmond K, Thun MJ.
Overweight, obesity, and mortality from cancer in a prospectively studied cohort of U.S. adults. N Engl J Med
2003; 348: 1625-1638 [PMID: 12711737 DOI: 10.1056/NEJMoa021423]
Møller H, Mellemgaard A, Lindvig K, Olsen JH. Obesity
and cancer risk: a Danish record-linkage study. Eur J Cancer
1994; 30A: 344-350 [PMID: 8204357 DOI: 10.1016/0959-8049(
94)90254-2]
Oh SW, Yoon YS, Shin SA. Effects of excess weight on
cancer incidences depending on cancer sites and histologic
findings among men: Korea National Health Insurance
Corporation Study. J Clin Oncol 2005; 23: 4742-4754 [PMID:
16034050 DOI: 10.1200/JCO.2005.11.726]
Welzel TM, Graubard BI, Zeuzem S, El-Serag HB, Davila
JA, McGlynn KA. Metabolic syndrome increases the risk
of primary liver cancer in the United States: a study in
the SEER-Medicare database. Hepatology 2011; 54: 463-471
[PMID: 21538440 DOI: 10.1002/hep.24397]
Siegel AB, Lim EA, Wang S, Brubaker W, Rodriguez RD,
Goyal A, Jacobson JS, Hershman DL, Verna EC, Zaretsky J,
Halazun K, Dove L, Brown RS, Neugut AI, Kato T, Remotti
H, Coppleson YJ, Emond JC. Diabetes, body mass index,
and outcomes in hepatocellular carcinoma patients undergoing liver transplantation. Transplantation 2012; 94: 539-543
[PMID: 22864187]
Davila JA, Morgan RO, Shaib Y, McGlynn KA, El-Serag HB.
Diabetes increases the risk of hepatocellular carcinoma in the
United States: a population based case control study. Gut 2005;
54: 533-539 [PMID: 15753540 DOI: 10.1136/gut.2004.052167]
Lagiou P, Kuper H, Stuver SO, Tzonou A, Trichopoulos D,
Adami HO. Role of diabetes mellitus in the etiology of hepatocellular carcinoma. J Natl Cancer Inst 2000; 92: 1096-1099

WCG|www.wjgnet.com

44
45

46

47
48

49

50

51

52

53

54

55

56
57

58
59
60

968

[PMID: 10880555 DOI: 10.1093/jnci/92.13.1096]
Schattenberg JM, Schuppan D. Nonalcoholic steatohepatitis: the therapeutic challenge of a global epidemic. Curr Opin
Lipidol 2011; 22: 479-488 [PMID: 22002020]
Wideroff L, Gridley G, Mellemkjaer L, Chow WH, Linet
M, Keehn S, Borch-Johnsen K, Olsen JH. Cancer incidence
in a population-based cohort of patients hospitalized with
diabetes mellitus in Denmark. J Natl Cancer Inst 1997; 89:
1360-1365 [PMID: 9308706 DOI: 10.1093/jnci/89.18.1360]
El-Serag HB, Tran T, Everhart JE. Diabetes increases the
risk of chronic liver disease and hepatocellular carcinoma.
Gastroenterology 2004; 126: 460-468 [PMID: 14762783 DOI:
10.1053/j.gastro.2003.10.065]
Rosmorduc O, Fartoux L. HCC and NASH: how strong is the
clinical demonstration? Clin Res Hepatol Gastroenterol 2012; 36:
202-208 [PMID: 22326764 DOI: 10.1016/j.clinre.2011.12.011]
Turati F, Talamini R, Pelucchi C, Polesel J, Franceschi S, Crispo A, Izzo F, La Vecchia C, Boffetta P, Montella M. Metabolic syndrome and hepatocellular carcinoma risk. Br J Cancer
2013; 108: 222-228 [PMID: 23169288]
Chen HF, Chen P, Li CY. Risk of malignant neoplasms of
liver and biliary tract in diabetic patients with different age
and sex stratifications. Hepatology 2010; 52: 155-163 [PMID:
20578004 DOI: 10.1002/hep.23641]
Nagaoki Y, Hyogo H, Aikata H, Tanaka M, Naeshiro N,
Nakahara T, Honda Y, Miyaki D, Kawaoka T, Takaki S, Hiramatsu A, Waki K, Imamura M, Kawakami Y, Takahashi
S, Chayama K. Recent trend of clinical features in patients
with hepatocellular carcinoma. Hepatol Res 2012; 42: 368-375
[PMID: 22151896 DOI: 10.1111/j.1872-034X.2011.00929.x]
Gaggini M, Morelli M, Buzzigoli E, DeFronzo RA, Bugianesi E, Gastaldelli A. Non-alcoholic fatty liver disease (NAFLD)
and its connection with insulin resistance, dyslipidemia,
atherosclerosis and coronary heart disease. Nutrients 2013; 5:
1544-1560 [PMID: 23666091 DOI: 10.3390/nu5051544]
Ahsan MK, Okuyama H, Hoshino Y, Oka S, Masutani H,
Yodoi J, Nakamura H. Thioredoxin-binding protein-2 deficiency enhances methionine-choline deficient diet-induced
hepatic steatosis but inhibits steatohepatitis in mice. Antioxid Redox Signal 2009; 11: 2573-2584 [PMID: 19764881 DOI:
10.1089/ars.2009.2385]
Starley BQ, Calcagno CJ, Harrison SA. Nonalcoholic fatty
liver disease and hepatocellular carcinoma: a weighty connection. Hepatology 2010; 51: 1820-1832 [PMID: 20432259
DOI: 10.1002/hep.23594]
Stickel F, Hellerbrand C. Non-alcoholic fatty liver disease
as a risk factor for hepatocellular carcinoma: mechanisms
and implications. Gut 2010; 59: 1303-1307 [PMID: 20650925
DOI: 10.1136/gut.2009.199661]
Tomimaru Y, Koga H, Yano H, de la Monte S, Wands JR,
Kim M. Upregulation of T-cell factor-4 isoform-responsive
target genes in hepatocellular carcinoma. Liver Int 2013; 33:
1100-1112 [PMID: 23651211 DOI: 10.1111/liv.12188]
Bakiri L, Wagner EF. Mouse models for liver cancer. Mol
Oncol 2013; 7: 206-223 [PMID: 23428636 DOI: 10.1016/
j.molonc.2013.01.005]
Ohki T, Tateishi R, Shiina S, Goto E, Sato T, Nakagawa H,
Masuzaki R, Goto T, Hamamura K, Kanai F, Yoshida H,
Kawabe T, Omata M. Visceral fat accumulation is an independent risk factor for hepatocellular carcinoma recurrence
after curative treatment in patients with suspected NASH.
Gut 2009; 58: 839-844 [PMID: 19174415 DOI: 10.1136/
gut.2008.164053]
Bian Z, Ma X. Liver fibrogenesis in non-alcoholic steatohepatitis. Front Physiol 2012; 3: 248 [PMID: 22934006 DOI:
10.3389/fphys.2012.00248]
Unger RH, Clark GO, Scherer PE, Orci L. Lipid homeostasis,
lipotoxicity and the metabolic syndrome. Biochim Biophys
Acta 2010; 1801: 209-214 [PMID: 19948243]
Park EJ, Lee JH, Yu GY, He G, Ali SR, Holzer RG, Oster-

January 28, 2014|First Edition|

Rahman R et al . Liver cancer and metabolic syndrome

61

62

63

64

65
66

67

68

69

70

reicher CH, Takahashi H, Karin M. Dietary and genetic
obesity promote liver inflammation and tumorigenesis by
enhancing IL-6 and TNF expression. Cell 2010; 140: 197-208
[PMID: 20141834 DOI: 10.1016/j.cell.2009.12.052]
Ikejima K, Okumura K, Kon K, Takei Y, Sato N. Role of adipocytokines in hepatic fibrogenesis. J Gastroenterol Hepatol
2007; 22 Suppl 1: S87-S92 [PMID: 17567476 DOI: 10.1111/
j.1440-1746.2007.04961.x]
Tawaramoto K, Kotani K, Hashiramoto M, Kanda Y, Nagare T, Sakaue H, Ogawa W, Emoto N, Yanagisawa M,
Noda T, Kasuga M, Kaku K. Ablation of 3-phosphoinositide-dependent protein kinase 1 (PDK1) in vascular endothelial cells enhances insulin sensitivity by reducing visceral
fat and suppressing angiogenesis. Mol Endocrinol 2012; 26:
95-109 [PMID: 22108800 DOI: 10.1210/me.2010-0412]
Awazawa M, Ueki K, Inabe K, Yamauchi T, Kaneko K,
Okazaki Y, Bardeesy N, Ohnishi S, Nagai R, Kadowaki T.
Adiponectin suppresses hepatic SREBP1c expression in
an AdipoR1/LKB1/AMPK dependent pathway. Biochem
Biophys Res Commun 2009; 382: 51-56 [PMID: 19254698 DOI:
10.1016/j.bbrc.2009.02.131]
Cazanave SC, Mott JL, Elmi NA, Bronk SF, Werneburg
NW, Akazawa Y, Kahraman A, Garrison SP, Zambetti GP,
Charlton MR, Gores GJ. JNK1-dependent PUMA expression
contributes to hepatocyte lipoapoptosis. J Biol Chem 2009; 284:
26591-26602 [PMID: 19638343 DOI: 10.1074/jbc.M109.022491]
Torres DM, Harrison SA. Nonalcoholic steatohepatitis and
noncirrhotic hepatocellular carcinoma: fertile soil. Semin
Liver Dis 2012; 32: 30-38 [PMID: 22418886]
Yasui K, Hashimoto E, Komorizono Y, Koike K, Arii S, Imai
Y, Shima T, Kanbara Y, Saibara T, Mori T, Kawata S, Uto H,
Takami S, Sumida Y, Takamura T, Kawanaka M, Okanoue T.
Characteristics of patients with nonalcoholic steatohepatitis
who develop hepatocellular carcinoma. Clin Gastroenterol
Hepatol 2011; 9: 428-433; quiz e50 [PMID: 21320639 DOI:
10.1016/j.cgh.2011.01.023]
Takuma Y, Nouso K. Nonalcoholic steatohepatitis-associated hepatocellular carcinoma: our case series and literature
review. World J Gastroenterol 2010; 16: 1436-1441 [PMID:
20333782 DOI: 10.3748/wjg.v16.i12.1436]
Hashimoto E, Yatsuji S, Tobari M, Taniai M, Torii N, Tokushige K, Shiratori K. Hepatocellular carcinoma in patients with
nonalcoholic steatohepatitis. J Gastroenterol 2009; 44 Suppl 19:
89-95 [PMID: 19148800 DOI: 10.1007/s00535-008-2262-x]
Duan XY, Qiao L, Fan JG. Clinical features of nonalcoholic
fatty liver disease-associated hepatocellular carcinoma. Hepatobiliary Pancreat Dis Int 2012; 11: 18-27 [PMID: 22251466
DOI: 10.1016/S1499-3872(11)60120-3]
Chagas AL, Kikuchi LO, Oliveira CP, Vezozzo DC, Mello
ES, Oliveira AC, Cella LC, Herman P, Bachella T, Caldwell
SH, Alves VA, Carrilho FJ. Does hepatocellular carcinoma
in non-alcoholic steatohepatitis exist in cirrhotic and noncirrhotic patients? Braz J Med Biol Res 2009; 42: 958-962

71

72

73

74

75

76

77

78

79

80

81

[PMID: 19787150 DOI: 10.1590/S0100-879X2009005000019]
Ertle J, Dechêne A, Sowa JP, Penndorf V, Herzer K, Kaiser
G, Schlaak JF, Gerken G, Syn WK, Canbay A. Non-alcoholic
fatty liver disease progresses to hepatocellular carcinoma
in the absence of apparent cirrhosis. Int J Cancer 2011; 128:
2436-2443 [PMID: 21128245 DOI: 10.1002/ijc.25797]
Paradis V, Zalinski S, Chelbi E, Guedj N, Degos F, Vilgrain V,
Bedossa P, Belghiti J. Hepatocellular carcinomas in patients
with metabolic syndrome often develop without significant
liver fibrosis: a pathological analysis. Hepatology 2009; 49:
851-859 [PMID: 19115377 DOI: 10.1002/hep.22734]
Chen TM, Lin CC, Huang PT, Wen CF. Metformin associated with lower mortality in diabetic patients with early stage
hepatocellular carcinoma after radiofrequency ablation. J
Gastroenterol Hepatol 2011; 26: 858-865 [PMID: 21251068 DOI:
10.1111/j.1440-1746.2011.06664.x]
Nkontchou G, Cosson E, Aout M, Mahmoudi A, Bourcier
V, Charif I, Ganne-Carrie N, Grando-Lemaire V, Vicaut
E, Trinchet JC, Beaugrand M. Impact of metformin on the
prognosis of cirrhosis induced by viral hepatitis C in diabetic patients. J Clin Endocrinol Metab 2011; 96: 2601-2608 [PMID:
21752887 DOI: 10.1210/jc.2010-2415]
Hassan MM, Curley SA, Li D, Kaseb A, Davila M, Abdalla
EK, Javle M, Moghazy DM, Lozano RD, Abbruzzese JL, Vauthey JN. Association of diabetes duration and diabetes treatment with the risk of hepatocellular carcinoma. Cancer 2010;
116: 1938-1946 [PMID: 20166205 DOI: 10.1002/cncr.24982]
Donadon V, Balbi M, Mas MD, Casarin P, Zanette G. Metformin and reduced risk of hepatocellular carcinoma in diabetic
patients with chronic liver disease. Liver Int 2010; 30: 750-758
[PMID: 20331505 DOI: 10.1111/j.1478-3231.2010.02223.x]
Chen HP, Shieh JJ, Chang CC, Chen TT, Lin JT, Wu MS, Lin
JH, Wu CY. Metformin decreases hepatocellular carcinoma
risk in a dose-dependent manner: population-based and in
vitro studies. Gut 2013; 62: 606-615 [PMID: 22773548 DOI:
10.1136/gutjnl-2011-301708]
Nakahara T, Hyogo H, Kimura Y, Ishitobi T, Arihiro K, Aikata H, Takahashi S, Chayama K. Efficacy of rosuvastatin for the
treatment of non-alcoholic steatohepatitis with dyslipidemia:
An open-label, pilot study. Hepatol Res 2012; 42: 1065-1072
[PMID: 22583925 DOI: 10.1111/j.1872-034X.2012.01034.x]
Lindor KD, Kowdley KV, Heathcote EJ, Harrison ME, Jorgensen R, Angulo P, Lymp JF, Burgart L, Colin P. Ursodeoxycholic acid for treatment of nonalcoholic steatohepatitis:
results of a randomized trial. Hepatology 2004; 39: 770-778
[PMID: 14999696 DOI: 10.1002/hep.20092]
Singh S, Singh PP, Singh AG, Murad MH, Sanchez W. Anti-diabetic medications and the risk of hepatocellular cancer: a systematic review and meta-analysis. Am J Gastroenterol 2013; 108:
881-891; quiz 892 [PMID: 23381014 DOI: 10.1038/ajg.2013.5]
Bruix J, Sherman M. Management of hepatocellular carcinoma: an update. Hepatology 2011; 53: 1020-1022 [PMID:
21374666 DOI: 10.1002/hep.24199]
P- Reviewers Baffy G, Charatcharoenwitthaya P,
Niculescu M, Sato K, Tulassay ZJ
S- Editor Wen LL L- Editor A E- Editor Liu XM

WCG|www.wjgnet.com

969

January 28, 2014|First Edition|

WC G

World Clinical
Gastroenterology

2014 First Edition
bpgoffice@wjgnet.com

ISBN 978-0-9914430-0-0
© 2014 Baishideng Publishing Group Inc. All rights reserved.

PROGRESS IN DIGESTIVE SYSTEM NEOPLASMS

Management of hepatocellular carcinoma: Enlightening the
gray zones
Andrea Mancuso
knowledge on management of HCC and to enlighten
the areas of uncertainty.

Andrea Mancuso, Epatologia e Gastroenterologia, Ospedale Niguarda Cà Granda, 20162 Milano, Italy
Andrea Mancuso, Medicina Interna 1, Azienda di Rilievo Nazionale ad Alta Specializzazione, Ospedale Civico, 90127 Palermo,
Italy
Author contributions: Mancuso A solely contributed to this
paper.
Correspondence to: Andrea Mancuso, MD, Epatologia e Gastroenterologia, Ospedale Niguarda Ca’ Granda, Piazza Maggiore
3, 20162 Milano, Italy. mancandrea@libero.it
Telephone: +39-2-64444435 Fax: +39-2-64442895
Received: March 7, 2013
Revised: May 15, 2013
Accepted: May 18, 2013
Published: January 28, 2014

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatocellular carcinoma; Management;
Trans-arterial chemoembolization; Orthotopic liver transplantation; Surgery; Management
Core tip: Management of hepatocellular carcinoma (HCC)
has been continuously evolving during recent years. The
aim of this paper was to review the current knowledge
on management of HCC and to enlighten the areas of
uncertainty.

Abstract

Original sources: Mancuso A. Management of hepatocellular carcinoma: Enlightening the gray zones. World J Hepatol 2013; 5(6):
302-310 Available from: URL: http://www.wjgnet.com/1948-5182/
full/v5/i6/302.htm DOI: http://dx.doi.org/10.4254/wjh.v5.i6.302

Management of hepatocellular carcinoma (HCC) has
been continuously evolving during recent years. HCC
is a worldwide clinical and social issue and typically a
complicates cirrhosis. The incidence of HCC is increasing, not only in the general population of patients
with cirrhosis, but particularly in some subgroups of
patients, like those with human immunodeficiency virus infection or thalassemia. Since a 3% annual HCC
incidence has been estimated in cirrhosis, a bi-annual
screening is generally suggested. The diagnostic criteria of HCC has recently had a dramatic evolution during recent years. HCC diagnosis is now made only on
radiological criteria in the majority of the cases. In the
context of cirrhosis, the universally accepted criteria
for HCC diagnosis is contrast enhancement in arterial
phase and washout in venous/late phase at imaging,
the so called “typical pattern”. However, recently updated guidelines slightly differ in diagnostic criteria.
Apart from liver transplantation, the only cure of both
HCC and underlying liver cirrhosis, all the other treatments have to match with higher rate of HCC recurrence. The latter can be classified into curative (resection and percutaneous ablation) and palliative treatments. The aim of this paper was to review the current
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INTRODUCTION

REVIEW

Management of hepatocellular carcinoma (HCC) has
been continuously evolving during recent years. However,
albeit overall similar, the main Societies of Hepatology
differently defined their own guidelines. In fact, despite
an evident agreement in the general lines of HCC management, some gray zones still persist[1-4]. The aim of this
paper was to review the current knowledge on management of HCC and to enlighten the areas of uncertainty.
Epidemiology
HCC is a worldwide clinical and social issue. Actually, it
is the sixth most common cancer and the third cause of
cancer-related death. Incidence increases with advancing
age, with a median age at onset of about 70 year-old in
developed countries and there is a male preponderance,
with a male to female ratio of about 2.4[5,6].
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HCC is typically a complication of cirrhosis, although
it can rarely develop in the absence of cirrhosis [1-4].
Known underlying diseases at risk for HCC development
are chronic viral hepatitis C and B, alcoholic hepatitis,
non- alcoholic fatty liver disease, autoimmune hepatitis,
hemochromatosis, alpha-1-antitrypsin deficiency, Wilson’
s disease, Budd-Chiari syndrome (BCS). Diagnostic algorithm follows the same radiological criteria for HCC
(see above) despite the different aetiologies of underlying
liver disease. However, an exception is HCC developing
in BCS. In fact, the radiological pattern of regenerative
nodules in BCS is similar to that of HCC[7]. Moreover, as
a consequence of the hindered hepatic venous outflow,
radiological criteria for HCC can be altered[8,9]. Finally,
although the risk of procedure-related bleeding is probably increased[10], generally diagnosis of HCC in BCS still
needs histological confirmation[8,9].
Overall, the incidence of HCC is increasing, not only
in the general population of patients with cirrhosis[11,12],
but particularly in some subgroups of patients, like those
with human immunodeficiency virus (HIV) infection
or thalassemia. In fact, in both HIV and thalassemia, a
recent significant outcome improvement due to, respectively, iron chelating drugs in the latter and highly active
antiretroviral therapy in the former, has allowed the appearance of the complication of the underlying hepatic
disease[13-18].

pattern.
Nodules > 2 cm should undergo CT and MR and, in
case of atypical imaging findings, nodule biopsy[1-4].
HCC diagnosis update
The diagnostic criteria of HCC has recently had a dramatic evolution during recent years[1-4,24]. In fact, till the
first half of the past decade, the Golden Standard for
HCC diagnosis was histology. Then, since radiological
diagnostic criteria have been shaped and established[1],
HCC diagnosis is now made only on radiological criteria
in the majority of the cases[1-4]. In the context of cirrhosis, the universally accepted criteria for HCC diagnosis is
contrast enhancement in arterial phase and washout in
venous/late phase at imaging, the so called “typical pattern” (Figures 1-3). However, recently updated guidelines
slightly differ in diagnostic criteria[2-4].
Hepatic lesions > 1 cm with typical pattern at one
imaging (CT or MR) have diagnosis of HCC in both the
American Association for the Study of Liver Disease
(AASLD) 2011 and European Association for the Study
of the Liver (EASL) 2012 guidelines[2,4]. However, EASL
2012 guidelines specify that for lesions between 1 and 2
cm the concordance of typical pattern at two imaging
(CT and MR) should be advices in suboptimal settings
(technology, local skills)[4]. Both AASLD 2011 and EASL
2012 guidelines suggest lesion biopsy in the absence of
typical pattern. Finally, both AASLD 2011 and EASL
2012 guidelines exclude from diagnostic criteria contrastenhanced US (CEUS) and alpha-fetoprotein value[2,4].
Japanese Society of Hepatology (JSH) 2012 guidelines agree with the diagnostic value of typical pattern at
one imaging (CT, MR, CEUS) regardless of the size, and
maintains the diagnostic value of CEUS and biochemistry (AFP > 200 ng/dL, PIVKA-Ⅱ > 40, AFP L3 >
15%)[3]. However, the main difference between JSH 2012
and both AASLD 2011 and EASL 2012 guidelines is that
the former consider a diagnostic criteria the lesion hypointensity in hepatic image of Gd-EOB-MR[2-4].

Screening and recall policy
Surveillance of HCC is important simply because as little
is HCC size at diagnosis as high is the probability of curative treatment. Since a 3% annual HCC incidence has
been estimated in cirrhosis[19], a bi-annual screening is
generally suggested[1-4]. Although less stringent, there is a
risk of HCC development also in non-cirrhotic chronic
hepatitis and treated viral hepatitis, for which an annual
screening is generally performed[1-4]. Ultrasound (US) is
the test of choice for surveillance. In fact, US is a cheap
and safe test, due to the absence of contrast medium and
radioactivity[20-23]. Moreover, differently from computed
tomography (CT) and magnetic resonance (MR), US does
not expose to the risk of false positive results. However,
CT or MR should be preferred for surveillance of patients for which US is not adequate because of technical
reasons or in liver transplantation (LT) waiting list[1-4].
Once hepatic nodules are discovered at US screening,
the further work-up depends on the size[1-4]. Nodules <
1 cm should prompt a strict US surveillance every 3 or 4
mo for the first year and, in the absence of size increase,
every six months after one year, like patients with cirrhosis without liver nodules. In fact, hepatic nodules < 1
cm rarely are HCC. Moreover, for such little size nodules,
diagnostic value of either CT and MR is inadequate.
Nodules between 1 and 2 cm in size should be studied with CT and MR and, in case of non diagnostic imaging, undergo nodule biopsy. Moreover, a second biopsy
should be contemplated in case of inconclusive findings
at histology, nodule growth or change in enhancement
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HCC treatment
Apart from LT, the only cure of both HCC and underlying liver cirrhosis, all the other treatments have to match
with higher rate of HCC recurrence. The latter can be
classified into curative (resection and percutaneous ablation) and palliative treatments[2-4].
Resection is considered the First-Line treatment for
patients with solitary tumours and preserved liver function (normal bilirubin and, either HVPG ≤ 10 mmHg,
PLT > 100000 or no varices at endoscopy). Resection
can also be performed for multi-focal HCC inside Milan
criteria or in case of mild portal hypertension when patients are not suitable for orthotopic LT (OLT), although
it is debated if such patients could benefit from other
locoregional therapies, avoiding the risk of surgery and
of liver de-compensation after surgery. In fact, perioperative mortality in cirrhotics after HCC resection is about
2%-3%. Moreover, there is a risk of tumor recurrence af-
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A

B

C

Figure 1 Typical hepatocellular carcinoma at magnetic resonance imaging: contrast enhancement in arterial phase (A) and washout in venous (B)/late (C)
phase.

A

B

Figure 2 Multi-nodular hepatocellular carcinoma. A: Basal and arterial computed tomography (CT) phase; B: Venous and late CT phase.

A

B

C

D

Figure 3 A new typical hepatocellular carcinoma found at computed tomography during follow up another hepatocellular carcinoma treated with radiofrequency ablation (central lesion). Note that also in the treated lesion there is a marginal area of vital hepatocellular carcinoma.

ter surgery of about 70% at 5 years, enclosing both true
recurrence and the novo tumours[25-39].
Percutaneous local ablation, namely radiofrequency
ablation (RFA) and ethanol injection (EI) are the standard of care for BCLC O-A not suitable for surgery.
Although RFA is recommended in most instances as the
main ablative therapy in tumors less than 5 cm, the probability of complete necrosis is very high for little tumors
(< 2 cm) and progressively decreases with the increase of
tumor size. In tumours ≤ 2 cm both RF and EI achieve
complete responses in more than 90%, making percutaneous local ablation competitive with resection. EI is better indicated when RFA in not technically feasible. This is
the case of tumors overflowing the liver margin or near
organs, just like gallbladder or bowel, because of the risk
of thermal injury and perforation, or when tumor is adjacent to a main vessel, because of the concern of thermal
dispersion and inefficacy of RFA[40-64].
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Trans-arterial chemoembolization (TACE) is the recommended treatment for BCLC stage B multinodular asymptomatic tumors without vascular invasion or extrahepatic spread. Drug-eluting beads have similar efficacy to
gealfoam-lipiodol with probably less adverse events. Both
should be discouraged in decompensated liver disease
and in case of macroscopic vascular invasion or extrahepatic spread[65-80]. An alternative to TACE is radioembolization. However, radioembolization , although promising
and with advantage of being indicated also in the case of
portal vein neoplastic thrombosis, is expensive and further data are needed. In fact, to our knowledge there are
not well designed studies comparing radioembolization
with neither TACE nor sorafenib[81-84].
LT is actually a consolidated therapeutic option for
HCC because it cures both tumor and underlying cirrhosis[1-4]. However, the indication of LT for HCC treatment
has evolved over recent years[85-109]. Moreover, initial expe-
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riences tended to offer LT as the last therapeutic chance
when resection was not feasible. In fact, till the first half
of nineties, the discouraging results of some experiences
had questioned the possibility of LT efficacy as HCC
treatment. In 1996, the publication of a pivotal prospective study on less than 50 patients, transplanted for HCC
under predefined criteria (single HCC ≤ 5 cm or 3 HCC
≤ 3 cm each), the so called “Milan criteria”, showed a
4-year survival of 75%[85]. Subsequent experiences of LT
for HCC inside the Milan criteria, confirmed a survival
rate exceeding 70% at 5 years, with a recurrence in less
than 15%. Due to these data, LT is now the first-line treatment for one HCC ≤ 5 cm or 3 HCC ≤ 3 cm each[1-4].
Although all published guidelines go on considering the Milan criteria as the only fence inside which LT
should be considered as treatment of HCC[2-4], the possibility of an extension of Milan criteria as indication for
LT is already a debated issue. In fact, while it is universally
recognized that LT for HCC inside Milan criteria guaranties an acceptable outcome, numerous heterogeneous experiences explore the possibility of extending the Milan
criteria.
A line of experiences studies the applicability of the
University of California San Francisco (UCSF) criteria,
that is single nodule ≤ 6.5 cm or 2-3 nodules ≤ 4.5 cm
and total diameter ≤ 8 cm. In fact, UCSF criteria on
explant identified retrospectively a cohort of patients
whose survival was not significantly different from those
of patient transplanted for HCC inside the Milan criteria[93]. The same results had other retrospective experiences by other groups using UCSF criteria. Moreover,
a recent prospective study showed a 5-year survival not
significantly different in patients transplanted for HCC
inside Milan and UCSF criteria[103].
A recent multicenter restrospective study on over
1700 found that HCC inside the “up-to-seven” criteria at
explant (those HCCs having the number 7 as the sum of
the size of the larger tumor and the number of tumors)
and without microvascular invasion had a 5-year survival
not significantly different from those inside the Milan
criteria, while survival was significantly worst in case of
HCC inside the “up-to-seven” criteria and with microvascular invasion[104].
Another line of studies suggest that down-staging
for HCC exceeding conventional criteria could be effective for extending LT without worsening survival. These
studies are heterogeneous in design, inclusion criteria and
philosophy. In fact, while some suggests to offer LT to
those patients who achieve an effective downstaging, so
selecting patients with a less aggressive HCC and likely
reducing the probability of HCC recurrence after LT,
others indicate LT for those HCC without an effective
downstaging, as a rescue treatment[107-109].
Despite all the above studies, guidelines still give indication to LT only to HCC inside Milan criteria[2-4]. However, as published experiences show, many center actually
perform LT outside the Milan criteria, using criteria different from centre to centre[85-109].
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Whatever the criteria adopted, a significant problem
of HCC candidates for LT is the drop out, that is patients
who do not reach the goal of LT because of progression
of HCC or of causes unrelated to HCC. Many studies
have investigated the risk of drop out that remains difficult to define, although some factors, like tumor multinodularity, neoadjuvant treatment failures, elevated AFP
or model for end-stage liver disease score, have been
correlated with a higher probability of drop out. From an
opposite point of view, given the organ shortage, some
patients with single HCC < 2 cm may benefit from alternative treatments and avoid LT at least until recurrence
occours, highlighting the possibility of salvage transplantation in low risk population. Moreover, it is still uncertain which is the role of LT after surgery and high risk of
recurrence at pathology[2-4].
Living donor LT (LDLT) is an alternative option if
waiting list is long and offers the possibility of a LT after a short time. However, there is a donor risk of death
of about 0.3% and of life threatening complications of
about 2%. In fact, LDLT should be restricted to centers
of excellence[110-120].
The mainstay of palliative therapy for advanced HCC
is Sorafenib, which is indicated in advanced HCC (BCLC
C) or HCC progressing upon loco-regional therapies in
patients with well preserved liver function and good performance status. Registrative studies have shown a 3-mo
increase in median overall survival of sorafenib compared
to placebo. Moreover, adverse events are frequent a can
be severe (Diarrea, Hand-foot skin-reaction)[121-125].
The role of Sorafenib in some subgroup of patients
is debated. In fact, while some experiences report encouraging results of sorafenib therapy after HCC recurrence
post OLT, others suggests that adverse events could affect sorafenib efficacy[126-135]. Moreover, our preliminary
experience on HCC in HIV positive patient report a high
incidence of hepatotoxicity. In both the subgroup the
possibility of drug interections should be investigated.
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Non-viral factors contributing to hepatocellular carcinoma
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clarification of relevant non-viral causes of HCC will help
to focus clinicians on those risk factors that are modifiable. The multilevel preventative approach will hopefully
lead to a reduction in incidence of non-viral HCC, and a
decrease in the patient morbidity and mortality as well
as the societal economic burden associated with HCC.
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Core tip: Hepatocellular carcinoma (HCC) is one of the
most common and deadly cancers worldwide, there
are multiple non-viral factors have been implicated in
the development of HCC, hemochromatosis, obesity,
diabetes, alcohol and tobacco have consistently been
shown to dramatically increase the rate of HCC. Oral
contraceptive, aflatoxin, pesticides exposure and betel
quid chewing also increase HCC risk, in addition, Wilson disease, α-1 antitrypsin deficiency, porphyries, autoimmune hepatitis, Schistosoma japonicum infection
associated with positive hepatitis B surface antigen,
and thorotrast-ray are contributing in the prevalence
of the disease. Moreover, primary biliary cirrhosis, congestive liver disease and family history of liver cancer
play a significant role of disease progression.

Abstract
Hepatocellular carcinoma (HCC) is a major cause of
cancer death worldwide, accounting for over half a million deaths per year. The geographic pattern of HCC
incidence is parallel to exposure to viral etiologic factors.
Its incidence is increasing, ranging between 3% and
9% annually depending on the geographical location,
and variability in the incidence rates correspond closely
to the prevalence and pattern of the primary etiologic
factors. Chronic infections with hepatitis B viruses or
hepatitis C viruses have both been recognized as human
liver carcinogens with a combined attributable fraction
of at least 75% of all HCC cases. Multiple non-viral factors have been implicated in the development of HCC.
Increased body mass index and diabetes with subsequent development of non-alcoholic steatohepatitis represent significant risk factors for HCC. Other non-viral
causes of HCC include iron overload syndromes, alcohol
use, tobacco, oral contraceptive, aflatoxin, pesticides
exposure and betel quid chewing, a prevalent habit in
the developing world. Wilson disease, α-1 antitrypsin deficiency, Porphyrias, autoimmune hepatitis, Schistosoma
japonicum associated with positive hepatitis B surface
antigen, and thorotrast-ray are also contributing hepatocellualar carcinoma. In addition, primary biliary cirrhosis, congestive liver disease and family history of liver
cancer increase the risk of HCC incident. In conclusion,
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INTRODUCTION
Hepatocellular carcinoma (HCC) represents an international public health concern as one of the most common and
deadly cancers worldwide[1]. It is the fifth most common
cancers[2] and the third cancer-related death worldwide[1]. It
is rarely to be detected early and usually fatal within a few
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months of diagnosis[3]. HCC is represented by 85%-90%
of primary liver cancers[4] accounting for 3.5% and 7.5%
of all cancers among women and men, respectively[5] and
accounts for half a million deaths per year[6].
Although this disease typically affects elderly males,
in recent years there has been a shift towards relatively
younger age groups[7]. In patients who are not transplant
candidates, HCC is particularly lethal, with a 5-year survival of less than 5%[8]. HCC has a high incidence rate in
sub-Saharan Africa and Southeast Asia, but a low incidence rate in the United States and Europe[9]. In Middle
Eastern countries, liver cancer is a major concern among
men, especially in certain countries such as Egypt and
Saudi Arabia, and to a lesser extent in other countries of
this region[5]. In Egypt, several attempts were made to
establish cancer registries[10]. Among these attempts in
1998, the Egyptian Ministry of Health and Population in
collaboration with the National Cancer Institute of Cairo
University established a population-based Cancer Registry (NCR).
The NCR data confirmed the high incidence of HCC
in Egypt and the change in the trends during the last decade. HCC was reported to account for about 4.7% of
chronic liver disease patients[11]. It formed 11.75% of the
malignancies of all digestive organs and 1.68% of total
malignancies. Liver tumors were mostly HCC (70.48%),
while hepatoblastoma constituted 10.24%, non-Hodgkin’s
lymphoma 4.21% of hepatic malignancies and adenocarcinoma unspecified 9.03%[10].

Table 1 Non-viral factors associated with hepatocellular
carcinoma
Non-viral factors contributing hepatocellular carcinoma
Hereditary hemochromatosis
Non-alcoholic fatty liver disease
Obesity
Diabetes
Diet
N-nitroso compounds
Alcohol
Smoking
Oral contraceptives
Betel quid
Aflatoxin
Coffee
Schistosomiasis
Pesticides
Thorotrast
Alpha-1 antitrypsin deficiency
Autoimmune hepatitis
Porphyrias
Wilson disease
Primary biliary cirrhosis
Congestive liver disease
Family history of liver cancer

Emerging evidence suggests that the etiology of
many cases of HCC is in fact multifactorial, including
both viral infections and non-viral environmental and dietary exposures[18].
Hereditary hemochromatosis (iron overload syndromes)
Hereditary hemochromatosis, a condition characterized
by excess iron absorption, is caused by mutations in the
HFE gene and/or other mutations in the iron metabolism machinery. This condition represents one of the
most common autosomal recessive genetic disorders,
affecting as many as 1 in 200 people of Northern European descent[23]. The HFE gene is required for efficient
in vivo iron metabolism and two mutations within the
HFE gene product, C282Y and H63D, have been well
described in patients with hereditary hemochromatosis[24].
The C282Y mutation, which results in a base pair substitution in which tyrosine is substituted for cysteine at
amino acid 282, is found in the homozygous state in up
to 83% of patients with hereditary hemochromatosis[24].
The H63D mutation, characterized by substitution
of histidine with aspartic acid at codon 63, is present in a
minority of cases of hereditary hemochromatosis either
in a homozygous state or with one copy of the C282Y
mutation, a state referred to as a compound heterozygote[24]. The clinical significance of this latter mutation
within the HFE gene, however, continues to be controversial. The altered iron metabolism seen in hereditary
hemochromatosis leads to excess iron storage in the liver
and the subsequent development of liver dysfunction.
Although other organs systems are also susceptible to
iron overload, the liver bears the majority of malignant
disease, with those patients with hereditary hemochromatosis being 20 times more likely to develop liver cancer

VIRAL FACTORS CONTRIBUTING TO HCC
HCC has been increasing in worldwide with a doubling
in the incidence rate in the past 10 years due to several
biological and environmental factors [10]. A significant
proportion of this increase is accounted by the growing
prevalence of hepatitis C and B viruses (HCV and HBV)
infection[8,12].

NON-VIRAL FACTORS CONTRIBUTING
TO HCC
Other potential causes of HCC are garnering close attention. Increased body mass index and diabetes with
subsequent development of non-alcoholic steatohepatitis
(NASH) represent significant risk factors for HCC[13-15].
This is especially concerning in light of the growing
epidemic of obesity in adults and children over the past
25 years[16,17]. Other no viral causes of HCC include iron
overload syndromes, alcohol use, tobacco, oral contraceptive, aflatoxin, pesticides exposure and betel quid
chewing, a prevalent habit in the developing world[10,18].
Wilson disease, α-1 antitrypsin deficiency, Porphyries, autoimmune hepatitis, Schist soma jabonium, and thorotrastray are also contributing hepatocellualar carcinoma[19-22].
Primary biliary cirrhosis, congestive liver disease and
family history of liver cancer increase the risk of HCC
incident[9]. These factors are clearly illustrated in Table 1.
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than all other cancers combined[25]. Several populationbased and case-control studies have shown that the diagnosis of hereditary hemochromatosis confers a consistent and markedly elevated risk for the development of
HCC[25-27].
In addition, the relationship between hereditary hemochromatosis and HCC is modified by diabetes, sex
and genetics. Subjects with liver cancer and concomitant
diabetes mellitus were 82 times more likely to have a
diagnosis of hemochromatosis[26]. Furthermore, a population-based study from Scandinavia found that men with
hemochromatosis had a 29-fold increase in risk of liver
cancer, whereas women with hemochromatosis had a
sevenfold increase in risk[25].
In fact, those patients with excess total body iron
secondary to other etiologies have been shown to have a
higher risk of HCC in the absence of genetic hemochromatosis[28]. Studies have suggested that conditions such
as β thalassemia or iron overload in people of African
descent might be associated with an increased risk of
HCC[28,29]. Mandishona et al[28] found that African iron
loaded subjects had a 10-fold increase in the risk of developing HCC after adjusting for viral hepatitis, alcohol
use and environmental exposures, such as aflatoxin. Regardless of etiology, iron overload is not a benign condition and when recognized, surveillance for HCC should
be undertaken[30].

the underlying etiology of liver injury in these patients,
in this case, patients might be classified as having cryptogenic cirrhosis (cirrhosis due to unidentified causes).
In a United States study that examined 105 consecutive
patients with HCC, after HCV, cryptogenic cirrhosis was
the most common etiology of liver injury[35]. Furthermore, only 23% of patients with cryptogenic cirrhosis
were undergoing surveillance for HCC in comparison to
61% of subjects who had a history of HCV-related liver
disease[35]. These observations emphasize the importance
of HCC surveillance in this group of patients and the
failure thus far to appropriately screen for HCC in this
disease process[18].
Obesity
The prevalence of obesity has increased to epidemic proportions over the last three decades. Excess body mass is
classified as overweight if the body mass index (BMI) is
> 25 kg/m2 and < 30 kg/m2, or obese if the BMI is ≥
30 kg/m2. In addition to the increase in an array of disease processes observed with being overweight or obese,
both classifications of excess body mass are associated
with a higher risk of developing all cancers, including
liver cancer[13].
In one population-based study from Sweden, 28 cases
of HCC were diagnosed in 28129 patients from 1965 to
1993, thus conferring an almost threefold higher risk of
HCC in obese patients[36]. A recent European case-control study observed a significantly increased risk of HCC
among obese or diabetic patients without viral hepatitis.
This risk of HCC was even greater if both obesity and
diabetes were present in co morbid conditions[37].
A Danish study further confirmed these results, finding a twofold increase in liver cancer incidence in obese
subjects compared to non-obese subjects[38]. Generally, it
was concluded that patients who were overweight had a
17% increase in risk of developing HCC, whereas obese
patients had an 89% increase in risk[39]. Based on the
prevalence of HCC, it was estimated that 28% of HCC
cases in men and 27% in women were due to being overweight or obese[39].
In addition to an increased risk of developing HCC,
overweight or obese patients appear to be at increased
risk for HCC-related mortality. In a population-based
study of cancer mortality and BMI, men with a BMI
of 30-34.9 were found to have a twofold increase in the
risk of death from HCC, with a 4.5-fold increase noted
in men with BMI > 35[13]. Lastly, via the pathway of the
metabolic syndrome with resultant NASH cirrhosis,
obese patients have been found to be at an increased risk
for HCC occurrence.
Many lines of evidence point to the role of cirrhosis
as a mediator in these patients. Patients presenting with
cryptogenic cirrhosis were found to have a significantly
higher prevalence of obesity than patients with cirrhosis
from non-alcoholic hepatitis C or autoimmune liver disease, but a similar prevalence of obesity when compared
to patients with documented NASH[40]. These data are

Non-alcoholic fatty liver disease
Several case reports and subsequent observational studies
have proposed that non-alcoholic fatty liver disease (NALFD), and more specifically, NASH, confers an elevated
risk of developing HCC[14]. NAFLD is a spectrum of
clinical disease that ranges from benign or bland steatosis to NASH. The latter stage of this disease, through a
process of chronic inflammation and subsequent hepatic
fibrosis, can lead to cirrhosis[31]. The presence of cirrhosis
itself is an independent risk factor for the development
of HCC[32].
To characterize the natural history of NAFLD, 420
patients identified in Olmstead County, United States
with liver disorder were followed for an average of 7
years to determine overall mortality. In this population
based study, NAFLD was associated with a 34% increase
in mortality and a significant increase in the risk of HCC,
with two cases or 0.5% being diagnosed over the period of follow-up[33]. NASH-related cirrhosis, however,
the rate of HCC approached 10%[33]. In another study
in Japan, among 82 NASH patients treated from 1990
through 2001, six patients with HCC were identified over
11 years of follow-up[34]. All six patients developed HCC
in the setting of NASH-related cirrhosis[34]. These data
highlight an association between NASH cirrhosis and an
increase in the incidence of HCC over that of the general population. Therefore, regular HCC surveillance is
imperative in patients with NASH cirrhosis.
In advanced fibrosis, an absence of steatosis may be
appreciated, a finding which can obscure identification of
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sociated with a reduced risk of HCC[44].
In a similar study, those subjects with consumption in
the highest quartile for yogurt and milk, white meat and
eggs had a significantly lower likelihood of developing
HCC[45]. This effect was observed in patients with and
without viral hepatitis[45]. Other studies from Japan and
Europe have found those who consume a large amount
of green vegetables have a significantly lower likelihood
of developing HCC[46,47]. Sauvaget et al[47] added that eating green vegetables daily had a protective effect against
the development of HCC, as compared with consumption fewer times per week.
In summary, there is evidence to suggest that consumption of yogurt and milk as well as vitamin supplements offers a protective effect against HCC. The enthusiasm for these findings however should be tempered by
the fact that the majority of these studies were retrospective in nature[18].

supported by a case-control study in which 49 patients
with cryptogenic cirrhosis were compared to 98 matched
controls with an established cause of cirrhosis. In that
study, obesity was significantly more prevalent in the
cryptogenic cirrhosis patients[41].
Therefore, being overweight and obesity, secondary to
cryptogenic cirrhosis, or more likely undiagnosed NASH
cirrhosis, can increase the risk of developing HCC.
Clearly, these data suggest that screening is important for
diagnosis of asymptomatic HCC and highlight the need
for surveillance in this population.
Diabetes
Diabetes has been found to increase the risk of developing chronic liver disease and HCC[15]. The mechanisms
are yet to be elucidated but insulin resistance with secondary hyperinsulinemia is the most supported hypothesis since it may have a mitogenic effect by activating
insulin-like growth factor-1 receptor[42]. Studies that have
compared patients with cryptogenic cirrhosis to patients
with a known etiology of their cirrhosis have shown a
significantly higher prevalence of diabetes among the latter group[40,41]. As noted with the overweight and obese, a
similar prevalence of diabetes has been observed among
patients with cryptogenic and NASH cirrhosis[40].
In a recent systematic review of 13 case control studies, 11 supported an association between diabetes and
the development of HCC[38]. Among the 13 case-control
studies, subjects with diabetes were found to have a twofold increase in the risk of HCC, an association that was
further strengthened by excluding studies with significant
heterogeneity[43].
The presence of diabetes remained an independent
risk factor for HCC after adjustment for alcohol use or
viral hepatitis[43]. However, as dictated by the limitations
of the studies available in the literature, further welldefined studies are required to account for dietary factors
and obesity[18].

Food containing N-nitroso compounds
Nitrites are found in smoked and cured fish, cheeses,
bacon, hotdogs and other cured meats[48]. Nitrites are
mainly manufactured as a food preservative. Both nitrates
and nitrites are used extensively to enhance the color
and extend the shelf life of processed meats. Nitrate is a
normal component of the human diet, with the average
daily intake from all sources estimated at 75 milligrams.
Upon ingestion, about 5% of the nitrate taken in by
healthy adults is converted (reduced) to nitrite by bacteria
in saliva; further nitrate is converted by bacteria inside the
alimentary tract[49].
Certain conditions in the stomach can increase the
conversion of nitrate to nitrite, specifically when the pH
of the gastric fluid is high enough (above 5) to favor
the growth of nitrate-reducing bacteria. This process
is of major concern for infants, whose gastrointestinal
systems normally have a higher pH than those of adults.
Nitrites in the stomach can react with food proteins to
form N-nitroso compounds; these compounds can also
be produced when meat containing nitrites or nitrates is
cooked, particularly using high heat[49].
Animals with low or long-term exposure to N-nitroso
compounds in food or drinking water recorded liver
cancer[50]. However, all animals exposed to N-nitroso
compounds suffered internal bleeding, usually followed
by death[51]. It is not yet known if these compounds will
cause similar effects in humans. However, there is a high
probability that breathing or touching N-nitroso compounds causes liver disease and cancer[51].

Diet
Several studies have examined whether alterations in diet
have an effect on the risk of HCC. A trial from Italy has
examined a broad range of dietary habits among 185 patients with HCC and 412 patients without cancer[44]. HCC
were more likely to consume a large amount of calories,
were five times more likely to be former drinkers, and
were 30 times more likely to be infected with either HCV
or HBV.
Among dietary compounds, consumption of iron and
thiamine were associated with a significant threefold and
twofold increase in risk of HCC, respectively. An association between intakes of iron was also evaluated according
to the presence or absence of viral hepatitis[44]. When
compared to appropriate controls, consumption of iron
among patients without viral hepatitis was associated with
a significantly increased risk of HCC[44]. This increase in
risk was not conferred to those with HCV or HBV, Conversely, β-carotene and linoleic acid consumption was as-
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Alcohol
The mechanism by which alcohol consumption increases
the risk of HCC is primarily through the development of
cirrhosis. It has been suggested that heavy alcohol consumption of > 80 g/d ethanol for at least 5 years increases the risk of HCC by nearly 5-fold[52]. The risk appears
to be proportional to the amount of alcohol consumed.
In addition to a daily dose response, persistent alcohol
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consumption appears to have a long-term effect on the
risk of HCC occurrence. A prospective case-control study
from Japan has observed that heavy alcohol drinkers, defined as > 600 L of alcohol during a lifetime, had a fivefold increase in the risk of HCC in comparison to nondrinkers or those who consumed < 600 L of alcohol[53].
However, the risk of HCC among those who consume
low or moderate levels of alcohol remains unknown[4].
An association between genetic polymorphisms of
the enzymes participating in the metabolic pathway of
ethanol and the increased risk of HCC in heavy alcohol drinkers has been also proposed as a mechanism by
which HCC develops. The frequency of aldehyde dehydrogenase 2 (ALDH2) genotype polymorphisms is significantly associated with increased risk of HCC in heavy
alcohol drinkers[53].
Glutathione S-transferases (GST) are a super family
of detoxifying enzymes involved in the neutralization of
endogenous by-products of oxidative stress and exogenous chemicals of proven carcinogenicity. A study from
Italy has observed that, among subjects who consumed
> 100 g/d of ethanol and were bearers of the GST M1
(GSTM1) null genotype (i.e., partial deletion of the coding sequence causes the total absence of enzymatic function) had twice the risk of HCC compared with bearers
of the GSTM1 non-null genotype[54].

cancer. They have demonstrated that cigarette smokers
did not have a significantly increased risk of HCC when
compared with non-smokers[53]. To analyze the effect of
sex, a prospective cohort study that included 83885 patients followed up for 8 years observed a positive association between smoking and HCC in women who smoked
> 10 cigarettes per day[60]. However, no significant increase in the risk of HCC was demonstrated among male
smokers[60].
In addition to an increase in the risk of developing
HCC, it is also suggested in the literature that smoking increases the risk of death in HCC. In the Korean
Cancer Prevention cohort study, men who were current
smokers had an increased risk of death from HCC[59].
Women who were current smokers did not have the same
elevation in risk of HCC-related death as that observed
in men[59]. Marrero et al[55] showed a synergistic interaction between heavy alcohol consumption, heavy tobacco
smoking and obesity on the risk of HCC. However, the
biological mechanism for the synergy between tobacco,
alcohol and obesity is unknown.
Lastly, to determine the effect of viral hepatitis on the
association between HCC and tobacco, a prospective study
of 12008 men observed that smoking significantly increased the risk of HCC only in anti-HCV-positive patients
but not in those who were anti-HCV-negative when compared to anti-HCV-negative nonsmoking individuals[61].

Smoking
Several studies have evaluated the association between
smoking and development of primary liver cancer. An effect of tobacco in the development of HCC is biologically plausible, due to the carcinogenic potential of several
of the ingredients in tobacco that are metabolized in the
liver[55]. A prospective cohort study including 4050 men
aged ≥ 40 years who were followed-up for an average
length of 9 years observed that those who smoked had
a threefold increased risk of primary liver cancer when
compared to never smokers[56]. Additionally, a study from
Korea has found a 50% increase in the risk of primary
liver cancer for current male smokers compared to never
smokers[57]. In contrast however, a recent populationbased case-control study from the United States did not
observe a significantly increased risk of primary liver
cancer among current male smokers[58]. Male ex-smokers,
however, had a significant increase in risk of primary liver
cancer, which suggests that there is perhaps a dose or duration response underlying this association[56-58]. Although
the amount of smoking did not alter the risk of HCC, the
duration of smoking significantly increased the risk of
HCC for subjects who had smoked for > 20 years when
compared to those who had smoked for < 10 years[59].
The association between tobacco and liver cancer
and its reliance on host factors such as genetics, sex, and
an underlying history of viral hepatitis has also been explored. With respect to the role of genetics, a small study
from Japan has evaluated 78 patients with HCC and
genetic polymorphisms of tobacco and alcohol-related
metabolizing enzymes and 138 hospital controls without

WCG|www.wjgnet.com

Oral contraceptives
Prior to the widespread use of oral contraceptives (OCs),
benign liver tumors in young women were rarely observed[18]. In current literatures, therapy with oral contraceptives appears to be associated with the development
of benign liver tumors such as hepatic hemangioma,
hepatocellular adenoma or focal nodular hyperplasia[62].
Although not well researched, it has been proposed that
OCs might also be associated with malignant liver tumors
including HCC[63].
Rarely, malignant transformation can occur within
the context of hepatic adenomas. It is unclear, however,
whether the use of OCs influences the likelihood of
developing adenoma and that these benign tumors transform into tumor[64]. Within the literature, there have been
14 cases of hepatic adenoma with focal malignant transformation to HCC in women taking OCs[64,65]. The mean
age of these patients at the time of diagnosis of malignant transformation was 36 years (range: 23-57 years)
and the mean duration of OCs use was 11 years (range:
1 mo-20 years)[66]. The frequency of HCC among hepatic
adenomas appears to vary from 5% to 18%[67,68].
To evaluate further the risk of HCC in the setting of
OCs use, several observational studies have been conducted. A recent meta-analysis of 12 case-control studies,
including 739 cases and 5223 controls, which evaluated
the risk of HCC among women using OCs indicated that
there was no increase in risk of HCC with short-term
use; defined as < 5 years of exposure[69].
An adjusted analysis, which accounted for variables
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Figure 1 These ingredients have been shown to have genotoxic, mutagenic and tumorigenic properties. A, B: Nuts and leaves of Piper betle; C, D: Different
forms of betel quid chew; E, F: Side effects of betel quid chewing. (A: medicalinspection.net; B: iamshaman.com; C: wholesaleshamanicherbs.com; D: gethealthyclarkcounty.org; E: vietnamgrouptour.com; F: medianlinspection.net.)

such as age, race and parity, did not yield significant findings[69]. On the contrary, another study has observed a
significantly increased risk of HCC among women taking OCs for > 5 years; an increase in risk of 2-20 fold[69].
However, given the variable periods of duration used in
the study, a pooled estimate of risk could not be generated[69]. Based on these results, further studies are required
to evaluate the association between OCs and the risk of
HCC and how such risk is modified by duration of OCs
use. Additionally, it should be noted that an association
between new-generation OCs with lower doses of hormones and the risk of HCC has not yet been explored[18].

HCC and healthy controls and observed that betel quid
chewing was a dependent risk factor for HCC, with a
threefold risk noted. The aggregate risk increased with
increasing duration and/or quantity of consumption[70].
These data were further supported by a study from Taiwan, including 420 age- and sex-matched patients with
HCC and liver cirrhosis, liver cirrhosis only and healthy
controls. In this study, a nearly six fold and nearly twofold increased risk of HCC was observed in patients with
HCC compared with healthy controls and patients with
liver cirrhosis, respectively[73].
Aflatoxin
Aflatoxin B1 (AFB1) is the major metabolite of the molds
Aspergillus fumigatus and Aspergillus parasiticus. These molds
grow on a variety of food products that are stored in
warm and damp conditions or are cultivated in countries
with hot and humid climates[6]. AFB1 induces a single
nucleotide substitution in codon 249 in the p53 tumor
suppressor gene, which results in the change of the amino
acid arginine to serine[74] which is indigenous to geographic regions with high exposure to AFB1[75]. On the other
hand, this mutation is absent in patients with HCC from
regions with low exposure to AFB1[75]. Moreover, it has
been recently demonstrated that AFB1-albumin adducts
in patients with HCC correlate significantly with the presence of plasma DNA hypermethylation and mutations in
the p16 and p53 tumor suppressor genes[76].
Several studies have evaluated an association between

Betel quid
Betel quid is one of the most addictive substances used in
Asia and among migrated communities in Africa, Europe
and North America. The chewing of betel quid is woven
into the cultural fabric of up to 20% of the world population. Betel quid consists of the nut of the Areca catechu
palm (areca nut), betel leaf or fruit from Piper betle and
red slaked paste[70]. These ingredients have been shown to
have genotoxic, mutagenic and tumorigenic properties[71]
(Figure 1).
A case-control study from Taiwan has shown that betel quid chewing was an independent risk factor for liver
cirrhosis[72]. Contrary, a prospective case-control study
from Asia has observed a significant association between
betel quid chewing and the incidence of HCC. This study
included 263 pairs of age- and sex-matched patients with
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the risk of HCC and exposure to AFB1. A prospective
case-control study from China which included 18244
middle-aged men showed that individuals with the presence of urinary aflatoxin biomarkers had a significantly
increased risk of HCC after adjusting for HBV surface
antigen seropositivity and cigarette smoking[77]. These
data were further supported by a community-based cohort study from Taiwan which found that elevated AFB1
exposure measured by detectable AFB1-albumin adducts
was an independent risk factor for HCC after adjustment
for important confounders.
In Egypt, Dilber et al[78] detected a significant higher
percent of aflatoxins in the serum of Egyptian patients
with HCC compared to their controls; with a twofold
increased risk. Hifnawy et al[79] revealed the prevalence of
AFB1 contamination in corn, wheat, peanut, lupine, white
rice, cowpea, fava bean and brown rice by 64.7%, 53%,
53%, 47%, 47%, 41%, 29.4% and 29.4%, respectively.
It should be stressed that areas with high exposure to
AFB1 are also characterized by a high prevalence of HBV
infection. AFB1 is independent of the risk conferred by
HBV; however concomitant exposure to both HBV and
AFB1 markedly increases the risk of HCC. The risk of
HCC was 60 times higher in patients with HBV infection
and a concomitant elevation of urinary AFB1 markers[80].
Patients with HBV infection and normal urinary AFB1
markers had sevenfold increase in risk of HCC when
compared to those without HBV infection[81].

impaired in cirrhotic livers as compared to the normal
liver. This altered metabolism generates an increase in
the untoward side effects of the beverage. Therefore, the
presence of liver disease might lead affected patients to
consume less coffee. This could result in a falsely negative
association. Therefore, the potential bias of this association in the liver disease patient cannot be discounted[18].
Schistosomiasis
Schistosomiasis, caused by infestation with trematode
blood flukes, is endemic in tropical areas of Africa, South
America, Asia and the Caribbean. Three species of schistosomes, Schistosoma mansoni, Schistosoma japonicum, Schistosoma mekongi preferentially infect the liver, however, only S.
japonicum has been classified as possibly carcinogenic in humans[86]. A recent study has supported the role of S. japonicum infection in HCC as a cofactor with HBV and HCV
infections rather than as a primary hepatocarcinogen[87].
Pesticides
Occupational exposure to pesticides may have a contributory role in the etiology or progression of HCC[10].
According to McGlynn et al[88] no statistically significant
associations between HCC and household application of
pesticides were observed for urban males or for females.
As expected, the strongest risk factors for HCC were
HCV and current HBV infection. This study therefore
suggested that exposures to organophophorus and carbamate pesticides are additive risk factors to current HCV
and HBV infection among rural males. Future investigation should address the possible hepatocarcinogenicity of
pesticides using biomarkers of exposure and other techniques to better estimate dose-response relationships[10].

Coffee
In addition to its reported association with reductions in
bladder cancer and colorectal cancer, coffee consumption
has also been extensively studied and appears to have a
potentially favorable effect on the prevention of liver
diseases, including HCC[82]. There are several hypotheses
that could explain why consuming coffee attenuates the
risk of developing HCC. One hypothesis argues that coffee intake lowers serum levels of γ-glutamyl transferase,
which is associated with a lower incidence of HCC[83,84].
Coffee consumption has also been linked to a lower incidence of cirrhosis, which is a major risk factor for the
development of HCC[84].
An analysis of two large prospective studies of 70000
participants in Japan has shown that those who drank
one or more cups of coffee daily had a significantly lower
risk of developing HCC[85]. A case-control study of 2746
people has found that those who drank three or more
cups of coffee were 40% less likely to develop HCC[84].
In summary, those who drank any coffee compared to
non-drinkers had a significantly lower risk of HCC. The
greater the coffee consumption, the greater the attenuation in HCC risk. Low coffee consumption was associated with a 30% reduction in risk and high consumption
with a 55% reduction in HCC risk[85].
Although these results are impressive and consistent,
one must consider that the findings of an inverse relationship between coffee consumption and the risk of
HCC might be influenced by bias. Coffee metabolism is
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Thorotrast
Persons exposed to Thorotrast, an X-ray contrast medium (thorium dioxide) have found a 120-fold increased
risk of primary liver cancer, largely due to risks of angiosarcoma and intrahepatic cholangiocarcinoma[89].
Alpha-1 antitrypsin deficiency
It is an autosomal recessive disorder resulting in the expression of a defective alpha-1 antitrypsin protein as a
consequence of the presence of an abnormal allele. Liver
disease in alpha-1-antitrypsin deficiency is caused by a
gain-of-toxic function mechanism engendered by the accumulation of a mutant glycoprotein in the endoplasmic
reticulum[20]. HCC is common in children with alpha-1
antitrypsin deficiency and cirrhosis as well as in adults
who are 50-60 years of age. In the adult cases of alpha-1
antitrypsin with cirrhosis, HCC is reported to occur in
31%-67% of cases[90]. The hepatic endoplasmic reticulum
and mitochondrion in individuals with alpha-1 antitrypsin
deficiency demonstrate morphologic and biochemical
abnormalities. As a result, the sum of the many different
cellular injuries associated with oxidative stress especially
with mitochondrial injury is thought to be the driving
force for HCC development in cases of alpha-1 antitryp-
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sin deficiency[91].

the presence of Kayser-Fleischer rings on slit lamp eye
examination, and neurologic abnormalities[97].
Carcinogenesis in WD is thought to be the result of
accumulated copper in the liver and underlying cirrhosis[22]. Although copper deposition in the liver is actually a
risk factor for the development of HCC, some researchers have observed that decreased copper in patients following D-penicillamine and other chelator treatments
may enhance the risk of developing HCC[98]. Guan et al[99]
reported the occurrence of HCC in a young woman with
Wilson’s disease who had never been took oral contraceptives or exposed to hepatitis B virus. Therefore, all newly
researches indicated that WD is a risk factor for HCC[22].

Autoimmune hepatitis
Autoimmune hepatitis (AIH) is a disease of unknown
etiology[21]. It is an inflammation of the liver that occurs
when immune cells mistake the liver’s normal cells for
harmful invaders and attack them. It is an anomalous
presentation of human leukocyte antigen class Ⅱ on the
surface of hepatocytes, possibly due to genetic predisposition or acute liver infection that causes a cell-mediated
immune response against the body’s own liver. Researchers think a genetic factor may make some people more
susceptible to autoimmune diseases. About 70 percent of
those with autoimmune hepatitis are female. The disease
is usually quite serious and, if not treated, gets worse over
time. Autoimmune hepatitis is typically chronic, meaning it can last for years, and can lead to cirrhosis the liver.
Eventually, liver failure can result[92].
The risk of HCC among patients with AIH is believed to be low compared with other chronic liver
diseases. The risk of HCC among AIH patients with cirrhosis is 1.9% per year. This is comparable to HCC risk
among patients with cirrhosis secondary to HBV, HCV,
hemochromatosis, or alcohol-related liver disease[93].
Meza-Junco et al[21] added that HCC occur in 7% of patients with AIH and cirrhosis of at least 5 year durations,
with an incident of 1 per 350 patients-years. When this
study excluded HCV infection, they found that one case
of HCC with 212 patients with HIA (0.5%) in absence
of viral infection.

Primary biliary cirrhosis
Several studies have indicated that primary biliary cirrhosis (PBC) may be associated with increased risk of some
cancers and HCC[100]. PBC primarily affects females and
is rarely complicated by HCC. Although HCC incidence
in PBC patients is low, several characteristics and risk factors associated with its development have been reported.
Males are at risk of developing HCC at any histological
stage of PBC. Therefore, male PBC patients in particular should be carefully screened for HCC from the early
stages of PBC[101].
Congestive liver disease
Muguti et al[102] found that among 17 patients with hepatic focal nodular hyperplasia (FNH), FNH was found
in association with hepatocellular carcinoma in three,
one of whom also had peliosis and an hepatic adenoma.
FNH was also found in association with other conditions which may affect hepatic function, structure or
circulation, including chronic obstructive airways disease,
congestive cardiomyopathy, chronic active hepatitis,
granulomatous hepatitis, coeliac artery stenosis and
metastatic malignant melanoma. This observation draws
attention to a possible link between FNH, hepatic malignancy and conditions which may disturb the hepatic
circulation. Therefore, patients with FNH should be
investigated thoroughly and an aggressive management
policy should be adopted.

Porphyries
Hepatic porphyries are a group of inherited diseases
caused by partial enzyme defects in haem biosynthesis.
They manifest with either neurological complications
(“acute”) or skin problems (“cutaneous”), or occasionally both. The term derives from the Greek, porphyira,
meaning “purple pigment”. The name is likely to have
been a reference to the purple discolouration of feces
and urine in patients during an attack[94]. The commonest
types are acute intermittent porphyria (AIP) and variegate
porphyria. Clinically these porphyrias are characterized
by occasional acute attacks consisting of abdominal pain
and various neuropsychiatric symptoms. The prognosis
of patients with acute hepatic porphyria has improved
greatly during recent decades[95].
An association between HCC and AIP was first suggested by Mogl et al[96] in Sweden. Kauppinen et al[19] recorded that in acute hepatic porphyria, the calculated risk
of hepatocellular carcinoma is increased 61-fold. In addition, a significant iron overload, as found in hereditary
hemochromatosis, is a risk factor for HCC and may also
promote the symptoms of porphyria cutanea tarda.

Family history of liver cancer
In a study conducted in the United States, individuals
with a first-degree family history of liver cancer (liver
cancer in a parent, sibling, or child) were roughly four
times more likely to develop liver cancer than individuals
without such a family history. This increased risk was observed even in the subset of people without viral hepatitis[9,103]. This study suggests that either genetic factors or
shared environmental factors influence the risk of liver
cancer.

Wilson disease
Wilson disease (WD), an inborn copper metabolism
defect, is traditionally diagnosed on the basis of clinical
features, positive family history, biochemical parameters,
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CONCLUSION
Multiple non-viral factors have been implicated in the development of HCC. Hemochromatosis and iron overload
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syndromes have consistently been shown to dramatically
increase the rate of HCC. Additionally, factors such as
obesity and diabetes, which operate via NASH cirrhosis
or perhaps independently, have also been demonstrated
to increase the risk of HCC. With respect to other exposures, although alcohol and tobacco clearly increase the
risk of HCC development and mortality, other exposures
such as coffee and high levels of vegetable consumption
may be protective against this condition.
Further studies are urgently needed to determine the
pathogenesis that underlies the occurrence of HCC in
the setting of these exposures, as well as the way in which
such risk is modified by environmental and host characteristics such as genetics.
Clarification of relevant non-viral causes of HCC
will help to focus clinicians on those risk factors that are
modifiable. With more information, future surveillance
efforts will be more appropriately targeted toward populations at greatest risk.
This multilevel preventative approach will hopefully
lead to a reduction in incidence of non-viral HCC, and a
decrease in the patient morbidity and mortality as well as
the societal economic burden associated with HCC.
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Abstract
INTRODUCTION

Hepatitis C virus (HCV) and human immunodeficiency
virus (HIV) share a common route of transmission so
that about one third of HIV infected individuals show
HCV co-infection. Highly active antiretroviral therapy
has offered a longer and better life to infected patients.
While has removed AIDS-related diseases from the list
of most common causes of death their place has been
taken by complications of HCV infection, such as cirrhosis, end stage liver disease and hepatocellular carcinoma (HCC). HIV/HCV co-infection requires complex
management, especially when HCC is present. Co-infected patients with HCC undergo the same therapeutic protocol as their mono-infected counterparts, but
special issues such as interaction between regimens,
withdrawal of therapy and choice of immunosuppressive agents, demand a careful approach by specialists.
All these issues are analyzed in this minireview.

Co-infection with hepatitis C virus (HCV) and human
immunodeficiency virus (HIV) is a common problem
both in the United States as well as in Europe, for two
main reasons. Firstly, both viruses share a common
route of transmission (sexual or intravenous). Secondly,
the introduction of highly active anti-retroviral therapy
(HAART) has extended life expectancy for HIV infected
individuals. These positive results, however, make these
patients vulnerable to opportunistic infections or infections such as HCV. Furthermore, HCV/HIV co-infected
patients cannot fully tolerate anti-HCV treatment due to
adverse effects of the combination with HAART. While
HIV subjects receiving HAART are at lower risk of dying from acquired immunodeficiency syndrome (AIDS)related diseases, for those with HCV co-infection, end
stage liver disease and hepatocellular carcinoma (HCC)
have emerged as leading causes of morbidity and mortal-
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ity. In the present report we try to evaluate epidemiological characteristics of co-infected patients, the risk of
development of HCC, as well as the suggested treatment
modalities presented in the pertinent literature.

complications, compared to mono-infected HCV patients[12,13]. A meta-analysis including 8 studies with 1871
HCV-positive patients showed, in the subgroup of those
co-infected with HIV patients, a relative risk of 2.92 for
more severe disease, 2.07 for histological cirrhosis and
6.14 for decompensated liver disease[12]. Similarly there is
a higher incidence of HCC in co-infected patients[14,15].
Co-infected patients are younger and have a shorter duration of HCV infection than patients with HCC and HCV
mono-infection. Another characteristic of this group of
patients is that tumors commonly show an infiltrative
pattern and an advanced stage at presentation as well as
more frequent extranodal metastases[16]. Therefore an effective treatment of both viruses is the gold standard for
achieving a favorable outcome in co-infected patients.

EPIDEMIOLOGY
In the United States, about 25% to 35% of patients with
HIV are co-infected with HCV, totaling nearly 300000
people, while less than ten years ago this number was
only about 50000, with a higher prevalence among United
States military veterans[1-4]. The prevalence of HCV infection among HIV infected individuals varies, with the coinfection rate being higher when transmission occurs via
the parenteral route compared to infection through sexual contact. HIV infected individuals who receive the virus
through intravenous drug abuse or blood/blood products
transfusion have a prevalence of HCV co-infection rate
of between 75% to 90%[3,5]. Bollepalli et al[6] reported that
intravenous drug abuse, sharing toothbrushes or razors,
being in prison and tattooing are the most common nonsexual related risk factors while among the sexual related
risk factors, sex for money or drugs, sex with intravenous
drug abusers and men having sex with men, are significant risk factors. However, it is very difficult to determine
the true contribution of the above mentioned risk factors, as many of them interfere with one another. It is,
though, true that the absolute number of patients with
HCV/HIV co-infection is increasing and as the AIDSrelated causes of death are minimized, the complications
of HCV infection (end stage liver disease and HCC) have
become the main cause for the morbidity and mortality
in this subgroup of patients.

TREATMENT STRATEGIES
The achievement of optimal treatment of HCV in HIV
patients is a challenge. An initial assessment of viral load
of HIV and HCV along with a CD4 count should be
performed. The current recommendation is to suppress
HIV before starting anti-HCV treatment[16]. The combination of pegylated interferon and ribavirin seems to
be the treatment of choice in order to stop progression
of fibrosis and prevent liver-related disease and death in
mono-infected patients[16,17]. However, adverse effects lead
to discontinuation of treatment or doses modification in
the majority of patients. The most common side effects
are flue-like symptoms while about one third of patients
experience a drop in hematological parameters[18-20]. The
treatment of HCV in HIV co-infected patients is more
complicated due to the additive drug toxicities of ribavirin and the nucleoside reverse transcriptase inhibitors
didanosine, zidovudine and stavudine[21-23]. Recent studies,
however, reveal that a nucleoside-free HAART is feasible
in the context of anti-HCV therapy and it is at least not
disadvantageous for the patients, and could also provide
great improvements in treatment response rates[24].

CLINICAL IMPACT
As described above, in the recent years there have been
major efforts in the treatment of HIV infected individuals, maximizing therapy by introducing HAART. In the
era of HAART, HIV infected subjects avoid the progression towards AIDS and its lethal complications, and
achieve a prolonged viral suppression, significant immune
system restoration, improvement of quality of life and a
resultant prolongation of life expectancy[7-10]. As HIV and
HCV share common routes of transmission, and HIV infected individuals under HAART face no longer the risk
of death due to AIDS-related conditions, HCV infection
and its complications have become the major issue.
A further issue is that the interaction between the
two viruses and their impact on liver surgery is not completely understood. HCV is not directly cytotoxic and
the pathogenesis of liver injury is believed to be result of
host immune-mediated cytolytic response[11]. The presence of HIV infection alters the natural history of HCV
infection. After acquiring HCV, the infection becomes
chronic in almost 90% of HIV patients and once chronic
infection is established liver fibrosis progresses much
faster, resulting in higher frequency of cirrhosis and its
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HCC ISSUES
The result of HCV infection is, in the majority of cases,
the development of liver cirrhosis. Once cirrhosis is
established, the annual risk of HCC, liver disease progression and death in HCV infected patients reaches
approximately 1% to 7%, 5% and 2% respectively[25]. As
described above, co-infected patients have been shown
to develop liver cirrhosis more quickly than HCV monoinfected individuals and demonstrate a more aggressive
course of HCC. In a study by Benhamou et al[13], HIVHCV co-infected patients had a mean rate of fibrosis
progression of 0.181 fibrosis units per year, which translated into a mean duration from HCV infection to cirrhosis of 26 years. HCV mono-infected patients had a mean
rate of fibrosis progression of 0.135 fibrosis units per
year, or a mean duration of 38 years from HCV infection
to cirrhosis. Thus the eradication of HCV in these pa-
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tients remains the gold standard of treatment.
According to current guidelines, treatment of HCC
is the same for patients with and without HIV infection although the outcome seems to be worse for HIVpositive patients than their HIV-negative counterparts[26].
Chemotherapy seemed not to be a favorable treatment
strategy until recently as HCC was considered as a chemoresistant tumor. However, sorafenib is a new tyrosine
kinase inhibitor targeted against several biological factors
(including vascular endothelial growth factor, platelet derived growth factor and Raf kinase) which demonstraties
the ability to inhibit tumor proliferation and angiogenesis
in vitro. Monotherapy with oral sorafenib (400 mg twice
daily) prolonged median overall survival and delayed the
median time to progression in patients with advanced
hepatocellular carcinoma, according to the results of a
randomized, double-blind, placebo-controlled, multicenter, phase Ⅲ trial (the Asia-Pacific trial)[27]. Two hundred and seventy-one patients from 23 centers in China,
South Korea and Taiwan were enrolled in the study. Of
these, 226 patients were randomly assigned to the experimental group (n = 150) or to the placebo group (n = 76).
Median overall survival was 6.5 mo in patients treated
with sorafenib, compared with 4.2 mo in those who received placebo. Median time to progression was 2.8 mo
(2.63-3.58 mo) in the sorafenib group compared with 1.4
mo (1.35-1.55 mo) in the placebo group[27]. Sorafenib has
been approved both in Europe Union and United States
and has changed the natural course of unresectable HCC.
The efficacy of sorafenib, however, has not been
proved in the setting of HCC in HCV-HIV co-infected
patients as there are only individual cases described in
the pertinent literature and no larger trials. In these cases
there has been a remarkable prolongation of patient survival after administration of sorafenib[27]. Furthermore,
metabolism of sorafenib occurs primarily in the liver, mediated via cytochrome P450, and concomitant administration of cytochrome inducers or inhibitors could alter the
active sorafenib concentration[28]. Some agents (fosemprenavir and ritonavir) used in the HAART are cytochrome
inhibitors and this could mediate a potent increase in the
active dose of Sorafenib, resulting in a favorable outcome
for the patient. Further studies are needed in order to
strengthen these results.
Another very serious issue regarding HCC is recurrent disease after initial treatment. Several treatment
modalities have been introduced, with interferon the
most popular among them. A meta-analysis examining
the effect of interferon on patient survival, was favorable
to interferon with a pooled risk ratio of 0.65, and without statistical heterogeneity. Interferon treatment also
significantly reduced the risk of tumor recurrence with a
pooled risk ratio of 0.86[17]. The significant positive effect
of interferon is, however, diminshed by its moderate or
severe side effects. Interferon possesses several properties
including antiviral, immunomodulatory, antiproliferative
and antiangiogenic actions. Such activities could explain
why the beneficial effect of interferon is greater for sur-
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vival than for tumor recurrence. In particular the antiviral
effect might delay further progression of cirrhosis and
deterioration of liver function.
The last but very interesting issue in the setting of
HCV-HIV co-infection with the presence of HCC, is the
possibility of liver transplantation (LTx). Previously the
presence of HIV infection was a contraindication for
LTx despite the fact that LTx is the treatment of choice
for end-stage liver disease or HCC. However, during the
last decade things have changed dramatically and in the
HAART era, 1- and 3-year survival rates after LTx have
reached 87% to 91% and 64% to 73%, respectively[29].
Further epidemiological studies reveal that the outcome
after LTx in HIV-HCV co-infected patients is worse than
mono-infected either with HIV or HCV[30,31]. Norris et
al[30] reported that at 12 mo, 4 of 7 (57.1%) of those coinfected with HCV were still alive, but by 25 mo a further
2 had died. The survival rate of HCV/HIV co-infected
individuals was clearly lower than in the HCV monoinfected candidates who received organs during the same
period. The latter had actuarial 1- and 2-year survival
rates of 87.5% and 83.9%, respectively.
Several factors regarding the outcome of LTx in HIV
infected individuals should be highlighted. Firstly should
be pointed out that HIV-positive individuals with hepatitis B or hepatitis C virus infections should be referred to
transplant centers at an early stage, in order for the transplant experts to choose the optimal time for transplantation (not too late and not too early, depending on the
cause of liver failure). The criteria for LTx are the same
for both HIV-positive and for HIV-negative patients,
requiring low virus load and absolute CD4 cells not less
than 100 cells/mL. Similarly, opportunistic infections previously considered as a contraindication now should be
evaluated before decisions on transplantation are made[32].
Another controversial issue is the choice of immunosuppressive regimen after LTx. Two issues require special
attention, the first being the avoidance of rapid withdrawal of steroids in the HCV co-infected population,
due to the evidence of accelerated fibrosis. The second
issue is the interaction between immunosuppressive treatment and HAART, as many of the immunosuppressive
medications are metabolized in the cytochrome P450 system. Some antiretroviral drugs (e.g., ritonavir) can reduce
metabolism of calcineurin inhibitors (cyclosporine, tacrolimus), so that dosage of these agents must be reduced by
up to 75%. On the other hand immunosuppressive agents
like mucophenolate mophetil interact with nucleotide analogues altering the activity of antiviral medication[33,34].

CONCLUSION
HIV infection is a serious social problem, in developed
countries as well as in the developing world, and as any
vaccine is still far from everyday clinical practice, this is
becoming ever more dangerous. HIV and HCV share
common routes of transmission, resulting in about
30% of HIV infected individuals being co-infected with

993

January 28, 2014|First Edition|

Dimitroulis D et al . Hepatocellular carcinoma and viral diseases

HCV. Treatment of HIV/HCV co-infected subjects is
more complicated for than mono-infected individuals. In
the HAART era, HIV infected subjects live longer and
enjoy a very good quality of life, so that the complications of HCV infection (cirrhosis, end stage liver disease
and HCC) are the most common causes of mortality
and morbidity in the co-infected subgroup of patients.
Treatment of HCV and its complications in co-infected
patients is a difficult dilemma due to interactions between
medications and frequent withdrawal of therapy or dose
modification due to adverse effects. Treatment of HCC
in co-infected patients is the same as in other HCC patients, including surgical techniques, chemotherapy with
sorafenib, palliative treatment modalities and liver transplantation.
Future directions can be divided into two main categories. In the first category are clinical and experimental
studies, ranging from new therapeutic agents to vaccination. Until this becomes reality, we should follow the
second category which includes a very close clinical and
laboratory examination of co-infected patients and an
early reference to centers of expertise.
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corresponding strategies in hepatocellular carcinoma
Bo Zhai, Xue-Ying Sun
some other molecular targeted drugs have been applied as second-line treatment for treat HCC after the
failure of sorafenib therapy and more are under evaluation in clinical trials. However, the exact mechanisms
accounting for sorafenib resistance remains unclear.
Further investigation on the crosstalk and relationship
of associated pathways will better our understanding of
the mechanisms and help to find effective strategies for
overcoming sorafenib resistance in HCC.
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Core tip: The primary resistance of hepatocellular carcinoma (HCC) to sorafenib is due to genetic heterogeneity. Thus, seeking predictive biomarkers and combining sorafenib with other anticancer agents for HCC
have been launched with varying degrees of success.
Sorafenib inhibits several kinase targets but it can also
simultaneously or sequentially activate the addiction
switches and compensatory pathways, inducing acquired resistance. Some other molecular targeted drugs
have been used as second-line treatment for advanced
HCC after the failure of sorafenib therapy. Further investigation on the crosstalk and relationship of associated
pathways will better our understanding of the mechanisms accounting for sorafenib resistance in HCC.

Abstract
Sorafenib, the unique drug as first-line treatment for
advanced hepatocellular carcinoma (HCC), has opened
a window of hope after searching for effective agents
to combat HCC for decades. However, the overall outcomes are far from satisfactory. One of the explanations
is the genetic heterogeneity of HCC, which has led to
identifying predictive biomarkers for primary resistance
to sorafenib, and then applying the concept of personalized medicine, or seeking therapeutic strategies such
as combining sorafenib with other anticancer agents.
Some of the combinations have demonstrated a better
effectiveness than sorafenib alone, with good tolerance.
The acquired resistance to sorafenib has also drawn
attention. As a multikinase inhibitor, sorafenib targets
several cellular signaling pathways but simultaneously
or sequentially the addiction switches and compensatory pathways are activated. Several mechanisms are
involved in the acquired resistance to sorafenib, such as
crosstalks involving PI3K/Akt and JAK-STAT pathways,
hypoxia-inducible pathways, epithelial-mesenchymal
transition, etc . Based on the investigated mechanisms,
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INTRODUCTION
Liver cancer is the second most frequent cause of cancer
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death in men worldwide and hepatocellular carcinoma
(HCC) accounts for 70%-85% of the total liver cancer
burden[1]. Many lines of clinical investigation indicate that
none of the adjuvant therapies is particularly effective
in treating HCC after surgery and systemic traditional
chemotherapy has a very low response rate for HCC.
Recently emerging molecular targeted drugs (MTD) have
been demonstrated to be promising agents in prolonging the overall survival (OS) of late stage HCC patients.
Particularly, sorafenib has been uniquely recommended
as the first line treatment for advanced HCC[2]. Despite
the encouraging achievement, the worry about drug
resistance to sorafenib is increasing as the OS of HCC
patients after sorafenib treatment was only 2-3 mo longer
than placebo and sorafenib was shown to result in a limited increase in median time to symptomatic progression
and a low partial response rate due to drug resistance[3,4].
Although the exact rate of resistance to sorafenib has not
been reported, considering the dilemma that no effective
systemic therapy is available so far for patients after failure of sorafenib therapy, studies on the mechanisms of
sorafenib resistance are urgently required[5-7]. The present
article aims to review the latest progress in this field by
focusing on the mechanisms of resistance to sorafenib
and the strategies in HCC.

of phospho-c-Jun and JNK activity. Moreover, the JNK
activation correlated with decreased TTP and poor OS. A
recent study on patients enrolled in the SHARP trial (the
phase Ⅲ, randomized, controlled Sorafenib HCC Assessment Randomized Protocol) investigated predictive biomarkers to sorafenib and showed that the angiogenesis
biomarkers Ang2 and VEGF, among ten assessed plasma
biomarkers, were independent predictors of the survival of advanced HCC patients. Although the patients
with higher soluble c-KIT or lower hepatocyte growth
factor (HGF) in sera at baseline showed enhanced survival benefit, neither of them predicted the response to
sorafenib[16].
The current available data indicate that candidate
biomarkers for sorafenib sensitivity are still of uncertain value. Well-designed prospective clinical studies are
required to judge their exact roles in predicting the primary resistance to sorafenib in HCC. In addition, more
preclinical studies are also needed to clarify whether the
currently known biomarkers are the downstream events
of the latent key biomarkers or if these biomarkers vary
in individual patients.

PREDICTION OF SORAFENIB
SENSITIVITY

Long-term exposure to antitumor drugs often results in
reduced sensitivity of the tumor cells to the drug, leading to acquired resistance. Many mechanisms account for
acquired resistance to antitumor drugs, such as addiction
switching, compensatory pathway because of pathway
loops or crosstalk, epithelial-mesenchymal transition
(EMT), cancer stem cells, disabling of pro-apoptotic signals, hypoxic microenvironment, etc[17-19]. Recently, some
studies have also indicated the correlation between these
mechanisms and resistance to sorafenib in HCC.

MECHANISMS OF ACQUIRED
RESISTANCE TO SORAFENIB

Due to genetic heterogeneity, some HCC cells are initially resistant to sorafenib, which is termed primary
resistance[8]. The IC50 values of growth inhibition of
different HCC cell lines by sorafenib in vitro showed big
variations[9,10]. Thus, it is important to identify predictive
biomarkers for primary resistance to sorafenib.
The activation of RAF/mitogen-activated protein
kinase (MAPK)/extracellular signaling-regulated kinase
(ERK) signal pathway is commonly observed in HCC[11].
Sorafenib executes its anti-tumor activity partially
through targeting the Raf-1 and B-Raf, thus inhibiting the
RAF/MEK/ERK signaling pathways. It was reported
that sorafenib inhibited the phosphorylated ERK (pERK)
in HCC PLC/PRF/5 and HepG2 cells[9]. Zhang et al[12]
reported that the effects of sorafenib on cell proliferation were significantly correlated with basal pERK levels
and the U0126, a selective inhibitor of ERK1/2, could
reduce the sensitivity of HCC cells to sorafenib through
downregulation of pERK. In a phase Ⅱ clinical study of
sorafenib, the pERK levels in tumor samples from 33 patients showed the correlation with median time to progress (TTP)[13]. However, the relationship was not validated
in the phase Ⅲ trial[14]. It has recently been reported that
the c-Jun N-terminal kinase (JNK), another member of
MAPK family, can serve as a biomarker to predict the
sensitivity to sorafenib[15]. Hagiwara et al[15] examined the
JNK activity in 39 tumor specimens from advanced HCC
before sorafenib treatment and found that the tumors
from the non-responder group had higher expression
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PI3K/Akt pathway and sorafenib resistance
The phosphatidylinositol 3-kinase (PI3K)/Akt and
MAPK pathways are the most critical pathways involved
in the development and progression of HCC and are activated or overexpressed in a high proportion of HCC tissues. The parallel PI3K/Akt pathway remains unscathed
when sorafenib targets the MAPK pathway and tyrosine
kinases by inhibiting vascular endothelial growth factor
receptor (VEGFR), platelet-derived growth factor receptor (PDGFR), Ret and c-kit[3]. Considering the existing
crosstalk between the PI3K/Akt and MAPK pathways[20],
the latent compensatory mechanism of PI3K/Akt pathways in drug resistance to sorafenib has been attracting
attention. Sorafenib has been demonstrated to activate
Akt and upregulate the phosphorylation of its downstream targets, such as S6K and 4EBP1 in HCC cells[21,22].
A study by Chen et al[7] has shown that sorafenib-resistant
HCC cells, which were established by long-term exposure
to sorafenib, had increased expression of phosphorylated
Akt and p85, a regulatory subunit of PI3K, compared
with the parental cells. Similarly, the HCC cells with ecto-
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tumor starvation and subsequent tumor hypoxia[33]. A
recent study[34] has shown that sorafenib-resistant HCC
tissues had higher expression of HIF-1α than sorafenibsensitive and pre-treated HCC tissues. In xenograft models, the increased hypoxia because of sustained sorafenib
therapy was associated with sorafenib sensitivity. Moreover, EF24, an analogue of curcumin, could synergistically enhance the antitumor effects of sorafenib and
overcome sorafenib resistance through inhibiting HIF-1α
by sequestering it in cytoplasm and promoting degradation via upregulating (von Hippel-Lindau) VHL.

pic expression of constitutive Akt also showed resistance
to sorafenib. In addition, the resistance to sorafenib could
be reversed by gene knockdown of Akt and Akt inhibitor
MK-2206. These results indicate that activation of PI3K/
Akt pathway may contribute to sorafenib resistance and
call for further study in clinical trials.
JAK-STAT pathway and sorafenib resistance
The Janus kinase (JAK)-signal transducer and activator of
transcription (STAT) pathway participates in the regulation of cell proliferation, differentiation, survival, motility
and apoptosis in many organs, including liver[23,24]. STAT3
plays a critical role in transcriptional regulation of genes
and is also activated by many cytokines and growth factor receptors, such as PDGFR, fibroblast growth factor
receptor (FGFR) and epidermal growth factor receptor
(EGFR) through JAK[25,26]. The negative regulation of
STAT3 is mainly executed by suppression of cytokine signaling (SOCS) proteins through JAK and Src-homology
protein tyrosine phosphatases (SHPs), such as SHP-1
and SHP-2, and cytokines and growth factor receptors[23].
STAT3 is activated in HCC and knockdown of STAT3
had a therapeutic effect on HCC[27]. It has recently been
reported that sorafenib inhibited the activity of STAT3
by downregulating the phosphorylation of STAT3 at the
tyrosine and serine site (Y705 and S727) through regulating PI3K/Akt pathway and MAPK pathway, respectively,
but had no effect on JAK2 and SHP2 expression[27].
Sorafenib displayed its inhibitory effect on STAT3 in an
SHP-1-dependent manner, but not kinase-dependent inactivation of STAT3[28]. Sorafenib also overcomes TRAIL
resistance by inhibiting the activation of STAT3 in HCC
cells[29]. Several studies have also investigated the role of
JAK-STAT pathway in the mechanisms of acquired resistance to sorafenib in HCC. Sorafenib-resistant HCC cells
express higher levels of p-STAT3, p-JAK1 and p-JAK2,
but lower levels of SHP-1 and p-SHP-1, indicating that
the JAK-STAT pathway participates in the acquired resistance to sorafenib in HCC[26]. Interestingly, dovitinib,
another multikinase inhibitor targeting VEGFR, FGFR
and c-KIT and regulating the JAK-STAT pathway, could
reverse the acquired resistance to sorafenib by directly
activating SHP-1 and thus downregulating p-STAT3[26].
Inhibition of SHP-1 or gene knockdown of SHP-1
blocked the effect of dovitinib, indicating that the SHP1-activating agent may provide second-line treatment
after the failure of sorafenib therapy[30].

EMT and sorafenib resistance
Epithelial-mesenchymal transition or transformation
(EMT) is the transitional phenomenon of epithelial cells
to a mesenchymal phenotype which participates in embryonic development and wound healing, and has recently emerged as a pivotal event in the development of the
invasive and metastatic potentials of cancer progression,
including HCC[35,36]. EMT is regulated by the upstream
pathway such as PI3K/Akt pathway, MAPK, etc [37].
Emerging evidence suggests that EMT is involved in, and
targeting EMT can reverse, the resistance of antitumor
drugs[38]. Recently, the role of EMT in the resistance of
HCC to sunitinib has been reported[39]. A study showed
that sorafenib inhibited the HGF-induced EMT in HCC
by downregulating SNAI1 expression via the MAPK signaling pathway[37]. The microarray gene expression analysis showed the existence of EMT accompanied by activation of PI3K/Akt and MAPK pathway in sorafenibresistant HCC cells[40]. The above studies indicate that
EMT may be involved in the resistance to sorafenib in
HCC but further studies to clarify the specific mechanisms are required.
In addition to the above described mechanisms, some
limited studies have also demonstrated that EGFR[10],
glucose-regulated protein 78 (GRP78)[41], multidrug resistance protein (MDRP) 2[42], nuclear factor κB (NF-κB)[43,44]
and autophagy[45] may be involved in the acquired resistance to sorafenib in HCC.

STRATEGIES FOR OVERCOMING THE
RESISTANCE TO SORAFENIB
Although the exact mechanisms of resistance to sorafenib
have not yet been fully elucidated, some approaches have
been launched to cope with sorafenib resistance in HCC
in clinical trials. The completed and ongoing clinical trials
for overcoming sorafenib resistance are summarized in
Tables 1 and 2, respectively. These trials can be divided
into two categories. One is to combine sorafenib with
other anticancer drugs and the other is to use other drugs
or drug combinations as second-line treatments in HCC
patients after the failure of sorafenib therapy.

Hypoxic microenvironment and sorafenib resistance
The hypoxic microenvironment is closely related to the
resistance to many antitumor drugs[19]. We have previously demonstrated that targeting hypoxia-inducible pathways enhanced the antitumor activity of doxorubicin in
HCC[4,31]. Although sorafenib downregulates the synthesis
of hypoxia-inducible factor (HIF)-1α in HCC cells in vitro
and in vivo[32], the correlation of sorafenib resistance and
hypoxic microenvironment is attractive because the antiangiogenic activity of sorafenib is speculated to lead to
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Combinational therapy with sorafenib
At present, there are dozens of ongoing clinical trials
which are evaluating the therapeutic efficacy of sorafenib
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Table 1 Completed clinical trials for overcoming sorafenib resistance
Therapeutic strategies

Phases

Combinational therapy
5-fluorouracil plus sorafenib[46]
Tegafur/uracil plus sorafenib[47]
Octreotide plus sorafenib[48]
Doxorubicin plus sorafenib vs
doxorubicin plus placebo[50]
Erlotinib plus sorafenib vs
erlotinib plus placebo[53, 54]
Second-line treatments
Sunitinib[55]
Brivanib[56]
Tivantinib vs placebo[6]
Gemcitabine plus oxaliplatin[59]
Erlotinib plus bevacizumab[61]

Cases

Efficacy

Phase Ⅱ
Phase Ⅱ
Phase Ⅱ (So.LAR.)
Phase Ⅲ

39
53
50
47 vs 49

Phase Ⅲ (SEARCH)

362

SD: 46.2%; median TTP: 8 mo; OS: 13.7 mo
Median PFS: 3.7 mo; median OS: 7.4 mo
SD: 66%; median TTP: 7.0 mo; median OS: 12 mo
Median TTP: 6.4 mo vs 2.8 mo; OS: 13.7 mo vs 6.5 mo; PFS: 6.0 mo
vs 2.7 mo
Median TTP: 3.2 mo vs 4.0 mo; OS: 9.5 mo vs 8.5 mo

Retrospective analysis
Phase Ⅱ
Phase Ⅱ
Retrospective analysis
Phase Ⅱ

11
46
71 vs 36
18
10

SD: 40%; median TTP: 3.2 mo
SD: 41.3%; RR: 4.3%; DCR: 45.7%; median OS: 9.79 mo
Progressive disease: 65% vs 72%; TTP: 1.6 mo vs 1.4 mo
Overall RR: 18.8%; SD: 18.8%; median PFS: 3.2 mo; OS: 4.7 mo
No response or SD; median TTP: 1.81 mo; OS: 4.37 mo

SD: Stable disease; TTP: Time to progression; OS: Overall survival; PFS: Progression-free survival; DCS: Disease control rate; RR: Response rate.

Table 2 Ongoing clinical trials for overcoming sorafenib resistance
Studies

Therapeutic strategies

Combinational therapy
NCT01271504
NCT01033240
NCT01539018
NCT01272557
NCT01015833
NCT01214343
Second-line treatments
NCT01507168
NCT01273662
NCT00717756
NCT01545804
NCT01567930
NCT01180959
NCT01140347
NCT01108705
NCT00825955
NCT01035229

Phases

Primary outcomes

E7050 plus sorafenib vs sorafenib
CS-1008 plus sorafenib vs sorafenib
Tegafur-uracil plus sorafenib vs sorafenib
Doxorubicin plus sorafenib vs sorafenib
Doxorubicin plus sorafenib vs sorafenib
Cisplatin/fluorouracil plus sorafenib vs sorafenib

Phase Ⅱ
Phase Ⅱ
Phase Ⅱ
Phase Ⅱ
Phase Ⅲ
Phase Ⅲ

Adverse event
TTP
TTP
TTP
OS
OS

GC33 vs placebo
Axitinib
Lenalidomide
Lenalidomide
Temsirolimus
Erlotinib plus bevacizumab

Phase Ⅱ
Phase Ⅱ
Phase Ⅱ
Phase Ⅱ
Phase Ⅱ
Phase Ⅱ
Phase Ⅲ
Phase Ⅲ
Phase Ⅲ
Phase Ⅲ

PFS
SD
RR
SD
Disease progression
PFS

Ramucirumabplus BSC vs placebo plus BSC
Brivanib plus BSC vs placebo plus BSC
Brivanib plus BSC vs placebo plus BSC
Everolimus plus BSC vs placebo plus BSC

PFS
OS
OS
OS

TTP: Time to progression; OS: Overall survival; SD: Stable disease; PFS: Progression-free survival; RR: Response rate; BSC: Best supportive care.

vanced HCC patients, the combinational therapy with
sorafenib and long-acting octreotide resulted in SD rate
of 66%, median TTP of 7.0 mo and median OS of 12
mo[48]. The results suggest that the combination between
sorafenib and long-acting octreotide is active and well
tolerated in patients with advanced HCC and could represent another efficacious chance for the management of
this population[48].
Doxorubicin is considered one of the most effective
cytotoxic agents and is widely used in the treatment of
HCC, especially via transcatheter arterial chemoembolization (TACE)[4,49]. In a phase Ⅲ trial, doxorubicin plus
sorafenib compared with doxorubicin alone was evaluated in 96 patients with advanced HCC[50]. The sorafenib
plus doxorubicin achieved longer median TTP (6.4 mo vs
2.8 mo), OS (13.7 mo vs 6.5 mo) and PFS (6.0 mo vs 2.7
mo) than doxorubicin placebo monotherapy. The only
grade 2/3 adverse event of left ventricular dysfunction
was seen in one patient in the sorafenib plus doxorubicin
group. However, because doxorubicin was used as the

in combination with other anticancer agents to treat
advanced HCC, according to the database of clinical trials from the United States National Institutes of Health
(http://www.clinicaltrials.gov). Some completed clinical
trials have been promising to some extent by combining
sorafenib with other agents.
In a phase Ⅱ trial with 39 advanced HCC patients,
sorafenib in combination with 5-fluorouracil infusion
showed an encouraging disease control rate with the
stable disease (SD) rate of 46.2% for a median duration
of 16.2 mo, median TTP of 8 mo and OS of 13.7 mo[46].
Metronomic chemotherapy using tegafur/uracil has
been shown to enhance the anti-tumor effect of antiangiogenic agents in preclinical models. In a phase Ⅱ
study with 53 advanced HCC patients, metronomic chemotherapy with tegafur/uracil was safely combined with
sorafenib and preliminarily showed the improvement of
sorafenib efficacy, with median progression-free survival
(PFS) of 3.7 mo and median OS of 7.4 mo[47].
In a multicenter phase Ⅱ So.LAR. study with 50 ad-
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in sorafenib-resistant HCC[6]. Among the 107 enrolled
patients, 104 patients had received sorafenib treatment.
Seventy-one patients were randomly assigned to receive
tivantinib (38 at 360 mg twice daily and 33 at 240 mg
twice daily) and 36 patients to receive placebo. At the
time of analysis, 46 (65%) patients in the tivantinib group
and 26 (72%) of those in the placebo group had progressive disease. After the median follow-up of 5.5 mo, the tivantinib group had a longer TTP than the placebo group
(1.6 mo vs 1.4 mo). The 22 (31%) patients with METhigh tumors treated with tivantinib had a median TTP
of 2.7 mo, which was significantly longer than that (1.4
mo) for 15 MET-high patients (42%) on placebo. Interestingly, tivantinib at the dose of 240 mg (twice per day)
showed slightly longer OS and moderate adverse events
compared to the schedule of 360 mg. These results provide an option for second-line treatment of advanced
HCC patients, particularly for those with MET-high tumors, after failure of sorafenib and call for further phase
Ⅲ trials. The report may also imply that Met might serve
as a predictive biomarker in this case.
A drug combination of gemcitabine plus oxaliplatin
has shown antitumor activity again HCC[57,58]. Thus, it
was used as second-line treatment in HCC patients after
sorafenib pretreatment. In a clinical trial with 18 patients
after the failure of sorafenib therapy, gemcitabine plus
oxaliplatin treatment showed an overall response rate of
18.8%, SD of 18.8%, PFS of the median 3.2 mo and OS
of 4.7 mo with moderate adverse events[59].
Erlotinib plus bevacizumab has shown an apparently
synergistic effect with acceptable adverse events as firstline treatment of HCC[60]. To evaluate the effects of
erlotinib in combination with bevacizumab as secondline therapy after the failure of sorafenib, a phase Ⅱ trial
is ongoing (ClinicalTrials.gov, NCT01180959). However,
another similar phase Ⅱ trial executed during the same
period showed disappointing interim results[61]. Among
the ten recruited patients after first-line sorafenib treatment, no response or SD were achieved and the median
TTP and OS was 1.81 and 4.37 mo, respectively. Adverse
events were common, with rash in 70%, diarrhea in 50%
and malaise in 40% of patients. Thus, this trial was halted
after the interim analysis[61]. The results of the ongoing
similar trial are expected.

controlled arm in this trial, the encouraging outcome
was unable to justify that the efficacy was from sorafenib
alone or the synergism with doxorubicin. Now, a randomized phase Ⅲ trial aiming to evaluate the combinational
therapy of doxorubicin plus sorafenib compared with
sorafenib alone is recruiting participants (ClinicalTrials.
gov, NCT01840592).
Erlotinib, an oral tyrosine kinase inhibitor of EGFR,
has shown a modest antitumor activity against HCC[51,52].
To evaluate the effect of sorafenib in combination with
erlotinib, a randomized, placebo-controlled, double-blind,
phase Ⅲ study (SEARCH trial, NCT00901901) is being
conducted with sorafenib as the controlled arm. However, the preliminary results reported in the 37th European
Society for Medical Oncology (ESMO) Congress[53,54] did
not show that the addition of erlotinib to sorafenib met
the primary endpoint and the median OS and TTP was
not statistically different in the experimental and controlled arms.
Second-line treatments
Many anticancer drugs, most of which are MTDs, such
as VEGFR inhibitors (axitinib and ramucirumab), mTOR
inhibitors (everolimus and temsirolimus), EGFR inhibitor
(erlotinib) in combination with VEGFR inhibitor (bevacizumab) and GC33, a recombinant humanized antibody
against glypican-3, are being tested as second-line treatments for advanced HCC in clinical trials (http://www.
clinicaltrials.gov).
Sunitinib, a multikinase inhibitor targeting the similar
receptors to sorafenib, such as VEGFR, PDGFR and
RAF, showed a modest antitumor activity in 11 sorafenibresistant patients with SD in 40% patients and median
TTP of 3.2 mo[55]. Undesirably, sunitinib as second-line
treatment did not show the antitumor activity in HCC
patients with Child-Pugh class B liver cirrhosis because
these patients died within 4 mo due to the clinical deterioration of liver function and tumor progression.
Brivanib, a selective dual inhibitor of FGFR and
VEGFR, has shown antitumor activity against HCC[56].
A phase Ⅱ open-label study assessed brivanib as secondline treatment in HCC patients who had failed prior to
antiangiogenic treatment, including sorafenib[56]. In 46
enrolled patients, brivanib was administered orally at a
dose of 800 mg once daily and the SD, tumor response
rate and disease control rate was 41.3%, 4.3% and 45.7%,
respectively. The median OS was 9.79 mo. The results
show that brivanib may be safe and efficient in treating advanced HCC after sorafenib therapy. However, a
press release in July, 2012 from Bristol-Myers Squibb, the
manufacturer of brivanib, revealed that brivanib did not
meet the primary endpoint of improving overall survival
vs placebo in the phase Ⅲ trial (http://news.bms.com/
press-release/).
Recently, a multicenter, randomized, placebo-controlled, double-blind, phase Ⅱ study (ClinicalTrials.gov,
NCT00988741) reported the results of using tivantinib, a
selective oral inhibitor of MET, as second-line treatment
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CONCLUSION
In summary, the mechanisms accounting for the resistance of HCC to sorafenib are complicated and remain
unclear. The primary resistance of HCC to sorafenib is
possibly due to the genetic heterogeneity. Seeking predictive biomarkers and therapeutic strategies by combining sorafenib with other anticancer agents have been
launched with varying degrees of success. Sorafenib
inhibits several kinase targets but it can also simultaneously or sequentially activate the addiction switches and
compensatory pathways, such as PI3K/Akt and JAKSTAT pathways, tumor hypoxia, EMT, etc., leading to
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acquired resistance. Some other MTDs have been applied
as second-line treatment for advanced HCC after the failure of sorafenib therapy and more are under evaluation
in clinical trials. Further investigation on the crosstalk
and relationship of associated pathways will better our
understanding of the mechanisms and effective strategies
for overcoming sorafenib resistance in HCC are being
sought.
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injection) and transarterial treatments (e.g. , conventional transarterial chemoembolization, transarterial
chemoembolization with drug eluting beads and radioembolization). Finally, a different approach should be
used for new systemic agent that, though not reducing
tumor mass, could have a benefit on survival by delaying tumor progression and death. The purpose of this
brief article is to review HCC imaging appearance after
treatment.
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Core tip: Surgical resection and imaging guided treatments play a crucial role in the management of hepatocellular carcinoma (HCC). Moreover, recent studies
have underlined the potential of antiangiogenetic treatment in patients with untreatable, unresectable HCCs.
The purpose of this article is to review HCC imaging
appearance after treatment.

Abstract
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Available from: URL: http://www.wjgnet.com/1948-5182/full/v5/
i8/417.htm DOI: http://dx.doi.org/10.4254/wjh.v5.i8.417

Surgical resection and imaging guided treatments
play a crucial role in the management of hepatocellular carcinoma (HCC). Although the primary end point
of treatment of HCC is survival, radiological response
could be a surrogate end point of survival, and has a
key role in HCC decision-making process. However,
radiological assessment of HCC treatment efficacy is
often controversial. There are few doubts on the evaluation of surgical resection; in fact, all known tumor
sites should be removed. However, an unenhancing
partial linear peripheral halo, in most cases, surrounding a fluid collection reducing in size during follow-up
is demonstrated in successfully resected tumor with
bipolar radiofrequency electrosurgical device. Efficacy
assessment of locoregional therapies is more controversial and differs between percutaneous ablation (e.g. ,
radiofrequency ablation and percutaneous ethanol
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common
primary malignant liver tumor. Surgical resection and liver
transplantation are the only potentially curative options,
but they are contraindicated in most patients[1,2]. Other
available imaging guided tools for the treatment of HCC
are radiofrequency ablation, ethanol injection, transarterial chemoembolization and radioembolization. These options are not curative, they do increase survival and they
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A

Figure 1 Successful hepatocellular carcinoma
resection with radiofrequency tissue coagulation
device. A: Pretreatment arterial phase T1-weighted
gradient-echo magnetic resonance shows hypervascular hepatocellular carcinoma (HCC) (arrow); B: On
arterial phase computed tomography obtained 4 mo
after treatment no hypervascular focus is evident (arrow). Note that resected area is larger to preexisting
HCC.

B

are used to downstage patients in order to be suitable
to liver transplantation. Moreover, recent studies have
underlined the potential of antiangiogenetic treatment in
patients with untreatable, unresectable HCCs[3,4]. Imaging
follow-up plays a crucial role in evaluating treatment effectiveness and therefore in taking important decisions in
the management of these patients. In this article, we will
review the imaging appearance of HCC after treatment.

commonly found at initial follow-up and disappears with
time[9]. Uncommon complications include biloma, hepatic
abscess, pleural effusion and adjacent organ injury (i.e.,
small bowel perforation).
Percutaneous ablation
Percutaneous ablation induces coagulative necrosis by
modifying tumor temperature using RF, microwave, laser,
cryotherapy or by direct intratumoral injection of chemical substances (ethanol or acetic acid). This procedure is
recommended for patients with preserved liver function
and a maximum of 3 small (≤ 3 cm) HCCs[1].

EVALUATION OF TUMOR RESPONSE
WITH IMAGING
Currently there are no recommendations regarding the
timing for radiological follow-up to assess treatment response and schedules shaped by randomized controlled
trials (RCTs) are very heterogeneous[5]. At our institution,
treatment efficacy is evaluated using dynamic computed
tomography (CT) or magnetic resonance (MR) examinations at one, 3 and 6 mo after treatment, and every 6
mo afterwards. The first evaluation performed at one
month is crucial to assess response to treatment and the
presence of postprocedural complications. Subsequent
follow-up is essential to detect tumor recurrence or the
occurrence of new foci of HCC.

RF ablation: RF ablation (RFA) is the most widely used
ablation therapy. RFA ablation consists of placing a needle electrode directly into the tumor, by US or CT guidance, and heating tissue to temperatures exceeding 60 ℃[10]
to obtain the coagulative necrosis of the tumor. Similarly
to resected area, ablation zone should be 5-10 mm larger
in comparison to the preexisting tumor[11]. Due to a coagulative necrosis and hemorrhagic products, treated HCC
is typically hypoattenuating or heterogeneously hyperattenuating on unenhanced CT. Contrast enhanced images
help differentiate viable from necrotic tumor. In general,
successfully treated HCC shows absence of arterial enhancement (Figure 2), whereas any nodular arterially
enhancing area within or along the margin of the ablated
zone is suspicious of viable tumor[10]. Moreover, patients
treated with RFA are considered at higher risk in comparison to the general cirrhotic population for the occurrence of new foci of HCC (Figure 3). However, absence
of arterial enhancement at CT does not imperatively correspond to absence of viable tissue[11]. Lu et al[11] reported
100% specificity and 36% sensitivity of CT for the depiction of residual or recurrent tumor. In their study, only
4/11 (37%) HCCs with positive histological findings were
detected at CT[11]. These observations are in agreement
with a study by Dromain et al[12] who also found that MRI
allowed earlier detection of residual tumor than does CT.
At MR, successfully treated HCC shows T2-hypointensity
and strong T1-hyperintensity[12]. The inclusion of subtraction images in the MR protocol increases detection
of residual arterial enhancement in those cases of HCC
with spontaneuous T1 hyperintensity[13]. At initial followup studies, treated HCC may show a thin and peripheral

Liver resection with radiofrequency tissue coagulation
device
Radiofrequency (RF)-assisted liver resection technique
uses RF energy to obtain parenchymal dissection by creating a zone of coagulative necrosis along the transection
plane[6]. This reduces the risk of intraoperative blood
loss when compared with conventional liver resection[6].
Liver resection is indicated in patients with preserved
liver function and single HCC, ideally in a subcapsular
location[1]. Resected area must be larger than the original
tumor and with a margin greater than 5 mm[7]. On CT,
resection margin typically appears as an hypoattenuating, non enhancing halo[8,9] (Figure 1). On MR, resection
margin is commonly hyperintense on T2-weighted images and hypointense on T1-weighted images and does
not enhance after gadolinium injection[8,9]. Residual viable
tissue, when present, is usually located along the resection site and shows arterial enhancement and venous
wash-out[8,9]. A fluid collection within the resected area is
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Figure 2 Complete necrosis after radiofrequency ablation for hepatocellular carcinoma. A: Pretreatment arterial phase computed tomography (CT)
shows hypervascular hepatocellular carcinoma (arrow); B: Arterial phase CT
obtained 1 mo after treatment shows ablated area (arrow). Absence of arterial
enhancement suggests complete tumor necrosis.

arterially enhancing rim, due to inflammatory reaction to
thermal necrosis[14,15]. This rim sometimes shows hypoattenuation on unenhanced CT and mild hypertintensity on
T2-weighted images. More rarely, needle electrode placing
can cause formation of arterio-venous shunts[14,15]. These
shunts can be easily diagnosed on the basis of wedgeshaped morphology, peripheral location and lack of wash
out on portal venous phase (Figure 4). However, if the
arterially enhancing zone is small and nodular, a correct
characterization may be difficult and a 3-6 mo follow-up
is recommended[16]. Size increase of arterially enhancing area, or the appearance of wash-out may suggest
presence of viable tumor. Other complications include
biloma, hepatic abscess, portal vein thrombosis (Figure 5),
arterial pseudoaneurysm (Figure 6), tumor seeding (Figure
7) and adjacent organ injury[17].

C

Percutaneous ethanol injection: Percutaneous ethanol
injection (PEI) consists of percutaneous ethanol instillation into the HCC by sonographic or CT guidance. It is
a well-tolerated, inexpensive procedure with few adverse
effects. This alternative procedure may be performed in
those patients with small HCCs, in whom RFA is not
suitable to be performed due to tumor location[18]. In
fact, some tumors are located at risky sites (defined as
less than 5 mm from a large vessel or an extrahepatic
organ, near gallbladder, or in subphrenic locations) and
RFA treatment can cause severe complications. In addition, in tumors larger than 2 cm in size, initial RF may
leave a tiny nest of viable tissue that will easily be ablated
by ethanol with a relevant saving of resources. However,
several studies demonstrated that PEI provides a lower
rate of complete necrosis in comparison to RFA[19-21]. CT
and MR post-treatment imaging features are similar to
those obtained after RFA[22] (Figure 8).

Figure 3 Hepatocellular carcinoma after multiple radiofrequency ablations. A: Arterial phase computed tomography (CT) obtained 8 mo after radiofrequency ablation shows two new enhancing hepatocellular carcinoma (HCC)
nodules located anteriorly (dotted arrow) and posteriorly (short arrow) to ablated
HCC (long arrow). These findings suggest occurrence of new HCC nodules; B:
Arterial phase CT obtained 2 mo after additional radiofrequency (RF) ablation
shows that HCC nodule located anteriorly (dotted arrow) has been replaced by
a hypoattenuating, non enhancing area (arrow) that is larger than preexisting
tumor. These findings suggest complete necrosis. Posteriorly located HCC (short
arrow) increased in size; C: Arterial phase CT obtained 2 mo after posterior.
HCC had been replaced by a hypoattenuating, nonenhancing ablation area
as a result of additional RF ablation. This example shows that RF ablation is a
repeatable procedure.

(Doxorubicin or Cisplatin in most cases) and iodized
oil (Lipiodol, Guerbert, France), followed by embolizing particles[23]. Since HCC receives blood supply almost
completely from the hepatic artery (as opposed to normal liver), these agents accumulate preferentially into
HCC lesions. Iodized oil acts as chemotherapy carrier,
while particles occlude tumor feeding arteries. Therefore,
TACE combines delivery of high dose chemotherapy to
the tumor with embolization of its feeding arteries. The

Transarterial chemoembolization
Transarterial chemoembolization (TACE) consists of
transarterial administration of a mixture of chemotherapy
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Figure 6 Arterial pseudoaneurysm after radiofrequency ablation for hepatocellular carcinoma. Post-treatment arterial phase (A) computed tomography
(CT) shows a round enhancing area (long arrow) anterior to ablated zone (dotted arrow) with persistent enhancement on portal venous phase (B) CT. Round
shape, isoattenuation to aorta and absence of wash-out suggest diagnosis of
iatrogenic pseudoaneurysm. Note probe track (short arrow on A and B).

Figure 4 Perfusion alteration after radiofrequency ablation for hepatocellular carcinoma. A: Arterial phase computed tomography (CT) obtained 1 mo
after treatment shows ablated zone (dotted arrow) and a semilunar enhancing
area (solid arrow) medial and anterior to ablated zone; B: Delayed phase CT
shows persistent enhancement of the semilunar area (solid arrow), suggesting
that the arterial enhancement is due to perfusion alteration rather than residual
tumor.
Figure 7 Tumor seeding after radiofrequency ablation for hepatocellular
carcinoma. Arterial phase computed tomography shows heterogeneously
enhancing hepatocellular carcinoma tissue (arrow) invading muscles of the
anterior abdominal wall along needle tract.

assumption that tumor portion that retains iodized oil is
necrotic, while enhancing foci represent viable tissue[10].
However, it is sometimes difficult to detect viable tissue,
because beam hardening artefacts produced by iodized oil
can impair evaluation of arterial enhancement[10] (Figure
9A and B). Kim et al[25] reported that use of unenhanced
phase in conjunction with biphasic CT could improve
the detection of additional foci of viable tumor. According to this study, an HCC treated with TACE could be
considered viable if it showed hyperattenuation or isoattenuating on hepatic arterial phase and hypoattenuation
on unenhanced and portal venous phases. MRI is known
to be superior to CT for the evaluation of HCC after performing TACE[26] (Figure 9C and D). Completely necrotic
HCC usually shows variable signal intensity on unenhanced T1-weighted images and T2-weighted images and
lack of enhancement after gadolinium injection[27]. MR
accuracy is however relatively low. Hunt et al[28] reported
an overall accuracy rate of 55%, with 43% sensitivity and
75% specificity. Treated HCC sometimes shows a thin and
peripheral pseudocapsule that enhances on hepatic arte-

Figure 5 Portal vein thrombosis after radiofrequency ablation for hepatocellular carcinoma. Arterial phase computed tomography obtained 1 mo after
radiofrequency ablation shows a non enhancing thrombus in intrahepatic portal
vein (white arrow), in proximity of ablated area (black arrow).

major indications for TACE are multiple HCCs without
vascular invasion or extrahepatic spread and HCCs for
which percutaneous ablation is precluded by position (e.g.,
pericholecistic, subphrenic, etc.) or size[1]. TACE is also
indicated in those patients in whom previous procedures
have failed[1,24]. At initial post-treatment examinations,
treated HCC usually presents the same size of the preexisting tumor. The evaluation of CT images is based on the
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A

Figure 8 Incomplete hepatocellular carcinoma
necrosis after percutaneous ethanol injection. Arterial (A) and portal venous (B) computed
tomography obtained 1 mo after treatment shows
that approximately 10%-20% of the tumor, located
in the dorsal and lateral portion of the treated, hypoattenuating area, is still viable as demonstrated
by the presence of enhancement in arterial phase
and hypoattenuation (“washout”) on portal venous
phase (dotted arrow on A and B). The majority of
tumor (solid arrow) does not show enhancement as
a result of the treatment.

B

A

B

A

C

D

B

Figure 9 Incomplete hepatocellular carcinoma necrosis after transarterial chemoembolization. Arterial (A) and portal venous (B) phase computed
tomography (CT) obtained 1 mo after transarterial chemoembolization (TACE)
shows that hepatocellular carcinoma (HCC) is entirely replaced by Lipiodol accumulation (arrow). No evidence of residual tumor was found. Arterial (C) and
portal venous (D) phase T1-weighted gradient-echo magnetic resonance (MR)
obtained 1 wk after CT shows residual viable tumor (arrow) in the posterolateral
portion of the tumor. This case shows higher accuracy of MR in comparison to
CT in assessing HCC response after TACE.

Figure 10 Complete hepatocellular carcinoma necrosis after transarterial
chemoembolization with drug-eluting beads. A: Pretreatment arterial phase
computed tomography (CT) shows a hypervascular hepatocellular carcinoma
(HCC) (arrow); B: Arterial phase CT obtained 3 mo after transarterial chemoembolization shows a hypoattenuating, non enhancing nodule (arrow). Absence of
arterial enhancement suggests complete HCC necrosis.

cholecystitis[29,30]. Furthermore, although the purpose of
TACE is to obtain a selective intratumoral delivery of
chemioterapy, several studies demonstrated that many patients may have higher plasma levels of chemotherapeutic
agents with systemic toxic effects[31]. Therefore, alternative
techniques that increase the precision of drug delivery are
required. TACE with drug eluting beads (DEB) is recently
emerging as an alternative option to conventional TACE.
TACE with DEB consists of transarterial injection of
microspheres that sequester chemotherapy immediately
before administration and release it into the tumor in a
sustained and controlled manner[18]. In addition, absence
of iodized oil does not mask arterial enhancement [32]

rial and delayed phases. Moreover, iodized oil can sometimes injury small hepatic arteries and cause formation
of arterio-portal shunts. Absence of wash-out is crucial
to differentiate these pseudolesions from residual viable
tumor. Other complications include hepatic artery injuries
(dissection or thrombosis), biloma, hepatic abscess and
embolization of non target vessels[29]. Non target vessels
include arteries that arise from the hepatic circulation
(gastroduodenal, right gastric, accessory left gastric, cystic
arteries)[30]. Embolization of these vessels results in gastrointestinal ulcers, skin ulcerations, and, rarely, ischemic
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D

Figure 11 Hepatocellular carcinomas after sorafenib. A: Pretreatment arterial phase computed tomography (CT) shows a large hypervascular hepatocellular carcinoma (HCC) (arrow) in right hepatic lobe; B: Arterial phase CT obtained at the same level of A, 9 mo after the start of sorafenib, shows increase in size of HCC (arrow);
C: Pretreatment arterial phase CT image shows a second, small hypervascular HCC (arrow) arising within a larger hypoattenuating dysplastic nodule in left hepatic
lobe; D: Arterial phase CT obtained at the same level of C, 9 mo after the start of sorafenib, shows disappearance of HCC enhancement (arrow). This case shows that
different HCC response to sorafenib may occur in the same patient.

(Figure 10), allowing easier assessment of residual, viable
tumor in comparison to traditional TACE performed with
iodized oil.

tumor, defined as the portion of the tumor that shows
arterial enhancement and venous wash-out[5,34]. Recent
studies have reported the potential of perfusion CT and
MR[35,36]. However, high CT radiation dose, MR breathing, cardiac motion and high costs limit the use of these
techniques[35,37,38].

Radioembolization
An alternative technique to treat advanced HCC is radioembolization. It consists of transarterial administration
of yttrium-90 microspheres that are preferentially deposited within hypervascular tumors and that emit lethal beta
radiation[18]. This induces tumor coagulative necrosis and
avascularity. Post-treatment HCC appearance is similar to
that obtained following RFA and PEI[33].

CONCLUSION
Advances in HCC treatment have led to an increased use
of therapeutic tools such as RF and percutaneous ablation, TACE and antiangiogenetic therapy. In this scenario,
CT and MR play an important role in the assessment of
response to treatment. Therefore, every radiologist and
hepatologist should be familiar with the HCC appearance
after treatment and should be able to distinguish normal
post-treatment changes from residual or recurrent tumor.

Targeted therapy
Targeted therapies are a new generation of anticancer
drugs designed to interfere with tumor growth and progression. Sorafenib, a multikinase inhibitor, is the only
drug that has been demonstrated to significantly improve
survival in patients with untreatable, unresectable HCCs
in a large randomized controlled trial[3]. Sorafenib reduces
tumor vascularization and subsequently induces tumor
necrosis and hemorrhage[3] (Figure 11). For these reasons, the traditional WHO and RECIST criteria based on
evaluation of tumor size may not be ideal to determine
tumor response. Therefore, different criteria based on
assessment of viable and enhancing tumor are needed.
Modified RECIST (mRECIST) differ from RECIST
criteria, since they consider only the diameter of viable
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Core tip: Interferon (IFN) therapy has been reported
to decrease the risk of hepatocellular carcinoma (HCC)
and improve survival. The use of IFN in patients with
hepatitis C virus (HCV) compensated cirrhosis reduces
the negative clinical evolution independently of the type
of the laboratoristic and virological response. In our
experience, IFN therapy in HCV compensated cirrhosis
is barely useful in the prevention of HCC, as cirrhosis
itself represents a risk of cancer. It would probably be
interesting to evaluate the efficacy of weekly low-dose
pegylated (PEG)-IFN therapy in patients with HCV cirrhosis and to assess potential benefits of long-term
PEG-IFN plus Ribavirin treatment.
Original sources: Testino G, Borro P. Chemoprevention of
hepatocellular carcinoma in patients with hepatitis C virus related
cirrhosis. World J Hepatol 2013; 5(10): 521-527 Available from:
URL: http://www.wjgnet.com/1948-5182/full/v5/i10/521.htm
DOI: http://dx.doi.org/10.4254/wjh.v5.i10.521

Abstract
Interferon (IFN) therapy has been reported to decrease
the risk of hepatocellular carcinoma (HCC) and improve
survival by preventing liver-related deaths in patients
with chronic hepatitis C virus (HCV) infection, while the
role of IFN therapy on the natural history of hepatitis
C related cirrhosis is still under debate. The ideal goal
of therapy is to prevent the progression into end-stage
disease. The use of IFN in patients with HCV compensated cirrhosis reduces the negative clinical evolution
independently of the type of laboratoristic and virological response. In our experience, IFN therapy in HCV
compensated cirrhosis is barely useful in prevention
of HCC, as cirrhosis itself represents a risk of cancer.
Some authors noted that IFN treatment reduces the
risk of HCC independently of the virological response. It
would probably be interesting to evaluate the efficacy
of weekly low-dose pegylated (PEG)-IFN therapy in
patients with HCV cirrhosis and to assess potential benefits of long-term PEG-IFN plus Ribavirin treatment.

INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most common cancer and the third most common cause of cancer
death in the world[1]. The most current statistics available
estimate 609000 deaths globally from this disease in 2004[2].
The risk of HCC in patients with chronic hepatitis C is
highest in patients who have established cirrhosis, in whom
the incidence of HCC is between 2%-8% per year[3].
There is a single prospective population-based study
of the risk of HCC in hepatitis C virus (HCV) patients.
In this study of 12008 men, being anti-HCV-positive
conferred a 20-fold increased risk of HCC compared
with anti-HCV-negative subjects. Hepatitis C infected patients who do not have cirrhosis have a much lower risk
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of developing HCC[3].

HEPATOCARCINOGENESIS AND HCV
HCV is a noncytopathic virus of the Flaviviridae family.
The HCV single-stranded RNA genome encodes nonstructural proteins (NS2, NS3, NS4A, NS4B and NS5B),
which associate with endoplasmic reticulum membrane
to form the viral replicase and the viral envelope proteins
(E1 and E2).
The precise mechanism by which HCV infection
results in HCC is not well known. After hepatic injury
incurred by HCV, there is necrosis followed by hepatocyte proliferation. Continuous cycles of this destructiveregenerative process foster a chronic liver disease condition that culminates in liver cirrhosis.
Probably cirrhosis itself is responsible for malignant
transformation of hepatocytes; in cirrhosis inflammation,
in fact, the increased cellular turnover and fibrosis favor
mutations in hepatocytes and the eventual development
of HCC[10-12].
It has been noted that the HCV core protein has
some potential direct carcinogenic effects in vitro, including the transformation of rat embryo fibroblasts to the
malignant phenotype and the suppression of apoptotic
cell death in culture. In addition, HCV-RNA and/or
core protein have been suggested to impair dendritic
cell functions that are important for T-cell activation[9].
Furthermore, the HCV core protein and the NS5A nonstructural proteins have been implicated in the evasion
from immune-mediated cell killing by interacting with
various factors involved in this process. In addition, the
protease activity of NS3 is enhanced by the NS4A cofactor and the NS3-4A protease activity is involved in blocking the ability of the host cell to mount an innate antiviral
response[13,14].
HCV core protein can activate the mitogen-activated
protein kinase signaling pathway, modulate cell proliferation, and promote the induction of reactive oxygen species.
Moreover, HCV core-E1-E2 transgenic mice develop
signiﬁcantly larger tumors than transgenic mice expressing
core alone or nontransgenic mice. The accelerated tumor
phenotype is attributable to suppression of apoptosis[15].
At the molecular level, the interaction between oncogenes, tumor suppressor genes and several growth factors
may play an additional role in HCC development.
NS5A has been shown to interact with and inactivate
p53 by sequestration to the perinuclear membrane, thereby affecting the p53-regulated pathways that control cellcycle progression, cellular survival, response to hypoxic
and genotypic stresses, and tumor angiogenesis.
A p73 overexpression and nuclear accumulation in
HCV-associated HCC has been observed. The p73 gene
activates the transcription of p53-responsive genes and
inhibits cell growth by inducing apoptosis. p73 seems to
be strongly involved in hepatocarcinogenesis, probably
through a protein-protein interaction with the HCV proteins[16].

NATURAL HISTORY
The overall natural history of HCV infection is somewhat variable and the long-term risks are difficult to
estimate due to the extended periods of time involved.
Approximately 20% of subjects with post-transfusion
chronic hepatitis C developed histological evidence of
cirrhosis in the first 10 years after transfusion[4].
Factors that promote progression of chronic hepatitis
include alcohol consumption, male sex, age over 40 years
at the time of infection, and severe histology at the time
of initial diagnosis. Co-infection with human immunodeficiency virus and/or hepatitis B virus (HBV) has also
been associated with premature and more severe liver
disease[5].
The risk of developing HCC in HCV patients can be
estimated from the results of natural history studies of
HCV infection and studies on the development of HCC
in patients with HCV-related cirrhosis. If 60% of patients
exposed to HCV develop a chronic infection and 20% of
them develop cirrhosis within 10 years, it means that approximately 12% of all these patients will be at high risk
for HCC.
Any chronic inflammatory liver disease has the potential to induce HCC but the pathophysiological process
most commonly associated with the disease is cirrhosis,
found in up to 80% of cases. However, knowledge of all
possible sources is important, considering that 20% of
cases are due to non cirrhotic, non viral causes[6].
Viral, environmental, hereditary and dysmetabolic
causes of cirrhosis certainly have a strong correlation
with HCC. HBV infection is the leading cause of chronic
liver disease and HCC around the world. HCV-RNA was
found in about 65% of hepatitis B surface antigen-negative patients at diagnosis of HCC. Patients who develop
cirrhosis may stay in a compensated state or may decompensate with ascites, jaundice, hepatorenal syndrome,
hepatic encephalopathy or variceal bleeding.
Patients with compensated cirrhosis had a 5 year mortality of 50% and a 10 year mortality of 70%. The probability of decompensated cirrhosis was 18% at 5 years
and 29% after 10 years of cirrhosis[7].
The prognosis of HCC remains poor for the majority of patients who present with advanced disease.
Treatment options depend on the tumor size, the number of lesions and the stage of cancer. Thirty percent
of patients are candidates for surgical resection and
the recurrence rate is about 50% at 3 years. In 2008, a
major breakthrough in the treatment of advanced HCC
was announced in the form of sorafenib (multikinase
inhibitor) which was shown to increase the median
overall survival from 7.9 to 10.7 mo without severe side
effects in a randomized, placebo-controlled phase-Ⅲ
trial. However, sorafenib did not delay time to symptomatic progression[8,9].
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Loss and/or mutation of p53 and genomic instability
also characterize hepatocarcinogenesis. p53 loss and/or
mutation is shown to occur during progression to HCC;
however, there is some evidence that loss and mutation
of p53 might also occur in the initial stages of hepatocarcinogenesis[9,16].
Telomere shortening is a feature of HCV chronic
liver disease and cirrhosis and telomerase reactivation has
been associated with HCV hepatocarcinogenesis[9].
There is a strong activation of telomerase reverse
transcriptase in nearly 90% of human HCCs. Telomerase
reactivation has been suggested to promote HCC progression (increased micro-vessel density and HCC recurrence after resection)[9].
Alcohol is an important cofactor in patients with
HCV infection and it has been estimated that 30% of
patients with alcoholic liver disease are infected with
HCV[3]. Subjects with both HCV infection and alcohol
addiction have been shown to develop more severe fibrosis and have higher rates of cirrhosis and HCC than
non-drinkers. The risk for developing HCC has also been
shown to increase as levels of alcohol intake rise. The
dominant mechanism for synergism between alcohol and
HCV infection appears to be increased oxidative stress[9].
Data linking being overweight/obesity to liver disease
and HCC are well established. The risk of incident HCC
is 3 times higher in patients with a body mass index of 30
kg/m2[17].
Finally, genetic polymorphisms are important risk
factors for liver disease evolution: genetic variations involved in oxidative stress, controlling hepatic lipid storage, modulating endotoxin inflammation and polymorphic variants of fibrosis associated genes are correlated
with fast evolution towards cirrhosis in patients with
chronic HCV[11].

while the role of IFN therapy on the natural history of
HCV related cirrhosis and on chemoprevention of HCC
is still under debate.
In our experience[19], we conducted an experimental
research involving patients with compensated HCV-related cirrhosis (Child-Pugh A) histologically confirmed, abnormal alanine-aminotransferase (ALT) values and serum
HCV-RNA positivity. IFN therapy vs no therapy have
been compared. Qualitative and quantitative detection
of HCV-RNA was performed with the Cobas Amplicor
HCV Test, version 2.0 and the Cobas Amplicor HCV
Monitor, version 2.0 (Roche Diagnostics, Branchburg,
NJ, United States). The qualitative assay is able to detect
HCV-RNA at a concentration of 50 IU/mL, with a positive rate of 95% or greater. The Cobas Amplicor HCV
Monitor, version 2.0 has a dynamic range between 600
and 8.5 × 10 IU/mL. HCV genotyping was performed
by sequencing of the 5’-untranslated regions (5’UTR)
(Visible Genetics Tru-Gene Hepatitis Assay, Toronto,
Canada). The phylogenetic analysis of the 5’UTR nucleoside sequence, together with appropriate homologous
references of the main subtype sequences, permitted genotyping[19-21].
In both groups we investigated the incidence of the
following negative events: cirrhosis worsening (passage
from Child A to Child B or C), HCC onset, and death or
orthotopic liver transplantation (OLT).
A cohort of 122 patients, prospectively enrolled,
was retrospectively analyzed to assess the effect of IFN
therapy (mean follow-up: 96 ± 18.3 mo). Only patients
who had received a blood transfusion before 1980 were
selected. Fifty-nine patients (mean age: 55.3 ± 7 years)
(mean follow-up 96.5 ± 18 mo) received IFN (3 MU
three times a week for 12 mo), 8 stopped therapy for side
effects; 71 patients did not receive IFN (mean age: 56.8 ±
8 years) (mean follow-up 95.4 ± 17.8 mo).
Baseline patient characteristics were similar, including
age, sex, HCV-RNA genotype, liver function tests, alphafetoprotein levels, leukocyte and platelet counts, and alcohol consumption.
Response to therapy was assessed as follows: a sustained virological response (SVR) was defined as the
absence of serum HCV-RNA for at least 6 mo after interferon-alpha therapy; a sustained biochemical response
was defined as a decrease in serum ALT activity to within
the reference range but with persistently detectable serum
HCV-RNA. Non-response was defined as persistence/
relapse of HCV-RNA and no decrease/relapse in ALT
activity at the end of the therapy[19].
All patients were subjected to ultrasound follow-up
investigations, performed at 4-6 mo intervals. Laboratoristic exams were carried out at all clinical visits: every
15-30 d (in the group of treated patients) or every 4-6 mo
(in the group of untreated patients). If necessary, a spiral
CT, angiography and endoscopic examination were performed and in suspected HCC, fine needle biopsy under
sonographic guidance was carried out.
Final results showed that treated patients exhibited

ROLE OF INTERFERON TREATMENT IN
COMPENSATED CIRRHOSIS
Tremendous efforts have improved the understanding of
the pathogenesis and treatments of HCC but relatively
little effort has been made to develop effective chemoprevention of HCC[8].
Chemoprevention is defined as the use of natural or
synthetic agents to reverse, suppress or prevent premalignant conditions from progressing to invasive cancer.
Chemoprevention may be classified into 3 categories: primary (preventing cancer in healthy subjects), secondary
(preventing cancer in subjects with premalignant conditions, for example, the presence of cirrhosis) and tertiary
(preventing recurrence)[18].
The ideal goal of secondary chemoprevention is to
eradicate HCV at the beginning of the disease and to
prevent progression into end-stage disease and HCC. Interferon (IFN) therapy has been reported to decrease the
risk of HCC and improve survival by preventing liverrelated deaths in patients with chronic HCV infection
(mainly in those with a complete and sustained response),
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IFN in HCV compensated cirrhosis is barely useful in the
prevention of HCC when cirrhotic structural alterations
arise as cirrhosis itself represents a risk factor for HCC.
In 1995, a small randomized clinical trial showed
a decrease in the incidence of HCC in subjects with
HCV cirrhosis treated with IFN-alpha compared with
untreated controls[30,31]. In the wake of this study, several controlled trials were performed[30,41]. Three metaanalyses evaluated whether IFN reduces the incidence of
HCC in patients with HCV-related cirrhosis. The most
recent review shows that IFN seemingly decreased the
HCC rate in all but one of the 20 studies included in the
meta-analysis. The rate difference between IFN-treated
patients and controls of each trial ranged from -33.3%
to +3.9%. The pooled estimate of the treatment effect
was significantly in favor of a preventive effectiveness of
IFN (P < 0.00001). A remarkable heterogeneity among
the studies (P > 0.0001) was found. The most prominent
heterogeneity was in the difference of magnitude of the
treatment effect on the risk of cancer[30].
However, the magnitude of the overall effect is low
and the observed benefit might be due to spurious associations. The preventive effect is stronger among sustained responders to IFN, which intrinsically represents a
small proportion of all cirrhotic patients[30].
Thereafter, three observational cohort studies, 2 prospective studies conducted in Japan[30,42] and Taiwan[30,34]
and one retrospective study conducted in Italy[30,35], confirmed that the efficacy of IFN in the chemoprevention
of HCC is exclusively linked to the achievement of a
SVR, whereas no benefit in reducing HCC development
has been observed in non-responder patients[30].
Some authors noted that treatment with IFN reduces the risk of HCC independently of the virological
response[31,43,44]. The reason is unclear, although it has
been suggested that the anti-proliferative activity or other
properties[45] of IFN may be responsible. In accordance
with Kowdley[46], it is perplexing that only 6 or 12 mo of
therapy can produce this benefit. Moreover, some authors reported some cases of HCC onset after 3-6 years
of SVR in patients treated with IFN, with moderate or
severe stage of liver fibrosis before IFN treatment[47-49].
Nojiri et al[50] retrospectively studied 5 patients who had
developed HCC more than 10 years after the termination
of IFN therapy. These patients had achieved a long-term
SVR. The authors concluded that HCV patients who respond to IFN therapy should undergo long-term followup, even after a SVR, especially if they have an advanced
histological fibrosis stage or higher serum ALT or other
risk factors.
Mazzaferro et al[39] reported that IFN does not affect
overall prevention of HCC recurrence after resection and
Craxì et al[18] evidenced that in the setting of secondary
chemoprevention, literature data pooling suggests a slight
preventive effect of IFN on HCC development in patients with HCV-related cirrhosis. The observed benefit
might be due to spurious associations.
Kubo et al[51] declared that postoperative IFN-alpha
therapy appears to decrease the incidence of recurrence

Table 1 Worst evolution (negative events altogether
evaluated) and hepatocellular carcinoma incidence in interferon
treated patients n (%)
Worst evolution
13/22 (59.0)
3/11 (27.2)b
7/18 (38.8)b
63/71 (88.7)b

NR
SR
RR
Not treated

HCC
7/22 (31.8)
3/11 (27.2)
5/18 (27.7)
24/71 (33.8)

b

P < 0.01 vs non responder (NR). SR: Sustained responder; RR: Relapse
responder; HCC: Hepatocellular carcinoma.

negative events in 45% of the cases (23/51) and untreated patients in 88.73% (63/71) (P < 0.0001).
In the IFN treated group, 6 patients (11.76%) showed
worsening cirrhosis according to Child’s classification, 15
patients (29.4%) developed HCC, 1 patient died, and 1
patient underwent liver transplantation. In the IFN untreated group, 27 patients (38%) showed worsening cirrhosis (vs treated patients P = 0.003), 24 developed HCC
(vs treated patients P = 0.752) and 12 died or underwent
OLT (16.9% vs treated patients P = 0.054) (9 died and 3
underwent OLT).
A complete and sustained response (SR) to IFN was
observed in 11 of the 51 patients treated (21.5%), a relapse (RR) was observed in 18 cases (35.2%) and no response (NR) in 22 cases (43.1%).
Data confirm that, in relationship to the type of response to therapy, a worse evolution occurred (negative
events altogether evaluated) in NR (13/22, 59%) rather
than in SR (3/11, 27.2%) and RR (7/18, 38.8%) (P <
0.01). It is important to underline that untreated patients
developed more negative events (63/71, 88.7%) than NR
patients (13/22, 59%) (P < 0.01) (Table 1).
No particular differences have been noticed in relationship to HCC onset (SR 3/11, 27.2%; RR 5/18,
27.7%; NR 7/22, 31.8%; no treated patients 24/71,
33.8%) (P > 0.05) (Table 1).
Afterwards, we evidenced that the cumulative probabilities of developing HCC were not significantly higher
in untreated patients compared with IFN treated cases when
assessed by the Kaplan-Meier and log-rank test (P > 0.05)[22].

DISCUSSION
There is evidence that the use of IFN as a therapy for
chronic hepatitis may slacken the natural history of the
pathology, particularly in patients who have a long-term
sustained response[19,23-26].
Meta-analysis demonstrated a decrease of HCC incidence in treated patients in comparison with those untreated and other studies evidenced a lower risk of cancer
in subjects with virus clearance in comparison with nonresponders[27,28].
The use of IFN in viral cirrhosis is controversial with
respect to its cost effectiveness[18,29]. A remarkable heterogeneity among the study was found and the magnitude
of the overall effect is low[19,22,30-40] (Table 2).
From our data, it seems that the administration of
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Table 2 Features of the studies on cirrhotic patients
Type study
RCT
NRCT/P
NRCT/P
NRCT/P
RCT
P
R
P
R
P
RCT
P

Follow-up (mo)

IFN (wk)

Sample size

Mean age (yr)

RR

Ref.

24-86
12-71
60-84
43
60
55

6 MU tiw (12-24)
3 MU tiw (52)
6 MU tiw (26)
3 MU tiw (65)
6 MU tiw (18) 3 MU tiw (18)
1 MU tiw (12) 3 MU tiw (12)
6 MU tiw (12) 9 MU tiw (12)
3 MU tiw (12)
6 MU/mo (4) 3 MU/mo (44)
3 MU tiw (12)
3-6 MU tiw plus Ribavirin (2-48)
3 MU tiw (48) (post-resection)
6 MU tiw (24-48)

T 45/C45
T193/C91
T82/C81
T103/C59
T38/C23
T72/C72

55
57
56
57
57
58

-0.4
-0.1
2
-0.05
>1
-0.2

[31]
[32]
[33]
[34]
[35]
[36]

T52/C71
T41/C30
T52/C71
T1057/C562
T76/C74
T82/T81

56
56
56
56
66
57

>1
-0.1
>1
-0.05
>1
-0.04

[19]
[37]
[22]
[38]
[39]
[40]

96
60
96
60
45
96

RCT: Randomized controlled trial; NRCT: Non randomized controlled trial; P: Prospective; R: Retrospective; IFN: Interferon; T: Patients treated; C: Controls; RR: Relative risk.

after resection of HCV-related hepatocellular carcinoma,
and also in patients with persistently detectable serum
HCV-RNA.
It is important to underline how the management of
dysmetabolism, diet and exercise therapy can improve
BMI, liver histology and, therefore, the response to pegylated (PEG) interferon and Ribavirin, and decreases
the incidence of HCC[52,53].
In fact, it is well known how insulin resistance and
adipocytokine disorders may be implicated in HCV hepatocarcinogenesis[54,55].
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lar carcinoma (HCC) whatever the etiology. Studies in
hepatitis B virus-related chronic liver diseases are not
conclusive, while specific populations like non alcoholic
fatty liver disease/non-alcoholic steatohepatitis, autoimmune and human immunodeficiency virus/HCV coinfected patients show a higher prevalence of the lowproducer genotype, probably due to the complexity of
these clinical pictures. In this direction, a systematic
revision of these data should shed more light on the
role of this polymorphism in chronic liver diseases and
HCC.
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Abstract

Core tip: Several studies suggested the possibility of an
association between -174 interleukin-6 gene G/C polymorphism and some liver diseases however, the data
in the literature are still controversial. This work aims
to review the literature data on the role of this polymorphism and its possible biological function in chronic
liver diseases and hepatocellular carcinoma.

Interleukin-6 (IL-6) is a pleiotropic cytokine which is
expressed in many inflammatory cells in response to
different types of stimuli, regulating a number of biological processes. The IL-6 gene is polymorphic in both
the 5’ and 3’ flanking regions and more than 150 single
nucleotide polymorphisms have been identified so far.
Genetic polymorphisms of IL-6 may affect the outcomes of several diseases, where the presence of high
levels of circulating IL-6 have been correlated to the
stage and/or the progression of the disease itself. The
-174 G/C polymorphism is a frequent polymorphism,
that is located in the upstream regulatory region of the
IL-6 gene and affects IL-6 production. However, the
data in the literature on the genetic association between the -174 G/C polymorphism and some specific
liver diseases characterized by different etiologies are
still controversial. In particular, most of the studies are
quite unanimous in describing a correlation between
the presence of the high-producer genotype and a
worse evolution of the chronic liver disease. This is
valid for patients with hepatitis C virus (HCV)-related
chronic hepatitis and liver cirrhosis and hepatocellu-
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INTRODUCTION
In recent decades chronic liver diseases (chronic hepatitis, liver cirrhosis) and hepatocellular carcinoma have
become more and more diffuse both in Western and in
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Eastern countries, representing an important problem
for health systems worldwide[1-5]. Whatever the etiology,
these diseases share a common pathogenetic mechanism
which is linked to chronic inflammation[6]. Hepatotropic
viruses, toxins and alcohol, metabolic liver disease or autoimmunity can be the triggers which, acting chronically
in the liver, ultimately activate cellular pathways involving transcription factors of the nuclear factor kappalight-chain-enhancer of activated B cells (NF-κB) family
and signal transducer and activator of transcription 3
(STAT3), as well as cytokines such as interleukin-6 (IL-6)
and IL-1α, etc.
In particular, IL-6 is a cytokine involved in the regulation of several cellular processes including proliferation
and differentiation and plays a pivotal role in acute phase
response and in the control of the balance between proinflammatory and anti-inflammatory pathways. The IL-6
gene is located on chromosome 7p21[7]. A number of stu
dies indicated that the presence of a G/C single nucleotide polymorphism (SNP) at the promoter -174 of the
IL-6 gene, one of the numerous known polymorphisms
in the IL-6 gene, is related to the IL-6 gene transcription
rate and, as a consequence, to the control of circulating
IL-6 levels[8,9].
Subsequently, two phenotypes for this polymorphism
were identified: the high-producer phenotype, including
the -174 G/G and -174 G/C genotypes, characterized
by higher circulating IL-6 levels; and the low-producer
phenotype, including the -174 C/C genotype[8]. Genetic
population studies have shown that there are ethnic
differences in the frequency of the -174 G allele, with
higher frequencies in non-Caucasian than in Caucasian
populations[10,11].
High circulating levels of IL-6 have been documented in several clinical conditions (inflammatory, neoplastic
diseases) and in particular in various liver diseases such
as viral chronic hepatitis[12], alcoholic liver disease[13], liver
cirrhosis and hepatocellular carcinoma (HCC)[14]. A small
number of studies have investigated a possible correlation between the presence of the -174 G/C polymorphism, IL-6 circulating levels and the stage of disease[15].
However, the results of these studies are quite controversial. This work aims to review the literature data on
the role of G/C base exchange at position -174 of the
IL-6 gene and its possible biological function in chronic
liver diseases and HCC.

protein (IL-6R, gp80) and a signal transduction protein
(gp130) (Figure 1A). When IL-6 binds its cell surface
receptor (IL-6R) on the hepatocyte a homodimer of the
signal transduction receptor gp130 is recruited to the
complex and it activates a janus kinase 1 which in turn
triggers two main signaling pathways: the gp130 Tyr759derived Src homology 2 domain-containing protein
tyrosine phosphatase-2/extracellular-signal-regulated kinase/mitogen-activated protein kinase pathway and the
gp130 YXXQ-mediated Janus associated kinase/signal
transducer and activator of transcription pathway (Figure
1B). Interestingly, sIL-6R (soluble form of IL-6R) also
binds with IL-6, and the IL-6-sIL-6R complex can then
form a complex with gp130[18,19]. Through this receptor
system IL-6 can influence various cell types and exert its
multiple biological activities regulating immune response,
acute phase response and inflammation.
During HCV infection, an altered production of cytokines seems to be related to viral persistence and to affect response to therapy. Barret et al[20] comparing various
cytokine polymorphisms (including -174 G/C IL-6) in
individuals with spontaneous viral clearance after HCV
infection and in those with persistent viremia, reported
that the CC genotype with low IL-6 production was associated with spontaneous viral clearance, while an association between the high IL-6 producer genotypes and
persistent infection only became apparent when both
genotypes (GG and GC) were combined. As regards the
influence of the genetic background in individuals with
HCV infection and response to the antiviral therapy, the
most recent literature data have investigated the role of
IL-28B polymorphisms as a predictor of the outcome
of the commonly-used treatments[21]. However, because
of the central importance of IL-6 as a mediator of the
immune response to infectious agents, and considering
that host genetic variation, and in particular haplotypes,
may affect IL-6 expression, Yee et al[22] examined the contribution of haplotypes in the IL-6 gene to therapy for
chronic HCV infection on sustained viral response (SVR).
Among the SNPs genotyped and included in haplotype
construction, the authors found some SNPs (including -174G/C, and in particular genotypes GG and GC)
showing significant associations with a reduced likelihood
of SVR.
These results are in contrast with previously reported
ones published by Nattermanne et al[23] which, however,
were obtained in another specific population, i.e., patients
co-infected with both acute and chronic HCV and human
immunodeficiency virus (HIV). The aim of this study was
to evaluate whether IL-6 -174 G/C polymorphism could
affect response to antiviral treatment in HCV-infected
HIV-positive patients. The study group was compared
to a group of HCV- and a group of HIV-monoinfected
patients, as well as to a group of healthy individuals and
no significant difference was found in the distribution of
IL-6 genotypes between the study groups. However, the
authors concluded that carriers of high-producer genotypes (genotypes IL-6 174 GG and 174 GC) had significantly higher SVR rates than patients with an IL-6 low-

IL-6 POLYMORPHISM (-174 G/C) AND
HEPATITIS C VIRUS AND HEPATITIS B
VIRUS INFECTION
Produced by a variety of cells such as macrophages, B
and T cells and fibroblasts, IL-6 plays a central role in
the inflammatory response associated with the course
of chronic hepatitis due to hepatitis C virus (HCV)- and
hepatitis B virus (HBV)-related infection[16,17].
To mediate its biological effects it interacts with a
receptor complex consisting of a specific ligand-binding
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Figure 1 Interleukin-6 interaction with its receptor complex. A: Mechanism of action of the interleukin-6 (IL-6); B: Activation of the two pathways triggered by the
IL-6 action. SHP-2: Src homology 2 domain-containing protein tyrosine phosphatase-2; ERK/MAPK: Extracellular-signal-regulated kinase/mitogen-activated protein
kinase; JAK/STAT: Janus associated kinase/signal transducer and activator of transcription.

producer genotype (genotype 174 CC).
Another particular subgroup of HCV patients is the
one with persistently normal or near normal alanine aminotransferases levels (PNALT), which for several years
was supposed to have a milder course of disease, whereas
it is now well known that in a few cases it can evolve to
cirrhosis[24]. Among the studies evaluating genetic polymorphisms in chronic HCV carriers with PNALT, Falleti
et al[25] evaluated the role of five IL-6 polymorphisms
(among them -174 G/C) in modulating fibrosis progression in PNALT patients with chronic HCV infection.
The principal point of interest in this study were the
associations found between IL-6 polymorphisms and
grading and staging increase during the follow-up of the
patients with chronic viral hepatitis C and PNALT. In
particular, grading increase appeared to be related to the
presence of the G allele of the IL-6 -174G/C polymorphism, while the C allele seemed to be protective.
As cytokines also play a fundamental role in the immune response to HBV and HBV infection may have
different forms of evolution (self-limited or persistent
and progressive), IL-6 polymorphisms have also been
studied to investigate a possible correlation between
IL-6 promoter variants and chronic hepatitis B progression, infection evolution in adult patients and risk of
HCC development. Unfortunately, the data reported by
Park et al[26] are not conclusive because in their attempt
to analyze additional polymorphisms in variants of
genes implicated in chronic hepatitis B progression they
found that Koreans and Caucasians had different genetic
backgrounds in terms of the allele frequencies of the
IL-6 promoter SNPs. In particular, in their study the allele frequencies reported in Caucasians (range: 0.40-0.45)
were much higher than those found in Koreans (allele
frequencies 0.002). The authors concluded that at least
in their population, although IL-6 may have important
functions in the progression of chronic HBV infection,
its genetic variants probably do not influence the development of LC and HCC from chronic HBV infection,
due to too low frequencies of IL-6 174 G/C.
Another attempt to correlate cytokine genetic polymorphism with hepatitis B infection evolution was made
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in a Brazilian population, but the study found no significant differences in the polymorphism of IL-6 -174
between the chronic HBV patient group and the selflimited infection group as regards alleles, genotypes or
phenotypic expression[27].
Similarly, the study of a Japanese population by Migita
et al[28] with the aim of characterizing cytokine gene polymorphisms in chronic HBV infection and their associations with HCC, was unable to show conclusive data
about the role of IL-6 -174 because no polymorphisms
were found at that position (Table 1).

IL-6 POLYMORPHISM (-174 G/C) AND
NON-VIRAL CHRONIC LIVER DISEASES
Non-alcoholic steatohepatitis
Non-alcoholic fatty liver disease (NAFLD) includes a
broad spectrum of clinic-pathological entities, including
simple steatosis and non-alcoholic steatohepatitis (NA
SH), which can progress to advanced liver diseases[29].
Its pathogenesis is strictly linked to insulin resistance
and to all the mechanisms described for the development of metabolic syndrome, and in this perspective an
important role is played by genetic background[30,31]. It
is well known that the balance between pro- and antiinflammatory acting cytokines is fundamental in the
control of hepatic and systemic insulin action, and as a
consequence, in the development of NAFLD. In particular, serum levels of this cytokine correlate remarkably
well with the presence of insulin resistance, and adipose
tissue-derived IL-6 has been shown to regulate hepatic
insulin resistance via up-regulation of suppressor of
cytokine signaling 3[32]. However, the role of -174 G/C
polymorphism in this population raises some questions.
In fact, a study by Carulli et al[33] found that the IL-6
-174C variant, is significantly more prevalent in NAFLD
than in healthy subjects, is associated with increased fasting insulin and homeostasis model assessment of insulin
resistance, and is an independent predictor of NAFLD
and NASH. This finding is in contrast with other studies which showed that the IL-6 -174G variant was as-
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sociated with lipid abnormalities[34] and with diabetes in
Caucasians as well as Pima Indians[35-38] and that the C
allele at -174 position was unlikely to play a role in the
development of type 2 diabetes mellitus in a Taiwanese
population[39]. One possible explanation for these contradictory results can be found in the conclusion of a study
on an experimental mouse model of ASH and NAFLD:
IL-10-/- mice were prone to liver inflammatory response
but resistant to steatosis and hepatocellular damage indu
ced by ethanol or high-fat diet feeding, thanks to the elevation of inflammation-associated hepatic IL-6/STAT3
activation that subsequently down-regulated lipogenic
genes, but up-regulated fatty acid oxidation-associated
genes in the liver[40].

the development of cancer[55-59]. HCC is one of the most
clear examples of inflammation-related cancer[60,61]. It is
a tumor that slowly progresses through a chronic inflammation state, triggered by exposure to various agents. The
molecular links that connect inflammation and cancer
are not completely known, although there is a consistent
body of evidence pointing to the role of transcription
factors such as NF-κB[62] and STAT3[63] and cytokines like
IL-6[64] as well as other inflammatory mediators in HCC
development. A first attempt to study the potential role
of cytokine polymorphisms in determining the risk of
HBV-related HCC was made in 2005 by Nieters et al[65],
who examined the correlation between polymorphisms in
Th1 and Th2 cytokine genes in a group of 250 patients
with incident HCC and a group of 250 matched hospitalized controls in China: however, none of the study participants presented the C allele of the IL-6 -174 G/C polymorphism, therefore this polymorphism was not further
investigated. Subsequently, a population-based case-control study of HCC, including 120 HCC patients and 230
matched control subjects, was conducted in non-Asian
residents of Los Angeles County, California, into genetic
polymorphisms in the cytokine genes and risk of HCC.
The authors demonstrated that the GG IL-6 genotype
showed the strongest influence on HCC risk among all
the cytokine polymorphisms studied[66]. In a more recent
study Falleti et al[25] investigated whether IL-6 polymorphisms could be associated with the occurrence of HCC
in patients with liver cirrhosis, analyzing 219 consecutive
patients who underwent liver transplantation for liver
cirrhosis. They found a significant association between
the presence of the low-producer genotype (-174 CC)
and absence of HCC[67]. Finally, our group performed
a study which aimed to evaluate the frequency of SNPs
in the IL-6 promoter region at position -174 and IL-6
serum levels in a group of patients with HCC and underlying liver cirrhosis compared with a group of LC
patients without HCC. We found that IL-6 serum levels
were higher in G/G compared to C/C genotypes only
in HCC; IL-6 serum levels in G carriers were higher in
HCC versus LC patients while there were no differences
for the C allele. IL-6 serum levels in HCC correlated with
G carriers[15] (Table 3).

Alcoholic liver diseases
In an attempt to explain why only a minority of heavy
drinkers develop alcoholic liver cirrhosis or alcohol use
disorders, some genetic factors have been considered[41,42],
such as polymorphisms of genes encoding cytokines.
Several studies support the hypothesis of a pivotal role
of ethanol-induced cytokine changes in contributing to
alcohol pathogenesis in a number of tissues, including
the liver[43-45]. Moreover, elevated serum concentrations
of pro-inflammatory cytokines such as tumor necrosis
factor-α, IL-1, IL-6 and IL-8 and decreased levels of anti-inflammatory cytokines like IL-10 have been shown in
patients with this disease[43,46,47]. However, the only study
on common polymorphisms in interleukin genes (including -174G/C IL-6) in a population of Spanish alcoholic
patients did not find any statistically significant associations between any of the studied polymorphisms or the
combinations of pro-inflammatory polymorphisms and
the risk of alcoholic liver cirrhosis or alcohol abuse or
dependence[48].
Autoimmune liver diseases
Autoimmune hepatitis (AIH), primary biliary cirrhosis
(PBC), and primary sclerosing cholangitis represent the
three main categories of autoimmune liver diseases. How
ever, their etiology and possible environmental triggers
still remain obscure even if it is well established that a
complex genetic background contributes to disease susceptibility and severity. Several studies have established
that genetic factors are involved in the pathogenesis of
autoimmune liver diseases[49-52]. Among these studies, one
in a Chinese population of patients with AIH and PBC
found that frequency of IL-6 -174C was high and significantly increased in PBC patients compared with controls.
This result supports the hypothesis that the IL-6 -174G/
C polymorphism could contribute to the change in susceptibility to PBC in some subjects[53] (Table 2).

CONCLUSION
The possibility of a genetic association between -174 G/C
polymorphism and some specific liver diseases has been
suggested by several studies which are quite unanimous in
observing a correlation between the presence of the highproducer genotype (GG) and a worse evolution of the
chronic disease. This has been observed in patients with
HCV-related chronic hepatitis even with PNALT and in
patients with liver cirrhosis and HCC whatever the etiology. Studies on HBV-related chronic hepatitis have not
been conclusive because they were performed in populations (generally Asiatic) which have much lower frequencies of the -174 C allele than Caucasian populations.
Finally, specific populations like NAFLD/NASH, autoim-

IL-6 POLYMORPHISM (-174 G/C) AND HCC
An interrelation between chronic inflammation and cancer has been suspected for a long time[54]. Many tumors
occur in association with chronic infectious diseases and
persistent inflammation increases the risk and accelerates
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Table 1 Studies examining the role of interleukin-6 polymorphism (-174 G/C) in hepatitis C virus and hepatitis B virus infection
Ref.
Barrett et al[20]
Nattermann et al[23]
Falleti et al[25]
Park et al[26]
Ribeiro et al[27]

Country

Ethnicity

Cases

Controls

Genotyping method

Association with chronic hepatitis/
response to therapy

Ireland
Germany
Italy
South Korea
Brazil

Caucasian
Caucasian
Caucasian
Asian
American1

158
210
121
1046
26

100
41

PCR-SSP
Cytokine genotyping tray
PCR-RFLP
PCR-SBE
PCR-SSP

Positive significant/-/Uncertain
Positive significant /NS/NS/-

1

White, black and hispanic. PCR-SSP: Polymerase chain reaction - single specific primer; PCR-RFLP: Polymerase chain reaction - restriction fragment length
polymorphism; PCR-SBE: Polymerase chain reaction - single base primer extension assay; NS: Not significant.

Table 2 Studies examining the role of interleukin-6 polymorphism (-174 G/C) in alcoholic and autoimmune liver diseases
Ref.

Country

Ethnicity

Cases

Controls

Genotyping method

Association

Carulli et al[33]
Fernández-Real et al[34]

Italy
Spain

Caucasian
Caucasian

79
32

114
-

PCR-RFLP
PCR-RFLP

Marcos et al[48]
Fan et al[53]

Spain
China

Caucasian
Asian

258
77

101
-

TaqMan genotyping
PCR-RFLP

Positive significant (NAFLD)
Positive significant (diabetes and lipid abnormalities)
(G allele)
NS (alcoholic liver disease)
Positive significant (PBC)

PCR-RFLP: Polymerase chain reaction - restriction fragment length polymorphism; NAFLD: Non-alcoholic fatty liver disease; PBC: Primary biliary cirrhosis.

Table 3 Studies examining the role of interleukin-6 polymorphism (-174 G/C) in hepatocellular carcinoma
Ref.
Nieters et al[65]
Ognjanovic et al[66]
Falleti et al[67]
Giannitrapani et al[15]

Country

Ethnicity

Cases

Controls

Genotyping method

Association with HCC

China
United States
Italy
Italy

Asian
American1
Caucasian
Caucasian

250
120
219
105

250
230
-

PCR-RFLP
5’nuclease Taqman allelic discrimination assay
PCR-RFLP
PCR-RFLP

NS
Positive significant
Positive significant
Positive significant

1

White, black and hispanic. PCR-RFLP: Polymerase chain reaction - restriction fragment length polymorphism; HCC: Hepatocellular carcinoma; NS: Not
significant.

mune and HIV/HCV co-infected patients not achieving
SVR showed a higher prevalence of the CC genotype,
probably as a result of many other complex immunological, virological and host-related interrelations that cannot
be explained by the presence of a unique SNP.

4

5

ACKNOWLEDGMENTS

6

The authors are grateful to Carole Greenall (BA) for the
English revision of this manuscript.

7

REFERENCES
1
2

3

Shepard CW, Finelli L, Alter MJ. Global epidemiology of
hepatitis C virus infection. Lancet Infect Dis 2005; 5: 558-567
[PMID: 16122679 DOI: 10.1016/S1473-3099(05)70216-4]
Averhoff FM, Glass N, Holtzman D. Global burden of
hepatitis C: considerations for healthcare providers in the
United States. Clin Infect Dis 2012; 55 Suppl 1: S10-S15 [PMID:
22715208 DOI: 10.1093/cid/cis361]
Spradling PR, Rupp L, Moorman AC, Lu M, Teshale EH,
Gordon SC, Nakasato C, Boscarino JA, Henkle EM, Nerenz
DR, Denniston MM, Holmberg SD. Hepatitis B and C virus
infection among 1.2 million persons with access to care: factors associated with testing and infection prevalence. Clin
Infect Dis 2012; 55: 1047-1055 [PMID: 22875876 DOI: 10.1093/
cid/cis616]

WCG|www.wjgnet.com

8

9
10

1023

Ott JJ, Stevens GA, Groeger J, Wiersma ST. Global epidemiology of hepatitis B virus infection: new estimates of agespecific HBsAg seroprevalence and endemicity. Vaccine
2012; 30: 2212-2219 [PMID: 22273662 DOI: 10.1016/j.vaccine.
2011.12.116]
McGlynn KA, London WT. The global epidemiology of
hepatocellular carcinoma: present and future. Clin Liver
Dis 2011; 15: 223-243, vii-x [PMID: 21689610 DOI: 10.1016/
j.cld.2011.03.006]
Alison MR, Nicholson LJ, Lin WR. Chronic inflammation
and hepatocellular carcinoma. Recent Results Cancer Res
2011; 185: 135-148 [PMID: 21822824 DOI: 10.1007/978-3-64203503-6_8]
Bowcock AM, Kidd JR, Lathrop GM, Daneshvar L, May LT,
Ray A, Sehgal PB, Kidd KK, Cavalli-Sforza LL. The human
“interferon-beta 2/hepatocyte stimulating factor/interleukin-6” gene: DNA polymorphism studies and localization
to chromosome 7p21. Genomics 1988; 3: 8-16 [PMID: 2906047
DOI: 10.1016/0888-7543(88)90152-8]
Fishman D, Faulds G, Jeffery R, Mohamed-Ali V, Yudkin
JS, Humphries S, Woo P. The effect of novel polymorphisms
in the interleukin-6 (IL-6) gene on IL-6 transcription and
plasma IL-6 levels, and an association with systemic-onset
juvenile chronic arthritis. J Clin Invest 1998; 102: 1369-1376
[PMID: 9769329 DOI: 10.1172/JCI2629]
Olomolaiye O, Wood NA, Bidwell JL. A novel polymorphism in the human IL-6 promoter. Eur J Immunogenet 1998;
25: 267 [DOI: 10.1046/j.1365-2370.1998.00077.x]
Cox ED, Hoffmann SC, DiMercurio BS, Wesley RA, Harlan
DM, Kirk AD, Blair PJ. Cytokine polymorphic analyses

January 28, 2014|First Edition|

Giannitrapani L et al . IL-6 polymorphism in CLD

11

12

13
14

15

16

17

18

19

20

21

22

23

24

indicate ethnic differences in the allelic distribution of interleukin-2 and interleukin-6. Transplantation 2001; 72: 720-726
[PMID: 11544437 DOI: 10.1097/00007890-200108270-00027]
Meenagh A, Williams F, Ross OA, Patterson C, Gorodezky
C, Hammond M, Leheny WA, Middleton D. Frequency of
cytokine polymorphisms in populations from western Europe, Africa, Asia, the Middle East and South America. Hum
Immunol 2002; 63: 1055-1061 [PMID: 12392859 DOI: 10.1016/
S0198-8859(02)00440-8]
Spanakis NE, Garinis GA, Alexopoulos EC, Patrinos GP,
Menounos PG, Sklavounou A, Manolis EN, Gorgoulis VG,
Valis D. Cytokine serum levels in patients with chronic HCV
infection. J Clin Lab Anal 2002; 16: 40-46 [PMID: 11835530
DOI: 10.1002/jcla.2060]
Martinez F, Abril ER, Earnest DL, Watson RR. Ethanol and
cytokine secretion. Alcohol 1992; 9: 455-458 [PMID: 1472299
DOI: 10.1016/S0741-8329(00)00076-8]
Soresi M, Giannitrapani L, D’Antona F, Florena AM, La
Spada E, Terranova A, Cervello M, D’Alessandro N, Montalto G. Interleukin-6 and its soluble receptor in patients
with liver cirrhosis and hepatocellular carcinoma. World J
Gastroenterol 2006; 12: 2563-2568 [PMID: 16688802]
Giannitrapani L, Soresi M, Giacalone A, Campagna ME,
Marasà M, Cervello M, Marasà S, Montalto G. IL-6 -174G/C
polymorphism and IL-6 serum levels in patients with liver
cirrhosis and hepatocellular carcinoma. OMICS 2011; 15:
183-186 [PMID: 21329460 DOI: 10.1089/omi.2010.0093]
Tacke RS, Tosello-Trampont A, Nguyen V, Mullins DW,
Hahn YS. Extracellular hepatitis C virus core protein activates STAT3 in human monocytes/macrophages/dendritic
cells via an IL-6 autocrine pathway. J Biol Chem 2011; 286:
10847-10855 [PMID: 21282107 DOI: 10.1074/jbc.M110.217653]
Kao JT, Lai HC, Tsai SM, Lin PC, Chuang PH, Yu CJ, Cheng
KS, Su WP, Hsu PN, Peng CY, Wu YY. Rather than interleukin-27, interleukin-6 expresses positive correlation with
liver severity in naïve hepatitis B infection patients. Liver Int
2012; 32: 928-936 [PMID: 22230324 DOI: 10.1111/j.1478-3231.
2011.02742.x]
Heinrich PC, Behrmann I, Haan S, Hermanns HM, MüllerNewen G, Schaper F. Principles of interleukin (IL)-6-type
cytokine signalling and its regulation. Biochem J 2003; 374:
1-20 [PMID: 12773095 DOI: 10.1042/BJ20030407]
Mihara M, Hashizume M, Yoshida H, Suzuki M, Shiina M.
IL-6/IL-6 receptor system and its role in physiological and
pathological conditions. Clin Sci (Lond) 2012; 122: 143-159
[PMID: 22029668 DOI: 10.1042/CS20110340]
Barrett S, Collins M, Kenny C, Ryan E, Keane CO, Crowe J.
Polymorphisms in tumour necrosis factor-alpha, transforming growth factor-beta, interleukin-10, interleukin-6, interferon-gamma, and outcome of hepatitis C virus infection. J
Med Virol 2003; 71: 212-218 [PMID: 12938195]
Ge D, Fellay J, Thompson AJ, Simon JS, Shianna KV, Urban
TJ, Heinzen EL, Qiu P, Bertelsen AH, Muir AJ, Sulkowski M,
McHutchison JG, Goldstein DB. Genetic variation in IL28B
predicts hepatitis C treatment-induced viral clearance. Nature 2009; 461: 399-401 [PMID: 19684573 DOI: 10.1038/nature08309]
Yee LJ, Im K, Borg B, Yang H, Liang TJ. Interleukin-6 haplotypes and the response to therapy of chronic hepatitis
C virus infection. Genes Immun 2009; 10: 365-372 [PMID:
19387461 DOI: 10.1038/gene.2009.26]
Nattermann J, Vogel M, Berg T, Danta M, Axel B, Mayr C,
Bruno R, Tural C, Klausen G, Clotet B, Lutz T, Grünhage F,
Rausch M, Nischalke HD, Schewe K, Bienek B, Haerter G,
Sauerbruch T, Rockstroh JK, Spengler U. Effect of the interleukin-6 C174G gene polymorphism on treatment of acute
and chronic hepatitis C in human immunodeficiency virus
coinfected patients. Hepatology 2007; 46: 1016-1025 [PMID:
17668881]
Alberti A, Benvegnù L, Boccato S, Ferrari A, Sebastiani G.
Natural history of initially mild chronic hepatitis C. Dig

WCG|www.wjgnet.com

25

26

27

28

29

30
31

32
33

34

35

36

37

38

1024

Liver Dis 2004; 36: 646-654 [PMID: 15506661 DOI: 10.1016/
j.dld.2004.06.011]
Falleti E, Fabris C, Vandelli C, Colletta C, Cussigh A, Smirne
C, Fontanini E, Cmet S, Minisini R, Bitetto D, Toniutto P,
Pirisi M. Genetic polymorphisms of interleukin-6 modulate
fibrosis progression in mild chronic hepatitis C. Hum Immunol 2010; 71: 999-1004 [PMID: 20655350 DOI: 10.1016/
j.humimm.2010.06.006]
Park BL, Lee HS, Kim YJ, Kim JY, Jung JH, Kim LH, Shin
HD. Association between interleukin 6 promoter variants
and chronic hepatitis B progression. Exp Mol Med 2003; 35:
76-82 [PMID: 12754410]
Ribeiro CS, Visentainer JE, Moliterno RA. Association of cytokine genetic polymorphism with hepatitis B infection evolution in adult patients. Mem Inst Oswaldo Cruz 2007; 102: 435-440
[PMID: 17612762 DOI: 10.1590/S0074-02762007005000043]
Migita K, Miyazoe S, Maeda Y, Daikoku M, Abiru S, Ueki
T, Yano K, Nagaoka S, Matsumoto T, Nakao K, Hamasaki K,
Yatsuhashi H, Ishibashi H, Eguchi K. Cytokine gene polymorphisms in Japanese patients with hepatitis B virus infection--association between TGF-beta1 polymorphisms and
hepatocellular carcinoma. J Hepatol 2005; 42: 505-510 [PMID:
15763337 DOI: 10.1016/j.jhep.2004.11.026]
McCullough AJ. The clinical features, diagnosis and natural history of nonalcoholic fatty liver disease. Clin Liver
Dis 2004; 8: 521-533, viii [PMID: 15331061 DOI: 10.1016/
j.cld.2004.04.004]
Wilfred de Alwis NM, Day CP. Genes and nonalcoholic fatty
liver disease. Curr Diab Rep 2008; 8: 156-163 [PMID: 18445359
DOI: 10.1007/s11892-008-0027-9]
Younossi ZM, Baranova A, Ziegler K, Del Giacco L, Schlauch
K, Born TL, Elariny H, Gorreta F, VanMeter A, Younoszai
A, Ong JP, Goodman Z, Chandhoke V. A genomic and
proteomic study of the spectrum of nonalcoholic fatty liver
disease. Hepatology 2005; 42: 665-674 [PMID: 16116632 DOI:
10.1002/hep.20838]
Tilg H. The role of cytokines in non-alcoholic fatty liver
disease. Dig Dis 2010; 28: 179-185 [PMID: 20460908 DOI:
10.1159/000282083]
Carulli L, Canedi I, Rondinella S, Lombardini S, Ganazzi D,
Fargion S, De Palma M, Lonardo A, Ricchi M, Bertolotti M,
Carulli N, Loria P. Genetic polymorphisms in non-alcoholic
fatty liver disease: interleukin-6-174G/C polymorphism is associated with non-alcoholic steatohepatitis. Dig Liver Dis 2009;
41: 823-828 [PMID: 19403348 DOI: 10.1016/j.dld.2009.03.005]
Fernández-Real JM, Broch M, Vendrell J, Richart C, Ricart
W. Interleukin-6 gene polymorphism and lipid abnormalities in healthy subjects. J Clin Endocrinol Metab 2000; 85:
1334-1339 [PMID: 10720087 DOI: 10.1210/jc.85.3.1334]
Hamid YH, Rose CS, Urhammer SA, Glümer C, Nolsøe R,
Kristiansen OP, Mandrup-Poulsen T, Borch-Johnsen K, Jorgensen T, Hansen T, Pedersen O. Variations of the interleukin-6 promoter are associated with features of the metabolic
syndrome in Caucasian Danes. Diabetologia 2005; 48: 251-260
[PMID: 15645209 DOI: 10.1007/s00125-004-1623-0]
Vozarova B, Fernández-Real JM, Knowler WC, Gallart L,
Hanson RL, Gruber JD, Ricart W, Vendrell J, Richart C, Tataranni PA, Wolford JK. The interleukin-6 (-174) G/C promoter polymorphism is associated with type-2 diabetes mellitus
in Native Americans and Caucasians. Hum Genet 2003; 112:
409-413 [PMID: 12589429 DOI: 10.1007/s00439-003-0912-x]
Cardellini M, Perego L, D’Adamo M, Marini MA, Procopio
C, Hribal ML, Andreozzi F, Frontoni S, Giacomelli M, Paganelli M, Pontiroli AE, Lauro R, Folli F, Sesti G. C-174G
polymorphism in the promoter of the interleukin-6 gene
is associated with insulin resistance. Diabetes Care 2005; 28:
2007-2012 [PMID: 16043746 DOI: 10.2337/diacare.28.8.2007]
Illig T, Bongardt F, Schöpfer A, Müller-Scholze S, Rathmann W, Koenig W, Thorand B, Vollmert C, Holle R, Kolb H,
Herder C. Significant association of the interleukin-6 gene
polymorphisms C-174G and A-598G with type 2 diabetes. J

January 28, 2014|First Edition|

Giannitrapani L et al . IL-6 polymorphism in CLD

39

40

41

42
43

44

45

46

47

48

49

50

51

Clin Endocrinol Metab 2004; 89: 5053-5058 [PMID: 15472205
DOI: 10.1210/jc.2004-0355]
Chang YH, Huang CN, Shiau MY. The C-174G promoter
polymorphism of the interleukin-6 (IL-6) gene that affects
insulin sensitivity in Caucasians is not involved in the pathogenesis of Taiwanese type 2 diabetes mellitus. Eur Cytokine
Netw 2004; 15: 117-119 [PMID: 15319170]
Miller AM, Wang H, Bertola A, Park O, Horiguchi N, Ki
SH, Yin S, Lafdil F, Gao B. Inflammation-associated interleukin-6/signal transducer and activator of transcription 3
activation ameliorates alcoholic and nonalcoholic fatty liver
diseases in interleukin-10-deficient mice. Hepatology 2011;
54: 846-856 [PMID: 21725996 DOI: 10.1002/hep.24517]
Reed T, Page WF, Viken RJ, Christian JC. Genetic predisposition to organ-specific endpoints of alcoholism. Alcohol Clin
Exp Res 1996; 20: 1528-1533 [PMID: 8986199 DOI: 10.1111/
j.1530-0277.1996.tb01695.x]
Stickel F, Osterreicher CH. The role of genetic polymorphisms in alcoholic liver disease. Alcohol Alcohol 2006; 41:
209-224 [PMID: 16492723 DOI: 10.1093/alcalc/agl011]
Crews FT, Bechara R, Brown LA, Guidot DM, Mandrekar
P, Oak S, Qin L, Szabo G, Wheeler M, Zou J. Cytokines
and alcohol. Alcohol Clin Exp Res 2006; 30: 720-730 [PMID:
16573591 DOI: 10.1111/j.1530-0277.2006.00084.x]
Laso FJ, Vaquero JM, Almeida J, Marcos M, Orfao A. Chronic
alcohol consumption is associated with changes in the distribution, immunophenotype, and the inflammatory cytokine
secretion profile of circulating dendritic cells. Alcohol Clin
Exp Res 2007; 31: 846-854 [PMID: 17386065 DOI: 10.1111/
j.1530-0277.2010.01160.x]
Laso FJ, Vaquero JM, Almeida J, Marcos M, Orfao A. Production of inflammatory cytokines by peripheral blood
monocytes in chronic alcoholism: relationship with ethanol
intake and liver disease. Cytometry B Clin Cytom 2007; 72:
408-415 [PMID: 17266151 DOI: 10.1002/cyto.b.20169]
McClain CJ, Song Z, Barve SS, Hill DB, Deaciuc I. Recent
advances in alcoholic liver disease. IV. Dysregulated cytokine metabolism in alcoholic liver disease. Am J Physiol Gastrointest Liver Physiol 2004; 287: G497-G502 [PMID: 15331349
DOI: 10.1152/ajpgi.00171.2004]
Nanji AA, Jokelainen K, Rahemtulla A, Miao L, Fogt F, Matsumoto H, Tahan SR, Su GL. Activation of nuclear factor
kappa B and cytokine imbalance in experimental alcoholic
liver disease in the rat. Hepatology 1999; 30: 934-943 [PMID:
10498645 DOI: 10.1002/hep.510300402]
Marcos M, Pastor I, González-Sarmiento R, Laso FJ. Common polymorphisms in interleukin genes (IL4, IL6, IL8 and
IL12) are not associated with alcoholic liver disease or alcoholism in Spanish men. Cytokine 2009; 45: 158-161 [PMID:
19185507 DOI: 10.1016/j.cyto.2008.11.003]
Czaja AJ, Strettell MD, Thomson LJ, Santrach PJ, Moore SB,
Donaldson PT, Williams R. Associations between alleles of
the major histocompatibility complex and type 1 autoimmune hepatitis. Hepatology 1997; 25: 317-323 [PMID: 9021941
DOI: 10.1002/hep.510250211]
Pando M, Larriba J, Fernandez GC, Fainboim H, Ciocca M,
Ramonet M, Badia I, Daruich J, Findor J, Tanno H, CañeroVelasco C, Fainboim L. Pediatric and adult forms of type I
autoimmune hepatitis in Argentina: evidence for differential
genetic predisposition. Hepatology 1999; 30: 1374-1380 [PMID:
10573514 DOI: 10.1002/hep.510300611]
Jones DE, Watt FE, Metcalf JV, Bassendine MF, James OF.
Familial primary biliary cirrhosis reassessed: a geographically-based population study. J Hepatol 1999; 30: 402-407

52

53

54
55
56
57
58

59

60

61
62

63
64

65

66

67

[PMID: 10190721 DOI: 10.1016/S0168-8278(99)80097-X]
Mella JG, Roschmann E, Maier KP, Volk BA. Association of
primary biliary cirrhosis with the allele HLA-DPB1*0301 in
a German population. Hepatology 1995; 21: 398-402 [PMID:
7843712]
Fan LY, Tu XQ, Zhu Y, Pfeiffer T, Feltens R, Stoecker W,
Zhong RQ. Genetic association of cytokines polymorphisms
with autoimmune hepatitis and primary biliary cirrhosis in
the Chinese. World J Gastroenterol 2005; 11: 2768-2772 [PMID:
15884119]
Balkwill F, Mantovani A. Inflammation and cancer: back to
Virchow? Lancet 2001; 357: 539-545 [PMID: 11229684 DOI:
10.1016/S0140-6736(00)04046-0]
Coussens LM, Werb Z. Inflammation and cancer. Nature 2002;
420: 860-867 [PMID: 12490959 DOI: 10.1038/nature01322]
Karin M. Nuclear factor-kappaB in cancer development
and progression. Nature 2006; 441: 431-436 [PMID: 16724054
DOI: 10.1038/nature04870]
Mantovani A, Allavena P, Sica A, Balkwill F. Cancer-related
inflammation. Nature 2008; 454: 436-444 [PMID: 18650914
DOI: 10.1038/nature07205]
Kuper H, Adami HO, Trichopoulos D. Infections as a major preventable cause of human cancer. J Intern Med 2000;
248: 171-183 [PMID: 10971784 DOI: 10.1046/j.1365-2796.
2000.00742.x]
Farinati F, Cardin R, Cassaro M, Bortolami M, Nitti D, Tieppo C, Zaninotto G, Rugge M. Helicobacter pylori, inflammation, oxidative damage and gastric cancer: a morphological,
biological and molecular pathway. Eur J Cancer Prev 2008; 17:
195-200 [PMID: 18414189 DOI: 10.1097/CEJ.0b013e3282f0bff5]
El-Serag HB, Rudolph KL. Hepatocellular carcinoma: epidemiology and molecular carcinogenesis. Gastroenterology
2007; 132: 2557-2576 [PMID: 17570226 DOI: 10.1053/j.gastro.
2007.04.061]
Farazi PA, DePinho RA. Hepatocellular carcinoma pathogenesis: from genes to environment. Nat Rev Cancer 2006; 6:
674-687 [PMID: 16929323 DOI: 10.1038/nrc1934]
Luedde T, Schwabe RF. NF-κB in the liver--linking injury,
fibrosis and hepatocellular carcinoma. Nat Rev Gastroenterol
Hepatol 2011; 8: 108-118 [PMID: 21293511 DOI: 10.1038/nrgastro.2010.213]
He G, Karin M. NF-κB and STAT3 - key players in liver inflammation and cancer. Cell Res 2011; 21: 159-168 [PMID: 21187858
DOI: 10.1038/cr.2010.183]
Johnson C, Han Y, Hughart N, McCarra J, Alpini G, Meng F.
Interleukin-6 and its receptor, key players in hepatobiliary
inflammation and cancer. Transl Gastrointest Cancer 2012; 1:
58-70 [PMID: 22724089 DOI: 10.3978/j.issn.2224-4778.2011.1
1.02]
Nieters A, Yuan JM, Sun CL, Zhang ZQ, Stoehlmacher J,
Govindarajan S, Yu MC. Effect of cytokine genotypes on the
hepatitis B virus-hepatocellular carcinoma association. Cancer
2005; 103: 740-748 [PMID: 15643599 DOI: 10.1002/cncr.20842]
Ognjanovic S, Yuan JM, Chaptman AK, Fan Y, Yu MC.
Genetic polymorphisms in the cytokine genes and risk of hepatocellular carcinoma in low-risk non-Asians of USA. Carcinogenesis 2009; 30: 758-762 [PMID: 19126646 DOI: 10.1093/
carcin/bgn286]
Falleti E, Fabris C, Toniutto P, Fontanini E, Cussigh A, Bitetto
D, Fumolo E, Fornasiere E, Bragagnini W, Pinato DJ, Minisini R, Pirisi M. Interleukin-6 polymorphisms and gender: relationship with the occurrence of hepatocellular carcinoma
in patients with end-stage liver disease. Oncology 2009; 77:
304-313 [PMID: 19940521 DOI: 10.1159/000260057]
P- Reviewer Margarete O S- Editor Huang XZ
L- Editor A E- Editor Xiong L

WCG|www.wjgnet.com

1025

January 28, 2014|First Edition|

WC G

World Clinical
Gastroenterology

2014 First Edition
bpgoffice@wjgnet.com

ISBN 978-0-9914430-0-0
© 2014 Baishideng Publishing Group Inc. All rights reserved.

PROGRESS IN DIGESTIVE SYSTEM NEOPLASMS

Pure laparoscopic hepatectomy for hepatocellular
carcinoma with chronic liver disease
Zenichi Morise, Norihiko Kawabe, Jin Kawase, Hirokazu Tomishige, Hidetoshi Nagata, Hisanori Ohshima,
Satoshi Arakawa, Rie Yoshida, Masashi Isetani
failure. Under adequate patient positioning and port
arrangement, the partial resection of the liver in the
area of subphrenic space, peri-inferior vena cava area
or next to the attachment of retro-peritoneum is facilitated in pure laparoscopic surgery by providing good
vision and manipulation in the small operative field.
Furthermore, the features of reduced post-operative
adhesion, good vision, and manipulation within the
small area between the adhesions make this procedure
safer in the context of repeat hepatectomy procedures.
These improved features are especially advantageous
for patients with liver cirrhosis and multicentric and/or
metachronous HCCs.
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Abstract
Pure laparoscopic hepatectomy is a less invasive procedure than conventional open hepatectomy for the
resection of hepatic lesions. Increases in experiences
with the technique, in combination with advances in
technology, have promoted the popularity of pure laparoscopic hepatectomy. However, indications for usage
and potential contraindications of the procedure remain
unresolved. The characteristics and specific advantages of the procedure, especially for hepatocellular
carcinoma (HCC) patients with chronic liver diseases,
are reviewed and discussed in this paper. For cirrhotic
patients with liver tumors, pure laparoscopic hepatectomy minimizes destruction of the collateral blood and
lymphatic flow from laparotomy and mobilization, and
mesenchymal injury from compression. Therefore, pure
laparoscopic hepatectomy has the specific advantage of
minimal postoperative ascites production that leads to
lowering the risk of disturbance in water or electrolyte
balance and hypoproteinemia. It minimizes complications that routinely trigger postoperative serious liver
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Core tip: For cirrhotic patients with liver tumor, pure
laparoscopic hepatectomy minimizes destruction of the
collateral blood/lymphatic flow from laparotomy and
mobilization, and has advantage of minimal postoperative ascites. It restrains the complications, which trigger
the postoperative liver failure. The partial resection in
the area of subphrenic space, peri-inferior vena cava
area or next to the attachment of retro-peritoneum
is facilitated with good vision and manipulation in the
small operative field. Furthermore, repeat pure laparoscopic hepatectomy for patients with multicentric/
metachronous hepatocellular carcinomas was feasible
and safe with the advantages of less post-operative adhesion and good vision and manipulation between the
adhesions.
Original sources: Morise Z, Kawabe N, Kawase J, Tomishige
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class of the patients[17]. Even limited resection following
open surgery for severe cirrhotic patients often develops
refractory ascites, which leads to fatal complications[18,19].
In Japan, criteria for selecting patient eligibility for
hepatectomy is based on three parameters: (1) the presence or absence of ascites; (2) total serum bilirubin
level; and (3) indocyanine green retention rate at 15 min
(ICG R15)[20]. Currently, surgical resection, local ablation
therapy, or TACE is adapted to each HCC patient with
liver cirrhosis depending on the tumor condition and the
liver function. However, a large number of HCC patients
with severe liver dysfunction are not able to undergo
those treatment modalities due to liver function, tumor
size and/or localization. This is especially true after repeat treatments for the disease, including a large number
of patients that need repeat treatments for multicentric
metachronous lesions occurring in chronic impaired liver.
For those patients, “less invasive” pure laparoscopic hepatectomy may provide a good option. The characteristics
and advantages of pure laparoscopic hepatectomy for
HCC patients with chronic liver diseases are discussed in
this paper.

H, Nagata H, Ohshima H, Arakawa S, Yoshida R, Isetani M.
Pure laparoscopic hepatectomy for hepatocellular carcinoma
with chronic liver disease. World J Hepatol 2013; 5(9): 487-495
Available from: URL: http://www.wjgnet.com/1948-5182/full/
v5/i9/487.htm DOI: http://dx.doi.org/10.4254/wjh.v5.i9.487

INTRODUCTION
Since the ﬁrst successful report of laparoscopic liver
wedge resection in 1992[1], pure laparoscopic hepatectomy is thought to be a less invasive procedure than
conventional open hepatectomy for the resection of
hepatic lesions[2]. In a comprehensive meta-analysis study,
laparoscopic hepatectomy was compared to open hepatic
resection in 1678 patients across 26 studies. While it is
associated with longer operating times and no differences
in oncological outcomes, it is advantageous in several aspects[3]. Laparoscopic hepatectomy is associated reduced
blood loss, decreased portal clamp time, a decrease in
overall and liver-specific complications, and shorter postoperative hospital stays[3]. Recent technological development of devices and accumulation of experiences have
facilitated the expansion of the indication of the procedure[4,5]. Common advantages of laparoscopic surgery,
such as early recovery and discharge with smaller postoperative pain and earlier intake, have been reported also
for laparoscopic hepatectomy[6]. However, specific advantages and/or disadvantages of pure laparoscopic hepatectomy for proper indication have not yet been resolved.
Hepatocellular carcinoma (HCC) is the fifth most
common primary cancer and the third most common
cause of cancer-related deaths worldwide[7,8]. The treatment options for HCC include surgical resection [9],
liver transplantation[10], transarterial chemoembolization (TACE), and local ablation therapy[11]. Most experts
think surgical resection and liver transplantation are the
best hopes for cure. However, most patients with HCC
have underlying chronic liver disease, and hence are at
very high risk of developing significant postoperative
complications. Although liver transplantation should be
considered in patients with deteriorating liver function
according to the Milan criteria[12], hepatic resection should
be considered as a primary therapy in patients with wellpreserved liver function[13,14]. When considering the treatment of HCC in patients with liver cirrhosis, the degree
of invasive surgical stress, especially to the impaired
liver, should be considered in addition to the oncological therapeutic effects. Patients with severe liver cirrhosis
have various (overt and preliminary) symptoms, such as:
(1) deteriorations of protein synthesis and metabolism; (2)
GI tract congestion, ascites, pancytopenia due to portal
hypertension and hypersplenism; and (3) susceptibility
to infectious diseases and hepatopulmonary syndrome
(hypoxaemia) due to increased shunt vessels[15]. Cirrhotic
patients have high morbidity and mortality following anesthesia and surgery[16] and the risk of abdominal operations increases according to the preoperative Child-Pugh
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LAPAROSCOPIC HEPATECTOMY FOR
HCC PATIENTS: AN OVERVIEW
The benefits of laparoscopic hepatectomy may be particularly advantageous for cirrhotic patients, given the
potential for lower levels of parietal and hepatic injury
and the preservation of venous and lymphatic collateral
circulation. The safety and feasibility of the laparoscopic
approach and its short-term benefits for HCC patients
with chronic liver dysfunction have been demonstrated
by several series[21-31]. To date, several studies have investigated the major differences between laparoscopic
hepatectomy and open hepatectomy (Tables 1 and 2)[32-39].
Favorable short-term results, including fewer incidences
of ascites and liver failure, and shorter postoperative
hospital stays, correlate with the laparoscopic procedure.
Tranchart et al[36] reported laparoscopic resection of HCC
for selected patients resulted in better postoperative
outcomes without long- and short-term oncologic consequences (42 each laparoscopic- and open-hepatectomy
patients, with more than 96% Child-Pugh class A patients
and mostly anatomical resection). Early postoperative
recovery and discharge with less postoperative pain are
usual advantages of laparoscopic surgery. Additionally,
pure laparoscopic hepatectomy has the advantage of
minimal ascites (Table 2), due to preservation of venous
and lymphatic collateral circulation, which leads to lower
risk of disturbance in water and/or electrolyte balance
and hypoproteinemia, disorders that could trigger fatal
liver failure. This feature could be the most remarkable
specific advantage for postoperative course.
Patients who undergo hepatectomy are exposed
three different types of stresses: (1) general, whole-body
surgical stress; (2) reduced liver function due to resected
liver volume; and (3) surgery-induced injury for liver pa-

1027

January 28, 2014|First Edition|

Morise Z et al . Laparoscopic hepatectomy and liver disease
Table 1 Recently reported laparoscopic hepatectomy and open hepatectomy comparative studies - general information.
Ref.

No. of
cases

Laurent et al[32]
Belli et al[33]
Lai et al[34]
Aldrighetti et al[35]
Tranchart et al[36]
Kim et al[37]
Lee et al[38]
Truant et al[39]

LH
13
23
25
16
42
26
33
36

OH
14
23
33
16
42
29
50
53

Sex
(male:female)
LH
10:3
10:13
18:7
11:5
15:27
18:8
24:9
31:5

Age
(yr, mean ± SD)

OH
LH
10:4
62.6 ± 9.5
14:9
59.5 ± 6.84
21:12 59 (35-79)1
12:4
65 ± 10
14:28 63.7 ± 13.10
20:9 57.84 ± 9.66
40:10 59 (36-85)1
47:6
60.6 ± 10.20

Background
liver % of LC

OH
65.9 ± 5.5
62.4 ± 7.7
59.0 (38-77)1
71.0 ± 6.00
65.7 ± 7.10
57.08 ± 9.78
58.50 (32-81)1
63.30 ± 7.60

LH
NA
100.00
92.00
56.30
73.80
NA
84.80
NA

OH
NA
100.0
93.9
56.3
80.9
NA
64.0
NA

Tumor size
(cm, mean ± SD)
LH
3.35 ± 0.89
3.10 ± 0.70
2.50 (1-7)1
4.00 ± 2.20
3.58 ± 1.75
3.15 (1-8)1
2.50 (1.5-9.0)1
2.90 ± 1.20

OH
3.43 ± 1.05
3.24 ± 0.70
2.60 (1-8)1
4.60 ± 2.50
3.68 ± 2.09
3.60 (1-19)1
2.90 (1.2-9.0)1
3.1 ± 1.20

Type of resection
nonanatomical:LLS:
Anatomical
LH
0:3:10
0:5:18
0:6:19
0:5:11
0:9:33
0:4:22
15:18:0
0:22:14

OH
0:4:10
0:6:17
0:2:31
0:5:11
0:7:35
0:3:26
40:10:0
0:26:27

1

Expressed as median (range). LLS: Left lateral sectionectomy; LC: Liver cirrhosis; NA: Not available; LH: Laparoscopic hepatectomy; OH: Open
hepatectomy.

Table 2 Recently reported laparoscopic hepatectomy and open hepatectomy comparative studies - operative outcomes
Ref.

Ascites

Laurent et al[32]
Belli et al[33]
Lai et al[34]
Aldrighetti et al[35]
Tranchart et al[36]
Kim et al[37]
Lee et al[38]
Truant et al[39]

Liver failure

Hospital stay (d, mean ± SD)

LH

OH

LH

OH

LH

1/13
3/23
NA
0/16
3/42
0/26
0/33
5/36

5/14
8/23
NA
1/16
11/42
1/29
2/50
12/53

1/13
NA
NA
NA
0/36
NA
NA
NA

5/14
NA
NA
NA
4/53
NA
NA
NA

15.3 ± 8.6
8.2 ± 2.6
NA
6.3 ± 1.7
6.7 ± 5.9
11.08 ± 4.96
NA
6.5 ± 2.7

OH
17.3 ± 18.9
12.04 ± 3.93
NA
9.0 ± 3.8
9.6 ± 3.4
16.07 ± 10.697
NA
9.50 ± 4.8

Mortality
LH

OH

0/13
1/23
0/25
0/16
1/42
0/26
0/33
0/36

2/14
0/23
1/33
0/16
1/42
0/29
0/50
4/53

LH: Laparoscopic hepatectomy; OH: Open hepatectomy; NA: Not available.

Table 3 Perioperative course after pure laparoscopic hepatectomy

Operating time (min)
Intraoperative blood loss (mL)
Day of initiation of oral intake in POD
Drain discharge (as total of 0-3 POD, mL)
Postoperative hospital stay (d)
Morbidity
Mortality

1

Cases with severe cirrhosis (n = 7)
(ICG R15: ≥ 40%, Child-Pugh B/C)

Cases with mild-moderate cirrhosis (n = 30)
[ICG R15: 8.7%-31.1% (median 13.2%), Child-Pugh A]

140-341 (232)
NC-2750 (100)
1/3 (2)
279-1990 (919)
11/21 (17)
14.3% (Choleocystitis)
0%

130-710 (302)
NC-2400 (100)
1-3 (2)
60-3350 (416)
8-254 (18)
13.3% (Ileus, refractory ascites, bile leakage)
0%

1

Excluded patients with combined surgery. NC: Not countable; POD: Post-operative day; ICG R15: Indocyanine green retention rate at 15 min.

renchyma and environment around the liver caused by
destruction of the collateral blood and lymphatic flow by
laparotomy and mobilization of the liver and mesenchymal injury caused by compression of the liver. Reduction
of surgery-induced injury with pure laparoscopic hepatectomy lowers the risk of refractory ascites, resulting
in reduced risk of successive complications and smooth
recovery for HCC patients with severe liver cirrhosis.
We also experienced that the perioperative course
of HCC patients with severe liver cirrhosis (Child-Pugh
class B/C and ICG R15 of ≥ 40%) who underwent pure
laparoscopic hepatectomy was favorable and comparable
to that of the other HCC patients with mild/moderate
liver cirrhosis[40]. As of 2012, 40 patients with HCC and
chronic liver disease underwent pure laparoscopic hepa-
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tectomy in our hospital. Seven out of 40 patients had severe liver cirrhosis (Child-Pugh class B/C and ICG R15
of ≥ 40%). These seven patients and 30 other patients
(Child-Pugh class A and ICG R15 of 10.1%-27.4%; three
patients were excluded from analysis because of concomitant combined surgery) were compared in perioperative
course (Table 3). The perioperative course results, such as
intraoperative blood loss, day oral ingestion started, total
dose of drain discharge to post operative day 3, morbidity and mortality, were comparable without statistically
significant difference in the two groups. Among these
seven patients, one underwent living-related liver transplantation 20 mo after hepatectomy.
This extensive review of the literature in combination
with our clinical experiences indicate that pure laparo-
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A

B

C

D

Figure 1 Repeat pure laparoscopic hepatectomy for patients with liver cirrhosis and hepatocellular carcinomas was feasible and safe: case 1. A: Computed
tomorgraphy scan shows two hepatocellular carcinomas (HCC) in segment 3; B: The tumors (arrows) resected laparoscopycally.; C: A 69-year-old woman with type-C
liver cirrhosis developed a new HCC on the caudal edge of segment 6 of the liver 2 years after the first hepatectomy; D: At the second laparoscopic hepatectomy,
there was only mild adhesion around the resected area

of their operating time and blood loss was 288 min and
50 mL. From these experiences, we propose the following advantages of laparoscopic hepatectomy for HCC
patients: (1) advantageous for repeat procedures: Repeat
pure laparoscopic hepatectomy (and combined treatments) for patients with liver cirrhosis and multicentric/
metachronous HCCs was feasible and safe. The procedure also resulted in less post-operative adhesion and
good vision and manipulation in the small area between
the adhesions (case 1, Figures 1 and 2); (2) minimal invasion due to good vision: With adequate port arrangement
and positioning of the patients[41,42], the manipulation in
the small operative field is facilitated by good vision of
the peri-inferior vena cava (IVC) area, subphrenic space,
the area next to the attachment of retro-peritoneum, and
the area between the adhesions. Therefore, there is a minimum need for dissection and/or adhesiolysis that could
cause destructions of the collateral blood and lymphatic
flows (case 2, Figures 3 and 4; case 3, Figures 5 and 6);
and (3) better control of bleeding: Instead of compression and elevation of the bleeding field, other techniques
are employed. These include meticulous manipulation
under magnifying view, pressure control of pneumo-peritoneum and IVC, and various coagulating devices[43]. The
ability of bleeding control is becoming matched to open
surgery and anatomical hepatectomies with the exposure
of major vessels recently becoming feasible[41,44-48].
The major disadvantages of laparoscopic surgery
are in compression of the bleeding point, palpitation of

scopic hepatectomy is the better therapeutic option for
severe cirrhotic patients with tumors on the surface of
the liver, in case of difficult adaptation of percutaneous
ablation therapy and/or local recurrence after repeat
treatments. The procedure may also prove to be an advantageous option in bridging therapy to liver transplantation for HCC patients with severe liver cirrhosis.

LAPAROSCOPIC HEPATECTOMY FOR
HCC PATIENTS: ADVANTAGES AND
DISADVANTAGES
At the introduction of laparoscopic hepatectomy in 1997,
we selected the patients who could undergo adequate
oncological pure laparoscopic resection for cancers. The
indication of pure laparoscopic hepatectomy had been
gradually extended from liver surface partial resection to
large anatomical resection (right hepatectomy and posterior/anterior sectionectomy). The inclusion criteria are
now a tumor size less than 10 cm without severe adhesion, invasion to major vessels, or a need for reconstruction of vessels or biliary tract.
As of 2012, we have performed forty of pure laparoscopic hepatectomy for HCC with chronic liver diseases,
including ten cases of anatomical resections and four
cases of repeat hepatectomy. There was no operativemortality and the rate of morbidity was 12.5%. Tumor
numbers are 1-4 and sizes are 1.1-7.8 cm. The median
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Figure 2 Repeat pure laparoscopic hepatectomy for patients with liver cirrhosis and hepatocellular carcinomas was feasible and safe: case 1. The patient
also had two early lesions in segment four, which was treated with laparoscopic microwave coagulation therapy (A). After ablation therapy, the hepatocellular carcinomas (HCC) in segment 6 (B) was resected laparoscopically (C). The resected specimen (D) showed a single nodular HCC. The patient also underwent third hepatectomy for the lesion in segment one next to right adrenal gland two years after this operation.

A

B

C

D

Figure 3 Pure laparoscopic hepatectomy is efficient in the subphrenic space: case 2. An 80-year-old woman with liver cirrhosis developed a hepatocellular carcinomas in the dorsal area of subsegment 8c of the liver revealed in computed tomography examination (A and B). Since the tumor compressed the right hepatic vein
and her liver function seemed not to tolerate right hepatectomy or extended anterior sectionectomy, she underwent partial resection of the liver with the dissection and
exposure of right hepatic vein and tumor capsule in pure laparoscopic hepatectomy. The tumor was located deeply in the subphrenic space (C) just next to the attachment of retro-peritoneum (D).
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Figure 4 Pure laparoscopic hepatectomy is efficient in the subphrenic space: case 2. A: Resection of the tumor with the exposure of the capsule; B: Encircling and dividing of the direct branch of the right hepatic vein; C: Exposure of right hepatic vein; D: Cutting surface after resection.

A

B

C

D

Figure 5 Pure laparoscopic hepatectomy is efficient between the adhesions and the peri-inferior vena cava area: case 3. Two years after a central bisectionectomy for hepatocellular carcinomas (HCC) at the roots of hepatic veins (A), a 66-year-old man developed a new prominent HCC on the left caudate lobe of the
liver (B). Following the second pure laparoscopic hepatectomy, there was massive adhesion in the area of right upper abdomen (C). However, good view and access
to the tumor were obtained with the dissection of omentum minus (D).
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A

B

C

D

Figure 6 Pure laparoscopic hepatectomy is efficient between the adhesions and the peri-inferior vena cava area: case 3. A and B: Resection of the tumor; C
and D: The view after the resection of the tumor.

the tumor, and overview of the whole abdominal fields.
However, the advantages we have outlined above indicate
that pure laparoscopic surgery should be chosen over
open surgery for liver resection under specific conditions.
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INTRODUCTION
Pancreatic cancer is one of the most lethal human cancers and continues to be a major unsolved health problem at the beginning of the 21st century. Worldwide, over
200 000 people die annually of pancreatic cancer, with
the highest incidence and mortality rates found in developed countries. Pancreatic cancer is the 4th and 6th leading cause of cancer death in United States and Europe,
respectively. Pancreatic cancer incidence and mortality
rates are almost equal because of the high fatality rate. A
lack of illness indicators and screening tests mean that
pancreatic cancer is usually diagnosed at the late stages of
the natural history of the disease[1,2].
In Western communities, the 1- and 5-year survival
rates for pancreatic cancer are less than 25% and 5%,
respectively, and the mortality rates are essentially identical. Although survival rates are highest (16.6%) when the
tumor is localized at diagnosis, less than 10% of tumors
are detected at that time. On the other hand, the survival
rates have been only slightly improved over the past decade because of a lack of significant medical advances
in early detection and the poor outcome of treatment
approaches. Pancreatic cancer is rare in the first three
decades of life. The majority of pancreatic cancers occur

Abstract
Pancreatic cancer is one of the most aggressive human
cancers, with more than 200 000 deaths worldwide every year. Despite recent efforts, conventional treatment
approaches, such as surgery and classic chemotherapy, have only slightly improved patient outcomes. More
effective and well-tolerated therapies are required
to reverse the current poor prognosis of this type of
neoplasm. Among new agents, histone deacetylase inhibitors (HDACIs) are now being tested. HDACIs have
multiple biological effects related to acetylation of histones and many non-histone proteins that are involved
in regulation of gene expression, apoptosis, cell cycle
progression and angiogenesis. HDACIs induce cell
cycle arrest and can activate the extrinsic and intrinsic
pathways of apoptosis in different cancer cell lines. In
the present review, the main mechanisms by which
HDACIs act in pancreatic cancer cells in vitro , as well
as their antiproliferative effects in animal models are
presented. HDACIs constitute a promising treatment
for pancreatic cancer with encouraging anti-tumor ef-
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in the exocrine pancreas and the vast majority (> 90%)
have ductal differentiation. Men consistently have higher
incidence and mortality rates than women, worldwide[3].

tion, preventing transcription factors, regulatory complexes
and RNA polymerase to access the DNA. Acetylation
neutralizes the charge of the histones generating a more
open DNA conformation. Transcription factors may then
access the DNA, promoting the expression of the corresponding genes. Therefore, histone acetylation is generally
associated with transcriptional activation. Histone acetylation is carried out by a group of proteins called histone
acetyl transferases (HATs), and the acetyl groups can be
removed by HDACs. These molecules play a pivotal role
in cellular functions, such as chromosome remodelling,
gene transcription and cell proliferation[15,16].
Eighteen different human HDAC isoforms have
been described and are classified into four classes.
ClassⅠHDACs (HDACs 1, 2, 3 and 8) are associated with
RPD3 deacetylase, and are primarily located in the nucleus.
Class Ⅱ HDACs are divided into two subclasses, class Ⅱ
a (HDACs 4, 5, 7 and 9) and class Ⅱb (HDACs 6 and 10)
and are homologous to the yeast Hda1 deacetylase. Class
Ⅲ HDACs consists of seven HDACs (SIRT1 to SIRT7)
that share homologies with the yeast silent information
regulator 2 (Sir2) family. The class Ⅳ family of HDACs
has only one member, HDAC11. ClassesⅠ, Ⅱ and Ⅳ require Zn2+ for activity, while class Ⅲ has a unique catalytic
mechanism that requires the co-factor NAD+. To achieve
the acetylation of histones, an acetyl group of acetyl coenzyme A is linked to the ε-amino group of lysine by HATs,
which can be removed by HDACs. When HDACs remove
the acetyl group from a histone lysine, a positive charge
on the lysine residue condensing the structure of nucleosomes is restored. The active site of HDACs consists of
a cylindrical pocket in which the lysine residue fits when
deacetylation takes place. Zn2+ is located near the bottom
of the cylindrical pocket[17].
In addition to deacetylating histones, HDACs have
also been reported to interact with non-histone proteins.
Such protein targets of HDACs include transcription factors and regulators, signal transduction mediators, DNA
repair enzymes, nuclear import regulators, chaperone
proteins, structural proteins, inflammation mediators
and viral proteins. These HDAC substrates are involved
in numerous important cell pathways, including control
of gene expression, regulation of cell proliferation, differentiation, migration and death. Altered expression of
HDACs has been reported in several types of human
neoplasms[18,19].

Treatment of advanced pancreatic cancer
Traditionally, 5-fluorouracil (5-FU)-based chemotherapy
and/or radiotherapy have been used in the treatment of
locally advanced pancreatic cancer; however, the value of
radiotherapy remains unclear[4]. Today, gemcitabine-based
therapy is the acceptable treatment approach for both
unresectable locally advanced and metastatic pancreatic
cancer. Several phase Ⅲ trials were undertaken with gemcitabine in combination with a range of chemotherapy
agents. However, combining gemcitabine with 5-FU[5],
as well as irinotecan, oxaliplatin, pemetrexed, exatecan and cisplatin[6-10], all failed to show superiority over gemcitabine
monotherapy. In a recent phase Ⅲ trial, the combination
of capecitabine with gemcitabine significantly improved the
objective response rate and progression-free survival, but
did not show superiority in overall survival in patients
with advanced pancreatic cancer[11]. Additionally, in a randomized phase Ⅱ trial of folfirinox (5-FU/leucovorin, irinotecan, and oxaliplatin) versus gemcitabine, the median
overall survival was 11.1 mo in the folfirinox group compared with 6.8 mo in the gemcitabine group, indicating
that folfirinox is an option for the treatment of patients
with metastatic pancreatic cancer[12].
Targeted therapies have also been investigated for
advanced pancreatic cancer. Erlotinib is a small-molecule
tyrosine kinase inhibitor of the human epidermal growth
factor receptor (EGFR). A multicenter, randomized, double-blind, placebo-controlled phase Ⅲ clinical trial of erlotinib in combination with gemcitabine, in patients with
locally advanced or metastatic pancreatic adenocarcinoma
met its primary endpoint, with the combination regimen
being the first gemcitabine combination to demonstrate
a statistically significant survival advantage over gemcitabine monotherapy and the regimen was consequently
approved for metastatic disease[13].
Many molecular-targeted agents that interact with
crucial pathways for cell survival in pancreatic cancer are
currently being explored. These include agents that target
poly ADP-ribose polymerase, histone deacetylase (HDAC),
Src/Abl kinases, and mammalian targets of rapamycin[14].
Histone acetyltransferases and deacetylases
The principal structure of eukaryotic chromatin is the
nucleosome. Each nucleosome consists of approximately
146 bp of DNA wrapped around a core of eight basic
proteins called histones, two each of H2A, H2B, H3
and H4. Nucleosomal structure not only facilitates packing DNA into a relatively small nucleus, but also exerts
important regulatory functions. The N- and C- terminal
tails of the nucleosomal core undergo post-translational
modifications, participating in chromatin assembly regulation and/or DNA accessibility. Nucleosomes containing
highly charged hypoacetylated histones bind tightly to
the phosphate backbone of DNA, inhibiting transcrip-
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HDAC inhibitors
HDAC inhibitors (HDACIs) have three common structural characteristics: a Zn binding moiety, an opposite
capping group, and a straight chain alkyl, vinyl or aryl
linker connecting the two. The majority of HDACIs
are designed to interfere with the catalytic domain of
HDACs, blocking substrate recognition and inducing
gene expression. Aberrant expression of different HDAC
isoforms has been associated with different malignancies;
thus, HDACIs represent a potent and specific strategy for
cancer treatment. Most of the described HDACIs only
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affect the Zn-dependent classes Ⅰ and Ⅱ HDACs. The
HDACIs described so far vary in structure and origin,
being divided into different classes based on their chemical properties. The hydroxamic acids include trichostatin A
(TSA), SAHA (vorinostat), LBH589 (panobinostat) and
PXD101 (belinostat). The short-chain fatty acids comprise
another class, including sodium butyrate (NaBu), 4-phenylbutyrate and valproic acid. A third class includes the cyclic tetrapeptides, such as FK228/depsipeptide (romidepsin).
A fourth class of HDACIs is the benzamides, including
MS-275 (entinostat), CI-994 and MGCD0103[20,21].
The mechanisms of action of HDACIs are complex
and not completely understood. HDACIs have multiple
biological effects related to acetylation of histones and
many non-histone proteins, such as those involved in
regulation of gene expression, apoptosis, cell cycle progression, DNA repair, cell migration and angiogenesis.
HDACIs induce cell cycle growth arrest in both normal
and transformed cells, and can activate the extrinsic and
intrinsic pathways of apoptosis. Both in vitro and in vivo
data and ongoing clinical trials have indicated that HDACIs could be used against different solid tumors and
hematological malignancies; thus, comprising one of the
most promising classes of new anticancer agents[22,23]. In
the present review, the latest knowledge on the effect of
HDACIs on pancreatic cancer is discussed.

sitivity to the drug was noted. TSA-induced cell cycle
arrest was associated with a block in the G2 phase and
apoptotic death. TSA treatment in T3M4 and PaCa44 cell
lines resulted in p21WAF1/CIP1 induction, an increase
in caspase-3 activity and the downregulation of p27 and
cyclin A2 mRNA expression[25].
Global gene expression profiles were also examined in
several pancreatic cancer cell lines (CFPAC1, HPAF, MiaPaCa-2, Panc1, PC, PSN1, PT-45P1 and PaCa44) postTSA treatment. Three point four percents of genes involved in a wide variety of cellular processes, such as cell
proliferation, signaling, regulation of transcription, and
apoptosis, were altered after TSA treatment. The cyclindependent kinase (cdk) inhibitors p21, p19 and p57 were
all upregulated, while cyclin A and cdk10 were downregulated. Additionally, BIM, a proapoptotic BCL-2 family
member, was significantly induced, while the expression
of the antiapoptotic genes BCL-XL and BCL-W was repressed by TSA treatment[26].
Different pancreatic cancer cell lines co-express highlevel TNF-related apoptosis-inducing ligand receptor
(TRAIL-R), Fas and TNF-R1 but are strongly resistant
to apoptosis triggered by the death receptors. The drug
combinations geldanamycin/PS-341, TSA/PS-341 and
TSA/geldanamycin with low-dose TRAIL were tested
and all were found to be effective in initiating apoptosis
in four pancreatic cancer cell lines (AsPC-1, BxPC-3,
MiaPaCa-2 and Panc-1) compared with single drug-based
treatments. This killing effect was enhanced when BclXL was depleted. When Bcl-XL-depleted cells and control counterparts were exposed to TSA/PS-341, TRAIL
induced cell death in Bcl-XL knockdown cells. However,
under the same experimental conditions fewer control
cells were killed, indicating that Bcl-XL depletion significantly increased TSA/PS-341 killing effects on pancreatic
cancer cells in the presence of TRAIL[27].
TSA and SAHA induced apoptosis in pancreatic
cancer cell lines IMIM-PC-1, IMIM-PC-2 and RWP-1,
independently of their intrinsic resistance to conventional
antineoplastic agents. Caspase-3 activity was slightly increased in IMIM-PC-1 and RWP-1 cells, but significantly
increased in IMIM-PC-2 cells after TSA treatment. On
the other hand, caspase-8 and -9 activities were not altered. In addition, PARP-1 was only partially cleaved after
TSA treatment. An inhibitor of the human serine protease Omi/HtrA2, called ucf-101, was able to block the cell
death induced by TSA in the three cell lines through a caspase-independent mechanism. In the same experimental
setting, Bax protein levels were dramatically increased, but
those of Bcl-2 and p21 were not significantly modified[28].
TSA and SK-7041, a novel hybrid synthetic HDACI,
both induced apoptosis and G2-M cell cycle arrest in the
pancreatic cancer cell lines Panc-1 and ASPC-1. They
caused increased H4 histone acetylation, and also suppressed the expression of the antiapoptotic proteins
Mcl-1 and Bcl-XL, but did not affect either Bcl-2 or the
proapoptotic Bax and Bak proteins. TSA and SK-7041
also enhanced the expression of p21 and of cyclin D2

EXPERIMENTAL IN VITRO STUDIES
The data available so far regarding the different classes
of HDACIs used in pancreatic cancer cell lines are presented in the following section. Additionally, the targets
modulated by different HDACI compounds are listed in
Table 1.
Hydroxamic acids
Suberoylanilide hydroxamic acid (SAHA, N-hydroxy-N’phenyl-octanediamide, vorinostat) is a synthetic hydroxamic acid that is structurally related to the natural product,
trichostatin A {TSA, 7-[4-(dimethylamino)phenyl]N-hydroxyl-4,6-dimethyl-7-oxo-(2E,4E,6R)-2,4-heptadienamide}, which is produced by selected strains of
Streptomyces platensis, Streptomyces hygroscopicus Y-50 or Streptomyces sioyaensis. Hydroxamic acids have a high affinity to
biometals, including Fe3+, Ni2+ and Zn2+. The synthesis of
SAHA and its potency to induce differentiation of murine
erythroleukemia (MEL) cells was first reported in 1996.
SAHA and TSA contain a hydroxamic acid-based metalbinding domain that coordinates the catalytic Zn2+ in the
HDAC active site, a 5 (TSA) or 6 (SAHA)-membered
carbon-based linker that mimics the Cα functional group
of lysine, and a hydrophobic motif that interacts with the
periphery of the HDAC binding pocket[24].
TSA: TSA strongly inhibited the cellular growth of
nine pancreatic adenocarcinoma cell lines (MiaPaCa-2,
PANC1, PSN1, PT45P1, CFPAC1, HPAF-Ⅱ, T3M4,
PaCa44 and PC), although a marked difference in sen-
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Table 1 Histone deacetylase inhibitors and targets modulated in different pancreatic cancer cell lines
Targets modulated

HDACI compound
Hydroxamic acids

Upregulated

Downregulated

TSA

p21, p19, p57, Bim, Bax, caspase-3, -7, cyclin D2, TGF-β,
OC18, MGMT, TFAR19, maspin, CDKN1C, MUC2,
MUC5B, miR-107
SAHA p21, p27, p57, Bax, RARa, E-cadherin, C/EBPa,
caspase-3, -7, HHIP, RELN, DAB1
Cyclic peptides
FK228 p21, p16, caspase-3, DR5, GATA4
Short chain fatty acids VPA
NEP/CD10, RELN, DAB1
4-PB
p21, p16, miR-127, caspase-8, Bid, JNK
NaBu
ALP, K23, NEP/CD10, caspase-3, -7, -9, GnT-Ⅳa,
5-hydroxytryptamine, CEA, DU-PAN-2, CA19-9, IRT,
Lcu7, synaptophysin, p21, p27, Bax
Benzamides
MS-275 p21, p27, gelsolin, caspase-3

p27, cyclin A2 , -B1, cdk6, cdk10, Bcl-XL,
Mcl-1, PARP-1, NF-κB, K-Ras, MEK1/2,
phosph. MEK, ERK1/2, NPM, TCTP
Bcl-2, cyclin D1, -B1, c-myc, Ptc-1, survivin,
EGFR, NF-κB, RelA/p65
Survivin
Bcl-6, PARP
Bcl-XL, TGF-α, PKC, b4 and b7 integrin,
EGFR, ezrin, cyclin D1, mut-p53, Bcl-2,
survivin
pRb, Bcl-2, cyclin D1

Ref.
[25-30,37-52]

[53-60,62,63,66]
[68-70]
[62,73]
[78-80]
[73,82-99]

[101,102]

HDACI: Histone deacetylase inhibitor; TSA: Trichostatin A; SAHA: Suberoylanilide hydroxamic acid; VPA: Valproic acid; NF-κB: Nuclear factor kappa B;
TGF: Transforming growth factor; EGFR: Epidermal growth factor receptor; CEA: Carcinoembryonic antigen.

and reduced that of cyclin B1[29].
TSA and the selective 26S proteasome inhibitor
PS-341, synergistically induced apoptosis in eight pancreatic adenocarcinoma cell lines (AsPC-1, BxPC-3,
CFPAC-1, Capan-2, Mia PaCa-2, Panc-1, SU86, and
SW1990). Combining TSA with PS-341 induced apoptosis by increasing caspase-3 and -7 activities and enhanced PARP cleavage. Their combination also effectively blocked nuclear factor kappa B (NF-κB) signaling
pathway and downregulated the NF-κB dependent antiapoptotic factor Bcl-XL. Moreover, they inactivated
the Ras-MAP kinase pathway by depleting several key
components of MAP kinase cascades, including K-Ras,
MEK1/2, phosphorylated MEK and ERK1/2[30].
TSA strongly inhibited proliferation of pancreatic endocrine carcinoma cell lines (CM, metastatic insulinoma;
BON, metastatic carcinoid; and QGP-1, somatostatinoma) by causing cell cycle G2/M arrest and apoptosis.
TSA-induced apoptosis of CM cells was shown to be a
retarded event with respect to that observed in BON and
QGP-1 cells. Such effect was ascribed to modifications
in the expression of proteins related to cell proliferation, gene expression, signal transduction, cytoskeleton
organization, chromatin organization, as also RNA splicing and protein folding[31]. Another study examined the
effect of TSA or 5-Aza-C, a DNA methyltransferase
inhibitor, treatment on the proliferation of the pancreatic
endocrine cancer cell lines QGP-1, CM and BON. TSA
treatment resulted in cell cycle arrest at G1 (QGP-1) or
G2 (BON and CM) phase, whereas 5-Aza-C blocked the
cell cycle in G2 phase only in BON cells. The combined
treatment did not significantly increase the cytostatic effect obtained with TSA alone, suggesting that the synergistic cell growth inhibition by the two drugs may be not
caused by cell cycle arrest[32].
TSA and gemcitabine synergistically inhibited the
proliferation of several human pancreatic adenocarcinoma cell lines (T3M4, PANC1, PC, CFPAC1, YAPC,
DANG and Panc-89). In the cell lines tested, TSA enhanced apoptosis, but not the cell cycle arrest induced by

WCG|www.wjgnet.com

gemcitabine[33,34]. TSA significantly inhibited the viability
of BxPC-3 cells in a time- and dose-dependent manner by inhibition of cell proliferation and induction of
apoptosis. Cell cycle analysis showed an increase of cells
in the G0/G1 phase post-TSA treatment, indicating cell
cycle arrest. Additionally, TSA induced the apoptosis
of BxPC-3 cells and led to alterations in the expression
levels of miRNAs. Although some variation at the gene
transcription level was observed among Panc-1, BxPC-3,
SOJ-6 and MiaPaCa-2 cell lines, the amount of HDAC
proteins produced seemed to be comparable[35]. The effects of known inhibitors of class Ⅲ HDACs, such as
Nicotinamide and Sirtinol, on the growth of pancreatic
cancer cells, in addition to those of TSA, were also examined. Treatment of pancreatic cells with different drugs
concentrations resulted in a dose-dependent inhibition
of cell growth, with TSA being the most effective compound. Sirtinol induced G1 arrest in SOJ-6; however,
TSA induced G1 arrest in BxPC-3 cells. Treatment of
cells with HDACIs resulted in elevated cell numbers in
the sub-G1 peak region, suggesting induction of cell
DNA degradation by Sirtinol and TSA. Sirtinol and TSA
treatment also involved the mitochondrial pathway of
apoptosis induction[36].
Transforming growth factor beta (TGF-β) plays a
significant role in the growth inhibition of most normal
epithelial, and some cancer, cells. TGF-β mediates its
biological affects through cell surface receptors known
as type Ⅰ (RⅠ) and Ⅱ (RⅡ) receptors. TGF-β resistance
caused by loss of receptors expression has been linked
to tumor formation and progression. The TGF- β R
Ⅱ promoter contains two consensus Sp1 sites. The Sp
gene family consists of four members, whose protein
products are referred to as Sp1-Sp4. Sp1, Sp2 and Sp4
are activators of gene transcription, whereas Sp3 can be
an activator or a repressor. In this aspect, TSA treatment
of MiaPaCa-2 cell line induced accumulation of acetylated histones in chromatin associated with the TGF-β
RⅡ gene. MiaPaCa-2 pancreatic cancer cells acquired
resistance to growth inhibition by TGF-β associated with
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reduced transcription of TGF-β RⅡ. Accumulation of
TGF-β RⅡ with highly acetylated histones H3 and H4
was noted in TSA-treated compared to untreated MiaPaCa-2 cells[37]. Furthermore, TSA activated TGF-β RⅡ
promoter activity in a panel of five pancreatic cancer cell
lines (BxPC-3, PANC-1, CFPAC-1, MiaPaCa-2 and UK
Pan-1), by mechanisms involving induction of Sp1 acetylation and changes in a multiprotein complex containing
p300, PCAF, Sp1 and NF-Y[38,39].
Treating the pancreatic carcinoma cell line MIA
PaCa-2 with TSA, increased the O(6)-MethylguanineDNA methyltransferase (MGMT) mRNA and protein
levels by 2-3-fold, caused by increased histone acetylation in the endogenous MGMT promoter region, which
was also associated with CBP/p300. MGMT is a suicide
enzyme that repairs pre-mutagenic, pre-carcinogenic and
pre-toxic DNA damage O(6)-methylguanine. MGMT
also likely protects against therapy-related tumor formation caused by highly mutagenic drugs. The MGMT expression level provides important information on cancer
susceptibility and the success of therapy[40]. TSA treatment also resulted in a marked (5-fold) induction of 2.3%
of genes in AsPC1, 1.9% in Hs766T, 1.1% in MiaPaCa2,
and 2.5% in Panc1. A large panel of novel targets for silencing by histone deacetylation were identified, including
several known tumor suppressor or cell cycle-regulatory
genes, such as ING1, p57KIP2, CHES1, CHFR and
GADD45B. One of the novel findings of this study was
that TSA alone induced the expression of four of the 11
genes whose CpG islands were identified as aberrantly
methylated in pancreatic cancer[41]. Among the proteins
with altered expression post-TSA treatment in Paca44
and T3M4 pancreatic cancer cell lines, of particular interest are the two downregulated proteins nucleophosmin
and translationally controlled tumor protein, which are
involved in oncogenesis and tumor reversion, respectively. Additionally, several other proteins were found to
be upregulated, including programmed cell death protein
5 (TFAR19), which is involved in the regulation of cell
apoptosis, and stathmin (OC18), which promotes microtubule depolymerization during interphase and late mitosis. TSA could inhibit cell proliferation of the pancreatic
adenocarcinoma cell line Paca44 by cell growth arrest at
the G2 phase and apoptosis[42,43].
Maspin is a unique member of the serpin family of
protease inhibitors with tumor suppressive activity in
different cancer types. Interestingly, the maspin gene is
located on chromosome 18q21.3 and its promoter region
contains the binding sites of several transcription factors that positively regulate its expression, including Ets,
AP1, HER and p53. When PANC-1 cells were exposed
to 5-Aza-C, maspin mRNA expression was restored in a
dose dependent manner. TSA also led to re-expression
of maspin[44]. Five pancreatic cancer cell lines (AsPC1,
CFPAC1, Hs766T, MiaPaCa-2, and Panc1) were screened
for genes that displayed expression patterns associated
with hypomethylation. This analysis identified 1485 transcripts that were likely to be variably expressed in pancre-
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atic cancer cell lines. Among the 1485 transcripts identified, 392 were found to be elevated by 3-fold or greater
in any of the pancreatic cancer cell lines after combined
treatment with 5-Aza-C and TSA. This list included several genes that have been reported to be overexpressed
in pancreatic cancer, such as those encoding cysteine-rich
protein 1 (CRIP1), decay accelerating factor for complement (CD55), maspin/SERPINB5, S100 calcium-binding
protein P (S100P), and tissue-type plasminogen activator
(PLAT). Treatment of MiaPaCa-2 cells with 5-Aza-C
restored the expression of maspin mRNA, whereas treatment with TSA alone did not, but combined treatment
with 5-Aza-C and TSA strongly induced the maspin
expression in a synergistic manner[45,46]. CDKN1C is a
potent inhibitor of several G1 cyclin complexes, and is a
negative regulator of cell proliferation. Treatment of the
pancreatic cancer cell lines AsPC1 and BxPC3, where the
CDKN1C gene was silenced, with 5-Aza-C or TSA, or
their combination, resulted in restoration of CDKN1C
expression, more potently with TSA and the combined
treatment[47].
MUC2, MUC5AC, MUC5B and MUC6 mucin genes
encode large secreted O-glycoproteins that participate in
mucus formation and play an important role as a physiological barrier against various attacks on the underlying
epithelia. Among the four 11p15 mucin genes, MUC2
and MUC5B were highly susceptible to DNA methylation and histone modifications, whereas MUC5AC was
rarely influenced by epigenetic regulation and MUC6 was
not. In this context, pancreatic cell lines CAPAN-1 and
PANC-1 were treated with 5-Aza-C or TSA. In PANC-1
cells TSA treatment induced MUC2 expression, while in
CAPAN-1 cells 5-Aza-C treatment induced an increase
of MUC5AC mRNA and MUC5B expression. Histone
deacetylation was also involved in MUC5B repression, as
TSA treatment induced its expression[48]. Treatment of
the human pancreatic cancer cell lines PANC1 (MUC2negative) and BxPC3 (MUC2-positive) with both 5-Aza-C
and TSA, resulted in a definite increase of the expression
level of MUC2 mRNA[49]. In pancreatic cancer, MUC4
overexpression is associated with a bad prognosis and has
become an important molecular target. In this aspect, the
pancreatic cancer cell lines PANC-1, CAPAN-1 and CAPAN-2 were tested. In MUC4-nonexpressing pancreatic
PANC-1 cells, treatment with 5-Aza-C and TSA induced
MUC4 expression at the mRNA level, and at protein level in a small number of cells. In MUC4-high expressing
pancreatic CAPAN-1, 5-Aza-C treatment did not affect
MUC4 mRNA, whereas TSA treatment induced a strong
inhibition of MUC4 mRNA levels, correlated to a strong
decrease of the apomucin level in the cells[50].
Two pancreatic cancer cell lines, MiaPACA-2 and
PANC-1, were treated with 5-Aza-C or TSA, and their
combination. Fourteen miRNAs were upregulated by ≥
2-fold in each of the cell lines following exposure to both
agents. Enforced expression of miR-107 in MiaPACA-2
and PANC-1 cells downregulated in vitro growth that was
associated with repression of the putative miR-107 target,
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cdk6, thereby providing a functional basis for the epigenetic inactivation of this miRNA in pancreatic cancer[51].
Evaluating the in vitro growth inhibition of several
pancreatic cancer cell lines established from primary
tumors, as well as that of others established from metastatic tumors, to gemcitabine and 5-FU, newer generation
cytotoxic agents (oxaliplatin, irinotecan), targeted therapy
(gefitinib) and TSA, demonstrated that the combination
of TSA and irinotecan increased growth inhibition on the
highest percentage of cell lines (80%). TSA proved to be
the best partner for all drugs, with the exception of 5-FU.
Notably, PSN1, the most sensitive cell line to single-drug
treatments, became the most resistant cell line to all combined treatments. In addition, all pairwise combinations
were less effective in PaCa3, which contains a functional
p53 gene, supporting the hypothesis that the p53 gene
status may by not relevant for cell sensitization by TSA[52].

with concentrations of SAHA and sorafenib that are
sustainable in patient serum resulted in a greater than additive increase in tumor cell killing, as assessed by shortterm death assays, and a synergistic increase in killing
assessed by colony formation assays. Suppression of caspase 8 function, as well as expression of dominant negative caspase 9 or Bcl-XL also blunted sorafenib-SAHA
lethality. Sorafenib-SAHA, but not treatment with the
individual drugs, activated CD95 and caused formation
of a death-inducing signal complex containing caspase
8, FADD, ATG5 and Grp78/BiP. Additionally, a clinically relevant and sustainable concentration of sodium
valproate, another HDACI, enhanced sorafenib lethality
in a synergistic fashion in pancreatic tumor cells derived
from either humans or rodents. Finally, it was speculated
that small-molecule antagonists of Bcl-2 family proteins
(HA14-1, GX15-070) enhanced sorafenib-HDACI lethality via autophagy and partial activation of the intrinsic
apoptosis pathway, independently of death receptor
functionality[57-59].
A combination of SAHA and the Smoothened antagonist, SANT-1, was evaluated for their ability to suppress
growth of the gemcitabine-resistant pancreatic adenocarcinoma cell lines Panc-1 and BxPC-3. The combination
of SAHA and SANT-1 supra-additively suppressed cellular proliferation and colony formation via induction of
apoptotic cell death, cell cycle arrest in G0/G1 phase and
ductal epithelial differentiation. Cell death was associated with nuclear localization of survivin, increased Bax
expression and activation of caspases-3 and -7. Consistent with the cell cycle arrest and cytodifferentiation, the
CdkIs p21 and p27 were upregulated and cyclin D1 was
downregulated. The potentiated anti-proliferative effect
by the combination of SAHA and SANT-1 was attributed to cooperative suppression of the Hedgehog pathway activity, as shown by the upregulation of hedgehog
interacting protein by SAHA, and enhanced repression
of Ptc-1 mRNA expression[60].
SAHA induced apoptosis in IMIM-PC-1, IMIM-PC-2
and RWP-1 cell lines with a serine protease-dependent
and caspase-independent mechanism. SAHA induced a
decrease in the number of cells in S phase in all three cell
lines, while an increase in the sub-G1 peak was noted,
suggesting that the three cell lines underwent apoptosis[28].
SAHA and the proteasome inhibitor bortezomib
(PS-341) were tested in a panel of pancreatic cancer cell
lines. Both SAHA and TSA blocked bortezomib-induced
aggresome formation in pancreatic cells, which is a cytoprotective mechanism, and dramatically sensitized aggresome-positive cells to bortezomib-induced apoptosis[61].
RELN, a key regulator of neuronal migration, is frequently silenced in pancreatic cancers. RELN is a secreted
extracellular protein that plays an essential role in brain development and function. Underexpression of RELN and
its components (ApoER2, VLDLR and DAB1) is related
to cell motility, invasiveness, and colony-forming ability in
cancer. Treatment of pancreatic adenocarcinoma cell lines
Panc1 and AsPC1 with SAHA and valproic acid, restored

SAHA: Both SAHA and its novel compounds 17a and 9,
inhibited PANC-1 and PT-45 cells’ proliferation in a dose
dependent manner, with the novel compounds having a
more potent antiproliferative activity. Although p21 gene
expression of PANC-1 cells was significantly increased
after treatment with SAHA and 17a, none of the HDACIs tested affected the expression of the p27 gene[53].
In another study, SAHA inhibited the growth of
BxPC-3 and COLO-357 cell lines, by 42% and 50%,
respectively, but not that of PANC-1 cells. SAHA induced a G1 cell cycle arrest and upregulation of p21 in
BxPC-3 and COLO-357. On the other hand, PANC-1
cells remained unaffected. According to this study, p21
upregulation was necessary for SAHA-induced cell cycle
arrest in COLO-357, but not in BxPC-3 cells. PANC-1
cells, which were resistant to gemcitabine alone, exhibited
a marked increase in sensitivity when treated with both
gemcitabine and SAHA[54].
Additive and time-dependent reduction of cell proliferation and induction of apoptosis by SAHA and the
novel DNA methyltransferase inhibitor Zebularine was
reported in pancreatic cancer cell lines YAP C, DAN G
and Panc-89. In fact, the apoptosis induction was associated with downregulation of Bcl-2 and upregulation of
Bax[55]. SAHA inhibited the cell growth in six pancreatic
cancer cell lines in a dose-dependent manner. G2/M cell
cycle arrest was also induced by SAHA in most cell lines.
Remarkably, SAHA and 5-Aza-C treated cells, presented
higher levels of acetylated-H3 than those noted in cells
treated with SAHA alone. Treatment with SAHA markedly enhanced histone H3 acetylation in the promoter
region of the p21 gene. In PANC-1 cells, p21 protein
expression increased to the same levels after exposure to
either 5-Aza-C, SAHA or both, while p27, Bax and Bcl-2
levels remained unaltered. Levels of p57, E-cadherin and
RARa increased in the presence of SAHA, either alone
or with 5-Aza-C. Additionally, SAHA decreased expression of cyclin D1, B1 and c-myc independently of the
[56]
β-catenin pathway and increased C/EBPa .
Treatment of PANC1, MiaPaca2 and ASPC-1 cells
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the expression of RELN and DAB1 in a dose-dependent
manner, and also inhibited cell migration[62]. SAHA inhibited proliferation of MiaPaCa-2 and AsPC-1 PDAC cells
in a dose-dependent manner and further enhanced the
radiation-induced apoptosis (additive but not synergistic).
Radiosensitization of these cells was ascribed to inhibition of DNA repair and suppression of radiation-induced
EGFR and NF-kB prosurvival signaling pathways[63]. In
another study, using 3-D agarose colonies of MiaPaCA
cells, synergy occurred when SAHA was combined with
carboplatin at short exposure times, providing evidence
that SAHA may allow a reduction in the standard dose of
carboplatin, with improvement in the overall therapeutic
index[64]. Thirty genes were identified as constitutively silenced in PANC-1 cells, and were upregulated post-SAHA
and/or 5-Aza-C treatment. Interestingly, among them, 10
genes were known cancer antigens, suggesting that many
of these antigens may be silenced by acetylation and/or
methylation in PANC-1 cells[65]. The Rel/NF-kB family
consists of various members of transcription factors, such
as RelA/p65, which are responsible for the regulation of
cytokines, their receptors and cell adhesion molecules.
Overexpression or dysregulation of certain regulatory
proteins of the NF-kB pathway, have been associated with
poor prognosis in different cancer types. Treatment of the
pancreatic cancer cell line PANC-1 with SAHA resulted
in a time dependent reduction of RelA/p65 activity of up
to 50%, while valproic acid (VPA) treatment decreased
RelA/p65 activity by approximately 25%, affecting also its
subcellular localization. Neither SAHA nor VPA affected
the protein levels of IκBα, but inhibited its phosphorylation. According to this study, strong antineoplastic effects
of SAHA could be partly based on an alteration of the
NF-kB signaling pathway[66].

or both, sensitized two out of three pancreatic cancer cell
lines tested, to NK cells. Tumors sensitized to NK cell
cytotoxicity showed a significant increase in surface expression of DR5, which induces the TRAIL pathway of
apoptosis. Expressions of MHC classⅠ, MIC-A/B, DR4
and Fas did not alter in different cell lines[69]. Interestingly,
in another study, depsipeptide could induce demethylation of both the p16 and GATA4 promoters in PANC1
cells, among other cancer cell lines, assayed with bisulfite
sequencing (region D of the p16 promoter and region
B of the GATA4 promoter). Additionally, depsipeptide
could induce a significant inhibition of cell proliferation in PANC1 cells. In this study, a novel mechanism of
HDACI-mediated DNA demethylation via suppression
of histone methyltransferases was suggested[70].
Short chain fatty acids
VPA: VPA is now an established antiepileptic drug
through its effect on the function of the neurotransmitter
GABA. The finding that VPA was an effective inhibitor
of HDACs came from the observations that VPA was
able to relieve transcriptional repression of a peroxisomal
proliferation and activation of a glucocorticoid receptor (GR)-peroxisome-proliferation-associated receptor
(PPAR)ε hybrid receptor and a RAR-dependent reporter
gene expression system, suggesting that it acts on a
common factor in gene regulation, such as corepressorassociated HDACs, rather than on individual transcription factors or receptors. Consistent with this finding,
it was shown that VPA causes hyperacetylation of the
N-terminal tails of histones H3 and H4 in vitro and in
vivo and was found to inhibit HDAC enzymatic activity
at a concentration of 0.5 mmol/L[71]. VPA has shown
potent antitumor effects in a variety of in vitro and in vivo
systems, by modulating multiple pathways, including cell
cycle arrest, apoptosis, angiogenesis, metastasis, differentiation and senescence. Most of preclinical and clinical
data on the anticancer effects of VPA has been generated
for malignant hematological diseases[72].
Neutral endopeptidase (NEP/CD10) is a cell surface
Zn metalloprotease that inactivates multiple physiologically active peptides. Loss of, or decrease in, NEP/CD10
expression has been reported in many types of malignancy. VPA treatment resulted in increase of NEP/CD10
protein expression accompanied with a significantly reduced growth in PATU-8988T and HUP-T4 cells. The
VPA effect on the proliferation in HUP-T4, as well as in
HUP-T3, cells was much lower than in the high NEP/
CD10-expressing PATU-8988T cells[73]. VPA treatment
of DanG cells resulted in a significant reduction of cell
proliferation, an effect that was depended on the drug
exposure time. VPA evoked a significant blockade of
both DanG tumor cell adhesion to HUVECs, particularly
when the compound was applied for 5 days. Additionally,
VPA treatment modified the integrin surface profile on
pancreatic cancer DanG cells[74]. MiaPaCa2 and Panc1 cell
lines were also treated with the topoisomerase Ⅱ inhibitor
etoposide and VPA. VPA-mediated depletion of HDAC2

Cyclic peptides
FK228 (FR901228, depsipeptide, romidepsin): Depsipeptide (1S,4S,7Z,10S,16E,21R)-7-ethylidene -4,21-bis
(1-methyletheyl)-2-oxa-12,13-dithia-5,8,20,23-tetraazabicyclo
[8.7.6] tricos-16-ene-3,6,9,19,22-pentone, is a bicyclic peptide
isolated from Chromobacterium Violaceum and has demonstrated potent in vitro cytotoxic activity against human tumor cell
lines and in vivo efficacy against human tumor xenografts.
Upon entering cells, FK228 is reduced to an active compound, capable of preferentially interacting with the zinc in
the active site of the HDAC classⅠenzymes; however, it is
still generally classified as a broad-spectrum inhibitor as it
also inhibits class Ⅱ enzymes. It was approved by the United
States Food and Drug Administration for the treatment of
cutaneous T-cell lymphoma[67].
FK228 markedly inhibited the proliferation of five
pancreatic cancer cell lines, with the greatest effect on
MIAPaCa-2 cells. FK228 treatment induced cell cycle arrest at the G1 or G2/M phase and subsequent apoptosis.
The induced hyperacetylation of histone H3 was accompanied by p21 overexpression and caspase-3 activation,
leading to cleavage of p21, and by dramatic downregulation of survivin[68]. Treatment with FK228, bortezomib
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was observed in MiaPaCa2 and Panc1 cells. The apoptotic
fraction of VPA/etoposide co-treated MiaPaCa2 and
Panc1 cells was significantly increased compared to etoposide-treated pancreatic cancer cells. Sensitization by VPA
to etoposide (DNA-damage induced apoptosis) was noted
in both cell lines. This effect was not observed when
VPA was used in combination with other drugs, such as
gemcitabine, 5-FU or oxaliplatin. Such data suggested that
HDAC2 inhibition might result in specific sensitization
towards DNA damage-induced apoptosis[75]. Treatment
of Panc1 cells with VPA and SAHA, at different concentrations, induced the mRNA expression of RELN and
DAB1 in a dose-dependent manner. VPA was also shown
to prevent the epigenetic downregulation of RELN, leading to the inhibition of migration of Panc-1 cells[62].

No differences in the expression levels of caspase -2 and
-3 and IAPs were noted. Finally, no influence of MEK or
p38 on gemcitabine-mediated cell death in these cells was
found. In contrast, inhibition of JNK completely abolished the sensitizing effect of 4-PB[80].
Sodium butyrate (NaBu): Sodium butyrate has multiple
effects on cultured mammalian cells, including inhibition
of proliferation, induction of differentiation and induction or repression of gene expression. NaBu inhibits most
HDACs, except class Ⅲ HDAC and class Ⅱ HDAC6 and
-10. Promoters of butyrate-responsive genes have butyrate response elements, and the action of butyrate is often
mediated through Sp1/Sp3 binding sites[81].
NaBu induced a dramatic decrease in cell proliferation
and an increase in ALP activity in PANC-1 cells. NaBu
also induced a number of morphologic alterations in these
cells, including increase in the cytoplasmic secretory elements and enhancement of differentiation[82]. Both NaBu
and the natural butyrate prodrug tributyrin, inhibited
growth and induced apoptosis in MiaPaca-2 and Capan-l
cells and stimulated differentiation in Capan-l cells, as indicated by alterations of ALP levels[83]. NaBu also induced
differentiation and apoptosis in the human pancreatic
cancer cell line AsPC-1, as well as increased K23 mRNA
levels[84]. NaBu treatment resulted in a significant reduced
cell growth of PATU-8988T cells and an increase of
NEP/CD10 protein levels[73]. Additionally, NaBu treatment induced cell growth inhibition and apoptosis in four
lines (ASPC-1, PANC-1, PT45 and PACA44) with different susceptibility. Bcl-xL expression was strongly downregulated by NaBu in a time-dependent manner, whereas
Bax expression was not affected. NaBu enhanced the
intrinsic pathway of apoptosis, including mitochondrial
membrane depolarization, cytochrome c translocation to
the cytosol, caspase-3 and -9 activation, although it had
no effect on caspase-8. NaBu also enhanced the extrinsic
pathway of apoptosis, sensitizing pancreatic cancer cell
lines to Fas-mediated signals[85]. Moreover, NaBu inhibited
the ability of several pancreatic cell lines to form colonies
in soft agar. Cellular ALP levels were markedly increased
post-treatment[86,87]. Treatment of pancreatic cancer cell
line CAPAN-1 with 1 mmol/L NaBu reduced the rate
of cellular growth and inhibited colony forming ability in
soft agar, but did not suppress cell growth. These effects
were completely reversible on removal of NaBu and were
therefore not causing a terminal differentiation step or a
loss of cell viability. Significant changes in proteins and
glycoproteins of CAPAN-1 occurred with NaBu treatment[88]. Treatment with NaBu strongly inhibited growth
of pancreatic carcinoid BON cell line. It was found that
NaBu increased levels of 5-hydroxytryptamine in the cells,
as a differential effect[89]. TGF-α but not TGF-β mRNA
levels were decreased after NaBu treatment in CAPAN-1
cells, while the membrane-bound protein kinase C activity
was also reduced[90].
Oligosaccharide antigens are commonly used as tumor markers. Such antigens control tumor cell adhesion,

4-phenylbutyrate: 4-phenylbutyrate (4-PB) is a short-chain
fatty acid that reversibly inhibits classⅠand Ⅱ HDACs. It
is considered as an HDAC inhibitor of the first generation,
as the HDAC inhibitory effect is not specific. Working concentrations are rather high, in the millimolar range, and the
effects are pleiotropic. 4-PB exerts multiple effects in the
cell, including the modulation of protein isoprenylation,
which regulates the ras proto-oncoprotein, and activation
of the nuclear steroid PPAR[76]. 4-PB exerts a potent antitumor effect in vitro and causes growth inhibition and differentiation in various human cancer cell lines[77].
A set of normal fibroblast and cancer cell lines,
among them the pancreatic cancer CFPAC-1, were
treated with 5-Aza-C and 4-PB. Upregulation of the cell
cycle inhibitors p16 and p21 was induced post-5-Aza-C
and 4-PB treatment. Interestingly, both normal and
cancer cells presented very similar induction levels after
combination treatment[78]. Expression profiling of different cancer cell lines revealed upregulation of several
miRNAs by simultaneous treatment with 5-Aza-C and
4-PB. One of these, miR-127, is embedded in a CpG
island and is highly induced from its own promoter after
treatment. miR-127 is usually expressed as part of an
miRNA cluster in normal but not in cancer cells, suggesting that it is subject to epigenetic silencing. Additionally,
the proto-oncogene BCL6, a potential target of miR-127,
was translationally downregulated after treatment of
several lines with the combination of drugs[79]. 4-PB
inhibited HDAC activity by 60%-70% in the cancer cell
lines T3M-4 and BxPc3. Treatment with 4-PB inhibited
growth and induced apoptosis of Panc1, T3M-4, COLO
357 and BxPc3 pancreatic adenocarcinoma cell lines in
a dose- and time-dependent manner. Concentrationdependent cell cycle arrest was noted in T3M-4 and
COLO 357 cells, which was not verified in Panc 1 and
BxPc3 cells. In addition, 4-PB increased gap junction
communication between T3M-4 cells, allowing exchange
of apoptotic signals between neighboring cells. Furthermore, 4-PB inhibited cellular export mechanisms. 4-PB
increased gemcitabine-mediated apoptosis of two resistant cell lines T3M-4 and BxPc3. Activation of caspase-8
was enhanced, as well as that of Bid and PARP-cleavage.
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motility and invasiveness, being synthesized by a series of
glycosyltransferases. In MiaPaCa-2, PSN-1 and PK59 cell
lines, the expression of GnT-Ⅳa (N-acetylglucosaminyltransferase-Ⅳa) was increased after NaBu treatment[91].
Carcinoembryonic antigen (CEA) expression of human
pancreatic adenocarcinoma cells and differentiation
features were studied and compared in the well differentiated and CEA-producing CAPAN-1 and the poorly
differentiated PANC-1 cell line post-NaBu treatment.
NaBu reduced colony formation in both cell lines by approximately 50%. Significant ultrastructural alterations
were noted only in the PANC-1 cells, including increased
intercellular desmosomes, tonofilaments and lipid droplets. NaBu increased CEA expression in CAPAN-1 cells,
but had no effect on CEA expression in PANC-1 cells.
Thus, CEA expression and state of differentiation were
independently affected[92]. NaBu inhibited the growth of
pancreatic cancer cell lines PC-1 and PC-1.0 (hamster)
and HPAF, CD11, CD18 and PANC-1 (human), and
induced cell enlargement, an increase in secretory material, microfilaments and pseudopodia. NaBu increased
the expression of blood group A, DU-PAN-2 and CA
19-9 tumor associated antigens[93]. Treatment with NaBu,
slightly increased immunoreactive trypsin 1 (IRT) levels
in both human pancreatic adenocarcinoma cell lines CFPAC-1 (established from a patient with cystic fibrosis)
and CAPAN-1, while growth inhibition was significant.
Consequently, IRT levels or differentiation state did not
correlate with cellular growth[94].
NaBu treatment inhibited the cell growth of four pancreatic cancer lines (PT45, PaTu-Ⅱ, Panc-1 and A818-1)
more potently than all-trans retinoic acid (ATRA). Additionally, neuroendocrine markers synaptophysin and Lcu7
in Panc-1 cells were highly expressed[95]. The expression
of b4 and b7 integrin chains correlates with tumor invasiveness. In this aspect, it was documented that NaBu
inhibited b4 integrin expression in AsPC-1 cells, inhibiting pancreatic tumor invasion. NaBu also reduced the
expression of the b7 integrin chain, which was expressed
only in the more aggressive pancreatic cancer cell lines[96].
The cellular morphological characteristics of the PANC-1
cell line treated with NaBu appeared more differentiated,
in a dose-dependent manner. The EGFR expression of
NaBu-treated PANC-1 cells was decreased in a dose-dependent manner. Ezrin is a cytosolic molecule that crosslinks the plasma membrane to actin filaments and has
functions related to cell motility, signal transduction, cellcell and cell-matrix recognition, invasion and metastasis.
Both membranous ezrin expression of PANC-1 cells and
mRNA expression of ezrin were decreased[97].
A novel bioconjugate (HA-But) obtained by the esterification of butyric acid (BA) with hyaluronic acid (HA),
the main constituent of the ECM, which selectively recognizes transmembrane receptor CD44, was developed. All
HA-But treated cell lines, including the pancreatic cancer
cell line MiaPaCa, were responsive to the antiproliferative
effect of HA-But in a dose-dependent manner with cell
growth inhibition higher than that observed in the pres-
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ence of BA alone. Like BA, HA-But induced hyperacetylation of histone H4, a dose-dependent overexpression
of some G1/S transition-related proteins, including the
CdkIs p27 and p21, and the block of cell growth in the
G0/G1 phase of the cell cycle[98]. In another study, HABut induced a dose-dependent inhibitory effect with an almost complete suppression of MIA PaCa-2 cell growth at
the highest concentration used. A decrease in the number
of cells in S phase and a concomitant increase of those in
G0/G1 or G2/M phase were noted. HA-But decreased
cyclin D1 and mut-p53 and increased p27 and p21 protein
levels. Additionally, HA-But slightly increased the level of
Bax and caspase-7, slightly decreased Bcl-2, but strongly
decreased survivin protein levels, providing to be active on
both Bcl-2 and survivin-mediated apoptosis pathways[99].
Benzamides
MS-275: This synthetic benzamide derivative 3-pyridylmethyl-N-{4-[(2-aminophenyl)carbamoyl]benzyl}carbamate
inhibits HDACs, and has anti-tumor activity in many
preclinical models. The first clinical trial with this agent
in 2005 included patients with advanced solid tumors or
lymphoma. At high concentrations of MS-275, there is a
marked induction of reactive oxygen species, mitochondrial damage, caspase activation and apoptosis. Treatment
of sensitive tumor cell lines with MS-275 induces gelsolin, a maturation marker, and produces a change in the
cell cycle distribution with a decrease in S phase and an
accumulation of cells G1. The in vivo therapeutic efficacy
of MS-275 has been demonstrated in a variety of human
tumor xenograft models[100].
The addition of MS-27-275 to cell cultures resulted
in the accumulation of hyperacetylated H4 molecules.
MS-27-275 transcriptionally induced p21 and gelsolin (tumor suppressor) through acetylation of histones affecting
cell cycle progression. In addition, pRb molecules were
reduced. The response of Capan-1 cell line, presenting a
p53 mutation, to MS-27-275 treatment was moderate, although expression of gelsolin was induced. The gelsolin
induction by MS-27-275 seemed to have no correlation
with the sensitivity of the cells to the treatment. Additionally, p21 induction was considered crucial for the action of MS-27-275[101].
TSA, NaBu and MS-275 inhibited the growth of the
NET cell lines CM and BON in a dose-dependent manner. In both cell lines, HDAC inhibition resulted in a dosedependent increase of caspase-3 enzyme activity without
affecting cell membrane integrity or exerting immediate necrotic effects. Treatment with HDACIs resulted in cell cycle arrest of the NET cells at G1, thereby decreasing those
in the S phase. MS-275 treatment of CM and BON cells
resulted in a dose-dependent decrease of Bcl-2, whereas
Bax remained unaffected in both cell lines. Cyclin D1 was
also downregulated in CM and BON cells by MS-275
treatment, while p21 and p27 were markedly increased[102].
MGCD0103: MGCD0103 is an isotype-specific aminophenylbenzamide that inhibits HDAC classes Ⅰ and Ⅳ,
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Table 2 Studies of histone deacetylase inhibitors and different pancreatic cancer cell lines in xenograft models
HDAC inhibitor

Pancreatic cancer cell line

TSA (+ gemcitabine)

T3M4

Time schedule

Dosage schedule

Results

FK228

CAPAN-1

0.25 mg/kg ip, biweekly 50% tumor weight reduction
3-fold H4 increase
q21 d
50 mg/kg ip, daily
About 70% tumor weight reduction
aggresome disruption
(1) q7 d or q14 d (1) 50 mg/kg ip, daily
Tumor growth inhibition
(2) q7 d
(2) 50 mg/kg ip, daily
Upregulation of CK7, CK20
Downregulation of CK8, Vimentin, chromogranin-A
q14 d-q21 d
1.5 mg/kg ip, biweekly 50% tumor growth inhibition

MS-275

CAPAN-1

q28 d

CAPAN-1, MiaPaca,
Panc-1, Panc-15
HPAF-2, L3.6pl

Not defined

SAHA (+ bortezomib) L3.6pl
SAHA (+ Zebularine) Panc-89, YAP C

NVP-LBH589
(+ gemcitabine)

q28 d

q28 d

(1) 12.3 mg/kg per os
(2) 24.5 mg/kg per os
(3) 49 mg/kg per os,
5 × weekly
per os once daily
(dosage not defined)
25 mg/kg ip, 5 × weekly

Moderate growth inhibitory effect

Ref.
[33]

[101]

[61]
[55]

[108]

Mixed response: moderate growth inhibitory effect/ [109]
resistant to inhibition
63% tumor weight reduction (HPAF-2)
[113]
About 80% tumor weight reduction (L3.6pl)
MIB-1 slight reduction
TUNEL slight induction (HPAF-2)

HDAC: Histone deacetylase; TSA: Trichostatin A; HPAF: Suberoylanilide hydroxamic acid; TUNEL: Transferase dUTP nick end labeling.

with almost no class Ⅱ effect. MGCD0103 is well-tolerated and exhibits favorable pharmacokinetic and pharmacodynamic profiles, demonstrating target inhibition and
clinical responses. It induces cell death and autophagy,
synergizes with proteasomal inhibitors and affects nonhistone targets, such as microtubules[103].
A comparative study in order to estimate the pharmacological properties of second generation HDACIs with the hydroxamate and benzamide head group,
namely SAHA, LAQ824/LBH589, CI-994, MS-275
and MGCD0103 was carried out. SAHA and LAQ824/
LBH589 seemed to behave as quite unselective HDACIs,
while the benzamides CI-994, MS275 and MGCD0103
were more selective HDAC1 and HDAC3 inhibitors. All
the compounds induced histone H3 hyperacetylation, as
well as cell differentiation and apoptosis and inhibited
proliferation. A broad cytotoxicity was seen across different tumor cell lines, among them the pancreatic lines
AsPC-1, BxPc3 and Panc-1, with LAQ824/LBH589 being the most potent agents[104,105]. The inhibitory activities
of MGCD0103, MS-275 and SAHA were also compared
using a panel of cancer cell lines, among them Panc-1. Although the measured IC50 values varied between cell lines,
MGCD0103 was always more potent than the comparator
molecules in all cases examined, being at least 7-fold more
potent than SAHA in PANC-1 pancreatic cancer cells[106].

line T3M4 in nude mice, showed that the combination of
TSA (0.25 mg/kg) and gemcitabine (2.5 mg/kg), given
biweekly for 4 wk, led to a reduction in the mean tumor
weight by about 50% compared to control or single drug
treatments. Additionally, TSA treatment resulted in only
a 3-fold increase of H4 acetylation levels in vivo compared to the 18-fold increase noted in vitro. None of the
treatments produced any toxicity, as indicated by lack of
change in body weight, and none of the animals developed ulcerating tumors[33]. Finally, TSA exerted an inhibitory effect on the DMBA-induced carcinogenesis model
and the growth of pancreatic ductal adenocarcinoma in
rats, by upregulating KiSS-1, a metastasis suppressor gene
located on 1q32, which is considered to exert an important role in inhibiting the invasion and metastasis of pancreatic cancer[107].
SAHA: Effects of bortezomib and SAHA in orthotopic
human pancreatic tumors (cell line L3.6pl) were investigated. Tumors were treated biweekly with 1 mg/kg bortezomib, daily with 50 mg/kg SAHA, or a combination of
the two agents for 21 d. In vivo data showed aggresome
disruption by the combination and reduction of pancreatic tumor weight, with minimal toxicity noted, what there
was being related to bortezomib[61]. Another experiment
in mice presented tumor suppression when treated with
SAHA and the DNA methyltransferase inhibitor Zebularine. The first experimental setting included a single intraperitoneal (ip) bolus injection with SAHA (50 mg/kg),
Zebularine (1 g/kg) or the combination of both agents,
and the animals were sacrificed after 7 or 14 d. For daily
treatment, animals received the same doses of drugs over
a time-course of 1 wk. Gemcitabine as a control therapy
was administered ip every fourth day. The hypermethylated cell line Panc-89 was more susceptible to SAHA than
YAP C. No adverse effects were noted and all animals

IN VIVO EXPERIMENTAL STUDIES
The data available so far regarding the different classes of
HDACIs used in in vivo animal studies of pancreatic cancer are presented in the following section and are listed in
Table 2.
Hydroxamic acids
TSA: In vivo studies on xenografts of pancreatic cancer
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survived. Furthermore, the expression of CK7, which is a
marker associated with pancreatic cancer cell differentiation, was higher in Zebularine and combined Zebularine/
SAHA-treated xenografts, as well as that of the glandular
differentiation marker CK20. The expression of CK8,
Vimentin and chromogranin-A was lower or constant in
Zebularine and Zebularine/SAHA-treated animals[55].

with half of the models tested to present either a moderate growth inhibitory effect or resistance to treatment[109].
CI-994: CI-994 or N-acetyldinaline[4-(acetylamino)-N(2-amino-phenyl) benzamide] is a novel oral compound
with a wide spectrum of antitumor activity in preclinical
models. The mechanism of action may involve inhibition of histone deacetylation and cell cycle arrest. CI-994
is currently undergoing clinical trials. Although several
changes in cellular metabolism induced by the drug have
been characterized, the primary molecular mechanism of
its antitumor activity remains unknown[110].
CI-994 was previously identified as having cytotoxic
and cytostatic activity against several murine and human
xenograft tumor models. CI-994 had activity against 8/8
solid tumors tested among them pancreatic adenocarcinoma 02 and 03[111]. Notably, CI-994 was active against a
Pan-02 pancreatic tumor of C57BL/6 mouse origin[112].

Cyclic peptides
FK228 (FR901228, depsipeptide): More than 90% of
human pancreatic cancers are associated with oncogenic
mutations of RAS, in particular K-RAS at codon 12.
The Tyr-kinase inhibitors, PP1 and AG, block the RAS
mutation-induced activation of PAK1, which is the Rac/
CDC42-dependent Ser/Thr kinase. PAK1 is essential for
RAS-transformation. Based on these data, the therapeutic
potential of either FK228, the combination of these two
Tyr-kinase inhibitors or GL-2003, a water-soluble derivative of AG 879, on human pancreatic cancer (Capan-1)
xenograft in mice, was examined. Capan-1 cells were
injected sub-cutaneously (sc) into several groups of nude
mice. Each group was treated ip with either FK228 (1.5
mg/kg), GL-2003 (20 mg/kg), a combination of PP1 and
AG 879 (20 mg/kg of each drug), a combination of PP1
and GL-2003 (20 mg/kg of each drug), or vehicle alone
(0.1 mL of 1% DMSO in PBS) as the control, twice a
week for 2-3 wk. No adverse effects were detected. The
most effective combination was that of GL-2003/PP1
that suppressed cell growth by around 80%, while FK228
alone showed only 50% inhibition. The synergy between
GL-2003 and PP1 in blocking the RAS-induced PAK1
activation was not observed in vitro[108].

Other HDACIs
Pancreatic tumors were induced in nude mice by sc injection of HPAF-2 and L3.6pl cells. Animal groups received either NVP-LBH589 (25 mg/kg, 5 × weekly) or
gemcitabine (5 mg/kg, 1 × weekly) or a combination of
both (NVP-LBH589 at 25 mg/kg, 5 × weekly plus gemcitabine at 5 mg/kg, 1 × weekly) ip, whereas the control
group received placebo only, for 28 consecutive days.
Three days after commencement of NVP-LBH589 or
combination treatment, HPAF-2 cell tumors showed a
significantly reduced volume compared with the control.
Combination therapy was significantly more efficient
than gemcitabine treatment alone and significantly more
efficient than NVP-LBH589 therapy alone, in both cell
lines. Regarding side effects, weight loss was 6% and 25%
for the combination treatment in HPAF-2 and L3.6pl cell
tumor bearing mice, respectively. Treatment with NVPLBH589 and the combination slightly reduced proliferation (Ki-67 index) and slightly induced apoptosis markers
in HPAF-2 cell bearing mice, whereas proliferation was
not decreased and apoptosis only slightly increased in
L3.6pl cell bearing mice[113].

Benzamides
MS-275: MS-275 administered orally, once daily, 5 d per
week for 4 wk, strongly inhibited the growth in 7 out of
8 tumor cell lines implanted into nude mice, although
most of these did not respond to 5-FU. Tumors were
passaged several times before starting in vivo antitumor
testing, a tumor lump (2-3 mm in diameter) was transplanted sc into the flank of a nude mouse, and the therapeutic efficacy of MS-27-275 was examined. MS-27-275
at 49 mg/kg showed a moderate effect against the only
pancreatic Capan-1 tumor. The drug at 24.5 mg/kg and
12.3 mg/kg also showed significant effects against these
tumors. As the dose of 49 mg/kg was the maximum tolerated one in this administration schedule, and apparent
signs of toxicity, such as weight loss and poor appearance, were reported. The maximum dose of the drug was
lowered to 24.5 mg/kg, at which no gross weight loss was
observed[101]. Additionally, the pancreatic carcinoma cell
lines Capan1, MiaPaCa, Panc1 and Panc15 were grown
as xenografts in nude mice and afterwards, treated per os
once daily with MS-275. For most cell lines used, antitumor activity and dose-dependent response of MS-275
in vivo were observed. While various tumor cell lines from
other malignancies showed an almost complete response,
in pancreatic cell lines a mixed response was achieved,
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CONCLUSION
In this review, the recent advances in the understanding
and clinical development of HDACIs were discussed.
The exact mechanism and the molecular basis for the
antitumor effects of these new drugs are complex and
not completely understood. HDACIs regulate the acetylation of histones and many non-histone proteins that are
involved in gene expression, cell proliferation, migration
and death. HDACIs have been shown to induce differentiation and cell cycle arrest, activate the extrinsic or
intrinsic pathways of apoptosis and to inhibit invasion,
migration and angiogenesis in different cancer cell lines.
Normal cells are relatively more resistant to HDACIsinduced cell death. Although not completely elucidated,
the main mechanisms by which HDACIs act in pancre-

1045

January 28, 2014|First Edition|

Koutsounas I et al . HDAC inhibitors and pancreatic cancer

atic cancer are common. The cdk inhibitor p21 is one of
the most commonly induced genes in various pancreatic
cancer cell lines by all HDACIs tested. Transcriptional
induction of p21 is associated with G1 cell cycle arrest
and growth inhibition. Cell cycle arrest and growth inhibition is also correlated with transcriptional activation of
other cell cycle regulatory genes such as p16, p27, cyclin
E and gelsolin, while inhibition of cyclins A, B1, D1 and
D2 were also noted in many cancer cell lines. The proapoptotic proteins Bax, Bad and Bim were upregulated,
among others, whereas anti-apoptotic proteins, such as
Bcl-2, Bcl-XL and survivin, were downregulated. HDACIs reduced the expression of angiogenetic factors, such
as VEGF receptors -1 and -2, and affected the expression
of a panel of metastasis promoting genes (Table 1).
Additionally, these drugs exhibited antiproliferative
effects in cancer animal models. Various pancreatic carcinoma cell lines were grown as xenografts in nude mice
and treated with HDACIs (Table 2). For most lines used,
anti-tumor activity and dose-dependent response were
observed, with reduction of cell proliferation (Ki-67 index) and induction of apoptosis (transferase dUTP nick
end labeling test). The reduction of pancreatic tumor
weight was achieved with minimal toxicity.
These results support the efficiency that HDACIs
presented in vitro; however, more studies and well-controlled experiments are required to obtain stronger in vivo
data. Furthermore, phase Ⅱ/Ⅲ trials including patients
with pancreatic cancer are needed to determine the clinical efficacy of these new drugs.
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Diagnosis and management of insulinoma
Takehiro Okabayashi, Yasuo Shima, Tatsuaki Sumiyoshi, Akihito Kozuki, Satoshi Ito, Yasuhiro Ogawa,
Michiya Kobayashi, Kazuhiro Hanazaki
blind resection can be avoided. Intraoperative manual
palpation of the pancreas by an experienced surgeon
and intraoperative ultrasonography are both sensitive
methods with which to finalize the location of insulinomas. A high proportion of patients with insulinomas
can be cured with surgery. In patients with malignant
insulinomas, an aggressive medical approach, including extended pancreatic resection, liver resection, liver
transplantation, chemoembolization, or radiofrequency
ablation, is recommended to improve both survival and
quality of life. In patients with unresectable or uncontrollable insulinomas, such as malignant insulinoma of
the pancreas, several techniques should be considered,
including administration of ocreotide and/or continuous
glucose monitoring, to prevent hypoglycemic episodes
and to improve quality of life.
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Abstract

Original sources: Okabayashi T, Shima Y, Sumiyoshi T, Kozuki
A, Ito S, Ogawa Y, Kobayashi M, Hanazaki K. Diagnosis and
management of insulinoma. World J Gastroenterol 2013; 19(6):
829-837 Available from: URL: http://www.wjgnet.com/1007-9327/
full/v19/i6/829.htm DOI: http://dx.doi.org/10.3748/wjg.v19.i6.829

Insulinomas, the most common cause of hypoglycemia
related to endogenous hyperinsulinism, occur in 1-4
people per million of the general population. Common
autonomic symptoms of insulinoma include diaphroresis, tremor, and palpitations, whereas neuroglycopenenic symptoms include confusion, behavioural changes,
personality changes, visual disturbances, seizure, and
coma. Diagnosis of suspected cases is based on standard endocrine tests, especially the prolonged fasting
test. Non-invasive imaging procedures, such as computed tomography and magnetic resonance imaging, are
used when a diagnosis of insulinoma has been made
to localize the source of pathological insulin secretion.
Invasive modalities, such as endoscopic ultrasonography and arterial stimulation venous sampling, are highly
accurate in the preoperative localization of insulinomas
and have frequently been shown to be superior to noninvasive localization techniques. The range of techniques
available for the localization of insulinomas means that
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INTRODUCTION
Insulinomas are the most common functioning endocrine
neoplasm of the pancreas[1-4]. They are insulin-secreting
tumors of pancreatic origin that cause hypoglycemia[5-7].
Insulinomas occur in 1-4 people per million in the general population and represent 1%-2% of all pancreatic neoplasms[8-10]. Insulinomas can occur at any age and have an
equal gender distribution. As many as 90% of insulinomas have been reported to be benign, 90% are solitary, >
90% occur at intrapancreatic sites, and 90% are < 2 cm in
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diameter[10-13]. Insulinomas are evenly distributed over the
entire pancreas. Most insulinomas are located in the pancreas or are attached directly to the pancreas. Extrapancreatic insulinomas causing hypoglycemia are extremely
rare (incidence < 2%); extrapancreatic insulinomas are
most commonly found in the duodenal wall[8]. The etiology and pathogenesis of insulinomas are not known.
Following biological and biochemical confirmation of
an insulinoma, preoperative localization is sought using
computed tomography (CT)[14-16], magnetic resonance imaging (MRI)[16-19], endoscopic ultrasonography (EUS)[20-22],
intra-arterial calcium stimulation test with hepatic venous
sampling[23], and/or angiography and arterial stimulation
venous sampling (ASVS)[24-28]. Surgical resection is the
primary treatment modality for insulinomas, and so accurate localization of the tumor before or during surgery
is important. Intraoperative manual palpation of the
pancreas by an experienced surgeon and intraoperative
ultrasonography are both sensitive methods with which
to localize insulinomas, supporting the argument by some
surgeons that preoperative localization of the tumors is
not necessary[29-33]. The present review describes some
of the latest findings regarding the clinical diagnosis and
medical management of insulinomas in the adult population that are not associated with either multiple endocrine
neoplasms or von Hippel-Lindau disease.

Table 1 Diagnosis of insulinoma
Classical diagnosis
Hypoglycemia (plasma glucose < 50 mg/dL)
Neuroglycopenic symptoms
Prompt relief of symptoms following the administration of glucose
Present consensus
At the time of hypoglycemia during a 72-h fasting test:
5 mIU/L (36 pmol/L) insulin threshold
0.6 ng/mL (0.2 nmol/L) C-peptide threshold
Insulin/C-peptide ratio < 1.0
20 pmol/L proinsulin cut-off level
Absence of sulfonylurea (metabolites) in the plasma or urine

C-peptide, and proinsulin levels to be considered abnormal. Several years ago, ratios calculated from insulin and
blood glucose levels were used, with the insulin/C-peptide
ratio in patients diagnosed with insulinoma reported to
be < 1.0[40,41]. It is of note that a normal insulin level does
not exclude the disease, because the absolute insulin level
is not elevated in all patients with insulinoma. In addition, because the proportion of proinsulin secreted by
insulinoma cells is generally higher than that secreted by
normal β-cells, high proinsulin levels have been suggested
as being diagnostic of insulinoma, regardless of concomitant blood glucose levels[42]. The availability of proinsulin
assays has led to the use of serum proinsulin thresholds
as a diagnostic tool: it has been recommended that a cutoff level of 20 pmol/L proinsulin at the time of hypoglycemia < 45 mg/dL is indicative of the presence of an
insulinoma (Table 1)[42-44].
Delays in the diagnosis of insulinoma are common
because the symptoms usually precede detection of a
tumor and there may be misattribution of the symptoms
to psychiatric, cardiac, or neurological disorders[45]. Once
a diagnosis of insulinoma is considered, it is important
that patients are managed in a timely and safe manner. As
a general rule, patients with insulinoma can be cured by
surgical resection of the tumor. The need for preoperative
localization of insulinomas and the methods used remain
contentious. In the past, confirmation of the presence
of the Whipple triad (symptoms known or likely to be
caused by hypoglycemia; a low plasma glucose measured
at the time of the symptoms; relief of symptoms when
the glucose is raised to normal) usually meant that a patient was led directly to surgery[46,47]. However, at present,
most agree that knowledge of the site of the tumor before surgery is helpful in that it allows one to determine
not only whether enucleation (the surgical removal of a
mass) of the neoplasm or pancreatic resection is likely to
be required, but also whether the tumor is amenable to
removal via a laparoscopic approach. Preoperative localization should also mean that the operation itself can be
performed more quickly, thereby reducing associated morbidity and mortality[27]. It is important to remember that
most tumors are intrapancreatic, 90% are solitary, 90% are
< 2 cm in diameter, and the tumors are distributed equally
within the head, body and tail of the pancreas.

CLINICAL SIGNS
Insulinomas are the most common cause of hypoglycemia related to endogenous hyperinsulinism. The episodic
nature of the hypoglycemic attack is due to the intermittent secretion of insulin by the tumor[8]. Common autonomic symptoms of an insulinoma include diaphroresis,
tremor, and palpitations, whereas neuroglycopenenic
symptoms include confusion, behavioral changes, personality changes, visual disturbances, seizures and coma[34,35].
Diagnosis of insulinomas can be challenging. Although it was originally considered that symptoms only
became evident in the fasting state or following exercise,
it is now known that patients with an insulinoma can also
present with postprandial symptoms[36,37]. The classical
diagnosis of insulinoma depends on satisfying the criteria
of Whipple’s triad, which remains the cornerstone of the
screening process: (1) hypoglycemia (plasma glucose < 50
mg/dL); (2) neuroglycopenic symptoms; and (3) prompt
relief of symptoms following the administration of glucose (Table 1)[38]. In adults with symptoms of neuroglycopenia or documented low blood glucose levels, the gold
standard for biochemical diagnosis remains measurement
of plasma glucose, insulin, C-peptide, and proinsulin during a 72-h fast (Table 1). This prolonged fasting test can
detect up to 99% of insulinomas[39]. Endogenous hypoglycemia due to insulinomas was previously based on findings of abnormal serum levels of insulin, C-peptide, and,
more recently, proinsulin at the time of fasting hypoglycemia. To date, there is some general agreement regarding
the diagnostic thresholds that must be reached for insulin,
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Figure 1 Computed tomography of insulinoma of the pancreas. Typically,
insulinomas (arrow) are hypervascular and, as a result, demonstrate a greater
degree of enhancement than normal pancreatic parenchyma during the arterial
and capillary phases of contrast bolus.

NON-INVASIVE IMAGING
A number of non-invasive techniques are available for
the localization of a suspected insulinoma, including
transabdominal ultrasonography, CT and/or MRI. The
sensitivity of transabdominal ultrasonography in the
localization of insulinomas is poor (ranging from 9% to
64%)[48]. However, insulinomas demonstrate characteristic features when imaged with both CT and MRI and the
sensitivity of these techniques has been reported to be
33%-64% and 40%-90%, respectively[10,49]. The sensitivity and specificity of MRI is generally superior to that of
CT, as is the detection of extrapancreatic extensions[16].
CT is a safe and simple procedure to perform that is
operator independent. CT visualizes the exact location of
an insulinoma, its relationship to vital structures, and the
presence of metastases[49]. Typically, insulinomas are hypervascular and, as a result, demonstrate a greater degree
of enhancement than normal pancreatic parenchyma
during the arterial and capillary phases of contrast bolus
(Figure 1)[16]. An atypical CT appearance of insulinomas
is occasionally encountered and can include hypovascular
and hypodense lesions post-contrast, hyperdense lesions precontrast, cystic masses, and calcified masses[16].
Calcification, when it occurs, tends to be discrete and
nodular, and is more common in malignant than benign tumors[50,51]. Technical advances have improved the
quality of CT, with a recent study reporting that using
a multidetector CT enabled visualization of 94.4% of
insulinomas[52]. CT is currently accepted as the first-line
investigation for the visualization of insulinomas.
Currently, there is strong evidence emerging for the
use of MRI in the imaging of insulinomas, and investigators have shown a high sensitivity for MRI in the
detection of insulinomas [16,49]. Like CT, MRI is safe,
non-invasive, rapid, and facilitates the detection of metastases. Insulinomas generally demonstrate low signal
intensity on T1-weighted images and high signal intensity
on T2-weighted images (Figure 2)[50]. However, limitations in the use of MRI in the detection of insulinomas
include the standard contraindications for MRI. The
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Figure 2 Magnetic resonance imaging of insulinoma of the pancreas.
Insulinomas (arrows) generally demonstrate low signal intensity on T1-weighted
images (A) and high signal intensity on T2-weighted images (B).

modern MRI system allows rapid triphasic, breath-held
T1 rapid gadolium-enhanced sequences, and/or diffusion-weighted imaging[19,49]. These sequences significantly
reduce motion artifacts and enable accurate assessment
of the pancreas in both the arterial and venous phase[49].
MRI has all the advantages of CT and recent evidence
suggests that it may be the more sensitive tool. In current practice, MRI is a second-line investigation for the
localization of insulinomas, but it could potentially take
over from CT in the future as it becomes more widely
available and expertise improves.

INVASIVE DIAGNOSTIC MODALITIES
The diagnostic procedure in cases of suspected insulinoma is based on standard endocrine examinations, especially the prolonged fasting test. Non-invasive imaging
procedures are used to localize the source of pathological insulin secretion after a diagnosis of insulinoma has
been established[20]. Invasive modalities, such as EUS and
ASVS, have been shown to be highly accurate in the preoperative localization of insulinomas, and have frequently been shown to be superior to non-invasive localization
techniques.
EUS is currently the test of choice in most Western
centers, with reported detection rates of 86.6%-92.3%[10,46].
The appearance of insulinomas on EUS is quite characteristic, with most tumors homogeneously hypoechoic,
rounded in shape, and with distinct margins (Figure 3).
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Figure 3 Endoscopic ultrasound features of insulinoma of the pancreas.
The appearance of insulinomas (arrows) on endoscopic ultrasonography is
quite characteristic, with most tumors homogeneously hypoechoic, rounded in
shape, and with distinct margins.

Figure 4 Angiography and arterial stimulation venous sampling. Using
arterial stimulation venous sampling, insulinomas (arrows) are seen as welldefined, round or oval vascular blushes that are of increased vascularity compared with the surrounding normal pancreatic parenchyma.

Although EUS is a highly reliable procedure for the preoperative localization of insulinomas, there are several
problems associated with the detection of these tumors
using EUS. First, EUS may yield both false-positive and
false-negative results, with the quality of the EUS findings largely dependent on the examiner’s experience[22].
Second, some insulinomas are missed by preoperative
EUS because they are completely isoechoic. A low body
mass index, female gender, and young age may be risk factors for negative imaging[20]. Third, the sensitivity of EUS
for insulinomas depends on the location and size of the
tumor; sensitivity is greatest for tumors in the head of the
pancreas and lowest for those in the tail of the pancreas
or those that are extrapancreatic[10]. Once the site of the
tumor has been determined, fine-needle aspiration (FNA)
of the pancreas allows for a preoperative diagnosis of insulinoma. Advances in EUS have made EUS-guided FNA
particularly useful in the diagnosis of insulinomas, because
most functioning tumors are small. EUS-guided FNA is
becoming increasingly popular, and it seems likely that it
will eventually become the standard for the diagnosis and
staging of pancreatic tumors[9].
There can be little doubt that angiography combined
with ASVS should not precede non-invasive investigations, such as CT and MRI, but it remains a highly sensitive technique for the precise localization of insulinomas
and will usually provide more information than EUS[27].
Morphological imaging modalities do not reflect hormonal function; however, the addition of ASVS helps
regionalize a tumor by verifying hormonal function[24].
The use of ASVS allows for a more accurate surgical
approach and can minimize the likelihood of re-operation[24]. For atypical insulinomas, preoperative localization
of insulinomas by ASVS is particularly important. The
accuracy of ASVS in localizing insulinomas has been reported to range from 94% to 100%[23,28]. Using ASVS, insulinomas are seen as well-defined, round or oval vascular
blushes that are of increased vascularity compared with
the surrounding normal pancreatic parenchyma (Figure 4).
Insulinomas are visualized during the early arterial phase
and persist for a variable length of time into the venous

phase of the run. The localization of an insulinoma by
ASVS relies on the fact that a hyperosmolar concentration of calcium in the vessels supplying the tumor will
cause degranulation of cells within the neoplasm, releasing insulin into the portal venous system, which results
in a detectable rise in insulin in venous samples obtained
from the hepatic vein[27]. The splenic, gastroduodenal, superior mesenteric, and proper hepatic arteries are the vessels most commonly studied during ASVS; an increase in
insulin concentrations in the hepatic vein will localize the
insulinoma to the body/tail of the pancreas, an anterosuperior site of the pancreatic head, and postero-inferior
site of the pancreatic head, respectively. An increase in
insulin concentrations after injection of calcium into the
proper hepatic artery suggests that hepatic metastases
may be present. Changes in serum insulin levels plotted
as a function of time after calcium injection indicate that
insulin concentrations are markedly elevated only in the
feeding arteries of the insulinoma (Figure 5).
The range of imaging modalities now available means
that blind resection for insulinoma can be avoided because of accurate preoperative and intraoperative localization of the tumor[53]. Manual palpation of the pancreas
by an experienced surgeon and ultrasonography are both
sensitive methods for the intraoperative detection of
the site of insulinomas[29-31]. The sensitivity of these two
methods is clinically acceptable and has been reported as
75%-95% and 80%-100%, respectively[29,32,54].
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MEDICAL MANAGEMENT OF BENIGN
INSULINOMAS
Most patients with benign insulinomas can be cured with
surgery, although other techniques for the management
of insulinomas, including injection of octreotide, EUSguided alcohol ablation, radiofrequency ablation (RFA),
or embolization of an insulinoma of the pancreas, have
been described[55-61].
After identification of an insulinoma, surgery is indicated for all localized tumors. The choice of procedure
will depend on the features of the tumor mass, such as
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35
Serum insulin levels (μIU/mL)

a viable treatment for patients with an insulinoma, they
may be offered as an alternative for certain patients, such
as those who refuse surgery, those who are of advanced
age, those with a poor general condition, those who
have already undergone multiple abdominal surgeries, or
those with an increased risk of postoperative complications due to other reasons.
Insulinomas are rare endocrine tumors, most of which
can be cured by surgery. Medical treatment to normalize
blood glucose is useful during the preoperative period, as
well as for patients who cannot be cured by surgery, such
as those with diffuse β-cell disease, multiple insulinomas,
unresectable malignant insulinoma, those in whom surgery is contraindicated, or patients who refuse surgery[59].
Octreotide is a somatostatin analog that inhibits insulin
secretion and the peripheral action of many gastrointestinal hormones, primarily via activation of somatostatin
sst2 receptors. Octreotide has been used for the treatment
of insulinoma, with successful control of blood glucose
levels[60,61]. In addition, ocreotide may have an antiproliferative effect, as well as a moderate antitumoral action, on
pancreatic endocrine tumors[69]. Therapy may be initiated
with short-acting ocreotide two to four times daily, or
20-30 mg long-acting ocreotide every 4 wk[70]. Initiation of
therapy with short-acting ocreotide can be used to assess
systemic tolerability, particularly any gastrointestinal sideeffects[71]. Thus, pharmacotherapy with somatostatin to
control hypoglycemia represents a feasible option for the
non-surgical management of insulinomas.
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Figure 5 Changes in serum insulin levels. Changes in serum insulin levels
plotted as a function of time after calcium injection indicate that insulin concentrations are markedly elevated only in the feeding arteries of the insulinoma.
SMA: Superior mesenteric artery; GDA: Gastroduodenal artery; PHA: Proper
hepatic artery; SA: Splenic artery.

type, size, and localization. Atypical resection, including
enucleation, partial pancreatectomy, or middle pancreatectomy, has the advantage of preserving the pancreatic
parenchyma as much as possible, thereby reducing the
risk of late exocrine/endocrine insufficiency[62]. To date,
laparoscopic resection has often been performed for insulinomas that are benign, small, and/or located in the body
or tail of the pancreas[63]. Radical resection should be
considered for patients in whom the lesion is not single,
not well-capsulated, > 4 cm in diameter, and involves or is
near the main pancreatic duct. Lymphadenectomy is not
usually performed. Although the cure rate after resection
for insulinoma is very high, it is necessary to be aware of
the potential for postoperative complications after pancreatic surgery, especially postoperative pancreatic fistula[64-66].
However, there is a considerable risk of morbidity
and mortality associated with the surgical management
of insulinomas, which precludes surgery in high-risk patients. Alcohol ablation and RFA have been established
as minimally invasive procedures in the treatment of
primary liver tumors and hepatic metastases. Recently,
successful EUS-guided alcohol ablation and CT-guided
RFA of pancreatic insulinomas have been reported in
humans[56,57]. These two patients were in poor general
condition and were experiencing recurrent symptomatic
episodes of hypoglycemia. Because it was considered
that surgical management for benign insulinoma of
the pancreas was impossible in both cases, ablation of
the solitary mass was performed. Both patients were
discharged without any complications and reported no
further hypoglycemic episodes. Embolization of an
insulinoma of the pancreas is another non-surgical alternative[55,67,68]. Because angiographically the insulinoma is
demonstrated in the arterial phase as a hypervasculated
mass, embolization could be performed using flow to
direct particles exclusively into the tumor. Although it
remains contentious as to whether these procedures are
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MEDICAL MANAGEMENT OF
MALIGNANT INSULINOMAS
To be considered malignant, insulinomas must show evidence of local invasion into the surrounding soft tissue or
there must be verification of lymph node or liver metastasis[72]. The reported incidence of malignant insulinomas
ranges between 7% and 10%[72-74], and the 10-year survival
has been reported to be 29%[2]. The major sites of metastasis or recurrence are the liver and regional lymph nodes.
Aggressive surgical resection is recommended because
these tumors are much less virulent than their malignant
ductal exocrine counterparts, in which there are severe
hormonal symptoms that cannot be controlled by medical
treatment. RFA can be used to reduce the tumor mass in
the liver, thereby reducing hormonal symptoms[58,75]. Selective embolization alone or in combination with intra-arterial chemotherapy is an established procedure to reduce
both hormonal symptoms and liver metastases. Although
experience is limited, liver transplantation for multiple liver
metastases of malignant insulinomas may be considered
in patients with no extrahepatic metastases[76,77]. Aggressive sequential multimodal therapy (chemoembolization,
RFA, liver resection, liver transplantation) can prolong the
survival of patients with sporadic malignant insulinoma,
even in the presence of liver metastases.
Malignant insulinomas remain extremely rare tumors.
In many patients with malignant insulinomas, the tumors
are unresectable and medical treatment therapy is limited
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beneficial for maintaining glycemic control without hypoglycemic episodes in surgical patients[84-86] (Figure 6).

Medical management of benign insulinomas
Enucleation, partial pancreatectomy, or middle pancreatectomy
(the advantage of preserving the pancreatic parenchyma);
Laparoscopic resection (minimal invasive surgery);
Radical resection (the lesion is not single, not well-capsulated, > 4
cm in diameter, and involves or is near the main pancreatic duct)
High-risk patient
Alcohol ablation;
RFA;
Embolization

Insulinoma

Resectable

CONCLUSION
Insulinomas are the most common neuroendocrine tumors of the pancreas and cause hypoglycemia related to
endogenous hyperinsulinism. More than 90% of insulinomas are benign and usually small, well-encapsulated,
solitary tumors. Surgical resection is the treatment of
choice for insulinomas and offers the only chance for
cure. Most insulinomas can be identified intraoperatively
by an experienced surgeon. However, what should be
done in an operating theater when an insulinoma cannot
be identified? Based on information presented in this
review, we recommended the use of various non-invasive
and invasive imaging modalities when the tumor cannot
be detected using conventional diagnostic procedures.
Blind surgical resection of the pancreas should not be
undertaken in any patient who suffers from hypoglycemic
episodes due to an insulinoma. Identifying the location
of the insulinoma enables the surgeon to proceed with
surgery uninterrupted, minimizing time in the operating
theater, reducing the likelihood for re-operation, limiting
perioperative complications, and ensuring, in most cases,
a successful outcome[38].
In patients with malignant insulinomas, aggressive
surgical resection, including extended pancreatic resection, liver resection, and/or liver transplantation, should
be attempted when possible to improve patient survival[58,75-77]. Furthermore, aggressive secondary treatments
may be indicated, such as chemoembolization or RFA for
liver metastases from malignant insulinomas of the pancreas to control hypoglycemia. In patients who have unresectable or uncontrollable malignant insulinomas of the
pancreas, several strategies need to be considered to both
control hypoglycemic episodes and improve quality of
life, including administration of ocreotide and continuous
glucose monitoring. Insulinomas of the pancreas remain
rare and may occur simply by chance. To refine the diagnosis and management of these tumors, epidemiologic
and pathologic data should continue to be collected.

Medical treatment
to normalize blood
glucose
Octreotide
Unresectable

Aggressive surgical resection
RFA, embolization, or intra-arterial
(local invasion and/or regional LN
chemotherapy (liver metastases);
metastases);
Continuous glucose monitoring;
Hepatectomy or liver transplantation
Dexcom Seven System continuous
(liver metastases)
glucose monitor, MiniMed Continuous
Glucose Monitor, or STG-22
Medical management of malignant insulinomas

Figure 6 In patients who have unresectable or uncontrollable malignant
insulinomas of the pancreas, several strategies need to be considered to
both control hypoglycemic episodes and improve quality of life, including administration of ocreotide and continuous glucose monitoring. RFA:
Radiofrequency ablation; LN: Lymph node.

in its ability to prevent hypoglycemic episodes[78,79]. Continuous glucose monitoring in patients with insulinomas
can detect hypoglycemia, monitor responses to medical
therapy, and confirm a cure postoperatively. In the literature, continuous glucose monitoring has been reported
using a Dexcom Seven System continuous glucose monitor (Dexcom, San Diego, CA, United States) or the MiniMed Continuous Glucose Monitor (CGM Medtronic
MiniMed, Northridge, CA, United States)[78,79]. These
studies reported that continuous glucose monitoring is
a useful addition to the armamentarium for the prevention of hypoglycemia. These techniques are considered
an effective adjunct to therapy to reduce hypoglycemic
episodes by alerting patients to low glucose concentrations before they develop neuroglycopenic symptoms;
however, patients should respond promptly to oral
glucose intake after hypoglycemia has been detected by
these machines. In patients with a poorer general condition, malignant insulinomas that are unresectable, and
uncontrolled hypoglycemia, it is proposed that blood
glucose concentrations are monitored using the STG-22
(Nikkiso Co., Tokyo, Japan). The STG-22 is a reliable
and accurate device for the measurement of blood glucose concentrations compared with the ABL 800FLEX
machine (Radiometer Medical ApS, Brønshøj, Denmark)
that is recommended by the National Committee for
Clinical Laboratory Standards[80,81]. The STG-22 closedloop glycemic control system is composed of a glucose
sensor for the detection and/or monitoring of glucose
and pumps for infusing an appropriate amount of insulin
or glucose. The insulin and glucose pumps are computer
regulated based on a target blood glucose value that is
defined prior to initiation of the system[82,83]. It is has
been proven clinically that the STG-22 device is safe and
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from advanced pancreatic cancer is discussed. Unfortunately, clinical data for HDACIs in patients with pancreatic cancer are inadequate, because only a few studies
have included patients suffering from this type of neoplasm and the number of pancreatic cancer patients
that entered HDACIs phase Ⅱ/Ⅲ trials, among others
with advanced solid tumors, is very limited. More studies recruiting patients with pancreatic cancer remain to
determine the efficiency of these therapies.
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Abstract
Pancreatic cancer, although not very frequent, has an
exceptionally high mortality rate, making it one of the
most common causes of cancer mortality in developed
countries. Pancreatic cancer is difficult to diagnose, allowing few patients to have the necessary treatment
at a relatively early stage. Despite a marginal benefit
in survival, the overall response of pancreatic cancer to
current systemic therapy continues to be poor, and new
therapies are desperately needed. Histone deacetylase
(HDAC) enzymes play an important role in the development and progression of cancer and HDAC inhibitors
(HDACIs) have been shown to induce differentiation
and cell cycle arrest, activate the extrinsic or intrinsic
pathways of apoptosis, and inhibit invasion, migration
and angiogenesis in different cancer cell lines. As a result of promising preclinical data, various HDACIs are
being tested as either monotherapeutic agents or in
combination regimens for both solid and hematological
malignancies. Vorinostat was the first HDACI approved
by the Food and Drug Administration for patients with
cutaneous T-cell lymphoma. The use of HDACIs in clinical trials, in pretreated and relapsed patients suffering
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INTRODUCTION
Worldwide, over 200  000 people die annually of pancreatic cancer. The incidence of pancreatic cancer varies
greatly across regions, with the highest incidence and
mortality rates found in developed countries, which suggests roles for lifestyle and environmental factors. Deaths
from pancreatic cancer rank fourth among cancer-related
deaths in the United States. Risk factors for pancreatic
cancer include, among others, high-fat diet, smoking,
chronic pancreatitis, primary sclerosing cholangitis, hereditary pancreatitis, family history of pancreatic cancer,
and diabetes mellitus. Age seems to be a significant risk
factor, with incidence increasing with age.
Due to few early illness indicators and lack of screening tests, pancreatic cancer is difficult to diagnose and
often at the time of presentation, the cancer has already
become advanced. The overall 5-year survival rate among
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patients with pancreatic cancer is < 5%. Approximately
20% of patients present with localized, potentially curable tumors. The majority (95%) of cases of pancreatic
cancer are adenocarcinomas, resembling the pancreatic
ductal cell. Metastasis of this cancer can be either local,
most often involving the spleen, adrenal glands and transverse colon, or distant[1,2].

The farnesyl transferase enzyme Kras regulator tipifarnib in combination with gemcitabine did not improve
OS compared with gemcitabine monotherapy in a phase
[14]
Ⅲ trial .
Erlotinib is a small-molecule tyrosine kinase inhibitor
(TKI) of the human epidermal growth factor receptor
(EGFR). A multicenter, randomized, double-blind, placebo-controlled phase Ⅲ clinical trial of erlotinib in combination with gemcitabine, in patients with locally advanced
or metastatic pancreatic adenocarcinoma met its primary
endpoint, with the combination regimen being the first
gemcitabine combination to demonstrate a statistically
significant survival advantage over gemcitabine monotherapy and the regimen was consequently approved for
metastatic disease[15].
Cetuximab, an anti-EGFR monoclonal antibody,
blocks the extracellular EGFR domain, preventing liganddependent or independent activation and downstream signaling. An open-label, randomized phase Ⅲ trial, unfortunately, recently failed to demonstrate a clinically significant
advantage of the addition of cetuximab to gemcitabine
for response and OS[16].
Bevacizumab is a recombinant, humanized IgG1
monoclonal antibody that selectively binds to vascular
endothelial growth factor (VEGF), inhibiting its interaction with VEGF receptor-1 and -2, on the surface of endothelial cells. Despite recently reported negative results,
a number of phase Ⅱ and Ⅲ studies are underway in
advanced pancreatic cancer that include bevacizumab and
cetuximab in combination with other agents[17].
Finally, a wide range of molecular-targeted agents that
interact with crucial pathways for cell survival in pancreatic cancer are currently being explored. These include
agents that target polyADP-ribose polymerase, histone
deacetylase (HDAC), Src/Abl kinases, and mammalian
target of rapamycin[18].
Given the positive data observed in phase Ⅲ trials,
gemcitabine, erlotinib and capecitabine are likely to form
the base for future treatment strategies for advanced pancreatic cancer.

TREATMENT OF ADVANCED
PANCREATIC CANCER
Conventional chemotherapies
For over a decade, gemcitabine-based therapy has been
considered a first-line treatment for locally advanced and
metastatic pancreatic cancer. Preference for gemcitabine
over 5-fluorouracil (5-FU) was established in the mid1990s, when a phase Ⅲ trial comparing gemcitabine
monotherapy to 5-FU demonstrated clinical benefit in
gemcitabine-treated patients with advanced pancreatic
cancer[3]. The value of radiotherapy in the management
of locally advanced pancreatic cancer remains unclear[4].
Numerous attempts have been made to improve the
efficacy of standard gemcitabine monotherapy in patients with advanced pancreatic cancer, but little success
has been achieved. Several phase Ⅲ trials were undertaken with gemcitabine in combination with a range of
chemotherapy agents. However, the combinations of
gemcitabine with 5-FU[5], as well as irinotecan, oxaliplatin,
pemetrexed, exatecan and cisplatin[6-10], all failed to show
superiority over gemcitabine monotherapy.
Capecitabine is an orally administered fluoropyrimidine that is metabolized in both liver and tumor cells into
5-FU, resulting in high intratumoral 5-FU concentrations.
Phase Ⅲ trial results on capecitabine and gemcitabine
combination appeared to be contradictory. In a recent
phase Ⅲ trial, the combination significantly improved objective response rate and progression-free survival (PFS),
but did not show superiority in overall survival (OS) in
patients with advanced pancreatic cancer[11].
In addition, folfirinox (5-FU/leucovorin, irinotecan,
and oxaliplatin) treatment of metastatic pancreatic cancer
patients in a randomized phase Ⅱ trial of folfirinox versus gemcitabine, indicated that response rate was more
than 30%. Furthermore, the median OS was 11.1 mo
in the folfirinox group as compared with 6.8 mo in the
gemcitabine group, indicating that folfirinox is an option
for the treatment of patients with metastatic pancreatic
cancer[12].

Histone acetyltransferases and HDACs
The organization of chromatin is crucial for the regulation of gene expression. Accumulating evidence suggests
that the acetylation and deacetylation of histones play significant roles in transcriptional regulation of eukaryotic
cells. Histone acetylation and deacetylation are catalysed
by specific enzyme families, Histone acetyltransferases
(HATs) and HDACs, respectively[19,20]. There are at least
four groups of proteins with intrinsic HAT activity, while
18 HDACs belonging to four distinct classes have been
described in mammalian cells. Eleven of the HDACs
are zinc dependent, classified on the basis of homology to yeast HDACs: Class Ⅰ includes HDACs 1, 2, 3
and 8; Class ⅡA includes HDACs 4, 5, 7 and 9; Class Ⅱ
B, HDACs 6 and 10; and Class IV, HDAC11. Class Ⅲ
HDACs, sirtuins 1-7, have an absolute requirement for
NAD+, are not zinc dependent, and generally not inhib-

Targeted therapies
Targeted therapies have also been investigated for advanced pancreatic cancer. The matrix metalloproteinase
inhibitors (MMPIs) marimastat and talomastat (BAY
12-9566) inhibit enzymes that play a key role in extracellular matrix (ECM) degradation, and angiogenesis. In
phase Ⅲ trials, neither marimastat monotherapy nor marimastat with gemcitabine, improved OS compared with
gemcitabine monotherapy[13].
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SAHA: SAHA (vorinostat) is now undergoing several
clinical trials. One current phase Ⅰ trial is studying the
side effects and best dose of SAHA given together with
flavopiridol in treating patients with advanced solid tumors. Another trial is studying SAHA in patients with
metastatic or unresectable solid tumors or lymphoma and
liver dysfunction. Combination with doxorubicin is also
under survey for solid tumors, as well as that with bortezomib, vinorelbine, gemcitabine and other agents like
paclitaxel and carboplatin, fluorouracil/leucovorin and
oxaliplatin. A phase Ⅰ/Ⅱ trial is studying the highest tolerable dose of SAHA that can be given in combination
with radiotherapy to patients with locally advanced pancreatic cancer, as well the efficacy of combined therapy.
Another phase Ⅰ clinical trial is now examining the safety,
pharmacokinetics, pharmacodynamics and efficacy of
iv proteasome inhibitor NPI-0052 in combination with
oral SAHA in patients with non-small cell lung cancer,
pancreatic cancer, melanoma or lymphoma. A phase I/Ⅱ
study of SAHA in combination with radiotherapy and
infusional 5-FU in patients with locally advanced adenocarcinoma of the pancreas is under way. Finally, SAHA in
combination with capecitabine plus radiotherapy is also
being evaluated in patients with non-metastatic pancreatic
cancer. The above studies are recruiting for participants
and possible patients suffering from pancreatic cancer
remain to determine the efficiency of these therapies[29].

ited by compounds that inhibit zinc-dependent deacetylases[21]. Apart from deacetylating histones, HDACs have
also been reported to interact with non-histone proteins,
involved in numerous important cell pathways including
control of gene expression, regulation of cell proliferation, differentiation, migration and death. The balance
between acetylation and deacetylation is an important
factor in regulating gene expression and disruption of
HAT or HDAC activity is possibly associated with cancer
development[22,23].
HDAC inhibitors
HDAC inhibitors (HDACIs) are divided into different
classes based on their chemical properties, including hydroxamic acids, such as suberoylanilide hydroxamic acid
(SAHA), trichostatin A (TSA), LBH589 (panobinostat)
and PXD101 (belinostat); short chain fatty acids, such
as sodium butyrate (NaBu), 4-phenylbutyrate (4-PB)
and valproic acid; cyclic tetrapeptides, such as trapoxin,
apicidin and depsipeptide-also known as FK228 or
romidepsin; benzamides, such as MS-275, CI-994 and
MGCD0103, and a variety of other chemical compounds
and synthetic inhibitors. HDACIs have three common
structural characteristics: a Zn-binding moiety, an opposite capping group, and a straight chain alkyl, vinyl or aryl
linker connecting the two[24,25].
HDAC inhibition is able to promote a variety of different anticancer mechanisms including apoptosis, cell
differentiation and cell cycle inhibition. HDACIs are a
new class of antineoplastic agents currently being evaluated in clinical trials. While these agents have been studied extensively in the laboratory, only recently has their
mechanism of action begun to be elucidated. Several
HDACIs are now in various stages of development, including clinical trials as monotherapy and in combination
with other anticancer drugs and radiation[26,27].
In the present review, the available so far data regarding the different classes of HDACIs used in clinical trials
including patients with pancreatic cancer are presented in
Table 1.

Cyclic peptides
FK228 (FR901228, depsipeptide, romidepsin): Depsipeptide (1S,4S,7Z,10S,16E,21R)-7-ethylidene4,21-bis (1-methyletheyl)-2-oxa-12,13-dithia-5,8,20,23-tetraazabicyclo[8.7.6]tricos-16-ene-3,6,9,19,22-penton
e, is a bicyclic peptide isolated from Chromobacterium violaceum and has demonstrated potent in vitro cytotoxic activity
against human tumor cell lines and in vivo efficacy against
human tumor xenografts. Upon entering cells, FK228 is
reduced to an active compound, capable of preferentially
interacting with the zinc in the active site of the HDAC
class Ⅰ enzymes, however, it is still generally classified
as a broad-spectrum inhibitor as it does inhibit class Ⅱ
enzymes. It was approved by the United States Food and
Drug Administration (FDA) for the treatment of cutaneous T-cell lymphoma (CTCL)[30].
Among other current clinical trials for patients with
advanced solid tumors, FK228 is being studied in combination with gemcitabine in patients with pancreatic cancer. This phase Ⅰ/Ⅱ dose escalation trial is designed to
determine the maximum tolerated dose for the combination, as well as evaluate toxicities and objective disease responses. Furthermore, another phase Ⅱ trial is studying
the effectiveness of FK228 in patients who have locally
advanced or metastatic neuroendocrine tumors; among
them pancreatic islet tumors[29].

Hydroxamic acids
SAHA (N-hydroxy-N’-phenyl-octanediamide, vorinostat)
is a synthetic hydroxamic acid, which is structurally related
to the natural product, TSA (7-[4-(dimethylamino)phenyl]N-hydroxyl-4,6-dimethyl-7-oxo-(2E,4E,6R)-2,4-heptadienamide), produced by selected strains of Streptomyces
platensis, Streptomyces hygroscopicus Y-50 or Streptomyces
sioyaensis. Hydroxamic acids have a high affinity to biometals, including Fe3+, Ni2+ and Zn2+. The synthesis of
SAHA and its potency to induce differentiation of murine
erythroleukemia (MEL) cells was first reported in 1996.
SAHA and TSA comprise a hydroxamic-acid-based metalbinding domain that coordinates the catalytic Zn2 +in the
HDAC active site, a 5 (TSA) or 6 (SAHA)-membered
carbon-based linker that mimics the Cα functional group
of lysine, and a hydrophobic motif that interacts with the
periphery of the HDAC binding pocket[28].
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Short-chain fatty acids
Valproic acid: Valproic acid (VPA) is now an established
antiepileptic drug, by affecting the function of the neu-
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Table 1 Clinical studies on histone deacetylase inhibitors for treatment of patients with pancreatic cancer
Time
Patients Patients
total with PC schedule
number number

HDACI

Dosage schedule
(HDACI)

MTD (HDACI) Responses (for patients
with pancreatic cancer
treated with HDACI)

Main toxicities

Ref.

PR

SD

PD

VPA + epirubicin
phase Ⅰ

48

1

q21 d

15-160 mg/kg per
day iv/po d1, d2

140 mg/kg per
day

1

-

-

4-PB
phase Ⅰ

21

1

q28 d

60-360 mg/kg iv
2 × daily
d1-d5, d8-d12

300 mg/kg per
day

-

-

1

Fatigue, headache, nausea,
vomiting, confusion

[36]

Not
defined

1

q28 d

4-5 mg/m2 po, once
weekly

5 mg/m2

-

1

-

Hyponatremia, neutropenia,
anemia, fatigue

[39]

MS-275
phase Ⅰ

27

1

a: q14 d
b: q28 d
c: q28 d

2-6 mg/m2 po
a: one dose 1st wk
b: 2 × weekly
for 3 wk
c: 1 × weekly
for 3 wk

a: 6 mg/m2
b: not defined
c: 4 mg/m2

-

-

1

Hypophospha-temia,
hyponatremia, nausea,
asthenia, fatigue, anorexia1

[40]

CI-994
phase Ⅱ

17

17

Continues 8 mg/m2 per day po

-

-

2

N/D

Thrombocyto-penia, fatigue,
anorexia, nausea, vomiting,
bruising, hematuria

[42]

CI-994
phase Ⅰ

53

1

a: acute a: 10-15 mg/m2 per
q21 d
day po d1-d14
b: chronic b: 5-12.5 mg/m2 per
q10 wk
day po d1-d56

a: 15 mg/m2
b: 8 mg/m2

-

-

1

CI-994
+ capecita-bine
phase Ⅰ

54

4 sch. c

a: q21 d a: 4-10 mg/m2 per
b: q42 d
day po d1-d14
c: q21 d b: 6 mg/m2 per day
po d1-d35
c: 4-8 mg/m2 per
day po d1-d14

a: 10 mg/m2
b: (abandoned)
c: 8 mg/m2

-

-

4

CI-994
+ carboplatin
paclitaxel
phase Ⅰ

30

2

q21 d

4-6 mg/m2 per day
po d1-d14 or d1-d7

6 mg/m2
(d1-d7)

-

-

2

Thrombocyto-penia,
[45]
neutropenia, fatigue, alopecia,
nausea

CI-994
+ gemcita-bine vs
gemcita-bine alone
phase Ⅱ

174

174
(86 + 88)

q28 d

6 mg/m2 per day po
d1-d21

-

8/68

-

60/68

Thrombocyto-penia,
[46]
neutropenia, anemia, nausea,
vomiting, anorexia, diarrhea

MGCD-0103
phase Ⅰ

38

2

q21 d

12.5-56 mg/m2 per
56 mg/m2
day po d1, 3, 5, 8, 10, RPTD: 45 mg/m2
12

-

-

2

Fatigue, anorexia, nausea,
[48]
vomiting, diarrhea, abdominal
pain, dehydration

LAQ824
phase Ⅰ

39

3

q21 d

-

-

3

Thrombocyto-penia, fatigue, [50]
anorexia, nausea, vomiting,
diarrhea, nonspecific STsegment, hyperbiliru-binemia,
transaminitis2

MS-275
+ 13-cis retinoic acid
phase Ⅰ

6-100 mg/m2 per
day iv d1-d3

72 mg/m2
RPTD: < 72
mg/m2

Neutropenia, thrombocyto- [33]
penia, hypocalcaemia, fatigue,
QTc prolongation

Thrombocyto-penia,
[43]
neutropenia, nausea, vomiting,
diarrhea, fatigue, hoarseness,
paresthesias, alopecia
Thrombocyto-penia,
anemia, anorexia, diarrhea,
nausea, vomiting, fatigue

[44]

1

The patient with pancreatic cancer experienced grade 3 hypophosphatemia as DLT and was finally excluded from study after cycle 2 due to PD; 2At 100
mg/m2 one patient with advanced pancreatic cancer, developed grade 4 hyperbilirubinemia associated with febrile neutropenia on day 3. The patient
developed thrombocytopenia on day 8 of treatment and anemia, necessitating platelet and blood transfusions. This was followed by an episode of atrial
fibrillation on day 13 and then acute renal failure. The patient finally died on d18. PC: Pancreatic cancer; PD: Progressive disease; PR: Partial response;
RPTD: Recommended dose for phase Ⅱ; SD: Stable disease.
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rotransmitter GABA. The finding that VPA was an effective inhibitor of HDACs arose from the observations
that VPA was able to relieve transcriptional repression of
a peroxisomal proliferation and activation of a glucocorticoid receptor (GR)-PPARε hybrid receptor, suggesting
that it acts on a common mechanism in gene regulation,
such as histone deacetylation, rather than on individual
transcription factors or receptors. Consistent with this
finding, it was shown that VPA causes hyperacetylation
of the N-terminal tails of histones H3 and H4 in vitro and
in vivo, and was found to inhibit HDAC enzymatic activity at a concentration of 0.5 mmol/L[31]. VPA has shown
potent antitumor effects in a variety of in vitro and in vivo
systems, by modulating multiple pathways including cell
cycle arrest, apoptosis, angiogenesis, metastasis, differentiation and senescence. Most preclinical and clinical data
on the anticancer effects of VPA have been generated for
malignant hematological diseases[32].
A phase Ⅰ clinical trial investigated the safety, toxicity and maximum-tolerated dose of VPA and the topoisomerase Ⅱ inhibitor epirubicin in solid tumors. Fortyeight patients with different malignancies were enrolled;
one with pancreatic cancer. The patient suffering from
pancreatic cancer experienced a partial response at 100
mg/kg VPA and 100 mg/m2 on day 3 of the cycle, while
no dose-limiting toxicities occurred. All patients with a
partial response had at least a twofold increase in histone
acetylation[33].
Phase Ⅰ clinical trials are currently testing VPA in
combination with other agents such as erlotinib, 5-FU,
cyclophosphamide, bevacizumab, and azacytidine, as
well as epirubicin to determine safety, tolerability and
effectiveness in treating patients with advanced solid tumors. In addition, another phase Ⅱ trial is studying VPA
combined with the hypomethylating factor hydralazine. A
phase Ⅰ clinical trial is undertaking recruitment to determine maximum tolerated doses of VPA in combination
with sunitinib, sorafenib, dasatinib, erlotinib, lapatinib, or
lenalidomide for the treatment of patients with advanced
solid tumors, as well as to estimate the safety and treatment response[29].

day. Twenty-one patients with different malignancies, including one with pancreatic carcinoma, participated in the
trial. Dose limiting toxicities were fatigue and headache,
while no significant myelosuppression was seen. Three
patients with brain malignancies remained stable for an
average of 6 mo[36].
A current phase Ⅰ clinical trial is investigating oral
phenylbutyrate three times daily in patients with refractory solid tumors. Combination with azacytidine is also
being studied to determine effectiveness and maximum
dose in patients with advanced or metastatic solid tumors[29].
NaBu: NaBu has multiple effects on cultured mammalian cells that include inhibition of proliferation, induction of differentiation and induction or repression of
gene expression. Sodium butyrate inhibits most HDACs
except class Ⅲ HDAC and class Ⅱ HDAC6 and-10.
Promoters of butyrate-responsive genes have butyrate
response elements, and the action of butyrate is often
mediated through Sp1/Sp3 binding sites[37].
In a recruiting phase Ⅰ clinical trial, the butyrate prodrug tributyrin is being studied in patients with various
advanced solid tumors[29].
Benzamides
MS-275: This synthetic benzamide derivative (3-pyridylmethyl-N-{4-[(2-aminophenyl)carbamoyl]benzyl}carbamate)
has been shown to inhibit HDACs, and has antitumor
activity in many preclinical models. The first clinical trial
with this agent in 2005 included patients with advanced
solid tumors or lymphoma. At high concentrations of
MS-275, there is a marked induction of reactive oxygen
species, mitochondrial damage, caspase activation and
apoptosis. Treatment of sensitive tumor cell lines with
MS-275 induces gelsolin, a maturation marker, and produces a change in the cell cycle distribution with a decrease in S phase and an accumulation of cells in G1. The
in vivo therapeutic efficacy of MS-275 has been shown in
a variety of human tumor xenograft models[38].
A phase Ⅰ study determined the maximum tolerated
dose, the dose limiting toxicity and the pharmacokinetic
or pharmacodynamic profile of MS-275 in combination
with 13-cis-retinoic acid. Patients with advanced solid
tumors were treated with MS-275 orally, once weekly, and
13-cis-retinoic acid orally, 1 mg/kg twice daily, for 3 wk
every 4 wk. One patient suffering from pancreatic cancer
remained on treatment for 6 mo and a patient with renal
cell carcinoma showed a partial response in the lungs.
Side effects included hyponatremia, neutropenia, anemia
and fatigue[39].
Another phase Ⅰ study evaluated the toxicity and
pharmacokinetic profiles of MS-275 in patients with
refractory solid tumors and lymphomas, including one
patient suffering from metastatic pancreatic cancer, on
three different schedules. The patient with metastatic
pancreatic cancer developed grade 3 hypophosphatemia,
thus meeting criteria for dose limiting toxicity, and was

4-PB: 4-PB is a short-chain fatty acid known to inhibit
reversibly class Ⅰ and Ⅱ HDACs. It is considered as an
HDAC inhibitor of the first generation, as the HDAC inhibitory effect is not specific. Working concentrations are
rather high, in the millimolar range, and the effects are
pleiotropic. 4-PB is known to exert multiple effects in the
cell, including the modulation of protein isoprenylation,
which importantly regulates the ras proto-oncoprotein,
and activation of the nuclear steroid PPAR[34]. 4-PB exerts a potent antitumor effect in vitro and has been shown
to cause growth inhibition and differentiation in various
human cancer cell lines[35].
A phase Ⅰ dose escalating trial to evaluate twice daily
iv 4-PB infusion has been undertaken. 4-PB was administered for five consecutive days for a total of 20 doses
over two consecutive weeks from 60 to 360 mg/kg per
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finally removed from study due to disease progression
after cycle 2. Objective responses were only observed in
patients receiving the every-other-week dosing schedule,
but the numbers of patients enrolled were too small to
determine whether this dosing regimen was truly more
efficacious[40].

tered into five treatment cohorts, including two suffering
from pancreatic cancer. Five patients achieved a partial
response (non-small cell lung, colon, unknown primary
origin) and two patients achieved a complete response
(esophageal and bladder cancer). It was observed that patients whose histone H3 acetylation in peripheral blood
lymphocytes was at least 1.5-fold greater after treatment
had an objective clinical response or stable disease[45].
A randomized, double-blind, placebo-controlled,
multicenter study compared whether CI-994 plus gemcitabine improved OS, duration of response, time to treatment failure, and quality of life compared to gemcitabine
alone. Patients had diagnosis of advanced or metastatic
adenocarcinoma of the exocrine pancreas and were not
considered surgical candidates. A total of 174 patients
received CI-994 6 mg/m2 per d orally on days 1-21 plus
gemcitabine 1000 mg/m2 on days 1, 8 and 15 or placebo
plus gemcitabine 1000 mg/m2 on days 1, 8 and 15 of
each 28-d cycle. There was no observed difference in survival time between the two cases. The estimated median
survival was 194 and 214 d and objective response rates
based on investigator assessments were 12% and 14%,
respectively. In addition, pain responses did not differ
significantly. Treatment with CI-994 was associated with
more cases of grade 3/4 thrombocytopenia, anemia and
leukopenia than with placebo, while non-hematological
toxicities such as nausea, vomiting, anorexia and diarrhea
were identical with both treatments. Consequently, in this
study, CI-994 in combination with gemcitabine did not
appear to offer any benefit compared to gemcitabine as a
single agent for the treatment of pancreatic cancer[46].
A randomized phase Ⅱ trial comparing the effectiveness of gemcitabine with or without CI-994 in patients
with advanced pancreatic cancer is still ongoing[29].

CI-994: CI-994 or N-acetyldinaline [4-(acetylamino)-N(2-amino-phenyl) benzamide] is a novel oral compound
with a wide spectrum of antitumor activity in preclinical
models. The mechanism of action may involve inhibition of histone deacetylation and cell cycle arrest. CI-994
is currently undergoing clinical trials. Although several
changes in cellular metabolism induced by the drug have
been characterized, the primary molecular mechanism of
its antitumor activity remains unknown[41].
A phase Ⅱ trial of CI-994 in patients with advanced
pancreatic cancer evaluated the antitumor activity and
safety of CI-994. CI-994 was administered orally at 8
mg/m2 per day. Seventeen patients were enrolled, including 15 with metastatic disease. Among patients evaluable
for response, stable disease for 8 wk occurred in two patients (12%). Overall, median time to progressive disease
was 6 wk and median survival was 10 wk, with one patient alive at 41 wk. Grade 3 thrombocytopenia occurred
in eight patients but grade 4 in none. Most common nonhematological toxicities were generally grade 1 or 2 and
included fatigue, anorexia, nausea, vomiting and bruising.
According to this study, CI-994 was well tolerated but resulted in no objective responses in patients with advanced
pancreatic cancer[42].
A phase 1 study in patients with solid tumors was carried out to determine the maximum tolerated daily oral
dose for CI-994 administered on a chronic basis. Fiftythree patients, most of them suffering from colorectal,
lung and renal malignancies, including one with pancreatic cancer, received CI-994 daily for treatment durations ranging from 2 to 10 wk. Antitumor effects were
documented in four patients, including a durable partial
response in one pretreated non-small cell lung cancer
patient and stable disease in three patients with non-small
cell lung, colon and renal cancers[43].
Another study investigated the toxicity profile, maximum tolerated dose and pharmacokinetics of CI-994 in
combination with capecitabine. Fifty-four patients were
treated according to three different dosing schemes in
which the capecitabine dose was fixed and the CI-994
dose was escalated. In schedule C, 22 patients, including
four with pancreatic cancer, were treated with capecitabine 2000 mg/m2 per day and CI-994 for 2 of 3 wk. One
partial response was achieved at the 4 mg/m2 dose level
of schedule A in a patient with colorectal cancer. Disease
stabilization was seen in adenocarcinoma of unknown
primary origin, appendiceal cancer, breast cancer, colorectal cancer and mesothelioma[44].
A phase Ⅰ study of oral CI-994 in combination with
carboplatin and paclitaxel in patients with advanced solid
tumors was carried out. A total of 30 patients were en-
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MGCD0103: MGCD0103 is an isotype-specific aminophenylbenzamide that inhibits HDAC classes Ⅰ and Ⅳ,
with almost no class Ⅱ effect. MGCD0103 is well tolerated and exhibits favorable pharmacokinetic and pharmacodynamic profiles, demonstrating target inhibition and
clinical responses. It induces cell death and autophagy,
synergizes with proteasomal inhibitors and affects nonhistone targets, such as microtubules[47].
In a phase Ⅰ study MGCD0103 was given three times
weekly orally to patients with advanced solid tumors
to determine safety, tolerability and pharmacokinetics.
Thirty-eight patients were enrolled and completed a total
of 99 cycles of MGCD0103, including two with pancreatic cancer. No objective tumor responses were observed.
Five patients with previously progressive colorectal, renal
cell and lung cancers had stable disease for four or more
cycles. Furthermore, MGCD0103 exerted dose-dependent HDAC inhibitory activity and was able to induce
histone acetylation in peripheral leukocytes[48].
Oral MGCD0103 three times weekly is currently being studied in combination with gemcitabine, in patients
with advanced solid tumors. In this phase Ⅰ/Ⅱ study,
patients with locally advanced or metastatic pancreatic

1065

January 28, 2014|First Edition|

Koutsounas I et al . HDAC inhibitors and pancreatic cancer

cancer can participate. Maximum tolerated dose of
MGCD0103 and objective response of patients remain
to be determined[29,49].

HDACIs alone and in combination with a variety of cytotoxic or other targeted anticancer agents are now being
tested. To date, at least 10 different HDACIs, including
SAHA, VPA, NaBu, MS-275, CI-994, FK228, PXD101,
LAQ824 and others, are in phase Ⅱ or Ⅲ clinical trials
for the treatment of hematological and solid tumors.
Despite efforts in recent decades, conventional treatments such as surgery, radiation and chemotherapy, have
slightly affected the course of pancreatic cancer. The
development of effective systemic treatments, capable of
reversing the biology of this aggressive disease, remains
a critical requirement. Unfortunately, clinical data for
HDACIs on patients with pancreatic cancer are inadequate (Table 1). So far, only a few studies have included
patients suffering from this type of neoplasm. Additionally, the number of pancreatic cancer patients that entered HDACIs phase Ⅱ/Ⅲ trials, among others with advanced solid tumors, is very limited. Although HDACIs
are recognized as some of the most promising agents,
more studies recruiting candidates with pancreatic cancer
remain to determine the efficacy of these therapies.

Other HDACIs
A phase Ⅰ study of LAQ824 has determined the safety,
maximum tolerated dose, and pharmacokinetic-pharmacodynamic profile in patients with advanced solid tumors.
Thirty-nine patients were recruited and were eligible for
assessment of toxicity, including three with pancreatic
cancer. At 100 mg/m2, one patient who had advanced
pancreatic cancer, developed grade 4 hyperbilirubinemia
associated with febrile neutropenia on day 3. The patient
finally died after an episode of atrial fibrillation and acute
renal failure 18 d after the first infusion. All patients treated with LAQ824 at 12 mg/m2 or above showed increase
in histone acetylation. No objective responses were documented. One patient with hepatocellular carcinoma and
two with fibrosarcoma and papillary carcinoma of the
thyroid showed disease stabilization[50].
A phase Ⅰ study is investigating safety, pharmacodynamic, antitumor activity, and pharmacokinetics of
PXD101 (belinostat) alone and in combination with 5-FU
in patients with advanced solid tumors or lymphoma[51].
Another recruiting phase Ⅰ trial is studying the safety,
tolerability and pharmacokinetics of orally administered
PXD101 in combination with carboplatin and/or paclitaxel in patients with advanced solid tumors or lymphoma[52].
A recruiting phase Ⅰ study is evaluating the pharmacokinetics and safety of oral LBH589 (panobinostat) in
patients with advanced solid tumors and varying degrees
of renal function. Another phase Ⅱ trial will determine
tumor response, toxicity and tolerability of LBH589 in
patients with gastrointestinal neuroendocrine tumors. A
phase ⅠA, dose-escalating study of iv LBH589 in adult
patients with advanced solid tumors is ongoing. Another
phase Ⅰ study will evaluate the safety and tolerability of
the combination of LBH589 and paclitaxel/carboplatin
in patients with metastatic or locally advanced solid tumors. Finally, a phase Ⅰ dose escalation trial of LBH589
and gemcitabine in patients with solid malignancies has
been temporarily suspended[53,54].
Other HDACIs, such as CHR-3996, CRA-024781,
SB939 and R306465, are under phase Ⅰ trials for the
treatment of patients with advanced solid tumors[29].
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Core tip: Ethanol, a commonly used ablative agent, has
been used to successfully and safely ablate solid and
cystic hepatic lesions via percutaneous injection. Endoscopic ultrasonography (EUS)-guided ethanol ablation,
a minimally invasive approach, was recently developed
and has been successfully applied as treatment of pancreatic cysts, pancreatic neuroendocrine tumors, and
abdominal metastatic lesions. Although it is not likely
to replace radical resection for treating localized lesions
or systemic therapy for managing metastatic tumors,
EUS-guided ablation therapies represent an attractive
alternative treatment modality for patients who refuse
or are not eligible for surgery.

Abstract
Endoscopic ultrasonography (EUS) has evolved into a
useful therapeutic tool for treating a broad range of
tumors since being introduced into clinical practice as a
diagnostic modality nearly three decades ago. In particular, EUS-guided ﬁne-needle injection has proven a successful minimally invasive approach for treating benign
lesions such as pancreatic cysts, relieving pancreatic
pain through celiac plexus neurolysis, and controlling
local tumor growth of unresectable malignancies by
direct delivery of anti-tumor agents. One such ablative
agent, ethanol, is capable of safely ablating solid or
cystic lesions in hepatic tissues via percutaneous injection. Recent research and clinical interest has focused
on the promise of EUS-guided ethanol ablation as a
safe and effective method for treating pancreatic tumor
patients with small lesions or who are poor operative
candidates. Although it is not likely to replace radical
resection of localized lesions or systemic treatment of
metastatic tumors in all patients, EUS-guided ablation
is an ideal method for patients who refuse or are not
eligible for surgery. Moreover, this treatment modality

WCG|www.wjgnet.com

Original sources: Zhang WY, Li ZS, Jin ZD. Endoscopic
ultrasound-guided ethanol ablation therapy for tumors. World J
Gastroenterol 2013; 19(22): 3397-3403 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v19/i22/3397.htm DOI:
http://dx.doi.org/10.3748/wjg.v19.i22.3397

INTRODUCTION
Endoscopic ultrasonography (EUS) has been used in
clinical practice for more than 30 years[1,2] since its development for the original purpose of diagnosing pancre-
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atic disease and carrying out malignancy staging. In the
early 1990s, the introduction of curvilinear array echoendoscope made it possible to perform ﬁne-needle aspiration (FNA) biopsy under direct endosonographic visualization. The minimally invasive and safe nature of FNA
led to a boon in use of therapeutic EUS techniques,
including EUS-guided fine needle injection (EUS-FNI).
More recently, EUS-FNI has been applied as a pancreatic cancer treatment aimed at controlling pain through
nerve blockade, as a solid tumor therapy for introduction of brachytherapy seeds and viral vectors, and as a
tool for ablation therapy[3-6].
Ethanol, a commonly used ablative agent, gained
popularity according to its advantageous features of cost
effectiveness, ready availability, and rapidly ablation function. The mechanism of ethanol ablation mainly involves
cell death by causing cell membrane lysis, protein denaturation, and vascular occlusion[7]. Percutaneous ethanol
injection has been used in the ablation of renal cysts,
hepatic cysts, and solid tumors, such as liver or adrenal
tumors[8-12]. EUS-guided ethanol injection is superior to
the percutaneous application because it offers real-time
image monitoring of the lesions located deep in the pancreas. In addition, EUS can provide precise measurement
of lesions and identification of surrounding structures,
and can readily deliver therapeutic agents to a target site,
thereby minimizing damage to non-tumor tissue. Some
EUS-guided ethanol ablation procedures for pancreatic
tissue have been shown to be safe and feasible in animal
models[13,14].
In this review, the recent applications, features, and
outcomes of EUS-guided ethanol injection treatment
for pancreatic cystic tumors, pancreatic neuroendocrine
tumors (pNETs), celiac plexus, and metastatic lesions in
humans are summarized.

Recent studies have shown that EUS-guided ethanol
injection into pancreatic cysts is safe and feasible, slows
or inhibits growth, and avoids the risks associated with
surgical resection. Gan et al[17] published the first report
of safety and feasibility for the ethanol lavage and ablation of pancreatic cystic lesions using EUS-FNI. In that
study, 25 patients with pancreatic cysts (MCNs, n = 13;
IPMNs, n = 4; SCNs, n = 3; pseudocysts, n = 3; uncertain etiology, n = 2) were treated with escalating doses
(5%-80%) of ethanol for 3-5 min under EUS guidance.
The results demonstrated that this procedure effectively
reduced tumors without inducing complications, such as
pancreatitis, in the short- and long-term follow-up periods. Eight patients (35%) had complete resolution of
the cysts, and five patients undergoing surgical resection
showed histological evidence of epithelial ablation.
To further determine whether EUS-guided ethanol lavage can decrease pancreatic cyst size, a multicenter, randomized, prospective trial was performed in 2009[18]. The
primary aim of that study was to compare the change of
pancreatic cyst size after EUS-guided lavage with 80%
ethanol or saline solution alone. Of the 42 patients enrolled, 25 patients were initially treated with 80% ethanol
lavage and 17 patients were administered saline solution
lavage. Three months after the first lavage, a second pancreatic cystic lavage was performed. Patients who initially
received an ethanol lavage received a second ethanol
lavage, and those who received an initial saline solution
lavage were then given an 80% ethanol lavage. The results
indicated that EUS-guided 80% ethanol injection resulted
in a greater decrease in size of pancreatic cystic tumors
compared with the saline solution injection, and that the
overall resolution rate of pancreatic cystic tumors was
33.3%. Incidences of major complications, such as abdominal pain, intracystic bleeding during lavage, and acute
pancreatitis, were similar in the two groups. Furthermore,
nine of the study patients (75%) were followed-up for
two years after initial cyst resolution, and no evidence of
cyst recurrence was found in any patient[19].
To improve the effect of ethanol ablation therapy,
Oh et al[20-22] performed EUS-guided ethanol lavage with
a paclitaxel injection to treat cystic tumors of the pancreas. An initial study found that complete resolution
of pancreatic cystic tumors was achieved in 11 of 14
patients after treatment with ethanol and paclitaxel injection; in addition, minor complications, including hyperamylasemia and abdominal pain, were observed in one
patient[20], but no cases of acute pancreatitis occurred.
The study’s collective findings demonstrated that ethanol
lavage with paclitaxel injection is a safe, feasible, and effective method to treat pancreatic cystic tumors. However, only a small number of patients and only shortterm outcomes were assessed in this study. A subsequent
study by this group was carried out involving a larger
population (n = 52) with a longer-term follow-up period
(n = 47 for > 12 mo). All patients underwent 99% pure
ethanol injection into the collapsed cyst for a 3-5 min lavage. After the injected ethanol was aspirated, paclitaxel
solution was injected into the cyst cavity. Ultimately,

EUS-GUIDED ETHANOL ABLATION
THERAPY FOR PANCREATIC CYSTIC
TUMORS
Pancreatic cysts are common, with the incidence of asymptomatic cysts being reported at about 2.5% in the
general population[15]. The advances of various imaging
modalities, such as computed tomography (CT) scanning,
magnetic resonance imaging, and EUS, have been accompanied by an increase in detection of pancreatic cystic
neoplasms (PCNs). Pancreatic cystic tumors are mainly
classified as either mucinous cystic neoplasms (MCNs),
serous cystic neoplasms (SCNs), or intraductal papillary
mucinous neoplasms (IPMNs), according to histopathological features[16]. Some cystic tumors of the pancreas,
such as MCNs and IPMNs, have the potential to become
malignant and are often treated by surgical resection
when malignancy is suspected. Although surgical resection is generally recommended, pancreatic cyst ablation
is an increasingly popular treatment option, especially via
injection of ethanol or other ablative agents into the cyst
cavity under EUS guidance.
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complete resolution was achieved in 29 of the patients
(62%). No treatment-related complications, including
bleeding, bowel perforation, or severe pancreatitis, were
observed[22].
DiMaio et al[23] retrospectively analyzed the effectiveness of multiple EUS-guided ethanol lavages for pancreatic cystic tumor treatment. The results showed that
multiple ethanol lavage treatments resulted in a greater
decrease in the size and surface area of PCNs compared
with only one ethanol lavage treatment. Complete cyst
resolution was not seen in any patient after the first
EUS-ethanol lavage, but was achieved in 5 of the 13 patients (38%) who underwent two sequential EUS-ethanol
lavage treatments. Again, no treatment-related complications were observed, with the exception of one patient
complaining of minor abdominal pain.
Collectively, these preliminary studies suggest that
ethanol ablation is relatively safe and feasible for clinical
use in humans. Therefore, EUS-guided ablation of pancreatic cystic tumors via ethanol injection, a minimally
invasive technique, may be an attractive choice to treat
patients who refuse or are not eligible for surgery. However, there are a number of limitations in these studies.
First, some studies only included a treatment group, and
no control group was included. Second, there was not
a definitive diagnosis made prior to application of the
ethanol ablation procedure. Inclusive criteria were based
on the imaging findings and some benign lesions might
have been treated unnecessarily. Third, the patients were
followed-up for a relatively short period of time for documentation of cyst resolution. Thus, EUS-guided cyst
ablation is an experimental therapy modality that should
be used with caution.
EUS-guided pancreatic cyst ablation is mainly used
currently for the following indications: (1) patients who
refuse surgery or are high-risk surgical candidates; (2)
cysts that appear to be benign and are morphologically
indeterminate; and (3) asymptomatic cysts that increase
in size during the follow-up period. Before ethanol ablation for pancreatic cysts can be widely accepted, a prospective, randomized, controlled trial with a long followup period is required to determine the clinical efficacy
of ethanol ablation therapy compared with surgical
resection.

guided ethanol ablation therapy in a 78-year-old woman
(diagnosed by laboratory findings and EUS-FNA). Becau
se the patient was in poor general condition and refused
surgical resection, EUS-guided ethanol injection was performed. Although mild procedure-associated pancreatitis
was experienced after the ethanol ablation procedure,
complete resolution was achieved in the patient. The patient had durable glycemic control throughout the recovery and follow-up and no indications of insulinoma were
observed by follow-up EUS.
Muscatiello et al[26,27] described another case of successful ethanol ablation involving a patient with a pancreatic endocrine tumor. A female patient with multiple
endocrine neoplasia type 1 (11 and 7 mm, respectively)
underwent 40% ethanol ablation therapy. Two months
after the ethanol ablation, EUS with contrast enhancement revealed areas of fibrosis. However, subsequent
resolution of the accompanying perturbed levels of vasoactive intestinal peptide and chromogranin A was observed. The main complication in this case was a small
pancreatic necrotic lesion, which was presumably caused
by minimal ethanol effusion and managed by laparoscopic necrosectomy.
Deprez et al[28] reported treatment of a patient with
insulinoma of the pancreas head involving a 98% ethanol injection under EUS guidance. The patient achieved
complete resolution (evidenced by imaging) at 3 mo after
the procedure and remained asymptomatic and normoglycemic for more than two years later. Vleggaar et al[29]
reported an ethanol ablation operation for an 82-yearold patient with a pNET, for which 96% ethanol was
delivered to under EUS guidance. Two months after the
ablation therapy, EUS examination indicated that a significant reduction in the diameter of the tumor had been
achieved. Finally, Levy et al[30] retrospectively reviewed
eight patients with insulinomas who received US-guided
ethanol ablation. Five of those patients underwent EUSguided ethanol injection and the remaining three underwent intra-operative ultrasound (IOUS)-guided ethanol
injection. No complications occurred during or after the
EUS-guided procedure. The IOUS-guided ethanol injection, however, was associated with minor peritumoral
bleeding (n = 1), pseudocyst (n = 1), and pancreatitis with
peri-pancreatic fluid (n = 1). Hypoglycemia-related symptoms completely disappeared in five patients who underwent EUS-guided ethanol injection, and significantly
improved in the three patients who underwent IOUSguided ethanol injection.
Based on these case reports, EUS-guided ethanol ablation seems to be an alternative treatment option for pancreatic solid tumors. However, some issues remain that
require further study, such as the choice of target area
and adequate ethanol dose to achieve successful ablation without causing serious complications. In addition,
EUS-guided ethanol ablation therapy for pNETs appears to harbor the possibility of late relapse requiring
re-intervention, as well as incomplete ablation and risk
of metastasis. While currently the strongest indication
for intratumoral therapy is patients who refuse surgery

EUS-GUIDED ETHANOL ABLATION
THERAPY FOR PANCREATIC
NEUROENDOCRINE TUMORS
pNET account for a small percentage of all pancreatic
tumors (1.3%), but their incidence is increasing[24]. Although surgical enucleation or resection is considered
as the treatment of choice for pNET, a few patients are
not suitable candidates for surgery because of old age or
comorbidities. Recently, successful application of EUSguided ablation therapy using ethanol has been reported
for the treatment of pNET. Jürgensen et al[25] reported
successful resolution of a 13 mm insulinoma by EUS-
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or are poor surgical candidates, a clinical trial enrolling more patients with longer follow-up is required to
more definitively determine the particular physiological
indications.

ethanol ablation of a GIST involving a 59-year-old man
with a 4 cm lesion in the muscularis propria of the stomach that was diagnosed by EUS and EUS-guided FNA.
Severe comorbidity precluded surgery and the patient
was treated with an injection of 1.5 mL of 95% ethanol
under EUS guidance. Seven weeks after the injection,
no endosonographic evidence of residual tumor was
seen, but a 1.5-cm ulcer at the treatment site was present, which was resolved by acid suppression therapy. Two
years after the ethanol ablation treatment, a follow-up
examination showed complete remission of the tumor.
No severe complications were observed, except for selflimiting pain in the upper abdomen.
Recently, two cases of EUS-guided ethanol ablation
of a solid hepatic metastasis carcinoma have been reported[43,44]. In the first, a 65-year-old man with a 3.3-cm
lesion in the left liver and a markedly elevated carcinoembryonic antigen level was considered as having metastatic cancer from either a pancreatic adenocarcinoma
or prior colorectal cancer. Multiple EUS-guided injections of absolute alcohol were administered over several
years. The lesion size decreased over time, as well as the
levels of corresponding tumor markers, indicating that
this approach was effective in controlling tumor growth.
Furthermore, the multiple EUS-guided hepatic tumor
injections did not result in major complications, except
for a small subcapsular hematoma that resolved spontaneously[43].
Our group also reported a case of a 47-year-old man
with a hepatic metastatic carcinoma from a pancreatic
adenocarcinoma treated by injection of anhydrous ethanol under EUS guidance (Figure 1). One month later, an
abdominal CT follow-up scan revealed a decrease in size
of the lesion (Figure 2). No significant procedure-related
complications were observed, except for a transient low
fever[44].
Artifon et al[45] described a case of EUS-guided alcohol ablation of a 5 cm left adrenal metastatic carcinoma
in a 52-year-old man. For this patient, the main presenting complaint was abdominal pain and the diagnosis of
left adrenal metastasis from non-small-cell lung carcinoma was made by EUS-FNA. Three days after the alcohol
ablation therapy treatment (15 mL of 98% absolute alcohol), the symptom of abdominal pain disappeared. At the
one-month follow-up, EUS revealed a hyperechoic nodule between the pancreas and the left kidney, which was
presumed to represent alcohol ablation-induced ﬁbrosis.
More recently, DeWitt et al[46] reported the successful
EUS-guided alcohol ablation of metastatic pelvic lymph
nodes in a patient with rectal cancer. The two injected
metastatic pelvic lymph nodes received 4 and 2 mL of
ethanol, respectively, which achieved local complete resolution at 10 mo post-treatment. No procedure-related
complications were reported.
The basic characteristics and outcomes of the studies described herein of EUS-guided ethanol ablation
therapy for pancreatic cystic tumors, pNETs, and other
tumors are summarized in Tables 1-3, respectively.

EUS-GUIDED ETHANOL ABLATION
THERAPY FOR CELIAC PLEXUS
ABLATION
Pain is one of the major complications of advanced
pancreatic cancer. It is estimated that pain is present in
80%-85% of pancreatic cancer patients at the time of
diagnosis, and it can be difficult to control, even with
high doses of analgesics [31,32]. Celiac plexus neurolysis (CPN), a chemical splanchnicectomy of the celiac
plexus, has been well established as an effective method
for controlling pain and decreasing morphine consumption in patients with locally advanced or unresectable
pancreatic cancer[32,33]. Before the advent of EUS, CPN
was performed by radiological guidance or intraoperative
method, both of which are associated with a risk of the
serious complications of paraesthesia, paraplegia, and
pneumothorax[34,35]. With the development of the EUS
technique, EUS-guided CPN (EUS-CPN) has become a
novel option to treat cancer-related pain in patients with
inoperable pancreatic cancer.
EUS-CPN consists of an injection of absolute alcohol, a neurolytic agent, into the celiac ganglia to permanently destroy neural tissue of celiac ganglia. The first
applications of EUS-CPN were reported by Wiersema
et al[36]. Thirty patients with pain due to intra-abdominal
malignancies were injected with 98% dehydrated absolute
alcohol under EUS guidance into the celiac plexus via the
transgastric route. The majority of patients (79%-88%)
experienced a significant decrease in pain scores at the 10
wk post-treatment (median follow-up time).
Subsequent studies have demonstrated that EUSCPN is a safe and effective method to relieve severe pain
from advanced pancreatic cancer[3,37-39]. In a meta-analysis
of these EUS-CPN studies, pain relief was observed in
about 80% of 289 patients with pain due to pancreatic
cancer[40]. While EUS-CPN can be delivered on either or
both sides of the aorta, a recent study showed that bilateral injection was more effective than a central single
injection[41]. The common complications of EUS-CPN,
transient diarrhea and hypotension, were observed in 9%
and 10%-15% of cases, respectively, and both complications were self-limiting in most cases[37].

EUS-GUIDED ETHANOL ABLATION
THERAPY FOR OTHER TUMORS
EUS-guided injection of alcohol is also used for ablation
of other abdominal tumors, such as gastrointestinal stromal tumor (GIST) and intra-abdominal metastatic lesions
located in the liver, adrenal glands, and pelvic lymph
nodes. Günter et al[42] reported a case of EUS-guided
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A

B

Figure 1 Endoscopic ultrasonography image of hepatic tumor. A: During ethanol injection; B: Hyperechoic appearance after ethanol injection.

A

B

Figure 2 Computer tomography scans of hepatic metastatic carcinoma. A: Before ethanol injection; B: After ethanol injection.

Table 1 Summary of endoscopic ultrasonography-guided ethanol ablation for pancreatic cystic tumor
Ref.

n

Median size, mm
(range)

Ablative agents

Complete
resolution

Complications

Gan et al[17]
Oh et al[20]

25
14

19.4 (6-30)
25.5 (17-52)

Ethanol
Ethanol and paclitaxel

35%
79%

Oh et al[21]
DeWitt et al[18]

10
42

29.5 (20-68)
22.4 (10-58)

Ethanol and paclitaxel
Saline vs ethanol

60%
33%

Oh et al[22]

52

31.8 (17-68)

Ethanol and paclitaxel

62%

None
Acute pancreatitis (n = 1)
Hyperamylasemia (n = 6)
Vague abdominal pain (n = 1)
Mild pancreatitis (n = 1)
Abdominal pain at 2 h (n = 2)
Abdominal pain at 7 d (n = 5)
Pancreatitis (n = 1)
Acystic bleeding (n = 1)
Fever (n = 1)
Vague abdominal discomfort (n = 1)
Mild pancreatitis (n = 1)
Splenic vein obliteration (n = 1)

performed to better evaluate this technique: its indications and complications before it is recommended for
widespread use in clinical practice. For example, particular patient populations may receive more benefit than
others from the EUS-guided ethanol ablation with or
without systemic therapies, and prospective clinical trials
will help to define these patients.

CONCLUSION
With the advent of curvilinear EUS, therapeutic EUS
has emerged as an important approach to manage malignancies. While prominent advances have been made in
applications of EUS-FNI for specific antitumor therapy,
the field of EUS-guided ethanol ablation therapy for
malignancies continues to evolve. Currently, our understanding of the safety and efficacy of EUS-guided ethanol ablation as a tumor therapy is primarily limited by
the small sample sizes and short-term follow-up periods
of related case studies. Prospective, large trials should be
WCG|www.wjgnet.com
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Table 2 Summary of endoscopic ultrasound-guided ethanol ablation for pancreatic neuroendocrine tumor
n

Maximum diameter (mm)

Ethanol

Volume (mL)

Complications

Jurgensen et al

1

13

95%

8.0

Muscatiello et al[26]
Deprez et al[28]

1

11 and 7

40%
98%

2.0
3.5

Vleggaar et al[29]
Levy et al[30]

1
5

10
18

96%
95%

20

98%

21

98%

8

98%

16

99%

0.3
0.1
0.4
0.1
0.1
0.3
1.0
0.3
3.0
1.5
0.7
1.0

Pain in the upper abdomen
A mild increase of serum lipase activity
A small pancreatic necrotic lesion
A mild elevation of pancreatic enzymes
Hematoma ulceration of the duodenal wall
None
None

Ref.
[25]

Table 3 Cases of endoscopic ultrasound-guided ethanol ablation for other tumor
Target tumor

Maximum diameter
(mm)

Gastrointestinal stromal tumor[42]
Hepatic metastasis carcinoma from colorectal carcinoma[43]
Hepatocellular carcinoma from pancreatic adenocarcinoma[44]
Left adrenal metastasis carcinoma from non-small-cell lung carcinoma[45]
Pelvic metastatic lymph nodes from rectal cancer[46]

40
33
35
50
11 and 10
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Core tip: Even if diabetes is found a decade before
the appearance of pancreatic cancer we cannot select
those patients already having non detectable pancreatic
cancer, at least with the imaging and biological techniques available today. We believe that more studies
are necessary in order to definitively identify diabetes
mellitus as a risk factor for pancreatic cancer taking
into consideration that approximately 10 years are
needed to diagnose symptomatic pancreatic cancer. At
present, the answer to the as to whether diabetes and
pancreatic cancer comes first similar to the adage of
the chicken and the egg is that diabetes is the egg.

Abstract

Original sources: Pezzilli R, Pagano N. Is diabetes mellitus a
risk factor for pancreatic cancer? World J Gastroenterol 2013;
19(30): 4861-4866 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v19/i30/4861.htm DOI: http://dx.doi.
org/10.3748/wjg.v19.i30.4861

The relationship between diabetes mellitus and the risk
of pancreatic cancer has been a matter of study for a
long period of time. The importance of this topic is due
to two main causes: the possible use of recent onset
diabetes as a marker of the disease and, in particular,
as a specific marker of pancreatic cancer, and the selection of a population at risk for pancreatic cancer. Thus,
we decided to make an in-depth study of this topic;
thus, we carried out an extensive literature search in
order to re-assess the current knowledge on this topic.
Even if diabetes is found a decade before the appearance of pancreatic cancer as reported in meta-analytic
studies, we cannot select those patients already having non detectable pancreatic cancer, at least with the
imaging and biological techniques available today. We
believe that more studies are necessary in order to
definitively identify diabetes mellitus as a risk factor
for pancreatic cancer taking into consideration that approximately 10 years are needed to diagnose symptomatic pancreatic cancer. At present, the answer to the as
to whether diabetes and pancreatic cancer comes first
similar to the adage of the chicken and the egg is that
diabetes is the egg.

INTRODUCTION
The relationship between diabetes mellitus and the risk
of pancreatic cancer has been a matter of study for a
long period of time. The importance of this topic is due
to two main causes: the possible use of recent onset diabetes as a marker of the disease and, in particular, as a
specific marker of pancreatic cancer, and the selection of
a population at risk for pancreatic cancer[1].

SEARCH STRATEGY
Taking into consideration diabetes mellitus irrespective of
type, there is a lack of agreement regarding the data; thus,
we decided to make an in-depth study of this topic. On
July 24, 2012, we carried out a PubMed/Medline search
using the following strategy: (“Diabetes Mellitus” [Mesh]
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ciation was statistically significant. Finally, all the patients
in whom the diagnosis of diabetes had been made prior
to that of the tumor had non-insulin-dependent diabetes,
and no association was found with the insulin-dependent
form.
Taking into account all findings in the literature, all
the studies and the meta-analyses found an association
between diabetes mellitus and pancreatic cancer at the
time of diagnosis. However, little is known about glucose tolerance and insulin secretion in patients with this
tumor. Gapstur et al[85] prospectively studied the postload
plasma glucose concentration in 84 patients with pancreatic cancer in order to determine the presence of an
independent association between postload plasma glucose
concentration and the risk of pancreatic cancer mortality
among people without self-reported diabetes. Compared
to a postload plasma glucose level of 119 mg/dL or less
and, after adjusting for age, race, cigarette smoking and
body mass index, the relative risks (95%CI) of pancreatic
cancer mortality were 1.65 (1.05-2.60) for postload plasma
glucose levels between 120 mg/dL and 159 mg/dL,
1.60 (0.95-2.70) for levels between 160 mg/dL and 199
mg/dL and 2.15 (1.22-3.80) for levels of 200 mg/dL or
more. Such an association appeared to be stronger in
men than in women. Estimates were only slightly lower
after excluding 11 men and 2 women who died from
pancreatic cancer during the first 5 years of follow-up.
Elevated body mass index and serum uric acid concentration were also independently associated with an elevated
risk of pancreatic cancer mortality in men only. This
study provides evidence for a positive, dose-response
relationship between postload glycemia and pancreatic
cancer mortality. The possible mechanisms underlying
the increased pancreatic cancer risk among patients with
diabetes mellitus is the involvement of insulin resistance
and hyperinsulinemia. In addition, whereas postoperative
diabetes was seen in all long-standing diabetic patients,
and in some patients with intolerance fasting glucose and
normal fasting glucose, the diabetes was resolved in more
than 50% of patients with new-onset diabetes despite
removal of half of the beta-cell mass[52]. Thus, it seems
that diabetes is caused by pancreatic cancer. The answer
to whether the diabetes is a specific marker of the disease
comes from the study of Aggarwal et al[86]; these authors
retrospectively reviewed the medical records of 500
consecutive patients with cancer (lung, breast, prostate,
colorectal cancers and pancreatic cancer) and 100 noncancer controls, and found that whereas the prevalence
of diabetes mellitus in pancreatic cancer is high, diabetes
mellitus prevalence in other common cancers is no different from that in non-cancer controls. Thus, diabetes
mellitus is not useful as an early or specific marker of
pancreatic cancer.
Controversies also exist between the association of
long-standing diabetes mellitus and pancreatic cancer;
some, epidemiological studies have excluded the possibility that long-standing diabetes mellitus is a risk
factor for pancreatic cancer [2,6,24,32,36,41,44,45,51,52,54,59,60,64,70]
whereas others (Table 1) have found a relation-

Table 1 Diabetes as a risk factor for pancreatic cancer according to diabetes duration
Meta-analysis

Everhart et al[76]

Studies
evaluated
(n )
20
11

9
11
6

6
Li et al[64]

3
3
3

Huxley et al[80]

9
9
7
3
5
4
4

Ben et al[84]

Diabetes
duration (yr)

Risk

95%CI

>1

RR = 2.1

1.6-2.8

>1

RR = 1.8

1.1-2.7

>1

RR = 2.6

1.6-4.1

>5
>5

RR = 2.0
RR = 1.8

1.2-3.2
0.86-3.8

>5

RR = 2.4

0.85-7.0

≤2
3-5
6-10
11-15
> 15
1-4
5-9
≥ 10
<1
1-4
5-9
≥ 10

OR = 2.9
OR = 1.9
OR = 1.6
OR = 1.3
OR = 1.4
RR = 2.05
RR = 1.54
RR = 1.51
RR = 5.38
RR = 1.95
RR = 1.49
RR = 1.47

2.1-3.9
1.3-2.6
1.2-2.3
0.9.2.0
1.0-2.0
1.87-2.25
1.31-1.81
1.16-1.96
3.49-8.30
1.65-2.31
1.05-2.12
0.94-2.31

All studies
evaluated
All casecontrol
studies
All cohort
studies
All studies
All casecontrol
studies
All cohort
studies

or “Diabetes Mellitus, Type 2” [Mesh] or “Diabetes Mellitus, Type 1” [Mesh]) and “Pancreatic Neoplasms” [Mesh]
and (“humans” [MeSH Terms] and English [lang]); other
papers were manually extracted from the references of
the papers selected. From 1966, a total of 787 papers
were found and, of these, we selected 74 papers[2-75] and
nine meta-analyses[76-84].

ANALYSIS OF LITERATURE AND
CLINICAL CONSIDERATIONS
One of the first studies on the relationship between pancreatic cancer and diabetes is that of Maruchi et al[2] who
found that there was an association between pancreatic
carcinoma and diabetes from 1935 through 1974 only in
cases of confirmed pancreatic carcinoma in residents of
Olmsted County, Minnesota. In their series, 17% of the
patients were diabetic (19/113) and nine cases (8%) of
diabetes had appeared at least 2 years before the diagnosis of pancreatic cancer. Twenty years later, our group
carried out a case-control study matching a large number
of patients with and without pancreatic cancer[24]. The
main findings were as follows: in the majority of cases,
the diabetes was diagnosed at the same time as the cancer
or within a few years prior to its identification, suggesting
that it was the cancer which caused the diabetes. In fact,
diabetes mellitus of long duration (> 7 years) had essentially no association with pancreatic cancer whereas, in a
small group of patients who had had diabetes of a 5-7
years duration when the cancer was diagnosed, the asso-
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CONCLUSION
We believe that more studies are necessary in order to
definitively identify diabetes mellitus as a risk factor for
pancreatic cancer taking into consideration that approximately 10 years are needed to diagnose symptomatic
pancreatic cancer. At present, the answer to the question
posed by Magruder et al[83] as to whether diabetes and
pancreatic cancer comes first similar to the adage of the
chicken and the egg is that diabetes is the egg.

RR ± 95%CI

Panel A

12

9

6

3

REFERENCES

0

≥ 10
t0

5-9
1-4
Diabetes duration in years

1

t1

Average 11.7 ± 3.1 yr
Panel B

<1

t2
Average
6.5 ± 3.4 yr

2
t3

Average
2.7 ± 1.2 yr
t: Time to progression; t0: Initiated tumor ductal cell; t1: Parental clone; t2: Subclones with metastatic capacity; t3: Distant
metastases

3
4

Figure 1 Relative risks and quantitative analysis. Panel A: Relative risks
(RR) for the association between diabetes and pancreatic cancer according to
the duration of the diabetes (originated from[63]). The risk disappears after 10
years; Panel B: Quantitative analysis of the timing of the genetic evolution of
pancreatic cancer indicates that at least a decade is necessary between the occurrence of the initiating mutation and the birth of the parental, non-metastatic
founder cell, that at least five more years are required for the acquisition of
metastatic ability and patients usually die on an average of 2 years thereafter
(originated from[87]).

5

6

ship[3-5,7-31,33,35,37-40,42,43,46-49,53,55-58,61,63,65-69,71-75]. It should be
pointed out that, in papers showing an association between long standing diabetes and pancreatic cancer there
are some biases due to self-reported diabetes which could
result in misclassification, heterogeneity among individuals with diabetes in terms of physiologic status, sequelae
and treatment which could also confuse this relationship.
In addition, Yachida et al[87], sequencing the genomes of
seven pancreatic cancer metastases to evaluate the clonal
relationships among primary and metastatic cancers,
found that clonal populations which give rise to distant
metastases are represented within the primary carcinoma
(but these clones are genetically evolved from the original
parental, non-metastatic clone) and they performed a
quantitative analysis of the timing of the genetic evolution of pancreatic cancer found at least a decade between
the occurrence of the initiating mutation and the birth
of the parental, non-metastatic founder cell. At least five
more years are required for the acquisition of metastatic
ability and patients die an average of 2 years thereafter[87].
Thus, even if diabetes is found a decade before the appearance of pancreatic cancer as reported in meta-analytic studies, we cannot select those patients already having
non detectable pancreatic cancer, at least with the imaging
and biological techniques available today (Figure 1).
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Pleiotrophin promotes perineural invasion in pancreatic
cancer
Jun Yao, Xiu-Feng Hu, Xiao-Shan Feng, She-Gan Gao
However, the abundance of N-syndecan attracts further
PTN-positive cancer cells to the site of injury, creating a
vicious cycle. Ultimately, increased PTN and N-syndecan
levels, due to the continuous nerve injury, may promote cancer invasion and propagation along the neural
structures. Therefore, it is meaningful to discuss the relationship between PTN/N-syndecan signaling and PNI
in pancreatic cancer, which may lead to a better understanding of the mechanism of PNI in pancreatic cancer.
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Core tip: We discussed the important novel role of
pleiotrophin (PTN) in perineural invasion (PNI) of
pancreatic cancer, an important cause of local recurrence. Our recent experimental data demonstrated the
involvement of PTN in PNI of pancreatic cancer. PTN
strongly presents in the cytoplasm of pancreatic cancer
cells, and high expression of PTN and its receptor may
contribute to the high PNI of pancreatic cancer.

Abstract
Perineural invasion (PNI) in pancreatic cancer is an
important cause of local recurrence, but little is known
about its mechanism. Pleiotrophin (PTN) is an important neurotrophic factor. It is of interest that our recent
experimental data showed its involvement in PNI of
pancreatic cancer. PTN strongly presents in the cytoplasm of pancreatic cancer cells, and high expression
of PTN and its receptor may contribute to the high PNI
of pancreatic cancer. Correspondingly, PNI is prone to
happen in PTN-positive tumors. We thus hypothesize
that, as a neurite growth-promoting factor, PTN may
promote PNI in pancreatic cancer. PTN is released at
the time of tumor cell necrosis, and binds with its highaffinity receptor, N-syndecan on pancreatic nerves, to
promote neural growth in pancreatic cancer. Furthermore, neural destruction leads to a distorted neural
homeostasis. Neurons and Schwann cells produce more
N-syndecan in an effort to repair the pancreatic nerves.
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INTRODUCTION
Pancreatic cancer is one of the most malicious human
malignancies with the lowest 5-year survival rate[1-3]. At
the time of diagnosis, most patients have locally advanced
disease and/or distant metastatic lesions precluding radical operation resection[3-5]. Perineural invasion (PNI) is
considered as an important factor of aggressive tumor
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behavior, and it is associated with local recurrence and
poor outcome of pancreatic cancer[6]. Pancreatic cancer
cells frequently have intimate contact with intrapancreatic
nerves and thereby alter, invade, and damage the intrapancreatic nerves[7]. PNI extending into the extrapancreatic nerve plexus is a histopathologic characteristic in
pancreatic cancer, which leads to abdominal pain and retropancreatic tumor extension[8-10]. PNI is defined as presence of cancer cells within the epineural, perineural, and
endoneurial spaces of the neuronal sheet and around the
nerves[11,12]. It precludes curative resection, promotes local
recurrence, and finally negatively influences the prognosis
of the patients. However, the mechanisms of the alteration and invasion of pancreatic nerves and the spread of
cancer cells along pancreatic nerves in pancreatic cancer
remain poorly understood. Therefore, neurotrophic factors are of interest because recent experimental data
showed their involvement in neuro-cancer interactions in
pancreatic cancer[13].

lines derived from these tumors have constitutive activation of the endogenous PTN gene, while PTN expression
is not detected in non-tumor cell lines of the same origin
and in the non-tumorous tissues[26].

ASSOCIATION BETWEEN PTN AND
PANCREATIC CANCER
PTN is not expressed in normal pancreatic tissues, but it
is highly expressed in pancreatic cancer tissues and correlates with pancreatic cancer progression[27]. In previous
experiment, we studied PTN and its receptor N-syndecan
protein levels in 38 patients with pancreatic cancer by
immunohistochemistry, analyzed for its correlation with
clinicopathological features, PNI, and prognosis. The
results suggested that PTN was strongly present in the
cytoplasm of pancreatic cancer cells; N-syndecan was
intensely present in the perineurium of pancreatic nerves
but not in the cancer cells. PTN combined with N-syndecan might have contributed to the high level of PNI and
poor prognosis of pancreatic cancer[28]. Furthermore, tissue expression of PTN resulted in its elevated serum levels in more than 50% of the pancreatic cancer patients,
and a statistically significant positive association was
found between elevated serum levels of PTN at the time
of surgery and its expression by tumors[27]. In both mice
and humans, serum PTN levels dropped after successful tumor removal, suggesting that PTN may represent a
new tumor marker in pancreatic malignancies.

MECHANISM OF PNI IN PANCREATIC
CANCER
The mechanism of PNI in pancreatic cancer is unclear,
although it can be partially explained by the anatomical proximity of the pancreatic and celiac artery neural
plexus. The perineurium is believed to be deficient near
the nerve ending, at the site invaded by the blood vessels
in the nerves, and at the site invaded by reticular fiber[14].
Another possible explanation of PNI in pancreatic cancer is neurotropism because some advanced cancers with
PNI express numerous types of neuroendocrine markers
including S-100, Synaptophysin, substance P, enkephalin,
and neural cell adhesion molecules[15]. Other specific factors such as nerve growth factor also enhance the cancernerve interaction, providing biological and physical parameters that would explain their frequent and intimate
relationship[16].

PTN-NERVE INTERACTION
PTN was initially isolated from neonatal rat brain as a
neurite outgrowth-promoting protein. Previous studies
have demonstrated that N-syndecan acts as a receptor in PTN-induced neurite outgrowth in perinatal rat
brain neurons[29]. N-syndecan-stably-transfected N18
neuroblastoma cells showed clearly enhanced neurite
outgrowth upon contact with PTN-containing substrate.
PTN and N-syndecan utilize the cortactin-src pathway
for the intracellular signaling in neurite outgrowth[30].
PTN promoted neurite outgrowth from different cultured neuronal cell types, including cultures of embryonic
and perinatal cortical neurons, neuroblastoma cells, and
PC12 cells[31], and anti-PTN antibodies inhibited neurite
outgrowth in vitro[29]. The addition of PTN to donor cells
resulted in better functional recovery and better survival
of dopaminergic neurons, owing to the decrease of cell
death after transplantation[32]. The results revealed that
PTN had effects on donor cells in neural transplantation
both in vitro and in vivo. In adult animals, PTN expression was lower but increased during recovery from injury,
playing a major role in the cell growth and differentiation
associated with tissue regeneration. A higher PTN level
was noticed in sciatic nerves within a few days after crush
injury when axon regrowth was induced, whereas PTN
level was lowered after the axons reached their target[33].
The increased PTN protein levels during the first step of

PLEIOTROPHIN-CANCER INTERACTION
Pleiotrophin (PTN) is a neurotrophic factor, also known
as the neurite growth-promoting factor. The protein is
mainly expressed during early embryogenesis. In human
adult tissues, it is markedly down-regulated and present only at minimal levels in very few tissues. PTN is a
136-amino-acid long secreted cytokine related to diverse
biological properties, including neuritis outgrowth, angiogenesis, and tumor growth[17,18]. It is strongly expressed in
different human tumor cells, and expression of the PTN
gene in tumor cells in vivo accelerates growth and stimulates tumor angiogenesis[19,20]. Experimental evidence from
different laboratories also supported the potential of PTN
to play an important role in promotion of human tumors.
PTN transcripts are highly expressed in a high proportion
of different human tumor samples, including pancreatic
cancer, breast carcinoma, melanocytic tumor, carcinoma
of the prostate, glioblastoma, and astrocytomas[21-25]. Cell
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peripheral nerve regeneration suggested time-restricted
synthesis of PTN within the injured nerve. These results
suggested that PTN may be involved in peripheral nerve
regeneration after the nerve injury.
PTN and N-syndecan act as a ligand-receptor pair
in neurite outgrowth[34]. It is possible that PTN and its
receptor act synergistically to promote PNI in pancreatic
cancer. Our previous experiments also showed that recombinant adenovirus-mediated PTN-shRNA successfully silenced PTN gene expression in pancreatic cancer
cells, and the neurite outgrowth of dorsal root ganglion
neurons was evidently inhibited by knocking down the
PTN protein[35,36].

that the production of inhibitors for PTN and N-syndecan is at the stage of laboratory trials, we believe that
such study has significant translational potential. Due to
the unclear mechanism, it is difficult to improve or apply gene therapy targeting the possible candidate cancer
genes. Therefore, understanding the relationship between
PTN/N-syndecan signaling and PNI may contribute
to an improved therapy of PNI in pancreatic cancer. In
further studies, we will silence the Ptn gene in orthotopic
pancreatic cancer model in nude mice using recombinant
adenovirus-mediated PTN-shRNA, and investigate the
effects of PTN on PNI of pancreatic cancer.
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PROGRESS IN DIGESTIVE SYSTEM NEOPLASMS

Extravascular use of drug-eluting beads: A promising
approach in compartment-based tumor therapy
Simon Binder, Andrew L Lewis, J-Matthias Löhr, Michael Keese
them from the hosts immune system when injected
intratumorally. In this way ifosfamide - which is
transformed into its active metabolites by CYP2B1
- could be successfully targeted into pancreatic tumor growths. Furthermore DEBs can be used to
target chemotherapeutics into the abdominal cavity
for treatment of PC. If CYP2B1 producing cells are
proven to be save for usage in man and if local toxic
effects of chemotherapeutics can be controlled, DEBs
will become promising tools in compartment-based
anticancer treatment.
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Core tip: Intraperitoneal carcinomatosis occurs with
several tumor entities and prognosis is usually poor. Besides standard therapy, only few patients may benefit
from hyperthermic intraperitoneal chemotherapy. The
treatment may cause severe systemic side-effects. One
different approach to target chemotherapeutic agents
to the tumor employs carrier devices. Contemplable
carriers are drug-eluting beads (DEBs). DEBs can be
used to transfer drugs or pro-drug converting enzymes
directly to the tumor. Furthermore, DEBs can successfully target chemotherapeutics into the abdominal cavity for ip treatment. When local toxic effects are controlled, DEBs are effective tools in compartment-based
therapy.

Abstract
Intraperitoneal carcinomatosis (PC) may occur with
several tumor entities. The prognosis of patients suffering from PC is usually poor. Present treatment
depends on the cancer entity and includes systemic
chemotherapy, radiation therapy, hormonal therapy
and surgical resection. Only few patients may also
benefit from hyperthermic intraperitoneal chemotherapy with a complete tumor remission. These
therapies are often accompanied by severe systemic
side-effects. One approach to reduce side effects is
to target chemotherapeutic agents to the tumor with
carrier devices. Promising experimental results have
been achieved using drug-eluting beads (DEBs). A
series of in vitro and in vitro experiments has been
conducted to determine the suitability of their extravascular use. These encapsulation devices were
able to harbor CYP2B1 producing cells and to shield
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indicates that CRS combined with HIPEC is superior
to systemic chemotherapy alone. Nevertheless the findings of Franko et al[29] suggest, that CRS combined with
HIPEC as well as systemic chemotherapy alone have
their roles in the multidisciplinary approach treating peritoneally disseminated cancer.
In selected patients even a long term survival may be
possible, with CRS and HIPEC being a curative approach
in disseminated colorectal carcinoma[28,30].
The HIPEC procedure itself is demanding for most
of the patients. Even though the median survival rates
increased, the 30-d mortality rate of 4.8% and a morbidity rate reaching up to 55% are high[31]. The surgery itself
and severe systemic side-effects may lead to deterioration
of health or death[32,33]. Given that, the inclusion criteria
to receive CRS and HIPEC remain strict. The peritoneal
surface has to be the only site of disease dissemination[27]
and the preoperative assessment[34] should suggest a high
likelihood of achieving complete cytoreduction (CC-0)[35].
Therefore only patients with medium-sized intraperitoneal tumor nodules and a limited distribution within the
abdomen are selected[36]. Patients have to be physically
fit to endure this extensive procedure. Considering that
peritoneal carcinomatosis only becomes symptomatic
in advanced stages, where CC-0 or CC-1 can rarely be
achieved, only few highly selected patients have access to
this approach[37]. Excluded patients are left with systemic
chemotherapy.
Alternative techniques have been investigated to target chemotherapeutic agents to the body cavities without
the strain of surgery. These are promising approaches to
circumvent both the systemic side effects and the hazard
of an extensive surgical procedure.

CLINICAL BACKGROUND
Peritoneal carcinomatosis (PC) is a disseminated tumor
stage, which is observed in patients with ovarian, pancreatic, gastric and colorectal cancer. With median survival
rates of 3.1 mo for gastric cancer and 5.2 mo for colorectal cancer, respectively[1], the prognosis is usually poor[2].
Survival is prolonged by new agents used in palliative
chemotherapy. With the availability of oxaliplatin, irinotecan, bevacizumab, and cetuximab the 5-year survival has
significantly increased over the last decade[3-7].
Although some patients seem to benefit from these
drugs, the physical and psychological strain for patients
suffering from PC remains high. In addition to the commonly known side effects of chemotherapy[8], patients
show a variety of symptoms originating from PC itself,
ranging from abdominal pain, nausea and obstipation up
to bowel obstruction and obstructive uropathy[9].

EVALUATION OF PRESENT TREATMENT
The treatment of peritoneal carcinomatosis requires
an interdisciplinary and multimodal approach. Modern
therapy combines cytoreductive surgery (CRS), radiation therapy and systemic chemotherapy, depending on
the origin of the tumor[10-12]. Unfortunately survival rates
remain low[1,13] at the cost of frequently observed dose
limiting side-effects[8].
Since tumor spread into the abdominal cavity may
also be considered as an early step of dissemination comparable to liver metastasis in colorectal carcinoma
- and not as a state of generalized systemic disease[14-16],
one approach may be to resect all detectable tumor nodules and target drugs directly to the peritoneal cavity[17].
The surgical procedure removes all macroscopic
tumor manifestations by combination of different peritonectomy procedures, including greater omentectomy,
splenectomy, left upper quadrant peritonectomy, right
upper quadrant peritonectomy, lesser omentectomy, cholecystectomy with stripping of the omental bursa, pelvic
peritonectomy with sleeve resection of the sigmoid colon,
and antrectomy[18-21], as well as parietal peritonectomy[22,23].
After the resection, the dissolved chemotherapeutic agent
and carrier solution are heated up to 42 ℃ and pumped
through the abdominal cavity for 40-90 min[24]. Since the
abdomen remains opened, it is possible for the surgeon
to support the circulation in the abdominal cavity manually[25]. This procedure is followed by thorough lavage,
anastomosis of resected bowel segments and closure of
the abdominal wall[24].
A survival benefit using CRS and hyperthermic intraperitoneal chemotherapy (HIPEC) has been shown[26].
Verwaal et al[27] reported a 3-year survival of 38% in their
patients. A more recent follow up of the same cohort
shows similar survival rates[28]. Median progression-free
survival was 7.7 mo in the control arm and 12.6 mo in
the HIPEC arm. A 5-year survival of 45% was found in
patients, in which R1 resection could be achieved. This
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DRUG-ELUTING BEADS
Bead characteristics
Promising carriers for contemplable agents such as
doxorubicin, irinotecan or mitoxantrone are drug-eluting
beads (DEB).
By far the most commonly used product in clinic is
DC Bead™, which are microspheres comprised of a
sulphonate-modiﬁed polyvinyl-alcohol hydrogel. They are
available in sizes from 70-700 μm[38] and can be loaded
with doxorubicin (DOX), irinotecan (IRI) or mitoxantrone (MTX)[39]. When drug-loaded, the product provides
an accurate dosage of drug per unit volume of beads in
vitro[38], which they release via ion exchange constantly over
weeks[40,41]. In vitro, the beads are robust and maintain their
size and shape after drug loading[42]. This is a prerequisite
for DEBs, since damage of the beads may cause rapid
liberation and significant systemic distribution of the encapsulated drug or adverse effects by the debris itself.
The surface of the DEBs itself is inert and did not
cause any immune reaction in control groups treated
with unloaded beads[39,43]. Furthermore the biomechanical
engineered material is able to shield its content from the
immune system[44,45].
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Present field of application
DEBs are used in clinical practice for trans-arterial chemoembolisation (TACE) of hypervascularized tumors[46],
such as hepatocellular carcinoma (HCC) and liver metastasis. By administering them selectively into the tumorfeeding vessels, the route for essential nutrients is obstructed and high levels of antineoplastic drugs can be
reached within the tumor[47].
As the procedure itself can be carried out under local
anesthesia, morbidity and complication rates are low[48],
TACE has become the standard palliative approach in
patients with unresectable HCC[49-51]. The objective response rates range from 70%-75%[52,53] at a low rate of
complications[53]. This suggests a good risk-benefit ratio.
For both associated side effects[54] and progression
free survival[55] as well as overall disease control[54,55],
doxorubicin-loaded DC beads (DOXDEB™) produced
the most promising results.

vitro cell assay, had reasonable efficacy and tolerability at
0.2-0.4 mg doses but was lethal at doses of 0.83-1.2 mg.
Irinotecan however, was well tolerated even with repeated
injections of doses from 3.3-6.6 mg and displayed good
efficacy[64]. A similar study evaluated combinations of
doxorubicin, irinotecan, topotecan and rapamycin DEBs
and demonstrated synergistic activity for certain drug
combinations, in particular doxorubicin and rapamycin[65].
Feasibility for the clinical application of the direct
intratumoral delivery of a compartment-based therapy
was first demonstrated by delivery of a reservoir of a
thermosensitive gel containing paclitaxel (Oncogel®) into
the pancreas by use of ultrasound-guided endoscopic
needle injection [66,67]. This approach has been subsequently adapted for the administration of irinotecanloaded DEBs suspended in alginate into the tail of the
pancreas of a healthy pig. The therapy was well tolerated
up to doses of 300 mg of irinotecan, with only localized
pancreatic tissue reactions on histopathologic review[68].

DEBS IN EXTRAVASCULAR USE

Intraperitoneal therapy of peritoneal carcinomatosis
An elegant approach to target drugs to a tumor is to administer them as pro-drugs and activate them intratumorally. The active metabolites are formed by enzymes which
are selectively injected into the tumor.
Routinely, ifosfamide has been used via iv application
in pancreatic cancer treatment[69,70]. After administration
cytochrome P450 2B1 (CYP2B1) produced by hepatocytes, transforms ifosfamide into 4-OH-ifosfamide,
which results in the active compounds phosphoramide
mustard and acrolein[71]. In vitro preparation and direct administration of the active compounds are limited due to
their short half life (45 min)[72].
Löhr et al[73] used encapsulated feline kidney cells,
engineered to produce CYP2B1[74], to target activated
ifosfamide into pancreatic carcinoma[73]. Therefore, cells
were encapsulated in cellulose sulphate[75] for immobilization and to protect them from the immune system when
injected into the tumor. To model a pancreatic cell-like
carcinoma PaCa-44 human pancreatic tumor cells were
injected subcutaneously into nude mice. All mice received
ifosfamide iv, one group received intra-tumorous injection of encapsulated CYP2B1 producing cells and one
group received nonencapsulated cells. Tumor growth
was impaired in all mice receiving ifosfamide. However,
the most significant tumor reduction was detectable in
the group that had received encapsulated cells. Complete macro- and microscopic tumor remission could
be achieved in 20% of the animals. Although the same
dosages of ifosfamide were used in both groups, the
apoptotic rate of tumor cells was three times higher in
the group receiving encapsulated cells. Furthermore
these animals appeared healthier than the ones receiving
nonencapsulated cells. Müller et al[43] were able to reproduce these results using a CYP2B1 producing cell line of
human origin. This cell line did not produce potentially
harmful retroviruses[76] and is immune resistant[77].
The approach worked for other tumor entities as

Since DEBs are able to liberate agents continuously in
vitro[56] they can also serve as drug carriers for extravascular application if the beads are directly instilled into the
compartments.
Intracerebal therapy
The median survival of rats with experimental glioblastoma multiforme (GBM) could be successfully prolonged
using doxorubicin polymers[57]. This demonstrated a superior effect of chemotherapeutic carriers as compared
to iv administration of the free drug. The most efficient
drug - namely doxorubicin - caused the most severe side
effects. Intracerebral hemorrhage and edema as well as
hemiparesis were observed[57]. A significantly longer median survival could be achieved in patients with GBM
using carmustine warfers[58], but they did not affect the
recurrence-free survival times[59]. These findings justified
the idea of compartment-based therapy, but also called
for new delivery systems and alternative antineoplastic
drugs in return.
Baltes et al[60] showed that the intracerebral administration of DEBs is safe for use depending on the loaded
drug. Both doxorubicin- and irinotecan-loaded DEBs
significantly improved survival time in a rat BT4Ca GBM
model. Doxorubicin again caused severe side effects[57]
whereas irinotecan seemed to selectively affect only the
cancer cells and not healthy brain tissue[61,62]. These findings could be confirmed in follow-up experiments where
alginate was used as a viscosity modifier to secure the
administration of the beads into the tissue[63].
Intrapancreatic therapy
The efficacy of irinotecan- and topotecan-loaded DEBs
have been evaluated by use of a modified MTS assay
and in a PSN-1 mouse xenograft model of pancreatic
cancer by direct injection at the tumor site. Topotecan
was shown to be more potent than irinotecan in the in
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tosis, whereas IRI did not show any significant effect.
In vivo tests followed after determining appropriate
concentration levels[39]. For better detection of micrometastases and for tumor load quantification, C-26 cells had
been transfected with the marker protein enhanced green
florescent protein as described[78,79]. All animals developed
disseminated PC. Thereafter, animals were treated with
free and encapsulated DOX and MTX. Best tumor reduction was obtained when splitting the DEB application
into three sessions. Complete tumor remission could be
obtained. Weight loss and mortality of the subjects was
significantly higher in the groups which were treated with
the corresponding free drugs, suggesting a lower toxicity
in the DEB groups.
The results obtained in this model of colorectal tumor, could be reproduced for pancreatic carcinoma dissemination (Figure 1). Yagublu et al[80] used a model of
peritoneally metastasized panc02 pancreatic carcinoma
cells in C57 black6 mice. Treatment was performed with
free and encapsulated DOX, IRI and MTX. The free
drug was more potent in decreasing tumor cell growth
and inducing apoptosis than the encapsulated drugs in
vitro. Again, in vivo free drug administration caused more
weight loss and significantly higher lethality than the encapsulated drug, while no relevant differences in antitumoral activity could be observed.
To test the safety of the intraperitoneal injection and
therapy using the DOXDEB™ a large animal trail was
carried out[81]. Black-headed meat-sheep received an application of DOXDEB™ into the abdominal cavity.
Up to 50% of the maximal cumulative dose suggested
for male humans were used in one single intraperitoneal
injection[82]. DEBs were injected using a verres needle.
Upon autopsy, no DEBs were distributed via blood or
lymphatic vessels. Beads remained on the peritoneum,
immobilized by a fibrin layer (Figure 2A and B). No evidence for organ-related damage or systemic toxicity was
observed. This is remarkable, as cardio toxicity[83-87] and
myelosuppresion[88-91] are frequently described with the
systemic use of doxorubicin, along with less severe side
effects such as stomatitis, alopecia, nausea and vomiting[90]. The systemic distribution of DOX followed a
three-compartment-model omitting a rapid and high
peak, in comparison to iv administration. Serum levels
reached a steady-state 360 min after application with
a half-life of 615 h. Some sheep did not reach the end
point and developed a chemical peritonitis[82,92,93] (Figure
3). By circumventing the systemic administration and
its accompanying side effects, local toxicity was the only
limiting factor. This underlines the importance of drug
choice when it comes to DEB therapy within the intraperitoneal compartment.

A

B

Figure 1 Peritoneal metastasis. A: Beads accumulate in the mesentery of
the small bowel (arrors). Animals show a complete tumor remission; B: Control
animal with disseminated peritoneal carcinomatosis induced by Panc02 cells.

well. Samel et al[78] showed, that similar results could be
achieved in Balb/c mice carrying peritoneal tumor nodules, induced by syngenic C-26 cells injected into the
abdominal cavity. This cell line is highly malignant and
rapidly forms tumor nodules on the peritoneum. Again,
in some animals a complete response was achieved. One
major drawback of this approach is the use of genetically
engineered cells. These cells may maintain a malignant
potential. It remains to be shown if they can be safely applied to patients.
Therefore, an easier approach directly employs encapsulated chemo agents. In vitro tests with wild-type
C-26 murine colon-carcinoma cells showed potent tumor
toxicity for free DOX, IRI and MTX and the encapsulated drugs when combinations of the chemotherapeutic
agents and DEBs were tested[39]. For free IRI and MTX
the inhibition of cell growth was superior to their encapsulated forms. The proportion of apoptotic cells was significantly higher for free DOX as well as for DOXDEB
™ when compared to the other two agents. Both DOX
and MTX showed a dose-depending induction of apop-
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CONCLUSION
There is convincing evidence that drug-eluting beads
can be employed in an extravascular environment for a
compartment-based therapy. In several tumor models,
the carrier devices showed convincing tumor control and
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ute via blood or lymphatic vessels.
Compartment-based therapy could be considered as
a favorable treatment option for palliative patients with
a deteriorated general condition, who are not eligible for
HIPEC. Local toxicity is a limiting factor. Other drugs
- for example irinotecan - have to be tested in a large animal model to further investigate local reactions.
If the adverse effects of the loaded substances are
controlled, the extravascular use of drug-eluting beads is
a promising future approach in compartment-based tumor therapy.

A

200 μm

B
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the pancreas which is extremely difficult to reach by a
percutaneous approach. To date there are no randomized controlled trials to confirm the real clinical benefits
of these treatments compared to standard therapy so it
seems wise to reserve them only for experimental protocols approved by ethics committees.
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Key words: Endoscopic ultrasound; Pancreatic cancer;
Endoscopic ultrasound guided ablation; Alcohol injection; Anti-tumoral injection
Core tip: New operative procedures have been developed on the principle of the endoscopic ultrasound
(EUS)-guided puncture. A hybrid probe combining radiofrequency with cryotechnology is now available, to
be passed through the operative channel of the echoendoscope into the tumor to create an area of ablation.
The potential advantage of an ablation device employed
under EUS control is the real-time imaging guidance
into a deep target like the pancreas which is extremely
difficult to reach by a percutaneous approach.

Abstract
With the advent of linear echoendoscopes, endoscopic
ultrasound (EUS) has become more operative and a
new field of oncological application has been opened
up. From tumor staging to tissue acquisition under
EUS-guided fine-needle aspiration, new operative procedures have been developed on the principle of the
EUS-guided puncture. A hybrid probe combining radiofrequency with cryotechnology is now available, to be
passed through the operative channel of the echoendoscope into the tumor to create an area of ablation. EUSguided fine-needle injection is emerging as a method
to deliver anti-tumoral agents inside the tumor. Ethanol
lavage, with or without paclitaxel, has been proposed
for the treatment of cystic tumors in non-resectable
cases and complete resolution has been recorded in up
to 70%-80%. Many other chemical or biological agents
have been investigated for the treatment of pancreatic
adenocarcinoma: activated allogenic lymphocyte culture (Cytoimplant), a replication-deficient adenovirus
vector carrying the tumor necrosis factor-α gene, or
an oncolytic attenuated adenovirus (ONYX-015). The
potential advantage of treatment under EUS control is
the real-time imaging guidance into a deep target like
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INTRODUCTION
Endoscopic ultrasound (EUS) has seen significant growth
in its applications in oncology in recent years[1-9]. With
the advent of linear array therapeutic probes with a large
working channel EUS has become more operative. From
tumor staging to tissue acquisition under EUS-guided
fine-needle aspiration (FNA), new procedures have been
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developed on the principle of the EUS-guided puncture:
if we can puncture a lesion to acquire a cytological specimen, in the same way we can puncture a tumor to carry
chemical, biological, or physical therapy inside it. New
accessories have been developed, and clinical research on
applications in oncological patients has expanded, especially for pancreatic diseases[10-16].

Total length of the active part = 24 mm (1 + 3 + 2 + 4)
Length of each electrode = 8 mm (1 and 2)
Length of the isolation part = 4 mm (3)
Length of the tip = 4 mm (4)
Diameter of the active part = 1.8 mm
Diameter of the protection tube = 2 mm (5)

5

1

3

2

4

ABLATIVE TECHNIQUES
Radiofrequency and cryotechnology
Ablative therapies such as radiofrequency (RF) and cryotechnology (CT) are widely used in oncology, though not
in the pancreas because of the high operative risks. Retrospective and prospective studies have, however, shown
the feasibility of water-cooled monopolar RF ablation in
patients with stage Ⅲ pancreatic cancer in an open, percutaneous, or laparoscopic setting[17,18]. They confirmed
that ablation in the pancreas is dangerous without additional cooling of adjacent tissue, real-time image control,
and currently available ablation systems[19-22]. Italian surgeons applied an RF probe in locally advanced pancreatic
cancer during laparotomy, demonstrating the feasibility
and safety of the technique[23].
The potential advantage of an ablation device employed under EUS control is the real-time imaging
guidance into a deep target like the pancreas which is extremely difficult to reach by a percutaneous approach. A
minimally invasive technique to selectively ablate tumor
masses could improve the efficacy of neoadjuvant treatments in patients not eligible for any other therapy. The
precision of EUS in establishing the location and size
of pancreatic masses could be exploited to estimate and
follow up the area of ablation and help avoid damage to
surrounding structures[24-26].
A new flexible bipolar hybrid ablation system has
been developed (ERBE Elektromedizin GmbH, Tübingen, Germany) (Figures 1, 2). This hybrid cryotherm
probe (CTP) combines bipolar RF ablation with CT. A
bipolar system is believed to create ablations with less
collateral thermal damage than monopolar systems but
the trade-off is some loss of overall efficiency[27,28]. The
CTP combines the advantages of the two technologies
and overcomes the loss of efficiency: the more effective
cooling by cryogenic gas permits more RF-induced interstitial devitalizing effects than heat alone[29]. Less power
(16 W) is needed than with conventional RF ablation systems (30-60 W) to obtain the same result, so there should
be less collateral damage.
The CTP has an active electrical part with a diameter
of 1.8 mm. The entire probe is covered by a protection
tube that can be safely passed through the operative
channel of the echoendoscope without any risk for the
instrument. Basically this is an internally CO2-cooled RFablation probe which ensures efficient cooling according
to the Joule-Thomson effect. The distal tip of the probe
is sharp, pointed and stiff in order to penetrate the gut
wall and pancreatic parenchyma. Parameters like the
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Figure 1 The tip of the ERBE hybrid cryotherm probe with the active electrical part.

Connectors for RF and gas (CO2)

Adjustable handle

Distal end with
active part

Flexible part with
protection tube

Figure 2 The ERBE flexible probe used for endoscopic ultrasound-guided
ablation of the parenchymal organs. The probe, covered with a protection
tube, is passed through the operative channel of the echoendoscope.

power setting of the generator, the pressure of the gas
through the expansion vessel, and the duration of application can be set independently.
Transluminal RF ablation in the pancreas under EUS
control was feasible in an animal model[30]. The power (16
W) and pressure (650 psi) settings were standardized on
the basis of previous experiments. Under real-time EUSguidance the CTP was clearly visualized as a hyperechoic
line moving out of the working channel until it reached
its place in the pancreatic parenchyma. During the application a hyperechoic elliptic area appeared around
the distal tip of the probe, surrounded by a hypoechoic
border (most likely edema) (Figure 3). There was a positive correlation between lesion size and application time:
the longer the application time the more the lesion size
varied, reflecting the fact that a 900-s application induces
high complication rates in a healthy pancreas.
On histological examination a sharp demarcation
was visible between the ablated area and the untreated
pancreatic parenchyma. Coagulative necrosis was evident
in the center of the lesion one week after the ablation;
after two weeks the lesions showed less edema and more
fibrotic transformation (Figure 4).
After the animal model experiments the efficacy of
the CTP was evaluated in an ex vivo study for destroying
neoplastic tissue of explanted pancreas from patients
with resectable pancreatic adenocarcinoma. Again, histological examination found a positive correlation between
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Table 1 Inclusion and exclusion criteria of patients treated
with endoscopic ultrasound-guided cryotherm ablation
Inclusion criteria

Exclusion criteria

Age > 18 yr
Able to give consent for the procedure

PLT > 100  000/μL
INR < 1.5
Unresectable locally advanced pancreatic
adenocarcinoma already treated with
neoadjuvant chemotherapy

Figure 3 The cryotherm probe applied in the porcine pancreas: the probe
is seen as an hyperechoic line. Initially an hyperechoic elliptic area appears
around the distal tip of the probe, surrounded by a hypoechoic border (most
likely edema).

A

PLT: Platelet count; INR: International normalized ratio.

pain, which responded well to analgesic drugs. Only one
patient experienced a minor bleed in the duodenal lumen
after the procedure, which was treated by endoscopic
placement of hemostatic clips and did not require blood
transfusion. Late complications arose in four cases: three
were related mainly to tumor progression. A computed
tomography scan was done in all patients but only in
6/16 was it possible to clearly define the tumor margins
after ablation. In these patients the tumor seemed smaller
than the initial mass (P = 0.07).
For experts familiar with the EUS-FNA procedure,
the EUS-guided placement of the CTP and the ablation
itself should not present any technical challenge.
A hepatocellular carcinoma of the caudate lobe unsuitable for surgery was treated with EUS-guided neodymium: yttrium-aluminium-garnet (Nd:YAG) laser ablation. A 300-μm optical fiber was passed through a 22-G
needle which was then positioned in the tumor under
EUS guidance. After two months computed tomography
scan showed uniform hypo-attenuation without enhancement in the ablated zone[33].

B

Figure 4 Histopathologic section from the first pig: Normal pancreatic tissue (A) surrounds the central treated area (B).

the size of the ablated area and the application time[31].
In the animal model the complications were related
to the ablation time: all but histochemical pancreatitis occurred with ablations longer than 300 s. Pancreatic tissue
is very heat-sensitive and the thermal ablation of a normal pancreas usually leads to an inflammatory response
with consecutive edema, fibrotic and sometimes cystic
transformation. The tissue response should be different
and less pronounced in a tumor mass surrounded by a
capsule where a desmoplastic reaction limits the damage
to the capsule to a certain extent.
Patients with unresectable, locally advanced pancreatic
adenocarcinoma were recently enrolled in a prospective
case study to investigate the feasibility of EUS-guided
CTP application in vivo and to assess to what extent progression of the disease was slowed[32]. The inclusion and
exclusion criteria are listed in Table 1. From September
2009 to May 2011, 22 patients (11 males and 11 females,
mean age 61.9 years) with unresectable stage Ⅲ pancreatic adenocarcinoma were enrolled. The cryotherm ablation was feasible in 16 patients (72.8%). The probe was
clearly visible throughout the procedure. No severe complications arose during or immediately after the ablation.
Three patients reported post-interventional abdominal

WCG|www.wjgnet.com

Severe alteration of
hemostasis
Unwilling or unable to give
consent
Pregnancy
Infection and/or severe
leucopenia
Acute pancreatitis
Distant metastasis

Ablation of cystic lesions
Only few studies have examined the role of ethanol
injection in ablation of the lining epithelium of cystic
tumors. Pancreatic cystic tumors encompass a wide spectrum of histopathologies and biological behaviors (from
benign to borderline to malignant) and can be differentiated essentially as mucinous or non-mucinous. They are
often detected by chance in asymptomatic patients during
radiological examinations for non-specific gastrointestinal
complaints. For the treatment of mucinous cystic tumors,
surgical resection is usually the first choice, but EUSguided ethanol lavage has been proposed as an alternative
for patients not suitable for surgery. The rationale for the
use of ethanol is that it can sclerose the lining epithelium
and reduce the influx of fluid. The cyst is punctured with
a 22-G fine needle under EUS-guidance, the fluid is aspirated, then ethanol is injected into the cyst and re-aspirated after 3-5 min (Figure 5). In the initial pilot study the
Boston group showed the feasibility and safety of EUSguided ethanol lavage for pancreatic cystic tumors in 25
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genic mixed lymphocyte culture (Cytoimplant) in locally
advanced pancreatic adenocarcinoma. Eight patients with
unresectable pancreatic cancer were given a single EUSguided injection of Cytoimplant. The first two received
three billion cells, the next three six billion cells and the
last three nine billion cells. The procedures were safe and
there were no severe complications. The only side effect
reported was low-grade fever. Median survival was 13.2
mo. No other studies have followed this first phase I trial.
Replication-deficient adenovirus vector carrying the
tumor necrosis factor-α gene: Chang et al[40] also tested
EUS-guided TNFerade injection in patients with locally
advanced pancreatic cancer. TNFerade is a replicationdeficient adenovector that contains the human tumor
necrosis factor (TNF)-α gene. Patients received five
weekly EUS-guided intratumoral injections of TNFerade
(4 × 109, 4 × 1010, and 4 × 1011 particle units in 2 mL).
This was combined with iv chemotherapy (fluorouracil,
5-FU) and radiation. The rationale for this triple strategy
lies in the synergism between the three therapies. 5-FU
is directly toxic to malignant cells and is also a radiosensitizer; radiation therapy destroys tumor cells and upregulates TNF production; and TNFerade, which is also
a radiosensitizer, kills the tumor cells. The procedure was
well tolerated. Patients who received the higher doses had
better locoregional control of the disease, better median
survival rates, and a higher percentage of resective surgery after the treatment[41,42].

Figure 5 Endoscopic ultrasound-guided puncture of a cystic tumor.
The cyst is punctured with a 22-G fine needle under endoscopic ultrasound
guidance, the fluid is aspirated, then ethanol is injected into the cyst and reaspirated after 3-5 min.

patients[34]. They obtained complete resolution of the
cysts in eight (33%), with variable degrees of epithelial
ablation observed at histological examination of resected
specimens in patients who subsequently underwent surgery.
Other studies used taxol for lavage after the ethanol.
Paclitaxel is a viscous, hydrophobic chemotherapeutic
agent that is believed to have prolonged action in the
cyst. In a preliminary study 11 out of 14 patients showed
complete cyst resolution after ethanol lavage and paclitaxel injection[35,36].
A more recent cohort study determined the duration
of successful cyst resolution after EUS-guided ethanol lavage. Computed tomography scans at a median of 26 mo
suggested resolution lasted well[37]. In the Editorial commenting this study, Goodman et al[38] suggest that until
we have better randomized controlled trials EUS-guided
ethanol ablation of pancreatic cysts is best reserved for
experimental protocols and for patients who cannot undergo surgery.

Adenovirus ONYX-015: Another anti-tumoral viral
therapy schedule is ONYX-015, a replication selective
adenovirus with a deletion in the E1B-55 kDa gene,
which preferentially replicates in tumoral cells and kills
them. Twenty-one patients were given EUS-guided injections of ONYX-015 over an eight-week period. Complications were more severe than in the previous studies
described: two patients had sepsis and two had duodenal
perforation. None showed tumor regression with the
ONYX-015 injection alone after five weeks, but two patients had a partial response after the combination with
gemcitabine[42].
Although EUS-guided antitumoral injection seems
feasible and safe, and the results of these studies seem
promising, the efficacy in phase Ⅲ randomized controlled trials has still to be demonstrated and published.

EUS-guided injection of anti-tumoral agents
EUS-guided fine-needle injection is emerging as a method
to deliver anti-tumoral agents inside pancreatic tumors.
Many chemical or biological agents have been investigated for the treatment of pancreatic adenocarcinoma:
activated allogenic lymphocyte culture (Cytoimplant)[39],
a replication-deficient adenovirus vector carrying the
tumor necrosis factor-α gene[40,41], and an oncolytic attenuated adenovirus (ONYX-015) [42]. The procedure
was developed on the principle of EUS-guided FNA:
the needle is passed through the operative channel of
the echoendoscope and is followed in real time while it
punctures the tumor and the agent is delivered inside the
mass. A Doppler signal helps avoid interposing vessels
and makes the procedure safer.

PLACEMENT OF EUS-GUIDED FIDUCIAL
MARKERS AND BRACHYTHERAPY
EUS guidance can also be used to place fiducial markers
or radioactive seeds inside a tumor. Fiducial markers are
radiopaque spheres, coils, or seeds that are implanted in
or near the tumor in order to demarcate the borders of
the tumor to facilitate image-guided radiation therapy.
Many studies have been published on EUS-guided placement of these markers in different tumors[43-47].
The fiducials are passed through a 19-G or 22-G

Allogenic mixed lymphocyte culture (Cytoimplant):
The first study, by Chang et al[40], assessed the technical
feasibility and safety of EUS-guided injection of allo-
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Table 2 Potential applications of therapeutic endoscopic ultrasound for pancreatic cancer
Ref.

Year of
publication

Type of cancer

n

Materials

Results

Complications

Cryotherm probe
Ethanol lavage
Ethanol lavage +
paclitaxel
Cytoimplant

Feasible (72%), and safe
Complete resolution (35%)
Complete resolution (62%)

Pain (3 pts); minor bleeding (1 pt)
No complications
Mild pancreatitis and splenic vein
obliteration (1 pt)
Low-grade fever (86%);
GI toxicities (37%)
Pancreatitis and cholangitis (3 pts)

Arcidiacono et al[32]
Gan et al[34]
Oh et al[36]

2012
2005
2008

Adeno-carcinoma 22
Cystic tumors
25
Cystic tumors
52

Chang et al[39]

2000

Adeno-carcinoma

Hecht

2012

Adeno-carcinoma 50

TNFerade

Hecht et al[42]

2003

Adeno-carcinoma 21

Jin et al[50]

2008

Adeno-carcinoma 22

ONYX-015 + iv
gemcitabine
iodine 125-seeds

8

2 partial responses and 1 minor
response
1 complete response; 3 partial
responses; 12 stable diseases
Partial response (2 pts)
Successful implantation in all pts;
partial remission (13%);
stable disease (45%)

Sepsis (2 pts);
duodenal perforation (2 pts)
No complications

GI: Gastrointestinal.

needle and deployed with different techniques into the
mass, using the stylet, or by injecting sterile water into
the needle[46]. The fact that the 19-G needle is stiffer can
make it harder to position the fiducials in pancreatic head
tumors with the echoendoscope placed in the second
portion of the duodenum, while with the smaller-caliber
22-G needle it may be easier to place the fiducials in the
deepest portions of the pancreas[48].
Few trials have evaluated EUS-guided implantation of
radioactive seeds (iodine-125) in patients with unresectable pancreatic cancer[49,50]. Patients treated with a combination of radioactive seeds and chemotherapy showed
tumor regression and reported some relief of pain[50].

3

4
5
6
7

CONCLUSION
EUS, born as an extremely accurate imaging technique,
is emerging as a tool to guide interventional endoscopy
in oncological patients, from EUS-guided FNA, to EUSguided injection of anti-tumoral agents, to EUS-guided
ablation devices. Table 2 summarizes the potential oncological applications of therapeutic EUS.
Many case series and reports have confirmed the
feasibility and safety of EUS-guided operative procedures, but there are still no randomized controlled trials
to confirm the real clinical benefits of these treatments
compared to standard therapy. At the moment it seems
wise to reserve them only for experimental protocols approved by ethics committees.

8

9
10

11
12
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INTRODUCTION
Pancreatic cancer is a malignant neoplasm of the pancreas whose prognosis is fairly poor. The incidence rate has
risen in recent years and it comprises 1%-2% of common tumors. Each year about 185 000 individuals globally are diagnosed with this condition. As its symptoms
are usually non-specific, pancreatic cancer is often not
diagnosed until and advanced stage. The only potentially
curative therapy for pancreatic cancer is surgical resection. Unfortunately, only 20% patients are resectable at
the time of diagnosis. Even among those patients who
undergo resection for pancreatic cancer and have tumorfree margins, the 5-year survival rate is only 10%-25%[1].
Therefore, developing new treatments to improve the
survival rate has practical significance for patients with
pancreatic cancer.

Abstract
Pancreatic cancer is a common malignant neoplasm of
the pancreas with an increasing incidence, a low early
diagnostic rate and a fairly poor prognosis. To date,
the only curative therapy for pancreatic cancer is surgical resection, but only about 20% patients have this
option at the time of diagnosis and the mean 5-year
survival rate after resection is only 10%-25%. Therefore, developing new treatments to improve the survival rate has practical significance for patients with this
disease. This review deals with a current unmet need
in medical oncology: the improvement of the treatment outcome of patients with pancreatic cancer. We
summarize and discuss the latest systemic chemotherapy treatments (including adjuvant, neoadjuvant and
targeted agents), radiotherapy, interventional therapy
and immunotherapy. Besides discussing the current
developments, we outline some of the main problems,
solutions and prospects in this field.

SYSTEMIC CHEMOTHERAPY
Recent developments
The purpose of systemic chemotherapy is to relieve
symptoms, improve the quality of life and prolong survival.
Chemotherapy
Compared with no chemotherapy or best supportive
care, the combination of 5-fluorouracil (5-FU) with other
drugs shows survival benefit in patients with pancreatic
cancer. However, a retrospective study involving 5365

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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patients with pancreatic cancer showed no difference in
survival between 5-FU combination therapy and 5-FU
monotherapy[2].
Gemcitabine (GEM) is a metabolic anti-tumor drug
and has been approved by the United States Food and
Drug Administration as the standard treatment for pancreatic cancer. The use of gemcitabine-cisplatin (GC) or
capecitabine shows superiority over GEM monotherapy,
while studies comparing GEM plus irinotecan or fluorouracil with GEM monotherapy show conflicting results.
In studies of GC therapy, partial response (PR) was
10％-30％, time to tumor progression (TTP) was 2.8-7
mo, and median survival time (MST) was 5.6-8.1 mo[3].
In studies of GEM in combination with capecitabine
therapy, PR was 8.9%, stable disease (SD) was 42%, TTP
was 6.5 mo, overall survival (OS) was 8 mo, one-year
survival rate was 34.8%, 53% of the patients experienced
less pain, 44% of the patients reduced the dosage of analgesic, and 36% of the patients gained weight[4].
Capecitabine is an orally-administered prodrug that
is enzymatically converted to 5-FU. When used as firstline drug in patients with pancreatic cancer, its response
rate (RR) is 24%. Therefore, it is recommended as the
second-line drug for pancreatic cancer patients who
failed GEM. Capecitabine monotherapy as second-line
treatment for pancreatic cancer has only been studied
in phase Ⅱ trials, which showed that RR was 37%, TTP
was 2.2 mo, and MST was 7.5 mo[5]. In studies of cape
citabine plus oxaliplatin plus capecitabine as secondline treatment for advanced pancreatic cancer, RR was
28.2%, TTP was 9.9 wk, MST was 23 wk. The main side
effect was fatigue and there were no severe hematological or nervous system side effects[6]. Capecitabine in
combination with docetaxel showed a RR of 50%-83%,
but showed no survival benefit because of frequent side
effects such as grade 3-4 neutropenia, gastrointestinal
reaction, and hand-foot syndrome[7]. Phase Ⅱ clinical
trials of capecitabine in combination with celecoxib as
second-line treatment for pancreatic and bile duct cancer
showed RR was 30% and MST was 16 wk[8].
The addition of cetuximab to adjuvant gemcitabine
was investigated in an open label, multi-center, phase
[9]
Ⅱ trial reported by Fensterer et al . Patients underwent
R0 or R1 resection for pancreatic cancer, and were then
treated with adjuvant chemotherapy consisting of 6
cycles of gemcitabine with weekly cetuximab for 24 wk.
Of 76 patients enrolled, 73 patients received at least one
dose of cetuximab. Median disease free survival (DFS)
was 11.9 mo, and the DFS rate at 18 mo was 33.5%, failing to exceed the 35% level hypothesized by the authors.
Median OS was 21.5 mo (95%CI: 16.9-28.2). Grade 3 or
4 toxicities were neutropenia in 11% of patients, thrombocytopenia in 8.2%, dermatological reaction in 6.9%,
and allergic reaction in 6.9%. The authors concluded
that the addition of cetuximab to gemcitabine in the adjuvant treatment of pancreatic cancer does not improve
DFS compared with the use of gemcitabine alone.
S-1 and tegafur are also orally-administered 5-FU
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prodrugs. Studies of tegafur as first-line monotherapy or
combination therapy for advanced pancreatic cancer are
ongoing. S-1 is a new orally-administered chemotherapy
drug that combines tegafur with 5-chloro-2,4-dihydroxypyridine and oteracil at the ratio 1:0.4:1. Currently, its
main use is in treating progressive stomach cancer. GEM
in combination with S-1 was well tolerated and highly
effective in patients with advanced pancreatic cancer in a
phase Ⅰ study. PR was 44%, SD was 48%, OS was 10.1
mo, and one-year survival rate was 33%. The side effects
were acceptable and neutropenia was the most common,
with an incidence rate of 80%[10].
Currently, the use of camptothecins is limited in patients with pancreatic cancer. In studies of irinotecan
monotherapy as second-line treatment for pancreatic
cancer, RR was 48%, MST was 6.6 mo. Severe nausea
occurred in 64% of the patients, and diarrhea occurred
in 36%[11]. When used as second-line drug, camptothecins showed no survival benefit and demonstrated severe
side effects. Rubitecan, an orally-administered camptothecin analog, failed to show positive effects. In a openlabel phase Ⅱ trial, RR of rubitecan monotherapy was
only 7%, and MST was 3 mo[12]. In studies of paclitaxel
monotherapy, RR was 6% and MST was 17.5 wk. It was
well tolerated, with mild gastrointestinal reaction and hematological side effects.
In studies of pemetrexed monotherapy and raltitre
xed monotherapy as second-line treatment for patients
who failed GEM, RR was very low (0％-3.8％), MST
was 18-20 wk. When used in combination with oxaliplatin or irinotecan, MST was 21-26 wk and showed more
grade Ⅲ-Ⅳ side effects[13].
Adjuvant and neoadjuvant therapy
Early stage pancreatic cancer is generally asymptomatic.
As a result, the disease is often locally advanced or me
tastatic at the time of diagnosis, meaning that surgical
treatment can only be performed in a minority of the
cases. Furthermore, recurrence may occur after resection.
Therefore, adjuvant chemotherapy and radiotherapy are
very important for the treatment of this disease. 5-FU or
GEM in combination with radiotherapy are widely used
and have been showed to significantly increase the quality
of life and prolong survival[14]. Adjuvant chemotherapy
has shown a trend towards improved OS. Comparison of
use of gemcitabine vs 5-FU was explored in the ESPAC-3
trial, which demonstrated equivalent survival for both
treatments, but a more favorable safety profile with gemcitabine. There was also a trend toward improved survival
in the gemcitabine arm in patients with node positive disease or those with positive resection margins[15].
Kwon et al[16] conducted a phase Ⅱ trial of adjuvant
gemcitabine and cisplatin chemotherapy followed by
chemoradiation with gemcitabine and 5040 cGy of radiation, then 4 cycles of maintenance gemcitabine. Of the
patients enrolled, 57 completed chemotherapy followed
by chemoradiation. One-year DFS rate was 62.1%, median DFS was 17.4 mo, and median OS was 33.6 mo.
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The majority of recurrences (66.2%) were distant metastases. Later disease stage and involved lymph nodes
were associated with reduced DFS (P < 0.001 and P =
0.01, respectively). These finding suggest promising efficacy with acceptable toxicity for adjuvant multimodality
therapy.
The aim of neoadjuvant therapy is to turn the tumor
from unresectable to resectable by reducing the volume.
However, studies of neoadjuvant therapy in patients
with pancreatic cancer at different stages showed conflicting results.
Neoadjuvant 5-FU-based chemotherapy showed mo
dest effects for resectable tumors. 5-FU plus platinum
anticancer drugs showed significantly improved effects.
Trials of GEM as neoadjuvant therapy showed impro
vement in MST. However, a recently published retro
spective analysis showed conflicting conclusions. Some
studies indicated that neoadjuvant therapy for resectable
tumor helped to improve CR, reduce the recurrence
rate, and improve survival rate, while others suggested
that neoadjuvant therapy showed no survival benefit
and increased postoperative complications. Neoadjuvant
therapy for resectable pancreatic tumor is still at the experimental stage and is not recommended as standard
treatment.
The current neoadjuvant therapy for advanced local
tumors is concurrent chemoradiotherapy. Studies of this
therapy have demonstrated significant variation in its curative effects. This may be owing to the difference in the
definition of “unresectable”. Moreover, such retrospective studies may have sample selection bias[17].

Phase Ⅰ trials showed that cetuximab was well tolerated
when used either as monotherapy or in combination
with other cytotoxic drugs or chemotherapy. Cetuximab
in combination with 5-FU, GEM, carboplatin or cisplatin demonstrated no drug interaction[19]. Phase Ⅱ trials
indicated that cetuximab in combination with GEM was
effective in advanced pancreatic cancer although further
clinical trials are needed.
Erlotinib, an EGFR tyrosine kinase inhibitor, is a
small molecule compound that targets EGFR tyrosine
kinase by blocking autophosphorylation and the downstream signal transduction pathway. According to results
published at the 2005 American Society of Clinical Oncology annual meeting, GEM in combination with erlotinib showed longer one-year survival than GEM monotherapy. Therefore, GEM in combination with erlotinib is
the only Food and Drug Administration approved combination therapy for unresectable or metastatic pancreatic
cancer[20]. Moreover, a study of erlotinib plus capecitabine
in 30 patients who failed GEM-based therapy showed
that the combination therapy was well tolerated and that
the outcome was positive[21]. No significant positive effects were observed in clinical trials of gefitinib.
ErbB-2 is a member of the receptor tyrosine kinase
family and is over-expressed in cells of pancreatic tumors. Herceptin is a monoclonal antibody that suppresses proliferation of tumor cells with ErbB-2 overexpression. A study of GEM plus Herceptin showed RR was
6%, MST was 7 mo, and one-year survival rate was 19%,
which was similar to results from GEM monotherapy.
VEGF receptor inhibitors: VEGF stimulates endothelial cell proliferation and angiogenesis, inhibits endothelial cells apoptosis by activating HSP90 and Bcl-2
expression, increases intercellular gaps and vascular
permeability by making endothelial cells produce nitric
oxide. It thus promotes tumor migration, activates kinase
activity by autophosphorylation, triggers signal transduction, and stimulates tumor angiogenesis.
Bevacizumab is a humanized monoclonal antibody
that recognizes and blocks VEGF-A. It blocks the che
mical signal that stimulates the growth of new blood
vessels and inhibits tumor angiogenesis and tumor cell
proliferation. A study of bevacizumab in combination
with GEM showed PR was 21% (11 patients), SD was
46% (24 patients), six-month survival rate was 77%, MST
was 8.8 mo, and side effects included increased blood
pressure (19%), thrombosis (13%), perforation of abdominal viscera (8%) and hemorrhage (2%)[22]. A multicenter phase Ⅱ trial of GEM in combination with bevacizumab in pancreatic cancer demonstrated encouraging
results, giving rise to optimism for further research on
bevacizumab in combination with chemotherapy.
AEE788 is a new molecular-targeted drug and kinase
inhibitor with potent inhibitory activity against ErbB and
the VEGF receptor family of tyrosine kinases. It inhibits
EGFR overexpression and VEGF-mediated growth of
vascular endothelial cells. In animal experiments, AEE788
in combination with GEM showed higher control rate

Molecular targeted therapies
These therapies are based on molecular biological differences between tumor and normal cells. They can inhibit
the proliferation of tumor cells and promote their apoptosis by blocking signal transduction and prevent tumor
angiogenesis. They interfere with specific targeted molecules needed for carcinogenesis and tumor growth, so
they are more effective than conventional chemotherapy
and less harmful to normal cells.
Epidermal growth factor receptor-targeted drugs:
Epidermal growth factor (EGF) and epidermal growth
factor receptor (EGFR) are overexpressed in the cells
of pancreatic tumors, and are indicators of high aggressiveness and poor prognosis. Therefore, EGFR-targeted
therapy is a promising strategy for the treatment of pancreatic tumor.
Cetuximab (C-225) is a chimeric monoclonal antibody, which is an inhibitor of EGFR. It prevents the
growth of tumor cells by binding to the extracellular
domain of EGFR, inhibiting phosphorylation caused by
receptor-ligand binding, and blocking the EGFR-mediated signaling pathway. At the same time, it inhibits tumor
angiogenesis and metastasis by reducing essential factors such as vascular endothelial growth factor (VEGF).
Cetuximab in combination with GEM showed additive
effects in patients with advanced pancreatic cancer[18].
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No randomized controlled prospective study of neo
adjuvant therapy for pancreatic cancer has been conducted and, therefore, can not be recommended as treatment for pancreatic cancer, other than in clinical trials.
As the molecular pathway of tumor cellular differentiation, migration, apoptosis and metabolism are not
clear, targeted cancer therapies still lack specificity.

(95%), increased cell apoptosis, reduced angiogenesis,
and extended survival in mice with transplanted pancreatic tumors. Relevant phase Ⅰ trials are underway[23].
Matrix metalloproteinases inhibitors: Matrix metalloproteinases (MMPs) promote tumor cell invasion
and migration, and stimulate tumor angiogenesis by
degrading extracellular matrix and basement membrane,
thereby regulating cell adhesion. Marimastat is an orallyadministered broad-spectrum MMP inhibitor. It was well
tolerated and showed a similar survival rate (19%-20%)
to GEM monotherapy in patients with advanced pancreatic cancer[24]. There was no that its therapeutic effect may improve when used in combination with other
drugs.

Solutions and prospects
In order to minimize the side effects of combination
therapy, more data from phase Ⅱ trails of monotherapy
and combination therapy should be collected.
More clinical trials of topical medication, such as
regional perfusion chemotherapy should be conducted.
The arterial blood supply of the pancreas is from the
common hepatic artery (division of the celiac artery),
splenic artery, and superior mesenteric artery. Anti-tumor
drugs infused through celiac artery or superior mesenteric artery can reach the whole pancreas. Hepatic artery
infusion is also effective in pancreatic cancer metastices
in the liver. The commonly used drugs include 5-FU,
cisplatin, epirubicin, mitomycin and GEM. Regional perfusion significantly increases drug concentration within
the pancreas, prolongs the presence of the drug in the
body, and causes fewer side effects on other important
organs, indicating its effectiveness in pancreatic cancer.
Infusion via cannula of embolic agents into arteries that
supply blood to the pancreas prolongs the presence of
the drug in the body, reduces blood supply to the tumor,
increases the cytotoxicity of the drug, and leads to necrosis of tumor cells. Studies showed that local ischemia
inhibited the synthesis of DNA and protein of tumor
cells, thereby inhibiting the growth of transplanted pancreatic tumors in mice.
Intra-tumor injection of chemotherapy drugs can
break the blood-pancreatic barrier, increase drug concentration within the tumor, and causes fewer sides effects than systemic chemotherapy. This is a good option
for patients with unresectable pancreatic tumors.
We need to identify the molecular pathway of pancreatic cancer and look for highly specific targets. For
example, S100P may reduce the side effects of chemotherapy drugs, breast cancer type 2 susceptibility protein
may enhance pancreatic cancer’s sensitivity to mitomycin,
and human equilibrative transporter 1 overexpression
can improve the survival rate of patients received GEM
therapy[28]. This may be helpful to the future treatment
for pancreatic cancer.
Pancreatic cancer cells are resistant to conventional
treatments because they carry mutations which inhibit the
activation of apoptosis. Therefore, developing a molecular targeted drug that inhibits mutation may be a solution.

Prostaglandin synthase: Cyclooxygenase-2 (COX-2)
plays an important role in the development and progression of tumors. It activates epithelial cell proliferation,
inhibits tumor cell apoptosis, stimulates tumor angiogenesis, improves tumor cell invasion, and induces immunosuppression and mutation, in which angiogenesis is
closely associated with malignant tumor growth, invasion
and migration. Celecoxib is a highly selective COX-2
inhibitor. In a clinical trial involving 42 patients with advanced pancreatic cancer, celecoxib in combination with
GEM showed CBR of 54.7%, MST of 9.1 mo, and only
mild side effects[25]. However, no improved therapeutic
effect or survival benefit (MST was 5.8 mo) was observed in studies of celecoxib plus GEM and DDP.
Farnesyl protein transferase inhibitors: Farnesyl protein transferase (FPT) is a critical enzyme for Ras protein
synthesis. Therefore, inhibiting FPT and the activity of
Ras gene may be a means to treat pancreatic cancer. FPT
inhibitors include lonafarnib (SCH66336) and tipifarnib,
BMS-214662. However, phase Ⅰ and phase Ⅱ trials of
tipifarnib monotherapy in patients with advanced pancreatic cancer showed disappointing results[26].
Problems
The anatomical structure of the pancreas is very complicated. The high interstitial tension and inadequate blood
perfusion of solid tumors, especially pancreatic tumors,
give them extreme resistance to most chemotherapy
drugs. Consequently, conventional systemic intravenous
chemotherapy often fail to reach effective concentration[27]. Large dosages may cause severe adverse reactions,
thus impairing the immune system and therapeutic effect.
GEM has replaced 5-FU as the most widely used drug
in advanced pancreatic cancer. GEM and GEM-based
combination therapies are recommended as standard for
advanced pancreatic cancer by National Comprehensive
Cancer Network. Several combination therapies based
on GEM and 5-FU have been developed, although their
therapeutic effects are still unknown. So far, they have
mainly demonstrated improvement in the control of tumor growth and it remains unclear whether or not they
have survival benefits.

WCG|www.wjgnet.com

RADIOTHERAPY
Recent developments
In recent years, the development of radiotherapy techniques, knowledge about the localization of tumor and
radiation dosage have provided new and effective treat-
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ment for pancreatic cancer.

tions or distant metastasis and whose predicted survival
is more than 3 mo. Of the pancreatic cancer patients
that seek radiotherapy, most have locally advanced unresectable tumors which are large and of irregular shape. It
is difficult to give proper radiation doses to such tumors.
Pancreatic tumors have low radiosensitivity and, in
order to inhibit or kill tumor cells, large doses are of
radiation are needed. However, the pancreas is located
behind the peritoneum and near vital organs and important blood vessels such as stomach, intestines, liver,
kidney, spinal cord, etc. These tissues are very sensitive to
radiation and damage to them may lead to serious consequences.
The application of radiotherapy is limited by the high
cost and difficult operation of radiotherapy equipment.
It is still unknown whether the benefits of this technique
outweigh its high cost in patients with locally advanced
pancreatic cancer.

X knife: This is a linear accelerator delivering highenergy X-rays to the region of the patient’s tumor. Only
a few cases of pancreatic cancer treated with the X knife
have been reported. The X knife is only good option for
pancreatic cancer treatment in patients diagnosed with
early stage of the disease[29].
Three-dimensional conformal radiotherapy: The profile of each radiation beam is shaped to fit the profile of
the target from a beam’s eye view, using lead or a multileaf collimator and a variable number of beams. When the
treatment volume conforms to the shape of the tumor,
the relative toxicity of radiation to the surrounding normal tissues is reduced, allowing a higher dose of radiation
to be delivered to the tumor than when using conventional techniques. This is the most widely used radiotherapy technique for pancreatic cancer[30]. Studies showed
that it relieved jaundice in patients with carcinoma of the
pancreatic head, and one-year and two-year survival rates
were 60%-90% and 25%-70%, respectively. A recent
study showed one-year and two-year survival rates of
55.6% and 27.8% respectively, significantly higher than
the 33% and 9.4% of traditional radiotherapy. Therefore,
3-dimensional conformal radiotherapy for local advanced
pancreatic cancer will be the focus of future research.

Prospects
In future, we should be able to take precise images of
pancreatic tumors by nanotechnology and perform conformal radiotherapy using such images. It will also be
advantageous to develop more selective radioactive elements, such as radioactive elements against tumor cells
or tumor stem cells, and to determine more accurate
radiation dosage using biological equivalent dose, hyperfractionation, accelerated hyperfractionation and hypofractionation so as to achieve greater benefit.

Intensity modulated radiation therapy: This technique
allows high radiation doses to be focused on regions
within the tumor while minimizing the dose to surrounding normal critical structures, especially the dose to the
duodenum. Therefore, higher and more effective radiation doses can safely be delivered to tumors with fewer
side effects compared with conventional radiotherapy
techniques[31]. This may make it be a suitable radical treatment for early stage local pancreatic cancer. Further clinical researches on this therapy are of great significance.

INTERVENTIONAL THERAPY
Actualities
Transvascular therapy: As well as regional perfusion
of chemotherapy drugs, radiation sources are also used.
They are implanted into the tumor to deliver beams of
radiation. Studies showed that this method improved
therapeutic effect with a total effective rate of 70% (CR
+ PR), and MST of more than 10 mo. Injection of colloidal[32] phosphorus (P) into solid tumors helped to kill
tumor cells and reduced the blood flow to the tumor[33].

Precision radiation therapy: This method delivers a
single high-dose of precisely-targeted radiation using
highly focused gamma-ray beams that converge on the
specific area where the tumor or other abnormality resides. In advanced pancreatic cancer patients who are
not suitable for surgery, stereotactic radiotherapy may
help control the growth of tumor, reduce jaundice, relieve symptoms, improve appetite, and improve the quality of life. “Gamma knife” is abbreviation of “gamma
knife stereotactic radiosurgery system”, and is composed
of a radioactive source, collimator and movable treatment couch. The treatment couch can move in three (x,
y, z) directions. Radiation can be delivered to the tumor
from any angle by rotating the gantry and moving the
treatment couch[32].

Percutaneous puncture (or non-puncture) therapy:
Injection of absolute ethanol into tumors is an adjuvant
therapy that inhibits the progression of tumor. It is safe
and convenient and has led to better prognosis in pancreatic cancer patients whose primary tumor is relatively
small but can not tolerate major surgery[34].
To puncture the pancreatic tumor under the guidance
of computer tomography (CT) or B type ultrasound, and
utilize multi-stage radio frequency or microwave coagulation to dissolve tumor itself was safe, effective and minimally invasive[35].
Resecting or dissolving a tumor or injecting drugs
into a tumor could also be performed under endoscopy.

Problems
Radiotherapy is a treatment option for pancreatic cancer
patients who don’t have heart, liver, or kidney dysfunc-
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Problems
It is difficult to perform interventional therapy in pa-
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tients with pancreatic cancer. Most pancreatic tumors
have decreased blood flow. They are supplied by several
small blood vessels. The embolic agents often can not
reach the nidus. Collateral circulation may appear near
the embolized vessel after embolization which makes it
difficult to kill the tumor cells. If peripheral vascular embolization material is used, it may enter normal pancreatic tissues through a communicating branch and lead to a
disastrous result. CT-guided injection is only suitable for
a nidus that can be visualized by CT. It can not be used
in a nidus that has the same density as normal tissue.
Moreover, the relationship between the dosage of drug
and the size of the tumor has not been standardized.
Percutaneous puncture may cause damage to the normal
organs and may lead to massive hemorrhage if the nidus
is located on the edge of the organ or near main vessels.
Perfusion chemotherapy is far less effective than arterial
perfusion plus embolization.
Although images taken immediately after embolization show that tumor vessels are blocked and the tumor blood supply cut off, images taken later may show
some of the vessels become unobstructed or new vessels
emerge, indicating the tumor is growing or recurring. In
most cases, arterial embolization needs to be performed
for at least twice.

of CT or B type ultrasound. Nanoparticles are slowly
released and reach a high concentration in the tumor,
killing tumor cells and minimizing the damage to the
normal tissues.

IMMUNOTHERAPY
Recent developments
Monoclonal antibody therapies: Therapies include
pure antibody therapy and conjugated antibody thera
py. The former is the use of monoclonal antibodies to
bind specifically to tumor antigens, leading to antibodydependent cell-mediated cytotoxicity and complementdependent cytotoxicity. In conjugated antibody therapy
biological engineering technology is used to link the
monoclonal antibody with drugs, toxins, radionuclides or
enzyme prodrugs to create an entity to kill tumor cells.
MAb 17-1A is an IgG2a antibody created by immu
nizing mice with the SW1038 colorectal cancer cell line.
It binds to the tumor cell surface, activates T-cells and
kills tumor cells, as proved in animal experiments. MAb
BW-494 is an IgG1 antibody created by immunizing
mice with the BALB/C colorectal cancer cell line. It
can mediate human monocytes and induce antibodydependent cellular cytotoxicity against 51Cr labeled pancreatic cells. 131I labeled MAb BW-494 can inhibit the
growth of tumor cells in mice with transplanted human
pancreatic tumors. MAb YPC3 is an IgG1 antibody created by cell hybridization. Either MAb YPC3 or YPC3mediated LAK can inhibit the growth of tumors. MAb
C017-1A or the C017-1A analog bind the GA 733 antigen
expressed in pancreatic tumor cells and induce cytotoxic
immune response by antigen-specific proliferation, T
cells and delayed-type hypersensitivity. Culture of antinuclear antibody P and several pancreatic tumor cell
lines together and the antibody has been found to significantly inhibit the proliferation of pancreatic tumor
cells, promote their apoptosis and reduce the tumor size.
425(scFv)-pseudomonas exotoxin A (ETA), a recombinant immunotoxin generated by fusing the anti-EGFR
single chain variable fragment 425(scFv) to a truncated
mutant of ETA, can significantly reduce the risk of pancreatic cancer metastasis to the lungs in mice. Trials of
MAb in combination with chemotherapy showed large
doses of chimeric MAb or humanized MAb were well
tolerated by patients.

Solutions
Biological therapies mainly include gene therapy, immunotherapy and therapies that induce tumor cell apoptosis or inhibit tumor angiogenesis. Gene therapy inserts
normal tumor suppressor genes into the patient’s tumor
cells and replaces deleterious mutant alleles to treat cancer. It is a new treatment option for patients besides surgery, chemotherapy, and radiotherapy. With the use of
endosonography, gene therapy or cell-targeted therapy
can be performed[35].
With the help of a robot, rather than physician alone,
puncture is performed more quickly and accurately,
which causes less damage to the surrounding tissues.
Performing interventional therapy under the guaidance of magnetic resonance imaging may avoid the influence of radioactive rays on patients and healthcare workers and minimize the CT scan error on tissues with the
same density.
Micro catheter with a laser or catheter ablation system
helps to avoid damage caused by percutaneous puncture.
Photodynamic therapy is a medical treatment that administers a photosensitizing drug to the patient and the
tissue to be treated is exposed to light suitable for exciting the photosensitizer. The result is an activated oxygen
molecule that can destroy nearby cells. It can damage
endothelial cells of the tumor vessel, and lead to vascular
thrombosis, microcirculatory disturbances, ischemia and
necrosis of the tumor[36].
Nanopolymers can be used to wrap chemotherapy
drugs, radioactive particles, or biological agents into microspheres, which can be administered into the pancreatic tumor by percutaneous puncture under the guidance
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Cytokine immunotherapy: In exogenous cytokine the
rapy an antitumor cytokine is inserted into the tumor.
interleukin (IL)-12 is an important anti-tumor cytokine.
Injection of adenovirus encoding IL-12 plus adenovirus
encoding MIP3a into tumors induces the generation
of cytotoxic T lymphocytes and causes damage to the
tumor cells in several ways. Tumor cell apoptosis is induced via Fas-pShutle, although the recurrence rate is
very high. Giving IL-2 to patients with pancreatic cancer
via subcutaneous injection before surgery showed improved two-year survival rate compared with the control
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group[37]. The IL-2 gene plus interferon-γ can increase
the total amount of CD4+, CD8+ lymphocytes, and induce anti-tumor immune response.
In cytokine-directed therapy, cytokines are conjugated with a toxin, radionuclide, or chemotherapy drug
and act on the tumor cells that express the relevant
cytokine receptor. IL-13 cytotoxin, composed of IL-13
and ETA, demonstrated antitumor activity in studies of
many kinds of tumors. However, IL-13 is differently expressed in various kinds of tumors and its effects is not
consistent. Tumor cells that express type I IL-13R may
be more sensitive to IL-13 cytotoxin.
In cytokine gene therapy a cytokine gene is inserted
into tumor cells resulting in production of cytokine
which combats the tumor. After ras17 peptide vaccine
combined with granulocyte-macrophage colony-stimulating factor was administered to patients with pancreatic
cancer via subcutaneous injection, specific CD8 cytotoxic T-lymphocytes that could kill pancreatic tumor cells
were detected in peripheral blood mononuclear cells[38].
MALP-2 is a synthetic lipopeptide that can inhibits tumor cells by inducing the synthesis of cytokines and
chemokines, as well as the maturation of dendritic cells
by toll-like receptor 2 and toll-like receptor 6[39].

fect of GEM in combination with other therapies[41]; and
(2) Adoptive transfer of lymphocytes: Allogeneic mixed
lymphocytes cultured in vitro are injected into pancreatic
tumors under the guidance of endoscopic ultrasound.
The therapy is found to be effective and has no significant toxicity although controlled studies that involve
more samples are needed. Through in vitro modification
and immunostimulation, lymphocytes may be used as
antigen presenting cells to treat pancreatic tumor cells
with p21 and p53 mutations.
Active immunotherapy: Tumor vaccination may activate or strengthen specific anti-tumor immune response,
prevent the growth, spread and recurrence of tumor
cells. Tumor vaccines include cell vaccines, peptide vaccines and DNA vaccines. (1) Tumor cell vaccine technology: These vaccines are produced from actual cancer
cells that have been removed during surgery. The cells
are treated in the lab, usually with radiation, or modified by albumin. They are then injected into the patient.
The immune system recognizes antigens on these cells,
then seeks out and attacks any other cells with these
antigens that are still in the body. Overexpression of
heat shock protein in pancreatic tumors can inhibit the
apoptosis of tumor cells. Quercetin is a HSP70 inhibitor which inhibits HSP70 in pancreatic tumor cells but
not in normal pancreatic cells. Isolated HSP can bind to
MHC-l molecules and can be recognized by the immune
system. Thus, it can be used as tumor cell vaccine[42]; (2)
Molecular vaccine technology: Tumor antigen peptide is
synthesized by genetic engineering techniques and combined with the MHC-1 molecule, making it recognizable
by antigen presenting cells; and (3) Idiotype antibodies:
Primary antibodies, obtained by using tumor antigens to
immunize other animals, are utilized to create secondary
antibodies, which can be used to activate anti-tumor activity of the immune system.

Problems
Because pancreatic tumor-specific antigens have not yet
been discovered, antigen immunotherapy lacks of specificity. Besides of this, immune escape mechanisms of
tumors add to the obstacles to successful immunotherapy. Possible changes in tumor antigens are as follows:
defects in tumor antigen and antigen modulation, blocking or coverage of tumor antigens, disorders of tumor
antigen processing and presentation, underexpression or
missing of major histocompatibility complex (MHC)-1
molecules, dendritic cell dysfunction, abnormal expression of tumor cell costimulatory molecules, overexpression of FasL in tumor cells, induction of CD4＋CD25＋
T cells and suppression of antitumor immune response.
The effects of monoclonal antibodies and cytokines
have not been fully confirmed and high doses of them
may not be tolerated by patients.

Suicide genes: Suicide gene therapy is also called drug
sensitivity gene therapy, or virus-directed enzyme prodrug therapy. Suicide genes are prodrug converting genes
or cytotoxic factor receptor genes from prokaryotes or
lower organisms. In animal experiments, suicide genes introduced into tumor cells killed these cells by converting
non-toxic or low-toxic prodrugs into toxic metabolites.

Solutions
Adoptive cellular immunotherapy: This kind of treatment is used to help the immune system fight against
cancer by giving cancer-specific T cells to the patient. It
is seldomly used in pancreatic cancer and its therapeutic
effect is not confirmed. (1) Adoptive transfer of dendritic cells: In the presence of granulocyte-macrophage
colony-stimulating factor, dendritic cells are separated
from peripheral blood mononuclear cells of patients
with metastatic pancreas cancer, pulsed with supernatant of tumor cells, and administered to the patient
by subcutaneous injection. Antitumor T-cells are produced, indicating the significant inhibition of tumors by
this therapy[40]. GEM can induce the differentiation of
CD14+ and CD11c+ DC and improve the therapeutic ef-
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Core tip: Patients with pancreatic adenocarcinoma have a
dismal prognosis due to late diagnosis prohibiting surgical
intervention, which is further burdened by chemo- and
radiation resistance. Hope is raised on a minimally invasive diagnosis that is still missing. Recently two diagnostic
options are discussed, serum microRNA (miRNA) and
serum exosomes. Serum miRNA can be free or vesicle-,
particularly, exosomes-enclosed. This review presents an
overview on the current state on miRNA as a cancer diagnostics and discusses arguments in favor of tumor exosomes as a diagnostic tool that additionally could provide
a powerful therapeutic option in the near future.

Abstract
Patients with pancreatic adenocarcinoma (PaCa) have
a dismal prognosis. This is in part due to late diagnosis
prohibiting surgical intervention, which provides the
only curative option as PaCa are mostly chemo- and
radiation resistance. Hope is raised on a reliable noninvasive/minimally invasive diagnosis that is still missing. Recently two diagnostic options are discussed, serum MicroRNA (miRNA) and serum exosomes. Serum
miRNA can be free or vesicle-, particularly, exosomesenclosed. This review will provide an overview on the
current state of the diagnostic trials on free serum
miRNA and proceed with an introduction of exosomes
that use as a diagnostic tool in serum and other body
fluids has not received sufficient attention, although
serum exosome miRNA in combination with protein
marker expression likely will increase the diagnostic
and prognostic power. By their crosstalk with host
cells, which includes binding-initiated signal transduction, as well as reprogramming target cells via the
transfer of proteins, mRNA and miRNA exosomes are
suggested to become a most powerful therapeutics.
I will discuss which hurdles have still to be taken as
well as the different modalities, which can be envisaged to make therapeutic use of exosomes. PaCa are
known to most intensely crosstalk with the host as
apparent by desmoplasia and frequent paraneoplastic
syndromes. Thus, there is hope that the therapeutic
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INTRODUCTION
Pancreatic adenocarcinoma (PaCa) ranks fourth in mortality among cancer-related deaths. With an overall 5-year
survival rate of below 1% and a mean survival time
of 4-6 mo it is the deadliest cancer[1,2]. There has been
considerable progress in the treatment of patients with
early stage PaCa. But late initial diagnosis that prohibits
resection, chemotherapy and radiation resistance and
the early metastatic spread of PaCa account for the nonsatisfactory progress in therapy[3,4]. Thus, research has
focused on defining a reliable non-invasive or minimally
invasive diagnosis. So far, serum markers allowing for
a non-invasive diagnosis and follow up studies are rare.
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CA19-9 is still the most reliable diagnostic serum marker,
but should be used in conjunction with other diagnostic
tools. Additional markers are carcino-embryonic antigen
(CEA), CA125 and CA242, their specificity and particularly sensitivity being below that of CA19-9[5-7]. However,
recently, two non-invasive diagnostic tools have come
into focus. First, serum microRNA (miRNA) was repeatedly described to allow for differential diagnosis of
cancer, where PaCa patients’ serum miRNA might allow
differentiating between benign and malignant tumors
as well as inflammation[8,9]. Second, tumor-derived exosomes are readily detected in body fluids. Their protein,
mRNA and miRNA profiles might well serve as diagnostic tools[10]. In addition, exosomes are hotly debated
as potent therapeutics[11-13].

progress in oncology, where miRNA could be linked to
prognosis, disease progression, local recurrence and metastasis[24,27-29]. As summarized in a recent review[30] miRNA plays an important role in epithelial-mesenchymal
transition (EMT), maintenance of cancer stem cells as
well as tumor invasion and migration. EMT is regulated
by the mir-200 family, miR-141, miR-429 and miR-205.
The expression level of miR-200 negatively correlates
with znc finger E-box-binding homeobox (ZEB)1 and 2,
which inhibit E-cadherin expression[31]. In PaCa, downregulation of miR-30 correlates with EMT, targets being
vimentin and snail-1[32]. Examples for the involvement
of miR in cancer stem cell (CSC) control, including
pancreatic cancer, are the tumor suppressor miR-34 that
regulates Notch and Bcl2[33,34] and miR-21 that correlates with chemoresistance[35]. Instead, miR-9, regulating
E-cadherin expression, is suggested to be of major importance for metastasis-associated mobility and invasiveness[36,37]. miR-34a overexpression can inhibit metastasis
by regulating CD44[38] and miR-340 suppresses invasion
and metastasis by regulating c-Met and via c-Met MMP2
and MMP9[39,40].
For PaCa Jamieson et al [41] performed microarray
analysis on resected PaCa tissue on a cohort of 48 and
24 patients. They describe associations with lymph node
involvement, tumor grading and overall survival, where
high expression of miR-21 and low expression of miR34a significantly correlated with poor survival. Additional studies on PaCa tissue, non-transformed pancreatic
ductal cells, CP samples and on PaCa culture lines by array or RT-PCR[42-46] have been summarized by Li et al[47],
which also provides an overview on their function as tumor suppressors (miR-15a, miR-34a, miR-96, miR-375)
or oncogenes (miR-27a, miR-132, miR-155, miR-194,
miR-200b, miR-220c, miR-429, miR-212, miR-214, miR301a, miR-421, miR-483-3p) and potential molecular targets, which include besides others WNT3A, p53, K-Ras,
Akt, 14-3-3zeta and Smad4[43,48-56].
Taken together, there is increasing evidence that
miRNA plays a central role in carcinogenesis and tumor
progression, where the recovery of miRNA in body fluids may, additionally, provide a minimally invasive diagnostic tool. This has created hope particularly for most
deadly PaCa, late diagnosis considerably contributing to
the poor prognosis.

Tumor diagnosis and miRNA
Recovery of non-coding RNA in body fluids
A new class of small noncoding RNA known as miRNA
endogenously regulates gene expression at the posttranscriptional level[14]. miRNA range in size from 19 to 25
nucleotides. They regulate translation and degradation
of mRNA through base pairing to complementary sites
mostly in the untranslated region[15]. MiR constitute only
1%-3% of the human genome, but control about 30%
of the coding genes[16], most miR controlling multiple
mRNA[17]. miR biogenesis is a multistep process, where
a long primary transcript (pri-miR) is processed into a
70-100 nt hairpin precursor pre-miR. The pre-miR is
translocated to the cytoplasm, where it is cleaved by the
ribonuclease Dicer into a mature miR duplex, which is
incorporated into the RNA-induced silencing complex
(RISC) resulting in degradation of the duplex and binding to target mRNA by complementary base pairing at
the 3’-untranslated region[14]. Seed sequence complementarity of about 7 base pairs enables miRNA to bind the
target mRNA, which results in inhibition of translation
or a reduction in mRNA stability[18]. miRNA in the serum may derive from necrosis, apoptosis[19] or be actively
released in microvesicles[20]. Free extracellular miRNA
is associated with argonaute proteins (Ago) The Ago2miRNA complex accounts for the stability of the free
miRNA[21,22].
In advance of discussing serum miRNA as a potential
diagnostic tool, it should be stated that data normalization
is an important factor and that due to any fluctuation, epigenetic factors or others, like age, gender, diurnal changes
and many more, cohort sizes should be large. Also due to
these variabilities, it is very unlikely that a set of reference
housekeeping miRNA with universal applicability can be
identified[23,24]. Furthermore, it has to be kept in mind that
most miRNA regulate more than one mRNA. Thus, in
turn, a given miRNA may be deregulated in multiple diseases, including different types of cancer[25,26].

Serum miRNA as a diagnostic tool in pancreatic cancer
The stability of free miRNA in serum and other body
fluids has fostered the hope for a minimally invasive diagnostic tool that may also be of prognostic value[57-59],
which meanwhile has been experimentally supported for
different types of cancer[60-62] including PaCa, where it
will be particularly important as late diagnosis prohibits
a curative intervention.
In an earlier study 4 miRNA, miR-21, miR-210, miR-155
and miR-196a have been found to differentiate PaCa
patients’ serum from that of healthy controls, where
miR-155 is a biomarker of early PaCa and miR-196a cor-

miRNA and cancer
The increased knowledge on miRNA greatly fostered
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relates with progression[63]. Evaluating a combination of
CA19-9 with plasma miRNA in PaCa revealed 4 miRNA, miR-155, miR-181a, miR-181b and miR-196a, to
differ significantly from healthy donors’ miRNA, where
only miR-16 and miR-196a allowed for discrimination
from chronic pancreatitis (CP). Including CA19-9 increased sensitivity and specificity of the analysis, 85.2%
of PaCa samples being positive even at stage 1[64]. An
elegant recent study on serum miRNA in PaCa based on
sequencing of pooled samples, a selection phase based
on quantitative reverse transcriptase PCR (qRT-PCR)
followed by a testing phase revealed upregulation of
miR-20a, miR-21, miR-24, miR-25, miR-99a, miR-185
and miR-191 in the serum of PaCa patients as compared to healthy controls. The authors also confirmed
that these 7 miRNA allowed for differentiation towards
CP, where expression in CP did not differ significantly
from that of healthy donors[9]. Additional studies mostly
confirmed abundance of miR-21, miR-155, miR-196a,
miR-210 and miR-16 in PaCa patients’ sera[65-69]. A statistical meta-analysis, which includes 9 studies, from
which 5 were performed with tissue and 4 with serum
or plasma[9,63,64] suggests a potential role for miRNA assays in screening for and confirming PaCa diagnosis[70].
However, the authors also point out that none of these
miRNA is selective for PaCa. An additional concern
should be mentioned. A differential analysis of free versus vesicular, particularly, exosomal miRNA in the serum
of PaCa patients appears to be missing. An exosomal
miRNA analysis may well be advantageous as exosomal
miRNA derives from living cells, whereas free miRNA
may mostly derive from dead cells and thus could significantly change particularly during therapy or in late stage
PaCa[19,71,72]. Serum exosome screening could have an
additional advantage. Membrane integrated PaCa markers will be recovered on exosomes, thus allowing for a
concomitant screening of miRNA and proteins.

taken to elaborate the prerequisites, such as exosome assembly and exosomal message transfer.
Exosome assembly and secretion
It is well known that the relative abundance of proteins,
mRNA and miRNAs differs between exosomes and
donor cells, which implies active sorting into MVB. Indeed, the sorting of proteins into exosomes is a highly
regulated process, where monoubiquitinylation as well as
the endosomal sorting complex required for transport
(ESCRT) play a role, some components of ESCRT,
like Tsg101 and Alix being recovered in exosomes. The
ESCRT machinery consists of 3 complexes, ESCRT Ⅰ,
Ⅱ and Ⅲ, where Tsg1 in the ESCRT complex I binds
ubiquitinated protein and recruits ESCRT Ⅱ. ESCRT Ⅲ
becomes recruited via ESCRT Ⅱ or Alix. ESCRT Ⅲ recruits a deubiquitinating enzyme that removes the ubiquitin tag from the cargo proteins prior to sorting into
MVB[88,89]. However, not all proteins require the ESCRT
complex for incorporation into exosomes. Alternatively,
proteins in detergent resistant membrane complexes can
become incorporated into MVB like MHC Ⅱ molecules
in dendritic cells[90]. Lipid affinity also can account for
MVB incorporation[91]. Tetraspanins and other proteins
with high affinity for cholesterol and sphingolipids are
partitioned into membrane domains which according
to their physical properties are prone for internalization[92-95]. Proteins also may become recruited by associated proteins such as integrins associated with tetraspanins or the transferin receptor (TfR), which associates
with heat shock proteins (HSP) [94]. In particular for
tetraspanin-associated molecules it has been described
that protein complexes rather than singular molecules
are recruited into exosomes. This complex binding severely influences exosome targeting and the crosstalk
with target structures [96-98]. Besides members of the
tetraspanin family (CD9, CD63, CD81, CD82, CD151,
Tspan8), where tetraspanins are constitutive components
of exosomes[91,99] and are frequently used to differentiate
exosomes from other extracellular vesicles[75,91], additional molecules most abundantly recovered in exosomes are
HSP[100,101], proteases[102,103], MHC molecules, cytoskeletal
proteins and signal transduction molecules[104], where engulfment of cytosolic proteins involves proteins located
close to the outer membrane of MVB by automicrophagy[105].
Interest in exosomes has steeply increased, when it
was reported that exosomes contain mRNA and microRNA that will be transferred into target cells[106]. Exosomal
mRNA and miRNA also differs from that in the donor
cell. mRNA recruitment can be guided by a zip code in
the 3’-UTR[107]. Exosomal mRNA is less abundant than
exosomal miRNA. Exosomal mRNA are mostly involved in cell cycle progression, angiogenesis, migration,
or histone modification[98,108,109]. Exosomes also contain
selected miRNA. miRNA recruitment is facilitated by
coupling of RISCs (RNA-induced silencing complexes)
to components of the sorting complex[110,111], the release

Exosomes as a diagnostic tool
Exosomes are small 40-100 nm vesicles, which derive
from the fusion of the intraluminal vesicles of multivesicular bodies (MVB) with the plasma membrane[10,73].
Their homogeneous size is one of the major criteria to
differentiate exosomes from apoptotic blebs, microparticles and microvesicles, which vary in size[74]. Exosomes
are composed of a lipid bilayer; they contain selected proteins, mRNA and miRNA[75]. Exosomes are secreted by
many cells and abundantly by tumor cells[76] and are found
in all body fluids[77]. Due to their presence in all body
fluids and the expression of selected markers, exosomes
are suggested to be optimal candidates for non-invasive
diagnosis[78,79]. Exosomal proteins, mRNA and miRNA
being functionally active[80,81] and transferred into target
cells[13,81-85], exosomes are the most important intercellular
communicators[75] and are suggested to become a very
powerful therapeutic tool[12,86,87]. To reach the goals of
exosomes as diagnostics and therapeutics great efforts are
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of miRNA being controlled through ceramide-dependent
machinery associated with exosome secretion[112]. Exosomes contain > 120 miRNA from a selected number
of genes. Network based analysis of exosomal miRNA
points towards an involvement in stem cell differentiation
(let-7), organogenesis (miR-1), hematopoiesis (miR-181)
tumorigenesis (miR-17, miR-18, miR-19a, miR-20, miR19b-1, miR-93-1)[13,14] and metastasis[105].
As exosomes are found in all body fluids[77], the selective enrichment of “marker” proteins as well as of
miRNA makes exosomes a very attractive means for noninvasive diagnosis[104,113].

human PaCa serum exosomes confirms this inasmuch as
the miRNA profile of serum exosomes and of culture
supernatant exosomes show abundance of the same
miRNA. In addition, the absence of a miRNA that is
recovered in serum exosomes from healthy donors and
PaCa patients provides a strong hint towards this miRNA being not derived from tumor exosomes. Having
selected for miRNA abundant in pools of PaCa patients
serum exosomes, one can proceed with verification by
qRT-PCR.
In concern of serum exosome marker profiles one
should also start with pooled healthy donors serum exosomes and select for markers that are undetectable on
healthy donors’ exosomes. Antibodies against constitutive exosome markers may serve as controls. After this
screening one can either proceed with enzyme-linked immunosorbent assay (ELISA)[118] or flow cytometry, where
latex beads can be coated with antibody in advance or
latex beads are loaded with exosomes and marker expression is evaluated by incubation with antibodies after
blocking free binding sites of the latex beads[114,119,120].
Both procedures have advantages and disadvantages and
it depends on the individual question, which to prefer.
For diagnostic purposes several kits are commercially
available.
So far, at least to my knowledge studies being concerned about serum diagnosis or diagnosis in other body
fluids, like the urine, by miRNA have rarely taken into
account the particular profile of exosomes. To give a few
examples. In glioblastoma serum exosomes miR-21 was
40-fold increased[108]. In serum exosomes from ovarian
cancer patients, 8 miRNA were significantly increased[121]
and in prostate cancer urine exosomal miR-107 and
miR-574-3p are upregulated[122].
In concern of the comparably rare trials on serum
or other body fluids exosomes as diagnostic tool, I want
to stress again that only exosomal miRNA is delivered
by live cells[19,71,72]. Thus, this miRNA can be expected to
be particularly selected for functional relevance. In addition, CSC/migrating tumor cells are suggested to be
enriched in the serum[123,124] and could well contribute to
the serum exosome pool and to its diagnostic validity,
cancer progression relying on the small population of
CSC, which account for drug resistance, metastasis and
late recurrence[125-127]. Finally, exosomes being delivered
by live tumor cells, the amount of exosomal miRNA
may change with the size of the tumor, but the miRNA
profile most likely will be stable.
Serum exosomes as a diagnostic tool have an additional advantage, as besides tumor miRNA, membrane
bound tumor markers can be searched for. Thus, in ovarian cancer, CD24+ and EpCAM+ exosomes were recovered in ascites of tumor patients and in serum CD24+
exosomes were detected, the absence of EpCAM +
exosomes in serum being due to cleavage by exosomal
ADAM10[128,129]. Also in ovarian cancer claudin4 was upregulated in 32 of 63 patients’ serum exosomes, but only
in 1 of 50 control serum exosomes[130]. In plasma exo-

Tumor diagnosis by serum exosomes
Exosomes are separated by sequential centrifugation
steps followed or preceded by 0.2 μm filtering. For preevaluation exosomes should be further purified by sucrose density gradient centrifugation[114,115]. This, however
may not be possible for large sample number evaluation
and also may not be feasible with the amount of available serum. According to our experience and in line with
literature reports, 1 mL of serum will be sufficient for
screening of a limited number of proteins and miRNA.
Particularly for miRNA screening, recently a thorough
comparative evaluation of mRNA preparation has been
published[116], which should be taken into account as in
dependence of the exosome source minor differences
may lead to a pronounced loss of miRNA. Besides these
“home made” exosomes, several commercially available exosome purification kits are available that were
described to reveal comparable results. In addition, there
are special diagnostic kits on the market, which will be
helpful, if a clearly defined question is to be answered,
e.g., searching for one marker or a few selected miRNA.
As far as one is interested to find out the protein marker
or miRNA profile of exosomes of a tumor entity that
has not yet already been analyzed, it may be preferable
to start open minded without any preselection. In concern of the readout system, I strongly recommend for
miRNA the protocol of Liu et al[9] described above for
free serum miRNA, starting with a microarray of pooled
serum exosomes from patients and control donors. According to our unpublished experience the ten most
abundant miRNA are with high likeliness recovered in
exosome pools of different patients. As the serum contains much more exosomes that are not tumor-derived,
taking into account that only platelets account for
roughly 50% of serum exosomes[117] , the comparison
to healthy donors’ exosomes provides already a good
means to select out non-tumor exosomal miRNA. As an
additional control, I would recommend exosomes from
culture supernatant of tumor lines from the same cancer
type.
It also should be remembered that exosome collect
a limited number of mRNA and miRNA that does not
correlate to the mRNA or miRNA profile of the cell,
which we confirmed for a rat pancreatic cancer line and
exosomes derived thereof[109]. Our unpublished study on
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somes of prostate cancer patients’ survivin is upregulated
compared to controls and benign prostate hyperplasia[131].
In urine exosomes of prostate cancer also PCA3 and
TMPRSS2: ERG, deriving from a chromosomal rearrangement were detected, verifying body fluid exosomes
as diagnostic marker [132], though in another study on
prostate cancer urinary exosomes PSA and PSMA were
detected, but exosomes in urine showed great variability[133]. Also in plasma exosomes from melanoma patients
caveolin-1 and CD63 were consistently elevated[134] and
tumor exosomes could be efficiently isolated with antiHER2/neu from ascites of cancer patients[135]. Last, not
least, the tumor-specific epidermal growth factor receptor
Ⅷ (EGFRⅧ) was detected in 7 out of 25 glioblastoma
patients serum exosomes[108] and our ongoing study on
pancreatic cancer serum exosomes confirms recovery of
exosomes carrying PaCa stem cell markers[124].
Taken together, comparably few studies on cancer
patients serum/plasma or urinary exosomes confirmed
the suggestion that exosomes in body fluids can serve as
a diagnostic tool. Unfortunately, at least according to my
stage of knowledge, PaCa serum exosomes have not yet
been evaluated, where I strongly recommend to take into
account that exosomes offer the possibility to evaluate
both miRNA and protein markers. Our ongoing studies
strongly suggest that combining the analysis of these
two parameters most likely will bring about a considerable improvement in early PaCa diagnosis.

ger receptors. Furthermore, the selectivity of exosome
uptake argues for PS facilitating binding, but not for being involved in exosome uptake[97,141,142].
Instead, already in 2004 evidence was presented that
exosome uptake by dendritic cells (DC), Kupffer cells
and some macrophages (Mφ) involves, besides PS, milk
fat globulin-E8, CD11a, CD54, CD9 and CD81 on exosomes and requires αvβ3, CD11a and CD54 as ligands
on DC[143] suggesting exosome binding and uptake to
involve receptor-ligand interactions that may vary depending on the protein pattern on exosomes and target
cells[144]. Notably, this early study also pointed towards a
later on confirmed contribution of tetraspanins[97,145,146].
We additionally unraveled that target cell ligands are also
located in internalization prone protein clusters, which
include annexins, chaperons, molecules involved in vesicular transport, tetraspanins and tetraspanin-associated
molecules[97]. Thus, internalization by donor cells and the
exosome uptake by target cells use similar fusion/fission
machineries, maintenance of internalization complexes
and re-use of these complexes for exosome uptake apparently being a common theme[146-148]. Furthermore,
antibody blocking of CD91, a common receptor for
several HSP interferes with exosome activity [149]. Of
note, exosomes also bind with high avidity several matrix
proteins[102], where matrix protein binding is selective and
requires defined tetraspanin-adhesion molecule complexes[103]. Less is known about the discussed mechanism
allowing for fusion of exosomes with their target cell.
However, it has been shown that exosome fusion is facilitated or requires an acid pH[150].
Thus, exosomes display target cell selectivity, which
at least partly builds on the engagement of protein complexes in internalization prone membrane domains.

Exosomes as a therapeutic tool
Exosomes are hotly debated as the most potent gen
therapeutic option of the futur4[12]. In advance of discussing this option, I should briefly introduce what is
known so far about the interaction between exosomes
and target cells. I will first discuss exosome binding and
uptake and proceed giving a brief overview on exosome
binding and uptake-induced target modulation.

Target modulation by exosomes
First to note, exosomal proteins, mRNA and miRNA are
function competent[112,145]. Accordingly, there are several
modes, whereby exosomes can modulate their targets.
Binding-induced target modulation mostly relies on activation of exosome ligands and protein cleavage by exosomal proteases. Exosome uptake-initiated changes can
be brought about by transferred proteins, mRNA and
miRNA. These distinct activities of exosomes are far
from being comprehensively understood, but all have exemplary been confirmed. I will mention some examples,
as I feel it is important to be aware of this ongoing research to understand the potential power of an exosome
based therapy.

Exosome binding and uptake
In advance of considering options for the therapeutic
use of exosomes, it is a conditio sine qua non to be
aware, which cells in the body are potentially targeted by
exosomes. Though it is well appreciated that exosomes
only interact with selected targets[97,98,136], the mode of
selection requires further clarification. Several options,
which are mutually not exclusive are discussed, receptorligand interactions, attachment, fusion with the target
cell membrane, or internalization[136-138].
Due to inward budding of endosomes into MVB, the
outer membrane of exosomes is characterized by phosphatidylserine (PS), which can trigger exosome uptake
by binding to scavenger receptors, integrins, complement receptors and PS receptors (TIM), particularly
TIM-4[139,140]. In line with this, macrophages (Mφ) very
rapidly bind exosomes, binding being efficiently blocked
by anti-CD11b[141]. However, in vivo studies did not provide evidence that exosome uptake is dictated by scaven-
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Exosome-binding induced target modulation
Exosomes are rich in proteases[102], which modulate the
exosomes protein profile as well the ECM and target cells.
A tumor creates its own matrix, but also influences
the host matrix to generate surroundings promoting
tumor cell migration and survival. The phenomenon is
poorly understood and the impact of tumor exosomes
is largely unexplored. First to note, exosome proteases
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modulate the exosome protein profile, described for
L1 and CD44 shedding by ADAM10 and for EpCAM,
CD46, TNFR1 by unknown metalloproteinases[151-153].
Exosomal proteases also modulate the ECM, where
exosomal tetraspanins due to their association with
proteases and integrins become important[152,154-156]. The
collagenolytic and laminin-degrading activity of exosomes facilitates angiogenesis and metastasis[142,157-162],
degradation of aggrecan increases invasiveness [163,164]
and exosomal MMP2, MMP9, MMP14 and cathepsinB
correlate with invasiveness[160,165]. Focalizing exosomal
matrix degrading enzymes allows for paving the path
of metastasizing CSC towards the premetastatic niche,
which we confirmed for a rat metastasizing pancreatic
adenocarcinoma[103,166]. As the ECM also is a storage of
bioactive compounds[167], modulation of the ECM by
exosomal proteases[168] can account for cytokine/chemokine and protease liberation and generation of cleavage
products that promote motility, angiogenesis and stroma
cell activation[102]. Thus, the modulation of the ECM by
exosomal proteases creates a path for migrating cells,
favors a tumor growth promoting microenvironment,
angiogenesis and premetastatic niche establishment.

exosomes-HSP functioning as an endogenous danger
signal-promotes NK activation and tumor cell lysis[178,179]
and supports T cell activation and effector functions[180]
as well as induction of costimulatory molecule expression
in DC[181,182]. Tumor exosomal chemokines attract and activate DC and T cells, such that intratumoral injection efficiently inhibits tumor growth[183]. Tumor exosomes also
can be an efficient antigen source, which induce a potent
Th, CTL and B cell response, even where lysates of the
same tumor are non-immunogenic[141,184].
Taken together, there is an intense crosstalk between
tumor exosomes and the immune system that may be
due predominantly to exosome binding-initiated signal
transduction. Depending on the individual tumor’s exosome composition, immune responses are suppressed,
but also can be strengthened and in combination with
DC tumor exosomes could well contribute to cancer immunotherapy.
Angiogenesis induction being one of the hallmarks
of cancer, intense efforts have been taken to elaborate
the contribution of tumor exosomes. Tumor exosomes
containing tumor necrosis factor alpha (TNF-α), IL1β,
TGFβ and TNFR1 recruit endothelial cell (EC) progenitors, promote angiogenesis[107] and stimulate EC by
paracrine signaling[185]. Delta-like4 bearing tumor exosomes confer a tip cell phenotype to EC with filipodia
formation, enhanced vessel density and branching[186],
which involves activation of PPARα and NFkB activation[187]. In a feedback, prostate cancer exosomes lead to
activation of fibroblasts, which then shed exosomes that
increase tumor cell migration via CX3C-CX3CR1[188].
Another elegant examples of tumor exosome-mediated signal transduction describes overexpression of CD9
or CD82 promoting formation and secretion of exosomes that contain β-catenin, thereby reducing its cellular
content and impairing Wnt signaling, which proceeds via
tetraspanin-associated E-cadherin[189]. Besides indicating
that the cargo of exosomes differs depending on ESCRTor tetraspanin-initiated internalization, this study demonstrates that by depletion of inhibitors or stimulators tumor
exosomes can opposingly affect signal transduction[190].
Also, tumor exosome-promoted tumor growth may vary
for individual tumors. Thus, a deficit in Rab27a leading to
reduced exosome production affected growth of a tumor
line that required recruitment of neutrophils, but not of
another neutrophil-independent line[191].
Briefly, binding of tumor exosomes to hematopoietic
cells, EC and stroma cells can severely affect the target
cell, which may become activated or suppressed. Additionally, the export of proteins into tumor exosomes affects the tumor cell itself. It also has to be kept in mind
that tumor exosome-initiated signaling varies with the
origin and composition of tumor exosomes. Last and
importantly, the strength of tumor exosome initiated signaling relies on their accessibility throughout the body.

Exosome-initiated signal transduction: Exosome-initiated signal transduction can be promoted by exosome
binding and exosome uptake, which in most instances
is experimentally difficult to decipher. Nonetheless,
the impact of tumor exosome binding-initiated signal
transduction on tumor immunity, angiogenesis, tumor
growth/metastasis has been convincingly demonstrated.
DC-exosomes are one of the best explored examples
for exosome binding-initiated signal transduction. DCexosomes can replace DC in immune response induction
and exosome-based therapy was first explored using DCexosomes as a cancer vaccine. DC also take up exosomes
secreted by other cells, including tumor cells, which they
internalize and process for presentation. Thus, DC use
exosomes as a source of antigen and produce exosomes
that suffice for T cell activation, both features expanding
the operational range of DC[143,169-171].
Tumor exosomes also affect the immune system[172].
Tumor exosomes inhibit CD4+ T cell proliferation, which
is accompanied by up-regulation and stronger suppressive activity of regulatory T cells (Treg) due to exosomeassociated transforming growth factor beta 1 (TGF-β1)[168].
NK activity also becomes impaired via tumor exosome
inhibiting activation of Stat5, Jak3, cyclinD3 expression
and perforin release[173] or due to blocking NK cells via
NKG2D binding[174]. Induction of myeloid-derived suppressor cell (MDSC) is promoted by exosomal TGFβ
and PGE2[175]. Via stimulating TGFβ1 secretion by Mφ,
tumor exosomes suppress anti-tumor immune responses
allowing for tumor growth and metastasis formation in
allogeneic mice[176] and by high ICAM1 expression, tumor
exosomes block the interaction between T cells and endothelial cells, thereby decreasing T cell recruitment[177].
On the other hand. high level HSP expression on tumor
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showed that embryonic stem cell exosomes transfer messages into hematopoietic progenitor cells that promoted
survival and expression of early pluripotency markers[20].
Adult tissue exosomes, too, had the capacity to alter the
phenotype of their target such that upon coculture bone
marrow cells (BMC) express markers found on the exosome donor cell[192], where uptake of exosome proteins,
mRNA and miRNA are contributing. These findings
also account for tumor exosomes, which transfer receptor and oncoproteins or miRNA[20,193].
One of the first evidences to support tumor exosome-uptake plays a critical role in autocrine stimulation
of tumor growth revealed that the intercellular transfer
of the oncogenic receptor EGFRⅧ via tumor exosomes
to glioma cells, lacking this receptor, causes transformation of indolent glioma cells[194] and reprograms growth
factor pathways in EC[126]. Other oncogenes, like Ras,
Myc, SV40T also induce signaling and gene expression[195-197], where e.g., exosomal amphiregulin, an EGFR
ligand, increased tumor invasiveness 5-fold compared to
the recombinant protein[198].
Tumor exosome uptake-induced changes in recipient non-tumor cells can be transient, but also suffice
to drive tumor growth as described for tissue transglutaminase and fibronectin[199] or high level c-Met uptake
by BMC, which leads to their re-education to support
premetastatic niche formation for melanoma cells, where
in melanoma patients, too, circulating BM-derived cells
express Met[200]. Tumor exosomes also transport apoptosis inhibitory proteins[201] and present TGFβ. This drives
differentiation of fibroblasts towards myofibroblasts,
which support tumor growth[202]. Adipose-tissue derived
mesenchymal stem cells (MSC) also can be driven into
myofibroblasts by tumor exosomes [203]. Lung cancer
tumor exosome uptake stimulates IL8, VEGF, LIF, oncostatin and MMP secretion, which promotes tumor
growth[204]. Instead, uptake of tumor suppressor genes
from non-transformed cells can mitigate cancer cell aggressiveness[12,205].
An involvement of exosomes in metastasis was
first described for platelet-derived exosomes, which
transferred the αⅡb integrin chain to lung cancer cells,
stimulated the MAPK pathway and increased expression
of MT1-MMP, cyclin D2 and angiogenic factors and
enhanced adhesion to fibrinogen and human umbilical
vein EC[206]. We explored that exosomes from a PaCa
together with a soluble tumor matrix facilitated recruitment of hematopoietic progenitors from the BM as well
as activation of stroma cells and leukocytes in premetastatic lymph nodes such that a non-metastatic tumor
line settled and formed metastases[207]. The recruitment
of tumor cells also becomes facilitated by exosomal
HSP90, a complex of exosomal HSP90 with MMP2
and tissue plasminogen activator promoting together
with exosomal annexin Ⅱ plasmin activation tumor cell
motility[208]. As already mentioned, the transfer of c-Met
contributes to premetastatic niche formation mostly via
bone marrow cell modulation[200]. Thus, tumor exosomes
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enhance migration and homing of tumor cells in sentinel lymph nodes due to stroma and hematopoietic cell
as well as matrix modulation[77,108,200,207]. Finally, uptake
of exosomes from non-transformed cells in the tumor
surrounding can affect tumor cells such that fibroblastexosomes promote breast cancer motility via Wnt planar
polarity signaling[209].
Tumor exosome uptake also accounts for EC modulation. Colorectal cancer exosomes, enriched in cell cyclerelated mRNA, promote EC proliferation[210]. Glioblastoma-exosome-induced angiogenesis relies on the transfer
of exosomal proteins and mRNA[108]. Uptake of EGFRpositive tumor exosomes by EC elicit EGFR-dependent
responses including activation of the MAPK and Akt
pathway and VEGFR2 expression[211]. Transfer of exosomal Notch-ligand-delta-like-4 increases angiogenesis[183]
and tumor exosomes expressing a complex of Tspan8
with CD49d preferentially are taken up by EC and EC
progenitors, which initiates progenitor maturation and
EC activation including VEGFR transcription[60]. Chronic myeloid leukemia (CML)-exosomes induce angiogenic
activity in EC, where a Src inhibitor affects exosome
production as well as vascular differentiation[212].
As mentioned tumor exosome uptake-induced target
cell modulation frequently represent the net result of
protein transfer-initiated signal transduction, transferred
mRNA translation and mRNA silencing by miRNA.
Though a separation between these activities appears
somewhat artificial, a few reports describing preferential
activities of mRNA and miRNA should be mentioned.
By the transfer of miR-150 in AML-exosomes to
hematopoietic progenitors CXCR4 expression becomes
reduced and HSC migration is impaired[213]. CD105+ renal cell CSC exosomes carry proangiogenic mRNA and
miRNA, which trigger the angiogenic switch[158]. mRNA
and miRNA of exosomes from a metastasizing PaCa are
recovered in lymph node stroma and lung fibroblasts,
and transferred miRNA significantly affects mRNA
translation, which was exemplified for abundant exosomal miR-494 and miR-542-3p, which target cadherin17.
Concomitantly, MMP transcription, accompanying cadherin17 downregulation, was up-regulated in lymph node
stroma cells transfected with miR-494 or miR-542-3p or
co-cultured with tumor exosomes. Thus, tumor exosome
miRNA uptake affected premetastatic organ stroma cells
towards supporting tumor cell hosting[109]. Exosomes
from virus transfected cells transfer viral miRNA[214,215].
Leukemia cell exosomes contain miR-92a that is transferred into EC, downregulates CD49e and increases migration and tube formation[216]. In lung cancer exosomes
miR-21 and miR-29a act as a ligand of mouse TLR7
or human TLR8, functioning as agonist and leading to
NFkB activation and IL6 and TNFα secretion, which
promotes metastasis[217]. Hepatocellular carcinoma exosomes abundantly contain miR-584, miR-517c, one of
the potential targets, TGFβ activated kinase 1, activates
JNK and MAPK pathway and NFkB, where transfer of
exosomal miRNA in coculture promoted anchorage-
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independent growth and apoptosis resistance[218].
Stroma cells also release exosomes, whose miRNA
can influence tumor cells. BM stroma cell exosomes inhibit the growth of multiple myeloma, but those derived
from patients with multiple myeloma force multiple myeloma progression, the latter exosomes showing a lower
content of tumor suppressor miR-15a, but high levels
of oncogenic proteins, cytokines and adhesion molecules[219]. Tumor-associated Mφ secret exosomes with
high miR-223, that binds Mef2c, causing nuclear accumulation of β-catenin[220]. Monocyte exosomal miR-150,
when transferred to EC, promotes migration[221].
Taken together, transferred exosomal miRNA can reprogram target cells, the linkage between exosomal miRNA and the targeted mRNA remaining to be elaborated
in detail in many instances. In concern of the described
impact of transferred proteins and mRNA, the question on long-lasting in vivo efficacy awaits clarification.
Exosomes being a most powerful means of intercellular communication that function across long distance,
it is utmost important to answer these open questions.
Nonetheless, therapeutic exploitation of exosomes appears promising.

with tumor exosomes. Instead, DC exosomes are already
used as a vaccine[226,227].
Exosomes to substitute or support dendritic cells
Exosome research became highly stimulated, when it
was noted that antigen presenting cells release exosomes
derived from MVB of the MHC class Ⅱ compartment,
which can stimulate T cells in vitro and in vivo[228]. Several
studies report that DC-exosomes were well tolerated,
induced an antigen-specific response and or NK recovery and that the disease-free survival time was mostly
prolonged. For the therapeutic translation it is also beneficial that exosomes can be stored at -80 ℃ and that
recovery is high. Limitation were mostly restricted to the
requirement of large amounts of DC-exosomes[229-231].
Though tumor exosomes can be immunosuppressive,
this does not affect their use for loading DC. Several
groups report that exosomes delivered from DC after
coculture with tumor exosomes might be superior to
exosomes derived from peptide-pulsed DC. DC pulsed
with exosomes of an AML line provoked a strong antileukemia response[232]. In line with this, directing tumorassociated, non-mutated antigens like CEA and HER2 to
exosomes by coupling to lactadherin increased their immunogenicity[233]. Targeting prostate-specific antigen or
prostatic acid phosphatase via lactadherin to exosomes
also induced a superior immune response[234]. Furthermore, anticancer drug force the release of HSP-bearing
exosomes, which efficiently activate NK cells[235]. Taking
this into account, tumor exosomes should be particularly
helpful as antigen source, when immunogenic entities of
a tumor are unknown.

EXOSOMES AS THERAPEUTICS
Exosomes are discussed as most potent gene delivery
system, as they are easy to manipulate and efficiently
transfer proteins and genes. This could offer a means to
interfere with tumor exosome promoted angiogenesis
and metastasis, two major targets in cancer therapy[91,222].
In addition, exosomes are discussed as cancer vaccine[172].
Nonetheless, in advance of discussing the possibilities to interfere with tumor growth and progression via
exosomes, I want to stress three points. First, uptake by
selective target cells needs to be most thoroughly controlled. Second, the pathway whereby exosomes affect a
selected target cells has to be well defined. Besides the
still open question, whether transferred proteins, mRNA
and miRNA or a combination account for observed effects, the multiple targets of individual miRNA could
create problems such that side effects at the present state
of knowledge can not be excluded. Third, it should be
mentioned that the indispensability of exosome transfer in human cancer remains questionable. In A431 PS
blocking inhibits uptake of exosomes by EC, but the antiangiogenic effect was only transient[194]. Also a blockade
of cellular vesiculation (TSAP6, acidic sphingomyelinase) did not prevent tumorigenesis[223,224]. Furthermore,
blocking of Rab27a involved in exosome biogenesis exerts distinct effects on primary versus metastatic tumor
growth and also differs between tumors[200,225]. These
findings should not be taken to discourage attempts to
translate experimental studies on the power of exosomes
into therapeutic settings, but should foster the point that
clinical translation in many instances essentially awaits
progress in elaborating the mode of exosome activities.
These clauses account particularly for active interference
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Competing with tumor exosomes
Even taking into account that an individual tumor may
not essentially depend on exosomes for survival and progression, tumor exosomes doubtless support the tumor
by modulating the host. Thus, competing with tumor
exosomes might be a means to retard metastasis formation.
Blocking of exosome uptake could be performed at
the exosome or the target cell level[229], where PS blocking
of tumor exosomes only transiently inhibited angiogenesis[194]. Instead, in a rat PaCa, where exosomes expressing the tetraspanin Tspan8 induced a lethal systemic
consumption coagulopathy, blocking exosomes by a
Tspan8-specific antibody completely prevented undue
angiogenesis, although primary tumor growth was not
impaired[236,237]. Based on this finding and our ongoing
studies that exosomes bind via tetraspanin-complexes to
ligands also located in internalization prone membrane
domains[59], we speculate that a scrutinized analysis of
an individual tumors’ exosome-binding complex should
provide the information for hampering undue tumor
exosome-initiated angiogenesis and premetastatic niche
formation, where exosomes from non-transformed
cells modulated to express the tumor exosome-binding
complex will be most promising[59]. As an alternative
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approach, tumor exosomes can be removed by affinity
plasmapheresis known as Aethlon ADAPT™[238]. Blocking of tumor exosomes also can affect drug and radiation resistance due to enhanced release of export transporter MRP2, ATP7A and ATP7B or Annexin A3[239,240].

reconsideration of many aspects of tumor biology and
is hoped to bring a major breakthrough in therapy. The
power of exosomes is due to their ubiquitous presence,
their particular protein profile and their equipment with
mRNA and miRNA as well as their most efficient transfer in target cells. Together with the ease of transfecting
exosomes, there should be hardly any limits in the use of
exosomes as therapeutics. The therapeutic use of exosomes from non-transformed cells to compete, to induce
an immune response or to silence immunosuppression
should not become a danger for the patient’s organism.
Instead, therapeutic approaches based on tailored tumor
exosomes still awaits answers to the targeting receptors
and their ligands, which most likely will offer modalities
to further restrict the panel of potential targets of natural tumor exosomes and a precise knowledge on miRNA
targets and consequences on release from repression.
Answering these questions will take time, but is not an
insurmountable hurdle.
PaCa are burdened by desmoplasia and early metastatic spread. Both features essentially depend on the
crosstalk with the host, which has been convincingly
demonstrated to be to a considerably degree mediated
by tumor exosomes. Thus, it is my personal opinion that
PaCa treatment/rognosis will particularly profit from
unraveling the option of exosome-based therapy.

Tailored exosomes for drug delivery
Greatest hope in exosome therapy is based on the discovery of horizontal transfer of mRNA and miRNA[106,241],
which can be translated or mediate RNA silencing[20,73,242].
As exosomes are natural products, are small and flexible, which allows them to cross biological membranes
and to protect their cargo from degradation by a lipid
bilayer[138], they are discussed as ideal and possibly the
most potent gene delivery system[73,86,138,241,243]. Notably,
exosome electroporation efficiently transfers siRNA
into exosomes[112]. Furthermore, special devices can be
developed, e.g., to cross the blood-brain barrier, which
was explored for the delivery of BACE1 siRNA, where
mast cell exosomes were equipped with a brain penetrating peptide fused to the vesicular membrane protein
Lamp2[244,245]. Also, curcumin or Stat3 inhibitor delivery
confirmed exosomes to be well suited for drug delivery[246,247], where chemotherapeutic drug efficacy was
increased by lowering the pH of exosomes[150,248]. Adenoviral vectors associated with exosomes displayed higher
transduction efficacy than purified AAV vectors[249]. As
exosomes from non-tumor cells contain tumor-suppressive miRNA, it was suggested to use exosomes loaded
with those miRNA, which was exemplified for miR-143
as a therapeutic strategy in cancer[213]. In a mouse hepatoma, systemic administration of miR-26a, inducing cell
cycle arrest, exerted a dramatic protective effect without
toxicity[250]. Additional approaches like miRNA inhibitors (miRNA sponges), antagomirs, locked-nucleic-acidmodified oligonucleotides are reviewed in[23].
At the present state of knowledge miRNA based
therapies have to be considered as double-edged sword
as most miRNA have a multitude of targets. However,
as soon as the above mentioned hurdles are solved, rapid
progress in clinical translation can be expected[251,252].
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Helicobacter pylori eradication and reflux disease onset:
Did gastric acid get "crazy"?
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reflux symptoms or erosive oesophagitis onset, some
data suggesting also an advantage in curing the infection when oesophagitis is already present. Therefore,
the legend of “crazy acid” remains - as all the others a fascinating, but imaginary tale.
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Abstract
Gastroesophageal reflux disease (GORD) is highly prevalent in the general population. In the last decade, a
potential relationship between Helicobacter pylori (H.
pylori ) eradication and GORD onset has been claimed.
The main putative mechanism is the gastric acid hypersecretion that develops after bacterial cure in those patients with corpus-predominant gastritis. We performed
a critical reappraisal of the intricate pathogenesis and
clinical data available in this field. Oesophagitis onset
after H. pylori eradication in duodenal ulcer patients has
been ascribed to a gastric acid hypersecretion, which
could develop following body gastritis healing. However,
the absence of an acid hypersecretive status in these
patients is documented by both pathophysiology and
clinical studies. Indeed, duodenal ulcer recurrence is
virtually abolished following H. pylori eradication. In addition, intra-oesophageal pH recording studies failed to
demonstrated increased acid reflux following bacterial
eradication. Moreover, oesophageal manometric studies
suggest that H. pylori eradication would reduce - rather
than favor - acid reflux into the oesophagus. Finally,
data of clinical studies would suggest that H. pylori
eradication is not significantly associated with either
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INTRODUCTION
Although Helicobacter pylori (H. pylori) infection prevalence is declining in developed countries, such infection
remains a worldwide spread disease with a definite morbidity and mortality. Indeed, H. pylori may cause nonulcer dyspepsia, peptic ulcer disease, and gastric tumors,
including both low-grade mucosa-associated lymphoid
tissue lymphoma and adenocarcinoma[1-3]. In addition,
an interaction between H. pylori with non-steroidal, antiinflammatory drugs in damaging the gastroduodenal
mucosa has been also recognized[4]. Similarly, the role of
H. pylori in the pathogenesis of different extra-digestive
diseases has also been claimed. However, an association
has been consistently proven only between H. pylori infection and both idiopathic thrombocytopenic purpura and
idiopathic iron deficiency anemia[5,6], whilst conflicting
data exist for other diseases[7-9].
Gastroesophageal reflux disease (GORD) is a highly
prevalent condition in the general population[10]. It is
characterized by the reflux of gastric contents into the
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oesophagus, leading to mucosal damage and⁄or typical
and atypical symptoms[11]. Several factors may predispose
patients to pathologic reflux, including hiatal hernia,
lower esophageal sphincter (LES) hypotension, transient
lower oesophageal sphincter relaxation, loss of esophageal peristaltic function, abdominal obesity, gastric hypersecretory states, and delayed gastric emptying[12].
In the last decade, a potential relationship between H.
pylori infection and GORD has been claimed. In detail, it
has been suggested that H. pylori eradication may cause
both reflux symptoms and erosive oesophagitis. We performed a critical reappraisal of the intricate data available
in such a topic.

Reflux esophagitis (%)

30
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eradicated
25.8%

25
20

P < 0.001

15
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10

eradicated
12.9%

5
0
?
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36

Figure 1 Incidence of erosive oesophagitis in Helicobacter pylori eradicated and not eradicated duodenal ulcer patients (Modified from reference
13). The comparable curve slopes would indicate a similar phenomenon. The
final difference between patient groups depends on the 1-year delay between
curve which remains unexplained. H. pylori: Helicobacter pylori.

DOES H. PYLORI ERADICATION CAUSE
GORD?
The beginning
The first study suggesting a possible association between
H. pylori and GORD was published by Labenz et al[13]
on 1997. In this study, 25.8% of patients with duodenal
ulcer (DU) cured for H. pylori infection developed erosive oesophagitis (Savary-Miller classification) at 3-year
follow-up as compared to 12.9% of DU patients with
ongoing infection (P < 0.001). Identified risk factors were
male sex, severity of corpus gastritis, and weight gain.
These results deserve some considerations. As shown in
Figure 1, the incidence of erosive oesophagitis in H. pylori
eradicated patients constantly increased at follow-up, so
that at 3-year follow-up the curve did not still reach the
plateau. This would probably suggest that an even higher
oesophagitis incidence is expected at longer follow-up in
these patients. However, this contrasts with data of a recent 7-year follow-up study which showed that reflux oesophagitis occurred in only 1.9% of DU patients following H. pylori eradication[14]. In addition, it should be noted
that the curve of oesophagitis incidence in not eradicated
DU patients showed a very similar slope as compared to
that of eradicated patients (Figure 1). In detail, following a questionable delay of 1 year, reflux oesophagitis
started to increase also in H. pylori infected patients, and
the increase of incidence parallels with that of eradicated
patients. A plausible explanation of such phenomenon
could be that several not eradicated DU patients were
taking anti-acid therapy, at least for the first year followup in this study. Indeed, this patient group included either
control cases of H. pylori eradication trials (75 cases) or
H. pylori eradication failure patients (141 cases) in whom
DU symptoms most likely persisted[13]. Therefore, the observation of a distorted phenomenon could not be ruled
out. On the other hand, it was observed that oesophagitis
occurred more frequently in those H. pylori cured patients
with weight gain > 2 kg [odds ratio (OR): 3.2; 95%CI:
1.2-9.4; P < 0.05] within 3-year follow-up. Unfortunately,
both mean and range of weigh gain was not provided in
this study. However, it is plausible that several patients
changed their dietary and voluptuary habits following
complete DU healing, with consequent body mass index
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Erosive oesophagitis (Savary-Miller)

(BMI) increase. The direct relationship between BMI and
GORD is widely documented in literature, so that the
“guilty” of erosive oesophagitis onset - at least in some
patients - probably was the BMI increase rather than the
H. pylori cure. Unfortunately, the lack of multivariate regression including H. pylori eradication as an independent
risk factor for GORD does not allow to confirm the significant role observed solely at univariate analysis. Finally,
the reason for which the risk of erosive oesophagitis
incidence following H. pylori eradication was 3.6 (95%CI:
1.1-10.6) higher in males as compared to females remains
unclear. This would contrast with the prevalence of
GORD in the general population which equally occurs in
both sexes[15].
The tale of a "crazy acid"
At least in theory, H. pylori eradication could cause GORD
by: (1) recovering gastric acid secretion; (2) increasing the
amount of reflux in the oesophagus; and (3) reducing the
clearance of oesophageal acid exposure.
Regarding the first point, it has been observed that H.
pylori-associated corpus-predominant gastritis is an independent risk factor (OR: 5.5; 95%CI: 2.8-13.6) for erosive
oesophagitis development following H. pylori eradication
in DU patients[13]. In this study, the body gastritis sum
score before H. pylori eradication was 4.1 in those who
developed oesophagitis as compared to 3.1 of those without oesophagitis onset. Therefore, it has been suggested
that the higher degree of recovery leads into a higher acid
secretion which, in turn, causes erosive oesophagitis[13].
However, by considering that the sum score (activity
plus grade) of gastritis was ranging from 0 (absent) and
8 (severe), it is questionable that acid hypersecretion developed only in those patients in whom corpus gastritis
score dropped from 4.1, but not from 3.1, to zero following bacterial cure. At this point, the crucial issue is
to understand whether H. pylori eradication really causes
gastric acid hypersecretion in DU patients. To our knowledge, neither pathophysiology nor clinical studies support such an event. It has been found that infected DU
patients have a 3-fold increase of basal acid output (BAO)
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differ between the two patient groups (17% vs 22.6%),
with a trend even favoring bacterial eradication (OR: 0.81;
95%CI: 0.56-1.71). Likewise, erosive oesophagitis equally
occurred in both groups (5% vs 5.1%; OR: 1.13; 95%CI:
0.72-1.78). Noteworthy, a study on 156 patients with both
peptic ulcer and reflux oesophagitis found that the oesophageal lesions improved more frequently in H. pylori
eradicated patients as compared to those with persistent
infection[25]. Overall, these data would suggest that H.
pylori eradication is not significantly associated with either
reflux symptoms or erosive oesophagitis onset, some data
suggesting also an advantage in curing the infection when
oesophagitis is already present.

+

=H

Figure 2 The “tale of a crazy acid”. Following Helicobacter pylori gastric in
duodenal ulcer patients the hypothesized acid hypersecretion would U-turn into
the oesophagus instead of in the duodenal bulb.

CONCLUSION
GORD is highly prevalent in the general population.
Several altered mechanisms are involved in its pathogenesis, and different lifestyle and voluptuary habits have
been identified as risk factors. In the last decade, H. pylori
eradication has been charged to cause GORD. The main
putative mechanism is that a gastric acid hypersecretion
develops following bacterial cure in those patients with
corpus-predominant gastritis. However, studies on acid
secretion demonstrated that the hypersecretion status of
both DU (BAO × 3; MAO × 6) and non-ulcer dyspeptic
(MAO × 3) patients observed during H. pylori infection
normalizes following bacterial eradication[16]. Indeed, DU
does not recur following a successful H. pylori cure[17].
Therefore, the reported erosive oesophagitis onset after
the infection cure in DU patients most likely depends on
other factors rather gastric acid hypersecretion (Weight
gain? Changes of voluptuary habits?). On the other hand,
both oesophageal 24-h pH recording and manometry
studies failed to demonstrate a significant role for H. pylori in GORD.
Gastric acid secretion may recover with H. pylori eradication in those patients with corpus-predominant (or atrophic) gastritis[26]. However, such a gastritis pattern is generally encountered in either gastric ulcer or cancer patients,
and it is highly prevalent in Asian countries[18]. However,
the reason for which such a hypersecretive status should
cause GORD but not DU onset in these patients remains
unclear.
The last but not the least, several, placebo-controlled,
clinical trials have been recently summarized in a metaanalysis including near 4500 patients[25]. Data found that
neither reflux symptoms nor erosive oesophagitis develop
following H. pylori eradication. Therefore, the legend of
“crazy acid” remains - as all the others - a fascinating, but
imaginary tale!

and a 6-fold increase of stimulated maximal acid output
(MAO) as compared to uninfected controls[16]. Of note,
both these alterations normalize 1-year following H. pylori
eradication, suggesting that DU patients cured for the
infection completely restore normal acid secretion[16]. The
absence of an acid hypersecretive status in these patients
is further documented by the clinical observation that DU
recurrence is virtually abolished following H. pylori eradication[17]. Therefore, it is unclear the reason for which the
hypothesized hypersecretion in DU patients after bacterial cure should cause erosive oesophagitis onset, but not
DU recurrence. To search for a plausible explication, one
could hypothesize the “tale of a crazy acid”. According to
this theory, following the healing of corpus-predominant
gastritis - a typical gastritis pattern of both gastric ulcer
and cancer, but infrequent in DU[18] - acid hypersecretion
occurs in some DU patients. In these patients the acid
should invert its normal route - so failing to cause DU
recurrence - and should turn into the oesophagus causing erosions (Figure 2). However, studies on 24-h intraoesophageal pH recording before and after H. pylori eradication showed that the percentage time of pH < 4.0 did
not significantly change following eradication[19,20]. Other
putative mechanisms by which H. pylori eradication could
favor GORD are alterations of both LES pressure and
oesophageal peristalsis. However, two studies found no
difference in basal LES pressure between H. pylori infected
and matched controls[21,22], whilst another study showed
an even lower basal LES pressure and higher rate of ineffective oesophageal motility in infected patients[23]. Based
on these manometric observations, it could be expected
that H. pylori eradication would reduce - rather than favor
- acid reflux into the oesophagus.
Clinical studies
Several clinical trials assessing the onset of both reflux
symptoms and erosive oesophagitis have been performed.
A recent meta-analysis evaluated data of 10 trials where
data of patients treated for H. pylori infection were compared to those receiving placebo[24]. At 8-30 mo followup the incidence of reflux symptoms did not significantly
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Current status in the treatment options for esophageal
achalasia
Seng-Kee Chuah, Chien-Hua Chiu, Wei-Chen Tai, Jyong-Hong Lee, Hung-I Lu, Chi-Sin Changchien,
Ping-Huei Tseng, Keng-Liang Wu
pneumatic dilations (PD). Publications on the long-term
success of laparoscopic surgery continue to emerge. In
addition, laparoscopic single-site surgery is applicable
to advanced laparoscopic operations such as LHM and
anterior fundoplication. The optimal treatment option
is an ongoing matter of debate. In this review, we provide an update of the current progress in the treatment
of esophageal achalasia. Unless new conclusive data
prove otherwise, LHM is considered the most durable
treatment for achalasia at the expense of increased
reflux-associated complications. However, PD is the first
choice for non-surgical treatment and is more costeffective. Repeated PD according to an “on-demand”
strategy based on symptom recurrence can achieve
long-term remission. Decision making should be based
on clinical evidence that identifies a subcategory of
patients who would benefit from specific treatment options. POEM has shown promise but its long-term efficacy and safety need to be assessed further.
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Key words: Esophageal achalasia; Endoscopic pneumatic dilations; Botulinum injection; Peroral endoscopic
myotomy; Minimally invasive Heller myotomy
Core tip: Recent progress in esophageal achalasia includes the use of high-resolution manometry to predict
the outcome, the introduction of peroral endoscopic
myotomy (POEM). The best current treatment option
is an ongoing matter of debate. Unless there are more
new conclusive data to prove otherwise, laparoscopic
Heller myotomy is the most durable treatment for
achalasia at the expense of reflux complications. However, pneumatic dilation (PD) is the first choice for nonsurgical treatment and is more cost-effective. Repeated
PD according to an “on-demand” strategy based on
symptom recurrence can achieve long-term remission.
POEM is optimistic but needs more long-term efficacy
and safety reports.

Abstract
Recent advances in the treatment of achalasia include
the use of high-resolution manometry to predict the
outcome of patients and the introduction of peroral
endoscopic myotomy (POEM). The first multicenter randomized, controlled, 2-year follow-up study conducted
by the European Achalasia Trial group indicated that
laparoscopic Heller myotomy (LHM) was not superior to
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introduction of peroral endoscopic myotomy (POEM),
and laparoendoscopic single-site Heller myotomy with
anterior fundoplication. Contributing to the ongoing
debate on the superiority of pneumatic dilation (PD)
vs laparoscopic Heller myotomy (LHM), the first multicenter, randomized, controlled, 2-year follow-up study
conducted by the European Achalasia Trial group indicated that LHM was not superior to PD[7]. Nevertheless,
publications on the long-term success of laparoscopic
surgery continue to emerge. This review seeks to address
this issue and provide an update on the current progress
in the treatment of achalasia. Current available treatment
modalities include relaxing the LES and relieving the
esophageal obstruction[2]. The durability of a successful
treatment, complication rates, and cost-benefit are the
primary concerns.

Original sources: Chuah SK, Chiu CH, Tai WC, Lee JH, Lu HI,
Changchien CS, Tseng PH, Wu KL. Current status in the treatment options for esophageal achalasia. World J Gastroenterol
2013; 19(33): 5421-5429 Available from: URL: http://www.wjgnet.com/1007-9327/full/v19/i33/5421.htm DOI: http://dx.doi.
org/10.3748/wjg.v19.i33.5421

INTRODUCTION
Achalasia is one of the primary motility dysfunctions
of the esophagus that affects both sexes and all races
equally[1,2]. The selective loss of inhibitory neurons of
the myenteric plexus, which produces vasoactive intestinal polypeptide, nitric oxide (NO), and inflammatory
infiltrate, is responsible for abnormal lower esophageal
sphincter (LES) dysfunction. This results in unopposed
excitation of the LES, and dysfunction or failure of the
LES to relax in response to each swallow[3]. Dysphagia
for both liquid and solid foods is the most common
symptom. Food regurgitation is one of the main associated problems, causing pulmonary complications such as
chronic cough and aspiration pneumonia. Gradual weight
loss usually occurs as a result.
Achalasia is diagnosed on the basis of tests such as
barium esophagography, esophageal manometry, and endoscopy. Pseudoachalsia has to be ruled out by performing endoscopic ultrasound, or computed tomography[4]. A
classic “bird-beak” of the gastroesophageal junction, with
atonia and a dilated esophageal body detected by barium
ingestion and fluoroscopy, are the typical radiological
signs. Manometry is still the standard diagnostic test for
achalasia. Conventional manometry must at least meet
the criteria of absent or abnormal swallowing relaxation
of the LES, and the absence of peristalsis in the esophageal body. However, the sensitivities of these traditional
studies have been challenged by the recent emergence
of advanced techniques for the diagnosis of esophageal
achalasia such as the use of high-resolution manometry
(HRM) and the addition of pressure topography plotting[5]. Together, these technologies are also called highresolution esophageal pressure topography[6]. HRM with
pressure topography plotting is capable of identifying
impaired esophagogastric junction relaxation and subcategorize achalasia into three clinically relevant subtypes
based on the contractile function of the esophageal body
according to the Chicago classification[6]. Type Ⅰ (classic
achalasia) refers to patients with no significant pressurization within the esophageal body and impaired LES
relaxation (Figure 1A). Water swallows cause rapid panesophageal pressurization, which may exceed LES pressure, causing the esophagus to empty for Type Ⅱ disease
(achalasia with compression) (Figure 1B). Type Ⅲ achalasia, also known as spastic achalasia, is usually associated
with rapidly propagated pressurization attributable to an
abnormal lumen obliterating contraction (Figure 1C).
Recent advances in the treatment of achalasia include the use of HRM to predict patient outcome, the
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TREATMENT OF ESOPHAGEAL
ACHALASIA
Pharmacological management
Pharmacological management usually plays a minor role
in the treatment of esophageal achalasia. Smooth muscle
relaxation is partly effective for the reduction of LES
pressure[8]. NO concentration in smooth muscle cells is
increased by medication such as nitrates that increase
cyclic GMP levels. Calcium antagonists block calcium
entry and hence esophageal muscle contraction. When
combined, these drugs can reduce LES pressure and ultimately relieve dysphagia but the efficacy is usually unsatisfactory and incomplete. Furthermore, side effects such
as headache, dizziness, and pedal edema are important
concerns, and they can be intolerable. These effects are
similar to those with other drugs such as sildenafil[9].
Endoscopic treatment
Traditional endoscopic treatments for achalasia include
injection of botulinum toxin and PD. Recently, a novel
endoscopic technique, POEM, has been introduced and
tested by gastroenterologists.
Botulinium toxin injection: Botulinum toxin is a biological toxin derived from Clostridium botulinum that causes
paralysis of both voluntary and involuntary muscles[10]. It
mainly acts at the terminal nerve endings of myoneural
junctions by preventing the release of acetylcholine from
vesicles, causing chemical denervation that can persist
for several months. Botulinium toxin injection (BTI)
is a treatment option for achalasia, and it is associated
with a wide safety range and fewer complications[11]. Local injection of the toxin into the LES of patients with
achalasia lowers sphincter tone, and the patient becomes
asymptomatic. This treatment is reported to have excellent immediate responses (success rates > 90%)[11]. BTI is
associated with a significant improvement in all objective
tests of esophageal function, such as decreased LES pressure, increased esophageal diameter, and improvement
of transit time by scintigraphy. Complications of BTI
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B

Type Ⅰ
High IRP
Absent peristalsis
Absent contractile activity

Length along the esophagus (cm)

1

TypeⅡ
Normal IRP
Absent peristalsis
Absent contractile activity
Resolution of pressurization

C

Type Ⅲ
High IRP
Absent peristalsis
2 or more spastic contractions with or without
periods of compartmentalized pressurization
mmHg
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5
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Figure 1 High-resolution manometry with pressure topography plotting classified achalasia into three subtypes. A: Type Ⅰ (classic achalasia) refers to
patients with absent of peristalsis, no pressurization within the esophageal body, high integrated relaxation pressure (IRP); B: Type Ⅱ (achalasia with compression)
refers to patients with absent of peristalsis, and contractile activity, panesophageal pressurization > 30 mmHg, and high IRP; C: Type Ⅲ patient (spastic achalasia),
associates with absent of peristalsis, and two or more spastic contractions with or without periods of compartmentalized pressurization and a high IRP.

therapy for achalasia are minor, with approximately 25%
of patients presenting with transient chest pain and < 5%
complaining of reflux symptoms. The dosage used is too
small to induce serious adverse effects such as generalized
paralysis. The main drawback of BTI is its short duration
of effect, which lasts only 6-9 mo in most patients. Based
on the number of injections required, the treatment costs
are 50% higher than those of PD. Success rates have
been reported to be highest among elderly patients and
in patients with an LES pressure not exceeding the upper
normal level prior to treatment[12]. Therefore, it is currently recommended to treat only elderly and high-risk
patients with concomitant comorbid diseases.

“on-demand” strategy based on symptom recurrence can
achieve long-term remission[24]. Post-dilation radiographic
findings in addition to the symptom-based scoring systems can reliably predict clinical remission and indicate
the need for further treatment in patients with poor
esophageal clearance after dilation to avoid progression
to sigmoid type achalasia[29,30].
Complications caused by PD are uncommon. The most
severe complication is perforation with an incidence of
1%-2% as shown in Table 1. These perforations are usually minor but can be hazardous if undetected after PD[31].
Reflux symptoms after PD are usually minor and transient,
and can be easily controlled with proton-pump inhibitors.

PD: In this simple forceful bougie dilation method, considerable stretching strength is required for the dilation to
result in an effective mechanical tear in the muscle fibers
of the LES. The most commonly used dilator is the Rigiflex dilator with a fully inflated diameter that is usually
≥ 3 cm to achieve a satisfactory result, and is able to
achieve maximal pressure. This procedure can be guided
using fluoroscopy[13-15] or endoscopy[2,16,17]. The number
of dilation sessions and the inflation time needed for a
successful dilation vary and are operator dependent. A
single dilation session with a bigger dilator may be used
in patients presenting with relapse based on symptom
scores[18]. Progressive PD methods, such as a series of dilations on successive days using a larger dilator, have been
proposed[19]. Immediate and short-term results have reportedly been good in most series[20-25]. However, the first
5-10 years of published follow-up studies have shown
that 20%-75% of patients needed a second or even more
dilatations[26,27]. Large-scale, long-term follow-up investigations reported unfavorable recurrence in fluoroscopyguided PD patients[13,27,28]. Repeat PD according to an

Self-expanding metalic stents: A study evaluating the
utility of self-expanding, 30-mm metallic stents for achalasia at a single center over a 10-13-year period reported
a long-term clinical success rate of > 80%[32,33]. No perforations or mortality associated with the treatment were
reported, but stent migration occurred in 5% of patients,
reflux in 20%, and chest pain in 38.7%. Overall, the authors claimed that self-expanding, 30-mm metallic stents
were associated with a better long-term clinical efficacy in
the treatment of patients with achalasia as compared with
treatment with PD.

WCG|www.wjgnet.com

POEM: This novel endoscopic esophagomyotomy method for the treatment of achalasia was first reported by
Pasricha et al[34] in porcine models and then by Inoue et al[35]
in humans. POEM is performed by dissection and division of the inner circular muscle layer of the esophagus
through a submucosal tunnel created endoscopically by a
small proximal opening of the esophageal mucosa. When
compared with surgical myotomy, POEM can accomplish
a longer myotomy. Extending the length of the myotomy
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Table 1 Cumulative effectiveness of pneumatic dilations for
treatment of achalasia by using low compliance “Rigiflex”
dilators

Table 2 Cumulative effectiveness of surgical myotomy for
achalasia
No.

No. Type of dilator Improvement
Mean
Complication Ref.
(size, cm)
excellent/good follow-up (yr) perforation
125
54
262
66
39
50
106
209
55
43
56
32
1097

3.0-4.0
BMD
3.0-3.5
3.0-4.0
3.0-4.0
3.0-4.0
3.0-4.0
3.0-4.0
3.0-3.5
3.0-3.5
3.5
3.0
3.0-4.0

50%
36%-40%
60%
79%
58.3%-78.0%
67%-83%
28%-62%
72%
74.50%
54%-78%
89.3%-92.9%
69%-91%
28.0%-92.9%

12.00%
13.80%
4.50%
4.60%
9.30%
2.70%
3.20%
5.80%
2.30%
2.40%
0.50%
4.50%
0.5%-15.0%

0.01%
0.02%
1.00%
5.00%
5.40%
0.00%
2.80%
0.00%
0.00%
2.30%
0.00%
3.30%
1.0%-2.0%

52

LHM-Dor
operation
53
LHM-Dor
operation
75
LHM-partial
fundoplication
71
LHM-Dor
248
LHM+/-Dor
211
LHM-Dor
161
LHM-Dor
200
LHM-Dor
46
LHM-Toupet
or Dor
505
LHM+/fundoplication
155
LHM-Dor
137
LHM-Dor
1860
-

[27]
[13]
[14]
[15]
[24]
[25]
[28]
[23]
[22]
[17]
[21]
[20]
Total

BMD: Browne-McHardy dilator.

to the thoracic esophagus is difficult for the surgeon,
especially in patients with advanced disease and in those
with severe fibrosis. Theoretically, the risk of injury to
the vagus nerve should be lower with this approach.
Increasing numbers of reports on this technique have
been published, and all of them showed good short-term
results without serious complications; however, long term
follow-up results are necessary[35-45]. A recently published
prospective, international, multicenter study that aimed to
determine the outcomes of 70 patients who underwent
POEM at five centers in Europe and North America
showed that the percentages of patients with symptom
remission at 6 and 12 mo were 89% and 82%, respectively. Zhou et al[45] reported that POEM was a promising
new treatment for failed Heller myotomy, resulting in
short-term symptom relief in > 90% of cases. Nevertheless, POEM can be a challenging and demanding technique even for experienced endoscopists. Although air
leak such as that caused by pneumomediastinum, pneumoperitoneum, and air embolism can be prevented by
carbon dioxide insufflation, it can be hazardous in cases
of purulent mediastinitis. If it occurs, extensive surgical
procedures such as esophagectomy may be necessary instead of revisional surgery because of the inflamed and
scarred tissue of the plane between the submucosal and
muscular layers after the endoluminal approach[35-41].

Improvement
Mean
Complication Ref.
excellent/good follow-up (yr) acid reflux
92%

4.3

11%

[51]

92%

3.0

9%

[61]

84%

5.6

15%

[48]

85%
88%
89%
97.20%
85%
80%

6.0
3.4
5.3
4.6
3.5
6.4

12.70%
3%
34%
15.70%
28%
9%

[52]
[55]
[56]
[47]
[57]
[46]

95%

2.6

16%

[51]

77%
94.80%
77%-97.2%

5.0
5.4
2.6-10.9

27%
10.90%
3%-34%

[54]
[59]
Total

LHM: Laparoscopic Heller myotomy.

myotomy length of 4-5 cm onto the esophagus and 2-3
cm onto the stomach[58]. Another controversial issue
among surgeons is whether a concomitant antireflux
procedure is necessary. Currently, most surgeons perform
minimally invasive LHM with a variety of fundoplication procedures in the majority of patients with achalasia,
and partial fundoplications are preferred because 360°
fundoplications cause more dysphagia[46,47,59,60]. Randomized controlled trials have shown that the addition of an
antireflux procedure to a myotomy substantially reduces
the postsurgical incidence and severity of pathological
reflux[61,62]. Recently, laparoendoscopic single-site surgery
has proven to be an archetypal shift to more minimally
invasive surgery, and is applicable to advanced laparoscopic operations such as LHM and anterior fundoplication[63]. Esophagectomy may be needed in patients with
recurrent disabling symptoms or severe complications.
Overall, postsurgical complications are rare (< 4%)[64].
The major adverse event associated with surgery is severe
reflux (3%-34%, Table 2). To minimize the reflux complications, it is generally accepted that a concomitant endoscopic examination during LHM to guide the myotomy
and routine fundoplication is clinically necessary with
either anterior fundoplication (Dor) or partial posterior
fundoplication (Toupet)[65-67]. LMH is superior to thoracoscopic procedures because of the shorter operative time
and hospital stay[68].
The reported incidence of esophageal perforation in
LHM is 5%-10%. However, robotically assisted Heller
myotomy (RAHM) is safer than LHM because it decreases
the incidence of esophageal perforation to 0%, even in patients who had undergone previous treatment[69,70]. RAHM
with partial fundoplication using a robotic platform appears to be a more precise and safer operation than laparoscopic myotomy, with improved postoperative quality of

Surgical treatment
Myotomy of the LES is the best treatment modality with
satisfactory long-term results at the deleterious cost of
a high incidence of postoperative reflux. Although controversy exists as to whether a concomitant antireflux
procedure is necessary, minimally invasive LHM with
a variety of fundoplication procedures has become the
primary approach by many surgeons in the majority of
patients with achalasia[46-49]. The overall success rates were
between 77.0% and 97.2%[46-57] (Table 2). However, different surgeons have different opinions on the length
of the myotomy. Generally, most surgeons choose a

WCG|www.wjgnet.com
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Confirmed primary achalasia (High resolution manometry if available)

Age < 40 yr or male

Age > 40 yr or female

Surgical myotomy

Poor response

Pneumatic
dilation

Relapse after
initial success

Surgical Pneumatic
myotomy dilation

Poor response

Pneumatic dilation

Surgical Pneumatic
myotomy dilation

Esophagectomy as needed

Relapse after
initial success

Poor response

Surgical
myotomy

Repeat pneumatic
dilation as needed

High surgical risk: elderly patients
with concomitant co-morbidity

Botox injection

Poor response

Relapse after
initial success

Pharmacologic
management

Botox injection

Poor response

Esophagectomy
as needed

Surgical
myotomy

Figure 2 Proposed algorithm for the treatment of esophageal achalasia.

Surgery vs PD
The choice of LHM as the primary treatment for achalasia or as second-line treatment following the failure of
nonsurgical intervention remains a topic of controversy
after many decades in clinical practice. Several studies
have shown that repeated PD according to an on-demand
strategy based on symptom recurrence can increase success rates to levels comparable with LHM[26,73,74]. This was
supported by the first multicenter, randomized controlled,
2-year follow-up study conducted by the European Achalasia Trial group, which indicated that LHM was not superior to PD[7], and it supports those who are in favor of
PD, believing that PD and LHM are equally efficient. This
is further supported by advantages of PD such as the fact
that it is an outpatient procedure associated with minimal
injury, and minimal reflux and bleeding. However, the
follow-up duration of this study is not long enough to
declare equality between the two procedures. In addition,
another disadvantage of PD is that these patients usually
require more than one treatment session. Nevertheless,
publications on satisfactory long-term success of laparoscopic surgical outcome continue to emerge[75], and
patients usually require only one treatment session. Moreover, some surgeons believe that LHM can be more difficult technically following PD but others claim that PD
does not hinder future myotomy procedures[76].
Complications and cost-effectiveness, besides the durability of the procedure, are the main concerns for deciding on a treatment option. Perforation of the esophagus occurs in 1%-2% of patients during PD and can be
hazardous if left undiscovered[31]. Mucosal tears occur in
12% of patients during LHM but can usually be repaired,
and the patients recover. However, the main drawback of
LHM is the incidence of acid reflux after surgery, which

life. In addition, the outcomes of RAHM are slightly better
than those of LHM, although the cost is higher[70].

DECISION MAKING: WHICH IS THE
MOST APPROPRIATE TREATMENT?
A proposed algorithm for the selection of the optimal
treatment modality for esophageal achalasia is summarized in Figure 2. LHM and PD remain the key treatment
options. The short-term efficacy of BTI therapy is similar to that of PD, although it is less effective for sustained
symptomatic relief in patients with achalasia in comparison to PD and LHM. BTI is also effective in patients
with tortuous megaesophagus and previous failed pneumatic dilatations; however, a high rate of relapse during
the first year of follow-up has been reported[71]. The
selection of BTI should be made with caution in certain
patients because some surgeons reported that it increased
the risk and difficulty of subsequent LHM[72]. Therefore,
taking into account the lower durability of BTI therapy,
it is a suitable alternative only in the minority of high-risk
patients with comorbidity[2,8].
POEM can achieve favorable short-term results comparable to those of any of the above treatment modalities. Moreover, it enables the performance of a longer
myotomy, especially in patients with advanced disease
and those with severe fibrosis, with a lower risk of injury
to the vagus nerve. Validation of the long-term durability
and safety of this procedure could make POEM a breakthrough in the treatment of esophageal achalasia. Longterm follow-up of patients who undergo POEM is important to test the durability and safety of the procedure.
After all, it is a very technically demanding procedure.

WCG|www.wjgnet.com
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young age (< 40 years), male sex, a single dilation session with a 3.0-cm balloon, immediate or 3-mo posttreatment LES pressure > 15 mmHg, poor esophageal
emptying on timed barium swallow, and classic achalasia
are considered the predicting risk factors for relapse
after PD[2,8,20,21]. Therefore, both timed barium esophagography and manometry, especially HRM, should be
performed at baseline and post-PD, and compared to
predict the outcome of patients. The possible impact
of the results of HRM on treatment outcome was highlighted in Pandolfino’s landmark study, which showed
that Type Ⅱ achalasia patients were significantly more
likely to respond to any therapy [BTI (71%), PD (91%),
or LMH (100%)] compared with Type Ⅰ (56% overall)
or Type Ⅲ (29% overall) patients. Type Ⅱ achalasia was
a predictor of positive treatment response, whereas Type
Ⅲ and pretreatment esophageal dilatation were predictive of a negative treatment response[81]. This was confirmed in another study by Pratap et al[82], which showed
that patients with a Type Ⅱ achalasia pattern (esophageal
pressurization) on HRM were more likely to respond
to all therapies such as PD, Heller myotomy, and BTI
(70%-100% overall), as compared with Type Ⅰ (≥ 63.3%
overall) and Type Ⅲ approximately 30% overall) patients.
More evidence with larger prospective studies and longterm follow-up results are necessary in the new era of
HRM (Table 3).

Table 3 Summary of the cumulative efficacies and complications of current treatment options of achalasia
PD

Surgical
myotomy

BTI

POEM

No. of studies
12
12
9
11
No. of patients
1097
1860
315
210
Excellent/good 28%-92.9% 77%-97.2%
At 1 mo:
82%-100%
symptom
79% (64%-93%)
response (range)
At 1 yr:
41% (10%-55%)
Follow up (yr)
0.5-15
2.6-10.9
18 (6-30)
0.1-1
Major complica1%-2%
3%-34%
0.03%
tions (range)
Perforation Acid reflux
Acid reflux
PD: Pneumatic dilations; BTI: Botulinium toxin injection; POEM: Peroral
endoscopic myotomy.

could be long lasting despite partial fundoplication. Reflux can usually be treated with proton-pump inhibitors;
however, long term complications of reflux such as stricture, Barrett’s esophagus, and adenocarcinoma, although
rare, must be kept in mind. By contrast, symptoms of
reflux in post-PD patients are usually mild and transient
and can be easily controlled by prescribing proton-pump
inhibitors. When considering the cost-effectiveness of
treatment strategies for achalasia, LHM has a higher initial cost and PD is the most cost-effective treatment option for adults with achalasia[77]. However, LHM can be
cost-effective if the durability is > 10 years[78]. A recent
meta-analysis conducted by Weber et al[79] showed that
both PD and LHM are effective treatment options, but
LHM might be more durable.
The experience of the surgeons and gastroenterologist is also an important factor for treatment success.
More importantly, the decision should be based on clinical evidence that identifies a subcategory of patients who
may benefit from a specific treatment option. In general,
unless new conclusive data prove otherwise, LHM is the
more durable treatment for achalasia, but PD is the first
nonsurgical choice and is more cost-effective. Practically,
the correction of failed operations for esophageal achalasia is challenging; however, those operations are also
performed at high-volume centers using laparoscopic
procedures, and many patients prefer to avoid esophagectomy. However, some researchers have reported adverse effects of repeated dilations, especially the risk of
perforations, and this must be considered in the decision
making process. LMH is recommended for younger patients (< 40 years), male sex, and those showing pulmonary symptoms and failed response to one or two initial
dilations[2,8,80].

FUTURE PERSPECTIVES
Most existing studies point toward autoimmune mechanisms affecting neurons possibly after an infectious event
and an association with certain genetic factors as the possible etiology[83]. The identification of an immunomodulatory drug for the treatment of achalasia is a target to
achieve in the future. Evidence indicates that transplanting neuronal stem cells could be “a dream come true”
achievement in the future[84]. Theoretically, if this works,
both LES function and peristalsis should recover.

CONCLUSION
The debate on PD and LHM is on-going. Unless new
conclusive data prove otherwise, LHM is a more durable
treatment option for achalasia at the expense of increased
reflux complications. However, PD is the first nonsurgical
choice and is more cost-effective. Repeated PD according
to an on-demand strategy based on symptom recurrence
can achieve long-term remission. It is recommended that
the decision making should be based on clinical evidence
that identifies a subcategory of patients who may benefit
from a specific treatment option. POEM is a promising
strategy, but more long-term efficacy and safety studies
are necessary.

PREDICTORS OF RISK FACTORS FOR
RELAPSE AFTER TREATMENT FOR
ACHALASIA
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To recognize the risk factors for relapse after treatment is an important issue. It is generally accepted that
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Orla M O’Neill, Brian T Johnston, Helen G Coleman
parative study found equal efficacy, suggesting that
patient preference and local expertise should guide the
choice. Although achalasia is a relatively rare condition,
it carries a risk of complications, including aspiration
pneumonia and oesophageal cancer. The risk of both
squamous cell carcinoma and adenocarcinoma of the
oesophagus is believed to be significantly increased in
patients with achalasia, however the absolute excess
risk is small. Therefore, it is currently unknown whether
a surveillance programme in achalasia patients would
be effective or cost-effective.
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Core tip: Achalasia remains a disease of unknown aetiology. Multicentre studies could help elucidate the
cause, especially as it presents with a similar phenotype
to Chagas disease which is much better understood.
Improved understanding of aetiology could guide novel
treatments. Current treat choice in fit patients lies between pneumatic dilatation and laparoscopic Heller’s
myotomy. Botulinum toxin is appropriate and effective
for those unfit for other intervention. Novel treatments
such as metal stents and natural orifice surgery are being trialled.

Abstract
Achalasia is a neurodegenerative motility disorder of
the oesophagus resulting in deranged oesophageal peristalsis and loss of lower oesophageal sphincter function. Historically, annual achalasia incidence rates were
believed to be low, approximately 0.5-1.2 per 100000.
More recent reports suggest that annual incidence
rates have risen to 1.6 per 100000 in some populations. The aetiology of achalasia is still unclear but is
likely to be multi-factorial. Suggested causes include
environmental or viral exposures resulting in inflammation of the oesophageal myenteric plexus, which elicits
an autoimmune response. Risk of achalasia may be elevated in a sub-group of genetically susceptible people.
Improvement in the diagnosis of achalasia, through the
introduction of high resolution manometry with pressure topography plotting, has resulted in the development of a novel classification system for achalasia. This
classification system can evaluate patient prognosis
and predict responsiveness to treatment. There is currently much debate over whether pneumatic dilatation
is a superior method compared to the Heller’s myotomy
procedure in the treatment of achalasia. A recent com-
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INTRODUCTION
Achalasia is a motility disorder of the oesophagus, of
unknown aetiology, which results in degeneration of the
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myenteric nerve plexus of the oesophageal wall. The
resultant abnormalities and diagnostic characteristics
of achalasia include loss of oesophageal peristalsis and
failure of relaxation of the lower oesophageal sphincter,
particularly during swallowing[1].

Oesophagus:
simultaneous
contraction

DIAGNOSIS

Lower oesophageal
sphincter:
no relaxation

Dysphagia is the cardinal symptom of achalasia. Diagnosis requires a high index of suspicion and exclusion
of other causes. Diagnosis is confirmed by manometric,
endoscopic and radiographic investigations. Oesophageal
manometry is regarded as the gold standard in the diagnosis of achalasia, classically showing aperistalsis and failure of relaxation of the lower oesophageal sphincter[2],
as shown in Figure 1. Endoscopy is not accurate in the
diagnosis of achalasia. However, it is still necessary to exclude a carcinoma at the lower end of the oesophagus[3].
Barium esophagogram can often show the pathognomonic “bird’s beak” appearance of the distal oesophagus
with dilatation of the oesophagus proximally (Figure 2).
However, this is often a finding in established disease and
therefore a normal barium swallow does not rule out the
diagnosis of achalasia. With the introduction of high resolution manometry, together with pressure topography,
plotting the diagnosis of achalasia can now be classified
into three subtypes; type 1 classic achalasia, type 2 achalasia with compression and pressurisation effects, and type
3 spastic achalasia[4]. This classification process can aid
treatment decisions, with type 2 achalasia being the most
responsive to pneumatic dilatation, Hellers myotomy and
botulinum toxin and therefore having the best outcome[5].
Oesophageal emptying is determined by the distensibility
of the oesophago-gastric junction. This can be assessed
using an endoscopic functional luminal imaging probe
(EndoFLIP). Recently, Dutch and American groups
have demonstrated that this novel technique is a better
predictor than lower oesophageal sphincter pressure for
assessing response to treatment in achalasia, both symptomatically and when measured by gastric emptying by
oesophageal emptying[6,7].

Gastric pressure:
normal

Figure 1 Oesophageal manometry demonstrating simultaneous contractions within the oesophagus and a non-relaxing lower oesophageal
sphincter.

Dilated oesophagus
with fluid level

Tight “Bird’s Beak” lower
oesophageal sphincter

Stomach

Figure 2 Barium swallow demonstrating typical “bird’s-beak” appearance
of the lower oesophageal sphincter in achalasia. The oesophagus above
this is dilated.

neurons remain unaffected, with the resulting imbalance
between excitatory and inhibitory neurons preventing
lower oesophageal sphincter relaxation[10]. Lack of peristalsis and a non-relaxing lower oesophageal sphincter
cause progressive dysphagia. Regurgitation, particularly
at night, with aspiration of undigested food and weight
loss can be presenting features, particularly in established
disease. Features which present in the early stages of the
disease may be similar to that of gastro-oesophageal reflux, including retrosternal chest pain typically after eating
and heartburn[11]. Due to initial non-specific symptoms
in early stage disease and the low prevalence of achalasia
worldwide, the condition often goes undiagnosed for
many years, giving rise to features of late stage disease
and their associated complications.

PATHOGENESIS
The pathogenesis of achalasia is not well understood
but it is believed to be due to an inflammatory neurodegenerative insult with possible viral involvement. The
measles and herpes viruses have been suggested as candidate viruses however molecular techniques have failed to
confirm these claims and therefore the causative agent remains undiscovered[8]. Genetic and autoimmune components have also been suggested as origins of the neuronal
damage however research to date has not found the exact
cause[9]. Inflammatory changes within the oesophagus
following the causative insult result in the loss of postganglionic inhibitory neurons in the myenteric plexus and
a consequent reduction in the inhibitory transmitters, nitric oxide and vasoactive intestinal peptide. The excitatory
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EPIDEMIOLOGY
Achalasia is a relatively rare condition. A summary of
studies published to date on achalasia incidence and
prevalence is shown in Table 1[12-25]. The incidence of
achalasia varied between studies, with reports as low as
0.03/100000 per year in Zimbabwe[22] to 1.63/100000
per year in Canada[14]. The majority of incidence rates re-
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Table 1 Summary of epidemiological studies of achalasia incidence and prevalence in adults
Study

Location

Years studied

Total number of

Prevalence rate

Incidence rate

achalasia patients
Not reported
62
463

(per 100000)
Not reported
8.7
  2.518
  10.829
Not reported
   11.2
7.1
9.8
   13.4
   10.8
Not reported
   8.0
7.91
    12.62
Not reported
Not reported
Not reported
Not reported
Not reported
1.77
Not reported

(per 100000/year)
0.81
0.55
Not reported
1.639
Not reported
1.1-1.26
Not reported
Not reported
Not reported
0.97
0.4
0.51
  0.83
1.154
0.6
0.6
  1.0
0.03
0.895
0.29
1.59

Howard et al[12]
Birgisson et al[13]
Sadowski et al[14]

Edinburgh, Scotland
Iceland
Alberta, Canada

1986-1991
1952-2002
1995-2008

Mayberry et al[15]

1972-1983

Mayberry et al[16]
Mayberry et al[17]
Arber et al[18]

Great Britain and Ireland
Scotland
Wales
Northern Ireland
Republic of Ireland
England
Cardiff, Wales
Nottingham, England
Israel

1926-1977
1966-1983
1973-1983

6306
583
197
153
453
4920
48
53
162

Earlam et al[19]
Galen et al[20]
Mayberry et al[21]
Stein et al[22]
Farrukh et al[23]
Ho et al[24]
Gennaro et al[25]

Rochester, United States
Virginia, United States
New Zealand
Zimbabwe
Leicester, England
Singapore
Veneto, Italy

1925-1964
1975-1980
1980-1984
1974-1983
1986-2005
1989-1996
2001-2005

11
31
152
25
14
49
365

1

Rate in 1973 only; 2Rate in 1983 only; 3Rate between 1973-1978; 4Rate between 1979-1983 only; 5Rate only applicable for South Asian population of region;
Rate reported as 1.1 for men and 1.2 for women; 7Rate only applicable to Oxford region of England; 8Rate in 1996 only; 9Rate in 2007 only.

6

although some investigations have detected slightly higher rates amongst females[16,19,28]. Only one study reported
a higher achalasia incidence in men[14]. A study carried
out by Mayberry et al[15] found achalasia to be significantly
more common in the Republic of Ireland in comparison
to its neighbouring countries (Table 1). Similarly, a study
which reviewed the incidence of achalasia in New Zealand found differing incidence between ethnic groups[21].
The Pacific Islanders had an incidence of 1.3/100000 per
year in comparison to those of Maori descent having an
incidence of 0.2/100000 per year. This may reflect the
influence of genetic factors in achalasia aetiology[21].
A Canadian population-based study also considered
the prevalence and survival rates of patients with achalasia[14]. Sadowski et al[14] found that the prevalence of achalasia rose from 2.51/100000 in 1996 to 10.82/100000 in
2007, despite a relatively stable incidence over the same
time period (Table 1). The rise in prevalence was seen in
both genders but was noted to be more pronounced in
males, reflecting the fact that achalasia is a slowly progressive disease. This rise in prevalence was also evident in
an Israeli study[18] and was noted in an Icelandic study between 1952 and 2002[13]. It is interesting to note that the
Canadian study observed survival of achalasia patients to
be significantly lower than the age-sex matched control
population[14]. However, others have discerned that the
majority of deaths in achalasia patients result from unrelated causes, leading to an equivalent life expectancy to
the general population[29].

Incidence per 100000 population

1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0
1940

1950

1960

1970

1980

1990

2000

2010

Mid-year of study period

Figure 3 Achalasia incidence by mid-study time points.

ported clustered between 0.5-1.2 per 100000/year (Table
1). In an attempt to investigate changing incidence rates
over time, we plotted incidence rates against the midtimepoint within the study periods (Figure 3). As shown
in Figure 3, incidence rates of achalasia appear to be rising, with most reports since the 1980s exceeding rates of
0.8/100000 per year, which has doubled to 1.6/100000
per year in post-2000 studies. Whether this reflects a true
rise in incidence, or greater awareness and improved diagnosis of the condition remains uncertain though.
There are no distinct patterns of achalasia incidence
in terms of age and sex distribution; it can affect both
genders, all races and all ages[26]. A few studies have suggested a bimodal distribution of incidence by age, with
peaks at around age 30 and 60 years[12,18,24], while others
have pointed towards a generally increased risk of achalasia with increased age[15,23,25]. Achalasia appears to affect
males and females to largely equal extents[12,13,15,18,21,23-25,27]

WCG|www.wjgnet.com

AETIOLOGY
There has been much debate over the aetiology of acha-
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lasia, with several potential triggers for the inflammatory
destruction of inhibitory neurons in the oesophageal
myenteric plexus being implicated. These include autoimmune responses, infectious agents and genetic factors.

with other genetic diseases including Parkinson’s disease, Downs syndrome and MEN2B syndrome[10]. One
recent suggested the possibility of involvement of the
rearranged during transfection gene, which is a major
susceptibility gene for Hirschprung’s disease (also linked
with Down’s syndrome)[9]. Mayberry et al[38] conducted a
study of first degree relatives of achalasia patients but
concluded that inheritance was unlikely to be a significant causative factor due to the rarity of familial cases
and exposure to common environmental and social factors within a family group may explain the presence of
familial cases of achalasia.
It has been postulated that achalasia may incorporate
a multi-factorial aetiology with an initiating event such as
a viral or environmental insult resulting in oesophageal
myenteric plexus inflammation. This inflammatory reaction may then initiate an autoimmune response in a susceptible group of genetically predisposed people, causing
destruction of inhibitory neurons[39].

Auto-immune conditions
One recent study observed that patients with achalasia were
3.6 times more likely to suffer an autoimmune condition,
compared with the general population[30]. Sjogren’s syndrome, Systemic Lupus Erythematosus and uveitis were
all significantly more prevalent in achalasia patients. The
study also found the presence of a T-cell infiltrate and
antibodies within the myenteric plexus of many patients
with achalasia and an increased presence of human leukocyte antigen class Ⅱ antigens[30]. Another study noted
an overall higher prevalence of neural autoantibodies
in patients with achalasia in comparison with a healthy
control group[31]. Although no specific autoantibody was
identified, this further supports the theory that achalasia
has an autoimmune basis[31].

TREATMENT

Infectious agents
The role of an infectious agent in the development
of achalasia has been widely debated with several viral
agents being implicated. For example, Chagas disease
has a known infectious aetiology, and exhibits many
similarities with achalasia[32]. In addition, there are several reports of varicella zoster virus and Guillain-Barre
syndrome preceding the onset of achalasia[32]. Antibody
studies have demonstrated increased titres to herpes and
measles viruses in patients with achalasia in comparison
to healthy control groups[33,34]. One study looking specifically at the link between the herpes simplex virus (HSV)
and primary achalasia indicated the presence of HSV-1
reactive immune cells in the lower oeseophageal sphincter of achalasia patients, suggesting that HSV-1 may be
involved in the neuronal damage to the myenteric plexus
leading to achalasia[35]. A further study of peripheral
blood immune cells found that patients with achalasia
showed an enhanced response to HSV-1 antigens[34]. In
contrast, another investigation using PCR on myotomy
specimens did not find any association between herpes,
measles or human papilloma viruses and achalasia[36].
The current evidence for a causative infectious agent is
contradictory and no clear causal relationship has yet
been established.

The mainstay of treatment for achalasia is either pneumatic balloon dilatation or laparoscopic myotomy [40].
In pneumatic balloon dilatation, a balloon is positioned
across the lower oesophageal sphincter and inflated, effectively rupturing the muscle of the affected segment.
Surgical myotomy can be performed as either an open
or laparoscopic procedure. The laparoscopic technique
is now the most commonly performed. The procedure
involves making a longitudinal division of the circular
muscle of the lower oesophageal sphincter, extending
this both proximally and distally onto the cardia[11]. Many
surgeons advise the use of an anti-reflux procedure together with surgical myotomy, as these patients at are
an increased risk of reflux following surgery[3]. A recent
study compared partial anterior and partial posterior fundoplication following cardiomyotomy. It concluded that
partial posterior fundoplication was superior to the anterior procedure due to significantly lower reintervention
rates for postoperative dysphagia[41].
The best comparative study between pneumatic dilatation and surgery to date has demonstrated remarkably
similar outcomes in matched patients over a three year
follow up period[42]. Therapeutic success at two years was
noted in 86% of those treated by pneumatic dilatation
and 90% of those who had laparoscopic Heller’s myotomy. The regimen for pneumatic dilatation was rigorous
with the option of multiple dilatations. The accompanying editorial suggests that choice should be determined
by patient preference and local expertise[43]. A new endoscopic esophagomyotomy technique has been recently introduced: Peroral endoscopic myotomy involves dividing
the inner circular muscle of the oesophagus. This requires
sophisticated expertise and remains experimental[39].
In patients for whom invasive procedures are not
suitable, alternative treatment options may be considered
including pharmacological intervention using long-acting

Genetic predisposition
The genetic basis for achalasia has not been widely investigated due to its low prevalence. One syndrome, known
as the triple “A” syndrome, which consists of a triad of
achalasia, alacrima and adrenocorticotrophic hormone
resistant adrenal insufficiency is a known autosomal
recessive disorder caused by gene mutations on chromosome 12. This syndrome, together with the prevalence
of cases within children of consanguineous couples[37],
suggests the possibility for a genetic component to the
aetiology of achalasia. There have been associations
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nitrates and calcium channel blockers. However, these
are of limited benefit[44]. A further option is botulinum
toxin injection into the lower oesophageal sphincter.
This technique offers good short term results[45]. Most
recently, metal stents have been used successfully[46]. Both
of these options are generally only suited to those with
several co-morbidities[9].

estimated that for the detection of a single cancer there
would need to be 681 endoscopic examinations undertaken[53]. Despite the potential complications associated with
diagnosis, treatments and increased cancer risk, achalasia
patients don’t experience a significant compromise to
overall life expectancy[29]. The most recent guidelines indicate that surveillance endoscopy is not indicated[60].

COMPLICATIONS

CONCLUSION

Patients with achalasia are at risk of developing the complications associated with disease progression as well as
its treatment interventions. The complications of achalasia that can develop as a result of the natural course of
the condition include aspiration-pneumonia[47]. Megaesophagus develops in 10% of inadequately treated cases
and can ultimately require oesophagectomy[48].
Squamous cell carcinoma is the most common oesophageal cancer in patients with achalasia and this is
thought to result from the high level of nitrosamines
produced by bacterial overgrowth due to stasis in the
oesophagus leading to chronic inflammation and dysplasia[49]. There is considerable variation in the documented
oesophageal cancer risk in achalasia. One review found
that the prevalence of oesophageal cancer in achalasia
was 3%, corresponding to a 50-fold increased risk[50],
while a prior review reported increased risks ranging
from 0-33-fold greater than the general population[51].
Subsequent reports would also indicate a slightly more
modest, but still significantly elevated, risk of oesophageal cancer 16-28-times greater than an age-sex matched
control population[52,53].
The risk of oesophageal adenocarcinoma is also
increased in those with achalasia and may be a complication of longstanding reflux following successful interventional treatment[27,54]. A recent publication from The
Netherlands demonstrated that 8.2% of 331 primary
achalasia patients developed Barrett’s oesophagus over a
period of up to 25 years[55]. Two of these Barrett’s cases
progressed to develop oesophageal adenocarcinoma.
Other studies have also reported elevated risks of Barrett’s oesophagus and oesophageal adenocarcinoma in
achalasia patients[27,56].
A few studies have described even larger increased
risks of oesophageal cancer amongst achalasia patients.
One German study reported an risk of developing oesophageal cancer up to 140 times greater in patients with
achalasia than the normal population[57], which is equivalent to cancer risk in Barrett’s oesophagus[58]. Furthermore, oesophageal cancer diagnosis in achalasia patients
is often delayed, contributing to a poor mean survival after diagnosis of only 0.7 years[53,59]. These findings would
support the need for endoscopic surveillance in achalasia
patients.
However, despite the relative risk being increased, the
absolute risk of cancer in patients with achalasia is still
small and there would be a large number of examinations required to detect a single cancer. In fact it has been

In conclusion, achalasia remains a relatively underresearched condition with many details on aetiology,
true incidence, and risk of complications still unknown.
There has been some progress over the past years into
the aetiology of the condition but there is a need for further research to be carried out into this field to establish
causative agents. Furthermore, clarification in relation to
the need for an endoscopic screening program in patients
with achalasia to detect the development of oesophageal
cancer is required.
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Endoscopic approach to achalasia
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equivalent to surgery. A new promising technique might
be peroral endoscopic myotomy, although long term
results are needed and practicability as well as safety
issues must be considered. Treatment with a temporary
self expanding stent has been reported with favorable
outcomes, but the data are all from one study group
and must be confirmed by others before definite recommendations can be made. In addition to its use as
a therapeutic tool, endoscopy also plays an important
role in the diagnosis and surveillance of patients with
achalasia.
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Abstract

Core tip: Upper gastrointestinal-endoscopy is an important part in the diagnostic algorithm of achalasia.
Although it does not have a high sensitivity in detection of early stage achalasia, it is essential to rule out
pseudoachalasia. This updated review included the
newest data on treatment and surveillance of achalasia
patients with special emphasis on the new treatment
option of per oral endoscopic myotomy, including all
fulltext publications until January, 2013.

Achalasia is a primary esophageal motor disorder. The
etiology is still unknown and therefore all treatment options are strictly palliative with the intention to weaken
the lower esophageal sphincter (LES). Current established endoscopic therapeutic options include pneumatic dilation (PD) or botulinum toxin injection. Both treatment approaches have an excellent symptomatic short
term effect, and lead to a reduction of LES pressure.
However, the long term success of botulinum toxin (BT)
injection is poor with symptom recurrence in more than
50% of the patients after 12 mo and in nearly 100% of
the patients after 24 mo, which commonly requires repeat injections. In contrast, after a single PD 40%-60%
of the patients remain asymptomatic for ≥ 10 years.
Repeated on demand PD might become necessary and
long term remission can be achieved with this approach
in up to 90% of these patients. The main positive predictors for a symptomatic response to PD are an age >
40 years, a LES-pressure reduction to < 15 mmHg and/
or an improved radiological esophageal clearance postPD. However PD has a significant risk for esophageal
perforation, which occurs in about 2%-3% of cases.
In randomized, controlled studies BT injection was
inferior to PD and surgical cardiomyotomy, whereas
the efficacy of PD, in patients > 40 years, was nearly
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INTRODUCTION
Idiopathic achalasia is a rare primary esophageal motor
disorder of unknown etiology, with an estimated incidence of 1 case per 100000 of the general population[1].
It represents a neurodegenerative disorder, in which
neurons of the myenteric plexus become destroyed.
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Although major strides have been made in understanding the pathogenesis, including a probable autoimmune
mediated destruction of inhibitory neurons caused by an
unknown insult in genetically predisposed patients, the
definite pathophysiology is still unknown[2].
Achalasia is characterized by a loss of function of the
lower esophageal sphincter and the esophageal peristalsis. The classical features are incomplete relaxation of a
frequently hypertensive lower esophageal sphincter (LES)
and a lack of peristalsis in the tubular esophagus, which
causes symptoms such as dysphagia, regurgitation, weight
loss and chest pain.
The diagnosis of achalasia is suspected clinically
on the basis of the symptoms mentioned above and
confirmed by diagnostic tests, such as barium swallow,
and esophageal manometry. However, an endoscopic
examination is always necessary to distinguish primary
achalasia from the secondary form, in cases of possible
malignancy[3].
Since the underlying defect cannot be reversed, the
treatment of achalasia remains palliative. Therefore,
the aim of all current therapies is the improvement
of the esophageal food passage by reducing the distal
esophageal obstruction. Such improvement will lead to
symptomatic relief of dysphagia, regurgitation, as well as
weight gain.
This goal can be achieved by pharmacologic therapy,
by endoscopic treatment with pneumatic dilatation (PD)
or botulinum toxin (BT) injection, or by surgery. Recently,
new therapy options such as stent implantation or peroral
endoscopic myotomy (POEM) have been reported[4,5].
However, the efficacy of these treatment options varies and the recommendation for the best therapy is still
controversial. Although pneumatic dilation and Heller
myotomy seemed to be the most effective treatments for
achalasia[6], the choice of treatment modality depends on
multiple factors, such as patients’ characteristics, clinical
presentation, local expertise and patients preference[7].
In addition, surveillance strategies remain a matter of
debate. Despite an increased risk for malignancy there are
no existing guidelines for surveillance of cancer or other
complications such as esophagitis, peptic strictures or
megaesophagus[8,9].
This review will provide an evidence-based approach
for the use of endoscopic options for the diagnosis, treatment and surveillance of achalasia.

relatively easy to pass with the endoscope. In advanced
stages of achalasia the esophagus is dilated and contains
retention of food or secretions[11]. The esophageal mucosa usually appears normal, although sometimes inflammation or ulceration caused by retained food can be
demonstrated. The endoscopic examination is especially
important to rule out other possible causes for the symptoms. These include esophageal and gastric tumors as
well as stenosis caused by scarring or inflammatory conditions or by aberrant vascular patterns (e.g., dysphagia
lusoria). Especially the esophagogastric junction, as well
as the gastric cardia and the fundus, should be examined
carefully for evidence of neoplasm, because gastric adenocarcinoma is the most common neoplasm associated
with pseudoachalasia[12].
Furthermore, esophago-gastroscopy might be important for the detection and treatment of complications
that can be a result of the disease itself such as megaesophagus or carcinoma, or of successful treatment for
example reflux esophagitis or peptic stricture[13].

ENDOSCOPIC TREATMENT
The treatment options remain strictly palliative; therefore the primary goal of all therapies is the improvement
of the esophageal food passage by reducing the distal
esophageal obstruction. Such improvement will lead to
symptomatic relief of dysphagia, regurgitation, as well
as weight gain. Endoscopic treatments include mechanical rupture of the smooth muscle fibers of the LES and
relaxation of the hypertensive lower esophageal sphincter
by injection of botulinum toxin, an inhibitor of acetylcholine release from nerve endings[14] as well as novel reported endoscopic therapies such as stent placement, and
POEM respectively[4,5].

ENDOSCOPIC INJECTION OF BT
Strictly speaking, botulinum toxin injection into the LES
is a pharmacologic treatment, but it requires upper endoscopy for its application.
Botulinum toxin is a neurotoxin that leads to a blockade of the release of acetylcholine from vesicles of excitatory motor neurons. Therefore, it counteracts the loss
of inhibitory input to the LES and helps to restore the
LES to a lower resting pressure[15].
Botulinum neurotoxins are divided into seven subgroups, identified by the letters A-G. In clinical practice
subtype A is most frequently used[16].
The application of BT is performed by prograde
or retrograde injection into the LES using a standard
sclerotherapy needle. The most common approach is the
injection of 20-25 units BT-A diluted in 1 mL of saline,
in each of the 4 lower esophageal sphincter quadrants
approximately 1 cm above the Z-line into the bulging
muscle (Figure 1)[17]. Whether the use of endoscopic ultrasound or manometry to identify the LES can achieve
better clinical results has not been definitively estab-

DIAGNOSTIC USE OF ENDOSCOPY
Endoscopy is one of the primary tools in the diagnosis
of achalasia as the leading symptom of the disease is
dysphagia. Esophago-gastroscopy, esophageal barium
swallow and esophageal manometry are the standard
diagnostic procedures in suspected achalasia. Although
an endoscopic diagnosis can only be made in about 1/3
of all patients with achalasia, its sensitivity increases with
progressive stages of disease[10]. Typically the resistance
at the gastroesophageal junction is increased, but still
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A

B

Figure 1 Endoscopic images of botulinum toxin injection. Injection with the standard sclerotherapy needle deep intramuscular in the region of the cardia. A: Prograde injection with an endoscopic view of the distal esophagus; B: Retrograde injection with a retroflexed view of the cardia.

Table 1 Efficacy of botulinum toxin injection in the treatment of achalasia
Ref.
[19]

Wehrmann et al
Annese et al[20]
Pasricha et al[28]
Fishman et al[31]
Annese et al[32]
Gordon et al[100]
Cuillière et al[101]
Vaezi et al[102]

n

BT-dose U

Initial symptomatic response

20
36
31
60
38
16
55
22

100
100
80
80
100
80
80
100

80%
90%
90%
70%
82%
75%
85%
64%

Injection rate
2.5
0
1.6
1.3
1
1.25
1.2
1.1

Long-term symptomatic response

Follow up (mo)

70%
78%
68%
36%
68%
58%
60%
32%

24
6
12
12
24
7
6
12

BT: Botulinum toxin.

lished[18,19]. Botulinum toxin diffuses into the surrounding tissue of up to 10 mm, therefore absolute precision
might not be necessary[18]. In two studies, instead of
BT-A (Allergan Inc., Irvine, CA, United States), Dysport
(Ipsen, Milan, Italy) was used at doses of 200-240 U and
was equally effective[20]. BT injection is a safe method
no more demanding than a routine endoscopy with no
major complications. The most common side effect
is retrosternal pain in up to 25% of patients[15]. It is an
outpatient procedure and the patients can go home after
they recover from sedation. The patients are allowed to
drink in the recovery room and to eat soft foods later in
the day. Symptomatic improvement occurs gradually and
usually peaks 1-3 d later, although this may be delayed
even further in the occasional patient[21].
The first clinical studies were conducted in the 1990th,
after preliminary studies in piglets[22-24]. In these initial
studies, patients were treated with endoscopic injection
of botulinum toxin in comparison to placebo injection
of saline with symptomatic improvement as well as a
remarked reduction of the LES pressure after BT injection were demonstrated[25]. However, the clinical effect
of botulinum neurotoxins is reversible, because of the
regeneration of the presynaptic membrane[26]. Therefore,
the efficacy of a single BT injection has been found
to vary from 3 mo to 3 years. In numerous placebocontrolled trials, significant improvement of symptoms
has been shown in approximately 75% (70%-90%) of the
patients[27] (Table 1). Although, after 12 and 24 mo symp-
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toms recurred in more than 50% and in nearly 100% of
the patients, respectively[28-30]. Therefore, repeat injections
are commonly required and nearly 75% of the initially
responsive patients will respond to a second BT treatment. However, patients who failed to respond to initial
BT injection respond to a second injection in less than
20%[31]. Furthermore, it is known that increasing the dose
to 200 U BT does not improve the success rate whereas
two injections of 100 U of BT 30 d apart seemed to be
the most effective therapeutic schedule[32].
However, the long-term safety and efficacy are less
certain[20]. It is known that repeated BT injections may
lead to decreased effects due to the development of
inhibitory antibodies[15] and there is some evidence that
injection of BT into the LES is associated with increased
difficulty of performing esophagomyotomy[33].
The long-term success of BT injection into the LES
in patients with achalasia was highest in elderly patients
(> 55 years), in patients with vigorous achalasia and those
with an LES pressure not exceeding the upper normal
level by 50% or more prior to treatment[34,35]. In fact,
several investigators have speculated that the better longterm response to BT injections seen in the elderly might
be explained by diminished nerve regeneration[36].
In summary, the advantages of this method are that it
is simple, effective and relatively inexpensive, with no major side effects and excellent short-term results. Unfortunately this result only lasts for 6-9 mo on average in most
patients and only half of them benefit for more than 1
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A

compliance polyethylene balloon available in 3 diameters
(3.0, 3.5, and 4.0 cm) (Figure 3A). It is fixed on a flexible catheter that can be placed over an endoscopically
placed guidewire with subsequent fluoroscopic monitoring of the balloon position across the LES. The rapid
inflation of the balloon with air leads to stretching of the
LES muscle fibers, resulting in at least partial rupture. In
order to avoid radiation exposures, some centers monitor balloon position by direct endoscopic observation[45].
A pressure of up to 10-12 psi (average 7 psi) is used to
inflate the balloon for 1-2 min until the waist of the balloon, which lies in the region of the LES, is completely
elapsed (Figure 3B). The dilation protocols and follow-up
varies among different investigators in the United States
and Europe[13]. Some authors have used single dilation[46],
others performed serial graded dilations on consecutive days or a few weeks apart with balloon sizes ranging
from 3 to 4 cm[47-50] and a few European centers perform
serial progressive dilations over several days, until the
manometrically measured LES pressure is below 10-15
mmHg[51].
However, in the past numerous comparative studies found no significant different symptomatic response
rates for the use of different balloon systems, or different length of inflation or peak pressures respectively,
although previous studies could show that the use of a
Rigiflex dilator and multiple dilations during the initial
treatment might improve efficacy[13,43].
The technique of graded balloon dilation starting
with 3.0-cm Rigiflex balloon as the initial dilator and
progressing to 3.5-cm and 4.0-cm balloon in absence of
response to previous balloon size seems to be the safest
approach[52]. Following dilation, radiologic esophagograms with water-soluble contrast agents are frequently
performed to rule out serious complications; whereas
others do not recommend a routine esophagogram in the
absence of symptoms suggestive of a perforation, such
as chest pain often with radiation to the back or to the
shoulder, followed in one third of patients by vomiting
and shortness of breath[53].
Transmural perforation, mostly located just above the
cardia along the left side of the esophagus where there is
an anatomic area of weakness. The perforation rate reported in different studies ranges between 0%-5% with a
mean range of 2%-3% (Table 2). In the review of Katzka
et al[43] in which 29 studies of pneumatic dilation in achalasia were evaluated the overall perforation rate was 2%
of which only 1% required surgery.
The mortality rate (5%-6%) after transmural perforation due to pneumatic dilation is usually caused by
the development of mediastinitis or bleeding into the
mediastinum[54]. In general, conservative treatment with
fluid resuscitation, gastric decompression, and antibiotics,
best combined with an immediate endoscopic closure of
the perforation, is a possible option[43,52]. Complications
following pneumatic dilation, if recognized and treated
promptly, were not associated with adverse, long-term sequelae[50]. Multiple dilations, the use of inflation pressures

B

Figure 2 Radiologic image of the esophagus of an elderly patient. A: Before Botox injection; B: After Botox injection, with a decrease of the diameter in
the area of the lower esophageal sphincter.

year[37]. Because of its less invasive nature compared with
other therapeutic alternatives Botox injection may be the
preferred approach in the treatment of some patients
with achalasia, such as elderly patients (Figure 2) or patients with multiple medical problems who are poor candidates for more invasive procedures as well as those unwilling to have either surgery or pneumatic dilatation[38].
Furthermore, BT injection might be a useful therapy in
patients with atypical achalasia, or complex achalasia in
whom it is unclear whether more invasive procedures
such as pneumatic dilation or surgical myotomy are the
correct therapy[39].

DILATION OF THE LES
Theoretically, there are two possible modalities used to
dilate the LES in patients with achalasia: bougienage and
pneumatic balloon dilation.
Although bougienage is a technique known to be
highly effective in peptic or anastomotic strictures, it provides only temporary and incomplete symptom relief in
patients with achalasia[40,41]. Therefore, the more forceful
stretching of the LES with pneumatic balloon dilation
that weakens the LES by tearing its muscle fibers is the
preferred approach.
PD
Pneumatic dilatation has been a well established and
proven treatment for achalasia for decades and is currently considered the most effective nonsurgical treatment
option for achalasia[42].
Since the first description of treating achalasia with
whale bone by Sir Thomas Willis in 1674, the aim of the
procedure has principally remained the same. That is to
rupture the hypertensive smooth muscle of the LES. In
the past different kinds of balloons such as Witzel or
Mosher balloons, with a remarkable variation in the methods of dilatation were used for the forceful dilation[43,44].
The procedure has become more standardized with the
development of the so called Rigiflex balloon System
(Boston Scientific Corporation, MA, United States), a low

WCG|www.wjgnet.com
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A

B

Figure 3 Pneumatic dilation with a rigiflex balloon. A: Endoscopic image; B: Radiologic images. The waist of the balloon lies in the region of the lower esophageal
sphincter.

the short-term symptomatic success rate of PD.
A recently published review of 21 studies using Rigiflex balloons demonstrated that the initial success rates
depends on the balloon size, with larger balloons showing better outcomes. Success rates of 74%, 80% and 90%
were achieved when using balloon sizes of 30, 35 and 40
mm, respectively[45].
However, a decline in success rates over time was
consistently found. For example, researchers achieved
success rates of 74% at 6 mo, 68% at 12 mo and 58%
after 36 or more months. If patients are observed for
more than 10 years, only 40%-60% will remain asymptomatic after a single PD. Therefore, repeated on demand
PD might be necessary and long term remission can be
achieved with this approach in up to 90% of the patients[47,50,58].
Nevertheless, it must be considered that the patients
with frequent PD are exposed to potentially serious
complications such as esophageal perforation, intramural
hematoma or aspiration and the uncertain durability of
symptom free intervals between dilations[59,60]. Therefore,
it is important to predict which patient is less likely to
respond or will have an early recurrence of symptoms.
In fact, patients older than 40 years generally have better outcomes following dilation than those who are
younger[61,62]. Further positive predictive factors are a
LES-pressure of < 15 mmHg or a LES pressure reduction of more than 50% in comparison to the pre-dilation
LES pressure[63,64]. By contrast, a wide esophagus, the use
of small balloon sizes, an incomplete obliteration of the
balloon waist during the procedure, a failed response to
one or two dilations, type Ⅰ or Ⅲ patterns of achalasia in
high resolution manometry, poor esophageal clearance on
a timed barium swallow and younger male patients have
been shown to predict a poor treatment response[63,65-67].
A recently published study reported a new predictor of treatment success by measuring the distensibility
of the esophagogastric junction with an endoscopic
functional luminal imaging probe (EndoFLIP®). Even
when LES pressure was low, esophagogastric junction
distensibility could be reduced, which was associated with

Table 2 Initial effiacy of pneumatic dilation in the treatment
of achalasia
Ref.

Dilator-system

Chuah et al[52]
Rigiflex
Eckardt et al[61]
Brown-McHardy
Wehrmann et al[62]
Rigiflex
Csendes et al[73]
Mosher
Stark et al[103]
Brown-McHardy
Parkman et al[104] Brown-McHardy
Coccia et al[105]
Rider-Moeller
Bourgeois et al[106]
Rider-Moeller
Gelfand et al[107]
Rigiflex
Vaezi et al[108]
Rigiflex
Rai et al[109]
Rigiflex

n
32
54
40
39
10
123
16
53
24
20
56

Symptomatic Perforation
response
rate
91%
78%
88%
65%
100%
88%
75%
80%
83%
75%
89%

3%
2%
3%
5%
0%
2%
0%
4%
0%
5%
0%

> or = 11 psi or a large balloon (4 cm) at initial dilation
as well as older age (> 65 years) seemed to be risk factors for esophageal perforation[55]. Although suspected
by early observations, a hiatus hernia, a diverticulum of
the esophagus and vigorous achalasia do not increase this
risk[56]. Other minor complications include esophageal
mucosal tears, bleeding, intramural hematomas, aspiration
and diverticula at the cardia[50,56]. Post procedural fever
usually resolves spontaneously without the use of antibiotics, and in approximately 15% of patients severe but
self- limited chest pain occurs[50,55].
Furthermore, some patients will develop reflux when
measured by 24-h esophageal pH monitoring. Although
severe complications of gastro esophageal reflux disease
such as peptic stricture, or Barrett esophagus are rare,
15%-45% of the patients will complain of heartburn responding to proton pump inhibitor treatment[57,58].
The only absolute contraindication for pneumatic dilatation is poor cardiopulmonary status or other comorbid illness preventing surgery, if a transmural perforation
might occur[17].
Outcome of PD
Initial success rates are high with up to 85% of patients
reporting symptom improvement after one month. Table
2 summarizes the results of several studies according to
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impaired emptying and recurrent symptoms[68]. Although
it must be considered that even if LES pressure is not an
optimal predictor, it still remains a valuable measure in
clinical practice.
In summary, PD is safer than commonly thought and
very effective even in the long term, although multiple
dilations will be needed over a lifetime in most patients.
The technique of graded balloon dilation starting with
3.0 cm Rigiflex balloon as the initial dilator and progressing to 3.5 and 4.0 cm balloon in absence of response to
previous balloon size seems to be the safest approach[69].
Patients not responding to three serial dilations are less
likely to respond to repeated dilations and should be offered surgery.

balloon, followed 1 to 3 wk later by dilation with the use
of a 35-mm balloon. All patients thus underwent at least
two dilations. If the Eckardt score 4 wk later was greater
than 3, a third dilation was performed, with the use of
a 40-mm balloon. The other group (n = 104) received
a laparoscopic Heller cardiomyotomy with antireflux
technique (LHM). Both treatments had comparable
therapeutic success at 2 years, with 86% of the patients
achieving symptomatic relief with PD and LHM, respectively. Furthermore, there was no significant difference
in the LES pressure or esophageal emptying, as assessed
by the height of barium-contrast column in both groups.
Although age was not an overall predictor for therapeutic
success for treatment, similar to previous investigations,
an inferior symptomatic response of PD in patients with
age < 40 years was observed.
The rate of complications as well as the frequency of
induction of gastroesophageal reflux was similar in both
groups. This data suggests that PD and LHM have equal
efficacy, given that PD is performed with at least two dilations.
Not surprisingly, the only study comparing BT injections with laparoscopic cardiomyotomy showed an inferiority of BT. The 1-year remission rate was 53% in the BT
group and 90% in the myotomy group and 2 years later
only 34% of the patients treated with BT and 88% of the
operated patients were in clinical remission[75].

Comparative trials between various treatment modalities
The review of six randomized controlled trials comparing PD to BT injection in patients with primary achalasia
demonstrated no significant difference in symptomatic
remission and the mean esophageal pressure within 4 wk
of the initial intervention. However, in the long term (>
6 mo) PD was more effective[30]. The combination of
both treatments does not improve the outcome[35].
In summary, BT injection has similar efficacy as pneumatic dilatation in achieving an initial improvement in
dysphagia. It can also be effective in some patients with
tortuous megaesophagus and vigorous achalasia, but serial injections are required to sustain relief and its long
term efficacy is inferior to PD[70]. Furthermore, serial
BT injection is more costly than PD dilation, if the lifeexpectancy is > 2 years[71].
The role of PD in comparison to surgical myotomy
is less clear. The difficulty in comparing both therapies is
due to the lack of prospective randomized studies with a
long follow up (> 5 years) in a large population and the
lack of standardized technique of balloon dilation.
In the past years meta-analyses have favored surgery
as the best treatment to achieve long-term success[42,72].
However, these analyses mostly included retrospective
studies of different sizes and quality and did not include
approaches with on demand repeat dilations. In fact, a repeated dilation was the negative endpoint in some of the
studies.
Until recently, only one randomized study existed.
The study by Csendes et al[73], in which conventional
cardiomyotomy plus Dor fundoplication was compared
with the pneumatic dilation using the so-called “Mosher
Bag”, reported symptomatic response rates 5 years after treatment of 95%, and 65% in the surgical and PD
group, respectively. However, the technique used for the
pneumatic dilation was possibly suboptimal and a later
published long-term follow-up of the same patient group
showed that the results of the surgery were less favorable
after more than 15 years of observation, with only 75%
of patients being in sustained remission.
Last year, the results of a European multicenter
study were published[74]. In one study arm, patients were
treated (n = 94) with PD, starting with a 30 mm Rigiflex
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NEW ENDOSCOPIC THERAPEUTIC
APPROACHES
POEM
POEM is a new endoscopic treatment for achalasia.
Ortega et al[76] first reported an endoscopic myotomy in
the treatment of achalasia using a needle knife to cut the
inner circular muscle fibers of the LES by cutting directly
through the mucosa during endoscopy.
After this small study with excellent results the
method fell into oblivion, until Pasricha et al[77] reported
a technique of endoscopic submucosal method on a pig
model. Afterwards Inoue et al[78] described a clinical application of the modified Pasricha technique as POEM.
This approach involves endoscopic dissection of the
esophageal submucosal space (under CO2 insufflation)
to gain access to LES muscle fibers. The semicircumferent dissection starts approximately 6-13 cm proximal to
the esophagogastric junction and is extended 2 cm into
the stomach. Circular muscle bundles are then dissected,
leaving the longitudinal muscle layer intact. Inoue et al[78]
could show a significant improvement of dysphagia
and reduction of LES pressure after this intervention,
although the mean postinterventional LES pressure was
still high at 20 mmHg. Most recently, several centers are
using the POEM technique and reported excellent short
term results and no “serious” complications, although
pneumomediastinitis, C-reactive protein elevation are
common and long term results are required[78-80]. A short
overview of the results to date is given by Table 3.
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Table 3 Results of peroral endoscopic myotomy for the treatment of patients
Ref.

n

Mean age
(yr)

Myotomy
length (cm)

Follow-up
(mo)

Symptomatic response
(Eckardt score before/after POEM)

LES-tone
(before/after POEM, mmHg)

Inoue et al[5]
von Renteln et al[80]
Swanström et al[110]
Costamagna et al[111]
Chiu et al[112]

17
16
5
11
16

41
45
64
32
48

8
12
7
10
11

5
3
1
1
6

10/1.3
8.8/1.1
Not quantified
7.1/1.1
5.5/0

52/20
27/12
Not measured
45/17
44/30

Only full text publications are considered. LES: Lower esophageal sphincter; POEM: Peroral endoscopic myotomy.

The procedure is promoted as less invasive than surgical myotomy, but it still requires general anesthesia and is
not less time consuming than a laparoscopic approach. It
is a sophisticated and demanding technique even for experienced endoscopists and so far has shown suboptimal
results for lowering LES pressure compared in comparison to the published results with surgery. Furthermore
revisional surgery might be more difficult because the
space between the submucosal and muscular layers might
become inflamed and scarred[81].
In summary, it is a very interesting approach but long
term results as well as a comparison of POEM with other treatment modalities in randomized controlled studies
are required and it’s use should only be applied in the
context of clinical trials.

USE OF ENDOSCOPY FOR
SURVEILLANCE
In patients with achalasia surveillance is important for
several reasons. First, treatment success needs to be documented by objective parameters. Second, regular followup enables the clinician to detect symptomatic recurrences at an early stage and, third, endoscopic surveillance has
the potential for early recognition of late complications,
such as esophageal squamous cell cancer, megaesophagus
or reflux esophagitis.
Objective evaluation of treatment success at least
with a structured symptom orientated questionnaire
and esophageal manometry, or better with additional
timed barium esophagogram and endoscopy should be
performed early (4-12 wk) after the initial intervention.
Some centers even perform esophageal manometry intraoperatively or immediately after pneumatic dilation[91,92].
A post-dilation LES resting pressure of < 10-15 mmHg
is generally considered to be predictive of a good longterm response[61,62]. However, falsely elevated LES pressure could be measured immediately after disruption of
the LES due to associated edema. In the immediate post
interventional period endoscopy is less important, but
it is useful for further surveillance. Endoscopy might
have a role in the detection or prevention of long-term
complications. Up to 10% of all patients with longstanding achalasia (more than 10 years after first diagnosis) develop progressive enlargement of the esophagus,
which can lead to a sigmoid-shaped esophagus and/or
megaesophagus[93] (Figure 4). This complication more
frequently develops in patients who remain ineffectively
treated for years. If these morphological changes are only
recognized at an advanced stage, esophageal resection
may be the only remaining therapeutic option[13].
In addition, the risk of esophageal cancer in achalasia
patients is estimated to be approximately 30-fold higher
than in the general population[8,9]. Especially in male achalasia patients, a substantially greater risk for both squamous cell carcinoma and adenocarcinoma of the esophagus has been shown, whereas the risk in female patients
could not be evaluated due to the small numbers[94].
The first prospective evaluation of esophageal cancer
risk in a large cohort of achalasia patients with long-term
follow-up demonstrated an increased rate of esophageal
cancer. The mean age at cancer diagnosis was 71 years,

Stenting
Another novel therapeutic approach is temporary esophageal stenting. Recently, a strategy of using retrievable
stents has been successfully applied in the treatment of
benign esophageal strictures[82,83]. A few studies, from
a single Chinese study group reported a symptomatic
benefit with the use of self expanding metal stents in patients with achalasia. In this endoscopic approach a partially covered, self-expanding metal stent (SEMS) with a
diameter of 20, 25 or 30 mm was applicated in unsedated
patients with achalasia. It was kept in place for 1 wk and
then it was removed endoscopically. The best results after
10 years were shown in patients treated with a 30 mm
stent. The clinical remission rate was 86%, 27%, 13%, 0%,
in 30 mm SEMS, 25 mm SEMS, 20 mm SEMS and PD,
respectively[84,85]. In contrast, other study groups could
not confirm these results and complications, such as stent
migration, chest pain and reflux esophagitis have been reported, with a mortality and morbidity of 33% and 50%
respectively[86,87].
Ethanolamine oleate injection
Case reports from southern Europe[88,89] and Iran[90] reported a good response after endoscopic injection of the
sclerosing agent ethanolamine oleate in the cardia. As
a possible mechanism inflammatory destruction of the
LES is discussed. Symptom relief as well as improved
esophageal emptying has been demonstrated. However,
the reported number of cases is very small and the longest follow up was 17 mo.
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A

B

Figure 4 Endoscopic images of patients with achalasia. A: Early achalasia; B: Advanced achalasia with a megaesophagus, hyperplasia of the esophageal epithelium.

after a mean of 11 years (range 2-23 years) following initial diagnosis, and a mean of 24 years (range 10-43 years)
after symptom onset. Although, most neoplastic lesions
remained undetected until an advanced stage, despite
structured endoscopic surveillance, the authors suggested
such a surveillance strategy in patients with longstanding
achalasia[95].
Even if the latest American Society of Gastrointestinal Endoscopy guidelines correctly state that there are
still “insufficient data to support routine endoscopic
(cancer) surveillance for patients with achalasia”[96], endoscopic surveillance might be beneficial in particular if one
considers that cancer is not the only late complication of
this disease. Therefore, most experts favor some form of
endoscopic surveillance in patients with achalasia if the
disease has been present for more than 10-15 years[97,98].
It could be considered that chromoendoscopy or narrow
band imaging might be superior for early detection of
neoplastic lesions, but further studies are needed to compare these techniques with standard endoscopy.
Another long-term complication that requires careful attention is the development of clinically significant
gastro-esophageal reflux disease (GERD), which occurs
in up to 25% of patients with achalasia who are followed
up for > 15 years[99]. GERD-related findings range from
reflux esophagitis and peptic strictures to Barrett’s esophagus, which in rare instances may progress to esophageal
adenocarcinoma. In our practice follow-up visits are recommended biannually. The patients undergo structured
interviews using a scoring system (Eckardt score) for the
symptoms and upper gastrointestinal (GI)-endoscopy to
detect reflux-esophagitis or the development of a megaesophagus. If achalasia has been present for more than
10 years the follow-up interval is shortened to annual
intervals.
However, further studies are needed to determine
whether such surveillance strategies will improve the
overall outcome.

nostic algorithm of achalasia. Although it does not have
a high sensitivity in detection of early stage achalasia, it is
essential to rule out pseudoachalasia.
Treatment remains palliative as the neuronal defect
of the disease seems to be irreversible. Therefore, the
primary goal of all therapies is the improvement of the
esophageal passage by disruption of the LES and the
prevention of long-term complications. The most effective endoscopic therapy is graded pneumatic dilation
with Rigiflex balloons, whereas the endoscopic injection
of Botulinum toxin injection is mostly reserved for old
patients or those with major comorbid illnesses preventing surgery. A new promising technique might be POEM
although long-term results and comparison of POEM to
PD and LHM are needed.
Treatment with a temporary self expanding stent are
reported by one group who reported a better long term
effect than PD, but the results of PD were poor in this
study and the data must be confirmed by others before
this method can be recommended. In addition, multiple
complications such as stent migration, bleeding and chest
pain can occur with this technique.
Most experts favor some form of endoscopic surveillance in patients if achalasia has been present for more
than 10-15 years. However, no guidelines exist and further studies are needed to determine whether and which
surveillance strategies will improve overall outcome.
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Core tip: Per-oral endoscopic myotomy (POEM) is
a minimally invasive endoscopic procedure that duplicates results of the surgical Heller myotomy. This
innovative technique has been performed by both
gastroenterologists and surgeons. POEM has been
shown to be safe and effective in patients with classic
achalasia and modest follow-up data. POEM has also
been successfully applied in patients with hypertensive esophageal motor disorders as well as end-stage
achalasia. It is recommended that prior to performing
POEM, operators should have experience in endoscopic submucosal dissection or substantial training in
animal models.

Abstract
Achalasia is an uncommon esophageal motility disorder
characterized by the selective loss of enteric neurons
leading to absence of peristalsis and impaired relaxation of the lower esophageal sphincter. Per-oral endoscopic myotomy (POEM) is a novel modality for the
treatment of achalasia performed by gastroenterologists and surgeons. It represents a natural orifice transluminal endoscopic surgery (NOTES) approach to Heller
myotomy. POEM has the minimal invasiveness of an
endoscopic procedure that can duplicate results of the
surgical Heller myotomy. POEM is conceptually similar
to a surgical myotomy without the inherent external incisions and post-operative care associated with surgery.
Initial high success and low complications rates promise a great future for this technique. In fact, POEM has
been successfully performed on patients with end-stage
achalasia as an initial treatment reserving esophagectomy for those without good response. The volume of
POEMs performed worldwide has grown exponentially.
In fact, surgeons who have performed Heller myotomy
have embraced POEM as the preferred intervention for
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INTRODUCTION
Achalasia is an esophageal motility disorder where there
is aperistalsis of the distal one-third of the esophageal
body and the lower esophageal sphincter (LES) fails to
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relax in response to swallowing. Achalasia is noted equally
in both genders with prevalence that ranges up to 1 per
10000 persons and it occurs across the age span, though
diagnosis is usually made in middle age or later[1]. The
majority of cases are idiopathic, but the syndrome can
be associated with malignancy (especially involving the
gastro-esophageal junction) and as a part of the spectrum of Chagas disease. Rarely, achalasia is genetically
transmitted[2]. Achalasia is an uncommon prototypical
esophageal motility disorder with characteristic clinical
and esophageal manometry findings. The cardinal presenting symptom is dysphagia; usually for both solids
and liquids. Other symptoms can include chest pain,
regurgitation, heartburn, cough related to aspiration, and
weight loss. Advanced cases can result in malnutrition.
Achalasia is suggested by characteristic contrast imaging
demonstrating a dilated esophagus with smooth distal
narrowing that can resemble a “bird’s beak”, but formal
diagnosis requires esophageal manometry. The necessary
feature on manometry is a LES that does not consistently
relax after swallowing. Common but more variable features are a hypertensive LES and disordered peristalsis
in the esophageal body. High resolution manometry has
refined the delineation of various subtypes of achalasia
as defined by the more variable features[3]. The classification has therapeutic importance as those with “classical”
(aperistalsis of esophageal body) respond better to endoscopic and surgical interventions than those with “vigorous” achalasia[4].

must ensure an adequate myotomy and distal esophagectomy (6+ cm), and up to 20% of patients may require
repeat intervention[14].

EMERGENCE OF PER-ORAL ENDOSCOPY
MYOTOMY
Per-oral endoscopic myotomy (coined “POEM”) developed as an offshoot of a technique to access the mediastinum in Natural Orifice Transluminal Endoscopic
Surgery (NOTES)[15]. The POEM technique was first
tested in a porcine model [16]. A key feature was creation of a submucosal tunnel with closure of mucosal
entry site a distance away from the myotomy. Inoue
extrapolated this method to perform the first POEM
in humans[17]. We performed our first POEM in 2009
(the first outside Japan) as part of an IRB-approved
prospective trial protocol at Winthrop University Hospital[18]. We have integrated our series data into a comprehensive international POEM (IPOEMS) survey that
was completed in July 2012[19]. The volume of POEMs
performed worldwide has increased dramatically but
appears to be concentrated at several select centers and
literature concerning this new modality has also been
increasing; albeit at a slower pace.

INDICATIONS AND CONTRAINDICATIONS
FOR POEM
Patients considered candidates for POEM must have a
confirmed diagnosis of achalasia via manometry and secondary achalasia related to malignancy must be excluded.
Consensus contraindications to POEM include severe
pulmonary disease, significant coagulation disorder and
prior therapy that compromise esophageal mucosal integrity including endoscopic mucosal resection (EMR),
radiofrequency ablation (RFA) and radiation. With experience, operators have been more liberal in performing
POEM in a variety of achalasia subtypes as well as hypertensive esophageal motility disorders. The technique was
used successfully on a patient with diffuse esophageal
spasm[20]. Patients with longstanding achalasia may develop a markedly dilated (“sigmoid”) esophagus that can
require esophagectomy[21]. Despite this, Inoue described
POEM performed in 16 such patients in his series[22].
POEM offers a minimally invasive treatment option that
can be used initially, reserving esophagectomy for failures.

PRIOR CONVENTIONAL TREATMENTS
FOR ACHALASIA
Medical treatment of achalasia with calcium channel
blockers and other agents is considered to be ineffective.
Therapy instead is directed towards disrupting or weakening the LES. Diminution of LES pressure after therapy
is paramount in attaining relief from dysphagia[5,6]. Until
recently, the three traditional options for this were botulinum (Botox) injection (BTI) into the LES, pneumatic
dilation (PD) of the LES and surgical myotomy (often
with subsequent fundoplication to minimize reflux). BTI
has been well validated as therapy for achalasia with good
short-term benefit, but has poor long-term efficacy at diminishing dysphagia[7,8]. However, it is a safe and effective
treatment option for the infirm and elderly[9]. Pneumatic
dilation has a well validated track record in relieving dysphagia in achalasia, though repeated dilations are often
needed and some require sequentially larger balloons[10,11].
A pivotal study demonstrated therapeutic equivalence
between PD and laparoscopic Heller myotomy with Dor’
s fundoplication at 43 mo post-intervention in terms of
LES pressure and relief from dysphagia[12]. Despite this,
surgical myotomy remains the preferred modality for
achalasia in the United States; perhaps because of medical-legal concerns related to PD perforation and the usual
more durable response with myotomy[13]. The degree of
esophageal dilation of the achalasia esophagus is less of a
concern to the surgeon then previously, but the operator
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POEM TECHNIQUE
The technique of POEM is centered on creation of a
submucosal tunnel within the distal esophagus where a
myotomy is performed within this tunnel with dissection
of the inner circular muscle of the esophagus and minimally dissection of the LES circular muscle. Equipment
required for POEM is readily available and compatible
with existing endoscopy instruments[23] (Table 1). Endotracheal intubation is performed and it is paramount to
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Table 1 Per-oral endoscopic myotomy equipment
High-definition diagnostic gastroscope
Transparent 4 mm distal cap attachment
Electrosurgical device for injection of saline, incision and cautery ( T-type HK hybrid knife- with Erbe jet pump)
Electrosurgical device for incision and cautery (Triangle tip knife) and injection of saline with Injector force Max 4 mm, 23-gauge injection needle
Electrosurgical high frequency generator (e.g., ERBE VIO 300D)
Coagulation 5 mm grasper (Olympus)
Endoscopic clips (Boston-Scientific, Olympus, Wilson-Cook)
Needle or trocar for potential decompression of capnoperitoneum (angiocatheter, Veress needle 120 mm)
Endoscopic dilating balloons- CRE balloon dilator (5.5 cm, 10-11-12 mm) multiple manufacturers (rarely required)
Submucosal injection: Methylene blue or indigo carmine diluted in saline
CRE: Controlled radial expansion.

Figure 1 Per-oral endoscopic myotomy technique (© Winthrop University Hospital, 2012). A mucosal incision is performed after submucosal injection. Then,
dissection of the submucosal tunnel is initiated and extended into the gastric cardia. Myotomy is performed of the circular layer and extended 2 cm into the gastric
cardia. Finally, the entrance to the submucosal tunnel is closed with endoclips.

use carbon dioxide for endoscopic insufflations to minimize the risk of mediastinal emphysema and minimize
barotrauma if pneumoperitoneum occurs. Endoscopy
is performed on the fasted patient and the esophagus is
cleared of any residual contents. Liquid antibiotic (gentamicin) is used to lavage the esophagus. The sequence of
POEM is (1) submucosal injection, mucosal entry; (2) creation of the submucosal tunnel with subsequent; (3) distal
esophageal circular muscle dissection; (4) LES myotomy;
and (5) finally closure of the mucosal incision (Figure 1).
A submucosal injection of saline is used to expand
the submucosal space ten to fifteen cm proximal to the
LES and a two cm incision is then made (Figure 2A
and B). The diagnostic gastroscope with cap is inserted
into the submucosal space. The submucosal tunnel is
extended with cautery and further injection. The submucosal tunnel located on the right side of the esophagus is
extended to 2-3 cm distal to the LES and into the gastric
cardia (Figure 2C). During dissection, if there is significant bleeding or the presence of larger vessels within
the submucosa, the Olympus Coagrasper is employed
to coagulate. The gastroscope is repositioned 2-3 cm
distal to the initial mucosal incision site prior to initiating the myotomy. Dissection of the esophageal wall is
performed with an electrical knife but actual dissection
of the circular muscle is not performed until the plane
between the inner circular and outer longitudinal esophageal muscles are clearly delineated (Figure 2D). The circular muscle myotomy is performed by hooking the inner
muscle fibers with the knife and cutting them (Figure 2E
WCG|www.wjgnet.com

and F). This dissection of muscle is continued distally
until it is extended 1-2 cm into the cardia. This extension (cardiomyotomy) is partially based on the surgical
myotomy experience where there is greater treatment efficacy with such extension[21]. This was also validated in a
porcine POEM study[24]. The recognition of the LES in
the tunnel can be quite challenging; especially for the inexperienced POEM operator. There may be cues such as
submucosal palisading vessels (with less vasculature in the
cardia) and widening of the submucosal space[20]. This
can be correlated with tactile feedback of the endoscope
entering the stomach. After the myotomy is completed
with circular muscle excision from the mucosal entry
to the cardia 1-2 cm distal to the LES, the endoscope is
withdrawn into the esophageal lumen. The mucosal defect is closed with endoscopic clips (e.g., Boston Scientific
Resolution) (Figure 2G and H). It is important to realize
that the integrity of the esophageal mucosa is the barrier
against mediastinal soiling after the procedure. Thus, it
should not be breached during the tunnel creation and
the entry site securely closed.

EVOLUTION OF OUR POEM TECHNIQUE
There has been significant evolution of our technique
due to our experience, newly available instruments and
the experience of others worldwide (Table 2). We did
not have access to endoscopic submucosal dissection
(ESD) knives initially because they were not available in
the United States. We partially overcame this by obtaining
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A

B
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D
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G

H

Figure 2 Per-oral endoscopic myotomy technique. A: Submucosal injection; B: Mucosal incision; C: Submucosal tunnel; D: Myotomy initiation; E: Dissection of the
circular layer with longitudinal layer intact; F: Hooking of circular muscle layer with hybrid knife; G: Entrance to the submucosal tunnel; H: Closure.

Table 2 Evolution of per-oral endoscopic myotomy: A single center experience
Initial

Subsequent

Rationale

Performed in operating room with surgeon
present
Selected patients had no prior achalasia
intervention
Use of dilation balloons to dissect submucosal
tunnel
Variable orientation of initial incision site
Short myotomy-less than 6 cm

Performed in endoscopy suite with surgeon available Demonstrated to be a predictable and safe
procedure. Moderate procedural time
Selected patients include those with prior intervention POEM results here and elsewhere
(BTI, PD, HM)
No or little use of balloon. Evolution from needle Experience. More reliable dissection with knives.
knife to IT knife and now hybrid knife
Hybrid knife with flushing capability
Preference for 5 o’clock position
Improved dysphagia relief
Myotomy tailored to manometry findings and POEM results here and elsewhere
components of Eckardt score
Partial LES myotomy of circular muscle only Preference for complete myotomy unless low LESP on Concern for POEM efficacy. Post-POEM GERD
manometry
usually manageable with medication

POEM: Per-oral endoscopic myotomy; BTI: Botulinum (Botox) injection; LESP: Lower esophageal sphincter pressure; PD: Pneumatic dilation; HM: Heller
myotomy; GERD: Gastroesophageal reflux disease.

prototypes of ESD knives and using them in our animal
lab, and thus are familiar with them prior to human use.
We did our first POEM procedures with the tunnel created by a dilating balloon (often a biliary balloon). There is
concern with the blunt dissection caused by the balloon
in terms of possible mucosal damage. The myotomy was
performed with a needle knife[17]. We used the triangular

WCG|www.wjgnet.com

tip knife (Figure 3) when it became available and as described by Inoue[16]. Now, we employ the T-type hybrid
knife (Figure 4) and avoid use of the balloon. Thus, submucosal injection can be made without need for exchanging devices. One POEM center (Shanghai group) touted
the hybrid knife as superior to other knives and also used
it in humans[25].
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A

Figure 3 Triangular tip knife (Olympus) Courtesy Haruhiro Inoue.

B

Figure 4 T-type hybrid knife (ERBE Elektromedizin GmbH). Courtesy John
Day, ERBE (Marietta, GA).

Figure 6 Full-thickness myotomy.

fined as the most anterior point and a sling (oblique) fiber
part centered on the left posterior lateral wall of the LES
at 7 o’clock and draping over the anterior and posterior
walls at 5 and 11 o’clock respectively[26] (Figure 5). The
sling fibers represent a significant barrier to reflux. Laparoscopic Heller Myotomy usually involves transection of
the sling fibers at 11 o’clock and thus reflux symptoms
are common after laparoscopic heller myotomy (LHM).
On the other hand, most POEM operators begin the SM
tunnel at 2 o’clock which may minimize post-procedure
reflux, but the tradeoff is with less than optimal efficacy
because LES disruption is the key factor in achalasia intervention. We and others (Shanghai group) that employ
a predominant 5 o’clock for the mucosal entry point and
submucosal tunnel may have better relief of dysphagia
because of dissection of the sling fibers but at the expense of mild reflux. At our center, patients with gastroesophageal reflux disease after POEM respond well to
medical therapy. Conceivably, the decision regarding the
mucosal entry site may be based on manometry findings
where those achalasia patients with a normal or low LES
pressure may receive a myotomy in the 2 o’clock while
the majority of the other achalasia patients would be best
served by a 5 o’clock incision. We can assess the quality
of the myotomy by visualization and tactile assessment
of the LES pressure by passage of the gastroscope. We
and others assess the esophagogastric junction distensibility quantitatively with the EndoFlip system during
POEM[27]. In one patient from our series, we were dissatisfied with the results of gastro esophageal junction
distensibility after the 2 o’clock position myotomy was

Longitudinal
esophageal muscle

Circular
esophageal
muscle

SLING FIBERS
Innermost muscle layer of stomach

Myotomy at
2 o'clock
position
CLASP FIBERS
Mucosa

Outer longitudinal muscle
layer of stomach

Middle circular
muscle layer of
stomach

Figure 5 Human lower esophageal sphincter anatomy in relation to peroral endoscopic myotomy myotomy orientation (© S.N. Stavropoulos,
Winthrop University Hospital, 2012).

LOWER ESOPHAGEAL MYOTOMY:
ORIENTATION, DEPTH AND LENGTH
The LES in humans has multiple components that include a weaker thinner clasp (circular) part on the gastric
lesser curvature centered at 2 o’clock with 12 o’clock de-
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Table 3 Per-oral endoscopic myotomy experience: Series data
No. of patients
No. of completed POEMs
Age (mean, yr)
Achalasia by HRM subtype
Ⅰ
Ⅱ
Ⅲ
Esophageal dilation > 6 cm or sigmoid
Percent of patients who failed prior conventional achalasia treatment (Endoscopic balloon dilation, Botulinum toxin injection, Heller myotomy)
Pre/Post eckardt score (mean)
Percent of patients with clinical success at 3 mo (Eckardt score £ 3)
Myotomy length (mean, centimeter)
Percent of technical errors
Minor mucosal perforations requiring clip closure
Needle decompression of capnoperitoneum
Percent of adverse events
Surgical intervention/conversion
ICU or step down unit stay
Prolonged hospital stay > 5 d
Significant blood loss or blood transfusion
POEM related readmission

45
45
53 (23-93)
12%
83%
5%
27%
35%
7.8/0.4
95%
9
20%
13%
0%
0%
0%
0%
0%

POEM: Per-oral endoscopic myotomy; HRM: High resolution manometry; ICU: Intensive care unit.

performed, so it was followed by a second complete myotomy at the 5 o’clock position with good results.
We, like Inoue, were conservative with our initial
POEM patients, performing a myotomy less than 6 cm in
length[16]. We have subsequently followed the consensus
in the POEM literature where our myotomy usually is
8-10 cm. As with the mucosal incision site, we anticipate
manometry findings to guide us in determining which
patients would not require such a long myotomy (i.e., a
patient with non-spastic achalasia). We tend to perform
a full-thickness myotomy of the LES (Figure 6) because
(1) we are concerned about relief of dysphagia; (2) the
residual longitudinal layer seems flimsy and is easily disrupted after the circular muscle is resected; and (3) the
longitudinal layer usually plays a lesser role in the barrier
mechanism. Most POEM operators perform only a partial LES myotomy leaving the outer longitudinal muscle
layer intact, but one group transitioned to a full-thickness
myotomy and reported significant better esophageal
emptying in treated patients after the transition[28].

(Table 3). These patients had a wide age range and many
had significant co-morbid disease. The POEM is usually completed within two hours though additional time
antecedent to the POEM is sometimes necessary to
clear the esophagus. We have not excluded patients with
prior intervention and have concluded like others that
prior botulinum toxin injection creates more challenges
for the POEM operator than prior pneumatic dilation
in terms of scarring and that POEM can be performed
successfully after laparoscopic Heller Myotomy[20]. We
have performed POEM in patients with varying degrees
of esophageal dilation including end-stage achalasia.
Over 90% of our patients had relief of their dysphagia
and improvement in global assessment (Eckardt scores).
We are attempting to capture data recording posttherapy manometry. Data to date demonstrates at least
50% reduction in LES pressure post-myotomy. Other
POEM groups have also generated excellent therapeutic
results[29,30]. POEM failures were defined as patients with
Eckardt scores > 4. There were two patients early in our
experience that met this criterion and had salvage PD.
Follow up Eckardt scores at one year post salvage PD for
these patients are zero.
We had an excellent safety record thus with our
POEM patients with no life-threatening complications
(Table 3). There were several patients with capnoperitoneum early in the series possibly related to mucosal
flap injury, but these were easily treated with needle decompression. We emphasized the necessity of carbon
dioxide during POEM. One POEM group had an unduly
high rate of subcutaneous and mediastinal emphysema
and pneumothorax that may relate to room air used in
POEM[31]. We are not aware of any documented POEM
mortality. Published data on complications is sparse and
the IPOEMS database infers a low rate (< 5%) of complications which include the above and bleeding within

POSTOPERATIVE CARE
All patients are hospitalized after POEM. A gastrograffin swallow study is performed within 24 h to assess for
leaks and gauge early efficacy. Antibiotics are often administered. The patient is usually given a liquid diet which
is advanced and the patient is usually discharged within
one-two days. Pain requiring narcotics is rarely reported
and it seems less common than with LHM. A “secondlook” endoscopy is usually not performed.

OUR POEM EXPERIENCE
We have performed POEM on 45 achalasia patients and
have one year follow-up in more than half these patients
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the submucosal tunnel and one reported para-esophageal
abscess[18].
8

FUTURE PERSPECTIVES
There is a paucity of literature on POEM and to date
only series from five centers[26-28,32,33]. We are unique in
that our POEM operator is a gastroenterologist and procedures are now done in the endoscopy suite. In spite of
our success with POEM, some insurers have not sanctioned the use of the procedure-some terming it “experimental.” We anticipate consensus guidelines in the near
future to deal with the issues mentioned about variability
of technique as well training and credentialing guidelines.
Training will likely include an animal model due to the
low incidence of achalasia[34]. A comparative trial between
POEM and LHM yielded similar results for both arms[35]
and we expect further such studies.
As mentioned, POEM was originally developed as
an innovation for NOTES and this work continues[36].
The submucosal tunnel endoscopic resection technique
(STER) is an offshoot of POEM, and allows removal of
lesions in the muscularis propria and submucosa[37].

9

10

11

12

13

CONCLUSION
POEM for esophageal achalasia is a novel and seemingly
effective technique. Further validation is expected, but it
appears already to have carved a niche in the armamentarium for achalasia. There are some controversies regarding technique that need to be resolved. There may be
obstacles in the future concerning available training and
availability of skilled operators.
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malignant transformations. Follow-up may need to be
considered for patients with complications of HGMPE
and surveillance if biopsies show intestinal metaplasia
or dysplastic changes. Despite the overall low incidence
of clinically relevant manifestations reported in the literature, HGMPE is a clinically significant entity but further
researches are required to better understand its clinical
significance.
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Abstract
Heterotopic gastric mucosa of the proximal esophagus
(HGMPE), also referred to as “inlet patch” or “cervical
inlet patch”, is a salmon colored patch that is usually
located just distal to the upper esophageal sphincter.
HGMPE is uncommon with endoscopic studies reporting a prevalence ranging from less than one percent to
18%. Most HGMPE are asymptomatic and are detected
incidentally during endoscopy for evaluations of other
gastrointestinal complaints. Most consider HGMPE as
clinically irrelevant entity. The clinical significance of
HGMPE is mainly acid related or neoplastic transformation. The reported prevalence of laryngopharyngeal
reflux symptoms varies from less than 20% to as high
as 73.1%. However, most of these symptoms are mild.
Clinically significant acid related complications such as
bleeding, ulcerations, structure and fistulization have
been reported. Although rare, dysplastic changes and
malignancies in association with HGMPE have also been
reported. Associations with Barrett’s esophagus have
also been reported but the findings so far have been
conflicting. There are still many areas that are unknown
or not well understood and these include the natural
history of HGMPE, risk factors for complications, role of
Helicobacter pylori infection and factors associated with
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INTRODUCTION
Heterotopic gastric mucosa of the esophagus (HGMPE),
also commonly referred to as “inlet patch” or “cervical
inlet patch”, is an island of ectopic gastric mucosa that is
found in the proximal esophagus[1,2]. Rarely, they can also
been found in the other part of the esophagus[2,3]. HGMPE
is widely considered to be congenital in nature. However, it
has also been proposed to be an acquired condition[1,4,5].
The reported incidence varies from less than one percent[6] to 13.8% in endoscopic studies[7]. Autopsy study
has reported higher incidence of up to 70%[1,2]. Commonly reported symptoms include laryngopharyngeal
reflux (LPR) symptoms and the prevalence has been reported to be as high as 73.1%[8]. However, most of these
symptoms are mild and the management depends on the
severity of symptoms. A clinico-pathologic classification
has been proposed which categorized HGMPE into five
distinct groups based on their clinical, endoscopic and
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histological characteristics (Table 1)[1]. Serious and significant complications of HGMPE have been reported
in both adults and the pediatric population[1,2,9]. Interestingly, other common upper aero-digestive disorders have
also been linked to HGMPE[2,9]. The clinical significance
of HGMPE remains debated due to the limited number
of publications. This article reviews the literature and
discusses the clinical manifestations and significance of
HGMPE in clinical practice.

Table 1 Clinico-pathological classification for heterotopic
gastric mucosa of the proximal esophagus
Category
Ⅰ
Ⅱ
Ⅲ
Ⅳ
Ⅴ

BACKGROUND

Symptoms/findings
None
Laryngopharyngeal reflux
Strictures/webs/fistula/
bleeding
None/non-specific
Asymptomatic/dysphagia

elevated or depressed and the surface can be smooth or
nodular. Most HGMPE are located on the lateral walls
typically a few centimetres distal to the upper esophageal
sphincter (16 and 21 cm from the incisors)[1,2]. The sizes
can vary from microscopic to as large as three to five
centimeters. Most patients have a single patch while those
with multiple patches, the patches tend to be small and
are usually found within close proximity of other patches.
On specialized imaging such as narrow band imaging, the
HGMPE is clearly more visible (Figure 1C).

Pathogenesis
Currently, there are three proposed theories on the development of HGMPE[1,2,4,5]. The most widely accepted
theory is that HGMPE is congenital in origin. During the
development of the esophagus and at 24 wk of gestation
(equivalent to 90 mm crown rump length during fetal development), squamous lining replaces the columnar lining
starting from the mid esophagus moving in both directions. The proximal esophagus is usually the last part to
get stratification and this account for the common finding of heterotopic gastric mucosa in the proximal esophagus[1,2]. Although less common, ectopic mucosa can also
be found in the other parts including the distal esophagus[2,3]. Another proposed theory involves metaplastic
transformation of the squamous lining to columnar from
chronic acid injury as seen in Barrett’s esophagus[4]. Proliferation of remnant pluripotent cells as result of acid
injury has been proposed as the underlying pathogenesis.
The third theory involves rupture of proximal esophageal
retention cystic glands[5].
The most common histological type is the cardia or
oxyntic type mucosa followed by the antral mucosa. Depending on the mucosa type, some HGMPE can produce
acid[10-12], and given their close proximity to the laryngopharyngeal complex can easily reflux into this area to
cause symptoms. The laryngeal mucosa is also particularly
susceptible to acid injury, even with mildly acidic secretion. Non-acidic secretions such as mucus have also been
shown to induce laryngopharyngeal symptoms[13].
HGMPE can be colonized by Helicobacter pylori (H. pylori) and the prevalence have been reported to be as high
as 82%[14]. The infection rates probably correlate with the
prevalence of H. pylori infection in the general population.
Although the role of H. pylori in HGMPE remains uncertain, one can probably surmise that it can cause changes
similar to those seen in the stomach. Inflammatory and histological changes such as atrophy, metaplasia, dysplasia and
carcinoma of the HGMPE have also been reported[2,15].

CLINICAL MANIFESTATIONS
The clinical manifestations of HGMPE can be broadly
divided into non-neoplastic and neoplastic. The majority of patients found to have HGMPE are asymptomatic and the HGMPE are detected incidentally during
evaluation for other gastrointestinal complaints. These
patients are categorized to have type Ⅰ HGMPE. The
non-neoplastic manifestations (type Ⅱ and Ⅲ) such as
LPR symptoms and strictures and bleeding are probably related to the acid produced by the patch. The least
common manifestations are the histological or neoplastic
changes (type Ⅳ and Ⅴ)[1,2]. With the exception of malignancy in the pediatric population, all these have been reported both in the adult[1,2] and pediatric population[16-20].
Acid related symptoms are often seen in younger patients
whereas neoplastic manifestations have been reported
mainly in the elderly population.
Acid-related manifestations
Symptoms associated with HGMPE include LPR symptoms such as regurgitation, dysphagia, hoarseness, globus,
throat discomfort and chronic cough[1,2]. Often dysphagia
is located in the proximal esophagus or throat level. Associations with chronic ear or sinus problem have also
been reported.
Symptoms in adult population
To date, there have only been a few studies that have
reported comparisons of symptoms between patients
with and without HGMPE. Published studies have so
far reported mixed findings, some showing significantly
higher LPR symptoms[8,21-24] whilst others reported no
significant difference[15,25] (Table 2). The symptoms enquired and reported were not consistent between studies.
Some reported the overall prevalence or limited to only

Endoscopic characteristics
HGMPE is often missed during endoscopy as the proximal esophagus is often neglected or briefly examined
during routine endoscopic examination. On endoscopy,
HGMPE appears as a salmon colored ovoid or round
patch that is usually distinct from the surrounding esophageal squamous mucosa (Figure 1A and B). It can be flat,
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Description
Asymptomatic
Symptomatic
Symptomatic with benign
complications
Intra-epithelial dysplasia
Malignant transformation
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A

B

C

Figure 1 Endoscopic images of heterotopic gastric mucosa of the proximal esophagus. A: A large heterotopic gastric mucosa of the proximal esophagus
(HGMPE) on the left lateral wall; B: A large HGMPE located on the right lateral wall; C: Small patch with a brownish hue located on the left lateral wall on neutral beam
injection.

Table 2 Prevalence of symptoms reported to be associated with heterotopic gastric mucosa of the proximal esophagus in adult
Ref.

Symptoms reported

Chong et al[8]

Akbayir et al[15]
Baudet et al[21]
Poyrazoglu et al[22]
Alagozlu et al[23]
1

Neumann et al[24]

Weickert et al[25]

P value

Prevalence of LPR symptoms (%)
HGMPE (+ve)

Overall LPR symptoms
Chronic cough
Sore throat/hoarseness
Globus
Regurgitation
Heartburn
Upper esophageal and
laryngopharyngeal symptoms
Dysphagia
Dysphagia
Globus
Dyspepsia
Dysphagia/odynophagia
Upper respiratory symptoms
Globus
Recurrent hoarseness
Dysphagia (any grade upper and lower)
Heartburn (any grade upper and lower)

HGMPE (-ve)

73.1
29.2
54.2
23.1
42.3
50.0
45

25.9
10.6
11.7
7.1
13.1
22.5
21.5

< 0.001
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
= 0.07

21
39.4
78.6
88.2
20.8
2.5
1.6
9.1
15.2
15.2

4.0
0
0
97.8
16.4
0.9
0.3
5.6
9.4
9.4

< 0.001
< 0.05
< 0.05
NS
< 0.001
< 0.001
< 0.001
= 0.5
NS
NS

1

In the study by Neumann et al, the symptoms presented are symptom recorded as indications for endoscopy. HGMPE: Heterotopic gastric mucosa of the
proximal esophagus; LPR: Laryngopharyngeal reflux; NS: Not significant.

one or few symptoms. However, most of the symptoms
reported were mild. Prevalence rate of LPR symptoms as
high as 73.1% has been reported[8]. The largest study to
date based on a database of 487  229 endoscopies carried
out in non-referral centers in the United States showed
that dysphagia or odynphagia, upper respiration symptoms suggestive of LPR and globus were significantly
more common in patients with HGMPE[24]. However,
this study was limited by its retrospective nature and the
assessment of only referral indications. The other studies
were mainly from referral or specialized centers.

different from the adult population. Common manifestations include laryngospasm[16], respiratory symptoms[17]
and dysphagia from reflux or stricture[9,20]. In one multicentre study that had looked at 15 patients with a median
age 9.5 years (range: 3.3-15 years) found that five patients
had esophageal atresia, nine with gastroesophageal reflux
disease (GERD) and asymptomatic in one. Dysphagia and
food impaction were the most common manifestations
reported in 14 patients. Six patients had respiratory or ear,
nose, and throat symptoms[9]. An autopsy study in the pediatric population showed that HGMPE was more common in younger age and was more significantly associated
with unexplained death. Variend et al[26] speculated that
pulmonary aspiration of esophageal contents may have
been the cause of death in some of the children.

Symptoms in pediatric population
Currently, there are only a few studies on HGMPE in the
pediatric population and are usually limited by small sample sizes[9,16,18-20]. Most are in the form of case reports[16-20].
To date, there is no endoscopic study that has assessed
HGMPE in this population. Clinical manifestations are
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Table 3 Endoscopic studies reporting the associations between heterotopic gastric mucosa of the proximal esophagus and other
endoscopic findings with special attention to Barrett’s esophagus n (%)
Ref.

Prevalence of HGMPE

Positive association
Avidan et al[4]

53 (1.1)

Alagozlu et al[23]

68 (1)

1

Neumann et al[24]

870 (0.18)

Yuksel et al[27]

171 (1.8)

No association
Borhan-Monesh et al[3]
Chong et al[8]

64 (10)
26 (5.6)

Akbayir et al[15]

11 (1.67)

2

Poyrazoglu et al[22]

33 (3.6)

Weickert et al[25]

33 (11)

Jacobs et al[28]

33 (4.9)

Findings
Significantly more reflux esophagitis (77 vs 50, P = 0.023), Barrett’s esophagus (34 vs 9, P < 0.001), hiatus
hernia (49 vs 30, P < 0.05) and gastric ulcer (P < 0.05)
On multivariate analysis, hiatus hernia, gastric ulcer and Barrett’s esophagus remained significant
Significantly more (P < 0.05) endoscopic Barrett’s esophagus in patients with HGM (13.2 vs 2.4) but not
with reflux esophagitis (10.3 vs 9.5)
Hiatus hernia and duodenal ulcer were reported in 13.2% and 10.3% respectively but no comparisons
were made
Significantly more Barrett’s mucosa on biopsy (9.7 vs 6.5, P < 0.001), adenocarcinoma arising from Barrett’s
mucosa (3.6 vs 0.7, P < 0.01) and reflux esophagitis (41.8 vs 49.7, P < 0.001)
Significantly more reflux esophagitis (25.1 vs 5.6, P < 0.001) and histologically proven Barrett’s esophagus
(3.5 vs 0.5, P < 0.000)
No difference in hiatus hernia
No significant difference (all P = NS) between reflux esophagitis (34.3 vs 38.1) and Barrett’s esophagus
No significant difference (all P = NS) between esophageal, gastric and duodenal findings including Barrett’
s esophagus (3.8 vs 3.7), hiatus hernia (15.4 vs 12.2) and ulcers
No significant difference (all P = NS): Barrett’s esophagus (0 vs 0.9), hiatus hernia (0 vs 10), reflux
esophagitis (27 vs 16) and duodenal ulcer (9 vs 7)
No significant difference (all P = NS): Barrett’s esophagus (0 vs 0.8), hiatus hernia (3 vs 9.1), reflux
esophagitis (36.4 vs 34.8), gastric ulcer (3 vs 3) and duodenal ulcer (6.1 vs 6.8)
Overall prevalence: hiatus hernia (n = 92, 30.7%), reflux esophagitis (n = 41, 13.7%), Barrett’s esophagus (n
= 3, 1%), gastric ulcer (n = 24, 8%) and duodenal ulcer (n = 22, 7%), all P = NS
Significant difference for reflux esophagitis (27.3 vs 11.4) but not for hiatus hernia (15.2 vs 12.5), Barrett’s
esophagus (6.1 vs 1.1) and any gastric or duodenal ulcer (15.2 vs 6.1)

Studies included are those with more than 10 patients with heterotopic gastric mucosa of the proximal esophagus (HGMPE). 1The study by Neumann et al
was based on analysis clinic-pathologic records of patients who had undergone upper gastrointestinal endoscopy with biopsies between January 2008 and
December 2010 in private outpatient clinics and endoscopy centres in the United States; 2The study by Poyrazoglu et al compared the prevalence of other
endoscopic findings between 33 patients with HGMPE with 132 matched controls without HGMPE. NS: Not significant.

HGMPE and Barrett’s esophagus remains debated. Studies have reported conflicting results (Table 3). Avidan et
al[4] showed that patients with HGMPE had up to fivefold
higher risk of Barrett’s esophagus compared to patients
without HGMPE. Three other studies[23,24,27] have reported
significant positive correlations while five studies that
included more than 20 patients with HGMPE have not
found any correlations[3,8,22,25,28]. Two histological studies
reported similar mucin staining patterns in Barrett’s esophagus and HGMPE suggesting possible shared pathogenesis[29,30]. However, Fuerle et al[31] found some differences
and postulated that the specialized columnar epithelium
of Barrett's esophagus originates from a very immature
multipotent gastrointestinal stem cell whereas HGMPE
originates from remnant embryonic gastric mucosa located in the proximal esophagus

also showed that some patients with HGMPE have signs
of esophageal motor dysfunction based on manometry
and 24 h dual probe pH study. They concluded that these
abnormalities may be responsible for some of the symptoms experienced by patients with HGMPE. In another
study, Rosztoczy et al[32] reported several differences between patients with and without HGMPE. Patients with
HGMPE had more and prolonged acid exposure in both
proximal and distal esophagus, longer bile exposure time
in the distal esophagus, reduced lower esophageal sphincter pressure with prolonged relaxation and decreased peristaltic wave amplitude. There was also increased number
of simultaneous contractions in the esophageal body of
patients with HGMPE. These suggest that patients with
HGMPE also have motility disorders contributing to their
symptoms.

Non-laryngopharyngeal symptoms
Reports on symptoms associated with HGMPE are
mainly on LPR symptoms[2]. There is currently little information to suggest whether HGMPE is associated
with non-LPR symptoms. Heartburn has been shown
to be common in patients with HGMPE, even in those
not found to have any erosive esophagitis[4,8,32]. Explanations offered included symptoms induced by acid secretion flowing downward or increased sensitivity as seen
in non-erosive esophagitis. Apart from proximal acid
reflux independent of distal acid reflux, Korkut et al[11]

Other non-neoplastic complications
Complications of HGMPE reported in the literature range
from formations of strictures[33-35], web[36-38], ulceration with
bleeding[39], fistula formation with or without subcutaneous
abscesses[19,40-42], perforation[43,44] and polyps[45-47] (Table 4).
HGMPE have been reported to be the possible cause of
Plummer Vinson or Paterson Kelly Brown syndrome[1,2,38].
The underlying pathogenesis is probably similar to those
seen in acid-related gastric pathologies. In the pediatric
population, HGMPE has also been associated with unexplained infant deaths[26], dysphagia from strictures in the
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Dysphagia was the most common compliant (74.4%) with
smaller proportion detected through surveillance. Interestingly, acid-related symptoms were not common. Smoking
appeared to be a risk factor.

Table 4 Complications of heterotopic gastric mucosa of the
proximal esophagus reported in the literature
Clinicopathological
classification
Type Ⅲ

Type Ⅳ2

Type Ⅴ2

Conditions

Status

Numbers based on
PubMed literature
search

Stricture
Web
Bleeding
Fistula
Perforation
Polyp1
Dysplasia
Low grade
High grade
Adenocarcinoma
Early (pT1 tumor)
Advanced

Reported
Reported
Reported
Reported
Reported
Reported

6
4
1
4
2
4

Reported
Reported

None
3[32-34]

Reported
Reported

13[35-48]
19[33,49-54]

Associations with extra-esophageal neoplasms
To date, association with extra-esophageal neoplasms have
only been reported twice[55,56]. Basseri et al[55] reported the
case of a 22-year-old lady with asthma and GERD diagnosed with laryngeal adenocarcinoma. She later developed
a stricture proximal to a HGMPE (type Ⅲ). In another report, Satoh et al[56] reported the case of a 44-year-old lady
with hypopharyngeal carcinoma with a HGMPE (2.0 cm
× 1.5 cm) bordering the tumor. Chronic irritation from
acid was proposed as the contributing cause to the development of the tumors.

References for type Ⅲ cases reported in the literature not included in the
reference list. 1Not included in the original classification proposed by von
Rahden et al[1]; 2Number of cases of neoplastic transformation identified
through literature searches up till December 2011.

OVERVIEW
HGMPE was first reported by Schmidt et al[1] as an aberrant gastric fundus-type epithelium located in the proximal esophagus. Despite this, the number of publications
on this entity has remained low compared to the other
esophageal disorders. Therefore it is not surprising that
controversies remain regarding the clinical significance of
this entity. Despite the lack of data, HGMPE is clinically
significant and the clinical significance is related to acidrelated manifestations, mucosal changes and malignant
transformations.
The clinical manifestations of HGMPE are best summarized by the classification proposed by von Rahden
et al[1]. Clinically significant manifestations which have
been reported in only a small proportion of patients are
categorized as type Ⅱ, Ⅲ, Ⅳ and Ⅴ HGMPE. The most
common is the type Ⅱ with clinical symptoms of LPR[1,8].
However, some do not consider type Ⅱ HGMPE as significant as the symptoms experienced are mostly mild[8,13].
On the other hand, these symptoms are chronic and very
troublesome for a small minority of patients.
It is currently uncertain if the symptoms are acid-related given that studies have shown that only a small proportion of symptomatic patient have documented acid secretion from the HGMPE[10,31]. However, one can probably
surmise that there is a causal association. Similar to the
stomach or heterotopic gastric mucosa found in Meckel’s
diverticulum, excess acid production can lead to acid-related symptoms and complications. Patients with HGMPE
have also been shown to have motility disorders and this
may contribute to the symptomology of HGMPE[11,32].
Symptomatic patients with HGMPE typically reports LPR symptoms; globus pharyngeus, sore throat,
hoarseness, chronic cough, throat clearing and dysphagia[57]. This is not surprising given the close proximity
of HGMPE with the laryngopharyngeal complex. The
laryngopharyngeal complex is particularly sensitive and
even a small amount of weakly acidic secretion can cause
symptoms[57,58]. Symptoms can also occur with non-acidic
secretions[4]. Presence of gastric enzymes such as pepsin

proximal esophagus[9,18,20] or spasm[16] and recurrent neck
abscesses secondary to fistula[19].
Histology progressions or neoplastic transformation
Overall, significant histological non-malignant changes
or malignancies in HGMPE are extremely rare. Histological changes such as chronic inflammation[3,14], atrophy, intestinal metaplasia[14], and dysplasia[48-50] as seen
in the stomach have been reported mainly in the adult
population. However intestinal metaplasia has also been
reported in children[17]. Macha et al[17] reported that 8.3%
(n = 2/24) of their pediatric patients with HGMPE had
intestinal metaplasia detected on histology. Neoplastic
transformations have only been reported in the adult
population[2,36-39]. A summary of the reported significant
histological or malignancies in association with HGMPE
are shown in Table 4.
Since the first case reported by Carrie et al[51] in 1950,
there have only been 43 cases of adenocarcinoma[52-54]
in association with HGMPE reported in the literature
to date (Table 4). To date, Neumann et al[24] in the largest
series of endoscopies done in non-specialised centers did
not encounter any cases of HGMPE with malignancy
whereas Alagozlu et al[23] encountered a case each of adenocarcinoma and low grade dysplasia among 64 patients
with HGMPE. Based on these two studies, it can be estimated that the incidence of malignancies among patients
with HGMPE ranges between 0 and 1.56%[23,24]. However,
the incidence is likely to be much lower than the estimate
from the latter study.
Based on a review of 43 cases reported in the literatures by Akanamu et al[54], majority of those affected were
men (88.4%) with a median age of 60.4 years (range 35 to
85 years). Most of the lesions were advanced at diagnosis
especially in the earlier reported. Early lesions (T1 lesion)
accounted for 14 cases[54]. The lesions were ulcerated in
31.2%, protruding in 30.2% and polypoidal in 18.6%.
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also contributes to irritations[58].
The prevalence of the various LPR symptoms in association with HGMPE varies from less than 20% to as
high as 73.1%[2]. Comparisons of published studies are
difficult due to differences in the study methodologies.
Symptoms enquired were not always consistent with
some studies enquiring on limited number of symptoms
or not specifying the symptoms enquired. Furthermore,
most studies had small sample sizes.
In clinical practice, we also often encounter patients
with LPR symptoms without any heartburn. Such patients are categorized as having extra-esophageal manifestations of GERD. Some of these patients clearly do not
have acid exposure in the distal esophagus and as such,
LPR symptoms in association with HGMPE should be
considered a separate entity separate from GERD.
Associations with neoplastic changes and importantly malignant transformation are reported and these
represent the most significant associations of HGMPE.
However, the numbers reported is still very low and are
considered extremely rare. Interestingly, a large number
of the reported cases especially in the non-English literatures have been from Japan[54]. Whether, HGMPE
with malignant transformations is more common in the
Japanese population is unknown. It may be related to
better screening program and increased detection rate.
Most of the reported cases were advanced at diagnosis
especially in the earlier studies. However, there were more
early cancers (T1 lesions) reported in the latter part. Men
seem to be more at risk and smoking appears to be a risk
factor[54]. Dysphagia was the main complaint leading to
detection of tumors.
Association with Barrett’s esophagus is another area
that remains debated. A widely accepted theory is based
on a shared pathogenesis with both Barrett’s esophagus
and HGMPE being congenital in origin but with differences in pathogenesis in the later part of the development. However, this had been based on western population where the prevalence of Barrett’s esophagus is much
higher compared to the East. Further large population
studies will be required and help shade some lights into
this controversy. Associations with other acid related
complications such as erosions, ulcerations, bleeding,
perforation, fistula and stricture formations have been
documented[1,8]. Possible link between HGMPE and unexplained death in children have also been reported[26].
Currently, there are still many issues regarding HGMPE
that remain unresolved or unknown. These ranges from
the origin of HGMPE, exact correlation with Barrett’s
esophagus, role of H. pylori infection in symptoms manifestations, lack of natural history data and significance of
mucosal changes in the HGMPE and its relation to neoplastic transformations.
Given that HGMPE mainly manifests with upper
autodigestive symptoms, it is not unexpected that only
clinicians from certain specialties such as the gastroenterologists, otorhinolaryngologists and rarely upper gastrointestinal surgeons will encounter such patients. How-

WCG|www.wjgnet.com

ever, it is important that other clinicians from the other
specialties to be aware of this entity especially when they
come across patients with troublesome LPR symptoms.
Establishing a diagnosis is important as it can provide
reassurance. This may also lead to symptoms improvement and avoid any further unnecessary investigations
or consultations. As the awareness of HGMPE increase,
more asymptomatic or symptomatic cases will be diagnosed and with the ageing population, it is very likely the
number of cases of neoplastic transformations will also
increase, albeit a small increase.

CONCLUSION
The clinical significance of HGMPE lies mainly with its
capacity to produce acid and mucosal progressions to
dysplasia and frank neoplastic transformation. Currently,
there are still many areas of HGMPE that are not well
understood and further research are required. Symptomatic patients should to be treated and those found to have
metaplasia or dysplasia may need to be considered for
surveillance.
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INTRODUCTION
Barrett’s esophagus (BE) is a condition where normal
squamous epithelium is replaced by metaplastic intestinallike columnar epithelium containing goblet cells. This
premalignant lesion is associated with a nearly 40-fold
increased risk for the development of esophageal adenocarcinoma (EAC), a cancer with poor prognosis, and
a median survival of less than one year[1]. EAC is most
common in the Caucasian population in the western
countries. EAC incidence increased almost six fold between 1975 and 2001[2] and EAC mortality also increased
more than sevenfold[2]. Currently, EAC has the fastest
growing incidence rate of all cancers in the United States.
Approximately 17000 patients will be diagnosed with
esophageal cancer in 2012 and about 14600 patients will
die of this cancer in the United States[3].
There is overwhelming evidence that BE arises as a
consequence of chronic gastroesophageal reflux disease
(GERD). GERD is a very common medical condition in
the United States affecting 40% of the adult population
at least monthly. One third of these patients have erosive
esophagitis and 6%-14% of patients undergoing endoscopy for symptomatic GERD have BE[1]. This represents about 2 million people in the United States alone[4].
The rate of transformation to cancer is about 0.1%-0.2%
per year[3].
Histopathologic steps in the progression of BE include:
(1) metaplasia of the normal esophageal squamous epithelium to a specialized intestinal glandular epithelium; (2) lowgrade dysplasia; (3) high-grade dysplasia; and (4) esophageal
adenocarcinoma with invasive and metastatic potential.
However, little is known, about the signaling pathways promoting the development of metaplasia and dysplasia.

Abstract
Barrett’s esophagus (BE) is a metaplastic lesion of the
distal esophagus arising as a consequence of chronic
gastroesophageal reflux disease. Multiple studies show
that BE is associated with increased risk of esophageal
adenocarcinoma (EAC). Epidemiological studies and
animal models demonstrate that chronic inflammation
triggered by repeated exposure to refluxate predisposes
to the development of BE and EAC. The chronic inflammation is associated with cytokine alterations. Interleukin 6 (IL-6) is a cytokine that stimulates cell proliferation and apoptosis resistance is frequently increased in
different cancers. Importantly, IL-6 and transcriptional
factor signal transducer and activator of transcription 3
(STAT3) that is activated by IL-6 are also increased in
BE and EAC. This review critically appraises the role of
IL-6/STAT3 pathway in progression of BE to EAC from
the published evidence currently available.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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the development of colon cancer, predominantly colitisassociated colon cancer. Recent in vivo evidence shows that
IL-6 controls tumor formation and growth in a mouse
colitis-associated colon cancer[15]. These studies indicate
that the ablation of IL-6 reduces tumor burden, while
the elevation of IL-6 levels accelerates tumor formation.
The effects of IL-6 are mediated by STAT3. As expected,
STAT3 deficiency reduced tumor incidence and growth,
while STAT3 hyperactivation had an opposite effect in this
model[15]. These studies clearly indicate that IL-6/STAT3
signaling is crucial in the carcinogenesis that is linked to
inflammation, such as colitis-associated colon cancer.
Only a few studies investigating the role of IL-6 in
esophageal carcinogenesis were reported[11,16,17]. We have
shown that IL-6 is secreted from BE and EAC tissues
and that phosphorylated STAT3 is expressed in BE and
EAC[11,16]. These studies were confirmed by Zhang et al[17].
Non-transformed and transformed human Barrett’s epithelial cell lines were used in this study. Phospho-STAT3
was expressed only by transformed Barrett’s cells, which
also exhibited higher levels of IL-6 mRNA and of IL-6
and Mcl-1 proteins than non-transformed Barrett’s cells.
In a recent study, serum IL-6 was significantly increased in esophageal cancer (86%) as compared to carcinoembryonic antigen (30%) and squamous cell cancer
antigen (24%)[18]. This was noted for both squamous
cell carcinoma of the esophagus (87.1%, 23% and 33%,
respectively) and EAC (7%, 39% and 13%, respectively).
Interestingly, concentrations of IL-6 depended on distant metastases and patient’ survival[18]. Importantly, both
colitis-associated colon cancer and esophageal adenocarcinoma are associated with chronic inflammation. Therefore, elevated IL-6/STAT3 signaling is one of the key
pathways involved in esophageal tumorigenesis.

Chronic inflammation and
cytokine dysregulation in BE
Epidemiological studies and animal models demonstrate
that chronic inflammation predisposes to the development
of various forms of cancer including gastrointestinal
malignancies[5]. In the esophagus, chronic inflammation is
triggered by repeated exposure to components of refluxate such as gastric acid and bile acids. Indeed, chronic reflux is the strongest risk factor for the development of BE
and EAC[6]. A major regulatory pathway linking inflammation and cancer is activation of nuclear factor kB (NFkB) signaling. The same pathway initiates transcription of
cytokines. In agreement with the inflammatory hypothesis
of BE/EAC development, NF-kB is constitutively activated in BE or EAC but is not detected in esophagitis or
the adjacent normal esophageal mucosa[7].
Esophageal mucosa damaged by refluxate is commonly infiltrated by inflammatory cells of different lineages.
First, the damaged site is infiltrated by neutrophils and
monocytes (acute inflammation) followed by lymphocytes and plasma cells primarily at the site of metaplasia
(chronic inflammation)[8]. Cytokines that are produced by
the inflammatory cells and by Barrett’s epithelium play a
crucial role in BE carcinogenesis[9]. Furthermore, noxious
compounds, such as reactive oxygen and nitrogen species,
released during chronic inflammation may damage DNA
and induce mutations that subsequently promote cancer
development.
Interestingly, Barrett’s esophagus is characterized by a
unique cytokine environment compared to erosive esophagitis. While BE is associated with Th2 cytokines, erosive
esophagitis is distinguished primarily by a Th1 cytokines
profile[10]. This difference in the cytokine profile does not
seem to be simply a result of the development of intestinal metaplasia since the cytokine profile is completely
different in the duodenum or the gastric antrum[10]. We
analyzed multiple cytokines in human tissues using cytokine arrays[11]. Interleukin-6 (IL-6) levels were consistently
increased in BE compared to control tissues. The expression of other cytokines, such as IL-8, was variable and
inconsistent.

Autocrine production of IL-6 by
cancer cells
One strategy used by cancer cells to upregulate growth
and survival pathways is through autocrine production of
growth and survival factors. IL-6 is produced by different
cells, including immune cells and epithelial cells[19]. Expression of IL-6 by cancer cells suggests that IL-6 acts as
an autocrine growth factor to promote tumorigenesis[20].
But why is IL-6 a crucial factor in tumorigenesis if
STAT3 can be activated by other cytokines? Grivennikov
et al[21] suggested that tumors choose IL-6 to constitutively activate STAT3, because immune cells together
with malignant cells are capable of producing massive
amounts of “start-up” IL-6 (but not other family members) required for tumor progression. Indeed, both IL-6
and the IL-6 receptor are expressed in intestinal epithelial
cells and these proteins are also increased in colorectal
cancers[22]. Importantly, our studies indicate that premalignant BE tissue expresses membrane-bound IL-6 receptor
as well as soluble IL-6 receptor (sIL-6R) and secretes increased amounts of IL-6 as BE progresses to esophageal
adenocarcinoma (unpublished data)[11,16].

IL-6 and cancer
This review is focused on the IL-6/signal transducer and
activator of transcription 3 (STAT3) pathway. IL-6 is a
potent, pleiotropic Th2 cytokine that regulates immune
defense response. Its release is triggered by tissue damage
or infection. IL-6 acts as both a pro-inflammatory and
anti-inflammatory cytokine. IL-6 plays a central role in
the transition from the acute to the chronic phase of the
inflammatory process[12]. Importantly, the IL-6 pathway
is one of the most important mechanisms linking inflammation to cancer[13].
IL-6 overexpression is implicated in the pathogenesis
of different tumors, including cancers of the ovary, prostate, breast, kidney and lung[14]. IL-6 is also associated with
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these proteins are associated with tumorigenesis and they
are expressed in BE or EAC[11,28-31].
In addition, STAT3 contributes to constitutive NF-kB
activation in tumor cells. Recent studies show that STAT3
prolongs NF-kB nuclear retention through acetyltransferase p300-mediated RelA acetylation, thereby interfering
with NF-kB nuclear export and thus inducing permanent
NF-kB activation. Another important effect of STAT3 is
that STAT3 negatively regulates the expression of tumor
suppressor gene p53[27]. Importantly, p53 activity can be
restored in cells by inhibiting STAT3 signaling[27].
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STAT3 regulation
The activation of STAT3 is regulated by suppressors
of cytokine signaling (SOCS) and protein inhibitors of
activated STATs (PIASs). These proteins are often deregulated in different cancers. SOCS-3 negatively regulates
activated receptor complexes by inactivating JAKSs or
by blocking recruitment sites for STAT3[32]. It also target
signaling complexes for ubiquitination and degradation.
PIAS3 blocks the DNA-binding activity of STAT3 and
inhibits STAT3-mediated gene activation[33]. Silencing of
SOCS3 expression due to aberrant methylation of the
gene in various cell lines and cancers was reported by He
et al[34]. Inactivation of SOCS-3 is frequently observed
also in dysplastic Barrett’s esophagus and EAC due to
promoter hypermethylation[35]. In normal squamous epithelium and normal gastric mucosa, SOCS-3 methylation
was not observed. The expression of PIAS3, another inhibitor of activated STAT3 protein, was also decreased in
various cancers including prostate, colon, gastric or brain
cancer[36]. However, such studies have not been performed
in BE or EAC.

Nucleus
Nucleus

Figure 1 Interleukin 6 signaling scheme of the interleukin 6/signal transducer and activator of transcription 3 signaling pathway. IL-6: Interleukin 6;
STAT3: Signal transducer and activator of transcription 3; sIL-6R: Soluble IL-6
receptor; IL-6R: IL-6 receptor; JAK: Janus kinase; MAPK: Mitogen-activated
protein kinase; VEGF: Vascular endothelial growth factor; ANG: Angiopoietin.

STAT3 and cancer
IL-6 activity is mediated through activation of at least
three different pathways. First, IL-6 binds to either cognate IL-6 receptor (IL-6Ra) or sIL-6R. Followed by binding to the receptors: (1) IL-6 induces association of signal
transducer gp130 and ErbB, which leads to the activation
of the MAP kinase pathway and activation of transcription factor NF-IL-6; (2) IL-6 promotes activation of
Phosphatidylinositol 3-kinases, a prominent kinase associated with NF-kB activation and apoptosis resistance[23];
and (3) IL-6 signaling is primarily mediated by the Janus
kinase (JAK)/STAT pathway (Figure 1). In this pathway
the complex of IL-6 and its receptor interacts with the
membrane bound gp130[24]. This event leads to the phosphorylation of JAKs and subsequent phosphorylation of
the transcription factor STAT3. Activated STAT3 then
forms dimers and translocates from the cytoplasm to the
nucleus. In the nucleus, STAT3 activates the transcription
of specific genes by binding to consensus DNA elements.
There are six essential alterations to normal cell physiology, which together define a cancer cell. These include:
evasion of apoptosis, self-sufficiency in growth signals,
insensitivity to growth-inhibitory signals, limitless replicative potential, tissue invasion and metastasis and sustained
angiogenesis[25]. STAT3 participates in the regulation
of these processes[26]. Particularly, STAT3 increases the
expression of genes that are required for angiogenesis,
uncontrolled proliferation and survival[27]. These include
genes such as anti-apoptotic genes (Bcl-xL, Mcl1 and survivin), or genes involved in proliferation (c-MYC, cyclin D1)
or angiogenesis (vascular endothelial growth factor). All
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Increase in IL-6 associated with
cancer in male
The reasons for the higher prevalence of BE in males are
not clear. Similarly to esophageal adenocarcinoma, hepatocellular carcinoma (HCC) is more prevalent in the male
population. Recently, Naugler et al[37] identified a possible
mechanism for this gender disparity in HCC. They found
in a mouse model of HCC that administration of diethylnitrosamine induced an increase in serum IL-6 in males
compared to females. In wild type animals the incidence
of HCC was 100% in males and only 13% in females.
In contrast IL-6-/- males and females exhibited a similar
very low incidence of HCC and longer survival[37]. The
absence of IL-6 resulted in almost complete inhibition
of diethylnitrosamine-induced hepatocarcinogenesis.
Their study indicated that estrogen mediated suppression
of IL-6 is crucial in preventing hepatocellular carcinoma.
Perhaps, a similar mechanism is involved in esophageal
tumorigenesis, and that is why males are affected by this
disease more often than women.
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Hydrophobic bile acids also generate ROS by activation of nicotinamide adenine dinucleotide phosphateoxidase, phospholipase A2, and by damaging mitochondria[44]. Our studies showed that deoxycholic acid
significantly increases levels of superoxide, hydrogen peroxide and peroxynitrite[45]. Furthermore, we reported that
human esophageal biopsies produce ROS after exposure
to acidified medium containing bile acid cocktail[46]. It
was shown that in esophageal cells ROS produced by bile
acids directly activate the redox sensitive transcriptional
factor NF-kB[47]. Consequently NF-kB upregulates production of different cytokines, such as IL-6, which leads
to an increase in STAT3 signaling and expression of antiapoptotic and prosurvival proteins. Indeed, a recent study
showed that IL-6 and activated STAT3 were increased in
transformed Barrett’s cells (transfected with H-ras and
p53 siRNA)[17].
In addition, Quante et al[48] recently developed L2-IL1b transgenic mouse model of BE/EAC. In this model
human IL-1b is overexpressed in mouse esophagus and
forestomach to mimic chronic esophageal inflammation.
Furthermore, L2-IL-1b mice were fed 0.2% deoxycholic
acid to accelerate the development of BE and EAC. Interestingly, when these transgenic mice were crossed with
IL-6-/- mice no metaplastic and/or dysplastic lesions were
found[48]. These studies confirm our previous results indicating the importance of IL-6 in BE/EAC development.
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Figure 2 Apoptosis and the signaling pathways activated by bile acids.
EGFR: Epidermal growth factor receptor; MAPK: Mitogen-activated protein kinase; IL-6: Interleukin 6; STAT3: Signal transducer and activator of transcription
3; COX: Cyclooxygenase; LOX: Lipooxygenase; IKK: IκB kinase; ROS: Reactive oxygen species; NF-kB: Nuclear factor kappa B; PLA2: Phospholipase A2;
NAPDH: Nicotinamide adenine dinucleotide phosphate; ERK: Extracellularsignal-regulated kinase; FASR: FAS receptor; TRAILR: TRAIL receptor.

BILE ACIDS AND APOPTOSIS
RESISTANCE IN ESOPHAGEAL CANCER

DISCUSSION

Avoidance of apoptosis is one of the major characteristics of cancer[25]. The normal squamous epithelium is
exposed to low pH and/or hydrophobic bile acids during
esophageal reflux. Although a short-term effect of bile
acids is the induction of apoptosis, a long-term effect of
repeated exposures to bile acids is a selection for cells
resistant to apoptosis[38]. These cells have a growth advantage in the presence of agents that ordinarily induce
apoptosis and they proliferate to form a field of apoptosis resistant cells[39].
Our data suggest that epithelial cells of Barrett’s tissue are resistant to apoptosis induced by bile acids[40].
These results are consistent with the reported increase in
the expression of Mcl-1 and Bcl-xL in BE[40] and studies
suggesting that apoptosis resistance may lead to transformation from BE to adenocarcinoma[41].
It is clear from many studies that bile acids activate
both pro-survival and apoptotic pathways (Figure 2). The
classic survival pathways induced by bile acids involve
membrane perturbation, the activation of phospholipase
A2 and the synthesis of prostaglandins and leukotrienes,
catalyzed by cyclooxygenase and lipooxygenase, with reactive oxygen species (ROS) as a byproduct[42]. Bile acids
also activate, in a ligand-independent manner, the epidermal growth factor receptor (EGFR) and receptors of the
tumor necrosis factor superfamily (e.g., FAS, TRAIL)[43].
Activation of the EGFR pathway is generally pro-survival, whereas activation of the Fas and TRAIL pathways
are pro-apoptotic.
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This review provides an evidence for a strong link between chronic inflammation, IL-6, STAT3 activation
and esophageal carcinogenesis. IL-6 is a cytokine that is
frequently increased in different cancers. Bile and gastric
acid in the refluxate are two of the major factors involved
in the pathogenesis of BE. We hypothesize that repeated
exposure of esophageal tissue to bile acids leads to IL-6
upregulation, increased activation of STAT3, apoptosis
resistance and cancer development. This hypothesis is
consistent with the studies demonstrating that tissue
biopsies from BE patients (1) secrete large amounts of
IL-6; (2) are resistant to apoptosis induced by bile acids; and (3) express activated STAT3 and anti-apoptotic
proteins regulated by IL-6/STAT3 signaling, Bcl-xL and
Mcl-1[11,16,40].
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Abstract
Cytomegalovirus (CMV) infection is common in humans. The virus then enters a “latency phase” and
can reactivate to different stimuli such as immunosuppression. The clinical significance of CMV infection
in inflammatory bowel disease is different in Crohn’s
disease (CD) and ulcerative colitis (UC). CMV does not
interfere in the clinical course of CD. However, CMV
reactivation is frequent in severe or steroid-resistant
UC. It is not known whether the virus exacerbates the
disease or simply appears as a bystander of a severe
disease. Different methods are used to diagnose CMV
colitis. Diagnosis is classically based on histopathological identification of viral-infected cells or CMV antigens
in biopsied tissues using haematoxylin-eosin or immunohistochemistry, other tests on blood or tissue
samples are currently being investigated. Polymerase
chain reaction performed in colonic mucosa has a high
sensitivity and a positive result could be associated
with a worse prognosis disease; further studies are
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NATURAL HISTORY OF
CYTOMEGALOVIRUS INFECTION
Cytomegalovirus (CMV) is a member of the Herpesviridae
family which contains a double-stranded DNA. It often
causes primary infection in humans, and later persists
lifelong in a latent stage. In different situations of immunosuppression [birth, human immunodeficiency virus
(HIV) infection, use of immunosuppressant therapy or
chemotherapy] the virus can reactivate[1,2] and cause disease, but this may also occur in immunocompetent hosts.
In CMV infection, CMV antigens or antibodies can
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be detected in blood, whereas CMV disease symptoms
generally appear in a target organ[3]. The prevalence of
CMV infection is high, ranging from 30%-100%[4-7], depending on age and race of population tested[8-10].
Primary CMV infection in immunocompetent individuals is usually asymptomatic, and rarely manifests itself
as a mononucleosis-type disease similar to that caused by
Epstein-Barr virus, consisting of fever, fatigue and cervical
lymphadenopathy. Subsequently, the virus enters a latency
phase in endothelial cells, macrophages or granulocyte stem
cells[11-13]. Virus can reactivate in the healthy adult, this new
activation being typically asymptomatic; however, this delicate balance can be disrupted in patients whose immune
response is compromised, which may lead to development
of symptoms in different organs, such as CMV colitis[13].
The use of highly active antiretroviral therapy in patients
with HIV has decreased significantly CMV disease in these
patients[14]; on the other hand, induced immunodeficiency
in situations such as solid organ transplant or inflammatory
bowel disease (IBD) sometimes allows CMV disease to develop, with significant morbidity and even mortality[15].
Antibody response to CMV infection reflects this
relapsing-remitting pattern. In primary infection, an early
increase of specific IgM antibodies occurs, which can
be detected in the first week of infection[16], showing a
sensitivity of 100% and a specificity of 99%[17]. Over the
next 3-6 mo immunoglobulin M (IgM) antibodies fall to
undetectable levels, although some may persist for up to
12-24 mo. Persistence of IgM antibodies could be related
to concomitant immunosuppression[18]. Reactivation can
cause again a rising IgM titers[17,19]. Immunoglobulin G
(IgG) antibody production occurs within a few weeks of
IgM increase[16]. When patients develop specific CMV IgG
antibodies, they are considered “seropositives”. In the
reactivation of CMV, IgG antibody levels do not change,
so that this situation can only be differentiated by the
detection of an increase in IgM antibody titers that does
not always occur. Thus, serology has a limited value in the
diagnosis of reactivation[10]. Seronegative patients are not
at risk for CMV disease, unless primoinfection occurs.
Gastrointestinal tract is a common site of CMV disease, with preference the esophagus and the colonic mucosa (especially at the right colon). The pouch mucosa
behaves in a similar way to colon mucosa[20-22]. Clinical
presentation of CMV colitis begins with watery diarrhoea that may be progress to rectal bleeding, abdominal
pain, fatigue and fever. Other presentations such as fever
of unknown origin, megacolon or digestive hemorrhage,
are also possible.
It is unknown whether the virus remains in colon
after a primary infection or if it disappears spontaneously[23]. A recent study[24] demonstrated persistence of
colonic CMV [using polymerase chain reaction (PCR)
method], following an acute ulcerative colitis (UC) flareup despite remission of symptoms. The virus may disappear or not from the colon after an acute UC flare-up,
but if it persists is detected only by PCR DNA, without
displaying inflammatory changes in colonic mucosa or
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CMV antigens in infected colonic cells.
There have been reports of CMV colitis in immunocompetent hosts[25,26], especially in elderly patients with comorbidities in whom the disease followed a severe course
with high mortality rate. Also, rare cases of CMV colitis
preceding IBD have been reported[27].

RELATIONSHIP BETWEEN CMV AND IBD
The association between CMV and IBD was described
long ago. The first case report dates from 1961, when
Powell et al[28] described a patient with UC and cytomegalic inclusion disease. Since then, questions remain
about the role of CMV in these patients: does CMV
reactivation exacerbate the disease in patients with established IBD or is reactivation a consequence of IBD
activity and its treatment with CMV acting as an innocent bystander[29-31]? Interpretation of existing results is
limited because most studies are small and retrospective,
different diagnostic methods of CMV detection are
available and even different classifications are used for
the severity of concomitant IBD[3].
CMV colitis occurs in “seropositive” patients with
IBD. CMV does not appear to interfere with the clinical
evolution of Crohn’s disease (CD), and its involvement
in UC is debated, especially in severe flare-ups.

DIAGNOSTIC TECHNIQUES
Diagnostic techniques for CMV infection
Serology: Serology is useful to determine previous viral
exposure and identify patients at risk, as only seropositive patients (positive IgG antibodies in blood) may develop CMV disease[30,31].
Antigenemia assay: It detects viral protein pp65 produced in peripheral blood polymorphonuclear leukocytes.
It is a simple and rapid technique, with a sensitivity of
60%-100% and a specificity of 83%-100%[32,33]. However,
it does not differentiate between latent infection and active disease[23], no association exists with virus reactivation
in the intestinal mucosa[31,34], and false negatives can occur
in neutropenic patients[35].
PCR DNA amplification assay in blood: This test is
supplanting antigenemia. Sensitivity ranges 65%-100% and
specificity ranges 40%-92%[32,36,37]. This diagnostic method
cannot differentiate between latency and activity states, so
it is necessary to determine a cut-off above which active
infection is diagnosed in patients with IBD[30,35], as well as
in solid organ transplantation, where a viremia > 1000
copies/100 000 leukocytes indicates symptomatic CMV
infection[38]. This method can be used both to detect disease and to monitor treatment response; a slow or absent
decline in DNA levels after treatment could be an early
indicator of drug resistance[39], and positive result after
therapy indicates continuing treatment[40]. Most studies in
patients with IBD have reported a correlation between
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identification of CMV by PCR in blood and detection
colonic CMV by haematoxylin and eosin (HE) or immunohistochemistry (IHC)[34,41-43].

nosis is made once the virus causes cytopathic changes
in fibroblasts. The problem is that the result takes days to
weeks[10], so this method is not used in clinical practice[57].

PCR assay in stool: A qualitative and quantitative PCR
assay for CMV DNA has been performed on human faecal specimens from immunocompromised patients[44,45].

Typical endoscopic findings of CMV colitis: Typical
endoscopic findings of CMV colitis are microerosions,
deep ulcers and pseudotumoral lesions[58]. Most studies
in patients with IBD, specifically in active UC, have not
found specific endoscopic features[43,54,59,60]. Anecdotal
studies describe some characteristic endoscopic (large, irregular, punched-out or longitudinal ulcers) with virus[61].
Discrepancy can be explained by the different criteria
used to define CMV infection or disease.
In conclusion, different methods of detection of
CMV have different sensitivities and specificities. In the
setting of a severe UC flare-up refractory to conventional
treatment, colonic IHC or PCR in blood should be performed, PCR presents a good correlation with the results
of HE and IHC[30]. Serology and antigenemia only are
useful as negative predictors for CMV infection, since
they do not correlate with actual CMV colitis. The role of
PCR positivity in colon remains to be determined, it is not
known how to interpret its positivity in the absence of
histological changes. However, recent studies imply positivity of this method in the disease prognosis[54]. Current
European guidelines[62] recommend the use of tissue PCR
or IHC to detect CMV in patients with UC resistant to
immunomodulators, whereas older American guidelines[63]
recommend performing sigmoidoscopic biopsy and viral
culture in refractory cases of UC.

Diagnostic techniques for CMV colitis
Histological diagnosis is considered the “gold standard”
for diagnosing CMV disease in the gastrointestinal
tract[46-51]. Several methods are available.
Histology by HE: Typically reveals cytomegalic cells
that are 2 or 4 fold larger than normal cells, containing
basophilic intranuclear inclusions in eccentric location
surrounded by a clear halo, giving it an “owl’s eye” appearence. Cells show a thickened nuclear membrane and
smaller granular intracytoplasmic inclusions. Colonic
biopsies should be taken from inflamed mucosa near or
within the ulcer. This method has very high specificity
(92%-100%), but its main problem is a poor sensitivity
(10%-87%), making the diagnosis requires many samples
and a trained pathologist[46,47]. Anecdotally cytomegalic
cells have been described in colon biopsies from normal
mucosa in healthy individuals[48,49].
IHC in colon biopsies: It involves the identification of
CMV antigens in infected cells. It has a higher sensitivity
than HE (78%-93%)[50,51]. Other techniques, however, do
not rely on histology.

CMV PREVALENCE IN IBD

PCR DNA amplification assay in colon mucosa: PCR
DNA amplification assay in colon mucosa has the greatest accuracy for virus detection[29,52,53] and may be used
as a qualitative or quantitative method. PCR DNA levels
in the colon are not related to viremia levels measured in
blood[31,43,54,55]. Some studies detected prevalences greater
than 30% in IBD patients[56], although the significance
of a positive result in absence of histological signs of
CMV infection is unclear. Very few studies have shown
a correlation between histology (HE/IHC) and PCR
results[31,43]. This suggests that detection of low DNA
levels could determine latent infection and requires a
cut-off level of viremia to distinguish infection from
disease[30]. In other words, a positive result in colon does
not necessarily reflect the involvement of CMV in UC
flare-ups. A recent study from France suggests a cut-off
of > 250 copies/mg for CMV disease[54] with a sensitivity of 100% and a specificity of 66%. To avoid false
positives, and awaiting further studies, this determination
should be performed only in patients with active UC refractory to conventional treatment.

Overall prevalence of CMV is unknown in IBD patients.
Most of studies have been carried out using a selected patient group and using different diagnostic methods, so that
the available data include a wide range of prevalences.
CMV prevalence in CD
Seropositivity in CD patients is as high as in other populations (70%)[64,65], however CMV disease is rare in CD,
making the virus an unlikely etiological factor in the
novo development of IBD[27,64,66,67].
In most surveys, IHC did not detect CMV in CD
patients, and PCR in tissue or stool samples found a very
small frequency (< 5% of patients)[27,66-69], except in one
study that used a highly sensitive PCR (detection < 10
copies of DNA) which detected CMV in 66% of individuals with CD and in 29% of controls, showing no
association between CMV DNA and disease activity, suggesting the authors that small quantities of viral DNA are
not clinically relevant[29].
Recently some theories have been published that
explain these findings based on small studies[70], so results should be interpreted with caution. Tumor necrosis factor-α (TNFα) would be significantly associated
with CMV infection or reactivation in IBD. However
interferon-γ (IFNγ), which is produced from CD4 + T

Viral culture: Viral culture was previously regarded as
the gold standard in CMV detection. Culture has a sensitivity of 45%-78% and a very high specificity (89%-100%).
The virus is placed in a fibroblast tissue culture and diag-
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cells[71], could suppress CMV reactivation. CD is considered a Th1-type inflammatory process with high expression of IFNγ, which does no help the virus reactivation
and may explain the different prevalence of CMV disease
in UC and CD[70].

levels of this cytokine[88,89]. This suggests that IFX could
be used in patients with severe UC flare and CMV reactivation. However, some cases of tacrolimus-refractory
UC that were treated with IFX did not have a favourable
outcome[90].
CMV reaches the mucosa by way of monocytes and
then colonize the colonic cells, acquiring particular affinity
for the inflammatory sites, probably due to the presence
of pro-inflammatory cytokines such as IFNγ and TNFα
produced by macrophages and T-cells in active UC[91-94].
CMV avoids immune recognition of macrophages and
uses immune specific functions to reactivate and spread[95].
Recent studies suggested CMV can appear only in inflamed tissue and is not found in healthy tissue[54].
Hommes et al[94] proposed the following sequence to
explain the pathophysiology of CMV disease in patients
with active UC: (1) initiation phase, mucosal inflammatory response induces expression of cytokines and chemokines which activates latently infected cells and the migration of monocytes and dendritic cells into the inflamed
mucosa; (2) reactivation phase, in which infected monocytes differentiate into tissue macrophages and dendritic
cells; and (3) consolidation phase, during which the virus
causes an active replication predominantly in endothelial
cells that likely exacerbates inflammation. The virus in the
first and second phase has not led to histological damage
and can only be detected by PCR-DNA. It would be appropriate to detect CMV in these phases, so the optimal
treatment would be administered at an early stage before
complicating the disease. They do not consider CMV as
an innocent bystander but rather involved in resistance to
immunosuppressive treatment.
In the same line, other authors suggest that the positivity of CMV DNA in the colonic mucosa in patients
with refractory UC indicates uncontrolled intestinal inflammation, suggesting a change in immunosuppressive
therapy[96].
Coincidental detection of primary CMV infection at
the first appearance of IBD has been reported before[66,97],
primary CMV infection in IBD patients without immunosupression[98,99], and even disseminated CMV infection in
CD[100].

CMV prevalence in UC
Prevalence of CMV infection is about 70%[31], a similar
percentage to that of the general population.
Patients with inactive or mild-moderate UC did not
show an increased risk of CMV colitis, using HE and
IHC[27,31,41] or IHC in colectomy patients undergoing surgery for dysplasia or cancer[72].
The most extensive literature is on severe and/or
steroid-refractory colitis. These two terms are used interchangeably in studies and are not defined clearly, so the
results are difficult to interpret[30].
Severe colitis: The combination of serological tests and
rectal biopsies found a CMV disease prevalence of around
20%[42,73]. Risk factors that have been identified are female gender, older age, pancolonic disease with active
inflammation at histology and azathioprine therapy[60,72,73].
According only to antigenemia, prevalence increased to
34%[60], while using HE or IHC in colonic mucosa prevalence decreased to 3%[74].
Severe steroid-resistant colitis: In retrospective studies the prevalence according to HE was 0.5%[75]. The
prevalence of CMV increased by combining HE and
IHC with antigenemia (20%-40%)[31,41,72,76,77]. The prevalence using blood PCR was 60%[43], whereas PCR results
in colon were lower (38%)[78]. There is a poor correlation
between peripheral and colonic viral load, this can be explained by theory proposed by Criscuoli et al[24,42] about a
specific genotype, which possibly has a particular colonic
tropism and pathogenic character, whilst other genotypes are not pathogenic.
Urgent colectomy for colitis: A higher prevalence of
CMV is expected in these patients because the greater
severity of their disease, but the prevalence using HE
or IHC ranged between 11.5% and 27%[77,79-82], which is
similar to the previous groups.
Experimental studies have identified three factors
that influence the reactivation of CMV infection in active
colitis: (1) increased cell proliferation in inflamed tissue
with ulcers that attract CMV; (2) inherent impaired natural
killer cell activity presented by patients with IBD[83,84]; and
(3) use of immunosuppressive drugs[31,42,69]. The third factor is controversial[73-75,80,85], since use of steroids may be
either a risk factor or a surrogate marker of severity disease[41]. In vitro data suggest that steroids and cyclosporine
could support the replication of CMV[76,86,87]. Infliximab
treatment has not been associated with increased risk of
CMV reactivation in IBD patients[66]. Moreover, TNFα
has been identified as an activator of CMV, and thus infliximab (IFX) could promote viral latency, by lowering the
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PROGNOSIS OF CMV COLITIS IN IBD
As discussed above, it is unclear whether CMV superinfection leads to a more aggressive course of pre-existing
inflammatory disease[29,30].
Referring only to UC, case-reports and retrospective
series[29,42,55,68,69] suggested that CMV may trigger a steroidrefractory flare-up and worsen disease prognosis[76,77,80,85,101],
associated increased risk of toxic megacolon[81] and surgical intervention[31,77,82,102,103]. This hypothesis is supported by
two prospective studies[41,54]. The second, a recent French
study, relates positivity of CMV (PCR in colon > 250 copies/mg) to treatment resistance (steroids and other three
line of treatment), demonstrating that early initiation of
antiviral therapy in these cases delays treatment resistance

1184

January 28, 2014|First Edition|

Garrido E et al . Cytomegalovirus and inflammatory bowel disease

and improves prognosis[54].
However, other studies[3,27,34,43,72] that analyzed prognosis in patients with severe UC refractory to conventional
treatments did not find increased disease severity nor increased rate of colectomy in CMV positive patients.
These conclusions are limited by differences in quality of existing studies.

caution because “response” was not uniformly defined
in these studies and patients were treated concomitantly
with immunosuppressants[30], although some authors decreased the dose of immunosuppressive drug[75]. Other
authors consider to increase immunosuppressive therapies (other than corticosteroids) if CMV-DNA in colonic
mucosa is detected, because a positive finding of CMVDNA in inflamed colonic mucosa of patients with refractory UC suggests uncontrolled intestinal inflammation[96].
Antiviral treatment should be considerate in disseminated disease[108] which has very poor prognosis.
ECCO guides[62] and American College of Gastroenterology[63] recommend treatment when CMV is detected
in colon tissue. Immunosuppressive therapy is stopped
only in case of severe systemic CMV reactivation[62].
A multicenter randomized controlled trial with a
large number of patients, using homogeneous diagnostic
methods, including endoscopic evaluation, would be required to determine in which subgroup of patients early
antiviral treatment would be useful[23,96].

TREATMENT OF CMV COLITIS IN IBD
It is difficult to draw conclusions about the role of antiviral therapy based on the available evidence[23], which is
of varying quality.
Most authors recommend the use of antivirals[30,31,41,43,75]
in steroid-refractory UC flare-up and CMV positive patients. Treatment can significantly decrease the mortality
rate and need for surgery. However, some studies show
that treatment of CMV does not alter disease course[80],
and has even been shown the transience of positivity
of serological tests (antigenemia, PCR) in patients with
severe UC, but which as discussed earlier has little correlation with PCR determination in colon[34,94].
As CMV reactivation impact in clinical outcome is not
yet elucidated, a rational approach would be to determine
the CMV serology (IgG) when prescribing steroids in
UC[31]. If steroid-refractoriness develops, rectal biopsies
should be conducted only in seropositive patients, who are
the ones who are at risk of developing CMV disease[31].
A detection of CMV (HE, IHC or PCR) in the inflamed
mucosa should imply that standard therapies alone will
not control intestinal inflammation, and make mandatory
to consider alternative therapies[43], including CMV treatment[30]. If detection methods are not readily available,
empiric therapy of IgG positive individuals with steroidrefractory disease is probably justified.
An original study recommended only antiviral treatment in severe UC with large ulcers (> 5 mm) and positive PCR in colon, all patients with positive PCR and
no large ulcers in endoscopy responded to conventional
therapy[104].
CMV colitis is typically treated with ganciclovir, although other antivirals have been used as foscarnet, valganciclovir and cidofovir[105-107]. Ganciclovir has a poor
oral bioavailability so initially it has to be administered
intravenously[105,106]. The recommended dosage is 5 mg/kg
twice daily for at least 3 wk[107]. After some days of initial
treatment the patient can switched to oral ganciclovir (1
g three times daily), although its value is uncertain. Treatment benefits must outweigh the risks associated with
the medications used, as this drug can trigger significant
adverse effects such as bone marrow suppression, particularly neutropenia[105]. Other side effects include headaches,
somnolence, psychosis, elevated transaminases, fever and
rash[105]. Foscarnet can be used when ganciclovir is contraindicated (90 mg/kg intravenously twice daily for 3-6
wk)[107]. Its main adverse effect is nephrotoxicity.
Response rate to antiviral therapy is 72% (range 50%
to 83%)[31,41,43,75], but these data should be interpreted with
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incomplete, and somewhat conflicting data exist on
this topic, especially because there is still the need to
standardize both histological assessment and the severity grading of these disorders; Issues that have not
been yet been resolved for clinical practice and therapeutic trials. Hopefully, with the help of an increased
awareness on the clinical researchers’ side, and the
availability of dedicated pathologists on the other side,
this matter will be effectively faced and resolved in the
near future.

Abstract

INTRODUCTION

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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The medical treatment of inflammatory bowel disease
(IBD), including Crohn’s disease (CD) and ulcerative
colitis (UC), is based on several different approaches
relying on aminosalicylates, antibiotics, corticosteroids,
and immunomodulatory agents, in addition to the newest biological agents[1]. At present, there is also a strong
impulse toward treatment paradigms directed to achieve
specific targets, such as a decrease in hospital admissions, the need for surgery, and mucosal healing[2]. The
latter point seems to be particularly important, because
reaching this goal would also produce a domino effect,
resulting in less complications, hospitalization, and surgical procedures related to IBD[3].
However, mucosal healing could be considered as
an ambiguous term, because it may be related to both
the endoscopic and histological aspects, and at present

Treatment of inflammatory bowel disease (IBD) is
traditionally based on several drugs, including salicylates, corticosteroids, and antibiotics; in addition, the
therapeutic armamentarium has considerably evolved
with the advent of newer, effective therapeutic measures (such as the biological agents) that are able to
improve in a considerable manner both the clinical and
endoscopic variables. Thus, mucosal healing, at least
considered from an endoscopic point of view, is today
regarded as the ultimate endpoint for treatment of
these conditions. However, it is also increasingly clear
that endoscopic healing is not necessarily paralleled
by histological healing; There are few doubts that the
latter should be considered as a true, objective healing
and the ultimate goal to reach when treating patients
with IBD. Unfortunately, and surprisingly, only a few,
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a standardized definition for IBD patients does not exist[4]. Actually, by considering mucosal healing in IBD,
histological remission is not recommended as primary
endpoint for therapeutic trials[5], whereas the suggested
endpoint is to obtain a genuine endoscopic healing (defined as absence of friability, blood, erosions, and ulcers
in all visualized segments)[5].
Strictly speaking, the optimal treatment goal should
be the complete resolution of the inflammatory process,
and this is reached only when confirmed by the corresponding histological assessment. In fact, the presence
of endoscopic healing does not necessarily imply that
this also happens at a microscopic level[6], as also shown
(for instance) in celiac disease, in which a gluten-free diet
restores the normal endoscopic aspect, but rarely does
the microscopic assessment show completely normal
features[7].
Moreover, there are objective reasons that probably
hamper the use of histological healing as an end point
for therapeutic trials. For instance, it has been recently
stated that, concerning histopathological assessment of
IBD, “…bewildering variations can be observed in the
terminology employed to report either individual lesions or diagnostic categories”[8]. In addition, significant
differences may exist between UC and CD concerning
this aspect. In fact, in UC (in which lesions are usually
limited to the mucosa) mucosal/histological healing may
represent the ultimate therapeutic goal, whereas in CD (a
transmural process) mucosal/histological healing should
be achieved as a minimum therapeutic target[9]. Thus,
even considering the potentiality of the new therapeutic
approaches, the importance of achieving also histological healing might add further value to future trials[10].
A generally accepted definition of histological mucosal healing does however not exist. Histological healing
could be defined as “a normal mucosa” or as a disappearance of inflammation, and hence, “a mucosa with
limited architectural abnormalities but normally differentiated epithelial cells and no signs of active inflammation (presence of neutrophils) or an increased density
of lymphocytes and plasma cells”. Usually, histological
assessment, when performed during drug trials, has focused mainly on improvement and regression of inflammatory features. The assessment is usually based on the
analysis of microscopic sections stained routinely with
haematoxylin and eosin. This is a cheap and simple technique which is widely available.

We included only articles that related to human studies,
and we performed manual cross referencing, selecting
articles published in English between January 1965 and
April 2012. A search of non-English language articles
and journals older than 1965 was also performed in our
library. We excluded letters, and we reviewed abstracts
only when the full papers were unavailable.

HISTOPATHOLOGICAL CONSIDERATIONS
An important point is that most literature on this topic
originates from only rectal sampling[6]. Thus, it is important that the pathologist receives an adequate number of
biopsies correctly oriented from several sites, including
the rectum and the terminal ileum. The biopsies should
always be accompanied by a report including the age of
the patient, clinical information, duration of disease, and
type of treatment[11].
The pathological assessment of IBD basically relies
on two types of lesions, combined with each other in
various ways, represented by architectural abnormalities (that include crypt branching/shortening, decreased
crypt density, and irregular mucosal surface) and inflammatory features (transmucosal increase of lamina propria mononuclear cells and the presence of epithelioid
granulomas)[6,12].
Moreover, it should be always kept in mind that the
histological features of IBD are variable in time, due to
both the natural evolution of the disease and the different therapeutic measures. For instance, crypt distortion
in UC is usually absent in early stages[13], and the development of architectural abnormalities may take up to 2
mo to appear[14]. Also, decreased crypt density is usually
not observed in the first week of the disease, and it is
present in about 75% of UC patients with longstanding
disease in remission[15]. Again, irregular mucosal surface
(present in about 40% of IBD patients) is generally observed in subjects presenting with symptoms for > 2 wk,
and it is more common in UC than in CD[6,16,17]. Thus,
the absence of mucosal architectural abnormalities in
the early phases may present difficulties in the differential diagnosis with acute colitis and during follow-up[18].
Concerning inflammatory features, an increase in cellularity of the lamina propria (especially when localized
in its basal third) allows us to distinguish longstanding
IBD patients from normal subjects in almost 90% of
cases[19]. Another useful clue is an increase of plasma
cells, a population increased in IBD rectal samples compared to controls[20]; indeed, blind evaluation of IBD and
control specimens has revealed that > 50% of patients
displayed basal plasmacytosis[17]. However, it must always
kept in mind that inflammatory features also are not
constant over time; for instance, a prospective study has
demonstrated that focal basal plasmacytosis was found
in 40% of IBD patients with symptoms for < 2 wk,
but disappeared after 1 year follow-up in half of those
without relapse[13]. Granulomas, a distinctive feature of
CD, are not constantly present, and are more frequent in

ONLINE SEARCH
We made a comprehensive online search of Medline
and the Science Citation Index using the keywords “inflammatory bowel disease”, “ulcerative colitis”, “Crohn’
s disease”, “mesalazine”, “immunosuppressant”, “biologics”, “infliximab”, “azathioprine”, “corticosteroids”,
“prednisolone”, “beclomethasone”, “endoscopy”, “histologic”, “mucosal”, and “healing” in various combinations with the Boolean operators “and”, “or”, and “not”.
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Table 1 Score for histological assessment of ulcerative colitis
No significant
inflammation
Mild to
moderate
inflammation
Severe
inflammation

Mucosa free from active inflammation; no erosions or crypt abscesses; surface and glandular epithelial cells intact; general architecture
of the mucosa often disturbed; edema and fibrosis of the lamina propria with occasional foci of lymphocytes
Epithelium usually intact; Glandular tubules irregularly arranged and often showing increased proliferative activity; Edema, vascular
congestion, and interstitial hemorrhage presented in the lamina propria; Lymphocytes, plasma cells, and eosinophils increased
in number, neutrophils often present, but less numerous than in the more severely affected specimens; Variation in intensity of
inflammatory change in individual specimens giving a range of appearances from relatively quiescent to active inflammation
Mucosal surface often irregular due to edema, interstitial, hemorrhage, or inflammatory exudate in the lamina, propria; Small epithelial
breaches common, sometimes with frank erosions and purulent exudate; Neutrophils and eosinophils passing through the damaged
epithelium; Areas of flattened and cuboidal cells especially found near erosions; Mucosa showing heavy interstitial infiltration by
lymphocytes, plasma cells, eosinophils and neutrophils; Glandular abnormalities (neutrophilic invasion of the tubules, epithelial focal
degeneration and shedding of necrotic/viable cells into the glandular lumina; crypt abscesses (neutrophils, eosinophils, and epithelial
debris); Sometimes, breaking down of the wall of the tubule with inflammatory exudate passing from the tubule into the lamina propria

Adapted from Truelove et al[23], 1956.

children and in the early phases of the disease[6,21].
It must also be stressed that in CD, being a transmural disease, mucosal healing may not be sufficient even
though the mucosa may return to almost normal after
treatment. Deeply situated lesions may persist, and endoscopy with biopsy can however not assess the deeper
layers of the digestive tract[22].
An important point to be addressed is that, to date,
there is no standardized histological scoring system for
the assessment of disease activity in IBD, although many
scores have been proposed. A scoring system was firstly
introduced many years ago for UC[23], and in subsequent
years many other histological scores have been proposed,
all based on routine haematoxylin-eosin (HE) staining.
As a result of the more homogeneous distribution of
the lesions, most of these scores have been described in
UC, many during the 1980s[24-28], a few in the 1990s[29-32],
and only two more recently[33,34], although some proposal
for CD also exist[35-37]. However, even recent consensus
conferences on CD and UC have not included a formal
histological score for the pathological evaluation of
these patients[38-41].
This is partly due to the possible impact of sampling
error, to the limits of routine HE staining, and to the existence of some poorly known variables. Histologically,
disease activity is usually based upon the combination
of the presence of neutrophils and epithelial damage,
because neutrophils can be recognized reliably and it is
known that they release molecules that are capable of
damaging the tissue. Other cells, however, might also
have deleterious effects. The activity status of cells such
as macrophages and lymphocytes can however not be
assessed on HE-stained sections. The influence of eosinophils is still unclear. Elevated levels of eosinophils
have been observed in colonic biopsy samples from
UC patients, and increased numbers of these cells and
eosinophil-derived granular proteins (major basic protein, eosinophil cationic protein, eosinophil peroxidase,
and eosinophil derived neurotoxin) have been shown to
correlate with morphological changes in the gastrointestinal tract, disease severity, and gastrointestinal dysfunction[42,43].
Finally, the natural evolution of the disease and its
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histological features are not well known. Inflammatory
features may however decrease over time and the distribution pattern may change[44].

HISTOLOGICAL HEALING IN UC
Corticosteroids
These agents were introduced early in the therapeutic
armamentarium of IBD, and are still commonly used
in the acute phases; moreover, their ability to induce at
least macroscopic mucosal healing at endoscopy is well
recognized[45]. Concerning histological healing, only a
few studies are available in literature, and none recent.
The first study to tackle this topic in 40 patients with
active UC investigated the effect of 1 wk treatment with
rectally administered hydrocortisone hemisuccinate sodium[46]. Histological variables were analyzed by a previously described scoring system[23] (Table 1), and showed
significant improvement compared to baseline and to
placebo in patients treated with steroids, in whom there
was a 50% decrease in severe grading and 64% in moderate grading. Moreover, 55% shifted toward mild grading after treatment. However, no normalization of histological variables was reported in this study. Interestingly,
the authors of the histological scoring system stated that
“…this system of grading depends to a large extent on
subjective judgments”[23].
In a study of 215 patients with UC, cell counts revealed that acute inflammation as indicated by neutrophils was decreased most notably following treatment
with prednisone (and/or 6-mercaptopurine). Chronic
inflammation as indicated by the presence of plasma
cells was also reduced after prednisone and equally after 6-mercaptopurine and salicylazosulfapyridine. The
authors further demonstrated an increase of epithelial
goblet cells and lamina propria macrophages during
healing[47]. Although these results are particularly interesting, the method used is time consuming and probably
difficult to apply routinely.
Another 2-wk study compared the effects of aqueous hydrocortisone enema and a suspension of hydrocortisone in an inert foam base in 30 UC patients with
proctosigmoiditis[48]. Histological assessment was carried
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Table 2 Modified scoring system for histological assessment of ulcerative colitis
Inflammation grade
Active inflammation

Chronic inflammation

Crypt distortion

Score Intensity
0
1
2
3
0
1
2
0
1
2
3

Histological criteria

Normal
Low grade

Neutrophils not present in crypt or surface epithelium and no exudate, erosion or ulceration
Neutrophils present transmigrating through the crypt epithelium or within crypt lumina in < 20% of crypts;
no erosions or ulcers
Moderate
Neutrophilic infiltration in > 20% of crypts or presence of erosions
High grade Presence of ulcers
No increase Normal number of chronic inflammatory cells present primarily in the superficial lamina propria
Moderate
Moderate number of mononuclear cells
Aggregated between crypts at the base of the lamina propria
Severe
Marked increase in chronic inflammation shown by sheets of chronic cells
None
Crypts had normal outlines with only artifactual irregularities
Mild
Scattered or rare crypts showing irregular (bent, forked) outline
Moderate
Approximately 25%-50% of crypts with an irregular outline
Severe
> 50% of crypts with an irregular outline

Adapted from Hanauer et al[50], 1998.

out by means of an active inflammation score (0-3 for
each of the following three characteristics: polymorph
infiltration, mucus depletion, and superficial epithelial
degeneration, allocating a score of 0-9 to each biopsy).
In the enema group there was a significant (P < 0.05)
improvement in active inflammation score (from 4.4 to
2.5) compared to baseline, but this was not observed in
the foam group (inflammation score 5.2 vs 4.9). However, this apparent superiority for enema treatment was
not confirmed when the two treatments were directly
compared.
Lee et al[49] subsequently compared the effect of mesalazine foam enema (2 g) and prednisolone foam enema
(20 mg) in 295 patients with relapsing distal UC. After 4
wk treatment, histological remission (score 0), using the
above scoring system[48] was obtained in 27% of patients
in the mesalazine group and 21% of patients in the
prednisolone group.
In another study, 233 patients with active distal UC/
proctitis were randomized to either a placebo enema
or budesonide enema at a dose of 0.5 mg/100 mL, 2.0
mg/100 mL, or 8.0 mg/100 mL[50]. Biopsy specimens
were histologically graded for active inflammation,
chronic inflammation, and crypt distortion, and graded
according to a modification of the Truelove and Richards scoring system[23] (Table 2). After treatment, total
histopathological score (defined as the sum of the three
above components) significantly improved in the 2.0
and 8.0 mg groups, compared to placebo, whereas no
differences were found for the 0.5 mg dose. However,
remission rate in this study did not include histological
remission.
A study conducted on 17 patients with severe UC
compared the effect on unfractionated heparin and corticosteroids, and demonstrated an improvement of histopathological grading (that, however, was not formally
described), not significantly different between the two
treatments (63% in the heparin group and 50% in those
treated with steroids) at the end of the study[51].
Rizzello et al [52] have evaluated the effect of oral
5-aminosalicylic acid (5-ASA) (3.2 g/d) compared to oral
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beclometasone dipropionate (5 mg/d) and to placebo in
118 patients with extensive or left-sided mild to moderate UC. After 4 wk of treatment, the histological score[23]
was significantly improved compared to baseline, but no
differences between treatment groups were observed
and no specific histological description was given.
In a more recent study, two budesonide formulations (foam and enema) were compared in 449 patients
with distal UC/proctitis[53]. Histological assessment was
conducted according to the score proposed by Riley et
al[29], which takes into account six features [acute inflammatory cell infiltrate (neutrophils in the lamina propria),
crypt abscesses, mucin depletion, surface epithelial integrity, chronic inflammatory cell infiltrate (round cells in
the lamina propria), and crypt architectural irregularities],
each graded on a 4-point scale (0 = none; 1 = mild; 2 =
moderate; 3 = severe). At the end of treatment, a similar
histological improvement was obtained in both groups
(51% foam, 57% enema). Again, no specific histological
description was given.
Overall, by considering the above studies, although
steroid treatment seems to improve histological abnormalities in UC patients, true remission rates are probably
quite low, and no more than 30%.
Salicylates
Overall, not many studies are available in the literature
that have assessed the effect of these drugs on histological healing in UC, and it should be stressed that these
studies included different subtypes of patients and used
different pharmacological formulations and modes of
administration. The study by Sommers et al[47] mentioned
earlier did show some beneficial effects on inflammatory
cell cell counts in the lamina propria.
The first study to assess this topic was that of Rao
et al[54], who compared the effects of olsalazine (2 g/d)
and sulfasalazine (3 g/d) in 37 patients with mild to
moderate active distal UC. The degree of inflammation
in rectal biopsies was graded as absent (without inflammation), mild (chronic glandular damage with definite
increase in inflammatory cells), moderate (mild inflam-
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mation plus small foci of ulceration), or severe (moderate inflammation in the presence of crypt abscesses and
widespread ulceration). In both groups, a similar histological improvement (44% for olsalazine and 46% for
sulfasalazine) was seen after 1 mo, even though this was
not as impressive as the improvement of endoscopic
appearance or clinical response. However, no histological details were given in this study, apart from generic
statements (improved, unchanged, worsened), nor it was
stated whether histological remission was achieved.
In a 12-wk multicenter double-blind parallel group
study, the effects of balsalazide (6.75 g/d) or sulfasalazine (3 g/d) were compared in 57 UC patients, stratified
for disease severity; topical and/or oral steroids were
administered if clinically needed[55]. Histological assessment (only graded as 0, normal; 1, mild UC; 2, moderate
UC; 3, severe UC) showed a similar improvement in both
groups at the end of treatment. No histological details
were given.
The same authors carried out another study with
the same drug regimens (but without concomitant use
of steroids) in 50 patients with mild to moderate UC[56].
Pathological assessment was used to identify patients in
whom clinical remission was also associated with histological remission. Rectal biopsies, obtained at baseline
and after 8 wk) were graded on a 4-point scale (0, normal; 1, minimal inflammation but not active disease; 2,
moderate inflammation; 3, severe inflammation); all patients included in the study had at least mild inflammation at baseline, with 58% displaying severe inflammation. After treatment, histological grades improvement
was observed in both groups, but only 34% of patients
were free from inflammation. No other histological details were given.
In another study, 264 patients with distal active UC
were treated with 5-ASA foam or liquid enema[57]. Histological assessment (no details were given), performed
after 4 wk, showed similar improvement in both groups
(46% generically defined remission in the foam group
and 50% in the enema group).
An 8-wk double-blind multicenter trial compared
three doses of 5-ASA (1.5, 3 and 4.5 g/d) in 321 patients
with active UC[58]. Colonic biopsies were obtained at
baseline and at the end of the study, and were assessed
according to a previously described scoring system[29],
considering histological improvement as reduction of
at least one point of the histological activity index. At
the end of study period, histological improvement was
documented in 42% patients in the 1.5 g group, 65% of
the 3 g group, and 63% of the 4.5 g group. Once again,
no details on histological assessment were given.
Other authors compared the effects of slow-release
(MMx) mesalazine with topical 5-ASA in 79 patients with
active left-side UC[59]. The tissue inflammatory response
was evaluated according a previously described score[26],
and graded as follows: grade 1, normal mucosa; grade 2,
enhanced glands with intraepithelial granulocytes. In the
stroma, enhancement beyond normal of lymphocytes,
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plasma cells, or eosinophils (slight inflammation); grade
3, goblet cells depletion, loss of tubular parallelism, reduced mucin production in some glands, intraepithelial
granulocytes, marked increase of inflammatory cells in
the stroma (intermediate inflammation); grade 4, marked
gland and mucosal atrophy, evident crypt abscesses and
pus on the surface, massive increase of acute inflammatory cells and follicle formation in deeper cell layers
(severe inflammation); and grade 5, ulceration with pus,
gland and mucosal atrophy, crypt abscesses, extensive
stromal inflammation, and deep follicles (fulminant inflammation). Histological remission (defined generically
according to the above score) was obtained in only 15%
patients of the MMx group and in 8.0% of those receiving enemas. No other histological details were given.
A more recent study compared two different scheduling dosages (3 g oid or 1 g tid) of mesalazine granules in
380 UC patients[60]. Biopsy samples were obtained at the
start and the end of the trial, and were scored according
to previously published criteria[29], with the total histological index based on the more severely affected colonic
segment. Histological remission (grade 0), observed in
35% patients in the oid group and in 41% of the tid
group, did not show significant differences between the
two regimens.
Overall, the available evidence for salicylates in histological healing of UC patients suggests that an improvement may be obtained in 30%-60% of patients (obviously
depending on the formulation and the dose scheduling),
but the actual healing rate is lower (10%-30%).
Immunomodulators
There are still only a few data on histological healing
with immunomodulatory agents. A study conducted
in 32 patients with refractory active UC[61] showed that
after 6 mo azathioprine treatment, 78% of patients in
remission were free of histological inflammation graded
according to previously described criteria[23]. However,
after a median of 4 years follow-up, histological relapse
was found in almost 90% of these patients. No histological details were given.
Another study compared the effects of intravenous
cyclosporine A to those of methylprednisolone in 30 patients with severe UC[62]. Histological assessment, carried
out according to a previously described scoring system[33]
(Table 3), was done at baseline, and after 7 and 30 d the
rapy; after 1 wk no effects were seen, and only after 1
mo therapy was there a significant decrease in inflammatory cells, and severity of epithelial damage was similarly
observed in both groups, although only small changes in
the architectural mucosal disturbances were seen. Overall, it seems however that these agents have a beneficial
effect on mucosal histology.
Biological agents
Concerning biological therapy, although anti-tumor
necrosis factor (TNF)-α therapy can lead to endoscopically assessed mucosal healing in patients with UC[63,64],
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histological data are still scarce. A 10-wk study conducted on nine moderate to severe UC patients[65], using
a score that included polymorphonuclear infiltration
of the epithelium and lamina propria, crypt abscesses,
loss of glandular parallelism, crypt shortening and/or
ramification, mucus epithelial depletion, involvement of
muscularis mucosae and/or submucosa. Each histological variable was scored from 0 (normal) to 1 (mild), 2
(moderate) and 3 (severe). In addition, the total number
of neutrophils, lymphocytes, and plasma cells in the
lamina propria was counted in five high-power fields. At
week 10, histological score significantly decreased only
in responders (67% of patients), but normal architecture
was observed only in 33% of these patients. The histological improvement was mainly due to a decrease in
neutrophils associated with restoration of normal crypt
architecture and mucus content in epithelial cells. No
significant reduction of mononuclear cell infiltration was
observed in responders and non-responders.
Another study took into account the ultrastructural
features of the colon in seven patients with UC refractory to standard treatment, before and after 2 wk treatment with infliximab[66]. Before treatment, severe alterations of the epithelium were present, such as microvilli
depletion, shattering of epithelial junctions, cytoplasmic
vacuolization, dilatation of the endoplasmic reticulum,
pycnotic nuclei, altered structure of mitochondria and
Golgi complexes, in addition to rarefaction of the goblet cells with abnormal mucus formation and secretion.
The chorion showed structural alteration of component
cells, obstructed capillaries, erythrocyte extravasation,
and many plasmocytes and neutrophils. After infliximab,
there was improvement in morphology and function of
the epithelial organelles, rich mucus secretion, and recovery of the chorionic components.

Table 3 Histological scoring system for ulcerative colitis and
Crohn’s disease
Ulcerative colitis
Grade 0
Structural (architectural change)
0
No abnormality
0.1
Mild abnormality
0.2
Mild or moderate diffuse or multifocal abnormalities
0.3
Severe diffuse or multifocal abnormalities
Grade 1
Chronic inflammatory infiltrate
1
No increase
1.1
Mild but unequivocal increase
1.2
Moderate increase
1.3
Marked increase
Grade 2
Lamina propria neutrophils and eosinophils
2A. Eosinophils
2A.0
No increase
2A.1
Mild but unequivocal increase
2A.2
Moderate increase
2A.3
Marked increase
2B. Neutrophils
2B.0
None
2B.1
Mild but unequivocal increase
2B.2
Moderate increase
2B.3
Marked increase
Grade 3
Neutrophils in epithelium
3
None
3.1
< 5% crypt involved
3.2
< 50% crypt involved
3.3
> 50% crypt involved
Grade 4
Crypt destruction
4
None
4.1
Probable-local excess of neutrophils in part of crypt
4.2
Probable-marked attenuation
4.3
Unequivocal crypt destruction
Grade 5
Erosion or ulceration
5
No erosion, ulceration, or granulation tissue
5.1
Recovering epithelium plus adjacent inflammation
5.2
Probable erosion-focally stripped
5.3
Unequivocal erosion
5.4
Ulcer or granulation tissue
Crohn’s disease
Epithelial damage
0
Normal
1
Focal pathology
2
Extensive pathology
Architectural changes
0
Normal
1
Moderately disturbed (< 50%)
2
Severely disturbed (> 50%)
Infiltration of mononuclear cells in the lamina propria
0
Normal
1
Moderate increase
2
Severe increase
Infiltration of polymorphonuclear cells in the lamina propria
0
Normal
1
Moderate increase
2
Severe increase
Polymorphonuclear cells in the epithelium
1
In surface epithelium
2
Cryptitis
3
Crypt abscess
Presence of erosions and/or ulcers
0
No
1
Yes
Presence of granuloma
0
No
1
Yes
No. of biopsy specimens affected
0
None (0 of 6)
1
< 33% (1 or 2 of 6)
2
33%-66% (3 or 4 of 6)
3
> 66% (5 or 6 of 6)

Miscellaneous
D’Ovidio et al[67] have evaluated the effects of granulocyte-monocyte apheresis in 12 patients with mild to
moderate UC refractory to therapy/steroid dependent.
After 6 wk, complete histological remission, defined
as grade 1 according to the score of Florén et al[26], was
obtained in six (50%) patients, and histological improvement in five (42%) patients. Once again, no further
details on histology were given. In general, it seems that
various drugs can lead to microscopic healing and a normal mucosa in a minority of patients (with a maximum
of approximately 30%).

HISTOLOGICAL HEALING IN CD
Corticosteroids
These agents are frequently employed for treatment of
disease flares; however, clinical and endoscopic data
demonstrate that mucosal healing in CD is unlikely (less
than one third of treated patients) after steroid treatment[68]. Moreover, there have been few studies evaluating histological healing in CD after steroid treatment.
In a study comparing 1 year treatment with budeso

Each topic scored independently. Moderate increase, up to twice the number of cells that can normally be expected; severe increase, more than twice
the normal number of cells.
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infliximab in 40 patients with CD[74]. After 3 mo treatment, the scoring of microscopic activity[37] was similar
in the three groups. No further histological data or data
on histological healing were given.

nide or azathioprine in 77 CD patients, histological assessment was carried out with a previously developed
score[37] (Table 3). At the end of the study, the histological score fell significantly versus baseline only in the
azathioprine group and was significantly lower than in
the budesonide group at the end of the study[69]. This
improvement was observed for all acute parameters
(epithelial damage, acute lamina propria inflammatory
cell infiltration, erosions and/or ulcers) irrespective of
disease location, whereas glandular architecture and the
presence (but not the degree) of chronic inflammation
were not influenced by azathioprine treatment.
A 2-wk regimen of 20 mg oral prednisone showed,
in individual biopsies of 30 CD patients undergoing
surveillance colonoscopy, a decrease in the overall histological activity (assessed by a previously reported scoring
system[33]) compared to placebo, whereas no significant
differences were found with respect to the overall severity of inflammation[70]. No other details on histological
assessment were given.

Biological agents
A few studies have been carried out on biological agents.
D’Haens et al[75] investigated histological healing in 30
CD patients treated with infliximab in a placebo-controlled trial. After 4 wk intravenous administration of 5,
10 or 20 mg/kg infliximab or placebo as a single infusion, inflammatory infiltrate disappeared only in infliximab-treated patients but architectural changes persisted
in most of them. Another study from the same group
evaluated the effects of a single infusion of infliximab
in 15 patients with steroid-refractory CD[76]. Histological activity scores, assessed 4 wk after infusion showed,
compared to placebo, a significant decrease mainly due
to the reduction of inflammatory activity. Immunohistochemical assessment also revealed a decrease in inflammatory features due to global reduction of CD4+ and
CD8+ T lymphocytes and CD68+ mononuclear cells.
A follow-up study conducted in CD patients evaluated histological improvement by a previously described
scoring system[37] after 54 wk of treatment with infliximab, and showed that histological mucosal healing was
associated with a consistent decrease in the expression
of inflammatory markers[77]. The use of etanercept (another anti-TNF-α agent) in 10 patients with refractory
active CD did not result in any significant histological
improvement after 2 wk of therapy[78].

Immunomodulators
These agent represent to date the cornerstone of treatment in CD, thus researchers’ interest has given rise to a
few studies aimed at evaluating their effects on histological healing as well.
Azathioprine: A first study assessed the effect of 6
mo of therapy in 19 patients with severe postoperative
recurrent CD[71]. Histological evaluation was done in
seven patients (four with complete mucosal healing and
three with near-complete healing at endoscopy). Only in
patients with complete healing did comparison of the
biopsy specimens taken before and after azathioprine
show persistent mucosal architectural changes with complete disappearance of the inflammatory infiltrate. The
same authors then reported pre/post-therapy data on 20
CD patients with colitis-ileocolitis taking azathioprine
for at least 9 mo[72], using a histological disease severity score[37]. A decrease in histological score paralleled
endoscopic healing, even though it was not as complete
as shown by endoscopy. In patients with endoscopic
complete healing, the colon showed a global decrease in
histological score from 10 to 3 and inflammatory score
from 5 to 2; in the ileum, global histological score decreased from 7 to 2 and inflammatory score decreased
from 2 to 0. No significant changes were documented
in patients without endoscopic healing while taking
azathioprine. The study of Mantzaris et al[69], comparing
azathioprine with budesonide, has been discussed above.

Miscellaneous
Yamamoto et al[79] evaluated 28 patients with active CD,
treated with an elemental diet for 4 wk. Histology was
evaluated by a previously described scoring system[80],
taking into consideration enterocyte appearance, extent
of crypt inflammation, and the intensity of mononuclear
and neutrophilic lamina propria inflammation. Each feature was given a score of 0-3, depending on the severity
of the abnormality. The scores were added, and a total
score was calculated. Grade 0 (no inflammation) was assigned a total score of 0 or 1, grade 1 (mild) was scored
2-4, grade 2 (moderate) was scored 5-8, and grade 3 (severe) was scored 9-12. Histological healing was defined
as grade 0, and histological improvement (including healing) was defined as a decrease of at least 1 grade. At the
end of treatment, histological healing and improvement
rates were 19% and 54% in the terminal ileum and 20%
and 55% in the large bowel, respectively.
A retrospective study carried out in 39 patients with
refractory severe colonic CD evaluated the effect of
anti-Mycobacterium avium ss paratuberculosis therapy[81]. Histological acute and chronic ileitis or colitis were recorded
as the most severe inflammation found in available biopsies, and were generically reported by a pathologist
as ranging from inactive chronic inflammation to mild,
moderate, and severe active inflammation. After an aver-

Methotrexate: Methotrexate has been even less frequently investigated in this setting. A pilot study evaluated the effects of adding this agent to standard treatment
(steroids, mesalazine) in 14 CD patients with refractory
disease[73]; four patients (28.5%) were reported to have
normal histology at 12 wk. Another study compared the
effects of methotrexate with those of azathioprine and
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age 3 years of therapy, 15/39 (38.5%) patients showed
a marked reduction of acute and chronic inflammatory
infiltrates; however, only in six (15.4%) patients was normalization of histological variables observed. No other
histological variables or details were given.

cess during its natural course or following medical treatment. This means that several biopsies would be needed
for an adequate microscopic evaluation; the optimal
number of samples has however not yet been determined. Although routine HE staining is a good tool for
identification of neutrophils, epithelial damage and even
eosinophils as markers of active disease, it is less appropriate for the evaluation of lymphocytes. The presence
of lymphocytes can be determined adequately but the
activation status is beyond the scope of routine histology and requires immunohistochemical staining. Yet, the
application of this technique and the markers needed are
not yet well determined.

HISTOLOGICAL HEALING IN IBD: WHERE
ARE WE, AND WHERE ARE WE GOING?
Although mucosal healing has been associated with
positive outcomes in IBD, most of the supporting data
are retrospective and largely based on endoscopic assessment; in addition, it is not clear whether complete
mucosal healing produces better outcomes than partial
healing[82]. It has been stated that, in clinical practice,
evaluation of mucosal healing (again, by an endoscopic
point of view) should be considered in patients with
persistent symptoms despite adequate therapy and when
treatment discontinuation is being considered[83].
However, it must be stressed that histological assessment of mucosal healing, the only way to establish in
an objective manner that the mucosa has reverted to a
normal state, is at present not recommended as a primary
end point for therapeutic trials because of the lack of a
standardized approach[5]. Thus, it is unknown whether patients who achieve and maintain deep remission may stop
treatment without having further/future problems[84].
As reported above, true histological healing may be
grossly obtained in only about 30% of treated patients;
this may justify the high (20%-40%) loss of response to
even newer therapeutic approaches[85]. A recent study
has shown that adding histological and mucosal gene
panel assessment may predict the lack of response to infliximab (directed against TNF-α) treatment in patients
with UC or Crohn’s colitis, whereas no such predictive
gene set could be identified for ileal disease[86,87].
Therefore, adding histological healing as an endpoint,
at least in clinical trials, would substantially improve the
evaluation of the actual effectiveness of a given treatment. Histological assessment is cheap and widely available. The features of disease activity are known. They
include the presence of neutrophils in the lamina propria
and the epithelium, epithelial cell damage (loss of cells,
mucin depletion, cryptitis, crypt abscesses, erosion), and
an increase in lymphocytes and plasma cells. Some of
these features such as the presence of neutrophils can
reliably be evaluated with good interobserver agreement.
In addition, histology could help the management of the
patient. Some histological variables are indeed associated
with relapse. They include persistence of neutrophils,
basal plasmacytosis and persistence of eosinophils in the
lamina propria[29,88,89]. Furthermore, microscopic activity
may be related to the development of dysplasia[90].
We realize that adding data on histological healing to
investigations and trials on IBD patients might be a relatively difficult goal to achieve, and that such an approach
would increase the investigators’ burden. Furthermore,
there are several unresolved issues. It has been shown
that UC may become a discontinuous inflammatory pro
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CONCLUSION
In conclusion, it appears to us that histological healing
should be considered as an end point in the treatment
of IBD patients, especially for UC. Therefore, additional
studies looking for optimal sampling, standardizing
scores and features should be performed.
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DOSING AND MONITORING OF
THIOPURINES
Thiopurines used for inflammatory bowel disease (IBD)
treatment are azathioprine (AZA), 6-mercaptopurine
(6-MP) and occasionally also 6-thioguanine (6-TG). The
most commonly used thiopurine is AZA. The hepatic
enzyme glutathione-S-transferase rapidly cleaves the prodrug AZA to 6-MP [1], which is then metabolized in
both liver and gut by several enzymes: (1) thiopurine-smethyltransferase (TPMT) catalysing 6-MP to 6-methylMP (6-MMP); (2) xanthine oxidase catalyzing 6-MP to
thiourea; and (3) hypoxanthine-guanine-phosphoribosyltransferase converting 6-MP to 6-thioguanine nucleotides (6-TGN). 6-TG is the final effector-metabolite[2]
which slowly accumulates in cells, and this metabolite is
probably responsible for the delayed onset of action after 10-12 wk[3].
Dose recommendations for AZA and 6-MP vary slight
ly between Western guidelines, with a daily dose of 2-3
mg/kg AZA and 1-1.5 mg/kg 6-MP recommended by
the AGA[4], and a daily dose of 1.5-2.5 mg/kg AZA and
0.75-1.5 mg/kg 6-MP recommended by the European
Crohn’s and Colitis Organisation (ECCO)[5]. However,
these recommendations do not necessarily hold true for
other ethnicities. Several Japanese studies showed that
Japanese IBD patients might reach sufficient 6-TGN values with substantially lower AZA and 6-MP dosages in
adults[6,7], children and adolescents[8]. If 6-TG is exceptionally used, it should be started at a much lower dosage
of approximately 20 mg per day and should not exceed

Abstract
The use of thiopurines as immunosuppression for the
treatment of refractory or chronic active inflammatory
bowel disease is established for both Crohn's disease
and ulcerative colitis. Nevertheless, many questions
remain concerning the optimal treatment regimens of
azathioprine, 6-mercaptopurine and thioguanine. We
will briefly summarize dose recommendations, indications for thiopurine therapy and side effects which are
relevant in clinical practice. We discuss some currently
debated topics, including the combination of azathioprine and allopurinol, switching of thiopurine therapy in
case of side effects, the use of azathioprine in pregnancy, the infection risk using thiopurines and the evidence
when to stop thiopurines. Excellent reviews have been
published on the thiopurine metabolic pathway which
will not be discussed here in detail.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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25 mg daily[9]. However, it has to be strengthened that
there are limited indications for use of 6-TG in IBD.
6-TG can be used in IBD patients who need a thiopurine for maintenance therapy but who are intolerant (or
resistant) to 5-aminosalicylic acid (5-ASA) [in ulcerative
colitis (UC)], AZA, 6-MP and methotrexate [in Crohn’s
disease (CD)], and who do not have an option for surgery[9]. Biological therapy could be considered as an alternative to 6-TG in this setting. The ECCO guidelines[5]
concluded in 2006 that thioguanine cannot currently be
recommended for maintenance of CD due to a high frequency of liver abnormalities (mainly nodular regenerative hyperplasia). According to the current literature, this
might, however, be explained by the use of too high dosages of 6-TG resulting in 6-TGN levels exceeding 1000
pmol/8 × 108 erythrocytes which is much more than the
target levels of 250-500 pmol/8 × 108 erythrocytes usually recommended when using AZA or 6-MP[10-12]. Thus,
if 6-TG is used as therapy for selected IBD patients, the
6-TGN levels should be controlled regularly combined
with close monitoring of liver values[13], hematology and
especially liver biopsy after one, three and then every
three years[9]. However, the histopathological diagnosis
of nodular regenerative hyperplasia is difficult with a
very poor inter-observer agreement, even among experts[14]. Alternatively, non-invasive monitoring such as
magnetic resonance imaging may be considered[15].
The dose recommendations as mentioned above are
based on “Western” or “Caucasian” guidelines/eviden
ce and are linked to the assumption that the TPMT
pathway is “normal”. A diminished TPMT activity due
to mutations of the TPMT gene leads to toxic levels of
6-TGN, which is a risk factor for drug-induced myelosuppression[16]. TPMT mutations are not uncommon in
Caucasian populations (mutation prevalence approximately 10%), but rarer in e.g., Chinese patients (5%) or
even very rare in Japanese patients (1%)[17], which questions the usefulness of routine TPMT monitoring in
these patients. The role of pharmacogenetics has recently been addressed in an excellent review by Chouchana et
al[18] and is shortly summarized below.
To achieve an optimal therapy, it seems crucial to find
the correct concentration of intracellular 6-TGN (serum
levels are of no value). Concentrations that are too high
lead to myelosuppression, whereas concentrations that
are too low result in a lack of efficacy in IBD[16,19]. TGNlevels can be measured irrespective of the time of intake
of thiopurines. The commonly recommended 6-TGN
concentration is 235-500 pmol/8 × 108 erythrocytes. In
a meta-analysis[20], patients with 6-TGN levels above the
threshold value of 235 were more likely to be in remission than those below the threshold value (62% vs 36%, P
< 0.001). The usefulness of therapeutic drug monitoring
has recently been supported in a Dutch study[21]. However, the minimum effective dose is unknown. No doseresponse study has ever been carried out, but at least one
study showed that an increase in AZA dosage (2.02-2.72
mg/kg daily) can induce response in some patients[22].
Since there is only a very weak correlation between thio-
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purine dosage and 6-TGN levels[20] and some ethnic variability[6,7], the authors believe that 6-TGN levels should
be regularly measured. Measuring the 6-TGN levels alleviates uncertainties when AZA therapy is combined with
5-ASA in UC[23]. In a recent and well-performed prospective study, the addition of 2 g of 5-ASA increased the
total amount of 6-TGN by 50%, and methylmercaptopurine ribonucleotide levels were reduced after adding 4 g
of 5-ASA[24]. Further studies are needed to show whether
6-TGN measurements might be useful to improve thiopurine therapy.

TPMT MONITORING
Beside the above mentioned measurement of thiopurine metabolites, TPMT genotyping (analysis of single
nucleotide polymorphisms which influence the TPMT
activity) and phenotyping (measuring the TMPT activity)
can be applied before therapy with AZA or 6-MP is initiated. A recent study concluded that genotyping should
be favoured for pre-treatment TPMT function since it
is the more reliable test[25]. This evaluation may help to
identify slow metabolizers which are at risk of toxicity[4].
Nevertheless, a recently meta-analysis stated that there is
not yet enough evidence to advocate for routine TPMT
testing[26]. The United States Food and Drug Administration (FDA), but not the ECCO, recommends TPMT
monitoring before the initiation of thiopurine therapy.
In 2011, the first guideline for a thiopurine starting dose
according to TPMT phenotype/genotype was developed[27]. A reduction to 30%-70% of the full dose is
recommended in patients with an intermediate activity (heterozygote). In patients with low/absent activity
(homozygous mutant or compound heterozygote), an
alternative drug should be considered or AZA starting
dose must be reduced by a 10-fold, administered thrice
weekly, and under close monitoring. For patients with
intermediate and low/absent TPMT activity, a therapeutic drug monitoring is recommended four weeks after
treatment initiation. Patients with a very high activity
might benefit from an increase in AZA dosage up to 3.0
mg/kg per day[18]. Nevertheless, it is important to note
that TPMT testing does not predict the long-term risk
of myelosuppression or idiosyncratic adverse events
such as fever, arthralgias, hepatitis or pancreatitis [28].
Regular hematologic monitoring remains necessary[26],
initially at least every second week until the patient has
been on a stable dose for a month; in the later course at
least every third month[29,30], including a complete blood
count including a differential count, especially to check
the lymphocyte level but also platelets as well as amylase,
and liver enzyme levels[4,30,31].

INDICATIONS FOR AZATHIOPRINE OR
6-MERCAPTOPURINE
No evidence for induction of remission in active IBD
There is not enough evidence to recommend thiopurines
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for inducing remission in active IBD[32] based on five
randomized controlled trials (RCTs) in active CD[33-37]
and on two RCTs in active UC[38,39].

continuation of therapy in 39% of patients in a large
Dutch cohort[54], however, rates of intolerance are usually far lower. Most adverse events occur within the first
3 mo[55]. More than 50% of AZA intolerant patients
tolerate 6-MP long-term[56]. Common side effects can be
divided into dose-dependent and idiosyncratic side effects.
The major dose-dependent side effect of thiopurines is drug-induced myelosuppression which is observed in 2%-5% of Caucasian patients[57,58]. It can occur at any time with 25% of cases appearing beyond the
first year[55]. Asian (or at least Japanese patients[6,7]) have a
higher risk of myelotoxicity. It has been speculated that
viral infections might contribute to myelosuppression,
however, clear evidence is missing. Determining TPMT
activity before starting thiopurines might avoid early
myelosuppression, but regular haematological monitoring remains necessary in every patient.
Infectious complications are mostly dose-dependent,
but sometimes idiosyncratic side effects. Infectious com
plications during thiopurine therapy can occur even in
the absence of a dose-dependent leukopenia[4,59,60], especially when using a combination of thiopurines with
corticosteroids which may induce a dose-dependent
lymphocyte depletion. We recommend avoiding a lymphopenia of < 600/μL based on data from a rheumatological study[31]. Doing this, severe immunodeficiency
is likely to be avoided[31] Hepatotoxicity can manifest as
early drug-induced hepatitis, nodular regenerative hyperplasia after years of therapy, sinusoidal dilatation or
fibrosis[61]. It is important to note that IBD per se is a risk
factor for nodular regenerative hyperplasia[62]. Hepatotoxicity induced by thiopurines seems more often dose
dependent than idiosyncratic. In many patients, elevated
transaminases respond to dose reduction. In a prospective monocentric cohort, 21 of 123 patients showed a
transient or constant elevation of alanine aminotransferase levels[63]. If liver enzymes are repeatedly elevated,
thiopurines need to be discontinued.
The most frequent idiosyncratic side effects are nausea, vomiting, and malaise in up to 15% of all patients[64].
Some advocate to slowly increase the dosage when thiopurine therapy is started, or to take it before nighttime. However, the best way to start thiopurine therapy
still has to be determined[4]. Other common side effects
are headache, fatigue, anorexia, weight loss, stomatitis,
alopecia, arthralgia, muscular weakness and rash, which
may occur in more than 10% of patients. If these side
effects are reported, it should be determined whether
they disappear after dose reduction[4,59,60,65,66]. In case of
arthralgias/myalgias upon AZA, a switch to 6-MP can
be explored[55].
Pancreatitis is an important idiosyncratic side effect
and occurs in up to 4% of the patients[4,60], especially
during the first weeks of treatment [67]. A minor and
asymptomatic increase in serum amylase (“pancreatic hyperenzymemia”) is frequently observed, but only poorly
understood and not discussed in current guidelines.
Some authors prefer to reduce dosing, or stop treatment

Prevention of relapse in quiescent IBD
In quiescent CD, AZA and 6-MP are effective at preventing a relapse based on two RCTs comparing AZA
with placebo[33,37], and three RCTs comparing continued
AZA vs withdrawal in patients who had been successfully maintained on AZA[40-42]. These studies showed a
significantly higher relapse rate in the placebo groups as
compared with the active treatment[32]. Additionally, a
RCT evaluating glucocorticoid-dependent CD patients
suggested that AZA was better than placebo at reducing
the need for glucocorticoids[43].
In quiescent UC, AZA and 6-MP are effective at
preventing a relapse based on three RCTs comparing
AZA with placebo[38,39,44]. Overall, 60% of patients can
be kept in remission if AZA is continued for 9-12 mo[32].
Similarly, another RCT which evaluated AZA withdrawal
in 79 patients, who had been maintained on this drug for
a minimum of 6 mo, showed a significant reduction on
the relapse rate on AZA vs placebo after one year (36%
vs 59%)[45] .
Post-operative treatment of CD with thiopurines
Two RCTs in postoperative CD suggest that AZA or
6-MP is superior to placebo at preventing recurrence
after surgery[46,47]. Furthermore, thiopurines administered
postoperatively significantly reduced the clinical recurrence rates in population-based cohorts[48,49]. Thus, thiopurines might be a useful strategy, although anti-tumour
necrosis factors (anti-TNFs) might be more efficient in
preventing CD relapses postoperatively[50,51], especially
among high risk patients (smokers, perforating disease or
[50]
≥ second operation) .
Treatment of fistulising CD with thiopurines
A meta-analysis in fistulizing CD demonstrates a significantly higher response rate to AZA and 6-MP as
compared to placebo (54% vs 21%) [52]. The analyzed
studies included patients with perianal, enterocutaneous,
enteroenteric and rectovaginal fistulas. However, only
in a minority of patients, AZA and 6-MP will lead to a
complete fistula closure, but symptoms such as inflammation, discharge and discomfort are often substantially
reduced. Since response of fistulas to these drugs will
need several months, immunosuppression will be reasonable only as second-line treatment if fistulas don’t
necessitate immediate surgery. Antibiotics are commonly
used as first-line treatment and need to be started in parallel[53].
An overview of indications for thiopurines in IBD is
given in Table 1.

ADVERSE EVENTS
AZA and 6-MP have similar side effects leading to dis-
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Table 1 Indications for thiopurines in inflammatory bowel disease

Crohn’s disease

Ulcerative colitis
(treated with
5-ASA at optimal
dose unless
intolerant)

Indication

No indication

Maintaining remission in moderate (to severe) CD (any site of disease especially for extensive disease)
Maintaining remission in CD with early relapse (< 3 mo after the last flare) or frequent flares (more than two per year)
Fistulizing CD (in combination with antibiotics, if no early start of anti-TNF or surgery necessary)
Postoperative prevention of CD recurrence (unless high-risk situation such as repeated surgery or current smoker)
In combination with anti-TNFs in case of severe CD (rapid step-up or top-down)
Maintaining remission in steroid-dependent UC
Maintaining remission in UC with early relapse requiring steroids
Maintaining remission in UC with frequent flares requiring steroids
Maintaining remission in UC after induction of remission by ciclosporin, tacrolimus, or i.v. steroids
Acute or chronic refractory pouchitis

Induction of
remission (as a
sole therapy in
active disease)
Induction of
remission (as a
sole therapy in
active disease)

CD: Crohn’s disease; UC: Ulcerative colitis; TNF: Tumour necrosis factor; 5-ASA: 5-aminosalicylic acid.

in case of lack of biochemical response[68]. Thiopurines
must be discontinued if amylase increase is associated
with typical pain symptoms (i.e., toxic pancreatitis). After
AZA-induced pancreatitis, a switch to 6-MP is not recommended since these patients are less likely to tolerate
6-MP[64]; However, evidence against the use of 6-MP in
AZA-induced pancreatitis is weak. As earlier outlined,
6-TG is a debated alternative to AZA and 6-MP in case
of intolerance[9], which is, however, not recommended
by some authors[69,70].

non-melanoma skin cancer[78-80], which in a large cohort
of 108.518 IBD patients collected from 1997 to 2009
was shown to occur significantly more often in IBD patients on thiopurines especially among those with CD
than controls[79], correlating with the length of receiving
thiopurines. Of 32 cases of nonmelanoma skin cancer
in a large cohort[80], only 5 cancers occurred in immunomodulator-naïve patients, but 9 and 18 cancers occurred
in patients who had previously taken or were currently
on thiopurine therapy. Based on these studies, a dermatologic exam should be considered before and regularly
during immunomodulator therapy; especially in elderly
patients. It should in this context be mentioned that skin
protection is rather crucial.

WHEN AND HOW TO CHANGE THIOPURINE
THERAPY IN CASE OF SIDE EFFECTS?
In the case of idiosyncratic side effects, it might be reasonable to change from AZA to 6-MP, as discussed
above. Furthermore, in so-called preferential 6-MMP
metabolizers which achieve only low 6-TGN levels
due to high 6-MMP levels with associated hepatotoxicity, adding low-dose allopurinol as a XO inhibitor to
dose-decreased AZA (25%-33% of intended dose[71],
might switch the AZA metabolism to 6-TGN instead
of 6MMP. Close monitoring of 6-TGN metabolites
and hematology is in such cases necessary (weekly during the first month, then every other week for the next
month)[69]. This strategy often allows to reach therapeutic levels of 6-TGN and clinical remission, but may also
to reduce or even alleviate nausea as one of the major
early side effects in more than 80% of patients[72]. Interestingly it seems possible to achieve higher 6-TGN and
lower 6-MMP levels in preferential 6-MMP metabolizers
by simply splitting the daily thiopurine dose[73] or by
switching to 6-MP.

WHEN SHOULD THIOPURINE MONOTHERAPY BE STOPPED?
When to stop a successful immunosuppression is one
of the most difficult decisions in IBD therapy. Five studies focussing on this question were recently reviewed
by Clarke and Regueiro[81]. According to a randomized,
controlled study from 2005, even CD patients who were
in remission on AZA for at least 3.5 year profited from
prolonged AZA therapy (relapse risk 8% vs 21% on
placebo)[40]. Similar results have been gained from other
studies[82]. Five years after stopping AZA, 3/4 of patients suffer from relapse. Nevertheless, a treatment stop
seems justified since almost all patients re-treated with
thiopurines were able to regain remission (23 of 24 patients; many with a combined short course of glucocorticoids)[83]. Independent predictors for a flare are a C-reactive protein-level of > 20 mg/L, a haemoglobin-level
< 12 mg/dL, and an absolute neutrophil count of > 4 ×
109/L at baseline. Since more than half of the patients
with risk factors experienced a clinical flare-up within 24
mo (compared to only 15% of patients without negative
predictors), a continuous course of thiopurine therapy is
recommended for these patients.
In UC, several studies have shown that a prolonged
AZA therapy helps to reduce the risk of relapse. Six
months is certainly the minimum length of immunosuppression (with at least 3 mo disease-free interval off glu-

MALIGNANT COMPLICATIONS
Treatment with AZA/6-MP is associated with a potential
risk of developing lymphoma[74], including hepatosplenic
T-cell lymphoma (HSTCL)[75]. Although the relative risk
of lymphoma is increased four to five-fold[74,76], the absolute risk still remains rather small, and currently available data show that the benefits of thiopurines used in
IBD greatly outweigh its risks[77]. The same holds true for
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cocorticoids)[84,85], but other studies showed that 18 mo
is significantly better than 6 mo[81].
In clinical practice, decision on the length of immunosuppressive therapy means weighing benefits of immunosuppression on IBD and risk of malignancies and
other complications. The risk factors should be analysed
before immunosuppression is stopped. Best candidates
for stopping immunosuppression will probably be IBD
patients in deep, prolonged remission with a short duration of time between diagnosis and immunomodulator
treatment[81]. Nonetheless, prospective RCTs are needed
for the development of evidence-based tapering schemes
regarding AZA and 6-MP treatment, both in CD as well
as in UC.

lated complications. Probably, the only major side effect
of thiopurines is the risk of preterm birth[95-97], which,
however, might be simply a disease effect. Furthermore,
thiopurine levels in breast milk of mothers treated with
AZA seem harmless[98] and without any long-term effects in these babies. Thus, it can be concluded that thiopurines can be administered safely to women with IBD,
prior to and at the time at conception, as well as during pregnancy and lactation. Indeed, in a recent survey
among gastroenterologists showed that more than 90%
would recommend continuous thiopurine treatment[99].

CONCLUSION
Indications for use of thiopurines in IBD and ways to
monitor therapy have been well established. In clinical
practice, the possibility of 6-TGN measurement to monitor therapy seems underused. It is likely that broader use
of TGN monitoring, and a combination of thiopurines
with low dose allopurinol in case of inefficiency or side
effects allows to (achieve or) maintain clinical remission
in more patients. For the thiopurine/allopurinol combination, but also for 6-TG therapy, prospective trials
to document the benefit (and risk) are urgently needed.
Furthermore, more trials are needed to elucidate whether
an early “top down” approach for combination of thiopurines with anti-TNF will bring a long-term benefit for
patients as compared to a step-up approach in case of a
non-response to thiopurines. Criteria when a successful
thiopurine therapy for maintenance of remission can be
stopped also need to be elucidated in future prospective
trials. Risk communication with patients, but also referring physicians, about benefit, side effects and the above
mentioned uncertainties remain challenging. Benefits
are the quality of life gained by medically maintained
remission; the avoidance of surgery (in CD and UC) and
avoidance of colorectal cancer through efficient antiinflammatory therapy. Risks are, however, (opportunistic)
infections, lymphomas such as HSTCL and side-effects
such as pancreatitis.
Accordingly, thiopurine therapy remains a hot topic
in IBD.

IMMUNOMODULATORS AND BIOLOGIC
THERAPY
Many experts in the field currently advocate a “top
down” approach with early combination therapy for
moderate to severe CD based on evidence from three
infliximab and azathioprine studies in CD[86-88], including
the famous SONIC trial[86]. Nevertheless caution is advised as the number needed to treat for the combination
therapy is 8, meaning that only one out of 8 patients will
definitely benefit from the combination. For the combination of AZA and adalimumab, there are only retrospective and hardly convincing data[89]. Future trials need
to determine whether it is crucial to start with anti-TNFs
and thiopurines at the same time, or whether a sequential addition of thiopurines to anti-TNFs will have the
same effect in the patients experiencing a benefit from
this combination.
Furthermore, there are not enough available data on
how long the concomitant use of immunomodulators
should be maintained in patients receiving infliximab.
There are no studies which documented a sustained efficacy of concomitant use of immunomodulators beyond
6-12 mo[90,91]. If therapy should be reduced, then AZA
and not infliximab may be stopped. In the recently published prospective STORI (Stop Infliximab in Patients
With Crohn’s Disease) study on infliximab stop in patients in remission under combined immunosuppression,
nearly half of all patients suffered from relapse within
1 year when infliximab was stopped despite continuing
azathioprine[92]. In contrary, the risk of relapse after stopping AZA seems lower than after stopping infliximab.
Thus, in a single referral center observational study on
CD patients who stopped AZA after being in remission
under combined AZA and infliximab for at least 6 mo,
15% of patients relapsed after 1 year[93].
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vaccination. The serological response to HBV should be
confirmed and patients with an inadequate response
should receive a second full series of vaccine. Modified
dosing regimens, including doubling the standard antigen dose, might increase the effectiveness. Response
to influenza, pneumococcal and tetanus immunization
is still not clear, as there are studies that show a normal
response to the vaccination while others demonstrate
a lack of efficacy. We pose a series of questions on the
efficacy of the different vaccinations recommended for
IBD patients and attempt to answer them using scientific evidence.
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Inflammatory bowel disease (IBD) is associated with
conditions that may predispose to infections, such as
the lack of an appropriate innate immune response to
infectious agents, malnutrition, surgery, and immunosuppressive and biological drugs. Some of these infections may be preventable by vaccination. Therefore, for
this particular patient population, the benefits of implementing a well-established immunization protocol in
daily clinical practice are potentially even greater than
for the general population. In recent years international
consensus guidelines have been published, but in spite
of theses recommendations, studies have shown that
a significant number of patients with IBD remain inadequately immunized. Another important issue regarding
immunization in this population is that vaccine efficacy
among patients receiving immunosuppressive therapies
has been variable. In a healthy population, a humoral
immune response to hepatitis B vaccination (HBV)
is expected in > 90%, whereas a much lower rate is
achieved in the IBD patients. Immunosuppressive,
anti-tumor necrosis factor therapy and disease activity have been implicated in the impaired efficacy of the
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INTRODUCTION
Current therapy for inflammatory bowel disease (IBD)
patients often involves agents that suppress the immune
system, placing them at an increased risk for developing
infections. In recent years the scientific community has
made an effort toward promoting preventative and prophylactic strategies against some of these infections[1-5].
Several guidelines have been published specifically for the
vaccination and immunization of patients with IBD[6-9].
Although a consensus exists on the need to vaccinate
these patients, it seems to be underused in clinical practice, and the response to immunizations in this group of
patients and the factors influencing this efficacy is unknown.
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pecially in those receiving immunosuppressive or biological therapies. In a study published by Vida et al[25], where
43% were on immunosuppressive therapy, only 36% of
patients achieved adequate hepatitis B surface antibody
(HBsAb) levels (defined as > 10 IU/L). Melmed et al[12]
report similar data in a study where only 33% of the subgroup of patients who were immunized had detectable
antibodies to hepatitis B surface antigen (anti-HBs) titers.
According to the World Health Organization, an HBsAb concentration ≥ 10 IU/L is considered a reliable
marker of protection against infection[23,24,26-28].
As time passes, HBsAb titers frequently diminish and
become undetectable[29]. Among immunocompromised
patients who respond to the vaccine, clinical HBV infection has been documented in those who do not maintain
a HBsAb concentration of ≥ 10 IU/L. Based on this
evidence, in the United Kingdom seroprotection against
hepatitis B was redefined at ≥ 100 IU/mL, especially in
those with chronic diseases or with immunosuppressive
therapies[16,28,30,31]. A recent study published by Altunöz
et al[30] defined the effective immune response as an antibody level > 100 IU/L after comparing the efficacy of
the standard 3-dose vaccine in a group of IBD patients
and comparing it to a control group. The effective immune response was significantly higher in the control
group compared to the IBD group (89% vs 53%).
The response rate to the HBV vaccine seems to be
quite low in IBD patients. Modified dosing regimens,
including doubling the standard antigen dose, might
increase response rates in immunocompromised patients[28,32-35]. Chaparro et al[36] assessed the efficacy of the
HBV vaccine at a double dosage (0, 1 and 2 mo) in IBD
patients and found that 60% of the IBD patients had
adequate HBsAb titers (≥ 10 IU/mL), but only 34%
achieved adequate immunity (≥ 100 IU/mL).

ARE IBD PATIENTS CORRECTLY
VACCINATED IN CLINICAL PRACTICE?
When we try to elucidate the real efficacy of vaccinations
in IBD patients, the first question we have to answer is if
physicians are following the immunization and vaccination recommendations provided by the guidelines. Several
studies have reported on apparent knowledge deficiencies
among gastroenterologists, and show that a significant
number of patients remain inadequately immunized.
Yeung et al[10] assessed 167 patients and 43 gastroenterologists for immunization attitudes, knowledge and practice.
Only 14% of the gastroenterologists surveyed reported
taking an immunization history from most of their patients, and the majority of patients felt they did not have
enough information about immunizations. Similar data
were highlighted in another study, where around a half of
the gastroenterologists surveyed remembered asking their
patients about their immunization history[11]. Melmed et
al[12] assessed risk of exposure and immunization status
among patients receiving care in an IBD specialty clinic.
While about 44% of patients had at least one risk factor
for hepatitis B, only 28% had been vaccinated against the
infection. Only 45% of the patients in this study recalled
receiving a tetanus immunization within the past 10 years,
28% reported regular flu shots and 9% reported having
received the pneumococcal vaccine. A Spanish multicenter study detected vaccination against hepatitis B in
only 12% of IBD patients[13].
About 20% of the gastroenterologists surveyed reported that they did not know how important it was for
their IBD patients to be up to date on specific immunizations before starting immunomodulating or biological
therapy[10].
In summary, the lack of awareness of vaccination
recommendations puts IBD patients at risk of infections
which might easily be avoided through a more intensive
vaccination program[14].

Influenza
Since influenza infection may result in serious illness in
immunocompromised individuals, the Advisory Committee on Immunization Practices of the Centers for
Disease Control and Prevention recommends influenza
vaccination for all immunosuppressed patients[37]. Several
studies have concluded that the influenza vaccine is safe
and effective in both children and adults with various
chronic diseases[38-41]. However, the immune response in
immunocompromised patients varies. Most studies attempting to identify the efficacy of the influenza vaccine
in IBD patients have been carried out in the pediatric
population. Mamula et al[42] compared response to influenza vaccine in children with IBD and observed that the
IBD group mounted less effective responses to one-third
of antigens compared to controls, while patients on a
combination of biologics and immunomodulators had an
impaired response to two-thirds of antigens. In contrast,
Lu et al[43] assessed the response rates to influenza vaccinations in IBD children and reported similar responses
among IBD patients, regardless of their immunosuppressive status. A recent study performed in adults came to

HOW EFFECTIVE ARE VACCINATIONS IN
IBD PATIENTS?
Vaccine efficacy is defined as percent risk reduction for
clinically significant infection in a vaccinated group versus
a control group[15].
Vaccination is a proven and well-established strategy
for preventing infectious diseases in the general population. However, immunosuppressive illnesses in general
are associated with reduced immunogenicity following
vaccination[16,17]. Moreover, patients receiving immunosuppressive therapy may have a suboptimal serological
response after a variety of vaccinations[18-22].
Hepatitis B virus
A standard 3-dose hepatitis B virus (HBV) vaccination
induces protective antibody concentrations in approximately 95% of healthy individuals[16,23,24]. However the
response rate to HBV is lower in patients with IBD, es-
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similar conclusions and demonstrated that IBD patients
on immunosuppressive treatment are able to mount an
effective immune response[44].

patients under immunosuppressive therapy, respectively,
acquired an adequate and effective immune response.
There are contradictory results by Vida et al[25] that could
not demonstrate the effect of immunomodulators on the
efficacy of the HBV vaccine. The small sample size and
corresponding low statistical power may explain the lack
of statistically significant differences. In fact, a tendency
towards a lower rate of response to vaccine was found in
the immunosuppressed group[28].
Disease activity has also been implicated in impaired
responses to vaccination. In this respect, a subanalysis in
the study by Altunoz et al[30] concluded that active IBD
patients achieved a significantly lower response to vaccination compared to patients in remission (41% vs 63%).
Thus, these authors recommend HBV vaccination during
remission periods.
In summary, patients receiving anti-TNF therapy,
immunosuppressants, or with active disease, are at risk
of developing an inadequate serologic response. Future
studies should attempt to determine if booster immunizations are needed in this group of patients[43]. Further
studies should determine if other factors such as genetics, gender or age could affect the response to immunization in IBD patients.

Pneumococcal
Melmed et al[45] assessed response to pneumococcal vaccine in IBD adults compared to controls. Patients treated
with a combination of biologics and immunosuppressants presented with an impaired response to the pneumococcal vaccine compared to controls and patients not
receiving immunosuppressive therapy. Dotan et al[44] reported contradictory results in a recent study where they
concluded that IBD patients do not have an intrinsic immunodeficiency and display a significant increase in titers
for all pneumococcal serotypes.
Tetanus
Response to tetanus immunization in IBD patients is not
clear, as there are studies[44,46] that demonstrate that IBD
patients have a normal response to the tetanus vaccine,
while others[47] suggest an impaired anti-tetanus response.

WHAT ARE THE FACTORS THAT AFFECT
THE EFFICACY OF VACCINATION IN IBD
PATIENTS?

WHAT CAN WE DO IF REGULAR
VACCINATION IS NOT EFFECTIVE?

In healthy individuals, several risk factors for nonresponse to hepatitis B vaccination have been described,
such as smoking, older age, male gender and a high body
mass index[24]. Influenza immunization may be less effective for those in the general population with certain medical conditions, such as systemic lupus erythematosus[48] or
patients receiving immunosuppressive treatments[49].
The lack of response to vaccines by IBD patients may
be due to associated immunosuppressive and anti-tumor
necrosis factor (TNF) treatments rather than IBD per se.
In this sense, some authors have demonstrated a suboptimal response to pneumococcal vaccination in patients
with IBD under combination therapy with anti-TNF
drugs and immunosuppressants[42], while IBD patients
who received non-immunosuppressive therapy exhibited
a good response to the vaccine[45].
Patients on anti-TNF agents have demonstrated a
decreased immune response to influenza vaccine in IBD
and non-IBD populations[22,42,43]. HBV vaccination is also
influenced by the medication administered. In a study
by Chaparro et al[36], 40% of patients had an adequate
response to immunization (> 100 IU/L), while the response was much lower in patients undergoing biological
therapy (10%), although this difference did not achieve
statistical significance, probably due to the small size sample. Altunoz et al[30] assessed immune response to HBV
vaccination, and demonstrated in their subgroup analysis
that the group of patients not under immunosuppressive treatment achieved an adequate immune response
(> 10 IU/L) in 91% and an effective immune response
(> 100 IU/L) in 73%, whereas only 61% and 29% of
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Although routine serology testing for immunity is not
recommended after HBV vaccination in adults, postvaccination serology is advisable for high-risk individuals such as the immunocompromised, including IBD
patients[16,24,28,50]. Recommended seroprotection against
HBV in immunosuppressed patients is defined as HBsAb ≥ 100 IU/mL[16]. In HBV immunization studies,
25%-50% of the patients that do not respond to a primary three-dose vaccine responded to an additional dose,
and 44%-100% respond to a second three-dose course.
Therefore, those patients that do not achieve an adequate
immune response after the primary immunization should
be revaccinated with three additional doses[51]. Moreover,
revaccination with a three-dose regimen using a double
dose has also been suggested[52].
Mamula et al[42] propose a second booster dose of
influenza vaccine in IBD patients with concomitant immunomodulatory and anti-TNF treatment. There are no
other recommendations for the remaining vaccinations.
In conclusion, IBD patients are considered to be at
risk for several infections and should therefore be immunized. Response to immunization in this group of
patients is still a controversial issue. Further studies are
necessary in order to clarify the true efficacy of these
vaccinations and to provide recommendations on specific situations such as failure to respond. In spite of the
aforementioned recommendations, several studies demonstrate that vaccines are under-prescribed and that intensive educational efforts are required in order to ensure
correct adherence to the set guidelines by gastroenterolo-
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gists and primary care physicians.
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INTRODUCTION
Inflammatory bowel disease (IBD) is associated with a
greater predisposition to infections, many of which are
preventable with vaccines[1]. Many studies show a low
rate of seroprotection and adherence to vaccination programs in these patients[1-4]. Given that at some point in the
progression of the disease, 80% of patients will require
treatment with corticosteroids, 40% with thiopurines and
around 20% with biological drugs, it is important to consider the number of patients who will be at risk for acquiring infections due solely to the medication they receive[5].
The vaccination plan will be made after thorough
study of immunocompetence at the time of diagnosis
and prior to any immunomodulating treatment and/or
treatment with biological agents[3]. After immunocompetence has been assessed, we consider the vaccine schedule, serological studies for certain infections and each
patient’s personal risk in order to adjust the proper vaccination regimen for each case[2].

Abstract
The patient with inflammatory bowel disease will be
predisposed to numerous infections due their immune
status. It is therefore important to understand the immune and serologic status at diagnosis and to put the
patient into an adapted vaccination program. This program would be applied differently according to two patient groups: the immunocompromised and the non-immunocom-promised. In general, the first group would
avoid the use of live-virus vaccines, and in all cases, inflammatory bowel disease treatment would take precedence over vaccine risk. It is important to individualize
vaccination schedules according to the type of patient,
the treatment used and the disease pattern.In addition,
patient with inflammatory bowel disease should be
considered for the following vaccines: varicella vaccine,
human papilloma virus, influenza, pneumococcal polysaccharide vaccine and hepatitis B vaccine.

IS OUR PATIENT IMMUNOCOMPETENT?
Evaluation of the patient’s immunocompetence is essential prior to starting any immunosuppressant treatment
or putting the patient in a vaccination program[5-7]. An
IBD patient is considered to be immunocompromised
when they meet any of the following criteria: first, pa-
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tients on corticosteroid treatment at dosages equal to
or greater than 20 mg of prednisone for more than two
wk, patients on immunomodulators (azathioprine, mercaptopurine and/or methotrexate), calcineurin inhibitors
(cyclosporine, tacrolimus) or anti-tumor necrosis factor
(TNF) (infliximab, adalimumab or others); malnourished
patients and patients with any associated immunocompromise condition [hyposplenia, asplenia, human immunodeficiency virus (HIV), etc.][5,6].

Table 1 General vaccination and contraindicated live vaccines
in inflammatory bowel disease patients
IBD patients
General vaccination
VZV varicella vaccine
Human papilloma virus
Influenza (trivalent inactivated vaccine)
Pneumococcal polysaccharide vaccine
Hepatitis B vaccine in all HBV seronegative patients
Contraindicated live vaccines
Anthrax vaccine
Intranasal influenza
Measles-Mumps-rebella
Polio live oral vaccine
Smallpox vaccine
Tuberculosis BCG vaccine
Typhoid live oral vaccine
Varicella yellow fever

STUDIES PRIOR TO VACCINATION
Study of the patient with IBD should be individualized
based on age, particular risk factors and previously-administered vaccinations prior to inclusion in a vaccination
program.
The medical history should be directed towards both
their bacterial (especially urinary tract infections), viral
[hepatitis A vaccine, hepatitis B vaccine (HBV), herpes
zoster vaccine, herpes simplex virus, HIV, varicella], fungal and tuberculosis infectious disease history. Regarding
tuberculosis (TB), study should include possible current
or previous contacts with tuberculosis patients as well as
a history of travel to endemic areas, both in the past and
in the foreseeable future[5,6]. Careful evaluations for latent
TB before the use of anti-TNF therapy is mandatory[8].
We suspect a latent TB when there is a history of recent
exposure to the disease and positive initial tuberculin
skin-test (TST) or positive booster TST and no radiological evidence of active TB. Another chapter delves more
on this topic[5].
Laboratory studies will include a hemogram, C-reactive protein, urine analysis (if there is a history of urinary
tract infections), the viral serologies mentioned above
and a stool culture. The patient’s vaccination history will
always be useful if the patient has it, as will a study of
group risk due to household members or occupational
risk (such as teachers or healthcare workers)[5].

IBD: Inflammatory bowel disease; HBV: Hepatitis B virus; BCG: Bacille
calmette guerin.; VZV: Varicella zoster virus

diseases in adults[9]. The European Crohn’s and Colitis
Organisation (ECCO) guidelines recommend the inactivated trivalent vaccine on an annual basis in all patients
with IBD with or without immunocompromise[5]. However, it has been confirmed that the two most common
reasons for not receiving the flu vaccine were the patient’
s lack of awareness (49%) and fear of side effects (18%).
Several studies have shown that the inactive trivalent
vaccine does not affect IBD activity and caution is only
recommended in those patients who have previously had
adverse reactions to the vaccine[9,10]. The Mamula study
observed that among patients who received infliximab
and immunomodulator treatment, response to two of
the vaccine’s antigens may be reduced, with significantly
lower antibody titers[11]. Later it was shown that seroconversion after the flu vaccine is not reduced by corticosteroids, methotrexate or anti-TNF treatment[5,9,12]. However,
seroconversion was not guaranteed with combined use
of these agents. Thiopurines and cyclosporine did reduce
the rate of seroconversion[13-15].
The polyvalent pneumococcal vaccine is recommended in immune-compromised patients, as is revaccination
at 5 years from the first vaccination if immunosuppression persists[16]. Treatment with methotrexate is associated with a lower seroconversion rate[5,6].

VACCINATION PROGRAM
Ideal vaccination is that which is performed at diagnosis
of the disease and/or prior to starting immunosuppressor therapy. In general, all patients should be vaccinated
for the following: tetanus, diphtheria and polio, varicella,
human papillomavirus, influenza, pneumococcus, HBV,
measles, mumps and rubella[5]. Confirmation of immunization against infections preventable by live-attenuated
viruses is recommended since they are contraindicated
in cases of immunosuppression, which may apply to the
patient if their immune status changes over the course of
the disease (Table 1).
Below we mention each of the vaccines used in these
patients and the considerations to be taken into account
before, during and after their administration.

Hepatitis B vaccine
The prevalence of HBV infection in IBD is similar to the
general population. The HBV vaccine is recommended in
all seronegative patients[17]. Patients with IBD may have
an increased risk of developing hepatitis B[18]. Invasive
procedures such endoscopies and surgery might be some
of the reasons for this. Moreover, the use of immunosuppressors may reactive a latent infection[19-21]. Effective vaccination is only present in 12% of IBD patients
although it is indicated in all with or without immuno
suppression. It was observed that the only factor associated with higher efficacy of the vaccine was younger age

Flu vaccine and pneumococcal vaccine
Flu is one of the most common vaccine-preventable
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and the number of immunomodulators that the patient
takes. The use of high antigen doses or administration of
a fourth dose is sometimes needed in order to improve
response to the vaccine. The response rate in the general
population is related to reaching surface antibody levels
(HBsAb) that are equal to or greater than 10 mU/mL.
The immunological memory conferred by the vaccine
produces an anamnestic immune response upon contact
with the wild virus that quashes the infection or at least
leads to an unapparent infection[17,18]. Only patients who
do not respond to this vaccine should be subjected to
intense vaccination schedules such as administration of
a fourth dose, complete revaccination and/or the use of
high dosages (40 μg) of HBV surface antigen. The conventional HBV vaccination regimen requires three doses
at 0, 1 and 6 mo. If faster vaccination is required, the first
two doses can be administered at a three or four-week
interval (0, 1 and 2 mo)[18-20]. In another chapter will be
explained in more detail the performance against HBV.
Confirmation of HBsAb seroconversion is recommended one or two months after the last dose of the vaccine[22]. The efficacy of the vaccine is affected by the type
and number of immunomodulators, with anti-TNF being
the slowest. Several authors suggest that the HBsAb concentration in these patients should be greater, with titers
greater than 100 mU/mL considered protective. Annual
measurement of HBsAb titers is recommended and administration of a booster is recommended when these
patients are older than 10, especially in patients with IBD
and immunosuppressor treatment[5].

vaccine is recommended 6-8 mo after the first dose. The
Advisory Committee of Immunization Practices of the
Centers for Disease Control and Prevention recommends
discontinuing 5-aminosalicylic acid (5-ASA) until 6 mo
after administering the varicella vaccine. The effects of
5-ASA may theoretically increase the risk of Reye syndrome associated with the use of live virus vaccines such
as varicella[6,23,26].
For patients with increased risk of occupational exposure to varicella (for example, an early childhood teacher
or healthcare worker) without prior immunity, careful
consideration of the risks of acquiring the infection need
to be weighed against the potential risks and benefits of
vaccination[23,24,27]. In cases of active varicella exposure
in these patients, postexposure prophylaxis with varicella
zoster immunoglobulin is recommended.
Human papillomavirus vaccine
The human papilloma virus (HPV) vaccine is a quadrivalent vaccine that targets the 4 HPV serotypes associated
with highest risk of progression to cervical dysplasia
and cancer[28,29]. This vaccine is indicated in all women
between 11 and 14 years of age, in addition to strict cytological monitoring, according to the guidelines of each
country[30-32]. There are no studies that defend the use of
this vaccine on a routine basis in women over 26 years
of age. Because this is not a live virus vaccine, it can be
administered to immunocompromised patients with IBD.
Interruption of immunomodulator treatment should be
considered in patients with extensive cutaneous warts
and/or condyloma. However, past HPV infection is not a
contraindication for immunomodulator therapy[10,23].

Measles, mumps and rubella vaccine
Because this is a live attenuated virus, it is important for
the patient to receive it prior to converting to an immunocompromised state[6,23]. Previous review of the
documented medical record or serology at diagnosis and
protection of the seronegative group are recommended.
In patients with stable IBD who are high risk of contagion, vaccination will be evaluated after discontinuing
immunosuppressor therapy for at least 3 mo prior to vaccination[23,24].

Other vaccines
Universal administration of the tetanus and diphtheria
vaccine and the inactivated polio vaccine is recommended
in patients with IBD, including immunocompromised patients[33,34].
The hepatitis A vaccine is indicated in travelers to
medium or highly-endemic areas, groups at high occupational or behavioral risk and immunocompromised individuals[35,36].
Patients with IBD who wish to travel abroad should
consult their physician 4 to 6 mo prior to traveling.
There are three types of vaccines in travel guidelines:
systematic, recommended and required[4]. The option of
administering live virus vaccines should be considered
in all IBD patients based on their immunocompromise
status. Infections caused by enteropathogens can cause
reactivation of quiescent IBD. The oral cholera vaccine
will be indicated in all travelers to highly endemic areas.
The oral typhoid vaccine should not be prescribed to
patients who have undergone colectomy due to the loss
of colonic bacterial colonization, though the parenteral
vaccine can be administered[5,37-40]. Patients who take immunomodulators should be discouraged from traveling
to South America or Sub-Saharan Africa where yellow fever is endemic and vaccination with live virus vaccines is

Varicella vaccine
ECCO recommends ensuring immunization against this
virus in patients with IBD before their immune status
changes[5,24]. Immunization is performed at diagnosis,
at least three weeks before starting immunomodulator
therapy or at least 3 mo after discontinuing the immunosuppressor, if the IBD situation permits. Because
this is a live attenuated virus vaccine, vaccination is not
recommended in patients on immunosuppressor therapy
except for seronegative patients who are at a very high
risk of contagion (healthcare personnel or teachers) who
are on monotherapy with thiopurine drugs. In patients
in whom it is decided not to vaccinate, group protection
is recommended by adequate household vaccination[25].
The seroconversion rate in adults and adolescents is less
than in children (78% vs 97%), so a second dose of the
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required. Other vaccine-preventable diseases in travelers
that should be considered are the following: Japanese encephalitis (inactivated virus), meningococcal meningitis,
tick-born encephalitis, malaria, travelers’ diarrhea, tuberculosis and insect-borne diseases[35,40].
The majority of childhood vaccinations occur in the
first two years of life[34]. The use of live virus vaccines
is contraindicated in pediatric patients who receive biological treatment. In addition, children who have been
exposed to biological treatment in utero should not receive
live virus vaccines while the biological agents are still
detectable in their blood, generally for the first 6 mo of
life[10,37,41]. Booster immunizations are recommended in
the second decade of life at the onset of IBD. Booster
recommendations include hepatitis B, diphtheria, polio,
tetanus, measles, mumps, rubella and varicella[6]. The ability to mount an effective immune response will depend
on the presence of immunosuppression in the 2 wk after
immunization. Adequate immune response is recovered
between 3 mo and one year after discontinuing the immunosuppressor[4,5].
In conclusion, all patients who are recently diagnosed
with IBD should have their vaccine serology and immunocompromise status studied thoroughly. If the patient
is immunocompromised, they will receive the following
vaccines: diphtheria, tetanus, inactivated polio, pertussis,
hepatitis B, pneumococcus, human papillomavirus, hepatitis A and flu, among others. If the patient is not immunocompromised, live virus vaccines will be added based
on the vaccination schedule in each country and based on
the patients behavioral and professional risk. This measure will prevent infectious problems over the course of
their disease and reduce morbidity. The patient’s disease
and its treatment may vary over the course of the disease,
which is why we must take prophylactic measures in order to avoid problems in the future when immunocompromise may hinder treatment. The use of immunosuppressants such as immunomodulators and/or biological
agents in IBD is becoming more intense and frequent,
making it necessary to take prophylactic measures such as
the use of vaccines.
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METHODOLOGY
For finding this (these) answer (s), we conducted search
throughout Medline, EMBASE, Current content, CINA
HL, DARE, the Cochrane Central Register, the Cochrane
Database of Systematic Reviews, Joanna Briggs Institute’s
website, the Campbell Collaboration, the Centre for Evidence-Based Medicine, the NHS Centre for Reviews and
Dissemination, ISI web of knowledge, TRIP database,
INTUTE and Bandolier were searched from inception to
July 2009. The search terms: alcohol (use, drinking, utilize,
consume, consumption, ingestion and intake), and beverages were matched against Crohn’s disease, ulcerative
colitis and inflammatory bowel disease for identifying all
published articles. Also, the search included reviewing the
published abstracts in online journals for unpublished
reports. References from relevant articles were checked as
well.
Our criteria for selection were: (1) the study should
be of good quality: A. the hypothesis/aim/objective of
the study should be clearly described; B. a case-definition
and the sources for patients and controls should be clearly
described and both cases and controls were representative
of their entire population; C. the selected cases should
fulfill Leonard-Jones criteria (the diagnosis was confirmed
by at least two investigations of these three: Barium studies, colonoscopy and/or biopsy); D. the selected controls
should have no family background of inflammatory bowel
diseases (Crohn’s disease and ulcerative colitis). This is the
minimum safest way to ensure that the selected controls
had not conducted inflammatory bowel disease by excluding a hereditary genetic factor; E. clear definitions of
different "alcohol drinking" categories should be plainly
mentioned in the article; F. the main findings of the study
should be clearly described; G. the published studies in
non-English language would be excluded; (2) the study
should be unbiased; (3) patients and controls should be

Abstract
The role of alcohol in causing or aggravating the pathogenesis of inflammatory bowel disease is unclear. For
finding a conclusive answer for this valuable question
we conducted this review. Only two studies were identified that successfully fulfilled our inclusive criteria.
Usual consumption of alcohol reduced the risk compared with less frequent use (odds ratio = 0.57, 95%CI:
0.37-0.86). Light alcoholic drinking has protective effects against development of ulcerative colitis. But this
inverse association disappeared when smoking was
included.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Epidemiology; Inflammatory bowel diseases;
Crohn’s diseases; Ulcerative colitis; Alcohol
Original sources: El-Tawil AM. Epidemiology and inflammatory
bowel diseases. World J Gastroenterol 2013; 19(10): 1505-1507
Available from: URL: http://www.wjgnet.com/1007-9327/full/v19/
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INTRODUCTION
Alcohol is widely consumed in the Western part of the
globe where inflammatory bowel diseases are prevalent.
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Details of alcohol consumption
(1) No indication of the level of alcohol consumption
among participants in their samples was provided in either
of the two studies; (2) In the study of Nakamura et al[4],
alcohol consumption was categorized by three levels of
drinking frequency: daily alcohol drinkers: "who drank alcoholic beverages 5 d or more a week"; moderate alcohol
drinkers: "who drank alcoholic beverages 1-4 d a week";
and non-drinkers: "who had drunk alcoholic beverages
less than a day per week". This classification was also used
in the former drinkers; and (3) But in the study by Jiang
et al[7], 4 categories were determined. Frequent drinking
was defined as "alcoholic drinking 3 d or more per week
for continuous 6 mo before the diagnosis of ulcerative
colitis"; light drinking was defined as "drinking alcoholic
beverages less than 3 d a week"; non drinking was defined
as "never or rarely drinking"; and former drinking was
defined as "patients who had quit drinking for more than
6 mo before the diagnosis of ulcerative colitis". No information was provided about either the duration of alcohol
drinking or the type of alcoholic beverage.

randomly selected and were recruited from the same
population and over the same period of time; (4) the studies should not be based on long term historical recalls; (5)
the statistical tests used for assessing the main outcomes
should be appropriate; (6) the outcome measures should
be clearly described; and (7) the outcome measures should
have sufficient statistical power.

FINDINGS
Only nine studies examining the association between alcohol intake and inflammatory bowel diseases were identified. The nine studies were published in six peer review
journals[1-9] (Z Gastroenterology, American Journal of Gastroenterology, American Journal of Epidemiology, Journal of Clinical
Gastroenterology, Nippon Eisegaku Zasshi and Gut). Three of
them were excluded because they were written in nonEnglish language (Brandes et al[1], Katschinski et al[3] and
Higashi et al[9]). Another two were excluded because of
lack of controls (Jowett et al[6] and Zutshi et al[8]). A further
study was excluded because the authors did not examine
the association before the onset of the disease (Samuelsson et al[10]). The study of Boyko et al[2] was also excluded
because of the lack of addressing the family background
of the selected controls and the types of their diseases
were not explained in the article. Therefore, only two of
the nine articles fulfilled our inclusion criteria. The validated studies came from Asia with none from Europe and
United States. An association between Crohn’s disease and
alcohol intake was not examined in either of the two studies (Table 1).

Outcome measures
Alcohol consumption and time to onset of the disease:
Onset of the disease was defined as "the time when the
related symptoms first appeared". This timing was used
to discriminate between pre- and post-illness in the two
acknowledged studies. No specified period before the first
appearance of symptoms was determined in either.
Alcohol consumption and probability of ulcerative
colitis: Nakamura et al[4] demonstrated that usual consumption of alcohol reduced the risk of developing the
disease compared with less frequent use (odds ratio = 0.57,
95%CI: 0.37-0.86). But there was no significant association between ulcerative colitis and alcohol use was found
by Jiang et al[7].

Study design
Nakamura et al [4] study: A. It was a case-control study;
B. Patients selection (inclusion criteria): patients were
residents of areas covered by 93 selected public health
centers. Patients who had begun to receive financial aid
for treatment of ulcerative colitis during the period of
the study were asked to participate in this survey. Three
hundreds and eighty-four out of the 490 randomly selected patients with ulcerative colitis (78.4%) agreed to
participate in the study; and C. Controls were healthy fit
volunteers who were pair matched by age and sex to patients. They were selected randomly among those included
in the schedules of health checkup programs.

Identification and adjustment for confounding factors:
Cigarette smoking was considered as a confounding factor
by the two studies. Jiang et al[7] revealed that light alcoholic
drinking had protective effect against development of
ulcerative colitis. But this inverse association disappeared
when smoking was included.

DISCUSSION

Jiang et al [7] study: Patients selection (inclusion criteria): 177 inpatients with ulcerative colitis were recruited
prospectively from 5 major hospitals in a specified city in
central China. Controls were healthy volunteers who were
randomly selected among those who were neighbors and
colleagues to patients. Patients and controls were matched
by sex and age.

Thousands of reports examining possible role of environmental factors in the development of inflammatory bowel
disease were published. However, the outcome was trivial.
It was just smoking was beneficial in patients with ulcerative colitis but was aggressive in subjects with Crohn’s
disease. But no reason was given. It is likely due to the use
of the time of diagnosis for differentiating between preand post illness. But in the case of inflammatory bowel
diseases as in other chronic-non-infectious diseases, the
time interval between onset of the disease (conduction of
the disease without symptomatic presentation) and time
of diagnosis (symptomatic presentation) may be ten years

Instrument for data collection
Two studies used questionnaires for data collection. It was
a self-administered questionnaire in the study by Nakamura et al[4]; and the participants were interviewed to complete a detailed questionnaire in the study by Jiang et al[7].
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research studies are needed for confirming these conclusions and to assess the existence of possible correlation
between different concentrations of alcohol and severity
of the disease.

Table 1 The outcome of the study
The study

The outcome

Nakamura
et al[4]

Regular consumption of alcohol reduced the risk of
ulcerative colitis compared with less frequent use (odds
ratio = 0.57, 95%CI: 0.37-0.86)
Light alcoholic drinking had protective effect against
ulcerative colitis and this effect disappeared when
smoking associated with the light drinking of alcohol

Jiang
et al[7]
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INTRODUCTION
The main aim in treating patients with inflammatory
bowel disease (IBD) taking into account the armamentarium of available therapeutic agents is to choose the most
efficient therapeutic regimen on an individual basis in
order to achieve remission of disease. Two aspects have
to be kept in mind to achieve this goal: first is to treat
the patient with the greatest efficacy regarding disease
remission and probably obtaining mucosal healing. And
in second place treat with the greatest safety and minimal
toxicity. One integral part of this management strategy
is the use of immunosuppressants after remission induction. Most commonly used among this group are the
thiopurines azathioprine (AZA) and mercaptopurine
(MP). AZA and MP need to be activated by metabolism
to 6-thioguanine nucleotides (6-TGN). Although these
nucleotides disturb proper DNA synthesis it has not conclusively shown, that 6-TGN are the one and only molecules responsible for proper action. However, immunosuppressive function seems to be mediated in part by
induction of apoptosis in lymphocytes. A correlation of
therapeutic benefit and 6-TGN levels has been put into
question. Although thiopurines are widely used, several
safety concerns remain. Tioguanine has been proposed
as an alternative to overcome such problems, as it skips
the metabolic conversion to 6-methyl mercaptopurine
(6-MMP) which is responsible for hepatotoxicity. This review will discuss efficacy and safety of thiopurine therapy
in IBD.

Abstract
Although a great variety of new drugs have been introduced for the therapy of inflammatory bowel diseases
so far, a definite cure of the disease is still out of scope.
An anti-inflammatory approach to induce remission
followed by maintenance therapy with immunosupressants is still the mainstay of therapy. Thiopurines comprising azathioprine and its active metabolite mercaptopurine as well as tioguanine, are widely used in the
therapy of chronic active inflammatory bowel disease
(IBD). Their steroid sparing potential and efficacy in
remission maintenance are out of doubt. Unfortunately,
untoward adverse events are frequently observed and
may preclude further administration or be life threatening. This review will focus on new aspects of thiopurine
therapy in IBD, its efficacy and safety.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

PHARMACOLOGY OF THIOPURINES

Key words: Thiopurines; Mercaptopurine; Tioguanine;
Azathioprine; Ulcerative colitis; Crohn’s disease

Oral bioavailability is variable and inversely proportional
to the oral dose (AZA 27% to 83%, MP 5% to 37%).
After oral intake 88% of AZA is rapidly converted nonenzymatically to 6-MP and S-methyl-4-nitro-5-thioimidazole in erythrocytes and human cells. This process relies
on sulphydryl-containing compounds such as cysteine
and glutathione. Deposition and consumption of the latter is in part controlled by glutathione-S-transferase activ-

Original sources: Bär F, Sina C, Fellermann K. Thiopurines
in inflammatory bowel disease revisited. World J Gastroenterol
2013; 19(11): 1699-1706 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v19/i11/1699.htm DOI: http://dx.doi.
org/10.3748/wjg.v19.i11.1699
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ity[1]. 6-MP as the active metabolite undergoes a complex
biotransformation into active and inactive metabolites
that easily transfer membranes. At first 6-MP undergoes
extensive first pass catabolism by xanthine oxidase (XO)
forming 6-thiouric acid which is excreted by the kidneys.
Allopurinol is a well known inhibitor of XO. In addition, 6-MP is a substrate for thiopurine methyltransferase (TPMT), the rate limiting enzyme of detoxification.
Methylation results in the inactive metabolite 6-MMP.
The active metabolites of 6-MP are initially formed by
hypoxanthine phosphoribosyltransferase (HPRT). The
first active intermediate thioinosine monophosphate is
then rapidly converted to the 6-TGN which are accredited to be the paramount effectors of thiopurines. Their
cytotoxic and immunosuppressive effect is attributed to
their incorporation into cellular nucleic acids resulting in
inhibition of lymphocyte proliferation. Beside this action,
6-TGN might play an important role in the signaling cascade of apoptosis in lymphocytes by inhibiting Rac 1 activation in T-cells[2]. Competing with this intracellular activation is the thiol-methylation by TPMT. The individual
capacity of this enzyme influences the relative proportion
of intracellular active 6-TGN produced by a given individual and has important implications in predicting toxicity. TPMT polymorphism will be discussed elsewhere (see
below). Pharmacology of thiopurines is comprehensively
summarized in[3,4].

children with new onset of CD underlines the potential
of early MP administration for remission maintenance.
Steroid pulse therapy in combination with MP resulted in
a reduction of relapse rates from 28% to 4% after 6 mo
and from 47% to 9% after 18 mo compared to steroids
alone. Additionally, a significant steroid sparing effect was
observed. These results suggest a short term steroid use
for induction of remission and thiopurines for long term
steroid-free maintenance therapy.
A recent randomised controlled trial assessed steroid
free remission in active CD after 26 wk of treatment with
AZA, infliximab or the combination of both[17]. While
AZA was less beneficial than infliximab, the best results
were obtained with combined treatment. Similar findings
were reported regarding mucosal healing. The inferior
performance of AZA as a single agent may be related to
the defined primary aim and time point.

USE OF THIOPURINES IN ULCERATIVE
COLITIS
Although thiopurines are widely used in the treatment of
patients suffering from ulcerative colitis (UC) controlled
data are limited[18-21]. If thiopurines have any place in
the treatment of UC it is for remission maintenance or
steroid-dependence. A recent meta-analysis including 6
studies reported an OR of 2.56 in favour of thiopurines
(95%CI: 1.51-4.34)[22]. Moreover, a steroid sparing potential of thiopurines in UC is obvious[20,21].
In patients presenting with steroid refractory disease
thiopurines play a role as they enhance the beneficial effect of the rescue therapy with cyclosporine[23]. Despite
fundamental evidence, thiopurines remain a therapeutic
option for UC patients failing 5-ASA monotherapy or
requiring multiple steroid courses[24]. One half of the
UC patients responding to a first course of corticosteroids will require immunosuppressives mainly because of
steroid-dependence[25]. In accordance with the SONIC
trial for CD, a similar study was conducted in UC[26]. The
results and drawbacks are comparable though the difference between AZA and infliximab monotherapy vanished. Thus, combination treatment was stated to be the
most effective with regard to steroid-free remission and
mucosal healing at 16 wk.

USE OF THIOPURINES IN CROHN'S
DISEASE
The efficacy of thiopurines has been demonstrated in
several trials both for induction and maintenance of
disease free remission in Crohn’s disease (CD). The first
study demonstrating the efficacy of MP to induce remission was reported by Present et al[5]. Sixty-seven percent
of the patients treated with 1.5 mg/kg MP daily responded as compared to 8% in the placebo group. The today
well known delayed onset of action was additionally well
described in this study with a mean time to response of
3.1 mo. The efficacy in remission maintenance was clearly
shown in the landmark withdrawal trial by Candy et al[6].
Several other studies reported variable responses ranging
from 36%-100%[7-11]. A major drawback of some of these
studies was their short duration. Due to the thiopurines’
time lag of action the therapeutic gain might have been
underestimated. Despite these varying results updated
meta analysis favour therapy over placebo with an odds
ratio of 2.43 (95%CI: 1.62-3.64) regarding remission induction with AZA or MP[12,13]. In case of remission maintenance the OR for AZA is 2.32 (95%CI: 1.55-3.49) with
a number needed to treat (NNT) of 6 and with MP 3.32
(95%CI: 1.40-7.87) with a NNT of 4, including 7 trials[14].
As one third of the patients become steroid dependent and 20% of the patients loose response to steroids
after one year[15], an early introduction of immunomodulators seems mandatory, at least in patients who fail to taper off steroids. An elegant study by Markowitz et al[16] in
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OPTIMAL DURATION OF TREATMENT?
An unresolved question after successful initiation of thiopurine treatment is, how to assess the optimal duration
of treatment. Bouhnik et al[27] reported that the beneficial
effects disappear after 4 years of AZA treatment, based
on a small number of patients. In a controlled study
AZA withdrawal was not equivalent to continued therapy
with AZA for maintenance of remission in patients with
CD who had been in remission on AZA for more than
3.5 years[26,28]. In case of UC the data are sparse. A retrospective survey reported that relapse rates were higher in
UC patients with a short duration of AZA administra-
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tion indicating a favourable longevity of treatment[29]. In
accordance with a large observational study in England
AZA sustains remission in CD as well as UC for at least
5 years[30].
Thus far patients should be informed about indefinite
treatment especially in complicated cases and after recurrent surgery. The decision to withdraw the drug has to be
made on an individual relapse-risk assumption.

crease if the white blood cell count falls below 2000/µL.
Therefore special care is warranted in those patients and
in patients on multiple immunosuppressants. TPMT deficiency accounts for one fourth of the leukopenia in CD
treated with thiopurines whereas the rest is obscure[40]. A
drop in platelets may occur in conjunction with leucopenia or as a single event. If it is not reversible after dose
reduction or discontinuation of therapy patients need to
be further evaluated with a special focus on hepatotoxicity.

MUCOSAL HEALING

Hepatotoxicity
The exact mechanisms of hepatotoxicity by thiopurines
are not clarified[41,42]. Some of the patients develop a mild
elevation in their liver function tests and most of them
respond to dose reduction. Hence, a cessation of therapy
is not necessary. In those patients whose liver enzymes
do not normalize over time further exploration is necessary. Potentially serious hepatic side effects occur with
the development of nodular regenerative hyperplasia in
patients treated with tioguanine[43] as well as AZA[42-44]
resulting in progressive liver damage and portal hypertension. An alternative is the use of the XO-inhibitor
allopurinol in combination with 1/4 of the standard dose
of a thiopurine which increases 6-MP bioavailability and
reduces 6-MMP formation thereby limiting the risk of
hepatotoxicity but long-term prospective studies are lacking[45-48].

The surrogate marker mucosal healing is increasingly
acknowledged as a treatment goal despite the lack of
prospective data to assume disease course prediction.
First insight in endoscopic healing was given by D’ Haens
et al[31] who found that the majority of AZA treated CD
patients were able to achieve near to complete mucosal healing. Mantzaris et al[32] found that after 1 year of
maintenance therapy in clinically quiescent CD, AZA was
superior to budesonide in improving endoscopic healing and histological remission. In steroid dependent UC
AZA was more effective than 5-ASA in achieving clinical
and endoscopic remission[33]. More data can be extracted
from the SONIC and US SUCCESS trials (endoscopic
healing with AZA in CD at 26 wk 16.5%, UC at 16 wk
37%) contradicting former results[17,26]. As shown in CD
thiopurines are effective drugs to induce remission and
mucosal healing and to maintain it in UC as well[34].

Malignancy
The incidence of cancer and lymphoma in IBD and the
influence of thiopurines is still a controversial topic[49-53].
6-Thioguanine accumulates in the DNA of thiopurine
treated patients and is able to interact with UVA to generate reactive oxygen species. It has recently been shown
that the UVA/DNA 6-TG interaction irreversibly inhibits transcription in cultured human cells and provokes
polyubiquitylation of the major subunit of RNA polymerase II. This persistent transcription-blocking DNA
lesions seem to be responsible for acute skin responses to
sunlight and predispose for the development of skin cancer[54]. Recently published data point to an increased risk
for non-melanoma skin cancer (NMSC). The incidence
rate ratio was higher among patients with IBD compared
with controls (1.64, 95%CI: 1.51-1.78). Persistent thiopurine use (> 365 d) was even stronger associated with
NMSC (adjusted OR 4.27, 95%CI: 3.08-5.92)[55]. There
is one study that contradicts these results[56], but three
others confirm the data and report an increased risk for
NMSC in patients with IBD treated with thiopurines[57-59].
To summarize, up to now these patients should be protected against UV radiation and should undergo lifelong
dermatologic screening.
The issue of lymphoma is open for discussion. There
is an ongoing debate if the disease itself already increases
the risk for the development of lymphoma. Additionally
a confounding factor should be kept in mind as patients
with an aggressive course of the disease do have a greater

SAFETY OF THIOPURINES
Adverse events during the use of thiopurines in the treatment of patients with IBD can be categorized as nondose dependent (allergic/idiosyncratic) side effects on
one hand and dose dependent ones on the other[35-37]. In
general the number needed to harm is 15.
Five percent to ten percent of the patients do not tolerate thiopurines regardless of the dose and their underlying drug metabolism. Most common reactions are flu-like
illness, fever, nausea, rash, abdominal pain, pancreatitis
and allergic reactions that typically occur within 2-4 wk after initiating therapy. This has not been conclusively related to TPMT polymorphisms but wildtype glutathione-Stransferase is overrepresented in those patients[38]. About
half of those patients can be successfully re-challenged
with MP which lacks an imidazole ring. This switch cannot generally be recommended for patients who experienced pancreatitis. Patients with an allergic reaction should
be allocated to alternative immunomodulators such as
methotrexate. In the following a few severe adverse events
shall be enlightened in detail.
Myelotoxicity
The most common side effect in the treatment of IBD
patients with thiopurines is myelosuppression, which is
mostly manifested as leucopenia and occurs in 2.2% to
15% of the patients[37-39]. The majority of those events respond to dose reduction, but infectious complications in-
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innate risk for lymphoma and besides a higher likelihood
to receive thiopurine treatment[60]. There are some studies
finding no association between thiopurine treatment and
lymphoma in IBD while others suggest an increased incidence[61-69]. A meta-analysis of the above mentioned data
revealed a relative risk of four for all lymphomas in patients on thiopurine treatment compared with those with
IBD not receiving thiopurines[70]. This increase was confirmed in a recent prospective evaluation of french IBD
patients with a hazard ratio of 5.28 for ongoing thiopurine treatment[71,72]. Of interest is the potentially overt risk
in patients with double immunosuppression but the data
are lacking so far. The rare variant of hepatosplenic lymphomas with fatal outcome has to be acknowledged and
is related to thiopurines as well as TNF blockers.
Thiopurines have been demonstrated to be risk-neutral
in the context of the development of colorectal cancer
in IBD patients[73]. And there are various studies available
with regard to cervical cancer related to HPV 16 and 18
infection. So far there is no clear picture due to the paucity of data and the risk of cervical cancer seems to be
comparable to the general population. Although there is
no evidence for an increased risk of other solid tumors
the lack of data always needs to be taken into consideration[61].
Taken together thiopurine treatment in patients with
IBD has a potential to induce or propagate neoplasia.
This relative risk increase is most significant for lymphoma and NMSC in second place but the risk-benefit ratio
supports the continuation of treatment in IBD.

toxicity leads to a cessation of therapy and therapeutic
efficacy is unachievable in about 15% of patients[79].
TPMT measurement
TPMT competes with XO and HPRT for the substrate
6-MP. The TPMT gene carries genetic polymorphisms
that lead to a nearly 50-fold variation in the enzyme activity between individual patients[80]. Hence, low TPMT activity leads to a greater conversion of 6-MP to 6-TGN (the
predominant active metabolite) via the HPRT pathway.
This is not only associated with greater therapeutic activity but also a higher likelihood of myelotoxicity. On the
other hand high TPMT activity results in greater 6-MMP
production at the expense of active metabolites.
A growing number of single nucleotide polymorphisms within the TPMT gene are identified, but the
frequency among approximately 30 known alleles is very
low except for the 3A/C alleles. There are population
differences in the frequency of abnormal TPMT alleles
especially in relation to the 3A and 3C genotypes, with
more than 90% of the patients carrying the 1/1 wild type
genotype and normal enzyme activity. 10%-11% of the
patients have a reduced enzyme activity due to the heterozygous 1/3 (TPMT3A or 3C) genotype. Only 1 in 300
patients carries the homozygous 3/3 genotype with absent TPMT activity. Together this distribution in a population follows a classical trimodal pattern[80], although
very high metabolizers superimpose this view without
clinical relevance. The TPMT status can be determined
by measuring enzyme activity (radiochemical or HPLC)
or by genotyping. Allelic frequencies in IBD may be
somewhat higher[81-83]. In patients with TPMT deficiency
a tiny dose of thiopurines (1/10) can be used under careful monitoring. Patients with intermediate TPMT activity
should receive half or one third of the initial dose, normal to high TPMT activity is in need of up to very high
doses. Other adverse drug effects are unrelated to TPMT
pheno- or genotype. However, a recent finding is the association of some type 2 adverse events (flu-like illness,
rash) and inositol pyrophosphohydrolase (ITPase, ITPA)
polymorphisms. This has not been implemented in the
recommendations so far but warrants attention[84]. At
present determination of TPMT activity is questionable
in the clinical setting although cost effectiveness has been
noted. A recent position paper summarizes the recommendations of TPMT testing and monitoring of 6-TGN
levels[85].

Use in pregnancy
Women with IBD have similar rates of fertility compared
to the general population. Unfortunately they have a
greater rate of adverse pregnancy outcomes which are related to disease activity. Therefore an immunosuppressive
treatment of patients with severe disease course is mandatory during pregnancy. Although thiopurines are rated
D (positive evidence of human fetal risk, but potential
benefits may warrant its use) by the Food and Drug
Administration they seem to be safe and well tolerated
during pregnancy[74]. There are smaller studies that found
an increased risk of congenital malformations, perinatal
mortality, and preterm birth[75,76]. Opposing results are
presented by Francella et al[77] in their analysis on 155
patients who conceived after IBD was diagnosed. There
was no statistical difference regarding rates of spontaneous abortion, abortion as a result of a birth defect, major
congenital malformations, neoplasia or increased infections after the intake of MP. This is now confirmed by
the registered data from the CESAME study[78].

Monitoring metabolites
Metabolite monitoring is not mandatory for patients with
IBD who are treated with thiopurines. Although several
trials have observed an association between high 6-TGN
levels and a favourable response this has not been unequivocally reproduced (summarized in[86]). However,
monitoring is particularly useful in those patients that do
not respond to a standard dose of thiopurine drugs after
a meaningful duration of treatment. The combination
of erythrocyte 6-TGN and 6-MMP concentrations can

OPTIMIZING SAFETY AND EFFICACY
Due to their complex metabolism and genetic polymorphisms in metabolizing enzymes there is a wide inter- and
intra-patient variation in the concentrations of active and
toxic metabolites. In 9%-25% of patients serious drug
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be helpful to detect the reason for a lack of response.
Absent 6-TGN and 6-MMP levels unmask poor compliance. If the concentration of both metabolites is low,
the patient is probably under-dosed. A low 6-TGN level
in conjunction with a high 6-MMP concentration identifies a patient who may respond to a rechallenge with low
dose AZA in combination with allopurinol. Otherwise
he has to be termed thiopurine resistant. In case of high
concentrations of both metabolites the patient suffers
from thiopurine refractory disease.
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CONCLUSION
The role of conventional thiopurines, 6-MP and AZA,
still evolves in the treatment of patients with IBD. The
above stated data underline the important role of thiopurines in remission maintenance. Understanding the metabolic pathways has greatly optimized treatment and lead
to greater safety and efficacy. Long-term observational
studies regarding the still controversial issues of hepatotoxicity, nodular regenerative hyperplasia and malignant
potential of the drugs are still warranted. Tioguanine may
be an effective alternative in patients who are intolerant
to AZA or MP but the incidence and fate of NRH is still
unresolved.
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Surgery for inflammatory bowel disease in the era of
laparoscopy
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in abdominal adhesions is of great benefit when a second operation is needed in CD and this influences positively the pregnancy rate in young women undergoing
restorative IPAA. In developing the therapeutic plan for
IBD patients it should be recognized that the surgical
approach to the abdomen has changed and that surgical treatment of complicated IBD can be safely performed with a true minimally invasive approach with
great patient satisfaction.
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Core tip: The clinical management of inflammatory
bowel disease (IBD) patients has dramatically changed
in the last decades and primary, secondary and even
tertiary levels of medical treatment are available to
treat both Crohn’s disease or ulcerative colitis. However, it should be recognized that surgical approaches
have also changed, for the better, in the last few years
and that minimally invasive surgery is now available in
most centers. The timing of surgery is a key issue for
proper management of IBD patients. Laparoscopic surgery should be seen as less aggressive than the standard surgical approach and could lower the threshold
for surgical intervention.

Abstract
During the course of inflammatory bowel disease (IBD),
surgery may be needed. Approximately 20% of patients with ulcerative colitis (UC) will require surgery,
whereas up to 80% of Crohn’s disease (CD) patients
will undergo an operation during their lifetime. For UC
patients requiring surgery, total proctocolectomy and
ileoanal pouch anastomosis (IPAA) is the operation of
choice as it provides a permanent cure and good quality of life. Nevertheless a permanent stoma is a good
option in selected patients, especially the elderly. Minimally invasive surgery has replaced the conventional
open approach in many specialized centres worldwide.
Laparoscopic colectomy and restorative IPAA is rapidly becoming the standard of care in the treatment
of UC requiring surgery, whilst laparoscopic ileo-cecal
resection is already the new gold standard in the treatment of complicated CD of terminal ileum. Short term
advantages of laparoscopic surgery includes faster
recovery time and reduced requirement for analgesics.
It is, however, in the long term that minimally invasive
surgery has demonstrated its superiority over the open
approach. A better cosmesis, a reduced number of incisional hernias and fewer adhesions are the long term
advantages of laparoscopy in IBD surgery. A reduction
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INTRODUCTION
During the course of inflammatory bowel disease (IBD),

1231

January 28, 2014|First Edition|

Sica GS et al . Laparoscopy in IBD

surgery may be needed. Approximately 20% of patients
with ulcerative colitis (UC) will require surgery, whereas
up to 80% of Crohn’s disease (CD) patients will undergo
an operation during their lifetime[1]. For UC patients requiring surgery, total proctocolectomy is the operation of
choice as it provides a permanent cure and ileoanal pouch
anastomosis (IPAA) has replaced the classic permanent
ileostomy as the procedure of choice to accompany a
proctocolectomy. Partial colectomy is rarely performed
because of the high probability that the disease will recur
in the remaining colon. Nevertheless partial colectomy
and ileo-rectal anastomosis as well as proctocolectomy
and permanent ileostomy are still good options in selected patients, especially the elderly.
For CD, surgery is not a definitive cure. Therefore,
intestinal resection is indicated for patients who are refractory to the therapy or who are intolerant to medical
treatments. In addition, patients that show severe complications of the disease will require surgery for obstruction, recurrent sub-obstructions, abdominal abscesses,
perforation, massive bleeding or even cancer. The most
common surgical procedure is ileo-cecal resection and
primary reconstruction, which is indicated in patients
with CD of distal ileum and/or ileo-colon. Stricturoplasty is less frequently indicated in patients with limited
proximal small bowel strictures. Endoscopic dilatations
of jejunum and ileum and more limited resections are
also employed in a minority of cases. Endoscopic recurrence 1 year after ileo-colonic resection is observed in up
to 80% of patients, while clinical recurrence is observed
in about 20% of patients at 2 years and in up to 80% at
20 years[2].
There is little question that the timing of surgical intervention is a key issue for proper management of IBD
patients. Indication and timing of surgery in IBD requires a joint evaluation by dedicated gastroenterologists
and surgeons.
IBD surgery can be regarded as a cure for UC whilst it
is undertaken to improve symptoms and to ameliorate the
quality of life for CD patients. In both UC and CD, surgery can be a salvage procedure for acute, severe disease.
Although gastroenterologists are familiar with the
potential complications associated with acute severe disease, most are reassured by statistics consistently showing
an overall standardized mortality ratio for IBD patients
near to that of general population[3]. A large scale analysis
performed in the Oxford region (United Kingdom) using
record linkage studies, showed that 3-year mortality was
significantly lower among people who underwent elective
colectomy for IBD than among those who were admitted
to hospital without colectomy or who had had emergency
colectomy[4]. The most worrying finding of the study by
Roberts and colleagues is that in patients admitted for UC
and CD who had no surgery (13.6% and 10.1% respectively) most deaths occur between 6 mo and 36 mo after
admission. The decision to operate is an important one
and should be made after a careful evaluation of all the
clinical variables in each individual patient at the time of
the diagnosis of the disease. Undoubtedly, many people
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Figure 1 Laparoscopic ileo-cecal resection.

suffer needlessly because they try to avoid surgery. Surgical delay does not only put the patient through unnecessary periods of pain and suffering, but it can also increase
the risks of operative complications and ultimately lead
to a worse outcome. On the other hand, it is clear that
avoiding or delaying surgery may be the better choice for
IBD patients, particularly in young CD patients, because
of the almost certain recurrence of the lesions.
The general belief that surgery for IBD should be
the last resort is flawed by reports on outcomes after
colectomy in IBD patients, showing a relatively good
prognosis[2,5-7]. However, these reports are mainly small,
short term studies from specialist centers, not taking into
account data from district hospitals where operations are
performed mainly in emergency situations or with less
positive results.
Furthermore the development of the therapeutic plan
for IBD patients should also take into account the fact
that the surgical approach to the abdomen has changed
in recent years. Colectomies can be safely performed
using a minimally invasive approach[8] to the great satisfaction of the patient (Figure 1). Most CD patients who
have undergone laparoscopic ileo-cecal resection have
been reported to choose a laparoscopic operation should
the disease recur[9].
This is in agreement with data from the bariatric surgery where a steep increase in the request for surgical
treatment of morbid obesity was observed after the development of minimally invasive procedures.
Surgery is certainly not the cure for CD, but is a viable therapeutic option and, given the potential advantages
of the minimally invasive surgery, it shouldn’t be always
put at the top of the pyramid of treatment. In selected
subgroups of patients, early surgery is correlated with a
more favorable surgical outcome and a laparoscopic ileocecal resection together with a fast track recovery protocol[10] may represent an appealing alternative to several
years of medication. There is currently enough evidence
to suggest a laparoscopic ileo-cecal resection as the gold
standard in the management of CD patients with obstructive symptoms, but no significant evidence of active
inflammation[11]. In fact, this group of patients (less than
40 cm affected bowel and appreciable symptoms but no
imminent obstruction) respond well to medical treatment
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Figure 2 Totally laparoscopic proctocolectomy and restaurative ileoanal pouch anastomosis.

but will almost always require surgery during the course
of their disease. A delayed surgical approach may not
only increase the risk of septic complications but it may
also reduce the possibility of performing a minimally invasive operation. CD patients who have undergone years
of medication, and who present with a severely thickened bowel and mesentery due to marked inflammation
and fibrosis, are candidates for more extensive resection
with little chance of undergoing a minimally invasive
procedure.
The quality of life for patients with UC is improved
after colectomy[2]. Surgery is indicated in UC when medical therapy is ineffective, intractability being one of the
most common reasons for proctocolectomy. Alternatively, steroid dependence which is not responsive to immunomodulatory drugs (including biologics), low compliance, multifocal dysplasia or high grade dysplasia, may
represent indications for surgery. As for CD, delaying
surgery may increase mortality and morbidity in UC. In
patients who have undergone an emergency colectomy
for UC, the risk of death increases substantially in the
four to six months after surgery[4]. It has been recommended that about 85% of patients who do not respond
to conventional steroid treatment within 6 d of hospitalization should undergo colectomy. A subgroup of these
patients could alternatively be treated with anti-tumor
necrosis factor “rescue” therapy, in accordance with the
European Crohn and Colitis Organization guidelines[12].
Nevertheless, all of these criteria need to be considered
in the light of the clinical characteristics of each individual patients, and a possible decision for surgery needs to
be jointly assessed by an experienced gastroenterologist
and surgeon on a daily basis. Furthermore, in UC the
timing of surgery influences the surgical approach and
vice versa: an emergency colectomy usually ends with a
terminal ileostomy. This procedure is followed, generally after several months, by a completive proctectomy,
restaurative pouch and lateral ileostomy. The third and
last operation, the ileostomy closure, will be performed
after a few months, provided the good condition of the
ileo-anal pouch. However, in cases of planned elective
surgery it will be possible to avoid one operation by
performing a totally laparoscopic procto-colectomy and
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IPAA at the same time, followed by the closure of the
lateral ileostomy (Figure 2).
Optimal care of patients with IBD continues to involve a great deal of judgment. Avoiding mortality and
achieving a good quality of life are the guiding principles
in the care of IBD patients. The decision to operate
remains a difficult one and should take into account all
the pros and cons of a planned “nice” laparoscopic resection compared to the symptomatic relief that may be
achieved by primary, secondary or even tertiary medical
therapy. Randomized controlled trials that include a large
number of patients are required to establish the optimal
timing for surgery in IBD.
Finally, but most importantly, unless severe complications indicate the need for emergency surgery, a decision
for elective surgery must take into account not only the
clinical characteristics of each patients but also the view
of the patient. Indeed, the timing of surgery needs to be
extensively discussed and approved not only by the gastroenterologist and surgeon, but also by the patient, who
should be clearly informed of the risks and benefits of
both medical and surgical therapy.
Laparoscopic surgery in IBD is safe and feasible. It
offers both cosmetic advantages and some short term
advantages, such as a possible reduction in perioperative
complications[13]. Long term advantages include fewer incisional hernias and fewer adhesions[14] with a significant
impact on female fertility in UC patients[15]. The minimally invasive procedure is the approach that is preferred
in specialized centres. Considering its proven advantages
and popularity amongst patients, it should be seen as a
new strategic option when considering therapeutic alternatives in complicated IBD patients.
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Core tip: This review discuss the recent research advancement in the area of DNA methylation during the
pathogenesis of inflammatory bowel disease (IBD) and
IBD-associated cancer, with a focus on highlighting major players mediating DNA methylation alterations during IBD development. Temporal and spatial differential
DNA methylation status that contributes to the disease,
as well as epi-therapy treatment options for IBD patients, are also discussed. This emerging information
will have important clinical significance, especially so in
this post-genome-wide association studies era of IBD
research.
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Abstract
Inflammatory bowel disease (IBD) is a consequence of
the complex, dysregulated interplay between genetic
predisposition, environmental factors, and microbial
composition in the intestine. Despite a great advancement in identifying host-susceptibility genes using
genome-wide association studies (GWAS), the majority of IBD cases are still underrepresented. The immediate challenge in post-GWAS era is to identify other
causative genetic factors of IBD. DNA methylation has
received increasing attention for its mechanistical role
in IBD pathogenesis. This stable, yet dynamic DNA
modification, can directly affect gene expression that
have important implications in IBD development. The
alterations in DNA methylation associated with IBD
are likely to outset as early as embryogenesis all the
way until old-age. In this review, we will discuss the
recent advancement in understanding how DNA meth-
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INTRODUCTION
Inflammatory bowel disease (IBD) is a chronic intestinal
inflammatory condition that affects the intestine of millions of individuals throughout their lifetime[1]. IBD is
classified into two major forms, Crohn’s disease (CD)
and ulcerative colitis (UC), which both exhibit etiologically and clinically distinct features. Patients with IBD
have a 2-3 fold greater life time risk of developing IBDassociated colorectal cancer (IBD-CRC) [2]. Although
numerous clinical and experimental reports have given
large amount of insights on the pathogenesis of IBD, the
complexity of the initiation of IBD renders an incom-
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matory response[9]. Stimulation of HCT116 human colon
cancer cells with interleukin (IL)-6 increases and stabilizes
DNMT1 expression, leading to increase levels of global
methylcytosine, especially at gene promoter regions[9].
This effect by IL-6 is mediated through AKT (Protein
Kinase B), but not signal transducer and activator of
transcription 3 (STAT3) or c-Jun N-terminal kinase (Jnk),
pathway in Hela human cervical cancer cells[9]. Alternatively, another group showed that STAT3 binds directly
onto the DNMT1 promoter in malignant T cell lymphoma that is responsible for inducing DNMT1 expression[12]. All these suggest that specific cell type, temporal,
or even inflammatory vs non-inflammatory mechanisms,
affect DNMT1 expression and activity.
DNMT1 binds to non-intronic upstream enhancer of
Foxp3 (forkhead box P3), a locus required to induce the
development of regulatory T cells (Treg) capable of suppressing broad ranges of inflammatory responses such
as colitis[13]. Stimulation with IL-6 has been proposed
to increase methylation in upstream enhancer regions
of Foxp3 in Treg cells, resulting in down-regulation of
both mRNA and protein expression. This effect was not
observed in STAT3-deficient Treg, providing additional
evidence on the involvement of the STAT3-signalling
pathway in the methylation process[13]. In a separate study,
Li et al[14] reported that IL-6-associated STAT3 signalling
is highly dependent on DNMT1 enzymatic activity. They
showed that IL-6-induced DNMT1 expression results in
hypermethylation on the promoter of suppressor of cytokine-signaling-3 (SOCS3), a negative regulator of IL-6
signalling. The decreased SOCS3 expression may then
promote full pro-oncogenic effects of STAT3.
DNMT3 (includes three known members: DMNT3A,
DMNT3B and DMNT3L) is another family of DNA
methyltransferase. Although DNMT3 acts primarily for
de novo methylation during gametogenesis and development, many reports have shown that DNMT3 can serve
cooperatively with DNMT1 to regulate bona fide DNA
methylation maintenance. Active UC colonic mucosa
showed higher DNMT3B expression as compared to
normal colonic samples or quiescent UC colon patient
samples, but relatively lower than that of DNMT1[11].
Similarly, IBD-associated neoplasm lesions showed upregulation of DNMT3B expression as compared to
colonic epithelium without any neoplastic changes[15].
Conversely, human colorectal cancer cell lines (HCT15,
DLD1, Col15, HT29, SW480 and RKO) are hypermethylated on the distal DNMT3B promoter as compared to
healthy colon tissues, correlating it to the low expression
level that results in hypomethylation of many of its target
gene promoters[16]. These different observations may suggest that the etiology of IBD-CRC and sporadic-CRC are
mechanistically distinct.
DNMT3A has been shown to play an important
role in both innate and adaptive immune responses. For
example, DNMT3A affects T cell polarization through
IL-4 and interferon gamma (IFNγ) promoter methylation upon ligation of T cell receptors[17]. In UC patient’s

plete understanding. Recently, there has been significant
progress in identifying risk loci that are associated with
IBD patients through genome-wide association studies
(GWAS). These robust analyses have identified 163 IBD
susceptible gene loci[3-6]. Genome-wide meta-analysis has
confirmed that 71 of these loci are associated with CD,
but only accounts for 25% of disease heritability[4]. The
immediate challenge of the post-GWAS era is to unravel
other parameters that may be less obvious from a genetic
point of view. One of such emerging fields is epigenetics,
in particularly DNA methylation. In this review, we will
discuss the recent progress in DNA methylation analysis
in IBD and how it can be used as a potential therapeutic
target.

DNA METHYLATION ENSEMBLE IN IBD
By definition, epigenetics refers to a heritable change
in gene expression phenotype that does not involve
alterations in DNA sequence. DNA methylation, histone modifications and non-coding RNA are the three
major components involved in epigenetic mechanism.
In DNA methylation, the addition of a methyl group at
the 5th position of cytosine (5mC) is common on CpG
dinucleotides in eukaryotic genomes[7]. Methylation of
CpG rich regions (CpG islands) are relative lower and are
usually associated with transcription silencing when the
methylated CpG islands occur at gene promoters[8]. DNA
methylation is catalyzed by enzymes known as DNA
methyltransferases and the reaction is reversible. Methyl
groups can be edited and removed via actions of DNA
demethylases during specific time points such as gametogenesis and disease onset including IBD. In this section,
we discuss the roles of players mediating DNA methylation in the context of IBD development.
DNA methylation authors
Highly heritable and bona fide DNA methylation is attributed towards the actions of DNA methyltransferase.
In the pathogenesis of IBD and IBD-CRC, three major
DNA methyltransferases (DNMT) have been proposed
to be involved, including DNMT1, DNMT3a and DNMT3b (Figure 1).
DNMT1 is a key maintenance methyltransferase that
primarily methylates hemimethylated DNA in the genome during DNA replication. During IBD and IBDCRC development, DNMT1 activity is significantly upregulated[9-11]. DNMT1 is highly expressed in actively
inflamed colonic mucosa in UC patients as compared
to normal or quiescent UC colonic mucosa[11]. In IBDCRC, Foran et al[9] compared the methylation profiles of
36 IBD-CRC vs 44 sporadic CRC tumour specimens and
demonstrated increased nuclear localization of DNMT1
in IBD-CRC than in sporadic-CRC, evidence linking
inflammation-mediated DNMT1 activity. In addition,
overexpression of DNMT1 is proposed to correlate with
an abundance of CD68 positive macrophages, suggesting
direct involvement of DNA methylation in a pro-inflam-
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DNMT1
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Maintenance DNA methyltransferase

Normal
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DNMT3A De novo methyltransferase
Maintenance DNA methyltransferase
DNA demethylase
DNMT3B De novo methyltransferase
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?
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Figure 1 Potential relative expression levels of DNA methyltransferase in active-ulcerative colitis, inactive-ulcerative colitis, inflammatory bowel diseaseassociated colorectal cancer and sporadic-colorectal cancer patient specimens consolidate from several studies. DNA methyltransferase (DMNTs) is primarily responsible for DNA methylation maintenance, whereas DNMT3A/B have additional roles in de novo DNA methylation and demethylation functions. The relative
DNMTs expressions were built on consolidated reports that were normalized to healthy controls to display potential relative expression in different inflammatory bowel
disease associated diseases. UC: Ulcerative colitis; IBD-CRC: Inflammatory bowel disease-associated colorectal cancer.

peripheral T cells, levels of methylation within IFNγ promoter regions have been reported to correlate to the immune response against microbial antigens[18]. In addition,
DNMT3A hypermethylates the CpG islands within the
tumour necrosis factor alpha (TNFα) promoter region
in the context of LPS stimulation[19]. However, another
study has proposed no alteration of DNMT3A expression levels in colonic mucosa of UC patients[11]. It is possible that a modification of DNA methylation status during UC pathogenesis is mediated primarily via DNMT1
and DNMT3B. In contrast, meta-analysis of GWAS data
has suggested DNMT3A as an important risk loci associated with CD[4]. Therefore, it is likely that methylation
status in CD vs UC is controlled by different mechanisms.
In a clinical setting, the differential expression, involvement, and activities of DNMTs can provide additional options as a diagnosis marker tool to monitor IBD
and IBD-CRC progression in patients.

leukemia cell line. In addition, TET co-operates with
TDG in the process of active DNA demethylation. TDG
excises the mismatch bases at the deaminated 5mC or its
derivatives caused by TET[23]. However to date, neither
TET nor TDG has been implicated in the pathogenesis
of IBD.
AID is another candidate involved in DNA demethylation[24,25]. AID belongs to the family of apolipoprotein
B mRNA-editing catalytic polypeptide (APOBECs),
which were extensively studied due to its master regulatory function in antibody diversification in B cells[26]. A
process for this antibody diversification includes immunoglobulin class switch recombination (CSR), immunoglobulin somatic hypermutation (SHM), and gene
conversion (GC)[27]. AID was originally demonstrated as
an enzyme to convert cytosine (C) to uracil (U) for induction of SHM[28]. Subsequently, Morgan et al[24] unveiled an
additional and unexpected ability of AID to convert 5mC
to thymidine in vitro (5mC→T), suggesting the involvement of AID in DNA demethylation. This conversion of
5mC to T creates a T:G mismatch, which will be excised
by T:G mismatch-specific glycosylases (i.e., TDG). The
T position will then be replaced with unmethylated C
through base excision repair process, thereby concluding
a 5mC to unmethylated C transition[29]. Recently, AID has
been implicated in the pathogenesis of IBD and IBDCRC[30,31]. Endo and colleagues showed that colonic AID
expression is up-regulated under Th2-mediated colonic
inflammatory conditions seen in T cell receptor (TCR)-α
knockout mice[30]. In addition, ectopic expression of AID
in colonic epithelial cells (CECs) was elicited in UC (54%)
and IBD-CRC (80%) patients[30]. In contrast, AID expression was seen in only 40% of sporadic colon cancer,
indicating the differential pathogenesis between IBDCRC and sporadic-CRC with respect to AID functions.
AID expression may be induced via IKK (IκB kinase)dependent NF-κB signalling and further enhanced by
Th2 cytokines such as IL-4 and IL-13[30]. Functionally,
overexpression of AID in CECs has been reported to
tremendously increase mutations within some, but not
all, oncogenes including p53. Importantly, such mutations
were significantly reduced in AID deficient mice[30,31].

DNA methylation editors
Editing and removal of methyl groups from 5mC can be
actively or passively achieved through actions of DNA
demethylases. Passive DNA demethylation blocks additional methylation during DNA replication by methylation dilution, or by inactivating DNMTs. Over the years,
the search for active demethylases has been hindered
by the fact that demethylation process is controlled by
indirect multi-step mechanisms. DNA demethylation
processes appear to be executed through DNA repair
and base excision mechanisms, rather than direct removal
of the methyl group from the 5mC moiety[20]. Recently,
three proteins have been reported to potentially possess
demethylase activity, including ten-eleven translocation
(TET) methylcytosine dioxygenase, thymine DNA glycosylase (TDG), and activation-induced cytidine deaminase
(AID).
TET converts 5mC to 5-hydroxymethylcytosine
(5hmC) that is predicted to lift the repression of gene
expression imposed by 5mC in both humans and mice[21].
Recently, Neves-Costa et al[22] demonstrated that TET1
negatively regulates the expression and secretion of a
pro-inflammatory cytokine IL-1β in a THP-1 monocytic

WCG|www.wjgnet.com

1237

January 28, 2014|First Edition|

Low D et al . DNA methylation in IBD

However, it still remains largely unknown whether AID
plays any specific roles in IBD and/or IBD-CRC through
its epigenetic (demethylation) modification ability rather
than its classical functions (SHM, CSR, and/or GC). The
co-relationship between aberrant AID expression and
IBD/IBD-CRC progression suggests that further studies
on the role of AID-mediated epithelial homeostasis can
potentially be translated into a therapeutic strategy for
IBD patients by targeting AID.
In 2008, Kangaspeska et al[32] and Métivier et al[33] reported that DNMT3A and DNMT3B are recruited to
gene promoters during transcription and they directly
mediate cyclical demethylation and also remethylation
processes. The identification of deaminase activity in
DNMT3A and DNMT3B has received tremendous
attention in the epigenetic field. Since it is clear now
that DNMT3A and DNMT3B have dual functions for
demethylation and methylation, the idea of dynamic
methylation patterns during transcription will be further
discussed in the following section.

fed with regular diet. These effects were also reflected
with colonic mucosal DNA methylation profile alterations and prolonged gene expression changes, as well as
difference in bacteria microflora when compared to mice
with control diet. Therefore, better characterization of
the effects and mechanisms of imprinting and parent-of
origin can be utilized as a clinical risk predictor of IBD
for offsprings of IBD susceptible parents in the future.
Another incidence where DNA methylation dynamics is activated is when colonic cellular homeostasis is
perturbed such as during oxidative stress, which results in
global loss or gain in DNA methylation. Oxidative stress
and damage are common phenomenon in IBD and IBDCRC that are mainly contributed by the reactive oxygen
species produced by inflammatory cells[38,39]. Oxidative
damage in cells induces recruitment of DNMT1 to the
affected chromatin and forms a complex consisting of
DNMT3B and members of the polycomb repressive
complex 4, including Sirtuin-1 (SIRT1), Enhancer of
zeste homolog 2 (EZH2) and embryonic ectoderm development (EED), to re-establish DNA methylation pattern
after the DNA is repaired[40]. These key components relocalize from non-GC-rich regions to GC-rich regions[40].
The observation was validated in an in vivo model of
colitis where infection with human commensal enterotoxigenic Bacteroides fragilis (ETBF) into a mouse model
of adenomatous polyposis coli in Multiple intestinal neoplasia (Min) mice induced inflammation and tumorigenesis[40]. This model may provide a good putative explanation on the mechanism of how certain specific genes are
hypermethylated, whereby other loci are hypomethylated,
within the same cell, during disease onset.
Despite well-established consensus that DNA methylation is a highly stable modification on the DNA under
steady state, two recent reports have changed this conventional perspective. In the first report, Kangaspeska
et al[32] showed that estrogen receptor α (ERα) induces
waves of transcription of its target promoter that involves series of active and cyclical demethylation and
remethylation during the course of transcriptional activation. DNA methylation status were quantified using
glutathione S-transferase tagged methyl binding domain
(GST-MBD) pull-down assay, which showed a periodicity
of 100 min at the ERα target pS2 gene promoter. The
second report by Métivier et al[33] showed similar cyclical
demethylation-methylation effects at the pS2 promoter,
and further provided evidence of DNMTs are present
at the promoter during transcription activation and is involved in both demethylation and remethylation processes. Specifically, methylated CpG were deaminated by DNMT3A and DNMT3B, resulting in a base-pair mismatch
that is subsequently repaired by base-excision machinery.
These two reports pioneered a previously unreported
cyclical methylation-demethylation association with transcription and that this process is mediated by DNMTs,
proteins previously tightly linked to only methylation
but not demethylation. The authors have validated this
observation in other promoters including ERα, trefoil

DYNAMICS OF DNA METHYLATION
FROM AN IBD PERSPECTIVE
Covalent modification of DNA through the addition of
methyl moieties on CpG dinucleotides is highly stable
and conserved. These epigenetic marks, however, do undergo dynamic changes at specific time points, including
embryonic development and during perturbed cellular
homeostasis such as increased cellular stress and disease
onset. Thus, these temporal changes will have important
implications that are relevant to the development of IBD.
During germ cell specification and post-fertilization,
5mC undergo de novo erasure and subsequent reprogramming[34]. The consequences of such wholescale DNA
methylation reprogramming include formation of parental specific gene expression, including X-linked effects
and genomic imprinting, of which gene expression are
predominately contributed by specific parental allele. Several lines of evidence have demonstrated the parent-oforigin effects in IBD. As one of the earliest reports, Akolkar et al[35] demonstrated a familial association of IBD. In
this study, clinical data analysis of 135 families showed
that offspring of IBD affected mothers had higher risk
for CD than offspring of fathers with IBD (P = 0.00001).
Indeed, sex of parent seemed to play a role in IBD susceptibility and genetic imprinting process, at least in part,
by DNA methylation. Fransen et al[36] recently present
limited evidence for genomic imprinting effects of IBD
susceptibility genes. They analysed 28 IBD susceptibility
gene locus and found that IL12B, PR domain containing 1 (PRDM1) and nucleotide-binding oligomerization
domain containing 2 (NOD2; L1007fs variant) have genomic imprinting effect. Recently, Schaible et al[37] showed
that the offspring from female mice fed with methyl
donor supplements (folic acid, betaine and vitamin B12)
had a striking susceptibility towards dextran sulfate sodium (DSS)-induced colitis as compared to control mice
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factor 3 (TFF3), and potassium inwardly-rectifying channel, subfamily J, member 8 (KCNJ8). Interestingly, these
selected validated genes have previously been implicated
in different studies of IBD and IBD-CRC in patients or
animal models[41-44]. TFF3 is secreted by intestinal goblet
cells that forms part of the enteric mucus layer and has
a role in epithelial repair and restitution[45]. TFF3-/- mice
are less reactive towards mounting repair response during
colonic injury induced by chemical, hypoxia and radiation
stress[46-48]. Another of the validated candidates is KCNJ8
(also known as KIR6.1), which forms the pore-forming
sub-unit of the ATP-sensitive potassium channel (KATP).
hydrogen sulphide (H2S), produced by colonic smooth
muscles, neurons and other enteric cell types, activates
and opens K ATP channels in a 2,4,6-trinitrobenzene
sulfonic acid (TNBS)-induced murine colitis model[44].
Similarly in TNBS-induced colitis in rats, the production
and effects of H2S is associated with the resolution of
colitis[49]. Nevertheless, whether cyclical demethylationremethylation process plays any roles in the pathogenesis
of IBD remains elusive, and further extensive studies will
be required.

addition, recent studies showed that oral inoculation of
lipoteichoic acid (LTA)-deficient Lactobacillus acidophilus
bacteria (NCK2025), protect mice from colitis-associated
cancer presumably by restoring aberrant DNA methylation pattern of cancer-specific genes[56,57]. LTA is a major
immunostimulatory component of cell wall of Grampositive bacteria, which can specifically bind to CD14
and toll-like receptors (TLRs) such as TLR2 on host cells.
It is well known that host-microbial recognition is attributed to TLRs. Of note, TLR2 deficient (Tlr2-/-) mice were
characterized by low abundance of intestinal Firmicutes
and high proportion of Proteobacteria, Bacteroidetes and Actinonbacteria, as compared to wild-type mice[58]. This specific change in microbial composition was associated with
epigenomic alterations. For instance, 1.4% of the interrogated genome in Tlr2-/- mice was differentially methylated[58]. Female wild-type C57BL/6J mice that were given
methyl-donor supplemented diet produce offspring that
exhibit different microbiome profile at postnatal day 30,
as compared to control diet offspring[59]. All these data
cumulatively suggest that the commensal microbiota can
directly influence the status of host DNA methylation
and therefore may have important implications in IBD
development.
In addition to how bacteria affect the host DNA
methylome, the status of DNA methylation on exogenous sources of DNA, in this case bacterial DNA and
host self-DNA, also plays a role in the pathogenesis of
autoimmune diseases such as IBD. Bacterial DNA has
high CpG frequencies but is predominately unmethylated
and has immunostimulatory effect[60]. It was originally
shown that the introduction of bacterial CpG motifs
oligodeoxynucleotides exacerbates existing intestinal
inflammation in DSS-treated mice [61]. Recent studies
showed that the unmethylation status of bacterial DNA
is the predominate factor to induce human plasmacytoid
dendritic cells to produce high levels of interferon-alpha
(IFN-α), since methylation of the bacterial DNA abolished this induction[62]. These unmethylated CpG DNAs
are recognised by the host toll-like receptor 9 (TLR9)[63].
Specific CpG motifs (purine-purine-CpG-pyrimidine-pyrimidine) common in microbial DNA, but which are rare
in mammalian DNA, have the strongest activation potential of TLR9[64]. In contrast to bacterial DNA, mammalian DNA has lower CpG frequencies and is predominately methylated, with an exception of CpG islands.
There are now increasing evidence that these mammalian
self-DNA, presumably released from necrotic cells, can
also be an effective TLR9 ligand[64]. Under normal circumstances, the host immune system is protected against
self-DNA because of the intracellular location of TLR9.
However, during IBD progression, natural antimicrobial
peptide LL37 is expressed on the mucosa surfaces and
form an immuno-complex with self-DNA, which may
lead to the activation of TLR9[65]. Yasuda et al[64] showed
that CpG-rich DNA from mammalian DNA, commonly
found on CpG islands, are optimal sequence to activate
TLR9 and suggested a possible contribution towards

IMPACT OF ENTERIC MICROBES IN IBD
HOST DNA METHYLATION
It has become increasingly apparent that dysregulated
host microbial interactions contribute to the induction,
exacerbation and perpetuation of IBD. Importantly,
commensal microbes have an ability to alter DNA methylation status. Mice that were housed in germ free (GF)
conditions exhibited hypermethylation of the chemokine
ligand CXCL16 [chemokine (C-X-C motif) ligand 16]
in the colon, as compared to mice kept under specific
pathogen-free (SPF) environment[50]. CXCL16 expressed
on the surface of antigen-presenting cells, including subsets of CD19+ B cells and CD14+ monocytes/macrophages, mediates the adhesion and phagocytosis of gramnegative and positive bacteria[51,52]. Soluble CXCL16 can
also act as a strong chemo-attractant for CXCR6+ [chemokine (C-X-C motif) receptor 6] T cells[53,54]. Up-regulation of CXCL16 mRNA and protein has been reported
in CD patients[55]. Hypermethylation of CXCL16 gene in
GF mice leads to the gene activation and accumulation
of invariant natural killer T (iNKT) cells, in the colonic
lamina propria. iNKT cells are highly conserved subset
of T cells expressing a semi-invariant T cell receptor,
which is restricted to CD1d and specific for the glycosphingolipid antigen α-galactosylceramide. Furthermore,
the activated CXCL16 pathway made GF mice more
susceptible against oxazolone-induced Th2-type of acute
colitis as compared to SPF mice[50]. Importantly, colonization of neonatal GF mice with a conventional microbiota
reduced hypermethylation of CXCL16 to SPF level[50].
However, this phenomenon was not observed when adult
GF mice were colonized with the same conventional
microbiota, indicating that early-life microbial exposure
has a significant impact on host epigenetic status[50]. In
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Figure 2 Host genetics and epigenetics alterations by commensal bacterial and self-DNA. Alterations in intestinal microflora or host pathogen recognition functions, such as toll-like receptor (TLR)2, directly affect host DNA methylation. Endocytosis of bacterial and release of unmethylated bacterial DNA into host cell triggers
inflammatory response via TLR9. Strong activation requires a purine-purine-CpG-pyrimidine-pyrimidine bacterial DNA motif. Endocytosis of CpG rich methylated selfDNA also activates TLR9 to induce similar inflammatory response via TLR9, but with on a less magnitude compared to stimulation via bacterial DNA.

pathogenesis of UC vs CD.
Nimmo et al[67] recently profiled the methylome of
whole blood genomic DNA from 21 ileal CD patients
and 19 healthy controls. They identified 1117 CpG
sites that are differentially methylated. Within the list,
35 genes overlapped with previous GWAS identified
CD loci, including NOD2, TNFα and caspase recruitment domain family, member 9 (CARD9). Comparative
analysis of these gene hits showed that differentially
methylated CpG sites are located within 25-100 kb of
the 71 previously identified GWAS CD loci. Importantly,
sex, environmental and individual lifestyle (e.g., nonsmoking and immunomodulatory therapy status) factors were taken into consideration for the selection of
cohort in this study because these factors are influential
in determining IBD, as well as epigenetic changes. This
is especially apparent as seen from the high discordance
rate of CD (68%) and UC (85%) in monozygotic twins,
who had identical genomes[68]. The immediate question
is how these identical genomes in monozygotic twins
divert into different phenotypes outcome. A recent report studied 20 monozygotic twins discordant for UC
and investigated the genomic profile based on threelayers of genome-wide scans, including transcriptome
profiling, genome-wide methylation variable positions
(MVPs) and genome-wide differentially methylation regions (DMRs)[69]. In this study, they identified 61 disease
loci defined by differential gene expression profile and
at least one MVP or DMR position within 50 kb from

autoimmune diseases pathogenesis. However, this TLR9
activation by methylated self-DNA is still comparatively
lower than those of unmethylated bacterial DNA[62]. As
such, it was proposed that the initiation of autoimmune
disease, such as IBD, is initiated by unmethylated microbial DNA whereas subsequent autoimmunity is mediated
by methylated (or unmethylated) self-DNA[62]. Therefore,
appropriately targeting self-DNA mediated immune responses may be another attractive option to reduce the
perpetuation of inflammation in IBD.
In summary, bacterial genetics have a direct impact on
host epigenetics. Similarly, bacterial and host (self-DNA)
epigenetics can also directly affect host genetics to trigger
inflammatory responses (Figure 2).

GENOME-WIDE DNA METHYLOME
PROFILES IN IBD
Recent advances on genomic/epigenetic technologies
targeting the “omics” level have contributed to a plethora
of reports on genome-wide DNA methylome analysis to
study the pathogenesis of IBD. The information derived
from the analyses in IBD will provide significant rationale
to open up a new avenue to develop novel diagnostic
and therapeutic strategies. Indeed, genome-wide altered
methylation patterns have been shown to be enriched
around GWAS identified loci[66,67]. In addition, methylome
profiling may also resolve the differences in etiology and
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Table 1 High throughput DNA methylome profiling in inflammatory bowel disease
Ref.

Disease

Tissue/cell

Array platform

Significant differential methylation

GWAS overlap

Lin et al[73]
Cooke et al[66]

Human patients
UC and CD
UC and CD

Intestinal
Rectal

7 CpG sites
3604 (UC) and 472 (CD) loci

Not reported
Yes

Lin et al[72]
Häsler et al[69]

UC and CD
UC

B cell
Intestinal

Illumina goldengate
Illumina infinium human
methylation 27
Illumina goldengate
Illumina human methylation 27
and nimblegen custom 385K
Illumina human methylation 27

24 (UC) and 14 (CD) CpG sites
61 loci

Not reported
No

1117 CpG sites

Yes

Custom array (Agilent)

271 intervals

Not reported

Custom array (Agilent)

387 intervals

Not reported

Nimmo et al[67]
Kellermayer et al[59]
Kellermayer et al[58]

CD
Whole blood
Mouse
DSS colitis (postnatal
Colon
day 30 vs day 90)
Tlr2-/Colon

UC: Ulcerative colitis; CD: Crohn’s disease; GWAS: Genome-wide association studies; DSS: Dextran sulfate sodium.

the transcription start site. Promoter regions of these
hits showed prominent hypomethylation, whereas geneintronic regions were more frequently hypermethylated.
However, none of these 61 loci overlapped with the
previously reported 47 UC GWAS risk loci[5]. Nevertheless, environmental factors and lifestyle surely contribute to the pathogenesis of IBD and provide the most
direct clues to understand how identical genomes from
monozygotic twins can have distinct susceptibility to
IBD. IBD usually occurs during young adulthood and
the peak age of onset is around 15-30 years old[70,71].
Thus, identification of the changes in methylome during crucial developmental time point can provide great
insights on IBD risk. Studies showed that postnatal day
90 mice had increase susceptibility to DSS-induced colitis as compared to postnatal day 30 mice[59]. Methylation
specific amplification microarray (MSAM) revealed 271
differential methylation genomic intervals between the
above two mice groups[59]. These results suggest that
age-dependent methylation dynamics is another important aspect to consider in the risk of IBD.
In addition to prying into the individual genomic status in
UC or CD as compared to normal individuals, epigenomewide profiling can also dissect the differences in diseaseassociated loci between UC and CD. Cooke et al[66] recently
characterized the genome-wide methylation changes in
the rectal samples obtained from patients with inflamed
UC/CD and non-inflamed UC/CD. Consistent with other reports, many identified loci in this study overlapped
with GWAS-identified risk loci, including CARD9, intercellular adhesion molecule 3 (ICAM3) and cadherin 1
(CDH1). Inflamed UC and CD, as well as non-inflamed
UC formed individual methylome signatures when compared to normal control individuals. Interestingly, there
was no difference in the methylation profile between inflamed UC and inflamed CD. In contrast, 13 differentially
methylated loci were identified between non-inflamed
UC and non-inflamed CD. These multiple comparison
suggests that the different sub-types of IBD, as well as
disease severity, may be distinguished by their methylome
status. In addition, Lin et al[72,73] also reported the methylome profiles of UC and CD patients derived B cells and
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intestinal tissues. Therefore, the methylome may be one of
the useful clinical diagnostic biomarkers in IBD (Table 1).
However, much more careful attention would be necessary in this regard because different cell types exhibit different methylomes in IBD.

EPI-THERAPY TARGETING DNA
METHYLATION IN IBD
Several compounds targeting DNA methylation status has
been demonstrated to have potential therapeutic effects
on animal models of IBD and/or human IBD patients.
One of these compounds is folate, a methyl donor that
exerts an effect to increase global methylation. Chronic
UC patients that were given dietary folinic acid, a vitamer
of folic acid, supplementation (15 mg/d) had a lower risk
of colon cancer[74]. Kominsky et al[75] recently also showed
that intraperitoneal injection of folate (50 mg/kg) into
DSS-treated mice results in less severe colitis. In addition, dietary folate deficiency led to aggravation of DSSinduced colitis in rats[76]. These results are consistent
with clinical reports showing that folate deficiencies are
common in IBD patients [77-79]. However, oral dietary
supplementation of folate did not seem to have an effect on the suppression of IBD-CRC in an azoxymethane/DSS-associated cancer model[80]. In this model, diet
supplementation with folic acid (8 mg/kg) did not show
any alterations in intestinal microflora or difference in
tumor initiation, growth and progression as compared to
the control mice without receiving folic acid supplement.
One possible reason for this failure is that the chronic
inflammation that has transited into tumorigenic stage
would have acquired more stable genetic changes including chromosomal instability and translocation, as well as
genetic mutations, as compared to acute intestinal inflammation. These alterations in DNA sequence may occur
at critical DNA methylated CpG sites and hence global
methylation effects of folate can no longer re-establish
methylation at these mutated CpG target sites.
Development of small compounds that can directly
or indirectly affect DNA methylated mediated gene ex-
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Life-point DNA methylation related IBD risk

Fertilization

Pregnancy

Infancy

Young adult

Senior

Parent-of-origin
(imprinted genes)

Maternal diet

Early-life exposure to
microbes

Majority of IBD onset

Age related epigenetic
changes

Environmental, diet,
lifestyle related
epigenetic changes

Figure 3 Life-stages with an impact on epigenetic changes that increase inflammatory bowel disease risk. Alterations in DNA methylome in inflammatory
bowel disease (IBD) pathogenesis begin right from the fertilized egg. The risk alleles are inherited, and its expression is dependent on the parent-of-origin (imprinting).
Maternal diet during pregnancy may also potentially alter the fetal IBD-associated-methylome. Exposures to certain microbes during infancy can also have lasting
effects on DNA methylation alteration towards IBD susceptibility. Environment-, lifestyle- and diet- associated DNA methylation changes are important aspects during
young adulthood where the majority of IBD onset occurs.

pression may also be useful targets of IBD treatment.
Meng et al[81] demonstrate that using a combination of
a novel tylophorine analog W-8, together with TGF-β
(transforming growth factor), demethylates Foxp3 promoter. Tylophorine analogs, including W-8, are phenanthroindolizidine alkaloids that have anti-cancer and
anti-inflammatory effects. The effect of W-8 is mediated through ERK (extracellular signal-regulated kinase)
pathway inhibition that results in the down-regulation
of DNMT1 expression. Therefore, W-8 appears to upregulate Foxp3 expression by demethylating the promoter
in the presence of TGF-β and promotes differentiation
of naïve CD4+ T cells into Foxp3+ Treg cells with immunosuppression capabilities.
The challenge in developing innovative therapies
for IBD has been on-going. Currently, oral and topical
aminosalicylates are usually the first-line medication to
treat IBD. Other immunosuppressive agents including
azathioprine, methotrexate and cyclosporine are also in
used. However, the beneficial effects of these drugs are
accompanied with detrimental side effects, such as allergy. In addition, not all patients respond to these treatments. Recently, the use of anti-TNFα antibody has also
been deployed to control IBD in patients. However, on
top of the adverse side effects of anti-TNFα antibody,
the administration of the treatment requires invasive
intravenous infusion or subcutaneous injection and the
high cost of this form of medication, which range from
US$3000 to US$8000 per infusion, is a major disadvantage. Therefore epi-therapy drug design is an attractive
alternative method to develop an effective, low-cost and
non-invasive therapy for IBD patients.
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CONCLUSION
DNA methylation has great heuristic potential in improving our understanding of the IBD pathogenesis in
the post-GWAS era. Individuals who inherited a normal
set of DNA may still be susceptible to IBD depending
on epigenetic changes during their course of life. As
described in this review, epigenetics changes that may account for IBD risk begin right from the fertilized egg to
entire life period (Figure 3). Further advancements in this
promising field would allow the discovery of new mediators to control DNA methylation/demethylation, aiming
to improve the lives of patients with IBD and IBD-CRC.
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Core tip: This paper reviews the current data on the
clinical application of confocal laser endomicroscopy
(CLE) in the study of colonic mucosa in patients with
inflammatory bowel diseases (ulcerative colitis and
Chron’s disease). Moreover, the use of CLE has in diagnosing a biliary dysplasia/neoplasia in patients with
primary sclerosing cholangitis, is evidenced.
Original sources: De Palma GD, Rispo A. Confocal laser endomicroscopy in inflammatory bowel diseases: Dream or reality?
World J Gastroenterol 2013; 19(34): 5593-5597 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v19/i34/5593.htm
DOI: http://dx.doi.org/10.3748/wjg.v19.i34.5593

Abstract
Confocal laser endomicroscopy (CLE) is a newly introduced procedure that provide real-time, high-resolution
imaging of the gastrointestinal mucosa during endoscopy, allowing the visualization of the pathology of
the mucosal epithelium with its cellular and subcellular
structures. Recently, the use of CLE was reported in the
study of colonic mucosa in patients with inflammatory
bowel diseases and in particular in patients affected
by ulcerative colitis. CLE has the potential to have an
important role in management of inflammatory bowel
diseases (IBD) patients as it can be used to assess the
grading of colitis and in detection of microscopic colitis
in endoscopically silent segments. Moreover, CLE can
be used in surveillance programs especially in highrisk patients. Finally, CLE has been effectively used in
diagnosing a biliary dysplasia/neoplasia in patients with
primary sclerosing cholangitis, a pathological condition
frequently associated with IBD, with a coexisting bile
duct stricture.

CONFOCAL LASER ENDOMICROSCOPY
Confocal laser endomicroscopy (CLE) is a newly introduced procedure which allows to capture the images of
“virtual histology” of the gastrointestinal mucosa during
endoscopy[1,2], so offering the opportunity to get the “real
time” visualization of the pathology of the mucosal epithelium with its cellular and subcellular structures[3,4]. At
present, CLE can be performed with 2 devices: one integrated into an endoscope (Pentax, Tokio, Japan, herein
termed e-CLE) and one as a mini-probe through the
scope (p-CLE; Cellvizio, Mauna Kea Technologies, Paris,
France). Confocal microscopy consists of focusing a laser
ray onto the mucosal surface and filtering the returned
light by means of a small pinhole which rejects out-offocus light. The illumination and detection systems are
in the same focal plane and are termed “confocal”. After
passing the pinhole, the fluorescent light is detected by
a photo-detection, transforming the light signal into an
electrical one that is recorded by a computer. All detected
signals from the illuminated spot are captured and measured. As the laser scans over the plane of interest, a whole
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cein leakage.
One of the most important diagnostic goals in the
management of patients with UC, especially of those
who present risk factors for cancer development, should
be the “real-time” endoscopic identification and diagnosis of dysplasia/neoplasia, as this would reduce the number of unnecessary biopsies with their associated time
and costs[16,17]. Starting from these assumptions, Kiesslich
et al[18] have shown for the first time that the diagnosis of
dysplasia/neoplasia in UC could be maximized by using
both pan-chromoendoscopy (CE) and targeted CLE,
with high values of diagnostic accuracy (sensitivity 94%,
specificity 98%). This result has been recently confirmed,
although with less remarkable diagnostic values, by van
den Broek et al[19], who reported a diagnostic accuracy
of 81% when comparing CLE with narrow-band imaging plus high-definition endoscopy (diagnostic accuracy
92%). In accordance with these reports, a recent paper
produced by our group, exploring the efficacy of the
combined application of CE and targeted p-CLE in diagnosing dysplasia in longstanding UC in the “real-life”, has
underlined the high diagnostic accuracy of such a procedure compared to standard histology (sensitivity 100%,
specificity 90%, positive predictive value 83% and negative predictive value 100%)[20] (Figure 3). Giving value to
all the above-mentioned contributions, the combination
of CE and CLE corresponds to a diagnostic gain of 3to 5-fold for detecting dysplasia/neoplasia than conventional colonoscopy[21]. The diagnostic gain is mainly due
to CE application which could dramatically decreased
(about of 10 times) the number of biopsies when just
circumscribed suspicious lesions on CE would have been
targeted; if only CLE-suspected neoplastic lesions had
undergone biopsy after CE, the mean number of biopsies would be further reduced.
More recently, Neumann et al[22] have explored the
clinical utility of CLE also in 76 patients affected by
Crohn’s disease (CD), particularly determining whether
the disease activity can be graded by using CLE. In effect,
a relevant percentage of patients with active CD presented an increased colonic crypt tortuosity, enlarged crypt
lumen, microerosions, augmented vascularization and
increased cellular infiltrates. Starting from these considerations, these authors proposed a CLE score for assessing
CD activity in vitro, with such a score having of potential
utility for predicting the course of CD and the response
to medical therapy.
CLE application in IBD has been evaluated even
under a prognostic view. A nice work by Kiesslich et
al[23] have shown that “cell shedding” and “barrier loss”
detected by CLE are able to predict relapse of IBD and
have potential role as diagnostic tool for the management
of the disease. In this paper, the sensitivity, specificity and
accuracy for the “CLE grading system” to predict a flare
were 62.5%, 91.2% and 79%, respectively. Interestingly, a
recent paper by Turcotte et al[24] confirmed the high prognostic power of CLE in predicting the course for other
relevant clinical end-points for patients affected by IBD.

20 μm

Figure 1 Rectal mucosa of patient in remission from ulcerative colitis.
Irregular alignment of crypt, crypt distortion and fusion with reduced amount of
goblet cells.

image is obtained pixel-by-pixel and line-by-line, whereas
the brightness of a resulting image pixel corresponds to
the relative intensity of detected fluorescent light. The
gray-scale image created is an optical section representing
one focal plane within the examined specimen. Real-time
confocal laser scanning microscopy-sequences (duration
1 min are recorded and stored digitally for later evaluation. CLE evaluation and its relative high-quality images
have shown high agreement with the real histology of the
tissue, so opening a wide spectrum of potential applications, all focused on the possibility of reducing and/or
targeting the biopsies during endoscopy[5,6]. The current
potential indications for CLE imaging are broad and include almost all the cases in which endoscopic biopsy is
needed.
At now, various studies have addressed the potential
usefulness of CLE in diagnostic work-up of inflammatory bowel disease (IBD), with particular interest to ulcerative colitis (UC)[7-9]. In effect, all the studies concerning
the application of CLE in the UC context have shown
that this technique can have a potential role in assessing
the extension and the activity of disease and in targeting biopsies, reducing the number of useless biopsies
and improving the early detection of dysplasia[10-13]. In
the field of UC, the most frequent alterations in crypt
architecture are represented by dilation of crypt openings, more irregular arrangement of crypts, enlarged
spaces between crypt, crypt destruction and/or crypt
fusion, and crypt abscess with fluorescein leaks into the
crypt lumen (therefore making the lumen brighter than
the surrounding epithelium). Microvascular alterations
are mainly represented by dilated, prominent branching
vessels (Figures 1 and 2). The study by Watanabe et al[14],
including 17 patients with active UC compared with 14
controls, showed that CLE images provided equivalent
information to histopathology with respect to definition
of the main histological outcomes (crypt architecture,
capillaries and inflammatory cells). On these bases, a new
classification of inflammatory activity in UC using CLE
has been proposed[15], which comprises the assessment of
crypt architecture, microvascular alterations and fluores-
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20 μm
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50 μm

Figure 2 Colonic mucosa. A: Patient in remission from ulcerative colitis. Crypt distortion and fusion and many capillaries visible in the lamina propria; B: Patient in
remission from ulcerative colitis. Enlarged spaces between crypts and dilated prominent branching vessels; C: In patient with active ulcerative colitis (distal colitis). Image of colonic mucosa showing the switch from normal mucosa (top of the figure) to inflamed mucosa Inflamed mucosa showing irregular arrangement of crypts, crypt
fusion and capillaries alterations; D: In patient with active ulcerative colitis. Dilated and bright crypt lumen (fluorescein leakage) with intact epithelium; E: In patient
with active ulcerative colitis. Dilated, irregular and bright crypt lumen (fluorescein leakage) with partially intact epithelium; F: In patient with highly active ulcerative colitis (Mayo CU3). Crypts distortion and destruction, crypt abscess and crypts replacement by diffuse necrosis.

(PSC), a pathological condition frequently associated
with IBD, with a coexisting bile duct stricture[25]. In effect, Heif et al[25] showed a high diagnostic accuracy in
detecting the presence of a bile duct neoplasia in 15 PSC
patients with 21 dominant stenoses (sensitivity 100%;
specificity 61%; positive predictive value 22%; negative
predictive value 100%). This paper has opened the doors
to a further potential application of CLE in IBD.
Unfortunately, some relevant limitations reduced the
current application of CLE in general practice: the need
for a learning curve, the cost of the equipment, the need
for an extra-time (about 30 min) to enhanced colonoscopy and, not less important, a number of medical-legal issues. Furthermore, the promising results in the literature
derived from a little number of trials and still from a few
experienced centers and, as a consequence, these cannot
be generalized easily.
In our mind, among these limitations, the need for
an adequate learning curve represents the less relevant
topic. In effect, as shown in previous papers, the operator’s endoscopic expertise and learning curve represent
the crucial issues and main limitation for the routine application of this endoscopic technique. However, a recent
report has highlighted that the ability to accurately interpret CLE images for predicting neoplastic lesions can be
learned rapidly by a range of GI specialists[26]; similarly,

100 μm

Figure 3 Dysplasia-associated lesional mass in long-standing ulcerative
colitis. Image of colonic mucosa evidencing the switch from the inflamed mucosa, to the neoplastic mucosa. Inflamed mucosa is characterized by crypts
fusion and distortion, dilation of crypt openings, enlarged spaces between
crypts, and microvascular alterations with fluorescein leaks into the crypt lumen. Dysplastic mucosa (right corner) is characterized by “dark” cells, irregular
architectural patterns with villiform structures and a “dark” epithelial border.

In particular, increased epithelial gaps in the small intestine as determined by CLE were a predictive factor for
future hospitalization or surgery in IBD patients.
Going to another potential indication of this procedure in diagnostic work-up of IBD patients, CLE has
been effectively used in diagnosing a biliary dysplasia/
neoplasia in patients with primary sclerosing cholangitis
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the ability to acquire high-quality CLE images can also be
learned quickly.
About medical-legal issues, mainly regarding the application of CLE for surveillance endoscopy in UC, the
principal matter is represented by the fact that endoscopists would make a histological diagnosis without the
confirmation by a pathologist and would decide during
the endoscopy if performing or not multiple biopsies.
At now, this kind of diagnostic approach is not reported
by the current guidelines[27] and should be applied only
within a controlled trial formally approved by an ethical
committee.
Concluding, new multicenter studies are needed to
assess the real cost-effectiveness of CLE technique for
IBD. In our opinion, when balancing the interesting diagnostic advantage of CLE in clinical practice with its
important realistic limitation, the wide application of this
procedure in the current endoscopic practice still appears
to be more a dream then a reality.
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Core tip: Hospitalized patients with inflammatory bowel
disease are at risk of harm and increased utilization of
healthcare resources. Variation in the care delivered
to these patients is common. There is room for improvement in the quality of care focusing on reducing
admissions and identifying patients at risk for inpatient
complications such as venous thromboembolism and
Clostridium difficile infection. This review outlines several aspects of inpatient care in need of improvement
and discusses a number of improvement strategies that
have been implemented with potential to benefit both
patients and providers.
Original sources: Weizman AV, Nguyen GC. Quality of care
delivered to hospitalized inflammatory bowel disease patients.
World J Gastroenterol 2013; 19(38): 6360-6366 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v19/i38/6360.htm
DOI: http://dx.doi.org/10.3748/wjg.v19.i38.6360

Abstract
Hospitalized patients with inflammatory bowel disease
(IBD) are at high risk for morbidity, mortality, and
health care utilization costs. While the literature on
trends in hospitalization rates for this disease is conflicting, there does appear to be significant variation in the
delivery of care to this complex group, which may be a
marker of suboptimal quality of care. There is a need
for improvement in identifying patients at risk for hospitalization in an effort to reduce admissions. Moreover,
appropriate screening for a number of hospital acquired
complications such as venous thromboembolism and
Clostridium difficile infection is suboptimal. This review
discusses areas of inpatient care for IBD patients that
are in need of improvement and outlines a number of
potential quality improvement initiatives such as payfor-performance models, quality improvement frameworks, and healthcare information technology.

WCG|www.wjgnet.com

INTRODUCTION
Inflammatory bowel disease (IBD) is a chronic gastrointestinal condition characterized by relapsing inflammation. Most patients with IBD are managed in the
outpatient setting, however as disease severity progresses
and complications arise, hospitalization is often required.
Patients admitted to hospital are at increased risk for a
variety of complications including venous thrombotic
events (VTE), hospital acquired infections, Clostridium
difficile, and death[1-5]. Moreover, hospitalized patients
are more likely to require surgery[5,6]. There have been
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conflicting reports on trends in hospitalization rates for
IBD over the last decade and the literature has revealed
significant variation in care and disease outcomes among
hospitalized IBD patients. The heterogeneous nature
of IBD severity, location, and phenotype as well as limited evidence to guide some therapeutic domains make
standardization of IBD care delivery difficult. However,
given that hospitalized patients are at the highest risk
for morbidity, mortality, and health care utilization costs,
quality improvement initiatives aimed at reducing variation, a known surrogate marker of poor performance,
are well suited to this subset of patients[7,8]. This review
outlines recent trends in rates of hospitalization for IBD
and highlights areas of inpatient care that are in need of
improvement.

type of admitting physician have also been demonstrated.
Murthy et al[14] showed that patients with ulcerative colitis
admitted to non-gastroenterologists had higher in hospital mortality rates compared to those admitted under the
care of a gastroenterologist (1.1% vs 0.2%, P < 0.0001).
Colectomy rates have also shown to be subject to geographic variation across the United States, with rates in
the Midwest and West regions being three fold higher
than those in the Northeast[15]. These studies underscore
the need for improvement efforts focused on minimizing variation and bridging the gap between ideal and true
performance in caring for the hospitalized inpatient with
IBD.

VENOUS THROMBOEMBOLISM
PROPHYLAXIS

HOSPITALIZATION RATES FOR IBD

The risk of venous thromboembolism (VTE) has been
shown to be increased among patients with IBD. Multiple
studies have shown patients with IBD have a 2-3.5 fold
increased risk for VTE compared to the general population and a recent meta-analysis confirmed a relative
risk of 2.2 (95%CI: 1.83-2.65)[1,16-18]. In fact, one study
showed that among 17 chronic illnesses, only heart failure
and cancer carried a greater risk of VTE than IBD[19].
Moreover, it appears the prevalence of VTE among this
group of patients is rising[1]. A number of risk factors
for VTE among IBD patients have been identified. In
a review of the Nationwide Inpatient Sample (NIS) between 1998-2004, Nguyen et al[1] identified increasing age,
co-morbidities, ulcerative colitis (as opposed to Crohn’s
disease), surgery, and the need for public heath assistance
as important risk factors for the development of VTE.
Disease activity has also been shown to be an important
predictor, with one study showing a 4.5 fold increased
risk of developing VTE during times of disease flare
compared to remission[20]. Hospitalized IBD patients, particularly those with ulcerative colitis, appear to be at very
high risk of VTE. Hospitalized IBD patients have been
shown to have nearly a 6 fold increased absolute risk of
VTE compared to an ambulatory IBD population[17] and
an increased adjusted odds ratio of 1.85 (95%CI: 1.7-2.1)
compared to those non-IBD patients admitted to hospital[1]. Moreover, VTE has been shown to be a marker of
worse outcomes and higher health resource utilization. A
review of a large database of hospital discharges in the
United States found an odds ratio (OR) of 2.5 (95%CI:
1.83-3.43) for in-hospital mortality compared to IBD patients without VTE[1]. Mortality rates for ulcerative colitis
were particularly high (37.4 per 1000 hospitalizations vs
9.9 per 1000 hospitalizations, P < 0.0001). Patients with
IBD and VTE also had a longer average length of stay
(11.7 d vs 6.1 d, P < 0.0001) and higher hospital charges
compared to IBD patients without VTE.
Given the morbidity and mortality associated with
inpatient VTE, the utility of VTE prophylaxis to prevent this complication is clear. Prophylaxis with heparin
has been shown to significantly and safely decreased

Most IBD care is delivered in the ambulatory setting.
However, a significant proportion of patients will require
hospitalization at some point in their disease course. Reports on overall trends in hospitalization rates for IBD
over the past two decades are conflicting. Among a large
cohort of patients followed across an integrated care
network in Northern California, Herrinton et al[8] noted a
33% decline in hospitalization rates for Crohn’s disease (P
= 0.02) and a 29% decline among those with ulcerative
colitis (P = 0.0009) from 1998-2005. However, a report
using the National Hospital Discharge Survey (NHDS)
showed that between the years 1970-2004, the rates of
hospitalization for both Crohn’s disease and ulcerative
colitis in the United States increased[9]. Moreover, readmission is not uncommon, as demonstrated by Bernstein
et al[10], whereby 20% of patients with IBD were readmitted within the same calendar year. The most important
advance in IBD care over the last ten years has been the
increasing use of anti-tumour necrosis factor (TNF) therapy. The true impact of this on hospitalization rate may
not have been completely captured in all these reports,
thus more data is needed to evaluate the impact of antiTNF on recent hospitalization trends.
While the literature on hospitalization rates is conflicting, most studies clearly show variation in practice
patterns among hospitalized IBD patients. For example,
in the cohort from Northern California discussed above,
variability in surgery rates and immunomodulator use
depending on the number of gastroenterologists and
colorectal surgeons at each site was noted among the 16
medical centers included in the study[8]. Similarly, Spiegel
et al[11] demonstrated significant variation among community and expert gastroenterologists in a number of care
areas including patients admitted to hospital with severe
ulcerative colitis. Expert gastroenterologists had a lower
threshold to consult a surgeon for patients with severe
steroid refractory disease. Outcomes following colectomy based on surgical volumes have also been shown in
several studies, with high volumes centers having lower
mortality rates[12,13]. Differences in outcomes based on the
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the incidence of deep-vein thrombosis and pulmonary
embolism[21]. However, despite the efficacy and ease of
administering VTE prophylaxis, a significant percentage
of IBD patients admitted to hospital are not receiving it
and remain at risk. In a retrospective review of a tertiary
IBD center in the United States, Tinsley et al[22] noted
that the overall prophylaxis rate was only 67.6%. Variation was noted depending on the admitting service, with
significantly higher rates noted among those admitted to
a surgical service compared to a medical service (93.5%
vs 57.4%). Even among those in which VTE prophylaxis
was ordered, up to 34% of doses were not given. The
lower prevalence for prophylaxis of IBD patients may in
part be due to lack of awareness of their increased risk,
as they are often young and mobile. This was suggested
by a survey of gastroenterologists who were members of
the American Gastroenterological Association[23]. Only
45% of respondents were aware that guidelines recommending VTE prophylaxis were published and a third
surveyed reported working in a hospital with no protocols for VTE prophylaxis. Significant variation in practice
was noted. However, contributors other than lack of
awareness are suggested by studies of IBD experts. At
a large Canadian tertiary IBD center, rates of VTE prophylaxis were lowest for patients admitted to the gastroenterology run IBD service compared to those admitted
to general internal medicine or surgery[24]. Moreover, a
survey of Canadian IBD experts found that almost 20%
did not routinely use VTE prophylaxis and there was inconsistency among respondents regarding the indication
for prophylaxis for patients in remission[25]. These studies
underscore tremendous variation and suboptimal quality of care in preventing this morbid IBD related extraintestinal manifestation. Given the uniform increased risk
among hospitalized IBD patients, the presence of readily
available and safe prophylactic agents, and the identification of important predictors for lack of prevention, this
area of IBD care is a “low hanging fruit” that is very
amenable to quality improvement initiatives.

among hospitalized IBD patients showed that the percentage of IBD admissions complicated by CDI had increased
from 1.4% to 2.9% between the years 1998 and 2007 (P
< 0.001)[27]. This increase was most marked for the subset
with UC in which CDI complicated 5.3% of admissions.
Similarly, in a retrospective review of hospitalized patients,
Rodemann et al[28] showed that while CDI rates doubled
among Crohn’s disease patients between the years 1998
and 2004, they tripled among those with UC.
Not only does the literature support a true rise in CDI
incidence and prevalence among individuals with IBD,
but CDI also may confer worse outcomes. In-hospital
mortality was four fold higher among IBD patients with
CDI compared to those with IBD alone in a retrospective review of the NIS[27]. Similarly, a retrospective cohort
study from Ontario, Canada showed a higher in-hospital
mortality rate among hospitalized UC patients with CDI
compared to those with UC alone (3.3% vs 0.38%, P <
0.0001)[29]. This increased mortality rate persisted out to
five years of follow up in which the cumulative 5 years
mortality rate was 27% for the CDI group and 14% for
those with UC alone (P = 0.0073). CDI has also been
shown to increase length of stay and hospitalization costs
among those with concomitant IBD. A review of a large
administrative database of hospital discharges from the
United Kingdom showed that median length of stay was
26 d among those with both CDI and IBD compared
to only 5 d for those with IBD alone, a difference that
was statically significant[30]. This translates into increased
health care costs as shown by Nguyen et al[4], whereby average hospital charges were $35606 for a UC patient with
CDI compared to $23856 for those with UC alone (P <
0.0001). The impact of CDI on colectomy is less clear.
Jen et al[30] showed an increased risk of in-hospital colectomy among hospitalized UC patients with CDI as compared to UC alone (OR = 1.7, 95%CI: 1.4-2.1). This conflicts with the finding of Nguyen et al[4], who showed a
lower risk of colectomy in IBD patients with CDI (OR =
0.44, 95%CI: 0.34-0.55). Studies evaluating long term risk
of colectomy after CDI are also conflicting. Navaneethan
et al[31] showed that one year following hospitalization
for UC, the colectomy rate was 35% for those with CDI
during that hospitalization compared to 9.9% for those
without infection (P < 0.001). This was in keeping with a
study from a large, tertiary IBD center in which one year
colectomy rates for those with IBD and CDI were higher
compared to those with IBD alone (44.6% vs 25%, P =
0.04)[32]. However, no difference in the risk of colectomy
at 5 years was seen in the Canadian study cited above[29].
The literature supports the finding that CDI among
patients with IBD is a significant and increasingly prevalent problem, particularly for those with UC. Moreover,
CDI confers increased short and long term mortality
risk and increased health care utilization costs and may
increase short and long term risk of colectomy. The majority of CDI is diagnosed within 48 h of admission, suggesting most patients acquire CDI in the community[28].
Given the high incidence and potential poor outcomes

CLOSTRIDIUM DIFFICILE TESTING
A substantial body of evidence has emerged to implicate
IBD as an important risk factor for Clostridium difficile infection (CDI). IBD patients have been shown to have higher
infection rates with CDI compared to non-IBD patients.
In an analysis of administrative data using a large registry
of hospital discharges in the United States, Nguyen et al[4]
noted that patients with ulcerative colitis (UC) had a prevalence of CDI that was 8 times that of non IBD patients
admitted with a gastrointestinal problem (37.3 cases/1000
discharges vs 4.8 cases/1000 discharges, P < 0.001). This
finding was supported by a systematic review of 42 articles
that showed CDI was more common among IBD patients
than non IBD controls[26]. In addition to the higher prevalence of CDI among IBD patients, the incidence of CDI
appears to be increasing over the last decade, particularly
among hospitalized IBD patients. A review of discharges
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associated with CDI and the fact that it is most often acquired before admission, routine testing of patients presenting with exacerbation of IBD for Clostridium difficile
is a reasonable and potentially powerful intervention. In
fact, a single center study showed a reduction in the number of colectomies after routine testing on admission was
introduced[33]. While more evidence evaluating the benefits of routine testing is indicated, the literature thus far
supports its use. Nonetheless, it appears routine testing is
not widespread. A study of 34 European countries found
tremendous variation in the incidence of CDI across
hospitals and suggested difference in testing behavior
was most likely responsible for these results[34]. Moreover,
despite the rising prevalence of CDI, there is variation in
approaches management in terms of antibiotic selection
and practices regarding IBD specific immunosuppressive
therapy. A survey of gastroenterologists in Canada and
the United States found that nearly half of respondents
add antibiotics to ongoing immunosuppressive therapy
while the other half routinely held all immunosuppressants during antibiotic treatment[35]. The lack of consensus even among IBD experts highlights the need for
more studies aimed at bringing clarity to the commonly
encountered clinical “grey area”.

Table 1 American Gastroenterology Association Physician
Quality Reporting System inflammatory bowel disease
measures
1
2
3
4
5
6
7
8

IBD: Inflammatory bowel disease; TNF: Tumor necrosis factor.

mortality of 1.3% (95%CI: 0.4-2.1, P = 0.006) and a relative reduction of 6% (95%CI: 260-1500) was observed.
However, an American study evaluating the impact of
the Centers for Medicare and Medicaid Services strategy
that relies primarily on financial penalties through not
providing hospitals with additional payment for health
care-acquired or preventable complications found no significant changes in performance before or after this policy was adopted[40]. Therefore, while P4P programs hold
promise, more study is needed before there is universal
adoption of these models. Moreover, there is a need to
evaluate the impact of these programs on IBD patient,
given their complexity and unique needs. The American
Gastroenterology Association has developed IBD specific quality indicators eligible for reimbursement through
the Physician Quality Reporting System (PQRS) (Table
1)[41]. The impact of the PQRS on improving the quality
of inpatient IBD care needs to be further characterized.
While not designed for the purposes of a reimbursement program, the Crohn’s and Colitis Foundation of
American have recently sponsored the publication of a
set of quality indicators[42]. Both process and outcome
indicators were developed that encompass a variety of
domains in IBD care including treatment, surveillance,
and health care maintenance. A number of inpatient IBD
care process indicators are defined such as “IF a hospitalized patient with severe colitis is not improving on intravenous steroids within 3 d, THEN sigmoidoscopy with
biopsy should be performed to exclude cytomegalovirus,
AND surgical consultation should be obtained” as well
as “IF a patient in whom a flare of IBD is suspected with
new or worsening diarrhea THEN the patient should
undergo Clostridium difficile testing at least once” and inpatient related outcomes measures including: (1) Number
of days per year in the hospital attributable to IBD; and
(2) Number of emergency room visits per year for IBD.
It is important for gastroenterologists to become familiar
with these quality indicators as they can be expected to
become increasingly incorporated into the accreditation
processes of health care institutions.

INTERVENTIONS AIMED AT
IMPROVEMENT
In order to adequately address gaps in care, an understanding of the contributing factors to the target problem
is essential. It is important to tailor a quality improvement
(QI) initiative to the local context and implement according to the resources, infrastructure, and QI culture available. A variety of methods to improve identified deficiencies in the quality of care of hospitalized IBD patients
are already underway and discussed in detail below.
Pay-for-performance program
Guidelines have outlined algorithmic approaches for
following this complex group of patients. However, the
uptake of IBD guidelines by gastroenterologists has been
shown to variable[36,37]. Therefore, other improvement
approaches are necessary. A pay-for-performance (P4P)
funding model has been advocated by some, whereby
hospital and/or physician reimbursement is tied to meeting certain predetermined care benchmarks. This model
is increasingly being used, although its impact on patient
outcomes remains controversial. A review of over 7000
primary care physicians in the United Kingdom Quality
and Outcomes Framework Pay for Performance Program found significant improvements in outcomes of a
number of chronic diseases such as diabetes and coronary artery disease[38]. Similarly, a large study from the
National Health Services in England compared mortality
in a region of the country that had uniformly adopted a
P4P model in all hospitals to the remainder of the country which did not use this model[39]. In the 24 hospitals
that did used the P4P model, an absolute reduction in
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IBD type, location and activity all documented
Corticosteroid sparing therapy after 60 d
Bone loss assessment
Influenza immunization
Pneumococcal immunization
Testing for latent tuberculosis before initiating anti-TNF therapy
Assessment of Hepatitis B status before initiating anti-TNF therapy
Tobacco use: screening and cessation intervention

Quality improvement frameworks
As the quality improvement movement continues to
build momentum, there are increasing calls for innovative
changes to the way health care is delivered. System rede-
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sign is a fundamental principal in QI and there has been
a particular focus on healthcare provided in the hospitalized setting as this is associated with significant morbidity
and cost. Examples of new frameworks in IBD care are
increasing. For example, a program in Australia implemented a new model of care consisting of a designated
IBD service aimed at reducing hospitalizations[43]. The
service consisted of a team of gastroenterologists, a
designated weekly IBD clinic, a joint gastroenterologysurgery clinic, and a nurse practitioner (NP). The NP
performed a variety of tasks including standardized protocols for monitoring patients on immunomodulator and
biologic therapy, a 24-h help line, routine post-discharge
follow up phone calls, and a routine education session
at discharge. Outcomes were compared before and after
adopting this framework. Following the implementation
of the IBD service, the mean number of admissions per
patient, mean length of stay, and total cost for inpatient
care decreased. While this simple before and after design
does not clearly control for biases, it does highlight the
potentially valuable role of designated chronic care teams,
particularly the role of the NP. NPs have been shown
to improve outcomes in other chronic diseases, however
their use in IBD has lagged behind other fields[44-46]. More
studies are needed to evaluate their role in participating in
IBD care.
Centralizing care delivery of certain disease into designated tertiary centers of excellence has also become a
model employed by some jurisdictions. A number of large
studies using administrative data have shown outcomes
may be improved in high volume IBD referral centers.
For example, United States hospital discharges were reviewed using the Nationwide Inpatient Sample between
1998-2004[6]. IBD patients admitted to high volume centers had lower in-hospital mortality compared to nonhigh volume hospitals. Similarly, Ananthakrishnan et al[13]
found that patients admitted to high volume centers were
more likely to undergo IBD surgery and had lower postoperative mortality rates compared to those in average
volume hospitals. These studies support the designation
of IBD centers of excellence whereby complicated IBD
patients can be referred to for expert opinion and management. However, these centers must have the resources
in place to handle such a complex cohort of patients and
to be able to accommodate a large number of referrals
to be seen in a timely fashion by gastroenterology and/or
surgery.

achieve improvements. If designed well and appropriately
adapted to the context of a given institution, an electronic heath record has the potential to improve efficiency,
safety, and communication. Computerized provider order
entry has the potential to decrease medication errors, link
providers to clinical decision support, and address the
underuse or overuse of certain resources[47]. For example,
standardized admission order sets involve a collection of
orders or investigations that when designed well, are effective through improving efficiency, decreasing variation,
enhancing workflow, and improving communication of
evidence based practices[48,49]. Fields can be customized to
an admitting service (e.g., general surgery, gastroenterology, etc.) or disease specific (e.g., IBD). An IBD admission
order set has the potential to address areas in which the
quality of care is suboptimal. For example, including Clostridium difficile testing on the admission order may be expected to increase the rates of screening for IBD patients
presenting to hospital with new or worsening diarrhea.
While the impact of such initiative on IBD outcomes is
not yet known, it would increase adherence to recently
defined QI benchmarks and potentially identify a high
risk group for bad outcomes[42]. Similarly, an electronic
order set that automatically defaults to ordering VTE
prophylaxis on admission may improve the underuse of
VTE prophylaxis outlined above. The physician would
deliberately have to remove this order if it is not desired.
These “forcing functions” are regarded among the most
effective patient safety interventions available[50]. This
strategy has been shown to be effective in increasing prophylaxis rates in several studies of non-IBD patients and
overcomes barriers to ordering VTE prophylaxis such as
the knowledge gaps outlined above[51,52]. However, other
barriers to VTE prophylaxis have also been identified
that may not be adequately addressed by an order set.
Moreover, evidence in support of VTE order sets in IBD
is lacking. This underscores the importance of a clear
understanding of the local context before implementing
an initiative and to ensure that it is well tailored to the
patients, resources, and providers at a given institution.
Nonetheless, the theory behind order set effectiveness is
sound and more study is needed to evaluate their impact
on IBD outcomes.

CONCLUSION
In summary, hospitalized patients with inflammatory
bowel disease are at risk of harm and increased healthcare utilization resources. More attention needs to be
placed on reducing hospital admissions and re-admissions
and preventable inpatient complications such as VTE. A
number of potential improvement strategies may benefit
both patients and providers including pay-for-performance programs, quality improvement frameworks, nurse
practitioners, and healthcare information technology.
While the true impact of these interventions on IBD outcomes still needs to be elucidated, quality indicators are
expected to become increasingly measured in all aspects

Advancing healthcare information technology
Hospitals have been increasingly incorporating healthcare
information technology (HIT) into patient care. Many QI
experts link HIT with improved quality, safety, efficiency,
and coordination of care[47]. Hospitalized patients are at
increased risk of harm in the form of hospital acquired
infections, preventable complications (e.g., VTE), medication errors, and lapses in communication at discharge regarding follow-up. Therefore, initiatives aimed at reducing
these harms are needed, and HIT is one avenue that may
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of clinical care and it is therefore important that IBD
providers familiarize themselves with these concepts.
15
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Core tip: This review article provides an overview of the
quality improvement movement and the role of quality
indicators. Active quality improvement efforts in pediatric inflammatory bowel disease are discussed, and
the need for standardizing the development of quality
indicators across all fields of healthcare is emphasized.
This article also discusses the importance of incorporating validation techniques when developing and selecting quality indicators. Examples of quality improvement
efforts in other areas of pediatric chronic illnesses are
presented, with important lessons highlighted to guide
future quality improvement initiatives.

Abstract
In recent years, pediatric health care has embraced the
concept of quality improvement to improve patient outcomes. As quality improvement efforts are implemented,
network collaboration (where multiple centers and practices implement standardized programs) is a popular option. In a collaborative network, improvement in the conduct of structural, process and outcome quality measures
can lead to improvements in overall health, and benchmarks can be used to assess and compare progress. In
this review article, we provided an overview of the quality
improvement movement and the role of quality indicators
in this movement. We reviewed current quality improvement efforts in pediatric inflammatory bowel disease
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the issue of quality of care becomes more important.
Improved quality of care should lead to improved outcomes, and therefore lower long-term burden as well as
medical and psychosocial benefits. While the motivation
for improving processes involved in providing high quality medical care is clear, such quality improvement efforts
should be based in evidence and undergo validation to
ensure efficient resource allocation.
Recognizing the disparities present in modern-day
healthcare systems, the Institute of Medicine released
two reports highlighting current issues affecting quality[14,15]. Both reports have argued that quality of care is
sub-optimal across all aspects of health regardless of disease type, and have proposed that healthcare systems be
reformed to prevent mis-use of healthcare services[16]. As
a result of these reports, many providers, including pediatric IBD specialists, have worked with quality improvement experts to improve the quality of care for their
patients by implementing quality improvement programs.
We have reviewed current published quality improvement
efforts in pediatric IBD, and the evidence that they have
improved outcomes. In addition, we have examined evidence from quality improvement work in other fields to
inform future pediatric IBD efforts and improved their
likelihood of success.

INTRODUCTION
The inflammatory bowel disease (IBD) are a group of
chronic gastrointestinal diseases caused by inflammation
of the gastrointestinal tract and resulting in malabsorption of nutrients, failure to thrive, abdominal pain, and
extraintestinal manifestations[1]. They consist of two
main subtypes: Crohn’s disease (CD) and ulcerative colitis
(UC), and patients who do not fall into either subtype
are deemed IBD type unclassified (IBD-U)[1]. Adult and
pediatric onsets of IBD differ in some regards, with one
of them being in regards to the degree of psychosocial
burden. Quality of life is significantly affected, with children being frequently affected by psychosocial issues as a
result of stunted growth, weight gain from drug therapy
and the inability to feel confident around peers due to associated bowel issues[2].
Incidence and prevalence of pediatric IBD have been
increasing worldwide. A recent systematic review with
the aim of describing international trends for pediatric
IBD rates found that 60% and 20% of relevant publications reported statistically significant increases in CD and
UC incidence, respectively[3]. The findings represented
data from 32 countries, thereby providing evidence that
pediatric IBD has become a global disease affecting a
multitude of countries[3]. Several developed countries
had released reports characterizing incidence rates within
their pediatric population. In Ontario, Canada, there was
a 5% and 7.6% increase per year in incidence for children aged 0-4 years and 5-9 years, respectively[4]. Similar
increases have been demonstrated in Spain and Northern
California, United States[5,6].
With increasing incidence and prevalence comes
greater economic burden, both on the healthcare system
and on patients’ families. Based on 2003-2004 data, the
direct healthcare costs of IBD in the United States was
$3.1 billion for CD and $2.1 billion for UC[7]. Children
had the highest cost of direct medical care, and lengths
of hospital stay were also high, with an average of 8.1
d for CD patients who were ≥ 5 years of age[8]. While
the average pediatric patient with IBD costs significantly
more in direct medical costs than the average adult,
a high degree of variability in care and outcomes has
been noted in the literature[7]. A study from the United
States demonstrated variation in care provided to children in a network of pediatric IBD centers, including a
large degree of variation in use of immunosuppressive
medications at diagnosis[9]. Similarly, we have previously
described variation in surgical outcomes in Canadian children based on family income, despite a universal access
healthcare environment[10]. In addition, we described a
high degree of variability in medication prescription rates
in children with IBD from three countries[11]. This variation in care may be unwarranted, and indicate room for
improvement in the quality of care[12]. The description of
unwarranted variation in care has therefore spurred quality improvement efforts in pediatric IBD[13].
In addition, with increasing burden of pediatric IBD,
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WHAT IS QUALITY IMPROVEMENT?
Quality improvement in medicine is defined as the effort
to change care using an evidence-based approach in order
to make tangible positive changes to the delivery healthcare[17]. With origins stemming from the field of industry
and production, quality improvement efforts have slowly
been introduced into the field of healthcare delivery over
the past few decades. Definitions used to describe common quality improvement terms can be found in Table 1.
The plan-do-study-act (PDSA) has been used as a
paradigm for quality improvement efforts [18,19]. With
this framework, at the plan stage, quality indicators are
developed to measure the quality of care provided. During the do stage, these indicators are implemented into
practice and quantitative measures are collected. At the
study stage, the statistics gathered in the previous stage
are used to evaluate the progress that this action has on
healthcare delivery. At the act stage, a feed-back loop is
utilized such that quality indicators which have produced
sub-optimal results are re-examined and cycled back
through the PDSA cycle. Quality indicators which have
improved quality of care are also re-examined to ensure
that additional modifications cannot be added to ensure
optimal care is being provided[20]. The National Health
Services(NHS) in the United Kingdom has recommended that the PDSA be used in trial phase and then
implemented fully once outcomes have been satisfied[20].
A modified PDSA cycle can be found in Figure 1, and is
adapted from Langley et al[19].
In general, many efforts for quality improvement
have been unsuccessful due to the lack of a trial phase,
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[17,18,22,23]

Table 1 Definitions of common quality improvement terms
Term

Definition

Quality
improvement
Quality indicators

The overall framework used to describe the process of implementing evidence-based interventions to bridge the disparities
currently present in various healthcare systems
A set of measures used to assess the appropriateness and quality of health care. Quality indicators are considered the fundamental
building blocks of quality improvement efforts
Structural indicators Indicators having to do with the structure of the healthcare system (e.g., staffing, equipment, environment, electronic health records)
Process indicators
Indicators having to do with the process of providing care (e.g., investigations, treatments, interaction with patients)
Outcome indicators
Indicators having to do with assessing the outcome of patients (e.g., mortality, morbidity, quality of life, patient satisfaction)

Do
Conduct a trial on a sub-set of
the target population
Collect quantitative measures

Plan

Study

Select candidate quality indicators
which are considered effective for
improved outcomes based on the
literature and expert opinion for the
considered target population

Using data collected from the “do”
stage, analyze and assess whether the
desired effect is observed between
selected process and outcome
indicators from the “plan” stage
Act
Based on the “study” stage, re-convene with experts
and stakeholders to determine whether target goals are
achieved.
If achieved, consider potential minor modifications which
could be made to produce optimal results-minor feedback
loop into the PDSA cycle. Implement selected quality
indicators in the larger target population.
If sub-optimal results are achieved, then consider an
extensive feedback loop into the PDSA cycle, conducting
major revisions to the quality indicators initially selected,
until optimal results are attained.

Figure 1 Modified plan-do-study-act cycle. PDSA: Plan-do-study-act.

and the lack of feed-back and change. Too often, quality
indicators are developed and measures are extracted, but
the process does not extend further beyond that point[21].

investigations, treatment, interactions with patients)];
and (3) Outcomes measures-[indicators which assess the
outcome of patients (e.g., mortality, morbidity, quality of
life, patient satisfaction)][18]. While improvement in all categories of indicators is desirable, process measures have
garnered the majority of the attention, as they are most
easily modified. To serve their intended purpose, process
measures should predict facility-level outcomes, predict
patient-level outcomes, and specify changes in care that
are supported by the scientific evidence while being acceptable to patients and clinical staff[24].

WHAT ARE QUALITY INDICATORS?
The process of quality improvement of medical care
requires markers of adequate and inadequate care. The
essential building blocks for quality improvement efforts
are the proper identification and implementation of effective quality indicators[22]. These quality indicators are
measurable elements of practice performance for which
there is evidence or consensus that they may be applied
to assess and improve the quality provided[23]. The types
of quality indicators have been broadly categorized as
follows: (1) Structural measures-[indicators to do with
the structure of the health system (e.g., staffing, equipment, electronic medical records)]; (2) Process measures[indicators to do with the process of providing care (e.g.,
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QUALITY IMPROVEMENT IN PEDIATRIC
IBD
Understanding the benefits associated with standardized
quality improvement efforts, an initiative called ImproveCareNow (ICN) was implemented amongst several
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centers in the United States, and is rapidly expanding[25]. It
consists of a network of IBD centers engaged in a welldesigned quality improvement program with an overall
aim to determine whether measuring and decreasing
variability would improve remission rates and other outcomes[25]. Patient details and center practices are inputted
prospectively into a registry, with quality indicator compliance rates fed back to centers on a regular basis. This
feedback mechanism forms the basis of well-planned
quality improvement efforts, including comparative reports, knowledge sharing activities, and clinical pre-visit
planning mechanisms. The participating centers can then
use their own results as benchmarks and compare future
results as markers of improvement. They can also compare their performance to other participating centers[26].
Initial results from ICN activities are promising, with
improved compliance and remission rates demonstrated
in the earliest years of the program. Crandall et al[27] reported improvement in adherence to the selected quality
indicators based on prospectively collected data from 6
participating centers. This was associated with a higher
proportion of patients with inactive disease by Physician
Global Assessment (PGA). However, improvements were
relatively modest (13% improvement in remission rates
for CD, 11% improvement for UC, based on statistical
process control methods). These improvements were
associated with a decreased proportion of patients with
mild active disease. The proportion of patients with moderate of severely active disease remained stable over time.
In addition, improvements in remission rates measured by
the more objective short Pediatric Crohn’s Disease Activity Index (sPCDAI) were smaller than those measured
with PGA[13,28]. This raises the issue of disease activity
measurement in IBD. As evidence grows that clinical remission is insufficient to predict long-term prognosis, the
use of measures which correlate strongly with mucosal
healing and complete remission becomes especially important[29].
In another study, Cincinnati Children’s Medical Centre, one of the original participating centers in ICN with
a long history of quality improvement efforts, published
preliminary results of their quality improvement program in a separate report[30]. As with ICN, a registry was
developed, and indicators and outcomes were measured.
To assess remission rates, PGA was used, along with
patient-reported symptoms. Other variables measured
included use of azathioprine and corticosteroids. They
also assessed the use of vitamin D supplementations and
serum 25-hydroxyvitamin D levels. Process and outcome
indicators were chosen based on available guidelines and
expert consultation. The institution reported improved
remission rates of 59% to 76%, (P < 0.05), and a decreased use of repeated steroid courses of 17% to 10%,
(P < 0.05). Investigators also found significant associations between decreased disease activity and vitamin D
supplementations as well as disease activity and serum
25-hydroxyvitamin D levels (P = 0.02), although there
was no control for confounders such as overall medica-
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tion adherence and frequency of clinic visits[30].
While ICN has become the first large-scale pediatric
IBD quality improvement network to demonstrate successful changes in practice, some lessons can be learned
from their methods (as well as those of quality improvement efforts in other pediatric patient groups) to further
increase the likelihood of success in future quality improvement efforts.

QUALITY INDICATOR DEVELOPMENT
AND VALIDATION
The indicators developed by ICN formed the basis of
the measurement and feedback system, and therefore
were developed with the assumption that improvement in
the care provided and outcomes achieved would follow
improved compliance with these indicators.
The initial set of indicators developed by ICN were
not considered adequate and were revised[25]. The initial
19 measures initially deemed appropriate for improving
pediatric IBD quality were implemented amongst multiple centers. As these measures were being used in routine
practice, it became obvious that several quality indicators
needed further clarification, and some measures were not
appropriate or feasible for inclusion[25]. Flexibility is therefore required in the development and implementation of
a quality improvement network, and the allowance for
revision is an important part of the quality improvement
process.
A pilot phase, as conducted by ICN is also important
to ensure that intervention in the population being studied will produce a desirable effect. While quality indicators in quality improvement efforts are typically derived
using RAND appropriateness methodology, which integrates expert opinion and review of the evidence, the literature may not be representative of the centers involved
in the network[24]. For example, a quality improvement
network could consist of centers whose patients are
mostly from low income neighborhoods. Measurement
and control for these confounding factors is paramount.
Without a pilot phase, and assessment of confounding, a
formal quality improvement network may use imprecise
process measures, leading to wasted resources and possibly misleading information[24]. Following development
of a second set of indicators for ICN, various mechanisms were put into place to provide clarification (such
as a manual detailing strategies for accurate and complete
measurement by participating centers). Of the 19 quality
indicators developed, the quality indicators assessed by
Crandall et al[25,27], through ICN can be found in Table 2.
Both sets of ICN quality indicators were developed
using RAND appropriateness methodology. Briefly, experts convene twice, before and after a meeting to rate
importance of items derived from existing medical literature[31]. Median scores are calculated and a final list is developed[32]. Although reliability, feasibility and validity of
indicators using the RAND appropriateness method have
been established, improvement in the performance of
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Table 2 ImproveCareNow quality indicators assessed in Crandall et al

[25,27]

(of 19 total indicators developed)

Original set of quality indicators

Modified set of quality indicators

Results of quality improvement

Process: Diagnostic evaluation, disease
phenotype, disease severity, body mass
index including height and weight are
all presented as separate measures under
the domain titled: "Initial Diagnostic
Evaluation"
Outcome: Nutritional and growth status
(those "at risk" with evaluation plans and
those currently experiencing "failure"
with treatment plans) are presented as
separate domains
Process: Treatment measures listed
consist of measuring TPMT levels to
ensure appropriate doses of thiopurine
are prescribed

Process: Assessing disease phenotype, disease severity, body
mass index including height and weight were combined into a
single "bundled" domain titled: Model classification

Increase in complete disease classification
through the "bundled" measures: CD 38%b
increase, UC 27%b increase

Outcome: Nutritional and growth status (those "at risk" and
those currently experiencing "failure") are combined into the
same domain, with no reference to further intervention plans
based on the assessed status

Nutritional status: No changes in BMI
z-scores for CD, however there was a 0.11
decrease in BMI z-score for UC (P = 0.01)
Growth status did not change for CD and
UC
Process: Several other treatment quality indicators were
Improved compliance with TPMT status
included under the domain titled Treatment Measures which
assessment before prescribing thiopurines:
were not included in the original set such as anti-TNF therapy, CD 20%b increase, UC 23% increase
b
skin test, screening for tuberculsois, appropriate infliximab and Improvement in appropriate dose: CD 8%
increase, UC 41%b increase
methotrexate dosage, among several others
Outcome: Remission as an outcome measure was added (overall Only those with mild disease had significant
remission, prednisone free remission and sustained remission) changes to disease activity for CD and UC
The absence of prescribing prednisone was also an added
Remission rate (sPCDAI) increased 4% (P <
outcome measure
0.0001)
Proportion with inactive disease improved:
CD 13%, UC 11%
Proportion who were not on prednisone
increased by 4% for CD

b

P < 0.01. CD: Crohn’s disease; UC: Ulcerative colitis; BMI: Body mass index; TPMT: thiopurine methyltransferase; TNF: Tumor necrosis factor; sPCDAI:
Short pediatric Crohn’s disease activity index.

the selected indicators do not necessarily correlate with
improved outcomes[33].
The typical indicator development process does not
include a validation stage to ensure that the effects on
outcomes are desirable. An alternative to the RAND appropriateness method incorporating a validation stage
was proposed by Harris et al[24] in the context of an alcohol addiction program. First, outcomes were collected
and compared from pre- and post-treatment in a large
sample of the target population. The goal of this stage
was to determine whether implementing an effort to improve the completion of selected quality indicators would
improve scores from baseline[24]. A candidate set of quality indicators were selected from available literature, and
association between selected indicators and outcomes
were evaluated, using statistical methods and controlling
for important confounding variables. As several predictors were tested for effects, true positives were maximized and false positives were minimized to avoid detection of spurious associations[24]. Finally, those indicators
which demonstrated the highest statistical correlation
with outcomes were cross-validated with another subset of patients from the target population to determine
whether the effect is sustained. Lastly, expert consultation
was re-convened and indicators were re-evaluated[24]. This
approach may result in indicators that are more closely
correlated with outcomes, thereby maximizing the costbenefit ratio of implementing a formal quality improvement network.
Ideally process measures which indicate quality sh
ould be associated with both facility-level and patientoutcomes[24]. Outcomes chosen by ICN as important
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measures of success include remission rates (as measured
by both PGA and PCDAI), nutritional status [measured
by body mass index (BMI) z-score], linear growth velocity, and steroid-free treatment rates[27]. Some of the
indicators chosen would not directly correlate with these
outcomes. For example, thiopurine methyltransferase
(TPMT) genotype status would dictate safety of use of
azathioprine or 6-mercaptopurine and risk of adverse
events, but may not directly affect remission or growth
velocity. In addition, completion of TPMT genotype is
restricted to certain regions with some centers preferring
TPMT phenotypic expression testing, and others preferring to monitor complete blood count and/or serum azathioprine metabolite levels. Therefore, TPMT genotype
measurement may predict avoidance of serious adverse
events, but may not be associated with either patient-level
or facility-level outcomes[34].
In summary, while ICN has successfully demonstrated improved documentation and compliance with select
indicators, only modest benefits in patient outcomes have
been achieved. Rigorous pilot work, with assessment
and validation of correlation between indicators and
outcomes could improve success. Elimination of indicators that are unassociated with outcomes would reduce
the burden on participating centers and improve the cost
benefit balance of a quality improvement network.

LESSONS LEARNED IN OTHER PEDIATRIC
QUALITY IMPROVEMENT PROGRAMS
As the idea of quality improvement in health care has
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become increasingly significant, several network collaboratives have been created with the overall goal of
improving child health. A recent review by Billett et al[35]
highlighted five well-established and impactful regional
and national pediatric quality improvement networks in
the United States. The networks were in the fields of
IBD (ICN), childhood asthma care, perinatal care, patient
safety, and central line associated blood stream infection
prevention in intensive care patients.
Although the review identified five examples of successful collaboratives, there are many other collaboratives
in existence which have been able to demonstrate successes in their endeavors as well. The Canadian Neonatal
Network (CNN) is a large network which includes upwards of 30 neonatal centers across Canada, with the goal
of improving care in intensive care units, and therefore
improving neonatal outcomes. Information on patients
are collected in a database, which is then subsequently
used to inform selection of indicators and to benchmark
progress. Quality improvement is a priority of the CNN,
as demonstrated by the creation of evidence-based practice for improving quality (EPIQ) cluster randomized
controlled trial[36]. EPIQ aimed to reduce nosocomial infections and bronchopulmonary dysplasia (BPD). Results
demonstrated significantly reduced nosocomial infections
and BPD in the quality improvement intervention group
compared with control centers[36]. In EPIQ, evidence
based literature is used to inform the selection of quality
indicators and information collected from the database
is used to inform the use of the most appropriate indicators[37]. Based on the EPIQ trial to assess the association
between indicators and outcomes, the collaborative is
now confident that these indicators can be used to determine high quality care in all centers involved in the CNN.
Another pediatric collaborative network aimed to improve the quality of care received by children with asthma presenting to emergency departments[38]. Process and
outcome quality indicators were chosen from an existing
adult quality initiative, where associations between the selected process indicators and outcomes were observed[39].
Unfortunately, preliminary results from the pediatric collaborative did not find an association between these process indicators and outcomes, indicating the importance
of validation of indicators in the specific patient group
to which they will be applied prior to their widespread
application[38].
Another quality improvement network in pediatric
asthma based their quality improvement efforts on the
chronic care model[40,41]. Indicators were selected from
existing guidelines, a pilot study was conducted to collect
data before and after the intervention in cases and controls, and results of the pilot study were used to refine
the processes used for quality improvement. After the
rigorous initial process, the network was expanded to additional centers. Initial research from this network demonstrated significant improvement in the completion of
processes, which resulted in improved outcomes[41].
IBD practitioners and researchers are certainly not
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the only specialists dealing with these issues in chronic
inflammatory conditions. No fewer than four sets of quality indicators have been developed for arthritis care[42-45],
including one set for juvenile idiopathic arthritis[43]. While
quality improvement efforts are planned for arthritis care
(including by the eumusc.net network), care providers also
struggle with issues of measurement and validation[46].

CONCLUSION
The increased availability of routinely-collected health
data (including disease registries, electronic health records, and health administrative data) has resulted in a
spotlight on unnecessary variability in the medical care
of children with IBD. Quality improvement efforts have
therefore never been more relevant, and reduction in negative outcomes in children with chronic diseases such as
IBD could save healthcare costs and improve long-term
quality of life for patients and families. While quality improvement programs in pediatric IBD are more advanced
than those in other pediatric diseases, continually learning
from the successes and limitations of networks such as
ICN will allow for more rapid improvement in outcomes.
The development and validation of quality indicators that
are more strongly associated with outcomes will allow for
more efficient implementation of quality improvement
efforts, thereby reducing costs while improving the quality of life of children with IBD. We are at the beginning
of a revolution in health care improvement, and we must
therefore continuously learn from and improve upon the
methods currently employed by our current quality improvement efforts.
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Core tip: Over the past decade, there has been increasing focus on improving quality in healthcare. This has
led to the reinvigoration of the quality improvement
movement. Inflammatory bowel disease is a complex,
chronic condition with associated morbidity, health care
costs, and reductions in quality of life. The condition is
managed primarily in the outpatient setting. The delivery of high quality care is suboptimal in several ambulatory IBD domains. This review outlines current gaps
in performance in IBD outpatient care and provides
potential initiatives aimed at improvement.
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Abstract
Over the past decade, there has been increasing focus on improving the quality of healthcare delivered
to patients with chronic diseases, including inflammatory bowel disease. Inflammatory bowel disease is a
complex, chronic condition with associated morbidity,
health care costs, and reductions in quality of life. The
condition is managed primarily in the outpatient setting. The delivery of high quality of care is suboptimal
in several ambulatory inflammatory bowel disease domains including objective assessments of disease activity, the use of steroid-sparing agents, screening prior
to anti-tumor necrosis factor therapy, and monitoring
thiopurine therapy. This review outlines these gaps in
performance and provides potential initiatives aimed at
improvement including reimbursement programs, quality improvement frameworks, collaborative efforts in
quality improvement, and the use of healthcare information technology.

WCG|www.wjgnet.com

INTRODUCTION
Over the past decade, there has been increasing focus on
improving the quality of healthcare. Much of this interest
was inspired through the publication of To Err is Human
by the Institute of Medicine (IOM) in 2000, that painted
a portrait of a health care system full of preventable morbidity and mortality in desperate need for change[1]. This
has led to the reinvigoration of the quality improvement
(QI) movement, the foundation of which had developed
over the last century.
QI is defined by the IOM as “the degree to which
health services for individuals and populations increase
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the likelihood of desired health outcomes and are consistent with current professional knowledge[2]”. Fundamental principles of the study of QI include reflection on
individual and peer performance in delivering high quality
care, transparency in reporting performance, and implementing changes to improve deficiencies with the ability
to measure successes and failures. Variation in practices
may also be a marker of suboptimal performance. This
had led to the resurrection and refinement of measures,
study designs, and statistical analyses that are uniquely
suited to QI.
Chronic disease management has become a significant
focus of QI initiatives given their associated morbidity
and cost. Some of this may be due to gaps in delivering evidence-based care. This was demonstrated in a
landmark trial that showed that only 57% of outpatients
regularly receive recommended standard of care for a
variety of conditions[3]. As a result, there has been significant focus on improving delivery of evidence based care
and preventative measures to patients with chronic disease in order to decrease complications, hospitalizations,
and death. Moreover, quality indicators are increasingly
becoming incorporated in the accreditation and funding
models of healthcare institutions. Inflammatory bowel
disease (IBD) is a chronic gastrointestinal condition characterized by relapsing inflammation. Crohn’s disease (CD)
and ulcerative colitis (UC) are the major subtypes of IBD.
In North America, the incidence of CD ranges from
3.1-20.2 cases per 100000 population and 2.2-19.2 cases
per 100000 population for UC[4,5]. While the incidence
is less in Asia and the Middle East, the incidence and
prevalence have been noted to be rising in many different
regions of the world[5]. As in other chronic diseases, IBD
patients are at increased risk of morbidity due to symptoms, hospitalizations, and complications of disease or
therapy[6]. Moreover, there are significant health care costs
and reduction in quality of life associated with IBD[7,8].
The economic burden of IBD is significant, with high
disability rates among this young cohort of patients[9] and
one cost analysis of eight European cohorts showing a
mean total health care cost of 1871 euros per patientyear over 10 years[10]. Patients requiring hospitalization
had 10 fold higher costs. Most patients with IBD are
managed in the outpatient setting. However as disease severity progresses and complications of disease or therapy
arise, hospitalization is often required. Unlike some other
chronic conditions, IBD is a heterogeneous disease with
a wide spectrum of disease phenotypes and management
strategies. This makes disease wide QI strategies particularly challenging. Nonetheless, there are several areas
of IBD care that are amenable to QI study and change.
This review outlines current gaps in quality in a number
of outpatient domains and provides potential initiatives
aimed at improvement.

traditionally been based on clinical symptoms. However,
with the increasing number of more objective tools to
assess disease activity now available, such as serum inflammatory markers and fecal calprotectin, the use of
symptoms alone may no longer be the best approach to
follow these patients. Reliance solely on symptoms can
potentially miss ongoing inflammation that may not be
clinically apparent. In a Groupe d’Etudes Therapeutiques
des Affections Inflammatories Digestives (GETAID)
study of 121 patients with CD, there was weak correlation between clinical symptoms and endoscopic activity[11]. This puts patients at risk of disease complications
and may make treatment more difficult once symptoms
ultimately develop. Alternatively, active inflammation
may not always be the cause of persistent gastrointestinal symptoms in patients with IBD. A meta-analysis
of 13 studies containing 1703 IBD patients found the
pooled prevalence for symptoms meeting criteria for
IBS was 39%, with an OR compared to healthy controls
of 4.89 (95%CI: 3.43-6.98)[12]. Similarly, a pediatric study
found significant overlap between functional abdominal
pain and CD, with almost half of the patients meeting
criteria for functional pain classified as having active
IBD according to the Pediatric CD activity index[13]. This
often leads to patients being inappropriately treated with
immunosuppressants, with a low likelihood of improvement in symptoms and exposure to unnecessary risk.
Therefore, there is a clear need for routine objective assessments of patients with IBD both at diagnosis and
during follow up. While regular endoscopic evaluation,
the gold standard to assess disease activity, has well established barriers such as cost and invasiveness, incorporating other objective tools such as erythrocyte sedimentation rate, C-reactive protein, and fecal calprotectin may
facilitate more accurate and targeted approaches to managing these patients. A recent comparison of these tools
noted a sensitivity and specificity of C-reactive protein
> 6 mg/L of 68% and 72%, respectively as compared to
a sensitivity and specificity of fecal calprotectin of 91%
and 90%, respectively for the detection of endoscopically active disease[14]. More studies such as this are needed
to provide more insight on the most valuable and costeffective non-invasive approach to monitor disease activity in patients.

STEROIDS SPARING AGENTS
Corticosteroids are effective in inducing remission among
patients with CD and UC[15]. However, they have not
been shown to be helpful in long-term maintenance[16].
Moreover, their poor safety profile and tolerability makes
avoidance of prolonged use a priority. Nonetheless, a
significant proportion of patients treated with corticosteroids remain on extended courses. A retrospective review
of patients referred to a tertiary IBD center in the United
States found that over 75% of patients had been on corticosteroids for over 3 mo, including patients classified as
having “mild” disease[17]. There was no attempt to consider steroid sparing medications, such as immunomodu-

ASSESSMENT OF DISEASE ACTIVITY
A challenging management issue in patients with IBD is
how to best assess disease activity. This assessment has
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hepatitis B[37]. Similarly, a study from Australia showed
that only 50% of gastroenterologists were routinely
screening for HBV prior to starting anti-TNF[38]. This
underscores the problem in provider’s adherence to
screening. The development of tuberculosis or hepatitis
B while on anti-TNF has the potential for high morbidity
and mortality. Given the ease and effectiveness of screening and the consequences of lack of screening, one can
argue that anti-TNF screening rates less than 100% are
unacceptable.
There is growing literature exploring contributors to
this safety problem. In their review of 287 IBD patients
starting anti-TNF, Vaughn et al[37] identified factors most
often associated with lack of screening for tuberculosis: previous exposure to anti-TNF [OR = 5.3 (95%CI:
2.8-10.3)], health care providers in practice for more than
10 years [2.5 (95%CI: 1.4-4.5) and treatment at a nonIBD center [1.9 (95%CI: 1-3.4)]. The factors contributing
to lack of HBV screening were the same. These reasons
highlight the role of lack of knowledge, as physicians in
practice longer or those at a non-IBD center may be less
likely to be up to date with current guidelines. Previous
exposure to anti-TNF may falsely reassure the prescribing
physician that the appropriate work up had already been
completed. This highlights the contribution of confusion
as to who is responsible for screening. Uncertainty as to
how and when to screen is also an important contributor, as evident in a gastroenterology practice audit that
showed that while most knew that screening was indicated, there was significant heterogeneity in the type and
timing of screening[38]. Thus, knowledge gaps as to the
need for screening, confusion surrounding responsibility
for screening, and details regarding how to screen appear
to be major contributors to this problem.

lators, in almost 60% of patients. Similarly, in a study of
time trends in therapy among 16 medical centers between
the years 1998 and 2005, there was a 27% increase in
prolonged corticosteroid use (defined as > 120 d) among
patients with UC[18]. Significant variation in the use of
steroid-sparing agents was noted among centers. This
was also demonstrated among 10 North American pediatric centers whereby the use of immunomodulators as
a steroid sparing-agent varied significantly, ranging from
30%-95% of patients followed at the center[19]. Corticosteroids are a well-established risk factor for osteoporosis
and as such, patients on extended courses should undergo bone density measurement. Despite this recommendation, a practice audit at a large tertiary IBD center found
that almost 80% of patients referred had not received
the appropriate screening for metabolic bone disease[17].
Clearly there is significant variation in practice patterns
regarding the recognition of the need to minimize steroid
exposure and highlights the underuse of steroid-sparing
agent such as immunomodulators and anti-TNF therapy.

SCREENING PRIOR TO ANTI-TUMOR
NECROSIS FACTOR THERAPY
Anti-tumor necrosis factor therapy (anti-TNF) has
emerged as an effective treatment for IBD[20-23]. It, however, carries risk of infection due to immunosuppression. The incidence of reactivation of latent tuberculosis
infection (LTBI) has been shown to be increased among
individuals treated with anti-TNF. A review of the United
States Food and Drug Administration Adverse Eve nt
Reporting System found an incidence of 24 cases of tuberculosis per 100000 per year among those treated with
anti-TNF, which translates into a 4 fold increased risk[24].
Similarly, the incidence of hepatitis B virus (HBV) reactivation is also increased among these patients[25-27].
In order to minimize this risk, screening measures
have been recommended prior to initiating anti-TNF
therapy. Screening for LTBI and HBV prior to treatment
has been recommended by the United States Food and
Drug Administration, Health Canada, and all gastrointestinal societies[28-31]. Screening is effective in reducing infections complications, is easy to perform, and has minimal
risks to patients[32-34]. This involves tuberculin skin testing
and chest-X-ray for LTBI and a panel of three serological
blood tests for HBV (HBsAg, HBsAb, HBcAb). Adherence to screening with tuberculin skin testing and chest
x-ray has been shown to reduce the risk of tuberculosis
by 78%-90%[32,33]. Screening for HBV with subsequent
vaccination or chemoprophylaxis if indicated has also
been shown to be effective[34].
Despite these recommendations, cases of severe and
sometimes fatal infection with tuberculosis or hepatitis B
have been described, and many of these can be attributed
to lack of screening[34-36]. A retrospective review of over
200 patients followed at a large United States academic
IBD center revealed only 65% of patients were appropriately screened for tuberculosis and 25% screened for
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MONITORING THIOPURINE THERAPY
Thiopurines, including azathioprine and 6-mercaptopurine,
are commonly used in patients with IBD. While most patients tolerate these medications with minimal side effects,
ongoing monitoring is required once therapy commences.
Regular complete blood counts (CBC) are recommended
by all published guidelines to monitor for myelosuppression[39-42], for example weekly CBC within the first
month of therapy, every other week for the following
two months, and every 3 mo thereafter. While the routine checking of thiopurine S-methyltransferase (TPMT)
genotype and phenotype status prior to therapy remains
controversial, it is strongly recommended by the United
States Food and Drug Administration and has recently
been listed as a quality indicator[31,43]. Regular monitoring
of liver chemistries is also recommended by some, although the frequency of which is less clear[42]. Despite tremendous experience with this class of medication that has
been available for over 5 decades, variation in monitoring
patients while on this medication is significant and lapses
in many best-practice recommendations are noted. A survey of members of the Canadian Association of Gastro-
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for future related initiatives[50]. Moreover, once an intervention has been selected, continuous measurement is essential in order to know if an observed change represents
an improvement. Thus, prior to implementing an initiative, well defined measures need to be developed and
measured continuously. This will provide support that the
initiative is responsible for any observed improvements
in performance or alternatively, negative outcomes and
unattended consequences.

Table 1 American Gastroenterology Association Physician
Quality Reporting System inflammatory bowel disease
measures
1
2
3
4
5
6
7
8

IBD type, location and activity all documented
Corticosteroid sparing therapy after 60 d
Bone loss assessment
Influenza immunization
Pneumococcal immunization
Testing for latent tuberculosis before initiating anti-TNF therapy
Assessment of Hepatitis B status before initiating anti-TNF therapy
Tobacco use: screening and cessation intervention

Reimbursement programs
Guidelines have outlined algorithmic approaches for
following this complex group of patients. However, the
uptake of IBD guidelines by gastroenterologists has been
shown to variable[51,52]. Therefore, other improvement approaches are necessary. In 2006, the American Gastroenterology Association began to develop quality indicators
that would be eligible for reimbursement through the
Physician Quality Reporting System (PQRS)[53]. Recently,
IBD specific measures have been added to this growing
list of indicators, and documentation of disease activity was the first such IBD indicator implemented. Other
IBD indicators eligible for reimbursement through this
program include recommending steroid-sparing therapy
after 60 d of corticosteroid, assessment of tuberculosis
and hepatitis B status prior to anti-TNF therapy, vaccinations, bone loss assessment, and addressing tobacco
cessation (Table 1). While the impact of the PQRS on increasing objective assessment of disease activity is not yet
known, data extrapolated from other disease states shows
promise for the potential beneficial impact of similar
reimbursement programs[54]. Nonetheless, prior to implementing such an intervention, careful study is required
as the literature showing the benefits of reimbursement
programs on quality are conflicting and some studies
identifying unintended consequences, such as providers
avoiding the most severely ill patients, a phenomenon
known as “adverse selection”[54-57].
Although not designed for the purposes of a reimbursement program, the Crohn’s and Colitis Foundation
of American have recently sponsored the publication of
a set of quality indicators[43]. Both process and outcome
indicators were developed that encompass a variety of
domains in IBD care including treatment, surveillance,
and health care maintenance. A number of corticosteroid
related indicators are defined such as “IF a patient with
IBD requires at least 10 mg prednisone (or equivalent)
for 16 wk or longer, THEN an appropriately dosed
steroid-sparing agent or operation should be recommended” and steroid related outcomes measures including; (1) proportion of patients with steroid-free clinical
remission for a 12 mo period; and (2) the proportion of
patients currently taking prednisone. Screening for latent
tuberculosis and hepatitis B prior to therapy with antiTNFs and TPMT testing prior to thiopurine therapy are
also included. As more quality indicators develop and
become increasingly incorporated into the accreditation
processes of health care institutions, it is likely that more
reimbursement models, or alternatively citations and pen-

IBD: Inflammatory bowel disease; TNF: Tumor necrosis factor.

enterology revealed that while all providers acknowledged
the need to monitor blood counts, there were differences
in the frequencies of monitoring[44]. Forty-two percent of
those surveyed checked CBC weekly after starting therapy
while 26% said they checked monthly and 23% biweekly
during the initial period of treatment. Moreover, only
62% of respondents routinely monitored liver chemistries.
In terms of routine TPMT testing, an international questionnaire sent to experts in the use of thiopurines in IBD
found that only 30% and 43% routinely ordered genotype
and phenotype testing, respectively[45]. Lack of reimbursement for testing was the most important predictor of not
ordering the test, and almost half of respondents felt that
they would incorporate routine testing into their practice
if it was reimbursed.
More recently, an association with thiopurine use and
non-melanoma skin cancer (NMSC) has been noted.
In a review of over 1000 South African IBD patients,
a strong association was noted between thiopurine exposure and NMSC (OR = 5.0, 95%CI 1.1-22.8)[46]. This
was similar to the association noted by Peyrin-Biroulet
et al[47] in which ongoing thiopurine use had a hazard
ratio for NMSC development of 5.9 (95%CI: 2.1-16.4).
Lifelong, regular dermatologic screening has therefore
been recommended[48]. Nonetheless, a recent survey of
dermatologists and gastroenterologist found that only
46% of gastroenterologists were aware of the association
between NMSC and immunosuppression[49]. This implies
that at least half of IBD patients are not receiving the
recommended screening.

INTERVENTIONS AIMED AT
IMPROVEMENT
In order to adequately address gaps in care, an understanding of the contributing factors to the target problem
is essential. While the evidence in support of a potential
intervention is often regarded as the most important factor when choosing between potential initiatives focused
on improving care, there is often limited supporting
research available. As a result, other factors also need to
be considered when choosing QI interventions including
the prevalence and severity of the problem, the potential
for undesirable outcomes as a result of the intervention,
cost, complexity, and the ability to generate momentum
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alties for under performance, can be expected over the
coming years.

ness Care Model and developed standardized practices
and measures[64,65]. Process and outcomes measures were
prospectively collected and shared between sites. Early
data has shown significant improvements in processes of
care and patient outcomes in a variety of care areas. The
use of a classification bundles to assess disease location,
phenotype, activity, and nutritional/growth parameters
at every visits has allowed for standardization between
sites. Not only does this improve care, but also allows for
collaborative clinical research efforts. Other outcomes
already reported by the network include a decrease in the
number of patients with CD on corticosteroids and an
increase in the number of patients starting thiopurines
with TPMT activity measured. These improvements in
process measures are likely responsible for the increased
remission rates noted in the participating sites. While
more data on the efficacy of this and other such collaboratives are needed, given that an overarching theme
of QI is to improve care delivery throughout the entire
health care system, more widespread adoption of such
broad, multi-site quality improvement initiatives should
be considered.

Quality improvement frameworks
It does not appear that knowledge gaps are solely responsible for barriers in delivering high quality, evidence-based
care. In terms of the underuse of steroid sparing agents,
for example, the avoidance of prolonged corticosteroid
and the importance of transitioning to steroid-sparing
agents are not new concepts, have been endorsed by all
gastrointestinal societies, and have been highlighted in
guidelines for many years. This was borne out in a survey
of gastroenterologists from 36 countries whereby 100%
of those surveyed agreed that there is minimal evidence
for continuing high dose corticosteroids for more than
3 wk and that steroid-sparing agents should begin to be
considered after 2-4 wk of therapy[58]. Therefore other
contributors beyond physician knowledge base need to
be addressed. Patients often initiate or modify steroid
doses on their own without consultation with their health
care provider. This may be due to poor access to a timely
visit to a gastroenterologist when symptoms first present
or when disease activity flares. Early referral to a specialist has been shown to improve IBD outcomes and initiatives aimed at improving access to gastroenterology have
been shown to reduce steroid use and increase the use of
early steroid-sparing therapy[59]. A Swedish gastroenterology unit implemented a quality improvement framework
whereby a registry of quality metrics was established and
performance tracked[60]. All routine visits were initiated
by the clinic, rather than the patients and regular reminders to contact a designated IBD nurse for problems
was provided. The program resulted in 98% of patients
receiving regular IBD follow up visits, less than 3 wk
between primary care referral and specialist visit, and less
than 2 d to schedule an acute patient visit during disease
flares. This experience highlights that implementing well
designed frameworks, which are common place in other
chronic diseases, has the potential to improve quality of
care in IBD[61]. Frameworks need to be developed with
the appropriate local context in mind with and some have
argued that frameworks do nothing to improve quality
but rather improve documentation alone[62]. This underscores the importance of continuous measurement after
implantation to ensure the effort and costs associated are
translating to improvements.

Advancing healthcare information technology
The widespread incorporation for healthcare information technology (HIT) has been identified as essential
in order to improve quality, safety, efficiency, and coordination of care by many leaders in the field of QI and
patient safety[66]. Many of the organizations regarded as
leaders in the field of QI, such as the Veterans Affairs
(VA) system in the United States or the Intermountain
Healthcare Network in Utah attribute their success to the
early adoption of electronic medical records and ongoing refinement of HIT resources[67]. Providers delivering care to IBD patients have the potential to benefit
from a variety of HIT related interventions including an
electronic health record, computerized provider order
entry (CPOE), and clinical decision support. If designed
well and appropriately adapted to the context of a given
institution, an electronic heath record has the potential
to improve efficiency, safety, and communication. It
also has the potential to engage patients as platforms in
which patients are able to access their own health record
are increasingly being developed[66]. This is important in
IBD as patients are often young and may travel or move
frequently for school and work. An electronic record
also lends well to automated reminders which could address many areas of care that have been shown to have
suboptimal performance such as monitoring blood work
on thiopurines and bone density assessments[63]. CPOE is
another HIT intervention that in addition to decreasing
medication errors, has the potential to enable drug interaction warnings, monitoring tests, and linkage to decision
support systems[66]. For example, order sets involve a
collection of orders or investigations at one location that
when designed well, are effective through improving efficiency, decreasing variation, enhancing workflow, and improving communication of evidence based practices[68,69].
Traditionally, order sets have been paper-based, but

Collaborative efforts in quality improvement
Another potential motivator for change is collaborative efforts between institutions. These involve multiple
sites working together towards a common improvement
goal through receiving training in quality improvement
methods, defining QI metrics, tracking performance, and
transparency in reporting[63]. While the use of improvement collaboratives in inflammatory bowel disease lags
behind other chronic diseases, early outcomes of such
initiatives have been promising. The ImproveCareNow
Network consists of 51 pediatric hospitals across the
United States and Europe that adopted the Chronic Ill-
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electronic order sets have become increasingly popular
and have already been evaluated extensively in the patient
safety literature. Compared to traditional paper order sets,
electronic order sets have been shown to be more readily accessible, easier to link with other relevant order sets,
and can be updated in real time[70]. A number of areas
within IBD patient care may be improved with electronic
order sets, such as pre anti-TNF screening. While the
evidence for order sets improving anti-TNF screening is
lacking, examples in other fields support their utility. A
pediatric study showed that an order set improved adherence to evidenced based asthma medication behaviors by
almost 25%[71]. While these results are encouraging, the
quality of most studies evaluating order sets is not high
and often employ simple before and after designs with
poor control of biases[72]. Moreover, some studies have
shown unintended consequences of HIT. For example,
one study aimed at using an electronic reminder to improve adherence to colon cancer found that following the
intervention was unveiled, colon cancer screening adherence actually declined as a result of ineffective reminders
and increased fecal occult blood screening rather than
colonoscopy[73]. Nonetheless, the theory behind order set
effectiveness is sound and addressed several of the contributors to the anti-TNF safety problem identified above
including knowledge gaps and confusion with details as
to how to screen.
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CONCLUSION
Caring for patients with IBD can be challenging due to
the heterogeneous nature of the disease and the lack of
consensus in many areas of practice. Variation in practice
is therefore unavoidable and does not necessarily imply
deficiencies in quality. Nonetheless, there are several
aspects of IBD care whereby suboptimal performance
has been documented and may be amenable to quality
improvement initiatives including regular objective assessments of disease activity, recommending steroid sparing
therapy, and appropriate monitoring of patients initiating
and ongoing immunomodulator and anti-TNF therapy.
Reimbursement programs, chronic disease frameworks,
QI collaboratives, and health information technology
resources are several potential interventions that may
benefit IBD patient care. Quality performance indicators are expected to increasingly become incorporated
into accreditation and funding models and it is therefore
important that gastroenterologists become familiar with
QI concepts and consider implementing initiatives where
warranted.
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Core tip: The genetic understanding of inflammatory
bowel disease (IBD) has progressed over the last
twenty years as new technologies and analytic techniques have become available. The nascent revolution in next-generation sequencing will enable us to
sequence the exome - all the protein coding genes in
the genome - in thousands of individuals. This review
discusses the implications of this new approach for
diagnosis in very early onset IBD and as a tool to gain
understanding of the hereditary basis of the common
polygenic form of the disease at the population level.
Original sources: Cardinale CJ, Kelsen JR, Baldassano RN,
Hakonarson H. Impact of exome sequencing in inflammatory
bowel disease. World J Gastroenterol 2013; 19(40): 6721-6729
Available from: URL: http://www.wjgnet.com/1007-9327/full/
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Abstract
Approaches to understanding the genetic contribution to inflammatory bowel disease (IBD) have continuously evolved from family- and population-based
epidemiology, to linkage analysis, and most recently,
to genome-wide association studies (GWAS). The
next stage in this evolution seems to be the sequencing of the exome, that is, the regions of the human
genome which encode proteins. The GWAS approach
has been very fruitful in identifying at least 163 loci as
being associated with IBD, and now, exome sequencing promises to take our genetic understanding to the
next level. In this review we will discuss the possible
contributions that can be made by an exome sequencing approach both at the individual patient level to aid
with disease diagnosis and future therapies, as well as
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INTRODUCTION
The inflammatory bowel diseases (IBDs) consist of two
main types of pathology: Crohn’s disease and ulcerative
colitis. Over the preceding decades, genetic epidemiology
of twins and families indicated that these diseases have a
strong genetic component, but that they do not segregate
according to a Mendelian pattern of inheritance such as
autosomal dominant, autosomal recessive, or X-linked[1].
Twin studies of Crohn’s have shown a concordance of
20%-50% for monozygotic twins and 0%-7% for dizygotic twins[2]. For ulcerative colitis the concordance is
14%-19% for monozygotic and 0%-7% for dizygotic[2].
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sociation[6]. Expanding the number of cases and controls
in the cohort as genotyping prices dropped resulted in
identification of ATG16L1[7], IRGM, MST1, NKX2-3,
and PTPN2[8,9]. The first IBD GWAS studies in a pediatric cohort were reported by our group, highlighting
associations with TNFRSF6B and IL27[10,11]. As studies
have grown more powered with increased cohort sizes,
genotype imputation techniques[12], and international collaboration through the IBD Genetics Consortium, the
tally of associated loci for Crohn’s and ulcerative colitis
has risen to 163 in the latest meta-analysis[13], demonstrating unequivocally the polygenic nature of IBD inheritance. Notably, the distribution of SNPs genotyped
in a GWAS study covers intergenic as well as exonic and
intronic regions, so that polymorphisms which predominately affect the regulation of gene expression through
transcriptional control can be assessed. Analysis of data
from the ENCODE consortium has advanced the notion that much of the heritability of complex disorders
originates in these non-coding regulatory regions of the
genome[14]. There is no assumption in GWAS that the
susceptibility or protective variants are confined to amino acid substitutions in proteins, the type of variation
that would be found in exome sequencing. However, a
major disadvantage of GWAS studies is that they are
much more attuned to detecting common variation, that
is, greater than 5% minor allele frequency for a SNP. It is
worthy of note that IBD has generated a greater number
of associations than any form of pathology studied genetically to date, leading some to suggest that evolutionary selective pressures for variants in the genes underlying the immune response drove autoimmune-risk alleles
to relatively high frequencies, a phenomenon known as
balancing selection[15]. The greater sensitivity of GWAS
towards common variants is one reason among many
that GWAS studies have only been able to account for
a fraction of the heritability of polygenic diseases such
as IBD[16]. It is becoming increasingly clear that there is
more to the story than the common disease-common
variant hypothesis[17], and that rare variants, detectable
only through sequencing, must also play a role[18,19]. Moreover, these coding variants are more likely to have high
ORs, greater penetrance, and to be amenable to followup by functional experimentation[18]. Figure 1 illustrates
the relationship between variant frequency and the
phenotypic impact of the variant. Highly disruptive mutations will not rise to high frequency due to purifying
selection. Exome sequencing is an ideal technology to
fill in the intermediate frequency range of variants which
may have stronger impacts than the weak associations
detected by common GWAS variants.

Rare mendelian variants

Purifying
evolutionary
selection

Variant
impact

GWAS variants
Difficult to
study with
genetics

Variant frequency

Figure 1 Relationship between variant frequency and functional impact.
Rare and highly damaging variants such as those associated with familial forms
of very early onset inflammatory bowel disease (IBD) tend to occur rarely in the
population. They are unable to achieve high allele frequencies due to negative
evolutionary selection. Variants captured by genome-wide association studies
(GWAS), and which account for much of the population attributable risk of IBD,
tend to be quite common but have small functional consequences (typically OR
< 1.2). Rare variants with small impacts are difficult to assess statistically with
the tools of genetics. Exome sequencing is intended to fill in the middle part of
the curve: less common variants that have moderate impacts.

The fact that the monozygotic concordance is well below
100% shows that there are strong environmental contributions and that there is incomplete penetrance of the
genetic susceptibility loci. At the same time, the risk is
considerably elevated compared to the general population. Supported by the results of recent genome-wide
association studies, the most commonly accepted model
of IBD susceptibility is a multifactorial model in which
polygenic inheritance at hundreds of genetic loci, each
with small effects, contribute along with non-genetic factors, such as diet and microbiome composition.
One of the first successful approaches to identifying specific risk genes was family-based linkage analysis.
This approach seeks to identify chromosomal regions
containing causative genes on the basis of recombinations within a family between a microsatellite marker and
the trait of interest. Six loci were identified using linkage
analysis, including the IBD3 locus containing the human leukocyte antigen complex on chromosome 6, and
the IBD1 locus, the single largest genetic risk factor for
Crohn’s, which contains the nucleotide-binding oligomerization domain protein 2 (NOD2) gene on chromosome 16[3-5].
The next technology to make a major impact in
IBD genetics has been genome-wide association studies
(GWAS). These studies involve genotyping hundreds of
thousands of single nucleotide polymorphisms (SNPs)
throughout the entire genome in order to find direct
association between a specific polymorphism and the
case/control status. The first successful study found an
association between the interleukin (IL)23R locus and
Crohn’s disease in addition to replicating the NOD2 as-
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PROCESS OF EXOME SEQUENCING
With current technology, sequencing the whole 3 billionbase pair genome at the required depth of coverage to
make rare variant calls is an expensive process, making
it impractical to use on the scale required to implicate
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less-common variants in IBD. Statistically validating less
common variants with phenotypic impact would require
GWAS-sized datasets comprising thousands of cases
and controls[20]. A more practical alternative that has
arisen since the emergence of next generation sequencing technology is to sequence the exome, the 1% of the
genome that encodes protein. It has been estimated that
85% of monogenic, Mendelian disorders are the result
of alterations in protein amino acid sequence[21], supporting the idea that exon-focused sequencing will yield
the most functionally interesting variants.
The most common way to fractionate the genome
for exome sequencing is in-solution hybridization. This
can be accomplished by shearing the DNA into small
200-300 bp fragments by ultrasonic or enzymatic methods followed by ligation of common adapter sequences
to the 3' and 5' ends of the fragments so that the sequencing primer can anneal. This whole-genome library
is captured by hybridization in solution with 50-120
nucleotide-long "baits" that are complementary to the
exon sequence being targeted. The library-bound baits
are bound to magnetic beads and the non-coding DNA
is washed out. The captured fragments are eluted and
amplified by PCR. Next generation sequencing instruments that utilize the exome library include the HiSeq
and MiSeq (Illumina, Inc.) and Ion Torrent Proton (Life
Technologies). The instruments sequence by synthesis
with a DNA polymerase, analyzing the incorporation
of the next nucleotide by fluorescence imaging with
modified nucleotides (Illumina) or by electrical measurement of the protons produced by the incorporation of
nucleotides (Ion Torrent). This generates a short “read”
typically 100-200 bp in length, significantly shorter than
the 700-bp reads produced by traditional Sanger sequencing. The reads are furnished as a list of sequences
accompanied by quality metrics, known as a FASTQ file.
One of these instruments can generate 20-60 gigabases
of sequence per day.
The FASTQ file is analyzed by a read-mapping program, such as the popular Burrows-Wheeler aligner[22],
which matches these short reads with a reference genome. The alignment is stored in a common file format called BAM which is interpretable by a variety of
analysis tools for visualization and variant identification.
When enough independent reads have been aligned at
the same nucleotide location in the genome, usually at
least 20 reads, a variant calling application, for instance,
Genome Analysis Toolkit[23,24], the variant caller for the
1000 Genomes Project, can be used to decide if the site
matches the reference sequence or contains an alternate
nucleotide. The variant calls can be collected in a variety of formats, typically the Variant Call File (VCF). A
range of statistical analyses can be performed on the
VCF files for each exome, including annotating them
for function (missense, indel, synonymous) and likely
impact of the variant (damaging, tolerated) using tools
such as ANNOVAR[25], Sorting Intolerant From Tolerant[26,27], and PolyPhen[28]. These tools use evolutionary
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conservation of the gene across diverse species as well
as the chemistry of the amino acid substitution to generate a predictive score of each variant’s potential impact.
The software tools also integrate information about the
frequency of the variants in the general population using databases such as the The National Heart, Lung,
and Blood Institute Exome Sequencing Project[29] and
dbSNP[30], since it is most likely that a damaging and
impactful mutation would be quite rare due to purifying
evolutionary selection.
In large case/control studies, the coding variants
will be rarer than the polymorphisms identified through
GWAS, so that any individual rare variant is unlikely to
achieve a threshold of statistical significance[20]. Therefore, a variety of groups have developed methods to
aggregate all of the rare variants in a gene and test them
collectively in order to identify a rare variant burden in
cases compared with controls or to detect an unusual distribution of variant frequencies between cases and controls for a given gene[31]. A number of these tests have the
feature of being able to detect association in the presence
of a mixture of risk, protective, and neutral variation[32].

ROLE FOR EXOME SEQUENCING IN IBD
Individual- and family-based sequencing for clinical use
In attempting to identify a role for exome sequencing
in inflammatory bowel disease we can appreciate two
scenarios where it might be used. The first scenario is
that of an individual patient or family with an atypical
clinical presentation whose diagnosis or therapeutic decision may be influenced by genetic information. This
can be seen in the very young children who present with
clinical symptoms of IBD, known as very early onset
IBD (VEO-IBD). These children frequently present
with a more severe disease and often with a phenotype
that is distinct from older children and adults, including extensive colonic disease unresponsive to standard
therapy. These findings suggest distinct etiopathogenic
pathways. In one well-known case, a 15-mo-old child
presented with failure to thrive and perianal fistulae that
was refractory to medical care. His disease progressed
to pancolonic involvement, however the terminal ileum
and upper tract were spared. This early age of onset and
severity suggested a severe perturbation of the immune
system[33]. He underwent numerous surgical procedures
and treatment with immunosuppressive drugs, as well as
targeted genetic and immunologic testing that did not
yield a recognizable diagnosis or remission of symptoms. Sequencing of the child’s exome revealed that this
patient had an exceedingly rare mutation on the X chromosome in the XIAP gene, a potent regulator of the
inflammatory response. He was treated by bone marrow
transplant resulting in resolution of his disease. In our
own IBD center at the Children’s Hospital of Philadelphia, we encountered a 5-mo-old patient with colonic
inflammatory bowel disease. She presented with severe
disease that was unresponsive to medical therapy. Her
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Exome sequencing as a research tool to complement
GWAS
The second scenario in which exome sequencing can
be impactful is as a research tool to augment GWAS in
uncovering novel susceptibility loci and specific coding
variants in the typical polygenic form of Crohn’s and ulcerative colitis. Whether exome sequencing will succeed
in this role to the same degree as GWAS is still controversial. It is clear that identifying genes carrying a burden of exonic rare variants in a disease with the highly
polygenic architecture of IBD will require GWAS-sized
cohorts, that is, ones consisting of tens of thousands of
cases and controls[40]. The high cost and labor intensity
of such an effort currently makes these studies prohibitively expensive to all but the most resource-rich groups.
Nevertheless, some groups have succeeded in finding
rare variant associations through sequencing at the phenotypic extremes of several complex traits in carefully
selected candidate genes such as ANGPTL4 and ANGPTL5[41] or LPL[42] in triglycerides, SLC12A1 in blood
pressure[43], and IFIH1 in type 1 diabetes[44]. Targeted
next-generation sequencing in IBD has even produced
some rare variant associations by following up GWAS
hits, such as coding mutations that reduce signaling
through the IL-23 receptor[45]. Targeted next-generation
sequencing by Rivas et al[46] identified additional NOD2
and IL23R coding variants, as well as novel coding variants in CARD9, IL18RAP, CUL2, C1orf106, PTPN22
and MUC19. Our group has also recently identified rare
nonsynonymous variants in the TNFRSF6B gene in IBD
patients with pediatric onset disease[47], suggesting that
this could be true for other GWAS loci as well. Table 1
summarizes genes that have been shown to have nonsynonymous variants with disease relevance in IBD.
Despite the success of these candidate gene efforts,
doubts remain about how practical rare variant studies
will be when applied to the entire exome. Most of the
rare variant associations identified so far in candidate
gene sequencing would not meet the stringent Bonferroni correction for multiple testing on an exome scale,
estimated to be a P < 2.5 × 10-6[31]. Investigators must
also consider that supporting novel rare variant associations requires replication in additional cohorts since
rare variants are often population-specific and frequencies can vary in very inhomogeneous ways in spatially
structured populations[48]. This type of confounding,
known as population stratification, can lead to spurious
associations. Therefore, replication would likely require
additional sequencing of large cohorts since genotyping
of specific variants would likely not be useful in a different geography or ethnicity[49], although the replication
sequencing might be limited only to genes of interest in
the discovery cohort.
Concerns about the likelihood of uncovering a substantial amount of heritability in common autoimmune
diseases was raised by a recent report by Hunt et al[50].
This effort selected 25 risk genes that were identified in
GWAS of at least two different common autoimmune

course was complicated by frequent episodes of dehydration and she became transfusion dependent despite
various treatments. Exome sequencing in this patient
revealed a mutation in the MEFV gene, resulting in a
diagnosis of familial Mediterranean fever. The patient
was referred to a pediatric rheumatology specialist and is
being successfully treated for FMF with colchicine.
These successes highlight the critical role of exome
sequencing in carefully selected patients by providing
diagnoses that can guide treatment. Factors that suggest a patient may have a rare genetic perturbation that
might be elucidated by exome sequencing would include
early onset of disease, unusual severity, familial pattern
of transmission, and a refractory response to standard
therapies. In these cases, collecting DNA samples from
parents so that exome sequencing in a trio setting can be
performed is of high value. This will allow the identification of de novo variants as well as aiding in the elimination
of the numerous false positive variant calls that exome
sequencing generates by checking for non-Mendelian
transmission of mutations. If a Mendelian inheritance
model can be specified, as in the case of a consanguineous family which is likely to be autosomal recessive, such
information can be of great help in narrowing down the
causal variant. Homozygosity mapping in two consanguineous families was successfully used to identify mutations in the IL-10 receptor genes that resulted in severe
VEO-IBD unresponsive to therapy. With this discovery,
the disease resolved with bone marrow transplant [34].
This critical finding has been replicated in larger cohorts
of patients with VEO-IBD and has shed light on an important pathway in the development of VEO-IBD[35]. A
further appeal of applying exome sequencing in a family
setting is in identifying novel monogenic causes of IBD
that might yield an unexpected insight into the biology
of disease, thereby directing interest towards novel targets for therapeutic development. An example would be
the development of monoclonal antibodies that dramatically lower low-density lipoprotein (LDL) cholesterol
by inhibiting proprotein convertase subtilisin kexin 9, a
protein that was found to be deficient in a small number
of individuals which genetically very low LDL[36].
Somatic mutations
An area where exome sequencing has been impactful is
in the sequencing of cancer tissue exomes in comparison with the patient’s inherited exome. Some studies
have been successful in identifying somatic “driver mutations” which are essential for the growth of the tumor,
which can spur the development of chemotherapeutic
interventions that will target the cancer specifically[37,38].
Great interest has sprung up around the promise of
personalized, or precision, medicine for cancer driven by
the somatic genomics of tumors[39]. Whether sequencing
of intestinal biopsies in IBD present an avenue to identity somatic mutations that may be critically important
for microbiome interaction is yet to be determined, but
studies are underway that are addressing this possibility.
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cal tests which weight mutations more or less heavily
depending on their frequency, as the very rare variants
are the most likely to be impactful functionally. Several
methods such as adaptive sum tests[52], Sequence Kernel
Association Test[53], and Variable Threshold[54] tests have
been developed specifically for sustaining a high statistical power with rare variants. Finally, the six autoimmune
disease phenotypes were quite heterogeneous in their
pathologic nature, ranging from IBD to autoimmune
thyroid disease to multiple sclerosis. These diseases have
distinct mechanisms with different rare variants underlying them, possibly in none of the 25 genes sequenced.
Therefore, it is arguably diluting the power to detect rare
variant association by combining diverse diseases.
A recent study by Ellinghaus et al[55] utilized exome
sequencing to identify a role for missense variants in
PRDM1 and NDP52 in Crohn’s disease. Variants in these
two genes were discovered in a cohort of 42 wholeexome sequenced individuals, with discovered variants
being prioritized by functional impact scores and presence within GWAS-delineated loci. Over 20000 combined
Crohn’s and ulcerative colitis cases and controls were
genotyped to establish that two variants, p.Ser354Asn
in PRDM1 and p.Val248Ala in NDP52 were associated
with IBD. Functional studies showed that the PRDM1
mutant increased T cell proliferation and cytokine secretion while the NDP52 mutant impaired the ability of the
protein to downregulate nuclear factor kappa B signaling in toll-like receptor signaling pathways. This paper
provides an example of how exome sequencing, even in
a modest cohort, can refine GWAS signals and uncover
less common risk variants, especially when coupled with
functional validation.

Table 1 Genes implicated as having coding variants in inflammatory bowel disease
Gene symbol
ADAM17
ATG16L1
C1orf106
CARD9
CUL2
DLG5
HEATR3
IL10RA and B
IL18RAP
IL23R
LRBA
MDR1
MUC19
NCF2
NDP52
NOD2
PRDM1
PTN22
SLC22A4
TNFRSF6B

Description

Ref.

Disintegrin and metalloproteinase
domain-containing protein 17
Autophagy related 16-like 1
Chromosome 1 open reading frame 106
Caspase recruitment domain
family, member 9
Cullin 2
Discs-large 5
HEAT repeat containing 3
Interleukin-10 receptor
Interleukin 18 receptor accessory protein
Interleukin 23 receptor
LPS-responsive vesicle trafficking,
beach and anchor containing
Multi-drug resistance 1
Mucin 19, oligomeric
Neutrophil cytosolic factor 2
Antigen nuclear dot 52 kDa Protein
Nucleotide-binding oligomerization
domain containing 2
PR domain containing 1, with
Zinc finger domain
Protein tyrosine phosphatase,
non-receptor type 22 (lymphoid)
Solute carrier family 22 (organic cation/
ergothioneine transporter), member 4
Tumor necrosis factor receptor
superfamily, member 6b, decoy

[57]
[7]
[46]
[46]
[46]
[58]
[59]
[34]
[46]
[45]
[60]
[61]
[62]
[55]
[3,4]
[55]
[46]
[63]
[47]

diseases. The exons of these 25 genes were sequenced
with excellent coverage in a cohort of 24892 subjects
with six autoimmune disease phenotypes and 17019
controls. They found that the great majority of variants
uncovered occurred in a single subject. Five aggregating
gene-based tests (rather than individual variant-based
tests) were used to identify rare-variant enrichment for
any of the genes but none were found to be statistically
significant. The authors concluded that there was little
support for large-scale whole-exome sequencing projects in common autoimmune diseases. While this report
may portend that the impact from rare coding variants
is negligible, there are some limitations to the study that
leave open the possibility for meaningful discovery. The
study considered only 25 genes, while an exome-based
approach would survey all 20000 human protein-coding
genes. It is likely that the risk conferred by these 25
GWAS genes is carried by non-coding variation, while
the risk at some subset of loci in the genome could be
carried by rare coding variation that are not captured
by GWAS SNPs. This is particularly true for variants in
the intermediate 0.5%-5% frequency range which could
be impactful in aggregate while escaping detection in
GWAS studies due to the weak linkage disequilibrium
for variants in this frequency range with common variants[51]. Indeed, Hunt et al[50] did identify three risk mutations at approximately the 5% minor allele frequency.
Furthermore, the abundant singleton mutations could
still identify IBD risk genes through the use of statisti-
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Sequencing and risk prediction
Our group recently developed a machine-learning approach to predicting risk for IBD using data from the
International IBD Genetics Consortium’s ImmunoChip
project[56]. The ImmunoChip assays 200000 SNPs with
very dense coverage in genomic regions that have been
associated with autoimmune disease through genomewide association studies. Due to the ImmunoChip’s wide
spectrum of variants and the large number of cases
and controls genotyped in the project, it was possible to
use a penalized logistic regression model to predict risk
for IBD with area under the curve of 0.86 for Crohn’s
disease and 0.83 for ulcerative colitis. With the coming
availability of large-scale whole exome data we expect
that risk prediction can be improved further and may
achieve clinically-useful levels with the comprehensive
catalog of variation that would be produced through
eventual whole-genome sequencing.

CONCLUSION
We can predict with some confidence that exome sequencing will have a place in IBD in a patient- or familybased settings where features of the clinical presentation
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suggest a likely monogenic, Mendelian basis for the
disease. Personalized medicine based on the patient’s
genome in these carefully selected cases is no longer a
far-off dream but a nascent reality. More uncertain are
the prospects of large-scale exome sequencing projects
for discovery of population-scale heritability for such
a common and highly polygenic disease. Theoretical
arguments can be made to support either position, but
the debate can only be resolved by experimental testing
of the common disease-rare variant hypothesis. Exome
sequencing of rare variants may not collectively yield
much explanation of the population attributable risk
of disease, but it has great potential to highlight the key
players in the pathogenesis of disease along with variants
amenable to functional study and thereby influence the
development of potent new therapeutics.
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Pulmonary abnormalities, dysfunction or hyper-reactivity occurs in association with inflammatory bowel disease (IBD) more frequently than previously recognized.
Emerging evidence suggests that subtle inflammation
exists in the airways among IBD patients even in the
absence of any bronchopulmonary symptoms, and with
normal pulmonary functions. The pulmonary impairment is more pronounced in IBD patients with active
disease than in those in remission. A growing number
of case reports show that the IBD patients develop rapidly progressive respiratory symptoms after colectomy,
with failure to isolate bacterial pathogens on repeated
sputum culture, and often request oral corticosteroid
therapy. All the above evidence indicates that the inflammatory changes in both the intestine and lung
during IBD. Clinical or subclinical pulmonary inflammation accompanies the main inflammation of the bowel.
Although there are clinical and epidemiological reports
of chronic inflammation of the pulmonary and intestinal
mucosa in IBD, the detailed mechanisms of pulmonaryintestinal crosstalk remain unknown. The lung has no
anatomical connection with the main inflammatory
site of the bowel. Why does the inflammatory process
shift from the gastrointestinal tract to the airways? The
clinical and subclinical pulmonary abnormalities, dysfunction, or hyper-reactivity among IBD patients need
further evaluation. Here, we give an overview of the
concordance between chronic inflammatory reactions
in the airways and the gastrointestinal tract. A better
understanding of the possible mechanism of the crosstalk among the distant organs will be beneficial in identifying therapeutic strategies for mucosal inflammatory
diseases such as IBD and allergy.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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pulmonary function tests (PFTs) document some of
the earliest changes in airways among the respiratory
asymptomatic IBD patients[18,46-49]. These changes, especially the subclinical alteration of peripheral airways and
parenchymal inflammation may not be detected by routine computed tomography (CT) scan and PFTs[18,46-49].
The pulmonary involvements trend to follow the clinical
course of IBD[18,49,51]. Pulmonary impairment appears
more pronounced in the patients with active disease than
those with inactive disease[18,49,51,52]. The airway inflammation affects quality of life, morbidity, and even mortality
among these patients[18,49,51,52]. This evidence suggests that
local intestinal mucosal inflammation is responsible for
the distant airways inflammation[53-57]. In a populationbased cohort study, patients with chronic obstructive
pulmonary disease (COPD) had significantly higher risk
for both UC and CD[58]. IBD and COPD share many
similarities in epidemiological and clinical characteristics,
as well as in inflammatory pathology[59,60]. Exposure to
air pollution may be an important environmental factor
for IBD[61,62]. There appears to be a direct association
between increased environmental pollution and hospitalization among adult IBD patients[63]. Inhalation injury is
often accompanied by the alimentary tract response[64,65].
The local mucosal inflammation in airways may also be
responsible for the intestine inflammation and vice versa.
In view of the above phenomena, the lungs and intestine
are a pair of interacting organ systems[53-57]. It is most
likely that there are similar inflammatory and immune
components of these organs that are the cause of the
overlap in pathological changes in respiratory and intestinal mucosal diseases[59,60].
Why the inflammatory process shifts from the gastrointestinal tract to the airways or vice versa remains a
mystery. Over the years many explanations for the intestine-lung communication have been proposed, however,
no definite conclusions have been drawn. The purpose
of this article is to update the plausible hypotheses of
intestine-lung axis communication underlying the possible mechanism of pulmonary involvement during IBD
pathogenesis.

Core tip: According to traditional Chinese medicine,
the lung and the intestine are a pair of related organ
systems (Biao-Li). The lung has no anatomical connection with the main inflammatory site of the bowel. Why
does the inflammatory process shift from the gastrointestinal tract to the airways? We hypothesize that each
individual cell or molecule not only plays its local role in
its own organ, but also plays a “social” role to contribute distal communication through the epithelia. Inflammatory bowel disease may be a good example to study
crosstalk between the gut and the lungs.
Original sources: Wang H, Liu JS, Peng SH, Deng XY, Zhu DM,
Javidiparsijani S, Wang GR, Li DQ, Li LX, Wang YC, Luo JM.
Gut-lung crosstalk in pulmonary involvement with inflammatory
bowel diseases. World J Gastroenterol 2013; 19(40): 6794-6804
Available from: URL: http://www.wjgnet.com/1007-9327/full/v19/
i40/6794.htm DOI: http://dx.doi.org/10.3748/wjg.v19.i40.6794

INTRODUCTION
Ulcerative colitis (UC) and Crohn’s disease (CD) are the
two major forms of chronic relapsing and remitting inflammatory bowel diseases (IBDs)[1-3]. The incidence of
UC and CD is increasing[4]. IBDs have become a major
gastroenterological problem in developed countries[4-10],
and there has been an alarming rise in the traditional
low-incidence areas, such as East Asia[11,12], the Indian
subcontinent[13], the Middle East[14], Latin America[15], and
Eastern Europe[16,17]. Although the gastrointestinal tract
is the main affected site, both UC and CD are systemic
inflammatory disorders that often involve organs other
than those of the gastrointestinal tract[18-23]. Systemic
manifestations can present years after the onset of bowel
disease and can affect almost all organs[18,19], including the
musculoskeletal[18,24-26], mucocutaneous[18,19,27,28], hepatobiliary[18,29,30], cardiovascular[18,31-33], ocular[18,34,35], renal and
genitourinary[18,36-38], pancreatic[18,29,39-42], nervous[18,43-45] and
bronchopulmonary[18,19,46-48] Systems. The extraintestinal
manifestations tend to follow the clinical course of IBD
and have a high impact on quality of life, morbidity, and
even mortality in these patients[18]. The reported frequency of extraintestinal syndromes in the patients with IBD
varies from 6% to 47%[18,46-49].
Pulmonary involvement among IBD patients was
first recognized by Kraft et al[50] about 40 years ago. Both
UC and CD can affect any part of the respiratory system. The spectrum of respiratory disorders occurring
among patients with IBD includes small and large airway
dysfunction, as well as obstructive and interstitial pulmonary diseases[18,46-49]. Screening studies using respiratory symptoms, high-resolution computed tomography
(HRCT), bronchoscopy, histological examination, and
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PULMONARY INVOLVEMENT IN
ASSOCIATION WITH IBD OCCURS
MORE FREQUENTLY THAN PREVIOUSLY
RECOGNIZED
Broad spectrum of respiratory disorders in patients with
IBD
Kraft et al[50] in 1976 first observed that six patients developed severe, unexplained, chronic bronchopulmonary
disease 3-13 years after the onset of nonspecific inflammatory disease of the colon. Since then, various pulmonary manifestations including small and large airway
dysfunction or obstruction, inflammation of pulmonary
parenchyma and vasculature, as well as bronchopulmonary hyper-reactivity have been reported in IBD[18,46-48,52,66,67].
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The spectrum of respiratory disorders occurring among
patients with IBD is broad[18,46-52,68]. Storch et al[69] recommend that primary care physicians must take a broader
approach while treating patients with IBD and pulmonary diseases.

monary abnormalities were asymptomatic, the incidence
of at least one abnormality on HRCT of the chest was
as high as 39% in UC and 92% in CD patients[51]. With
the advent of HRCT, it has become obvious that the
previously described rarity of pulmonary involvement in
IBD is inaccurate[77]. HRCT showed changes like bronchectasis, mosaic perfusion and air trapping, suggestive
of obliterative bronchiolitis, and patterns of centrilobular
nodules and broncing linear opacities (“tree in bud” appearance), suggestive of either cellular bronchiolitis or
bronchiolectasis with mucoid secretion[69,78]. HRCT images also indicate that there are multiple centers of airway
responses and mucoid secretion. This suggests that airway epithelium (including goblet cells) has been activated.
The response of airway epithelium may be a major contributor to IBD-related lung disease.
Munck et al[47] investigated 30 IBD patients (12 with
CD, 18 with UC), and found dysfunction of small airways
and parenchyma in all IBD patients despite their normal
pulmonary physiology. It is likely that the earliest changes
occur in the peripheral airways and pulmonary parenchyma, which result in reduced small airways and lung
diffusion capacity in all the patients[49,51]. Increased disease
activity in IBD patients has been shown to be associated
with abnormal pulmonary function tests, and suggests a
direct pathogenic link[49,51,79].
Bronchoscopy and histological examination from the
lung biopsies show changes in the bronchial epithelium,
consisting of basal cell hyperplasia, basement membrane
thickening, submucosal nonspecific inflammation, small
airway fibrosis, and an overall increase in epithelial thickness and granulomatous bronchiolitis[66,68,79]. Although
the crosstalk mechanism between the bowel and lung
remains unknown, the HRCT and histology evaluation
show that there is a shift in the inflammatory process
from the bowel to the lungs[49,51,79].

Epidemiological evidence to support high prevalence of
pulmonary involvement in association with IBD
Lungs are not generally considered to be involved in IBD.
In some studies only a few cases of pulmonary complications have been associated with IBD[59,67], but in others,
there is a wide range of pulmonary complications associated with IBD[18,46-52,67,70]. Edwards et al[70] in a study of 624
IBD patients did not find any association with pulmonary
complications. Rodgers et al[67] found that there were only
three cases of pulmonary complications in their study of
1400 IBD cases. However, other epidemiological investigations and clinical case reports have documented that
pulmonary complications occur more frequently in IBD
patients than previously recognized[18,46,47,49,51,52]. Recently,
a large population-based study from Canada indicated
that pulmonary complications were the most common
concomitant chronic disorder in patients with CD and
the second most common in patients with UC[19]. The
increase in incidence of IBD in the past few decades
suggests that environmental factors such as air pollution
could contribute to disease pathogenesis[51-57]. Association
of IBD and polymorphism of many innate immunity
genes has been identified[4,18,53,71,72]. The high concordance
of extraintestinal manifestations in siblings and firstdegree relatives with IBD suggests that genetic factors
also contribute to the link between intestinal and extraintestinal manifestations[73]. The association of pulmonary
involvement with IBD appears to be mediated by a complicated interaction of environmental and genetic factors,
suggesting there are clear, but undefined, multiple centers
of loss of homeostasis in cellular and molecular interactions between the environment and host in both respiratory and gastrointestinal systems.

Respiratory hyper-responsiveness among IBD patients
Allergic symptoms, abnormal PFTs and positive skin
prick test were more common among the IBD patients
compared to the normal population[28]. The subclinical
nonspecific bronchial hyper-responsiveness, independent
of the presence of atopy, in IBD patients who have no
other pulmonary symptoms and with normal baseline
spirometry, has a high prevalence[48]. Colby et al[80] reported that the bronchial hyper-reactivity occurred in 48%
of patients with UC and CD, even in the absence of any
clinical, radiological and functional evidence of airway
disease. Bronchial hyper-reactivity occurred in 71% of
children and adolescents with CD[81]. Allergy is an inappropriate inflammatory reaction to antigen. The allergen
triggers an exaggerated immune response, and can aggravate an immediately atopic allergic reaction[82-84]. Combination of HRCT and histological examination revealed
multiple centers of pulmonary inflammatory responses,
which may share many characteristics with atopic allergic
reactions[48,80,81]. The lungs may duplicate the “social” inflammatory reaction of the intestine (Figure 1).

Latent respiratory abnormalities or dysfunction in IBD
patients discovered by HRCT, PFTs and bronchoscopy
HRCT, sensitive PFTs, bronchoscopy and histological
examination have been widely used to discover the earliest pulmonary abnormalities or dysfunction among IBD
patients. Many respiratory screening studies using HRCT
and PFTs support a high prevalence of clinical and subclinical respiratory abnormalities or dysfunction among
IBD patients[18,46-48,51,74]. Three studies of randomly selected IBD patients showed incidence rates of pulmonary
involvement in 44%, 48%, and 50%, respectively[47,51,75].
Although overt pulmonary symptoms may be uncommon, abnormalities on PFT have been noted in > 50%
of patients with UC and > 60% of those with CD[51,76,77].
Advances in imaging methods over the past decade
have led to an increased understanding of anatomical and
physiological pulmonary abnormalities in patients with
IBD[77]. Even though the majority of patients with pul-
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Figure 1 Model for inflammatory process in lung and
intestine during inflammatory bowel disease. Clinical or
subclinical inflammation in small and large airways and the
lung parenchyma accompanies the main inflammation in the
bowel during inflammatory bowel disease.
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complex system called the intestinal barrier. The intestinal
epithelial cells are a single layer of columnar cells consisting of four types of cells: the absorbent enterocytes,
goblet cells, Paneth cells, and enteroendocrine cells. It is
clear that these four types of epithelial cells present an
anatomical and functional barrier to maintain the whole
intestinal homeostasis. On the antigen-rich side of the
lumen, they secrete and regulate the composition of the
thick mucus layer. The intestinal epithelial cells serve as
sentinels of innate immunity. The innate immune system
is able to recognize bacterial and viral motifs through
the toll-like receptors (TLRs) and the nucleotide-binding
oligomerization domain families[93-95]. The intestinal epithelial cells express several members of the TLRs[93]. On
the basolateral side, these cells interact and continuously
crosstalk with inflammatory cell-rich lamina propria. The
intestinal epithelial cells are nonprofessional antigen-presenting cells, which are able to process and present antigens directly to lymphocytes by a highly polarized system
with apical antigen sorting, processing and exclusively
basolateral presentation. They serve as the major participants in innate and adaptive immune responses[60,71,87,89-91].
The intestinal epithelium acts to maintain homeostasis
during the steady state, restore the epithelium during insult or injury, and induce inflammatory responses.

EPITHELIAL CELLS ARE THE INITIAL AND
MAIN TARGET
The epithelial cells are considered not only the frontier
sentinels and barriers, but also the central participants
in innate and adaptive immune responses during mucosal inflammation[71,85-88]. In both the bowel and lungs,
these cells provide an important physical barrier to the
huge vulnerable biological surface, and are continuously
exposed to the external environment. Upon activation,
epithelial cells can release large quantities of proinflammatory cytokines, growth factors and chemokines that
attract inflammatory cells to initiate and sustain the inflammatory reaction[71,85-88]. Direct or indirect interactions
of epithelial cells with mast cells, T and B lymphocytes,
dendritic cells (DCs), eosinophils, neutrophils, and basophils help to maintain the balance between the environment and the host[88]. The airway and gut epithelial cells
are at the center of the inflammatory response and play
the dominant role in initiation and sustaining the inflammatory reaction[88].
Intestinal epithelium is the center of cellular and
molecular interaction between host and environment
The healthy mutual relationship between the microbiota
and host depends on the balanced interaction between
the microbiota and innate immune activation[60,71,87,89,90].
The intestinal barrier plays a crucial role in cellular and
molecular interactions between the commensal microflora and possible harmful factors in the intestinal lumen
and innate immune system[60,71,87,89-92]. The intestinal barrier is composed of a thick mucus layer containing host
defense molecules, a monolayer of columnar intestinal
epithelial cells, and underlying set of cells (mesenchymal
cells, DCs, lymphocytes and macrophages)[60,71,87,89-92]. The
intestinal epithelial cells are exactly at the center of the
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Airway epithelium is also the center of cellular and
molecular interaction between host and environment
Although initiation of pulmonary inflammation and its
association with IBD remains unknown, it is well established that the airway epithelial cells play an important
role in the initiation and maintenance of airway inflammation, as well as being the main target[60,85,88,96-98]. The
airway epithelial cells are also at the center of the airway
barrier system because of their anatomical and functional
position. On the antigen-rich lumen side, they secrete
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Figure 2 Summary model of plausible mechanisms of lung-intestine communication underlying inflammatory bowel disease-associated pulmonary involvement. The lungs and intestines are a pair of mutually affected organs. The airways may intrinsically accompany inflammation of the bowel. This distal intrinsic
inflammatory response may relate to the common features between the lung and intestine. According to Traditional Chinese Medicine, the lung and intestine have
internal and external relationships (Biao-Li). This distal intrinsic inflammatory response may relate to the “social manner” of cells and molecules.

and regulate the composition of the thick mucus layer,
while on the basolateral side, they interact and crosstalk
with the inflammatory cell-rich lamina propria[60,85,88,96-98].
Activated airway epithelial cells can induce synthesis and
secretion of immune-cell-mediated host defense molecules such as antimicrobial and antiviral proteins that
activate other mucosal innate immune cells[60,85,88,96-103].
Activated innate immune responses can secondarily induce the recruitment and activation of DCs and T and
B lymphocytes that amplify antigen recognition and antibody production and other adaptive immune responses[60,96-103]. Many studies document that the IBD patients
develop rapidly progressive respiratory symptoms after
colectomy without any identified bacterial pathogens on
repeated sputum culture and require oral corticosteroid
therapy[18,66,99,104-106], which proves that pulmonary impairment in IBD is not a pathogen-induced inflammation.
The pulmonary involvement in IBD may be due to aberrant immunity from the bowel that disrupts airway tissue
homeostasis. This aberrant airway epithelial injury/repair
may be the mechanism of IBD-related pulmonary involvement[53-57,107,108]. Lungs may duplicate atopic inflammation of the bowel. However, the connection between
the primary site and the atopic site is unclear. Less attention has been paid to the mechanism of atopic inflammatory reaction that manifests at sites remote from the
primary site. The mechanism should be either systemicfactor-mediated cellular and molecular events or some
intrinsic connection between the primary and atopic sites.
In future, detecting the earliest pulmonary epithelium
activation signs or genetic responses during IBD pathogenesis would provide evidence of the linkage between
the anatomically disconnected organ systems.
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AIRWAY MAY DUPLICATE THE BOWEL
INFLAMMATORY EVENT
Combined HRCT and histological examination have
shown that there are multiple centers of airway epithelial
(including goblet cells) responses and mucoid secretion
in IBD[78-79,104,109]. The lung duplicates the inflammatory
process of the bowel (Figures 1 and 2). The linkage
between the lungs and intestine is hard to understand
in the absence of anatomical connections or systemic
neuroendocrine immune mediation. Pulmonary inflammation may intrinsically accompany the main inflammation in the bowel, and this distal intrinsic inflammatory
response may be related to the “social manner” of cells
and molecules, similar to the exaggerated allergen-induced multiple centers of allergy inflammatory response
on the surface of the skin, conjunctivae, and airway and
digestive tracts[83-85,88,99,107,108].
Commonalities between lung and intestine and crosstalk
There are many commonalities between the lungs and
intestines[18,53,107,108,110,111]. The gastrointestinal tract and
bronchial tree share a common embryological origin that
arises from the primitive gut[10,74,75,77,78]. Both the lung and
intestine possess goblet cells and submucosal glands as
part of their luminal structure. In addition, both contain
submucosal lymphoid tissue, host defense molecules,
and play crucial roles in both innate and acquired immunity[18,107,108,110,111].
In IBD, inflamed bowel mucosa produces many inflammatory mediators and releases them to the circulating system[4,66,71,86,87,90,102,103]. The inflamed bowel mucosa
also creates the prospect for systemic absorption of
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sensitization and challenge[85,107,112-114].
The plausible mechanism for association of pulmonary involvement with IBD may be the intrinsic airway
reactions that accompany the main inflammation in the
bowel, as for allergen-triggered, enigmatic, multiple centers of allergic inflammation.
There is clearly communication among organs that
share a common embryological origin, or similar cellular
and molecular structure without any anatomical interaction[53-57,65,107,108,110,111]. Primitive gut has a shared common
origin with the gastrointestinal tract, biliary tract, and
respiratory system. Our previous work suggested that
pulmonary surfactant protein A-like molecule is a frontier
host defense protein and that its expression may be associated with some autoimmune diseases[53,65]. Latex-mediated allergy is another example of intrinsic activation of
non anatomically related organs. During latex-mediated
allergy, the skin allergic reaction occurs anywhere in the
body and not necessarily at the site of the direct latex
contact[74,75,83]. How does information transfer from the
epidermal keratinocytes at latex-contacted sites to those
at uncontacted sites[107,108,116]? It is possible that the epidermal keratinocytes at both sites intrinsically communicate because they are close relatives that share common
features.
In fact, in IBD, the surface of skin, conjunctivae, and
airways is involved in fighting inflammation in the gastrointestinal tract.
As above mentioned, OVA intrinsically drives skin
and lung into allergic inflammation by locally produced
TLSP[85,107,112-115]. Aberrant immune responses to the commensal microbiota in the bowel, which lead to pulmonary
inflammation, may be related to some unknown TLSPSlike molecules. Detecting these molecules could provide
the mechanism of lung-intestine crosstalk.

luminal contents, including dietary antigens, digestive
enzymes, or specific bacterial products capable of inducing systemic inflammation[66,102,103]. Some investigators
hypothesize that the pathogenesis of IBD-related airway
disease may be associated with circulating inflammatory
mediators, specific bacterial products, dietary antigens,
or digestive enzymes[102,103]. Detectable levels of bacterial lipopolysaccharide and antibodies to bacterial lipid A
and peptidoglycan in serum of IBD patients support this
theory. However, it is less likely to be accurate in the case
of IBD-associated lung disease, because it clearly occurs
after colectomy in patients who do not have any ongoing
bowel inflammation[4,66,105,106]. To the best of our knowledge, none of the circulating inflammatory mediators,
dietary antigens, digestive enzymes, or specific bacterial
products has been established as being responsible for
extraintestinal syndromes during the intestine inflammatory process. In fact, circulating inflammatory mediators
are not always enough to drive inflammation from the
local mucosa to distal organs. Our previous work suggested that the skin, conjunctivae, airways and digestive
tract may join together to fight allergens[107,108]. The atopic
lesion may duplicate the primary contact site of cellular and molecular events. The atopic march may be due
to the intrinsic “social” involvement of the positioned
epithelial cells, but may not be totally controlled by the
anatomic connection or the circulating systemic factors
involved in allergy pathogenesis[53-57,107,108,112,113]. Thymic
stromal lymphopoietin (TSLP), a general biomarker for
skin-barrier defects[85,107,114] is an interleukin-7-like cytokine produced by epithelial cells, has emerged as a potential master regulator of both skin and airway inflammation[85,107,112-115]. TSLP signaling plays an important role
in both airway and skin allergic inflammation. Recently,
Zhang et al[114] found that increased TSLP expression in
skin keratinocytes not only triggers atopic dermatitislike lesions in skin locally, but also leads to a concomitant
ovalbumin (OVA)-induced asthma-like lung inflammation
in animals. Furthermore, they elucidated that increased
epidermal keratinocyte TSLP expression and subsequent
increase in circulating TSLP in a mouse model did not
lead to any spontaneous lung inflammation in the absence of OVA sensitization and challenge. High levels of
expression of TSLP mRNA in bronchial epithelial cells
and submucosa of asthmatic patients[115], suggest that
locally produced TSLP could be important for the development and maintenance of asthma[85,107,112-115]. TSLP
appears to be a crucial factor in driving both skin and
lung into inflammation, but solely increased epidermal
keratinocyte TSLP expression and subsequent increase
in blood circulating TSLP is not sufficient to drive both
skin and lung into inflammation[85,107,112-115]. The lung inflammation is not triggered by circulating or epidermal
TSLP, but requires local TSLP production by pulmonary
epithelial cells[85,107,112-115]. OVA sensitization and challenge
is extremely important to drive both skin and lung into
inflammation[85,107,114]. The intrinsic connection of skin
and lung is through locally produced TSLP after OVA
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Pulmonary involvement associated with IBD may be a
good example to understand the Biao-Li relationship
between lung and intestine
According to Chinese Medicine, the lung and the intestine are a pair of related organ systems (Biao-Li). The
interaction of lung and intestine is mutually affected by
internal and external relationships[47,53-57,107,116-118]. It means
that lung diseases often have colon syndromes and colon diseases may have lung syndromes. The mechanism
is complicated, and immunological, environmental and
genetic factors should trigger lots cellular and molecular
events[107,108]. From the pathological findings, the microscopic hallmark of IBD in the intestine and lung is
infiltration of chronic inflammatory cells and response
of interstitial cells such as fibrocytes and epithelium. In
our previous study, we investigated one type of frontier
immune cell (CD68-positive macrophages) and one type
of frontier host defense molecule [pulmonary surfactant
protein (SP)-A], which reside in the lungs and colon.
Both frontier immune cell and frontier host defense molecules are overexpressed in inflammatory areas of CD
and UC, and in particular, there are many CD68-positive
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A

B

Figure 3 Co-localization of surfactant protein-A and CD68 in normal and inflammatory areas. A: Surfactant protein (SP)-A -positive signal was indicated by fluorescence microscopy (green) fluorescence; CD68-positive signal was identified by rhodamine red-X (red) fluorescence; and the cell nucleus was indicated by Hoechst
dye (blue). In the normal area, SP-A was located in the surface of the villi, specific epithelium and submucosae, lamina muscularis, mucosae and lymphoid tissues.
CD68-positive cells were mainly found in the submucosae, lamina muscularis, mucosae, and lymphoid tissues and in the epithelium; B: In the inflammatory area,
CD68-positive cells were dramatically increased in all levels of the bowel wall; especially CD68-positive macrophages in the epithelia of lamina mucosa. The SP-Apositive macrophages were recruited by activated epithelial cells. Double labeled SP-A and CD68 shows that some CD68-positive macrophages expressed SP-A like
molecule in the inflammatory bowel disease tissues (original magnification, × 200). Figures reproduced with permission from reference [53].

macrophages among the epithelia of lamina mucosa. The
SP-A-positive macrophages are recruited by activated
epithelial cells (Figure 3)[53]. The epithelium serves as
the central participants in innate and adaptive immune
responses as well as mucosal inflammation, laboratory
evidence of activation of pulmonary epithelium would
provide an insight into the “Biao-Li” relationship between lung and intestine during the pathogenesis of IBD
associated pulmonary disorders. In view of this, association of pulmonary involvement with IBD may be a good
example to understand the Biao-Li relationship between
lung and intestine[53-57,107,116-118].

tract may also affect the airways. Pulmonary involvement associated with IBD as the “social” inflammatory
reaction, is a plausible hypothesis. Sharing the common
embryological origin or similar cellular and molecular
structures may be “closer relatives” in our “social body”.
The “social manner” of cell and molecules would also
help to attain insight into the pathogenesis of enigmatic
complications such as IBD, and the cellular and molecular mechanism of Chinese Traditional medicine.

CONCLUSION
The frequency of pulmonary abnormalities, dysfunction
or hyper-reactivity that occurs in association with IBD is
more than previously recognized. More evidence shows
that latent inflammation exists in the airways of IBD
patients, even without any bronchopulmonary symptoms
and with normal pulmonary function. The pulmonary
impairment is more pronounced in IBD patients with
active disease than in those in remission, and the linkage
between lung and intestine may not be easily supported
by anatomic connection or systemic neuroendocrine immune mediation. The airways may intrinsically accompany the main inflammation in the bowel. Lung and intestine share a lot of common features. The interaction of
lung and intestine is mutually affected by internal and external relationships (Biao-Li). The pulmonary abnormalities, dysfunction or hyper-reactivity in IBD patients may
be related to the “social” manner of cells and molecules.
Further investigation of epithelium-mediated cellular and
molecular events and their interaction in lung and bowel
may provide evidence of mutually affected internal and
external relationships (Biao-Li) of the lung-intestine axis,
and the “social property” of cells and molecules. A better understanding of the mechanism of crosstalk among
the distant organs would be beneficial to the elucidation
of the etiology and help in identifying therapeutic strategies for mucosal inflammatory diseases such as IBD and

Lung-intestine connection may relate to the “social”
property of cells and molecules
To date, there is a lack of evidence for the participation
of any circulating inflammatory mediator, dietary antigens, digestive enzymes, or specific bacterial products as
a linkage between the gastrointestinal tract and extraintestinal organs. Both gastrointestinal and airway lesions
may be epithelium-mediated chronic inflammation. IBDassociated pulmonary involvement, such as epithelial
disease with adoption of a chronic wound scenario, could
also be a hypothesis about airway wall and gastrointestinal tract remodeling over the course of the disease[60,66,80].
The extraintestinal organs may duplicate “social” inflammation of the gastrointestinal tract. The inflammation of
the gastrointestinal tract as a “social” factor drives inflammatory reaction to extra-intestinal organs. There is a clear
but undefined communication among organs that share
a common embryological origin, or similar cellular and
molecular structure despite being located at a distance
from each other without any anatomical interaction. The
human body originates from a single cell, which makes
the whole body a social system. A constant molecular and
cellular interaction between the environment and host is
required for the establishment and maintenance of homeostasis. Disrupted homeostasis in the gastrointestinal
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atopic allergic inflammation.
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Hepatobiliary manifestations in inflammatory bowel
disease: The gut, the drugs and the liver
María Rojas-Feria, Manuel Castro, Emilio Suárez, Javier Ampuero, Manuel Romero-Gómez
recommended in serologically negative cases for patients with IBD. Reactivation prophylaxis with entecavir
or tenofovir for 6 to 12 mo after the end of immunosuppressive therapy is mandatory in patients showing
as hepatitis B surface antigen (HBsAg) positive, independently from viral load. HBsAg negative and antiHBc positive patients, with or without anti-HBs, should
be closely monitored, measuring alanine aminotransferase and hepatitis B virus DNA within 12 mo after
the end of therapy, and should be treated if the viral
load increases. On the other hand, immunosuppressive therapy does not seem to promote reactivation
of hepatitis C, and hepatitis C antiviral treatment does
not influence IBD natural history either. Most of the
drugs used for IBD treatment may induce hepatotoxicity, although the incidence of serious adverse events is
low. Abnormalities in liver biochemical tests associated
with aminosalicylates are uncommon and are usually
not clinically relevant. Methotrexate-related hepatotoxicity has been described in 14% of patients with IBD,
in a dose-dependent manner. Liver biopsy is not routinely recommended. Biologics-related hepatotoxicity is
rare, but has been shown most frequently in patients
treated with infliximab. Thiopurines have been associated with veno-occlusive disease, regenerative nodular
hyperplasia, and liver peliosis. Routine liver biochemical tests are recommended, especially during the first
month of treatment. All these conditions should be
considered in IBD patients with clinical or biochemical features suggestive of hepatobiliary involvement.
Diagnosis and management of these disorders usually
involve hepatologists and gastroenterologists due to its
complexity.
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Abstract
Abnormal liver biochemical tests are present in up
to 30% of patients with inflammatory bowel disease
(IBD), and therefore become a diagnostic challenge.
Liver and biliary tract diseases are common extraintestinal manifestations for both Crohn’s disease and
ulcerative colitis (UC), and typically do not correlate
with intestinal activity. Primary sclerosing cholangitis
(PSC) is the most common hepatobiliary manifestation
of IBD, and is more prevalent in UC. Approximately 5%
of patients with UC develop PSC, with the prevalence
reaching up to 90%. Cholangiocarcinoma and colon
cancer risks are increased in these patients. Less common disorders include autoimmune hepatitis/PSC overlap syndrome, IgG4-associated cholangiopathy, primary biliary cirrhosis, hepatic amyloidosis, granulomatous
hepatitis, cholelithiasis, portal vein thrombosis, liver
abscess, and non-alcoholic fatty liver disease. Hepatitis
B reactivation during immunosuppressive therapy is a
major concern, with screening and vaccination being
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Primary sclerosing cholangitis
Primary sclerosing cholangitis (PSC) is a chronic fibroesclerotic disorder of the intrahepatic and extrahepatic
biliary tree. and is the most common hepatobiliary manifestation of IBD. The association of PSC and IBD was
described for first time in 1965[1].

testinal manifestations of inflammatory bowel disease
(IBD) that become a diagnostic challenge for the gastroenterologist. In this review, we have summarized
the main diseases involving the hepatobiliary system in
IBD and secondary liver toxicity to IBD treatment. This
review also highlights the impact of immunosuppressive
and anti-tumor necrosis factor treatment in hepatitis B
and C, as well as its prophylaxis and treatment, according to current clinical practice guidelines.

Epidemiology: Approximately 70%-80% of patients
with PSC have concomitant IBD and about 1.4%-7.5%
of patients with IBD will develop PSC[2]; however the
course of IBD is not related to PSC. It is more prevalent
in males, in UC, and in young and middle-aged patients[3].
UC has been reported in 25 to 90 percent of patients
with PSC[4]. In a Spanish multicenter study, based on a
survey, UC was present in 44%[5]. Nevertheless, the real
prevalence of UC in PSC is up to 90% when rectal and
sigmoid biopsies are routinely obtained[6].
PSC is typically characterized by progressive inflammation, obliterative fibrosis, and destruction of intra- and
extrahepatic bile ducts, leading to end-stage liver disease
and portal hypertension[7]. Patients with PSC may also develop complications such as cholestasis-associated manifestations, biliary stricture, cholangitis, cholelithiasis, cholangiocarcinoma, and colon cancer. The diagnosis of PSC
is usually previous to IBD, but PSC may be diagnosed
over time, after a proctocolectomy in UC patients[8].

Original sources: Rojas-Feria M, Castro M, Suárez E, Ampuero
J, Romero-Gómez M. Hepatobiliary manifestations in inflammatory bowel disease: The gut, the drugs and the liver. World J
Gastroenterol 2013; 19(42): 7327-7340 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v19/i42/7327.htm DOI:
http://dx.doi.org/10.3748/wjg.v19.i42.7327

INTRODUCTION
Hepatobiliary diseases are relatively common in inflammatory bowel disease (IBD) and therefore become a diagnostic challenge. Liver and biliary tract disorders are typical extraintestinal manifestations in both Crohn’s disease
(CD) and ulcerative colitis (UC). In patients receiving
immunosuppressive therapy, including biologics, the risk
of hepatitis B reactivation is high, so patients undergoing
this therapy should be screened for hepatitis B surface
antigen (HBsAg) and anti-HBc prior to starting the treatment. Most of the drugs used for IBD treatment have
also been associated with hepatotoxicity. All these conditions should be ruled out in IBD patients with clinical or
biochemical features suggestive of liver involvement, as
summarized in this review.
Bibliographic searches were performed in the MEDLINE electronic database up to February 2013 using the
Medical Subject Headings terms: (“inflammatory bowel
disease” OR “Crohn’s disease” OR “ulcerative colitis”)
AND (“liver” OR “biliary tract” OR “primary sclerosing
cholangitis” OR “hepatobiliary disorders” OR “smallduct PSC” OR “PSC/AIH overlap syndrome” OR
“IgG4-associated cholangitis” OR “primary biliary cirrhosis” OR “hepatic amyloidosis” OR “granulomatous
hepatitis” OR “cholelithiasis” OR “portal vein thrombosis” OR “liver abscess” OR “non-alcoholic fatty liver disease” OR “viral hepatitis” OR “hepatitis B” OR “hepatitis
C” OR “drug-induced liver injury” OR “drug-induced
hepatitis” OR “hepatotoxicity”).

Etiology: The etiology of PSC remains unclear. Genetic, immunological, and environmental factors seem
to contribute to its pathogenesis. First-degree relatives
of patients with PSC show an increased risk of PSC
and UC, supporting a genetic predisposition to these
conditions[9]. Multiple genetic factors associated with
susceptibility have been described, like HLA-B8, HLADRB1*0301 (DR3), HLADRB3*0101 (DRw52a), and
HLA-DRB1*0401 (DR4)[10,11]. In addition, three UC susceptibility loci have been associated with PSC, harboring
the presumed candidate genes REL, IL2, and CARD9[12].
An autoimmune mechanism has been suggested, since
both are immune-mediated disorders, and are also associated with other autoimmune diseases. Several autoantibodies may be present, such as antinuclear antibodies
(ANA) in 24%-53%, smooth muscle antibodies (SMA)
in 13%-20%, and anti-perinuclear cytoplasmic antibodies
(pANCA) in 65%-88% of patients[13-15]. Other autoantibodies, including anticardiolipin, thyroperoxidase, and
rheumatoid factor may be present, but show uncertain
clinical significance. In one study, 97% of cases with PSC
were positive for, at least, one autoantibody, while 81%
were positive for three or more[16]. An inflammatory response to chronic or recurrent bacterial infection into the
portal circulation or ischemic damage to the bile ducts
has also been postulated[17]. Therefore, the most plausible
theory involves the exposure of genetically predisposed
individuals to an environmental agent that provokes an
anomalous immune response, leading to disease development.
IBD in PSC patients has a distinct behavior, as it
shows a higher incidence of rectal sparing, backwash

HEPATOBILIARY DISORDERS
ASSOCIATED WITH INFLAMMATORY
BOWEL DISEASE
Hepatobiliary manifestations constitute some of the
most common extraintestinal manifestations of IBD.
They typically adopt an independent course irrespective
of intestinal activity and are present in both UC and CD.
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ileitis, extensive colitis, pouchitis after ileal pouch anal
anastomosis, colon dysplasia, colon cancer, and poorer
prognosis[18-21]. Patients with UC and PSC usually have a
lower grade of colon inflammation and a milder course,
compared to patients without PSC[22]. In addition, severe
progressive PSC requiring liver transplantation appears to
reduce histological activity and the need for colectomy in
UC[23,24].

with portal hypertension, such as varices, ascites, and
hepatic encephalopathy. The Mayo Risk Score based on
age, serum bilirubin, albumin, aspartate aminotransferase, and the presence of variceal bleeding, has been used
to assess disease progression and prognosis[33]. Other
complications include steatorrhea and fat-soluble vitamin
deficiency, secondary to chronic cholestasis, amyloidosis
secondary to amyloid A protein deposition in tissues due
to a progressive inflammatory process[34], dominant biliary strictures, cholangiocarcinoma, and colon cancer. The
risk for cholangiocarcinoma is significantly increased in
PSC and its development remains unpredictable. The annual incidence has been estimated as 1.5%[35]. Risk factors
include the presence of IBD, cirrhosis, variceal bleeding,
a dominant stricture in the bile duct, and alcohol intake[36].
Worsening jaundice, weight loss, and abdominal discomfort are suspicion symptoms. Diagnosis may be difficult,
as imaging techniques and brush cytology show a lack of
sensitivity for early detection. However, ERCP and cytology of bile duct strictures is highly specific[37]. Prognosis
is devastating, with a survival rate of 10% two years after
diagnosis[38] and a recurrence rate in the transplanted
liver of about 20%-25%[39]. Patients with PSC have an
increased risk for gallbladder cancer, pancreatic cancer
and, in cirrhotic patients, hepatocellular carcinoma. A
higher risk of colorectal dysplasia/cancer has also been
described among UC patients with PSC[21], even after
liver transplantation[40]. The severity and the duration of
PSC have not been significantly associated with the risk
of colon cancer[41]. In patients with ileal pouch-anal anastomosis, the risk for dysplasia persists after colectomy[42].
Therefore, surveillance for colorectal cancer should be
strongly recommended in PSC patients with UC[43].

Diagnosis: Most patients with PSC are asymptomatic at
diagnosis. This disease should be considered in patients
with IBD and abnormal liver biochemical tests, where a
marked elevation of serum alkaline phosphatase is commonly found[25]. In symptomatic patients, fatigue and
pruritus are common. Other features include abdominal
pain, jaundice, and weight loss. Cholangitis occurs in
10%-15% of patients during the course of the disease.
Biochemical tests usually show a cholestatic pattern.
Aminotransferases levels are typically lower than 300 IU/
L. Additional biochemical parameters are hypergammaglobulinemia (30% of cases), increased serum IgM levels
(40%-50%), and p-ANCA (30%-80%). Serum albumin
levels later decrease during the course of the disease, and
the presence of hypoalbuminemia earlier may indicate active IBD.
Diagnosis is established by the demonstration of diffuse, multifocal strictures and dilations in the intra- and
extrahepatic bile ducts. In 41% of cases, the gallbladder
and cystic duct may also be involved[26]. In the early stages
of the disease, superficial ulcerations of the bile ducts
may be the only manifestation found. Endoscopic retrograde cholangiopancreatography (ERCP) is considered
the gold standard technique for PSC diagnosis. It can be
both diagnostic and therapeutic, and also may be useful
in the early diagnosis of cholangiocarcinoma. Magnetic
resonance cholangiography (MRCP) is a non-invasive alternative with high sensitivity and specificity, and without
the risks related to the technique[27]. Liver biopsy is only
recommended in cases of clinical suspicion of small-duct
PSC, as it is rarely diagnostic of PSC[28]. The most specific histologic finding in PSC is fibrous obliteration of
small bile ducts, with periductal concentric fibrosis in an
“onion skin” pattern. Other abnormalities are non-specific and similar to those in primary biliary cirrhosis. Liver
biopsy is helpful for staging the disease and determining
prognosis. Ludwig described 4 stages of PSC based on
morphologic features[29].

Treatment: Treatment of PSC associated with UC does
not differ from PSC without IBD. As no pharmacologic
therapy has proven effective for PSC, treatment goals
are the control of symptoms and the management of
complications. Ursodeoxycholic acid (UDCA) has been
shown as effective in liver function improvement based
on biochemical tests but it had no effect on liver histology, liver transplant-free survival, requirements for liver
transplantation, development of cholangiocarcinoma, or
incidence of death[44,45]. In a meta-analysis, UDCA does
not appear to decrease either the risk of adenomas or
colon cancer[46]. Immunosuppressants, chelators, and steroids have been used without any benefit.
Liver transplantation is the only therapy that can
change the inevitable outcome. The appropriate moment
for liver transplantation can be difficult to determine, as
patients with advanced disease may not show signs of
liver failure. Survival rates after hepatic transplant at 5
and 10 years are 85% and 70%, respectively[47]. However,
in 20%-25% of cases, PSC recurs in the transplanted
liver[39].
Endoscopic management of PSC is indicated in
cases of cholangitis, exacerbate jaundice, or suspicion of
cholangiocarcinoma. Endoscopic dilation of dominant

Prognosis: PSC is a progressive disease that, ultimately,
results in portal hypertension, cirrhosis, and hepatic failure. The median survival time without liver transplantation is approximately 12 years. Survival is significantly
worse in symptomatic patients at the time of diagnosis[30].
Coexisting IBD may also be related to a poorer prognosis, as it has been associated with a younger age at
diagnosis, the development of malignant complications,
dysplasia and/or colon cancer[31,32]. Patients with PSC
usually develop complications of end-stage liver disease
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strictures, with or without stenting, has been shown to alleviate cholestasis and to improve laboratory test results,
although it does not prevent disease progression[48].

cell infiltrating the bile duct and other organs is decisive
in reaching the diagnosis[58,59]. Clinically, patients with IAC
are older at diagnosis compared to patients with PSC.
Obstructive jaundice can be the first symptom, whereas
it is rarely present in PSC[62]. Steroids are the first-choice
therapy of IAC, as they result in the resolution of jaundice, improve liver laboratory parameters, and reduce
serum IgG4 levels and the reversal of strictures on cholangiogram[63]. Azathioprine (AZA) should be considered
alongside those with proximal and intrahepatic stenosis,
and those that relapse during and ⁄ or after corticosteroid
therapy[64].

Small-duct PSC
Small-duct PSC is characterized by laboratory and histological findings similar to PSC but with normal cholangiogram. The presence of coexisting IBD is required for
the diagnosis of this entity[49]. In a large multicenter study,
80% of patients with small-duct PSC had concurrent
IBD (78% UC and 21% CD)[50]. Progression of smallduct PSC to PSC was observed in 12%-23% of cases.
Small-duct PSC has been associated with a better longterm prognosis as compared with large-duct PSC. Cholangiocarcinoma has not been previously described. Some
patients may require liver transplantation for end-stage
liver disease, and the disease may recur after liver transplantation. In IBD patients with cholestatic liver function
tests altered and a normal cholangiogram by ERCP/
MRCP, a biopsy is recommended to rule out small-duct
PSC, after excluding other hepatobiliary disorders.

Primary biliary cirrhosis
Primary biliary cirrhosis (PBC) frequently accompanies
various autoimmune diseases including Sjögren syndrome, chronic thyroiditis, and rheumatoid arthritis, but
rarely IBD[65]. There are a few reported cases of both diseases in the literature[66,67]. The clinical presentation varies
from typical PBC; affecting males more frequently, being
diagnosed at younger age and at earlier stages of PBC,
and usually associated with previously diagnosed mild
left-side UC. Although the pathogenesis of this disease
has not yet been clarified, environmental and genetic factors are considered important in the susceptibility to both
diseases.

AIH/PSC overlap syndrome: AIH/PSC overlap syndrome has been described in patients with IBD, especially UC[51]. The diagnosis is suspected when features of
AIH and PSC are present in the same patient, requiring
a definitive diagnosis of AIH based on the International
Autoimmune Hepatitis Group Criteria, which includes
demographic, histologic, and laboratory markers [52].
Diagnosis, treatment, and prognosis of the overlap syndrome are controversial and so standardized diagnostic
criteria are needed[53,54]. Previous studies have reported
cases that initially presented with laboratory markers and
histologic features of either AIH or both diseases with
a normal cholangiography, only to develop pathologic
characteristics of PSC during the follow-up[52,55,56]. Intrahepatic and extrahepatic bile ducts may be affected.
Conventional corticosteroid therapy, alone or in conjunction with UDCA (13-15 mg/kg daily), has been variably
effective, and cyclosporine, mycophenolate mofetil, and
budesonide have been beneficial in selected patients. The
cholestatic features that influence the prognosis of autoimmune hepatitis must be defined and incorporated into
the definition of the syndrome[57].

Hepatic amyloidosis
Secondary amyloidosis is an unusual complication of
IBD, more frequent in CD than in UC (0.9% vs 0.07%)[68].
Chronic activity in the bowel contributes to amyloid deposition in the vasculatures and sinusoids of almost any
organ, including the liver. It may present as asymptomatic
hepatomegaly and is more common in men with colonic
diseases. Treatment is based on controlling gut inflammation, thereby decreasing the release of the acute phase
reactant serum amyloid A[69]. In some cases, colchicine
can be effective.
Granulomatous hepatitis
Granulomatous hepatitis is another rare complication of
CD, which is characterized by granulomas on the liver biopsy. The main manifestation is an increase in cholestatic
enzymes such as alkaline phosphatase. Granulomatous
hepatitis is often secondary to different medications,
including sulfasalazine[70]. Other causes are malignancies,
infections, or CD metastasis[71]. Corticosteroids and immunosuppressive drugs have been used in its treatment.

IgG4-associated cholangiopathy
IgG4-associated cholangiopathy (IAC) is a biliary disease
of unknown immunopathogenesis. Indistinguishable
from PSC according to cholangiographic characteristics, it shows distinct histological findings. It is one of
a variety of IgG4-related systemic disease and has been
described in patients with concurrent UC[58]. Clinical diagnostic criteria for IgG4-related disease require systemic
organ involvement, elevated serum IgG4 levels (≥ 135
mg/dL), and histopathological findings[59]. IgG4 levels
have also been reported in 9%-36% of patients with
PSC, although these levels are usually lower than in patients with IAC[60,61]. The identification of IgG4 plasma
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Cholelithiasis
It has been estimated that patients with CD have a doubled
risk for gallstones comparing to IBD-free controls, while
UC is not associated with an increased risk[72]. The incidence of gallstones is raised in patients with Crohn’s ileitis
or ileal resection, ranging from 13% to 34%[73]. Risk
factors associated with its development are CD location at diagnosis, surgery, and extent of ileal resection.
Other factors include the age of the patient, frequency
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of clinical recurrences, length of hospital stay, and the
use of total parenteral nutrition. The pathophysiology of
cholelithiasis in CD is not well defined. Abnormal malabsorption of bile acids that interfere with enterohepatic
circulation has been proposed. Moreover, reduced gallbladder motility has been described in CD and increased
gallstone cholesterol concentrations have been identified
in patients with ileoanal anastomosis[74].

developed NAFLD tended to be older, and developing
IBD at an older age normally requires small bowel surgery[85]. It has been reported that IBD patients develop
NAFLD with fewer metabolic risk factors than non-IBD
NAFLD patients. In multivariate analysis, hypertension
(OR = 3.5), obesity (OR = 2.1), small bowel surgeries (OR
= 3.7), and use of steroids at the time of imaging (OR =
3.7) were independent factors associated with NAFLD.
NAFLD is also less common among patients who received antibodies against tumor necrosis factor alpha
(anti-TNF-α) therapy.

Portal vein thrombosis
IBD is associated with an increased risk of vascular
complications, such as arterial and venous thromboembolisms, which are considered extraintestinal manifestations. Portal vein thrombosis is a rare but potentially
life-threatening complication, with an incidence in IBD
patients higher than that of the general population. In
a Mayo Clinic study, portal/mesenteric vein thrombosis
was reported in 1.3% of IBD cases, with a mortality
of 50%[75]. Recent abdominal surgery, younger age, and
female gender are associated with a higher incidence of
portal vein thrombosis[76]. The factors involved in this
pathogenesis are diverse. Acquired prothrombotic factors can be identified, such as inflammation, immobilization, extent of colon disease, surgery, central catheters,
corticosteroids, and smoking[77,78]. Furthermore, patients
with IBD have increased platelet counts, factor Ⅴ and Ⅷ
levels, and fibrinogen, along with decreased antithrombin
Ⅲ levels. Anticoagulants, such as low-molecular-weight
heparin and warfarin, are mainstays of therapy, even in
the setting of gastrointestinal bleeding[73]. In the presence
of a congenital hypercoagulable state, lifelong systemic
anticoagulation should be considered, although in other
prothrombotic conditions, a six-month course provides
adequate coverage[79].

VIRAL HEPATITIS AND IBD
Chronic hepatitis B and C are two common diseases. The
WHO estimates that 350 million people in the world suffer from chronic hepatitis B, and more than 200 million
from hepatitis C[86,87]. Hepatitis B infection is transmitted
during delivery or early childhood. Hepatitis C is a bloodborne disease spread mainly via blood product transfusion and misuse of illegal drugs. Around 20% of patients
with chronic hepatitis B show cirrhosis progression and
5% are at risk of developing hepatocellular carcinoma.
Chronic hepatitis B infection is a dynamic process,
owing to the interaction between the hepatitis B virus and
the host immune system. Its natural history is covered
by five different phases[88] (Table 1): (1) Immunotolerant phase: characterized by positive hepatitis B e antigen
(HBeAg), higher HBVDNA titre, and normal or near
normal ALT levels. Liver biopsy at this phase shows mild
or no inflammatory lesions and scarce non-progressive
fibrosis; (2) Immunoclearance phase: positive HBeAg,
lower HBVDNA, and raised aminotransferase levels. Liver histology shows necroinflammatory activity together
with fibrosis progression. Spontaneous HBeAg clearance
and anti-HBe seroconversion could occur at this phase;
(3) HBsAg inactive carrier: characterized by negative
HBeAg, positive anti-HBe, residual viremia (HBVDNA
lower than 2000 IU/mL), and ALT levels under the normal limit. Liver histology shows minimal or no lesions; (4)
Chronic hepatitis B: HBeAg negative could appear after
unsuccessful seroconversion. HBVDNA remains quantifiable and ALT levels are fluctuant. Fibrosis progression
is common; and (5) Resolved infection: characterized by
loss of HBsAg and could be a stable phase, with negative
HBsAg and non-detectable HBVDNA with normal ALT
levels and excellent prognosis.
Chronic hepatitis C is a progressive liver disease that
could evolve to cirrhosis. Risk factors associated with
fibrosis progression are alcohol consumption, HIV coinfection, and adult age at infection.
Chronic hepatitis B patients showing HBVDNA >
2000 IU/mL and at least moderate necroinflammatory
activity or fibrosis in a liver biopsy should be treated with
entecavir or tenofovir and, in selected cases, with peginterferon α-2a. In patients with chronic hepatitis C and
positive HCVRNA, antiviral treatment should be started.
In genotype 1, protease inhibitor-based triple therapy is

Liver abscess
The association between liver abscesses and IBD is
uncommon[80,81], but hepatic abscesses can be an initial
manifestation of CD[82]. The mechanism of abscess development may be related to direct extension of intraabdominal abscesses or due to portal pyemia, secondary
to an increase in intestinal mucosa permeability. Among
associated risk factors, intra-abdominal abscesses, fistulizing disease, malnutrition, and treatment with steroids and
metronidazole have been reported.
Non-alcoholic fatty liver disease
Non-alcoholic fatty liver disease (NAFLD) is a clinicpathological syndrome with a histologic spectrum ranging from benign steatosis to non-alcoholic steatohepatitis
(NASH)[83]. Steatosis is described in up to 50% of abnormal liver biopsies in IBD patients and has been related
to colitis severity. It was presumed secondary to severe
illness, with malnutrition, hypoproteinemia, and corticosteroids primarily responsible[84]. On the other hand,
NAFLD occurs in 8.2% of the IBD population, which
is much lower than the frequency reported in the United
States general population (33.6%). Those patients who

WCG|www.wjgnet.com

1299

January 28, 2014|First Edition|

Rojas-Feria M et al . Hepatobiliary manifestations in IBD
Table 1 Phases of chronic hepatitis B infection
Phase
Immune tolerant
Immune active

Characteristics

HBVDNA

ALT

Liver histology

HBeAg positive
HBeAg positive

> 2000000 UI/mL
> 200000 UI/mL

Normal
Elevated
Normal

Normal or mild inflammation
Chronic hepatitis
Active cirrhosis
Normal or mild inflammation
Mild fibrosis
Inactive cirrhosis
Chronic hepatitis
Active cirrhosis
Normal
Mild fibrosis
Inactive cirrhosis

Inactive carrier

HBeAg negative
Anti-HBe positive

< 2000 UI/mL

HBeAg negative chronic hepatitis

HBeAg negative
Anti-HBe positive
HBsAg negative
Anti-HBc positive

> 20000 UI/mL

Remission

Elevated
(fluctuating)
Indetectable in serum and detectable in liver
Normal

HBV: Hepatitis B virus; ALT: Alanine aminotransferase; HBeAg: Hepatitis B e antigen.

Hepatitis B and IBD
At the beginning of this century, hepatitis B infection
prevalence was slightly higher in patients with IBD than
in the general population, which was mainly related to
increased surgical procedures and blood transfusions[93,94].
However, recent studies in France and Spain did not
confirm these data. Prevalence of hepatitis B in IBD has
been estimated to be similar to the general population
as a consequence of several health system measures, like
overall vaccination, safe transfusions, and surgical procedures. Prevalence of anti-HBc was 7.1% in CD and 8%
in UC in a Spanish population[95,96].
Hepatitis B reactivation is a major health problem.
Patients undergoing immunosuppressive therapy are at
risk of developing hepatitis B reactivation. Acute liver
failure requiring orthotopic liver transplantation has been
reported in a patient under AZA and steroid treatment[97].
TNFα plays a role in hepatitis B virus replication, so
anti-TNFα drugs could promote hepatitis B reactivation[98]. Infliximab, together with AZA or steroids, have
been implicated in hepatitis B reactivation in seven cases
from several series[94,99-102]. No cases have been reported
in patients receiving adalimumab or certolizumab pegol.
Nevertheless, hepatitis B reactivation seems to be a classeffect, so more cases should be expected with the continuing use of these new drugs. In patients with HBsAg
loss reactivation is infrequent, but one case treated with
infliximab has been reported[103]. A collaborative multicenter and retrospective Spanish study (REPENTINA)
showed a reactivation rate of 36% (9/25) in patients with
positive HBsAg; six out of nine developed liver failure,
three underwent liver transplantation, and one died. No
HBsAg-negative patients developed hepatitis B virus
reactivation. In this study, the key factor for reactivation
was the combination of two or more immunosuppressive
drugs, independently of agent type. The absence of reactivation was associated with the use of only one drug for
a short period of time[104].
Clinical practice guidelines from AEEH, EASL, and
ECCO revised this topic and recommended prophylaxis
of hepatitis B reactivation in patients with IBD receiving
immunosuppressive agents[104-106]. HBsAg, anti-HBc, and
anti-HBs should be tested before immunosuppressive

the first choice and, in non-1 genotype, standard peginterferon plus ribavirin.
Viral reactivation during immunosuppressive therapy
is a major concern in viral hepatitis B and C. Viral reactivation is defined by an increase of 1 log in viral load or
re-appearance of the virus after previous clearance. A
flare of ALT is common and in some cases may develop
into acute liver failure.
Hepatitis B reactivation depends on two main factors: (1) type of immunosuppressive drug used, and (2)
hepatitis B phase prior to treatment. In a recent metaanalysis including 14 studies and 485 HBsAg-positive
patients undergoing chemotherapy, one in three patients
developed hepatitis and the mortality rate reached 7%.
Positive HBeAg and detectable HBVDNA, together with
steroids or rituximab in hematologic neoplasms, were independent factors associated with the risk of developing
reactivation[89]. In patients with HBsAg loss, reactivation
risk was around 3%-10% and mainly associated with the
combination of steroids and rituximab in hematologic
neoplasms[90].
Hepatitis B reactivation prophylaxis is recommended
from one week before chemotherapy to 12 mo after cessation of this therapy. Lamivudine has shown to decrease
mortality rate[89]. However, it has been associated with an
increased risk of developing resistant variants, so drugs
with a higher genetic barrier, like entecavir or tenofovir[91],
are recommended if immunosuppressors need to be used
for more than one year.
Hepatitis C reactivation management is controversial,
due to both its frequency and clinical manifestations remaining unclear. Hepatitis has been reported in 11% of
cases and reactivation in 36% of the few patients with
HCVRNA evaluated before and after chemotherapy,
mainly in those treated with rituximab for hematologic
neoplasms[92]. Interferon-based therapy is not recommended for hepatitis C reactivation prophylaxis. Further
combination of direct antiviral drugs could be useful in
avoiding hepatitis C reactivation in this setting.
As immunosuppressive drugs, like AZA, methotrexate (MTX), and anti-tumor necrosis factor α (TNFα), are
being used more frequently in IBD, concerns about viral
reactivation are increasing.
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therapy with two goals: avoid possible fatal complications
and use antiviral drugs to control hepatitis B virus replication: (1) HBV serologically-negative patients should
receive vaccination. Vaccination rates in IBD are variable.
In Spain, only 56% of young people showed anti-HBs
antibodies[95]. Vaccine response was around 46% using
double doses in patients with IBD receiving anti-TNF
drugs. However, AZA seems not to influence vaccine
response. In non-responders a new complete vaccination
course should be recommended. Hepatitis B screening
is highly recommended immediately after the diagnosis
of IBD, and vaccination is indicated in serologicallynegative patients[107]; (2) Patients showing HBsAg positive
and HBVDNA > 2000 IU/mL should be treated with
tenofovir or entecavir as chronic hepatitis B patients; (3)
Patients showing HBsAg positive and HBVDNA < 2000
IU/mL or undetectable levels, and patients with HBsAg
negative and HBVDNA positive should be treated with
tenofovir or entecavir for 6 to 12 mo after the end of
immunosuppressive therapy. ALT levels and HBVDNA
titre should be monitored every three months during
treatment; and (4) Patients showing HBsAg negative and
anti-HBc positive with or without anti-HBs should be
closely monitored every 1 to 3 mo, measuring ALT and
HBVDNA until 6 to 12 mo after the end of therapy. For
patients with an increase in viral load, entecavir or tenofovir therapy should be immediately started.

Increased TNFα levels have been associated with impaired sustained virological response (SVR)[113]. Thus,
TNFα inhibition could be more beneficial than harmful
in the management of chronic hepatitis C. Etanercept
improved SVR in patients with chronic hepatitis C receiving peginterferon plus ribavirin[114]. Patients suffering
from rheumatoid arthritis and hepatitis C treated with
etanercept or infliximab did not show any changes in
transaminases level or viral load[115]. Although etanercept
is not effective on IBD, a class-effect should be expected,
and the use of anti-TNFα could be safe in hepatitis C associated with IBD.
CD is characterized by a Th1 response. Interferon
seems to play an immunomodulatory activity-enhancing
Th1 response, and can cause outbreak of CD[116]. On
the other hand, some authors have suggested that interferon could be safely used in patients with IBD, due to
a lack of negative impact on the gut[117,118]. In a prospective study including 11 patients with IBD and hepatitis
C, peginterferon plus ribavirin achieved SVR in a similar
way to non-IBD patients. During treatment six patients
developed gastrointestinal symptoms that required optimization of immunosuppressive agents without impacting antiviral treatment[119]. Several case reports showed a
beneficial effect of interferon-alpha and beta on patients
with UC[120,121]. A systematic review, including three prospective studies, demonstrated no effect of interferonalpha on UC[122], although new cases or exacerbation of
UC have been seen in patients treated with interferonalpha[123,124]. Higher doses of interferon used in hepatitis
C, in comparison with lower doses in UC trials, could
partially explain this discrepancy. Finally, 10 patients with
CD and 10 with UC in remission or showing mild bowel
activity underwent antiviral therapy for hepatitis C. No
patient developed reactivation of IBD during treatment
or the 12 mo of follow-up[125], confirming data from a
recent review concluding that interferon does not impair
IBD course[126].
In summary, hepatitis C antiviral treatment has no influence on IBD natural history, and immunosuppressive
therapy for IBD does not promote reactivation of hepatitis C. Currently, no therapeutic option for reactivation
prophylaxis nor vaccination are available for hepatitis C,
but in the near future interferon-free regimen combining
protease, polymerase, and NS5A inhibitors could be useful in the management of hepatitis C in IBD.

Hepatitis C and IBD
The prevalence of hepatitis C infection was increased in
IBD patients younger than 50-year-old in comparison
with the general population in studies of the last decade
of the twentieth century[94]. However, recent studies have
demonstrated a similar prevalence to the general population both in Spain (2.3% in CD and 1.3% in UC) and
France (0.79% in CD and 1.59% in UC)[96,97].
The impact of immunosuppressive therapy for IBD
on hepatitis C remains controversial. Steroids could promote viral replication, as demonstrated after liver transplantation. However, steroids have been used to treat
hepatitis C without success or adverse events. ALT flares
have been reported after stopping steroid therapy in patients with IBD[108]. Steroid therapy should be avoided in
patients with hepatitis C, and patients should be closely
monitored after any withdrawal or tapering process. Immunosuppressive drugs like AZA, MTX, cyclosporine,
and mycophenolate mofetil have been largely used in
the liver transplantation setting, showing a slight antiviral activity against hepatitis C[109-111]. MTX did not affect
hepatitis C disease in patients with arthritis[112]. Therefore,
immunosuppressive therapy with these drugs seems to be
safe. Indeed, in a Spanish study, 16% (8/51) of patients
with chronic hepatitis C and IBD receiving immunosuppressive therapy developed non-severe liver dysfunction,
seven related to steroids, and one case with AZA[104].
TNF α plays a major role in the pathogenesis of
chronic hepatitis C and associated metabolic abnormalities. TNFα is crucial in hepatitis C-induced insulin
resistance, but could also modulate interferon response.
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DRUG-INDUCED LIVER INJURY IN IBD
Approximately 30% of patients with IBD show abnormalities in liver biochemical tests during the course of the
disease. Most of the drugs used in IBD have potential
hepatotoxicity[127] (Table 2).
Aminosalicylates: Sulfasalazine and mesalazine
Sulfasalazine, an association between sulfapyridine and
5-aminosalicylate (5-ASA), was the first aminosalicylate
used in the treatment of IBD. This drug has been replaced in the last two decades by mesalazine or 5-ASA,
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with obesity, alcoholism, diabetes, previous abnormalities
in biochemical liver tests and, especially, an accumulated
dose higher than 15 g, as risk factors. Currently, liver
fibrosis and cirrhosis are less frequent, probably due to
close monitoring of liver parameters, proper selection
of patients, and simultaneous treatment with folic acid,
which decreases MTX-related adverse effects. Sabeni et
al[130], in Italy, detected hepatotoxicity in 14.3% of patients with IBD treated with MTX during a mean followup of 26 mo. Te et al[131], in the United States, carried
out a study in 20 IBD-patients treated with MTX with
a mean follow-up of 131 mo and accumulated doses
of 2.6 g. Liver fibrosis in biopsies was detected in one
patient; the rest of the patients showed mild histological
changes only. No association between abnormalities in
liver biochemical tests and liver histology was found[131].
Regular liver laboratory studies are recommended in
patients treated with MTX[132]. Nowadays, liver biopsy is
not recommended routinely during MTX treatment[133].
However, it should be performed in cases of persistent
alteration of transaminases (especially if they do not decrease after reducing the drug dose) and in patients with
high accumulated doses, together with other risk factors.
On the other hand, transient elastography (Fibroscan®) is
emerging as diagnostic method of liver fibrosis in these
patients. Treatment needs to be discontinued in cases of
liver fibrosis or cirrhosis[134].

Table 2 Drug induced hepatobiliary manifestations in
inflammatory bowel disease
Manifestation

Drug

Drug induced hepatitis

Azathioprine
6-mercaptopurine
Methotrexate
Cyclosporine
Infliximab
Reactivation of hepatitis B
Anti-TNF therapy
Corticosteroids
Drug induced pancreatitis
Azathioprine
6-mercaptopurine
Methotrexate
Hepatosplenic T-cell lymphoma Combination of anti-TNF and
immunosuppressive therapy
TNF: Tumor necrosis factor.

due to its adverse effects. Mesalazine is indicated for the
induction and maintenance of the clinical remission in
patients with UC with mild-moderate activity. The efficacy of this drug in CD remains controversial.
The anti-inflammatory effect of aminosalicylates is
unclear. Synthesis inhibition of prostaglandins and leukotrienes (which show antioxidant and immunomodulatory activity) are well known. Aminosalicylates are safe
drugs, and rarely lead to severe adverse effects such
as bone marrow aplasia, pancreatitis, nephropathy, or
hepatotoxicity. Altered liver function tests (cytolysis or
cholestasis) may be detected during treatment with them.
These abnormalities usually have no clinical relevance,
although hepatotoxicity induced by acute hypersensitivity and acute liver failure has been described. In clinical
trials, abnormalities in liver biochemical tests have been
observed in 2% of UC patients treated with mesalazine[128]. The United Kingdom’s Committee on Safety of
Medicines observed that, between 1991 and 1998, the
incidence of toxic hepatitis was 3.2 and 6 cases per million of prescriptions for mesalazine and sulfasalazine,
respectively, and the presence of rheumatoid arthritis was
a stronger risk factor than IBD[129]. Therefore, given the
low risk of hepatotoxicity, a close monitoring of liver
biochemical tests is not necessary in patients treated with
aminosalicylates.

Anti-TNFα : Infliximab and adalimumab
Infliximab and adalimumab are monoclonal antibodies
against TNFα, indicated in several rheumatologic, dermatologic, and gastrointestinal diseases. The main indication
is the induction and maintenance of clinical remission in
steroid-resistant or steroid-dependent CD and UC patients without response to immunosuppressive therapy.
Early on, they are recommended in CD associated with
risk factors or in the presence of severe perianal disease.
Biological agents inhibit TNFα, preventing the release of
proinflammatory cytokines, leukocyte migration, expression of endothelial molecules, fibroblast proliferation,
and prostaglandin synthesis.
The main adverse effects of these drugs are opportunistic infections, hepatitis B virus reactivation,
lymphoproliferative diseases, neurological diseases, and
autoimmune diseases, such as lupus-like syndromes.
Severe hepatotoxicity is a very rare condition in biological therapy, being most frequent in patients treated with
infliximab. It is difficult to determine cause-effect associations between liver damage and these drugs in some
cases due to confounding factors, like the presence of
other drugs and other concomitant diseases. The drug
label of infliximab (Remicade®) showed that, in clinical
trials, ALT raised more than three times in 4.9% of patients with CD and in 2.5% of patients with UC, without
clinical relevance. In contrast, serum ALT levels were less
altered in the placebo group. On the other hand, the drug
label of adalimumab (Humira®) indicates that serum ALT
levels were similar in patients with IBD and a placebo.

Methotrexate
Methotrexate (MTX) has both anti-proliferative and immunosuppressive activities, impairing DNA synthesis (via
inhibition of dihydrofolate reductase) as well as decreasing the production of proinflammatory cytokines and
inducing lymphocyte apoptosis, respectively. The main
indication in IBD is maintenance of clinical remission
in steroid-dependent CD patients, after adverse effects
or lack of efficacy of thiopurines. MTX efficacy in UC
is controversial. On the other hand, MTX is contraindicated in pregnancy. Regarding adverse effects, myelosuppression and hepatotoxicity are dose-dependent. These
effects were documented in up to 25% of patients with
rheumatoid psoriatic arthritis, highlighting the association
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According to infliximab indications, jaundice has been an
uncommon finding, as well as infectious hepatitis, with
liver failure being a very rare condition[135]. The Food and
Drug Administration considers infliximab a hepatotoxic
drug[136]. Recently, hepatotoxicity by these drugs has been
evaluated in the United States (2003-2011), where only
34 cases were found, confirming the peculiarity of this
adverse effect. Most cases (76%) were related to infliximab, showing a hepatocellular or cholestatic pattern with
autoimmune characteristics, and improving after discontinuation of the drug[137]. Cross hepatotoxicity has not
been documented in anti-TNF agents. In fact, in cases of
infliximab-induced hepatotoxicity, adalimumab has been
shown to be safe[138].

routinely perform liver biochemical tests, especially during the first months of treatment, to detect myelotoxicity
and/or hepatotoxicity. Mild abnormalities in liver parameters, without clinical relevance, allow the continuation of treatment at a lower dose. However, jaundice or
persistent alterations in spite of reduced dose require an
immediate stop to treatment[142].

CONCLUSION
Hepatobiliary disorders are common extraintestinal manifestations of IBD, and PSC represents the most prevalent
disease among them. Abnormal liver biochemical tests
are present in up to 30 percent of patients with IBD and
emerge as a diagnostic challenge. Drug-induced hepatotoxicity should always be rule out, as most IBD treatments have been associated with liver toxicity, although
the incidence of serious complications is low. Hepatitis
B screening and vaccination is recommended in patients
with IBD. Reactivation prophylaxis with entecavir or
tenofovir is mandatory in patients under immunosuppressive therapy showing HBsAg positive, independently
from viral load. HBsAg negative and anti-HBc positive
patients, with or without anti-HBs, should be closely
monitored, and treated if the viral load increase. Diagnosis complexity often requires a joint gastroenterologist
and hepatologist approach.

Thiopurines (azathioprine and 6-mercaptopurine)
AZA and its metabolite, 6-mercaptopurine (MP), are the
immunosuppressive agents most commonly used in IBD.
They are purine analogues, which interfere in nucleic acid
synthesis and inhibit the proliferation of B and T lymphocytes, although the most relevant action is the apoptotic activation of T lymphocytes. The main indication of
these drugs in CD and UC is the maintenance of clinical
remission, preventing the use of steroids.
The active metabolites of AZA and MP are the
6-thioguanine nucleotides. In the liver, AZA is modified to MP, which is metabolized by xanthine oxidase
and thiopurine methyltransferase (TPMT) in 6-thiouric
acid and 6-methylmercaptopurine, resulting ultimately in
6-thioguanine nucleotides by hypoxanthine phosphoribosyltransferase. The decreased activity of TPMT facilitates
the increasing in 6-thioguanine nucleotide levels, which
are related to adverse effects. In fact, the efficacy of AZA
and MP is limited owing to their adverse effects, which
are responsible for treatment discontinuations in up to
15% of patients. Adverse effects are classified as doseindependent, dose-dependent, or idiosyncratic (which
appears during the first two weeks of treatment). Regarding dose-independent adverse effects, the most common
are allergic reactions (fever, exanthema, myalgias, and arthralgias) and acute pancreatitis. Among dose-dependent
adverse effects, gastrointestinal intolerance and myelotoxicity are present in 2%-5% of patients. In retrospective
studies, hepatotoxicity affected 3% of patients with an
annual incidence of 1.4%, while these results are higher
in prospective studies (10%)[139]. AZA and MP are able
to damage the vascular endothelium, especially sinusoids
and terminal veins, promoting veno-occlusive disease,
regenerative nodular hyperplasia, and liver peliosis. These
complications could be detected between 3 mo and 3
years after the beginning of treatment, and generate
portal hypertension[140,141]. In general, mechanisms for
AZA and MP hepatotoxicity remain unclear. It is thought
that the main reason is the intracellular accumulation of
6-thioguanine nucleotides due to the decreased activity of
TPMT.
It is recommended to determine levels of TPMT
before the beginning of treatment with AZA or MP and
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functioning of bacteria and in some cases can serve
as virulence factors for pathogenic bacteria. Although
not classified as traditional virulence factors, proteases originating from commensal enteric bacteria also
have a potential association with intestinal inflammation via increased enteric permeability. Reports of
increased protease activity in stools from IBD patients
support a possible mechanism for a dysbiotic enteric
microbiota in IBD. A better understanding of these
pathways and characterization of the enteric bacteria involved, their proteases, and protease receptors
may pave the way for new therapeutic approaches for
these diseases.
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Core tip: It is currently accepted that an enteric dysbiosis (alteration of the normal bacterial flora) is involved in the pathophysiology of inflammatory bowel
diseases (IBD). One of the suggested mechanisms
that ties an intestinal dysbiosis to the pathophysiology
of IBD involves the release of enteric bacterial proteases that interact with protease activated receptors on
epithelial cells, resulting in intestinal barrier dysfunction and exposure of the enteric immune system to
luminal antigens. We have reviewed the literature that
examined the role of microbial proteases and their enteric receptors in the pathogenesis of IBD, their suggested pathways of action, and discuss future therapeutic implications.

Abstract
Numerous reports have identified a dysbiosis in the
intestinal microbiota in patients suffering from inflammatory bowel diseases (IBD), yet the mechanism(s)
in which this complex microbial community initiates
or perpetuates inflammation remains unclear. The
purpose of this review is to present evidence for one
such mechanism that implicates enteric microbial derived proteases in the pathogenesis of IBD. We highlight and discuss studies demonstrating that proteases
and protease receptors are abundant in the digestive
system. Additionally, we investigate studies demonstrating an association between increased luminal
protease activity and activation of protease receptors,
ultimately resulting in increased intestinal permeability
and exacerbation of colitis in animal models as well as
in human IBD. Proteases are essential for the normal
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INTRODUCTION

PROTEASE CLASSIFICATION

Inflammatory bowel diseases (IBD), collectively known
as Crohn’s disease (CD) and ulcerative colitis (UC), are
caused by dysregulated immune responses towards microbial antigens in a genetically predisposed host. The incidence of UC and CD has been increasing worldwide in
developed and in developing countries[1,2]. These diseases
are highly prevalent in the United States affecting 1.4 million individuals[3] and are associated with reduced quality
of life[4,5], and psychological co-morbidity[6]. Current estimates for IBD associated treatment costs in the US are
$6.3 billion[7], but the initiating events of IBD and causes
of disease exacerbation remain unclear. It is postulated
that one potential mechanism involves disruption of the
epithelial barrier, and exposure of a genetically defective
immune system to enteric microbial antigens. Consistent
with this hypothesis are animal models of colitis that use
chemical disruption of the epithelial barrier with trinitrobenzene sulphonic acid (TNBS), dextran sodium sulfate
or non-steroidal anti-inflammatory drugs (NSAIDs). Additionally, disruption of the intestinal epithelial barrier by
exposure of susceptible patients to NSAIDs (blockers
of prostaglandins synthesis) is a known risk factor that
can trigger intestinal inflammation[8]. In line with this
observation, in animal studies, the use of a prostaglandin
receptor agonist preserved the intestinal epithelial barrier
structure and function, maintained mucous secretion by
goblet cells, and prevented the development of colitis[9].
Proteases, peptidases, or proteolytic enzymes, are a
class of enzyme that catalyze the cleavage of peptide
bonds in other proteins in the presence of H2O (hydrolysis). Proteases act as both positive and negative effectors
of several biological processes either broadly as catalysts
of protein degradation or specifically as selective agents
that control physiological processes[10]. The importance
of proteases is highlighted in the human genome where
2%-4% of genes encompass the degradome[11]. In bacteria,
proteases are involved in numerous biological processes,
such as those associated with metabolism, development,
and virulence. Additionally, these enzymes can disrupt
mucosal barriers, provide a metabolic advantage, and
modulate the host immune response. The high prevalence of proteases in enterobacteria suggests that proteases play important roles in pathogenesis[12]. Both mammalian and bacterial proteases have been implicated in
the pathogenesis of IBD, usually through disruption of
the epithelial barrier. In pathogenic bacteria, many proteases are virulence factors that aid in bacterial invasion
into host cells and cause infectious colitis. However, accumulating evidence shows that commensal enteric microorganisms also produce proteases that possess the ability
to disrupt the epithelial barrier[13,14]. These commensal
proteases may be involved in the pathogenesis of IBD
in the context of a genetically predisposed host and/or
when an intestinal microbial dysbiosis occurs. Our aim
in this review is to provide an overview of current studies that suggest potential mechanisms in which microbial
proteases may play a role in the pathogenesis of IBD.

Proteases frequently exist as multi-domain proteins,
with catalytic activity restricted to a single structural domain. Although these enzymes appear to have a specific
function (i.e., hydrolysis of proteins), they exhibit vast
diversity in their action and structure and are not easily
categorized by general systems of enzyme nomenclature.
Thus, proteases are broadly subdivided into two major
groups, exopeptidases and endopeptidases. Exopeptidases cleave the peptide bond proximal to the amino or
carboxy termini of the substrate, whilst endopeptidases
cleave peptide bonds distant from the termini of the
substrate. Proteases are further classified into five distinct
groups on the basis of the chemical nature of the groups
responsible for their catalytic activity, namely; aspartic,
cysteine/thiol, metallo-, serine, and unidentified proteases[15]. In order to generate a comprehensive classification
system for proteases, Rawlings and Barrett[16] developed
a method to classify this group of enzymes based on the
type of reaction they catalyze, the chemical nature of
their catalytic site, and their evolutionary structure. This
approach is a hierarchical system where classification levels were summarized as peptidases (i.e., serine proteases),
families and clans. This system initially recognized 84
families of proteases; however the subsequent massive
accumulation of amino acid sequence data and threedimensional structures of proteases from the scientific
community warranted an updated classification system
that was easily accessed for academic studies. Thus, based
on the system outlined by Rawlings and Barrett[16] the
MEROPS database was developed[17]. Along with data
regarding protease classification, the MEROPS database
also provides information regarding classification of
protein inhibitors of peptidases[18], small-molecule inhibitors[19], and a collection of known protease cleavage sites
and substrates[20].

WCG|www.wjgnet.com

Microbial proteases
Proteases are found in all forms of life suggesting that
they are vital for the survival of all organisms. Micro-organisms produce a vast array of aspartic, cysteine, metallo-, and serine proteases. Microbial aspartic proteases
are specific for aromatic or bulky amino acid residues on
both sides of a peptide bond. They are broadly divided
into two groups: pepsin- and rennin-like enzymes. Cysteine proteases generally are only active in the presence
of reducing agents. Some bacterial cysteine proteases are
notable for their role in virulence and the inflammatory
response they illicit[21]. Metalloproteases are characterized
by the requirement for a divalent metal ion for their activity. These proteases are summarized into neutral and alkaline groups based on their specificity of action[22]. Serine
proteases are characterized by the presence of a serine
group in their active site and have broad substrate specificity. The complex microbial community in the human
gut (referred to as the intestinal microbiota) is a substantial source of serine, cysteine, and metallo-proteases[23-25].
This is exemplified by the reduction of colonic bacteria
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densities and protease activity by oral administration of
antibiotics to mice[26]. By analyzing the protease activity
of representative enteric bacterial strains and human fecal
samples it has previously been suggested that the activity
of specific classes of proteases present in human feces
are likely to originate from Bacteroides, Streptococcus, and
Clostridium species[27]. However, to date only one study
has reported the correlation between specific groups of
proteases and the abundance of enteric bacterial taxa using modern molecular methods. Carroll et al[28] used high
throughput sequencing of the 16S rRNA gene and correlated the abundances of specific bacterial families with
fecal tryptic activity in stool samples from healthy individuals and IBS patients. This study found positive associations between Lachnospiraceae, Streptococcaceae and Lactobacillales with fecal protease activity, and a negative correlation
with Ruminococcaceae. However, to date microbial proteases
have been mainly exploited for commercial purposes. For
example, bacterial alkaline proteases are characterized by
their high activity at an alkaline pH and their broad substrate specificity, thus, making them ideal for use in the
detergent industry[29]. In addition, most academic studies
have focused on bacterial proteases as potential virulence
factors in pathogenic bacteria[30]. However, little is known
regarding the relationship between microbial proteases,
found in or on the body, and the health of the host. Examples of such microbial proteases that are produced by
enteric commensals are specified in Table 1.

Table 1 Commensal enteric microbial protease classification
and origin
Microbial origin

Protease

Aspartic

Candida albicans

Secreted aspartic
proteases[119]
Type 4 prepilin
peptidase[120]
Preflagellin[121]
Sortases[122]
Gingipain[21]
Staphopain[123]
Fragilysin[124]
Gelatinase[87]
Elastase[123]
Collagenase[13]
High temperature
requirement A[125]
Subtilisin[126]

Pseudomonas aeruginosa

Cysteine

Metalloprotease

Serine

Methanococcus voltae
Gram positive bacteria
Porphyromonas gingivalis
Staphylococcus aureus
Bacteroides fragilis
Enterococcus faecalis
Staphylococcus epidermidis
Clostridium perfringens
Helicobacter pylori
Bacillus subtilis

MICROBIAL PROTEASES AND
ADHERENCE AND INVASION TO THE
INTESTINAL EPITHELIUM
Bacterial adhesion to intestinal epithelial cells is believed
to be one of the first steps used in the pathogenicity of
many enteric pathogens. Adhesion enables a microbe
to colonize the intestinal epithelium and resist exclusion
from the intestine by the mechanical movement of the
gut. Adherent and invasive E. coli (AIEC) are a group
of enteric microbes that are capable of adhering to
and invading intestinal epithelial cells[33]. AIECs are not
classified as enteric pathogens, but exhibit some pathogenic traits in the context of IBD. For example, AIECs
isolated from CD patients are able to replicate within
macrophages without escaping from the phagosome and
without inducing macrophage death[34]. Proteases for
pathogenic bacteria play a fundamental role in adherence
and invasion virulence traits. For example, enteroaggregative E. coli (EAEC) expresses a factor referred to as
‘‘protease involved in colonization’’ or Pic. Pic catalyzes
gelatin degradation which can be abolished by disruption
of the predicted proteolytic active site. This protease is
involved in the early stages of pathogenesis and most
probably promotes intestinal colonization[30,35]. Pic is also
essential for biofilm formation in EAEC. The first step
of biofilm formation is bacterial adherence to a surface
and then intercellular aggregation. In general, intercellular
aggregation is mediated via the proteolytic processing of
bacterial aggregation proteins by means of host or bacterial proteases[36,37] ultimately resulting in a biofilm. To date
the role of microbial proteases involved in the formation
of biofilms in members of the intestinal microbiota have
not been investigated in the context of IBD. However,
the role of biofilms in AIEC virulence in IBD has begun
to emerge. It was reported that biofilm formation indi-

MICROBIAL PROTEASES IN THE
PATHOGENESIS OF IBD
The antigenic contents of the intestinal lumen are separated from underlying intestinal tissues by an epithelial
barrier that is one cell thick. Pathogenic bacteria have
acquired virulence factors, many of which are proteases, that disrupt this barrier and cause infection[31]. For
example, the serine protease autotransporter of Enterobacteriaceae family are generally secreted into the external
milieu and are highly prevalent among enteropathogens,
including Shigella species and all Escherichia coli (E. coli) pathotypes[12]. As there is an established genetic component
to IBD[32], it is difficult to identify microbial proteases
that are potentially involved in the pathogenesis of these
diseases as they would not be categorized in the same
manner as traditional virulence factors. Indeed, an overproduction of microbial proteases originating for enteric
commensal microbes may not have an effect on a healthy
individual, but may play a role in the pathogenesis or perturbation of intestinal inflammation in a population with
a genetic predisposition to IBD. Here we discuss four
potential mechanisms in which microbial proteases from
a non-pathogenic source (the intestinal microbiota) could
contribute to the pathogenesis of IBD.
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ces were higher amongst AIEC than non-AIEC strains
isolated from the intestinal mucosa of CD, UC, and nonIBD controls[38]. Additionally, the adhesion and invasion
properties of AIECs correlated positively with higher
biofilm formation indices. Furthermore, the σE factor,
which up-regulates genes that encode proteases, periplasmic foldases, and chaperones in response to environmental stresses, plays a pivotal role in biofilm formation in
AIECs in the context of CD[39]. Thus, proteases may be
important in biofilm formation and colonization of commensal enteric bacteria and related to IBD pathogenesis.

While the majority of research relating to the relationship between PARs and colitis has examined the role of
endogenous activation of PARs by mammalian proteases,
the interaction between the enteric microbes, PAR expression and activation and the pathophysology of colitis
have not been extensively studied. The evidence that supports these associations is summarized below.
PAR1
PAR1 has been implicated in hemostasis, platelet signaling, systemic pro-inflammatory responses (such as
vasodilatation, increased vascular permeability and chemotaxis) and induction of analgesia[53,54]. PAR1 agonists
induce apoptosis of intestinal epithelial cells in a caspase3-dependent manner, with a concomitant loss of the
epithelial barrier function and a consequent increase of
permeability to macromolecules and bacteria[55]. PAR1
is expressed by enterocytes as well as by other cell types
such as endothelial cells, enteric neurons, myocytes and
immune cells[52]. The expression of PAR1 on the intestinal epithelium is linked to the presence of enteric microbiota[56], and activation of this receptor in the mouse
colon leads to colitis[57,58]. In addition, PAR1 expression
has been reported to be increased in colonic biopsies
from IBD patients[54]. Altogether, these reports support a
role for PAR1 in the pathogenesis of IBD, however it is
not clear if the enteric microbiota directly activate PAR1
through release of bacterial proteases. Nonetheless, this
mechanism is supported by a study investigating oral epithelial cells, where PAR1 activation by a cysteine protease
released by the oral pathogen Porphyromonas gingivalis (P.
gingivalis) caused an up-regulation of pro-inflammatory
cytokines[59].

PROTEASE RECEPTORS
Proteases can mediate their activity on mammalian cells
through activation of protease receptors. Protease activated receptors (PARs) are a family of 7 transmembrane domain G-protein-coupled receptors (GPCRs) that mediate
multiple responses to external stimuli, such as hemostasis,
thrombosis and inflammation, and exist in four isoforms
(PARs 1-4)[40-44]. PARs are activated through proteolytic
cleavage of the extracellular N-terminal component of
the receptor unmasking a tethered peptide ligand residue
that binds with another region of the receptor causing a
conformational change[45]. The result is an initiation of
an intracellular signaling cascade that is diverse and includes calcium mobilization, phospholipase C-dependent
production of inositol phosphates and diacylglycerol,
Rho and Rac activation, mitogen-activated protein kinase
signaling, and gene transcription[46]. Alternatively, PARs
can be activated through peptide sequences that are homologues to the intrinsic tethered ligand. These synthetic
peptides activate PARs without proteolysis of the N-terminal of the receptor in PAR1, PAR2 and PAR4 but not
in PAR3[47]. The outcome of PAR activation is dependent
on the type of ligand (e.g., serine protease, matrix metalloprotease, plasmin, coagulation factors etc.), receptor type
(PAR1, 2, 3 or 4) and on the type of cell which the PAR
is expressed (e.g., epithelial cells, platelets, nerve cells, or
leukocytes). PAR activation, signaling and degradation are
highly regulated by post translational modifications such
as phosphorylation, glycosylation and ubiquitination (for
review- Grimsey et al[48]). In the gastrointestinal (GI) tract,
PARs are activated by endogenous proteases secreted by
the pancreas (such as trypsin), by cells of the enteric wall
(such as mast cells), or by the luminal enteric microbiota.
Moreover, PAR expression on the gut epithelium differs
between IBD patients and healthy individuals. This may
be a result of the type of micro-organisms present in the
GI tract and other receptors [such as toll-like receptors
(TLRs)] they interact with. For example, on polymorphonuclear (PMN) cells, Candida albicans promoted a TLR2dependent PAR1 activation and expression in contrast
to Aspergillus fumigatus that suppressed TLR4-dependent
PAR2 activation and expression[49]. In this regard it is important to note that endogenous host proteases are also
PAR specific, e.g., - thrombin activates PAR1[50], PAR3[40,43]
and PAR4[44], while trypsin activates PAR2[51] and PAR4[52].
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PAR2
The majority of evidence that points towards an association between PARs and intestinal inflammation involves
PAR2. This receptor is localized to the apical and basolateral membrane[60-62] of the intestinal epithelium and can
be activated by trypsin, tryptase, and bacterial proteases[63]. PAR2 is expressed in immune, stromal, endothelial,
and intestinal epithelial cells and thus, PAR2-associated
inflammation may be a result of multiple, systemic and
local pathways. Systemically, this receptor impacts leukocytes by mediating rolling, adhesion, and extravasation[64].
When activated on sensory neurons PAR2 mediates pain
and edema[65]. In the mouse colon, activation of this receptor results in colitis[60] that is significantly ameliorated
in PAR2-deficient mice[60,66]. Additionally, antagonism of
PAR2 (by GB88) results in amelioration of colitis in rats
that is induced by either TNBS or a PAR2 agonist (SLIGRL-NH2)[67]. Thus, most studies indicate that activation
of PAR2 leads to an inflammatory response. However, a
single study has reported a protective effect of daily intra
colonic administration of PAR2 agonist in a TNBS colitis
model in rats[68]. It is not entirely clear why PAR2 exhibits
anti-inflammatory properties in this model; however it
may be the result of a chronic PAR2 activation and lo-
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cal desensitization, or via anti-inflammatory effects on
macrophages[69]. Additionally, it is not clear which of the
various mechanisms that have been implicated in PAR2
activation in the gut is responsible for PAR2-dependent
colitis. However, it has been speculated that PAR2-mediated intestinal inflammation is a result of increased levels
of PAR2 ligands in the colon of IBD patients. Indeed,
in the colon of human IBD patients the natural PAR2
ligands, trypsin[70] and tryptase[71,72] are elevated compared
to healthy controls. Moreover, in human IBD, PAR2 is
overexpressed on mast cells[73] which have also been implicated in the pathogenesis of PAR2-mediated colitis. In
non-IBD patients permeability was found to be proportional to the concentration of tryptase (naturally secreted
by mast cells) added to the basolateral surface and not to
the mucosal surface of mucosal biopsies[74]. These studies
support the importance of mast cells in colitis via PAR2
activation, however enteric bacteria may also play a role in
PAR2 activation in the colon through release of bacterial
proteases in the gut lumen[24]. Róka et al[26] demonstrated
increased levels of serine proteases in fecal samples from
UC patients and hypothesized that these enzymes originated from luminal bacteria as it was reported that increased fecal protease activity was neither of a mast cells
nor pancreatic origin. PAR2 can be activated by enteric
bacteria either directly by bacterial proteases, as demonstrated in the oral epithelium by proteases of P. gingivalis[63] and in infectious colitis by the Toxin A of Clostridium
difficile[75], or indirectly by bacterial-dependent induction
of host proteases[76], as discussed above. Finally, it has
been reported that antibiotic treatment directed at the gut
microbiota resulted in reduced PAR2 expression suggesting that PAR2 is not only activated by enteric bacteria but
its expression is also regulated by the presence of these
microbes[77].

colonic permeability, suggesting that this receptor may
be involved in the pathophysiology of IBD[85]. In the
human colon, expression of PAR4 on epithelial cells is
negligible in non-IBD patients but is significantly higher
in UC patients. Interestingly, the activity of cathepsin G
was increased in the feces of UC patients compared to
controls and inhibition of its activity resulted in ameliorated enteric permeability[85]. Thus, cathepsin G may
mediate PAR4-dependent enteric permeability in UC patients. Nevertheless, a direct effect of bacterial proteases
was not examined; therefore it is still unknown whether
proteases released by the enteric microbiota contribute
to enteric permeability and colitis in a PAR4 dependent
manner.

PROTEASES AND INTESTINAL BARRIER
DISRUPTION
The intestinal epithelial barrier is made up of a single
layer of cells that are tethered together via tight junctions and cell adhesion molecules. Enteric microbes can
circumvent the defense of the intestinal epithelial barrier
either directly through proteolytic degradation of cell
adhesion molecules (such as E-cadherin) or indirectly
by regulation of paracellular permeability via tight junctions. Intestinal epithelial tight junctions are composed
of different protein complexes which consist of transmembrane and intracellular scaffold proteins (Figure 1).
The trans-membrane proteins include occludin, claudins, and junctional adhesion molecules whose extracellular loops are bound together and intracellular domains
interact with scaffold proteins such as zonula occludens
(ZO), which in turn are anchored to the actin cytoskeleton. In the intestine the adherence junction protein,
E-cadherin, cements epithelial cells together and is a
significant factor in maintenance of the epithelial barrier function. The enteric commensal Enterococcus faecalis
(E. faecalis) can induce inflammation in a gnotobiotic
IL-10-/- mouse[86] and secretes a protease (gelatinase)
which has the capacity to degrade collagen, fibrinogen,
fibrin, endothelin-1, bradykinin, LL-37, and complement components C3 and C3a[87-92]. The potential of E.
faecalis gelatinase to damage the intestinal epithelial barrier and cause inflammation in the IL-10-/- mouse was
recently investigated[14]. Steck and associates created an
E. faecalis mutant lacking the gelE gene (ΔgelE). IL-10-/mice mono-associated with E. faecalis ΔgelE exhibited
significantly lower colonic inflammation when compared
to mice mono-associated with wild-type E. faecalis. The
reduction in colonic inflammation was independent of
colonization densities of E. faecalis strains. Interestingly,
the expression of E-cadherin on epithelial cells in IL-10-/mice was reduced in the presence of gelE (wild-type E.
faecalis) but not when gelE was absent from E. faecalis
(ΔgelE). It was further demonstrated that E. faecalis gelE
can degrade recombinant mouse E-cadherin. These data
strongly suggest a mechanism in which a bacterial protease can disrupt the intestinal barrier function and lead

PAR3
The biological significance of PAR3 has not been fully
delineated. Structurally, this PAR isotype does not have a
C-terminal intra cytoplasmatic tail and thus cannot signal
through GPCRs. However, PAR3 may serve as a cofactor
or co-receptor of other PARs. In mouse platelets, PAR3
functions as a cofactor for PAR4 by presenting thrombin
to low-affinity PAR4, thereby resulting in efficient receptor cleavage[78]. On endothelial cells PAR3 can regulate
PAR activity by forming a heterodimer with PAR1[79].
Despite evidence of PAR3 mRNA expression in the
small intestine, this receptor’s relationship with intestinal
inflammation and bacterial proteases are unknown[40].
PAR4
PAR4 is expressed in the small and large intestine[44] and
is localized to colonocytes in rats[80]. It can be proteolytically activated by thrombin, trypsin and by the neutrophil
granule protease cathepsin G[81]. Its activation induces
leukocyte rolling and adherence, suggesting a pro-inflammatory role for this receptor[45,82-84]. Exposure of mouse
colons to PAR4 agonists results in increased paracellular
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Figure 1 Model for enteric microbial protease-dependent increased intestinal permeability. Enteric microbial proteases activate epithelial protease activated
receptors (PARs) through release of the tethered ligand. This results in intra-cellular signal transduction and activation of ERK 1, 2 and MAPK. These signaling molecules mediate disruption of tight junctions and consequently cause increased intestinal permeability that enables penetration of microbes and their proteases which
can act upon cytokines. Further possible effects of bacterial proteases on the immune response are illustrated in the black box. These mechanisms have been demonstrated for Porphyromonas gingivalis in the oral cavity (and not in the gut) where gingipain proteases can enhance Interleukin (IL)-8-dependent attraction of neutrophils (when in their soluble forms) by partially degrading the N-terminal of this cytokine, or inhibit neutrophil activity via complete degradation of IL-8 when associated
with the microbial membrane.

to inflammation. This finding is specifically significant to
CD pathogenesis where a greater diversity of microbes
with gelatinolytic activity was reported when compared
to healthy controls[13].
The intestinal microbiota has long been thought of
as a significant contributor to the proteolytic activity of
stool[24,27]. Specifically, Macfarlane et al[24] found that the
proteolytic activity in the stool from a patient that had
undergone a pancreatectomy was comparable to that of
the protease activities in stools from individuals that had
not undergone surgery to remove their pancreas. This indicates that a source other than the pancreas (i.e., enteric
microbes) significantly contributes to the protease activity
of the intestine. These observations have been more recently demonstrated by the reduction of colonic bacteria
densities and protease activity by oral administration of
antibiotics to mice[26]. As previously mentioned, increased
protease activity has been reported in fecal samples
obtained from subgroups of patients suffering from irritable bowel syndrome (IBS) and IBD[25,93,94]. Róka et al[26]
initially saw a four-fold increase in trypsin-like activity
in diarrhea-predominant IBS (D-IBS) and UC patients.
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Subsequently, it was found that fecal supernatants from
D-IBS patients could increase colonic paracellular permeability in the mouse gut[94]. The application of D-IBS supernatants to the mouse colon resulted in an increase in
phosphorylation of myosin light chain kinase and delayed
redistribution of the tight junction-associated molecule
ZO-1. Further investigations demonstrated that fecal
supernatants from UC patients can affect visceral sensitivity and colonic permeability in mice that was mediated
via differing protease receptors (see protease receptors in
this review). Together these studies suggest a mechanism
in which microbial proteases can alter intestinal barrier
function by regulating tight-junctions.

ENTERIC MICROBIAL PROTEASES AND
IMMUNE CELL REGULATION
Once the intestinal epithelial barrier has been breached
microbes or microbial antigens can potentially traverse
into the underlying tissues of the intestine and interact
with immune cells, ultimately leading to inflammation.
Although enteric microbes are essential environmental
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factors for immune cell development, as evidenced by
an under established immune system found in germfree mice[95], the immune system can also be subverted by
enteric microorganisms via microbial proteases. Bacterial
proteases capable of disrupting cytokine signaling can
potentially affect the pathogenesis of disease. For example, cysteine protease gingipains K (Kgp) and R (RgpA
and RgpB) are produced by P. gingivalis and are significant
factors in this oral microbe’s pathogenesis[96]. Soluble gingipains secreted by P. gingivalis are capable of cleaving the
N-terminus of IL-8 and enhancing this cytokine’s activity of attracting neutrophils[97]. Additionally, Kgp, RgpA,
and RpgB can also instantly degrade IL-8 when these
enzymes are associated with membrane vesicles of P. gingivalis. This dual role of enhancing and inhibiting immune
cell activity by the soluble and membrane-bound forms
of these microbial proteases, respectively, may explain the
pro- and anti-inflammatory sites found in periodontitis
infections. The massive infiltration of neutrophils at periodontitis sites without the elimination of infection may
also be explained by the dual roles of these microbial
proteases. Another example is that of necrotizing fasciitis
caused by Streptococcus pyogenes (S. pyogenes) that is characterized by an absence of neutrophils within lesions. It has
been reported that the relative absence of neutrophils in
necrotizing fasciitis lesions were due to restricted proteolysis of the C-terminal of IL-8 by the S. pyogenes protease
SlyCEP[98]. Further investigations revealed that cleavage
of the IL-8 C-terminal by SlyCEP from S. pyogenes is sufficient to reduce neutrophil endothelial trans-migration
and is fundamental in the promotion of resistance of this
microbe to neutrophil killing[99]. Given that a homologue
of SlyCEP has been found in another Streptococcus species
and no substrates other than cytokines have been identified, it is likely that this microbial protease is an effective
weapon used by streptococci to impair bacterial clearance by neutrophils. Enteric microbial proteases can not
only affect cytokines that are responsible for attracting
the cellular branch of the innate immune system, but can
also directly act upon neutrophils, macrophages, monocytes, and natural killer cells. SpeB from S. pyogenes has
been shown to cause mitochondrial damage and prevent
phagocytosis by granulocytes[100]. Additionally, a cysteine
protease from Staphylococcus aureus (SspB) has been shown
to selectively cleave CD11b on phagocytes which undergo apoptosis and are subsequently cleared by macrophages[101]. Taken together these studies identify microbial
proteases from pathogenic and potentially commensal
sources important molecules that have the ability to regulate the host immune system via specific mechanisms.

cell types in the digestive tract that can potentially mediate inflammatory responses, pain or protection from
chronic inflammation. The diversity of bacterial proteases
and their effect on the intestinal epithelial, immune cells,
and the enteric nervous system through various receptors
open new avenues for research and potential therapeutic
targets. Characterization of pathogenic proteases in IBD,
the bacterial species that produce them and their mechanism of action are required to enhance our capability
to understand the pathogenesis of these diseases and
therapeutically intervene. Potential targets for therapeutic
intervention include the following.
Specific bacterial groups that carry potentially
pathogenic bacterial proteases
The list of specific enteric bacteria that carry bacterial
proteases that can disrupt epithelial barrier function and
cause colitis in animal models is small and has been discussed earlier in this review. In humans there is even less
information. However, the beneficial effects of antibiotics and probiotics in pouchitis[103,104] and IBS[105-107], and
antibiotics in CD[108] are well established. Although the
proposed mechanisms for antibiotic and probiotic action
are beyond the scope of this review, it is conceivable that
one of the mechanisms involves action against proteaseproducing bacteria that cause increased permeability, pain
and activation of the immune response. Future research
characterizing these bacteria using high throughput sequencing, proteomics and metabolomics will potentially
identify microbial targets for treatment of IBD.
Bacterial proteases
Production of proteases is not restricted to bacteria. Host
derived proteases have an important role in normal physiology of the digestion, immune response, signaling etc.
Therefore, strategies that target bacterial derived, intraluminal, colonic proteases without harming the host may
prove to be beneficial. Novel drugs for IBD could potentially target bacterial protease production or secretion,
such as the serine protease autotransporters from Enterobacteriaceae[12]. This approach was recently demonstrated
by Löwer et al[109] who investigated a specific inhibitor
for the Helicobacter pylori serine protease. High temperature requirement A (HtrA) is a secreted serine protease
that cleaves E-cadherin on the surface of host cells and
disrupts the epithelial barrier. Through a receptor-based
virtual screening method, they found a specific inhibitor
of HtrA activity that was able to prevent in vitro cleavage
of E-cadherin, without cross reactivity to mammalian
proteases. HtrA is a virulence factor for other enteric
bacteria, such as E. coli, Shigella flexneri and Campylobacter
jejuni[110]. Thus, examining the ability of this inhibitor to
reduce HtrA activity and its effect on intestinal inflammation and permeability in models of colitis is warranted.
An alternative approach is to use probiotics that can
be beneficial through various mechanisms such as favorable metabolic effects on the epithelial cells, anti-bacterial
activity or directly through production of protease inhibi-

FUTURE FOR MICROBIAL PROTEASES
AND IBD
The importance of the enteric microbiota in IBD has
been established during the last decade[102]. Currently, efforts are being made to decipher the pathways through
which bacteria and their products cross-talk with various
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tors. For example, Bifidobacterium longum and Bifidobacterium
breve produce serine protease inhibitors (serpins)[111,112]
that may antagonize potentially pathogenic bacteria proteases and may exert at least part of its favorable effects
on the colon through this mechanism. Another probiotic
micro-organism, the yeast Saccharomyces boulardii, produces
a serine protease that is beneficial to the host through it
activity against Clostridium difficile adherence to the gut wall
and against its toxin, and thus suppresses bacterial overgrowth and infectious colitis[113]. These examples demonstrate that the potential favorable effects of the enteric
microbiota on gut inflammation are vast and involve multiple mechanisms that are not yet fully understood.

CONCLUSION
In this review we have discussed the putative role and
evidence of microbial proteases in inflammatory bowel
disease pathogenesis. Proteases are essential for normal
physiological development and are involved in numerous
processes in our body. They are secreted by various cell
types and their receptors are abundant in the gut wall,
on immune cells, epithelial cells, and on neuronal cells.
A growing amount of evidence supports a role for proteases and their receptors to IBD pathophysiology. The
understanding that the enteric microbiota are crucial to
disease initiation, and the fact that proteases are secreted
by most bacteria and are considered virulence factors in
infectious colitis, suggest that perhaps commensal bacterial proteases can also damage epithelial barrier function
and may be involved in the initiation and perpetuation of
IBD in genetically predisposed patients. Indeed, in this
review we have summarized the current evidence that
support this notion, the mechanisms through which bacterial proteases can impact the mucosal barrier function
(through activation of PAR receptors), and the downstream signal pathways that result in increased epithelial
permeability and perhaps in colitis.
However, it is not clear whether the proteolytic activity found in the gut lumen is exclusively of mammalian or
bacterial origin. This is complicated by the fact that mammalian proteases, such as pancreatic digestive enzymes,
are abundant in the gut lumen, and proteases secreted
within the gut wall by leukocytes, such as neutrophils
(cathepsin G) or mast cells (tryptase), “spill” into the inflamed gut. These factors may account for some of the
discrepancies found between various studies investigating
the origin of luminal proteolytic activity and the receptors they activate. Moreover, it is currently difficult to
characterize luminal proteolytic activity, and while some
research studies examine tryptic activity or gelatinase activity (each of which represents only a portion of the total luminal proteolytic activity) other studies have sought
to characterize total luminal protease activity via functional assays and through inhibition of specific protease
activity. These challenges may also explain why it is not
fully clear which PAR isotype mediates increased enteric
permeability and inflammation. For example, PAR1 and
PAR2 have been implicated in mediating enteric inflammation or permeability by bacterial proteases or mammalian proteases while activation of PAR4 can equally result
in increased enteric permeability. It is not improbable to
hypothesize that for increased intestinal permeability and
colitis to occur there is a multi-factorial hit process that
results in activation of multiple PARs simultaneously by
different proteases.
Only now we begin to unravel the effects of alterations in the normal enteric microbiota (dysbiosis), and
how these “normal” bacteria can potentially induce colitis. The current challenge is to explore which commensal
bacteria can secrete proteases that result in damage of
the mucosal barrier. Additionally, we need to understand

Protease activated receptors
PARs can be activated or antagonized by synthetic peptides that are analogous to the tethered ligand, irrespective of proteolytic cleavage of the receptor. Design of
new, selective and potent drugs that correspond to the
tethered ligand but also contain non-peptidic moieties
may become useful in selective activation or inhibition of
specific PARs. Activation of PAR2 is associated with colitis in animal models and has been used as a colitis model
in rats[67] while oral administration of PAR2 antagonist
resulted in amelioration of colitis. Although it is not clear
if this action antagonizes host or bacterial derived proteases, the advantage of this approach is that it targets the
final common receptor of the proteases, regardless of
their source (bacterial or mammalian).
An additional approach would be to block PAR associated receptors. There is evidence that PAR signaling by
Candida or Aspergilus on PMNs depends on the presence
of TLR 2 and 4[49]. Although, similar studies regarding
enteric epithelial cells is lacking, it is conceivable that such
mechanisms are also required to induce PAR signaling on
epithelial cells, and thus may be serve as additional potential targets against activation by microbial proteases.
Inhibitors of downstream molecular pathways
Activation of PARs by bacterial proteases results in diverse and complex signaling pathways. Characterization
of specific pathways that may be inhibited to block the
pathogenic effect of bacterial proteases without harming host homeostatic pathways, are required. Pepducins
are such an evolving therapy[114]. Peducins are lipoprotein
molecules, composed of a synthetic peptide sequence
(10-20 amino acids) that relates to the GPCR intracellular
sequences and of a lipid hydrophobic moiety. The lipid
component tethers the pepducin in the lipid bilayer membrane of the cells and enables these molecules to interact
with specific and stabilize GPCRs (for review, Dimond et
al[115]). Specific pepducins that act as antagonists of PAR1
GPCR (P1pal-7) have shown favorable results in pre-clinical trials for lung cancer[116]. Additionally, PAR2 GPCR
specific pepducin (P2pal-18S) ameliorates experimental
pancreatitis through inhibition of PAR2 action that is
expressed on pancreatic acinar cells[117] and ameliorates
inflammation in additional mouse models[118].
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which microbes are associated with colitis and what the
genetically predisposing factors are that “allow” these
events to happen. For example, genetic mutations associated with the reduction of mucus production and increased mucosal bacterial adherence, immune abnormalities that result in dysbiosis, and innate immune response
defects that cause dysregulated immune responses once
the mucosal barrier is breached.
Investigating these aspects through cell lines, monoassociated gnotobiotic animals, Ussing chambers, highthroughput sequencing of microbial DNA, metabolomics and genome wide association studies will enable us
to understand the role of enteric microbial proteases in
the pathogenesis of IBD and to develop effective targeted therapies that will involve specific enteric bacteria,
PARs, and the downstream regulation and host immune
response.
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IBD, and highlight active research areas with respect
to the pathogenesis of IBD. Clinical indications for
optical biopsies in IBD include assessment of mucosal
inflammation, dysplasia detection and evaluation of
cell shedding for disease relapse. Research application in the area of barrier dysfunction will also be discussed.

Abstract

INTRODUCTION

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Optical biopsy; Confocal endomicroscopy;
Endocytoscopy; Dysplasia; Mucosal inflammation; Disease relapse; Mucosal healing; Barrier function
Core tip: This is a review of the latest advances in the
applications of optical biopsy (either with confocal laser
endomicroscopy of endocytoscopy) in inflammatory
bowel disease. Clinical indications including assessment
of mucosal inflammation, detection of dysplasia and
predictors for disease relapse are discussed in detail.
Novel research use of optical biopsy for functional mucosal assessment is also discussed.
Original sources: Liu J, Dlugosz A, Neumann H. Beyond white
light endoscopy: The role of optical biopsy in inflammatory bowel
disease. World J Gastroenterol 2013; 19(43): 7544-7551 Available from: URL: http://www.wjgnet.com/1007-9327/full/v19/
i43/7544.htm DOI: http://dx.doi.org/10.3748/wjg.v19.i43.7544

In the past decade, several advanced endoscopic imaging technologies that enable clinicians to examine the
luminal gastrointestinal tract at a microscopic level were
introduced. These techniques are called optical biopsies,
as they are real-time histologic biopsies of the tissue.
These include confocal laser endomicroscopy (CLE) and

In this review, we will discuss the use of two optical biopsy modalities in inflammatory bowel disease
(IBD). The two techniques reviewed here are confocal laser endomicroscopy and endocytoscopy. We will
describe the technical performance of the procedure,
discuss the clinical indications for optical biopsy in
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endocytoscopy (EC). The CLE and EC systems come
as either probe-based (pCLE and pEC) or endoscopebased (iCLE and iEC). In this review, we will describe
the technical performance of the procedure, and discuss
the clinical indications for optical biopsy in relation to inflammatory bowel diseases (IBD). We will also highlight
some active research applications for optical biopsy in
our understanding of the pathogenesis of IBD.

eral resolution is 1 μm and field of view is 240 μm with
an imaging plane depth of 65 μm. In addition, a special
computer algorithm (“mosaicing”) allows reconstruction
of single video frames with an increased field of view (4
mm × 2 mm). Costs for single probes vary and are approximately 100-200 Euro per procedure. Like any other
endoscopic technique CLE requires special training in
performing the procedure and interpretation of images.
Therefore, especially at the beginning, extensive close
collaboration with an expert histopathologist is strictly
recommended. In addition, when starting with CLE optical biopsies should always be compared with physical
biopsies. After an appropriate learning phase, CLE interpretation shows high inter- and intraobserver variabilities
as compared to standard histology. Both CLE-systems
have unique advantages. Advantages of the integrated
system are its higher resolution and the possibility to alter
the laser power and imaging plane depth. Advantages of
the probe-based system include the possibility of an ad
hoc usage and a greater versatility of the pCLE probes,
which can be used with nearly any endoscopes.
In contrast to CLE, endocytoscopy (EC; Olympus,
Tokyo, Japan) is based on the principle of contact light
microscopy [2]. EC-systems are either integrated into
the distal tip of a standard endoscope (iEC) or probebased (pEC). Through-the-scope pEC-systems require
a working channel of at least 3.2 mm. Similar to contact
light microscopy, EC requires thorough mucolysis with
N-acetyl cysteine followed by staining of the mucosa
with absorptive staining agents, like methylene blue, toluidine blue, or cresyl violet. In fact, a combination of different dye agents is often used to acquire optimal tissue
contrast[3]. After an appropriate time of exposure to the
dye (approximately 60 s), repeat washing of the mucosa
is necessary to remove the excess contrast dye before endocytoscopic imaging. Repeat staining is mostly necessary
while using absorptive contrast agents. Depending on the
system used (iEC or pEC), EC visualizes architectural
details (e.g., epithelial structure), cellular features (e.g., size
and arrangement of cells), and vascular pattern morphology (e.g., size and tortuosity) at a magnification of up to
1390-fold[2,3]. Representative image of normal colon mucosa is shown in Figure 1.

TECHNICAL ASPECTS OF OPTICAL
BIOPSY
CLE was introduced in 2003 and allows in vivo microscopic imaging of cellular and subcellular structures at
approximately 1000-fold magnification[1]. The technique
is based on tissue illumination with a low power laser
after application of fluorescence agents, which can either
be applied systemically (i.e., fluorescein sodium) or topically (e.g., acriflavine hydrochloride, cresyl violet). The
laser light is reflected from the tissue and then refocused
onto the detection system by the same lens, so that only
returning light refocused through the pinhole is detected.
Therefore, this process decreases the effect of scattered
light resulting in the construction of two-dimensional
grey-scale images.
Currently, two CE certified and Food and Drug
Administration approved CLE-devices are available[1].
One is integrated into the distal tip of a standard, highresolution endoscope (iCLE, Pentax, Tokyo, Japan). The
other one is probe based, capable of passage through the
accessory channel of any standard endoscope (pCLE,
Cellvizio, Mauna Kea Technologies, Paris, France). Both
systems use an incident 488 nm wavelength laser (blue laser light) enabling the detection of fluorescence between
205 nm and 585 nm wavelengths.
The iCLE-system collects images at a manually adjustable scan rate of 1.6 frames per second with a resolution
of 1024 × 512 pixels, or at 0.8 frames per second with a
resolution of 1024 × 1024 pixels with dynamically adjustable depth of scanning ranging from 0 to 250 μm. The
examiner can manually adjust the laser power between 0
and 1000 μW and the optical slice thickness is 7 μm, with
lateral and axial resolution of 0.7 μm and a confocal image field of view of 475 × 475 μm. The pCLE-system is
a stand-alone confocal probe which is advanced through
the working channel of any endoscope and could thereby
also being used with high-definition video endoscopes in
combination with dye-less chromoendoscopy (e.g., Narrow
Band Imaging, Fuji Intelligent Chromo Endoscopy, i-scan)
as red-flag techniques.
pCLE-systems are available for different indications
throughout the entire gastrointestinal tract and use a
fixed laser power and a fixed image plane depth which is
dependent on the probe type used. Confocal images are
streamed at a frame rate of 12 frames per second. CLE
in IBD is mostly being performed by using the ColoFlex
Ultra-High Definition probe which requires a 2.8 mm
working channel to be advanced through the scope. Lat-
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CLINICAL APPLICATIONS: ASSESSMENT
OF INFLAMMATION IN IBD
Endomicroscopy
Accurate assessment of mucosal inflammation in patients
with IBD is of crucial importance as mucosal healing has
emerged as an important treatment goal and appears to
be of paramount importance for optimized medical therapy[4]. Various studies and one recent systematic review
has shown that mucosal healing as assessed by endoscopy
is predictive of reduced disease activity, a decreased need
for active treatment, reduced rates of hospitalizations/
surgical resections, and is associated with sustained clinical remission[4-7]. While standard white-light endoscopy is
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Figure 1 Endocytoscopic image at magnification × 1390 showing one
single colonic crypt. Goblet and epithelial cells are clearly evident.

Figure 2 Endoscope-based confocal laser endomicroscopy of Crohn’s
disease shows remarkable cell infiltration, disturbed colonic architecture
and leakage indicating severe inflammation.

likely an insensitive test for assessment of mucosal healing, being false negative in up to fifty percent of patients,
there is an urgent need for new endoscopic imaging techniques allowing assessment of microscopic inflammation
even in case of macroscopic non-inflamed mucosa[8,9]. In
this context CLE was proven to be efficient for real-time
in vivo assessment of mucosal inflammation by requiring
only a short learning curve[10].
One early study investigated the features of CLE in
inflamed and non-inflamed rectal mucosa and compared
these results to standard histology[11]. On CLE, colonic
crypts of normal colonic mucosa were small, round and
regularly arranged, and the crypt lumens of the colonic
glands were small and round. In contrast colonic crypts
in non-active ulcerative colitis were small, round and
slightly irregular in arrangement and the crypt lumens of
the colonic glands were small and round. Inflammatory
cells and capillaries were visible in the lamina propria.
The colonic crypts in active ulcerative colitis were large,
variously shaped and irregular in arrangement and in addition numerous inflammatory cells and capillaries were
visible in the lamina propria. Li et al[12] confirmed these
early results in a study including 73 consecutive patients.
CLE-assessment of crypt architecture and fluorescein
leakage showed good correlation with the corresponding
histology results. Of note, more than half of the patients
with normal mucosa seen on conventional white-light
endoscopy revealed acute inflammation on histology,
whereas no patients with normal mucosa or with chronic
inflammation seen on CLE showed acute inflammation
on histology. Therefore, CLE appears to be a sensitive
tool for real-time assessment of inflammatory activity in
patients with ulcerative colitis.
For Crohn’s disease, our group evaluated in a casecontrol study whether CLE is feasible for in vivo diagnosis
of Crohn’s disease associated histological changes[13]. It
was shown that a significantly higher proportion of patients with active Crohn’s disease had increased colonic
crypt tortuosity, enlarged crypt lumen, microerosions,
augmented vascularization, and increased cellular infiltrates within the lamina propria. In quiescent Crohn’s disease, a significant increase in crypt and goblet cell number
was detected compared with controls. Based on these find-
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ings, the Crohn’s Disease Endomicroscopic Activity Score
was proposed, allowing the assessment of Crohn’s disease
activity in vivo, even in macroscopically non-inflamed mucosa. Representative iCLE and pCLE images of Crohn’s
disease are shown in Figures 2 and 3. Taken these and the
above mentioned results into account, CLE is reliable for
real time in vivo assessment of microscopic inflammation
in patients with IBD and macroscopically non-inflamed
mucosa.
As most commonly used drugs for treatment of IBD
are systemically bioavailable, they cover a potential risk of
severe side effects. Therefore, a targeted, individualized
approach to inflamed areas of the intestine with specific
drugs is highly desirable. In this context, one recent study
evaluated the potential of nanoparticle and microparticle
uptake into the rectal mucosa of human IBD patients[14].
CLE was performed two hours after rectal application of
fluorescent-labeled placebo nanoparticles and microparticles to 33 patients with IBD and healthy controls in
order to visualize the particles in inflamed mucosal areas.
A significantly enhanced accumulation of microparticles
was observed in ulcerated areas, whereas nanoparticles
were only visible in trace amount on mucosal surfaces of
normal patients. Therefore, nanoparticles may enable local drug delivery to intestinal lesions in humans, thereby
minimizing the risk of unintended translocation into the
blood system. Very recently, our group created a fluorescent labeled antibody for molecular membrane-bound
tumor necrosis factor (mTNF) imaging in Crohn’s disease
patients[15]. Topical antibody administration led to detection of intestinal mTNF positive immune cells during
CLE. Interestingly, patients with high amounts of mTNF
positive cells showed significantly higher short-term
response rates at week 12 (92%) upon subsequent antiTNF therapy as compared to patients with low amounts
of mTNF positive cells (15%). This clinical response in
the former patients was sustained over a follow-up period
of one year and associated with mucosal healing on follow-up endoscopy. These results are promising and offer
the exciting potential for individualized therapy for IBD
patients using molecular imaging with fluorescent labeled
antibodies.
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Cellvizio

developing CAC is comparable for Crohn’s colitis and ulcerative colitis patients. In both cases the risk is increased
with: duration of colitis, early age of IBD onset, extent
of colonic involvement, severity of inflammation, family
history of colorectal cancer and particularly the presence
of primary sclerosing cholangitis[18]. The cumulative risk
for developing CAC in primary sclerosing cholangitis
associated IBD (PSC-IBD) patients is 33% at 20 years
and 40% at 30 years compared to 8% and 18% in IBD
without concomitant liver disease[19]. Although IBDs contribute only 1%-2% to all cases of colorectal cancer, the
cancer-related mortality rate in IBD patients is approximately 15%[20,21].
Colonoscopy with random biopsies, which is the gold
standard for CAC screening in long standing IBD, can
significantly reduce CAC-related mortality[22] and IBD
patients undergoing surveillance colonoscopy had detection of neoplasia at an earlier stage, resulting in a better
corresponding prognosis[23]. The principal limitation with
this modality is that neoplasia may not be appreciated in
up to a third of colonoscopies[24,25]. Taking four-quadrant
biopsies is time-consuming and has only moderate sensitivity for neoplasia detection. The efficacy of surveillance for detection of early malignancies could also be
questioned from the standpoint of cost and adherence. A
population-based analysis of the cost and practice of colonic surveillance of patients with PSC-IBD in Alberta,
Canada revealed that only 1/3 of the colonoscopies expected were actually performed, but despite suboptimal
surveillance, the incidence of colorectal neoplasia was
high. The study also found that the cost of finding one
additional case of dysplasia was substantial[26]. Moreover,
dysplasia in IBD can be found at distant sites from the
cancer itself or before the cancer develops and is difficult to recognize on colonoscopy, as it often arises from
flat, normal-appearing mucosa[20]. Dysplasia can also occur within or near plaque-like lesions or raised polypoid
masses, defined as dysplasia-associated lesion or mass
(DALM).
Targeted biopsies are an attractive alternative to random biopsies to increase the yield of dysplasia detection. CLE allows evaluation of suspicious lesions at the
subcellular level with great detail prior to performing targeted biopsies, thus facilitating earlier diagnosis of CAC.
While CLE only covers a limited field of view within
the mucosa, pan-CLE of the whole colon is not feasible.
Therefore, macroscopic visualization of suspected areas
with chromoendoscopy (red flag technique) is useful before performing targeted endomicroscopy[27,28]. Prospective evaluation of CLE with concurrent chromoendoscopy predicted neoplasia in a randomized controlled trial
of ulcerative colitis patients (n = 153) with great accuracy
(98%), sensitivity (95%) and specificity (98%). By using
methylene-blue aided chromoendoscopy with CLE, the
diagnostic yield of neoplasia was increased by 4.75-fold
compared with conventional colonoscopy with random
biopsies (P = 0.005), though 50% fewer biopsy specimens were required[29]. Hurlstone et al[30] demonstrated

20 μm

Figure 3 Probe-based confocal laser endomicroscopy in patient with
Crohn’s disease without histologic activity. Colonic crypts are regularly arranged with normal shape and size. Micro-vessels within the lamina propria are
easily visible. Bar = 20 μm.

Endocytoscopy
Only limited data are currently available on the potential
of EC in patients with IBD. One recent article correlated
the efficacy between endocytoscopy and conventional
histopathology for assessment of microscopic features in
patients with ulcerative colitis[16]. Fifty-five patients were
included and mucosal patterns were evaluated by using
EC with × 450 magnification. Based on EC-findings a
scoring system was developed that showed a strong correlation with Matts’ histopathological grades. In addition,
there was a strong correlation between the conventional
Matts’ endoscopic grade and Matts’ histopathological grade. Furthermore, the newly developed EC-score
showed high reproducibility among investigators with a κ
value of 0.79. Another recent study determined the reliability of EC for the discrimination of mucosal inflammatory cells and intestinal inflammatory disease activity
in patients with IBD[17]. In total, 40 patients were included and EC was reliable to distinguish single inflammatory
cells, including neutrophilic, basophilic, and eosinophilic
granulocytes and lymphocytes. Sensitivity and specificity
ranges among different cell types between 60% and 89%
and 90% and 95%, respectively. Interobserver agreement
among investigators was substantial whereas intraobserver agreement was almost perfect. Moreover, concordance
between endocytoscopy and histopathology for grading
of intestinal disease activity was 100%.
In conclusion, EC holds significant potential in
identifying early signs of mucosal inflammation in realtime by identifying single mucosal inflammatory cells in
conjunction with architectural details. Large, prospective
multicenter trials evaluating EC for prediction of disease
course in IBD are thus highly warranted and anticipated.

CLINICAL APPLICATIONS: DYSPLASIA
DETECTION IN IBD
Patients with IBD are at an increased risk for the development of dysplasia (also known as intraepithelial neoplasia) and colitis associated cancer (CAC). The risk of
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of CAC. Jørgensen et al[33] showed a difference between
the macroscopic and microscopic picture in PSC-IBD:
in general the inflammatory activity in these patients was
low and was not always visible endoscopically, though it
could be seen histologically. Since proximal cancers are
more common in PSC-IBD patients[34,35] and inflammatory activity is not always visible endoscopically the use
of CLE may increase surveillance efficiency particularly
in the right colon. One ongoing study evaluates the efficacy of pCLE as a complementary tool to high definition
white-light endoscopy (HD-WLE) for the detection of
colonic dysplasia in patients with PSC-IBD. Preliminary
results (n = 25) showed excellent accuracy (99%), sensitivity (93%) and specificity (100%) of pCLE in dysplasia
detection that was superior to HD-WLE alone[36]. Lowgrade intraepithelial neoplasia was found in 20% of
patients and 60% of confirmed dysplastic lesions were
localized in the right colon. These preliminary results
suggest that careful CLE examination of at least the right
colon in PSC-IBD patients may be warranted.

A

Cellvizio

20 μm Cellvizio

20 μm

20 μm Cellvizio

20 μm

B

Cellvizio

C

CLINICAL APPLICATIONS: ASSESSMENT
OF CELL EXTRUSION AND BARRIER
FUNCTION FOR DISEASE RELAPSE
Mucosal healing has emerged as the most important endoscopic predictor of disease relapse in IBD patients. In
the pre-biologic era, mucosal healing was associated with
lower rate of relapse in ulcerative colitis but not Crohn’s
disease patients[6]. In the biologic era, mucosal healing is
predictive of clinical and endoscopic remission for both
Crohn’s[7,37] and ulcerative colitis patients[38,39]. The use of
optical biopsy in the small bowel in IBD patients have been
studied by several groups[1,40,41]. The principal finding on
CLE that appears to predict disease relapse is epithelial
cell extrusion and associated barrier dysfunction[42,43].
Using CLE, Kiesslich et al[40] first reported unambiguous
identification of epithelial gaps or extrusion zones in the
intestine of patients. Epithelial cell extrusion occurs as
part of a normal physiological renewal process of the intestine. Therefore, qualitative description of the presence
or absence of epithelial gaps is not sufficient to discern
a diseased from a healthy state. We have therefore developed a quantitative measure called epithelial gap density,
defined as the total number of epithelial gaps counted
normalized to the total number of epithelial cells counted
on pCLE images[41]. Gap density was validated against
conventional multi-photon confocal microscopy and conventional white-light microscopy[44]. The gap density was
found to be increased in IBD patient[45]. More recently,
increased gap density and certain types of epithelial gaps
were found to be predictive of aggressive disease[43] and
relapse in IBD patients[42]. Thus, qualitative and quantitative studies of epithelial gaps in the small intestine may
have a role in defining new management algorithms for
IBD patients.
The clinical applications of CLE (both pCLE and

Figure 4 Probe-based confocal laser endomicroscopy images of (A)
normal colonic mucosa; B: Adenomatous polyp with low grade dysplasia.
Bar = 20 mm; and C: The corresponding histologic image for the adenomatous polyp with dysplasia (magnification × 40).

remarkable results in a smaller ulcerative colitis cohort (n
= 36), where CLE enabled differentiation of DALM and
adenoma-like mass with 97% accuracy and an excellent
agreement between endomicroscopy and histopathological diagnosis was found (P = 0.91). CLE based, targeted
biopsies increased the diagnostic yield of intraepithelial
neoplasia by 2.5-fold compared with chromoendoscopyguided biopsies alone. One recent pilot study of pCLE
during colonoscopic surveillance of patients with longstanding ulcerative colitis (n = 22) demonstrated that the
method is feasible with reasonable diagnostic accuracy[31].
A recent meta-analysis of 15 studies of confocal endomicroscopy for dysplasia detection[32] showed CLE could
distinguish neoplasms from non-neoplasms in IBD patients for surveillance with a sensitivity of 0.83 (95%CI:
0.70-0.92) and specificity of 0.90 (95%CI: 0.87-0.93).
Representative pCLE images of adenomatous polyp with
low grade dysplasia and corresponding histologic images
are shown in Figure 4.
CLE seems to be a particularly promising method
for dysplasia detection in PSC-IBD patients. PSC-IBD
is recently suggested to represent a specific IBD phenotype characterized by extensive colitis, low inflammatory
activity, right-sided colonic inflammation and a high risk
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iCLE) in the small intestine of IBD patients have been
largely in the evaluation of the terminal ileum[40,42,43,45].
The terminal ileum is the preferred site of intestinal evaluation in IBD for a number of reasons: (1) it is within
the reach of a standard colonoscope; (2) it is an active
site of immunologic activity; (3) it is often the first site
of disease in Crohn’s patients; and (4) it is usually possible to find endoscopically normal appearing areas, even
in patients with active Crohn’s ileitis. We have devised a
quantitative determination of the density of epithelial
gaps or extrusion zone called the epithelial gap density in
the terminal ileum[41,45]. The epithelial gap density derived
using CLE could be validated against multi-photon confocal microscopy and light microscopy[46]. Increased epithelial gap density could identify patients at high risk for
major events such as hospitalization or surgery in follow
up[43]. In another recent study, certain types of epithelial
gaps were found to be predictive of disease relapse in
IBD patients[42]. The current evidence seems to suggest
that quantification and evaluation of extrusion zones in
the terminal ileum of IBD patients have predictive values
for disease relapse. However, these are single-centered
studies, and there are no multicenter trials to determine
the role of CLE in the management of IBD patients.

commensal bacteria is the structural basis of mucosal
healing[4]. Intestinal permeability function as assessed
with disaccharide solutions[56,57] has not been widely adopted for clinical use. Optical biopsy permits assessment
of mucosal barrier function in the appropriate structural
context. Studies have shown increased epithelial cell
shedding may contribute to barrier dysfunction in the
intestine[42,58]. The clinical relevance of cell shedding and
barrier dysfunction is reflected in the ability of these
measures to predict disease relapse and major events in
follow up[42,43].

CONCLUSION
Optical biopsy of the intestine in IBD have been used
for a variety of clinical and research indications, and appears to hold significant promise to improve the diagnosis and management of IBD patients. Future large, multicentered studies are needed to validate these early study
findings to facilitate clinical adaptation of this group of
new advanced imaging technique.
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Core tip: The increased risk of colorectal cancer in inflammatory bowel disease is well established. But what
is the true magnitude of this increased risk, does the
risk of colorectal cancer differ between ulcerative colitis
and Crohn’s disease and what are the significant risk
factors? Further, recent studies have indicated that the
risk of colorectal cancer in patients with inflammatory
bowel disease is decreasing over time, potentially due
to improved treatment options that lower the inflammatory burden. These are some of the subjects that
will be elucidated and discussed in this review.

Abstract
The association between inflammatory bowel disease
(IBD) and colorectal cancer (CRC) has been acknowledged for almost a century and is assumedly promoted by a chronic inflammation-driven carcinogenic
process in the intestine in combination with a genetic
predisposition. The magnitude of the risk of CRC in
IBD remains a continuing subject of debate. The early, high risk estimates for CRC in IBD were most likely
overestimated due to selected patient populations
originating from tertiary referral centers with a disproportional high percentage of patients with severe disease. Later population-based studies calculating risk
estimates from a broad spectrum of IBD patients have
found the risk to be significantly lower. At present,
there is evidence that IBD patients with longstanding
and extensive disease with uncontrolled inflammation
are those at increased risk. Additional, other recognized risk factors include early age at onset, family
history of CRC, and concomitant primary sclerosing
cholangitis. A significant amount of effort is put into
identifying potential preventive factors of CRC in IBD,
including surveillance programs and chemopreventive agents but the individual effect of these remains
uncertain. Interestingly, recent studies have reported
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INTRODUCTION
In almost a century it has been recognized that the risk
of developing colorectal cancer (CRC) is increased in
patients with longstanding inflammatory bowel disease
(IBD), and it is estimated that one out of six deaths in
ulcerative colitis (UC) patients and one out of 12 of all
deaths in patients with Crohn’s disease (CD)[1,2] is caused
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lation-based study by Ekbom et al[11] including a cohort
of 3117 patients with UC and followed from 1922-1983
found 91 cases of colorectal cancer, corresponding to
a standardized incidence ratio (SIR) of 5.7 (95%CI:
4.6-7.0). A matched population-based cohort study by
Bernstein et al[12] from 2000 revealed an increased risk of
CRC in 2672 UC patients (RR = 2.75; 95%CI: 1.91-3.97)
compared with a non-IBD population. In accordance,
Söderlund et al[13] conducted a population-based study of
7607 IBD patients from Sweden diagnosed between 1954
and 1989 and found, for UC patients, a more than 2-fold
increased risk of CRC compared to the background
population (SIR = 2.7; 95%CI: 2.3-3.2). A Hungarian,
population-based study by Lakatos et al[14] followed 723
UC patients for 8564 person-year from 1974 to 2004 and
revealed a cumulative risk of CRC in UC of 0.6% after
10 years, 5.4% after 20 years and 7.5% after 30 years disease duration. Conversely, data from population-based
studies originating from Scandinavia, Italy and the United
States have reported lower risk estimates. A populationbased study from Olmsted County, United States from
2006 found no overall increase in CRC in 378 UC patients (SIR = 1.1; 95%CI: 0.4-2.4), but in the subgroup
of patients with extensive colitis the risk was increased
2-fold, although not reaching statistically significance (SIR
= 2.4; 95%CI: 0.6-6.0)[15]. Winther et al[16] followed a population-based cohort of UC patients from Copenhagen
County, for a median of 19 years and found no increased
risk of CRC (standardized morbidity ratio: 1.05; 95%CI:
0.56-1.79). In accordance with this, a population-based
study from Italy and a very recent population-based study
from Northern Jutland, Denmark, did not find a significant increase in CRC in UC patients[17,18]. A recent metaanalysis[19], solely including population-based studies in
order to approach an unbiased, general estimate of CRC
risk in UC, found that an average of 1.6% of UC patients
was diagnosed with CRC during 14 years of follow-up.
This corresponds to a 2.4 (95%CI: 2.1-2.7) fold increased
risk of CRC in UC. Looking at absolute risk the cumulative risk of CRC was 1.15% after 15 years, 1.69% after
20 years and 2.61% after 25 years disease duration. With
5 out of 8 studies originating from the Nordic countries
the low risk has been suggested to be explained by high
surgery rates and a high percentage of patients with proctitis in these countries, but this is not supported by the fact
that the 3 non-Scandinavian studies revealed similar of
even lower risk estimates than the Scandinavian studies.
Beaugerie et al[20] recently published a prospective cohort
study on risk of colorectal high-grade dysplasia and CRC
among nearly 20000 patients with IBD enrolled in the
French observational cohort CESAME (Cancer et Surrisque Associé aux Maladies Inflammatoires Intestinales En
France) between May 2004 and June 2005. The authors
found a 2-fold higher risk of CRC in IBD patients compared to the general population; a risk that was similar
for both UC and CD. Sub-analyses revealed that this increased risk was driven by the relatively small percentage
(14.6%) of patients with long-standing extensive colitis (>

by colorectal cancer. Together with the hereditary syndromes of familial adenomatous polyposis and hereditary
non-polyposis colorectal cancer, IBD is in the top-3 high
risk conditions for CRC. Both UC and CD carry an increased risk of CRC; however the risk is most extensively
studied in UC. The augmented risk of CRC in IBD is assumedly promoted by a chronic, inflammation-driven carcinogenic process in the intestine in combination with a
genetic predisposition[3]. The prognosis of sporadic CRC
and IBD-related CRC is similar with a 5-year survival of
50%[4] whereas IBD-related CRC affect younger patients
than sporadic CRC (60 years vs 70 years)[4,5].
In 1925, Crohn and Rosenberg[6] were the first to
elucidate the relation between CRC and UC and in 1928,
Bargen[7] further described 20 cases of colorectal cancer
in patients with UC from the Mayo clinic in the United
States. In 1971, de Dombal[8] reported a cumulative risk
of CRC in a population from Leeds with extensive UC
to be 5% after 10 years and as high as 41.8% after 25
years. These findings led to the suggestion of cancer prophylactic colonic surgery in UC patients with extensive
disease and a disease course of more than 10 years, but
this proposal has never been carried out in practice. Since
then, substantial effort has been made to elucidate the
supposed risk of CRC in IBD and has presented a considerable variety in risk estimates, leading to an ongoing
debate concerning the true magnitude of the risk of CRC
in IBD. Additionally, novel population-based studies have
suggested a decline in risk of IBD-related CRC over time,
potentially due to a shift in treatment strategies from the
era of sulfasalazine, 5-aminosalicylic acid and corticosteroids, to the era of immunomodulators, such as thiopurines and tumor necrosis factor (TNF)-α antagonists[5,9].

RISK OF COLORECTAL CANCER IN
ULCERATIVE COLITIS
A landmark meta-analysis including 116 studies published
by Eaden et al[1] in 2001, found that the cumulative risk of
CRC for UC patients was 2% at 10 years, 8% at 20 years,
and 18% at 30 years. However as an important weakness of the meta-analysis the underlying studies were of
very different methodology and many factors may have
biased results. A main subject, primarily in early studies,
has been the selective collection of IBD patients from
tertiary referral centers with a high percentage of patients
with disproportionately severe disease, thereby potentially
introducing referral bias with an overestimation of the
risk. This is in line with the findings in a Dutch study,
comparing a cohort of 121 IBD patients with CRC from
referral centers with a cohort of 160 IBD patients with
CRC from general hospitals and confirmed that IBD patients from referral centers represent a subgroup with a
more severe IBD-phenotype[10].
In order to approach a more unbiased risk estimate
the use of population-based studies is essential with unselected cohorts of patients representing the complete
and broad spectrum of disease. An early Swedish popu-
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10 years disease and > 50% of colon affected) with a SIR
of 7 (95%CI: 4.4-10.5) compared with a non-significant
increased risk in patients without long-standing extensive
colitis (SIR = 1.1; 95%CI: 0.6-1.8). These risk estimates
are higher than those originating from population-based
studies and it is of importance to notice that data from
the CESAME cohort arise from a selected IBD population. The difference in risk estimates from selected
population vs unselected populations was addressed in a
novel meta-analysis stratifying between study design and
revealed a 4-fold greater risk of CRC in IBD patients
when data originated from referral centers with selected
patients compared with data from unselected patients
from population-based studies[9].

RISK FACTORS
It is essential, in a clinical aspect to obtain knowledge of
potential cancer predictive factors in order to identify
subgroups of patients who need closer surveillance or
more intense treatment. Known risk factors for CRC in
IBD patients include young age at diagnosis, duration
and anatomic extent of disease, family history of CRC,
concurrent primary sclerosing cholangitis and persisting
inflammation of the colon.

AGE AT ONSET
Young age at onset of colitis has been reported to be an
independent risk factor for CRC. Interpretation of existing evidence is complicated as children tend to have more
extensive and severe colitis compared with those diagnosed in adult age, and further have a potential for longer
disease duration, a risk factor in itself.
The impact of early age at onset of IBD as a risk factor for CRC was assessed in a Danish cohort study by
Jess et al[5]. They found that the risk of CRC varied markedly by age at diagnosis of UC; those diagnosed at childhood or adolescence (age 0-19 years) had the greatest risk
(RR = 43.8; 95%CI: 27.2-70.7) followed by those diagnosed in young adulthood (age 20-39 years) with a RR of
2.65 (95%CI: 1.97-3.56). Those diagnosed with UC at the
age period from 60-79 years had a risk of CRC that was
below that of the background population (RR = 0.76;
95%CI: 0.62-0.92). However, as pointed out by the authors, the absolute risk of CRC was limited even in those
diagnosed in young age[24]. Patients diagnosed with UC at
age 0-19 had an absolute risk of CRC of 1.64% (95%CI:
0.25%-3.00%) after 25 years disease duration and for
the group diagnosed at 20-39 years of age this risk was
0.80% (95%CI: 0.39%-1.20%). In matched controls the
corresponding 25-year risk estimates were 0.05 (95%CI:
0.03%-0.07%) and 0.47% (95%CI: 0.43%-0.50%), respectively for the two age-groups. These data are supported
by a population-based meta-analysis which showed that
the standardized CRC incidence ratio was 4 times higher
in IBD patients diagnosed at young age (< 30 years)
compared with a non-significantly increased risk patients
diagnosed at the age of 30 years or older[9], but the metaanalysis did not report absolute risks.

RISK OF COLORECTAL CANCER IN CD
In contrast to the risk of CRC in UC patients, which has
been comprehensively investigated, the risk of CRC in
CD patients remains less explored. As with the risk of
CRC in UC, studies on risk of intestinal cancer in CD
have revealed inconsistent results with a variation in reported relative risk estimates from 0.8 to 20.0[21].
A meta-analysis from 2005 by Jess et al[22] exclusively
including population-based studies and representing
populations from North America, Scandinavia and Israel,
estimated a pooled overall SIR for CRC in CD of 1.9
(95%CI: 1.4-2.5). Separate risk estimates for cancer in
the colon and rectum resulted in a significant increased
risk for colon cancer (SIR = 2.5; 95%CI: 1.7-3.5), whilst
a slightly, non-significant increased pooled risk was estimated for rectum cancer (SIR = 1.4; 95%CI: 0.8-2.6).
The risk of CRC cancer was significantly increased in CD
patients with colonic involvement (SIR = 4.3; 95%CI:
2.0-9.4), non-statistically increased in patients with ileocolonic CD (SIR = 2.6; 95%CI: 0.8-8.2) and not increased
in CD patients with pure ileal disease (SIR = 0.9; 95%CI:
0.2-4.1). Another meta-analysis from 2005, by Canavan et
al[21] including both selected and unselected patient series
studies, on risk of CRC in CD, reported similar results
with an overall pooled RR of 2.5 (95%CI: 1.3-4.7) and
only a significant increased risk for CD patients with colonic disease (RR = 4.5; 95%CI: 1.3-14.9). In subgroup
analyses on site-specific CD the RR estimate increased
for patients with colonic involvement whereas combined
RR of CRC in CD patients with ileal disease was not increased (RR = 1.1; 95%CI: 0.8-1.5). A retrospective study
by Herrinton et al[23] calculated risk of CRC cancer in a more
recent IBD cohort from the Kaiser Permanente database
from 1998 to 2010 and identified 29 incident CRC patients among persons with CD corresponding to a 1.6-fold
higher risk of CRC compared with the general Kaiser
Permanente population. In the up-dated meta-analysis
from 2013 by Lutgens et al[9] the pooled risk estimate for
CRC in CD was slightly increased (SIR = 1.6; 95%CI:
1.2-2.0) when data originated from population-based
studies. Yet again, the risk was only increased in patients
with colonic involvement, though not reaching statistical
significance (pooled SIR = 2.0; 95%CI: 0.3-3.7).
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DISEASE EXTENT AND DURATION
UC patients with pancolitis are at highest risk, left-sided
colitis carries a moderate risk, and patients with proctitis
and protosigmoiditis are at similar risk of CRC as the
background population. Ekbom et al[11] found that UC
patients with pancolitis had a nearly 15-fold increased
risk of CRC (SIR = 14.8; 95%CI: 11.4-18.9) as compared
to the background population, in contrast to an increased
risk of 2.8 for those with left-sided colitis and a nonsignificant increased risk of 1.7 for those with proctitis.
A smaller risk was found in the population-based study
by Söderlund et al[13] exploring the significance of site-
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specific inflammation for both UC and CD, on risk of
CRC. Within the cohort and compared with UC proctitis
the risk of CRC cancer was 2.0 (95%CI: 1.3-3.0) for UC
pancolitis, 1.2 (95%CI: 0.7-1.9) for left-sided UC, 0.9 for
colonic CD (95%CI: 0.5-1.6) and 0.7 (95%CI: 0.4-1.1)
for non-colonic CD. A risk of 5.6 (95%CI: 4.4-7.0) was
found for UC pancolitis, compared to an overall risk for
UC of 2.7 (95%CI: 2.3-3.2) when comparing with the
general population. In accordance, the population-based
meta-analysis by Jess et al[19] reported an overall risk of
4.8 (95%CI: 3.9-5.9) for UC patients with extensive disease. Backwash ileitis in UC, theoretically representing
the greatest extent of disease due to ileal involvement,
has been reported to carry an additional increased risk of
CRC[25], but this has not been confirmed by others[26].
In addition to extent of disease, longer duration of
disease is associated with an augmented risk of CRC in
IBD. In a Danish, nationwide cohort study by Jess et al[5]
the relative risk of CRC in IBD was low in the first years
after diagnosis (except for an implausible high RR the
first year after diagnosis, assumedly as a result of differential diagnostic problems or cases of coincidental
detection of recent onset IBD in patients diagnosed with
CRC), then progressively increasing with duration of
IBD reaching the level of the non-IBD population after 8
years. After disease duration of 13 years the RR was significantly higher than the background population, reaching a level around 50% increase with longer follow-up.
These results are consistent with the current surveillance
guidelines defined by the American Gastroenterological
Association[27] and the British Society for Gastroenterology[28] recommending initiation of surveillance after 8-10
years disease duration for CD and extensive UC and after
15-20 years for patients with left-sided UC. Nevertheless,
studies have shown that up to a third of IBD patients develop CRC prior to the initial point of surveillance[5,20,29],
thus questioning the efficacy of the present surveillance
strategy.

Braden et al[37] studied risk of CRC in colonic CD/PSC
patients and concluded that the presence of PSC did not
increase the risk of CRC in patients with colonic CD.
Thackeray et al[38] conducted a retrospective study in order
to determine the time-interval between diagnosis of IBD,
PSC and CRC and found that IBD-PSC patients developed cancer or dysplasia relatively soon after diagnosis of
both IBD and PSC. Interestingly, patients with PSC and
IBD typically have mild or asymptomatic pancolitis with
prolonged remission and an inactive cause[39-41]. Further,
studies have reported a more frequent location of cancer
in the right colon in patients with IBD-PCS[42]. This could
suggest a different pathogenesis in the subgroup of IBD
patients with PSC compared to IBD patients in general,
but these mechanisms remains unidentified.
Due to the high cumulative risk of CRC in IBD patients with PSC, the short time-interval between PSC
diagnosis and CRC progression, and the predominately
right-sided cancer location, it is recommended that patients with IBD-PSC should initiate an annual surveillance colonoscopy, rather than sigmoidoscopy, program
already at time of PSC diagnosis[43].

PRIMARY SCLEROSING CHOLANGITIS

SEVERITY OF INFLAMMATION

Primary sclerosing cholangitis (PSC) is a chronic cholestatic liver disease present in 3%-8% of patients with UC
and 1%-3% of patients with CD[30-32], whereas 60%-80%
of patients with PSC have IBD[33]. In 1992, Broomé et al[34]
were the first to suggest that IBD patients with PCS
potentially had an increased risk of CRC. A later study
by the same group revealed an absolute cumulative risk
of CRC in patients with UC and PSC of 9% after 10
years disease duration, 31% after 20 years and as high as
50% after 25 years; compared with 2%, 5% and 10% in
patients with UC alone[35]. A meta-analysis published in
2002, including 11 studies concerning risk of CRC in patients with concomitant UC and PSC, revealed that 21%
of UC-PSC patients developed CRC compared to 4% of
UC patients without PSC, thus giving an odds ratio of
4.8 (95%CI: 3.6-6.4)[36]. The risk of CRC in CD patients
with PSC is uncertain. A British case control study by

Under the assumption that inflammation is the promoting factor in development and progression of CRC
in IBD it seems evident that the relationship between
degree of inflammation and risk of CRC would be comprehensively investigated. Paradoxically, data are sparse.
Rutter et al[45] conducted a retrospective case-control
study, using data on histological and endoscopic grade of
inflammation from a well-established cancer surveillance
program for patients with long-standing, extensive UC
from the United Kingdom and found a highly significant
correlation between severity of inflammation and the risk
of CRC; both when using colonoscopic scores (OR = 2.5,
P = 0.001) and histological scores (OR = 5.1, P < 0.001).
These findings were replicated in another retrospective
case-control study from Finland, concluding that the risk
of dysplasia or CRC is strongly associated with the degree of inflammation in patients with UC[46].
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FAMILY HISTORY OF COLORECTAL
CANCER
Healthy individuals, with a family history of CRC, carry
a near 2-fold increased risk of CRC. Few studies have assessed the significance of familial CRC, or IBD on risk
of CRC in patients with IBD. A population-based study
from Sweden found that a family history of CRC in IBD
patients resulted in a doubling of the already increased
risk of CRC in IBD, irrespectively of type and extent of
IBD[44]. Further, sub-analyses revealed that IBD patients
with a 1st-degree relative diagnosed with CRC before the
age of 50 had an even higher risk (RR = 9.2; 95%CI:
3.7-23). A family history of IBD did not increase the risk
of CRC.
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0.41-0.80) in 1999-2008. It has been argued that the observed decreased risk could be explained by the initiation
of screening of CRC in the general population but first
of all there is no systematic screening program for CRC
in Denmark before year 2014 and further relative risks
compared within the cohort, using the RR in the intermediate period from 1989-1999 as reference (hence enabling
adjustment for shorter length of follow-up in recent cohorts) the risk was still significantly reduced (RR = 0.59;
95%CI: 0.39-0.90) in the late period from 1999-2008.
When analyzing time-trends in CD no significant changes
were observed. Likewise, a study on mortality within the
same population revealed a decrease in mortality in UC
patients from 1982 to 2010, largely due to a reduction
in mortality from gastrointestinal orders and CRC[49]. In
addition to the mentioned original studies, an updated
meta-analysis by Lutgens et al[9] found a similar decreasing
trend in risk of CRC in IBD over time in meta-regression
analyses from 9 population-based studies, but the trend
did not reach statistical significance, most likely due to a
type Ⅱ error as only few studies were available for analysis. Overall, there may be a declining risk of CRC in IBD
over time and the reason for this observation needs to be
studied further.

IS THE RISK OF COLORECTAL CANCER
DECREASING?
The management of IBD has changed markedly in the
last decades[47] not only with advancement in medical
treatments, e.g., new biological therapies, surgical treatment options and improved diagnostic tools leading to
early detection, but also with implementation of surveillance programs and awareness of the need of adherence
to medication from a patient perspective. These factors
could potentially reduce the long-term inflammation in
IBD patients and thereby reduce the risk of CRC.
Eaden et al[1] reported in their meta-analysis an increase in incidence of IBD-related CRC over time from
1955 to 2001 by plotting cancer risk against the midpoint of 41 studies, but the result did not reach statistical
significance (slope: 0.003, P = 0.80). Another meta-analysis reported a decline in risk over time, by pooling results
on risk estimates classified by the publication year. They
found an incidence rate of 4.29/1000 pyrs in the 1950s
compared to an incidence rate of 1.09/1000 pyrs from
2000-2011[48]. Several other studies have shown a declining trend in risk over time. Söderlund et al[13] conducted a
population-based study showing time-trends in incidence
and mortality of CRC from 1960 to 2004 in 7607 Swedish IBD patients and reported adjusted relative risks of 1.7
(95%CI: 0.6-4.4) from 1960 to 1969, 1.3 (95%CI: 0.7-2.6)
from 1970 to 1979, 1.2 (95%CI: 0.7-2.2) from 1980 to
1989, 1.1 (95%CI: 0.7-1.8) from 1990 to 1999, and 1 (reference) from 2000 to 2004, revealing a non-significant,
declining trend. Compared to the general population the
relative risk declined from a 5-fold increased risk of CRC
in IBD in the 1960s to a 2-fold increased risk in the period from 2000 to 2004 (P for trend = 0.06). The risk of
death from CRC decreased significantly during the same
time period, both when comparing patients within the
cohort and with the general population. Whether this decline in mortality is due to surveillance, better surgical management, better follow-up, or other changes is unanswered.
Results from other studies are diverse. Herrinton et al[23] used
data on IBD and CRC from the United States health
insurance Kaiser Permanente database to report timetrends over a 14.5 year study period from 1998 to 2010.
Results showed no time-trend with incidence rates of
CRC per 100000 pyrs, varying from 87.9 in 1998-2001,
to 67.0 in 2002-2006 and to 73.9 in 2007-2010 (P trend
= 0.98) but one could argue that this time-interval is
too short to reveal any trend over time. In contrast to
the results from the United States, a nation-wide cohort
study from Denmark revealed a decrease in risk of CRC
in IBD over 30 years from 1979 to 2008[5]. During 178
million person-years of follow-up, relative risk estimates
of CRC in IBD were calculated, adjusted by sex, age and
calendar period and subdivided into three time-periods
of 10 years from 1979 to 2008. Compared to the general
population the overall RR of CRC in UC decreased from
1.34 (95%CI: 1.13-1.58) in 1979-1988 to 1.09 (95%CI:
0.90-1.33) in 1989-1998 and further to 0.57 (95%CI:
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CHEMOPREVENTION
Instead of focusing on early detection of neoplasia in
IBD, the ideal would be to prevent neoplasia from ever
developing. In light of the theory of an inflammationdriven carcinogenic process as a causative factor of IBDrelated CRC, medical therapies reducing the inflammatory
burden could potentially lower the risk of CRC in IBD.
Hence, there has been an increasing interest in detecting
chemopreventive agents that can reduce the overall risk
of dysplasia and cancer and serve as a complement to
current surveillance programs.
5-aminosalicylic acid (5-ASA) is the first line agent
for maintenance therapy in mild to moderate UC and it
has been shown in in vitro studies to have antineoplastic
properties by inhibiting the nuclear kappa-B pathway
which is involved in tumor progression [50]. However,
the evidence of a potential chemoprophylactic effect of
5-ASA is contradictory. In 2005 Velayos et al[51] published
a meta-analysis of 9 observational studies (3 cohort, 6
case-control) on effect of 5-ASA in preventing IBD related CRC. Pooled analysis revealed a protective effect
of 5-ASA use on risk of IBD-related CRC with an odds
ratio of 0.51 (95%CI: 0.37-0.69). Since then several casecontrol and population-based studies have not been able
to detect any chemopreventive effect of 5-ASA[52-54]. Recently, Nguyen et al[55] published a meta-analysis solely including non-referral studies; thereby potentially reducing
bias and presenting evidence that is more generalizable.
The meta-analysis revealed a pooled adjusted OR of 0.95
(95%CI: 0.66-1.38) for CRC in patients with IBD treated
with 5-ASA and based on these results the authors concluded that there does not seem to be a protective effect
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of 5-ASA on risk of CRC in IBD.
In addition to 5-ASA, an increasing number of patients are treated with the thiopurine drugs, azathioprine
and 6-mercaptopurine. Existing data on the potential chemopreventive effect of thiopurines in IBD are, however,
conflicting. In the French CESAME clinical based cohort
study the authors investigated the impact of thiopurines
on risk of CRC in IBD[20]. Almost half of the 19.484
IBD patients had been exposed to thiopurines and
among current users the adjusted hazard ratio for CRC
was 0.57 (95%CI: 0.24-1.32) thereby revealing no significantly protective effect of thiopurine use on CRC risk in
the general IBD population. However, in subanalysis confined to IBD patients with long-standing extensive colitis,
current treatment with thiopurines reduced the risk of
advanced colorectal neoplasia significantly (CRC and high
grade dysplasia combined; HR = 0.28; 95%CI: 0.09-0.89).
A Dutch cohort study by van Schaik et al[56] have further
evaluated the effect of thiopurines on risk of CRC in an
IBD cohort of 2578 IBD patients of whom 770 were
exposed to thiopurines. They found that thiopurine exposure were associated with significantly decreased risk
of developing advanced neoplasia (high grade dysplasia
and colorectal cancer combined; adjusted HR = 0.10;
95%CI: 0.01-0.75). In a Danish nationwide populationbased study by Pasternak et al[57] from 2013, the effect of
thiopurine exposure on risk of CRC was assessed among
43969 IBD patients of whom 12% had been exposed
to thiopurines. In contrast to the more selected French
study, no difference in risk of CRC was observed among
thiopurine exposed vs non-exposed patients (adjusted RR
= 1.00; 95%CI: 0.61-1.63). Similar results were reported
in another large population-based study from the United
Kingdom[58].
Recent data from models of experimental colitis have
indicated that TNF-α has a tumor promoting effect[59].
Few studies have been able to evaluate the effect of the
new biological treatments, as TNF-α blockers, on risk
of CRC due to the relatively short existence of these
agents relative to the latency of CRC. In a Dutch nested
case-control study by Baars et al[60] risk factors for IBDrelated CRC were identified by comparing 173 cases of
IBD-related CRC (collected from 1990 to 2006) with 393
non-CRC IBD controls. The authors found that use of
TNF-α antagonist was a protective factor for the development of CRC (OR = 0.09; 95%CI: 0.01-0.68). In a
Danish, nationwide population-based cohort study, the
risk of CRC was compared between IBD patients exposed to TNF-α antagonist vs non-exposed and revealed
no impact of TNF-α antagonist on risk of CRC (adjusted
RR = 1.06; 95%CI: 0.33-3.40)[61]. The association between TNF-α antagonists and cancer is two-edged with
hypotheses on both a tumor-promoting and a tumor preventing effect and future studies are necessary to clarify
this aspect.

subgroups of IBD patients with severe, long-standing
active disease who do not undergo colectomy and patients with PSC carry a greater risk of CRC than the
background population. Overall, it seems evident that
to prevent CRC from occurring in IBD, the goal is to
minimize severity and extent of inflammation, whereas
the methods used to do this (regular follow-up, medical
treatment, surgery, and surveillance) act in common and
not as single cancer-preventive factors. Whether new
treatment strategies, particular biological treatment might
be part of the reason for the observed decrease in risk of
CRC in IBD over time needs further investigation.
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Core tip: We present a new hypothesis to distinguish
the complex links between genetic susceptibility, barrier dysfunction, commensal and pathologic microbial
factors and inflammatory response (especially autoantibodies) in the pathogenesis of inflammatory bowel
disease (IBD). In our hypothesis, we suggest that prior
activation of adaptive immunity against microbial flora
antigens could initiate an IBD-like chronic inflammation
if something like ethanol disturbs barrier function. If
this hypothesis is supported with further experiments, it
would illustrate unknown aspects of IBD pathogenesis.
On this basis, we have developed a new immune-based
model of IBD with the presence of antibodies against
enteric bacterial antigens.

Abstract
The exact causes of inflammatory bowel disease
(IBD) are not yet fully defined. From a vast body of
literature, we know that the immune response has
long been involved in the pathogenesis of IBD, including both ulcerative colitis and Crohn’s disease.
A variety of specific alterations can lead to immune
activation and inflammation directed to the colon, as
revealed by some animal models. Current research
has focused on the role of antibodies in downstream
events and mechanisms of autoimmunity and inflammation. It is not well known whether the production
of antibodies is a serologic consequence of IBD, or if
it is a result of barrier dysfunction induced by inflammation. Here, we present a new hypothesis to distinguish the complex links between genetic susceptibility, barrier dysfunction, commensal and pathologic
microbial factors and inflammatory response (especially autoantibodies) in the pathogenesis of IBD.
To ascertain the hypothesis, we developed a pilot
model with the concept of the presence of antibodies against enteric bacterial antigens in IBD. Results
confirmed our hypothesis. Our hypothesis suggests
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INTRODUCTION
Etiology
Investigations have demonstrated that the pathophysiology of inflammatory bowel disease (IBD) is multifactorial, but briefly host (e.g., genetics, intestinal barrier and
immune system function) and exogenous factors (e.g.,
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normal luminal flora) are two basic themes[1]. The normal intestine contains a large number of immune cells
in a chronic state of so-called physiologic inflammation
to control the gut and to prepare it for any immunologic
response. Lack of immune responsiveness to lumen antigens may be a result of oral tolerance[2]. Multiple mechanisms are involved in the induction of oral tolerance. For
instance, deletion or anergy of antigen-reactive T cells
or activation of regulatory CD4 T cells suppresses gut
inflammation through secretion of inhibitory cytokines
such as interleukin (IL)-10 and transforming growth factor β (TGF-β). In addition, a selectively permeable barrier prevents unwanted solutes, microorganisms, and luminal antigens from confronting the immune system in
the internal mucosa[2-4]. In IBD, this tolerance is altered
and leads to an uncontrolled inflammation; thus, IBD is
considered as a breakdown in the regulatory constraints
on mucosal immune response to the microbial flora or
their products within the intestine. Most of this process
is mediated through components of the autoimmune
response to self-antigens[5].
A variety of specific alterations can lead to immune
activation and inflammation directed to the colon, as
revealed in animal models demonstrating murine genetic
models (transgenic models). These models showed us
that deleting loci of specific cytokines (e.g., IL-2, IL-10,
TGF-β) or their receptors or T cell antigen recognition
molecules (e.g., T cell antigen receptors) or interfering
with intestinal barrier integrity (e.g., mucus glycoprotein,
deleting N-cadherin or nuclear factor κB) leads to inflammation[4].
It has been suggested that the continuous penetration of luminal antigens and unremitting stimulation of
the mucosal immune system due to an increased permeability of the intestine epithelial cells may be the primary
defect in patients suffering from IBD[3]. Therefore, if we
consider increased epithelial permeability as the trigger,
the tragedy of IBD initiates after a disruption occurring
in the mucosal integrity. Then lots of macromolecule
antigens in the lumen penetrate into internal compartments of the mucosa and submucosa, and subsequently
become recognized by the gut immune system. Later,
interstitial macrophages and dendritic cells are locally
activated and release cytokines to recruit more macrophages and monocytes from the systemic circulation[6].
In normal subjects, this acute response is subsided after
controlling the invasion. In genetically susceptible subjects [defects in innate immunity response (e.g., NOD2,
α-defensins mutations)] or in the long-term exposure to
penetrated antigens in the situation of persistent integrity perturbations, or if the invader was a specific uncontrollable pathogen (e.g., Salmonella sp., Shigella sp., Campylobacter sp., Clostridium difficile), antigen presenting cells
(APCs) secrete cytokines, which leads to induction of
differentiation in various T-cells. In this way, the adaptive
immune response is turned on[7-11]. Activation of both
TH1 or TH2 leads to an inflammatory response[12]. This
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ignition can be turned off by the regulatory systems.
Generally, recovery is achieved after repair of the first
alteration in intestinal permeability.
Microbial factors
Microorganisms are a likely factor in the initiation of
inflammation in IBD[13]. However, the unanswered question in this area is whether microorganisms involved in
the pathogenesis of IBD are commensal flora or invasive microbial pathogens?
Normal intestinal microflora may contribute to the
development of IBD in susceptible individuals. This
finding has been demonstrated repeatedly in murine
models of IBD[14,15]. As an example, animals which are
genetically altered (e.g., deficient in IL-2 and IL-10) to
be susceptible to IBD do not develop the disease when
raised under germ-free conditions[13]. Also, intestinal lesions in IBD typically predominate in areas of the highest bacterial exposure (e.g., in distal ileum and colon with
1012 organisms/g).
On the other hand, a number of studies have evaluated the possible role of specific infectious agents in the
pathogenesis of IBD. This role has been evaluated in
two ways: the relation between specific microorganisms
and IBD (e.g., presence of specific antibodies in serologic findings of IBD patients[16]), and the association
between some acute gastroenteritis and IBD[17].
Pathogens that could be directly responsible for
initiating IBD are those that the mucosal immune system may fail to control in terms of the inflammatory
response (e.g., Salmonella sp., Shigella sp.). These bacteria
are rich in peptides having chemotactic properties (e.g.,
formyl-methionyl-leucyl-phenylalanine). The superantigens capable of global T-lymphocyte stimulation and
subsequent inflammatory response, and those producing
toxins (necrotoxins, hemolysins, and enterotoxins), cause
mucosal damage[8,9,16,18]. In summary, an acute infection
with specific pathogens leads to a permanent uncontrollable perturbation in intestinal integrity, even though
after the acute phase there is perhaps mediation of some
cytokines (e.g., IFN-γ), and permeability changes across
the epithelium are induced. This results in continuous
exposure and stimulation of the mucosal immune system with commensal flora antigens[3,19-21].

IMMUNE REGULATION AND
INFLAMMATORY CASCADE DEFECTS IN
IBD
As discussed later, the mucosal immune system is normally nonresponsive to luminal contents due to oral
tolerance. Once inflammation is initiated, the immune
inflammatory response is propagated by T cell activation
in the lamina propria. CD4 T cells are of three major
types: TH1, TH2, and TH17 cells. The TH1 cells secrete
predominantly IFN-γ, TNF-α, IL-2, and IL-12, which
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activate cell-mediated immunity by CD8 T cells (cytotoxic) resulting in transmural granulomatous inflammation
resembling CD. Meanwhile, the TH2 cells can induce
B-cell differentiation and humoral immunity by secreting predominantly IL-4, IL-5, and IL-13 with superficial
mucosal inflammation features resembling UC[22]. TH17
cells secrete predominantly IL-17, IL-6, and granulocyte
colony-stimulating factor and seem responsible for neutrophilic recruitment[5,8,23]. After activation of these cells,
they produce specific cytokines and, consequently, the
epithelial barrier permeability (e.g., IFN-γ) is increased.
Some of these cytokines have destructive and apoptotic
effects on mucosal cells, which eventually allow more
antigens to pass and produce more agitation of immune
cells amplifying the inflammatory cascade[3,8]. In normal
situations, an activated response is subsided with regulatory T cells, including designated TH3, Tr1, and CD4,
and CD25 cells[23]. Their function is blocking or downregulating the response of TH1 and TH2 either by producing specific cytokines (IL-10 and TGF-β) or via cellcell contact. There is evidence which demonstrates some
defects in this regulatory system in IBD-susceptible
subjects[24,25].

cates an increased intestinal permeability in IBD patients
suggesting the permanent stimulation of the mucosal
immune system as the primary defect in the pathogenesis of IBD[3,28,29].

STEPS OF AUTOIMMUNITY IN IBD
The pathogenesis of IBD and most of its extra-intestinal
manifestations is immunologically mediated and appears
to be mainly due to an autoimmune-related process[30,31].
As discussed, after a permanent alteration in barrier
function, various antigens pass through the interstitial
space which finally activates T cells. In normal subjects,
the response is directed definitively against the specific
epitope of antigens, but commensal organisms in the lumen have adhesive antigens (e.g., flagellar antigens) which
adhere to the surface proteins of mucosal cells. If there
are some predisposing factors, then there is a chance
for APCs to process epitopes of these antigens, with
parts of the mucosal surface proteins, which activate
T lymphocytes against mucosal cell surface protein[8,31].
Another scenario happens when the response to the
specific epitopes of antigens is cross-reactive to autoantigens. There is evidence demonstrating relations between precise human leukocyte antigen (HLA) molecules
and cross-reactive cellular antigens[32,33]. However, in the
TH2-mediated immune response in UC, it is thought
that perhaps development of self-reactive B cells, which
are triggered to produce mucosal IgG autoantibodies,
results in an inflammatory response. Meanwhile, TH1
cell-mediated immunity and auto-reactive T cells (CD4
or CD8) may be primed by microbial antigens that are
cross-reactive to autoantigens[34].
A long series of studies demonstrated that IBD patients possess autoantibodies, some of which became
serologic biomarkers to diagnose or distinguish subtypes
of this disease, such as anti-lymphocyte, anti-goblet
cell, pancreatic autoantibodies, the autoantibody against
tropomyosin isoform 5 (a cytoskeletal protein found in
colon epithelial cells), and antibodies against red blood
cell membrane antigens that cross-react with enteropathogens such as Campylobacter sp.[31,34,35].
We will now discuss some of the known autoantibodies in IBD pathogenesis. There is a form of perinuclear antineutrophil cytoplasmic antibody (pANCA)
which is non-reactive to myeloperoxidase. It is well
defined that 60%-70% of UC patients and 5%-15% of
their first-degree relatives are pANCA-positive, whereas
this applies to only 2%-3% of the general population.
There is a relation between positive pANCA antibody
status and severity of UC disease and other complications. Interestingly, pANCA in CD is associated with
colonic disease that resembles UC[31,34,35]. The definite
antigens to which these antibodies are directed have not
been identified, but they have cross-reactions with enteric bacterial antigens.
Other studies demonstrated the presence of another

INTESTINAL BARRIER DYSFUNCTION
The intestine is covered by a monolayer of simple columnar and non-ciliated epithelial cells that are a type
of brush border cells. These are joined together by intercellular and circumferential tight junctions to form a
selectively permeable membrane. This barrier prevents
unwanted solutes, microorganisms, and luminal antigens
from entering the internal parts. They are also part of
the immune system, acting as a first-line pathogen-recognition system because they present antigens similar to
classical APC. They also express toll-like receptor (TLR)
4 and, furthermore, secrete antimicrobial peptides (e.g.,
cryptidins and defensins)[2-4,26]. However, the epithelial
barrier has some guards of the innate immune system
to ensure permanent immune responsiveness (e.g., DC,
interstitial macrophages)[27]. If anything alters the barrier
function, lots of luminal antigens could pass through the
submucosal layer resulting in recruitment of neutrophils
and macrophages. If these cells can control the invasion,
it is not necessary to call adaptive immunity components,
but if the invasion takes long then adaptive immune
response component will be activated. In this process,
if the regulatory systems are not able to overcome the
inflammatory cascade, the secreted cytokines will deteriorate and amplify the first defect in the epithelial barrier by inducing apoptosis and necrosis in the epithelial
cells. In addition, a number of studies have shown that
inflammatory cytokines like TNF-κ and IFN-γ may have
a role in increasing intestinal barrier permeability[3,4,8].
Some animal models of IBD have shown alterations in
barrier function as the first trigger contributing to pathogenesis of IBD. Furthermore, abundant evidence indi-
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Figure 1 intestinal barrier dysfunction. Left (normal conditions): no or few commensal bacteria can pass the normal epithelial barrier and those that pass will be
swallowed by interstitial macrophages and dendritic cells; it is not necessary to call for adaptive immune cells. Right: in normal situations, if something breaks the barrier (e.g. pathogens and barrier breaker chemicals like ethanol 30%) lots of commensal bacteria in the lumen will pass through the epithelial layer. This acute invasion
will be controlled with recruiting of neutrophils and lymphocytes. Even after activation of B cells or T cells, if the defect in barrier function is resolved, apoptotic pathways will control the activated colonies of lymphocytes.

commensal flora has been defined[35,36].

autoantibody, which is specific to patients with UC; it
is an IgG autoantibody bound to a subtype of tropomyosin of colonic epithelial cell antigen. The capability
of this antibody to initiate extracellular signal-regulated
kinase (ERK) 1/2 signaling and up-regulating of the
TLR and production of cytokines, and also the correlation between the titers of this antibody and the severity of colitis, suggest the possibility that such a protein
could represent autoantigen- or complement-mediated
responses[13,31].
Although the presence of antibodies directed against
microbial antigens has been illustrated in the serum of
CD patients, a shared epitope among the host antigens
is not clearly defined. For example, 55% of CD patients
have antibodies against outer membrane porin C of
Escherichia coli, and 50% have immunoglobulins that are
reactive to a homologue of the bacterial transcriptionfactor families from a Pseudomonas fluorescens-associated
sequence (I2). Around 50% of CD patients have serum
reactivity to Cbir1, an immunodominant antigen of the
enteric microbial flora. This antigen can strongly induce
B cells and CD4 + T cell responses. Transferring of
Cbir1-specific CD4+ TH1 T cells to C3H/SCID mice
generates a severe colitis dependent on exogenous expression of Cbir1 flagellin in the colon. In 60%-70% of
CD patients, anti-Saccharomyces cerevisiae antibodies have
been found. A mannose sequence in the cell wall of this
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HYPOTHESIS
Although the above-mentioned studies support the
concept of the presence of antibodies against enteric
bacterial antigens in IBD, we propose a model to investigate whether the production of antibodies is a result
of barrier dysfunction induced by inflammation or a serologic finding secondary to IBD. The hypothesis would
result in a reliable model of IBD studies in animals. Our
hypothesis suggests the possibility of subcutaneous vaccination of animals with administration of all or specific
enteric bacterial antigens. In this way, production of
immunoglobulin against these antigens would prevent
intestinal inflammation. Anything that alters the function
of this barrier and increases barrier permeability would
result in inflammatory responses. To test this hypothesis,
we have designed a pilot study and examined the model
in male Wistar rats, which were immunized with anaerobic and aerobic enteric bacteria with and without an adjuvant. After assessing the IgG titers in the rats’ plasma,
well-immunized rats were anesthetized and then chitosan
and ethanol were instilled intrarectally as a tight junction
opener and a barrier breaker, respectively. This protocol
induced a chronic inflammatory response with inflammatory features in the ethanol group with persistent le-
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TNF

TNF

Figure 2 Steps of autoimmunity. If anything alters the barrier function,
lots of luminal antigens can pass to the submucosal layer. If these cells
can control the invasion, it is not necessary to call adaptive immunity
components, but if the invasion take longer (e.g., in altered tight junction
structure) or there are some defects in innate immunity response (e.g.,
mutations in Toll-like receptors), T cells are activated. If the regulatory
system cannot overcome the inflammatory systems, cytokines and reactive destructive mediators further deteriorate the first defect via inducing
apoptosis and necrosis in epithelial cells. Activation of T helper type
2 cells leads to a humoral response; also administration of a vaccine
of commensal bacteria leads to a humoral immune response to their
antigens, so after a disruption in barrier integrity with ethanol, the inflammatory cascade will turn on and induce inflammatory bowel disease in
the animal as shown by histopathological findings. TNF: Tumor necrosis
factor; TNFR: TNF receptor.
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sions. We propose that this model of chronic intestinal
inflammation would be a reliable model of human IBD.
Of course, further studies would need to prove immunization with specific bacteria (Figures 1 and 2).

are secreted in UC are catastrophic and are involved in
the inflammatory response, but antibodies which are
produced in CD are not involved in the pathogenesis
and are secreted post-release of sequestered antigens.
However, antibodies in both UC and CD patients are
involved in extraintestinal complications, while there are
various overlaps between these two subtypes.
In our hypothesis, we suggest that prior activation
of adaptive immunity against microbial flora antigens
in the way described could initiate an IBD-like chronic
inflammation (especially in UC). Further experiments
are essential to test various aspects of the method and
unknown points of IBD pathogenesis.

CONCLUSION
In this article, we addressed some known immune derangements involved in the initiation and pathogenesis
of IBD. The following general principles are highlighted
for better understanding of the possible mechanisms involved in the IBD pathogenesis.
Increased barrier permeability secondary to a genetic
susceptibility, a specific infectious pathogen or their toxins and activation of T cells create a positive feedback
to amplify the first barrier dysfunction and initiate an
inflammatory cascade.
Two common features of autoimmunity processes
may differ in activation of autoreactive T or B cells, involving a variety of imbalances in cytokine production
and the development of autoantibodies. In IBD, these
antibodies are directed against shared enteric flora antigens and epithelial cell-surface proteins.
In this study, we focused on autoantibodies. It is not
well defined whether various autoantibodies found in the
serologic assessment of IBD patients are destructive or
involved in pathogenesis of the disease, or whether they
are produced after tissue damage due to releasing of sequestered antigens[31]. We suggest that antibodies which
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Empirical data
After developing the hypothesis, we designed a pilot
study. Six groups of male rats containing three rats in
each group were considered. An extemporaneous vaccine was prepared with a mixture of heat-treated colonic
commensal bacteria, which were obtained from cultured
samples, and complete Freund’s adjuvant. This vaccine
was injected subcutaneously into nine rats on days 0
and day 14. On day 28, a blood sample was taken from
each rat to assess immunoglobulin titers. All of the test
animals showed an elevated titer. Then these rats were
divided into three groups; intra-colonic ethanol 30% was
instilled in two groups, and in the third group, normal
saline was instilled instead of ethanol and this group was
assigned as the vaccine group. The two groups which
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Figure 3 Histological images of colon tissues obtained from different groups. Microscopic evaluation of the trinitrobenzene sulfonic acid (TNBS) group shows
villus atrophy, extensive severe transmural inflammation, granuloma with necrosis and crypt destruction, whereas features in the Sham group were normal. Histological examination of the Ethanol group showed a mild crypt distortion and some crypt abscess, whereas features in the Vaccine group were normal. Microscopic evaluation of the Model group showed mucosal inflammation and crypt distortion, branching and some ulceration with moderate to severe crypt destruction in ulcerated
regions. Mild focal inflammation, minimal inflammatory cell infiltration and slight crypt branching were observed in the Infliximab group. A: Sham; B: TNBS; C: Ethanol; D:
Vaccine; E: Model; F: Infliximab.

received ethanol were: the model group that received no
treatment and an infliximab-treated group that received
5 mg/kg per day of infliximab for 10 consecutive days
after ethanol instillation. The first of the other three
groups consisted of an ethanol group that received intracolonic ethanol 30% with no pre- or post-treatment.
An established colitis model was induced with instillation of 10 mg of trinitrobenzene sulfonic acid dissolved
in 30% ethanol as the vehicle in another group. And the
last group was normal rats (sham group), which received
normal saline intracolonically. The animals were sacrificed, and colon samples were removed for histopathological assays. Details of microscopic assessments are
described in Figure 3.
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in pathogenesis and implications in treatment
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IBD exacerbation, and the prognostic implications of
CDI in these patients, it is recommended to test all IBD
patients hospitalized with a disease flare for C. difficile.
Treatment includes general measures such as supportive care and infection control measures. Antibiotic
therapy with either oral metronidazole, vancomycin,
or the novel antibiotic-fidaxomicin, should be initiated
as soon as possible. Fecal macrobiota transplantation
constitutes another optional treatment for severe/recurrent CDI. The aim of this paper is to review recent
data on CDI in IBD: role in pathogenesis, diagnostic
methods, optional treatments, and outcomes of these
patients.
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Abstract

Core tip: In this review we focus on the role of Clostridium difficile (C. difficile ) in inflammatory bowel disease
pathogenesis, the unique clinical aspects of C. difficile

Clostridium difficile (C. difficile ) is the leading cause of

antibiotic associated colitis and nosocomial diarrhea.
Patients with inflammatory bowel disease (IBD) are at
increased risk of developing C. difficile infection (CDI),
have worse outcomes of CDI-including higher rates of
colectomy and death, and experience higher rates of
recurrence. However, it is still not clear whether C. difficile is a cause of IBD or a consequence of the inflammatory state in the intestinal environment. The burden
of CDI has increased dramatically over the past decade, with severe outbreaks described in many countries, which have been attributed to a new and more
virulent strain. A parallel rise in the incidence of CDI
has been noted in patients with IBD. IBD patients with
CDI tend be younger, have less prior antibiotic exposure, and most cases of CDI in these patients represent outpatient acquired infections. The clinical presentation of CDI in these patients can be unique-including
diversion colitis, enteritis and pouchitis, and typical
findings on colonoscopy are often absent. Due to the
high prevalence of CDI in patients hospitalized with an

WCG|www.wjgnet.com

infections and prognosis in patients with inflammatory
bowel disease. We also present the implications of C.
difficile infections in these patients and review the most
recent literature concerning diagnostic methods and
treatment.
Original sources: Nitzan O, Elias M, Chazan B, Raz R, Saliba
W. Clostridium difficile and inflammatory bowel disease: Role in
pathogenesis and implications in treatment. World J Gastroenterol 2013; 19(43): 7577-7585 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v19/i43/7577.htm DOI: http://dx.doi.
org/10.3748/wjg.v19.i43.7577

INTRODUCTION
The human gut microbiota contains about 1014 bacterial
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cells from more than 1000 different bacterial species[1,2]
that play an important role in conservation of mucosal
innate and adaptive immune function, integrity of the
epithelial barrier and nutrient absorption[3-6]. Disruption
of the gut microbiota (dysbiosis) has been linked with
many gastrointestinal conditions[7,8]. Accumulating evidence suggests that inflammatory bowel disease (IBD)
results from an inappropriate inflammatory response to
intestinal microbes in a genetically susceptible host[9-11].
Dysbiosis in IBD may also contribute to disease severity,
and is correlated with the occurrence of abscesses in patients with Crohn’s disease (CD) and need for surgery at
a younger age[12,13].
Clostridium difficile (C. difficile) is an anaerobic gram-positive, spore-forming, toxin-producing bacillus that causes
intestinal disease varying from a mild diarrheal illness
to severe colitis[14-16]. The burden of C. difficile infection
(CDI) has increased dramatically over the past decade
and it is now recognized that C. difficile is responsible for
20%-30% of cases of antibiotic associated diarrhea and
50%-75% of cases of antibiotic associated colitis[17,18]. C.
difficile is also the leading cause of nosocomial diarrhea,
with incidence ranging from 1:100-1:1000 hospitalized
patients[19,20]. Loss of intestinal microbial equilibrium,
most commonly following antibiotic use, creates an environment susceptible to colonization of C. difficile and
subsequent CDI[21,22].
IBD has been found to be associated with C. difficile[23-26].
Patients with IBD are at increased risk of developing
CDI, have worse outcomes of CDI-including higher
rates of colectomy and death, and experience higher rates
of recurrence[27-30]. However, it is still not clear whether C.
difficile is a cause of IBD or a consequence of the inflammatory state in the intestinal environment. The association between IBD and C. difficile may be due to different
factors, such as drugs that are used for the treatment of
IBD that might alter the intestinal flora and promote colonization (including repeat courses of antibiotics), altered
immune and nutritional status, frequent hospitalizations,
and even genetic predisposition[31,32].
In this review we will try to focus on the role of C.
difficile in IBD pathogenesis, the unique aspects of C. difficile infections in patients with IBD, and the implications
for testing and treatment.

clusive evidence that a specific pathogen is responsible
for IBD onset or relapse.
C. difficile has been found to be associated with IBD.
Different studies found that patients with IBD, including ulcerative colitis (UC) and CD, are at increased risk
of developing CDI. A study based on a large cohort of
IBD patients in the United States found that CDI was
more common in UC patients (2.8%) as compared to the
general inpatient population (0.4%), and another study
reported an adjusted odds ratios for CDI in all IBD, CD,
and UC admissions from 1998-2004 to be 2.9, 4.0, and
2.1 respectively[40,41]. Since 2003 there has been a dramatic rise in the incidence of CDI with severe outbreaks
described in Canada, United States and England, which
have been attributed to a new and more virulent strain
designated BI/NAP1/027, that has also been found in
patients with IBD[18,42,43]. A parallel rise in the incidence
of CDI in patients with IBD has also been noted. During 1998-2004 CDI rates approximately doubled in CD
(9.5 to 22.3/1000 admissions) and tripled in UC (18.4 to
57.6/1000)[41]. A retrospective observational study found
that the rate of CDI in IBD patients increased from 1.8%
in 2004 to 4.6% in 2005, with the majority of patients
having colonic IBD[29]. More recent studies, found that
5.5%-19% of patients with an IBD exacerbation, tested
positive for C. difficile infection, and as many as 3.5% of
children hospitalized due to IBD, were diagnosed with
CDI[44,45]. Furthermore, analysis of a registry database
suggests that 10% of IBD patients will develop a C. difficile infection at some point, and approximately 10% of
CDI occur at the time of IBD diagnosis[46]. Patients with
IBD also have higher rates of asymptomatic carriage of
C. difficile 8.2% (9.4% in patients with UC and 6.9% in
patients with CD), versus 1% in healthy volunteers[47]. It
is possible, though, that the seemingly increased risk of
CDI in patients with IBD is due to increased surveillance
of this population for CDI. There are studies that question the role of CDI in IBD. A recent prospective Dutch
study found a low prevalence of C. difficile in IBD patients
and did not find any association of C. difficile with disease
activity, disease subtype (CD or UC), gender, antibiotic,
and immunosuppressive therapy[48].
Though it is still not clear if C. difficile causes IBD, it is
understood that C. difficile can cause an infectious colitis
superimposed on IBD, or may precipitate an IBD flare
leading to simultaneous inflammatory processes, and it is
nowadays considered a risk factor for IBD exacerbation.
The association between C. difficile and IBD is mediated
by a chain of events, including- recurrent hospitalizations,
that are a known risk factor for acquisition of C. difficile
and CDI, medications administered to patients with IBD
(including immunomodulatory and antimicrobial agents)
that disturb the intestinal flora, thus allowing for C. difficile
colonization and adherence, and a decreased nutritional
status that promotes C. difficile infection[31,32]. Thus, C.
difficile can colonize the intestines of these patients and
produce its two potent exotoxins: toxin A (“enterotoxin”)
and toxin B (“cytotoxin”) that bind to receptors on intestinal epithelial cells. This activates a cascade of proinflam-

The role of C. difficile in IBD
The initial trigger responsible for the onset of IBD is not
yet known. A complex interplay between the immune
system, environmental factors, such as stress and diet,
enteric infections, and genetic factors play a role in the
pathogenesis of IBD[33-35]. Gut microbiota interacts with
both the innate and adaptive immune systems, playing
a pivotal role in maintenance and disruption of gut immune quiescence[36]. Different bacteria have been implicated in the pathogenesis of IBD, including Mycobacterium
avium paratuberculosis, enterotoxigenic Bacteroides fragilis, adherent/invasive Escherichia coli, Campylobacter jejuni, Listeria
monocytogenes, Chlamydia sp., Aeromonas hydrophila, Salmonella
typhi, and C. difficile[37-39]. However, to date there is no con-
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risk factors for CDI in patients with IBD are similar to
those in the general population, such as- older age, medications (antibiotic/immunosuppressive agents), hospitalization, residence at a long term facility and comorbidities[21,51,52]. However, there are a few differences in risk
factors for CDI in patients with IBD. IBD patients with
CDI tend be younger, and 76% of C. difficile infections in
these patients represent outpatient acquired infections, as
opposed to patients without IBD were the most part of C.
difficile infections are hospital acquired[29,53]. IBD has been
found to be a risk factor for outpatient acquired CDI. In
a study done in our medical center, on 115 patients with
CDI, we found a trend towards a higher rate of IBD in
community acquired CDI versus hospital acquired CDI
(20.2% vs 9.7% , unpublished data).
Also, up to 40% of IBD patients do not have documented antibiotic exposure prior to presentation with
CDI[54]. Patients with IBD receive various types of immunosuppressive drugs that might predispose to CDI,
and steroid treatment has been found to increase the risk
of CDI 3 fold in these patients, though other immunomodulatory drugs such as purine analogs, methotrexate
and biological agents, have not been consistently found
to increase the risk of CDI[29,41,55,56]. Combination treatment with different immunomodulatory agents can increase the risk of CDI as was found in pediatric patients
receiving concomitant therapy of methotrexate and antiTNF-α, where 28% of patients developed CDI[57].

Table 1 Unique features and clinical implications of Clostridium
difficile infection in patients with inflammatory bowel disease
Risk factors
Colonic IBD
Immunomodulatory drugs
In comparison to patients with no IBD: younger age, more community
acquired cases, less prior antibiotic exposure
Clinical characteristics
Diarrhea (can be bloody), often mimics a flare of IBD
In patients with ileostomies: acute enteritis( an increase in ileostomy
output, nausea, fever and leukocytosis)
In patients with ileal pouch anal anastomosis: pouchitis
Often no pseudomembranes on colonoscopy
Outcomes and complications
Higher rates of toxic megacolon and colonic perforation
Higher rates of colectomies
Longer length of hospital stay
Increased mortality
Diagnosis:
Test for CDI in all IBD patients hospitalized with a disease flare
As in patients with no IBD-one step molecular assays or two step
algorithms: screening with EIA for GDH, followed by EIA for toxins
and/or a molecular assay
Treatment:
1 Escalation of immunosuppression should be avoided during CDI
2 Antibiotics treatment as in non IBD patients
Mild to moderate disease: oral metronidazole
Severe disease: oral vancomycin + intravenous metronidazole
Fidaxomicin-less recurrences (no data in IBD patients)
3 Fecal macrobiota transplantation
Limited data in IBD patients though seems to be effective
IBD: Inflammatory bowel disease; CDI: Clostridium difficile infection.

Clinical characteristics
Patients with IBD can have different and unique clinical presentations of CDI. To begin with, the similarity
in symptoms between CDI and a flare of IBD (diarrhea, abdominal pain, fever and leukocytosis) make it
extremely difficult to distinguish between the two[29,41].
C. difficile in IBD may also show atypical features such
as frequent bloody stools, as opposed to watery stools
in patients without IBD. Diarrhea may even be absent
in postoperative patients who receive narcotics for pain
control and develop paralytic ileus. In IBD patients with
ileostomies, C. difficile can cause acute enteritis, which can
manifest as an increase in ileostomy output, nausea, fever
and leukocytosis[53]. In patients who have undergone ileal
pouch anal anastomosis as treatment for IBD, C. difficile
infection might be a triggering factor for pouchitis, which
presents as an increase of the number of stools per day,
with or without constitutional symptoms such as weight
loss[58,59]. In one study 10.7% of patients with ileal pouch
anal anastomosis, presenting with pouchitis, were found
to have CDI[60]. Another study demonstrated that 18.3%
of cases of pouchitis were positive for C. difficile toxin,
with men 3.5 times more likely than women to develop C.
difficile pouchitis[61].
Typical findings of CDI on colonoscopy (such as
pseudomembranous exudates, which are found in up to
60% of patients with CDI) are often absent in patients
with IBD (0%-13% of cases)[62]. This might be due to a
weakened inflammatory response in the colonic epithelial

matory cytokines and leukotrienes such as tumor necrosis
factor (TNF), interleukin (IL)-6, IL-8, IL-1β, leukotrienes
B4, and interferon-γ leading to apoptosis of gut epithelial
cells and increased permeability of the intestinal mucosa, which in turn can play a role in the pathogenesis of
IBD[49,50].
So, as elaborated above, there is a possible association
between IBD and C. difficile, though there are many issues
to be resolved, such as: whether CDI is a risk factor for
the development of IBD, or the active inflammatory process in patients with IBD predisposes them to CDI, and
what are the exact mechanisms that are responsible for
this association.

CDI IN PATIENTS WITH IBD
The unique features and clinical implications of CDI in
patients with IBD are summarized in table 1.
Risk factors
As noted above, patients with IBD are at increased risk
for CDI, but this risk varies among different subsets of
these patients. One of the major risk factors for CDI in
patients with IBD is colonic IBD, either UC or CD with
colitis-with 91% of patients with IBD suffering from
CDI, reported to have colonic IBD, and a higher incidence of CDI was found in patients with left sided and
extensive disease as compared to distal disease[29]. Other
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environment in patients with chronic active IBD or due
to immunosuppressive drugs that hamper the development of pseudomembranes, which are caused by disruption of cellular cytoskeleton by toxins, ulcer formation
and leakage of serum proteins, inflammatory cells and
mucus.

nosis of CDI. Only loose, watery, or semi-formed stool
should be tested for C. difficile and specimens should be
kept at 4 ℃ if delay in testing is anticipated due to degradation of C. difficile toxin at room temperature[66,67]. The
different tests that have been used to date are[68-70]: (1)
Selective anaerobic culture: the most sensitive diagnostic
method, cannot distinguish toxin-producing strains from
non-toxin producing strains, time and labor consuming
and thus reserved for epidemiologic studies[71]; (2) Cell
culture cytotoxicity neutralization assay: detects the presence of toxin B in stool by its cytopathic effects in a cell
or tissue culture, is time consuming, with a sensitivity of
65%-90%, and is rarely performed today[71]; (3) enzyme
immunoassay (EIA) for C. difficile toxins A and B: sensitivity for toxins A and B is 60%-75% and specificity is
higher (up to 99%)[72,73]. Was the routine diagnostic assay
for CDI in most microbiology laboratories in recent years,
but due to its low sensitivity, is not recommended today
as the initial diagnostic assay[70]; (4) EIA for C. difficile glutamate dehydrogenase (GDH), an enzyme produced in
all C. difficile strains: sensitivity of 75% > 90%, but cannot
differentiate between toxin positive and toxin negative
strains[74]; and (5) Polymerase chain reaction (PCR): detect
toxin A and B genes, are highly sensitive and specific[75,76],
and provide rapid results (within as little as 1 h).
Current recommendation for CDI diagnosis implement either one step molecular assays or two step algorithms with screening with EIA for GDH, followed by
EIA for toxins and/or a molecular assay[67,68]. In patients
with IBD, there is no evidence to date, that testing for
CDI should be done differently. A recent retrospective
study that compared the frequency and clinical outcomes
of IBD inpatients with CDI, found that a greater percentage of patients tested positive by PCR for toxin B as
compared with ELISA for toxins A + B, but the clinical
outcomes were the same, regardless of method of testing[77]. More research is needed to determine the optimal
diagnostic test for CDI in patients with IBD. Due to
high rates of asymptomatic colonization of C. difficile in
patients with IBD, only patients with significant diarrhea
should be tested for CDI.

Outcomes
C. difficile infections have a different and often more severe clinical course in patients with IBD. These patients
have higher rates of endoscopies, higher rates of complications such as toxic megacolon and colonic perforation,
higher rates of colectomies, longer length of hospital
stay, and increased mortality[29,30]. Different studies found
high rates of colectomies in these patients, ranging from
20% to 45%[28,29], with one study finding a 6 fold increase
in bowel surgery in patients with CDI with and without
IBD[30]. Patients with IBD also experience more recurrences of CDI, than patients without IBD[29]. Mortality
is also increased in these patients with one study demonstrating a 6%-18% case fatality rate in patients with IBD
and CDI vs 1.4%-2.1% fatality rate in patients with CDI
alone[40]. A large study of the inpatient care database in
the United States found that hospitalized patients with
concurrent CDI and IBD had a 4 times higher mortality
rate than those admitted for IBD or CDI alone[63].
All of these special aspects of CDI in patients with
IBD should cause physicians to be alert to the possibility of CDI in a patient with an IBD exacerbation and
prompt rapid diagnosis and treatment.
Diagnosis
CDI is a clinical diagnosis supported by laboratory findings. As mentioned before, it is often difficult to distinguish between CDI and an exacerbation of IBD, because
of the similarity in symptoms, and moreover, IBD patients may have a different clinical presentation of CDI.
Laboratory findings in both CDI and IBD are also similar, including: leukocytosis, hypoalbuminemia, and fecal
leukocytosis[53]. Endoscopic findings that are typical for
CDI, such as colonic pseudomembranes, are also lacking
in most patients with IBD that present with CDI[28]. As
noted above, patients with IBD and CDI often acquire
the infection in the outpatient setting and in many there
is no previous documented antibiotic exposure[29,53].
Due to the high prevalence of CDI in patients hospitalized with an IBD exacerbation, the suspected causal
association between CDI and flare of IBD, and the
prognostic implications of CDI in these patients, it is
recommended by the American college of gastroenterology CDI Guidelines Task Force, to test all IBD patients
hospitalized with a disease flare for C. difficile[64]. Also, the
European Crohn’s and Colitis Organization guidelines
recommend testing for Clostridium difficile infection in
patients with severe or refractory UC[65]. Patients should
be tested even in the absence of traditional risk factors
such as antibiotic exposure.
There are various laboratory tests used in the diag-

WCG|www.wjgnet.com

Treatment
Treatment of CDI includes general measures such as
supportive care with attention to correction of fluid
losses and electrolyte imbalances, cessation of the inciting antibiotic as soon as possible (if possible), implementation of infection control policies-including hand
hygiene with soap and water which is more effective than
alcohol-based hand sanitizers in eradication of C. difficile
spores[67,78]. Antimotility agents such as loperamide and
opiates have traditionally been avoided in CDI for fear
of decreasing toxin clearance and increasing the risk of
ileus and/or megacolon, but the evidence that they cause
harm is equivocal[79].
Specific antibiotic therapy should be started as soon as
possible, and empiric therapy is indicated pending results
of diagnostic testing if the clinical suspicion is high and
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when severe or complicated CDI is suspected. Currently,
there are several drugs in use for treatment of CDI including: metronidazole (oral or intravenous), vancomycin
(oral or per rectum), oral rifamixin, and a newer drug- oral
fidaxomicin. A Cochrane systematic review from 2011
found no statistically significant difference in efficacy between vancomycin and other antibiotics including metronidazole, fusidic acid, nitazoxanide or rifaximin[80]. The updated guidelines for the treatment of CDI released by the
Infectious Diseases Society of America and the Society
for Healthcare epidemiology of America suggest that the
initial choice of treatment should be determined based on
the severity of illness and depending if it is a first episode
of CDI or a recurrence[69]. There are different scoring systems to assess the severity of illness, including the severity
score index that consists of 9 criteria, each accounting for
one point: altered mental status, white blood cell count >
20000 or < 1500, albumin < 2.5 mg/dL, ascites or colitis
by imaging, mean arterial pressure < 65 mmHg, fever >
38.3 ℃, tachycardia > 110 bpm and admission to intensive care unit. 1-3 points indicates mild disease, 4-6 points
moderate disease, and ≥ 7 points severe disease[81]. For an
initial episode of mild to moderate CDI-metronidazole,
at a dose of 500 mg orally 3 times per day for 10-14 d, is
considered the drug of choice. Vancomycin at a dose of
125 mg orally 4 times per day for 10-14 d is the drug of
choice for an initial episode of severe CDI. Vancomycin,
administered 500 mg orally 4 times per day (and 500 mg
in approximately 100 mL normal saline per rectum every
6 h as a retention enema, if ileus is present) with or without intravenously administered metronidazole 500 mg
intravenously every 8 h, is the regimen of choice for the
treatment of severe, complicated CDI. Treatment of the
first recurrence of CDI is usually with the same regimen
as for the initial episode but should be stratified by disease
severity, Treatment of the second or later recurrence of
CDI is with vancomycin therapy using a tapered and/or
pulse regimen[67].
Recent studies of fidaxomicin, 200 mg orally twice
daily, compared with oral vancomycin, demonstrated
non inferiority of clinical response after 10 d of treatment and superior sustained responses with a decrease in
recurrences (13% vs 24% with vancomycin treatment)[82].
Among patients who received concomitant antibiotics, treatment with fidaxomicin resulted in higher cure
rates (90% vs 79.4%) and lower recurrence rates (16.9%
vs 29.2% with vancomycin)[83]. Due to these and other
findings, fidaxomicin might be a promising treatment for
patients with risk factors known to portend relapse and
severe infection[84], though two different economical analyses reported conflicting results of the cost effectiveness
of using fidaxomicin as first-line treatment for CDI[85,86].
In patients with IBD and CDI, there are no guidelines
or evidence from prospective studies to suggest that one
antibiotic regimen is better than another. Failure rates of
up to 50% have been reported in IBD patients treated
with metronidazole[87]. Considering the worse outcomes
of patients with IBD and CDI, some institutions use
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vancomycin as first line therapy in these patients. In a single center study, where vancomycin was adopted as first
line therapy in IBD patients with CDI, colectomy rates
decreased from 45.5% to 25% within 1 year after the
change of policy[88]. There are no data as of yet regarding the use of fidaxomicin in the IBD patient population,
though in another group of immune suppressed patientsrecipients of solid organ and hematopoietic stem cell
transplantation, fidaxomicin achieved over all cure rates
in 86% of episodes and recurrence rate was 7%[89].
Concomitant use of immunomodulators is another
unresolved issue in patients with IBD and CDI. A retrospective multicenter European study comparing hospitalized IBD patients with CDI treated with antibiotics and
immunomodulators or antibiotics alone, found that the
primary outcome of complications including colectomy
or death within 3 mo occurred in 12% of patients treated
with both, as compared to none of the patients treated
with antibiotics alone[90]. The use of 2 or more immunomodulators further increased the risk of complications.
In a survey of North American gastroenterologists, there
was significant disagreement on whether combination
antibiotics and immunomodulators or antibiotics alone
should be given in patients with an IBD flare and CDI[91].
The American College of Gastroenterology CDI task
force, has given a conditional recommendation, with
low quality supporting evidence, that ongoing immunosuppression can be maintained in patients with CDI,
although escalation of immunosuppression should be
avoided[64].
Fecal macrobiota transplantation (FMT) through
retention enemas, rectal tube, colonoscopy, nasogastric
and nasoduodenal tubes, or upper endoscopy is another
option for treating recurrent CDI through restoration of
a healthy microbiome in the lower gastrointestinal tract.
Different studies have reported success rates of FMT
approaching 90% in patients with recurrent CDI[92,93]. A
randomized prospective trial, found that duodenal infusion of donor feces following vancomycin treatment was
significantly more effective for the treatment of recurrent CDI than the use of vancomycin alone[94]. Data on
the use of FMT among IBD patients is limited, though
a recent systematic review found that out of 12 patients
with IBD and CDI treated with FMT, all became toxin
negative, with symptomatic resolution in 11 out of 12
patients[95]. A recent review of FMT[96] notes that though
there are no guidelines concerning FMT for treatment
of CDI in patients with IBD, after FMT and eradication
of c.difficile, the severity of IBD is gradually reduced with
improved responses to medications for IBD. FMT is considered a safe treatment, though a recent paper reported
a case of a flare of UC in a patient who received FMT
for CDI[97].
In patients after restorative proctocolectomy and
ileal pouch anal anastomosis that present with C. difficile
pouchitis, treatment is empirical because there are no
published prospective trials. Studies suggest that metronidazole is not completely protective against CDI of
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the pouch, as this infection has developed in patients on
metronidazole therapy, thus in these patients vancomycin
might be considered as first line therapy[59].

11

CONCLUSION
12

Patients with IBD are at increased risk of developing
CDI and having worse outcomes, including higher rates
of colectomy and death. There has also been a rise in
the percentage of patients with IBD that suffer from
CDI during recent years, even in those lacking classic risk
factors for CDI. Patients with IBD often present with
unique and more severe symptoms of CDI. Diagnosis
of CDI in patients with IBD warrants a high index of
suspicion and physicians should be alert to the possibility of CDI in any patient with an IBD exacerbation. All
hospitalized patients with a flare of IBD should be tested
for CDI and antibiotic treatment should be initiated rapidly, especially in severe cases, where vancomycin is the
treatment of choice. More studies are needed to better
understand the pathogenetic role of CDI in IBD exacerbations, to define what are the best diagnostic methods
for CDI in these patients, to assess the efficacy of newer
treatments such as fidaxomicin in patients with CDI and
IBD, and to better address the question of concurrent
treatment with immunomodulatory agents.
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implicated the deregulated expression of certain
miRNA networks in the pathogenesis of autoimmune
and inflammatory diseases, such as IBD. There is a
great interest in the identification of the role of miRNAs in the modulation of pharmacological response;
however, the association between miRNA and GC
response in patients with IBD has not yet been evaluated in a prospective clinical study. The identification
of miRNAs differently expressed as a consequence of
GC treatment in comparison to diagnosis, represents
an important innovative approach that could be translated into clinical practice. In this review we highlight
the altered regulation of proteins involved in GC molecular mechanism by miRNAs, and their potential role
as molecular markers useful for predicting in advance
GC response.
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Abstract

Core tip: Studies on microRNAs (miRNAs) and pharmacogenomics represent a promising investigation topic
that could increase the understanding of the pharmacology of steroids in inflammatory bowel diseases (IBDs)
and possibly in other diseases. A number of studies
have shown that glucocorticoids (GCs) can modify the
expression profiles of different miRNAs, however, the
obtained results have been highly variable, and to date
it is not possible to recognize a specific miRNA pattern
regulated by GCs. Moreover, existing studies employed
techniques based on the use of reverse transcription
quantitative polymerase chain reaction and microarrays, through the analysis and quantification of already
known miRNAs. Using next generation sequencing
technologies, it could be possible to detect novel, still
unrecognised miRNAs, and identify new miRNA isoforms (iso-miRs) as well. This innovative approach could
be a valuable tool for a better understanding of the role

In spite of the introduction in therapy of highly effective biological agents, glucocorticoids (GCs) are still
employed to induce remission in moderate to severe
inflammatory bowel diseases (IBD), but considerable inter-individual differences in their efficacy and
side effects have been reported. The effectiveness of
these drugs is indeed very variable and side effects,
particularly severe in pediatric patients, are common
and often unpredictable: the understanding of the
complex gene regulation mediated by GCs could shed
light on the causes of this variability. In this context,
microRNAs (miRNAs) represent a new and promising
field of research. miRNAs are small non-coding RNA
molecules that suppress gene expression at posttranscriptional level, and are fine-tuning regulators of
diverse biological processes, including the development and function of the immune system, apoptosis,
metabolism and inflammation. Emerging data have
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profiles have been demonstrated even in IBD[30-33].
There is a lot of interest in identifying the role of
miRNAs in the modulation of drug response[34], but studies about this topic are still very limited, and the possible
correlation between miRNAs expression and variability
on GC response in IBD patients has not yet been examined. A better knowledge of miRNAs role could lead to
their use as biomarkers for IBD, and consequently, to the
development of new strategies for therapy personalization in these diseases.
This review tries to highlight the altered regulation of
proteins involved in GC molecular mechanism by miRNAs in different diseases and in vitro models, and their
potential role as molecular markers useful for predicting
in advance GC response.

of miRNAs to predict steroid response in IBDs. In the
future, the increased availability and the reduced costs
of RNA profiling should enable the clinicians to stratify
patients on specific miRNA biomarkers before starting
GC treatment.
Original sources: De Iudicibus S, Lucafò M, Martelossi S, Pierobon C, Ventura A, Decorti G. MicroRNAs as tools to predict
glucocorticoid response in inflammatory bowel diseases. World
J Gastroenterol 2013; 19(44): 7947-7954 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v19/i44/7947.htm DOI:
http://dx.doi.org/10.3748/wjg.v19.i44.7947

INTRODUCTION

GLUCOCORTICOIDS IN INFLAMMATORY
BOWEL DISEASES

To date, a curative pharmacological therapy for inflammatory bowel diseases (IBD) does not exist and the therapeutic approach is mainly aimed at controlling inflammation, with drugs capable of inducing and maintaining
remission. Despite the introduction in therapy of highly
effective biological agents, in IBD patients with moderate
to severe disease glucocorticoids (GCs) are effective in
inducing remission and are still considered the standard
for treatment[1]. In spite of the large clinical use, the benefits of these agents are often narrowed by high interindividual variability. Given the high incidence of suboptimal response, associated with a significant number of side
effects, the identification of subjects that are most likely
to respond poorly to these agents is extremely important.
However, the mechanisms of this variability are scarcely
understood and there is presently no means to predict the
response in advance[2-5]; in this context, microRNAs (miRNAs) represent a new and promising field of research.
miRNAs are small (18-24 nucleotides) non-coding
RNAs, which bind the 3’UTRs and the coding exons of
their target genes and inhibit gene expression[6] either by
messenger RNA (mRNA) cleavage (most common in
plants) or by translational repression (most common in
metazoan)[7,8]. According to the miRNA database miRBase,
1872 precursors and 2578 human mature miRNA sequences have been published (http://www.mirbase.org[9,10])
and we are only on the verge of understanding their physiological impact on gene regulation. A single miRNA can
regulate a multitude of mRNAs (approximately 200), and
each mRNA can be regulated by multiple miRNAs[11,12];
overall, it is predicted that protein production for at least
20% of all human genes is regulated by miRNAs[13,14].
By affecting gene regulation, miRNAs are likely to
be implicated in the control of diverse biological processes, such as cellular proliferation and apoptosis[10,15-17],
stem cell differentiation[15,18-20], and organ development
and morphogenesis[21,22]; in addition a strong association
between miRNA expression dysregulation and induction
of cancer has been shown[23-26]. Moreover, miRNAs have
important regulatory roles in the innate and adaptive immune system[27-29], and characteristic miRNA expression
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GCs are effective inhibitors of cytokine secretion and
T-cell activation, and are consequently largely employed in
different inflammatory conditions, including IBD. Despite
the introduction of novel therapies, these agents are still
currently used for induction of remission in moderate to
severe IBDs, however, a wide variability in response to
these agents is evident and, in these diseases, GC resistance or dependence is particularly frequent. Among the
adult IBD population, a prospective analysis has described
the 1-year outcome in patients with Crohn’s disease (CD)
treated with a first oral prednisone course (40-60 mg/d)
and tapering to a maintenance dose of 10-15 mg/d[35].
Prolonged steroid response was obtained in 44% of patients, 36% of subjects were steroid dependent while 20%
of subjects did not respond and were steroid resistant; a
high frequency of surgery was reported within 1 mo after
steroid treatment. Similar results have been obtained in a
retrospective American study: immediate outcomes for
CD and ulcerative colitis (UC), respectively, were complete remission in 58% and 54% of cases, partial remission in 26% and 30%, resistance in 16% of patients[36].
In paediatric IBD patients, clinical reports have shown
that up to 90% of subjects has a rapid improvement of
symptoms when prednisone treatment is given; however,
after 1 year, only 55% of patients were still in remission
and were considered steroid responsive. In around 38%
of patients, steroid therapy could not be discontinued as
patients experienced an increase of disease activity when
the dose was reduced (steroid dependent)[37].
Demographic and/or clinical markers[36,38,39] have been
evaluated and related with this variability in GC response,
but results have not been consistently replicated. Genetic
and epigenetic markers are likely to complement clinical
and demographic predictors: phenotypes resulting from
genetic changes and regulation can markedly influence
drug pharmacokinetics or alter drug efficacy and/or toxicity profiles. The identification of genetic biomarkers
that can be useful for classifying the disease and help to
improve therapy is paramount.
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might induce or repress specific miRNAs in various
target genes. The majority of studies have evaluated the
effect of GCs on miRNA expression levels in tumor leukemic cells, during GC induced apoptosis[74].
Rainer et al[75] have correlated miRNA levels with
expression data of their host genes in cell lines and
clinical samples of children with acute lymphoblastic
leukemia (ALL) undergoing systemic GC monotherapy.
At least 5 miRNAs were significantly regulated by GC
therapy. Importantly, the miR-15/16 cluster, which
induces cell cycle arrest, was up-regulated by GCs
in a subset of ALL patients and cell lines, consistent
with the known apoptotic effect of GCs in immature
lymphoblasts. Indeed, overexpression of miR-15b/16
increased GC sensitivity in leukemia cell lines whereas
silencing miR-15b/16 with inhibitors decreased GC
sensitivity in vitro.
Another study in a T-cell lymphoma cell line has
shown that GC treatment repressed the expression of
the miRNA cluster miR-17-92, which results in elevated
protein expression of Bim, a proapoptotic member of
the B-cell lymphoma-2 family (Bcl-2). Overexpression
of miRNA cluster miR-17-92 decreased Bim induction,
and attenuated GC mediated apoptosis, while cluster
knockdown increased Bim induction and GC mediated
apoptosis[76]. These findings suggest a novel mechanism
that could contribute to the induction of lymphocyte
apoptosis by GCs.
Harada et al[77] demonstrated that in the leukemic cell
line RS4; 11 dexamethasone down-regulated miRNA levels; miR17HG was rapidly down-regulated, and chromatin immunoprecipitation demonstrated that the promoter
is a target of GC transcriptional repression; in particular,
the miR-17-92 cluster was identified as a prime target
for dexamethasone induced repression. In the sensitive
leukemia cell line SUP-B15, but not in the resistant line
REH, dexamethasone reduced the expression of the
mi-R17 family and concomitantly increased its target protein Bim. Up-regulation or inhibition of miR-17 resulted
in a decrease and increase, respectively in Bim protein
levels and in dexamethasone induced cytotoxicity. Downregulation of miR-17 levels was observed in ex vivo
patients’ leukemia cells that underwent dexamethasone
induced apoptosis[77].
Another recent study[78], by genome wide miRNA
microarray on diagnostic bone marrow samples of ALL
pediatric patients treated with GCs, identified a reduced
expression of miR-355 as the most significant miRNA
abnormality associated with poor outcome. Moreover, the authors demonstrated that exogenous expression of miR-355 in ALL cells increases sensitization to
prednisolone-induced apoptosis. MAPK1 was identified
as a target of miR-355, and the MEK/ERK inhibitor
treatment increased GC induced cytotoxicity through the
activation of Bim.
Smith et al[79] have demonstrated that miRNAs are
repressed during GC induced apoptosis of primary rat
thymocytes, and further demonstrated the repression

MOLECULAR MECHANISM OF GC
ACTION
The effects of GCs are mediated by the glucocorticoid
receptor (GR)-α, a member of the nuclear receptor superfamily of ligand-dependent transcription factors[40,41].
The human GR gene is encoded on chromosome 5q31.3
and consists of nine coding exons[42]. Alternative splicing
of exon 9 generates two receptor isoforms, GR-α and
GR-β[43-46]. GR-β is not able to bind GCs, resides constitutively in the nucleus of cells, has a longer half-life than
GR-α, and does not transactivate GC-inducible reporter
genes[47]. It has been suggested[48,49] that cell specific expression and function of GR isoforms may explain the
tissue and individual selective actions of GCs.
The function of GR is conditioned by chaperone and
co-chaperone proteins that form a molecular heterocomplex with the GR itself[50,51], required for proper ligand
binding, receptor activation and transcription: abnormalities in proteins that make up the heterocomplex may contribute to altered GC responsiveness[52,53]. Several studies
have demonstrated differences in the heterocomplex gene
expression profiles in steroid resistant in comparison
with responder patients, but it is not clear if this different
expression is the cause of the variability in response or
the consequence of GC treatment[54-59]. After GC binding
and dissociation from heterocomplex proteins, the GR
translocates into the nucleus; translocation is mediated
by specific nuclear transport factors that belong to the
importin β family of nuclear transporters, and in particular by importin 13[60]. The activated receptor then binds
as homodimer two palindromic DNA-binding sites, the
so-called glucocorticoid responsive elements (GREs),
localized in the promoter region of target genes[61-63]. As a
consequence of DNA binding, GCs can induce trans-activation and trans-repression processes: binding to positive GREs leads to activation of the transcription of antiinflammatory [e.g., interleukin 10 (IL-10), Annexin 1] as
well as of regulator proteins involved in metabolic processes (e.g., enzymes of gluconeogenesis)[64-66]. The second
mechanism of GC action is trans-repression[67], which
leads to a reduced expression of immune-regulatory and
proinflammatory proteins such as cytokines [IL-1, IL-2,
IL-6, tumor necrosis factor-α (TNF-α)] and prostaglandins[68], and is believed to be responsible for the majority
of beneficial anti-inflammatory effects.
Steroid hormones can regulate gene expression posttranscriptionally, by destabilizing mRNAs[69]. In addition,
these hormones can induce rapid non genomic effects
within the cytoplasm; for example, they induce the release of Src kinase from the GR heterocomplex, resulting
in lipocortin activation and inhibition of arachidonic acid
release[70,71], and alter cytoplasmic ion content[72,73].

miRNAS AND GC RESPONSE
miRNA regulation by GCs
It has been demonstrated that activation of GR by GCs
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GR as miRNA target
The role of miRNAs in the regulation of the GR has
been examined, indeed, computational studies showed
that the 3’ UTR of the GR is predicted to contain numerous seed regions recognized by a variety of miRNAs[85].
Using a combination of in silico prediction of
miRNA binding sites, miRNA overexpression studies
and mutagenesis of the GR 3’UTR, Vreugdenhil and
collaborators[86] found that miR-18 and miR-124a bind
GR mRNA and decrease GR activity in neuronal tissues.
These miRNAs were tested for their ability to alter the
translational activity of GR and reduce GR protein levels
in cell cultures in vitro; miR-18 and miR-124a overexpression reduced GR protein levels and impaired the activation of the GR responsive gene glucocorticoid-induced
leucine zipper (GILZ). In addition these authors have
demonstrated by miRNA reporter assay that miR-124a
is able to bind to the predicted seed region in the GR 3’
UTR.
Ledderose et al [80] have investigated the role of
miR-124 in the regulation of GR expression; these
authors have studied the influence of the GR isoforms
(the active isoform α, and the dominant negative nonligand-binding isoform β ) on GC effects in human
T-cells, and found that, in patients with critical illnessrelated corticosteroid insufficiency, miR-124 specifically
down-regulated GR-α: a slight increase of miR-124 and a
reduction of GR-α was observed in patient T-cells compared to healthy controls. The authors suggested a novel
miR-124-mediated mechanism in the down-regulation of
GR-α in patients with critical illness-related corticosteroid insufficiency, that could explain, at least in part, GC
resistance in this disease.
Tessel et al[87] have identified and characterized miR130b as an important down-regulator of GR in GCresistant multiple myeloma cell line: the overexpression
of this miRNA was also associated with a decreased
regulation of the downstream GC controlled gene GILZ,
suggesting this mechanism as one of the possible causes
of resistance to GCs.

of the miRNA processing enzymes Dicer, Drosha and
DGCR8/Pasha. Silencing of Dicer expression in two
human leukemic lines significantly enhanced GC induced
apoptosis, while overexpression of the GC-repressed
miR-17-92 polycistron reduced apoptosis.
Among the few studies that have considered the effect of GCs on miRNA expression in non tumor cells,
Ledderhose et al[80] in native and CD3/CD28 stimulated
cells from healthy volunteers, demonstrated that miR-24
is expressed in human T cells, and expression is increased
1.7 fold upon stimulation. Hydrocortisone significantly
enhanced by 3 fold the miRNA induction[80].
In human corneal fibroblast treated for 16 h with dexamethasone, genome microarray and microRNA analyses
were used to evaluate gene and miRNA expression. In response to treatment with the steroid, 261 genes were upregulated and 123 were down-regulated more than threefold. Several miRNAs, including miR-16, miR-21 and
miR-29C were up-regulated, whereas miR-100 was downregulated by the steroid, suggesting a posttranscriptional
control of gene expression through miRNAs[81].
Studies of the miRNAs profile on mucosal biopsies
of patients with eosinophilic esophagitis, before and after
successful treatment with GCs were conducted by Lu and
collaborators[82]; of the 377 miRNA sequences examined,
32 miRNAs were significantly up-regulated and 4 downregulated in the biopsies obtained before treatment
compared to samples obtained after GC therapy. miR-214
was the most up-regulated (150 fold) and miR-146b-5b,
146a, 145, 142-3p and 21 were up-regulated by at least 10
fold.
Williams et al [83], using a highly sensitive reverse
transcription-polymerase chain reaction, measured
277 miRNAs in airway biopsies obtained from normal
subjects and mild asthmatic patients before and after one
month twice dayly treatment with inhaled budesonide. No
significant difference in miRNA expression was evident in
the airway biopsies of normal and asthmatic subjects, and,
despite improved lung function, no change in miRNAs
expression was evident after one month budesonide
treatment. However, a specific miRNA expression profile
was observed in different cell types (alveolar epithelial
cells, airway smooth muscle cells, alveolar macrophages,
lung fibroblasts).
Finally, in a recent study[84], activated human CD4+ T
cells from healthy donors were exposed in vitro to 1 µmol/
L of methylprednisolone and changes in miRNA and
mRNA expression profiles were analyzed by microarrays;
a number of steroid responsive genes and miRNAs were
identified. Further studies with qPCR, flow cytometry and
ELISA, demonstrated that methylprednisolone increased
the expression of miR-98 and suppressed the levels of
predicted targets, including the pro-inflammatory cytokine
IL-13 and three TNF receptors FAS, FASL, and TNF
receptor superfamily member 1B (TNFRSF1B): these
data suggest that methylprednisolone acts through miR-98
to inhibit specific pro-inflammatory targets[84].
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miRNA involved in IBD
The pathophysiology of IBD is not yet clear, and genetic,
epigenetic, infectious and immunological factors seem to
play a role. It has been suggested that the gastrointestinal inflammation is the result of an altered activation of
the immune system to a luminal factor, such as intestinal
flora, in genetically predisposed subjects.
Among the many biological processes regulated by
miRNAs, it is now accepted that these small non coding
RNAs contribute to the maintenance of immunological
homeostasis at mucosal sites[88,89]. The role of miRNAs in
the pathogenesis of IBD has been thoroughly considered
(see recent reviews[32,90,91]), and it has been suggested that
these small non coding RNAs represent an important
player in the complex interactions which results in IBD
clinical features. Of particular interest is the observation
that miRNA expression changes during tissue progres-
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sion from normal to inflamed and varies according to the
type and evolutionary stage of IBD[92]. Indeed, a number
of studies have identified a specific differential expression of miRNAs in IBD and unique miRNA expression
profiles for the different subtypes of IBDs, both in human tissues collected by colonoscopic biopsies and in
peripheral blood samples, have been demonstrated[32,90,91].
It has been argued that genetic polymorphisms in
miRNAs, as well as in miRNA target genes can affect
their regulatory function and, consequently, the expression level of their target mRNAs. Most studies have
described an association between SNPs in miRNA genes
and human cancers[93-98], and only recently the association between mRNA related SNPs and the risk of IBD
has been examined[99]. Bioinformatic approaches have
been used to analyze the association between diseaseslinked SNPs, miRNAs and mRNAs: SNP data derived
from genome wide association studies that were correlated with miRNA, revealed a CD phenocode comprising
rs11209026, rs7807268, rs254215, rs2542151 in miR-125,
rs11805303 in miR-519, and rs6908425 in miR-181[30].
Of interest, miR-181, miR-519 and miR-119 could target mRNAs encoded by genes involved in the importin
pathway, whereas miR-181 and miR-125 are potential
regulators of components of inflammasome pathway.
Both importin and inflammasome are involved also in
GC molecular mechanism: importin is a nuclear transport
protein responsible for the translocation of the complex
GR-GC into the nucleus[2], and variants in inflammasome
gene have been correlated with steroid resistance in pediatric IBD patients[100].
An association between rs3746444 in miR-499 and
UC susceptibility has been observed in 170 Japanese patients: this SNP may alter the function or expression of
miR-499, altering the regulation of target mRNAs related
to inflammatory immune responses, and influencing
the pathophysiological features of UC[101]. Of particular
interest is the observation that the rs3746444 AG genotype was associated also with steroid dependence and
refractory phenotype, whereas the rs3746444 AA genotype was inversely related to hospitalization time, steroid
dependence, and refractory phenotype. In addition, the
rs11614913 TT genotype held a significantly higher risk
of refractory phenotype.

the obtained results have been highly variable. The differences observed can possibly be ascribed to the different
tissues or cell lines analysed or different experimental
protocols, and to date it is not possible to recognize a
specific miRNA pattern regulated by GCs.
miRNA regulation by GCs in IBDs has never been
analyzed in clinical prospective studies, in which patients
are followed from diagnosis and throughout steroid therapy: the identification of miRNAs differently expressed
as a consequence of GC treatment in comparison to diagnosis, could be an important innovative approach. This
type of study design will reduce to the minimum the effect of confounding factors and results should be easier
to translate into clinical practice.
Moreover, existing studies employ techniques based
on the use of reverse transcription quantitative PCR and
microarrays, based on the analysis and quantification of
already known miRNAs. Using next generation sequencing technologies it should be possible to detect novel, still
unrecognised miRNAs, and identify new miRNA isoforms (iso-miRs) as well.
In the future, the increased availability and the reduced costs of RNA profiling should enable the clinicians to stratify patients on specific miRNA biomarkers
before starting GC treatment. This will allow the personalization of therapy, avoiding a treatment doomed to
failure, increasing efficacy and reducing toxicity.
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Core tip: Although the gastrointestinal tract is the primary site of involvement in inflammatory bowel disease
(IBD) patients, some cases might present with nonintestinal manifestations, such as oral lesions. These
oral manifestations may aid in the diagnosis and the
monitoring of disease activity, whilst ignoring them may
lead to an inaccurate diagnosis and useless and expensive workups. Indurated tag-like lesions, cobblestoning,
mucogingivitis, aphthous stomatitis, and pyostomatitis
vegetans are the main oral presentations of IBDs. With
the growing incidence of IBDs and the increased likelihood of encountering these particular manifestations,
this review summarizes various oral findings seen in
IBD cases by describing their unique morphologic description, treatment recommendations, and probable
differential diagnosis.

Abstract
Inflammatory bowel diseases (IBDs), including Crohn’s
disease (CD) and ulcerative colitis, not only affect the
intestinal tract but also have an extraintestinal involvement within the oral cavity. These oral manifestations
may assist in the diagnosis and the monitoring of disease activity, whilst ignoring them may lead to an inaccurate diagnosis and useless and expensive workups.
Indurated tag-like lesions, cobblestoning, and mucogingivitis are the most common specific oral findings
encountered in CD cases. Aphthous stomatitis and pyostomatitis vegetans are among non-specific oral manifestations of IBD. In differential diagnosis, side effects
of drugs, infections, nutritional deficiencies, and other
inflammatory conditions should also be considered.
Treatment usually involves managing the underlying
intestinal disease. In severe cases with local symptoms,
topical and/or systemic steroids and immunosuppressive drugs might be used.

Original sources: Lankarani KB, Sivandzadeh GR, Hassanpour
S. Oral manifestation in inflammatory bowel disease: A review.
World J Gastroenterol 2013; 19(46): 8571-8579 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v19/i46/8571.htm
DOI: http://dx.doi.org/10.3748/wjg.v19.i46.8571

INTRODUCTION
Inflammatory bowel diseases (IBD), including Crohn’
s disease (CD) and ulcerative colitis (UC), are chronic
inflammatory diseases with primary intestinal involvement[1-5]. Although the exact underlying pathogenesis
of IBD has not been clearly elucidated, it is postulated
that dysregulated immunity is its basis[4,6-12]. Generally, it
is assumed that IBD is a multifactorial disease in which
immune system, genetics, and environmental factors all
have a role[2,8,13-17]. Other than the expected symptoms
of gastrointestinal involvement, IBD patients may ex-
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hibit a wide range of non-intestinal signs and symptoms
known as extraintestinal manifestations (EIMs), with
prevalence rates ranging from 6%-47%[2,8,18,19]. Approximately one third of IBD patients develop EIMs in the
course of their disease[1,20-25]. Joints, skin, eyes, and the
biliary tract are among the most common organs involved in EIMs[22,26-28]. Oral involvement with different
presentations may also be seen in IBD. Oral manifestations could also occur in these patients due to other
causes, such as drug reactions, infections, and unrelated
diseases[1,2,6,8,20,21]. Patients with IBD may present with
these oral manifestations years before the appearance
of intestinal disease [1,6]. Recognizing these patterns
may assist physicians and other care givers in making
a timely diagnosis of IBD while avoiding unnecessary
workups [29]. The scope of this review is to describe
various oral presentations in IBD and their differential
diagnosis and treatment.

scribed it as a raised, edematous, pink granulation tissue
in the buccal mucosa[31]. It is now known that the lips are
the most frequent site of oral Crohn’s disease (OCD) lesions[37]. Oral lesions may be painful, impair proper oral
function, or lead to psychological disorders due to disfigurement[8,46]. Oral manifestations of CD can be specific
or non-specific, based on the presence of granulomas
noted on the histopathology reports[1].

SPECIFIC ORAL CROHN’S DISEASE
LESIONS
These specific lesions contain granulomatous changes
noted upon histopathological examination. They are less
common than non-specific lesions, and can occur either
concomitantly with intestinal symptoms or before gut
presentation by several years[47,48]. The most affected portions in the mouth are the buccal mucosa, gingiva, lips,
vestibular, and retromolar areas[32]. There are four main
lesions, as described below and shown in Table 1.

EPIDEMIOLOGY OF ORAL
MANIFESTATIONS IN IBD

INDURATED TAG-LIKE LESIONS

In 1969, Dyes and colleagues initially described oral lesions in two patients with CD[7,30]. This was followed in
the same year by Dudeney’s report of another patient
suffering from CD who had oral manifestation[31]. Oral
lesions in the absence of intestinal findings in CD were
initially described in 1972 by Varley[32], and there have
since been various reports on the incidence of oral lesions in CD[1-3,23,30,33-39]. The highest rate was reported
from a study in a pediatric age group, indicating a rate of
48%[33]. The prevalence rate is estimated to be between
50% and 20% in most publications[1,33,38].
This variation in rate might be related to the different
ages of patients studied, their ethnicity and genetic
background, whether they were receiving treatment while
being investigated, the experience level of the examiners,
and the variation in definition of specific lesions[34].
In the majority of cases, intestinal involvement precedes the oral lesion[1]. Oral lesions are more common in
CD compared to UC, more prevalent in children compared to adults, and with a male dominance[1,8,21,33,34,37,40,41].
The prevalence is also higher in CD patients with
proximal gastrointestinal tract and/or perianal involvement[2,33,42].
Oral lesions may be the primary presenting signs preceding gastrointestinal symptoms[43,44] in 5%-10% of affected patients[39]. This figure has been reported to be as
high as 60% in patients with CD[37].
Although the lesions might be more severe at the time
of active disease, the correlation is not universal, and up
to 30% of affected patients may continue to manifest
oral lesions (especially in the pediatric age group) despite
disease control[34,45].

These are white reticular tags[35] referred to as mucosal
tags, epithelial tags, or folds[49]. These lesions are mostly
discovered in the labial and buccal vestibules, and in the
retromolar regions[21]. Up to 75% of these lesions may
show non-caseating granulomas on histopathology[33,42].
There has been no specific direct association of these
lesions with intestinal CD activity reported[1]. Treatment
is described in the later section on general treatments of
OCD lesions.

COBBLESTONING
Fissured swollen buccal mucosa with corrugation and
hyperplastic appearance of the mucosa are called cobblestoning [1,42,50,51]. These lesions are usually seen in the
posterior buccal mucosa and may be associated with
succulent mucosal folds with normal epithelium[21]. The
lesions usually consist of mucosal-colored papules that
produce firm plaques on the buccal mucosa and palate.
Such lesions may cause pain and make speaking and eating normally difficult[52]. These lesions, along with mucosal tags, are considered pathognomonic for CD[35], but
are not associated with intestinal CD activity[1]. Treatment
consists of topical steroids in addition to the treatment
of intestinal involvement. In more severe presentations,
systemic steroids could be used[53].

MUCOGINGIVITIS
The gingiva may become edematous, granular, and hyperplastic in Crohn’s disease, with or without ulceration.
The whole gingiva up to the mucogingival line might be
involved[7,30]. As with other specific lesions of the oral
cavity, this lesion has no association with intestinal CD
activity. Treatment is discussed in the section on general

ORAL LESIONS IN CROHN’S DISEASE
Dudeney’s report of oral Crohn’s disease in 1969 de-
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Table 1 Summary of specific and non-specific oral lesions in Crohn’s disease
Lesion
Specific oral Indurated tag-like lesions
lesions
Cobblestoning
Mucogingivitis
Others:
Lip swelling with vertical
fissures
Deep linear ulcerations

Non-specific Aphthous stomatitis
oral lesions

Pyostomatitis vegetans

Others:
Angular cheilitis

Relation with CD activity

Frequency

Treatment options

No specific direct
association reported
No specific direct
association reported
No specific direct
association reported

Common in OCD patients

No specific direct
association reported

Topical tacrolimus, intra-lesional injection of
steroids, immunosuppressive agents
Topical analgesics, 5-ASA, or steroids, intra-lesional
steroids, topical tacrolimus, other medications used
in PV treatment
10% of patients with UC and Topical agents (lidocaine 2%, triamcinolone
20%-30% of those with CD 0.1%, dexamethasone elixir), non-steroidal antiinflammatory pastes, systemic steroids, intralesional steroids
Rare
Antiseptic mouthwashes/topical steroids (though
less effective), systemic steroids, azathioprine and
sulfamethoxypyridazine, dapsone, cyclosporine A,
injections of infliximab pursued by maintenance
therapy with MTX, adalimumab, surgical colectomy
in UC

No specific direct
association reported

Associated with active
CD

No specific direct
association reported

Common in OCD patients
Common in OCD patients

Unknown

Persistent submandibular
lymphadenopathy
Recurrent buccal abscesses
Perioral erythema with
scaling
Glossitis

See general points on the treatment of OCD in the
text
Topical steroids for less severe cases and systemic
steroids for others
See general points on the treatment of OCD in the
text

5-ASA mouthwashes, topical steroids (1%
hydrocortisone), vitamin supplements, intra-lesional
steroids
See general points on the treatment of OCD in the
text
Antibiotics, infliximab, methotrexate, thalidomide

CD: Crohn’s disease; OCD: Oral Crohn’s disease; MTX: Methotrexate; UC: Ulcerative colitis.

brinous exudate and an erythematous border[23,57]. These
lesions may occur in 20%-25% of the general population[3,58], up to 10% of patients with UC, and 20%-30%
of those with CD that have oral aphthosis[4]. In a survey
conducted in Iran, oral aphthous lesions were found in
approximately 13% of CD vs 6% of UC patients[13]. The
association of oral aphthosis and disease activity is not
clear. While it may become more severe in active disease,
its presence does not correlate with disease activity.
Patients with IBD and other EIMs may suffer recurrent aphthous stomatitis more often than others[4].
Aphthous stomatitis has been associated with ankylosing
spondylitis, uveitis, peripheral arthritis, and erythema nodosum[59]. Aphthous eruptions are not specific for IBD
and may be observed in several other disorders including
celiac sprue, HIV/AIDS, Behçet’s disease, and Reiter’s
syndrome, as well as common aphthae seen in the normal
population[23,60-66].
Management of CD is usually sufficient for control
of oral aphthosis. For control of pain, topical agents
(such as lidocaine) and/or topical steroids (such as triamcinolone 0.1%) up to three times per day can be used.
Dexamethasone elixir (0.5 mg/5 mL spit or swish) or
ointment up to three times per day is also efficacious.
Non-steroidal anti-inflammatory pastes are effective in

treatments of OCD lesions below.

OTHER SPECIFIC LESIONS
Lip swelling with vertical fissures, deep linear ulcerations
(usually in the buccal sulci with hyperplastic folds), and
midline lip fissuring may also occur in CD[1,2,7,8,22,30,33,35,39,42,
49,54]
. These lesions also have no association with intestinal
CD activity[1].
While these lesions may be very incommodious for
patients, they can be treated with topical tacrolimus at
low concentration (0.5 mg/kg) and intra-lesional steroid
injection with or without mandibular blockade[34,55,56].
In more severe cases with persistent pain and cosmetic
disfigurement, more aggressive therapy with immunosuppressive agents is recommended[34].

NON-SPECIFIC ORAL LESIONS IN CD
Table 1 provides details of various non-specific oral lesions that occur with Crohn’s disease.

APHTHOUS STOMATITIS
Aphthae are shallow round ulcerations with central fi-
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troduced by McCarthy in 1949 [38], but its association
with IBD was not initially recognized[38]. PV is a chronic
mucocutaneous ulcerative disorder consisting of multiple
miliary white or yellow pustules with an erythematous
and edematous mucosal base[1,23,77,79]. The pustules can
rupture and coalesce to form linear or “snail-track” ulcers[1,23,38,77,78,80]. The most frequently involved regions of
the oral cavity are the labial gingiva, labial, and buccal
mucosa[78]. The least damaged portions are the tongue
and floor of the mouth[1], but pustules can involve almost
all parts of the oral cavity[78].
PV can be seen at any age, but is more prevalent in
patients aged between 20 and 59 years, with an average
age of 34 years. Males are affected more frequently than
females, with a ratio of 2:1-3:1[81,82]. PV is considered
to be the oral equivalent of pyodermatitis vegetans on
the skin[77,78]. There is a strong association between PV
and IBD, and the former is a specific marker of disease
activity in UC[1,2,38,39,78,83,84]. Intestinal involvement usually
predates the onset of PV in IBD, although this could be
asymptomatic and mild[23,85]. Despite every effort, no bacterial, fungal, or viral cause has yet been found for this
manifestation and its pathogenesis remains obscure[77].
The principal histological features on microscopy are intra-epithelial and/or sub-epithelial micro-abscesses with
neutrophils and eosinophils. Furthermore, hyperkeratosis,
acanthosis, and acantholysis are seen in histology examination[1,38,40,78,86]. Direct immunofluorescence in PV is negative for deposits of IgA, IgG and C3 and this result is
helpful in distinguishing PV from pemphigus vulgaris[1,87].
Clinically, the patient may have fever, enlarged and tender
submandibular lymph nodes, and pain. Pain intensity is
variable; some patients with extensive oral lesions may
not have any pain[78]. Peripheral eosinophilia is seen in
up to 90% of cases and is the main laboratory finding in
many patients[87].
The diagnosis of PV is based on a constellation of
clinical features that include concurrent IBD, peripheral
eosinophilia, histological study, and negative culture results of the lesion exudate. As mentioned above, a negative immunofluorescence study is also helpful[1,77,78].
The main differential diagnoses of PV include vesicular disorders involving both the skin and oral cavity; similar to pemphigus vulgaris in particular, as well as other
diseases like bullous pemphigoid, acquired epidermolysis
bullosa, bullous drug eruptions, herpetic infection, Behçet’s disease, and erythema multiforme[1,77,80,88]. Herpetic
infections should be excluded by Tzanck smear, antigen
detection, and culture of the virus, or PCR for HSV
virus[23]. The mainstay in the management of PV is the
treatment of underlying IBD. Topical steroids and antiseptic mouthwashes alone are effective in only a few instances. Systemic steroids are usually prescribed for these
patients and are considered as the treatment of choice.
Azathioprine and sulfamethoxypyridazine can be used in
parallel with steroids as sparing agents[3,21,23,38,77,78]. Dapsone is another option, but should be used as a second
line agent, especially in relapsing cases. Hemolytic ane-

relieving pain and promoting healing. Systemic or intralesional steroids should be reserved for severe refractory
and/or persistent cases[4,13,21,32,67-70].

PYOSTOMATITIS VEGETANS AND
OTHER NON-SPECIFIC LESIONS
Pyostomatitis vegetans can occur in both UC and CD,
but is more common in the former and will be discussed
in more detail in the later section addressing oral manifestations of UC.
Other non-specific oral findings of CD include angular cheilitis, persistent submandibular lymphadenopathy,
sicca syndrome and reduced salivation, halitosis, dental
caries and periodontal involvement, candidiasis, odynophagia, dysphagia, minor salivary gland enlargement, perioral erythema with scaling, recurrent buccal abscesses,
glossitis, mucosal discoloration, lichen planus, and metallic dysgeusia[2,7,21,32,34,35,40,54,71]. For the management of angular cheilitis, 5-ASA mouthwashes, topical steroids (1%
hydrocortisone), vitamin supplements, and intra-lesional
steroids may be effective. Antibiotics are the first step
in treating recurrent buccal abscesses. For more severe
cases, immunomodulating agents including chimeric antitissue necrosis factor (TNF) alpha monoclonal antibodyinfliximab, methotrexate, and thalidomide have been
used[7,21].

GENERAL POINTS ON THE TREATMENT
OF OCD
In the majority of patients with OCD, the oral findings
are asymptomatic and clinically silent. In these patients,
no peculiar treatment is needed for oral lesions and the
latter will resolve over time in association with the treatment of gastrointestinal disease using anti-inflammatory
drugs (5-ASA), immunosuppressive agents, and finally
biological agents, whichever are indicated[8,21,34,40,72].
The treatment armamentarium includes topical and
systemic steroids, 5-ASA compounds, immunosuppressive agents, biologic treatments, and even antibiotics such
as tetracycline[2,73].
The first and foremost step in treating oral lesions is
to control colonic disease[74]. Food restriction, which is
discussed later in the management of orofacial granulomatosis (OFG), could also be tried in OCD[75,76].

ORAL LESIONS IN UC
There are many similarities between the oral manifestations of CD and UC. Although oral lesions are more
common in CD, almost all of the so-called non-specific
oral lesions described in CD can also occur in UC.
Among these lesions, pyostomatitis vegetans occurs more
commonly in UC than in CD and will be discussed here
in more detail[1,2,74,77,78].
The term pyostomatitis vegetans (PV) was first in-
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IBD[98,99]. Sulfasalazine and azathioprine, for instance,
may cause folate and niacin deficiency, respectively[2].
Other non-specific oral manifestations may also be
related to the side effects of drugs. As an example, oral
aphthosis has been reported in association with nonsteroidal anti-inflammatory agents, nicorandil[100], and
bupropion[101]; gingival hyperplasia with cyclosporine[102],
amlodipine[103], and anticonvulsants such as phenytoin[104];
and reversible lichen planus with sulfasalazine[54].

mia, hepatitis, agranulocytosis, and drug-induced allergic
reactions are the major side effects of dapsone requiring
attention[3,78].
Calcineurin blockers like cyclosporine A have been
successfully used, as described in case reports in the
treatment of PV[89]. Injections of infliximab followed by
maintenance therapy with methotrexate have been also
effective, especially in PV associated with CD[77]. Systemic
use of newer humanized anti-TNF agents like adalimumab has also proven effective in inducing remission of
both oral and gastrointestinal manifestations[77]. Surgical
colectomy produces promising results in PV associated
with UC[3,78,90].
Other non-specific findings in UC include oral aphthae, glossitis, cheilitis, stomatitis, lichen planus, mucosal
ulcers, diffuse pustules, and non-specific gingivitis[1-3,23,42].
In a report of patients with UC, 4.3% had aphthous
stomatitis during intestinal disease flare-ups[2], thus the
presence of this non-specific manifestation may have
some correlation with disease activity in UC.

OROFACIAL GRANULOMATOSIS
Gibson et al[40] used the term OFG in 1985 to define a
constellation of oral signs similar to those seen in OCD,
but in the absence of evidence of intestinal CD. In this
rare syndrome, chronic swelling of the lips and lower half
of the face is prominent, in association with oral ulcers
and hyperplastic gingivitis. Granulomatous cheilitis is the
most common sign seen in OFG[105]. The most frequent
sites of involvement in OFG are the lips, which may be
individually or both involved[80]. Lip swelling usually leads
to painful vertical fissures[2]. Three forms of ulcers are
found in OFG: deep buccal ulcers with raised peripheral
mucosa, aphthous-type ulcers, and micro-abscesses located commonly on the gingival margin or soft palate[21]. In
general, the ulcers are mainly superficial and the gingivae
are erythematous with patchy distribution, mostly affecting the anterior portion. These alterations extend from
the free gingival margin to the non-keratinized mucosa of
the sulci, developing a full-thickness gingivitis pattern[40].
In the largest series of studies involving OFG reported to date, the mean age of those affected at presentation was 20 years with no gender predilection. With the
pathogenesis unknown, allergic, infectious, and genetic
causes have also been postulated[40,106]. Unlike OCD in
which Th1 CD4+ lymphocytes are the dominant population, in OFG the overstimulation of Th2 CD4+ lymphocytes is detected in biopsy specimens, where it is shown
as infiltrating cells[21].
Granulomas noted upon histology examination are
the hallmark in both OFG and OCD. The only way to
exclude CD is by clinical presentation[21]. As mentioned
previously, oral manifestations may precede gastrointestinal involvement in CD for many years. Thus, cases
labeled as OFG may later progress to being diagnosed
as CD[21,34]. Recently, it has been reported that 4 out of 6
children with OFG in early childhood were reported as
having developed CD on follow-up[34].
A rare presentation of OFG seen in adults is Melkersson-Rosenthal syndrome; a triad of orofacial swelling,
intermittent facial paralysis, and a fissured tongue[21,34,107].
Observational studies in pediatric patients with OFG
have demonstrated that dietary elimination of some triggering elements (encompassing cinnamaldehyde, benzoate additives, carnosine, monosodium glutamate, cocoa,
and sunset yellow) are effective in the treatment of oral
lesions[75,76]. Analgesia and topical agents like beclomethasone mouthwash and 5-ASA spray or ointments can be

DIFFERENTIAL DIAGNOSES
Because CD is a granulomatous disorder, all other diseases capable of inducing granulomatous reaction in
the oral cavity are included in the differential diagnosis
(DDX) list. The most common cause of developing oral
granulomas is a response to foreign bodies, primarily
dental materials such as retained amalgams or endodontic
sealers[91]. The second important DDX to be considered
is tuberculosis bacilli. Special staining processes for acidfast bacilli, PPD skin test, sputum culture, and chest Xray are often used to diagnose oral tuberculosis[2,80,92].
Fungal infections such as candidiasis, histoplasmosis,
cryptococcosis, paracoccidioidomycosis, and blastomycosis can all trigger granulomatous involvement of
the mouth. The presence of these infections could be
confirmed by special stains including applying PAS or
Gömöri trichrome stain and, more specifically, with molecular studies[2,21,80].
Oral sarcoidosis should always be considered in
DDX, and an appropriate workup should include measuring serum angiotensin converting enzyme, IL-2
receptor level, IL-8 level, and chest X-ray in suspected
cases[2,6,21,39,93].
Leprosy, cat scratch disease, tertiary syphilis, orofacial
granulomatosis, T-cell lymphoma, and Wegener’s disease
can all produce a granulomatous reaction in the oral cavity, but are much rarer and usually have other prominent
features leading to diagnosis[21,39].
Considering the role of nutritional deficiencies is of
utmost importance as stomatitis, glossitis, aphthous ulcers, cheilitis, or perioral dermatitis may occur with nutrient deficiencies resulting from an insufficient supply of
the vitamin B family, albumin, iron, folate, zinc, niacin,
and/or other essential elements[8,41,94-97]. Nutrient deficiencies may be the result of intestinal involvement or may
be caused by the medications used in the treatment of
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used as basic therapies. In unresponsive cases, treatment
with systemic steroids and immunosuppressive medications can be used[21]. Clofazimine, a drug used in the
treatment of leprosy, is occasionally effective in OFG[37].

12

13

CONCLUSION
Oral manifestations of inflammatory bowel diseases are
diverse. Although they are generally more common in
patients with Crohn’s disease, specific manifestations like
PV occur more commonly in ulcerative colitis, which is
associated with disease activity in most instances. Most
other manifestations have no correlation with disease
activity. In differential diagnosis of these oral manifestations, side effects of drugs, nutritional deficiencies, infections, as well as other granulomatous diseases with oral
involvement should all be considered. There is usually no
need for specific treatment for these lesions, but when
indicated it may comprise topical and systemic steroids,
immunosuppressive drugs, antibiotics, and even biological treatment in more severe cases.
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basic fibroblast growth factor (a strong stimulator
of collagen synthesis) is described. We hypothesize
a possible molecular pattern for mucosal healing as
well as how its deregulation could be involved in fibrotic complications of CD. A final clinical point is the
importance of performing an accurate evaluation of
the presence of fibrotic strictures before starting antitumor necrosis α treatment, which could worsen the
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Abstract

Core tip: The present minireview reports an outline of
the mechanisms of fibrogenesis in inflammatory bowel
diseases. Potential fibrogenetic cells and their characterization are detailed. Recent advances in possible
molecular mechanisms are highlighted. Our experience, suggesting the hypothesis of a possible molecular mechanism of mucosal healing, is described. The
modalities whereby a deregulation of this molecular
pattern may lead to fibrotic strictures in Crohn’s disease are also illustrated. Finally, possible clinical implications are outlined.

Fibrogenesis in inflammatory bowel diseases is a complex phenomenon aimed at mucosal repair. However,
it may provoke intestinal fibrosis with the development of strictures which require surgery. Therefore,
fibrogenesis may be considered as a “two-faced”
process when related to chronic intestinal inflammation. Many types of cells may be converted into the
fibrogenic phenotype at different levels of the intestinal wall. A complex interaction of cytokines, adhesion molecules and growth factors is involved in the
process. We report an overview of recent advances
in molecular mechanisms of stricturizing Crohn’s disease (CD) including the potential role of trasforming
growth factor beta, protein kinase C and Ras, Raf and
ERK proteins. Fibrotic growth factors such as vascular
endothelial growth factor and platelet-derived growth
factor, as well as the Endothelial-to-Mesenchymal
Transition induced by transforming growth factor-β,
are considered. Finally, our experience, focused on
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tooncogene stem cell or steel factor, is a marker of cells
of Cajal. Recent studies suggest that in normal human
intestine these elements also express vimentin, but not
α-SMA. It has been suggested that ICC could transform
into a collagen-expressing fibroblast or myofibroblast
phenotype. Another possibility is that ICC are destroyed
during fibrosis and replaced by cells with a fibroblast
phenotype[2,3].
Inflammatory cells that infiltrate the gut in UC and
CD include macrophages, lymphocytes, and plasma cells.
These may have important interactions with mesenchymal cells and thereby impact fibrosis[4,5].
In normal intestine, SEMF and fibroblasts found in
submucosa, serosa, and intermuscular connective tissue
are the primary sites of expression of collagen mRNA
and protein. In UC, collagen mRNA expression is upregulated in SEMF, suggesting that chronic inflammation
further increases the activity of fibrogenic cells.
Recent studies in fibrotic intestine from CD patients indicate that V+/A- or V+/A+ fibroblasts and
myofibroblasts are the major sites of increased collagen mRNA expression and collagen deposition[6]. An
overgrowth of the muscularis mucosa and muscularis
propria occurs in CD but not UC, and this contributes
to the development of stenosis, strictures, and obstruction[7]. Muscularis overgrowth also occurs in some animal models of chronic intestinal inflammation and these
data support the concept that in muscularis overgrowth
in CD, but not in UC, a change in enteric smooth muscle
cells towards a fibroblast or myofibroblast phenotype[8]
is implicated.

INTRODUCTION
Crohn’s disease (CD) and ulcerative colitis (UC) are
immunologically mediated disorders of the gastrointestinal tract in which inflammation and damage are the
main findings. Fibrosis may be a complication of both
processes, occurring more frequently in CD and often
requiring surgical treatment due to the development of
stenosis and hence bowel occlusion. However, fibrogenesis is a phenomenon that is intimately involved in
mucosal repair[1] and, therefore, fibrotic complications
of the disorders are paradoxically closely linked to a
physiological phenomenon aimed at restoring damaged
mucosa.
On these bases, a better understanding of the modalities of the evolution of fibrogenesis into fibrosis
is essential, and the issues of how fibrosis differs from
normal tissue repair, as well as the identification of cellular mediators for testing possible therapies, are intriguing emerging research concepts.

CELLULAR BASIS OF FIBROSIS
Fibrosis in CD can be viewed as an extreme healing response to injury. This model predicts that injury causes
an initial activation of normal intestinal mesenchymal
cells, with a shift to a “fibrogenic” phenotype[2,3]. These
cells are characterized by an enhanced ability to trigger
extracellular matrix (ECM) synthesis. Following acute
injury, however, the normal intestinal architecture is restored because post-transcriptional and post-translational mechanisms prevent the accumulation of ECM, while
fibrogenic cells are eliminated. By contrast, in fibrosis
the mechanisms serving to degrade ECM are not operative at appropriate levels and fibrogenic cells are not only
maintained but increase in number. The mechanisms
regulating these effects are unknown but may include
factors associated with CD, such as cytokines or transmural inflammation.
The normal intestine has a large, heterogeneous population of mesenchymal cells, some of which synthesize
significant amounts of collagen. These cells could be
considered to have a fibrogenic phenotype and are mainly
constituted by fibroblasts and smooth muscle cells or
myofibroblasts, as shown by their immunostaining properties with antibodies to vimentin (V) and α-smooth muscle
actin (α-SMA)[2,3].
Fibroblasts are V+/A-, while smooth muscle cells
are V-/A+ and predominate in the normal muscularis
mucosa and muscularis propria. Subepithelial myofibroblasts (SEMF) with a V+/A+ phenotype are found
adjacent to epithelial cells. However, some of these, that
share common features with V+/A+ myofibroblasts, do
not express α but g-SMA[2,3].
Interstitial cells of Cajal (ICC) are a myofibroblastrelated subtype specific to the intestine. They are located
between enteric smooth muscle layers and serve to regulate gut motility. The c-kit receptor, which binds the pro-
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MOLECULAR MECHANISMS OF FIBROGENESIS
Cytokines are a heterogeneous class of secretory proteins produced by several types of cells. For some of
them, they act as growth factors, for others as regulators
of cellular division and finally, cytokines may paradoxically trigger mechanisms which mediate cell death. All
these effects occur via regulation of the immune system
and inflammation, so cytokines are currently subdivided
into pro and anti-inflammatory types. The main cytokine
involved in the pathogenesis of both UC and CD is tumor necrosis factor-α (TNF-α)[9,10]. The sites of TNF-α
production are the mononuclear phagocytes, antigen
activated T-lymphocytes, activated mast cells and natural
killer cells. Conventional stimulators of TNF-α production are the lipopolysaccharides of the Gram negative
bacteria cellular wall, since they are the main mediators
of the host response to these organisms. However,
TNF-α may be seen as two-faced, since it is able to trigger a closed circle in which, starting from tissue damage,
it generates an inflammatory response that exacerbates
the damage itself. Moreover, increasing doses of TNF-α
may have a lethal effect. Nevertheless, TNF-α plays a
key role in the maintenance of tuberculous granuloma,
allowing Koch’s bacilli to “be walled alive” and thus pre-
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venting their spread in the body of an infected person
(miliary tuberculosis)[11].
Cell adhesion molecules (CAMs) are proteins located
on the cell surface involved in binding with other cells or
with the ECM. Essentially, cell adhesion molecules help
cells to join together and to their surroundings. These
proteins are typically transmembrane receptors and are
composed of three domains: an intracellular domain
that interacts with the cytoskeleton, a transmembrane
domain, and an extracellular domain that interacts either
with other CAMs of the same kind (homophilic binding) or with other CAMs or the extracellular matrix (heterophilic binding)[12]. A subtype of adhesion molecules
containing heparan sulphate (syndecan family) is chemically a proteo-glycan and plays a significant role in tissue
repair[13]. At intestinal level, syndecan 1 is located in the
basolateral region of the columnar epithelium[14] and is
a relevant factor in the reversal of inflammatory bowel
disease (IBD) damage[15,16]. Indeed, in inflamed mucosa,
these molecules are mainly located in the cells of the
stroma and apical epithelium, where the repair of ulcerative lesions will presumably occur.
Basic fibroblast growth factor (bFGF) is a member
of the fibroblast growth factor family [17], comprising
at least 22 factors with pleiotropic functions[18]. This
peptide is able to repair ulcerative lesions because of its
capacity to bind epithelial and stromal cells. In normal
tissue, basic fibroblast growth factor is present in basement membranes and in the subendothelial extracellular
matrix of blood vessels. It stays membrane-bound as long
as there is no signal peptide, when it acts as a potent
angiogenic factor in patho-physiological processes that
include wound healing and tissue repair[19-22]. The bFGF
has been shown to promote proliferation of endothelial
cells, to increase the number of fibroblasts and myofibroblasts and to activate these fibroblasts. The induction
of collagen secretion from CD and UC fibroblasts by
bFGF may be one of the mechanisms inherent to the
stromal processes of the disease, including transmural
fibrosis and stricture formation, as well as tissue repair
and healing.
Klagsbrun et al[23] suggested that heparan sulphate
proteoglycans (and, therefore, syndecan 1) change the
bFGF morphology and modulate the structure of its
receptors, allowing it to bind to the cells dedicated to
the repair process, such as those located at the margins
of an ulcerative lesion[24,25]. bFGF, when not activated by
syndecan 1, is destroyed by luminal and circulating proteases, which may be activated by TNF-α, thus impeding
the tissue restoration process.

response, as well as fibrosis and other functions including tissue healing. It is known that TGF-β promotes
collagen expression by intestinal fibroblasts and smooth
muscle cells[27,28]. This process is mediated by an intracellular signaling pathway in which a cascade constituted by
protein kinase C and Ras, Raf and ERK proteins plays
a key role[26,29,30]. Moreover, it has been hypothesized
that TGF-β promotes the overexpression of adhesion
molecules (e.g., intracellular adhesion molecule-1)[31] by
fibroblasts and other pro-fibrotic growth factors such as
vascular endothelial growth factor[32] and platelet-derived
growth factor[33]. Finally, a recently revealed mechanism
of fibrogenesis in CD, is the Endothelial-to-Mesenchymal Transition induced by TGF-β[34]. This cytokine is
able to induce a protein expression pattern in endothelium that leads to a de-differentiation of these cells and
to a transformation to a fibrogenetic phenotype, similar
to fibroblasts.
In conclusion, the overexpression of TGF-β and its
receptors in both the intestinal wall, and in fibroblast
cultures taken from sites of intestinal stricture in patients
with CD, suggests a potential regulatory role for this cytokine in intestinal fibrogenesis[35].
Adipokines are cell-to-cell signaling proteins produced by adipose tissue. The best known adipokines are
leptin, adiponectin and resistin. They play a key role in
regulating energy intake and expenditure, including appetite and hunger, metabolism, and behavior: indeed,
their role has beenwidely studied in diseases like metabolic syndrome and type 2 diabetes. Recently, however,
further functions of these molecules have been discovered, as mediators of systemic inflammation. It has
been shown that obesity per se, and in particular visceral
adiposity, is associated with systemic microinflammation,
and disturbed circulating adipokines levels[36,37]. This is
why numerous studies have been focused on the role of
adipokines in the pathogenesis of IBD[38].
The outer intestinal wall in patients affected by IBD
is enveloped by fat deposits called “wrapping” or “creeping” fat that seem to play an important role in the pathogenesis of IBD. An overexpression of leptin mRNA in
mesenteric visceral adipose tissue (mWAT) has also been
found in IBD subjects[39], and is correlated with local
macrophages infiltration, which drives a high expression
of interleukin (IL)-10, IL-6 and TNF-α[40]. On the other
hand, adiponectin seems to have a protective function
against inflammation in IBD[41,42]. Rodrigues et al[43] evaluated serum adiponectin and leptin by enzyme-linked
immunosorbent assay in patients with active CD (ACD
group), CD in remission (RCD group) and in six healthy
controls, and found that serum adiponectin was lower in
the ACD group as compared to controls, whereas there
were no differences between the ACD and RCD groups.
The Janus kinase/signal transducer and activator of
transcription (JAK/STAT) pathway is involved in the
control of the expression of DNA sequences that affect basic cell functions, like cell growth, differentiation
and death[44]. This pathway is triggered by the binding

Molecular mechanisms: recent advances
A relevant actor in the pathogenesis of fibrotic complications of CD is the cytokine transforming growth
factor beta (TGF-β)[26]. TGF-β is secreted by many cell
types, including macrophages, and has a controlling role
in cellular proliferation, differentiation and apoptosis,
immunoregulation, supervision of the inflammatory
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is involved in the pathogenesis of IBD are the CDH1[62],
BCL3, STAT3, OSM, STAT5[63] proteins involved in the
IL-12 and IL-23 pathways.
Finally, histone modifications are an epigenetic process that may modify genomic expression. Histones are
alkaline proteins that package and order the DNA into
structural units called nucleosomes and chromatine[64].
They have N-terminal amino acid tails that protrude and
can be modified by acetylation, methylation, ubiquitination, and phosphorylation. Acetylation, however, is the
most closely studied phenomenon, because it improves
gene transcription and recruitment of transcriptional
factors. In the course of IBD, the main genes targeted
by histone acetylation are p53, STAT3, and HIF1a[65].
Furthermore, an innate immune response to microbiota
has been proposed to link histone modifications with inflammation: butyrate, an endogenous metabolite formed
during fermentation of dietary fibers by the intestinal
microbiota, is a histone deacetylase inhibitor. Butyrate
increases the expression of NOD2 by increasing histone
acetylation in its promoter region[66].
The importance of all these epigenetic mechanisms
lies in possible future therapeutic applications: inhibitors
of deacetylation, demethylating agents and miRNA produced by genetic engineering could be potential targets
in IBD[67].

of a ligand (usually a pro-inflammatory cytokine such as
IL-6[45], IL-12, IL-1, TNF-α or interferon gamma[46]) to a
tyrosine-kinase membrane receptor. Wu et al[47] evaluated
whether intestinal myofibroblasts could produce nitric
oxide (NO) in response to the IBD-associated cytokines
IL-1b, TNF-α, and interferon gamma in a JAK-STAT
dependant pathway, using intestinal myofibroblasts
isolated from mice and cultured. The result was an increasing expression of inducible nitric oxide synthase
(iNOS) mRNA (evaluated by real time polymerase chain
reaction, RT-PCR), but not endothelial NOS or neuronal NOS. This mechanism was shown to be enhanced
by a protein cascade constituted by JAK-STAT, Akt and
NF-kB. The importance of NO in the pathogenesis of
IBD has long been known and is widely discussed in
literature[48,49]. Furthermore, genetic studies investigating
polymorphisms in the JAK gene[50] revealed that same
genetic variants (the G allele of rs744166 and the C allele of rs3816769) increase not only the risk of onset
of CD, but even the risk of strictures requiring surgery,
because of the interaction with the CARD15 gene[51].
Considering the JAK2 rs10758669 polymorphism, the
homozygous C/C or heterozygous A/C genotypes had
a higher risk of CD as compared with the homozygous
A/A (OR = 1.76, 95%CI: 1.26-2.45 and OR= 2.36,
95%CI: 1.44-3.86, respectively). On these bases, future
therapy with JAK inhibitors for their anti-inflammatory
effects appears promising[52].
A novel field of genetics which is attracting the attention of researchers is epigenetics, i.e., the study of all the
heritable modifications that vary gene expression while
not altering the DNA sequence. Micro RNAs (miRNA)[53]
are just one example. miRNAs are small non-coding
RNA oligonucleotides that can regulate the expression
of a large number of genes and have been implicated
in different human diseases like cancer[54] and inflammatory diseases[55,56] including IBD[57]. A very recent study[58]
performed on NCM460 human colonocytes incubated
with interleukin-6 and on colon biopsies from pediatric
and adult patients with UC revealed that a deregulation
(low levels) of miRNA-124 can cause a hyper-phosphorylation of STAT3 (and consequently, hyper-activation),
via a mechanism induced by IL-6, very likely resulting
in a pathogenic system leading to IBD. miRNA-124 is
only a second lead on the crowded stage of miRNAs:
miRNA-192, which is normally expressed in colonic
epithelial cells, is significantly reduced in tissues of patients with active UC[59]; miR-150 is up-regulated in mice
with dextran sulfate sodium-induced colitis and in colon
tissues from patients with UC[60]; an overexpression of
miRNA-21, which promotes inflammation, has been reported in several studies of patients with active UC and
CD colitis[61].
The process of DNA methylation is another form of
epigenetic regulation of gene expression. It consists in
the binding of a methyl group to cytosines that are part
of cytosine-guanine dinucleotides (CpG), and has a gene
silencing function. The main genes whose methylation
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Molecular mechanisms in mucosal healing and
strictures: our experience
Our previous investigations[68] demonstrated that a decrease of TNF-α induced by anti-TNF-α (infliximab)
treatment is accompanied by a decrease in both syndecan
1 and bFGF when mucosal healing occurs. A possible
explanation is that infliximab therapy may downregulate,
via a marked reduction of TNF-α mucosal levels, the
bFGF/syndecan 1 link. This molecular profile could
represent a pathway of mucosal healing. However, the
parallel trend of TNF-α, syndecan 1 and bFGF could
be just a simultaneous consequence of the control of
inflammation. To dispel this doubt, we analyzed the
‘‘timing’’ of the TNF-α decrease and bFGF/syndecan
1 reversal to normal levels and sites in cultured biopsy
samples taken from patients with both CD and UC and
incubated in a medium containing comparable amounts
of infliximab similar to those reached in the serum of
treated patients. After 24 h we assayed TNF-α, syndecan
1 and bFGF in tissue homogenates. TNF-α was found
to be decreased, while syndecan 1 and bFGF levels were
still high when evaluated by both a molecular method
(reverse transcriptase real time polymerase chain reaction) and immunohistochemistry[69]. This last finding
supports our primary hypothesis that a mucosal TNF-α
reset, induced by biological drugs, is followed by a mucosal restoration in which syndecan 1 modulates the
strong reparative bFGF aptitudes. Finally, in healed mucosa, cytokines, adhesion molecules and growth factors
resume their normal pattern.
A report by Bousvaros et al[70] showed that in chil-
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dren with CD there was a strong correlation between
the bFGF level and disease activity. The relationship of
bFGF with disease activity persisted even after adjusting
for other covariates (including age, sex, hematocrit, albumin, and sedimentation rate) in a multivariate linear regression model. There was also a statistically significant,
although less strong, correlation between the bFGF
level and disease activity in UC. Although bFGF is not
a specific marker for CD, its serum levels reflect disease
activity. Therefore, bFGF release may be important in
mediating the angiogenesis and wound healing seen in
CD. This report, as well as our experience both in vivo
and in vitro[68,69], suggest a similar molecular mechanism
for mucosal healing both in CD and UC.
In a further study, we investigated the pattern of
TNF- α , syndecan 1 and bFGF in patients with CD
complicated by fibrotic stenosis undergoing surgical resection[71]. We observed that TNF-α mucosal levels were
not significantly increased. A possible explanation for
this finding may be that an overgrowth of fibrotic tissue
may be a successive stage after inflammation, where the
increase in TNF-α is the peculiar aspect. Therefore, at
the stage of fibrotic stenosis requiring surgery, inflammatory mucosal changes may be an irrelevant phenomenon in most patients. Syndecan 1 levels were increased,
showing a pattern similar to the one observed in damaged tissues. It may be presumed that the molecule
location, albeit limited to the mucosal layer, reflects an
attempt at bFGF modulation. However, this function
cannot be effectively carried out due to the bFGF overexpression and location all along the intestinal wall, i.e.,
outside the district where syndecan 1 could operate[14].
Indeed, bFGF overexpression affects all intestinal wall
layers, being expressed in epithelium, stroma, muscularis propria and endothelium. It is possible that: (1) the
low levels of TNF-α may provoke a failure in cytokine
induced bFGF proteolysis; (2) the presence of syndecan
1 is limited to the mucosal layer with a consequent very
partial regulation of bFGF binding to specific receptors
dedicated to tissue repair; and (3) an irreversible transformation of different type of cells to the fibrogenetic
phenotype occurs, thus provoking the prevalence of
fibrotic over inflammatory stenotic lesions[72].
In strictures, it is possible that the excess extracellular
matrix cannot be inhibited by the regulatory mechanisms
of the phenomenon, in accordance with the hypothesis
proposed by Pucilowska et al[72]. On these bases, we may
conclude that the different molecular patterns in repair
dedicated fibrogenesis and stricturizing fibrosis in CD
could be the consequence of different mucosal levels of
TNF-α. These are very high in the active disorder, but
undergo a progressive depletion in the long term, and
this event may trigger a polymorphic regulation of the
syndecan 1/bFGF system.

involved in this process and cytokines, adhesion molecules and growth factors interact to achieve mucosal
repair. However, a deregulation of the healing molecular
pathway can progress towards fibrosis and stenotic complications often requiring surgical therapy[73,74]. Therefore,
fibrogenesis and fibrosis may represent the good and
bad sides of the same coin, the former allowing lesion
healing but the latter leading to severe complications.
The main tool for discriminating between them is, in our
experience, the presence/absence of inflammation (and,
consequently, the level of TNF-α expression).
A final clinical consideration is the importance of
making an accurate evaluation[75] in cases of stenosis in
the course of CD using all available diagnostic tools (histology, ultrasonography[76] with Doppler evaluation of
the resistance index, magnetic resonance[77], computed
tomo-enterography[78], biochemical indices of inflammation[79,80]) in order to distinguish inflammatory from fibrotic stenosis. This could orient anti-TNF-α therapy[81],
that should be limited to the first case, avoiding the risk
that the cytokine decrease could support fibrotic complications rather than mucosal healing.
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Inflammatory bowel disease: An archetype disorder of
outer environment sensor systems
Giovanni C Actis, Floriano Rosina
Blau syndrome (a granulomatous pediatric syndrome),
and perhaps in psoriasis and chronic obstructive pulmonary disorders, has contributed to revolutionize our
view of IBD and CD in particular. The latter affection,
together with psoriasis and chronic pulmonary disease
can now be included into a newly identified category
named “barrier organ disease”, wherein a barrier organ
is defined as a large mucosal or epithelial surface with
an abundant metagenomic microbial population and an
underneath reactive tissue, the whole structure being
in contact with the outer environment and capable to
react to it. Personalized treatments and empowerment
of research across different disease phenotypes should
be the advantages of this novel mindset.
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Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

The pathogenesis of the two inflammatory bowel disease (IBD) phenotypes ulcerative colitis (UC) and Crohn’
s disease (CD) has remained elusive, thus frustrating
attempts at defining a cure. IBD often presents as a
complex inflammatory process wherein colon lesions
(UC) or widespread ulceration and fissure (CD) might
be accompanied by ancillary extra-intestinal manifestations involving the eye, skin, joints or liver, but also by
full-blown “autoimmune” disorders from psoriasis and
multiple sclerosis to rheumatoid arthritis; attempts at
unraveling a link or a hierarchical order in these entities
have proven almost fruitless. More recently, the input of
genetics has suggested that the IBDs might be multiorgan inflammatory processes, elicited by a large number of low-penetrance susceptibility genes, with environmental factors needed to induce full-blown disease.
At a noteworthy exception to this rule, the description
of the nucleotide-oligomerization domain (NOD ) gene
mutations in CD came at the beginning of the 2000s:
the NOD-LRR are part of a highly conserved microbial
sensor system which respond to bacterial peptidoglycans by mounting an inflammatory response. At least
in Caucasian patients, the prevalently loss-of-function
mutation of NOD permitted to unexpectedly define CD
as an immune deficiency state, and upon its recent description in apparently unrelated disorders such as the
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Key words: Inflammatory bowel disease; Psoriasis;
Chronic pulmonary disease; Innate immunity; Nucleotide oligomerization domains
Core tip: With its extended mucosal surface in contact
with the environment, an overly reactive lymphoid
tissue underneath, and an extraordinarily abundant
metagenomic flora, the gut is in the position to play a
central role in the pathogenesis of both its core disorders (inflammatory bowel disease) and remote autoinflammatory or immunopathic diseases. The IBDs have
been listed as a “barrier organ dysfunction”. We hereby
focus on psoriasis, a barrier organ dysfunction which
is often co-morbid with IBD, sharing with it microbial
receptor genetic polymorphisms, and response to therapy. This comprehensive mindset shall boost science
and drive our medical choices for immunoinflammatory
pathology.
Original sources: Actis GC, Rosina F. Inflammatory bowel disease: An archetype disorder of outer environment sensor systems.
World J Gastrointest Pharmacol Ther 2013; 4(3): 41-46 Available from: URL: http://www.wjgnet.com/2150-5349/full/v4/
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at patient’s bedside.

INTRODUCTION

AN UPDATED REAPPRAISAL OF THE
PATHOPHYSIOLOGY OF IBD: CD
For several years, at the end of the last century, CD has
been thought of as being derived from an unbalanced
secretion of the pro-inflammatory cytokines tumor necrosis factor-α (TNF-α) and interferon (IFN)-γ, hence a
Th-1 mediated disorder[9]. However, clinical and genetic
data accrued early following 2000, have contributed to
place the emphasis on phenomena of defective innate
immunity, originating the novel concept of CD as an immune deficiency state. Central to this hypothesis were the
observations of defective neutrophil accumulation in CD
patients[10], with an impaired clearance of bacteria from
tissues. The underlying problem appeared to be a defective macrophage which, though fully capable to form
pro-inflammatory cytokines at the translational levels,
erroneously trafficked them to premature lysosomal degradation[11]. Some 5 years before these clinical findings, a
keystone genetic insight into the underlying innate immunity defects of CD had been released. Basically, some 40%
of CD patients of a Western origin in both the European
and American continents were found to carry at least one
of three disease-associated variants (L1007fsinsC, G908R,
R702W) of CARD15, consistently identified as a major
susceptibility gene for CD in the caspase recruitment domain[12]. The intact CARD15 encodes the NOD2 receptor,
a member of a family of intracellular and host-specific
cytosolic pattern-recognition receptors, containing a NOD
and a leucine-rich repeat. Through this sequence, NOD2/
CARD15 recognizes muramyl-dipeptide (MDP) a component of bacterial cell wall. The ensuing signal transduction
cascade then culminates in the serine phosphorylation of
the cytoplasmic inhibitor IκB (which then becomes ubiquitinated and tagged for proteosomal degradation) with
following release and activation of NF-κB (previously
inactive as sequestered in the cytoplasmic dimer). Translocated to the nucleus, NF-κB essentially de-represses
the synthesis of several pro-inflammatory cytokines. CDspecific mutations of the CARD gene family hampers
initial NOD-mediated recognition of MDPs, blunting
the beginning of the response cascade[13]. Whether such
genetic faults in fact lead to loss or gain of function has
long been debated, with any interpretation being conditioned by the need to account for the excess (not the
diminution as would be expected) of inflammation found
in CD patients. This question mark seems to be partly
met by the hypothesis that TLR-2 driven inhibition of
Th-1 responses seems to be lost in CARD-mutated CD
patients[14]. NOD2 genes are also highly expressed in Paneth cells, where their mutations would cause decreased
expression of antimicrobial peptides, including alphadefensins[15]. Not less importantly, the Familial Mediterranean Fever genes (MEFV) have been shown to colocalize with NODs on chromosome 16, sharing with
the NODs the same protein superfamily that regulates

Perturbation of the intestinal homeostasis might be derived from any cause of breach of the active[1] and passive[2] barrier defense mechanisms of the lining epithelial
cells, allowing contact of gut luminal contents with the
overly reactive lymphoid tissue underneath. Despite the
accumulating results of years of research in the field, the
tenet of the need for a “sealed” epithelium as a primary
means to restrain undue gut mucosal inflammation is still
informing most of the currently active research. Basically,
a perturbed mucosal permeability is thought to represent
one of the shared features of the two officially recognized phenotypes of the inflammatory bowel diseases
(IBDs), Crohn’s disease (CD) and Ulcerative colitis (UC)[3],
even though significant elements of difference between
the two phenotypes are emerging from modern investigation, as discussed below.
Indeed, currently available evidence seems to best
be interpreted by seeing the IBDs not as a dichotomy,
but rather as a collection of discrete entities that, though
sharing several similarities, do appear distinct enough as
to call for a conceptual process of “splitting” over one of
“lumping up”. The conception of a genotype-serotypephenotype axis might serve as the spine for such a way
of thinking, as illustrated in a few examples that have
recently been mastered in an authoritative review[4]. Polymorphisms of the nucleotide-oligomerization domain
2/caspase activation recruitment domain 15 secondary to
mutation of their coding loci (NOD2/CARD15) (see below) would preferentially be expressed in ileal CD[5]; the
HLADRB1*0103 allele has been found to correlate with
the severity of extra-intestinal disease in UC[6]; a whole
range of anti-glycan antibodies including the widely
used anti-saccharomyces cerevisiae antibody (ASCA)
have been correlated with different CD behaviors in
widespread geographical areas[7]; finally, racial factors
conditioning for example the onset of peri-anal forms
of CD have been described[8]. In the lines to follow, this
non-exhaustive list shall be implemented by our own attempt to introduce a concept of the IBDs as centrally
conditioned syndromes, insofar as being often diagnosed
as co-morbidities of variegated bone marrow anomalies,
often affecting the innate arm of the immune response.
We shall further discuss that this “splitting drift”, now
somewhat prevailing in IBD nosography, can by contrast
be mitigated by the breakthrough observation that the
IBDs may be intertwined not only between themselves
but also with other (apparently unrelated) disorders of remote systems (skin and respiratory organs) insofar as the
gut, skin, and lungs are all lining territories between the
outer and the inner environments (barrier organ diseases)
(please see text below). We shall conclude by presenting
evidence that this is not merely an academic exercise, but
it can influence medical policies, and our decision making
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apoptosis, cytokine processing and inflammation[16]. This
might warrant envisaging a kind of a continuum between CD and autoinflammatory syndromes, providing
arguments for the discussion below[17]. The NODs have
most recently been shown to act in synergy with cell autophagy systems, a highly conserved chain that normally
effects disposal of cell debris and intracellular bacteria[18].
Wild-type NOD proteins have been shown to serve as
nucleating factors for the initiation of bacteria-induced
autophagy, by recruiting the ATG16-L1 gene product to
coalesce on cell membrane at the point of bacterial contact. Cell bactericidal activity may be hampered both by
a polymorphic NOD becoming incapable to accrue the
autophagy proteins, and by mutations of the ATG16-L1
products themselves[19].

share an impairment of the respiratory burst, preventing
neutrophil-mediated killing of bacteria and fungi. The
underlying biochemical fault is the absence/malfunction
of the nicotinamide adenine dinucleotide phosphateoxidase oxidase enzyme complex. In-depth clinical and
pathologic characterization of a subset of CGD patients
has notably highlighted that their gut disease meets all of
the criteria to make it indistinguishable from “idiopathic”
CD[25]. CARD15 gene mutations have been found in
some cases of early-onset sarcoidosis, and, more strikingly, have been found to be responsible for the Blau
syndrome, characterized by a granulomatous inflammation expressing mainly as arthritis, uveitis, and skin rash;
the role of such mutations in infectious disease has been
more controversial, but an association in patients developing gastric lymphoma during Helicobacter pylori infection
has been suspected[26]; perturbed neutrophils but not
mutated CARD15 have been associated with the clinical
expression of tuberculosis.

AN UPDATED VIEW ON THE
PATHOPHYSIOLOGY OF UC
The demonstration of a role of innate immunity or of
any of the immune effector limbs has been less immediate in the case of UC, lending limited help to the unraveling of its pathogenesis. A recent review[20] of the cytokine
profile of UC has come to list a vast array of cytokines
spanning from TNF-α and interleukin (IL)-6 up to IL-33;
the lymphocyte subsets Th5 and Th17 seem to be the
prevalent functional targets of this cytokine plethora. Of
note, a rather robust experimental evidence indicates that
the UC epithelial lesions could be derived from the poreforming effects of IL-13, a secretory product of NK-T
cells; in coherence with this tenet, recent experimental
evidence has shown that in biopsy specimens of pediatric
patients with early UC, STAT6, a transduction element
that responds to IL-13, is in a prevalently phosphorylated
state[21]. An interpretation of UC as a disease of increased
permeability could be derived from the complex of these
premises. If there is no convincing evidence for a role of
innate immunity, UC could be most easily interpreted as a
T-mediated disorder, considering its preferential response
to the T cell modulatory drug cyclosporine[22].

APPROACHING THE CONCEPTS:
IBD-ALIKES AND IBD-SYNDROMES
These premises may generate the concept of an IBD-like
picture, or of IBD-look-alikes, namely those conditions
that mimic IBD, yet are still to be distinguished from socalled “idiopathic” IBD. The modes of this distinction
must be conceived as being subject to the power of our
diagnostic means, to the parameters being used, whether
clinical, biochemical, endoscopic, histologic, and finally
genetic; at which of these escalating grounds we decide
to limit our escalation, and how high the bar is set within
each ground.
To gain more insight into the issue, we searched the
PubMed database mainly using IBD-likes, IBD-lookalikes, and IBD mimics as key words; the references of
the articles that were retrieved were further manually
scanned. This search disclosed an initial paper published
in 1984[27], enumerating and recommending the pathologic features to distinguish true IBDs from so-called
“impostors”. This report was followed in 2006[28] by a
rather extensive discussion of the IBD-like pictures that
may accompany diverticular disease, the so-called segmental colitis associated with diverticular disease (SCAD).
The authors emphasized that the contents of the several
relevant articles were heterogeneous, with some of them
finding morphologic features indistinguishable from CD
or UC in a high proportion of the cases, others finding
only a minority of such “IBD-alikes”, and others denouncing a plethora of non specific lesions. As it is evident from the above paragraphs, a considerable literature
has accumulated on this topic, and we have now attempted to identify a few common mechanisms in the genesis
of these IBD-like diseases, gathering them in clusters.
We aimed to identify three main cluster mechanisms
that are likely to generate an IBD-like picture: errors (often
of pediatric relevance) of either of the two arms of the
immune response; involvement of the gut from acquired

IBD AND SOME (IMMUNE) DISORDERS
SHARE GENETIC POLYMORPHISMS: THE
BASIS TO PERCEIVE IBD AS A SYSTEMIC
“SYNDROME”
If defects of the innate immune response have convincingly been described in CD, they have also been shown
to be under a bi-directional influence: CD-like pictures
have been found to often accompany disorders of innate
immunity, and, the specific immune abnormalities that
are present in CD have been described in other unrelated
disorders. The literature on such topics is rather exhaustive. Among the examples of the former instance, chronic granulomatous disease[23] and glycogen storage disease
type-1b[24] have been mostly characterized. Both disorders
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hematologic disorders or vasculitides; polymorphism of
specific genes involved in the immune response, leading,
through variegated pathways though, to the final common inflammatory imbalance that marks an IBD. We like
to draw particular attention to the role attributed to the
polymorphisms of pyrin, a protein domain coded for by
chromosome 16 that, together with the TIR and CARD
domains, is assumed to belong to the gene superfamily
(often ill-defined as CATERPILLER)[29] of innate immune detection of micro-organisms in mammals. It has
been shown that carriers of some pyrin mutations may
develop not only familial Mediterranean fever, but, notably, a UC-like disease that turns out to resist conventional
treatment, whilst showing response to colchicines[30].
We believe that from the above presented arguments
it stems clear that a plethora of pictures that fit the requirements to be labeled as IBD may be derived from
a vast array of factors; to signify this, the Greek-rooted
term “syndrome” should be used to progressively replace
the term “disease” and the acronym IBD. This change
should adequately reflect the tapering of the list of the
so-called “idiopathic” IBDs that is likely to occur as our
causative knowledge becomes progressively refined[31].

based mutations leading to undue inflammation up to
the CD phenotype as discussed at the beginning); on the
other hand, in the case of a full-blown outer infection,
the CATERPILLERS will be called on the battleground
to restrain a pathogen that has perforated the epithelial
seals.
Two main phenotypes of barrier organ disease
correlated with IBD
Representing an extended surface between the body and
the outer world, being endowed with an overly reactive
immune tissue, and harboring a large microbe metagenome, the skin shows a number of commonalities with
the gut archetype. The development of its main disorder,
psoriasis, is thought to initiate with a genetic/environmental breach of the sealing epithelium, causing substance
loss and psoriatic plaques; this ends up with activating
keratinocytes and inducing dendritic cells to produce proinflammatory mediators, fueled by degraded RNAs and
DNAs as debris of massive cell wreck; in the presence
of favoring genetic prerequisites and external factors
(stress) the process may easily become chronic with the
typical waxing-and-waning course that recalls IBD. Several
observations of clinical and genetic orders suggest a link
between IBD and psoriasis. Psoriatic skin lesions seem to
occur seven times more frequently in CD patients than
controls[34]; ten percent of patients with CD had a first-degree relative with psoriasis[35]; both disorders do respond
well to the T-lymphocyte inhibitor drug cyclosporine. On
genetic grounds, a susceptibility area for psoriasis, named
PSORS8 has been identified, in proximity with the CATERPILLER domain, on chromosome 16q21[36].
The mucosae of the airways represent a second example of obvious analogy, in terms of contact with outer antigens, and functional anatomy of their reactive tissue. To
this end, chronic obstructive pulmonary disease (COPD)
has received most of the attention[37]. Available studies
have shown that COPD patients might be at an increased
risk of developing CD[38], whereas IBD patients are notoriously prone to exhibit respiratory manifestations[39]. At
a partial contrast with the generally shared opinion that
smoking plays a crucial role in causing COPD, clinics do
advise concern over several inconsistencies: (1) COPD
severity varies widely irrespective of the number of pack
years of smoking; and (2) full-blown COPD is found to
develop only in 10%-20% of smokers[40]. Such observations have advised some investigators to focus on genetic
studies of COPD, and their efforts have not remained
fruitless. Recently, a loss-of-function conformational mutation of NOD2 has been described in COPD patients[41].
In this paper, non-COPD smokers were appropriately
used as controls, in order to exclude a role of smoking per
se in the distribution of the NOD2 variant (Figure 1).

RE-POSITIONING IBD INTO A BROAD
CATEGORY: THE BARRIER ORGAN
DEFECTS
If CARD gene sequences turn out to be embedded into
a highly conserved domain complex that govern the response of mammalian cells to micro-organisms (The TIR,
CARD and PYRIN triad)[32], it seems justified to expect
that the clinical expressions of their eventual polymorphisms (e.g., CD) will best be interpreted if contextualized.
Barrier organs and systems
The skin, gastrointestinal tract, and the respiratory epithelia constitute the main components of the barrier
systems in the human body. Their structure mainly comprises an epithelial surface or a mucosa extensively interfacing the polluted environment, a basement membrane
which, together with a wide array of cell-junction devices,
serves to upgrade the sealing state of the system, and,
typically, a highly reactive lymphoid tissue underneath,
composed of antigen-presenting cells, often classified as
dendritic cells, and various lymphocyte subsets capable to
react with release of pro-inflammatory cytokines mostly
including IL-1, TNF-α and IL-17. The surface of the
barrier systems further harbors a huge variety of microbial species, which, at least in the case of the gastrointestinal tract, outweighs the number of somatic cells: this
second cell universe within the body is sometimes called
“metagenoma”[33]. When working properly, for instance
at the gut level, the sensor machinery that was labeled
as CATERPILLER above, serves to maintain the balanced co-existence between the local immune system at
the barrier organ and the bacterial flora (with genetically-
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lifestyle rather than key genetic defects might drive the
defective innate immune responses in Asians with IBD.
With their accelerated pace of development, the Far East
communities still represent a seminal area of interest and
investigation, perhaps allowing to identify causative IBD
factors and take preventive measures that in Western
countries were not taken on time and got outdated.

Extra
intestinal
manifestations
IL23 STAT4
Psoriasis

NOD2

REFERENCES

IBD

1
NOD2
COPD

2
3

Figure 1 Morbid inflammatory bowel diseases galaxy. As barrier organ
dysfunctions (see text) psoriasis and chronic obstructive pulmonary disease are
supposed to overlap with inflammatory bowel disease (IBD) insofar as sharing
mutations of nucleotide-oligomerization domain 2 (NOD2) genes; the so-called
extra-intestinal manifestations of IBD might be mediated by interference with
polymorphisms of the cytokine interleukin (IL)-23 or signal transduction systems
4 (STAT4); being not a topic in the present text, they are not further commented.

4
5

barrier disease researchers e.g., psoriasis[36], in reckoning
that intensifying attempts at modulating surface bacterial
flora and unifying research on shared mediators of inflammation can be successful and cost-effective.
Conceiving IBD as a polyfactorial condition may
make us more conducive to perceive the disorder hiding
behind a given IBD-like picture; the possibly dramatic
clinical counterpart of this changed mindset might be the
identification of the patient’s personalized treatment, or
even the only causative treatment (as for example in the
case of pseudo-UC incited by the mutated pyrin gene)
that can save lives and financial resources.

6
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Caveats
The above data and statements must still be interpreted
with caution: it may still take a while before genetic profiling reaches its wide-scale clinical application; as of
today, the described anomalies of innate immunity do
more readily apply to CD than UC; CD is an extraordinarily heterogeneous affection, as shown for example by
failure to detect NOD mutations in the disease subtypes
that have been characterized in the Far East[42]. The latter
observation has stimulated lively debate in the last several
years. An interesting analysis of 2005[43] has hypothesized
that in populations traditionally exposed to highly contaminated environments, defects of the innate immune
response may confer a disadvantage and get selected out.
However, progressive environment decontamination and
use of “aseptic” industrial distribution food enriched in
chemical additives yet virtually “sterile”, may favor loosening of tolerance originating from continuous stimulation of sensors, thus allowing emergence of unchecked
gut inflammation. Thus, one may cast the hypothesis that
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Hepatitis B and inflammatory bowel disease: Role of
antiviral prophylaxis
Pilar López-Serrano, Jose Lázaro Pérez-Calle, Maria Dolores Sánchez-Tembleque
antigen should receive antiviral prophylaxis before undergoing immunosuppression in order to avoid HBV
reactivation. Tenofovir/entecavir are preferred to lamivudine as nucleos(t)ide analogues due to their better
resistance profile. In patients with occult or resolved
HBV, viral reactivation does not appear to be a relevant
issue and regular DNA determination is recommended
during immunosuppression therapy. Consensus guidelines on this topic have been published in recent years.
The prevention and management of HBV infection in
IBD patients is addressed in this review in order to address practical recommendations
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Abstract

Original sources: López-Serrano P, Pérez-Calle JL, SánchezTembleque MD. Hepatitis B and inflammatory bowel disease:
Role of antiviral prophylaxis. World J Gastroenterol 2013;
19(9): 1342-1348 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v19/i9/1342.htm DOI: http://dx.doi.
org/10.3748/wjg.v19.i9.1342

Hepatitis B virus (HBV) is a very common infection
worldwide. Its reactivation in patients receiving immunosuppression has been widely described as being associated with significant morbidity and mortality unless
anti-viral prophylaxis is administered. Treatment in inflammatory bowel disease (IBD) patients has changed
in recent years and immunosuppression and biological
therapies are now used more frequently than before.
Although current studies have reported an incidence
of hepatitis B in inflammatory bowel disease patients
similar to that in the general population, associated
liver damage remains an important concern in this setting. Liver dysfunction may manifest in several ways,
from a subtle change in serum aminotransferase levels
to fulminant liver failure and death. Patients undergoing double immunosuppression are at a higher risk,
and reactivation usually occurs after more than one
year of treatment. As preventive measures, all IBD patients should be screened for HBV markers at diagnosis
and those who are positive for the hepatitis B surface
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INTRODUCTION
Approximately 3 billion people have been exposed to the
hepatitis B virus (HBV), and there are an estimated 350
million chronic carriers worldwide[1,2]. Exposure to HBV
can be broadly divided into three categories according to
viral load and liver biopsy[1,3]: active HBV, inactive HBV
carriers and resolved HBV (Table 1). Chronic hepatitis
B (CHB) may result in cirrhosis in about 5%-25% of infected patients.
Active chronic HBV is defined as HBV DNA levels
≥ 2 IU/L and elevated alanine aminotransferase (ALT)
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levels, and treatment is indicated in either immunocompetent or immunosuppressed patients.
Inactive hepatitis B is defined by HBV DNA levels
2
≤ IU/L and normal ALT levels, and antiviral therapy
is not indicated in immunocompetent patients. However,
in patients treated with immunosuppressant drugs, viral
reactivation may occur regardless of DNA levels, so antiviral prophylaxis must be established.
Finally, patients with resolved HBV infection do not
need antiviral therapy, but they must be monitored during
immunosuppressant therapy and considered for prophylactic therapy based on the progression of anti-HBc or
HBV DNA levels.
Ulcerative colitis (UC) and Crohn’s disease (CD) are
chronic inflammatory conditions of the gastrointestinal
tract. In the last 10 years, treatment of these inflammatory
bowel diseases (IBD) has been markedly changed by the
use of immunosuppressants (mainly azathioprine/mercaptopurine and methotrexate) and biological therapies.
There is an increasing trend towards earlier and more extensive use of these drugs for longer periods of time. As
a result, concerns regarding safety related to immunosuppressive treatment are growing[4,5] among the professionals involved in providing IBD care. One of these issues is
related to the reactivation of hepatitis B; immunomodulator therapy has a clear impact on the natural history of
viral hepatitis and there are many unresolved questions
concerning the relationship between IBD and HBV that
must be resolved. The management of IBD patients with
viral hepatitis B is addressed in this review.

of viral hepatitis in IBD patients in current reports from
Spain and France suggests that preventative measures
such as vaccination, the World Health Organization
blood transfusion safety programs, single-use materials,
and better aseptic perioperative rules and decontamination procedures in endoscopy[7], have been effective and
explains the diminishing risk for HBV.

EFFECT OF IMMUNOSUPPRESSIVE
THERAPY ON HBV INFECTION
Reactivation of HBV infection is a well-described complication of immunosuppression in the setting of organ
transplantation or cancer chemotherapy[13]. The frequency
of HBV reactivation depends on the type of immunosuppression and the state of HBV infection when chemotherapy is administered[14-16]. Cytotoxic chemotherapy
for hematologic malignancies appears to involve the
greatest risk of HBV reactivation; spontaneous reactivation may occur in up to 22% of inactive HBV carriers,
but this may increase up to 60% of patients in the case
of cytotoxic chemotherapy for lymphoma, with a mortality rate between 4% and 60% if fulminant liver failure
occurs[17-19].
In patients undergoing treatment with biologic agents,
hepatitis B reactivation represents an emerging cause of
liver disease[20]. In particular, the risk of HBV reactivation
is greatly increased with the use of monoclonal antibodies such as rituximab (anti-CD20) and alemtuzumab
(anti-CD52)[21-23]. Based on the liver damage that occurs
after viral reactivation, three kinds of liver disease[4] can
be distinguished: viral reactivation or replication, acute
liver failure, and fulminant liver failure. For hepatitis B,
reactivation is defined as a 1.5-2-fold increase in ALT
compared with the baseline value plus an increase in
HBV DNA levels > 2 IU/L or DNA reappearance in a
previously negative patient[24,25]. Acute liver failure is defined as sudden and severe impairment of liver function
(bilirubin > 2 mg/dL, albumin < 34 g/L or prothrombin
time < 50%), meanwhile fulminant liver failure is a severe
acute failure complicated by hepatic encephalopathy, liver
transplantation, or death[25].
Fatal viral reactivation has also been described in
patients with IBD or other autoimmune diseases treated
with immunosuppressant drugs[26-29]. Tumor necrosis factor alpha (TNF-α) is important in regulating hepatitis
B replication[30], and the chimeric anti-tumour necrosis
factor alpha monoclonal antibody infliximab has been involved in hepatitis B reactivation following treatment[31-35].
However, the factors that may increase the risk are not
properly defined[36,37]. Additionally, there are no specific
data on prophylaxis in IBD patients, the type and the timing of treatment, and which individuals make the most
suitable candidates[38-40].
Most of the information available comes from case
reports about HBV reactivation in patients with CD or
UC, both after the use of corticoids, with or without azathioprine and biologic therapy with infliximab[41].

PREVALENCE OF HBV INFECTION IN IBD
PATIENTS
The first step in addressing the problem is to identify its
impact. The prevalence of patients with IBD who are
at risk for hepatitis B reactivation has been clarified in a
prospective cross-sectional nationwide study in Spain[6].
In this multicentre study of 2076 IBD patients, the
prevalence of biological markers of present and/or past
hepatitis B was lower than reported in previous studies
and similar to the Spanish general population: less than
1% of IBD patients had positive hepatitis B surface antigen (HBsAg) and less than 10% had positive hepatitis B
core antibody (HBcAb), without differences between CD
and UC patients (7.1% and 8% respectively). Similar results were also shown in a recent study in France[7], where
HBcAb was reported in only 2.78% and 1.59% of CD
and UC patients, respectively; similar rates were observed
in the general French population.
In previous studies[8-10], the prevalence of HBV infection in IBD patients was shown to be comparatively
higher. Biancone et al[9] reported positive anti-HBc in
10.9% and 11.5% of CD and UC patients in Italy, respectively, compared to 5.1% in controls (P < 0.02). The risk
of viral hepatitis in IBD patients has been associated with
blood transfusions and surgery[11,12], suggesting nosocomial transmission of the virus. The decreasing prevalence
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Table 1 Definitions of hepatitis B virus infection
HBsAg

HBsAb

HBcAb

HBV DNA
HBeAg (+)

Chronic HBV
Positive
Inactive HBV Carrier Positive
Resolved HBV
Negative

Negative
Negative
Positive

Positive
Positive
Positive

ALT/AST

Liver biopsy

Elevated
Normal
Normal

Chronic hepatitis with necroinflammation
No significant hepatitis
No significant hepatitis

HBeAg (-)

> 20000 IU/mL > 2000 IU/mL
< 20000 IU/mL < 2000 IU/mL
Undetectable
Undetectable

HBV: Hepatitis B virus; HBsAg: Hepatitis B surface antigen; HBsAb: Hepatitis B surface antibody; HBcAb: Hepatitis B core antibody; ALT: Alanine
aminotransferase; AST: Aspartate aminotransferase.

In 2004, Esteve et al[42] reported three CD patients,
which were hepatitis B carriers, treated with infliximab.
One of them received concomitant lamivudine therapy
and experienced no variations in clinical or biochemical
liver parameters. However, the other two patients suffered from viral reactivation; one patient died and the
other resolved after specific treatment. Reactivation may
occur as soon as after the first infusion or as late as 2
years after starting infliximab, indicating that it may develop at any time during anti-TNF therapy, however, the
time between the start of TNF-a inhibitors and the occurrence of hepatitis is usually longer than one year[43].
A relevant characteristic is that almost all cases of
infliximab-associated HBV reactivation have occurred
in patients receiving concomitant treatment with other
immunosuppressants such as corticosteroids or thiopurines, suggesting that more profound immunosuppression may facilitate viral reactivation[26,38-40]. In a Spanish
cooperative study (REPENTINA-2) on this problem[26],
120 patients with hepatitis B or hepatitis B and C markers who had been treated with immunosuppressive therapy during a median time of 1 year were identified. The
authors retrospectively assessed the frequency and severity of liver disease in these patients based on exposure to
one or more immunosuppressive drugs. Although they
identified 25 HBsAg-positive patients, unfortunately
only 6 of them had received antiviral treatment before
immunosuppression. Nine of these 25 patients developed liver disease, six developed liver failure, and none
had fulminant liver failure. Almost all cases of HBV reactivation associated with infliximab occurred in patients
receiving concomitant treatment with other immunosuppressants. REPENTINA-2 also showed that no single
immunosuppressant seems to be specifically involved in
the development of liver failure, and the risk of hepatitis
B reactivation seems to be related to the magnitude of
immunosuppression.
Regarding other anti-TNF treatments, reactivation
has also been reported with adalimumab or etanercept in
patients with rheumatoid arthritis[44-46], but not from IBD
patients or those taking certolizumab pegol. As these are
newer TNF antagonists, the risk of hepatitis B reactivation is expected to be similar due to a class effect[4,15].
Regarding patients with resolved HBV infection,
reactivation following chemotherapy has also been reported in up to 40% of patients[17,47-49], though the risk in
IBD seems to be much lower. Although there has been a
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report of reactivation after treatment with infliximab in
a patient with CD and occult HBV infection[47], no cases
were described in the REPENTINA-2 study. In other autoimmune diseases such as rheumatoid arthritis (RA), this
issue has also been examined and reactivation rates have
not been relevant[50,51]. Tamori et al[52] followed 50 patients
with RA who were positive for HBcAb for a mean period of 23 mo. All were patients treated with immunosuppressive agents such as methotrexate, prednisolone,
and/or TNF-α inhibitors for more than one year. HBV
reactivation was observed in two out of five patients with
HBsAg, compared with only one of the remaining 45 patients without it.
On the other hand, the results from a retrospective
analysis of 62 psoriatic patients [53] with occult HBV
infection, treated with anti-TNF biological agents, and
without signs of HBV activation after a period of 4
years, also suggest the overall safety of treatment with
anti-TNF and/or immunosuppressants drugs in HBV
occult carriers.

SCREENING RECOMMENDATIONS
Screening measures must be instituted in IBD patients[4,54-56].
Recommendations are based on the potentially fatal
consequences of HBV reactivation, as we have seen
previously, and the availability of safe and effective antiHBV drugs to prevent them[57]. Current guidelines by the
American Association for the Study of Liver Diseases
(AASLD) recommend HBV screening for populations
with an intermediate or high prevalence (> 2%) and those
requiring immunosuppression, including IBD patients[3].
Screening for HBV should be performed at the time
of IBD diagnosis rather than delaying until consideration
of immunomodulators or TNF antagonist medication[3,58-60]. The hepatitis B surface antibody (HBsAb), and
the HBsAg and HBcAb are recommended as screening
tests. Although the utility of HBcAb is controversial, it
may represent chronic HBV despite undetectable HBsAg/HbsAb in immunosuppressed patients or those coinfected with hepatitis C or human immunodeficiency
virus[3,58], but it may also be falsely elevated in a low percentage of patients.

ANTIVIRAL PROPHYLAXIS
In accordance with specific guidelines for hepatitis B
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for lamivudine (OR: 0.36; 95%CI: 0.23-0.56).
The AASLD[3] and the European Association for the
Study of the Liver[67] recommend the early introduction
of nucleoside/nucleotide analogues (NAs) for all HBsAgpositive patients requiring immunosuppressive therapy.
HBV prophylaxis must be introduced at least 7 d before
therapy and it should be maintained for 6 mo to 1 year
after completion of chemotherapy, as HBV reactivation
may occur after chemotherapy is discontinued[3,4]. The
European Crohn’s and Colitis Organisation[57] also recommend an early introduction of NAs in HBsAg-positive
IBD patients requiring immunosuppression, regardless of
the number and type of immunosuppressants. However,
it must be initiated between one and 3 wk prior to the introduction of immunosuppressive therapy and continued
for 6 mo after its cessation[11,57].
Lamivudine has been the most common drug used
in this setting; however, resistance usually develops with
prolonged use and has been detected in up to 30% of patients after 1 year and 70% after 5 years of treatment[66,67].
Resistance has also been described in patients on longterm anti-TNF therapy, which is associated with viral
reactivation as reported by Esteve et al[27] in a CD patient
taking lamivudine for more than 5 years. Therefore, this
agent may be appropriate for a short course of prophylaxis during chemotherapy but, as immunosuppressive
medications for IBD may be required indefinitely, NAs
with a lower propensity than lamivudine for generating
drug-resistant mutations of HBV DNA must be chosen.
Although alternative antiviral medications, such as tenofovir, adefovir, telbivudine and entecavir, have not been
evaluated in prophylaxis for IBD patients, tenofovir and
entecavir have the lowest rates of resistance with longterm use and should be preferred.
In cases in which lamivudine, adefovir or telbivudine
are used, serum aminotransferase levels and HBV DNA
levels must be closely followed for signs of drug resistance. Interferon-α must not be used for prophylaxis[57].
In HBc-positive patients who are lacking HBsAg and
have resolved hepatitis B, systematic use of antiviral prophylaxis in IBD patients is not recommended[1,21,49]. This
approach differs from the recommendation for patients
undergoing chemotherapy and particularly for rituximab,
in which anti-viral prophylaxis is desirable[21-23,49,68]. Nevertheless, careful and constant monitoring of virological
markers, including HBV DNA, is required in these patients
during treatment for early recognition of viral reactivation
and therapy with NAs at an early stage[69,70] (Figure 1).
In conclusion, new therapies in IBD patients are increasing the risk for HBV reactivation. All patients should
be screened for HBV markers, preferably at diagnosis.
Current guidelines recommend screening with HBsAg
and anti-HBs, but anti-HBc must also be considered so as
to detect occult HBV. HBsAg positive patients requiring
immunosuppressive therapy should receive antiviral treatment, regardless of HBV DNA level. Prophylaxis with
nucleos(t)ide analogues must be introduced at least 3 wk
before, but as immunosuppressive drugs may be required

All IBD patients

Check at diagnosis:
HBsAb
HBcAb
HBsAg

Chronic
hepatitis B

Specific
treatment (NAs)

Vaccination if
negative markers

Inactive HBV
carrier

Resolved
HBV

Profilaxis with NAs
recommended if
immunosuppressor

Immunosuppressive
treatment

Check HBV
DNA

DNA > 50
UI/mL

Prophylaxis
with NAs

DNA < 50
UI/mL

HBV DNA
every 3 mo
and for 6
mo after
treatment

Figure 1 An algorithm for the management of patient with inflammatory bowel disease with different hepatitis B virus infection status. NAs:
Nucleos(t)ide analogues; IBD: Inflammatory bowel disease; HBV: Hepatitis B
virus; HBsAg: Hepatitis B surface antigen; HBsAb: Hepatitis B surface antibody;
HBcAb: Hepatitis B core antibody.

(Figure 1)[3], patients with high baseline HBV DNA levels
(> 2 IU/L) should continue antiviral treatment until the
endpoints applicable to non-immunosuppressed patients
are reached.
Prophylaxis must be considered in patients with
HBsAg without active viral replication prior to undergoing treatment with any immunosuppressant medication,
including steroids, immunomodulators or biologicals, in
order to prevent reactivation[3,59].
While there are no data specifically for IBD, recommendations are extrapolated from randomized controlled
trials in patients undergoing chemotherapy[60-62] in which
prophylaxis has been shown to be beneficial[63,64]. Lau et
al[65] randomized 30 lymphoma patients with HBV markers to lamivudine prophylaxis or no prophylaxis before
chemotherapy. None of the patients receiving prophylaxis developed HBV reactivation, compared to 53% of
those in the no prophylaxis group (P = 0.002). A recent
meta-analysis[66] of lamivudine in immunosuppressed patients included 21 studies and showed a mortality benefit
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indefinitely, NA with a low rate of resistance (tenofovir
or entecavir) should be preferred. Patients with positive
anti-HBc without HBsAg and undetectable viral DNA
should be monitored closely for reactivation.
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INTRODUCTION
Radiation delivery methods
Radiation therapy can be delivered by three main methods. External beam radiotherapy is a method in which
radiation beam is delivered from outside the body to the
target tumour through two or three-dimensional beam
arrays using linear accelerators. Advances in planning and
delivery techniques such as 3-dimensional simulation and
intensity modulated radiation therapy are associated with
a reduced risk of normal tissue toxicity and allow a higher
radiation dose to be used compared to conventional two
dimensional methods[1-4]. Enhanced target definition of
both tumours and surrounding normal tissues and combining beams of varying intensity in intensity modulated
radiation therapy allow for better dose delivery and improved tumour control with less toxicity[5,6]. Quantitative
dose tracking to both normal tissues and tumors in the
form of dose-volume histograms[7] provide a graphic display of a simulated radiation treatment plan and generate
valuable information on the dose distribution within the
volume of interest[8]. These are now common planning

Abstract
Ionising radiation therapy is a common treatment modality for different types of cancer and its use is expected
to increase with advances in screening and early detection of cancer. Radiation injury to the gastrointestinal
tract is important factor working against better utility
of this important therapeutic modality. Cancer survivors
can suffer a wide variety of acute and chronic symptoms following radiotherapy, which significantly reduces
their quality of life as well as adding an extra burden
to the cost of health care. The accurate diagnosis and
treatment of intestinal radiation injury often represents
a clinical challenge to practicing physicians in both
gastroenterology and oncology. Despite the growing
recognition of the problem and some advances in understanding the cellular and molecular mechanisms
of radiation injury, relatively little is known about the
pathophysiology of gastrointestinal radiation injury or
any possible susceptibility factors that could aggravate
its severity. The aims of this review are to examine the
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tools in modern external beam radiation delivery. Brachytherapy is an internal form of radiation therapy where
the radiation sources are implanted within or in close
proximity to the target tumour to deliver a high dose of
localized radiation. This procedure is a highly effective
dose delivery method for certain tumours such as prostate and gynaecological cancers. The third method of the
radiation therapy is the systemic administration of radioactive particles which is termed radioisotope therapy.
In this method radioactive particles (radionuclides) are
injected into the blood stream to be adsorbed specifically
by the targeted tissue such as thyroid gland[9]. Gastrointestinal radiation injury most commonly occurs following
external beam therapy.
A highly precise radiation delivery can be achieved
through newer techniques such as image guided radiotherapy techniques which allow verification of the target
position on a daily basis to account for internal target
motion[10]. Stereotactic radiation therapy[11] can focus a
narrow radiation beams on a small target such as early
cancer or metastatic lesions[12].

Table 1 Example of some gastrointestinal symptoms grades
following radiation injury
Grade Gastrointestinal symptoms
1
2
3
4
5
1
2
3

4
5
1
2
3

TREATMENT RELATED RISK FACTORS
FOR GASTROINTESTINAL INJURY

4

Radiation dose, fractionation and field size
Radiation dose is a major determinant of the severity
of acute and late normal tissue toxicity[13-20], the desired
optimal radiation dose is defined as the dose that maximizes the difference between “tumor” and “normal
tissue” damage within the sigmoid shape dose-effect
relationship curve[11]. With respect to the gastrointestinal
tract, the severity of toxicity is reported as Grades of
severity to different symptoms or clinical manifestations
ranging from minor symptomatic changes to severe
life threatening complications. Multiple toxicity grading
systems have been developed to assess adverse events
of cancer treatment[21]. Generally, Grade 1 and 2 radiation injury are frequent and they are often requiring no
treatment although they can cause a considerable effect
on patient quality of life. Examples of commonly used
toxicity grading system to assess radiation injury severity are the Radiation Therapy Oncology Group[22] and
the Common Terminology Criteria for Adverse Events
grading system (Table 1)[21]. Radiation dose per fraction
and altered fractionation schedules are important factors
linked to increased risk of intestinal radiation toxicity[23].
The radiosensitivity of the cell depends on two factors,
the intrinsic radiosensitivity which is linearly related to
the radiation dose and it is represents the initial slope of
the cell survival curve (alpha). The second factor is (beta)
which represents the curvature of the cell survival curve
and it is a factor of dose-per fraction and dose-rate variations in radiobiology[24].
The alpha/beta ratio represents the dose at which the
linear and quadratic components of the Linear-Quadratic
model contribute equally to cell killing and has been
shown to have a connection to early and late radiation
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5
1
2
3

4
5
1
2
3
4
5

Nausea
Loss of appetite without alteration in eating habits
Oral intake decreased without significant weight loss,
dehydration or malnutrition; IV fluids indicated < 24 h
Inadequate oral caloric or fluid intake; IV fluids, tube feedings,
or TPN indicated ≥ 24 h
Life-threatening consequences
Death
Anorexia
Loss of appetite without alteration in eating habits
Oral intake altered without significant weight loss or
malnutrition; oral nutritional supplements indicated
Associated with significant weight loss or malnutrition (e.g.,
inadequate oral caloric and/or fluid intake); IV fluids, tube
feedings or TPN indicated
Life-threatening consequences
Death
Haemorrhage-GI
Mild, intervention (other than iron supplements) not indicated
Symptomatic and medical intervention or minor cauterization
indicated
Transfusion, interventional radiology, endoscopic, or operative
intervention indicated; radiation therapy (i.e., hemostasis of
bleeding site)
Life-threatening consequences; major urgent intervention
indicated
Death
Ulceration-GI
Asymptomatic, radiographic or endoscopic findings only
Symptomatic; altered GI function (e.g., altered dietary habits,
oral supplements); IV fluids indicated < 24 h
Symptomatic and severely altered GI function
(e.g., inadequate oral caloric or fluid intake); IV fluids, tube
feedings, or TPN indicated ≥ 24 h
Life-threatening consequences
Death
Incontinence anal
Occasional use of pads required
Daily use of pads required
Interfering with ADL; operative intervention indicated
Permanent bowel diversion indicated
Death

According to the Common Terminology Criteria for Adverse Events
system v 3.0. IV: Intravenous; GI: Gastrointestinal; ADL: Activities of daily
living; TPN: Total parenteral nutrition.

response[25]. In radiotherapy of tumors with long turnover time such as prostate cancer, the alpha/beta ratio
is smaller than that of early reacting normal tissues. In
this case, hypo-fractionation will be a better strategy for
radiotherapy than the many small fractions used for other
tumors[24,26,27].
A data analysis of 918 head and neck cancer patients
reported a variable prevalence of mucositis between
patients treated with continuous hyperfractionated accelerated radiotherapy (CHART) and patients received
conventional fractionation radiotherapy. The incidence
of Grade 3 confluent mucositis reported after CHART
was 75% compared to 44% following conventional fractionation radiotherapy[28].
Modification of the radiation delivery regimes through
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sitis in 62% of patients treated with radiotherapy alone[42].
Concurrent chemotherapy with radiation has also been
reported to increase the risk of oesophageal radiation injury by 12-fold[43].
In a study of cervical cancer patients treated with
chemoradiotherapy, the incidence of Grade 3 late intestinal toxicity increased from 10% to 26% in patients
treated with both mitomycin and fluorouracil compared
to a fluorouracil alone group, suggesting a possible role
for the type of chemotherapeutic agent used as determinant of severity of gastrointestinal toxicity[44].
Different mechanisms have been suggested to explain
the sensitizing effect of adding chemotherapy in increasing the risk of intestinal radiation injury. Examples of
possible mechanisms are alterations in cell cycle kinetics,
or synchronization of replicating cell populations. Halopyrimidines such as fluorouracil, fluorodeoxyuridine and
iododeoxyuridine may sensitize tumors both by inhibiting
effective DNA repair and by increasing the amount of
radiation induced DNA damage[45-47].

Table 2 Summary of risk factors for gastrointestinal radiation
injury
Risk factors
Radiation techniques
Combined modality
therapies
Medical co-morbidities
Genetic susceptibility

Treatment volume, total dose, fractionation
dose and schedules
Surgery
Chemotherapy: Particularly concurrent
Vascular disease, connective tissue disease,
inflammatory bowel disease, HIV
Single nucleotide polymorphism, ataxia
telangiectasia

HIV: Human immunodeficiency virus.

hypofractionation was also suggested to be safer than
conventionally fractionated conformal radiotherapy in a
randomized study of prostate cancer radiotherapy[29].
Treatment field size and intestinal volume irradiated
are important factor and a key determinant of radiation
toxicity. Bowel toxicity was found to be directly related
to the volume of small intestine irradiated[13]. Moreover,
irradiation to a larger volume of small intestine was reported to increase the operative mortality in rectal cancer
patients treated with anterior and posterior field irradiation technique[30,31]. Furthermore, the impact of the field
volume has been demonstrated in a randomized study of
prostate cancer radiotherapy. Patients who were treated
with conformal shielding with 48% less volume irradiation had less rectal toxicity at 5 years than patients treated
with conventional radiotherapy, despite identical radiation
dose[32,33] (Table 2).

SYMPTOMS RESULTING FROM
RADIATION INJURY TO THE
GASTROINTESTINAL TRACT
Acute and chronic gastrointestinal radiation injury
During external beam radiotherapy, ionising radiation enters and exits the body and therefore affects normal tissues surrounding the target tumour. The gastrointestinal
tract which extends over a large surface area and any part
of the gastrointestinal tract that falls within the radiation
field can be affected, resulting in acute and chronic symptoms of gastrointestinal radiation injury (Table 3).
Clinical manifestations of gastrointestinal radiation
injury can present during or soon following radiotherapy.
These symptoms are related to acute mucosal injury and
inflammation. Delayed symptoms occur a few months or
years after radiotherapy and are attributed to a chronic
process of transmural fibrosis and vascular sclerosis.
Typically symptoms are considered “acute” if they occur
within the course of treatment or up to 90 d following
treatment. These are generally reversible. Chronic side
effects are much less common and occur more than 90 d
post radiation; they are less likely to reverse. The onset of
delayed symptoms has been reported as much as after 30
years following radiotherapy[48].

Combined modality approaches
Combined modality therapy increases the risk of radiation toxicity. Surgery or concurrent chemotherapy is
linked to an increased incidence of radiation toxicity. Previous abdominal surgery increases the risk of radiation
toxicity[34]. Anatomical changes that increases intestinal
exposure to radiation such as postoperative small intestine prolapse into the pelvic cavity[13,35] or surgical adhesions that fix intestinal segments within the radiation field
can all predispose part of the intestine to receive higher
doses of radiation[36]. Combining prostatectomy with
radiotherapy can increase rectal toxicity during prostate
cancer treatment[37]. An analysis of acute toxicity was performed in 405 prostate patients in The European Organization for Research and Treatment of Cancer randomized trial 22863. In those patients it was reported that
among other factors, previous genitourinary surgery was
found to be predictive of lower gastrointestinal radiation
toxicity[38].
Combining chemotherapy with radiation has been
reported to increase the rate of acute intestinal toxicity,
while the long term effect of this combination is not
clear[20,39]. Oral mucositis was reported in more than 90%
of patients treated with a combined chemo-radiotherapy
regime for head and neck cancer[40,41] in comparison to
another study which reported an incidence of oral muco-
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Mouth, pharynx, and oesophagus
During radiotherapy for head and neck or thoracic cancer, the upper gastrointestinal tract falls within the radiation field. Irradiation to this area results in acute mucosal
injury causing mucositis and ulceration which manifests
within the first two weeks in 30%-60% of patients, causing dysphagia and odynophagia[49]. In a study of 254 nonsmall-cell lung cancer patients, acute toxicity of Grade 2
or worse has been reported in 78% of patients[50]. Mucositis is debilitating, can be a dose limiting side effect and
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include maximum radiation dose. A maximum dose of
> 58 Gy was reported to predict the risk of Grade 3-5
oesophageal toxicity in 207 non-small-cell lung cancer
patients treated with 3-dimensional conformal radiotherapy[54] while a dose of 50 Gy was significantly associated with Grade 2 or worse oesophagitis in another
cohort 36 non-small-cell lung cancer patients[55]. In both
studies patients received concurrent chemotherapy which
is also a risk factor for oesophageal toxicity. The volume
of the irradiated oesophagus has also been suggested to
predict acute oesophageal toxicity[55]. In another series of
208 non-small-cell lung cancer patients treated with three
dimensional conformal radiotherapy, concurrent chemotherapy and maximal point dose to the oesophagus >
60 Gy were found to be significantly associated with the
risk of Grade 3-5 oesophageal injury[56]. The Quantitative
Analyses of Normal Tissue Effects in the Clinic paper by
Werner-Wasik et al[57] published in 2010 reviewed the published data on the dose-volume effect and concluded that
it was not possible to identify the best threshold volumetric parameter for oesophageal irradiation given the variety
of the volumetric metrics in the published data.
Delayed symptoms of oesophageal injury can manifest after several months following radiotherapy and include chronic ulceration, fistulisation or chronic dysphagia. Dysphagia can be secondary to tissue fibrosis and
stricture formation or due to motility disorder induced
by muscular or nerve injuries. Delayed oesophageal toxicity has been reported in 17% of non-small-cell lung
cancer patients[50] and the median and maximal time to
the onset of late toxicity was 5 and 40 mo respectively
after radiotherapy.

Table 3 Acute and chronic manifestations of gastrointestinal
radiation injury
Clinical manifestations

Radiation tolerance dose Gastrointestinal
TD5/5, TD50/5 (Gy)
organ

Oral mucositis occurs in
Parotid gland: TD5/5
Mouth,
> 90% of patients with
(32)
salivary glands,
concurrent chemotherapy[40]
TD50/5 (46)[60,179,180]
hypopharynx,
Xerostomia and altered saliva
parotid
composition
Acute Grade 3-4 oesophageal
TD5/5 (55-60)
injuries occur in 46%with
concurrent chemotherapy[181]
Dose > 58 Gy predicts Grade
TD50/5 (68-72)[60,179]
Oesophagus
3-5 acute oesophagitis[54]
60 Gy resulted in Grade 3
toxicity in 42%[182]
Radiation can lead to late
stricture and/or perforation
of the oesophagus[53,60]
40 Gy: Severe late toxicity
TD5/5; (50-60)
Stomach
in 7% including ulceration,
TD50/5 (65-70)[60,179]
gastritis and small-bowel
obstruction/perforation[183]
Elevated liver enzymes in
TD5/5; (30-50)
Liver
5%[184]
Small intestine
(31.3-37 Gy resulted in RILD
TD50/5; (40-55)[60,179]
in 9.4%[66,185]
45 Gy cause 5% Grade 3-4
TD5/5; (40-50)
toxicity and 14% with concurrent chemotherapy[71]
Diarrhoea, abdominal pain in TD50/5; (55-60)[60,179,180]
20-70%[72]
Transmural fibrosis leading to obstruction in
5%-10%[68,77-78]
Intestinal fistulation occurs at
Colon and
a rate of 0.6% to 4.8%[68,79]
rectum
50 Gy 5 year estimate of
small bowel obstruction is
11%[186]
Colitis in 25%-50% of paColon
tients[186]
Grade 2-3 acute proctitis
TD5/5; (45-55)
40%[91]
Chronic rectal symptoms in
TD50/5 (55-65)[60,179,180]
6.7%-31%[91]
Acute symptoms of anus
Rectum
TD5/5; (60-61.38)
and rectal injury occur in up
TD50/5 (80-81.38)[60,179,180]
to 75% of patients during
radiotherapy[187]

Stomach and duodenum
Gastric injury during radiotherapy occurs when the stomach falls within the radiation field of an adjacent tumour.
Nausea, vomiting, dyspepsia and abdominal pain has
been reported to occur early after radiotherapy to the
upper abdomen in 50% of patients[58]. These symptoms
result from acute mucosal injury causing erosions and ulceration of gastric and duodenal mucosa.
Later symptoms include chronic dyspepsia and abdominal pain due to chronic ulceration secondary to mucosal injury[59]. Rarely, gastric wall fibrosis can lead to gastric outlet obstruction. The radiation dose associated with
5% and 50% of patients risk of delayed gastric toxicity in
5 years (TD5/5 and TD50/5) have been estimated at 50
Gy and 65 Gy respectively for gastric ulceration or perforation. An accurate data on dose-volume constrain for
partial gastric irradiation is not available. However, the
threshold dose of 45 Gy to the whole stomach has been
associated with ulceration in 5%-7% of patients[60,61].

TD5/5: Radiation dose associated with 5% of patients’ risk of delayed
toxicity in 5 years; TD50/5: The radiation dose associated with 50% of
patients’ risk of delayed toxicity in 5 years. RILD: Radiation-induced liver
disease.

is difficult to treat. Severe symptoms may require therapy
interruption, or the provision of an alternative nutritional
route to avoid dehydration and malnutrition. Therefore,
elective percutaneous endoscopic gastrostomy tube insertion before radiotherapy is a recognized practice and it is
associated with improved quality of life and a lower rate
of hospital admissions[51,52]. In severe cases, acute radiation oesophagitis can lead to more serious complications
such as significant bleeding or oesophageal perforation[53].
Clinical predictors for acute oesophageal toxicity
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Liver injury
Following irradiation to the liver, radiation induced liver
disease can occur in patients with normal pre-radiotherapy liver function, causing anicteric hepatomegaly and
mild alkaline phosphatase serum level elevation. A more
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severe derangement of liver function occurs in patients
with pre-existing liver disease[62]. Radiation induced liver
disease can progress to fibrosis, cirrhosis, and liver failure[63]. Abdominal imaging with computed tomography
scan or magnetic resonance imaging can be helpful to
show low-attenuation injury areas or areas of atrophy in
the irradiated liver segment[64].
Risk factors for radiation induced liver disease include
baseline liver dysfunction, Hepatitis B virus carrier status[65], mean dose > 30 Gy for partial liver radiotherapy,
concurrent chemotherapy and volume of liver irradiated[66,67].

Chronic diarrhoea following radiotherapy can result
from different pathophysiological processes such as bile
salt malabsorption, bacterial overgrowth, fat malabsorption, rapid intestinal transit or lactose intolerance[74]. More
chronic symptoms occur as a result of pathological abnormalities to the intestinal vascular compartment resulting in intestinal ischemia as well as progressive intestinal
fibrosis leading to structural abnormalities such as strictures and fistulation. Bacterial overgrowth contributes to
malabsorption and diarrhoea, particularly in patients with
intestinal strictures[73,75].
Intestinal obstruction can complicate 5% to 10% of
severe small intestinal radiation injury[76]. The rate of severe small intestinal complications following radiotherapy
for rectal cancer can vary considerably depending on
the tumor and treatment characteristics, Reports indicate rates of 0.8% to 13% for small intestinal obstruction[68,77,78] and 0.6% to 4.8% for intestinal fistulation[68,79].
Patients with severe small intestinal injury have a poor
prognosis since surgery to manage strictures is complex
and has been associated with poor outcomes[73,80].

Small intestine
The small intestine receives irradiation during radiotherapy of pelvic or abdominal malignancies. The degree of
injury depends on the radiation dose and the volume of
intestinal segment that falls within the radiation field[68,69].
Significant correlation has been suggested between the
volume of irradiated small bowel and the likelihood of
acute toxicity, regardless of the radiation dose delivered[70]. Other predictors of acute small intestine toxicity
include the use of concurrent chemotherapy. This effect
has been reported in 186 cervical cancer patients who
received 45 Gy preoperative pelvic radiotherapy alone
where 5% of patients experienced Grade 3-4 toxicity in
comparison to 14% of 183 patients who received radiotherapy and weekly cisplatin[71]. The relatively fixed portions of the small intestine such as the duodenum and
the terminal ileum are at increased risk of radiation toxicity as they are more susceptible to receive higher doses of
radiation than the mobile parts of small intestine.
The radiation dose associated with delayed small
bowel toxicity have been estimated by Emami et al[60]. The
TD5/5 and TD50/5 doses for one third of small bowel
irradiation were estimated at 50 Gy and 60 Gy respectively. The TD5/5 and TD50/5 for the whole-organ irradiation were 40 Gy and 55 Gy respectively. These doses
estimates remained as a guide for two decades and more
recent data were consistent with these ranges[60,61].
Clinically, nausea, vomiting and abdominal pain are
early symptoms that can occur during the first two weeks
following abdominal radiotherapy, and may be mediated
by the release of inflammatory cytokines following radiotherapy. Diarrhoea and abdominal pain occur during the
first two weeks of radiotherapy to abdominal or pelvic
malignancies in 20% to 70% of patients[72]. This may be
a result of direct radiation injury to the small intestinal
mucosa causing epithelial atrophy, and reduced mucosal
blood flow[73].
The acute symptoms usually settle within three weeks
after completion of radiotherapy and the intestinal epithelium regenerates from stem cells at the base of the
crypts.
Delayed symptoms of radiation small intestinal injury
manifest months to years after radiotherapy with symptoms of diarrhoea, recurrent abdominal pains and malabsorption.
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Colon and rectum
During abdominal and pelvic radiotherapy, the colon and
rectum are commonly affected as their anatomical locations fall within the radiation field of a variety of cancers.
The fixed portions of the colon, the caecum and the rectum are at greater risk of receiving higher doses of radiation than the remainder of the colon.
Acute radiation injury to the rectum and anal canal
can result in a diversity of symptoms such as abdominal
pain, diarrhoea, tenesmus, rectal pain, urgency, rectal
discharge, incontinence, and fresh rectal bleeding. These
symptoms occur primarily as a consequence of direct
mucosal damage[81-83]. Acute radiation injury to the colon
can be severe and in 5%-15% can lead to therapy interruption or treatment plan alteration[84].
A recent study showed that 47% of women who
received radiotherapy for cervical or endometrial cancer
reported symptoms of radiation intestinal injury affecting
quality of life within 3 mo following therapy completion[85]. These results are consistent with a previous structured questionnaire study[86] which showed that 53% of
patients had reported bowel symptoms significantly affecting their quality of life, whilst 81% of patients in the
study described new-onset gastrointestinal problems after
receiving radiotherapy.
The recent data on dose-volume effect in radiation
induced rectal injury was reviewed by Michalski et al[87].
The incidence of Grade > 2 injury from different studies was variable according to dose, treatment parameters
and scale used in each study. Among the recent studies
reported, an incidence of 13.5% and 16% of Grade >
2 rectal injury. Identified predictors for Grade > 2 rectal
injury or rectal bleeding include the volume of the rectum irradiated and a total radiation dose > 60 Gy during 3-dimensional conformal radiotherapy. The effect
of concurrent chemotherapy has been observed in the
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European Organization for Research and Treatment of
Cancer study where patients received 45 Gy preoperative
radiotherapy or radiotherapy and 5-flurouracil (5-FU).
Grade > 2 diarrhoea occurred in 17% of radiotherapy
alone group compared to 38% of radiotherapy and 5-FU
group[88].
Delayed symptoms of radiation colonic injury are
insidious and usually follow a progressive course. They
can manifest after a latent period of few months or
years. One study has reported a 15% incidence of bowel
toxicity 20 years after receiving radiotherapy in a cervical cancer cohort[89]. Severe life threatening complications occur after radiotherapy such as fistulation, sepsis,
perforation or bleeding at a rate between 4%-8% within
5-10 year time after radiotherapy[90]. Patients suffer from
a variety of symptoms, such as abdominal pain, changing
bowel habits with intermittent diarrhoea. Constipation
can result from altered colonic motility due to fibrosis
and stricture formation. An abnormal bowel transit can
manifest as recurrent pain and increased risk of obstruction or pseudo-obstruction secondary to fecal loading.
Excessive fibrosis can cause loss of ano-rectal compliance and manifests as urgency and frequency[73]. Faecal
incontinence has been reported in up to 20% of patients
and significantly reduces patients’ quality of life[86,91].
Unlike radiation injury to the small bowel, radiation
injury to the colon does not compromise nutrient absorption and malabsorption is uncommon[73].
Adverse effects of radiation to the pelvis primarily
affect the colon and the rectum. However, other organs
can be irradiated causing increased morbidity for example
injury to the urinary tract or the genital system resulting in symptoms affecting quality of life were reported
in 30% of patients[92-95]. A rare but serious complication
of prostate brachytherapy is recto-vesical fistula which
occurs with a low frequency of 1 in 250 to 1 in 1000 patients implanted[96-98].
Radiation exposure increases the risk of a secondary malignancy. Patients who received radiotherapy were
shown to have significantly higher risk of developing
second cancers both overall and in the areas that were exposed to the radiation field[99]. In an analysis of testicular
cancer survivors which included 28 843 men, the risk of
a second cancer was estimated. The patterns of second
cancer suggested that many factors may be involved,
including previous treatment received, but the precise
roles of different factors is still to be clarified. It has been
reported that secondary leukaemia was associated with
both radiotherapy and chemotherapy, whereas excess
cancers of the stomach, bladder, and possibly pancreas
were associated mainly with radiotherapy[100]. This risk
also includes colorectal cancer, which can occur more
than 10 to 20 years after radiation exposure[99,101].

ed to influence the susceptibility to intestinal radiation
injury. It was reported that older patient age is associated with an increased risk of developing reduced organ
function after radiotherapy[102-104]. Body habitus has been
reported as another susceptibility factor, where thin patients with narrow antero-posterior diameter can suffer
an increased risk of intestinal radiation toxicity compared
to normal individuals[36]. Smoking status has been associated with risk of chronic intestinal toxicity[20,105] as well as
previous history of surgery[13,35,36].
Medical co-morbidities
Vascular disease: Co-morbid vascular disease such as
hypertension, diabetes mellitus and atherosclerosis were
suggested to predispose patients to an increased vascular
injury following radiation and subsequent intestinal wall
ischemia and impaired tissue repair[74]. The microocclusive vascular disease in addition to increased blood viscosity in diabetes mellitus were suggested to predispose
to intestinal tissue ischemia[106,107]. One study investigated
the possible effect of diabetes mellitus during prostate
cancer radiotherapy. The study reported higher rates of
late genitourinary/gastrointestinal toxicities in diabetic
patients than in non-diabetics (34% and 23% respectively). It was also noticed that diabetics developed complications earlier than the non-diabetics (10 mo and 24 mo
respectively)[108].
Inflammatory bowel disease: Co-morbid inflammatory
bowel disease (IBD) is considered in some institutions as
a relative contraindication to radiotherapy for concerns
of greater risk of acute and late side effects[109-111]. Intolerance to radiotherapy in IBD patients has been demonstrated in case reports[112,113] and in a larger retrospective
analysis where the incidence of severe acute and late
events was 21% and 29% respectively[114,115]. However, in
a large retrospective analysis in patients with colorectal
cancer, the data on treatment modality received for 170
colorectal cancer patients with history of IBD found
no significant difference in cancer treatment modalities
between patients with or without history of IBD. This
observation points out that a history of IBD was not a
barrier to receive radiotherapy treatment in this patient
group[116].
It has been postulated that co-morbid IBD and intestinal inflammation may alter the acute tissue response to
radiotherapy through inflammatory mediators, growth
factors and cytokine cascades produced at the site of
intestinal injury. Some mediators and cytokines were
suggested to decrease the sensitivity to radiation injury
e.g., fibroblast growth factor 2, prostaglandin-E2, tumor
necrosis factor-α and interleukin (IL)-1 and IL-11. However, others were suggested to have mixed effects e.g.,
IL-12 protecting bone marrow-derived cells but sensitizing intestinal epithelial cells to radiation injury[117-123].

PATIENT RELATED RISK FACTORS
Patient factors and individual variations
Individual patient phenotypic factors have been suggest-
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Collagen vascular diseases: Collagen vascular diseases
(CVD) increases the risk of both acute and chronic radia-
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tion toxicity, as has been reported by Chon et al[105] in 4
different studies in patients with and without CVD. On
the other hand, radiation may cause an acute exacerbation
of systemic symptoms in patients with CVD[124], possibility through release of fibroblast-triggering mediators by
the inflammatory cells[105].

Candidate gene studies, [single nucleotide polymorphism (SNP) association studies] have investigated the
role of many genes which have been linked to different
elements of the mechanisms related to the pathogenesis of radiation toxicity. Genes investigated include
those involved in DNA repair such as ATM, BRCA1,
BRCA2[142,143], apoptosis such as TP53, BCL2[144,145], antioxidant enzymes such as SOD1[146], and growth factors
FGF2[147,148] and VEGF[147,148]. In this regard, an association has been suggested between candidate SNPs in the
genes TGFB1, SOD2, XRCC3, XRCC1 and late radiation
toxicity in breast cancer patients[133,149]. Similarly, SNP association studies in pelvic tissue have suggested correlations between some risk genes such as XRCC1, XRCC3,
TGFB1, OGG1 and an increased risk of developing late
gastrointestinal and genitourinary radiation toxicity following radiotherapy[150-152].

Human immunodeficiency virus infection: It has been
reported that human immunodeficiency virus (HIV) infection induces a state of radiosensitivity because severe
mucositis was observed in HIV patients who received
radiotherapy for the treatment of Kaposi sarcoma[125,126].
Support for this hypothesis was found by an increased
radiosensitivity of skin fibroblasts of HIV patients with
Kaposi sarcoma compared to healthy control[127]. It was
also noted in a study involving 59 HIV positive patients
that T-lymphocytes of HIV infected individuals were
considerably more sensitive to X-rays compared to that
of HIV negative donors[128]. Housri et al[129] reviewed the
recent evidence and suggested recommendations for
radiotherapy in HIV patients, based on the strength of
the best available evidence, and classified according to
Strength of Recommendation Taxonomy. There was no
conclusive evidence to support the need for special precautions for HIV patients during radiotherapy[130].

MECHANISMS OF RADIATION INJURY
Ionising radiation induces double strand breaks in DNA.
This triggers activation of a signalling pathway that leads
to activation of tumour suppressor p53. Depending on
the extent of the DNA damage, which depends on the
radiation dose, and on other factors in the cellular milieu,
p53 activation leads to cell cycle arrest and DNA double
strand break repair, or apoptosis. In cancer radiotherapy,
apoptosis of tumour cells is the desired outcome. However, intestinal crypt epithelial cells are quite sensitive to
radiation and the killing of these cells leads to mucosal
injury[153,154]. Specifically, when the dose of radiation is
sufficient to kill all of the epithelial stem cells in a crypt,
then as the epithelial cells migrate up the crypt and are
eventually shed into the intestinal lumen; the crypt cannot be repopulated with epithelial cells, and consequently
involutes. When this happens to a large proportion of
crypts in a region of intestine, normal barrier function is
lost which leads to the exposure of the normally sterile
lamina propria to luminal microbes. This triggers an acute
inflammatory response associated with immune cellular
infiltrates; T lymphocytes, macrophages and neutrophils
causing loss of epithelial cells as well as degradation of
the extracellular matrix in the lamina propria due to enzymes and mediators released by the immune cells[155].
A further damage to the mucosal and submucosal tissues are caused by reactive oxygen metabolites which are
produced in large amounts by activated leukocytes in the
inflamed mucosa and this can induce significant damage to various cellular components, including structural
and regulatory proteins, carbohydrates, lipids, DNA, and
RNA[31].
During radiotherapy, ionising radiation kills crypt epithelial stem cells. As a result, crypts involute and epithelial
barrier integrity is lost. This provides access of luminal
microbes and their products to innate immune cells in
the lamina propria, with activation of immune cells. An
impaired recognition of bacterial translocation can further exacerbate the inflammatory process and promote

Genotypic variations
It has been suggested that patient’s genotype may impact
their individual susceptibility to radiation toxicity. This
can occur through inherited germ-line mutations in genes
involved in DNA damage detection, DNA repair or cell
cycle regulation[131-133]. Recently the term Radiogenomics
has been introduced to refer to the science that aims to
predict clinical radiosensitivity and to optimize radiotherapy treatment from individual genetic profiles[134].
Genetic variations are thought to be a key determinant of normal tissue radiosensitivity and may account
for up to 80% of the inter-individual variations in normal tissue reaction to radiotherapy[135,136]. Support for
this hypothesis was provided in a study of breast cancer
radiotherapy, which reported the incidence and time
to development of radiation-induced telangiectasia[137].
The results of the study revealed a wide range of variation suggesting that patient-related factors can explain
81%-90% of the patient-to-patient variation in telangiectasia level seen after radiotherapy despite similar radiation
treatment given. The results further supported reports of
other studies[138,139].
The state of extreme tissue radiosensitivity which has
been identified in patients with germ-line mutations in
genes involved in DNA damage detection or DNA repair
e.g., Nijmegen breakage syndrome, Fanconi’s anemia and
Ataxia telangiectasia has supported the potential role of
genetic variations as an important determinant of individual’s radiation response. Nevertheless, this risk is probably confined to patients and carriers of those mutant
genes and is not known to be relevant to other patients
receiving radiotherapy[31,45,140,141].
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on epithelial stem cell survival[168,170].
Formation of new blood vessels (angiogenesis) is a
crucial requirement for tumour growth and survival[171].
The tumour vasculature is prone to hypoxia which results
in further production of proangiogenic factors by tumour
cells. Angiogenesis inhibitors target tumour endothelial
cells and cause inhibition of new vessel formation and a
transient tumour hypoxia[172,173]. Although tumour hypoxia
has been linked to increasing tumour radio-resistance,
studies have shown that the administration of angiogenesis inhibitors improves tumour oxygenation and response
to radiotherapy[174-177]. Different mechanism has been
suggested for the radio-sensitising effect of combining
angiogenesis inhibitors with radiotherapy[173]. Mazeron et
al[178] has recently reviewed the clinical trials on angiogenesis inhibitors, but despite the promising value of these
new agents, the biological basis for their synergistic effect
and the safety and efficacy of these agents are still to be
determined.

stricture formation by two possible mechanisms. The
bacterial wall antigens could causes a secondary excessive
up regulation of pro-inflammatory transcription factors,
such as nuclear factor kappaB[156]. This might be followed
by prolonged macrophage activation and induction of
NADPH oxidase expression[157] leading to a further increased in oxygen radical secretion to eradicate bacteria
leading to further tissue destruction[155]. Meanwhile translocated bacteria could directly stimulate neighboring mesenchymal cells via pattern recognition receptors leading
to increased activation of immune cells[156,158].
The acute inflammatory process continues but eventually, after the cessation of radiation, through poorly understood mechanisms, crypts start to regenerate and this
restores normal epithelial barrier function, which is followed by resolution of inflammation[159]. In some patients
this inflammatory process becomes exaggerated for unknown reasons with severe ulceration and inflammatory
process runs a chronic course characterised by extensive
fibrosis and intestinal ischemia[160,161]. Recent observations
in animal models of radiation injury indicate that repair
after radiation may depend on the recruitment of mesenchymal stem cells from the bone marrow to the site of
radiation injury. Mesenchymal stem cell mobilization and
engraftment is thought to be induced by cytokines and
potentially specific homing induced by chemokines, all of
these are released by inflammation[162,163].
The final pathological outcome of the radiation injury
in the intestinal tissue will depend on a complex crosstalk
between various cellular components of the tissue within
the extracellular matrix which eventually determine
the process of tissue recovery or long term complications[73,164].
Radiation injury to the vascular compartment is th
ought to be a key feature in the pathological processes
of intestinal radiation injury as well as an important determinant of both acute and chronic effects after radiotherapy[165,166]. It has been regarded as a major component
in the initiation, progression and maintenance of delayed
intestinal tissue damage and enhanced fibrosis which lead
to loss of mucosal function and stricture formation[167,168].
Endothelial cell apoptosis has been implicated as the
primary lesion leading to epithelial stem cell dysfunction and subsequent intestinal tissue damage following
radiotherapy. Support for this hypothesis was found by
identifying a state of radioresisitance following inhibition
of endothelial apoptosis in experimental mice. Radiationinduced crypt damage, organ failure, and death from
radiation injury were all prevented when the endothelial
apoptosis was inhibited pharmacologically, by the administration of fibroblast growth factor or genetically by
deletion of the acid sphingomyelinase gene[169]. However,
subsequent studies challenged this concept by demonstrating an epithelial cell apoptosis at lower radiation
doses which is insufficient to cause endothelial cell death.
This result has been enforced further by experiments
using high dose Boron therapy radiation, specifically targeted to the endothelium. The results showed no effect
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CONCLUSION
Intestinal radiation injury is a significant clinical issue
which is expected to increase in prevalence due to improved survival of cancer patients as well as to increased
availability of radiotherapy as an affordable treatment option. Radiotherapy treatment can cause a wide variety of
gastrointestinal side effects. Following radiation injury to
the gastrointestinal tract, symptoms can present acutely
or after a long period of time. Although severe intestinal
injury is less common with the development of advanced
radiotherapy planning and delivery techniques, a less
severe degree of injury is common and continues to affect a considerable proportion of patients, significantly
reduces their quality of life, ands an extra burden to the
cost of health care. The accurate diagnosis and management of intestinal radiation injury represents a clinical
challenge to practicing physicians in both gastroenterology and oncology. Despite the growing recognition of
the problem and some advances in understanding the
cellular and molecular mechanisms of radiation injury,
relatively little is known about the pathophysiology of intestinal radiation injury or the exact factors that aggravate
it. Patient and treatment related risk factors have been
suggested although the exact influence posed by these
factors is still to be better characterized. Combined modality therapies for cancer are commonly used and they
increase the risk of radiation toxicity and further add to
the problem. Medical co-morbid diseases such as vascular
disease, inflammatory bowel disease and collagen vascular
disease can pose a significant risk that can affect patient
suitability to receive radiotherapy treatment. Genotypic
variations can influence the risk of gastrointestinal radiation injury but future research findings on this area are
needed to assess their clinical importance. A better understanding of the pathophysiology of radiation injury
may provide the opportunity to develop more effective
preventive and therapeutic strategies.
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Abstract
With the recent advances in detection and treatment of
cancer, there is an increasing emphasis on the efficacy
and safety aspects of cancer therapy. Radiation therapy
is a common treatment for a wide variety of cancers,
either alone or in combination with other treatments.
Ionising radiation injury to the gastrointestinal tract is
a frequent side effect of radiation therapy and a considerable proportion of patients suffer acute or chronic
gastrointestinal symptoms as a result. These side effects often cause morbidity and may in some cases
lower the efficacy of radiotherapy treatment. Radiation
injury to the gastrointestinal tract can be minimised by
either of two strategies: technical strategies which aim
to physically shift radiation dose away from the normal
intestinal tissues, and biological strategies which aim to
modulate the normal tissue response to ionising radiation or to increase its resistance to it. Although considerable improvement in the safety of radiotherapy treatment has been achieved through the use of modern
optimised planning and delivery techniques, biological
techniques may offer additional further promise. Dif-
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INTRODUCTION
External beam radiotherapy is a common treatment modality for wide varieties of cancers. Approximately 70% of
all cancer patients receive radiotherapy during the course
of their disease, while radiotherapy plays a central role in
25% of all cancer cures[1-2]. Radiotherapy is a cost effective treatment, accounting for only 5% of the total cancer
care expenditure[3]. This estimate has increased over the
last decade with the wide use of modern technological innovations in simulation, delineation, dose calculation and
radiation treatment delivery[4].
Gastrointestinal radiation injury is an important problem for two main reasons. First, it causes morbidity associated with a significant economic burden[5] and a significant
reduction in patient’s quality of life[6,7]. Second, it limits the
dose of radiation that can be used to control cancer, as
radiotherapy-related side effects often limit the tolerability
for patients. Clinical manifestations of gastrointestinal
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radiation injury can present acutely during or soon following radiotherapy due to acute mucosal injury and inflammation or they can present insidiously within few months
or years after radiotherapy due to a chronic process of
transmural fibrosis and vascular sclerosis.
Radiation toxicity to the gastrointestinal tract can be
reduced by either of two strategies: technical strategies,
which aim to physically shift the radiation dose away
from the normal tissues or through biological strategies
which aim to modulate the cellular and tissue response to
ionising radiation.

The mean reduction in dose to the anterior rectal wall
was 50% with no rectal toxicity reported[14].

Attention to detail regarding both radiotherapy planning
and radiation delivery methods can minimise the risk of
intestinal toxicity during pelvic radiotherapy. Multiple
field planning and delivery can reduce the radiation dose
to normal intestine as well as minimise the volume of
small intestine exposed to radiation in the pelvis[8].

Prophylactic surgical techniques
Various prophylactic surgical therapies were also employed to reduce the small intestinal exposure during pelvic radiotherapy such as insertion of biodegradable mesh
slings, intra-pelvic breast prostheses or omentoplasty
during operative resection whenever postoperative radiotherapy may be indicated[15-20]. Mesh slings were found to
reduce the volume of small intestine exposed by 50%[21,22]
while other techniques such as pelvic reconstruction,
omentoplasty and transposition of the large bowel were
found to reduce the volume of bowel at risk by 60%[22,23].
Prostate gland immobilization and rectal wall sparing has
been suggested by the use of endorectal balloons during prostate cancer radiotherapy. Endorectal balloons are
reported to be well tolerated by patients and showed a
significant rectal wall sparing effect during three-dimensional conformal radiotherapy and intensity-modulated
radiotherapy for prostate cancer[24,25].

Physical manoeuvres and tissue expander techniques
The impact of different physical measures such as patient
position during pelvic radiotherapy have been evaluated
in a randomized trial of supine and prone positioning in
patients undergoing conformal radiotherapy for prostate
cancer. There were significant improvements for small
bowel, rectal wall and bladder wall doses in the supine
position[9].
Another study utilised combined manoeuvres to displace the small intestine from the pelvis during radiotherapy by bladder distension, lower abdominal wall compression with the patient in prone position using two-field
and four-field planning radiographs of contrast-enhanced
small bowel[10]. The results demonstrated in 50% of patients the four-field volume of pelvic small bowel was
significantly less in the prone position than in the supine
position. Similarly, other techniques such as the use of a
“belly board” while the patient is in the prone position
where the opening in the table allows the abdomen to
fall below the level of the table, displaces the small bowel
by the effect of the gravity during radiotherapy. These
technique were found to reduce the volume of the small
intestine within the pelvis by a mean of 66%[11].
Pre-treatment small bowel contrast studies can assess
the location and mobility of the small bowel and hence,
determine the optimum treatment position that could minimise the volume of small intestine within the pelvis[12].
Tissue expander techniques have been used to minimise
the volume of exposed small bowel within the irradiation
field during abdominal and pelvic external beam radiotherapy. Studies have shown a reduction of 50% in the
risk of chronic intestinal complications with the use of
intra-pelvic tissue expander[13]. Other techniques used to
minimise the radiation dose to the rectum include transperineal injection of human collagen to increase the distance between the prostate gland and anterior rectal wall.

Optimised planning and delivery techniques
A significant improvement in the safety of radiotherapy
treatment has been achieved through the use of optimised planning and delivery techniques which aim to
reduce the field size, focus the radiation beam into the
lesion and minimise the volume of exposed surrounding
tissues in the radiation field[10]. Multiple field arrangements may also reduce normal tissue toxicity during pelvic radiotherapy.
The dose-volume histogram is a plot of a cumulative dose-volume frequency distribution, that graphically
summarizes the simulated radiation distribution within
a volume of interest of a patient which would result
from a proposed radiation treatment plan[26]. It provides
a graphic display of a simulated radiation treatment plan
and generates valuable information on the dose distribution within the volume of interest[27]. The dose-volume
histogram is used to predict the development of radiation toxicity and to identify low and high risk patient
groups[28]. Careful review of the dose-volume histogram
of both the intended targets as well as the structures of
avoidance constitutes a standard part of the assessment
of the radiation treatment plans in modern radiation
therapy.
Three-dimensional conformal techniques which com
prise computerised tomography scanning simulation
techniques and intensity modulated radiation therapy are
associated with a reduced risk of normal tissue toxicity
and allow a higher radiation doses to be used compared
to conventional two dimensional methods[29-32]. Computerised tomography scan simulation techniques were found
to reduce the volume of the bowel unintentionally irradiated by 5% compared to conventional radiotherapy[33].
Intensity modulated radiation therapy allows clear
definition of both target lesions and surrounding normal
tissues and hence the ability to apply two different inten-

TECHNICAL STRATEGIES FOR
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sities of radiation (high and low) within the same treatment field[34,35]. It represents the ultimate combination of
treatment planning and delivery which provides the most
flexible delivery of radiation to complex targets while
minimising radiation doses to surrounding critical structures. It does so by utilizing sophisticated planning algorithms such as inverse planning and multiple small beams
of varying intensity, to optimally deliver the treatment.
Intensity modulated radiation therapy was associated with
a significant reduction in toxicity following pelvic radiotherapy in prostate cancer patients[36]. It was also associated with a reduction of 15%-18% in intestinal volume
unintentionally irradiated compared to conventional two
dimensional radiotherapy, and a 10%-13% reduction in
intestinal volume unintentionally irradiated compared to
three-dimensional computerised tomography simulation
techniques[33]. Furthermore, intensity modulated radiation
therapy has been found to reduce acute and late toxicity
and maintains good long term quality of life even when
high radiation doses are administered to prostate cancer
patients[37-39]. In 208 head and neck cancer patients treated
with intensity modulated radiation therapy it was found
that intensity modulated radiation therapy was associated with reduced late toxicities without jeopardising local cancer control and overall survival[40]. The long-term
quality of life has been compared among survivors of
head and neck cancer patients whom were treated with
either intensity modulated radiation therapy or threedimensional conformal radiotherapy. The study results
have shown that the early improvement in quality of life
associated with intensity modulated radiation therapy was
maintained and become more magnified over time[41].
Brachytherapy is another advanced technique in
which the source of radiation is implanted within the
malignant tissues (interstitial brachytherapy) or within
a cavity in its immediate vicinity (intra-cavitary brachytherapy). The sources can be permanently inserted and
emits their radiation over a prolonged period of time (low
dose rate) or temporary and emit over a short period
(high dose rate). In this fashion, a high radiation dose is
limited to the target lesion sparing the surrounding normal tissues. Brachytherapy alone or in combination with
external beam radiotherapy can reduce normal tissue toxicity without compromising treatment efficacy in prostate
cancer[42,43]. Brachytherapy can be an option for patients
with history of inflammatory bowel disease and it is well
tolerated in low risk prostate carcinoma[44].
Combining target definition on a daily basis and adjusting the treatments to account for target motion is
referred to as image guided radiotherapy techniques[45].
Stereotactic radiation therapy can focus an extremely
narrow ionizing radiation beam on a small target from
different directions using an immobilisation system. The
high accuracy of this technique has enabled targeting a
small lesions such as brain metastatic lesions[46]. Stereotactic radiation therapy uses a small number of high doses
of radiation to target small lesions. It has been used in
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the treatment of early-stage non-small-cell lung cancer,
prostate cancer, renal-cell carcinoma, and liver cancer,
and in the treatment of oligometastases in the lung, liver,
and spine[47]. Stereotactic radiation therapy is associated
with high local control rates of cancer[48] and it was evaluated in the treatment of prostate cancer using an accelerated form of hypofractitionation through fewer but
larger treatment fractions. The early results of this new
technique suggest that it may induce an initial prostate
specific antigen response similar to that seen with conventional fractionation radiotherapy but with fewer acute
side effects. Disease control and chronic toxicity have not
yet been fully evaluated[49]. The use of higher (often > 10
Gy) daily radiation doses in stereotactic radiation therapy
needs to be carefully considered in view of the potential
for more severe side effects[50]. The impact of the image
guided radiotherapy techniques has been shown in a large
study with 331 patients treated with high-dose intensity
modulated radiation therapy with fiducial marker-based
position verification for prostate cancer which allowed
daily correction of the prostate position using the fiducial markers. The results showed that high dose was well
tolerated with lower rate of acute toxicity, which provide
possibilities for further dose escalation[37].
High-energy proton beams stop abruptly in the tissue at the end of their range and deposit most of their
energy there, in this fashion, they provide dose distributions that are superior to X-rays when used in comparable beam configurations[51] In addition, they are more
densely ionising along their treatment path, and therefore
a higher quantum of energy to kill the cancer cell and
high linear energy transfer. With proton beam radiation
therapy a smaller volume of normal tissues is irradiated
at high dose levels for most anatomic sites than is feasible
with any photon technique[52]. Clinical studies have shown
that proton beam therapy in patients with hepatocellular
carcinoma has been shown to be effective, safe and well
tolerable[53]. Proton beam therapy allows large tumour
volumes to be irradiated to high doses without significant
dose exposure to surrounding normal tissue which make
it a promising modality for the treatment of large-volume
tumours[54]. However, they have yet to show significant
advantages in comparison with the conventional radiation
therapy.

MEDICAL THERAPY FOR
GASTROINTESTINAL RADIATION INJURY
Although technical strategies have achieved a significant
degree of normal tissue protection during radiotherapy
delivery, biological strategies may offer additional future
promise. A wide variety of pharmacological agents, nutritional supplements, biological response modifiers, and
dietary measures have been investigated for potential
benefit to prevent or minimize the severity of intestinal
tissue injury induced by ionising radiation exposure.
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small studies which are often from a single centre. In
addition, the results reported in many studies are often
directly related to the radiation toxicity scale in use and its
sensitivity, specificity as well as to methods of interpretation and grading of symptoms reported by patients.

SUPPORTIVE TREATMENT
Patient selection for radiotherapy
Patient risk profile for developing radiation toxicity merits
a careful consideration while assessing individual patient
for radiotherapy treatment. Co-morbid diseases such as
vascular disease, hypertension, diabetes mellitus and atherosclerosis[55], inflammatory bowel disease[56-58], collagen
vascular disease[59] and human immunodeficiency virus
(HIV) infection[60,61] have been linked to an increased risk
of toxicity following external beam radiotherapy.

Topical therapy
Topical therapy for radiation proctitis has been tried with
different agents. Local instillation of formalin has been
reported to be effective in the treatment of severe haemorrhagic radiation proctitis[70]. Sodium butyrate enemas
were reported to improve the acute symptoms of radiation proctitis with no impact on the incidence and severity of late proctitis[71]. Steroid enemas and other topical
steroid preparations, commonly prescribed for other anorectal inflammatory conditions have also been in use for
symptom relief in radiation proctitis, but without conclusive evidence of efficacy.
Hyperbaric oxygen was suggested to exert its therapeutic role in chronic radiation proctitis through induction of neovascularization that reverses tissue hypoxia[72,73]
with trophic effect on vasculogenic stem cells[74]. Treatment of chronic radiation proctitis with hyperbaric oxygen has shown promising results in a large randomized
double-blind trial with 120 patients with long term follow
up. Hyperbaric oxygen therapy significantly improved the
healing responses in patients with refractory radiation
proctitis with enhanced bowel-specific quality of life[75].
A recent systematic review demonstrated the therapeutic benefit of hyperbaric oxygen based on the evidence and expert consensus opinion. The review demonstrated its efficacy in patients with radiation damage
to the anus and rectum and refractory chronic radiation
injury[73].

Nutritional status and effect of diet during radiotherapy
Patient general health and nutritional status during radiotherapy may affect outcomes. Measures to improve
patient nutrition such as dietary counselling, oral supplements and intensive nutrition intervention have been
associated with an improved outcome in terms of body
weight, morbidity, and quality of life during and after radiotherapy[62,63]. McGough et al[64] reviewed the efficacy of
nutritional intervention on bowel symptoms during pelvic
radiotherapy in data from 2646 patients. They found no
evidence base for nutritional interventions identified to
mitigate bowel symptoms following radiotherapy. However, the role of probiotic supplements, low fat diet and
elemental diet was recommended for further evaluation.
Subsequent studies on elemental diet identified the difficulty of patients tolerance to large volumes of elemental
diet regimen during radiotherapy period[65,66]. The effect
of high-potency probiotic preparation VSL3 has been investigated in double-blind, placebo-controlled trial of 490
pelvic radiotherapy patients. The results showed more diarrhoea and daily bowel movements in the placebo group
compared with VSL3 recipients[67].
Biological, chemical and pharmacological therapy
Biological, chemical or pharmacological interventions to
ameliorate the effect of radiation injury on gastrointestinal tract can be categorized according to the time of
administration with respect to radiation exposure. Agents
administered prior to radiotherapy for normal tissue prophylaxis are described as radioprotectors. Agents administered during the course of radiotherapy to minimize the
injury are called mitigators, while agents administered to
ameliorate an established injury are called treatment[68].
The complexity of the pathophysiology of intestinal
radiation injury along with the increasing prevalence of
the problem has attracted significant research interest in
exploring the effectiveness of many agents. Treatment of
delayed radiation injury is challenging as it is often refractory to different therapeutic modalities[69].
At the pre-clinical level, there has been a significant
interest to test the efficacy of different agents to modulate the biological process implicated in radiation induced
tissue injury and normal tissue damage (Table 1).
At the clinical level, there are no formal trials to reliably assess the effectiveness of most of the suggested
therapies; hence most of the evidence is obtained from
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Anti-inflammatory agents
Anti-inflammatory agents were suggested to reduce the
severity of acute intestinal inflammation following irradiation. 5 aminosalicylic acid (5-ASA) has been studied, but
most have reported no benefit or even worse symptoms
with the use of 5-ASA compared to placebo[76-79]. Sulphasalazine showed clinical improvement in symptoms in
a case series of four patients[80]. Balsalazide has been suggested to improve proctitis and toxicity grade in patients
undergoing prostate cancer radiotherapy, in a study of 27
patients[81]. Taken together, the clinical evidence on therapeutic role of 5-ASA are not sufficient to recommend
routine use in radiation injury.
Antioxidants
Antioxidants were suggested to have cytoprotective effects by reducing cellular oxidative stress following radiation injury to intestinal tissue. A sustained therapeutic
benefit after 4 wk therapy with vitamin E and C has been
reported in a study involving twenty patients with chronic
radiation proctitis[82]. More studies will be required to assess the therapeutic role of different antioxidant agents.
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Table 1 Examples of putative intestinal radioprotectants tested in pre-clinical studies
Biological agent
Glutamine, arginine enriched diet[103]
Vitamin- E[104]
Captopril[105]
Rofecoxib[106]
Clopidogrel[107]
Thalidomide[108]

Suggested effect/mechanism

Suggested radioprotection

Enhanced mucosal healing
Reduction of oxidative stress
Inhibition of pro-inflammatory enzyme
angiotensin-1-converting enzyme
Selective Inhibition of cyclooxygenases
-2 enzyme
Inhibition of platelets aggregation with
reduced vascular sclerosis
Protection to microvascular bed

Protective effect on rat intestine compared to control
Protective effect on rat intestine compared to control
Protective effect on mouse intestine compared to control

Simvastatin[109]
Glucagon-like peptide-2 (GLP-2)[110]
Octreotide[111,112]

Attenuate endothelial cell injury
Increased mucosal mass
Modulation the inflammatory effects
mediated by over expression of NFκB
Prostaglandin E-2[113]
Pro-proliferative and anti-apoptotic
effect on intestinal epithelium
Anti-Transforming growth factors beta
Biological inhibition of extracellular
receptor[114]
remodeling
Toll like receptor 5 agonist derived
Activation of intestinal immune response
from Salmonella flagellin[115]
via NFκB signalling pathway
Intestinal sterilisation[116]
Reduced number of translocated
Germ-free raised mice
bacteria, sepsis and inflammation
Probiotic bacteria[117]
Restored intestinal microbiota imbalance
(Lactobacillus species)

Amifostine
Amifostine is a scavenger of reactive oxygen species. Its
protective effects have been related to its ability to minimise the injurious effects of free radicals on intestinal
cells[83]. Amifostine has been investigated for both systemic and topical routes of administration during radiotherapy. Intravenous amifostine administered daily before
radiotherapy has been shown to reduce the incidence of
radiation proctitis during pelvic radiotherapy[84,85]. Similarly, rectal suspension of amifostine in two doses (1 g
in 18 patients and 2 g in 12 patients) administrated daily
before radiation therapy for prostate cancer has resulted
in significant improvement in acute and late bowel quality
of life toxicity parameters, more noticeable with higher
doses[86]. Despite the results of these studies and that of
many others, the updated clinical practice guidelines for
the prevention and treatment of mucositis published in
2007[87] concluded that data on amifostine are mostly obtained from small, single-centre studies with conflicting
results. The group concluded that intravenous amifostine
daily administration prior to radiotherapy may prevent
radiation proctitis in patients who are receiving standarddose radiotherapy for rectal cancer (Level Ⅲ evidence,
grade B recommendation)[87].
In previous studies, amifostine has been shown to reduce the incidence of xerostomia in patients during head
and neck radiotherapy[88]. The American Society for Clinical Oncology recommended its use in 2002 published
guidelines[89]. However, the recommendation has been
subsequently withdrawn in the guidelines update in 2008
due to an insufficient data[90].
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Protective effect on rat intestine compared to control
Protective effect on rat intestine
Attenuated injury to rat endothelial cells of micro vascular bed
compared to control
Attenuated delayed intestinal injury in rats
Intestinal trophic and protective effect to rat intestine
Ameliorated inflammation and injury in rat intestine
Increased crypts survival
Reduced intestinal injury and fibrosis compared to IgG treated
control mice
Protective effect to mice intestine
Reduced intestinal cell apoptosis
Reduces intestinal damage, sepsis and death in rodents

Sucralfate
Protection of mucosal cells has been suggested with
sucralfate (aluminium sucrose octasulfate). A beneficial
effect of sucralfate has been previously reported in two
double-blind placebo-controlled studies in patients who
received pelvic radiotherapy. It reported that the frequency of defecation and stool consistency were improved by
sucralfate[91,92]. Sucralfate enemas have been evaluated in
26 patients with radiation-induced proctitis with persistent rectal bleeding and the results showed a reduction
in the severity of rectal bleeding in all patients with sucralfate enemas after four weeks treatment[93]. However,
in another study the therapeutic effect of sucralfate
rectal enemas were evaluated compared to placebo, both
administered during the course of prostate cancer radiotherapy. The results showed no difference in the rate of
rectal bleeding between sucralfate and placebo treated
group after a median follow-up of five years[94]. The therapeutic benefits of oral sucralfate have also been assessed
in a prospective randomised placebo-controlled study on
fifty one patients receiving pelvic radiotherapy. Results
from 44 study subjects showed significantly increased diarrhoea in the sucralfate group which led to cessation of
the trial. The study concluded that sucralfate cannot be
recommended for prophylaxis of acute radiation to the
rectum and may even worsen the symptoms[95]. Similarly,
the lack of effect of micronized sucralfate mouthwash
has been reported in a randomized, controlled trial in radiation-induced oral mucositis patients[96]. Despite extensive investigation, clinical data on sucralfate have shown
variable results, which do not support its protective role
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for routine clinical use.

2

ENDOSCOPIC MANAGEMENT, BIOPSY
AND LASER CAUTERY

3

A variety of endoscopic therapies have been tried for the
treatment of chronic radiation injury such as the heater
probe, bipolar electrocoagulation and argon plasma coagulation with newer methods of endoscopic ablation such
as radiofrequency ablation and cryotherapy[97]. Endoscopic treatment has been used primarily aimed to treat bleeding rectal telengectasia. Argon plasma coagulation therapy
has been shown to be effective and safe treatment for
treatment of rectal bleeding resulting from chronic radiation injury[98,99]. Caution should be applied however when
considering the use of these invasive techniques following high dose treatment delivery. For instance the use of
rectal wall biopsy and laser cautery has been associated
with the development of recto-urinary fistulae[100-102] in
men treated with brachytherapy for prostate cancer.

4
5
6

7

CONCLUSION
8

Prevention of gastrointestinal toxicity starts with a thorough assessment of patient risk profile before radiotherapy. There is no prophylactic or therapeutic agent available
to radiotherapy patients proven to mitigate the acute and
chronic symptoms of gastrointestinal radiation injury or
to allow safe radiation dose escalation for better control
of cancer. Many therapeutic agents are in use, but often
with little evidence base. The recent advances in radiotherapy planning and delivery techniques provide a considerable degree of protection to the gastrointestinal during external beam radiotherapy. Newer techniques such
as image guided radiotherapy techniques, stereotactic
therapy and proton beam therapy may confer additional
protection. On the other hand, a better understanding
of the pathophysiology of intestinal radiation injury
will allow the development of more effective biological
strategies that could increase the end organ resistance to
radiation toxicity. In this regard, modulation of various
cellular and cytokine pathways that have been implicated
in the development of the acute pathological process of
radiation injury can give future promise. In addition to
targeting different mechanisms mediating chronic inflammatory and fibrotic process that underlie the delayed
pathological changes in the gastrointestinal tract, such
approaches may provide new therapeutics insights to this
problem.
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Role of sirtuins in ischemia-reperfusion injury
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and, among them, the nuclear/cytoplasmic sirtuin 1
(SIRT1) and the mitochondrial sirtuin 3 (SIRT3) are
ubiquitously expressed in many tissue types. Sirtuins
are known to play major roles in protecting against
cellular stress and in controlling metabolic pathways,
which are key processes during IRI. In this review, we
mainly focus on SIRT1 and SIRT3 and examine their
role in modulating pathways against energy depletion
during ischemia and their involvement in oxidative
stress, apoptosis, microcirculatory stress and inflammation during reperfusion. We present evidence of the
beneficial effects of sirtuins against IRI and emphasize
the importance of developing new strategies by enhancing their action.
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Core tip: Sirtuins are responsible for the regulation of
protein activation by deacetylating a range of proteins
that play important roles in the pathophysiology of various diseases. The present review summarizes the beneficial effects of sirtuins 1 and 3, the two most prominent
sirtuins involved in mammalian energy homeostasis and
oxidative stress. We conclude that both sirtuins might
be attractive targets for counteracting the detrimental
effects of ischemia-reperfusion injury.

Abstract
Ischemia-reperfusion injury (IRI) remains an unresolved and complicated situation in clinical practice,
especially in the case of organ transplantation. Several
factors contribute to its complexity; the depletion of
energy during ischemia and the induction of oxidative
stress during reperfusion initiate a cascade of pathways that lead to cell death and finally to severe organ
injury. Recently, the sirtuin family of nicotinamide adenine dinucleotide-dependent deacetylases has gained
increasing attention from researchers, due to their
involvement in the modulation of a wide variety of cellular functions. There are seven mammalian sirtuins

WCG|www.wjgnet.com

Original sources: Pantazi E, Zaouali MA, Bejaoui M, Folch-Puy E,
Ben Abdennebi H, Roselló-Catafau J. Role of sirtuins in ischemiareperfusion injury. World J Gastroenterol 2013; 19(43): 7594-7602
Available from: URL: http://www.wjgnet.com/1007-9327/full/v19/
i43/7594.htm DOI: http://dx.doi.org/10.3748/wjg.v19.i43.7594

INTRODUCTION
Sirtuins belong to the highly conserved class Ⅲ histone

1417

January 28, 2014|First Edition|

Pantazi E et al . Sirtuins 1 and 3 in IRI

deacetylases with homology to the yeast silent information regulator 2. To date, seven sirtuins have been described in mammals. They posses nicotinamide adenine
dinucleotide (NAD+)-dependent deacetylase activity, with
the exception of sirtuin 4 (SIRT4) which has only ADPribosyltransferase activity, and SIRT1 and SIRT6 which
have not only deacetylase activity but also relatively weak
ADP-ribosyltransferase activity[1]. Their enzymatic activity
depends on their protein expression levels, the availability
of NAD+ and the presence of proteins that modulate
sirtuin enzymatic activity. For instance, SIRT1 expression
increases during starvation or when cells are exposed to
conditions of oxidative stress and DNA damage[2,3].
Sirtuins are found in several subcellular locations,
including the nucleus (SIRT1, SIRT6, and SIRT7), cytosol (SIRT2), and mitochondria (SIRT3-SIRT5). In some
studies, however, SIRT1 has been found to possess cytosolic activity, and SIRT2 has been found to be associated
with nuclear proteins[4].
Several recent studies have shown that sirtuins regulate a wide variety of cellular processes, such as gene
transcription, metabolism and cellular stress response[5-7].
SIRT1, the most studied member of the family, plays
an important role in several processes ranging from cell
cycle regulation to energy homeostasis[8,9]. SIRT3 has
recently been reported to have a considerable impact on
mitochondrial energy metabolism and function[10,11]. In
this review, we will focus mainly on SIRT1 and SIRT3
functions in ischemia-reperfusion injury (IRI).
IRI is one of the most significant problems in graft
injury, contributing to primary graft dysfunction or nonfunction after organ transplantation[12-14]. Many factors
contribute to IRI. First of all, the loss of oxygen supply
during ischemia results in the reduction of adenosine triphosphate (ATP) synthesis and subsequent changes in ion
influx, acidosis and cell swelling which may eventually lead
to cell death. The restoration of blood flow is followed by
an excessive acute inflammatory response triggering the
reperfusion injury. Although the ischemic insult causes significant damage in cells, the tissue injury generated during
reperfusion is much more severe. On reperfusion, oxygen
is suddenly available, and metabolism proceeds rapidly,
resulting in a sudden production of reactive oxygen species (ROS), cytokines and chemokines which increase the
accumulation of inflammatory cells (monocytes, dendritic
cells and granulocytes). In combination with excessive
nitric oxide (NO), ROS are able to induce DNA damage
and activate various types of cell death pathways[15-17].
Understanding the mechanisms involved in the pathogenesis of IRI is the first step to mitigate its adverse
effects. Sirtuins are known to regulate many important
processes in cell physiology, including those affecting
IRI, such as cellular metabolism and stress response. This
makes them potentially appealing targets for therapeutic
interventions against IR-induced injury.

of adenosine monophosphate protein kinase (AMPK),
a fuel-sensing enzyme that is positively regulated by an
increased ratio of adenosine monophosphate to ATP.
When AMPK is activated, it stimulates processes that
restore ATP levels (e.g., fatty acid oxidation) and inhibits
other processes that consume ATP (e.g., protein synthesis)[18]. The activity of sirtuins is directly related to the
metabolic state of the cell due to their dependence on
NAD+. Suchankova and collaborators found that glucoseinduced changes in AMPK are linked to alterations in the
NAD+/reduced nicotinamide adenine dinucleotide ratio
and SIRT1 abundance and activity[19]. These results may
suggest a possible interaction between AMPK and SIRT1
in ischemic conditions. Indeed, an activator of AMPK,
5-aminoimidazole-4-carboxamide-1-β-D-ribofuranoside,
has been found to improve IRI and increase SIRT1 expression in the rat kidney[20]. Furthermore, enhancing the
activity of SIRT1 through the application of resveratrol,
a SIRT1 activator, has been demonstrated to protect
against cerebral ischemia[21].
Another element that plays an essential role in triggering cellular protection and preventing metabolic
alterations caused by oxygen deprivation is hypoxiainducible factors (HIFs). Mammals possess three isoforms of HIFα, of which HIF1α and HIF2α are the
most structurally similar and the best characterized. During hypoxia, protein levels of HIF2α increase slightly,
but it presents significant activation, which suggests that
its activity is regulated by additional post-translational
mechanisms. One of these post-translational modulations may be deacetylation, since in hypoxic Hep3B cells
SIRT1 deacetylates lysine residues in the HIF2α protein,
enhancing its transcriptional activity[22].
Additionally, SIRT1 interacts with HIF1α, but in this
case SIRT1 represses HIF1α transcriptional activity[23].
Under hypoxic stress, decreased cellular NAD+ downregulates SIRT1, increases HIF1α acetylation, and thereby
promotes the expression of HIF1α target genes[23]. Interestingly, other studies have shown that HIF2α compete
with HIF1α for binding to SIRT1[24]. Moreover, it has
been demonstrated that SIRT6 is also linked to HIF1α
by repressing the transcription of HIF1α target genes[25].
Likewise, the effects of SIRT3 appear to be protective
in the context of hypoxic stress in human cancer cells.
SIRT3 overexpression resulted in decreased ROS production, impediment of HIF1α stabilization and subsequent
suppression of tumorigenesis[26,27]. However, the effect
of SIRT3 in HIF1α stabilization in IRI has not been reported to date.
One of the most important factors involved in the
metabolic control regulated by SIRT1 is peroxisome
proliferator-activated receptor-γ coactivator 1α (PGC1α),
a transcriptional co-activator of many nuclear receptors
and transcriptional factors. SIRT1 functionally interacts
with PGC1α and deacetylates it, thus inducing the expression of mitochondrial proteins involved in ATPgenerating pathways[28]. Increased PGC1α activity is also
associated with lower levels of oxidative damage during

Role of Sirtuins in ischemia
The low energy state during ischemia results in activation
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ischemia, as shown by the decrease ROS scavenging in
rodents lacking PGC1α subjected to global ischemia[29].
Furthermore, the uncoupling protein 2 (UCP2), an inner
mitochondrial membrane protein, regulates the proton
electrochemical gradient and in neuronal cells PGC1α is
required for the induction of UCP2 and subsequent protection against oxidative stress[30]. It has also been shown
that enhanced activity of SIRT1 during ischemic preconditioning (IPC) or resveratrol preconditioning confers
protection against cerebral ischemia by reducing UCP2
levels, which results in increased ATP levels[21]. However,
a more recent study associated the protective effect of
resveratrol against oxidative stress in cerebral ischemia
with increased levels of SIRT1/PGC1α and UCP2[31].
Moreover, the exact role of UCP2 during ischemia is not
fully understood, as studies of its effects have produced
conflicting results[32-35].

demonstrated that SIRT3 is the dominant mitochondrial
deacetylase, as a significant number of mitochondrial
proteins are hyperacetylated in SIRT3 -/- mice. SIRT3
deacetylates and thus enhances the activity of various
proteins that appear to be an important part of the antioxidative defense mechanisms of mitochondria, such as
MnSOD[45,46], regulatory proteins of the glutathione[47-49]
and thioredoxin system[50].
Transcriptional upregulation of the antioxidant
enzymes MnSOD, Cat and peroxiredoxin can also be
achieved by FoxO3 α transcription factor, which is
translocated to the nucleus after being deacetylated by
SIRT3[51,52]. Furthermore, SIRT3 is necessary for the
enhanced expression of cytochrome c, which presents
peroxidase- and superoxidase-scavenging capacity[47,49,53].
However, a similar anti-oxidant effect of SIRT3 in models of IRI has not yet been established.
A wide array of functional alterations develop in
mitochondria during reperfusion injury[36,54]. In healthy
cells, their primary function is the provision of ATP
through oxidative phosphorylation in order to meet the
high energy demands. There is increasing evidence of
the involvement of a multi-protein complex called the
mitochondrial permeability transition pore (mPTP) in the
decline in mitochondrial function, which is a common
finding during reperfusion injury[55-57]. SIRT3 is known
to deacetylate the regulatory component of the mPTP,
cyclophilin D, and thereby reduce its activity and the
subsequent mitochondrial swelling in the heart[58]. It has
also been shown that SIRT4 interacts with the adenine
nucleotide translocator, another component of mPTP,
and that SIRT5 deacetylates cytochrome c, but the physiological importance of these interactions has not yet
been established[59,60], especially in models of IRI.
Microcirculatory alterations play an important part
in IRI. During the ischemic period, vascular hypoxia can
cause increased vascular permeability. After reperfusion,
complement system activation, leukocyte-endothelial cell
adhesion and platelet-leukocyte aggregation further aggravate microvascular dysfunction[61].
NO produced by endothelial NO synthase (eNOS) is a
key regulator of endothelial function, as it opposes the vasoconstrictive actions of endothelins and provokes vasodilatation. Thus, it can abrogate the microcirculatory stress
generated during reperfusion[62]. However, NO produced
by inducible NO synthase (iNOS) exacerbates IRI through
the NOS-derived superoxide production or the generation
of peroxynitrite[12]. There is a large body of evidence in favor of the relationship between eNOS and SIRT1; SIRT1
interacts and modifies the acetylation state of eNOS, resulting in the activation of the enzyme[63-65]. In SIRT1+/+
hearts subjected to IRI SIRT1 was associated with eNOS
activation[66]. SIRT1 activation by resveratrol protected
against subacute intestinal IRI by reducing the NO production through iNOS[67] Moreover, various experimental
models showed that resveratrol inhibits endothelin-1 levels,
providing better regulation of vascular tone[68-70]. However,
a recent study in human umbilical vein endothelial cells

ROLE OF SIRTUINS IN REPERFUSION
Deprivation of oxygen to the grafts during ischemia induces severe lesions, but the most important damage is
caused during reperfusion, when oxygen entry to the organ is restored. During reperfusion, the cellular metabolism returns to aerobic pathways, which results in the generation of a wide variety of ROS, including superoxide,
hydrogen peroxide and reactive nitrogen species, such as
peroxynitrite. ROS are mainly produced in mitochondria
and trigger several phenomena, including accumulation
of Ca2+, caspase activation, cytokine upregulation, lipid,
protein and DNA damage[36-38]. ROS can be eliminated by
enzymatic pathways including manganese superoxide dismutase (MnSOD), catalase (Cat) and peroxidases. Imbalance between ROS generation and elimination produces
oxidative stress[15,16].
Various reports in cardiomyocytes have demonstrated
the protective role of SIRT1 against oxidative stress[39,40].
Hearts overexpressing SIRT1 were more resistant to
oxidative stress in response to IRI, as SIRT1 upregulated the expression of anti-oxidants like MnSOD and
thioredoxin 1[41]. SIRT1 also deacetylated Forkhead boxcontaining protein O (FoxO) 1 transcription factor,
inducing its nuclear translocation and subsequent transcription of anti-oxidant molecules[41,42]. Moreover, the
question of whether SIRT1 can induce the transcription
of other FoxO transcription factors, like FoxO3α, has
not yet been investigated. However, the levels of SIRT1
activation are decisive for its protective role, as very high
cardiac SIRT1 expression induces mitochondrial dysfunction and increases oxidative stress[39]. Furthermore,
in a model of kidney IRI, the protective effect of SIRT1
against oxidative stress has also been demonstrated since
SIRT1 upregulated Cat levels and maintained peroxisome
number and function[43].
Although mitochondrial sirtuins (SIRT3-SIRT5) have
not been studied as extensively as SIRT1, an increasing
body of evidence indicates the importance of SIRT3
in mitochondrial biology and function. Lombard et al[44]
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has shown that the inhibitory effects of resveratrol on endothelin-1 levels are SIRT1-independent[71].

ability of FoxO3 to induce cell cycle arrest and resistance
to oxidative stress.
A possible pro-apoptotic role of SIRT1 in IRI has
not been reported previously. However, studies in human
embryonic kidney cells have revealed that SIRT1 can
promote cell death by inhibiting NF-κB in response to
tumor necrosis factor alpha[86]. Further investigation is required to define the conditions under which SIRT1 may
promote apoptosis.
Apoptotic pathways are known to be initiated during
reperfusion upon the opening of the mPTP which leads
to the release of caspase-activating molecules[87,88]. Since
SIRT3 is located in the mitochondria, it may be involved
in anti-apoptotic pathways. In this regard, SIRT3 protects
various types of cells from apoptotic cell death triggered
by genotoxic or oxidative stress[89-92]. The pro-apoptotic
role of SIRT3 has also been associated with tumor suppression and restraint of ROS[93]. However, SIRT3 has
also been reported to contribute to Bcl-2- and JNK-related apoptotic pathways in human colorectal carcinoma
cells[94]. In any case, the potential anti-apoptotic mechanisms of SIRT3 during IRI are yet to be elucidated.

ROLE OF SIRTUINS IN IRI-ASSOCIATED
INFLAMMATION
IRI results in a profound inflammatory tissue reaction
with immune cells infiltrating the tissue. The damage is
mediated by various cytokines, chemokines, adhesion
molecules, and compounds of the extracellular matrix.
The expression of these factors is regulated by specific
transcription factors with nuclear factor kappa B (NF-kB)
being one of the key modulators of inflammation. After
activation, the transcription factor migrates to the nucleus
and enhances the transcription of pro-inflammatory genes
potentiating the inflammatory response. This is followed
by an infiltration of lymphocytes, mononuclear cells/macrophages, and granulocytes into the injured tissue[72-74].
In this way, SIRT1 plays an important role in neuroprotection against brain ischemia by deacetylation and
subsequent inhibition of p53 and NF-κB pathways[75]. In
SIRT1+/+ hearts subjected to IRI SIRT1 was correlated
with decreased acetylation of NF-κB and possible prevention of inflammation[66]. Moreover, the anti-inflammatory action of SIRT1 by deacetylating NF-κB and
thus inhibiting the expression of endothelial adhesion
molecules has also been demonstrated in human aortic
endothelial cells[74].

CONCLUSIONS AND PERSPECTIVES
A wide range of pathological processes contribute to IRI.
Particularly during organ transplantation, IRI contributes
to early graft dysfunction. For this reason, it is important
to gain additional mechanistic insight into the molecular
mechanisms underlying this injury. In the past few years,
sirtuins have emerged as critical modulators of various
cellular processes, including those that contribute to the
pathogenesis of IRI.
In this paper, we have reviewed the signaling pathways
of SIRT1 and SIRT3 protection in IRI. SIRT1 has been
shown to exert its beneficial effect against oxidative stress,
hypoxic injury or inflammation associated with IRI by activating FoxO1, PGC1α and HIF2α or by inhibiting NFκB transcription factors (Figures 1 and 2). SIRT3’s protective role in IRI is mainly mediated by activating FoxO3α
and mitochondrial anti-oxidant enzymes (Figure 2). Investigations that can further determine other intracellular
signaling, trafficking and post-translational modifications
by SIRT1 and SIRT3 in a variety of cell systems and environments will allow us to translate this knowledge into
effective treatment strategies that will be applicable in
multiple disorders.
Numerous studies have demonstrated key roles
for SIRT1 and SIRT3 in brain, heart and kidney IRI.
However, the protective effect of these sirtuins against
ischemic processes in other organs such as the liver has
not yet been demonstrated. The relevance of SIRT3 in
the hepatic metabolism has been confirmed in a study
showing that its overexpression in hepatocytes decreased
the accumulation of lipids via AMPK activation[95]. Furthermore, deletion of hepatic SIRT1 resulted in hepatic
steatosis, hepatic inflammation and endoplasmatic reticulum stress[96]. Since SIRT1 and SIRT3 have been shown

SIRTUINS: CELL SURVIVAL OR DEATH?
Apoptotic cell death is a well known mechanism involved
in IRI which occurs via activation of caspases that cleave
DNA and other cellular components[16,17,76]. There is
evidence that SIRT1 is associated with longevity in mammals and enhances mammalian cell survival under stress
conditions via regulating the specific substrates[77-79]. In
fact, several studies have mentioned the anti-apoptotic
effect of SIRT1 in IRI. SIRT1 deacetylates known
mediators of apoptosis, such as the tumor-suppressor
p53, resulting in inhibition of its transcriptional activity[80,81] . SIRT1 also deacetylates the DNA repair factor
Ku70[2,82,83]; thus Ku70 prevents the translocation of Bax,
a pro-apoptotic B cell lymphoma-2 (Bcl-2) family protein,
to the mitochondria. In ischemic kidney and brain SIRT1
has been identified as an important survival mediator,
given that increased SIRT1 was associated with reduced
p53 expression and apoptosis[75,84]. SIRT1 also modulates
apoptosis-related molecules through the deacetylation of
the FoxO family of transcription factors. During IRI in
heart-specific SIRT1+/+ transgenic mice, SIRT1 induces
nuclear translocation of FoxO1, which upregulates the
anti-apoptotic factors Bcl-2 and Bcl-like X and downregulates Bax[41]. As regards other members of the FoxO
family, Brunet et al[85] revealed a dual role of SIRT1 in the
cell cycle depending on stress conditions; SIRT1 inhibited the ability of FoxO3 to induce cell death, thus promoting cell survival and, surprisingly, it also increased the
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Figure 1 Protective role of sirtuin 1 during ischemia. Sirtuin 1 (SIRT1) activates adenosine monophosphate protein kinase (AMPK) as a cell response to counteract the energy deficiency. SIRT1 upregulates hypoxia-inducible factor 2α (HIF2α) and downregulates HIF1α to increase their transcriptional activity. SIRT1 upregulates peroxisome proliferator-activated receptor-γ coactivator, leading to enhancement of anti-oxidant capacity of uncoupling protein 2 (UCP2). PGC1α: Peroxisome
proliferator-activated receptor-γ coactivator.
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Figure 2 Protective role of sirtuin 1 and suggestive role of sirtuin 3 during reperfusion. Sirtuin 1 (SIRT1) inhibits inflammation through inhibition of nuclear
factor kappa B and activates endothelial nitric oxide synthase for a better microcirculation. SIRT1 downregulates apoptosis through multiple pathways, for example,
inhibiting p53 transcriptional activity or favoring the binding between Ku70 and Bax. SIRT1 also enhances forkhead box-containing protein O 1 (FoxO1) transcriptional
activity, resulting in Bax downregulation and in the upregulation of B cell lymphoma-2 and Bcl-like X. Deacetylation of FoxO1 by SIRT1 also results in lessening oxidative stress, whereas the same effect may be achieved by deacetylation of forkhead box-containing protein 3 alpha (FoxO3α). Sirtuin 3 (SIRT3) is suggested to contribute to decrease in oxidative stress either by a direct interaction with mitochondrial anti-oxidant enzymes [manganese superoxide dismutase (MnSOD), thioredoxin
system (Trx), cytochrome (Cyt)] or by enhancing FoxO3α to transcribe MnSOD and Cat. Mitochondrial permeability transition pore (mPTP) may also be inhibited by
SIRT3 and result in less production of oxidative stress. NF-kB: Nuclear factor kappa B; eNOS: Endothelial nitric oxide synthase; Bcl-2: B cell lymphoma-2; Bcl-xL: Bcllike X; Bax: Bcl-2-associated X; Cat: Catalase.

strategies should be developed to enhance the activity of
sirtuins and thus mitigate the detrimental effect of IRI.
Recent studies have highlighted the important role of
SIRT1 in IPC-mediated protection in the heart and brain;
in IPC brain, SIRT1 prevents neuronal death[97], whereas
during cardiac IPC, SIRT1 regulates HIF1α protein levels[98,99]. A recent review has also associated SIRT1 with
the protective effects of hyperbaric oxygen preconditioning against apoptosis in the rat brain[100]. However, it is still
to be established whether SIRT1 contributes to the protective effects of preconditioning through the regulation
of other signalling pathways. Furthermore, its possible
implication in IPC related mechanisms in other organs,
including the liver or kidney, remains to be elucidated.
Nor has the potential role of sirtuins in cold ischemia

to exert a beneficial effect in regulating hepatic fatty acid
metabolism, it would be interesting to investigate their
role in the context of liver transplantation. Currently,
the shortage of organs for transplantation has obliged
physicians to utilize marginal grafts, including grafts with
moderate steatosis. Steatotic livers exhibit a more severe
inflammatory reaction and more exacerbated oxidative
stress and consequently a higher vulnerability to IRI[12].
Thus, activating SIRT1 and SIRT3 might be a potential
strategy to protect steatotic livers from IRI as well as to
expand the donor pool for liver transplantation. In fact,
in preliminary studies our group observed that SIRT1 is
involved in the protective mechanisms against IRI elicited
by IPC in fatty livers.
For this reason, both surgical and pharmacological
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and reperfusion yet been established. In the context of
liver IRI, a previous study by our group demonstrated
that during normoxic reperfusion, after cold ischemia, the
presence of NO favors HIF1α accumulation, also promoting the activation of other cytoprotective proteins,
such as heme oxygenase-1[101]. Among these cytoprotective proteins, SIRT1 may be ideally suited to enhance the
protective effect.
This review summarizes the basic mediators of IRI
influenced by the action of SIRT1 and SIRT3 and highlights the importance of their regulation. Future research
should aim to elucidate the complete action of all members of the sirtuins family in IRI, and to develop pharmacological strategies that can allow their action to be
modulated.
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Abstract
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Omega-3 fatty acids; Antioxidants

Ulcerative colitis (UC) is an inflammation-associated
disease of the colon and rectum. The onset and
progress of the disease are directly influenced by the
nature of the intestinal microflora, the intestinal barrier function, and the immunological responses of the
host. The epithelial invasion of pathogenic bacteria
due to excess contact and/or barrier dysfunction is related to inflammation mediated by intestinal immune
responses. Although the etiology of UC is not clearly
understood, recent studies have shown a rising incidence of UC worldwide, and this phenomenon is more
prominent in Asian countries and in Asian immigrants
in Western countries. The increased prevalence of
UC also contributes to an increased risk of developing colorectal cancer. Environmental factors, including
changes in dietary habits, have been suggested as
major risk factors of UC. A systematic review showed a
negative association between UC risk and vegetable intake, whereas total fat, omega-6 fatty acids and meat
intake were positively associated with an increased
risk of UC. Individual dietary factors and energy bal-
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INTRODUCTION
Ulcerative colitis (UC) is a major type of inflammatory
bowel disease (IBD) characterized by chronic inflammation in the colon and rectum. It progresses by extensive epithelial apoptosis and ulceration due to chronic
inflammation induced by T-helper (Th) 2 cytokines[1].
Recent studies have also indicated that a balance between proinflammatory Th17 cells and immunsuppressive Treg cells play a crucial role in the development of
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UC[2]. Although the etiology of UC has not been clearly
determined, environmental factors are thought to stimulate overt immune responses to bacterial components
in individuals with high genetic susceptibility. A recent
report on the incidence of IBD in Asia indicated that
the prevalence of UC is growing rapidly in Japan, Hong
Kong, and South Korea[3-5], countries where IBD used
to be rare. The most recent reports on UC prevalence
in Japan and South Korea provided figures of 63.6 and
30.9 per 100 000 people, respectively[4,5]. UC reportedly
affects 0.24% of the United States population[6], and the
prevalence in Northern European countries ranges from
40 to 240 per 100 000 people[7].
Lifestyle changes, as well as increased awareness of
the disease and improved diagnosis, may have contributed to the increased incidence. Dietary habits in Asian
countries have changed, resulting in a Western-style diet
with fewer plant-based and more processed foods. A
recent systematic review of 19 studies reported a negative association between UC risk and vegetable intake,
whereas total fat, omega-6 fatty acids, and meat intake
were positively associated with increased UC risk[8]. Information is limited, however, on the role of individual
dietary components in UC development, and most nutritional modulation studies have focused on delaying relapses of UC, efforts that involve secondary rather than
primary prevention. The cumulative incidence of relapse
in UC are 30%, 72%, and 88% after 1, 5, and 10 years
following the initial diagnosis[9]. Patients younger than
40 years have been shown to present with more severe
disease at the time of diagnosis compared with older
patients[10]. Importantly, the increased incidence of UC
may be closely related to an increase in the prevalence of
colorectal cancer (CRC). A subset study population with
UC from the Kaiser Permanente Medical Care Program
was analyzed for CRC incidence and mortality, and the
standardized mortality ratio for CRC among UC patients
was 2.0 (95%CI 1.3-2.7)[11]. Chronic inflammation mediates a wide range of signaling cascades that possibly facilitate colorectal carcinogenesis, and UC remission may
reduce the risk of CRC. In this review, the pathophysiology of UC is summarized to allow understanding of the
molecular mechanisms involved in the action of dietary
components. Major dietary components reported to
regulate, directly or indirectly, inflammatory responses in
UC are discussed, with a focus on human studies where
available. Genetic factors and therapeutic measures, while
important to consider, fall outside the scope of this review.

mental stimuli in combination with genetic factors can
facilitate overgrowth of harmful microflora and induce
abnormal immune responses that disrupt the mucosal
barrier, causing inflammation (Figure 1).
The luminal side of the intestinal membrane is in
constant contact with intestinal microflora. The most evident characteristic of pathogenic bacteria are their invasiveness and induction of inflammatory responses in the
intestinal epithelium[12]. The host system, in other words,
is able to recognize and differentiate pathogens from the
commensals. To protect the host from pathogenic bacteria, the intestinal epithelium is equipped with multiple
defense systems. Intestinal epithelial cells (IECs), which
are layered by glycoproteins such as mucin, form the first
line of immune defense. Tight junction (TJ) proteins seal
the space between IECs. The layer below the IECs is the
sub-epithelial dome, containing antigen-presenting cells,
and underneath are Payer’s patches, where B-cell follicles
and T-cells reside.
Bacterial invasion is recognized by receptors called
pattern recognition receptors (PRRs) in the IEC membrane, and the primary PRRs are toll-like receptors
(TLRs). There are 10 different classes of TLRs expressed
throughout the whole human gastrointestinal tract. The
recognition of bacteria is carried out by means of communication between PRRs and microbial components
such as lipopolysaccharide (LPS), and this is followed by
immune responses to destroy the invading pathogens.
Microbiota and viral-associated ligands use different
types of TLRs depending on molecular patterns. For example, TLR2 recognizes lipopeptides, TLR 3 recognizes
viral-derived dsRNA, and TLR4 recognizes LPSs [13].
Constant immune responses provoke chronic inflammation, which is mediated by pro-inflammatory cytokines
and chemokines. The inflammation not only contributes
to clinical features of inflammatory disease, but also
exacerbates the penetration of pathogenic bacteria by
increasing the membrane permeability, creating a vicious
cycle. The ability of the intestinal epithelium to distinguish commensal from pathogenic bacteria is important
because the intestine requires a symbiotic relationship
with commensals without immune responses. Several
explanations exist for the intestinal epithelium’s ability
to discriminate harmful bacteria from commensals[14]. In
brief, pathogenic bacteria possesses virulence factors to
stimulate the innate immune responses while commensals mutate their molecular patterns, escaping recognition by TLRs, and attenuate the nuclear factor (NF)-κB
pathway. Also, the hyporesponsiveness to commensals
has been explained by the anti-inflammatory nature of
the gut mucosa including reduced expression of PRRs
and reduced inflammatory nature of intestinal immune
cells.

INTESTINAL BARRIER FUNCTIONS AND
INFLAMMATION IN UC
The human large intestine contains a concentration of
approximately 1011-1012 microorganisms per gram of
luminal content. These microbes can be either beneficial
or harmful to the intestinal epithelium. Under normal
circumstances, multiple mechanisms protect the intestinal epithelium from microbial invasion, but environWCG|www.wjgnet.com

DIETARY FACTORS MODULATING
INTESTINAL BARRIER FUNCTIONS IN UC
Excess energy (obesity)
Obesity is the most convincing risk factor in the devel1427
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Figure 1 Disrupted intestinal homeostasis in ulcerative colitis and the role of nutritional factors. Ulcerative colitis is a chronic inflammatory disease of the colon and rectum. Inflammatory responses are induced by the penetration of excessive pathogenic bacteria due to the increased population of pathogenic bacteria, the
loss of junction proteins and thin mucin layer. Once pathogens are recognized by antigen-presenting cells (APC), T-lymphocytes produce pro-inflammatory cytokines
activating inflammation-inducing nuclear transcription factor, nuclear factor (NF)-κB and generating reactive oxygen species (ROS) and reactive nitrogen species (RNS)
which result in the inflamed intestine. Obesity is known to cause imbalances between pathogens and commensals as well as chronic inflammation. The increased
ω-6 to ω-3 fatty acid ratio in the diet also accelerates inflammatory responses. Probiotics supplementation helps to maintain gut health by retaining tight junctions and
mucin layer. Probiotics and antioxidants suppress immoderate immune responses, and ROS-induced inflammatory responses are moderated by antioxidants. TNF-α:
Tumor necrosis factor-α; IL-1β: Interleukin-1β; IECs: Intestinal epithelial cells.

study[21]. CRP concentrations above 23 mg/L at diagnosis showed an odds ratio (OR) of 4.8 (95%CI, 1.5-15.1)
in the prediction of surgery in UC patients. These results suggest that systemic inflammation worsens disease
activity, and therefore the suppression of inflammatory
events may be critical for the management of UC.
Mechanistic explanations have not been provided regarding the relationship between obesity and intestinal
inflammation in patients. However, a number of rodent
model studies have indicated that intestinal inflammation is mediated through obesity-related factors. Leptin
was shown to act as a critical mediator in colitis development[22]. Leptin-deficient (ob/ob) mice were shown to
be resistant to chemically-induced colitis, indicating that
leptin is a critical regulator. Adiponectin, on the other
hand, was shown to be a negative regulator in the development of dextran sulfate sodium (DSS)-induced colitis
through the suppression of pro-inflammatory cytokine
and chemokine production[23]. In a recent study, the effects of high-fat diet-induced obesity and chemicallyinduced colitis were compared in the development of
UC[24]. A high-fat diet alone did not induce characteristic
histopathological features of UC, indicating UC development is accelerated through inflammatory infiltration
in the colon tissue of chemically-induced colitis. It is
also interesting to note that the inflamed intestines of
mice with chemically-induced colitis exhibited higher

opment of many noncommunicable diseases, including
type 2 diabetes, cardiovascular diseases, non-alcoholic
fatty liver disease, and selected types of cancer. World
Health Organization statistics stated that physical inactivity and being overweight or obese contributed, respectively, to 5% and 6% of deaths[15]. The estimated prevalence
of overweight [body mass index (BMI) ≥ 25 kg/m2]
and obese (BMI ≥ 30 kg/m2) males and females aged
15 or older was ≥ 80% in the United States, ≥ 65% in
Canada, Mexico, Argentina, Australia, the United Kingdom, and Germany, and ≥ 35% in all other countries,
except for several African countries, India, and South
East Asian countries[16].
Obesity and abdominal obesity have been specifically
identified as the most convincing risk factors for the
development of CRC[17]. In many studies, obesity-related
inflammatory biomarkers were shown to be associated
with disease activity. Among adipokines, resistin was
considered to have a positive relationship with disease
activity[18,19]. In a multicenter registry of children with
IBD, 1 in 3 children with UC were overweight or obese,
which is comparable to the rate in the general population[20]. However, prior IBD-related surgery was positively associated with being overweight or obese, which
implies that obesity may provoke a more severe disease
course. CRP was found to be a marker predictive of
disease progression in a population-based prospective
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inflammatory activities in the mesenteric fat compared
with obese mice, which implies that intestinal inflammation may precede systemic inflammation[25]. These results
suggest that obesity may not be an independent risk factor
for UC development, although it may aggravate disease
progression.
There are several reports showing evidence of obesityassociated changes in the intestinal microbiota. However,
there is no clear explanation if this is due to adiposity or
dietary composition[26]. Therefore, the altered microbial
population is either a cause or a consequences of obesity.
A recent report suggested that diets high in saturated fat
promote taurine-conjugated bile acid formation, altering microbial composition towards the overgrowth of a
sulfite-reducing pathobiont, Bilophilla wadsworthia. This accelerated the development of colitis in interleukin (IL)-10
-/- mice[27], providing evidence of a direct contribution
from increased dietary fat. High-saturated fat diets altered microbial composition, resulting in a significantly
higher ratio of Firmicutes to Bacteroidetes[28]. A decreased
proportion of Bacteroidetes[29] was also observed in IBD,
suggesting a possible mediating effect of these bacteria
in obesity-related pathogenic changes in the intestinal
epithelium. Others have reported that changes in the gut
microbiota directly contribute to the development of
obesity and related metabolic disturbances[30,31], which
requires further investigation.

acid present in plant seed oil was significantly higher in
IBD patients (29 UC and 20 CD patients) compared
with control subjects (n = 31)[36]. In the same study, UC
patients showed a significantly higher ratio of arachidonic acid (AA) to EPA compared with control subjects.
Leukotrienes (LTs) are pro-inflammatory lipid mediators
involved in the progression of UC. The 5-lipoxygenase
pathway (5-LOX) catalyzes the formation of LTs from
AA, and the deletion of the gene encoding 5-LOX in an
animal model prevented the development of chemicallyinduced colitis[37]. In a prospective case-control study,
UC patients had significantly higher urinary LTE4 excretion compared with controls[38]. A subpopulation of the
EPIC prospective cohort study showed that subjects in
the highest quartile for adipose tissue AA concentration
had a relative risk for UC of 4.16 (95%CI, 1.38-2.27)[39].
Experimental animal model studies have investigated
the effects on UC development of omega-3 fatty acid
supplementation or an increased ratio of omega-3 to
omega-6 fatty acid in the diet[41-43]. Possible mechanistic
explanations include: (1) the restoration of membrane TJ
protein expression and distribution; or (2) the activation
of peroxisome proliferator-activated receptor-γ, possibly
inhibiting NFκB transcriptional activity. However, Varnalidis et al[42] suggested that the ameliorating effects of
omega-3 fatty acids are accompanied by increased colonic neutrophil infiltration, and needs further clarification.
Matsunaga et al[41] reported that feeding fish oil (8% w/w)
exacerbates DSS-induced colitis in mice by suppressing
the expression of adiponectin in myofibroblasts of the
intestinal epithelium.
Apart from omega-6 and omega-3 fatty acids, short
chain fatty acids have been suggested to suppress intestinal inflammation through G-protein-coupled receptor
43 (GPR-43)[44]. Acetate supplementation suppressed
DSS-induced colonic inflammation in wild-type mice,
while GPR-43 -/- mice did not respond to acetate. These
results explain the role that intestinal microbiota play in
producing short chain fatty acids from dietary fiber in
the maintenance of a healthy gut.
The efficacy and safety of fish oil in the remission
of IBD [Crohn’s disease (CD) or UC] have been investigated in clinical trials. A recent meta-analysis retrieved
9 randomized, placebo-controlled trial of fish oil administered for at least 6 mo[45]. A total of 1.8-6.2 g/d of
DHA + EPA or total omega-3 fatty acids were provided
during the study period, and the primary outcome was
relapse rate. A meta-analysis indicated that there was no
significant reduction in the relative risk of UC, while
the pooled relative risk of CD relapse was 0.77 (95%CI,
0.61-0.98). A clinical trial based on n-3 polyunsaturated
diet therapy (n-6 to n-3 fatty acid ratio of approximately
1) reported that subjects exhibiting disease remission
after a n-3 PUFA diet had a higher ratio of n-3/n-6 fatty
acids in the red cell membrane compared with the relapse group[46].

Fatty acids
The intakes of pro-inflammatory omega-6 fatty acids
and anti-inflammatory omega-3 fatty acids have been
suggested as important regulators in UC disease activity.
A recent systematic review concluded that available randomized controlled trials do not indicate that omega-3
fatty acids are useful to alleviate IBD[32].
Epidemiological studies have been conducted to investigate the association between UC and nutrients. A
total of 139 UC patients were identified as a subgroup
of the population participating in a large prospective cohort study, the European Prospective Investigation into
Cancer and Nutrition (EPIC)[33]. Results indicated that
there is a marginally significant association between UC
and an increasing percentage intake of energy from total
polyunsaturated fatty acids (OR, 1.19; 95%CI, 0.99-1.14,
P = 0.07). In another EPIC sub-cohort report, the highest quartile of intake of linoleic acid was positively associated with UC risk (OR, 2.49; 95%CI, 1.23-5.07)[34]. A
nested United Kingdom cohort study analyzed the effect
of total and specific dietary omega-3 fatty acids intake
on the risk of UC[35]. Docosahexaenoic acid (DHA) was
found to have a statistically significant protective OR of
0.43 (95%CI, 0.22-0.86), while total omega-3 fatty acids
and eicosapentaenoic acid (EPA) showed marginally negative values.
Few studies have reported fatty acid composition
markers of UC in human biospecimens. In accordance
with the above mentioned epidemiological evidence, one
study showed that the erythrocyte membrane content of
linoleic acid, the most abundant dietary polyunsaturated
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Probiotics are live, nonpathogenic microorganisms that
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randomized, double-blind, placebo-controlled trial[55].
Patients with left-side UC were given either ProbioTec AB-25 (n = 20) or placebo (n = 12) for 52 wk, and
clinical, endoscopic, and histological parameters were
analyzed at entry and in case of relapse. In this study,
there was no statistical difference in remission rate and
the median time to relapse between the two groups after
1 year of treatment. The authors concluded that ProbioTec AB-25 was well tolerated by study participants and
that a failure to prove efficacy in remission rate may be
due to the small sample size.
The use of probiotics as maintenance therapy in
UC patients seems promising. Two randomized, double
blind, double-dummy clinical trials to determine the efficacy of EcN were conducted. In the preliminary study,
120 patients with inactive UC were treated with either
an oral preparation of EcN containing 25 × 109 bacteria
daily or mesalazine 1500 mg daily for 12 wk. The start
and end DAI scores demonstrated no significant difference between the two groups. The relapse rate was
16.0% in EcN group and 11.3% among those taking mesalazine[56]. The same authors investigated the effectiveness of EcN in 327 patients with UC. Subjects received
either probiotics containing 5 × 1010 bacteria or mesalazine 1500 mg daily (n = 162, 165) for 12 mo. According
to the per protocol analysis, 36.4% of patients in the
EcN group experienced a relapse, compared with 33.9%
of patients in the mesalazine group. The investigators
concluded that EcN is efficient and safe in maintaining
remission, and equivalent to the standard mesalazine[57].
Another study also confirmed that the administration of
EcN was as effective as mesalazine in the maintenance
of remission in patients with UC[58]. Patients with active
UC were randomized to EcN treatment of 5 × 1010 probiotics/d (n = 57) or mesalazine treatment (1200 mg/d,
n = 59) for 12 mo. In the intention-to-treat analysis, the
health conditions were improved in 39 (68.4%) subjects
in the EcN group and 44 (74.5%) subjects in the mesalazine group. The mean time of remission was 42 d (median
37 d) in the EcN group and 44 d (mean 42 d) in the mesalazine group. These results support the conclusion that
EcN treatment has an equivalent effect to mesalazine in
maintaining remission of UC.
The efficacy of VSL3 on induction and maintenance
of remission in patients with active UC was studied in a
long-term, randomized, double-blind, placebo-controlled
trial[59]. In this study, subjects were children (mean age:
9.8 years; range: 1.7-16.1 years) and they were received
either VSL3 containing 4.5-18 × 1011 bacteria/d (n =
14) or placebo (n = 15) for 1 year. All of the 29 patients
were also treated with mesalazine during this trial period.
Three of the 14 (21.4%) subjects in the VSL3 group and
11 of the 15 (73.3%) subjects in the placebo group relapsed within 1 year of follow-up. At 6 mo, 12 mo, or at
time of relapse, endoscopic and histological scores were
significantly lower in the VSL3 group compared with the
patients in the placebo group. No adverse effect related
to VSL3 was observed. Although the sample size of this

contribute to the improvement of epithelial and mucosal
barrier function through various mechanisms, including
reduced intestinal pH, inhibition of pathogenic bacteria, and modulation of the intestinal mucosa immune
responses [47-49]. Although there is a growing body of
evidence from in vivo studies on the beneficial effects
of probiotics in UC, reliable clinical trials are limited in
number. The aim of this chapter is to review randomized, double-blind, placebo-controlled clinical trials
which suggest that probiotics are effective in UC.
The probiotic Escherichia Coli strain Nissle 1917 (EcN)
is non-pathogenic and one of the best characterized
strains used as a probiotic drug[50]. The clinical effectiveness of EcN in adult UC patients seems to be promising [51]. Patients with moderate distal active UC were
assigned to treatment with either 10, 20, or 40 mL of
EcN enema (n = 23, 23, 24) containing 108 CFU/mL
or placebo once a day for at least 2 wk. If there was no
disease activity index (DAI) improvement after 2 wk,
patients were classified as non-responders and discontinued therapy. Those classified as responders could receive the treatment for 4 or 8 wk. Although the number
of responders was not significantly higher in the EcN
group than in the placebo group, the efficacy of rectal
EcN treatment was dose-dependent and significant in
the per-protocol analysis. This Phase Ⅱ study showed
that EcN is an effective and well-tolerated alternative or
supplementary treatment in mild-to-moderate distal UC
patients.
The induction of remission in patients with mild-tomoderate UC was also demonstrated with VSL3™ treatment. VSL3 is a high-concentration probiotic mixture,
which combines 8 different bacterial species including
Bifidobacterium (B.) longum, B. breve, B. infantis, Lactobacillus (L.) casei, L. plantarum, L. acidophilus, L. Bulgaricus, and
Streptococcus thermophilus[52]. In a multicenter, randomized,
double-blind, placebo-controlled trial, subjects received
either VSL3 (n = 77) containing 3.6 × 1012 CFU or placebo (n = 70) twice per day for 12 wk[53]. VSL3 led to a
50% improvement in DAI at 6 wk and clinical remission
was shown in 33 patients given VSL3 (42.9%) compared
with 11 patients given placebo (15.7%) at 12 wk.
A single-center, randomized, double-blind, placebocontrolled trial of the efficacy of symbiotic treatment
was performed using 18 patients with active UC[54]. Participants were given either 2 × 1011 B. longum and 6 g of
prebiotic fructo-oligosaccharide/inulin mix (n = 9) or
placebo (n = 9) twice a day for 4 wk. The results showed
that consumption of symbiotic treatment over 4 wk significantly ameliorated mucosal mRNA levels of human
beta-defensins 2, 3, and 4, which are strongly upregulated in active UC. In addition, mucosal mRNA levels of
tumor necrosis factor-α (TNF-α) and IL-1α were significantly decreased in the symbiotic group, with remission of sigmoidoscopy scores. This small trial provided
the potential efficacy of symbiotic therapy for patients
with active UC. The effect of L. acidophilus La-5 and B.
lactis BB-12 (Probio-Tec AB-25) was investigated in a
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study was small, it provided evidence for the efficacy and
safety of VSL3 in pediatric UC patients receiving conventional IBD therapy.
Another study evaluated the efficacy of VSL3 su
pplementation in patients with mild-to-moderate UC
who were already being treated with 5-aminosalicylic
acid (5-ASA) and/or immunosuppressants[60]. The patients were randomly treated with either VSL3 (n = 65)
including 3600 × 109 CFU/d or placebo (n = 66) for 8
wk. After 8 wk, decreases in DAI scores of 50% or more
were significantly higher in the VSL3 group than in the
placebo group. However, there was no significant difference in stool frequency, physician rating of disease, and
endoscopic scores between the two groups. Although
the mechanism(s) of VSL3 treatment in IBD therapy is
unclear, these two randomized, double-blind, placebocontrolled clinical trials showed the potential synergistic
activity of probiotics.
A large number of animal model studies have reported protective effects of probiotics, and these results
are summarized elsewhere[61]. Most of the studies used
DSS mouse[62-64], trinitrobenzene sulfonic acid (TNBS)
mouse[65-67] and IL-10-/- mouse[68-70]. The most frequently
used probiotics were VSL3, Lactobacillus, Bifidobacterium,
and Saccharomyces. The proposed mechanisms of action
were as follows: (1) reduction of inflammatory cytokine
and chemokine levels; (2) downregulation of TLR signaling followed by immune suppression; (3) increase in
epithelium gap junction protein expressions; (4) prevention of pathogen growth and/or attachment; (5) increase
in mucin production; (6) decrease in leukotriene B4 production; and (7) increase in short-chain fatty acid production. The reduced level of inflammatory cytokines
and chemokines were thought to be mediated through
signal transducer and activator of transcriptions-3 signaling[71,72] and/or NF-κB activation[73,74].
Although the specific mechanisms of action of probiotics are unknown, their therapeutic effects may be
related to modulation of antigen-presenting cells. Local
T cell immunity is an important factor involved in the
specific intestinal immune system and its activation is
programmed by dendritic cells (DCs) that help maintain
mucosal tolerance and contribute to the development of
chronic intestinal inflammation as key initiators of innate
and adaptive immune responses in the gut[75-77]. However,
the immunological mechanisms of certain probiotics are
still poorly understood while several studies have demonstrated that anti-inflammatory activity of probiotics
is due to modulation of DC and regulatory T cell (Treg)
phenotype function. It was reported that the therapeutic
effect of VSL3 was due to regulation mucosal CD4+ T
cell responses in a colitis-associated CRC model[78]. VSL3
administration in UC patients significantly decreased
TLR-2 expression on colonic DC[79]. Also, VSL3 supplementation increased IL-10 production and decreased
IL-12p40 production by colonic DC[76]. VSL3 administration induced a significant expansion of mucosal Treg
cells in UC patients[80]. L. rhamnosus induced maturation of monocyte-derived DC and induced both lower
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IL-12 and IL-18 production and development of T cells
without a typical Th phenotype[81]. A probiotic mixture
containing L. helveticus and L. rhamnosus increased follicular Treg cells in Citrobacter rodentium-induced colitis[82]. L.
casei inhibited TNF-induced secretion of the T-cell chemokine interferon-inducible protein 10 (IP-10) in IECs
by blocking IP-10 protein secretion and IP-10-mediated
T-cell transmigration[83]. L. casei lysate DN-114 001 treatment increased the numbers of CD4(+)FoxP3(+)Treg
cells in mesenteric lymph nodes, decreased the production of TNF-α, interferon-γ, and IL-10 in Peyer’s patches and large intestine, and changed the gut microbiota
composition in a DSS-induced colitis model[84]. L-peptidoglycan purified from Ls33 also ameliorated TNBSinduced colitis by development of CD103(+) DCs and
CD4(+)Foxp3(+) Treg cells[85]. Thomas et al[86] showed
that Saccharomyces bourladii, a probiotic yeast preparation,
reduced IL-6 and TNF-α and decreased the expression
of co-stimulated surface markers CD40, CD80, and the
migration marker CD197 (CCR7) on LPS-stimulated human 92 induced apoptosis of antigen-stimulated T cells.
These data suggest that each strain exhibits a different
ability to modulate DC and Treg functions and explain
various potential mechanism(s) of bacterial strains.
Current evidence suggests that probiotics are good
complementary and alternative medicine candidates to
maintain remission and prevent relapse of UC. However,
the clinical efficacy results are limited, and strain-specific
mechanistic explanations are insufficient. Additional
large-scale clinical trials are required to shed light on optimal doses and treatment periods.
Antioxidant vitamins and phytochemicals
Oxidative stress is known as a potential etiological and/
or triggering factor in the initiation and preservation of
UC[47,87-89]. Inflammation augments oxidative stress by
activating reactive oxygen and/or reactive nitrogen, generating enzymes such as NAD(P)H oxidase, inducible
nitric oxide synthase, and myeloperoxidase[89,90]. A group
of antioxidants has been used to ameliorate the clinical
condition of UC patients. In addition, several studies
have shown that patients with UC often have antioxidant nutrient deficiencies at the time of diagnosis[91-93].
Although the important role of antioxidants in UC has
been seen in several studies, few clinical trials have been
conducted. A randomized, controlled trial evaluated
the efficacy of a nutritionally balanced oral supplement
including fish oil, fructo-oligosaccharides, gum arabic,
vitamin E, vitamin C, and selenium in 121 patients with
mild-to-moderate UC[93]. Patients consumed either 510.3
g of the oral supplement or placebo each day for 6
mo. Compared with the placebo group, both intent-totreat and completer patients given the oral supplement
showed a significant decrease in the dose of prednisone
required to control clinical symptoms over 6 mo. Mirbagheri et al[94] performed an open-label, preliminary trial
for the efficacy of D-α-tocopherol using 14 patients
who were receiving concomitant therapy with 5-ASA
and/or immunosuppressants. Patients received a D-α-
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Mechanisms of action include: (1) direct scavenging of
reactive oxygen species; (2) suppression of proinflammatory protein expression by downregulating related
enzymes or transcription factors; and (3) alteration of
leukocyte cell surface molecules.
UC is associated with increased gastrointestinal permeability[98,99]. Although the causes of increased permeability are not completely understood, an inflammationassociated increase in permeability has been shown to
result in bacterial translocation into the lamina propria,
which exacerbates the loss of barrier function. We have
previously reported that aloe anthraquinones and chromone ameliorate colonic inflammatory responses in a
DSS-induced UC model; aloesin, an aloe chromone,
showed the most drastic results[100]. Additionally, we stu
died whether aloesin modulates mucosal permeability
and found that this phytochemical recovered the gene
expression levels of apical junctional complex proteins,
which regulate gut permeability and barrier function
(unpublished data). These results suggest that the antiinflammatory property of aloesin is partly based on re
gulation of gut permeability, although human studies of
clinical use are required.
Over the last few decades, phytochemical-based com
plementary and alternative treatments have emerged
as relatively effective and safe therapeutic strategies for
UC. Although a significant number of animal studies
have established the potential beneficial effects on UC
of phytochemicals and bioactive components of other
natural sources, the exact mechanisms and/or molecular
targets of their anti-inflammatory actions are not fully
understood. Further studies are needed to evaluate their
safety, targets, phytochemical-drug interactions, and
pharmacokinetic information. Understanding these issues through well-designed clinical trials will enable us to
choose reliable complementary and alternative therapies
for patients with UC.

Table 1 Action targets of major beneficial dietary components in ulcerative colitis
Omega-3 Probiotics Anti- Aloe
fatty acids
oxidants
Beneficial bacteria growth
Short chain fatty acid production
Mucin repletion
Junction protein restoration
Suppression of inflammatory
eicosanoids
Blockade of inflammatory signals
Suppression of immune response
Reduction in oxidative stress

+
+
+
+

+

+
+
+

+

+
+
+

+

tocopherol enema (8000 U/d) for 12 wk. At the end of
12 wk, the DAI score had statistically decreased from
the beginning of the study, all 14 patients responded
clinically to the therapy, and remission was induced in 9
patients (64%) without adverse events.
In recent years, several studies have investigated the
efficacy of curcumin, a polyphenolic antioxidant in Curcuma longa L., in experimental models of UC. These studies have showed a strong antioxidant effect, as well as an
anti-inflammatory effect, of curcumin in this model. A
small, open-label, pilot clinical trial of the effect of curcumin in patients with IBD (5 UC, 5 CD) receiving IBD
medication (5-ASA or corticosteroids) was conducted[95].
The patients were given curcumin 1100 mg/d for 1 mo
and 1650 mg/d for an additional 2 mo. All 5 patients
with UC had significant improvement in their medication, as follows: two patients stopped taking 5-ASA, two
reduced 5-ASA dosage, and one stopped corticosteroids
entirely. This encouraging pilot study showed the strong
potential efficacy of curcumin in UC patients.
In a multicenter, randomized, double-blind, placebocontrolled trial, the efficacy of curcumin in 89 patients
with quiescent UC was evaluated[96]. In addition to their
usual medication (sulfasalazine or mesalamine), participants received either curcumin (2 g/d) or placebo (n =
45, 44) for 6 mo. DAI and endoscopic scores were determined at entry, every 2 mo (DAI), at the conclusion
of the 6-mo trial, and after a 6-mo follow-up. The relapse rate was significantly lower in the curcumin group
than in the placebo group and the recurrence rate was
significantly reduced in the curcumin group compared
with the placebo group. Both the DAI and endoscopic
score were also improved in the curcumin group without any adverse effects. Although only two clinical trials
have been performed, the potential therapeutic capability of curcumin in UC patients has been shown, possibly
resulting from its antioxidant and anti-inflammatory effects. However, large-scale, randomized, double-blind,
placebo-controlled clinical trials are required to achieve
convincing evidence for the routine use of antioxidants
in patients with UC.
Many studies have reported that antioxidant supplementation has therapeutic efficacy in animal models,
and these results were summarized in a recent review[97].
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CONCLUSION
Because the increased prevalence of UC is potentially
due to changes in dietary habits, especially in Eastern
countries, it is now considered a lifestyle-related disease. It has been proposed that UC onset and progress
are modulated by dietary factors such as excess energy
intake, saturated fat intake, fatty acid ratio in the diet,
and antioxidant intake. However, well-controlled human
intervention trials are required to clarify the effect of nutritional factors on UC development. As understanding
of the mechanisms involved in UC improves, a targetoriented search for compounds possessing therapeutic or
complementary value becomes possible (Table 1). Nutritional modulation that aims to not only prevent the onset
and relapse of the disease but also maintain remission
will contribute to the successful management of UC.
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INTRODUCTION
Probiotics are generally defined as live microorganisms,
preferentially of human origin, that upon ingestion in
specific and sufficient numbers confer unspecified health
benefits to the host. During the last twenty years the therapeutic potential of probiotic bacteria has been evaluated in a large number of basic, experimental and clinical
studies[1-3] and their use in different clinical conditions has
received considerable scientific and commercial attention.
Today probiotics represent a very big business. The
global functional food market has been recently estimated at up to $50 billion annual share[4], while the world
probiotic market is estimated at $15 billion. Today, this
market is growing at a pace of 5%-30% depending on
the country and product type[5]. The marketing agency
Frost and Sullivan believes that the possibility to use salutistic indications on the label of the products containing probiotics, as permitted according to CE 1924/2006
rules, can further increase the consumer interest. Proper
communication paired with effective marketing strategies
will prove to be useful to this aim. Consumer acceptance
varies greatly across Europe, with the most developed

Abstract
It is our contention that the concept of a probiotic as a
living bacterium providing unspecified health benefits
is inhibiting the development and establishment of an
evidence base for the growing field of pharmacobiotics. We believe this is due in part to the current regulatory framework, lack of a clear definition of a probiotic,
the ease with which currently defined probiotics can
be positioned in the market place, and the enormous
profits earned for minimum investment in research.
To avoid this, we believe the following two actions
are mandatory: international guidelines by a forum
of stakeholders made available to scientists and clinicians, patient organizations, and governments; public
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market in Northern European and Scandinavian countries, having a long traditional consumption of probiotic
products[5]. The existing consumer confusion over the
different probiotic strains as well as skepticism about
their efficacy do not seem sufficient to counteract the
salutistic propaganda of the media advertisements.
The regulatory status for probiotic products is not
well established at international level yet. The United
States Food and Drug Administration apply a conceptual distinction among “medical foods”, “dietary supplements”, “drugs” and “biological products” to probiotic
products. The regulatory consequences that accompany
a probiotic product that is categorized as a dietary supplement obviously dramatically differ from those that
accompany a probiotic product categorized as a drug.
If the probiotic product meets the definition of dietary
supplement, the manufacturers may place the probiotic
product on the market without any pre-market approval
and may market the product with claims concerning the
effect that the product has on the structure or function
of the body. The European Commission has recognized
probiotic bacteria as having the status of nutrients; in
addition probiotics in powder, capsule or tablet form are
in most European countries regarded as “food supplements” but with important differences: according to
Bianca Herr of the Leatherhead Food International, in
Italy and in Hungary probiotic products are widely accepted as food supplements, in Germany these products
are accepted as food supplements in some cases but
their acceptance as drugs depends on their concentration, while in Spain there is no specific legislation or
guidance for probiotic products. Thus, in most cases,
these products reach the market without being tested
in the expensive three phases required for approval of
a new drug. For these reasons not only big pharma and
manufacturers of probiotics but also national pharmaceutical industries and even family farms are involved in
this market. Also, the work of the European Food Safety
Authority regarding claims made on food labeling and
advertising concerning nutrition and health provides an
important but very partial solution to the problem.
One would expect that the available scientific evidence is comparable to the size of this market; however,
this is certainly not the case. Food And Agriculture Organization and World Health Organization defined the
following characteristics of probiotic microorganisms: (1)
probiotics should be taxonomically classified and deposited in an internationally recognized culture collection;
(2) they have to remain viable and stable after culture,
manipulation, and storage before consumption; (3) they
have to survive to gastric acid and biliary and pancreatic digestion; (4) they have to induce a host response
once ingested by adhering to gut epithelium or by other
mechanisms; (5) they have to yield a functional or clinical
benefit to the host when consumed; and (6) finally they
have to be safe, not only regarding the assessment of
side effects, but also in relation to antibiotic resistance
patterns. In fact beneficial bacterial populations may play

WCG|www.wjgnet.com

a role in the transfer of antibiotic resistance to pathogenic and opportunistic bacteria. These general rules are
certainly meaningful but not sufficient as guidelines for
this field. Although there are few international organizations that purport to be independent of industry, such
as International Scientific Association for Probiotics
and Prebiotics (ISAPP), whose mission is to engender
and disseminate information on high quality, multidisciplinary, scientific investigation in the field of probiotics,
in actual fact there is no organization, agency or scientific network able to (1) reduce the incredible confusion
related to every aspect of probiotics; (2) direct the rudder of basic and experimental research on probiotics
and, in the future, on pharmacobiotics (a fundamental
goal is to move away from the restrictive and perhaps
outdated term “probiotics” and over to the more inclusive term “pharmacobiotic or pharmabiotic”); and (3)
propose well accepted guidelines for evaluating these
products in controlled clinical trials. To date variability
is the keyword and includes every aspect of probiotics:
strain, dose, route of administration, trial methodology,
endpoints and outcomes. A very large number of probiotic strains have been used in clinical studies for the
treatment of the same clinical condition, and the same
strain of probiotics has been used to treat very different
disease states. In addition an incredible large range of
doses [from 4.5 × 102 colony-forming units (CFUs) to 3.6
× 1012 CFUs] of probiotics has been assayed in clinical
trials. Furthermore, in different studies probiotics were
administrated in a great variety of ways: capsules, powders, tablets, drops or yogurts. An equally great variability exists in methodology, endpoints and outcomes of
clinical trials carried out so far, even limiting the analysis
to a single clinical condition. As an example we summarized in Tables 1-3 the number of patients, duration
of treatment, probiotic strains used, dose used and outcomes of clinical trials carried out on three adult clinical conditions in which probiotics have widely tested:
irritable bowel syndrome, ulcerative colitis and Crohn’s
disease. The tables end with the indication of published
meta-analyses. Despite the existence of guidance[6] and
recommendations[7] for probiotic use in these intestinal
diseases, it seems clear from the tables that the lack of
homogeneity of the published studies does not allow
to draw final conclusions and to generate, through an
evidence-based approach, true guidelines useful for adult
patients. This is corroborated by meta-analysis studies
that recognize the variety of species, strains and doses
of probiotic used associated to an evident heterogeneity
of study methodologies as main limitations in the field.
This would not be accepted in clinical pharmacology. No drug can be approved for the market with a
defined clinical indication without sufficient knowledge
of its mode of action, pharmacokinetic parameters,
toxicological features, tolerability and effectiveness. In
addition this knowledge will be substantially increased
by post-marketing surveillance. By contrast, probiotics
are commonly commercialized and prescribed for spe-
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Table 1 Results of clinical trials with probiotics in irritable bowel syndrome
Ref.

Patients
(n )

Duration Probiotic
of therapy strains

Dose
(CFU/d)

Outcomes

Maupas et al[88]
Gade et al[89]
Halpern et al[90]
O’Sullivan et al[91]
Nobaek et al[92]

34
54
18
25
60

1 mo
1 mo
4 mo
1 mo
1 mo

Saccharomyces boulardii
Paraghurt (Streptococcus faecium)
Lactobacillus acidophilus
Lactobacillus GG
Lactobacillus plantarum 299V Pro-Viva®

9 × 109
1 × 10¹²
2 × 1010
1 × 1010
5 × 107

Improved stool number and consistency
Improved symptoms
Improved symptoms
No benefit
Improved global symptoms

Niedzielin et al[93]

40

1 mo

Lactobacillus plantarum 299V Pro-Viva®

2 × 1010

Improved global symptoms

Kim et al

25

2 d-IBS

9 × 10¹¹

Reduced bloating

Tsuchiya et al[95]

68

3 mo

O’Mahony et al[96]

80

2 mo

VSL3®
Lactobacillus acidophilus
Lactobacillus helveticus
Bifidobacterium
Bifidobacterium longum subspecies infantis
vs Lactobacillus salivarius

103

6 mo

[94]

Kajander et al[97]

Bittner et al[98]

25

0.5 mo

Sen et al

12

1 mo

Bausserman et al[100]
Niv et al[101]
Kim et al[102]

50
39
48

1.5 mo
6 mo
1 or 2 mo

[99]

Whorwell et al[103]

362

1 mo

Long et al[104]
Gawrońska et al[105]
Moon et al[106]

60
104
34

0.5 mo
1 mo
1 mo

Marteau et al[107]

116

1 mo

Simrén et al[108]
Simrén et al[109]
Guyonnet et al[110]

76
118
274

1.5 mo
2 mo
1.5 mo

DrouaultHolowacz et al[111]

116

1 mo

Sinn et al[112]
Enck et al[113]
Hun et al[114]
Dolin et al[115]
Ligaarden et al[116]
Moayyedi et al[117]

40
297
44
61
16
19 randomised
controlled trials
in 1650 patients

1 mo
1 mo
2 mo
2 mo
1 mo

1.5 × 106
1.3 × 109
4.95 × 109
1 × 1010

Improved symptoms

Mixture (2 strains of Lactobacillus
rhamnosus, Bifidobacterium breve,
Propionibacterium freudenreichii)
29 bacteria + prebiotic Prescript-Assist®

8-9 × 109

B. infantis: improved global symptoms and
anti-inflammatory cytokine profile
Lactobacillus salivarius: no benefit
Improved global symptoms

2.6 × 108

Improved wellbeing

Lactobacillus plantarum 299V
Lactobacillus GG
Lactobacillus GG
VSL3®
Bifidobacterium longum
subspecies infantis
35 624 in 3 doses
Bifidobacterium
Lactobacillus GG
Bifidobacterium subtilis,
Streptococcus faecium
Lactibiane® (4 strains of Bifidobacterium
longum, Lactobacillus acidophilus,
Lactobacillus lactis, Streptococcus
thermophilus)
Lactobacillus plantarum 299V
Lactobacillus paracasei ssp paracasei
Bifidobacterium animalis, Streptococcus
thermophilus and Lactobacillus bulgaricus
Bifidobacterium longum,
Lactobacillus acidophilus,
Lactobacillus lactis,
Streptococcus thermophilus
Lactobacillus acidophilus
Escherichia coli, Enterococcus faecalis
Bacillus coagulans
Bacillus coagulans
Lactobacillus plantarum

5 × 107

No benefit; Study design flawed

2 × 1010
2 × 108
8 × 109

No benefit
No benefit Francis severity IBS score
Reduced flatulence, retarded colonic transit

Pro-Viva®

1 × 106
1 × 108
1 × 1010
2 × 108
6 × 109
750 mL/d,
CFU/d not given
1 × 1010

Improved global symptoms

2 × 109
2 × 1010
1.25 × 1010
1.2 × 109
1 × 1010

No benefit
No benefit
Improved bloating and constipation

2 × 108
4.5 × 102
8 × 108
2 × 109
1010/L

Symptoms resolved
Reduced frequency of pain
Reduced frequency pain
Reduced pain
Increased colonic transit in those with
constipation

Not significant in relieving symptoms

Improved abdominal pain and discomfort
Improvement in pain
Improvement abdominal pain and bloating
Diminution of diarrhea
Worsening of symptoms
Probiotics appear to be efficacious but the
magnitude of benefit and the most effective
strains are uncertain

CFU: Colony-forming unit; IBS: Irritable bowel syndrome.

cific clinical indications in the absence of any conclusive
proof concerning their putative pharmacological properties. Finally, it should be remembered that the safety of
probiotics should not be considered a foregone datum:
in abdominal surgery, translocation of bacteria from
the gastrointestinal tract through the mucosa could occur[8], and probiotic treatment has been associated with
increased mortality in patients with acute pancreatitis[9].
Only a few cases based on studies regarding pediatric
population formal meta-analyses have been used to generate clinical guidelines. These studies demonstrated ben-
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eficial effects of probiotics in acute diarrhea of children.
These effects are strain- and dose-dependent, being
generally greater with doses > 1010 CFUs, highly significant for watery diarrhea and viral gastroenteritis but less
so for invasive bacterial diarrhea, more evident when the
treatment is started early in the course of disease, and
more evident in children living in developed than in developing countries[10]. In May 2008, probiotics were for
the first time included in a guideline document named
“the guidelines for the management of acute gastroenteritis” and produced by a Committee of the European
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Table 2 Results of clinical trials with probiotics in ulcerative colitis
Ref.

Patients Duration Probiotic
(n )
of therapy strains

Kruis et al[118]
Rembacken
et al[119]
Venturi et al[120]

120
116

12 wk
1 yr

20

1 yr

Ishikawa et al[121] 21
Guslandi et al[122] 25
Kruis et al[123]
327
Tursi et al[124]
90

1 yr
4 wk
1 yr
8 wk

Cui et al[125]
Kato et al[126]

30
20

8 wk
12 wk

Furrie et al[127]

18

4 wk

Bibiloni et al[128]

32

6 wk

Zocco et al[129]
Henker et al[130]
Miele et al[131]

187
34
29

12 mo
12 mo
12 mo

Sood et al[132]

147

12 wk

Matthes et al[133]
Sang et al[134]

57
4 wk
13 RCTs

Escherichia coli Nissle 1917
Escherichia coli Nissle 1917

Dose
(CFU/d)

50 × 1010 Maintaining the remission (similar to 5-ASA)
5 × 1010 Induction of remission (similar to 5-ASA);
maintaining of relapses (similar to 5-ASA)
5 × 10¹¹ Maintaining the remission

VSL3®
Milk with bifidobacteria
10 × 108
Saccharomyces boulardii
250 mg × 3
Escherichia coli Nissle 1917
2.5-25 × 109
900 × 108
Balsalazide/VSL3®
Bifidobacteria
1.26 g/d
Bifidobacterium-fermented
109
milk vs placebo
Bifidobacterium longum +
4 × 10¹¹
prebiotic (Synergy 1)
1800 billion × 2
VSL3®
Lactobacillus GG vs mesalazina
18 × 109
Escherichia coli Nissle 1917
5 × 1010
®
450-1800 × 109
VSL3
VSL3®
Escherichia coli Nissle 1917

Outcomes

Maintaining the remission
Induction of remission
Induction of remission (5-ASA better than probiotic)
Induction of remission
Maintaining of remission
CDAI lower in Bifidobacterium fermented milk that in placebo
Induction of remission
Induction of remission

No difference between the treatment groups
Maintenance of remission
Induction of remission
(92.8% in treated with VSL3® and 36.4% in the placebo group)
3.6 × 10¹² Induction of remission (42.9% against 15.7% in the placebo group)

10-40 × 108 Induction of remission
Heterogenity between the studies in their methodology and results

5-ASA: 5-aminosalicylic acid; CDAI: Crohn's disease activity index; CFU: Colony-forming unit; RCTs: Randomised controlled trials.

Table 3 Results of clinical trials with probiotics in patients with Crohn’s disease
Ref.

Patients Duration Probiotic strains
(n )
of therapy

Malchow et al[135]
Guslandi et al[136]

24
32

3 mo
6 mo

Escherichia coli Nissle 1917
Saccharomyces boulardii

Prantera et al[137]
Schultz al[138]

45
11

1 yr
6 mo

Lactobacillus GG
Lactobacillus GG

Bousvaros et al[139]

75

1 yr

Lactobacillus GG

Marteau et al[140]

98

6 mo

Lactobacillus johnsonii

Chermesh et al[141]

30

24 mo

Van Gossum et al[142]
Rolfe et al[143]

70
12 wk
7 RCTs

Rahimi et al[144]

Dose
Outcomes
(CFU/d)

Synbiotic 2000 (Pediococcus pentoseceus,
Lactobacillus raffinolactis, Lactobacillus paracasi
susp paracsei, Lactobacillusplantarum 2362)
and 4 fermentable fibers vs placebo
Lactobacillus johnsonii or placebo

8 RCTs

2.5 × 1010 Maintaining the remission
1g
Postsurgical prevention of CD recurrence
(relapse rate probiotic+ 5-ASA vs 5-ASA alone)
12 × 109 Postsurgical prevention of CD recurrence (no effects)
2 × 109 Probiotics are not superior to placebo in maintaining
remission
2 × 1010 Probiotics are not superior to placebo in maintaining
remission
4 × 109 Postsurgical prevention of CD recurrence
(recurrence rate decreased vs placebo)
10¹¹ Postsurgical prevention of CD recurrence (NS)

1010

Postsurgical prevention of CD recurrence (NS)
No benefit of probiotics in the maintenance of
remission of CD
None benefit for probiotic treatment in the
maintenance of clinical remission of CD

RCTs: Randomised controlled trials; CD: Crohn's disease; 5-ASA: 5-aminosalicylic acid; CFU: Colony-forming unit; NS: Not significant.

Society for Pediatric Infectious Diseases[11]; this guideline
document was developed through an evidence based
systematic review approach that incorporates tables of
evidence with their grading. The guidelines state that
only the use of probiotic strains with proven efficacy
and in appropriate doses is suggested for the management of acute diarrhea in European children as an adjunct to rehydration therapy. The evidence of efficacy
regards only two strains: Lactobacillus rhamnosus GG was
rated as 1A and Saccharomyces boulardii was rated as 2B,
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corresponding to the level of evidence based respectively on meta-analysis of randomised controlled trials
(RCTs) and properly designed RCTs of appropriate size.
This evidence is actually confined only to the prevention/treatment of childhood acute gastroenteritis and of
antibiotic-associated diarrhea. In the few conditions in
which selected probiotic bacteria have shown a proven
efficacy competitive mechanisms or mechanisms of restoration of bacteria flora seem to be involved. No final
evidence is available in other conditions or diseases in
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which probiotic agents are largely used. It appears evident that the tremendous dichotomy between the huge
market of probiotic products and the insufficient knowledge of probiotic-based therapies. This would be unacceptable for any other pharmacological treatment.
We believe that some important fields of research
exist that should be encouraged due to the possibility of
getting information of incommensurate value in the near
future. These fields of investigation will possibly permit
development of a new concept of “probiotic agents”[12,13],
and should be adequately investigated.

dead does not seem relevant for the recognition of a
molecular pattern by specific PRRs. The accessibility of
MAMPs for PRRs and the presence of other microbial
effector molecules, such as toxins produced by pathogens, have a pivotal role in the modulation of host immune response. Other important factors determining the
host response are host-derived direct or indirect negative
regulators of PRR signaling.
To date pathogenic, probiotic and commensal bacteria are considered to induce different levels of immune
response: a strong host response stimulated by pathogens, an intermediate response induced by probiotics and
finally a homeostatic control of the response is triggered
by commensal bacteria. An important exception to this
concerns a restricted number of commensal bacteria, the
prototype of which is the segmented Filamentous Bacteria
(SFB), which could largely recapitulate and orchestrate
a broad spectrum of B and T cell responses[19,20]. SFB
colonized mice had low levels of ATP, suggesting that
host sensing of SFB does not involve TLR or NOD receptors[21]. We have recently showed that the progressive
penetration of the holdfast segments of these bacteria
within the specialized epithelial cells of the terminal
ileum could permit an impressive presentation of bacterial antigens directly to the lymphocytes contained in the
lymphoid packets characteristic of the M cells and to
antigen presenting cells[22].
It should also to be remembered that interactions
between PRR and ligands are not as specific as those between antigens and antibodies, and ligands for PRR such
as TLRs are generally present in repetitive structures to
increase avidity.
Therefore, some very important and specific questions concerning immune-mediated probiotic activity are:
(1) Are whole live bacteria essential to promote biological effects on the immune system? (2) Can the concept
of probiotics be extended to include bacterial-derived
molecular bioactive components? (3) Moreover, can
probiotic molecules be also produced by non-probiotic
bacteria? and (4) Finally, can probiotics be genetically
manipulated to synthesize specific bioactive molecules?

A NEW CONCEPT OF “PROBIOTICS”
The relationship between probiotic agents and innate
immune system
In recent years there have been tremendous advances in
our understanding of the structure and function of signal receptors, and the pivotal role of pattern recognition
receptors (PRRs) and cells of the innate immune system
in processing bacterial and food components is now well
established[14-17]. PRRs include trans-membrane Toll-like
receptors (TLRs) and Dectin-Ⅰ; endosomal PRRs (TLR
3, 7/8 and 9); and cytosolic nucleotide oligomerization
domain (NOD)-like receptors: (NOD1 and NOD2), Rig1-like RNA helicase receptor (retinoic acid-inducible
gene-1 and iron-regulated surface determinant sensors).
The cells involved are dendritic cells (DC), intraepithelial
lymphocytes, macrophages, neutrophils and enterocytes.
At this level microorganisms are recognized only as
microorganism-associated molecular patterns (MAMPs).
MAMPs are first recognized by a PRR, and activation
of the receptor by binding of the MAMP sequentially
activates intracellular molecules such as the cytoplasmic
adapter molecule MyD88, leading to the activation of
transcription factors including nuclear factor-κ B (NFκB)
and activator protein-1 (AP-1), which are required for
gene transcription and cytokine synthesis. The different
receptors of the innate immune system are obviously
only able to process specific molecular components of
microorganisms and foods, whereas the recognition of
a whole bacterium or food does not appear possible although simultaneous activation of several PRR’s may be
characteristic of a specific organism or food and lead to
a different outcome than activation by single PRR. For
example, studies on host mucosal gene expression following exposure to different whole bacteria have demonstrated up-regulation of different gene networks for
each organism. Networks stimulated by these probiotic
bacteria included cell proliferation, Th-1/Th2 balance,
control of blood pressure, tissue development, water
and ion regulation and wound healing. Major host differences were noted in the stimulated transcriptosome.
The pathways stimulated by the whole organism corresponded to pathways stimulated by known pharmacological preparations. However, the specific molecules
of the bacteria that caused these effects are currently
unknown[18]. Further, whether the bacterium is alive or
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Probiotic molecules
Bacterial DNA: Bacterial genomic DNA of probiotics
in VSL-3™ induced a remarkable strain-specific immune response in humans as evaluated by the release of
interleukin (IL)-1β, IL-6 and IL-10. Total bacterial DNA
from faeces increased the Th-1 cytokine IL-1β more than
IL-10 compared to DNA from the probiotic bacteria
which had the reverse effect. However, total DNA from
faeces, after being given a course of the probiotic bacteria, produced a greater stimulation of IL-10 compared
to IL-1[23]. Notably, the respective role of IL-1β and IL-6
in the beginning and maintenance of a Th17 response is
well known[24,25]. An important and provocative study[26]
showed that in a mouse irritable bowel disease model
the protective effects of probiotics contained in VSL-3
are mediated by their DNA rather than by their ability
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Table 4 Reference studies concerning the probiotic role of
bacterial DNA

Table 5 Reference studies concerning the probiotic role of
molecules presented at the bacterial surface

Ref.

Ref.

Outcomes

Bacterial capsular PSA elaborated by Bacteroides fragilis
activates CD4+ and elicits cytokine production
Purified PSA suppress pro-inflammatory IL-17 production
and protects from inflammatory disease by induction of
IL-10
Ryu
Purified LTA from Gram-positive bacteria has lower
et al[36]
potency in the stimulation of Toll-like receptor-2 pathway
to induce pro-inflammatory molecules.
Grangette
Modified LTA is able to induce secretion of antiet al[37]
inflammatory IL-10
Benz
Lipoproteins and glycoproteins at the cell surface are
et al[39]
attractive candidates as probiotic molecules
Schlee
Flagellins of the Escherichia coli Nissle 1917 induces
et al[40]
expression of human β-defensin 2
Matsumoto Purified PSPG-Ⅰ from Lactobacillus casei Shirota has antiet al[83]
inflammatory actions in chronic intestinal inflammatory
disorders
Mazmanian
et al[33]
Mazmanian
et al[35]

Lammers
et al[23]

Bacterial DNA from faeces collected after VSL-3
administration modulated a decrease of IL-1β
and an increase of IL-10
Rachmilewitz Study in a mouse IBD model: protective effects of
et al[26]
probiotics contained in VSL-3 are mediated by their DNA
and TLR9 signaling mediates anti-inflammatory effect
Iliev
Lactobacillus rhamnosus GG DNA induces B-cell
et al[27]
proliferation and activate DC
Ghadimi
Bacterial DNA inhibited IL-4 and IL-5 secretion in
et al[28]
different Lactobacilli
Ménard
Study from 5 bifidobacterial strains: unmethylated CpG
et al[30]
motifs are specific to bacterial DNA by activating TLR9
IL: Interleukin; IBD: Irritable bowel disease; TLR: Toll-like receptor.

to colonize the gut mucosa. TLR 9 signaling is essential
in mediating the anti-inflammatory effects of probiotics.
TLR-9 is an endosomal TLR which is known to interact
with bacterial DNA upon bacterial lysis. The authors
suggested that DNA-TLR9 signaling resulted in the differentiation of naive cluster of differentiation-4 (CD4) T
lymphocytes into regulatory T cells, mediating the protective action. Another example of the immunomodulatory capacity of probiotic DNA is represented by DNA
of Lactobacillus rhamnosus GG that induces B-cell proliferation and activates DCs[27]. More recently, the effects
on the Th1/Th2 balance by genomic DNA of different
probiotic bacteria (Lactobacillus rhamnosus GG, Lactobacillus
gasseri, Bifidobacterium bifidum, Bifidobacterium longum) were
compared with the effects of live bacteria by using peripheral blood mononuclear cells from healthy subjects
and from patients with an allergy against the house dust
mite[28]. Compared with live Lactobacilli, bacterial DNA
inhibited IL-4 and IL-5 secretion in a similar way, and
based on the maximal effects achieved with Lactobacilli
and their DNA, more than 50% of these effects seem to
be due to their DNA (Table 4).
The immunomodulatory activity of DNA is characterized by unmethylated CpG motifs which can activate
innate immune responses through binding to TLR9 and
triggers the translocation of NFκB and AP-1 from the
cytoplasm to the nucleus thereby up-regulating gene
expression pathways. Stimulatory oligodeoxynucleosides
contain the CpG within a flanking region to give a motif
of Pur-p-Pur-p-CpG-p-Pyr-p-Pyr. Typically more than
one CpG is present in the immunostimulatory oligodeoxynucleoside and maximal effect occurs if they are separated by 1-2 base pairs. A 5’ TpC and pyrimidine rich
3’ ends also increases the immunostimulatory effects.
In terms of a potential therapeutic, the in-vivo degradation can be decreased by synthesizing a phosporthiorate
backbone which increases the stimulatory activity of the
motif[29]. A very recent study based on entire genome sequences from five bifidobacterial strains[30] showed that
Bifidobacterium genomes contained several CpG motifs
and biologically active sequences previously identified in
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Outcomes

PSA: Polysaccharide A; IL: Interleukin; LTA: Lipotheichoic acid; PSPG:
Polysaccharide-peptidoglycan.

Lactobacilli. These bioactive sequences induced the production of monocyte chemotactic protein-1 and tumor
necrosis factor-α (TNF-α) through a pattern of TLR-9
stimulation of macrophages. An inter- and intra-species
investigation of 71 strains of Bifidobacteria of various origins showed that these bioactive DNA sequences were
highly conserved in the genus. The results of these studies clearly suggest the necessity of further investigation.

MOLECULAR PRESENT AT THE
BACTERIAL SURFACE
Bacterial cells wall molecules are potential probiotic ligands that can interact with PRRs and induce signaling
pathways resulting in probiotic effects (Table 5).
The immune system is able of recognizing any biological polymer constituting the bacterial cell wall and
presenting it to T cells. Most probiotics are typically Grampositive bacteria, in which the cell wall is composed of a
thick peptidoglycan layer with proteins, theicoic acids
and polysaccharides[31]. However few Gram-negative probiotics exist, such as Escherichia coli strain Nissle 1917; in this
case the cell wall is composed of a thin peptidoglycan
layer and an outer membrane which contains lipopolysaccharides (LPS) that is further decorated with the proteins and polysaccharides[32].
Although adaptive immune responses have been considered the territory of antigenic proteins or glycoproteins,
whereas carbohydrates were considered as not recognized
by the adaptive immune system, recent studies have revolutionized this assumption. Bacterial wall polysaccharides
and glycolipids are now considered perhaps the more
attractive targets in the research for immunomodulatory
molecules. Interestingly, the bacterial capsular polysaccharide A (PSA), the most immunodominant among
the zwitterionic polysaccharides elaborated by Bacteroides
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fragilis, a commensal Gram-negative anaerobe that colonizes
the mammalian lower gastrointestinal tract, has been
demonstrated to be the archetypal bacterial molecule
capable of mediating development of the host immune
system [33]. PSA presented by intestinal DCs activates
CD4+ T cells and elicits appropriate cytokine production. Bacteroides species are among the earliest colonizing and most represented microorganisms of the gut
microbiota [34], and they are not considered probiotic
species. More recently Mazmanian et al[35] showed that
the Bacteroides fragilis-produced PSA protects mice from
experimental colitis induced by Helicobacter hepaticus: purified PSA is required to suppress pro-inflammatory IL-17
production by intestinal T cells, and it also protects from
inflammatory disease by induction of IL-10-producing
CD4+ T cells. Therefore, although bacteria may have
developed polysaccharide capsules known to be not recognized by the immune system, it may be that the host
not only tolerates but also has evolved to require cooperation by commensal bacteria for its health. Strikingly,
the finding that PSA from Bacteroides fragilis is a natural
anti-inflammatory molecule that promotes health, so
clearly performing important probiotic activities, is not
produced by a probiotic bacteria, provides a fundamental platform for the discovery of new biomolecules having important probiotic effects independently from their
bacterial derivation.
Polysaccharides synthesized extracellularly (exopolysaccharides, EPSO) also represent attractive candidates
as probiotic effector molecules interacting witch PRRs.
EPSO are produced by both probiotic and symbiotic
bacteria, and also potentially pathogenic bacteria, but
they have not yet been studied in detail.
On the other hand, lipoteichoic acid (LTA) is considered the major immunostimulating component of the
cell wall of Gram-positive bacteria via TLR 2 (most of the
known probiotics, Lactobacilli and Bifidobacteria, are Grampositive bacteria), in the same way as LPS is the major immunostimulating component in the cell wall of Gramnegative bacteria via TLR 4. Two important concepts
concerning LTA have emerged in recent years: the first
concerns the much lower potency in the stimulation of
TLR 2 pathway to induce pro-inflammatory molecules by
using purified LTA from a probiotic strains of Lactobacillus plantarum in comparison with a pathogenic strain of
Staphylococcus aureus[36]; the second very important concept
is related to the possible modification of LTA molecules
to induce a substantial reduction in D-alanine content
with a marked increase in glucose substitutions[37]. These
modified LTA may be candidates as probiotic effector
molecules able to induce secretion of anti-inflammatory
IL-10.
On the other hand, LPS synthesized by Gram-negative
bacteria of the gut microbiota have been recently involved
in the development of inflammation, obesity and type
2 diabetes induced by a high fat diet[38]. If confirmed,
these findings open up a new possible role in this field
not only for a direct bacterial competition by live probi-
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otics, but also for research into non-immunostimulating
molecules competing with LPS for the TLR 4 pathway.
Finally, both lipoproteins and glycoproteins present
at the cell surface are also attractive candidates as probiotic molecules for their interactions with TLR 2 receptors, but to date their role is unexplored even in pathogenic bacteria[39]. However flagellins of the Escherichia coli
Nissle 1917 induce the expression of human β-defensin
2, an inducible antimicrobial peptide[40].
Recombinant probiotics: Colonizing (e.g., Streptococcus
gondii, Lactobacillus plantarum, Lactobacillus paracasei, Lactobacillus casei, Lactobacillus acidophilus) as well as non-colonizing
(e.g., Lactobacillus lactis) bacterial species have been investigated both as live vaccine vehicles (acting as carriers
for protective antigens) and as active producers of molecules with known pharmacological properties.
In respect to the use of these microorganisms as carriers for antigens, the most complete studies have been
carried out with the 50 kDa carboxy-terminal fragment
of tetanus toxin[41]; this approach has now been extended to additional antigens eg the B subunit of cholera
toxin[1-3].
Transfected bacteria have also been used to deliver
cytokines, but this technique was recently used to investigate other biological properties. Steidler et al[42] chose to
construct recombinant Lactobacillus lactis strains secreting
murine IL-10. These authors demonstrated that these
recombinant strains were able to prevent and treat inflammation in two murine models of colitis. Significantly,
the same effects were obtained with much lower doses
of IL-10 than those required when IL-10 itself was used
as a drug. The same authors further constructed a safe
(no antibiotic resistance markers and a chromosomally
integrated transgene) strain of Lactobacillus lactis secreting
IL-10 of human origin[43]. Authorization by a local ethical
committee to carry out a phase 1 clinical study on voluntary patients has been obtained in the Netherlands[44].
In this study, Crohn’s disease patients were treated with
recombinant Lactobacillus lactis (LL-THY 12) in which
the thymidylate synthase gene was replaced with a synthetic sequence encoding mature human IL-10. The oral
administration of this strain was safe and a decrease in
disease activity was observed. The authors concluded
that the use of genetically modified bacteria for mucosal
delivery of therapeutic proteins is a feasible strategy in
human beings. This strategy avoids systemic side effects and appears suitable as maintenance treatment for
chronic intestinal diseases. Novel therapeutic strategies
for acute and chronic colitis based on recombinant probiotics were also assessed by the generation and in vivo
evaluation of Lactobacillus lactis strains secreting bioactive
murine trefoil factors (TFF)[45]. The authors demonstrated that intragastric administration of this bacterial strain,
but not of purified TFF, led to prevention and healing in
the acute dextran sodium sulfate (DSS)-induced murine
model of colitis, and was similarly effective in reducing
established chronic DSS colitis. It has also to be remem-
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bered that production and mucosal delivery of different
bioactive molecules such as allergens, digestive enzymes
and single-chain Fw antibodies have been achieved using
lactic acid bacteria[3]. Targeted diseases included vaginal
candidiosis[46], dental caries[47], allergies[48-50], autoimmune
diseases[51,52], human papillomaviruses-induced tumors[53]
and pancreatic insufficiency[54]. More recently, RosbergCody et al[55] investigated whether a recombinant strain
of Lactobacillus paracasei, previously isolated from the human gastrointestinal tract, expressing conjugated linoleic
acid (CLA) isomerase from Propionibacterium acnes, could
influence the fatty acid composition of different tissues
in the mouse. Ingestion of the Lactobacillus paracasei strain
expressing CLA isomerase was associated with a 4-fold
increase (P > 0.001) in t10c12 CLA in adipose tissues of
the mice when compared with animals that received the
non-CLA producing isogenic strain. These data show
that a single gene encoding CLA isomerase expressed by
an intestinal bacterium can influence the fatty acid composition of the host adipose tissue. This t10c12 CLA
isomer is also associated with decreased body fat and increased lean body mass in various animal species[56-60] and,
to some extents, human beings[61-65]. It is also well known
that t10c12 CLA isomer is the most potent isomer in
terms of potential to prevent cell proliferation and induce apoptosis in cancer cells[66-69]; notably, when the microbially derived t10c12 CLA was incubated with SW480
colon cancer cells for 5 d, cell viability was decreased by
92%[70], and it is possible that a CLA-producing probiotic
will be able to keep colon cancer cells in check. Although
commensal Bifidobacterium and Lactobacillus species from
the gastrointestinal tract have been shown to produce
CLA in vitro[71-73], the majority of these studies have demonstrated the production of c9t11 CLA from linoleic
acid, while only a few bacteria such as Propionibacterium
acnes[74] , the rumen bacterium Megasphera elsodenii[75], and
the human derived Lactobacillus rhamnosus PL60 and Lactobacillus plantarum PL62[76,77] have been reported to produce
t10c12 CLA. Modulation of fatty acid production by
bacteria may represent very important probiotic activity
and recombinant probiotics may become useful for this
in the near future.
Recombinant probiotics may be linked not only to
the addition of one or more genes but also to the deletion of one or more genes. In fact, to study the molecular mechanisms involved in the induction and repression
of intestinal inflammation, Mohamadzadeh et al[78] have
recently deleted the phosphoglycerol transferase gene
that plays a key role in LTA biosynthesis in Lactobacillus
acidophilus NCK 56.
The results of these authors show that the Lactobacillus acidophilus LTA- not only down regulated IL-12 and
TNF-α, which are known pro-inflammatory cytokines,
but also significantly enhanced IL-10 production by DC
and controlled the regulation of co-stimulatory DC functions, resulting in their inability to induce CD 4+ T cell activation. The treatment of mice with Lactobacillus acidophilus
LTA-, compared with Lactobacillus acidophilus LTA+, signifi-
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cantly counteracted DSS-induced colitis. These authors
concluded that directed alteration of cell-surface components of Lactobacillus acidophilus represents a potential
new strategy for the treatment of inflammatory intestinal
disorders.
Moreover, efforts have been devoted to improve the
efficacy of probiotic bacteria as delivery systems; in this
context cell wall mutants of Lactobacillus plantarum and
Lactobacillus lactis defective in alanine racemase (alr gene)
were constructed[79,80]: each of these mutants behaved as
a substantially improved antigen delivery system compared with its wild-type counterpart[81]. The potency of
the Lactobacillus plantarum Alr- mutant was further confirmed using a weak immunogen, such as Helicobacter pylori urease B, as a protective antigen; a significant reduction of the Helicobacter pylori load in the mouse stomach
was achieved after immunization with the recombinant
mutant Lactobacillus plantarum strain in contrast to results
obtained with its wild-type counterpart[82].
Any gene coding for an active molecule, potentially
useful for human health, may be used to generate recombinant probiotic bacteria; in this context, an impressive number of options are available to be investigated in
in vitro and in vivo studies. It is worthy of note, however,
that several gene products need glycosylation, phosphorylation or other more complex chemical changes; these
may require the enzymatic machinery of eukaryotic cells.
Thus, although current available genomic information
should greatly facilitate the generation of useful recombinant probiotics, several technical issues and biologically
limiting factors have to be taken attentively in consideration. In any case, the use of rapidly evolving genomic
technology will surely help to evolve this intriguing and
fascinating field and we can expect that from the present
pioneering status we will soon progress to the generation
of innovative therapeutic tools.

CONCLUSION
We are convinced that, even if as mentioned above there
is a very large amount of work to be performed in this
field, the available evidence is already enough to move
from the actual concept of probiotics to novel and very
promising pharmacobiotic strategies. In fact, probiotic
molecules and recombinant probiotics may represent
an unlimited resource for innovative therapeutics. The
following questions arise from the present analysis of
available knowledge: (1) Why the therapeutic potential of
probiotic molecules and recombinant probiotics has been
neglected so far? (2) Why important studies showing that
whole live bacteria are not needed for probiotic activity have not received adequate attention by the scientific
community? (3) Why molecules such as polysaccharidepeptidoglycan (PSPG)-Ⅰ from Lactobacillus shirota, which
have demonstrated to be able to suppress inflammation
in chronic intestinal inflammatory disorders via inhibition
of IL-6, have not been extensively investigated yet? IL-6
plays a pivotal role both in activation and sustainment
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of Th 17 response as well as a crucial role as a proinflammatory IL in Th 17 and Th1 cell responses. Thus
the dose dependent pharmacological inhibition of IL-6
levels could have a crucial clinical impact, as suggested
by animal studies[83] . Based on these considerations,
(4) Why, after identification of adequate drug delivery
strategies (in fact, there may be major challenges with
formulation and delivery in single cases), the clinical effectiveness of PSPG-Ⅰ has not been assessed yet? and (5)
Why has only a phase I study has been performed with
recombinant probiotics? These are crucial questions with
important implications. Thus these questions should be
discussed at international level by a forum involving different players including, basic researchers, clinicians (gastroenterologists, pediatrics, allergologists, pneumologists,
etc.), lawgivers and regulatory agencies, and probiotics
pharma. Although there are already international organizations that declare to be independent of the industry,
such as the aforementioned ISAPP, which tackle these
issues, these have within them industry advisory committee members and have not been able until now to pull
the current outdated concept of probiotics to the more
inclusive concept of pharmabiotics.
Although guidelines and recommendations substantiating the evidence for beneficial effects of probiotics in
different clinical conditions of adult patients have been
published[6,7,84-87], the only clinical conditions in which
strains of whole live probiotics have been shown to be
effective thus far are acute gastroenteritis and antibioticassociated diarrhoea. It seems therefore that live probiotics can exert a competitive action and can have a role
in restoration of intestinal flora. However, a specific role
in the cure of chronic and/or autoimmune diseases has
not been conclusively demonstrated. Despite this, an
entire world involving probiotic molecules and recombinant probiotics is ready to be investigated. In any case, if
specific live probiotic strains have been or will be found
effective in specific concentrations for specific disease
conditions should they still categorized as food supplements? To what extent does the market influence the national regulatory laws in this area? We think that gut microbiota and probiotic bacteria represent an inexhaustible mine from which countless molecules of potential
value for human health can be obtained and investigated.
If this does not happen, we risk going on discussing
whether a live strain is better than another without ever
reaching any definitive conclusion for many years. Even
if single RCTs demonstrate a level of evidence 1a, but
the findings are not confirmed by other authors in order
to remove any doubt about the therapeutic role of that
strain in the given clinical condition at that specific doses
and route of administration, it does not solve the problem and continues to maintain doubts about the role of
probiotic therapy. In addition, it should be underlined
that clinical studies are almost always sponsored by companies and results of rigorous RCTs are restricted to the
strains of company interest. Who needs to maintain the
“status quo” without moving the research to a plot of
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real pharmacobiotic strategies? Is the huge market based
on “easy” trade of live microorganisms involved? We do
not want to be unpleasant to anybody, but we think that
opening an international forum on this important issue
would be of great benefit to both physicians and patients. If to tell the story of salutistic products through
well-made advertisements in the media induces big gains
without big expenses, we fear that hardly anyone will
decide to invest in this area. This way the birth of the
pharmacobiotic era will turn away more and more. The
resources that are available to us are often sacrificed by
humans on the altar of interests and market strategies:
among the chief concerns of the scientific community
is the need to denounce all those situations in which
scientific rigor is sacrificed to commercial interests. To
avoid this, the following two actions are mandatory: (1)
international guidelines by the forum of players made
available to scientists and clinicians, patient organizations, and lawgivers; and (2) public research funds made
available to the scientific community for performing independent rigorous studies both at preclinical and clinical levels.
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Core tip: A systematic literature review was performed
to identify all human studies with birth outcomes data
after maternal exposure to infliximab, adalimumab, or
certolizumab pegol within 3 mo of conception or during
any trimester of pregnancy. After systematic literature
review investigating tumor necrosis factor-α inhibitor
therapy and fetal risk, there is insufficient evidence to
prove absolute safety for the use of biologics (specifically infliximab, adalimumab, and certolizumab pegol)
during pregnancy.

Abstract
Tumor necrosis factor-α inhibitors (anti-TNFs) are effective in the treatment of inflammatory bowel disease
(IBD) recalcitrant to conventional medical therapy. As
the peak incidence of IBD overlaps with the prime reproductive years, it is crucial to establish pharmacologic
regimens for women of childbearing age that achieve
effective disease control without posing significant fetal
harm. A systematic literature review was performed
to identify all human studies with birth outcomes data
after maternal exposure to infliximab, adalimumab, or
certolizumab pegol within 3 mo of conception or during
any trimester of pregnancy. Live births, spontaneous
abortions or stillbirths, preterm or premature births,
low birth weight or small for gestational age infants,
and congenital abnormalities were recorded. Fifty selected references identified 472 pregnancy exposures.
The subsequent review includes general information
regarding anti-TNF therapy in pregnancy followed by a
summary of our findings. The benefits of biologic modalities in optimizing disease control during pregnancy
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INTRODUCTION
Inflammatory bowel disease (IBD) encompasses the
diagnoses of Crohn’s disease (CD) and ulcerative colitis
(UC). These are chronic relapsing gastrointestinal illnesses that involve proinflammatory molecules. The onset of IBD has a bimodal distribution with a higher peak
in the younger population aged 15-30 years; fifty percent
of patients afflicted by IBD are diagnosed before the age
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of 35[1]. Hence, the peak incidence for developing these
conditions overlaps with the prime reproductive years[2,3].
Effective control of IBD is essential during pregnancy. Active disease or disease flares have been associated with adverse obstetrical outcomes[4]. About 50% of
the pregnancies in North America are unplanned, and
less than half of females realize their pregnancy status
by week four of gestation[5]. Inadvertent fetal exposure
to medications during the crucial stages of organogenesis is thus possible and common. For these reasons,
preconception discussions addressing risks and benefits
of pharmacologic therapy during pregnancy are clinically
warranted for all patients of childbearing potential.
The decision to pursue or maintain certain drug regimens throughout the prenatal and pregnancy periods
may pose a significant challenge; the risks of disease activity must be weighed against the potential side effects
of medical therapy. Untreated disease may create greater
risks to a pregnancy than the drugs themselves[2]. Identifying the safest management strategy is crucial, as medication use during pregnancy impacts maternal disease
activity, fetal development, and pregnancy outcomes.
Tumor necrosis factor-α (TNF-α) is a pleiotropic
cytokine that plays a role both in pregnancy and in the
pathophysiology of inflammatory conditions including
IBD. Mouse models have demonstrated that TNF-α is
one of several cytokines bearing a potent regulatory effect on early development[6]. It controls cyclooxygenases
that affect blastocyst implantation, vascular permeability
of the endometrium, and uterine deciduation[7]. TNF-α
also contributes to the process of labor by stimulating
uterine contractions in conjunction with other inflammatory cytokines[8]. The production of TNF-α increases
throughout pregnancy and reaches a peak at the onset
of labor. High levels of TNF-α have been implicated
in such pregnancy complications as infection and fetal
growth retardation and have even been linked to early
and unexplained spontaneous abortions[8,9].
There is a characteristic abundance of gut inflammation in IBD originating via various mechanisms at the
cellular and subcellular levels. TNF-α is a key cytokine
in the development and perpetuation of this abnormal
immune response[10]. Several studies support the heightened production of TNF-α in the intestinal mucosa of
patients with CD, and the levels are increased in both inflamed and histologically normal mucosa[11-13]. Increased
TNF-α has also been linked to such rheumatologic and
dermatologic conditions as rheumatoid arthritis, ankylosing spondylitis, psoriatic arthritis, and psoriasis.
TNF-α inhibitors (anti-TNFs) are drugs that block
the action of TNF-α and neutralize its biologic effect.
This class has demonstrated efficacy in controlling disease activity associated with various inflammatory conditions. Infliximab (IFX), adalimumab (ADA), and certolizumab pegol (CTZ) are three such synthetic antibodies
available in the United States for the treatment of IBD.
Of these, infliximab has been the most highly studied.
Recognizing the effects of maternal drug use on fetal
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development is an important aspect of providing care to
pregnant patients and women of childbearing age with
IBD. There is limited data, though, pertaining to the
safety of biologic agents when used during pregnancy.
The United States Food and Drug Administration (FDA)
lists anti-TNF agents as category B drugs[14-16] (category B
specifies that animal studies do not indicate fetal risk and
there are no controlled studies in women or that animal
studies have demonstrated adverse effects but controlled
studies in women have failed to demonstrate risk). A
recent consensus statement declared anti-TNF agents to
be low risk during certain stages of pregnancy[17]. Some
case reports and small case series reporting anti-TNF
exposure and pregnancy outcomes have been published.
However, large population-based studies are sparse, and
there is a lack of prospective data in pregnant women. In
addition, there is a relatively short number of post-marketing years since the advent of biologics, thus narrowing
the safety information pool even further. The increasing
use of antibody-based therapeutics fosters the need for
further study in this group of patients.
A systematic literature review was performed to investigate fetal risks associated with maternal exposure to
TNF-α inhibitors (IFX, ADA, and CTZ) during pregnancy.

SEARCH STRATEGY
The search strategy was developed with the assistance
of a medical librarian. Databases searched included
MEDLINE, EMBASE, SCOPUS, and BIOSIS Previews
through November 2011 and were restricted to studies
published in English and performed in humans. Structured searches were conducted using both medical subject
heading terms and keyword/exploded terms as follows:
(“congenital abnormalities” OR “congenital disorders”
OR “pregnancy” OR “safety”) AND (“infliximab” OR
“adalimumab” OR “certolizumab”). Titles and abstracts
were screened for relevance; reference lists of the applicable publications were hand-searched to identify additional
studies.

ELIGIBILITY CRITERIA
Case reports, case series, or observational studies published in article or abstract form were eligible for inclusion if there was documented female exposure to IFX,
ADA, or CTZ within three months of conception or
during any trimester of pregnancy and if > one of
the following birth outcomes was assessed: live births,
spontaneous abortions (SA), stillbirths (SB), preterm or
premature births (PTB/PMB), low birth weight (LBW)/
small for gestational age (SGA), or congenital abnormalities (CA). Studies were excluded if there was insufficient
detail to link specific anti-TNF exposure with birth outcomes. One investigator independently performed the
searches described above and reviewed the citations (titles
and abstracts) to determine eligibility. Discrepancies were
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resolved by the second investigator.

controlled trials in the treatment of moderate to severe
CD refractory to conventional therapy as well as enterocutaneous fistulae[77,78]. The drug can reduce the need for
corticosteroids and, in patients who respond to initial
dosing, IFX is effective for the maintenance of response
and prolonged remission in CD[79,80].
IFX is classified by the United States FDA as pregnancy category B. Murine models show no evidence of
teratogenicity or embryotoxicity. However, anti-TNF-α
antibodies vary among species; data cannot simply be
paralleled to human pregnancy outcomes. Infliximab
does not cross-react with TNF-α in species other than
humans and chimpanzees, and it has not been tested in
animal reproduction studies[14].
IFX is not thought to cross the placenta in the first
trimester due to its human IgG1 constant region[81], but
this subclass is known to efficiently cross in the late second and third trimesters[26]. Given this timing, the infant
is somewhat shielded from drug exposure during the critical period of organogenesis. IFX levels can be detected
in newborns of exposed mothers, and the drug remains
in the system for up to six months after delivery[19,50]. This
bears important consequences in terms of newborn infection risks and vaccination responses[17]. Discontinuing
infliximab in the third trimester is an option to decrease
late placental transport to the newborn.

DATA EXTRACTION
A standardized form was used to abstract the following
data points from each study: anti-TNF drug exposure,
indication for anti-TNF agent, pregnancy stage(s) of
exposure by trimester, live births, and birth outcomes as
aforementioned. Spontaneous abortions were defined as
fetal death at < 20 wk, stillbirths as fetal death at > 20
wk or at weight > 350-500 g if gestational age unknown,
preterm deliveries as < 37 wk gestation, premature deliveries as < 37 wk gestation and prior to completion of
organ development, and low birth weight newborns as <
2500 g. Small for gestational age infants were described
by authors as smaller than average size given the number
of pregnancy weeks.

SEARCH RESULTS
The initial search yielded 11452 citations. Fifty studies
(Table 1)[18-68] met inclusion criteria for full review, including 13 case series, 36 case reports, and 2 prospective
studies with control groups. Reports in Table 1 are categorized by biologic agent and study type, and details of
maternal anti-TNF exposures and pregnancy outcomes
are presented.
The total number of patients exposed to anti-TNFs
was 472 (IFX 194/ADA 261/CTZ 17). Table 2[69-73] displays anti-TNF exposures and birth outcomes for the
following categories: live births, spontaneous abortions,
stillbirths, preterm/premature births, low birth weight/
small for gestational age, and congenital abnormalities.
Outcomes in Table 2 have been listed by anti-TNF exposure (IFX, ADA, and CTZ) and indication (for all medical conditions and for IBD patients alone), and results
are compared to the general United States population.
Table 3 summarizes the reported congenital abnormalities associated with live births (4.1%). Among 19
congenital anomalies (IFX 9/ADA 10/CTZ 0), no specific pattern of birth defects was identified[74-76].

Adalimumab
Adalimumab (Humira) is a fully human monoclonal IgG1
antibody against TNF-α. It has proven effective for inducing and maintaining remission in CD[82,83], especially in
those who have lost response to or have become intolerant of infliximab[84].
ADA is classified as an FDA pregnancy category B
drug. In an embryo-fetal perinatal developmental toxicity
study, cynomolgus monkeys were administered ADA at
extreme dosages of up to 100 mg/kg [266 times human
area under the curve (AUC) when dispensed as 40 mg subcutaneously with methotrexate weekly or 373 times human
AUC when dispensed as 40 mg subcutaneously without
methotrexate]. No evidence of fetal harm due to ADA
was recorded. Adequate and well-controlled studies have
not been conducted in pregnant women. Again, animal
reproduction and developmental studies are not always indicative of human response, and ADA must be used with
caution in pregnancy[15]. There is no long-term data regarding effects of adalimumab on the developing fetus.
Less information exists on the transplacental diffusion of ADA throughout the trimesters compared to
infliximab. Determining the time course of drug administration and when to potentially discontinue ADA during
pregnancy is not well-defined due to shorter dosing intervals and limited ability to commercially measure ADA
levels. Withholding the drug in the third trimester may
be considered to reduce late placental transport to the
newborn. Mahadevan et al[17] suggests discontinuation 8-10
wk prior to estimated date of delivery.

DISCUSSION
We performed a systematic literature review to assess the
risk of adverse birth outcomes after maternal exposure
to IFX, ADA, or CTZ and identified 50 references with a
total of 472 fetal exposures.
The subsequent discussion highlights each biologic
agent in the context of pregnancy and provides a summary of our data.
Infliximab
Infliximab (Remicade) is a human-murine chimeric
monoclonal antibody that neutralizes the activity of
TNF-α. It is composed of a human immunoglobulin
G1 (IgG1) constant region and a murine variable region.
Its efficacy in IBD has been documented in randomized
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Case series

Case series Rheumatologic
disease

Case series

Case series

Chakravarty et al[21]

Correia et al[22]

Hyrich et al[23]

Kane et al[24]

Katz et al[25]
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Case series Rheumatologic
disease
Case series CD/UC/IC

Rosner et al[27]

Schnitzler et al[28]

Case series

Mahadevan et al[26]

CD

Unknown:(3)

CD: (82)
UC: (1)
RA: (8)
JRA: (2)

CD

CD

Case series Rheumatologic
disease
Case series
RA

Berthelot et al[20]

RA
CD: (4)
UC: (1)

Disease

Prospective
Prospective

Study type

Chambers et al[18]
Mahadevan et al[19]

Ref.

IFX

IFX

IFX

IFX

IFX

IFX

IFX

IFX

IFX

IFX
IFX

Anti-TNF-α
agent

NS

Yes

Some pts

Some pts

Some pts

Some pts

No: 1

Yes: 1

Some pts

-1

NS
NS

10

3

10

100

3

3

2

1

3

4
5

Exposure
Exposures in
to other pregnancies with
drugs
documented
outcome

C/T1/T2

C/T1/T2/T3

T1: 1
T3: 1
C/T1/T2/T3: 8

Unknown: 6

T1/T2/T3: 2
T2/T3: 1
C: 53
T1: 30
> 3 mo
prior to C: 7

C/T1

T1
T2/T3 other
exposure details
NS
C/T1: 1
C/T1/T2: 2
Pregnancy,
not otherwise
specified
C/T1/T2/T3

Maternal
exposure:
Pregnancy stage

Table 1 Summary of reports of maternal exposure to anti-tumor necrosis factor agents during pregnancy

9

3

10

68

3

2

2

1

3

3
5

Live
births
(n )

1
SB

SB

1

10
SA

1
SA

1 SA

SA/SB
(n )

2

1

3

1

1

1

2

1
LBW

1
LBW

1
SGA

PTB/ LBW/
PMB SGA
(n )
(n )

3

CA
(n )

Miscarriages (14):
10 SA
1 SB (mother exposed to leflunomide)
3 unknown type
1 neonatal jaundice (resolved)
1 complicated neonatal course: term delivery at 39 wk with
respiratory distress/desaturation/gastric ulcer day 5; healthy
at 6 mo follow-up
1 premature rupture of membranes

1 complicated neonatal course:
Respiratory distress/jaundice/seizure. Mother was also
exposed to several antibiotics for pulmonary and urinary
infections, azathioprine, hydrocortisone, and total parental
nutrition early in pregnancy

CA (3):
1 full-term with tetralogy of Fallot
1 intestinal malrotation
1 developmental delay and hypothyroidism

1 preterm/premature birth due to placental detachment (31
wk, 1.6 kg with acute respiratory failure requiring mechanical
ventilation × 24 h and intensive care × 40 d; healthy at 8 mo
follow-up)

Pregnancy outcomes: Details/complications
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Case report
Case report

Case report
Case report
Case report

Case report
Case report
Case report
Case report

Case report

Case report
Case report

Case report
Case report
Case report
Case report
Case report
Case report

Prospective

Arai et al[35]
Aratari et al[36]

Burt et al[37]
Chaparro et al[38]
Cheent et al[39]

WCG|www.wjgnet.com

Epping et al[40]
Hou et al[41]
James et al[42]
Kinder et al[43]

Østensen et al[44]
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Puig et al[45]
Srinivasan et al[46]

Steenholdt et al[47]
Stengel et al[48]
Tursi et al[49]
Vasiliauskas et al[50]
Wilbaux et al[51]
Xirouchakis et al[52]

Johnson et al[53,54]

CD and RA

UC
CD
CD
CD
AS
CD

Psoriasis
CD

RA

CD
CD
CD
RA

CD
CD
CD

CD
Psoriatic
Arthritis
CD
CD

Case report
Case report

Angelucci et al[33]
Antoni et al[34]

CD: (3)
UC: (1)

Angelucci et al[32]

Case series

NS

Case report Rheumatologic
disease
Case report
CD

Akinci et al[31]

Zelinkova et al[30]

Weber-Schoenderfer et al[29] Case series

ADA

IFX
IFX
IFX
IFX
IFX
IFX

IFX
IFX

IFX

IFX
IFX
IFX
IFX

IFX
IFX
IFX

IFX
IFX

IFX
IFX

IFX

IFX

IFX

IFX

NS

Yes
Yes
NS
NS
NS
Yes

Yes
Yes

Yes

Yes
NS
Yes
Yes

Yes
NS
NS

Yes
Yes

Yes
NS

Yes

Yes

Some pts

NS

94

1
1
1
1
1
1

1
12

1

1
1
1
1

1
1
1

1
1

1
1

1

1

4

25

T1
Other exposure
details NS

C/T1/T2/T3
C/T1/T2/T3
C/T1/T2/T3
C/T1/T2/T3
C/T1
C/T1

C/T1/T2/T3
C/T1

C/T1

C/T1/T2/T3
C/T1/T2/T3
T2
C/T1

C/T1
C/T1/T2/T3
C/T1/T2/T3

C/T1/T2
T2

T1
C/T1

C/T1

C/T1/T2/T3

C/T1/T2: 3
C/T1/T2/T3: 1

T1

80

1
1
1
1
1
1

1
1

1

1
1
1
0

1
1
1

1
1

1
1

1

1

4

22

13
SA

1
SA

2
SA

12

1

1

1

1
1
1

1

1

4

1
SGA

1
LBW

7
(among
live births)

1

2

Preterm (29 wk) birth with neonatal hospitalization × 30 d
post-delivery. Baby in “good condition” at follow-up
CA (7) ( live births):
1 undescended testicle
1 microcephaly
1 congenital hip dysplasia with inguinal hernia
1 congenital hypothyroidism
1 ventricular septal defect

Preterm premature birth (24 wk) complicated by intracerebral
and intrapulmonary hemorrhages and neonate died at 3 d
Mother was also exposed to metronidazole, azathioprine, and
mesalamine for fistulizing CD

Oligohydramnios detected on 18 wk ultrasound that resolved
with discontinuation of Nimesulide

Infant developed disseminated BCG after vaccination at 3 mo
and died at 4.5 mo

CA (2):
1 ventricular septal defect
1 growing hemangioma requiring therapy
CA (1):
L hand polydactyly
(Infant also had respiratory depression after anesthetics that
resolved spontaneously. Mother was taking methotrexate 2
mo prior to conception without folic acid supplement.)
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Case report
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Case report
Case report
Case report

Case series

Case report
Case report
Case report

Ben-Horin et al[56]
Bosworth et al[57]
Coburn et al[58]
Dessinioti et al[59]

Jurgens et al[60]
Kraemer et al[61]

Mishkin et al[62]

Roux et al[63]
Vesga et al[64]
Wibaux et al[51]

Kane et al[65]

Mahadevan et al[66]
Ousallah et al[67]
Steinberg et al[68]

CD
CD
CD

CD

CD
AS

CD
Takayasau’s
Arteritis
CD
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CTZ
CTZ
CTZ

CTZ

ADA
ADA

ADA
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ADA
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ADA
ADA
ADA
ADA

ADA

ADA

ADA

ADA

ADA

Yes
NS
Yes

NS

Yes
Yes

Yes
NS

NS
Yes

NS
Yes
Yes
NS

Yes

NS

NS

Some pts

-3

1
1
1

14

1
1

1
1

1
1

1
1
1
1

1

28

122

3

2

T2/T3
C/T1/T3
T2

NS

C/T1/T2/T3
C/T1/T2

C/T1/T2/T3
C/T1

C/T1
C/T1/T2/T3

C/T1/T2/T3
C/T1/T2/T3
T2/T3
C/T1

C/T1/T2/T3

T1

T1
other exposure
details NS

C/T1: 1
C/T1/T2/T3: 1
C/T1

1
1
1

5

1
1

1
1

1
1

2
(twins)
1
1
1
1

24

122

2

2

1
SA

2
SA

1
SA

1

1

4

1
SGA

1
LBW

1
SGA

1

5

CA (1):
Primary craniosynostosis requiring surgery

Infant reported as “normal” at 12 mo follow-up

5 CA (5):
2 chromosomal abnormalities
1 atrial septal defect and peripheral pulmonic stenosis
1 ventricular septal defect
1 congenital hip dysplasia
1 infant with autosomal dominant disease (not otherwise
specified); paternal inheritance
Twin-to-twin transfusion syndrome
(1 small due to discordance)

Specified no exposure to disease-modifying antirheumatic drugs, methotrexate, or non-steroidal anti-inflammatory drugs; 2Case reported by Srinivasan et al[46] was also documented by Katz et al[25]; 3Specified no exposure to diseasemodifying antirheumatic drugs, methotrexate, or non-steroidal anti-inflammatory drugs. TNF: Tumor necrosis factor; CD: Crohn’s disease; UC: Ulcerative colitis; IC: Indeterminate colitis; RA: Rheumatoid arthritis; JRA: Juvenile
rheumatoid arthritis; AS: Ankylosing spondylitis; IFX: Infliximab; ADA: Adalimumab; CTZ: Certolizumab pegol; NS: Not specified; Pts: Patients; C: Within < 3 mo prior to conception; T1: First trimester (LMP to 13 wk); T2: Second
trimester (14 to 27 wk); T3: Third trimester (28 to 40 wk); SA: Spontaneous abortion; SB: Stillbirth; Preterm birth (< 37 wk gestation); PMB: Premature birth (< 37 wk gestation and prior to organ development); LBW: Low birth weight (<
2500 g); SGA: Small for gestational age (smaller than average size given the number of weeks of pregnancy).

1

CD

Case report

Abdul Wahab et al[55]

CD
CD
CD
Psoriasis

NS

Case series Rheumatologic
disease
Case series Rheumatologic
disease
Case series
CD and RA

Weber-Schoenderfer et al[29] Case series

Johnson et al[53,54]

Hyrich et al[23]

Berthelot et al[20]

CA (9) (all pregnancies):
In addition to above 7 defects were:
1 spina bifida and hydrocephalus
(resulted in elective termination)
1 ectopia cordis and caudal regression
(twin pregnancy resulting in a spontaneous abortion)

1 bicuspid aortic valve and agenesis of corpus callosum
(twin sibling had patent ductus arteriosus)
1 congenital hydronephrosis
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Table 2 Summary of anti-tumor necrosis factor exposures and birth outcomes n (%)
Birth outcomes, n (with relative percents)

Anti-TNF exposure
IFX/ADA/CTZ total
IFX1
IFX in IBD2
ADA1
ADA in IBD2
CTZ1
CTZ in IBD2
Outcome percents in general US population[69-73]

Fetal exposures

Live births

SA

SB

PTB/ PMB

LBW/SGA

CA

472
194
151
261
224
17
17

405 (85.8)
155 (79.9)
117 (77.5)
242 (92.7)
210 (93.8)
8 (47.1)
8 (47.1)
64.60%

32 (8.2)
15 (10.6)
11 (8.9)
16 (6.9)
13 (5.8)
1 (5.9)
1 (5.9)
16.50%

2 (0.6)
2 (1.1)
2 (1.4)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0.60%

41 (19.9)
21 (26.9)
16 (36.4)
20 (15.9)
15 (17.0)
0 (0.0)
0 (0.0)
12.30%

8 (6.1)
5 (4.4)
5 (4.8)
2 (28.6)
2 (28.6)
1 (12.5)
1 (12.5)
8.20%

19 (4.1)
6 (4.0)
4 (3.5)
13 (5.4)
12 (5.7)
0 (0.0)
0 (0.0)
3.00%-5.00%

Exposure in all reported medical conditions; 2Exposure in inflammatory bowel disease (IBD) patients. TNF: Tumor necrosis factor; IFX: Infliximab; ADA:
Adalimumab; CTZ: Certolizumab pegol; SA: Spontaneous abortion (fetal death at < 20 wk); SB: Stillbirth (fetal death at > 20 wk or > 350 g if gestational age
unknown); PTB: Preterm birth (< 37 wk gestation); PMB: Premature birth (< 37 wk gestation and prior to completion of organ development); LBW: Low
birth weight (< 2500 g); SGA: Small for gestational age (smaller than average size given number of pregnancy weeks).
1

The molecular structure of CTZ lacks an Fc portion,
so its cross-placental transfer is different from that of
IFX and ADA. The Fab’ fragment may passively cross
the placenta in low levels during the first trimester, an
event that is not expected with the IgG1 antibody. Although CTZ therapy would likely not need to be discontinued in the third trimester, it is important to recognize
that the transplacental transfer of this drug occurs during
a critical period of organogenesis in the first trimester.
In an animal model, pregnant rats received a murinized
IgG1 TNF-α antibody and a PEGylated Fab’ fragment
of the antibody. Lower levels of the drug were detected in
the infant and in breast milk with the Fab’ fragment versus the full antibody[87]. Mahadevan et al[66] demonstrated
these findings in two human patients receiving certolizumab during pregnancy. The drug was administered to
both women two weeks prior to delivery. Although the
mothers’ drug levels were higher on the date of delivery,
newborn cord blood levels were low.
There are few published reports on the use of CTZ
during pregnancy. As with the other anti-TNF agents, it is
possible that the Fab’ fragment passively crosses the placenta at low levels in the first trimester. The drug must be
further studied in humans to fully appreciate the course
of drug transfer during gestation and subsequent effects
on fetal development and pregnancy outcomes.

Table 3 Summary of congenital abnormalities reported
Congenital abnormalities (n = 19) Affected (n ) Anti-TNF exposure
Ventricular septal defect
Chromosomal abnormalities
Congenital hip dysplasia
Intestinal malrotation
Congenital hypothyroidism
Hemangiomas
L hand polydactyly
Tetralogy of Fallot
Patent ductus arteriosus
Atrial septal defect and peripheral
pulmonic stenosis
Bicuspid aortic valve and agenesis
of corpus callosum
Primary craniosynostosis
Microcephaly
Congenital hydronephrosis
Undescended testes

3
2
2
1
1
1
1
1
1
1

IFX (1), ADA (2)
IFX
IFX (1), ADA (1)
IFX
IFX
IFX
IFX
IFX
ADA
ADA

1

ADA

1
1
1
1

ADA
ADA
ADA
ADA

IFX: Infliximab; ADA: Adalimumab; TNF: Tumor necrosis factor.

Certolizumab pegol
Certolizumab pegol (Cimzia) is a recombinant humanized
anti-TNF-α fragment antigen binding (Fab’) fragment.
The antibody fragment is bound to a polyethylene glycol
molecule that extends the drug’s half-life to approximately two weeks in the plasma, thereby reducing dosing frequency[85]. Studies have demonstrated the efficacy
of CTZ for induction and maintenance of remission in
CD[86].
CTZ is a pregnancy category B drug. It does not
cross-react with mouse or rat TNF-α. Reproduction
studies in rats have thus been performed using a rodent
anti-murine TNF-α pegylated Fab’ fragment (cTN3 PF)
that is similar in function to CTZ. These studies have
been conducted using doses up to 100 mg/kg and have
revealed no evidence of impaired fertility or fetal adversities due to cTN3 PF. Adequate and well-controlled
studies have not been performed in pregnant women. As
animal reproduction studies are not always indicative of
human response, this drug must be used with caution in
pregnancy[16].
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SUMMARY OF DATA
Our review indicates that rates of SA and CA in antiTNF-exposed patients are similar to rates in the general
United States population[69-73] and in women with IBD
unexposed to anti-TNF agents[74-76]. The live birth rate
in the anti-TNF-exposed group (85.8%) is higher than
that of the general United States population (64.6%);
this holds true for all patients exposed to IFX or ADA
regardless of underlying inflammatory disease and perhaps reflects a state of controlled disease activity. The
live birth rate for patients exposed to CTZ (47.1%) is
lower than that of the general population, although there
is a very small collective sample size. The rates of SA and
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SB for all groups are similar to the general United States
population[72] with the exception of IFX-exposed patients, in whom the rate of SB is just slightly higher. The
PTB/PMB rate in the anti-TNF-exposed group (19.9%)
is higher than in the United States population (12.3%)[72],
perhaps due to an underlying predisposition as in the setting of IBD[76]. LBW/SGA infants are more common
in ADA- and CTZ-exposed patients than in the general
United States population[73], again possibly reflecting the
underlying disease itself or the severity of disease activity.
In general, pregnancy does not increase the risk of
disease exacerbation in CD or UC[88,89]. Approximately
one-third of women with inactive IBD at the time of
conception are expected to flare during pregnancy and
the puerperium[90]. Alternatively, if pregnancy overlaps
with a period of active IBD, the disease may be difficult
to control[91]. Active disease at the time of conception has
been associated with increased rates of PTB[89] and fetal
loss[92], and disease flares during pregnancy have been
associated with PTB and LBW[4,93]. Studies are mixed
regarding the risk of congenital malformations among
IBD progeny, with some data showing an increased
risk for both CD and UC patients[94] or for UC patients
alone[95,96] and other data showing no increased risk in CD
or UC[97,98]. Regardless of disease activity, women with
IBD have an increased risk for such adverse pregnancy
outcomes as PTB, SB, LBW, SGA, and delivery complications such as cesarean sections compared to the general
population[97-101]. In our study, no discernible increased
risks for SA or CA were identified. Overall, unless there
is a clear risk of fetal harm (i.e., an FDA category X drug)
that dictates otherwise, maintenance therapy is conventionally continued throughout pregnancy to optimize
maternal disease control and prevent relapse or progression[102].
This systematic review has limitations. Pooling data
from different studies yields inherent heterogeneity based
on study designs, study populations, and recording of
birth outcomes data. As evidenced, there are a limited
number of reported pregnancy exposures to anti-TNF
agents, many published as case reports or case series with
small sample sizes; these do not necessarily reflect outcomes that can be extracted to the general population.
Our review is affected by the limitations of the individual
studies, including the inability to adjust for maternal
disease activity and severity, concomitant medication or
substance use, comorbidities, or other maternal characteristics. Additionally, there exist potential publication bias
against negative outcomes and recall bias involving drug
exposure and timing of administration during conception
and pregnancy. The decision to exclude studies based on
the English language and on the inability to link specific
anti-TNF exposure with birth outcomes may have discounted pertinent publications. Although care was taken
to account for evident overlap, it is possible that repeated
data exists given the nature of our information (for example, a case report that has also been reported within
drug registry data).

WCG|www.wjgnet.com

A growing body of evidence supports that IFX,
ADA, and CTZ are low risk in pregnancy[17], and studies
beyond those included in our data set are underway to
further elucidate fetal risk and optimal timing of biologic administration during pregnancy[103,104]. Thus far, it
is believed that IFX and ADA are most compatible for
use during conception and at least the first and second
trimesters considering mechanisms of placental transport[17,102]; further human data are needed to generate
safety guidelines for the use of CTZ. In a recent study
of pregnant women receiving biologic therapy, IFX and
ADA were shown to be transplacentally transferred to infants at birth, with high levels of drug in cord blood and
detectable drug levels up to six months after birth. CTZ
was found to be least detectable in both cord blood and
infant serum after birth. Of note, no CA or significant
fetal complications were reported in this study[104].
Future efforts are promising and include the expansion of drug safety data registries and the development of
larger prospective trials to help definitively quantify fetal
risk and to facilitate clinical decision-making in treating
women with IBD during their childbearing years. One
such project is the highly anticipated Pregnancy IBD and
Neonatal Outcomes study, a prospective data collection
from multiple IBD centers in the United States[105]. This
large cohort registry not only accounts for maternal factors including IBD activity, medication use, delivery methods, and pregnancy complications but also tracks data
over time from the neonatal period through children’s first
year of life. Similarly, post-marketing surveillance data
may uncover additional consequences of fetal exposure
to biologic agents over time.
While evidence in the field is mounting, caution
should indefinitely be exercised. Given the limitations
of the available data and lack of controlled trials, there
is insufficient evidence to prove absolute safety for use
of anti-TNFs during pregnancy. Although the benefits
of therapy in optimizing disease activity during gestation
may lend to more favorable pregnancy outcomes based
on a controlled disease state, definitive safety of drug exposure on the developing fetus has not been confirmed.
Medical management decisions during the preconception and pregnancy periods will inevitably vary by case
based on respective risk-to-benefit ratios, details of disease activity, response to alternative therapies, and individual preferences. Women and men of childbearing age
should be educated about the effects of IBD on pregnancy and the potential implications of treatment on fetal
development. In addition, patients should be encouraged
to discuss reproductive plans with their physicians in order to achieve remission prior to conceiving. Ideally, the
primary preconception goal should be quiescent disease,
as this lends to the most favorable pregnancy outcomes.

CONCLUSION
After systematic literature review investigating TNF-α
inhibitor therapy and fetal risk, there is insufficient evi-
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dence to prove absolute safety for the use of biologics
(specifically infliximab, adalimumab, and certolizumab
pegol) during pregnancy.
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INTRODUCTION
Cancer development and progression in the
gastrointestinal tract
Cancer is a disease in which normal cells acquire genetic
and epigenetic abnormalities[1,2], leading to disorientation of conventional processes for the maintenance of
normal cell physiology. These aberrant genetic and epigenetic modifications to the normal cell induce abnormal cell motility, proliferation, and survival, eventually
enabling these cells to invade into adjacent tissues and
even to migrate to regional or distant organs where they
may grow continuously as metastatic lesions[3]. For many
cancer patients, metastasis is generally the major cause
of disease-related death[4,5]. Therefore, it is indispensable
to elucidate the basic molecular mechanisms of tumor
development to identify effective therapeutic targets,
which can possibly reduce the side-effects of treatment,
and define useful molecular markers for early detection
and prediction of disease course. Especially, the newly
emerged concept of personalized medicine may require
in-depth assessment of potential therapeutic molecular
target(s) in each individual case through analysis of sig-

Abstract
The biological properties of tumor cells are known to
be regulated by a multitude of cytokines and growth
factors, which include epidermal growth factor receptor agonists and members of the transforming growth
factor β family. Furthermore, the recent explosion of
research in the field of chemokine function as mediators of tumor progression has led to the possibility that
these small, immunomodulatory proteins also play key
roles in carcinogenesis and may, therefore, be potential targets for novel therapeutic approaches. In this
review, we will summarize recently reported findings in
chemokine biology with a focus on the gastrointestinal
tract.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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naling pathways and subsequent validation of treatment
efficacy[6].
Numerous reports have identified molecules that
play key roles in development of gastrointestinal cancer.
Amongst these, which include growth factors and their
receptors[7-9], signaling pathway components[10,11], transcription factors[12,13], matrix remodeling enzymes[14,15] and
cytokines[16-18], a milestone finding by Müller et al[19] made
chemokines one of the most intensively studied molecular targets to understand the mechanisms of organspecific metastasis. The chemotactic cytokines or chemokines contribute to the tumor microenvironment by
establishing a chemokine gradient, which is important for
the process of chemoattraction and subsequent cell motility and infiltration for metastasis[20,21]. In this review, we
will summarize the current status of chemokine-related
studies in digestive tract cancer.
Recent progress has made it clear that the non-tumor
cells, such as stromal fibroblasts and inflammatory cells
present in the microenvironment, also play critical roles in
establishing the metastatic phenotype of tumor cells[22,23].
Indeed, a role for inflammation in cancer progression is
well-recognized, with many different cancer types having
an inflammatory component[24]. Tumor cell infiltration is
aided by the presence of tumor-associated macrophages
(TAMs), dendritic cells and lymphocytes [25-28]. While
TAMs are able to kill tumor cells, they also play an important role in enhancing tumor development by secreting
matrix metalloproteinases (MMPs)[29,30], growth factors
[interleukins (ILs), vascular endothelial growth factors
(VEGFs)] and pro-angiogenic factors that support tumor
cell growth, neovascularization, and tumor cell invasion
through the stromal tissues[31].

in lymphocyte recirculation and homing to secondary
organs (CCL21), as well as T-cell trafficking within the
thymus (CCL19)[36-38].
While the major biological functions ascribed to
chemokines regulate leukocyte trafficking and recruitment to inflammatory foci, chemokine receptors are also
expressed on non-immune cells, and act as key modulators of the biological functions of other cell types. For
example, CCL3 is a negative regulator of keratinocyte
growth[39], while the CXC-chemokine ligand (CXCL) 5[40],
CXCL8[41,42] and other ELR+ chemokines stimulate endothelial cell migration during angiogenesis[43].
To date, 19 chemokine receptors are known to be expressed in mammals[44]. Chemokines activate these specific G-protein-coupled receptors (GPCRs) on the surface
of target cells. Chemokine receptors consist of an extracellular ligand binding domain, seven transmembrane
spans, and an intracellular carboxyl terminus. The transmembrane domain consists of three intracellular domains
and three hydrophobic extracellular domains. Variation of
the amino-terminus sequence of these receptors defines
the specificity for recognition of chemokine ligands, the
binding of which results in phosphorylation of Ser/Thr
residues in the intracellular domain and induction of f to
the N-terminus of the receptor, specific signal transduction will be induced by the release of these heterotrimeric
G-proteins (guanine nucleotide-binding proteins -G/G/
G) that are bound to the intracellular carboxyl terminus.
Each of these heterotrimeric G-proteins consists of several different subtypes[45]. Chemokine receptors are subdivided into four types in relation to the class of ligand
to which they bind: CXC-chemokine receptors (CXCR),
which bind CXC-chemokines; CC-receptors (CCR), for
CC-chemokines; and XC-receptors and CX3C-receptors
(CX3CR) for XC- and CX3C-chemokines, respectively.
Among these receptors and ligands, there is promiscuous
binding between several receptors and multiple chemokines (Table 1)[38].

Chemokines and signal transduction
Chemokines and chemokine receptors: In humans,
the chemokine superfamily is comprised of more than
50 small secreted proteins. These molecules function as
immune modulators, chemoattractants and as activators
of lymphocytes. They are sub-divided into four major
groups based on the relative position of conserved
cysteine residues near to the N-terminus: CXC-, CC-,
C-, and CX3C-chemokines[32-34]. The CXC-chemokines
can be further subdivided according to the presence or
absence of a three amino acid motif immediately N-terminal to the first cysteine. Therefore, a glutamic acidleucine-arginine (ELR) sequence defines the ELR+ CXCchemokines, which generally function as activators and
chemoattractants for neutrophils. In contrast, lymphocytes constitute the target cell type for most ELR- CXC
chemokines. The CC-chemokines play both chemoattractant and immunomodulatory roles. CCL5 attracts
monocytes, eosinophils and memory T-cells, and is one
of the human immunodeficiency virus (HIV)-suppressive
factors secreted by CD8+ T-cells[35]. Similarly, CCL3 and
the closely related CCL4 are also capable of inhibiting
HIV infection of target cells, in addition to their proinflammatory and chemoattractant functions[35]. Furthermore, CC-chemokines are also reported to be involved
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Mechanisms of signal transduction: Binding of chemokines to their innate receptors can activate a number of intracellular signaling pathways that lead to cell proliferation
and migration. Downstream mediators identified to date
include the small GTPase Ras; extracellular signal-regulated
kinases (ERK)[46,47]; phosphatidyl inositide-3-OH kinase
(PI-3K)[47-49], and the other small GTPases Rho, Rac and
Cdc42[50,51]; and some of these are active in pathways that
regulate the actin cytoskeleton. For example, it was shown
that migration of Jurkat cells in response to CXCL12
through CXCR4 is mediated by both Rac- and Rhodependent mechanisms. While Rac is activated by Gi and
Gβγ subunits, activation of RhoA occurs via Gα13 and leads
to phosphorylation of myosin light chains[52]. Furthermore,
CXCL8 (IL-8) signaling through CXCR1 has been reported to mediate migration of leukocytes in a β1-integrindependent manner which requires downstream activation
of p38 and c-Jun N-terminal kinases[53]. The quality and
the quantity of chemokine signaling is not controlled only
by the expression volume of chemokine ligand/receptor
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but, also, by proteolytic processing of chemokine ligands.
In this regard, MMPs are major modulators of chemokine signaling. For example, MMP9 can activate CXCL8
by processing its amino terminus, but it also abolishes the
function of CXCL1 by cleaving it. Likewise, chemotactic
activity of CCL7 is decreased by MMP2, and CXCL12 is
decreased by multiple MMPs. However, numerous other
proteases have also been documented to act upon chemokines and modulate their activity[54]. Furthermore, recent
observations suggest more complexity in signal transduction mechanisms that are induced by heterodimerization of
GPCRs[55]. As indicated above, chemokine and chemokine
receptor interactions are complex and are connected to
multiple combinations of effector proteins and divergent
intracellular signaling pathways (Figure 1).

active PARP-1 binds to the CXCL1 promoter and blocks
transcription by excluding NFκB. However, activation
of PARP-1 causes its promoter binding ability to be lost
leading to NFκB upregulation of CXCL1. In melanoma
cells, PARP-1 is highly expressed and active[64], and may
be a major contributor to melanoma cell proliferation via
chemokine-dependent mechanisms, together with constitutively expressed NFκB.
Chemokines in tumor cell migration, invasion and homing
In terms of cancer metastasis, chemokine-dependent
mechanisms for targeting to specific secondary sites is now
widely recognized after studies showed upregulation of
CXCR4 and CCR7 in breast cancer cells and that activation of these receptors could induce actin polymerization,
migration and invasion[19]. Importantly, ligands for these
receptors were shown to be expressed in organs that represent the primary sites for breast cancer metastasis, strongly
suggesting that ligand-receptor “homing” functions in vivo
to target tumor cells to sites of secondary growth. Organspecific metastasis has been reported for different tumor
types, including breast[65], ovary[46] and epidermoid carcinomas[60]. Further, more than twenty tumor types have been
documented to overexpress CXCR4[66]. Upregulation of
CXCR4 expression in tumor cells through the action of
VEGF also appears to be an important mechanism to further enhance invasiveness[67].
CXCR4/CXCL12 overexpression is associated with me
tastasis to lung, liver, lymph nodes and bone marrow. Rearrangement of the actin cytoskeleton and alteration in
cell polarity are fundamental processes required for cell
motility, regulated at least in some cases by CXCL12CXCR4 pathways[68]. CXCL12-CXCR4 signaling may also
contribute to tumor progression by upregulating protease
expression. In prostate cancer cells, various MMPs were
shown to be modulated by CXCL12[69]. However, these
effects were not consistent for all cell lines examined,
suggesting that cell-specific factors may influence the
response to CXCL12. In glioma cells, CXCL12 induced
expression of MMP15 but not gelatinases. RNA interference studies proved that glioma cell invasiveness in vitro,
and tumor aggressiveness in vivo, is due to the upregulation of MMP15 by CXCL12 [70]. Chemokine-receptor
interactions in skin, as a frequent metastatic site of malignant melanoma, may be another example: CCL27 is
highly expressed in skin and the CCR10 receptor for this
ligand is frequently upregulated in melanoma cells[71,72].
Furthermore, mounting evidence points to cancerassociated stromal fibroblasts playing important roles in
modulating tumor cell behaviour[73,74]. As p53 mutation
or loss has been shown to occur in stromal cells[75,76], this
may upregulate CXCL12 and enhance proliferation and
motility[77].

Effects of chemokines on tumor cell proliferation
Many growth factors and cytokines act to control cell
proliferation, either in a positive or a negative manner[56].
For example, epidermal growth factor (EGF) and related
family members activate the EGF receptor (EGFR) and
initiate divergent biochemical cascades that result in transcription of genes involved in cell cycle progression and
other processes necessary for growth. In contrast, transforming growth factor-beta negatively regulates epithelial
cell growth by inhibiting cell cycle transit. Signal transduction pathways regulated by these and other growth
factors frequently become altered during tumorigenesis,
resulting in deregulated cell growth. It has now become
clear that deregulated function of multiple chemokines
also contributes to enhanced tumor cell proliferation.
The ELR+ CXC-chemokines play important roles in
melanoma cell growth[57,58]. CXCL1 has also been implicated in non-melanoma skin cancers, including tumors of
neural origin and squamous cell carcinomas. Zhou et al[59]
demonstrated that CXCL1 is highly expressed in anaplastic astrocytomas in vivo, and reported that this enhanced
cell growth, motility, adhesion to extracellular matrix, and
invasion in vitro, as well as enhanced aggressiveness in vivo.
Constitutive expression of CXCL1 in squamous cell carcinomas results in formation of an autocrine growth loop
through the CXCR2 receptor, while overexpression of
CXCL1, CXCL2 and CXCR2 in esophageal cancer also
enhances proliferation[60]. Furthermore, it was found that
CXCL2 activates signal transduction through an ERK dependent pathway[61].
Transcriptional upregulation mediated through nuclear factor κB (NFκB)-dependent pathways has been
reported to be largely responsible for the enhanced levels
of CXCL1 in tumor cells. The tumor promoter okadaic
acid, which inhibits protein phosphatases and results in
hyperphosphorylation of proteins at serine and threonine
residues, activates transcription through two response
elements in the CXCL1 promoter, utilizing three distinct
NFκB subunits (p65, p52 and c-Rel)[62]. Upregulation of
NFκB by the upstream NFκB-inducing kinase is also an
important mechanism by which CXCL1 is upregulated[63].
NFκB-dependent induction of CXCL1 is further regulated by poly (ADP-ribose) polymerase-1 (PARP-1). In-

WCG|www.wjgnet.com

Chemokines and tumor cell survival
The majority of metastatic tumor cells fail to colonize
secondary lesions successfully, most likely due to induction of programmed cell death[78]. For metastasized lesions to grow, enhancement of growth factors as well as
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positive molecular interactions with surrounding cells in
the lymph node or other organs are indispensable. For
example, EGFR signaling can activate survival pathways
regulated by protein kinase B (AKT)[79]. However, despite
the presence of available growth factors, tumor growth
at the secondary lesion may still be uncertain: it may also
require other factors and/or pathways in order for cells
to survive and proliferate. Studies have also shown that
resistance to cell death induced by loss of attachment to
the extracellular matrix (anoikis) is an important element
at least for certain tumors[80]. Interestingly, some chemokine-receptor combinations, such as CXCL5-CXCR2[48]
and CCL19/21-CCR7[81], can activate PI-3K and AKT,
key regulators of cell survival. Thus, interaction of chemokines with their receptors could play roles in multiple
and complex biological processes that are important for
successful survival in metastasized locations. For example,
CCL2 is well known for regulating cell migration and is
a key mediator of breast cancer cell migration[82]. Also
using breast cancer cell lines, Fang et al[83] demonstrated
enhanced cell migration and survival along with increased
phosphorylation of Smad3 and mitogen-activated protein
kinases (MAPKs) in response to CCL2 and, moreover,
they found that levels of the innate receptor CCR2 were
elevated in breast cancers, accompanied with CCL2 expression. These investigators also suggested that MAPK
and Smad3 signaling function as an independent/alternative mechanism for cell survival. Furthermore, they
showed that CCL2-induced Smad3 signaling through
MAPKs regulates expression and activity of Rho GTPase,
thereby facilitating breast cancer cell motility and survival.
Therefore, beyond well-described canonical chemokine
ligand/receptor signaling, new molecules may need to
be considered as critical players in chemokine signaling
in cancer. The CXCL12-CXCR4 signaling pathway has
been shown to be important for the survival of leukemic
B cells in chronic lymphocytic leukemia (CLL) through
activation of AKT and ERK1/2[84,85]. Moreover, O’Hayre
et al[86] recently identified additional molecular targets and
novel phosphoproteins as possible mechanisms for cell
survival in CLL. Amongst these is programmed cell death
factor 4, found in all CLL cells examined, and also heat
shock protein 27, which mediates anti-apoptotic signaling
and has previously been linked to chemotherapeutic resistance, which was detected in a subpopulation of CCL
patients. If the roles of these cell-survival-related proteins
are supported by further future studies, it may be worth
considering identifying these and other phosphoproteins
whose functions are modified by certain chemokines in
specific pathological conditions, such as cancer and/or
inflammation in gastrointestinal disease.

development of vessel branching along with neural development (https://intramural.nhlbi.nih.gov/labs/ldbsn/
pages/publications.aspx). Furthermore, Komatsu et al[88]
reported the importance of the small-G protein R-Ras
for the development of abnormal collateral capillary
systems which may play critical roles in the survival of
localized tumors by supporting nutrient and oxygen delivery,[89]. Nonetheless, it remains unclear how the tumor
cells, which express chemokine receptors, respond to chemokines released from these pathological vessels, which
are inherently “leaky”. Several different chemokines
are known to be pro-angiogenic, notably CXCL5 and
CXCL8. Koch et al[90] clearly demonstrated that CXCL8
could induce neovascularization in a rabbit corneal pocket
assay. Furthermore, they also showed that the angiogenic
activity present in conditioned media derived from macrophages or monocytes from rheumatoid synovial tissues was dependent upon CXCL8. Indeed, macrophages
have been reported to induce malignant progression in a
breast cancer model by initiating the angiogenic switch[91].
Additionally, CXCL8-CXCR2 signaling facilitates migration and proliferation of endothelial cells[92], and the
AKT pathway is important for GPCR-dependent angiogenesis[93] following CXCR1 and CXCR2 activation[49,81].
Also, the human herpesvirus-8, an etiological agent of
the highly vascular Kaposi’s sarcoma, induces expression
of CXCL8[94], providing further evidence for chemokine
involvement in tumorigenesis[95].
Notably, in contrast to the ELR+ chemokines discuss
ed above, most ELR- chemokines have anti-angiogenic
or angiostatic activity[96]. Among these, CXCL9, CXCL10
and CXCL11 are inducible by other cytokines, including
members of the IL family and interferons. The angiostatic response of these cytokine-inducible chemokines
is mediated through the CXCR3 receptor, found on the
surface of endothelial cells[97]. Specifically, an alternatively
spliced variant of the receptor - CXCR3B - has been
shown to mediate this activity[98]. In addition to inhibiting
endothelial cell migration, these chemokines also block
proliferation. A further critical review focused on the development of tumor angiogenesis is available[99].

CHEMOKINES IN DIGESTIVE SYSTEMS/
DEVELOPMENT AND PROGRESSION
Compared to normal cells, many cancer cells overexpress chemokine and chemokine receptors. Ligation of
overexpressed chemokine receptors on tumor cells and
the specific chemokines released from target organs
seem to be critical regulators of metastasis[19,100]. As outlined above, chemokines and their receptors play various
important roles in the regulation of invasion, metastasis
and dissemination of cancer cells. Here we review chemokine/chemokine receptor interactions, specifically in
digestive organs.

Chemokines and angiogenesis
Development of microvessels is an another critical event
that enables oxygen delivery and nurtures tumor cell
survival at both primary and secondary sites[87]. Recently,
intensive studies in normal angiogenic development using mouse model systems have revealed the importance
of the angiogenic chemokine CXCL12 for the organized
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Oral cavity
In the head and neck region, which includes oral cavity,
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CXCR4 expression in squamous carcinomas of the ton
gue by an immunohistochemical method. Of interest,
their experiment exhibited no difference in expression
between primary tumors of early and more advanced
stage, although invading cells and those which had metastasized to lymph nodes exhibited higher CXCR4 expression, suggesting in vivo selection for this phenotype
with malignant progression. Clatot et al[109] also studied
the possible correlation of CXCL12/CXCR4 expression
and tumor recurrence and survival in HNSCC patients.
They found no meaningful correlation between CXCR4
expression and either recurrence or survival, but a significant difference in CXCL12 expression. Further prospective studies are required to clarify this.
The loss of CCR6 expression in metastatic lesions
with concomitant elevation of CCR7 in some HNSCCs
was also documented[110]. CCL19 and CCL21, ligands
for CCR7, induced migration of metastatic cells in vitro,
whereas primary tumor cells responded to the CCR6
ligand, CCL20. Together, these data suggest that CCR7
upregulation might play a role in targeting tumor cells
to sites of secondary growth in vivo, by facilitating entry into the lymphatic system and migration to regional
lymph nodes. CCR7 signal transduction was also shown
to activate cellular invasion and pro-survival pathways by
PI-3K and PLCγ-dependent, but EGFR-independent,
mechanisms[111].

Table 1 Ligand specificity of chemokine receptors implicated
in gastrointestinal disease
CC-chemokines
Ligands

Receptors

CXC-chemokines
Ligands

Receptors

CCL2

CCR2

CXCL1

CCL3
CCL4
CCL5

CCR1/CCR5
CCR5
CCR1/CCR3/
CCR5
CCR1/CCR2/
CCR3
CCR3/CCR5
CCR2/CCR3
CCR7
CCR6
CCR7
CCR9
CCR10

CXCL2
CXCL4L1
CXCL5

CXCR2/
CXCR1
CXCR2
CXCR3
CXCR2

CXCL7

CXCR2

CXCL8
CXCL9
CXCL10
CXCL11
CXCL12
CXCL14
CXCL17

CXCR1
CXCR3
CXCR3
CXCR3
CXCR4/R7
Unknown
Unknown

CCL7
CCL8
CCL13
CCL19
CCL20
CCL21
CCL25
CCL27

CX3C-chemokine
Ligands Receptors
CX3CL1 CX3CR1

CXCL: CXC chemokine ligand; CXCR: CXC-chemokine receptor; CCR:
CC-receptor; CX3CR: CX3C-receptor.

pharynx, larynx, nasal cavity and paranasal sinuses, the
head and neck squamous cell carcinoma (HNSCC) accounts for more than 90% of malignant neoplasms[101].
Despite intensive efforts, survival rates have shown limited
improvement over the decades. When primary tumor
location is taken into account, the outcome can be even
worse, with advanced hypopharyngeal tumors having
a 4% five-year survival[102]. Metastasis of HNSCC is ge
nerally via the lymphatic system to loco-regional sites.
Recently, several different chemokines were shown to be
highly expressed in HNSCC derived cell lines and patient
tumor samples. For example, in a series of 94 HNSCCs,
CXCL1 was found to be overexpressed in around 40% of
lesions[103]. Measurement of microvessel density (MVD)
in HNSCCs revealed a correlation between CXCL1 expression and angiogenic activity, as well as with nodal
metastasis and infiltration of leukocytes. CXCL8 has long
been recognized to participate in autocrine (and possibly
paracrine) regulation of HNSCC proliferation[60]. Recent
studies using global gene expression profiling of primary
and synchronous metastatic HNSCC further support
previous reports of CXCL8 upregulation[104]. Along with
this observation, Chen et al[105] reported that hydrogen
sulfide produced by Porphyromonas gingivalis bacteria in the
oral cavity induced expression of CXCL8 in gingival and
oral epithelial cells. Potentially, this may provide a link between tumor development and the induction of inflammation in periodontal disease, which is associated with
persistent bacterial infection, and similar results to this
study have also been reported[106].
In addition to CXCL8, another ELR+ angiogenic chemokine, CXCL5, is highly expressed in some HNSCCs.
Data suggest that CXCL5 enhances tumor development
by stimulating proliferation, cell motility and invasion[107]
as knockdown of CXCL5 by siRNA completely inhibited tumorigenicity in a mouse xenograft model.
Furthermore, Delilbasi et al[108] reported upregulated
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Esophagus
In the esophagus, several cytokines and chemokines are
reported as possible mediators of gastroesophageal reflux, esophagitis, pre-cancerous change (typically Barrett’s
esophagus) and adenocarcinoma[112]. Amongst these, CXCL8
is reported as a molecular marker indicative of response to
therapeutic procedures. For example, Oh et al[113] compared
the expression level of CXCL8 between pre- and postoperation of Nissen fundoplication in reflux esophagitis.
They found that CXCL8 expression was significantly reduced postoperatively, as measured by quantitative real-time
polymerase chain reaction (qRT-PCR). These authors also
reported that CXCL8 expression was higher in patients
with reflux compared to those without reflux. Furthermore, they found that patients with the highest CXCL8
expression were those with Barrett’s dysplasia and adenocarcinoma. Chemokines and several other cytokines,
such as ILs, CXCL8, and VEGFs were found to be upregulated in cancer-related cachexia, although the underlying
mechanism is not understood[114]. Moreover, chemokine expression in tumors is complicated. Verbeke et al[115] screened
51 patients operated on for colon adenocarcinoma, esophageal adenocarcinoma, or esophageal squamous cell carcinoma (SCC) by immunohistochemical staining to examine the
expression of CXCL4L1, CXCL8, CXCL10, CXCL12, and
VEGF. According to their study, the angiostatic chemokine
CXCL4L1 was strongly expressed in colorectal cancer,
while there was weaker expression in esophageal cancer.
CXCL12 staining was almost negative in esophageal SCC,
while stronger staining was observed in adenocarcinoma of
the esophagus and colon. VEGF was moderately-to-strong-
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Figure 1 Chemokine-induced signal transduction pathways. Schematic representation of signaling pathways activated by binding of chemokine ligands to their
seven transmembrane G-protein coupled receptors. MMPs: Matrix metalloproteinases; TFs: Transcription factors; RTK: Receptor tyrosine kinase; ERK: Extracellular signal-regulated kinase; MEK: Mitogen-activated protein/extracellular signal-regulated kinase kinase; PI-3K: Phosphatidyl inositide-3-OH kinase; MKK: Mitogenactivated protein kinase kinase; JNK: c-Jun N-terminal kinase; AKT: Protein kinase B.

ly positive in all 3 types of cancer, but relatively weaker in
esophageal adenocarcinoma. Interestingly, not only was
the expression of the angiogenic chemokines CXCL8 and
CXCL12 heterogeneous in the samples, but so was the
expression of the angiostatic chemokines CXCL10 and
CXCL4L1. Based on these results, the roles of chemokines
are likely complex in these tumors[115]. Recently, in vitro and
in vivo studies using AMD3100, a pharmacological CXCR4
inhibitor, and the human HER2 inhibitor, trastuzumab,
have indicated CXCR4 to be a positive regulator of human
epidermal growth factor receptor 2 (HER2) expression
in esophageal cancer. In this study, the authors also suggested a possible complex relationship between HER2 and
CXCR4 in tumor development and metastasis[116]. These
observations indicate further the involvement of multiple
chemokines in molecular events that underpin different
stages of cancer development.

tumor development is still the most effective curable approach. Amongst different types of gastric cancer, peritoneal dissemination is one of the most incurable conditions
and no radical and effective treatment is available to date.
Hashimoto et al[117] showed that the CXCL12/CXCR4 axis is
important in peritoneal dissemination of gastric cancer cells.
They found that CXCL12 ligation to CXCR4 on the cancer
cell surface strongly and rapidly activates AKT-mammalian
target of rapamycin signaling and co-activates production
of other metastatic mediators, such as MMPs[117,118]. Graziosi
et al[119] also suggested possible involvement of the p38
MAPK pathway in the development of peritoneal dissemination. Using an in vivo mouse system and administering p38
MAPK inhibitors ML3403 or SB203580, they observed decreased tumorigenesis. Microarray studies using these cancer
cells identified several downregulated genes, such as CXCR4,
fms-related tyrosine kinase 4, non-receptor spleen tyrosine

kinase and collagen α2(IV). Interestingly, p38 MAPK inhibitors induced significant downregulation of multidrug
resistance-1 gene expression, a well-defined marker of

Stomach
In gastric cancer treatment, detection at an early stage of
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resistance to chemotherapy, which possibly induced susceptibility to the cisplatin treatment in this model[119]. In
a separate study, Zhi et al[120] examined the expression of
CXCL12 in normal gastric tissue, gastric cancer cell lines,
35 primary gastric carcinomas and corresponding normal
gastric tissues. They found that CXCL12 was downregulated in gastric cancer cell lines and patient samples of
primary gastric carcinomas compared to normal samples.
They provided evidence to show that CXCL12 expression was inversely associated with lymph node metastasis
and histological grade. They concluded the possible cause
of this downregulation of CXCL12 expression to be hypermethylation of the CXCL12 promoter, as treatment
of highly metastatic cancer cell lines with a demethylating
agent impaired its invasive phenotype[120]. One possible
explanation for this reduction in CXCL12 might be to
permit CXCR4-expressing gastric cancer cells to sense
a CXCL12 gradient from target lymph nodes or other
organs, which would otherwise be masked by CXCL12
expressed by the cancer cells. This methylation-specific
PCR method used demethylating agent applied study
introduced different view on CXCL12 in gastric cancer.
Together, these reports suggest that the peritoneal dissemination may be induced by the dissemination of
CXCR4-expressing gastric cancer cells directed into the
peritoneal area, which expresses high levels of CXCL12.
Therefore, blocking molecular targets such as AKT and/or
CXCR4 could be possible treatment strategies to prevent the
activation of signaling events induced by CXCR4 ligation
mediated by CXCL12 on the cancer cell surface. Moreover,
preventing peritoneal dissemination itself might be possible by developing specific inhibitors that prevent binding
between CXCR4 and its ligand. In this regard, Manu et al[121]
investigated plumbagin, which is a CXCR4 expression inhibitor, and it was widely effective in downregulating CXCR4
expression in cancer cell lines irrespective of the tissue of
origin. The suggested mechanism of CXCR4 downregulation by plumbagin is through inhibition of NFκB. However, regulation of CXCR4 expression in cancer cells may not
be so straightforward as initially expected. Bao et al[122] found
that HER2, which is frequently overexpressed in gastric
cancer, interacts with CD44 and induces CXCR4 expression
by blocking expression of microRNA-139. Additionally,
EGF signaling may play an important synergistic role in
concert with the CXL12/CXCR4 axis in gastric cancer metastasis, as Yasumoto et al[123] found that the EGFR ligands
amphiregulin and heparin-binding EGF (HB-EGF)-like
growth factor, as well as CXCL12, are highly expressed
in malignant ascites. Their work showed that HB-EGF
and CXCL12 together enhanced tumor necrosis factor
α-converting enzyme-dependent amphiregulin shedding
from human gastric carcinoma (NUGC4) cells, which
can promote proliferation of NUGC4 cells in animal
models. These experiments strongly imply the possibility that several cancer signaling pathways besides the
CXCL12/CXCR4 axis are important for development of
gastric cancer metastasis.
When they screened 40 gastric cancer patient samples,
Zhao et al[124] found that CXCR4 mRNA levels were signifi-

WCG|www.wjgnet.com

cantly higher in cases with lymph node metastasis than
those without; they also found that the CXCR4 protein
level was correlated with poorly differentiated lesions, more
advanced tumor stage and lymph node metastasis. Further,
they reported higher CXCL12 mRNA in lymph nodes
in patients with metastatic gastric cancer. Ingold et al[125]
used qRT-PCR to screen CXCL12/CXCR4 mRNA levels
in 37 gastric carcinomas, and as well as screening protein
levels in 347 gastric carcinomas and 61 matching lymph
node metastases using tissue microarrays. They concluded that tumors expressing both CXCL12 in tumor cells
and CXCR4 in adjacent microvessels showed a strong
correlation with local tumor development and Union for
International Cancer Control stages.
Another interesting study recently reported by Xu et
al[126] describes the possible activation of lymphangiogenesis
pathways in gastric cancer by CXCL1 secretion. A technique was established in an animal model for recovery of
lymphatic endothelial cells (LECs) from afferent lymph
vessels of sentinel lymph nodes, and the gene expression profile between normal LECs and LECs with lymph
node metastasis was compared using microarray analysis.
They found that CXCL1 stimulated LEC migration and
tube formation through FAK-ERK1/2-RhoA activation and reorganization of F-actin. Importantly, it is well
known that CXCR2 expression, which is a CXCL1 receptor, is positively correlated with tumor, node, and metastasis (TNM) stage and lymphatic vessel density[127-130].
Thus, this study may strongly imply a role for CXCL1 in
metastasis mediated through effects on LECs. CXCL8
has also been well studied in gastric cancer development.
Using the gastric cancer cell line SCG-7901, Ju et al [131]
found that CXCL8 can enhance several tumor parameters,
such as adhesion to endothelial cells, migration, and invasion. The expression of MMP9, intercellular adhesion
molecule (ICAM)-1 and E-cadherin was upregulated in a
dose-dependent manner. However, CXCL8 did not affect
the proliferation of SCG-7901 cells under these conditions. Several groups have studied polymorphism of the
CXCL8 251 allele. Wang et al[132] reported the CXCL8
251 allele AA genotype as a risk factor for gastric cancer in Asian groups but not in Caucasian or Mexicans.
Furthermore, statistical analysis revealed that the TA
and AA polymorphism is significantly associated with
the diffuse type of gastric cancer, and the AA genotype
was found to be a risk factor for gastric cardia cancer.
Song et al[133] reported screening results of this allele in
Helicobacter pylori (H. pylori)-infected Korean populations.
They found a significant correlation between MMP9
and disease progression in the AA and AT genotype.
Angiopoietin-1, which plays an important role in vascular development, showed upregulation, but not VEGF
expression or disease progression in the AA genotype.
They predicted that the CXCL8 251 AA genotype may
be associated with angiogenesis in gastric carcinogenesis in the H. pylori-infected population. Vinagre et al[134]
reported that interaction between CXCL8 251 (AA and
AT) allele mutation carriers and the infection of H. pylori
strain [phosphoinositide PI4, 5P(2) binding protein (s1m1)
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cytotoxin-associated gene A product (cagA) positive] may
have higher risk for development of gastric adenocarcinoma. In addition, Schneider et al[135] pointed out the
complexity and difficulty in selecting in vitro epithelial
study models to understand the molecular mechanisms
of H. pylori infection. Moreover, a meta-analysis carried out by Liu et al[135] indicated that the variable results
reported by many different studies can be affected by
differences of histological type, tumor location, H. pylori
infection, ethnicity and geographic location[136]. Another
CXC chemokine, CXCL5, was also reported recently to
be a potential molecular marker for cancer development,
especially for late stage gastric cancer[137]. However, it is not
yet confirmed if this observation is a consequence of secondary change as a result of gastric cancer progression, or
whether it is one of the primary molecular events leading to
tumor development. As CXCL5 is linked to tumor development in other organs[77,107,138], further confirmation is needed
through the use of in vitro and in vivo model systems in the
future. Yanagie et al[139] performed a comparative analysis of
differential gene expression related to chemokines/chemokine receptors and cytokines in established gastric cancer
cell lines using a cDNA microarray approach. They found
that CC-chemokines CCL2, 5, 21 and CXC-chemokines
CXCL1, 7, 8, 12, 14 and chemokine receptor CCR6 were
upregulated, while CCL3 and CCL25 were downregulated.
These chemokines and their receptors may be potential candidates for cancer diagnosis and/or treatment.
Collectively, in gastric cancer development and metastasis, multiple chemokines likely play important roles.
Further studies are required to elucidate the many functional roles of these chemokines, especially in synergistic
regulation of the signaling pathways that control development of gastric cancers. Another detailed review on
the role of chemokines in esophageal and gastric cancer is
available[140].

screening tissues from 42 HCC patients, including tumor
and adjacent regions, and comparing to tissues from
cancer-free individuals, Liu et al[128] found that CXCR2
mRNA was significantly higher in HCC than in adjacent
or normal liver tissues. Interestingly, TNM staging was
not correlated to the level of CXCR2 mRNA but the protein level was relevant to staging, as protein was markedly
higher in lesions classified as Stage Ⅲ/Ⅳ. CXCR2 mRNA
and protein levels were correlated with intrahepatic metastasis, portal cancer embolus, and low differentiation.
Other studies recently reported a possible therapeutic use
of CCL2 for prevention of HCC metastasis. In a model
of HCC, coupling adenovirus-based CCL2 and the thymidine kinase/ganciclovir expression was shown to prevent
intrahepatic metastasis in vivo. This combination was also
shown to induce an innate immune response involving
monocytes/macrophages and NK cells, leading to prolongation of anti-metastatic effects[144-146]. CCL2 was also
identified by Chen et al[147] as a potential target for development of future HCC treatment. Using the recombinant
foot-and-mouth disease virus capsid protein VP1 (rVP1),
they were able to induce apoptosis of HCC cell lines
through deactivation of the AKT pathway and stimulation
of caspase cascades via Bax. Furthermore, rVP1 downregulated the expression of CCL2 in an AKT-dependent
manner, which can support the survival and migration of
HCC tumor cell lines[147]. CXCR7, a CXCL12 receptor,
has also been reported to be upregulated in HCC[148]. In
another study, shRNA knockdown of CXCR7 expression
was found to inhibit many facets of tumor development,
such as cell invasion, adhesion, VEGF secretion, endothelial tube formation and tumor growth, although it did not
affect metastasis in vivo[149]. CXCR4, an alternative receptor
to CXCR7 for CXCL12, is known to play important roles
in liver metastasis. CXCL12 is expressed by endothelial
cells and likely by Kupffer cells lining the liver sinusoids.
The binding of CXCL12 to CXCR4 activates Rho, Rac
and Cdc42, enabling tumor cell extravasation without affecting cell adhesion[150].
In addition to direct roles in cancer development, chemokines make important contributions to chronic inflammatory diseases such as chronic hepatitis, which can be
a possible precancerous condition. In chronic hepatitis,
regulation of lymphocyte motility is controlled by several
independent biochemical pathways. However, these signaling events are not well elucidated despite well-documented
observations of lymphocyte recruitment to tissues via endo[151]
thelium. Holt et al suggested that activated human liver
myofibroblasts (aLMF) affect the migration and accumulation of lymphocytes within the inflamed liver. Also, when
cultured in vitro, aLMF from inflamed human livers and
hepatic stellate cells from non-inflamed livers secrete a distinct profile of cytokines and chemokines. The aLMF-conditioned media had chemotactic activity for lymphocytes,
which was partially inhibited by pertussis toxin, implying a
requirement for GPCR signaling. Additionally, contribution
of GPCR-independent lymphocyte chemotaxis by IL-6,
[151]
hepatocyte growth factor, and VEGF was also reported .

Liver
The liver is one of the major metastatic targets of colon
cancer and this attributes directly to patient mortality.
Many molecules have been proposed as being responsible for the development of hepatic metastases, and
accumulated data suggest there are several important
signaling pathways involved in the development of both
primary and metastatic liver cancer. Among them, the
CXCL12-CXCR4, CX3CL1-CX3CR1,and the CCL20CCR6 axes have received much attention[141].
CXCR4 has been found to be a prognostic marker in
various types of cancer as it plays an important role in
normal stem cell homing. Cancer stem cells also express
CXCR4, which implies that this axis may control the trafficking and metastasis of these cells to organs that express
CXCL12, and the liver is one of these[142]. Recently, Li et
al[143] reported that the expression of CXCR4 was higher
in portal vein tumor thrombus tissue than hepatocellular carcinoma (HCC), and lentivirus-mediated siRNA
knockdown of CXCR4 was shown to impair the potential
invasiveness of tumor thrombus cells significantly. By
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Pancreas
As a multitude of studies expand our knowledge of pancreatic disease, the important role of chemokines in the
development of pancreatic cancer is becoming evident.
CCL20 is well known for its expression in various human
cancers[152-155]. In pancreatic adenocarcinoma (PAC) patients, CCL20 mRNA and protein expression was found
to be significantly associated with advanced T-stage[154].
It is interesting that CCR6, a canonical CCL20 receptor, is upregulated in chronic pancreatitis, pancreatic
cystadenoma and pancreatic carcinoma compared to
controls[154]. It has also been reported that, in metastatic
pancreatic carcinoma, expression of the angiogenic
chemokines CXCL5 and CXCL8 is highly elevated compared to pancreatic cystadenoma or chronic pancreatitis[138]. This observation suggests a potential contribution
of these chemokines to the development of metastatic
pancreatic cancer. Furthermore, another report suggests
that CXCL5 may be a possible prognostic biomarker for
pancreatic cancer. Li et al[156] reported that overexpression
of CXCL5 is correlated with poorer tumor differentiation, advanced clinical stage, and shorter patient survival.
These authors also performed xenograft assays in nude
mice, in which they used shRNA downregulation of
CXCL5 or antibody-mediated neutralization of CXCR2
and showed attenuation of pancreatic tumor cell growth.
They also demonstrated that CXCL5 derived angiogenesis development was ERK, AKT and signal transducer
and activator of transcription mediated signaling pathways[156]. Moreover, in a clinical study that analyzed 52
PACs and 52 pancreatic neuroendocrine tumors, Hussain
et al[157] found that expression of CXCL8 and its receptors CXCR1/2 were significantly upregulated compared
to normal pancreatic tissues, a finding confirmed by immunohistochemistry and qRT-PCR. This may suggest
the existence of autocrine and/or paracrine loops that
contribute to the development of these tumors. As in
other organs, many reports have suggested the importance of the CXCL12-CXCR4 axis in the development
of pancreatic cancers. Cui et al[158] compared expression
of CXCL12 and CXCR4 between tumor and surrounding tissues. In tumor tissues, CXCL12 expression was significantly lower than that found in paracancerous tissues,
normal pancreas, or lymph nodes. In contrast, CXCR4
expression in cancerous tissues was significantly higher
than that in normal tissue. Furthermore, expression patterns of the CXCL12/CXCR4 and clinicopathological
status showed a strong correlation, including lymph node
metastasis. Additionally, CXCL12 expression was significantly associated with MVD but not with microlymphatic vessel density, while CXCR4 expression showed
the opposite relationship[158]. These observations imply
a significant role for CXCL12/CXCR4 signaling in the
development and progression of metastatic pancreatic
cancer. Also, in another study, samples from 249 PAC patients were screened by immunohistochemistry and tissue
microarray for expression of innate CXCL12 receptors
CXCR4 and CXCR7. Expression of CXCR7 was found
to be associated with tumor grade, inversely associated
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with tumor size, and possibly associated with tumor
progression and differentiation[159]. Interestingly, though,
no significant correlation was found between CXCR4 expression and clinicopathological parameters, which may
seem to be inconsistent with previous reports[158]. However, this may be a manifestation of different mechanisms of pathogenesis. Together with these observations,
data from many studies suggest CXCL12-CXCR4 signaling may be a rational therapeutic target to prevent the
development and metastasis of pancreatic tumors[160,161].
For example, the activation of this axis can be attenuated
by suppressing NFκB activity[162]. In pancreatic cancer,
CX3CL1 and its cognate receptor CX3CR1, is another
possible ligand-receptor combination associated with the
pathogenesis of pancreatic cancer. Marchesi et al[163,164]
reported involvement of CX3CR1 in perineural invasion
and dissemination of neoplastic cells along intra- and
extra-pancreatic nerves. Use of CX3CR1 as a possible
therapeutic candidate is discussed in detail elsewhere[165].
Pancreatic cancer is one of the most aggressive and intractable malignancies amongst all cancers[166]. Therefore,
finding molecular markers to facilitate accurate diagnosis
at early stages of disease is an urgent need. From the
evidence available, several chemokine-receptor pairs may
be good candidates. A combination of several markers,
together with these chemokines, may be promising diagnostic tools, such as CXCL17-ICAM2[167] and a classical
molecular marker for pancreatic cancer, carbohydrate
antigen 19-9, together with CXCL7[168].
Small and large intestine
Inﬂammatory bowel disease (IBD) is a chronic inﬂam
matory condition of the colon and small intestine. It
is now considered that chemokine-mediated chronic
inﬂammation is a direct cause of colitis-associated cancer
(CAC). However, the underlying mechanism of CAC is
complex and not well elucidated. CC-chemokines and
their receptors have long been recognized as key players
in tumor promotion and progression during the course
of chronic colitis. In several reports, expression of CCchemokines, including CCL2, is highly upregulated in the
colonic mucosa of IBD patients, as well as in the azoxymethane and dextran sulfate sodium experimental colitis
model system[169]. Observations in the D6 receptor knockout mouse provide another important example of the
role of chemokines in IBD. D6 is a silent receptor known
to bind to a wide array of pro-inflammatory chemokines
promiscuously, including CCL2, 5, 8, 7, and 13 in humans.
Compared to wild type mice, D6 knockout mice were
found to be more susceptible to chemically-induced colitis
and failed to recover from the colitis. This may be due
to the lack of the D6 receptor, which usually sequesters
overexpressed chemokines, failing to stop the development of symptoms[170], and D6 plays a similar role in preventing liver injury[171]. Consistent with a suppressor role
for D6, lymphatic vessels expressing D6 were demonstrated in epithelium and connective tissue of both small
and large intestine[172]. Using a CCR2 knockout mouse
or a CCL2 antagonist, Popivanova et al[173] showed that
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CCL2 is a crucial mediator of colon cancer development,
as mice lacking CCL2 had reduced intracolonic macrophage infiltration and COX-2 expression, attenuated neovascularization, and reduced numbers and size of colon
tumors.
B-lymphocytes collected from patients with Crohn’s
disease (CD) express toll-like receptor 2 (TLR2) at the
cell surface and secrete high levels of CXCL8, and the
clinical disease course is well correlated with CXCL8
expression[174]. In contrast, ulcerative colitis (UC) patients also express TLR2, but do not secrete CXCL8 in
large amounts. However, CXCL8 is inducible in UC by
stimulating TLR2 and its clinical activity correlates inversely with levels of circulating TLR2-positive B cells,
converse to CD[174]. In a model of experimental colitis,
it was shown that infection with Bacillus polyfermenticus (B.
polyfermenticus) affects the biological responses of human
intestinal microvascular endothelial cells, including cell
migration, tube formation, and permeability through an
NFκB/CXCL8 signaling axis[175]. Interestingly, this study
also reported that B. polyfermenticus can accelerate the
healing process of colitis by stimulating mucosal angiogenesis. Lopez et al[176] found that Lactobacillus rhamnosus
GG (LGG), a probiotic, can downregulate the flagellininduced expression of CXCL8. Although the biological
mechanisms of LGG in the maintenance of intestinal
homeostasis are largely unknown, it is proposed that
LGG may modulate induction of CXCL8 by tumor necrosis factor-α (TNF-α) in the intestinal epithelium[176,177].
In colorectal adenocarcinoma cells HCT-116 and HCT-8,
immunohistochemistry revealed that diverse stimuli can
upregulate CXCL8 expression [115], with upregulation of
CXCL4L1 and synergistic CXCL8 and CXCL10 induction
in carcinoma cells by IL-1 and TNF-α or immunoreactive
fibronectin. In addition, full-length and N-terminally truncated (more active) CXCL8 was identified in HT-29 colorectal adenocarcinoma cells, as well as strong expression of
CXCL4L1 and CXCL12 in patient samples[115]. Moreover,
ERK2 and PI-3K/AKT have been identified as candidate
pathways for induction of CXCL8 expression in HCT-15
colon cancer cells and MKN-45 gastric adenocarcinoma
cells[178].
Arijs et al[179] reported that, in inflamed colonic IBD mucosa, many leukocyte/endothelial cell adhesion molecules
(CAMs) and chemokines/chemokine receptors are upregulated, while E-cadherin gene expression was downregulated.
Microarray analysis revealed that infliximab (an anti-TNF-α
antibody) restores colonic gene expression of endothelial
CAMs and most chemokines/chemokine receptors to normal levels of expression, with only CCL20 and CXCL1/2
expression remaining elevated after treatment. In addition
to the previously identified 47 integrin-MADCAM1 axis,
this study revealed a number of interesting targets for antiadhesion therapy, including PECAM1, CXCL8, and CCL20,
suggesting that anti-TNF-α therapy may work, at least in
part, by downregulating certain CAMs[179]. Upregulation
of CXCL1, CXCR1 and CXCR2 was reported by Oladipo
et al[180] in tumor epithelium compared to normal adjacent
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tissue collected from patients with stage Ⅱ and Ⅲ CRC.
In their analysis, no overall association between CXCL1,
CXCR1 or CXCR2 expression and prognostic endpoints
was found, although survival analysis demonstrated an
inverse association between CXCL1 and recurrence-free
survival in stage Ⅲ patients. Interestingly, CXCL8 positivity
in the tumor infiltrate correlated with earlier disease stage
and improved relapse-free survival in multivariate Cox regression analysis[180]. Schroepf et al[181] screened samples collected from 501 German patients with IBD (336 CD, 165
UC) including 258 children and 243 adults as well as 231
controls. They found CXCR3 pathway-related genes to be

significantly overexpressed in inflamed colonic tissue of
pediatric CD and UC patients. CXCL9, 10, and 11 are 3
innate ligands for CXCR3, and this study found a correlation between polymorphism in CXCL9 and pediatric CD,
while carriers of the hetero- and homozygous genotype
variants of CXCL11 rs6817952 were at increased risk for
UC in all age groups. Thus, blockade of CXCR3 could
be a possible therapeutic avenue in the future[181]. In a
study using HT-29 colon cancer cells, Lee et al[182] reported
multiple regulatory roles of IL-17 on chemokine expression. Their results indicated a positive effect of IL-17 on
chemokines that recruit neutrophils (CXCL8 and CXCL1)
and Th17 cells (CCL20). Contrary to this, IL-17 represses
expression of CXCL10, CXCL11, and CCL5, three chemokines that selectively recruit Th1 lymphocytes.
Collectively, these findings suggest that synergistic
targeting of critical proteins such as chemokines and their
receptors may lead to improved treatment outcomes for
inflammatory bowel disease and cancer. Table 2 is attached
as a summary of published studies related to chemokine/
chemokine receptors and gastrointestinal diseases according
to their description in this review.

CHEMOKINE NETWORK AS A
THERAPEUTIC TARGET
With the recent advances in understanding of the many
and varied roles of chemokines and their receptors in
tumor development and progression, together with the
advent of targeted molecular therapies, excellent opportunities exist to develop novel approaches to treat cancer.
This would appear to be of particular relevance for gastrointestinal malignancies, where radical improvements in
clinical outcome have so far been elusive.

CONCLUSION
It is clear that chemokine networks play critical roles in
inflammatory diseases and cancer progression, and tumor cells may influence their own proliferation as well as
affecting stromal and immune system cells, and vice versa.
Therefore, the chemokine network makes an attractive
target for therapeutic intervention in many tumor types,
including those of the gastrointestinal tract. However,
we need to define more selective and specific targets, to
minimize systemic side effects during treatment.
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Table 2 Chemokines/chemokine receptors in this table appear sequentially according to their description in this review
Organ

Chemokines and receptors Possible role/observed phenomenon
Angiogenic activity[103]
Proliferation, metastasis, tumor development and the induction of inflammation in periodontal disease[60,104-106]
Proliferation, cell motility and invasion[107]
Enhancement of invasiveness[108]
Upregulation in metastasis[109]
Involvement in metastatic activity[110]
Enhancement of invasion[111]
Upregulated with bacterial infection in OSCC cell lines[152]
Possible index of inflammation, upregulation in cancer-related cachexia[113,114]
Positive regulator of HER[116]
Metastasis through activation of AKT-mTOR pathway and MMPs, upregulation in lymph node metastasis,
strong correlation with tumor development[117,118,124]
CXCR4
Enhancement of metastasis through p38 signaling pathway[119]
CXCL12
Acquisition of invasive/metastatic phenotype, enhancement of proliferation when coexpressed with other
molecules[120,123]
CXCL1
Activation of lymphangiogenesis by stimulating LECs[126]
CXCR2
Strong correlation with TNM staging and lymphatic vessel density[127-130]
CXCL8
Enhancement of tumor development factors, and a possible risk factor as mutant, association with angiogenesis,
development of gastric adenocarcinoma[132-134,183]
CXCL5
Marker for late stage gastric cancer[137]
Other candidates
CC-chemokines (CCL2, 3, 5, 21, 25)/CXC-chemokines (1, 7, 8, 12, 14)/CCR6[139]
CXCR4
Metastasis, upregulation in PVTT[142-143]
CXCR2
Upregulation in HCC, especially in late stage[128]
CCL2
Application to prevent metastasis, application to prevent HCC by deactivating AKT pathway[144-147]
CXCR7
Upregulation in HCC, functional in tumor development and angiogenesis but not in metastasis[148-149]
CXCL12, CXCR4
Enhancement of tumor cell extravasation through upregulation of Rho/Rac/Cdc42[150]
CCR6
Upregulation in metastasis[153]
CCL20
Enhanced expression in HCC[155]
D6 receptor
Prevention of liver injury[171]
CCL20
Associated with tumor staging[154]
CCR6
Upregulated in chronic pancreatitis, pancreatic cystadenoma and pancreatic carcinoma[154]
CXCL5, CXCL8
Upregulation in metastatic pancreatic carcinoma[140]
CXCL5
Correlated with poorer tumor differentiation, advanced clinical stage, and shorter patient survival, and ERK,
AKT and STAT mediated angiogenesis[156]
CXCL8, CXCR1/2
Upregulation in adenocarcinomas and neuroendocrine tumors[157]
CXCL12, CXCR4
Downregulation of CXCL12 and upregulation of CXCR4 in tumors. CXCL12 correlated with MVD but not with
MLVD, while CXCR4 showed opposite pattern[158]
CXCR4, CXCR7
CXCR7 associated with tumor grade, inversely associated with tumor size, and possibly associated with tumor
progression and differentiation but not with CXCR4[159]
CX3CL1,CX3CR1
Perineural invasion and dissemination of neoplastic cells along intra- and extra-pancreatic nerves[163,164]
CXCL17 (+ ICAM2)
Diagnostic molecular marker[167]
CXCL7 (+ CA19-9)
Diagnostic molecular marker[168]
CXCL4L1
Upregulation in colorectal cancer[115]
CCL2
upregulation in mucosa of IBD[169]
D6 receptor
Plays role of sequestering several chemokines (in mouse colitis model experiment), plays suppressive role in
the development and growth of vascular tumors[170,172]
CCL2, CCR2
important mediator in colon tumor development[173]
CXCL8
Upregulation along with the development of Crohn's disease, affecting biological responses of human intestinal
microvascular endothelial cells in colitis model, positvely correlated with earlier disease stage and improved
relapse-free survival[164,175,180]
CXCL10, CXCL41
Synergistic upregulation with CXCL8 by diverse stimuli, induction by ERK2 and PI-3K/AKT pathway via
PAR2[175,178]
CCL20, CXCL1/2, CXCL8 Remains high even after the treatment with anti-TNF antibody[179]
CXCL1, CXCR1/2
Upregulation in stage II and III CRC, upregulation in stage Ⅱ and Ⅲ CRC[180]
CXCR3 pathway
CXCL9-pediatric Crohn’s disease, CXCL11-UC in all age groups[181]
Other chemokines
IL-17 affects CXCL8, CXCL1, CCL20, CXCL10, CXCL11 and CCR5 in colon cancer cells[182]

Oral cavity CXCL1
CXCL8
CXCL5
CXCR4
CXCL12
CCR6, CCR7
CCR7
CCL20
Esophagus CXCL8
CXCR4
Stomach
CXCL12, CXCR4

Liver

Pancreas

Colon

CXCL: CXC chemokine ligand; CXCR: CXC-chemokine receptor; CCR: CC-receptor; CX3CR: CX3C-receptor; CA19-9: Carbohydrate antigen 19-9; OSCC:
Oral squamous cell carcinoma; HER: Human epidermal growth factor receptor; AKT: Protein kinase B; mTOR: Mammalian target of rapamycin; MMPs:
Matrix metalloproteinases; LECs: Lymphatic endothelial cells; TNM: Tumor, node, and metastasis; PVTT: Portal vein tumor thrombus; HCC: Hepatocellular carcinoma; STAT: Signal transducer and activator of transcription; ERK: Extracellular signal-regulated kinase; MVD: Microvessel density; MLVD:
Microlymphatic vessel density; IBD: Inflammatory bowel disease; PI-3K: Phosphatidyl inositide-3-OH kinase; PAR2: Protease-activated receptor-2; CRC:
Colorectal cancer; IL: Interleukin; TNF-α: Tumor necrosis factor-α.
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Core tip: MicroRNAs (miRNAs), a key class of gene expression regulators, have emerged as crucial players in
various biological processes such as cellular proliferation and differentiation, development and apoptosis. A
better understanding of the function of miRNAs is providing new insights into the molecular basis of human
pathologies, and new biomarkers for disease diagnosis
and therapy.
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INTRODUCTION
MicroRNAs (miRNAs, miR) are small (approximately
20-22 nucleotides), non-coding RNAs that posttranscriptionally regulate gene expression by binding to
the 3′-untranslated region of target mRNAs, leading to
mRNA degradation or translational inhibition[1].
Since the identification of the first miRNA, lin-4,
in Caenorabditis elegans in 1993[2,3], thousands of miRNA
genes have been identified in animal and plant genomes[4].
As a class, miRNAs account for about 1%-2% of genes
in worms, flies, and mammals[5]. Each miRNA can target
hundreds of mRNAs within a given cell type, and a single
mRNA is often the target of multiple miRNAs, and thus
over half of the human transcriptome is predicted to be
under miRNA regulation, embedding this post-transcriptional control pathway within nearly every biological process[5].
Given its fundamental biological roles, it is not sur-

Abstract
MicroRNAs, a key class of gene expression regulators,
have emerged as crucial players in various biological
processes such as cellular proliferation and differentiation, development and apoptosis. In addition, microRNAs are coming to light as crucial regulators of innate
and adaptive immune responses, and their abnormal
expression and/or function in the immune system
have been linked to multiple human diseases including
inflammatory disorders, such as inflammatory bowel
disease, and cancers. In this review, we discuss our
current understanding of microRNAs with a focus on
their role and mode of action in regulating the immune
system during inflammation and carcinogenesis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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prising that miRNA expression is tightly controlled and
that its deregulation can lead to various diseases. In this
review, we summarize our current knowledge about the
physiological role of miRNAs in mammalian biology and
the manner in which miRNA activities contribute to diseases including inflammatory disorders and cancer.

miRNA transcription, which could be positively or negatively regulated by different factors such as transcription
factors, enhancers, silencers and epigenetic modification
in miRNA promoters[16]. For example, the oncogene
c-myc can bind to the promoter of the miR-17-5p cluster,
thereby up-regulating expression of the miRNAs encoded
by the cluster[19,20]. Similarly, the tumour suppressor p53
has been shown to upregulate the transcription of miR-34
family members, inhibiting important factors of cell proliferation and survival, such as Bcl2 and Cdk4 and 6[21-24].
A region of miRNA genes is located within CpG islands
involving the epigenetic control of miRNA transcription.
It is estimated from recent works that 5%-10% of mammalian miRNAs are epigenetically regulated[19,25-27].
Several post-transcriptional regulatory mechanisms
that affect miRNA processing at different stages, from
the pri-miRNA transcripts to the delivery of mature miRNAs to their target mRNAs, have recently been investigated[18]. For example, p53 can form a complex with Drosha, which increases the processing of pri-miRNAs to
pre-miRNAs[28]. Histone deacetylase Ⅰ can enhance primiRNA processing by deacetylating the protein DGCR8
of the microprocessor complex[29]. Cytokines such as
interferons have been shown to inhibit Dicer expression,
decreasing the processing of pre-miRNAs[30].

MIRNA BIOSYNTHESIS AND
REGULATION
Biosynthesis
Our knowledge of miRNA biogenesis and regulation has
been greatly expanded in recent years[1]. The canonical
miRNA biogenesis takes place in a multi-step process
and involves two RNAse Ⅲ endonucleases, Dicer and
Drosha. MiRNAs are encoded by genomic DNA and
are most commonly transcribed by RNA polymerase Ⅱ,
which generates a primary miRNA (pri-miRNA) transcript. Within the primary transcripts, miRNAs form
stem-loop structures, which contain the mature miRNA
as part of an imperfectly paired double-stranded stem
connected by a short terminal loop. Pri-miRNAs are then
processed by a microprocessor complex, a multiprotein
complex with the two core components, Drosha and Di
George Syndrome critical region 8 (DGCR8)[6-8]. This results in the formation of a hairpin-shaped RNA molecule
of 70-100 bp called miRNA precursor or pre-miRNA,
which is then exported into the cytoplasm in a process
involving the nucleocytoplasmic shuttle Exportin-5 and
in a Ran-GTP-dependent manner [9-11]. In cytoplasm,
the pre-miRNA hairpin is cleaved by the endonuclease
DICER into an imperfect miRNA:miRNA* duplex of
21-23 nucleotides in length[12]. After separation of the
two strands of the duplex, one of the strands (the mature
miRNA) is transferred into an Argonote (Ago) protein
located in the RNA-induced silencing complex (RISC
or miRISC), which is involved in the repression of gene
expression by leading miRNAs to specific target mRNAs,
whereas the other strand (the star-strand) is degraded. It
has been shown that strand selection and RISC assembly
in mammals are accomplished by a complex that contains
Dicer, Ago and the double-stranded RNA binding protein TRBP[13-15]. MiRNAs target mRNAs by interacting
with sites of imperfect complementarity. Short “seed”
sequences at the 5′-ends of miRNAs (nucleotides 2-8) are
critical, and in some cases fully sufficient, for target selection[16,17].

MICRORNAS AND IMMUNE SYSTEM
The immune system has evolved to maintain self-tolerance and to recognize efficiently specific pathogens. The
innate immune system acts as a first protector providing
an immediate response to pathogens, and propagation
of the innate response activates the adaptive immune
system. Both innate and adaptive immune responses are
highly regulated, and recent studies have shed light on the
role of miRNAs in this intricate system[31,32]. The role of
miRNAs in immune responses will be discussed in this
section.
MicroRNAs and innate immune response
The innate immune system is activated via recognition of
pathogen-associated molecular patterns by toll-like receptors (TLRs)[33], which will recruit adaptor proteins to the
receptor, followed by activation of downstream signalling
pathways such as the nuclear factor kappa-light-chainenhancer of activated B cells (NF-κB) pathway[34]. This
signal transduction ultimately leads to induction of immune gene expression.
The first study examining the effect of lipopolysaccharide (LPS)-mediated activation of TLR signalling on
miRNA production identified miR-155, miR-146a and
miR-132, which are induced in human macrophages
by LPS[35]. Further analysis showed that miR-155 is induced by LPS, cytokine IFN-β and various TLR ligands
in murine macrophages[36,37]. MiR-155, once induced, is
involved in the activation of tumor necrosis factor-α
(TNF-α) and interleukin-6 (IL-6), enzyme linked immunosorbent assay pathway via targeting the Fas-associated

Regulation
Although there have been recent advances in our knowledge of the biogenesis of the miRNA pathway, relatively
little is known about the mechanisms regulating the activity of the pathway’s components. Several recent studies
indicate that the regulation of miRNA expression and
function occurs at three levels: transcription, processing
and subcellular localization[17,18].
The first, and one of the most important, mechanisms
controlling miRNA abundance is the regulation of pri-

WCG|www.wjgnet.com

1481

January 28, 2014|First Edition|

Raisch J et al . MicroRNAs in immunity, inflammation and cancer

death domain protein, I B kinase ε, and receptor (TNF
receptor superfamily)-interacting serine-threonine kinase
1[37]. MiR-155 plays a role in the innate immune response
by regulating suppressor of cytokine signalling (SOCS)-1,
a negative regulator of dendritic cell antigen-presenting
capacity[37-39]. Likewise, miR-155-deficient dendritic cells
exhibit impaired antigen presentation and therefore are
unable to activate T cells to promote inflammation[39].
One study demonstrated that in human myeloid-derived
DCs, knockdown of miR-155 expression significantly
increased protein expression of the pro-inflammatory cytokine IL-1[40]. The same study also showed that miR-155
directly inhibited expression of the pro-inflammatory
signalling protein TAK1-binding protein 2 (TAB2, also
known as MAP3K7IP2), which could be a mechanism
underlying its anti-inflammatory property[40]. In contrast,
other studies have shown that miR-155 can enhance inflammatory responses. Overexpression of miR-155 in
mouse bone marrow leads to a myeloproliferative phenotype that is similar to that observed transiently after LPS
stimulation[41]. MiR-155 can negatively regulate SHIP1,
an important negative regulator of phosphoinositide
3-kinase (PI3K) and the downstream AKT pathway[42,43].
SHIP1, which is similar to SOCS1, is a negative regulator
of TLR4 signaling[44], and hence repression of SHIP1 by
miR-155 may counter this negative regulation and increase downstream AKT signalling.
Like miR-155, miR-146a is induced by LPS, TNF-α
and IL-1β in a NF-κB-dependent manner. MiR-146a
in turn inhibits expression of two components of the
TLR4 signaling pathway, IL-1 receptor associated kinase
and TNF receptor-associated factor-6[35]. Thus, miR-146a
functions as a negative feedback regulator of the TLR/
NF-κB pathway. MiR-155 and miR-146 expression is increased in macrophages in response to LPS stimulation,
while miR-125b expression is decreased. MiR-125b can
target TNF-α mRNA, and a decrease in its expression
leads to elevated TNF-α production and consequently
increased inflammatory response[37].
Macrophage inflammatory response to infection
involves the upregulation of several miRNAs, such as
miR-21, miR-9 and miR-147[45-47]. These miRNAs can
also be induced by TLR signaling, and can negatively
regulate activation of inflammatory pathways in myeloid
cells. MiR-9 represses NF-κB subunit 1 (NFKB1/p50
unit) and helps to maintain a constant level of NF-κB1
protein expression during TLR4-mediated activation
of monocytes and neutrophils[46]. MiR-147 has been
shown to attenuate TLR2, TLR3 and TLR4-mediated
production of inflammatory proteins such as TNF-α
and IL-6[47]. Induction of miR-21 inhibits PDCD4, an
IL-10 inhibitor, thereby derepressing IL-10. IL-10 in turn
inhibits miR-155, allowing SHIP1 to be derepressed and
inhibit TLR signaling[45,48]. Hence, immune responses are
highly regulated by TLRs-mediated upregulation of different miRNAs.
In addition to miRNA induction by TLR signaling,
recent studies have also reported inflammatory repres-
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sion, such as miR-155 repression, in response to antiinflammatory cytokine IL-10[49].
MicroRNAs and adaptive immune response
In addition to their role in regulating the innate immune
system, miRNAs have been implicated in adaptive immunity by controlling the development and activation of T
and B cells.
T cells
Specific miRNA expression profiles have been reported
in different T cell subsets and stages of development[50-52],
suggesting that miRNA-mediated regulation of signaling networks in T cells, and probably other immune cells,
is dynamic and highly regulated. Interestingly, miRNA
profiling in naive, effector and memory CD8+ T cells
has revealed that a few highly expressed miRNAs are
dynamically regulated during antigen-specific T-cell differentiation[52]. Mice exhibiting T-cell specific deletion
of Dicer had lower numbers of mature T cells with abnormally developed T-cell subsets than wild-type mice,
indicating that miRNAs are required for T cell development[53,54]. Two specific miRNAs have been implicated in
T cell development, and probably account for some of
the phenotype of Dicer-deficient T cells. The miR-17-92
cluster suppresses expression of pro-apoptotic proteins,
including BCL-2-interacting mediators of cell death (BIM
or BCL2L11) and phosphatase and tensin homologue.
This miRNA cluster is thought to increase T cell survival
during development and is expressed during the double
negative 2 stage of thymopoiesis[55].
The role of miRNAs in the differentiation of T
cells into distinct effector T helper cell subsets has been
recently reported. It was demonstrated that miR-326
regulates differentiation of TH17 cells both in vitro and
in vivo[56]. MiR-155 is implicated in regulatory T (Treg) cell
formation and function, since forkhead box P3 (FOXP3),
a transcription factor that is required for the development and function of Treg cells, may directly regulate the
expression of this miRNA[57]. Furthermore, miRNA155-deficient mice are immunodeficient, indicating the
implication of miR-155 in homeostasis and the immune
system[39]. Similarly, using genetic deletion and transgenic
approaches, Thai and colleagues showed the important
role of miR-155 in the mammalian immune system,
specifically in regulating T helper cell differentiation and
the germinal center reaction to produce an optimal T
cell-dependent antibody response[58]. Certain miRNAs,
such as the miR-17-92 cluster, might be involved in the
development and function of T follicular helper cells
(specialized T cells that provide selective signals to supporting geminal center B cells), which are essential for
long-lived antibody responses[59,60]. In addition, miR-181a,
which is increased during early T cell development and
down-regulated in mature CD4 T cells such as Th1 and
Th2 effector cells, can enhance TCR signaling strength by
inhibiting multiple phosphatases that negatively regulate
the TCR signaling cascade[61]. Finally, conditional deletion
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of Dicer or Drosha in Treg cells led to lethal autoimmune
inflammatory disease, accompanied by impaired development or function of Treg cells, indicating the role of miRNAs in Treg cell biology[62-64].

Table 1 MicroRNAs dysregulated in ulcerative colitis and/or
Crohn’s disease
Up-regulated

B cells
Distinct miRNA profiles in naive, germinal central and
post-germinal central B cells have been reported[65-67],
suggesting the implication of miRNAs in B cell development and maturation. A pioneer study showed that
miR-181 is highly expressed in B cells of mouse bone
marrow, and its ectopic expression in hematopoietic stem
and progenitor cells resulted in an increase in the percentage of B-lineage cells but not in T cells or myeloid
cells[68], indicating the role of lineage-specific miRNAs in
regulating lymphocyte development. Conditional deletion
of Dicer in B cells completely arrested B cell development in mice, which is thought to be due to dysregulated
expression of the pro-apoptotic protein BIM, probably
during the selection of effective antigen receptors[69]. Notably, B cells lacking miR-17-92 family and Dicer-deficient
B cells exhibited similar gene expression profiles[70], suggesting that this miRNA cluster could play a determining
role in the regulation of B cell development.
Recent studies have explored the role of miR-150, a
miRNA specifically expressed by mature lymphocytes, in
B cell differentiation[51,71,72]. MiR-150 expression increases
during B-cell maturation in bone marrow, and its constitutive expression blocked B cell development at the transition from the pro-B-cell to pre-B-cell developmental
stage, leading to severe defects in the production of mature B cells[71]. MiR-150-deficient mice exhibited a 2-fold
increase in splenic B-1 cell numbers, with a relative decrease in those of B-2 cells, but had no apparent defect in
the development of other lymphoid-derived T- and B-cell
types[72]. Mice expressing a miR-150 transgene early in life
also had dramatically impaired B cell development with
normal T cell levels. These defects in miR-150 gain- and
loss-of-function were further shown to be due to dysregulation of c-Myb, a target of miR-150 and a transcription
factor that controls multiple steps of lymphocyte development[72]. MiR-155-deficient B cells showed defects in
antibody class switching and differentiation into plasma
cells, resulting in an impaired humoral response to T celldependent antigenic stimulation[39,58,73]. The constitutive
expression of miR-34a blocked B cell development at the
pro-B to pre-B cell transition, leading to a reduction in
mature B cells[74]. This block appeared to be mediated by
miR-34a-inhibited expression of the transcription factor
Foxp1[74], which is an essential regulator of B cell development[75]. Together, these studies show the important
role of miRNAs in normal B cell development.

Source,
reference

miR-16, miR-21, miR-23a,
miR-192,
miR-24, miR-29a, miR-126,
miR-375, miRmiR-195, let-7f, miR-21, miR-155
422b
miR-21, miR-155
miR-7, miR-31, miR-135b,
miR-188-5p,
miR-223, miR-29a, miR-29b,
miR-25, miRmiR-126*, miR-127-3p, miR324- 320a, miR-346
UC vs
3p
healthy
(miR-196a, miR-29a, miR-29b,
(miR-188-5p,
miR-126*, miR-127-3p, miR324miR-25, miR3p)1
320a, miR-346)2
miR-28-5p, miR-151-5p,
miR-505*
miR-199a-5p, miR-340*,
miRplus-E1271, miR-103-2*,
miR-362-3p, miR-532-3p
miR-9, miR-126, miR-130a,
miR-181c, miR-375, miR-26a,
miR-29b, miR-30b, miR-34c5p, miR-126*, miR127-3p, miR133b, miR-155, miR-196a,
miR324-3p, miR-21, miR-22,
miR-29c, miR-31, miR-106a,
CD vs
miR-146a, miR146b-3p, miR-150
(miR-9*, miR-30a*, miR-30c,
healthy
miR-223 miR-25a, miR-29b,
miR-30b, miR-34c-5p, miR-126*,
miR127-3p, miR-133b, miR-155,
miR-196a, miR324-3p, miR-21,
miR-22, miR-29c, miR-31, miR106a, miR-146a, miR146b-3p,
miR-150)1
miR-199p-5a, miR-362miR-149*,
3p, miR-340*, miR-532-3p,
miRplus-F1065
miRplus-E1271
(miR-150, miR196b, miR-199aUC vs
3p, miR-199b-5p,
CD
miR-223, miR320a)2
miR-28-5p, miR-103-2*,
miR-505*
miR-149*, miR-151-5p,
miR-340*, miR-532-3p,
miRplus-E1153

Sigmoid
colon[77]
Colon[78]
Colonic
mucosa[79]

Peripheral
blood[80]

Colonic
mucosa[79]

Peripheral
blood[80]
Colonic
mucosa[79]

Peripheral
blood[80]

1

miRNAs upregulated specifically in non-inflamed colonic mucosa; 2miRNAs downregulated specifically in non-inflamed tissue colonic mucosa.
UC: Ulcerative colitis; CD: Crohn’s disease.

ated with several human disorders such as inflammatory
bowel disease (IBD) (Table 1), which is a chronic inflammatory gastrointestinal disorder. Although the etiology
of IBD remains largely unknown, extensive studies in the
last decades have suggested that it involves environmental
and genetic factors that lead to dysfunction of the epithelial barrier with consequent deregulation of the mucosal
immune system and responses to gut microbiota[76].
Distinguished miRNA expression profiles have been
recently described in tissues of patients with active and
inactive UC, CD, irritable bowel syndrome (IBS), infectious colitis (IC), and microscopic colitis (MC)[77]. Wu and
colleagues demonstrated that active UC was associated

MICRORNAS AND INFLAMMATORY
BOWEL DISEASE
As miRNAs play a critical role in the regulation of the
immune system, failure of miRNA regulation is associ-
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with the differential expression of 11 miRNAs (3 significantly decreased and 8 significantly increased in UC tissues). MiR-192, the expression of which is decreased in
active UC, was predominantly localized to colonic epithelial cells, and targeted macrophage inflammatory peptide
(MIP)-2α, a chemokine expressed by epithelial cells[77].
In colonic epithelial cells, TNF-α-induced MIP-2α expression was inhibited by a miR-192 mimic. In contrast,
miR-21 is significantly increased in patients with active
UC compared to healthy subjects. In inactive UC patients,
miR-375 and miR-422 expression was increased, while
that of miR-192 was unaltered compared to healthy subjects[77]. Inactive UC showed similar expression levels of
miR-375, miR-422b, and miR-23a to IBS and IC tissues.
The miRNAs differently expressed in active UC were not
dysregulated in MC and CD. This study highlights the
specific miRNA expression patterns in active and inactive
IBD tissues, and suggests that miRNAs could regulate
expression of proteins implicated in the pathogenesis.
Another study showed the upregulated expression of
several miRNAs in active UC compared to healthy colonic biopsies, suggesting that upregulation of miRNAs
may be responsible for the development of intestinal
inflammation in UC[78]. MiR-21 was found among the upregulated miRNAs, which is consistent with the findings
of Takagi et al[78].
Of interest, Fasseu and colleagues identified restricted
subsets of miRNAs abnormally expressed in inactive
colonic mucosa of IBD patients[79]. This elegant study
identified 14 (in UC) and 23 (in CD) miRNAs with
significantly altered expression (> 5-fold increase or <
0.05-fold decrease) in quiescent colonic mucosa compared to healthy control tissues. Eight of the miRNAs
(miR-26a, -29a, -29b, -30c, -126*, -127-3p, -196a, -324-3p)
were commonly dysregulated in non-inflamed UC and
CD. Six miRNAs (miR-196b, -199a-3p, -199b-5p, -320a,
-150, -223) displayed significantly distinct dysregulation
of expression between non-inflamed UC and CD colonic
biopsies. Interestingly, several miRNA genes with dysregulated expression mapped within acknowledged IBDsusceptibility loci. In addition, significant dysregulated
expression of four and five miRNAs specific to inflamed
UC or CD tissues, respectively, compared to healthy
controls was observed[79]. This study sheds light on the
role of miRNAs as contributors to IBD susceptibility, in
particular their implication in the onset and/or relapse of
inflammation from quiescent mucosa of IBD patients.
There have been recent reports of differential miRNA expression profiles in the peripheral blood of IBD
patients[80]. Four miRNAs (miR-199a5p, -362-3p, -532-3p
and miRplus-E1271) were upregulated and one miRNA
(miRplus-F1065) was downregulated in the peripheral
blood of patients with active CD, but not inactive CD,
compared to healthy controls[80]. Both active and inactive
CD patients had increased expression of miR-340 and
decreased expression of miR-149 in the blood. Expression of three miRNAs (miR-103-2, 262-3p, 532-3p) was
increased in the blood of both active and inactive UC
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patients. In addition, a subset of 11 miRNAs can distinguish active CD from active UC[80]. This study importantly supports the evidence that distinct peripheral blood
miRNA profiles in different circulating immune cell types
are associated with IBD.
Efforts have been made to understand the mechanisms underlying the implication of miRNAs in the
pathogenesis of IBD. The potential association between
single nucleotide polymorphisms (SNPs) in pre-miRNA
coding regions and IBD susceptibility has been analyzed.
A study in a Japanese cohort of 170 UC patients and 403
healthy controls revealed the association of three SNPs
(rs11614913, rs2910164, and rs3746444) in coding regions
of pre-miR-196a2, pre-miR-146a and pre-miR-499[81].
Of particular interest, the CD-associated SNP C313T in
immunity-related GTPase family, M (IRGM) gene caused
a loss in binding of miR-196[82] (Figure 1). IRGM plays
an important role in the immune system by its involvement in the autophagy process. In addition, miR-196 is
overexpressed in the inflamed epithelium of CD patients
and downregulates the IRGM protective variant (c.313C)
but not the risk-associated allele (c.313T)[82]. Loss of tight
regulation of IRGM expression by miR-196 resulted in
defects in autophagy-mediated control of intracellular
replication of adherent-invasive Escherichia coli (AIEC),
leading to abnormal persistence of AIEC in host cells
(Figure 1). This suggests that the association of IRGM
with CD could arise from abnormal miRNA-mediated
IRGM regulation, which affects the efficacy of autophagy, thereby contributing a synonymous polymorphism as
a likely causal variant.
Intestinal microbiota is increasingly recognized as a
risk for, and a causal factor of, IBD. Our recent studies
showed that miRNAs are involved in the regulation of
host gene expression by gut microbiota[83]. In another
study, we showed that miRNAs play a role in determining
the unique physiological characteristics of intestinal epithelial cells, such as their differentiation during migration
along the crypt/villus axis[84]. In particular, expression of
CD98, a transmembrane glycoprotein that regulates integrin signalling, cellular homeostasis and innate immune
response in the gut[85], and its function are directly under
the control of miRNAs during the differentiation of intestinal epithelial cells[86]. MiRNAs could also be involved
in the upregulation of CD98 during intestinal inflammation and IBD[86]. The biological importance of miRNAs
in the pathogenesis of IBD is becoming clearer, and
targeting miRNAs in the gastrointestinal tract may be a
promising approach for future therapeutic opportunities.

MICRORNAS AND COLORECTAL
CANCERS
The transformation of a normal epithelium into a cancerous state involves modifications in several genes that
are involved in different stages of carcinogenesis such
as apoptosis, proliferation, limitless replicative potential
of tumor cells, angiogenesis, migration and invasion[87].
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Adherent-invasive Escherichia coli

IRGM*
IRGM
RISC
miR-196

miR-196

Regulated autophagy

Dysregulated autophagy

Decreased autophagy-mediated
elimination of intracellular bacteria

Figure 1 Hypothetical model for the involvement of miR-196 in the pathogenesis of Crohn’s disease. MicroRNAs (miRNAs, miR) 196 normally targets immunity-related GTPase family, M (IRGM) mRNA within RNA-induced silencing complex (RISC) for a negative regulation (left panel). The IRGM risk allele (IRGM*) mRNA
lacks the binding site for miR-196 and therefore is not regulated by this miRNA (right panel). During Crohn’s disease, loss of tight regulation of IRGM* expression by
miR-196 may lead to defects in autophagy with most intracellular bacteria replication occurring in dysfunctional vacuoles[82] (dotted cycle). This consequently results in
abnormal persistence of pathogens in host cells, which could further worsen disease status[82].

Colorectal cancer (CRC) is one of the most common
cancers worldwide. Its incidence is greater in industrial
countries than in developing countries[88]. MiRNAs have
been shown to play an important role in oncogenesis by
regulating the expression of genes involved in cancer
initiation, promotion and development[89]. Hundreds of
miRNAs mapped to the human genome regions that
are known to be altered in cancer, and a similar number
of miRNAs are aberrantly expressed in cancerous tissues[90,91]. By analyzing miRNA expression profile (miRNome) of prostate, stomach, pancreas, lung, breast and
colon tumors, Volinia and colleagues identified a solid
cancer miRNA signature including those with well-characterized cancer association, such as miR-17-5p, miR-20a,
miR-21, miR-92, miR-106a, and miR-155[92]. In particular,
21 miRNAs are up-regulated and 1 is down-regulated in
colon tumors compared to normal tissue[92]. MiRNA profiles can identify different tissue and tumor types better
than mRNA expression patterns, making them attractive
targets for development as cancer biomarkers[93]. Distinguished miRNA profiles can even be found in the serum
of patients with cancers. The functions of such circulating miRNAs have not been identified, but profiling of
serum miRNAs might be a powerful approach for early
cancer diagnosis. The cancer-associated miRNAs may
function as oncogenes or tumor suppressors depending
on their role in carcinogenesis. Some of the best examples of such miRNAs will be discussed in this section
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(Figure 2).
Oncogenic miRNAs
MiR-21 is one of the most up-regulated miRNAs in various cancers, including CRC[92,94], and was identified as an
independent predictor of overall survival in the validation set containing tumor samples from 113 patients with
CRC[95]. It has been shown that miR-21 is involved in
invasion, intravasation and metastasis processes by targeting the tumor suppressor PDCD4[96], and in CRC tissues
expression of miR-21 is inversely correlated with that of
PDCD4 compared to normal tissue[97]. Shibuya and colleagues suggested that miR-21 expression may predict
poor prognosis in CRC[98]. Likewise, these authors also
examined the prognostic value of miR-155 in CRC since
its expression is up-regulated in tumor tissues compared
to normal adjacent tissues from CRC patients[98]. MiR-155
was previously shown to target the tumor protein 53-induced nuclear protein 1 (TP53INP1), a pro-apoptotic
stress-induced p53 target, and significant reduction or
loss of TP53INP1 expression was detected during adenocarcinoma progression[99].
MiR-17-92 and miR-106b-25 clusters are known to
be up-regulated in CRC stromal tissues compared with
normal stroma[100]. They include, respectively, multiple
mature miRNAs, miR-17, miR-18a, miR-19a, miR-20a,
miR-19b1, miR-92-1 [101], and miR-106b, miR-93 and
miR-25[102]. These miRNA clusters play an important role
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miR-21
miR-155
miR-17-92
miR-106b-25
miR-196a
miR-181b-1
miR-31
miR-135a
miR-135b
miR-675

Oncogenic miRNAs

Tumor supressor miRNAs
Target genes

p53

TP53INP1

PDCD4

TSP-1

NRAS
CGTC

BIM

miR-143
miR-145
miR-203
miR-126
miR-34a

PI3K
p70S6K1

Akt2
MTSS1

VEGF-A

KRAS
Bcl-xL
Cell cycle, apoptosis, differentiation, proliferation,
migration, invasion, angiogenesis, metastasis

Figure 2 Overview of “oncogenic” and “tumor suppressor” microRNAs related to colorectal cancer described in this review, their targets and different
carcinogenesis pathways in which they have been implicated.

during carcinogenesis[92,100,103,104]. An anti-apoptotic effect of miR-17-92 appears to be one of the mechanisms
underlying its procarcinogenic role in CRC development and progression[105]. Abrogation of miR-92a leads
to cell apoptosis, and there is a correlation between the
miR-17-92 overexpression in tumors of CRC patients
and the downregulated expression of BIM, a member of
the Bcl-2 family that promotes apoptosis[105]. Some works
have reported that there is an interconnection between
the expression of miR-17-92 cluster and angiogenesis,
which occurs later in tumor development and is one of
the most important stages in carcinogenesis. Dews and
colleagues demonstrated that the anti-angiogenic factors thrombospondin-1 (tsp-1) and connective tissue
growth factor (CTGC) are down-regulated by this cluster
in intestinal epithelial cells expressing constitutively the
oncogene c-myc[106], which was shown to be involved in
regulation of miR-17-92 expression[20]. MiR-18 targets
tsp-1 and miR-19 modulates the expression of CTGF[107].
Other miRNAs have also been identified as causal
factors in colon carcinogenesis. For example, miR-196a
had higher expression level in CRC tissues than in normal
epithelial tissues[108]. MiR-196a exerts a pro-oncogenic influence in CRC as a high level of its expression promotes
the oncogenic phenotype of colorectal cancer cells such
as increased cell detachment, migration and invasion[109].
MiR-31 is often up-regulated in CRC and its high expression associated with advanced tumor stage but the clinical
significance is unclear[110]. MiR-181b-1, miR-135a, miR135b, miR-675 are also known to be up-regulated in CRC
tumors[111]. MiR-135a is able to promote the growth and
invasion of CRC cells by targeting the metastasis suppressor 1[112].

cancers such as breast, prostate, cervical and lymphoid
cancer[113-115]. Many studies have reported that downregulation of miR-143 and miR-145 correlates with poor
prognosis[110,115,116]. The expression and post-transcriptional maturation of these miRNAs were recently shown
to be enhanced by the tumor suppressor p53 in response
to DNA damages in CRC cell lines[28,117]. In particular,
miR-143 is involved in inhibition of oncogene KRAS expression[118]. MiR-145 is reported to inhibit tumor growth
and angiogenesis by directly targeting p70S6K1[117], which
is activated by mTOR, and its overexpression in cancer
cells induces tumor angiogenesis[119-121]. Another study
reported that this miRNA is able to inhibit tumor growth
and angiogenesis in breast cancer by targeting N-RAS
and VEGF-A, which are key players in carcinogenesis[122].
It was recently demonstrated that miR-34a is downregulated in colon tumors and also in circulating
blood[123]. Furthermore, ectopic expression of miR-34a
in CRC cell line reduces cell proliferation, demonstrating
that this miRNA has a tumor suppressive function in colon carcinogenesis[124]. Several studies conducted in 2007
revealed that miR-34a can target p53, leading to apoptosis
and cell cycle arrest[21-24,125]. MiR-203 is identified as another tumor suppressor miRNA. Its low expression was
found in vitro in CRC cell lines and was correlated with
tumor size in CRC. MiR-203 can inhibit proliferation of
cancer cell lines[126]. Li et al[127] showed that miR-203 overexpression significantly decreased cell proliferation and
survival and induced cell apoptosis in the p53-mutated
CRC cells. The tumor suppressive role of miR-203 was
mediated by negatively regulating Akt2 expression via
mRNA degradation. In addition, overexpression of
miR-203 decreased expression of the anti-apoptotic gene
Bcl-xL, leading to a resistance to apoptosis[127]. MiR-126
is specifically expressed in endothelial cells and is known
to be down-regulated in CRC compared to normal tissue
via an unknown mechanism[128]. In vitro studies suggested
that a loss in negative regulation of p85 subunit of PI3K

Tumor suppressor miRNAs
Mir-143 and miR-145 are among the best examples of
tumor suppressor miRNAs. The expression of these
miRNAs is down-regulated in CRC tumors, and in other
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by miR-126 could lead to a selective growth advantage
during colon carcinogenesis[129].

7

CONCLUSION
MiRNAs are a class of gene regulators that have recently
emerged as key players in the innate and adaptive immune
system. Changes in miRNA expression are observed in
many human diseases such as inflammatory bowel disease
and cancers. Dysregulated miRNA expression profiles in
IBD have been reported and could be used as diagnostic
biomarkers but further studies are needed to examine
the mechanism of their action in the etiopathogenesis of
this disease and their clinical utility. Emerging evidence
suggests that miRNAs play important roles in the pathogenesis of a limited range of human cancers. Some miRNAs may be directly involved in cancer development by
controlling cell differentiation and apoptosis, while others
may be involved in cancers by targeting cancer oncogenes
and/or tumor suppressors. Given the critical role of
miRNAs, current studies are focusing on their association
with CRC incidence and prognosis and on the possibility
of using circulating miRNAs or fecal miRNA expression
as noninvasive early detection biomarkers. These data
suggest that miRNAs may be potential molecular classifiers, early detection biomarkers, and therapeutic targets
for CRC. Finally, miRNA-based cancer therapy has been
limited to targeting a single miRNA[130,131]. However, it has
been recently shown that the small molecule enoxacin,
a fluoroquinolone used as an antibacterial compound,
enhances the miRNA-processing machinery by binding
to TRBP[132]. Thus, if most cancers are characterized by
a dysregulation of global mature miRNA expression,
restoration of the global miRNome may be an attractive
approach in cancer therapy. In conclusion, a better understanding of the function of miRNAs is providing new
insights into the molecular basis of human pathologies,
and new biomarkers for disease diagnosis and therapy.
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MICROSCOPIC COLITIS
Microscopic colitis (MC) is an intestinal inflammatory
disorder the diagnosis of which relies on specific histopathological findings, namely an increased number of
lymphocytes in the colonic epithelium and of subepithelial chronic inflammatory cells (lymphocytic colitis),
in some cases with a tickening of the subepithelial layer
(collagenous colitis)[1,2].
Radiographic and endoscopic features are constantly
normal. The main symptom is chronic watery diarrhea
without bleeding, the disease being more common among
older individuals, especially of female gender. Although a
genetic cause has not be proven, familial occurrence has
been reported.
Smoking is a risk factor and bile acid malabsorption
is frequent (however, a bile acid binding drug such as
cholestyramine may improve symptoms but not histopathology)[1-3].
Medications such as nonsteroidal antiinflammatory
drugs, proton pump inhibitor, ticlopidine, sertraline etc.
can induce MC[4]. Hence, accurate information about
pharmacological treatment history is mandatory in order
to discontinue the supposedly responsible drug.
The only medication found effective in randomized,
placebo-controlled trials is budesonide, which, at a dose
of 9 mg per day is able to induce clinical remission and
histological improvement in about 81% of cases[5]. The
superior efficacy of budesonide compared with placebo
has been shown in four controlled trials involving patients
with either collagenous or lymphocytic form of MC[6-9].

Abstract
The treatment of microscopic colitis is mainly based on
the use of budesonide, the only drug found effective in
controlled clinical trials. After an initial course at a dose
of 9 mg daily, however, most patients relapse when the
drug is discontinued, hence a maintenance therapy at
doses of 6 mg daily or lower is necessary. In order to
avoid steroid dependence and drug toxicity different
pharmacological agents should be considered as an alternative to indefinite long-term budesonide treatment.
Evidence-based guidelines are currently lacking due to
the lack of conclusive data concerning the use of either immunosuppressive or anti-tumor necrosis factor
agents. For the time being in clinical practice the skilled
physician should therefore tailor long term management of microscopic colitis on the single patient.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Microscopic colitis; Budesonide; Mesalazine;
Immunosuppressants
Core tip: The efficacy of short-term treatment of microscopic colitis with budesonide is confirmed. Longterm therapy is not advisable because of possible side
effects, but the efficacy of alternative drugs such as immunosuppressants or anti-tumor necrosis factor agents
remains to be established. For the time being prolonged budesonide treatment in minimal doses, tailored
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By contrast only a small trial comparing prednisolone
and placebo for two weeks reported a trend toward clinical response[10]. At any rate, budesonide should be preferred to other steroids not only because of fewer side
effects, but also because the success rate is higher and the
incidence of clinical relapses is lower[11,12].
When budesonide is withdrawn, symptomatic relapse
of MC can occur in 60%-80% of cases[13,14]. In order to
maintain remission budesonide can be successfully administered at a dose of 6 mg daily, up to six months[14,15].
After that period there is no published evidence that the
drug continues to be effective, but clinical practice shows
that budesonide 3-6 mg daily can prevent recurrence,
although patients become at risk of becoming steroid
dependent and to develop side effects due to long-term
steroid therapy. The minimum dose of budesonide
should be employed, even 3 mg every other day being occasionally sufficient to maintain clinical remission (Guslandi M, unpublished data), but in order to avoid steroid
dependence and drug toxicity other therapeutic options
must be considered.
Mesalazine, which is usually well tolerated, would
represent an ideal long-term treatment, but evidence of
its efficacy in MC is weak, retrospective series reporting
benefit in fewer than half the patients as a short term
therapy while data for periods exceeding 6 mo are lacking[16,17].
Immunosuppressive agents can be taken into consideration. both in patients with severe symptoms who do
not respond to full doses of budesonide or who are experiencing side effects and/or steroid dependence during
long-term budesonide treatment. Unfortunately available
data with either azathioprine (or 6-mercaptopurine) and
methotrexate in MC are extremely limited and inconclusive[18-20] despite their not infrequent use in clinical practice by gastroenterologists.
In the attempt to avoid colectomy in severe cases of
MC refractory to any other pharmacological treatment,
the possible use of biological agents has been tested,
with promising results[21,22] but more conclusive data are
needed.
Thus, long-term management of microscopic colitis
remains elusive, especially in patients refractory or intolerant to budesonide, but even in subjects where the
drug is effective but continuous intake for an indefinite
length of time is not advisable. In those cases physicians
must take therapeutic decisions irrespective of evidencebased data, tailoring the treatment on the characteristics
and needs of the single patient. Even a recent treatment
algorithm proposed by the European Microscopic Colitis
Group[23] includes drugs such as loperamide, mesalazine,
cholestyramine and bismuth, the efficacy of which is
questionable and uncertain, pointing out the fact that the
use of those medication is empirical. The same applies
to immunosuppressants and anti-tumor necrosis factor
agents, although the former, in spite of the scarce controlled data, appear to be a sensible and comparatively
safe approach. Needless to say, randomized, controlled

WCG|www.wjgnet.com

studies with azathioprine or methotrexate are eagerly
awaited and sorely needed.
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Why interleukin-10 supplementation does not work in
Crohn’s disease patients
Gareth J Marlow, Dominique van Gent, Lynnette R Ferguson
supplementation is not effective in CD patients currently and what can be addressed to potentially make
IL-10 supplementation a more viable treatment option in the future. Based on the current research we
conclude that IL-10 supplementation is not a one size
fits all treatment and if the correct population of patients is chosen then IL-10 supplementation could be
of benefit.
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Core tip: Inflammatory bowel disease (IBD) is a chronic
condition with no known cure. This review addresses
the current available treatments for IBD before discussing a potential new treatment strategy using the
immunoregulatory cytokine interleukin-10 (IL-10). To
date clinical trial results have been disappointing. We
highlight the limitations of current IL-10 supplementation treatment and suggest how, with changes to IL-10
delivery and the correct choice of patient, IL-10 supplementation could become a viable treatment option.

Abstract
Inflammatory bowel diseases (IBD) such as Crohn’s
disease (CD) or ulcerative colitis are chronic intestinal
disorders, which are on the increase in “Westernised”
countries. IBD can be caused by both genetic and
environmental factors. Interleukin-10 (IL-10) is an immunoregulatory cytokine that has been identified as
being involved in several diseases including IBD. Studies have shown that polymorphisms in the promoter
region reduce serum levels of IL-10 and this reduction
has been associated with some forms of IBD. Mouse
models have shown promising results with IL-10 supplementation, as such IL-10 supplementation has been
touted as being a possible alternative treatment for CD
in humans. Clinical trials have shown that recombinant
human IL-10 is safe and well tolerated up to a dose of
8 μg/kg. However, to date, the results of the clinical
trials have been disappointing. Although CD activity
was reduced as measured by the CD activity index,
IL-10 supplementation did not result in significantly
reduced remission rates or clinical improvements when
compared to placebo. This review discusses why IL-10
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INTRODUCTION
Inflammatory bowel diseases (IBD) are chronic intestinal
disorders that are typified by ulcerative colitis (UC) and
Crohn’s disease (CD). They are considered to be caused
by an aberrant intestinal immune response to commensal
microbiota in genetically susceptible individuals[1-3]. IBD
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affects over 1.4 million people in the United States and
over 2.2 million in Europe and is on the increase[4-7]. In
New Zealand CD affects 16 per 100000 and UC 7 per
100000. Clinical symptoms include pain, diarrhoea, rectal
bleeding and weight loss, which can have a debilitating effect on sufferers[8]. There are both environmental and genetic factors that have a role in the development and progression of IBD. IBD is more prevalent in “Westernised”
countries, believed to be a result of diet and lifestyle and
also an effect of improved sanitation[9-11].
Genome-wide association studies (GWAS) have highlighted the complexity of IBD. To date, 163 IBD susceptibility loci have been identified[12], 30 associated with CD,
23 with UC and 110 with both[10,12-14]. Some susceptibility
genes have been identified, covering genes involved in
autophagy (ATG16L1 and IRGM), pattern recognition
receptors, intestinal epithelium maintenance and immune
response[4].
The anti-inflammatory cytokine interleukin-10 (IL-10)
has been identified as being involved in IBD[15]. Studies[16-18] have shown that polymorphisms in the IL-10 promoter alter IL-10 serum levels and have been linked to
IBD. IL-10 supplementation has been tested as a potential therapy for CD[19-28]. This review will focus on the use
of IL-10 supplementation explaining why it is currently
ineffective at treating patients with CD and showing how
that effectiveness could be improved.

pathogenesis of chronic inflammatory disease including
IBD[35,36]. It has been shown that IL-10 can block IKK
activation and directly inhibit the nuclear localisation
ofthe NF-κB p65/p50 heterodimer[37,38]. It has also been
shown that IL-10 can selectively induce nuclear translocation and DNA-binding of p50 homodimer, which has
been shown to inhibit transcription[39].
IL-10 down-regulates major histocompatibility
complex Ⅱ (MHC class Ⅱ) expression[40] and the expression of the co-stimulatory ligands CD80/CD86 (B7-1,
B7-2) in monocytes[41], macrophages[42,43] and dendritic
cells[44,45]. While both MHC class Ⅱ and co-stimulatory
ligands are needed to effectively activate CD4+ Th2 cells
by antigen presentation, this results in decreased macrophage and T cell derived cytokine synthesis, e.g., IL-1,
IL-6, IL-8, IFN-α, tumor necrosis factor-α[25,46-48]. However IL-10 also has immunostimulatory effects, by upregulating MHC class Ⅱ expression on B lymphocytes[49]
and increasing the synthesis of several antibody isotypes
e.g., immunoglobulins (IgM, IgA and IgG)[50].
Despite unanswered questions, our current knowledge
credits IL-10 with having a significant critical role in regulating intestinal immune homeostasis, this is highlighted
by the fact that impaired IL-10 signalling contributes
to IBD[4,51,52]. Rare homozygous mutations in IL10RA
and IL10RB, resulting in defective IL-10 signalling were
identified in children with early-onset IBD[52] thereby
confirming IL-10’s critical role in maintaining intestinal
homeostasis.

IL-10
Functions of IL-10
IL-10 was first identified as a cytokine secreted by CD4+
Th2-cells that inhibits cytokine production in antigen presenting cells[29], and was described as a cytokine synthesis
inhibitory factor. The gene for human IL-10 is located in
the 1q32 band on chromosome 1 and encodes for 5 exons. The encoded protein is a homodimer with a mass of
37 kDa consisting of 160 amino acid monomers[16,19,30].
The structure of IL-10 resembles interferon gamma
(IFN-γ) and both IL-10 receptor (IL-10R) subunits are
members of the interferon receptor family[31,32].
IL-10 is a pluripotent cytokine and could be considered the most important anti-inflammatory cytokine
found in the human immune response[4,19]. IL-10 is produced by different cell types including B- and T-lymphocytes, macrophages, monocytes, dendritic cells and mast
cells[16,33]. IL-10 has the ability to differentially affect the
function of different subsets of immune cells, affecting
both the innate immune system and the adaptive immune
system, and is therefore considered to have a broad effect
in immunoregulation and host defense[34]. Broadly speaking, IL-10 inhibits pro-inflammatory mediator production
while increasing the production of anti-inflammatory
mediators[19,34].
Many of the pro-inflammatory cytokines suppressed
by IL-10 are known to be regulated by nuclear factor
kappa-light-chain-enhancer of activated B cells (NFκB). Dysregulation of NF-κB has been implicated in the
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IL-10 signalling
During IL-10 signalling the IL-10 homodimer binds to
the tetrameric receptor IL-10R complex, consisting of
2 molecules of IL-10R α-chain (IL-10R1) and two molecules of the IL-10R β-chain (IL-10R2)[53-55]. This binding activates Janus Kinase 1 (JAK1) and tyrosine kinase
2 (Tyk2), which self-phosphorylate and subsequently
phosphorylate IL-10R1 at tyrosine residues, 446 and
496, which recruits signal transducer and activator of
transcription 3 (STAT3) via its SH2-domain. STAT3 is
phosphorylated by JAK1 and Tyk2, causing dimerisation
and translocation to the nucleus, where target genes are
induced[2,4,20,53] (Figure 1).
There is contradictory evidence regarding the role of
STAT3 in IBD[56], with studies showing that it can play
both a pathogenic[57-60] or a regulatory[61-64] role in IBD depending on the specific activator and cell type[65]. STAT3
mediates mucosa-protective functions in epithelial and
myeloid cells but can also contribute to inflammation if
active in other cell types[66]. It has been shown that STAT3
is essential for all known functions of IL-10 and that
STAT3 acts as a transcription factor for other genes within the anti-inflammatory response[67,68]. STAT3 is primarily
recruited and activated in macrophages, and this activation
is transient[69], which avoids the inflammation associated
with an increase of activated STAT3 in IBD[70-72].
Genetic variants in IL-10, the IL-10 receptor and
STAT3 genes are associated with IBD, highlighting the
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Figure 1 Interleukin-10 signalling pathway.
Interleukin-10 (IL-10) binds to the tetrameric
receptor IL-10 receptor (IL-10R) complex, this
activates Janus kinase 1 (JAK1) and tyrosine
kinase 2 (Tyk2), which self-phosphorylate resulting in the binding and phosphorylation of
signal transducer and activator of transcription
3 (STAT3). STAT3 dimerises and translocates
to the nucleus, inducing target genes. TNF- α:
Tumor necrosis factor-α.
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involvement of the IL-10 signalling cascade in the pathogenesis of CD and UC, further supporting the hypothesis
that defective anti-inflammatory mechanisms may be key
to IBD development[2,11,15,52,73-75].

healthy and inflamed colonic tissue express IL-10 mRNA
and protein to the same extent. However during inflammation and also in patients with CD, there are significantly increased numbers of mononuclear cells producing
IL-10[20,25]. Circulating levels of IL-10, as determined by
serum levels of IL-10[82] and mRNA levels[84], have been
shown to correlate with disease activity.

IL-10 AND IBD
How IL-10 relates to IBD
The first evidence of a role of IL-10 in IBD, came from
a GWAS study by Franke et al[15] that showed a significant
(P = 1.35 × 10-12) association between a single nucleotide
polymorphism (SNP) rs3024505 near the three-prime
untranslated regions of the IL-10 gene and UC, there was
modest association with CD.
IL-10 knockout mice develop chronic enterocolitis,
which is similar to human CD, if they are not kept in
germ-free conditions. Administration of IL-10 ameliorates inflammation in both animal and in vitro models[76],
indicating a potential role for IL-10 in the down-regulation of Th1-mediated mucosal inflammation[16,77].
Because IL-10 mediated immune responses are so
important in maintaining intestinal homeostasis and commensal flora tolerance, it has been hypothesized that a defect in IL-10 production may be involved in the pathogenesis of CD[78]. In fact impaired IL-10 production has been
found in severe cases of both UC[79] and CD[78]. Studies
show that CD patients have normal[80,81] or high IL-10
levels[18,82]. However, low IL-10 production in intestinal
mucosa has been shown to be associated with increased
postoperative recurrence[22,83] and it has been shown that
administration of recombinant human IL-10 in low IL-10
producers significantly reduced recurrence after surgery[22].

IL-10 serum levels
It is believed that circulating levels of IL-10 are critical
in immune regulation. Basal levels of IL-10 modulate
production of other cytokines and thus minor changes
can affect the cytokine network, which in turn affects
inflammation.
Studies have been inconsistent regarding serum levels of IL-10 in IBD, as stated earlier some studies show
higher IL-10 levels in CD, Wang et al[18] found that CD
patients had significantly higher levels of IL-10 compared
to controls. Kucharzik et al[82] reported increased serum
IL-10 concentrations in patients with active CD or UC
compared to controls. Mitsuyama et al[85] showed an increase in serum IL-10 in active UC patients but not CD.
In contrast, Nielsen et al[81] reported that serum IL-10
concentrations did not differ among UC, CD and healthy
control subjects. These inconsistencies could be the result
of variations, e.g., age, severity of disease and ethnicity in
the studied populations or in different methodological
designs.
As IL-10 is an anti-inflammatory cytokine, we expect
that high serum levels of IL-10 are likely to be good for
patients with chronic inflammatory disease. In fact low
IL-10 levels are known to increase disease severity in CD
patients compared to high IL-10 levels[85,86]. From steroid
treatment it has been shown that steroid non-responders
have low IL-10 levels while steroid responders have sus-

IL-10 mucosal levels
It has been shown that intestinal epithelial cells from
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tainable high IL-10 levels during and after treatment[87].
Sufficient IL-10 levels seem to be required for recovery
but do not offer a cure.
We can hypothesize that IL-10 has an optimal level
to be beneficial to reduce chronic inflammatory diseases,
and may prove detrimental at too high or too low levels.
Diseases associated with IL-10 SNPs such as psoriasis
and rheumatoid arthritis are known to have high IL-10
serum levels[18,88,89], while in other diseases like UC, IL-10
levels vary between individuals and studies, with a trend
toward increased IL-10 production, though the big studies are lacking[90-92].
IL-10 serum level and disease severity is not restricted
to IBD, other diseases including autoimmune diseases,
such as systemic lupus erythematosis, Behçets, type 1
diabetes mellitus[14], psoriasis[93], atherosclerosis[94] and
rheumatoid arthritis[89] have all been shown to be associated with IL-10 SNPs. Susceptibility to several cancers including prostate[95], breast[96], cervical[97] and more recently
gastric[98,99] have been associated with IL-10 promoter
polymorphisms.

= 0.042 and P = 0.0026). In the twin-study which followed, the haplotype showed no correlation with IL-10
serum levels. Wang et al[18] showed a significant (P =
0.001) increase in IL-10 production for TAT haplotype
in healthy controls. The -592A allele was also shown to
be associated with reduced transcription and decreased
IL-10 secretion[16,102,109].

CURRENT IBD TREATMENTS
The current treatment options available for IBD, include:
surgery, aminosalicylates, e.g., 5-aminosalicylic acid, corticosteroids, e.g., prednisone, immunosuppressants, e.g., azathioprine, cyclosporine or biologicals, e.g., infliximab[110,111].
The choice of treatment is dependent on phenotype,
disease activity, characteristics of the drug and the patient.
The choice should look to balance effectiveness with side
effects and long term complications. As with any drug
treatment there are side effects, these range from the usually well-tolerated upset stomach, nausea and headache to
the more severe bone marrow and liver problems. As well
as the associated side effects these treatments only work
for some cases and can also result in a loss of response.
Thus stronger treatments are required which have more
severe side effects and long term consequences, and so
alternative therapies are being investigated.

IL-10 promoter polymorphisms
SNPs are the most common form of genetic variation
in humans. A SNP occurs at a location where more than
one possible nucleotide occurs naturally within a population at a frequency >1%[100]. SNPs can be in both coding
and non-coding regions of DNA. Due to the degeneracy
of the genetic code. Even if the SNP is in a gene it may
not change the amino acid and so has no effect on the
protein (synonymous SNP), however non-synonymous
SNPs do change the protein and are more commonly
associated with disease. It is these variations that are
most interesting to researchers as these can account for
whether/how a person develops a disease, the severity of
disease and how they respond to treatment.
Important variability in IL-10 secretion has been
reported and is associated with SNPs in the IL-10 promoter at 3 locations -592, -819, -1082[78,101,102]. The IL-10
promoter polymorphisms C-592A (rs1800872), C-819T
(rs1800871) and G-1082A (rs1800896) have been extensively studied. The most recent studies of Franke et al[15],
Amre et al[17], Wang et al[18], Andersen et al[73], Fowler et
al[103], Fernandez et al[104] and Tedde et al[105] reported a significant association between IL-10 rs1800896 and IBD.
The “A” allele of rs1800896 was found to be more
common in IBD patients, especially in UC patients,
individuals with the A/A genotype have lower IL-10
production than the G/G genotype[106], Koss et al[107]
found that the -1082 AA is associated with decreased
IL-10 production in both CD patients and controls.
Wildtype -1082 (rs1800896) “G” and -592 (rs1800872)
“C” are known to be associated with increased IL-10
levels; therefore we expect the GCC haplotype to show
the highest IL-10 expression and ATA the lowest. This
hypothesis was studied by Reuss et al[108] who showed in
THP-1 monocyte cells that IL-10 expression was highest
in the GCC haplotype compared to ACC and ATA (P
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ALTERNATIVE TREATMENTS
Environmental and dietary factors are thought to play a
role in the development of CD[112,113] and so changes to
diet and lifestyle can have beneficial effects. Studies[114-118]
have shown that specific foods are associated with IBD
and that avoiding certain foods can reduce both the
severity and frequency of symptoms. There are several
classes of new drugs being developed: monoclonal antibodies, small molecules, fusion proteins and recombinant
growth factors, as well as stem cell based therapies; one
of these new therapies is IL-10 supplementation.
IL-10 supplementation for CD
Studies have suggested that IL-10 has huge therapeutic
potential in intestinal inflammation, and that it should inhibit the up-regulated pro-inflammatory cytokines in CD
and UC[25]. In most studies to date, Tenovil (ScheringPlough, Kenilworth, NJ, United States), has been used,
which is the brand name of rhuIL-10. It is produced
by a genetically engineered Escherichia coli strain, that
expresses a 161 amino acid protein identical to human
IL-10 with an additional amino-terminal methionine
residue[119,120].
Why doesn’t it work?
Based on the success of animal models[121-126] of intestinal
inflammation, IL-10 therapy was heralded as a potential
anti-inflammatory treatment in CD and several human
trials have been undertaken. The first trial conducted by
van Deventer et al[28] showed that IL-10 supplementation
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Table 1 Summary of key findings from interleukin-10 trials in human and animal studies
Ref.

Model

Colombel et al[22]
Fedorak et al[23]
Schreiber et al[26]
van Deventer et al[28]
Braat et al[128]

Barbara et al[121]

Grool et al[123]

Human
65 patients having recently
undergone intestinal resection surgery
95 mild to moderately active CD
(CDAI 200-350)
329 therapy-refractory chronic active
CD (CDAI 200-400)
46 patients with active steroidresistant CD (CDAI 200-350)
10 patients with moderate to severe
CD
Animal
DNB induced colitis Spf
Sprague-Dawley rats

Sasaki et al[125]

40 male NZ white rabbits
formalin-immune complex induced
colitis
TNBS induced colitis in 74
Sprague-Dawley rats
3% DSS induced C57B6 mice

Tomoyose et al[126]

4% DSS induced colitis BALB/c mice

Steidler et al[127]

DSS induced and spontaneous IL10-/mouse models of colitis

Ribbons et al[124]

Intervention
4 μg/kg daily or 8 μg/kg twice weekly
for 12 wk
1, 5, 10 or 20 μg/kg of daily for 4, 20 wk
follow up
1, 4, 8 or 20 μg/kg of Tenovil
subcutaneously for 28 d
0.5, 1, 5, 10 or 25 μg/kg daily for 1, 3 wk
follow up
10 enteric-coated capsules containing
1010 cfu of LL-Thy12 twice daily for 7 d

Outcome
No clear evidence of effect
Improved clinical response (based on CDAI score)
and improved endoscopic appearance
Non-significant clinical improvements
Reduction in the average score of CDAI
Clinical benefit observed in 8 of 10 patients,
including 5 showing complete remission

Ad5IL-10 (5 × 108-1 × 1010 pfu)

Improved colitis macroscopically and
histologically and decreased MPO activity and
LTB4 levels
100 or 500 μg/kg single Ⅳ infusion of
Anti-inflammatory response as measured
rIL-10
by decreased mucosal damage, leukocyte
recruitment, MPO and LTB4
0.5, 5, 50, 500 μg/kg rIL-10 subcutaneous Mild anti-inflammatory effects
injection twice daily for 5 d
Significant reduction in MPO
Intra-peritoneal administration of
Significantly reduced disease activity and weight
adIL-10
loss and completely prevented histopathologic
injury to the colon
Recombinant mouse rIL-10 (1, 100, 1000 Marked improvement in intestinal inflammation
unit/mL)
Inhibition of tissue damage and production of
pro-inflammatory cytokines
Daily intragastric inocula of 2 × 107 or
Reduced histological score by 50% in DSS and
109 LL-mIL10
prevented onset of colitis in IL-10-/- mice

CD: Crohn’s disease; CDAI: Crohn’s disease activity index; cfu: Colony forming units; MPO: Myeloperoxidase; LTB4: Leukotriene B4; TNBS: 2, 4, 6 trinitrobenzenesulfonic acid; DSS: Dextran sodium sulphate; adIL-10: Adenoviral IL-10; DNB: Dinitrobenzene sulphonic acid; Spf: Specific pathogen free;
Ad5IL-10: Human type 5 adenovirus + murine IL-10; pfu: Plaque forming units; LL-mIL10: Lactococcus lactis secreting murine IL-10.

was safe and well tolerated. This was confirmed by subsequent studies[22,23,26]. van Deventer et al[28] showed a reduction in the average score of CD activity index (CDAI),
but this was not significant. Fedorak et al[23] showed that
5 μg/kg of Tenovil given subcutaneously for 28 d to
patients with mild to moderate CD activity resulted in
improved clinical response (based on CDAI score) and
improved endoscopic appearance of the disease. Schreiber et al[26] showed that 8 μg/kg of Tenovil given subcutaneously for 28 d to patients with mild to moderate
CD activity resulted in a non-significant clinical improvement. However, Colombel et al[22] found no evidence that
treatment with Tenovil for 12 wk in CD patients after
intestinal resection prevented recurrence of CD. The key
findings of these studies are summarised in Table 1.
These data show that IL-10 treatment did not result in
significantly reduced remission rates or clinical improvements when compared to placebo[21,24]. In fact a Cochrane
review in 2010[21] concluded that “Interleukin 10 does
not appear to provide any treatment of active Crohn’s
disease. ...interleukin 10 does not increase the number of
remissions (complete or clinical), but increases the rate
of withdrawal due to adverse events relative to placebo.”
This review only included three of the studies mentioned
above[23,26,28] and although more patients receiving IL-10
withdrew from studies there was no significant difference
in the number of patients reporting adverse reactions be-
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tween treatment and control.
However this is not the whole story, as other studies
not included in the Cochrane analysis have shown that
patients respond differently to IL-10 supplementation.
Colombel et al[22] reported that endoscopic recurrence in
patients with low IL-10 levels at time of surgery reduced
to 47% with Tenovil treatment compared to 80% in
the placebo group. Schreiber et al[26] found that patients
responded differently to IL-10 treatment, with patients
suffering from high disease activity having a greater rate
of clinical improvement. These data suggest that IL-10
levels and disease activity are factors in how a patient
responds to IL-10 supplementation. Also, as previously
stated, some CD patients already have raised levels of
IL-10[18,82]. These patients will not benefit from IL-10
supplementation and may suffer detrimental effects as
high doses of systemically administered IL-10 induce the
pro-inflammatory cytokine IFN-γ[27].
The different response to IL-10 supplementation is
not surprising given the heterogenous nature of CD. A
therapy that targets one step within a complex immunological pathway may only benefit a small proportion of
patients but if you select the correct sub-population of
patients who under-produce IL-10, for example those
that have a penetrating phenotype who have a greater
deficiency in IL-10[78], you may see a significant beneficial
response to IL-10 therapy[25].
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There are five potential explanations as to why IL-10
treatment has not been effective as a therapeutic strategy: (1) the administered dose of IL-10 results in an
intestinal concentration of IL-10 that is too low to elicit
a response; (2) there are differences among individuals
depending upon disease phenotype/severity; (3) IL-10
is only successful at preventing and not treating an established disease; (4) IL-10 alone fails to suppress all the
pro-inflammatory mediators involved in chronic inflammation; or (5) IL-10’s immunostimulatory effects counterbalance its immunosuppressive properties.

However who actually performs the genotyping service,
who pays for the service and gaining patient consent may
be problematic. This could potentially be overcome by
having the patients enrol onto a research study. However
IL-10 serum levels are determined 50% by genetics and
50% by environment[108] and so just because a person
has the low IL-10 producing SNP doesn’t necessarily
mean they will have low IL-10 levels. Therefore a better
measure to determine potential benefit of IL-10 supplementation would be to measure the serum level of IL-10,
which can be done using commercially available ELISA
kits. This should prove to be easier to conduct and in
gaining patient consent.
As mouse models proved[121,131] IL-10 administration
was only successful when administered prior to initiation
of colitis and was unable to treat any established inflammation. Therefore IL-10 supplementation could be used to
prevent relapses rather than to treat active inflammation.
If locally delivered IL-10 fails to have an effect, then
it may be due to the fact IL-10 alone is unable to suppress all the pro-inflammatory mediators involved in
chronic inflammation.Therefore it would be necessary to
develop a combination treatment containing IL-10. However the evidence suggests IL-10 alone should have an
effect and so it may be that IL-10 supplementation is not
a suitable treatment for that disease phenotype.

Can IL-10 supplementation work?
Most of the potential explanations as to why IL-10 supplementation currently doesn’t work can be overcome.
The modest therapeutic benefits [23,26] and adverse
effects can potentially be attributed to limited mucosal
bioavailability of IL-10 and the fact that the trials so far
have not separated patients by genotype or disease phenotype/severity. To address the low bioavailability of
mucosal IL-10 without resorting to the detrimental high
levels of IL-10 systemic administration, Lactococcus lactis (L.
lactis) was engineered to secrete IL-10, and this was used
to successfully prevent the onset of colitis in the IL-10
KO model and caused a 50% reduction in inflammation
in the DSS mouse model[127]. This study was followed up
with a small phase 1 human trial using L. lactis modified
to contain the human IL-10 sequence (LL-Thy12)[128].
10 capsules containing 1 × 1010 cfu of LL-Thy12 were
given to 10 patients with moderate to severe CD twice
daily for 7 d. The results showed this approach is both
safe and biologically contained, avoiding the side effects
associated with high systemic doses while still retaining
the ability to reduce disease activity. This was a small
trial in a controlled environment without a control comparison and so further studies are needed to confirm the
effectiveness of this treatment. However based on these
initial results this form of IL-10 supplementation is
showing promise as a treatment for patients with chronic
intestinal inflammation.
Alternative ways to improve local delivery of IL-10 include gene therapy using replication-deficient adenoviral
vectors delivered directly to the gastrointestinal epithelial
cells. This approach has proven successful in two mouse
studies[121,129] showing an effect on colitis without the associated side-effects of systemic administration. Gelatine
microspheres containing IL-10 (GM-IL-10) were developed by Nakase et al[130] to deliver sustained IL-10 release
locally without losing bioactivity. Colonic inflammation
in mice treated with GM-IL-10 was reduced compared to
mice treated with IL-10 alone.
The second point of selecting patients based on disease phenotype and/or severity can be easily addressed
based on clinical diagnosis. Selecting patients based on
genotype is slightly more complicated and would require
that potential candidates for treatment be screened. Genotyping has become relatively quick and easy to perform
and the cost is reducing as the technology advances.
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CONCLUSION
Based on this knowledge, it is our opinion that a subpopulation of CD patients, who have lower expression
of IL-10, and who have active disease could benefit from
targeted IL-10 supplementation therapy. However further
studies are needed to determine the exact population of
patients who would benefit the most from this treatment
and to determine if there are any long term detrimental
effects of this treatment. Given that current treatments
of IBD may not be beneficial to a patient or have severe
side effects, we believe it is worth exploring this potential
treatment avenue.
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responsiveness towards microbes. On the basis of autophagy-related risk genetic polymorphisms (ATG16L1 ,
IRGM , NOD2 , XBP1 ) impaired sensing and handling
of intracellular bacteria by innate immunity, closely
interrelated with the autophagic and unfolded protein
pathways seem to be the most relevant immunobiologic events. Autophagy is now widely considered as a
key regulator mechanism with the capacity to integrate
several aspects of Crohn's disease pathogenesis. In this
review, recent advances in the exciting crosstalk of susceptibility coding variants-related autophagy and innate
immunity are discussed.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Abstract
Crohn's disease representing a clinical phenotype of
inflammatory bowel disease is a polygenic immune
disorder with complex multifactor etiology. Recent
genome-wide association studies of susceptibility loci
have highlighted on the importance of the autophagy
pathway, which previously had not been implicated
in disease pathology. Autophagy represents an evolutionarily highly conserved multi-step process of cellular self-digestion due to sequestration of excessive,
damaged, or aged proteins and intracellular organelles
in double-membranous vesicles of autophagosomes,
terminally self-digested in lysosomes. Autophagy is
deeply involved in regulation of cell development and
differentiation, survival and senescence, and it also fundamentally affects the inflammatory pathways, as well
as the innate and adaptive arms of immune responses.
Autophagy is mainly activated due to sensors of the
innate immunity, i.e. , by pattern recognition receptor
signaling. The interplay of genes regulating immune
functions is strongly influenced by the environment,
especially gut resident microbiota. The basic challenge
for intestinal immune recognition is the requirement of
a simultaneous delicate balance between tolerance and
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Core tip: In case of Crohn's disease, on the basis of
autophagy-related risk genetic polymorphisms impaired
sensing and responding of intracellular bacteria by innate immunity, closely interrelated with the autophagic
and unfolded protein pathways seem to be the most
relevant immunobiologic events. Autophagy represents
a key regulator mechanism with the capacity to integrate several aspects of Crohn's disease pathogenesis.
Original sources: Műzes G, Tulassay Z, Sipos F. Interplay of autophagy and innate immunity in Crohn’s disease: A key immunobiologic feature. World J Gastroenterol 2013; 19(28): 4447-4454
Available from: URL: http://www.wjgnet.com/1007-9327/full/v19/
i28/4447.htm DOI: http://dx.doi.org/10.3748/wjg.v19.i28.4447

INTRODUCTION
Crohn’s disease (CD) and ulcerative colitis, the main clinical phenotypes of (idiopathic, relapsing-remitting) inflammatory bowel disease (IBD) are systemic disorders affect-
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ing the gastrointestinal-tract with frequent extraintestinal
manifestations and associated autoimmune conditions[1].
IBD is considered as a polygenic immune disorder with
complex multifactor etiology. Generally, IBD is arising in
susceptible individuals in whom upon environmental triggers a sustained disturbed, deleterious mucosal immune
reaction is provoked towards commensal microbiota[2]. In
chronic inflammatory conditions, when organs with large
epithelial surfaces are affected, like in IBD the epithelial
barrier function is critical for the disease onset. Since the
epithelium is densely inhabited by a resident microbial
flora the role of native immunity is particularly appreciated in recognizing and distinguishing commensal enteric
bacteria from the invading ones, and thus, in maintaining
tolerance and homeostasis[2]. Subsequently, the chronic
unrestrained inflammatory response that occurs in IBD is
mainly driven by a disintegrated host immune regulatory
network. In IBD development the host genetic susceptibility represents an important etiologic factor. In CD
the genetic component is strongly indicated by familial
aggregation, and further, by an approx. Twenty-six-fold
greater population-based sibling risk, and an approximately 30%-35% of concordance rate in monozygotic
twins[3,4]. The introduction of genome-wide association
studies (GWAS) has yielded an expansion in studying
the genetic basis of IBD. Nowadays more than 70 loci
are associated with CD[5]. Further, in CD pathogenesis
GWAS highlighted on certain earlier not really suspected
biological pathways, such as autophagy. In polygenic diseases functional variants of single genes could be identified. Indeed, many of the recently identified genetic risk
loci in CD are related to various cell types and pathways,
suggesting the involvement of fairly different aspects of
host immune responses in the IBD phenotype. Missing
heritability in CD cannot be simply explained by genetic
alterations[2]. Moreover, the fact of the worldwide considerable increase in disease incidence and prevalance
emphasizes the importance of additional, environmental
and epigenetic contributions[6,7]. The interplay of genes
regulating immune functions is strongly affected by the
environment, especially gut resident microbiota. On the
basis of genetic alterations in CD impaired sensing and
handling of intracellular bacteria by the innate immunity, that is closely interrelated with the autophagic and
unfolded protein pathways seem to be the most relevant
pathophysiologic features[8].

fundamentally the inflammatory process, and the innate
and adaptive arms of immune responses[10]. On a basal
level intact autophagy serves constantly and constitutively
as a critical adaptive and surveillance mechanism in maintaining cellular homeostasis[11]. Nevertheless, autophagy is
inducible in response to different cellular metabolic stress
conditions, such as nutrient and growth factor deprivation in order to preserve cell viability. Further, autophagy
is upregulated in cases of protein aggregation and accumulation of misfolded proteins, i.e., when the structural
remodeling is mandatory. In respect of innate immunity,
however, autophagy plays an essential role during infections by degrading intracellular pathogens[10,12]. Different
types of autophagy according to the route of delivery to
lysosomes and the main physiological functions have been
characterized, such as macro- and micro-autophagy, and
chaperon-mediated autophagy[11]. Upon specific targeted
degradation of cytosolic aggregated proteins, lipids, and
organelles (ribosomes, nucleosomes, peroxisomes, mitochondria, endoplasmic reticulum), selective forms of
autophagy (aggregophagy, lipophagy, ribophagy, nucleophagy, pexophagy, mitophagy, reticulophagy) can further
be classified[9,11]. In addition, elimination of intracellularly
infective pathogens represents another selective form
of autophagy, namely xenophagy (Figure 1). Xenophagy
can be considered as a substantial element of the innate
immune system. Generally (macro)autophagy refers to
cytoplasmatic bulk, non-selective degradation of subcellular constituents. Within this complex catabolic pathway
tightly regulated by a limited number of autophagy genes
(ATGs) various morphologic stages of the assembly process are distinguishable[12]. It is initiated with the phagophore (isolation membrane) formation around different
molecules or particles to be sequestred, and is followed by
elongation and maturation into the autophagosome, leading finally to fusion with lysosomes[9,12]. Subsequently, the
phagophore is controlled by Beclin1 (ATG6) and ATG14
genes, and both the inhibitory class1 canonical phosphatidylinositol 3’-kinase/AKT (PI3K/AKT) mammalian
target of rapamycin (mTOR) and the promoting c-Jun
N-terminal kinases (JNK1) pathways[13,14]. The intricate
formation of autophagosome is regulated mainly by the
ATG5-ATG12 complex, then stabilized by ATG16L1,
and further processed by microtubule-associated protein
light chain (LC3/ATG8) under the strict control of ubiquitin-like conjugation systems (ATG10, ATG7, ATG3).
The engulfment of random or selective cargo, closure of
the autophagosome, and fusion with the lysosomal compartment is orchestrated by LC3, and the Beclin1-UV-irradiation resistance-associated gene (UVRAG) complex[13,14].
Defects in basal autophagy may yield accumulation of
cytotoxic materials, damaged DNA, and thus, genomic
instability, while alterations of induced autophagy especially lead to reduced cell survival[10,12]. By compromising
cellular fitness defective autophagy has been ultimately
related to several chronic inflammatory disease conditions,
such as inflammatory bowel disease, like CD and cancer,
neurodegeneration, and infectious disorders[10,11,15]. Gener-

AUTOPHAGY MACHINERY
Besides the proteasomal degradation pathway autophagy
represents an additional, evolutionarily highly conserved
multi-step process of cellular self-digestion due to sequestration of excessive, damaged, or aged proteins and
intracellular organelles in double-membranous vesicles of
autophagosomes, terminally self-digested in lysosomes[9].
Autophagy is deeply implicated in the regulation of numerous physiologic functions including cell development and
differentiation, survival and senescence, and it also affects
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Figure 1 The autophagic process and types of autophagy.

ally autophagy deficiency is closely related to accelerated
tumorigenesis. In autophagy-incompetent cells upon induced oxidative stress cell-autonomous mechanisms are
exhibited in forms of accumulated DNA damage and
chromatin instability[16]. However, inflammatory events as
a non-cell-autonomous mechanism along with defective
apoptosis could independently contribute to malignant
transformation and cancer progression, partly by favoring
cell necrosis[17]. Similar situation has been found in human
IBD with high risk of malignancy, and in experimental
cases of Atg5-/- or Atg7-/- mice displaying abnormalities resembling human IBD[18]. Autophagy and stressresponsive cellular degradation pathways of intrinsic and
extrinsic apoptosis can fundamentally alter, activate or
inhibit each other via an extensive molecular crosstalk, and
in fact, cell destiny is determined by their actual functional
status and interplay[19]. Their crosstalk is primarily regulated by the current status of the ATG6/Beclin-1 complex,
a Bcl-2/Bcl-xL interacting element, since Bcl2 is a potent
autophagy inhibitor. Dissociation of this complex can be
achieved by toll-like receptor (TLR) adaptors (MyD88,
TRIF), or activation of mitogen activated phosphokinase
(MAPK)-JNK cascade, as well as by translocation of the
damage-associated molecular pattern (DAMP) protein
high-mobility-group B (HMGB)-1 [13,19]. There is also
diverse interaction between autophagy and the nuclear
factor-κB (NF-κB) signaling pathways through positive
and negative feedback regulatory loops[14]. The tumor suppressor p53 gene exerts a typical dual role in autophagy
regulation, depending primarily on its subcellular, nuclear
or cytoplasmic distribution[13,14].

receptors (PRRs) and belong to the family of innate immune receptors sensing pathogen-associated molecular
patterns (PAMPs). Nucleotide-binding oligomerization
domain-containing protein 2 (NOD2) is constitutively
expressed intracellularly in macrophages and dendritic
cells, and to lesser extent in intestinal epithelial cells and
T cells. The centrally located motifs of NLRs are referred
to NOD domains that are interacted with the caspase
activation and recruitment domain ones. NOD2 recognizes N-acetyl--muramyl-peptide (MDP), a bacterial peptidoglycan component, and upon activation the induced
receptorial conformation changes result a multiprotein,
the inflammasome (NLRP3). Ligation of NOD2 triggers
recruiment of the adaptor protein receptor interacting
protein 2 (RIP2) causing a TRAF6-mediated ubiquitination of inhibitor of κB-kinase gamma (IKKγ; NEMO),
and hence results in activation of downstream signaling
pathways implicating NF-κB, MAPKs and proinflammatory caspases[20,21]. The Crohn’s disease-associated
NOD2 genetic variants are located in the leucine-rich
repeat (LRR) region of NOD2, i.e., in the ligand-binding
domain of this intracellular PRR[22]. The altered amino
acid sequence is related either to insertion resulting in
a frame-shift mutation, or to non-synonymous SNPs
resulting in amino acid exchanges. The more commonly
observed genetic variants (of missense or nonsense mutations) in CD are the SNP8 (R702W), SNP12 (G908R),
and SNP13 (L1007fsC), respectively, however a number
of rare NOD2 variants have also been discovered, being
localized again almost exclusively to the LRR region[22,23].
Upon MDP ligation the Crohn’s disease-associated “lossof-function” NOD2 variants abrogate RIP2 binding, and
so fail to activate NF-κB[24,25]. Further, NOD2 is involved
in the modulation of TLR signaling, as well. Thus, in
case of Crohn’s disease-related gene polymorphisms the
TLR2-induced NF-κB activation is also decreased[26,27].

NOD-LIKE RECEPTORS AND CROHN'S
DISEASE
NOD-like receptors (NLRs) are pattern recognition
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However, yet it is difficult to correctly interpret the real
functional consequences of given mutations since they
may activate additional, compensatory mechanisms resulting in a definite inflammatory phenotype. On the other
hand NOD2 has a pivotal role in direct antibacterial
defense by the induced release of defensins. NOD2-/mice and patients with the CD NOD2 variants display
diminished expression of antimicrobial α-defensins in
Paneth cells, that contributes to impaired antibacterial
capacity and decreased epithelial barrier function[28,29]. In
contrast to hypomorphic functions the frame-shift gene
mutation variant encodes a “gain-of-function” by actively
suppressing interleukin-10 (IL-10) transcription[30].

and yet interacts mechanically (i.e., immunoprecipitated)
with ATG16L1, therefore autophagy seems to be a key
factor in CD[37,40,41]. Autophagy is mainly activated due
to sensors of the innate immunity, i.e., by PRR signaling
upon recognition of PAMPs (MDP, LPS, ss/ds RNA,
methylated DNA/CpG), but it could also be induced by
DAMPs (like ATP, ROS, and misfolded proteins), pathogen receptors (like CD46), IKK, JNK and HMGB proteins[10,12,19,38]. Sensory PRR-molecules include TLRs, NLRs
and RIG-I-like receptors (RLRs). Induction of NOD2 in
dendritic and epithelial cells by bacterial ligands and leaving bacteria results in ATG16L1-dependent formation of
autophagic vacuoles. However, the NOD2 variants of CD
lack this activity, and further MDP-induced autophagy is
also absent in cells with the ATG16L1 risk variant, suggesting that both NOD2 and ATG16L1 co-localized
on plasma membrane are required for an optimal innate
immune signaling[40-42]. In addition, a NOD2-dependent
failure in autophagy-induction and consequently a diminished bacterial killing was found for Salmonella typhimurium,
Shigella flexneri, and enteroadherent invasive Escherichia coli
(E. coli)(AIEC)[40,41,43]. The normal NOD2, but not the
CD-associated variants recruits ATG16L1 to the plasma
membrane preferentially at the bacterial entry side, so
physiologically NOD2 is critical for engulfing invading
pathogens by autophagosomes[41,42]. Furthermore, in dendritic cells NOD2-dependent autophagy is also essential
for the appropriate antigen processing and presentation
and a subsequent induction of CD4+ T-cells[41]. Dendritic
cells from CD patients with either NOD2 or ATG16L1
variants display a failure to translocate bacteria to lysosomes and relocate MHC II to cell surface, as well[40].
When the disease-associated ATG16L1 and NOD2 alleles
are present in combination, a synergistic genetic epistasis,
i.e., an increase in CD susceptibility was observed, underscoring the importance of a signaling crosstalk regarding
the inflammasome and autophagy[44].

AUTOPHAGY AND CROHN'S DISEASE
The autophagy machinery in IBD represents a recently
developed pathway fundamentally contributing to the
pathogenesis[10]. Functional polymorphisms of the autophagy genes ATG16L1 (T300A) and immunity-related
GTPase family M protein (IRGM; C313T) have been
found as definite risk factors for CD[31-34]. The ATG16L1
protein is widely expressed in intestinal epithelial cells,
and also in macrophages and lymphocytes. The ubiquitous ATG16L1 seems to be fundamental in selective autophagy, i.e., in xenophagy, nonetheless its defect has only
been described within the gut[35].
In CD patients homozygous for the risk ATG16L1
allele the “loss-of-function” deficiency due to failures of
autophagosome formation results in impaired engulfment and degradation of cytoplasmic content (microbes),
defective presentation of bacterial antigens to CD4+ T
cells, and further, in alterations of Paneth cell granule
formation causing a disrupted granule exocytosis[18,36-38].
Additionally, ATG16L1-deficient Paneth cells in CD
display a “gain-of-function” defect by increasing expression of inflammatory cytokines[18,38]. Moreover, upon
stimulation with NOD2 ligands or with lipopolysaccharides (LPS) through TLR4, macrophages and myeloid
cells with the ATG16L1 risk variant generate high levels
of reactive oxygen species (ROS), and respond with inflammasome overactivation leading to enhanced IL-1β
and IL-18 production via Myd88 and TRIF-dependent
activation of caspase-1[36-38]. Generally, aberrant activation
of PRR signaling pathways may result critically severe
inflammation. IRGM is the only human gene representative for innate immunity-related GTPases, necessary for
γ-interferon-mediated resistance to intracellular pathogens[39]. During initiation of autophagy IRGM expression
is essentially required for the proper clearance of bacteria. The risk polymorphism of IRGM due to the impaired
protein expression can lead to functional abnormalities in
xenophagy[32,33]. Since IRGM is possibly regulated in a cell
specific manner the CD risk allele may cause cell specific
phenotypes.

Endoplasmic reticulum stress and autophagy
The unfolded protein response (UPR) induced by endoplasmatic reticulum (ER) stress represents another pathway in IBD pathophysiology[45]. Genetically ER stress is
associated with both forms of IBD and occurs upon excessive accumulation of misfolded or unfolded proteins
in the ER, leading to UPR especially in cells with high
secretory capacity, like goblet cells and Paneth cells[35,46].
UPR is regulated by different pathways (and related transcription factors) with the preference of the inositolrequiring enzyme 1/X-box binding protein 1 (IRE1/
XBP1) axis[47]. Via this axis there is a conserved link
between innate immunity (TLR and NOD signaling) and
the UPR[47]. GWAS-based candidate gene studies revealed
the role of XBP1 SNPs in IBD-related ER-stress[48,49].
Decreased or absent XBP1 function in the intestinal
epithelial cell (IEC) compartment through IRE1 hyperactivation results in uncontrolled ER-stress, i.e., a proinflammatory overactivation, and further in dysfunction
and premature apoptotic depletion of Paneth cells, with

NOD2 and autophagy
Functionally NOD2 is closely associated with autophagy,
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Figure 2 Schematic illustration of the crosstalk between autophagy and innate immunity in Crohn’s disease. PAMP: Pathogen-associated molecular patterns; DAMP: Damage-associated molecular pattern; ER: Endoplasmic reticulum; UPR: Unfolded protein response; NOD: Nucleotide-binding oligomerization domaincontaining protein; MDP: N-acetyl-muramyl-peptide; LPS: Lipopolysaccharide; TLR: Toll-like receptor; XBP1: X-box binding protein 1; IRGM: Immunity-related GTPase
family M protein.

the consequent impaired handling of the microbiota[49].
Under ER stress autophagy is induced via JNK (dowstream of IRE1), which is overactivated by the hypomorphic XBP1[50,51]. However, even defective autophagy
per se is able to provoke ER stress, especially when the
ATG7 protein involved in regulation of autophagosome
formation is also depressed[52]. Regarding PI3K there is
an antagonistic action, since in UPR it is responsible for
the activation of XBP1, but in the contrary autophagy
is suppressed by the canonical AKT-TOR pathway[53,54].
In IBD, IECs presumably are affected both by impaired
UPR signaling and aberrant autophagy, but their exact
interplay needs to be further clarified.

is a profound and complex host defect in sensing and
responding intestinal (lumenal and mucosal) microbiome.
Accordingly, reprogramming in the microbial composition, i.e., a significant decreased load of commensal, protective resident bacteria (like Bifidobacteria, Lactobacilli and
Firmicutes) along with the impaired immunity against the
putative pathogenic (harmful) ones (such as Bacteriodetes,
and Proteobacteria, including E. coli) provoke a deleterious
inflammatory condition, corresponding to CD[58]. The
exact nature of the distinct mucosal flora (dysbiosis),
however has not yet been fully elicited. Specific strains of
E. coli (termed AIEC) in CD affect especially the epithelial layer with the ability to adhere, invade and replicate in
IECs, and further, a subpopulation even resides and survives within macrophages, and thereby induces increased
production of tumor necrosis factor-α[43,59]. ATG16L1
and IRGM-deficient autophagosomes promote the AIEC
survival as well[43]. Moreover, in the presence of CD-associated NOD2 variants or hypomorphic XBP1 dendritic
cells exhibit diminished intracellular bacterial killing[41]. It
is hypothesized, that AIEC possesses the capacity to circumvent innate immune responses leading to activation
of NF-κB[60]. Thus, regarding the host interactions with
microbes genetic risk factors of CD functionally render
pathways of the innate immunity to converge to a deeply
impaired autophagic process.

GUT MICROBIOTA AND CROHN'S
DISEASE
The intestinal microbiota, which normally colonize mucosal surfaces in symbiotic mutualism with the host is
unique and quite stable over time[55]. The basic challenge
for the intestinal immune recognition is the requirement
of a simultaneous delicate balance between tolerance and
responsiveness towards microbes[56]. Several data suggest
the existence of immune tolerance to antigens of the
individual own bacterial flora, whereas its breakdown definitely contributes to IBD pathogenesis[37,57]. In CD there
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CONCLUSION
Overall, there is no doubt that autophagy can be considered as an apparently difficult regulatory network, being in close connection with several signal transduction
pathways and cellular programs. Principle elements of
immunological autophagy include the direct cell-autonomous pathogen elimination, the regulation of PRRs, and
inflammasome activation, and the cytoplasmic antigen
processing for MHC presentation to T cells. Recently
significant advances have been achieved in understanding
the importance of autophagy in CD, which previously
had not been implicated in IBD pathology. In CD functional consequences of the underlying autophagy-related
gene defects (ATG16L1, IRGM, NOD2, XBP1), in particular the inappropriate stimulation of antimicrobial and
inflammasome pathways eventually result in uncontrolled
inflammation (Figure 2). Therefore, autophagy in CD is
predicted as a key regulator mechanism with the capacity
to integrate several aspects of disease pathogenesis. Theoretically the complex autophagy signaling in CD offers a
promising novel therapeutic target, since due to its induction potentially not only the load of cytoinvasive bacteria,
and the perturbed immune responses, but the resulting
inflammatory process, as well may simultaneously be
reduced. Thus, autophagy boosting would represent an
efficient biologic manipulation, and could provide an alternative therapeutic option. Several candidate pathways,
e.g., inhibition of mTOR, decrease of ER-stress, lowering
of inositol triphosphate (IT3), etc., could be considered.
On the other hand, however, much cautiousness is required regarding its pleiotropic physiological repertoire,
since pharmacologic autophagy modulation can initiate
additional biologic effects not expected in CD. Further
detailed functional analyses of the Crohn’s diseaseassociated genetic polymorphisms are needed to explore
and define more precisely the subcellular and molecular
basis of the crosstalk between autophagy and the innate
immune axis, hopefully allowing the introduction of selective new therapeutic approaches into daily practice.
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Core tip: Crohn’s disease is associated with an imbalance, comprising increased reactive oxygen species
(ROS) and decreased net antioxidant activity. A deficiency in antioxidant molecules could lead to increased
levels of lipid peroxides or ROS, which could act locally
or be secreted into the circulation to produce different
systemic effects in the patient. Future research should
address the question of whether ROS are involved in
increasing the production of the different extracellular proteins by enhancing the transcriptions of certain
genes using specific transcription factors.

Abstract
Oxygen free radical and lipid peroxides (oxidative
stress) are highly reactive and represent very damaging compounds. Oxidative stress could be a major
contributing factor to the tissue injury and fibrosis that
characterize Crohn’s disease. An imbalance between
increased reactive oxygen species levels and decreased
antioxidant defenses occurs in Crohn’s patients. Decreased blood levels of vitamins C and E and decreased
intestinal mucosal levels of CuZn superoxide dismutase,
glutathione, vitamin A, C, E, and β-carotene have been
reported for Crohn’s patients. Increased levels of proinflammatory cytokines, such as interleukin-1 and -8 and
tumor necrosis factor, have been detected in inflammatory bowel disease. Oxidative stress significantly
increased the production of neutrophils, chemokines,
and interleukin-8. These effects were inhibited by antioxidant vitamins and arachidonic acid metabolite inhibitors in human intestinal smooth muscle cells isolated
from the bowels of Crohn’s disease patients. The main
pathological feature of Crohn’s disease is an infiltration
of polymorphonuclear neutrophils and mononuclear
cells into the affected part of the intestine. Activated
neutrophils produce noxious substances that cause inflammation and tissue injury. Due to the physiological
and biochemical actions of reactive oxygen species and
lipid peroxides, many of the clinical and pathophysi-
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INTRODUCTION
Crohn’s disease (CD) is a debilitating illness of the bowel
characterized by chronic inflammation of unknown etiology[1]. In the United States and Europe, the incidence
ranges from 6-20 cases per 100000 population per year,
and the prevalence, from 90-300 per 100000 population.
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This disease most often occurs between the ages of 15
and 20, with a secondary peak between the ages of 55
and 60[2]. It can affect any level of the alimentary tract,
but the terminal ileum and proximal colon are most frequently involved. A classical feature of CD is the sharp
demarcation of the affected bowel segment from adjacent uninvolved segments[1]. This disease is characterized
pathologically as a recurrent granulomatous inflammation
of all layers of the bowel wall[2-4]. Patients usually suffer
from abdominal pain, cachexia, anorexia, chronic diarrhea, intestinal obstruction, malnutrition, weight loss, and
growth failure.
The precise etiology of CD remains unclear. It is
thought that interactions among various factors, including
genetic factors, host immune system and environmental
factors (including diets and microbiological agents), play
crucial roles in disturbing the intestinal homeostasis, leading to the dysregulated inflammatory responses of the gut.
As inflammation is intimately related to the formation of
reactive intermediates, including reactive oxygen species
(ROS), oxidative stress has been proposed as a mechanism
underlying the pathophysiology of CD. The main pathological feature of CD is an infiltration of polymorphonuclear neutrophils and mononuclear cells into the affected
part of the intestine[5-10]. As the disease becomes more
established, neutrophils infiltrate isolated crypts, forming
abscesses in the affected mucosa and underlying tissue
layers[1]. Neutrophils, like other leukocytes, produce noxious substances, such as ROS, tumor necrosis factor alpha
(TNFα), interleukin-1 (IL-1) and protease[11-14]. It has been
shown that an imbalance in the levels of proinflammatory
and anti-inflammatory cytokines occurs in CD[13,14]. Increased levels of proinflammatory cytokines, such as IL-1,
IL-8 and TNFα, can be detected in CD.
Reactive oxygen species may play an important role
in CD. As will be discussed in the following sections, the
ROS generated from activated leukocytes or from other
sources may affect various biological molecules, generating tissue damage that could have been prevented by
dietary antioxidants. This review describes the general
concepts of free radical, lipid peroxide and antioxidant
activities and eventually illustrates their interference into
the development of Crohn’s strictures.

travel to the end of the electron transport chain in the
mitochondrial membrane (cytochrome oxidase); they
escape and react directly with oxygen in the early part of
the chain, forming •O2-[20]. It has been estimated based on
studies of isolated brain mitochondria that 1%-2% of
the electrons that travel down the respiratory chain leak
out and reduce oxygen to superoxide and its dismutation
product, hydrogen peroxide (H2O2)[21,22]. Hydrogen peroxide is not a radical, but it serves as a precursor to the
generation of the hydroxyl radical (•OH) in the presence
of iron ions. Superoxide is also produced endogenously
through the action of oxidase enzymes (e.g., xanthine
oxidase) in postischemic tissues[23,24]. Redox cycling substrates (e.g., catecholamines), the cytochrome P450 system
and soluble oxidases, such as nicotinamide-adenine dinucleotide phosphate (NADPH) oxidase in phagocyte cells
(e.g., neutrophils and monocytes), are endogenous sources
of superoxide production[17-19,25-27]. Arachidonic acid metabolizing enzymes (cyclooxygenase and lipoxygenase)
are other sources of intracellular superoxide production[28-30]. Although superoxide serves as a precursor to
many ROS (e.g., •OH, •O2H), it is not the most reactive of
the species[15]. Figure 1 illustrates the chemical interconversions that are driven by •O2-. Superoxide reacts with
hydrogen to form hydrogen peroxide by nonenzymatic
or by superoxide dismutase-catalyzed dismutation. One
of the most important reactions for this is the •O2- driven
Fenton reaction, in which ferric or cupric ions (Fe3+,
Cu2+), usually Fe3+, are reduced by superoxide, and then,
the reduced metal ion reacts with H2O2 to form •OH[17].
Another important free radical, NO•, is synthesized from
L-arginine by the enzyme nitric oxide synthase. NO• can
interact with •O2- to generate another damaging molecule, peroxynitrite (ONOO-) (Figure 1). Once ROS are
formed by the mechanisms explained in Figure 1, they
can generate oxidative damage to a variety of biological
molecules, such as lipids, proteins, and nucleic acids. The
most important ROS involved in cellular oxidative damage is •OH. Prime targets for ROS are the unsaturated
fatty acids in membrane lipids, which will be discussed in
the lipid peroxidation section. Proteins may also be damaged by ROS. This damage can be achieved through different stages, starting with site-specific lesions in the protein structure that leads to fragmentation products and
cross-linked reaction products with other cellular components[25-27,31-33]. This oxidative damage to proteins by ROS
can cause enzymatic dysfunction. For example, oxidation
of the active site of the α-protease inhibitor inactivates
the protein itself, causing tissue damage[31]. Nucleic acids can also be affected by ROS. Oxidative damage to
the DNA can occur after the attack of hydroxyl radicals
on the sugar residues, yielding strand break products[31].
This may occur indirectly, when oxidative stress activates
endonuclease, or directly, through the reaction of H2O2
with DNA-bound metal ions and the formation of •OH,
which fragments the DNA at site-specific spots[15,31,34].
ROS play an important role in increasing the intracellular levels of calcium. Ikebuchi et al[35] reported that the

CONCEPTS OF FREE RADICALS
A free radical can be defined as any chemical species that
has one or more unpaired electrons in the outermost
orbital electron shell[15]. Due to these chemical changes in
the free radical atoms, they are chemically reactive. ROS
include superoxide (•O2-), the hydroxyl radical (•OH),
the hydroperoxyl radical (•O2H), nitric oxide (NO•), and
singlet oxygen (1O2)[16]. In general, most free radicals are
derivatives of oxygen, such as superoxide.
During the normal aerobic metabolism, oxygen is
the final electron acceptor at the end of the mitochondrial respiratory chain, during which it is fully reduced
to water[17-19]. A small percentage of the electrons do not
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Figure 2 Initiation and propagation of the free-radical chain reaction of
lipid peroxidation. Reactions D and E represent the metal-catalyzed Fenton
reaction.
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atom adjacent to the double bond, and the lipid becomes
a lipid radical (L•). Next, the reaction of lipid radicals with
oxygen (O2) molecules forms a peroxyl radical (LOO•).
Peroxyl radicals are capable of abstracting a hydrogen
atom from adjacent lipids to form lipid hydroperoxides
(LOOH), sometimes called lipid peroxides. Once the
chain of lipid peroxide formation is initiated, it becomes
self-propagating. These events are illustrated in Figure 2.
Reduced iron (Fe2+, Fe3+) complexes can react with lipid
peroxides to form strong oxidizing agents, such as alkoxyl
radicals (LO•) and LOO• (Figure 2D and E).
Lipid peroxides and oxygen radicals are responsible
for many of the damaging reactions in the cell. They
stimulate the peroxidation reactions that are toxic to cells
and cell membranes. They can damage biological membranes, make the membrane leaky, and eventually cause
complete membrane breakdown[43]. Furthermore, endothelial cell injury, the enhanced adhesion and activation
of neutrophils, platelet aggregation, an increased uptake
of low density lipoproteins by the endothelium, increased
intracellular calcium and increased production of toxic
aldehydes, as well as many other cellular dysfunctions,
are due to the effects of LOOH and oxygen free radicals[42]. The breakdown products of lipid peroxidation,
such as malondialdehyde, can affect membrane proteins
by cross-linkage, rendering them useless as receptors or
enzymes[44]. These different lipid peroxide effects can lead
to cellular dysfunction and may result in the deaths of
the affected cells.

3+

OH + H2O + Fe )

1

O2 + H2O
-

ONOO

Figure 1 Reactions of superoxide (•O2-) that generate highly reactive oxygen species. •O2- can be dismutated into H2O2, which, in the presence of Fe2+,
can generate the highly reactive hydroxyl radical, HO•. •O2- may react with NO•
to form the strong pro-oxidant peroxynitrite (ONOO-); alternatively, it may react
with HO• to form singlet oxygen (1O2); NADPH: Nicotinamide adenine dinucleotide phosphate.

superoxide anion activates calcium channels in human
amnion cells to increase the intracellular calcium concentrations. Hirosumi et al[36] and others have shown that
the superoxide anion also increases the intracellular calcium concentration in endothelial cells[37,38]. ROS inhibit
the Ca2+-ATPase, leading to elevated intracellular Ca2+
concentration[39]. Kimura et al[38] have found that •O2- attenuated smooth muscle contraction by impairing Ca2+
release-activated Ca2+ entry (CRAC), ATP-induced Ca2+
transient, and Ca2+ sensitivity in bovine aortic smooth
muscle cells. Recent studies have shown that intracellular
Ca2+ is involved in capsaicin-induced apoptosis. However,
the molecular mechanisms of these intracellular Ca2+ signal pathways that lead to a sensitivity for the TNF-related
induction of apoptosis remain unclear[40,41]. We will see in
the next section that ROS are able to increase lipid peroxidation in the cell membrane to alter its permeability to
ions and proteins.

CONCEPTS OF ANTIOXIDANTS

CONCEPTS OF OXIDIZED LIPIDS

An antioxidant is any substance or compound that
scavenges oxygen free radicals or inhibits the oxidation
process in the cell[45]. The level of antioxidant defenses
available within the cells and extracellularly should be
sufficient to oppose the toxic effects of lipid peroxides
and to maintain normal physiology. This balance can be
lost due to the over-production of free radicals or the
inadequate intake of nutrients containing antioxidant
molecules. Antioxidants can be considered plasma antioxidants and intracellular antioxidants.
The major role of plasma antioxidant defense is to
bind transition metal ions, such as iron and copper, thereby
lowering their plasma concentration and capacity to stimulate free radical reactions[15]. This prevents the formation
of hydroxyl radicals of the very potent variety that is able

Oxidized lipids, also known as lipid hydroperoxides and
lipid peroxides, can be formed in the presence of oxygen
free radicals. The double bonds of polyunsaturated fatty
acids (PUFA), such as linoleic acid, are most susceptible
to oxidation by ROS[42]. The peroxidation chain reactions
of membrane PUFA begin when oxygen free radicals
extract hydrogen atoms from the methylene carbons adjacent to carbon-carbon double bonds. The presence of
the double bond in the fatty acids weakens the carbonhydrogen bonds in the carbon atoms adjacent to the
double bonds, thus allowing hydrogen to be removed in
the presence of ROS[15]. Because a hydrogen atom has
only one electron, the loss of hydrogen from a methylene
group leaves behind an unpaired electron on the carbon
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to generate lipid peroxides. This is achieved by plasma antioxidants, such as transferrin, lactoferrin, ceruloplasmin,
albumin, uric acid, haptoglobins, and hemopexin[45]. Ascorbic acid is also a plasma antioxidant that can scavenge
water-soluble peroxyl radicals and other ROS[17-19]. This is
accomplished through the completion of two reactions.
First, the ascorbic acid is converted into the ascorbyl radical and then to dehydroascorbate. Ascorbic acid can also
reduce α-tocopheryl radicals to α-tocopherol at the cell
membrane surface[46]. Vitamin E (α-tocopherol), a lipid
peroxidation, chain-breaking antioxidant, is localized in
membranes and lipoproteins[17]. It is the most important
lipid-soluble antioxidant in the human plasma[47-50]. Vitamin E usually donates a hydrogen atom to the peroxyl
radical and prevents the propagation of the chain reaction of lipid peroxidation. Each tocopherol can react with
two LOO•, the first LOO• reacts with α-tocopherol to
form the α-tocopherol radical that reacts with the second
LOO• to form a stable adduct (LOO-α-tocopherol)[45].
Decreased blood and mucosal levels of vitamins A, C,
E and β-carotene were reported in Crohn’s patients[51-60].
Reimund et al[61] showed that antioxidants inhibited the
production of inflammatory cytokines, such as IL-1 and
TNFα, in the colonic mucosa of inflammatory bowel
disease patients. Vitamin C and E inhibited the levels
of oxidative stress in human intestinal smooth muscle
(HISM) cells isolated from Crohn’s bowels[62].
The main intracellular antioxidant enzymes are superoxide dismutase (SOD), glutathione peroxidase (GSHPx), and catalase. Human plasma has very little or no
catalase, but it contains low activities of SOD and GSHPx[15]. SOD is localized in both the cytosol (CuZn-SOD)
and the mitochondria and acts to dismutate superoxides
into hydrogen peroxide and molecular oxygen[17]. SOD is
considered as the major intracellular enzyme because it is
capable of reducing the most abundant free radical, •O2-.
Catalase reacts rapidly with hydrogen peroxide, a precursor of •OH in the presence of iron, and converts it into
water and molecular oxygen. Selenium glutathione peroxidase also converts hydrogen peroxide into water and
lipid hydroperoxides into water and harmless fatty acid
alcohols[45]. Decreased intestinal mucosal levels of CuZn
superoxide dismutase and glutathione were reported in
Crohn’s patients[63-69].

Linoleic acid (LA)

Esterified arachidonic acid

Free arachidonic acid
Lipoxygenase
ROS

NF-κB

LTs
(4 series)

PGs, TX
(2 series)

IL-8

ROS

NF-κB

Figure 3 Two proposed mechanisms through which linoleic acid could
increase the production of interleukin-8 via the activation of arachidonic
acid pathways. By the generation of reactive oxygen species (ROS) from the
cyclooxygenase and lipoxygenase enzymes to activate Nuclear factor-κB (NFκB), increasing interleukin (IL)-8 production; or by the use of AA metabolites to
increase IL-8 production. LTs: Leukotrienes; Tx: Thromboxane.

The direct evidence includes the demonstration of the
increased production of ROS in response to various
stimuli by phagocytic cells (neutrophils, monocytes, and
macrophages) isolated from the inflamed bowels of
patients with IBD (both Crohn’s disease and ulcerative
colitis)[7,71-73]. Kitahora et al[74] have demonstrated that
monocytes from patients with Crohn’s disease release
large amounts of ROS during stimulation. It is well
known that active IBD is characterized by persistent
neutrophil infiltration into the injured site. The influx of
neutrophils and macrophages into the bowel wall during
inflammation causes a large degree of tissue damage due
to their release of myeloperoxidase, which constitutes 5%
of their total protein load. Myeloperoxidase metabolizes
H2O2 and chloride ions to form the potent oxidizing
agent hypochlorous acid, commonly known as bleach,
which is thought to be 100-1000 times more toxic than
superoxide and hydrogen peroxide. Inflammatory phagocytes are activated by certain pro-inflammatory agents,
such as leukotriene B4 (LTB4), platelet-activating factor
(PAF), immune complexes, and bacterial products. As a
result, the phagocytes release large amounts of ROS into
the extracellular space[72-75]. Increased synthesis of LTB4
and PAF was detected in mucosal samples obtained from
patients with active IBD[76-80]. Alzoghaibi et al[81] showed a
significant increase in the production of the neutrophilattracting chemokine, IL-8, LTB4 and other arachidonic
acid metabolites in isolated HISM cells from Crohn’
s strictures after stimulation by linoleic acid or oxidized
linoleic acid (OxLA). The cyclooxygenase and lipoxygenase enzymes generate ROS when activated. Both cyclooxygenase and lipoxygenase have been involved in the
production of IL-8 from HISM cells (Figure 3). OxLA
increased the levels of lipid peroxidation, an indicator of
oxidative stress, as quantified by thiobarbituric acid reactive substances in HISM cells. These pro-inflammatory
mediators activate certain receptors on the phagocytes’
plasma membranes, resulting in the activation of plasma
membrane-associated NADPH oxidase. NADPH oxi-

OXIDANT STRESS IN CROHN’S DISEASE
Oxidant stress is a major factor in Crohn’s disease. Reactive oxygen species can cause DNA modifications and
damage, as briefly discussed in the previous section.
The major sign of these modifications is the formation
of 8-hydroxyguanine (8-OHDG). It was reported that
8-OHDG levels were significantly higher in the inflamed
part of the bowel of Crohn’s patient[70]. These data show
an important indication of the role and existence of ROS
in the pathogenesis of Crohn’s disease.
There is direct and indirect evidence suggesting
that the chronically inflamed intestines of Crohn’s patients may be subjected to considerable oxidative stress.
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dase reduces oxygen molecules to superoxide on the cell
membrane and releases the superoxide extracellularly.
Most of the evidence for the role of the ROS in
Crohn’s disease is indirect. Under normal physiological
conditions, dietary and enzymatic antioxidants protect tissues from the damaging effects of ROS. However, a state
of oxidative stress may exist when there is an imbalance
in the levels of antioxidants and ROS. When the levels of
antioxidants are low and ROS are high, increased cellular
oxidative stress is present; such is the case in Crohn’s disease[63,82-89]. The intestinal mucosa is particularly favored,
as it is the location of many different enzymes necessary
for the production of large amounts of ROS, such as
xanthine oxidase, cyclooxygenase, and 5-lipoxygenase[75].
In addition to these sources of ROS, the number of the
main sources of ROS (phagocyte cells) is increased in
IBD[72,82]. For example, neutrophils account for up to
20% of the cells found in the lamina propria in active
IBD[86]. On the other hand, Crohn’s patients have low
blood levels of vitamin C and vitamin E[63]. They also
have low levels of CuZn superoxide dismutase, glutathione peroxidase, catalase, vitamin A and β-carotene
in their intestinal mucosa, submucosa and muscularisserosa[72,82-85,89]. This coincidence of increased levels of
ROS and decreased levels of antioxidant defenses results
in a state of oxidative stress in Crohn’s strictures. A study
of mucosal biopsies obtained from patients with IBD
by Simmonds et al[86] demonstrated a significant increase
in chemiluminescence, a very sensitive measurement for
ROS, in comparison to controls. The addition of various antioxidant enzymes and scavengers, such as SOD,
catalase, dimethyl sulfoxide (hydroxyl radical scavenger)
and taurine (hydrochloride scavenger), confirmed that
this increase in chemiluminescence was due to ROS. A
study of HISM cells demonstrated a significant inhibition
in TBARS after the cells had been exposed to antioxidant
vitamins, such as C and E. Vitamin C and E also inhibited the effect of oxidized linoleic acid on the production
of the most potent neutrophil-attracting chemokine,
IL-8, from HISM cells[62].
Clinical data suggest that ROS may play a role in the
pathogenesis of Crohn’s disease. Emerit and coworkers
reported that intramuscular injections of bovine CuZnSOD had a beneficial effect in attenuating mucosal
inflammation and injury in Crohn’s patients[90,91]. The
beneficial effect of this antioxidant enzyme is a strong indication of the role of ROS in Crohn’s disease. Another
piece of evidence of the involvement of ROS in this disease is the use of 5-aminosalicylic acid (5-ASA) in treating
patients with IBD. It is well known that the oral administration of sulfasalazine (SAZ) is capable of reducing the
mucosal injury and inflammation associated with Crohn’s
disease. 5-ASA is the pharmacologically active moiety of
SAZ[72,75]. It has been suggested that 5-ASA protects the
gut mucosa by inhibiting cyclooxygenase and lipoxygenase activities. Several studies have reported that 5-ASA is
a potent antioxidant and free radical scavenger. Research
from several laboratories has demonstrated that 5-ASA is
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very effective in scavenging hydroxyl radicals, interacting
with superoxides and causing the rapid decomposition of
this free radical[92,93]. Nielsen et al[71] demonstrated a high
rate of lipid peroxidation in the gut mucosa obtained
from patients with IBD. They also reported a significant
inhibition in lipid peroxidation among patients who had
been treated with SAZ for 5 wk[94]. These data implicate
the involvement of ROS in Crohn’s disease due to the
antioxidant and free radical scavenging actions of 5-ASA
or due to its role as an inhibitor of cyclooxygenase and
lipoxygenase, which are enzymatic sources of ROS.
In summary, ROS could be an important factor in
Crohn’s disease. Crohn’s disease is associated with an
imbalance, comprising increased ROS and decreased net
antioxidant activity. A deficiency in antioxidant molecules
could lead to increased levels of lipid peroxides or ROS,
which could act locally or be secreted into the circulation
to produce different systemic effects in the patient. Obviously, more work is needed in this area to demonstrate
the effects of ROS on the production of other neutrophil chemokines from different layers of Crohn’s strictures. Future research should also address the question of
whether ROS are involved in increasing the production
of the different extracellular proteins, such as collagen,
that lead to increased thickness of the bowel wall and deceased bowel diameters by enhancing the transcriptions
of certain genes using specific transcription factors.
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Core tip: Exclusive enteral nutrition (EEN) is an established treatment for children with active Crohn’s disease (CD). At present, this therapy is used sparingly
in adult patients outside of Japan. In reviewing the
published literature regarding the use of EEN in adult
patients, this article highlights evidence supporting the
use of EEN as a treatment option for selected patients:
namely those motivated to adhere to an EEN regimen
and those newly diagnosed with CD. The role of EEN
in adult patients with CD should now be re-examined,
with particular regard to treatment protocols and the
use of more palatable polymeric formulae that may enhance compliance.

Abstract
Exclusive enteral nutrition (EEN) is well-established
as a first line therapy instead of corticosteroid (CS)
therapy to treat active Crohn’s disease (CD) in children. It also has been shown to have benefits over
and above induction of disease remission in paediatric populations. However, other than in Japanese
populations, this intervention is not routinely utilised
in adults. To investigate potential reasons for variation in response between adult studies of EEN and
CS therapy. The Ovid database was searched over a
6-mo period. Articles directly comparing EEN and CS
therapy in adults were included. Eleven articles were
identified. EEN therapy remission rates varied considerably. Poor compliance with EEN therapy due to unpalatable formula was an issue in half of the studies.
Remission rates of studies that only included patients
with previously untreated/new CD were higher than
studies including patients with both existing and new
disease. There was limited evidence to determine if
disease location, duration of disease or age of diagnosis affected EEN therapy outcomes. There is some
evidence to support the use of EEN as a treatment
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INTRODUCTION
Crohn’s disease (CD) is an incurable inflammatory bowel
disease (IBD) characterised by inflammation of the gastrointestinal tract, which leads to chronic symptoms such
as diarrhoea, abdominal pain and rectal bleeding[1]. The
peak age of diagnosis is between 15 and 30 years of age,
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leading to many years of disease and associated morbidity. Standard first line treatment in adults newly diagnosed
with CD is corticosteroid (CS) therapy, which is effective
at inducing remission or response in approximately 85%
of patients[2]. However, CS therapy has many well documented acute side-effects: furthermore there are numerous long term adverse effects due to repeated or continual use of CS[3]. Also, CS resistance can occur in 8%-22%
of patients and CS dependency occurs in 15%-36% of
patients[4]. Alternative therapies that can effectively induce
and maintain disease remission without short and long
term side effects are desirable.
Exclusive enteral nutrition (EEN) is the provision of
100% of a person’s nutritional requirements from a liquid
nutrition formula either orally or via a feeding tube. EEN
is usually provided for 6-8 wk and then usual diet is gradually reintroduced[5]. In children with CD, EEN has been
shown to be an effective and feasible alternative to CS[6].
In addition to avoiding the adverse effects of CS exposure, EEN provides additional benefits over and above
those provided by CS. EEN therapy is associated with
higher rates of mucosal healing[7], altered intestinal flora[8], greater weight gain[9], improved vitamin D status[10],
enhanced bone turnover[11], an early rise in Insulin-like
growth factor 1[12], and better quality of life after treatment[13]. There are few long term follow up studies post
EEN, but those that have been conducted in children
indicate that EEN may improve time to relapse[14]. The
administration of supplementary enteral nutrition (SEN)
once disease remission is achieved has been shown to be
beneficial in maintaining remission compared with a free
diet in Japanese adults[15] and children[16].
However, in adult CD populations, EEN is generally not seen as a first line therapy for newly diagnosed
or those with a flare of pre-existing CD. European[2] and
North American[17] clinical guidelines only recommend
EEN if a patient declines drug therapy or as an adjunctive therapy to support nutrition, rather than as a primary
therapy. These recommendations are primarily based on
the results of a Cochrane systematic review of six randomised controlled trials including 192 patients treated
with EEN and 160 patients treated with CS[18]. The review found a pooled OR of 0.33 (95%CI: 0.21-0.53) in
favour of CS and concluded that CS were superior to
EEN in the induction of remission of disease. In contrast to these guidelines, recent Japanese experience demonstrates efficacy in that setting[15].
It is not clear why the benefits of EEN therapy seen
in paediatric populations are not achieved in adults. We
aimed to review the published literature reporting the use
of EEN as a primary therapy for active CD in adults and
examine potential reasons for this apparent discrepancy.

“EEN” and “enteral nutrition”. Abstracts were scanned
and articles in English that compared enteral nutrition
with CS treatment in adults were considered relevant.
Studies were excluded if enteral nutrition was not the
sole source of nutrition, enteral nutrition was provided
as well as other medication (for example, antibiotics), the
study included children, or the study did not compare CS
and EEN. A manual search was also completed of reference lists of articles retrieved, relevant review articles and
meta-analyses on the topic.

RESEARCH
Study characteristics
Eleven studies published between 1984 and 2002 were
identified that compared EEN with CS treatment in
adults (Table 1). Two were abstracts[19,20] and the rest
were full articles. The studies were conducted in Europe,
North America and Asia: three in England[19,21,22], one
in Spain[23], one in Greece[20], one in Italy[24], one in the
United States[25], one in Japan[26] and three[27-29] were multicentre European trials. All but two studies enrolled a
mix of patients with newly diagnosed CD (naïve to prior
treatment) and existing CD. All but one study compared
one enteral nutrition formula with CS therapy.
The studies utilised a range of nutritional products,
in varying regimens, as summarised in Table 2. Eight of
the studies used elemental formula and three studies used
polymeric formula. Most formulas were a 1 kcal/mL
concentration apart from one which used a 1.5 kcal/mL
formula. Duration of EEN treatment ranged from 2-6
weeks but most studies used EEN therapy for four
weeks. Mode of delivery of the EN formula was either
orally, or via a nasogastric tube (NGT) if not tolerated
orally, or continuous feeding via an NGT or nasoduodenal tube. Nutritional composition of the formulas was
quite different depending on the type and brand of formula used. All formulas had relatively similar amounts of
protein (14%-22% of total energy), whereas fat content
varied considerably (1%-35% of total energy). Carbohydrate content varied relative to fat content (49%-82% of
total energy).
The only study that compared two different enteral
formulas and CS was published by Gassull et al[27] They
compared two EEN formulas that were the same except
for the predominant type of fat: one was high in oleic
acid and the other was high in linoleic acid. Study recruitment was ended prematurely because less than 33% of
the high oleic acid formula group had achieved disease
remission and the remission rate was significantly different from that of the other treatments.
CS protocols also ranged between the evaluated studies. Usual initial CS dosage was between 0.5 mg/kg per
day and 1.0 mg/kg per day, with subsequent weaning
courses. CS were given orally in two studies[23,27] but the
route of administration was not published in the majority
of studies. Two studies administered CS and sulfasalazine
concurrently[28,29].

SEARCH
The Ovid database was searched from September 2012
to March 2013 for articles published between 1946 and
now. Key search terms were: “CD”, “Crohn disease”,
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1990

1996

1990
1984

Malchow et al[29]

Mantzaris et al[20]

Okada et al[26]
O'Moráin et al[22]

Italy

Japan
England

Greece

Europe

Europe

United States

England
Europe
Europe
Spain
England

Country

33.5 (15.9)

21.0 (3.3)
31.9 (15-60)

Not stated

30.1 (11.5)

27.5 (1.5)

34.7 (26-64)

23-54
31.3 (3.3)
30.8 (4.1)
31.1 (4.1)
31.6 (3.0)

Not stated

100%
100%

20%

20%

Not stated

33%

Not stated
50%
43.50%
47%
50%

Age
Received no previous
(SD or range) CD treatment (% of
EEN group)

12

10
11

10

51

55

9

7
20
23
15
22

EEN

10

10
10

10

44

52

10

4
19
19
17
20

CS

Number of
participants

67%

80%
82%

40%

41%

53%

50%

100%
20%
52%
8%
45%

50%

30%
80%

70%

71%

79%

33%

100%
79%
79%
88%
85%

NS

< 0.01
NS

NS

< 0.05

< 0.01

NS

NS
0.0005
NS
NS
< 0.05

% that achieved remission Significant
(intention to treat)
difference
(P value)
EEN
CS
HBI < 6.0
VHAI < 120
VHAI < 120
VHAI < 120
HBI - remission not
defined , mean < 2
CDAI decrease > 100
points
CDAI decrease > 100
points or > 40%
CDAI decrease > 100
points or > 40%
CDAI < 150 or
decrease > 100 points
HBI < 1
HBI - remission not
defined. Mean < 3
HBI < 3

Remission criteria

1 (8)

0 (0)
2 (18)

0 (0)

20 (39)

7 (13)

3 (33)

0 (0)
5 (25)
4 (17)
0 (0)
9 (41)

1

0
0

0

0

0

1

0
0
0
0
2

80%

80%
100%

40%

71%

60%

60%

100%
27%
63%
80%
91%

50%

30%
100%

70%

91%

85%

63%

100%
79%
79%
88%
89%

Number that did not complete EEN
% that achieved
intervention, n (%)
remission (treatment
completed)
Formula un-palatable Other reason
EEN
CS

Remission of disease
Remission was achieved with EEN therapy on an intention to treat basis in 20%-100% of patients and 30%-100% of patient on CS therapy (Table 1). Seven of the 11 studies
found no significant difference between EEN and CS treatment to induce disease remission[19,20,22-25,27]. Of those patients who completed the course of EEN therapy disease remission was achieved in 23%-100% of patients and in 30%-100% of patients that completed CS treatment[19-29]. Those that did not complete the course of EEN therapy were

Disease remission criteria
Three remission criteria were used across the 11 studies - the CD Activity Index (CDAI), the Harvey Bradshaw Index (HBI), and the Van Hees Activity Index (VHAI). The
CDAI score uses a seven day history of general well-being, abdominal pain, loose stools, presence of abdominal mass and CD complications, anti-diarrhoeal use, haematocrit
and weight[30]. The HBI is based on a one day history of general well-being, abdominal pain, loose stools and presence of abdominal mass and CD complications[30]. It correlates well with the CDAI (r = 0.8)[30]. Clinical remission is usually defined as a CDAI of less than or equal to 150 points or a HBI of less than or equal to 4 points[30]. Of the four
studies that used the CDAI to define remission one used this criteria, one used a decrease of more than 100 points and two used either a CDAI of less than 150 or a decrease
of 40% or more. Five studies used the HBI to define disease remission, the cut-offs used by each study were different.
The VHAI is calculated using serum albumin and erythrocyte sedimentation rate, body mass index, abdominal mass, gender, fever, loose stools, bowel resection and CD
complications. The VHAI correlates moderately (r = 0.67) with the CDAI[31]. Both studies that used the VHAI used the same cut-off of less than 120 to define disease remission.

Gassull et al had two EEN arms: 1High oleic fatty acid formula; 2High linoleic fatty acid formula. CD: Crohn’s disease; CDAI: Crohn’s disease activity index; CS: Corticosteroids; EEN: Exclusive enteral nutrition; HBI: Harvey
Bradshaw Index; NS: Non-significant; VHAI: Van Hees activity index.

1,2

1991

Lochs et al[28]

1997

1992

Lindor et al[25]

Zoli et al[24]

1993
2002
2002
1993
1993

Year

Engelman et al[19]
Gassull et al[27]1
Gassull et al[27]2
González-Huix et al[23]
Gorard et al[21]

Ref.

Table 1 Studies of adults that compared exclusive enteral nutrition with corticosteroid therapy
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Table 2 Characteristics of exclusive enteral nutrition regimens used in studies of adults that compared exclusive enteral nutrition
with corticosteroid therapy
Ref.

Nutritional product

Engelman et al[19]

Peptamen

Gassull et al[27]

High oleic acid

Gassull et al[27]

High linoleic acid

González-Huix et al[23]
Gorard et al[21]
Lindor et al[25]

Edanec HN
Vivonex TEN
Vital HN

Lochs et al[28]

Peptisorb

Malchow et al[29]

Survimed

Mantzaris et al[20]
Okada et al[26]
O'Moráin et al[22]
Zoli et al[24]

Nutrison HE
Elental
Vivonex
Peptamen

Type of feed Duration of Calorie density Nutritional composition
EEN (wk)
(kcal/mL)
(% TE)
Peptide based
elemental
Polymeric
(powder)
Polymeric
(powder)
Polymeric
Elemental
Peptide based
elemental
Peptide based
elemental
Peptide based
elemental
Polymeric
Elemental
Elemental
Peptide based
elemental

Mode of
delivery

Calorie intake per day

Orally

30-35 kcal/kg per day

2

1

Pro 16, CHO 51, Fat 33

4

1

Pro 22, CHO 46, Fat 32 Orally and NGT

Not stated

4

1

Pro 22, CHO 46, Fat 32 Orally and NGT

Not stated

4
4
4

1
1
1

Pro 22, CHO 46, Fat 32
Pro 15, CHO 82, Fat 3
Pro 17, CHO 74, Fat 9

NGT
Orally, or NGT
Orally

Not stated
2100 kcal per day
40 kcal/kg per day

4-6

1

Pro 16, CHO 69, Fat 15

NGT or NDT

35 kcal/kg per day

3-6

1

Pro 14, CHO 76, Fat 10

Orally

33 kcal/kg per day

1.5
1
1
1

Pro 16, CHO 49, Fat 35
Pro 19, CHO 81, Fat 1
Pro 15, CHO 82, Fat 3
Pro 16, CHO 51, Fat 33

4
6
4
2

NDT
2250 kcal per day
NDT
40-60 kcal/kg per day
Orally, or NGT 40-60 kcal/kg per day
Orally
Not stated

CHO: Carbohydrate; EEN: Exclusive enteral nutrition; NDT: Nasoduodenal tube; NGT: Nasogastric tube; Pro: Protein; % TE: Percentage of total energy.

usually started on CS therapy.

do not want to use CS therapy, as an adjunctive therapy
or where other treatment options have failed. Since the
first studies with adults in the 1980s and 1990s much
more is known about the way in which EEN therapy
induces disease remission in children and how SEN therapy can assist in maintenance of disease remission. It is
timely to readdress the possible reasons for the discrepancy between results from adult and paediatric studies
that have compared EEN and CS therapy.

Withdrawal from treatment
Withdrawals from treatment varied between studies.
EEN study group withdrawals were mostly due to unpalatable enteral nutrition formula. The number of withdrawals for this reason was as high as 41% of the EEN
group in one study but 0% in other EEN study groups.
Occasionally patients had to withdraw as they required
urgent surgery. Withdrawals from CS groups were much
lower. Common reasons cited for withdrawing were side
effects, non-compliance with treatment or the patient
needing urgent surgery.

Disease remission criteria
The disease remission criteria used by researchers can
have a profound impact on the study results. Comparison
of disease remission rates between studies is challenging
when disease remission is not universally defined. Five
of the 11 studies used the HBI to measure disease remission[19,21,22,24,26]. Two of the studies that used the HBI
did not describe their remission criteria[21,22]; however
the mean HBI of participants after the EEN intervention was less than 4, which corresponds with standard
interpretations of clinical remission. Another study used
a HBI cut off of less than six points with 100% of participants in both the EEN and CS therapy groups achieving remission in this study[19]. The fourth study to use the
HBI used a cut-off of 0-1 points to define disease remission[26]. Only 30% of patients in the CS group achieved
remission using this criterion compared with 80% of
the EEN group. It is unknown if a more liberal cut-off
would have increased the number of patients achieving
disease remission in the CS group. Regardless of the HBI
cut-off used at least 80% of the EEN group participants
(that completed the course of EEN) in each of the five
studies achieved disease remission.
Four of the 11 studies used the CDAI to measure dis-

Disease location
All 11 of the studies recorded the disease location of
patients. The majority of patients had ileocolonic disease
and smaller numbers had ileal or isolated colonic disease.
No studies found disease location to be associated with
the likelihood of achieving disease remission using EEN
or CS therapy.
Age of participants
The age of the participants was recorded differently
across the 11 studies. The mean age of patients enrolled
in the studies was 27.5-34.7 years old. Inclusion of older
adults aged more than 50 years of age was not uncommon. Only one study included mostly younger adults
(mean 21.0 ± 3.3 years)[26].

DISCUSSION
EEN is rarely used in adults with active CD, apart from
in Japan. Its use is usually reserved for those patients who

WCG|www.wjgnet.com

1525

January 28, 2014|First Edition|

Wall CL et al . Exclusive enteral nutrition in adults

ease remission[20,25,28,29]. The remission rates of the EEN
therapy group in all four studies were low (40%-53%),
with the two larger studies concluding that, on an intention to treat basis, CS therapy induces disease remission
in significantly more patients that EEN therapy[28,29]. In
two of the studies at least one third of the patients withdrew from the EEN group due to unpalatable formula[25,29]. Withdrawals from the CS groups were much lower
(20% or less). Of those that did complete the course of
EEN therapy only 40%-71% of patients achieved disease
remission, whereas remission was achieved in 62%-98%
of those that completed the course of CS therapy.
The disease remission rates of the two studies that
used the VHAI to define disease remission were quite
different. Gassull et al[27] hypothesised that the formula
high in linoleic acid, an n-6 polyunsaturated fat, would
be less effective than a high monounsaturated fatty acid
formula because n-6 fatty acids are pro-inflammatory
precursors. Of the 20 patients enrolled in the high oleic
acid EEN group only 20% achieved disease remission
after 4 wk of therapy, compared with 52% of the high
linoleic acid group and 79% of those using CS therapy. It
seems that the fat content of EEN formulae may affect
the efficacy of EEN therapy. The other study that used
the VHAI to define disease remission found that EEN
therapy was as effective as CS therapy: 80% of those on
EEN therapy achieved disease remission compared with
88% of those using CS therapy[23].
The criteria used to define disease remission should
not impact greatly on the results of the study; however,
in this case, the studies can be grouped into three categories based on the remission criteria applied. The studies
that used the HBI found that EEN therapy was at least
as effective as CS therapy in inducing disease remission.
The two larger studies that used the CDAI found that
CS therapy was superior to EEN therapy while two studies with small participant numbers found no significant
difference. There may be differences in study protocols
between studies with higher and lower patient numbers
that could influence patient outcomes. Finally, the two
studies that used the VHAI found that there was no significant difference between a high, or a moderate, polyunsaturated polymeric formula and CS therapy, but that
a high monounsaturated formula was significantly less
effective (P < 0.001) than CS therapy at inducing disease
remission.

therapy[32]. Also the use of immune-modulators early in
the disease course in adults and children has been shown
to reduce the probability of long term CS and intestinal
surgeries[33].
Two adult studies have compared EEN with CS therapy in treatment-naïve patients[22,26]. In both studies, 80%
of those treated with EEN achieved disease remission
after 4-6 wk of an elemental diet (comparable to remission rates in those treated with CS). Other adult studies
comparing EEN with CS have not differentiated between
patients with newly diagnosed CD and existing CD in
their analyses. One study mentioned that both of the
newly diagnosed CD patients responded to EEN treatment[20], but the numbers enrolled in the study were too
small to show if there was a statistically significant difference in response to treatment between the two groups. A
study of 22 patients treated with EEN found that EEN
therapy was as effective in newly diagnosed patients as
those with existing disease[21], although 40% of patients
did not complete the course of EEN. The authors do
not indicate how many of those that completed EEN
treatment had existing or newly diagnosed disease. The
two larger multi-centre European trials did not differentiate between those that had and not had received previous
CD treatment[28,29].
Paediatric research suggests that EEN is more effective in treating newly diagnosed CD than existing CD[9].
Day et al[9] showed that, of 15 newly diagnosed CD patients, 12 (80%) entered remission after eight weeks of
EEN, whereas only seven of the 12 (58%) children with
long-standing disease entered remission (P > 0.05 by
fishers exact test). In other paediatric studies with newly
diagnosed CD patients disease remission was achieved in
79%-93% of those that completed EEN treatment and
70%-79% on an intention to treat basis[7,34].
Duration of CD
Longer duration of CD is associated with more complications including tissue scaring, fistulae, abscess,
strictures, perianal disease and bowel resections[35]. EEN
therapy has been shown to induce disease remission by
reducing mucosal inflammation[36-38]. Complications of
CD are often non-inflammatory in nature; therefore,
EEN may be less effective in treating these patients. Interestingly, a case series of three children with perianal
disease at diagnosis found that EEN (used in combination with surgery and antibiotics) was effective at inducing disease remission and assisted in the healing of perianal disease[39]. EEN was used as a maintenance therapy
in all three children without return of perianal disease. A
clinical trial has not been conducted to further investigate
the potential role of EEN in the management of perianal
CD.
Overall, studies in adult patients of EEN compared
with CS therapy have not excluded patients with complicated disease. Usual exclusions included imminent
surgery, intestinal perforation, ileus, abscesses, massive
bleeding, short bowel syndrome with ileostomy and, in

Newly diagnosed CD
There is some evidence to suggest that EEN therapy is
more effective in newly diagnosed CD patients compared
with patients who have existing CD. Differences in treatment response rates according to time since diagnosis
are not limited to EEN therapy. Response and remission rates achieved with biologic therapy are greater in
children than adults[32] which may, in part, be due to the
duration of disease prior to initiation of the treatment.
Similarly, adults with a shorter duration of CD are more
likely to respond and achieve remission with biologic
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adherence (0%-13%)[26,28]. Whereas studies that reported
high rates of non-adherence (33%-41%) used elemental
or semi-elemental formulas given orally and if a patient
did not tolerate EEN orally a NGT was placed.[21,25,29]
However, three of the six studies using elemental or
semi-elemental diet orally reported higher adherence
rates[19,22,24]. Two of these studies[19,24] only used EEN for
2 wk and patients were given a peptide based semi-elemental formula (Peptamen) orally rather than an amino
acid-based elemental formula. Of the 19 patients using
EEN in these two trials, only 1 patient was non-adherent
with the treatment. The third study, by O’Moráin et al[22]
was one of the first to compare EEN to CS treatment.
Patients were asked to take the elemental formula orally
for four weeks and if they could not tolerate it a NGT
was placed. Of the 11 patients in the EEN group, two
(18%) could not tolerate the formula orally or via a NGT.
Of the three adult studies that used polymeric formula, two administered it via NG or nasoduodenal tubes
with 100% adherence[20,23]. The third study used a polymeric powder (a high oleic and high linoleic acid formulation) given orally or via NGT if not tolerated orally[27].
Non-adherence with the treatment was 17%-25%. No
published adult studies have used a ready-to-drink polymeric formula given orally. There are, however, various
studies with children that have shown that polymeric
formulas are palatable orally. Borrelli et al[7] studied 19
children with CD who drank an isocaloric polymeric
formula (Modulen) as their sole source of nutrition for
10 wk. Thirteen children took the formula orally; four required overnight feeding via a NGT, in addition to taking
it orally during the day, to meet their nutritional requirements and two children could not manage to take the
required volume of formula orally or via a NGT. Of the
17 children that successfully completed the 10 wk intervention 15 (88%) achieved disease remission. Day et al[9]
studied 27 children with CD who were prescribed EEN
with isocaloric polymeric formula (Modulen or Osmolite)
for up to 8 wk. Nineteen children managed the required
volume of formula orally, five needed to take some of
the formula via a NGT and three could not tolerate the
required volume orally or via a NGT. Of the 24 children
who completed at least 8 wk of EEN, 19 entered remission (79%).
Both of these paediatric studies used an isocaloric
polymeric formula. It appears that the major reason for
non-adherence in these cohorts was difficulty tolerating
the volume required for nutritional requirements rather
than un-palatability. It is not clear whether the volume
required to meet an adult’s nutritional requirements (e.g.,
1600-2400 mL of ready-to-drink isocaloric polymeric
formula per day) may lead to poor adherence. The use of
a concentrated polymeric formula, (e.g., 1.5 kcal/mL formula), may help alleviate this issue.
If adherence with and response to EEN treatment
of 90% and 80%, respectively, can be achieved in adults
EEN may be aviable treatment option. Ready-to-drink
polymeric formula, which may be more palatable orally

some cases, previous surgery. The presence of other
complications of existing CD such as scaring, perianal
disease or previous bowel surgery is not detailed in the
adult literature. It is impossible to ascertain whether those
who did not respond to EEN therapy had more or less
complications than those who did respond. Furthermore,
the studies had only small numbers of patients within
each disease sub-group and were unable to conduct indepth statistical analysis of these sub-groups.
Adherence
Non-adherence with EEN treatment was a limiting factor
in the success of EEN therapy in many studies. A number of reasons for non-adherence of adult CD patients
with EEN therapy have been postulated including poor
taste of the formula, lack of support and poor motivation to complete the treatment.
Un-palatability of the EN formula was the most common reason for non-adherence in the studies performed
to date. Many early studies that compared EEN with
CS treatment used elemental formulas. The difference
between polymeric and elemental formulas is that the
protein fraction in polymeric formula is in its whole form
rather than as individual amino acids or peptides in semielemental formulas and elemental formulas tend to have
a low total fat content Polymeric formula has been shown
to be as effective as elemental at inducing disease remission[40,41]. Elemental formulas have a distinctive smell
and flavour mainly due to the presence of amino acids,
which have a bitter flavour. Bitterness is negatively correlated with palatability, whereas sweetness and sourness
are positively correlated with palatability[42]. Fat content
may also affect the palatability of the formula[43]. The elemental formulas used in the studies were low fat (1%-3%
TE) compared with semi-elemental (9%-33% TE) and
polymeric (32%-35% TE) formulas. Hence polymeric
formulas are thought to be more palatable. However,
there is limited research comparing the palatability of the
two formula types. A retrospective study of children who
received elemental formula from 1992-2001 and children
who received polymeric formula from 2000-2004 found
that adherence to treatment did not differ between the
two groups but that those receiving polymeric formula
were less likely to need a nasogastric tubes (NGT) inserted to deliver the feed[44].
The mode of delivery of the formula may also play
a role in patient compliance. Many studies with high adherence rates administered elemental formulas via NG
or nasoduodenal tubes rather than orally. More recent
paediatric studies have encouraged oral intake of polymeric formula and use of NGT only if needed[7,9,34]. For
free living (non-hospitalised) patients, taking the formula
orally may be more socially acceptable. Elemental and
polymeric formulas have been shown to be as equally effective at inducing remission of disease in children[40] and
adults[18].
Studies that used elemental formulas given exclusively
via NG or nasoduodenal tubes had low rates of non-

WCG|www.wjgnet.com

1527

January 28, 2014|First Edition|

Wall CL et al . Exclusive enteral nutrition in adults

than elemental or semi-elemental formulas and more
convenient and portable than powdered options, could
provide an option for adults with CD wishing to reduce
their exposure to CS, induce disease remission and potentially attain the benefits associated with EEN therapy that
have been confirmed in children.

It is unknown if age affects response to EEN therapy or
compliance with treatment.

CONCLUSION
Initial reports demonstrated that EEN was effective in inducing remission in adults with active CD and proposed
this intervention as an alternative to CS therapy. However, subsequent larger studies failed to reproduce these
results. Since then many studies have been conducted in
paediatric populations and numerous benefits over and
above achieving disease remission have become apparent.
It appears that non-compliance with EEN treatment in
early studies adversely affected the efficacy of EEN compared with CS therapy. There is also evidence to support
a possible role of EEN with a specific group of adult patients - those newly diagnosed disease and, possibly, those
with ileal involvement. Further research with this group
is warranted. The use of polymeric formulas provided
orally, which has not previously been studied in adult
patients, may improve treatment compliance and allow
adult patients to reap the many other benefits of EEN
that have been shown in children over and above achieving disease remission and improving nutritional status.

Disease location
Disease location is thought to affect the efficacy of EEN
therapy. In particular, colonic disease may be more refractory to treatment than disease with ileal involvement.
However, due to the small participant numbers in most
adult EEN studies there has been insufficient statistical
power for subgroup analyses. A pooled meta-analysis of
mainly adult studies from the 1980s and 1990s found that
there was insufficient data to perform subgroup analyses
by disease location[18].
Some paediatric studies have specifically investigated
the impact of disease location on response to EEN therapy. Afzal et al[13] studied 65 children aged 8-17 years old
with newly diagnosed CD of which 12 had ileal disease,
39 had ileocolonic disease and 14 had isolated colonic
disease. They found that disease remission was harder to
induce with EEN therapy in patients with colonic disease
- remission achieved in 50% compared with 82% in those
with ileocolonic disease and 92% in those with ileal CD
(P = 0.02). They also used colonoscopy to assess mucosal
healing after EEN therapy and found that there was no
improvement in colonic mucosal inflammation in those
with colonic or ileocolonic disease.
Conversely, Buchman et al[3] investigated the effect of
disease location on remission rates after EEN therapy
and found that colonic CD responded just as well as ileocolonic disease. Their study included 114 children (median
age 11.6 years), all with recently diagnosed CD. Nineteen
patients had colonic disease, four had ileal disease, 29 had
ileocolonic disease, 49 had upper gastrointestinal tract
disease and 9 had disease that could be not be classified
using the Vienna classification. Of those with colonic
disease 79% went into remission after eight weeks of
EEN therapy compared with 86% with ileocolonic disease, 88% with upper gastrointestinal disease and only
25% with ileal disease. It should be noted that there were
only 4 patients with ileal disease compared with at least
20 in the other three groups. Further evidence is needed
to confirm whether CD location affects the efficacy of
EEN.
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Enteroscopy in small bowel Crohn’s disease: A review
Benjamin Tharian, Grant Caddy, Tony CK Tham
and least invasive. DAE includes balloon-assisted enteroscopy, [double balloon enteroscopy (DBE), single
balloon enteroscopy (SBE) and more recently spiral
enteroscopy (SE)]. This review is not going to cover
the various other indications of enteroscopy, radiological small bowel investigations nor WCE and limited
only to enteroscopy in small bowel Crohn’s. These
excluded topics already have comprehensive reviews.
Evidence available from randomized controlled trials
comparing the various modalities is limited and at best
regarded as Grade C or D (based on expert opinion).
The evidence suggests that all three DAE modalities
have comparable insertion depths, diagnostic and
therapeutic efficacies and complication rates, though
most favour DBE due to higher rates of total enteroscopy. SE is quicker than DBE, but lower complete enteroscopy rates. SBE has quicker procedural times and
is evolving but the least available DAE today. Larger
prospective randomised controlled trial’s in the future
could help us understand some unanswered areas including the role of BAE in small bowel screening and
comparative studies between the main types of enteroscopy in small bowel CD.
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Abstract
Crohn’s disease (CD) is a chronic inflammatory condition of the gastrointestinal tract resulting in inflammation, stricturing and fistulae secondary to transmural
inflammation. Diagnosis relies on clinical history, abnormal laboratory parameters, characteristic radiologic
and endoscopic changes within the gastrointestinal
tract and most importantly a supportive histology. The
article is intended mainly for the general gastroenterologist and for other interested physicians. Management of small bowel CD has been suboptimal and
limited due to the inaccessibility of the small bowel.
Enteroscopy has had a significant renaissance recently, thereby extending the reach of the endoscopist,
aiding diagnosis and enabling therapeutic interventions in the small bowel. Radiologic imaging is used as
the first line modality to visualise the small bowel. If
the clinical suspicion is high, wireless capsule endoscopy (WCE) is used to rule out superficial and early
disease, despite the above investigations being normal. This is followed by push enteroscopy or device
assisted enteroscopy (DAE) as is appropriate. This approach has been found to be the most cost effective
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Core tip: Management of small bowel Crohn’s disease
has reached new frontiers with the recent renaissance
of enteroscopy, that has improved diagnosis and
enabled therapeutic interventions. The use of magnetic
resonance enteroclysis or wireless capsule endoscopy
as the first line modality followed by enteroscopy is
the most cost effective. Enteroscopy could be achieved
using either a push enteroscope or device-assisted
enteroscope (DAE). The latter includes double balloon enteroscopy (DBE), single balloon enteroscopy
and more recently spiral enteroscopy. All three DAE
modalities are comparable, though most favour DBE
due to higher rates of total enteroscopy. The article
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is intended for the general gastroenterologists, nongastroenterologists and general practitioners

A

Original sources: Tharian B, Caddy G, Tham TCK. Enteroscopy
in small bowel Crohn’s disease: A review. World J Gastrointest
Endosc 2013; 5(10): 476-486 Available from: URL: http://www.
wjgnet.com/1948-5190/full/v5/i10/476.htm DOI: http://dx.doi.
org/10.4253/wjge.v5.i10.476

INTRODUCTION

B

Crohn’s disease (CD) is a chronic inflammatory condition of the gastrointestinal tract resulting in inflammation, stricturing and fistulae secondary to transmural
inflammation [1,2]. Diagnosis relies on clinical history,
abnormal laboratory parameters characteristic radiologic
and endoscopic changes within the gastrointestinal tract
and most importantly histology for confirmation and
grading of severity[2]. CD can affect the entire gastrointestinal tract from mouth to anus, in addition to being a
multisystem disease. It affects only the small intestine in
30%, ileo-colonic in 50%, colonic disease alone in 30%
and upper GI tract in approximately in 5%[3,4]. CD may
have characteristic endoscopic features like aphthous ulcers, longitudinal erosions, cobble stone appearance and
fissures[4,5] (Figure 1).
The detection of small bowel CD and its management presents its own challenges, especially when the
disease is present beyond the reach of the gastroscope
and colonoscope. This is mainly due to length of the
small bowel but also the tortuous anatomy and the floppy mesentery that leads to looping when a scope is advanced beyond the duodenum[6-13]. The distal 10-20 cm
of the ileum can often be accessible with ileo-colonoscopy but more proximal visualisation is often limited by
looping. In addition, disease of the ileo-caecal valve can
prevent intubation of the ileum. Enteroscopy helps in
assessing mucosal disease while cross sectional imaging
is better for transmural involvement including fistulae.
Small bowel radiological investigations include barium
follow through, computed tomography (CT) enteroclysis
or enterography, magnetic resonance enteroclysis or enterography and small bowel ultrasound (USS)[7,9-13]. The
latter is not widely used since the ultrasound waves have
limited penetration through air. However it is useful in
assessing thickness of the small bowel and vascularity
with Doppler and correlates with active disease. Wireless capsule endoscopy (WCE) is a sensitive test for
small bowel disease and is often used to investigate small
bowel CD, prior to any invasive deep bowel enteroscopy,
once small bowel strictures have been excluded[1,14-19]. Dionissio et al[20] had shown in their meta-analysis comparing 18 prospective studies that WCE was best in evaluation of non-stricturing small bowel CD and magnetic
resonance enteroclysis (MRE) had the highest diagnostic
yield in known CD. This review is not going to cover the
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Figure 1 Normal (A) vs small bowel Crohn’s (B).

various radiological investigations or WCE[20,21].
Technological advances have extended the reach of
the gastroenterologist, enabling access to the entire gut
using flexible fibre optic scopes, with a combination of
pushing, pulling and torquing to pleat the long and tortuous small bowel. Enteroscopy has improved the field of
small bowel CD, in which radiological investigations previously predominated. Despite all these tools to empower
the gastroenterologist and radiologist, the assessment
of small bowel damage in CD is still far from sufficient.
Evidence available from randomised controlled trials
comparing the various modalities is limited and at best
regarded as Grade C or D (based on expert opinion).
Most of the studies performed to date are single centre
experiences (retrospective studies) or multicentre trials
involving small numbers. Thus a main limitation of this
article is lack of comparative data specifically on CD.
The advantages of enteroscopy include the ability for
real-time viewing of the small bowel, to biopsy abnormal mucosa and to undertake therapy such as pneumatic
dilatation using the through-the-scope (TTS) balloons,
achieving hemostasis, polypectomy, local injection of
triamcinolone and immunomodulatory drugs and more
recently metallic and biodegradable stent insertion[18,22-25].
Endoscopic dilatation (ED), the commonest therapeutic use of deep enteroscopy in CD, has been used when
medical therapy fails to relieve obstruction. These are often done using centre based and regional guidelines, which
are often tailored depending on the availability of local
expertise, financial constraints and patient preference. The
scope of an enteroscope is much wider, including comple-
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Table 1 Ranking of enteroscopic techniques for small bowel
Crohn’s disease
A
B
C

D

Figure 2 Device assisted enteroscopes. A: Conventional semi-rigid overtube
(Olympus); B: Double-balloon overtube (Fujinon); C: Single-balloon overtube
(Olympus); D: Spiral overtube (Spirus Medical). Available from: URL: www.annalsgastro.gr.

PE

DBE

SBE

SE

Availability
Ease of use
Platform used
No of operators
Depth achieved
Speed
Therapeutic
Safety
Cost

1
1
Any
1
4
1
4
1
1

2
4
Fujinon
12
1
4
2
2
3

3
3
Olympus
1
2
3
2
2
3

4
2
Any
21
3
2
11
2
2

The numbers 1 to 4 refer to the authors ranking, with 1 being the highest
and 4 being the lowest. 1Once motorised might need only one operator.
Best for stent insertion due to the stability achieved due to the overtube
stabilization, though completion rates better for DBE/SBE; 2Needs two
operators in the early phase of the learning curve. PE: Push enteroscope;
DBE: Double balloon enteroscope; SBE: Single balloon enteroscope; SE:
Spiral enteroscope.

tion colonoscopy and for endoscopic retrograde cholangiopancreatography in surgically altered anatomy[24,25].
The various methods currently available worldwide can
be either a push enteroscopy (PE) or device-assisted enteroscopy (DAE) using overtubes (Figure 2). The latter
includes balloon-assisted enteroscopes (BAE) [double balloon enteroscopy (DBE) and single balloon enteroscopy
(SBE)] and more recently spiral enteroscopy (SE). The
complimentary use of cross sectional imaging and endoscopy is invaluable in the diagnosis and management of
small bowel CD (Table 1).

number of counted folds was significantly increased by
using an overtube. A further study by the same author
compared 2 working lengths of endoscope (250 cm vs
220 cm) to compare the depth of insertion in 28 patients[28]. An overtube was used in all cases. The median
insertion from the pylorus was 72.5 cm vs 70.0 cm but
no significant difference was demonstrated in depth of
small bowel insertion using a longer endoscope[28].
Another method of improving depth of insertion
into the small bowel is by using a variable stiffness scope
in an attempt to reduce excess looping of the scope
within the stomach[30]. Harewood and colleagues prospectively studied enteroscopy in 3 groups of patients
(one with standard enteroscope with overtube, one without overtube and a third one with variable stiffness)[31].
Depth of insertion beyond the ligament of Treitz was
significantly greater using a variable stiffness enteroscope
(89 cm) compared to a standard enteroscope (68 cm)
and was over twice that without an overtube (41 cm) (P
= 0.03). In this study, patients in the overtube group required significantly more sedation than the other groups,
although the overall patient tolerance and procedure
duration showed no significant difference. Again, no
additional yield of pathological findings was observed
with the greater depth of insertion[32]. In a small study
by Perez-Cuadrado et al[33], 50% (4 of 8) of this patient
group with suspected CD had detectable macroscopic
and/or microscopic evidence of small bowel CD not
detected by other endoscopic or radiological methods.
The same author demonstrated the therapeutic role of
PE in small bowel Crohn’s for jejunal stricture dilatation[32]. In a recent study by Darbari et al[34], it was shown
that PE was useful and safe in proximal small bowel
disease, predominantly CD, leading on to definite change
in management. In this study, proximal small bowel CD
was detected in 23 out of 44 suspected cases. ED is often considered successful if the scope could be passed
through the stricture once dilated. ED should ideally be
limited to accessible linear fibrotic strictures under 4 cm

PUSH ENTEROSCOPY
Traditional push enteroscope was developed in the 1980’s.
PE has a working length between 220 and 250 cm and is
inserted per orally directly into the proximal jejunum[26].
The alternative is to use an adult or paediatric colonoscope for the same purpose. It can be used for both diagnostic and therapeutic purposes[26-29]. The push enteroscope may be used with or without an overtube (Figure
3). There have been several studies comparing the use
of an overtube in push enteroscopy but not specifically
in CD. Taylor and colleagues studied a small group of 38
patients (19 with an overtube and 19 without) and compared the depth of insertion as measured by the distance
of insertion with the scope in a shortened position[29].
The median total straightened scope length of insertion
just reached significance (125 cm vs 110 cm). From the
pylorus the depth of insertion was also significant (70
cm vs 50 cm). However, there was no significant difference in the detection of small bowel pathology[29]. Overall complication rate of this widely available procedure
in this study was 1%.
This technique is still commonly used to assess and
treat proximal small bowel pathology due to its ease of
use. Benz and colleagues studied enteroscopy in a group
of 80 patients randomly assigned to enteroscopy with
an overtube vs enteroscopy without an overtube[27]. The
authors found that depth of insertion as measured by
distance in a straightened position from the pylorus and
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A

B

C

Overtube
Enteroscope

Overtube

E

D

Figure 3 Enteroscope. A: Push enteroscope; B: Double balloon enteroscope (www.sciencedirect.com); C: Single balloon enteroscope (www.medscape.com); D: Balloon dilatation of jejunal stricture (www.kcvl.cz); E: Spiral enteroscope (www.medscape.com).

length to minimise risk of perforation[35,36].

one of the eight developed capsule retention, that was
retrieved using DBE. Nine ileal strictures were picked up
with barium compared to only 6 with DBE[6].
The scope is inserted as far as possible into the
bowel. Then the overtube balloon is inflated to anchor
the tip in place and the scope is gently pulled backward
to pleat the small bowel behind the balloon. The scope
is further advanced into the lumen, followed by inflation
of the scope balloon to anchor its tip. Thus by repetitive cycles of balloon inflation/deflation, the scope is
advanced. In the early stages of training, this needs two
operators, though once experienced one would be sufficient (Figure 4)[39]. A practical tip that is often advocated
by Professor Yamamoto to advance an enteroscope is,
slight “jiggling” of the scope, with alternating small “inout” and “right-left” movements, that enables the tip to
move forward. The distal most point is tattooed with
India ink in the anterograde approach, to be visualised
via the retrograde approach for total enteroscopy[24,37,44,45].
The procedure time can vary between 70 to 120 min for
the ante-grade procedure and about 15-20 min longer
for the retrograde approach, with ileal intubation rates
in the latter being over 90% in high volume centre[43].
DBE has a steep learning curve[39,46]. Zhang et al[47] rightly
commented that the combined analysis of imaging and
gastro endoscopic findings in addition to a diligent clinical history and examination is essential to enhance the
diagnostic efficiency of DBE .
In a study of 37 patients with CD who underwent
DBE diagnostic yield was 60%. Yield levels increased
if direction of insertion (ante-grade or retrograde)
was aided by prior investigations[9]. The retrograde approach is useful for lesions noted in the distal 40% of

DBE
DBE, originally developed in 2001 by Prof Hironori
Yamamoto, is useful in the diagnosis of small bowel diseases including (CD)[9,23,37-39] (Figure 3B). DBE is often
used following WCE due to potential miss rate of the
latter and to guide the approach of insertion of DBE
(antegrade or retrograde). The standard system has an
endoscope with an outer diameter of 8.5 mm and a
working length of 200 cm[38-40]. It is also provided with
a 145 cm soft overtube with 12.2 mm outer diameter
and a dedicated pump. One balloon is attached to the
tip of the scope, after back loading the overtube (which
has an additional balloon attached to the tip of the
overtube)[6,25,32,39,41,42]. DBE can be performed with an anterograde (oral) followed by a retrograde (anal) approach
or vice versa, with conscious sedation, deep sedation or
general anaesthesia. Either air or carbon dioxide can be
used, the latter recommended due to better patient tolerance, especially for therapeutic procedures and less post
procedural discomfort, when a prolonged procedure
is anticipated. Fluoroscopic guidance could be used till
competence is achieved, but is not essential[39-41,43].
The overall yield of DBE was better than push enteroscopy and similar to capsule. Oshitani et al[6] showed
that, in their study of 30 patients with CD, small bowel
ulcers and aphthae were picked up in 9 patients who
underwent DBE who had normal small bowel follow
through. WCE done in 8 of these patients without
symptoms of strictures showed additional finding of
small bowel scarring in only one of the patients, though
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1

2

Insert an enteroscope through an
overtube

5

6

Deflate the balloon on overtube

9

Inorder to grip the small intestine.
Inflate the balloon on overtube

3

4

The scope is inserted further over the Then the balloon on the endoscope is
overtube
inflated to grip the smart intestine

7

8

The evertube is advanced along the Then the balloon on the overtube is The balloon on the endoscope tip is
endoscope
inflated to grip the smart intestine
deflated

10

Withe the balloon inflated on overtube. Again insert the endoscope
The endoscope is gently withdrawn
together with the overtube to get it
straight

11

12

These procedures are repeated to get With a set of the above procedures
these balloons fixed in deeper and repeated. The scope is advanced
deeper oncations
steadily up to the depths of the small
intestine

Figure 4 Push and pull technique with double balloon enteroscopy. Available from: URL: www.wlsvitagarten.com.

the WCE[48]. In an early retrospective study, the role of
DBE in evaluation of 40 patients with CD was found to
be superior to radiological studies in detecting mucosal
ulcers and strictures[6]. Moreover endoscopic findings
often precede radiologic findings that often delay the diagnosis by 1 to 7 years, and hence earlier diagnosis with
DBE may lead on to earlier mucosal healing that is the
corner stone in management of CD[8,45,49,50]. The ability
of therapeutic potential of DBE remains a significant
advantage over capsule endoscopy. In a study of 19
patients (10 amenable to endoscopic therapy), Pohl et
al [51] demonstrated that dilatation under fluoroscopy
yielded a clinical improvement in 80% and avoidance of
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surgery in 60% albeit over a mean short term follow up
period of 10 mo, with no reported complications. The
technique is also useful for retrieval of retained capsules[2,38,43,52].
In a similar study, 8 of 9 patients with Crohn’s strictures underwent successful endoscopic dilatation (1 patient had a perforation). Clinical improvement occurred
in these 8 patients with no surgical requirement over a
follow up of 20 mo. Twenty five percent of patients did
require a second dilation[53]. DBE has been shown to
alter medical management in patients with established
and suspected CD. Mensink and colleagues identified
24 patients with active CD (60% of study population)
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resulting in a change in management in 75% through a
step up approach in these patients medical management.
Over 80% of these patients had a clinical improvement
with a reduction in CDAI[54,55]. In a further study by the
same author a small population of Crohn’s patients with
suspected proximal small intestinal Crohn’s underwent
DBE. Approximately three quarters of patients had
proximal small bowel Crohn’s features, and approximately 50% were beyond reach of standard enteroscopy.
There was a change in management in three quarters
of those patients with detectable disease by DBE [55].
DBE can also help in assessment of radiologic abnormalities and thus to avoid unnecessary exploratory surgery[8,49,54,56].
The procedure hence is very valuable with a high
success rate, but not preferred for those with difficult
anatomy due to previous surgery, pathology or acute angle at the stoma due to higher perforation rate (0.4% of
procedures and up to 3% when dilated)[43,57-59]. It should
also be avoided in those with latex allergy since the
balloons are made of latex[8]. The other complications
include small risk of pancreatitis (0.3% of procedures),
bleeding (0.2% of procedures) and aspiration pneumonia[60-62]. ED should be postponed till the ulcer heals due
to higher risk of perforation and is discouraged if over 6
cm long[63].

children with suspected and 14 with known Crohn’s with
atypical presentation, who had negative radiologic and
conventional upper and lower gastrointestinal endoscopy. In a recent randomised multicenter trial, Domagk
et al[66] showed the non-inferiority of SBE over DBE in
evaluation of small bowel pathology[71]. Takano et al[70]
showed in their randomised controlled trial that, total
enteroscopy was much better accomplished with DBE
than SBE, though it was a single centre study involving
only small numbers. Bortlik et al[75] showed that in their
experience of SBE in 35 patients, it provided an evaluation of mucosal healing after treatment and revealed
severe inflammatory changes in one third. Therapeutic
procedures especially dilation using TTS balloon were
done in approximately a third (Figure 3D). SBE is cheaper, easier to perform, has a shorter learning curve than
DBE and is a less complex method of balloon assisted
enteroscopy[65,66,68,71,73,76]. Current results are conflicting
if the SBE and DBE have comparable performance and
diagnostic yield. However, more studies favour use of
DBE for total small bowel enteroscopy[70].

SE
This is the latest of the armamentarium, available since
2008 to gastroenterologists, to examine the small bowel
and is simpler and faster than the predecessors[71,77,78].
The current second generation device uses an FDA approved 118 cm Endo-Ease Discovery™ SB overtube
with a soft raised helix, a coupling device to fix the lubricated overtube to the enteroscope 25 cm from its tip,
two handles for manual rotation and an injection port
for lubrication (C 8)[74,79-82]. The distal end of the device
has an external diameter of 16 mm and the internal diameter of the overtube is 9.8 mm. Clockwise rotation
pleats the small bowel onto the scope, once engaged and
advances the same thus transforming the torquing force
into a linear one, the concept developed by Spirus Medical, Inc. and proposed for use in enteroscopy by Dr.
Akerman et al[77,81,82] in 2006. Push and rotation technique
is used until the scope gets beyond the Ligament of Trietz, followed by only rotation. The small bowel does not
get twisted as it is held by the mesentery. It can be performed under conscious sedation or general anaesthetic,
preferably the latter. In an intubated patient, the cuff
on the endotracheal tube has to be deflated before introducing the spiral enteroscope to prevent oesophageal
trauma, until it enters the stomach[77,83,84] (Figure 3E).
The major advantage of SE is the rapid advancement
and stable controlled withdrawal enabling therapeutics to
be delivered effectively[42,71,77,84]. The overtube can be disengaged from the coupler enabling complete withdrawal
of the endoscope and reintroduction (often needed for
removal of multiple polyps), without losing the position
in the small bowel[42,71,84-86]. The other major advantage is
that no dedicated enteroscopy system needs to be purchased and the Endo-Ease spiral overtube could transform an ordinary enteroscope or a paediatric colono-

SBE
SBE was introduced in 2007. It uses an enteroscope with
200 cm working length and 2.8 mm channel diameter, an
overtube with a silicone balloon that has an outer diameter of 13.2 mm and a balloon controller pump[57,64,65].
The technique is similar to DBE, with the only difference being that the tip of the flexible scope is used to
anchor the endoscope, avoiding need of a second balloon[65] (Figure 3C). The depth of insertion ranges from
133 to 270 cm and 73 to 199 cm for the retrograde examination, with a therapeutic yield between 7% to 50%.
Total enteroscopy rate is lower than DBE, but is a safe,
effective and useful technique for deep small bowel endoscopy[64,66-68]. The main advantage of SBE is the ease
of assembling the apparatus taking 5 min compared to
15 min for DBE and overall shorter procedure duration
of 55 min compared to 95 for DBE. Secondly it has
variable stiffness, thus eliminating the need for a stiffening wire[67,69-73]. Thirdly SBE can be used in patients with
latex allergy unlike DBE. Dr. Reddy’s group from Hyderabad, initially described use of “power suction” during straightening of the scope, that can be used instead
of inversion of the tip, to minimise the perforation rate
that is around 2%[74].
In a small study in children between 8 and 18 years
old by de Ridder et al[68], it was shown that SBE is a safe
technique and picks up active small bowel Crohn’s that
has been missed by magnetic resonance imaging and
USS. Similarly, Di Nardo et al[69], showed the safety, yield
and therapeutic efficacy of SBE in their study of 16
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scope to a SE device[40,77,78,81]. Spiral enteroscopy is very
useful for proximal small bowel pathology, especially for
therapeutic interventions, due to the stability achieved
with the overtube.
This procedure requires two operators, one operator
handling the scope and the other rotating the overtube.
The enteroscope is unlocked from the overtube, advanced and then withdrawn using the hook and suction
technique. Anticlockwise rotation of the handle of the
overtube is used to withdraw the system allowing visualisation of the mucosa in a controlled fashion. The depth
of insertion of SE is usually calculated on the way out.
It has not yet been safely demonstrated for retrograde
approach, unlike DBE. A promising motorised overtube
is in its early stages of development, which could make
it single operator dependent. Sore throat and transient
difficulty in swallowing are described by around a quarter of the patients, though tiny asymptomatic mucosal
disruptions are similar to the balloon assisted devices.
In a study by Buscaglia et al[83] the mean procedure
length was around 34 min with a mean insertion depth
of 262 cm. One of the early studies by Frieling et al[87]
showed that the diagnostic yield of DBE was superior
to that of SE. But as the authors commented, one of
the main drawbacks was that it involved only small numbers of 17 and 18 subjects respectively. In yet another
small cross over study involving 10 patients, May et al[42]
showed that SE had a shorter procedure duration by
a mean of 22 min, though the depth of insertion was
greater by about 60 cm with DBE. Khashab et al[86] in
their first comparative study on SE vs SBE, showed
greater depth of maximal insertion with the former, although the yield and procedure length were comparable.
Akerman et al[77,81] showed an overall severe complication rate less than 0.3% in their review of 2950 patients
treated with SE, with perforation occurring in 0.4% of
the first 1750 patients and no reported cases of pancreatitis. However Teshima et al[88] showed that asymptomatic hyperamylasemia occurred in up to 20% of patients
undergoing SE. Data is limited especially with regards
to comparative studies specifically related to use of SE
in CD. But overall it is considered to be a safe and quick
procedure and compares favourably with other DAE for
assessing the small bowel and for delivering therapies in
the midgut[71,77,79,80,83-86,89,90].

inserted PE. The current role of IOE is in difficult mid
gut pathology, in guiding the surgeon intraoperatively
and in marking the lesion with a suture to be dealt with
on removing the scope[92-96]. There have not been many
studies evaluating role of IOE in CD[94,97]. Complications
include standard ones associated with laparoscopy and
endoscopy, prolonged post operative ileus, air embolism
and multiorgan failure. IOE once regarded as the gold
standard for small bowel evaluation has been relegated a
“last resort” in the era of less invasive therapeutic total
enteroscopy with DAE[91,95-98].

CONCLUSION
Novel biologic agents and progress in our assessment
and management of small bowel CD, which is currently
far from sufficient, might help alter the natural history
and predict outcomes in Crohn’s disease. However enteroscopy, which is a rapidly evolving field, has had a
significant renaissance recently and the small bowel is
no longer the black box for the endoscopist or the final
frontier. The lack of randomised controlled trial’s (RCT’s)
and meta-analysis on enteroscopy in small bowel Crohn’
s limits more detailed comparative data between various
techniques. PE is still a useful tool in centres that do not
have WCE, BAE or SE. An algorithm that we suggest
for investigation of small bowel CD would be gastroscopy and colonoscopy (with terminal ileal assessment).
This might be followed by either a barium small bowel
follow through or CT enteroclysis and increasingly by
using MRE, considering the lack of radiation and possibility of repeated studies, considering the fact that the
age group affected is often young or middle aged people
of child bearing age, to limit radiation exposure. If MRE
is normal one could consider WCE, if there is a high
index of suspicion of early mucosal disease or malabsorption, which may not show up in MRE. If there is
evidence of active small bowel Crohn’s especially strictures or fistulae, then ideally aggressive treatment with
anti tumour necrosis factor from the outset. If any complications of CD are seen, such as strictures or bleeding, then DBE/SBE or SE, depending on availability
of local expertise, to assess the pathology and consider
local treatment-biopsy, diathermy, balloon dilatation or
injection of various drugs as might be appropriate to
the setting. If initial small bowel imaging at time of first
diagnosis is normal, then currently no recommendations
are available regarding surveillance intervals or its clinical relevance. There may be multi centre studies in the
future can look into appropriate screening intervals and
on a more tailored approach for enteroscopy in CD.
A comparison of the various enteroscopy techniques
is summarised in the table below. The evidence suggests
that all three DAE modalities have comparable insertion depths, diagnostic and therapeutic efficacies and
complication rates and can be used as complementary
tools. However, most gastroenterologists including the
authors, favour DBE due to higher rates of total enter-

OTHER METHODS OF DEEP SMALL
BOWEL ENTEROSCOPY
Intraoperative enteroscopy (IOE) developed over 35
years ago enables the entire gut to be viewed without
making an incision on the intestine, by the cooperation of the operating surgeon and the endoscopist[91]. It
was done using rigid sigmoidoscopes in the 50’s, until
fibre optic scopes became available in the 70’s[92]. Once
the surgeon has completed exploring the small bowel
laparoscopically and freed the bowel from any adhesions, small bowel loops can be pleated over the orally
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oscopy. Larger prospective RCT’s in the future could
help us understand some unanswered areas including
the role of BAE in small bowel screening, comparative
studies between the main types of BAE in the field of
small bowel CD and strengthen the available evidence,
especially with regards to their potential roles and clinical
impact. Further studies are needed for device refinement
and development to make them more cost effective.
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derlying diagnosis of cancer or Crohn’s disease may be
delayed. This report aims at reviewing the treatment
options of patients with enclosed appendiceal inflammation, with emphasis on the success rate of nonsurgical treatment, the need for drainage of abscesses,
the risk of undetected serious disease, and the need
for interval appendectomy to prevent recurrence.
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Core tip: The management of adult patients with inflammatory appendiceal masses is controversial. This
report aims at reviewing the treatment options of these
patients, with emphasis on the success rate of nonsurgical treatment, the need for drainage of abscesses,
the risk of undetected serious disease, and the need
for interval appendectomy to prevent recurrence. The
debate arises over the importance of the complication
rate of interval appendicectomy. Moreover, if appendicectomy is not performed, consideration needs to be
given to what investigations should be undertaken and
in which patients. It is also worth recalling that the appendix is used in reconstructive surgery.

Abstract
At present, the treatment of choice for uncomplicated
acute appendicitis in adults continues to be surgical.
The inflammation in acute appendicitis may sometimes
be enclosed by the patient’s own defense mechanisms,
by the formation of an inflammatory phlegmon or a
circumscribed abscess. The management of these patients is controversial. Immediate appendectomy may
be technically demanding. The exploration often ends
up in an ileocecal resection or a right-sided hemicolectomy. Recently, the conditions for conservative management of these patients have changed due to the
development of computed tomography and ultrasound,
which has improved the diagnosis of enclosed inflammation and made drainage of intra-abdominal abscesses easier. New efficient antibiotics have also given new
opportunities for nonsurgical treatment of complicated
appendicitis. The traditional management of these
patients is nonsurgical treatment followed by interval
appendectomy to prevent recurrence. The need for
interval appendectomy after successful nonsurgical
treatment has recently been questioned because the
risk of recurrence is relatively small. After successful
nonsurgical treatment of an appendiceal mass, the
true diagnosis is uncertain in some cases and an un-
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INTRODUCTION
Acute appendicitis is one of the most common causes of
acute abdomen and can be classified into uncomplicated
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and complicated. The life-time risk of appendicitis is
7%-8%, with the highest incidence in the second decade.
The inflammation in acute appendicitis may sometimes
be enclosed by the patients own defense mechanisms,
by the formation of an inflammatory phlegmon or a circumscribed abscess. The management of these patients
is controversial. Immediate appendectomy may be technically demanding because of the distorted anatomy and
the difficulties to close the appendiceal stump because of
the inflamed tissues. The exploration often ends in ileocecal resection or a right-sided hemicolectomy due to the
technical problems or a suspicion of malignancy because
of the distorted tissues[1-9]. Recently, the conditions for
conservative management of these patients has changed
due to the development of computed tomography (CT)
and ultrasound (US), which has improved the diagnosis
of enclosed inflammation and made drainage of intraabdominal abscesses easier[10-15]. New efficient antibiotics
have also given new opportunities for nonsurgical treatment of appendicitis[16-21]. The traditional management
of these patients is nonsurgical treatment followed by interval appendectomy to prevent recurrence. The need for
interval appendectomy after successful nonsurgical treatment has recently been questioned because the risk of recurrence is relatively small[22-27]. After successful nonsurgical treatment of an appendiceal mass, the true diagnosis
is uncertain in some cases and an underlying diagnosis of
cancer or Crohn’s disease (CD) may be delayed[27].
This report reviews the treatment options of patients
with enclosed appendiceal inflammation, with emphasis
on the success rate of nonsurgical treatment, the need
for drainage of abscesses, the risk of undetected serious
disease, and the need for interval appendectomy to prevent recurrence. The debate arises over the importance
and level of the complication rate of interval appendicectomy. Moreover, if appendicectomy is not performed,
consideration needs to be given to what investigations
should be undertaken and in which patients. It is also
worth recalling that the appendix is occasionally used in
reconstructive surgery[26,28].

same hospital stay after attempted nonsurgical treatment.
The patients treated with drainage are those who had
drainage (without appendectomy) of an abscess either
percutaneously or by surgical exploration. Morbidity includes postoperative infectious complications, intestinal
fistula, small bowel obstruction, and recurrence after initially successful nonsurgical management[27].

TREATMENT OPTIONS OF
NONCOMPLICATED ACUTE APPENDICITIS
Although the etiology of acute appendicitis is poorly understood, it is probably caused by luminal obstruction in
the majority of cases. Luminal obstruction can be caused
by fecaliths, lymphoid hyperplasia, foreign bodies, parasites
and both primary (carcinoid, adenocarcinoma, Kaposi
sarcoma and lymphoma) and metastatic (breast and colon)
tumors. Once appendiceal obstruction occurs, the continued secretion of mucus results in elevated intraluminal
pressure and luminal distention. This eventually exceeds
capillary perfusion pressure, which leads to venous engorgement, arterial compression, and tissue ischemia. As
the epithelial mucosal barrier becomes compromised,
luminal bacteria multiply and invade the appendiceal
wall, which causes transluminal inflammation. The most
common bacteria that can cause acute appendicitis are
intestinal bacteria including Escherichia coli and bacteria
belonging to the Bacteroides fragilis group. Continued ischemia results in appendiceal infarction and perforation[29-31].
However, the observation of spontaneous resolution of
acute appendicitis cases and some reports of a good outcome in patients treated with antibiotics suggest that not
all cases of acute appendicitis are caused by mechanical
obstruction and progression to complicated disease. Some
researchers have suggested that uncomplicated and complicated forms of appendicitis are two distinct diseases,
with different etiologies. As in other intra-abdominal infections, such as salpingitis, diverticulitis and enterocolitis,
which are often treated only with antibiotics, the infectious etiology of acute appendicitis is advocated by some
scholars. Conservative treatment is most effective when
administered within 12 h of symptom onset, ideally within
the first 6 h[16-21,29-33]. Antibiotic therapy is associated with
a 68%-84% success rate and a trend toward decreased risk
of complications without prolonging hospital stay. The
authors have described a low morbidity and mortality rate,
and a recurrence rate between 5% and 15%[25-33].
At present, the treatment of choice for uncomplicated
acute appendicitis in adults continues to be surgical (open
or laparoscopy) and it is the gold standard. The most
common operative complications are wound infection,
intra-abdominal abscess, and ileus caused by intra-abdominal adhesions (Dindo et al[34] classification), which vary in
frequency between open and laparoscopic appendectomy.
The overall complication rates for open and laparoscopic
appendectomy are respectively 11.1% and 8.7%, with a
mortality rate < 0.5%[35-41]. The exclusive treatment with
antibiotics cannot be routinely recommended in current

DEFINITIONS
Acute appendicitis is inflammation of the vermiform
appendix and remains the most common cause of the
acute abdomen in young adults. The term complicated
appendicitis is often used to describe a palpable appendiceal mass, an appendiceal phlegmon, or a localized abscess without distinction. A phlegmon is an inflammatory
tumor consisting of the inflamed appendix, its adjacent
viscera and the greater omentum, whereas an abscess is
a pus-containing appendiceal mass[27-31]. The diagnosis
of enclosed inflammation is made by finding a palpable
mass at clinical examination before or after anesthesia,
or by finding an inflammatory mass or a circumscribed
abscess by CT, US or at surgical exploration of the abdomen. We consider that nonsurgical treatment has failed
when the patient undergoes appendectomy during the

WCG|www.wjgnet.com

1543

January 28, 2014|First Edition|

Tannoury J et al . Inflammatory appendiceal masses

medical practice and should only be considered in selected
patients or conditions in which surgery is contraindicated
or in the context of clinical studies[18,19,31,32].

diagnostic rates in children than in adults. The major area
of debate is regarding which patients suspected of having
acute appendicitis should have a CT scan before appendectomy. There are several articles in the literature that
argue against routine preoperative imaging of patients
with suspected acute appendicitis. In these articles, the
routine use of imaging has not been shown to decrease
the rate of negative appendectomy, and may actually delay the diagnosis and appropriate intervention in cases of
acute appendicitis. Other studies have shown a benefit
from preoperative imaging in suspected acute appendicitis, and the development of guidelines for CT in patients
with an equivocal presentation has decreased the rate of
negative appendectomy from 25% to 6%. A review of a
large, prospectively gathered database of general surgical procedures in Washington state has found the negative appendectomy rate to be 9.8% in patients with no
preoperative imaging and only 4.5% in those who had
a preoperative CT scan. This difference was statistically
significant. Based on these findings, CT scans seem to
have significant benefit in the evaluation of patients with
suspected acute appendicitis, to exclude other pathology,
in selected patients such as elderly people[52,70].
Various CT techniques have been described for diagnosing acute appendicitis, including enhanced CT with
rectally administered colon contrast medium, enhanced
focused CT with thin collimation (3-5 mm), nonfocused
technique with oral and intravenous contrast material,
focused technique with oral contrast medium, and focused helical CT with colonic contrast medium, and have
a high diagnostic accuracy. CT provides a rapid complete
diagnostic evaluation of the right lower quadrant, with
reported accuracy rates in the diagnosis of appendicitis
of up to 95%-100%[11,52,66]. The obvious disadvantages
of CT include exposure to ionizing radiation and the potential for contrast medium reactions. Those who benefit
most from preoperative imaging are those with an atypical presentation and women of childbearing age. However, it is recognized that this is not without increased cost,
radiation exposure and a potential delay in diagnosis. The
use of US is particularly important in children and can
be of use in premenopausal women[50-52,58]. Institution of
a clinical pathway using CT can lead to a substantial decrease in the number of negative appendectomies from
16% to 4%. CT has greater potential than US to reveal
alternative diagnoses and complications, such as perforation and abscess formation. US has lower sensitivity
than CT in the setting of appendiceal perforation. The
appendix is significantly larger in diameter in perforated
appendicitis than in appendicitis with no perforation (15
mm vs 11 mm). Direct CT signs (i.e., phlegmon, abscess,
and extraluminal air) are more specific for perforated appendicitis. Indirect signs (bowel wall thickening, ascites,
ileal wall enhancement, intraluminal air, and combined
intraluminal air and appendicolith) are also found with
higher incidence in appendiceal perforation[13,53,54,61,63]. Intraluminal appendiceal air in the setting of acute appendicitis is a marker of perforated or necrotic appendicitis.

PROPORTION OF PATIENTS WITH
APPENDICITIS WHO DEVELOP ENCLOSED
APPENDICEAL INFLAMMATION AND
CLINICAL PRESENTATION
Circumscribed appendiceal inflammation is common and
often undiagnosed preoperatively. The proportion of all
patients with appendicitis treated for enclosed inflammation is 3.8%-5.0%. The risk of perforation is negligible
within the first 12 h of untreated symptoms, but then
increases to 8.0% within the first 24 h. It then decreases
to 1.3%-2.0% during 36-48 h, and subsequently increases
again to 5.8%-7.6% for each ensuing 24-h period[42-47].
The diagnosis is suspected in patients with a palpable
mass or with symptom duration > 3 d and is more common in children, especially in those aged < 5 years. Delay
in presentation, age > 55 years, and elevated temperature
(> 38.8 ℃) on admission are predictors of perforated
appendicitis. Additionally, patients older than 55 years
of age have a 29% prevalence of perforated appendicitis
in the first 36 h from symptom onset. Patients with hyperbilirubinemia and clinical symptoms of appendicitis
should be identified as having a higher probability of
appendiceal perforation than those with normal bilirubin
levels[48,49].
Enclosed inflammation is found more often in studies in which the diagnosis is based on CT or US than in
those based on clinical diagnosis (14.2% vs 5.1%). It is
also more common in children than in adults as shown
by the trend of 8.8% in children, 6.5% in patients of all
ages, and 4.8% in adults. There is an early risk of perforation even within the first 36 h of symptom onset, which
may be higher in men than women. This suggests that diagnostic imaging should be used more frequently in children, in patients with a long duration of symptoms, and
in patients with a palpable mass. Appendectomy should
be performed without delay in adults, especially men and
those aged > 55 years once diagnosis is confirmed[42-47].

RADIOLOGICAL DIAGNOSIS
There is continued debate about the relative merits of
US and CT[10-15,50-59]; the latest meta-analysis has concluded that CT[60-69] is significantly more sensitive than
US for the diagnosis of appendicitis, but that US should
be considered in children. Sonography has high sensitivity (86%-100%), specificity (88%-95%), and accuracy
(91%-92%) in diagnosing acute appendicitis. CT is comparable to sonography with respect to sensitivity, specificity, and accuracy for adults (90%-97%, 93%-100%,
and 94%-99%, respectively) and children (95%-97%,
91%-99%, and 96%, respectively) with appendiceal diameter > 6 mm, although some studies have revealed lower
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Recognition of this finding in otherwise uncomplicated
appendicitis at imaging should raise suspicion for imageoccult perforation or necrosis[56]. Defect in the enhancing
appendiceal wall allows excellent sensitivity (94.9%) and
specificity (94.5%) for the diagnosis of perforated appendicitis when evaluated in a group of patients with known
appendicitis. A defect in the enhancing appendiceal wall
has the highest sensitivity (64.3%) of any individual finding[53]. Detecting a defect in the enhancing appendiceal
wall by using cine mode display of transverse thin-section
CT images allows 96.1% accuracy for diagnosing appendiceal perforation[55]. In one series, appendicolith, free
fluid, a focal defect in the enhancing appendiceal wall,
and enlarged abdominal lymph nodes were not sensitive
or specific for the presence of perforation. That study
has concluded that unless abscess or extraluminal gas is
present multidetector CT cannot establish the diagnosis
of perforation[63].
The range of diagnoses that can mimic appendicitis
is wide and includes right ureteric calculus, epiploic appendagitis, torsion of Meckel’s diverticulum, mesenteric
adenitis, inflammatory bowel disease, colitis, gynecological disorders, and right-sided diverticulitis. CT is useful in
differentiating between these disorders[63].
Magnetic resonance imaging (MRI) has had little role
in the evaluation of acute abdominal pain. However,
increasing concerns over the potentially hazardous effects of ionizing radiation associated with CT have made
MRI the study of choice to evaluate pregnant women
and children with symptoms of appendicitis and equivocal US findings. MRI is highly accurate with a sensitivity
of 100%, specificity of 98%, positive predictive value of
98%, and negative predictive value of 100%. Although
MRI may be used in any patient with suspected acute
appendicitis, there is a special role for MRI in pregnant
women with new-onset abdominal pain. MRI has many
advantages. It is valuable in the imaging of pregnant
women and children because there is no exposure to ionizing radiation. Although MRI is safe during pregnancy,
no intravenous contrast should be used during pregnancy
because gadolinium is a category C drug and potentially
teratogenic. However, noncontrast MRI provides detailed
images, which usually provide the correct diagnosis. MRI
is operator independent and the results are highly reproducible. MRI is more useful than US in obese patients
and in patients with a retrocecal appendix, which is difficult to visualize on US. Drawbacks of MRI are that it
is more expensive than other imaging modalities and not
as widely available. The examination itself takes longer to
perform and may be degraded by motion artifact. There
are concerns that, with the exception of trained radiologists, other health care providers are not comfortable
interpreting MRI findings[52,70-73].

primary means of treating acute appendicitis, with mortality rates of 0.5%-2.4% and 0.07%-0.7% for patients
with and without perforation, respectively. Overall, postappendectomy complication rates are typically 10%-19%
for acute appendicitis without perforation and reach
12%-30% for perforated acute appendicitis[19]. Perforation increases the mortality rate of acute appendicitis
from 0.0002% to 3% and increases the morbidity from
3% to 47%[52]. Perforated appendicitis may be treated
first by conservative treatment or percutaneous abscess
drainage with great improvement of the clinical symptoms[74-80]. This is in contrast to nonperforated appendicitis, which requires operation as early as possible in order
to reduce morbidity. Immediate surgical treatment of
enclosed appendiceal inflammation is associated with a >
3-fold increase in morbidity compared with conservative
management, and may result in an unnecessary ileocecal resection or right-sided hemicolectomy for technical reasons or suspicion of malignancy in about 3% of
patients[9,27]. Nonsurgical treatment is successful in about
93% of patients, but may need percutaneous drainage
of abscesses in about 20%. Most perforated appendicitis
give way to generalized peritonitis and cannot be drained.
Indications of drainage are absence of generalized
peritonitis and presence of percutaneously or surgically
drainable abscess[75-78]. Nonsurgical treatment is associated
with lower morbidity and shorter hospital stay compared
with immediate appendectomy. The results of immediate
surgery compared with those of nonsurgical treatment,
eventually followed by interval appendectomy, have been
reported in 19 retrospective studies[27]. Right-sided hemicolectomy for suspicion of a malignant disease or for
technical reasons, but where only inflammatory changes
could be found at histopathological examination, has
been reported in 17 of 493 adult patients. In all but three
of the studies, the authors have concluded that nonsurgical treatment is to be recommended. Conservative treatment is associated with significantly fewer overall complications, wound infection, abdominal/pelvic abscess,
ileus/bowel obstruction, and reoperation. No significant
difference has been found in the duration of first hospitalization, overall duration of hospital stay, and duration
of intravenous antibiotics[79]. Immediate surgery is associated with morbidity in 35.6% of patients compared with
13.5% in nonsurgical treatment and an additional 11.0%
after interval appendectomy. The majority of the studies
have practiced elective interval appendectomy after successful nonsurgical treatment.

PRIMARY NONSURGICAL TREATMENT
FOLLOWED BY DELAYED OR INTERVAL
APPENDECTOMY OR WITHOUT
APPENDECTOMY

IMMEDIATE SURGICAL TREATMENT VS
NONSURGICAL TREATMENT

The results of primary nonsurgical treatment followed
by delayed appendectomy during the same hospital stay
have been compared with those of interval appendec-

Emergency appendectomies are still considered the
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tomy and with or without surgical intervention 6-12 wk
later (interval appendectomy)[80-88]. Delayed appendectomy[89-93] is associated with morbidity in 18.2% compared
with 12.4% after interval appendectomy. The return to
work takes longer for patients treated with interval appendectomy, mainly because the patients want to have
the planned interval appendectomy done before they are
willing to return to work. One prospective study[7] has
randomized patients to primary nonsurgical treatment
followed by delayed or interval or no appendectomy. The
group with nonsurgical treatment without appendectomy
had the lowest morbidity and the shortest length of stay.
In patients with an appendiceal mass, the authors have
concluded that conservative treatment without interval
appendicectomy is the best treatment.

of 10 patients undergoing laparoscopic interval appendicectomy reported no complications and all patients were
discharged on the day after surgery. A prospective study
of open and laparoscopic appendicectomy for acute
appendicitis in 65 patients showed a significantly lower
wound infection rate in the laparoscopic group; however,
it is not possible to extrapolate directly this finding to
interval appendicectomy, even though one would expect
a lower wound infection rate. In one study, the morbidity rates, particularly for intra-abdominal abscesses and
wound infection, were lower for laparoscopic appendectomy in complicated appendicitis than those reported in
the literature for open appendectomy, whereas operating
times and hospital stays were similar[88].

RISK OF RECURRENCE

FAILURE RATE OF NONSURGICAL
TREATMENT AND NEED FOR ABSCESS
DRAINAGE

The recurrence rate of appendiceal pathology if appendicectomy is not performed is central to the debate over
the use of routine interval appendicectomy. For some
authors, the risk of recurrence after successful nonsurgical
treatment was about 10% (3%-25% in the literature) and
was often associated with an appendicolith. The majority
of recurrences occur within 6 mo after initial hospital stay.
Recurrence is characterized by a milder course than the
primary attack in most cases. Elective interval appendectomy is associated with morbidity in about 11% (0%-23%)
of patients. These results do not motivate routine elective
interval appendectomy after successful nonsurgical treatment[16,20,27,98]. The literature review shows that at least
75%-90% of routine interval appendicectomies in adults
are unnecessary. It would be reasonable and perhaps
safer, as malignancy can be missed at appendicectomy, to
replace routine interval appendicectomy with adequate
follow-up of symptoms, performing appendicectomy
only if symptoms recur or persist. Appropriate investigation should be done if the appendix is not removed,
provided the patient has access to surgical care should
symptoms recur[27].

All studies have reported a low failure rate for nonsurgical treatment without appendectomy; some of them
even without giving antibiotics[75-80]. The failure rate for
all the studies was 7.2%. Failure was associated generally
with abscess diameter > 4-5 cm[77-79]. The proportion of
patients in need of abscess drainage is strongly related
to how the diagnosis is made, with 100% in studies of
patients selected because of a drained abscess, 47.5% in
patients with a palpable mass or preoperatively found
abscess, 27.6% in patients with an abscess or phlegmon
diagnosed by CT or US, 9.5% in patients with a palpable
mass, and no need for drainage in studies of patients
with a phlegmon diagnosed by CT or US. There is no association between the need for drainage and patient age.

COMPLICATIONS FOLLOWING INTERVAL
APPENDICECTOMY
The morbidity of interval appendectomy has been reported in a few studies with a pooled value of 11.0%[94-97].
The age of the included patients had no influence on
the results. The complication rate following interval appendicectomy is a consideration to be balanced against
the recurrence rate. The complication rate varies from
8% to 23%. True surgical complications include wound
infection (15.0%), pelvic abscess (5.0%), and aspiration
pneumonia (1.5%). Another retrospective study reported
a complication rate of 13%, but a prolonged fever, which
others may not have cited as a true complication, accounted for almost half of these complications and only
one wound infection occurred in 38 interval appendicectomies. An 8% complication rate was reported in a review
of 50 interval appendicectomies, but about 25% of these
were prolonged fever, about 50% cecal damage, and the
remainder subcutaneous abscesses. Laparoscopic interval
appendicectomy may decrease the complication rate and
length of hospital stay[36,92]. A small retrospective study
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HISTOLOGY
Several studies have examined the microscopic changes
in the interval appendicectomy specimen. Many specimens show chronic inflammatory changes (52%)[5] and
acute inflammation (50%)[3,8]. However, this may be of
little clinical importance in the asymptomatic patient. The
real concern is whether leaving the appendix in situ will
prevent the detection of a cecal carcinoma or an ileal or
appendicular malignancy[27].

RISK OF MISSING OTHER DIAGNOSES
Nonsurgical treatment is associated with a risk of missing or delaying an underlying cancer diagnosis or CD in
about 2% of patients. The concern of failing to diagnose
a rare case of appendiceal malignancy without interval
appendicectomy may persist even with colonic investi-
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gation, although it is likely that these patients will have
recurrent symptoms[99-101]. Most of the cancer cases occur
in patients aged > 40 years. The risk of missing an important alternative diagnosis is probably lower if imaging
is used for the diagnosis of enclosed appendiceal inflammation. This underlines the need of follow-up after nonsurgical treatment, especially in patients aged > 40 years.
By tradition, this follow-up consists of colonoscopy or a
barium study of the colon, but a virtual colonoscopy, CT
scan, or US is probably more accurate to detect malignant
conditions outside the colon or CD. Malignant disease
was detected during follow-up in 1.2% of patients. This
risk was related to age at diagnosis with 0.2% in children,
1.8% in studies of all ages, and 1.4% in adults. There was
no difference in relation to how the diagnosis was done.
CD was detected in 0.7% during follow-up after nonsurgical treatment. This risk was related to age with 0.1% in
children, 0.8% in all ages, and 1.5% in adults. There was
no difference in relation to how the diagnosis was done.
Appendicular malignancy is rare and may be missed if
appendicectomy is not performed; however, it is likely
that such patients will have either a nonresolving mass or
early recurrence. Colonic malignancy is a more common
concern, but interval appendicectomy is not a reliable
method of detecting a cecal tumor. Imaging is needed
when cecal malignancy is possible. Colonic investigation
should be a consideration regardless of whether interval
appendicectomy is performed[27].
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CONCLUSION
15

In patients with suspicion of contained appendiceal inflammation, based on a palpable mass or long duration
of symptoms, the diagnosis should be confirmed by imaging techniques, especially CT scan. The patient should
receive primary nonsurgical treatment with antibiotics
and abscess drainage as needed. After successful nonsurgical treatment, no interval appendectomy is indicated in
some cases, but the patient should be informed about the
risk of recurrence especially in the presence of appendicolith. The risk of missing another underlying condition
(cancer or CD) is low, but motivates a follow-up with a
colon examination and/or a CT scan or US, especially in
patients above the age of 40 years.
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István Fűri, Ferenc Sipos, Tiana M Germann, Alexandra Kalmár, Zsolt Tulassay, Béla Molnár, Györgyi Műzes
to the species-specific differences in TLR9 expression,
however, one must be careful in translating the animal
model data into the human system, because of the differences between CpG-oligodeoxynucleotide-responsive
cells. TLR9 agonist DNA-based immunomodulatory sequences could also represent a promising therapeutic
alternative in systemic inflammatory conditions and
chronic colonic inflammations as their side effects are
not significant.
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Core tip: Toll-like receptor 9 mediated signaling influences and regulates the severity of mucosal inflammation, and seems to have a protective role against
malignant transformation. The modulation of toll-like
receptor 9 signaling by synthetic oligodeoxynucleotide
agonists or antagonists seems to have beneficial therapeutic effect in inflammatory and cancerous colonic
disorders.

Abstract
Toll-like receptors (TLRs) recognize specific motifs
which are frequently present in bacteria, fungi, prokaryotes and viruses. Amongst TLRs, TLR9 can be
activated by such bacterial or viral DNA fragments,
immunoglobulin-DNA complexes or synthetic oligonucleotides, which all contain unmethylated cytosineguanine nucleotide sequences (CpGs). Emerging data
indicate that TLR9 signaling has a role in, and may
influence, colorectal carcinogenesis and colonic inflammation. CpGs are classified into three groups according
to their influence on both the antigen-specific humoraland cellular immunity, and the production of type 1
interferons and proinflammatory cytokines. TLR9 activation via CpGs may serve as a new therapeutic target
for several cancerous and various inflammatory conditions. Due to its probable anti-cancer effects, the application possibilities of TLR9-signaling modulation may
be extremely diverse even in colorectal tumors. In this
review we aimed to summarize the current knowledge
about TLR-signaling in the pathogenesis and therapy of
inflammatory bowel diseases and colorectal cancer. Due
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INTRODUCTION
The immunostimulatory effect of DNA was discovered
by William Coley, a surgeon from New York[1]. He used
living and heat-treated bacteria as a therapeutic option for
different kinds of tumors. It has long been known that

1551

January 28, 2014|First Edition|

Fűri I et al . TLR9 in colitis and CRC

microbes contain many immunostimulatory ingredients.
In 1980, Tokunaga et al[2] identified the bacterial DNA
as a main ingredient of the Coley-lysate. Later, they also
showed that the same immunostimulatory effect could be
achieved by using short synthetic oligodeoxynucleotide
sequences (ODNs)[3,4]. In 2000, it was proven that DNA
sequences are mainly recognized by the members of the
Toll-like receptor (TLR) superfamily[5]. It has also been
proven that in TLR9 knock out mice, microbial DNA
fragments cannot result in an immune response[5]. It was
also shown that the immunomodulating effect of natural
and synthetic ODNs is mainly transmitted by TLR9[6].
Peyer’s patches (PPs) and isolated lymphoid follicles
(ILFs) are immunologic and regenerative organizers of
the gut mucosa, and they also represent a unique switch
point between colonic inflammation and cancer[7]. Microfold (M) cells are located in the follicle associated
epithelium (FAE) of PPs and ILFs, where they mediate the uptake and transcytosis of luminal antigens to
the underlying lymphoid tissue. TLR9 was found to be
preferentially expressed in M cells[8]. Some TLR polymorphisms are known to be associated with the susceptibility
of inflammatory bowel diseases (IBD)[9-11] and sporadic
colorectal cancer (CRC) development[12,13], but the current
and concrete pathogenic role of TLRs, including TLR9,
remains uncertain in these conditions.
In this review we aimed to summarize the current
knowledge about TLR-signaling in the pathogenesis of
IBD and CRC, focusing especially on TLR9. Recent data
indicate that targeting TLR9-signaling may yield new and
promising therapeutic approaches to these conditions.

disease conditions. Imiquimod is a specific ligand for
TLR7. TLR9 could be activated by bacterial and viral
DNA, immunoglobuline-DNA complexes, and synthetic
ODNs, which contain unmethylated CpG sequences[21,22].
The signals transmitted by TLRs activate both innate
and adaptive immunity. Due to the immune evasion nature of tumor cells, the dysregulated activation of adaptive and innate immune systems could result in cytotoxic
effects. This could in turn eradicate the diseased cells or
even control the tumorous progression. TLRs recognize
pathogen-associated molecular patterns (PAMPs) originating from microbiota and could also bind endogenous
ligands, such as danger-associated molecular patterns
(DAMPs)[23]. Both bacterial DNA and synthetic ODNs
activate the innate and adaptive immune system via plasmacytoid dendritic cells (pDCs) and macrophages[24].

TOLL-LIKE RECEPTOR 9 SIGNALING
Due to TLR9-associated activation, pDCs produce
interferon-α which influences the cytokine production
of B cells[24] resulting in pro- (e.g., interleukin 6, tumornecrosis factor-α) and anti-inflammatory (e.g., interleukin
10) cytokine release and co-expression of MHC Ⅱ type
surface antigens.
The activation of TLR9 is a complex pathway. The
uptake of DNA sequences is the most unclear process,
which is influenced by the structure of the DNA fragments. Many cell types can easily take up single stranded
DNA, but the uptake of double stranded DNA may be
more effective if a cationic lipid is used for packing it in,
because TLR9 is located in the intracellular compartment
of endosomes[24,25]. It was shown that fluorescein isothiocyanate labelled CpG DNA is transferred to the intracellular compartment by non-specific endocytosis[25]. This
transport is non-specific, because DNA sequences lacking CpG dinucleotides may also be recognized by TLR9,
and this way of immune activation can be competitively
inhibited by non-CpG sequences[25]. After transportation to the intracellular compartment, endosomal acidic
maturation occurs. This process may be inhibited by pH
raising agents (e.g., chloroquine, bafilomycin A)[25]. Finally
pro- and anti-inflammatory cytokines may be released
and B cell proliferation may be enhanced[25]. The main
steps of TLR9-signaling are summarized in Figure 1.
The signal molecules of this pathway [e.g., myeloid
differentiation primary response gene 88 (Myd88), tumor
necrosis factor receptor-associated factor 6 (TRAF6),
interleukin receptor associated kinase (IRAK)-1, -4; p50/
p65 heterodimer of nuclear factor (NF)-κB] are nonspecific and are also involved in the signaling of other
TLRs. Interferons may also be released by a mitogen activated protein kinase (MAPK)-associated pathway, which
is also intensively being investigated[26].

LIGANDS AND SIGNALING OF TOLL-LIKE
RECEPTORS
TLRs belong to the type 1 transmembrane glycoproteins, which contain extracellular leucin-reach repeated
sequences and Toll/interleukin-1 receptor signaling domains. TLR4 was the first to be identified, and currently
10 TLRs have been identified in humans, while 13 have
been identified in mice[14]. TLRs are mainly expressed in
the cells of the innate and adaptive immunity (i.e., monocytes, macrophages, lymphocytes, mast cells, dendritic
cells), however, some (TLR4, -5 and -9) may be expressed
by modified epithelial cells as well[15]. Apical epithelial
TLR9 activation by bacterial DNA fragments has been
reported to maintain colonic homeostasis[16].
TLRs usually recognize microbial wall components,
DNA and ribonucleic acid (RNA) fragments. TLR1, -2,
-4, -5, and -6 are localized to the cell surface, while TLR3,
-7, -8, and -9 are present in the intracellular compartment[17-20]. TLRs bind specific motifs, which frequently
appear in bacteria, fungi, protozoa, and viruses [21,22].
These motifs can be lipids and lipopeptides (TLR1, -2, -4,
-6), bacterial flagelline (TLR5), and fragments of nucleic
acids (TLR3, - 7, -8, -9). TLR3 binds double stranded
RNA from viruses, while TLR7 and -8 can recognize
single stranded RNAs. Moreover, TLR7 recognizes
immunoglobuline-self-RNA complexes in autoimmune
WCG|www.wjgnet.com
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Figure 1 Toll-like receptors 9-mediated cytokine release in the colonic mucosa. Binding DNA fragments by toll-like receptors (TLRs) of plasmacytoid dendritic
cells (pDCs) results in pro-inflammatory cytokine release and subsequent B cell activation together with both CD80 overexpression and B cell proliferation. CD80 provides a costimulatory signal necessary for T cell activation and survival. IFN: Interferon; TNF: Tumor necrosis factor; IL: Interleukin.

sequences has been proven in mice and in other species,
as well as in in vitro human cell line experiments[27,28]. The
CpG DNA sequences can be classified into three classes
based on the different immune cell-mediated immune
responses and their chemical structure. It has already
been documented how these differences in the chemical structure may determine the immunostimulatory effect of these sequences on immune cells[29]. Liu et al[29]
demonstrated in mice that three CpG-ODN classes can
differentially affect antigen-specific humoral and cellular
immune responses. Specifically, the B- and C-class CpGODNs induced a potent Th1-mediated immunity with
comparable antibody levels as well as CD4+ and CD8+
T cell responses. In contrast, although the A-class CpGODNs weakly enhanced antibody titers and CD8+ T
cell response regarding cytotoxic activity, they were not
able to change the IgG1/IgG2a ratio or elicit antigenspecific, interferon γ-secreting CD4+ and CD8+ T cells.
Consistent with this, three CpG-ODN classes provided
differential antigen-specific protection against an intracellular bacterial infection (i.e., Listeria monocytogenes).
These three classes of CpG-ODNs did not show significant differences regarding the interleukin 12 producing
effect[30,31]. These results may provide not only better
understanding of the adjuvant activities of three CpGODN classes, but also of implications for the rational
design of CpG-ODN adjuvants.

the host to invading bacteria and activate innate immunity. These responses are usually effective in combating
infection and restoring normal host function. However,
in individuals susceptible to IBD, they may become excessive and lead to mucosal damage.
In genes for all the contributing proteins, single
nucleotide polymorphisms (SNPs) have been identified
that may increase IBD susceptibility[32]. There are several
lines of sensing bacterial components (described earlier),
all of which result in activation of NF-κB, and thereby
stimulate the innate immune response. In genes of TLR9
signaling, SNPs have been found that may increase IBD
susceptibility[9,33]. Török et al[9] reported that a SNP in the
promoter region of the TLR9 gene was associated with
increased risk of Crohn’s disease in a German cohort.
These genetic findings confirm an important role for
innate immunity, pro- and anti-inflammatory immune
responses for both gut homeostasis and the development
of chronic inflammation in IBD.
Regarding the connection between polymorphisms in
TLR9 genes and the risk of colorectal cancer no data are
currently available.

ROLE OF TOLL-LIKE RECEPTOR 9
SIGNALING IN COLONIC INFLAMMATION
AND CARCINOGENESIS
The commensal microbiota of the intestinal tract confer
multiple health benefits to the host, including amelioration of IBD. It was recently identified that TLR9-induced
type 1 interferons mediate the anti-inflammatory effects
in experimental colitis[34]. The addition of neutralization
antibodies to type 1 interferons abolished the anti-inflam-

CONTRIBUTION OF TOLL-LIKE RECEPTOR
9 POLYMORPHISM TO DISEASE
DEVELOPMENT
Components of Gram-negative bacterial cell walls alert
WCG|www.wjgnet.com
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matory effects, whereas the administration of recombinant interferon-β mimicked the anti-inflammatory effects
induced by TLR9 agonists.
The relapse of IBD may occur following an infection
with Campylobacter jejuni (C. jejuni). In a murine model of
dextran sulfate sodium (DSS) induced colitis, the infection of the animals by C. jejuni disrupted TLR9-induced
reinforcement of the intestinal epithelial barrier and
colonization by C. jejuni increased the severity of DSSinduced colitis[35].
In humans, the gene expression and protein expression level of not just TLR2, -4, and -8, but also TLR9
increased in the biopsy samples of active ulcerative colitis
patients. Furthermore, the levels of these TLRs positively
correlated with the severity of intestinal inflammation as
well as with inflammatory cytokine production[36]. Based
on these results, it is plausible that TLR9 mediated signaling influences and regulates the severity of the mucosal
inflammation.
In colonic carcinogenesis the role of TLR9 signaling
is not well studied. It was recently published that ODNs
targeting TLR9 oppositely modulate DNA repair genes in
tumor versus immune cells and enhance the biologic effects of chemotherapy[37]. The first publication about the
relation of TLR9 expression to colonic carcinogenesis
was also published nowadays[38]. Eiró et al[38] found TLR9
expression to be higher in hyperplastic or adenomatous
polyps compared to other polyp types. TLR9 expression
was decreased in hyperplastic and villous polyps from
patients who developed colorectal cancer. Their findings
suggest a possible protective role of TLR9 expression
against malignant transformation in the colorectal mucosa.

free 5’ end. The CpG DNA sequence had dimer structure, where the 3-3’ ends were connected by glycerin or
2’-deoxy-7-deazaguanosine modification. Mutation of
the K-ras gene has a critical role in colon, lung and pancreatic cancers, and may cause a resistance to anti-EGFR
therapy[40,41]. This is the reason why panitumumab and
cetuximab therapy do not show a positive effect on the
control of proliferation and metastasis of K-ras mutated
colon cancer. This kind of biologic therapy could be only
useful in the case of patients carrying the wild type K-ras
gene[40].
It was shown in an in vivo murine xenograft model
and in vitro human cancer cell lines (GEO, SW48 and
LS174T) that IMOs can restore the therapy sensitivity for
K-ras mutant colon and pancreatic cancers[40]. These cell
lines, except GEO, were resistant for EGFR inhibition
therapy, if they had a K-ras mutation. A small number of
GEO cells carrying K-ras mutations showed sensitivity
to anti-EGFR antibodies. This demonstrates that cells
could carry a different K-ras mutation and could respond
to EGFR inhibition therapy in a different way based on
their K-ras status[39-41].
TLR9 agonists were also tested on a breast cancer cell
line which was estrogen receptor positive[42]. After estrogen-TLR9 agonist combination the test showed significant reduction of transactivation via the estrogen receptor. Estrogen receptors may also take part in colorectal
carcinogenesis[43,44], therefore, this interaction may have
further therapeutic importance in colorectal cancer as
well.
Currently, TLR9 agonist therapy has been tested clinically on colon, pancreatic and breast cancers[45-48], and
experiments are running on oesophageal squamous cell
cancer[49], melanomas[50], lymphomas[51,52], non-small cell
lung carcinomas[53], renal tumors[47] and androgen resistant prostate cancers[54].

THERAPEUTIC POTENTIAL OF TOLL-LIKE
RECEPTOR AGONISTS

Toll-like receptor agonists in inflammatory bowel
disease
It has long been known that in IBD patients, antibodies against own or microbial antigens can be detected.
Antibodies against Saccharomyces cerevisiae, outer membrane porin, Pseudomonas fluorescens, pancreas, bacterial flagelline as well as anti-chitobioside-, anti-laminaribioside-, and anti-mannobioside antibodies[55] have all been
identified. These antibodies are recognized by PAMP
and DAMP receptors. The most important members of
these receptor families are the nucleotide oligomerization
domain (NOD) - caspase recruitment domain (CARD)
system (mainly NOD2 receptor in Crohn’s disease) and
TLRs. These receptors are localized in the intestinal
mucosa, and by increased activation and genetic polymorphisms these receptors create an excessive immune
response. At the end of the pathway pro-inflammatory
cytokines are released, regulatory T cells are thought to
loose their control function and the Th1/Th17 cell subpopulation becomes over-expressed[55,56-58].
Rachmilewitz et al[56] used IMOs in a DSS-induced

The therapeutic targeting of TLRs may be useful in diseases such as tumors, allergies or viral infections. In these
disorders, TLR agonists and antagonists result in a different immune response. In allergic diseases, like asthma or
inflammatory conditions, such as IBD, these agents have
an important effect on T cells. For a wider spectrum of
anti-tumoral immune response TLR agonists in tumorous diseases require the involvement of the innate immunity, pDCs, monocytes and macrophages, as well as the
activation of Th1-dependent immunity and induction of
apoptosis[28].
Toll-like receptor agonists in colorectal cancer
In 2011, Rosa et al[39] demonstarted that an immunomodulatory oligonucleotide sequence (IMO) in combination with cetuximab has an antitumorous effect on a
K-ras mutated colorectal carcinoma model. This is probably based on the alteration of MAPK phosphorylation
and results in structural and functional changes in the
relationship between epidermal growth factor receptor
(EGFR) and TLR9[39]. They used a synthetic IMO having
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colitis mouse model and found decreased IL-6, IL-12
and interferon mRNA levels. The levels of matrix metalloproteinases were found to be proportionally decreased.
The immunological, clinical, biochemical and histological
results showed decreased activity index of the inflammation. From these data one could suggest that the continuous presence of bacteria and bacterial DNA, which
densely contain non-methylated CpG sequences, may act
as a physiological factor. Furthermore, they could influence the release of inflammatory cytokines in IBD and
thus may serve as a therapeutic tool[57].
A newly developed therapeutic agent is a synthetic
DNA-based immunomodulatory sequence (DIMS0150),
which acts through TLR9 signaling[57]. Based on the results of clinical trials, DIMS0150 seems to restore the
steroid sensitivity of the mucosa in steroid-resistant ulcerative colitis patients. In the third phase of clinical trials, 71% of patients achieved remission after 12 weeks of
administration of this drug[57]. Although it has no notable
side effects, the mode of its administration, namely it has
to be spread over the inflamed mucosa with the help of
a spray catheter during colonoscopy, makes its use widely
intolerable for patients. New ways of drug administration
(i.e., colon solvent capsules) must be developed in the
near future.
Based on the results of clinical trials[45-54], TLR9 agonists are therapeutically safe in vivo. Only some minor side
effects, mainly a dose-dependent local inflammation of
the connective tissue were observed.

as adjuvants and for therapeutic intervention in infectious and tumour model systems. However, one must
be careful in translating the murine data into the human
system, because of the differences between CpG-ODNresponsive cells in mice and humans. One major and
important difference between mice and humans refers to
the expression pattern of TLR9. In humans, only pDC
and B cells express TLR9 and respond directly to TLR9
activation. All other effects of TLR9 ligands on human
immune cells seem to be indirect and depend on factors
produced by pDCs and B cells[61].
The situation in mice is different because not only
pDCs and B cells, but other dendritic cell subsets and
macrophages express TLR9 and thus respond directly to
TLR9 activation[61]. Given this important species-specific
difference in TLR9 expression, mice are not ideal animal
models for establishing TLR9-based therapeutic strategies. The natural ligands for TLR9 can be mimicked by
special CpG-ODNs[62].
Besides rodent models, a few studies have analysed
the immune response of CpG-ODNs in other animals[62].
Guzylack-Piriou et al[63] demonstrated that pig pDCs are
the main producers of interferon-α in response to certain
CpG-ODNs. Importantly, they additionally showed that
myeloid DCs and monocytes/macrophages are refractory
to CpG-ODNs. Thus, the CpG-ODN responsiveness in
pigs seems to mimic the situation in humans, and therefore recommends the pig as an animal model for preclinical studies with CpG-ODN.

THERAPEUTIC POTENTIAL OF TOLL-LIKE
RECEPTOR 9 ANTAGONISTS

CONCLUSION
Since the immunomodulatory effects of TLRs are
known, they are the center of biological, immunological
and therapeutic research. Most of the research teams are
dealing with the potential therapeutic use of TLR9 agonists and antagonists because their use is not restricted to
a specific group of patients. They can be widely applied
in almost all diseases where dysregulated immunity plays
a central role via antibody production or phagocytosis by
macrophages.
TLR9 plays a central role in both innate and adaptive immunity. The signalling cascade mediated by CpG
ODNs is a complicated pathway and contains many
steps, including the synthesis of proinflamatory cytokines
and the production of interferons, and thus significant
activation of pDCs and T-lymphocytes. The activation
of TLR9 acts as a new therapeutic modality in bacterial,
viral, inflammatory and neoplastic diseases. In inflammatory circumstances, TLR9 agonists act by both decreasing the enormous immune activation, especially in
IBD, and setting the balance of the Th1/Th2 immune
response. They may have an effect on the suppression of Th1/Th17 overexpression as well. In tumorous
conditions, especially in colorectal cancer, these agents
were able to restore anti-EGFR therapy sensitivity caused by a K-ras mutation. They also seem to be effective
therapeutic agents in estrogen receptor positive breast

Due to complex signaling of oligodeoxynucleotide binding TLRs (including TLR9) a dynamic regulation of proand anti-inflammatory cytokines is present[59]. Therefore,
TLR9 antagonists and inhibitory oligodeoxynucleotides
(inh-ODNs) also may represent new therapeutic options[60] in the treatment of autoimmune diseases. The
mechanism of their action is by controlling and blocking
the dangerous immune response activated by the selfantigen recognizing receptors. Interestingly, inh-ODNs
have TLR9 (and TLR7) antagonist activity, but this effect
is sequence dependent. These inhibitory oligonucleotides
competitively inhibit TLR9 activation in a manner that
competitively antagonizes the binding of ligands to the
active, proteolytically cleaved TLR9 sequence. Their therapeutic use shows promise in systemic autoimmune diseases, DNA-mediated sepsis, and chronic inflammatory
conditions (e.g., IBD) in which TLR9 plays an important
role[60].

SPECIES-SPECIFIC DIFFERENCE IN TOLLLIKE RECEPTOR 9 EXPRESSION
In the majority of in vivo studies mice were used as animal
models for showing that CpG-ODNs are effective both
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cancers, androgen-resistant prostate tumors, melanomas,
lymphomas, large cell lung cancers and renal tumors. The
side effects of TLR9 agonists are not significant. Further
investigations of these new therapeutic modalities may
have promising results in the near future.
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Abstract
Eosinophilic gastroenteritis (EGE) is a rare disorder characterized by eosinophilic infiltration of the bowel wall
with various gastrointestinal manifestations. Till date only
280 cases have been described in the literature. A high
index of suspicion, by excluding other causes of peripheral eosinophilia, is a pre requisite for accurate diagnosis.
EGE is an uncommon gastrointestinal disease affecting
both children and adults. It was first described by Kaijser
in 1937. Presentation may vary depending on location
as well as depth and extent of bowel wall involvement
and usually runs a chronic relapsing course. This condition can respond to low dose steroid therapy, thereby
preventing grave complications like ascites and intestinal
obstruction that might need surgical intervention. The
natural history of EGE has not been well documented.
Eosinophilic gastroenteritis is a chronic, waxing and waning condition. Mild and sporadic symptoms can be managed with reassurance and observation, whereas disabling gastrointestinal (GI) symptom flare-ups can often
be controlled with oral corticosteroids. When the disease
manifests in infancy and specific food sensitization can
be identified, the likelihood of disease remission by late
childhood is high. GI obstruction is the most common
complication. Fatal outcomes are rare.
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INTRODUCTION
Eosinophilic gastroenteritis is a rare disorder that can
present with various gastrointestinal manifestations
depending on the specific site and specific layer of the
gastrointestinal tract involved. Majority of the cases involve stomach and proximal small bowel. The diagnostic
criteria include demonstration of eosinophilic infiltration
of bowel wall, lack of evidence of extra intestinal disease
and exclusion of other causes of peripheral eosinophilia[1-4].
Eosinophilic gastroenteritis is characterized by the
presence of abnormal gastrointestinal (GI) symptoms,
most often abdominal pain, eosinophilic infiltration in
one or more areas of the GI tract, defined as 50 or more
eosinophils per high-power field, the absence of an identified cause of eosinophilia and the exclusion of eosinophilic involvement in organs other than the GI tract.
It can be classified into mucosal, muscular and serosal types based on the depth of involvement[5,6]. The
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stomach is the organ most commonly affected, followed
by small intestine and colon[7,8]. The anatomical locations
of eosinophilic infiltrates and the depth of GI involvement determine clinical symptoms. The therapeutic role
of steroids and antihelminthic drugs in the treatment of
eosinophilic gastroenteritis is not established. In a few
cases, steroids have produced symptomatic improvement
in controlling malabsorption syndrome[1,9].

immunohistochemically in diseased intestinal wall[21]. In
addition eotaxin has been shown to have an integral role
in regulating the homing of eosinophils into the lamina
propria of stomach and small intestine[22]. Indeed, many
patients have history of food allergy and other atopic
conditions like eczema, asthma etc. In this allergic subtype
of disease, it is thought that food allergens cross the
intestinal mucosa and trigger an inflammatory response
that includes mast cell degranulation and recruitment of
eosinophils[23,24].

EPIDEMIOLOGY
Eosinophilic gastroenteritis occurs over a wide age range
from infancy through the seventh decade, but most commonly between third to fifth decades of life[10,11]. A slight
male preponderance has been reported[12].
Although cases have been reported worldwide, the
exact incidence of eosinophilic gastroenteritis is unclear.
After first described by Kaijser[10], a little less than 300
cases have been reported in the literature. Kim et al[2]
reported 31 new cases of eosinophilic gastroenteritis in
Seoul, Korea, between January 1970 and July 2003.
Venkataraman et al[5] reported 7 cases of eosinophilic
gastroenteritis over a 10-year period in India[5]. Chen et
al[3] reported 15 patients including 2 children, with eosinophilic gastroenteritis in 2003. In eosinophilic enteritis
the morbidity is mainly due to combination of chronic
nonspecific GI symptoms which include abdominal pain,
nausea, vomiting, diarrhea, weight loss, and abdominal
distension and more serious complications like intestinal
obstruction and perforation[13,14].

CLINICAL PRESENTATIONS
The clinical presentations of eosinophilic gastroenteritis
vary according to the site and depth of inflammatory
involvement of different layers of the intestinal wall.
Approximately 80% have symptoms for several years[25].
Occasionally, the disease may manifest itself as an acute
abdomen or bowel obstruction[13,14]. Children and adolescents can present with growth retardation, failure
to thrive, delayed puberty or amenorrhea. Adults have
abdominal pain, diarrhea or dysphagia. Mucosal disease
is the commonest variety that presents with features of
protein losing enteropathy, bleeding or malabsorption.
Failure to thrive and anaemia may also be present. Lower
gastrointestinal bleeding may imply colonic involvement[1,26,27]. Involvement of muscle layer may cause bowel
wall thickening and intestinal obstruction. Cramping and
abdominal pain associated with nausea and vomiting occurs frequently. It can also present as an obstructing caecal mass or intussusception. The subserosal form, which
is least common but can cause more morbidity, usually
presents as eosinophilic ascites, which is usually an exudate, with abundant peripheral eosinophilia. Serosal and
visceral peritoneal inflammation leads to leakage of fluids
but has a more favourable response to corticosteroids. In
literature features like cholangitis, pancreatitis[28], eosinophilic splenitis, acute appendicitis and giant refractory
duodenal ulcer are also mentioned.

PATHOPHYSIOLOGY
Eosinophilic gastroenteritis can involve any part of
gastrointestinal tract from esophagus down to the rectum.
The stomach and duodenum are the most common sites
of involvement[1,13-17]. The etiology and pathogenesis is
not well understood. There is evidence to suggest that
a hypersensitivity reaction may play a role. The clinical
presentations of eosinophilic gastroenteritis vary according
to the site and depth of eosinophilic intestinal infiltration.
The presence of peripheral eosinophilia, abundant
eosinophils in the gastrointestinal tract and dramatic
response to steroids provide some support that the disease is
mediated by a hypersensitivity reaction[1,18]. Moreover, a study
at Mayo clinic showed that 50% of patients with eosinophilic
gastroenteritis give history of allergy such as asthma, rhinitis,
drug allergy and eczema[1]. Peripheral blood eosinophilia
and elevated serum immunoglobulin E (IgE) are usual but
not universal. The damage to the gastrointestinal tract wall
is caused by eosinophilic infiltration and degranulation[19].
Eosinophils are normally present in gastrointestinal mucosa
as a part of host defense mechanism, though the finding in
deeper tissue is almost always pathologic[20]. In eosinophilic
gastroenteritis (EGE) cytokines interleukin (IL)-3, IL-5 and
granulocyte macrophage colony stimulating factor may be
responsible for the recruitment and activation of eosinophils
and hence the pathogenesis. They have been observed
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DIAGNOSTIC EVALUATION
Four criteria are required for the diagnosis of eosinophilic gastroenteritis namely-presence of gastrointestinal
symptoms, eosinophilic infiltration of gastrointestinal
tract, exclusion of parasitic disease and absence of other
systemic involvement. The presence of peripheral eosinophilia is not a universal phenomenon[1,29].
A thorough evaluation of the patient is necessary,
starting with laboratory evaluation.
After a detailed history and physical examination, a
complete blood count plays an important role. Peripheral
blood eosinophilia is found in 20%-80% of cases. Average count is 2000 eosinophils (eos)/µL in patients with
mucosal layer involvement, 1000 eos/µL in patients with
muscle layer involvement, and 8000 eos/µL in patients
with serosal involvement. Iron-deficiency anemia may be
evident on mean corpuscular volume. Serum albumin may
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Figure 1 Endoscopy showing small superficial ulcers in stomach.

be low, especially in patients with mucosal involvement.
Fecal protein loss can be assessed by measuring
alpha1-antitrypsin in a 24-h feces collection. It is used
to identify the inability to digest and absorb proteins in
the GI tract. The normal value is 0-54 mg/dL. Patients
with eosinophilic gastroenteritis have elevated alpha1antitrypsin in their feces. Protein loss can also result in
low levels of total immunoglobulins, but serum IgE
could be elevated, which then strongly supports the diagnosis of eosinophilic gastroenteritis in conjunction with
other findings. The erythrocyte sedimentation rate can be
elevated in few cases.
Stool examination should be performed to rule out
parasitic infestation. Mild-to-moderate steatorrhea is
present in approximately 30% of patients. This can be
measured by qualitative and quantitative stool tests. Skin
prick tests help to identify sensitization to specific ingestant and/or inhalant allergens.
Computed tomography (CT) scan may show nodular
and irregular thickening of the folds in the distal stomach
and proximal small bowel, but these findings can also
be present in other conditions like Crohn’s disease and
lymphoma. On ultrasonography ascitic fluid is usually detected in patients with serosal involvement.
Radiographic changes are variable, nonspecific, and/
or absent in at least 40% of patients. Gastric folds can
be enlarged, with or without nodular filling defects. In
extensive disease strictures, ulceration or polypoid lesions
may occur and valvulae conniventes may be thickened
and flattened. In eosinophilic gastroenteritis involving
the muscle layer, localized involvement of the antrum
and pylorus may occur, causing narrowing of the distal
antrum and gastric retention. The small intestine may be
dilated, with an increase in the thickness of the mucosal
folds. Prominent mucosal folds may be observed in the
colon. Other tests like exploratory laparotomy may be
indicated in patients with serosal eosinophilic gastroenteritis.
The endoscopic appearance is nonspecific. It includes
erythematous, friable, nodular, and occasional ulcerative
changes[3] (Figure 1). Sometimes diffuse inflammation
results in complete loss of villi, involvement of multiple
layers, submucosal oedema and fibrosis[30,31]. When performing endoscopy, it is necessary to obtain at least 6
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Figure 2 Large numbers of eosinophils are often present in the muscularis and serosa. A, B: Showing dense eosinophilic infiltrates in the lamina propria and mucosa (× 10); C: Showing dense eosinophilic infiltrates in the lamina
propria and mucosa (× 40).

biopsy specimens from normal and abnormal areas of
the bowel to exclude the possibility of sampling error. In
patients with esophageal or colonic symptoms, additional
biopsy specimens may be obtained from the relevant sites
to aid the diagnosis.
Patients with serosal disease present with ascites. Abdominal paracentesis demonstrates a sterile fluid with a
high eosinophil count. Pleural effusion also may be present.
The diagnosis can be confirmed on histopathological
examination of gastric and duodenal biopsies. The gross
appearance of eosinophilic gastroenteritis upon endoscopy shows erythematous, friable, nodular, and often
ulcerated mucosa. Microscopy demonstrates increased
numbers of eosinophils (often > 50 eos per high-power
field) in the lamina propria. Large numbers of eosinophils are often present in the muscularis and serosa (Figure 2). Localized eosinophilic infiltrates may cause crypt
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copy, ridges or furrows may be seen in the esophageal
mucosa. Presence of white exudates in esophagus is also
suggestive of the diagnosis[37,38].
Treatment
The role of steroids and antihelminthic drugs is not well
established. However, in a few cases, steroids have been
reported to produce symptomatic improvement in controlling diarrhea and protein losing enteropathy[9].
Corticosteroids are the mainstay of therapy with a
90% response rate in some studies (Figure 3). Appropriate duration of steroid treatment is unknown and relapse
often necessitates long term treatment. Various steroid
sparing agents, e.g., sodium cromoglycate (a stabilizer of
mast cell membranes), ketotifen (an antihistamine), and
montelukast (a selective, competitive leukotriene receptor
antagonist) have been proposed, centering around an allergic hypothesis, with mixed results[24,39,40].

Figure 3 Post treatment (low dose steroid) biopsy showing resolution of
disease.

hyperplasia, epithelial cell necrosis, and villous atrophy.
Diffuse enteritis with complete loss of villi, submucosal
edema, infiltration of the GI wall, and fibrosis may be
apparent. Mast cell infiltrates and hyperplastic mesenteric
lymph nodes infiltrated with eosinophils may be present[1,27,31,32]. Infiltration is often patchy, can be missed and
laparoscopic full thickness biopsy may be required.
Histologic analysis of the small intestine reveals increased deposition of extracellular major basic proteins
and eosinophilic cationic proteins.
Radio isotope scan using technetium (99mTc) exametazime-labeled leukocyte single-photon emission CT
may be useful in assessing the extent of disease and response to treatment but has little value in diagnosis, as
the scan does not help differentiating EGE from other
causes of inflammation[33,34].
When eosinophilic gastroenteritis is observed in association with eosinophilic infiltration of other organ
systems, the diagnosis of idiopathic hypereosinophilic
syndrome should be considered[35].

Corticosteroids
Fluticasone inhaled (Flovent): Decreases recruitment
of inflammatory cells including eosinophils and decreases
the release of eotaxins and other inflammatory mediators. Dosage required is higher than that used in asthma.
Prednisolone (AK-Pred, Delta-Cortef): Decreases
inflammation by suppressing migration of polymorphonuclear leukocytes and reducing capillary permeability.
Equivalent dosages of prednisone or methylprednisolone
may be used.
Budesonide (Pulmicort Respule) oral viscous suspension: Decreases inflammation, reduces capillary permeability[6].

MAST CELL STABILIZERS
Cromolyn (Intal, Gastrocrom): Inhibits release of histamine, leukotrienes, and other mediators from sensitized
mast cells. It also inhibits the influx of neutrophils, as
well as the formation of the active form of NADPH
oxidase, which in turn prevents tissue damage caused by
oxygen radicals.

Differential diagnosis
The main differential diagnoses are: (1) eosinophilic
esophagitis; (2) eosinophilic ascites; (3) coeliac disease; (4)
protein losing enteropathy from intolerance to cow milk
protein; (5) infantile formula protein intolerance; and (6)
idiopathic hypereosinophilic syndrome.
A diagnosis of idiopathic hypereosinophilic syndrome
can be ruled out when there is absence of eosinophilic
infiltration in all other organs except the bowel[35].
In celiac disease, biopsy of small bowel shows blunting of villi, crypt hyperplasia, and predominantly lymphocyte infiltration of crypts. Coeliac disease is caused by
a reaction to gliadin, a prolamin (glutenprotein) found in
wheat, and similar proteins found in other grains[36].
In eosinophilic esophagitis only the eosophagus is
involved and not the whole bowel. A minimum of 15 eosinophils per high power field is required to make the diagnosis. Typically, eosinophils can be found in superficial
clusters near the surface of the epithelium. An expansion
of the basal layer is also seen in response to the inflammatory damage to the epithelium. At the time of endos-
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Leukotriene receptor antagonists
Prevent or reverse some of the pathologic features associated with the inflammatory process mediated by
leukotrienes C4, D4 and E4. Successful treatment of eosinophilic gastroenteritis has been reported in few cases,
mainly with Montelukast (Singulair) which is a potent and
selective antagonist of leukotriene D4 at the cysteinyl
leukotriene receptor, CysLT1[41].
Role of surgical care
Surgery is avoided, except when it is necessary to relieve
persistent pyloric or small bowel obstruction. Most patients
respond to conservative measures and oral glucocorticosteroids. Recurrence is possible, even after surgical excision.
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Prognosis
The natural history of EGE has not been well documented. Eosinophilic gastroenteritis is a chronic, waxing
and waning condition. Mild and sporadic symptoms can
be managed with reassurance and observation, whereas
disabling GI symptom flare-ups can often be controlled
with oral corticosteroids. When the disease manifests in
infancy and specific food sensitization can be identified,
the likelihood of disease remission by late childhood is
high. GI obstruction is the most common complication.
Fatal outcomes are rare.
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Preventive and diet therapy
The strong association of eosinophilic gastroenteritis
with food allergies has prompted the use of restrictive or
elemental diets. Initially, a trial elimination diet that excludes milk, eggs, wheat and/or gluten, soy, and beef may
be helpful. Skin testing can identify food hypersensitivity.
If a prohibitive number of food reactions are found, an
amino-acid-based diet or elemental diet may be considered. Educate patients to avoid foods that they cannot
tolerate and to seek medical care when needed.
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Core tip: The link between non-alcoholic fatty liver
disease (NAFLD) and irritable bowel syndrome (IBS)
should be carefully evaluated in future research, representing an intriguing field of investigation. A better
understanding of the role of systemic inflammation and
activation of the immune system may be necessary to
clarify obscure points of NAFLD and IBS pathogenesis,
and therefore it can be helpful in the development of
new therapies.
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Abstract
Non-alcoholic fatty liver disease (NAFLD) and irritable
bowel syndrome (IBS) are two very common diseases
in the general population. To date, there are no studies
that highlight a direct link between NAFLD and IBS, but
some recent reports have found an interesting correlation between obesity and IBS. A systematic PubMed
database search was conducted highlighting that common mechanisms are involved in many of the local and
systemic manifestations of NAFLD, leading to an increased cardiovascular risk, and IBS, leading to microbial dysbiosis, impaired intestinal barrier and altered intestinal motility. It is not known when considering local
and systemic inflammation/immune system activation,
which one has greater importance in NAFLD and IBS
pathogenesis. Also, the nervous system is implicated.
In fact, inflammation participates in the development of
mood disorders, such as anxiety and depression, characteristics of obesity and consequently of NAFLD and,
on the other hand, in intestinal hypersensitivity and
dysmotility.

INTRODUCTION
Fat accumulation in the liver in the absence of specific
causes of hepatic steatosis, such as alcohol consumption,
with or without liver inflammation and its consequences,
is described as non-alcoholic fatty liver disease (NAFLD)[1].
To date, there are no studies that highlight the link between NAFLD and irritable bowel syndrome (IBS), but
some recent reports have found an interesting correlation between obesity and IBS. A relationship between
body mass index (BMI) and IBS-like symptoms seems to
exist[2,3]. Moreover, in IBS subjects a high BMI is associated with significantly faster colonic and recto-sigmoid
transit and high stool frequency[4]. Cremonini et al[5] have
compared obese binge eaters and non binge eaters to
healthy controls and have evidenced that obese subjects
more frequently have constipation, diarrhea, straining and
flatus regardless of the eating disorder, and that obese
binge eaters are characterized by more recurrent upper
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and lower gastrointestinal symptoms. Clements et al[6] have
highlighted that obese patients experience more severe
gastrointestinal symptoms than healthy controls, and that
after laparoscopic Roux-en-Y gastric bypass they have increased abdominal pain, gastroesophageal reflux disease,
sleep disturbance and IBS symptoms. The development
of small intestinal bacterial overgrowth (SIBO) may explicate, perhaps partially, the incidence of IBS symptoms
in obese subjects with previous abdominal surgery, and
in this case the bacterial overgrowth may be the consequence of changes in the function and in the morphological structure of the gut[7].
NAFLD pathogenesis is strictly allied to metabolic
syndrome, insulin resistance and obesity[8,9] but inflammation plays an equally important role. Day et al[10] have
developed in 1998 the classical “two-hit” theory: liver fat
accumulation is the “first-hit”, linked to obesity, insulin
resistance and metabolic syndrome, while the “secondhit” is activated by hepatic inflammation, together with
oxidative stress and endotoxemia, which have a key
role in the progression to non-alcoholic steatohepatitis
(NASH) and, over time, to fibrosis, until the development
of cirrhosis[11].
Actually, this classic view has been revised, because a
frank distinction between “first-hit” and “second-hit” is
not easy to make, leading to the “multiple-hit theory”[12].
Recent studies have shown that, independently from fat
accumulation in the liver, obesity systemically leads to
activation of the immune system and low-chronic inflammation from the first stage of the disease[13].
Obesity and hepatic fat accumulation are hypothetically implicated in IBS genesis or development. Moreover, an initial correlation between IBS and NAFLD can
be suggested by some interesting data. In the pathogenesis of NAFLD and NASH, there is a strong involvement
of the gastrointestinal system, as evidenced by many
studies on the so-called “gut-liver axis”, aiming to comprehend the role of gut microbiota, SIBO and intestinal
permeability dysfunction[14]. On the other hand, hepatic
fat accumulation and hepatic inflammation in NAFLD
subjects[15] and gastrointestinal symptoms in IBS subjects[16] both improve after therapy with probiotics.
IBS, one of the most common gastrointestinal disorders with an estimated prevalence of 7%-10% worldwide[17], is characterized by abdominal pain/discomfort,
changes in bowel habits and no association with organic
cause. Despite the fact that in IBS subjects macroscopically evident pathological lesions at colonoscopy have not
been found, molecular biology and in-depth histological
investigations have revealed the activation of the immune
system. A key piece of evidence is that the exposure of
rodent[18-20] or human[21] tissues or cell cultures[22] to mucosal or luminal mediators from IBS subjects leads to impaired nervous stimulation or intestinal barrier damage.
A proportion of patients develop IBS symptoms after
infectious gastroenteritis, or in a remission state from microscopic colitis, Crohn’s disease and ulcerative colitis, or
on a gluten-free diet for celiac disease[23].

WCG|www.wjgnet.com

Inflammation and immune system activation may be
the mechanisms linking two apparently very different
diseases, and the purpose of our review is to collect key
evidence supporting their relationship and therefore to
explain the pathophysiological link between the intestine
and the liver, which is exquisitely firstly anatomical and
consequently also functional.

IMMUNITY IN NAFLD
A low-grade chronic inflammation underlies all NAFLD
entities/stages and can develop and promote the liver
damage[13].
Innate and adaptive immune pathways are activated
in obesity and many findings show that adipose tissue
inflammation exacerbates hepatic steatosis and promotes
non-alcoholic steatohepatitis (NASH). Obese individuals more frequently develop infectious diseases[24-26] as
complications after surgery[27,28], and an increased BMI is
associated with enhanced risk of infections in institutionalized geriatric patients[29].
The adipose tissue has an important role in regulating
energy utilization, vascular functions and immune system
homeostasis[30]. C-reactive protein (CRP)[8], interleukin
(IL)-6[31], fibrinogen and plasminogen activator inhibitor-1[32] levels are higher in obese patients compared to
healthy subjects. Stanton et al[33] have recently found that
obese mice, after high fat and high cholesterol diets, express abnormal levels of macrophages and inflammationassociated genes in adipose tissue and in liver.
Obesity can influence liver metabolism directly, via
circulating free fatty acids (FFA), and indirectly, via proinflammatory cytokine production. FFA and other lipids
in hepatocytes are involved in production of reactive
oxygen species, mitochondrial dysfunction and endoplasmatic reticulum stress. They have proapoptotic capacity
and can stimulate proinflammatory signaling pathways[30].
FFA from adipose tissue, food and intestinal bacteria can
bind toll like receptors (TLR) expressed on immune cells
systemically and also in the liver, and enhance the hepatic
expression of TLR-4 and TLR-2[34], these being receptors
fundamental to the activity of immune system.
The presence of a dysregulation of the immune system in NAFLD has been firstly evidenced by the modification in immune cell populations in the liver. Natural
killer (NK) cell circulating levels are reduced in obese
rats[35]; meanwhile in the liver of NASH subjects their
concentration is increased[36]. These cells have anti-fibrotic effects and produce apoptosis directly[37] and via interferon gamma (IFNγ) production[38] from hepatic stellate
cells (HSC), which have a major role in liver fibrosis[39]. In
the light of the strict resemblance between NASH and alcoholic hepatitis, Jeong et al[40] have detected that alcohol
contributes to the anti-fibrotic effect of IFNγ and NK
cells in animals.
Another immune cell population, natural killer T
(NKT) cells, which express NK cell markers and α/β T
cell receptors, are reduced in steatotic, obese mice[41,42]
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and in humans[43]. NKT cells are able to produce both T
helper (Th) 1 and Th2 cytokines but their depletion in
NAFLD has been associated with Th1 polarization of
hepatic T cells in mice[44,45].
Two T helper cell subsets were recently discovered
and are strictly related to the innate immune response.
Th17 cells on one side and Treg cells on the other balance tolerance and elicitation of immune responses[46].
Th17 cells produce IL-17, IL-21 and IL-22, and require
transforming growth factor-β (TGF-β ) and IL-6 for
their differentiation[47], the same cytokines that inhibit
Treg cells. A Chinese study group has recently discovered
that oxidative stress induces Treg cell apoptosis in mice
with fatty livers[48] and subsequently has found also that
Th17 cells are increased in the liver of animal and human
NASH models[49].
Kupffer cells (KC) are liver macrophages involved in
the response to such stressors as infections, ischemia and
toxins[50] and they are also implicated in liver inflammation and NASH progression[51].
Tumor necrosis factor (TNF) -α, a cytokine produced
by KCs, hepatocytes, and abdominal fat, is associated
with the development in rodents[52,53] and in humans[54-57]
of insulin resistance, NAFLD and NASH. The role of
TNF-α in NAFLD may be due to its capacity to induce
hepatocyte apoptosis, insulin resistance and to regulate
KC activation locally[58,59]. Moreover, TNF-α regulates
hepatic lipid metabolism[60].
In a NASH animal model involving choline-deficient
diet fed rats it was found that there was an increase in
serum and portal alanine aminotransferase levels and hepatic TNF-α, IFNγ and TLR4. Higher TNF-α levels were
detected in KCs and, most importantly, increased TNF-α,
TLR4 expression, and macrophage/dendritic cell populations were found in ileal tissue specimens, demonstrating
also the involvement of the gut in steatotic liver damage[61].
To date, it is debatable whether circulating levels
of TNF-α may discriminate the presence of NAFLD
in obese subjects or in subjects with metabolic syndrome[62,63], but they seem to be useful in the non-invasive
diagnosis of hepatic fibrosis in NASH[64].
IL-6 is a polyvalent cytokine with proinflammatory
and prooncogenic activity, and it supports hematopoiesis[65] and is a predictive marker of insulin resistance and
cardiovascular diseases[66]. In animal[67] and human[68,69]
models respectively, hepatic and serum IL-6 levels are
higher in NAFLD. Initially this cytokine was considered
hepatoprotective because it reduces oxidative stress and
prevents mitochondrial dysfunction in animal models[70,71].
Moreover, there are contrasting data on IL-6 production
in the liver of NAFLD subjects[57,72]. IL-6, with TNF-α,
suppresses adiponectin levels; meanwhile, TNF-α stimulates the production of leptin[73,74]. Adiponectin is an
adipocytokine with anti-inflammatory properties and it
decreases in subjects with increased liver fat concentration[75]. Leptin has opposite effects; it activates neutrophils
and innate immune system[76], is associated with obesity
and may contribute to NAFLD progression[77]. IL-6 production is also enhanced by TNF-α and IL-1 and can act
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with paracrine and endocrine mechanisms to activate IL-6
signaling systemically and peripherally in other organs
such as liver and muscle[13]. FFA and IL-17 synergistically
induce IL-6 production; on the other hand IL-6, with
TGF-β1, enhances Th17 response in in vitro HepG2 cell
models[49]. Tarantino et al[78] have also observed that, surprisingly, NAFLD subjects have increased TGF-β1 blood
levels compared with those with chronic hepatitis C.
An anti-inflammatory cytokine, IL-10, is protective
for hepatic steatosis, as seen in IL-10 deficient mice[79] as
well as in NAFLD humans[80], and the inhibition of IL-10
promotes hepatic steatosis, enhances the expression of
proinflammatory cytokines and impairs insulin signal
transduction[81]. Main data on the pathophysiological role
of inflammatory cytokines in NAFLD are summarized in
Table 1.
Brun et al[82] have observed that HSCs isolated from
genetically obese and diabetic mice show more pronounced fibrogenic responses induced by lipopolysaccharide (LPS) than HSCs from lean animals. Thus, HSCs are
more sensitive to bacterial endotoxins, because genetically obese mice have an impaired intestinal permeability
leading to increased portal endotoxemia. To expand on
the evidence that systemic inflammation is also related
to intestinal inflammation, a recent study undertaken by
Kant et al[83] has found that weight loss in obese subjects
reduces fecal calprotectin levels. Precedent studies have
pointed out that circulating calprotectin levels are related
to increased BMI[84,85]. As detailed later, the intestine, and
especially intestinal inflammation, is closely related to
NAFLD pathogenesis.

IMMUNITY IN IBS
In IBS subjects a low chronic inflammation is present
and many other immune phenomena are also points of
contact with hepatic steatosis.
The intestinal mucosa physiologically contains immune cells much more than other organs and tissues,
and this is mainly due to its anatomical configuration and
function as the first barrier of the organism[86]. In the
“irritated” gut there is an increased population of immune cells in the small and large intestine, as reported in
many studies[87,88]. Moreover, the inflammatory infiltrate is
lower than in ulcerative colitis (UC) but is similar to that
revealed in microscopic colitis[89]. These findings, with
others discussed later, lead to the theory that IBS could
be considered as an inflammatory disease.
The adaptive immune system is involved in the low
grade inflammation of the gut, specifically, CD3+, CD4+
and CD8+ T cell count is increased[89-91] in the gut and in
the peripheral blood of IBS subjects.
The innate immune response is also implicated in
IBS pathogenesis. An increased number of mast cells are
found in the small[92] and large[93] intestine. These cells
are in close contact with enteric nerve endings[94] and this
is an important factor in the neuronal stimulation that
underlies the establishment of typical IBS symptoms[95].
Braak et al[96] are discordant on this point because they
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Table 1 Principal findings on inflammatory cytokines in non-alcoholic fatty liver disease in humans, and in in vitro and animal models
Principal findings
TNF-α
In vitro: FFA induce TNF-α gene expression[60]. KC and hepatocytes from NAFLD produce ↑ TNF-α and ↑ lipid peroxidation and accumulation[59,61].
TNF-α induces hepatocyte apoptosis[59]
Animal: TNF-α regulates KC apoptosis[58]. Hepatic, portal blood and intestinal TNF-α is ↑[52,53,61]
Human: Circulating levels are ↑ in NAFLD and NASH[57,68]. Contrasting data on simple FL[55,62]. They correlate with activity and progression of NAFLD[64]
But do not differentiate mild to severe NASH[60]. NASH subjects have also ↑PBMCs TNF-α, IL-6 and IL-8 production[68]. TNF-α mRNA expression is ↑ in
liver and fat of NASH compared with NAFLD[57], but there are contrasting data[55,238] TNF-α polymorphism is most frequent in NAFLD and correlates
also with IR[56]
IL-6
In vitro: FFA induces IL-6 expression in hepatic cell cultures[72] and enhances Th17 response[49]
Animal: IL-6, TNF-α, IL-8 production is ↑ in liver and muscle of NAFLD mice[64]. Possible hepatoprotective role[70,71]
Human: ↑ IL-6 blood levels and other inflammatory and cytonecrosis indexes in NAFLD and NASH subjects compared to controls and obese[57,68,69]. IL-6
is an index of NASH activity and progression[72]. Normal levels of IL-6 and normal spleen longitudinal diameter may be useful in excluding NASH from
NAFLD[34]. IL-6 tissue expression is controversial in liver of NAFLD[57,72]
IL-8
In vitro: IL-8 with TNF-α are ↑ in NAFLD and in NASH compared to FL[64]. FFA induces IL-8 expression[60]
Human: Blood levels of IL-8, IL-6 and TNF-α are ↑ in NASH[68,69]
IL-1β
Animal: NAFLD rats express similar IL-1β, TNF-α and IL-6 levels in liver and in muscle[64]
Human: TNF-α, IL-6 and IL-1β blood levels are ↑ in NAFLD and NASH[68,69]
TGF-β1
In vitro: IL-17 and FFA induce IL-6 in hepatocytes and IL-6, with TGF-β1, enhance Th17 response[49]
Human: TGF-β1 blood levels in NAFLD are ↑ than CHC[78]
IL-10
Animal: After IL-10 inhibition, TNF-α, IL-6 and IL-1β levels increase in liver of HFD mice[81]. IL-10 knock-out mice have ↑ FFA plasma levels and hepatic TG[79]
Human: In NAFLD and obese children, lower IL-10 blood levels correlate with markers of visceral and subcutaneous fat, insulin, HOMA-IR, ALT, AST
and GGT[77]
IL-17
In vitro: IL-17 and FFA induce IL-6 production[49]
Animal: LPS-induced liver injury ameliorated after IL-17 blockade in HFD rats[49]
Th2 cytokines (IL-4, IL-5, IL-13)
Animal: Rats genetically oriented to a Th1 response develop steatosis and lobular inflammation more than others oriented toTh2 response[44,45]
TNF-α: Tumor necrosis factor-α; FFA: Free fatty acids; KC: Kupffer cells; NAFLD: Non-alcoholic fatty liver disease; NASH: Non alcoholic steatohepatitis;
FL: Fatty liver; PBMCs: Peripheral blood mononuclear cells; IL: Interleukin; IR: Insulin resistance; TGF-1β: Tumor growth factor 1 β; Th17: T helper
17; CHC: Chronic hepatitis C; HFD: High fat diet; TG: Triglycerides; HOMA-IR: Homeostasis model of assessment-insulin resistance; ALT: Alanineaminotransferase; AST: Aspartate-aminotransferase; GGT: γ-Glutamyltransferase; LPS: Lipopolysaccharide; Th2: T helper 2; Th1: T helper 1.

controls, and also in the same population there is an impaired permeability in the proximal and distal gut.
There are contrasting data on the role of Treg cells,
a T cell subpopulation with regulatory functions in IBS:
these cells seem to be normally or under-expressed in
intestinal tissues and blood of IBS subjects[104,105], even
though previously Chadwick et al[88] have observed increased CD25+ T cell population in the lamina propria of
IBS subjects. The role of Th17 cells in the pathophysiology of IBS is still unexplored but, recently, Andoh et al[106]
have summarized the main evidence on the role of this
subpopulation in intestinal inflammation. It would be interesting to see if IBS might be involved in the dysregulation between Th17 and Treg cells as shown in NAFLD.
Studies on proinflammatory cytokine production in
IBS have evidenced the activation of both the innate and
adaptive immune systems. Indeed, different study methods were used to explore the systemic cytokine production and results were not always concordant[107].
IL-6 and TNF α are the most studied inflammatory cytokines in IBS. In many reports blood levels of
TNFα and IL-6 are increased[108-112]. Similar results are
reported in cultured peripheral blood mononuclear

have observed a decreased number of mast cells, macrophages and T cells in IBS subjects. Moreover, they do not
find visceral hypersensitivity or abnormal stress response.
Few reports have examined other immune cells involved in the innate immune system in IBS. NK cells[97]
and neutrophils[98] may be hyper-activated but, to determine their role in intestinal inflammation, more studies
are needed.
Contrasting data are reported on the monocyte/
macrophage population. These cells were reduced[99] or
normal[90] in number in the gut of IBS patients compared
to controls but they may be hyper-activated, as seen by
increased calprotectin expression[90]. Calprotectin is a calcium-binding protein produced by phagocytes with proinflammatory activity, such as leukocyte recruitment[100].
Fecal calprotectin may be useful in the differential diagnosis between inflammatory bowel diseases (IBD) and
IBS[101]. Moreover, other authors have observed that patients with IBD and IBS-like symptoms have significantly
higher fecal calprotectin levels than those with IBD but
without IBS symptoms[102]. Shulman et al[103] have shown
that fecal calprotectin concentration is greater in children
with IBS and functional abdominal pain compared to

WCG|www.wjgnet.com

1568

January 28, 2014|First Edition|

Scalera A et al . IBS and NAFLD
Table 2 Principal findings on inflammatory cytokines in irritable bowel syndrome in humans, and in in vitro and animal models
Principal findings
TNF-α
Animal: D-IBS supernatants have ↑ levels of proinflammatory cytokines and they cause hypersensitivity in mouse colonic afferent endings[122]
Human: IBS has ↑ circulating TNF-α levels[109,112], especially D-IBS[112] or in patients with comorbidities such as fibromyalgia, premenstrual dysmorphic
disorder and chronic fatigue syndrome[109]. Baseline and LPS-stimulated levels in PBMCs of proinflammatory cytokines as TNF-α, in IBD and D-IBS, are
↑ and are related to symptom intensity[108]. TLR-2, TLR-4 and TLR-5 antagonists induce TNF-α production[128]. No difference in TNF-α and other
proinflammatory cytokine production (IL-6 and IL-1β) in the gut of IBS subjects compared to controls[116]
IL-6
In vitro: No differences in colonic production between IBS and controls 116. IL-6 have excitatory action on colonic cells from IBS rats producing neuronal
activation and absorption/secretory responses[115]
Animal: IL-6 colonic secretion is ↑ in IBS rats and activate submucosal neurons[127]
Human: IL-6 blood levels are ↑ in all IBS subtypes[109-111]. IL-6 levels are related to ACTH response and ∆ACTH/∆Cortisol ratio[110]. Baseline and LPS or
TLR agonist-stimulated PBMC levels are ↑ in IBS[108]
IL-8
In vitro: Reduced expression of mRNA of IL-8 in ex vivo biopsy cultures[116]
Human: Circulating levels of IL-8 are ↑ in IBS[109-111,119]. TLR-3 and TLR-7 agonists induce IL-8 production in PBMCs[128]
IL-1β
Animal: In stressed rats with previous acute colitis IL-1β mRNA expression is ↓[117]
Human: ↑ IL-1β levels in IBS[108,128], in C-IBS and in D-IBS[108]. With TNF-α, IL-1β ↑ levels are found in IBS subjects with fibromyalgia, premenstrual
dysmorphic disorder and chronic fatigue syndrome[109]. IL-1β ↑ production in PBMCs stimulated by antiCD3/CD28 antibody[91] and by TLR-4 and
TLR-5 agonists[128]. Increased IL-1β expression in rectum of PI-IBS[121]
TGF-1β
Animal: No different expression of TGF-β1 protein in colon of IBS rats[11]
Human: TGF-1β intermediate producers may be at risk of developing IBS[114]
IL-10
Human: IBS subjects have ↓ circulating levels of IL-10[112]. Altered IL-10/IL-12 ratio in PBMCs with Th1 proinflammatory state[113]. IL-10 levels are ↓
and IFNγ levels are ↑ in colon of PI-IBS compared to non PI-IBS and controls[119]. IL-10 high producer genotype is protective against IBS[114]
Th2 cytokines (IL-4, IL-5, IL-13)
Animal: Th2 cytokines may have a role in intestinal hypercontractility[123]
Human: Stimulated PBMCs IL-5 and IL-13 levels are ↑ in IBS[124]
TNF-α: Tumor necrosis factor α; D-IBS: Diarrhoea-predominant irritable bowel disease (IBS); IBD: Inflammatory bowel disease; LPS: Lipopolysaccharide;
PBMCs: Peripheral blood mononuclear cells; TLR: Toll like receptor; IL: Interleukin; ACTH: Adrenocorticotropic hormone; C-IBS: Constipationpredominant IBS; PI-IBS: Post-infectious IBS; TGF-1β: Tumor growth factor 1 β; IFNγ: Interferon γ; Th2: T-cell mediated helper response.

cells[108,111]. Studies on Peripheral blood mononuclear cells
(PBMCs) have also noticed decreased levels of the antiinflammatory IL-10[112,113], in agreement with the systemic
inflammatory state in IBS. Moreover, the IL-10 high
producer genotype seems to be protective against IBS,
whereas IL-10 low producer, and maybe even TGF-1β
intermediate producer genotypes, are a risk factor for IBS
development[114]. In IBS mice, IL-6 may enhance colonic
cells neuronal activation and their absorption/secretory
responses[115]. The intestinal cytokine production is poorly
understood[116-119], and, as described in a recent review
by Ortiz-Lucas et al[120], only IL-1β expression is clearly
increased in post-infectious IBS (PI-IBS)[121]. On the contrary, Hughes et al[122] have observed increased cytokine
expression in supernatants of mice with IBS and that visceral neurons express receptors for IL-6, TNF-β, IL-1β
and IL-10, confirming the role of these pro-inflammatory cytokines in gut homeostasis.
Th 2 cytokines were also considered in recent reports:
in animals Th 2 cytokines enhance intestinal motility[123]
and in IBS subjects stimulated PBMCs produce more
IL-5 and IL-13 than controls[124].
Cytokines have several roles in the development of
IBS symptoms. For example, TNF-α can act on the peripheral nervous system as well as on the central nervous
system (CNS) to develop a symptom burden of hyper-
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sensitivity, nausea, emesis, gastric hypomotility, anorexia
and fever[125,126]. IL-6 is able to stimulate submucosal
neurons in IBS animal models[127], most probably via a
TLR-mediated mechanism[128]. TNF-α and IL-6 are also
implicated in intestinal barrier integrity[129] (Table 2).

NAFLD AND IBS MAY BE RELATED
The above-mentioned evidence suggests that innate
immunity is a main pathogenetic component of both
NAFLD and IBS. But, how does the immune system
work in patients with both NAFLD and IBS? In other
words, is the similar action of pro-inflammatory cytokines, such as IL-6 and TNF-α, the only one that can be
found on the immune system side?
The metabolic syndrome, which often anticipates or is
detected in conjunction with NAFLD, leads to a state of
chronic inflammation, systemic or local (hepatic)[12], but
to date it is still unclear which one of the two types has a
greater impact on these patients, even if a lot of evidence
favors the former[13]. A very similar scenario, but with
partly different participants, is possible in IBS. Although
the disease has not been overtly related to an inflammatory
systemic disease, as happens for the metabolic syndrome,
nevertheless, IBS is characterized by hyper-activation of the
immune system and general inflammation. Indeed, many
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et al[139] have observed increased expression of TLR2 on
circulating monocytes in IBS. A study from McKernan et
al[128] demonstrated that the TLR-induced cytokine release
(IL-1β, IL-6, IL-8 and TNF-α) was enhanced in blood
from IBS subjects. The TLR mRNA production in the
gut mucosa of mice with colonic visceral hypersensitivity
was studied and significant increases were seen[140]. Similar
results were found in humans[141].
TLRs are fundamental in T-cell differentiation and
activation, particularly for Th17 and Treg cells[142]. In the
gut, bacterial products[143], acute phase proteins[144] and
proinflammatory cytokines such as IL-6 and TGF-β[145]
promote Th17 response, meanwhile IL-25 and IL-23[146]
produced by epithelial cells inhibit it.

researchers have struggled to find a similar component at
local level, studying the intestinal cytokine production, but
they have not always had a favorable outcome[107,120]. In
some subsets of IBS patients, such as diarrhoea-predominant IBS (D-IBS) and IBS developing following infective
gastroenteritis (PI-IBS), there is often a frank intestinal
inflammation[108,119]. On the contrary, in C-IBS a systemic
inflammation is not always associated with a local counterpart or is less apparent than in D-IBS[122].
NAFLD and IBS are classically defined as different
diseases. NAFLD is related to the metabolic syndrome,
obesity, diabetes and insulin resistance and IBS is a functional intestinal disease closest to psychological disorders
such as depression and anxiety, certainly not to liver
diseases. But, surprisingly, there are many points of contact, such as the dysfunction of the intestinal microbiota,
the impaired intestinal barrier, intestinal dysmotility and
brain-gut axis dysfunction, which are fundamental to
their pathogenesis, being related to the immune activation
and inflammation.
Thus, principal questions are: Can metabolic liver
disease affect the functions of the gastrointestinal tract
leading to syndromic manifestations typical of IBS? and
may the bowel dysfunction lead or otherwise support the
development of a chronic hepatic inflammatory state?

Obesity and NAFLD
In the literature there are few reports on the intestinal microbiota composition in NAFLD. The role of intestinal
dysbiosis in these patients may be assumed by reports on
microbiota present in obese subjects or by indirect data
on the action of bacterial products from the gut delivered
to the liver in NAFLD.
Obese patients are characterized by low intestinal
bacterial diversity. They have a reduced Bacteroides and
increased Firmicutes population compared to controls, and
this proportion improves with weight loss[147]. Studying
the microbiome, the same group has found that obese
patients exhibit impaired bacterial gene expression[148].
Animal models have shown that the intestinal microbiota may have an important role in energy harvesting
and fat storage. Germ-free mice seem to be protected
from diet-induced weight gain[149] most probably because
intestinal bacteria are involved in the fermentation of
polysaccharides to monosaccharide and in the metabolism of short chain fatty acids[150]. The microbiota can
also enhance the lipoprotein lipase activity because it
reduces the expression of the fasting-induced adipocyte
factor in the intestinal epithelium resulting in enhanced
FFA storage in adipocytes[149].
LPS produced by intestinal bacteria constitutes the
outer membrane of Gram-negative bacteria and can elicit
an immune response acting as an endotoxin. LPS may
also have a role in the development of obesity, low-grade
inflammation and insulin resistance[151]. An elegant study
by Cani et al[152] noticed that high-fat diet induces LPS
production in mice and probably its abnormal absorption
through the intestinal epithelium may be fat-dependent.
The same study has evidenced that endotoxemia induces
weight gain, intrahepatic triglyceride accumulation and
hepatic insulin resistance, leading to increased expression
of TLR4 and proinflammatory cytokines (TNF-α, IL-6,
IL-1 and PAI1) in muscle, adipose tissue and liver.
The correlation between intestinal dysbiosis and lipid
accumulation in the liver is evidenced by recent research by
de Wit et al[153]: in mice, a diet with high concentration of
palm oil induces higher weight gain and liver triglyceride
concentration, reduces microbial diversity and increases
Firmicutes/Bacteroidetes ratio compared to one high in poly-

GUT MICROBIOTA
The gut microbiota is a composite member of our body.
Intestinal bacteria interact with the intestinal epithelial
barrier and subsequently with extraintestinal organs performing physiological and pathological actions.
This close contact makes the microbiota important
for the metabolism of nutrients and energy delivery[130],
the intestinal barrier function[131], the natural tropism of
the intestinal wall[132] and ensures the maturation of intestinal immune tolerance and the immune response[133].
The dysregulation of the intestinal bacterial milieu is
a component of NAFLD and IBS. Recent reports have
also shown both in NAFLD and in IBS an important role
for TLR. These are receptors that characterize the innate
immunity and link specific molecules such as pathogenassociated molecular patterns, LPS, and danger-associated
molecular patterns[134]. These receptors are able to elicit
the innate immune response once activated (they induce
the expression of proinflammatory chemokines, cytokines and adhesion molecules on immune cells)[135]. In
NAFLD and in IBS this role is consistently related to the
alteration of gut microbiota, impaired intestinal permeability and impaired intestinal motility[136,137].
Changes in microbiota composition and simultaneous
or subsequent dysregulation of intestinal permeability let
PAMPs and TLRs be in strict contact in the deeper layers
of the intestinal wall and thus lead to stimulation of the
innate immune response[138].
Despite the fact that the roles of TLRs in the liver of
NAFLD and NASH are well established[137], only recently
have the activity of TLRs in IBS been studied. Ohman
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unsaturated fatty acids. The fecal microbiota of women
following a choline-deficient diet, which induces steatosis,
varies during choline depletion and correlates with changes
in liver fat concentration, showing modifications in Gammaproteobacteria and Erysipelotrichi populations[154].

organisms and toxins, but also regulate the tropism of
enterocytes[168]. TJs are so called “kissing points”, fusion
points where there is no space between two enterocytes[166], and are formed by different transmembrane
proteins: tricerullin, occludin, claudins and junctional adhesion molecules, which seal together adjacent cells and
cytoskeleton[169].
Several stimuli can modulate the intestinal permeability, but bacterial toxins inter alia are able to modify the
localization of TJ proteins directly[170] or via the release of
proinflammatory cytokines such as TNF-α, IFN-γ[171] and
IL-6[172] that per se can reduce the expression of zonula
occludens-1 (ZO-1), occludin and claudin.

IBS
Intestinal dysbiosis is also involved in the development
of IBS symptoms. The intestinal microbiota modulates
intestinal motility and sensitivity[155]. An animal study has
observed that oral antibiotic therapy perturbs the intestinal microbiota, reduces lactobacilli and decreases bacteroides
and enterococci populations, and affects pain perception and
viscero-motor responses in the gut. The myoelectrical
activity in the gut is also altered in germ-free animals and
it reversed after colonization[156]. The supernatant made
from Escherichia coli Nissle 1917 stimulates smooth muscle
cells and enhances colonic contractility[157], and also Lactobacillus rhamnosus GG has a dose- and time-dependent effect on the acetylcholine-stimulated contraction of human
colonic muscle cells[158]. Lactobacillus rhamnosus also has a
protective role in pain prevention in animal models[159].
The intestinal bacterial population inhabits a complex
environment and its composition varies throughout the
gut. It is necessary to distinguish at least three different
types of microbiota evaluated in different studies: the luminal microbiota, within the intestinal lumen; the mucosal
microbiota that adheres to the intestinal wall; and the fecal microbiota, excreted in feces. In IBS subjects, studies
on fecal microbiota have found increased facultative and
anaerobic bacteria (as Escherichia coli and Clostridium) and
decreased lactobacilli and biﬁdobacteria[160,161]. Later studies
used molecular techniques because most bacterial species
in the gut are not cultivable; a recent report of the Rome
foundation reviewed principal results[162]. The majority
of reports have studied fecal microbiota while only a few
are focused on the mucosal flora. Furthermore, different
molecular techniques are carried out and other limitations
may explain that data shown are often contradictory or
inconsistent. Moreover, the evidence that SIBO is frequently found in IBS subjects[163], especially in diarrhoeapredominant IBS (D-IBS)[164], and that IBS can develop
following infective gastroenteritis (PI-IBS)[165] confirms
the role of gut dysbiosis in the IBS pathogenesis.

NAFLD and NASH
In a recent review, Ilan[151] have focused on the role of
bacterial translocation in NASH. The bacterial translocation is intimately connected with liver damage from the
first step of lipid accumulation in the liver to the development of steatohepatitis, passing through the activation
of the innate immune system and mitochondrial dysfunction.
Many animal and human studies have focused on the
microbial dysbiosis in NAFLD and to date the endotoxemia, subsequent to bacterial translocation from the
gut to the liver through the venous portal system, is an
important factor in the development of NASH[173]. The
mechanisms that lead up to endotoxemia are bacterial
overgrowth and impaired intestinal barrier. Sabaté et al[174],
and previously Wigg et al[175], have pointed out that obese
subjects have an increased prevalence of SIBO and this
condition correlates with severe hepatic steatosis.
Obese mice have a modified distribution of occludin
and ZO-1 in the intestinal mucosa in combination with
a lower intestinal resistance and higher circulating levels
of inflammatory cytokines and portal endotoxemia[82].
Similar results are found in mice with fructose-induced
steatosis: treatment with metformin leads to a decrease
in hepatic triglyceride accumulation and plasma alanineaminotransferase levels and protection against the loss of
the TJ proteins occludin and ZO-1 in the duodenum[176].
In humans, an immunohistochemical analysis of duodenal expression of ZO-1 performed by Miele et al[177] has
highlighted that subjects with biopsy-proven NAFLD
have increased gut permeability and high prevalence of
SIBO, and that both correlate with the severity of steatosis. Also, NASH subjects have a higher prevalence
of SIBO, related to enhanced expression of TLR-4 and
release of IL-8[178]. The presence of endotoxins in portal
blood is found also in cirrhotic patients and is related to
an impaired intestinal barrier function[179]. Non-cirrhotic
NAFLD subjects have increased LPS [180] and LPSbinding protein serum levels[181]. Probiotic treatment of
obese mice leads to a lower intestinal permeability and
improved TJ function, a lower plasma LPS and cytokine
concentration and a decreased hepatic expression of
inflammatory and oxidative stress markers[182]. Recently,
the association between metabolic syndrome, gut micro-

INTESTINAL PERMEABILITY
A single layer of cells composes the intestinal epithelium,
a selective filter and barrier for exogenous substances and
water[129]. The ways to pass the epithelial layer are mainly
two: transcellular and paracellular[166].
The regulation of the paracellular pathway is mainly
due to complex structures localized at the apical-lateral
and along the lateral membrane between the cells of the
intestinal epithelium: desmosomes, adherent junctions
and tight junctions (TJs)[167].
TJs regulate selective paracellular ionic solute transport, prevent the passage of luminal antigens, micro-
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hyper-contractility in the gut[190] but these effects disappear in animal models of athymic and CD4+ cell-deficient
mice[191], encouraging the hypothesis of a role for the
immune system and inflammation in intestinal motor
functions. Th2 cytokine production was associated with
enhanced motor functions and appropriate helminthic
elimination. On the other hand, the response with a reduced intestinal motility of Th1, but interestingly also of
Th17 cells, seems to be involved in small intestine motor functions. In this setting, specifically IL-17 induces
smooth muscle cell contraction[192].
Among Th2 cytokines, IL-13 is secreted by CD4+
cells and by many other immune cellular types of innate
immunity, as the so called “innate helper cells”, which
can be found normally in the gut and in blood. IL-13 has,
in low concentrations, regulatory effects, increasing IL-10
and decreasing IL-17 levels, but, when up-regulated, it
leads to inflammatory modifications and hyper-contractility of smooth muscle in the gut[193].
In agreement with these findings, the production of
5-HT, one of the most important neurotransmitters of intestinal motility[194], is also influenced by immune response
and cytokine production and its secretion seems to be
enhanced by Th2 and reduced by Th1 response[195]. 5-HT
is synthesized and secreted by enterochromaffin cells (EC)
and acts on receptors located on the processes of intrinsic
and extrinsic primary afferent neurons in the lamina propria of the gut to initiate peristaltic and secretory reflexes[196]. The 5-HT transporter (SERT) is the physiological
inhibitor, it is expressed by enterocytes and removes 5-HT
from the intestinal space by internalizing it[197].

biota dysregulation and impaired intestinal barrier has
been further confirmed in an animal model where dietary
obese rats show reduced expression of ZO-1 in the gut
and higher TNF-α levels in combination with reduced
Lactobacillus and increased Oscillibacter fecal population.
Moreover, TNF-α and IL-6 mRNA levels were higher in
mesenteric fat[183].
IBS
The impaired intestinal permeability is not only a key factor in the development of NAFLD and NASH. Other
inflammatory gastrointestinal diseases such as Crohn’s
disease, UC, bacterial infections caused by Escherichia coli,
Clostridium difficile and Vibrio cholera, anti-inflammatory
agents associated enteritis and IBS are involved. In vivo
studies have observed that IBS patients have an impaired
intestinal barrier function[87,90]. Nevertheless, it is likely
that these findings are specific only to D-IBS and PI-IBS
subjects and in other IBS subtypes similar results are not
found[87,184].
In IBS, intestinal dysbiosis is an important factor participating in damaging the intestinal barrier through the
activation of the immune system[185] even though another
possible cause of impaired intestinal barrier is the exposure to chronic stress. In healthy animals and humans,
acute or chronic stress enhances the intestinal permeability to water and also to macromolecules, and IBS subjects
are more sensitive to physical and mental stressors compared to healthy subjects[110].
It has been explicated that in IBS subjects there is a
low grade inflammation in the gut. Mast cells and T lymphocytes represent the majority of intestinal inflammatory
infiltrate and mast cells are also involved in the regulation
of motor and visceral responses in the intestine[19,21,88].
The intestinal permeability is controlled by mast cells,
via histamine, serotonin 5-hydroxytryptamine (5-HT) and
protease production[21]. Proteases are markedly increased
in the mucosa of IBS subjects[18,186] and supernatants
rich in proteases from D-IBS subjects are able to evoke
epithelial dysfunction and allodynia in healthy mice[20]. In
addition, colonic soluble mediators in supernatants from
IBS subjects are able to reproduce permeability alterations
in Caco-2 cells and decrease ZO-1 expression[22]. A recent
study by Martínez et al[187] confirms this hypothesis because
it has been demonstrated that activated mast cells induce
the downregulation of ZO-1 in intestinal epithelium.
Another class of TJ proteins, claudins, is involved
too; in fact, claudin-1 and claudin-4 levels are decreased
in the small and large intestine of D-IBS patients, whereas claudin-1 and claudin-3 were elevated in constipationpredominant IBS (C-IBS) patients[188].

Obesity and NAFLD
In high-fat diet fed mice a slower gastric emptying was
found, as well as modified intestinal hormone production: higher plasma leptin and cholecystokinin (CCK)
concentrations and lower plasma ghrelin levels were
found[198]. Covasa et al[199] have shown that in high-fat diet
fed mice there is a reduction in CCK-induced and oleateinduced inhibition of gastric motility.
In obese rats, after Roux-en-Y gastric bypass, an increase in peptide YY and a decrease in ghrelin concentrations occurred. These hormonal modifications may contribute to weight loss by decreasing the food intake and
slowing the gastric emptying and transit time[200].
A recent study by Hyland et al[201] confirms the presence of an impaired intestinal motility, a modified submucosal nerve function and a decreased electrogenic
glucose transport in obese rats. The author hypothesizes
that the loss of motor control may lead to an altered host
defense and intestinal dysbiosis, and the adapted glucose
transport may be a control mechanism in the restriction
of nutrient absorption.
Obese subjects have an accelerated esophageal and
gastric motility and impaired gastrointestinal hormone
secretion[202,203]. Vazquez Roque et al[204] have detected a
lower postprandial gastric volume in obese subjects. A
recent report disputes their data: in newborns, fasting

INTESTINAL MOTILITY
Intestinal motor and sensory functions are influenced by
the immune system to activate a mechanism of defense
from noxious agents in the intestinal lumen[189].
Mice infected with Trichinella spiralis develop muscle
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Moses et al[224] have found that SERT was less expressed in C-IBS and UC colonic biopsy specimens.
Camilleri et al[225] have shown that SERT polymorphisms
may influence colonic motility in patients with D-IBS and
may influence the response to a 5-HT3 antagonist.
In the colon of IBS subjects activated mast cells in
proximity to mucosal innervations may contribute to
pain perception[93] and are correlated with 5-HT release
by intestinal EC cells[226]. Interestingly, Mizutani et al[123]
have observed that in an animal model of IBS, muscle
hyper-contractility is related to an increased Th2 cytokine
profile (IL-4 and IL-13). Even if these data confirm the
role of immune activation in gut motility alteration, it is
mandatory to observe that in IBS, and especially in D-IBS
and PI-IBS, there is an enhanced gut motor activity even
though these IBS subtypes are often related to a Th1 cytokine profile, at least in peripheral blood or in PBMCs.
However, there are no reports on the possible role of
IL-17 and Th17 in IBS; meanwhile, IL-13 production by
PBMCs is higher compared to controls[124].
Recent studies have shown that bacterial products
may regulate gastrointestinal motor functions[227,228], but
intestinal motility may also influence the gut microbiota
composition[229]. Pimentel et al[230] for the first time demonstrated that the impaired intestinal motility may be
related to SIBO in IBS subjects, but subsequent contrasting data have questioned this theory[163]. Moreover, as has
been described before, IBS and NAFLD are characterized by an intestinal dysbiosis and only a proportion of
subjects meet diagnostic criteria for SIBO.

and postprandial gallbladder volumes and gastric emptying were similar between obese and lean subjects, but in
obese pre-adolescents, and even more in adults, a larger
fasting gallbladder volume with slower postprandial gastric emptying was found[205].
Small and large intestinal motility are also involved, as
reported by Xing et al[206]. As we see above, SIBO is most
frequently viewed in obese subjects and it has been associated with an altered pattern of migrating motor complexes (MMC) in the small intestine[207].
The role of intestinal dysmotility in liver cirrhosis is
confirmed by numerous data[208]. Vice versa, in NAFLD,
only a few studies have focused on impaired intestinal
motility, although obesity, which is one of the most important etiological factors of NAFLD, is strictly related
to impaired intestinal motility. Initial studies have found
that NAFLD[209] and non-alcoholic cirrhosis[210] subjects
have a prolonged orocecal transit time.
Interestingly, an up-to-date study correlates 5-HT3
antagonists to reduced endotoxin levels in the portal
system, attenuated liver fat content, inflammation, and
cell necrosis, improved TNF-α levels and increased TJ
expression in the duodenum of obese, leptin-deficient
mice[211]. The same group has confirmed these data and
has found that SERT deficiency causes hepatic steatosis
and impaired intestinal permeability[212]. These findings
suggest that obesity, and consequently NAFLD, are affected by impaired gut motility and most probably the
impaired intestinal barrier, the gut inflammation and also
neuronal signaling are key points in their maintenance.
IBS
IBS subjects frequently report upper gastrointestinal
symptoms such as functional dyspepsia[213]. Impaired
lower esophageal motility and delayed gastric emptying
are frequently viewed[214] and should be related to smallbowel dysmotility[215].
Many studies have focused attention on the small intestine and large intestine gut dysmotility in IBS subjects.
As reviewed elsewhere, studies on MMCs and clustered
activity as well as intestinal transit for the small intestine
and on myoelectrical activity, intraluminal pressure recordings and transit for the large intestine confirm this
hypothesis[216].
In the small intestine of IBS subjects, alterations in
the periodicity of MMCs are found[217]. Kellow et al[218,219]
have demonstrated that MMCs have a shorter periodicity
in D-IBS, whereas in C-IBS this is longer.
EC cell numbers in the intestinal wall are increased[220,221] and postprandial 5-HT levels are increased
in platelet-poor plasma[222] of IBS subjects, especially in
PI-IBS. 5-HT signaling is involved in the pathogenesis of
intestinal dysmotility and hypersensitivity; indeed 5-HT
modulators are used in IBS therapy[223]. 5-HT4 agonists
accelerate colonic transit and are useful in constipation
unresponsive to laxative treatment, while 5-HT3 antagonists inhibit colonic secretion and motility, and visceral
sensation, and for this reason are used in D-IBS.
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CNS INVOLVEMENT
A recent review by Capuron et al[231] has focused on how
the immune system can affect the CNS and contribute to
the development of neuropsychiatric disorders such as
depression, with particular relevance to cytokine signaling. Cytokines are involved in production, function and
reuptake of several neurotransmitters, such as 5-HT.
They affect the hypothalamic-pituitary-adrenal (HPA)
axis and can modify the neuronal architecture, neuronal
plasticity and aging, and neuronal circuits in CNS.
As previously described, 5-HT is an important neurotransmitter of the enteric nervous system (ENS) but it
is also fundamental to CNS functioning. 5-HT, produced
from tryptophan, plays a major role in the modulation
of brain-gut axis[232]. The brain-gut axis is constituted peripherally of ENS communicating with the gut wall and
centrally with the CNS and HPA axis[233]. The gastrointestinal system and the brain communicate in bi-directional
mode, both of them influencing each other (the so called
top-down and bottom-up model developed in functional
GI disorder studies)[234]. The HPA axis is composed of
corticotropin-releasing hormone (CRH), produced in the
hypothalamic para-ventricular nucleus, which stimulates
adrenocorticotropin (ACTH) production in the anterior
pituitary gland that in turn induces the adrenal cortex to
produce cortisol in response to various stressors[235].
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In animal and human models the turnover of 5-HT in
the brain is altered by acute and chronic exposure to proinflammatory cytokines[236,237].
Cytokines stimulate CRH, ACTH and cortisol production and in chronic states influence the diurnal cortisol
curve because they stimulate inflammatory signaling that
reduces glucocorticoid receptor functions and expression
leading to decreased responsiveness to glucocorticoids.

the following: CRH and ACTH stimulate colonic secretion, intestinal motility, visceral sensitivity and anxiety.
Principal brain regions influenced by HPA axis are the
amygdala and hippocampus. In IBS there are increased
HPA axis responses to stressors such as meals, hormonal
stimuli, and mental stress compared to controls. Fatigue
and depression are associated with increased mast cell
counts in the colonic mucosa of IBS subjects, confirming
the role of gut-brain dysfunction in IBS[253]. Indeed, a key
question still unresolved is whether the SNC dysfunction
is the primum movens of the gut inflammation and consequently the visceral hypersensitivity and dysmotility in
IBS or whether the gut inflammation represents the main
cause of subsequent SNC and systemic disorder.

Obesity and NAFLD
Recently, animal studies have shown that in the hippocampus and cortex of high-fat fed mice there is increased
production of inflammatory products [238,239] and systemic inflammation is also related to cognitive dysfunctions[240,241]. Depression and depressed serotoninergic
state are strictly related to metabolic syndrome and obesity[242,243]. Tarantino et al[244] have studied urinary 5-hydroxy3-indoleacetic acid, a 5-HT metabolite, in depressed and
obese/overweight subjects and have found that it negatively correlates with dysthymia and depression status.
Alteration in the HPA axis is well established in obese
patients and chronic stress with hyper-alimentation is an
important factor in its development[245]. Although there
are contrasting data on urinary free cortisol (UFC) in
obese subjects, a recent study has evidenced in NAFLD
subjects increased UFC and cortisol serum concentrations after dexamethasone suppression, both correlated
with hepatic inflammation and fibrosis stage[246]. Moreover, in a human model, cortisol clearance is increased in
NAFLD subjects and is correlated with insulin sensitivity[247]. Peripherally, cytokines such as TNF-α and leptin
stimulate 11β-HSD1, an enzyme required for the activation of cortisone to cortisol[248]. Also leptin and ghrelin
increased levels are related to HPA axis dysregulation in
obese subjects[245].
Finally, early life stress predisposes to overweight and
insulin resistance, at least in animal models[249].

UNANSWERED QUESTIONS
Could weight loss ameliorate IBS symptoms by influencing intestinal microbiota? Is there a relationship between
NAFLD severity and IBS symptoms? Could patients suffering from IBS be at major risk to develop NASH? Are
circulating levels of inflammatory cytokines overlapping
in IBS subjects and NAFLD? Could intestinal dysbiosis
affect CVD risk via NAFLD[254]?
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Core tip: Although the function of the appendix has
remained an enigma for centuries, recently emerging
advances in the fields of immunology and gut microbiology have merged with observations made in the
clinic to form a coherent picture. Although the appendix is apparently a safe-house for beneficial bacteria, it
seems likely that this safe-house does not satisfactorily
protect the microbiome from broad spectrum antibiotics. In this view, selection pressures which threatened
the microbiome and likely drove the evolution of the
appendix have been supplanted in post-industrial society by new threats to the microbiome that the human
body is not adapted for.

Abstract
Advances in understanding the interaction between
the human immune system and the microbiome have
led to an improved understanding of the function of
the vermiform appendix as a safe-house for beneficial bacteria in the colon. These advances have been
made despite long standing clinical observations that
the appendectomy is a safe and effective procedure.
However, more recent clinical data show that an appendectomy puts patients at increased risk for recurrent Clostridium difficile (C. difficile )-associated colitis,
and probably other diseases associated with an altered
microbiome. At the same time, appendectomy does
not apparently put patients at risk for an initial onset
of C. difficile -associated colitis. These clinical observations point toward the idea that the vermiform appendix might not effectively protect the microbiome in the
face of broad spectrum antibiotics, the use of which
precedes the initial onset of C. difficile -associated colitis. Further, these observations point to the idea that
historically important threats to the microbiome such
as infectious gastrointestinal pathogens have been
supplanted by other threats, particularly the use of
broad spectrum antibiotics.

Original sources: Sanders NL, Bollinger RR, Lee R, Thomas
S, Parker W. Appendectomy and Clostridium difficile colitis:
Relationships revealed by clinical observations and immunology.
World J Gastroenterol 2013; 19(34): 5607-5614 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v19/i34/5607.htm
DOI: http://dx.doi.org/10.3748/wjg.v19.i34.5607

INTRODUCTION
Is appendectomy the removal of a functional organ?
Appendectomy, like a wide variety of other surgical
procedures, is extremely common in industrialized society. However, unlike common surgical procedures that
include sterilizations for contraception, Cesarean sections, and inguinal hernia repairs, appendectomies are
frequently performed as a prophylaxis for disease. The
lifetime risk for appendicitis is only 8.6% for males and
6.7% for females, contrasting to the 12% and 23% lifetime rate of appendectomies performed, respectively[1].
These numbers indicate that approximately half of all
appendectomies, including more than 60% in females, are
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known whether the first appendix evolved before or after
the first cecum[4], or how often which precedes the other
in evolution (given the rise of the appendix more than
once during evolution). Although the absolute disproof
of Darwin’s views of the appendix is recent, the idea that
the appendix is a vestige of evolution has been disputed
effectively for more than a century. For example, Berry[5]
concluded in 1900 that, based on anatomical and phylogenetic data, “The vermiform appendix of man is not,
therefore, a vestigial structure. On the contrary, it is a specialized part of the alimentary canal”. Keith[6] supported
Berry’s views and argued further that that the appendix,
rather than being a flawed structure which gives rise to
appendicitis, is a victim of changes in the environment
due to industrialization: “When we come to realize how
slowly evolutionary processes have affected man’s body
in past times, we can hardly expect our internal digestive
system to adapt itself to the rapid pace demanded by the
ever-accumulating resources of civilization”.
When Keith[6] recorded his views in 1912, the incidence of appendicitis had profoundly increased in the
lifetime of many practicing physicians, and it was therefore correctly surmised that something environmental
was causing the disease. The opinion of the day was that
changing diet following industrialization was in some
way responsible for appendicitis. Although the view that
appendicitis was due to an environmental factor or factors in industrial and post-industrial environments was
solidified by numerous epidemiologic studies[7-11], it was
not until the 1980s that Barker et al[12-14] determined that
factors associated with indoor plumbing were somehow
responsible for appendicitis[14]. These intriguing findings
by Barker as well as additional work by Strachan on allergic disease[15] eventually gave rise to the currently held
view that factors within post-industrial culture, including
sanitation practices (e.g., toilets and water treatment facilities) and modern medicine, lead to depletion of species
normally associated with the ecosystem of the human
body, or the “human biome” (not to be confused with
the “microbiome”, Figure 1). The resulting state, termed
“biome depletion” is associated with a profoundly overreactive immune system that is prone to a variety of
immune related diseases, including appendicitis. Barker’
s personal view is that the introduction of running hot
water into a home might be the single most telling factor
associated with an increased incidence of appendicitis
(personal communication to Parker W). Since hot water
is necessary for the effective use of soap, and given the
effectiveness of soap in biological decontamination, this
view makes sense. Here it should be noted that approaches which deal with the consequences of biome depletion
are expected to one-day make appendicitis a rare disease.
These approaches involve reconstitution of the human
biome without abandoning the modern technology,
including soap, water treatment facilities and medicine,
which so effectively prevents the spread of water-borne
disease[16-18].
Despite proof that the appendix is not a vestige of

Trains
The human biome
Helminths and other resident
multicellular organisms

The human immune system

Microbiome

Gut associated
immune
components

Colonic microbiome

Appendix
Maintains

Figure 1 Interactions between the human biome (left Venn diagram) and
the human immune system (right Venn diagram). In this view, all living
organisms associated with the human body, either as permanent residents or
through transient interactions, are part of the human biome. Two subsets of
the biome, helminths and the microbiome, are shown as being part of the human biome. The colonic microbiome, in turn, is shown as being a subset of the
microbiome in the Venn diagram of the human biome. Similarly, the appendix is
shown as being a subset of the gut associated immune components, which in
turn are a subset of the entire human immune system. The idea that the biome
“trains” the immune system, equivalent to the view that the immune system is
dependent on the biome for proper development, is illustrated. In this model,
profound alterations in the biome as a result of post-industrial societies lead to
aberrant immune system development, resulting in a variety of immune related
pathologies, including appendicitis. The view that the appendix assists in maintaining of the colonic microbiome is also shown. Alterations in the biome that
affect immune system training in post-industrial societies predominantly involve
compartments of the biome other than the microbiome (e.g., loss of helminths),
so the processes leading to appendicitis are generally distinct from processes
involved in support of the microbiome by the appendix.

incidental procedures, aimed at averting future episodes
of appendicitis. This approach is generally successful, but
36 incidental appendectomies are required to prevent one
case of appendicitis[1]. Given the large number of appendectomies currently performed, many of them elective,
recently emerging evidence regarding the apparent function of the vermiform appendix has justifiably garnered
much interest.
The idea that the vermiform appendix is a vestige
of evolution was developed more than 150 years ago by
Darwin[2]. The proposal was simple and made sense in
the light of available data: the appendix and small cecum
present in humans and some primates is the remainder
of a larger cecum used for fermentation in a human ancestor with a diet much higher in fiber[2]. However, recent
studies using current methods employed in the field that
Darwin[2] founded have disproved that idea. In summary,
a modern cladistics-based approach demonstrates that
the appendix has evolved repeatedly in a wide range of
animals, that some clades have a propensity to evolve
an appendix, and that the evolution of the appendix is
usually not associated with a decrease in the size of the
cecum. In fact, a recent analysis of 361 mammalian species found a significant direct correlation between appendix and cecum size[3]. In other words, the appendix
tends to be associated with a large cecum, not a smaller
one. At present, many questions regarding the evolution of the appendix remain unanswered: it is not even
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Guanine et al[32] found that “the human appendix contains
a wealth of microbes, including members of 15 phyla”.
Species identified included members of phyla which
constitute more than 98% of the normal colonic microbiome (Firmicutes, Proteobacteria, Bacteroidetes Actinobacteria,
and Fusobacteria), indicating that the appendix possesses a
microbial diversity sufficient to reconstitute the microbiome of the colon.
If this inductive rationale is correct, the paradoxical
removal of the functional appendix without immediate
and substantial harm is readily explained: Although water-borne disease is one of the leading causes of death in
developing countries, the use of modern water treatment
facilities and sanitation prevents widespread outbreaks
of pathogens which might deplete the normal flora from
a substantial portion of the population. Further, the
absence of starvation and the presence of modern medicine in developed countries minimize the effects of diarrheal illness on the population.

evolution and that appendicitis is not the result of a
faulty structure, the idea that the appendix is a vestige
seems attractive simply because removal of the appendix
does not, to the practicing physician or to the patients
concerned, seem to have deleterious effects. This observation, apparent to everyone, presents a quandary: how
can the appendix have some function, but yet appendectomy has no negative side effects? The answer to this
quandary is readily apparent if one considers that actual
function of the appendix.
In 2003 it was observed that the immune system apparently supports growth of mutualistic biofilms in the
mammalian gut[19]. This view, although surprising at the
time due to prevailing views in the field of immunology,
now seems rather obvious in hindsight based on current
knowledge regarding microbial ecology and host-microbe
relationships[20-22]. This new view led to the evaluation
of biofilm distribution in the human gut, and biofilms
were indeed found to be most abundant in the appendix,
where immune tissue had long been known to be the
most abundant within the gut. This biofilm distribution
in the gut set the stage for a deductive proof regarding
the function of the appendix: Since the appendix is a
structure harboring microbial biofilms, and since biofilms
are protective of bacteria (a long standing observation in
the field of microbiology), the appendix is, in essence, a
safe house for bacteria (Figure 1). Given the shape and
location of the appendix, it would indeed be difficult to
imagine how the appendix might not be protective of
bacteria.
Given the apparent function of the appendix, it has
been proposed that an evolutionary driving force for the
emergence of the appendix may be as an aid in the recovery from diarrheal illness associated with gastrointestinal
(GI) infection. In this view, fragments of biofilms routinely shed from the appendix would serve as “seeds” for
inoculation of the colon with a normal microbial flora
following a diarrheal purge[23]. This explanation makes
sense in light of (1) the relative seclusion of the apex of
the appendix from the fecal stream, which presumably
affords some protection from pathogenic organisms
that might temporarily infect the GI tract; and (2) the
pronounced role of diarrheal illness in human survival.
Indeed, water-borne diseases followed by dysentery are
frequently the leading cause of death during war and
natural disasters[24-27], have affected both the rich and the
poor[28] and are still one of the leading causes of death
in developing cultures[29,30]. These observations are consistent with the view that that rapid reconstitution of the
microbiome and restoration of a normal bowel following
diarrheal illness might be adaptive in many circumstances.
In fact, the relatively low mortality rate associated with
diarrheal illness, less than one percent[31], is possibly a
testament to the effectiveness of natural recovery mechanisms such as those that might involve the appendix.
Adding further weight to this view, a very recent study by
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Causes of appendicitis
Approximately 50% of cases of appendicitis are generally
considered to be enigmatic in origin, with the remainder
being attributed to a blockage of the appendix. However,
work from David Barker during the 1980’s first identified clues which eventually pointed toward the underlying
cause of appendicitis. Barker noticed that epidemics of
appendicitis followed the introduction of indoor plumbing into various communities. This observation was followed by epidemiologic studies showing that appendicitis
is associated with developed but not with developing
countries. Almost at the same time, another epidemiologist, Strachan[15], found that a hyper-active immune
system is a consequence of the hygienic environment
following the industrial revolution[15]. Strachan’s observations point toward the idea that appendicitis, like many
other allergic, autoimmune, and inflammatory diseases, is
a result of biome depletion, a consequence of industrialization[16-18]. This culture-related basis for appendicitis
explains why the appendix was not selected against during the course of evolution. Many components of the
immune system, such as the appendix, are made obsolete
by post-industrialized society, and these have also not
been selected against during evolutionary history. Not
only are these components now obsolete, but these components often become overly sensitive due to an absence
of stimulation and cause detrimental health effects, such
as ulcerative colitis that is exacerbated by the appendix[33].
Another example of a maladapted immune component is
the immune compartment that produces immunoglobulin E (IgE). High levels of IgE lead to allergies and other
destructive side effects in industrialized societies, but levels significantly higher than those found in industrialized
countries are present in developing countries as a result
of productive (beneficial) responses to parasitic infections[34-36].
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protective under these conditions. To our knowledge,
no studies have addressed this issue. Our laboratory has
assessed the protection from antibiotics afforded by immune-mediated biofilms in vitro, and found that immune
mediated biofilms formed by one species (Escherichia coli)
are poorly protected from antibiotics. However, much additional work needs to be done in this field using a wide
range of microbial species as well as whole animal models before any sort of answer which might have clinical
implications can be obtained.
The supposition that the appendix, if indeed it is a
safe-house for bacteria, should be protective against C.
difficile colitis has a second potential flaw: If indeed the
appendix does not protect mutualistic bacteria from antibiotic use, the appendix could hypothetically protect
those organisms which are resistant to antibiotics, such as
C. difficile, from a diarrheal purge. Thus, if the appendix
performs its function perfectly, it could hypothetically
increase the incidence of C. difficile colitis in the face of
antibiotic use. Fortunately, this does not appear to be the
case. At present, clinical data point toward the idea that
the presence or absence of an appendix does not strongly affect the propensity for the initial onset of C. difficile
colitis. In a study by Im et al[42], 80% of their patients
with C. difficile colitis (203 out of 253) had an appendix,
which is only slightly lower than the percentage found
in the total population[1]. Another study, by Merchant et
al[41], obtained essentially identical results, with 80% of
their patients with C. difficile colitis (109 out of 136) having an appendix. Merchant et al[41] found that 82% of
“normal” individuals (in their study, patients without GI
complaints) had an appendix, as would be expected based
on larger studies[1]. However, these observations do not
directly address the actual effect of the appendix on the
propensity for C. difficile colitis following antibiotic use,
since they do not address the effect of appendectomy on
the use of antibiotics. In other words, the data indicate
that appendectomy does not affect the risk for C. difficile
colitis, but it does not indicate whether an appendectomy
might affect the risk for C. difficile colitis following antibiotic treatment. Since Merchant et al[41] did not control
for antibiotic treatment, increased antibiotic use in those
with an appendix, if it exists, would have confounded the
study. Nevertheless, the observations do clearly indicate
that the loss of an appendix is not associated with a dramatically increased risk for an initial onset of C. difficile
colitis.
As stated above, it is possible that a perfectly functional appendix, if indeed it did not protect the normal
flora from antibiotics, might selectively protect antibiotic
resistant organisms such as C. difficile from a diarrheal
purge. This possibility has been previously proposed by
Merchant et al[41]. However, since the relative number of
patients with and without an appendix in patient groups
with C. difficile colitis is essentially the same as that in
the normal population, the possibility that the appendix
preferentially protects C. difficile seems extremely unlikely.
Further, appendectomy itself affords a much lower risk
of C. difficile colitis (0.2%) compared to colectomy (1.11%)

THE EFFECT OF APPENDECTOMY IN
LIGHT OF THE FUNCTION OF THE
APPENDIX
Although an appendectomy is a relatively simple surgical procedure, the effects of removing the appendix are
not necessarily straightforward. The appendix is associated with the highest concentration of gut associated
lymphoid tissue (GALT) in the gut, and the function of
the GALT is vastly complex and incompletely understood. Thus, an appendectomy is expected to profoundly
alter the immune system with its hundreds or possibly
thousands of interconnected components. Numerous
functions have been attributed to the GALT, and it remains unknown how appendectomy alters many of those
functions. However, some effects are established. First,
appendectomy does have a moderating effect on pathogenic inflammatory immune responses of the gut. The
observation that patients without an appendix tend to
be at less risk for ulcerative colitis is more than 10 years
old[33]. More recently, Bolin et al[37] used appendectomy
as a treatment for ulcerative proctitis, a form of colitis,
and showed an improvement of symptoms in 90% of
patients, with complete remission in 40% of patients[37].
Possibly the most straight-forward explanation for this
result is that removal of a substantial amount of GALT
from the intestinal tract led to decreased immune reactivity in the gut. Whether the “safe-house” function of the
appendix had anything to do with the result seems more
speculative.
The appendix and the initial onset of Clostridium difficile
colitis
Perhaps the most intriguing effects of appendectomy
involve its effects on the incidence of Clostridium difficile
(C. difficile) colitis. C. difficile colitis is a pathogenic state
associated with overgrowth of the bacterium C. difficile, a
gram-positive, spore-forming, anaerobic bacillus[38,39], and
is generally not seen in individuals with a normal microbiome. However, alteration of the normal flora (generally
by antibiotic use) can lead to overgrowth of C. difficile and
subsequent disease. Recurrent C. difficile colitis is not a minor problem in modern medical practice, with one study
showing nosocomial C. difficile diarrhea present in 3.4 to
8.4 cases per 1000 hospital admissions[40], and an increase
in in-hospital mortality from 2.4% to 13.5%[41].
It might at first glance be expected that the appendix,
if present, would be protective against C. difficile overgrowth. There is, however, at least one central problem
with this supposition: it remains unknown if the appendix can effectively protect mutualistic bacteria against
the modern antibiotics which generally precede C. difficile
colitis. It seems reasonable that the appendix has evolved
in the presence of enteric pathogens and thus that it may
be effective in helping the body to recover from infectious disease. However, the use of high dose antibiotics
is a very recent development in human history, and thus
it is not reasonable to assume that the appendix may be
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Figure 2 The cycle of microbiome depletion with antibiotics, the occurrence of Clostridium difficile colitis, and recovery of the microbiome. The cycle is
initiated when the normal colon (A) is depleted of its microbiota using broad spectrum antibiotics (B). Although the microbiota often recovers spontaneously from such
treatment, the patient is at risk of Clostridium difficile (C. difficile) colitis (C and D) in a fashion that is independent of the presence of an appendix. Although C. difficile
colitis is often effectively treated with metronidazole or vancomycin (E), the microbiome can fail to normalize, leading to recurrent C. difficile colitis. This cycle of treatment followed by recurrence is indicated by the red arrows. The presence of a vermiform appendix enhances recovery (A and F) of a normal microbiome following C.
difficile colitis (green arrow), thus averting the cycle of recurrent C. difficile colitis. Colonic microbiota transplants (CMT) are also effective at restoring the normal flora
and interrupting the cycle of recurrent C. difficile colitis.

between the appendix, the initial onset of C. difficile colitis,
and recurrent C. difficile colitis. The central issue revolves
around the use of broad spectrum antibiotics which initiate the initial C. difficile colitis, and the more limited antibiotic treatments used after the first C. difficile infection.
The standard of care for recurrent and severe C. difficile
colitis is oral vancomycin, a treatment that is limited to
the lumen of the bowel. Given the position of the appendix out of the main flow of the bowel, it seems likely
that it may indeed be effective at protecting the normal
flora from oral vancomycin, just as it putatively protects
the normal flora from contamination by pathogens in the
main fecal stream.
Consistent with the idea that the connection between
recurrent C. difficile colitis and the appendix involves the
bacterial safe-house function of the appendix, recurrent
C. difficile colitis can be rapidly resolved using fecal microbiome transplants[43-45]. This observation indicates that C.
difficile colitis is indeed an issue involving a depleted gut

small-bowel resection (1.17%) and gastric resection
(1.02%)[41], further suggesting that the appendix may be
relatively uninvolved in the initial onset of C. difficile colitis. In addition, the fact that an intact appendix protects
against recurrent (as opposed to the initial onset of) C.
difficile colitis (see below) argues strongly against this view.
However, again, it is not known to what extent the presence or absence of an appendix might affect antibiotic
use, the major trigger for C. difficile colitis. This factor
probably needs to be examined before any firm conclusions can be drawn.
The appendix and recurrent C. difficile colitis
Strong evidence from Im et al[42] study indicates that the
appendix may play a protective role in recurrent C. difficile colitis. Im et al found a 2.5-fold increased risk of
recurrent C. difficile colitis in patients without an appendix
compared to those with an appendix. Figure 2 illustrates a
possible scenario that potentially explains the connection
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microbiome, thus adding support to the idea that an appendix might help restore the gut microbiome in times
of stress. Indeed, proof of a depleted biome in recurrent
C. difficile colitis patients has been provided by phylogenetic analyses of stool samples in patients with recurrent
C. difficile colitis: decreased bacterial diversity[46] as well as
a deficiency of Firmicutes and Bacteriodetes[47] have been
demonstrated in those patients.
Although the function of the appendix as a safehouse for the colonic microbiome explains the clinical
observations illustrated in Figure 2, an alternative, although not mutually exclusive, explanation also exists:
as noted above, appendectomy probably lowers the immunoreactivity of the gut, and thus may lower the ability
of the gut to respond to C. difficile. Thus, the loss of the
appendix may, hypothetically, reduce the ability of the
immune system to mount an immune response to C. difficile, which is known to be important in the resolution of
the colitis. Thus, a second explanation for the connection
between appendectomy and recurrent C. difficile colitis
shown in Figure 2 may be that the immunosuppressive
effect of appendectomy impedes the immune response
to C. difficile, thus putting the patient at risk for recurrent
C. difficile colitis. Consistent with this view, Im’s data also
indicated that increasing age (> 60 years), which is associated with reduced immune function, was also a risk factor
for recurrent C. difficile colitis[42]. In this view, the lack of
a connection between the initial onset of C. difficile colitis
and appendectomy may be due to the lack of time necessary to mount an immune response that would be dependent on the immune tissue of the appendix.

is provided by the effectiveness of colonic microbiota
transplants in treating some patients whose disease has
resisted other therapeutic options[43,44]. The effectiveness
of microbiota transplants in some patients strongly indicates that a loss of the normal microbiome is at the root
of the symptoms experienced by these patients. Thus, to
the extent that the appendix assists in maintenance of the
microbiome, the lack of an appendix may influence the
incidence of these idiopathic cases. At the same time, it is
recognized that loss of the microbiome by a wide range
of modern medical interventions (e.g., sterile birth practices, broad spectrum antibiotics) may circumvent any
protective role of the appendix, and direct assessment of
the rate of appendectomy in patients with an altered microbiome should be undertaken.
Alternatives to appendectomy
Acute appendicitis is the widely recognized indication for
appendectomy, although alternatives involving medical treatment are being considered. Medical treatment alone has the
substantial disadvantages that (1) heavy use of antibiotics
must be employed, which is not without its own side effects;
and (2) recurrence of appendicitis following antibiotic use is
possible. A controlled study by Eriksson et al[48] compared
the outcomes of patients treated with a 10 d antibiotic
regimen (cefotaxime and tinidazole in the hospital for
two days followed by eight days of oral antibiotics) versus
patients who underwent appendectomy. They found that
patients on the antibiotic regimen used significantly less
morphine, had lower white blood cell counts, and had
less pain at follow up. Two surgical patients underwent
post-operative antibiotic therapy for complications, and
there was an appendicitis recurrence rate of 35% in the
antibiotic group. Another study by Styrud et al[49] saw an
86% success rate with antibiotics with only a 14% recurrence rate within one year. The complication rate in the
surgical group was 14%. These studies suggest that acute
non-perforated appendicitis can be treated conservatively
with an antibiotic regimen; however, the risk of recurrence should be compared to the risk of surgical complication in the patient.
Antibiotics have also proven effective at delaying appendectomy. Nine sailors who were diagnosed with appendicitis while serving at sea received various antibiotic
regimens until the men could be taken to a hospital, and
all achieved positive outcomes[50]. A study of 695 children
showed that an antibiotic regimen in children allowed the
appendectomy to be delayed up to 18 h after admission
without an increase in complications[51].

The appendix and gastrointestinal pathology unrelated
to Clostridium difficile
A potentially alarming observation was made in the study
by Merchant et al[41]: 31 percent (39 out of 121) of their
patients which were tested for C. difficile colitis but which
were found negative for C. difficile colitis had a previous
appendectomy. This number is very significantly greater
than is expected if the presence or absence of an appendix was not related in some way: The probability
(binomial test) of observing 38 out of 121 patients with
an appendectomy is < 0.0001 given a null hypothesis of
0.18 (a population-wide rate of 18% appendectomy).
If this observation is confirmed by additional studies,
it would indicate an association between appendectomy
and complications which resemble C. difficile colitis (and
thus induce clinicians to order a test for C. difficile), but
which are in fact not associated with C. difficile. This idea
deserves further attention before any firm conclusions
can be drawn, but the observations made by Merchant
et al[41] nevertheless have great potential importance, and
certainly raise a sense of urgency for further study of this
topic.
The strongest connection between appendectomy
and inflammatory diseases unrelated to C. difficile colitis
of the bowel is provided by the Merchant et al study[41].
However, additional indirect evidence for this connection

WCG|www.wjgnet.com

CONCLUSION
It seems highly likely that the appendix, evolved in a
time before sewer systems and water treatment facilities existed, is somewhat out of place in post-industrial
society. Removal of the appendix and its associated
GALT does afford some degree of immune suppression,
which can be advantageous in a post-industrial environ-
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ment rampant with inflammatory diseases of the bowel.
However, removal of the appendix may also impede the
ability of the body to replenish helpful bacteria, and/or
appendectomy might hinder helpful immune responses,
such as those directed at C. difficile. Whatever the cause,
appendectomy appears to be associated with an increased
risk for recurrent C. difficile colitis, which is not a minor
problem in modern medical practice. Indeed, one study
found nosocomial C. difficile diarrhea present in 3.4 to 8.4
cases per 1000 hospital admissions[40], and an increase in
in-hospital mortality from 2.4% to 13.5%[41]. With this
in mind, further studies aimed at biome reconstitution,
which are predicted to eliminate the vast majority of appendicitis cases, and thus the need for most appendectomies, are warranted. Further, studies regarding the long
term effects of incidental appendectomies should be
carefully considered.
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degree of FH-IBS overlap. This underscores the need
for studies based on updated diagnostic criteria and accurate pathophysiological classifications, particularly to
distinguish FH from GERD. This distinction would represent an essential starting point to achieving a better
understanding of pathophysiology in the subclasses of
patients with GERD and FH and properly assessing the
different degrees of overlap between IBS and the subcategories of heartburn.The present review article intends to appraise and critically discuss current evidence
supporting a possible concomitance of GERD or FH with
IBS in the same patients and to highlight the pathophysiological relationships between these disorders.

Abstract

Original sources: de Bortoli N, Martinucci I, Bellini M, Savarino E, Savarino V, Blandizzi C, Marchi S. Overlap of functional
heartburn and gastroesophageal reflux disease with irritable bowel
syndrome. World J Gastroenterol 2013; 19(35): 5787-5797 Available from: URL: http://www.wjgnet.com/1007-9327/full/v19/
i35/5787.htm DOI: http://dx.doi.org/10.3748/wjg.v19.i35.5787
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Key words: Functional gastrointestinal disorders; Gastroesophageal reflux disease/Gastro-oesophageal reflux
disease; Irritable bowel syndrome; Acidity (esophageal);
Hypersensitivity

Several studies indicate a significant degree of overlap
between irritable bowel syndrome (IBS) and gastroesophageal reflux disease (GERD). Likewise, both functional heartburn (FH) and IBS are functional digestive
disorders that may occur in the same patients. However, data establishing a solid link between FH and IBS
are lacking, mainly because the clinical definition of FH
has undergone substantial changes over the years. The
available literature on the overlap between GERD or FH
and IBS highlights considerable heterogeneity in terms
of the criteria and diagnostic procedures used to assess
heartburn and IBS. In particular, several epidemiological studies included patients with concomitant IBS and
GERD without any attempt to distinguish FH (as defined
by the Rome Ⅲ criteria) from GERD via pathophysiological investigations. Independent of these critical issues,
there is preliminary evidence supporting a significant
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INTRODUCTION
Gastroesophageal reflux disease (GERD) and irritable
bowel syndrome (IBS) are gastrointestinal disorders that
affect a large portion of the general population and have
a relevant impact on quality of life and health care costs.
Although these disturbances affect different regions of
the digestive tract, it has been noted that they may occur in the same patient. In addition, recent studies have
shown a concomitance between functional heartburn
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(FH) and IBS. This finding is not completely unexpected
because FH and IBS are both functional digestive disorders (FDDs), and the possibility of an overlap among
different FDDs has been largely acknowledged[1]. Indeed,
there is mounting evidence that FDDs consist of a number of heterogeneous syndromes characterized by various
gastrointestinal symptoms with no evident organic cause
found upon clinical investigation[2].
Based on the above considerations, the hypothesis
of an association between FH and IBS deserves careful
attention and investigation. However, data establishing
a solid link between FH and IBS are lacking, most likely
because the disorders’ clinical definitions have undergone
to significant variations over the years, and their pathophysiology remains poorly understood.
The present article intends to provide a review of
current evidence supporting a possible clinical and pathophysiological relationship between GERD/FH and IBS.

ing persisted over the previous 3 mo, with a symptom
onset dating to at least 6 mo before the diagnosis[7]. To
exclude GERD, patients must undergo upper digestive
endoscopy; in the absence of esophagitis, ambulatory pH
monitoring should also be performed[4]. A lack of correspondence between symptoms and reflux episodes, together with normal acid exposure in the distal esophagus,
would suggest a diagnosis of FH. Such a diagnosis could
be further substantiated by the outcome of a therapeutic
trial with a proton pump inhibitor (PPI); although it is
not specific, an unsatisfactory response to acid inhibition
is likely to have a negative predictive value in support of
GERD[8].
A recent study suggested that, to be diagnosed with
FH, patients should have a normal upper endoscopy, a
normal AET in the distal esophagus and a negative symptom association with both acid and non-acid reflux[5].
The evaluation of the latter condition is possible
only with MII-pH monitoring, which is able to recognize
both acid and non-acid reflux. However, it must be considered that, to date, the exact role of non-acid reflux in
the pathophysiology of symptoms in untreated GERD
patients has been minimally evaluated. Therefore, the
findings reported by Savarino et al[5] should be viewed
as preliminary in nature and should be substantiated by
further studies before undergoing a critical assessment by
consensus committees.

DEFINITIONS
To properly address the relationship between GERD/FH
and IBS, it is important to preliminarily clarify some definitions of GERD, as patients affected by FH have been
often included in this category in both past and recent
clinical investigations.
GERD
GERD develops when the reflux of gastric contents into
the esophagus leads to troublesome symptoms, with or
without mucosal damage and/or complications[3]. A subcategory of GERD patients that displays reflux-related
symptoms in the absence of erosive esophagitis at endoscopy is considered to have non-erosive reflux disease
(NERD)[3]. Pathophysiological studies conducted via pH
monitoring and, more recently, impedance-pH monitoring (MII-pH) have demonstrated that there are two main
types of NERD patients: those with abnormal acid reflux
and those with physiological acid exposure time (AET).
In the latter group, patients showing a close temporal
relationship between symptoms and acid or non-acid
reflux episodes have been defined as having a “hypersensitive esophagus” and should be considered within the
spectrum of GERD[4,5]. When the association between
symptoms and physiological reflux is lacking, patients can
be classified as having FH, which is defined in the next
section.

IBS
According to the Rome Ⅲ criteria, IBS is a functional
bowel disorder in which recurrent abdominal pain or
discomfort is associated with defecation and/or changes
in bowel habits. In particular, abdominal pain or discomfort is associated with two or more of the following
characteristics: improvement with defecation and onset
associated with a change in the frequency and/or form
of stool. The predominant stool pattern allows the classification of IBS into four clinical variants: with constipation; with diarrhea; mixed; and unsubtyped[9].

GERD/FH AND IBS OVERLAP
To date, several studies have reported a certain degree
of overlap between GERD and IBS that cannot be explained solely by chance[10-13]. By contrast, epidemiological
data regarding the possible concomitance of FH and IBS
in the same patient are lacking.
In the last two decades, the assessment of the epidemiological and clinical features of IBS has gained considerable attention. At present, the overall prevalence of
IBS ranges from 10% to 20% of adults and adolescents,
and it predominantly affects young (20-45 years old) females[14,15]. Population-based studies suggest that GERD,
defined by at least weekly heartburn and/or regurgitation,
is a common condition, with a prevalence of 10%-20%
in Western populations[16]. Several studies have shown
that up to 70% of patients complaining of heartburn
have NERD; 30%-50% of NERD patients display nor-

FH
The Rome Ⅱ criteria for functional esophageal disorders
defined FH as an episodic retrosternal burning in the absence of pathological gastroesophageal reflux, pathologybased motility disorders, or structural alterations[6]. In
2006, the Rome Ⅲ committee modified the definition of
FH as the occurrence of chronic retrosternal burning in
the absence of either GERD or histopathology-based
esophageal motility disorders. In particular, according to
Rome Ⅲ criteria, heartburn should be reported as hav-
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mal 24-h esophageal pH monitoring[17], and approximately 60% of these patients show a negative relationship
between symptoms and acid reflux events[4]. More recent
studies conducted with MII-pH in NERD patients suggest an FH prevalence ranging from 19% to 26%[5]. Very
little is currently known about gender prevalence among
patients with FH, although the condition seems to be
more common in women[18].
The identification of a clinical overlap between FH
and IBS is complicated by the fact that most studies have
usually evaluated the concomitance of IBS and heartburn, irrespective of whether the latter was related to
GERD or FH. In particular, most data have been collected via epidemiological studies conducted using validated
questionnaires and endoscopy, without any pathophysiological attempt to discriminate GERD patients from FH
patients. In this context, we were interested in performing
an in-depth analysis of the overlap between GERD/FH
and IBS by conducting a search of the available literature.

via esophageal manometry and pH-metry/MII-pH were
performed in addition to the symptom questionnaire
and upper endoscopy[20,39]. Overall, in patients with IBS,
NERD was slightly more prevalent (42%) than erosive
reflux disease (ERD, 38%). One study conducted in accordance with Rome Ⅲ criteria estimated an FH prevalence of 59% among patients with IBS[39].
Prevalence of IBS in patients with GERD/FH
Thirty-two articles investigated the prevalence of IBS
in subjects with a previous diagnosis of GERD/FH[10,
12,23,25,26,31,32,35,36,38-60]
. The details are shown in Table 2. In
GERD patients, the overall mean prevalence of IBS
was 36%, although there was considerable variability, as
shown by values ranging from 8% to 71%. In 3 studies,
IBS was diagnosed according to the Manning criteria
(mean prevalence: 34.4%); in 8 studies, it was diagnosed
according to the Rome Ⅰ criteria (mean prevalence:
41.4%); in 10 studies, it was diagnosed according to the
Rome Ⅱ criteria (mean prevalence: 38.1%); in 8 studies,
it was diagnosed according to the Rome Ⅲ criteria (mean
prevalence: 31.9%); in 3 studies according to the ReQuest
criteria (mean prevalence: 37.3%). In all studies, IBS was
diagnosed via a symptom questionnaire. However, in one
study, hematological and stool examinations were also
performed to exclude organic diseases[26]. In comparison,
GERD was diagnosed via a symptom questionnaire in
18 studies and via a symptom questionnaire combined
with upper endoscopy in 7 studies. In 7 studies, esophageal pathophysiological studies (i.e., manometry and pHmetry) were performed in addition to the symptom questionnaire and upper endoscopy. Overall, IBS was more
prevalent in patients with NERD (41%) than in those
with ERD (23.9%). Two studies, which evaluated FH in
accordance with the Rome Ⅲ criteria, estimated prevalences of 39%[56] and 61.4% for IBS[39]. In the first study,
heartburn was investigated via pH-metry, while the latter
used MII-pH testing.

Literature search
We identified the published studies to include in our
review via an electronic search of three bibliographical
databases: PubMed (1966-2011), EMBASE (1980-2011)
and the Cochrane Library (2000-2011). Only studies that
were designed as randomized-controlled, cross-sectional
and case-control were included in our analysis. The search
was performed by two investigators using the string “(reflux OR heartburn OR GERD OR GORD OR gastroesophageal reflux OR PPI OR 24-h pH) AND (IBS)”. A
restriction was placed to collect articles in English only.
The initial search yielded 371 titles of studies that were
published as either full text papers or abstracts of scientific meetings, and all of the studies were screened by all
authors to determine their eligibility. Based on our inclusion criteria, we selected 45 studies, which were used for
an in-depth analysis of the prevalence of GERD/FH in
patients with IBS and vice versa. In addition, the criteria
and diagnostic procedures used to assess the presence of
heartburn and IBS were recorded.

Discussion
Large population-based studies have used validated
questionnaires to investigate a possible association between GERD and IBS and have suggested that GERD
can affect a considerable proportion of patients with
IBS[22,27,28] or vice versa[43,49]. However, few studies specifically address the issue of overlap between FH and IBS,
mainly because the definition of FH has varied substantially throughout the years. Indeed, the definition of FH
has been greatly modified from the Rome Ⅱ criteria (in
which the definition of FH included all NERD patients
with negative pH-metry) to the Rome Ⅲ criteria (in
which FH is defined as a functional esophageal disorder
unrelated to GERD and characterized by negative pHmetry, the lack of a relationship between symptoms and
reflux events, and the lack of symptom improvement
after a trial of PPI therapy).
Notably, most of the available data on the association
between IBS and GERD were collected in the context

Prevalence of GERD/FH in patients with IBS
Twenty-three studies evaluated the prevalence of
GERD/FH in subjects with a previous diagnosis of
IBS[10,12,19-39]. The details are shown in Table 1. The overall
mean prevalence of GERD was 37.5%, although there
was remarkable variability, with values ranging from 11%
to 79%. Five studies assessed IBS according to the Manning criteria, 4 studies according to the Rome Ⅰ criteria,
8 studies according to the Rome Ⅱ criteria, and 6 studies according to the Rome Ⅲ criteria. In 18 studies, IBS
was diagnosed via a symptom questionnaire; in 4 studies,
organic diseases were excluded with imaging techniques
and laboratory tests; in 1 study, only laboratory tests
were performed. In comparison, GERD was diagnosed
via a symptom questionnaire in 18 studies and a symptom questionnaire combined with upper endoscopy in
3 studies. In 2 studies, pathophysiological evaluations
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Table 1 Prevalence of gastroesophageal reflux disease/functional heartburn in irritable bowel syndrome patients
IBS patients (n )

Ref.

IBS criteria

Diagnostic investigations
of IBS

GERD prevalence

FH prevalence

Diagnostic
investigations of
heartburn

101

Manning

25%

Not evaluated

SQ

25

Manning

S, HE, Sg, BE, BT, UE,
SBB, BC, LE
S, Sg, SC, HE, BE

28% (daily)
52% (weekly)
30%
79%
46.5%
28%

Not evaluated
Not evaluated
Not evaluated
Not evaluated
Not evaluated

S, UE, OM, pH
(wireless)
SQ
SQ
Postal SQ
S, UE

3%
11%
38% (ERD)
42% (NERD)
32.9%
40.9%
21%

Not evaluated
Not evaluated
Not evaluated

SQ
Phone SQ
S, UE

Not evaluated

SQ

Not evaluated

Phone SQ

Hungin et al[28]

Not evaluated
Not evaluated
Not evaluated
Not evaluated
Not evaluated
Not evaluated
Not evaluated
Not evaluated

SQ
SQ
SQ
SQ
SQ
SQ
Postal SQ
S, UE

Si et al[29]
Balboa et al[30]
Lee et al[31]1
Hori et al[32]1
Johansson et al[33]
Schmulson et al[34]
Jung et al[10]1
Yarandi et al[35]1

Not evaluated
Not evaluated

SQ
Postal SQ

Kaji et al[36]1
Olafsdottir et al[37]

100
350
546
146

Manning
S, LE, HE, BE
Modified manning
SQ
Modified manning
Postal SQ
Rome Ⅰ
S, PE, AU, HE, UE or BE
(patients older than 50 yr)
Rome Ⅰ
SQ
Rome Ⅰ
Phone SQ
Rome Ⅰ
S, SC, HE

68
68
52
76 (IBS-C)
45 (IBS-D)
3880

662
517
95
40
164
113
252
1419
381
1336 (in 1996)
799 (in 2006)
381
46

Rome Ⅱ

SQ

Rome Ⅱ
Rome Ⅰ
Manning
Rome Ⅱ
Rome Ⅱ
Rome Ⅱ
Rome Ⅱ
Rome Ⅱ
Rome Ⅱ
Rome Ⅲ
Rome Ⅲ
Rome Ⅱ
Rome Ⅲ
Rome Ⅲ
Rome Ⅱ
Manning
Rome Ⅲ
Rome Ⅲ

Phone SQ

SQ
SQ
SQ
SQ
SQ
SQ
Postal SQ
SQ
SQ
Postal SQ

25%
40%
21%
20%
43%
49.6%
32.9%
63.6%
16%
60.5%-71.9%

SQ
SQ

16%
41.3%

Not evaluated
59%

Svedlund et al[19]
Smart et al[20]
Whorwell et al[21]
Jones et al[22]
Kennedy et al[23]1
Stanghellini et al[24]
Hu et al[25]1
Cheung et al[12]1
Camacho et al[26]1
Talley et al[27]

SQ
Fujiwara et al[38]1
S, UE, OM22, MII-pH Martinucci et al[39]1,2

1

Articles listed in both Tables 1 and 2; 2Abstract only (publication type). GERD: Gastroesophageal reflux disease; FH: Functional heartburn; IBS: Irritable
bowel syndrome; S: Symptoms; SQ: Symptom questionnaire; PE: Physical examination; HE: Hematological examinations; BE: Barium enema; BC: Bacteriological culture; SC: Stool culture; BT: Lactose/lactulose breath test; AU: Abdominal ultrasonography; UE: Upper endoscopy; LE: Lower endoscopy; SBB:
Small-bowel biopsies; Sg: Sigmoidoscopy; OM: Esophageal manometry; pH: pH-metry; MII-pH: pH impedance monitoring; ERD: Erosive reflux disease;
NERD: Nonerosive reflux disease.

subgroups and FH in two groups of patients: those with
and those without IBS. For each subject, we evaluated
the AET, number of reflux episodes, correlation between
symptoms and refluxes, and subjective response to PPI
therapy. FH was found in 59% (27/46) of the patients
with IBS, compared with 37% (17/46) of the patients
without IBS (P < 0.05), indicating a higher prevalence
of FH in IBS patients. In comparison, IBS was found in
39.6% (19/48) of the patients with NERD and in 61.4%
(27/44) of the patients with FH, suggesting that in IBS
patients, FH was more common than NERD was [39].
Although data from these two pioneering studies are not
sufficient to support the concept that FH and IBS can
occur in the same patient, they underscore the need for
future investigations based on updated diagnostic criteria.

of epidemiological studies, which were conducted on patients with heartburn using validated questionnaires and
upper endoscopy without the use of any reliable pathophysiological investigation to discriminate FH (according
to the Rome Ⅲ criteria) from GERD.
As mentioned above, only two studies have evaluated
the concomitance of FH and IBS. Lee et al[56] examined
95 patients with heartburn by endoscopy, pH-metry, PPI
test, and psychological characteristics. The patients were
classified using the Rome Ⅲ criteria; therefore, FH was
diagnosed based on physiological AET, a negative association between symptoms and reflux, and a negative
PPI test in patients without erosive esophagitis. A higher
prevalence of IBS was recorded in FH patients (39%)
than in ERD (17%) or NERD (23%) patients. Furthermore, anxiety was more prevalent in FH patients than in
NERD patients. Recently, we examined 92 patients with
heartburn (without esophageal mucosal breaks found
upon upper endoscopy) via pH-MII to assess, in accordance with Rome Ⅲ criteria, the prevalence of NERD
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PATHOPHYSIOLOGICAL SIMILARITIES IN
GERD, FH AND IBS
Previous studies dealing with the overlap between GERD
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Table 2 Prevalence of irritable bowel syndrome in gastroesophageal reflux disease/functional heartburn patients
GERD patients (n ) FH patients (n ) Diagnostic investigations of
heartburn
910
80
34 (ERD)
67 (NERD)
643
35
79
457
79
326 (NERD)
326 (NERD)
41 (ERD)
45 (NERD)
3318
102
3318
263
111 (ERD)
113 (NERD)
238
67
16
92
102 (ERD)
163 (NERD)
411
344
36/95 (ERD)
36/95 (NERD)

Not evaluated
Not evaluated
Not evaluated

Postal SQ
SQ
S, UE

Not evaluated
Not evaluated
Not evaluated
Excluded
Not evaluated
Excluded
Excluded
Not evaluated

SQ
SQ
SQ
S, UE, OM, pH
Phone SQ
S, UE, pH
S, UE, pH
S, UE

Not evaluated
Excluded
Not evaluated
Not evaluated
Excluded

SQ
S, UE, OM, pH
SQ
S, pH
S, UE, OM, pH.

Not evaluated
Not evaluated
Not evaluated
Not evaluated
Excluded

SQ
SQ
SQ
SQ
S, UE, OM, pH

Not evaluated
Not evaluated
23/95

Postal SQ
SQ
S, UE, OM, pH

207
286 (ERD)
74 (NERD)
2658

Not evaluated
Not evaluated

SQ
S, UE

Not evaluated

S, UE

207
48/92 (NERD)

Not evaluated
44/92

SQ
S, UE, OM22, MⅡ-pH

1181 (ERD)
694 (NERD)
6810
257

Not evaluated

S, UE

Not evaluated
Not evaluated

SQ
SQ

IBS prevalence

IBS criteria

Diagnostic
investigations of IBS

19%
36.7%-45.1%
36% (in ERD)
35% (in NERD)
42%
71%
3%
49%
13%
48.5%
49%
48.7% (in ERD)
48.8% (in NERD)
36.7%-45.1%
32.4%
27%
35%
15.3% (in ERD)
44.2% (in NERD)
60.9%
27%
50%
62%
20.6% (in ERD)
39.9% (in NERD)
20.2%
51.7%
17% (in ERD)
23% (in NERD)
39% (in FH)
29.5%
11.2%
41.9%
33.9%

Manning
Manning
Manning

Postal SQ
SQ
SQ

Kennedy et al[23]1
Chey et al[40]2
Nojkov et al[41]

Rome Ⅰ
Rome Ⅰ
Rome Ⅰ
Rome Ⅰ
Rome Ⅰ
Rome Ⅰ
Rome Ⅰ
Rome Ⅰ

SQ
SQ
SQ
SQ
Phone SQ
SQ
SQ
S, SC, HE

Locke et al[42]
Pimentel et al[43]
Hu et al[25]1
Zimmerman et al[44]
Cheung et al[12]1
Hershcovici et al[45]
Zimmerman et al[46]
Camacho et al[26]1

Rome Ⅱ
Rome Ⅱ
Rome Ⅱ
Rome Ⅱ
Rome Ⅱ

SQ
SQ
SQ
SQ
SQ

Bueno et al[47]2
Raftopoulos et al[48]
Guillemot et al[49]
De Vries et al[50]
Wu et al[51]

Rome Ⅱ
Rome Ⅱ
Rome Ⅱ
Rome Ⅱ
Rome Ⅱ

SQ
SQ
SQ
SQ
SQ

Nasseri-Moghaddam et al[52]
Lee et al[31]1
Hori et al[32]1
Rey et al[53]
Wu et al[54]

Rome Ⅲ
Rome Ⅲ
Rome Ⅲ

Postal SQ
SQ
SQ

Rome Ⅲ
Rome Ⅲ

SQ
SQ

Kaji et al[36]1
Noh et al[57]

Rome Ⅲ
Rome Ⅱ
Rome Ⅲ
Rome Ⅲ

SQ

Yarandi et al[35]1

SQ
SQ

Fujiwara et al[38]1
Martinucci et al[39]1,2

ReQuest

SQ

Mönnikes et al[58]

ReQuest
ReQuest

SQ
SQ

Fass et al[59]2
Bardhan et al[60]

29.5%
39.6% (in NERD)
61.4% (in FH)
12.7% (in ERD)
18.3% (in NERD)
60%
58%

Authors

Jung et al[10]1
Solhpour et al[55]
Lee et al[56]

1

Articles listed in both tables 1 and 2; 2Abstract only (publication type). GERD: Gastroesophageal reflux disease; FH: Functional heartburn; IBS: Irritable
bowel syndrome; S: Symptoms; SQ: Symptom questionnaire; PE: Physical examination; HE: Hematological examinations; BE: Barium enema; BC: Bacteriological culture; SC: Stool culture; BT: Lactose/lactulose breath test; AU: Abdominal ultrasonography; UE: Upper endoscopy; LE: Lower endoscopy; LEB:
Lower endoscopy and biopsies; SBB: Small-bowel biopsies; Sg: Sigmoidoscopy; OM: Esophageal manometry; pH: pH-metry; MII-pH: pH impedance monitoring; ERD: Erosive reflux disease; NERD: Nonerosive reflux disease.

and IBS have proposed that visceral hypersensitivity, motility dysfunctions, and central neural mechanisms can be
the main common pathophysiological mechanisms[11,13,61].
However, following the release of Rome Ⅲ criteria, an
increasing number of studies have indicated the importance of a careful categorization of GERD patients via
pathophysiological investigations to better appreciate the
degrees of overlap between IBS and reflux symptoms
in various subgroups of patients[39,56,62,63]. Accordingly,
this section intends to appraise and critically discuss the
available evidence supporting a pathophysiological relationship among GERD, FH and IBS. When attempting
such a difficult task, two important points must be care-
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fully considered: (1) In previous studies, GERD and IBS
patients have been investigated to determine their pathophysiological and clinical features, while FH patients
constitute a “new entity” for which pathophysiological
studies are urgently required; and (2) Most of the available literature on the pathophysiology of FH addresses
patients who were identified using old criteria (i.e., criteria
that have since been replaced by the Rome Ⅲ classification) that also identified NERD patients with normal
esophageal AET. Even when these issues are kept in
mind, IBS and FH, as well as IBS and GERD, appear to
share some pathophysiological features that need to be
carefully considered.
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Visceral hypersensitivity
Most FDD patients display a reduced pain or discomfort
threshold in response to visceral stimulation, implying that
they might perceive a stimulus as uncomfortable or painful at significantly lower intensity than normal subjects
would[64]. Such increased sensitivity can be usually documented throughout the whole gastrointestinal tract, suggesting diffuse, rather than site-dependent, involvement[65].
Studies aimed at gaining pathophysiological insights
irrespective of the dominant digestive disorder have extensively investigated visceral hypersensitivity to a variety
of stimuli (e.g., acid perfusion, balloon distension, electrical stimulation) within both IBS[66] and GERD[63]. In particular, current data suggest that NERD patients displays
equivalent or increased degrees of visceral hypersensitivity as compared with ERD, but may have lower levels
than those shown by patients with functional esophageal
disorders (i.e., FH/chest pain of presumed esophageal
origin). According to recent advances in basic science,
three main mechanisms are believed to underlie visceral
hypersensitivity (i.e., peripheral sensitization, central sensitization and psychoneuroimmune interactions), and all
of these have been documented in NERD patients[63].
Nevertheless, these factors’ respective roles and degrees
of involvement in the pathophysiology of FH remain to
be established, particularly in the light of the Rome Ⅲ
criteria. To verify whether FH patients have visceral hypersensitivity and to assess whether this feature is a common trait in IBS patients, some studies have investigated
the presence of esophageal sensitivity to chemical or
mechanical stimuli in FH and/or IBS patients.
Rodriguez-Stanley et al [67] reported that 89% of
patients with FH (Rome Ⅱ) experienced abnormal responses to intraesophageal acid perfusion (Bernstein
test), esophageal balloon distension, or both. In repeated
studies using either esophageal balloon distension or
electrical stimulation, patients with FH (Rome Ⅱ) have
consistently demonstrated a lower perception threshold
for pain or discomfort compared with patients with erosive esophagitis and/or abnormal 24-h esophageal pH
monitoring[68,69]. Recently, Thoua et al[62] observed that
patients with NERD had higher sensitivity to esophageal
acid exposure than did ERD patients and controls, and
this hypersensitivity was most pronounced with proximal
esophageal acid exposure. Moreover, FH patients (Rome
Ⅲ) were more hypersensitive to excess acid exposure
than NERD patients were. Of note, these authors carefully selected patients with unequivocal reflux, taking care
to exclude those with minor mucosal breaks, and the condition of hypersensitivity was found to be independent
from motility changes[62]. Yang et al[70] found that cortical
evoked potentials latencies induced by balloon distension
were shorter in FH patients (Rome Ⅱ) than in controls
before acid perfusion, and such perfusion decreased the
latencies and increased their amplitude in FH patients,
but not in controls. These findings suggest that dysfunctions of visceral neural pathways and/or alterations in
cortical processing might generate and mediate esopha-
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geal hypersensitivity in FH.
Consistent with the notion that visceral hypersensitivity is not site-specific, Costantini et al[71] reported that
during esophageal provocative testing (balloon distension
and bethanechol administration), IBS patients displayed
a lower threshold for esophageal symptoms compared
with healthy volunteers, without any evident alteration
of esophageal motility or decrease in esophageal basal
pressure. In line with these observations, Trimble et al[72]
demonstrated that IBS patients had a lower rectal sensory
threshold for pain compared with healthy controls and
that IBS patients displayed concomitantly lower sensory
thresholds for both esophageal perception and discomfort evoked by balloon distension.
Whether the types of sensory dysfunctions previously detected in FH patients (Rome Ⅱ)[68] can also be
observed in FH patients diagnosed in accordance with
Rome Ⅲ criteria remains to be established. When investigating this issue, it must be considered that at present,
there is not a unanimous consensus on how to define and
measure the condition of lowered visceral threshold. A
further critical issue is that visceral thresholds for different stimuli do not necessarily display parallel alterations.
In this context, some relevant questions still await conclusive answers: (1) Which is the most meaningful index of
an altered sensory threshold? (2) Can different stimuli be
regarded as equivalent in nature? and (3) Considering dayto-day variations in the occurrence of symptoms, is there
also a day-to-day variation in the underlying biological
abnormalities responsible for these symptoms? Overall,
great caution will be required in future studies addressing
the pathophysiological meaning of visceral hypersensitivity in GERD/FH and/or IBS.
Motility dysfunction
Motor abnormalities might represent a common pathophysiological mechanism between GERD and IBS[61].
Consistent with this concept, some authors speculate that
an overall dysfunction of smooth muscle throughout
the GI tract might explain the overlap between IBS and
GERD[22].
Of note, the pattern of esophageal motility has been
shown to differ between ERD and NERD patients[73],
while no significant differences have been found in LES
pressure or contraction amplitude when comparing FH
patients (Rome Ⅲ) to NERD patients with pathological
AET[62]. In unclassified subjects complaining of heartburn, Bhalla et al[74] observed that acid infusion elicited an
increase in symptom sensitivity in concomitance with a
perturbation of esophageal contractility, as revealed by a
greater increase in contraction amplitude, contraction duration, muscle thickness, and the incidence of sustained
esophageal contractions during the second acid infusion
in comparison with the first one.
To date, the possible contribution of motility dysfunction to the pathophysiology of FH remains unclear;
however, while studying 12 unclassified subjects with
heartburn using 24-h pH-metry, synchronized pressure
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recording and high-frequency intraluminal ultrasound
imaging of the oesophagus, Pehlivanov et al[75] highlighted
a close correlation between heartburn episodes (whether
associated with acid reflux or not) and abnormally long
longitudinal muscle contraction durations. This motor
correlate might also be relevant to a better understanding
of the pathophysiological bases of heartburn perception
in FH patients, but it has been documented only by a preliminary investigation and requires additional studies to
be confirmed. Likewise, whether esophageal and bowel
motor abnormalities occur concomitantly in patients with
overlapping GERD/FH and IBS is currently unclear, and
studies addressing this issue are required.

is that sleep disorders induce visceral hyperalgesia, thus
amplifying the patient’s perception of gastrointestinal
symptoms[81,82].
Response patterns to drugs that modulate visceral pain
Pathophysiological similarities among GERD, FH and
IBS might reflect similarities in their response patterns
to the drugs that influence common pathophysiological mechanisms. According to the Rome Ⅲ criteria, FH
patients’ symptoms do not improve with PPI therapy.
Consistent with this criterion, even before Rome Ⅲ,
some authors reported that adding or switching PPIs to
a visceral pain modulator [(i.e., tricyclic antidepressants
(TCAs) or selective serotonin reuptake inhibitors (SSRIs)]
might induce beneficial effects in FH patients (Rome
[83]
[84]
Ⅱ) . Peghini et al were the first to report that imipramine can reduce esophageal pain perception in healthy
male volunteers. Clouse et al[85] investigated the effects
of low-dose trazodone in patients with symptomatic
esophageal dismotility and obtained a significantly greater
global symptom improvement compared with placebo.
Broekaert et al [86] observed that citalopram lowered
chemical and mechanical esophageal sensitivity in healthy
subjects without altering motility. Likewise, in a randomized placebo-controlled study, citalopram 20 mg/d was
found to be effective in a selected group of patients
with hypersensitive esophagus (i.e., normal AET, positive
SI)[87]. Overall, the current evidence, although preliminary
in nature, suggests that SSRIs may exert beneficial effects in lowering esophageal sensitivity to chemical and
mechanical stimuli. These observations encourage the
performance of studies aimed at assessing the efficacy of
SSRIs in patients with esophageal hypersensitivity. In this
regard, it is interesting to note that antidepressants (e.g.,
TCAs and SSRIs) have been found more effective than
placebo in IBS treatment, as indicated by a recent review
and meta-analysis of randomized controlled trials[88].
Thus, based on current knowledge, it can be tentatively
speculated that visceral hypersensitivity might be a common trait among patients with esophageal hypersensitivity and/or IBS and that such an underlying pathophysiological condition might explain the beneficial responses
to antidepressants in both these disorders. Overall, a
critical appraisal of current evidence highlights the need
for future clinical studies aimed at assessing the possible
transverse beneficial actions of drugs in patients with
concomitant ERD, NERD or FH and IBS. To date, it can
be hypothesized that antidepressants have a beneficial
role as visceral pain modulators.

Central neural mechanisms
In FH patients, heartburn has been proposed to originate
from factors other than luminal stimuli[68]. It has been
speculated that central neural mechanisms related to psychological comorbidity (anxiety, depression and stress)
could modulate esophageal perception and make patients
prone to perceiving low-intensity esophageal stimuli as
painful[69]. In particular, anxiety has been implicated as a
factor that may modulate the degree of sensitization to
esophageal acid testing[76].
Johnston et al[77] studied 101 patients with heartburn
using esophageal pH monitoring. The subjects who
showed no correlation between symptoms and refluxes
displayed significantly higher levels of trait anxiety compared with patients with a positive correlation. Along the
same line, Rubenstein et al[78] observed that in subjects
with heartburn, esophageal sensation to both acid perfusion and mechanical distension was associated with
increased levels of psychiatric distress and a diagnosis of
IBS.
According to Posserud et al[79], no clear relationship
between pain threshold and IBS symptoms (severe pain,
bloating and diarrhea) has been convincingly established,
and other mechanisms, including central nervous ones,
are likely to play a relevant role. In line with this contention, Elsenbruch et al[80] observed that IBS patients can
indeed experience a higher severity of distension-induced
pain and overall discomfort despite unaltered rectal sensory thresholds, suggesting that the perception of visceral
stimuli could be influenced by emotional factors. In contrast, it remains unclear what psychological factors are
relevant for visceral hyperalgesia in IBS patients and how
they may interact with biological mechanisms, such as peripheral/central neuroendocrine and immune processes[66].
Another aspect that deserves attention addresses the
possible impact of sleep disorders on the pathophysiology of FDD symptoms. Jung et al[10] observed that
self-reported insomnia and frequent abdominal pain
represent two risk factors for IBS-GERD overlap compared with IBS or GERD alone. In addition, a positive
association has been found between the severity of IBS
symptoms and the severity of sleep disturbances. However, the pathophysiological mechanisms underlying this
association are only partly understood. One possibility
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CONCLUSION
In the present review, we have attempted to appraise and
critically discuss whether the current literature supports
an association between GERD and IBS and between
FH and IBS. Our literature search highlights a high heterogeneity in terms of both the criteria and diagnostic
procedures used to investigate the presence of heartburn
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and IBS. In particular, most of the current epidemiological data do not rely on a formal diagnostic assessment of
IBS and/or GERD; rather, the studies generally evaluated these disorders via symptom questionnaires. Another
critical issue is the inclusion of patients with concomitant
IBS and GERD without any attempt to distinguish FH
from GERD using pathophysiological investigations.
Indeed, a very few small studies have documented an
actual concomitance of FH and IBS. The main reason
for this paucity of data stems from the fact that, until the
release of the Rome Ⅲ criteria, FH was not regarded as
a distinct entity and was included in the same category as
GERD. Moreover, most of current pathophysiological
data refer to FH patients as defined by criteria older than
the Rome Ⅲ classification. Accordingly, clear evidence
of an association between IBS and FH, as defined by the
Rome Ⅲ criteria, is presently lacking.
Independent of these critical issues, there is some
evidence, though scarce and preliminary, of the concomitance of FH and IBS. In support of this contention,
some studies have shown that FH and IBS may share
common pathophysiological mechanisms, such as visceral
hypersensitivity, and that drugs that act as visceral pain
modulators (such as antidepressants) may exert beneficial
effects on both disorders when tested in separate trials.
Overall, current knowledge about the GERD/FH and
IBS overlap needs to be expanded via investigations based
on updated diagnostic criteria, more accurate pathophysiological classifications, and careful categorization of
patients with heartburn. To achieve these goals, future
epidemiological and pathophysiological studies should be
designed to properly assess the presence and extent of
overlaps linking IBS with FH and various subgroups of
GERD patients. In this context, it is also expected that a
better pathophysiological characterization of heartburn
will foster the identification of therapeutic strategies that
target the common pathogenic mechanisms underlying
FH and IBS.
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in the pathogenesis of GERD, the relationship between
the hypersensitivity and esophageal inflammation is not
clear. Moreover, the large majority of GERD patients (up
to 70%) do not develop esophageal erosions, a variant
of the condition called non-erosive reflux disease. This
summary aims to explore the inflammatory pathway involved in GERD pathogenesis, to better understand the
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reflux disease patients and to provide new therapeutic
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Core tip: The present study aimed to explore the
mechanisms involved in the pathogenesis of gastroesophageal reflux disease (GERD) symptoms and complications, which remain to be fully elucidated. Despite
recent evidence confirming the important production of
inflammatory mediators and neurotransmitters in the
pathogenesis of GERD, the interplay between esophageal inflammation and hypersensitivity is not clear.
Based on the literature and on personal experimental
studies, this paper attempts to summarize the evidence
concerning the inflammatory pathway involved in GERD
pathogenesis, to better define the possible distinction
between erosive and non-erosive reflux disease patients and to provide new therapeutic approaches.

Abstract
Although gastroesophageal reflux disease (GERD) is a
common disorder in Western countries, with a significant impact on quality of life and healthcare costs, the
mechanisms involved in the pathogenesis of symptoms
remain to be fully elucidated. GERD symptoms and
complications may result from a multifactorial mechanism, in which acid and acid-pepsin are the important
noxious factors involved. Prolonged contact of the
esophageal mucosa with the refluxed content, probably
caused by a defective anti-reflux barrier and luminal
clearance mechanisms, would appear to be responsible
for macroscopically detectable injury to the esophageal
squamous epithelium. Receptors on acid-sensitive nerve
endings may play a role in nociception and esophageal
sensitivity, as suggested in animal models of chronic
acid exposure. Meanwhile, specific cytokine and chemokine profiles would appear to underlie the various
esophageal phenotypes of GERD, explaining, in part,
the genesis of esophagitis in a subset of patients. Despite these findings, which show a significant production of inflammatory mediators and neurotransmitters
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A well studied ultra-structural alteration, i.e., dilated
intercellular spaces (DIS), demonstrated both in ERD
and NERD patients[21,22], could explain the genesis of
symptoms triggered by the activation of intra-mucosal
chemo-sensitive nociceptors and, at the same time, the
inflammatory cascade generated by luminal acid diffusing
into the tissue. In conditions not associated with severe
inflammation, it is unclear how, in the presence of these
symptoms, an injurious process initiating in the normal
mucosa may lead to macroscopic injuries in a subset of
patients (30%-40%), namely the ERD group.
The increased paracellular permeability, associated
with the presence of DIS, and the resulting breakdown
in the epithelial barrier, do not necessarily result only
from excessive acid exposure, as suggested by the normal
acid contact time at pH-monitoring in NERD patients,
in which the symptoms are generated in the absence of
esophageal epithelial erosions[23]. At the same time, the
esophageal mucosa would appear to play a pivotal role in
the development of esophageal inflammation and pain.
Unlike intestinal inflammation, in which the role of the
mucosa has been studied, as far as concerns the esophagus, it has only recently been suggested that gastric juice
reflux does not directly damage the esophageal mucosa,
but instead stimulates the esophageal epithelial cells to
secrete chemokines that attract and activate the immune
cells, causing damage to the esophageal squamous epithelial cells[23]. Microscopic inflammation, characterized by
neutrophilic and eosinophilic infiltration of the esophageal mucosa and submucosa, is observed more frequently
in ERD than in NERD patients[24-26].
Therefore, the different esophageal phenotypes of
GERD could possibly reflect the presence of various
inflammatory mediators responsible for mucosal immune
responses in these groups of patients[8,27,28].
In a recent investigation, we observed that levels of
cytokines, such as interleukin-8 (IL-8) and platelet activating factor (PAF), are significantly higher in the esophageal
mucosa of ERD patients compared with those in the
NERD group, in whom the expression of these inflammatory mediators is comparable to those of controls[11].
The acid-induced production of IL-8 and other inflammatory mediators by the esophageal mucosa have been
shown to promote migration and activation of peripheral
blood leukocytes[29]. These findings would corroborate
the hypothesis that a cytokine-mediated mechanism,
rather than a direct effect of gastroesophageal reflux, is
responsible for the mucosal injury in the ERD subgroup.
Growing evidence shows that NERD patients are
characterized by enhanced esophageal sensitivity to
chemical and mechanical stimuli caused by enhanced
excitability of visceral sensory neurons, possibly associated with overexpression of acid-sensing receptors in
the epithelial layer and in the afferent fibers of the lamina
propria[30,31].
In particular, the transient receptor potential channel
vanilloid subfamily member-1 (TRPV1) is overexpressed
in the esophageal mucosa of ERD and NERD patients,

INTRODUCTION
Gastroesophageal reflux disease (GERD) is a common
disorder in Western countries, with 10%-30% of the individuals affected every week by symptoms that have a significant impact on quality of life and healthcare costs[1-3].
In GERD, the mechanisms involved in the pathogenesis
of heartburn and chest pain remain to be completely
elucidated; however, acid and pepsin can induce macroscopically detectable injury to the esophageal squamous
epithelium[4]. Injured or inflamed tissues release inflammatory mediators that can be detected by the immune
system. Moreover, in response to these chemical insults,
endothelial cells produce adhesion molecules, which
recruit and activate leukocytes, thus mediating inflammatory conditions[5]. In an experimental model of reflux
esophagitis and in patients affected by GERD, some of
the mediators considered to be critical in the etiology of
esophagitis are classic inflammatory products, such as
prostanoids and reactive oxygen species (ROS)[6,7]. Several
studies have also suggested that the mucosal immune and
inflammatory responses, characterized by specific cytokine and chemokine profiles, may underlie the various
esophageal phenotypes of GERD[8-11]. Indeed, the large
majority of GERD patients (up to 70%) do not develop
esophageal erosions, a variant of the condition called
non-erosive reflux disease (NERD)[12,13]. Although several studies report the progression of NERD to erosive
esophagitis (erosive reflux disease, ERD), structural and
functional characteristics differentiate these two important GERD groups: NERD patients usually have a normal lower esophageal sphincter resting pressure, minimal
esophageal body motility abnormalities, low esophageal
acid exposure profile and minimal night-time esophageal
acid exposure[14,15]. The symptom response, in NERD
patients, to acid suppressive therapy is lower than that in
patients with ERD[14]. In fact, in these patients, esophageal
visceral hypersensitivity, sustained esophageal contractions or impaired tissue resistance, have been identified
as possible mechanisms responsible for reflux symptoms
and proton pump inhibitor (PPI) resistance[16-18].
This brief summary focuses on the inflammatory
pathway involved in the pathogenesis of GERD, to better
understand the distinction between ERD and NERD patients and, thus, to provide better therapeutic approaches.

DAMAGE INDUCED BY REFLUXATE
GERD is a complex disorder with the potential for developing esophagitis, esophageal strictures and Barrett’
s esophagus[2]. GERD symptoms and complications may
result from a multifactorial mechanism in which acid and
acid-pepsin are the important noxious factors involved.
Prolonged contact of the esophageal mucosa with the refluxed content, possibly caused by a defective anti-reflux
barrier and luminal clearance mechanisms, would appear
to be responsible for the morphological changes in the
esophageal epithelium of GERD patients[19,20].
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Table 1 Cytokines and Chemokines involved in the pathophysiology of gastroesophageal reflux disease
Patients

Cytokines

Chemokines

IL-6[8,23], and IL-8[8-11,23,25,29], IL-1β[23,28,32,38], INF-γ[8], TNF-α[20,38]
IL-6[32,37], IL-8[8-11,25,28], IL-1β[28,32,37,38]

GERD
ERD
NERD
Barrett's esophagus

IL-8[10,25,28], IL-1β[28]
IL-8[8], IL-4[8], TNF-α[34], IL-6[34], IL-8[35]

PAF[11,36,37], MCP-1[9-11,36,38], RANTES[9,36], MIP1-α[11,36,38], Eotaxin-1,
Eotaxin-2 and Eotaxin-3[11,36], CINC-2α[38], and ICAM-1[38]

GERD: Gastroesophageal reflux disease; ERD: Erosive reflux disease; NERD: Non-erosive reflux disease; IL-6: Interleukin-6; IL-8: Interleukin-8; IL-1β:
Interleukin-1β; INF-γ: Interferon-gamma; TNF-α: Tumor necrosis factor-α; PAF: Platelet-activating factor; MCP-1: Monocyte chemoattractant protein; MIP1α: Macrophage inflammatory protein-1alfa; CINC-2α: Cytokine-induced neutrophil chemoattractant-2alfa; ICAM-1: Intercellular Adhesion Molecule-1;
RANTES: Regulated upon activation normal T cell expressed and presumably secreted.

compared with healthy controls, which may explain the
similar severity of reflux symptoms in both groups, regardless of the presence or absence of inflammation and
erosions[25].

macrophage inflammatory protein-1 α (MIP-1α) and
eotaxins, were detected in esophageal lesions compared
with the normal esophagus[11,38]. In agreement with these
previous reports, we recently confirmed, in biopsies from
ERD patients, a significant increase in the expression of
IL-8, PAF and several chemokines, compared with controls[25]. Interestingly, unlike ERD patients, the esophageal
mucosa of NERD patients did not exhibit enhanced
expressions of various inflammatory mediators, or the
significant presence of neutrophils and eosinophils in
the mucosa, being comparable to asymptomatic controls[11,23,24].
This hypothesis is supported by a multicenter, randomized, controlled trial including 514 patients affected
by GERD [26]. The study revealed that “microscopic
esophagitis” (dilatation of intercellular spaces, papillary
elongation and basal cell hyperplasia), was found in more
than 90% of ERD patients, but in only approximately
2/3 of NERD patients[26], with significant infiltration of
immune cells only in the ERD group.
These findings would indicate a key role of several
soluble mediators acting as powerful inflammatory activators, contributing to the induction of esophagitis. The
observation that CGRP and substance P are generated
by different mechanisms and that two different pathways
mediate the sensation of heartburn and inflammation,
would further explain the presence of recurrent and severe symptoms, irrespective of mucosal injury.

INFLAMMATORY MEDIATORS AND
GERD PATHOGENESIS
The mucosa of GERD patients produces significantly
larger amounts of various cytokines compared with that
of healthy controls[8-10,26,28,32]. These inflammatory mediators activate immune cell recruitment and migration, and
may be involved in the pathophysiology of GERD (Table
1).
IL-8, one of the most important neutrophil chemoattractants[33], is overexpressed in the mucosa of GERD
patients[8-10], and increased IL-8 levels in the esophageal
mucosa of these patients correlate with the endoscopic
and histological severity of the disease[8-10]. Moreover,
IL-8 levels decrease following PPIs[34] and following antireflux surgery[35], possibly indicating a role of this chemokine in mucosal damage. Acid-induced production
of IL-8 and PAF by the esophageal mucosa promotes
the migration of peripheral blood leukocytes. PAF also
induces the production of hydrogen peroxide (H2O2) by
peripheral blood leukocytes[29].
In a previous study, we have shown that acid-induced
inflammation of the esophagus begins with activation
of the TRPV1 receptors in the mucosa and synthesis
of PAF by the epithelial cells[36]. Furthermore, the sensory neurotransmitters, calcitonin-gene related peptide
(CGRP) and substance P, are produced by sensory neurons located in the esophageal mucosal layer[29].
PAF diffuses from the mucosal layer, stimulating the
production of H2O2 in leukocytes and the production of
IL-6 in the circular muscle, where IL-6 causes production
of additional H2O2 through activation of NADPH oxidases present in the circular muscle layer[37]. In turn, H2O2
triggers the formation of IL-1β, which may induce the
production of PAF in the muscle, probably supporting a
self-sustaining cycle of inflammatory mediator production. Indeed, in an animal model of chronic esophagitis,
significantly increased expressions of other inflammatory
mediators, among which IL-1β, tumor necrosis factor-α
(TNF-α), monocyte chemoattractant protein-1 (MCP-1),
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VISCERAL HYPERSENSITIVITY AND
REFLUX PERCEPTIONS IN GERD
PATIENTS
The pathogenesis of heartburn and acid regurgitation remain to be fully elucidated, particularly in the numerous
NERD patients in whom the 24-h pH-test findings may
be within the normal range[39]. Indeed, an enhanced sensitivity to reflux would appear to be strongly associated
with the failure of PPI treatment[40].
Although gastric acid plays a pivotal role in the pathogenesis of GERD, other stimuli have been suggested to
be involved in the pathogenesis of typical symptoms. In
patients with GERD, reflux may result in direct activation
of pain receptors, which may be enhanced by greater acid
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diffusion through the esophageal epithelium caused by
impaired mucosal barrier function[19]. Furthermore, activation of pain receptors may occur following reflux-induced distention of the esophagus. Enhanced esophageal
sensitivity to these stimuli may be caused by upregulation
of peripheral pain receptors and central sensitization of
spinal neurons[19].
Little is known about acid-sensitive nerves. Receptors
on acid-sensitive nerve endings may play a role in nociception and esophageal sensitivity, as suggested in animal
models following chronic acid exposure, and include the
anion-sensing ion channel (ASIC), TRPV1 and ionotrophic purinergic (P2X and P2Y) receptors[4].
The recently demonstrated presence of acid-sensitive
TRPV1 receptors in sensory nerve fibers and in epithelial
cells of the esophageal mucosa[41] provides an interesting
mechanism to better understand the onset of neuromodulation and symptoms generation in GERD. TRPV1 activation in primary afferent neurons evokes the sensation
of burning pain and may induce neurogenic inflammation following the release of substance P and CGRP[36].
On the other hand, growing evidence from animal
models during chronic acid exposure supports the involvement of purinergic receptors in nociception and hypersensitivity[38,39]. The purinergic receptors are involved
in several cell functions and may be activated by purine
nucleotides as ligands[42].
Based on their pharmacological properties and molecular characteristics, two distinct classes of purinergic
receptors with preferential responses to adenosine 5’-triphosphate (ATP), as well as other single nucleotides, have
been identified: the family of ligand-gated cation channel
P2X receptors and the G protein-coupled P2Y receptors.
P2X and P2Y receptors play an important role in
signaling visceral pain[19,39,42]. A working hypothesis of
purine-mediated mechano-sensory transduction has been
suggested[19,39]: ATP released from the epithelial cell lining of the gastrointestinal (GI) tract, bladder and ureter
might activate P2X receptors present on the sub-epithelial nerve plexus and the signal is transmitted via the spinal
cord to the brain.
To date, a limited number of studies have been
performed on changes in purinergic signaling in GI
disorders. Extracellular nucleotides and their receptors
have been implicated in the pathogenesis of various
pathological conditions in the gut; indeed, adenosine increases vagal afferent sensitization in the esophagus and
is able to activate a different type of nociceptive nerve
terminal in this tissue[43]. Acid sensitizes P2X receptors
to ATP, and acid-induced upregulation and activation of
P2X receptors has been confirmed in animal models of
esophagitis[44,45].
However, the role of purinergic receptors in patients
with GERD remains to be fully determined. In a recent
investigation, we studied a signaling pathway that might
be responsible for esophageal nociception, which involves ATP and purinoceptors. In an experimental model
of acid-induced activation of the esophageal mucosal
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nociceptors, we observed that acid exposure caused
activation of TRPV1 receptors on the esophageal epithelial cells, triggering production of ATP, which acts
on peripheral nerve terminals inducing the production
of neurotransmitters[46]. Thus, the selective presence of
purinergic receptors on esophageal epithelial cells was
demonstrated, suggesting a direct effect of the acid on
the epithelium and a possible autocrine effect of ATP on
these cells[19]. In fact, P2X4, P2X5 and P2Y14 receptors
are expressed in esophageal epithelial cells, and indeed
are expressed at higher levels than all the other purinergic
receptors[46]. P2Y receptors appear to be more involved
in esophageal motility. Lecea et al[47] recently reported that
purinoceptors are involved in human lower esophageal
sphincter (LES) relaxation, mediated by neural nitric
oxide and partially by P2Y receptors. Blockade of P2Y
receptors reduced the amplitude of contractions without
affecting the latency. Farrè et al[48] had previously demonstrated, in animals, that LES relaxation, induced by stimulation of the inhibitory motor neurons of the mesenteric
plexus, was mediated by neural nitric oxide with a minor
contribution of purines, acting by way of P2Y and P2X
receptors.

CONCLUSION
Inflammatory processes in the esophageal mucosa appear
to be involved not only in the development of erosive
disease, but also in the early and important phases leading
to hypersensitivity to intra-luminal stimuli.
Despite considerable evidence reconfirming the important production of inflammatory mediators and/or
neurotransmitters in the pathogenesis of GERD, the
interplay between hypersensitivity and esophageal inflammation remains unclear. Moreover, in the pathogenesis
of GERD and in the generation of symptoms, receptors
on acid-sensitive nerve endings may play a significant
role. Further studies are warranted to better understand
the signaling pathway involved in the genesis of reflux
symptoms and inflammation, to identify and establish
new therapeutic approaches.
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Core tip: The present review focuses on the subgroup
of patients in whom proton pump inhibitor refractoriness more frequently occurs, on the mechanisms
possibly involved in the lack of response, the diagnostic work-up and the therapeutic strategies in these
patients. Various mechanisms and factors have been
demonstrated and some mechanisms have also been
proposed, although not yet supported by strong evidence. In the management of these patients, a careful
clinical interview might conduct the diagnostic evaluation and the therapeutic approaches.

Abstract
Gastro-esophageal reflux disease (GERD) is one of the
most prevalent chronic diseases. Although proton pump
inhibitors (PPIs) represent the mainstay of treatment
both for healing erosive esophagitis and for symptom
relief, several studies have shown that up to 40% of
GERD patients reported either partial or complete lack
of response of their symptoms to a standard PPI dose
once daily. Several mechanisms have been proposed as
involved in PPIs resistance, including ineffective control
of gastric acid secretion, esophageal hypersensitivity,
ultrastructural and functional changes in the esophageal epithelium. The diagnostic evaluation of a refractory GERD patients should include an accurate clinical
evaluation, upper endoscopy, esophageal manometry
and ambulatory pH-impedance monitoring, which allows to discriminate non-erosive reflux disease patients
from those presenting esophageal hypersensitivity or
functional heartburn. Treatment has been primarily
based on doubling the PPI dose or switching to another
PPI. Patients with proven disease, not responding to
PPI twice daily, are eligible for anti-reflux surgery.

Original sources: Cicala M, Emerenziani S, Guarino MPL,
Ribolsi M. Proton pump inhibitor resistance, the real challenge
in gastro-esophageal reflux disease. World J Gastroenterol 2013;
19(39): 6529-6535 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v19/i39/6529.htm DOI: http://dx.doi.
org/10.3748/wjg.v19.i39.6529

INTRODUCTION
Gastro-esophageal reflux disease (GERD) is one of the
most prevalent chronic diseases in Western countries,
affecting approximately 20% of the United States adult
population weekly, and 7% daily[1,2]. Although the acidsuppressive drugs have improved in efficacy over the
last few decades, and proton pump inhibitors (PPIs)
represent the mainstay of treatment both for healing
erosive esophagitis and for symptom relief as well as for
preventing complications, several studies have shown
that up to 40% of GERD patients reported either partial
or complete lack of response of their symptoms to a

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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standard PPI dose once daily[3-5]. Therefore, particularly
in third referral Gastrointestinal Units, the management
of refractory GERD patients is a very common, as well
as a very challenging, task. Indeed, chronic heartburn is
associated not only with a significant decrease in all the
physical and mental domains of health-related quality of
life questionnaires but, also, with a significant increase in
healthcare costs, due to repeated diagnostic procedures,
physician examinations and drug prescriptions[6]. The
present review focuses on the subgroup of patients in
whom PPI refractoriness more frequently occurs, on the
mechanisms possibly involved in the lack of response,
the diagnostic work-up and the therapeutic strategies
adopted in these patients.

than NERD, patients receiving pantoprazole. Although
some data were not stratified for the presence/absence
of esophagitis, a modified intention-to-treat analysis
demonstrated, in the PPI group, a trend of increased
therapeutic gain throughout the 4 wk[11]. More recently, a
multicenter trial performed in Japan, has shown that, following 4-wk rabeprazole 40 mg/die, complete relief of
symptoms was achieved in only 36% of the NERD and
in approximately 55% of the erosive group, a response
rate similar to that observed in Western countries. Here,
patients were stratified according to a modified Los Angeles classification and, of interest, the more severe the
esophageal mucosal injury, the more effective the therapy.
The design of the study and symptom assessment could
also demonstrate that the median time to the first 24- and
48-h heartburn-free intervals was significantly shorter for
erosive than for non-erosive patients[12]. Before concluding the issue regarding the response to PPI treatment in
non-erosive vs erosive reflux disease, it may be useful to
re-consider a major dilemma concerning NERD, namely
the lack of a standard definition, which is likely to affect
the results of clinical trials, and makes interpretation of
data, challenging. It is generally agreed that NERD is the
most common presentation (up to 75%) of GERD, with
the same symptom severity and quality of life impairment
as ERD, but, at the same time, there is still lack of agreement concerning the definition of NERD: should all
symptomatic patients with endoscopy-negative findings
be considered to be suffering from NERD? The 24-h pH
test does, indeed, distinguish patients with and without
pathological esophageal acid exposure, and, more important, patients with and without significant symptomreflux association, which can reveal hypersensitivity to
non-pathological acid exposure.
Endoscopy-negative patients not presenting pathological acid exposure, with negative symptom-reflux
association and without a satisfactory response to the
PPI test are, indeed, affected by functional heartburn, according to the Rome Ⅲ criteria, and thus do not belong
to the NERD population. These “functional” patients, in
whom symptoms are, by definition, not related to reflux,
might be a minority but they frequently attend the outpatients units and are, often, enrolled in clinical trials. The
low response to PPIs reported in NERD may be affected
by including this functional subgroup in a “too heterogeneous” NERD population. Another common risk of
mis-classification of NERD is due to the healing of esophagitis at the time of upper endoscopy, and, thus, a recent consensus underlines the importance not only of an
appropriate pharmacological washout before endoscopy
but, also, of checking for previous endoscopic findings in
the same patient, if available[13]. In the attempt to better
evaluate the response rate in NERD patients according to
the different criteria of the participants enrolled in clinical trials, a recent meta-analysis of the literature has demonstrated that lower rates of partial or complete response
are reported in the large majority of studies with a poor
characterization of the patients, lacking pH-test findings

MOST DIFFICULT PATIENTS
The clinical suspicion that the symptomatic response
to PPIs is less frequent in those patients affected by the
most common presentation of GERD, i.e., non-erosive
reflux disease (NERD), than in those presenting erosive
esophagitis (ERD) has been confirmed several years ago.
In one of the first reports focusing on NERD patients,
treatment with omeprazole 20 mg for 4 wk resulted in
complete symptom relief in only 46% of patients, in
even fewer of them on 10 mg and in those receiving
placebo, and symptom improvement (satisfaction) in
66%[7]. The main messages of the study were the better
results obtained with higher doses, which do not support
the concept of NERD as a milder form of GERD and,
more important, the concept that symptom relief proves
to be directly correlated with esophageal acid exposure
time, that is to say, the greater the acid exposure, the
higher the PPI response. So far, only a few trials have
compared the outcome of PPI treatment in NERD vs
ERD patients. Almost all of these trials were carried out
using a double blind, parallel group design with a short
(4 wk) follow-up period. In a study performed by Bate et
al[8], relief of heartburn was achieved in 47% of NERD,
and in 53% of ERD patients (the difference not being
significant). Of interest, as far as concerns the non-responders, 67% became heartburn-free after an additional
4 wk of treatment[8].
Better results, both in NERD and ERD patients, have
been reported in a multicenter study by Venables et al[9]:
heartburn relief, was achieved after 4 wk of omeprazole, in more than 60% of NERD and in 79% of ERD
patients. Galmiche et al[10], besides heartburn remission,
reported semi-quantitative measures of symptom severity and their impact on quality of life: At 4 wk, heartburn
was resolved in 62% of NERD and 71% of the ERD
patients, even higher values being observed after an additional 4-wk treatment with omeprazole. Of interest,
quality of life improved in all treatment groups, but the
improvement was higher in those on full PPI dose (vs
half-dose) group[10]. Armstrong et al[11], in a randomized,
Canadian multicenter study, confirmed complete relief
in a larger proportion (although not significant) of ERD,
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monitoring, it is possible to detect reflux episodes with
more accuracy compared to the pH-monitoring alone,
following the movement of refluxate along the esophageal body and to distinguish air/liquid component as
well as acidic composition of each episode. Over the last
decade, several pH-impedance investigations have been
conducted on patients with NERD and, particularly, on
those patients with a poor symptomatic response to PPIs.
Results emerging from those studies have confirmed a
condition already observed with pH-tests, namely esophageal hypersensitivity in terms of perception of notabnormal reflux, and this enhanced sensitivity involves
not only acidic reflux but, also, weakly acidic reflux and
gas-containing (mixed) reflux episodes. Either cohort
studies analyzing the reflux pattern and reflux-symptom
association[17] or pathophysiologic investigations, looking at the perception of each reflux episode [18] have
clearly shown that, in NERD patients, besides acidic
reflux, weakly acidic reflux and gas-containing episodes
(both of them probably associated with increased reflux
volume and esophageal distension) are responsible for
a significant proportion of symptoms (approximately
20%), much higher when compared to those in ERD patients. These studies have demonstrated both a possible
mechanism explaining symptom persistence despite acid
suppression and the higher diagnostic yield of the pHimpedance test in these patients.
Recent pathophysiological investigations have also
shown that a dynamic characteristic, such as the proximal
migration of reflux, an indicator of high volume refluxate, represents a major determinant of reflux perception,
particularly in NERD patients. Interestingly, in large
multicenter studies, these three characteristics, namely
weakly acidic reflux, mixed (liquid-gas) reflux and the
higher proximal extent, have also been recognized as the
main mechanisms underlying failure of PPI treatment in
patients with reflux-related symptoms[19-21]. Finally, experimental studies suggest that some of the NERD patients
presenting PPI-resistance may also present a more generalized condition of visceral hyperalgesia[22].
The research field focusing on the ultrastructural
and functional changes in the esophageal epithelium has
contributed to a better understanding of NERD and of
PPI-resistance pathophysiology. In those conditions not
associated with severe mucosal inflammation and/or epithelial erosions, it is not clear how severe and recurrent
symptoms can occur in an apparently normal mucosa
(NERD). A well studied ultra-structural alteration, i.e.,
dilated intercellular spaces (DIS), has been demonstrated
by means of Transmission Electron Microscopy both in
ERD and NERD patients[23,24], and this would explain the
genesis of symptoms triggered by the activation of intramucosal chemo-sensitive pain-receptors. The increased
para-cellular permeability, associated with the presence of
DIS, and the resulting breakdown in the epithelial barrier,
do not necessarily result from excessive acid exposure,
as shown in NERD patients presenting a normal acid
contact time at pH-monitoring, can be induced, in ex-

Table 1 Principal mechanisms and factors involved in proton
pump inhibitor resistance
Adherence to PPI therapy
Compliance
Dosing, time
Reflux pattern
Weakly acidic reflux
Proximal reflux
Mixed reflux
Residual acid refluxes
Esophageal hypersensitivity
Other mechanisms
Reduced PPI bioavailability
Increased PPI metabolism
Mutations cyt. p450
PPI: Proton pump inhibitor.

and, therefore, likely including patients with functional
heartburn and functional dyspepsia[14]. Future studies, enrolling well-defined NERD patients and, hopefully, with
a longer follow-up, might offer more precise data on PPI
efficacy.

MECHANISMS AND FACTORS INVOLVED
IN PPI RESISTANCE
In patients with reflux symptoms refractory to medical
therapy, namely those with typical GERD symptoms
- heartburn and regurgitation - not responding to a
standard or double dose of PPI given for at least 8 wk,
various causes have been demonstrated and some mechanisms have also been proposed, although not yet supported by strong evidence. Principal mechanisms and factors involved in PPI resistance are summarized in Table 1.
Ineffective control of gastric acid secretion, in terms
of excessive residual acid reflux despite adequate PPI
treatment, can be due to lack of compliance, rapid PPI
metabolism - due to CYP2C19 polymorphism - or
hypersecretory syndromes such as Zollinger Ellison.
While these two latter conditions are uncommon, noncompliance to treatment, in terms of incorrect medication dose or timing, is reported to frequently occur. Two
recent meta-analyses have clearly shown that lack or noncompliance to therapy is particularly frequent in GERD
patients, in whom adherence to the prescribed PPI is
acceptable in only 55% of patients, at one month, and in
30% at 6 mo after prescription.
The lowest levels of compliance, in terms of daily
or dose administration, were observed in NERD patients, and, of the various factors, the most frequently
reported were: lack of knowledge about the treated
disorder, desire for personal control, side-effects and additional medications[15]. In a study focusing on patients
with persistent GERD symptoms despite prolonged PPI
treatment, it was reported that in less than 46% of these
patients the drug was administered in the fasting state,
before breakfast[16].
In the new era of combined pH and impedance 24-h
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perimental models, by weakly acidic and acidified bile solutions and even occurs during acute stress situations[25].
Interestingly, the feature of DIS has been observed in
patients with PPI-resistant symptoms, during treatment,
but not in patients affected by functional heartburn[26],
returns to normal following PPIs, together with symptoms[27], and, therefore, the impaired mucosal integrity
would now appear to be the mechanism that best explains
the enhanced sensitivity to chemical and mechanical
stimulation in NERD and PPI-resistant patients. Indeed,
peripheral sensory pathways, in terms of up-regulated
pain receptors, central sensitization of sensory neurons
and processing of ascending stimula are now under intense investigation and may be involved in the conditions
of esophageal and visceral hypersensitivity.
Several conditions not, or not directly, related to
gastro-esophageal reflux, should also be considered when
assessing PPI refractoriness. Infectious esophagitis, eosinophilic esophagitis and pill esophagitis may be other,
not frequent, causes of refractory heartburn. Anxiety and
depression, demonstrated to increase reflux perception,
may also be involved.

relationship with symptoms, remains 24-h ambulatory
pH-monitoring. Prolonged (48 to 96 h) wireless pHmonitoring improves the diagnostic yield of the test by
improving the likelihood of a positive reflux-symptom
association[28]. We have previously discussed the advantages of the combined ambulatory pH-impedance test,
as well as its greater accuracy in discriminating NERD
patients from those presenting esophageal hypersensitivity or functional heartburn. Indeed, typical and atypical
symptoms not responding to PPIs represent the main
indication for performing ambulatory pH-impedance
monitoring. The test performed “off ” therapy can confirm or exclude a pathological gastro-esophageal reflux
and, according to a recent investigation[29] offers the best
chances to detect a positive association between symptoms and reflux episodes. Recent studies have shown that
refractory patients studied “off ” and “on” therapy are,
indeed, characterized by an abnormal number of reflux
events and a higher sensitivity to all types of reflux acidic, weakly acidic, mixed and propagated[30,31]. On the
other hand, performing the test “on” PPIs, provides useful information regarding the efficacy of acid-suppressive
treatment and may detect a positive association between
symptoms and weakly acidic reflux episodes - the large
majority of episodes during acid suppressive drug -,
which is a possible indication for anti-reflux surgery[32].

DIAGNOSTIC EVALUATION
Clinical evaluation
As previously pointed out, lack of compliance - in terms
of adherence to treatment, timing and dosing - and the
presence of functional heartburn are the main findings
in patients referred for refractory heartburn, therefore a
careful interview, also looking at the confounding presence/co-existence of atypical - ENT and respiratory symptoms and at their possible relation with GER, is
crucial. The presence of functional disorders, such as
functional dyspepsia and irritable bowel syndrome, as
well as of psychological disorders, should also be assessed as these are associated with visceral hyperalgesia
as well as a with reduced response to acid-suppressive
drugs.

MANAGEMENT OF PATIENTS
Proton pump inhibitors
The large majority of patients with reflux symptoms
receive PPI therapy once daily. If symptoms are not relieved, and after the presence of functional heartburn
and CYP2C19 polymorphism have been excluded, several therapeutic strategies can be proposed. These include
doubling the current PPI dosage or switching to another
PPI.
Indeed, treatment failure may result from an insufficient dose of PPI. Doubling the PPI dose, giving PPI
before breakfast and before dinner, is one of the most
common therapeutic strategies adopted by practicing
physicians having also been recommended in the 2008
American Gastroenterological Association guidelines
for GERD, and confirmed by the Cochrane review[33,34].
However, is still not clear the dose-response relationship
for heartburn resolution in either erosive esophagitis or
non-erosive reflux disease patients[35]. Even if doubling
the PPI dose has become one of the standard strategies,
escalation of the PPI administration beyond the twice
daily dosage, both for symptom control or for healing
of erosive esophagitis, is not supported by strong clinical
data. In the attempt to identify the patients who would
benefit from dose escalation, Becker et al[36] performed
pH-impedance monitoring in patients presenting persistent symptoms despite one month of standard PPI therapy. According to the pH-impedance data, two groups,
one with and one without pathological findings, received
high dose PPI (or fundoplication in a few cases). Imped-

Endoscopy
Although the sensitivity of upper endoscopy is very low most patients have NERD - it might be helpful for ruling
out pill and infectious esophagitis, eosinophilic esophagitis (4%-6% in PPI-refractory patients, multiple biopsies
should be obtained) and the rare cases of Zollinger Ellison syndrome.
Esophageal manometry
Conventional or high-resolution manometry should be
performed in order to rule out severe motor disorders,
to better locate LES for pH-sensor positioning, and, furthermore can provide useful information when a surgical
anti-reflux approach is indicated.
Ambulatory pH [impedance] monitoring
The only test which provides quantitative information
on the esophageal exposure to reflux, also assessing its
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ance was pathological in 40% of the non-responders, in
whom escalating therapy was significantly more successful (90% relief) than in patients with normal findings.
Switching to another PPI is a very common, costeffective, therapeutic strategy adopted in the management
of patients who failed with the PPI once daily approach.
In several studies, switching those patients who had failed
with a PPI to esomeprazole, resulted in significant symptom improvement[37,38].

patients are still lacking. Tricyclic anti-depressants and selective serotonin reuptake inhibitors have been shown to
relief esophageal pain in patients with non-cardiac chest
pain[46-48]. Unfortunately, side effects of these drugs appear to be not uncommon and may hamper their usage.
It has been shown that refractory patients are more
likely to have a psychosocial comorbidity[49], therefore it is
conceivable that refractory GERD patients would benefit
of psychological evaluation and treatment.

Antireflux surgery
Although it is well established that patients with symptoms not responding to PPIs have a less favorable postoperative clinical outcome compared to those patients responding to treatment, refractory GERD represents the
most common (88%) indication for anti-reflux surgery.
In a recent long-term follow-up study, 82% of the PPIrefractory patients reported that the preoperative reflux
symptoms were completely resolved, and 94% were satisfied with the results of the surgery[39]. Several studies have
suggested that a positive symptom-reflux association[40,41]
and/or pathological AET[42,43], observed by impedancepH monitoring in patients off PPI, predict a favorable response to surgery. It has been recently demonstrated that
ranitidine 300 mg twice daily has a comparable efficacy
respect to rabeprazole 20 mg twice daily when given ondemand for the treatment of NERD and both medications are associated with improvement of the quality of
life[44].
It should be taken into consideration that the large
majority of PPI-resistant patients do not present an erosive disease, therefore, given the possible adverse events
associated with surgery and the recognized benign course
of NERD, anti-reflux surgery should only be considered
in selected patients, in whom objective evidence of reflux is revealed upon investigation. In summary, although
surgery appears to be valid therapeutic option in GERD
patients with typical symptoms who failed to respond to
PPIs, further outcome and controlled studies, on a larger
series of patients, using combined impedance-pH monitoring are warranted in order to draw definite conclusions.
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Core tip: This topic is aimed to explore the potential
mechanisms responsible for the association between
gastro-esophageal reflux disease (GERD) and obesity,
that remain to be fully elucidated. Despite numerous
evidence that show an increased risk of GERD symptom
and/or complication in obese patients, the interplay between GERD and obesity is not clear. Based on the literature we have tried to summarize the evidence concerning the role of obesity in the GERD pathogenesis to
better understand the possible role of weight loss as a
therapeutic approach for this disease.

Abstract

Original sources: Emerenziani S, Rescio MP, Guarino MPL, Cicala M. Gastro-esophageal reflux disease and obesity, where is the
link? World J Gastroenterol 2013; 19(39): 6536-6539 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v19/
i39/6536.htm DOI: http://dx.doi.org/10.3748/wjg.v19.i39.6536

The confluence between the increased prevalence of
gastro-esophageal reflux disease (GERD) and of obesity has generated great interest in the association
between these two conditions. Several studies have
addressed the potential relationship between GERD
and obesity, but the exact mechanism by which obesity
causes reflux disease still remains to be clearly defined.
A commonly suggested pathogenetic pathway is the
increased abdominal pressure which relaxes the lower
esophageal sphincter, thus exposing the esophageal
mucosal to gastric content. Apart from the mechanical
pressure, visceral fat is metabolically active and it has
been strongly associated with serum levels of adipocytokines including interleukin-6 and tumor necrosis
factor α, which may play a role in GERD or consequent
carcinogenesis. This summary is aimed to explore the
potential mechanisms responsible for the association
between GERD and obesity, and to better understand
the possible role of weight loss as a therapeutic approach for GERD.

INTRODUCTION
Gastro-esophageal reflux disease (GERD), with symptoms demonstrated to impair quality of life (QoL),
appears to show important variation in its prevalence.
When defined as at least weekly heartburn and/or acid
regurgitation, the prevalence in the Western world generally ranges between 10% and 20% whereas in Asia the
prevalence is reported to be less than 5%[1]. Longitudinal
studies have addressed several risk factors for GERD,
and indeed obesity is indicated as a potential risk factor[2].
Interestingly, obesity, typically defined as a body mass index (BMI) of > 30, has risen to epidemic levels in several
regions of North America, Europe and Asia[3]. The confluence between the increased prevalence of GERD, in
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gradients, whereas the relationship between BMI and
pressure became non-significant or considerably reduced.
In addition to abnormal pressure gradients, high-resolution manometry also revealed that obesity was associated
with hiatus hernia (HH). There was a significant correlation between BMI, waist circumference and axial separation of the intrinsic LES and crural diaphragm, and
it was postulated that this was a manifestation of pressure stress due to the increased intra-gastric pressure[10].
In agreement with this finding, in a retrospective casecontrol study assessing BMI in relation to esophagitis and
HH, it was found that obesity is strongly associated with
the combined occurrence of esophagitis and HH[11]. It is
widely recognized that HH has several pathophysiological implications in the pathogenesis of GERD: increased
incidence of strain-induced reflux, reduced LES pressure,
impaired esophageal acid clearance and increased sensitivity to distension-induced transient lower esophageal
sphincter relaxation (TLESR)[12]. Among mechanisms
responsible of reflux TLESR seems to play the most important role[13]. The reflux pattern after a standard meal,
has been recently evaluated in obese and overweight
patients by using a combined 2 h post-prandial esophageal manometry and pH monitoring[14]. The results of
this study have shown that, during the post-prandial period, both the obese and overweight patients presented
a substantial increase in the rate of TLESRs and in the
proportion of TLESRs with acid reflux as compared
to individuals with a normal BMI. Both BMI and waist
circumference showed a significant positive correlation
with TLESRs and there was a dose-effect relationship.
Therefore, it would appear that a higher post-prandial
intra-gastric pressure causes a more intense stimulation
both on the stretch and tension mechanoreceptors in
the proximal stomach, which leads to more postprandial
TLESRs.

Table 1 Proposed mechanisms by which abdominal obesity
causes reflux
Mechanical factors Increased intra-gastric and gastro-esophageal
pressure gradient
Increased risk of Hiatal Hernia
Increased sensitivity to distension-induced TLESR
Decreased lower esophageal sphincter pressure
Humoral factors
Increased level of adipocytokines including
interleukin 6 and tumor necrosis factor α
Motility disorders Delayed gastric empting rate and delayed
esophageal clearing time
TLSER: Transient lower esophageal sphincter relaxation.

terms of symptoms, erosive esophagitis, Barrett’s esophagus (BE), esophageal adenocarcinoma and of obesity has
generated great interest in the association between these
two conditions and the potential mechanisms responsible
for this association.
Several studies have focused on the potential relationship between GERD and obesity and results emerging
from those investigations have shown that obesity is associated with an increased risk of both GERD symptoms
and complication i.e., erosive esophagitis, BE and esophageal adenocarcinoma as compared to individuals with a
normal BMI[4]. There was also some degree of a dosedependent relationship between BMI and these GERDrelated disorders and, moreover, a recent large cohort
focusing on adult females reported a possible dose-response increase in the risk of GERD with a higher BMI
even if within the normal range[5].

PATHOGENESIS
Even if several mechanisms by which obesity causes
reflux disease have been proposed (Table 1). The pathogenetic pathway commonly suggested is the increased
abdominal pressure which relaxes the lower esophageal
sphincter (LES), thus exposing the esophageal mucosal
to the gastric content[6,7]. Results of 24-h pH-monitoring
studies have shown that obesity is associated with a significant increase in the number of reflux episodes, as well
as long-lasting reflux episodes and the time with pH < 4,
especially in the post-prandial period[8]. This finding has
been confirmed, in a more recent study, also by means of
pH-impedance monitoring: not only the acid reflux but
also the number of non acid reflux episodes increased
significantly as BMI increased[9]. A recent study aimed
to assess the pressure morphology and function of the
esophago-gastric junction, by using the high resolution
manometry methodology, reported that due to obesity
the gastro-esophageal pressure gradients are altered in a
way that would promote the retrograde flow of gastric
content into the esophagus. Both the intra-gastric pressure and the gastro-esophageal pressure gradient were
clearly correlated with both the BMI and waist circumference but, when these were simultaneously analysed in a
regression model, the waist circumference was found to
be independently associated with the different pressure
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ABDOMINAL OBESITY
Abdominal or visceral fat (VAT) is strongly different in
respect to peripheral or subcutaneous fat (SCAT). For example, VAT is more metabolically active, is characterized
by a higher number of immune and inflammatory cells,
and is more insulin-resistent thus leading to an higher
overall mortality in respect to SCAT[15].
Abdominal obesity can better explain some of the
epidemiological features of BE and esophageal adenocarcinoma. The distribution of body fat tends to be
more visceral than truncal in high-risk groups for BE[16].
A recent study has shown that the abdominal diameter
measured as the waist circumference is a risk factor for
BE independently of BMI, while the association between
BMI and BE disappeared after adjustment of the abdominal diameter[17]. These studies indicate that abdominal fat is the key factor linking obesity and BE. Apart
from the mechanical pressure, visceral fat is metabolically
active, and has been clearly associated with serum levels
of adipo-cytokines including interleukin 6 and tumor ne-
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crosis factor α, which may play a role in GERD and/or
consequent carcinogenesis[18]. In fact, in a very recent
study, a large amount of visceral abdominal fat in respect
to subcutaneous fat was found to be associated with a
significant increase in the risk of BE[19].

2

3

OUTCOME
Considering the dose-response relationship between obesity and occurrence of GERD and/or the resulting complications, an inverse relationship between weight loss and
GERD symptoms would be expected. The prevalence
of GERD symptoms in overweight and obese subjects
as well as impact of weight loss on GERD symptoms
has been assessed in a recent prospective study[20]. Weight
loss strategies included dietary modifications, increased
physical activity as well as behavioral changes. The results coming from the study showed that weight loss led
to a significant improvement in GERD symptoms, thus
establishing weight loss as an important modification of
life style in the treatment of GERD. Moreover, weight
loss over a 6-mo period, was associated with a reduction
in GERD symptoms in 81% of the patients and with
complete resolution in 65% of the patients. This finding
provides support for recommending weight-loss in the
primary treatment of overweight reflux patients, however
this clinically important finding has unfortunately not
been described so far. Further investigations on the longterm effect of weight loss on reflux occurrence and on
the reduction in reflux symptoms are needed before any
definitive conclusions can be drawn regarding eventual
beneficial effects of weight loss.

4

5

6

7

8

9

10
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CONCLUSION
Obesity appears to be involved not only in the development of GERD symptoms but, also in the occurrence of
GERD complication such as erosive esophagitis, Barrett’s
esophagus and esophageal adenocarcinoma.
Despite considerable evidence confirming the important role of increased esophago-gastric pressure gradient, and of production of inflammatory mediators by
abdominal adipose tissue in the pathogenesis of GERD,
the interplay between obesity and GERD is still not clear.
Moreover, weight loss seems to reduce GERD symptoms
but further studies are warranted to better understand the
exact mechanism by which obesity causes reflux disease
in order to identify and establish new therapeutic approaches.
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INTRODUCTION
Colonic diverticular disease is a common disease with a
prevalence that increases with aging (65% by 80 years)[1].
A minority of patients (15%) experience severe complications. Pseudodiverticula are the most common and
usually composed of the mucosal and submucosal layers.
Therefore, they act as locus minoris resistentiae on the
bowel wall and increase the predisposition towards perforation. Abscess formation, purulent or fecal peritonitis
are the most common consequences of perforation and
are associated with a high morbidity, intensive care requirements, prolonged hospital admissions and increased
mortality (12%-36%)[1,2]. Conditions that predispose to
an increased intraluminal pressure or reduced resistance
of the diverticular mucosa can lead to perforation[1]. In
this view, excessive colonic segmentation may increase
intracolonic pressures and the stress forces acting on the
diverticular mucosa[3], while impairment of the mucosal
barrier of the diverticulum may lead to mucosal weakening through modifications of the secretion of protective
mucus[3]. Numerous drugs have such effects on patients
and therefore increase the risk of perforation from colonic diverticula. The association of perforated diverticular disease with these drugs has been described in various
studies. The diverticular disease is usually untreated at the

Abstract
Numerous drugs, largely used in the wards or at
home, have a significant influence on patients with
untreated diverticular disease. The consequences can
be disastrous, may require an emergency operation,
postoperative intensive care, and overall influence the
patient’s length of stay and the final outcomes. Bearing these considerations in mind the routine or chronic
administration of pain-killers, steroids and non-steroidal
anti-inflammatory should be balanced in patients with
known diverticular disease as it normally happens with
other conditions potentially affected by these drugs (i.e. ,
peptic ulcer disease or chronic obstructive pulmonary
disease). This is even more important in the old and
frail patient where an eventual surgical treatment may
not always be possible.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Numerous drugs have an influence on patients
with untreated diverticular disease. This is even more
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time of perforation and sometimes even undiagnosed as
some patients are unaware of its presence until the perforation manifests.

controls studies have analysed the association between
perforated diverticular disease and NSAIDs, making it
the most studied class of drugs with regards to such association (Table 1)[20,25-29]. The incidence of NSAIDs in
patients with perforated diverticular disease was compared with healthy controls[20,25,27] or with patients having
simple non-perforated diverticular disease[20,26,28]. Overall,
NSAIDs were present in 10% of patients with perforated
diverticular disease (118/1182) and 3.8% of controls
(391/10385), sub-classified in 3.4% in healthy people
(341/9950) and 11.5% in non-perforated diverticular
disease (50/435). When compared with healthy controls,
OR for the use of NSAIDs in patients with perforations
was 1.5 (95%CI: 1.01-2.3) for Humes et al[27], 1.8 (95%CI:
0.96-3.4) for Mpofu et al[25], 2.1 (95%CI: 1.3-3.4) for Goh
et al[20]. When compared to simple diverticular disease OR
were higher: 3.6 (95%CI: 1.5-8.4) for Piekarek et al[28], 4.6
(95%CI: 1.7-12.5) for Goh et al[20], 4.8 (95%CI: 1.6-14.8)
for Corder[26]. ORs results are consistent among studies
and indicate a higher presence of NSAIDs in patients experiencing perforation compared to both control groups.
Interesting, higher ORs are present when perforated
patients are compared to non-perforated ones as if the
presence of diverticula increase the predisposition to perforation from NSAIDs compared to healthy subjects.

NONSTEROIDAL ANTI-INFLAMMATORY
DRUGS
Nonsteroidal anti-inflammatory drugs (NSAIDs) are one
of the most commonly used classes of medications. On
large surveys 17% of the general population assumes
NSAIDs as chronic anti-inflammatory medications or
for long-term pain control, and prescriptions for generic
ibuprofen, naproxen and selective inhibitors of the cyclooxygenase 2 enzyme exceed every year the cost of billions[4]. A description of the pathophysiological and clinical effects of NSAIDs on the normal colonic mucosa is
essential for a proper understanding of their influence on
segments affected by diverticular disease. NSAIDs manifest their harmful action on the mucosa through the inhibition of the COX enzymes[5,6]. Cyclooxygenase (COX)-1
normally synthesizes protective prostaglandins while
COX-2 is pro-inflammatory. In the first case, the lack of
protective prostaglandins weakens the diverticular mucosa to noxious agents, in the second the inflammatory
reaction in cases of microperforation of the diverticula is
diminished and therefore the ability to contain the extracolonic contamination[5,6].
NSAIDs have long been associated with complications in the upper gastrointestinal tract. More recently,
adverse effects upon the small and large intestine have
become more recognized and reported. Individuals who
regularly take NSAIDs have a significantly higher incidence of lower intestinal lesions when compared with
non-NSAID takers, and such risk increases with the duration of NSAIDs ingestion. NSAIDs have been associated with a particular form of colitis[7] that present with
diarrhoea, anemia and non specific abdominal pain[8].
Endoscopy revealed flat ulcers in the entire colon similar
to ulcerations and erosions found in the small bowel[8,9].
The median time from onset of symptoms to diagnosis
was 1.8 years (range, 0.0-11.5 years)[8] and prolonged
use of NSAIDs increased the risk of mucosal damage
more than the short use[7]. In portions of large bowel
not affected by underlying diseases numerous cases of
strictures were also reported[10-15]. Such lesions appeared
on endoscopy as concentric “diaphragm-like” strictures
similarly to those described in the small bowel[8,9]. Finally,
NSAIDs-induced perforations have been described especially in the cecum[16-19], usually caused by more distal
strictures[10,11].
NSAIDs are frequently used to treat concomitant
arthritic or cardiovascular diseases and not necessarily
prescribed to alleviate symptoms in patients with diverticular disease[20]. Most patients are even unaware of the
presence of diverticular disease until the perforation
occurred[20]. In segments of the colon affected by diverticular disease NSAIDs increased the risk of bleeding[21-24]
and perforation of diverticula. Six retrospective case-
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CORTICOSTEROIDS
Corticosteroids are potent anti-inflammatory and immunosuppressive drugs used for a number of common and
rare diseases. It is estimated that up to 0.9% of the general population receives oral administrations of corticosteroids, and 22% of these patients continue the treatment
for longer than 6 mo. The most frequent indications are
respiratory diseases (80%) followed by pathologies of the
musculoskeletal system (12%) and the skin (10%)[30]. Arthropathies are most likely to require a chronic treatment
compared to the other indications[30].
The relationship between chronic rheumatic diseases,
long-term use of corticosteroids and complications from
diverticular disease has long been investigated from different perspectives. In a large study on patients with
rheumatoid arthritis corticosteroids were associated
with perforations of the lower gastrointestinal tract and
death[31]. At the same time, patients with chronic rheumatic conditions experienced a six-fold increase of death
from complicated diverticular disease than the general
population[32]. The long-term use of corticosteroids has
been described in chronic rheumatic patients suffering
from perforated diverticular disease[33-37]. Sporadic cases
of diverticular perforation have also been reported in
patients following neurosurgery operations [38], transplants[39-43] or under steroidal treatment for asthma and
cancer[44]. In some patients the diverticular disease was
even unsuspected until the fatal event happened[34,38].
Corticosteroids may increase the likelihood of clinically-manifested diverticular perforations by both etiologic and contributing mechanisms. Steroidal use inhibits
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Table 1 Case-controls studies investigating the association of non-steroidal anti-inflammatory drugs, steroids,
opioids, calcium channel blockers and perforated diverticular disease
Country

Drugs

Patients (n )

Control group (n )

OR

Goh et al[20]

United Kingdom

NSAIDs

20

HC (600), DD (125)

Mpofu et al[25]
Corder et al[26]
Humes et al[27]
Piekarek et al[28]
Mpofu et al[25]
Corder et al[26]
Humes et al[27]
Piekarek et al[28]
Humes et al[27]
Piekarek et al[28]
Morris et al[3]
Humes et al[27]
Piekarek et al[28]

United Kingdom
United Kingdom
United Kingdom
Sweden
United Kingdom
United Kingdom
United Kingdom
Sweden
United Kingdom
Sweden
United Kingdom
United Kingdom
Sweden

NSAIDs
NSAIDs
NSAIDs
NSAIDs
Steroids
Steroids
Steroids
Steroids
Opioids
Opioids
Ca2+
Ca2+
Ca2+

64
899
54
64
899
54
899
54
120
899
54

HC (320)
DD
HC (8980)
DD (183)
HC (320)
DD
HC (8980)
DD (183)
HC (8980)
DD (183)
HC (480)
HC (8980)
DD (183)

2.1 (95%CI: 1.3-3.4) for HC
4.6 (95%CI: 1.7-12.5) for DD
1.8 (95%CI: 0.96-3.4)
4.8 (95%CI: 1.6-14.8)
1.5 (95%CI: 1.01-2.3)
3.6 (95%CI: 1.5-8.4)
31.9 (95%CI: 6.4-159.2)
13.2 (95%CI: 1.81-96.5)
2.7 (95%CI: 1.6-4.6)
28.3 (95%CI: 4.8-165.7)
2.2 (95%CI: 1.6-3.0)
4.5 (95%CI: 1.7-12.2)
0.4 (95%CI: 0.2-0.9)
0.54 (95%CI: 0.24-1.24)
0.14 (95%CI: 0.02-0.95)

Author

NSAIDs: Non-steroidal anti-inflammatory drugs; Ca2+: Calcium-channels blockers; HC: Healthy control; DD: Non-perforated diverticular disease.

the cyclo-oxygenase enzyme in the gut that normally produces prostaglandins with local protecting effects[1]. Prostaglandins enhance the gut mucosal barrier by stimulating
the secretion of mucin and bicarbonate and increasing
the local blood flow[45]. Their absence predisposes the
mucosa to the effects of noxious agents such as bacteria
and toxins[45]. Additionally, corticosteroids are potent immunosuppressant that masks the immune response to
local inflammations and small perforations. The ability
of the body to contain small perforations is therefore
impaired, their local effects are therefore increased and
even the classic clinical symptoms may be masked until
advanced contaminations eventually become evident[46].
Four case-controls studies have investigated so far
the association of perforated diverticular disease and
corticosteroids (Table 1)[25-28]. In two studies controls
were healthy people[25,27] and in the rest non-perforated
diverticular disease[26,28]. Overall, corticosteroids were
present in 4.4% of patients with perforated diverticular
disease (49/1112) and 0.7% of controls (71/9560), subclassified in 0.7% in healthy people (68/9300) and 1.2%
in non-perforated diverticular disease (3/260). All studies
confirmed an increased risk of perforation with their use
that was 2.7 (OR = 1.604.6) according to Humes et al[27],
13.2 (RR, 95%CI: 1.81-96.5) for Corder[26], 28.3 (OR,
4.8-165.7) for Piekarek et al[28], and 31.9 (OR, 95%CI:
6.4-159.2) for Mpofu et al[25]. However, a more careful
analysis shows that the risk increase presented by Humes
et al[27] is markedly lower than those reported by the other
authors[25,26,28]. No direct comparison of the corticosteroids incidences is possible for the control groups because of the above-mentioned heterogeneity among studies (two analyse healthy people and two non-perforated
diverticular diseases). Still, case groups present similar patients with perforated diverticular disease in all four studies and therefore incidences can be directly compared. In
the study of Humes et al[27] only 2.2% (20/899) of perforated patients use corticosteroids compared to 10%-17%
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reported by the others (10/64 = 16%, 10/95 = 10.5%,
and 9/54 = 17%)[25-28]. This could explain the lower increase in the risk conferred by corticosteroids reported
by Humes et al[27] compared to the others. The main difference noted among these studies is that the report of
Humes is based on a nationwide database prospectivelymaintained by local general practitioners (General Practice Research Database, United Kingdom). This database
has provided a larger number of patients than any other
local-based study, possibly giving more reliable epidemiological figures (n = 8980 controls, n = 890 cases).

OPIOIDS
Opioids are common analgesics used to control pain in
acute (i.e., postoperative pain) and chronic conditions (e.g.,
oncological pain, arthritis and headaches). Although they
are not the first choice according to the World Health
Organization analgesic ladder, it is still estimated that up
to 90% of the population use them at least once in the
lifetime while 0.56% are chronic users (greater than 6 mo
assumption), especially elderly women[47]. The overall gastrointestinal effects consist in depression of the peristalsis
with clinical manifestations of nausea, vomiting and constipation[48]. Opioids act on gut motility by decreasing the
autonomic activity of the central nervous system and by
binding to the mu- and kappa-receptors of the myenteric
and submucosal plexuses in the gut[49,50]. The pathophysiological effects consist in an increase in the frequency
of non-propulsive phasic contractions of the colon and
decreased to absent propulsive migrating contractions[51].
The increase of non-propulsive contractions accounts
for the higher intraluminal pressures. In fact, the administration of morphine produces high intraluminal sigmoid
pressures in segments with colonic diverticula through
the production of peristaltic segmentations[52-54]. These
higher pressures may contribute either to the production
of new diverticula or, in an already diseased segment, to
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the perforation of some of them. On the other side the
absence of propulsive complexes is responsible for the
constipation and increased frequency of ileus. The reduction in the transit time may therefore prolong the exposure of the diverticular wall to potential pathogens[1].
Due to all these premises, the safety of administering opioids in patients with diverticular disease was
questioned early in the medical literature[52]. However,
the association between opioids and perforated diverticular disease is one of the least examined compared
to the other classes of drugs. The first study that report
the frequency of opioids use in patients with perforation from diverticular disease is based on a large crosssectional study in the Norwich area (United Kingdom)
that found opioids were used by 26% of the population
presenting with diverticular perforation[2]. More recently,
both case reports[55] and case-control studies[27,28] have
further reported on the association among opioids and
perforation from diverticular disease. In case-controls
studies data were collectively presented for drugs used as
required or regularly with no differentiation according to
the duration or regularity of the assumption (Table 1)[27,28].
In the study of Piekarek et al[28], patients with diverticular
disease were retrospectively examined and divided in two
groups according to the perforation status. In the perforated group (case group) the use of opioids was present in 20.4% of patients (n = 11/54) while in the nonperforated group (control group) it was 6.0% (11/183).
This corresponded to an OR for perforation with opioids
of 4.5 (95%CI: 1.7-12.2). Differently from Piekarek et
al[28], Humes et al[27] conducted a larger population-based
study gathering data from the General Practice Research
Database. In their study controls were healthy people not
affected by the diverticular disease. Current opioids use
was present in 6.3% (57/899) of perforated cases (case
group) vs 2.4% (218/8980) of healthy patients (control
group) with a lower OR than that reported by Piekarek
et al[28] (2.2, 95%CI: 1.6-3.0) [27]. Both studies confirm
that the current use of opioids increases the possibility
of diverticular perforation. The different ORs observed
can have different explanations. First, it is possible that
differences not reported in the regularity or duration of
opioids have significant influences on the occurrence of
perforation. Second, the different control groups (healthy
controls vs non-perforated diverticular disease) may provide a different baseline level for the calculation of the
added risk towards perforation derived from the use of
opioids, similar for the data reported on NSAIDs.

and has been used to treat pathologic contractions of the
gastrointestinal tract (i.e., anal fissures from increased anal
sphincter tone). The muscle-relaxant properties of these
medications could have a beneficial effects in reducing
intracolonic luminal pressures[56]. At the same time, some
of them also increase the mucosal vascular flow therefore
acting on the second main risk factor for diverticular perforation (weakened mucosal barrier)[57,58].
So far, three case control studies have analyzed the
effects of Calcium channel blockers on the likelihood of
perforation from diverticular disease (Table 1)[3,27,28]. In all
studies the use of such medications was more frequent
in controls than in patients that experienced perforated
diverticular disease: 15% (72/150) in healthy controls
vs 6.7% (8/120) in perforated patients for Morris et al[3],
1.2% (104/8980) in healthy controls vs 0.7% (6/899) in
perforated patients for Humes et al[27], and 11.5% (21/183)
in patients with simple diverticular disease vs 3.7% (2/54)
in perforated patients according to[28]. These data corresponded to ORs of 0.4 (95%CI: 0.2-0.9)[3], 0.54 (95%CI:
0.24-1.24)[27], 0.14 (95%CI: 0.02-0.95)[28]. Among the
three reports the only one in which the association was
not statistically significant was the one of Humes et al[27]
although the authors still suggested “a potentially protective role”. The differences among this study (large population-based) and the others have already been outlined.

OTHER DRUGS
Few other classes of drugs have been sporadically investigated. Antimuscarinic drugs are commonly prescribed
for depression, psychoses, but also as muscle relaxants
for overactive bladder. Their characteristics could also
influence the gastrointestinal musculature and prevent excessive contractions and therefore perforations from diverticular disease. However, the only study that compared
healthy controls vs patients with perforated diverticular
disease failed to provide a significant association[3]. Statins
also were investigated in one study[27] for their potential
anti-inflammatory qualities that could protect the diverticular mucosa[59]. Current use of a statin was associated
with a lower risk of perforation (OR = 0.44, 95%CI:
0.20-0.95)[27].

CONCLUSION
Numerous drugs, largely used in the wards or at home,
have an influence on patients with untreated diverticular
disease. The consequences elicited can be disastrous,
would ideally require an emergency operation with postoperative intensive care monitoring for definitive treatment, and influence the overall length of stay and final
outcomes. Bearing these considerations in mind, the
routine or chronic administration of pain-killers, steroids
and non-steroidal anti-inflammatory should be balanced
in patients with known diverticular disease as it normally
happens with other associated conditions that could be
affected by these drugs (i.e., peptic ulcer disease or chron-

CALCIUM CHANNEL BLOCKERS
Calcium channel blockers are a common class of drugs
frequently prescribed in elderly people to treat hypertension and ischemic heart disease. They act by blocking the
calcium channels in smooth muscle cells and therefore
relaxing the contraction of non-voluntary musculature.
Although this effect is desirable on peripheral circulation,
to an extent it influences also the gastrointestinal motility
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ic obstructive pulmonary disease). This is even more
important in old and frail patients in which an eventual
surgical treatment may not always be a possibility.
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The mechanisms of probiotics in IBS are very complex.
The purpose of this review is to summarize the evidence and mechanisms for the use of probiotics in the
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Core tip: Irritable bowel syndrome (IBS) is a common
gastrointestinal problem and its etiopathogenesis is
not fully understood. So the treatments of IBS are
based on the predominant symptom. But these treatments are often unsatisfactory. Probiotics have numerous positive effects in the gastrointestinal tract.
Many studies have shown that probiotics are effective
in the treatment of IBS. In this review, we have summarized the efficacy, the safety and the mechanisms
of probiotics in IBS.
Original sources: Dai C, Zheng CQ, Jiang M, Ma XY, Jiang LJ.
Probiotics and irritable bowel syndrome. World J Gastroenterol
2013; 19(36): 5973-5980 Available from: URL: http://www.wjgnet.com/1007-9327/full/v19/i36/5973.htm DOI: http://dx.doi.
org/10.3748/wjg.v19.i36.5973

Abstract
Irritable bowel syndrome (IBS) is common gastrointestinal problems. It is characterized by abdominal pain
or discomfort, and is associated with changes in stool
frequency and/or consistency. The etiopathogenesis
of IBS may be multifactorial, as is the pathophysiology, which is attributed to alterations in gastrointestinal
motility, visceral hypersensitivity, intestinal microbiota,
gut epithelium and immune function, dysfunction of the
brain-gut axis or certain psychosocial factors. Current
therapeutic strategies are often unsatisfactory. There
is now increasing evidence linking alterations in the
gastrointestinal microbiota and IBS. Probiotics are living
organisms which, when ingested in certain numbers,
exert health benefits beyond inherent basic nutrition.
Probiotics have numerous positive effects in the gastrointestinal tract. Recently, many studies have suggested
that probiotics are effective in the treatment of IBS.
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INTRODUCTION
Irritable bowel syndrome (IBS) is one of the most frequent gastrointestinal problems. IBS has a prevalence of
12%-20% of the population worldwide and 18%-23%
in China, and it is 2-3 times more common in women
than men[1]. About 20%-38% of IBS patients will consult their doctor, accounting for 12% of visits to general
practitioners, 28% of visits to specialists, and a significant
percentage of visits to outpatient departments of tertiary
level hospitals[2].
IBS is characterized by abdominal pain or discomfort,
which is relieved by defecation or the passage of gas,
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and is associated with changes in stool frequency and/or
consistency, without physical, radiological or endoscopic
abnormalities or laboratory findings indicating organic
disease [3]. Abdominal bloating or distension affects
15%-30% of the general population, but is increased to
75%-90% in female IBS patients and constipation-predominant IBS[4]. In all, 28% of IBS patients suffer from
abdominal bloating all the time, which is slightly less than
abdominal pain (33%)[5,6]. Many IBS patients state that
abdominal discomfort is greater than abdominal pain. It
is worse in the afternoon and evening, but better at night;
it becomes worse when standing and is relieved when in
a supine position. There is no correlation with defecation
or retaining flatus, although it is worsened by eating and
menstruation. Other gastrointestinal symptoms are also
common: incomplete defecation, burning pain on defecation, urgency to defecate, rectal tenesmus, esophageal
balloon, heartburn, chest pain, early satiety, abdominal
bloating or distension, flatulence; and extragastrointestinal symptoms: asthenia, adynamia, headache, dizziness,
sleep disorders, pollakiuria, neck pain, back pain, dysmenorrhea, dyspareunia, fibromyalgia. IBS patients have
more psychosocial or mental complaints, and they are
absent from work due to acute common diseases. This
comorbidity has a significant influence on the patient’s
clinical and diagnostic management, and therapeutic plan.
Although the symptoms of IBS are used to establish the
suspected diagnosis, individually they are not sufficiently
sensitive or specific. Predictive value increases when
patients are aged < 50 years and an absence of warning symptoms or signs are considered, which is not the
case with another common functional digestive disorder,
functional dyspepsia.
Diagnosis is fundamentally through clinical symptoms, and is based on the Rome Ⅲ criteria of 2006, with
the isolated exclusion of metabolic or organic diseases
(benign or malignant) according to the patient’s personal
or family history. If there is abdominal bloating or distension, it is advisable to rule out lactose, fructose or
trehalose intolerance, an excessive intake of insoluble fiber, and small intestinal bacterial overgrowth. According
to Rome Ⅲ there are several types of IBS: (1) diarrheapredominant IBS; (2) constipation-predominant IBS; (3)
alternating IBS (sometimes diarrhea, sometimes constipation); and (4) undefined IBS. In any of these types there
may be psychological, psychosocial or psychiatric alterations, or an exaggerated intestinal response to everyday
stress. It seriously affects the quality of life of those who
suffer from it, and accounts for the use of large amounts
of healthcare resources.
IBS patients are known to self-medicate very often. A review of the use of OTC drugs and medicines
shows that they take antacids, proton pump inhibitors,
fiber and laxatives, antidiarrhea agents, antispasmodics,
antidepressants, sedative-hypnotics, and analgesics more
frequently[7]. Treatment of IBS has been based on the
predominant symptom. It must be individualized, emphasizing the absence of a serious or worrying condition,
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and straightforwardly explaining the nature and cause
of the symptoms. But the therapies available at present
(spasmolytics or antidepressants at low doses for the
pain, anti-diarrhea agents or 5HT3 antagonists for diarrhea, lubiprostone, linaclotide, bulk-forming laxatives or
5HT4 agonists for constipation) have only proven slightly
more effective in comparison with placebo, and none
have been capable of altering its natural course, as the effect disappears as soon as treatment is stopped[8-11]. At the
same time IBS patients often resort to alternatives such
as medicinal herbs, homeopathy, acupuncture, antibiotics,
hypnosis or psychotherapy, but randomized controlled
studies with these types of therapy are compromised by
their low methodological quality, and in general these
treatments are not recommended[12,13].
Now there is a tendency to return to an etiopathogenesis-based or pathophysiology-based therapeutic approach, attempting to influence the possible existence of
intestinal dysbacteriosis, altered intestinal fermentation
and intestinal microbiota, excess production or alteration
in the management of intestinal gas, but also subclinical
mucosal inflammation, especially in patients in whom the
onset of IBS followed an episode of acute bacterial gastroenteritis, antibiotics or immunosuppressants, because
these can affect the normal balance of intestinal microflora[14,15]. Thus, one therapeutic approach in IBS patients
could be to modulate intestinal microflora to correct an
imbalance such as probiotics.

MECHANISMS OF IBS
The etiopathogenesis, which is not fully understood, may
be multifactorial, as is the pathophysiology, which is attributed to alterations in gastrointestinal motility, visceral
hypersensitivity, intestinal microbiota, gut epithelium
and immune function, dysfunction of the brain-gut axis
or certain psychosocial factors. Some studies have demonstrated that there may be some autonomic dysfunction with an increased or sustained response to normal
psychophysical stress in IBS patients; and further studies
have found that salivary chromogranin, a derivative of
catecholamines that is released in response to acute stress,
is high in IBS patients and may be reduced using muscle
relaxation techniques[16]. At the same time the management of intestinal gas is different in IBS patients and
control subjects; whilst the latter expel the gas infused
into the jejunum rapidly, the former retain it, causing
them symptoms, regardless of whether or not intestinal
gas production is increased[17]. Although genetic factors
play a minor role compared to learned behavior, they do
influence symptomatic expression and especially therapeutic response[18,19]. The specific mechanisms have been
reported as follows.
Visceral hypersensitivity
There is visceral hypersensitivity in IBS patients, expressed by: (1) increased ileocolonic response to bile acid
perfusion; (2) reduced rectal adaptation to distension; and
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(3) reduced pain threshold to rectal distension. Hypervigilance to digestive events would contribute to visceral
hypersensitivity, perhaps due to inadequate processing
of afferent information in certain areas of the central
nervous system, such as the anterior cingulate cortex, the
amygdala, and the dorsomedial frontal cortex, as shown
by dynamic magnetic resonance imaging studies, which
indicate an increase in the vascularization of these areas
in response to colon stimulation that does not occur in
controls[20,21]. IBS patients are more prone to take surgical
interventions such as appendicectomy, cholecystectomy
and hysterectomy to relieve symptoms; this is because
these symptoms can be mistaken for other diseases. Now
It was pointed out that patients who have undergone
cholecystectomy with follow-up as a cohort for 10-15
years have twice as high a risk of suffering from IBS[22]. It
is assumed that the continued presence of bile salts in the
colon may give rise to symptoms of IBS, as these patients
are known to have a hyper response to these substances.

opment and maintenance of gut-associated lymphoid
tissue (GALT), and are essential for the development of
jejuno-colonic motility under physiological conditions.
Some studies have found that a dysregulated interaction
between the intestinal bacteria, the gut barrier, the intestinal immune system and GALT play a fundamental role
in IBS. Patients have a different composition of intestinal bacteria such as Bacteriodes spp., Bifidobacterium spp.,
Lactobacilli spp. and others compared to healthy controls.
When ribosomal RNA-based microbiological technologies were used with cloning and sequencing of genes,
these differences were even more significant. These new
views in the pathogenesis of IBS changed the treatment
approach to influence the composition of the gut microbiota and to stop the inflammatory process and to
interfere in the dysregulated intestinal immune system.
Among several treatment options, the use of probiotics
seemed to be promising.

Immune activation
Despite being considered a non-organic disease, it has
certain organic components problems, especially in postinfectious IBS (PI-IBS)[23]. Although PI-IBS explains only
23%-35% of IBS cases, it shows the relationship between
exposure to the infectious agent → mucosal and systemic
inflammation → clinical expression of IBS. Increased
levels of peripheral cytokines, such as tumor necrosis
factor-α (TNF-α), interleukin (IL)-1, IL-6, intraepithelial
lymphocytes and CD3 and CD25 cells in the lamina propria, were found in IBS patients[24,25]. At the same time,
a nonspecific microscopic inflammation with increased
mast cells and neutrophils were found in mucosal biopsies. There is speculation that IBS symptoms may result
from cytokine or mediator secretion by these inflammatory cells. Increased production of proinflammatory and
decreased production of anti-inflammatory cytokines was
in fact demonstrated[26]. In addition, a low-grade inflammatory infiltration and activation of mast cells in proximity to nerves in the colonic mucosa were found and may
be involved in the pathogenesis of pain episodes. These
results suggested that immune activation plays an important role in IBS patients.

PROBIOTICS
Since Elie Metchnikoff first published “The prolongation
of life: optimistic studies” in 1907, the concept of probiotics is 100-year-old now. In 1998 Guarner et al defined
probiotics as living microorganisms that have benefits for
the gastrointestinal tract and its immune function after
being ingested. In 2003 the concept of “immune function of probiotics” was introduced, including the fact
that probiotics modulate the immune response throughout the mucosa associated lymphoid tissue system; this
idea maintains the concept that intestinal mucosa and
intestinal microflora constitute an anatomical-functional
unit that regulates both the cell-mediated and humoral
immune responses and the local production of cytokines.
In 2008, a review defined probiotics as living microorganisms, which when ingested in certain numbers, exerted
health benefits beyond inherent basic nutrition.
Now probiotics are becoming an increasingly important part in the diet of everyday life, as their general
and gastrointestinal beneficial effects are being gradually
proven. It has become necessary to harmonize marketing criteria, evaluate the efficacy of probiotics, and correctly define what is a probiotic, what the effective doses
are, and whether they are completely safe. Probiotics are
defined at three levels: genus, species and strain; it is essential to understand that their properties depend on all
three and cannot be assigned to other similar ones, even
if they share the same genus and species. The therapeutic
benefits of a strain of probiotics cannot be extended to
other strains, and their efficacy has to have been proven
individually. Therefore, we shall now examine evidence
available to date. Usually probiotics are certain types of
Streptococcus, Lactobacilli, and Bifidobacteria, but also
other non-pathogenic bacilli such as E. coli-Nisle1917
and yeasts such as Saccharomyces boulardii. The best known
and most widely used probiotics are Lactobacillus plantarum 299v, Lactobacillus rhamnosus LGG, Lactobacillus reuteri,
Lactobacillus acidophilus, Lactobacillus casei and Bifidobacterium

Intestinal hormone secretion
Although little is known about intestinal hormone secretion in IBS patients, high levels of cholecystokinin
and vasoactive intestinal polypeptide were found in the
plasma and rectosigmoid mucosa, whilst substance P (SP)
and somatostatin were normal[27]. However, neuropeptide
Y levels in the plasma and rectosigmoid mucosa are lower
in diarrhea-predominant IBS, but not in constipationpredominant IBS.
Intestinal microflora
Host intestinal microflora interactions lead to immune
tolerance, sustain the function and integrity of the epithelial barrier and its vascularization, promote the devel-
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infantis, lactis or brevis. Probiotics can be administered
not only as functional foods, but also in pharmaceutical
forms similar to medicines. For a probiotic to be effective, five conditions must be fulfilled: (1) it must not be
toxic or pathogenic; (2) it must have a proven beneficial
effect on the host; (3) it must contain a sufficiently large
number of viable microorganisms per unit; (4) it must be
capable of surviving in the intestine, reproducing, maintaining itself, and having intraluminal metabolic activity;
and (5) it must remain viable during storage and use.

microorganisms such as Enterococcus may be opportunistic
pathogens depending on host conditions.
In conclusion, the concept of using probiotics in IBS
patients is interesting and it appears that certain probiotics strains are efficacious on several symptoms and very
safe.

MECHANISMS OF PROBIOTICS IN IBS
It is well known that probiotic strains have numerous
positive effects in the gastrointestinal tract. The beneficial effects of probiotics in IBS could be explained by
increasing the mass of beneficial bacteria in the digestive
tract, decreasing bacterial overgrowth in the small bowel
and reversing the imbalance between the pro- and antiinflammatory cytokines. Probiotics can also reinforce
the intestinal mucosal barrier and normalize the motility
of the digestive tract and its visceral sensitivity. Recently
it was also demonstrated that some lactobacilli strains
may modulate intestinal pain attacks by inducing the expression of μ-opioid and cannabinoid receptors in the
intestinal epithelial cells. In conclusion, probiotics have
various actions: (1) physical barrier effect; (2) competition
for nutrients; (3) metabolic interactions; (4) bacteriocin
production; (5) reinforcement of the intestinal mucosal
barrier; (6) reduction of intestinal permeability and bacterial translocation; and (7) regulation of the intestinal
inflammatory response by modulating the secretion of
cytokines and the immune response. The specific mechanisms of probiotics have been reported as follows.

EFFICACY AND SAFETY OF PROBIOTICS
IN IBS
The evidence about probiotics in the treatment of IBS
is type Ⅱ (grade B). It is because not all probiotics have
been shown to be equally effective, and there are still
relatively few studies, some of which are not randomized
controlled trials (RCTs), some with a single probiotic,
others with multiple species, and even some combined
with prebiotics. The Clinical Practice Guideline about
IBS in the Treatment section concluded that probiotics could improve the global symptoms of IBS patients
based on some RCTs. In recent years there have been
numerous publications, which have confirmed the effect[28-32]. Many good clinical studies using mainly lactobacilli and bifidobacteria alone or in combination have
been published[33-37]. In general, it appears that probiotics
are effective in IBS patients. However, looking at single
trials, it seems that probiotics are more effective on single
symptoms than on the entire IBS. It is difficult to compare because of variations in the study design, probiotics
strains used, doses administrated and formulation. There
is still a need for further studies to determine the most
effective species and strain, the right doses and to clarify
whether a combination is better than a single strain.
The safe use of probiotics is an absolutely crucial
matter. Conventional toxicology and safety evaluation
has limitations for the safety assessment of probiotics.
Vigorous debate continues on what constitutes appropriate safety testing for novel probiotic strains proposed for
human use. In recent years several organizations have
formulated approaches to assess the safety of probiotics.
The Joint FAO/WHO working group on drafting guidelines for the Evaluation of Probiotics in Food proposed
a framework consisting of strain identification and functional characterization, followed by safety assessment and
Phase 1, 2 and 3 human trials. These studies have shown
that the use of probiotics in IBS patients and healthy subjects involves a very low risk of bacterial complications,
although over 80 cases of bacteremia have been reported
in Finland, associated with severe prior comorbidities
or surgery, and always with Lactobacillus[38]. Lactobacilli,
Bifidobacteria and other commensal microorganisms are
generally regarded as safe, although certain doubts have
been raised regarding their use at massive doses in immunodepressed patients or in those who undergo intestinal
resection due to benign or malignant disease[39]. Other
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Inhibition of pathogen binding
Bacteria in the gut compete for nutrients and space. Probiotics have been demonstrated to adhere to a range of
human intestinal cell lines and commonly found in mucosal biopsies of healthy individuals[40]. Probiotics reduce
the adherence of pathogenic bacteria on the epithelial
cells and thus the ability of pathogenic bacterial translocations. Probiotics can control the growth of pathogenic
bacteria and regulate intraluminal fermentation by stimulating the secretion of bacteriocins and defensins, modulate signal transduction (e.g., NF-κB) and influence the
innate/adaptive immune system (e.g., IgA secretion).
Enhanced barrier function
Probiotics have been demonstrated to enhance barrier
function. The probiotic VSL#3 can protect cultured T84
monolayers from invasion by Salmonella by enhancing
barrier function[41,42]. Our studies have also found that
VSL#3 protected the epithelial barrier and increased the
tight junction protein expression in vivo and in vitro by
activating the p38 and extracellular regulated protein kinases (ERK) signaling pathways[43].
Immune function
Some studies have demonstrated that probiotics have an
anti-inflammatory effect. In a study from Cork, assessing
individual bacterial species, improvement in symptoms
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with Bifidobacteria was associated with changes in the
relative production of anti-inflammatory (IL-10) to proinflammatory (IL-12) cytokines[44]. Animal model and
human studies have evaluated immunologic modulation
with specific probiotics. The potential anti-inflammatory
effect of Lactobacillus reuteri in an experimental rodent
study demonstrated an inhibition of TNF-α-induced
production of IL-8[45]. Lactobacillus casei can also significantly decreased TNF-α release in ileal tissues from an
experimental rodent study[46]. Other studies also evaluated
the anti-inflammatory effects of probiotics and demonstrated activity against cytokines, including interferons.
The main action on the immune function of probiotics is carried out by dendritic cells (DCs), antigen presenting cells for T lymphocytes that are found in mucosas,
lymphoid tissues, lymph, lymph nodes, spleen and peripheral blood. DC phenotype and cytokine production
is modulated by the intestinal microflora; furthermore,
these cells are involved in the local immune response to B
lymphocyte activation and IgA synthesis by plasmacytes.

the visceral hypersensitivity associated with trinitrobenzene sulphonic acid (TNBS) colitis and L. paracasei inhibits the visceral hypersensitivity associated with inflammation in healthy mice in whom the bacterial microbiota
have been disturbed by antibiotics[48]. This latter study
showed a clear anti-inflammatory effect and also an inhibition of SP staining, a marker of afferent pain pathways,
which was increased after the antibiotic treatment[49]. This
effect on neuropeptides is of particular interest given
the key role visceral hypersensitivity is believed to play in
IBS and the recent demonstration of increased SP and
transient receptor potential vanilloid 1 receptor (TRPV1)
positive fibres in IBS mucosal biopsies[50]. Probiotics
can regulate the action of mastocytes in the vicinity of
nerve endings within the intestinal lamina propria. An
entirely novel mode of action of probiotics has recently
been demonstrated in which L. acidophilus increased the
expression of l-opioid and cannabinoid receptors in normal animals, a phenomenon which was associated with
an inhibition of visceral sensitivity equivalent to that of
morphine 0.1 mg⁄ kg[51].

Colonic transit and motility
Effects of probiotics on colonic transit have been reported in IBS patients with predominant bloating. In IBS patients with predominant bloating, the colonic transit was
significantly retarded with probiotic VSL#3 relative to
placebo. The effect on transit was not associated with the
worsening of bowel function. Bazzocchi et al showed that
the colon’s reflex motor responses to balloon distension
were reduced during an open-label study with VSL#3.
Further studies are indicated to explore the mechanism
of the retarded transit of stools and potential effects on
colonic sensation and fermentation of nutrients reaching
the colon.

FECAL MICROBIOTA TRANSPLANTATION
AND IBS
Fecal microbiota transplantation (FMT), or infusion of
a fecal suspension from a healthy individual into the
gastrointestinal tract of another person to cure a specific
disease, is best known as a treatment for recurrent Clostridium difficile infection. The earliest and most frequently
quoted report of FMT is that by Eiseman et al[52], who
successfully treated patients using fecal enemas in the
1950s.
FMT also has been used successfully for IBS. Recent
studies have shown that the intestinal microbiota play an
important role in immunity and energy metabolism and
that an imbalance in our commensal intestinal bacteria
can predispose to disease development[53-56]. Re-establishment of the wide diversity of intestinal microbiota via
infusion of donor feces into the colon is the proposed
mechanism by which FMT results in clinical improvement in patients with IBS.
FMT is by no means a new therapeutic modality,
however, it did not receive public attention until recently,
after several studies were published showing that stool is
a biologically active, complex mixture of living organisms
with great therapeutic potential for Clostridium difficile infection[57-59] and other gastrointestinal diseases[60-63].
Unlike the concept of probiotics, which alter the
metabolic or immunological activity of the native gut
microbiota, the premise of FMT has always been to
introduce a complete, stable community of gut microorganisms, which are aimed at repairing or replacing
the disrupted native microbiota. Engraftment of donor
micro-biota was accompanied by normalization of the
patient’s bowel function. In addition, other mechanisms
could be involved that might explain how FMT works.
The metabolic activities of gut bacterial species can have

Effect on intraluminal milieu
Effects of probiotics on intraluminal milieu have been
reported as follows: (1) reduction of intracolonic gas of
bacterial origin due to an increase in Lactobacilli and Bifidobacteria, and a consequent decrease in the proportion
of Clostridia and Veillonella; (2) normally metabolize nutrient substrates reaching the colon with the formation of
gas and increase in the production of intracolonic short
chain fatty acids (SCFA) and a consequent improvement
in colonic propulsion. The SCFA may induce propulsive
contractions and accelerate transit or enhance fluid and
sodium absorption in the colon[47]. Thus, alteration in
the resident colonic flora with administration of probiotics may modify the colonic metabolism of nutrient
substrates to alter colonic transit and fluid fluxes; and (3)
reduced malabsorption of bile acids in diarrhea predominant IBS, because Lactobacilli and Bifidobacteria are capable of deconjugation and absorbing bile acids, thus reducing luminal bile salt load to the colon, which reduces
colonic secretion and mucosal permeability changes.
Alterations in visceral hypersensitivity
Some studies have shown that E. coli Nissle 1917 inhibits
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consequences both locally, on the gut mucosa, and systemically. Disruption of these bacterial species can result
in potentially harmful metabolic alterations, leading to
the partitioning of toxic substances across the gastrointestinal mucosa where these substances are absorbed into
systemic circulation. Gustafsson et al[64] analyzed gut microbiota metabolism pre-FMT and post-FMT in patients
with antibiotic-associated diarrhea and found marked disturbances in the majority of microflora-associated characteristics in patients with antibiotic-associated diarrhea.
Administration of a human fecal enema corrected these
alterations and relieved diarrhea.
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CONCLUSION
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Probiotics are used regularly in most populations regardless of medical indications. There is reasonable evidence
of a modest benefit in IBS patients. Selection of those
who will respond requires a better understanding of
exactly what the mode of action is in IBS. Like most
therapies in IBS probiotics are unlikely to be beneficial
for all patients. However, given their impressive safety
profile, a trial of probiotics is certainly worth considering. Care must be taken to recommend the exact strain or
species that has shown benefit in treating IBS, and not to
extrapolate success of one probiotic species to another.
In addition, further large good quality trials are needed to
predict which patient groups are most likely to respond
to probiotics, perhaps through fecal microbial profiling.
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Mucosal healing and deep remission: What does it mean?
Gerhard Rogler, Stephan Vavricka, Alain Schoepfer, Peter L Lakatos
present-day clinical studies and trials. The purpose of
such an attempt would be to gain clearer insights into
the true impact of the clinical findings behind the terms.
It may also lead to a better defined use of those terms
for future studies. The terms “mucosal healing” and
“deep remission” have been introduced in recent years
as new therapeutic targets in the treatment of IBD patients. Several clinical trials, cohort studies or inception
cohorts provided data that the long term disease course
is better, when mucosal healing is achieved. However,
it is still unclear whether continued or increased therapeutic measures will aid or improve mucosal healing
for patients in clinical remission. Clinical trials are under
way to answer this question. Attention should be paid to
clearly address what levels of IBD activity are looked at.
In the present review article authors aim to summarize
the current evidence available on mucosal healing and
deep remission and try to highlight their value and position in the everyday decision making for gastroenterologists.
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Core tip: “Mucosal healing” and “deep remission” have
been discussed heavily as “new” treatment goals in
inflammatory bowel diseases patients in recent years.
This was based on evidence that the long term disease
behaviour appears to be better, when mucosal healing
is achieved. Unfortunately, a definite proof that therapy
escalation for patients in clinical remission not achieving mucosal healing will be beneficial is still lacking.
Clinical trials are under way to answer this question.
At the moment it appears to be helpful to summarize
the current evidence available on mucosal healing and
deep remission to support the everyday decision making for gastroenterologists.

Abstract
The use of specific terms under different meanings and
varying definitions has always been a source of confusion in science. When we point our efforts towards an
evidence based medicine for inflammatory bowel diseases (IBD) the same is true: Terms such as “mucosal
healing” or “deep remission” as endpoints in clinical trials
or treatment goals in daily patient care may contribute
to misconceptions if meanings change over time or definitions are altered. It appears to be useful to first have
a look at the development of terms and their definitions, to assess their intrinsic and context-independent
problems and then to analyze the different relevance in
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Activity assessment in IBD: the iceberg phenomenon
Clinical activity

Invasiveness

INTRODUCTION
Assessing the activity of inflammatory bowel disease
(IBD) is important for our daily practice treating patients
with these chronic inflammatory diseases. The assessment
of disease activity will guide our therapeutic decision and
our choice of medication. Furthermore it is most important for clinical investigations of new treatment options
and new drugs. The reduction of disease activity remains
the most important endpoint in clinical trials.
However, the discussion on which parameters are
most useful for this purpose is still ongoing and unresolved.
Assessment of activity of IBD can be performed
on different levels such as clinical activity, biochemical
activity (e.g. by measuring CRP or fecal calprotectin), endoscopy, and histology. Clinical remission in a given IBD
patient does not necessarily imply biochemical, endoscopic, or histologic remission. To evaluate biochemical,
endoscopic, and histologic activity, an increasing degree
of invasive measures (blood sample, endoscopy, biopsies)
is required. Assessing activity in IBD has thereby analogies to the iceberg phenomenon where the clinical assessment on the surface may show clinical remission, but
inflammatory activity may still be present on biochemical,
endoscopic, and histologic level (Figure 1).

Endoscopic activity

Histologic activity

Figure 1 Activity assessment in inflammatory bowel disease: The iceberg
phenomenon. IBD: inflammatory bowel disease.

inflammation further proximal in the colon that may not
be obvious to the endoscopist[4,5]. Histological healing
would mean that we have to be sure that there had been
an inflammatory infiltrate at a specific localization that
completely disappeared upon therapy (or spontaneously).
As is obvious this is hard or even impossible to prove as
this would require frequent endoscopies with many biopsy samples and a labeling of former biopsy locations.
Due to the impracticability of this approach the overall
acceptance of the concept of “histological healing” was
very limited[5]. Of note, newer techniques such as endomicroscopy suffer from the same shortcomings.

ENDOSCOPIC REMISSION AS A NEW
CONCEPT FOR MUCOSAL HEALING

HISTOLOGICAL REMISSION AS INITIAL
DEFINITION OF MUCOSAL HEALING

In contrast to the initial concept of “mucosal healing”
as a “disappearance of inflammatory infiltrate”[2] recent
original manuscripts and reviews on the topic have used
the term under different meanings. The “newer” meanings of “mucosal healing” have been summarized again
by Korelitz in a critical review[2]. One of the “newer
meanings” of mucosal healing would be the absence of
inflammation (“healed mucosa”) to the eye of the endoscopist, a definition that now has been applied in many
clinical trials[6-16].
There is an obvious problem with this definition.
One must assume the location of endoscopically normal
mucosa has previously been inflamed[2]. Certainly this is
easier to assess with endoscopy rather than histology as
the area of evaluation is larger and small local differences
and a patchy pattern would play a less important role.
Nevertheless it requires that two endoscopical examinations are compared.
The definition also ignores that in endoscopically
normal appearing mucosa there still may be histological
inflammation. Another problem of this definition of
course is that the inter-observer reproducibility of endoscopical IBD scores usually is very poor[17] and depends
on the experience of the endoscopist[18] regardless of the
technique used[19,20] (it may be discussed whether a kappa

One of the first scientists and clinicians that used the
term “healing” or “mucosal healing” within the field of
IBD was Burton I. Korelitz, past chief of the Division of
Gastroenterology at Lenox Hill Hospital in New York[1].
However, he used this term exclusively with respect to
histological changes of the mucosa[1]. So when the term
“mucosal healing” was introduced into IBD clinic it
meant the absence of histological alterations of the mucosa. Korelitz was well aware that healing of IBD is not
regarded to be possible as both Crohn’s disease (CD) and
ulcerative colitis (UC) are regarded to be chronic diseases
without spontaneous healing[2]. There may be an absence
of symptoms and flares over years but mucosal inflammation may re-occur after remission for years or even
decades (Figure 1).
Histological healing is difficult to determine especially
in Crohn’s disease as the inflammation may be patchy
and a biopsy could miss an inflammatory infiltrate only
a few millimeters away[3]. Similarly, in UC the histological
evaluation of a biopsy may be misleading[4]. Histological
alterations may be absent from the rectum and sigmoid
due to effective topical therapy despite the presence of
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between 0.7 and 0.8 is satisfying). Usually endoscopic
findings are assessed on fixed point scales or described
by dichotomous variables (present/absent)[18,21]. However,
as outlined by de Lange and colleagues “endoscopic features of mucosal inflammation are continuous variables”
for which dichotomous decisions are artificial and always
require individual decisions[18]. The question arises how
to interpret endoscopical findings indicating a clearly
improved appearance of the mucosa in endoscopy with
some or few remaining scattered erosions. A further
important question arises with respect to endoscopical
findings that cannot be interpreted as present inflammation but as residuals of former inflammation and a lack
of complete normalization of the mucosa. Such findings
would be pseudopolyps in an otherwise normal-appearing colon.

histological remission in those patients. Histological remission - if evaluated by biopsies - again may be patchy and
the evaluated biopsies may not be representative. Damage
to deeper layers of the mucosa may have occurred that
are not visible to the endoscopist’s eye. Therefore is has
to be challenged whether healed mucosa to the eye of the
endoscopist is indeed the “most satisfying objective confirmation to support the clinical response” as outlined by
Korelitz[2]. As he states the endoscopic healing “might be
satisfactory for comparison in time for response to therapy
in an individual case, but not for mucosal healing as an entity and certainly not to be used as an index of response to
therapy in trials.”[2]
To minimize the subjective component many clinical trials now apply the principle of a “central reader”.
Not only does this make trials more complicated, more
expensive and more time consuming. It substitutes the
problem of a bias introduced by many subjective evaluations of the mucosal response to a bias introduced by
one subjective interpretation of findings. The intra-observer agreement for many endoscopic scores is not satisfactory. It may well be argued that the subjective criteria
used by a central reader may not be accepted by others
and that there could be a reduction of bias by a “multisubjective” view (as we assume is the case for multicenter
trials as compared to monocentric studies). Of note, in
a recent randomized-controlled trial in patients with UC
the conclusion was significantly changed after blinded
central review of endoscopic images, suggesting that
central reading of endoscopy may be necessary for regulatory purposes[31]. However, the question about the best
method of objective endoscopic assessment is far from
being answered.
Korelitz[2] suggested that histological healing should
be the “minimal criterion for mucosal healing and preferably this information should be derived from multiple
biopsy sites of previous inflammation”. However, this
would implicate that the evaluation of inflammation by a
pathologist is objective. There have been studies on the
inter-observer and intra-observer agreement of pathology findings[32]. Those results are not very encouraging. When a number of established criteria were used
(excess of histiocytes in combination with a villous or
irregular aspect of the mucosal surface and granulomas)
experienced pathologists could correctly classify 70% of
CD patients and 75% of UC patients[32]. Especially in
mild disease, there is still dispute as to whether the presence of a “physiological (minor) inflammation” should
be regarded as manifestation of IBD or not. Clinically
unaffected siblings of IBD patients may show mild histological inflammation and increased cellular activation
markers[33]. Cell counting will not solve the problem. The
request for a “central pathology reader” also is not helpful as the same dilemma as for the central endoscopy
reader will occur. Moreover, different pathologists have
suggested different criteria to evaluate the presence or
absence of “un-normal” inflammation (for an overview
see[3,34-37]. There is no agreement on that. Geboes for ex-

BIOCHEMICAL (FECAL MARKERS)
REMISSION AS MUCOSAL HEALING
Fecal markers such as calprotectin or lactoferrin correlate
very well with the degree and extent of infiltration of the
mucosa by leukocytes. A good correlation between fecal
calprotectin and the Crohn’s Disease Endoscopic Index
of Severity (CDEIS) was reported in several studies[22,23].
There is also a good correlation of fecal calprotectin with
the Simple Endoscopic Score for Crohn’s disease (SESCD) which itself has a strong correlation with the CDEIS
(correlation coefficient r = 0.920) and an excellent interobserver reliability (κ coefficients 0.791-1.000)[24].
In ulcerative colitis calprotectin correlates well with
disease activity as determined by histology and endoscopy[25,26].
It is a familiar experience to endoscopists that the mucosa may appear completely normal (healed) in patients
that still have a markedly elevated fecal calprotectin. This
would be an endoscopic remission but not biochemical
remission, most likely reflecting a lack of histological
remission with neutrophils still being present in the mucosal wall. It has been well established that calprotectin
better correlates with histological findings (at least in UC)
as compared to serum parameters or endoscopy[27-29].

MUCOSAL HEALING AND DEEP
REMISSION: THE CONFUSED CLINICIAN
Surprisingly, some recent trials have reported a higher relative amount of patients with mucosal healing compared to
the percentage of patients with clinical remission, especially in UC[30]. In those trials usually the endoscopist defined
whether mucosal healing was present. How can this be explained? One reason could be that those patients had concomitant irritable bowel syndrome that was responsible for
their complaints but no relevant remaining inflammation
(“IBS superimposed on IBD”). The argument is straight
forward and logical but it probably does not explain all
cases. Firstly, little or no information is available on the
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ample suggested that the presence of neutrophils in the
intestinal epithelium is an important discriminator for the
presence or absence of inflammation. He therefore suggested that a combination of endoscopy and histology
should be used to evaluate the presence of inflammation
in IBD patients to finally judge whether mucosal healing
has been achieved (see above).

ing put together.

MUCOSAL HEALING AND DEEP
REMISSION: THE CONFUSED "TRIALIST"
As mentioned above the terms “mucosal healing” and
“deep remission” have been used in a number of trials with quite different meanings and definitions. The
key confounder is the lack of unequivocal definition(s).
Therefore, results and data from those trials with respect
to mucosal healing cannot easily be compared. Nevertheless, this is done frequently. In most cases endoscopical
investigation is used for the evaluation of “mucosal healing”. One crucial point is whether “mucosal healing” was
defined simply as the absence of ulcers when ulcers had
been seen previously or whether the absence of ulcerations and ulcers was investigated exactly at a place where
those alterations had been found before.
The above is reflected in the way different trials have
been reported. In the ACCENT 1 endoscopic substudy the CDEIS was used for scoring and the complete
absence of mucosal ulcerations that were observed at
baseline was evaluated[77]. In the SONIC study in contrast no clearly defined score was used. Mucosal healing
was defined as “complete absence of mucosal ulceration
in the colon and terminal ileum”[78]. In the “Top-down
versus step up” study by Gert D’Haens and coworkers
SES-CD was used for the evaluation of mucosal healing
which was a secondary endpoint[79,80]. Mucosal healing
was defined as “absence of ulcers”. In the MUSIC trials
again the CDEIS was applied. The definition of mucosal
healing was “absence of ulcers and endoscopic remission
defined as CDEIS < 6”. In the EXTEND study applying again SES-CD mucosal healing was seen as “absence
of mucosal ulceration”[81]. As is obvious from those
definitions, the question arises whether a few remaining
aphthous lesions in a patient with severe and deep ulcers
at the beginning of therapy also may be termed mucosal
healing.
For UC the IOIBD attempted a consensus for mucosal healing in 2007: “absence of friability, blood, erosions
and ulcers in all visualized segments of the gut mucosa”.
According to the IOIBD experts the presence of an abnormal vascular pattern is still compatible with mucosal
healing or “normal mucosa”. However, also in UC the
definitions applied varied widely: In the ACT1 study mucosal healing was a secondary endpoint[82,83]. The Mayo
endoscopic subscore was used and mucosal healing was
defined as “absolute subscore for endoscopy of 0 or 1”[82,83].
The same definition was used for ULTRA 2[84].
In studies on the outcome of therapy with 5-aminosalicylic acid the definition of mucosal healing largely
defined the number of patients achieving this endpoint
(Table 1). As an example, Vecchi et al[85] compared mesalazine 4 g orally vs 2 + 2 g orally and enema in 2001 in
patients with a clinical activity index (CAI) of 4-12 and
used an endoscopic Rachmilewitz index < 4 as definition
of mucosal healing leading to 58% vs 71% of patients

MUCOSAL HEALING AND DEEP
REMISSION: THE CONFUSED SCIENTIST
CD and UC are regarded to be chronic diseases that never disappear. The concept of a healing of a part of the
body affected by such a disease subsequently is surprising
for scientists working on the elucidation of the pathophysiology of IBD.
However, there is another aspect that is disturbing.
There have been reports that even in macroscopically
and microscopically normal appearing mucosa specific
changes can be found that are characteristic for inflammation or at least changes that could be associated with
the pathophysiology[38-45].
Changes of the microbiota in the lumen of the gut
have been described in IBD patients despite the absence
of detectable inflammation[46-51]. Could a “complete deep
remission” be possible without normalization of the
intestinal microbiome? The mucus layer of the mucosa
may be changed also in normal appearing mucosa in endoscopy[52-56]. The normal fixation procedure of biopsies
and the subsequent H&E staining does not allow evaluation of the mucus layer as it is destroyed during this
procedure. A reduced thickness of the mucus layer in UC
in remission has been described[54,56,57] as well as a reduced
secretion of mucin[52,53,58-60] or defensins[61-64]. The question arises whether the mucosa can be termed as “normal”
or “healed” if those changes are still present.
Epithelial cells may have an impaired barrier function
despite a lack of inflammatory signs. Cytokine expression and cytokine secretion by immune cells may still be
significantly increased despite a normal appearing histology. A normalization of those changes has been termed
biochemical healing[65-68]. There are no data available with
respect to the predictive value of “biochemical healing”
and whether this would correlate to a more favorable disease outcome.
The confused scientist, however, is able to imagine
a further level of “healing”. In macroscopically normal
appearing mucosa with microscopically normal appearing cells that display normal cytokine expression and
secretion levels, epigenetic changes may still be present
that may trigger pathological responses upon minor
stimuli[69-76]. Can a persistence of epigenetic changes in
otherwise normal mucosa be termed “mucosal healing”?
Or do we have to achieve “epigenetic healing” to finally
achieve the best outcome possible for our patients? These
questions will have to be answered in the future. Currently we are just at the start of investigations into these
aspects with the first interesting pieces of the puzzle be-
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Table 1 Association between the definitions of remission and mucosal healing and actual healing rates in patients with ulcerative
colitis treated with mesalazine
Author

Design

Vecchi (2001)
Malchow (2002)
Mansfield (2002)

Study

Timing of endoscopy Endoscopic index

Mesalazine 4 g orally vs
2 + 2 g orally and enema
Mc, db, RCT Mesalazine 4 g enema
vs 1 g foam
Mc, db, RCT
Balsalazide 6.75 g vs
sulfasal. 3g
Mc, db, RCT
Asacol 4.8 g vs 2.4 g
Mc, RCT

Hanauer (2007)
Ascend
Kamm (2007) MMX Mc, db, RCT MMX mes. 4.8 g vs 2.4 g
vs placebo
Kruis (2009)
Mc, db, RCT Mesalazine 3 g vs 1g x 3

Def. of MH

No of pat. Achieving MH

6 wk

Rachmilewitz

Rachmilewitz < 4

58% vs 71%

4 wk

Rachmilewitz

Rachmilewitz < 2

38% vs 37%

8 wk

4 point scale

27% vs 25%

6 wk

Descriptive, no
score
Mod. Sutherland
index
Rachmilewitz

Score of 0 = normal
mucosa
Normal endoscopic
finding
Mod Sutherland
index < 1
Rachmilewitz < 4

8 wk
8 wk

25% vs 20%
77% vs 69% vs 46%
71% vs 70%

Mc: Multicenter; db: Double-blind; RCT: Randomized controlled trial; MH: Mesalazine.

Table 2 One of the problems in endoscopic ulcerative colitis scores is the application of varying criteria
Truelove
Erythema
Edema
Granularity
Vascular pattern
Friability
Erosions
Ulceration
Exudate
Remission

+

0

Baron

+
+

Powell-T (St Mark’s)

+

Levine
+
+
+
+
+
+

0-1

achieving this endpoint[85]. In 2002 Malchow compared
Mesalazine 4g enema vs 1g foam preparation in patients
with a CAI > 4 for 4 wk and applied an endoscopic
Rachmilewitz index < 2 as definition of mucosal healing
leading to rates of 38% vs 37%[86]. As one would expect,
the different definitions used cause huge variation in defined endoscopic mucosal healing rates in patients with
UC, which makes the comparison of efficacy of different
drugs or formulations extremely difficult.
One of the problems in endoscopic UC scores is the
application of varying criteria (see Table 2). The reasons
for such different definitions and endpoints may only be
speculated. Unfortunately we lack an unequivocal definition; all of the scoring systems published so far have
certain limitations, which have led to the introduction of
several additional scoring systems. From a patient’s and
physician’s perspective, however, the use of one single
scoring system would be most desirable to enable valid
comparisons among study outcomes.

Mayo

+

+

+
+
+
+

+
+
+
+

0-1

0-1

Sutherland

+

+
0

HOW CAN WE IMPROVE?
There should be standards on the definition of mucosal
healing for clinical studies. It needs to be discussed - and
finally decided - whether endoscopic mucosal healing,
histologic mucosal healing or a combination of both can
be standardized. Once agreement on definitions has been
achieved, a given patient could be assessed by a -hopefully- simple binary coded tool that is oriented according to the TNM classification of oncology. A proposal
for such a tool is illustrated in Table 3. The number “1”

remission” is another term that has been disas a treatment target in recent years. The defihowever, is unfortunately not clearer than the
mucosal healing. In the EXTEND study “deep
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+
+
+
+
+
+
0-2

Modified Baron

remission” was defined as clinical remission (CDAI <
150) and complete mucosal healing as defined according
to CDEIS[13]. It is worthwhile to look a bit closer at this
definition. If a patient with CD achieves mucosal healing
but still has increased CDAI (no clinical remission) this
may be due to superimposed IBS symptoms or the fact
that without the presence of inflammation there is some
bowel damage such as a fibrotic stricture or an internal
fistula which might contribute to increased bowel frequency. Subsequently the lack of clinical remission is important for the patient and his/her clinical management
(e.g. surgery of the stricture) but not for the medical (antiinflammatory) management of the disease. Thus, the
term “deep remission” in the definition outlined above is
not useful and does not provide more information than
mucosal healing. In fact - it contributes to confusion of
scientists, clinicians and “trialists”.

WHAT IS THE ADDITIVE VALUE OF
DEEP REMISSION AS COMPARED TO
MUCOSAL HEALING?
“Deep
cussed
nition,
one of

Rach-milewitz
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Table 3 Proposal of the CBEHI classification to assess Crohn’s disease activity
Activity level
Clinical activity
Biochemical activity

Endoscopic activity
Histologic activity
Imaging

Definition

Code

Remission: CDAI < 150
Active: CDAI ≥ 150
CRP normal
Elevated CRP
Calprotectin < 200 µg/g
Calprotectin ≥ 200 µg/g
Remission: SES-CD < 4
Active: SES-CD ≥ 4
Inactive
Active
Inactive: no fistulas, no stenoses
Active: presence of either fistula and/or stenosis

C0
C1
B0 (CRP)
B1 (CRP)
B0 (Calpro)
B1 (Calpro)
E0
E1
H0
H1
I0
I1

Example: A Crohn’s disease (CD) patient with C0B0 (CRP) E1H1I0 would have clinical and biochemical remission, but endoscopic and histologic activity.

stands for “active”, “0” for “remission” and “x” for “not
assessed”. Of note CD activity assessment would require,
in contrast to UC, not only measuring clinical activity,
biochemical, endoscopic and histologic activity, but also
imaging modalities (presence of fistulas, strictures). This
simple approach has the potential to reduce the amount
of potentially confusing new definitions to describe different combinations of activities in IBD.
Other definitions of mucosal healing (such as “biological mucosal healing”, “epigenetic mucosal healing”,
“mucus layer healing” or “microbiota mucosal healing”)
require further studies and prospective trials. At this point
they are purely investigational and should not be used in
clinical trials.
What would happen if such an agreement cannot be
achieved? Then it would not make sense to discuss mucosal healing as a treatment target for IBD any further
as this would be a treatment target that lacks a definition
and subsequently is blurry, vague and indistinct.
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INTRODUCTION

Abstract

The prevalence of irritable bowel syndrome (IBS), a
functional gastrointestinal (GI) disorder defined as discomfort or pain specifically associated with an abnormal
bowel habit without structural or anatomical explanation,
is reported to be between 5% and 20% in the general
population[1], and its management accounts for up to
25% of a gastroenterologist’s workload in the outpatient
department[2]. IBS affects 10%-20% of the population in
developed countries[3]. It also poses a huge burden to society due to direct and indirect costs, and reduced social
functioning[4-6]. The cost of health care utilization and
financial loss because of work absenteeism as a result of
IBS is enormous in developed countries[5,7-9]. IBS is one
of the most common diseases seen in primary care and
specialty GI practices[10]. An estimated 12% of primary
care patients and up to half of consultations in secondary gastroenterology practices are due to IBS-related
symptoms[11,12]. It was observed by a tertiary care center
that 38% of IBS patients had considered suicide because
of their symptoms, highlighting the severe effect of IBS

Irritable bowel syndrome (IBS) is a common disorder, reported to be found in 5%-20% of the general
population. Its management accounts for up to 25%
of a gastroenterologist’s workload in the outpatient
department, and the main symptoms are abdominal
pain, bloating, and altered bowel habits. Despite a
great amount of available pharmacological treatments
aimed at a wide variety of gastrointestinal and brain
targets, many patients have not shown adequate
symptom relief. In recent years, there has been
increasing evidence to suggest that psychological
treatments, in particular cognitive-behavioral therapy
(CBT), are effective for the management of IBS. This
review discusses CBT for the management of IBS.
CBT has proved to be effective in alleviating the physical and psychological symptoms of IBS and has thus
been recommended as a treatment option for the syndrome.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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on those patients[13]. Most patients with IBS suffer from
coexistent mood disorder, anxiety, and neuroticism, and
are reported to have a lower quality of life than other
patients with serious chronic medical conditions such
as diabetes mellitus or end-stage renal disease[14,15]. The
diagnosis of IBS can be made on the basis of a series of
symptoms fulfilling Rome Ⅲ criteria, but in clinical practice it is still frequently made by exclusion of an organic
disorder after investigation[16]. There is a multifactorial etiology[17], altered pain perception, involvement of altered
gut reactivity and motility, and alteration of the brain-gut
axis in IBS[18]. Psychological and social factors can influence digestive function, symptom perception, illness behavior, and outcome[19]. Therefore, effective therapies for
IBS are required in order to alleviate symptoms, and to
reduce consultation behavior and consumption of other
valuable medical resources.
Although pharmacological therapies can temporarily
relieve symptoms, they are often costly and may result
in negative side effects[20]. A substantial proportion of
patients with IBS do not attain adequate relief through
conventional medical approaches[21]. In recent years, there
has been increasing evidence to suggest that psychological treatments, in particular cognitive-behavioral therapy
(CBT), are effective for the management of IBS[22]. The
cognitive-behavioral model was developed in the 1960s
by the American psychiatrist and psychotherapist Rush et
al[23], who applied it first to depression and then to anxiety disorders[24]. The model aims to identify patterns of
thinking and behavior which deal with problems leading
to negative emotions and hindering progress towards
goals. When it is applied to physical health problems, it
can reduce physical symptoms by addressing behavior
patterns and physiological responses. There is excellent
evidence for the efficacy of CBT in reducing symptoms
in patients with IBS[25].
This review provides clinicians with an updated and
predominantly evidence-based review of CBT for the
management of IBS. Several systematic reviews and meta-analyses recently published in high impact factor journals and some randomized controlled trials are included.
A better understanding of the recommended therapeutic
approaches can lead to increased patient satisfaction, as
well as reduced health-care costs.

that these patients have a worse prognosis than those
who are psychologically normal[31]. Approximately 50%
of patients with a psychiatric disorder develop the condition before the onset of gastrointestinal symptoms, and
psychiatric symptoms start at the same time in most of
the remaining 50%[27]. Recently, it has been demonstrated
that psychosocial factors, as an indication of the process
of somatization, are independent risk markers for the
development of IBS in a group of subjects previously
free of IBS[32], and that the effect of psychosocial factors is strongest in severely affected IBS patients[33]. On
the whole, IBS patients have been reported to have more
psychological disturbance than control groups with organic gastrointestinal disease or general populations[24].
There is an increasing evidence for the effectiveness
of CBT in alleviating the physical and psychological
symptoms of IBS[2,25,34,35] and it has thus been recommended as a treatment option for the syndrome[17,19].
CBT has matured into a creative and rigorous synergy
from empirical evidence and clinical innovation[36]. In the
1970s, a group of cognitive therapists in Philadelphia led
by Aaron T Beck listened cautiously to what their clients
were saying and turned to learning theory and the cognitive revolution to formulate a new theoretical account
and therapeutic approach to depression[23]. CBT, from its
inception growing out of basic and applied research[37],
remains closely tied to ongoing research[38], and is used
to deal with IBS. It was designed to educate participants
about physical, cognitive, and behavioral factors which
contribute to IBS; thus teaching them methods of enhancing self-control over stress, anxiety, and IBS symptoms; to correct dysfunctional thoughts and to prevent
symptom relapse[39]. This is helpful for refractory IBS, as
it blocks the vicious circle between psychological factors
and symptoms. Thus, CBT that targets psychological disturbance may alleviate IBS symptoms[40].

COMPONENTS OF CBT FOR IBS
CBT is an extremely broad concept and the psychotherapy methods described in the literature have differed in
their composition. However, each of the following components are generally included.
Education about IBS
IBS is presented as a functional bowel disorder, which
is more ordinary than it appears, associated with bowel
function, and as a distinct disorder with real physical
symptoms, including abdominal pain, distress, anxiety,
disruption to lifestyle, and embarrassment. Information
is provided about intestinal function in general, such as
the range of normal bowel frequency, the negative effects
of straining to pass a motion or ignoring the urge, ways
of dealing with constipation and diarrhea, pathogenesis,
and treatment and clinical efficacy of IBS. IBS is considered a biopsychological disorder in which an association
between life stress described as a normal part of life and
an interaction between individuals and their environment,

CBT AND APPLICATION TO IBS
The idea that emotions can influence the sensorimotor
function of the GI tract emerged at the beginning of
the 19th century, and evidence from research conducted
during that period is still valid[26]. Psychological disturbance, especially in referred patients, includes psychiatric
disorders (e.g., panic disorder, generalized anxiety disorder, mood disorder, and post-traumatic stress disorder),
sleep disturbance, and dysfunctional coping[27]. A history
of childhood abuse is common[19]. It has been indicated
that up to two-thirds of patients with IBS in tertiary care
centers have demonstrable psychiatric illness[28-30], and
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and physiological changes leading to bowel irregularity
is present. The impact of life stress on the gastrointestinal tract is characterized, with reference to the roles
of central and autonomic nervous systems and the idea
of “fight or flight” responses, including bowel muscle
spasm[24]. The effect of psychological factors is discussed,
which clarifies that pain signals from the site of physiological disturbance or damage passing through a special
mechanism to the brain, which then interprets them by
combining information from various stems. Abdominal
pain is experienced, and this experience is influenced by
current physiological arousal, focus of attention, mood,
and beliefs about abdominal pain. For example, a patient
who believes that eating food in a public place will always
produce diarrhea symptoms might lead to an avoidance
of social interactions, as well as anxiety when dining
in a restaurant. The anxiety caused by this maladaptive
thought may trigger diarrhea. The therapist aims to help
the patient to recognize that a maladaptive idea adversely
affects normal life functioning and symptom experience.

Table 1 Randomized controlled trials reviewed by Khan et al
Ref.

Sample size Psychological therapy used

Lackner et al[35] United States
Lackner et al[42] United States
Reme et al[43]
United States

75
71
149

CBT
CBT
CBT

CBT: Cognitive-behavioral therapy.

Table 2 Randomized controlled trials reviewed by Ford et

al [2] (not including the trials described in Table 1)
Ref.
Greene et al[45]
Payne et al[46]
Vollmer et al[48]
Boyce et al[50]
Drossman et al[44]
Tkachuk et al[47]
Kennedy et al[49]

Country

Sample size Psychological therapy used

United States
United States
United States
Australia
United States
Canada
England

20
22
34
105
169
28
149

CBT
CBT
CBT
CBT
CBT
CBT
CBT

CBT: Cognitive-behavioral therapy.

Good maintenance of a physician-patient relationship
Effectiveness of the therapy depends on maintaining
a good relation between patients and medical personnel, forming a good working relationship. Experienced
physicians know that maintaining a positive therapeutic
physician-patient relationship for patients with IBS is of
great importance; patients who experience this positive
interaction with their physician have fewer IBS-related
follow-up visits than patients who do not have this interaction[41]. Patients are encouraged to speak out about their
own doubts and fears, and communicate with physicians;
according to the patients’ problems, physicians should
be able to give a detailed answer in simple terms. In fact,
most patients are conscious of the origin which has
caused the symptoms of IBS, but the lack of proper cognitive meaning with symptoms is common. Patients are
often organized to participate in discussions, and good
experiences can be shared and improves their confidence
in beating IBS. During the period, physicians and nurses
can detect the patient’s cognitive errors, correct them in
an appropriate manner, and ensure smooth treatment
progression.

and when certain foods should be eaten, also lifts mood
and provides more distraction from the symptoms of
IBS. Self-discipline training is an effective integrated
relaxation technique, as there are some physiological
changes in training in accordance with wishes.

EVIDENCE FOR TREATMENT EFFICACY
OF CBT
Khan et al[17] provide a useful review of the literature. Of
the three controlled studies of patients with severe IBS,
they noted that those in the CBT group showed reduced
gastrointestinal symptoms and psychological distress to a
greater extent than those in the control group. More details are given in Table 1.
A systematic review and meta-analysis carried out by
Ford et al[2] was not included in this review. There were
seven studies which compared CBT with control therapy
or physicians’ “usual management” in 491 patients[44-50].
IBS symptoms persisted in 118 of 279 individuals assigned to CBT, compared to 130 of 212 allocated to control therapy or physicians’ “usual management”. There
was statistically significant heterogeneity and evidence
among those studies, with small-sample studies showing
no effect of CBT on IBS symptoms. When three studies conducted in the same center were excluded from
the meta-analysis, the beneficial effect of CBT on IBS
symptoms disappeared. More details are given in Table 2.
Finally, they demonstrated that a range of different psychological therapies could significantly improve physical
symptoms in IBS patients, with studies on CBT providing the greatest evidence.
For IBS, CBT has been studied more than any other
form of psychological intervention in randomized controlled trials. In a recent review by Palsson et al[51], CBT
outcomes for IBS treatment were compared with control

Stress management
It is necessary for patients with IBS to understand that it
is normal that the stress response appears when people
meet stress. Identifying sources of stress for the individual concerned, working with them, and developing more
helpful strategies for coping with them are prerequisite.
Behavioral strategies made to ease the psychological pressure caused by cognitive behavioral efforts made in the
face of stress. Positive behavior can mitigate stress and be
beneficial to health, while a negative response will have
the opposite effect.
Planning activities and training
An increased level of planning activity, including where
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will not feel able to make this commitment. Several problematic factors are a lack of trained therapists, high costs
of delivering the treatment, and the practical difficulties
for patients of scheduling weekly visits at a clinic[62,63].
Some modifications to the traditional CBT format have
been evaluated by researchers, and these studies have
demonstrated that CBT-based interventions can be delivered in different, and more cost-effective, formats[63,64].
Some clinicians have conducted studies investigating
CBT for IBS where participants had a therapist contact
via the internet (ICBT), defined as a web-based bibliotherapy with an online therapist contact. ICBT proved to
be a promising cost-effective treatment modality for IBS,
as it can be offered to IBS patients on a much larger scale
than conventional psychological treatments[58,65]. Among
gastroenterologists, development and testing of a CBT
program for IBS has the potential to make it more widely
available for IBS.

Table 3 Randomized controlled trials reviewed by Palsson et
al [51] (not including the trials described in Tables 1 and 2)
Ref.

Country

Lynch et al[52]
Canada
Heymann-Monnikes et al[53]
Germany
Sanders et al[54]
United States
Hunt et al[55]
United States
Moss-Morris et al[56]
England
Craske et al[40]
United States
Ljotsson et al[57]
Sweden
Ljotsson et al[58]
Sweden
Oerlemans et al[59]
The Netherlands

Sample size Psychological
therapy used
21
20
28
54
64
110
195
61
75

CBT
CBT
CBT
CBT
CBT
CBT
CBT
CBT
CBT

CBT: Cognitive-behavioral therapy.

groups receiving usual medical care or on waiting lists
for treatment, antidepressant or antispasmodic medication, placebo, or active psychological interventions such
as supportive therapy, education, or stress management
treatment. The substantial body of those studies demonstrates that CBT is an effective therapy for improving
IBS. In the positive trials, gastrointestinal symptoms were
almost uniformly found to be significantly ameliorated
after treatment, sometimes substantially more than in
control groups. Michelle et al[40] examined the efficacy of
a CBT protocol for the treatment of IBS, which directly
targeted visceral sensations. Participants (n = 110) were
randomized to receive 10 sessions of either: (1) CBT
with interoceptive exposure to visceral sensations (IE); (2)
stress management (SM); or (3) an attention control (AC),
and were evaluated at baseline, mid-treatment, posttreatment, and follow-up sessions. The results showed
that the IE group outperformed AC on several indices of
outcome, and outperformed SM in some domains. There
was no difference observed between SM and AC. The results suggested that IE might be a particularly efficacious
treatment for IBS. In spite of the fact that the majority
of studies did not include any follow-up longer than 3
mo after medical treatment, there is some evidence that
the therapeutic benefit of CBT for IBS can last 8 mo
to 2 years after treatment termination. Apart from gastrointestinal symptom improvement, quality of life and
emotional well-being are often documented to improve
significantly from such therapy as well. More details are
given in Table 3.

CONCLUSION
IBS is a prevalent chronic relapsing condition that is regularly associated with significant disability and has a considerable financial burden for the health service due to
the consumption of resources including physician time,
investigations, and costs of treatment[66]. The presence of
clinically significant psychiatric symptoms in patients with
IBS is an indication for psychotherapy, especially CBT.
Although the availability of therapists who are trained
in CBT and have specialist experience in IBS is limited,
even when specialist referral is not an option, CBT has
implications for gastroenterologists’ own clinical practice.
There is increasing evidence for the efficacy of CBT in
alleviating the physical and psychological symptoms of
IBS, and it has been recommended that it should be considered as a treatment option for the syndrome[28]. CBT is
most appropriately offered to patients who have already
had reasonable medical investigations but still have significant physical discomfort and psychological distress, and
are interested in taking an active part in achieving greater
control over their symptoms.
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INTRODUCTION
In 1894, McBurney[1] described a new technique for the
management of acute appendicitis: this method is still
used when an open approach is required.
McBurney’s procedure represented the gold-standard
for acute appendicitis until 1981, when Semm [2] performed the first laparoscopic appendectomy in Germany,
a “culture shock” in general surgery since a revolutionary
method was discovered by a gynecologist[3]. But a real
“laparoscopic revolution” took place only in 1985 with
the first laparoscopic cholecystectomy performed by
Erich Muhe, using Semm’s technique and instruments.
Laparoscopy was not easily accepted since it was not considered a safe procedure; nowadays laparoscopic surgery
is gaining a primary role in many surgical settings.
The number of laparoscopic appendectomies (LA)
has progressively increased since it has been demonstrated to be a safe procedure, with excellent cosmetic
results; furthermore, LA allows a shorter hospitalization,
a quicker and less painful postoperative recovery.
But is laparoscopic surgery the best choice for appendectomy? Which are the correct surgical indications?
What are the results from the comparison between LA
vs classic open appendectomy (OA)? Are there selected
groups of patients in which one of these approaches
should be preferred? The aim of this editorial was to perform a review of the literature in order to address these

Abstract
McBurney’s procedure represented the gold-standard
for acute appendicitis until 1981, but nowadays the
number of laparoscopic appendectomies has progressively increased since it has been demonstrated to be
a safe procedure, with excellent cosmetic results and it
also allows a shorter hospitalization, a quicker and less
painful postoperative recovery. The aim of this editorial was to perform a review of the literature in order to
address controversial issues in the treatment of acute
appendicitis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: There are still controversial issues in the
treatment of acute appendicitis such as comparison
between laparoscopic and open appendectomy and
the correct approach in special categories of patients.
The aim of this editorial was to perform a review of the
literature in order to address controversial issues in the
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controversial issues.

The only remarkable difference was that the patients who
underwent OA presented earlier symptoms and received
a more timely diagnosis of ⅡA than the patients who
underwent LA (6 d in OA group vs 11 d in LA group)[9].
A multivariate analysis has shown that development
of abscesses has a higher correlation with the initial diagnosis than with the type of surgical approach. The evaluation of selected patients demonstrated a 30% increase
of the risk of ⅡA for every decade of life. This could be
clinically relevant because it suggests the need for careful monitoring of elderly patients who initially presented
complicated appendicitis, since they are at higher risk for
postoperative ⅡA[9]. Finally an explanation for the formation of ⅡA could be found in the surgical technique
itself: currently, surgeons performing LA tend to apply
irrigation more freely; therefore, contaminating the entire
peritoneal cavity[10]; although irrigation as a cause of ⅡA
is yet controversial.

OPEN VS LAPAROSCOPIC
APPENDECTOMY
Many comparative studies have already demonstrated the
advantages of LA over OA in terms of length of hospital stay, use of postoperative analgesics and earlier return
to work[4]. The most controversial issues of these studies
have been taken into consideration.
Surgical-site infection
Surgical-site infection (SSI) rate was significantly lower in
the LA than in the OA group (1.6% vs 3.2% respectively)
and this gap between the two groups increased in severe
forms of appendicitis, such as gangrenous and perforated. Some authors estimated that one wound infection
could be prevented for every 23.7 patients treated with
LA, instead of OA[5]: this can be explained with the use
of the extraction bag (endo-bag) in LA, which prevents
the direct contact between the infected appendix, the
wound edges and the inflamed tissues around the appendix during its removal[5,6].
Other studies found a higher SSI rate in OA, but also
a significantly higher intraabdominal abscess (ⅡA) rate in
LA. The difference in the postoperative complications according to the surgical technique were remarkable when
inflammation of the appendix was more severe: in fact,
when a periappendiceal abscess was present, there were
more cases of paralytic ileus (PI) in the LA group and
more cases of SSI in the OA group. This result can be
due to the leakage of infected substances, the appendiceal
stump not being inverted and the resection side being
exposed in the intraabdominal cavity during the removal
of the appendix in LA[7]. Some authors suggest that the
use of an Endo-GIA stapler could help minimize these
adverse effects[8]. Finally, these differences are not statistically significant in case of gangrenous or/and perforated
appendicitis[7].

Incisional hernia
The incidence of incisional hernia is low in both techniques (0.7% in OA group vs 1% in LA): the development
of post incisional hernias is higher with McBurney’s incision, whereas in LA there are incisional hernias only in
those patients who undergo conversion[11].
Small bowel obstruction
Finally, as far as long-term complications are concerned,
some studies assessed that small bowel obstruction can
present many years after surgery, especially for open appendectomy. The prevalence of bowel obstruction after
appendectomy increased from 0.63% after 1 year, to
0.97% after 10 years, to 1.30% after 30 years of follow
up[11]. In a randomized study, a second look laparoscopy
was performed on 40 patients who had histological confirmation of acute appendicitis, 3 mo after the first operation: there were adhesions in the 80% of patients that
underwent OA, but only in 10% of LA group[5]. Therefore, LA seems to be associated with an easier secondlook procedure and a minor infertility rate due to less
adhesions[12].
Among long-term complications, small bowel obstruction has a very low incidence, between 0.33% and
1.51% in OA. It is known that the risk is higher with
negative appendectomy or appendectomy through a
midline laparotomic incision. Then, the choice of LA in
suspected appendicitis is correct because it avoids unnecessary appendectomy if the appendix is normal and it
prevents unnecessary wide incisions[13].

Intraabdominal abscess
In an interesting study that considered 2464 patients, 52
experienced postoperative abscesses. The patients with
a diagnosis of complicated appendicitis had a significant
correlation with a higher incidence of intraabdominal
abscess development (67% in complicated appendicitis vs
25% in uncomplicated appendicitis, P = 0.01). The majority of abscesses developed in the pelvis (41%), especially in those patients who had complicated rather than
uncomplicated appendicitis (63% vs 18% respectively, P
= 0.01). It is interesting to notice how the formation of
an ⅡA in patients with a diagnosis of complicated appendicitis did not differ significantly between those who
underwent LA and those who underwent OA (5.9% vs
4.1% respectively, P = 0.44). Moreover, in patients with
complicated appendicitis there was no significant increase
in presenting symptoms or in the severity of the case
history, quite independently from the surgical approach.
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SUSPECTED APPENDICITIS
The differential diagnosis of most of the surgical abdominal emergencies is based on clinical grounds, laboratory
data and diagnostic imaging. The problem, however, is to
obtain a correct diagnosis of the exact localization of the
lesion to determine surgical indications and to decide the
best surgical approach. Laparoscopy is a valuable instru-
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ment in the case of suspected appendicitis allowing the
surgeon to correctly evaluate the intraperitoneal condition of practically every single patient[14].
At first, considering its exploratory nature and its
diagnostic accuracy, besides the advantage of a shorter
time of hospitalization and reduction of pain on day 1[15],
LA can be considered the first choice in suspected appendicitis, especially in particular categories, such as premenopausal women. In fact, in these patients, in the presence of right lower quadrant pain, differential diagnosis
between acute appendicitis, ectopic pregnancy and pelvic
inflammatory disease (PID), is necessary. A laparoscopic
exploration of the abdominal cavity allows a rapid and
safe diagnosis; for the former two affections laparoscopy
also represents a therapeutic option, while in the latter
one, samples for culture may also be taken, with the advantage of avoiding “negative” appendectomies, with a
high diagnostic accuracy (96% in women and 100% in
men)[16].
Morino et al[17] evaluated, in a prospective, randomized,
single-institution trial, the role of early laparoscopy in the
management of nonspecific abdominal pain (NSAP) in
young women. NSAP was defined as an abdominal pain
in right iliac or hypogastric area lasting more than 6 h
and less than 8 d, without fever, leukocytosis, or obvious
peritoneal signs and uncertain diagnosis after physical examination and baseline investigations including abdominal sonography. Patients were randomly assigned to early
(< 12 from admission) laparoscopic group or to clinical
observation group. Compared with active clinical observation, early laparoscopy did not show a clear benefit in
women with NSAP. A higher number of diagnosis and
a shorter hospital stay in the laparoscopic group did not
lead to a significant reduction in symptoms recurrences at
1 year.
LA may be performed safely in pregnant patients with
appendicitis according to the Society of American Gastrointestinal and Endoscopic Surgeons (SAGES) guidelines[18].

scess according to the surgical technique; therefore in the
presence of an initial diagnosis of complicated appendicitis with a severe clinical background there is a higher
probability of developing an abscess regardless of the
adopted surgical approach[9].
In another 5-year non randomized study considering
1133 patients of which 244 had a complicated appendicitis (and among them, 175 underwent LA and 69 OA), LA
patients had a shorter operative time (55 min vs 70 min),
reduced length of stay (5 d vs 6 d) and a lower incidence
of SSI (0.6% vs 10%)[10]. In the case of complicated appendicitis (gangrenous or perforated), the laparoscopic
approach also reduced postoperative pain[20].

SPECIAL CATEGORIES OF PATIENTS
There are clinical settings in which laparoscopy may be
the preferred approach: obese patients, immunocompromised patients and elderly patients.
In obese patients, in fact, laparoscopy is undeniably
useful[21], considering at first the difficult exposure of the
right lower quadrant during OA, which may require large,
morbidity-prone incisions that are at risk of infections
and of wound complications[5,22]. It is known that BMI is
a risk factor for SSI[23]. Furthermore, obese patients have
a higher risk of incisional hernias: laparoscopic approach
reduces the risk of incisional hernia[24].
Immunocompromised patients include heart transplanted patients and those who received immunosuppressive therapy for autoimmune diseases, cancer and
AIDS; the risk of infections is higher and the immunity
response could be partial and ineffective due to immunodepression. Therefore, these patients may not exhibit
the typical signs and symptoms of appendicitis and may
only have a barely positive examination[25]. In these patients laparoscopic approach represents the best option:
compared with OA, LA is characterized by a lower rate
of postoperative complications (10.36% in LA group vs
22.56% in OA group), a shorter hospitalization (2.9 d
vs 4.9 d) and a lower mortality (0.16% vs 0.61%). These
results can be observed in both uncomplicated and complicated appendicitis, with a considerably lower incidence
of complications (27.52% in LA group vs 57.50% in OA
group) and a shorter hospital stay (5.92 d in LA group vs
9.67 d in OA group)[26].
Finally, elderly patients might significantly benefit
from a laparoscopic approach[24]; in these patients it is
quite difficult to collect anamnestic data, in addition to a
mild abdominal examination and to laboratory and radiological tests which might not be so diriment. Laparoscopy
can clarify the diagnosis and also represent a good therapeutical strategy[27].

COMPLICATED APPENDICITIS
Excellent results are mentioned in several studies about
the use of LA in complicated appendicitis, though a higher incidence of intraabdominal abscesses has been noticed. Some studies have demonstrated that LA is almost
totally comparable to OA as far as operating time, hospital stay and postoperative complications are concerned.
The rate of postoperative ⅡA was significantly higher in
LA when compared with OA (respectively, 14% vs 0%),
while wound infection and pulmonary complication rate
were significantly lower (respectively 2.3% vs 8.2% in OA
group and 0% vs 4.9% in LA group)[19].
The incidence rate of ⅡA increases considerably
when a periappendiceal abscess or a postoperative ileus are present. Particularly, the incidence of ⅡA in
complicated appendicitis increases remarkably (67% in
complicated vs 25% in uncomplicated appendicitis): in
these patients, there are no significant differences in the
postoperative outcome or in the development of the ab-
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INFLAMMED APPENDICEAL STUMP
Stump appendicitis is the acute inflammation of the residual portion of the appendix and is a rare complication
of incomplete appendectomy[28].
Due to the relevant recurrence rate, a second appen-
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dectomy 3 mo after the outbreak of inflammation, could
be necessary. In a histopathological study Gahukamble
demonstrated that 13 of the 14 removed appendices had
a pervious lumen with a higher risk of recurrent appendicitis. More recently authors focused the problem of a
very long stump also on patients undergoing LA; in fact,
the presence of an excessively long appendiceal stump
could be at risk of recurrence also in these patients. Pain
in the lower right abdominal quadrant in a patient that
has undergone LA does not rule out a second episode of
acute appendicitis[29]. The possibility of a recurring appendiceal stump abscess as a complication of LA is high.
When performing LA, the appendiceal stump should be
as short as possible and its ligation should not determine
ischemia of the stump[30].
The tactical modification of appendiceal stump closure, replacing the invaginating suture that nowadays has
become the procedure of choice consists in a single endoligature. Alternatively, there are methods which make
use of an endostapler, endoligature (endo-loop), metal
clips, bipolar endocoagulation and polymeric clips. All the
different techniques have advantages and disadvantages
depending on the different stages of acute appendicitis;
so, the right knowledge about the possible methods and
the appropriate choice between them according to every
single case allows a safe and efficient management of patients as well as a reduction in hospital costs[31].
Drainage placement, ultrasound and perhaps an
exploratory-therapeutical laparoscopy could be very useful in the management of this complication[30]. Finally the
use of CT imaging allows a precise definition of the surrounding anatomy, in particular of the length of the appendiceal stump[32]. Several authors identify the removal
of the whole appendiceal stump as the major suggested
mean to avoid recurrence of appendicitis[33].

conservative strategy. The analysis of seventeen studies
revealed that conservative management, with or without
interval appendectomy, was associated with less overall
complication rates, less reoperations and similar hospital
stay compared with urgent appendectomy.
In the absence of high quality studies, laparoscopic or
traditional appendectomy is still the treatment of choice
for acute appendicitis; some in-progress prospective
studies[34,37] could be helpful in understanding the role of
conservative management.

NORMAL APPENDIX: LAPAROSCOPIC
MANAGEMENT
Negative or white appendectomy refers to the removal
of non-inflamed appendix and is performed in about
15%-25% of patients undergoing surgery for suspected
acute appendicitis[38]. White appendectomy rate is declining over time as cited by large studies, due to the availability of computed tomography and laparoscopy[39]; in open
surgery, the appendix is generally always removed[40].
Thanks to the widespread use of laparoscopy, laparoscopic management of normal appendix represents a
dilemma for the surgeon and no guidelines are available
in this field[41]. When laparoscopy is performed for suspected appendicitis, exploration is negative in 8%-15%
but in up to 27% another condition is diagnosed[40]. The
risks of leaving in situ an apparent normal appendix are:
later appendicitis, misdiagnosed subclinical or ‘‘endo’’appendicitis, missed appendiceal malignancy (carcinoid),
risk of patient confusion and persisting symptoms[42]. At
present, the laparoscopic strategy in front of a normal
appendix remains controversial.
Conversions from laparoscopic to laparotomic
appendectomy
In case of conversion, it is useful to perform an adequate
laparotomic incision and an accurate and complete
abdominal toilette. The conversion of perforated appendicitis is often burdened with a higher postoperative
morbidity [60% in conversion appendectomy (CA), 22%
in LA and 38% in OA][8].
A recent study in 2011, which included 745 patients
that underwent LA or OA, asserts that conversion rate
was about 8.6% and mentions that the first cause of conversion was the presence of a severe acute inflammatory
process (38.7% of the factors which determine conversion to OA during operation). In this study, 77.42% of
the patients that underwent CA had previous abdominal
surgery and only 25.81% had a conversion due to adhesions.
Conversion was necessary especially in women over
65 years old (4.30% rather than 4.02% in the rest of
patients)[43]. It is quite interesting that surgeons who performed at least 50 LA through their study period had a
higher CA rate and this could reflect their will to attempt
LA in the greatest part of patients, even in not strictly
indicated cases. At the same time the number of conver-

CONSERVATIVE MANAGEMENT OF
ACUTE APPENDICITIS
Acute appendicitis is one of the most frequent conditions seen in a surgical department; urgent appendectomy
is considered the treatment of choice because of the low
incidence of major complications and the relative rapidity of operation and hospital stay. Nevertheless surgical
treatment exposes the patient to risks due to general
anaesthesia and other complications such as surgical site
infection, adhesions and intestinal obstruction, incisional
hernia, infertility in female and pneumonia[34]; in this setting, the role of conservative treatment with antibiotics
has been investigated in literature.
A recent Cochrane review assessed five low to moderate quality randomized controlled trials[35]; with the
limit of the analyzed studies, surgical approach remains
the gold standard treatment for acute uncomplicated appendicitis. Another large meta-analysis compared the two
strategies in the scenario of complicated appendicitis,
abscess or phlegmon[36]; in this case, radiologic-assisted
drainage of appendiceal abscess could be another helpful
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tive time is longer both for LA and for OA (47 min vs
38 min for LA and 49 min vs 44 min for OA): this could
be explained considering the intrinsic didactic nature of
academic hospitals which inevitably causes a little delay in
the operations. Finally in both types of hospitals, hospitalization for LA was shortened by 1 d[48].
A parameter to assess the value of a surgical approach
is long-term quality of life. A German study determined
how a group of patients - including both LA and OA perceived their quality of life 7 years after appendectomy,
through the administration of a specific questionnaire.
The most satisfied patients were those who underwent
LA, both for the quick recovery and for the cosmetic result[49]. Another work obtained information about overall
satisfaction by a telephone interview: the LA group had
fewer complications and returned earlier to work (median
13 d for OA vs 8 d for LA)[13].

sions decreases progressively throughout the career of a
surgeon and his equipe[43].
Another study indicates the presence of a generalized
purulent peritonitis as the only significant risk factor for
conversion. Moreover, although patients with previous
abdominal surgery are at higher risk of conversion, this is
not significantly correlated with sex and age. Converted
patients are at higher risk of relaparotomy and incisional
hernia, independently of the duration of the operation[11].
Finally, for patients that underwent LA with complications requiring reintervention following laparoscopy,
there is the possibility of a relaparoscopy for a second
look: this has the advantage of maintaining the reduced
morbidity allowed by the first operation. Relaparoscopy is
very useful for abscess drainage, because it provides the
accurate identification of the causes, for example in case
of appendicular stump insufficiency[44].

Laparoscopic appendectomy: Techniques
Recently several methods have been proposed to perform appendectomy in a laparoscopic fashion. In the
most popular approach, 3 abdominal wall incisions are
performed to insert instruments in the abdominal cavity.
According to the patients’ demand of scar-free surgery,
new minimally invasive methods have been developed.

LAPAROSCOPY VS LAPAROTOMY:
WHICH FACTORS DETERMINE
SURGEON'S DECISION?
It is known that laparoscopic approach is more expensive, as many studies have reported: an American study
evaluated hospital cost behaviour in the years 2000-2005,
including all patients undergoing both LA and OA. Costs
for LA are 22% higher in uncomplicated and 9% higher
in complicated appendicitis. They estimate that in 2005
exclusive use of open appendectomy would have saved
93 million dollars: this finding is particularly important
because appendectomy is a common routine operation
in all hospitals. The authors suggest OA as the gold standard for acute appendicitis, reserving LA only for special
categories of patients[45].
Cothren et al[46] compared the costs for LA and OA,
which were significantly higher for LA: the authors noted
that the total costs for LA were higher although operative
time and stay in hospital were not so different between
the two methods. Higher costs for LA might be due to
the use of specific disposable surgical material for laparoscopy.
Another important factor for the hospital costs is
the severity of illness of the patients at the initial diagnosis[47]. Even if more expensive, throught the years LA
has become more common because there are undeniable
benefits in hospitalization time and in recovery time: this
way, higher costs are balanced out by a more precocious
return to work of working patients. Recently, one study
found that predicted costs for LA were 1856$ lower than
for OA while the postoperative complication rate did not
differ significantly[47].
Another crucial factor which influences the choice
between LA and OA is the training and experience of
surgical equipe. An interesting study compares the experience in academic-affiliated and community hospitals.
The rate of LA and OA in the two kinds of hospitals is
quite the same, but in academic-affiliated ones the opera-
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Traditional laparoscopic appendectomy [3 port(s) laparoscopic appendectomy]: In conventional laparoscopic
appendectomy, 3 ports are used to place instruments in
the abdomen (Figure 1). The laparoscope is inserted in
the umbilicus and pneumoperitoneum is induced; the
site of the other 2 trocars for operative instruments is
variable, according to the surgeon’s preference and ability. The most used locations for trocars are: the lower left
quadrant and suprapubic or lower left quadrant and lower
right quadrant or suprapubic and lower right quadrant or
both trocars placed on the “bikini line” (suprapubic)[50].
Nevertheless, the trocars are inserted respecting the triangulation rule, with the appendix at the apex of a triangle.
The umbilical port is 5-12 mm in diameter while the others are generally 5 mm large[51].
During surgical procedure, many methods are used
to amputate and extract the appendix and to perform
proper hemostasis; the routinely use of peritoneal irrigation and drainage placement is not recommended[52]. The
number of trocars can be reduced to 2 using the “puppeteer technique”; in this variant, the appendix is suspended
using transabdominal threads[53].
A laparoscopic surgeon must be skilled with the
open approach; in fact, open appendectomy represent
the first step in the training of an operator who desires
to perform laparoscopic appendectomy. But when is the
learning curve completed? It is generally accepted that it
is completed after 20 operations[54].
To improve the cosmetic result, needlescopic appendectomy has been developed; this term refers to an
evolution of conventional laparoscopy. The only difference between the two regards the instruments’ diameter,
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visceral injury and port site hernia due to the presence
of a unique abdominal wall incision: for this reason it is
known as “scarless” surgery. In a recent randomized controlled trial, SILS was associated with higher post-opertative pain and more intravenous analgesics requirement;
better wound cosmesis and higher satisfaction scores
were also observed[62]. On the other hand it also has some
technical challenges, like loss of triangulation (the cornerstone of laparoscopy) and instrument crowding (sword
fighting)[63]. Although it is a technical challenge, in skilled
hands, it is considered a safe procedure; patients seem to
appreciate when a SILS approach is performed because
surgical incisions are hidden in the umbilicus. Recent
studies compared SILS and conventional laparoscopic
appendectomy: no significative differences in the operative time, length of hospital stay, post operative pain and
complication were observed[64,65].
The learning curve of single incision laparoscopic
appendectomy is between 5 to 10 cases[66]. To reduce
the need of special materials and the costs, SILS can be
performed using nonarticulating instruments and conventional trocars: early data suggests that it can represent
an economic and safe option, even if operative time is
longer[67]. In this approach, an adequate follow-up to detect the risk of post-incisional hernia is needed because
many trocars are inserted in a very small area. There are
also original ideas to reduce costs, i.e., the use of a surgical glove like a multi-lumen port where instruments pass
via the cutting fingers[63]. However, it is very difficult to
determine the costs of SILS[68].
Lacking of available evidence, no recommendations
can be made on the effectiveness of SILS vs conventional
multi-incision laparoscopic appendectomy[69].

Laparoscope

Appendix

Instruments

The red cross represents the trocar site

Figure 1 Traditional laparoscopic appendectomy: 3 ports are used to
place instruments in the abdomen.

in fact in the needlescopic approach 3-mm or less trocars
are used[55]. The first needlescopic appendectomy was
performed in 1994. The use of smaller trocars potentially reduces postoperative pain and length of hospital
stay due to minor abdominal wall incisions[56]; patients
can quickly return to normal activity. On the other hand,
this technique is more challenging for surgeons with a
risk of longer duration of surgery and higher conversion
rate[57]; these disadvantages will probably disappear after
an appropriate learning curve and an increase of surgical skill. Needlescopic appendectomy is likely to be more
expensive than the traditional approach due to equipment
costs[58]. This fascinating laparoscopic evolution is not
routinely recommended because of the lack of scientific
evidence: large randomized controlled trials are necessary.
It can, however, represents an option in selected patients,
like young women.

Natural orifice transluminal endoscopic surgery: In 2004
Rao et al[70] described a new real “scarless” procedure
performing a transgastric appendectomy. Natural Orifice
Transluminal Endoscopic Surgery (NOTES) represents
the forefront of laparoscopic surgery and the next worldwide focus on minimally invasive surgery[71]; using a multichannel endoscope, the access to the peritoneal cavity is
obtained via natural orifices like vagina, rectum, stomach
and bladder. This technique allows to perform many surgical operations without visible scars; avoiding abdominalwall incisions, postoperative pain is minor and recovery is
faster. SILS is considered a bridge between conventional
multi-ports laparoscopy and NOTES.
Regarding acute appendicitis, in female patients a
transvaginal approach can be used (TVA, TransVaginal
Appendectomy); an incision performed in the posterior
fornix of vagina permits the access to the peritoneal cavity (Figure 2).
A prospective study comparing TVA to traditional
3-port laparoscopic appendectomy showed significantly
less post-operative analgesia demand (Patient Controlled
Analgesia morphine utilization) and faster return to
normal activity; compared with the conventional laparoscopic approach there were no differences in the length

Single-incision laparoscopic surgery: The continuous
evolution of laparoscopic surgery and the ambition of
better cosmetic results always tend to less invasive procedures. Single Incision Laparoscopic Surgery (SILS) for
acute appendicitis in children began in 1992[59]. The development and diffusion of this technique was quite slow
due to the lack of adequate instruments; healthcare engineering ideated multilumen ports, special laparoscopes
and articulating instruments to facilitate the surgeon’s
work[60]. SILS is now diffused in many surgical specialties
and skilled surgeons can perform several operations in
this way, i.e., adrenalectomy, Heller myotomy, large bowel
surgery, splenectomy, bariatric surgery[61].
In SILS, a multi-luminal and single port device is
placed transumbilically: through this device, laparoscope
and instruments can reach the abdominal cavity. The
proposed advantages of SILS are better cosmetic results,
reduced wound infection, postoperative pain, bleeding,
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Urinary bladder
Posterior fornix of vagina

7

8

Rectum

9

Figure 2 Notes procedure: Transvaginal approach is performed through
the posterior fornix of the vagina.

of stay and operative time[72]. There were no differences
in pre- and post-operatively sexual function; no postoperative dispareunia was noted and TVA vs conventional
laparoscopy sexual outcome was comparable. Even
though the authors of this prospective study concluded
that TVA is a safe and feasible procedure in women with
acute non-perforated appendicitis, the authors of this
review believe that large randomized controlled trials are
necessary before proposing this procedure to a young
woman.

10
11

12

13

CONCLUSION
Patient selection is important in both LA and OA. LA is
the preferred approach in immunocompromised, obese
and elderly patients. LA presents longer operative time,
but also a shortening of hospital stay, a better and earlier
recovery and return to everyday occupations and to work
and, last but not least, a better cosmetic result.
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Core tip: This review offers a state-of-the-art discussion
on the long-term consequences of Giardia infections,
the most common waterborne parasitic infection of the
human intestine worldwide, from extra-intestinal manifestations, growth and cognitive deficiencies, to postinfectious irritable bowel syndrome. The discussion also
sheds light on some of the novel mechanisms recently
implicated in the production of these post-infectious
manifestations.

Abstract
Giardiasis is the most common waterborne parasitic
infection of the human intestine worldwide. The etiological agent, Giardia duodenalis (syn. G. intestinalis ,
G. lamblia ), is a flagellated, binucleated protozoan
parasite which infects a wide array of mammalian
hosts. Human giardiasis is a true cosmopolitan pathogen, with highest prevalence in developing countries.
Giardiasis can present with a broad range of clinical
manifestations from asymptomatic, to acute or chronic diarrheal disease associated with abdominal pain
and nausea. Most infections are self-limiting, although
re-infection and chronic infection can occur. Recent
evidence indicating that Giardia may cause chronic
post-infectious gastrointestinal complications have
made it a topic of intense research. The causes of the
post-infectious clinical manifestations due to Giardia ,
even after complete elimination of the parasite, re-
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INTRODUCTION
Gardia duodenalis (G. duodenalis) (syn. Giardia lamblia, Giardia intestinalis) is an intestinal flagellated protozoan parasite of the upper small intestine. Very common worldwide, Giardia was recently included in the World Health
Organisation’s Neglected Disease Initiative[1,2]. Giardia is
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Table 1 Main pathophysiological effects of Giardia duodenalis and their mechanisms
Giardia -induced pathophysiological responses
Intestinal epithelial cell apoptosis
Halt of enterocyte cell-cycle progression
Intestinal barrier dysfunction

Small intestinal hypermotility
Diffuse shortening of brush border
microvilli
Crypt hyperplasia
Microbiota composition
Increased mucus production
Brush border enzyme activity deficiencies
Disaccharidases deficiencies
Electrolyte/nutrient/water malabsorption
Anion hypersecretion

Mechanisms involved or hypothesized to be involved

Selected references

Induction of pro-apoptotic factors: Caspase-3, 8 and 9, Inhibition of antiapoptotic factors: poly (ADP-ribose) polymerase (PARP) cleavage
Nutrient competition (arginine), up-regulation of cell-cycle genes
Disruption of claudin-1 and alpha-actinin by unknown mechanisms, caspase-3
mediated disruption of zonula-occludens (ZO)-1, myosin light chain kinasemediated disruption of F-actin, and ZO-1
Adaptive immunity, neuronal nitric oxide, mast cell degranulation
CD8+ lymphocytes - mediated via parasite secretory/excretory products

[10,18,19,21,23]

Alteration villus/crypt ratio
Microbiota from infected host may become pathogenic
Increased mucus secretion in response to the parasite
Loss of surface area (microvilli and villi)
Loss of surface area (microvilli and villi)
Loss of surface area (microvilli and villi)
Unknown mechanisms

[25]
[10,17,19,21,26,27,29,30]

[118-120]
[13,16,21,31]
[21,62,99]
[14,33]
[66]
[16,21,98,121,122]
[10,16,99,122]
[10,19,21,62,99,123]
[10,19,99]

PARP : Poly adenosine diphosphate ribose polymerase.

transmitted through the ingestion of cysts in contaminated food or water, or directly via the fecal/oral route.
Ingestion of cysts results in giardiasis, a disease causing
intestinal malabsorption and diarrhea in a wide variety of
species including humans. In developing countries, the
prevalence of human giardiasis commonly ranges from
20% to 30% of the population, with reports of 100%
prevalence in some populations; in developed countries,
prevalence ranges from 3% to 7%[3,4]. The classification
of G. duodenalis is a topic of debate and at present, the
species is divided into eight distinct genetic assemblages,
i.e., assemblages A to H. Only the assemblages A and B
are considered to be pathogenic in humans. Although
parasites with assemblage A or B can infect non-human
mammalian species, other genotypes appear to have a
more restricted host range; for example assemblages C
and D are commonly found in dogs[5], while assemblage
E is common in cattle[6]. Ongoing research suggests that
giardiasis is often due to anthroponotic spread, but zoonotic transmission can occur[7-9]. A striking feature of
giardiasis is the spectrum of clinical symptoms that occur
in infected individuals. The clinical manifestations can
range from asymptomatic, to acute or chronic diarrheal
disease. When present, the clinical signs of infection may
include diarrhea, nausea, weight loss, bloating and abdominal pain[3,10]. In giardiasis, the acute pathophysiology
occurs without invasion of the small intestinal tissues by
the trophozoites, and in the absence of overt inflammatory cell infiltration, with the exception of a modest increase in intraepithelial lymphocytes[11-13]. Multiple factors
have been proposed to account for the disease variability,
including the state of the host immune system, host age
and nutritional status, strain genotype, infectious dose
and, possibly co-infections[3,8,10]. The pathophysiological consequences of Giardia infection are clearly multifactorial, and involve both host and parasite factors, as
well as immunological and non-immunological mucosal
processes. Recent observations suggest a role for disruptions of the host intestinal microbiota during the acute

WCG|www.wjgnet.com

infection stage in the production of chronic symptoms,
and further research is warranted to corroborate these
findings[14]. The pathophysiology of giardiasis, and key
aspects of the host response to Giardia remains incompletely understood.

PATHOPHYSIOLOGY OF GIARDIASIS
Central features of the pathophysiology of giardiasis are
briefly outlined below, as these mechanisms may be key
to our understanding of the complications discussed
further (Table 1). While the Giardia genotype has been
proposed to play a role in the induction of symptoms,
there is currently no consensus concerning the connection between genotype and virulence[15].
After cyst ingestion in contaminated water or food,
excystation occurs liberating two or four trophozoites,
which adhere to the epithelial surface of the intestine via
a ventral adhesive disk. This tight attachment between
Giardia trophozoites and intestinal epithelial cells, as well
as the production of yet incompletely characterized parasitic products, culminate in the production of diarrhea.
Pathophysiology is believed to involve heightened rated
of enterocytes apoptosis, intestinal barrier dysfunction,
activation of host lymphocytes, shortening of brush border microvilli with or without coinciding villous atrophy,
disaccharidase deficiencies, small intestinal malabsorption, anion hypersecretion and increased intestinal transit
rates[10,13,16-22].
As it is the case with other enteropathogens, induction
of apoptosis in enterocytes by Giardia represents a key
component in the pathogenesis of the infection[3,18,19,22-24].
Enterocytes apoptosis during giardiasis is caspase-3 and
-9 dependent[18,23]. While both host and parasite factors
may modulate intestinal epithelial cell apoptosis, the
products responsible for its activation during giardiasis
have yet to be identified. In addition to promoting increased rates of enterocyte apoptosis, Giardia trophozoites may also halt enterocyte cell-cycle progression via
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consumption of arginine, and up-regulation of cell-cycle
inhibitory genes[25].
Findings from studies on giardiasis in vivo demonstrate that the most severe intestinal permeability and
macromolecular uptake coincides with the peak of trophozoites colonization[17,26-28]. The effects of the infection
on gut barrier function following host parasite clearance
require further investigation. Giardia-mediated increases
in intestinal permeability result from alterations to the
apical tight junctional complexes, including disruption of
F-actin, zonula-occludens-1, claudin-1 and alpha-actinin,
a component of the actomyosin ring that regulates paracellular flow[19,26,28-30]. The role of Giardia proteinases in
these effects is a topic of ongoing research.
Giardia-induced diffuse shortening of epithelial
brush border microvilli represents a key factor in the
production of diarrhoeal disease via malabsorption and
maldigestion[13,16,31]. Whether or not the diffuse loss of
microvillous border surface area associated with giardiasis is related to the release of a “toxin” by the parasite,
a phenomenon similar to the release of proteases in the
bacterial overgrowth syndrome[32], remains poorly understood. Regardless, G. duodenalis infection causes microvillous shortening in a lymphocyte-mediated manner which
in turns impairs activities of disaccharidases[13].
Bacterial components of the intestinal microbiota
from Giardia-infected hosts may act as stimulatory factors
for protozoan pathogenicity[33]. Indeed, micro-organisms
isolated from the duodenal microbiota of patients with
symptomatic giardiasis can stimulate the pathogenicity of
G. duodenalis in a gnotobiotic animal model[33]. The biological basis of this phenomenon remains unclear.
Giardia infections tend to be self-limiting in individuals with competent immune systems. A recent study in
Brazilian children suggests that symptoms are less severe
during re-infection, consistent with the hypothesis that if
previous exposure does not always protect against future
infections, it does at least reduce the severity of pathology[34]. Patients with common variable immunodeficiency
and Bruton’s X-linked agammaglobulinemia are prone to
chronic giardiasis[35,36], which underscores the necessity of
antibodies to fully control giardiasis.
In addition to its acute symptoms, giardiasis may also
cause anorexia and failure to thrive. Indeed, Giardia infections may have detrimental effects on nutritional status,
growth status and cognitive function in humans [37-41].
Giardia infections may also have detrimental effects on
body weight in food-producing animals making this a serious concern for the agricultural industry[42-45].

symptoms, suggesting that this phenomenon is not as
uncommon as previously thought[46].
Ocular pathologies: The first description of ocular
complications in patients with giardiasis was made by
Barraquer[47], who reported cases of iridocyclitis, choroiditis, and retinal hemorrhages in patients that presented
diarrhea linked to the presence of Giardia. More recent
observations described a “salt and pepper” degeneration (punctuate areas of normal hyperpigmentation on a
light yellow pink-retina) involving the retinal pigmented
epithelium in children suffering from giardiasis[48]. The
same complication was described in children with past
giardiasis, indicating that the ocular changes observed did
not require the concurrent presence of the parasite in
the gut[49]. Small children appear to be more susceptible
to ocular lesions during giardiasis, and the lesions are
thought to be caused by damage to the cells of the retina,
accompanied by the release of pigment granules in retinal
layers, where they can be seen as blackish dots[49]. The
mechanisms linking ocular lesions with giardiasis remain
obscure, but they exclude the possibility of direct invasion by the parasite. It has been speculated that the pigmented degeneration may result from toxic metabolites
produced by the parasites, which has yet to be proven[48].
The role of increased intestinal permeability in the ocular
complications seen in giardiasis needs to be elucidated.
Arthritis: Reactive arthritis is classically seen following
infection with enteric pathogens such as Yersinia sp., Salmonella sp., Campylobacter jejuni and Shigella sp., but inflammatory arthritis has also been described following enteric
infections with other organisms such as Clostridium difficile,
Brucella sp. and Giardia sp.[50]. The interval between the
preceding infection and the manifestation of arthritis is
2 to 4 wk[50]. Post-infectious arthritis has a predilection
for joints of the lower limbs particularly the knee and
ankle[51]. Post-infectious reactive arthritis has been classified as a classical spondyloarthropathy associated with
human leukocyte antigen (HLA)-B27, an allele of the
major histocompatibility complex class Ⅰpresent in 50%
of the cases of patients with enteric-infection-related
arthritis[51,52]. However, inflammatory arthritis following
infection with Clostridium sp. or G. duodenalis does not fit
classical spondyloarthropathy, as it fails to show association with HLA-B27[50]. Therefore, these are referred to
enteric-infection-related-arthritides. Although G. duodenalis
infections account for a significant proportion of enteric
infections worldwide, reports of an association with postinfectious arthritis are relatively few. Little is known of
the pathogenesis of arthritis in these conditions. Unlike
post-enteric reactive arthritis, these arthritides are characteristically responsive to antibiotic therapies[52]. The variable degrees of host immune responses, and the lack of
a robust systemic inflammatory response, may account
for the infrequency of post-giardiasis arthritis despite the
high prevalence rate of the infection[50]. Antigens from
enteric bacteria have been isolated from the synovial fluid

LONG-TERM CONSEQUENCES OF
GIARDIASIS
Extra-intestinal consequences of Giardia infections
Until recently, the scientific literature rarely reported
extra-intestinal manifestations in giardiasis. However, a
recent study estimated that 1/3 of the patients infected
with this parasite will express long-term extra-intestinal
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that G. duodenalis infections can trigger muscular manifestations independently of the immune status of the host.
During giardiasis, potassium loss is closely related to the
number of bouts of diarrhea per day[60]. Loss of potassium result in hypokalemia which can trigger a severe and
transient myopathy[60]. In fact, muscular symptoms can
improve with increased levels of potassium and recovery
from diarrhea[59]. However, G. duodenalis diarrhea as a
cause of myopathy due to hypokalemia is rare. It seems
that the duration of symptoms is crucial for development
of hypokalemic myopathy[60]. Giardiasis-associated hypokalemia occurs more often in elderly people, particularly
women, who are hospitalized for giardiasis[61]. The causes,
and the clinical consequences, of Giardia-associated
hypokalemia remain unclear. It has been suggested that
giardiasis-induced impairment of nutrient and electrolyte
absorption may contribute at least in part to hypokalemia
and hyponatremia[62].

Table 2 International reports of post-giardiasis metabolic
consequences
Post-giardiasis effects

Country

Selected
references

Lower cognitive
function
Lower intellectual
quotient
Lower social quotient
Lower weight
Lower height
Stunting

India, Peru, Turkey

[40,67,68,76,77]

Brazil, Columbia, Ecuadora,
Guatemala, Iran, Israel,
Mexico, Rwanda, Turkey,
United States
Columbia, Ecuadora,
United States
Iran, Mexico, Tanzania

[37-39,63,64,6668,72,77,78,124129]

Failure to Thrive
Nutrient deficiencies

[64,66,127]
[38,69,78,81]

of affected joints[52]. In a case of Yersinia pseudotuberculosis
reactive arthritis, evidence of viable bacteria within the
joint was demonstrated over a year later[53]. Here again, a
possible role for increased intestinal permeability in enteric-infection-related-arthritis warrants further investigation.

“Metabolic” consequences of Giardia infection
Nutritional consequences: In developing countries
of the world, because of infectious diseases and lack of
food, 206 million children under 5 years of age suffer
from stunting, 50 million from chronic wasting disease,
and 167 million are grossly underweight[63]. Growth failure, reflected in stunting, wasting and underweight conditions, is assessed by anthropometric indices of height-forage, weight-for-age, and weight-for-height[64]. Optimum
health for children has long been linked to physical,
socio-cultural, economic and environmental factors. In
developing countries, the incidence of giardiasis is often
over four times higher than the incidence reported in
industrialized countries[65]. Children between 6 mo and 5
years of age are the most susceptible[66]. In combination
with diarrhea, G. duodenalis infection can cause iron deficiency anemia, micronutrient deficiencies, protein-energy
malnutrition, growth and cognitive retardation, and
malabsorption[63,67]. Studies conducted on children from
Brazil and Peru found that diarrheal disease occurring in
the first 2 years of life negatively correlates with cognitive function, verbal fluency, and physical fitness, and
may lead to long-term growth faltering[40,68]. These studies
demonstrate that the effects of early childhood diarrhea
are more far-reaching than merely causing dehydration.
Diarrhea caused by Giardia sp. or Cryptosporidium sp. has
frequently been associated with stunting and lower cognitive function[40,68] (Table 2). Intriguingly, a recent study
observed that in a cohort of Tanzanian children infected
with Giardia, infection had a protective role against diarrhea, and that this protection was lost with multi-nutrient
supplementation[69]. Research needs to determine whether
these interesting findings reflect a negative regulation by
Giardia sp. of other enteric pathogenic processes that
may occur in these children.

Allergies: Concomitant presence of G. duodenalis, cutaneous allergic manifestations, and gastrointestinal
symptoms have been described, which may explain why
complete symptom resolution can be achieved with metronidazole and corticosteroids[54]. Significant anecdotal
evidence suggests a causative link between giardiasis and
the development of urticaria. In a recent study in children, giardiasis was associated with an increase in total
serum immunoglobulin E (IgE) levels, and an enhanced
IgE antibody response to common allergens[55]. These
patients also demonstrated IgE reactivity to cow’s milk
and Giardia antigens. These observations suggests that alteration in antigen uptake from the small intestine during
giardiasis, perhaps in association with connective tissue
mast cell proliferation, may contribute to the development of allergic disease[56-58]. Dysfunction of the intestinal barrier during giardiasis may facilitate the translocation
of food macromolecules and in turn prime the host for
sensitization[55].
Muscular complications: Hypokalemic myopathy has
been associated with celiac disease, radiation enteropathy,
immunosuppressive drugs, and various infectious diseases. In the patient, this presents as marked proximal muscular weakness in all four limbs and the neck[59]. Analyses
of muscular biopsies reveal an abnormal size of the
muscular fiber due to the presence of numerous rounded
atrophic and hypertrophic fibers, proliferation of myonuclei, and necrotic fibers[60]. The findings are consistent
with impairment of muscle excitability and denervation
due to muscle necrosis. Analysis of these fiber components showed that glycogen and lipid levels, as well as the
inter-myofibrillar network pattern, are normal[60]. Several
cases of myopathy following hypokalemia induced by
giardiasis have been reported in both immunocompetent
and immunocompromised patients[59,60]. This suggests
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Failure to thrive: Childhood and adolescence are the
period of most rapid skeletal growth. Failure to thrive
(FTT) is a term generally used when a child presents
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agriculture industry[42-45]. Overall, human giardiasis combines with other factors, including low nutritional status,
as well as sanitary and socioeconomic conditions, to lead
to stunting[64]. However, findings from numerous studies,
to date, indicate that the well established loss of intestinal
surface area, maldigestion, and malabsorption caused by
giardiasis may contribute to growth retardation following
Giardia infection (Table 2).

with a rate of weight gain that is significantly below that
expected of similar children of the same sex, age and
ethnicity. Failure to thrive is a common problem, that
may be present at any time during the childhood, but is
usually prevalent within the first 1-2 years of life. Longterm sequelae involving all areas of growth, behaviour
and development may be seen in children suffering from
FTT[70]. Causes for FTT usually include: (1) inadequate
food intake; (2) reduced absorption or digestion of
nutrients or excessive loss of nutrients; and (3) excessive utilisation of energy. There is a strong association
between Giardia infection and malnutrition, wasting
and stunting [38,63-65,69,71]. Malabsorption, maldigestion
and malnutrition due to giardiasis have been shown to
affect anthropomorphic factors as well as the calorie
intake during childhood, most commonly in the second
year of life in infected children[37-39,63,72]. Duration of the
infection episodes, and their association with diarrhea,
appeared to be the key factors associated with growth
disturbance and failure to thrive[37]. While several studies
have established a strong link between Giardia infection
during the first two years of life, FTT and development
impairment, more research is needed to unravel the
mechanisms and the potential implications of polyparasitism in these phenomena.
Malnutrition, a common feature of numerous intestinal diseases, has been associated with an increase
in macromolecular uptake due to heightened intestinal
permeability[73], two phenomena known to occur during
giardiasis[19,56]. Giardia infection can reduce food intake,
and produce steatorrhea, maldigestion and malabsorption
of carbohydrates and vitamins (including vitamin A, B3,
B5, B6, B12, E, and folacin)[3,21,64,74]. Together, these effects may contribute at least in part to failure to thrive in
giardiasis (Table 2).

Impaired cognitive function: Cognitive function in
children can be affected by environmental and health related factors[75]. Risk factors that interfere with cognitive
function are especially important during infancy because
the first two years of life are an essential period of rapid
growth and development, that is marked by rapid brain
growth and maturation, by neuronal arborisation, myelinisation and emergence of brain networks. Thus the
development of cognitive function in early life depends
on the hierarchical maturation of neocortical association
areas, as well as interactions with the environment. Nutrition, infection, and environment, have been found to
affect neuroplasticity and to have long lasting effects in
developing children[76]. Many of the hazards to early brain
development are well known, and include head injury,
newborn asphyxia, infections of the brain in utero and in
the first year of life, genetic defects, lead poisoning and
malnutrition. Micronutrient deficiencies (e.g., Iodine) and
iron deficiencies have also been found to impair cognitive development[76]. Studies have attempted to link possible long-term cognitive deficits with severe diarrhea in
early childhood[40,41,68]. The complex interrelation among
malnutrition, diarrheal disease and environmental factors such as socioeconomic status and education make it
difficult to determine the unique contribution of either
malnutrition or diarrheal disease to cognitive development. However, chronic malnutrition and stunting during
infancy secondary to G. duodenalis infections, has been
associated with poor cognitive function[40,41,77]. Moreover,
diarrhea during early childhood was also found to impair
visual-motor coordination, auditory short-term memory,
information processing, and cortical cognitive function[68,76].
Interestingly, poor language cognition and impaired
psycho-motor development appear to be associated with
Giardia sp. more so than with other enteropathogenic
parasites such as Entamoeba histolytica, Ascaris lumbricoides,
Enterobius vermicularis, or Trichuris trichiura[63]. These studies have suggested a role for nutrient malabsorption and
micronutrient deficiencies, such as zinc, iron or vitamins
(A and B-12) in humans as well as in animals[63,74,78,79].
Indeed, significantly lower levels of iron and ferritin,
known to affect psychomotor development, have been
detected in patients with giardiasis[64]. Similarly, diarrhea
due to giardiasis was linked to poor cognitive function by
causing zinc and iron micronutrient deficiencies, as well
as defects in the anti-oxidant system, which may all affect
neuroplasticity[76]. Indeed, perinatal iron deficiency in rats
reduces neuronal metabolic activity, specifically targeting

Stunting: Growth failure due to malnutrition and chronic infections like giardiasis is associated with increased
morbidity and mortality in children from developing
countries[37,63,64]. More specifically, significant impairments
in weight-for-age and weight-for-height scores have
been associated with G. duodenalis infection during the
first two years of life[72]. Indeed, the relative odds of low
height-for-age may be 7.7 times higher among children
with giardiasis[63]. In a number of developing countries,
diarrhea caused by enteric parasitic Protozoa in early
childhood represents predictors of stunting[64]. Given the
high prevalence of asymptomatic infection in this study
population (78.8%), children may appear to have normal
weight-for-age and weight-for-height early on, but, present with growth retardation at a later age. This phenomenon is known as “homeorhesis”, and it is probable that
the high prevalence of asymptomatic Giardia infection
among children may play a key role in it. Similarly, Giardia
infection has been associated with decreased weight gain
and impaired feed conversion efficiency in lambs and
cattle, illustrating that growth retardation associated with
Giardia infections also poses an important problem to the
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areas of the brain involved in memory processing[80]. Zinc
supplementation was recently found to reduce the rate of
diarrhea caused by giardiasis[81]. The complexity of these
profound effects on functional impairments requires further investigation. More research is also needed to determine whether and how these effects can be reversed with
targeted antimicrobials, with micronutrient and/or oral
rehydration, or nutrition therapy[68] (Table 2).

tions associated with brain-gut interactions[94]. In some
patients, IBS symptoms seem to arise de novo following
acute gastroenteritis (GE). This PI-IBS denotes the persistence of abdominal discomfort, bloating and diarrhea,
despite clearance of the inciting pathogen. Recent metaanalyses demonstrated that the risk of developing IBS
increases six-fold after gastrointestinal infection and remains elevated for at least 2-3 years post-infection, and it
is estimated that 7%-31% of patients with infectious GE
go on to develop PI-IBS[90,91]. Higher risk factors include
longer duration of symptoms, young age and female
gender. The current conceptual framework regarding the
pathophysiological mechanisms for PI-IBS suggests that
it is associated with increased intestinal permeability and
motility, increased numbers of enterochromaffin cells
and persistent intestinal inflammation, characterized by
increased numbers of T-lymphocytes and mast cells, and
increased expression of pro-inflammatory cytokines[95-97].
Possible mechanisms for PI-IBS include genetic predisposition, motility dysfunction, such as accelerated colonic
transit and smooth muscle hyper-reactivity to acetylcholine, continuous antigenic exposure (bacterial, parasitic or
dietary), or molecular mimicry of foreign antigens[98].
Early reports indicated that Giardia may cause prolonged symptoms, including secondary lactose intolerance, for several weeks after successful treatment [99].
Chronic giardiasis resembles IBS, and symptomatic infection may exacerbate existing IBS[100]. Giardia infection has
been diagnosed in 5%-10% of patients with IBS[101,102],
and it was recently demonstrated that G. duodenalis may
indeed cause IBS and functional dyspepsia [93]. High
frequency of microscopic duodenal inflammation was
found in patients post-giardiasis when the infection lasted
2-4 mo, further supporting the hypothesis that longer
duration of infection is a risk factor for PI-IBS[103]. Early
diagnosis of Giardia infection and treatment may shorten
the duration of the infection and hence may help reduce
the risk for such complications[83].
Interactions between the host and gastrointestinal
microbiota may play a key role in the pathogenesis of
IBS. Fecal microbiota are altered in patients with IBS, and
patients with diarrhea-predominant IBS appear to host
more Proteobacteria, and fewer Bacteroidetes compared to
asymptomatic patients[104,105]. The mechanisms by which
altered fecal flora may induce disease are poorly understood. Abnormalities in short chain fatty acids have been
reported in patients with diarrhea-predominant IBS[105].
Whether these alterations may result from abnormalities
in the host microbiota requires further investigation[14].
Historically, IBS was considered as a psychosomatic
disorder, with an emphasis on psychiatric comorbidity[106,107]. During the past decades, GE and low grade
inflammation as mechanisms underlying gastrointestinal (GI) dysfunction have been involved in IBS symptoms[106,108]. It is now well established that there is a relationship between the neural and immunological networks
within the gut, and that the central nervous system and
the gut are engaged in constant bi-directional communication, often related to as the brain-gut axis (BGA).

Chronic fatigue syndrome: Viral, bacterial, as well as
parasitic pathogens can trigger chronic fatigue syndrome
(CFS), and are responsible for work-related disability reflected in long-term sickness, absence from studies and
employment[82]. Although the biological basis of CFS is
unknown, it is generally thought that post-infectious fatigue develops shortly after acute infection. CFS has been
described following Q-fever, Epstein-Barr virus infection, Ross river virus infection, brucellosis, Lyme disease,
viral meningitis and Dengue fever[83]. Recent studies have
reported a high prevalence of post-infectious fatigue
following a giardiasis outbreak in Bergen, Norway, in
2004[15,82-86]. Fatigue was reported in 41% of the people
in Bergen 2 years after the Giardia outbreak, compared to
22% in the general population[82]. In this population, old
age and female gender were a significantly higher risk factor for post-infectious fatigue[84,87].
Although Giardia is a non-invasive parasite, postgiardiasis CFS is likely to include immunologic components[82]. Studies have implicated differences in activation
and function of peripheral blood lymphocytes subsets
in post-giardiasis CFS, including altered natural killer-cell
levels and lowered CD4:CD8 ratios[87,88]. The exact roles
of immune factors in co-morbidities associated with
gastrointestinal disorders and CFS need to be further
explored. Fatigue is a frequent symptom in patients with
functional gastrointestinal disorders (FGID), especially
irritable bowel syndrome (IBS)[89].
Chronic gastrointestinal consequences of Giardia
infections
FGID: FGID represent a group of disorders characterized by recurring or chronic gastrointestinal symptoms
without an identifiable disease process. IBS and functional dyspepsia (FD) are the best described FGID. Postinfectious-IBS (PI-IBS) has been reported following
acute gastroenteritis due to bacteria such as Salmonella sp.,
Shigella sp. and Campylobacter jejuni[90,91]. Recent evidence
now indicates that a proportion of patients diagnosed
with Giardia duodenalis will also develop PI-IBS symptoms
in the absence of detectable parasitic loads[92,93].
Post-infectious irritable bowel syndrome: IBS is
the most common functional gastrointestinal disorder
diagnosed by gastroenterologists today. It is characterized by abdominal discomfort and altered bowel habit,
with no abnormality on routine diagnostic tests. Several
mechanisms have been considered in the pathogenesis of
IBS including genetic, psychological and environmental
factors as well as intestinal motor and sensory func-
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Table 3 Extra-intestinal and long-term consequences of giardiasis
Post-infectious consequences
Ocular pathologies
Arthritis
Allergies
Hypokalemic myopathy
Failure to thrive
Stunting
Impaired cognitive functions
Chronic fatigue syndrome
Post-infectious irritable bowel syndrome

Cancer

Speculated mechanisms involved

Among the pathophysiological mechanisms of IBS, disorder of the BGA has been associated[106,108]. Recently,
more evidence of emerging dysbiosis in IBS patients
have been made[104], suggesting an important role of the
microbiota-gut-brain axis[106-111]. Nevertheless, our understanding of the mechanisms of the bi-directional interactions between microbiota and GI physiology and its association with behavior needs to be explored with focus
on the contributions of immunological and neural components to the microbiota-BGA relationship. Insights
into the interactions between enteric pathogens, the host
epithelia, and the intestinal microflora are needed to improve our understanding of disease processes that may
initiate IBS or even exacerbate intestinal inflammation in
patients with IBD[112]. Studies on giardiasis offer a powerful model to investigate these mechanisms.

tomatic, or cause acute or chronic diarrheal disease. The
observations discussed herein also demonstrate that, in
addition to its classical intestinal presentation, giardiasis
may cause ocular complications, arthritis, skin allergies or
myopathy. Moreover, giardiasis is now a well established
cause of failure to thrive, stunting and growth retardation
in human and animals, diminished cognitive functions,
and chronic fatigue. Finally, Giardia may lead to postinfectious functional gastrointestinal disorders such as
irritable bowel syndrome and functional dyspepsia. A few
cases of Giardia trophozoites associated with tumoral
masses have also been reported, but cause-to-effect relationships between giardiasis and cancer have yet to be
established (Table 3).
Long-term complications of giardiasis may present
2 to 3 years following the infection. In some cases, they
may last for a few weeks, and may be eliminated with anti-parasitic treatment, observations that have been reported for example in cases of myopathy and skin allergies.
In other cases, long-term consequences may be present
for several years, in the form of failure to thrive, stunting,
IBS, and chronic fatigue syndrome, in the absence of any
parasite.
The mechanisms responsible for post-infectious
and extra-intestinal manifestations in giardiasis remain
obscure. Both parasitic and host factors have been implicated, indicative of a multifactorial pathogenic process.
However, as anti-microbial treatment often leads to recovery, the infection itself represents a key element in
these complications. As giardiasis can be asymptomatic,
the complex processes leading to extra-intestinal and
post-infectious manifestations represent a challenging
topic for further research (Table 3).
Given the high prevalence of giardiasis in young
children in developing countries, its significant effects
on stunting and wasting, and the lasting effects of early
childhood diarrhea and malnutrition, giardiasis is of
considerable public-health importance. Even though the
consequences of giardiasis are variable, school health

Cancer
A few reports have described Giardia trophozoites in
the tumoral mass of pancreatic tissue and gallbladder.
While G. duodenalis trophozoites are generally localized to
the proximal small bowel, they may also be identified in
the stomach, distal small bowel, or caecum, and studies
have reported pancreatic infection with Giardia[113-115]. Although the relationship between pancreatic giardiasis and
pancreatic cancer is presently unknown, the coexistence
of these 2 diseases may prompt exploration into mechanisms of carcinogenesis in giardiasis. In another study,
following cholecystectomy with liver bed resection and
lymph node dissection, intra-operative cytological examination of the patient’s bile juice revealed the presence G.
duodenalis trophozoites, and pathological examination revealed gallbladder cancer[116]. However, no cause-to-effect
has yet been established between the presence of Giardia
and the development of cancer.

CONCLUSION
Infections with Giardia duodenalis may remain asymp-
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programs and health education for children and parents
aimed at reducing the prevalence of intestinal parasitic
infection in children may have beneficial effects on child
growth and development. Improved diagnostic methods,
particularly in asymptomatic patients, as well as more-effective treatment and control strategies, are sorely needed
to help reduce the detrimental impact of the infection on
human societies as well as in the agriculture industry.
In the recent few years, and particularly since the
2004 giardiasis outbreak in Bergen, Norway, G. duodenalis
infections have been linked to post-infectious IBS and
functional dyspepsia via mechanisms that are unclear.
Findings from several studies indicate roles of specific
pro-inflammatory cytokines, and hyperlplasia of enterochromaffin cells, mast cells, and lymphocytes, perhaps
causing motility dysfunction and visceral hypersensitivity;
but much controversy remains on the topic[117]. Together,
the data strongly suggest that the appearance of postinfectious complications in giardiasis are multifactorial. A
number of the post-infectious complications seen after
giardiasis are shared with those caused by common bacterial enteropathogens like C. jejuni, E. coli, or Salmonella
sp. One area of growing interest in this field is the role
played by disruptions of the host microbiota during the
acute stage of the infection in the initiation of delayed
immune-mediated pathophysiology. Therefore, a better
understanding of the mechanisms responsible for the
extra-intestinal and post-infectious manifestations of
giardiasis will help unravel common pathways leading to
these phenomena.
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PROGRESS IN GASTROINTESTINAL DISEASES

Current status of surgical treatment for fulminant
clostridium difficile colitis
Andrew J Klobuka, Alexey Markelov
vorable outcomes. The parameters include age greater
than 65 years old, peritoneal signs on physical examination, abdominal distension, signs of end-organ failure,
hypotension less than 90 mmHg systolic blood pressure,
tachycardia greater than 100 bpm, vasopressor requirement, elevated WBC count of greater than at least
9
16 × 10 /μL, serum lactate of greater than 2.2 mmol/L,
and lastly, radiologic findings suggestive of pancolitis,
ascites, megacolon, or colonic perforation. Even though
fairly strong evidence exists in contemporary literature,
we recommend use of these identified parameters with
caution in clinical practice when it comes to the actual
decision to treat certain patients more aggressively. The
identified risk factors should be used to lower surgeons’
threshold for operative treatment early in the course of
the disease.
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Abstract
Mortality rates attributable to fulminant Clostridium difficile (C. difficile ) colitis remain high and are reported
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to be 38%-80%. Historically, the threshold for surgical
intervention has been judged empirically because level
I evidence to guide decision making is lacking. Studies of the surgical management of C. difficile infection
have been limited by small sample size and the lack of
a standard definition of fulminancy. Multiple small and
medium-sized series have examined the surgical management of C. difficile . However, because of a lack of
prospective, randomized studies, it has been difficult
to identify the optimal point for surgical intervention
in patients with severe fulminant C. difficile colitis. Our
goal was to analyze the existing body of literature in
an attempt to define host constellations, which would
predict the development of the more aggressive form
of this disease and hence justify an early or earlier
surgical intervention. A Pubmed search was conducted
using the keywords “fulminant”, “clostridium difficile”,
“surgery”, and “colitis”. Reviews and meta-analyses proposing indications for surgical consultation or operative
management in patients with C. difficile colitis were included. After analyzing current literature, we identified
a number of parameters that are associated with unfa-
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Core tip: Studies of the surgical management of Clostridium difficile infection have been limited by small

sample size and the lack of a standard definition of
fulminancy. Our goal was to analyze the existing body
of literature in an attempt to define host constellations
which would predict the development of the more aggressive form of this disease and hence justify an early
or earlier surgical intervention. We identified a number
of parameters that are associated with unfavorable
outcomes. The identified risk factors should be used to
lower surgeons’ threshold for operative treatment early
in the course of the disease.
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ning from mild diarrhea to fulminant and potentially
fatal toxic colitis. It is widely accepted that the primary
risk factor for the development of C. difficile Associated
Disease (CDAD) is recent exposure to broad spectrum
antibiotics, particularly ampicillin, amoxicillin, second and
third generation cephalosporins, clindamycin, and fluoroquinolones[6-8]. The association of particular antibiotics
with predisposition for the development of CDAD is
influenced by the drug’s dosage, frequency of use, route
of administration, and most importantly the individual
impact on the typical colonic normal flora[9,10]. It is understood that the disruption of normal colonic flora by
antibiotic use inhibits the protective barrier to outside
colonization generally provided by these organisms
which allows C. difficile spores ingested from a contaminated environmental source to germinate and colonize
the colon. While the rate of chronic intestinal carriage of
C. difficile is reported to be low at 0%-3% among asymptomatic adults in the community, the hospital and longterm care facility environments that commonly surround
infected individuals as well as the hands and instruments
of health-care workers caring for them remain the major
source of infection for susceptible individuals via environmentally-resistant spore transmission[8]. In contrast to
the asymptomatic community carriage rate, the rate of
colonization with C. difficile was reported to be as high as
20%-40% in hospitalized patients[6].
Colonization with C. difficile occurs by the fecal-oral
route via ingestion of the organism’s aforementioned acid-resistant spores. In individuals whose normal colonic
flora are depleted by antibiotic use, C. difficile is able to
vegetate, overgrow, and release its toxins A and B into the
colonic lumen from which they are taken up by enterocytes and subsequently become responsible for colonic
damage and local inflammation (colitis) via cellular cytotoxicity and activation of inflammatory cascades including nuclear factor κB (NF-κB), mitogen-activated protein
(MAP) kinases, and COX-2 which lead to release of the
proinflammatory cytokines interleukin-1 (IL-1), tumor
necrosis factor-α (TNF-α), and interleukin-8 (IL-8).
According to the Society for Healthcare Epidemiology of America and the Infectious Diseases Society of
America Treatment Guidelines updated in 2010, confirmed CDI can be graded according to the following
scale: Mild or moderate showing diarrhea, severe with
WBC > 15 × 109/μL or creatinine 1.5 × greater than
baseline, and Severe Complicated characterized by ileus,
“megacolon”, hypotension requiring vasoactive agents,
or shock with organ-failure and/or need for ventilatory
assistance[6,11]. In those patients developing severe fulminant colitis, the effects of these cytokines are evident
at a systemic level as manifested by complications of
shock and hypotension. Clearly however, not all patients
undergoing antimicrobial therapy develop CDI and from
there only a small percentage of patients suffering from
CDAD progress to the development of fulminant colitis.
It is important then to understand the variables that can
be relied upon to predict which patients are at higher risk

INTRODUCTION
Clostridium difficile (C. difficile), a Gram-positive, sporeforming, anaerobic bacillus has surpassed methicillinresistant Staphylococcus aureus as the most common
healthcare-associated infection in the United States and
is currently the number one cause of hospital-acquired
diarrhea in the country. Clostridium difficile infection (CDI)
is traditionally associated with risk factors including advanced age, antibiotic use (particularly fluoroquinolones),
and acute care hospitalization[1]. National rates of CDI
listed as either a primary or secondary diagnosis per ICD9-CM codes on discharge reporting rose from 5.6/1000
in 2001 to 11.5/1000 in 2010[2]. The rise in incidence of
CDI has been largely attributed to a hypervirulent strain
of C. difficile designated BI/NAP1/027 which exhibits
significant fluoroquinolone resistance, increased toxin
production, polymorphisms in a toxin production downregulatory gene, and the presence of a gene encoding
an additional binary toxin[3]. While most cases of CDI
respond well to oral antibiotic therapy, approximately
3%-10% of patients progress to a fulminant colitis involving concomitant systemic toxicity, organ dysfunction,
or the need for vasoactive agents or ventilatory support[4-6]. The number of death certificates with enterocolitis due to C. difficile listed as a primary cause of death
increased from 793 in 1999 to 7483 in 2008 according to
preliminary data from US Vital records[2]. Management
of patients with fulminant CDI includes surgical intervention in up to 20% cases and post-operative mortality
remains high with various studies citing between 35%
and 80%[4]. Traditional surgical management includes
subtotal colectomy with margins of resection based on
gross colonic appearance in conjunction with end ileostomy. As an alternative to colectomy, a recent study by Neal
et al[5] has shown diverting loop ileostomy and colonic
lavage to be a less morbid and viable option for surgical
treatment[6]. Given the increasing incidence of CDI and
the underlying imperative to reduce the morbidity and
mortality suffered by patients, the aim of this article is to
review and summarize information available to date regarding the best practice indications for surgical management of cases of fulminant CDI.

PUBMED SEARCH
A Pubmed search was conducted using the keywords “fulminant”, “clostridium difficile”, “surgery”, and “colitis”.
Inclusion criteria for our study were restricted to all original
articles, reviews and meta-analyses proposing specific indications or guidelines for surgical consultation and operative management in patients with CDI. Of the sixty-three
resulting articles dating from 1989 to 2012, four were found
to summarize or propose criteria for operative management
of fulminant CDI that were relevant to our review.

PATHOGENESIS
CDI can manifest clinically along a wide spectrum span-
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Table 1 Major risk factors for the development of Clostridium difficile infection and associated disease
Risk factor

Risk

Proposed mechanism

Notes

[10]

Age (> 70 yr )

CDI and Severe CDAD Diminished efficacy of immune
response with aging[7]
[7]
Medical comorbidities : multiple or those CDI and Severe CDAD Diminished efficacy of immune
involving major organ systems
response
Broad spectrum antibiotics
Use of 3-4 antibiotics concurrently or
prolonged (> 4 wk) use[12]
Suppression of gastric acid production,
particularly by proton pump inhibitors[6,7]

Immunosuppression[6,13]

CDI
Severe CDAD

Alteration of normal colonic
floral barrier to C. difficile
colonization

Studies are conflicting with regards to which
comorbid illnesses are specifically associated
The evidence supporting the association with
multiple/prolonged antibiotic use is controversial
as this often occurs in patients with recurrent
or refractory disease who are already at risk of
unfavorable outcomes

CDI

Increased survival of the acidlabile vegetative form of C.
difficile while passing through
the stomach[6,7]
CDI and severe CDAD Disruption of host ability to
mount an effective response to
both infection and toxemia

C. difficile: Clostridium difficile; CDI: Clostridium difficile infection; CDAD: Clostridium difficile associated disease.

for developing these consequences of antibiotic use and
resultant complications from C. difficile infection. These
risk factors were summarized in several recent review articles and include the following presented in Table 1.
Other potential risk factors for which conflicting reports exist include steroids, anti-peristaltic medications,
and gastrointestinal interventions including the various types of endoscopy (colonoscopy, sigmoidoscopy,
esophagogastroduodenoscopy) and enteral feedings including nasogastric tube feedings[6,7]. Common proposed
mechanisms for these factors include exposure to C.
difficile spores via the hands and equipment of healthcare
providers, alteration of colonic flora by gastrointestinal
manipulation and motility changes, and alteration of gastrointestinal mucosa[6,7]. It can be understood then that
the ultimate development of CDAD results from a confluence of factors including disruption of normal colonic
flora barriers (typically by antibiotic use), combined with
exposure to a high-risk contaminated hospital environment and then individually influenced by immune modifying factors including age, major medical comorbidities,
and individual immune status.

of 50%-70%) with earlier diagnosis and treatment being
shown to be beneficial in reducing mortality[4,6,14]. Several
recent articles have compiled laboratory, radiologic, and
clinical findings associated with the need for surgical
consultation and operative management in patients with
established severe CDI and their results are summarized
in Table 2. These laboratory, radiologic, and clinical parameters represent the highest common factors from our
source articles which were themselves drawn from a variety of disparate individual studies. The stated parameters
were shown in our source material to demonstrate an
association with unfavorable outcomes defined as need
for emergent operative intervention and/or C. difficileassociated mortality. Table 3 represents these authors’
efforts to clearly and centrally summarize the prototypical signs of fulminant C. difficile colitis and indications for
surgical management common amongst our sources. The
diversity present amongst the current body of review and
retrospective data regarding the signs of fulminant C.
difficile colitis as well as indications for surgical management underscores the importance of our efforts to compile a guideline of the highest common factors present
amongst patients suffering from this disease in order to
guide appropriate treatment.
According to a meta-analysis of outcomes following
emergency surgery for C. difficile colitis by Bhangu et al[17]
which encompasses the source material for our included
reviews, the most statistically significant (P < 0.001) preoperative physiological indicators predictive of post-operative mortality are shock requiring the use of vasopressors, odds ratio (OR) = 3.80, preoperative intubation, OR
= 6.31 , acute renal failure, OR = 5.68, and multi-system
organ failure, OR = 5.56[16]. Of the signs of fulminant
CDAD and indications for surgical management identified in Table 3, age > 75 years, OR = 2.29 and any elevation of white blood cell count above normal limits, OR =
8.01 were found to have a weaker association with postoperative mortality (P < 0.01)[16]. Our remaining sum-

RESULTS AND DISCUSSION
While the various medical treatment regimens for CDAD
are reviewed elsewhere, the focus of this review will be
to summarize indications for surgical consultation and
management in patients with established severe, complicated CDAD. Current therapeutic guidelines for when to
operate in patients with severe, complicated CDAD are
poorly established and currently supported by primarily
retrospective data. Overall, surgical treatment of patients
with severe, complicated CDAD (traditionally with subtotal colectomy and end ileostomy) has been shown to improve morbidity and mortality compared to conservative
management of patients (mortality of surgical treatment
reported at 34%-80% vs mortality in non-surgical care
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Table 2 Previous studies analyzing surgical management of fulminant Clostridium difficile colitis
Article

Indications for surgical consultation and operative management

Carchman et al[6] Indications for Surgical Consultation in Patients with Known or Suspected
Review
CDAD
Ileus/significant abdominal distension
Admission to intensive care unit
Hypotension (+/- vasopressors)
Mental status changes
WBC counts ≥ 35 × 109 /μL
Serum lactate ≥ 2.2 mmol/L
Any evidence of end-organ failure
Age ≥ 80 yr with severe CDAD criteria
Immunosuppression with severe CDAD criteria
Indications for Operative Management in Patients with CDAD
Diagnosis of C. difficile colitis as determined by one of the following:
Positive toxin assay result
Endoscopic findings (pseudomembranes)
CT scan findings (pancolitis +/- ascites)
Plus any one of the following criteria:
Peritonitis
Perforation
Worsening abdominal distension/pain
Sepsis
Intubation
Vasopressor requirement
Mental status changes
Unexplained clinical deterioration
Renal failure
Lactate level > 5 mmol/L
WBC count ≥ 50 × 109/μL
Abdominal compartment syndrome
Failure to improve with standard therapy within 5 d as determined by resolving
symptoms and physical examination, resolving WBC per band count
Osman et al[14]
Summary of the clinical, laboratory, and radiologic features of fulminant C. difficile colitis
Original article
Clinical:
History of diarrhea following antibiotic use
Systemic toxicity
Pyrexia ≥ 38 ℃
Tachycardia > 100 beats/min
Hypotension: BP < 90 mmHg
Abdominal signs of Peritonitis
Generalized abdominal pain
Tenderness
Abdominal distension
Rebound tenderness
Organ failure and requirement for vasopressor therapy
Laboratory and Radiologic:
Increasing leukocytosis > 16 × 109 /L
Lactate > 2.2 mmol/L
Hypoalbuminemia < 30 g/L
Radiologic evidence of toxic megacolon (abdominal X-ray or CT)
Free air under the diaphragm
Butala et al[15]
Prognosticators for development of fulminant colitis
Review
Age > 65 yr
Lactate between 2.2-4.9 mmol/L
WBC count > 16000/μL-surgery within 30 d
History of Inflammatory bowel disease
Treatment with intravenous immunoglobulin
Colitis associated with signs of organ dysfunction
Girotra et al[16]
Summary of red flags for development of fulminant Clostridium difficle colitis
Original article
Age > 70 yr
Presenting symptoms: Triad of abdominal pain, diarrhea, and distension
Signs: Tachycardia (heart rate > 100 beats/min), tachypnea (respiratory rate > 20
respirations/min),or hypotension (systolic BP < 90 mmHg)
Recent C. difficile infection
Use of antiperistaltic medications (narcotics or anticholinergics)
White blood cell count > 18000/mm3
Radiology studies suggestive of megacolon or perforation

Notes
Strength/quality of evidence, B-Ⅲ

Strength/quality of evidence, B-Ⅱ

Severe, complicated CDAD synonymous with
fulminant CDAD is considered to be indication
for operative management by these authors.

Strength/quality of evidence, B

C. difficile: Clostridium difficile; CDI: Clostridium difficile infection; CDAD: Clostridium difficile associated disease; WBC: White blood cell.
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Table 3 Summary of indications for surgical management
Carchman et al

Indicator
9

Elevated WBC (count ×10 )
Serum lactate (mmol/L)
Peritoneal signs on physical examination including generalized abdominal pain
Abdominal distension
End organ (renal, respiratory) failure/dysfunction
Hypotension (mmHg)
Tachycardia (bpm)
Vasopressor requirement
Radiological findings of pancolitis, ascites, megacolon, or perforation
Age (yr)

[6]

> 35
> 2.2 consult
> 5 operate
Present
Present
Present
Present
Yes
Present
> 80

Bignardi et al

[9]

Osman et al

[14]

> 16
> 2.2
Present
Present
< 90 systolic
> 100

> 70

Present
Present
Present
< 90 systolic
> 100
Yes
Present

Butala et al

[15]

> 16
2.2-4.9

Present

> 65

WBC: White blood cell.

mary indicators were either not included or unable to be
incorporated into this meta-analysis and odds ratios and
relative risks were therefore unavailable given the nature
of the retrospective review data. It should be reiterated
that within the literature, indications for operative management in cases of fulminant CDAD are unsupported
by level Ⅰ evidence and thus the current recommendations including our own summary are supported only by
clinical experience.
In terms of treatment options, the Bhangu meta-analysis also found no significant difference in overall mortality following total colectomy and end ileostomy compared
to segmental colonic resection, defunctioning stoma, or
non-therapeutic laparotomy[16]. While the newer treatment
technique of stool transplant is currently being studied
to establish its role in management of C. difficile infection,
studies to date have focused on those patients suffering
from recurrent C. difficile infection and have not addressed
the issue of a role for patients with fulminant CDAD.
Further studies in this area are needed. Stool transplant
theoretically seeks to re-establish an appropriate balance
of colonic microflora in those patients with the classically
disturbed bacterial populations found in CDI[18].

more aggressive form of this disease and hence justify
an early or earlier surgical intervention. Multiple authors
have suggested that total colectomy earlier in the course
of the disease was associated with improved survival.
However the exact timing of the surgical intervention remains one of the main challenges. It is crucial to identify
preoperative patients’ characteristics that can serve as indications for operative treatment. After analyzing current
literature, we identified a number of highest common parameters that are associated with unfavorable outcomes
defined as need for emergent operative intervention and/
or C. difficile-associated mortality. The parameters include
age greater than 65 years old, peritoneal signs on physical
examination, abdominal distension, signs of end-organ
failure, hypotension less than 90 mmHg systolic blood
pressure, tachycardia greater than 100 bpm, vasopressor
requirement, elevated WBC count of greater than at least
16 × 109/μL, serum lactate of greater than 2.2 mmol/L,
and lastly, radiologic findings suggestive of pancolitis,
ascites, megacolon, or colonic perforation. Pre-operative
intubation, acute renal failure, multi-system organ failure,
and shock requiring vasopressors have been shown to
be the most statistically significant indicators of postoperative mortality for fulminant CDAD.
Even though fairly strong evidence exists in contemporary literature, we recommend caution with use of
these parameters in clinical practice when it comes to
the actual decision to treat certain patients more aggressively. The identified risk factors should be used to lower
surgeons’ threshold for operative treatment early in the
course of the disease. Further studies designed in the
prospective fashion might be necessary to identify the
actual point when irreversible multi-system organ failure
occurs during the disease progression in order to reduce
potentially preventable fatalities.

CONCLUSION
Mortality rates attributable to fulminant C. difficile colitis
remain high and are reported to be 38%-80%. Historically, the threshold for surgical intervention has been judged
empirically because level Ⅰ evidence to guide decision
making is lacking. Studies of the surgical management
of C. difficile infection have been limited by small sample
size and the lack of a standard definition of fulminancy.
Multiple small and medium-sized series have examined
the surgical management of CDC. However, because of
a lack of prospective randomized studies, it has been difficult to identify the optimal point for surgical intervention in patients with severe fulminant CDC. Therefore,
the data gathered from retrospective analyses are valuable
in making this decision. It was our goal to analyze the existing body of literature in an attempt to define host constellations which would predict the development of the
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Core tip: Gastrointestinal bleeding is a life threatening
complication of portal hypertension. Primary prevention of bleeding in patients at risk for a first bleeding
episode is therefore a major goal. The article gives a
concise overview of possible bleeding sites in patients
with portal hypertension. The diagnosis, prevention,
therapy of acute bleeding and secondary prophylaxis
of bleeding from esophageal and gastric varices, portal
hypertensive gastropathy gastric antral vascular ectasia
and ectopic varices are discussed.

Abstract
Bleeding from esophageal varices is a life threatening
complication of portal hypertension. Primary prevention
of bleeding in patients at risk for a first bleeding episode is therefore a major goal. Medical prophylaxis consists of non-selective beta-blockers like propranolol or
carvedilol. Variceal endoscopic band ligation is equally
effective but procedure related morbidity is a drawback
of the method. Therapy of acute bleeding is based on
three strategies: vasopressor drugs like terlipressin, antibiotics and endoscopic therapy. In refractory bleeding,
self-expandable stents offer an option for bridging to
definite treatments like transjugular intrahepatic portosystemic shunt (TIPS). Treatment of bleeding from
gastric varices depends on vasopressor drugs and on
injection of varices with cyanoacrylate. Strategies for
primary or secondary prevention are based on non-selective beta-blockers but data from large clinical trials is
lacking. Therapy of refractory bleeding relies on shuntprocedures like TIPS. Bleeding from ectopic varices,
portal hypertensive gastropathy and gastric antral vascular ectasia-syndrome is less common. Possible medical and endoscopic treatment options are discussed.

Original sources: Biecker E. Portal hypertension and gastrointestinal bleeding: Diagnosis, prevention and management. World
J Gastroenterol 2013; 19(31): 5035-5050 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v19/i31/5035.htm DOI:
http://dx.doi.org/10.3748/wjg.v19.i31.5035

INTRODUCTION
One of the major complications of portal hypertension
is bleeding from esophageal varices. Bleeding from gastric or duodenal varices as well as bleeding from colonic
varices or from portal hypertensive gastropathy is less
common.
A lot of studies investigating prophylaxis and therapy
of bleeding in portal hypertension have been published
in the last years. This paper gives a concise overview of
the current knowledge.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

PRIMARY PROPHYLAXIS OF BLEEDING
FROM ESOPHAGEAL VARICES

Key words: Portal hypertension; Esophageal varices;
Gastric varices; Portal hypertensive gastropathy; Gas-

Definition
Primary prophylaxis of bleeding from esophageal varices
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is defined as a therapeutic intervention that aims at the
prevention of the first variceal hemorrhage.
Diagnosis
At the time of the first diagnosis, about half of the patients with liver cirrhosis have esophageal varices (Figure
1)[1,2]. During the course of the disease about 90% of the
patients develop esophageal varices. Variceal hemorrhage
still carries a significant mortality of 7%-15%[3-5]. The
identification and prophylactic treatment of patients at
risk for esophageal bleeding is therefore mandatory[6].
Risk factors for variceal bleeding are the diameter of
the varix, presence of red wale signs and an impaired liver function[7-10]. Hemodynamic studies point at a close association of the hepatic venous pressure gradient (HVPG)
and the bleeding risk[9].
Every patient with newly diagnosed liver cirrhosis
should underwent upper endoscopy for screening of
esophageal and/or gastric varices [6]. In patients with
esophageal varices with a diameter of more than 5 mm,
prophylactic treatment should be initiated.
Prophylactic treatment is not necessary when only
small varices (diameter below 5 mm) are present. Nevertheless, endoscopic follow-up is mandatory[6]. The overall incidence of esophageal varices is 5% per year[11,12].
Esophageal varices tend to increase in size in a linear
fashion. One study including 258 patients with small varices and without a history of variceal bleeding found an
increase in variceal size in 21%, 45% and 66% of the patients after 1.5, 3 and 4.5 years, respectively[13]. However, it
has to be kept in mind that the course of the underlying
liver disease is a major determinant of variceal progression[7,13]. The actual recommendation for surveillance in
patients with compensated liver disease and small varices
at the screening endoscopy is a follow-up examination
after 1-2 years[6,14]. If the screening endoscopy showed
no varices, a follow-up examination after 2-3 years is sufficient in patients with compensated liver disease[6,13,14].

Figure 1 Esophageal varices grade Ⅱ in a patient with liver cirrhosis.

50% of beta-blocker treated patients achieved a reduction
of the HVPG below 12 mmHg or > 20% from baseline
levels[18]. However, other effects of beta-blocker therapy
besides the reduction of HVPG like a decrease in azygos
blood flow or a decrease in bacterial translocation from
the gut[19] may play a role in the prevention of variceal
hemorrhage[20].
Endoscopic sclerotherapy and shunt procedures are
obsolete in primary prophylaxis. Standard modalities are
drug therapy with non-selective beta-blockers and endoscopic variceal band ligation (VBL) of varices.
Non-selective beta-blockers like propranolol and
nadolol were introduced for primary prophylaxis almost
30 years ago[17]. In recent years, the non-cardioselective
vasodilating beta-blocker with mild intrinsic anti-α(1)adrenergic activity carvedilol was shown to be at least as
effective in lowering HVPG as propranolol[21] or nadolol
plus nitrate[22] and to be as effective as VBL for primary
prophylaxis of variceal bleeding[23]. A monotherapy with
nitrates or a combination of beta-blockers and nitrates
compared to beta-blockers alone has no benefit in primary prophylaxis[17,24]. Meta-analysis have shown a reduction
of the bleeding risk by a non-selective beta-blocker of
about 50%. Around 20% of patients suffer from intolerable side effects that require discontinuation of the drug.
After discontinuation, the bleeding risk is not different
from an untreated population. That makes an indefinite
prophylactic therapy necessary[25]. The most important
predictor for variceal bleeding in patients on a therapy
with beta-blockers is the dose of the drug[26]. Patients
should therefore receive the highest tolerated dose.
An effective alternative treatment for primary prophylaxis is endoscopic VBL[27-30]. One meta-analysis has
shown, that compared with untreated controls, prophylactic VBL reduces the risks of variceal bleeding and
mortality[31]. Several studies compared endoscopic VBL
with propranolol for primary prophylaxis of variceal
bleeding[27-30]. Only one study that is controversially discussed because of some methodological flaws found
a significant benefit for endoscopic VBL[29]. The other
studies found no difference between beta-blockers and
VBL concerning prophylaxis of bleeding[27,29,30]. A recently published Cochrane analysis that included 19 ran-

Prophylaxis/therapy
Non-selective beta-blockers cause vasoconstriction of the
splanchnic circulation by β2-receptor inhibition and decrease cardiac output by β1-receptor blockade. This leads
to a decrease in portal venous inflow and thereby lowers
portal pressure.
Beta-blocker therapy is not effective in preventing
gastro-esophageal varices in patients with cirrhosis[15].
There is only one study that showed that prophylaxis
with a non-selective beta-blocker is effective in preventing the enlargement of small varices[16]. Patients with
varices at risk of bleeding (diameter > 5 mm, presence
of red-color-signs) should receive prophylactic treatment
(see below), since the risk of bleeding is 30%-35% in two
years. Effective prophylactic treatment reduces the risk
of bleeding by about 50%[17].
A major drawback of beta-blocker therapy is that not
all patients respond to beta-blockers with a reduction of
the HVPG[18]. Clinical studies have shown that at most
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domized trials found a slight beneficial effect for VBL,
but that effect was not present when only full published
paper articles were analyzed[32]. In terms of efficacy, VBL
and non-selective beta-blocker therapy are considered to
be equivalent.
Because of the low costs, ease of administration as
well as the absence of procedure-related mortality, nonselective beta-blockers are recommended as first-line
treatment for the primary prophylaxis of esophageal variceal bleeding[17].
VBL is recommended in patients with serious side effects or intolerability of beta-blocker therapy as well as in
patients with contraindications for drug therapy.

prevent aspiration pneumonia.
Available therapy options include medical and endoscopic treatment, balloon tamponade, placement of fully
covered self-expandable metallic stents, transjugular intrahepatic portosystemic shunt (TIPS) and surgical shunts.
Nowadays, the initial approach is a combination of vasoactive drugs, antibiotics and endoscopic therapy[47].
Medical therapy
The aim of medical therapy is to reduce splanchnic blood
flow and portal pressure. Drugs currently in use are vasopressin, somatostatin and, most important in Europe,
terlipressin. Due to its short half-life, vasopressin has to
be given as a continuous iv infusion. Relevant adverse
effects include systemic vasoconstriction with serious
implications like mesenteric or myocardial ischemia[48].
Application of vasopressin in combination with nitrates
reduces the side effects associated with vasoconstriction[49,50]. Several studies have shown that the vasopressin
treatment is effective in terms of bleeding control but
does not affect mortality[48,51-53]. Terlipressin is a synthetic
vasopressin analogue with a longer half-life and less adverse effects. Several studies have shown that terlipressin
is effective in bleeding control and has a positive impact
on survival[54-56]. Terlipressin achieves control of bleeding
in 75%-80% and 67% of patients at 48 h and at 5 d, respectively[56,57]. It is given at a dose of 2 mg every 4 h for
the first 48 h and could be continued for prevention of
early rebleeding at a dose of 1 mg every 4 h for up to 5
d[57,58]. A recent study has shown a drop of serum sodium
in the range of > 5 mEq/L in 67% of patients and of
> 10 mEq/L in 36% of patients treated with terlipressin[59]. Therefore, serum sodium should be monitored in
patients receiving terlipressin. Compared to vasopressin,
terlipressin is more effective in control of esophageal
bleeding[60,61] and compared to vasopressin plus nitrate[62]
as well as compared to somatostatin it is comparable effective[63,64].
Somatostatin is given as an initial bolus of 250 µg followed by a 250 to 500 µg/h continuous infusion until a
bleed-free period of 24 h is achieved[38]. Octreotide is a
synthetic analogue of somatostatin with longer half-life.
It is administered as an initial bolus of 25 µg, followed by
an infusion of 25 to 50 µg/h[65]. Both, somatostatin and
octreotide, have a good safety profile. Possible adverse
effects include mild hyperglycemia and abdominal craps.
Somatostatin is as effective as vasopressin in control of
variceal bleeding; the safety profile is superior to vasopressin[66]. The combination of terlipressin and octreotide
is not superior to a monotherapy with terlipressin[67].
In summary, the available data is most convincing for
terlipressin, however, the direct comparison of terlipressin
and octreotide revealed no superiority of terlipressin[68,69].

ACUTE BLEEDING FROM ESOPHAGEAL
VARICES
Definition
Acute variceal bleeding is defined as: (1) active bleeding
from esophageal varices at the moment of endoscopy;
or (2) non-bleeding varices and blood in the esophagus/
stomach are present and no other source of bleeding is
found[33]. Recurrent bleeding is defined as rebleeding after
24-h of clinical absence of bleeding.
Therapy
Acute bleeding from esophageal varices is often a dramatic event. Most patients vomit blood but hematochezia
and melena might be the only symptoms. Dependent on
the amount of lost blood, patients might be hemodynamic instable and present in hemorrhagic shock. Today
only 40% of patients die from exsanguinating bleeding.
Most deaths are caused by complications of bleeding like
liver failure, infections and hepatorenal syndrome[34,35].
Risk factors for an adverse course are the degree of liver
dysfunction, creatinine, hypovolemic shock, active bleeding on endoscopy and presence of hepatocellular carcinoma[4,34-37]. Thus, the management of patients with acute
variceal bleeding includes not only treatment and control
of active bleeding but also the prevention of rebleeding,
infections and renal failure[38].
If variceal bleeding is suspected, patients should be
hemodynamically stabilized and receive medical treatment with vasopressors and antibiotic treatment[39-43]. In
uncomplicated patients antibiotic therapy is done using
quinolones[44]. High-risk patients with advanced liver
disease (ascites, encephalopathy, jaundice, malnutrition)
or previous therapy with quinolones should receive ceftriaxone[41]. Antibiotic treatment of patients with acute
variceal bleeding does not only decreases mortality but
also decreases the probability of rebleeding[42]. Transfusion of blood should be done with caution with a target
hemoglobin level between 7 to 8 g/dL, since higher
hemoglobin levels can increase portal pressure[45] and
restrictive transfusion strategies are associated with better survival[46]. Patients with massive bleeding and/or
patients who are somnolent should undergo endotracheal
intubation and mechanical ventilation prior endoscopy to
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Endoscopic therapy
About 80%-90% of acute variceal bleeding episodes
are successfully controlled by endoscopic therapy[70].
Nowadays, most important is endoscopic VBL, injec-
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tion therapy using sclerosing agents like ethoxysklerol
or cyanoacrylate is less commonly used. Ethoxysklerol
is injected next to - not into - the varix. It causes local
inflammation and scaring and thereby thrombosis and
obliteration of the vessel. On the opposite, cyanoacrylate
is injected directly into the varix, causing immediate obliteration of the vessel. Endoscopic band ligation is done
using a transparent cap that is attached to the tip of the
endoscope. By applying suction, the varix is then pulled
into the cap and a rubber ring is thrown over the varix
causing thrombosis and scaring of the vessel (Figure 2).
Before the introduction of VBL, ethoxysklerol injection was widely used in the treatment of acute esophageal
variceal bleeding. Studies have shown that sclerotherapy
was at least as effective as balloon tamponade[71,72]. The
injection of cyanoacrylate is used as a second line therapy
when VBL of variceal bleeding fails.
Endoscopic VBL was first carried out in 1988[73].
The method is now widely available and complications
are - compared to sclerotherapy - less common[74]. The
most frequent complications are superficial ulcerations
and esophageal strictures. Bleeding after the rubber rings
have been fallen off is less common. A disadvantage of
the method is the impaired sight that is caused by the
ligation system. Costs are - compared to sclerotherapy higher. Mortality rates after VBL are lower as compared
to sclerotherapy[75,76].

Figure 2 Variceal band ligation of esophageal varices.

bronchial system and stent migration into the stomach
being described[82-85]. Like balloon tamponade, the procedure is reserved for patients with bleeding refractory
to medical and endoscopic treatment. It does not allow
definite treatment of variceal bleeding due to the high
percentage of patients with rebleeding after the SEMS
has been removed, but has to be considered as an effective and safe bridging procedure that allows stabilization
of the patient until definite treatment is possible.
Transjugular intrahepatic portosystemic shunt
By TIPS placement a functional portacaval side-to-side
shunt is established. TIPS is indicated in patients with
refractory acute variceal bleeding that could not be sufficiently controlled by endoscopic and/or medical therapy
and in patients with recurrent bleeding despite optimal
endoscopic therapy. After TIPS insertion, bleeding is
stopped in almost all of the affected patients[86-88]. The
rate of recurrent bleeding after one year is 8%-18%[89-91].
However, TIPS insertion is a problem in patients with
multi-organ failure and/or in patients with decompensated liver disease. In these patients, the 30-d-mortality
rate is as high as 100%[86,88,92]. Disadvantages of the procedure are the risk of hepatic encephalopathy as well as
TIPS dysfunction with the risk of recurrent bleeding[93,94].
A major improvement was the introduction of polytetrafluoroethylene (PTFE) covered stents. These stents have
higher rates of patency over time and mortality rates are
lower[95]. A recently published trial has investigated the
role of early TIPS in high-risk patients[96,97]. The multicenter study including 63 patients with esophageal hemorrhage and a high risk of treatment failure (Child B with
active bleeding or Child C < 14 points) demonstrated
that insertion of a PTFE covered TIPS within 72 h (preferable within 24 h) compared to combined endoscopic
and vasoactive drug treatment decreased rebleeding (50%
patients without rebleeding in the non-TIPS vs 97% in
the TIPS group) and 1-year mortality (86% survival in
the TIPS vs 61% in the non-TIPS group)[96].

Balloon tamponade
The use of balloon tamponade for the treatment of acute
esophageal variceal bleeding was introduced by Sengstaken et al[77] The Minnesota-tube is a modified version with
an aspiration channel above the esophageal balloon. For
uncontrolled bleeding from gastric varices, the LintonNachlas tube is preferred[78]. In the hand of the experienced user the method allows control of bleeding in most
patients[79]. A major drawback of the method is the high
amount of possible serious complications like necrosis
and/or rupture of the esophagus as well as aspiration
pneumonia[80]. Deflating of the balloon after six hours reduces the risk of complications. Due to the serious risks,
balloon tamponade should only be applied by an experienced physician under fluoroscopic control. After all, balloon tamponade is only a bridging procedure until other,
definite therapy options are available.
Self-expandable metal stents
The placement of fully covered self-expandable metal
stents (SEMS) is an alternative to balloon tamponade.
The SEMS is inserted over an endoscopic placed guidewire using a stent delivery device without the need of
fluoroscopy[81]. SEMS controls bleeding by compression
of the bleeding varices[81]. The stent can be left in place
for up to two weeks and can be easily removed by endoscopy. The effectiveness in the control of refractory
esophageal variceal bleeding has been shown in four case
series[82-85]. The procedure is save with minor complications like esophageal ulcerations, compression of the
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Surgery
Surgical procedures in patients with acute or recurrent
variceal bleeding are limited to a very small portion of
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combination treatment[128,130]. Therefore, it seems that a
clear recommendation for medial treatment alone, VBL
alone or combination treatment of drugs and VBL cannot be made at the moment. A reasonable approach is
to perform VBL alone in patients with contraindications
for beta-blocker therapy or in patients who suffer from
side effects of beta-blocker therapy. Patients who tolerate
drug treatment well should be placed on a combination
therapy.

patients in whom medical and/or endoscopic control of
bleeding was not achievable and TIPS was no option because of technical or anatomical problems (e.g., complete
thrombosis of the portal vein). Possible procedures are
porto-systemic shunt operations[98] or staple transection
of the esophagus[99]. Survival of patients who have undergone surgery is dependent on liver function but the
mortality rate is as high as 80%.

SECONDARY PROPHYLAXIS OF
ESOPHAGEAL VARICEAL BLEEDING

Transjugular intrahepatic portosystemic shunt
TIPS was compared to sclerotherapy[90,132-137] as well as to
VBL[89]. In all but two studies[136,138] patients treated with
TIPS had lower rates of recurrent bleeding. Three metaanalysis[139-141] summarized the available studies and found
a significant lower probability of rebleeding in the TIPS
treated patients. The incidence of hepatic encephalopathy
was higher in the TIPS-group. A difference in mortality
was not evident.

In patients who survive the first episode of esophageal
hemorrhage, the risk of recurrent bleeding is as high as
60% with a mortality rate of up to 33%[100]. Prevention
of rebleeding is therefore a major goal in patients in
whom the initial bleeding episode has been successfully
controlled.
Definition
Secondary prophylaxis of variceal bleeding is defined as
the prevention of rebleeding from varices.

Surgery
Shunt surgery has been shown to be effective in the
prophylaxis of rebleeding from esophageal varices. This
has been shown for non-selective as well as for selective
shunts (e.g., distal spleno-renal shunt) comparing operative shunts with no therapy or endoscopic sclerotherapy[99,142-147]. As in TIPS, the most important side effect was
the incidence of hepatic encephalopathy.
One study[148] compared non-covered TIPS with a
small diameter prosthetic porta-caval H-shunt. Both
shunts led to an adequate reduction in portal pressure,
but patency rates of the operative shunts were higher
over time. This led to a lower rate of rebleeding as well
as to a decrease in mortality in patients with the surgical
shunt. A meta-analysis compared different porto-systemic shunts (TIPS, diverse surgical shunts) with endoscopic
treatment[149]. All shunts were equally effective in reducing the risk of rebleeding. The incidence of hepatic encephalopathy was higher in patients who received a shunt
procedure. TIPS was complicated by a high incidence of
shunt dysfunction. Comparing the different shunt procedures, there was no difference in survival.

Medical therapy
Several studies are available that compared the nonselective beta-blockers propranolol or nadolol with no
prophylaxis after initial bleeding[101-107]. Most of the studies found a reduction of the rebleeding risk as well as a
reduction in mortality. Addition of nitrates further increased this positive effect[108]. Essential is a reduction of
the HVPG of at least 20%, even if a reduction below 12
mmHg could not be achieved[26,109-111].
Endoscopic therapy
Several groups studied the effect of sclerotherapy for
secondary prophylaxis of variceal bleeding[105,112-114]. The
comparison of sclerotherapy to medical therapy with a
non-selective beta-blocker found a benefit for patients
treated with sclerotherapy in two studies[115,116] and a slight
but statistically not significant benefit for beta-blocker
therapy[105,117,118]. Three more studies did not find a difference between the two treatment modalities[115,116,119].
For prophylaxis of recurrent bleeding, sclerotherapy is
now replaced widely by VBL. Several studies have shown
the superiority of VBL over sclerotherapy[74,76,120-124].
Comparing VBL to medical therapy with nonselective beta-blockers in combination with nitrates, two
studies found medical therapy to be as effective[110] or
more effective[125] than VBL. In contrast, one study found
VBL to be advantageous over medical therapy[126]. From
the pathophysiological point of view, the combination
of VBL and medical therapy is an even more promising approach for secondary prophylaxis. This has been
investigated in five studies[127-131]. Whereas two studies
found combination therapy to be more effective than
VBL alone[127,131] two more recent studies, that compared nadolol plus nitrates with combination treatment
of drugs and VBL failed to demonstrate superiority of
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GASTRIC VARICES AND HYPERTENSIVE
GASTROPATHY
In contrast to esophageal variceal bleeding, prevention
and treatment of bleeding from gastric varices and from
portal gastropathy is less well evaluated in clinical studies.
Definition
According to Sarin et al[150] gastric varices (Figure 3) are
endoscopically classified as gastro-esophageal varices
typeⅠ(lesser curvature), gastro-esophageal varices type Ⅱ
(greater curvature), isolated gastric varices type Ⅰ(located
in the gastric fundus) or isolated gastric varices type Ⅱ (any
location in the stomach except the gastric fundus).
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noacrylate injection include mucosal ulcerations as well as
thromboembolism. TIPS insertion is highly effective with
control of bleeding in more than 90% of patients[160,161]
and should be considered in patients in whom endoscopic therapy fails.
The use of non-selective beta-blockers and nitrates
for prophylaxis of rebleeding was shown in one study
to be not effective[162]. The comparison of cyanoacrylate
with propranolol for secondary prophylaxis has shown no
difference between the two treatment modalities in terms
of rebleeding or mortality but found more complications
in the cyanoacrylate group[163]. Another study compared
TIPS with cyanoacrylate in patients with bleeding from
gastric varices. TIPS was shown to be more effective for
prevention of recurrent bleeding, with no difference in
mortality[164]. These results are in contrast to a retrospective analysis that found TIPS and cyanoacrylate equally
effective in controlling and preventing gastric variceal
hemorrhage with no significant differences in survival[165].
Patients who received TIPS experienced significantly
more long-term morbidity[165]. Nevertheless, the above
mentioned studies have to be interpreted with caution,
since they included patients with different types of gastric varices.

Figure 3 Isolated gastric varices type Ⅰ and portal hypertensive gastropathy in a patient with liver cirrhosis.

Gastric varices
The diagnosis of gastric varices is made by endoscopy.
In case of doubt of the diagnosis, endosonography with
Doppler sonography allows further differentiation. If
only isolated gastric varices are present, the exclusion of
portal or splenic vein thrombosis as the underlying cause
is mandatory.
About on fifth of the patients with portal hypertension develop gastric varices [150]. In patients with
gastrointestinal bleeding due to portal hypertension,
bleeding from gastric varices is the cause in 5%-10%
of patients[151]. The risk of the first bleeding from gastric varices is lower than the risk of first bleeding from
esophageal varices (4% in one and 9% in three years)[152].
The risk of recurrent bleeding is dependent on the
localization of the varix: isolated varices in the gastric
fundus (53%) bear the highest risk of recurrent bleeding,
followed by varices of the greater curvature (19%) and
lesser curvature (6%)[150]. The prophylactic treatment of
esophageal varices by VBL does not increase the risk of
secondary gastric varices compared to propranolol[153].
Almost no data is available whether medical treatment
for the primary prophylaxis of bleeding from gastric
varices is effective. Pathophysiological considerations
warrant the use of non-selective beta-blockers for this
indication[151]. One trial including 27 patients with gastric
varices studied the injection of cyanoacrylate for primary
prophylaxis of bleeding from large gastric varices and
found the injection of cyanoacrylate to be safe and effective in primary prophylaxis[154]. However, before recommending cyanoacrylate injection as prophylactic therapy,
more studies are necessary.
Data for the treatment of acute bleeding from gastric
varices is sparse. Therapy with terlipressin or somatostatin is recommend although controlled studies are lacking.
The endoscopic treatment of choice is injection with
cyanoacrylate[155-157]. Control of bleeding is as high as
90% and more effective than sclerotherapy or band ligation in one trial[158], whereas another study found VBL
and cyanoacrylate injection equally effective in terms of
control of acute bleeding but reported higher rebleeding
rates in the VBL group[159]. Known complications of cya-
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PORTAL HYPERTENSIVE GASTROPATHY
The diagnosis of portal hypertensive gastropathy is
made by endoscopy. Typical signs are mosaic, also called
“snakeskin”, pattern of erythema. More severe forms
present with red punctuate erythema, diffuse hemorrhagic lesions and/or brown spots that indicate submucosal
hemorrhage[166]. Histopathologic features of portal hypertensive gastropathy are vascular ectasia of the mucosal
and submucosal veins and capillaries[166]. The exact pathogenesis of portal hypertensive gastropathy is unknown.
Important factors in the pathogenesis are the presence
of portal hypertension as well as hyperemia of the gastric
mucosa. Several authors assumed that the endoscopic
treatment of esophageal varices aggravates portal hypertensive gastropathy[167]. The worsening is often transient
and portal hypertensive gastropathy shows regression in
more than 40% of patients after VBL[168]. The incidence
of portal hypertensive gastropathy is around 80% in patients with liver cirrhosis[169]. Acute bleeding from portal
hypertensive gastropathy (Figure 4) is a rare event, with
an incidence of less than 3% in three years. One study
that evaluated the cause of GI-bleeding in 1496 patients
found bleeding from portal hypertensive gastropathy the
cause in 0.8% of patients, accounting for 8% of nonvariceal bleeding in patients with liver disease[170]. The
probability of chronic bleeding is around 10%-15% in
three years[6].
There is only one small trial that studied the effect of
non-selective beta-blockers on portal hypertensive gastropathy[171]. Twenty-four patients with non-bleeding portal hypertensive gastropathy received 160 mg propranolol per day in a double-blind placebo controlled cross-
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Figure 4 Acute diffuse bleeding from portal hypertensive gastropathy in a
patient with decompensated liver cirrhosis.

Figure 5 Typical appearance of a watermelon stomach in a patient with
gastric antral vascular ectasia-syndrome and compensated liver cirrhosis.

over trial. Endoscopic grading of portal hypertensive
gastropathy improved after propranolol in nine patients
compared to three after placebo[171].
The therapy of acute bleeding from portal hypertensive gastropathy is mainly based on drugs that decrease
portal pressure. In one study, 14 portal hypertensive
patients with heavy diffuse bleeding from portal hypertensive gastropathy received propranolol in a dose of
24 to 480 mg per day. Within 3 d, bleeding ceased in
13 (93%) of patients[171]. Since the study did not have
a control group of untreated patients, the results have
to be interpreted with caution. A small study compared
octreotide, vasopressin and omeprazole for therapy of
acute bleeding. In this setting, octreotide was more effective than omeprazole or vasopressin[172]. Terlipressin was
also shown to be effective in acute bleeding from portal
hypertensive gastropathy[173].
No studies that investigated the role of endoscopic
treatment using argon-plasma-coagulation in acute or
recurrent bleeding from portal hypertensive gastropathy
are available. If medical therapy fails, TIPS insertion or
surgical shunt are an option[6,174,175].
In the secondary prophylaxis of bleeding from portal
hypertensive gastropathy, one study including 54 patients
showed that propranolol is effective in the prevention of
rebleeding[176]. In the group of the propranolol treated
patients 65% were free of rebleeding after one year
compared to 38% in the control group. After 30 mo of
follow-up, 52% of the patients in the propranolol group
were free of rebleeding compared to 7% of the untreated
patients[176].
In summary, the risk of bleeding from portal hypertensive gastropathy is low and primary prophylaxis is
therefore not necessary. In patients with recurrent bleeding from portal hypertensive gastropathy, propranolol
should be considered for secondary prophylaxis.

Gastric antral vascular ectasia (GAVE-syndrome,
also known as “watermelon stomach” or “honeycomb
stomach”) is endoscopically as well as histologically distinguished form portal hypertensive gastropathy. In most
patients, the diagnosis of GAVE is easily made on endoscopy. In case of diagnostic uncertainty, the so called
GAVE-score that defines histological changes helps to
distinguish the both entities[177]. GAVE-syndrome is most
often found in older women and is associated with autoimmune disorders in about 60% of patients[178]. Liver
disease is a risk factor for the development of GAVEsyndrome, but only 30% of affected patients suffer
from liver cirrhosis[179]. On endoscopy (Figure 5), linear
red streaks running longitudinally in the gastric antrum
are apparent (“watermelon stomach”). In patients with
liver cirrhosis the mucosal pattern is often more diffuse (“honeycomb stomach”)[180]. The lesion consists
of ectatic vessels of the mucosa with focal thrombosis
surrounded by fibromuscular hyperplasia[181]. The pathogenesis of GAVE is not well known. Hypothesis for the
pathogenesis include mechanical stress[182], humoural[183]
and autoimmune factors[184]. Portal hypertension per se
does not seem to be a risk factor for GAVE[185,186].
Different drugs have been used in the treatment of
bleeding from GAVE. A small controlled cross-over trial
has shown estrogen-progesterone to be highly effective
in GAVE related bleeding[187]. Another study confirmed
these findings[188]. However, the therapy has to be maintained on a long-term basis since a dose reduction results
in recurrent bleeding[189]. Moreover, long-term hormonal
treatment is associated with an increased risk for breast
and endometrial cancer[190]. One small trial showed octreotide to be effective in bleeding from GAVE[191], but another study failed to confirm the efficacy of octreotide[192].
Treatment consists mainly of endoscopic measures
like argon plasma coagulation (APC) (Figure 6), or laser
photoablation of the lesions[193,194]. Endoscopic treatment
using (Nd: YAG) laser has been shown to be effective in
bleeding from GAVE in several studies[195-198]. The treatment is relatively safe, complications like perforation
or pyloric stenosis are infrequent[199]. Disadvantages of
the method are the high costs and the need for a long

Gastric antral vascular ectasia-syndrome
Bleeding from gastric antral vascular ectasia (GAVE) is
an uncommon but sometimes severe cause of upper gastrointestinal bleeding. It accounts for 4% of non-variceal
upper GI-bleeding[177].
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Colonoscopy is the principal method for the diagnosis of colonic varices. One study found rectal varices via
endoscopy in 43% and via EUS in 75% of patients with
portal hypertension, pointing out that rectal varices might
be overlooked by conventional endoscopy[209].
In patients in whom bleeding from ectopic varices is
assumed but endoscopy was negative, nuclear magnetic
resonance (NMR) with NMR-angiography is the diagnostic tool of choice and allows the identification of ectopic
varices in most patients.
Therapy
Sclerotherapy/injection therapy: Therapy of ectopic
varices is mainly based on sclerotherapy or injection
therapy. Controlled studies which method is best are not
available but case reports showed that both sclerotherapy
with ethoxysklerol as well as injection of the varix with
cyanoacrylate are feasible[210-213].
Band ligation may be useful for temporary hemostasis[209,214] in duodenal varices but rebleeding of duodenal
varices is a problem with ligation therapy. Additional
treatment following band ligation for duodenal varices is
therefore mandatory.

Figure 6 Endoscopic treatment of gastric antral vascular ectasia with
argon plasma coagulation therapy.

training period. Argon plasma coagulation has therefore
widely replaced laser therapy in the treatment of GAVE
related bleeding. The procedure is easy to use, relatively
cheap and widely available as well as safe. The efficacy
of APC in the treatment of bleeding from GAVE is very
high (90%-100% in two studies[194,200]). On average, 2.5
sessions are necessary for successful eradication of the
lesions[193,194,201]. Three studies using endoscopic band
ligation for the treatment of GAVE related bleeding are
available[202-204]. Band ligation was shown to be effective in
all trials but a study with sufficient patient numbers comparing band ligation to APC treatment is missing. Lowering portal pressure by TIPS-insertion is not effective in
chronic bleeding from GAVE[179,205]. Surgery (antrectomy)
is efficient in bleeding from GAVE[206] but bears a significant morbidity and mortality and is therefore reserved
for patients with recurrent bleeding despite therapy with
argon plasma coagulation.

Surgery and TIPS: Porta-caval shunts are effective
therapy measures in recurrent bleeding from ectopic
varices[147,215,216]. Another option in patients without portal
vein thrombosis is TIPS-insertion. Several case reports
that show that TIPS is an effective option in the treatment
of ectopic varices have been published[217-220].
Interventional radiology: Balloon-occluded retrograde
transvenous obliteration (B-RTO) was successfully performed for patients with duodenal varices[221,222]. B-RTO
can obliterate not only varices but also the afferent and
efferent veins and should be considered for treating duodenal varices.

ECTOPIC VARICES
Definition
Ectopic varices are dilated porto-venous vessels of the
gastrointestinal mucosa that are located outside of the
esophagus or the stomach.
Ectopic varices have their origin from preexisting
small veins of the gastrointestinal mucosa that are portosystemic collaterals between the portal vein and the inferior vena cava. In the majority of cases, portal hypertension or an extrahepatic obliteration of the portal vein are
the cause for the development of ectopic varices.

Medical therapy: From a pathophysiological point of
view the application of beta-blockers does makes sense
in patients with ectopic varices, but no data from controlled trials that investigate the role of non-selective
beta-blockers and/or nitrates are available.
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be ideal to increase clinical suspicion of AMI and would
improve patient selection for radiographic evaluation.
Thus, AMI could be diagnosed earlier with follow-up
computed tomographic angiography or high spatial
magnetic resonance imaging. Experimental in vitro
and in vivo studies show promise for alpha glutathione
S transferase and intestinal fatty acid binding protein
as markers for AMI. Future research must confirm the
clinical utility of these biochemical markers in the diagnosis of mesenteric ischemia.
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Abstract
Early identification of acute mesenteric ischemia (AMI)
is challenging. The wide variability in clinical presentation challenges providers to make an early accurate
diagnosis. Despite major diagnostic and treatment
advances over the past decades, mortality remains
high. Arterial embolus and superior mesenteric artery
thrombosis are common causes of AMI. Non-occlusive
causes are less common, but vasculitis may be important, especially in younger people. Because of the
unclear clinical presentation and non-specific laboratory findings, low clinical suspicion may lead to loss of
valuable time. During this diagnostic delay, progression of ischemia to transmural bowel infarction with
peritonitis and septicemia may further worsen patient
outcomes. Several diagnostic modalities are used to
assess possible AMI. Multi-detector row computed tomographic angiography is the current gold standard.
Although computed tomographic angiography leads to
an accurate diagnosis in many cases, early detection is
a persistent problem. Because early diagnosis is vital
to commence treatment, new diagnostic strategies are
needed. A non-invasive simple biochemical test would
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INTRODUCTION
Mesenteric ischemia accounts for approximately 1% of
acute abdomen hospitalizations and occurs in one in
1000 patients presenting to emergency rooms[1,2]. Despite growing recognition of this entity and interest in
preventing irreversible ischemia, identification and early
diagnosis is challenging because early symptoms are
non-specific[3]. Despite major diagnostic and treatment
advances over the past decades, low clinical suspicion
leads to persistently high mortality rates of 40% to 70%
for acute mesenteric ischemia (AMI)[4]. Early diagnosis is
necessary to commence appropriate treatment, whereas
diagnostic delay contributes to poor patient outcomes. A
24-h delay decreases survival rates by 20%[5]. Therefore,
development of new diagnostic strategies is of great
importance. Ideally, a highly specific and sensitive, noninvasive marker is needed to identify patients earlier.
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MESENTERIC ISCHEMIA

Table 1 Sensitivity, specificity and likelihood ratios for laboratory findings classically associated with mesenteric ischemia

Etiology and clinical presentation
In 70% to 80% of cases, intestinal ischemia is caused by
an arterial embolus or thrombosis within the superior
mesenteric artery. In cases of embolic occlusion, the
absence of a well-developed collateral circulation causes
earlier ischemia and transmural necrosis compared to
other causes of mesenteric ischemia. Less common
causes are venous thrombosis and non-thrombotic mechanical causes such as strangulated hernia[6]. Patients
with a history of arterial emboli, vasculitis, deep venous
thrombosis, hypercoagulable state, or chronic postprandial pain are at increased risk[7]. Vasculitis is a common
cause of mesenteric ischemia in younger people with
auto-immune disease[8]. Finally, case reports implicate
vascular anomalies as a cause of mesenteric ischemia[9,10].
There are a wide variety of clinical presentations for
mesenteric ischemic. Classically, AMI is associated with a
dramatic onset of severe abdominal pain disproportionate to physical exam findings. Peritonitis and septicemia
develop once the ischemia has progressed transmurally[3].
Postprandial pain, nausea and weight loss often occur in
patients with chronic mesenteric ischemia and superior
mesenteric artery thrombosis[3]. In chronic mesenteric
ischemia, the association of pain with meals leads to fear
of eating and subsequent weight loss[7].
Early diagnosis is challenging because of the wide
variability in clinical presentation of mesenteric ischemia.

Marker
WBC count1
pH1
D-dimer1

0.80
0.38
0.89

0.50
0.84
0.40

1.57 (1.07, 2.27)
2.49 (0.82, 7.51)
1.48 (1.28, 1.71)

Positive
likelihood-ratio
(95%CI)
0.41 (0.20, 0.83)
0.71 (0.45, 1.14)
0.30 (0.14, 0.64)

Evennett et al[19]. WBC: White blood cell.

1

by Thuijls et al[18] confirmed that plasma L-lactate level,
base excess and leukocyte count cannot be used as markers of mesenteric ischemia. In that study, fifty consecutive patients suspected of having intestinal ischemia
provided blood and urine samples. Plasma L-lactate level,
base excess and leukocyte count were nondiscriminatory
in determining whether patients had intestinal ischemia
or other disease such as stomach perforation, pancreatitis
or perforated appendicitis. Leukocyte counts in that study
did not differ significantly between groups (13.9 × 109/L
in the mesenteric ischemia group versus 12.7 × 109/L in
the control group).
Table 1 shows that classically described laboratory
findings cannot be used as markers for AMI because of
their insufficient likelihood ratios[19]. These laboratory
findings are not sensitive or specific enough to establish or
exclude the diagnosis of AMI. Elevations in AMI serum
markers usually occur only after transmural bowel infarction, and therefore, cannot be used for early diagnosis[7].

Laboratory findings
Classically, patients with mesenteric ischemia have leukocytosis, metabolic acidosis, an elevated D-dimer and
elevated serum lactate[3]. Although profound leukocytosis
with peripheral white blood cell counts exceeding 20 ×
109/L have been reported, this finding is not useful to
distinguish AMI from other diagnoses[11,12]. In a prospective clinical trial, Acosta et al[13] investigated the classically
described metabolic acidosis. In their study, initial blood
gas analysis showed metabolic alkalosis more frequently
than metabolic acidosis; this finding results from profound vomiting during early bowel ischemia. D-dimer is
also purported as an important tool in diagnosing AMI.
However, D-dimer, an enzymatic degradation product
of fibrin that is released during intravascular coagulation
and fibrin deposition, may be present with AMI as well
as several other conditions[14]. A recent trial demonstrated
that serum D-dimer detection does not differentiate patients with AMI from those with non-acute mesenteric
ischemia, and that there is no difference in serum D-dimer
levels between resectable and unresectable bowel necrosis
lesions[15]. L-lactate is associated with late-stage mesenteric ischemia with extensive transmural intestinal infarction, body tissue hypoperfusion, anaerobic metabolism
and death[16]. Some studies report absence of systemic
plasma L-lactate elevation in cases of extensive intestinal
ischemia. This absence of L-lactate is probably explained
by the liver’s capacity to clear large quantities of L-lactate
from the porto-mesenteric circulation[17]. A recent study
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Positive
Sensitivity Specificity likelihood-ratio
(95%CI)

Imaging techniques
The American Gastroenterological Associated guideline
(2000) states that mesenteric angiography is the gold standard for the diagnosis of mesenteric ischemia[7]. When
the clinician is aware of possible AMI, angiography is
accurate and increases survival[20]. However, catheter angiography is invasive and time consuming. Furthermore, the
unavailability of this diagnostic modality at most hospitals
leads to a critical delay. At the time of the 2000 guideline,
computed tomography (CT)-angiography (CTA) seemed
promising, but there was limited experience with this modality then. Over the last decade, however, there has been
a major shift toward CTA because it is less invasive, less
time- and resource-consuming, and more readily available.
Today, CTA has replaced angiography as the gold standard
in diagnosing mesenteric ischemia with a sensitivity and
specificity of 0.96 and 0.94, respectively[21,22]. These sensitivity and specificity results were obtained in a dedicated
study with structural CT evaluation for all AMI characteristics. Generalizability of these outstanding diagnostic values is questionable because it is unlikely whether all AMI
characteristics are evaluated by specialized radiologists at
all practice locations.
Wiesner et al[23] described a group of 291 patients
who presented with acute abdomen and underwent
multidetector-row computed tomographic scans. All
original computed tomographic diagnoses were made
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during several radiologists’ daily routines. The sensitivity
and specificity of multidetector-row CTA for the diagnosis of AMI were 0.79 and 0.98, respectively. These
statistical measures may better reflect daily practice. In
these cases, no focused structural radiological search
for characteristics of intestinal ischemia was performed.
There were different examination protocols because of
variation in suspected diagnosis. Arterial phase scanning
was not performed regularly if there was no specific
clinical indication. Based on the current evidence, CTA
is acceptable and accurate in diagnosing AMI; however,
early identification of patients remains a challenge. Early
identification could alert the radiologist to perform structural evaluations of CT scans specific for AMI, so as to
increase the sensitivity of CTA[21].

renally cleared upon enterocyte membrane integrity loss.
These characteristics, combined with localization at the
initial site of destruction in mesenteric ischemia, make
I-FABP a useful urinary and plasma marker for enterocyte damage[26]. Urinary and plasma I-FABP levels are
significantly elevated in patients with intestinal ischemia
compared to healthy controls[27]. Furthermore, I-FABP
levels were increased in patients with small intestinal necrosis, but not patients without intestinal ischemia in a
patient population with suspected ischemia due to small
bowel obstruction[28]. I-FABP has been reported as a specific and sensitive marker for postoperative intestinal necrosis[25]. A recent clinical trial demonstrated a high sensitivity and specificity of 0.90 and 0.89, respectively, for
urinary I-FABP[18]. The rapid clearance of plasma FABPs
(calculated half-life time of eleven minutes[29]) into urine
plus urinary FABP accumulation following intestinal
damage make urinary FABP more diagnostically useful
compared to plasma FABP[26]. These findings suggest
that further research is needed to confirm the diagnostic
value of I-FABP in cases of mesenteric ischemia.
Other potential early markers of AMI are alphaGSTs, a family of cytosolic enzymes involved in detoxification and released from a variety of cells following cell
membrane damage[30]. GST is involved in detoxification
of a range of toxic compounds within the cell by conjugation to glutathione. Alpha-GST is known to be highly
active both in the liver and the small intestine mucosa[16].
Alpha-GST has pooled sensitivity and specificity for
diagnosing AMI of 0.68 and 0.85, respectively. A limitation of alpha-GST is that hypotensive patients with multiple organ failure and hepatic ischemia may also have
elevated alpha-GST levels with concomitant ASAT and
ALAT abnormalities.
A third suggested marker for AMI is D-lactate, which
originates from bacteria such as Escherichia coli in the intestinal lumen[17]. It was hypothesized that D-lactate levels increase during mesenteric ischemia due to bacterial
translocation and overgrowth following mucosal injury.
However, a recent review showed a pooled sensitivity and
specificity for D-lactate of only 0.82 and 0.48, respectively. Therefore, D-lactate cannot be used as a marker for
AMI, given the superiority of alternatives such as I-FABP
and alpha-GST.

NEW DIAGNOSTIC STRATEGIES
New diagnostic strategies aim for early identification (e.g.,
biochemical markers) or seek to optimize accurate diagnosis using existing modalities such as contrast-enhanced
magnetic resonance angiography (CE-MRA). CE-MRA
of the splanchnic vessels is an evolving technology which
is theoretically appealing because it is non-invasive and
avoids the nephrotoxicity and allergic risks associated
with iodinated contrast agents[22]. Dynamic CE-MRA
yielded a sensitivity and specificity of 0.95 and 1.00, respectively, in a clinical trial designed to diagnose severe
stenosis or occlusion of the origins of the celiac axes and
superior mesenteric artery[24]. However, this modality is
limited to identification of more distally located occlusions and does not have the same spatial resolution and
acquisition time as CTA[14]. If better spatial resolution becomes available in the future, CE-MRA has the potential
to become the diagnostic modality of choice.
Non-contrast-enhanced 7 tesla magnetic resonance
imaging (7T-MRI) is a recently developed diagnostic
modality. A study using an in vivo rat model for mesenteric ischemia demonstrated that 7T-MRI allows for the
identification of pathological findings of ischemic colitis
and histopathological correlation[25]. Further research is
needed to substantiate these promising results in human
clinical situations.
Biochemical markers for early detection
In AMI, ischemia starts at the mucosa and extends toward the serosa[16]. An ideal biomarker for mesenteric
ischemia should originate at the mucosa to detect ischemia at the earliest stage. According to a recent review
by Evennett et al[19], intestinal fatty acid binding protein
(I-FABP), alpha-glutathione S transferase (GST) and
D-lactate are the most promising plasma markers for
mesenteric ischemia. Fatty acid binding proteins comprise
a class of low molecular weight (14-15 kDa) cytosolic
proteins. I-FABP is a small cytosolic protein found in tissues involved in uptake and consumption of fatty acids.
It is highly expressed in cells on the luminal side of small
intestinal villi. I-FABP is released into the circulation and
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CONCLUSION
AMI is a rare condition with a non-specific clinical
presentation which makes early diagnosis challenging.
Despite technical advances in imaging leading to more
accurate diagnosis, AMI is often diagnosed late or even
missed due to low clinical suspicion; therefore, a high
mortality rate results.
A readily available, simple, highly sensitive and specific marker to identify patients with AMI early would be of
great importance in selecting candidates for CTA. Future
research must confirm the clinical utility of promising
biochemical markers such as I-FABP and GST.
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provide the clinician with image data of high temporal
and spatial resolution. Moreover, Doppler and contrastenhanced ultrasound (CEUS) add important information
about blood flow. This article provides a general review
of the current literature regarding imaging modalities
used for the evaluation of bowel diseases, highlighting
the role of US and recent developments in CEUS.
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Abstract
Examinations with a visualisation of the anatomy and
pathology of the gastrointestinal (GI) tract are often
necessary for the diagnosis of GI diseases. Traditional
radiology played a crucial role for many years. Endoscopy, despite some limitations, remains the main technique in the differential diagnosis and treatment of GI
diseases. In the last decades, the introduction of, and
advances in, non-invasive cross-sectional imaging modalities, including ultrasound (US), computed tomography (CT), positron-emission tomography (PET), and
magnetic resonance imaging, as well as improvements
in the resolution of imaging data, the acquisition of 3D
images, and the introduction of contrast-enhancement,
have modified the approach to the examination of the
GI tract. Moreover, additional co-registration techniques,
such as PET-CT and PET-MRI, allow multimodal data
acquisition with better sensitivity and specificity in the
study of tissue pathology. US has had a growing role in
the development and application of the techniques for
diagnosis and management of GI diseases because it
is inexpensive, non-invasive, and more comfortable for
the patient, and it has sufficient diagnostic accuracy to
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INTRODUCTION
Endoscopy remains the main technique for the diagnosis
of gastrointestinal (GI) tract diseases because it allows a
direct visualisation of the mucosa and the possibility of
taking samples for histological analysis. Moreover, in recent years, improvements in endoscopic techniques have
also made it possible to use endoscopy for interventions
in some diseases of the GI tract. However, endoscopy
has some limitations due to its invasiveness and the difficulty of examining the small bowel, and it does not allow
the visualisation of extra-intestinal structures that may be
involved.
For many years, traditional radiological techniques
played a crucial role in the diagnosis of small bowel
diseases. In the last decades, the introduction of, and improvements in, non-invasive cross-sectional imaging tech-

1696

January 28, 2014|First Edition|

Roccarina D et al . Intestinal imaging

niques including ultrasound (US), computed tomography
(CT), positron-emission tomography (PET) and magnetic
resonance imaging (MRI), have changed the diagnostic
approach to the GI tract[1]. The high resolution of imaging data, ability to acquire 3D images, enhancement of
tissues and additional co-registration techniques (PET-CT,
PET-MRI) have improved the diagnostic classification of
tissue pathology and performance in terms of sensitivity, specificity and accuracy, depending on the specific
method and equipment used, the section of the GI tract
investigated, the patient’s constitution and preparation,
and the type of pathology being studied[2].
In the last two decades, among the cross-sectional
imaging techniques, US has had a growing role in the development and application of techniques for the diagnosis of GI diseases because it is cheap, non-invasive, and
more comfortable for the patient, and it has sufficient
diagnostic accuracy to provide the clinician with high
temporal and spatial resolution image data. Moreover,
Doppler and contrast-enhanced ultrasound (CEUS) contribute important information about blood flow.
This article provides a general review of the current
literature regarding imaging modalities used for the evaluation of bowel diseases, highlighting the role of US and
recent developments in CEUS.

ally performed in the immediate post-operative period to
assess anastomotic integrity, due to the potential for free
intra-abdominal barium to induce peritonitis[6].
However, fluoroscopic imaging has several disadvantages: first, it only allows indirect detection of alterations
of the small bowel, with no information on deeper wall
layers and extramural disease extension; and second, its
sensitivity for detecting marginal changes is low compared to direct inspection of the mucosa.

CROSS-SECTIONAL IMAGING
Computed tomography
The development of multi-detector computed tomography (MD-CT) scanners with rapid acquisition of thin
slices and multi-planar reconstructions allows a detailed
investigation of intestinal loops[7]. In particular, noncontrast-enhanced CT scanning is replacing plain-film
radiography in the evaluation of acute abdominal disease
such as intestinal perforation or obstruction[8]. Intravenous contrast enhancement together with distension
of the intestinal lumen by water or positive contrast
agents is very useful in the detection of inflammatory
and neoplastic intestinal pathologies (fistula, abscess, and
phlegmon) as well as in the evaluation of extra-intestinal
involvement (mesenteric lymph nodes)[9].
MD-CT colonography, also known as virtual endoscopy, is a new technique to study the large intestine that
is able to detect colonic polyps greater than 6 mm with a
similar accuracy to conventional colonography[10-12]. Similar to CT, it is also important in the detection of extracolonic pathology[13,14].
For these reasons, this technique may replace traditional double-contrast examinations as a non-invasive
screening test or in acute colonic inflammatory processes
when other approaches are contraindicated due to the
high perforation risk[2].

CONVENTIONAL RADIOLOGICAL
EXAMINATIONS
Plain-film radiography remains the first-line of investigation in the acute setting. Non-contrast radiography is
useful in the initial assessment of various GI diseases,
including bowel perforation, obstruction, volvulus, and
toxic megacolon[3].
When detailed luminal evaluation is required, fluoroscopic barium or water-soluble single- and doublecontrast studies are the modalities of choice. These techniques are able to visualise transit time, peristalsis, luminal
emptying and pathological changes such as stenosis, dilatation, luminal filling defects and external compression.
Moreover, double-contrast examinations allow detailed
visualisation of the mucosa and the detection of inflammatory and neoplastic changes in the intestine[4].
Barium swallow studies remain the main investigational tool for dysphagia, allowing direct evaluation
and inspection of the oesophageal mucosa and gastrooesophageal junction, an objective measurement of oesophageal contractibility, assessment of reflux and identification of the presence of strictures, pouches, and hiatal
hernia[5]. With respect to the small intestine, fluoroscopic
imaging techniques such as small bowel barium followthrough and conventional enteroclysis are able to detect
subtle mucosal abnormalities such as fistulous tracts, adhesions and, more rarely, intraluminal lesions. Functional
information about transit time and peristalsis can also be
ascertained.
Water-soluble, single-contrast oral studies are gener-
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MRI
MRI is generally considered the gold standard examination for TNM staging of rectal cancers because it allows
an exact visualisation of the rectal wall and perirectal fat
infiltration[15].
Moreover, MRI is the preferred technique in inflammatory bowel diseases (IBD) because it is able to examine
the entire small intestine without radiation hazards[9,16].
It can detect luminal (stenosis and fissures), mural (wall
thickening and wall enhancement after gadolinium administration) and exoenteric (mesenteric inflammation,
fibrofatty proliferation, lymph adenopathy, hypervascularity, abscesses and fistulas) pathologies[16-20]. In particular,
MRI is more sensitive than other techniques in the evaluation of anorectal fistulas[20].
Finally, the administration of intravenous contrast
agent and the consequent detection of hypervascular
areas are useful in distinguishing between active and inactive disease[17,21,22].
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portantly, on its contents and degree of distension. The
bowel may be collapsed, containing only a small amount
of mucus (mucus pattern), or it may contain fluid or gas
(respectively, fluid and gas patterns). The mucus pattern
appears as a target with a highly reflective core of mucus.
The fluid pattern gives a tubular appearance on a longitudinal section and a rounded pattern on a cross-section. In
the gas pattern, only the proximal side of the bowel wall
is visible due to beam attenuation by gas (Figure 1).
The jejunum has valvulae conniventes, which produce
a ladder pattern, and the ileum has a smooth, featureless
wall. The site of the studied bowel must also be inferred
from the location of the bowel loop.
The large bowel wall thickness is < 4 mm; it has similar characteristics to the small bowel, but it can be distinguished by its location in paracolic regions and by the
presence of haustra.
Similar to the other cross-sectional imaging techniques, US is able to evaluate intestinal findings, such
as the bowel wall (in particular, its thickness, layers and
perfusion), peristalsis, compressibility, rigidity and extraintestinal structures, such as perienteric fatty tissues, mesenteric lymph nodes and adjacent organs[25-29].

A

B

C

US and bowel diseases
The most frequent pathological aspects found by sonography in intestinal diseases are wall thickening, mucosal
abnormalities, the absence of peristalsis, mesenteric
thickening, lymph node enlargement, vascular alterations,
and extra-intestinal complications[30].
Morphological changes of the bowel wall
Bowel-wall thickening can be found in inflammatory, infectious, ischemic (but only in later stages) and neoplastic
diseases. Usually, in inflammation and infections, the wall
thickening is regular with preserved stratification, whereas
in tumours, the thickness is irregular with loss of normal
stratification[31] (Figure 2).

Figure 1 Sonographic appearance of normal bowel. A: Mucus pattern:
collapsed bowel containing only a highly reflective core of mucus with target
appearance on a transverse section; B: Gas pattern: only the proximal side of
the bowel wall is visible due to beam attenuation by gas; C: Fluid pattern: the
bowel is filled with fluid and faeces with a tubular appearance on a longitudinal
section.

IBD: Crohn’s disease and ulcerative colitis: The classic sonographic feature of Crohn’s disease (CD) is the
“target” sign on transverse images, which means a strong
echogenic centre surrounded by a relatively sonolucent
rim of more than 5 mm. In a longitudinal section, the sonographic feature is the “sandwich” sign. In CD, transmural inflammation or fibrosis can lead to complete circumferential loss of the typical gut wall layers, which results in
a thick hypoechoic rim more than 5 mm. Strictures appear
as marked thickenings of the gut wall with a fixed hyperechoic narrowed lumen, dilatation and hyperperistalsis of
the proximal gut[32] (Figure 3).
In expert hands, the distribution of frank lesions of
inflammatory bowel disease can be determined with a
sensitivity of 73%-87%[33]. In ulcerative colitis, the sensitivity reaches 89%, and the specificity reaches 100%[34].
Differentiation between CD and ulcerative colitis
based on sonographic findings is based on the location of the disease, the presence of skip lesions and the

US
Among the cross-sectional imaging techniques, US is less
invasive, more comfortable for the patient and has a significant diagnostic accuracy[23].
The normal bowel wall appears as a multi-layered
area with hyperechoic bowel contents at the centre. Five
distinct layers can be observed on sonography: an inner hyperechoic layer, the interface between the mucosa
and the bowel contents; a second hyperechoic layer, the
deep mucosa; a third hyperechoic layer, the submucosa;
a fourth hypoechoic layer, the muscle proper; and a last
outer hyperechoic layer, the serosa and the serosal fat[24].
The average wall thickness of the normal gut is 2-4
mm and the US appearance depends not only on the
structure of the individual segment but also, more im-
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A

A

B

B

Figure 2 Wall thickening. A: Inflammatory thickening: regular, with preserved
wall stratification; B: Neoplastic thickening: irregular with “pseudokidney appearance”.

Figure 3 Stenosis in patients with Crohn’s disease. A: B-mode aspect: narrow lumen with dilatation of the upstream segments; B: The presence of vascular signals on power Doppler indicates the inflammatory nature of stenosis.

presence of pericolic abscesses. Bowel-wall thickening
is usually less marked in ulcerative colitis with preserved
stratification. However, definitive differential diagnosis is
difficult on transabdominal sonography[35-37].

The diagnosis can be established with confidence if
the appendix is non-compressible, shows no peristalsis,
and measures more than 6 mm in diameter on axial images, and if compression leads to a localised pain response[43].
A statistically significant association has been found
between perforation and two sonographic findings: loculated pericaecal fluid and loss of the echogenic submucosa[44].

Acute terminal ileitis: Acute terminal ileitis is frequently
caused by Yersinia species but also by Campylobacter and
Salmonella. Tuberculous enteritis and Behcet’s disease
may also affect the ileo-caecal region.
The reported sonographic features include hypoechogenic mural thickening of the terminal ileum and caecum
between 6 and 10 mm, with hypoechoic swollen ileal
folds in the edematous mucosa, and these findings should
be related to clinical and laboratory data[38,39].

Small bowel tumours: The gut is the most common
extranodal site of lymphoma after the stomach[45]. Eighty
percent of gastrointestinal lymphomas have B-cell origins. In patients with underlying coeliac disease, however,
a T-lymphocyte origin predominates. In most patients,
the US appearance is characterised by transmural hypoechoic wall thickening up to 4 cm in diameter with loss
of normal stratification and a central hypoechoic region.
This pattern is known as the “pseudokidney” sign[46,47].
Isolated mucosal involvement is rare and leads to hyperechoic thickening of the mucosa. Sonographic patterns
favouring the diagnosis of a non-Hodgkin’s lymphoma
over adenocarcinoma are transmural, circumferential, hypoechoic wall thickening with preserved peristalsis, lack
of intestinal obstruction, involvement of a long stretch
of the gut and the presence of multiple prominent lymph
nodes[48].
Carcinoid is the most frequent small bowel tumour
and occurs in 80% of cases in the distal ileum. Usually,

Appendicitis: The typical finding of acute appendicitis
on a transverse cross-section is the target sign with a
hyperechoic centre, an inner hyperechoic ring and an external, thicker hypoechoic ring. In sagittal images, the inflamed appendix is seen as a blind-end, non-compressible
tubular structure. Focal or circumferential loss of the inner layer of echoes usually indicates gangrenous inflammation and ulceration of the submucosa. Several studies
achieved sensitivities of 80%-93% and specificities of
94%-100% in the sonographic workup of acute appendicitis[40,41].
Graded compression sonography has gained widespread acceptance as a useful technique for the examination of patients with atypical signs of appendicitis[42].
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shape, lobulated contours and a cluster of high-amplitude
echoes (the intramural gas) located eccentrically. The
second appearance is a segmental and irregular thickening that could be eccentric or circumferential but is less
evident than the first type. The central echo clusters are
small because the diseased lumen is usually narrow. This
type frequently leads to colonic obstruction. Rectal carcinoma is observed only when the bladder is well-filled[57-60].
Shirahama et al[61] described four sonographic findings
associated with colonic carcinoma in 90% of patients:
localised colonic wall thickening with heterogeneous
low echogenicity, irregular contour, lack of movement
on real-time scanning, and the absence of the layered
appearance of the colonic wall. However, negative findings during sonographic examination do not rule out the
diagnosis of colonic carcinoma because small masses and
overlying bowel gas can lead to false-negative results. Because of these limitations, abdominal sonography cannot
be an effective screening technique in colon cancer[57,62].

A

B

Intussusception: Intussusception has a characteristic
appearance, and it is usually not mistaken for other bowel
abnormalities. Transverse sections reveal a swirled pattern
of alternating hyperechogenicity and hypoechogenicity,
representing alternating layers of mucosa, muscularis,
and serosa: the “doughnut” or “bull’s eye” sign[63,64]. On
longitudinal sections, alternating loops of bowel and a
loop-within-loop have a sandwich-like appearance (pseudokidney sign). The outer hypoechoic ring is formed by
the intussuscipiens and the everted returning limb of
the intussusceptum with their mucosal surfaces face-toface. The centre of the intussusception varies with the
scan level. At the apex, the centre is hypoechoic because
of the entering limb of the intussusceptum. At the base,
the entering bowel wall forms a hypoechoic centre that is
surrounded by the hyperechoic mesentery[65,66].

Figure 4 Diverticular disease. A: Reflective outpouchings adjacent to the
colonic wall; B: Acoustic shadowing outside the lumen indicating the presence
of a coprolith.

small bowel carcinoids appear as hypoechoic, homogenous, predominantly intraluminal masses with smooth
intraluminal contours. The tumour is attached to the wall
with a broad base, leading to interruption of the submucosa and thickening of the muscularis propria[49].
Pseudomembranous colitis: The sonographic findings
of pseudomembranous colitis (PC) have been described
in a number of reports. Striking thickening of the colonic wall with a wide inner circle of heterogeneous medium echogenicity surrounded by a narrow hypoechoic
muscularis propria is found in all patients, reflecting the
submucosal oedema. The lumen of the colon is almost
completely effaced by the mural oedema, and 64%-77%
of patients have ascites[50,51].

Perfusion of the bowel wall: The role of colour-power
Doppler and CEUS
Colour and power Doppler techniques may provide additional information about the macrovascularisation of the
bowel wall. In particular, colour and power-Doppler may
be helpful in differentiating among ischaemia, inflammation and cancer neovascularisation. The differential
diagnosis is possible because ischaemia is characterised
by few or no signals, inflammation is characterized by
several signals with low resistivity index (RI) (< 60) and
symmetric thickening, and cancer neovascularization is
characterised by several signals with a high RI (> 60) and
asymmetric thickening[67].
CEUS has recently gained increasing attention because it clearly improves the visualisation of perfusion in
various tissues. The development of second-generation,
contrast-enhancing agents used in low-mechanical-index
harmonic US has enabled real-time assessment of the
microvascular circulation and quantification of bowel
vascularity[68-70].
US contrast agents consist of micro-bubbles (1-7

Diverticulitis: The sensitivity of US in the diagnosis of
acute colonic diverticulitis ranges from 84% to 100% in
different studies and is similar to the sensitivity of CT.
US features of diverticulitis are the presence of colonic
outpouchings associated with bowel-wall thickening and
severe local pain induced by graded compression.
Diverticula are round or oval echogenic foci observed
in or next to the gut wall, mostly with internal acoustic
shadowing[52-56] (Figure 4).
Colonic carcinoma: There are two possible sonographic
appearances of colonic carcinoma. The first is a localised
hypoechoic mass up to 10 cm or more with an irregular
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micrometres), often made of a phospholipid shell with a
gaseous content that are given intravenously and excreted
through the lungs. Obviously, the individual capillaries
cannot be discerned, but the micro-bubble content gives
rise to a signal “wash” with an intensity that is proportional to the micro-bubble concentration and thus to the
blood volume in the portion of the tissue[71]. This technique has led to important new applications for US. The
essential tool is the transit or wash-in, wash-out curve,
often referred to as a time-intensity curve (TIC), in which
the time course of the transit of micro-bubbles is measured, hence the term “dynamic contrast-enhanced US”
(DCE-US). Two categories of information are available
from these TICs: results, that depend on timing events
such as the arrival time and the time to peak enhancement, and results that depend on the amount of enhancement detected such as the peak enhancement and
the area under the TIC.
Such micro-bubble studies have been used to assess
inflammatory diseases, giving important information
about the severity of the inflammation and its response
to therapy[72-83].

unlike the two previously discussed studies, the authors
evaluated the mural microvascularity with a quantitative
method, analysing software-plotted time-enhancement
intensity curves to determine the maximum peak intensity (MPI) and wash-in slop coefficient (β). The MPI and
β coefficient were significantly increased in patients with
CICDA, CDAI and SES-CD scores indicative of active
disease[91].
The introduction of new drugs such as immunomodulators or biological therapies such as monoclonal antiTNF alpha antibodies in the treatment of CD has led to
a need for non-invasive methods to assess the efficacy of
pharmacologic treatment. A recent study demonstrated
that CEUS could be suitable for evaluating changes in
bowel wall vascularisation during anti-inflammatory therapy[92]. In this study, all of the kinetic parameters (slope,
time to peak, and area under the curve) developed from
TICs showed significant changes after treatment and
were correlated with the CDAI score.
Acute appendicitis, acute terminal ileitis, diverticulitis, colitis: In these inflammatory pathologies, especially
in the early stages, it is possible to find increased vascularisation with both colour-Doppler and CEUS techniques.
The presence of visible hyperaemia or increased flow in
the hypoechoic muscular layer of the bowel wall may be
a marker of appendicitis, whereas increased flow in the
mucosal layer most likely represents enteritis. Increased
flow in the fat surrounding the appendix is indicative of
transmural extension of the inflammation with mesenteric response. The absence of blood flow indicates gangrenous change or paracolic abscess formation[93].

IBD: CD and ulcerative colitis: IBD is associated with
hypervascularity of the bowel wall during active disease.
In patients with CD, CEUS is useful for assessing the
pattern of neovascularisation within the intestinal layers,
allowing better discrimination between active and inactive disease, between inflammatory and fibrotic strictures,
and between inflammatory pseudo-tumours and abscesses[84-89].
In particular, Serra et al[84] prospectively evaluated the
vascularisation of the thickened terminal ileum in CD
patients using CEUS and compared the clinical activity
as measured by the CD activity index (CDAI) with the
CEUS findings. They used two parameters to assess the
vascularisation of the bowel wall: a semi-quantitative
method, the pattern of enhancement; and a quantitative
method, the E/W ratio, which is the ratio between the
major thickness of the enhanced layer (E) and the thickness of the entire wall section (W). The results showed
a significant correlation between CDAI and the pattern
of enhancement. In particular, the frequency of active
patients (CDAI > 150) was significantly related to the
enhancement of the entire wall section and the submucosal enhancement. A positive correlation was observed
between the E/W ratio and the CDAI values[84].
Migaleddu et al[90] demonstrated that DCE-US might
help in characterising bowel-wall thickening by differentiating fibrosis, oedema and inflammatory neovascularisation and may help to grade disease activity by assessing
the presence, initial site, direction and distribution of
enhancement.
De Franco et al[91] assessed microvascular activation in
the thickened terminal ileal wall in patients with CD using CE-US and evaluated its correlation with a composite
index of CD activity (CICDA), the CDAI and the simplified endoscopic score for CD (SES-CD). In this study,
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Ischaemic disease: In chronic ischaemia of the small
bowel, stenotic or occlusive lesions in the coeliac and/or
mesenteric arteries are found, and patients typically have
postprandial epigastric pain and weight loss. In acute
ischaemia, during the first hour, little or no signal from
colour-Doppler or echo-enhancing contrast US can be
observed. If the ischaemia has lasted a few hours, dilated
bowel loops and a thickened bowel wall can be observed,
but these signs are non-specific, and the examination is
often made difficult by increasing amounts of intraluminal air.
However, Doppler scanning is not the method of
choice for diagnosing acute ischaemia of the small bowel
because it does not permit the evaluation of the compensatory collateral circulation and distal embolisation. Thus,
angiography must be performed for a definite diagnosis[94,95].
Neoplastic disease: Colour-Doppler and CEUS are not
the techniques of choice for the diagnosis of tumours or
to differentiate between benign and malignant neoplasia,
but, because the tumours are often highly vascularised,
these techniques may be helpful to differentiate between
tumours and other benign lesions such as abscesses, cysts,
and haematomas.
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A finding of arterial enhancement with rapid washout on CEUS or arterial signs with an RI > 60 on Doppler are highly indicative of a malignant lesion. DCE
US with time-intensity curves has recently been used to
evaluate tumour responses to anti-vascular therapy[83].

excellent sensitivity and specificity, CT remains the technique of choice for further evaluation of acute colonic
diverticulitis, particularly for the assessment of complications such as abscess formation, fistulas, and perforations[52,56,99,100].

Extra-intestinal structures: perienteric fatty tissue,
mesenteric lymph nodes and adjacent organs
Several intestinal pathologies may involve other structures
around the diseased segment such as perienteric fatty
tissue, mesenteric lymph nodes, and adjacent or distant
organs. The discovery of these findings by US may be
helpful for the correct diagnosis.

Neoplastic disease: Malignant neoplasia, especially at
advanced stages, can extend beyond the intestinal wall to
involve perienteric tissues such as in peritoneal carcinomatosis.
The presence of regional malignant lymph adenopathy is highly suggestive of malignant disease. Malignant
lymph nodes are larger than 1 centimetre and can measure up to several centimetres. They are round but may
colliquate to form large irregular masses with necrotic
areas and internal calcifications[51].

IBD: Peri-intestinal inflammation leads to the “creeping fat” sign, which appears as a uniform hyperechoic
mass typically observed around the ileum and caecum.
Mesenteric lymph adenopathy appears as multiple oval
hypoechoic masses, usually in the right lower quadrant.
Some of the possible complications of CD are fistula,
abscess formation, mechanical bowel obstruction and
perforation. Abscesses appear as poorly defined, mostly
hypoechoic focal masses that can contain hyperechoic
gas. Fistulas are a hallmark of CD and appear in up to
one third of patients with advanced disease as hypoechoic tracts with gas inclusion connecting bowel loops or
adjacent structures (bladder, abdominal wall, vagina, or
the psoas muscle). Detection of gas bubbles in abnormal
locations raises the possibility of fistulous communication[96,97].

CONCLUSION
In the last decade many cross-sectional imaging techniques have evolved as superior alternatives to fluoroscopic imaging in the examination of the small and
large bowels. In particular, transabdominal US may be
regarded as the first imaging procedure in the diagnostic
work-up and follow-up of bowel diseases. US has gained
acceptance, especially in IBD, because it can provide
important information including the extent and activity
of the disease and the presence of complications. New
sonographic techniques combined with the application
of intravenous contrast agents increase the accuracy of
Doppler US in evaluating bowel wall vascularisation in a
real-time manner. The quantitative assessment of bowel
wall vascularity by CEUS could provide a useful and
simple method to assess the effectiveness of medical
treatment.

Appendicitis: The surrounding mesentery is often inflamed, which can appear as a hypoechoic diffuse halo
sign around the appendix.
The presence of a generalised adynamic ileus associated with the presence of free fluid should raise suspicion
of perforating appendicitis, even if the appendix has not
been found to be enlarged.
Abscess formation is the major complication of a
perforating appendicitis. Abscesses may extend into the
pelvis or into the peritoneal spaces of the upper abdomen. They may appear as a complex inflammatory mass
or localised complex fluid collection. This appearance is
indistinguishable from perforated bowel neoplasm. Mesenteric lymph adenopathy may be visualised as multiple
oval hypoechoic masses, usually in the right lower quadrant[98].
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Colorectal anastomotic leakage: Aspects of prevention,
detection and treatment
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motic leakage. New anastomotic techniques and risk
scores should improve incidence numbers and early
detection, whereas future research could focus on preservation of the anastomosis in case of leakage.
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INTRODUCTION
Anastomotic leakage after colorectal resection (CAL) is a
dreaded complication and is reported to have a significant
mortality (6%-22%)[1]. Morbidity is dramatically increased
opposed to patients without CAL and leads to reoperations, radiological interventions and permanent stoma in
56%[2]. CAL is the leading cause of postoperative death
after colorectal surgery, increases the risk of a permanent
stoma significantly. Although available data on the effect
of CAL on long-term oncologic outcome is not univocal,
most papers on this topic report worse oncologic outcome
in terms of increased local recurrence and negative association with survival[3]. Despite great numbers of studies
investigating risk factors, surgical techniques and prevention of CAL, over the last three decades incidence has
not reduced. In a recent publication by the Dutch Surgical
Colorectal Audit incidence of CAL after restorative colon
and rectum resections in 9192 registered patients in The
Netherlands over 2010 was 8.7% (Table 1). Additionally,
with patients expected to become older and to have more
co morbidities, every patient but also every colorectal surgeon will increasingly be exposed to CAL and forthcoming
difficulties in diagnosis and treatment. Incidence should be
reduced and outcome must improve. Understanding current developments and its omissions will lead to design of
relevant future research.

Abstract
All colorectal surgeons are faced from time to time
with anastomotic leakage after colorectal surgery. This
complication has been studied extensively without
a significant reduction of incidence over the last 30
years. New techniques of prevention, by innovative
anastomotic techniques should improve results in the
future, but standardization and “teachability” should
be guaranteed. Risk scoring enables intra-operative
decision-making whether to restore continuity or deviate. Early detection can lead to reduction in delay of
diagnosis as long as a standard system is used. For
treatment options, no firm evidence is available, but
future studies could focus on repair and saving of the
anastomosis on the one hand or anastomotical breakdown and definitive colostomy on the other hand.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colorectal surgery; Complications; Postoperative care; Anastomotic leakage; Prevention
Core tip: This editorial covers the past achievements
and future challenges in the field of colorectal anasto-
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RISK FACTORS

Table 1 Number of colon and rectum resections in The Netherlands in 2011 and percentage anastomotic leakage n (%)

Extensive literature is available on the topic of risk factors for anastomotic leakage. Among other factors are
male gender, smoking, obesity, alcohol abuse, preoperative steroid and non-steroidal anti-inflammatory drugs
use, longer duration of operation, preoperative transfusion, contamination of the operative field and timing
during duty hour[4-7]. Increasingly, aspects of case volume
for rectal surgery are discussed in respect to postoperative complications. Asteria et al[8] described case volume
per centre < 20 is correlated to CAL. In line with this
finding, Biondo et al [9] described in their study over
1046 emergency colorectal resection that CAL occurred
less frequent in patients who were treated by specialized colorectal surgeons. Recently, risk factor studies
have also been undertaken for laparoscopic colorectal
surgery, identifying body mass index, tumour distance
from the anal verge, tumour depth, and pelvic outlet as
independent predictors for increased operative time and
morbidity after laparoscopic total mesorectal excision[10].
Furthermore, American Society of Anesthesiologists Ⅲ
/Ⅳ patients and operative time longer itself are risk factors for CAL after laparoscopic colorectal surgery[11]. It is
debatable whether leakage rates might have been lower if
preoperative radio-chemotherapy is not applied as widely
as is done nowadays, since neo-adjuvant therapy is one of
the strongest risk factors amongst the above mentioned.
This great abundance of literature does not provide
colorectal surgeons with clear guidance in the decision
of when to renounce from restorative surgery. To provide an objective assessment of the risk of anastomotic
leakage, Dekker et al[12] developed and tested the Colon
Leakage Score (CLS). In this score multiple risk factors
were taken up and points were attributed to the patients
per risk factor. As a predictor, CLS had an excellent area
under the curve of the receiver-operating characteristics
curve (AUC 0.95, 95%CI: 0.89-1.00), and an odds ratio
of 1.74 (95%CI: 1.32-2.28). To our knowledge this tool is
unique in its ability to detect high-risk patients preoperatively and objectively assesses the necessity for diverting
ileostomy or non-restorative surgery.

Colon
≥ 75 yr

< 75 yr
Resections
Anastomotic leakage

10249 (59.0) 7246 (41.0) 5076 (72.0) 1933 (28.0)
666 (7.4) 449 (7.3)
310 (11.4)
55 (8.1)

Anastomosis
Endoluminal seal (C-seal)

Anus

Figure 1 C-seal. Endoluminal biodegradable anastomotic cover. Printing with
permission from Bakker et al[17].

exists for the equality regarding to CAL of stapling vs
hand sewn anastomosis, without evidence for one technique being superior to the other[14]. Following the above
mentioned statements, currently stapling techniques might
be of preference since the technique is uniform and easy
to learn, making it ideal for comparing results between
hospitals and surgeons and for teaching young surgeons.
There is a need for development of new techniques
since all previous research has not lead to radically decreased leakage rates. Many experimental techniques
have been investigated and some have shown at least
equal result in comparison to hand-sewn techniques. Not
many techniques tested in animal experiments have been
translated to the human setting. Reasons for this could be
that no standard models and robust translatable outcome
measures exist for colorectal experiments. In humans,
the so-called compression anastomosis is shown to have
similar leakage rates compared to hand-sewn anastomosis[14,15]. Extra-luminal sealing using fibrin glue or acrylates
have been reported mostly in animal studies, few reports
on their use in human colorectal anastomosis have not
shown beneficial effects on CAL[16]. Endo-luminal sealing
by means of a biodegradable barrier has shown to be successfully applied in humans and a multicentre randomised
clinical trial is currently being undertaken (Figure 1)[17].
Future studies should in our opinion focus on techniques that are easy to learn and have high reproducibility.
To enhance reproducibility, animal studies should use the
same animal models that are currently available or under
construction.

SURGICAL TECHNIQUE
A recent review from our group addresses all the important steps that surgeons need to take into mind when
creating a colorectal anastomosis [13]. Although some
prerequisites should be present as adequate blood flow,
without any tension in the absence of peritonitis, no
clear value can be given for these aspects. When the little
evidence that is available for the hand-sewn anastomosis
is evaluated, it can be concluded that an inverting single
layer continuous suture technique with slowly absorbable
monofilament material seems preferable. Strong evidence
lacks for other important aspects as distance from the suture to the edge of the anastomosis, distance between the
sutures, layers included in the suture, suture tension and
the optimal configuration. The highest level of evidence
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≥ 75 yr
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EARLY DETECTION
Anastomotic leakage typically becomes clinically appar-
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Leakage-score

≤ 3 points

No action

4-7 points

≥ 8 points

Clinically proven AL

Figure 2 The Dutch Leakage Score. According to the
points attributed to the patients on the basis of clinical
symptoms, treating doctors can follow this diagnostic
flowchart. Reprinted from den Dulk et al[19]. CT: Computed tomography; AL: Anastomotic leak.

Re-evaluation and laboratory
investigation within 12 h; CTscan with rectal contrast?

CT-scan with rectal contrast

Negative CT-scan (no AL): Other focus?
Relaparotomy?
If not, re-evaluation with laboratory
investigation after 12 h

Positive CT-scan (confirmed AL):
Initiate treatment. Relaparotomy?

ent between the 5th and the 8th postoperative day, but
many exceptions exist, with one study even reporting a
mean of the 12th postoperative day for the diagnosis of
CAL[18]. Clinical signs of systemic inflammatory response
syndrome, fever, ileus and pain are frequent but have
low positive predictive value for CAL, when observed
separately. In a study by den Dulk et al[19] these clinical
features were combined into a clinical scoring system
(Dutch Leakage Score), with which patients were scored
daily in a systematical and uniform way. Points are attributed to certain clinical symptoms (i.e., fever, heart rate),
nutritional status (signs of ileus, gastric retention, type
of intake) and laboratory findings [i.e., C-reactive protein
(CRP) level, leucocytes, kidney function]. After applying
the score system retrospectively on a historical cohort,
the score was used prospectively. It was shown that patients with a higher score were prone to CAL requiring
intensive clinical observation or radiological evaluation
(Figure 2). This scoring system reduced delay in diagnosis of anastomotic leak from 4 to 1.5 d, decreasing false
negative diagnostic imaging representing a major factor
of delay in diagnosis[20]. Although it is not known if the
application of the score leads to an increase of negative
imaging, the score could be especially beneficial in daily
clinical practise where young doctors and nursing staff
could identify high risk patients very easily and in a standardised manner. Furthermore, it could improve comparability of studies when applied more universally.
This interval between surgery and clinical onset suggests a preclinical phase in which non-clinical methods
could be used to predict CAL. Consequently, routine
postoperative measurement of serum level CRP is studied for infectious complications after colorectal surgery
in general and CAL in particular. In a meta-analysis by
Warschkow et al[21] including six studies, a cut-off of 135
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mg/L on postoperative day 4 resulted in a negative predictive value of 89% for infectious complications. CRP
and other biochemical parameters detect systemic reactions, while other techniques are recently applied to detect local, juxta-anastomotical changes in metabolism and
ischemia. Microdialysis of the peritoneal cavity is such
a technique using an indwelling two-lumen catheter that
detects changes in oxygenation locally at the site of anastomosis. Few studies have shown the ability to distinct
patients with CAL after rectum resection from patients
with an uncomplicated course, although these have insufficient samples to provide predictive values[22,23]. Future
studies should focus on preclinical detection of CAL,
since patients that are reoperated in an early phase could
be protected from septic sequellae of clinical CAL.

TREATMENT
When facing and treating patients with CAL, surgeons
have to take into account many different aspects, i.e., age,
health status and current clinical condition of the patient, extent of dehiscence, time between operation and
reoperation, indication of primary resection, presence
of diverting stoma and localisation of the anastomosis.
These variables lead to individualisation of treatment
strategies and incomparable outcome. However, few
studies, showing that surgeons believe that the anastomosis can be repaired rather than dismantled, have paved
the way for a trial in which next to mortality and morbidity, preservation of the anastomosis could be one of the
endpoints[24,25]. Difficulties in designing such a trial are
the aforementioned large variety of clinical course, the
unpredictability of CAL and the relatively low incidence
of CAL per centre.
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CONCLUSION

10

Colorectal anastomotic leakage is a serious complication
that has great clinical impact on patients, putting surgeons
in dilemmas of prevention, diagnosis and treatment.
Many aspects of colorectal anastomotic leakage like etiology remain unclear. Current practise however should
comprise intra-operative risk assessment and subsequent
adaptation of operative technique when necessary. Current optimal suture technique appears to be using slowly
absorbable monofilament sutures applied in a continuous,
inverting, single layer manner or stapling. Postoperatively,
early detection plays a key role and a leakage score system
and routine laboratory tests (CRP at postoperative day
3-4) contribute strongly to it. When reoperating, sparing
the anastomosis should be kept in mind as a valid treatment option, although more research is needed on which
clinical state allows this option.

11
12

13
14

15

REFERENCES
1

2

3

4

5

6
7

8

9

Rullier E, Laurent C, Garrelon JL, Michel P, Saric J, Parneix
M. Risk factors for anastomotic leakage after resection of
rectal cancer. Br J Surg 1998; 85: 355-358 [PMID: 9529492
DOI: 10.1046/j.1365-2168.1998.00615.x]
Lindgren R, Hallböök O, Rutegård J, Sjödahl R, Matthiessen
P. What is the risk for a permanent stoma after low anterior
resection of the rectum for cancer? A six-year follow-up of
a multicenter trial. Dis Colon Rectum 2011; 54: 41-47 [PMID:
21160312 DOI: 10.1007/DCR.0b013e3181fd2948]
Walker KG, Bell SW, Rickard MJ, Mehanna D, Dent OF,
Chapuis PH, Bokey EL. Anastomotic leakage is predictive
of diminished survival after potentially curative resection
for colorectal cancer. Ann Surg 2004; 240: 255-259 [PMID:
15273549 DOI: 10.1097/01.sla.0000133186.81222.08]
Lipska MA, Bissett IP, Parry BR, Merrie AE. Anastomotic
leakage after lower gastrointestinal anastomosis: men are at
a higher risk. ANZ J Surg 2006; 76: 579-585 [PMID: 16813622
DOI: 10.1111/j.1445-2197.2006.03780.x]
Konishi T, Watanabe T, Kishimoto J, Nagawa H. Risk factors for anastomotic leakage after surgery for colorectal cancer: results of prospective surveillance. J Am Coll Surg 2006;
202: 439-444 [PMID: 16500248 DOI: 10.1016/j.jamcollsurg.20
05.10.019]
Buckley JE. Credibility and drug education: a critique and
reformulation. Int J Addict 1989; 24: 489-497 [PMID: 2689358
DOI: 10.1007/s00384-009-06924]
Gorissen KJ, Benning D, Berghmans T, Snoeijs MG, Sosef
MN, Hulsewe KW, Luyer MD. Risk of anastomotic leakage
with non-steroidal anti-inflammatory drugs in colorectal
surgery. Br J Surg 2012; 99: 721-727 [PMID: 22318712 DOI:
10.1002/bjs.8691]
Asteria CR, Gagliardi G, Pucciarelli S, Romano G, Infantino
A, La Torre F, Tonelli F, Martin F, Pulica C, Ripetti V, Diana G, Amicucci G, Carlini M, Sommariva A, Vinciguerra
G, Poddie DB, Amato A, Bassi R, Galleano R, Veronese E,
Mancini S, Pescio G, Occelli GL, Bracchitta S, Castagnola
M, Pontillo T, Cimmino G, Prati U, Vincenti R. Anastomotic
leaks after anterior resection for mid and low rectal cancer:
survey of the Italian Society of Colorectal Surgery. Tech
Coloproctol 2008; 12: 103-110 [PMID: 18545882 DOI: 10.1007/
s10151-008-0407-9]
Biondo S, Kreisler E, Millan M, Fraccalvieri D, Golda T, Frago R, Miguel B. Impact of surgical specialization on emergency colorectal surgery outcomes. Arch Surg 2010; 145:

WCG|www.wjgnet.com

16

17

18

19

20

21

22

23

24

1709

79-86 [PMID: 20083758 DOI: 10.1001/archsurg.2009.208]
Akiyoshi T, Kuroyanagi H, Oya M, Konishi T, Fukuda M,
Fujimoto Y, Ueno M, Miyata S, Yamaguchi T. Factors affecting the difficulty of laparoscopic total mesorectal excision
with double stapling technique anastomosis for low rectal
cancer. Surgery 2009; 146: 483-489 [PMID: 19715805 DOI:
10.1016/j.surg.2009.03.030]
Canelas A, Bun M, Laporte M, Peczan C, Rotholtz N. Laparoscopic emergency surgery for ulcerative colitis. Colorectal
Dis 2010; 12: 35 [DOI: 10.1111/j.1463-1318.2010.02367.x]
Dekker JW, Liefers GJ, de Mol van Otterloo JC, Putter H,
Tollenaar RA. Predicting the risk of anastomotic leakage in
left-sided colorectal surgery using a colon leakage score. J
Surg Res 2011; 166: e27-e34 [PMID: 21195424 DOI: 10.1016/
j.jss.2010.11.004]
Slieker JC, Daams F, Mulder IM, Jeekel J, Lange JF. Systematic review of the technique of colorectal anastomosis.
JAMA Surg 2013; 148: 190-201 [PMID: 23426599]
Lustosa SA, Matos D, Atallah AN, Castro AA. Stapled
versus handsewn methods for colorectal anastomosis surgery. Cochrane Database Syst Rev 2001; (3): CD003144 [PMID:
11687041 DOI: 10.1002/14651858.CD003144]
Påhlman L, Ejerblad S, Graf W, Kader F, Kressner U, Lindmark G, Raab Y. Randomized trial of a biofragmentable
bowel anastomosis ring in high-risk colonic resection. Br
J Surg 1997; 84: 1291-1294 [PMID: 9313717 DOI: 10.1046/
j.1365-2168.1997.02771.x]
Huh JW, Kim HR, Kim YJ. Anastomotic leakage after laparoscopic resection of rectal cancer: the impact of fibrin glue.
Am J Surg 2010; 199: 435-441 [PMID: 19481197 DOI: 10.1016/
j.amjsurg.2009.01.018]
Bakker IS, Morks AN, Hoedemaker HO, Burgerhof JG, Leuvenink HG, Ploeg RJ, Havenga K. The C-seal trial: colorectal
anastomosis protected by a biodegradable drain fixed to the
anastomosis by a circular stapler, a multi-center randomized controlled trial. BMC Surg 2012; 12: 23 [PMID: 23153188
DOI: 10.1186/1471-2482-12-23]
Hyman N, Manchester TL, Osler T, Burns B, Cataldo PA.
Anastomotic leaks after intestinal anastomosis: it’s later than
you think. Ann Surg 2007; 245: 254-258 [PMID: 17245179
DOI: 10.1097/01.sla.0000225083.27182.85]
den Dulk M, Noter SL, Hendriks ER, Brouwers MA, van
der Vlies CH, Oostenbroek RJ, Menon AG, Steup WH, van
de Velde CJ. Improved diagnosis and treatment of anastomotic leakage after colorectal surgery. Eur J Surg Oncol 2009;
35: 420-426 [PMID: 18585889 DOI: 10.1016/j.ejso.2008.04.009]
Doeksen A, Tanis PJ, Vrouenraets BC, Lanschot van JJ,
Tets van WF. Factors determining delay in relaparotomy
for anastomotic leakage after colorectal resection. World
J Gastroenterol 2007; 13: 3721-3725 [PMID: 17659732 DOI:
10.1007/s00384-008-0487-z]
Warschkow R, Beutner U, Steffen T, Müller SA, Schmied
BM, Güller U, Tarantino I. Safe and early discharge after
colorectal surgery due to C-reactive protein: a diagnostic
meta-analysis of 1832 patients. Ann Surg 2012; 256: 245-250
[PMID: 22735714 DOI: 10.1097/SLA.0b013e31825b60f0]
Ellebaek Pedersen M, Qvist N, Bisgaard C, Kelly U, Bernhard A, Møller Pedersen S. Peritoneal microdialysis. Early
diagnosis of anastomotic leakage after low anterior resection for rectosigmoid cancer. Scand J Surg 2009; 98: 148-154
[PMID: 19919919]
Matthiessen P, Strand I, Jansson K, Törnquist C, Andersson
M, Rutegård J, Norgren L. Is early detection of anastomotic
leakage possible by intraperitoneal microdialysis and intraperitoneal cytokines after anterior resection of the rectum
for cancer? Dis Colon Rectum 2007; 50: 1918-1927 [PMID:
17763907]
Phitayakorn R, Delaney CP, Reynolds HL, Champagne BJ,
Heriot AG, Neary P, Senagore AJ. Standardized algorithms

January 28, 2014|First Edition|

Daams F et al . Colorectal anastomotic leakage
for management of anastomotic leaks and related abdominal and pelvic abscesses after colorectal surgery. World J
Surg 2008; 32: 1147-1156 [PMID: 18283511 DOI: 10.1007/
s00268-008-9468-1]

25

Daams F, Slieker JC, Tedja A, Karsten TM, Lange JF. Treatment of Colorectal Anastomotic Leakage: Results of a Questionnaire amongst Members of the Dutch Society of Gastrointestinal Surgery. Dig Surg 2013; 29: 516-521 [PMID: 23485790]
P- Reviewers Rege RV, Mayol J S- Editor Gou SX
L- Editor A E- Editor Li JY

WCG|www.wjgnet.com

1710

January 28, 2014|First Edition|

WC G

World Clinical
Gastroenterology

2014 First Edition
bpgoffice@wjgnet.com

ISBN 978-0-9914430-0-0
© 2014 Baishideng Publishing Group Inc. All rights reserved.

PROGRESS IN GASTROINTESTINAL DISEASES

Heme oxygenase-1 and gut ischemia/reperfusion injury: A
short review
Yu-Feng Liao, Wei Zhu, Dong-Pei Li, Xiao Zhu
I/R injury condition, and may offer new targets for the
management of this condition.

Yu-Feng Liao, Department of Laboratory Medicine, Ningbo No.
2 Hospital, Ningbo 315010, Zhejiang Province, China
Wei Zhu, Xiao Zhu, Molecular Pathology Platform, Key Laboratory of Molecular Diagnosis, Guangdong Medical College,
Dongguan 523808, Guangdong Province, China
Dong-Pei Li, Institute of Molecular Medicine and Genetics,
Georgia Health Sciences University, Augusta, GA 30912, United
States
Author contributions: Zhu X, Liao YF and Zhu W reviewed the
literature and prepared the manuscript; Zhu X drafted the figure;
Li DP reviewed the final version of the paper.
Supported by Natural Science Foundation of Ningbo City, No.
2012A610194; National Natural Science Foundation of China,
No. 81071697; Natural Science Foundation of Guangdong Province, No. S2011040003694
Correspondence to: Xiao Zhu, PhD, Molecular Pathology Platform, Key Laboratory of Molecular Diagnosis, Guangdong Medical College, No. 1 Xincheng Road, Dongguan 523808, Guangdong Province, China. bioxzhu@yahoo.com
Telephone: +86-769-22896373 Fax: +86-769-22896373
Received: January 2, 2013
Revised: March 15, 2013
Accepted: April 10, 2013
Published: January 28, 2014

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Heme oxygenase; Ischemia/reperfusion injury; Oxidative stress; Cytoprotection; Gut
Core tip: In this review, we focused on the heme oxygenase (HO)-1 system and its possible roles and mechanisms in gut ischemia/reperfusion (I/R) injury studied
to date. This review, for the first time, reviews in detail
the relationship between HO-1 and gut I/R injury.
Original sources: Liao YF, Zhu W, Li DP, Zhu X. Heme oxygenase-1 and gut ischemia/reperfusion injury: A short review.
World J Gastroenterol 2013; 19(23): 3555-3561 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v19/i23/3555.htm
DOI: http://dx.doi.org/10.3748/wjg.v19.i23.3555

INTRODUCTION

Abstract

Ischemia/reperfusion (I/R) injury of the gut occurs frequently in a variety of clinical settings, including abdominal aortic aneurysm surgery, mesenteric artery occlusion,
small bowel transplantation, cardiopulmonary bypass,
strangulated hernias, trauma, and shock [1]; the exact
mechanisms involved in the pathogenesis of which have
not been fully elucidated. Gut I/R injury is associated
with a substantial morbidity and mortality[2].
Heme oxygenase (HO) is the rate-limiting enzyme
in heme degradation, resulting in the formation of CO,
biliverdin, and free iron[3]. There are three distinct HO
isoforms (HO-1, HO-2, and HO-3) identified to date.
HO-1 is the inducible form of the enzyme, and is expressed in relatively low amounts in most tissues[3]. HO-2
is the constitutive isoform, expressed mainly in brain and
testis. HO-3 is identified only in rats, and its physiological

Ischemia/reperfusion (I/R) injury of the gut is a significant problem in a variety of clinical settings and is associated with a high morbidity and mortality. Although
the mechanisms involved in the pathogenesis of gut
I/R injury have not been fully elucidated, it is generally
believed that oxidative stress with subsequent inflammatory injury plays an important role. Heme oxygenase
(HO) is the rate-limiting enzyme in the catabolism of
heme, followed by production of CO, biliverdin, and
free iron. The HO system is believed to confer cytoprotection by inhibiting inflammation, oxidation, and
apoptosis, and maintaining microcirculation. HO-1, an
inducible form of HO, serves a vital metabolic function
as the rate-limiting step in the heme degradation pathway, and affords protection in models of intestinal I/R
injury. HO-1 system is an important player in intestinal
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role remains unclear[4].
HO-1, as an inducible form, also belongs to a member of the heat shock protein family and is highly inducible by a vast array of stimuli[3]. Many studies indicated
that the induction of HO-1 plays a significant protective
role against inflammatory processes and oxidative tissue
injury[5-7]. In this review, we focus on the current understanding of the cytoprotective effects observed with the
HO system during gut I/R injury. The implications for
possible therapeutic manipulation of HO in gut I/R injury are elucidated.

lular mechanisms as a stress-responsive protein[5,6]. The
normal expression and up-regulation of HO-1 suggest
that activation of HO-1 could act as a natural defensive
mechanism to alleviate inflammation and tissue injury
in the gastrointestinal tract[24,25]. HO has been shown
to have potent cytoprotective effects on intestinal I/R
injury as well[26]. For example, induction of HO-1 by
cobalt-protoporphyrin administration before intestinal
I/R resulted in a significant reduction of intestinal tissue
injury[27]. Another enhancer (pyrrolidine dithiocarbamate)
of HO production improves intestinal microvascular
perfusion and attenuates I/R injury of the intestine, possibly via HO production[28]. Similarly, administration with
a HO inducer (hemin) results in lessened mucosal injury
and improved intestinal transit following gut I/R[29]. Glutamine protects the intestine from warm ischemic injury,
which was considered to be associated with inducible
HO-1 expression through the interaction with cellular
antioxidative activity and the inhibition of cytokines[30].
Several studies demonstrated that intraischemic hypothermia, hypertonic saline resuscitation, and whole-body
hyperthermia decrease inflammation and protect against
intestinal injury in a model of gut I/R[31-33]. Administration of IL-2, an immunoregulatory cytokine, resulted in
clinical improvement of the study animals after intestinal
I/R[34]. These protective interventions were associated
with the induction of HO-1. Postischemic leukocyteendothelial cell adhesive interactions are prevented by
5-aminoimidazole-4-carboxamide 1-beta-D-ribofuranoside preconditioning 24 h prior to I/R in the small intestine by HO-dependent mechanisms[35]. Furthermore,
ischemic preconditioning of the intestine might prove to
be an effective strategy for the amelioration of I/R injury,
in which HO is involved[18,36,37]. Pretreatment with Radix
Paeoniae Rubra[38], or the anticancer drug doxorubicin[20],
can attenuate acute lung injury resulting from intestinal
I/R. These results demonstrate that HO-1 is implicated
in cytoprotection and may be an effective agent for the
treatment of gut I/R.

ISCHEMIA/REPERFUSION INJURY IN GUT
Interruption of blood supply results in ischemic injury
which rapidly damages metabolically active tissues. Paradoxically, reintroduction of blood flow obtained following ischemia initiates a cascade of events that can potentially worsen the original injury. This effect is known as
reperfusion injury[8]. The intestine is composed of labile
cells that are very susceptible to I/R injury[9]. Multiple
factors have been shown to be involved in the process
of intestinal I/R injury. The primary pathophysiological
events of this injury involve microcirculatory flow disturbances caused by the production of reactive oxygen
species (ROS). Tissue ischemia and oxidative stress activate families of protein kinases that converge on specific
transcriptional factors that regulate the expression of
inflammatory genes. The resulting gene products include
enzymes [e.g., inducible nitric oxide synthase (iNOS);
phospholipase A2, and cyclooxygenase-2 (COX-2)],
cytokines [e.g., tumor necrosis factor α (TNF-α); interleukin-1 (IL-1); interleukin-6 (IL-6)], prostaglandins (e.g.,
PGE-2), and adhesion molecules [e.g., intracellular adhesion molecule (ICAM-1); E-selectin][10-14]. These initiate
local inflammation, which is further amplified by the
recruitment of circulating leukocytes[12], which appear to
be key effector cells in causing tissue injury. Furthermore,
I/R injury induces widespread endothelial cell apoptosis
and the loss of endothelial cells in the vessels serving the
organ results in thrombosis[15,16] directly in the intestine[16].
This injury observed during I/R is believed to trigger a
systemic inflammatory response leading to multiple organ
failure[17,18], which frequently involves the lungs[19,20] and
liver[21]. Intestinal I/R injury is a complex, multifactorial
pathophysiological process, dependent upon an understanding of which the optimal therapeutic approach is
aimed at ameliorating I/R injury (Table 1). HO-1 system
might be one of the most promising approaches among
the potential therapeutic options.

MECHANISMS OF ACTION
There is increasing evidence that HO-1 plays an important protective role in gut I/R injury. There are four
factors that could be responsible for the protection of
HO-1 in intestinal I/R, including: (1) removal of free
heme; (2) CO; (3) biliverdin/bilirubin; and (4) Fe2+.

REMOVAL OF FREE HEME
Heme, an essential iron chelate, is a potentially damaging
species that not only provides a lipophilic form of iron,
but also can directly attack and impair a multiplicity of
intracellular targets[39]; production increases under conditions of oxidant stress, especially in I/R injury[39,40]. HO-1
is the key enzyme in heme degradation and plays a key
role in regulating the intracellular heme level. HO-1 activity leads to rapid removal of free heme. Thus, in order

ROLE OF HO-1 IN ISCHEMIA/
REPERFUSION INJURY IN GUT
HO-1 is expressed constitutively in normal gastric, intestinal, and colonic mucosa[22,23], and is up-regulated in
their inflamed tissue[23]. Many studies showed that HO-1
is involved in a variety of regulatory and protective cel-
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inflammatory mediator up-regulation and improved graft
blood flow[49]. Moreover, CO-treated animals showed early up-regulation of the anti-apoptotic molecule Bcl-2, and
down-regulation of the proapoptotic signal Bax, and reduced in vivo apoptosis of both vascular endothelial cells
and intestinal epithelial cells[11]. The protective effects of
CO are arbitrated by activating one or both of the two
key signaling pathways. One of the pathways is soluble
guanylate cyclase/cyclic guanosine monophosphate and
the other one is the p38 mitogen-activated protein kinase
pathway which transduces oxidative stress and inflammatory signaling[11,48-53], through which CO exerts significant
cytoprotection due to its anti-inflammatory, vasodilating,
and anti-apoptotic properties in gut I/R injury.

Table 1 The role of heme oxygenase-1 for the protection of
intestinal ischemia/reperfusion injury
Treatment

I/R model

Ref.

HO-1
Glutamine
Warm ischemia
Ischemic preconditioning Resuscitation after shock
Doxorubicin
Warm ischemia
Hypothermia
Warm ischemia
IL-2
Warm ischemia
Hemin
Warm ischemia
Hypertonic saline
Warm ischemia
Pyrrolidine dithiocarbamate
Warm ischemia
Hyperthermia
Warm ischemia
Ischemic preconditioning
Warm ischemia
Cobalt-protoporphyrin
Warm ischemia
Ischemic preconditioning
Endotoxic shock
Radix Paeoniae Rubra
Warm ischemia
AICAR preconditioning
Warm ischemia

[30]
[37]
[20]
[32]
[34]
[29]
[31]
[28]
[33]
[36]
[27]
[18]
[38]

BILIVERDIN/BILIRUBIN

[35]

CO
Gas inhalation
Gas inhalation
Gas inhalation
Gas inhalation
CO solution
CORM preconditioning
CORM preconditioning
Biliverdin/bilirubin
Bilirubin
Bilirubin
Biliverdin

Intestinal transplants
Intestinal transplants
Intestinal transplants
Intestinal transplants
Intestinal transplants
Warm ischemia
Warm ischemia

[11]

Warm ischemia
Warm ischemia
Intestinal transplants

[60]

HO degrades heme into equimolar quantity of biliverdin.
Biliverdin is, in turn, very rapidly converted to bilirubin
by the enzyme biliverdin reductase[3]. Biliverdin and its
reduced product, bilirubin, scavenge various ROS and
are hence considered potent antioxidants[54,55], which have
been shown to confer cytoprotection against oxidative
stress conditions in various cell types[56]. Several studies
have also demonstrated that the administration of biliverdin and/or bilirubin is potently cytoprotective in I/R
injury of the liver and heart, and in organ transplantation[57-59]. Evidence from an experimental small intestinal
I/R injury model in rats describes a protective effect for
bilirubin[60], in which the bilirubin is infused via the jugular vein. Similarly, another study showed that increased
serum bilirubin ameliorates the extent of intestinal IR
injury[61]. Recent studies have suggested that biliverdin,
in addition to its antioxidant properties, may have antiinflammatory action. For example, treatment with biliverdin can significantly decrease mRNA expression of
iNOS, COX-2, and ICAM-1, as well as the inflammatory
cytokines IL-6 and IL-1, and decreased neutrophil infiltration into the jejunal muscularis in rat syngeneic small
intestinal transplants[47]. These results suggest that bilirubin possesses complex immune-modulatory and antioxidant effects.

[13]
[14]
[47]
[49]
[48]
[12]

[61]
[47]

AICAR: 5-aminoimidazole-4-carboxamide 1-beta-D-ribofuranoside;
CORM: CO-releasing molecules; IL-2: Interleukin-2; I/R: Ischemia/
reperfusion; HO: Heme oxygenase.

to prevent heme from both extracellular and intracellular
sources reacting and producing ROS, the heme degradation step is an important consideration in the cytoprotection afforded by the HO system[40].

CO
CO is one of the three products of heme degradation
by HO-1 and has profound effects as a signaling molecule that culminates in anti-inflammatory, antiapoptotic,
and vasodilating effects[41,42]. A number of studies have
revealed that CO mediates potent cytoprotective and
anti-inflammatory effects in models of I/R injury of
the heart, lung, kidney, and liver[43-46]. Some studies demonstrate that the efficacy of CO gas inhalation for the
prevention of cold intestinal I/R injury using a small
intestinal transplantation model, in which CO is able to
effectively inhibit an early up-regulation of proinflammatory mediators such as IL-6, IL-1, TNF-α, ICAM-1,
iNOS, and COX-2[11,13,14,47]. It has been reported that
pre-treatment with CO-releasing molecules also markedly reduced intestinal inflammation induced by surgical
manipulation of the small intestine[48] or by occluding the
superior mesenteric artery[12]. Similarly, one study showed
that cold storage in a preservation solution that was
bubbled with 5% CO significantly reduced I/R injury
associated with intestinal transplantation, which reduced

WCG|www.wjgnet.com

Fe2+
Though HO activity is generally associated with cellular
protection, Fe2+, the third product of heme decomposition, participates in the Fenton reaction to promote the
generation of ROS and is believed to have potential deleterious effects. Increased iron levels, on the one hand,
can upregulate an iron-transporter pump that removes
intracellular Fe2+ from the cell[62]. On the other hand, iron
release from HO activity induces the expression of ferritin (an iron storing protein)[63,64]. Expression of ferritin
was originally reported to protect endothelial cells against
oxidant damage in vitro[64]. In addition, over-expression of
H-ferritin (heavy chain ferritin) has also been shown to
protect cultured endothelial cells from undergoing apop-
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Heme
CO

pharmacological strategies may offer therapeutic strategies for intestinal I/R injury. Furthermore, HO-1-related
molecules, including CO and biliverdin/bilirubin, might
be employed as drugs in the management of intestinal
I/R injury. More importantly, regulating the HO-1 system
with different agents has already been demonstrated as
important for attenuating I/R injury in other organs including the brain, liver, and kidney[40,72-74]. It is reasonable
to assume that such a mechanism could also be operative
in intestinal I/R injury. Research focused on the underlying mechanisms for the observed effects of HO-1 and its
products will be necessary before their use can be evaluated in clinical applications for the prevention and/or
treatment of human diseases such as intestinal I/R injury.

HO-1
Biliverdin/bilirubin

sGC/cGMP pathway
MAPK pathway

Fe

2+

Ferritin

Anti-inflammation, anti-apoptosis,
antioxidation, vasodilating

Tissue protection
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Small-bowel capsule endoscopy: A ten-point contemporary
review
Anastasios Koulaouzidis, Emanuele Rondonotti, Alexandros Karargyris
is the most widely practiced preparation regimen.
Whether this regimen can be further improved (i.e. ,
by further decreasing its volume, changing the timing
of administration, coupling it with prokinetics and/or
other factors) or if it can really affect the DY, is still
under discussion. Faecal calprotectin has been used in
SBCE studies in two settings: in patients taking nonsteroidal anti-inflammatory drugs, to evaluate the type
and extent of mucosal damage and, more importantly
from a clinical point of view, in patients with known or
suspected Crohn’s disease for assessment of inflammation activity. Although there is still a lot of debate
around the exact reasons of SBCE poor performance in
various small-bowel segments, it is worth to remember
that the capsule progress is non-steerable, hence more
rapid in the proximal than in lower segments of the
small-bowel. Capsule aspiration, a relatively unexpected
complication, has been reported with increasing frequency. This is probably related with the increase in the
mean age of patients undergoing CE. CE video review
is a time-consuming procedure. Therefore, several attempts have been made to develop technical software
features, in order to make CE video analysis easier and
shorter (without jeopardizing its accuracy). Suspected
Blood Indicator, QuickView and Fujinon Intelligent
Chromo Endoscopy are some of the software tools that
have been checked in various clinical studies to date.
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Abstract
The introduction of capsule endoscopy (CE) in clinical practice increased the interest for the study of the
small-bowel. Consequently, in about 10 years, an impressive quantity of literature on indications, diagnostic
yield (DY), safety profile and technical evolution of CE
has been published as well as several reviews. At present time, there are 5 small-bowel capsule enteroscopy
(SBCE) models in the worldwide market. Head-to-head
trials have showed in the great majority of studies
comparable results in terms of DY, image quality and
completion rate. CE meta-analyses formed the basis
of national/international guidelines; these guidelines
place CE in a prime position for the diagnostic workup of patients with obscure gastrointestinal bleeding,
known and/or suspected Crohn’s disease and possible
small-bowel neoplasia. A 2-L polyethylene glycol-based
purge, administered the day before the procedure,
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Core tip: This innovative, concise and “unique” review
(structured as Q and A with several tables that make
this paper very easy to read and hopefully enjoyable), keeps narrative text to the necessary minimum,
in order to guide the reader to consult the wealth of
information included in tabulated form. These tables
are the outcome of the authors’ personal endeavor to
compile in a detailed, yet easy to refer way, informa-
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are in widespread use, although most of the published
literature studies are with PillCam®. Nevertheless, headto-head trials have showed in the great majority of studies comparable results in terms of DY, image quality and
completion rate (Table 2)[7-11].

tion that has often been overlooked by the plethora
of similar reviews and/or info on contentious issues in
capsule enteroscopy. We believe that this document
can be used as reference for study, in reference lists
of future manuscript and as important guide for future
clinical research on the field.

DO HIGH-GRADE EVIDENCE SUPPORT
THE USE OF CE IN CLINICAL PRACTICE?

Original sources: Koulaouzidis A, Rondonotti E, Karargyris
A. Small-bowel capsule endoscopy: A ten-point contemporary
review. World J Gastroenterol 2013; 19(24): 3726-3746 Available from: URL: http://www.wjgnet.com/1007-9327/full/v19/
i24/3726.htm DOI: http://dx.doi.org/10.3748/wjg.v19.i24.3726

In recent years, many authors[12-14] reviewed systematically the validity of SBCE in clinical practice. Out of this
evidence base, it clearly emerges that in daily practice the
leading indications for CE are: Obscure gastrointestinal
bleeding (OGIB accounts for 60%-70% of all SBCE examinations world-wide), and Crohn’s disease (CD; known
and/or suspected). Other clinical indications, although
less common, are coeliac disease, small-bowel polyposis
syndromes and clinical suspicion of small-bowel neoplasia[15,16]. Therefore, we decided to summarize (Table
3)[17-32], the results of the more robust - from a methodological point of view - publications which addressed the
role of CE in the field of small-bowel coeliac disease.
These meta-analyses have formed the basis of national/
international guidelines, which place CE in a prime position for the diagnostic work-up of patients with OGIB,
known and/or suspected CD and possible small-bowel
neoplasia[33-36].

INTRODUCTION
An early conceptual abstract on capsule endoscopy (CE),
entitled “an endorobot for flexible endoscopy, a feasibility study”, was published in 1994[1]. Then, in 1997 two
groups of pioneers, initially working independently in Israel and London, joined forces to achieve wireless endoscope[2]. Three years later, in the Digestive Disease Week
meeting of the millennium and almost concurrently in
Nature[3], Professor Swain presented the world’s first wireless capsule endoscope.
Indeed, the brainchild of Iddan[4] has revolutionised
the field of gastrointestinal (GI) diagnostics, turning into
reality the concept of painless and wireless endoscopy.
Furthermore, the introduction of CE in clinical practice
increased the interest for the study of the small-bowel.
Consequently, in about 10 years, an impressive quantity
of literature on indications, diagnostic yield (DY), safety
profile and technical evolution of CE has been published as well as several reviews. Therefore, we aim to focus readers’ attention on contemporary and contentious
issues, often missed from similar reviews on the field.
We herein present (in a comprehensive yet user-friendly
manner) a systematic review of the current literature in a
form of question-and-answer. We expect CE readers, of
all experience levels, will find this review useful source
of further reading and reference.

WHICH IS THE BEST PREPARATION
REGIMEN FOR SMALL-BOWEL CAPSULE
ENDOSCOPY?
This certainly is one of the most contentious issues in
CE. Since the introduction of CE in clinical practice, it
was clear that small-bowel cleanliness is one of the key
factors (as in fact is often the case for endoscopic examinations) to guarantee high diagnostic performance. Thus
far, several studies have been performed in order to test
whether the administration of different purgatives and/
or prokinetics would impact on small-bowel cleanliness. It
is noteworthy that these studies are rather heterogeneous
in terms of type of laxatives administered, dosages and/
or administration schedule (Table 3)[22,25,30]. Furthermore,
in some studies laxatives and prokinetics were administered concurrently, which is probably a further source of
bias. Essentially, the current evidence base suggests that a
preparation regimen based on laxatives [more specifically
polyethylene glycol (PEG)] is more effective -than fasting
alone- in improving the small-bowel mucosa visualization.
Among the PEG-based laxatives, a low volume schedule
seems to be at least equally effective than high volume
regimens[25,30]. Therefore, a 2-L PEG-based purge, administered the day before the procedure, is the most widely
practiced preparation regimen. Whether this regimen can
be further improved (i.e., by further decreasing its volume, changing the timing of administration, coupling it
with prokinetics and/or other pharmaceutical factors) or
if it can really affect the DY, is still under discussion[37].

WHICH ARE THE DIFFERENCES AMONG
THE CURRENT COMMERCIALLY
AVAILABLE CAPSULES?
Since 2001, the year of approval by the Food and Drug
Administration of the first video capsule with the prophetic, yet slightly unfortunate, brand name mouth-toanus (M2A®; Given®Imaging, Yoqneam, Israel), a total of
more than 2000000 capsules have been ingested worldwide[5]. Furthermore, over the last decade, technology has
improved in the field of CE as competition has become
quite stiff. At present time, there are 5 small-bowel capsule enteroscopy (SBCE) models in the market worldwide (Table 1)[5,6]. Although similar in size and shape, they
differ on several technical aspects. Of the 5 SBCE, four
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PillCam®SB2 (L) captures 2 fps - PillCam®SB2-4 captures 4 fps; 2PillCam®SB2 (L) battery life > 11.5 h - PillCam®SB2-4 battery life 8 h. LED: Light emitting diode; N/A: Not available; CMOS: Complementary metal-oxide-semiconductor; CCD: Charge-coupled device; EFP: Electric field propagation; EPROM: Erasable programmable read-only memory; USB: Universal Serial Bus; FDA: Food and Drug Administration; FICE: Fujinon Intelligent Chromo
Endoscopy; ALICE: A Large Ion Collider Experiment.

N/A
CapsoView®
No
No
15
N/A
360

16

N/A

11 × 31
16 (4 per
camera)
On-board EPROM
flash memory (USB)

N/A

N/A
CCD
4
N/A
140

IS THERE A ROLE FOR FAECAL TESTING
(CALPROTECTIN) AS "SELECTION
TOOL" FOR CAPSULE ENDOSCOPY
Due to its high DY and its negative predictive value
(NPV), CE has shown considerable cost-effectiveness[38].
However, CE still remains less widely available and likely
more expensive, when compared to other diagnostic
modalities for the small-bowel[39]. Furthermore, although
CE is generally considered overall a safe modality, it can
lead to severe complications (capsule retention in some
patients’ subgroups is reported as high as 15%[13-15,40].
Consequently, any tool or methods that allows selection
of candidates, hence a more targeted and/or smooth
“delivery” of SBCE, is a welcome approach. However,
any pre-CE selection tool should be easy to perform,
safe, inexpensive and fast[41]. In light of all these issues,
faecal inflammation tests [of which, faecal calprotectin
(FC) is the more widely available] have been proposed. In
fact, FC has been used in SBCE studies in two settings:
in patients taking non-steroidal anti-inflammatory drugs,
to evaluate the type and extent of mucosal damage (Table
4)[41-44] and, more importantly from a clinical point of
view, in patients with known or suspected CD for assessment of inflammation activity (Table 4)[45-48]. In these patients, although there is no clear agreement on a cut-off
level, FC seems to be a cost-effective “screening test”,
able to identify those with higher possibility to present
small-bowel lesions.

HAS CE THE SAME DIAGNOSTIC
CAPABILITY ALONG THE SMALL
BOWEL?
There are several papers, mostly case presentations and/
or case series, reporting patients in whom CE failed to
identify small-bowel lesions which were subsequently diagnosed by other modalities[49-52]. Such missed lesions (including neoplastic pathology) were occasionally large and
often located in the proximal small-bowel[50,51]. Although
there is still a lot of debate about the reasons of poor
SBCE performance[53], it is worth remembering that for
any non-steerable capsule progress is more rapid in the
proximal than in lower segments of the small-bowel[53];
furthermore, opaque bile secretions and/or intra-luminal
content might consequently hamper/prevent detailed
mucosa visualization. Table 5 summarises all studies reporting the number of exams in which one of the few
small-bowel landmarks, the ampulla of Vater (AoV), was
visible during CE[54-66]. Hence, this evidence base provides
an indirect confirmation of the limitations of SBCE in
evaluating the proximal small-bowel. Interestingly, even
in earlier studies[54] which have not been confirmed since
by other investigators, the AoV was missed in > 50%
of SBCE examinations. This is obviously an important
drawback, especially when SBCE is used as surveillance
tool, in patients with small-bowel polyposis syndromes.

1

OMOM®
Chongding Jinshan
China
(SmartCapsule) Science and Technology
Co., Beijing
CapsoCam®SV1
CapsoVision® Inc.,
United
Saratoga
States

EndoCapsule®

13 × 27.9
2 (variable)
Radiofrequency

6

8

Yes

No

OLYMPUS®
WS-1
OMOM®
workstation
Yes
Yes
10
3.45
2
Radiofrequency
CCD
4
N/A
145
Olympus© Co., Tokyo

MiroCam®v2

South
Korea
Japan

170

ø11 × 26

ø11 × 24
3
4

CMOS

EFP

3.2

12

Yes

Yes

MiroView®v2

Blue-mode FICE
1,2,3
ALICE colourmode
Contrast imaging
Rapid®v7
Yes
Yes
9->11.52
3.45
11 × 26
2-41
Radiofrequency
PillCam®SB2

Given®Imaging,
Yokneam
IntroMedic® Co., Seoul

Israel

156

Multielement
N/A

4

CMOS

Dimensions
(mm)
Frames per
second (fps)
Transmission
Image
sensor
LEDs
Lens
Country Field of
view (°)
Company
Capsule device

Table 1 Available types of small-bowel capsule endoscopes and operating characteristics

Weight
(g)

Battery
life (h)

Real-time
imager

FDA
approval

Reviewing
software

Optical
enhancements
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centre

swallowed once fluoroscopy indicated that

first CE had reached the SB

and of two capsule

systems (PillCam®SB

►SBTT longer with MiroCam® vs PillCam®SB (mean SBTT: 268 vs 234 min,

P = 0.02);
< 0.05);

►All videos analysed by two investigators

independently

of SB examinations,

DY in SB disease

Allentown, PA)

(Olympus America,

►EndoCapsule®

the EndoCapsule® 2 h later, or vice versa;

EndoCapsule®) of: CR

(IntroMedic Co. Ltd.,

swallow either MiroCam® first, followed by Seoul, South Korea);

►Each pt was randomly assigned to

►The 2 CE systems showed comparable

difference not statistically significant;

(but NS) increase in DY
►MiroCam® showed a slightly higher DY,

MiroCam and PillCam SB produced slight

►Sequential capsule endoscopy with the

►Concordance of findings among the two CE systems: 68%; κ = 0.50

►DY in SB: MiroCam® 25/50 (50%) vs EndoCapsule® 24/50 (48%); P > 0.99;

►CR: MiroCam® 48/50 (96%) vs EndoCapsule® 45/50 (90%); P = 0.38;

practice

both devices), needs consideration in clinical

missed pathological findings (which affected

►Moderate concordance, mainly caused by

and DY;

not statistically different with regards to CR

►PillCam®SB2 vs MiroCam®CEs identified 78.6% vs 95.2% of (+) ve cases, respectively, P = 0.02
►Pts enrolled: 50;
►The two capsule endoscopy systems were

respectively;

►(+) ve diagnosis obtained in 46.6% vs 56.2% of pts with PillCam®SB2 vs MiroCam®,

Israel)

Imaging, Yoqneam,

Prospec- ►Pts referred to CE for various indications; ►MiroCam®

tive

►Satisfactory diagnostic concordance between the 2 systems (κ = 0.66);

►31 concordant (-) ve cases (42.4%) and 30 concordant (+) ve cases (41.1%);

►83 pts; drop-outs explained (10 technical issues), 73 pts/videos analysed;

►Concordance of findings among the two capsule systems 87.5%, κ = 0.74

►DY (additive of both capsules): 12/24 (50%);

►PillCamSB2 (Given® ►DY similar among the 2 CE systems(PillCam®SB 2 vs MiroCam®: 46.6% vs 56.2%, respectively; efficiency for the diagnosis of OGIB

Seoul, South Korea);

(MiroCam® vs

comparison

►MiroCam®;

Israel)

Imaging, Yoqneam,

performed by 3 expert readers

►Image-by-image review of cases of

MiroCam®

►Nevertheless, the 2 capsule systems
showed comparable efficiency;

and a higher CR;

between 2 different CE
►MiroCam shows a longer operating time

►Lack of electromechanical interference

►CR: MiroCam® 20/24 (83%); PillCam®SB 14/24 (59%), P = 0.031;

►Reading time longer with MiroCam® vs PillCam®SB (mean reading time 40 vs 23 min, P < 0.05);

experienced (> 200 CEs) readers;

PillCam®SB SB2 vs

►Subjective difference in image quality

DY within the previously reported range;

►Both devices are safe and have comparable

►Mean operating time: MiroCam® 702 min; PillCam®SB 446 min, P < 0.001;

►PillCam®SB (Given® ►DY: MiroCam® 11/24 (45.8%); PillCam®SB 10/24 (41.7%), P = 1.0;

Seoul, South Korea);

(IntroMedic Co. Ltd.,

image margin)
►Pts enrolled: 24;

Limitations: Although ingestion randomized, videos reading not blind (different shape of the

disagreement between the readers was

►Videos read in a random order by 2

concordance (κ value):

Head-to-head

Imaging, Yoqneam,

®

►Each pt ingested 2 CEs at a 1 h interval in (IntroMedic Co. Ltd.,

a random order;

tive

the diagnostic

evaluation of

Head-to-head

Prospec- ►OGIB pts;

swallow 1 of 2 CEs, the second CE was

vs MiroCam®)

►Each pt was randomly assigned to

performance DY

►24 videos read as normal, 14 as abnormal (from both CEs). Disagreement occurred in 13;

►Available data 51/63; 9 pts excluded for technical reasons + 3 pts for protocol violation;

time with EndoCapsule®

►PillCam®SB (Given ►No adverse events reported for either CE. Overall agreement: 38/51 (74.5%), κ = 0.48, P = 0.008; favouring the EndoCapsule®;

Israel)
Prospec- ►Pts referred to CE for various indications; ►MiroCam®

►Head-to-head comparison of CEs

►Ingestion of CEs in randomized order;

evaluation of technical tive

Head-to-head

(Olympus© America,

swallowed by each participant 40 min apart; Allentown, PA);

►EndoCapsule® and PillCam®SB

®

DY: Diagnostic yield; CE: Capsule endoscopy; OGIB: Obscure gastrointestinal bleeding; pts: Patients; CR: Completion rate; NS: Not significant (statistically); SB: Small-bowel; P2: Refers to grading of angioectasias; SBTT: Smallbowel transit time.

et al[11]

Single

Austria

Dolak

centre

centre

Korea

et al[9]

Single

et al[10]

South

Kim

PillCam®SB

centres) EndoCapsule® vs

in pts with OGIB):

(4

tive

►Pts with OGIB (transfused or with haematocrit < 31%) (males) or < 28% (females): 63;

performance (DY

Prospec- ►OGIB pts;

random order
►EndoCapsule®

Comparison of

), PillCam®SB examinations were incomplete

using different CE in

EndoCapsule®)

bleeding than PillCam®SB;

►In all discordant SB P2findings (not detected by the PillCam®SB but detected by EndoCapsule ►This is (likely) due to the longer recording

to undergo 2 CEs

sources in pts with suspected small-bowel

►DY (SB P2): PillCam®SB 22/50 (44%), EndoCapsule® 25/50 (50%), P = NS;

EndoCapsule® to detect more bleeding

►Statistically non-significant trend for

Conclusion

►Overall DY: PillCam®SB 26/50 (52%); EndoCapsule® 29/50 (58%); P = NS;

►CR: PillCam®SB 33/40 (82%); EndoCapsule® 40/40 (100%); P = NS;

(PillCam®SB vs

Israel);

Imaging, Yoqneam,

®

►PillCam®SB (Given ►Pts enrolled: 40;

Outcome(s)

►Pts randomized

different CE in random order

►Pts randomized to undergo 2 CEs using

CE type

of two CE systems

performance and DY

Design

Prospec- ►OGIB pts;

Study
type

evaluation of technical tive

Head-to-head

centre

Multi-

States

et al[8]

Pioche France

United

Cave

Multi-

centre

et al[7]

Germany Single

mann

Country Centre Objective(s)

Hart-

Ref.
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Capsule endoscopy: N/A MetaDY and safety of
A meta-analysis for April analysis of SBCE vs alternative
use with OGIB and
2005 diagnostic
modalities
CD
test
(PE, SBBaR or
accuracy enteroclysis) in SB
disease

Capsule endoscopy: N/A MetaDY and safety of
A meta-analysis for April analysis of SBCE vs alternative
use with OGIB and
2005 diagnostic
modalities
CD
test
(PE, SBBaR or
accuracy enteroclysis) in SB
disease

A meta-analysis
N/A Metaof the yield of CE
Aug analysis of
compared to other
2005 diagnostic
diagnostic modalities
test
in patients with nonaccuracy
stricturing SB
Crohn’s disease

Leighton
et al[19]

Leighton
et al[19]

Triester
et al[20]

IY (yield of
CE-yield of
comparative
modality) and
95%CI of CE
over comparative
modalities

A meta-analysis of the N/A Metayield of CE compared April analysis of
to other diagnostic
2005 diagnostic
modalities in patients
test
with OGIB
accuracy

Triester
et al[18]

Subject

Meta-analysis:
Jan
MetaDY/safety of SBCE
Capsule enteroscopy 1966 - analysis of
vs alternative
vs conventional
Mar diagnostic
modalities
modalities in
2005
test
(PE, SBBaR or
diagnosis of SB
accuracy enteroclysis) in SB
diseases
disease

Type

Marmo
et al[17]

Search
(start
- end
date)

Indications, detection, 2000 - Systematic Indications, DR, CR
completion, and
Jan
review of
and RR of SBCE
retention rates of
2009
evidence
SBCE: A systematic
base
review

Title

Liao
et al[13]

Ref.

1722
2

2

2

2

2

2

82

80

80

80

187

227

9

20

20

14

17

227

22753 ►Most common indications: OGIB (66.0%); investigation of clinical symptoms (10.6%); definite/suspected CD (10.4%);
Pts;
►Pooled DRs for overall, OGIB, CD, neoplasia: 59.4%, 60.5%, 55.3%, 55.9%, respectively;
22840 CE ►Commonest cause for OGIB: angiodysplasia (50.0%);
►Pooled CRs (overall): 83.5%; breakdown 83.6% (OGIB), 85.4% (clinical symptoms), 84.2% (CD);
►Pooled RRs (overall): 1.4%; breakdown 1.2% (OGIB), 2.6% (clinical symptoms), 2.1% (CD);
►Hence, most common indication for SBCE is OGIB, with high DR and low RR;
►A relatively high RR is associated with definite/suspected CD and neoplasms
526 pts ►17 studies (526 patients) met inclusion criteria;
(289
►Overall, the rate difference for SB disease (i.e., the absolute pooled difference in the rate of positive findings) of SBCE vs alternative modalities was
OGIB 41% (95%CI: 35.6-45.9);
and 237 ►For OGIB, 37% (95%CI: 29.6-44.1) for Crohn's disease 45% (95%CI: 30.9-58.0);
CD)
►Incomplete SBCE occurred in 13%, more often in OGIB (17%) than in pts with CD (8%) (P < 0.006);
►Adverse events: 29 pts (6%);
►Capsule retention more frequent in pts with CD (3% vs 1%, OR 4.37)
396
►14 studies (n = 396) compared DY CE vs PE in OGIB, 63% vs 28%, respectively (IY = 35%, P < 0.00001, 95%CI: 26%-43%);
CE-PE; ►For clinically significant findings (n = 376) DY was 56% (CE) vs 26% (PE), IY = 30%, P < 0.00001, 95%CI: 21%-38%;
88
►3 studies (n = 88) compared DY of CE vs SBBaR, 67% vs 8%, respectively (IY = 59%, P < 0.00001, 95%CI: 48%-70%);
CE►For clinically significant findings DY was 42% (CE) vs 6% (SBBaR); IY = 36%, P < 0.00001, 95%CI: 25%-48%;
SBBaR ►NNT to yield one additional clinically significant finding with CE over either modality: 3 (95%CI: 2-4);
►1 study compared DY (significant findings) of CE vs intraoperative enteroscopy (n = 42, IY = 0%, P = 1.0, 95%CI: -16%-16%);
►1 study compared DY (significant findings) of CE vs CT enteroclysis (n = 8, IY = 38%, P = 0.08, 95%CI: -4%-79%);
►1 study compared DY (significant findings) of CE vs mesenteric angiogram (n = 17, IY = -6%, P = 0.73, 95%CI: -39%-28%);
►1 study compared DY (significant findings) of CE vs SB MRI (n = 14, IY = 36%, P = 0.007, 95%CI: 10%-62%);
►CE-DY vs PE (vascular lesions): 36% vs 20% (IY = 16%, P < 0.00001, 95%CI: 9%-23%);
►CE-DY vs PE (inflammatory lesions): 11% vs 2% (IY = 9%, P = 0.0001, 95%CI: 5%-13%);
►CE-DY vs PE (tumours or "other" findings): no difference
537 pts ►CE superior to PE/SB radiography for diagnosing SB pathology in pts with OGIB (yield comparable to intraoperative endoscopy);
►Incremental yield of CE over PE/SB radiography is > 30% for clinically significant findings, due to visualization of additional vascular,
inflammatory lesions by CE;
►CE was also superior to SB radiography, C + IL, CT enterography, PE for diagnosing non-stricturing SBCD;
►Marked improvement in yield with the use of CE over all other methods in pts who had established CD and were evaluated for SB recurrence;
►Unknown whether these results will translate into improved pt outcomes with the use of CE vs alternate methods
537 pts ►CE superior to PE/SB radiography for diagnosing SB pathology in pts with OGIB (yield comparable to intraoperative endoscopy);
►Incremental yield of CE over PE/SB radiography is > 30% for clinically significant findings, due to visualization of additional vascular,
inflammatory lesions by CE;
►CE was also superior to SB radiography, C + IL, CT enterography, PE for diagnosing non-stricturing SBCD;
►Marked improvement in yield with the use of CE over all other methods in pts who had established CD and were evaluated for SB recurrence;
►Unknown whether these results will translate into improved pt outcomes with the use of CE vs alternate methods
250 pts ►9 studies (n = 250) compared DY CE vs SBBaR in CD: 63% vs 23%, respectively (IY = 40%, P < 0.001, 95%CI: 28%-51%);
►4 studies (n = 114) compared DY CE vs C + IL in CD: 61% vs 46%, respectively (IY = 15%, P = 0.02, 95%CI: 2%-27%);
►3 studies (n = 93) compared DY CE vs CT enterography/enteroclysis: 69% vs 30%, respectively (IY = 38%, P = 0.001, 95%CI: 15%-60%);
►2 studies compared DY CE vs PE: (IY = 38%, P < 0.001, 95%CI: 26%-50%);
►1 study compared DY CE vs SBMRI (IY = 22%, P = 0.16, 95%CI: -9%-53%);
Sub-analysis (pts with suspected CD): no difference in DY CE vs SBBaR (P = 0.09), C + IL (P = 0.48), CT enterography (P = 0.07) or PE (P = 0.51);
Sub-analysis (pts with established CD): difference in DY CE vs SBBaR (P < 0.001 C + IL (P = 0.002), CT enterography (P < 0.001) and PE (P < 0.001)

Data Total Titles
Indi- Outcome/conclusion
extra titles entered viduals
ctors found meta- included
analysis
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Dec

Efficiency of bowel

July

2007

1723

cohort studies

SBCE

alone for

of RCTs and use vs fasting

Purgative

vs DBE

2008

of small bowel video

A meta-analysis

capsule endoscopy?

-

Feb

the diagnostic yield

et al[25]

Purgative

cohort studies

SBCE

alone for

of RCTs and use vs fasting

N/A Meta-analysis

preparation influence

Does purgative

Rokkas

endoscopic visibility

and CE

2

of Simethicone for GI

et al[27]

of RCTs

Nov

2009

meta-analysis of RCTs

Wu

2

2

2

2

1

2

CD
Systematic review and N/A- Meta-analysis Simethicone 2

established

test accuracy patients with

of diagnostic modalities in

CD: A meta-analysis

with suspected and

al[26]

suspected/

2009

higher DY in patients

Dionisio et

established small-bowel

May

A meta-analysis
CE has a significantly

2000 - Meta-analysis DY of CE vs

2008

of small bowel video

capsule endoscopy?

-

Feb

the diagnostic yield

et al[25]

test accuracy

N/A Meta-analysis

preparation influence

Does purgative

Rokkas

diseases

to DBE in pts with SB

of diagnostic of DY of CE

Feb

yield of CE compared

CE

et al[24]

test accuracy

of diagnostic

Meta-analysis Coeliac and

SBCE

alone for

A meta-analysis
A meta-analysis of the N/A - Meta-analysis Comparison

of celiac disease:

endoscopy in diagnosis

given video capsule

characteristics of

Diagnostic

A meta-analysis

Purgative

vs DBE

of RCTs and use vs fasting

N/A - Meta-analysis

endoscopy examination: 2007 cohort studies

preparation for capsule

test accuracy

of diagnostic of DY of CE

N/A - Meta-analysis Comparison

Chen

et al[23]

El-Matary

Niv[22]

et al[21]

disease: A meta-analysis 2006

DBE and CE have

comparable DY in SB

Pasha

194

128

291

194

163

A

N/

6

113

12

4

12

12

8

3

8

11

and the yield of CE was significantly lower than that of DBE by oral+ anal combinatory approaches (11/24 vs 21/24, fixed model: OR 0.12, 95%CI:

than that of DBE without combination of oral + anal insertion approaches (118/191 vs 96/191, fixed model: OR 1.61, 95%CI: 1.07-2.43, P < 0.05)

0.05-2.21, P < 0.05);
►Focused meta-analysis of the fully published articles concerning OGIB showed similar results wherein the yield of CE was significantly higher

95%CI: 1.14-2.44, P < 0.01), but not superior to the yield of DBE with combination of the two insertion approaches (26/48 vs 37/48, OR 0.33, 95%CI:

►8 studies (n = 277 pts) prospectively compared the yield of CE and DBE were included;
►No difference between the yield of CE and DBE (170/277 vs 156/277, OR 1.21, 95%CI: 0.64-2.29);
►Sub analysis: yield of CE significantly higher than that of DBE without combination of oral+anal insertion approaches (137/219 vs 110/219, OR 1.67,

►3 studies (n = 107, 63 pts with CD/44 without) met inclusion criteria;
►Pooled SBCE (overall) Sens and Spec: 83% (95%CI: 71%-90%) and 98% (95%CI: 88%-99.6%), respectively;
►No major complications reported;
►Costs mentioned only in 1 study. Overall, diagnostic characteristics of SBCE, could not justify the routine use of SBCE as alternative to biopsy

P = 0.005); There was no statistically significant difference regarding CR rate. Purgatives did not affect VCE GTT or VCE SBTT

2

fasting (OR = 4.43, 95%CI: 1.82-10.76, P = 0.00) with P = 0.78, I2 = 0.0%, No significant results for bowel preparation + purgative (OR = 1.59,

►Adequate or excellent/good SB mucosa visualization in pts receiving Simethicone vs those who did not (66.1% vs 37.2%);
►Pooled OR = 2.84 (95%CI: 1.74-4.65, P = 0.00); no significant heterogeneity (P = 0.16, I2 = 38.8%) or publication bias (P = 0.251);
►Sens analysis: studies stratified by factors such as bowel preparation (purgative vs fasting): Significant results for bowel preparation +

16%-47%)

P < 0.00001, 95%CI: 43-71%), CE vs SBR: 71 vs 36% (IYw = 38%, P < 0.00001, 95%CI: 22%-54%), CE vs CTE: 71 vs 39% (IYw = 32%, P ≤ 0.0001, 95%CI:

95%CI: 16%-48%), CE vs CTE: 68% vs 21% (IYw = 47%, P < 0.00001, 95%CI: 31%-63%), CE vs C + IL: 47% vs 25% (IYw = 22%, P = 0.009, 95%CI: 5%-39%);
►For established CD, statistically significant yields for CE vs an alternate diagnostic modality in patients were seen: CE vs PE: 66 vs 9% (IYw = 57%,

►8 studies (n = 236 pts) compared CE vs C + IL, 4 (n = 119 pts) CE vs CTE, 2 (n = 102 pts) vs PE, 4 (n = 123 pts) vs MRE;
►For suspected CD, several comparisons met statistical significance; Yields in this subgroup were: CE vs SBR: 52% vs 16% (IYw = 32%, P < 0.0001,

(95%CI: 1.252-3.566, P = 0.005); There was no statistically significant difference regarding CR rate. Purgatives did not affect VCE GTT or VCE SBTT

95%CI: 0.78-3.27, P = 0.203) with P = 0.20, I = 38.9%
►12 eligible studies (6 prospective/6 retrospective), including 16 sets of data;
purgative; ►Significant difference in DY between pts prepared with purgatives (n = 263) vs pts prepared with clear liquids (n = 213): OR = 1.813
(95%CI: 1.251-2.628, P = 0.002);
444
controls ►Significant difference in SBVQ between pts prepared with purgatives (n = 404) vs pts prepared with clear liquids (n = 249): OR = 2.113
718 pts

121 pts

428 pts

1.252-3.566,

0.03-0.52, P < 0.01)
►12 eligible studies (6 prospective/6 retrospective), including 16 sets of data;
purgative; ►Significant difference in DY between pts prepared with purgatives (n = 263) vs pts prepared with clear liquids (n = 213): OR = 1.813 (95%CI:
1.251-2.628, P = 0.002);
444
controls ►Significant difference in SBVQ between pts prepared with purgatives (n = 404) vs pts prepared with clear liquids (n = 249): OR = 2.113 (95%CI:
718 pts

277 pts

107 pts

or SBTT (pooled effect size, -0.327; 95%CI: -1.419 - -0.765)

►Pooled DY CE vs DBE: 60% vs 57% (IYW = 3%, 95%CI: -4%-10%, P = 0.42, FEM);
►Pooled DY CE vs DBE (vascular findings, 10 studies): 24% vs 24% (IYW = 0%, 95%CI: -5%-6%, P = 0.88, REM);
►Pooled DY CE vs DBE (inflammatory findings, 9 studies): 18% vs 16% (IYW = 0%, 95%CI: -5%-6%, P = 0.89, FEM);
►Pooled DY CE vs DBE (polyps/tumours, 9 studies): 11% vs 11% (IYW = -1%, 95%CI: -5%-4%, P = 0.76, FEM);
►SB disease: CE vs DBE have comparable DY, including OGIB, CE should be the initial diagnostic test for determining the insertion route of DBE
130 bowel ►237 pts, 130 with and 107 without preparation;
►Seven out of 8 studies included a comparison of GTT, SBTT and CR;
prep;
107 fasting ►SBCE CR: 76% in pts with preparation vs 68% without prep (difference did not reach statistical significance);
►No statistically significant difference between CEs performed with or without preparation in GTT (pooled effect size, -0.054; 95%CI: -0.418-0.308)
397 pts
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analysis

1724

2010

Dec

2000 -

DY of CE vs

IDA and CE

Coeliac and CE

SBCE

fasting alone for

Purgative use vs

CE or DBE

OGIB;

paediatric patients

outcomes of CE in

on indications and

compilation of data

Systematic

and CE

Simethicone

established CD

suspected/

patients with

modalities in

2

2

2

2

2

2

2

1225

461

33

147

N/A

128

291

24

6

8

10

15

4

12

preparation + purgative (OR = 1.59, 95%CI: 0.78-3.27, P = 0.203) with P = 0.20, I2 = 38.9%
►Most common indication for CE (in pts < 18 yr): suspicion or evaluation of IBD (overall 54%), Breakdown: suspected

preparation + fasting (OR = 4.43, 95%CI: 1.82-10.76, P = 0.00) with P = 0.78, I2 = 0.0%, No significant results for bowel

(P = 0.251);
►Sens analysis: studies stratified by factors such as bowel preparation (purgative vs fasting): Significant results for bowel

(66.1% vs 37.2%);
►Pooled OR = 2.84 (95%CI: 1.74-4.65, P = 0.00); no significant heterogeneity (P = 0.16, I2 = 38.8%) or publication bias

CE vs CTE: 71 vs 39% (IYw = 32%, P ≤ 0.0001, 95%CI: 16%-47%)
►Adequate or excellent/good SB mucosa visualization in pts receiving Simethicone vs those who did not

vs PE: 66 vs 9% (IYw = 57%, P < 0.00001, 95%CI: 43-71%), CE vs SBR: 71 vs 36% (IYw = 38%, P < 0.00001, 95%CI: 22%-54%),

C + IL: 47% vs 25% (IYw = 22%, P = 0.009, 95%CI: 5%-39%);
►For established CD, statistically significant yields for CE vs an alternate diagnostic modality in patients were seen: CE

16% (IYw = 32%, P < 0.0001, 95%CI: 16%-48%), CE vs CTE: 68% vs 21% (IYw = 47%, P < 0.00001, 95%CI: 31%-63%), CE vs

►8 studies (n = 236 pts) compared CE vs C + IL, 4 (n = 119 pts) CE vs CTE, 2 (n = 102 pts) vs PE, 4 (n = 123 pts) vs MRE;
►For suspected CD, several comparisons met statistical significance; Yields in this subgroup were: CE vs SBR: 52% vs

1960 pts

166 pts

322 fasting

133 NaP;

291 PEG;

642 DBE

651 CE;

►Pooled SBCE-DY in IDA: 47% (95%CI: 42%-52%), with significant heterogeneity among included studies
(I2 = 78.8%, P < 0.0001);
►Pooled SBCE-DY (subgroup 1: 4 studies focused solely on IDA pts): 66.6% (95%CI: 61.0%-72.3%, I2 = 44.3%)
►Pooled SBCE-DY (subgroup 2: 20 studies not focusing only on IDA pts): 44% (95%CI: 39%-48%, I2 = 64.9%);
►SBCE in subgoup 1: more vascular (31% vs 22.6%, P = 0.007), inflammatory (17.8% vs 11.3%, P = 0.009),
neoplastic (7.95% vs 2.25%, P < 0.0001) lesions detected

►Pooled CE Sens: 89% (95%CI: 82%-94%) and Spec: 95% (95%CI: 89%-98%), AuROC: 0.9584;
►Although not as accurate as pathology, CE a reasonable alternative method of diagnosing coeliac disease

(95%CI: 43.6%-88.5%)
►Pooled DY for CE: 62% (95%CI: 47.3%-76.1%)
►Pooled DY for DBE 56% (95%CI: 48.9%-62.1%); OR for CE vs DBE of 1.39 (95%CI: 0.88-2.20; P = 0.16);
Subgroup analyses
►DBE-DY after (+)ve CE: 75.0% (95%CI: 60.1%-90.0%)
►DBE-DY after (-)ve CE: 27.5% (95%CI: 16.7%-37.8%)
►DBE-OR (for successful diagnosis after (+)ve CE) compared with DBE: 1.79 (95%CI: 1.09-2.96, P = 0.02)
►In OGIB CE and DBE have similar DY, DBE-DY significantly higher when performed in pts with prior positive CE
►8 studies, using PEG or NaP-based bowel cleansing regimens;
►Any form of purgative significantly better visibility than fasting alone (OR = 2.31; 95%CI: 1.46-3.63, P < 0.0001);
►Similar results on DY (OR = 1.88; 95%CI: 1.24-2.84; P = 0.023);
Subgroup analyses (per cleansing regimen used):
►PEG-based regimens showed benefit (OR = 3.11; 95%CI: 1.96-4.94, P < 0.0001);
►NaP-based regimens no significant difference from fasting alone (OR = 1.32; 95%CI: 0.59-2.96, P < 0.0001);
►Use of purgatives (alongside fasting) is recommended in SBCE; PEG-based regimens offer a clear advantage over NaP;
►Lower volume PEG regimens as efficacious as higher volumes traditionally used for colonoscopy preparation

examinations; CD (34%), known CD (16%), UC (1%), indeterminate colitis (3%)
►CR and RR: 86.2% (95%CI: 81.5-90.3%) and 2.6% (95%CI: 1.5-4.0%), respectively;
723 pts
►CE RR (gastric and SB): 0.5% and 1.9%, respectively, similar to those of adults, by indication;
►CE with positive findings: 65.4% (95%CI: 54.8%-75.2%);
►CE resulting in new diagnosis: 69.4% (95%CI: 46.9%-87.9%); CE leading to change in therapy: 68.3%

740

121 pts

428 pts

CE: Capsule endoscopy; N/A: Not available or not applicable; Sens: Sensitivity; Spec: Specificity; AuROC: Area under Receiver operation characteristics curve; DBE: Double-balloon enteroscopy; OGIB: Obscure gastrointestinal
bleeding; DY: Diagnostic Yield; pts: Patients; IY: Incremental yield; GTT: Gastric transit time; SBTT: Small bowel transit time; SBCE: Small-bowel capsule enteroscopy; OR: Odds ratio; RR: Relative risk; C + IL: Colonoscopy with
ileoscopy; PE: Push enteroscopy; SBCD: Small bowel Crohn's disease; CT: Computed tomography; IDA: Iron deficiency anemia; FEM: Fixed effect model.
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Table 4 Studies evaluating the clinical application of faecal calprotectin in the setting of small-bowel capsule endoscopy
Ref.

Country

Centre Study
type

CE

Objective(s)

Outcome(s)

Goldstein
et al[41]

United
States

Multi- Prospec- Double334 healthy
centre tive
blind,
subjects
tripledummy,
placebo
controlled

N/A

M2A®;
Given®
Imaging,
Yokneam,
Israel

Germany, Multi- Prospec- Double139 healthy
United
centre tive
blind,
subjects
Kingdom
doubledummy,
placebo
controlled

Phical
Calprotectin
Test Kit
NovaTec
Immunodiagnostica, GmbH
Dietzenbac,
Germany

M2A®;
Given®
Imaging,
Yokneam,
Israel

Evaluate incidence
of SB injury and
correlation with FC
in healthy subjects
on celecoxib
or ibuprofen +
omeprazole
Investigate SB
injury lumiracoxib
reduces vs
naproxen +
omeprazole

Smecuol
et al[43]

Argentina, Multi- Prospec- NonSpain,
centre tive
blinded
Canada
study

20 healthy
subjects

Calprest®
Eurospital
SpA, Trieste,
Italy

M2A®;
Given®
Imaging,
Yokneam,
Israel

Determine SB
damage by lowdose ASA (on a
short-term basis)

Werlin
et al[44]

United
States,
Israel,
United
Kingdom

Multi- Prospec- N/A
centre tive

42 pts with
CF* (aged
10-36 yr);
29 had
pancreatic
insufficiency

Calprest®
Eurospital
SpA, Trieste,
Italy

PillCam®SB;
Given®
Imaging,
Yokneam,
Israel

Examine the SB of
pts with CF without
overt evidence of
GI disease using CE

Koulaouzidis United
et al[45]
Kingdom

Single
centre

Retro- Chart
spective review

70 pts with
suspected
CD and
(-) ve bidirectional
endoscopy

CALPRO
NovaTec
Immunodiagnostica GmbH,
Dietzenbac,
Germany

(1) PillCam®
SB; Given®
Imaging,
Yokneam,
Israel;
(2) MiroCam®;
IntroMedic
Co., Seoul,
South Korea

Value of FC
as selection
tool for further
investigation of the
SB with SBCE, in a
cohort of pts with
suspected CD

Jensen
et al[46]

Single
centre

Prospec- Blinded
tive
study

83 pts from
GI OPD
clinics with
suspected
CD

Calprotectin
ELISA,
BÜHLMANN
Laboratories
AG, Basel,
Switzerland

PillCam®SB;
Given®
Imaging,
Yokneam,
Israel

Determine FC levels
in CD restricted
to SB compared to
colonic CD, in pts
on first diagnostic
work-up; Assess the
Sens and Spec of FC
in suspected CD

►Mean increase in FC
higher in subjects on
ibuprofen+omeprazole
compared with celecoxib alone
(P < 0.001);
►No correlation between FC
and SB mucosal breaks
►More SB mucosal breaks on
naproxen+omeprazole
(77.8% vs 40.4%, P < 0.001);
►Furthermore, higher FC vs
placebo (96.8 vs 14.5 μg/g,
P < 0.001);
►27.7% on lumiracoxib had SB
mucosal breaks
(vs placebo, P = 0.196;
vs naproxen, P < 0.001)
►No increase in FC (-5.7 μg/g;
vs placebo, P = 0.377;
vs naproxen, P < 0.001)
►Short-term administration of
low-dose ASA associated with
mucosal abnormalities of the
SB mucosa;
►Median baseline FC
(6.05 μg/g; range: 1.9-79.2 μg/g)
increased significantly after
ASA use
►Varying degrees of diffuse
areas of inflammatory findings
in the SB: oedema, erythema,
mucosal breaks and frank
ulcerations;
►No adverse events recorded;
FC markedly high in pts with
pancreatic insufficiency,
258 μg/g (normal < 50)
►FC = 50-100 μg/g: normal
SBCE, despite symptoms
suggestive of IBD;
►FC > 100 μg/g: good
predictor of positive SBCE;
►FC > 200 μg/g: associated
with higher SBCE DY (65%);
confirmed CD in 50%;
►Measurement of FC prior
SBCE: useful tool to select
patients for referral.
If FC < 100 μg/g: SBCE is not
indicated (NPV 1.0)
►In pts with SB or colonic CD
FC is equal: median 890 μg/g
vs 830 mg/kg, respectively
(P = 1.0);
►FC cut-off = 50 μg/g: 92%
and 94% Sens for SB and
colonic CD, respectively;
►Overall, Sens and Spec for
FC: 95% and 56%;
►CD was ruled out with NPV
of 92%;
►In suspected CD, FC is
effective marker to r/o CD and
select patients for endoscopy

Hawkey
et al[42]

Denmark
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Koulaouzidis United
Single Retro- Chart 49 pts;
et al[47]
Kingdom centre spective review known or
suspected
CD

CALPRO
NovaTec
Immunodiagnostica GmbH,
Dietzenbac,
Germany

Sipponen
et al[48]

Calprest®
Eurospital
SpA,
Trieste,
Italy

Finland

Single ProBlinded 84 pts;
centre spective study known or
suspected
CD

PillCam®;
Given®
Imaging,
Yokneam,
Israel;
MiroCam®;
IntroMedic
Co., Seoul,
South Korea
PillCam®;
Given®
Imaging,
Yokneam,
Israel;
MiroCam®;
IntroMedic
Co., Seoul,
South Korea

Assess performance
of 2 SBCE
inflammation scoring
systems (LS and
CECDAI) correlating
them with FC; Define
threshold levels for
CECDAI

►LS performs better than CECDAI in
describing SB inflammation, especially at FC
< 100 μg/g
►CECDAI levels of 3.8 and 5.8 correspond to
LS thresholds of 135 and 790, respectively

Study the role of
FC and S100A12
in predicting SB
inflammatory lesions

►CE abnormal in 35/84 (42%) pts: 14 CD,
8 NSAID-enteropathy, 8 angioectasias, 4
polyps/tumours, 1 ischemic stricture
►Median FC/S100A12: 22 μg/g (range: 2-342
μg/g)/0.048 μg/g (range: 0.003-1.215 μg/g)
►FC significantly higher in CD pts (median
91, range: 2-312) compared with pts with
normal CE or other abnormalities (P = 0.008)
►Faecal S100A12 (0.087 μg/g, range:
0.008-0.896 μg/g): no difference between the
groups (P = 0.166)
►Sens, Spec, PPV, NPV in detecting SB
inflammation; FC (cut-off 50 μg/g): 59%, 71%,
42%, 83%; S100A12 (cut-off 0.06 μg/g): 59%,
66%, 38%, 82%, respectively

CF: Cystic Fibrosis; CD: Crohn’s disease; GI: Gastrointestinal; OPD: Out-Patient Department; SB: Small-bowel; FC: Faecal calprotectin; ASA: Acetylsalycylic acid; CE: Capsule endoscopy/e; Pts: Patients; Sens: Sensitivity; Spec: Specificity; SBCE: Small-bowel capsule endoscopy; LS: Lewis score; CECDAI:
Capsule endoscopy Crohn’s disease activity index; NPV: Negative predictive value; PPV: Positive predictive value; N/A: Not available or not applicable;
NSAID: Non-steroidal anti-inflammatory drug.

Table 5 Studies looking at the identification rate of the ampulla in capsule endoscopy
Ref.

CE

Type of CE model;
Company

Wijeratne et al[53]1
Kong et al[54]
Clarke et al[55]
Iaquinto et al[56]
Metzger et al[57]

138
110
125
23
20

Katsinelos et al[58]
Nakamura et al[59]
Karagiannis et al[60]
Lee et al[61]1

14
96
10
30
30
50
50
8
12
11
7
30
30
262
148
209
25

NS
M2A®; Given®Imaging Ltd.
M2A®; Given®Imaging Ltd.
PillCam®SB; Given®Imaging Ltd.
PillCam®SB1; Given®Imaging Ltd.
PillCam®SB2; Given®Imaging Ltd.
NS
PillCam®SB1; Given®Imaging Ltd.
PillCam®Colon; Given®Imaging Ltd.
PillCam®SB; Given®Imaging Ltd.
PillCam®SB2; Given®Imaging Ltd.
PillCam®SB1; Given®Imaging Ltd.
PillCam®SB2; Given®Imaging Ltd.
PillCam®ESO1; Given®Imaging Ltd.
PillCam®ESO2; Given®Imaging Ltd.
PillCam®ESO1; Given®Imaging Ltd.
PillCam®ESO2; Given®Imaging Ltd.
PillCam®SB; Given®Imaging Ltd.
PillCam®SB2; Given®Imaging Ltd.
PillCam®SB1; Given®Imaging Ltd.
PillCam®SB2; Given®Imaging Ltd.
MiroCam®; IntroMedic Ltd.
CapsoCam®SV1; Capsovision Ltd.

Selby et al[62]

Koulaouzidis et al[63]
Park et al[64]

Koulaouzidis et al[65]
Friedrich et al[66]

AoV seen, Reviewers Reviewing Frames AoV Comments
2
n (%)
speed (fps)
visible
9 (6.0)
48 (43.6)
13 (10.4)
0 (0.0)
1 (5.0)
5 (25.0)
0 (0.0)
18 (18.0)
6 (60.0)
13 (43.3)
15 (50.0)
0 (0.0)
9 (18.0)
0 (0.0)
1 (8.0)
4 (36.4)
1 (14.3)
13 (43.3)
15 (50.0)
28 (10.7)
13 (8.8)
18 (8.6)
22 (71)

1
2
2
2
NS
NS
1
2
NS
NS
NS
2
2
2
2
1
1
6
6
1
1
1
3

NS
15
5
NS
NS
NS
NS
10
NS
NS
NS
NS
NS
NS
NS
7
9
7
9
6
6
6
NS

NS
3.5 ± 2.5
NS
N/A
NS
NS
N/A
NS
NS
NS
NS
N/A
NS
N/A
NS
NS
NS
3.1 ± 1.1
3.1 ± 1.5
36.35 ± 73.24
42.46 ± 69.3
87.20 ± 248.4
3.1 ± 1.8

4 FAP patients (AoV not seen)

FAP patients (11/23 had duodenal polyps)
Repeat examinations
FAP patients
Two-headed PillCam®

Two-headed PillCam®
Two-headed PillCam®
Two-headed PillCam®
Two-headed PillCam®

1

Published only as abstracts; 2mean ± SD. CE: Capsule endoscopy; NS: Not stated; N/A: Not available or not applicable; AoV: Ampulla of Vater; fps:
Frames per second; FAP: Familial adenomatous polyposis syndrome.

capsule retention in the small bowel (overall retention
rate 1.5%-2%), which seems directly related with the
clinical indication for SBCE[13,14,40]. Interestingly enough,
other possible complications - which were postulated at
the time of CE introduction (i.e., retention inside colonic
diverticula, interaction with pacemakers, etc.) to represent

CAPSULE ENDOSCOPE ASPIRATION;
HOW COMMON IS THIS?
Capsule enteroscopy is generally considered safe, having an overall complication rate of about 1%-3%[13,14].
Undoubtedly, the most feared complication of CE is

WCG|www.wjgnet.com

1726

January 28, 2014|First Edition|

Koulaouzidis A et al . Tabulated review on capsule endoscopy

potential hurdles for the method, were shown to be very
infrequent and/or without clinically relevant consequences[67-71]. Conversely, capsule aspiration - an unexpected
complication - has been reported with increasing frequency (Table 6)[72-93]. Overall, this is probably related to
the increase in the mean age of patients undergoing CE.
In fact, capsule aspiration occurs in 1 out of 800-1000
procedures[88], mostly in elderly male patients with comorbidities and/or swallowing disorders. In the majority
of cases capsule aspiration resolves quickly, because patients expectorate the capsule. However, in selected cases,
emergency bronchoscopy is required. Thus far, only one
fatality-directly associated with capsule aspiration- has
been reported[90].

Data available thus far, show that application of FICE
in SBCE videos, leads to improved image quality and
definition of the surface texture of small-bowel lesions
(Table 9)[114-120]. Although this seems to facilitate the detectability of small-bowel findings, it is still under question
whether it proves to be clinically significant[121]. Similar
function from Olympus Inc., shows promising results[122].

WHAT’S NEW ON THE FIELD OF SMALLBOWEL CAPSULE ENDOSCOPY?
As aforementioned, there are differences among different
capsule models (Table 1). Since its introduction in clinical
practice in 2001, CE technology has been significantly.
For instance, battery life is longer, image capture frame
rate has increased, angle of view is now wider, light con
trol has been optimized, and many real time viewing
systems are now available. Nevertheless, these impressive
advancements, do not allow overcoming the main current
limitation of CE, i.e., uncontrolled propulsion; CE relies
totally on natural bowel peristalsis, i.e., it still remains a
rather “passive” diagnostic technique.
Several research groups are working to design brand
new capsules able to actively move or to be remotely ma
noeuvred through their descent in the small bowel[123].
These new capsules would allow not only recognizing a
small bowel lesion but also, in a near future, to collect targeted tissue samples or to deliver drugs (Table 10)[124-141].

CAN WE SHORTEN OUR READING TIME
IN CAPSULE ENDOSCOPY?
Few will disagree with the notion that CE is a timeconsuming procedure. In fact, although capsule administration and swallowing requires only a couple of
minutes, SBCE transit through the small bowel, although
variable, on overage lasts about 2-5 h[94]. This results in
14400-72000 frames, depending on capsule frame rate
(Table 1). This large amount of visual information requires careful evaluation by the CE reader. In addition,
any small-bowel lesion may only be visible in just a few
or even in a single frame[95]. Therefore, focused and undivided attention is required for the entire duration of each
CE video evaluation. In light of all that, several attempts
have been made to develop technical software features, in
order to make CE video analysis easier and shorter (without
jeopardising its accuracy). The first software feature designed for this purpose was the Suspected Blood Indicator
(SBI), an automatic system able to pick up, in a completely
automatic fashion, frames containing several red pixels
and, therefore (theoretically), to detect blood and or other
red-coloured lesions. Nevertheless, the accuracy profile of
this tool (Table 7) is suboptimal and, at present time[96-102],
it can be used only as supportive tool[102].
Given®Imaging Ltd. has also introduced another software tool, which aims specifically at shortening the CE
reading time, the QuickView. This sampling tool is able
to select one frame every X CE frames (the sampling rate
can be set by the reader) and therefore present, with the
click of a tag-button, a shortened CE video which can
be reviewed in a few minutes. Although the sampling
method of the QuickView system is only quantitative, it
has showed a promising sensitivity and specificity in identifying small-bowel lesions (Table 8), and reveals promising potential when coupled with other image enhancing
systems[104-112]. Olympus has similar software function (express mode) and we are aware of a single relevant study
with very similar results[113].
In the last few years, Given®Imaging Ltd., through a
collaboration with Fujinon Inc., Japan introduced the electronic chromo-endoscopy (Fujinon Intelligent Chromo
Endoscopy, FICE) in the field of capsule enteroscopy.

WCG|www.wjgnet.com

CONCLUSION
Since CE introduction in clinical practice in 2001, over 1500
papers, focused on SBCE, have been published (PubMed
search 17/03/2012; keyword term: “small bowel capsule
endoscopy”; available from: http://www.ncbi.nlm.nih.
gov/pubmed/?term=small+bowel+capsule+endoscopy).
Out of those, < 20% are clinical trials; case reports
and reviews account for about 40% of published evidence. As the amount of information has increased exponentially, and in fact continues to do so[12], it is often
difficult for the busy clinician to retrieve and filter data or
extract answers to questions arising from the daily clinical practice. In the present review, we opted to answer
certain pertinent questions on contentious and important
issues in CE through comprehensive tables. Essentially,
we aim to present an easy-to-read review with all the necessary evidence to support opinions expressed herein.
The analysis of the publications listed in the tables
clearly demonstrates how SBCE, although much “younger” than other endoscopic techniques, has found a definite role in the diagnostic work-up of certain patientsubgroups. Further success of this modality depends not
only on continuous technological progress (i.e., introduction of new capsule models, improved battery life and/or
development of new reading software features)[142] but
also on the search for new diagnostic strategies, aiming to
select for SBCE those patients with higher potential for
positive DY[32,45,81,111,117].
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76/male

69/female

Fleischer
et al[73]

Sinn
et al[74]
Tabib
et al[75]

1728

Sigmoid colectomy for
diverticulae;
Ileal carcinoid resected
Prior CVA

65/male

90/male

NS

85/male

Depriest
et al[86]

Ischaemic CVA

90/male

IHD, AF, PVD
(warfarin + clopidogrel)

IHD, AF, PVD
(warfarin + clopidogrel)

NS

76/male

90/male

HTN, DM, CVA

67/male

Depriest
et al[86]

NS

75/male

Swallowing
difficulties

PillCam®SB;
No Hx of
Given®Imaging Ltd. dysphagia

PillCam®SB;
No Hx of
Given®Imaging Ltd. dysphagia

PillCam®SB;
No Hx of
Given®Imaging Ltd. dysphagia

M2A®;
No Hx of
Given®Imaging Ltd. dysphagia
NS
Hx of dysphagia
(intermittent)
PillCam®SB;
No Hx of
Given®Imaging Ltd. dysphagia
NS
No Hx of
dysphagia
NS
No Hx of
dysphagia
NS
Hx of dysphagia

M2A®;
Given®Imaging Ltd.
M2A®;
Given®Imaging Ltd.

M2A®;
No Hx of
Given®Imaging Ltd. dysphagia

M2A®;
No Hx of
Given®Imaging Ltd. dysphagia

CE model/
company

No Hx of
dysphagia
Recent onset IDA, CHF,
No Hx of
IHD, AF, bladder cancer,
dysphagia,
CRF
pre-CE barium
meal
Recent diagnosis of coeliac M2A®;
No Hx of
disease;
Given®Imaging Ltd. dysphagia
past Hx of ankylosing
spondylitis
NS
M2A®;
NS
Given®Imaging Ltd.
No significant past medical M2A®;
No Hx of
Hx
Given®Imaging Ltd. dysphagia

On phenprocoumon

75/male

Choi
et al[85]

Shiff
et al[79]
Sepehr
et al[80]
Koulaouzidis
et al[81]
Guy
et al[82]
Leeds
et al[83]
Bredenoord
et al[84]

NS

Rondonotti
et al[77]
Nathan
et al[78]

93/male

74/male

Buchkremer
et al[76]

87/female

64/male

Schneider
et al[72]

Mechanical MV on
phenprocoumon,
BMI 15.5
HHT

Case
Comorbidities
(age/gender)

Ref.

Table 6 Case reports of aspiration of capsule endoscopes

NS/NS

NS/right main-stem
bronchus

50 s/bifurcation of the
trachea
NS/right main-stem
bronchus - bronchus
intermedius

NS/some cough

NS/some cough

NS/coughed several times

NS/difficulty swallowing CE,
slightly painful
Lengthy swallowing attempt/
coughing noted

NS/no symptoms

1/coughing, tachypnoea,
and tachycardia
1/coughed weakly

2/some coughing

NS

NS

NS

NS

Rigid bronchoscopy - stone retrieval
basket
Spontaneous resolution

Spontaneous resolution

NS

NS

NS, patient declined further
investigations

Normal small-bowel

NS

NS

NS

Spontaneous resolution
NS
Eventually, CE endoscopic placement
Endoscopy-Roth net
NS

Spontaneous resolution

Spontaneous resolution

Flexible bronchoscopy

Rigid bronchoscopy

Flexible Bronchoscopy-Roth net and
bronchial wall irrigation to induce
cough
NS/left main bronchus, Chest percussive therapy + postural
then right main bronchus drainage; Flexible bronchoscopy +
extraction basket + Roth net
NS/left main bronchus, Chest percussive therapy + postural
then right main bronchus drainage; flexible bronchoscopy +
extraction basket + Roth net

2 h/left main bronchus

NS

Final diagnosis

Endoscopy-Roth net; 6 d post-dilation, Spasticity, prominence
patient ingested capsule with no
of cricopharyngeus;
problem
endoscopy and oesophageal
dilation 1 wk later
Spontaneous resolution
NS

Spontaneous resolution

NS/right main bronchus Spontaneous resolution, eventually,
CE was swallowed on same session

8 h/lobar bronchus

NS/bronchial tree

15 s/trachea

NS/trachea

NS/bronchi

1/coughed hours post-ingestion Approximately 8 h/
bronchial tree

NS/coughed several times

NS/dyspnoea started after CE
ingestion

2/choking, dyspnoea,
CE felt lodged in the throat

1/coughed several times

4/gagging and spitting capsule - 2 min/trachea-bronchi
last attempt recurrent coughing
(aspiration presumed)
1/lodged in his throat 60 min/
no respiratory difficulty,
cricopharyngeus
could talk, vital signs normal

No. of attempts to swallow CE/ Aspiration time/where in Capsule removal
gagging or coughing
bronchial tree CE seen
(if employed)
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No Hx of Sips of water, 1st attempt, 2 min later nondysphagia productive cough (20 s)

No Hx of NS/asymptomatic (minimal cough)
3 d/in the right
dysphagia
bronchus
No Hx of Initial attempt unsuccessful/chocking episode, NS/NS
dysphagia CE coughed-up

20 s/tracheobronchial
tree

Level of carina; then
right main stem
bronchus

Spontaneous resolution, endoscopic placement
with AdvanCE® device

Spontaneous resolution

Spontaneous resolution

Bronchoscopy-retrieval basket (multiple
spontaneous ejections from trachea prior
bronchoscopy)

NS

Oesophageal ulcer +
ileal ulcer

NS

Patient suffered
intracranial bleed,
eventually succumbed
COPD, cirrhosis,
NS
No Hx of NS/asymptomatic
NS/right main bronchus Rigid bronchoscopy-Roth net
Endoscopic placement
pancreatitis
dysphagia
with AdvanCE® device
COPD
NS
NS
NS/brief coughing
NS/left main bronchus Bronchoscopy-snare + Roth net
Endoscopic placement
with AdvanCE® device
NS
NS
NS
NS/fleeting choking sensation
NS/right main bronchus Rigid bronchoscopy-crocodile grasping forceps
NS
COPD, GORD
PillCam®SB;
No Hx of Difficult, requiring multiple sips of water/
NS/left main bronchus Flexible bronchoscopy + rat-tooth alligator forceps NS
Given®Imaging Ltd. dysphagia some cough, after 1 h mild shortness of breath
+ stiff-wire basket with a pin-vise handle
AF, IHD, CVA on
M2A®;
NS
NS
24 h/left main stem
Flexible bronchoscopy + net + snare forceps +
NS
anti-coagulants,
Given®Imaging Ltd.
bronchus; then right
tripod; eventually, grasped with basket
anaemia + melaena
bronchus

NS

NS

PillCam®SB;
No Hx of Several attempts/persistent coughing and
Given®Imaging Ltd. dysphagia some dyspnoea

NS
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Liangpunsakul United
et al[97]
States

United
States

Gross
et al[96]

Single
centre

Single
centre

Country Centre

Ref.

Study type

Design

Assess
accuracy of
SBI

Retrospective ►Gold standard for lesions detected by
experienced CE reviewer;
►Significant lesions considered AVMs,
ulcers, erosions, active bleeding;
►Reviewing speed: 15fps

Accuracy of
Retrospective ►Gold standard for lesions detected by
SBI to number
experienced CE reviewer
of blood
transfusions

Objective(s)

►Gold standard: 72 pts;
►pts received blood transfusions ranging between 0-16 units;
►Overall: A total of 17 pts had positive SBI. Active bleeding in 16 pts,
who were transfused an average of 8 units before the study;
►55 pts had a negative SBI and no active bleeding was seen on their
capsule studies. In this group, the average number of PRBC transfused
was 1 unit. There was one patient who had a false positive SBI with no
active bleeding seen in the capsule study review
M2A;
►Gold standard: 109 lesions;
Given® ►SBI: 31 potential areas of blood; correctly identified lesions: 28;
Imaging ►Overall: SBI (Sens, PPV, accuracy): 25.7%, 90%, 34.8%, respectively;
►For actively bleeding SB lesions only: SBI (Sens, PPV, accuracy):
Ltd.
81.2%, 81.3%, 83.3%, respectively

M2A;
Given®
Imaging
Ltd.

CE type Outcome(s)

Table 7 Studies looking at the clinical validity of Suspected Blood Indicator, feature of capsule endoscopy reading software, in small-bowel capsule endoscopy

SBI has good Sens and PPV for
actively bleeding SB lesions

Pts receiving blood
transfusions are more likely to
have a positive SBI correlating
with the localization of active
bleeding

Conclusions

MV: Mitral valve; BMI: Body mass index; HHT: Hereditary haemorrhagic telangiectasia; IDA: Iron deficiency anaemia; CHF: Chronic heart failure; IHD: Ischaemic heart disease; AF: Atrial fibrillation; CRF: Chronic renal failure;
Hx: History; Ns: Not stated; HTN: Hypertension; DM: Diabetes mellitus; CVA: Cerebrovascular accident; PVD: Peripheral vascular disease; PD: Parkinson’s disease; COPD: Chronic obstructive pulmonary disease; GORD: Gastro-oesophageal reflux disease; CE: Capsule endoscopy.

81/male
Girdhar 83/male
et al[92]
Poudel 80/male
et al[93]

Despott 65/male
et al[91]
73/male

73/male

Renal cell cancer,
MV (bovine),
hyperlipidaemia,
melaena
Lucendo 80/male Advanced PD, DM,
et al[88]
walking + speech
difficulties
Pezzoli 82/male Unexplained
et al[89]
anemia, HTN
Parker
77/female Hysterectomy
et al[90]

Kurtz
et al[87]
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South Single
Korea centre

Investigate
whether SBI
is affected by
background
colour and CE
velocity

Experimental

►SBI red spots detection rate was evaluated based on
colours of SB models and CE velocities (0.5, 1, 2 cm/s)

M2A;
Given®
Imaging
Ltd.

►57 consecutive patients;
►Indications: OGIB (64.9%), CD (14%), malabsorption (14%),
suspicion of SB tumour (7.1%);
►SBI Sens, Spec, PPV, NPV: 58.3%, 75.5%, 38.8%, 87.2%, respectively

►95 patients; 209 red findings;
►Overall Sens: 28%;
►Sens higher for identification of blood (61%) than for nonbleeding “red”
findings, e.g., AVMs (26%);
►Per-patient Sens, Spec: 41%, 70%, respectively

►156 SBCE recordings evaluated: In 83 (normal): either no lesion (n = 71)
or P0 lesion (n = 12); in 73 abnormal: P2 (n = 114) and P1 (n = 92) lesions;
►154 red tags analysed: SBI (Sens, Spec, PPV, NPV) for P2 or P1:
37%, 59%, 50%, 46%, respectively

►SBI red spots detection rate lowest for dark brown, very pale yellow
background
►SBI red spots detection rate decreases at rapid CE passage (1-2 cm/s)
compared to slower (0.5 cm/s) for very pale yellow (P = 0.042), yellow
(P = 0.001), very pale magenta (P = 0.002), burnt sienna (P = 0.001) background;
►Red spots detection rate no different according to velocity for light
greyish pink (P = 0.643) or dark brown (P = 0.396) background

►CE indications: OGIB (n = 112), suspected CD (n = 122),
anaemia of unknown origin (n = 53), other (n = 4);
►221 lesions with bleeding potential;
►Overall: SBI (Sens, Spec, PPV, NPV):
56.4%, 33.5%, 24.0%, 67.3%, respectively;
►For actively bleeding lesions: SBI (Sens, PPV): 58.3%, 70%, respectively;
►For suspected CD: SBI (Sens, NPV): 64%, 80.4%, respectively;
►For OGIB: SBI Sens 58.3%;
►For anaemia: SBI Sens 41.3%;
►Paper-made phantom SB models in a variety of colours M2A;
►SBI red spots detection rate differed significantly per background colour
to simulate the background colours observed in CE;
Given® of SB model, P < 0.001;
Imaging ►SBI red spots detection rate highest for very pale magenta, burnt sienna,
►Red spots were attached inside them;
yellow background;
Ltd.
►CE manually passed through models;

►Gold standard for lesions detected by experienced CE
reviewer;
►Significant lesions:AVMs, varices, venous ectasias, red
spots, ulcers, erosions, blood, blood clots
►Concordant and discordant findings between CE
reviewer and SBI;
►Reviewing speed: 8-15 fps

Prospec- ►Gold standard for lesions detected by experienced CE M2A;
tive
reviewers
Given®
Imaging
Ltd.

Assess
Retroaccuracy/
spective
performance of
SBI according to
CE indications

Assess
accuracy/
performance
of SBI

M2A;
Given®
Imaging
Ltd.

M2A;
Given®
Imaging
Ltd.

►SBI performance
characteristics
suboptimal/insufficient
to screen for SB lesions
with bleeding potential;
►Even in pts with
active intestinal
bleeding, SBI Sens was
only < 60%
►SBI Sens affected
by background colour
and capsule passage
velocity in the models

►SBI has low Sens/
Spec in per-lesion
and per-patient SBCE
evaluation;
►Complementary/
rapid screening tool;
►Complete review of
the recordings is still
necessary

►SBI-based detection
of SB lesions (with
bleeding potential) is of
limited clinical value

PRBC: Pack red blood cells; fps: Frames per second; SBI: Suspected Blood Indicator; CE: Capsule endoscopy; AVM: Arterio-venous malformations; SB: Small-bowel; Sens: Sensitivity; Spec: Specificity; PPV: Positive predictive
value; NPV: Negative predictive value; OGIB: Obscure gastrointestinal bleeding; CD: Crohn’s disease.

Park
et al[102]

United Single
States centre

Single
centre

Ponferrada Spain
et al[100]

Buscaglia
et al[101]

Single
centre

Retro►Gold standard for lesions detected by experienced CE
spective reviewer, SBI tags marked by another investigator;
►Significant lesions considered Bleeding or having a
bleeding potential: high (P2), low (P1), or absent (P0);
►Concordance: same time code in frames selected by
expert reader and those tagged by SBI;
►Reviewing speed: NS
Assess Sens/
Retro►Gold standard for lesions detected by four experienced
Spec of SBI per spective CE reviewers;
►Outcomes: Sens, Spec and accuracy calculated both per
lesion, overall,
lesion/patient;
according to
►Reviewing speed: NS
red findings
(identified by
the reader),
and per patient

France MultiAssess Sens/
centre
Spec of SBI
(7 centres) (in OGIB)

Singnorelli Italy
et al[99]

D'Halluin
et al[98]

Koulaouzidis A et al . Tabulated review on capsule endoscopy

January 28, 2014|First Edition|

[100]

QuickView
sampling
rate

QuickView reading
frame mode/
reading speed (fps)

Average
reading time
(mean)

Comparison with/
reading frame mode/
reading speed used (fps)
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2
1
2
2
3
3
12
4
1
2

4.0
NS
4.0
5.0
5.0
5.0
6.5
7.0
5.0

Rapid® Reviewers
Reader
version

100

57
47
50
100
44
45
106
87
200

Total

55

37
47
NS
56
NS
NS
106
NS
106

OGIB

22

8
N/A
NS
30
NS
NS
N/A
NS
81

CD

Cases

3

N/A
N/A
NS
2
NS
NS
N/A
NS
4
20

12
N/A
NS
12
14
14
N/A
NS
9

Polyposis Other

Specificity (%)

Lesions
missed

96.5 (5 fps)
NS
NS
100
100
N/A
NS
NS
2
NS
NS
13
NS
NS
10
NS
NS
NS
89.2
Jul-84
8
NS
NS
NS
92.3 (QVWL P1 + P2) 96.3 (QVWL P1 + P2)
91 (QVBM P1+P2)
96 (QVBM P1 + P2)
NS
NS
12

Sensitivity (%)

QuickView
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Single
centre

Single
centre

Imagawa Japan
et al[115]

Objective(s)

Prospective

Assess whether
FICE improves
detection rate of
SB lesions in CE

Retrospective Assess whether
visualization
of SB lesions
improves with
FICE

Country Centre Study type

Imagawa Japan
et al[114]

Ref.
►Angiectasis
(n = 23);
►Erosion/
ulcers (n = 47);
►Tumour
(n = 75)

Images

►A CE reader reviewed
50 pts
CE-WL videos;
►Another reader, reviewed
CE-FICE videos with FICE 1,2,3

►5 experienced readers
compared CE-WL images
to their FICE counterparts

Design

FICE
1,2,3

FICE
1,2,3

FICE

Outcome(s)

PillCam®SB1;
►FICE 1: AVMs: improvement in 87% (20/23) cases; erosion/ulceration:
Given®Imaging Ltd. improvement 53.3% (26/47) cases; tumour images: improvement 25.3% (19/75)
cases;
►FICE 2: AVMs: improvement in 87% (20/23) cases; erosion/ulceration:
improvement in 25.5% (12/47) cases; tumour images: improvement in 20.0%
(15/75) cases;
►FICE 3: All images groups: only equivalence achieved in all cases; intra-observer
agreement: good to satisfactory (5.4 or higher)
PillCam®SB1;
►Angioectasias detection: CE-WL: 17 AVMs; CE-FICE 1: 48 AVMs; CE-FICE 2: 45
Given®Imaging Ltd. AVMs; CE-FICE 3: 24 AVMs; significant CE-FICE 1 and 2 (P = 0.0003 and P < 0.0001,
respectively)
►Detection rate for erosion, ulceration and tumour did not differ statistically
between CE-WL and CE-FICE 1,2,3;
►Similar interpretation time (CE-WL: 36 ± 6.9 min; CE-FICE 1: 36 ± 6.4 min;
FICE 2: 38 ± 5.8 min; FICE 3: 35 ± 6.7 min)

CE

Table 9 Studies looking at the clinical validity of Fujinon® intelligent chromoendoscopy enhancement/Blue mode, feature of capsule endoscopy reading software, in small-bowel capsule endoscopy

NS: Not stated; NA: Not applicable; fps: Frames per second; QVWL; QuickView with white light; QVBM: QuickView with blue mode; OGIB: Obscure gastrointestinal bleeding; CD: Crohn’s disease; P1, P2: Classification as per
probability of bleeding.

Ponferrada et al
NS
25, 15, 5
NS
Conventional/NS/15, 15, 5
Schmelkin[104]
NS
NS
NS
NS
Appalaneni et al[105]
NS
Single frame, 25
3 min
NS
Westerhof et al[106]
High (17)
NS
4.4 min (median)
Conventional/dual view/18
Shiotani et al[107]
High (17)
Single, 6
17.9 min
NS
Hosoe et al[108]
Normal
NS
NS
NS
Saurin et al[109]
NS
NS
11.6 min
Conventional/NS/NS
Shiotani et al[110]
5, 15, 25, 35
Single, NS
NS
NS
Koulaouzidis et al[111]
35
Dual view (WL + BM) 475 s (QuickView WL)
Conventional/
18
450 s (QuickView BM) single or dual view/12-20
Kyriakos et al[112]
NS
NS, 3
16.3 min (6.7)
Conventional/NS/NS

Ref.

Table 8 Studies looking at the clinical validity of QuickView, feature of capsule endoscopy reading software, in small-bowel capsule endoscopy
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Japan

Single Prospective
centre

Single Prospective
centre

►Assess whether
CE-FICE improves
detectability of SB
lesions by CE trainees
and if it contributes
to reducing the bilepigment effect;
►Evaluate whether
poor bowel preparing
affects the accuracy of
lesion recognition by
FICE

►4 gastroenterology trainees
interpreted 12 CE videos with
WL and FICE 1,2,3;
►Lesion detection rate under
each of the three FICE settings
was compared with that by
conventional CE-WL

FICE 1,2,3

PillCam®SB1;
►Overall, 157 lesions diagnosed with CE-FICE vs 114 with CE-WL
Given®Imaging Ltd. (P = 0.15);
►For P2 lesions; CE-FICE Sens/Spec: 94%/95% vs CE-WL Sens/
Spec: 97%/96%, respectively; 5/55 AVMs better characterized with
CE-FICE than CE-WL
►More P0 diagnosed by CE-FICE than CE-WL (39 vs 8, P < 0.001);
►Intra-class kappa correlations between fellows and reference: CEFICE vs CE-WL for P2 lesions: 0.88 vs 0.92; CE-FICE vs CE-WL for
P1 lesions: 0.61 vs 0.79
►Angioectasias (n = 18); Blue mode; Pillcam®SB1/SB2;
►Total of 167 images, for all lesion categories:
►Erosion/ulcers (n = 60); FICE 1,2,3 Given®Imaging Ltd. ►Blue mode vs WL: image improvement in 83%; κ = 0.786
►Villi oedema (n = 17);
►FICE 1 vs WL: image improvement in 34%; κ = 0.646
►Cobblestone (n = 11);
►FICE 2 vs WL: image improvement in 8.6%; κ = 0.617
►Blood lumen (n = 15);
►FICE 3 vs WL: image improvement in 7.7%; κ = 0.669
►LICS/other (n = 46)
20 patients with OGIB
Blue mode; PillCam®SB2;
►Concordance between the 4 gastroenterologists: 0.650;
FICE 1,2,3 Given®Imaging Ltd. ►CE-WL identified 75 findings and the CE-FICE 95;
►CE-FICE did not miss any lesions identified by CE-WL and
allowed the identification of a higher number of AVMs (35 vs 32)
and erosions (41 vs 24)
50 pts with
SBI;
PillCam®SB2;
►Mean reading time: 14min for both CE-WL and CE-FICE reading;
angiodysplasia were
Blue mode; Given®Imaging Ltd. ►The two previews for angiodysplasia were significantly superior
to the function of SBI (P < 0.01);
randomly assigned to 2 FICE 1,2,3
►Sens and Spec of CE-WL: 80% and 100%, respectively;
equally sized groups of
►Sens and Spec of CE-FICE: 91% and 86%, respectively;
CE-WL reading and CE►FICE reading was superior in Sens, while it resulted in more false
FICE reading
(+) ve lesion findings and lower Spec
►60 AVMs;
FICE 1,2,3 PillCam®SB2;
►60 angioectasias; CE trainees identified: 26 by CE-WL, 40 by CE►82 erosions/ulcers
Given®Imaging Ltd. FICE1, 38 by CE-FICE2, 31 by CE-FICE3;
►82 erosions/ulcerations, CE trainees identified: 38 by CE-WL, 62
by CE-FICE1, 60 CE- FICE2, 20 by CE-FICE3;
►CE-FICE 1 and 2 significantly improved detectability of
angioectasias (P = 0.0017 and P = 0.014, respectively) and erosions/
ulcers (P = 0.0012 and P = 0.0094, respectively);
►Detectability of SB lesions by CE-FICE1 was not affected (P = 0.59)
by the presence of bile-pigments;
►Detectability of SB lesions by CE-WL (P = 0.020) and CE-FICE2
(P = 0.0023) was reduced by the presence of bile-pigments;
►In poor bowel visibility conditions, CE-FICE yielded a high rate of
false-positive findings
60 pts with OGIB

FICE: Fujinon® Intelligent chromoendoscopy enhancement; CE: Capsule endoscopy; SB: Small bowel; WL: White light; OGIB: Obscure gastrointestinal bleeding; SBI: Suspected Blood Indicator; AVM: arterio-venous malformation; κ :
Inter-observer agreement; LICS: Lesions of indeterminate clinical significance; Sens: Sensitivity; Spec: Specificity.

Sakai
et al[120]

Nakamura Japan
et al[119]

Assess reproducibility ►4 physicians reviewed 150 FICE
and diagnostic
images;
accuracy of CE-FICE ►2 experienced physicians
analysed 20 CE; 1 interpreted
CE-WL; the other, CE-FICE videos
Assess preview of
►One experienced physician
angioectasias by
analysed CEs in QuickView mode;
►Mean reading time, sensitivity
CE-FICE preview
(compared to CE-WL) and specificity for angiodysplasia
detection were evaluated
including SBI

Portugal Single Prospective
centre

CE videos analysed by 2 GI
fellows with and without FICE
1,2,3;
Reference standard: Senior
consultant described findings as
P0, P1 and P2 lesions

Duque
et al[118]

Single Retrospective Assess potential
centre
benefit of FICE for
SB lesion detection in
patients with OGIB

United
Single Retrospective Assess FICE and Blue ►2 experienced reviewers CEKingdom centre
mode visualisation of WL images to FICE/Blue mode
SB lesions in CE
counterparts

Belgium

Krystallis
et al[117]

Gupta
et al[116]
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Table 10 Experimental and models in development for capsule-endoscopy the future?
Ref.
Johannessen et al[124]
Karagozler et al[125]
Quirini et al[126]
Valdastri et al[127]
Glass et al[128]
Valdastri et al[129]
Tortora et al[130]
Valdastri et al[131]
Ciuti et al[132]
Bourbakis et al[133]
Gao et al[134]
Simi et al[135]
Morita et al[136]
Yang et al[137]
Filip et al[138]
Yim et al[139]
Kong et al[140]
Woods et al[141]

Project

Status

IDEAS: A miniature lab-in-a-pill multi-Sens or microsystem
Miniature endoscopy capsule robot using biomimetic micro-patterned adhesives
An approach to capsular endoscopy with active motion
Wireless therapeutic endoscopic capsule: in vivo experiment
A legged anchoring mechanism for capsule endoscopes using micro-patterned
adhesives
An endoscopic capsule robot: a meso-scale engineering case study
Propeller-based wireless device for active capsular endoscopy in the gastric district
A magnetic internal mechanism for precise orientation of the camera in wireless
endoluminal applications
Robotic magnetic steering and locomotion of capsule endoscope for diagnostic and
surgical endoluminal procedures
Design of new-generation robotic capsules for therapeutic and diagnostic endoscopy
Design and fabrication of a magnetic propulsion system for self-propelled capsule
endoscope
Design, fabrication, and testing of a capsule with hybrid locomotion for
gastrointestinal tract exploration
A further step beyond wireless capsule endoscopy
Autonomous locomotion of capsule endoscope in gastrointestinal
Electronic stool (e-Stool): A novel self-stabilizing video capsule endoscope for
reliable non-invasive colonic imaging
Design and rolling locomotion of a magnetically actuated soft capsule endoscope
A robotic biopsy device for capsule endoscopy
Wireless capsule endoscope for targeted drug delivery: Mechanics and design
considerations

Prototype
Prototype
Prototype
Prototype
Prototype

No
Yes
Yes
No
Yes

Yes
No
No
Yes
No

Yes
No
No
Yes
No

Concept
Prototype
Prototype

Yes
Yes
No

No
No
Yes

No
No
No

Prototype

No

Yes

Yes

Concept
Concept

Yes
No

No
Yes

Yes
No

Concept

No

Yes

No

Concept
Concept
Prototype

No
Yes
Yes

Yes
No
No

No
No
No

Prototype
Prototype
Prototype

Yes
Yes
Yes

No
No
No

No
Yes
Yes

Certain issues (i.e., best small-bowel preparation for
CE[143,144], occurrence of some potentially life-threatening
complications, visualisation quality of the proximal smallbowel) remain open and they will surely be the target of
further clinical studies and technical improvements.
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PROGRESS IN GASTROINTESTINAL DISEASES

Endoscopy and polyps-diagnostic and therapeutic advances
in management
Scott R Steele, Eric K Johnson, Bradley Champagne, Brad Davis, Sang Lee, David Rivadeneira, Howard Ross,
Dana A Hayden, Justin A Maykel
of cancer-related deaths in the United States, with
an estimated 51000 deaths during 2013 alone. The
goal remains to identify and remove benign neoplastic
polyps prior to becoming invasive cancers. Polypoid
lesions of the colon vary widely from hyperplastic,
hamartomatous and inflammatory to neoplastic adenomatous growths. Although these lesions are all benign,
they are common, with up to one-quarter of patients
over 60 years old will develop pre-malignant adenomatous polyps. Colonoscopy is the most effective screening
tool to detect polyps and colon cancer, although several
studies have demonstrated missed polyp rates from
6%-29%, largely due to variations in polyp size. This
number can be as high as 40%, even with advanced (>
1 cm) adenomas. Other factors including sub-optimal
bowel preparation, experience of the endoscopist, and
patient anatomical variations all affect the detection
rate. Additional challenges in decision-making exist
when dealing with more advanced, and typically larger,
polyps that have traditionally required formal resection.
In this brief review, we will explore the recent advances
in polyp detection and therapeutic options.
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Core tip: Changes in polyp detection including chromoendoscopy and narrow band imaging, as well as reliance on quality indicators such as the 6-min withdrawal time, aim to improve adenoma detection rates. Once
identified, novel approaches for large and advanced
polyps such as endoscopic submucosal dissection and
endoscopic mucosal resection, combined laparoscopicendoscopic resection along with combined endoscopiclaparoscopic resection are available to surgeons that

Abstract
Despite multiple efforts aimed at early detection through
screening, colon cancer remains the third leading cause
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colonoscopy to detect and remove polyps, there remains
a substantial rate of undetected polyps. In most major
series this rate appears to be low, but has not improved
over time, suggesting the need for further advances in
the technique. Large studies that include physicians with
extensive experience have demonstrated missed polyp
rates from 6%-29%, with the variation depending primarily on the size of the lesion[9]. Not surprisingly, missed
polyp detection rates have been significantly lower for
larger lesions. Pooled analysis of tandem colonoscopies
has revealed a failure to detect polyps of any size in as
many as 22% of cases (95%CI: 19%-26%). In this systematic review, when further stratified by size, adenoma
miss rates were 2.1% lesions for ≥ 1 cm, 13% for those
5-10 mm, and 26% for polyps 1-5 mm[10]. Others have
reported similar results, with miss rates for all polyps at
28%, adenomas (20%), polyps < 5 mm (12%), > 5 mm
(9%) and advanced adenomas (11%)[11]. When accounting for other factors such as the concomitant presence of
a sub-optimal bowel preparation, these rates have been
reported to be higher than 40% for any size polyp, and
even up to 36% with advanced adenomas[12]. In order to
understand how we may potentially be able to lower this
missed adenoma detection rate, we will explore these factors and the data behind each of them.

may obviate the need for formal resection. Although
technical expertise and experience is required, physicians caring for these patients should be familiar with
each of these alternative procedures.
Original sources: Steele SR, Johnson EK, Champagne B, Davis B,
Lee S, Rivadeneira D, Ross H, Hayden DA, Maykel JA. Endoscopy and polyps-diagnostic and therapeutic advances in management. World J Gastroenterol 2013; 19(27): 4277-4288 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v19/i27/4277.
htm DOI: http://dx.doi.org/10.3748/wjg.v19.i27.4277

INTRODUCTION
Endoscopic technology has undergone dramatic improvements since Philipp Bozzini (1773-1809), a urologist from Frankfurt, Germany, developed the lichtleiter
in 1806 - a light-conducting system that featured a candle
and system of prisms to inspect the rectum, bladder and
esophagus of patients[1]. Since then, multiple different
physicians and scientists such as Nitze, Mikulicz, Waye,
and Shinya have advanced this technology from a rigid
device able to look into the bladder and stomach to a fully flexible endoscope capable of evaluating the entire gastrointestinal tract. Modern endoscopic equipment allows
the direct visualization and treatment of many diseases
ranging from colorectal polyps, carcinoma, inflammatory
bowel disease, intestinal ischemia, diarrhea, diverticular
disease, and lower gastrointestinal bleeding. Auxiliary
devices ranging from biopsy forceps, snares, injection
needles, various knives, baskets and balloon dilators have
been developed to expand the ability of surgeons and
gastroenterologists alike to manage complex pathology
through the use of endoscopes. This update will briefly
review some of the emerging advances and evolving parameters as well as their impact on clinical practice.

Time of withdrawal
One factor that has more recently been identified to
impact overall polyp detection rates is colonoscopy withdrawal time. In 2002, a United States Multi-Society Task
Force on Colorectal Cancer recommended that the withdrawal time for colonoscopies should average 6-10 min.
Interestingly, this was based, in part, on a single small series of only 10 consecutive colonoscopies performed by
two experienced endoscopists with vastly different withdrawal practices that found different adenoma missed
rates[13]. Following confirmatory studies, practice guidelines have since recommended that endoscopists spend
a minimum of 6-10 min examining the colonic mucosa
during the withdrawal phase of colonoscopy to optimize
the diagnostic yield of polyps. In many instances, this has
evolved to become a metric that is tracked by hospital
administrators to assess the quality of colonoscopies[14].
The response was initially positive, and adherence to this
benchmark was supported by findings in a study by Simmons et al[15] that included 11000 colonoscopies showing
a direct association between longer withdrawal times
and higher polyp detection rates (r = 0.76; P < 0.0001).
Although this association was overall strong, it dropped
significantly as polyp size increased (r = 0.19 for polyps
6-9 mm, r = 0.28 for polyps 10-19 mm, r = 0.02 for polyps ≥ 20 mm). Small variations on this theme were subsequently reported, with others finding overall procedure
time (which included the consent and sedation periods
and not just withdrawal time) correlated with increased
rates of polyp detection (r = 0.64, OR = 1.4, 95%CI:
1.19-1.64 for polyps > 1 cm; OR = 1.03, 95%CI:
0.74-1.43 for polyps > 2 cm)[16]. In one of the sentinel

QUALITY PARAMETERS
Colon cancer remains the third leading cause of cancerrelated deaths in the United States when each gender is
considered separately and second when combined, with
an estimated 50830 deaths in 2013 alone. This is despite
multiple efforts aimed at early detection through screening, as well as evidence that routine screening reduces
mortality[2-5]. Barriers to screening include patient fear
of the exam and results, financial constraints, time off
from work, transportation, and (in some regions) access
to care. Multiple studies have demonstrated that when
compared to flexible sigmoidoscopy and air-contrast
barium enemas, colonoscopy is the most effective screening tool to detect colon cancer[6,7]. These dramatic results,
in part, prompted Medicare in July 2001 to provide
coverage for screening colonoscopy; which, along with
technological advances, dramatically increased its overall
use in the United States[8]. Despite the success of optical
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papers, Barclay and associates published a study in the
NEJM with 7882 colonoscopies using 6 min as the minimum length of time to allow for “adequate inspection”
during withdrawal[17]. In this study of 12 gastroenterologists, rates of polyp detection ranged widely when
measured either by number (0.1-1.05 mean number per
patient) or percentage with adenomas (9.4%-32.7%),
as well as times of withdrawal (3.1-16.8 min for procedures with no polyps removed). When specifically using
a cutoff of 6 min, those with longer withdrawal times
had significantly higher rates of detection for any neoplasia (28.3% vs 11.8%, P < 0.001), as well as advanced
lesions (6.4% vs 2.6%, P = 0.005). Since then, multiple
authors have confirmed average withdrawal times of 6
min or longer to be correlated with increased adenoma
detection rates, including a quality assurance review of
15955 patients over 49 ambulatory centers, 17 states and
315 gastroenterologists, where longer withdrawals had a
1.8-fold higher rate of polyp detection[18]. In this review,
factors that were found to be the strongest predictors of
withdrawal time ≥ 6 min include the presence of carcinoma (OR = 3.7), adenoma (OR = 2), and number of
polyps visualized (OR = 1.7). Whether the study is performed in a private practice or academic environment,
the relationship between longer withdrawal times and
higher rates of overall polyp detection, or adenomas per
patient (0.09-0.82), has been consistent[19].
However, the adoption of this quality indicator has
not been uniformly supported nor met with complete
agreement. Several authors have demonstrated no difference in polyp detection rates, despite improving the
frequency of meeting the > 6 min quality metric from
65% to near 100% of the time [14]. Others argue that
colonoscopy rarely misses polyps > 1 cm (i.e., the most
clinically significant polyps), regardless of the time spent
during the withdrawal phase. Still others have agreed that
while withdrawal time is associated with higher rates of
polyp detection, longer withdrawal times have not been
associated with changes in rates of neoplasia discovered
at subsequent follow-up colonoscopies, including a recent VA Cooperative Studies Group analysis[20]. Similarly,
after a monitoring and feedback program was instituted
that focused on withdrawal times and polyp detection
rates, there was an increase in mean withdrawal time
(6.6-8.1 min, P < 0.0001) and overall polyp detection rate
(33.1%-38.1%, P = 0.04). However, this was again observed to not be associated with an increase in neoplasia
detection rate from the initial to the post-intervention
time periods (19.6%-22.7%, P = 0.17)[21].
Despite this, withdrawal time has evolved into a quality metric indicator in many centers for determining the
adequacy of colonoscopy. As such, this has led to some
changes in clinical practice - both positive and negative.
Some authors have reported improved rates of longer
withdrawal times to comply with these guidelines, simply
knowing that this quality measure was being recorded,
but without using that time to perform the corresponding evaluation. To combat this, practices such as vetting
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through bystander observation and video recording have
been attempted, though without a significant increase in
polyp detection[22]. Other authors have shifted their focus
in an attempt to further clarify the reasons for variations
in polyp detection rate. Factors such as number of procedures, mean patient age, percentage of women, and
mean procedure time have all been evaluated (in addition
to polyp size) with only procedure time being significantly associated with polyp detection rate in a study of
2665 screening colonoscopies[23]. Multiple other patient
and physician-related factors have also been identified as
causes for higher miss rates including experience of the
endoscopist, larger colon folds, morphology of polyp,
and polyp location (i.e., blind spots at the flexures)[11,24].
Physician fatigue
Physician fatigue has been considered another variable
that affects colonoscopy quality performance and adenoma detection rates. This was first noted in a study demonstrating that afternoon colonoscopies have higher failure
rates than morning colonoscopies, with higher overall
incompletion rates (6.5% vs 4.1%, P = 0.013) as well as
higher rates of inadequate bowel preparation (15.4% in
am vs 19.7% in pm)[25]. When using cecal intubation rates
as the endpoint, success was again lower in the afternoon
(93.5% vs 95%, P = 0.02), although gender, age and bowel
preparation were felt to play a role in these differences as
well[26]. Adenoma detection rates have also varied based on
the time of day the colonoscopy is performed, with one
study reporting rates of 29.3% in the morning vs 25.3% in
the afternoon (P = 0.008), independent of factors such as
poor bowel preparation, withdrawal time, or partial evaluation[27]. To further clarify this, authors have compared results of providers that perform a full day of colonoscopy
with those limited to half-day blocks. Adenoma detection
rates in those only working half days have showed no
significant difference between early and late procedures
within that time period (27.6% vs 26.6%, OR = 1.05,
95%CI: 0.88-1.26, P = 0.56), while those in the same
practice with full-day blocks reporting higher detection
rates in the morning (26.1% vs 21%, P = 0.02), suggesting
that the additional time, and subsequent fatigue, plays a
role for this difference[28]. It appears that provider fatigue
culminates in lack of focus or acumen in many cases, and
translates into lower rates of “successful” colonoscopies
as time progresses. Interestingly, polyp detection rates
have also been shown to decline as time passes during
an endoscopist’s schedule, regardless of time of day, or
number of prior procedures. Each elapsed hour in their
work schedule was associated with a 5.6% reduction in
polyp detection (P = 0.005), suggesting that physician fatigue can progress more rapidly in certain cases[29].
Training and technique
Regardless of the metric proposed, proper training remains a major factor in becoming and remaining proficient in any endeavor. Historically, intra-procedural quality indicators for colonoscopy have focused primarily on
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physician-related factors such as cecal intubation rates,
terminal ileal intubation, number of polyps detected,
number of polyps retrieved, size of polyps detected, time
to reach the cecum, and more recently withdrawal time.
Guided by principles such as the United Kingdom Department of Health Global Rating Scale for endoscopy,
emphasis has shifted more on defining quality experience
through patient-driven metrics including appropriateness
of the intervention, proper information/consent, overall
safety, patient comfort, and providing timely results[30].
Use of colonoscopy-based virtual-simulator models has
been one way to supplement inadequate exposure during
residency training, and improve both the trainee experience and end result. Multiple studies have demonstrated
that following intervention with 3-D simulators, many
of these aforementioned traditional metrics such as cecal intubation rates, overall times, and need for further
medication interventions significantly improve[31]. On the
other hand, it remains to be seen how these newer quality
metrics will be evaluated, reported and enforced.

patients, these lesions have a characteristic serrated architecture and can occur either as a traditional serrated adenoma (classically seen as a polypoid lesion), or as a sessile serrated adenoma (flat, slightly raised, right-sided >
left). Though historically often diagnosed as a variant of
hyperplastic polyps, these lesions are found in about 7%
of all colonoscopies, and are now more properly classified as their own distinct entity. They are also believed to
have a higher risk of malignancy that occurs apart from
the traditional adenoma to carcinoma sequence[36,37].
The traditional polyp-cancer sequence has been established since Muto et al[38] described it in 1975. Adenocarcinoma of the colon can arise via multiple different
pathways, with the most common described by genetic
alterations that result in micro-satellite stable carcinomas[39]. Approximately 1/3rd, however, will arise along the
serrated pathway, developed from the precursor lesion
known as the sessile serrated adenoma (SSA). This is
caused from an extensive methylation at the CpG island
promoter site, which may demonstrate microsatellite
instability. While controversy exits, it has been reported
that SSAs are precursor lesions to micro-satellite unstable
carcinomas; though limited data on the rate of progression currently exists[40]. In their pre-malignant state, these
polyps show features between those of hyperplastic
polyps and adenomas. On a molecular level, they have a
high proportion of the BRAF mutation and DNA methylation. BRAF, a member of the RAF family of serine/
threonine kinases, mediates cellular responses to growth
signals, and BRAF mutations have been strongly associated with mis-match repair-deficient colorectal cancer[41].
Methylation and inactivation of the DNA repair genes
MLH1 and MGMT (06 methylguanine-DNA methyltransferase) similar to that in hereditary non-polyposis
colorectal cancer, are felt to be the critical steps that lead
to this instability[42]. It has also previously been found that
patients with micro-satellite unstable cancers demonstrate
an increased serrated polyp to adenoma ratio compared
to those with stable cancers. Therefore when encountering patients that have more serrated polyps than adenomas during colonoscopy, subsequent cancers in these
patients may demonstrate microsatellite instability and
should be considered for appropriate testing[43]. Risk factors for the development of sessile serrated adenomas
include greater than 20 pack-year smoking history (OR =
7.31, 95%CI: 3.9-13.6), and, to a smaller extent, diabetes
and obesity[44].
Unfortunately, there continues to be inconsistencies in the literature regarding the ultimate prognosis
and malignant potential of both flat polyps and serrated
adenomas. Even large series comparing flat lesions with
polypoid have found that the size of the lesion confers
much greater risk than the morphology for the development of malignancy. Furthermore, the incidence of highgrade dysplasia or cancer in flat neoplasms was found to
be similar to that of polypoid neoplasms (5.4% vs 4.6%,
P = 0.36)[45]. While still somewhat controversial, what
seems increasingly clear is that while further informa-

POLYP CLASSIFICATION
In general terms, a polyp refers to the elevation of tissue above the gastrointestinal epithelium. Colon polyp
types range widely from hyperplastic, hamartomatous,
and inflammatory varieties to neoplastic adenomatous
lesions. Although these lesions are all “benign”, up to
one-quarter of patients over 60 years old will have “premalignant” adenomatous polyps. Traditionally, polyps
have been classified most commonly by their histology
(i.e., villous, tubular, tubulovillous, etc.), location, and
physical description - with pedunculated and sessile being
the most common descriptive classes. Since their first description in 1985[32], flat adenomas are increasingly more
common and represent one of the “high-risk” categories
along with adenomas larger than 1 cm, those with highgrade dysplasia, those associated with inflammatory bowel disease, villous or tubulovillous adenomas, and patients
with multiple adenomas (typically > 3). Similarly, serrated
adenomas represent another high-risk group, and are
believed to represent a unique pathway in the adenomacarcinoma sequence.
Flat polyps and serrated adenomas
While there has been some controversy regarding the
impact and importance of flat adenomas in the United
States and Europe, they are more widely believed to be
significant in Asia. The Japanese Research Society Classification (Kudo classification of adenomas) describes
flat lesions as those with a height that is less than one
half the diameter[33]; while the Paris classification uses
protruding and non-protruding divisions[34]. Increasingly,
these lesions are recognized for their role in malignancy
as well as difficulty with identification[35]. Serrated polyps
represent another type of lesion that has been reported
to be more difficult to diagnosis. Originally described
following evaluation of hyperplastic polyposis syndrome
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tion is required to determine the exact malignant risk of
these lesions, there is evidence to suggest that they have a
higher risk profile and should be followed accordingly.

Table 1 Factors associated with adenoma detection

Laterally spreading tumors
Another subset of high-risk lesions includes laterally
spreading tumors (LSTs). These lesions have been increasingly described over the past 20 years and are characterized by their higher likelihood to spread laterally along the
lumenal wall rather than vertically[46]. By definition, LSTs
applies to lesions > 10 mm in diameter[47]. Okamoto initially described two clinical and histologic subtypes, which
are identified as the granular-type (LST-G) and non-granular (LST-NG)[48]. Granular types appear endoscopically as
multiple even or uneven nodules with the same color with
its surrounding normal mucosa, while the non-granular
type (also referred to as flat) appear smooth. These lesions
may also be further stratified based on their morphological appearance as LST-G-H (homogenous) and LST-G-M
(nodular mixed) type or LST-NG-F (flat elevated) and
LST-NG-FD (pseudodepressed)[49].
These lesions have a much higher propensity for being missed via standard white light colonoscopy, as well as
more advanced techniques such as narrow band imaging
(NBI) and chromoendoscopy[50]. More importantly, LSTs
have an increased rate of submucosal invasion. Rates of
invasion, particularly for the LST-NG subtype are as high
as 30%-40%[46], whereas the granular subtype are significantly lower (about 5%-10%)[51]. While the risk of lymph
node metastases is low for early invasion[52], the preferred
management is still somewhat controversial, but mostly
based on clinical and morphological appearance[53,54].
What is clear, however, is that these lesions represent a
high-risk group with a substantial rate of concomitant
malignancy, and endoscopists need to have an acute
awareness of their potential presence and follow-up on
them accordingly.

Association
Worse
Worse
Variable
Variable (mostly worse with early)
Worse
Worse
Worse
Variable data1
Variable data1

1

Compared to traditional white light colonoscopy.

was a correlation between pit patterns and the histology
of the cells in the gland. The authors further went on to
categorize these seven principle types into 5 pit patterns:
(1) normal round pit; (2) small and large asteroid pits;
(3) small round pit; (4) oval pit; (5) gyrus-like pit; and (6)
non-pit pattern. By using this schema, types Ⅰ and Ⅱ
are non-neoplastic and Ⅲ, Ⅳ and Ⅴ are neoplastic, with
accuracy rates reported as high as 90%[57]. Chromoendoscopy and NBI use these differences in pit pattern to help
detect and differentiate polyps.
Chromoendoscopy
In chromoendoscopy, a dye such as indigo carmine can
further enhance the surface structure of epithelial lesions
with the aid of magnifying endoscopy[58]. Pit patterns
become more recognizable, and outlining the borders of
polyps is reported to be more accurate. Accuracy rates
have been reported as high as 87%-100% and 76%-99.8%
in diagnosing non-neoplastic and neoplastic polyps,
respectively[59]. Furthermore, this technique has been
shown to be beneficial for helping detect small lesions
and decreasing the missed polyp rate, with diagnostic accuracies of 95% with magnification chromoendoscopy
for lesions < 5 mm compared to 76% with traditional
colonoscopy[60,61]. A recent update of the Cochrane review consisting of 5 studies compared chromoendoscopy
vs conventional endoscopy for detection of polyps, and
showed that chromoendoscopy is more apt to identify
patients with at least one neoplastic lesion (OR = 1.67,
95%CI: 1.29-2.15), as well as those with ≥ 3 neoplastic
lesions (OR = 2.55, 95%CI: 1.49-4.36) over “white” light
endoscopy[62]. Although still not widely used, especially in
the United States, chromoendoscopy has also been cited
to reduce the time, cost and risk with biopsy/polypectomy, once the initial learning curve associated with dye
application is complete.

POLYP DETECTION
There is little doubt that colonoscopy is a highly specific
and sensitive test for the detection of colonic lesions,
and several factors play a role in the adenoma detection
rate (Table 1). However, differentiating early colon cancer
from polyps can be more difficult. Factors that are associated with the presence of malignancy in a colonic polyp
include villous architecture, increasing size, presence of
multiple polyps and sessile lesions[55]. To further help in
distinguishing benign from cancerous lesions, Kudo et al[56]
in 1994 reported on differences in mucosal pit patterns
of various colorectal polyps. In this classification system, staining patterns that are often seen in hyperplastic
polyps or normal mucosa differ from the unstructured
surface architecture more commonly identified with malignancy. Pit patterns were classified into seven principal
types: (1) normal round pit; (2) small round pit; (3) small
asteroid pit; (4) large asteroid pit; (5) oval pit; (6) gyruslike pit; and (7) non-pit. The authors found that there
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Variable
Withdrawal Time < 6 min
Sub-optimal bowel preparation
Patient anatomy
Experience of endoscopist
Afternoon endoscopy
Flat adenomas
< 1 cm
Narrow band imaging
Chromoendoscopy

NARROW BAND IMAGING
NBI is an imaging technique that also relies on better
definition of capillary pattern to improve the contrast
between adenomas and surrounding normal mucosa.
Adenomas, like malignancy, have a characteristic angiogenesis that can be detected using various wavelengths
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of light that variably penetrate the colon mucosa[63]. The
theory behind it’s efficacy lies in its ability to contrast the
“normal” mucosa from that of adenomatous tissue to
a greater degree than standard white light colonoscopy
by selecting out specific wavelengths through optical
filters that “narrow” the bandwidth of light. Developed
by Gono et al[63] (and originally described on the vascular
pattern and adjacent mucosa of the underside of the human
tongue), it uses the reflected light to visualize the superficial
structure and enhance the vasculature within the mucosal
layers. Unlike chromoendoscopy, which relies on sprays and
specialized equipment, NBI is readily available on many
colonoscopy systems and does not require additional imaging. The data supporting its use, however, remains somewhat
conflicting. In a pilot study by Machida et al[64], NBI had a
93.4% diagnostic accuracy, equivalent to chromoendoscopy with magnification, and higher than that of conventional colonoscopy. In one randomized trial during
screening colonoscopies, patients randomized to white
light (n = 108) and NBI (n = 103) had adenoma detection
rates of 58.3 and 57.3 (P = 0.88), respectively. However,
when the authors further evaluated only flat adenomas,
a lesion believed to be best defined by NBI, the detection rates were 9.3% for traditional colonoscopy and
21.4% for NBI (P = 0.019)[65]. Other randomized data
including 1256 patients comparing NBI technology to
white light with associated high definition video found
no difference in overall adenoma detection rates (33% vs
34%), total number of lesions (200 vs 216), or any other
subgroups of adenomas to include flat lesions[66]. In this
study, only hyperplastic polyps were found more commonly in NBI. Several other authors have found NBI did
not improve the colorectal neoplasm miss rate compared
to traditional methods[67], or even those of small and flat
adenomas with the use of high-definition colonoscope[68].
A recent Cochrane review identified 11 randomized trials with 3673 patients comparing NBI to standard white
light endoscopy for the detection of colorectal polyps.
The authors found similar rates of overall polyp detection (6 trials, n = 2832, RR = 0.97, 95%CI: 0.91-1.04),
and adenomas (8 trials, n = 3673, RR = 0.94, 95%CI:
0.87-1.02), even when stratifying by the number of patients with at least one lesion by size [< 5 mm: RR = 0.95,
95%CI: 0.84-1.08, I2 = 56%; 6-9 mm: RR = 1.06, 95%CI:
0.81-1.39, I 2 = 0%; ≥ 10 mm: RR = 1.06, 95%CI:
0.77-1.45, I2 = 0%][69].
On the contrary, there are studies that do report improvements in distinguishing neoplastic from non-neoplastic lesions using NBI, with accuracy rates higher than
that of colonoscopy and equivalent to chromoendoscopy
(80%-82% low magnification NBI; 85% low magnification chromoendoscopy; 87%-90% high magnification
NBI; 82%-92% high magnification chromoendoscopy;
standard colonoscopy (67%-68%) [70]. Other authors
have found sensitivity of 90%-96% and specificity of
85%-89% in differentiation of neoplastic vs non-neoplastic lesions, comparable to that of chromoendoscopy.
Furthermore, accuracy rates were even higher with the
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addition of magnifying endoscopy, up to 94% for neoplastic and 89% for non-neoplastic lesions[71,72]. Similar
to chromoendoscopy, however, the ultimate role this will
have relies on the long-term data, ability to lower costs,
and proper training of endoscopists prior to incorporation into everyday and widespread use.
Endoscopic mucosal resection
Endoscopic mucosal resection (EMR) was first described
in 1990 by Inoue and Endo in Japan[73], and subsequently
followed by Soehendra et al[74] in Hamburg, Germany in
1997. In the esophagus and stomach, as well as the colon,
EMR allows removal of superficial tumors of the gastrointestinal tract. Unlike polypectomy that removes the
tumor at the base of the mucosa, the plane of resection
during EMR occurs in the middle or deep submucosal
layer. Drawbacks of piecemeal excision include difficulty
with proper staging, histological diagnosis, and definitive
evaluation of the margins[46,75]. Furthermore, unlike the
stomach, the colonic wall is much thinner and haustrated,
leading to a technically more difficult procedure. Indications for EMR currently include adenomas or small, welldifferentiated carcinomas confined to the mucosa or with
minimal invasion into the submucosa, those more than
1/3rd of the lumenal diameter, or flat/depressed polyps.
In essence, EMR enables select lesions to be removed endoscopically that would potentially require colectomy[76].
It is important that these early carcinomas do not have
lymphovascular invasion, due to the increased risk of
lymph node metastases. As this technique is currently performed more commonly in Japan, the Japanese Society
for Cancer of the Colon and Rectum’s current criteria for
curative endoscopic resection are: submucosal invasion
of less than 1000 μm, moderate or well-differentiated
lesion characteristics, and the absence of vascular invasion[77]. Moss and colleagues have also identified risk
factors for submucosal invasion and failure of successful EMR in a prospective, multi-center cohort of 479
patients and 514 lesions[78]. In their collective experience,
Paris classification 0-Ⅱa+c morphology, nongranular
surface, and Kudo pit pattern type Ⅴ were all risk factors
for invasion, with even higher risks (up to 55.5%) when
multiple factors were present. EMR was attempted in
464 patients, being successful in 414 (89%), with a prior
EMR attempt by the referring endoscopist (OR = 3.75,
95%CI: 1.77-7.94), difficult position (OR = 2.17, 95%CI:
1.14-4.12) and ileocecal valve location (OR = 3.38,
95%CI: 1.20-9.52) all predictors of initial failure.
Local recurrence has been reported in 6.9%-13.4%
of cases of EMR, with higher rates reported following
piecemeal excision, invasive pathology, and for lesions >
2 cm (rates up to 39%)[79]. Median times for recurrence
are typically within the first 6 mo, signifying the importance of follow-up endoscopic evaluation between 3 mo
and 1 year[80]. In patients with larger polyps or those with
dysplasia or cancer, it is recommended that they undergo
more high intensity surveillance[81,82]. Other reported risk
factors for recurrence include a granulous appearance of
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the lesion and distal rectal lesions. Incomplete (R1) resections and those with deep positive margins should be
considered for surgery.
Outcomes for EMR are, in general, very good as most
patients are highly selected. When performed by experts,
less than 3% of lesions are referred for surgical resection
(due to inadequate removal), 44%-60% are performed
en bloc, and the remaining lesions undergo successful
piecemeal removal[83]. In sample series, complications
involve procedural (10%-13%) and late (0%-1%) bleeding, post-polypectomy syndrome (2%-3%) and perforations (1%-2%)[84]. In attempt to identify high risk polyps
that contain cancer prior to EMR, several authors have
shown malignancy rates are higher with sessile polyps and
those > 3 cm[83,84]. Although these factors are not absolute
contraindications to EMR, it is typically more difficult to
remove tumors larger than 2 cm by en bloc resection using
EMR, with reported rates of about 30%. The decision to
perform EMR should be made on an individual basis[85-87].

the authors divided up their experience into three separate phases (1-25, 26-50 and 51-76 years). During this
time, both the rates of en-bloc resection (60%, 88% and
96%, respectively) and R0 resection (80%, 86% and 88%)
increased, while procedure times significantly decreased
(200, 193 and 136 min ).
Using different techniques, other authors have reported successful en-bloc resection occurs in up to
85%-89% of cases and piece-meal resection is possible in
the remaining 10%-15%[92-96]. Clear lateral and deep margins (i.e, complete resections) have been reported in up
to 79%-86% of cases[97,98]. As previously stated, because
it is difficult to perform en-bloc resection by EMR for
lesions larger than 20 mm, ESD may be more suitable
for these lesions. The ability to predict depth of invasion
in an attempt to decide whether to pursue EMR, ESD
or formal resection remains somewhat difficult. Similar
to EMR studies, predictors of submucosal vs mucosal
invasion include poor-differentiation and the absence of
background adenoma[83,84].
Briefly the technique of ESD involves an initial bowel
preparation to remove residual feces. An endoscope
with a single channel is used along with a high-frequency
electrosurgical generator. After identification of a lesion,
one of several types of solutions (including a mixture of
1% hyaluronic acid solution and 10% glycerin solution) is
injected around the lesions to elevate the submucosa[99].
Specialized knives in various shapes and sizes help to
perform the dissection and resection. The border of the
tumor is initially marked by indigo carmine dye and with
approximately 1 cm margins. Following a mucosal incision, and depending on the physician preference, a partial
or circumferential incision is made along with injection
of hyaluronic acid solution into the submucosa, and the
dissection is carried down to the deep submucosa. This
process is continued around the tumor until the entire lesion is resected en bloc, when possible.
Perforation using ESD occurs in 1.4%-10.4% of
cases, with the majority of series reporting rates < 2%[100].
These rates are classically higher than reported with EMR
and are most likely due to the depth of dissection, and in
certain cases lesions that are associated with a significant
amount of fibrosis[101]. When small perforations occur,
endoscopic clips have been utilized to close the site when
feasible[102]. In more severe cases or those that cannot be
closed endoscopically, more definitive procedures should
be performed either by laparoscopy or laparotomy. Cases
of delayed perforation occur in < 1% of cases, and are
thought to be a result of thermal injury[103]. Postoperative hemorrhage rates are reported between 0%-12%,
comparable to that with EMR, and the majority are
self-limiting[96]. Another not infrequent complication
is the inability to complete the procedure secondary to
patient restlessness from abdominal distension and pain
(12%-32%), requiring additional conscious sedation or
even general anesthesia. Additionally, the use of carbon
dioxide has been shown to significantly reduce this pain
and bloating when deep sedation compared to traditional

Endoscopic submucosal dissection
Endoscopic submucosal dissection (ESD) is primarily used to help with resecting larger tumors and aid in
achieving higher rates of en-bloc resection of superficial
tumors in the gastrointestinal tract than EMR. While
EMR is the current standard in most centers outside of
Asia, ESD is a technique that should, in general, be reserved for highly selected lesions by specialized endoscopists skilled and experienced in this technique Although
still primarily performed in select centers and lacking
widespread use, the goals of ESD remain: (1) treating
mucosal cancer; (2) achieving an R0 resection; (3) meeting quality standards; and (4) ensuring that procedures are
performed by endoscopists trained in this technique and
under institutional review board approval[88]. As a general
guideline, ESD is more commonly indicated when a snare
is unlikely to enable a successful en bloc resection with
EMR. ESD is also indicated when tumors are diagnosed
as carcinomas with intramucosal to shallow submucosal
invasion, as well as lesions with submucosal fibrosis that
cannot be removed by EMR, even if less than 20 mm in
size. Others have proposed that this technique is suitable
for all large polyps, early colorectal cancer, and those lesions that cannot be accessed transanally in patients who
wish to avoid major resection.
Similar to other new technology, both EMR and
ESD have learning curves that play a large role in determining outcomes. Previous reports out of Asia, where
experience tends to be much greater, have demonstrated
proficiency for larger lesions occurs at about 80 cases,
with generalized avoidance of major complications such
as perforation at about 30-40 procedures[89,90]. Yet, the
learning curve of ESD and its outcome comparison to
EMR in centers where endoscopists are not as familiar or
experienced is less defined to date. Probst and colleagues
evaluated their learning curve in a European study of 82
rectosigmoid lesions, with successful resection using ESD
techniques in 76 (93%)[91]. Over the 7-year study period,
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air insufflation[104]. Other more rare complications include
obstruction, fever, and pain[105]. Most importantly, residual
disease has been reported in 2%-3% with ESD[106]. In
one of the few series comparing ESD with EMR, 145
colorectal tumors were treated by ESD and another 228
treated by EMR. ESD was associated with a longer procedure time (108 min vs 29 min, P < 0.0001), higher en
bloc resection rate (84% vs 33%, P < 0.0001) and larger
resected specimen size (37 mm vs 28 mm, P = 0.0006) [86].
There were three (2%) recurrences in the ESD group and
33 (14%) in the EMR group requiring additional EMR (P
< 0.0001). Complication rates were similar (perforation
6.2% ESD vs 1.3% EMR, delayed bleeding 1.4% ESD
vs 3.1% EMR; P > 0.05). Although both of these techniques are currently only offered in select centers, emerging literature and advances in technology may provide the
impetus for more widespread training and utilization.

proached via similar CLER, standard endoscopy or formal
resection[107-109]. Final pathology ultimately will dictate the
need for any subsequent segmental resection, and patients
should be counseled about this ahead of time. Novel approaches for large and advanced polyps are available to
surgeons that may obviate the need for formal resection.
Although technical expertise and experience is required,
physicians caring for these patients should be familiar with
these alternative procedures.

CONCLUSION
Our goal remains to identify and intervene on lesions at
the polyp stage, prior to invasion. While colonoscopy is
the most effective screening tool to detect pre-cancerous
polyps and colon cancer, we must focus on the quality
indicators such as withdrawal time and adenoma detection
rate to ultimately improve our outcomes. Advances such
as NBI, chromoendoscopy, endoscopic mucosal resection,
endoscopic submucosal dissection, and CLER are tools
that may improve the management of benign and early
malignant polyps, and physicians performing endoscopy
should be well-versed in their applicability and efficacy.

Combined laparoscopic-endoscopic resection/combined
endoscopic-laparoscopic surgery
It is important to note that most lesions can (and should)
be approached through traditional techniques. However,
for select more advanced lesions, other methods are
available. Combined laparoscopic-endoscopic resection
(CLER) or combined endoscopic-laparoscopic surgery offers another approach for the removal of these
advanced lesions that are not amenable to traditional
endoscopic techniques, and would normally go on to formal resection. Lesions that are identified as being larger
or more difficult to remove in the endoscopy suite are
marked, and the patient is taken for a procedure under
general anesthesia. In the operating room, the subcutaneous layer under the polyp is injected to lift the polyp.
After laparoscopic ports are placed, the bowel is manipulated from the outside to expose the base of the lesion,
and endoscopic polypectomy is performed. This enables
direct evaluation for any full thickness injury, as well as
the ability to imbricate or close the bowel wall using full
thickness sutures should the need arise. Additionally, a
sleeve resection can be performed that removes the lesion along with a full-thickness section of the surrounding wall (i.e., in cecal lesions). A leak test can also be
performed by submersion of the staple/suture line under
water along with CO2 or air insufflation. Any concerns
regarding the applicability of the lesion for this procedure are alleviated by immediate conversion to a standard
laparoscopic-assisted oncological resection[107].
Technical success rates have consistently been reported in 77%-97%, with the remaining requiring conversion to resection[108,109]. Common reasons for an inability
to perform this procedure include difficult lesion location, poor visualization (which has been aided by CO2insufflation), and concerns for malignancy. Post-operative
complications have been generally < 10%, with the majority being minor wound infections, bleeding, and ileus.
Major complications are rare, with many reports citing a
0%-3% incidence. Recurrence rates are also low, reported
in 10%-15% and typically are benign that may be ap-
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INTRODUCTION
Sedation always has been a critical component of performing gastrointestinal endoscopy (GIE) procedures.
The aim of sedation for these procedures is to increase
patient’s comfort, to improve endoscopic performance
and to increase patient and endoscopist satisfaction. The
need for sedation is decided by the type of endoscopy,
duration of procedure, degree of endoscopic difficulty,
patient physical status and physicians’ preferences. The
sedation regimen for GIE procedures is still varied. The
guidelines established by the American Society of Anesthesiologists (ASA)[1] and the American Academy of
Pediatrics[2] serve as the standard for institutional policy
development in the area of procedural sedation.
The guideline defines terms throughout and in particular: (1) Minimal sedation: a drug-induced state which
patients respond normally to verbal commands; (2)
Moderate sedation (conscious sedation): a drug-induced
depression of consciousness which patients respond
purposefully to verbal commands. Spontaneous ventilation is adequate. Cardiovascular function is usually maintained; (3) Deep sedation: a drug-induced depression of
consciousness which patients can not be easily aroused
but respond purposefully after repeated verbal or painful
stimulation. Spontaneous ventilation may be inadequate.
Cardiovascular function is usually maintained; and (4)
General anesthesia: a drug-induced loss of consciousness
which patients are not arousable, even by painful stimulation. Patients often require assistance in maintaining a
patent airway. Cardiovascular function may be impaired.
The important component of these guidelines is that
the endoscopy team must have the ability to rescue the

Abstract
The safe sedation of patients for diagnostic or therapeutic procedures requires a combination of properly
trained physicians and suitable facilities. Additionally,
appropriate selection and preparation of patients, suitable sedative technique, application of drugs, adequate
monitoring, and proper recovery of patients is essential. The goal of procedural sedation is the safe and effective control of pain and anxiety as well as to provide
an appropriate degree of memory loss or decreased
awareness. Sedation practices for gastrointestinal endoscopy (GIE) vary widely. The majority of GIE patients
are ambulatory cases. Most of this procedure requires
a short time. So, short acting, rapid onset drugs with
little adverse effects and improved safety profiles are
commonly used. The present review focuses on commonly used regimens and monitoring practices in GIE
sedation. This article is to discuss the decision making
process used to determine appropriate pre-sedation assessment, monitoring, drug selection, dose of sedative
agents, sedation endpoint and post-sedation care. It
also reviews the current status of sedation and monitoring for GIE procedures in Thailand.
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patient from deeper than targeted level of sedation. Personnel qualifications and proper monitoring must be adhered to when administering sedative drugs. This article
provides an overview of my current knowledge regarding
the role of anesthesiologists and non-anesthetic personnel in determining the field of procedural sedation, and
the current status of sedation and monitoring for GIE
procedure. It also briefly discusses current practice for
this procedure in Thailand.

color can be an indication of alteration in physiologic
functions. A more pale color may be due to a drop in
blood pressure or a reduction of hematocrit level, while a
bluish color may be a sign of hypoxia.
Consciousness: The level of sedation and consciousness can be defined by the patient’s ability to respond to
verbal commands. In minimal and moderate sedation, the
patients can respond purposefully to verbal commands.
Many tools such as Ramsay score and Modified Observer
Assessment of Alertness/Sedation scale are used for assessment the depth of sedation.

PRE-SEDATION ASSESSMENT
All patients scheduled to receive sedation should have
an up-to-date history and relevant physical examination.
Many risk factors to be aware of are the history of sleep
apnea, alcohol or substance abuse, adverse reaction to
sedation and prolonged duration of procedure. Patients
should be classified using the criteria of the ASA. Cardiorespiratory problems which could occur during GIE
procedure should be carefully evaluated. Pregnancy test
is recommended in women of childbearing age who are
not sure whether they could be pregnant or not[3]. Consequently, patients should be informed of possible adverse
events, and written consent should be done. High risk patients in which anesthesia consultation may be warranted
including known respiratory or hemodynamic instability,
obstructive sleep apnea, high risk airway management,
ASA physical status > 3, history of sedation-related adverse events, and patients with neuromuscular disease affecting respiratory or brain stem function.

Comfortable level: The facial expression of the patient
is also a good indicator of the level of comfort that the
patient experiences.
Respiratory monitoring
Pulse oximetry: Pulse oximetry is a noninvasive device
for continuous measurement of arterial oxygen saturation. It has become a defining standard of care, and is
useful for the early detection of hypoxemia during sedation for GIE procedure, owing to the evidence that
clinical observation alone is inaccurate in the detection
of hypoxemia. Generally, hypoxemia occurs within 5 min
of drug administration or intubation of the endoscope[4].
Oxygen saturation levels under 90% must be treated as
potentially serious. However, pulse oximetry and supplemental oxygen administration has not been shown to
decrease the severity or incidence of cardiopulmonary
complications. Oxygen desaturation is relatively late sign
of suboptimal ventilation[5].

MONITORING DURING SEDATION
Cardiorespiratory-related complications are a leading
cause of morbidity and mortality associated with GIE
procedure. Both ventilatory depression and oxygen desaturation from the sedative agents used to achieve sedation are thought to be important risk factors for these
complications.

Capnography: It is important to point out that pulse
oximetry does not measure alveolar hypoventilation.
Oxygen administration may prevent hypoxemia and its
deleterious effects, but it will not detect the development
of hypercapnea. Additionally, there was a poor correlation between clinical observation and objective measures
of ventilation. Capnography is based on the principle that
carbon dioxide absorbs light in the infrared region of the
electromagnetic spectrum. In the literature, capnography
was found to be more sensitive than pulse oximetry or
visual assessment in the detection of apneic episodes[6].
It has also been utilized to allow the safe titration of propofol by a qualified gastroenterologist during endoscopic
retrograde cholangiopancreatography (ERCP) and endoscopic ultrasonography (EUS).

Clinical monitoring
Continuous monitoring of patient undergoing sedation
is very important for ensuring the safety of the procedure. The physicians need to monitor the patients’ status
throughout the procedure. Clinical observation of the sedated patients can provide an early warning for potentially dangerous problems. Additionally, continuous venous
access must be maintained until the patient has completely recovered, in order to enable the fast administration of
resuscitated drugs or antagonist drugs if needed.

Cardiovascular monitoring
Noninvasive blood pressure: Blood pressure and heart
rate are important parameters of cardiovascular monitoring. Mean arterial pressure can be an indirect parameter
to estimate hypnotic effects. Changes in arterial blood
pressure are mediated by cardiodepressive side effects
of sedative agents. Baseline hemodynamic parameters
also provide useful information of the effects of various medical conditions. Continuous pulse oximetry,

Pattern of respiration: Proper breathing is monitored
by observing the rate and depth of chest, abdominal
movements, and pattern of respiration. Respiratory
depression is the main risk of sedation-related adverse
events especially in the elderly or in comorbidity patients.
Skin or mucosa color: A change in the skin or mucosa
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vored the group monitored with BIS[10]. In contrast, many
papers demonstrated that BIS index had low accuracy for
detecting deep sedation and it was not useful for titrating
propofol to an adequate level of sedation[11,12].

blood pressure, heart rate, respiratory rate and level of
consciousness will be documented before the sedation,
and at least 5 min for deep sedation and every 15 min
for moderate sedation. Blood pressure was therefore far
more likely to predict increasing and decreasing doses
of sedative agents. Importantly, they provide important
feedback throughout the GIE procedure. Additionally,
these parameters may influence the selection of the sedative agents.

NarcotrendTM: NarcotrendTM (MonitorTechnik, Hannover Medical School) performs a computerized analysis
of the raw electroencephalogram. It has two recording
modes: the one channel mode as the standard for the assessment of the depth of hypnosis during anesthesia and
sedation, and the two channel mode for comparison of
signals from the two hemispheres of the brain. After accounting for artifact, a multivariate statistical algorithm is
used for analysis which results in a six-stage classification
from A (awake) to F (general anesthesia/coma) and 14
substages[13].
My previous study showed that the NarcotrendTM system monitoring can be successfully used to provide deep
sedation in patients undergoing ERCP procedure[14]. Consequently, the use of NarcotrendTM system for monitoring significantly reduced sedation-related adverse events
and hemodynamic alterations[15].

Electrocardiography: The use of electrocardiography
(ECG) was initially intended to detect cardiac arrhythmias in high risk patients undergoing sedation/anesthesia. However, the role of continuous electrocardiography
during GIE sedation remains uncertain [7]. ASA and
the American Society for Gastrointestinal Endoscopy
(ASGE) practice guidelines indicate that patients with
significant cardiovascular diseases or dysrhythmia should
have electrocardiographic monitoring during GIE sedation. ECG is not required for low risk patients including
patients with ASA physical status Ⅰ or Ⅱ[1,8].
Other monitors
Generally, the invasive monitors such as arterial blood
pressure, central venous pressure (CVP) and pulmonary
arterial catheterization (PAC) are rarely used during sedation for GIE procedures. These monitors may be utilized
in some patients. For example, arterial blood pressure is
used in patients with severe hemodynamic instabilities or
patients with shock, and CVP or PAC is used for fluid resuscitation in patients with severe gastrointestinal bleeding.

SEDATIVE AND ANALGESIC AGENTS
Midazolam
Midazolam is the drug most commonly used for sedation
during GIE procedures. It is a shorting, water soluble
benzodiazepine with anxiolytic, amnestic, sedative, muscle
relaxant, and anticonvulsant properties. These actions are
considered to be the result of binding to gamma-amino
butyric acid receptors in the central nervous system. It
has a rapid onset (1-3 min), a rapid peak effect (3-5 min)
and a short duration of action (20-60 min). Duration
of midazolam is greater in the elderly patients. Factors
that potentiate effects of midazolam include hypoalbuminemia, advanced age, diminished liver function and
concomitant use of drugs that inhibit cytochrome P450.
The usual adult dose is 1 to 5 mg (0.015-0.07 mg/kg)[16].
Midazolam has few side effects. These effects are not
serious. Respiratory depression is the most important adverse effect. Other side effects are nasal itching, dizziness,
anxiety, rash, irritability, dreams, seizures and involuntary
muscle movement. Respiratory depression is synergistic
when used in combination with opioids.

Sedation depth monitoring
Bispectral index monitoring: As depth of sedation
cannot be reliably judged by clinical assessments alone, a
reliable method is needed to measure the hypnotic component of sedation. Recently, processed electroencephalogram (EEG) variable such as the Bispectral (BIS) index
is developed to ease EEG interpretation. This tool has
been reported to be more precise in measurement of sedation level. BIS monitoring is a noninvasive method of
assessing patient’s level of consciousness. The BIS scale
ranges from 0 to 100 (0, no cortical activity or coma;
40-60, unconscious; 70-90, varying levels of conscious
sedation; 100, fully awake). BIS monitor is designed to
measure patient consciousness during general anesthesia.
To date, its use has subsequently expanded into the use
of sedation technique for GIE procedures.
The usefulness of BIS monitoring for GIE procedures remains controversies. The study of Bower et al[9]
showed that BIS index correlated moderately well with
the level of sedation determined by using the Observer
Assessment of Alertness/Sedation scale. Al-Sammak et
al[10] performed a study to compare BIS with clinical assessment of sedation in patients undergoing ERCP. The
results in terms of duration of sedation, recovery rate,
patient satisfaction and total dose of sedative agent fa-
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Fentanyl
Fentanyl is a potent synthetic opioid with no intrinsic
anxiolytic or amnestic properties. It has a rapid onset,
short duration of action, lack of direct of myocardial
depressant effects, and absence of histamine release.
The onset of action is 30 to 60 s, peak effect is 5 to 15
min, and duration of action is 30 to 45 min. Its dose for
GIE procedure is 1 to 2 mcg/kg, with a maximum dose
of 100 to 150 mcg in most adult patients. Intravenous
fentanyl can be easily and rapidly titrated for painful procedures. The combination of fentanyl and midazolam is
a popular regimen, with a safety profile when both drugs
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are carefully titrated[17-19]. Similar to all opioids, fentanyl
can cause respiratory depression including apnea and
nausea and vomiting. It can also produce the decrease of
heart rate and skeletal muscle rigidity.

does not have analgesic effects. Propofol rapidly crosses
the blood-brain barrier, and causes a depression in consciousness. The onset of hypnosis is 30-60 s[23]. The plasma half-life ranges from 1.30 to 4.13 min. Dose reduction
is required in patients with cardiac dysfunction and in the
elderly due to decreased clearance of the drug. It is not
necessary to reduce the dose of propofol in patients with
moderately severe liver disease or renal failure.
The advantage of propofol over midazolam and
meperidine has been demonstrated for therapeutic GIE
procedures and not for diagnostic GIE procedures[24].
Propofol potentiates the effects of narcotic analgesics
and sedatives such as benzodiazepines, barbiturates, and
droperidol and therefore the dose requirements may be
reduced. However, propofol associated with hypotension, respiratory depression and airway obstruction. The
combination of propofol and opioid or benzodiazepine
can cause significant cardiovascular depression. Unfortunately, propofol lacks a reverse agent. It also has a narrow
therapeutic window which may result in a deeper than
expected depth of sedation. Pain at the injection site is
the most frequent local complication. To date, it is a controversial issue that personnel specifically trained in the
administration of propofol with expertise in emergency
airway management need to be present and constantly
monitoring the patient’s parameters. However, this issue
varies among the countries.

Meperidine (pethidine)
Meperidine is a synthetic opioid. It has an inferior safety
profile and a long duration of action compared with fentanyl. Its onset of action is 1 to 3 min, peak effect is 5 to
20 min, and duration of action is 2 to 4 h. Intravenous
dose of meperidine in adult patients is 0.5 to 2 mg/kg
with a maximum dose of 100 mg. The metabolites of
meperidine are toxic to the central nervous system at high
doses and in patients with renal impairment. Fatal reactions have also occurred in patients taking monoamine
oxidase inhibitors or in patients with hyperthyroidism[20].
Meperidine 0.5-1.0 mg/kg iv combined with midazolam
0.05-0.1 mg/kg iv provides effective sedation for GIE
procedure. However, meperidine is not recommended for
sedation in the emergency department.
Ketamine
Ketamine is a dissociative agent which largely spares upper airway muscular tone and laryngeal reflexes, and may
represent an alternative to narcotics and benzodiazepines
for sedating children for GIE procedures. It can cause a
wide range of effects including analgesia, amnesia, anesthesia and sedation. Routes of administration can be
oral or rectal, but are usually intravenous or intramuscular. Ketamine is demethylated to form norketamine that
is one fifth to one third as potent as ketamine. Intense
analgesia can be achieved with subanesthetic dose of
ketamine 0.2 to 0.5 mg/kg intravenously. Return of consciousness usually occurs in 10 to 15 min, but complete
recovery is delayed.
An undesirable effect is the triggering of visual and
auditive hallucinations, which can lead to the nightmares limits the clinical usefulness of ketamine in adults.
Dreams and hallucinations can occur up to 24 h after
administration of ketamine. Factors associated with
an increased incidence of emergence delirium include
the age greater 16 years, female sex, dose of ketamine
intravenously greater than 2 mg/kg, and history of personality problems. These effects can be prevented by
the prior administration of benzodiazepine. Ketamine
also has been highly associated with a high potential for
laryngospasm. The critically ill patients may response to
ketamine with unexpected decreases in blood pressure
and cardiac output. Previous studies have been reported
with the combination of ketamine and midazolam for
sedation in pediatric GIE procedures[21]. The importance
of ketamine for sedation in adult GIE procedures is still
needed for further studies[22].

Propofol administration techniques
Many methods for propofol delivery have been used
for sedation for GIE procedures. Generally, propofol is
administered intravenously as a repeated bolus injection,
continuous infusion or a mixture of both. In the bolus
technique, the initial bolus dose is adjusted according to
the patient’s weight, age, ASA physical status and comorbidities. Continuous propofol infusion is titrated to the
desired sedation level and to the patient’s characteristics.
Other administration techniques of propofol delivery
such as target controlled infusion (TCI), patient controlled sedation (PCS) or computer assisted personalized
sedation (CAPS) have been investigated. Propofol TCI
rather than bolus method may be a better choice for the
prevention of hemodynamic response during GIE procedure. However, propofol TCI does not confer any benefit over bolus propofol with respect to drug consumption and recovery profile for sedation in colonoscopy[25].
PCS with propofol is effective and results in high patient
satisfaction and faster discharge[26]. PCS has been demonstrated to be the effective technique for pain control
during GIE procedure[27]. CAPS uses feedback from the
real time measures of drug effect and patient reaction to
tactile stimuli to control propofol infusion[28].
Propofol for GIE procedures
Esophagogastroduodenoscopy: In a randomized study,
199 patients underwent esophagogastroduodenoscopy
(EGD) procedures received fentanyl 0.5 mcg/kg or remifentanil 0.5 mcg/kg, followed by a bolus injection of 1

Propofol
Propofol is a phenol derivative with sedative, hypnotic
and anesthetic properties. It has antiemetic, anxiolytic,
hypnotic, amnestic and anesthetic properties. However, it
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mg/kg of propofol. The subsequent doses of propofol
were 0.5 mg/kg when the patient was conscious or body
movement appeared[29]. Recovery time and total dosage
of propofol given in the remifentanil group was significantly less than it was in the fentanyl group. However, the
frequency of apnea was significantly higher in the remifentanil group. There were no significant differences in
frequency of hypoxemia, bag ventilation, or body movement between the two groups. Sedation with propofol
is also safe and effective for use in patients with upper
gastrointestinal bleeding undergoing urgent therapeutic
gastroscopy[30]. The study from Canada demonstrates that
sedation with propofol alone or propofol combined with
fentanyl or midazolam in children is safe and effective.
Propofol in combination with fentanyl or midazolam
gives better sedation and ease of endoscopy than propofol alone[31]. In addition, the reports from developing countries including Thailand are also showed that
propofol-based sedation for GIE procedures in pediatric
patients is safe and effective. Serious adverse events are
rare[17,32,33].

The use of sedation for GIE procedures in very elderly patients has been established as a safe and effective
technique when carried out by trained anesthetic personnel with appropriate monitoring and dose adjustment[16].
In the past, there was controversy regarding the frequency of sedation-related complications of colonoscopies
especially for colonoscopic perforation. Many physicians
believed that propofol-based sedation usually tended
to deepen the sedation level and mask the earlier signs
and symptoms of colonoscopic perforation. To date, we
know that colonoscopy under propofol-based sedation
does not increase the perforation rate[39].
Percutaneous endoscopic gastrostomy: Garcia-Suarez
and colleague evaluated the efficacy and safety of propofol sedation administered by endoscopists, while performing percutaneous endoscopic gastrostomy (PEG).
All PEG procedures were carried out successfully, at a
median time of 8 min. All sedation-related complications
were mild and quickly reversible[40]. Similar to other GIE
procedures, low-dose propofol sedation is safe and may
be enough for very elderly patients (≥ 90 years of age)
undergoing PEG procedures[41]. Consequently, propofolbased sedation does not increase rate of complication
during PEG procedure[42,43].

ERCP: A meta-analysis shows that propofol sedation
during ERCP leads to shorter recovery time without an
increase of cardiopulmonary side effects. Propofol sedation can provide adequate sedation during ERCP[34].
Propofol deep sedation administered by an anesthesiologist with appropriate monitorings seems to be a safe
procedure during colonoscopy or ERCP in cirrhotic patients[35]. Our previous study demonstrated that propofolbased deep sedation for ERCP procedure in sick elderly
patients by trained anesthetic personnel with appropriate
monitoring was safe and effective. The clinical efficacy of
this technique in sick elderly patients was not different or
worse than in non-sick elderly patients. Serious adverse
events were rare[14]. In general knowledge, dose requirement and complications of propofol are lower when
used in the diluted form than in the undiluted form.
However, our previous study in ERCP patients did not
show that. Propofol requirement and recovery time in the
diluted and undiluted propofol groups were comparable.
Sedation-related hypotension was significantly lower in
the diluted group than the undiluted group[36].

EUS: The safety of balanced propofol sedation in 112
patients underwent EUS with fine needle aspiration
(FDA) procedures was assessed by Pagano et al[44]. The
study showed that all patients completed the examination.
Mean dose of midazolam and propofol was 2.1 mg (range
1-4 mg) and 350 mg (range 180-400 mg) respectively. The
mean recovery time after procedure was 25 min (range
18-45 min). No major complications related to sedation were occurred during the procedures. The oxygen
saturation never reduced to less than 85%. Furthermore,
there does not appear to be a significant difference between complication rates for propofol deep sedation
and meperidine/midazolam administered for moderate
sedation[45]. Propofol combined with fentanyl and midazolam is commonly used for GIE procedures including
EUS[16,18,46,47].
Nurse-administered propofol: ASA guideline on sedation by non-anesthesiologists characterizes propofol as
an agent that is frequently associated with deep sedation.
It does not preclude the administration of propofol by
non-anesthesiologists[1]. In contrast, ASGE guideline on
deep sedation restates the opinions of the ASA guideline.
The ASGE guideline does not recommend the use of
propofol for routine procedures[48]. To date, many studies have documented the safe administration of propofol
by non-anesthesiologists. Administration by registered
nurses is more cost-effective than administration by anesthesiologists. However, the administration of propofol
by a registered nurse supervised only by the endoscopist
is controversial because the drug has the potential to
produce sudden and severe cardiorespiratory depression.

Colonoscopy: Patient-controlled sedation with propofol/remifentanil yields superior facility in sedation and
recovery time compared with midazolam/fentanyl when
used in an appropriate care setting[37]. Wang et al[38] compared cardiorespiratory function and sedative and analgesic effects, using combinations of midazolam with either
fentanyl or propofol in a non-randomized group of 480
patients undergoing colonoscopy procedures. The combination of midazolam with either fentanyl or propofol
allowed patients to undergo colonoscopy under comparable sedative and analgesic conditions. The combination
with fentanyl had a significantly lower effect on pulse rate
and blood pressure. The combination with propofol produced superior amnestic effects.
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The safety and efficacy of propofol administered by registered nurses has been reported in a case series including
2000 patients undergoing elective EGD and/or colonoscopy[49]. Five episodes of oxygen desaturation to <
85%, four of which required temporary mask ventilation,
occurred. Four of these episodes occurred during upper
endoscopy.
Another study is also showed that nurse-administered
propofol sedation (NAPS) provided by properly trained
nurses is safe and only associated with a minor risk. The
study of 2527 patients undergoing 2656 GIE procedures
was assessed. Patients were ASA group Ⅰ, Ⅱ and Ⅲ
in 34.7%, 56.0% and 9.3%, respectively. One hundred
and nineteen of 2527 patients developed short lasting
hypoxia (4.7%), 22 patients (0.9%) required bag-mask
ventilation and 8 patients (0.3%) had to be discontinued.
In 11 patients (0.4%), anesthetic assistance was called due
to short lasting desaturation[50]. However, the national or
international structured training programs are at present
few or none.

be performed by well-trained registered nurses or physicians. So, anesthesiologist-administered propofol compared with nonanesthesiologist-administered propofol is
less cost-effectiveness. However, in developing countries
like Thailand, propofol-based sedation is performed by
anesthesiologists or anesthetic nurses and is usually done
in the operating room. In Siriraj GI Endoscopy Center,
topical anesthesia is the most common anesthetic technique used for GIE procedure. General anesthesia for
this procedure is performed about 2.7%[47].
Berzin et al[53] accomplished a prospective cohort
study of sedation-related adverse events, patient and
procedure-related risk factors associated with sedation, as
well as endoscopist and patient satisfaction with anesthesiologist-administered sedation. The study confirmed that
the anesthesiologist-administered sedation for ERCP patients is safe and effective. Cardiac and respiratory events
are generally minor. Despite the frequency of minor
sedation-related events, procedure interruption or premature termination is rare in the setting of anesthesiologistadministered sedation. However, no randomized, controlled studies comparing anesthesiologist-administered
propofol with nonanesthesiologist-administered propofol
for GIE procedure are done.

Gastroenterologist-administered propofol: Similar to
qualified nurses, the gastroenterologist can administer
propofol effectively. The qualified nurses and gastroenterologists must have a thorough knowledge of the
pharmacology of the agents used for sedation and the
training necessary to recognize and manage oversedation.
However, the importance of preprocedural assessment
and preparation as well as appropriate monitoring cannot
be overlooked. Many guidelines recommend that gastroenterologist and nurse-administered propofol should be
sedated the patients only in mild or moderate (conscious)
sedation level. Additionally, the patients must have ASA
physical status not more than Ⅲ.
Vargo et al[51] completed a randomized, controlled trial
of gastroenterologist-administered propofol vs meperidine and midazolam for elective ERCP and EUS. Capnography was used to detect apnea or hypercapnia. This
study shows that propofol leads to significantly improved
recovery of baseline activity and food intake 24 h after
the procedure. The authors suggest that propofol would
be more cost-effective than meperidine and midazolam
for ERCP and EUS procedures. Additionally, patients
undergoing advanced upper endoscopic procedures and
monitoring with graphic assessment of respiratory activity, received a propofol infusion under the control of a
qualified gastroenterologist can detect early phases of respiratory depression, resulting in a timely decrease in the
propofol infusion without significant hypoxemia, hypercapnia, hypotension, or arrhythmias, and the satisfaction
scores are extremely high[52].

Fospropofol: Fospropofol is a water-soluble prodrug
of propofol that currently approved for sedation and
analgesia for diagnostic and therapeutic procedures[54]. It
is hydrolyzed rapidly to release propofol. Fospropofol is
characterized by a smooth and predictable rise and decline rapidly observed following intravenous administration. It does not cause pain on intravenous injection, but
it has been associated with paresthesias in the perineal
and perianal area. However, the mechanism of this is
still unknown. Similar to propofol, fospropofol causes
dose dependent hypotension, respiratory depression and
apnea[55]. Additionally, the US FDA approval information
and product label state that fospropofol should be administered only by persons trained in the administration
of general anesthesia.
Dexmedetomidine: Dexmedetomidine is a centrally
acting alpha 2-adrenoreceptor agonist with sedative and
analgesic effects. It also has been considered for sedation
for GIE procedure. Because of minimal effects on ventilation, dexmedetomidine may be beneficial in patients
with respiratory depression or airway obstruction. One
reported advantage is that patients can be sedated but are
able to be aroused to full consciousness easily. However,
dexmedetomidine can cause hypotension and bradycardia[56]. The other disadvantages of dexmedetomidine include a slow onset and longer duration of action.
To date, the efficacy of dexmedetomidine for GIE
procedures remains controversial issues. In the study of
Demiraran et al[57], dexmedetomidine performed as effectively and safely as midazolam when used as a sedative
in upper gastroscopy and it was superior to midazolam
with regard to retching, rate of side effects and endosco-

Anesthesiologist-administered propofol: Generally,
propofol is administered by anesthesiologists for sedation/anesthesia in various surgical procedures including
GIE procedures. To date, there are controversial issues
about propofol. For example, who, when and how should
administer propofol? In Western countries, propofol can
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pist satisfaction. Another study showed that dexmedetomidine provided more efficient hemodynamic stability,
higher sedation scores, higher satisfaction scores and
lower pain scores in colonoscopies[58]. However, dexmedetomidine alone is less effective than propofol/fentanyl
for conscious sedation during endoscopic retrograde
cholangiopancreatography[59]. Consequently, the use of
dexmedetomidine to provide analgesia/sedation for colonoscopy is limited by distressing side effects, pronounced
hemodynamic instability, prolonged recovery, and a complicated administration regimen[60].

monitoring for at least 30 min after the last intravenous
drug administration or at least 90 min after the last intramuscular drug administration[63]. In ambulatory cases,
prior to discharge from the hospital, patients’ vital signs
must remain stable and must be free from active bleeding or excessive pain. Additionally, patients must be able
to tolerate fluids. The presence of a driver and an escort
must be verified. Consequently, the patients should be
reminded not to drive for at least 24 h.

CONCLUSION
Sedation for GIE procedure can be safely and effectively
performed with a multi-drug IV regimen utilizing anesthesiologist or non-anesthetic personnel with appropriate monitoring. However, comprehensive pre-sedation
assessment and proper patient selection and preparation
as well as availability of skilled professionals for sedation
administration are key components to provision of quality patient care. Additionally, the physician must always be
prepared to rescue patients who move to a deeper level
of sedation, and there should be an awareness of complications.

REVERSAL DRUGS
Naloxone
Naloxone is a pure mu-opioid antagonist with a high affinity for the receptor. It can reverse both the analgesic
and respiratory effects of opioids[61]. Naloxone may be
administered intravenous, intramuscular, subcutaneous
and endotracheal tube. The dosage of intravenous naloxone is 1 to 2 mcg/kg every 2 to 3 min with a maximum
dose of 0.1 mg/kg up to 2 mg. Because of its rapid removal from the brain, naloxone has a short duration of
action and one dose typically only lasts for 30-45 min.
The patients should be monitored for at least 2 h after
administration of naloxone to ensure that resedation
does not occur. Potential adverse reactions of naloxone
include reversal of opioid withdrawal, nausea/vomiting,
hypertension, tachycardia, pulmonary edema and cardiac
dysrhythmias.
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Flumazenil
Flumazenil is a benzodiazepine antagonist and can safely
reverse the sedative and respiratory effects caused by
benzodiazepines[62]. It is a highly specific benzodiazepine
receptor antagonist. The usual adult dose is 0.01 mg/kg
up to 1 mg. Its clinical duration of action is approximately 1 h[61]. However, its effects are reversible, so it is not
recommended for routine use. Similar to naloxone, the
patients should be monitored for at least 2 h after administration of flumazenil to ensure that resedation does not
occur. Potential adverse reactions of flumazenil include
sweating, flushing, nausea/vomiting, hiccups, agitation,
abnormal vision, paresthesia and seizures.
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POST-SEDATION CARE
Blood pressure, heart rate, respiratory rate, oxygen saturation and level of consciousness are monitored and
documented at least every 15 min or less, for a minimum
of thirty minutes after the last dose of sedation medication. A written record of these parameters should be
maintained in the recovery phase. If the patient received
a reversal agent, the patient must be in a recovery room
for at least 2 h after the last administration of that reversal agent. The sedated patients are discharged from
the recovery area when patients meet the discharge criteria. The discharge criteria include the requirement for
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radiation proctitis intra rectal formalin application is an
appropriate treatment option. Radiofrequency ablation
and cryoablation have shown efficacy as alternative
methods in a limited number of patients with refractory
chronic radiation proctitis.
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Core tip: Chronic radiation proctitis presents with rectal bleeding, pain, diarrhea, tenesmus and passage of
mucus. Among other therapeutic options, endoscopic
therapy with argon plasma coagulation (APC) is a safe
and highly effective in patients with rectal bleeding associated with radiation proctitis. Although best results
are achieved in patients with mild to moderate lesions,
APC therapy reduces the rate of bleeding and blood
transfusion requirements and its effect last for long.
In patients with severe or refractory radiation proctitis
intra rectal formalin application,radiofrequency ablation
and cryoablation have shown efficacy in a limited number of patients.

Abstract
Chronic radiation proctitis is a complication that occurs
in patients who receive radiation therapy for pelvic
malignancies. The common presentation is with rectal
bleeding, but also rectal pain, diarrhea, tenesmus and
even passage of mucus can occur. The optimal treatment of bleeding due to radiation proctitis remains
unclear. Among various therapeutic options, medical
management is generally ineffective and surgical intervention has a high incidence of morbidity. Promising advances have been made in endoscopic therapy,
including argon plasma coagulation (APC), formalin
application as well as new techniques such as radiofrequency ablation and cryoablation. APC is a safe,
highly effective and long-lasting therapy in patients
with rectal bleeding associated with radiation proctitis.
It has been shown that several sessions of APC reduce
the rate of bleeding and therefore the blood transfusion requirements. Moreover, the effect of treatment is
long lasting. However, best results are achieved in patients with mild to moderate radiation proctitis, leaving
space for alternative treatments for patients with more
severe disease. In patients with severe or refractory
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INTRODUCTION
The rectum is often injured during pelvic radiation due
to its fixed position and its anatomical proximity to the
radiated target organ such as prostate and cervix. Radiation proctitis, usually mild, is a complication that occurs
in up to 15% of patients who receive radiation therapy
for pelvic malignancies. Radiation damage may occur in
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acute or chronic form. Acute complications are seen during or up to 6 wk after radiotherapy, whereas late radiation injury usually occurs in the first 2-3 years after treatment[1-3]. A change in the treatment practices has recently
occurred toward escalating radiation doses with improved
local control. Conformal radiotherapy of pelvic tumors
focuses on reducing irradiation of organs at risk such as
rectum[4,5]. Although the incidence of complications has
been reduced using this new technology, rectal wall damage continues to be an important side effect of pelvic
radiotherapy[6-9].

Table 1 Endoscopic classification of radiation proctitis
Distribution of telangiectasias
Distal rectum (within 10 cm
from anal verge): 1 point
Entire rectum +/- sigmoid
(more than 10 cm from anal
verge: 2 points

Presence of
fresh blood

Less than 50%:
1 point
More than 50%:
2 points

No fresh blood:
0 points
Fresh blood :
1 point

while patients with moderately to severe form required a
statistically significantly higher number of APC sessions.
Our results were in accordance with the existing literature; APC is the preferred method in patients with rectal
bleeding associated with mild to moderate radiation proctitis, while in cases of severe and diffuse involvement of
the rectum multiple treatments sessions are required and
success is less certain[17-26]. We also presented long-term
follow up of patients successfully treated with APC and
showed that during a follow-up of a mean of 17.9 mo
(range 6-33 mo) about 90% of these patients remain in
clinical remission.

CLINICAL FEATURES AND TREATMENT
OPTIONS
The common presentation of radiation proctitis is with
rectal bleeding, but also rectal pain, diarrhea, tenesmus
and even passage of mucus can occur. In approximately
35% of patients the symptoms are mild and settle spontaneously over several months without any treatment.
However, rectal bleeding due to chronic radiation proctitis may lead to anemia and necessitate repeated blood
transfusions. Medical treatment with salicylates, sucralfate
or corticosteroids enemas is usually not beneficial[10-14].
Thus, alternative treatments including endoscopic ones
have been used. Among endoscopic treatments, argon
plasma coagulation (APC), a nontouch thermo ablative
therapy, is increasingly recommended as first line treatment for patients with radiation proctitis.

APC parameters: Number of APC sessions
Till now there is no consensus for the optimal APC settings (power and gas flow rate) for successful and safe
coagulation. In the literature the power setting for APC
ranged from 25-80 W and for the argon flow rate ranged
from 0.6-2 L/min[21]. In our study low-power settings
(argon flow rate and electrical power were set at 2.0 L/
min and 40 W, respectively) were used. Although these
settings were among the lowest reported in the literature
seemed adequate for successful coagulation and also carried low rate of complications.
The optimal number of treatment sessions is still
unknown. APC is traditionally not applied in 1 treatment
session, particularly in patients with severe disease, because of the concern regarding strictures formation. For
therapeutic success, the median number of sessions per
patient was ranged from 1 to 3.7[27]. Similarly to previous
reports, multiple sessions of APC were performed in our
patients with a maximum of eight sessions in a patient
with severe radiation proctitis.

APC
For evaluation of endoscopic severity of radiation proctitis, a scoring system with measurement of three independent factors (telangiectasia distribution, surface area involved and the presence of fresh blood) was proposed[15]
(Table 1). A cumulative score was calculated and three
categories of endoscopic severity of radiation proctitis
were derived: grade A (mild, 2 points), grade B (moderate,
3 points), and grade C (severe 4/5 points).
Recently, we prospectively investigated in a large number of patients the effectiveness of APC in treating patients with various endoscopic grading of radiation proctitis (mild, moderate, and severe) using a modified scoring
system with measurement of two independent factors for
evaluation of endoscopic severity: telangiectasia distribution and surface area involved[16]. For APC application, an
ERBE APC 300 (ERBE Elektromedizin, Tubingen, Germany) argon delivery unit and a 2.3 mm diameter frontfiring APC probe inserted through the working channel
of the flexible sigmoidoscopy were used. The argon flow
rate and the electrical power were set at 2.0 L/min and 40
W, respectively.
Our results showed that APC was successful in all
patients with mild and in almost all patients with moderate radiation proctitis. In contrary, in the presence of
severe mucosal damage APC failed in 50% of patients.
Patients with mild proctitis required 1-2 sessions of APC,
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Surface area covered
by telangiectasias

FORMALIN APPLICATION
In severe cases of radiation proctitis and in cases resistant to other treatment modalities intra-rectal formalin
is a useful strategy[28]. Formalin is a mixture of methanol
and formaldehyde which covalently binds to proteins,
and causes cell necrosis. It acts as a haemostatic agent
causing chemical cauterization to control bleeding from
telengiectatic mucosal and submucosal vessels. Most used
4% dilute formalin applied to the rectum mucosa either
by direct application of formalin-soaked gauze or by ‘instilling’ the solution in single or multiple aliquots down
the operating channel of a colonoscope. Various volumes
of formalin and different mucosal contact time were re-
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proved in all patients. Cryoablation was performed with
a catheter placed through the endoscope under direct
endoscopic visualization to approximately 0.5 to 1.0 cm
from the tip of the endoscope. The spray was applied
for 5 s and the treatment area was then allowed to thaw
no less than 45 s before initiating subsequent cryospray
applications. Required sessions ranged from one to four
and endoscopic score significantly improved, as well as,
rectal pain and rectal bleeding. Although patients tolerated the procedure well, one patient experienced a cecal
perforation[43] after therapy probably due to over insufflation during the procedure.

Radiation proctitis

Mild symptoms/absence
of bleeding

Medical
treatment

Severe symptoms/
anemia/bleeding

Resistance to
treatment

APC

Resistance to
treatment
Formalin administration

ALTERNATIVE TREATMENT OPTIONS
(HYPERBARIC OXYGEN THERAPY)

or
RFA or cryoablation

Hyperbaric oxygen therapy

Hyperbaric oxygen therapy (HBOT) is the use of 100%
oxygen at pressures greater than atmospheric pressure.
The patient breathes 100% oxygen intermittently, while
the pressure of the treatment chamber is increased to
greater than 1 atmosphere absolute. HBOT promotes angiogenesis and hyperoxygenation to the irradiated tissues.
Increasing the oxygen content to the surrounding tissues
markedly increases the overall oxygen gradient between
these tissues and the central hypoxic area. The increased
oxygen gradient is the essential catalytic factor for angiogenesis[45].
Unfortunately, the research into the use of HBOT in
radiation proctitis is heterogeneous in terms of duration
of treatment, number of treatments and pressures of
HBOT used. Warren et al[46] reported a response rate of
64%, with complete symptomatic resolution in 57%, in
14 cases of radiation proctitis treated with varying doses
of HBOT. Girnius et al[47] reported nine patients with
refractory haemorrhagic proctitis who had failed previous therapy; all patients had some response to HBOT
and seven had complete resolution of their rectal bleeding. Jones et al[48] also found that 8 out of 10 patients
with refractory radiation proctitis responded to HBOT.
Dall’Era et al[49] found that a total of 48% of 27 patients
with treatment-resistant radiation proctitis had complete
resolution of bleeding and 28% of them had significantly
fewer bleeding episodes. Similarly, a recent study reported
that HBOT significantly improved the healing responses
in patients with refractory radiation proctitis, generating
an absolute risk reduction of 32% (number needed to
treat of 3)[50]. Although HBOT appears to be of value for
refractory radiation proctitis, the quality of current data is
poor with marked variability between studies. Moreover,
the cost of HBO is high enough, and it is not widely applicable.

Figure 1 Treatment options for patients with radiation proctitis. APC: Argon plasma coagulation; RFA: Radiofrequency ablation.

ported. Mean number of treatment ranged from 1.1-3.4
per patient. Cessation of bleeding occurred in most studies in the range of 60%-100%[28-38]. Median follow ups to
a period of two years have shown only a minimal relapse
among responders. Reported side effects include anal
stenosis, fissures, fecal incontinence and ulceration of
mucosa.

RADIOFREQUENCY ABLATION
The theoretical benefits of radiofrequency ablation are
extrapolated are studies treating gastric antral vascular
ectasia and Barrett’s esophagus. Effective control of
lower gastrointestinal bleeding in patients with refractory
chronic radiation proctitis using radiofrequency ablation
(RFA) with the Halo90 system has been recently reported[39-41]. RFA was performed in an outpatient practice
using a single use Halo90 electrode catheter that was fit
on the distal end of a standard flexible sigmoidoscope.
An energy density of 12 J/cm2 at a power density of 40
W/cm2 was chosen based on previous studies performed,
which showed no transmural injury at these settings. In
all cases, the procedure was well tolerated and hemostasis
was achieved after 1 or 2 RFA sessions. Re-epithelialization of squamous mucosa was observed over areas of
prior hemorrhage. Patients were symptom free on followup up to 19 mo after treatment.

CRYOABLATION
Cryoablation involves noncontact application of liquid
nitrogen or carbon dioxide gas to tissue for superficial
ablation[42]. Cryospray ablation has been used to treat
esophageal high-grade dysplasia and early cancer. In two
recent studies endoscopic cryoablation was performed
in 20 patients with hemorrhagic radiation proctitis[43,44].
Endoscopic severity and subjective clinical scores im-
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CONCLUSION
Based on currently data, APC is the favored treatment
for bleeding from chronic radiation proctitis. APC is a
safe, highly effective and long-lasting therapy in patients
with rectal bleeding associated with endoscopic mild
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radiation proctitis. In severe radiation proctitis multiple
APC applications are usually required and success is likely
to be more limited. In these patients other treatment options such as intra rectal formalin application should be
considered. New therapeutic endoscopic modalities, including radiofrequency ablation and cryoablation, showed
effective control of lower gastrointestinal bleeding in
patients with refractory chronic radiation proctitis. As the
number of patients treated with these new modalities was
limited, further studies are needed to identify their safety
and efficacy. Figure 1 summarized the treatment modalities available for patients with radiation proctitis.
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Core tip: Air embolism at the time of endoscopy can
cause cardiovascular, pulmonary, and neurologi cal
symptoms. Symptom onset during the position change
from prone to supine is characteristic and should trigger immediate suspicion for air embolism. Potentially
lifesaving therapeutic measures should be promptly
initiated, including placing the patient in Trendelenburg
and left lateral decubitus position, high-flow oxygen,
volume expansion and urgent hyperbaric oxygenation
therapy.

Abstract
Original sources: Donepudi S, Chavalitdhamrong D, Pu L, Draganov PV. Air embolism complicating gastrointestinal endoscopy:
A systematic review. World J Gastrointest Endosc 2013; 5(8):
359-365 Available from: URL: http://www.wjgnet.com/1948-5190/
full/v5/i8/359.htm DOI: http://dx.doi.org/10.4253/wjge.v5.i8.359

Gastrointestinal endoscopy has become an important
modality for the diagnosis and treatment of various
gastrointestinal disorders. One of its major advantages
is that it is minimally invasive and has an excellent
safety record. Nevertheless, some complications do
occur, and endoscopists are well aware and prepared
to deal with the commonly recognized ones including
bleeding, perforation, infection, and adverse effects
from the sedative medications. Air embolism is a very
rare endoscopic complication but possesses the potential to be severe and fatal. It can present with cardiopulmonary instability and neurologic symptoms. The
diagnosis may be difficult because of its clinical presentation, which can overlap with sedation-related cardiopulmonary problems or neurologic symptoms possibly
attributed to an ischemic or hemorrhagic central nervous system event. Increased awareness is essential
for prompt recognition of the air embolism, which can
allow potentially life-saving therapy to be provided.

WCG|www.wjgnet.com

INTRODUCTION
Air embolism is a consequence of direct communication
between a source of air and the vasculature and a pressure gradient favoring the passage of air into the circulation. The effect of an air embolus depends upon both
the rate and the volume of air introduced into the circulation. A venous air embolism occurs when air enters
the systemic venous circulation. An arterial air embolism
results from introduction of air into the arterial system
and can produce ischemia of any organ. An air embolism
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flow into cerebral veins via superior vena cava[7], inability
of the pulmonary circulation to filter out gas emboli[19,20],
or entry into the vertebral venous plexus[21]. Rapid entry
or large volumes of air entering the systemic venous circulation causes a substantial strain on the right ventricle,
especially if this results in a significant rise in pulmonary
artery pressures. This increase in pulmonary artery pressure can lead to right ventricular outflow obstruction and
further compromise pulmonary venous return to the left
heart. Consequently, the diminished pulmonary venous
return will lead to decreased left ventricular preload with
resultant decreased cardiac output, and eventually, systemic cardiovascular collapse.
Importantly, a venous air embolism can be limited to
the portal venous system or can evolve into a systemic air
embolism through intracardiac shunts, intrapulmonary
right to left shunts, retrograde flow into cerebral veins via
the superior vena cava, or air passage into the left atrium
via the pulmonary veins[18,22]. The most common cause of
an intracardiac shunt is a patent foramen ovale[11,23]. Atrial
septal defect, arterio-venous shunts, and intrapulmonary
shunts are also reported mechanisms[24-26].
The systemic air embolism can cause cardiovascular,
pulmonary, and neurological symptoms[15]. Cardiovascular signs, symptoms, and findings include arrhythmia,
hypotension, myocardial ischemia, right heart failure,
cardiovascular collapse, and cardiac arrest. Pulmonary
signs, symptoms, and findings include acute dyspnea,
tachypnea, breathlessness, rales, wheezing, decrease in
end tidal carbon dioxide concentration, hypoxia, cyanosis,
and respiratory failure. Neurological signs, symptoms,
and findings include eye deviation, dilated pupil(s), failure
to regain consciousness after anesthesia, hypertonicity,
altered mental status, loss of consciousness, hemiparesis,
cerebral hypoperfusion, cerebral edema, and coma.
In the case of an ERCP-related air embolism, typically the symptoms appear or get significantly worse when
the patient is repositioned from prone to supine position
at the end of the procedure. This patient deterioration
with position change should immediately raise a red flag
and trigger suspicion for an air embolism as the underlying cause of the patient symptoms.

is an uncommon but potentially catastrophic event. Many
cases are subclinical with no adverse outcome. However,
severe cases are characterized by hemodynamic collapse
and/or acute vascular insufficiency of specific organs,
such as the brain or the spinal cord. Symptoms may be
nonspecific, and therefore, a high index of clinical suspicion for a possible air embolism is required to prompt
investigations and initiate appropriate therapy.

RESEARCH
We conducted a systematic review by searching the
PubMed database on reported air embolisms complicating all endoscopic procedures. Medical subject headings
“endoscopy, complications, air embolism, cerebrovascular accident, cardiovascular abnormalities, esophagogastroduodenoscopy (EGD), enteroscopy, colonoscopy,
sigmoidoscopy, endoscopic ultrasound (EUS), and endoscopic retrograde cholangiopancreatography (ERCP)”
were used in the title, the abstract, or the index term
fields. Manual searches were then conducted using the
reference lists from identified articles.

RISK FACTORS FOR AIR EMBOLISM
Air embolism is most commonly associated with an
ERCP, but it can result from any endoscopic procedure
including an EGD, an enteroscopy, an EUS, a colonoscopy, and a sigmoidoscopy.
Risk factors for an air embolism that have been reported are previous interventions or surgeries of the bile
duct system, transhepatic portosystemic shunt[1-3], blunt
or penetrating trauma to the liver[4], inflammation of the
digestive system, post-surgical gastrointestinal fistula[5-7],
and particular interventional techniques.
The inflammatory conditions associated with an increased risk for an air embolism include inflammation
of the bile duct or surrounding veins (pylephlebitis), hepatic abscesses, inflammatory bowel diseases, necrotizing
enterocolitis, and mesenteric ischemia[2,7,8]. In addition,
gastrointestinal tumors and biliary atresia have been described as risk factors[9,10].
Interventional techniques include cholangioscopy, biliary sphincterotomy, metal stent placement, liver biopsy,
insufflation of air with high pressure, excessive amount
and/or increased rate of air infusion, procedural site located higher than the level of the heart, and the use of
nitrous oxide (N2O)[3,11-18].

REPORTED CASES OF AIR EMBOLISM
We were able to identify 41 cases of air embolism in the
published literature following various endoscopic procedures.
Air embolism cases following EGD and intraoperative
small bowel endoscopy
The first case of air embolism following an EGD was reported by Lowdon et al[18] in 1988. A 5-wk old infant with
biliary atresia status post Kasai procedure (hepatoportojejunostomy) died during endoscopy, and the autopsy
revealed air in both the right atrium and right ventricle
and in the large hepatic vein in the area of the porta
hepatis. The patient was also found to have a patent fora-

MECHANISMS AND CLINICAL SIGNS
AND SYMPTOMS
A number of potential mechanisms for air entry into
the venous system have been described. These include
intramural dissection of insufflated air into the portal
vein, transection of duodenal vein radicles, biliary-venous
fistulas/shunts, portocaval collaterals, air flow directly
into the hepatic veins or inferior vena cava, retrograde
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men ovale and air in the coronary arteries. The authors
proposed that air under pressure dissected across the diseased hepatic tissue into the large hepatic vein lying just
below the denuded liver surface. This combined with her
patent foramen ovale resulted in the systemic embolism.
Christl et al[5] described the first incident of a cerebral
air embolism following endoscopy in a patient with a duodenal ulcer and a duodenocaval fistula. It was believed
that the air emboli exceeding the absorptive rate of the
pulmonary capillary bed might be the cause in this patient, especially with the total amount of air entering the
inferior vena cava.
A case report by Katzgraber et al[14] identified an embolism risk when air insufflation occurs in the presence
of damaged vessels. The patient, whom had a history of
a perforated gastric ulcer surgically treated 13 years prior,
underwent an upper endoscopy for the evaluation of
epigastric pain. High-volume air insufflation was noted
during the procedure. As the study was continued, the
patient suddenly went into cardiac arrest and resuscitation was unsuccessful. On forensics, the right gastric vein
was found to be eroded most likely due to his history of
multiple ulcerations. The presence of this lesion in combination with the amount of insufflation required allowed
air to enter the venous supply, and eventually, enter the
heart causing death.
McAree et al[27] reported a cerebral air embolism in a
patient being evaluated for metastatic adenocarcinoma of
an unknown origin. Abdominal computed tomography
(CT) scan showed ascites and a thickened cecal wall; cytology study of the ascites determined the presence of an
adenocarcinoma. Soon after, the patient began vomiting
blood and an EGD showed erosive esophagitis. As the
procedure was ending, the patient became unresponsive
and displayed neurological symptoms. An emergency cerebral CT confirmed air in the brain, specifically the right
frontotemporal area. The esophagitis mucosal breakdown
is to be considered as the leading cause of the embolism.
Meier et al[28] reported a patient with an air embolism
during an EGD. The patient had a history of a pancreaticoduodenectomy for pancreatic adenocarcinoma and a
percutaneous transhepatic cholangiography (PTC) for recent ascending cholangitis. An EGD was done due to the
patient developing melena. As the scope was maneuvered
towards the hepaticojejunostomy site, the patient’s condition became unstable; unfortunately, the patient was unable to be successfully resuscitated and passed away. The
investigators believed the PTC catheter may have created
a fistula between the vasculature and the biliary tract.
This abnormality allowed the air to enter the venous supply, specifically the hepatic veins and inferior vena cava,
upon air insufflation during endoscopy.
Pandurangadu et al[24] reported about an incident of
a cerebral embolism in 2010. The patient received an
outpatient EGD, which required an esophageal biopsy
and ablation of duodenal arteriovenous malformations.
Shortly after the EGD procedure, he presented to the
emergency room with neurological symptoms of sudden
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onset lethargy and left-sided weakness. CT scan of the
brain showed multiple gas emboli in two areas, the right
frontal lobe and frontoparietal region. A transesophageal
echocardiogram (TEE) was also done, which ruled out a
patent foramen ovale. Therefore, the study proposed the
most likely cause of the embolism was the duodenal arteriovenous malformations.
Additionally in 2010, a case reported by Park et al[23]
described a paradoxical air embolism during an intraoperative small bowel endoscopy. An adolescent female,
with a history of a Kasai operation for biliary atresia,
presented with gastrointestinal bleeding. The plan was for
an exploratory laparotomy and intraoperative endoscopy
for further evaluation. It must also be noted she had a
previous exploratory laparotomy three months prior for
hematochezia, which was unremarkable with the exception of some bluish edema on the small bowel wall. All
preoperative protocols were performed, including an abdominal CT scan; the scan revealed a highly, irregular liver
architecture showing massive fibrosis. As the endoscopy
procedure ensued, excessive air insufflation was needed
to facilitate visualization. An ulcerative lesion was found
near the site of the previous Kasai procedure. The patient thereafter became unstable systemically, and immediate stabilization methods were started. TEE confirmed
air bubbles entered the heart and the systemic vasculature. In this case, there were multiple risk factors present.
The high amount of air insufflation administered and the
ulcerative lesion are two of the immediate possibilities.
However, two other risk factors can be added. Hopkins et
al[29] found that 47% of patients with chronic liver disease
possess an intrapulmonary right to left shunt. The other
possibility is the patient’s history of biliary atresia. A previous study showed that 18 of 88 biliary atresia patients, a
total of 9.1%, between the ages of 8 mo and 16 years old
possessed an intrapulmonary shunt; this shunt can cause
fatal complications in previously operated biliary atresia
patients[9].
Reported air embolism cases following colonoscopy
and sigmoidoscopy
Chorost et al[21] reported on a case of a routine screening
colonoscopy. Three days after the procedure, the patient
presented with severe, lower back pain. After a CT scan
of the abdomen, it became evident there was air anterior
to the lumbar vertebrae. Batson[30], in 1940, suggested
that an increase in intraabdominal pressure could allow
venous effluent from the pelvis to enter into unimpeded
valveless venous channels, such as in this example, the
vertebrae. Therefore in this case, it was proposed the
combination of the high intraabdominal pressure along
with the low intraluminal pressure system of the vertebral
venous system provided an optimum pressure gradient
for air to seep, causing an air embolism.
Mittnacht et al[31] reported the only sigmoidoscopy
case known to be complicated by an air embolism. The
patient had a history of long-standing Crohn’s disease
and 2 years status post left partial colectomy with de-
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Table 1 Reported cases on air embolism complicated endoscopic retrograde cholangiopancreatography
Case Ref.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

Age/sex

Bisceglia et al[7]
Rabe et al[12]
Rabe et al[12]
Jow et al[38]
Maccarone et al[1]
Siddiqui et al[37]
Nayagam et al[39]
Kennedy et al[8]
Stabile et al[6]
Mohammedi et al[4]
Romberg[40]
Rangappa et al[41]
Bechi et al[33]
Goins et al[16]
Cha et al[42]
Di Pisa et al[13]
Giuly et al[43]
van Boxel et al[44]
Tan et al[45]
Nern et al[46]
Simmons[47]
Merine et al[48]
Barthet et al[49]
Efthymiou et al[11]
Our case[50]
Our case[50]

Risk factor(s)

78/male
Surgical gastroduodenal resection
87/male
Metal stent placement
54/male
Billroth II operation, Metal stent placement
65/male
Biliary duct stones/inflammation
45/male
Percutaneous transhepatic biliary drainage
43/female
Biliary sphincterotomy, liver biopsy
57/male
63/female
Biliary sphincterotomy
65/male
Biliary sphincterotomy, PTC
27/male
Biliary sphincterotomy, blunt hepatic trauma
53/male
Biliary duct stones
50/female
Biliary duct stones
79/female
Biliary sphincterotomy
72/female
Cholangiocarcinoma
50/female Biliary duct stones, liver abscesses, choledochoduodenostomy
8/male
Splenomesenteric portal shunt
60/female
Biliary sphincterotomy, choledochal varices
82/male
82/female
Metal stent placement
58/female
Cholangiocarcinoma
Not available
Biliary sphincterotomy
39/female
Biliary sphincterotomy
31/male
Biliary sphincterotomy
62/female
Cholangioscopy
66/male
Metal stent placement
51/female
Status post Whipple’s operation

Diagnosis

Outcome

Pulmonary air embolism
Cerebral air embolism
Cardiac air embolism
Cardiac air embolism
Cerebral air embolism
Venous air embolism
Cerebral air embolism
Venous air embolism
Cerebral air embolism
Cardiac air embolism
Cardiac air embolism
Cerebral air embolism
Cerebral air embolism
Cerebral air embolism
Cardiac air embolism
Venous air embolism
Venous air embolism
Cerebral air embolism
Cerebral air embolism
Cerebral air embolism
Venous air embolism
Venous air embolism
Venous air embolism
Cerebral air embolism
Cerebral air embolism
Spinal air embolism

Dead
Survived
Dead
Dead
Survived
Dead
Dead
Dead
Dead
Survived
Survived
Dead
Survived
Survived
Dead
Survived
Survived
Survived
Dead
Dead
Survived
Survived
Survived
Survived
Dead
Survived

PTC: Percutaneous transhepatic cholangiography.

scending colostomy, which was complicated by poor
wound healing and fistula formations. The patient required the sigmoidoscopy before a revision of her previous abdominal bowel surgery. During the procedure,
the patient went into cardiac arrest as a result of an air
embolism. The history of Crohn’s disease, which led to
inflamed and deteriorated mucosa, was proposed to allow air entry. Also proposed, there was possible injury
to hemorrhoidal veins during the biopsy of the sigmoid.
An additional risk was the patient being in Trendelenburg
position, allowing for the surgery site to be above the
heart.

cutaneous transhepatic biliary drains, blunt or penetrating
trauma to the liver, sphincterotomy, metal stent placement, the inflammation of the bile duct or surrounding
veins, hepatic abscesses or tumors, liver biopsy, and insufflation of air with high pressure. Cholangioscopy with air
insufflation directly into the bile duct appears to be a particularly strong risk factor for an air embolism. Reported
clinical presentations are cardiovascular, pulmonary, and
neurological symptoms. Again, we want to emphasize the
onset of symptoms or symptom escalation with change
of patient position from prone to supine should immediately trigger suspicion for an air embolism.

Reported air embolism cases following EUS
Pfaffenbach et al[32] reported about a patient with severe
upper abdominal pain requiring an EUS for evaluation
of a pancreatic head lesion. EUS-guided fine needle aspiration was performed. Hepatic portal venous gas was
found on a follow up abdominal ultrasonography.

DIAGNOSIS
The diagnosis of an air embolism is often difficult and is
complicated by the fact that air may be rapidly absorbed
from the circulation while diagnostic tests are being arranged. Exclusion of other life-threatening processes is
generally required.
Transthoracic and transesophageal echocardiography
have been used to document the presence of air and may
show evidence of acute right ventricular dilation and pulmonary artery hypertension consistent with air embolism.
An echocardiography also aids in the diagnosis of cardiac
anomalies, assessment of volume status, and cardiac
contractility; this allows exclusion of other causes of hypotension, dyspnea, and aiding in further patient management. End-tidal CO2 monitoring may show a fall in endtidal CO2; however, this finding is nonspecific and also

Reported air embolism cases following ERCP
Most described cases of endoscopy-related air embolism have been related to an ERCP. We recently reported
two air embolism cases following an ERCP, one with
an intracranial air embolism and one with a spinal air
embolism. To date, a total of 26 cases of systemic air
embolism complicating ERCP have been reported (Table
1). Described risk factors for an air embolism following
an ERCP are previous interventions or surgeries of the
bile duct system, transhepatic portosystemic shunts, per-
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occurs with pulmonary embolism, massive blood loss,
circulatory arrest, and disconnection from the anesthesia
circuit. The pulmonary artery catheter may show a rise in
pulmonary artery pressure in venous air embolism, but
this is a nonspecific finding. Ventilation-perfusion scan
abnormalities may be seen in the setting of a massive
air embolism, but this is also a nonspecific finding and
the perfusion defects resolve rapidly. The chest CT can
detect air with higher sensitivity for massive air emboli. A
pulmonary angiography could also be useful but may be
normal often times in patients who have suffered an air
embolism because of rapid resorption of air.

oxygen content of arterial blood; this potentially reduces
the ischemia. In the event of circulatory collapse, cardiopulmonary resuscitation (CPR) should be initiated in
order to maintain the cardiac output. CPR may also serve
to break large air bubbles into smaller ones and force air
out of the right ventricle into the pulmonary vessels.

Prophylactic measures to
decrease the risk of air embolism
Using CO2 for insufflation instead of air can eliminate
the risk of an air embolism, because CO2 can be easily absorbed[34]. The use of CO2 for insufflation during
gastrointestinal endoscopy has been shown superiority
than using room air by multiple randomized controlled
trials and a meta-analysis[35,36]. It was associated with a
decreased postprocedural pain, flatus, and bowel distension. CO2 insufflation also appears to be safe in patients
without severe underlying pulmonary disease. This finding supports the use of CO2 in most cases if available. In
our unit, we perform all endoscopies with CO2; if CO2 is
not available for routine use, we believe it must be used
in all cholangioscopy cases or when other risk factors are
present.
Another option for patients at risk is to use a precordial Doppler probe monitor during the procedure; it can
quickly detect air within the heart and pulmonary vasculature before clinical symptoms may appear[37].

Management
The most crucial step in patient management is to
maintain a high index of suspicion for an air embolism.
An air embolism should be included in the differential
diagnosis of procedural or periprocedural cardiopulmonary instability and neurologic symptoms, particularly in
patients with recognized risk factors. Since the clinical
presentation of an air embolism can significantly overlap
with sedation-related problems and ischemic or hemorrhagic cerebrovascular events, some simple maneuvers to
decrease the impact of a potential air embolism should
be promptly initiated while the definitive diagnosis is established. These maneuvers include: (1) immediately stop
the procedure if at all possible; (2) administer high flow
100% oxygen, which can reduce air bubbles expansion;
(3) initiate high volume normal saline infusion; (4) place
the patient in Trendelenburg (feet higher than the head)
and left lateral decubitus position in order to minimize
air migration to the brain and to force-out air from the
right ventricular outflow tract[33], thereby increasing venous return[23]; and (5) if N2O is being used, it must be
discontinued because of its ability to rapidly diffuse into
the trapped air bubbles, causing an additive effect on the
embolism[23].
After these initial stabilizing measures are implemented, which should take no more than a few minutes, a
decision has to be made regarding the type of evaluation
needed to secure the diagnosis. This is a crucial branching point in the management of these patients. Since
cerebrovascular accident is most commonly suspected in
patients with neurologic symptoms, arrangements for an
urgent head CT scan are typically made. If the underlying
problem is an air embolism, the patient being sent for a
CT scan can have some serious, adverse consequences,
because it will delay the diagnosis and the application of
specific targeted therapy. Therefore if an air embolism is
suspected, a bedside echocardiogram should be promptly
performed to quickly secure the diagnosis with visualization of air within the right heart. This can have immediate therapeutic implications. An air aspiration via a central
venous catheter can be done, and arrangements for urgent hyperbaric oxygenation therapy can be carried out.
Hyperbaric oxygenation therapy may reduce air bubble
size, accelerate nitrogen reabsorption, and increase the
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CONCLUSION
In summary, endoscopists should be aware of the signs
and symptoms of an air embolism. In patients with risk
factors, prophylactic measures can be applied. A high
index of suspicion for an air embolism should be maintained, because prompt recognition can allow timely administration of specific, potential life-saving therapy.
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Core tip: Gastrointestinal endoscopic (GIE) procedures
are relatively safe. However, these procedures have
been shown to cause various effects on cardiorespiratory systems. Sedation-related complications while
providing any level of sedation can occur. Fortunately,
these complications during GIE procedures are commonly transient and of a mild degree. In addition,
significant unwanted complications can generally be
prevented by careful pre-procedure assessment and
preparation, appropriate monitoring and support. Periodical assessment of the level of sedation and continuous monitoring of cardiovascular and respiratory systems provides timely information. Standardized discharge
criteria should be used to determine the patient’s readiness for discharge.

Abstract
Sedation practices for gastrointestinal endoscopic (GIE)
procedures vary widely in different countries depending
on health system regulations and local circumstances.
The goal of procedural sedation is the safe and effective control of pain and anxiety, as well as to provide an
appropriate degree of memory loss or decreased awareness. Sedation-related complications in gastrointestinal endoscopy, once occurred, can lead to significant
morbidity and occasional mortality in patients. The risk
factors of these complications include the type, dose
and mode of administration of sedative agents, as well
as the patient’s age and underlying medical diseases.
Complications attributed to moderate and deep sedation
levels are more often associated with cardiovascular and
respiratory systems. However, sedation-related complications during GIE procedures are commonly transient
and of a mild degree. The risk for these complications
while providing any level of sedation is greatest when
caring for patients already medically compromised. Significant unwanted complications can generally be prevented by careful pre-procedure assessment and preparation, appropriate monitoring and support, as well as
post-procedure management. Additionally, physicians
must be prepared to manage these complications. This
article will review sedation-related complications during
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INTRODUCTION
Gastrointestinal endoscopic (GIE) procedures are relatively safe and now performed routinely because of
their minimal invasiveness and diagnostic and therapeutic capabilities. These procedures have been shown to
cause various effects on cardiorespiratory systems, which
can increase the risks of the procedure in patients with
underlying cardiorespiratory diseases[1,2]. Additionally,
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complications attributed to moderate and deep sedation
levels are more often associated with cardiovascular and
respiratory systems. Most predictors of sedation-related
complications are patient-centered factors and do not
vary significantly from procedure to procedure, although
the procedure is complex[3].
Providing sedation has been the most effective
strategy employed, with most patients preferring the
use of sedation during endoscopy. The use of sedative
agents has been found to improve the performance of
the endoscopy, enhancing the successful completion of
the procedure. The incidence of sedation-related complications associated with a GIE procedure is relatively
low. Risk factors for these complications are age > 60
years, high American Society of Anesthesiologists (ASA)
physical status, inpatient status and the involvement of
a trainee in the procedure[4,5]. Sedation-related complications during GIE procedures are usually transient and
of a mild degree. The risk of these complications while
providing any level of sedation is greatest when caring
for patients already medically compromised. Significant
unwanted complications can generally be prevented by
careful pre-sedation assessment and preparation, appropriate monitoring and support, as well as post-sedation
management.

resolved, especially in ambulatory patients. Fortunately, a
lower incidence of procedural nausea/vomiting and pain
after the GIE procedure is observed even in a therapeutic endoscopy[9]. Opioid and cyclo-oxygenase-2-inhibitors
can be safely and effectively used for procedural pain in
GIE patients[10].
Sedated patients are discharged from the recovery
area when the discharge criteria are met. My previous
study showed that periodic objective evaluation of homereadiness revealed that the majority of patients would
achieve a satisfactory score on or before 1 h after the
GIE procedure[11]. So, patients that have undergone GIE
procedures should be admitted to the recovery room
unit for at least 30-60 min before discharge. The time to
home-readiness by objective evaluation correlates with
the type of procedure. Most delays after satisfactory
home-readiness scores were reached were due to nonmedical reasons.
Sedation-related cardiorespiratory complications also
occur immediately after the GIE procedure. The types
of complications in the post-sedation period are similar
to the intra-sedation period. Patients who receive benzodiazepine and/or opioid antagonists should be closely
observed in the recovery room unit longer than the other
patients. If the patient received a reversal agent, the patient must be in a recovery room for at least 2 h after the
last administration of that reversal agent.

PRE-SEDATION ASSESSMENT
All patients scheduled to receive sedation should have
an up-to-date history and relevant physical examination.
Many risk factors to be aware of are a history of sleep
apnea, alcohol or substance abuse, adverse reaction to
sedative drugs, and prolonged duration of procedure. Patients should be classified using the criteria of the ASA[6].
Cardiorespiratory problems which could occur during the
GIE procedure should be carefully evaluated.
Before undertaking any GIE procedure, endoscopists
should obtain informed consent from the patient, be
familiar with the latest guidelines on sedation, be aware
of any medical, surgical and drug history elicited in the
pre-admission process, and risk factors should be identified in both out-patients and in-patients[7,8]. Additionally,
physicians must be prepared to manage sedation-related
complications. Respiratory depression and oxygen desaturation from the sedative agents used to achieve sedation are thought to be important risk factors for these
complications. So, safety and monitoring should be part
of a quality assurance program for endoscopy units. This
article will review sedation-related complications during
GIE procedures and also address their appropriate management.

REVERSAL DRUGS
Naloxone
Naloxone is a pure mu-opioid antagonist with a high affinity for the receptor. It can reverse both the analgesic
and respiratory effects of opioids[12]. Naloxone may be
administered intravenously, intramuscularly, subcutaneously and via an endotracheal tube. The dosage of intravenous naloxone is 1 mcg/kg to 2 mcg/kg every 2-3 min
with a maximum dose of 0.1 mg/kg, up to 2 mg. Because
of its rapid removal from the brain, naloxone has a short
duration of action and one dose typically only lasts for
30-45 min. The patient should be monitored for at least 2 h
after administration of naloxone to ensure that resedation
does not occur. Potential adverse reactions of naloxone
include reversal of opioid withdrawal, nausea/vomiting,
hypertension, tachycardia, pulmonary edema and cardiac
dysrhythmias.
Flumazenil
Flumazenil is a benzodiazepine antagonist that can safely
reverse the sedative and respiratory effects caused by
benzodiazepines[1]. It is a highly specific benzodiazepine
receptor antagonist. The usual adult dose is 0.01 mg/kg,
up to 1 mg. Its clinical duration of action is approximately 1 h[12]. However, its effects are reversible, so it is
not recommended for routine use. Similar to naloxone,
patients should be monitored for at least 2 h after administration of flumazenil to ensure that resedation does not
occur. Potential adverse reactions of flumazenil include
sweating, flushing, nausea/vomiting, hiccups, agitation,

POST-SEDATION PERIOD
Most sedation-related complications occur during the
GIE procedure. Standard monitoring, including noninvasive blood pressure, heart rate, pulse oximetry and
ECG, is also routinely used in the post-sedation period.
Post-procedural nausea/vomiting and pain need to be
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cance in critically ill elderly patients[20,21] and sick pediatric
patients[22,23]. Prevention of this complication is to take a
relevant medical and drug history before the procedure
with particular detail required regarding current antihypertensives, antianginal and antiarrhythmic therapy and
the use of systemic corticosteroids. The use of volume
supplementation might be beneficial and could therefore
be recommended in order to avoid propofol-induced
hypotension. Additionally, blood pressure and heart rate
should be recorded before, during and after the endoscopic procedure.

abnormal
vision, paresthesia and seizures.
Table 1 Per-oral endoscopic myotomy equipment

CARDIOVASCULAR-RELATED
COMPLICATIONS
The autonomic nervous system plays an important role in
maintaining normal hemodynamics and an adequate coronary blood flow. The sympathetic nervous system regulates the heart rate and rhythm and increases the excitability of the myocardium. The parasympathetic nervous
system regulates the heart rate and rhythm, which when
stimulated can lead to sinus bradycardia[13]. Cardiorespiratory complications account for about 50% of potentially
serious morbidity and about 50% of all procedure-related
deaths associated with the GIE procedure. In many cases,
these complications are a direct or indirect consequence
of elderly or at risk patients being given unnecessarily
high doses of sedative and analgesic drugs[1].

Hypertension
Blood pressure continuously fluctuates due to the cyclic
nature of the pumping action of the heart. The highest pressure occurs during ventricular contraction. The
lowest pressure occurs during ventricular relaxation[24].
Generally, hypertension is defined as the systolic blood
pressure greater than 160 mmHg. Sudden elevations of
systolic blood pressure ≥ 180 mmHg or diastolic blood
pressure ≥ 110 mmHg are generally regarded as an acute
hypertensive episode[25]. The causes of hypertension
are background systemic hypertension, anxiety or pain,
and a reflex pressure response from intubation of the
esophagus. Generally, asymptomatic patients and patients
without acute end-organ symptoms should not receive
antihypertensive agents in the endoscopy unit.

Hypotension
A significant decline in blood pressure from baseline
should alert clinicians. Hypotension is defined as systolic
blood pressure less than 90 mmHg which is due to a fall
in either cardiac output or total peripheral resistance, lowering the patient’s mean arterial pressure[14]. Episodes of
hypotension in clinical practice are most commonly associated with vasovagal events and are generally transient.
However, they may become prolonged in the presence of
central nervous system depressants[1]. Blood pressure is a
reflection of cardiac output and total peripheral resistance
and a fall in either or both will lower the patient’s mean
arterial pressure. In general, a systolic blood pressure of
90 mmHg should sustain mean arterial blood pressure
sufficiently to perfuse tissues in the recumbent patient.
Blood pressure lower than this, combined with evidence
of inadequate perfusion, requires intervention.
The evaluation of tissue perfusion is the most significant component of cardiovascular assessment. Hypotension encountered during sedation is usually attributed
to either vasovagal episodes or the use of sedative and
anesthetic agents that depress sympathetic outflow to
the cardiovascular system. Benzodiazepines, such as
midazolam and diazepam, have a mild vasodilator effect
and usually produce a slight fall in arterial blood pressure, even in normal sedative doses. The combination
use of a benzodiazepine and an opioid can profoundly
drop blood pressure. Propofol has been shown to be safe
and effective for sedation during endoscopic retrograde
cholangiopancreatography, endoscopic ultrasonography
and small bowel enteroscopy because these procedures
require more time and patient co-operation[15-19].
Cardiovascular effects of propofol include decreases
in cardiac output, systemic vascular resistance and arterial pressure. A fall in heart rate and/or cardiac stroke
volume will also lower blood pressure. Additionally, more
profound falls in blood pressure occur in a hypovolemic
patient. Propofol has also been proven to reduce postprocedural hypoxemic events, which may be of signifi-
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Cardiac arrhythmias
Autonomic control of the heart rate will respond to demands placed on the patient and may be initiated via several baroreceptor-mediated reflexes[20]. Electrocardiogram
(ECG) is also a useful monitor for heart rate and a better
assessment of heart rhythm. Continuous ECG monitoring is recommended for a high risk patient with relevant
cardiac history. Cardiac arrhythmias are frequently observed during GIE procedures. Fortunately, most of
them are not clinically significant.
In healthy patients, a heart rate of up to 120 beats/min
will usually allow adequate filling. Sinus tachycardia can
be caused by a patient’s anxiety or be related to pain,
a compensatory mechanism in patients who are hypotensive as a result of either dehydration or blood loss,
and following intravenous anticholinergic drugs such as
buscopan. Heart rate < 50 beats/min in healthy patients
may allow for more time in diastole, but ventricular filling
becomes maximized[24]. Sinus bradycardia is most frequently seen in patients who are taking beta blockers. It
can also be induced by vagal stimulation, which occurs at
the time of intubation of the esophagus or the stretching
of the sigmoid mesentery during colonoscopy or flexible
sigmoidoscopy.
Myocardial ischemia/infarction
Myocardial infarction occurs either during or in the few
days after endoscopic procedures with or without sedation. A proportion of these are undoubtedly causally related to the endoscopic procedure. The causes of angina
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or myocardial infarction are two factors: increased myocardial oxygen demand and reduced myocardial perfusion[26].
Increased myocardial oxygen demand is due to an
increase in the mean arterial blood pressure and heart
rate. This can cause angina in patients with ischemic
heart disease or occult symptomless myocardial ischemia.
Additionally, marked hypertension and/or tachycardia
increase myocardial oxygen consumption. On the other
hand, hypotension and/or bradycardia reduce myocardial
perfusion. Stress-induced myocardial ischemia can occur even in patients with or without clinically significant
coronary disease[27]. This myocardial ischemia is related
to the activation of the sympathetic nervous system, resulting in hemodynamic changes causing an increase in
cardiac demand.
Prevention or minimization of myocardial ischemia/
infarction during GIE procedure: (1) pre-oxygenation in
at risk patients and give continuous supplemental oxygen;
(2) give patients their normal anti-hypertensive and/or
antianginal therapy right up to the time of the endoscopy; (3) angina developing during an endoscopy is usually
best managed by giving sublingual nitroglycerine, oxygen
supplementation and discontinuing the examination; and
(4) if angina or myocardial infarction is suspected during
or following an endoscopy, arrange an ECG to exclude
an myocardial infarction.

oxygen is used, the fall in SpO2 may be significantly delayed for between 30-90 s, so continuous capnography
monitoring is recommended in patients being deeply sedated with propofol[1]. As for over-sedation, loss of verbal contact due to a reduced conscious level may be the
first sign of impending respiratory depression. Reduction
in SpO2 on pulse oximetry is a good indicator but it can
be a late sign of respiratory depression. Increased PaCO2
is the most sensitive early warning of respiratory depression[28]. However, several controlled randomized studies
showed a beneficial effect of capnography regarding
some surrogate parameters of patients, such as the occurrence of hypoxemia detected by pulse oximetry, but
a clear effect on patient outcome has not been demonstrated. Therefore, most national guidelines do not recommend its routine use currently.
Management of over-sedation is to stimulate the patient, both verbally and/or by light shaking, to wake up
and take deep breaths. If the patient is not responding,
then a benzodiazepine antagonist such as flumazenil and/
or opioid antagonist such as naloxone may be required.
The airway may need to be protected with chin lift, jaw
thrust and, if necessary, airway or laryngeal mask[26].
Airway obstruction
Obstruction may result in hypoventilation and hypoxia.
However, airway obstruction must be distinguished from
respiratory depression. Hypoxia is common in patients
undergoing an upper GIE procedure with or without
sedation. Sedation significantly increases the incidence of
desaturation and hypoxia. Supplementary nasal oxygen at
3 L/min in sedated patients abolishes desaturation and
hypoxia. Upper airway obstruction may be attributed to
anatomical structures or a foreign body[29]. Independent
predictors of airway modifications include male sex, ASA
class of Ⅲ or higher, and increased body mass index[1].
Laryngospasm is a reflex closure or spasm of the
glottic muscles, including the false and true vocal cords.
It is more likely to occur during deep sedation. Laryngospasm occurs more frequently in adults who are smokers. Bronchospasm is a lower airway obstruction due to
contraction or spasm of the bronchial smooth muscle. It
may be a result of an anaphylactoid reaction or a consequence of a hyper-reactive airway in asthmatic patients[30].
Management of laryngospasm and bronchospasm depends on the severity and the cause.

RESPIRATORY-RELATED
COMPLICATIONS
Airway management is the most important aspects of
patient care and examination of the patient’s airway is
an essential component of the preoperative assessment.
Mallampati score correlates with increased difficulty in
airway management. High oxygen concentration is indicated for patients who are spontaneously breathing,
regardless of their level of consciousness during medical
urgencies and emergencies. The equipment required to
provide supplemental oxygen includes a 100% oxygen
source, a regulator, tubing and either a nasal cannula or
mask. Every office should be equipped with a portable
E-cylinder of oxygen.
Respiratory depression
A higher dose of benzodiazepine and/or opioid and the
greater the percentage benzodiazepine and/or opioid
receptor occupancy in the central nervous system, the
greater is the degree of depression of consciousness.
Intravenous benzodiazepines such as midazolam and
diazepam can cause respiratory depression. Intravenous
opioids, such as meperidine and fentanyl, occupy opioid
receptor sites within the brain and brainstem and can
similarly cause respiratory depression[26]. Drug induced
hypoventilation may cause both hypoxemia and carbon
dioxide retention.
Pulse oximetry is a very useful indicator of oxygenation but not ventilation. However, when supplemental
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Hypoxia
Hypoxia may be a consequence of respiratory depression
or airway obstruction. The incidence of hypoxia is 1.5%
to 70%, which makes it the most common cardiorespiratory complication during endoscopy[31]. Hypoxemia can
lead to several complications, depending on the severity
of hypoxemic attack. The use of supplemental oxygen
during a GIE procedure is routinely used by many endoscopists. However, oxygen supplementation will delay the
detection of apnea and hypoxia[5]. Additionally, in patients
given supplemental oxygen, saturation may be maintained
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in the progression of hypercapnia.
Multivariable logistic regressions revealed that independent risk factors for hypoxemia include high body
mass index, hypertension, diabetes, gastrointestinal
diseases, heart diseases and procedures that combined
esophagogastroduodenoscopy (EGD) and colonoscopy[32]. Hypoxemia occurs typically within 5 min of medication administration or endoscope intubation and only
one third of all apnea and abnormal ventilation events
eventually lead to hypoxemia[31].

OTHER COMPLICATIONS

Pulmonary aspiration
Aspiration of gastric contents into the lungs during a
GIE procedure is relatively common. It may cause pneumonia and may result in death. Risk factors for aspiration
are the elderly, over-sedated patients, patients with gastrointestinal bleeding, gastric stasis, gastric outlet obstruction, hepatic encephalopathy and a full stomach. Aspiration can also occur when a local anesthetic spray is used
in combination with intravenous sedation[26].
Aspiration may be suspected when a patient starts
coughing violently either during or soon after an endoscopic procedure and cyanosis may occur. The higher
incidence of pulmonary aspiration is because of the better sensitivity of 2-[18F] fluoro-2-deoxy-D-glucose positron tomography. However, the low incidence of clinical
events needing intervention may still reflect the safety
of sedation used for the GIE procedure[33]. Treatments
of pulmonary aspiration includes suction of fluids from
oral cavity and throat, increasing the rate of supplemental
oxygen, encouraging the patient to cough, chest film, antibiotics and physiotherapy.

Paradoxical reactions
Paradoxical reactions are characterized by combativeness,
agitation, talkativeness, disorientation and tachycardia.
This reaction frequently occurs with benzodiazepines, in
particular midazolam and diazepam, and is more common in children[36]. Inadequate sedation or cerebral hypoxia may mimic paradoxical reactions. Early recognition
of paradoxical reactions is imperative for proper management. The administration of a benzodiazepine antagonist
such as flumazenil has been shown to be effective in
managing paradoxical reactions with minimal side effects.

Nausea and vomiting
Nausea and vomiting are common side effects of opioids. Additionally, the over distension of the stomach or
colonic loop can produce nausea and vomiting after the
endoscopic procedure. The prevention of this complication is to reassure the patient and to minimize the opioid
dose. In severe cases, anti-emetic agents such as metoclopramide and ondansetron may be required[35].

PREVENTION OF SEDATION-RELATED
COMPLICATIONS
Generally, GIE procedures can be performed by using
topical anesthesia, intravenous sedation and general anesthesia[17,37,38]. Topical anesthesia and intravenous sedation
techniques can be effectively done by non-anesthetic personnel. Most national guidelines and several studies from
the literature demonstrate that non-anesthetic personnel can safely perform propofol sedation[39-41]. However,
non-anesthetic personnel should sedate patients only to
mild and moderate (conscious) sedation levels[42]. Several
previous studies demonstrated the feasibility and safety
of computer-assisted personalized sedation (CAPS) to
facilitate propofol sedation by non-anesthetic personnel in patients who underwent EGD and colonoscopy
procedures[43-45]. The SEDASYS System is the first CAPS
system designed for physicians to provide minimal to
moderate sedation levels with propofol. The system
continuously monitors and records patient parameters,
including oxygen saturation, blood pressure, heart rate,
respiratory rate, end tidal carbon dioxide and patient responsiveness.
The risk of GIE procedures can be associated with
sedation. The depth of sedation level is one of the risk
factors of sedation-related complications. High sedation
depth can significantly create sedation-related complications greater than a low sedation depth. Patients with mild
hypotension, with co-morbidities and the elderly should
be carefully sedated. The titration technique should be
used to sedate these patients. Additionally, physicians
should continuously monitor the depth of sedation[46,47].
Prevention of complications in the first place is the
best form of management. It is also the professional responsibility of health providers to prevent the avoidable

ALLERGIC REACTIONS
Pre-sedation assessment includes a comprehensive evaluation of the patient’s allergic history. Generally, it is
important not to confuse an increased sensitivity or side
effect of a drug. Although rare, severe allergic reactions
can occur during anesthesia or sedation. The spectrum
of allergic reactions can include a minor local reaction to
more severe anaphylactic reactions. The diagnosis of anaphylactic reaction is not always easy to establish.
The potential risk of propofol administration in
patients with a known allergy against soy beans and egg
should be stated[34]. In addition, propofol usually produces a burning sensation at the injection site. Some opioids such as meperidine can cause a transient red wheal
which is caused by local release of histamine. However,
this reaction is a transient phenomenon with no sequelae. Anaphylactic reactions can present with mild dyspnea
in mild cases or lead to hypotension and shock in severe
cases. When a life threatening anaphylactic reaction does
occur, it simulates an acute cardiac, respiratory and metabolic crisis and requires urgent acute critical care. Treatment for anaphylactic reactions includes the discontinuation of the suspected allergen, airway management, fluid
resuscitation, anti-histamine drugs, hydrocortisone and
epinephrine.

WCG|www.wjgnet.com

1776

January 28, 2014|First Edition|

Amornyotin S. Sedation-related complications in gastrointestinal endoscopy

risks by following national standards for safe sedation.
Patients under sedation must have physiological monitoring, including heart rate, blood pressure, oxygen saturation and an expired concentration of carbon dioxide. An
anesthesiologist consultation should be done in patients
with moderate to severe hypotension (systolic blood pressure < 90 mmHg), patients with severe cardiac and/or
respiratory abnormalities, patients with a history of failed
sedation, alcoholic or drug addicted patients, phobic or
uncooperative patients, such as children, dementia and
psychiatric patients, patients being sedated with intravenous propofol, and patients with a high risk of aspiration
and requiring endotracheal tube with general anesthesia,
including patients with depressed levels of consciousness
and patients associated with encephalopathy[48,49].
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CONCLUSION
Sedation-related complications are relatively common.
However, the majority of these complications are transient and easily treated. Serious complications are rare
for GIE procedural sedation. Sedation-related complications may be severe if physicians do not detect and treat
patients earlier. Appropriate pre-sedation assessment and
proper patient selection, preparation and optimization of
patients, as well as the availability of skilled professionals for sedation administration are key components to
provision of quality patient care. Periodical assessment
of the level of sedation and continuous monitoring of
cardiovascular and respiratory systems provides timely
information. Pulse oximetry and oxygen supplementation
are recommended for the reduction of hypoxemia. Capnography monitoring is considered in patients undergoing prolonged endoscopic procedures who are at risk of
deep sedation. Additionally, standardized discharge criteria should be used to determine the patient’s readiness
for discharge. Lastly, physicians should remember that
the risk for an unintended deeper level of sedation may
be more common after the stimulation of the endoscopic
procedure has been removed.
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doscopy units, continues to be a matter of discussion.
Safe sedation in special clinical circumstances, such as
in the cases of obese, pregnant, and elderly individuals, as well as patients with chronic lung, renal or liver
disease, requires modification of the dose of the drugs
used for sedation. In the great majority of patients,
sedation under the supervision of a properly trained
endoscopist remains the standard practice worldwide.
In this review, an overview of the current knowledge
concerning sedation during digestive endoscopy will be
provided based on the data in the current literature.
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Abstract
Diagnostic and therapeutic endoscopy can successfully be performed by applying moderate (conscious)
sedation. Moderate sedation, using midazolam and an
opioid, is the standard method of sedation, although
propofol is increasingly being used in many countries
because the satisfaction of endoscopists with propofol
sedation is greater compared with their satisfaction
with conventional sedation. Moreover, the use of propofol is currently preferred for the endoscopic sedation
of patients with advanced liver disease due to its short
biologic half-life and, consequently, its low risk of inducing hepatic encephalopathy. In the future, propofol
could become the preferred sedation agent, especially
for routine colonoscopy. Midazolam is the benzodiazepine of choice because of its shorter duration of action
and better pharmacokinetic profile compared with diazepam. Among opioids, pethidine and fentanyl are the
most popular. A number of other substances have been
tested in several clinical trials with promising results.
Among them, newer opioids, such as remifentanil, enable a faster recovery. The controversy regarding the
administration of sedation by an endoscopist or an experienced nurse, as well as the optimal staffing of en-
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INTRODUCTION
Today, both the number and complexity of endoscopic
procedures have increased considerably due to the wide
availability and application of sedation, which facilitates
successful endoscopic procedures because it can relieve
patients’ anxiety and discomfort, concurrently allowing
them to experience a rapid recovery with the use of antidotes. Consequently, the willingness of patients to undergo
endoscopy, irrespective of the severity of their situation, is
increasing.
The best methods for analgesia and sedation during
digestive endoscopy are still debated. Intravenous sedation can be administered by the endoscopist who concurrently performs the procedure while a qualified nurse
monitors the patient’s state of consciousness and vital
signs. Providing an adequate regimen of sedation/analgesia may be considered a form of art, which influences,
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for example, the quality of the examination and the patient’s and physician’s satisfaction with the sedation[1]. It
must be argued that the optimal level of sedation differs
according to the procedure being performed. Deep sedation or even general anaesthesia may be preferred for
therapeutic procedures in which it is important for a patient to remain immobile. It is obvious that endoscopists
commencing sedation/analgesia should be able to rescue
patients whose level of sedation has become deeper than
initially intended.
However, even today, many significant issues, such
as the benefits, risks, and costs of sedation; the selection
of the most suitable drug and combination of drugs for
use; and the person responsible for the administration of
sedation and monitoring of the patient, especially during
time-consuming procedures such as colonoscopies and
endoscopic retrograde cholangiopancreatography (ERCPs), remain unanswered[2].
The aim of this review is to provide the reader with
an overview of the current knowledge concerning sedation during digestive endoscopy (drugs currently used
and drugs under investigation, sedation during upper
and lower gastrointestinal (GI) endoscopy and ERCP,
and endoscopy in special situations) based on the data
available in the current literature.

With regard to the most common sedation regimen
used in different countries, it was reported that most
Canadian endoscopists use a combination of midazo
lam and fentanyl for colonoscopy, while propofol, either
alone or in combination with other drugs, is used in a
small proportion of patients[3]. Interestingly, a significantly higher proportion of adult gastroenterologists who
routinely used propofol are highly satisfied compared
with those using other drugs. According to a recent survey among the members of the Italian Society of Digestive Endoscopy, the most commonly employed sedation
patterns are benzodiazepines for upper GI endoscopy
(50.8%), benzodiazepines plus opioids for colonoscopy
(39.5%) and enteroscopy (35.3%), and propofol for
ERCP (42.3%) and EUS (35.6%). Concerning the use
of propofol, 66% of endoscopists stated that the drug
was administered exclusively by anaesthesiologists[4]. In
Greece, 62.1% of the endoscopists use synergistic sedation (benzodiazepines plus opioids), 35.3% use benzodiazepines alone and 33.8% use propofol-based sedation
in selected cases. Propofol administration is directed by
an anaesthesiologist in most cases[5]. In the United States,
more than 75% of endoscopists use a benzodiazepine
plus narcotic combination, with the combination of midazolam and fentanyl being the most common[6]. In Switzerland, midazolam is the most commonly used medication. The drug is administered by the endoscopy nurse
via an intravenous cannula. A significant percentage of
endoscopists (43%) also use propofol regularly, mainly in
a hospital setting. Endoscopists reporting the use of propofol without the assistance of an anaesthesiologist had
performed a total of 82 620 procedures. The morbidity in
this group of patients was 0.19%, with no cases of mortality[9]. The doses of midazolam and fentanyl used by the
Canadian endoscopists are similar to those recommended
in the United States (< 6 mg of midazolam and < 200 μg
of fentanyl) and in the United Kingdom (< 5 mg of midazolam and < 100 μg of fentanyl)[10]. In Spain, the most
common drugs were midazolam for gastroscopy and
midazolam and pethidine for colonoscopy and ERCP,
while propofol is most frequently used by anaesthesiologists[8]. In Germany, the most frequently used agents for
sedation are midazolam (82%) and propofol (74%), and
the most common sedation regimens used are propofol
plus benzodiazepines (38%) and benzodiazepines plus an
opioid (35%)[7].
In Italy, pulse oximetry is the most common system
for patient monitoring during endoscopy, while supplemental O2 is routinely administered by 39.3% of endo
scopists[4]. In Greece, pulse oximetry is used in 96% of
endoscopic procedures [5]. Major endoscopy societies,
including those of Canada and the United States, recommend the use of pulse oximetry, continuous electrocardiogram and blood pressure, and heart rate monitoring
in patients receiving propofol[11,12]. In Switzerland, pulse
oximetry monitoring is currently used in more than 95%
of examinations, compared with 2.5% of examinations
in 1990[9]. In Germany, all patients are routinely moni-

SEDATION PRACTICES
Sedation practices vary in different countries depending
on health system regulations and local circumstances. On
the other hand, differences in the setting in which the
practice of gastroenterology and endoscopy takes place,
e.g., at university hospitals versus community hospitals
or private endoscopy units, as well as other systematic
practice differences, could influence the attitude of endoscopists concerning sedation practices.
Data concerning the incidence of sedation application in routine practice are rather limited. Among the
members of the Canadian Association of Gastroenterology, more than 90% use sedation during colonoscopy[3].
The use of sedation has become a standard practice during GI endoscopy in Italy[4]. Among the members of the
Hellenic Society of Gastroenterology, 64% use sedation
regularly in cases of upper GI endoscopy, 78% use sedation in colonoscopies, and 100% use sedation during
ERCP and endoscopic ultrasound (EUS)[5]. In the United
States, more than 98% of colonoscopies are performed
with intravenous sedation[6]. In Switzerland, the use of
sedation in GI endoscopy has markedly increased, and
the use of electronic monitoring has become a standard
practice. In this country and during 2003, sedation was
used in 78% of upper and lower GI endoscopic procedures, compared with 60% in 1990. In Germany, the
majority of esophagogastroduodenoscopy (EGDs; 74%)
and colonoscopies (87%) are carried out under sedation[7].
In Spain, sedation is used in 20% of EGDs and 20% of
colonoscopies, while ERCP is almost always performed
under sedation[8].
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Table 1 Percentage of sedation use in different countries
Country

Sedation

Propofol use

Canada
Italy

90%

12%
42.30% for ERCP (by
anaesthesiologists)
33.80% (in selected
cases and only by
anaesthesiologists)

Greece

EGD: 64%;
Colonoscopy: 78%;
ERCP: 100%;
EUS: 100%
United States 98%

Switzerland

78%

Spain

EGD: 20%;
Colonoscopy: 20%;
ERCP: 100%;
EGD: 74%
Colonoscopy: 87%

Germany

Benzodia-zepines
alone use

Benzodiaze-pines No. of nurses present Pulse
Supplemental
plus opioids use during endoscopy
oximetry use oxygen use

50.80%

always
39.50%

35.30%

62.10%

96%

74.30%

98.60%

25.70%

43% (regular use with
or without the help of
an anaesthesiologist)
Only by
anaesthesiologists

Midazolam for
the majority of
endoscopies
Only for EFD

74%

82%

Only for
colonoscopies

35%

1
100%

1

95%

1

77%

97%

By 39.3% of
endoscopists

By 72.7% of
endoscopists
(in all EGDs)

34%

ERCP: Endoscopic retrograde cholangiopancreatography; EGD: Esophagogastroduodenoscopy; EUS: Endoscopic ultrasound; EFD: Energy flux density.

tored by pulse oximetry, while automated blood pressure
monitoring and/or electrocardiography are applied in 29
and 13% of cases, respectively. Supplemental oxygen is
routinely administered to 34% of patients[7].
Data concerning endoscopy practices in developing
nations are scarce. In a study comparing endoscopy practices between endoscopists practising in 46 developed
and developing countries, no significant differences in the
use of a benzodiazepine and opioid combination, propofol alone, or unsedated endoscopy were found. Sedation
is used for most endoscopic procedures, leading to the
conclusion that sedation practices do not significantly differ between developing and developed countries[13].
Table 1 provides a summary of sedation practices in
some parts of the world.

knowledge of the pharmacokinetic properties of these
agents is crucial when commencing sedation (Table 2)[14].
The special characteristics of the currently available
drugs for digestive endoscopy, as well as the drugs under
investigation, are shown in Table 3 and are subsequently
summarised in the following sections.
Midazolam
Midazolam is most likely the most widely used drug
for sedation in everyday endoscopic work. The action
of midazolam is due to the potentiation of the neural
inhibition mediated by gamma-aminobutyric acid. In addition to its action on the central nervous system, midazolam exhibits a dose-dependent ventilatory depressant
effect and causes a reduction in arterial blood pressure
and an increase in heart rate. Midazolam is metabolised
by cytochrome P450 enzymes and glucuronide conjugation. CYP3A4 is important in the biotransformation of
midazolam.
The duration of action of midazolam is dependent
on the duration of its administration. It also has synergistic interactions with other hypnotics and opioids. Various factors, including age, compromised renal function,
and liver dysfunction, affect the pharmacokinetics of the
drug[15].

DRUGS CURRENTLY USED FOR
SEDATION IN GI ENDOSCOPY
Various types of sedation and analgesia techniques are
used during GI endoscopy procedures. Currently, there is
no standard sedation regimen, and even within individual
institutions, the choice of sedation may depend on endoscopist preference and the procedure being performed.
Benzodiazepines, such as alprazolam, bromazepam, brotizolam, clotiazepam, diazepam, etizolam, flunitrazepam,
lorazepam, midazolam , oxazepam and triazolam, are
among the most frequently prescribed drugs. These drugs
act as anxiolytics, sedatives, hypnotics, amnesics, antiepileptics and muscle relaxants. Among them, midazolam is
an important drug and is widely used in everyday endoscopy work. It is now considered to be the benzodiazepine
of choice, as it has a shorter duration of action and a
better pharmacokinetic profile than diazepam. Other
drugs used for sedation include opioids (pethidine and
fentanyl), propofol, ketamine and droperidol. Adequate
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Clinical studies: A large number of prospective, randomised, placebo-controlled and non-controlled trials
have been published in recent years concerning the efficacy and safety of midazolam alone or in combination
with analgesics. The most recent of these trials are mentioned below.
In a study conducted to evaluate the prevalence of
hypoxia related to midazolam sedation during upper GI
endoscopy, 180 patients referred for selective endoscopy
were randomised to either midazolam sedation or pla-
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Table 2 Characteristics of the pharmacological agents used to achieve a moderate level of sedation in gastrointestinal endoscopy (i.v.
1
administration)
Agent

Chemical
structure

Molecular weight
(g/moL)

Onset of action
(min)

Duration
of action

Elimination half-life

Metabolism/excretion

Midazolam
Propofol
Fentanyl
Meperidine

C18H13ClFN3
C12H18O
C22H28N2O
C15H21NO2

325.78
178.27
336.471
247.33

1.0-2.5
<1
≤ 1.5
5

2-6 h
3-10 min
1-2 h
2-4 h

1.8-6.4 h
Triphasic: 2.2 min, 20 min, 8 h
2-7 h
2-7 h

Hepatic and intestinal; excreted in urine
Hepatic; excreted in urine
Hepatic; excreted in urine
Hepatic; excreted in urine

1

Modified from Manolaraki et al[14].

pethidine for conscious sedation in colonoscopy was inve
stigated in a group of patients that included a large number of elderly patients with comorbidities. The synergistic
sedation with low-dose midazolam plus propofol was
superior to a standard combination of midazolam and
the opioid pethidine for colonoscopy in terms of patient
comfort and recovery time[20].
In a prospective, randomised study, the standard regime of midazolam and pethidine vs a propofol-fentanyl
mixture was tested. It was found that patient-controlled
sedation/analgesia with propofol and fentanyl was a safe
and effective combination, resulting in a high level of
satisfaction for both the patient undergoing upper GI
tract endoscopic ultrasonography and the endoscopist[21].
Barriga et al[22] evaluated the adequacy of conscious
sedation during upper endoscopy using midazolam alone
compared with midazolam plus fentanyl. Although, from
the endoscopist’s perspective, patients in the combination group had better tolerance, no significant differences
were found in the patient assessments. These results suggest that an adequate level of sedation can be obtained
safely by either midazolam or midazolam plus fentanyl.
Midazolam was also tested as an orally administered
premedication in patients undergoing upper GI endoscopy. In a double-blind, placebo-controlled, randomised
trial, 130 patients were randomised to receive either 7.5
mg of midazolam orally or a placebo as the premedication. The results showed that the median anxiety score
during the procedure in the midazolam group was significantly lower than that in the control group. Moreover, a
significantly greater number of patients in the midazolam
group graded overall tolerance as “excellent or good” and
reported partial or complete amnesia in greater degree
compared with the control group. Finally, patients in the
midazolam group were more willing to repeat the procedure if necessary. However, the median recovery time
was significantly longer in the midazolam group than in
the control group. No significant differences in the satisfaction score and haemodynamic changes between the
two groups were observed[23].
In conclusion, midazolam must be considered as an
excellent drug for achieving safe and effective sedation
during upper and lower GI endoscopy, whether used alo
ne or in combination with analgesics.

Table 3 Currently used drugs for sedation and drugs under
investigation
Drugs currently
used for sedation

Drugs and other practices
under investigation

Midazolam
Fentanyl
Propofol

Nitrous oxide gas (N2O)
Remimazolam
Fospropofol
Dexmedetomidine
Alfentanyl
Remifentanil
Music

cebo. The results revealed that no patients developed any
serious episodes of hypoxia and that the incidence of
mild hypoxia was not significantly different between the
two groups. There was no significant difference in arterial
oxygen saturation as recorded by the endoscopist staff[16].
In another study, haemodynamic responses during
gastroscopy in healthy subjects were studied in two gro
ups: midazolam alone vs midazolam in combination with
meperidine. It was found that blood pressure and oxygen
saturation significantly decreased with sedation in both
groups during endoscopy, but no significant differences
were found between the two groups. Heart rate increased
significantly, whereas systolic arterial pressure, diastolic
arterial pressure and O2 saturation (SpO2) decreased sig
nificantly, with both regimes. Patient compliance was significantly better with combined sedation[17].
Midazolam has been tested in combination with a variety of other drugs. In one study, the efficacy and safety
of midazolam in combination were tested in 74 patients.
The midazolam group received only midazolam, and the
midazolam/meperidine group received midazolam plus
meperidine. The results showed that there was no significant difference between the two groups with regard
to the recovery time, procedure time and mean visual
analogue scale scores[18].
In a randomised trial comparing the efficacy and re
covery time of two sedation regimens consisting of midazolam in combination with either meperidine or fentanyl
in patients submitted for colonoscopy, it was found that
the use of fentanyl in combination with low-dose midazolam resulted in a significantly faster recovery from sedation compared with meperidine, without any apparent
loss of analgesic effect[19].
The synergistic sedation with low-dose midazolam
plus propofol vs the standard regimen of midazolam and
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Propofol
The sedative-hypnotic drug propofol (2,6-diisopropylphenol) is a phenolic derivative with satisfactory sedative,
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hypnotic, antiemetic and amnesic properties. Additionally,
propofol the advantage of a rapid onset of action and a
short recovery profile. The depth of sedation increases
in a dose-dependent manner. Propofol is highly lipophilic and, therefore, can rapidly cross the blood-brain barrier, resulting in an early onset of action. Consequently,
emergence from sedation is also quite rapid because of
its fast redistribution into peripheral tissues. Sedation
with propofol can be achieved both by bolus administration and continuous infusion. The drug can cause
unconsciousness within 30 s. As an additional advantage,
regardless of the length of the sedation period, recovery
from propofol will occur within 10-20 min after discontinuation. Propofol also has an excellent amnesic effect
and short half-life (4 min vs 30 min for midazolam). Currently, there is no dispute regarding propofol’s superiority
over benzodiazepines (with or without opioids) in terms
of the abovementioned physiological effects. However,
it must be strongly emphasised that titrating propofol to
achieve conscious sedation without inducing general anaesthesia requires significant clinical expertise.
This drug is being increasingly used for sedation during painful diagnostic and therapeutic procedures because
it increases the quality of upper GI endoscopy by increasing patients’ acceptance of the procedure and improving
the diagnostic accuracy of endoscopy[24].
With regard to side effects, propofol is generally associated with good haemodynamic stability, although it can
induce a dose-dependent decrease in blood pressure and
heart rate. Transient decreases in blood pressure are more
prominent during bolus administration. Thus, slow initial
infusions are recommended in most patients. Moreover,
strict aseptic technique must be used during the handling
of the product to prevent accidental extrinsic microbial
contamination. There are also some other disadvantages
of propofol, including the lack of a pharmacological antagonist. The combination of propofol and midazolam
has synergistic effects and may have advantages over the
use of propofol as a single agent[20]. Thus, a combined
sedation regimen with a benzodiazepine retains the possibility for partial pharmacological reversibility using
flumazenil.
However, data from a recent meta-analysis suggest
that propofol sedation is not associated with an increased
risk of complications. In fact, propofol sedation for colo
noscopy was associated with lower complication rates
than sedation with traditional agents[25]. Several prospective studies confirmed that lower doses were needed for
combined sedation with midazolam/propofol compared
with propofol alone during diagnostic or therapeutic endoscopy[26,27].
A large number of clinical trials and meta-analyses
of these trials have been published, the main results of
which are discussed below.

oids for sedation during endoscopic procedures. Other
prospective studies indicated that propofol was safer and
more effective than midazolam and meperidine for reaching and maintaining an adequate level of sedation during
endoscopy, resulting in better titration of the level of
sedation and a shorter recovery time[28].
A prospective study evaluated the safety and efficacy
of nurse-administered, low-dose propofol sedation in
8431 adults submitted to upper GI endoscopy. Propofol
was administered by bolus injection at a dose of 40 mg
for patients < 70 years old, 30 mg for patients 70-89 years
old, and 20 mg for patients 90 years old or older. Only
0.26% of the patients required a transient supplemental
oxygen supply, and full recovery occurred in 99.9% of
patients 60 min after the procedure. However, men and
younger patients required significantly higher doses of
propofol than women and older patients. A total of 99%
of patients were willing to repeat the same procedure.
This study showed that the use of only a low dose of
nurse-administered propofol sedation is safe and effective
for diagnostic esophagogastro-duodenoscopy[29].
Levitzky et al[30] showed that balanced propofol sedation targeted to induce moderate sedation in patients
undergoing upper GI endoscopy results in better patient
satisfaction and a shorter recovery time than standard
sedation alone.
Propofol in lower GI tract endoscopy: The optimal
regimen of propofol for colonoscopy sedation is still
controversial. Both propofol alone and propofol in combination with opiates (meperidine) or benzodiazepines
(midazolam) are frequently used during colonoscopy to
achieve moderate levels of sedation. Hsieh et al[31] noticed that for sedated colonoscopy, propofol in combination with meperidine is better than propofol alone for
improving patients’ tolerance and recovery.
The combination of 1.0-2.0 mg of midazolam with
either 50-100 mg of fentanyl or i.v. propofol of 0.5-2.5
mg/kg allowed patients to undergo colonoscopy under
comparable sedative and analgesic conditions. The combination with fentanyl had a significantly smaller effect
on pulse rate and blood pressure, while the combination
with propofol produced more favourable results, especially in terms of superior amnestic effects[32].
In a study of 300 adults undergoing colonoscopy, the
use of fentanyl in combination with low-dose midazolam
was found to result in a faster recovery from sedation compared with meperidine without decreasing the analgesic
effect[19].
Recently, patient-controlled sedation with propofol
has been advocated as a method for dealing with the
narrow therapeutic window for moderate sedation. In a
relevant study, 50 patients undergoing elective colonoscopy were randomised to receive midazolam/fentanyl or
propofol/remifentanil administered via patient-controlled
sedation. Patients in the propofol/remifentanil group
were sedated and recovered significantly more rapidly
than patients in the midazolam/fentanyl group[33].

Clinical studies of propofol in upper GI tract endo
scopy: A number of studies revealed that propofol offers significant advantages over benzodiazepines and opi-

WCG|www.wjgnet.com

1783

January 28, 2014|First Edition|

Triantafillidis JK et al . Sedation and GI endoscopy

Fentanyl
Fentanyl, a μ-opioid receptor agonist, is a synthetic narcotic analgesic characterised by a rapid onset and short
duration of action. The action of the drug is related to
its agonism of the opioid receptors. It is 100 times more
potent than morphine, with 100 μg equivalent to 10 mg
of morphine and 75 mg of meperidine (pethidine) in
terms of analgesic activity. Its strong potency is largely
due to its high lipophilicity, which also explains the rapid
penetration of the drug into the central nervous system.
Fentanyl binds μ-opioid G-protein-coupled receptors,
which inhibits the release of pain neurotransmitters by
decreasing intracellular Ca2+ levels. It has been used in
combination with midazolam, mainly in patients undergoing lower GI endoscopy.
In a trial comparing meperidine with fentanyl, the authors noted that the total procedure time was shorter for
those receiving fentanyl than for those receiving meperidine. Based on post-procedure pain scores, examinations
performed using meperidine were less painful compared
with those performed with fentanyl[36].
A meta-analysis compared the efficacy, safety, and
efficiency of agents used for moderate sedation in upper
GI endoscopy or colonoscopy in 36 studies involving a
total of 3918 patients. Sedation improved patient satisfaction and the willingness of patients to repeat upper
GI endoscopy compared with these measures in patients
who received no sedation. Midazolam provided superior
patient satisfaction and resulted in a less frequent memory of the upper GI endoscopy procedure compared
with diazepam. Adverse events and patient/physician
assessments were not different between midazolam (with
or without narcotics) and propofol. The procedure time
was similar, but sedation and recovery times were shorter
with propofol than midazolam-based regimens. The results confirmed that moderate sedation provides a higher
level of physician and patient satisfaction and a lower
risk of serious adverse events compared with other currently available agents. Midazolam-based regimens have
longer sedation and recovery times than propofol[37].

Propofor in therapeutic GI endoscopic procedures:
In a prospective, randomised, single-blinded study of
222 patients, Lee et al[34] compared the safety and efficacy
of balanced propofol sedation with conventional sedation (midazolam and meperidine) in patients undergoing
therapeutic endoscopic procedures. They found no significant differences between the balanced propofol sedation and conventional groups with regard to the rates of
cardiopulmonary complications and transient interruption of procedures, although balanced propofol sedation
provided a significantly higher level of endoscopist satisfaction and better patient cooperation.
Meta-analyses of the use of propofol for sedation: To
date, two meta-analyses have been published concerning
the safety and efficacy of propofol for GI endoscopy.
The first meta-analysis, published in 2005, included
12 original studies with 1161 patients. Of these patients,
634 received propofol and 527 received midazolam, me
peridine, and/or fentanyl. Most of the studies were randomised trials of moderate quality. It was found that the
pooled odds ratio for developing hypoxia or hypotension
for all of the procedures combined was 0.74 in patients
using propofol. The pooled odds ratios were 0.85 for
upper GI endoscopy, 0.4 for colonoscopy, and 1.07 for
ERCP/EUS. Compared with traditional agents, it was
noted that sedation with propofol during colonoscopy appears to result in a lower incidence of cardiopulmonary
complications, although the risk of complications associated with upper GI endoscopy seems to be similar[25].
The second meta-analysis included 20 studies on the
use of propofol for colonoscopy[35]. The analysis showed
that recovery and discharge times were shorter with the
use of propofol. There was also higher patient satisfaction with the use of propofol, although no significant
differences in the procedure time, cecal intubation rate
and number of complications were noticed. Finally, no
difference in pain control with non-patient-controlled
sedation with propofol compared with the traditional
agents was noted. The only disadvantage was that pain
control with propofol was inferior compared with the
use of traditional agents. The general conclusion from
these meta-analyses is that propofol for sedation during
colonoscopy results in a faster recovery and discharge
time, as well as increased patient satisfaction and acceptance rates of side effects.
In conclusion, propofol provides a faster onset of action and deeper sedation compared with standard doses
of benzodiazepines and narcotics. More rapid cognitive
and functional recovery should be expected when propofol is used as a single agent compared with benzodiazepines. The drug appears to have more advantages when
used for prolonged and therapeutic endoscopic procedures, including ERCP and EUS. Although it can be safely and effectively used by a physician-supervised nurse,
patients must be under continuous care, consistent with
the care required for patients undergoing deep sedation.
Personnel in the endoscopy room should be able to rescue the patient from severe respiratory depression.
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DRUGS UNDER INVESTIGATION FOR GI
ENDOSCOPY
Various other drugs are also under investigation for GI
endoscopy. Among them, prodrug formulations of propofol have been developed to overcome the disadvantages of the lipid-based formulations. So far, the results
of the relevant studies appear promising. The most important clinical data are presented below.
Nitrous oxide gas
Nitrous oxide gas (N2O) (molecular mass 44.013) has been
proposed as an alternative to i.v. analgesia in patients
undergoing lower GI endoscopy. N2O/O2 mixtures have
a satisfactory analgesic effect and short half-lives, thus
providing an alternative method of sedation for colonoscopy procedures.
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A systematic review of 11 randomised studies inclu
ding 623 patients was published in 2010[38]. In these studies, N2O was compared with a lack of sedation in patients
undergoing either flexible sigmoidoscopy or colonoscopy.
The results revealed that patient-reported pain was similar for N2O when undergoing flexible sigmoidoscopy vs
no sedation and when undergoing colonoscopy vs i.v. sedation. No differences in duration, procedure difficulty or
complications were identified. N2O was associated with
a more rapid recovery than i.v. sedation. This systematic
review supports the assumption that N2O provides comparable analgesia to i.v. sedation in patients undergoing
colonoscopy. Rapid recovery enables quicker patient
discharge and removes the need for a patient to be chaperoned.
In a more recent Cochrane review, 257 patients were
randomised to receive a N2O/O2 mixture (7 studies),
while 225 patients received some form of sedation with
or without additional analgesia (6 studies) and 65 patients
received placebo (3 studies). Four studies showed that
N2O/O2 reduced pain/discomfort compared with conventional methods, whereas one study showed that sedation was better and another study showed that N2O/O2
was better. Six studies showed that N2O/O2 groups had
a quicker recovery time and shorter length of hospital
stay, whereas one study showed no difference between
the two groups. Two studies showed that N2O/O2 was
safer, whereas one showed that sedation was safer. The
conclusion was that N2O is as efficient as and safer than
other pain relief methods used during colonoscopy[39].
A randomised clinical trial compared the efficacy
of Entonox (50% N2O and 50% O2) with midazolamfentanyl sedation in 131 patients undergoing elective
colonoscopy. Sixty-five patients received Entonox, and
66 patients received midazolam-fentanyl. Patients receiving Entonox had a shorter time to discharge. They also
reported significantly less pain and better recovery of
psychomotor function immediately after the procedure
and at discharge. Patients who received Entonox also
reported a higher level of satisfaction. Again, this study
concluded that Entonox provides better pain relief and
faster recovery than midazolam-fentanyl in patients undergoing elective colonoscopy[40].
A double-blind, randomised, placebo-controlled trial
showed that N2O inhaled intermittently is not an effective substitution for i.v. on-demand sedation in the setting of colonoscopy without sedation. In this study, patients inhaled N2O or placebo on demand. The median
patient-reported pain level was 2 in both the N2O and
control groups. Additional sedatives and analgesics were
given equally often and at similar doses in both groups.
No side effects related to the administration of N2O
were noted[41].
In conclusion, the available data suggest that N2O
is an effective analgesic and sedative agent that must be
further investigated in larger studies.

is a short-acting GABA(A) receptor agonist that exhibits
organ-independent metabolism, which was developed as
an i.v. sedative agent for use in day-case procedures and
the induction and maintenance of anaesthesia.
Preclinical studies in animals demonstrated that remi
mazolam caused a more rapid onset and a shorter duration of action compared with midazolam.
In a phase Ⅱa clinical trial evaluating remimazolam as
a procedural sedative for upper GI endoscopy, the time to
recovery from sedation was shorter and more consistent
with remimazolam compared with midazolam. Because
of its organ-independent metabolism and rapid and predictable onset and recovery profile, remimazolam appears
to have potential advantages over other currently available short-acting benzodiazepines. However, its respiratory depressant effect has been reported in numerous
studies[42].
Fospropofol
Various prodrug formulations of propofol have been
developed to overcome the disadvantages of the lipidbased formulations, the complications of lipid infusion,
and the risk of fluctuations in propofol plasma levels
due to bolus injection.
Fospropofol (C13H19Na2O5P, molecular weight: 332.24)
is a water-soluble prodrug of propofol, metabolised in
vivo to produce liberated propofol (producing the sedative effect), phosphate and formaldehyde. After i.v. injection, propofol is released from fospropofol by tissue alkaline phosphatases with a pattern of plasma concentrations, resulting in lower peak concentrations and a more
gradual decline in drug concentrations compared with
standard propofol administration protocols. As a result,
the drug has pharmacokinetic and pharmacodynamic
properties that differ from those of propofol emulsion.
The time of the peak sedative effect after a bolus injection fluctuates between 3 and 7.5 min, compared with
1 min 36 s for propofol[43]. Fospropofol was generally
well tolerated in clinical trials. Adverse events are mostly
of mild-to-moderate severity and are transient and selflimiting[44].
The 6.5-mg/kg dose of fospropofol provides the
ideal balance of efficacy and safety for patients undergoing colonoscopy. In a double-blind trial evaluating 127
patients who received fospropofol (2, 5, 6.5 or 8 mg/kg)
or midazolam 0.02 mg/kg following pre-treatment with
fentanyl, fospropofol yielded a significant dose-dependent increase in sedation success from 24% (2 mg/kg),
35% (5 mg/kg) and 69% (6.5 mg/kg) to 96% (8 mg/kg;
P < 0.001)[45].
The same group of authors evaluated the efficacy
and safety of i.v. fospropofol administration in patients
undergoing colonoscopy for moderate sedation. Patients
were randomised to receive fospropofol 2 mg/kg, fospropofol 6.5 mg/kg, or midazolam 0.02 mg/kg after
pretreatment with i.v. fentanyl 50 µg. The results showed
that sedation success was higher in the fospropofol 6.5
mg/kg group compared with the 2 mg/kg group (87% vs
26%; P < 0.001) and was 69% in the midazolam group.

Remimazolam
Remimazolam (C21H19BrN4O2; molecular weight 439.304)
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Most adverse events were mild to moderate in intensity,
the most common being paraesthesias (68% vs 60%) and
pruritus (16% vs 26%) in the fospropofol 6.5 and 2 mg/
kg groups, respectively. Fospropofol 6.5 mg/kg was associated with higher rates of sedation success, memory
retention, and physician satisfaction than fospropofol 2
mg/kg[46].
Together, these results suggest that fospropofol is a
promising drug requiring further investigation.

propofol combined with fentanyl for providing conscious
sedation during ERCP, exhibiting concurrently greater
haemodynamic instability and prolonged recovery[50].
Alfentanyl
Alfentanyl (C21H32N6O3, molecular weight: 452.98) is a
narcotic analgesic with a rapid onset of action, a very
short duration of action, and a potency of approximately one-third that of fentanyl. Recently, it was shown that
patient-controlled analgesia pumps and sedation with alfentanyl and fentanyl for colonoscopy are safe, feasible,
and acceptable to most patients, although a shorter sedation time makes alfentanyl more attractive, as it reduces
the postprocedural workload[51].

Dexmedetomidine
Dexmedetomidine (C13H16N2, molecular mass: 200.28), a
pharmacologically active dextroisomer of medetomidine,
is a selective α(2)-adrenergic receptor agonist. It is indicated for the sedation of mechanically ventilated adult
patients in an intensive care setting and in non-intubated
adult patients prior to and/or during surgical and other
procedures[47]. The drug should be administered i.v. only
by experienced individuals, and the patient must be
continuously monitored. Additionally, the dose must be
adjusted in patients with liver and renal failure, as well as
in elderly patients.
Dexmedetomidine can be safely used as a sedoanalge
sic agent in colonoscopies because it provides efficient
haemodynamic stability, higher satisfaction scores and
lower Numeric Rating Scale scores. A study comparing
dexmedetomidine (1 μg/kg and as a continuous infusion dose of 0.5 μg/kg per hour) with midazolam (0.05
mg/kg) plus fentanyl citrate (1 μg/kg) with regard to
perioperative haemodynamics, sedation, pain, satisfaction
and recovery scores during colonoscopy showed that, although statistically significant differences in mean arterial
pressure were not detected between the two groups, heart
rates were higher and SpO2 scores were lower in dexmedetomidine group. When the groups were compared
using the Ramsay sedation scale, the scores of group Ⅰ at
the 10th and 15th minute were significantly lower than
those of group Ⅱ[48].
In a recent study, Takimoto et al[49] showed that sedation
with dexmedetomidine is a safe and effective practice
in patients with gastric tumours undergoing endoscopic
mucosal resection. In their study, 90 patients with gastric tumours were sedated with either dexmedetomidine
[i.v. infusion of 3.0 μg/kg per hour over 5 min, followed
by continuous infusion at 0.4 μg/kg per hour (n = 30),
propofol (n = 30), or midazolam (n = 30)]. In all groups,
1 mg of dexmedetomidine was added i.v. as needed.
The results showed that none of the dexmedetomidinesedated patients exhibited a significant reduction in oxy
gen saturation level. Fewer patients in the dexmedetomidine group showed body movement during endoscopy
compared with the other groups. The rate of effective
sedation was significantly higher in the dexmedetomidine group compared with the midazolam and propofol
groups. The mean duration of endoscopic submucosal
dissection in the dexmedetomidine group was significantly shorter than that in the other two groups. However,
dexmedetomidine alone is most likely not as effective as
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Remifentanil
Remifentanil (C20H28N2O5, molecular weight: 376.447) is
a μ-opioid receptor agonist that has important neuroanaesthesia characteristics. It has been used in a small
number of clinical trials in patients undergoing GI endo
scopic procedures. There are many reports of the use of
remifentanil in different settings, including GI endoscopy, with or without background infusion, and the quality
of analgesia and patient satisfaction seem to be the same
as with standard sedation/analgesia. It seems that remifentanil patient-controlled analgesia is safe and effective
for inducing sedoanalgesia during colonoscopy.
In a randomised, double-blind clinical trial, 60 patients undergoing colonoscopy were randomly assigned
to either the remifentanil or meperidine group. All of
the patients received premedication with midazolam 0.03
mg/kg i.v. In the remifentanil group, a bolus dose of
remifentanil was given, and a patient-controlled sedation/
analgesia pump was set to inject further bolus doses,
while patients in the meperidine group received a bolus
of meperidine and a sham, patient-controlled sedation
analgesia pump. The degree of pain, level of satisfaction
with sedoanalgesia of patients and gastroenterologists,
and degree of difficulty experienced by the endoscopist,
as well as the discharge time and duration of colonoscopy, were not different between the two groups[52].
In another study, the safety and efficacy of remifentanil during colonoscopy compared with the standard
combination of midazolam and pethidine were tested in
116 patients who received either midazolam and pethidine or remifentanil only. Recovery was found to be faster in the remifentanil group. There was also a significant
difference with regard to the time of hospital discharge.
In this study, remifentanil during colonoscopy provided
sufficient pain relief with better haemodynamic stability,
less respiratory depression, and significantly faster recovery and hospital discharge times than moderate sedation
with midazolam and pethidine[53]. However, further studies are needed to confirm these interesting results.
Music
Among methods reported to minimise patient discomfort during GI endoscopy (especially colonoscopy), mu-
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sic has been utilised as an important therapeutic tool for
effectively relieving stress and inducing analgesia. During
recent years, several papers investigating the efficacy of
music on patients’ stress and pain relief were published.
The most important of these publications are discussed
below.

significantly lower anxiety levels compared with controls.
Additionally, in studies in which pharmacotherapy was
used, patients receiving music therapy exhibited significant reductions in analgesia requirements and an almost
significant reduction in sedation requirements compared
with controls. Furthermore, the procedure time was significantly reduced in the music therapy group compared
with the control group. The authors’ conclusion was that
music therapy is an effective tool for stress relief and
analgesia in patients undergoing GI endoscopic procedures[57].
In the second meta-analysis, which was published in
2008 and focused on colonoscopy, the authors included
8 studies with a total of 722 patients. In four studies, music was transmitted through headphones/earphones (as
background music in three studies, and one study did not
specify the media method). The results showed that the
combined mean time taken for the colonoscopy procedure was shorter in the music group compared with the
control group. There was weak evidence of benefit regarding the pain score, blood pressure, and mean recovery time in the music group compared with the control
group. No harmful effects from listening to music were
reported in any of the studies in this meta-analysis. The
only disadvantage found in allowing patients to listen to
music through headphones/earphones was the isolation
of patients from the medical staff during the procedure.
The authors concluded that “listening to music is effective in reducing procedure time and amount of sedation
during colonoscopy and should be promoted”[58].
Finally, in the third meta-analysis, which was published in 2009 and included 8 studies with a total of 712
patients, it was found that patients’ overall experience
scores were significantly improved when they were allowed to listen to music. However, no significant differences were noted in patients’ pain scores, mean doses of
midazolam and meperidine, procedure time, and willingness to repeat the same procedure in the future, indicating that music improves only patients’ overall experience
with colonoscopy[59].
One possible explanation for the reduction in the
doses used for sedation sedation is that patients in the
music group are more relaxed and have less anxiety, resulting in a faster completion of the procedure and the
use of less sedation[60]. The reduction in procedure time
implies a reduction in the time during which patients feel
anxious, frightened, and uncomfortable while undergoing the procedure and may be useful in enhancing the
compliance rate. The avoidance of sedation may obviously result in a quicker patient discharge, less need for
monitoring, and overall cost savings. Two other advantages of music are its inexpensiveness and ease of implementation[61].
In conclusion, it seems that listening to music, especially during colonoscopy, could reduce the procedure
time, anxiety, and amount of sedation needed, without
producing any harmful events. As a result, music should
be promoted because of its beneficial effect and negligi-

Clinical trials concerning the role of music in seda
tion: More recent clinical trials not included in the abo
vementioned meta-analyses have revealed rather conflicting results.
In a single-blind, randomised, controlled trial, the
authors showed that music significantly reduces discomfort and, consequently, should be routinely provided
to patients undergoing colonoscopy. In this study, 109
patients were randomised to receive music-delivering or
non-sound-emitting headphones before and during endoscopy. The results revealed that the mean pain score
was significantly lower in the music group compared
with the control group, while overall satisfaction and
willingness to repeat the procedure were significantly
improved and the difficulty perceived by physicians was
significantly reduced. Interestingly, the total amount of
midazolam and pethidine was significantly lower in the
music group compared with the control group[54].
Music in the endoscopy room was also found to re
duce the anxiety levels in patients undergoing endoscopic
procedures. In a controlled trial of 180 patients, the effect of age and type of endoscopic procedure on anxiety
levels upon arrival in the unit and immediately before the
endoscopy procedure after listening to music or no music (control group) for the same period was investigated.
Although anxiety levels were not influenced by age or
procedure, it was found that listening to music resulted
in a significant reduction in anxiety scores, which was
maintained for all age groups, irrespective of the type of
endoscopic procedure performed. The authors suggest
that providing music in the endoscopy unit is a simple
strategy that can improve the well-being of patients[55].
Another study, which was specifically designed to
investigate whether listening to music reduced the pain
experienced by patients during sigmoidoscopy without
sedation or analgesia, concluded that listening to music
did not reduce pain intensity. In this study, it was found
that the mean pain intensity in the music group was not
different from that in the control group, and the proportion of patients with at least moderate pain during sigmoidoscopy did not differ between the two groups[56].
Meta-analyses concerning the role of music in seda
tion: Three meta-analyses regarding the role of music
in sedation have been published to date. At least two of
them suggested that music can effectively relieve stress
and improve the level of analgesia during GI endoscopy.
In the first of these meta-analyses, the authors included
six randomised, controlled trials with a total of 641 patients. They found that in studies that did not use pharmacotherapy, patients receiving music therapy exhibited

WCG|www.wjgnet.com

1787

January 28, 2014|First Edition|

Triantafillidis JK et al . Sedation and GI endoscopy

ble cost. However, several aspects of this method, such
as the choice of music and the mode of transmission,
are worth further investigation.

monitored sedation seem to tolerate the procedure equ
ally well. However, significantly fewer patients in the
anaesthesiologist-monitored sedation group complained
of throat pain after the procedure and/or remembered
gagging during the procedure, thus leading to the conclusion that anaesthesiologist-monitored sedation should
be considered in patients undergoing preoperative upper
endoscopy before bariatric surgery[66].
In conclusion, although quite safe, moderate sedation
during endoscopy may pose some risks to obese patients.
In particular, the presence of obstructive sleep apnoea
may identify a subset of patients at higher risk of complications. Further studies are required in this field, as
the number of subjects undergoing bariatric surgery is
constantly increasing worldwide.

SEDATION FOR GI ENDOSCOPY IN
SPECIAL CLINICAL SITUATIONS
A large number of situations require special attention
not only at the beginning of the endoscopic procedure
but also during the procedure and recovery. The drugs
that must be used, along with the precautions that must
be followed, are analysed below.
Obesity
Obesity is a significant health problem that has assumed
epidemic proportions. As a result, the number of obese
patients requiring endoscopy is increasing. Morbid obesity can result in pulmonary hypertension, obstructive
sleep apnoea, and restrictive lung disease. It is relatively
unknown how safe the current practices of sedation for
endoscopic procedures are in bariatric patients[62]. Therefore, special consideration should be given to these patients, and endoscopists need to be aware of challenges
that may be present while performing endoscopic procedures in obese patients[63].
There are limited data on the use of sedation in obese
patients. Studies published to date refer mainly to the
use of sedation in obese subjects undergoing advanced
endoscopic procedures or upper GI endoscopy before
bariatric surgery.
In a study involving 69 subjects with morbid obesity
submitted to upper GI endoscopy before bariatric surgery, the authors administered sedation with propofol at
a mean dose of 380 ± 150 mg (range 80-900 mg). Two
patients developed severe hypoxemia, which required
bronchoscopic intratracheal O2 insufflation. Thus, although upper GI endoscopy can be performed safely in
obese patients, careful monitoring and anesthesiological
support are required, especially in patients with concomitant diseases[64].
In a study investigating the safety of anaesthesiaassisted endoscopy using propofol-mediated sedation in
subjects undergoing advanced endoscopic procedures,
the authors found that an increased body mass index
was associated with an increased frequency of airway
manoeuvres and hypoxemia. A multivariate analysis revealed that body mass index was an independent predictor of the appearance of sedation-related complications.
Interestingly, in obese individuals, there was no difference in the frequency of sedation-related complications
in patients receiving propofol alone or in combination
with other drugs. Propofol sedation can be safely used
in obese patients undergoing advanced endoscopic procedures when administered by trained professionals, despite the increased frequency of sedation-related compli
cations[65].
Finally, it was found that patients who undergo upper
GI endoscopy with either anaesthesiologist- or surgeon-
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Chronic liver disease
Endoscopy, either diagnostic and/or therapeutic, is often
necessary in patients with chronic liver disease, sometimes on an emergency basis. It is well established that
liver disease may impair the metabolism of drugs usually
administered for sedation. The evaluation of patients
with chronic liver disease before endoscopy should include a full assessment of hepatic function, as well as a
complete physical examination to exclude the possibility
of the presence of hepatic encephalopathy. As a general
rule, sedation should be used especially in patients undergoing ligation of acutely bleeding varices, although in
some cases sedation is not necessary[67].
Liver dysfunction could reduce both the clearance of
the drugs eliminated by hepatic metabolism or biliary excretion and plasma protein binding. Chronic liver disease
is also associated with a reduction in drug-metabolising
activities, such as the activity of the CYP450 enzymes. In
patients with advanced cirrhosis, it is necessary to adjust
the dose of those drugs eliminated by renal excretion[68].
Concerning the drugs used in the sedation of cirrho
tic patients, most authors prefer to use propofol instead
of benzodiazepines and opioids because of its short
biological half-life and lower risk of provoking hepatic
encephalopathy.
In a recently performed study, the authors compared
sedation with combinations of propofol plus fentanyl
and midazolam plus fentanyl in 210 cirrhotic patients undergoing upper GI endoscopy. The doses of midazolam
and propofol were 0.05 and 0.25 mg/kg, respectively,
while the dose of fentanyl was 50 μg i.v. in both groups.
It was found that sedation with propofol was more effective and yielded a shorter recovery time than sedation
with midazolam, indicating that it is a safe and effective
regimen[69].
Another study reported that the use of propofol in
patients with cirrhosis does not precipitate minimal or
overt hepatic encephalopathy during upper GI endoscopy[70]. The results of this study were recently confirmed in a
study showing that sedation with propofol in patients with
compensated liver cirrhosis resulted in a shorter time
to both recovery and discharge than midazolam, thus
not exacerbating sub-clinical hepatic encephalopathy[71].
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These results are in accordance with those described in a
previous study that demonstrated that propofol sedation
does not cause deterioration of minimal hepatic encephalopathy concurrently associated with improved recovery
in patients with liver cirrhosis[72].
In conclusion, propofol represents a safe and effective sedation drug that could be used as an alternative to
midazolam in patients with liver cirrhosis[73].

Sedation is rather safe in ERCP, and midazolam is the
preferred pharmaceutical agent by most endoscopists.
As a general rule, it may be suggested that endoscopy in
pregnant women should always be performed in a hospital by an expert endoscopist and only when strongly
indicated[78].
Sedation in celiac disease
It has been suggested that patients with celiac disease
exhibit increased rates of neuropsychiatric disturbances
and visceral hypersensitivity. In a retrospective cohort
study, Lebwohl et al[79] noted that 26% of patients with
celiac disease required higher amounts of both opioids
and midazolam compared with age- and gender-matched
controls, possibly due to increased visceral hypersensitivity, chronic opioid/anxiolytic use, and/or underlying
neuropsychiatric illness.

Pregnancy
Despite the fact that endoscopy is rarely required during
pregnancy and is generally considered to be safe, endoscopists must be aware of the potential risks concerning
both the mother and the foetus. Before endoscopy, the
endoscopist must calculate the potential foetal risks,
mainly due to sedation, and try to correct any possible
maternal pathological situation, including hypoxia and
hypotension.
During endoscopy, pregnant women should be carefully monitored by continuous electrocardiography, pulse
oximetry, and intermittent blood pressure estimation[74].
Sedative drugs comprise a significant foetal risk during endoscopy in pregnant women because of the risk of
hypoxia. Additionally, the exposure of pregnant women
to radiation during ERCP represents another important
risk that should be reduced as much as possible.
Currently, there is no evidence that endoscopy precipitates premature labour. If possible, endoscopic procedures must be performed without any sedation or, alternatively, by administering the lowest effective dose of
sedative medication.
Regarding the types of drugs used for sedation, the
available literature suggests that midazolam appears to
be safe if used carefully[75].
ERCP is rarely necessary during pregnancy, although
it cannot be avoided in pregnant women with recurrent
biliary colic, abnormal liver function tests, and a dilated
bile duct. A relevant study showed that ERCP can be
safely performed during pregnancy, leading to successful
treatment in almost all patients. Sedation is uneventful
for all pregnant women and their foetuses. However, it
must be recognised that pregnancy may be associated
with a higher rate of post-ERCP pancreatitis compared
with the general population[76]. The same conclusion was
reached in another study, the authors of which noted
that ERCP is a safe procedure during pregnancy, even if
the placement of a biliary stent is necessary[77].
In conclusion, upper GI endoscopy, including therapeutic interventions such as the banding of oesophageal
varices, seems to be relatively safe for the foetus, although it should be performed only when strongly indicated. Similarly, flexible sigmoidoscopy also appears to be
safe for the foetus and, again, should only be performed
when strongly indicated. Colonoscopy data suggest that
this procedure should be performed only during the
second trimester and only if there is a strong indication.
Finally, ERCP seems to be relatively safe but should only
be performed if there is a strong indication for its use.
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Sedation in the elderly
Although GI endoscopy with sedation is increasingly performed in elderly patients, data on the outcomes and
side effects of sedation are limited. Age-related pharmacokinetic changes and the presence of comorbidities and
polypharmacy complicate drug therapy. Aging results in
impairment in the function of multiple organs, including the liver, which may also affect drug metabolism and
pharmacokinetics. In addition, older people often have
to consume a variety of drugs, the bioavailability of
which could be increased. Additionally, lipophilic drugs
may have a prolonged half-life. Combined with reduced
hepatic and renal clearance mechanisms, this prolonged
half-life can prolong the recovery of elderly patients
after sedation. In the elderly, hepatic drug clearance of
some drugs can be reduced by up to 30%. Midazolam
is indicated because there are no major differences in
CYP3A4 activity between young and old people. Finally,
renal excretion is decreased in most elderly individuals
because of the presence of hypertension and coronary
heart disease[80].
In the geriatric population, conscious sedation practices are modified by the administration of fewer agents
at a slower rate and lower cumulative dose. Midazolam
has been widely used in elderly patients[81]. Under certain
circumstances, it seems that the benefits, in terms of tolerance of low-dose midazolam for upper GI endoscopic
sedation, outweigh the risks in older people. Christe et
al[82], in a randomised, double-blind, placebo-controlled
study, administered either midazolam (30 μg/kg i.v.) or
saline (placebo) to 65 geriatric inpatients undergoing upper GI endoscopy. The results revealed that midazolam
increased the probability of good tolerance. Midazolam
resulted in a 10-mmHg reduction in the mean arterial
pressure without inducing clinically significant hypotension. Finally, midazolam was associated with a higher risk
of hypoxemia after endoscopy, but not of confusion.
In a recent study, it was found that elderly patients
submitted for endoscopy required lower mean propofol
doses for sedation compared with patients aged < 70
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years. No major complications and no difference in the
number of minor complications were noted. A favourable safety profile for combined sedation with midazolam/propofol and a higher sensitivity to propofol must
be expected in patients older than 70 years of age who
have various co-morbidities[83].
A study evaluating the safety of sedation with propofol in patients > 90 years of age showed that for upper GI endoscopy, percutaneous endoscopic gastrostomy,
colonoscopy, and ERCP, the mean propofol doses used
were 22, 24, 46 and 42 mg, respectively. In upper GI endoscopy, the level of sedation and propofol blood concentrations after administration of the drug in the group
of patients > 90 years of age corresponded to those
resulting from propofol use in middle-aged patients[84].
Finally, Martínez et al[85] found that continuous propofol sedation in patients > 80 years of age is generally
as safe as in younger patients, although patients > 80
years showed a greater tendency to develop severe oxygen desaturation during the colonoscopy and endoscopic
ultrasonography procedures. In general, there were no
significant differences in sedation-related complications
between the two groups.

An interesting study showed that patient-controlled
sedation with propofol/remifentanil seems to be a wellaccepted sedation regimen for ERCP. Additionally, the
study showed that anaesthesiologist-managed propofol
sedation using constant propofol infusion is associated
with deep sedation without any impact on the degree of
patient or gastroenterologist satisfaction[88].
EUS and ERCP can be safely performed under conscious sedation on the same day with minimal adverse
events. However, combined procedures are associated
with higher doses of sedatives and a slightly longer recovery time[89].
Finally, another interesting study suggested that synergistic sedation with an oral dose (7.5 mg) of midazolam 30 min before i.v. propofol is given combined with
i.v. propofol could result in a significant reduction in the
dosage of propofol required and in patient anxiety levels
before ERCP[27].
With regard to endoscopic ultrasonography, a prospective, randomised study demonstrated that patientcontrolled sedation/analgesia with propofol and fentanyl
is a more effective and safe technique compared with
midazolam and pethidine, resulting in a high level of satisfaction of both patients and endoscopists[21].
Concerning endoscopic mucosal dissection (ESD)
for early gastric cancer, a recent study in Japan revealed
that ESD performed under sedation using continuous
propofol infusion for early gastric cancer was as safe as
ESD performed using intermittent midazolam injection.
Moreover, patients treated with continuous propofol ad
ministration experienced a quicker recovery time than
those treated with midazolam[90].
A more recent study, also from Japan, confirmed the
results of the study by Kiriyama et al[90] and suggested
that propofol is as safe and effective as midazolam during ESD. Despite these promising results, sedation guidelines for the use of propofol in early gastric cancer are
needed[91].
Among the newer drugs used for sedation and analgesia during GI endoscopy, dexmedetomidine has been
used in patients with early gastric cancer undergoing
ESD. In a randomised study of 90 patients who underwent ESD treatment, sedation was achieved with either
dexmedetomidine (3.0 μg/kg i.v. per hour over 5 min,
followed by continuous infusion at 0.4 μg/kg per hour),
propofol, or midazolam. It was shown that none of the
dexmedetomidine-sedated patients developed a significant reduction in the oxygen saturation level. The rate of
effective sedation was significantly higher in the dexmedetomidine group compared with the other two groups.
It seems, therefore, that sedation with dexmedetomidine
is safe and effective in patients with gastric tumours who
are undergoing ESD[49].

Sedation in time-consuming endoscopic procedures
Time-consuming endoscopic procedures, such as ERCP,
endoscopic ultrasonography and endoscopic mucosal resection, require sedation for a significantly longer period
of time compared with routine upper and lower GI tract
endoscopy. Moreover, endoscopic submucosal dissection
for early gastric cancer generally lasts much longer than
conventional endoscopy and usually requires moderateto-deep sedation with close surveillance to ensure patient
safety, thus increasing the risks related to sedation and
analgesia. Therefore, the administration of safe sedation
of a satisfactory degree for a longer period of time is
necessary.
During recent years, a significant number of papers
have been published examining the most suitable and effective drug or combination of drugs for these complex
procedures. The data from these clinical studies are discussed below.
Concerning ERCP, a study comparing satisfaction,
recovery scores, and safety profiles for ERCP sedation
between continuous infusion of propofol and conventional sedation revealed that the continuous infusion of
propofol for ERCP under the direction of a gastroenterologist yields no differences in the procedure completion
rate and adverse profiles compared with intermittent meperidine and midazolam injection. However, the infusion
of propofol does provide a better recovery profile[86].
It is well known that the dose requirements and complications of propofol are less when used in the diluted
form than when used in the undiluted form. In a study
investigating diluted and undiluted propofol requirements and recovery time in patients undergoing ERCP,
it was shown that the requirements in both groups were
comparable, although the incidence of sedation-related
hypotension was lower in the diluted group[87].
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ADVERSE EVENTS DURING SEDATION
FOR ENDOSCOPY
Sedation is usually safe; however, complications may

occur, although in various proportions depending on a
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number of factors, including the type, dose and mode of
administration of sedative drugs, as well as the patient’s
age and underlying chronic disorders. A large number of
side effects, including hypotension, desaturation, bradycardia, hypertension, arrhythmia, aspiration, respiratory
depression, vomiting, cardiac arrest, respiratory arrest,
angina, hypoglycaemia, and/or allergic reaction, have
been reported.
A study in patients submitted to colonoscopic examination showed that midazolam combined with propofol
appeared to influence the pulse rate and blood pressure
at a significantly higher rate than a combination with
fentanyl or midazolam alone. The combination with
fentanyl had a significantly lower effect on pulse rate and
blood pressure[32].
Prolonged hypoxemia (oxygen saturation of < 90%
for ≥ 15 s) and apnoea (lack of respiratory activity
for ≥ 15 s) are not uncommon during moderate sedation for endoscopy. In a related study, it was noted that
hypoxemia usually occurs within 5 min of medication
administration or endoscope intubation and that only
1/3 of all apnoea/abnormal ventilation events lead to
hypoxemia. Additionally, the total dose of meperidine/
fentanyl and the total dose of midazolam are predictors
of apnoea[92].
Dreaming is commonly reported after propofol-bas
ed sedation. In a relevant study, the per cent of patients
reporting dreaming was 19%. It seems that this phenomenon appeared more frequently in patients who received
high doses of propofol and in patients who had lower
bispectral index values during sedation[93].
In a study of 17 999 endoscopic procedures performed over 8 years, the authors concluded that deep
sedation during endoscopic procedures is safe[94]. They
noted that adverse events occurred in a small proportion of patients (4.5%) and that six complications, i.e.,
hypotension, desaturation, bradycardia, hypertension, arrhythmia, and aspiration, occurred in more than 0.1% of
patients.
Conigliaro et al[95] found a percentage of 0.47% of
complications related to endoscopy in patients undergoing colonoscopy when sedation was used as recommended by the guidelines.
The administration of propofol as a sedative agent in
GI endoscopy resulted in a significant reduction in mean
arterial pressure compared with pre-intervention values,
although severe hypotension (systolic blood pressure <
60 mmHg) was noted in 0.5% of patients. Oxygen saturation decreased from 96.5% to 94.4%, although a critical
decrease in oxygen saturation (< 90%) was documented
in only 2.4% of patients[28].
In cirrhotic outpatients undergoing upper GI endoscopy, sedation with a combination of propofol plus
fentanyl or midazolam plus fentanyl revealed no significant differences in the rate of complications between the
two groups (14% vs 7.3%). In this study, both sedation
schemes appeared to be safe[69].
Another study revealed no significant differences in
complication rates between propofol deep sedation and
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meperidine/midazolam administered for moderate sedation. In this study, the complication rate with propofol
was 0.60%, compared with 1% in the historical case-control (meperidine/midazolam moderate sedation) group[96].
Among the 324 737 unique procedures performed in patients under conscious sedation, unplanned events were
reported in 1.4% of the procedures, 0.9% of which were
associated with unplanned cardiopulmonary events[97].
Ljubicić et al[98] observed a decrease in oxygen saturation
to < 85% and a temporary decrease in heart rate to < 50
beats/min in 5.5 and 11.8% of patients receiving propofol for endoscopy, respectively. Finally, Amornyotin
et al[87] noted significantly different overall complication
rates of 18.2% and 42.9%, respectively, between patients
receiving diluted or undiluted propofol for ERCP. Significant differences were also noted in the overall rate of
cardiovascular events.
In conclusion, sedation in GI endoscopic procedures,
even in time-consuming procedures, seems to be safe.
The rate of complications, either cardiovascular or respiratory, could be characterised as “acceptable”, provided
that all prevention measures have been adopted and the
endoscopy staff is suitably equipped, properly trained in
the handling of possible complications, and ready to immediately apply rescue measures. Table 4 lists the main
sedation-related adverse events occurring during endoscopy in clinical trials, while Table 5 shows the main adverse effects related to the administration of drugs used
for sedation in GI endoscopy.

LEGAL ISSUES RELATED TO SEDATION
IN GI ENDOSCOPY
Important medical and legal issues regarding sedation
have been raised during recent years. Such issues include
informed consent of the patient, difficulties in assessing
withdrawal of consent in a sedated patient, and the need
for sedation monitoring that meets accepted standard of
care guidelines[99]. Other controversies possibly related
to medico-legal aspects include both the use of propofol
and the administration of sedation by anaesthesia personnel. The former controversy is extremely important
from a legal point of view if the continuously increasing
use of propofol in GI endoscopy by non-anaesth esiologists is taken into account. In a related article, Axon
emphasises the possible clinical negligence that could be
associated with sedation administration. Interestingly,
while the law recognises the desirability of sedation in
endoscopy procedures, the facts of a particular case will
be scrutinised to determine possible responsibilities of
the endoscopist if an adverse outcome occurs[100]. Some
questions related to the administration of sedation during GI endoscopy are discussed below.
Should sedation be administered by an endoscopist
gastroenterologist or an endoscopist nurse?
The optimal drug for sedation administered by non-ana
esthesiologists should have certain properties, such as a
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Table 4 Main adverse events related to sedation occurring during endoscopy in clinical trials
Ref.

Drug regimen

Percentage of
side effects

Ljubicić et al[98]

Propofol

Conigliaro et al[95]
Gasparović et al[28]
Sharma et al[97]

Midazolam
Propofol
Cardiopulmonary events

Nayar et al[96]

17.3% (including
bradycardia: 11.8%)
0.47%
2.9%
EGD: 0.6%;
Colonoscopy: 1.1%;
ERCP: 2.1%;
EUS: 0.9%
0.6% vs 1.0%

Propofol deep sedation vs
moderate sedation
Midazolam plus propofol vs
14% vs 7.3%
midazolam plus fentanyl
Diluted vs undiluted propofol for
18.2% vs 42.9%
deep sedation
Midazolam vs midazolam combined
with either fentanyl or propofol

Correia et al[69]
Amornyotin et al[87]
Wang et al[32]

Severe
desaturation
(< 90%)

Severe
hypotension
(< 60 mmHg)

5.5%

0.5%

2.4%

0.1%

0.1%
(apnoea: 0.3%)

11.4% vs 31.0%

0 vs 2.4%

Midazolam combined with propofol resulted in
hypotension and bradycardia more significantly than
a combination with fentanyl or midazolam alone

EUS: Endoscopic Ultrasound; EGD: Esophagogastroduodenoscopy; ERCP: Endoscopic retrograde cholangiopancreatography.

Table 5 Side effects related to the administration of drugs used for sedation in gastrointestinal endoscopy
Side effect

Midazolam

Hypotension
Hypertension
Heart rate alterations
Respiratorydepression
Apnoea
Dystonia
Priapism
Pain on injection
Lactic acidosis
Intraocular pressure changes
Myoclonic movements
Nervous system side effects
Unusual dreams
Hypersensitivity
Liver damage
Amnesia
Impairment of cognitive functions - inability to drive safely
Paradoxical behaviour
Gastrointestinal effects (nausea, vomiting, hiccups, diarrhoea)
Sexual disinhibition
Potential for abuse
Haemolysis

Yes

Yes
Yes
Arrhythmia
Decrease
Yes
Yes
Yes (in combination with fentanyl) Yes
Yes
Yes
Yes
Yes
Decrease
Yes
Yes (especially in the elderly)
Rare
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Fentanyl

Arrhythmia
Yes (particularly in the elderly)
Yes (in combination with Midazolam)
Yes
Yes (very rarely)

Yes
Yes (rarely)

Yes
Yes
Yes (slow injection rates and/or
mixture in isotonic fluid)

predictable pharmacokinetic profile, rapid onset of action, analgesic and anxiolytic effects, short recovery time,
and minimal associated risks, thus making the presence
of an anaesthesiologist unnecessary.
There is evidence suggesting that non-anaesthetists
can administer sedative drugs, including propofol, safely
and effectively in most cases[101].
In the last decade, a number of studies addressed
the safety and efficacy of the administration of propofol during GI endoscopy by either physicians or trained
nurses[102,103].
With regard to the occurrence of major side effects
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Propofol

in these studies, there were no cases of death among patients submitted to endotracheal intubation. In a prospective trial involving 36 743 cases of nurse-administered
propofol sedation, the authors concluded that adequately
trained nurses and endoscopists can safely administer
propofol[104].
Rex et al[105], in a safety review of 646 080 (223 656
published and 422 424 unpublished) endoscopist-directed propofol sedation cases, noted that endotracheal intubation and death occurred in 11 and 4 cases, respectively.
They concluded that the endoscopist-directed administration of propofol appears to result in a lower mortality
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rate than that of traditional sedation with benzodiazepines and opioids and a comparable rate to that of general anaesthesia administered by anaesthesiologists.
Nurse-administered propofol sedation for endoscopic
procedures is safe when performed by personnel properly trained in airway handling and sedation with propofol
and has considerable advantages compared with conventional sedation for endoscopy[106].
Finally, in a very recent study assessing the current use
of propofol during colonoscopy screening in 29 countries, it was found that non-anaesthesiologist-administered propofol was used by 29.9% of respondents in 9
countries. Approximately 2/3 of the other endoscopists
reported that they would consider implementing nonanaesthesiologist-administered propofol in low-risk patients. It was also found that propofol, benzodiazepine
plus opioids and benzodiazepine alone were used in
45%, 31% and 14% of cases, respectively. Importantly,
the main reasons for not considering non-anaesthesiologist-administered propofol implementation were medico-legal issues and cost[107]. We suppose that these issues
have not been solved and will continue to be discussed
in the future.

to their safety and efficacy profile.
The guidelines of the European Society of Gastrointestinal Endoscopy, the European Society of Gastroenterology and Endoscopy Nurses and Associates, and
the European Society of Anaesthesiology (produced by
32 individuals from 12 countries, published in 2010) can
be summarised as follows:[109] “The consensus suggested
that endoscopists and nurses with appropriate training
can safely and effectively administer propofol to low-risk
patients undergoing endoscopic procedures”.
Therefore, the safety profile of non-anaesthesiologistadministered propofol sedation for GI endoscopy seems
to be equivalent to that of standard sedation with respect
to the risks of hypoxemia, hypotension and bradycardia
in ERCP and EUS. Concerning upper and lower GI en
doscopy, ERCP and EUS, the time for sedation induction and the recovery time using non-anaesthesiologistadministered propofol sedation are shorter compared
with those associated with standard sedation, while nonanaesthesiologist-administered propofol sedation is most
likely more cost-effective than standard sedation for
ERCP and EUS.
However, the opinion of almost all anaesthesiology
societies concerning the use of propofol by non-anaesthesiologists is definitely negative. They emphasise the
fact that the manufacturers of propofol restrict its use
solely to personnel trained in general anaesthesia and that
the United States Food and Drug Administration denied
a petition by gastroenterologists seeking the removal of
this particular restriction. In a recent consensus statement, the European Society of Anaesthesiology, together
with 20 European national anaesthesiology societies in
Europe, published new guidelines, entitled “Non-anaesthesiologist Administration of Propofol for Gastrointestinal Endoscopy”. They stated that due to its significant
risks, propofol should be administered only by those
trained in the administration of general anaesthesia[110].
Again, this is a topic of continued debate. International
consensus by the major endoscopy societies of the world
is urgently needed.

Should sedation be administered only by a specialist
anaesthesiologist?
It is well established that most of the complications
occurring during GI endoscopy, such as hypoxemia, hypoventilation, airway obstruction, apnoea, arrhythmias,
hypotension and vasovagal episodes, are not related to
the procedure itself, but rather to sedation. A recent trial
compared endoscopist-administered propofol sedation
for colonoscopy with anaesthetist-administered deep
sedation. It was found that endoscopist-administered
propofol sedation for colonoscopy yielded a better level
of satisfaction and patient willingness to undergo further colonoscopies under the same conditions, as well as
fewer side effects than anaesthetist-administered deep
sedation[108].
Guidelines concerning the use of propofol have been
delivered by most major endoscopic associations worldwide. The guidelines of the Endoscopic Section of the
German Society for Digestive and Metabolic Diseases
suggest that “for simple endoscopic examinations and
in low-risk patients, sedation with propofol should be
induced by a properly qualified physician and can then
be monitored by an experienced person with appropriate training. The person must not have any other tasks
while monitoring the sedation”. Furthermore, they suggest that an anaesthesiologist should be required only in
patients with a high-risk profile.
Four major United States GI Societies, the American
Association for the Study of Liver Disease, American
College of Gastroenterology, American Gastroenterological Association and American Society for Gastrointestinal Endoscopy, suggest that the administration of
propofol is comparable to that of standard sedation with
benzodiazepines by non-anaesthesiologists with respect
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CONCLUSION
Currently, both diagnostic and therapeutic endoscopy
is well tolerated and accepted by both patients and endoscopists due to the application of sedation by most
centres in the world. During the last 15 years, dramatic
changes have occurred in endoscopic procedures, mainly
with regard to the sedation techniques and the sophisticated endoscopic instruments and equipment utilised.
Today, a large number of drugs are available for achieving successful moderate and deep sedation, and other
substances are in the clinical evaluation stage. Moderate
sedation using midazolame and an opioid represents the
standard method of sedation, although propofol is being increasingly used in many countries. We suggest that
the use of this drug will be accepted by an increasing
number of endoscopists and that it could become the
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preferred sedation agent in the near future. Today, midazolam remains the benzodiazepine of choice, while
the most popular opioids are pethidine and fentanyl.
Safe sedation in special clinical circumstances, such as
in obese, pregnant, and elderly individuals, as well as in
patients with chronic lung, renal or liver disease, requires
modification of the drug doses used for sedation. It is
also crucial for endoscopists to be very familiar with the
drug or combination of drugs that they are using in everyday clinical practice. However, the controversy regarding the administration of sedation by an endoscopist,
anaesthesiologist or an experienced nurse continues.
We emphasise that sedation under the supervision of a
properly trained endoscopist could become the standard
practice. Due to the legal issues related to the occurrence
of unwanted effects of sedation, an updated international consensus regarding the use of sedative agents,
especially propofol, is urgently needed.
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Cellular and molecular basis of chronic constipation: Taking
the functional/idiopathic label out
Gabrio Bassotti, Vincenzo Villanacci, Dragos Creƫoiu, Sanda Maria Creƫoiu, Gabriel Becheanu
the very least, have shown one or more demonstrable
abnormalities). This is particularly true, for instance,
for irritable bowel syndrome, the prototype entity of
“functional” gastrointestinal disorders, where low-grade
inflammation of both mucosa and myenteric plexus has
been repeatedly demonstrated. Thus, researchers have
also investigated other functional/idiopathic gastrointestinal disorders, and found that some organic ground
is present, such as abnormal neurotransmission and
myenteric plexitis in esophageal achalasia and mucosal
immune activation and mild eosinophilia in functional
dyspepsia. Here we show evidence, based on our own
and other authors’ work, that chronic constipation has
several abnormalities reconductable to alterations in
the enteric nervous system, abnormalities mainly characterized by a constant decrease of enteric glial cells
and interstitial cells of Cajal (and, sometimes, of enteric
neurons). Thus, we feel that (at least some forms of)
chronic constipation should no more be considered as
a functional/idiopathic gastrointestinal disorder, but instead as a true enteric neuropathic abnormality.
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Neurogastroenterology
Core tip: Concerning gut motility, in the last years the
basic/clinical interplay between gastroenterology and
neurology has become stricter, and many pathologic
conditions, among which constipation, related to abnormal gastrointestinal motility are now considered and
studied by a neurogastroenterological point of view.
However, the fact that these conditions are still labelled
as “functional” or “idiopathic” is puzzling. We examined
the evidence for taking these labels out from constipation, that should be considered as a true neurenteric
dysfunction.

Abstract
In recent years, the improvement of technology and
the increase in knowledge have shifted several strongly
held paradigms. This is particularly true in gastroenterology, and specifically in the field of the so-called “functional” or “idiopathic” disease, where conditions thought
for decades to be based mainly on alterations of visceral perception or aberrant psychosomatic mechanisms
have, in fact, be reconducted to an organic basis (or, at
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muscular abnormalities may be of paramount importance in this setting[26,27], and there are numerous studies
showing that (at least) severely constipated patients may
have one or more abnormal features mainly (although
not exclusively) linked to elements of the enteric nervous
system (ENS)[28].
The ENS, considered as the brain of the gut, integrates secretion and motility into homeostatic patterns
of behavior susceptible to disorder[29]. Thus, it is not
surprising that some of the enteric circuitries responsible
for these activities may be involved in the dysfunction of
their basic control mechanisms. The resulting abnormalities are summarized below.

SM, Becheanu G. Cellular and molecular basis of chronic constipation: Taking the functional/idiopathic label out. World J
Gastroenterol 2013; 19(26): 4099-4105 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v19/i26/4099.htm DOI:
http://dx.doi.org/10.3748/wjg.v19.i26.4099

INTRODUCTION
The field of gastrointestinal motor activity has always
attracted the researchers’ interest; however, in the time
course it became apparent that most gut motor disorders
are attributable to disordered neural control mechanisms.
Thus, by the encounter of gastroenterologists and neurologists a common branch emerged, i.e., neurogastroenterology[1], in which an equal partnership had been
recognized concerning gut motility. Recently, ultrastructural morphologists joined and try to bring innovative
perceptions on control mechanisms of digestive motility.
This had led to interesting and exciting new perspectives
in the pathophysiology of some frequent disorders, such
as constipation.
Chronic constipation is a frequent symptom in the general population, where is present in 2%-30% of subjects[2].
However, apart from secondary forms, associated to an
underlying disease (e.g., neurological[3,4]), commonly used (at
least for scientific purposes) classifications still label most
cases of constipation as “idiopathic” or “functional”[5-9].
It is worth noting that the concept of functional diseases has been somewhat questioned in the last years[10],
since several studies conducted on prototypic functional
entities, such as irritable bowel syndrome (IBS) and functional dyspepsia (FD) have revealed that these condition
may actually harbor an organic basis[11,12]. In fact, inflammation and neuronal degeneration have been reported in
IBS patients[13] and duodenal mastocytosis, eosinophilia
and intraepithelial lymphocytosis have been described in
both IBS and FD patients[14].
Chronic constipation may be subdivided in two main
subtypes, obstructed defecation (OD) and slow transit
constipation (STC), that may also co-exist in the same patient[15,16], and it is generally thought (by data originating
from both experimental animal models and humans) that
colonic sensorimotor dysfunction and abnormal motility play a pivotal pathogenetic role[17-19]. Thus, abnormal
colonic and anorectal function had been repeatedly
demonstrated in these patients[20-22], and pharmacologic
stimulation may help in addressing more targeted therapeutic approaches[23,24]. However, etiological factors are
still poorly known[25].
This article will deal with the available evidence for
neurobiological abnormalities in chronic constipation,
that suggests how this symptom often underlie a true organic enteric disorder.

Abnormal colonic neurochemistry
This has been repeatedly shown in constipated patients:
several studies showed a decreased content of vasoactive
intestinal peptide (VIP) and substance P in tissues obtained
from these subjects[30-34]. Moreover, in vitro studies confirmed that the diminished contractile response to these
substances plays an important role in the impaired motility observed in the colon of constipated patients[35,36]. Of
note, these abnormalities seem not to be related to chronic
laxative use, since anthranoids cause a reduction in the
levels of inhibitory neurotransmitters (VIP, somatostatin),
but not of substance P, in the rat colon[37]. Other studies
showed that excitatory nerve fibres are present in the circular muscle in STC but they are deficient in tachykinins and
enkephalin[38-40]. In addition, investigations conducted on
colonic strips showed that a decrease of cholinergic innervation and an increase of non-adrenergic non-cholinergic
(NANC) inhibitory innervation play an important role in
the impaired motility observed in the colon of patients
with slow transit constipation[41]; these effects are mediated
by an increase of nitric oxide and a decrease of neurotensin[42-44], as also confirmed by immunohistochemical methods in surgically resected specimens[45].
Enteric nervous system
Earlier studies addressing the ENS have shown the presence of several heterogeneous abnormalities in patients
with severe constipation (especially those with STC),
including reduced number of argyrophilic neurons[46] and
of intraganglionic neurofilaments[47], myenteric plexus
hypoganglionosis[48]. More recent studies, with the increasing use of immunohistochemical techniques[49,50],
have demonstrated more consistent findings on the main
elements of the ENS, such as the decrease of interstitial
cells of Cajal (ICC)[51,52] (up to their complete absence in
colonic inertia[53]), often associated to a reduced number
of enteric neurons [54,55] and/or of enteric glial cells
(EGC)[56,57]. Of interest, the expression of c-kit mRNA
and c-kit protein was also found to be significantly decreased in the colon of severely constipated patients,
suggesting that the c-kit signal pathway may play an important role in ICC reduction in these patients[58].

NEUROENTERIC ABNORMALITIES IN
CONSTIPATION

Colonic smooth muscle
Only a few studies have addressed this issue, often with

To date, there is mounting evidence that colonic neuro-
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discordant findings, probably due to the heterogeneous
cohorts of patients evaluated. Some authors reported
that the ratio of the thickness of circular to longitudinal
muscle was significantly lower in the left colon in constipated subjects[59], whereas other authors described a
decreased circular muscle layer thickness in constipated
patients[60], but no abnormalities of the colonic muscular
layers were described in both studies. Another investigation showed the presence of amphophilic inclusion
bodies in the muscularis externa of STC patients[61], even
though these findings were found in about half of the
patients. Normal actin expression was found in both
adults and children with severe constipation[56,62], whereas
the use of novel and nonconventional smooth muscle
markers may reveal abnormalities linked to the smooth
muscle contractile apparatus unnoticed by both routine
stainings and alpha-actin, suggesting specific defects of
smooth muscle cells involved in the pathogenesis of gastrointestinal motility disorders[63].

nective tissue that surrounds the cells of a certain tissue
while the extracellular matrix elements are known for its
great capacity to retain water. However, except for a few
described interstitial diseases (e.g., inflammatory bowel
disease, interstitial cystitis, tubulointerstitial nephropathy,
interstitial lung disease) its role is easily overlooked, as
well as the significance of its cellular elements. Recent
studies related to biological and histological data revealed,
among the known resident (fibroblasts/fibrocytes, adipose cells) and non-resident cells (mast cells, plasma cells,
eosinophils, macrophages, etc.) of interstitial space, a
novel cell type-the telocyte[69,70].
Morphologically, telocytes represent interstitial cells
with telopodes-the longest cellular extensions described
besides the axons of neurons[71]. This rather unique cell
type, difficult to visualize by routine microscopy, displays
a particular morphology by electron microscopy: (1) a
small cell body (9-15 µm) with scarce cytoplasmic organelles surrounding a moderately euchromatic nucleus; and
(2) telopodes are usually tortuous and organized in a 3D
network by overlapping and/or by homocellular interactions[72,73]. Telopodes are very long (10-1000 µm), thin (0.1
± 0.5 µm) and moniliform cytoplasmic extensions; the
moniliform aspect is created by the alternation of thin
segments-podomers with dilated segments-podoms; the
latter accomodate functional units consisting of caveolae,
mitocondria and endoplasmic reticulum[74] and occupy
a strategic position in relation to stem cell niches, blood
capillaries, and/or nerve bundles[75,76]. Telopodes also
establish stromal contacts with other cells, such as mast
cells, basophils, lymphocytes, eosinophils, plasma cells, or
macrophages[77] and non-cellular elements (e.g., collagen
and elastic fibers)[78,79].
Telocytes have been described in human and mammalian cavitary and parenchymatous organs, as well as in
serous membranes and other tissues (for details see www.
telocytes.com). In the last two years telocytes were also
described in the gut[77,80,81].
In modern times the significance of the information
that could be achieved by signaling molecules found in
intercellular fluids is overlooked. There is scarce information on the usefulness of the extracellular organelles
(exosomes and shedding microvesicles) released in the
extracellular space as mediators of cell-to-cell communication[82]. Such vesicles were recently demonstrated in the
proximity of telopodes and even emerging from them in
heart[83], lungs[76], skeletal muscle[76], pancreas[73], parotid
gland[84] and human uterus[74].
Telocytes are supposed to be involved: (1) in intercellular signaling[72,74,77]; (2) as stem cell adjutants involved in
tissue renewal[79,85]; (3) as sensors for steroid hormones[86];
(4) in the guidance of immune cells[77]; (5) as stretch
sensors[87]; and (6) as contractility modulators[88]. Even
though telocytes seem to be implicated in many important physiological and pathological processes[89,90], their
exact functions still remain controversial. Although telocytes have not yet been described at colonic level, their
possible involvement in pathophysiological mechanisms

SIGNIFICANCE OF NEUROENTERIC
ABNORMALITIES IN CONSTIPATION
There are few doubts that the ENS abnormalities repeatedly found in constipated patients play a pivotal role in
the genesis of symptoms. In fact, the consistent finding
of a significant decrease of ICC, enteric neurons, and
(especially) EGC, variously associated each other, justifies
the abnormal motor behavior of the large bowel in these
patients.
In fact, looking at the physiological properties of
these cell populations, it is obvious that the disruption of
their number/connections/relationship leads to an impairment of the complex regulation of the well-coordinated colonic motor patterns[64], thus affecting the viscus’
motility, due to the strict interplay between ICC, enteric
neurons and EGC, with the latter acting as a physiologic
bridge (not only by a simple mechanic point of view, but
also by means of their neurotransmitter, immunologic,
and trophic properties[65]) between the other two cell
types.
Unfortunately, to date data are lacking on the possible
factors causing neurenteric abnormalities in constipated
patients. The current hypothesized mechanisms (often
originating from experimental animal models) imply
abnormalities in glial trophic factors leading to neural
degeneration, and enteric localization of infective agents
(bacteria, virus, prions) causing more or less selective
degeneration of specific neurenteric cell populations
(particularly EGC)[66], whereas genetic factors[67] or neurodegenerative changes due to aging seem to play a lesser
role[68].

NEW CELLULAR PLAYERS IN
NEUROMOTILITY DISORDERS
In biological sciences, interstitial tissue is seen as the con-
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of chronic constipation cannot be overlooked. In favor
of this hypothesis there is a possible correlation between
the fact that telocytes express receptors for estrogen and
progesterone[91,92] and the fact that chronic constipation
is linked to sex hormones[93] and is higher in women of
reproductive age[94].

9

10
11

CONCLUSION
The improvement of scientific knowledge and the constant, increasing ability to recognize previously unknown
pathophysiologic mechanisms is of paramount importance. Thus, labels such as “idiopathic” or “functional”,
that basically conceal the fact that too little is known of a
specific pathologic entity[10], should be hopefully replaced
when more knowledge is available, as pointed out several
years ago[95]. As such, the recent recognition of neurenteric abnormalities in many patients complaining of constipation should point to reconsidering at least some of
these forms (especially STC) as true enteric neuropathies,
and to drop the “idiopathic”/“functional” label.
Besides semantic considerations, we feel that a better
understanding of possible basic abnormalities in these
patients is important, and may have therapeutic implications, addressing the researchers’ interest for new options
toward more targeted approaches[16].
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VASCULAR ANATOMY
In embryogenesis segmental arteries regress until three
major visceral vessels remain: the celiac artery, the superior mesenteric artery (SMA) and the inferior mesenteric
artery (IMA). Hereby, frequent variants with complex
anatomy may develop. In health, the visceral vascular
supply is highly collateralized to ensure sufficient visceral
blood supply. Retroduodenal and retropancreatic collaterals shunt blood from the coeliac artery to the SMA and
vice versa[1]. The SMA supplies the small bowel and parts
of the colon. It originates only 1.5 to 2 cm below the coeliac artery, crosses the horizontal part of the duodenum
and then enters the mesenteric root. At the splenic colon
flexure the marginal artery of Drummond represents an
important collateral which anastomoses the middle colic
artery (MCA) with the left colic artery. The riolan anastomosis is another vascular arcade present in the colonic
mesentery that connects the proximal MCA artery with
the proximal IMA. The IMA supplies the descending colon, the sigmoid colon and the upper rectum. Here multiple collaterals are preformed with the hypogastric artery
via the medial rectal artery[2].
These interconnections between the celiac artery, the
SMA and the IMA may easily compensate if stenotic lesions in one major visceral vessel develops. Therefore
chronic mesenteric ischemia (CMI) with intestinal malperfusion is rarely seen in clinical practice but represents a
serious and complex vascular disorder.

Abstract
Chronic mesenteric ischemia is caused by stenosis or
occlusion of one or more visceral arteries. It represents
a therapeutic challenge and diagnosis and treatment
require close interdisciplinary cooperation between
gastroenterologist, vascular surgeon and radiologist.
Although endovascular treatment modalities have been
developed, the number of restenoses ultimately resulting in treatment failure is high. In patients fit for open
surgery, the visceral arteries should be revascularized
conventionally. These patients will then experience
long term relief from the symptoms, a better quality of
life and a better overall survival.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

EPIDEMIOLOGY

Key words: Chronic mesenteric ischemia; Stent; Vascular surgery; Restenosis; Prognosis

In a population-based study, 553 healthy elderly persons
underwent duplex sonography of the visceral arteries.
Relevant stenosis was detected in 17.5% of the study
cohort. The majority had isolated celiac disease. SMA
stenosis and celiac artery occlusion demonstrated a significant and independent association with weight loss
and concurrent renal artery disease[3]. Among the patients
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from: URL: http://www.wjgnet.com/1007-9327/full/v19/i9/1333.
htm DOI: http://dx.doi.org/10.3748/wjg.v19.i9.1333

WCG|www.wjgnet.com

1805

January 28, 2014|First Edition|

Keese M et al . Open revascularisation for chronic mesenteric ischemia

with relevant stenosis of visceral arteries only few develop symptoms. In a natural history study of 980 patients
who received consecutive aortograms to identify significant mesenteric stenoses, eighty-two patients (8%) were
found to have 50% stenosis of at least one mesenteric
artery. Sixty of these patients (6%) had significant occlusions involving one, two, or all three mesenteric arteries. Mesenteric ischemia developed in only four patients
(0.4%). Each of these four patients had significant threevessel disease[4].

SMA ≥ 400 cm/s. PSV and ratio measurements were
less reliable. Duplex ultrasound of the mesenteric artery requires a high level of technical expertise. It also
depends on the fasting status of the patients. In ideal
patients even higher sensitivity and specificity have
been reported[9]. There is also the tendency to measure
higher flow velocities in stented arteries as compared to
non-stented vessels. Therefore, the degree of in-stentstenosis may be overestimated[10]. Native CT-scans without the application of a contrast agent already provide
valuable information on the calcification status of the
aorta. This is necessary to plan a revascularisation. In
multiplanar reconstruction the complete aorta with all
visceral branches can be visualized. Hereby vascular diameters, collateral formation and vascular variants can
be imaged. Therefore, therapy should be planned on
the basis of a 3-D reconstructed CT and on an invasive
digital subtraction angiography[11]. Magnetic resonance
angiograph plays no role in the diagnosis of chronic
mesenteric ischemia. The digital subtraction angiography
should show both lateral and frontal projections of the
aorta and all major vessels. Furthermore the individual
major branches should be imaged to gain information
on collateralisation (i.e., the patency of the Drummond
artery or the arc of Riolan).

CLINICAL PRESENTATION
The majority (over 70%) of CMI-patients are woman.
Classically the symptoms include abdominal angina which
presents as postprandial pain resulting in significant
weight loss. Patients may develop a fear to eat, therefore
among the differential diagnosis malignant diseases and
functional disorders have to be considered. Atherosclerosis is by the most common etiology of CMI. Other etiologies causing this clinical entity include fibromuscular
dysplasia, Buerger disease, and aortic dissection. In these
patients atherosclerosis will often have manifested in
other vascular beds by a history of myocardial infarction,
stroke, or intermittent claudication. Atypical symptoms
include diarrhea, constipation, vomiting and lower gastrointestinal bleeding which is associated with ischemic
colitis or ischemic gastropathy. Endoscopic findings are
unspecific and therefore subjective to inter observer variance. Previous research studies have suggested a possible
role for tonometry, laser doppler, magnetic resonance
(MR) oximetry, and MR measurement of mesenteric venous blood flow and spectroscopic oxymetric devices in
the assessment of intestinal ischemia[5]. All of these are
still under investigation and their clinical usefulness has
not been adequately established. In parallel to peripheral
artery disease which may progress from claudication to
tissue loss CMI may also progress from post-prandial
pain to mesenteric infarction[6]. Evidence of significant
occlusion of two or more of these vessels is often found
when classic symptoms and endoscopy suggest bowel
ischemia. Single-vessel disease, usually of the SMA, has
also been described as a cause of symptomatic CMI, particularly if collateral connections have been disrupted[7].

TREATMENT
With stenoses exceeding 70% in one or more visceral
arteries patients may develop symptoms of mesenteric
insufficiency. In these cases revascularisation is strongly
recommended. While analgesia and parenteral nutrition
may be used for optimal preparation of the patient for
open surgery or endovascular intervention, conservative
treatment will not slow disease progression. Therefore
the clinical decision has to be made between endovascular treatment or conventional vascular revascularisation.

ENDOVASCULAR TREATMENT
In the majority of patients endovascular treatment of a
mesenteric stenosis is feasible. The choice of vascular
access depends on the patient´s vascular anatomy. If the
right femoral or iliac artery is heavily calcified, occluded
or severely kinked the left femoral artery or the brachial
artery may be used. Brachial access is also advisable in
patients that show a steep angle between the SMA and
the aorta. The regular transfemoral vascular access is
achieved by puncture or cut down. A 7 F sheath normally
allows the introduction of appropriately sized stents. Via
sidewinder catheter the SMA is catheterized and a stiff
wire with a long intervention sheath is placed into the
SMA. Any wire manipulation has to be confirmed by
angiography to avoid vessel injury. In the case of ostial
calcifications balloon expandable stents should be used
which are placed a few millimetres into the lumen of the
aorta. Flexible nitinol stents may be used in the distal
SMA. All patients should be heparinised to lower the risk

DIAGNOSIS
Established non-invasive diagnostic means are duplex
ultrasound or computed tomography (CT)- and MRangiography. Especially duplex ultrasound is fast and
readily available. Diagnosis is based on morphology and
flow velocities. The largest series correlated angiograms
and duplex sonography of 153 patients[8]. Peak systolic
velocity (PSV), end diastolic velocity, and SMA or colic
artery/aortic PSV ratio were used to detect ≥ 50% and
≥ 70% stenosis. PSV threshold value for detecting ≥
50% SMA stenosis was ≥ 295 cm/s (sensitivity 87%,
specificity 89% and OA 88%); and for detecting ≥ 70%
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Figure 1 Conventional angiography of a 68 year-old patient who presented
with weight loss and abdominal angina. The angiography shows an ostial stenosis of the celiac artery and a 1 cm stenosis of the superior mesenteric artery.

Figure 2 3-D reconstruction of a postoperative computed tomography.
It shows the successful revscularisation of the common hepatic artery and the
superior mesenteric artery by a ninfradiaphracmatic bifurcation prothesis.

of thromboembolism and/or stroke. Retrograde cannulation and stent placement of the SMA during laparotomy
is another alternative approach which combines endovascular and open revascularisation of the occluded vessels.

primary and assisted patency was significantly lower in
the percutaneous transluminal angioplasty (PTA)/stent
groups compared to OR[13,14]. At the Cleveland clinics
(United States) angioplasty and stenting was performed
in 28 patients with chronic mesenteric ischemia. This
cohort was compared to 85 patients who received open
revascularisation[15]. While no significant differences were
found in terms of mortality, morbidity and restenosis
rates, long term symptom recurrence was significantly
higher in the endovascular group. In a large retrospective
study major complications occurred in 7% of patients
who underwent mesenteric artery stenting and resulted in
higher mortality, morbidity, and longer hospital length of
stay. The use of antiplatelet therapy reduced the risk of
distal embolization or vessel thrombosis[16].
A retrospective comparison at the Mayo clinic which
involved 229 patients found a higher morbidity and longer hospital stay in patients after open surgery. Mortality
was not different between the groups. Restenosis was
five times more common in the endovascular group and
symptom recurrence seven times more common than
after open surgery[17]. Restenosis within the stents occurs
in nearly 40% of patients after stent placement in the
mesenteric artery within the first 29 mo. Half of these
patients require reintervention because of symptom recurrence or progression to an asymptomatic preocclusive
lesion[18]. This “in stent stenosis” is the result of intimal
hyperplasia as a reaction to manipulation and trauma
within the lumen of the artery. It involves apoptosis and
the invasion of inflammatory cells. Vascular smooth
muscle cells are recruited into the subendothelial space
via signalling cascades involving tyrosin kinase receptors and the ras-pathway[19]. The same pathways will be
induced once more if a restenosis is treated by an endovascular approach. Furthermore endovascular interventions are associated with risk of access site and arterial
complications from catheter and wire manipulation, balloon dilation, and stent placement. These risks are higher
in the case of a reintervention on the SMA[18]. In the
mesenteric arteries, dissection, thrombosis, embolization,
or perforation may result in bowel ischemia or bleeding,

CONVENTIONAL REVASCULARISATION
Open surgery requires a medial laparotomy since both
the supracolic and the infracolic segments of the aorta
have to be dissected. The celiac artery and the SMA are
most frequently implicated in the disease process, and
their involvement may result in chronic ischemia of the
small intestine (Figure 1). Stenosis or occlusion of the
IMA may lead to ischemic colitis. If both the celiac artery and the mesenteric arteries are involved, all arteries
should be reconstructed to ensure long term prognosis[12].
After mobilisation of the left hepatic lobe and transsection of the right crus of the diaphragm the aorta may be
tangentially clamped and longitudinal aortio-coeliac or
aortomesenteric bypasses may be constructed using vein
or prosthetic material (> 7 mm) (Figure 2). Bypass conduction to the mesenteric artery should follow a retropancreatic route to enter the mesenteric root. Here, a tunnel is formed left of the aorta. For a better hemodynamic
approach to the SMA, bypasses are conducted curved
around the left renal vein. Bypasses should be created
tension free and kink-resistant. If longer clamping times
are necessary, perfusion catheters may lengthen ischemic
tolerance. For short ostial stenosis either transaortic endarterectomy with patch plasty or orthotopic short vein
bypasses may be used.

EVIDENCE
So far no level 1 evidence governs the decision whether
patients should receive endovascular or open revascularisation in chronic mesenterial ischemia. Early series
showed a similar survival at 2 years between patients who
received open revascularisation and patients who received
a stent pta. No difference in the incidence of symptomatic or radiographic recurrence was found. However,
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necessitating additional “bail-out” manoeuvres, including
emergency conversion to open repair. These complications can be fatal or result in significant morbidity and
prolonged hospitalization if not recognized immediately.
It is therefore advisable to change to open revascularisation especially in those patients in which endovascular
treatment has already failed and who developed “in stent
stenoses”.

3

4

5

CLINICAL PRACTISE

6

Today PTA/stent of the mesenteric artery has surpassed
open bypass as the most frequently used option for
mesenteric revascularistation, rendering open surgery
as method of choice for these with unsuitable anatomy.
Schermerhorn et al[20] have reported on a 7 fold increase
on mesenteric interventions. This was accompanied
by a decrease in mortality from 15% with open bypass
surgery to 4% with endovascular treatment. Kougias et
al[21] compared outcomes of endovascular treatment in
a retrospective analysis which included 48 patients (58
vessels) in the endovascular group while open repair was
performed in 96 patients (157 vessels). Endovascular
treatment offered shorter hospitalization. Both groups
had similar morbidity and mortality rates. Patients treated
with surgical reconstruction were more likely to experience long-term symptomatic relief compared to endovascular cohorts, possibly due to higher incidence of twovessel surgical revascularization[21]. The enthusiasm for
endovascular procedures is particularly surprising since
no improvement of patency rates has been reported in
the literature in the past 20 years[22].

7
8

9

10

11
12

13

CONCLUSION
The durability and efficacy of open surgical repair are
convincing over time. Therefore, open surgical revascularisation remains the treatment of choice for patients
who are fit or whose fitness could be improved before
surgery. Endovascular therapy has been proposed for
patients at high risk for surgery and post surgical corrections. For these unfit patients, or those with short life
expectancy, endovascular treatment is preferable owing to
its minimally invasive nature and reduced postoperative
mortality and morbidity. All others should be treated by
conventional reconstruction especially if endovascular
treatment has failed before. Randomized controlled studies or patient registries are needed to compare the longterm durability and efficacy of both procedures
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Core tip: Among somatic stem cells, those residing in
the intestine represent a fascinating and poorly explored research field. Aim of the present review is to
delve into the mechanisms that regulate the delicate
equilibrium through which intestinal stem cells orchestrate intestinal architecture, integrating signals from
the surrounding niche and supports a model whereby
distinct cell populations facilitate homeostatic vs injuryinduced regeneration.
Original sources: Tesori V, Puglisi MA, Lattanzi W, Gasbarrini
GB, Gasbarrini A. Update on small intestinal stem cells. World J
Gastroenterol 2013; 19(29): 4671-4678 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v19/i29/4671.htm DOI:
http://dx.doi.org/10.3748/wjg.v19.i29.4671

INTRODUCTION
In an adult organism, stem cells are characterized by their
ability to generate multiple differentiated cell types while
maintaining their capacity for long-term self-renewal[1,2].
These are generally known as “adult” or “somatic” stem
cells, including all stem cells residing in adult organs, regardless of the age of the individual. These include mesenchymal stem cells[3-7], residing in the connective stroma
of most organs, and haematopoietic stem cells[8,9] among
the best known and characterized, that are already being
tested in clinical trials[10-14].
The amazing renewal capacity of the intestinal epithelium[1] has made this organ an attractive site to study
stem-cell regulation. The intestinal tract is anatomically
subdivided into the small intestine and large intestine.
The inner mucosal surface, composed by an absorptive
and secretory epithelium, is folded into repeated units
comprising finger-like invaginations (called crypts of Lieberkühn) associated with numerous protrusions (villi),
which increase the surface area, allowing efficient absorption of nutrients from the bowel lumen[2].

Abstract
Among somatic stem cells, those residing in the intestine represent a fascinating and poorly explored
research field. Particularly, somatic stem cells reside
in the small intestine at the level of the crypt base,
in a constant balance between self-renewal and differentiation. Aim of the present review is to delve into
the mechanisms that regulate the delicate equilibrium
through which intestinal stem cells orchestrate intestinal architecture. To this aim, special focus will be
addressed to identify the integrating signals from the
surrounding niche, supporting a model whereby distinct
cell populations facilitate homeostatic vs injury-induced
regeneration.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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In normal homeostasis, the specialized differentiated
cell types that orchestrate the uptake of nutrients into
the body, are routinely and rapidly turned over. In fact,
the intestinal epithelium is the most rapidly self-renewing
tissue in the human body, with a 3-5 d turnover rate[2].
It is widely accepted that this complex process is regulated, via a highly regulated process of self-renewal, by
a population of multipotent stem cells, residing within
the bottom of the crypt namely the intestinal stem cells
(ISCS)[15-19].
The number and location of these cells are still debated. Clonal analysis has demonstrated the existence
of multiple stem cells in each crypt[20], with an estimated
number in the 4-6 cells per crypt range[21]. ISCs have the
properties of self-renewing and generating rapidly dividing transit-amplifying (TA) daughter cells, via asymmetric
cell division[22]. TA cells undergo rapid cell division and
migrate upwards into the villus. During their migration,
TA cells start differentiating and finally localize at the
surface of the villus epithelium as either mature absorptive enterocytes, which represent the main cell type, or
mucous secreting goblet cells, or hormone-producing
enteroendocrine cells[22]. Upon completing their life cycle,
TA die and are discarded into the lumen[23,24].
A distinct cell type, the Paneth cell, evades this upward migration program, completing the differentiation
at the base of the crypt, where it start producing lysozyme, maintaining the sterile environment of the crypt,
and regulating the stem cell compartment[25-27].
Converging evidence suggests the existence of two
distinct populations of intestinal stem cells: one that
remains quiescent for a long time and one that actively
proliferate[28]. The actively dividing ISCs provide to the
baseline regeneration, whereas quiescent stem cells represent a reserve subpopulation that copes to injuries. These
two subpopulations are located in adjacent sites within
the crypt and are probably maintained by specific signals
from the surrounding niche. Nonetheless, the precise
identity of the ISCS is still a matter of debate. Two alternative models are currently proposed in the literature: the
label-retaining cells (LRC) + 4 model, which identifies the
quiescent stem cells, and the crypt base columnar (CBC)
cells model, which identifies the actively cycling stem
cells.
According to the LRC+4 model, the ISCS should be
located specifically at the +4 position from the bottom of
the intestinal crypt region, precisely at the origin of the
migratory epithelial cell column[29]. This prediction was
supported by Potten et al[30], who showed that cells most
commonly found in this position, are characteristically label-retaining and extremely sensitive to X- and γ-radiation,
two features ascribed to stem cells. Furthermore, the
expression of Bmi1, a gene thought to be involved in
stem cell maintenance, was shown to be elevated in the
+4 cells[31]. Alternatively, the CBC cell model is based on
a series of electron microscopy studies on the crypts of
the small intestine, showing slender, immature, cycling
cells interspersed between Paneth cells at positions 1-4,
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hence termed crypt base columnar cells. To support the
hypothesis of CBC as the ISCs, mutagenesis studies demonstrated that 90% of the crypts, that contained a mixed
population of mutant cells of different epithelial lineages,
also contained mutant CBC cells, indicating the CBC cells
as the common source of these different lineages[32]. Further studies, based on targeted lineage tracing strategies,
have definitively identified the CBC as the intestinal stem
cells, and have revealed the strategy by which the balance
between proliferation and differentiation is maintained[33].
Taken together, these studies suggested that ISCs operate within a complex and dynamic environment, in which
stochastic cell loss is compensated by the proliferation of
neighboring stem cells.

INTESTINAL STEM CELLS MARKERS
The crypt stem cells responsible for the renewal capacity
of the intestinal epithelium, represent a minority of the
whole intestinal population, therefore, their identification is extremely troublesome[14]. Indeed, until relatively
recently, ISCs could be identified only by indirect measurements. The recent discovery of specific ISC markers
has allowed their isolation and paved the way towards a
clearer understanding of their biology and role in tissue
homeostasis, repair, and cancer[14].
Among the various ISCS markers, the best characterized one is the leucine rich-repeat containing G-protein
coupled receptor (Lgr5), a Wnt-target gene that expressed
by the cycling crypt base columnar cells, interspersed between Paneth cells[22]. Lgr5 encodes an orphan G-proteincoupled receptor, characterized by a large leucine-rich
extracellular domain[34].
Barker and co-workers demonstrated that CBC cells
are capable of long-term maintenance and support the
epithelium self-renewal, using the lineage tracing technique (i.e., introducing permanent genetic marker into
candidate stem cell genes in situ, thus allowing the visualization of the modified stem cells and their progeny over
time)[34]. One of the major advantages of in vivo lineage
tracing, compared to transplantation-based methods,
is the lack of a physical manipulation of the candidate
stem cell, so that ISCS are studied in their physiological
niche[34]. In particular, the visualization and isolation of
putative ISCs was obtained by targeting the Lgr5/Gpr49
gene locus by knock-in of a dual expression cassette encoding enhanced green fluorescent protein (EGFP) and
CreERT2. This resulted in the tamoxifen-induced expression of EGFP in the Lgr5+ fraction, which allowed
the in vivo lineage tracing when combined with inducible
reporter strains such as R26RLacZ[34]. This study hence
showed that Lgr5 expression was confined to CBCs, and
that these cells give rise to the variety of epithelial cells
present in crypts, proving that CBCs function as ISCs as
well[34].
In addition, it has been demonstrated that Lgr5+ cells
form self-renewing epithelial organoids in ex vivo culture
assays, resembling the in vivo structure and composition
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stem cells. By contrast with these findings, Snippert et
al[47] reported that Prom 1 expression occurred in Lgr5+
stem cells as well as in their TA progenitors. A possible
explanation for this discrepancy may reside in the different sensitivity of detection methods used in the two
studies.
The RNA-binding protein Musashi 1 (Msi1), a regulator of asymmetric cell division[48], is also involved in stem
cell maintenance[49,50]. Particularly, in neural stem cells
Msi1 is able to maintain stemness properties through
Notch pathway activation[51]. Independent immunoistochemical and in situ hybridization analyses, demonstrated
that, Msi1 is expressed in the CBC cells immediately
above the Paneth cells[52-54].
Moreover, Msi1 overexpression in the intestine increases both Wnt and Notch pathways, and induces the
upregulation of Lgr5 and Bmi1[55]. Interestingly, although
Msi1 is expressed in putative ISCS, in knockout mice lacking this marker, no defects in the development of the intestine are detected[56]. Taken together, these observations
demonstrated that Msi1 is not a specific ISCS marker, but
is expressed in both ISCS and in their early progeny[57].
To sum up, different markers point to distinct stem
cells within the crypt: the marker Lgr5 points to the crypt
base columnar cells located in between the Paneth cells
at the crypt bottom[22], whereas the markers BMI1 identify the +4 position in the crypt, just above the Paneth
cells[31]. The existence and interdependency of these different types of ISCs remain a matter of debate.

of crypt/villus epithelial units. It is also worth noticing
that cells expressing low, if any, Lgr5 were unable to produce organoids[35]. Gene expression analysis of purified
Lgr5+ stem cells, indicated that they express additional
specific markers, such as Olfm4 and the Achaete scutelike
2 (Ascl2)[36]. Ascl2 is a basic helix-loop-helix transcription factor[19]; its expression in the intestinal epithelium is
regulated by the Wnt pathway and is restricted to Lgr5+
stem cells. Ascl2 deletion results in the complete loss of
Lgr5+ ISCs, whereas transgenic Ascl2 expression induces
crypt hyperplasia[36].
Moreover, several lines of evidence have demonstrated the existence of another putative intestinal stem
cells marker, the Polycomb family member Bmi1[31]. The
Polycomb family plays a key role in the development and
in the regulation of progenitor self-renewal in several
tissues, including the nervous system[37], the retina[38] and
hematopoietic organs[39]. In vivo lineage tracing technique,
showed that Bmi1+ cells are mainly located at the +4
position in the crypts of the small intestine, contributing to the long-term maintenance of all its epithelial cell
types[31]. In addition, the selective ablation of the Bmi1+
population led to a disorganization of the intestinal mucosa, resulting in the absence of the crypts[31]. Unexpectedly, Bmi1 transgenic expression was restricted only to
a minority of the crypts in the proximal small intestine,
while being completely absent in the distal tract[31]. This
could be possibly due to the existence of Bmi1-negative
ISC populations in other regions of the intestine, or,
perhaps, to an inaccurate reporting of endogenous Bmi1
expression, as a result of the variegated transgene activity,
frequently observed in the intestine. Interestingly, microarray analysis showed that sorted Lgr5+ cells express
Bmi1, raising the question whether the two markers really
characterize independent stem cells populations. Yan et
al[40] clarified this issue by demonstrating that Bmi1 and
Lgr5 mark two functionally distinct ISCs in vivo. Lgr5
identifies actively cycling ISCs that are sensitive to Wnt
modulation, involved in homeostatic regeneration and
markedly ablated by irradiation, i.e., the CBC cells. Conversely, Bmi1 is expressed by quiescent ISCS insensitive to
Wnt modulations, that contribute partly to homeostatic
regeneration, and are resistant to radiation injury, namely
the LRC stem cells[40].
Another interesting molecule in the scenario of ISCS
putative markers, is the CD133/Prominin 1(Prom1),
originally discovered as novel glycoprotein expressed
on neural[41] and hematopoietic stem cells[42,43]. More recently, CD133 has been described as marker of epithelial
stem/progenitor cells in human kidney tubules[44] and in
the prostate[45]. In the study by Zhu et al[46], a knock-in
allele was used that integrated a CreERT2-IRES-nLacZ
cassette at the first ATG codon of Prom1 (Prom1C-L).
This allowed demonstrating a wide expression pattern
for Prom1 in the colon; on the other hand, the expression in the small intestine, appeared to be restricted to
the crypt base, overlapping with the Lgr5+ CBC cells[46]
The Prom1+ cells were self-renewing, multipotent adult
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STEM CELL NICHE: HOMEOSTASIS AND
MORPHOGENESIS SIGNALS
A key role in the dynamics of ISCS is ascribed to the
niche, a complex and dynamic setting, that adapts in response to environmental stimuli and provides the cells
essential signals, including the morphogenetic pathways,
such as Wnt, Notch, bone morphogenetic proteins
(BMPs) and Hedgehog[21,58-63]. The microenvironment of
the niche surrounding ISCs features extracellular matrix,
neural cells, lymphocytes, macrophages, endothelial cells,
fibroblasts, smooth muscle cells, and myofibroblasts, that
generate signals able to regulate stem cells properties and
behavior[64-67].
A wide range of evidence indicates that the Wnt
pathway has a crucial role in intestinal proliferation and
ISC maintenance[68-74].
The Wnt pathway molecules are evolutionary conserved intracellular signaling molecules which regulate
cellular fate in the crypt-villus axis in normal gut epithelium, and are implicated in stem cells self-renewal[75].
Indeed, loss of Wnt signaling in vivo effectively blocks cell
proliferation in the intestinal crypts, destroying the epithelium[76]. Moreover, when the Wnt secretion inhibitor
(IWP1) was added to organoids, the LacZ signal derived
from Lgr5+ cells, was completely lost, and the proliferation was inhibited; this inhibition could be overcome administrating exogenous Wnt3A[76]. Recent evidences have
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also demonstrated that Paneth cells residing next to ISCs
are crucial for their maintenance and serve as the stem
cell niche[77]. Paneth cells are known to secrete a variety
of bactericidal products, such as cryptidins/defensins and
lysozyme, epidermal growth factor (EGF), transforming
growth factor β (TGF-β), and represent the main sources
of Wnt3a. Indeed, the ablation of Paneth cells, decreases
the number of ISCs in the crypt[78] confirming that an active Wnt signal is crucial for ISC maintenance[79].
A Wnt signaling gradient exists along the crypt-villus
axis. When cells migrate away from the Wnt source at the
base of the crypt, they progressively lose their proliferative capacity and differentiate. The activity of the Wnt
pathway, in conjunction with other pathways such as
Notch and bone morphogenetic protein (BMP), is vital
for the proper organization of the colic epithelium.
In the small intestine, Notch activity determines lineage differentiation between enterocytes and secretory
cell differentiation; indeed, Notch inhibition results in
an increase of goblet cells, while its activation results in
goblet cells depletion[78]. Recent data support the idea that
Notch promotes proliferation when Wnt activity is high,
while induces enterocyte differentiation when Wnt activity decreases at the top of the crypt[29]. Given that Notch
receptors are membrane-bound, it would appear that only
the neighboring Paneth cells can maintain active Notch
signaling in Lgr5 stem cells.
BMP belongs to a family of ligands which comprises
BMP and TGF-β family members, acting through the
SMAD intracellular signaling cascade[80-82].
In the intestine, BMP2 and BMP3, are expressed by
mesenchymal cells and are able to arrest proliferation at
the crypt-villus edge, rather than promoting differentiation[29].
In fact, both mice lacking the BMP receptor (Bmpr1a),
and mice overexpressing the BMP inhibitor noggin, present hyperproliferation and crypt fission[80].
Under physiological conditions, the amount of stem
cells within the niche remains constant, thus these processes need to be highly regulated, probably through
negative feedback mechanisms[40]. In fact, stem cells may
divide: (1) asymmetrically, giving rise to another stem cell,
which remains in the niche, and to a daughter cell which
form a progenitor cell, that migrates upwards in the crypt
and differentiate into a mature element; and (2) symmetrically, giving rise to two daughter stem cells, or two
daughter non-stem progenitor cells, the latter phenomenon leading to stem cells exhaustion[75].
Overall, the current scenario indicates a niche organized into a complex network of morphogenetic signals,
each crucial for ISCS and crypt maintenance[28].

now lends promise to the application of adult stem cell
therapy in gastroenterology. The apparently unlimited
scale at which these stem cells can be expanded in vitro
offers particularly exciting therapeutic possibilities[83-85].
In particular, organoids, derived from in vitro expansion of a single adult colonic stem cell, can be used to
repair damaged colon tissue.
Indeed, as discussed above, intestinal organoid cultures, with a gut like structure, and containing all epithelial cell types, can be derived from single Lgr5+ sorted
stem cells[86]; the resulting organoids can be expanded
efficiently and over long periods of time, without losing
tissue identity. To date, protocols for the efficient generation of organoids from stomach, human small bowel and
colon have been developed[87-90].
Interestingly, the growth factors used to supplement
the culture medium are the natural growth factors to
which the stem cells are exposed in vivo, suggesting a high
clinical-grade biocompatibility of this approach[87]. Moreover, no genetic manipulation required, making the entire
procedure extremely safe.
As a first step toward the development of stem cell
transplantation, it has been shown that, using the colonic
organoids culture system, significant amounts of tissue can be grown in vitro from a single adult colon stem
cell[91,92].
Colon organoids were reintroduced into superficially
damaged recipient colons of immunocompromised
(rag2-/-) mice, pretreated with dextran sulphate sodium
(DSS), which induces superficial mucosal lesions. The
engrafted organoids RFP+, were able to readily integrate into the existing epithelium (RFP-), and generated
histologically and functionally normal crypts containing
all differentiated cell types, covering the area that lacked
epithelium in recipient mice. At 4 wk after transplantation, the donor-derived cells constituted a single-layered
epithelium, which formed self-renewing crypts that were
functionally and histologically normal. In long term studies, carried out at 25 wk after transplantation, the grafts
still contributed to the epithelium without any sign of
adenomatous or dysplastic transformation[91,93].
Moreover, transplanted mice displayed a significant
lower weight loss than control mice[91]. These data showed
the feasibility of colon stem-cell therapy based on the in
vitro expansion of a single adult colonic stem cell; graft
rejection can be managed by standard approaches, i.e., by
leukocyte antigens matching of donor and acceptor and
by immunosuppressive therapy, as currently used for organ transplantation.
Protocols have also been developed to expand human small intestine and colon organoids from small
biopsies[94]. As a first application, Cleavers and his collaborators have transplanted the organoid-derived small
intestinal epithelium into the bowel of patients affected
by the microvillus inclusion disease[48]. This is a rare hereditary defect of the enterocyte brush border resulting
in insufficient nutrients’ assimilation[95-97], requiring colon
transplantation as the unique therapeutic strategy. Intes-

STEM CELLS DERIVED ORGANOIDS:
THERAPEUTIC APPLICATIONS FOR
GASTROINTESTINAL DISEASES
Rapid progress in the field of intestinal stem cell biology
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tinal organoids technology may allow a novel venue into
gene therapy approaches, that involves the introduction
of DNA sequences into the genomes of cells of the pertinent patient. The achievement of a safe gene transfer
represents the major hurdle, which has largely hampered
the introduction of gene therapy into the clinic despite
three decades of intensive efforts. On this regard, retrovirus- and lentivirus-mediated gene transfer has already
been proven to be feasible in organoids systems[98,99].
These viral vectors are though associated to documented risk for insertional mutagenesis. As organoids
can be grown from single sorted stem cells, one could
envisage an approach in which individual stem cells are
analyzed after integration of the recombinant DNA sequences. Only stem cells with safe integrations could then
be expanded clonally for subsequent transplantation.
Overall, adult stem-cell therapy holds promise for the
treatment of gastrointestinal diseases, using tissues “harvested” from a single living donor, overcoming the difficulties of the organ transplantation, that is still limited by
the availability of donor.
Clinical application of this protocol still waits the
translation of the technical procedures to the good clinical practice standards, to generate the adequate amounts
of tissue to treat human subjects, and the development
of efficient transplantation approaches.
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CONCLUSION

13

ISCs could be reasonably considered the key players that
orchestrate the high-rate regenerative capacity of the
intestinal epithelium. The understanding of the interplay
between the ISCs and their niche, led by a complex molecular network, will pave the way for the future development ISCS based therapy especially to the application in
gastroenterology.
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made between 3 to 20 years (median, 10 years) after
pouch construction. Although the risk of malignant
transformation in ileal pouches is probably low, it is not
negligible, and the long-term risk cannot presently be
well quantified. Regular endoscopic surveillance, especially using chromoendoscopy, is recommended.
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Core tip: To eliminate the risk of colorectal cancer, the
majority of patients with familial adenomatous polyposis (FAP) are treated with restorative proctocolectomy
and an ileal pouch-anal anastomosis. However, as
these patients are followed-up for longer intervals, it
has gradually become recognized that adenomas and
adenocarcinomas may develop in the ileal pouch. If
the standard-of-care surgery for FAP patients does not
eliminate all cancer risk, surgical and follow-up strategies may need to be altered. In this review, we summarize the data from the published English literature
regarding the incidence of adenomas and carcinomas
in the ileal pouch after proctocolectomy in FAP patients.

Abstract
Restorative proctocolectomy is the most common surgical option for patients with familial adenomatous polyposis (FAP). However, adenomas may develop in the
ileal pouch mucosa over time, and even carcinoma in
the pouch has been reported. We therefore reviewed
the prevalence, nature, and treatment of adenomas
and carcinoma that develop after proctocolectomy in
the ileal pouch mucosa in patients with FAP. In 25 reports that were reviewed, the incidence of adenomas in
the ileal pouch varied from 6.7% to 73.9%. Several potential factors that favor the development of pouch polyposis have been investigated, but many remain controversial. Nevertheless, it seems certain that the age
of the pouch is important. The risk appears to be 7%
to 16% after 5 years, 35% to 42% after 10 years, and
75% after 15 years. On the other hand, only 21 cases
of ileal pouch carcinoma have been recorded in the literature to date. The diagnosis of pouch carcinoma was
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INTRODUCTION
Familial adenomatous polyposis (FAP) is an inherited,
autosomal-dominant disease caused by a germline muta-
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tion of the adenomatous polyposis coli gene (APC)[1].
The phenotype is characterized by the development of
hundreds of colorectal adenomas, leading to a 100%
lifetime risk of colorectal cancer[2]. For this reason, a prophylactic colectomy is recommended for patients with
FAP to prevent the development of colorectal cancer.
The main surgical strategy in patients with FAP is restorative proctocolectomy with ileal pouch-anal anastomosis
(IPAA)[3-6]. As originally described by Parks et al[7], IPAA
included an anal mucosectomy to eliminate the risk of
malignancy in the remaining anorectal mucosa. However,
many surgeons now prefer to preserve the anal transition
zone (ATZ) during the double-stapled IPAA technique
because of its simplicity and better functional outcome[8-10]. The trade-off is a risk of neoplasia developing
in the retained ATZ mucosa[8], with a 10%-15% incidence
of adenoma[8,11-13]. Another widely accepted surgical procedure is colectomy with ileorectal anastomosis (IRA),
performed when there are few polyps in the rectum. The
major advantage of IRA is preservation of the rectal
innervation, with subsequent better quality of life. However, continuing endoscopic surveillance for adenomas in
the rectum is necessary, and there is a 13%-25% cumulative risk of rectal cancer after 15-25 years despite surveillance[14-16]. On the other hand, it has been thought that
IPAA theoretically eliminates the risk of colorectal cancer
and adenomas, and perhaps the need for further lower
gastrointestinal surveillance. However, there are recent
reports of adenomas or carcinomas developing not only
in the residual rectal mucosa or anastomosis after IRA,
but also in the ileal pouch mucosa after IPAA[17-39]. In addition, there are several reports of cancers arising from
the ileal pouch mucosa, as opposed to the anastomotic
site, in patients with FAP[31,36,37,40-47].
The aim of this review is to describe the prevalence,
nature, and treatment of adenomas and carcinoma developing in the ileal pouch mucosa after proctocolectomy in
patients with FAP.

to 73.9%. This variation in the prevalence of ileal pouch
adenomatosis could be due to differences in the way endoscopy was performed in the various studies. Adequacy
of bowel preparation, type of instrument employed, use
of chromoendoscopy, and other miscellaneous factors influence the detection rates of pouch polyps. Good bowel
preparation and a flexible video colonoscope are essential
in identifying pouch polyps because most ileal adenomas are flat or sessile, measuring only 1 mm to 3 mm in
diameter, and having a morphology different from large
bowel adenomas[36]. Therefore, a careful examination of
the entire pouch, anal canal, and pouch-anal anastomosis
should be performed. Although Polese et al[25] reported
the prevalence of ileal pouch adenomas as 6.7%, these
investigators used a rigid sigmoidoscope with enema
preparation, without chromoendoscopy. These technical
factors may explain the low prevalence of ileal pouch adenomas in the study by Polese et al.
The only meaningful estimates of adenoma incidence have come from prospective studies, with all
10 prospective studies showing that the incidence of
pouch adenomas increases with the follow-up duration[4,21,22,24,28,29,31,32,35,36]. The risk appears to be 7% to 16%
after 5 years, 35% to 42% after 10 years, and 75% after
15 years. The great majority of pouch polyps described
in the literature are small, tubular adenomas with mild
atypia. The incidence of adenoma with advanced pathology (size > 1 cm, villous pattern, or moderate-to-severe
dysplasia) is less. According to Banasiewicz et al[35], the
estimated frequency of low-grade dysplasia 4 years after
IPAA surgery is 4%, and increases to 50% after 15 years.
The same percentage of patients, but with high-grade
dysplasia, develop high-grade dysplasia 2.5 years later,
that is to say, 17.5 years after IPAA, and with neoplasia
18.5 years after the above procedure. The full impact of
pouch polyposis will not be fully understood until most
pouch patients reach a follow-up duration of 20 to 40
years[48].

INCIDENCE OF ILEAL POUCH ADENOMAS

RISK FACTORS FOR DEVELOPMENT OF
ADENOMAS IN THE ILEAL POUCH

The basic premise underlying the popularity of IPAA
in patients with FAP is that it results in a significantly
lower risk of rectal cancer than IRA. Although this is
likely to be true, the risk of pouch polyposis and pouch
cancer has not been recognized so far. After the advent
of pouch surgery, several reports of adenomatous polyps in the pouches of FAP patients have appeared in
the literature. In 1982, Beart et al[17] first described a FAP
patient with continent ileostomy, in whom a large sessile
tubulovillous adenoma and multiple smaller adenomatous polyps developed. Since then, there have been at
least 25 reports of ileal pouch adenomas developing in
these patients (Table 1). We reviewed only those studies that clearly described adenomas appearing within the
ileal pouch mucosa. These included 8 case reports, 7
retrospective studies, and 10 prospective studies. The incidence of adenomas in the ileal pouch varied from 6.7%
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Phenotype
At present it does not seem possible to predict who is
at risk for developing polyps in the pouch. Some studies
show that there is no apparent high-risk phenotype for
the development of ileal polyps[22,24,30,33]. However, other
studies describe risk factors that favor the development
of pouch polyposis. Parc et al[49] observed that patients
with pouch polyps are younger, and have a longer followup period since IPAA, than patients without pouch polyps. A more aggressive disease requiring earlier surgery
could explain these features. However, Groves et al[28]
analyzed the risk factors by using logistic regression, and
found that age was a more significant predictor of pouch
adenomas than the follow-up period, sex, or type of primary or secondary procedures. Groves et al[28] reported
that, in their experience, all patients older than 60 years
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Table 1 Summary of 25 reports of ileal pouch adenomas in familial adenomatous polyposis
Ref.

Study Year Operation

n

Beart et al[17]
Wolfstein et al[18]
Shepherd et al[19]
Stryker et al[20]

Case
Case
Retro
Case

1982
1982
1987
1987

1
2
12
1

Nugent et al[16]
Bertoni[21]
Wu et al[22]
Valle et al[23]
Thompson-Fawcett
et al[24]
Parc et al[4]

Retro
Pros
Pros
Case
Pros

1993
1995
1998
2001
2001

Pros

2001

Polese et al[25]

Retro 2002

IPAA

Beveridge et al[26]
Vrouenraets et al[27]

Case
Case

2004
2004

IPAA
IPAA

Groves et al[28]

Pros

2005

Nilubol et al[29]

Pros

2007

Kock 4,
IPAA 56
IPAA

Moussata et al[30]
Friederich et al[31]

Retro 2008
Pros 2008

IPAA
IPAA

Schulz et al[32]
Tajika et al[33]

Pros 2008
Retro 2009

Kang et al[34]

Case

2010

IPAA
Kock 8,
IPAA 16
Kock

Banasiewicz et al[35]

Pros

2011

IPAA

Tonelli et al[36]

Pros

2012

IPAA

69

Makni et al[37]
Wasmuth et al[38]

Case 2012
Retro 2013

IPAA
IPAA

Pommaret[39]

Retro 2013

IPAA

Kock
IAA
IPAA
Brooke
ileostomy
IPAA
IAA
IPAA
IPAA
Kock 5,
IPAA 28
IPAA

Type of pouch

Findings

Kock pouch
Soave
N
Kock pouch

Tubulovillous Adenomas
Adenomas in 2 pts
Tubular Adenoma in 2 pts
Tubular Adenomas

38
N
Tubular Adenoma in 5 pts
3
N
Tubular Adenoma in 2 pts
26 S/J-pouch 9/16, 1 N Tubular Adenoma in 11 pts
5
N
Adenomas
33
N
Adenoma in 14 pts (with
microadenoma 20 pts)
85
J-pouch
30 pts (28 grossly visible, 2
microadenoma)
46
S/W/J-pouch
Adenoma in 2 of 30 pts
2/1/43, Kock 4
2 J-pouch 1, Kock 1
2 large VA, VA
1
J-pouch
Adenomas with focal
severe dysplastic change
60 W/J-pouch 13/43,
Mild dysplasia 23, more
Kock 4
advanced 11
10
N
Tubular Adenoma in 1of 9
pts
23
N
Low-grade 16, high-grade 1
212
N
Adenoma 74 pts, AAP 25
pts
35
N
Low-grade 8
24
J-pouch
16 pts, (advanced 1,
carcinoma 2)
2
Kock pouch
2 (the largest one is 15mm
in size)
165
J-pouch
Low-grade 13, high-grade 8,
neoplasia 5

% of adenoma

Time to neoplasia
6 yr
3 and 7 yr

16.7
12 yr
13.2
66.7
42.3
20
42.4 (60.6)
35.3
6.7

4 yr (1-7)
53.7-75.4 mo
1-14 yr
5 yr
7 yr (1-19)
Cumulative risk of 7%, 35%,
and 75% at 5, 10, and 15 yr
risk of Adenoma after 8 yr;
20%, (9-11 yr)
4-10 yr
6 yr

56.7

6 yr (1-17)

11.1

11.3 yr

73.9
46.7

4.76 yr (1-14)
Cumulative risk of 16% and
42.2% at 5 and 10 yr
mean of 5 yr
Cumulative risk of 13%, 43%,
and 72% at 5, 10, and 20 yr

22.8
66.7

15.8

Adenoma 25 pts, carcinoma
2 pts
Adenoma and carcinoma
14 pts

39.1

1
61

S/J-pouch 25/29,
SIMM 15
J-pouch
N

118

J-pouch

57 pts (12 advanced
Adenomas)

48.3

23

Cumulative risk of 50%, Lowgrade at 15 yr, high-grade at
17.5 yr, neoplasia 18.5 yr
Cumulative risk of 28.5% at 5
yr
10 yr
Estimated cumulative rate of
first Adenoma diagnosed was
38%
15 yr

Study: Type of study; Retro: Retrospective series; Pros: Prospective series; n: Number of patients in the study; IPAA: Ileal pouch-anal anastomosis; Kock:
Kock continent ileostomy; N: Not described; AV: Anal verge; pts: Patients.

will develop polyps in the pouch. Tonelli et al[36] reported
that an age of more than 50 years was associated with
pouch adenomas, but not sex or elapsed time since restorative proctocolectomy.
Several studies found that the severity of duodenal
polyposis was related to the presence of pouch adenomatous polyps. In a multivariate analysis of 118 FAP
patients who had undergone surgery, Pommaret et al[39]
discovered that the presence of advanced duodenal adenomas was an independent risk factor for the development of pouch adenomas, in addition to follow-up duration. Tonelli et al[36] found that patients affected by pouch
adenomas had high polyp counts (> 1000) at colectomy,
as well as duodenal adenomas.
Several potential factors that favor the development
of pouch polyposis have been investigated; a number of
them remain controversial, although it seems certain that
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the age of the pouch is important.
Pathogenesis
The mucosa of the ileal pouch may be subjected to not
only the tumorigenic consequences of APC gene mutations[50], but also to luminal factors due to fecal stasis,
which may also exert an important effect. Fecal stasis,
such as occurs in a reconstructed pouch, may promote
neoplastic changes in the ileal mucosa. Several authors
have implicated colonic metaplasia of the ileal mucosa as
a precursor for the development of ileal adenomas[19,51,52],
and even carcinomas in the surgically constructed
pouches of patients with FAP[53-55]. Colonic metaplasia
was frequently recognized even in earlier descriptions
of the changes observed in the ileal pouch mucosa.
Some authors have considered colonic metaplasia as an
adaptive response of the ileal pouch to its role as a neo-
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rectum[18,19,56,57]. Further investigations have shown that
colonic transformation is only partial. Small-bowel brush
border disaccharidase activity is preserved, as is the ability
to absorb vitamin B12, D-xylose, phenylalanine, and bile
acids[52,58-60]. The mucosal changes described as colonic
metaplasia are likely a response to chronic inflammation
caused by changes in the luminal contents due to stasis.
In FAP, these changes may, at least in theory, favor the
development of adenomas in a region of the gut where
they are not usually observed. There is an increase in the
concentration of luminal short chain fatty acids to levels that are seen in the colon[61], an increase in anaerobic
bacterial counts with a more colonic type flora[62,63], and
increased deconjugation and dehydroxylation of bile acids by the anaerobic bacteria[64]. In particular, deoxycholic
acid and lithocholic acid, which are known carcinogens,
have concentrations several times higher in an ileal pouch
than in an end ileostomy[65]. On the other hand, reduction
of glutathione S-transferase (GST) detoxification activity
in the pouch compared with the afferent ileal loop after
IPAA may promote tumorigenesis[64].

27% to 66% for hand-sewn and stapled anastomoses,
respectively[9,11,22,36,72,73]. These data suggest that a handsewn IPAA may be a preferable strategy for decreasing
the occurrence of adenomas at the anastomotic ileo-anal
site. Recently, Wasmuth et al[38] evaluated the differences
between adenoma formation at the anastomotic site and
in the ileal pouch after IPAA, with or without mucosectomy. These investigators found that an occurrence of adenomas at the anastomotic site was significantly reduced
after mucosectomy. However, there was no difference in
the occurrence of ileal pouch adenomas between patients
who underwent mucosectomy and those who retained a
rectal mucosal remnant (8/39 vs 6/22; P = 0.57)[38].
Pouchitis
In patients with ulcerative colitis, concern about the risk
of neoplasia in ileal pouches was raised after observing
a combination of histologic changes in the ileal mucosa
of the pouch, including villous atrophy, inflammation
and metaplasia[74-76]. These transformations in the ileal
pouches are likely caused by the chronic inflammatory
state. The inflammatory process in pouchitis may lead to
dysplasia[47] and loss of heterozygosity, consistent with
precancerous lesions of the colon[77]. Thus, a dysplasiato-neoplasia progression can occur in ileal pouches and
can lead to cancer of the pouch. The cumulative risk
of pouchitis is up to 50% in patients with ulcerative
colitis[78-81], with most patients experiencing at least one
episode of pouchitis during the first ten years after surgical pouch construction. In contrast, the pouchitis rate is
below 25% in patients with FAP[4-6,29,33,35]. Banasiewicz et
al[35] analyzed the frequency and progression of dysplasia
and inflammation in the intestinal pouch of FAP patients
after restorative proctocolectomy. Although these authors
diagnosed pouchitis in 20.6% of patients after restorative
proctocolectomy, no relationship was found between
pouchitis and pouch dysplasia in FAP patients.

APC gene mutations
FAP develops due to a dominant autosomal mutation
of the APC gene in more than 80% of patients[65]. Recently, it has been discovered that a biallelic mutation of
the MUTYH gene might exist in 5% of patients with
colorectal polyposis and 20% of FAP patients, with no
APC mutation found[66]. Many researchers have investigated APC gene mutations in pouch patients with FAP,
although none has demonstrated obvious genotype-phenotype correlations that would predict the development
of pouch adenomas[28,30,36,49]. Hence, the available evidence suggests that systematic surveillance of all patients
who undergo IPAA is necessary. Targeted surveillance of
a defined subgroup of patients is currently not feasible.
Type of pouch and anastomosis
There are different pouch configurations. Parks et al[7]
originally devised a triple-limb S-shaped pouch. This
pouch was relatively complicated to construct, and suffered from kinking of the efferent limb if it was left too
long[67]. Alternative designs have included the high-capacity W-pouch, the H-pouch and the J-pouch. The majority
of surgeons now favor the J-pouch due to ease of construction, economical use of the terminal ileum, and reliable emptying[68]. Functional results are equal to those of
other reservoir designs[69-71]. The pouch is formed from
the terminal 40 cm of ileum, using several applications of
a linear-cutting stapler to join the anti-mesenteric borders
of two 20-cm ileal limbs.
Several authors have shown that there is no apparent relationship between the development of pouch
polyps and the type of ileal pouch construction[36] or
the suture used (hand-sewn or stapled)[25,28,36]. However,
other authors have reported that patients with a stapled
IPAA are at a significantly increased risk of developing adenomas at the anastomotic site: 1.5% to 20.9% vs
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THE PREVALENCE OF ADENOMAS IN
THE PRE-POUCH ILEUM
Although it is currently recognized that adenomas may
develop in the ileal pouch, the risk of adenomas occurring in the afferent ileal loop above the pouch is unclear.
The incidence of adenomas above the IPAA pouch was
rarely recognized previously, and it seemed to be low,
with reported figures ranging from 4% to 16%[22,28,33,82].
The majority of pre-pouch ileal adenomas have measured
4 mm or smaller. Pommaret et al[39] reported that only
nine (6.5%) of 118 patients had afferent ileal loop adenomas after an IPAA. The only independent predictive
factor for the occurrence of afferent ileal loop adenoma
was found to be the presence of pouch adenomas (OR:
2.16; 95%CI: 0.17-26.98; P = 0.007). Pommaret et al[39]
concluded that because afferent ileum loop adenomas are
rare and have an unclear pathologic significance, there is
no justification for their systematic search, particularly
among patients without any duodenal or pouch adeno-
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A

B

Figure 1 Endoscopic view of ileal pouch adenomas in patients with familial adenomatous polyposis. A: Multiple white flat lesions are observed in the ileal
pouch mucosa; B: Multiple sessile polyps are revealed by indigo carmine. The data available from reference [33].

thereafter[33]. If adenomas are observed in the pouch, we
recommend endoscopic resection or argon plasma coagulation where feasible, and then follow-up every 6 mo.
Other reports[30,35,36,84] also describe polypectomy of large
polyps, and ablation by fulguration or electrocoagulation
for small lesions. In patients having extensive pouch polyposis with no possibility of endoscopic treatment, together with invasive cancer, pouch excision and terminal
ileostomy has to be considered[40,83].
Although there have been some reports suggesting
the efficacy of nonsteroidal anti-inflammatory drugs
(NSAIDs) in suppressing the development of ileal
pouch adenomas[32,48,85], this has not been systematically
studied[34].

mas. In cases of extensive pouch polyposis with a significant cancer risk, this viewpoint could allow clinicians
to consider resection of the adenomatous pouch, with
construction of a new one using the afferent ileum.

SURVEILLANCE OF THE ILEAL POUCH
Saurin et al[83] described methods of surveillance and therapeutic indications in FAP patients following colectomy.
Although there are no validated data in the literature,
on the basis of expert opinion, endoscopic surveillance
is performed at 6 mo, 1 year, and then every 2 years after surgery. In the presence of polyps with high-grade
dysplasia, and/or polyps > 1 cm size, and/or presence
of large polyp number (> 30), surveillance should be
repeated every 6 mo[83]. Many authors have performed
pouch endoscopy every 6-12 mo after surgery[30,33,35,36,38,84].
Optimum bowel preparation and the use of indigo carmine surface staining are necessary[31-33,35]. The main utility
of chromoendoscopy is to highlight the small lymphoid
lesions that are characteristic of the terminal ileum in
FAP patients, and to distinguish flat polyps (Figure 1). In
the experience of the Dutch Registry[31], indigo carmine
chromoendoscopy significantly increases the detection
rates of adenomas < 5 mm in size. Investigators with
the Dutch Registry found that 75.7% of FAP patients
harbored adenomas in the pouch at a median follow-up
duration of 8 years after IPAA[31]. Because some patients
have a stricture at the anal anastomosis, a pediatric colonoscope or gastroscope may sometimes be required[35].

THE PREVALENCE OF
ADENOCARCINOMAS IN THE ILEAL
POUCH
The progression from a dysplastic lesion in the ileal
pouch to invasive carcinoma appears to be rare, occurring in no more than 1% of patients with ileal pouches[31].
However, in the past few years, several cases of carcinoma have been observed after IPAA, although the
majority of them occurred at the level of the anal canal[8,9,13,27,38,86-91]. Patients with either hand-sewn or stapled
IPAA are at risk for developing a carcinoma in any
residual rectal mucosa that harbors dysplasia or is prone
to dysplasia. To date, only 21 cases of ileal pouch carcinoma have been recorded in the literature (Table 2). No
relationship has been found between the occurrence of
pouch carcinoma and the shape (J or S) of the pouch, or
the type (hand-sewn or stapled) of IPAA[36]. These pouch
cancers have clearly appeared in the ileal pouch, and not
in the ATZ. The time elapsed between pouch construction and diagnosis of pouch carcinoma has been between
3 and 20 years (median, 10 years).
It is noteworthy that in at least seven patients, the development of advanced cancer was detected within a very
short interval-within 1 year since last pouch endoscopy[25,36]. Furthermore, in four of the patients, ileal polyps

TREATMENT OF ADENOMAS IN THE
ILEAL POUCH
According to Saurin et al[83], no systematic endoscopic
treatment of adenomas of the ileal pouch or afferent
loop can be recommended. For large adenomas (> 1
cm), or in patients with high-grade dysplasia, endoscopic
resection must be considered; however, a skilled team
is needed because of the thin ileal mucosa[83]. Our current strategy in patients with IPAA is regular followup starting at 1 year after surgery, and then every year
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Table 2 Summary of 21 cases of ileal pouch cancer in familial adenomatous polyposis
Size
Staging
(mm) of pouch
cancer

Bassuini et al[40]

1996 M

IPAA

/handsewn No cancer

28

Palkar et al[41]

1997

F

IPAA

No cancer

39

Kim et al[42]
Cherki et al[43]

1997 N
2003 F

N
IPAA

N
TisN0M0

N
35

Linehan et al[44]

2007 M

IPAA

Dukes A

30

N

N

Friederich et al[31]

2008 M
M
M
F
2009 F

IPAA
IPAA
IPAA
IPAA
IPAA

No cancer
No cancer
No cancer
No cancer
TisN0M0

21.3
26.7
16
29.6
46

N
N
N
N
Type 2

N
N
N
N
30 × 25

M

Kock

No cancer

48

Type 1

2009 M

IPAA

ND

IPAA
IPAA
IPAA
IPAA
IPAA
IPAA
IPAA

Four
cancer
No cancer
T2N0
N
N
N
N
No cancer

61

F
Lee et al[47]
2009 F
Banasiewicz et al[35] 2011 N
N
N
N
Tonelli et al[36]
2012 M

40
56
N
N
N
N
26

Type 1
Type 2
N
N
N
N
Type 2

F

IPAA

TisN0M0

47

Ⅱa + Ⅱc

N

F

IPAA

J-pouch
handsewn
N
J-pouch
handsewn
/double
stapled
/handsewn
/stapled
/handsewn
/stapled
J-pouch/
handsewn
Kock/
handsewn
S-pouch/
handsewn
ND
J-pouch/
J-pouch/
J-pouch/
J-pouch/
J-pouch/
S-pouch/
handsewn
S-pouch/
handsewn
J-pouch/

No cancer

26

N

20

Ault et al[46]

Makni et al[37]

2012

Staging
of initial
surgery

Shape

Year Sex Operation

Tajika et al[45]

Type of
pouch

Age of
pouch
(yr)

Ref.

Large
N
T3,N+
polypoid
Large
40 × 35 T4N0
polypoid
N
N
N
N
N
T3N1M1

No. of
pouch
polyps

Time to Outcome Interval since
last endoscopy
cancer
(yr)
(yr)

N

3

N

No follow-up

Exist

4.7

Alive

0.3

N
N

N
3.5

N
Died

N
0.5

T3N0

N

9

Alive

No follow-up

Dukes C
Dukes B
Dukes B
Dukes B
T4N2M0

0
0
N
exist
0

14
10
16
6
8.6

N
N
N
N
Died 3Y

4.4
2.1
No follow-up
0.6
0.75

40 × 35 T3N0M0

10 <

20

N

11

N
0
N
N
N
N
ND

13
7
N
N
N
N
3

T2N0M0

0

11

N

Many

10

20-30

T2N1

N
N
30 × 25 T3N2
N
N
N
N
N
N
N
N
20 < T3N0M0

Died by No follow-up
U
Died by
6
U
meta
No follow-up
meta 2Y
4
N
N
N
N
N
N
N
N
Died 6
1
mo
Alive at
0.5
56 mo
Died 1Y+
0.66

M: Male; F: Female; IPAA: Ileal pouch-anal anastomosis; Kock: Kock continent ileostomy; N: Not described; AV: Anal verge; U: Unrelated disease; Time to
cancer: Interval between cancer diagnosis and pouch construction.

were not found during endoscopic follow-up until the development of pouch carcinoma. It seems that neoplasia
that appears in the ileal pouch may not always follow the
classic adenoma-carcinoma sequence. We strongly recommend a strict surveillance program for FAP patients,
including annual flexible colonoscopy, irrespective of the
phenotype and genotype.

vanced stage at diagnosis, with poor outcome.
Recent reports of a high frequency of adenomas after
IPAA, together with favorable functional outcomes in
patients who underwent IRA, may lead to reconsideration of the latter surgical option for some FAP patients,
especially when quality of life and fertility criteria are
taken into account[30]. In clinical practice, the results of
preoperative evaluation of the rectal stump using indigo
carmine chromoendoscopy are a major deciding factor.
A limited number (< 10-20) of rectal polyps without any
cancer would lead to preservation of the rectal stump in a
majority of patients[94,95]. However, with the availability of
better endoscopic instruments and resection techniques,
and the possibility of enhanced post-operative surveillance, > 20 rectal polyps and/or non-invasive cancers can
now also be managed endoscopically. So, there is a possibility that the criteria for IRA will expand in the near
future. Of course, based on clinical and genetic data, a
stepwise surgical strategy with a primary IRA followed at
a later age by a secondary proctectomy and IPAA could
be proposed[5].
An ongoing multicenter study in Japan is being conducted by Ishikawa et al[96] under the title “Intervention
trial for colorectal cancer prevention by endoscopic
polypectomy in patients with familial adenomatous pol-

IRA VS IPAA
In a review of 12 studies containing 1002 patients with
FAP (53.4% IPAA, 46.6% IRA), Aziz et al[92] showed that
bowel frequency, nocturnal defecation, and incontinence
rates were significantly less in IRA patients, although fecal urgency was less among IPAA patients. There was no
significant difference between IPAA and IRA in terms of
sexual dysfunction, dietary restrictions, or postoperative
complications. In their review, Aziz et al[92] could not identify any malignancies in IPAA patients, and rectal cancer
was a diagnosis only in the IRA patients (5.5%). At the
present time, IPAA anastomosis is recommended by a
majority of surgical teams as the preferred option for
FAP patients[4-6,10,92,93]. Although cancer formation after
IPAA in patients with FAP may be rare, it is of concern
that several of the recently reported patients had an ad-
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yposis” (UMIN000009365). The aim of this study is to
evaluate the usefulness and safety of thorough endoscopic polypectomy in FAP patients who have (or had) ≥
100 colonic adenomas and who refuse surgery, as well as
post-operative patients who have (or had) ≥ 100 colonic
adenomas and who have ≥ 10 cm of remnant colon.

10

11

CONCLUSION
The development of adenomas with high-grade dysplasia and carcinoma in the ileal pouch is an important issue because the choice between IPAA and IRA is based
mainly on the expected low risk of cancer development
after the former surgery. Although the risk of malignant
transformation in ileal pouches is probably low, it is not
negligible, and the long-term risk cannot presently be well
quantified. IPAA will not prevent cancer development in
the terminal remnant intestine, and patients who undergo
IPAA require regular follow-up similar to patients who
receive IRA. A detailed analysis of the phenotypes and
mutations in the APC gene of patients with FAP may allow tailoring of the surgical options in the future.
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100%. No de novo incontinence developed secondary
to the LIFT procedure. There is not enough evidence
that variants in the surgical technique achieve better
outcomes (Bio-LIFT, LIFT-Plug, LIFT-Plus). This review
indicates that the LIFT procedure is primarily effective for transsphincteric fistulas with an overall fistula
closure of 74.6% and has a low impact on fecal continence. This procedure produces better outcomes at the
first surgical attempt.

Abstract

Core tip: We review the current literature published
until today about the ligation of intersphincteric fistula tract -procedure. The paper describes the different types of fistulas in which the technique has been
used; the cure rates achieved; the reported recurrence
rates; types of failures and morbidity related to it. The
paper analyzes the prognostic factors for the success;
describes the various modifications of the surgical technique and the results obtained with them. The manuscript classifies the types of failures and gives options
for their proper treatments. With all these, it sets the
achievements and limitations of the technique, with the
scientific evidence available today.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Fistula-in-ano; Ligation; Intersphincteric;
Fistula tract; Incontinence; Recurrence; Transsphincteric fistula

Broadly, complex fistulas are those that are not low
transsphincteric or intersphincteric. The objectives of
surgical management are to achieve fistula healing,
prevent recurrences and maintain continence. The risk
of incontinence associated with treatment ranges from
10% to 57%. The objective of this manuscript is to
review the current literature to date on the ligation of
the intersphincteric fistula tract procedure (LIFT procedure) as a treatment option in these types of fistula.
A search was conducted in Medline, PUBMED, EMBASE
and ISI Web of Knowledge, and studies published from
January 2009 to May 2013 were included. The primary
outcomes were fistula healing rates, mean healing time
and patient satisfaction with this surgical technique.
Eighteen studies were included in this review. The total number of patients included was 592 (65% male).
The median age reported was 42.8 years. The most
common type of fistula included was transsphincteric
(73.3% of cases). The mean healing rate reported was
74.6%. The risk factors for failure discovered were
obesity, smoking, multiple previous surgeries and the
length of the fistula tract. The mean healing time was
5.5 wk, and the mean follow-up period was 42.3 wk.
The patient satisfaction rates ranged from 72% to
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INTRODUCTION
Perianal abscess and fistulas represent two stages of
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the same disease. The main etiology is cryptoglandular.
Perianal abscess and fistulas are two of the oldest human surgical entities[1]. The objectives of treatment are to
achieve fistula healing, prevent recurrences and maintain
continence. The risk of incontinence associated with
treatment ranges from 10% to 57%[2]. The disease has an
incidence of 8.6 per 100000 people and nearly 20000 to
25000 fistulas are treated annually in the United States[1].
The incidence of fistulae after perianal abscess is 27% to
60%[3]. Traditionally, a “complex fistula” is defined by a
high risk of recurrence or incontinence following treatment. Broadly, complex fistulas are those that are not low
trans-sphincteric or intersphincteric fistulas. The surgical
options for these fistulas include fibrin application, plug
placement, endorectal advancement flap (ERAF), fistulotomy with primary sphincter repair, partial fistulotomy
with seton placement, ultra-low anterior resection and
coloanal anastomosis, the ligation of the intersphincteric
fistula tract (LIFT) procedure and recently, the videoassisted fistula tract procedure (VAAFT). Trans-sphincteric fistulas comprise 20%-25% of all fistula cases[3].
Although plug placement and applying fibrin are still being used, at present, there is a preference for the ERAF
and LIFT procedures. The LIFT procedure, which is the
topic of this review, involves the following principles:
(1) identification of the internal opening; (2) incision at
the intersphincteric groove; (3) dissection of the intersphincteric space; (4) identification of the intersphincteric fistula tract; (5) securing ligation and excision of the
intersphincteric tract; (6) confirming the removal of correct fistulous tract; (7) opening and curetting the external
opening; and (8) closure of the intersphincteric wound.
A search was conducted in the Medline, PUBMED, EMBASE and ISI Web of Knowledge databases, using the
following terms: LIFT, anal fistula, perianal fistula, fistulain-ano, rectal fistula, complex anal fistula, ligation of intersphincteric fistula tract, sphincter sparing procedures,
clinical trials, outcomes, recurrence, failure, morbidity and
incontinence. All of the studies published in the English
language from January 2009 to May 2013 were included
in this review. We initiated the review from 2009 because
the surgical technique was first described in that year. In
the studies reported by the same group of authors, the
outcomes considered for the analysis were those with a
longer follow-up and a larger number of patients[4-7].

study. Other special characteristics mentioned but not numerically specified were the presence of obesity, ischemic
heart disease, rheumatoid arthritis and cancer. The most
common type of fistula included was trans-sphincteric
(73.3%). The percentage of “low” transsphincteric fistulas was 13.5%. The remaining fistulas were classified as
horseshoe or hemi horseshoe (48), intersphincteric (11),
suprasphincteric (9) and rectovaginal (6). In addition,
34.4% of the population had been previously operated
using the same or another surgical technique. The mean
operative time reported was 36.16 min. Only two studies reported the length of hospital stay (2.5 d and 1.4 d,
respectively), but most of the surgeries were performed
on an outpatient basis. The mean healing rate was 74.6%
(range: 40%-95%), and the mean healing time was 5.5
wk. The percentage of the population who had a drainage seton before the LIFT procedure was 56% (226/402).
In 2009, Rojanasakul[8] first described the technique
and reported a success rate of 94%. They included 18
patients, with a recurrence rate of 5.6%.
Bleier et al[4] conducted a retrospective and prospective
trial. They included 39 patients, 51.3% of whom were
male. The mean age of the population was 49 years. The
average number of previous surgeries to treat perianal
fistulas was 2. In addition, 74% of the population had at
least one previous failed surgical treatment. The average
follow-up period was 20 wk. The success rate was 57%.
The latency time to recurrence was 10 wk. Of the total
recurrences, 4 recurrences were intersphincteric, 3 were
transsphincteric and 1 was a horseshoe type. The incontinence rate was 0%. This represents the first experience
in the United States. The same group, recently reported
on the treatment of 93 patients (61% male), with a mean
age of 43 years[5]. A 32% had been previously operated.
A drainage seton was placed in 92% of the total patients.
The healing rate dropped to 40% with a failure rate of
34%, and 26% of patients suffered a recurrence. The
mean recurrence time was 7 mo. Nine patients had a
down-staging of the fistula to intersphincteric and were
treated with fistulotomy, achieving a secondary healing
rate of 57%. The average Wexner score reported was 1.
No patient had solid stool incontinence.
Shanwani et al[9] performed a prospective study. A
total of 45 patients were included. In total, 71.1% of
patients were male, and the mean age was 41.5 years. The
mean operative time was 67.5 min. The average hospital
stay was 2.5 d (range: 2-5 d). During an average follow-up
period of 9 mo, the cure rate was 82.2%, with an average
healing time of 7 wk. The recurrence rate was 17.8%, and
the recurrence occurred between 3 and 8 mo after surgery. There were no reported cases of fecal incontinence
or morbidity.
There are also variations to the conventional LIFT
procedure. Ellis, based on the treatment of rectovaginal
fistulas with approximately 92% of success, described the
use of a bioprosthetic graft to reinforce the ligation and
the closure of the fistula tract, calling it the BioLIFT procedure in a prospective study of 31 patients[10,11]. Twenty-

REVIEW OF THE LITERATURE
In the present review, we included 18 papers: eleven were
retrospective, two were retrospective and prospective,
four were prospective and one was a randomized controlled trial (Table 1). The total number of patients was
592, and 385 were male (65%). The average age reported
was 42.82 years. Only a few studies included patients with
the following characteristics: rectovaginal fistula, 3 studies
with 6 patients in total; cigarette smoking, 2 studies with
21 patients; inflammatory bowel disease, 2 studies; diabetes, 3 studies; HIV, 1 study; and using corticosteroids, 1
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Ref.

male; LIFT

87.50% male

(19-74); LIFT

41 (16-75)

24 LIFT

ERAF 87.1%

NA

61% male

82.8% male

10 male

68% male

17 male

22 male

71.1% male

51.3% male

NA

Gender

ERAF 49

43

(21-76)

43

(14-71)

40

(4-62)

39

39

(21-67)

40

(30-68)

48

(27-56)

41.5

49

NA

Age (yr)

31ERAF

40

93

93

18

25

25

31

45

39

18

n

Table 1 Summary of the published articles

High fistulas

TS

77 TS

16 HS

100% anal USG

NA

NA

40%

LIFT Fa 37.5%.
P = 0.006

ERAF Fa 6.5%;

3rd 65%
ERAF 93.5%;
P = 0.006

CS, PS

LIFT 62.5%.

RFUVA: obesity,

1st 90%

26%

R 26%

Fa 34%

2nd 75%

74%

57%

Secondary

(4 IS, 3 sinus)

R 6.4%

4 IS, 22 HS 6 SP

86%

(17%; 1 IS, 2 TS)

R3

Fa 32%

R 28% (all IS)

R 2 (6%)

Fa 7.5%

Anal USG 100%

83%

68%

68%

94%

44 HTS)

Manometry

1HS

100% MRI or anal USG

NA

MRI 72%

NA

2 RV
89.2% TS (39 LTS,

15 TS

NA

6 IS, 18 TS, 1 SP

31 TS

48.80% anal USG

NA

NA

NA

NA

external hemorrhoid

1 Thrombosed

2 Vaginal Candidiasis

0

NA

0

pain

2: Anal fissure and

NA

Morbidity

0 (NAO)

0 (NAO)

NA

Incontinence

74% PS

PS mean 3 (0-9)

Healing time 4 wk

Comments

(1-85)

23 wk

(4-10)

(8-158)
6 mo

27 wk

NA

0 (NAO)

18 wk

DM.
PS: 2 (0-12).
Previous Seton 100%

EC: acute abscess

13 mo (4-67)

LIFT PS: 25%

(2-26); LIFT EC: VIH, CD. ERAF PS: 58.8%;

ERAF 6 mo

(2-64)

R time 7 mo (0.8-27)
Include: HIV, CD, Obesity, CS,

32% PS
92% Previous seton

none (NAO)

IAR, LI, PL.

Describes types of failures.
EC: less 3 mo FU, RV, CD,

R time 22 wk (15-24)

Healing time 4 wk (1-12)

Previous seton 17.2%

PS 28%

Previous seton 100%

EC: CD.

PS 27%

Satisfaction 72%
Previous seton 65%

incontinence

Solid

WS 1 0%-10% 19 mo (44-55)

NA

NA

NA

R time 13.5 wk (7-20)

Heal WS 0

MOT 39 min (17-100)

Satisfaction 100%
PS 40%

18 PS (PLUG)

100% previous seton

Include: CD, CS, DM patients.

R time 3-8 mo
Bio-LIFT

Healing time 6 wk (3-17)

(3-43)

22 wk

(12-30)

15 mo

Healing time 7 wk (4-10)

LOS 2.5 d (2-5)

MOT 67.5 min (35-100)

WS 4

PostOp Global

Basal WS 2

NA

(2-16)

9 mo

(0-58)

20 wk

NA

Follow-up

11.1% PS

R 17.7%

43%

R 5.6%

Failure or
recurrence rate

2 RV
33 TS
82.20%

57%

94%

Healing rate

R time 10w (2-38)
44% colonoscopy

NA

NA

Preperative evaluation

1 SP,

7 HS

28 TS,

5 HS

13 LTS

Fistula
classification
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22
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45 (17-59)

38 (25-56)

31 male

9 male

74% male

32 male

13 male

19 male

10 males

ERAF 14

21

ERAF

LIFT

25

47.8

17 males

39

LIFT

At 1 mo

R ERAF 7% vs
LIFT 4% bleeding, 8%

85% P = 0.059.

LIFT-plus

LIFT 83% vs

LIFT-plus 3

LIFT 4

Fa 7

1 Subcutaneous

1 Anal fissure

LIFT

hemorrhage

1 Anal fissure, 1 local

LIFT-plus

HTS), 4 HS, 1 SP

83%

13% Fa

47%

1 Local Hematoma

NA
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NA

0

HTS) 2 RV
36 TS (3 LTS, 33

40% R

3 late type

12 early type

Fa 15

(8 IS alone)

Fa 20

0

Complete

61%

71%

Secondary

51%

100%

Secondary

82%

.

95%

NA

7% dehiscence apex

Finally 93% vs
92%

ERAF

LIFT 68%

ERAF 85% vs LIFT 8%, P = NS dehiscence IS wound.

infection
NA

NA

NA

NA

100% MRI

100% Anal USG

100% Anal USG or MRI.

15 TS (3 LTS, 12

fistulas.

All recurrent

38 TS
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All LTS

NA
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NAO

0 (NAO)

0 (NAO)
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PostOp 7

PreOp 10
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(Rockwood)

0

(5% WS 1).

Mean WS 0

outcomes

functional

Report equal

19 wk

(8-26)

13.5 mo

(3-44)

26 mo

(7-21)
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(3-35)

19.5 mo

(12-15)

14 mo

20 mo

R time 12 wk

Healing time 4 wk

LOS 1.4 d

MOT 35 min

F time 4 mo
Previous Seton 4

Healing time 8 wk (4-36).

correlates with healing rate.

Length of fistula tract

Previous seton 76%.

18% PS.

EC: RV, CD
68% more 12 mo FU.

3 previous ERAF

PS 48%

LIFT
ERAF + LIFT

Female all healed with first

EC: CD, RV

Healing time faster
PS 10 patients

MOT 20 min (15-40)

HIV, Tb.

EC: CD, FI, MT, acute abscess,

PS 0

RNA favored LIFT (P = 0.016)
LIFT-PLUG

8.1, P < 0.001.

Satisfaction LIFT 9.8 vs ERAF

Pain less with LIFT

MOT ERAF 42.5 min

MOT LIFT 10 min

EC: CD

IHD (33%)

Comorbidities: DM, RA, Ca,

Ca: Cancer; CD: Crohn’s disease; CS: Cigarette smoking; DM: Diabetes; EC: Exclusion criteria; Fa: Failure; HIV: Human immunodeficiency syndrome; HS: Horseshoe fistula; HTS: High trans-sphincteric; IAR: Ileo anal reservoir;
IHD: Ischemic heart disease; IS: Intersphincteric fistula; LI: Loop ileostomy; LOS: Length of stay; LTS: Low trans-sphincteric fistula; MOT: Mean operative time; NAO: Not assessed objectively; NA: Not available; PL: Patients lost;
PostOp: Post-operative; Pros: Prospective; PS: Previous surgeries; R: Recurrence; RA: Rheumatoid arthritis; RCT: Randomized controlled trial; RNA: Resumption normal activities; Retro: Retrospective; RFUVA: Risk factor in
univariate analysis; RV: Rectovaginal fistula; SP: Supra-sphincteric fistula; Tb: Tuberculosis; TS: Trans-sphincteric fistula; WS: Wexner score.
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two of these patients were men, with an average age of
48 years. The patch was derived from the submucosa of
the porcine small intestine with a size of 4 cm × 7 cm,
which overlaps the fistula tract for 1-2 cm. Fixation was
performed to the puborectalis muscle and to the external anal sphincter with absorbable material. BioLIFT
achieved a 94% success rate during an average followup period of 15 mo. There were two recurrences (one
intersphincteric and one hemi-horseshoe). There was
local induration and drainage from the operative wound
that resolved without any intervention other than routine
postoperative care in 12 patients. The degree of satisfaction reported was 100%.
Ooi et al[12] conducted a trial including 25 patients (17
males). The mean age was 40 years. Approximately 40%
of the patients had been previously operated on, and
the preoperative Wexner score of the cohort was 2. The
healing rate was 68% with a mean follow-up period of
22 wk. The mean operative time was 39 min. There was
no morbidity. The global postoperative Wexner score was
4. In the subgroup of patients who achieved healing, the
Wexner score was 0. The mean healing time was 6 wk. All
the recurrences (28%) were in the form of intersphincteric fistulas. The authors achieved a 72% patient satisfaction rate.
Aboulian et al[6] treated 25 patients (68% male) with
26 LIFT procedures. The mean age was 39 years. Of
those patients, 65% had been previously operated on
by drainage seton placement, and 27% of patients had
failed to heal after treatment with another previous fistula technique. An average follow-up period of 27 wk
was achieved. The healing rate was 68%. The morbidity
reported was low and unrelated to the surgical procedure.
In a later report of their series with a larger cohort and
longer follow-up, patients who healed completely were
contacted every 6 mo thereafter to assess for any recurrence of symptoms[7]. This group categorized patients
with persistent symptoms or reappearance of symptoms
before 6 mo as early failures. Late failures were those
with resolution in the early period but return of symptoms after 6 mo. A total number of 38 patients were followed. The mean follow-up period was 26 mo, but 68%
of patients had a follow-up period in excess of 12 mo.
Only 18% of patients had previous fistula surgery, but
76% had received a drainage seton prior to the LIFT procedure. The study described a 61% healing rate after the
first LIFT procedure. A total of 15 patients with failures
were reported with a median time to the diagnosis of 4
mo. Of these patients, 12 failures were early type, and 3
failures were late type. Taking into account all failures,
4 were blind infected sinus, 2 occurred in the form of
intersphincteric fistula (down-staging effect), and 9 occurred as the same trans-sphincteric fistula. In this series,
the median healing time was 8 wk. No incontinence or
morbidity was reported.
Sileri et al[13], in a prospective study, treated 18 patients
(10 of them male), with a mean age of 39 years. All the
patients had a history of abscess drainage and seton
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placement over a period of 6 to 8 wk. The healing rate
was 83% with only 3 recurrences (one was intersphincteric treated with fistulotomy, and the others were 2
transsphincteric fistulas treated with seton placement and
ERAF). The average follow-up period was 6 mo. The
only morbidity reported was a thrombosed external hemorrhoid.
In one of the largest series described, Tan et al[14]
analyzed the outcomes of 93 patients (82.8% male). The
mean age reported was 40 years. Of the patients, 28%
had been operated with another surgical technique before, and only 17.2% had a seton drainage for a mean
time interval of 11 wk. The average follow-up period was
23 wk. The success rate was 86%, with a mean healing
time reported of 4 wk. The recurrence rate was 6.4%,
and the failure rate was 7.5%. Of the 7 patients with
failure, 4 were down-staged the fistula to intersphincteric
and treated with fistulotomy, and 3 patients had a blind
sinus treated with silver nitrate and antibiotics. There
were 6 recurrent transsphincteric fistulas. The mean time
interval between treatment and failure was 22 wk. The
authors described three types of failure. Type Ⅰ is a localized failure or blind sinus characterized by secretion or
discharge in the intersphincteric wound without evidence
of primary opening and adequate granulation of the external orifice. Type 2 is a partial failure with down-staging
of the fistula tract (the fistula is now intersphincteric),
and type 3 is a total failure with the same previous fistula
tract but without involvement of the intersphincteric
wound.
Abcarian et al[15] reported the results of 40 patients
with a mean age of 43 years. The cohort had an average
of 2 previous surgeries. The healing rate was 74%, but
those patients primarily treated with the LIFT procedure
had a healing rate of 90%. In contrast, the patients with
one previous surgery had a healing rate of 75%, and the
patients with two or more previous surgeries had a success rate of 65%. The mean follow-up period was 18 wk.
The authors did not report any functional change in continence.
Tan et al[16], in a retrospective study, compared endorectal advancement flap (ERAF) vs the LIFT procedure after all the patients had been operated on with
seton placement. A total of 31 ERAF procedures were
performed. The mean age of this population was 49
years (87.1% male). In this group, 58.8% of patients
had been previously operated on, and the time interval
between seton placement and ERAF was 13 wk. The
total healing rate was 93.5%, with an average follow-up
period of 6 mo. A total of 24 patients were included in
the group treated by the LIFT procedure, with 87.5%
of the patients being male and a mean age of 41 years.
Only 25% of patients had been previously operated on,
and the time interval between seton placement and the
LIFT procedure was 14 wk. The mean follow-up period
was 13 mo. A success rate of 62.5% was reported. The
ERAF procedure was more effective in this study [healing:
ERAF (93.5%) vs LIFT (62.5%); failure: ERAF (6.5%) vs
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LIFT (37.5%), P = 0.006].
Mushaya et al[17], in a randomized and controlled trial,
compared the LIFT and ERAF procedures. A total of 39
patients were included with a mean age of 47.8 years. In
the LIFT group, there were 25 patients (17 males), and in
the ERAF group, there were 14 patients (10 males). The
mean follow-up period was 20 mo. The mean operative
time of LIFT group was 10 min vs 42.5 min in the ERAF
group (P < 0.001). The postoperative pain was greater in
the ERAF group (visual analogue scale: ERAF 1 vs LIFT
0, P = 0.017). The satisfaction rate favored the LIFT
procedure (9.5 vs 8.1, P < 0.001). The morbidity did not
differ between procedures (4% bleeding in LIFT group,
7% partial dehiscence at the apex in ERAF group, and 8%
dehiscence at perianal wound in LIFT group). The healing rate at one month was 85% and 68% for the ERAF
and LIFT groups, respectively. At the end of the study,
the success rates were 93% and 92%, respectively. The recurrence rates were similar (7% in the ERAF group and
8% in the LIFT group, P = NS). The interval between
surgery and resumption of daily activities favored the
LIFT procedure (P = 0.016). The functional outcomes
were equal between both techniques.
In another attempt to improve the results, Han et al[18]
described a technique using the insertion of a bioprosthetic anal plug in the fistula tract (LIFT-PLUG procedure). They reported their experience in 21 patients (19
of the male gender), and none had previously received
an operation. The mean operative time was 20 min. The
healing rate achieved was 95% over an average follow-up
period of 14 mo. In this series, the mean healing time of
the secondary opening was 2 wk, and at the intersphincteric wound, it was 4 wk (faster than previously reported).
There was no morbidity. Only 5% of patients reported
a Wexner score of 1. A larger randomized, multicenter
prospective trial comparing LIFT-Plug with LIFT is in
progress, including selected cases without previous surgeries (clinical trial number NCT01478139)[19].
Lehmann et al[20] reported the efficacy of the LIFT for
recurrent anal fistulas exclusively. They included 17 patients, including 9 males, with a mean age of 49 years. In
total, 47% of the fistulas were located posteriorly. Eleven
patients had more than two previous surgeries, and six
patients had more than 3 surgeries. Only 4 patients had
been placed a seton drainage previously (the mean time
of latency until the LIFT was 15 mo). The healing rate
reported was 76.4%, but only 65% of patients presented
complete healing during the mean follow-up period of
13.5 mo. The operative time was 35 min. In addition,
41% of patients received an operation on an outpatient
basis with a length of stay in the cohort of 1.4 d. Only
2 complications were reported (local hematoma and
subcutaneous infections). In the follow-up, 2 patients
developed a recurrence, and 1 patient had a sinus. The
complete healing rate was 47%, and the incomplete healing rate was 13% (a total of 60%). In addition, 40% of
patients had persistence or recurrent fistula. No de novo
incontinence was reported.
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There are two interesting studies that have attempted
to expand the existing indications for the procedure. In
the first, van Onkelen et al[21] described 22 patients who
had low transsphincteric fistula. Thirteen patients were
male, and the mean age of the cohort was 45 years. Of
the 9 female patients, 8 had an anterior fistula, and 10
patients of the cohort had previously received an operation. The healing rate was 82%, with 4 down-stages to an
intersphincteric fistula treated by simple lay open. With
these patients, the final success rate was 100%. All of
the female patients achieved complete healing using the
first LIFT procedure. The mean follow-up period was
19.5 mo. There was no fecal incontinence reported (using the Rockwood fecal incontinence severity index). The
same group raises the possibility of use in conjunction
the ERAF and LIFT procedure to prevent recurrence
due to infection at the residual tissue[22]. The researchers
analyzed the results of a series with 41 patients (32 of
them male). The mean age was 42 years. In total, 48%
had received previous operations (3 ERAF procedures).
The LIFT procedure was performed first followed by
the ERAF. A healing rate of 51% was reported with a
mean follow-up period of 15 mo. Of the failures, 12 of
the failures had drainage in the external opening and the
intersphincteric wound, and only 8 had drainage in the
intersphincteric wound alone. This subgroup of patients
was treated by lay open fistulotomy with a secondary
healing rate of 71%.
With a new modification of the surgical technique,
Sirikurnpiboon et al[23] compared the effectiveness of adding a partial fistulotomy until the external sphincter (called
the LIFT-PLUS procedure) in a prospective study of 41
patients. A total of 20 patients underwent the LIFT procedure (with only curettage of the tract and widening of
the external opening), and 21 underwent the LIFT-plus
procedure. The average age of the population was 40.7
years. The healing rate achieved was 83%, with a mean
follow-up period of 19 wk. The median wound healing
time was 4 wk, and the mean time to recurrence was 12
wk. There was no incontinence reported. Morbidity cases
included one anal fissure and one local bleeding in the
LIFT-plus group and one anal fissure in the regular procedure group. There were 7 treatment failures: 4 in the
LIFT group (3 recurrences and 1 sinus abscess) and 3 in
the LIFT-plus group (2 recurrences and 1 intersphincteric
fistula). All of these patients were healed using the same
technique without morbidity or change in continence
status. The healing rate by group was 81% in the LIFTprocedure and 85% in the LIFT-plus group, respectively
(P = 0.0529).
Lastly, a patient who underwent stapled hemorrhoidopexy and subsequently developed a remnant sinus tract
that was successfully treated with the LIFT procedure[24].

COMPARISON OF THE RESULTS
In 1993, Matos et al[25] described a technique of excision
of intersphincteric anal gland infection. They excised the
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cure rate of 95%[11,18]. The BioLIFT technique has two
potential disadvantages. First, it requires a more extensive
dissection in the intersphincteric space. The physiologic
consequences of this dissection have not been studied
and are unknown. The second disadvantage of both
techniques is the relatively high cost of the bioprosthetic
materials. The healing time in the study that used the
PLUG was 2 wk for the secondary external orifice and 4
wk for the intersphincteric wound (faster than previously
reported)[18]. These series do not conclusively demonstrate a benefit that would justify the increased cost of
the use of a bioprosthetic material. The addition of the
partial excision of the fistula tract (partial fistulotomy)
until the external anal sphincter is reached (LIFT-plus), or
the use of both techniques (LIFT and ERAF procedures)
simultaneously in the same patients, did not display any
advantage[22,23]. To date, there have been no prospective
randomized trials comparing the modifications made to
the original technique.
Although most studies include a high percentage of
previously treated patients, the results in a series of patients
with only recurrent fistulas indicated a cure rate of 47%.
The scarring following the resolution of the inflammatory post-surgical response can result in fibrosis and
obliteration of the intersphincteric space. This makes the
dissection in the intersphincteric plane difficult. Tan et
al[16] concluded that given the simplicity of the LIFT procedure, clinicians should still perform the LIFT procedure
in patients presenting for the first time and recommend the
ERAF procedure in patients with multiple previous surgeries and a scarred perianal region.
Only one trial classified the therapeutic failures as
early (80%) and late (20%)[7]. In this trial, Aboulain et al[6]
recommended that in patients with persistent symptoms
it may be prudent to observe and manage symptoms
with local care up to 6 mo before planning for additional
treatment. The researchers affirmed that it is important
to individualize all cases because some patients may require earlier intervention if their symptoms worsen or
develop significant sepsis[6,7]. Tan et al[16] considered that
meticulous dissection along the intersphincteric plane
while maintaining the integrity of the internal sphincter
and the anal mucosa is critical. Any breach or buttonhole of the anal canal mucosa during the procedure can
lead to a higher risk of failure. Taking into account the
classification previously described for recurrences and
the results of 12 studies, nine cases were type 1 (blind
sinus), thirty-two cases were type 2 (intersphincteric fistula) and forty-seven cases were type 3 (transsphincteric
fistula)[4-7,12-14,16,17,21-23]. The recommended treatments are
local measures for type-1 failures, fistulotomy for type-2
failures, and reperforming the LIFT procedure or ERAF
procedures for type-3 recurrences.
The risk factors for failure were obesity, smoking,
multiple previous surgeries and the length of the fistula
track[7,15]. In a retrospective study, the healing rate for
patients without previous surgery was 95%, whereas the
rate for those with multiple surgeries was 65%[15]. A pre-

entire fistula tract, in addition to primary repair, by means
of an intersphincteric approach by suturing the internal
anal sphincter defect. Their success with 20 patients was
only 45%. These poor results were attributed to blood
supply issues that resulted in wound breakdown.
In the two studies comparing the ERAF against LIFT
procedure, the results reported effectiveness of 94% vs
62.5% and 93% vs 92%, respectively[16,17]. In the former
study, the follow-up was shorter for the ERAF group[16].
It is also important is the larger proportion of patients
with previous fistula surgeries in the ERAF group, a
possible selection bias. The reported success rate of the
ERAF group was unusually higher than previously reported in other trials[26,27]. In these previous studies, the
authors did not objectively evaluate functional outcomes.
Nevertheless, there have been reports citing incontinence
rates of up to 35% after ERAF[28].
Not all studies specifically stated the types of fistulas
treated. Although the procedure is theoretically ideal for
high transsphincteric fistulas, the most common type of
fistula was transsphincteric. In addition, van Onkelen et
al[21] described the results of the procedure in the treatment of low transsphincteric fistulas. They reported a final and secondary healing rate of 100% without effect on
continence. Bokhari et al[29] reported that major and minor
incontinence after fistulotomy for low fistulas reached up
to 5% and 11%, respectively. These authors noted that
the other factors taken into account for a greater risk of
incontinence are female sex and anterior fistulas or at-risk
for obstetric history[29]. Garcia-Aguilar et al[30] reported
major and minor incontinence after fistulotomy for low
transsphincteric fistulas in 44% of their patients. They
also observed that female sex and an internal opening
located in the midline anteriorly were predictive factors
of impaired continence after fistulotomy[30]. Cavanaugh et
al[31] demonstrated that only the amount of external anal
sphincter divided correlated with fecal incontinence in
severity index scores. It appears possible that the division
of the lower part of the external anal sphincter can be
avoided in the treatment of transsphincteric fistula using
the LIFT procedure.
Two studies reported the routine ligation of the primary internal orifice in their application of the LIFT
technique[5,6]. During the LIFT procedure, Wallin et al[5]
no-touched the primary opening in 87% of cases, ligated
them in 8% of cases, performed a partial internal sphincterotomy in 4% of cases, used Alloderm® in 5% of cases
and created a mucosal flap in 1% of cases. In a univariate analysis, only the use of biologic mesh displayed a
tendency for healing, but the proportions of patients
were scarce and did not reach statistical significance. In
the study written by Aboulain et al[6], the primary internal
opening was closed in the mucosal side within the anal
canal to prevent the entry of new infective agents. They
achieved a healing rate of 68%.
Specifically, the use of a bioprosthetic mesh (Bio-LIFT
procedure) reported a 94% success rate, and the use of
a plug (LIFT-PLUG procedure) resulted in a reported
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viously unreported finding was that for every one centimeter increase in fistula length, the odds ratio for healing
decreased by 0.55 (95%CI: 0.34-0.88, P = 0.01). In this
study, the median length of fistula tract was shorter in
the healed group compared with the failed group (4 cm
vs 6 cm, P = 0.004). After choosing 3 cm as an arbitrary
cutoff point, fistula tracts under three centimeters had
significantly higher primary healing (85% vs 48%, P =
0.04). In addition, 66% of this cohort had a tract length
of more than 3 cm[7]. van Onkelen et al[22] reported that
a past history of previous surgeries, seton placement,
lateral localization of primary opening and horseshoe
extension showed a trend for recurrence. Sirikurnpiboon
et al[23] described that body mass index was the only predictor factor for failure in a univariate analysis. Failure
to identify the fistula tract occurred more often in obese
patients with a body mass index of more than 30 kg/mt2
(P = 0.001).
There were fourteen complications, which included
anal fissures (4), bleeding (3), intersphincteric wound dehiscence (2), vaginal candidiasis (2), chronic anal pain (1),
a thrombosed external hemorrhoid (1), and a subcutaneous infection (1). All these were mild and resolved with
conservative treatment. It is important to mention that
only four trials used a standardized scale to assess functional outcomes[12,18,21,22]. In summary, no de novo incontinence developed secondary to the LIFT procedure with
an overall follow-up period of 42.3 wk.
Only 10 of 18 studies reported the use of a seton
before LIFT procedure[5,7,11,13,14,16,17,20-22]. For the LIFT
procedure be effective, an epithelialized well-formed
tract is advised. In theory, if the tract is inflamed or in
the absence of enough granulation tissue, there may not
be adequate tissue strength to permit ligation. However,
Mitalas et al[32], found no correlation between prior seton
drainage and the presence of epithelium. None of the
studies in this review indicated a benefit in using a seton
before LIFT procedure.
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CONCLUSION
The currently available information indicates that the
LIFT procedure is a feasible and effective surgical technique, with low impact on fecal continence. Its main indication is for transsphincteric fistulas in patients without
previous surgery and with short fistula tracts. Patients
with more complex fistulas, especially with multiple
previous surgeries, should be considered for the ERAF
procedure. There is a lack of evidence to recommend the
combined use of prosthetic materials or to perform the
combined LIFT-ERAF procedure. Further randomized
controlled trials are needed to recommend routinely the
LIFT procedure against other surgical techniques for anal
fistulas.
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Core tip: Phthalates are widely used as excipients in
medications used to treat gastrointestinal disease. Research into the adverse effects associated with certain
phthalates continues to produce uncertainty regarding
the safety of their use in medications. Gastroenterologists should be aware of the potential harm of specific
phthalates so that they can make informed decisions
of whether the benefits of the medication outweigh the
potential risks. Additional studies using human populations will help elucidate if regulatory bodies should
mandate the use of alternative excipients.

Abstract
Pharmaceutical companies that produce gastrointestinal (GI) medications often utilize phthalates for
their ability to localize medication release. Commonly
prescribed GI medications that may utilize phthalates
are 5-Aminosalicylates, proton pump inhibitors, and
pancreatic enzymes. Our understanding of the cumulative health effects of phthalates from medications
remains unclear, and there is increasing evidence that
phthalates are not harmless. Experimental studies in
animals have shown that phthalates, specifically dibutyl phthalate and Di-(2-ethyl-hexyl) phthalate, have
the potential to alter and/or inhibit reproductive biology and in utero development. Despite the lack of definitive human data, many cohort and cross-sectional
studies demonstrate concerning associations between
phthalates and poor health status, specifically developmental problems. Longitudinal studies and studies
with larger sample sizes are required to determine
whether phthalates actually cause negative health
consequences. It is also important that physicians
regularly review and discuss with patients the medicinal ingredients in their medications and supplements,
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INTRODUCTION
Phthalates are plasticizers with widespread industrial use.
Their unique chemical structure allows them to make
plastic more flexible and durable[1]. Phthalates are commonly used as softeners, solvents and additives, and are
employed as excipients in gastrointestinal (GI) medications[2-4]. Pharmaceutical companies that produce GI
medications often utilize phthalates for their ability to localize medication release. More specifically, low molecular
weight (LMW) phthalates are found in oral medications
that require both controlled time release and location
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sensitive release at certain points along the GI tract[5].
Our understanding of the cumulative health effects of
phthalates from medications remains unclear, and there is
increasing evidence that phthalates are not harmless. This
paper will review phthalate utilization in GI medications
and summarize the evidence for the possible hidden danger of these common additives.

Since phthalates are the most widely used additives in
plastics, their absorption in the body has been extensively
studied. Phthalates do not bio-accumulate in the body.
However, their widespread use translates into a large exposure in the general population[8]. Phthalates are quickly
metabolized to mono-alkyl metabolites and glucuronides
and are excreted in both urine and feces[9-12]. The urine
content of phthalates and their metabolites have been
shown to be sensitive biomarkers of phthalate intake.
Therefore, urine screening has been used in many studies
to assess phthalates levels in the population[2,13,14]. Specifically, United States and German population data have
shown widespread exposure to phthalates in urine samples[5,14,15]. A United States study using data from the National Health and Nutrition Examination Survey found
that over 75% of urinary samples contained some form
of a phthalate metabolite, and it has been speculated that
urine studies may underestimate phthalate levels in humans, as metabolites may be metabolized into undetectable byproducts[2,14].

of medication at specific parts of the luminal GI tract.
For instance, using the prodrug technique, an inert drug
is transformed into its active form at various pH levels.
As an alternative method, the pharmaceutical industry
has relied heavily on phthalates to assist with delivery of
GI medications to precise areas of the luminal GI tract.
Compared to HMLW phthalates, LMW phthalates
are more commonly used in pharmaceutical products.
Phthalates used as excipients include cellulose acetate
phthalate, DBP, DEP, dimethyl phthalate, hypromellose
phthalate, and PVC[16]. Excipients are defined as inactive
ingredients found in medications that aid in the manufacturing, administration or absorption of the drug[17]. They
usually possess no active pharmacological ingredients and
are regarded as inert. For example, LMW excipients such
as DBP and DEP are listed in the FDA Inactive Ingredients Database for use in oral capsules, delayed action,
enteric coated and controlled release tablets[18]. Phthalates
can also be combined with different polymers to maintain
medication flexibility[19]. This can assist with the localization of active ingredients through the delayed release of
the inner components of solid drugs[19,20].
An extensive review of pharmaceutical literature revealed that many GI medications contain phthalates as
both excipients and inactive ingredients[17]. For instance,
this review found that mesalamine, pancrealipase, sulfasalazine, ranitidine and omeprazole are prescription
drugs marketed in either Canada or the United States
with labels that identified an ortho-phthalate as an inactive ingredient. The phthalate DBP, which has been
shown to have potentially harmful adverse effects, is
found in nonprescription medications such as bisacodyl
and many probiotic supplements used frequently by gastroenterologists[17]. Omeprazole and ranitidine contain
the phthalate DEP, of which there is no evidence of potential harm.
The extensive use of phthalates in GI medications has
prompted research into the cumulative effects of phthalates on those taking these drugs for prolonged periods
of time. GI medications utilize phthalates more than
most medications and are, therefore, more likely to result
in high exposure to phthalates. Studies have shown that
among patients prescribed, some of the aforementioned
GI medications, specifically mesalamine and omeprazole,
urine concentrations of phthalates have been documented
at levels 100 times higher than the general population[5]. It
has also been shown that DBP and DEP, commonly used
as excipients, can be found at concentrations of 9000 micrograms per capsule in some GI medications[11]. These
concentrations are concerning, as it has been shown that
only 3600 micrograms per capsule can result in DBP metabolites in urine that are above the recommended tolerable daily intake[11]. Well-designed retrospective studies are
needed to determine the long-term effects of using GI
medications with high levels of phthalates.

GI MEDICATIONS AND PHTHALATES

HARMFUL EFFECTS OF PHTHALATES

Scientists utilize various techniques to permit the release

Experimental studies in animals have shown that phthal-

CHEMICAL STRUCTURE
Phthalates are diesters of 1,2-benzendicarboxylic acid
(phthalic acid) and are present in both industrial and
commercial synthetic products[5]. Phthalate esters are
prepared by the esterification of two moles of monohydric alcohol with one mole of phthalic anhydride[6].
When used as an additive to industrial products, phthalates are often combined with polyvinyl chloride (PVC)
because they are cheap and are able to provide important
properties to plastics such as flexibility and durability. As
a result, phthalates are found in more than 80% of the
global plasticizer market[6]. LMW phthalate subgroups
have fewer than eight carbon atoms and include diethyl
phthalate (DEP) and dibutyl phthalate (DBP), while high
molecular weight (HMW) phthalates have eight or more
carbon atoms in an alkyl chain[7]. The commonly used
HMW phthalate, Di-(2-ethyl-hexyl) phthalate (DEHP), is
found in many products containing PVC[7]. Most phthalates used as plasticizers have between 4 and 13 carbon
atoms. These specific carbon lengths are used since fewer
than four carbons can make compounds too volatile and
more than 13 carbons are less effective at combining with
PVC molecules[6].
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ated symptoms[22,39]. A case-control study from Turkey
demonstrated an association between plasma levels of
certain phthalates and gynecomastia, while a multicenter
cohort study performed in the United States showed
no association between phthalates concentration in the
urine and precocious puberty[22,39]. Finally, cross-sectional
and cohort studies out of Sweden, Russia and Finland
have implicated respiratory complications such as rhinitis
and asthma with phthalates[40-43]. However, the evidence
for the association between phthalates and these clinical
manifestations remains weak as most of these studies
used PVC exposure as a proxy to phthalate exposure.

ates, specifically DBP and DEHP, have the potential to
alter and/or inhibit reproductive biology and in utero
development[5]. One study demonstrated that mice exposed to 190 times the recommended amount of Asacol,
a 5-ASA drug that contains DBP, were at risk for developing skeletal malformations and reproductive adverse
effects[21]. These concerns prompted additional studies
which revealed that phthalates can act as anti-androgens
and subsequently have toxic interactions with androgen
receptors[22,23]. Nonetheless, little data exists to help determine whether phthalates act as endocrine hormones
at high levels in humans. Whether phthalates have meaningful interactions with proteins at the cellular level also
remains unclear[24,25].
Despite the lack of definitive human data, many cohort and cross-sectional studies demonstrate concerning
associations between phthalates and poor health status,
specifically developmental problems. For instance, a study
in the United States found positive associations between
LMW phthalate metabolites and several developmental
indicators, including gestational age and head circumference. These results demonstrate that phthalates may potentially alter childhood development from birth[26]. Research from Denmark showed a potentially detrimental
correlation between phthalate monoesters and hormones
essential for normal in utero development[26,27]. Multicenter cohort studies from the United States and Mexico
studying male children demonstrated that prenatal urinary
phthalate concentration is negatively correlated with genital development, including anogenital distance, an index
of demasculinization of the male reproductive tract, and
penile width[23,28,29]. Cross-sectional data from the United
States, China, and Sweden comparing phthalates levels
with semen concentration and semen quality have raised
concern about deleterious interactions[30-34]. By measuring
phthalate metabolites in urine, dose-response relations
have been found between some phthalate metabolites
and sperm concentration, motility, and morphology[30,32].
Despite the associations between phthalates and semen
indices, this data has not been reproduced in the general
population.
Additionally, phthalates have been associated with
stunted neurodevelopment[35,36]. A cross-sectional study
from South Korea displayed a negative relationship
between urinary concentration of phthalate metabolites and performance on various IQ tests[35]. Moreover,
United States cohort data indicated a positive association between maternal urine concentration of certain
phthalates and increased negative behavior on validated
behavior reporting tools[36]. One cohort study from Denmark showed a negative association between phthalate
metabolites in urine and normal serum levels of thyroid
hormone[37]. Interestingly, a cohort study from South Korea showed an association between phthalate metabolites
in the urine, specifically DEHP, and increased attention
deficit hyperactivity disorder symptoms[38]. Recent research has provided conflicting data on the association of
phthalates with the early onset of puberty and its associ-
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5-AMINOSALICYLATES
5-Aminosalicylates (5-ASAs) are used as first line therapy
in treatment for mild to moderate ulcerative colitis (UC).
Initial research in phthalate exposure and GI medications
has focused on 5-ASAs users. Specifically, absorption
data shows concerning levels of phthalates in the urine
of chronic users of mesalamine, a 5-ASA drug. United
States data demonstrated that six individuals taking mesalamine had metabolites of DBP 50-fold higher than
those not using mesalamine[10]. Similarly, one third of
patients taking mesalamine had urine levels of phthalates
that exceeded FDA recommended levels[5,10]. While no
equivocal evidence exists, gastroenterologists treating UC
should consider prescribing 5-ASAs without DBP. This
consideration should be especially taken in women of
child-bearing age, as DBP may have deleterious effects
during pregnancy based on animal studies.
Studies of pregnant and lactating women have shown
that phthalates appear in maternal and umbilical blood,
amniotic fluid and breast milk[27,44-46]. As a result, women
taking 5-ASA formulations have been evaluated for
potential adverse effects during pregnancy[47-50]. While
no randomized control studies exist, a meta-analysis using 7 cohort studies did not indicate that woman taking
5-ASA during pregnancy have significantly higher rates
of congenital abnormalities compared to control groups
using no medication[51]. Pooled odd ratios from these
studies demonstrated 1.16, 2.38, 1.14, 1.35 and 0.93 fold
increase in congenital malformations, still births, spontaneous abortions, preterm deliver and low birth weight,
respectively[51]. Based on this data, the 5-ASA formulation
under the brand name of Asacol has been classified by
the FDA as a pregnancy class C, which reflects adverse
effects in animal but not human studies[21]. As such, it is
important that women taking 5-ASA drugs are informed
about the potential risk of drugs containing DBP, especially when there are alternative 5-ASA formulations that
do not contain DBP. Nonetheless, it must be emphasized
that the risks of not taking 5-ASA while in remission far
outweigh the benefits of avoiding phthalates. In addition, clinicians should consider 5-ASA formulations that
release predominantly into the colon and do not contain
phthalates. For example, Mezavant is a 5-ASA drug that
uses an Multi Matrix system delayed release mechanism,
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which allows release to be primarily in the colon where it
can be most effective at treating ulcerative colitis. It has
been shown to be equally efficacious at achieving IBD
remission and does not contain phthalates in its coating[52]. Salofalk is another alternative 5-ASA formulation
available in Canada and utilizes pH-dependent release. Its
Eudagrit-L coating, contains the DEP rather than DBP.
Unlike the latter, DEP has not been shown to be harmful
in animal studies.

with pharmacists and discuss the potential presence of
phthalates and possible alternatives. Of course, all these
decisions should be made in conjunction with the advice
of a physician.
Based on the empirical evidence available to date,
government regulators and physicians must take caution
against phthalates. Recommendations from government regulators should be followed if feasible and will
hopefully facilitate the development and utilization of
alternatives to phthalates. In order to further explore
preliminary concerns, additional research with robust
methodology should be conducted. Longitudinal studies
capable of demonstrating causation are required to determine whether phthalates actually cause negative health
consequences. Studies with larger sample sizes will also
help quantify how much DBP and DEHP is being absorbed through specific medications. These studies might
help with comparative quantification of bioabsorption
between medication and environment (non-medical) exposures, which will help direct policy. Such research will
permit government regulatory bodies, drug companies
and doctors to respond appropriately.

REGULATION OF PHTHALATES
Throughout the previous decade, much of the media
attention covering phthalates has targeted the presence
of these plasticizers in children toys. Multiple agencies
throughout the world have regulated phthalates in nonmedical products including toys, cosmetics, environmental chemicals and health related products[53-57].
Only recently has more attention been focused on
phthalates in medications. In December 2012, the Center for Drug Evaluation and Research, a group affiliated
with the FDA, recommended against the use of DBP
and DEHP as excipients in prescription and nonprescription medications, and encouraged the use of alternative
phthalates when possible[20].
The FDA has likely limited their advice to recommendations since clinical and nonclinical research has only
demonstrated an association between exposure to these
phthalates and developmental problems, and there remains no evidence that medications with phthalates cause
phenotypic physiologic abnormalities. These studies have
been strictly correlational in nature, and thus a causeeffect relationship cannot be proven.
Accumulating pressure on pharmaceutical companies has encouraged the development of alternatives to
phthalates. Pharmaceutical companies have developed
excipients that do not contain phthalates. As mentioned,
Salofalk and Mezavant are alternative 5-ASA formulations that contain alternative phthalates other than DBP
or DEHP or a delayed release mechanism that does not
incorporate phthalates[52,58].
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Neuromodulation for fecal incontinence: An effective
surgical intervention
Giuseppe Chiarioni, Olafur S Palsson, Corrado R Asteria, William E Whitehead
some unknown mechanism. Neuromodulation is a minimally invasive procedure with a low rate of adverse
events and apparently favorable cost-efficacy profile.
This review is intended to expand knowledge about
this effective intervention among the non-surgically
skilled community who deals with this disabled group
of patients.
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Core tip: This review summarizes the evidence for neuromodulation of fecal incontinence. Neuromodulation
is effective for some patients with fecal incontinence of
different etiology unknown mechanism; when analyzed
by intent to treat analysis, the median responder rate is
59%. The most common serious adverse event is infection at the site of implant which occurs in about 3% of
patients. Cost of treatment is high relative to conservative treatment and biofeedback but seems to be costeffective when offset by gains in quality-adjusted years.
Randomized controlled trials comparing neuromodulation with biofeedback therapy in fecal incontinence are
advisable to tailor patients’ management.

Abstract
Original sources: Chiarioni G, Palsson OS, Asteria CR, Whitehead
WE. Neuromodulation for fecal incontinence: An effective surgical intervention. World J Gastroenterol 2013; 19(41): 7048-7054
Available from: URL: http://www.wjgnet.com/1007-9327/full/v19/
i41/7048.htm DOI: http://dx.doi.org/10.3748/wjg.v19.i41.7048

Fecal incontinence is a disabling symptom with medical and social implications, including fear, embarrassment, isolation and even depression. Most patients
live in seclusion and have to plan their life around the
symptom, with secondary impairment of their quality of life. Conservative management and biofeedback
therapy are reported to benefit a good percentage of
those affected. However, surgery must be considered
in the non-responder population. Recently, sacral
nerve electrostimulation, lately named neuromodulation, has been reported to benefit patients with fecal
incontinence in randomized controlled trials more than
placebo stimulation and conservative management, by
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INTRODUCTION
Fecal incontinence (FI) is defined as the accidental loss
of solid or liquid stools and is a common disabling condition that is often under-reported at medical consultation
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with permanent NRM[9]. Two technical options are available for PNE: a temporary, percutaneously placed, unipolar stimulation lead to be later removed, or the surgical
placement of a quadripolar lead next to a target nerve[9].
Both types of leads are then connected to an external
pulse generator to be substituted by a permanent pulse
generator implanted subcutaneously in case of positive
outcome. The permanent implant sized a quarter dollar
or 2 euro coin (diameter 24.26 mm, thickness 1.75 mm) is
commonly placed in the gluteal area and can be managed
by a small handheld device[9]. A small retrospective study
evaluated outcome and complications of the two PNE
techniques[10]. No difference in outcome was shown, but
the infection rate was slightly higher in patients undergoing surgical placement.

because of fear and embarrassment. In a recent study
of > 1500 primary care patients, FI was self-reported by
36.2% of patients, but only 2.7% of them had a medical
diagnosis of FI[1]. FI has a significant impact on quality
of life (QOL) and health expenditure and may facilitate
the placement of older patients in nursing home facilities[2]. Therefore, increased medical screening of FI is
needed because both conservative and interventional
treatments are available. Biofeedback therapy to increase
rectal awareness of stools and ameliorate anal sphincter response improved continence in about two-thirds
of patients in open and randomized controlled trials
(RCTs)[3,4]. However, patients with severe impairment of
rectal sensation and/or previous anal trauma do poorly
with biofeedback, and alternative options are desirable in
selected patients[5]. In the past a number of surgical procedures has been proposed to treat FI. Major drawbacks
were the small sample sizes and potential worsening of
incontinence[6]. Sacral nerve electrostimulation, later also
called neuromodulation (NRM), was first applied in 1995
by Matzel et al[7] with encouraging results in a small group
of patients with FI without evidence of anal sphincter
defects. The technique was attractive because of its limited side effects and for being minimally invasive. Since
then, the effectiveness of NRM in improving FI has
been proven in a number of studies, although its mechanism of action remains ill defined[8]. However, physicians
involved in the treatment of disordered anal continence
should consider NRM among potential treatment options, and this review is intended to be a primer for the
non-surgical community.

Safety
The commonest adverse events are implant site pain and
paresthesia, which is seen in up to 28% of patients in
some large series with careful reporting about safety[11,12].
Pain is usually managed conservatively and explant of the
device is rarely needed. However, a recent meta-analysis
concluded that incidence of implant site pain may be as
low as 6%[8]. The most serious complication is infection
at the implant site, which was seen in up to 10.8% in the
largest series of > 100 patients[11,12]. The control of site
infection may require device explant in approximately
half of those affected[12]. The meta-analysis by Tan et
al[8] supports diverse evidence indicating that the typical
infection rate is 3%, with the proportion requiring the
device to be removed for refractory infection being about
3% of those infected. Additional side effects reported in
< 8% of patients are urinary incontinence, diarrhea, and
extremity pain, which always resolve spontaneously or
are effectively managed by medication[8]. In older series,
broken or displaced electrodes occurred in about 4%
of cases[8], and sometimes required device explantation.
However, this problem is becoming less frequent since
the electrodes were redesigned. Battery replacement is
usually required after a median of 7 years[13].

Search methods
Search terms were fecal incontinence OR anal incontinence and sacral nerve stimulation OR neuromodulation.
These searches were limited to human subjects, adults,
and studies published in full in the English language between January 1995 and December 2012. Case reports,
preliminary studies, and small sample series investigating
< 15 patients were not considered. Databases searched
were PubMed, Web of Science, Cochrane Reviews, and
Embase. The bibliographies of identified studies were
also searched for additional references. To address NRM
effectiveness, special consideration was given to RCTs
and adequately powered prospective trials.

Mechanism of action
In 1999, Vaizey et al[14] first reported the effect of NRM
on anorectal physiology measured by 24-h solid state
catheter manometry in a small group of 10 patients with
FI. Resting anal pressure did not change significantly
and some evidence of modification of rectal sensitivity and tone was observed. The authors speculated that
NRM worked via complex neuromodulation of sacral
reflexes to regulate rectal sensitivity and anorectal motility[14]. Since then, several studies focused on modifications of anorectal physiology associated with NRM in FI,
with conflicting results. In their meta-analysis, Tan et al[8]
concluded that NRM is associated with improvement in
anal canal pressure at rest and with voluntary squeezing,
and a decrease in the maximum tolerable rectal volume.
However, subsequent studies had inconsistent results,
with RCTs and long-term studies failing to show a rel-

TECHNIQUE, SAFETY AND MECHANISM
OF ACTION OF NRM
Technique
NRM is a minimally invasive surgical intervention consisting of: (1) a testing evaluation interval; and (2) a
second stage with permanent stimulator implantation,
provided the testing interval results are clinically successful. The first stage, also termed percutaneous nerve
evaluation (PNE), is of most relevance to determine the
feasibility of electrode implantation into the sacral foramina, and to demonstrate clinical benefits worth pursuing
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evant influence of NRM on anal pressure[15,16]. When
there are significant improvements in anal canal pressure,
the size of the effect is small and the final resting and
squeeze pressures appear to be below the normal range
for healthy controls[8]. This is not commensurate with
the large clinical effects seen for FI and suggests that the
mechanism by which NRM improves continence is not
primarily an improvement in anal canal pressure. This
issue was addressed in a recent review by Gourcerol et
al[17], which specifically focused on defining the potential
mechanism of action of NRM. The authors speculated
on three potential mechanisms: (1) somatovisceral reflex;
(2) modulation of the perception of afferent information; and (3) increase in external anal sphincter activity[17].
However, no definitive evidence could be found to support any of these and a multifactorial component was
further speculated to justify the efficacy of NRM. The
authors concluded that NRM is effective almost certainly
via modulation of spinal and/or supraspinal afferent inputs, but many gaps remain in the understanding of the
mechanism of action of NRM[17].

nant of NRM outcome[18]. However, until recently, NRM
was not compared to conservative management (diet,
lifestyle modification, constipating drugs, and biofeedback), which is cheaper, commonly available, and often
associated with benefits in at least 50% of patients with
FI[3]. Tjandra et al[15] randomized 120 patients with FI to
either supervised optimal medical therapy or NRM. Conservative treatment included bulking agents, pelvic floor
exercises, or lifestyle and dietary manipulations, but it did
not include biofeedback[15]. NRM was significantly more
effective in improving frequency of incontinence with 25
patients regaining perfect continence[15]. Cleveland Clinic
Continence Score and QOL score were both significantly
improved as well[15].
Open label trials and meta-analysis
In a recent prospective, open label, multicenter trial,
Wexner et al[11] confirmed the effectiveness of NRM in
improving FI in a large sample of 120 patients with 112
of them undergoing permanent implantation. The vast
majority of patients (83%) reported significant improvement of FI according to the outcome measurement selected, including 41% gaining complete anal continence,
after a mean follow-up of 28 mo[11]. FI is a chronic disorder, therefore, Mellgren et al[12] reported on the same
cohort after a mean follow-up of 3.1 years (range: 0.2-6.1
years) with at least a partial data set available in 64% of
the patients. A significant decrease in episodes of incontinence was still reported by 86% of available patients
with 41% regaining continence. A stable improvement in
QOL score was also reported by patients[12]. To deepen
the analysis, a carried forward observation at 3 years was
performed showing a 78% success rate. However, the
success rate dropped to 59% at 3 years when considering
all missing data as failures[12]. Historically, anal sphincter
disruption has been considered a contraindication to
perform NRM, which was not even considered in the
presence of a relevant morphological alteration[7-9]. However, Chan et al[19] provided sound evidence against this
assumption in a comparative cohort study. The effectiveness of NRM in improving FI and QOL at 1 year was
not significantly different in 21 patients with a disrupted
external anal sphincter (81% persisting after previous
sphincter repair) when compared to the outcome of 32
patients with FI and an intact anal sphincter[19]. These
data were confirmed by an RCT comparing NRM with
conservative treatment in which many patients with defects in both the internal and external sphincters were included, showing that NRM was equally effective in those
with or without sphincter disruption[15]. The therapeutic
potential of NRM compared to conservative treatment in
FI has also been reported in several, mostly small studies
including patients with distinct pathological conditions,
including rectal resection and pelvic irradiation[8,20,21]. In
these distinct conditions dealt with in the following section, FI response rates may be lower, with about 50%
of patients responding to temporary stimulation[20,21]. A
recent meta-analysis by Tan et al[8] reported on a total of

EFFECTIVENESS
RCTs
After the early report of Matzel et al[7], a number of trials
were developed to evaluate the efficacy of NRM in FI[7,8].
A major drawback to assessing this literature is the huge
variance in inclusion and outcome criteria and followup intervals[8]. Additional limitations are small sample
size (often < 20 patients) and lack of adequate control
groups[8]. However, the majority of uncontrolled trials
reported a favorable outcome in more than two-thirds
of patients with limited side-effects. Researchers were
unable to identify any clinical and/or functional variable
that could predict outcome[8]. In earlier reports, patients
were selected on findings of either no or marginal evidence of anal sphincter defects. However, this limitation
was later dropped because of the unclear definition of
the mechanism of action of the treatment[8]. In 2005,
Leroi et al[18] reported on the first randomized, controlled,
double blind, multicenter study testing the efficacy of
NRM in FI and/or severe urgency of any etiology. Patients with an ultrasound diagnosis of sphincter defect
were included, provided the defect was not considered
to be the main determinant of incontinence[18]. After
implantation, 27 of 34 patients with FI were randomized
in a double-blind crossover manner to NRM active treatment (electrostimulator ON) vs placebo (electrostimulator OFF) for a 1-mo period with the device in situ. A
final interval of 3 mo was also included in the evaluation
with patients still blinded, potentially choosing either
the ON or the OFF modality[18]. Twenty-four patients
completed the trial, making the sample underpowered.
However, patients reported a significant improvement
in both symptoms and QOL scores, and anal physiology
when in active treatment compared to placebo, providing
evidence that a placebo effect was not the main determi-
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Dudding et al[22]

Muñoz-Duyos et al[24]

Altomare et al[23]

Hollingshead et al[13]

Michelsen et al[16]

Mellgren et al[12]

Wexner et al[11]

Tjandra et al[9]

Ref.

Study design

Major findings

Adverse events

120 patients with severe FI (solid or Single site RCT comparing NRM to
71% of permanently implanted patients (63% of
Pain in 6%, seroma in 2%, and
liquid FI > 1/wk) were randomized
optimal medical management
randomized patients – ITT analysis) reported > 50%
excessive tingling in vaginal region
to 2 groups. Of 60 randomized
reduction in FI episodes/wk at 12 mo. FI episodes/wk
in 9%, but no septic complications
to test stimulation, 53 received
decreased from 9.5 to 3.1 in SNS group, and not at all
permanent implants. Average age 63
in controls. All 4 QOL domains significantly improved
yr; > 90% female. Sphincter defect or
in SNS. Anal squeeze pressure was unchanged. SNS
scar in 47% of both groups
significantly different from control on all outcomes
Multicenter study. 133 received test Multicenter cohort study in United
73% of permanently implanted patients (66% of all
Pain in 25.8%, paresthesia in 12.5%,
stimulation; 120 (90.2%) qualified
States, Canada, and Australia.
undergoing test stimulation – ITT analysis) showed >
infection in 10.8%
for permanent implant. Average
Hypothesis was that > 50% would 50% reduction in FI episodes/wk at 12 mo. FI episodes/
age 60.5 yr; 92% females. Inclusion
report > 50% reduction in FI
wk decreased from 9.4 at baseline to 1.9 at 12 mo. All 4
required > 2 solid or liquid
frequency at 12 mo compared to
domains of the FI QOL improved significantly. An IAS
accidents/wk for > 6 mo and > 12
baseline. QOL and safety were
defect predicted poorer outcome
mo postpartum
secondary endpoints
See Wexner (2010). 77 patients
This reports the 36 mo outcomes
At 36 mo, 86% of 77 patients available for assessment,
Pain in 28%, paresthesia in 15%,
completed the 36 mo FU assessment
for the Wexner (2010) study
but only 55% of 120 enrolled patients, reported > 50%
infection in 10%. 5/120 required
reduction in FI
device explant and 2 required
device replacement
177 patients at single Danish
Uncontrolled case series
In 107 of 111 who still had stimulator in place at 12 mo,
15 of 126 with permanent implant
hospital. Average age 60. 142 (80%)
Wexner score decreased in 87 (median decrease of 7) and had device explanted. There were 2
had positive PNE and 126 received
was unchanged or worse in 20. No significant change in
infections requiring explant
NRM
anorectal manometry
118 patients received PNE, 91 (77%)
Uncontrolled case series
For all 86, median FI episodes/wk decreased from 8.5 to
Broken leads in 2. Battery
qualified for NRM; and 86 received
1.3 and Wexner score decreased from 15 to 9. In 16% of replacement in 7 at mean of 81 mo.
NRM
patients reporting 50% reduction initially, efficacy was
No other AEs reported
lost at median of 11.5 mo
94 patients from 6 hospitals
Uncontrolled case series
Of 60 implanted, 2 died (unrelated) and 6 had devices
AEs in 8 patients: electrode
underwent PNE, and 60 qualified
explanted, leaving 52 for 5 year FU. At 5 yr, 37 (39% by displacement in 8; pain in 3, allergic
for and underwent NRM. Average
ITT) had > 50% decrease in FI frequency. Squeeze and reaction in 1; myocardial infarct in 1;
age 58 yr, 83% female
resting pressures increased, maximum tolerated volume
unrelated death in 2
decreased
Spanish study of 47 patients who
Uncontrolled case series with
At last FU, 14 were continent and 11 had > 50% reductions 8 patients experienced pain but
received PNE, of whom 29 (62%) median 3 yr FU. Cost analysis was in FI frequency. QOL significantly improved. Total direct
none required explantation
received NRM. PNE was ineffective
primary focus
costs for NRM were €371 434, estimated to be €16 181 per
in 16 and 3 had technical failures
quality adjusted life year. No improvement in anal canal
pressures
British study of 70 patients who
Uncontrolled case series with
At 2 yr FU, 41 of 48 with long-term FU (85.4%) had
10/48 had complications including
received PNE, of whom 61 had
median 24 mo FU. Primary focus
>50% reduction. Direct costs were estimated at £9795
2 wound infections, 1 lead
> 50% reduction. At analysis, 51
was cost-effectiveness. Direct
for SNS compared to £2529 for conservative treatment. migration, 5 pain, 2 device failures
had received permanent implants, and indirect costs were estimated
The estimated incremental cost- effectiveness ratio
and FU was available for 48. These
by theoretical model of services
was £25 070, which is convenient, being within £30 000
patients may also be included in the required rather than on actual costs recommended by United Kingdom national guidelines
Hollingshead (2011) report

Sample

Table 1 Effectiveness of neuromodulation in fecal incontinence
Comments

ITT response rate was 58.6%.
Cost analysis was based on
theoretical/ imputed data rather
than real costs

ITT response rate was 53.2%

ITT success rate at 5 yr was 40%
after adjustment for 2 unrelated
deaths

ITT analysis not possible

ITT analysis under-estimates
efficacy because some patients
were lost to FU for reasons
unrelated to efficacy
ITT analysis was not possible.
Many patients were lost to FU

Low complication rate and
excellent outcomes may be
related to this being a single-site
study
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Prospective cohort study
comparing those with EAS defect
to those with intact sphincter

There was a trend for patients with EAS defect to have
worse incontinence and poorer squeeze pressures at
baseline and FU, but not significant. Outcomes were
similar: At 12 mo FU 68.8% with sphincter disruption vs
72.0% with intact sphincter had > 50% reduction in FI. No
differences in anal manometry or QOL outcomes

Seroma in 1/53; pain in 3/53. No
AEs required explant

Strong support for hypothesis
that NRM is equally effective in
patients with EAS defects. ITT
responder rate for combined
group was 63%

Randomized prospective crossover Wexner and St Mark’s incontinence scores and frequency
AEs were not reported
Not directly relevant to efficacy
comparing NRM continuously
of soiling were significantly worse during device off
of NRM
for 3 wk to NRM on only during
period. However, FI frequency was not significantly
waking hours for 3 wk
different between conditions
34 consecutive FI patients (31
Randomized, double-blind,
Cleveland Clinic Continence score, frequency of FI and
10 out of initial 34 reported AE, 4 First RCT to show effectiveness
females) considered, 27 eventually
crossover, controlled trial. All 27
urgency, delay in postponing defecation, subjective
device explantations: 3 for pain and of NRM compared to placebo;
studied, 24 completed the trial
patients underwent NRM then
feeling of improvement, anal physiology, QOL score all
1 for infection
underpowered sample
randomized in a double-blind
significantly improved in the ON interval compared to
crossover design to stimulator
the OFF interval
ON vs stimulator OFF for 1-mo
interval. Patients while blinded
choose to meet the final period of 3
mo ON or OFF

20 patients randomized; 19 had
complete data

60 consecutive patients underwent
PNE and 53 received NRM. These
were separated into 21 with EAS
defect vs 32 with intact EAS. One
surgeon did all surgeries
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Distinct and rare conditions
The efficacy of NRM has also been investigated under several distinct and rare conditions associated with FI, including: (1) double incontinence; (2) rectal resection; (3) pelvic
radiotherapy; (4) anal sphincter atrophy; and (5) spinal lesions. In these conditions, FI is commonly deemed unresponsive to conservative treatment and poorly amenable to
surgical intervention[2,3]. These conditions have mostly been studied in case reports and small case series of NRM of FI with encouraging results, but no adequately powered
RCTs[9]. Notwithstanding that NRM to treat FI was developed by sporadic observations of symptom benefit in urinary urge incontinence, few studies have addressed the bene-

994 patients undergoing NRM with 665 permanently implanted, confirming significant improvement in symptoms and QOL in patients with FI. A disrupted anus was not the
main determinant of outcome[8]. However, some criticisms of NRM outcome reports should be considered (Table 1). Outcomes for NRM are often expressed as the proportion of patients receiving a permanent implant who continue to have at follow-up assessment a > 50% reduction in FI relative to baseline[8,11,12]. However, this likely overestimates the efficacy of NRM compared to other treatments (e.g., biofeedback therapy), where it is conventional to report effectiveness in terms of an intention-to-treat (ITT)
analysis[3]. To calculate the ITT response rate, one must include in the denominator all patients who received test stimulation (PNE). When this is done (Table 1), the responder
rate ranges from 40% to 66%, with a median of 59%, compared to a median of 85% when only those who received a permanent implant were included in the denominator[11,22,23]. In addition, some large studies did not provide the data to calculate the ITT responder rate[13,16]. The response to PNE ranges from 64% to 96.7%, with a median of
87%, and 10 reporting at least a 50% reduction in FI from baseline[8,22-24]. In a recent Danish study, a questionnaire was mailed to 127 patients with FI and ongoing NRM, to
assess subjective patient satisfaction and frequency of incontinence, and 85% responded[25]. A total of 57.3% of the responders reported positively about NRM treatment[25]; a
percentage close to the calculated ITT response rate. In addition, satisfaction with treatment was closely related to pretreatment frequency of incontinence; namely, the more
incontinent the patient, the more likely to report treatment dissatisfaction[25]. Finally, the effects of NRM are well sustained with 75% of those treated still reporting > 50%
symptom reduction at about 7 years[26]. In a separate study, Uludağ et al[27] reported that 84% were still reporting > 50% reduction in FI at 7 years. Switching off the sacral nerve
stimulator at night might reduce the device-associated cost, but it is likely associated with a poor long-term outcome[28].

AE: Adverse event; EAS: External anal sphincter; FU: Follow-up; IAS: Internal anal sphincter.
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fit of NRM in double incontinence[9]. Caremel et al[29] first
reported on clinical questionnaires sent to 57 patients
with double incontinence treated by permanent implantation, with FI as the main indication for NRM in 60%
of them. About two-thirds of patients responded, with
49% reporting an improvement in both fecal and urinary
incontinence. Patients implanted for urinary incontinence
as the main indication were more likely to report full
amelioration of both types of incontinence[29]. Recently,
Faucheron et al[30] reported a single-center study of 57 patients (54 women) who underwent PNE and permanent
implantation for double incontinence of multiple etiology, with a median follow-up of 62.8 mo. Improvement
in both fecal and urinary incontinence was evaluated by
dedicated scores, with about 50% of patients reporting
amelioration of both symptoms[30]. Surprisingly, bladderrelated clinical improvement scored slightly lower than
bowel-related improvement. Re-intervention rate (29%)
and complication rate (12%) were both relatively high[30].
Rectal resection for cancer and pelvic radiotherapy are
conditions commonly associated with secondary severe
alterations in bowel compliance[3]. Incontinence is predominant at night and mostly deemed incurable[2,3]. Two
European groups investigated the efficacy of NRM in
these hard-to-treat conditions in small samples. Both
studies reported PNE to be effective in improving continence in approximately half of those treated, but the efficacy of permanent implantation was not reported[20,21].
Atrophy of the anal sphincter is an additional hard-totreat FI disease for which NRM has been associated with
clinical benefit in open trials. Santoro et al[31] have reported a single-center study of 28 patients with magneticresonance-imaging-documented external anal sphincter
atrophy of different severity undergoing permanent
implantation for FI. A significant improvement in both
FI and QOL scores was reported regardless of severity
of sphincter atrophy[31]. This study provided indirect evidence of improvement in anal sphincter function as the
mechanism of action of NRM[31]. Finally, a few studies
have evaluated the efficacy of NRM for loss of normal
bowel function due to nerve injury, neurological disease,
or congenital defects of the nervous system - so-called
neurogenic bowel. Holzer et al[32] assessed clinical outcome in a cohort of 29 patients undergoing permanent
implantation for FI of mixed neurological etiology, including diabetes. The authors claimed that most patients
were symptomatically improved, but outcome parameters
were ill defined[32]. Recently, an Italian group reported on
the efficacy of NRM in improving symptoms of pelvic
floor dysfunction in 23 patients with incomplete spinal
cord damage[33]. A significant improvement in FI was
found in the majority of patients, but the grouping of
patients with both constipation and FI made it hard to
interpret the results[33].

tive medical management, pelvic floor exercises and
biofeedback therapy. Actual cost of NRM varies widely
among countries as well as health insurance conditions.
However, studies from three different countries have
concluded that NRM is cost-effective when offset by the
quality-adjusted life-years gained, and that it is likely to be
reimbursed by government health programs[22,24,34,35].

CONCLUSION
In conclusion, NRM is effective for FI of diverse etiology. Encouraging results have also been reported for
FI therapy in distinct and rare conditions, but RCTs are
lacking and no firm conclusion can be actually drawn.
NRM is reported to have long-term benefit in more than
two-thirds of patients with FI undergoing permanent
implantation, by some as-yet-unknown mechanism.
However, when analyzed by ITT analysis, the median
responder rate drops to 59% of those treated. NRM is
a minimally invasive procedure. The most common serious adverse event is infection at the site of implantation,
which occurs in about 3% of cases and requires device
explantation in about 3% of all patients receiving permanent implants. Cost of treatment is high relative to that
of conservative treatment and biofeedback but there are
studies from different countries suggesting that NRM is
cost-effective when offset by gains in quality-adjusted life
years. However, RCTs comparing NRM to biofeedback
therapy for FI are required to resolve this issue.
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Core tip: Although often overlooked by clinicians, the
gastrointestinal tract is the most commonly damaged
system in patients with progressive systemic sclerosis.
Virtually all parts of the gastrointestinal tract can be involved, although the esophagus is the most frequently
reported. The mechanisms of gastrointestinal tract
involvement have not been clarified; however, vascular damage, excessive accumulation of collagen, and
immunological abnormalities may play a role because
they are the most frequent histological findings in biopsies and autopsies. Non-specific symptoms, including
dyspepsia, nausea, vomiting, and abdominal distension are common complaints. Although supportive and
symptomatic treatment is the main therapeutic strategy
for systemic sclerosis, early diagnosis is critical for improving patient prognosis.

Abstract
Systemic sclerosis is an autoimmune disease characterized by progressive skin thickening and tightness.
Pulmonary interstitial fibrosis and kidney damage are
the most important indicators for mortality; however,
the gastrointestinal tract is the most commonly damaged system. Virtually all parts of the gastrointestinal
(GI) tract can be involved, although the esophagus is
the most frequently reported. The mechanisms that
cause such extensive damage are generally unclear,
but vascular changes, immunological abnormalities,
excessive accumulation of collagen in the submucosa,
smooth muscle atrophy and neuropathy may participate
because these are the most common histological findings in biopsies and autopsies. Most patients with GI
tract involvement complain about dyspepsia, nausea,
vomiting, abdominal bloating/distension, and fecal incontinence. These symptoms are generally mild during
the early stage of the disease and are likely ignored by
physicians. As the disease becomes more advanced,
however, patient quality of life is markedly influenced,
whereby malnutrition and shortened survival are the
usual consequences. The diagnosis for systemic sclerosis is based on manometry measurements and an
endoscopy examination. Supportive and symptomatic
treatment is the main therapeutic strategy; however, an
early diagnosis is critical for successful management.
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INTRODUCTION
Systemic sclerosis (SSc) is a chronic autoimmune disease
with an unknown etiology. The most common clinical
presentations include: Raynaud’s phenomenon, skin thickening and tightness caused by widespread vasculopathy
and excessive fibrosis. The gastrointestinal (GI) tract is
the most commonly involved internal organ in SSc. It is
estimated that GI involvement occurs in approximately
70%-90% of SSc patients[1-3]; however, a recent study by
Schmeiser et al[4] has shown that 98.9% of SSc patients
suffered from GI symptoms. Additionally, the symptoms
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early stage of SSc[1]. Additionally, weak expression of vascular endothelial growth factor in the gastric submucosa
suggests angiogenesis impairment, which then causes
nerve plexuses dysfunction and smooth muscle atrophy.
Antibodies to the M3 muscarinic receptor, which can
block binding of the enteric cholinergic neurotransmission, have also been detected in SSc patients[6]. As GI
damage advances during SSc, severe fibrosis, with abundant type Ⅰ and Ⅲ collagen deposition in the lamina
propria and muscularis mucosa, can be observed, and
these changes are associated with smooth muscle atrophy
and fibrosis. Furthermore, a prominent T-cell infiltration,
with a significantly elevated CD4+/CD8+ ratio, has been
detected in SSc patients with GI involvement. Moreover,
over-expression of fibrogenic cytokines, such as transformation growth factor β, connective tissue growth factor,
endothelin-1 and α-smooth muscle actin have been observed around intestinal glands and blood vessels[7,8].
The association between autoantibodies and SSc GI
damage has also attracted great interest. Howe et al[9] reported the presence of anti-myenteric neuron antibodies
in some SSc patients, suggesting that this autoantibody
may be associated with the GI symptoms that occur in
some SSc patients. Nishimagi et al had found that the
presence of anti-centromere antibodies (ACA) or Scl-70
antibodies were less frequent in patients with severe GI
damage; however, there was an increased frequency of
anti-U3RNP (ribose nuclear protein) and anti-U1RNP
antibodies as well as an increased ratio of Th/To
cells[10,11]. Additionally, there was a higher incidence of severe diarrhea in patients with anti-U3RNP antibodies but
not in patients with anti-U1RNP antibodies. Thoua et al
found that there was a negative association between diarrhea and pulmonary fibrosis, although this association
was not statistically significant. In general, however, there
is no reported SSc GI involvement between localized and
diffuse SSc subtypes[12].

of GI manifestation can be mild to severe, including
pain, dysphagia, vomiting, diarrhea, constipation and fecal
incontinence[5]. Anatomically, GI involvement can affect
the whole length of the GI, starting from the mouth to
the anus. In this review, we have highlighted the clinical
features of each anatomical GI region believed to be involved in SSc, as well as the possible treatment approaches.

PATHOLOGY AND PATHOGENESIS OF
THE GI INVOLVEMENT IN SSc
Although the entire GI tract can be affected, the underlying pathological changes and symptoms are similar in all
parts of the GI, from the esophagus to the rectum. Additionally, vascular changes, immunological abnormalities,
excessive accumulation of collagen in the submucosa and
smooth muscle atrophy are histological hallmarks of SSc
found in the digestive tract walls from patient biopsies
and autopsies[1]. The progression of the GI involvement
in SSc patients ranges from a grade of 0-2. These scores
were based on the following parameters: (1) Vascular
damage to the vasa nervorum (grade 0), which is a part
of the characteristic SSc vasculopathy that can lead to
ischemia; (2) Neurogenic impairment (grade 1), which is
secondary to ischemia but causes damage to neurons of
the intestinal wall; and (3) Myogenic dysfunction (grade
2), whereby normal smooth muscle is replaced by collagenous fibrosis and may cause atrophy[2,4]. This progression may explain the characteristic pathological changes
observed in SSc patients.
The pathogenesis of the GI complications that occur
during SSc is generally unknown. Vascular and auto-immune hypotheses have been proposed to explain the GI
histopathological changes observed in SSc[5]. The vascular
change hypothesis suggests that the initial GI lesions occur because of a neural dysfunction caused by arteriolar
changes in the vasa nervorum or by increased collagen
deposition. Moreover, studies have shown that mucosal
blood flow to the stomach and duodenum are reduced
and that vascular insufficiency occurs before smooth
muscle atrophy develops. Additionally, increased proliferation and fibrosis of the adventitia may also occur. All
these vascular changes can lead to ischemia, which in turn
may cause neuron damage and collagen tissue compression of nerves. Vascular ectasia with focal intra-vascular
thrombi and antrum fibromuscular hyperplasia also can
occur with SSc, providing additional evidence for the vascular change hypothesis.
It is generally accepted that the immune system participates in SSc pathogenesis. One study has shown that
damaged stomach endothelial cells express high levels of
the cell adhesion molecules including vascular cell adhesion molecule-1 and intercellular adhesion molecule-1
and can attract activated lymphocytes that move into the
damaged sites. The increased CD4+/CD8+ ratio in the
gastric mucosa T cell infiltrate suggests that the acquired
immune response is a trigger of GI damage during the
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CLINICAL FEATURES
The symptoms of GI damage in SSc patients, including
pain, dysphagia, vomiting, diarrhea, constipation, fecal
incontinence, and weight loss vary in severity. Even in
patients without GI symptoms, up to 77% of them had
reflux-esophagitis, 85% had distal esophagus dysmotility, and 92% had gastritis when evaluated by oesophagogastro-duodenoscopy[13]. In fact, the whole GI tract may
be involved and contribute to the symptoms listed above;
however, different GI regions also have their own specific symptom presentations.
Oral cavity
Facial skin tightness and thickening limits the opening of
the mouth and interferes with oral intake and mastication. Approximately 20% of patients develop secondary
Sjögren’s syndrome, which may cause dysphagia, difficultly in swallowing, and periodontal disease and may further
impair a patient’s ability to maintain a good quality of life
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and nutritional status[9].

dyspepsia, nausea and vomiting.

Esophagus
The esophagus is the most commonly involved and
most intensively studied GI complication in SSc patients.
Up to 96% of SSc patients have esophageal complications, including esophageal motility abnormalities, lower
esophageal sphincter (LES) abnormalities, gastroesophageal reflux disease (GERD) and Barrett’s esophagus. A
recent study has shown that esophageal involvement
is more pronounced in SSc patients with positive anticentromere antibodies compared with patients with
increased levels of anti-topoisomerase Ⅰ (Scl-70) or antinuclear antibodies[14].

GAVE: The appearance of GAVE under gastroendoscopy observation is unique and is characterized by multiple,
parallel longitudinal columns of red vessels within the
gastric antrum radiating to the pylorus, resembling the
stripes on a watermelon. This condition, therefore, is also
known as “watermelon stomach”. GAVE can precede
an SSc diagnosis[18]. It is estimated that the prevalence
of GAVE ranges from 5.7% to 14% of SSc patients[1,5].
GAVE can sometimes manifest itself as severe GI bleeding, although achlorhydria, with or without pernicious
anemia, is more common. Furthermore, the pernicious
anemia is usually microcytic.

Esophageal dysmotility and GERD: Esophageal dysmotility is the most common GI manifestation in SSc
patients. Damage to the distal two-thirds of the esophagus smooth muscle during SSc causes decreased or even
complete loss of peristalsis in the smooth muscle and
distal portion of the esophagus, delaying food bolus
transportation and clearance of refluxed materials from
the stomach[15]. Dysphagia and difficulty in swallowing
are common complaints.

Gastroparesis: This condition is the result of chronic
gastric motility alternations. These patients may experience delayed gastric emptying or complete gastric paralysis. Delayed emptying can result in early satiety, bloating,
dyspepsia, nausea and vomiting. Succussion splashing
during examinations often suggests gastroparesis. Delayed emptying occurs equally with solid and liquid meals
and can make GERD even worse.
Small bowel
The small intestine is the second most commonly involved portion of GI tract during SSc, following the
esophagus. It is suspected that the small intestine function is compromised in 40% of SSc patients[19]. Although
most mild cases have no symptoms, bloating, vomiting,
abdominal pain, diarrhea, pseudo-obstruction, malabsorption and weight loss may occur in severely affected
patients. Small intestine hypomotility is the primary abnormality and may lead to pseudo-obstruction and bacterial overgrowth, which is the major cause of malnutrition
in SSc patients. Additionally, pneumatosis cystoides intestinalis (PCI) may occur but is a rare condition.

GERD: The damage to the lower two-thirds of the
esophagus caused by SSc often leads to a weakened LES.
LES abnormalities, which presents as a low baseline pressure, results in the sphincter neither opening normally
when swallowing nor closing completely afterwards. Such
abnormalities allow for a pathological gastric acid reflux
to the esophagus, which causes further damage to the
LES. This condition is known as GERD. Initially esophageal damage caused by GERD manifests as simple peptic
esophagitis, but it can progress to erosive esophagitis,
bleeding and frank ulceration. If left untreated, esophageal stricture, fistulas and achalasia-like syndrome may
occur[2]. Patients with GERD usually have heartburn, dysphagia, substernal chest pain, nausea and vomiting after
eating; however, the intensity of the symptoms is not related to the severity of GERD. It is reported that GERD
severity is associated with pulmonary interstitial fibrosis[1].

Intestinal hypomotility and secondary bacterial
overgrowth: Intestinal dysmotility has been reported in
40%-88% of SSc patients[5]. Manometric and electrophysiological studies have revealed neuropathy of the enteric
nervous system in SSc patients with intestinal dysmotility.
Additionally, the autoantibody that inhibits M3-muscarinic receptor-mediated enteric cholinergic neurotransmission was also detected in these patients[20,21]. Intestinal
hypomotility can result in nausea, vomiting, bloating, distension, anorexia and abdominal pain. Because decreased
motility of the small intestine can result in intestine contents stasis, it is believed that stasis of intestinal contents
can cause small intestinal bacterial overgrowth (SIBO).
SIBO is defined as the presence of more than 1 × 105
organisms per millimeter of duodenal aspirate fluid. It is
not a rare disorder and has been detected in up to 55.5%
of SSc patients[22,23]. Additionally, it has been observed
that SIBO is more prevalent in patients with limited SSc.
Bacteria overgrowth competes with the host for nutrition and causes malabsorption of fat, proteins, carbohy-

Barrett’s esophagus: Chronic GERD can lead to Barrett’s esophagus. The estimated prevalence of Barrett’s
esophagus in SSc patients is 6.8%-12.7%[16]. Additionally,
Barrett’s esophagus in SSc patients is associated with an
increased risk of esophageal carcinoma[1,2,5].
Stomach
It is reported that stomach involvement occurs in
10%-75% of SSc patients[17]. The gastric manifestations
of SSc include gastric antral vascular ectasia (GAVE),
which is typically presented as “watermelon stomach”
during gastro-endoscopy examinations. Additionally,
GAVE can cause gastric dysmotility, which leads to delayed gastric emptying or gastroparesis. Moreover, these
SSc patients may have GI bleeding, early satiety, bloating,
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drates and vitamins[5]. SSc patients with SIBO, therefore,
have lower levels of serum albumin and total protein, as
well as vitamin B12 and ferritin. The symptoms caused
by SIBO are similar to those caused by small intestinal
hypomotility; however, steatorrhea, multiple nutritional
deficiencies and weight loss can occur when the flora
overgrowth is severe enough to cause prominent malabsorption.

tion of the striated muscle external anal sphincter (EAS),
which makes it possible to maintain anal continence.
The IAS is primarily responsible for the anal resting tone
and the EAS is primarily responsible for the voluntary
contraction of the anal sphincter. IAS weakness leads to
passive fecal incontinence, while EAS weakness leads to
urge fecal incontinence. As smooth muscle is more likely
to be damaged because of SSc, the IAS is more likely to
be affected in the anorectum. IAS atrophy may be secondary to vascular or neurological dysfunction. Heyt et
al[26] demonstrated that SSc patients had a thinned IAS.
Additionally, the circular and longitudinal IAS smooth
muscle layers were replaced with fibrous tissue. A lower
IAS resting pressure is also common in SSc patients with
anorectal involvement; however, the squeeze pressure
is usually normal, as the EAS is generally not affected.
Because there is a decrease in the rectal resting tone in
these patients (due to smooth muscle cell atrophy that
results from ischemia); rarefaction of innervations and
neurogenic dysfunction often occur as well, consequently
impairing the RAIR. Thoua et al[27] demonstrated that the
RAIR was compromised in 46% of SSc patients with incontinence and provided evidence that neuropathy played
a key role in the development of fecal incontinence in
these observed patients. Furthermore, Malandrini et al[28]
observed nerve degeneration in the rectal mucosa of
SSc patients with fecal incontinence. Most studies have
shown that the resting anal pressure is also reduced in
fecal-incontinent SSc patients, resulting in an absent or
impaired RAIR; however, their maximal squeeze pressures are normal. Additionally, inappropriate collagen
and connective tissue deposition often occurs in SSc patients, which disrupts neural fiber connections and insults
neural tissue, usually resulting in neuropathy. Interestingly, however, although the IAS response is diminished
or absent and the EAS response is normal or increased
in rectal-incontinent SSc patients, no correlation between
disease duration, ACA status or SSc subtype has been
observed[25].

Small intestine pseudo-obstruction: This complication
is secondary to small intestinal hypomotility because decreased peristalsis, or even aperistalsis, may provoke luminal dilatation and overt pseudo-obstructions. There is no
difference in the clinical and radiographic features of the
pseudo-obstructions caused by SSc or by other reasons.
Abnormal collagen deposition in the small intestinal wall,
which can occur during SSc, is irreversible, resulting in
recurrence of pseudo-obstructions.
PCI: PCI is characterized by the presence of intramural
gas in the gastrointestinal tract[24]. It is a rare SSc GI complication. Like small intestinal pseudo-obstructions, it is
secondary to small intestine dysmotility. It is basically a
radiological diagnosis and usually has no consequences.
Rarely, however, intestinal ischemia can occur and surgical intervention is needed. Occasionally, the air-filled cysts
in the bowel may rupture, leading to benign pneumoperitoneums[5,25]. Generally, the prognosis of PCI is good.
Colon
Colon involvement is observed in 10%-50% of SSc patients[1,5]. Colon hypomotility is the most common colonic complication during SSc and can cause delayed colon
transit. As a result, constipation and evacuation difficulty
may occur. Constipation, however, does not often persist for long because of intestinal bacterial overgrowthinduced diarrhea. Therefore, constipation and diarrhea
are the most common clinical symptoms of SSc patients.
Although wide-mouth diverticula in the colon may occur
in SSc patients, it is rarely symptomatic. Colonic telangiectasias are common during SSc and may cause overt
bleeding, which can result in anemia.

Liver and biliary tract
Liver and biliary involvement in SSc is relatively rare;
however, primary biliary cirrhosis (PBC) is the most
common hepatobiliary manifestation in SSc patients, with
an estimated prevalence of 2.5%[29]. Eight percent of
SSc patients have positive anti-mitochondrial antibodies,
while anti-glycoprotein and anti-sp100 antibodies have
been detected in up to 15% of SSc patients[29-31]. The
onset of PBC may precede, occur concomitantly with, or
more commonly, follow SSc onset. Patients with a concomitant SSc and PBC disease occurrence have a higher
prevalence of calcinosis and telangiectasia than patient
with only SSc[32].

Anorectal SSc
The reported anorectal involvement in SSc is 50%-70%[5].
Patients may present with chronic diarrhea, fecal incontinence and rectal prolapses. Fecal incontinence is the
most frustrating symptom and seriously impairs patient’
s quality of life. It is reported that 37.1% to 70% of SSc
patients develop incontinence[2,5]; however, the prevalence
of fecal incontinence is likely under-estimated because
most patients are reluctant to report the symptoms. Neuropathy plays a key role in the development of SSc fecal
incontinence.
Defecation requires the collaboration of the internal
and external sphincter as well as intact rectoanal inhibitory reflex (RAIR). RAIR consists of relaxation of the
smooth muscle internal anal sphincter (IAS) and contrac-
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problems can be diagnosed by routine oral examination.
Esophageal motility disorders, such as GERD, can be
diagnosed by the combination of upper GI endoscopy
and esophageal manometry procedures, together with
ambulatory PH studies. Esophageal biopsies can confirm
the diagnosis of Barret’s esophagus. Electrogastrographic
recordings and scintigraphic evaluations following a radiolabeled meal are both useful for the diagnosis of delayed stomach emptying. A typical endoscopic procedure,
whereby “watermelon stomach” is obvious, is diagnostic
for GAVE. Small bowel manometry is helpful not only
in the screening for SSc patients who have small intestine
involvement but also in identifying symptomatic patients
with intestinal pseudo-obstructions who may benefit
from octreotide. Additionally, low resting anal canal pressure and impaired or absent RAIP observations are helpful in diagnosing anorectal disorders.

lopride and tegaserod, are helpful in patients with early
stage stomach disease, but become less effective as the
disease progresses. Macrolide antibiotics are believed to
have motilin agonist properties and have been evaluated
in delayed stomach emptying patients. Erythromycin,
however, is the most widely studied drug. It has been
shown to stimulate intestinal motility even with low dosages; however, its effectiveness may decrease with time[34].
Small intestine
Bacterial overgrowth is the major cause of symptoms in
patients with small intestinal involvement. Antibiotics,
such as metronidazole (500 mg BID) and ciprofloxacin
(500 mg BID), administered for 14 to 28 d can be helpful for these patients. An alterative antibiotic regimen
includes oral intake of chloramphenicol and the third
generation cephalosporins. Rotating antibiotics monthly
is suggested to circumvent bacterial resistance. Probiotics have been proven to be effective and safe for patients
with bloating caused by bacterial overgrowth[35]. Lactobacillus can be used to treat this condition because it
can competitively inhibit the attachment and growth of
pathogenic organisms and restore the microbial balance
in the GI tract. Additionally, lactobacillus may also enhance the immune-modulating effects in patients by increasing the IgA response or by modifying mucosal IL-10
and Th1/Th2 lymphocyte levels. Studies have shown that
lactobacillus can also produce proteinaceous factors that
alter epithelial permeability, inhibit bacterial translocation,
and influence the level of gut mucin glycoprotein[5].
Small intestine pseudo-obstructions are common
in SSc patients. The initial treatment for this condition
should include bowel rest, intravenous fluid infusion and
electrolyte correction. Octreotide has also been shown
to be effective[36]. The starting dosage is usually 50 μg bid
(given subcutaneously) during acute onsets; however, the
dosage can be increased up to 200 μg if a satisfactory response is not observed. For patients with recurrent pseudo-obstruction episodes, 50 μg of octreotide at bedtime
is usually effective and depot octreotide can be prescribed
on a monthly basis. Neostigmine can lead to prompt
colon decompression; therefore, it can be used for this
condition. If octreotide and neostigmine treatments are
not effective, however, colonoscopic decompression is
normally the treatment of choice. Surgery procedures are
reserved for cases of peritonitis and perforation.

TREATMENT
Treatments for SSc-induced GI impairment are generally
symptomatic and supportive. Nutrition status assessment
should be a routine component of clinical care for SSc
patients[33]. Moreover, a multi-disciplinary approach is
important for the optimal care of SSc patients with GI
involvement.
Oral cavity
For patients with decreased oral aperture, techniques such
as facial grimacing exercises, mouth stretching exercises
and oral opening augmentations with tongue depressors
are recommended. Bilateral commissurotomy may also
be performed to increase mouth opening. For patients
with dry mouth, attention should be paid to oral hygiene
to prevent caries.
Esophagus
For patients with esophageal dysmotility, modified lifestyle measures should be initiated and have proven to be
helpful. These measures include frequent small meals,
sitting up during and after meals, elevating the heads of
patients’ beds, and avoiding known irritants and bedtime
meals or snacks. Patients with endoscopically documented GERD require chronic treatment with proton-pump
inhibitors. Use of prokinetic drugs that increase gastric
emptying, such as metoclopramide, may help reduce
reflux. Additionally, esophageal strictures can also be dilated under endoscopic guidance. Patients not responding
to medication therapy can be treated with anti-reflux surgery. The outcomes of anti-reflux surgeries, however, are
variable, and careful pre-operative evaluations are warranted. Partial fundoplications (Toupet procedure) may
also be helpful in some patients[32].

Colon and anorectal disorders
Constipation, diarrhea and fecal incontinence are the
major symptoms in patients with colon and anorectal
involvement. High-fiber diets and bulk-forming laxatives
should be avoided in constipated patients because these
can worsen constipation. Fluid ingestion and osmotic
laxatives, such as senna, lactulose, bisacodyl and polyethylene glycol, are recommended because these medications can alter intestinal mucosa electrolyte transportation
and also increase intestinal motor activity. Antibiotics
can be given to patients with diarrhea caused by bacteria

Stomach
Bipolar cautery, heat probe, sclerotherapy and laser ablation are available for the treatment of GAVE. Prokinetc
drugs, such as metoclopramide, domperidone, pruca-
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overgrowth syndrome. For patients with incontinence,
sacral nerve stimulation has been shown to be successful in most patients and may also abolish incontinence in
some patients[5]. Posterior anal repair may be considered
when sacral nerve stimulation fails. Rectal and vaginal
prolapses should be detected and surgically repaired, as
these two conditions can contribute to incontinence. Additionally, biofeedback may be helpful in improving rectal
continence. Surgical procedures such as dynamic graciloplasties or the installation of artificial bowel sphincters
should be considered in patients with resistant and severe
incontinence.

10

11
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Liver and biliary disorders
PBC in SSc patients can be treated with ursodeoxycholic
acid, which delays the histological progression rate. Patients with severe liver disorders, however, may need liver
transplantation.
In summary, GI involvement in SSc patients is common and sometimes troublesome. An early diagnosis is
crucial for improving patient prognosis due to the insidious progressive nature of the disease. Symptomatic and
supportive treatments, as well as modified life style measures are the management mainstays for this disease.
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Core tip: Acyl-CoA synthetase 5 (ACSL5) activates longchain fatty acids by coenzyme A linkage and plays a
key role in fatty acid metabolism. On the basis of its
mitochondrial localization, ACSL5 forms an exceptional
member among the acyl-CoA synthetase family. Although its various functions are not yet fully understood, ACSL5 seems to represent a modifier of cellular
vitality along the crypt-villus-axis.

Abstract
The intestinal mucosa is characterized by a high
complexity in terms of structure and functions and
allows for a controlled demarcation towards the gut
lumen. On the one hand it is responsible for pulping
and selective absorption of alimentary substances
ensuring the immunological tolerance, on the other
hand it prevents the penetration of micro-organisms
as well as bacterial outgrowth. The continuous regeneration of surface epithelia along the crypt-villusaxis in the small intestine is crucial to assuring these
various functions. The core phenomena of intestinal
epithelia regeneration comprise cell proliferation, migration, differentiation, and apoptosis. These partly
contrarily oriented processes are molecularly balanced
through numerous interacting signaling pathways like
Wnt/β-catenin, Notch and Hedgehog, and regulated
by various modifying factors. One of these modifiers is acyl-CoA synthetase 5 (ACSL5). It plays a key
role in de novo lipid synthesis, fatty acid degradation
and membrane modifications, and regulates several
intestinal processes, primarily through different variants of protein lipidation, e.g. , palmitoylation. ACSL5
was shown to interact with proapoptotic molecules,
and besides seems to inhibit proliferation along the
crypt-villus-axis. Because of its proapoptotic and an-
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INTRODUCTION
Acyl-CoA synthetase 5 (ACSL5) is part of the acylCoA synthetase family who plays a key role in de novo
lipid synthesis, fatty acid degradation and subsequently
membrane modifications. Their main function is the
activation of long-chain fatty acids by coenzyme A linkage, these conjugates are primarily utilized for triglyceride
synthesis, packed into chylomicrons and secreted through
the basolateral membrane[1-3]. Along the intestinal cryptvillus-axis (CVA) they either cause cell proliferation or
cell apoptosis[4]. The fatty acid activation requires a twostep reaction, catalysed through these enzymes. The first
step results in an acyl-AMP intermediate of ATP. AMP
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is then replaced with CoA and the activated acyl-CoA is
generated. Except for the resulting acyl-CoA, free fatty
acids (the substrates of these enzymes) are able to pass
through membranes. The ACSL-derived esterification
prevents it from leaving the cell. The length of the carbon chain (12-20 C atoms) of the fatty acids defines the
substrate specifics of the different acyl-CoA synthetases.
On this basis, five different subfamilies were identified[5]. Their sequences differ at N-terminus, which is
presumably the reason for their diversity in sub-cellular
localisation. ACSL1 and 6 are associated with the plasma
membrane. They might play a role in the cellular fatty
acid assimilation[6,7]. ACSL4 was mainly found in ER and
peroxisomes[8]. The gene ACSL5 lies on chromosome
10q25.1-q25.2[9,10]. The functional protein is localized on
the inner mitochondrial membrane[11,12] and has a significant regulatory function in the mitochondrial energy metabolism. The pH-dependence of this molecule is especially important. It shows a high functional activity under
alkaline conditions. This observation is of special interest
in the case of mitochondria: In contrast to the enclosing
cytoplasm their pH is more basic by one point and they
show a more alkaline pH with beginning apoptosis[13]. In
this context the pH conditions of tumor genesis and a
differing functionality of ACSL5 should be considered as
well[14].
Analysing the role of ACSL5 in differentiation and
senescence of enterocytes, a sensitization to TRAILdependent apoptosis was found[4], whilst the Triacsin
C-induced apoptosis induction in glioma cells was inhibited. Mashima et al[9] postulated an ACSL5-dependent
survival of tumor cells. There is evidence to suggest a cell
regulatory involvement of ACSL5 in addition to its lipid
modifying function[15].
Triacsin C [1-hydroxy-3-(E,E,E-2’,4’,7’-undecatrienylidine) triazene] was identified as a potent competitive
inhibitor of acyl-CoA synthetase activity[16]. Its inhibitory
effects depend on the N-hydroxytriazene moiety of the
molecule, resulting in a dramatic reduction in cholesterol
as well as triglyceride synthesis with non-transition of
macrophages to foam cells or enhanced eicosanoid release in leucocytes[17,18]. Kaemmerer et al[18] showed that
human ACSL5 is, unlike rat ACSL5, sensitive to the competitive inhibition by triacsin C and does not compensate
for other triacsin C sensitive ACSL isoforms.
This mini review outlines the modifying role of
ACSL5 in different cellular processes at the interface between proliferation and apoptosis.

Wnt signaling plays a key role in regulating intestinal cell
proliferation[19]. A mutation-derived activation of the
cascade initiates the adenocarcinoma sequence. Blocking
canonical Wnt signals leads to a proliferative arrest of epithelial cells in the crypts of Lieberkuhn. The cell sorting
receptors EphB2 and B3 are also target molecules of the
pathway, as they control the positioning of Paneth cells
towards the crypt bottom, whereas all other differentiated
epithelial cells migrate along the CVA[20].
The highest amount of Notch activity is found in
intestinal stem cells[21,22]. The transcription factors Hes-1
and Math-1 conduct the differentiation of progenitor
cells into enteroendocrine, goblet and Paneth cells[23,24].
Blocking of Notch signaling with the γ-secretase inhibitor dibenzazepine results in a rapid conversion of proliferative crypt cells into post-mitotic goblet cells[25,26].
The Hedgehog pathway with its main epithelial proteins Sonic (Shh) and Indian (Ihh) Hedgehog is of central
relevance in villus formation and stem cell homeostasis[27,28].
ACSL5 is expressed in an ascending gradient along
the CVA with the highest expression level in enterocytes
at the villus tip (Figure 1). It is assumed that ACSL5 sensitizes these enterocytes towards TRAIL-derived apoptosis susceptibility by down-regulation of the anti-apoptotic
FLIP and up-regulation of TRAIL-R1 on the cell surface. TRAIL shows a corresponding gradient expression
pattern[4]. Gassler et al[4] suggested an ACSL5-dependent
link to TRAIL-induced apoptosis by the ceramide neosynthesis, which is known to play a key role in TRAILinduced apoptosis[29], occurring mainly at mitochondrial
membranes[30].
Adenocarcinomas with an invasive phenotype and
enhanced proliferation showed decreased levels of
ACSL5 [4]. A functional correlation between ACSL5derived apoptosis susceptibility of enterocytes and increased tumor development is assumed[31].

LIPID MODIFICATIONS CONTROL
INTESTINAL SIGNALING PATHWAYS OF
CENTRAL RELEVANCE
Long-chain polyunsaturated fatty acids show significant
modifying functions in the cell cycle, resulting in inflammation and cancer development[32,33]. They enter into
cells by means of concentration gradients or transport
proteins. The retention in the cell depends on its further
metabolic function and intracellular modification. The
different ACSL isoforms activate a broad range of longchain fatty acids and channel them into specific downstream pathways that can vary in a tissue-specific manner[34]. An over-expression of ACSL5 increases the fatty
acid incorporation into diacylglycerol and triacylglycerol
but does not affect FA used for β-oxidation[35].
A lipid modification of central relevance in several intestinal pathways is palmitoylation. Palmitate, a 16-carbon
saturated fatty acid, is covalently bound to more than 100

ACSL5 AS A REGULATOR OF THE
CELLULAR RENEWAL ALONG THE CVA
IN HUMAN SMALL INTESTINE
The CVA in adult human small intestine is important for
maintaining intestinal homeostasis and this process is
controlled by regulatory signaling pathways such as Wnt/
β-catenin, Notch, Hedgehog, and apoptosis. Canonical
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Figure 1 Expression of acyl-CoA synthetase 5 and β-catenin in normal human intestinal mucosa. Schematic overview of signaling pathways in intestinal mucosa (A) immunostaining of acyl-CoA synthetase 5 (ACSL5) (B) and β-catenin (C).

cellular and viral proteins. In most cases, the fatty acid is
thioester (S-acyl) posttranslationally linked to cysteine.
The reaction is catalysed by palmitoyl-acyltransferases,
where palmitoyl-CoA serves as the donor. The palmitoylation is a dynamic process by means of its reversible
linkage[36-38]. Palmitoylation has several effects on molecule functionality and is especially relevant for signaling
cascades[39,40]. Protein hydrophobicity and membrane
association are increased and protein/protein or protein/
lipid interactions are augmented[41]. Modifications derived
from fatty acids are described for the proteins associated with Wnt signaling, which are very important for
secretion and activity. A fatty acid modification at serine
promotes cysteine palmitoylation[42,43]. Without this fatty
acid attachment at the Wnt ligand, N-glycosylation and
secretion were still possible. In contrast, the absence of
N-glycosylation resulted in a decreased secretion rate.
One example for an apoptosis-associated ligand that
is regulated by palmitoylation is the human Fas ligand
(FasL), responsible for correct signal transduction finally resulting in cell death. Palmitoylation regulates its
transmembrane domain and is critical for efficient FasLmediated killing and FasL processing[44,45].
Another molecule regulated by S-palmitoylation is
-secretase.
Its diverse substrates originate from several
γ
pathways with a focus on type Ⅰ integral membrane proteins, including Notch1 homologues, Notch ligands, Delta and Jagged, cell adhesion receptors N- and E-cadherins,
low density lipoprotein receptor-related protein, ErbB-4,
netrin receptor DCC[46,47]. Cheng et al[46] identified S-pal-
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mitoylation of γ-secretase subunits nicastrin and APH-1,
and characterized its role on DRM association, protein
stability, and γ-secretase enzyme activities.
Palmitoylation of Hedgehog proteins is important
for effective signaling. Protein fatty acylation is not only
found to be a regulator for membrane association of
intracellular proteins, but also for the signaling activity
and efficacy of secreted proteins[48,49]. Palmitoylation thus
controls mechanisms leading to an altered reaction of the
cells towards external signaling.
ACSL5 may play a role in channelling fatty acids towards palmitoylation and other lipid functions with high
relevance for cellular behaviour[18]. An over-expression of
ACSL5 in HepG2 showed an increased palmitate oxidation[50]. An ACSL5-mediated lipid modification of proliferation- and apoptosis-associated molecules might be an
interface in the intestinal CVA.

CONCLUSION
The intestinal epithelium is subject to continuous selfrenewal along the CVA, and progress has been made
towards understanding the task of the various signal
transduction pathways in proliferation, differentiation,
migration and apoptosis of epithelial enterocytes. ACSL5
is a protein localized in mitochondria that plays a key role
in fatty acid metabolism and apoptosis. Although its various functions are not yet fully understood, ACSL5 seems
to represent a modifier of cellular vitality along the CVA,
providing fatty acids for several molecular events.
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Challenges in diagnosing adhesive small bowel obstruction
Thijs R van Oudheusden, Bart AC Aerts, Ignace HJT de Hingh, Misha DP Luyer
tients who present with moderate findings by all these
approaches continue to represent a challenge. A new
diagnostic strategy is urgently needed to further improve our ability to identify early signs of strangulated
bowel, and this diagnostic modality should be able
to indicate when surgical management is required. A
number of potential serum markers have been proposed for this purpose, including intestinal fatty acid
binding protein and α-glutathione S transferase. Ongoing research is attempting to clearly define their
diagnostic utility and to optimize their potential role in
determining which patients should be managed surgically.
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Abstract
Adhesive small bowel obstruction (ASBO) is the most
frequently encountered surgical disorder of the small
intestine. Up to 80% of ASBO cases resolve spontaneously and do not require invasive treatment. It is
important to identify such patients that will benefit
from conservative treatment in order to prevent unnecessarily exposing them to the risks associated with
surgical intervention, such as morbidity and further
adhesion formation. For the remaining ASBO patients,
timely surgical intervention is necessary to prevent
small bowel strangulation, which may cause intestinal
ischemia and bowel necrosis. While early identification
of these patients is key to decreasing ASBO-related
morbidity and mortality, the non-specific signs and
laboratory findings upon clinic presentation limit timely diagnosis and implementation of appropriate clinical
management. Combining the clinical presentation findings with those from other diagnostic imaging modalities, such as abdominal X-ray, computed tomographyscan and water-soluble contrast studies, will improve
diagnosis of ASBO and help clinicians to better evaluate the potential of conservative management as a
safe strategy for a particular patient. Nonetheless, pa-
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Core tip: Adhesive small bowel obstruction (ASBO) is
a frequently encountered disorder of the small intestine following abdominal surgery. Accurately predicting
whether ASBO patients can be treated conservatively
is required to prevent exposing patients unnecessarily
to surgery-related risks, including morbidity and further adhesion formation. Although recent technological developments have improved the ability to identify
those patients most fit for conservative management,
the remaining patients with moderate findings upon
clinical presentation remain a problem. Serum markers of intestinal ischemia are promising candidates for
improving early diagnosis and identification of patients
with strangulated bowel, who will benefit most from
surgical management.
Original sources: van Oudheusden TR, Aerts BAC, de Hingh
IHJT, Luyer MDP. Challenges in diagnosing adhesive small bowel
obstruction. World J Gastroenterol 2013; 19(43): 7489-7493
Available from: URL: http://www.wjgnet.com/1007-9327/full/v19/
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require prompt surgical intervention remains a particular
challenge to clinicians.

i43/7489.htm DOI: http://dx.doi.org/10.3748/wjg.v19.i43.7489

SBO is the most frequently encountered surgery-related
disorder of the small intestine. In up to two-third of
SBO cases, adhesions from prior abdominal surgery
are implicated as the direct cause, having manifested as
adhesive small bowel obstruction (ASBO)[2,6,8]. Although
the majority of ASBO present within one year after
surgery, up to 21% can develop up to ten years later[9].
In addition, other causes of SBOs exist, including neoplasma, herniations, inflammatory disease, or congenital
disorders. Regardless of the cause, however, obstructed
bowel eventually becomes edemateous, which leads to
bowel ischemia, inflammation, and necrosis in the endstage and requires surgical resection.

Laboratory findings
Laboratory tests are often used to confirm clinical suspicions and evaluate the degree of illness. The commonly
measured inflammatory markers, such as white blood
cell (WBC) count and C-reactive protein (CRP)[13], however, cannot distinguish inflammation due to obstruction
from other inflammatory syndromes and are therefore
of little value in the early diagnosis of ASBO[14]. Even in
the case of bowel ischemia, as would be seen in bowel
strangulation, studies have detected no significant differences in the WBC or CRP levels of patients who benefit
from conservative management and those who require
surgical intervention, making these markers useless for
distinguishing these two categories of patients[14-16].
When progression to ischemia occurs, L-lactate,
lactate dehydrogenase (LDH) and creatine kinase (CK)
can rise due to hypoperfusion of the intestinal tissue[15].
However, large quantities of L-lactate are cleared by
the liver during splanchnic hypoperfusion, resulting
in L-lactate being increased at a very late stage of the
process, when extensive intestinal infarction is already
well established[17]. From a clinical perspective, a rise in
L-lactate level increases sensitivity for detecting bowel
ischemia up to 100% and is considered a strong indicator for emergency surgical intervention[18]. In contrast,
LDH and CK levels rise in any ischemic condition, and
are therefore unspecific. D-dimer, however, may serve as
an exclusionary indicator for the presence of ischemia,
due to its role as an enzymatic degradation product of
fibrin, but it also lacks specificity since it can be elevated
in numerous other conditions[14].
Since the above-mentioned markers are not specific
enough for diagnosis of SBO they are also not useful for
determining whether surgical intervention is needed for
any particular case. Instead, these markers can be used to
simply reflect severity of the disease and may contribute
“circumstantial evidence” to support or deny a decision
based upon a wide array of clinical findings.

Clinical presentation
Patients with SBO usually present with a wide range
of complaints, such as nausea, vomiting, and intermittent abdominal pain. In most cases, a history of prior
abdominal surgery is present[6,10]. However, the clinical symptoms only contribute partially to diagnosis of
ASBO, and studies have calculated the symptom-related
sensitivity and specificity of acute abdominal pain as
75% and 99%[11]. One of the more recent studies, evaluating the current diagnostic technologies and clinical
routines, found a higher overall sensitivity (88%) but a
lower specificity (41%) for this parameter[12]; thus, improved diagnostic modalities are still needed. Unfortunately, the clinical symptoms of SBO are also not reliable
predictors of the optimal disease management strategy,
and distinguishing patients with bowel strangulation who

Imaging techniques
The 2010 Bologna Guidelines for Diagnosis and Management of ASBO arose from an international consensus statement. According to these guidelines, all suspected cases of ASBO should be evaluated by abdominal
X-ray (level 2b)[7]. Specifically, the presence or absence
of classical signs, such as distension, > 3 cm diameter
dilatation of the small bowel, perturbed air-fluid levels
and absence of colonic gas, is considered a sufficient
means of diagnosis, and studies have calculated this approach to have overall sensitivity and specificity ranging
from 60%-85%[6,7].
In contrast, Laméris et al[12] showed that evaluating
patients presenting with acute abdominal pain with plain
radiography provided no benefit towards improving the
above-mentioned sensitivity and specificity, presuming

INTRODUCTION
Small bowel obstruction (SBO) leading to strangulation
and potential bowel necrosis is a serious condition that
mandates surgical intervention[1-3]. Timely diagnosis is essential to prevent the associated morbidity and mortality
that manifest as operative management is delayed[4]. This
fact was highlighted by the adage among surgeons citing
“never let the sun rise or set in the case of small bowel
obstruction”.
Since up to 80% of SBO cases resolve without incident under conservative treatment[5,6], identification of
patients whose obstruction will spontaneously resolve is
important to prevent unnecessary surgical intervention
and exposure to the risks of procedure-related morbidity
and further formation of adhesions[6,7]. Recent technological advances in diagnostic modalities have improved
the ability to identify patients who are most likely to
benefit from conservative treatment; however, accurate
and early identification of those patients who will ultimately require surgical intervention remains a challenge,
especially when the clinical symptoms are moderate[2].

BACKGROUND
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that there is no role in the diagnostic work-up. Adding
ultrasonography (US) after clinical diagnosis, however,
was shown to increase the specificity from 41% to 85%.
In suspected SBO cases, US can differentiate between
ileus and mechanical obstruction, since peristalsis can be
observed by this imaging modality[19]. Extra-luminal fluid
findings are of major clinical importance as they are
commonly used to make clinical decisions as to which
surgical approach will be most tolerable and beneficial to
a particular patient[20]. In contrast to these findings, the
Bologna Guidelines state that there is limited value for
US (level 2c), since entrapment of air in ASBO limits ultrasound transmission, making it a useful diagnostic tool
only when applied by technical experts[2,7].
Using computed tomography (CT)-scan as an additional imaging platform to evaluate all patients with inconclusive plain radiologic films has proven highly useful
for diagnosing SBO[2,7,21,22]. CT-scan has high sensitivity
and specificity for SBO (> 92% and 93% respectively);
in addition, the additional information provided by CT
scanning can help to detect signs of intestinal ischemia
or perforation[6,23-25]. However, Maglinte et al[26] reported
that CT-scan can be just as sensitive as a plain abdominal
x-ray for differentiating between obstruction and nonobstruction (86% vs 82% detection levels). It is important to note that the group with possible signs of ischemia remains a clinical challenge, and making a decision
for clinical management is still a problem[10,23,27,28].
Magnetic resonance imaging (MRI) seems to have a
limited role in diagnosing ASBO. MRI provides similar
sensitivity and specificity as CT-scan, but no current
guidelines have been established or implemented for
applying MRI in standard clinical practice[2,7,29]. Interestingly, when combining abdominal films with watersoluble contrast medium, the approach can both make a
diagnosis and safely rule-out the presence of a complete
obstruction. In this manner, patient evaluation by watersoluble contrast studies can help to predict whether
their ASBO can be treated conservatively or will require
surgical intervention [7,10,22,30]. Besides being a useful
diagnostic tool, water-soluble contrast may also have
therapeutic potential; its ability to draw fluid into the lumen reduces edema in the gut wall, thereby relieving the
obstruction and stimulating peristalsis[31]. A randomized
controlled trial by Burge et al[5] showed an appreciable
therapeutic effect when gastrografin was applied as the
contrast agent to evaluate ASBO patients; specifically,
a significantly accelerated resolution of the obstruction was seen in up to 75% of the patients within 24 h
after the application. This result may be attributed to
the hyperosmolar quality of gastrografin or other contrast mediums. While the precise benefit of contrast
mediums reducing the need for surgery have yet to be
systematically proven[30,32,33], their relation to reduced
length of hospital stay has been demonstrated in several
trials[5,28,31,32]. Certainly, however, those ASBO patients
who show no contrast being able to enter the colon will
require surgical treatment.
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NEW DEVELOPMENTS
The limitations of the above-mentioned diagnostic modalities are likely to cause a delay in diagnosis. In recent
years, several serum markers with potential to detect
ischemic small bowel have been identified[13,14]. These
markers include factors that are released by damaged
enterocytes, such as intestinal fatty acid binding protein
(I-FABP) and α-glutathione S transferase (α-GST). Enterocytes are rapidly shed in the early phases of intestinal injury and can be readily detected in both urine and
plasma, providing promising possibilities for their use as
early detection markers[33].
Plasma levels of the cytosolic protein α-GST rise in
conjunction with ischemic intestinal damage; yet, this
protein provides variable results as a diagnostic tool, with
reported sensitivity ranging from 20%-100% and pooled
specificity of 85%[14,15,34]. Therefore, α-GST may be more
useful as an exclusion criterion, rather then as an indicator for surgical intervention. The other marker I-FABP, a
cytosolic protein found in tissues involved in uptake and
consumption of fatty acids, is released immediately by
damaged small bowel, making it a very specific marker[35].
Patients presenting with SBO but without ischemia show
normal levels of serum or urine I-FABP[36]. A recent
clinical trial of patients with acute abdominal pain demonstrated that serum I-FABP levels were significantly
higher in those patients with small bowel ischemia than
in either those with non-ischemic small bowel disease
or those without small bowel disease[16]. Furthermore, a
majority (57.7%) of these ischemic patients had strangulated bowel. Thus, I-FABP may have a role in selecting
candidates for surgical intervention. Other putative candidate markers are D-lactate and claudin[15,37,38]; however,
the low specificity of D-lactate and lack of substantial
evidence for a role of claudin 3 in SBO makes it difficult
to clearly define their potential.
Besides these plasma markers, the prediction model
developed by Komatsu et al[39] has identified older age,
presence of ascites, and high-volume nasogastral tube
drainage on day 3 as critical factors in patients who initially received conservative treatment. Unfortunately, this
study did not include findings from radiographic imaging
or oral water-soluble studies in the analysis. Although the
prediction model is promising, it is necessary to consider
the potential impact of markers specifically released by
the obstructed small bowel in an earlier stage.

CONCLUSION
Despite the remarkable technological advances in diagnosis of ASBO, the challenge of determining how to
most effectively and safely manage these cases remains.
Our ability to identify patients who can be treated conservatively has improved greatly, but the same has not
been achieved for patients who will require emergency
surgery, especially when their presenting symptoms are
moderate. Serum markers have emerged as promising
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candidates for early diagnosis of strangulated bowel, but
further research is necessary to clarify their clinical value
in the disease management.
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pride, lubiprostone, and linaclotide had very different
modes of action yet, all three have been shown to be
efficacious and safe in the treatment dose for constipation.
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Core tip: When standard laxatives fail in the management of constipation, licensed medication linaclotide
and prucalopride show useful efficacy in clinical trials.

Constipation is a common medical problem and when
standard laxatives fail it can be difficult to treat. Different aetiologies require tailored therapeutic approaches. Simple constipation may only require dietary
manipulation while severe neurological or slow transit
constipation may need pharmacologic intervention.
Recently new drug therapies have been introduced.
PubMed and Ovid were searched for reviews, systematic reviews and meta-analysis published since 2003
using the terms: constipation, prucalopride, linaclotide
and lubiprostone. This review summarizes potential
novel therapies identified as effective in the management of chronic constipation. Prucalopride is a selective 5-hydroxytryptamine receptor agonist. The prucalopride study was in patients, largely women with
idiopathic constipation showed improved spontaneous
complete bowel movement (SCBM) at a dose of 2 mg
a day with few adverse events reported. Linaclotide is
a 14-amino acid peptide guanylate cyclase-C agonist.
The linaclotide study was carried out in patients with
irritable bowel syndrome, constipation group (IBS-C).
There was significant improvement of bowel evacuation and symptom resolution in patients on the active
treatment arm. Lubiprostone activates type-2 chloride
channels, increasing intestinal fluid secretion. In the
trials of this drug, the lubiprostone arms had a greater
mean number of SCBM. The novel therapies, prucalo-
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INTRODUCTION
Constipation is a common complaint reported to General
practitioners and Gastroenterologists. A systematic review by Peppas et al[1] found that the mean value of constipation rates in Europe is 17.1% and 15.3% in Oceania.
Constipation is a symptom complex. A thorough history
and physical examination is paramount in the evaluation
of a patient presenting with constipation. The physician should seek to understand the patient’s perception
of their current bowel habit, compared to the past and
should include stool frequency, form and the ease of passage of stool[2]. The use of the Bristol Stool Chart may
aid the patient in their description of the stool form (Table
1)[2,3].
The presence of alarm features such as unintentional
weight loss and rectal bleeding should be excluded during the history taking. The drug history should include
the type of laxatives and the dose and duration previously tried. Physical examination should include both an
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Table 2 Rome Ⅲ criteria

Table 1 Bristol stool chart
Type
1
2
3
4
5
6
7

1 Straining at defaecation on at least 1/4 of occasions.
2 Stools that are lumpy/hard on at least 1/4 of occasions.
3 Sensation of incomplete evacuation on at least 1/4 of occasions.
4 Manual manoeuvres to facilitate at least 25% of defalcations.
5 Sensation of anorectal obstruction/blockage at least 25% of
defalcations.
6 Fewer than 3 bowel movements a week.

Description
Separate hard lumps
Sausage shaped but lumpy
Like a sausage but with cracks on its surface
Like a sausage or snake, smooth and soft
Soft blobs with clear cut edges
Fluffy pieces with ragged edges, a mushy stool
Watery, no solid pieces, entirely liquid

testing. It is the cohort of patients with constipation predominant irritable bowel syndrome that typically fall into
this subgroup[6].
Health professionals have traditionally advised patients presenting with constipation to increase fibre and
fluid intake and to exercise. However, the evidence behind this is inconsistent[11]. Current guidelines don’t make
any firm recommendations to support the use of laxatives in chronic constipation[12-14].
In recent years new pharmacological agents have
appeared on the market. This review article serves to
address the following novel therapies available for the
management of primary constipation: prucalopride, lubiprostone and linaclotide.

abdominal examination for palpation of any masses or
palpable stool and a rectal examination, which may reveal
evidence of strictures or fissures.
Various definitions of constipation have been used,
ranging from the patients own account of constipation
to the formal criteria used in clinical trials. A practical
definition would be a reduced frequency or ease of stool
passage that is different to the individual’s normal pattern. Constipation can be acute and chronic, with chronic
constipation defined as duration of greater than three
months[2].
The Rome Ⅲ criterion for chronic constipation includes the presence of two or more of six symptoms for
at least twelve weeks in the preceding six months (Table
2)[2-4]. Constipation leads to a reduction in quality of life.
A recent systematic review by Belsey et al[5] has shown that
this reduction is predominant in the mental health domain
and is equivalent to chronic conditions such as diabetes.
Constipation can be a primarily functional disorder
or secondary to medications, and systemic diseases. Constipation can be classified as normal transit, slow transit,
or due to obstructed defaecation[6]. A study conducted
in Thailand found that 13% of patients had slow transit,
29% had obstructed defaecation, 11% of patients had a
mixture of slow transit and obstructed defaecation, with
the remaining 47% having normal transit[7].

PRUCALOPRIDE
Prucalopride is a selective, high affinity 5-hydroxytryptamine receptor agonist, used in patients with severe
chronic constipation. There have been 3 pivotal studies
of the use of prucalopride in the management of chronic
constipation-Camilleri 2008[15], Tack 2009[16] and Quigley
2009[17]. They enrolled both men and women, however
over 85% of the evaluated patients were female. This has
led to the drug being restricted to women only. This is
not to say that it is not effective in men, it merely hasn’t
been adequately tested in them. The recommended dose
of prucalopride is 2 mg as a dose response effect was
not obvious been the 2 mg and 4 mg dose tested in the 3
studies. The use of prucalopride is approved for chronic
constipation in women in whom laxatives have failed to
provide adequate relief[18].
The study by Camilleri et al[15] was a multicentre, randomized, placebo-controlled, trial in 620 patients with
severe chronic constipation (< 2 spontaneous, complete
bowel movements per week). They found that the proportion of patients with 3 or more spontaneous, complete bowel movements per week was 30.9% of those
receiving 2 mg of prucalopride and 28.4% of those receiving 4 mg of prucalopride, compared to 12.0% in the
placebo group (P < 0.001 for both comparisons). The
most frequently reported side effects of the drug have
been headache, nausea, and diarrhoea[15].
In the 12 wk study by Tack et al[16] 713 patients recruited were given either 2 or 4 mg prucalopride daily vs placebo. The number of patients achieving > 3 SCBMs/wk
was 19.5%; P < 0.01 on 2 mg prucalopride and 23.6; P <
0.001 on 4 mg prucalopride vs 9.6% for placebo[16].

Obstructed defaecation
Functional outlet obstruction can occur because of
dysfunction of the anal sphincter, pelvic floor muscle
dyssynergia or structural abnormalities like obstructing
rectoceles[6].
Slow transit constipation
Patients with slow transit constipation have a reduction in
the frequency of high amplitude colonic contractions[6].
Scintigraphic measurements indicate that slow transit is
more common in the left colon than in the transverse
and ascending colon[8]. A loss of co-ordination between
contractile activity in the rectum and sigmoid colon and
a reduced rectal sensory threshold has been implicated in
slow transit constipation[6-10].
Normal transit constipation
In this subgroup the colonic transit time is normal and
there is no evidence of functional outlet obstruction on
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Quigley et al[17] also demonstrated a similar efficacy
of prucalopride in 641 patients compared to placebo in
chronic constipation. In this 12 wk study 641 patients received either 2 or 4 mg of prucalopride vs placebo. In the
2 mg prucalopride group 23.9% had > 3 SCBM per week.
In the 4 mg group 23.5% had > 3 SCBM per week (P <
0.01, in both cases) vs 12.1% with placebo[18].
A study from the Asia-Pacific region evaluated the
efficacy and safety of the 2 mg dose of prucalopride
compared to placebo in patients with chronic constipation. This study found that prucalopride greatly improved
bowel function, and patient satisfaction in individuals suffering from chronic constipation over a 12-wk treatment
period. It found that prucalopride was safe and was well
tolerated by patients[19].
Prucalopride has not been found to have a significant
interaction with the hERG potassium channel which was
assumed to have been responsible for the development of
adverse cardiovascular effects seen with Cisapride[18,20]. The
three pivotal clinical trials of prucalopride did not demonstrate any relevant electrocardiographic changes[15-17]. A recent meta-analysis of seven RCT’s of prucalopride found
that the number needed to treat (NNT) was 6[21,22].

arm again had a greater mean number of SCBM at week
1 compared to placebo (5.89 vs 3.99, P = 0.0001), with a
higher proportion having SCBM’s in the first 24 h of the
initial dose (61.3% vs 31.4%, P < 0.0001)[25].
Linaclotide
Linaclotide is a 14-amino acid peptide guanylate cyclase-C agonist. It binds to and activates GC-C on the
luminal surface of the intestinal epithelium. Activation of
GC-C leads to increased cGMP (cyclic guanosine monophosphate) which triggers a signal transduction cascade
activating the cystic fibrosis transmembrane conductance
regulator. This causes an increase in the secretion of
chloride and bicarbonate into the intestinal lumen, resulting in increased luminal fluid secretion and an acceleration of intestinal transit.
A recent 26 wk, randomized, double-blinded trial was
done across 102 centres across the United States. The objective of this phase 3 clinical trial was to assess the safety
and efficacy of linaclotide at a daily dosage of 290 mcg vs
placebo to patients with IBS-C. Based on the recommendations for IBS-C trial design and in the FDA guidance
for IBS clinical trials, a responder was defined as a patient
who reported: (1) An improvement of > 30% from baseline in average daily worst abdominal pain score; and (2)
Increase of > 1 complete spontaneous bowel movement
from baseline, both in the same week for > 6/12 wk and
3 other primary end points, based on improvements in
abdominal pain and CSBMs for 9/12 wk[26,27].
After the initial screening, 804 patients were recruited.
33.7% of the linaclotide arm were FDA end point responders vs 13.9% of the placebo arm (P < 0.0001). The
NNT was 5.1, (95%CI: 3.9-7.1). The pain responder
criterion of the FDA end point was met by 48.9% of
linaclotide treated patients vs 34.5% of placebo-treated
patients (NNT = 7.0, 95%CI: 4.7-13.1) and the CSBM
responder criterion was met by 47.6% of linaclotidetreated patients, vs 22.6% of placebo patients (NNT = 4.0,
95%CI: 3.2-5.4)[26].
Another 12 wk trial by Rao et al[28] recruited 800 patients to a double-blinded, parallel group, placebo controlled trial to placebo vs 290 mcg linaclotide once daily,
followed by a 4 wk randomized withdrawal period. Thirty
three point six percent of the linaclotide-treated patients
met the FDA end point compared with 21% of placebo
treated patients (P < 0.0001) (NNT = 8, 95%CI: 5.4-15.5).
Throughout the randomized withdrawal period, patients
remaining on linaclotide showed a sustained improvement. The patients that were re-randomized from linaclotide to placebo showed a return of symptoms without
any worsening of symptoms relative to baseline[28]. The
most common adverse effects were GI-related, of which
diarrhoea had the highest incidence[29].

Lubiprostone
Chloride channels play a vital role in the transport of
fluid and maintaining cell volume and pH in cells and
tissues, particularly intestinal epithelial cells. The CIC-2
channel when activated promotes the secretion of intestinal fluid. Lubiprostone activates type-2 chloride
channels, increasing intestinal fluid secretion. This may
facilitate intestinal transit, thereby increasing the passage
of stool[23].
In a multicentre 4 wk trial, Johanson et al demonstrated that the use of lubiprostone in chronic constipation produced a bowel motion within 24-48 h of initial
dosing and improved frequency of bowel motions with
short term treatment. This double-blinded trial recruited
242 patients with constipation. The patients were randomized to receive either 24 mcg oral lubiprostone or
placebo twice daily for 4 wk. One hundred and twenty
patients received lubiprostone and 122 received placebo.
The lubiprostone arm reported a greater mean number
of spontaneous bowel movements at week 1 compared
with the placebo arm (5.69 vs 3.46, P = 0.0001), with an
increased frequency of spontaneous bowel movements
reported at weeks 2, 3 and 4 (P ≤ 0.002). Twenty-four
hours after the first dose 56.7% of the lubiprostone
group reported a SCBM compared with 36.9% in the
placebo group (P = 0.0024); within 48 h, 80% and 60.7%
of these patients reported a SCBM (P = 0.0013), respectively. Nausea (31.7%) and headache (11.7%), were the
commonest side effects noted[24].
Barish et al[25] showed a similar outcome in their multicentre, double-blinded study. A total of 237 patients with
chronic constipation were randomized to 4 wk of 24 mcg
oral lubiprostone or placebo twice daily. The lubiprostone
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CONCLUSION
Novel therapies such as prucalopride, lubiprostone, and
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linaclotide have been shown to be efficacious and safe in
the treatment dose for constipation. They have different
mechanisms of action influencing and activating colonic
motility, secretions and transit time leading to improvement in frequency and consistency of stool and bowel
symptoms with greater satisfaction in chronic constipation. Overall, all these new treatment options have been
shown to have a good safety profile.
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Core tip: There is a basic difference in incitements to
attend for screening when you are healthy and for routine clinics when you are ill. This article points out logical mechanisms which may set standards for screening
higher than for routine clinics, but this may prove to be
of benefit for clinical services and patients in the long
run. This is highlighted by sessile serrated polyps which
were previously classified as innocuous hyperplastic
polyps. Recent guidelines now recommend polypectomy of these lesions for cancer prevention, but we do
not know the benefit gained - only the increased risk of
perforation by polypectomy.

Abstract
Less than 5% of colorectal adenomas will become
malignant, but we do not have sufficient knowledge
about their natural course to target removal of these
5% only. Thus, 95% of polypectomies are a waste of
time exposing patients to a small risk of complications.
Recently, a new type of polyps, sessile serrated polyps,
has attracted attention. Previously considered innocuous, they are now found to have molecular similarities
to cancer and some guidelines recommend to have
them removed. These lesions are often flat, covered by
mucous, not easily seen and situated in the proximal
colon where the bowel wall is thinner. Thus, polypectomy carries a higher risk of perforation than predominantly left-sided, stalked adenomas - and we do not
know what is gained in terms of cancer prevention.
Screening is a neat balance between harms and benefit
for presumptively healthy participants not interested in
risk exposure to obtain confirmation of being healthy.
The situation is quite different for patient worried about
symptom. Thus, the standards set for evidence-based
practice may be higher for screening than for routine
clinics - a mechanism which may benefit patients in the
long run.
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MECHANISMS FAVOURING DIFFERENT
STANDARDS
We know that there are endoscopist-dependent variations
in colonoscopy performance - whether this service is provided in routine clinics or screening[1-4]. Quality assurance
(QA) initiatives driven by health care providers may be
half-hearted - particularly when demands for colonoscopy
outnumber available capacity and reducing unacceptable
waiting lists is first priority. Within the European Union,
however, it has been stated explicitly for screening that
only organized screening that can be evaluated is to be
accepted, “performance indicators should be monitored
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regularly” and the population should be protected from
“poor-quality screening”[5]. Independent of such policy
statements for QA which may have its counterparts in
clinical non-screening services in many countries, client or
patient-driven QA may have a stronger impact in screening programmes than in routine clinics. The option of
not attending if the quality is sub-standard is both more
realistic and a dreadful threat to screening programmes
compared to routine clinical services. Whichever colorectal cancer (CRC) screening method is used, high attendance rates are crucial for the success of any screening
programme - “the best screening test is the one that gets
done”[6].
There is a basic difference between screening participants and patients. Screenees are presumptively healthy
individuals who seek confirmation that they are just that healthy. Patients have symptoms and disease for which
they seek whatever help may be offered. This means
that patients may be more willing to accept some risk of
complications, harms and discomfort to be cured. It is
reasonable that screenees are not willing to subject themselves to risks and discomfort to obtain confirmation of
being healthy.

SIZE OF THE PROBLEM AND THE HIGH
INTENTIONS OF DOING GOOD
On a worldwide basis, there are more than 1.2 million
new cases of CRC diagnosed annually with prospects of
5-year survival for 50%-60% of patients[11,12]. Symptoms
often appear late and they are unspecific - mimicking
common and more trivial conditions like haemorrhoids
and irritable bowel. Although progress is being made on
treatment of advanced CRC, new drugs are driving costs,
but the best bet for cure remains early diagnosis and
surgery. Both to get at the cancer at an early, asymptomatic stage to save lives and suffering - and to save costs
for treatment of advanced disease[13], CRC screening is
recommended in several countries[14]. There are several
screening methods, but only fecal occult blood tests
(FOBT) and flexible sigmoidoscopy (FS) have been subjected to randomized trials (RCT) with long-term followup[15-18]. By intention-to-treat analyses, FOBT screening
reduces CRC mortality by 15%-18% with no effect on
CRC incidence. FS screening reduces mortality by 28%
and incidence by 18%[18]. Intuitively, colonoscopy screening should be twice as good as FS (“half-way colonoscopy”) combining “gold standard” sensitivity for CRC
and polyp detection with tissue sampling and removal of
CRC precursor lesions (polyps). There are RCTs on colonoscopy underway, but results are not expected for many
years[19,20]. Retrospective studies, however, have suggested
that colonoscopy screening may not be as effective as
expected in reducing right-sided CRC[21]. It has been suggested that right-sided (proximal) sessile serrated polyps,
which are easily overlooked and share molecular similarities to CRC, may represent an additional polyp-carcinoma
pathway similar to the traditional adenoma-carcinoma
pathway[22]. This may explain poorer results than expected
for colonoscopy in reducing the burden of right-sided
CRC. When the trials on FOBT and FS screening were
done, endoscopists and pathologists largely considered
sessile serrated polyps to be hyperplastic and non-neoplastic with no intrinsic potential to develop into CRC.
Changing to go aggressively for these right-sided sessile
lesion has its implications (e.g., higher risk of perforation
at polypectomy) and we really do not know what there is
to be gained - i.e., we cannot quantify expectations of a
reduced risk of CRC.

Screening participants: Presumptively healthy seeking
confirmation of being healthy. Not willing to take risks to
obtain this confirmation. They request documentation of
benefits and harms - “what is in it for me?”
Patients: They have symptoms or known disease for which
they seek whatever help they may be offered. It may be a
matter of clinging to a hope of cure with great willingness
to pay and few questions asked on documentation of effect - “please, just do something!”
Since high attendance rates are crucial for screening
programmes, it is important to understand the reasons
for non-attendance. This is far from a primary issue in
routine clinics serving patients. In focus groups addressing CRC screening, both representatives of target populations and family doctors have expressed scepticism to
screening, questioning the evidence of its effectiveness[7].
To meet these critics, facts about risks and benefits and
defining fields of uncertainty must be produced and
made accessible in a trustworthy and understandable
format to provide a basis for informed decision-making
by members of the target population[8,9]. This is quite a
different exercise from campaigning for screening by appealing to fear, guilt and personal responsibility - methods that may have been used too frequently in the short
history of screening to improve attendance[10]. Such campaigning will only tear down any trustworthiness there
may have been. There should be a strong incitement to
provide high-degree level of evidence to support (or discard) screening - evidence that can withstand scepticism
and critics generated by poor-level evidence and overselling screening services[10].
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OVERTREATMENT WITH A FEAR OF NOT
DOING ENOUGH
Screening is a neat balance between benefits and harms benefit for the few (those few discovered to have asymptomatic CRC or advanced adenoma) vs inconvenience
and potential risks for the many (all other participants).
Providing data on CRC mortality and/or incidence reduction is a prerequisite before implementing screening
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Documented gain

FS screening benefit:
28% red. CRC mortality
18% red. CRC incidence

Additional gain by removal of SSP

???

Documented harm

FS screening harm:
Perforation at polypectomy 0, 1%

Additional harm by removal of SSP

Perforation proximal SSP 3%

Figure 1 Overtreatment with a fear of not doing enough. Introducing uncertainty in the balance between benefits and harms of flexible sigmoidoscopy (FS)
screening by adding systematic removal of proximal sessile serrated polyps (SSP) associated with 3% risk of perforation for these lesions[23] and unknown benefit
compared to 0.1% risk of perforation[27] and known benefit. CRC: colorectal cancer.

programmes[5], but the target population should also
receive valid information on the downsides of screening,
like the risk of perforation and bleeding when polypectomy is recommended. We now have long-term results
from RCTs on FOBT and FS screening based on the
standards used in the trials, including work-up colonoscopies and surgical treatment, and we can provide the target
population with information of what is to be gained in
terms of mortality and incidence reduction and the risks
involved with endoscopy, polyp removal and surgery
when required. This is very much a satisfactory level of
practicing “evidence-based medicine”.
Our current practice of polyp treatment and surveillance is largely based on consensus guidelines. If we
change our practice in screening programmes from the
standards used in trials preceding the programmes, we
do this because we believe such adjustments are for the
good. The intentions may be the best, but is the evidence
up to standards required for the target population to
feel it worthwhile attending for screening? RCTs on FS
screening give 18% reduced risk of CRC with a 0.04%
risk of perforation and 0.1% risk of perforation at workup colonoscopy[18]. But - more meticulous search and
removal of proximal sessile serrated polyps may involve
a risk of 3% for severe complications (perforation and
bleeding) for these lesions[23] with no evidence of what
to be gained (Figure 1). This is a level of uncertainty that
may not be questioned by patients, but more likely tilt the
decision of the potential screenee towards not attending.
Overdiagnosis and overtreatment of cancer is a recent
issue that has emerged from screening activity - not from
routine clinical work[24]. For CRC, we know that more
than 95% of polypectomies are a waste of time involving
unnecessary risks, but we do not know which 5% to go
for. After more than 120 years of the adenoma-carcinoma
sequence theory[25], we do not know the natural history of
adenomas. We can say very little about future risk of CRC
in a polypectomized adenoma - had it not been removed.
It is desirable with better definition and targeting of highrisk polyps to be removed and low-risk lesions to be
ignored at colonoscopy. It is hard to see how this knowledge-gap can be filled without accepting prospective studies on in-situ polyps. With a low risk for complications at
polypectomy, this may not be acceptable. Moving towards
more aggressive interventions without knowing the mag-
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nitude of expected benefit, we may eventually reach a line
when screening either is to be stopped or modified due
to complications. At that point in time the problems of
overtreatment may become so pronounced that in-situ research with all possible security measures may be accepted. There may be more at stake for screening programme
providers and participants (screenees) on this issue than
for patients, and it may be that comparative effectiveness
research (CER) within screening programmes[26] may provide possibilities to fill this and other knowledge-gaps also for the benefit of clinical practice. Among 45 original
publications on the main study and sub-studies published
so far from the Norwegian Colorectal Cancer Prevention
trial (NORCCAP) there were several findings of transfer
value to routine clinical practice - particularly on endoscopy technique and technology (listed in www.kreftregisteret.no/norccap).

CONCLUSION
There is a basic difference in incitements to attend for
screening when you are healthy and for routine clinics
when you are ill. This may be more clearly brought forward by an increasing demand for patients and clients
to have a say in QA of health care provisions - both in
screening and routine clinics. There are logical mechanisms which may set standards for screening higher than
for routine clinics, but this may prove to be of benefit for
clinical services and patients in the long run.
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ity of life of CF patients, and became available through
public policies for monitoring and treating CF. The
information gathered on CF and a multi professional
approach to the disease is essential in the treatment of
these patients.
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Core tip: Cystic fibrosis (CF) has been studied in Brazil
and in many other countries. Digestive manifestations
may significantly compromise the nutritional status of
CF patients, leading to numerous symptoms. Supplementation with enzymes, vitamins and nutrients is usually necessary. When infections are present, antibiotics
are necessary, and these infections are often multisystemic, involving the digestive tract. The pharmaceutical
assistance included in public policies, especially those
which are financed, and the constant incentive to study
the digestive manifestations in CF patients are essential, as without them, there would be infinite clinical
changes which would compromise patient survival.

Abstract
Cystic fibrosis (CF) causes chronic infections in the respiratory tract and alters the digestive tract. This paper
reviews the most important aspects of drug treatment
and changes in the digestive tract of patients with
CF. This is a review of the literature, emphasizing the
discoveries made within the last 15 years by analyzing
scientific papers published in journals indexed in the
Scientific Electronic Library Online, Sciences Information, United States National Library of Medicine and
Medical Literature Analysis and Retrieval System Online databases, both in English and Portuguese, using
the key words: cystic fibrosis, medication, therapeutic,
absorption, digestion. Randomized, observational, experimental, and epidemiological clinical studies were
selected, among others, with statistical significance of
5%. This review evaluates the changes found in the
digestive tract of CF patients including pancreatic insufficiency, constipation and liver diseases. Changes in
nutritional status are also described. Clinical treatment,
nutritional supplementation and drug management
were classified in this review as essential to the qual-
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INTRODUCTION
Cystic fibrosis (CF) is a chronic progressive disease, it
exists in every ethnic group and it is equally common in
both sexes. The CF gene has been isolated, cloned and
sequenced, enabling the study of biochemical mechanisms responsible for the physiopathogenesis of the
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disease. It also enables easier treatment of the patient’s
complications, such as the thick and viscous fluids which
obstruct the lungs, the pancreas and the biliary duct[1,2].
The prevalence of CF varies according to ethnicity, from 1/1800 to 1/5000 in Caucasians born alive in
Europe, in the United States and in Canada, 1/14000 in
Afro-Americans, and 1/40000 in Finland. It is considered
a rare disease among Asians and Africans. In Brazil, local
studies show variable statistical data which suggest an approximate incidence of 1/7000. The average lifetime of
CF patients has increased in the last few years, which is
the result of early diagnosis and specialized treatment in
the early stages of the disease[1,3,4].
The treatment of CF aims to clear the lungs using
aerosols and respiratory physiotherapy, and to maintain
nutritional status with nutrient supplementation and pancreatic enzymes. Recent medical advances have improved
survival, but with increased costs, especially when the disease has progressed and when hospitalization is required.
When infections are present, antibiotics are necessary,
usually due to clinical complications which are often
multisystemic, and involve the digestive tract[5,6]. Due to
many involved systems and the variety and chronicity of
the disease, a multitask approach is essential to help the
patients and their families to comprehend the disease and
undergo medical treatment[7].
The current therapy for CF includes the maintenance
of nutritional status, clearance of the pulmonary tract,
utilization of antibiotics and other medication, treatment
and monitoring of gastric, pancreatic and hepatobiliary
changes, in addition to dietary supplementation with hypercaloric and hyperproteic foods, and the utilization of
enzymes, minerals and vitamins[1,8,9].
When chronic CF is diagnosed, with many clinical
manifestations, the continuous use of medication (antibiotics, bronchodilators, mucolytics) and related procedures
(respiratory physiotherapy, oxygen therapy, lung transplantation, digestive enzyme replacement and nutritional
support) are required[8,10]. Due to the chronicity and the
need for precautions in CF, the development of a Reference Center and the establishment of an organization
that involves family members is crucial, together with an
increase in cooperation between groups of CF patients
and other organizations[4,11,12].
CF requires the continuous use of medication which
increases the average cost of treatment, and is too expensive for families. For that reason, CF patients and
their families have the right to receive government help
under the Unique Health System. The clinical record of
the Health Ministry guarantees access to alpha dornase
for pulmonary complications and pancreatic enzymes in
patients with pancreatic insufficiency[3]. There are many
deeds in every unit of the federation, including the Distrito Federal, to promote early diagnosis and even provide special formulas such as the alimentary supplements
provided by Ordinance number 94/1809, published at
the Distrito Federal in 2009[13].
In Brazil, the dedication to diagnosing CF during
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infancy is significant, with the use of programs for newborn screening or sweat testing. It is known that early
treatment, including drug treatment, contributes to the
prognosis and survival of CF patients[14-17].
The objective of this study was to review the most
important aspects of drug treatment and changes in
the digestive tract of patients with CF. We also aimed
to assess the pharmaceutical monitoring offered to CF
patients undergoing treatment by public agents from the
public health care system.

REVIEW OF LITERATURE
This review focused on CF literature over the last 15
years, and included scientific papers indexed in the databases of Scientific Electronic Library Online, Sciences
Information, United States National Library of Medicine
and Medical Literature Analysis and Retrieval System
Online, using the key words: cystic fibrosis, medication,
therapeutic, absorption, digestion. Studies in English and
Portuguese were selected.
The survey focused on the major advances in the
understanding of CF during this period, both in understanding the disease and its treatment.
Articles that included at least one of the mentioned
key words were selected. Controlled clinical studies were
included, as well as observational epidemiological studies
and meta-analyses, among others. Papers which did not
include information on the diagnosis of CF or adherence
to treatment were excluded as were experimental animal
studies and gene therapy studies and those published in
languages other than English and Portuguese.

RESULTS AND DISCUSSION
Physiopathology of the disease: overall symptoms
The manifestation of CF is very changeable and may appear in the neonatal period or later in life. Some patients
are completely asymptomatic for several years. The most
common clinical signs of CF include a chronic cough,
chronic diarrhea and malnutrition; however, the disease
can appear in other ways, and can affect multiple systems
and organs[18].
Mutation of the CF gene causes absence or dysfunction of the cystic fibrosis transmembrane conductance
regulator (CFTR) protein, which works as a chloride canal in the apical membranes of epithelial cells. The CFTR
also affects the production of mucus, secretory granules
and intracellular organelles. This defect affects cells in
many organs, not all organs have similar clinical responses, and different organs may be affected. Involvement of
the respiratory tract is associated with a higher death rate
and leads to death in 90% of patients[18-20].
The most common and important symptom which
affects the digestive tract is exocrine pancreatic insufficiency, characterized by chronic diarrhea with undigested
food present. A decrease in the secretion of sodium
bicarbonate reduces the efficacy of pancreatic enzymes
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Nutrients > energetic
density 2 or 3 times daily

MCT, vegetable oils 1-2
mL/kg per day
Pancreatic enzymes
500 to 2000 units lipase/
kg/meal or 5000 to 10000
units lipase/kg per day
Supplements
Vitamins A, D, E, K,
Calcium, Iron, Zinc

Energy
120% to 150%

Proteins
15% of total calories

Nutritional intervention in
cystic fibrosis

NaCl: < 1 yr: 500 mg
1-7 yr: 1 g
>7 yr: 2-4 g

Provides
Fatty acids w-3
and w-6

Fats
35% to 40% of
total calories

Figure 1 Macronutrients and micronutrients essential for the recovery and maintenance of nutritional status in cystic fibrosis patients [7]. MCT: Medium
chain triglycerides.

and the precipitation of bile salts, which results in a more
acidic pH in the duodenum, contributing to malabsorption[18].
The obstruction of pancreatic canaliculi by mucous
plugs prevents the release of enzymes into the duodenum, which causes poor digestion of fat, proteins and
carbohydrates. Malabsorption is caused by pre-epithelial
dysfunction, which occurs after the rejection of non-hydrolysable nutrients in the lumen. Therefore, malnutrition
occurs due to inadequate food digestion and increased
energy needs (dietary recommendations) that are rarely
achieved by CF patients due to anorexia and recurrent
respiratory disease among other diseases[18,21-23].
The endocrine pancreas also undergoes changes and
the prevalence of CF related to glucose intolerance has
increased proportionally with the rate of survival. The
main cause of diabetes is damage caused to the pancreas,
leading to a decrease in insulin secretion. Diabetes in CF
patients results from microvascular and macrovascular
complications associated with accelerated lung deterioration, consequently increasing the death rate. Since nutrition is critical in CF patients, blood glucose should be
monitored and the insulin dose should be adapted, with a
focus on adequate intake of nutrients[24].
Symptomatic vitamin A and vitamin E deﬁciency has
been reported in patients with CF presenting with deficit
nutrient consumption and absorption[25,26].
Many newly diagnosed infants have low levels of one
or more fat-soluble vitamins[27,28] and due to the prevalence of fat-soluble vitamin deﬁciency, all infants with CF
should receive standard, age-appropriate non-fat-soluble
vitamins and vitamins A, D, E, and K as recommended
in the CF Foundation Consensus Report on Nutrition
for Pediatrics[29].
Most patients who are vitamin deﬁcient can be
treated adequately with the doses of fat-soluble vitamins
recommended in the CF Foundation Consensus Report
on Nutrition for Pediatric Patients[30].
Figure 1 shows relevant information on the nutritional care of CF patients[7].
Among other events related to CF, meconium ileus,
obstruction of the terminal ileum by thick meconium, is
the first signal of pancreatic insufficiency, which affects
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15% of babies. Therefore, treating patients with meconium ileus is very important until proved otherwise[31].
Early diagnosis and the treatment of complications
of the respiratory and gastrointestinal tract in CF can
lead to an improvement in the survival rate of CF patients. Those who live beyond the fourth decade have a
higher risk of developing additional diseases associated
with chronic manifestations; hence, patients with a higher
risk of chronic diseases should be monitored closely to
improve the chances of early diagnosis[32].
Figure 2 summarizes the majority of abnormalities
observed in the digestive tract of patients diagnosed with
CF from intrauterine life to adulthood.
Gastrointestinal disease
In cf patients gastrointestinal symptoms, such as nausea,
vomiting, malnutrition and indigestion are frequent. In
addition, gastroesophageal reflux disease, esophageal adenocarcinoma, distal intestinal syndrome and cholelithiasis
are often seen in CF patients[33-35].
There is increasing evidence to suggest that chronic
inflammation is present in the gastrointestinal tract of CF
patients. Some CF patients continue to have many severe
gastrointestinal symptoms despite conventional CF treatment[36].
A recent publication indicated the presence of eosinophilic esophagitis (EoE) in cf patients aged from
4, 12 and 15 years. Patients with CF may have clinically
persistent emesis, food aversion and failure to thrive. It is
possible that EoE has been underappreciated in CF due
to symptom overlap with other common gastrointestinal
disorders, including gastroesophageal reflux disease, infections, medication side effects or others conditions[37].
Because the symptoms in EoE are non-specific and
are also common in CF, when a patient with CF presents
with food avoidance, regurgitation, heartburn or dysphagia, EoE should be considered, particularly if symptoms
do not respond to empiric treatment and if endoscopic
evaluation is contemplated[38-40].
Secretory cells of CF patients show modification in
their absorptive-digestive function in the gastrointestinal
tract and the entire digestive process is altered, which
results in malabsorption of nutrients, malnutrition and
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Stages

Intrauterine

First month

First 2 yr

Abdominal distention

Meconium ileus

Insufficient weight gain

Intestinal obstruction

Cholestasis

Diarrhea

Meconium peritonitis

Metabolic disorders

Difficulty of digestion and
absorption
Edema and metabolic
disorders

Late

Gastroesophageal reflux
Pancreatitis
Chronic abdominal pain
Distal intestinal obstruction
syndrome
Fibrosing colonopathy
Eosinophilic esophagitis
Rectal prolapse
Constipation
Hypovitaminosis and eating
Disorders, low weight
Hepatobiliary disease

Stages of growth and development

Figure 2 Summary of major abnormalities observed in the digestive tract of patients diagnosed with cystic fibrosis from intrauterine life to adulthood.

several gastrointestinal tract-related symptoms[34,41].
Abdominal pain is a common complaint in CF patients, and distal bowel obstruction syndrome and fibrosing colonopathy are characteristics of gastrointestinal
complications in CF patients. The main causes of epigastric pain in patients with CF are gastroesophageal reflux
disease, biliary tract disease, pancreatitis and gastritis[42,43].
Among the frequently observed gastrointestinal manifestations, gastroparesis has been diagnosed by a variety
of methods and has been described by CF patients. Gastroparesis is a frequent complication of lung or heart-lung
transplantation. It is predominantly found in children and
individuals with severe deterioration of the pulmonary
tract[43,44].
After meconium ileus, the main area affected by distal
bowel obstruction syndrome (DIOS) is the right colon.
DIOS is more common in patients with pancreatic insufficiency. Several factors can trigger the syndrome, such as
dehydration, the use of medicines which interfere with
intestinal motility and pancreatic enzyme replacement.
The most common signs and symptoms of DIOS are
decreased defecation and colic pain in the right lower
quadrant. During clinical examination, a reduction in
intestinal peristalsis can be observed, with the possibility
of cessation at some point. In some cases, a mass in the
lower right quadrant can be palpated, which is related to
distention of the cecum and right colon[45].
Intestinal obstruction syndrome is similar to meconium ileus; however, one of the differences between these
conditions is patient age. Intestinal obstruction syndrome is characterized by the impaction of fecal residues

WCG|www.wjgnet.com

in the terminal ileum and one of the precipitant factors
for obstruction is dehydration. This obstruction can be
total or partial, and may cause symptoms such as abdominal distention, constipation, anorexia, vomiting, and early
satiety, which result in weight loss[45].
Fibrosing colonopathy is another characteristic of CF,
and includes a change in the colon submucosa, inflammation, and progressive fibrosis associated with managing
the high doses of pancreatic enzymes. The clinical symptoms are pain and abdominal distention after ingesting
food, anorexia, difficulty in gaining weight and digestive
bleeding[34,46].
Pancreatic disease
The pancreas is one of the main organs affected by dysfunction of the CFTR. The exocrine pancreas is responsible for producing enzymes for food digestion in the
intestinal lumen and exocrine pancreatic insufficiency is
a well-known complication of CF and leads to fat loss in
feces. Loss of function of the pancreas is associated with
every genotype of CFTR mutation, leading to pancreatic
insufficiency[47-49].
Pancreatic exocrine insufficiency (PEI) is considered
the main cause of intestinal malabsorption in CF, affecting 85% to 90% of patients[50], and if inadequately treated
high stool energy losses will occur, which is an important
determinant of energy imbalance and malnutrition[51].
Intestinal malabsorption is usually of early onset:
signs and symptoms of maldigestion are often present
at birth, and in the majority of patients, during the first
years of life. At the time of diagnosis, at least 50% of in-
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aminotransferase, alkaline phosphatase, gamma-glutamyltransferase; and (3) ultrasound abnormalities other than
hepatomegaly (i.e., increased, heterogeneous echogenicity,
nodularity, irregular margins, splenomegaly). An ultrasonographic pattern of simple liver steatosis does not
represent a diagnostic criterion. In the case of distinct
ultrasonographic signs of liver cirrhosis (i.e., coarse nodularity, presence of portal hypertension and rarefaction of
peripheral portal veins) and clinical signs (e.g., esophageal
varices, splenomegaly) of liver cirrhosis, CFLD patients
are classified as cirrhotics[63,69].
Liver disease can only be taken into consideration
if the physical examination is abnormal and abnormal
hepatic function persists, and the latter has to be proved
using ultrasound. If there are any doubts, a liver biopsy
is suggested. All patients with liver disease require to be
monitored annually to evaluate the progress of hypertension, portal cirrhosis or liver failure. Prophylactic measures for liver disease are nutrition monitoring, bleeding
prevention and variceal decompression. In liver transplantation, deterioration of the organ has to be taken into
consideration, especially in children with hepatic dysfunction or advanced hypertension[68].

Table 1 Fat-soluble vitamins used for supplementation in
[1]
cystic fibrosis patients
Vitamins
A
D
E

K

Dosage

Dosage

400-10000 UI (approximately 2240 µg)
400-1800 UI (approximately 18 µg)
50 mg (1 yr)
100 mg (1- 10 yr)
180 mg (adolescents and adults)
0.3-0.5 mg

Daily
Daily
Daily

Daily

fants identified by neonatal screening have PEI, and most
of those carrying severe CFTR mutations on both alleles
develop PEI during the first years of life[52-55].
PEI is clinically characterized by weight loss or difficulty in gaining weight, diarrhea with a greasy appearance
and malabsorption of fat-soluble vitamins A, D, E and K.
Thus, the supplementation of these vitamins is routinely
recommended, followed by blood examinations to manage the dose and the correct nutrients according to the
patient’s needs[27,56-58].
Vitamin D is of great interest in CF due to its role in
bone mineralization and its deficiency has been hypothesized to play a role in the development of depression.
Hypovitaminosis is almost universal in patients with CF.
Insufficient levels are widely reported and is associated
with increasing age and obesity. Vitamin D screening and
supplementation should be considered in all children with
chronic illness, particularly those who are overweight[59-62].
Table 1 shows treatments with fat-soluble vitamin
supplementation in CF patients[1].

Treatment
Treatment with pancreatic enzymes in patients with pancreatic insufficiency is associated with an increase in the
coefficient of fat absorption, a decrease in bowel movement frequency, an improvement in the consistency of
feces and weight gain. One of the aims of pancreatic
enzyme replacement therapy is to abolish unpleasant gastrointestinal symptoms[45].
The response to treatment is individually evaluated,
and doses are adjusted according to nutritional status.
The use of antacids is recommended in patients taking
enzymes to increase bioavailability, although, there is
insufficient evidence to indicate whether there is an improvement in quality of life or survival[1,70].
In young children whose fat intake is known to vary
with age, particular attention needs to be paid to fat malabsorption during pancreatic enzyme supplementation.
More importantly, young children often have difficulty
swallowing the available enzyme formulations, which may
lead to suboptimal compliance and treatment effects[71].
The initial dose of pancreatic enzymes can be calculated based on the weight of the patient taking into
consideration the dietary fat intake. 500 to 1000 U of lipase/kg is administered per main meal, the dosage can be
increased according to clinical signs, and the maximum
daily dose should not exceed 2500 U/kg per meal or
10000 U/kg per day of lipase[3].
Figure 1 summarizes pancreatic enzyme dosage[7].
The guidelines recommend that if dose increases are
required, they should be increased with careful monitoring of body weight and stool fat content. When controlled clinical trials are designed to assess the safety and
efficacy of pancreatic enzyme replacement therapy, the
dose in terms of lipase units is usually limited to a level

Hepatobiliary disease
The primary hepatic changes in CF involve a genetic
defect in the CFTR protein, leading to the production
of a thick biliary secretion, followed by biliary fibrosis[34].
Cirrhosis, ascites, portal hypertension, esophageal varices
and bleeding are complications of hepatobiliary disease
associated with CF, and frequently affect teenagers and
adults[33].
This dysfunction is predicted to result in defective
(sluggish) bile flow, and is associated with a cholangiocyte-induced inflammatory response with activation and
proliferation of hepatic stellate cells, which results in
cholangitis and fibrosis in focal portal tracts[63-66].
Approximately 5%-10% of CF patients develop multilobular cirrhosis during their first decade of life. Subsequently, most tend to develop signs of hypertension
with complications, especially variceal bleeding. Annual
examinations are recommended to detect hepatic disease,
and when presymptomatic signs are present therapy with
ursodeoxycholic acid is recommended, which can prevent
disease progression[67,68].
Cystic fibrosis-related liver disease (CFLD) is defined
if at least 2 of the following conditions are present on
at least 2 consecutive examinations spanning a 1-year
period: (1) Ultrasound confirmed hepatomegaly; (2) elevated serum levels of alanine aminotransferase, aspartate
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pulmonary deterioration in CF patients[82-84].
To ensure a continuous effect, probiotics and prebiotics need to be ingested daily. Favorable changes in the
composition of intestinal microbiota were observed at
doses of 100 g of food product containing 109 colony
forming units (cfu) of probiotic microorganisms and
doses of 5 to 20 g inulin and/or oligofructose, usually
during the administration period of 15 d. Thus, to be
of physiological importance to the consumer, probiotics
must reach populations greater than 106 to 107 cfu/g or
mL bioproduct[85].
The goal of nutritional therapy is to maintain the
ideal weight, reduce malabsorption and digestion and
control the intake of vitamins and minerals[1]. CF patients
require diets with a high energetic rate (120% to 150% of
the regular daily need for weight, height and age), hypercaloric, high-fat and high protein, divided into 5-6 meals
a day and supplemented with vegetable oils such as medium chain triglycerides. In cases where dietary treatment
does not result in weight gain, the diet can be offered in
small volumes, several times a day or administered in the
evening of through a nasogastric tube or gastrostomy.
Enteral tube feeding has been evaluated in pediatric and
mixed child and adult populations with CF, demonstrating positive outcomes post-insertion. The diet may be administered through an infusion pump or gravitational and
it is recommended that the night diet reaches 40%-50%
of the daily energy requirements so that there will be recovery or maintenance of the nutritional state[7,86,87].
CF may include intestinal inflammation and CF patients have altered fatty acid metabolism characterized
by an imbalance in the arachidonic/docosahexaenoic
acid ratio in favor of the former, which can contribute
to an increase in inflammation. Recent studies indicate
that changes in fatty acid metabolism are responsible for
abnormalities, and dietary supplementation with fish oils
high in the omega-3 fatty acids, eicosapentaenoic acid
and docosahexaenoic acid may have an anti-inflammatory
effect[88-91].
Various anti-inflammatory therapies, including dietary
omega-3 polyunsaturated fatty acids supplementation,
have been investigated in CF patients. The composition
of dietary omega-3 and omega-6 influenced the inflammatory markers in CF and dietetic integration seems to
improve clinical condition and the inflammatory pulmonary and intestinal state in patients suffering from
CF[92,93].
With a partial bowel obstruction, intestinal disimpaction is stimulated by hypertonic solutions, such as
N-acetylcysteine, polyethylene glycol or hypertonic
contrast, orally or by using probes. In cases of total obstruction the disimpaction is performed through enemas,
while keeping the patient hydrated. After the disimpaction, pancreatic enzyme treatment should be included
in the preventive treatment in obstructive conditions,
administering lactulose, mineral oil, polyethylene glycol or
N-acetylcysteine to the patient. Prokinetic drugs may also
be helpful[34].

within the recommended range. However, in everyday
clinical practice it is possible that maldigestion is not
adequately controlled by the recommended doses in a
proportion of CF patients: these patients may, therefore,
require higher lipase doses[72-74].
The United Kingdom Cystic Fibrosis database indicates that lipase dose often exceeds 10000 U/kg per
day for extended periods in clinical practice, both with
standard-dose and high-dose pancreatic enzyme preparations. These high-dose regimens appear to have good
safety and tolerability profiles, and fibrosing colonopathy has not been reported in recent years. However, it
is essential that the safety and efficacy of higher doses
of pancreatic enzyme replacement therapy are fully explored, particularly in the long-term, clinical practice setting[74,75].
There are several options for the treatment of EoE,
including pharmaceutical agents and dietary elimination.
Consensus recommendations advocate first-line treatment
with oral corticosteroids (e.g., fluticasone, budesonide) or
dietary therapy depending on patient preference and illness severity[38].
Dietary therapy can be very effective in children if
culprit food allergens are identified, and recent data show
this to be effective including the elimination of offending agents (targeted elimination diet), or an allergen-free
diet consisting only of an elemental formula (elemental
diet)[76-78].
The correction of steatorrhea is essential in CF. In the
past, diets low in fat were recommended to try to reduce
steatorrhea. Currently, restrictive diets have been replaced
by hypercaloric diets rich in fat, which is a source of
energy, are more economical and their intake should be
encouraged[79]. The dose and timing should be followed
very strictly, and patients should adhere to treatment. For
infants, apple juice or small quantities of milk are consumed, and meals should be carried out in block in order
to benefit from the bioavailability of the entire quantity
of administered enzyme[49].
Medium chain triglyceride fats should be included in
the standard dietary regimen used in the management of
any child with CF and failure to thrive. Their use is fully
justified due to clinical improvement and alleviation of
steatorrhoea[80].
In clinical practice, probiotics have been frequently
prescribed for patients suffering from diarrhea to protect
the body against pathogens[81].
A probiotic is a “live microbial food ingredient that,
when ingested in sufficient quantities, exerts health benefits on the consumer”. Probiotics exert their benefits
through several mechanisms; they prevent colonization,
cellular adhesion and invasion by pathogenic organisms.
The strongest evidence for their clinical effectiveness has
been in their use for the prevention of symptoms of lactose intolerance, treatment of diarrhea, and attenuation
of antibiotic-associated gastrointestinal side effects[81].
Probiotics reduce the rate of pulmonary exacerbations in patients and may have preventive potential for
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It is recommended that, in the case of fibrosing colonopathy, there is a reduction in the enzyme dose associated with nutritional support with either semi-elemental
or elemental formulas according to the evaluation by the
nutritionist for nutritional enteral therapy, and if necessary, associated with parenteral nutrition in the most
severe cases. In the case of digestive bleeding, a surgical
procedure is prescribed[34,46].
The treatment of liver diseases focuses mainly on preventing disease progression which follows the sequence
of cholestasis, fibrosis and cirrhosis. The maintenance
of nutritional status is a part of this treatment, and aims
to achieve and maintain the ideal weight of the patient,
reduce malabsorption and maldigestion and control the
intake of vitamins and minerals. However, nutritional
treatment consists of enzyme replacement therapy, hypercaloric, high fat and micronutrient supplementation
diets[1].
Supplementation with taurine has also been suggested
to improve the solubilization of lipid micelles by bile
acids. Taurine is a conditionally essential amino acid that
possibly improves the micellar phase of fat digestion. Patients with CF and severe steatorrhea, despite appropriate
enzyme therapy, showed a significant improvement in the
absorption of triglycerides, total fatty acids, and linoleic
acid while receiving taurine supplements. Taurine supplementation could be a useful adjunct in the management
of patients with CF with ongoing fat malabsorption and
essential fatty acid deficiency[94,95].
If CF patients also have taurine deficiency, this will
result in malabsorption of bile acid and will require treatment with ursodeoxycholic acid (UDCA). The use of
UDCA can increase the need for taurine administration
for conjugation of bile acid[33].
UDCA is the drug currently used in CF patients and
aims to slow the progression of liver disease. UDCA is a
hydrophilic drug and is not significantly concentrated in
bile. It has a hepatoprotective effect with rare collateral
effects reported[33] and is frequently used in CF. UDCA
inhibits the hepatic synthesis of cholesterol and promotes the synthesis of bile acids, thereby restoring the
necessary balance between cholesterol and bile salts. The
suggested dose is 14-18 mg/kg per day, 2 to 3 times a day
up to 30 mg/kg per day[3,96].
Although it is one of the therapeutic options currently used for early changes in the liver, the use of UDCA
as a preventive method requires further investigation as
there are insufficient data on its long-term use, although
adverse effects are rarely reported[97].
Liver transplantation may be necessary in patients
with progressive liver failure and/or evidence of major
portal hypertension in the absence of significant pulmonary involvement[98,99].
Careful monitoring and treatment should be offered
to patients with CF associated liver disease (CFALD) and
portal hypertension as they may require supplemental
feeding by gastrostomy. However, this could lead to the
development of stomal varices, which is an unwanted
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complication. A recent study evaluated the risk of gastrostomy in a series of seven children with CFALD and
portal hypertension. The research concluded that gastrostomy placement for poor nutrition in children with
CFALD and portal hypertension is safe and contributes
to improved nutritional and pulmonary outcome[100].
CF is a multisystem disease and therefore requires different input from different professional reference centers
for the treatment and monitoring of CF, supported by
public health policies.

CONCLUSION
CF has been extensively studied in Brazil and many other
countries. Digestive manifestations significantly compromise the nutritional status of the patient and lead to
numerous symptoms, organ deterioration, the need for
transplantation and resections which can worsen the multisystem disease.
Reference Centers with up-to-date medical teams to
monitor and treat CF patients and initiatives such as the
Brazilian Cystic Fibrosis Research Group can contribute
to the dissemination and standardization of information,
in addition to improving the quality of treatment.
The scientific literature contains an important variety
of drugs, including many that are available without charges through programs from the Unique Health System,
Brazil.
The pharmaceutical assistance and the constant incentive to study digestive manifestations in CF patients
are essential, as without them, there would be infinite
clinical changes that would compromise patient survival.
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Core tip: Posterior tibial nerve stimulation though in
its infancy, holds promise to be an effective, patient
friendly and cheap treatment for faecal incontinence refractory to available conservative options. However, several questions remain unanswered and pose dilemmas
regarding the delivery of this treatment. Solving these
dilemmas could hold the key for unlocking the pathway
for this treatment to be brought into the limelight.
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Abstract
Neurostimulation remains the mainstay of treatment for
patients with faecal incontinence who fails to respond
to available conservative measures. Sacral nerve stimulation (SNS) is the main form of neurostimulation that
is in use today. Posterior tibial nerve stimulation (PTNS)
- both the percutaneous and the transcutaneous routes
- remains a relatively new entry in neurostimulation.
Though in its infancy, PTNS holds promise to be an
effective, patient friendly, safe and cheap treatment.
However, presently PTNS only appears to have a minor
role with SNS having the limelight in treating patients
with faecal incontinence. This seems to have arisen as
the strong, uniform and evidence based data on SNS
remains to have been unchallenged yet by the weak,
disjointed and unsupported evidence for both percutaneous and transcutaneous PTNS. The use of PTNS is
slowly gaining acceptance. However, several questions
remain unanswered in the delivery of PTNS. These
have raised dilemmas which as long as they remain
unsolved can considerably weaken the argument that
PTNS could offer a viable alternative to SNS. This paper
reviews available information on PTNS and focuses on
these dilemmas in the light of existing evidence.
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INTRODUCTION
Neuromodulation is here to stay. Neurostimulation remains at present the first choice treatment for fecally
incontinent patients who have failed to improve with
biofeedback, except for the small minority in whom
where there is an underlying surgically repairable sphincter defect[1-3]. The first reported use of the sacral nerve
stimulation (SNS) for faecal incontinence (FI) was just
under two decades ago[4]. However, over the past decade
not only has the use of neurostimulation increased exponentially but the remit of neurostimulation has widened
to include the stimulation of other nerves- primarily the
posterior tibial nerve[5]. SNS for faecal incontinence remains a time tested treatment with more than 50 series
reporting on its use. A large meta-analysis has confirmed
on its use in improving the symptoms of FI as well as
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improving the quality of life of the patients[6]. Posterior
tibial nerve stimulation (PTNS) for faecal incontinence is
relatively new with just under 20 studies being reported[7].
PTNS has been used mainly in the management of urinary incontinence[8,9]. Shafik et al[5] has been credited with
attempting PTNS for faecal incontinence. PTNS can be
performed either by using a more invasive percutaneous
approach[5] where an inserted 34 gauge needle forms the
route of stimulation or by the less invasive transcutaneous “Qualtero” approach[10] where cutaneous pads replace the needle. Studies that have been done looking at
the efficacy of the percutaneous PTNS approach are far
more than those which have looked at the less invasive
transcutaneous approach. Though there have been no
studies so far which have directly compared these two
routes of stimulation, indirect evidence points to a better
efficacy for the percutaneous approach[11].
PTNS is usually delivered unilaterally, at the nerve’
s most superficial position which lies just above and behind the medial malleolus. The area of the nerve stimulated is quite small as the grounding electrode is usually
placed in the instep. No evidence exists as to any dominance of the left or right tibial nerve unlike the pudendal
nerve[12].

given that a recent pilot study on bilateral transcutaneous
PTNS has shown better efficacy compared to unilateral
stimulation[14,20].
The same treatment protocol dilemma exists for
transcutaneous PTNS as well. Queralto provided patients
with unilateral daily stimulation for 20 min for 4 wk and
showed an 80% improvement in incontinence severity
scores[10]. Eléouet et al[21] reported 63% improvement following a 20 min of unilateral twice daily stimulation for
1 mo. Vitton et al[22,23] attempted transcutaneous PTNS
once daily for 3 mo on two groups of patients and
reported a 41% and 54% improvement in symptoms.
George at al attempted unilateral transcutaneous PTNS
twice a week for 6 wk and reported a 45% improvement
in symptoms[11]. Leroi et al[24] reported no improvements
in the transcutaneous arm compared to the sham group
following 20 min twice daily sessions for 3 mo. Thomas
et al[25] suggested in a pilot study that daily stimulation
may offer a better response compared to a twice weekly
regime. A more recent variation has been the application
of transcutaneous PTNS as a daily bilateral stimulation
for 6 wk which has been reported to be more effective
than the unilateral approach[14,20]. Only in one study was
the transcutaneous PTNS stimulation provided in a hospital setting[11] while all the other studies required patients
to apply the stimulation themselves at home after being
trained.

DILEMMAS IN TREATMENT
Treatment protocols dilemmas
There remains a lack of an effective and standardised
treatment protocol for both percutaneous and transcutaneous PTNS (Table 1).
Shafik et al[5] in 2003 reported giving 30 min of percutaneous PTNS stimulation on alternate days for a period
of four weeks. Though there is now a general consensus
that patients require 12 wk of continuous treatment and
that each treatment episode should last 30 min, there is
no uniformity on how this should be given. Studies have
given a single 30 min session of PTNS once a week for
12 wk while others have given two 30 min sessions a
week for 6 wk[13-15]. Three prospective studies of percutaneous PTNS from the same institution have used either
once a week or twice a week patterns of treatment with
no apparent differences in efficacy[16-18]. The superiority
of one approach over the other remains yet remains to
be demonstrated. The National Institute of Clinical Excellence (NICE) suggests both patterns could be adapted
depending on patient response[19]. It is logical that the
onset of symptom improvement for the patient will only
occur later on into the treatment using the once a week
regime compared to the twice a week regime. The once
a week treatment can help alleviate hospital workloads
and may be more acceptable to the patient. However,
the onset of symptom improvement for the patient on
a once a week regime could be delayed which may have
a potential for more patient dropouts. All percutaneous
PTNS studies so far have utilised unilateral stimulation.
There remains the unexplored question as to whether
bilateral percutaneous PTNS could be more effective-
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Stimulation endpoint dilemmas
The stimulation end point for the transcutaneous PTNS
was to look for a motor response which was visualization
of rhythmic flexion of toes during stimulation[10]. Intensity of stimulation was then turned down to just below
the threshold required for motor contraction. This seems
to be a common end point for stimulation in most of
the transcutaneous PTNS studies except the published
RCT[11] where a sensory and a motor response was sought
and a study by Vitton et al[23] where a sensory response
was looked for.
However, the end point for stimulation for percutaneous PTNS remains uncharted with no specific end points
described to confirm effective stimulation. Percutaneous
PTNS can cause both a sensory and a motor response.
The motor response is flexion of the big toe or fanning
of all toes; the sensory response is a tingling sensation
felt on the foot radiating to all of the toes[26]. The original paper by Shafik et al[5] looked for a motor response
following stimulation. However, subsequent studies
introduced a sensory response as an endpoint for stimulation[16-18]. The voltage used and the intensity of stimulation to achieve a sensory response remains lower than the
intensity required to achieve a motor response[26]. This
could imply that the voltage used for eliciting a sensory
response alone could be sub-optimal without the full potential of the treatment being realised. This could in turn
be reflected in lower treatment response rates.
Using the presence of either a motor or a sensory
response could imply different treatment levels for differ-
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Table 1 Posterior tibial nerve stimulation evidence summary n (%)
Patient (n )

Ref.

Type of PTNS Time, frequency and duration of
therapy

Shafik et al[5]

32

Pct

Queralto et al[10]

10

Tct

Mentes et al[43]

21 (spinal)

Pct

Vitton et al[22]

122 (IBD)

Tct

Babber et al[44]

8

Pct

De La Portilla et al[41]

16

Pct

Vitton et al[23]

24

Tct

Govaert et al[42]

22

Pct

3

Boyle et al[18]

31

Pct

Findlay et al[45]

13

Pct

Eléouet et al[21]

32

Tct

3

90

Pct

3

Hotouras et al[16]

100

Pct

Leroi et al[24]

144

Tct

11

Pct

11

Tct

15

Tct

Allison[17]

George et al[11]

Thomas et al[25]

Moreira et al[46]
3

Hotouras et al[30]

15

Tct

10

Pct

150

Pct

Follow-up

Stimulation
endpoints

Efficacy

Study
classification

30 min, alternate days
4 wk
20 min, daily
4 wk
30 min, alternate days
4 wk
20 min, daily
12 wk
30 min, weekly
12 wk
30 min, weekly
12 wk
20 min, daily
12 wk
30 min, twice weekly
6 wk
30 min, weekly
12 wk
30 min, weekly
12 wk
20 min, twice daily
4 wk
30 min, twice weekly or weekly; 6
or 12 wk
30 min, twice weekly or weekly; 6
or 12 wk
20 min, twice daily
3 mo
30 min, twice weekly
6 wk
30 min, twice weekly
6 wk
30 min, daily
6 wk

22 mo

Motor

27 (84)

4 mo

Motor

8 (80)

3 mo

Motor

2 (100)

3 mo

Sub sensory

5 (42)

3 mo

Not specified

7 (87)

6 mo

Motor and
sensory
Sub sensory

10 (62)

18 (82)

4 mo

Motor and/or
sensory
Motor or
sensory
Sub motor

6 mo

Motor

20 (63)

21 mo

Motor or
sensory
Motor or
sensory
Sub motor

69 (77)

Nonrandomised
controlled
Prospective
uncontrolled
Prospective
uncontrolled
Prospective
uncontrolled
Prospective
uncontrolled
Prospective
uncontrolled
Prospective
uncontrolled
Prospective
uncontrolled
Prospective
uncontrolled
Retrospective
uncontrolled
Prospective
uncontrolled
Prospective
uncontrolled
Prospective
uncontrolled
Randomised
controlled trial

Motor and
sensory
Motor and
sensory
Sensory

9 (82)

30 min, twice weekly
6 wk
30 min, weekly
12 wk
30 min, twice weekly or weekly;
3 mo

6 wk

Sensory

0 (0)

3 mo

Not specified

6 (60)

26 mo

Motor or
sensory

60 (52)

15 mo
12 mo
14 mo

6 mo
3 mo
6 mo
6 mo
6 wk

13 (54)

21 (68)
12 (92)

85 (85)
34 (47)

5 (45)

Randomised
controlled trial

3 (20)
Prospective
randomised

Prospective
uncontrolled
Prospective
uncontrolled

1

Study included spinal injury patients; 2Study included patients with inflammatory bowel disease (IBD); 3Studies from the same institution - possibility of
duplication of results. PTNS: Posterior tibial nerve stimulation; Pct: Percutaneous posterior tibial nerve stimulation; Tct: Transcutaneous posterior tibial
nerve stimulation.

ent patients. In addition, patients with diabetes mellitus
or with peripheral neuropathy could have an impaired
sensory response or none at all. The published RCT used
the presence of both a motor and sensory response as
the end point for effective stimulation[11]. The presence
of a combined motor and sensory response on PTNS
has been reported to be better associated with a successful outcome than the presence of either a motor or
a sensory response alone[27]. However, this could cause
patient discomfort as higher voltages required for achieving a motor response may have the potential to cause
discomforting sensory stimulations in some patients. The
CONFIDENT multicentre randomised controlled trial
(ISRCTN 88559475) presently underway in the United
Kingdom utilises either a sensory or a motor response as
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an endpoint for stimulation.
Efficacy dilemmas
Percutaneous PTNS for FI remains a relatively new and
untested treatment with only 12 studies, one randomised
controlled trial[11] and one review[28] having been published
to date on its use. The only published RCT on PTNS
only reports on a 6 mo follow-up[11]. There remains no
doubt regarding the short term efficacy of PTNS which
are comparable to that of SNS. However, the true test
of the effectiveness of PTNS would be its efficacy in
the medium and long term. This is crucial as this could
validate its effectiveness as a treatment option for faecal
incontinence rather than a stepping stone towards SNS.
There is a dearth of information on such results though
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early reports from Hotouras et al[15,16] who has published
on the largest group of PTNS patients so far (n = 100)
reports a possible sustained efficacy for PTNS after 42
mo of follow-up[29]. However, this group[16-18] provided
percutaneous PTNS as the first line therapy for fecally
incontinent patients without assessing whether they were
refractory to other non-interventional treatments[19]. This
could perhaps imply that some of their patients would
have had improvement in symptoms with other less invasive treatments had this been attempted. The CONFIDENT multicentre randomised controlled trial (ISRCTN
8855947) which is presently underway across 14 centres
in the United Kingdom may shed more light on the true
short term efficacy of PTNS though only the percutaneous approach is compared to a sham route of stimulation. Though this study recruits patients who have been
refractory to other less invasive therapies, the lack of any
form of standardisation nationally for such therapies nationally remains notable.
The efficacy of transcutaneous PTNS remains even
more untested with only a handful of studies which have
looked at this approach to PTNS. Though several studies have reported symptoms improvements in patients a
recent multicentre trial reported no improvements following stimulation and concluded that unilateral transcutaneous PTNS was no more effective than sham stimulation[24]. Patients were exposed to stimulation for 20 min
twice daily for 3 mo[24]. However, a new pilot study has
looked at bilateral transcutaneous PTNS and found it to
be effective compared to unilateral stimulation[20].

advantage that such treatments can be undertaken by the
patient in the comfort of their own homes as well as the
fact that the costs for such top-ups will be very low[20].
In comparison to SNS where the treatment effects
are short-lived following the withdrawal of treatment,
PTNS appears to confer a slightly longer lasting effect
(albeit with a declining efficacy). However, a recent study
on SNS has shown persisting efficacy even after the device was switched off which may bring it to par with the
longer effects of PTNS[31].
The heterogeneity of follow-up regimes for PTNS
makes it difficult to assess exactly the long-term effects
of its treatment. Furthermore, only a few studies have
performed rigorous assessment of “top-up” regimes to
maintain efficacy. Further work needs to be done on the
follow-up of patients who benefit from PTNS to accurately assess the duration of efficacy.

COST IMPLICATIONS
The present worldwide financial crisis has thrown into
stark view the cost implications of neurostimulation.
The direct medical costs for PTNS remain nearly ten
times cheaper compared than those for SNS[17,32,33]. In
PTNS itself the costs between percutaneous and transcutaneous PTNS also varies significantly. Percutaneous
PTNS requires a re-usable stimulator 9V stimulator
(Urgent PC®, Uroplasty Inc., United States) along with
12 disposable single-use leads. The disposable kits with
12 individually packed sterile stimulation units and a
disposable battery for the Urgent PC stimulator unit
costs £480 and are sufficient for the full treatment of
12 sessions[26,34]. The cost for the Urgent PC stimulator
unit (Uroplasty, Berkshire, United Kingdom) is £1000.
However, the reusable nature of the stimulator unit can
reduce the costs of multiple treatments.
The costs for transcutaneous PTNS remain even
smaller with the 50 mm × 50 mm self-re-usable adhesive surface electrode stimulation pads (Model VS.5050;
Premier Medical Products, Bedford, United Kingdom)
costing £1 per pair. The stimulator unit used is the NeuroTrac Continence Neurostimulator (Verity Medical Ltd,
United Kingdom) costs $80 and can be re-used as the
percutaneous stimulator[20].
SNS involves the in-vivo implantation of highly advanced technological devices and both the temporary and
permanent wires were implanted under general anaesthesia. The higher costs for SNS arise due to the two-stage
procedure along with associated pre- and post-operative
care. The equipment only costs of SNS (2008 tariffs)
were $526 for the temporary implant and $13500 for the
permanent implant[35]. However, the actual charges levied
for these procedures vary. Reports of costs for the initial temporary procedure for SNS vary from $1300[35] to
about $5300[33]. Costs for the permanent implant procedure also varies from $14500[35] to about $21200[33]. Performing the initial stage of SNS under local anaesthesia
appears to be more patient friendly and cheaper[36-38].

FOLLOW-UP DILEMMAS
There remain no standardised follow-up and top-up
regimes that can be used for percutaneous and transcutaneous PTNS. Most studies report efficacy only at the
end of the 6 or 12 wk treatment period. The first percutaneous PTNS study reported a relapse of symptoms in
29% of patients with the majority of patients improving
with further treatment though the exact regime for such
follow up treatment was not reported[5]. Almost all studies on PTNS mention the need for “top-up” treatments.
However there remains no clarity as to whether such topup sessions should be offered only when patients report
back due to recurrence of symptoms or whether such
sessions should be offered at lengthening intermittent
intervals after the intense initial treatment period. One
study on percutaneous PTNS reported good efficacy
with a median of one 12 monthly top-up session[15]. Regular percutaneous PTNS top-ups at lengthening intermittent intervals resulted in a sustained therapeutic effect for
urological dysfunction[13]. New studies on PTNS make
inroads into this aspect though this has to be verified
through more independent trials[30].
The same dilemmas exist for transcutaneous PTNS as
well. The efficacy following transcutaneous PTNS lasts
for about 3 wk post treatment[20]. Though there is no
definite top-up regimes recommended there remains the
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One of the underlying concerns regarding PTNS
remains on the follow up post treatment and the hidden
costs for these which may outweigh the initial costs savings. Running an SNS service is expensive[39]. However,
there remains the possibility that the costs for maintaining the efficacy of PTNS in patients may be higher as
they remain yet unknown. Conflicting reports on the cost
effectiveness of both procedures are available[7]. A twoyear follow up of percutaneous PTNS in patients with
faecal incontinence from one center reported that PTNS
became cost effective after the first year of treatment[17].
However, another study which compared SNS to PTNS
at 5 years post treatment for urological dysfunction
reported that SNS therapy became much more cost efficient compared to PTNS[40]. Unlike SNS, running costs
and long term follow up expenses for PTNS lacks clarity
given the absence of a uniform and universally accepted
follow up protocol along with the dearth of independent
medium and long term follow up data on “successfully”
treated PTNS patients.

direct comparison between the two treatments.
The true role for PTNS remains yet to be validated
and time tested - as SNS has been. However, the question as to whether SNS and PTNS become “brothers in
arms” in treating FI or whether this may yet turn out to
be the “David vs Goliath” battle will be answered only
once PTNS has come into its prime.
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Future for PTNS?
There remains no question that SNS is less patient friendly and more expensive than PTNS in the short term[33].
Early attempts to make SNS more patient friendly have
experimented at less invasive forms of SNS administration using a transcutaneous Percutaneous PTNS though
minimally invasive does not require any operative procedures or a hospital inpatient stay. Patients also do not
require a 3 wk trial phase which presently exists for SNS
with insertion of a temporary SNS wire and a permanent
implant subsequently if successful. Percutaneous PTNS
has the potential to be delivered through a primary care
setting using perhaps the abilities of specialist nurses who
could provide these services on an outpatient basis. This
could drive the costs of PTNS down even further.
Transcutaneous PTNS has the unique potential of
being a treatment which is truly “by the patient, for the
patient”. FI can be socially crippling with patients sometimes being unwilling to leave the safety of their own
homes for fear of incontinent episodes[41]. Transcutaneous PTNS may hold promise as a treatment which patients can self-administer safely, cheaply and effectively in
the comfort of their own homes[20].
Presently PTNS appears to have the role as a stepping
stone towards SNS in patients with faecal incontinence.
Efficacy of transcutaneous PTNS has been used as a
predictor for suggesting efficacy of SNS[42]. However,
the question remains as to why patients should choose a
potentially less patient friendly and clinicians should offer
a more expensive and invasive treatment in the form of
SNS when PTNS is available-albeit, in its infancy. This
seems to have arisen as the strong, coherent, uniform
and evidence based data on SNS remains to have been
unchallenged yet by the weak, incoherent, disjointed and
unsupported evidence for PTNS. A pilot study comparing SNS and percutaneous PTNS (UKCRN ID 10479/
MREC ID 10/H 0808/38) may help shed more light on
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the treatment must be considered and the treatment
of fecal incontinence must be individualized to the patient. General indications, techniques, and outcomes
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to achieve optimal outcomes in the treatment of fecal
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Core tip: An increasing number of treatment options for
the management of fecal incontinence have been developed. In addition to traditional options such as sphincteroplasty and colostomy, non-surgical options such as
biofeedback and dietary modification may be considered
for mild incontinence. Injectable materials and radiofrequency energy delivery are two newer treatments for
mild incontinence. Surgical options for moderate to severe incontinence include sacral nerve stimulation, artificial bowel sphincter implantation, muscle transposition,
antegrade continence enemas, sphincteroplasty, and
colostomy formation. Treatment for fecal incontinence
(repair, stimulation, replacement, augmentation, or diversion) must be individualized to the patient, considering the underlying cause and impact on quality of life of
the fecal incontinence.

Abstract
The severity of fecal incontinence widely varies and
can have dramatic devastating impacts on a person’s
life. Fecal incontinence is common, though it is often
under-reported by patients. In addition to standard
treatment options, new treatments have been developed during the past decade to attempt to effectively
treat fecal incontinence with minimal morbidity. Nonoperative treatments include dietary modifications,
medications, and biofeedback therapy. Currently used
surgical treatments include repair (sphincteroplasty),
stimulation (sacral nerve stimulation or posterior
tibial nerve stimulation), replacement (artificial bowel
sphincter or muscle transposition) and diversion (stoma
formation). Newer augmentation treatments such as
radiofrequency energy delivery and injectable materials, are minimally invasive tools that may be good options before proceeding to surgery in some patients
with mild fecal incontinence. In general, more invasive
surgical treatments are now reserved for moderate to
severe fecal incontinence. Functional and quality of life
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good success, adding to traditional options of sphincteroplasty and ostomy formation. These alternatives include
biofeedback, radiofrequency, injectable materials, and
surgical approaches such as sacral nerve stimulation, the
artificial bowel sphincter, and muscle transposition. A recent Cochrane review concluded that there is insufficient
evidence to allow for quality comparisons to be made
among the various surgical approaches to fecal incontinence[13]. The decision among these options is multifactorial and the severity of the incontinence, patient anatomy,
and patient wishes must all be carefully considered. The
aim of this article is to review current options for the
management of fecal incontinence, their indications, and
reported outcomes. The treatments most commonly offered by the authors, from the five available categories of
repair, stimulation, replacement, augmentation, and diversion, are discussed.

INTRODUCTION
Fecal incontinence is a common problem; one that is
likely underreported in the general population. The
prevalence of fecal incontinence varies in the literature,
with one study of over 4000 surveyed American adults
finding a prevalence of 8.3%[1]. The much larger and
more recent Mature Women’s Health Study of over
5800 American women found an even higher incidence
of accidental bowel leakage of almost 20%[2]. Incontinence to liquid or solid stool, mucous, or flatus occurs
with varying frequency and can have a range of impact
on daily function[1]. The Mature Women’s Health Study
found that nearly 40% of women with accidental bowel
leakage have severe symptoms impacting their quality of
life, even though less than one third of women sought
medical care for their bowel leakage[3,4]. While there can
be many etiologic factors contributing to its development, there are some common risk factors. Age, diarrhea or frequent bowel movements, nocturnal bowel
movements, other bowel disorders, and the presence of
urinary incontinence are commonly associated with fecal incontinence[1,4,5]. In women, internal sphincter injury
and reduced perineal descent related to obstetrical trauma
independently predict the development of fecal incontinence[6]. Other risk factors include neurological disorders,
congenital anorectal malformations, trauma, iatrogenic
injury during anorectal procedures, and chronic diseases
such as diabetes[6-9].
It is necessary to complete a physiological and anatomical assessment of the pelvis and colon in order
to choose the most appropriate treatment option for a
patient’s fecal incontinence. This caveat is especially important since many women with fecal incontinence have
associated genital and urinary anatomical or functional
problems[10]. A rectal examination may identify a sphincter defect or decreased rectal tone. This finding may be
helpful to identify potential etiologies and treatments for
a patient’s fecal incontinence. Though not all investigations are required for every patient, options include anal
or pelvic ultrasound, anal manometry, defecography,
magnetic resonance imaging, and electromyography with
pudendal nerve terminal motor latency testing. Anatomical imaging can help identify sphincter defects and associated pelvic floor disorders such as rectocele or prolapse,
which may be contributing to the severity of incontinence[11,12]. A physiology lab is helpful for the assessment
of incontinence and other pelvic floor disorders.
The impact of fecal incontinence varies and can
greatly alter a person’s ability to perform daily activities.
One may alter timing of meals or eating habits, and possibly avoid all social occasions for fear of embarrassment[8]. While fecal incontinence is not a normal part of
aging it may be perceived as such, and older people may
not seek treatment until symptoms are severe. Treatment
options for fecal incontinence range from dietary modification and physical therapy to major surgery, such as
colostomy formation. In recent decades, many new treatments for fecal incontinence have been developed with
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DIETARY MODIFICATION AND
MEDICATION
Modifiable diet and lifestyle factors may be identified
which can provide simple interventions to try to improve
symptoms. Smoking and sedentary lifestyle are associated
with fecal incontinence[14]. Weight loss has been shown to
improve fecal incontinence in obese women[15]. Medications should be reviewed with the help of a pharmacist
to identify potentially incriminating medications. Low fiber and high fat diets may be contributory to loose stools.
Loose stools and diarrhea often precipitate symptoms of
fecal incontinence and may be improved with dietary and
medication alterations. Other factors may be identified
that may suggest the need for further testing or anatomical causes of fecal incontinence. For example, cholecystectomy may lead to persistent diarrhea and flatulence
which may amplify symptoms of fecal incontinence; cholestyramine may help relieve these symptoms[16,17].
The addition of a daily fiber supplement should
be advocated in fecal incontinence. It acts as a bulking
agent to allow for more solid stool and adds little to no
morbidity to the patient. A randomized, blinded, placebo
controlled study found that fiber improved fecal incontinence and stool consistency within 1 mo in the community living population[18]. In addition to fiber, medications
with a constipating effect may be useful for patients with
fecal incontinence with loose stools. These pharmacologic agents include loperamide, diphenoxylate and atropine, and codeine. Loperamide is most commonly used
and may also have beneficial effects on anal sphincter
resting tone[19]. Unfortunately, studies comparing various
medications are lacking and trials of medications for the
treatment of fecal incontinence include very heterogeneous populations and treatments[20]. A Cochrane review
conducted in 2013 concluded that there is insufficient evidence to guide the decision between medications for the
treatment of incontinence in various clinical situations[20].
Clearly, no medication will cure moderate to severe fecal
incontinence, but it should certainly be utilized in mildly
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Table 1 Success of biofeedback for fecal incontinence
Ref.

Year

Patients (n )

Keck et al[33]
Solomon et al[28]
Terra et al[34]
Naimy et al[30]
Byrne et al[32]
Heymen et al[27]
Schwandner et al[29]
Bartlett et al[26]
Jodorkovsky et al[31]

1994
2003
2006
2007
2007
2009
2010
2011
2013

15
102
239
49
385
45
158
72
12

Significant reduction in incontinence Improvement in quality of
(percentage of patients)
life (percentage of patients)
73%
70%
60%
None
70%
76%
50%
86%
80%

NR
69%
NR
None
87%
NR
NR
100%
NR

Adjuncts to traditional biofeedback
None
Anal manometry, transanal ultrasound
EMG, electrostimulation
Electrostimulation
None
None
EMG, electrostimulation
None
None

NR: Not reported; EMG: Electromyography.

adequate to improve patient symptoms[29,30]. A multicenter
randomized and blinded trial found that the combination
of electrical stimulation with extended treatment duration (longer than 3 mo) achieved the best results[29]. Such
treatment regimens may not be available in many centers,
but access to a trained biofeedback therapist who is aware
of the various treatment modalities may be invaluable to
the population with fecal incontinence.
Biofeedback requires the patient and therapist to
commit to treatment for a number of weeks to months.
One study found that only 44% of patients with fecal
incontinence who were recommended to undergo biofeedback therapy completed the treatment[31]. This finding was largely due to lack of insurance coverage and distance to treatment centers[31]. It is important to note that
in this study those patients who did undergo biofeedback
reported an 80% positive response to the treatment[31].
Other studies have confirmed improvement in over 70%
of patients when fecal incontinence scores and quality
of life scores were assessed[32,33]. Table 1 summarizes the
success of biofeedback. Physiologic parameters such as
squeeze pressure and maximum tolerated volume have
also been reported to improve with biofeedback[34]. Improvements in fecal incontinence scores are durable over
at least 1 year, but some patients may require additional
sessions to boost the effect[35]. Pelvic floor training with
biofeedback is likely beneficial to many patients with fecal incontinence long term, but patients and therapist
must be willing to devote the time to a complete set of
sessions to see maximum benefit. In those able to do
so, biofeedback may achieve improvement in symptoms
without invasive procedures.

symptomatic patients where indicated.

BIOFEEDBACK
Biofeedback is a form of physical therapy and muscle
re-training offered to patients refractory to medical
treatment of fecal incontinence. There are numerous
regimens, most of which involve many weeks of treatment lead by a physical therapist. Numerous studies have
attempted to define the most effective regimen and most
responsive patient population, but overall there are few
high quality studies showing a definitive impact of biofeedback on fecal incontinence[21]. It has been suggested
by some authors that biofeedback should be offered to
all patients who have not responded to medical interventions of fecal incontinence because it is safe, inexpensive,
and effective long term[22]. Older patients with normal
defecation physiology appear to respond well[23]. Advanced anorectal physiology tests such as manometry,
defecography, pelvic magnetic resonance imaging, and
pudendal nerve terminal motor latency testing do not
seem to predict who will respond best to biofeedback[24].
Patients with mild or moderate fecal incontinence who
have not responded well to medical treatments are likely
the best candidates for biofeedback[25].
The technique of biofeedback may include monitored
or home sessions, pelvic floor exercises, digital feedback,
electrical stimulation, balloons, and manometric or ultrasound monitoring of response. Pelvic floor exercises
alone have been shown to improve fecal incontinence
scores and quality of life[26]. In one study of pelvic floor
exercises, no differences in treatment effect were found
between the different regimens, but symptoms improved
in both groups[26]. The addition of biofeedback using
manometry is more effective than pelvic floor exercises
alone to improve fecal incontinence scores and achieve
more physiologically normal defecation[27]. Biofeedback
with digital feedback alone may be just as effective as
manometry and ultrasound guided treatment, providing enough feedback to guide re-training, as found in a
randomized controlled trial of different methods of biofeedback[28]. Some literature suggests that electrical stimulation leads to more effective results over biofeedback
alone, while others have found that biofeedback alone is
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REPAIR
Sphincteroplasty
Sphincteroplasty has long been the standard of care of
the management of fecal incontinence related to anal
sphincter injury[36]. The vast majority of patients who
undergo sphincteroplasty have a history of vaginal delivery[37]. However, only about one third of women who
have had a known sphincter injury related to vaginal
delivery develop fecal incontinence over time[36]. Pudendal nerve injury, failed prior sphincteroplasty, multiple
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A similar technique is used as in the anterior technique,
with a curvilinear posterior incision being used for access to the external anal sphincter. Some surgeons may
proceed with a combined anterior and postanal approach,
though this combination is not common. The success
rate of the postanal approach is likely equivalent or less
durable compared to anterior sphincteroplasty[47,48]. In the
absence of a specific iatrogenic posterior sphincter injury
or excessive anterior scar tissue, the anterior sphincteroplasty should be considered the preferred approach.
The long term functional outcomes following anal
sphincteroplasty are not ideal. The Wexner fecal incontinence score is commonly used to assess for incontinence
following sphincteroplasty. In the short term, good
results are achieved in over 70% of patients and excellent results in over half of patients[49]. However, the long
term outcomes which have been reported in numerous
retrospective studies reveal a consistent decrease to 15%
to 60% good long term continence[39-40,50-56]. Interestingly,
there is poor correlation between long term quality of life
scores and fecal incontinence scores, with one study reporting that 95% of patients were satisfied with their operation a mean of 7 years following sphincteroplasty[39,53].
A summary of long term outcomes is found in Table 2.
Age has long been felt to be a predictor of success of
sphincteroplasty, with many studies reporting that older
patients do not have as durable long term outcomes compared to younger patients[39,53,56]. However, a recent large
review of 321 women who underwent sphincteroplasty
showed that age is not a predictor of long term incontinence scores[57]. A review of both sphincteroplasty and
sacral nerve stimulation concluded that sphincteroplasty
remains a good option for the management of incontinence due to sphincter defect, despite new technologies[58]. Patients must be chosen after appropriate preoperative evaluation to achieve optimal outcomes.

Table 2 Success of overlapping sphincteroplasty
1

Ref.

Year

No. of patients
with follow-up

Mean
follow-up
(mo)

Success
(percentage of
patients)

Karoui et al[52]
Halverson et al[40]
Bravo Gutierrez
et al[39]
Barisic et al[49]
Maslekar et al[55]
Oom et al[50]
Mevik et al[51]
Zutshi et al[53]

2000
2002
2004

74
49
130

40
69
120

28%
46%
41%

2006
2007
2009
2009
2009

65
64
120
25
31

80
84
111
84
129

48%
80%
60%
53%
0%

1

Success variably defined in studies. Good, excellent or complete continence included as success.

vaginal deliveries, history of third of fourth degree tear,
and instrument-assisted vaginal deliveries are all factors
which may predispose to fecal incontinence associated
with sphincter defect and impact the success of sphincteroplasty[38]. It is important to note that the majority
of recent studies indicate that pudendal nerve injury as
demonstrated by prolonged pudendal nerve terminal motor latency does not independently predict the success of
sphincteroplasty[39-41]. Many women who undergo sphincteroplasty have associated pelvic floor injuries, which do
not seem to impact the success of sphincteroplasty[42]. In
addition, the combination of internal and external anal
sphincter defect repair can lead to successful and equivalent outcomes when compared to external anal sphincter
defect repair, alone[43].
While various techniques for sphincteroplasty have
been described, the most commonly performed procedure is the anterior overlapping sphincteroplasty. A curvilinear incision is made on the perineum and dissection
proceeds until the edges of the external anal sphincter
are identified and isolated. Care is taken to not dissect
too far laterally to avoid nerve injury. The ends are overlapped and sutured together, providing new bulk to the
sphincter complex and an intact circumferential ring of
sphincter. Separate attention to the imbrication of the internal anal sphincter does not seem to add to the overall
durability of the sphincteroplasty if the internal sphincter
is not injured[44]. Post-operative manometry shows significant increases in the length of the high pressure zone and
resting and squeeze pressures[37]. A diverting stoma is not
required to achieve optimal outcomes in early repair of
third and fourth degree tears during vaginal delivery[45].
Delayed repair is associated with higher overall cost in
this situation, but may still achieve good long term outcomes and may be the safer option depending on the
clinical scenario[45,46].
Posterior sphincter repair is rarely needed, given that
most sphincter injuries are associated with traumatic vaginal delivery. However, posterior repair may be occasionally utilized for neurogenic fecal incontinence, multifocal
sphincter defects, or after failed anterior sphincteroplasty
in order to avoid any significant scar tissue in the area.
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STIMULATION
Sacral nerve stimulation
For many patients and practitioners, sacral nerve stimulation has revolutionized the treatment of moderate to
severe fecal incontinence. Adapted from its use in urinary
incontinence, it may provide effective relief from fecal
incontinence without any direct intervention on the anal
sphincter complex. Interestingly, one study found that
the only positive predictors of successful treatment with
sacral nerve stimulation were loose stools and low stimulation intensity during the test phase of the procedure[59].
Conversely, age, gender, etiology of fecal incontinence,
and physiology study results did not impact the efficacy
of sacral nerve stimulation[59]. Though sacral nerve stimulation and sphincteroplasty have not been directly compared in the literature, numerous studies have shown that
patients with sphincter defects can have excellent results
with sacral nerve stimulation[60-64]. The success of sacral
nerve stimulation in these patients also does not appear
to be correlated to the degree of sphincter defect[63]. Pa-
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is achieved the lead is tunneled into position. A temporary device is used during a 2 wk test phase. If a good
response is achieved during the test phase, the patient
undergoes a second procedure to implant the permanent
device which is attached to the tined lead. This approach
is associated with very little lead migration during the
test phase but does require two operations. A test phase
is important in both approaches, as not all patients will
have a good response to lead placement[70]. Each permanent device is programmed to the individual’s response
pattern. Successful strategies to prolong the durability of
the device battery beyond the average of six years include
cyclical stimulation and subsensory stimulation[71,72].
Results of the first randomized multi-center study of
sacral nerve stimulation were reported in 2005, showing
that fecal incontinence was improved when the sacral
nerve stimulator was activated[73]. Longer term results
are now available. Compared to medical treatment of fecal incontinence, sacral nerve stimulation is significantly
more effective[74]. A recent report from the SNS Study
Group showed that in patients followed for at least 5
years, 89% have significant continued reduction in fecal incontinence and 36% had a complete response to
sacral nerve stimulation[75]. Numerous other studies from
around the world have demonstrated significant long
term reduction in fecal incontinence scores[75-79]. Table 3
summarizes the results of studies of outcomes of sacral
nerve stimulation. Furthermore, in women who have undergone sacral nerve stimulation for fecal incontinence;
urinary, sexual, and vaginal symptoms also improve with
a global benefit on pelvic floor health[80]. Quality of life
scores are also improved in the short and long term after
sacral nerve stimulation[79,81-84].
There are potential morbidities with sacral nerve stimulation including a 5% risk of lead displacement associated with the percutaneous lead testing technique[85]. Pain at
the surgical site and paresthesias are the most commonly
reported complaints[81]. Infection of the permanent device
or surgical site occurs in 10%, with about half of those
infections requiring surgical management[81,85]. Overall,
about one third of patients required surgical manipulation
of the device in a study of long term outcomes[75]. Despite potential morbidity associated with the device, sacral
nerve stimulation has been shown to be cost-effective in
the treatment of fecal incontinence[86,87]. When balancing
the effectiveness, morbidity profile, and cost-effectiveness
of the technique, sacral nerve stimulation is a very valuable tool for the treatment of fecal incontinence, especially in its more severe forms.

Table 3 Studies of outcomes of sacral nerve stimulation
Significant reduction Significant
increase in
in incontinence
quality of life
scores and
incontinent episodes

Ref.

Year

Patients
(n )

Leroi et al[73]
Boyle et al[63]
Brouwer et al[64]
Wexner et al[79]
Hollingshead
et al[76]
Lim et al[78]
Mellgren et al[81]
George et al[77]
Devroede
et al[83]
Hull et al[75]
Damon et al[82]

2005
2009
2010
2010
2011

27
15
55
120
18

Y
Y
Y
Y
Y

Y
NR
Y
Y
NR

2011
2011
2012
2012

41
83
23
78

Y
Y
Y
Y

Y
Y
Y
Y

2013
2013

76
92

Y
Y

Y
Y

Y: Yes; NR: Not reported.

tients known to have pudendal nerve injuries or previous
sphincteroplasty can have good responses to sacral nerve
stimulation[64].
The mechanism by which sacral nerve stimulation
improves fecal incontinence is not well defined, as it
is multifactorial. A systematic review found that sacral
nerve stimulation likely works in 3 ways: stimulation of a
somato-visceral reflex, direct effect on the anal sphincter
complex, and afferent nerve modulation[65]. It is postulated that sacral nerve stimulation may induce a change in
anal sphincter muscle type from fast to slow twitch, thus
reducing muscle fatigue, though this has not been definitively demonstrated in the sacral nerve stimulation population[66]. Sensory changes include the sensation of rectal
filling and urge to defecate at higher rectal volume[67].
Sacral nerve stimulation alters colonic transit by inducing
retrograde colonic propagating sequences, activity which
may slow transit in the setting of fecal incontinence[68].
In an animal model, sacral nerve stimulation was found
to increase activity in the central cerebral cortex[69]. The
effects of sacral nerve stimulation are well beyond local
effect on the anal sphincter complex.
There are two approaches to the implantation of
the sacral nerve stimulator. Some surgeons introduce a
peripheral nerve stimulator wire in the office, guided by
anatomical landmarks. The patient is tested for response
for a period of 1-2 wk and if good response is achieved,
the permanent tined lead and stimulator device are implanted in the same setting in the operating room. The
authors’ preferred approach is a two-stage operative technique. The first stage is the insertion of the tined lead
into the S3 foramen in the operating room with careful
fluoroscopic and patient-directed guidance. Local anesthetic injections and light sedation allow the patient to
signal when stimulation is felt in the perianal, perineal, or
saddle regions during lead electrostimulation. In addition,
sphincter bellows and plantar flexion of the great toe on
the side of lead placement are used to further indication
stimulation of the sacral nerve. Once a good response
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REPLACEMENT
Artificial bowel sphincter
The artificial bowel sphincter is considered only for patients with severe fecal incontinence. It is an effective
device, but requires long term follow up and a motivated
patient. The use of an artificial bowel sphincter requires
both manual dexterity and mental capacity to operate the
device[88]. Due to the high incidence of adverse events,
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Table 4 Outcomes of artificial bowel sphincter
Ref.

Year

Patients (n )

Explanted devices
(n )

Success (percentage of
patients), intention to treat

Complications

Lehur et al[93]
Altomare et al[94]
Devesa et al[95]

2000
2001
2002

24
28
53

7
3
10

83%
75%
65%

Wong et al[97]
Lehur et al[101]
Parker et al[96]
O’Brien et al[98]
Melenhorst et al[103]

2002
2002
2003
2004
2008

112
16
45
14
33

41
4
18
1
7

53%
69%
49%
NR as percentage
NR as percentage

Ruiz Carmona et al[99]
Wexner et al[90]
Wong et al[100]

2009
2009
2011

17
51
52

11
31
14

53%
NR as percentage
67%

Obstructed defecation
Obstructed defecation, infection, device erosion
Perforation, infection, sepsis, device erosion,
pain, impaction
Infection, pain
Erosion
Infection, pain
Obstructed defecation, non-healing of wound
Pain, perforation, infection, obstructed defecation
Infection, erosion
Infection, malfunction, erosion, pain
Perforation, cuff leak

NR: Not reported.

other treatment options should be considered and attempted before proceeding to artificial bowel sphincter[89].
Contraindications include Crohn’s disease, local sepsis,
prior radiation, poor quality of the perineal tissues, severe
constipation, and incontinence associated irritable bowel
syndrome[89]. Disruption of the anal sphincter complex
due to trauma, severe obstetrical injury, and imperforate
anus are common indications[89,90]. Sacral nerve stimulation and the artificial bowel sphincter have largely replaced muscle transposition and dynamic graciloplasty for
the treatment of severe fecal incontinence, with better
functional outcomes and quality of life parameters[91,92].
Patients must be carefully selected and extensively counselled on the risks and benefits of the artificial bowel
sphincter, as discussed below.
Meticulous sterile technique and thorough bowel
preparation are essential to reduce the risk of infection
associated with the artificial bowel sphincter. The 3 components of the artificial bowel sphincter are connected
via tubing and compose the sphincter cuff, the reservoir
balloon, and control pump. These components are inserted via perineal, Pfannenstiel, and labial or scrotal incisions, respectively. The cuff itself is chosen for size based
on circumferential length around the rectum and width.
It is inserted first and great care is taken to ensure there
is adequate tissue bulk distal to the cuff, in an attempt to
avoid device erosion and infection. The balloon holds approximately 40 mL of liquid and is left filled with the device deflated at the end of the procedure after testing the
control pump. The device is not activated for four to six
weeks to allow for complete healing. The patient is taught
how to fill and empty the cuff by using the implanted
control pump.
Patients who retain the artificial bowel sphincter long
term have reported very good functional and qualitative
results. Manometry results show that the artificial bowel
sphincter achieves normal resting tone when the cuff is
filled[93]. Improved continence is achieved in over 75%
of patients, with one series reporting normal continence
in two-thirds of patients[94,95]. Though adverse events are
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significant, patients who retain the device have excellent responses to artificial bowel sphincter implantation
based on incontinence scores[93-100]. Quality of life scores
are also markedly improved after successful treatment
of fecal incontinence with the artificial bowel sphincter[96,98,99,101]. A systematic review of the safety of the artificial bowel sphincter noted that functional outcomes and
quality of life scores for those patients who do not retain
a functioning device are not reported in the literature[102].
Complications following artificial bowel sphincter
implantation unfortunately remain high and often lead
to device explantation, mitigating the overall population benefit in fecal incontinence. Unfortunately, these
complications continue to accrue long term[90]. The rate
of revision of the device has been reported to be up to
50%, with infection and device failure the most common
reasons[100]. About 25%-40% of artificial bowel sphincters become infected over time[90,100,103]. Erosion of the
cuff or control pump and post-operative constipation
may also occur[92,104,105]. The outcomes and complications
associated with the artificial bowel sphincter are included
in Table 4. In summary, a balanced consideration of
potential benefits and adverse events is important and
artificial bowel sphincter may still be the optimal treatment consideration for select patients with severe fecal
incontinence.
Muscle transposition
Muscle transposition is a technique used to physically
replace the sphincter with in vivo muscle bulk. It is most
often used in the setting of a traumatic or iatrogenic
disruption of the anal sphincters to recreate a wrap of
muscle around the anus. A substantial congenital or posttraumatic defect is indicated to consider muscle transposition. The two muscles widely described in the literature
for transposition are the gluteus maximus and gracilis
muscles. These are useful because of their proximity to
the anus, sizeable muscle bulk, and nerve locations which
are amenable to preservation upon transposition. In addition, the gluteus maximus was thought to be a good

1898

January 28, 2014|First Edition|

Van Koughnett JAM et al . Management options for fecal incontinence

who do not have a stoma, but are delayed in achieving
them[110]. Complications of the procedure are common,
and include surgical site infections, pain, rectal injury, and
erosion of the device in the case of dynamic graciloplasty[112,115,116]. In addition, constipation due to obstructed
defecation is commonly reported in as many as 50%
of patients[115-117]. There are no studies directly comparing muscle transfer to other surgical treatments of fecal
incontinence. Graciloplasty followed by artificial bowel
sphincter implantation may be the best combination option for adult patients with fecal incontinence attributable
to congenital imperforate anus[118].

Table 5 Outcomes of graciloplasty
Ref.

Year

Type of
graciloplasty

Kumar et al[114]
Eccersley et al[113]
Madoff et al[109]
Wexner et al[110]
Bresler et al[112]
Rongen et al[111]
Thornton et al[117]
Hassan et al[107]

1995 Unstimulated
1999 Unstimulated
1999
Stimulated
2002
Stimulated
2002
Stimulated
2003
Stimulated
2004
Stimulated
2010
Stimulated

Patients
(n )

Success
(percentage of
patients)

9
8
128
115
24
200
38
31

100%
100%
66%
62%
79%
72%
73%
71%

choice for transposition given that involuntary gluteal
contraction occurs with the strong urge to avoid involuntary defecation[106].
The surgical technique of muscle transposition is
complex and requires significant experience to gain expertise. Three main options exist: gluteoplasty, graciloplasty, and dynamic (or stimulated) graciloplasty. Gluteoplasty is performed with the patient in the prone position
with the table flexed at the hips. Bilateral incisions over
the gluteus are made and two tongues (one from each
side) of the lower 10% of the muscle are raised with
care taken to preserve the neurovascular bundles[106]. The
mobilized muscle is then tunnelled and delivered through
separate bilateral curvilinear incisions around the anus.
The contralateral mobilized segments are sutured together to create a ring of muscle.
In a graciloplasty procedure, the patient is placed in
the modified lithotomy position. Two or three incisions
are made along the longitudinal access of the gracilis
muscle on the chosen side to harvest the entire length
of the gracilis. The neurovascular bundle is preserved
through its identification during medial dissection. The
muscle is released distally and tunneled medially. A perineal incision is made and the gracilis is wrapped circumferentially around the anus. In the dynamic graciloplasty
technique, an electrode is placed in the gracilis muscle and
an implantable device similar to that used for sacral nerve
stimulation is implanted in the abdominal wall. Modified
approaches to dynamic graciloplasty include temporary
stimulation with an external stimulator for muscle retraining, similar to biofeedback[107]. It must be noted that
the stimulator and leads for dynamic graciloplasty are not
currently approved for use in North America.
Much like the artificial bowel sphincter, muscle transposition has fairly good functional outcomes but high
rates of complications and re-operation; graciloplasty
has largely replaced gluteoplasty. The largest and most
recent study of gluteoplasty reported a good functional
outcome in 59% of patients[108]. Successful functional
outcomes for gracilplasty, dynamic and unstimulated,
is consistently reported to be about 60%-75%, with
earlier success of unstimulated graciloplasty being even
higher[107-114]. Table 5 lists the published success rates of
graciloplasty. If a patient has a stoma at the time of the
graciloplasty, eventual outcomes are equivalent to those
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DIVERSION
Antegrade continence enema
The antegrade continence enema was first described by
Malone et al[119] in 1990. It is used to control fecal soiling
in both adults and children, but is most commonly used
and reported in the pediatric population. Neurogenic
conditions, such as spina bifida, resulting in neurogenic
bowel and urinary symptoms are the most common indications in children. While the antegrade continence enema may be helpful in pure fecal incontinence, most often
patients who undergo this procedure have the combination of constipation or colonic dysmotility with associated overflow fecal incontinence. Patients also commonly
undergo urological procedures at the same time to control neurogenic bladder symptoms, with good results for
these combined indications[120]. In adults, good functional
outcomes are better in this setting, when compared to
those patients who undergo the procedure for constipation alone[121]. While an antegrade continence enema does
not alter anorectal physiology or anatomy, it provides a
mechanism to empty the colon in a controlled fashion,
allowing the patient to perform their daily activities with
little worry of fecal soiling or incontinent episodes.
Since Malone’s original description, various techniques
have been described for the creation of an antegrade
continence enema. The appendix, ileum, cecum, and left
colon may be used successfully as the access point for
irrigation[122-124]. The appendix is most commonly used,
where it is inverted and fixated to the skin at the umbilicus or right lower quadrant. This can be performed open
or laparoscopically with good results[124]. The access point
is left intubated with a catheter for about 3 wk after the
operation before intermittent intubations begin. Patients
or their caregivers then intubate the bowel daily to every
few days and perform colonic irrigation with tap water or
an electrolyte or bowel cleansing solution. Both tap water
and commercial products have good irrigation results,
with solution irrigants achieving slightly better continence rates[125]. The volume of irrigation is gradually increased over time after the procedure and the timing and
frequency of irrigation through the site may be largely
patient directed. In the pediatric patient population, the
operation is performed around the age of 10 years.
Few studies report on outcomes of antegrade con-
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Table 6 Outcomes of antegrade continence enema in
incontinent adults
Ref.

Year

Gerharz et al[121]
Teichman et al[120]
Teichman et al[128]
Lefevre et al[127]
Poirier et al[126]

1997
1998
2003
2006
2007

Table 7 Outcomes of radiofrequency energy treatments

Percentage Complication
Patients using
rate
of patients
antegrade
continence enema achieving
continence
on follow-up
8
7
4
18
14

100%
86%
75%
94%
78%

44%
71%
67%
33%
67%

tinence enemas in adults. Overall, functional results are
very good, with about 75% of adults achieving continence with the procedure[126-128]. Quality of life improves
in adult patients with antegrade continence enemas,
although not all patients continue to use their antegrade
continence enema in the long term[127,128]. See Table 6 for
a summary of antegrade continence enema study results.
In children, full continence is achieved in 65%-100% of
patients[122,125,129-133]. Even though the amount of time devoted to bowel care may not significantly change, satisfaction and quality of life scores improve for most children
and parents[131,134-137]. Persistent leakage, stoma stenosis,
and surgical site infections are common complications,
with one study quoting a 13% chance of requiring stoma
revision due to stoma complications[130,131,138]. While the
antegrade continence enema is not commonly performed
in adults, the patients who have grown to adulthood require long term follow up and attention to these possible
complications.

Year

Patients
(n )

Efron et al[143]
Felt-Bersma et al[147]
Takahashi-Monroy
et al[142]
Lefebure et al[144]
Kim et al[148]
Ruiz et al[145]
Abbas et al[146]

2003
2007
2008

50
11
19

Y
Y
Y

Y
NR
Y

2008
2009
2010
2012

15
8
24
27

Y
N
Y
Y

N
N
Y
NR

Y: Yes; N: No; NR: Not reported.

graciloplasty and artificial bowel sphincters), a British
study found colostomy to be most cost effective in terms
of quality adjusted life years[92]. While fecal diversion is
not required in the majority of patients presenting for
treatment of fecal incontinence, it is a viable, definitive,
and well-tolerated treatment which offers good quality of
life.

AUGMENTATION
Radiofrequency energy
There is a gap between medical and surgical treatment
options in fecal incontinence[141]. Radiofrequency energy
delivery and injectable materials are becoming increasingly popular as minimally invasive procedural treatments
that may bridge this gap. The delivery of radiofrequency
energy to the internal anal sphincter, known as the
SECCA® procedure, is proposed to induce local restructuring of collagen, leading to a more robust internal anal
sphincter and better continence. It can be used for patients with mild or moderate fecal incontinence who are
unwilling or not candidates to undergo surgical treatment
after failing medical management. It may also be applied
to patients with idiopathic or sphincter defect-associated
fecal incontinence.
The technique of radiofrequency energy delivery
is simple. It is done with conscious sedation and local
anesthesia on an outpatient basis in endoscopy or the
operating room. A commercial device is utilized and the
procedure takes about 30 min. The device resembles a
clear plastic anoscope with four retractable needles. The
needles are electrodes which are deployed into the anorectal mucosa to deliver radiofrequency energy to the internal anal sphincter, starting just distal to the dentate line
and moving proximally. The device delivers radiofrequency while simultaneously monitoring the temperature and
impedance of the tissues to avoid burning. The device is
activated four or five times per quadrant of the anorectum, moving 5 mm more proximal before each activation
in a quadrant. The machine provides constant feedback
on the contact with the tissues, temperature and impedance during the device activation, and the timing of each
activation, giving visual and sound cues to the surgeon

Fecal diversion
The creation of a colostomy or ileostomy provides definitive control of fecal incontinence. An ileostomy may
be considered in patients with colonic transit abnormalities but the colostomy is the standard ostomy utilized in
the treatment of fecal incontinence. In many patients the
ostomy can be created using a laparoscopic approach to
improve recovery time. While a colostomy is not without
short and long term risks, such as bleeding, anesthesia
related cardiac or respiratory morbidities, and parastomal hernia, it is a safe and effective treatment of severe
fecal incontinence. It is generally only offered if other
treatment modalities have failed. Patients are usually understandably very resistant to the idea of a permanent
colostomy, fearing it will be difficult to manage and have
great impact on self-image and social interactions.
When patients who had undergone colostomy creation for fecal incontinence were surveyed, general quality
of life and fecal incontinence quality of life scores were
actually higher in the colostomy group when compared to
other patients with fecal incontinence[139]. Another study
found that patients generally reported high satisfaction
levels with their stomas for fecal incontinence, with over
80% of patients stating that they would likely or definitely
choose to undergo the procedure again[140]. Compared to
other surgical treatments of sever incontinence (dynamic
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Significant
Significant
improvement in improvement
incontinence scores in quality of
life
after treatment

Ref.
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January 28, 2014|First Edition|

Van Koughnett JAM et al . Management options for fecal incontinence

up to 30 s so that the gel would not leak from the site[150].
There are very few comparative trials amongst injectable
materials. A small study of 40 patients found that silicone
was more effective than carbon-coated beads to reduce
incontinence[151]. No published studies have compared
NASHA/Dx with other injectables. One randomized
controlled trials comparing NASHA/Dx to biofeedback
and found no significant difference in functional outcomes[152]. Biofeedback, however, certainly requires more
dedication and long term commitment from the patient.
The effect of injectables on manometry parameters are
an increase in the length of the high pressure zone and
asymmetry index[153]. The impact on resting pressure is
variable in the literature, ranging from improvements in
resting pressure to no effect[153,154].
There are no long term outcomes reported yet for
NASHA/Dx, the most popular injectable. The longest
reported outcomes are at 2 years[155,156]. A Cochrane review published in 2013 noted the absence of long term
studies, making definitive conclusions about the utility
of injectables difficult[157]. See Table 8 for a summary of
cohort studies investigating the utility of NASHA/Dx
gel. A good response is considered a 50% reduction in
the number of reported incontinence episodes, which
is reported to occur in over 50% of patients who have
been treated with injectables[150,154,156,158-161]. In addition,
the majority of patients have good quality of life improvement, as reported on both global quality of life and
fecal incontinence quality of life scores[150,155,156,158]. Morbidity from the use of injectables is low, with fever and
proctalgia being the two most common adverse events
and bleeding, abscess, and pain being other rare reported
events[150,156,160,161]. Though many patients with fecal incontinence may be candidates for the use of injectables, the
ideal candidate is one who has seepage or mild to moderate incontinence who has failed medical management but
is not yet ready to pursue surgical treatment. Prior use of
an injectable such as NASHA/Dx does not preclude future surgical treatments such as sacral nerve stimulation,
sphincteroplasty or artificial bowel sphincter.

Table 8 Outcomes of dextranomer in hyaluronic acid gel for
fecal incontinence
Ref.

Significant
Year Patients > 50% reduction
(n )
in fecal incontinence quality of life
episodes (percentage improvement
of patients)

Dodi et al[150]
Graf et al[161]
Schwandner et al[159]
Danielson et al[160]
La Torre et al[156]

2010
2011
2011
2012
2013

115
136
21
34
83

64%
52%
56%
76%
63%

Yes
Yes
Yes
Yes
Yes

throughout the procedure.
Reports of the success of radiofrequency energy
treatment are generally, though not universally, positive
and are summarized in Table 7. Numerous studies have
reported long term improvement in fecal incontinence
scores [142-145]. The cohort with the longest reported
follow-up showed a durable reduction in mean Wexner
fecal incontinence scores from 14 to 8 and found that
most participants had a greater than 50% improvement
in symptoms after 5 years[142]. Similarly, patient satisfaction and quality of life scores show improvement after
radiofrequency energy treatment[142-145]. Another study
with a higher average baseline fecal incontinence score
compared to other trials found that only 22% of patients
had sustained treatment benefits at an average follow up
of 40 mo[146]. Despite the overall favorable outcomes of
radiofrequency energy delivery, anal manometry testing
does not show any significant change in physiologic parameters[143,147,148]. No major adverse events have been reported following radiofrequency energy delivery, though
there have been reports of infection, hematoma, minor
bleeding, and anal pain[145,147,148].
Injectable materials
Various injectable materials have included trialed for
local injection of the sphincter complex to treat fecal
incontinence. Benefits of this approach are that it is an
outpatient procedure with little discomfort that has low
morbidity. The materials used have included collagen,
silicone, autologous fat, glutaraldehyde, carbon-coated
beads, dextranomer in hyaluronic acid gel, and others[149].
Dextranomer in hyaluronic acid gel (NASA/Dx) has received the most extensive recent investigation and attention in the literature. Injectables may be used in patients
who have failed medical treatment and have fecal leakage
or mild to moderate fecal incontinence[149]. The bulking
effect may not be permanent and may require repeat injections at subsequent office visits.
The technique of injection is relatively simple. The
open-label multicenter trial of NASHA/Dx involved
four quadrant injections of 1 mL of NASA/Dx into
the deep submucosa of the anal canal[148]. This was performed through an anoscope and done with the patient
in the prone jack-knife or lithotomy positions. The injections were placed at a 30 degree angle 5-10 mm proximal
to the dentate line[150]. The needle was kept in place for
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CONCLUSION
Successful treatment of fecal incontinence requires careful consideration of the individual patient’s severity of incontinence. Treatments range from inexpensive medications and physical therapy to complex surgical procedures
such as artificial bowel sphincter implantation and muscle
transposition. In general, more invasive treatments are
required for more severe incontinence or after less invasive treatments have failed. A careful history including
obtaining an incontinence score, physical examination,
bowel diary, and adjunctive anal physiology tests should
be utilized to define the nature of the fecal incontinence.
Minimally invasive approaches including biofeedback, radiofrequency energy, and injectables have moderate long
term success. Sphincteroplasty remains an acceptable option for patients with documented sphincter defects. Be-
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cause initially adequate functional outcomes decline over
time, quality of life improvement after sphincteroplasty is
not robust long-term. Sacral nerve stimulation is very effective in managing moderate to severe fecal incontinence
and has had a great impact on the treatment of fecal
incontinence. In the very long-term, patients will require
additional procedures to change the battery of the sacral
nerve stimulator but the procedure has excellent reproducible long term functional and quality of life outcomes.
The artificial bowel sphincter has similar outcomes in
those patients who retain the device, but further studies
aimed at reducing infection, erosion, and device failure
must be undertaken. Fecal diversion remains a good option for severe fecal incontinence and actually provides
the patient with satisfying quality of life. Knowledge of
these currently used treatments is essential to honest and
thorough counseling of the patient with fecal incontinence to improve treatment success. Together with the
patient, the surgeon can then best select treatment from
the five available categories of repair, replacement, augmentation, stimulation, and diversion.
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and gastrointestinal diseases and discuss the interdependent relationship between sleep and these gastrointestinal disorders. Different physiologic processes
including immune system and inflammatory cytokines
help regulate the sleep. The inflammatory cytokines
such as tumor necrosis factor, interleukin-1 (IL-1), and
IL-6 have been shown to be a significant contributor
of sleep disturbances. On the other hand, sleep disturbances such as sleep deprivation have been shown to
up regulate these inflammatory cytokines. Alterations
in these cytokine levels have been demonstrated in
certain gastrointestinal diseases such as inflammatory
bowel disease, gastro-esophageal reflux, liver disorders and colorectal cancer. In turn, abnormal sleep
brought on by these diseases is shown to contribute
to the severity of these same gastrointestinal diseases.
Knowledge of these relationships will allow gastroenterologists a great opportunity to enhance the care of
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Abstract

Core tip: Sleep disorders have become a global issue,
and discovering their causes and consequences are the
focus of many research endeavors. Recent research
suggests that individuals with sleep abnormalities are at
greater risk of all-cause mortality and serious adverse
health and economic consequences. Several studies support the associations among sleep, immune function and
inflammation. We review the current research linking
sleep, immune function, and gastrointestinal diseases
and discuss the interdependent relationship between
sleep, overall immune function with emphasis on inflammatory bowel disease, irritable bowel syndrome, gastroesophageal reflux and colorectal cancer.

Sleep disorders have become a global issue, and discovering their causes and consequences are the focus
of many research endeavors. An estimated 70 million
Americans suffer from some form of sleep disorder.
Certain sleep disorders have been shown to cause
neurocognitive impairment such as decreased cognitive ability, slower response times and performance
detriments. Recent research suggests that individuals with sleep abnormalities are also at greater risk of
serious adverse health, economic consequences, and
most importantly increased all-cause mortality. Several
research studies support the associations among sleep,
immune function and inflammation. Here, we review
the current research linking sleep, immune function,
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night. Humans spend around 25% of total sleep time in
REM sleep[12]. The exact biological purpose of sleep is
unknown. However, slow-wave sleep is thought to be
restorative, restful sleep, and REM sleep is associated
with dream recall and memory consolidation[13]. Although
the ideal quantity of sleep is different among individuals,
most studies recommend seven to eight hours a night
for adults as an optimal amount of sleep[14]. Alterations
in normal sleep patterns are thought to be a significant
contributor to a vast array of illness including depression,
metabolic syndrome, inflammation, gastrointestinal diseases, and also cancer[15,16].

Original sources: Ali T, Choe J, Awab A, Wagener TL, Orr WC.
Sleep, immunity and inflammation in gastrointestinal disorders.
World J Gastroenterol 2013; 19(48): 9231-9239 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v19/i48/9231.htm
DOI: http://dx.doi.org/10.3748/wjg.v19.i48.9231

INTRODUCTION
Research into sleep and its associated health abnormalities has had a relatively recent surge, and sleep quality has
been shown in many investigations to be an important, if
not essential element of good health[1-3]. Sleep disorders
can be primary, secondary or behavioral. Primary disorders are related to neurologic defects like narcolepsy and
restless leg syndrome, breathing problems like obstructive
sleep apnea and central sleep apnea, or circadian rhythm
abnormalities like jet lag and delayed sleep phase syndrome. Secondary sleep disorders are secondary to primary diseases such as depression, chronic illness etc. Behavioral sleep problems such as insomnia or insufficient
sleep are caused or perpetuated by poor sleep hygiene.
Sleep disorders have become a global issue. Sleep
abnormalities occur in 17%-22% Japanese[4,5], while sleep
disorders are estimated to range from 7% to 50% in
people living in Portugal and Finland[6-8]. In the United
States, more than 70 million people suffer from a sleep
disorder, and modern lifestyles have led to Americans
sleeping approximately 2 h less per night than 100 years
ago[4,7,9]. Abnormalities in the sleep cycle are linked with
neurocognitive consequences ranging from performance
decrements, slower response times, and decreased cognitive ability[10].
Receiving fewer hours of sleep may also impact metabolism in a manner that contributes to obesity[10]. A
strong association has been found between disruption in
sleep and gastrointestinal disease. We will review the interdependent relationship of sleep dysfunction and gastrointestinal issues including inflammatory bowel disease
(IBD), irritable bowel syndrome (IBS), gastro-esophageal
reflux disease (GERD), liver disorders and colon cancer. Sleep abnormalities have been shown to worsen
symptoms of IBS, IBD and GERD which, in turn, can
worsen sleep abnormalities. Sleep disorders and circadian
dysfunction have also been shown to increase the risk of
colon cancer.

REGULATION OF SLEEP
Sleep regulation is often described by a two process
model[17]. Process S, or the sleep homeostatic drive, linearly increases the longer an individual stays awake[18].
Process C, or the circadian alerting drive, oscillates with
body temperature on an approximate 24-h cycle [15,18].
During the later hours of the day, Process C enters its
decline in the circadian pattern, and Process S has accumulated approximately 16 h of continuous wakefulness. The combination of declining alertness and a sufficient amount of prior wakefulness facilitates the onset
of sleep[18]. Biological clocks have evolved based on a
24-h cycle that allow organisms to anticipate and physiologically adjust to daily environmental changes and this
circadian system provides a temporal organization of
waking and sleep[15,19]. The circadian clock is entrained or
synchronized to the specific day-night cycle (phase) of
the environment through signals such as light, meals, and
social interaction. These affect neuro hormonal pathways
which influence the circadian clock. Light is the most important factor affecting the circadian rhythm. Light travels from the retina via the retinohypothalamic pathway to
the suprachiasmatic nucleus (SCN), and then via a multisynaptic pathway to the pineal gland where it suppresses
melatonin production. Melatonin is a neurohormone that
serves to synchronize circadian rhythms both with the
environment and the human body as melatonin receptors are found in nearly all human tissue. Furthermore,
the 24-h circadian rhythm is governed by a main circadian clock and a system of peripheral clocks located in
multiple tissues including the pancreas, liver, and adipose
tissue[20]. The SCN also serves as a “standard time” which
synchronizes peripheral tissue clocks[21]. A series of “clock
genes” help regulate the timing through both positive
and negative feedback loops. CLOCK and Brain and
Muscle Arnt-like protein (BMAL-1) form heterodimers
that accumulate throughout the day. These heterodimers
then bind to the promoter regions of the genes Period
(PER) and Cryptochrome (CRY) to activate their transcription. PER and CRY proteins then accumulate and
form heterodimers that inhibit transcription of CLOCK
and BMAL-1 proteins[22]. Point mutations in these clock
genes have been linked to altered circadian function and
sleep abnormalities in mammals including familiar ad-

HUMAN SLEEP
Sleep is classified based on polysomnographic data into
two main categories known as rapid eye movement (REM)
sleep and non-REM (NREM) sleep. NREM sleep is further divided into three stages based on increasing depths
of sleep and increasing arousal thresholds. These sleep
stages cycle through REM and NREM approximately
every 90 min[11]. More time is spent in slow-wave delta
sleep each cycle during the first half of the night, with
increasing time in REM sleep in the later portions of the
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vanced sleep phase syndrome and delayed sleep phase
syndrome[23-25].
Research has also focused on determining whether
similar feedback-loop clock genes are present within the
gastrointestinal tract. PER2 expression has been identified in the myenteric plexus and affects the rhythmic
releases of acetylcholine and nitric oxide, ultimately regulating peristalsis[26,27]. Hypotheses on circadian rhythms
affecting nutrient transport in the small intestine, gastric
acid secretion, gut motility, and production of digestive
enzymes have also been proposed[27].

ating the effect of infection with human immunodeficiency virus (HIV) on sleep. In early stages of HIV infection, polysomnographic data showed larger percentage of
time spent in NREM than in REM and prolonged REM
sleep latency[18,38]. Serotonin also is an integral component
to IL-1 activity. Depletion of serotonin or inhibition
of the serotonin receptor led to a reduction in the IL1-induced increase in the amount of NREM sleep[39,40].
Thus, there appears to be an interaction of IL-1 and its
ability to modulate sleep based on baseline levels of serotonin. Infection caused by viral, bacterial, fungal or even
parasites was evidenced to increase the amount of time
spent in NREMS and decrease the amount of time spent
in REMS[41] based on severity of infection[12].

IMMUNE ACTIVATION AND CYTOKINE
EFFECTS ON SLEEP
Many immune and endocrine pathways exhibit a diurnal
profile including cortisol and growth hormone. The onset
of sleep corresponds with an increase in the serum levels
of some cytokines, peaking at 2.5 h after sleep onset[28].
This surge of cytokines and their pro-inflammatory effects are suggested to be linked with nocturnal exacerbations of diseases like asthma and rheumatoid arthritis[11].
Increasing evidence supports a reciprocal relationship
between sleep and the immune system. An activated immune system alters sleep and sleep abnormalities affect
immune function[29,30]. Studies have also shown that an
immune response elicits a pro-inflammatory cytokine
response that helps to modulate sleep[22]. This was first illustrated in the 1970s[31] after the identification of a sleepinducing muramyl peptide known as factor S was found
to have both immune and sleep regulatory properties[18,32].
Although the diverse range of cytokines released in early
inflammation limits our ability to isolate individual contributions[33], tumor necrosis factor (TNF)-a, interleukin-1
(IL-1), and IL-6 have shown the strongest potential[30].
However, numerous other cytokines with at least partial
sleep regulatory properties have been identified. In animal models, IL-1 and TNF-a elevations have correlated
with increased time in NREM sleep. Furthermore, an
inhibitory effect on both spontaneous sleep and sleep rebound (increased REM sleep after sleep deprivation) was
produced when IL-1 was inhibited by anti-IL-1 specific
antibodies[34]. In addition, high serum levels of TNF-a
has been linked to sleepiness in patients with obstructive
sleep apnea and rheumatoid arthritis[35,36]. IL-6 also plays
a role in sleep modulation. Sleep deprivation can increase
IL-6 levels leading to daytime fatigue[37]. In a human
study, subjects received an injection of IL-6 that simulated the levels found in infection, and they experienced
marked subjective fatigue, inhibition of REM sleep, and
elevated CRP in 6.5 h[33]. The inhibition of REM and the
promotion of NREM sleep appear to play key roles in
the immune response. IL-1, IL-6 and TNF-a are at high
levels at time of infection and correlated with increased
duration of NREM, changes in core body temperatures,
more shivering, and an overall greater capacity to fight
off illness[32]. This was confirmed in several studies evalu-
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SLEEP EFFECTS ON THE IMMUNE
RESPONSE
Both human and animal studies have shown that sleep
has an overall protective role and that sleep deprivation
is associated with an increased susceptibility to infection[18,22]. A study on infected rabbits showed that animals
who had longer periods of sleep had less morbidity and
mortality[42]. In humans, long-term sleep deprivation was
shown to increase risk of septicemia[43,44]. Furthermore,
decreased sleep has been linked to impaired antibody
response to hepatitis A vaccine[29], influenza[45], and increased risk of getting a upper respiratory infection[46].
The timing of sleep is also important because most immune cells have their highest response to immune challenges during the night[12,18] and their lowest response in
the morning[45]. This antibody impairment is very similar
to the decrease in the immune response seen with human
aging as both have a lowered T-cell response to antigens
and impaired response to vaccinations[47].

GASTROESOPHAGEAL REFLUX DISEASE
AND SLEEP
It is well established that gastroesophageal reflux and its
most common symptoms, heartburn and regurgitation, is
among the most frequently dealt with conditions encountered by gastroenterologists[48].
Approximately, 10%-20% of the people in the
United States have GERD[49]. One study found that approximately 74% of patients with GERD had nocturnal
symptoms[50]. A Gallup survey revealed that approximately 63% of the people with nocturnal GERD felt it
impaired their ability to sleep and 40% felt it impaired
their ability the following day[51]. Several factors likely
contribute to nocturnal GERD. Numerous studies now
have documented that reflux during sleep presents physiologic issues not encountered during the waking state.
For example there is a notable prolongation of acid
clearance due to the suppression of swallowing and salivation during sleep. This results in enhanced back diffusion of hydrogen ions and subsequent mucosal damage.
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flammatory cascade regulation[59]. Another study found
that occupations that have artificial working conditions
(such as light) and irregular hours had higher odds ratio
(1.6-1.7) for development for IBD[60,61].
Patients with Crohn's disease (CD) and sleep loss may
also have a greater risk for disease relapse. These patients
had twice the risk of active disease in 6 mo than patients
who did not have sleep abnormalities[62]. In fact, Tang et
al[62] performed a study examining sleep deprivation on
mice with colitis and noted both acute and chronic sleep
deprivation led to worsening colitis likely secondary to
heightened sensitivity to pro-inflammatory cytokines such
as IL-6 and TNF-a[9,30,61,63]. A large survey study looking
at sleep disturbances in over 3100 participants found that
CD patients in clinical remission and subjective sleep
disturbances had a 2-fold increased risk of active disease
at 6 mo. They discovered approximately 75% of patients
with active disease have subjective sleep complaints compared to 48% inactive disease[62].
Recently, we performed a prospective observational
cohort study looking at the sleep disturbances of IBD
patients. We discovered that 100% of patients with active disease had poor sleep while only 72% of patients
with clinically inactive disease had poor sleep. The difference between sleep disturbances became even higher
when histology was used to define the disease activity.
We found 100% of those in histologically active group
had poor sleep while only 54% in the histologically inactive group had poor sleep (OR = 6.0, 95%CI: 2.9-12.5,
P < 0.0001). An abnormal PSQI had a positive predictive value for histologic inflammatory activity of 83%[64].
These patients were prospectively followed for 6 mo, and
the relapse rate in clinically inactive patients with poor
sleep was found to be 67%. No patients with normal
sleep patterns relapsed (RR = 3, 95%CI: 1.5-6.1, P = 0.03).
We detected a significant correlation between the baseline
PSQI and disease activity at the 6-mo follow up (CD: r =
0.56, P = 0.0046; UC: r = 0.54, P = 0.024)[65]. Although
the study was limited by the small number of patients, the
results are intriguing and hold very important therapeutic
implication in the management of immune-mediated inflammatory diseases.
Melatonin has recently been investigated as a possible
method of improving outcomes for patients with UC
Data from several animal models indicate that melatonin
administration increased serum levels of IL-10 (an antiinflammatory cytokine) and decreased serum levels of
pro-inflammatory cytokines such as IL-6 and TNF-a[66-69].
Patients with UC had abnormally high levels of proinflammatory cytokines, and melatonin may play a role
in reducing the severity of UC by reducing these specific
cytokines[69-73].

These issues are discussed in detail in a review by Orr et
al[51] in which he presents an argument for considering
nighttime reflux and its clinical manifestations as a distinct clinical entity[52]. However, sleep and GERD have
been shown to have a more interdependent relationship. A study by Dickman et al[52] noted that poor quality
of sleep led to exacerbations of reflux the following
day. They also found that longer durations of reflux
events correlated with reduced sleep quality. This was
supported by the Gallup survey, a higher frequency of
reflux was associated with higher frequency of sleep difficulties[51]. A likely contributing factor is the hyperalgesia
due to sleep disturbances[54,55]. This was first reported by
Onen et al[53] who found that sleep deprivation led to a
somatic hyperalgesia. This hyperalgesia was evidenced
after loss of REM sleep or cumulative 2 d loss of nonREM sleep[54]. Recently, Schey et al[54] have documented
a visceral hyperalgesia and increased sensitivity to reflux
in GERD patients with documented poor sleep prior to
undergoing an acid perfusion test[55]. Further research in
this area is needed, but current studies indicate that discussion and treatment of sleep abnormalities in patients
with GERD may lead to improved management.

PEPTIC ULCER DISEASE
Patients with sleep apnea sustain cessation of breath
during sleep, leading to intermittent hypoxia, systemic
inflammation and sympathetic activation. These insults
are not only be a threat to cardiovascular system but can
also contribute to damage to the gastrointestinal mucosa
and hence initiation or progression of peptic ulcers[56]. In
a very large study of nearly 35000 patients from Taiwan,
patients with sleep apnea experienced 2.4 fold higher risk
for peptic ulcer bleeding[56]. This may warrant surveying
for sleep apnea as a potential predisposing factor in patients with peptic ulcer bleeding and without any apparent risk factors.

INFLAMMATORY BOWEL DISEASE AND
SLEEP
IBD is characterized by a chronic immune mediated inflammation of the gastrointestinal tract. It is estimated
that approximately 400/100000 Americans suffer from
IBD[57]. The relationship between sleep and IBD has been
a topic of more recent consideration. Ranjbaran et al[57]
used the Pittsburgh Sleep Quality Index (PSQI) to show
a relationship with sleep abnormalities and the quality of
life in patients with IBD. They noted several sleep-related
issues: more sleep latency, less day time energy, and increased sleeping pill use[57].
Abnormal sleeping habits may also play a role on
disease severity. One study noted both worsened severity
of UC and higher mortality in phase-shifted mice than
in unaltered circadian-phase mice[59]. They noted that
chronic circadian phase shifts led to worsening mucosal
inflammation and colitis likely secondary to altered in-
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IRRITABLE BOWEL SYNDROME AND
SLEEP
IBS is a chronic gastrointestinal syndrome that is associated with abdominal pain and distorted bowel behavior.
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IBS is commonly diagnosed and there is an estimated
10%-15% of the North American population suffering
from this syndrome[74]. IBS appears to have a significant
association with anxiety, stress, and overall environment.
Interestingly, sleep dysfunction also has similar associations. The study conducted by Kim et al[74] examined IBS
occurrence among irregular-shift workers and traditional
day-shift workers. They found that the prevalence of IBS
in irregular-shift workers was significantly higher (32.7%)
than in the day-shift workers (16.7%). They also found
that many of the individuals that worked irregular shifts
experienced less sleep quality, higher rates of daytime
sleepiness, and higher levels of stress[75]. Chen et al[75] compared sleep patterns and rectal sensitivity using anorectal
manometry among patients with IBS and healthy subjects. They noted that IBS patients with lower amounts
of quality sleep were prone to lower thresholds for rectal
sensitivity and altered anal sphincter function[76]. This rectal hyperalgesia in patients with sleep abnormalities and
IBS is consistent with the visceral hyperalgesia noted in
patients with sleep abnormalities and GERD[55].

diseases. One study found 47.7% of cirrhotic patients
had unsatisfactory sleep when compared to 4.5% seen in
controls[92]. Elevated levels of ammonia seen in hepatic
encephalopathy is also evidenced to induce sleep wake
cycle reversal and progressive electroencephalography
changes with triphasic wave changes in Stage I hepatic
encephalopathy and eventually delta waves and comatose
state in Stage IV[93]. Another study found that women
with primary biliary cirrhosis slept nearly twice as much
during the day when compared to controls[94]. Although
the exact mechanism behind this is known, it is thought
that elevated IL-6 plays a role[95]. Patients with hepatitis
C also are at higher risk for sleep abnormalities with
60%-65% reporting abnormal sleep complaints[96]. In addition, patients undergoing treatment with interferon-a
are also at increased risk for sleep abnormalities as
22%-24% of patients experience sleep disturbance as a
side effect[97].
Summa et al[97] study on mice found that circadian
disorganization via ClockΔ19/Δ19 mutation led to elevated
liver/body weight ratios and advanced alcohol induced
steatohepatitis[98]. The etiology behind this connection is
thought to rely on abnormal intestinal epithelial permeability. Ideally, the intestinal epithelial barrier serves to
protect the body from unwanted luminal contents while
also allowing a fraction of permeability to allow immune
surveillance and regulation[99]. Summa et al[97] followed the
absorption of sugars in the gastrointestinal tract in phase
shifted mice and found increased permeability in the colon when compared to control. This evidence indicates
that circadian dysfunction may be a separate risk factor
for alcohol induced liver damage[98].
Patients with sleep apnea sustain cessation of breath
during sleep, leading to intermittent hypoxia, systemic
inflammation, and sympathetic activation. These insults
may contribute to initiation or progression of peptic
ulcers[56]. In a very large study of nearly 35000 patients
from Taiwan, patients with sleep apnea experienced 2.4
fold higher risk for peptic ulcer bleeding[56].

COLON CANCER AND SLEEP
Colorectal cancer is the second most commonly diagnosed cancer in the world in women and the third most
common in men[77]. Surgery is often the primary method
of intervention while adjuvant chemotherapy and radiation therapy are often employed to improve survival or
quality of life[78-80]. Several surveys noted that fatigue was
one of the highest concerns for people with cancer[78,81,82].
Animal studies indicate that both circadian disruption
by nocturnal light exposure or sleep deprivation accelerated tumor formation[83-85]. A recent study by Thompson
and colleagues evaluated sleep and colon cancer and
noted that shorter duration of sleep (< 6 h) led to an almost 50% increase in the risk for colorectal adenomas[86].
Shift work, abnormal clock gene expression, and other
causes of disruption of circadian rhythms are emerging
as cancer risk factors[83,87]. A study by Schernhammer et
al[87] found an increased risk for colon cancer in women
who worked night shifts[88]. Several theories have been
proposed to explain the relationship between sleep and
colon cancer. Increased obesity is a known risk factor for
cancer[89]. Sleep disorders are also known to alter metabolism and contribute to obesity[10]. Sleep disturbance may
play an indirect role in increasing the risk for cancer by
increasing adiposity[90]. Another theory suggests melatonin and its anti-carcinogenic properties are a key factor.
Nocturnal light exposure suppresses melatonin production, and the lack of melatonin and its anti-proliferative
effects may contribute to intestinal cancer formation[88,91].
Open discussion, evaluation, and treatment of lowerthan-normal duration of sleep may be an under-appreciated method of colorectal cancer risk modification.

TREATMENT IMPLICATIONS
As the complexities regarding the association between
sleep and gastrointestinal disorders continue to become
better understood, it begs the question as to how the
medical and psychiatric community should address comorbid sleep and gastrointestinal disorders. Though current clinical trials have not directly addressed this population, several small preliminary trials have investigated the
efficacy of cognitive behavioral therapy for insomnia in
patients with comorbid chronic pain[100-103]. Collectively,
these studies suggest that insomnia can be effectively
treated among patients with chronic pain and that improvement in sleep confers some clinical improvement
in pain. Therefore, given the state of the current science,
it seems prudent that medical providers would recommend the evaluation and treatment of sleep disorders in
patients with gastrointestinal disorders. Treating both disorders in parallel may not only result in a better outcome

SLEEP DYSFUNCTION AND THE LIVER
Sleep disturbances are seen in numerous types of liver
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for the patient, but also allow the medical provider to use
less invasive and expensive means to improve the patient’s
overall quality of life.

15
16

CONCLUSION
Sleep abnormalities are a global issue and its effects on
well-known pathologies is both an interesting and relevant field of research. Sleep abnormalities contribute
to many gastrointestinal diseases and conversely, gastrointestinal diseases often lead to sleep abnormalities. This
interdependent relationship represents a novel approach
to treating GERD, IBS, IBD, liver disorders and colon
cancer. The evaluation, discussion, and treatment of sleep
abnormalities may play a key role in further preventing
and improving many gastrointestinal disorders.
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Factors influencing quality of bowel preparation for
colonoscopy
Ronald V Romero, Sanjiv Mahadeva
age, male gender, presence of co-morbidity and socioeconomic status of patients to be associated with poor
bowel preparation among adults undergoing routine
out-patient colonoscopy. Additionally, procedure-related
factors such as adherence to bowel preparation instructions, timing of bowel purgative administration and appointment waiting times for colonoscopy are recognized
to influence the quality of colon cleansing. Knowledge
of these factors should aid clinicians in modifying bowel
preparation regimes accordingly, such that the quality
of colonoscopy performance and delivery of service to
patients can be optimised.
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Abstract
Recent technological advances in colonoscopy have led
to improvements in both image enhancement and procedural performance. However, the utility of these technological advancements remain dependent on the quality of bowel preparation during colonoscopy. Poor bowel
preparation has been shown to be associated with lower quality indicators of colonoscopy performance, such
as reduced cecal intubation rates, increased patient discomfort and lower adenoma detection. The most popular bowel preparation regimes currently used are based
on either Polyethylene glycol-electrolyte, a non-absorbable solution, or aqueous sodium phosphate, a lowvolume hyperosmotic solution. Statements from various
international societies and several reviews have suggested that the efficacy of bowel preparation regimes
based on both purgatives are similar, although patients’
compliance with these regimes may differ somewhat.
Many studies have now shown that factors other than
the type of bowel preparation regime used, can influence the quality of bowel preparation among adult
patients undergoing colonoscopy. These factors can be
broadly categorized as either patient-related or procedure-related. Studies from both Asia and the West have
identified patient-related factors such as an increased
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INTRODUCTION
Colorectal cancer (CRC) is recognized as a significant
health problem in both developed and developing countries. In 2008, the worldwide estimated number of new
cases of colorectal cancers was 1  233  000 with an estimated mortality of 608  700[1]. In Asia, the incidence of
colorectal cancer has been noted to be increasing and is
already comparable to that of the West[2-5]. However, if
diagnosed at an early stage, CRC is one of the most preventable and curable malignancies[6]. Therefore, screening with the ideal modality can potentially alleviate the
health burden of CRC[7,8]. Current recommendations on
colorectal screening advocate colonoscopy as the preferred modality[9,10], in view of its’ accuracy in detecting
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early lesions and proven efficacy in lowering rates of incident CRC[11-14]. Advances in technology, such as magnification lenses, narrow band imaging and chromoendoscopy have increased the detection yield for early cancers
during colonoscopy[15-17]. Lesions characterized as early
cancers can be endoscopically resected at the same sitting and can be curative[18,19]. However, the advantages
of colonoscopy are not only limited to the detection and
treatment of early cancers. Other therapeutic benefits of
colonoscopy include endoscopic hemostasis of bleeding
lesions, dilatation of benign strictures and stenting of
malignant strictures[20-23].
Despite these advances in diagnostic and therapeutic
colonoscopy, the utility of colonoscopy remains dependent on the cleanliness of the colon or the quality
of bowel preparation. For instance, adenoma detection
rate, being one of the quality indicators of colonoscopy,
is recognized to be decreased by poor bowel preparation[24-26]. Colonoscopy performance is also significantly
affected by poor bowel preparation. In a recent study
among Asian patients, poor bowel preparation resulted
in decreased cecal intubation, prolonged cecal intubation and total colonoscopy time, and increased patient
discomfort[27]. In similar studies in Europe and Australia,
poorly prepared patients during colonoscopy had longer,
more difficult procedures and a lower diagnostic yield
for polyps[28-30].

with irritant laxatives, such as bisacodyl or magnesium
citrate[40], was developed to increase patient compliance
and is recognised to be as effective as the standard 4 L
PEG preparation[41-43]. Aqueous sodium phosphate is
a low-volume hyperosmotic solution which contains
48 g (400 mmol) of monobasic sodium phosphate and
18 g (130 mmol) of dibasic sodium phosphate per 100
mL. Sodium phosphate osmotically draws plasma water
into the bowel lumen to promote colonic cleansing and
significant fluid and electrolyte shifts can occur[39]. Two
meta analyses, comprising 71 trials (10  201 subjects) and
18 trials (2792 subjects) respectively, previously concluded that sodium phosphate-based bowel preparations
resulted in a more complete and better quality of bowel
preparation compared to 4-L PEG[44,45], mainly due to
the poorer compliance with the latter [46-49]. However,
sodium phosphate is associated with significant fluid
and electrolyte shifts due to its hyperosmotic nature
and patients with renal impairment, dehydration, on
angiotensin-converting enzyme inhibitors, or angiotensin
receptor blockers can develop renal failure[50-52].
The recent American Society for Gastrointestinal
Endoscopy, American Society of Colon and Rectal Surgeons, and the Society of American Gastrointestinal and
Endoscopic Surgeons consensus statements on bowel
preparation evaluated the use of PEG, SF-PEG, lowvolume PEG/PEG-3350 with bisacodyl delayed-release
tablets, aqueous and tablet preparations of sodium phosphate, the data of which has been summarised in Table
1[50]. There is little variation in bowel preparation regimens in other countries. The European Society of Gastrointestinal Endoscopy recommended 4 L polyethylene
glycol with low-dose sodium phosphate boosts as bowel
preparation for colon capsule endoscopy[53]. Similarly
in a bowel preparation study in South Korea, subjects
were given PEG solutions in 4 L of water[54]. In Canada,
as described in the position paper of the Canadian Association of Gastroenterology, the most commonly used
bowel preparation agents are polyethylene glycol, sodium
phosphate, magnesium citrate, and sodium picosulfate,
citric acid, and magnesium oxide-containing solutions[55].
In a colonoscopy practice study in the United Kingdom
comprising of 9223 colonoscopies, bowel preparation
was performed using sodium picosulfate, polyethylene
glycol preparations and sodium phosphate in 36.8%,
20.7% and 15.6% of colonoscopy procedures respectively[56].
Regardless of the type of bowel preparation used,
whether it is PEG or sodium phosphate-based, both
types appear to have a similar level of bowel cleansing
ability. Modifications of these two common types of
bowel preparations, such as adding prokinetic agents to
PEG[57,58], or adding simethicone to sodium phosphate[59],
may provide some improvements in certain instances.
However, it is recognized that factors other than the type
of bowel cleansing agent used, have an equally, if not
more, important role in influencing the quality of bowel
preparation in patients undergoing colonoscopy. In gen-

GRADING OF BOWEL PREPARATION
Many clinical studies have used the terms ‘‘excellent’’,
‘‘good’’, ‘‘fair’’, and ‘‘poor’’ to rate the quality of bowel
preparation[31-34]. ‘‘Excellent’’ is typically defined as no
or minimal solid stool and only small amounts of clear
fluid that require suctioning. ‘‘Good’’ is typically used to
describe no or minimal solid stool with large amounts of
clear fluid that require suctioning. ‘‘Fair’’ generally refers
to collections of semisolid debris that are cleared with
difficulty. ‘‘Poor’’ generally refers to solid or semisolid
debris that cannot be cleared effectively. For practical
purposes, an unsatisfactory or inadequate bowel preparation is one which would use a combination of the descriptions of “fair” and “poor”.

BOWEL CLEANSING AGENTS
Several colon cleansing agents and schedules have been
utilized and studied for bowel preparation during colonoscopy. The most popular regimes today are based on
either polyethylene glycol-electrolyte (PEG) lavage solution or aqueous sodium phosphate solution[35-38]. PEG
is a non-absorbable solution that should pass through
the bowel without net absorption or secretion[39]. Significant fluid and electrolyte shifts are therefore avoided
but large volumes (4 L) are still required to achieve a
cathartic effect. Sulphate-free PEG (SF-PEG) is more
palatable with improved aroma and taste than pure PEG
solutions. A reduced-volume (2 L) preparations coupled
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Table 1 Summary of American Society for Gastrointestinal Endoscopy, American Society of Colon and Rectal Surgeons,
Society of American Gastrointestinal and Endoscopic Surgeons consensus recommendations on colon cleansing agents for bowel
preparation during colonoscopy
Agent

Dosing

Recommendation

PEG

Level of evidence

240 mL every 10 min until rectal output is clear Faster, more effective, better-tolerated compared to dietary
or total of 4 L
restriction with cathartics, gut lavage, or mannitol
Sulfate-free PEG
240 mL every 10 min until rectal output is clear Better tasting, comparable to PEG in effectiveness and safety,
or total of 4 L
acceptable alternative to PEG
Low-volume
4 bisacodyl delayed-release tablets at noon,
Equally effective to standard 4-L PEG, better tolerated,
PEG/PEG-3350
after bowel movement or 6 h, 240 mL every 10
acceptable alternative to 4-L PEG
and bisacodyl
min until 2 L is consumed
Aqueous sodium
Two doses of 30 to 45 mL sodium phosphate
Equal alternative to PEG except for pediatric and elderly
phosphate
with 8 oz of liquid 10-12 h apart
patients, bowel obstruction, renal failure, congestive heart and
liver failure
Sodium phosphate 20 tablets on the evening before the procedure, Improved taste and palatability compared to aqueous sodium
tablets
12-20 tablets 3-5 h before the procedure
phosphate, but no improvement in patient tolerance

Grade ⅠA
Grade ⅡB
Grade ⅠA

Grade ⅠA

Grade ⅠA

PEG: Polyethylene glycol-electrolyte.

eral, this can be categorized as either patient-related (i.e.,
clinical or epidemiological parameters) or procedurerelated (e.g., administrative issues relating to bowel preparation or the conduct of colonoscopy) factors. In this
review, we will focus on both of these factors and their
influence on the quality of bowel preparation among
adult patients undergoing colonoscopy.

likely to have poor bowel preparation compared to female patients, in a study of 501 Asian patients. Lebwohl
further reported that male patients had a 1.4 times risk
of poor bowel preparation compared to females in yet
another American study of 10  921 patients undergoing
colonoscopy[66].
It is well known in most societies that men are less
health-conscious compared to women for various reasons[68-70]. Gender differences in reproductive biology,
higher morbidity rates in women than in men, differences in health perceptions and the reporting of illnesses, and a greater likelihood that women seek help for
prevention of illness[71] are some of the explanations for
a lesser healthcare attitude amongst men. It is plausible
then that this gender difference may have led to a poorer
adherence to bowel preparation instructions among male
patients undergoing colonoscopy from both Eastern and
Western patients.

PATIENT-RELATED FACTORS
Age
Several studies have evaluated advancing age as a risk
factor for poor bowel preparation in colonoscopy. In a
retrospective United States study of 300 patients, univariate analysis demonstrated that a mean age of ≥ 66
years was predictive of poor colonoscopy preparation[60].
In two recent Asian studies, age ≥ 60 years were similarly associated with a poor bowel preparation[27,54]. An
increased age is known to be associated with a reduced
colonic transit, greater co-morbidity and polypharmacy,
all of which are known to impact on colonic cleansing[39,61-64]. However, in a larger prospective study of 649
patients, the age of patients did not appear to have an
impact on the quality of bowel preparation in patients
undergoing colonoscopy[65]. One possible explanation
was that the mean age of patients in this study was 56
years, which is significantly lower than other studies
which reported on age as a risk factor for poor bowel
preparation.

Co-morbidity
Several studies have managed to explore the association
between co-morbidities and adequacy of bowel preparation. A recent study of 300 outpatients undergoing
colonoscopy identified the “use of more than 8 active
prescription medications”, i.e., a surrogate marker for
co-morbidity as a predictor for poor bowel preparation[72]. Among the common chronic illnesses known,
diabetes has been shown to be consistently associated
with poor bowel preparation. In a South Korean study
of 367 patients, Chung et al[54] demonstrated that diabetic
patients had a 8.6 times risk of poor bowel preparation
compared to non-diabetic patients. In yet another study
specifically comparing standard PEG bowel preparation
between diabetic and non-diabetic patients, Taylor et al[73]
demonstrated that an adequate bowel preparation was
found in 97% non-diabetic patients compared to 62%
of diabetic patients. Diabetes is known to impair colonic
and general gastrointestinal transit[74,75], and it is this
mechanism that is thought to result in a poorer bowel

Gender
Studies in both the West[65,66] and the East[67] have demonstrated that male gender is an independent predictor of poor bowel preparation. Among 649 American
patients, of whom 21.7% had poor bowel preparation,
Ness et al[65] reported that male gender was an independent predictor of poor bowel preparation among other
patient-related factors. Chan et al[67] showed that male
patients undergoing colonoscopy were 1.6 times more
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preparation.
Patients with stroke disease and dementia have additionally been demonstrated to have a higher risk of
poor bowel preparation[65], potentially as a result of an
altered gastrointestinal motility as well and their inability
to comply with bowel preparation instructions. A single
study has additionally identified prior gastrointestinal
and pelvic surgery as risk factor for inadequate bowel
preparation[54].
The setting in which patients are referred for a colonoscopy, i.e., either from an in-patient or out-patient setting, is yet another surrogate marker for the impact of
co-morbidity on level of colon cleanliness. Inpatient status has been associated with poorer bowel preparation in
several studies[65,67,76], and this has been attributed to prolonged immobility and poor tolerance to purgatives due
to co-morbid illness. Even in colonic surgery, an outpatient bowel preparation, as opposed to an in-patient
preparation, has been shown to result in a better clinical
outcome due increased co-morbidity in the latter[77].

American study of 300 patients who underwent screening colonoscopy for cancer, Nguyen et al[72] reported that
86.7% of patients with a poor/inadequate bowel preparation had failed to either complete the bowel preparation or follow written instructions. These findings were
similarly reported in a Malaysian study of 501 patients,
whereby non-adherence to purgative instructions was
associated with a 4.76 risk of poor bowel preparation[67].
Whilst non-adherence to preparation instructions is an
obvious determinant of the quality of bowel preparation, it is generally unreliable as it depends on selfreporting by patients. It is well recognized that many
patients are reticent to admit non-adherence or they may
not even recognize non-compliance themselves[65]. Nevertheless, it is important to identify factors contributing
to non-adherence of instructions as this provides an
opportunity to intervene and enhance quality. A lower
socioeconomic status has been identified as one of the
main reasons for non-adherence to bowel preparation
instructions[72] and it is likely that male gender may be a
contributing factor[66,67], for reasons outlined previously.

Socioeconomic status
Bowel preparation regimens need to be adhered to ensure a good quality of preparation during colonoscopy
(see later). As standard bowel preparation usually requires a combination of dietary restrictions and several
steps of purgative administration, a clear understanding
of the process and strict adherence to instructions (usually in a written format) is vital. A poor understanding
of this process, and its’ importance, has been shown to
be more prevalent among patients from a lower socioeconomic background. A recent United States-based
study identified poor bowel preparation to be more
common among patients who needed English-language
interpretation (for bowel preparation instructions) and
those on Medicaid insurance (a marker of low socioeconomic status)[72]. A lower education level, as a marker of
lower socioeconomic status, was recently shown to be an
independent predictor of poor bowel preparation in an
Asian study of 501 outpatients[67]. In contrast, enhanced
education and specific counseling of adult patients on
bowel preparation instructions was shown to improve
the quality of bowel preparation in an elegant Canadian
study of 38 patients[76].

Timing of bowel preparation administration
Several studies have examined the effect of timing of
bowel purgative administration (mostly PEG) and its’
impact on quality of bowel preparation. In a large study
of 317 patients undergoing an afternoon colonoscopy,
Church et al demonstrated that a “same-day” administration resulted in a significantly better quality of bowel
preparation compared to a “one day before” timing,
using the same quantity of PEG solution[78]. Regardless of the location of the colon, patients with a “same
day” bowel preparation had a greater proportion of
“excellent grade” cleanliness and a lower proportion
of “fair grade” cleanliness compared to patients who
had consumed purgatives the day before[78]. Two other
studies examining “day before” vs “same day” preparations have managed to demonstrate a similar superior
efficacy of the “same day” preparations[79,80], with an
Italian study even suggesting that this timing improved
the detection rates of colonic adenomas[80]. A prolonged
duration between purgative administration and timing
of colonoscopy is thought to result in proximal colon
contamination from the small bowel and hence a poorer
colon cleansing ability. In a different study, El Sayed et
al[81] investigated the effect of a split-dose administration
of PEG, whereby 187 patients were randomised to either “3 L PEG + dietary restriction one day before” vs “2
L PEG + Bisacodyl one day before + 1 L PEG on the
same day” of the colonoscopy procedure. Although a
little more complicated, the authors were able to demonstrate that the split-dose regime was better tolerated and
resulted in better colon cleansing.

PROCEDURE-RELATED FACTORS
Adherence to bowel preparation instructions
As mentioned before, a standard bowel preparation
usually involves several steps. Regardless of the type
of purgative used, non-adherence to these steps alone
have been shown to be an important determinant of
quality of bowel preparation. Among several other factors which predicted poor bowel preparation, Ness et
al[65] had identified that a failure to adequately follow
preparation instructions was associated with a 2.68 odds
ratio for predicting poor bowel preparation. In a recent
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Table 2 Predictive factors for quality of bowel preparation
independent of colon cleansing agent
Patient-related factors

6

Procedure-related factors

Age > 65 yr
Male gender
Adherence to bowel preparation instructions
Co-morbidity
Timing of purgative administration
Diabetes
Stroke disease
Inpatient status
Low socioeconomic status Appointment waiting times

7
8

waiting time, may influence the quality of bowel preparation due to individual patient’s ability to recall bowel
preparation instructions. To date, a single study among
Malaysian patients in a public institution has demonstrated that a prolonged appointment waiting time of
> 16 wk was associated with a 1.86 risk of poor bowel
preparation[67]. A previous retrospective study in the
United States did not identify appointment waiting times
as a risk factor for poor bowel preparation, but the mean
waiting time was only 4.39 wk in this study[72]. Whilst
most endoscopy units strive to shorten their outpatient
waiting times for appointments for index colonoscopies,
the increasing demand from colorectal cancer screening
together with limited resources in most healthcare systems requires urgent attention.

9
10

11

12

CONCLUSION
Preferences for either PEG or phosphate-based purgative preparations may differ between populations. Nevertheless, it is apparent that patient-related or procedurerelated factors, summarized in Table 2, have a significant
influence on the quality of bowel preparation among
adults undergoing colonoscopy. Although not all factors
can be necessarily addressed, modifying the standard
bowel preparation regime for such patients may enhance
the quality of bowel preparation, reducing the negative
impact of poor bowel preparation on individuals and
colonoscopy services as a whole.
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Training in endoscopic submucosal dissection
Roxana M Coman, Takuji Gotoda, Peter V Draganov
posed in Japan with the aim to standardize ESD training. These algorithms cannot be directly applied in the
West due to substantial differences including the availability of highly qualified mentors, the type of pathology seen, choice of devices, and trainee’s background.
We propose a training algorithm for Western physicians
which integrates both hands-on training courses, animal model work as well as visits to expert centers. No
specific preceptor training programs have been yet developed but there is a consensus that these programs
are important for permeation of ESD worldwide.
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Core tip: Endoscopic submucosal dissection (ESD) is a
complex procedure associated with high complication
rate. In Japan, training in ESD follows the traditional
mentor/apprentice approach but significant variability
in training approaches exists. We review the learning
curves for ESD and describe the training algorithm
proposed in Japan aiming to standardize training, and
its applicability in the West. We highlight the challenges for ESD dissemination in the West, describing
both the consensus and the diverging opinions between Asian and Western training models. Finally, we
emphasize the need for structured training system to
enhance trainee experience and, most importantly,
to reduce the risks of complications and inadequate
treatment.

Abstract
Endoscopic submucosal dissection (ESD) represents
an important advancement in the therapy of early
neoplastic gastrointestinal lesions by providing higher
en-bloc curative resection rate with lower recurrence
compared to endoscopic mucosal resection (EMR) and
by sparing the involved organ and protecting patient’
s quality of life. Despite these advantages ESD is associated with long procedure times and a higher rate
of complications, making ESD a challenging procedure
which requires advanced endoscopic skills. Thus, there
has been a recognized need for structured training
system for ESD to enhance trainee experience and, to
reduce the risks of complications and inadequate treatment. ESD has a very flat learning curve. However, we
do not have uniformly accepted benchmarks for competency. Nevertheless, it appears that, in Japan, more
than 30 supervised gastric ESD procedures are required
to achieve technical proficiency and minimize complications. A number of training algorithms have been pro-
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higher complication rates and, in the United States, lack
of dedicated reimbursement code. However, the main
obstacle for the wide availability of ESD in the West has
been and remains the very flat learning curve and lack
of training resources[31]. As ESD, with its advantages and
challenges, has permeated deeper in the gastroenterology
community, it became obvious that more endoscopists
will be interested in acquiring this technique. It has been
anticipated that the widespread adaptation of ESD for
the treatment of pre- and early GI cancers will require
major shifts in training and practice culture[32]. Therefore,
we wanted to review the current state of training in ESD
and emphasize the need for a structured training system
in order to enhance trainee experience and, most importantly, to reduce the risks of procedural complications
and inadequate treatment.

INTRODUCTION
Endoscopic submucosal dissection (ESD) was developed
in Japan in the late 1990s as an advanced, minimally invasive technique for endoscopic removal of early gastric
cancers[1-5]. En-bloc resection with standard endoscopic
mucosal resection (EMR) techniques is limited to lesions
less than 2 cm in diameter, while ESD yields a higher
complete resection regardless of size. EMR remains the
typical approach in Western countries to treat dysplastic
lesions and early cancers[6-9] while in Asia, ESD has become the preferred therapeutic modality of superficial
tumors in both the upper and lower gastrointestinal
tract[3]. It is even considered that it brought about a
renaissance of therapeutic endoscopy[10] as it is able to
offer organ-sparing cure in patient with early gastrointestinal (GI) cancers[11].
ESD has been a significant advancement in therapeutic endoscopy with its major advantages being the
ability to achieve a higher en-bloc resection rate, accurate
histological evaluation and lower cancer recurrence rates
compared to EMR[3,12-15]. In addition, ESD enables enbloc removal of previously unresectable lesions, such as
large mucosal tumors, tumors with scars and submucosal
fibrosis, or recurrent tumors after EMR[16,17]. Finally, as
opposed to surgery, ESD preserves the structural integrity of the GI tract therefore protecting patient’s quality
of life.
Despite its obvious advantages, ESD is one of the
most complex endoscopic techniques, with several
technical difficulties to overcome and potentially high
complication rates, especially in the beginning of the
learning curve[18-20]. The most frequent complications are
bleeding and perforation. Bleeding during the procedure
is very common but only rarely can be significant to the
extent which requires the procedure to be stopped[21].
Compared to conventional EMR, the rate of perforation
with ESD is higher, at about 1%-4% and it might require
emergent surgical treatment but most of the time, perforations can be successfully managed conservatively[9,21,22].
In Japan, where there is a high incidence of the gastric cancer, a mass screening program with photofluorography, double-contrast radiography, chromoendoscopy,
and endoscopy has been conducted since 1960 [23-28] .
Thus, a large proportion of Japanese gastric cancers are
detected at an early stage, with a better overall survival
rate[29,30]. ESD is routinely performed for resection of
these early cancers in most centers in Japan including local branch hospitals. On the other hand, in the West ESD
is still largely not available and is done only in a handful
of centers by few advanced therapeutic endoscopy enthusiasts. Although ESD is largely not available in Europe
and the United States, over the last 2-3 years there has
been significant interest in ESD live demonstrations and
hands-on seminars. There is a number of reasons for this
slow dissemination of ESD in the West, including the
complexity of the procedure, long procedure time, device
availability, increased utilization of endoscopic resources,
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ESD LEARNING CURVE
It has been showed that when prior knowledge of advanced resection techniques is limited and no supervision
by an expert in ESD is available, there is a learning curve
in which not only the en-bloc resection rate and procedure
duration improve with increasing experience but, more
importantly, the perforation rate decreases too[33].
Learning curve for gastric ESD
Several reports have analyzed the learning curve for
ESD in the stomach. Gotoda et al[34] found that experience of at least 30 cases is required for a beginner to
gain early proficiency in this technique[34]. Choi et al[33]
investigated the learning curve for ESD and reported
an increase in the en-bloc resection rate from 45% to
85% after experience of 40 cases. They concluded that
trainees need to perform 20-40 procedures to be able
to use the technique effectively, although their method
consisted of mucosal incision and snaring rather than
standard ESD. From their data, which included 383 ESD
procedures for gastric epithelial neoplasms performed
over a 5-year period, Kakushima et al[11] estimated that a
trainee could begin to treat lesions in the lower part of
the stomach independently after performing about 30
supervised ESD procedures. In a more recent study, two
of the three operators could not achieve a sufficient selfcompletion rate for submucosal dissection after 30 cases,
which suggests that more extensive experience is required
before the trainees can be considered proficient[35]. However, in this study, the trainees performed the ESD under the supervision of an experienced endoscopist and
their training did not include hands-on training on exvivo animal models or living animals, which might have
improved the learning curve. A study conducted by the
same group in 2012 showed that the trainees required
approximately 40 and 80 cases for successful removal
of guideline-indication lesions and expanded-indication
lesions by ESD. The procedural outcomes of ESD performed by preceptees who had experience in over 80
cases were similar to those by expert endoscopists. Thus,
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these findings suggest that the amount of training for
achieving proficiency in ESD can be the performance of
as many as 80 procedures[36]. Tsuji et al[37] concluded that
the training system at their institution (which included
training in animal models) enabled trainees to perform
gastric ESD without decline in clinical outcomes, although 30 procedures were not enough for them to
perform all gastric ESD independently without expert
supervision, as expert assistance was still needed in a
remaining 20% of ESDs. The keys to improving the
learning curve were considered to be: good hemostasis
technique and a sufficient level of submucosal dissection skill. Oda et al[38] used procedure time as an indicator
of ESD proficiency and determined that 30 cases were
necessary to acquire the basic technical skills for successfully performing ESD in the lower third of the stomach.
In their estimation, performing at least 40 ESD would
be the minimum learning curve point before starting
to perform ESD in the middle and upper thirds of the
stomach.

causing perforations during the ESD procedure, and approximately 80 procedures must be carried out to acquire
adequate skill to successfully remove large colorectal
tumors. Sakamoto et al[54] reported that trainees can perform colorectal ESD safely and independently after preparatory training and experience with more than 30 cases.
In these two latter studies, the operators had performed
20 upper GI ESD before starting colorectal ESD.
A small number of analyses conducted in an earlier
Japanese multicenter study indicated a higher complication rate during colorectal ESDs and that standardization
of the colorectal ESD procedure would be difficult[55].
Despite greater risks of postoperative complications,
particularly, more and more endoscopists are making an
effort to study this new technique in terms of its capability of larger neoplasms resection, higher en-bloc resection rate and lower local recurrence rate of neoplasms
in comparison with other endoscopic treatments. Ohata
et al[56] proposed a 7-step training system for learning
colorectal ESD, which is very similar to the training algorithms used for gastric ESD, but with the emphasis
on technical differences imposed by performing the
procedure in a narrower space with thinner wall. One
of the mandatory enrolment criteria was performance
of at least 30 gastric ESDs. The results suggested that
trainees with relatively little prior experience with gastric
ESD (i.e., 30 procedures) could reach a stable level of
technical competency in colorectal ESD after an average
of 30 cases of the latter procedure. The study found that,
regardless of the gastric ESD experience, the mean procedure time of each trainee became less than 80 min after
performing more than 30 cases. Trainees with experience
in many (i.e., 200) gastric ESDs could perform colorectal
ESD skillfully from the initial period of training onward[56].

Learning curve for extra-gastric ESD
Recent studies showed that high cure rates are achievable
using ESD for appropriate lesions in the esophagus and
colorectum with no increase in complication rates, when
the procedure is done by experienced endoscopist[39-42]. In
a meta-analysis including 14 studies, Puli et al[43] concluded
that ESD is the best minimally invasive endoscopic technique, and an important alternative to surgery, in the treatment of large (> 2 cm) sessile and flat polyps because
it allows full pathological evaluation and cure in most
patients. In a match-control study comparing ESD with
EMR for treatment of early-stage colorectal tumors, Kobayashi et al[9] showed that colonic ESD achieved a high
en-bloc resection rate and a low recurrence rate in short
term. Most of the learning curve studies and training
strategies have been developed for gastric ESD. However, the increased use of ESD in the colon and esophagus
created a demand to further study and ESD skill acquisition in extra-gastric sites[9,44-51]. In Japan, endoscopists
typically first experience ESD in the stomach because of
the high incidence of gastric neoplasms and the relative
safety of ESD in this location[36]. These conditions allow for opportunities to acquire sufficient experience in
performing ESD. However, esophageal and colonic ESD
presents the significant hurdle of technical difficulty and
risk of severe complications even among Japanese endoscopists, who generally have greater experience in ESD
than endoscopists in other countries.
Some experts consider that ESD in extra-gastric locations should not be attempted unless the endoscopist
has experience in performing gastric ESD. Dinis-Ribeiro
et al[52] suggested that only after performing 20-40 ESDs
in the distal stomach, should lesions located in proximal
sites in the stomach, esophagus, and colon be tried. Hotta et al[53] reported on the learning curve for colonic ESD,
and they concluded that performance of approximately
40 procedures was sufficient to acquire the skill to avoid
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What have we learned about ESD learning curves
Despite significant efforts to evaluate the learning curve
of acquiring ESD skills no definitive conclusions can be
reached due to the differences among studies as far as
the type of lesions included, type of ESD devices used,
degree of supervision, type of training system, trainee
exposure to animal models, definition of outcomes and
in the case of colonic ESD the degree of prior experience with gastric ESD. Therefore, in Japan, although
ESD training varies among institutions, skills are still
acquired in the traditional time honored apprenticeship
model of training in endoscopy “see one, do one, teach
one”. There has been a recognized need for structured
training system for ESD in order to enhance trainee
experience and, most importantly, to reduce the risks of
procedural complications and inadequate treatment[11].

ESD TRAINING SYSTEMS
At present there is no universally accepted algorithm for
training in ESD. Nevertheless, it appears that there is a
consensus on some key points. Given the complexities
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5: Perform ESD
procedures under
supervision
4: Work on simulator
models
3: Assist experts
performing the procedure
2: Observe experts in action
1: Accumulate basic knowledge
and skills

is proposed by Kaltenbach et al[32], where the trainees are
assisted in developing crucial diagnostic skills to select
appropriate lesions and specific management strategy for
ESD cases. The next step is for trainees to observe expert
endoscopists in action as they perform various ESD procedures[38].
ESD is a technically demanding procedure requiring a
high level of endoscopic skill. Consequently, in the second
stage of the training, the trainees start by assisting experts
in performing ESD procedure. Next, the trainees are
exposed to animal models to enhance their technical
skills. Hands-on experience with ESD in isolated pig
stomach or live pigs facilitates familiarity with the tools
and techniques of the procedure. Trainees can appreciate the differences in technique depending on lesion size
and location. After gaining familiarity with the tools and
technique, trainees typically start performing ESD in patients by removing small gastric lesions in the antrum or
body under the close supervision of an experienced endoscopist, who both offers advice and can complete the
procedure if necessary[32,38]. Yamamoto et al[35] propose a
system where the trainees do not use animal models but
start as assistants in live patient cases and then continue
with performing ESD on patients under expert supervision. For this reason, they recommend that in this “supervision-only” training algorithm, one should start with
small lesions in the lower third of the stomach. These
lesions are relatively easy and less time-consuming to
remove, so the trainees have the opportunity to learn the
entire ESD procedure. After this, it is easier to move on
to larger lesions, because the procedure for large lesions
consists of repeating certain basic steps[35].
In summary, in Japan, a consensus exists on the following issues: (1) need of solid cognitive background regarding lesion evaluation, indications, contraindications
and technical aspects of ESD; (2) need for observation
of ESD as done by experts; (3) need to assist experts
and operate the ESD devices; (4) need for hands-on
training in humans under direct expert supervision; and
(5) starting hands-on training with easier lesions and
progressing to more difficult ones. Importantly, in Japan
there is a number of areas where diverging opinions exist. These include: (1) need for simulation-based training;
(2) need to use live animal models; (3) need to acquire
a predetermined number of ESD cases in the stomach
before moving to esophagus and colorectum; and (4)
specific milestones for competency that the trainee has
to meet before starting to practice ESD independently.

Start with stomach (antrum cardia),
and then rectum, colon, esophagus
*

Practice on ex -vivo isolated organs,
live animals, synthetic models
Troubleshoot various situations
and complications
Observe scope insertion and use of
various devices
Learn diagnosis, indications,
limitations, outcomes, instrumentation

Figure 1 Japanese model for a structured endoscopic submucosal dissection training. The * indicates the 4th step (practice on ex-vivo and live
animal models) which is not employed in all Japanese training algorithm. ESD:
Endoscopic submucosal dissection.

of this technique, the training program must contain a
solid cognitive-based preparation, and hands-on patientbased training. Also, the minimal requirements and ﬁnal
attainments for trainees at each level must be established
prior to starting the training[37].
As expected, most well-implemented training programs/algorithms are in Japan. These algorithms typically include two major stages of training: pre-procedural,
theoretic preparation and hands-on training[32,35-38]. The
first stage has two phases: phase 1-accumulation of basic
knowledge and phase 2-observe experts in action. The
second stage includes phase 3-assist experts performing
the procedure, phase 4-working on simulator models,
such as ex-vivo and in-vivo animal model, or synthetic
models of organ of interest, and phase 5-perform ESD
procedures under supervision (Figure 1).
Recently, several training algorithms have been proposed. One of the earliest proposed training algorithms
by Yamamoto et al[35] in 2009 puts emphasis on the initial
pre-procedural phase of the training. Thus, the endoscopists who intend to learn ESD must attend pre- and
post-treatment conferences, and take part in actual ESD
procedures as an assistant for at least 1 year before beginning doing the procedure themselves. In addition to
gastroenterologists, surgeons and pathologists are included in these conferences, and thus the trainee learns how
to diagnose the extent and depth of the tumor, establish
the optimum treatment strategy, and manage the patients
appropriately according to the histopathological findings
in resected specimens. By assisting experienced endoscopists, trainees acquire the skills needed to troubleshoot
various situations. Moreover, obtaining expertise in hemostasis before starting ESD is highly recommended
since most of the difficulties surrounding the procedure
were related to uncontrollable hemorrhage[35]. The same
group expanded the requirements of the pre-procedural
training to master detailed preoperative examination by
magnifying endoscopy with narrowband imaging, preoperative marking using ink and endo-clips, hemostasis of
second-look endoscopy after ESD[36]. Similar approach
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ESD TRAINING IN THE WEST
Unfortunately, the extensive Japanese experience in ESD
training cannot be directly applied in the West due to
a number of substantial differences. At present, in the
West, there is only a handful of highly qualified experts
in ESD. Therefore, doing ESD under direct expert supervision is not feasible in most cases. Importantly, the
type of pathology seen in the West is different than the
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one in Japan. Specifically, there are very few cases of
early gastric cancer and therefore no opportunity for
the trainee to start their training in locations that are
considered easier, such as the gastric antrum[35,57,58]. In
addition, the choice of devices, endoscopes and ancillary equipment for ESD available in the West is different
compared with the one available in Japan[59]. Likewise,
the technical expertise and backgrounds of endoscopists
embarking on ESD in the West differs significantly than
their Eastern counterparts. At present, in Japan, the typical trainee learning ESD is a GI fellow. On the other
hand, in the West, physicians embarking on ESD typically are more mature and otherwise well experienced
therapeutic endoscopists. Furthermore, in Japan, physicians learning and performing ESD tend to focus their
practice exclusively on ESD as opposed to the endoscopists in the West who tend to incorporate ESD into
a developed advanced therapeutic endoscopy practice
that typically includes endoscopic retrograde cholangiopancreatography (ERCP) and/or endoscopic ultrasound
(EUS). In addition, even if ESD is considered more
economical and less invasive, in the West laparoscopic
surgery and transanal resection for colorectal lesions are
more established techniques[59]. It has been well recognized that the specific circumstances in the West call for
tailored approach in ESD training.
In the West, opportunities to pursue ESD training
using the Japanese training algorithm have been limited
by the low rates of early gastric cancer and thus the inability to enter the ESD learning curve at the relatively
safest location[19,32]. To master the techniques of ESD,
particularly in areas with a low incidence of early GI
cancers, it was recommended to formulate a standardized protocol for training following the Japanese training
model. The role of adequate training is, of course, to
influence the spread of this technique, to set standards
for training and certification, to promote quality management, and to limit complications inherent to early
learning[31]. Several studies published good results after
successful ESD procedures performed in humans in
several Western countries[52,60-62].
In 2008, a panel of experts gathered in Rotterdam
(“Experts meet experts,” Rotterdam, The Netherlands,
11-12 February 2008) to discuss indications, training,
and the wider use of ESD. The minimum training requirements were also defined: knowledge in indications
and instruments, exposure to experts (currently mostly
in Japan), hands-on experience in a model of isolated
pig stomach and in live pigs, and management of complications. The experts did not reach a consensus on a
minimum case load, or whether the technique should
be restricted to expert centers. Dr. Jelle Haringsma proposed a structured training algorithm with the following
steps: (1) acquire basic knowledge, defined as knowledge
about the types of disease treated with this approach, instrumentation, operation of the electrosurgical unit, and
familiarity with indications, limitations, risks, and outcomes of ESD; (2) see experts at work, namely in Japan;
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(3) assist in procedures; (4) training on animal modelsisolated pig stomach and live pigs. In animal models, a
minimum of 30 resections reaching a resection speed
of 30 min for a lesion with maximum diameter of 5 cm,
and management of complications, were suggested as
aims of training; (5) perform procedures on patients;
and (6) continue training. Emphasis is also put on a
training continuum with books, DVDs, journals, conferences, live demonstrations (master classes and courses),
and visits to expert centers.
As outlined earlier, in Japan, one area of diverging
opinions is the value of practice in explanted or live animal models. Kakushima et al[11] noticed that there does
not seem to be any differences in the perforation rates
when performing ESD between trainees and experts
when the former are supervised by the latter. As a result,
training on animal models is not routinely accepted practice in Japan. While training in animal models may not
be needed in Japanese institutions where supervision by
experts is easily available, these models can be a valuable
resource when training in the West. Models could allow
endoscopists to ascend the learning curve in a relatively
short time, especially when training in low volume centers or/and without direct expert supervision[32,37,63,64].
Two prospective studies were aimed in determining the
results, efficacy, and safety of ESD performed in pigs
by an endoscopist at the beginning of the learning curve
prior to its application in humans. The strategy proposed
was to start training in ESD on animal models in the absence of experts to supervise the procedures and ensure
the patients’ safety. The studies showed that training in
pigs could be started without such previous learning,
and may augment the acquisition of skills in low-volume
centers. However, ESD involves maneuvers that traditionally have not been used during flexible endoscopy,
which would be difficult to master by oneself[64,65].
The harvested porcine organs are ready-to-use and
inexpensive means of becoming proficient in these techniques. Multiple large resections in the esophagus and
stomach may be practiced before using a live porcine
model. However, one of the main perceived disadvantages is that the ex-vivo animal models do not help in acquiring the skills of hemostasis and approaching a deep
enough level of the submucosal layer, because bleeding
does not occur[32].
The live pig model simulates a more realistic endoscopy setting and provides the opportunity to respond
to and treat potential complications including bleeding
and perforation[19]. However, some of the differences
between pig and human stomach, such infrequent bleeding and lack of fibrosis in the pig stomach might make
the procedure less challenging than in humans. Another
potential disadvantage is that live animal models are expensive and not all institutions or hospitals are equipped
for their usage.
Animal models could be used not only for training in gastric ESD but also for esophageal and colonic
ESD[66-69]. Tanaka et al[67] developed an original training
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step. Modern electrosurgical generators provide menus of

7: Continue training: attend
conference, re-visits to expert
centers, and live demonstrations

predetermined settings for most routine procedures (e.g.,
polypectomy, sphincterotomy, etc.). On the other hand,
no such preset menus exist for ESD. Settings can vary
dramatically based on stage of the procedure, type of instrument and lesion location. In addition, multiple other
variables can significantly contribute to the final tissue
effect. These include the surface area of the device electrode in contact with the tissue, the speed of movement
of the electrode, the pressure applied with the electrode,
the presence of coagulated tissue debris sticking to the
electrode and the target tissue itself (fibrotic versus high
water content). Importantly, the most significant factor
remains the endoscopist’s ESD technique. Therefore, a
thorough understanding of the various modulated currents and their relation to ESD technique is essential to
allow individualized choice of electrosurgical unit settings.
Then, the endoscopists should attend live presentations
and enroll in hands-on training courses to learn about
the use of various devices and to practice on animal or
synthetic models. After accumulation of this theoretical
and practical fund of knowledge, we recommend a visit
to an expert center. Most of these centers are currently
located in Japan. However, with more endoscopists learning this technique, we anticipate that new training centers
will open throughout the world. We are aware that not
all endoscopists can spend long periods of time outside
their practice, but we encourage at least 3 to 4 wk visit to
a high volume ESD center in Japan. During this time, the
trainees will assist experts in performing procedures, thus
reaching the necessary diagnostic and therapeutic skill
level. Upon return, the trainees should practice their newly acquired skills continuing training on simulator models.
The next step is to start performing ESD on human patients. We advocate to start with lesions located in the distal stomach or rectum, as these are easier to remove and
have a lower complication rate. During the initial human
cases, expert supervision by means of videoconference is
encouraged if direct supervision is not possible. Review
of the endoscopy images prior to the ESD by an expert
can provide the valuable opportunity to outline a specific
procedure strategy which is an essential part of successful ESD. Then, gradually, the endoscopists can expand
to cases of increasing difficulty such as treating larger
lesions, or lesions located in the cardia, fundus, colon or
esophagus. Finally, as in any other field, we recommend
continuous training, with attending/presenting at conferences, re-visiting expert centers, reviewing literature and
participating in courses and live demonstrations.

6: Gradually expand the case difficulty
to upper stomach, esophagus, colon
5: Start doing human cases with easy lesions
(small lesions in distal stomach or rectum)
4: Continue training by attending hands-on training
courses and independent animal model work
3: Visit to ESD center (Japan) to observe experts
and assist in performing the procedures
2: Attend live demonstrations, hands-on training
courses and independent animal model work
1: Accumulate basic knowledge about ESD
(diagnosis, indications, complications, devices)

Figure 2 Proposed training algorithm for Western physicians, which integrates hands-on training courses, animal model work and visit to expert
centers. ESD: Endoscopic submucosal dissection.

model for esophageal ESD using isolated pig esophagus and assessed this ex-vivo model in endoscopists with

experience in gastric ESD. The operation time and number
of muscularis propria layer injuries decreased gradually as
endoscopists gained training experience, while the mean
number of muscularis propria layer injuries significantly
decreased for all of the endoscopists in the latter period
compared with the former period.
While it has been demonstrated that certain skills can be
acquired during self-guided animal model training, learning
from experts appears crucial to achieve the ability to perform ESD safely in humans[64]. Therefore observing experts
and performing ESD under expert supervision in addition
to practicing on animal model appears a necessary step while
training in the West[31,70-72]. Since, at this time most highly
experienced endoscopists performing ESD are in Japan, a
visit to a specialized center in Japan most likely will remain,
for some time, an essential component of ESD training in
the West. Other possible strategies would be to organize
training courses (with animal and/or human training) under
the supervision of experts, or to attempt ESD procedures
supervised by means of a videoconference. However, the
impact of these methods on ESD performance has yet to
be determined[64]. Such, Western and Asian centers should
collaborate closely in terms of training, exchange of data,
and initiation of international multicenter trials[60].
We propose a training algorithm for Western physicians
which integrates both hands-on training courses, animal
model work as well as visit to expert centers (Figure 2). The
initial step of the training can be accomplished through
independent effort, using printed and video materials to
learn about the procedure, indication and diagnosis. We believe that at this stage a dedicated effort to acquire detailed
knowledge of the principles of electrosurgery is an essential
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TRAINING PROGRAMS FOR TRAINERS
This is a relatively new but important concept, as the
training program for trainers is highly demanded for
permeation of ESD worldwide and it is also necessary
for trainers to be evaluated and rewarded. Endoscopists in Asian as well as Western countries are waiting
for Japanese endoscopists to assist them more or less,
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in different ways according to the background of each
country[73]. To assess the prerequisites for preceptorship,
Goda et al[74] used a questionnaire survey to Japanese experts in representative teaching hospitals regarding their
training method of gastric and esophageal ESD. This
study indicated many requirements for the preceptor:
having quite a high level of diagnostic ability, and proficient ESD techniques in the colorectum as well as the
stomach and esophagus. It is also necessary that they are
a regular staff with a certified qualification.
In a previous report, most Japanese experts set the
level of expertise at 50-100 cases of gastric ESD in
order to become proficient in gastric ESD. In a more
recent study, Yamamoto et al[36] agreed with previous
finding, showing that the minimal amount of training
for achieving preceptorship in ESD is performance of at
least 80 of the procedures.
Thus, so far, it appears that, to reach preceptorship
level, the endoscopists need both a certain level of expertise, defined in number of procedures performed and
a certification of their skills by an authorized body such
as Gastroenterological or Endoscopy Societies. However, no specific preceptor training programs have been yet
developed but there is a consensus that these programs
are important for spreading ESD worldwide[73].
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How we can measure quality in colonoscopy?
Leonidas A Bourikas, Zacharias P Tsiamoulos, Adam Haycock, Siwan Thomas-Gibson, Brian P Saunders
can eventually make the difference in colonoscopy.
Identifying specific quality metrics help to define and
shape an optimal service and forms a secure basis of
improvement. Τhis paper does not aim to give technical details on how to perform colonoscopy but to summarize what to measure and when, in accordance with
the current identified quality indicators and standards
for colonoscopy.
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Core tip: With the advent of bowel cancer screening
and increasing patient awareness of bowel symptoms,
there has been an unprecedented increase in demand
for colonoscopy. Delivering a quality colonoscopy service is therefore a healthcare priority. Colonoscopy is a
multi-step process and therefore assessment of all aspects of the procedure must be addressed. Quality in
colonoscopy refers to a combination of many patientcentered technical and non-technical skills. Identifying
specific quality metrics help to define and shape an
optimal service.

Abstract
Measuring quality is a current need of medical services
either to assess their cost-effectiveness or to identify
discrepancies requiring refinement. With the advent
of bowel cancer screening and increasing patient
awareness of bowel symptoms, there has been an
unprecedented increase in demand for colonoscopy.
Consequently, there is an expanding open-discussion
on missed rates of cancer or precancerous polyps during diagnostic/screening colonoscopy and on the rate
of adverse events related to therapeutic colonoscopy.
Delivering a quality colonoscopy service is therefore
a healthcare priority. Colonoscopy is a multi-step process and therefore assessment of all aspects of the
procedure must be addressed. Quality in colonoscopy
refers to a combination of many patient-centered
technical and non-technical skills and knowledge aiming to patient’s safety and satisfaction through a continuous effort for improvement. The benefits of this
endless process are hiding behind small details which
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INTRODUCTION
Colonoscopy is the cornerstone in diagnosis and management of colorectal disease allowing direct optical
diagnosis, tissue sampling for histological analysis and
therapy of colonic lesions[1]. Quality of colonoscopy
practice is highly variable and there is increasing public
awareness of missed cancers, incomplete procedures and
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Indication
Pre-procedure

Pre-assessment
Patient info
Admission (vital signs, review
of medication comorbidities)
Consent
Endoscopy room

Monitoring/
resuscitation

Equipment, decontamination,
sedation, patient comfort,
completion (CIR) polyp detection (PDR).
Polyp retrieval,
adverse events,
formalised report

On-the-day
of procedure

Recovery
Time for recovery, patient information, aftercare plan
Follow-up
30-d patient feedback (delayed AEs, satisfaction)
Histology review (ADR)

Post-procedure

Figure 1 The cascade of colonoscopy. AE: Adverse event; ADR: Adenoma detection rate.

of adverse events related to colonoscopy which are potentially preventable[2,3]. The establishment of important,
measurable quality indicators (metrics) and minimum
quality standards is essential to define and shape a quality colonoscopy service.
The current quality indicators and standards for colonoscopy are based on varying levels of evidence, ranging
from local perceptions and expert consensus to evidence
from randomized controlled trials. The terms “auditable
outcome” (an important indicator for which no clear evidence base exists) and “quality standard” (an auditable
outcome for which there is an evidence base that can
support a minimum standard) have been introduced to
help define quality in endoscopy[4]. Τhis paper does not
aim to give technical details on how to perform colonoscopy but rather summarizes what to measure and when,
in accordance with the current identified quality indicators and standards for colonoscopy.

determined in 100% of cases. Guidelines for indications
and contraindications for colonoscopy should be used
as a filter to avoid unnecessary and potentially hazardous procedures[5,6]. Time-scheduling should be based on
priority (surveillance vs symptoms suggestive of CRC)
and urgent referrals should be seen more rapidly. In
our opinion a 6-wk time limit should be the maximum
waiting time for a routine colonoscopy and ≥ 85% of
individuals initially offered a colonoscopy should finally
undergo a colonoscopy[4].
We recommend nurse-led patient pre-assessment either in a dedicated clinic or by telephone consultation
especially when this has not been done by the vetting
gastroenterologist. The endoscopist needs to have complete information of patient’s medical history prior to
colonoscopy; comorbidities such as clotting disorders,
use of anticoagulants or anti-platelet agents, diabetes,
allergies, renal function impairment, glaucoma, heart failure and factors related to the risk of endocarditis should
be recognised prior to colonoscopy and instructions given
to each patient should be driven by current recommendations and local policy[7-10]. The American Society of
Anaesthesiologists (ASA) status and factors which could
increase the risk and technical difficulty of colonoscopy,
such as previous abdominal surgery (i.e., hysterectomy)
or diverticular disease should be recorded[7,11].
Patient information leaflets should be available and
sent out to patients as a routine, along with a copy of the
consent form. Patients must be aware of why the procedure is being organised, what is involved and of the risks
related to colonoscopy. They should be informed about

HOW WE CAN MEASURE QUALITY
A colonoscopy service can be broken down into three
main steps: pre-procedure, on the day of procedure and
post-procedure (Figure 1). A high quality colonoscopy
service should be patient-centered, evidence-based, costeffective and adhering to best practice. Quality indicators
and standards for each step of the colonoscopy service
should be as simple and easy to audit as possible (Table 1).
Pre-procedure
An appropriate indication for colonoscopy should be
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Table 1 Quality metrics for colonoscopy as proposed by ESGE’s guidelines and BCSP in United Kingdom
When to measure
Pre-procedure

On the day of procedure

Outcome to measure

Standard

Appropriateness
Pre-assessment–bowel prep to use
Patient information
Awaiting time when positive test
Review of comorbidities, check of vital signs
Informed consent
Decontamination of endoscopes
Appropriate function and availability of endoscopes/equipment
Equipment for resuscitation and monitoring
CO2 insufflation
CIR
Use of reversal agents
Bowel cleansing
Patient comfort
Polyp detection rate
Polyp retrieval rate
Time of scope withdrawal
Complication rates

100% indicated
100% of cases
100% of cases
< 4 wk (< 2 wk desirable)
100% on admission
100% signed
100% agreement with local policy
100% checked by competent staff
100% regular checks
100% availability
> 90% unadjusted
< 1/500 cases
good/excellent > 90%
NA
Dependent on case mix
> 90%
> 6 min
Bleeding < 1/100
Perforation < 1/1000 (diagnostic)
< 1/500 (therapeutic)
100% attached to histology request
100% provided at recovery area
NA
> 150 ( > 300 desirable)
> 15% unadjusted to race or gender
< 15 d post-colonoscopy
100% at 30 d
100% agreement with guidelines

Post-procedure

Electronically based endoscopy report
Aftercare plan
Time for recovery
Annual number of procedures/endoscopist
Adenoma detection rate
Time of histopathology report
Patient feedback/delayed AEs
Endoscopic Surveillance needed

CIR: Caecal intubation rate; AEs: Adverse events; NA: Not available.

against adverse events of bowel preparation while timing
and in particular PM/AM splitting of administration of
the recommended dose and assurance of patient’s understanding of the process also appear to be important[14,17].
Table 2 outlines patients at risk of electrolyte imbalance
and documents those who of when should have an assessment of renal function prior to bowel preparation.
Those with established renal disease, stage Ⅲ or greater,
should have PEG-electrolyte bowel preparation[18-22]. In
our institution we use a combination of 10 senna tablets
and 2 doses of sodium picosulfate the day before colonoscopy for morning appointments, while the second
dose of sodium picosulfate is taken in the morning of
the same day for afternoon colonoscopies. The patient is
encouraged to drink at least 2 L of clear fluids daily for
2 d before the procedure and to avoid fiber 2 d before
scheduled colonoscopy. We usually use a 2lt PEG solution (MOVIPREP) when needed. Although hospitalisation has been related with poorer bowel cleansing and
should be routinely avoided, hospital admission prior to
colonoscopy may be required in some cases, especially
for patients in whom reduced absorption of regular
medications may prove problematic and may need intravenous administration. Fragile patients with multiple
comorbidities which are at risk of cardiac or renal failure
and should be monitored during bowel prep are often
admitted to hospital prior to colonoscopy[23]. Selection
of these patients is a matter of careful clinical pre-assesment.

Table 2 Groups of patients in whom polyethylene glycol
bowel-preparation is considered as safer and thus should be
preferred
Candidates for polyethylene glycol bowel preparation for colonoscopy
1

GFR < 60 mL/min per 1.73 m2
Electrolyte imbalance
Cardiac failure
Liver cirrhosis
Hypertension with arteriosclerosis
Patients on diuretics
(when cannot be stopped 24 h prior to colonoscopy)
Patients on ACE inhibitors
(when cannot be stopped 72 h prior to colonoscopy)
Patients on NSAIDs
(when cannot be stopped 72 h prior to colonoscopy)
1

Estimated glomular filtration rate (GFR) from serum creatinine concentration. NSAIDs: Nonsteroidal antiinflammatory drugs; ACE: Angiotensinconverting enzyme.

the options for sedation in advance and the associated
restrictions on travelling home[7].
A clean bowel is a prerequisite for a reliable and efficient examination[12,13]. Clear patient information, reduced
fiber diet, regardless of type of bowel preparation used,
help to maximise bowel cleansing[14]. PEG-electrolyte is
the preparation of choice in patients with renal impairment although it does not eliminate the risk of acute
renal failure and it is considered safer for patients with
cardiac failure[15,16]. Adequate hydration is vital to protect
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Colonoscopy in obese patients may prove technically
demanding in some cases however, in our practice and
according to previous reports, routine colonoscopy is
the screening test of choice and can be performed adequately in obese patients when optimal standards are fulfilled[23]. Patients with previous incomplete procedures,
multiple comorbidities or on anticoagulant treatment in
whom discontinuation can prove catastrophic should be
offered a virtual colonoscopy (CT colonography) as an
alternative. In these cases virtual colonoscopy may prove
an important pre-assessment tool regarding the cost,
tolerability and reduced time of the procedure compared
with conventional colonoscopy[24,25].

The use of CO2 insufflation, instead of air, is currently a quality standard to maximize comfort during
unsedated colonoscopy and flexible sigmoidoscopy and
permits reliable radiologic examination at the same day
following colonoscopy[7,30]. Moreover, since carbon dioxide is an inert gas that cannot form a combustible mixture with hydrogen and methane, CO2 insufflation avoids
the very rare risk of explosion during colonoscopy with
electrocautery and reduces post-polypectomy admissions
after removal of large polyps[31,32]. Insufflation of CO2
should be avoided in patients with COPD, known CO2
retention or severely reduced pulmonary function.
The use of sedation improves patient tolerance of
colonoscopy. A “titrated” (administrated gradually during procedure) low dose of an anxiolytic, such as midazolam (1.25-5 mg), given alone or combined with an
opiate like pethidine (12.5-100 mg) or fentanyl (25-100
μg) are usually sufficient to achieve conscious sedation
during colonoscopy[33], however, thresholds of pain and
over-sedation remain undistinguishable and variable between individuals. Dosage reduction should be considered for older patients (> 70)[33-35]. Nitrous oxide/oxygen
inhalation (Entonox) should be an alternative for people
that cannot have intravenous sedation[36]. The type and
dose of medications used the level of sedation (minimalanxiolysis, moderate-conscious, deep or general anaesthesia) and the use of reversal drugs should be recorded
at every colonoscopy and should be an auditable safety
outcome.
The adequacy of colonic cleansing is an important
outcome related to the reliability and completion rates
of colonoscopy and should be reported at each procedure. Valid scales for assessment of quality bowel
preparation have been made according to the presence
of solid or semisolid stool and the relative limitation to
achieving adequate visualization[37,38]. Excellent or adequate bowel preparation documented in > 90% of cases
has been considered as a standard of bowel preparation
efficacy[4,7].
Intubation of the most proximal part of the colon
is a prerequisite to achieving complete examination.
Intubation of the terminal ileum (TI) is not required if
there is not specific indication while obtaining biopsies
from normal TI is discouraged secondary to the relative
concern of variant Creutzfeldt - Jakob disease’s transmission[39]. Caecal intubation rate (CIR) is a key quality
indicator that reflects the performance skills of each
colonoscopist, but can be affected by a variety of factors
that can make the insertion of the scope difficult or impossible[40]. The main conflict in measuring the CIR of
each colonoscopist is whether it should be adjusted for
bowel preparation, obstructive lesions or for symptomatic patients. Overall, an unadjusted CIR > 90% can be
used as the quality standard of colonoscopy, regardless
of case[7].
The routine use of photodocumentation or videorecording is an emerging necessity in relation to the
medicolegal risks of missed pathology or adverse events

On the day of the procedure
A brief review of the cardiorespiratory function including blood pressure, pulse rate and oxygen saturation in
addition to documentation of adverse events related
to bowel preparation or any medication given prior to
colonoscopy (i.e., antibiotic prophylaxis) should be performed on the day of the procedure and before the patient’s entrance into the endoscopy room.
A signed informed consent should be obtained by 100%
of patients prior to colonoscopy, ideally in a separate area
rather than the endoscopy room where a patient’s privacy
can be assured. Consent for colonoscopy must include a
clear and realistic explanation of the procedure, possible
attendant discomfort, the benefits and a clear discussion
of risks and potential adverse events including sedation
reactions, bleeding (immediate and delayed), perforation
and missed pathology. Patient’s right to withdraw consent at any stage of the colonoscopy process should be
understood by all members of the team[4,26]. Some institutions having the patient consented in clinic by the requesting consultant as well as giving the prescription for
bowel preparation and patient leaflets and thus alleviating the need for postal issue for the same. This practice
can prove beneficial acting as an indirect vetting as well
of high risk patients.
Endoscopy room
The appropriateness, availability and functionality of the
endoscopy room and equipment used during colonoscopy (including equipment used for patient monitoring)
should be ensured through regular checks. Cleansing and
decontamination of endoscopes should conform to current National or International guidelines[27].
Monitoring of vital signs (blood pressure, pulse and
oxygen saturation) and regular checks of patient’s comfort and ability for verbal communication should be
routinely used during colonoscopy. The use of CO2 capnography is recommended to identify hypoventilation
and hypoxia if heavy sedation required[28].
Patient’s comfort during colonoscopy is a critical quality outcome which refers to public acceptance rate of
the procedure as a screening tool[29]. Levels of patient
discomfort (no or minimal, mild, moderate, severe)
should be recorded during colonoscopy.
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(AEs) following colonoscopy[41]. Photographic evidence
of the appendix orifice and/or the ileocaecal valve
has been considered as a standard practice to achieve
completion[7]. Unarguably, additional pictures of the ileal
mucosa provide strong evidence of completion[42]. Rectal retroversion has been considered as an established
diagnostic technique to improve detection of lesions
abutting the dental line[43,44] however an adequate examination can also be performed by tip manipulation in the
forward view.
The incidence of colorectal cancer (CRC) can be significantly reduced through detection and appropriate
removal of adenomatous polyps during colonoscopy[1].
The polyp detection rate (PDR) is defined as the number of colonoscopies at which one or more polyps were
found (regardless of histological type) divided by the
total number of colonoscopies performed (in the same
time period). Counting polyps or polypectomy rates is
easy during colonoscopy but is not as important parameter as adenoma detection rate (see later). A high retrieval
rate (> 90%) of polyps removed is a recognized quality
standard in the United Kingdom BCS program and can
be affected by polyp size and cold snare technique of
polypectomy[45]. The number and size of adenomatous
polyps removed at colonoscopy should be recorded as
this defines the risk of CRC and determines endoscopic
surveillance[4,46,47].
Time spent on withdrawal (WT) is an important
quality outcome and should be recorded during colonoscopy. A time for scope withdrawal of more than 6
min has been well-correlated with increased detection
of adenomas and thus is considered as an important
quality standard to be followed by each endoscopist[48].
Longer WT has been related with increased detection
of proximal and serrated polyps[49,50]. Probably adequate
withdraw technique and high technical endoscopist’s
skills are more important to increase detection rate when
appropriate WT (> 6 min) has been spent, but this is a
matter of proper training and accreditation in colonoscopy that exceeds the purposes of this paper[51,52].
AEs in colonoscopy are uncommon but can be life
threatening. Appropriate documentation of AEs related
to colonoscopy is a substantial outcome of safety of the
procedure. A Lexicon has been previously developed to
provide clear definitions for AEs and levels of severity,
including the minimum threshold at which an AE should
be documented and reported[53]. Early AEs (bleeding,
perforation, oversedation, vasovagal attacks), whether
they have been adequately resolved during the procedure
(i.e., use of haemostatic equipment or reversal drugs, hydration) or whether further actions are required, have to
be clearly documented.
The endoscopist should be competent with the function of all supplementary equipment used during the
procedure. Therapeutic colonoscopists should be technically competent to identify and safely remove highrisk lesions and be comfortable with techniques of
endoscopic haemostasis[54,55]. Around 90% of post-pol-
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ypectomy bleeding should be amenable to conservative
management without the need for surgical intervention.
According to current recommendations based on data
from retrospective studies, the incidence of bleeding for
colonoscopies where polypectomy is performed should
not exceed 1/100[4]. However, this is a cut -off point that
needs to be adjusted according to the time (immediate
or delayed) and severity of bleeding, patients’ comorbidities and complexity of the procedure (i.e., EMR or
simple polypectomy). Future analysis of risk factors for
delayed bleeding should be possible and would optimally
permit individualization of the risk of bleeding between
patients. Risk of perforation should not exceed 1/1000
procedures, but may have to be adjusted to 1/500 for
therapeutic colonoscopies with polypectomy[4]. In cases
of therapeutic colonoscopy, the final report should include
a clear description of “alarm post procedural symptoms”
symptoms such as rectal bleeding, fever or abdominal
pain that can be associated with delayed AEs requiring
immediate medical support[4,56,57].
An increased number of AEs (ie bleeding or perforation) during therapeutic procedures always raise issues
about the adequacy of therapeutic skills of each endoscopist. The European guidelines for quality assurance in
colorectal cancer screening and diagnosis have proposed
5 levels of competency in colonoscopy related to the interventional armamentarium of each colonoscopist. According to this consensus colonoscopists should be able
at least to remove lesions < 10 mm in order to avoid
additional endoscopic procedures. We recommend that
basic EMR technique for sessile polyps 1-2 cm in size,
or for small flat adenomas smaller than 1 cm, should be
within the armamentarium of all colonoscopists.
Recovery area
Standard protocols for monitoring and for emergencies should be available in the recovery area. Checks
of availability and proper function of resuscitation and
monitoring equipment should be regularly updated.
Time of recovery is an important auditable outcome and
should be recorded. After recovering from sedation and
before leaving the endoscopy unit, patients need to be
told about the outcome of their procedure in a simple
and comprehensive way. Breaking bad news regarding
suspicion of cancer should be done according to the
established local policy. The average waiting time for
the histopathology report and the aftercare plan should
be provided and supported by a detailed written report
of the procedure that includes a contact telephone
number (24 h/d, 7 d/wk) in case of a procedure-related
complication. An electronically based and formalized endoscopy report is essential for further interpretation of
outcomes.
A copy of the endoscopy report should be attached
to any histology request and should be as detailed as
possible to provide accurate description of suspicious
lesions including their location, their estimated size, their
nature according to accredited classification systems (i.e.,
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Paris or Lateral Spreading Tumors - LST - classification)[58], whether they are ulcerated and in case of excision whether this was completed or not.

in the meantime. Regular reviews of complications and
30-d mortality is an essential part of quality assurance.
Records of adverse events should be kept active. Clusters of AEs should instigate a formal review of individual cases.

Post-procedure
Adenoma detection rate (ADR) is currently the benchmark of quality in colonoscopy and represents the number of colonoscopies at which one or more histologically
confirmed adenomas were found divided by the total
number of colonoscopies performed in the same time period[59]. ADR reflects a colonoscopist’s technical skills and
care to achieve visualization of the entire colon during the
procedure. High ADRs reduce the probability of interval
cancer by correctly identify surveillance intervals[60]. The
overall prevalence of CRC, polyps and adenomas may differ between patient populations according to gender, race,
diet or environmental factors and subsequently ADRs
may vary[61]. Measurement of ADR is greatly assisted by
a direct link between the databases of the endoscopy and
pathology departments, but this is not available everywhere[62]. Polypectomy rates can potentially provide an
ADR estimate based on previous ADRs but polyp detection rate (PDR) should be used cautiously for polyps of
the left colon[63-66]. Previous reports argue that reliability of
ADR is much higher when refers to a sufficient volume
of colonoscopies (> 150/year in our BCSP) while the
number and features (size, histology or grade of dysplasia) of adenomas detected per procedure is not included
when counting ADR[67,68]. The mean number of adenomas per procedure (MAP) (defined as the total number of
adenomas detected divided by the number of procedures)
and the mean number of adenomas per positive procedure (MAP +) (defined as the total number of adenomas
detected divided by the number of procedures in which
one or more adenomas were detected) can provide additional information for endoscopist’s performance[44,69,70].
We recommend an ADR > 15% as the minimum outcome unadjusted for gender or race.
Τhe reliability of a colonoscopy service is dependent
on a well-organized aftercare system. This should provide patients with easy-access to further care pathways
deemed necessary by colonoscopy such as appropriate
time for follow-up colonoscopy (indicated by current
guidelines) need for radiological or surgical examination or referral to local Multi-Disciplinary-Team (MDT)
meeting. This network should ensure that no patient is
lost to follow-up and it requires good communication
between relevant departments (Gastroenterology, Radiology, Histopathology and Surgery).
A routine policy of contacting patients within a defined period of time (30 d) following colonoscopy is
recommended to check for delayed adverse events related to the procedure and to obtain the overall patient’s
feedback for the service. A simple quality questionnaire
for each part of colonoscopy service is useful to detect
problems with the service. We recommend a routine
30-d check for every patient having a colonoscopy while
patients should also be encouraged to report any AE
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CONCLUSION
Quality in colonoscopy encompasses optimal collaboration of various professionals with clearly defined processes. Quality assurance in colononoscopy should be
based on measurement of simple and reproducible outcomes which permit regular checks on each step of the
colonoscopy service. CIR and ADR are the key elements
of personal endoscopic performance and their value is
maximized when standards of patient’s safety, comfort
and satisfaction are adequately monitored and reviewed.
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Abstract
Tumoral obstructions in almost the entire gastrointestinal tract can be resolved with interventional digestive endoscopy techniques. Self-expanding metal stent
(SEMS) insertion in the obstructed colon is a minimally
invasive and relatively simple procedure providing an
effective first-line treatment for relief of acute malignant obstruction symptoms and serving either as a preoperative or “bridge to surgery” procedure or as palliative definitive care. This technique was introduced in
the early 1990s. Although there is still debate about its
real value, a lot of reports have been published since
then and the procedure is advocated by many surgical
groups as the method of choice for the initial treatment
of left-sided tumoral colonic obstruction. Before the
procedure, colonic obstruction has to be diagnosed by
abdominal radiographs, water contrast enema and/or a
computed tomography scan. The greatest information
is provided by the latter and it is perhaps the method
of choice prior to stenting. Skills and training are mandatory, as in all interventional procedures. The key step
for success is to cross the malignant stricture with a
guidewire. Care must be taken not to over insufflate an
obstructed colon during the procedure. SEMS slide over
the guidewire through the endoscope working channel
or in parallel, outside the endoscope. An average 7%
perforation rate has been reported during the procedure and other minor complications can appear in the
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INTRODUCTION
Patients with malignant colorectal obstruction (MCRO)
usually present at the emergency room (ER) because of
abdominal pain, vomiting and distension. After a physical
examination, abdominal radiographs show typical signs
of large bowel obstruction with air-fluid levels. First therapeutic measures include fluid resuscitation with electrolyte correction. Further diagnostic procedures have to be
undertaken to confirm both the colonic obstruction and
the exact anatomical location. According to individual
hospital policies, the colon can be cleansed with enemas
and a colonoscopy can be performed. Care has to be
taken not to over insufflate in order to avoid perforation.
Water instead of air should be employed to allow colonoscope advancement.
However, in patients with acute abdominal pain in
whom perforation is suspected, a computed tomography
(CT) scan is a preferable diagnostic modality after clinical
and plain abdominal radiograph evaluation. If a tumoral
obstruction in the left-side colon is diagnosed, insertion
of a self-expanding metal stent (SEMS) as first treatment
can be considered[1].
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COLONIC OBTRUCTION RELIEF WITH
SEMS

1998

As in the esophagus, duodenum or biliary tree, MCRO
can be also treated in the large bowel by means of SEMS.
Dohmoto et al[2] reported the treatment of a rectal tumoral obstruction by means of a SEMS for the first time
in 1990. From that time, a large number of works dealing with this topic have been annually published. Initially,
they were single or a few case reports[3]. Afterwards, large
series were reported[4], in addition to review articles[5] and
randomized studies comparing this new modality with
the classical surgical approach[6].
Figure 1 shows the increase of publications on SEMS
for MCRO when the words “colon AND stent” are
searched for in PubMed.
The most valuable benefit provided by this relatively
new interventional technique is to relieve obstruction by
means of a minimally invasive procedure, avoiding an operation in an unstable patient. The colon can be cleansed
properly and patients can undergo a scheduled surgical
procedure. This kind of MCRO decompression is also
called a bridge to surgery (BTS). The classical surgical
approach involved a primary colostomy and a second or
third operation for tumor removal and colostomy closure.
Right colon obstructions do not necessarily need
bowel cleansing before surgery; therefore, the major
impact of SEMS in MCRO are in the left colon[7]. In addition, non-operable patients (i.e., multiple metastases)
can have the stent as a palliative measure to avoid a colostomy.
Bowel perforation is the main contraindication for
stenting. In addition, in cases of multiple strictures or
short life expectancy (hours or few days), other options
instead of stent insertion must be undertaken.
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Figure 1 Number of scientific papers published in the last years about
stents in tumoral colonic obstructions. Search was done with the terms “colon and stent” in PubMed. Year 2013 ends in the month of March.
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Figure 2 Ultraflex Precision stent from Boston Scientific. This selfexpanding metal stent is called over the wire because it cannot be inserted
through the working channel of a therapeutic endoscope. Many other stent
manufacturers have similar stents.

folded stent that cannot be inserted through the working
channel of the endoscope because it is greater than 3.7-4.2
mm, as shown in Figure 2, is slid over the guidewire.
These SEMS are called over-the-wire (OTW) to differentiate from through-the-scope (TTS) stents that have a
folded diameter that allows it to be inserted undeployed
through the working channel of a therapeutic endoscope
(Figure 3A).
The endoscope gives stiffness to the system stent
guidewire and prevents it from bending. The advancement of the stent through the stricture is also monitored
with the endoscope. The stent is released under endoscopic vision.
This insertion technique has been used for a long
time[8,9] and it has been successful in the majority of occasions, allowing the MCRO to be resolved in the endoscopy suite. Nevertheless, several points have to be underlined.
First of all, the procedure tends to always be more
difficult than anticipated. Despite bowel cleansing, there
are always liquid or semisolid feces in the colon that
impedes good vision. The placing of a hemostatic clip
in the lowest stricture margin is helpful to clearly mark

NONFLUOROSCOPIC INSERTION OF
AN “OVER-THE-WIRE” STENT IN A
RECTOSIGMOID MCRO
Once MCRO has been diagnosed and surgical consultation made, if the obstruction is below 25 cm from the
anus (up to mid-sigmoid), a possibility is to bridge the
stricture in the endoscopy office without fluoroscopy.
The majority of such strictures can be traversed by means
of ultrathin endoscopes (six or less millimeters in diameter). The endoscope is negotiated through the narrowed
tumoral lumen until healthy colon is found. The endoscope is advanced as far as possible. A metallic Savary or
a similar stiff guidewire is inserted through the working
channel of the endoscope and placed beyond the malignant stenosis. The endoscope is withdrawn, leaving the
guidewire in place. Important figures to record are tumoral length and the distance from the anus.
Afterwards, the endoscope is reinserted beside the
guidewire and placed at the level of the stricture. A
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NONFLUOROSCOPIC INSERTION OF A
“TTS” STENT IN A LEFT COLON MCRO

A

Insertion of OTW stents far from the mid-sigmoid
(around 25 cm from the anus) is difficult because the
assembly stent guidewire tends to bend, despite the endoscope being placed side-to-side. If the MCRO has
been traversed with the ultrathin endoscope, a 0.035 inch
guidewire can be inserted through the working channel
of the endoscope and placed as far as possible beyond
the tumor (in upstream position). The ultrathin endoscope is removed, leaving the guidewire in place. This
guidewire is back loaded in a therapeutic channel endoscope which is carefully advanced until the tumor. A TTS
stent can be easily inserted. The endoscope gives enough
stiffness to the system to advance the undeployed stent
through the tumor.
Extreme care should be taken not to dislodge the
guidewire placed beyond the stricture in the maneuvers
of ultrathin endoscope withdrawal or therapeutic endoscope advancement.
MCRO must be never dilated before stenting because
there is a great risk of tumor perforation.

B

ENDOSCOPIC INSERTION OF SEMS IN
MCRO WITH FLUOROSCOPIC GUIDANCE

Figure 3 Wallflex (A) and Ultraflex (B) stents from Boston Scientific. A:
This self-expanding metal stent (SEMS) is called a through the scope (TTS)
stent because it can be inserted in the folded way through the working channel of a therapeutic endoscope. Many other stent manufacturers have similar
stents; B: Ultraflex Precision inserted in a tumoral stricture in the sigmoid, a
hemostatic clip was placed to mark the lower part of the stricture. Despite the
strange configuration due to sigmoid bends, the stent was in correct position;
the patient had an abdominal catheter for hydrocephaly decompression.

This method is considered as the ideal for many endoscopists[11]. Fluoroscopic facilities are necessary. C-arms
fluoroscopic devices used sometimes for Endoscopic
Retrograde Cholangiopancreatography (ERCP) are not
good if they have no capacity to image the entire abdomen and if the patient table cannot be easily moved (Figure 4).
A therapeutic endoscope is advanced until the tumoral stricture is found. Using a gastroscope or short
colonoscope with large working channel is very useful to
facilitate devices exchange during the procedure.
With the endoscope in front of the stricture, an
ERCP catheter loaded with a hydrophilic tip guidewire is
passed through the working channel. The most important
step is “cannulation” of the stricture with the guidewire.
Almost all the strictures have an orifice, although sometimes it can be very difficult to find. As shown in Figure
5, gentle probing of the tumor with the guidewire leads
to finally finding the path. The correct position of the
guidewire beyond the stricture is given by the fluoroscopic view. If the patient is in the supine position (lying
on his/her back), anatomical orientation is improved.
After traversing the tumor with the guidewire, the
catheter is slid over it and contrast medium is injected to
delineate the stricture. The catheter is removed, always
leaving the guidewire tip as far as possible in the colon.
A TTS stent is passed over the guidewire and deployed
inside the tumor with fluoroscopic guidance of upstream
maneuvers and endoscopic monitoring of downstream (in
the endoscopic view) events.

where the stent has to be placed in the endoscopic view.
The endoscopist has to have skills in interventional
endoscopy. A recent paper[10] pointed out that at least 30
procedures of SEMS insertion in left MCRO are the initial learning curve for mastering the technique.
With the nonfluoroscopic technique, stent deployment events beyond the stricture are not seen so they
have to be “supposed”. In some OTW SEMS, like the
Ultraflex Precision (Figure 2), deployment begins in the
closest part to the endoscopic view, that is, in the distal
tumoral end or downstream. Once the stent has been
partially opened, it can be pushed if it is far from the
stricture but it cannot be pulled because the open mesh
can damage the colon.
After the procedure, pelvic or abdominal radiographs
have to be taken to confirm proper stent deployment.
When the stricture has been completely bridged, the
SEMS takes an hourglass-like configuration with both
ends open. Nevertheless, due to sigmoid bends, sometimes Rx images are not clear. As can be seen in Figure
3B, foreshortening occurs in the image but the SEMS
was in correct position and the obstruction was resolved.
In this figure, a hemostatic clip marking the lowest tumor
margin is also seen. In addition, the patient had an abdominal catheter for hydrocephaly decompression.
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A

B

Figure 4 C-arms fluoroscopic devices used sometimes for endoscopic
retrograde cholangiopancreatography are not good for colonic stenting
unless they have capacity to image the entire abdomen and if the patient
table cannot be easily moved.

SCIENTIFIC EVALUATION OF SEMS FOR
MCRO
As previously said and as shown in Figure 1, a lot of
papers have been published on this topic (Table 1). Nevertheless, few are randomized studies comparing the
traditional surgical approach of MCRO with SEMS treatment.
In a recent review from a surgical standpoint[31], it appears that technical and clinical success rates for stenting
are lower than expected. SEMS is sometimes associated
with a high incidence of clinical and silent perforation.
Stenting instead of loop colostomy can be recommended
only if the appropriate expertise is available in the hospital. The goal of stenting, a decrease of the stoma
rate, can be advocated only if the complication rates of
stenting are lower than those of stoma creation in the
emergency situation. Until now, this has been not demonstrated in a prospective randomized trial.
Furthermore, when pathology surgical specimens
are compared, tumors resected after stenting differed
significantly in terms of ulceration at or near the tumor,
perineural invasion and lymph node invasion. These findings are found less in tumors operated on without previous stenting[32].
On the contrary, many studies in clinical practice favor stenting as first-line treatment for left MCRO. Randomized trials in this setting appear to be difficult and perhaps randomization is not the only answer for structured
objective evaluation of endoscopic therapy[33].
In one of the largest retrospective endoscopic series
published in 2010[20], there were reported outcomes on
168 patients who underwent SEMS placement for definitive palliation and 65 patients with SEMS inserted as a
BTS. Technical and immediate clinical success rates were
96% and 99% in the palliative group and 95% and 98%
in the preoperative group 41/168 (24%). Patients in the
palliative group had complications, including perforation
(9%), occlusion (9%), migration (5%) and erosion/ulcer
(2%). Mean stent patency was 145 d. The majority of
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Figure 5 Endoscopic retrograde cholangiopancreatography catheter
loaded with a hydrophilic tip guidewire. A: the obstructive tumor appears not
to have any orifice that enabled stenting; B: gentle probing of the tumor with the
guidewire leads to finally finding the path.

patients were free of obstruction from implantation until
death. Therefore, this large group of patients had their
normal intestinal transit restored without having undergone an operation and without a stoma. Unfortunately,
patients on oncological bevacizumab treatment triple the
perforation rate.
Preoperatively placed stents remained in situ for a
mean of 25.4 d and remained patent until surgery in
73.8% of patients. Complications were present in 23.1%
of patients and 94% of them underwent elective colectomy. Conclusions drawn from this large cohort of
patient are that colorectal SEMS placement is relatively
safe and effective but has a complication rate of nearly
25%. However, only perforation (less than 10%) is a lifethreatening complication. Other complications such as
stent occlusion can be managed endoscopically.
Some surgical groups found SEMS treatment for
MCRO in operable patients (BTS) very useful to carry on
a laparoscopic procedure. Law et al[34] evaluated surgical
outcomes after stent insertion for obstructing colorectal malignancy and these patients were compared with
a laparoscopic and open approach. Their experience
showed that after successful SEMS insertion for MCRO,
elective surgical resection could be performed safely.
The combined endoscopic and laparoscopic procedure
provided a less invasive alternative to the multistage open
operations and it was found feasible for patients with obstructing colon cancer.
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Table 1 Some series about self-expanding metal stents in malignant colorectal obstruction published in the last years n (%)
Ref.
García-Cano et al[4]
Ptok et al[12]
Soto et al[13]
Karoui et al[14]
Lee et al[15]
1
Repici et al[16]
Repici et al[17]
Im et al[18]
Fernández-Esparrach et al[19]
Small et al[20]
Park et al[21]
Branger et al[22]
Donnellan et al[23]
Lee JH et al[24]
Lee HJ et al[25]
Luigiano et al[26]
Jiménez-Pérez et al[27]
Tominaga et al[28]
Yoshida et al[29]
Bonfante et al[30]

Publication year

No. of patients

2006
2006
2006
2007
2007
2007
2008
2008
2010
2010
2010
2010
2010
2010
2011
2011
2011
2012
2013
2013

175
48
62
31
80
44
42
51
47
233
151
93
43
46
71
39
182
24
33
48

Technical success
162 (92.6)
44 (92)
58 (93.54)
30 (97)
78 (97.5)
42 (95.4)
40 (95.2)
51 (100)
44 (94)
224 (96.1)
149 (98.6)
86 (92.5)
40 (93)
46 (100)
68 (95.8)
36 (92.3)
177 (98)
24 (100)
33 (100)
46 (96)

Clinical success
138 (78.8)
44 (92)
56 (90.3)
27 (87)
77 (96.2)
41 (93.1)
40 (95.2)
43 (84.3)
44 (94)
222 (95.2)
140 (92.7)
80 (86)
40 (93)
39 (84.8)
68 (94)
35 (89.7)
141 (94)
20 (83)
32 (97)
46 (96)

Perforation rate
7 (4)
0
3 (4.8)
0
0
0
1 (2.38)
1 (1.9)
3 (7)
18 (7.7)
0
3 (3.2)
2 (4.6)
2 (4.3)
4 (5.6)
2 (5.1)
5 (3)
0
0
1 (2)

1

In 2007, there are two articles published by Repici et al. One about the Ultraflex Precision stent in the left colon and the other on right colon stenting.

SEMS in MCRO are also inserted by interventional
radiologists. In one of the first reports comparing this
new method with the surgical approach [35], MartinezSantos et al[35] found that placement of a preoperative
stent in patients with left-sided malignant colon and rectal obstruction prevented 94% of unnecessary operations
and a large number of colostomies after elective surgery.
These results were obtained with a lower rate of severe
complications as well as a shorter hospital stay. This work
cannot be considered a true randomized trial because
patients with MCRO received a SEMS if they presented
in the ER from Monday to Friday when an interventional
radiologist was present in the hospital, whereas patients
were operated on if they presented on week-ends. Besides, if patients with MCRO presented out of working
hours (i.e., during the night), they were stabilized with
intravenous fluids, put on nil per os with a nasogastric tube
and received a stent early the next morning.
Kim et al[36] found that when the colorectal obstruction had a tortuous, curved angulation of the colon or
was located at or proximal to the descending colon, the
endoscopic method of SEMS placement appears to be
more useful than the radiological method. However, once
SEMS placement was technically successful, the clinical
success rate, complication rate and stent patency did not
differ with the method of insertion.
In the midst of the debate between pros and cons
of SEMS as the initial treatment for MCRO, a surgical
group[37] reports on its experience stating that in case of
colorectal obstruction, endoscopic colon stenting as a
bridge to elective operation should be considered as the
treatment of choice for resectable patients given the significant advantages for short and long-term outcomes.
Palliative stenting is effective but associated with a high
rate of long-term complications.
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However, when surgery and stents are compared as
a palliative measure[25], SEMS were found not only an
effective and acceptable therapy for initial palliation of
MCRO, but they also showed long-term efficacy comparable to that with surgery, reducing costs (i.e., hospital
stay).
Some plastic tubes (such as the Dennis colorectal
tube) are less expensive alternatives to clean the obstructed colon before operation. But in a recent report[38], a
4.5% perforation rate with a 1.5% mortality was reported.
Finally, the distal part of the stent should be placed
at least 6 cm from the anus on the contrary patients can
suffer an unpleasant tenesmus.

CONCLUSION
Despite the still ongoing scientific debate[39-43], SEMS for
MCRO appears to be the modern treatment for colonic
obstruction[39,44,45]. Comparison between colonic SEMS
manufactured by major stent companies show no important differences between them[40]. In addition, manufacturers are continuously working on stent improvement
to allow a proper obstruction decompression[46]. It is
better to use bare (uncovered) stents for MCRO rather
than covered ones that are more prone to have complications[41].
Endoscopically, obstructions in the entire colon can
be bridged with stents[42]; however, the major impact of
SEMS for MCRO are left-sided tumoral strictures. In this
setting, colonic stents represent the best option when
skills are available[7].
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Core tip: Historically, prognosis after resection has been
largely assessed based on preoperative clinicopathologic
features. Data validating the prognostic value of patient
and tumor specific factors have been mixed, with many
recent studies showing these scoring systems to correlate poorly with survival. Rather, there has been an
emerging interest in biological or molecular markers of
prognosis to more effectively assess patient prognosis
after resection of colorectal liver metastasis. In this
review, we discuss past, present, and possible future
markers of prognosis among colorectal cancer patients
with liver metastasis undergoing resection with curative
intent.

Abstract
Despite improvements in the multi-modality treatment
of colorectal liver metastasis (CRLM), survival after
resection remains varied. Determining prognosis after
surgical resection has historically been predicated on
preoperative clinicopathological factors such as primary tumor stage, carcinoembryonic antigen levels,
number of liver metastases, presence of extrahepatic disease, as well as other factors. While scoring
systems have been developed by combining certain
preoperative factors, these have been inconsistent in
accurately determining prognosis. There has been increasing interest in the use of biologic and molecular
markers to predict prognosis following CRLM. The role
of markers such as KRAS, BRAF, p53, human telomerase reverse transcriptase, thymidylate synthase,
Ki-67, and hypoxia inducible factor-1α and their correlation with accurately predicting survival after surgical resection have been supported by several studies.
Furthermore, other elements such as pathological
response to chemotherapy and the presence of circulating tumor cells have shown promise in accurately
determining prognosis after resection for colorectal
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INTRODUCTION
Colon cancer is the 3rd most common cancer worldwide.
It has an estimated incidence of 42.5 per 100000 with over
140000 estimated new cases expected in the United States
in 2013 as reported by the Center for Disease Control[1,2].
About 14%-25% of patients with colorectal cancer will

1950

January 28, 2014|First Edition|

Spolverato G et al . Outcome for colorectal liver metastasis
Table 1 Studies of prognostic clinicopathological factors
Study

Primary stage CEA level

Scheele et al[11]
Nordlinger et al[10]
Fong et al[9]
Mann et al[12]
Rees et al[15]
John et al[21]
Doci et al[27]
Hughes et al[34]
Gayowski et al[37]

P
P
P
P
P
NP
P
P
P

NA
P
P
P
P
P
NP
P
NA

Size of major metastasis

Number liver metastases

Disease free interval

Extrahepatic disease

Surgical margins

P
P
P
P
P
NP
NP
P
NP

NP
P
P
NP
P
NP
NP
P
P

P
P
P
NP
NA
NA
NP
P
NP

P
NA
P
NA
P
NP
NA
NA
P

P
P
P
NA
P
P
NA
NA
P

CEA: Carcinoembryonic antigen; P: Prognostic; NP: Non prognostic; NA: Non available.

have liver metastasis at presentation and up to 60% of
patients will develop metastasis at some point after diagnosis[3-6]. Surgical resection remains the only hope for
cure. Contemporary series have demonstrated that surgical
therapy for colorectal liver metastasis (CRLM) is associated
with a low operative mortality of 1% to 2%[7,8]. The reported 5- and 10-year survival does vary, however, ranging from
25% to 74% (median 38%) and 9% to 50% (median 26%),
respectively, depending on the era from which the data
were reported and the underlying patient population. Historically, prognosis after resection has been largely assessed
based on preoperative clinicopathologic features. Data validating the prognostic value of patient and tumor specific
factors have been mixed, with many recent studies showing these scoring systems to correlate poorly with survival.
Rather, there has been an emerging interest in biological or
molecular markers of prognosis to more effectively assess
patient prognosis after resection of CRLM. In this review,
we discuss past, present, and possible future markers of
prognosis among colorectal cancer patients with liver metastasis undergoing resection with curative intent.

the nodal status of the primary cancer was highly predictive of outcome[9,12-15]. A subsequent meta-analysis reported an association between primary tumor stage, nodal
metastasis, and worse outcomes following resection of
CRLM[13-15]. Tranchart et al[16] similarly noted that primary
tumor lymph node metastasis was an independent predictor of adverse OS and DFS. Previously Bennett et al[17]
analyzed the prognostic value of perihepatic lymph node
micrometastases in patients with CRLM. Patients with at
least one perihepatic lymph node with metastases had a
shorter recurrence free survival.
Preoperative carcinoembryonic antigen level
The role of carcinoembryonic antigen (CEA) as a robust
predictor of long-term survival following resection of
CRLM remains poorly defined[9,10,12,18-22]. Among many
patients, CEA can be an effective marker to monitor
for recurrence, as well as to assess response to systemic
therapy[18,21]. CEA levels can correlate with the radiological
response to preoperative chemotherapy; however, other
data have suggested that the absolute change in CEA level
with chemotherapy may not correlate with long-term outcome[23]. As a pre-operative prognostic factor, Mann et al[12]
reported that CEA levels did correlate with 5-year survival
(CEA levels < 200 ng/mL: 48.9% vs > 200 ng/mL: 0.0%).
Other studies have similarly noted that preoperative CEA
> 200 ng/mL was an independent factor of poor OS and
disease specific survival (DSS), respectively[18,21]. In a one
study, Park et al[19] looked at both tissue CEA and serum
CEA concentration after resection for CRLM and noted
that CEA expression was an independent prognostic factor for OS and DFS. Of note, patients with elevations in
both tissue CEA expression and serum CEA had a worse
OS and DFS compared with patients who had only one
CEA category elevated[19]. Despite these data, other studies have noted that CEA level was not a significant predictor of survival or recurrence after hepatic resection for
metastatic colorectal cancer[24-27]. The reason for the disparate finding from various studies may be due to the different cut-off values used for CEA, as well as differences
in how the statistical models were constructed (e.g., which
other competing risk factors were put into the model, how
many patients in any given study had a particular factor,
etc.).

CLINICAL MARKERS
Numerous clinical prognostic factors have been identified in an attempt to estimate overall prognosis among
patients with CRLM. The most relevant factors have been
included in clinicopathological scoring systems, proposed
in the late 90s and now widely used by many clinicians[9,10].
The role of each of these factors in determining the prognosis of patients with CRLM is still, however, a matter of
some debate. Furthermore, there remains no consensus
regarding which of these clinicopathological factors has
the “best” prognostic value (Table 1).
Primary tumor stage
Advanced primary tumor stage has been considered
a negative prognostic factor by multiple investigators.
Scheele et al[11] initially proposed a correlation between the
primary tumor grade and overall survival (OS) as well as
disease free survival (DFS). Primary tumor stage was later
incorporated into clinical prognostic scoring systems[9,10].
Specifically, Fong et al[9] proposed the stage of the primary
tumor as an adverse prognostic factor, concluding that
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Number of liver metastases
Several studies have reported that a higher number of
CRLM lesions is a poor prognostic factor[28-32]. A recent
large meta-analysis examining nearly 10000 patients reported a 5-year survival of only 17.1% for patients with
four or more CLMs[28]. Other studies have found no difference in survival based on the number of tumors with
5-year survival ranging from 40%-50% regardless of tumor burden[9,27,29-32]. The reason for these differences may
be related to patient selection, differences in surgical approach (resection only, resection plus ablation, etc.), as well
as differences in the use of neoadjuvant chemotherapy.
For example, in a study by Pawlik et al[33] the 5-year survival among patients with 4 or more CRLM was 50.9%,
however many of the patients had been pretreated with
neoadjuvant chemotherapy and response to neoadjuvant
therapy was strongly associated with survival. As such, the
impact of tumor number on prognosis needs to be considered in light of other important clinical and therapeutic
information. While the limit of hepatic involvement that
precludes a patient from being “operable” is still a matter
of debate, the general consensus is that tumor number
should not be used as an absolute contraindication to
surgery. When all the lesions can be resected with a microscopically negative margin (R0) in the setting of an
adequate future liver remnant (FLR), surgery should at
least be contemplated. Considering that as the number of
tumor metastases increases, a curative resection becomes
more technically challenging, the number of liver tumors
may impact survival when all tumors are not able to be
completely removed.

Synchronous metastases and disease free interval
Approximately 25% of patients have a synchronous presentation of their primary tumor and CRLM at the time
of diagnosis[1]. Some authors have found an association
between the presence of synchronous metastasis and a
worse prognosis[9-11,34,40], while others have not noted that
synchronous presentation has an effect on survival[12,20,27].
Similarly, there is no consensus regarding the impact of
disease-free interval on outcomes. Some authors have
reported that a short disease-free interval did not impact
disease-free or OS[12], however other investigators consider
disease-free interval a reliable prognostic factor[9,22]. Fong
et al[9] concluded that disease-free interval of < 12 mo after resection of the colorectal primary was predictive of
adverse outcomes, and included this factor in the clinical
risk score. Tan et al[18] similarly noted that a disease-free interval < 12 mo was an independent predictor of diseasespecific survival (DSS) at 3 years. The prognostic role of
disease-free interval is still controversial. One reason why
the impact of disease-free interval may have changed over
time is that there is more effective adjuvant treatment
for patients with advanced colorectal cancer. More effective chemotherapy may prolong the disease-free interval
among these patients and may contribute to why studies
conducted in the past might not be comparable to the
ones conducted in the era of modern chemotherapy.
Extrahepatic disease
Traditionally extrahepatic disease (EHD) has been considered a contraindication to hepatectomy for CRLM due
to the unfavorable prognosis previously noted in multiple
studies[10,34,41-43]. While the presence of EHD has clear
prognostic implications, the impact of the extent and location of the EHD and its effect on prognosis has been debated. In a study by Elias et al[44], the investigators argued
that the total number of metastases was more prognostically important than the site of EHD. While other groups
have shown that multiple EHD sites is clearly associated
with a worse survival[45,46], the site of EHD also has prognostic importance. Specifically, Pulitanò et al[46] noted that
the location of EHD was associated with prognosis, as
patients having pulmonary metastasis had the best prognosis and patients with retroperitoneal/aortocaval lymph
node metastasis had the worse prognosis. Pulmonary metastasectomy has been demonstrated to prolong survival
in selected patients and has a clear benefit in patients with
solitary or oligometastatic disease[47-49]. Specifically, 5-year
survival after pulmonary resection of colorectal metastasis
has been reported to be as high as 48.0%[50]. In contrast,
regional lymph node involvement has been correlated
with a worse survival, with observed 5-year OS of 25%
for pedicular, 0% for celiac, and 0% for para-aortic lymph
node involvement[51].

Size of liver metastases
The size of the largest metastasis is another clinical factor
that has long been considered a prognostic factor. Mann
et al[12] reported that 5-year survival was 51.6% among
patients undergoing surgery for CRLM ≤ 5 cm compared with 27% for those patients with a tumor > 5 cm.
In other studies, patients with CRLM measuring > 5 cm
were similarly noted to have a worse survival[15]. Specifically, Aldrighetti et al[22] reported that patients with a CRLM
lesion measuring > 5 cm had a survival of only 18.8% vs
30% for patients with smaller tumors. In a separate study,
Rees et al[15] similarly reported that CRLM diameter > 5
cm was an independent predictor of survival. As such, tumor size > 5 cm has been adopted by several investigators
as a predictor of adverse long-term outcome, evidenced
by the inclusion of tumor size in multiple clinical scoring systems[9,11,14,34-36]. However, several other studies have
been unable to find any differences in recurrence and
survival with relation to tumor size[20,24,27,37]. Modern era
chemotherapeutic agents are now frequently able to cytoreduce or downsize metastasis. In this context, it is not
clear if tumor size continues to hold important prognostic
information. Response to chemotherapy - as evidenced by
change in tumor size - may be a more important and relevant prognostic marker than initial CRLM tumor size[38,39].
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Surgical margin status
Microscopically negative surgical margins (R0) have traditionally been considered an important prognostic factor
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Table 2 Survival based on the clinical risk cumulative score (adapted from Fong et al
Cumulative score
0
1
2
3
4
5
Prognostic factor
Node-positive primary
Disease-free interval
Number of liver metastases
Size of major liver metastases
CEA (ng/mL)

[9]

)

1 yr

2 yr

3 yr

4 yr

5 yr

Median, mo

93
91
89
86
70
71
Score 0
negative
≥ 12 mo
1
≤ 5 cm
< 200 ng/mL

79
76
73
67
45
45
Score 0
negative
≥ 12 mo
1
≤ 5 cm
< 200 ng/mL

72
66
60
42
38
27
Score 0
negative
≥ 12 mo
1
≤ 5 cm
< 200 ng/mL

60
54
51
25
29
14
Score 1
positive
< 12 mo
>1
> 5 cm
> 200 ng/mL

60
44
40
20
25
14
Score 1
positive
< 12 mo
>1
> 5 cm
> 200 ng/mL

74
51
47
33
20
22
Score 1
positive
< 12 mo
>1
> 5 cm
> 200 ng/mL

CEA: Carcinoembryonic antigen.

following resection of CRLM. Most authors have indeed
reported that an R1 (microscopically positive) and R2
(macroscopically positive) margin are associated with
worse long-term OS[9,15,20,21,52-55]. While there has been
some lack of consensus as to what constitutes a “truly”
microscopically negative margin[56-59], Pawlik et al[60] demonstrated in a large cohort of patients that margin width
> 1 mm was not associated with overall risk or pattern
of recurrence. Kokudo et al[30], using a sensitive genetic
analysis detecting KRAS and p53 mutations, found
micrometastases in the liver parenchyma surrounding
CRLM in only 2% of patients, all within 4 mm of the
tumor border. Andreou et al[61] did report that it was important to achieve an R0 margin as patients who had an
R1 resection were noted to have a worse outcome. Some
investigators have argued, however, that it is biology, not
millimeters that dictate prognosis following resection[62].
Specifically, these investigators note that margin status is
often confounded by the extent of intrahepatic disease.
Patients with a larger intrahepatic tumor burden are most
at risk for an R1 margin; it is these patients who also
have worse overall tumor biology and overall recurrence.
To this point, de Haas et al[23] did not find a difference in
OS among patients undergoing an R0 vs R1 resection.
These data may suggest that, in an era of more effective
chemotherapy options, leaving microscopic disease behind may result in increased local failure but not necessarily a worse OS. The impact of margin status on outcomes may therefore be influenced by patient and tumor
factors, as well as the utilization of chemotherapy[61].
Regardless of the impact of margin status on prognosis,
complete macroscopic and microscopic removal of all
lesions with negative resection margins should remain
the gold standard in the surgical treatment of CRLM[23].

were independently associated with decreased long-term
survival after surgery for CRLM with curative intent. The
effect of complications on long-term survival may be due
to the immune modulating effects of sepsis, impaired
immune system and consequent metastatic spread. Moreover, a high rate of complications, longer hospital stays
and the delayed wound healing may cause a postponement
or avoidance of necessary adjuvant treatments, which in
turn may have implications for long-term survival.
Clinical scoring system
One of the first preoperative prognostic scoring systems
was described by Nordlinger et al[10] in 1996. In this scoring system, one point was given to each of the following
factors: age, size of largest metastasis, CEA level, stage of
the primary tumor, disease-free interval, number of liver
nodules, and resection margin[10]. Subsequently, Fong et al[9]
proposed a “clinical risk score” to predict long-term outcome and recurrence. In a cohort of 1001 patients treated
with resection of CRLM, the authors identified 5 criteria
as significantly impacting prognosis: nodal status of the
primary tumor, disease-free interval, number of hepatic
metastases > 1, preoperative CEA level > 200 ng/mL,
and size of the largest metastasis > 5 cm[9]. One point was
assigned to each factor (Table 2) and the total score was
reported to be highly predictive of long-term outcome
(Figure 1). This score has been widely utilized; while some
groups have validated the scoring system, other investigators have questioned its prognostic accuracy[12,25,26,69-72].
In a separate study, Iwatsuki et al[73] proposed a different
prognostic score that included tumor number ≥ 3, tumor
size > 8 cm, time to hepatic recurrence ≤ 30 mo as well
as the presence of bilobar tumors. The prognostic score,
calculated by summing these prognostic factors, was suggested to predict 5-year survival. When comparing the
Fong score[9] with other described clinical scoring systems,
including the Nordlinger score[10], Iwatsuki score[73], Mayo
Clinic scoring system and Basingstoke index, several
authors have found that only the Fong and the Iwatsuki
scores provide a statistically significant stratification of
disease specific survival[9,10,15,70,71,73,74]. In 2008, the Memorial Sloan Kettering Cancer Center (MSKCC) proposed

Operative and post-operative factors
There is no consensus regarding the impact of blood loss,
transfusion, or postoperative complications on survival
following resection of CRLM[63-66]. The most convincing prognostic factor seems to be the effect of infections
and other postoperative complications[40,67]. Specifically,
Mavros et al[68] reported that postoperative complications
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sized so that surgery becomes possible[79,80]. In some centers,
neoadjuvant therapy for patients with resectable disease
is also frequently being used[32,79]. The use of preoperative
systemic chemotherapy provides the opportunity to assess
response. Response to chemotherapy has been shown to
improve 5-year survival from 35% to 85% in one study
when compared with patients who did not receive chemotherapy[38]. Adam et al[32] reported a 30% increase in 5-year
survival among patients who underwent hepatectomy after
an objective tumor response vs patients who had tumor
progression while receiving neoadjuvant chemotherapy.
Similarly, recurrence-free survival (RFS) has been shown to
be influenced by tumor response. In a study by Gruenberger
et al[39], patients who had a response to chemotherapy had a
RFS of 24.7 mo vs only 3 mo for patients with progressive
disease.
Most commonly, response to chemotherapy can be
assessed by standard cross-sectional imaging using the Response Evaluation Criteria in Solid Tumors (RECIST) criteria. RECIST allows for the assessment of changes in the
standard cross-sectional diameter of lesions. Oxaliplatin- and
irinotecan-based cytotoxic chemotherapeutic regimens may
result in radiographic “shrinkage” of tumors. In contrast,
the use of biologic or targeted agents, such as bevacizumab,
can sometimes be difficult to assess using RECIST criteria
on cross-sectional imaging. For example, in a phase Ⅲ study
examining the addition of bevacizumab to oxaliplatin-based
chemotherapy for metastatic colorectal cancer, the investigators noted an improved progression-free survival without
affecting RECIST-defined response rates[81]. In a separate
study, Chun et al[82] reported that morphological changes in
CRLM lesions - rather than RECIST changes - were prognostic with regard to long-term outcomes.

1.0
0.8

Survival

0.6
0.4
0.2
0.0
0

12

24

36

48

60

t /mo

Figure 1 Survival after hepatic resection stratified by the clinical risk
score. Open box: score 0 (n = 52); filled triangle: score 1 (n = 262); open circle:
score 2 (n = 350); filled circle: score 3 (n = 243); filled box: score 4 (n = 80);
open triangle: score 5 (n = 14). P < 0.0001 (from Fong et al[9]). Used with permission.

the first nomogram for predicting disease-specific survival
for the individual patient[75]. The nomogram appears to
better represent characteristics of individual patients, for
instance incorporating the true preoperative CEA value
rather than applying an arbitrary cutoff value[76].
The ultimate clinical value of these prognostic scoring
systems remains debatable. In a study by Nathan et al[77],
the authors reported a c-statistic of only 0.5 to 0.6 for
many of the scoring systems. The authors postulated that
the moderate-to-poor accuracy of the staging systems was
related to the inability to account for neoadjuvant treatments, varying R0 resection rates, as well as differences in
establishing categorical cutoff values for continuous data
fields (e.g., CEA level > 200 ng/mL, and size of the largest metastasis > 5 cm, etc.). Moreover, despite some external validation, these score are based on single-institution
cohorts and have not been modified based on newer developments in treatments. Lastly, the variations observed
in the OS of patients with similar prognostic scores suggest that other factors may play a role in determining survival after resection of CRLM, most intriguingly patientspecific biological and molecular factors[78].

Tumor response to preoperative chemotherapy on
pathology
In addition to assessment on preoperative imaging, tumor
response can be assessed on pathological examination after
extirpation of the tumor. Andreou et al[61] reported on the
effect of pathological response to neoadjuvant chemotherapy in achieving negative margins. Patients with a minor
pathologic response to preoperative chemotherapy (≥ 50%
residual viable tumor cells) had significantly worse OS (5-year
OS rate 46% after R0 resection vs 0% after R1 resection).
In a study by Adam et al[83], complete pathological response
(CPR) was similarly correlated with an increase in overall
5-year survival from 45% to 76%. This finding was subsequently confirmed by correlating pathologic response,
considered as mean of the percentage of cancer cells
remaining within each tumor, with 5-year overall survival.
In a separate study, Blazer et al[84] reported on 305 patients
who underwent preoperative irinotecan- or oxaliplatinbased chemotherapy, followed by resection of CRLM. In
this group of patients, 9% had a complete response (no
residual cancer cells), 36% a major response (1% to 49%
residual cancer cells), and 55% a minor response (≥ 50%
residual cancer cells). The residual tumor was assessed
semiquantitatively, estimating the proportion of residual

BIOLOGICAL, PATHOLOGICAL, AND
MOLECULAR MARKERS
Recently, attention has turned to the use of biological and
molecular markers as a more accurate means to predict
long-term outcomes. Patient and tumor specific markers
may provide more accurate predictions of survival after
hepatic resection for colorectal metastasis (Table 3).
Tumor response to preoperative chemotherapy on
imaging
Preoperative chemotherapy is increasingly being used, especially among patients with advanced CRLM. Preoperative
“conversion” chemotherapy has allowed many previously
unresectable patients to be treated and converted/down-
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Table 3 Studies of prognostic biomarkers
Study

No. of patients

Positive case (%)

Biomarker

Correlation with survival

Nash et al[110]
Nash et al[110]
Teng et al[113]
Smith et al[26]
Smith et al[26]
Dômont et al[25]

188
188
292
66
66
201

27
62
2.1
36
35
43

KRAS
Ki-67
BRAF
Ki-67
hTERT
hTERT

Gonen et al[123]

156

Not reported

TS

Costa et al[137]

104

Not reported

TLI

Nitti et al[128]

69

64

p53

Mehta et al[144]
Shimomura et al[136]

50
64

30
31

FGA
HIF-1α

Independent predictor of poor survival (HR = 1.9)
Independent predictors of poor survival (HR = 2.6)
Independent prognostic biomarker after metastasectomy (HR = 6.245, P < 0.003)
Ki-67 correlate with survival (P = 0.04)
Htert correlate with survival (P = 0.0001)
Independent predictor of poor survival
(RR = 2.03, P < 0.0001)
Independent predictor of poor survival
(RR = 4.22, P < 0.01)
High TLI independently
Predicted decreased DFS
(P = 0.035)
Independent predictor of poor survival
(RR = 2.53, P = 0.008)
A high FGA is an independent predictor of survival (P = 0.01)
High HIF-1α is an independent risk factor for recurrence

hTERT: Human telomerase reverse transcriptase; TS: Thymidylate synthase; TLI: Thymidylate labeling index; DFS: Disease free survival; FGA: Fraction of
genome altered; HIF-1α: Hypoxia inducible factor-1α.

cancer cells in relation to the tumor area, comprehensive
of areas of chemotherapy-related tissue injury, tumor
necrosis, fibro-collagenous proliferation, and other reparative changes. Survival was strongly correlated with pathologic response: 5-years survival was 75%, 56%, and 33%
for patients with a complete response, major response, or
minor response respectively[84].
A semi-quantitative analysis of the proportion of viable cancer cells, however, is limited due to the difficulty in
determining the baseline percentage of tumor cell before
preoperative chemotherapy. Therefore, it could be that
this type of pathological response would have a better
prognostic role than a predictive one based on response
to chemotherapy[82,84]. Interestingly Tanaka et al[85] found
that a complete pathological response in all the metastases is not necessary to obtain a correlation with OS. The
authors showed that patients with multiple metastases and
complete response in some of those tumors still experienced a higher OS and DFS compared with pathologic
non-responders. The “best” OS was, however, noted
among those patients in whom all CRLM lesions showed
a complete response[85].
Tumor regression grading, as well as tumor thickness
at the tumor-normal interface, have been proposed as
prognostic histopathological factors[83-90]. Based on the tumor regression scheme proposed for esophageal carcinoma, Rubbia-Brandt et al[90] described a pathological grading
system for CRLM[90]. In this schema, tumor regression
was characterized by fibrosis overgrowing on tumor cells,
decreased necrosis, and the presence or absence of tumor
glands at the periphery of liver metastases. Based on this,
a tumor regression grade (TRG) score, ranging from 1
to 5, was proposed and subsequently shown to correlate
with DFS[91]. Maru et al[89] recently introduced the idea
of using tumor thickness measured at the tumor-normal
interface as a new prognostic factor for therapy response
and survival. Greater tumor thickness predicted shorter
recurrence-free survival: 70% for patients with a tumor
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thickness of < 0.5 mm, 51% for patients with a tumor
thickness between 0.5 mm and 5 mm, and 35% for patients with a tumor thickness of ≥ 5 mm[89].
Other factors noted on pathology beyond response
to preoperative therapy may impact prognosis. Rudolf
Virchow hypothesized in 1863 that the origin of cancer
was at sites of chronic inflammation. Today, the causal
relationship between inflammation, innate immunity and
cancer is widely acknowledged. Nonetheless, many of the
molecular and cellular mechanisms mediating this relationship still remain unresolved[92,93]. Okano et al[94] reported
that patients with dense tumor infiltrating lymphocytes
(TIL) surrounding metastatic liver survived longer than
patients with weak TILs after hepatic resection. Canna
et al[95] recently examined the relationship between local
and systemic inflammatory responses and outcomes in
patients undergoing resection of colorectal cancer. A low
tumor CD4+ T-lymphocyte infiltrate was associated with
an elevated circulating C-reactive protein (CRP) and both
were associated with a poor outcome. Furthermore CRP
was superior to tumor T-lymphocytic infiltration in predicting cancer specific survival[95]. There is increasing evidence that a host’s inflammatory response to tumor (IRT)
is associated with recurrence and lower survival in patients
undergoing potentially curative resection for colorectal
cancer[96,97]. Similar studies have shown worse OS and DFS
in patients with an elevated preoperative CRP > 10 mg/L
and neutrophil to lymphocyte ratio (NLR) > 5:1[93,95-100].
NLR > 5:1 has been shown to be an independent predictor of recurrence and worse survival in patients undergoing resection for CRLM[101].

MOLECULAR MARKERS OF PROGNOSIS
KRAS, BRAF
KRAS, along with HRAS and NRAS, belongs to a family
of GTPases. When activated, KRAS can induce a cascade of mitogen-activated protein kinases (MAPKs) that

1955

January 28, 2014|First Edition|

Spolverato G et al . Outcome for colorectal liver metastasis

A

Disease-specific survival
1.0
0.8

Overall survival (%)

KRAS wild-type
KRAS mutant

P = 0.004

0.6
0.4
0.2
2

4

8

10

12

27
6

20
5

11
3

wtKRAS
mKRAS
0

12

24

P = 0.007

36

48

60

72

84

t /mo

t /year

Number at risk
96
30

6

69
20

52
7

40
6

B
Recurrence-free survival (%)

0

100
90
80
70
60
50
40
30
20
10
0

Figure 2 Disease specific survival after liver resection stratified by KRAS
mutation (from Nash et al[110]). Used with permission.

transfers signals from the cell membrane via the cytoplasm
into the nucleus. The ras gene products activate proteins
in the Raf family, which consists of the ARAF, BRAF
and RAF-1 members[102]. Mutations of the KRAS gene
predicts resistance to epidermal growth factor receptor
(EGFR)-targeted monoclonal antibodies, and acquired
resistance to anti-EGFR therapies may be due to the late
switch in KRAS mutational status[103,104]. The reported
prevalence of KRAS mutations in liver metastases varies
from 15% to 44%. While several studies have reported no
statistically significant association between KRAS mutation and metastatic progression, proliferative index, or
survival has been reported[105-109], Nash et al[110] did report
a prevalence of 27% KRAS mutation in liver metastasis
and noted an independent association between KRAS
mutation and worse survival after liver resection (Figure 2).
In a separate study, Karagkounis et al[111] reported KRAS
and BRAF analysis performed on 202 patients undergoing surgery for CRLM at the Johns Hopkins Hospital. In
this study, the authors noted that KRAS mutations were
found in approximately one third of patients, while BRAF
mutations were found in only 2% of patients undergoing surgery for CRLM. KRAS status was an independent
predictor of overall and recurrence-free survival (Figure 3);
the low incidence of BRAF mutation limited assessment
of its prognostic impact[111]. Other studies, however, have
noted BRAF mutation to be an independent prognostic
factor of worse survival following resection of CRLM, as
well as a poor prognostic factor for colon cancer patients
of various stages[102,112-114]. KRAS status may not only predict overall recurrence, but perhaps also the pattern of
recurrence. Vauthey et al[115] recently reported that RAS
mutation was predictive of early lung recurrence after curative resection of CRLM.
As the MAP kinase signaling pathway is involved in
the inflammatory cascade, Huang et al[112] described the
role of the activated MAP kinase pathway and CRP in liver metastases. This study demonstrated the significance of
both specific C reactive protein (CRP) single nucleotide
polymorphisms (SNP) and mutations in KRAS/BRAF
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Figure 3 Overall (A) and disease-free (B) survival after hepatic surgery for
colorectal liver metastasis depicted by KRAS mutation status (multivariate Cox model) (wtKRAS, wild type KRAS; mKRAS, mutated KRAS) (from
Karagkounis et al[111]). Used with permission.

in liver metastases with respect prognosis after resection
of CRLM[116]. CRP SNP rs7553007 and KRAS mutations
were found to be independent prognostic factors for CRC
patients with synchronous liver metastasis[112].
hTERT
Telomerase is a ribonucleoprotein enzyme responsible for
the replication of telomeres, preventing cell senescence
and death. Telomerase has two core functional components: the catalytic subunit of hTERT (with telomerespeciﬁc reverse transcriptase activity) and a telomerase
RNA template. hTERT is the rate-limiting component
of telomerase complex and its expression correlates with
telomerase activity[117]. Despite the growing evidence that
hTERT is predictive of response to neoadjuvant chemoradiation among patients with rectal cancer, the prognostic role of hTERT among patients with resected CRLM
has not been well studied[114,115]. Fong et al[9] and Smith et
al[26] did compare the prognostic value of the Fong clinical scoring system vs markers of cell proliferation, such as
hTERT. In this study, the authors noted that hTERT correlated better with survival than predictions based on the
clinical risk score[9,26]. The independent prognostic value
of hTERT has subsequently been validated as predictor
of worse overall survival among patients with surgically
resected CRLM[25,118,119].
Thymidylate synthase
Thymidylate synthase (TS), the target enzyme of fluoro-
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uracil (FU)-based chemotherapy, is commonly reported
to correlate with response to systemic therapy and survival[120-123]. A few small studies have suggested that TS
gene overexpression might be associated with poor prognosis in patients undergoing resection of CRLM[120-122].
A separate study by Gonen et al[123] confirmed that TS
was an independent poor prognostic factor for OS and
progression-free survival in a multivariate analysis using
data from a large cohort of patients with resected CRLM.
Interestingly, this same group also analyzed tumor mRNA
and confirmed that tumor TS expression was associated
with lower RFS and disease specific survival[123]. Other
authors have also noted that TS seems to correlate with
the clinic risk score in patients who undergo resection for
CRLM[124].

Hypoxia inducible factor-1α
Hypoxia inducible factor-1α (HIF-1α) is a transcription
factor involved in crucial aspects of cancer biology, including angiogenesis, cell survival, glucose metabolism and
invasion[132]. Recent studies have shown that inﬂammation
induces HIF-1α activity[132-135]. Moreover, constitutive activation of Ras-MAPK pathway and the PI3K-AKT pathway, or loss of function of tumor suppressor protein, as
p53, regulate HIF-1α activity. Recently Shimomura et al[136]
evaluated the clinical signiﬁcance of HIF-1α expression
in CRLM. The authors concluded that overexpression of
HIF-1α is an independent risk factor for cancer recurrence after curative resection for CRLM[136]. With new
confirmatory studies, HIF-1α may prove to be an important prognostic factor for survival after CRLM resection.

p53
p53 is a tumor suppressor gene with a central role in
controlling the cell cycle and apoptosis through regulation of Bax activity. p53 mutation correlates with the
development of CRLM, as well as increased metastatic
burden[125]. While such findings have raised interest in the
potential of p53 as a predictive biomarker, data on the
prognostic role of p53 in patients with resected CRLM
has yielded mixed and inconclusive results[126]. Bellucco
et al[127] showed a lower median survival among patients
with p53-positive tumors with synchronous unresectable
CRLM treated by hepatic artery infusional chemotherapy.
These data were later confirmed in patients undergoing curative hepatic resection for CRLM, as p53 protein
status was the single best predictor of survival (median
survival: p53 wild type, 93 mo vs p53 mutated 27 mo)[128].
Similarly, 3- and 5-year survival were better among patients with p53 wild type CRLM[128]. Tanaka et al[129] also
showed that mutated p53 remained an independent
prognostic factor for worse survival after hepatectomy
based on a multivariate analysis. In contrast, Yang et al[130]
reported a separate study in which patients with p53 mutated CRLM actually had a better long-term survival after
liver resection compared with patients who had wild type
p53 tumors. Thus, the results of p53 on prognosis are
conflicting and the actual role of p53 in defining longterm outcome remains to be determined.

Miscellaneous Markers (p21, H-thymidine labeling index
and markers of angiogenesis)
Studies have been unable to correlate prognosis between
p21, a cyclin-dependent-kinase inhibitor and a key effector of p53 anti-proliferative activity, and OS in patients
with CRLM[126]. Similarly, only one study has analyzed the
relation between 3H-thymidine labeling index (TLI) and
clinical outcome[137]. In this study, the authors did find that
TLI correlated relapse at 4 years following surgery[137].
There is insufficient data to evaluate the prognostic value
of markers of angiogenesis and thrombospondin-7.
Circulating tumor cells and circulating tumor DNA
Circulating tumor cells (CTC) and disseminated tumor
cells (DTC) may serve as prognostic factors for tumor relapse after potentially curative resection of CRLM. Some
investigators have suggested that intraoperative manipulation of the tumor may increase CTC and DTC, spreading
malignant cells and causing an increase in intrahepatic
or extrahepatic tumor recurrences[138]. The data on this
hypothesis are scarce and there is no consensus regarding
the matter. While most studies analyzing CTC and DTC
have largely focused on their prognostic value in the setting of primary colorectal cancer, a few studies have examined their role in the setting of CRLM. Vogelaar et al[139]
demonstrated that patients free of DTC in their bone
marrow assessed by RT-PCR had a significantly better
DFS and OS after resection of CRLM. A recent meta-analysis investigated the association between outcomes in patients with resected CRLM and tumor cells in the blood or
bone marrow[140]. Specifically, in a cohort of 1329 patients
(16 studies), the authors reported strong evidence suggesting that CTC correlated with worse OS and DFS. Of note,
patients with detectable CTC had a 2 fold risk of progression or recurrence and a 2.5 fold increased risk of death
compared with patients who had no CTC detected[140].
Another developing field of cancer research is the detection of tumor-derived circulating mutant DNA. Circulating tumor DNA (ctDNA) represents a small part of the
circulating DNA, making detection challenging. Recently
Diehl et al[141] proposed a multistep approach to quantify
ctDNA in patients with metastatic colorectal cancer un-

Ki-67
Ki-67 is a proliferation marker, present in the nucleus during cellular proliferation. Due to its correlation cellular proliferation, Ki-67 has been identified as a possible predictive
factor of outcome after liver resection of CRLM. Weber
et al[29] conducted a large single-institutional study showing
that Ki-67 labeling index was a reliable prognostic factor of
survival among patients with resected CRLM. The prognostic impact of Ki-67 was subsequently confirmed on a metaanalysis that identified Ki-67 overexpression as a strong
predictor of survival[131]. In a comparison between the Fong
clinical scoring system[9] and the expression of Ki-67 as
prognostic factors, Smith et al[26] concluded that both Ki-67
correlated better with survival than the clinical score.
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Figure 4 Patients with detectable ctDNA following resection of colorectal liver metastasis, recurrence was universal. A: Depiction of process by which ctDNA
is detected and amplified from the specimen and plasma of patients; B: Representative flow cytometric data of ctDNA of one subject who underwent resection of
colorectal liver metastasis. Note that the notable difference in recurrence-free survival in subjects with detectable vs undetectable ctDNA (from Diehl et al[141]). Used
with permission. PCR: Polymerase chain reaction.

dergoing surgery and receiving chemotherapy. Using this
beaming technique, the authors were able to detect ctDNA in a subset of patients following resection of CRLM.
Among those patients with detectable ctDNA following
resection of CRLM, recurrence was universal (Figure 4).
In addition, the investigators noted a significant difference in DFS among patients with and without detectable
ctDNA. Although preliminary in nature, these results suggest that ctDNA might be a promising prognostic factor
of outcome following resection of CRLM.

of gross chromosomal aberrations and abnormalities of
nuclear DNA content (aneuploidy), has been examined in
relation to long-term outcome. In the early 1990’s, Cady
et al[143] found that aneuploidy was an independent prognostic factor, negatively impacting DFS. More recently,
Metha et al[144] used an array-based comparative genomic
hybridization to investigate the association of DNA copy
number alterations with survival in patients with CRLM
resected with curative intent. The total fraction of genome altered (FGA) in the metastases was noted to be an
independent predictor of survival in patients with resected
hepatic colorectal cancer metastases. In addition, the authors described a direct proportionality between level of
FGA and probability of survival[144]. Although genetic instability seems to be correlated with tumor aggressiveness
in primary colorectal cancer, it is not clear yet if it has a

Genetic integrity
The development and progression of colorectal cancer
is a multistep process leading to the accumulation of
genomic alterations that occur over the lifetime of a tumor[142] (Figure 5). The loss of genomic integrity, in terms
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prognostic value in following resection of CRLM[126].

4

CONCLUSION
Survival following resection of CRLM varies and is dependent on clinical, tumor, and molecular factors. Accurate predictors of prognosis are important for patients, as
well as providers. While some preoperative clincopathologic factors are associated with outcome, the emergence
of biologic and molecular markers may allow for a more
individualized approach to prognosis. Factors such as
KRAS, BRAF, TS, hTERT, Ki-67 can help predict longterm prognosis following CRLM. In addition, more recent
data on CTC and ctDNA holds for a more sensitive and
powerful metric of prognosis near the time of surgery for
CRLM. With more accurate markers of prognosis in the
future, a greater emphasis on patient-specific treatments
and prognostic information will hopefully continue to
emerge.
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Core tip: Certain probiotics can inhibit signal transduction pathways (i.e. , transcription factors like cAMP
response element-binding, activator protein 1, and
nuclear factor kappa B), as well as attenuate the activation of ceratin certain kinases (e.g. , p38 mitogen
activated protein kinases). Inhibition of these Intracellular signaling pathways by probiotics results in effects
on intestinal fluid secretion, neutrophil influx into the
colon, inflammation and colonocyte apoptosis that may
positively impact Clostridium difficile- associated disease (CDAD). Understanding the mechanistic basis of
CDAD, and how probiotics interfere at certain steps in
the pathogenic process, may allow the development of
novel probiotics that could have a future pharmacological impact on CDAD.

Abstract
The purpose of this review paper is to update the current and potential future role of probiotics for Clostridium difficile- associated disease (CDAD). Included in
this review, is an update on the testing of newer probiotics (e.g. , Bacillus coagulans GBI-30, 6086) in animal
models of CDAD. There is a focus on the modulation of
signal transduction pathways (i.e. , transcription factors
like cAMP response element-binding, activator protein
1, and nuclear factor kappa B), as well as the inhibition
of certain kinases (e.g. , p38 mitogen activated protein
kinases) by probiotics. Inhibition of signal transduction
by probiotics, such as Saccharomyces boulardii , result
in multiple effects on intestinal fluid secretion, neutrophil influx into the colon, inflammation, and colonocyte
apoptosis that may positively impact CDAD. Recent
clinical approaches with probiotics, for the prevention
of primary and recurrent CDAD, are also summarized in
this review paper. Future directions for the treatment of
CDAD by probiotics are also mentioned in this review.
In particular, the use of multi-strain probiotic formula®
®
tions such as Ecologic AAD and VSL #3 may represent a rationale pharmacological approach, particularly
as adjunctive therapies for CDAD. Understanding the
mechanistic basis of CDAD, and how probiotics interfere
at ceratin steps in the pathogenic process, may also
present the opportunity to design other multi-strain
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INTRODUCTION
Clostridium difficile (C. difficile) infection can cause nosocomial-related diarrhea and other distinct disease characteristics, which can affect the structural integrity of the
intestine[1,2]. The spectrum of C. difficile-associated disease
(CDAD) ranges from mild antibiotic associated diarrhea to severe pseudomembranous colitis that can lead
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In an excellent review paper, Hell et al[19] cited potential
mechanisms by which probiotics could prevent or reverse
CDAD. These mechanisms included: (1) competitive exclusion; (2) bacterial metabolic activity; (3) preservation
of gut-barrier function; (4) influence on water and ion
channels; (5) influence on the innate nervous system; (6)
modulation of signal transduction; (7) stimulation of the
innate immune system; and (8) induction of adaptive immunity[19]. Specific details on these mechanisms are provided elsewhere in the relevant literature[18,19].
In this review, I will focus on the modulation of signal transduction pathways (i.e., immunomodulation) by
probiotics, as related to CDAD[19,21,22]. As shown in Figure
1, endogenous colonic epithelial cells (colonocytes) seem
to play an integral role in CDAD[23-25]. However, cells of
the innante immune system (macrophages, neutrophils)
also play a role in the etiology of CDAD[26,27]. In these
cellular populations within the intestine, C. difficile associated toxins (particularly toxin A) result in the activation
of three transcription factors (Figure 1). Nuclear factorkappa B (NF-κB) is involved in chemokine production,
and also plays a role in colonocyte apoptosis[23,28]. Activator protein-1 (AP-1) also plays a role in interleukin (IL)-8
production, in response to stimulation of colonocytes
with toxin A[24]. Cyclic-AMP response binding protein
(CREB) is critical for the production of Prostaglandin
E2[23]. This prostaglandin plays an important role in the
fluid secretion/diarrhea associated with CDAD (Figure 1).
As shown in the figure, there is also cross talk between
the various pathways. For example, prostaglandin E2 can
stimulate Fas ligand expression and apoptosis in colonic
epithelial cells[28,29].
Specific points of intervention, resulting in immunomodulation by certain probiotics, are shown in Figure
1[21,30-39]. The non-pathogenic yeast probiotic, Saccharomyces
boulardii has the most well described immunomodulatory actions[21]. Saccharomyces boulardii can inhibit toxin-A
receptor binding to target cells, by release of a protease
that digests both the exotoxin and its receptor binding
sites[21,31,32]. Indirectly, this prevents the downstream activation of relevant MAP kinases, as well as transcription
factor activation by toxin A (Figure 1). The same group
of investigators showed that Saccharomyces boulardii supernatants could inhibit (in vitro or in vivo) toxin A-induced
MAP kinase (ERK 1/2) activation, IL-8 production, fluid
secretion, and intestinal inflammation[21,30]. Saccharomyces
boulardii also reportedly inhibits activation of the key
transcription factor NF-κB[21].
Bacillus coagulans GBI-30, 6086 (Bc) is a novel probi-

Bc, La
Loose stool/diarrhea

NF-kB

Neutrophil influx
Inflammation

Sb

MECHANISMS OF ACTION FOR
PROBIOTICS

Prostaglandins

Apoptosis
Colonocytes

MAP kinases

testing of some probiotics in animal models of CDAD,
as well as how certain probiotics can modulate signal
transduction pathways.

Bc, Lr
Bc, La, Lr, Sb, Sc

Bc, Sb

Figure 1 Immunomodulation by probiotics for Clostridium difficile-associated disease. Clostridium difficile (C. difficile) associated toxins (red font)
engage colonic epithelial cells (colonocytes) leading to nuclear factor-kappa B
(NF-κB) activation, interleukin (IL)-8 production, neutrophil influx and inflammation. These toxins also bind to receptors on colonocytes and leukocytes leading
to p38 mitogen activated protein kinases (p38 MAPK) and cyclic-AMP response
binding protein (CREB) activation. CREB, through cyclooxygenase 2 (COX2),
is critical for the production of prostaglandin E2. In turn, this prostaglandin plays
an important role in the fluid secretion/diarrhea associated with CDAD. C. difficile associated toxins also lead to the activation of other MAP kinases (ERK
1/2) and activator protein-1 (AP-1), which also plays a role in IL-8 production.
There is also cross talk (dotted line) between the various pathways. For example, prostaglandin E2 can stimulate Fas ligand expression and apoptosis in
colonic epithelial cells. The green arrows in this figure represent specific points
of intervention by certain probiotics, resulting in immunomodulation by these
agents. The abbreviations indicate the specific probiotics, which can modulate
these signal transduction pathways. These probiotics (green font) include: Saccharomyces boulardii (Sb); Bacillus coagulans GBI-30, 6086 (Bc); Lactobacillus
acidophilus (La); Lactobacillus rhamnosus (Lr); and Saccharomyces cerevisiae,
strain 905 (Sc).

to mortality[1,2]. CDAD is caused by the actions of two
exotoxins (toxin A and toxin B), which are produced by
various pathogenic strains of C. difficile[2,3].
CDAD is often treated successfully with standard antibiotics such as vancomycin and metronidazole[4-6]. However, recurrence occurs in many patients[4-6]. Some clinical
studies have focused on combined treatment with vancomycin and probiotics such as Saccharomyces boulardii for the
treatment of recurrence[7-10]. Therefore, initial treatment
regimens with probiotics, or their use for prevention of
recurrent disease, may be attractive as part of the overall
therapeutic strategy for CDAD[11-13].
Probiotics are live microorganisms that when ingested
can confer health benefits[14]. Typically, probiotics include
various strains of Lactobacillus and/or Bifidobacteria species. They exist as either single entities, or as combination products (e.g., VSL#3)[15,16]. Other known probiotics
include certain non-pathogenic Escherichia coli strains like
Nissle 1917 and M-17[14,17].
Overall, the pertinent mechanisms explaining the
potential role of probiotics as anti-colitis therapies have
been reviewed in detail elsewhere[15,18-20]. The purpose
of this review paper is to provide an update on the current and potential future role of probiotics for CDAD.
Included in this review will be an update on the recent
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otic, which can attenuate chemokine release both in vitro
and in vivo[34,35]. Correspondingly, this probiotic reduced
neutrophil influx and colonic inflammation associated
with CDAD in mice [34,35]. Of note, Bacillus coagulans
GBI-30 reduced the expression (by immunohistochemistry) of COX-2 in the colons of mice with CDAD (Figure
1)[34,35].
Lactobacillus acidophilus (L. acidophilus) substantially
improved cyclosporine-induced C. difficile infection in
mice[36,39]. Various parameters of infectious colitis were
attenuate by probiotioc treatment, including myeloperoxidase and histopathology, as well as titers of toxins A and
B derived from the cecal contents of mice (Figure 1)[36,39].
Another lactobacillus species, Lactobacillus rhamnosus (L.
rhamnosus) improved C. difficile-induced inflammation and
damage to the ileum of hamsters, with less evidence of
diarrhea[37].
Martins et al[38] developed a screening paradigm for
yeast probiotic strains, based upon protection against
enteric pathogens including C. difficile. These investigators found that Saccharomyces cerevisiae, strain 905 protected
the cecum of gnotobiotic mice from C. difficile-induced
pathological changes in the cecum (Figure 1)[38].

Table 1 Effects of probiotics in animal models of Clostridium

difficile -induced colitis
Probiotic

Saccharomyces boulardii
Saccharomyces boulardii
Saccharomyces cerevisiae 905
Lactobacillus rhamnosus
Lactobacillus acidophilus
Bacillus coagulans GBI-30, 6086

Efficacy

Reference

Yes
Yes
Yes
Yes
Yes
Yes

[40,41]
[42]
[38]
[37]
[36,39]
[34,35]

and also the prevention of recurrent CDAD. Their somewhat arbitrary rating system suggested some positive
clinical studies, but also the presence of some negative
studies (B rating), or inadequate clinical experience (C rating). In their evaluations, the investigators focused mainly
on studies involving Saccharomyces boulardii and Lactobacillus
GG[43]. In another review, Hickson[44] suggested that the
evidence supporting the use of probiotics for CDAD is
overall equivocal. Musgrave et al[45] reported that probiotics could be considered for the prevention of C. difficile
infection, or as an adjunctive therapy in otherwise healthy
(non-immunocompromised) patients. Davidson et al[46]
suggested the possible co-administration of probiotics
for prevention of CDAD in patients at increased risk
for developing disease. However, they did not recommend adjunctive probiotics for the routine treatment of
CDAD[46]. The most recent Cochrane review (from 2008)
on probiotics for CDAD in adults concluded that insufficient evidence existed to recommended probiotics as an
adjunct to antibiotic therapy for C. difficile colitis[47]. Moreover, reportedly there was no evidence to support the use
of probiotics alone for C. difficile colitis[47].

PROBIOTICS AND PRECLINICAL MODELS
OF CDAD
Table 1 shows a list of some probiotics that were tested
in pre-clinical models of C. difficile-induced colitis. Early
studies, which were conducted approximately 30 years
ago, showed that Saccharomyces boulardii could prevent
Clindamycin (and by association C. difficile)-induced mortality in hamsters, with improvement in the histological
appearance of the intestine in these animals[40,41]. In the
same time period, Corthier et al[42] found that Saccharomyces
boulardii could limit mortality in gnotobiotic mice that
were infected with C. difficile. Of note, this probiotic also
modulated fecal cytotoxin production (Figure 1)[42].
More recent studies, showed that Saccharomyces cerevisiae strain 905 and two lactobacillus strains (L. rhamnosus
and acidophilus) were effective against CDAD in rodents
(Figure 1 and Table 1)[36-39]. My laboratory found that
the novel probiotic strain Bacillus coagulans GBI-30, 6086
could improve both the initial phase of colitis in mice
following C. difficile infection, as well the recurrence of
CDAD following vancomycin withdrawal[34,35]. This probiotic most profoundly affected the stool consistency in
these mice (Figure 1)[34,35].

FUTURE USE OF PROBIOTICS FOR CDAD
In a review article published in 2009, Imhoff et al[13] asked
this question: Is there a future for probiotics in preventing clostridium difficile-associated disease and treatment of
recurrent episodes? This statement remains a pertinent
question in 2013. Recently, there has been a renewed
interest in fecal microbiota transplantation therapy for
recurrent CDAD, and new studies suggest efficacy for
this indication[48-52]. Therefore, what about the future use
of probiotics in CDAD beyond 2013? Because CDAD
is a condition associated with disrupted endogenous gut
flora, it is logical to employ treatment strategies that can
reconstitute/restore the physiological intestinal flora.
In a broad sense, both probiotics and fecal microbiota
transplantation therapy attempt to accomplish this restoration of physiological bacterial species, but by different
administration methods[13,53,54]. Certainly, fecal transplantation has yielded some interesting efficacy results[48-54].
However, it typically requires an invasive procedure (e.g.,
colonoscopy), as well as an overall technique that is still
aesthetically displeasing to some patients[48-54]. In contrast,
probiotics can be easily ingested, but are often not optimally formulated to survive transit through the GI tract

CLINICAL USE OF PROBIOTICS FOR
CDAD
Since 2011, several comprehensive reviews have been
published regarding the use of probiotics for CDAD.
Specific details from these reviews can be found in the
relevant literature[19,43-46]. Floch et al[43] gave probiotics a B/
C recommendation for both the prevention of CDAD,
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for colonization in the colon[13,19]. Moreover, probiotics
have demonstrated questionable efficacy for CDAD[43-47].
A recent publication further compares the pros and cons
of probiotics versus fecal transplantation for intestinal
diseases[55].
With respect to the future of probiotics for CDAD,
Hell et al[19] have provided some good insights, as well
as interesting initial clinical data. They postulated that a
multi-strain probiotic, resembling a healthy human microbiotia, would be most effective for treating CDAD[19].
Therefore, these investigators developed a probiotic mixture (Ecologic® AAD) comprised of several Bifodabacterium and Lactobacillus strains, as well as Enterococcus faecum[19].
In a small series of 10 patients (five with recurrent disease) excellent results were obtained in all evaluable patients with C. difficile infection, following combined treatment with the multi-strain probiotic plus vancomycin[19].
This type of therapeutic paradigm seems to represent a
logical future scientific approach for probiotic treatment
in CDAD. Another probiotic preparation that could be
tested for CDAD is VSL#3. This probiotic mixture contains 4 Lactobacillus strains, three strains of bifidobacteria
and Streptococcus salivarus[56,57]. VSL#3 has been tested previously in both IBD and pouchitis patient populations,
with some evidence of efficacy[56,57]. Moreover, the pertinent mechanism(s) of action for VSL#3 suggest that it
would represent a rational pharmacological approach for
CDAD[14,58]. Finally, it may be possible to utilize known
mechanism of action diagrams, like in Figure 1, to create
novel probiotic mixtures that could potentially be effective for CDAD.
While perhaps focusing on multi-strain probiotics,
newer single strain probiotics of potential interest for
CDAD could include Bifidobacterium animalis AHCT[59-61].
This probiotic can inhibit NF-κB activation, reduce C.
difficile levels in the canine colon, and resolve idiopathic
diarrhea in dogs. The pharmacological profile of Bifidobacterium animalis AHCT suggests that it could be an
interesting candidate for further testing related to CDAD.
Another single strain probiotic of interest is Clostridium
butyricium MIYARI 588, which is being used for the prevention of CDAD in Japan[62].
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INTRODUCTION
The alarming increase in recurrent Clostridium difficile (C.
difficile) infections (CDI) and associated deaths[1] geared
the attention of gastroenterologists around the world towards fecal microbiome (or microbiota) transplantation
(FMT)[2]. This non-conventional therapeutic approach
has also been designated as fecal bacteriotherapy (FB)[3].
Human fecal preparations have been used for centuries in traditional Chinese medicine to treat various
disorders[4]. However, it was not until 1958 when fecal
preparations from healthy donors were employed by
bold surgeons as enemas to treat critically ill patients
with pseudomembranous colitis (PC)[5]. In spite of the
surgeons’ dramatic success, fecal bacteriotherapy has
received less attention up to the 1980’s perhaps secondary to the recognition that C. difficile is the pathogen for
PC and that it can be effectively treated with antibiotics.
Indeed, the short term efficacy of current antimicrobials is around 90% against CDI[6]. However, the infection
may recur in 13%-24% of cases within 4 wk[6]. In such
instances FB has been utilized with a cure approaching
90% irrespective of the mode of delivery (i.e., upper
gastrointestinal, colonoscopic, or large volume retention
enema)[7]. The first randomized control trial comparing
FB with vancomycin therapy for recurrent CDI showed
the overwhelming superiority of the fecal preparation[8].
In-spite of this finding we do not understand clearly

Abstract
Fecal microbiome (microbiota) transplantation is an
emerging treatment not only for refractory/recurrent
Clostridium difficile infections and chronic gastrointestinal diseases, but also for metabolic syndrome, and
even possibly for neurological disorders. This nonconventional therapy has been perhaps more appropriately designated as fecal bacteriotherapy (FB) as
well. The employment of FB is spreading into pediatric
gastroenterology. This focused review highlights the
pediatric applications of FB and discusses hypotheses
for its mechanism of action. We propose that intestinal
microbiome therapy may be a more appropriate term
for FB, which integrates its potential future applications.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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of stool preparation from a healthy donor[16]. Thereafter,
Thomas Borody and colleagues treated 6 UC patients
with 5 consecutive daily enemas resulting in over 1 year
remission off all medications in all[17]. One of these patients has been in remission for over 11 years implicating
the potential curative nature of FB for UC. However, in
a recent review Borody et al[18] states that more than 5 enemas are needed for most patients, but does not define
how many. This statement leads to valid concerns raised
about FB in the medical community[19]. The absence of
consensus in regards to volume, route, donor screening, safety measures, and the potential lack of medical
supervision has been discussed. Consequently, a fecal
microbiota FMT workgroup has formed, and established
guidelines for donor screening and recipient selection
primarily for CDI[20]. To further standardization, “universal” frozen stool preparations to treat CDI were employed with success[21]. The establishment and adherence
to stringent guidelines and methods should aid the safety
and future utilization of this unconventional treatment
option for various human diseases.
FB has been less investigated in children, most likely
secondary to safety concerns. In the meantime, parents
of children suffering from UC, for example, are eager
for this treatment option to become available[22]. There
are only two case reports in children supporting the safety and efficacy of FB for pediatric recurrent CDI[23,24].
Additionally, a very recent publication demonstrated that
serial retention enemas from healthy donors can be of
benefit for pediatric and young-adult patients with mild
to moderately active UC[25]. The study participants experienced only mild to moderate, self-resolving side effects
from FB. These publications clearly indicate the potential utility of FB in pediatric gastrointestinal disorders as
well.
At present, FB appears to hold great prospects, but
also significant challenges for the treatment of human
diseases. For chronic disorders, such as IBD, the end
point of therapy may be difficult to define. Long-term
potential side effects such as modified metabolism,
changes in mood and affect, altered susceptibility to
malignancies, etc. have not been examined. The most
optimal route of delivery may vary between diseases,
and between differing phenotypes of a single disease.
The need for donor-recipient matching is also of question. The importance of age, gender, race, and microbiome composition (among others) are also unknown
in this respect. The potential significance of fungi and
viruses during IMT has not even been addressed to date.
Perhaps the greatest challenge for the future will be to
define restricted microbial communities for specific diseases. Only dedicated academic scientists will be able to
meet these challenges and optimize metagenomic medicine for current and future generations to come.

how FB works. It appears that live bacteria are required
for FB to be efficacious based on mouse model studies[9].
Many researchers argue that it is true engraftment of the
donor microbiota that occurs in the recipients through
FB, hence is designation as “transplantation”[10]. Only
limited high-throughput metagenomic studies have addressed this question, especially over a prolonged time
course after the treatments. Work with an artificial fecal
bacterial preparation of 33 species found that there was
a steady decline in the transplanted strains within the
stool of the 2 recipients studied[11]. More specifically,
only about 25%-30% of the species received remained
in the recipient community by 6 mo after the “transplant”.
This result shows that some donor bacteria truly populate the recipient microbiome at least for several months.
However, I propose that FB works by shock therapy or
“enslapment” of the recipient microbiota, rather than
just engrafting absent bacterial species into the recipient population. More specifically, a brief shock from a
healthy donor bacterial community may restructure the
recipient microbiota, which acts as a dynamic organ. The
short-term to long-term engraftment of a few bacterial species from the donor stool into the restructuring
recipient microbiota may aid/participate in this process.
I use the example of crystallization induced by a bit
of crystal placed into an over-saturated solution, such
as in the case of sodium acetate (http://www.youtube.
com/watch?v=HnSg2cl09PI) to demonstrate my hypothesis. In the case of FB, the stool donor is the bit of
crystal and the dysbiotic recipient microbiota is the oversaturated solution. Upon the induction from the healthy
donor stool, the recipient microbiota reverts back (“crystallizes”) to a healthier state of the microbial community
supporting its ability to overcome CDI. The arguments
for the shock therapy are: (1) a single FB enema works
as effectively as any other mode of delivery. Enema volumes are about 5%-10% of the colonic volume. Those
reach only the hepatic flexure at best, and are evacuated
within a few hours after delivery. It is physiologically
rather difficult to imagine that such a preparation could
truly transplant the whole intestine of the recipient with
microbes; and (2) a simple cultured mixture of 10 bacterial species worked as effectively in treating CDI as
a retention enema preparation[12]. It is unlikely that the
treated recipients harbored only the 10 “transplanted”
species following the resolution of CDI.
Based on the above, FB appears to be a more appropriate designation of this treatment modality than
fecal transplantation. Even more, “intestinal microbiome therapy” (IMT) may be the most proper term for
FB, since the future will likely bring the development
of restricted microbial communities for the treatment
of human diseases. In fact, FB has been used with benefit in inflammatory bowel diseases (IBD)[13], chronic
constipation and irritable bowel syndrome[14], metabolic
syndrome[15], and even in isolated cases of neurological
diseases[2]. As for IBD, it was an academic physician, Justin Bennet, who innovatively treated his own ulcerative
colitis (UC) with serial large volume retention enemas
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between these molecular mechanisms and intestinal
barrier function will therefore provide important insight
into the pathogenesis of intestinal-based immunemediated diseases.
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Core tip: The pathogenesis of gastrointestinal diseases is associated with important molecular pathways such as Wnt, Notch, Hippo, transforming growth
factor-β/bone morphogenetic protein or Hedgehog in
controlling cell-fate determination. Here, we discuss
how they contribute to homeostasis of intestinal epithelium.

Abstract
The gastrointestinal tract is frequently challenged by
pathogens/antigens contained in food and water and
the intestinal epithelium must be capable of rapid regeneration in the event of tissue damage. Disruption
of the intestinal barrier leads to a number of immunemediated diseases, including inflammatory bowel disease, food allergy, and celiac disease. The intestinal
mucosa is composed of different types of epithelial
cells in specific barrier functions. Epithelial cells control surface-associated bacterial populations without
disrupting the intestinal microflora that is crucial for
host health. They are also capable of modulating
mucosal immune system, and are thus essential in
maintaining homeostasis in the gut. Thus, the regulation of intestinal epithelial homeostasis is crucial for
the maintenance of the structure of the mucosa and
the defensive barrier functions. Recent studies have
demonstrated that multiple molecular pathways are
involved in the regulation of intestinal epithelial cell
polarity. These include the Wnt, Notch, Hippo, transforming growth factor-β (TGF-β)/bone morphogenetic
protein (BMP) and Hedgehog pathways, most of which
were identified in lower organisms where they play important roles during embryogenesis. These pathways
are also used in adult organisms to regulate multiple
self-renewing organs. Understanding the interactions
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INTRODUCTION
The intestinal epithelium is a single-cell layer that serves
as a protective barrier against the external environment.
It supports nutrients and water transport, while maintaining a defense against intraluminal toxins, bacteria,
and antigens. The epithelial barrier is governed by the
expression of adherens junctions (AJs) and tight junctions (TJs), including cadherins, claudins, occludin, and
junctional adhesion molecules (JAM) proteins, which
seal adjacent cells together[1]. Expression of AJ and TJ
proteins is regulated by phosphorylation and it can either promote or destabilize TJ formation[2]. The AJ and
TJ complexes also play a crucial role in the regulation of
cellular polarization, proliferation, and differentiation[3].
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Figure 1 The molecular regulatory pathways in intestinal epithelial homeostasis. Wnt signaling promotes the proliferation of TA/stem cells and drives Paneth
cell maturation. Notch signaling cooperates with Wnt to drive proliferation of intestinal stem cells and regulates maintenance of undifferentiated TA/stem cells. Hippo
and bone morphogenetic protein (BMP) signaling inhibits proliferation and induces maturation of all secretory cell types. Hedgehog signaling activates the expression
of BMP in the mesenchyme.

The intestinal epithelium is populated by distinct types
of cells derived from stem cells, such as the absorptive
cells (enterocytes) and the secretory cells (mucus-secreting
goblet cells, hormone-secreting enteroendocrine cells, Tuft
cells, and antimicrobial peptides-secreting Paneth cells).
All but the Paneth cells differentiate into mature forms
from the crypts to replace cells extruded from the tips of
the villi[4,5]. This continuous replenishment of intestinal
epithelium takes generally 4-7 d and it is important for
the maintenance of epithelial integrity. Several conserved
signaling cascades, i.e., the Wnt, transforming growth
factor-β (TGF-β)/bone morphogenetic protein (BMP),
Notch, Hippo, and Hedgehog pathway are associated with
the maintenance of the morphological and functional features of diverse epithelial cell types (Figure 1).
Disruption of this delicate balance causes a variety
of intestinal-related inflammatory and autoimmune syndromes[6-8]. For example, healthy first-degree relatives of
patients with inflammatory bowel disease (IBD) and celiac
disease have increased intestinal permeability and epithelial
apoptosis[9,10]. Intestinal barrier dysfunction also contributes
to the severity of food allergen-induced clinical symptoms[11].
In this review, we summarize current studies for major molecular signaling pathways in intestinal homeostasis.

meostasis. It contains the canonical and non-canonical
pathway. The central player in the canonical Wnt signaling cascade is β-catenin, a cytoplasmic protein the stability of which is regulated by the APC tumor suppressor.
Complexes of frizzled seven transmembrane molecules
and low-density lipoprotein receptor related proteins
(LRP-5/-6) serve as receptors for secreted Wnts[12]. When
Wnt receptor complexes are not engaged, caseine kinase-1 and GSK3-β, both residing in the APC complex,
sequentially phosphorylate β-catenin at a series of highly
conserved Ser/Thr residues near its N-terminus and
are thereby tagged for ubiquitination and proteasomal
degradation. In contrast, Wnt stimulation blocks the
intrinsic kinase activity of the APC complex, leading to
β-catenin accumulation. Unphosphorylated β-catenin
translocates into the nucleus where it engages transcription factors of the TCF/LEF family, thereby translating
the Wnt signal into the transcription of a TCF target
gene[13].
The canonical Wnt pathway is essential for epithelial
proliferation and crypt maintenance[14,15]. Mutations in
the APC gene, a negative regulator of Wnt signaling,
also results in hyperproliferation of the epithelium followed by the development of adenomas[16]. Moreover,
β-catenin plays a role as an AJ component, thereby linking it to the cytoskeleton of epithelial cells. Wnt signaling is necessary for positioning and maturation of Paneth cells in the crypts, and for separating proliferating
and differentiated cells. These processes are controlled
by the Wnt-dependent expression of specific ephrin
receptors in the intestine[17]. Non-canonical (β-catenin

SIGNALING PATHWAYS REGULATING
INTESTINAL HOMEOSTASIS
WNT PATHWAY
Wnt signaling plays multiple roles during intestinal ho-
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independent) Wnt signaling is termed the planar cell
polarity pathway, which is activated by the GTPases Rho
and Rac. These induce cytoskeletal rearrangements and
help to form new crypts[18].

In contrast, the deletion of Hippo pathway component
Mst1/2 in mouse intestinal epithelial cells results in an
expansion of undifferentiated stem cells and an absence
of all secretory lineages[30].
In the small intestinal and the colonic epithelium of
the normal mouse, YAP protein is found in the crypts and
under normal conditions YAP makes no contribution to
intestinal epithelial proliferation. However, it is required
for tissue regeneration caused by injury. YAP protein is
overexpressed in the crypts of the recovery phase from
the DSS-treated mice[31]. Treatment of GSIs suppressed
the intestinal dysplasia caused by YAP and this result suggests that YAP stimulates Notch signaling. YAP is commonly overexpressed in colorectal cancers[32]. Therefore,
the activation of YAP for regulating intestinal stem cells
regeneration indicates that a deficiency of Hippo signaling
may contribute to tumorigenesis in the intestine.

NOTCH PATHWAY
Notch signaling is active in intestinal crypt compartments and assists the Wnt pathway in promoting stem
cell proliferation and negatively regulates differentiation
into the secretory lineages[19]. Interaction of the Notch
receptor (NOTCH 1-4) and ligand (Delta-like 1, 3, and 4;
Jagged 1 and 2) between two adjacent cells results in proteolytic cleavages of the receptor by the γ-secretase enzyme complex, leading to the translocation of the Notch
intracellular domain (NICD) into the nucleus. There,
NICD binds to the transcription factor CSL (CBF1 in
human, RBPjk in mice, Su (H) in Drosophila, Lag-1 in C.
elegans) and activates target genes such as HES-1 (Hairy
and enhancer of split 1), HES-3, and HES-5, which are
important for the differentiation of absorptive cells. The
transcription factor MATH-1 is a downstream target of
HES-1 repression in the intestine and its activity leads
to generation of the secretory cell lineages[20,21]. These
results suggest that the absorptive versus secretory epithelial cell type fate decision is established through the
HES/MATH1 axis. In addition, Gfi-1 and neurogenin-3
(Ngn-3), other transcription factors, compete for selection of enteroendocrine versus goblet or Paneth cell
fates[22].
The dysregulation of Notch activity is related to the
pathogenesis of IBDs, such as ulcerative colitis (UC)
and Crohn’s disease (CD). A histological study in UC
revealed that the depletion of goblet cells with loss of
ATOH1 expression and CD is caused by dysregulation
of secretory cell differentiation[23-25]. Additional evidence
supporting such an important role for Notch in the intestine is derived from studies of γ-secretase inhibitors
(GSIs). Treatment of mice with GSIs induced colitis due
to inhibition of Notch signaling[26]. Notch activity may
thus contribute to the regenerating epithelium and enhance the barrier function of the intestinal epithelium.

HEDGEHOG PATHWAY
The Hedgehog signaling is initiated through the binding
of Hedgehog ligands to the patched homolog 1 (Ptch1)
receptor. In the absence of ligands, Ptch1 inhibits the
activity of smoothened (Smo). Hedgehog binding inactivates Ptch1 and in contrast, Smo inhibition is released
and these mechanisms lead to the translocation of members of the GLI family (GLI-1, GLI-2, and GLI-3 in
mammals) of Zn-finger transcription factors from the
cytoplasm to the nucleus. Upon nuclear translocation,
they activate the transcription of target genes, such as
Ptch1, Gli-1, Bmp4, Hhip1[33]. Three Hedgehog homologs, such as sonic hedgehog (Shh), indian hedgehog
(Ihh), and desert hedgehog (Dhh) are known to be highly conserved in mammals and of these, only Shh and
Ihh are expressed in epithelium during development, but
are redistributed after villus formation to be localized
to the intervillus region[34]. Thus, Hedgehog signaling is
required for the formation of villi. Shh has been localized to the region of the crypts and Shh plays a role in
the regulation of epithelial proliferation[35]. Furthermore,
Hedgehog ligands have been reported to be anti-inflammatory epithelial modulators in the intestine[36]. Hedgehog signaling pathway inhibitors induced hypoplasia of
Paneth cells, thus this signaling pathway may influence
intestinal epithelium repair partly through the regulation
of Paneth cells[37]. Hedgehog signaling decreases during
the injury phase and increases during the repair phase[38].
It confirms an important role of Hedgehog signaling in
the repair of intestinal epithelium after injury.

HIPPO PATHWAY
The Hippo pathway plays a crucial role in controlling
organ size by inhibiting cell proliferation and apoptosis
in response to cell-cell contact. This tumor suppressor
pathway regulates intestinal regeneration and tumorigenesis[27,28]. When the Hippo pathway is active, the downstream effector of this pathway Yes-associated protein
(YAP) is phosphorylated at S127 by the LAT1/2 kinases.
Phosphorylated YAP remains in the cytoplasm and inhibits its proliferative and anti-apoptotic function in the
nucleus, which is mediated by its binding to TEAD1-4
transcription factors. Cytoplasmic YAP has the Wnt
antagonizing effects, thereby contributing to the prevention of proliferation and intestinal stem cell expansion[29].
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TGF-β/BMP PATHWAY
TGF- β signaling regulates embryonic development,
wound healing, proliferation, and cell differentiation[39,40]. The TGF-β family consists of cytokines including TGF-β isoform, BMPs, and activins. Signaling
is induced by ligand binding to type Ⅱ serine/threonine
kinase receptors, which results in the phosphorylation of
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the type Ⅰ receptor. Then, signaling of these activated
receptors is transduced through three classes of SMAD
proteins: receptor-regulated SMADs (R-SMADs: SMAD
-1, -2, -3, -5, and -8), common SMAD (SMAD-4), and inhibitory SMADs (I-SMADs: SMAD-6 and -7). R-SMADs
become phosphorylated by activated type Ⅰ receptors and
subsequent translocate to the nucleus. The SMAD complex interacts with transcription factors, thereby inducing
target gene expression. TGF-β signaling components are
expressed in the differentiated compartment of the intestine[41]. Inactivation of TGF-β signaling components
has also been identified at the adenoma-to-carcinoma
transition[42].
BMP signaling mediates the action of hedgehog,
blocking the formation of ectopic crypts, and the expression of BMP antagonist noggin in the crypts prevents
the activity of BMP, thereby enabling proliferation to
continue [43]. TGF- β ligands signal through SMAD-2
and -3, whereas BMP signaling is mediated through
SMAD-1, -5 and -8. Phosphorylated SMAD-1, -5, and
-8 are observed in the villus epithelium and this modification prevents the villus epithelium from adopting
a crypt-like proliferative character [44]. BMP signaling
antagonizes the Wnt pathway within the differentiated
compartment, thereby positioning transient amplifying
cells in the crypts[45]. In addition, humans with germline
mutations in SMAD-4 or BMP receptor type 1A (BMPR1A) are associated with up to 50% of JPS (Juvenile
polyposis syndrome) cases[46,47].
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CONCLUSION
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Intestinal epithelial barrier dysfunction has been implicated as a critical role in the predisposition to a number
of gastrointestinal diseases such as IBD, food allergy,
and celiac disease. It could lead to defects in multiple aspects of microbial, epithelial, and immune interactions,
and thus injury to the epithelial lining thought to be an
important factor in the pathogenesis of intestinal-based
immune-mediated diseases[48-50].
The homeostasis of the intestinal epithelium is maintained by a complex interplay of multiple regulatory
mechanisms. Together, the Wnt, Hedgehog and TFG-β/
BMP pathways maintain the crypt-villus architecture.
The Wnt, Notch, and Hippo signaling pathways combine to control the cell fate choices from stem cells.
Thus and understanding of critical signaling pathways
for maintaining intestinal homeostasis is essential.
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PROGRESS IN GASTROINTESTINAL DISEASES

Effects of occupational stress on the gastrointestinal tract
María-Raquel Huerta-Franco, Miguel Vargas-Luna, Paola Tienda, Isabel Delgadillo-Holtfort,
Marco Balleza-Ordaz, Corina Flores-Hernandez
between occupational stress and GIT diseases is evident in everyday clinical practice; however, the usual
strategy is to attack the effects but not the root of the
problem. That is, in clinics, occupational stress is recognized as a source of GIT problems, but employers
do not ascribe it enough importance as a risk factor,
in general, and for gastrointestinal health, in particular. The identification, stratification, measurement and
evaluation of stress and its associated corrective strategies, particularly for occupational stress, are important
topics to address in the near future to establish the basis for considering stress as an important risk factor in
occupational health.
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Core tip: In workers, the combination of personality
patterns (anxiety/depression), stress and negative emotions contribute to gastrointestinal tract (GIT) alterations. In particular, jobs that produce privation, fatigue,
chronic mental anxiety and a long past history of tension, frustration, resentment, psychological disturbance
or emotional conflict have been shown to produce
gastric ulcers. Irritable bowel syndrome and functional
dyspepsia also have significant co-morbidity with mood
alterations. Workers with unipolar depression have
been shown to be more prone to present irritable bowel
syndrome-like symptoms. Moreover, three systems are
known to participate in the GIT alterations of workers:
sympathetic autonomic nervous system, the hypothalamic-pituitary-adrenal axis and genetic factors.

Abstract
The aim of this review is to provide a general overview
of the relationship between occupational stress and
gastrointestinal alterations. The International Labour
Organization suggests occupational health includes
psychological aspects to achieve mental well-being.
However, the definition of health risks for an occupation includes biological, chemical, physical and ergonomic factors but does not address psychological stress
or other affective disorders. Nevertheless, multiple
investigations have studied occupational stress and its
physiological consequences, focusing on specific risk
groups and occupations considered stressful. Among
the physiological effects of stress, gastrointestinal tract
(GIT) alterations are highly prevalent. The relationship
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tility has been documented since the nineteenth century
and the beginning of the twentieth century by Charles
Cabanis and William Beaumont and thereafter by Ivan
Pavlov, Walter Canon and Stewart Wolf, who were the
pioneers in determining the gastric response after an
emotional stimulus in animal models[7,8]. Based on these
antecedents, researchers and clinicians were curious
about the relationship between stress and gastric motility. For example, Muth et al[9] reported the case of a fistulated patient who displayed increased gastric motility
when he was angry but decreased gastric motility when
he was fearful. Nevertheless, in general, the role of occupational stress in gastric motility has not been closely
examined. The main limitation, as far as we perceive,
occurs because most of the techniques used for GIT
evaluations are invasive[10].
The combination of personality patterns and emotional stress also has an important contribution to GIT
alterations. In a review by Alp et al [11], studies were
mentioned that suggested privation, fatigue and mental
anxiety frequently coincided with the presence of gastric ulceration[12] and that a psychological disturbance or
emotional conflict might be transformed into an organic
disease, e.g., a peptic ulcer [13,14]. The same paper also
mentioned that a significant correlation exists between
the onset of peptic ulcer symptoms and domestic upset,
financial stress or an extensive past history of tension[15].
Furthermore, anxiety, frustration, resentment and fatigue
were suggested to be important aggravating factors in
the symptomology of peptic ulceration[16]. Many of the
emotional states previously described by these researchers are related to psychological stress.
In relation to other GIT alterations, such as irritable
bowel syndrome (IBS) and functional dyspepsia, a significant co-morbidity reportedly exists between mood alterations (e.g., anxiety and depression) and functional gastrointestinal syndromes[17]. However, the exact pathophysiological link between emotions and the gut is not yet well
established (see below). A model of an emotional motor
system (EMS) that reacts to interoceptive and exteroceptive stress was proposed by Karling et al[18]. These investigators found that recurrent unipolar depression patients
who were experiencing remission did not have a greater
number of IBS-like symptoms than the controls, indicating that GIT dysfunctions may resolve when depression
is treated to remission. Apparently, there is a relationship
between mood alterations (e.g., anxiety and depression)
and IBS-like symptoms in patients with unipolar depression, in patients with IBS and in a sample of the normal
population. In addition, the investigators suggested that,
during the regulation of the emotional-motor system,
there is a participation of the following three systems (the
interrelationships of which are presented schematically
in Figure 1): (1) the sympathetic autonomic nervous system (ANS), which explains symptoms that occur when
patients change their body position; (2) the hypothalamic-pituitary-adrenal (HPA) axis, which explains the symptoms of diarrhea and early satiety by the stimulation of

INTRODUCTION
Stress is a term that is often used by the global population. This term was first described as a “syndrome
produced by diverse nocuous agents” in the 1930s by
Selye[1] and was later called General Adaptation Syndrome. Stress refers to the consequences of the failure
of a living organism (i.e., human or animal) to respond
appropriately to emotional or physical threats, whether
actual or imagined[2]. Stress can be defined as any threat
to an organism’s homeostasis[2,3]. The function of the
stress response is to maintain homeostasis and may involve both physiological and behavioral adaptations[2].
Currently, stress is a condition that affects people daily.
Environmental factors, such as work pressures, financial
conditions, family situations and social issues, contribute
to stress. Factors related to job stress include the need
for counseling, lack of leisure time, daily shift work, dissatisfaction with the workplace, work absenteeism due to
health problems and insufficient work incentives. All of
these situations produce psychological stress that may affect different physiological functions in the gastrointestinal tract (GIT)[3], including gastric secretion, gut motility,
mucosal permeability, mucosal barrier function, visceral
sensitivity and mucosal blood flow[4]. There have been
several studies on the effects of psychological stress on
the GIT that debate if these effects constitute a physiological response of the body or if they can be considered
a pathology[2-5]. In relation to occupations, it is difficult
to define a psychological stress classification for determining stress levels, exposure duration, exposure limits
to stressors, the sensitivity of the worker, etc.; therefore,
as evidenced in most of the literature, the delimitation
of the problem to be addressed is almost forced. In this
review article, we consider general occupational stress as
assessed using multiple approaches. Additionally, we focus on occupational stress associated with specific GIT
problems in any worker group, but particularly in those
groups working stressful jobs.

EFFECT OF PSYCHOLOGICAL STRESS
AND EMOTIONS ON THE GASTROINTESTINAL TRACT
The relationship between psychological stress and disease
has already been recognized by the ancient Greeks, who
hypothesized that moods affect the body. Hippocrates
described how psychosomatic disorders produce abnormal physical reactions due to stressful emotions, and
Galen supported the idea that emotions and pain are diseases of the soul. However, in 1637, Descartes changed
the paradigm by proposing the separation of the thinking mind from the material body[5]. Currently, there are
an increasing number of reports regarding cognitive
and psychological declines related to stress, including
occupational stress, in subjects without psychiatric premorbidities or major life trauma[6].
The relationship between emotions and gastric mo-
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Corticotrophin-releasing hormone (CRH) receptors and
(3) the val158met COMT polymorphism (single nucleotide polymorphism in the COMT gene that encodes
Catechol-O-methyl-transferase), which is associated with
IBS-like symptoms. IBS patients tend to have a lower
frequency of the heterozygous val/met genotype, and
this genotype may be protective against IBS/IBS-like
symptoms. Moreover, a higher frequency of the val/val
genotype is associated with diarrhea symptoms[19].

cause and effect, with the effect being associated with
physical illness or injury. In our case, psychological stress
has been recognized and correlated with physical effects
in many studies[25]. Furthermore, the control strategies
(although a subjective topic) appear to be well known by
professionals and therefore are well-established[26]. The
measurement of levels or concentrations and the evaluation of the likelihood and severity of the stress factors
are the most complicated factors to be studied quantitatively, and we consider these factors to be poorly established aspects of the problem.
Despite the discussion above, stress, particularly occupational stress, has become one of the most serious
health issues in the modern world[27]. The concept of occupational stress can be observed as a natural extension
of the classical concept of stress introduced by Selye[1] to
a specific form of human activity, namely work. Steers[28]
indicated that occupational stress has become an important topic study of organizational behavior for several
reasons: (1) stress has harmful psychological and physiological effects on employees; (2) stress is a major cause
of employee turnover and absenteeism; (3) stress experienced by one employee can affect the safety of other
employees and (4) by controlling dysfunctional stress,
individuals and organizations can be managed more
effectively. More recently, Beheshtifar and Modaber[29]
described five types of sources of occupational stress: (1)
causes intrinsic to the job, including factors such as poor
physical working conditions, work overload or time pressures; (2) the role in the organization, including role ambiguity and role conflict; (3) career development, including lack of job security and under/over promotion; (4)
relationships at work, including poor relationships with
the boss or colleagues, an extreme component of which
is mobbing in the workplace; and (5) the organizational
structure and climate, including the experience of having
little involvement in decision-making and office politics.
The large diversity of stress factors, the complexity of labour activities and the large number of worker
health-status levels make it very difficult to complete
an exhaustive review of the relationships among GIT
alterations, stress and occupational activity. Nevertheless, many delimited investigations have been performed
around these topics, mainly for specific activities, delimited work places and/or specific groups of people. For
example, in a controlled study of lorry drivers, de Croon
et al [30] investigated the result of specific job demands
on job stress (fatigue and job dissatisfaction), thereby
identifying the risk factors associated with the psychosocial work environment to begin building an effective
stress-reducing strategy. Another study of telemarketers
directly addressed occupational stress by reporting the
prevalence of stressors affecting job performance[31]. In
a non-specific occupational study of migrants in Spain,
Ronda et al[32] reported the occupational health-risk differences between local and foreign-born workers. These
investigators listed what they called psychosocial factors,
of which most were identified with stressful work condi-

JOB, OCCUPATION AND PSYCHOLOGICAL STRESS
A job is defined in the OECD Glossary of statistical
terms[20] as a set of tasks and duties executed, or meant
to be executed, by one person. Based on this description, an occupation is defined as a set of jobs whose
main tasks and duties are characterized by a high degree
of similarity. An occupational classification is a tool for
organizing all jobs in an establishment, an industry or a
country into a clearly defined set of groups according to
the tasks and duties undertaken in the job. The occupation classification is generally not based on health risk
factors. However, the concept of occupational health
has been well-defined since 1950, when the International Labour Organization (ILO) and the World Health
Organization (WHO) created a common definition
through the ILO/WHO Committee on Occupational
Health. The definition reads as follows: “Occupational
health should aim at the promotion and maintenance of
the highest degree of physical, mental and social wellbeing of workers in all occupations…the placing and
maintenance of the worker in an occupational environment adapted to his (her) physiological and psychological capabilities...”[21]. In this definition, the mental wellbeing and the psychological capabilities are mentioned;
moreover, the main focus of occupational health describes the promotion of a “positive social climate”. The
term health, in relation to work, indicates not merely
the absence of disease or infirmity but also includes the
physical and mental elements affecting health, which are
directly related to safety and hygiene at work[22].
In 2001, the ILO published the ILO-OSH 2001
document titled “Guidelines on Occupational Safety
and Health Management Systems” to assist organizations introducing OSH management systems[23]. Usually,
occupational health hazards are considered as physical,
chemical, biological and/or ergonomic factors; almost
everywhere, psychological factors, such as stress[24], are
not even mentioned. We consider that one of the main
reasons for minimizing psycho-social factors is because
the principles of occupational hygiene are the “recognition and/or identification” of occupational health hazards, the “measurement” of the level or concentration
of such factors, the “evaluation” of the likelihood and
severity of harm and the “control strategies” available
to reduce or eliminate risks. Usually, recognition and
identification implies the obvious correlation between
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tions. Based on the self-reported exposure, this study revealed a larger difference in females in non-service jobs;
although no specific attention was paid to psychosocial
factors, the prevalence of exposure to occupational risk
factors appeared to be, on average, higher for migrants.
The same research group in Spain searched for risk factors during pregnancy using self-reports, which are the
predominant method to report psychosocial risks. The
results of these investigations revealed that the prevalence of the psychosocial risks was, on average, higher
than any other chemical, physical or biological factors[33].
Several researchers studied the psychological stress
in a specific pathology, for example, in diabetes. Golmohammadi et al[34] investigated the occupational stress in
diabetic workers from Iran and found that the type of
occupation was not an important factor in psychological
stress, although a difference was evident in the patients
compared with the control group. The researchers concluded that occupational stress may be a risk factor in
the development of diabetes. Specific studies addressing jobs identified as stressful have been conducted.
Examples of this type of work are the study of stressfactor risks in nurses from England[35] or in psychiatric
nurses (i.e., a job with more exposure to psychological
risks) in Japan[36]. Other stressful jobs are those related to
the army and security services. Martins et al[37] studied the
military hierarchy in peace times in the Brazilian Army,
finding correlations with common mental disorders.
Berg et al[38] studied security service workers, focusing
on personality, anxiety and depression. Another type of
occupation considered stressful is the mental health profession[39,40]. These professionals, similar to other workers
exposed to long-term occupational stress, often experience the stage known as burnout. According to Selye’s
definition, if stress is associated with adaptation, then
occupational stress should be identified conceptually
with a temporary adaptation to work that is associated
with psychological and physical symptoms. The longterm process of adaptation to certain jobs yields chronic
physical and psychological symptoms. The final stage in
a breakdown during this adaptation is known as burnout
and is caused by prolonged occupational stress[39,40]. In
1982, Belcastro[41] stated that several somatic complaints
have been suggested to be associated with burnout, including gastrointestinal disturbances, nausea and loss of
weight, which are some of the most common symptoms.
The author suggested that specific illnesses appear to be
associated with burnout, including colitis, gastrointestinal
problems and drug and alcohol addiction, among others. Developed countries face different challenges than
do non-developed countries, specifically, economic[42]
and cultural differences, which have been considered in
stress research[43]. Nonetheless, it is difficult to describe
the occupational psychological-stress classifications,
levels, exposure durations, exposure limits, sensitivity,
etc. Therefore, in most of the literature, the delimitation
of the problem to be addressed is almost forced. In this
review article, we focus on occupational stress in gen-
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eral, assessed in any manner. Additionally, we focus on
specific GIT problems in any worker group, but mainly
in those groups dedicated to some jobs well-identified as
stressful.

TYPE OF JOB, STRESS AND GIT ALTERATIONS
Currently, gastric ulcers are identified as an extremely
common chronic disease in working-age adults. The first
description of an association between stress and peptic
ulcer disease was in men with supervisory jobs; these
individuals had a higher ulcer prevalence than executives
or artisans. Cobb and Rose[44] found that air traffic controllers, particularly those individuals with higher stress
levels in their workplace, were almost twice as likely to
have ulcers than the civilian copilots. Hui et al[45] noted
that the numbers of positive and negative life events
were similar in both subjects with dyspepsia and control
subjects, but the former had a higher negative perception
of major life events and daily stresses. Police officers’
work-stress reactions have been classified as physiological, emotional and behavioral reactions[46]. Physiological
reactions have been termed as having a higher-thannormal probability of death from certain illnesses; after
cardiovascular problems, stomach problems are the most
frequent. Changing work shifts has also been associated
with changes in the digestive system, circadian rhythm
and other bodily reactions. Angolla[46] studied 229 police officers (163 males and 66 females) who answered
a questionnaire consisting of five parts: demographics,
external and internal work environments, coping mechanisms and symptoms. This investigator found that police
work is highly stressful, and the highest rated symptoms
were as follows: feeling a lack of energy, loss of personal
enjoyment, increased appetite, feeling depressed, trouble
concentrating, feeling restless, nervousness and indigestion. Satija et al[47] evaluated 150 professional workers
(100 males and 50 females) who self-completed the
Emotional Intelligence and Occupational Stress Scale.
The authors’ findings demonstrated a negative correlation between emotional intelligence and occupational
stress; those professionals with a high score in overall
emotional intelligence suffered less stress. Shigemi et al[48]
evaluated 585 employees (296 males and 289 females),
all of whom were working at a middle-sized company in
Japan. A self-administered questionnaire about smoking
habits and perceived job stress was administered, and the
patients were followed for two years. In addition, previous or current gastric or duodenal ulcers were evaluated.
The researchers found 32 incidences of peptic ulcers
over the two years, and the risk ratio (RR) was 2.13
(95%CI: 1.09-4.16) between job stress and peptic ulcers.
Susheela et al[49] evaluated 462 smelter workers, 60 supervisors working in the smelter unit and 62 non-smelter
workers (control group). The participants’ state of
health and gastrointestinal complaints were recorded and
included the following symptoms: nausea/loss of ap-
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petite, gas formation, pain in the stomach, constipation,
diarrhea (intermittent) and headaches. The researchers
found that the total number of complaints reported by
the study groups was significantly higher than in the
control group. The prevalence of gastrointestinal complaints in the smelter workers was significantly higher
(P < 0.001) than in the non-smelter workers (control
group). In 2006, Nakadaira et al[50] investigated the effects of tanshin funin (i.e., working far from one’s hometown and therefore far from one’s family) on the health
of married male workers. A prospective study using
the pair-matched method was performed in 129 married male tanshin funin workers who were 40-50 years
of age. Matched workers living with their families also
participated. These researchers demonstrated that fewer
tanshin funin workers ate breakfast every day. Moreover,
these workers more frequently suffered from stress due
to daily chores and from stress-related health problems,
namely, headache and gastric/duodenal ulcers (21% and
2.4%, respectively). The levels of gamma-glutamyl-transpeptidase in workers reluctant to work under tanshin
funin conditions and in workers who spent less than two
years in tanshin funin conditions increased significantly,
although the corresponding levels in the matched regular
workers did not exhibit significant changes. The investigators concluded that abrupt changes in lifestyle and
elevated mental stress were thus important effects of
tanshin funin.
Although jobs and occupations are considered a risk
factor for stress and morbidity for gastric and duodenal
ulcers[9,11,48], there are studies that report discrepancies.
For example, Westerling et al[51] evaluated the socioeconomic differences in avoidable mortality in a Swedish
population from 1986 to 1990. Using the population of
21- to 64-year-old individuals, the researchers performed
analyses for different socioeconomic groups [blue-collar
workers (BCWs), white-collar workers (WCWs) and the
self-employed] and for individuals outside the labor market. The researchers demonstrated that the largest differences were found in ulcers of the stomach and duodenum, in addition to other symptoms. For these causes of
death, the risk of dying was between 3.1 and 7.5 times
greater in the non-working population than in the workforce. The differences in avoidable mortality between
BCWs and WCWs and the self-employed were much
smaller. However, the death rate for ulcers of the stomach and duodenum in BCWs was 2.8 times higher than
for other work categories. The GIT and mortality problems reported by Wesrterling et al[51] used standardized
mortality ratios for the occupied population. The ratios
for malignant neoplasms of the large intestine, except
for the rectum, were 95 in BCWs and 104 in WCWs and
for malignant neoplasms in the rectum and rectum-sigmoid junction were 103 and 100 for BCWs and WCWs,
respectively. However, for gastric and duodenal ulcers,
the investigators reported ratios of 163 and 59 for these
BCWs and WCWs, respectively. Moreover, the causes for
mortality reported for abdominal hernia, cholelithiasis
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and cholecystitis were 127 and 86 for BCWs and WCWs,
respectively. However, the researchers suggested that,
as in most other studies, the follow-up period was short
and that the exposure data from earlier censuses would
be advantageous.
In Table 1, we summarize the international literature
regarding the GIT disorders most frequently reported
by workers experiencing job-related psychological stress
and other alterations in their affective states. In a crosssectional study with a population of 2237 subjects from
San Marino, Italy, Gasbarrini et al[52] demonstrated that
the prevalence of Helicobacter pylori (H. pylori) was 51%;
this prevalence increased with age from 23% (20-29
years) to 68% (> 70 years) and was higher among manual workers. In San Marino, there was a higher incidence
of clinically relevant gastroduodenal diseases, such as
peptic ulcer and gastric cancer (25 of 10000 and 8 of
10000 in 1990, respectively). With respect to Italy and
other European countries, Gasbarrini et al[52] demonstrated that H. pylori infections tended to be more frequent
among BCWs (P < 0.001), especially those doing manual
work (miners 78%, road sweepers 65%, plumbers/painters 61%, housekeepers 60% and cooks 58%) compared
with WCWs (physicians 15%, clerks 21%, secretaries
37%, nurses 38%, general managers and lawyers 38%,
teachers 39% and shop workers 50%). A high prevalence of infection was also noted among social workers
(74%). The researchers concluded that social workers
with a high educational standard had a higher rate of
seropositivity to H. pylori (74%) than did subjects with
a similar socioeconomic status but a different type of
job, thereby emphasizing the relevance of direct personto-person spread of the infection. This result was also
recently demonstrated in nurses and in cohabiting children. These findings suggest that poor hygienic standards and a low socioeconomic status (which frequently
reflects the former) are important factors for acquiring
H. pylori during the first years of life, thereby confirming
previous findings regarding the differences between developed and developing countries and the importance of
overcrowding and close person-to-person contact during
childhood.
In 2009, Lin et al[53] investigated 289 call-center workers (mean age of 33.6 years) to investigate how these
workers perceived their job stress and health status and
the relationships among inbound (incoming calls) versus outbound (outgoing calls) workers in a Taiwanese
bank. Data were obtained on individual factors, health
complaints, perceived job stress levels and major job
stressors (using the 22-item Job Content Questionnaire,
C-JCQ). For inbound services, operators handled approximately 120 to 150 calls during each 8 h per day.
Outbound operators were primarily responsible for sales
and handled approximately 120 calls daily. The subjects
completed the self-administered questionnaires during
their leisure time (taking between 15 and 20 min). The
results demonstrated that 33.5% of outbound servicecall center workers and 27.1% of inbound service-call
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Table 1 Summary of the international literature on the gastrointestinal tract disorders most frequently reported by workers experiencing job-related psychological stress and other alterations in their affective states
GIT alteration
Generalized GIT
disturbances/IBS

Ref.
Konturek et al[4]

Bhatia et al[5]

Karling et al[18]

Karling et al[19]

Belcastro et al[41]

Hui et al[45]

Angolla et al[46]

Alp et al[11]

Ulcers

Cobb et al[44]

Shigemi et al[48]

Nakadaira et al[50]

Westerling et al[51]

Lin et al[53]

Gastric motility
alterations

Mawdsley et al[2]

Huerta-Franco et al[3]
Mai et al[7]

Wolf et al[8]

Study/procedure

Conclusions

Impact of stress on the GIT. The study addresses The exposure to stress is the major risk factor in the pathothe role of stress in the pathophysiology of the
genesis of various GIT diseases.
most common GIT diseases.
Association between stress and various GIT pa- The mind directly influences the gut. The enteric nervous
thologies.
system is connected bidirectionally to the brain by the parasympathetic and sympathetic pathways, forming the braingut axis.
Pre- and post-dexamethasone morning serum There is a relationship between mood alterations (anxiety/
cortisol levels were analyzed in 124 subjects with depression) and IBS-like symptoms in patients with unipolar
symptoms of IBS.
depression, in patients with IBS and in a sample of the normal population.
In total, 867 subjects representative of the general There is an association between the val/val genotype of the
population and 70 patients with IBS were geno- val158met COMT gene and IBS and with the specific IBStyped for the val158met polymorphism. The IBS
related bowel pattern in IBS patients.
patients completed the Hospital Anxiety and Depression Scale questionnaire.
Estimation of the relationship between teachers’ Several somatic complaints have been suggested to be assosomatic complaints and illnesses and their selfciated with burnout.
reported job-related stresses. Stress group: teachers
Perception of life events and the role of daily "has- Patients with non-ulcer dyspepsia have a higher negative
sles" (stressful events) in 33 dyspeptic patients vs perception of major life events than controls. Psychological
33 controls of comparable sex, age and social class. factors may play a role in the pathogenesis of non-ulcer dyspepsia.
Empirical study of police-work stress, symptoms Police duties are highly stressful. The highest rated sympand coping strategies among police service work- toms were as follows: feeling a lack of energy, loss of personers in Botswana measured by a questionnaire. al enjoyment, increased appetite, feeling depressed, trouble
Sample size n = 229 (163 males and 66 females). concentrating, feeling restless, nervousness and indigestion.
Stress group: the Botswana Police Service.
Comparative study using a neuroticism-scale People with a past history of chronic gastric ulcers have an
questionnaire administered to 181 patients with increased incidence of domestic and financial stress compreviously diagnosed gastric ulcers and 181 pared with age- and sex-matched individuals with no previcontrols without any previous history of gastric
ous history of gastric ulcers.
ulcers.
Review of aeromedical certification examinations Air traffic controllers were almost twice as likely to have
of 4325 traffic controllers and 8435 second-class
stomach ulcers as civilian copilots .
aviators. Stress group: air traffic controllers.
Two-year study to examine the role of perceived These results suggest that specific and perceived job stress is
job stress on the relationship between smoking an effect modifier in the relationship between the history of
and peptic ulcers.
peptic ulcers and smoking.
Effects of working far from family on the health of The tanshin funin workers had higher rates of missing
129 married male workers (40-50 yr of age) com- breakfast, stress due to daily chores and stress-related health
pared with the control group.
problems (e.g., headache, gastric/duodenal ulcers and common colds/bronchitis).
1985 study of the Swedish population (21-64 yr The death rates for the non-workers were higher than for the
of age). Analyses of standardized mortality ra- workers. The largest differences were found for stomach and
tios (avoidable mortality) of blue-collar workers,
duodenal ulcers.
white-collar workers, self-employed workers, and
individuals outside the labor market. Stress group:
Unemployed individuals
289 call center workers in Taiwan, 19 to 54 yr of Workers who perceived higher job stress had significantly
age. Health complaints, perceived level of job increased risks of multiple health problems, including hoarse
stress and major job stressors were considered.
or sore throat, irritable stomach and peptic ulcers.
Stress group: call center workers.
Review of recent advances in the understanding of The living-organism (human or animal) responds to emothe pathogenic role of psychological stress in IBD, tional or physical threats. Psychological stress contributes to
with an emphasis on the necessity of investigating
the risk of IBD relapse.
the therapeutic potential of stress reduction.
Bioimpedance technique. In this study, 57 healthy Assessment of the changes in gastric motility induced by
women (40-60 yr of age) were analyzed.
acute psychological stress.
Description or tracking of 238 experiments con- Emotions can cause bile reflux into the stomach and may
ducted over more than 10 yr on a young man
delay gastric emptying.
(Beaumont) with digestive disorders.
Description of the work of the French physiologist Inhibitory and excitatory effects of gastric secretory and moCabanis.
tor function were described.
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Muth et al[9]

Electrogastrograms were recorded, and the inter- Acute stress can evoke arousal and dysrhythmic gastric
beat intervals were obtained from electrocar- myoelectrical activity. These acute changes, which occur in
diographic recordings from 20 subjects during healthy individuals, may provide insight into functional gasbaseline and in response to a shock avoidance
trointestinal disorders.
task (shock stimulus) and forehead cooling (dive
stimulus).

GIT: Gastrointestinal tract; IBD: Inflammatory bowel disease; IBS: Irritable bowel syndrome; COMT: catechol-O-methyltransferase.

center workers were classified as suffering from high
stress, which was considerably higher than figures from a
wider survey of the working population in Taiwan (7.6%).
The researchers demonstrated a relationship between
the perceived job stress and health complaints, indicating that workers who perceived a higher job stress had a
significantly increased risk of multiple health problems
(OR ranging from 2.13 to 8.24), including an irritable
stomach and peptic ulcers [42% and 57% for inbound
and outbound operators, respectively (P < 0.05)]. For
example, the OR of irritable stomach and peptic ulcers
when the stress was moderate (i.e., sometimes feeling
extremely stressed at work) was 3.03 (95%CI: 1.40-6.55)
and when the stress was high (i.e., often or always feeling
extremely stressed at work) was 8.24 (95%CI: 3.56-19.09).
The researchers concluded that there is an association
between the perceived job stress and health complaints,
as workers who perceived a high level of job stress had
significantly increased risks of irritable stomach and
peptic ulcers.
In 2011, Nabavizadeh[54] demonstrated that physical
and psychological stress increase gastric acid and pepsin
secretions possibly by raising the gastric tissue nitric oxide level. In return, the increased gastric acid and pepsin
secretions cause necrotic and inflammatory changes in
the gastric and duodenal tissue.

enables swallowing, transit, emptying and elimination,
and all these functions are essential for proper assimilation[56]. Beginning with swallowing and ending with
elimination, motility is required for GIT function[57,58].
Two variables related to GIT motility are particularly
important: (1) peristalsis, which is a function of the
frequency and magnitude of the gastric contractions
that are generated by the pacemaker area and (2) gastric
emptying, which is a measure of the average time the
stomach takes to empty half of its luminal content. The
ANS regulates GIT motility, controlling peristaltic activity through the myenteric system[59,60] (Figure 1). In fact,
alterations in GIT motility are frequently viewed as signs
of neuropathy of the myenteric plexus or other pathologies of neuropathic origin. Abnormal gastric emptying
is considered a clinical marker for a gastric or intestinal
motility disorder[61,62]. Quigley and other researchers have
found a relationship between stress and delayed gastric
emptying or other motor disturbances[63-65]. This factor
is understood by analyzing how the human body reacts
defensively when threatened by the environment and
when attempting to achieve both physical and psychological balance. However, activation of these adaptive
or allostatic systems can become maladaptive because
of frequent, chronic or excessive stress and can cause a
predisposition to disease[5]. This explanation leads to the
concept of brain-gut interaction described by Mawdsley and Rampton[2]. These authors mentioned that, to
maintain homeostasis, a living organism must constantly
adapt to environmental alterations at a molecular, cellular, physiological and behavioral level. As presented in
Figure 1, these investigators hypothesized that exposure
to psychological stress causes alterations of the brain-gut
interactions (brain-gut axis), ultimately leading to the development of a broad array of GIT disorders, including
inflammatory bowel disease, irritable bowel syndrome,
other functional GIT diseases, food antigen-related adverse responses, peptic ulcers and gastro-esophageal reflux disease (GERD)[16,19]. For instance, IBS is presumed
to be a disorder of the brain-gut link associated with an
exaggerated response to stress[66].
More recently, relative importance has been ascribed
to the hypothesis that emotional and environmental
states in females play an important role in the genesis of
IBS[2]. This hypothesis has been proved by demonstrating that, worldwide, women present the highest prevalence of physical and psychological symptoms compared
with males[67]. Men may be more apt to experience stress
due to unfamiliar house chores than women, and women
are more likely to experience occupational stress than

STRESS IN THE PATHOPHYSIOLOGY OF
GASTROINTESTINAL ALTERATIONS
Currently, many adults die from diseases caused by the
relationship between stress, moods and vital organs;
among these diseases, GIT has become a major clinical
problem. Stress is an acute threat to the homeostasis of
an organism, either physically or psychologically. A number of studies have shown that stress can delay gastric
emptying, impair gastro-duodenal motility[3], modify gastric secretions[55] and pancreatic output and alter intestinal transit and colonic motility. Owing to its considerable
effects on physiological and pathophysiological processes
of gastrointestinal (GI) motility, stress is thought to play
an important role in the development, maintenance and
exacerbation of symptoms related to functional GI disorders. To analyze the effects of occupational stress on
GIT function, it is important to have an understanding
of the physiology of GIT motility and emptying. Similar
to almost every other system, the physiological processes
that occur in the GIT are wide-ranging; the major function of the GIT includes swallowing, motility, emptying
(of every section), assimilation and elimination. Motility
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Figure 1 Representation of the hypothetical mechanism by which occupational stress produces gastrointestinal tract alterations in workers. Stress during
job development (see occupational stress) generates a response of the network integrated by the hypothalamus (paraventricular nucleus), amygdala and periaqueductal grey. These brain regions receive input from visceral and somatic afferents and from the medial prefrontal cortex (PFC) and the anterior cingulated (ACC) and
insular cortices (Insular C). In turn, output from this integrated network to the pituitary and ponto-medullary nuclei (PMN) mediates the neuroendocrine and autonomic
responses in the body. The final output of this central stress circuitry is called the emotional motor system and includes the autonomic neurotransmitters norepinephrine and epinephrine and neuroendocrine (hypothalamus-pituitary-adrenal axis, HPA) and pain modulatory systems. PVN: Paraventricular nucleus; PAG: Periaqueductal grey; GIT: Gastrointestinal tract; ACTH: Adrenocorticotropic hormone; CRH: Corticotrophin-releasing hormone; ANS: Autonomic nervous system.

men[50]. The emotions and stress experienced by workers
(Figure 1) play an important role in exaggerated gut responses. Stress affects the relationship between the brain
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and gut, leading these systems to act defensively to real
or imaginary threats.
In Figure 1, we present the pathophysiological mech-
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anism by which stress has been proposed to produce
GIT alterations in workers. The workers’ responses to
stress are generated by a network comprising integrated
brain structures, particularly sub-regions of the hypothalamus (paraventricular nucleus), amygdala and periaqueductal grey. These brain regions receive input from
visceral and somatic afferents and from cortical regions,
including the medial prefrontal cortex and sub-regions
of the anterior cingulated and insular cortices. In turn,
output from this integrated network to the pituitary and
ponto-medullary nuclei mediates the neuroendocrine and
autonomic responses in the body[4,18,19]. The final output
of this central stress circuitry is called the emotionalmotorsystem and includes the autonomic neurotransmitters
norepinephrine and epinephrine, the neuroendocrine
HPA axis and the pain modulatory systems. This circuit
is under feedback control by serotonergic neurons from
the raphe nuclei and noradrenergic neurons from the locus coeruleus[5].
The neuroendocrine response to stress is mediated
by corticotropin-releasing hormone (CRH). In the braingut-axis, CRH is considered a major mediator of the
stress response. Particularly, the stress-related activation
of CRH receptors has been reported to produce alterations in GIT function. Physical and psychological stress
delays gastric emptying, accelerates colonic transit and
evokes colonic motility in rats. Accelerated colonic motor function can be produced by the central or peripheral
administration of CRH and is blocked by treatment with
a variety of CRH antagonists. In a clinical trial, Sagami
et al[68] administrated a non-selective CRH antagonist (10
ug/kg of αhCRH) to 10 IBS patients and 10 healthy
controls. The researchers demonstrated that the peripheral administration of αhCRH improved GIT motility,
visceral perception and negative moods in response to
gut stimulation, without affecting the HPA axis in IBS
patients. This response was significantly suppressed in
IBS patients but not in controls after the administration
of αhCRH[68]. IBS is considered a disorder of the braingut-link. Psychological stress induces colonic segmental
contractions, which are exaggerated in IBS patients.
Similarly, the peripheral administration of CRH affects
colonic motility, induces abdominal symptoms and stimulates adrenocorticotropic hormone (ACTH) secretion,
all of which are also exaggerated in IBS patients[69]. Two
CRH receptor subtypes, R1 and R2, have been suggested
to mediate increased colonic motor activity and slowed
gastric emptying, respectively, in response to stress[5].
The genesis of gastric ulcers by stress was demonstrated in the study of Saxena et al[70], who investigated
the gastro-protective effect of citalopram (an antidepressant drug) both as a single dose pre-treatment and 14-d
repeated pre-treatment for animals exposed to cold restraint stress (CRS). The results revealed that the plasma
corticosterone level significantly increased in the stress
group compared with the control group. Furthermore,
mucosal ulceration, epithelial cell loss and a ruptured
gastric mucosal layer at the ulcer site were observed in
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the gastric mucosa of rats exposed to CRS. Repeated
citalopram pretreatment decreased the CRS-induced enhancement in the corticosterone level. The researchers
also demonstrated that citalopram at doses of 5, 10 and
20 mg/kg significantly attenuated the CRS-induced gastric mucosal lesions.
In summary, gastric ulcers are identified as an extremely common chronic disease in working-age adults.
In workers, the combination of personality patterns (e.g.,
anxiety and depression), stress and negative emotions
significantly contribute to GIT alterations. Particular jobs
that produce privation, fatigue or chronic mental anxiety
and a long past history of tension, frustration, resentment, psychological disturbance or emotional conflict
lead to gastric ulcers (e.g., in traffic controllers, police officers, smelter workers, tanshin funin workers, health professionals and manual workers). Irritable bowel syndrome
and functional dyspepsia also exhibit significant co-morbidities between mood alterations in workers (i.e., anxiety
and depression). Workers with unipolar depression were
shown to be more prone to present IBS-like symptoms.
Moreover, three systems are known to participate in the
mechanism of GIT alterations in workers: (1) the sympathetic ANS, (2) the HPA axis and (3) genetic factors.
Subjective evaluations of stress (mainly self-reported)
are extremely common in the clinic and in research.
However, much work must first be done to quantitatively
identify the psychological stress (i.e., the occupational
stress level in this case), considering the particularity
of each worker (i.e., the general health, the social and
physical adaptation capacity and the physical and psychological vulnerability). The unique demands of each
occupation require unique profiles of each worker. It
is essential to train workers not only in specific skills
but also in human and social aspects that include stress
control strategies. Although the word “stress” has been
included in our everyday language (even in research),
the term continues to be a vague concept, even with the
clear definition coined in 1936 by Selye.
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Emerging causes of iron deficiency anemia refractory to
oral iron supplementation
Sean Warsch, John Byrnes
and almost half of all IBD patients are iron deficient.
IBD leads to IDA through multiple mechanisms, including chronic intestinal blood loss, decreased absorption
capabilities of the duodenum secondary to inflammation, and an inability of many IBD patients to tolerate
the side effects of oral ferrous sulfate. In this study,
we reviewed the charts of all patients who received IV
iron at Sylvester Comprehensive Cancer Center/University of Miami Hospital Clinic from January 2007 to May
2012. The most common indications for IV iron were
for issues related to cancer and its treatment (21.9%),
IBD (20.1%), and gastric bypass (15.0%). Of the 262
patients who received IV iron, 230 received iron sucrose and 36 received iron dextran. While doses of 100,
200, 300, and 400 mg of iron sucrose were given, 100
and 200 mg were by far the most common dosages
used, 122 and 120 times, respectively. The number
of dosages of iron sucrose given ranged from 1 to 46,
with a mean of 5.5 and a median of 4 doses. The average dose of iron dextran given was 870.5 mg, with
1000 mg being the most common dosage used. Most
patients (22 of 36) who received iron dextran only received one dose. While patients with traditional indications for IV iron, such as gynecologic issues and kidney
disease, still were represented in this study, we expect
to see a continued increase in physicians using IV iron
for emerging gastrointestinal indications, especially
considering the increased safety of new low-molecular
formulations.
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Abstract
While oral iron supplementation is commonly used
throughout many clinical setting, treatment with intravenous (IV) iron has historically been reserved for
specific settings, such as chronic kidney disease, gynecologic issues, and anemia associated with cancer and
its treatments. However, the use of IV iron has begun
to gain popularity in the treatment of iron deficiency
anemia (IDA) associated with two conditions that are
being seen more frequently than in years past: patients
who are status post gastric bypass procedure and those
with inflammatory bowel disease (IBD). The Roux-en-Y
procedure involves connecting a gastric pouch to the
jejunum, creating a blind loop consisting of distal stomach, duodenum, and proximal jejunum that connects
to the Roux limb to form a common tract. IDA occurs
in 6%-50% of patients who have undergone a gastric
bypass, the etiology being multifactorial. The proximal
gastric pouch, the primary site of gastric acid secretion,
is bypassed, resulting in a decreased ability to metabolize molecular iron. Once metabolized, most iron is
absorbed in the duodenum, which is entirely bypassed.
After undergoing bypass procedures, most patients significantly limit their intake of red meat, another factor
contributing to post-bypass IDA. Chronic anemia occurs
in approximately 1/3 of patients who suffer from IBD,
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Core tip: Decreased absorption of oral iron leading to
iron deficiency is a significant cause of anemia in several patient groups, including those status post gastric
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jejunum that is connected to the Roux limb to form a
common tract. A retrospective study of 150 patients who
received gastric bypass found that 36.8% developed anemia[8]. The mean time from operation to the development
of anemia was 20 mo. Almost 50% had a low serum iron
concentration. A more recent prospective study followed
348 patients who had undergone gastric bypass for a 10
year period and found that 54% developed anemia, while
47% were iron deficient, with iron deficiency being much
more common in women than in men[9].
While the etiology of iron deficiency anemia (IDA)
in this population is often multifactorial, there are three
causes that are cited most commonly: avoidance of red
meat, diminished gastric acid secretion, and exclusion of
the duodenum[10]. Red meat is the primary source of iron
in North America, with heme accounting for two-thirds
of total body iron, while molecular iron accounts for the
other third[11]. Studies, as well as common experience,
have shown that after patients undergo gastric bypass
they are less able to tolerate the intake of red meat. One
study of 69 patients found that 39% experienced emesis
as a result of eating high fiber meats[12]. Molecular iron
must be solubilized in an acidic environment before it
can be absorbed[11]. In bypass procedures, the proximal
gastric pouch, the primary site of gastric acid secretion,
is bypassed. In a prospective study of eight patients who
underwent a gastric bypass procedure, Behrns et al[13]
demonstrated a marked decreased in gastric acid secretion in the stomachs of patients after they had undergone
bypass, compared to pre-procedure levels. As a result of
this lack of parietal cells, molecular iron is unable to get
optimally metabolized. Once metabolized, most iron is
absorbed at the duodenal brush border after it has been
reduced from its ferric to ferrous form by ferric reductase[14]. However, in standard Roux-en-Y procedures, the
duodenum is entirely bypassed, leading to marked decreased ability to absorb iron.
Other factors that may contribute to iron deficiency
include gastritis involving the gastric pouch, esophagitis,
and gastric ulcers[15]. While patients are recommended to
take multivitamin supplements after undergoing gastric
bypass to prevent nutritional deficiencies, patients may still
be at risk for the development of IDA. In a randomized,
blinded, prospective study of 56 menstruating women
who had recently undergone gastric bypass, Brolin et al[16]
found that twice daily ferrous sulfate, at a dose of 320
mg, was able to prevent iron deficiency. However, oral
iron tablets are often difficult to tolerate, especially in
patients who have undergone gastric bypass procedures,
and there is still no consensus on the most effective
method to limit the development of iron deficiency in
this population.
Current guidelines recommend that patients who have
undergone a malabsorptive procedure take 40-65 mg of
oral iron daily to prevent the development of iron deficiency[17]. However, these guidelines acknowledge that
patients may have difficulty tolerating oral supplementation and do not account for the fact that many patients

bypass surgery and those with inflammatory bowel
disease. In these patients, oral iron supplementation is
unlikely to correct the deficiency. Intravenous iron is a
safe, effective treatment strategy for overcoming the
iron deficit seen in these patients, resulting in better
outcomes and improved quality of life.
Original sources: Warsch S, Byrnes J. Emerging causes of iron
deficiency anemia refractory to oral iron supplementation. World
J Gastrointest Pharmacol Ther 2013; 4(3): 49-53 Available
from: URL: http://www.wjgnet.com/2150-5349/full/v4/i3/49.htm
DOI: http://dx.doi.org/10.4292/wjgpt.v4.i3.49

INTRODUCTION
Intravenous iron has been available for medical use for
over 60 years. Traditional indications for its use include
medical conditions such as inflammatory bowel disease
(IBD), chronic kidney disease (CKD), chronic inflammatory arthritis, congestive heart failure, pregnancy and
postpartum state, and cancer, as well as orthopedic, cardiac, colorectal, and gynecologic procedures[1]. The development of recombinant human erythropoietin (EPO)
in the late 1980’s led to a renewed interest in its use as
combination therapy in the setting of such conditions as
CKD and malignancies. In a randomized study of 132
hemodialysis patients, the use of intravenous (IV) iron as
an adjunct to EPO led to a greater increase in hemoglobin (Hgb) levels, the need for fewer doses of EPO, and
less adverse effects associated with EPO use[2].
Iron dextran can lead to both local and systemic side
effects. The most commonly reported local reactions
include pruritus, pain, phlebitis, and muscle necrosis[3]. A
retrospective study of patients who received IV iron for
CKD compared the safety of the dextran to the sucrose
preparation[4]. A total of 979 doses of dextran and 504
of sucrose were given, with 3 minor adverse events (AEs)
occurring in the dextran group and 1 in the sucrose
group. No serious AEs or anaphylactic reactions were
reported in either group. Another retrospective study
examined 619 patients who had received IV iron over a
2 year period[5]. Overall, there were 32 reported AEs, but
no serious AEs or anaphylactic reactions. Larger retrospective studies have shown the rate of serious AEs with
iron dextran to range from 0.0002% to 0.032%, with
rates of serious AEs due to iron sucrose much lower[6].
The primary reason for the increased safety of iron sucrose is likely due to the fact that iron sucrose induces
less sensitivity reactions that iron dextran does. A large
safety review showed that sucrose induced 3.3 allergy episodes per million doses, while dextran led to 8.7 allergy
events per million doses[7].
The Roux-en-Y procedure, the most commonly used
method of gastric bypass surgeries, involves connecting a gastric pouch to the jejunum, creating a blind loop
consisting of distal stomach, duodenum, and proximal

WCG|www.wjgnet.com

1992

January 28, 2014|First Edition|

Warsch S et al . Emerging uses of IV iron

may be iron deficient prior to undergoing the procedure.
The guidelines also state that once iron deficiency has developed, patients may be refractory to oral iron, requiring
IV iron as a means to replenish their iron stores.
Anemia occurs in approximately 1/3 of patients who
suffer from IBD, and almost half of all IBD patients are
iron deficient[18]. Anemia in IBD is due to a combination
of chronic intestinal blood loss, decreased absorption
capabilities of the duodenum secondary to inflammation,
the underlying inflammatory conditions that lead to anemia of chronic disease (ACD), and an inability of many
IBD patients to tolerate the side effects of oral ferrous
sulfate[18]. When patients are in an active inflammatory
state secondary to their IBD, successfully treating anemia
in IBD is significantly more difficult, making control of
IBD paramount to the management of anemia in IBD[19].
Several randomized trials have evaluated the efficacy
of iron versus oral supplementation in anemic patients
with IBD. Lindgren et al[20] randomized 91 patients with
IBD and anemia to receive oral iron sulfate or IV iron
sucrose for 20 wk. The IV iron group tolerated the treatment better and saw a greater amount of patients increase
their Hgb by > 2 g/dL (66% to 47%), have a resolution
of their anemia (16% to 41%), and reach their reference
Hgb level (42% to 22%). Another study randomized 200
patients with anemia and IBD to receive IV or oral iron in
a 2:1 ratio[21]. The study met its primary endpoint, which
was to prove non-inferiority of IV iron in increasing Hgb
levels over a 12 week course. Of note, that rate of discontinuation of therapy due to AEs was 7.9% in the oral
group compared to 1.5% in the IV group.
New guidelines recommend IV iron as first line therapy
for IDA in patients with IBD. Absolute indications for the
use of IV iron include a hemoglobin < 10 g/dL, intolerance or inappropriate response to oral iron supplementation, severe disease activity, use of EPO, and patient preference[22]. IV iron leads to a more rapid and prolonged
response compared to oral therapy, and is better tolerated
and leads to an improved quality of life. Furthermore, recent evidence has shown that oral iron can actually have
a deleterious effect in patients with IBD, including an
increase in oxidative stress, disease activity, and intestinal
inflammation, as well as increasing the risk of colorectal
cancer, as seen in animal models[22]. IV iron is beneficial
even in cases where the anemia is attributable to ACD,
which is defined as ferritin > 100 µg/L and transferrin
saturation < 16% in the setting of anemia[23].
The combination of EPO plus IV iron has been
shown to be an effective method to reduce the need for
blood transfusion in patients with cancer who suffer
from chemotherapy-induced anemia, as well as ACD.
European Organization for Research and Treatment of
Cancer (EORTC) guidelines recommend that patients receiving chemotherapy and/or radiotherapy who develop
Hgb levels between 9-11 g/dL and display symptoms of
anemia be considered for EPO treatment. Patients with
Hgb < 9 g/dL will likely need blood transfusions, at least
as initial treatment[24].
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Figure 1 Indications for intravenous iron. IBD: inflammatory bowel disease;
GI: Gastrointestinal.

In a randomized trial of 477 women with IDA secondary to heavy uterine bleeding, patients were randomized to receive either weekly IV iron or oral ferrous sulfate 325 mg three times a day for six weeks. Compared to
those in the oral repletion group, more patients who received IV iron achieved a > 2 g/dL increase in Hgb (82%
to 62%), a > 3 g/dL increase in Hgb (53% to 36%), and
a correction of Hgb levels, defined as Hgb > 12 g/dL
(73% to 50%), with no serious adverse effects reported in
either group[25].

RESEARCH
After obtaining approval through the University Institutional Review Board, we searched Intellidose, the electronic program that records medication administration,
for all instances in which intravenous iron was administered at Sylvester Comprehensive Cancer Center/University of Miami Hospital Clinic from January 2007 to May
2012. We documented the type of iron used, number of
administrations, and dosages. We then searched UChart,
an electronic medical record used by the university, to ascertain the indications for IV iron based on the patients’
known diagnoses.
A total of 262 patients received IV iron. Several
patients had multiple indications for IV iron. The most
common indications for IV iron were for issues related
to cancer and its treatment (21.9%), IBD (20.1%), and
gastric bypass (15.0%). Other indications included gynecologic issues (13%), a gastrointestinal bleed or disorder
other than IBD (9%), and hematologic malignancies or
disorders (8%) (Figure 1 and Table 1).
Of the 262 patients who received IV iron, 230 received iron sucrose and 36 received iron dextran. While
doses of 100, 200, 300 and 400 mg of iron sucrose were
given, 100 and 200 mg were by far the most common
dosages used, 122 and 120 times, respectively. The number of dosages of iron sucrose given ranged from 1 to 46,
with a mean of 5.5 and a median of 4 doses. The average
dose of iron dextran given was 870.5 mg, with 1000 mg
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Table 1 Specific diagnoses that led to administration of intravenous iron
Gastric bypass
Inflammatory bowel disease (Crohn’s disease, Ulcerative colitis)
Gastrointestinal bleed (ulcers, arteriovenous malformation, hemorrhoids, diverticulosis, Cronkhite-Canada syndrome)
Gastrectomy (secondary to gastric cancer, Mucosa-associated lymphoid tissue lymphoma)
Celiac disease
Pernicious anemia
Colectomy secondary to Familial adenomatous polyposis
Bulimia
Small bowel resection- reason unclear
Solid tumor (secondary to chemotherapy, due to disease infiltration/progression)
Gynecologic (menorrhagia, fibroids, endometriosis)
Hematologic malignancy (Hodgkin’s, Myelodysplastic Syndrome, Post-transplant lymphoproliferative disorder, myelofibrosis, paraproteinemia,
follicular lymphoma, Monoclonal gammopathy of undetermined significance, Acute myeloid leukemia, Chronic myeloid leukemia)
Lupus Anti-Coagulant on anti-coagulation, Antiphospholipid syndrome on anti-coagulation
Systemic lupus erythematosus
Anemia of chronic disease
Thallassemia
Sickle cell trait
Autoimmune hemolytic anemia
Jehovah’s witness
Renal disease (polycystic kidney disease , chronic kidney disease end-stage renal disease )
Pregnancy
Rheumatoid arthritis
Skin wounds
Other indication, also on warfarin
Unclear on review of records (some have iron deficiency anemia as a diagnosis)

43
58
16
5
3
1
1
1
1
63
39
11
4
3
1
1
1
1
4
16
1
1
1
5
12

Note: Several patients had multiple indications for IV iron; all indications noted in chart are listed above. Data for 262 patients. Patients received treatment
at Sylvester Comprehensive Cancer Center in Miami and Kendall.

being the most common dosage used. Most patients (22
of 36) who received iron dextran only received one dose.
2

CONCLUSION
While we expect IV iron to continue to be used for traditional indications, such as CKD and conditions associated
with malignancies, we also expect to see a rise in its use
for emerging indications, such as in patients status post
gastric bypass procedures and in patients with IBD. Our
study supports this claim, as 35% of the patients who
received IV iron at our institution received it for one of
these two emerging indications. Large studies have demonstrated the safety of iron dextran, and iron sucrose
appears to be an even safer alternative. IV iron avoids
many of the downsides of oral supplementation, such as
decreased GI tolerance, absorption issues, and the ability
to correct the deficiency with a short course of treatments, as opposed to long-term oral repletion. IV iron in
combination with EPO has also been shown to decrease
the need for blood transfusions. While oral iron remains
front-line therapy for IDA, we expect to see IV iron used
sooner in the course of treatment for GI-related deficiencies. This issue is likely to become more important in the
future, as increasing numbers of patients undergo gastric
bypass procedures and the prevalence of IBD continues
to rise[26].
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Core tip: Current evidence implicates gastric mast cells
and duodenal eosinophils in the pathophysiology of functional dyspepsia and as mediators between psychologic
and physiologic factors. Increased antral mast cell density is associated with anxiety, electromechanical dysfunction, and the postprandial distress syndrome (PDS)
subtype of functional dyspepsia. Likewise, increased duodenal eosinophil density is associated with anxiety and
the PDS subtype, however, effects on electromechanical
function are more indirect. More importantly, mast cells
and eosinophils appear to be therapeutic targets offering
newer options for treating functional dyspepsia.

Abstract
Original sources: Friesen CA, Schurman JV, Colombo JM,
Abdel-Rahman SM. Eosinophils and mast cells as therapeutic targets in pediatric functional dyspepsia. World J Gastrointest Phar
macol Ther 2013; 4(4): 86-96 Available from: URL: http://www.
wjgnet.com/2150-5349/full/v4/i4/86.htm DOI: http://dx.doi.
org/10.4292/wjgpt.v4.i4.86

There is an increasing appreciation for the importance
of inflammation as a pathophysiologic entity that contributes to functional gastrointestinal disorders including functional dyspepsia (FD). Importantly, inflammation may serve as a mediator between psychologic
and physiologic functions. This manuscript reviews
the literature implicating two inflammatory cell types,
mast cells and eosinophils, in the generation of dyspeptic symptoms and explores their potential as targets for the treatment of FD. There are a number of
inciting events which may initiate an inflammatory
response, and the subsequent recruitment and activation of mast cells and eosinophils. These include
internal triggers such as stress and anxiety, as well
as external triggers such as microbes and allergens.
Previous studies suggest that there may be efficacy
in utilizing medications directed at mast cells and eosinophils. Evidence exists to suggest that combining
“anti-inflammatory” medications with other treatments
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INTRODUCTION
A majority of children with chronic abdominal pain
presenting to pediatric gastroenterology practices fulfill
criteria for a functional gastrointestinal disorder (FGID),
with the two most common being functional dyspepsia
(FD) and irritable bowel syndrome (IBS)[1-4]. Prevalence
estimates for FD are 3.5%-27.0% in children/adolescents
and 20%-30% in adults, highlighting the pervasive nature
of this disorder[5,6]. FD is defined as persistent or recur-

1996

January 28, 2014|First Edition|

Friesen CA et al . Eosinophils and mast cells in dyspepsia

A

B
Biologic

Inflammation

Psychologic

Anxiety

Visceral
hypersensitivity

Upstream
targets

Internal
triggers

External
triggers

Stabilizers

Mast cells

Eosinophils

Depression

Functional
dyspepsia
Dysmotility

Somatization

Parents

Teachers
Peers

Downstream
targets

Mediators
Histamine
Leukotrienes
Other

Social

Figure 1 Overview of symptom contributors and points of intervention. A: Overview of symptom contributors in the biopsychosocial model of abdominal pain; B:
Overview of the points of intervention in treatments targeting mast cells and eosinophils in functional dyspepsia.

rent pain or discomfort centered in the upper abdomen
(above the umbilicus) that is unrelated to a change in
stool frequency or form and not exclusively relieved by
defecation. A diagnosis of FD is accompanied by the lack
of evidence for an inflammatory, anatomic, metabolic, or
neoplastic process that explains the patient’s symptoms;
however, mild, chronic inflammatory changes on mucosal
biopsies do not preclude the diagnosis[5,6].
In adults, there are two recognized FD subtypes based
on studies utilizing factor analysis, postprandial distress
syndrome (PDS) and epigastric pain syndrome (EPS).
PDS is defined as bothersome postprandial fullness occurring after ordinary sized meals and/or early satiation
that prevents finishing a regular meal. EPS is defined as
intermittent pain or burning of at least moderate severity
localized to the epigastrium. The Rome pediatric subcommittee did not adopt the adult subtypes because of a
lack data to support their existence in children and adolescents. However, there is now some data to suggest that
these adult subtypes may have meaningful associations
with mucosal inflammation and psychosocial functioning
in children with FD[7]. For example, pediatric dyspepsia is
associated with lower quality of life, increased functional
disability, and increased likelihood of meeting criteria
for an anxiety disorder, however, the association with
anxiety appears to predominate in patients experiencing
symptoms consistent with PDS[7,8]. A similar relationship
between PDS and anxiety has been described in adults[9].
FGIDs, including FD, are probably best understood
through a biopsychosocial model. This model suggests
that interactions between biological/physiological factors
(e.g., inflammation, mechanical disturbances, hypersensitivity), psychological factors (e.g., anxiety, depression,
somatization), and social factors (e.g., interactions with
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parents, teachers, or peers) collectively contribute to the
symptoms of FD (Figure 1). The biological factors most
often implicated in FD include motility disturbances, such
as delayed gastric emptying, gastric electrical disturbances,
and impaired accommodation, and visceral hypersensitivity to distension, acid, and/or lipids[10-12]. Delayed gastric
emptying and gastric electrical disturbances have been
demonstrated in a substantial proportion of children with
FD[13,14]. Similarly, water load volume, as an indicator of
visceral sensitivity, differs between children with FD and
healthy controls[15,16]. Consequently, electromechanical disturbances and visceral hypersensitivity represent frequent
targets for therapeutic intervention in FD.
Recently, there is an increasing appreciation for the
importance of inflammation as a pathophysiologic entity
that contributes to FGIDs including FD. Importantly,
inflammation may serve as a mediator between psychologic and physiologic functions. This manuscript reviews
the literature implicating two inflammatory cell types,
mast cells and eosinophils, in the generation of dyspeptic
symptoms and explores their potential as targets for the
treatment of FD.

MAST CELLS
In the context of FGIDs, mast cells have been studied
primarily in adults with IBS where their numbers are
generally elevated in the ileum and colon[17,18]. In addition,
adult IBS has been associated with an increase in the
density of degranulating mast cells and mast cells in close
proximity to nerves which correlate with abdominal pain
severity and frequency[19]. Increased mucosal mast cell
density has also been demonstrated in the gastric corpus
and antrum of adults with FD[20,21]. Increased mast cell
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density is generally isolated to the stomach of adults with
FD, while increased mast cell density in the duodenum is
generally associated with IBS[21,22].
Due to a lack of normal control data, it is unclear
whether gastric mast cells are elevated in pediatric FD,
however, antral mast cells do appear to be actively degranulating in children with FD. The mean reported degranulation index is 67% with more than 80% of patients
demonstrating degranulation indices of greater than
50%[23]. Mast cells in the proximal stomach have been
shown to degranulate with balloon distension of this
region, demonstrating possible hypersensitivity in adults
with FD[24]. Although equivalent data are not available
for children, mast cell density is positively correlated with
slower gastric emptying and pre-prandial dysrhythmia in
children with FD[23]. Of note, the presence of pre-prandial dysrhythmia appears to be associated with increased
post-prandial pain[13].

In adults, an increased eosinophil density and a higher
prevalence of duodenal eosinophilia has been specifically
associated with the PDS subtype of FD[30]. Eosinophilia
within the upper gastrointestinal tract has been evaluated
in children with unspecified (by Rome criteria) abdominal pain, as well as children with FD, providing some
pediatric information regarding the association between
eosinophil location and patient symptoms. In a study of
1191 children with unspecified chronic abdominal pain,
eosinophilia was identified in the antrum or duodenum
in 11.4%[31]. Another study found gastric eosinophilia in
19% and duodenal eosinophilia in 32% of children with
unspecified chronic abdominal pain[32]. In contrast, in
children specifically fulfilling FD criteria, duodenal eosinophilia has been demonstrated in 79% of patients, which
closely mirrors adult findings[33].

INTERACTIONS BETWEEN MAST CELLS
AND EOSINOPHILS

EOSINOPHILS

Mast cells and eosinophils exert their biologic functions
almost exclusively by the release of mediators after activation. The effects of specific mediators depend, to some
extent, on the local biochemical milieu of the involved
tissue[34]. As a consequence of this paracrine activity, mast
cells and eosinophils interact highly with each other. In
addition, mast cells and eosinophils demonstrate selfsustaining autocrine activity. For example, both eosinophils and mast cells produce interleukin (IL)-5 which augments mast cell cytokine production and is critical for the
growth, chemotaxis, and activation of eosinophils[35,36].
Mast cells and eosinophils both produce eotaxin which,
in conjunction with mast cell-produced histamine, serves
as a chemoattractant for eosinophils[35,37]. Mast cells and
eosinophils both also produce and express receptors for
leukotrienes and tumor necrosis factor-α (TNF-α) which
effect chemotaxis, survival, and activation of these two
cell types[35,37]. Given the countless mediators that these
cells produce, it is likely that activation of either cell will
result in alteration of function of the other.

Ethical considerations preclude tissue sampling for evaluation of eosinophil density in otherwise healthy children.
Existing pediatric data provide suggestive evidence of
eosinophil densities that may be abnormal in the absence
of established “norms”. In a pediatric autopsy study (for
which presence of gastrointestinal symptoms could not
be evaluated), eosinophil density was < 10/hpf in the antrum and ≤ 20/hpf in the duodenum in 100% and 82%
of samples evaluated, respectively[25]. Review of biopsies
from 682 presumably symptomatic children referred for
endoscopy found eosinophil density was ≤ 10/hpf in
the antrum and ≤ 20/hpf in the duodenum of 90% and
93% of children, respectively[26]. Maximum eosinophil
density was 8/hpf in the antrum and 26/hpf in the duodenum. Thus, eosinophil density cut points of 10/hpf in
the antrum and 20/hpf in the duodenum seem reasonable, but may need to be considered in tandem with measures of activation.
Eosinophil biologic activity results from mediator
release with most mediators active in a concentrationdependent fashion. Thus, eosinophil effects are not just
dependent on cell density, but on the extent of degranulation. However, these events may not be tightly correlated[27]. In a previous study involving 20 children with
a diagnosis of FD, an eosinophil density > 20/hpf was
present in only 15%, but moderate to extensive degranulation was demonstrated by electron microscopy in 95%
of those evaluated[28].
Location of eosinophils also may be important to
consider. Dyspeptic adults have demonstrated increased
eosinophil density in the duodenum as compared with
controls; however, the quantity of antral eosinophils did
not differ between groups[29,30]. Duodenal biopsies from
adult dyspeptics also revealed more extensive degranulation, with enhanced extracellular major basic protein
(MBP)[30]. This is consistent with observations of degranulation and MBP release in pediatric patients with FD[28].
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SPECIFIC CONDITIONS ASSOCIATED
WITH MUCOSAL INFLAMMATION
There are a number of triggers or inciting events which
may initiate an inflammatory response, and the subsequent recruitment and activation of mast cells and eosinophils, in the gastrointestinal tract. These include internal
triggers such as stress and anxiety, as well as external triggers such as microbes and allergens.
Internal triggers
Anxiety and stress are the most highly implicated internal triggers in the development and/or maintenance of
FGIDs, including FD. Children with FGIDs tend to have
more concurrent symptoms of anxiety and depression
than do their peers[38]. Approximately 50% of children
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with FD demonstrate elevated anxiety scores either in
isolation or as part of more global psychosocial dysfunction[39]. Further, mucosal eosinophil density, as well as
antral mast cell density, correlates with anxiety scores in
children with FD[7,40].
Thus, the role of inflammation in the biopsychosocial model is probably best illustrated by examining the
stress response. Corticotropin releasing hormone (CRH),
produced by the hypothalamus (as well as immune cells
including lymphocytes and mast cells) is a major mediator
of the stress response in the hypothalamic-pituitary-adrenal (HPA) axis and, subsequently, within the brain-gut axis.
The stress response results in physiologic effects which
appear relevant to FGIDs including inflammation, altered
gastric accommodation, gastric dysmotility, and visceral
hypersensitivity. CRH also has CNS effects which may
alter central processing of nociceptive messages including
anxiogenic effects. Of note, the relationship between the
CNS and gastrointestinal pathophysiology is bidirectional.
In a rodent model, gastric irritation in the neonatal period
induces a long lasting increase in depression- and anxietylike behaviors, as well as an increased sensitivity of the
HPA axis to stress[41]. CRH stress systems may be activated by afferent nerves from inflamed sites or via cytokines
including TNF-α, IL-1, IL-6 and IL-12[42].
CRH receptors are widely expressed within the gastrointestinal tract and immune cells. Mast cells express
both CRH1 and CRH2 receptor subtypes at their surface.
Most of the inflammatory cell actions, including those
on mast cells, occur via CRH-R2 receptors[43]. Once mast
cells are activated, they release mediators which recruit
and activate eosinophils, with both cell types interacting
in a bi-directional fashion with T helper cells (Th). There
also may be a direct effect for CRH on eosinophils. In a
rodent model, psychologic stress results in eosinophilic
expression of CRH[44]. CRH is not expressed by eosinophils in the intestines of the mice except under psychologic stress and decreases after the stress is removed[44].
Once activated by CRH, mast cells may release proinflammatory cytokines[45]. Adults have demonstrated
selective luminal release of tryptase and histamine from
jejunal mast cells under cold stress at a magnitude similar
to that induced by antigen exposure in food allergic patients[46]. Once released, mast cell and eosinophil mediators can stimulate afferent nerves signaling pain, can sensitize afferent nerves resulting in visceral hypersensitivity,
and can alter electromechanical function. Histamine can
stimulate afferent sensory nerves via H2 receptors[47].
CRH has been shown to activate gastrointestinal mast
cells with resultant mediator sensitization of afferent
sensory enteric nerves[48-50]. Low grade inflammation may
lead to visceral sensitivity and motility disturbances; the
key appears to be a shift from a TH1 to a TH2 response,
with eosinophils and mast cells as the key effector cells[51].
Stress has been shown to shift the relative proportion
and trafficking of T helper lymphocytes towards a Th2
or “allergic” phenotype[42]. This shift is driven by central
and peripheral CRH, catecholamines, and histamine via
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H2 receptors. The Th2 phenotype is associated with release of IL-4, IL-10, and IL-13 which stimulate growth
and activation of mast cells and eosinophils[42].
External triggers
A number of external triggers have been identified, such
as microbes and allergens, which may result in eosinophil
and/or mast cell recruitment and activation. The immune
system may be activated by an acute infection and continue to generate symptoms after the infection resolves,
resulting in so-called post-infectious FD (PI-FD). Helicobacter pylori (H. pylori) colonization represents a unique
situation where symptoms may result from chronic infection and, in many patients, persist after eradication.
FD has been reported at a higher prevalence following both bacterial and parasitic infections[52]. It seems
likely that FD may also be induced by viral gastroenteritis
in a manner similar to that of IBS. In a study of 88 children with a previous positive bacterial stool culture, FD
was present in 24% and IBS in 87%[53]. Fifty-six percent
of the patients reported the onset of abdominal pain
after the acute infection. Another study identified 82
adults with persistent abdominal symptoms following
Giardia infection, with FD in 24.3% and IBS in 80.5%[54].
Over half of these patients reported exacerbation due to
specific foods and, consistent with the biopsychosocial
model, nearly half reported exacerbations with physical
or mental stress[54].
PI-FD appears to represent an impaired ability to
terminate the inflammatory response after elimination
of the offending pathogen. It may also be associated
with neuroplastic changes in visceral and central afferent
pathways[55]. Duodenal eosinophilia has been described
in PI-FD and gastric mast cells are significantly increased
in PI-FD as compared to healthy controls[51,56]. PI-FD is
associated with increased gastric release of histamine and
5-hydroxytryptamine as well as increased number of mast
cells in close proximity to nerve fibers as compared to
healthy controls or non-PI-FD[57].
The role of H. pylori in FD remains incompletely
defined. Multiple studies have demonstrated a moderate
reduction in FD symptoms with eradication of this organism while others have shown no clinical benefit[57-60].
A Cochrane review concluded that eradication was significantly better than placebo[61]. However, a large number
of patients continue to experience symptoms following
eradication. These may be patients in whom H. pylori had
no pathologic role or may represent patients with PI-FD
and prolonged submucosal inflammation[62].
H. pylori colonization in children is associated with a
mixed inflammatory infiltrate including eosinophils which
decrease with eradication[63]. H. pylori colonization also
may be associated with increased antral mast cell density,
though this appears to be H. pylori strain specific[64]. In
the setting of H. pylori-associated nodular gastritis, eosinophils may be of particular significance. Patients with
nodular gastritis have a higher incidence of dyspeptic
symptoms which resolve with eradication therapy[62].
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training (BART). Biofeedback is a technique whereby
individuals are trained to relieve physical or emotional
symptoms using signals from their bodies that are displayed visually or aurally. Biofeedback can be paired with
relaxation training to yield BART. BART paired with
fiber supplementation has been shown to be superior
to fiber alone in children with non-specific abdominal
pain[71]. The effect of BART directly on inflammation
has not been studied. However, BART has been studied
as an adjunctive treatment to medications directed at inflammation in children with FD in association with duodenal eosinophilia[72]. Children receiving medication plus
BART demonstrated better outcomes with regard to pain
intensity, duration of pain episodes, and global clinical
improvement as compared to children receiving medications alone[72].
Corticosteroids represent another group of agents
which may be used in the setting of mucosal eosinophilia to block upstream activation and upstream effects,
although they have not been studied directly in patients
with FD. Prednisone has long been considered the
mainstay in the treatment of eosinophilic gastroenteritis
though there are no placebo-controlled studies evaluating efficacy. The less than favorable side effect profile
represents a significant draw back in considering its use
as a long term agent. Budesonide may represent a safer
alternative. Budesonide is a synthetic corticosteroid with
high topical activity, substantial first pass elimination
and relatively low systemic bioavailability. Among the
commercially available preparations is an oral entericcoated capsule formulated to optimize delivery to the
ileum and colon[73]. The delivery pattern would suggest
that budesonide may be less effective for proximal small
bowel disease. However, the budesonide granules dissolve
at an alkaline pH normally present in the proximal small
bowel. Although acid suppression with omeperazole does
not affect absorption, acid suppression in combination
with delayed gastric emptying, as might be expected with
mucosal inflammation, has not been evaluated[73]. The literature regarding budesonide and eosinophilic gastroenteritis consists of case reports where budesonide therapy
has been reported to be effective against eosinophilia in
the duodenum and jejunum[74-76].
TNF-α represents another theoretical “upstream”
treatment target for FD. CysLTs induce TNF-α production which has been demonstrated to recruit and prolong
survival of eosinophils, as well promote a TH2 response
depending on other chemokines present in the microenvironment[77-79]. In a variety of allergic mouse models,
anti-TNF antibodies have been shown to decrease eosinophilic infiltration and local Th2 cytokine transcription
and secretion[80-82]. Pre-treatment serum TNF-α concentrations correlate negatively with the clinical response to
montelukast in pediatric FD in association with duodenal
eosinophilia indicating that mediation by TNF-α may
represent an alternative pathway for symptom generation in these patients. Although there are no controlled
studies, anti-TNF-α antibody has been reported to be

Nodularity is associated with an increased density of eosinophils[65]. Even in the absence of nodularity, H. pylori
colonization is associated with increased antral eosinophils, as well as increased gastric fluid eosinophil cationic
protein indicating that the eosinophils are actively degranulating[26,63,66]. These findings would suggest a possible
pathophysiologic role for eosinophils in contributing to
symptoms in patients with H. pylori colonization prior to
and following eradication.
The role of allergies in the development of FD has
not been well studied; however, their potential to contribute given the observed increases in and activation of
mast cells and eosinophils in FD is certainly plausible.
FGIDs occur more commonly in children with a history of cow’s milk allergy as infants[67]. In these children,
mucosal application of cow’s milk is associated with increased eosinophils and mast cells and rapid degranulation
within 10 min of application[68]. In addition, cow’s milk
exposure is associated with increased mast cells in close
proximity to nerves[68]. A history of allergy is associated
with increased duodenal eosinophil density in adults with
FD[30]. Whether food allergy accounts for a substantial
portion of children with FD is not clear. We previously
found no significant increase in immunoreactivity to common food allergens in FD children with duodenal eosinophilia, though it is possible that the reactions were localized to the mucosa and thus missed in our assessment[69].
It is also possible that environmental allergens may play a
role in FD. Antigen exposure in adults with birch pollen
allergy results not only in an increase in symptoms of FD
but also an increase in mucosal MBP+ eosinophils and
IgE-bearing cells in the majority of patients[70].

“ANTI-INFLAMMATORY” THERAPY
Treatments with the potential to impact symptoms related to inflammatory cells would primarily act by three
mechanisms: (1) controlling upstream factors which
recruit or activate inflammatory cells; (2) controlling the
release of mediators from inflammatory cells; and (3)
antagonizing the downstream effects of mediators once
released from inflammatory cells (Figure 1).
Treatment directed at upstream factors
Treatments directed at upstream factors would include
those which interfere with activation of mast cells or eosinophils by internal triggers (e.g., CRH antagonists, selective serotonin reuptake inhibitors (SSRI) anti-depressants,
anti-anxiety treatments) or external triggers (e.g., corticosteroids, anti-TNF-α, anti-IL-5 and anti-IgE).
The biopsychosocial model and CRH physiology
would suggest a potential role for antagonizing CRH, or
controlling its secretion by modulating anxiety and the
stress response either through the use of SSRIs, anti-anxiety medications, or relaxation techniques. Though there
are no previous controlled studies evaluating CRH-antagonists or SSRIs in pediatric FD, some evidence exists for
the role of relaxation via biofeedback-assisted relaxation
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Treatment directed at downstream mediators
In general, treatments directed at antagonizing the
downstream effects of mediators released by mast cells
and/or eosinophils are associated with a more rapid onset
of action and fewer side effects. Therefore, they should
probably be viewed as first line agents in treatment directed at mast cells and eosinophils in FD. It should be
noted that the two most common downstream targets,
histamine and leukotrienes, also have pro-inflammatory
effects that may result in further upstream activation.
Further, the simple experience of symptoms may cause
physical and/or emotional stress that promotes upstream
activation through the pathway previously described.
Thus, addressing these downstream treatment targets may
have direct effect on reducing symptoms in the shortterm, while also indirectly serving to reduce activation of
inflammatory cells in the long-term.
Acid reduction remains the most common treatment
prescribed empirically by pediatric gastroenterologists
for children with dyspepsia[1]. While there are numerous
adult studies to support this practice, pediatric studies
are limited. In adults, H2 antagonism has been shown to
improve at least some symptoms associated with FD (abdominal pain, indigestion, belching, and gastroesophageal
reflux symptoms) and appear to be superior to prokinetic
medications and short term use of anxiolytics[94-97]. In
adults with dyspepsia, proton pump inhibitors (PPIs) are
superior to placebo in symptom reduction although this
appears limited to patients with ulcer-like or reflux-like
dyspepsia[98-101]. Whether PPIs are superior to H2 antagonism is not completely clear. Omeperazole was found to
have a modest increase in efficacy as compared to ranitidine at 4 wk (51% vs 36%) but there was no benefit at 6
mo[97].
In children with abdominal pain, famotidine was superior to placebo in global improvement with clear benefit in those with dyspepsia[102]. In a large pediatric study,
omeperazole was shown to have a very modest advantage
in the relief of all symptoms as compared to either famotidine or ranitidine but there was no significant difference between the three with regard to resolution of
abdominal pain, epigastric pain, nausea or vomiting[103].
Given the response to PPIs, it would appear that at
least some of the clinical improvement from H2 antagonism or PPIs is related directly to acid suppression.
A significant portion of responders may derive benefit
from treatment of overlap GER or possibly from peptic
gastritis or duodenitis, however, the benefit may also be
due to limiting acid exposure in patients with acid hypersensitivity. With H2 antagonism, the benefit may also be
unrelated to acid reduction as histamine has direct gastric
myogenic actions, modulates afferent enteric nerve excitability, and acts as an immunomodulating agent[104-108].
H2 receptors affect not only acid secretion but influence
neurotransmission and immune responses[47].
There may also be additional benefit from H1 antagonism. Combining an H1 antagonist with an H2 antagonist has been reported to relieve symptoms in 50% of

effective in a series of children with resistant eosinophil
disease including patients with FD[83].
Eosinophils and/or mast cells exhibit a number of
cell surface markers which also serve as potential therapeutic targets in blocking upstream activation. These have
been well reviewed elsewhere[84]. However, there are two
of these, IL-5 and IgE, which have been targeted in humans with gastrointestinal eosinophilia and, thus, warrant
specific mention.
IL-5 serves to stimulate the expression of eosinophils.
In general, most clinical studies evaluating anti-IL-5 antibodies have demonstrated decreases in eosinophil density
but little clinical benefit[85]. There are limited reports on
the use of anti-IL-5 in patients with gastrointestinal eosinophilia and none specifically in patients with FD. In a
small pilot study of adults with eosinophilic gastroenteritis, a single dose of anti-IL-5 resulted in a 50%-70% decrease in mucosal eosinophil density in 3 of the 4 patients
but with minimal symptom improvement[86]. The effect
of anti-IL-5 on duodenal eosinophil density was assessed
in 11 adult patients treated for eosinophilic esophagitis[87].
While esophageal density decreased significantly, there
was no significant effect on duodenal eosinophil density.
This may simply indicate that the normal physiologic
duodenal eosinophil population is unaffected.
Anti-IgE antibody has also been evaluated in a small
study of adults with eosinophilic gastroenteritis but not
specifically in patients with FD. In an uncontrolled, openlabel study of 9 patients, anti-IgE resulted in a nonstatistically significant reduction in eosinophil density in
the antrum (69%) and duodenum (59%)[88]. Symptoms
significantly improved but improvement had no direct
relation to the decrease in mucosal eosinophil density.
Treatment directed at controlling mediator release
Mast cell stabilizers, including cromolyn and ketotifen,
represent an attractive potential therapy given data implicating mast cells in the generation of dyspeptic symptoms as previously discussed. These agents inhibit the
release of mast cell mediators and, consequently, their
pathophysiologic effects.
There have been no adult studies on the use of mast
cell stabilizers in patients with FD. Benefit has been demonstrated in adults with IBS where it is suggested that the
response may be related to blocking allergic or immunologic reactions to foods[89-91]. In an open-label observational
study of oral cromolyn in children with FD in association
duodenal eosinophilia, resolution of pain was demonstrated in 89% of patients who had previously failed to
respond to H2 and combined H1/H2 antagonism[92] .
Ketotifen, which antagonizes the H1-receptor, in addition to stabilizing mast cells has been shown to significantly decrease pain in adults with IBS and to increase the
threshold for discomfort in patients with visceral hypersensitivity though this effect could not be correlated with
pain improvement[93]. Whether the observed response to
this drug is related to H1-receptor antagonism or mast
cell stabilization is unclear.
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children with FD in association with duodenal eosinophilia and in 79% of adults with FD in association with
increased antral mast cell density who had previously
failed to respond to acid reduction therapy[92,109]. H1 receptors have direct affects on smooth muscle contraction
and visceral sensitivity[47]. Some benefit from H1 antagonism may also be due to an anxiolytic effect. Immune
modulators, such as suplatast sodium, may also indirectly
inhibit H1 receptor expression by suppressing IL-4 and
IL-5 production from TH2 cells[110]. Shirai et al[111], reported successful treatment with suplatast sodium in an adult
with eosinophilic gastroenteritis. It has not been specifically used in patients with FD.
H4 antagonists are currently in development and may
represent a treatment option in the future. H4 receptors
are abundant in the small intestine, largely on hematopoietic cells including eosinophils and mast cells, as well
as endocrine cells[112,113]. H4 receptor activation results in
eosinophil and mast cell chemotaxis (but not degranulation) as well as T cell cytokine production[112]. Current H1
antagonists do not inhibit H4 receptors but they do share
common ligands[112].
CysLTs also are a potential downstream therapeutic
target. The pattern of eosinophil degranulation in pediatric FD is consistent with the release of major basic protein, which is known to enhance the synthesis of cysLT.
CysLT, in turn, stimulates smooth muscle contraction
and recruitment of eosinophils[114]. CysLTs have been
shown to alter mast cell function via induction of IL-5
and TNF-α production in primed mast cells, an effect
blocked by cysLT inhibition[115]. Leukotrienes have the
potential to increase intestinal sensory nerve sensitivity
during inflammation as LT receptors are expressed on
spinal nerve terminals and cysLTs have been shown to
increase excitability of enteric neurons and to have a procontactile effect on the esophagus, stomach, small intestine, colon, and gallbladder[116-123].
In a double-blind, placebo-controlled, cross-over
trial of children with FD in association with duodenal
eosinophilia, montelukast, a cysLT receptor antagonist,
was found to be superior to placebo with regard to relief
of pain[124]. The response rate was 84% in patients with
eosinophil density between 20 and 29/hpf as compared
to a 42% response rate with placebo. This high response
rate was confirmed in a second study which also determined that the short term positive clinical response was
unrelated to a decrease in eosinophil density or activation[33]. This would suggest that the effect may be mediated through an enteric nerve effect on motility or sensitivity though that remains to be demonstrated. Other
leukotriene antagonists (e.g., pranlukast, zafirlukast) have
not been evaluated in FD or eosinophilic gastroenteritis.

Increased antral mast cell density is associated with anxiety, electromechanical dysfunction, and the PDS subtype
of FD. Likewise, increased duodenal eosinophil density
is associated with anxiety and the PDS subtype, however,
effects on electromechanical function are more indirect.
While empirical data is limited, previous studies suggest that there may be efficacy in utilizing medications
directed at mast cells and eosinophils. Most current data
regarding treatment response consists of case series utilizing H1/H2 antagonists, mast cell stabilizers, and antiTNF-α, as well as a controlled trial demonstrating clinical
efficacy for the use of montelukast. Evidence exists to
suggest that combining “anti-inflammatory” medications
with other treatments targeting stress can improve the
rate of symptom resolution in pediatric FD.

FUTURE DIRECTIONS
There remains a need for placebo-controlled trials of the
various medications and other treatments targeting mast
cells and eosinophils which have been suggested to have
efficacy, either alone or in combination. Likewise, there
is a need to better define the upstream and downstream
mediators for both mast cells and eosinophils as potential therapeutic targets for future drug development or
as potential targets for agents currently available, such as
lipoxygenase inhibitors, prostaglandin synthetase inhibitors, or newer drugs targeting eosinophil adhesion or
Siglec-8[125,126].
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INTRODUCTION
Burning mouth syndrome (BMS) is a chronic pain disorder characterized by burning, stinging, and/or itching
of the oral cavity in the absence of any organic disease.
It lasts at least 4 to 6 mo and most often involves the
tongue with or without extension to the lips and oral
mucosa[1,2]. BMS can be accompanied by dysgeusia (distortion in sense of taste) and subjective xerostomia (dry
mouth). Its onset is spontaneous and the syndrome has
a clear predisposition to peri-/postmenopausal women.
Its secondary form has been associated with a variety of
conditions including thyroid disease, psychiatric illnesses,
oral infections, drug use, dental treatment, vitamin/mineral deficiencies, and others[3,4].
First described in mid nineteenth century, this condition was further characterized in the early twentieth
century by Butlin and Oppenheim as glossodynia[5]. Over
the ensuing years, BMS has been referred to as glossopyrosis, oral dysesthesia, sore tongue, stomatodynia, and
stomatopyrosis[6]. It was first categorized as a distinct
disease in 2004 by the International Headache Society,
which defined primary BMS as “an intraoral burning
sensation for which no medical or dental cause can be
found.” Current diagnostic criteria consist of daily persistent pain in the mouth with normal oral mucosa after
exclusion of local and systemic diseases[7]. Its etiology is
thought to be multifactorial, involving various local, sys-

Abstract
Burning mouth syndrome is a debilitating medical condition affecting nearly 1.3 million of Americans. Its
common features include a burning painful sensation in the mouth, often associated with dysgeusia
and xerostomia, despite normal salivation. Classically,
symptoms are better in the morning, worsen during
the day and typically subside at night. Its etiology is
largely multifactorial, and associated medical conditions may include gastrointestinal, urogenital, psychiatric, neurologic and metabolic disorders, as well as drug
reactions. BMS has clear predisposition to peri-/post
menopausal females. Its pathophysiology has not been
fully elucidated and involves peripheral and central
neuropathic pathways. Clinical diagnosis relies on careful history taking, physical examination and laboratory
analysis. Treatment is often tedious and is aimed at
correction of underlying medical conditions, supportive
therapy, and behavioral feedback. Drug therapy with
alpha lipoic acid, clonazepam, capsaicin, and antidepressants may provide symptom relief. Psychotherapy
may be helpful. Short term follow up data is promising, however, long term prognosis with treatment is
lacking. BMS remains an important medical condition
which often places a recognizable burden on the patient and health care system and requires appropriate
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temic, and/or psychogenic causes. Female gender, perimenopause, depression and anxiety, Parkinson’s disease,
and chronic medical conditions including gastrointestinal
and urogenital diseases are risk factors for developing
BMS[1,8-11].
BMS is an important clinical condition with aggravating symptoms, directly and indirectly impacting the
quality of life, which often places a recognizable burden
on the patient and health care system. Clinical consultations with a practicing gastroenterologist are common
practice in today’s medicine for the patients with BMS.
This review focuses on various aspects of BMS, including its epidemiology, pathophysiology, etiology, clinical
presentation, differential diagnosis, classification, clinical
diagnosis, current treatment, and general prognosis.

ANATOMY
The oral cavity is primary responsible for the ingestion and mastication of food. Its anatomical boundaries
include the lips anteriorly, the cheeks laterally, the oropharynx posteriorly, the palate superiorly, and the floor
of the mouth inferiorly[15]. The oral cavity contains several structures, including upper and lower dentition, the
tongue, salivary glands, and mucosal glands[16]. It is lined
by non-keratinized stratified squamous epithelium, which
is moistened by secretions from various salivary glands[17].
The neuroanatomy of the oral cavity, particularly
somatosensory innervation, has been implicated in the
pathophysiology of BMS. The maxillary (V2) and mandibular (V3) branches of the trigeminal nerve supply
most of the somatosensory innervation in the oral cavity, with some contribution from the glossopharyngeal
nerve (cranial nerve Ⅸ). In regards to the tongue, the
most commonly affected area in BMS, the lingual branch
of V3 innervates the anterior two-thirds of the tongue
while the glossopharyngeal nerve innervates the posterior
third of the tongue. Together, they innervate the receptors on the papillae of the tongue, which are sensitive to
mechanical, thermal, and tactile stimuli[17].
Alterations in taste and quantity of salivation are commonly reported in BMS. The chorda tympani branch of
the facial nerve (Ⅶ) supplies chemoreceptors for taste in
the anterior two-thirds of the tongue. The glossopharyngeal nerve (Ⅸ) provides taste sensation for the posterior
third of the tongue. There are also taste receptors on the
soft palate supplied by the greater superficial petrosal
nerve branch of Ⅶ and on the larynx from the superior
laryngeal nerve of the vagus nerve (Ⅹ). The salivary reflex
begins with afferent inputs from taste and mechanoreceptors in the mouth that reach the brainstem salivatory centers. Parasympathetic and sympathetic fibers then supply
the efferent fibers that act on the salivary glands[15].

EPIDEMIOLOGY
The estimated prevalence of BMS in the general population varies widely in the literature. Tammiala-Salonen et
al[12] reported a rate of 15% of burning mouth symptoms
in Finnish adult population, though half of the patients
had visible oral mucosal lesions. In a cross-sectional
analysis of over 1000 randomly selected Swedish patients
from Public Dental Health Service registers, 3.7% of
subjects were diagnosed with BMS after reporting burning mouth symptoms and undergoing a subsequent physical examination[8]. In contrast, Lipton et al[13] reported a
prevalence of 0.7% based solely on self-reported symptoms from over 45 000 American households. Haberland
et al[14] noted that 10% of new patients observed in his
practice were diagnosed with BMS. Most recently, a large
retrospective study of over 3000 Brazilian patients referred to an oral pathology service reported a prevalence
of about 1%[1]. These highly variable rates are attributed
to the wide age disparities of the examined population
(typically, prevalence of BMS dramatically increases with
age) as well as previous lack of universally accepted diagnostic criteria for BMS. Although further studies are
needed with satisfactory criteria to determine the true
prevalence of BMS, this data illustrates that the disease
is an important medical condition that may be often encountered in the clinical practice.
BMS has a clear predisposition to gender and age.
Women are 2.5 to 7 times more commonly affected than
men[1,8,10]. Furthermore, up to 90% of female patients
with BMS are perimenopausal women with typical onset
from 3 prior- to 12 years post- the beginning of menopause[9]. BMS may affect any age group, with patients
age ranging from 27 to 87 years of age, and a reported
mean age of 61 years. Recent analysis by the same group
showed an increased likelihood of gastrointestinal and
urogenital disease in patients with BMS, with estimated
odds ratio of 3.5 and 2.9, respectively, compared to control subjects. Patients with BMS had a statistically higher
intake of medications for gastric disease compared to
control group as well[1].
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PATHOPHYSIOLOGY
The pathophysiology of BMS has not been fully elucidated. Various studies have shown significant differences in
thermal and nociception thresholds of patient with BMS
compared to control subjects[18,19]. Thus, a neuropathic
mechanism for BMS is currently favored. However, controversy remains over whether a peripheral or central
dysfunction is responsible for BMS.
Evidence in the literature links BMS to a peripheral
neuropathy. Superficial biopsies of the anterolateral
tongue from BMS patients showed a significantly lower
density of epithelial and subpapillary nerve fibers than
controls. Morphologic changes were consistent with axonal degeneration. This supports a trigeminal small-fiber
sensory neuropathy or axonopathy[20]. Moreover, Borelli
et al[21] found increased levels of nerve growth factor, a
neuropeptide vital to nociceptive function in adults, in
the saliva of BMS subjects. Other histopathologic studies of patients with BMS have shown increased density
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of TRPV1 ion channels and P2X3 receptors on scattered
nerve fibers, a finding previously linked to hypersensitivity and neuropathic pain symptoms in various models of
human pain conditions[22]. Additionally, dysfunction of
the chorda tympani branch of the facial nerve may be
involved in the pathogenesis of BMS. Patients with BMS
will report improved symptoms with eating, suggesting
that stimulation of the gustatory system decreases pain
sensation. Finally, increased excitability or inhibition of
the trigeminal system has been implicated as patients with
BMS have greater alterations in blink reflexes compared
to normal subjects[23-28].
However, recent evidence indicates that dysfunction in the central nervous system can also cause BMS.
Albuquerque et al[29] showed that BMS patients process
thermal and pain stimulation in the brain differently
than pain-free individuals as demonstrated by functional
magnetic resonance imaging of the thalamus. Additionally, the dysregulation of the nigrostriatal dopaminergic
system has been implicated in BMS[30]. Patients with Parkinson’s disease are reportedly five times more likely to
have BMS than the general population[31]. Finally, hospital
anxiety and depression scores were significantly higher in
the patients with central BMS[22].
As evident from these studies, the pathophysiology of
BMS is highly complex, likely involving neural pathways
at different levels of neuraxis. A recent double blind,
randomized cross-over study of postmenopausal women
showed heterogeneity of the response of BMS symptoms
to lingual nerve block with lidocaine. If fact, it may lead to
an effective increase, decrease, or an unchanged burning
pain in patients, an effect attributed to variation in central,
peripheral, or combined neurological pathways in pathogenesis of BMS[32]. The symptoms of BMS can result
from subclinical insults at various points in the nervous
system, presenting with instant or gradual bilateral distribution. Recent classification suggests a possible overlap
of three distinct subclasses in BMS: a peripheral oral small
fiber neuropathy (50%-60% of cases), subclinical major
trigeminal neuropathy (20%-25%), and central deficiency
in dopaminergic top-down inhibition (20%-40%)[23].

a primary cause of BMS, it is now considered a concurrent or secondary factor as there is no definite correlation
between the onset of BMS and stressful events and many
other causes of BMS have been identified[9,33,35,38,39].
As described previously, BMS most commonly affects
perimenopausal women, a finding that is attributed to
dryness of mucosal membranes from age-related reduction in estrogen and progesterone levels and increased
frequency of psychological disorders in middle-aged
and elderly women[40]. Woda et al[41] has suggested that
the fall in neuroprotective gonadal and adrenal steroids
during menopause leads to a concomitant decrease in
neuroactive steroids, leading to degeneration of oral mucosal small nerve fibers and brain areas involved in oral
somatic sensations. These changes can become irreversible, resulting in burning pain and associated symptoms.
Gao et al[42] showed that peri-/post-menopausal patients
suffering from BMS may have lower levels of estradiol
and increased levels of follicle stimulating hormone compared to healthy controls. Other endocrine conditions
implicated in BMS may include diabetes mellitus and hypothyroidism[8].
Evidence also exists for an immunologic etiology. Allergic reactions have been demonstrated in BMS patients
to dietary antigens. These include sorbic acid, cinnamon,
nicotinic acid, propylene glycol, and benzoic acid[43,44].
Other allergens identified by patch testing are dental metals such as zinc, cobalt, mercury, gold, and palladium[45].
Sodium lauryl sulfate, a detergent in toothpaste known
to cause dry mouth, may also be involved in the development of BMS[46]. Finally, autoimmune connective tissue
disorders such as Sjogren’s syndrome and systemic lupus
erythematosus, are also associated with BMS[47].
BMS has also been linked to nutritional deficiencies
including vitamins B1, B2, B6 and B12 as well as folic
acid[2]. Most recently, zinc deficiency was shown to be a
possible cause of BMS, with patients reporting improved
symptoms after zinc replacement therapy[48].
A potential relationship between smoking and development of BMS has been described, with an estimated
odd ratio of 12.6 in a recent study[43].
Certain oral infections have been implicated in BMS,
particularly candidiasis. Patients with BMS have a higher
intraoral prevalence of Candida species and coliforms like
Enterobacter and Klebsiella[49,50]. Although this finding may
be related to xerostomia and prosthetic dental wearing, a
possible infectious origin of BMS is suggested by reports
of remission after oral antifungal therapy[18].
Drug-associated BMS has also been reported in the
literature. ACE inhibitors and angiotensin receptor blockers may trigger development of BMS, possibly due to increased levels of kallikrein in the saliva of BMS patients
leading to increased inflammation in the oral cavity[9,51-53].
Nevirapine and efavirenz have been reported to cause
BMS via an unknown mechanism[54,55]. Levodopa may
play a role in the development of BMS in patients with
Parkinson disease[31]. Finally, a case report of topiramate
causing burning mouth-like symptoms has been de-

ETIOLOGY
The exact etiology of BMS remains imprecise and is likely
multifactorial, including neuropsychiatric, endocrine, immunologic, nutritional, infectious, and iatrogenic causes.
The disorder has been associated with several psychiatric
diseases[9,33-35]. Depression or anxiety occurs in more than
50% of BMS patients, with depression predominating[34].
Personality disorders are also linked to BMS, affecting
86% of sufferers compared to 24% of normal individuals, with significant predilection to Cluster A disorders[36].
Most recently, a cross-sectional controlled study showed
that BMS patients have a significantly higher frequency
of past or present major depressive disorder, general
anxiety disorder, hypochondria, and cancerophobia[37].
Although psychiatric disease was initially considered as

WCG|www.wjgnet.com

2009

January 28, 2014|First Edition|

Gurvits GE et al . Burning mouth syndrome

lingual or mandibular nerves after dental surgery[10,57]. Detailed history and physical exam is crucial to differentiate
above medical conditions.

scribed, with symptom resolution upon discontinuation
of the medication[56].

CLINICAL PRESENTATION

CLASSIFICATION

A typical patient with BMS is a peri- or post-menopausal
woman with various medical comorbidities who complains
of the classic triad of unremitting oral mucosal burning
pain associated with dysgeusia and xerostomia in nearly
two thirds of the cases with no visible disease in the oral
mucosa for 4-6 mo duration. Clinical presentations may
vary as some patients can be oligosymptomatic (pain and
dysgeusia or xerostomia) or monosymptomatic (pain
only)[10]. In general, 63% of patients report accompanying
dry mouth, 60% bitter/metallic taste, and 35% altered taste
perception[9]. The pain is described as burning, scalding,
tingling, or numbness. It is of moderate to severe intensity
and can decrease during eating. It is commonly bilateral
and most often involves the tongue followed by the palate
and lower lip. In contrast, the buccal mucosa and floor of
the mouth are rarely affected[9]. The onset is spontaneous,
though some BMS patients report antecedent dental procedures, initiation of medications, or other illnesses[10,57].
Xerostomia may be subjective however some patients have
demonstrated alterations in saliva quantity and quality[10].
Vertical visual analogue scale (VAS, 0-10 cm)[58] is commonly used to describe pain intensity in BMS.
Review of systems may be remarkable for headache,
chronic fatigue, gastrointestinal and urogenital symptoms,
insomnia, mood changes, irritability, anxiety, and depression[4,57]. Other observed clinical conditions may include
gastroesophageal reflux disease, hypertension, hematological disorders, nutritional deficiencies, diabetes mellitus,
thyroid disorders, Parkinson’s disease, Sjogren’s syndrome
and other autoimmune diseases[51,59]. Finally, parafunctional habits such as lip and cheek biting, bruxism, tooth
grinding and clenching, tongue thrusting, and lip licking
are observed with BMS[10].
Physical examination and laboratory analysis are classically unremarkable in primary BMS. However, they can
be abnormal in secondary BMS. Oral findings potentially
include areas of erythema, geographic tongue, candidiasis,
atrophic glossitis, lichen planus, and xerostomia. Laboratory evaluation may reveal positive fungal oral cultures,
elevated fasting blood sugar, decreased levels of vitamin
B1, B2, B6, B12, folate, iron, and zinc, abnormal thyroid
function studies, and positive serum autoantibodies[4,49].

Two classification schemes have been proposed based on
either etiology or clinical symptoms. When classifying by
etiology, primary BMS is the idiopathic form for which
organic causes cannot be identified while secondary BMS
results from local or systemic pathological conditions[10].
The other scheme divides BMS cases into three types
based on diurnal fluctuations of symptoms. Patients with
type 1 BMS (35%) are symptom-free upon awakening
with worsening symptoms throughout the day and variable symptoms at night. Type 2 BMS (55%) is defined
by continuous symptoms in the day but none at night.
Patients with type 3 BMS (10%) have intermittent symptoms interspersed with symptom-free days[34,60]. Type 1
BMS is linked to nutritional deficiencies and diabetes,
type 2 to chronic anxiety, and type 3 to dietary or prosthetic allergies[2,18,44,61].

CLINICAL DIAGNOSIS
The diagnosis of BMS remains challenging as diagnostic
criteria are not sufficiently defined or universally accepted, several confounding diagnoses exist, and the
clinical picture is often variable. Scala et al[10] proposed
the following fundamental criteria: (1) daily and deep
bilateral burning sensation of the oral mucosa; (2) burning sensation for at least 4 to 6 mo; (3) constant intensity,
or increasing intensity during the day; (4) no worsening
but possible improvement on eating or drinking; and (5)
no interference with sleep. Additional supportive criteria
are, (1) dysgeusia and/or xerostomia; (2) sensory or chemosensory alterations; and (3) mood changes or psychopathological alterations.
Since primary BMS is a diagnosis of exclusion, thorough investigation for local and systemic factors associated with secondary BMS is essential. Careful review of
recent mood disturbances, dietary habits, history of dental procedures, use of dental prosthetics, nutritional deficiencies, and changes in medication is necessary in the
evaluation of BMS. Physical examination primarily consists of detailed study of the oral cavity, including dental
inspection. Laboratory analyses must include hematological assessment of nutritional deficiencies, blood glucose
levels, autoimmune markers, estrogen and progesterone
concentrations, patch testing for specific allergies[10]. Measurement of salivary flow rates should be employed[62].
Additional studies may warrant oral cultures and scrapings to evaluate for a bacterial or fungal origin of symptoms. Tongue biopsy is not required if the tongue appears normal on clinical exam and is only indicated when
a particular lesion is visualized. In general, the diagnosis
of BMS remains a major challenge, requiring extensive
clinical and laboratory evaluation with a particular atten-

MIMICKERS OF BMS
BMS presents with a main complaint of an intraoral sensation of burning, tingling, or stinging and sometimes
accompanied by taste disturbances or dry mouth. The
mimickers of BMS may include stomatitis, atypical facial
pain, atypical odontalgia, idiopathic facial arthromyalgia,
pemphigoid, pemphigus, neoplastic lesions in the oral
cavity, acoustic neuroma, denture design or tooth restoration failures, herpes simplex or herpes zoster, trauma to
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tion to details of patient’s history and physical exam.

mulative, and may preclude long term use of this medication. Local capsaicin rinse may be beneficial in treating
BMS, with reported improvement of symptoms in over
75% of the patients after 8 wk of therapy without significant side effects[71].
Use of proton pump inhibitors (PPI), although clearly
increased in the patients with BMS[1], may not necessarily be of benefit. Recent study measuring oropharyngeal
pH found no significant correlation between laryngopharyngeal reflux and intraoral burning sensation in the
examined population[72]. Anecdotal evidence exists in case
reports of symptom relief with twice daily omeprazole in
patients with endoscopy proven gastroesophageal reflux
disease[73]. Whether there is a casual relationship between
use of PPI and clinical primary BMS, an observation
phenomenon, a true response, or simply a failed therapy
remains to be established. Treatment of secondary BMS
in the setting of gastroesophageal reflux disease is, however, warranted. Larger studies are needed to address potential benefit (or lack of it) of PPI in treatment of BMS.
Medical management of BMS may also include antidepressants and antipsychotics. In a prospective, open-label,
noncomparative study of selective serotonin reuptake
inhibitor (SSRI) paroxetine, 80% of patients experienced
overall pain reduction including 36% of patients who
reported complete remission after 12 wk of incremental
treatment. Both treatment effects and adverse events were
found to be dose dependent[74]. However, prophylactic use
of domperidone for nausea in selected study patients may
have had a potential confounding effect on the results.
Another single-blinded non-placebo controlled study
comparing paroxetine (20 mg daily), sertraline (50 mg
daily), and an atypical antipsychotic amisulpride (50 mg
daily) demonstrated a nearly 70% improvement in VAS
score after 8 wk of therapy in each of the three groups[75].
A group from Spain reported complete remission in all
female patients after 8 wk of amisulpride use, an effect
lasting up to 24 wk with continuous administration of the
medication[76].
Additionally, modifications of parafunctional habits
may offer some symptom relief. Tongue protectors (worn
15 min three times a day) were shown to significantly
improve pain scales in BMS patients after two months of
treatment, however sample sizes were small and placebo
effect could have been introduced[77].
Finally, psychiatric interventions show great promise in
treating patients with BMS. Weekly one-hour sessions of
cognitive behavioral therapy lasting for 12-15 wk significantly reduced BMS symptoms in all study patients compared to placebo control group, with an estimated 27% of
patients remaining symptom-free at 6 mo follow up (none
in placebo group)[78]. Weekly group psychotherapy administered for three consecutive months achieved symptom
improvement in 70% of the patients[52]. Femiano et al[79]
noted a statistically significant symptom improvement
with cognitive psychotherapy (40%), alpha lipoic acid
(81%), combination therapy (90%) compared to pill placebo control group (13%) of patients with BMS.

TREATMENT
The first step in management is contingent on the specific type of BMS, primary versus secondary. The goal
of therapy for secondary BMS should initially be directed at treating the causative local or systemic disease
and withdrawing offending medications (such as ACE
inhibitors). This etiology-directed therapy typically yields
a good response. The cure for primary BMS, however,
remains elusive despite attempts with different classes of
medication. The variable response rate to medical therapy is likely due to the multifactorial pathophysiology of
idiopathic BMS, including irreversible processes. Treatment is aimed at management this disease as a type of
chronic neuropathy. Investigated strategies include benzodiazepines, antidepressants, topical capsaicin, alphalipoic acid, hormone replacement therapy, anticonvulsants, biofeedback technique to modify parafunctional
habits, and psychosocial therapies.
Early studies by Italian researchers supported the use
of alpha lipoic acid (ALA, a potent antioxidant) in 600
mg daily dose over two months in patients with BMS[63].
This data was not replicated by subsequent analysis in
Brazilian patients[64], possibly due to the multivitamin
compound of the ALA supplements or longer duration
of the original therapy. Interestingly, same group suggested added benefit of ALA in patients with thyroid
disease[65].
Recent randomized double blind placebo controlled
trial showed that use of gabapentin alone (300 mg daily)
or in combination with ALA (600 mg daily) was beneficial in reducing symptoms in 50% and 70% of patients
with BMS, respectively, compared to placebo (15%)[66]. In
line with the observed predisposition of BMS to peri-/
post- menopausal women, a hormone replacement therapy may be intuitive, but short of initial promise with local
oral administration, it is largely not effective when given
systemically[67] possibly due to the irreversible nature of
the neuropathic changes.
Clonazepam lozenges (oral dissolution of 1-mg
tablets for 3 min with subsequent expectoration three
times a day) are beneficial in patients with predominantly
peripheral BMS. A double blind, randomized controlled
study of topical clonazepam reported a reduction in pain
intensity in 66% of patients after 2 wk and 29% after 6
mo[68]. Similar clinical benefit was replicated in follow up
studies[33].
Short term use of oral Chlordiazepoxide (5-10 mg
three times a day) to treat BMS has been reported, however, its long term effects were not significant[69].
Efficacy of capsaicin, a desensitizer of receptors for
neurogenic inflammation, has been evaluated in several
studies. Systemic capsaicin 0.25% capsules three times
daily showed dramatic improvement (93%) in patients
with severe BMS (VAS scale 8-10) at 1 mo[70]. Side effects
including gastric pains in 32% of the patients were cu-

WCG|www.wjgnet.com

2011

January 28, 2014|First Edition|

Gurvits GE et al . Burning mouth syndrome

Anecdotal use of diphenhydramine/pectin swish and
spit elixir[18] as well as oral pramipexole in BMS patients
with Parkinson’s disease have been reported[57].
Perceived variation in the results of the published
data may stem from lack of effective differentiation
between predominantly peripheral and predominantly
central pathways in the pathogenesis of BMS. Therefore,
improvement in future clinical diagnosis and discrimination between such groups of patients may improve clinical response rate to targeted local and systemic therapies.
For now, BMS remains a challenging medical condition to treat, and further research is required to determine
the true efficacy of current management strategies for
patients with this disorder. Future blinded randomized
control trials with large sample size are necessary to provide new insight for use of various treatment modalities
in BMS.

ognition and treatment.

REFERENCES
1

2
3

4
5
6

PROGNOSIS
Although the short term follow up studies may show
potential symptomatic improvement with treatment in
patients with BMS, the long-term outcomes for BMS
remain unclear. Early observational report by Gilpin[5] in
1936 may provide a closer look at the natural history of
the disease that follows a “rule of 3’s”: up to one third of
cases would enter spontaneous remission, another third
would show moderate improvement, and finally the last
third would show no improvement or even worsening of
the symptoms. Prospective clinical and pharmaceutical
advances may have significantly changed the landscape
of BMS, as recent study showed nearly 10% of spontaneous remission, 26% of moderate improvement, 37%
of no significant change, and finally 26% of worsening
of symptoms in patients receiving no therapy with an
estimated follow up of at least 18 mo. Therapy may be
effective in 29% of the patients, with 56% reporting no
changes, and 15% admitting worsening of the pain[62]. In
perspective, complete understanding of the etiology and
pathogenesis is imperative to the development of novel
and efficacious therapeutic strategies, and will guide overall prognosis of the disease in the future.

7

CONCLUSION

15

8
9
10

11

12
13
14

BMS is a relatively common chronic intraoral pain disorder classically characterized by intractable burning that
may be associated with dysgeusia and xerostomia. Its
pathogenesis relates to complex interlay of central and/
or peripheral neural pain pathways. Etiology of BMS is
multifactorial and a secondary form of BMS should be
diligently sought for and treated. Multidisciplinary approach, including medical and psychosocial therapy may
be effective in symptom relief in patients with BMS,
however, further studies are necessary to establish long
term prognosis. BMS remains an important medical
condition which often places a significant burden on the
patient and health care system, and requires diligent rec-

WCG|www.wjgnet.com

16
17
18

19

20

2012

Netto FO, Diniz IM, Grossmann SM, de Abreu MH, do
Carmo MA, Aguiar MC. Risk factors in burning mouth syndrome: a case-control study based on patient records. Clin
Oral Investig 2011; 15: 571-575 [PMID: 20440632]
Lamey PJ, Lamb AB. Prospective study of aetiological factors in burning mouth syndrome. Br Med J (Clin Res Ed)
1988; 296: 1243-1246 [PMID: 3133028]
Yilmaz Z, Renton T, Yiangou Y, Zakrzewska J, Chessell IP,
Bountra C, Anand P. Burning mouth syndrome as a trigeminal small fibre neuropathy: Increased heat and capsaicin
receptor TRPV1 in nerve fibres correlates with pain score. J
Clin Neurosci 2007; 14: 864-871 [PMID: 17582772]
Grushka M, Epstein JB, Gorsky M. Burning mouth syndrome: differential diagnosis. Dermatol Ther 2002; 15:
287-291 [DOI: 10.1046/j.1529-8019.2002.01535]
Gilpin SF. Glossodynia. JAMA 1936; 106: 1722-1724
Zakrzewska JM, Forssell H, Glenny AM. Interventions for
the treatment of burning mouth syndrome. Cochrane Database Syst Rev 2005; (1): CD002779 [PMID: 15674897]
Headache Classification Subcommittee of the International Headache Society. The International Classification of
Headache Disorders: 2nd edition. Cephalalgia 2004; 24 Suppl
1: 9-160 [PMID: 14979299]
Bergdahl M, Bergdahl J. Burning mouth syndrome: prevalence and associated factors. J Oral Pathol Med 1999; 28:
350-354 [PMID: 10478959]
Grushka M. Clinical features of burning mouth syndrome.
Oral Surg Oral Med Oral Pathol 1987; 63: 30-36 [PMID: 3468464]
Scala A, Checchi L, Montevecchi M, Marini I, Giamberardino MA. Update on burning mouth syndrome: overview
and patient management. Crit Rev Oral Biol Med 2003; 14:
275-291 [PMID: 12907696]
Schiavone V, Adamo D, Ventrella G, Morlino M, De Notaris EB, Ravel MG, Kusmann F, Piantadosi M, Pollio A,
Fortuna G, Mignogna MD. Anxiety, depression, and pain
in burning mouth syndrome: first chicken or egg? Headache
2012; 52: 1019-1025 [PMID: 22607629]
Tammiala-Salonen T, Hiidenkari T, Parvinen T. Burning
mouth in a Finnish adult population. Community Dent Oral
Epidemiol 1993; 21: 67-71 [PMID: 8485972]
Lipton JA, Ship JA, Larach-Robinson D. Estimated prevalence and distribution of reported orofacial pain in the United
States. J Am Dent Assoc 1993; 124: 115-121 [PMID: 8409001]
Haberland CM, Allen CM, Beck FM. Referral patterns, lesion prevalence, and patient care parameters in a clinical
oral pathology practice. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 1999; 87: 583-588 [PMID: 10348517]
Standring S, Gray H. Gray’s anatomy: the anatomical basis
of clinical practice. 40th ed. Edinburgh: Churchill Livingstone, 2008: 499-525
German RZ, Palmer JB. Anatomy and development of oral
cavity and pharynx. GI Motility online 2006 [DOI: 10.1038/
gimo5]
Schunke M. Thieme atlas of anatomy: head and neuroanatomy. Stuttgart: Georg Thieme Verlag, 2007: 102-114
Ito M, Kurita K, Ito T, Arao M. Pain threshold and pain
recovery after experimental stimulation in patients with
burning mouth syndrome. Psychiatry Clin Neurosci 2002; 56:
161-168 [PMID: 11952919]
Grushka M, Sessle BJ, Howley TP. Psychophysical assessment of tactile, pain and thermal sensory functions in
burning mouth syndrome. Pain 1987; 28: 169-184 [PMID:
3822502]
Lauria G, Majorana A, Borgna M, Lombardi R, Penza P,
Padovani A, Sapelli P. Trigeminal small-fiber sensory neu-

January 28, 2014|First Edition|

Gurvits GE et al . Burning mouth syndrome

21

22
23

24

25
26

27
28
29

30

31
32

33
34

35
36
37

38

39

ropathy causes burning mouth syndrome. Pain 2005; 115:
332-337 [PMID: 15911160]
Borelli V, Marchioli A, Di Taranto R, Romano M, Chiandussi S, Di Lenarda R, Biasotto M, Zabucchi G. Neuropeptides
in saliva of subjects with burning mouth syndrome: a pilot
study. Oral Dis 2010; 16: 365-374 [PMID: 20233324]
Jääskeläinen SK. Pathophysiology of primary burning
mouth syndrome. Clin Neurophysiol 2012; 123: 71-77 [PMID:
22030140]
Patton LL, Siegel MA, Benoliel R, De Laat A. Management
of burning mouth syndrome: systematic review and management recommendations. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod 2007; 103 Suppl: S39.e1-S39.13 [PMID:
17379153]
Eliav E, Kamran B, Schaham R, Czerninski R, Gracely RH,
Benoliel R. Evidence of chorda tympani dysfunction in patients with burning mouth syndrome. J Am Dent Assoc 2007;
138: 628-633 [PMID: 17473041]
Grushka M. Burning mouth syndrome and oral dysesthesias. Can J Diag 2000; 17: 99-109
Nasri-Heir C, Gomes J, Heir GM, Ananthan S, Benoliel R,
Teich S, Eliav E. The role of sensory input of the chorda
tympani nerve and the number of fungiform papillae in
burning mouth syndrome. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod 2011; 112: 65-72 [PMID: 21601494]
Jääskeläinen SK, Forssell H, Tenovuo O. Abnormalities of
the blink reflex in burning mouth syndrome. Pain 1997; 73:
455-460 [PMID: 9469537]
Forssell H, Jääskeläinen S, Tenovuo O, Hinkka S. Sensory
dysfunction in burning mouth syndrome. Pain 2002; 99:
41-47 [PMID: 12237182]
Albuquerque RJ, de Leeuw R, Carlson CR, Okeson JP, Miller CS, Andersen AH. Cerebral activation during thermal
stimulation of patients who have burning mouth disorder:
an fMRI study. Pain 2006; 122: 223-234 [PMID: 16632202]
Jääskeläinen SK, Rinne JO, Forssell H, Tenovuo O, Kaasinen V, Sonninen P, Bergman J. Role of the dopaminergic
system in chronic pain -- a fluorodopa-PET study. Pain 2001;
90: 257-260 [PMID: 11207397]
Clifford TJ, Warsi MJ, Burnett CA, Lamey PJ. Burning
mouth in Parkinson’s disease sufferers. Gerodontology 1998;
15: 73-78 [PMID: 10530180]
Grémeau-Richard C, Dubray C, Aublet-Cuvelier B, Ughetto
S, Woda A. Effect of lingual nerve block on burning mouth
syndrome (stomatodynia): a randomized crossover trial.
Pain 2010; 149: 27-32 [PMID: 20083352]
Lamey PJ, Lewis MA. Oral medicine in practice: burning mouth syndrome. Br Dent J 1989; 167: 197-200 [PMID:
2789896]
Rojo L, Silvestre FJ, Bagan JV, De Vicente T. Psychiatric
morbidity in burning mouth syndrome. Psychiatric interview versus depression and anxiety scales. Oral Surg Oral
Med Oral Pathol 1993; 75: 308-311 [PMID: 8469540]
Bogetto F, Maina G, Ferro G, Carbone M, Gandolfo S. Psychiatric comorbidity in patients with burning mouth syndrome. Psychosom Med 1998; 60: 378-385 [PMID: 9625229]
Maina G, Albert U, Gandolfo S, Vitalucci A, Bogetto F.
Personality disorders in patients with burning mouth syndrome. J Pers Disord 2005; 19: 84-93 [PMID: 15899722]
de Souza FT, Teixeira AL, Amaral TM, dos Santos TP,
Abreu MH, Silva TA, Kummer A. Psychiatric disorders in
burning mouth syndrome. J Psychosom Res 2012; 72: 142-146
[PMID: 22281456]
Eli I, Kleinhauz M, Baht R, Littner M. Antecedents of burning mouth syndrome (glossodynia)--recent life events vs.
psychopathologic aspects. J Dent Res 1994; 73: 567-572 [PMID:
8120222]
Minor JS, Epstein JB. Burning mouth syndrome and secondary oral burning. Otolaryngol Clin North Am 2011; 44:
205-219, vii [PMID: 21093630]

WCG|www.wjgnet.com

40
41
42
43
44
45

46
47
48

49
50

51
52

53

54
55
56
57
58
59
60

61
62

2013

Fischer MJ. Amine coupling through EDC/NHS: a practical approach. Methods Mol Biol 2010; 627: 55-73 [PMID:
20217613]
Woda A, Dao T, Gremeau-Richard C. Steroid dysregulation
and stomatodynia (burning mouth syndrome). J Orofac Pain
2009; 23: 202-210 [PMID: 19639097]
Gao J, Chen L, Zhou J, Peng J. A case-control study on etiological factors involved in patients with burning mouth syndrome. J Oral Pathol Med 2009; 38: 24-28 [PMID: 19192047]
Lamey PJ, Lamb AB, Hughes A, Milligan KA, Forsyth A.
Type 3 burning mouth syndrome: psychological and allergic
aspects. J Oral Pathol Med 1994; 23: 216-219 [PMID: 8046659]
Haustein UF. Burning mouth syndrome due to nicotinic
acid esters and sorbic acid. Contact Dermatitis 1988; 19:
225-226 [PMID: 3191688]
Steele JC, Bruce AJ, Davis MD, Torgerson RR, Drage LA,
Rogers RS. Clinically relevant patch test results in patients
with burning mouth syndrome. Dermatitis 2012; 23: 61-70
[PMID: 22653121]
Jensen JL, Barkvoll P. Clinical implications of the dry
mouth. Oral mucosal diseases. Ann N Y Acad Sci 1998; 842:
156-162 [PMID: 9599305]
Grushka M, Ching V, Epstein J. Burning mouth syndrome.
Adv Otorhinolaryngol 2006; 63: 278-287 [PMID: 16733345]
Cho GS, Han MW, Lee B, Roh JL, Choi SH, Cho KJ, Nam
SY, Kim SY. Zinc deficiency may be a cause of burning
mouth syndrome as zinc replacement therapy has therapeutic effects. J Oral Pathol Med 2010; 39: 722-727 [PMID:
20618611]
Huang W, Rothe MJ, Grant-Kels JM. The burning mouth syndrome. J Am Acad Dermatol 1996; 34: 91-98 [PMID: 8543701]
Samaranayake LP, Lamb AB, Lamey PJ, MacFarlane TW.
Oral carriage of Candida species and coliforms in patients
with burning mouth syndrome. J Oral Pathol Med 1989; 18:
233-235 [PMID: 2671340]
Klasser GD, Epstein JB, Villines D. Diagnostic dilemma: the
enigma of an oral burning sensation. J Can Dent Assoc 2011;
77: b146 [PMID: 22260803]
Miziara ID, Filho BC, Oliveira R, Rodrigues dos Santos RM.
Group psychotherapy: an additional approach to burning
mouth syndrome. J Psychosom Res 2009; 67: 443-448 [PMID:
19837207]
Loeb LM, Naffah-Mazzacoratti MG, Porcionatto MA, Martins JR, Kouyoumdjian M, Weckx LM, Nader HB. Chondroitin sulfate and kallikrein in saliva: markers for glossodynia.
Int Immunopharmacol 2008; 8: 1056-1058 [PMID: 18486918]
Moura MD, Senna MI, Madureira DF, Fonseca LM, Mesquita RA. Oral adverse effects due to the use of Nevirapine.
J Contemp Dent Pract 2008; 9: 84-90 [PMID: 18176653]
Borrás-Blasco J, Belda A, Rosique-Robles JD, Casterá MD,
Abad FJ. Burning mouth syndrome due to efavirenz therapy. Ann Pharmacother 2006; 40: 1471-1472 [PMID: 16822896]
Friedman DI. Topirimate-induced burning mouth syndrome. Headache 2010; 50: 1383-1385 [PMID: 20561063]
Speciali JG, Stuginski-Barbosa J. Burning mouth syndrome.
Curr Pain Headache Rep 2008; 12: 279-284 [PMID: 18625105]
Scott J, Huskisson EC. Graphic representation of pain. Pain
1976; 2: 175-184 [PMID: 1026900]
Ship JA, Grushka M, Lipton JA, Mott AE, Sessle BJ, Dionne
RA. Burning mouth syndrome: an update. J Am Dent Assoc
1995; 126: 842-853 [PMID: 7629360]
López-Jornet P, Camacho-Alonso F, Andujar-Mateos P,
Sánchez-Siles M, Gómez-Garcia F. Burning mouth syndrome: an update. Med Oral Patol Oral Cir Bucal 2010; 15:
e562-e568 [PMID: 20038880]
Lamb AB, Lamey PJ, Reeve PE. Burning mouth syndrome:
psychological aspects. Br Dent J 1988; 165: 256-260 [PMID:
3179130]
Sardella A, Lodi G, Demarosi F, Bez C, Cassano S, Carrassi
A. Burning mouth syndrome: a retrospective study investi-

January 28, 2014|First Edition|

Gurvits GE et al . Burning mouth syndrome

63

64

65

66

67

68

69
70

gating spontaneous remission and response to treatments.
Oral Dis 2006; 12: 152-155 [PMID: 16476036]
Femiano F, Scully C. Burning mouth syndrome (BMS):
double blind controlled study of alpha-lipoic acid (thioctic
acid) therapy. J Oral Pathol Med 2002; 31: 267-269 [PMID:
12110042]
Cavalcanti DR, da Silveira FR. Alpha lipoic acid in burning mouth syndrome--a randomized double-blind placebocontrolled trial. J Oral Pathol Med 2009; 38: 254-261 [PMID:
19175713]
Femiano F, Lanza A, Buonaiuto C, Gombos F, Nunziata
M, Cuccurullo L, Cirillo N. Burning mouth syndrome and
burning mouth in hypothyroidism: proposal for a diagnostic and therapeutic protocol. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod 2008; 105: e22-e27 [PMID: 18155597]
López-D’alessandro E, Escovich L. Combination of alpha
lipoic acid and gabapentin, its efficacy in the treatment of
Burning Mouth Syndrome: a randomized, double-blind,
placebo controlled trial. Med Oral Patol Oral Cir Bucal 2011;
16: e635-e640 [PMID: 20711135]
Eliav E, Nasri-Heir C. Critical commentary 2: steroid dysregulation and stomatodynia (burning mouth syndrome).
J Orofac Pain 2009; 23: 214-215; discussion 219-220 [PMID:
19639099]
Gremeau-Richard C, Woda A, Navez ML, Attal N, Bouhassira D, Gagnieu MC, Laluque JF, Picard P, Pionchon P, Tubert S. Topical clonazepam in stomatodynia: a randomised
placebo-controlled study. Pain 2004; 108: 51-57 [PMID:
15109507]
Kempfle M. Relaxation spectra of two-step mechanisms as
measured by the NADH-binding to glutamate dehydrogenase. Bull Math Biol 1977; 39: 297-310 [PMID: 192398]
Petruzzi M, Lauritano D, De Benedittis M, Baldoni M, Serpico R. Systemic capsaicin for burning mouth syndrome:
short-term results of a pilot study. J Oral Pathol Med 2004;

71

72

73
74

75

76
77

78

79

33: 111-114 [PMID: 14720197]
Marino R, Torretta S, Capaccio P, Pignataro L, Spadari F.
Different therapeutic strategies for burning mouth syndrome: preliminary data. J Oral Pathol Med 2010; 39: 611-616
[PMID: 20701667]
Becker S, Schmidt C, Berghaus A, Tschiesner U, Olzowy B,
Reichel O. Does laryngopharyngeal reflux cause intraoral
burning sensations? A preliminary study. Eur Arch Otorhinolaryngol 2011; 268: 1375-1381 [PMID: 21359587]
Garcia-Bravatti M. Re: Burning mouth syndrome. Am J Gastroenterol 1996; 91: 1281-1282 [PMID: 8651200]
Yamazaki Y, Hata H, Kitamori S, Onodera M, Kitagawa Y.
An open-label, noncomparative, dose escalation pilot study
of the effect of paroxetine in treatment of burning mouth
syndrome. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
2009; 107: e6-11 [PMID: 18996028]
Maina G, Vitalucci A, Gandolfo S, Bogetto F. Comparative
efficacy of SSRIs and amisulpride in burning mouth syndrome: a single-blind study. J Clin Psychiatry 2002; 63: 38-43
[PMID: 11838624]
Rodriguez-Cerdeira C, Sanchez-Blanco E. Treatment of
burning mouth syndrome with amisulpride. J Clin Med Res
2012; 4: 167-171 [PMID: 22719802]
López-Jornet P, Camacho-Alonso F, Andujar-Mateos P. A
prospective, randomized study on the efficacy of tongue
protector in patients with burning mouth syndrome. Oral
Dis 2011; 17: 277-282 [PMID: 20860765]
Bergdahl J, Anneroth G, Perris H. Cognitive therapy in
the treatment of patients with resistant burning mouth
syndrome: a controlled study. J Oral Pathol Med 1995; 24:
213-215 [PMID: 7616460]
Femiano F, Gombos F, Scully C. Burning Mouth Syndrome:
open trial of psychotherapy alone, medication with alphalipoic acid (thioctic acid), and combination therapy. Med
Oral 2004; 9: 8-13 [PMID: 14704612]
P- Reviewers Aghakhani A, Elena V, Mignogna MD
S- Editor Wen LL L- Editor A E- Editor Li JY

WCG|www.wjgnet.com

2014

January 28, 2014|First Edition|

WC G

World Clinical
Gastroenterology

2014 First Edition
bpgoffice@wjgnet.com

ISBN 978-0-9914430-0-0
© 2014 Baishideng Publishing Group Inc. All rights reserved.

PROGRESS IN GASTROINTESTINAL DISEASES
WJG 20th Anniversary Special Issues (5): Colorectal cancer

Early rehabilitation programs after laparoscopic colorectal
surgery: Evidence and criticism
Duck-Woo Kim, Sung-Bum Kang, Soo-Young Lee, Heung-Kwon Oh, Myung-Hoon In
the limitations of these studies. We also summarized
indications and detailed protocol components of current early rehabilitation programs after rectal surgery,
focusing on laparoscopic resection.

Duck-Woo Kim, Sung-Bum Kang, Soo-Young Lee, HeungKwon Oh, Myung-Hoon In, Department of Surgery, Seoul National University Bundang Hospital, Seongnam 463-707, South
Korea
Author contributions: Kim DW and Kang SB designed research; Kim DW, Lee SY, Oh HK and In MH performed research; Kim DW, Kang SB, Oh KW and In MH analyzed data;
Kim DW, Kang SB and Lee SY wrote the paper.
Correspondence to: Sung-Bum Kang, Associate Professor,
Department of Surgery, Seoul National University Bundang Hospital, 300 Gumi-dong, Bundang-gu, Seongnam 463-707,
South Korea. kangsb@snubh.org
Telephone: +82-31-7877093 Fax: +82-31-7874055
Received: September 25, 2013 Revised: November 1, 2013
Accepted: November 12, 2013
Published: January 28, 2014

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colorectal cancer; Enhanced recovery after
surgery; Early rehabilitation; Fast-track; Laparoscopy;
Rectal
Core tip: Several randomized trials and meta-analyses
have confirmed that the implementation of early rehabilitation programs for perioperative care is useful for
recovery of patients after colorectal resection. However,
most of the previous evidence is obtained from studies
of early rehabilitation programs adapted to open colonic resection. Currently, early rehabilitation combined
with laparoscopic rectal surgery can be a feasible alternative in some selected patients, but indications are not
established. Current evidence fails to support the safety
of early rehabilitation combined with laparoscopic rectal
surgery compared to that reported for laparoscopic colon surgery.

Abstract
During the past several decades, early rehabilitation
programs for the care of patients with colorectal surgery have gained popularity. Several randomized controlled trials and meta-analyses have confirmed that
the implementation of these evidence-based detailed
perioperative care protocols is useful for early recovery
of patients after colorectal resection. Patients cared
for based on these protocols had a rapid recovery of
bowel movement, shortened length of hospital stay,
and fewer complications compared with traditional
care programs. However, most of the previous evidence was obtained from studies of early rehabilitation
programs adapted to open colonic resection. Currently,
limited evidence exists on the effects of early rehabilitation after laparoscopic rectal resection, although
this procedure seems to be associated with a higher
morbidity than that reported with traditional care. In
this article, we review previous studies and guidelines
on early rehabilitation programs in patients undergoing rectal surgery. We investigated the status of early
rehabilitation programs in rectal surgery and analyzed
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INTRODUCTION
Previously, patients undergoing colorectal surgery received traditional perioperative care, which comprised
sufficient mechanical bowel preparation, insertion of a
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nasogastric tube, preoperative fasting, postoperative fasting for up to 1 wk, and multiple intra-abdominal drains.
Eventually, early rehabilitation programs were developed
to decrease postoperative pain, perioperative physiological stress, and organ dysfunction, and to promote patient
motivation, leading to enhanced recovery after surgery;
decreased postoperative morbidity, length of hospital
stay, and health care resources; and improved overall outcomes[1]. Since their first introduction in the mid-1990s,
early rehabilitation programs, also known as fast-track
pathways or enhanced recovery after surgery (ERAS),
have become increasingly popular in the care for patients
with colorectal surgery[2].
During the past several decades, many studies have
reported the results of early rehabilitation programs in
colorectal surgery. Several randomized controlled trials
and meta-analyses have indicated that the implementation of these evidence-based detailed perioperative care
protocols is useful for early recovery of patients after
colorectal resection[3-7]. Patients who underwent these
programs showed rapid recovery of bowel movement,
shortened length of hospital stay, and fewer complications compared with traditional care programs. However,
most evidence from previous studies corresponded to
patients undergoing colonic surgery for various diseases.
Currently, the strongest evidence for early rehabilitation
programs was adopted from open colonic resection[8]. At
present, early rehabilitation programs in rectal surgery
require standardization and can be adopted only after
validation with high-level evidence from well-designed
randomized controlled trials.
In this review, we summarized early rehabilitation programs reported in previous studies and guidelines including patients undergoing rectal surgery, and we analyzed
the limitations of these studies. We also summarized
indications and details of current early rehabilitation
programs after rectal surgery, focusing on a laparoscopic
resection perspective.

on minimizing surgical pain and perioperative stress, and
enhancing recovery after surgery. Many cohort series,
meta-analyses, and several prospective randomized studies showed early rehabilitation programs and laparoscopic
surgery can have a synergistic effect in enhancing recovery after laparoscopic surgery for colon disease[9,13,14].
Recently, the Laparoscopy and/or Fast-track Multimodal
Management Versus Standard Care (LAFA) study, the
largest multicenter randomized controlled trial thus far,
reported comparative results between laparoscopic and
open colectomy[9]. The total length of hospital stay was 2
d less than that after laparoscopic surgery. Furthermore,
laparoscopic surgery was the only predictive factor associated with reduced hospital stay and morbidity. The
results from the LAFA study also indicated that early oral
intake, early mobilization, and laparoscopic surgery were
independent determinants of early recovery[9,15]. In a previous study, we evaluated the efficacy of a rehabilitation
program after laparoscopic colon surgery in the context
of a randomized controlled trial. We found that the
recovery time was shorter in the early rehabilitation program group than in the conventional care group, without
differences in complication rates, quality of life, and
pain[13]. Previous studies representative of laparoscopic
colon surgery with early rehabilitation are summarized in
Table 1. As early rehabilitation programs became more
popular in the management of patients undergoing colon
surgery, an international collaborative research group proposed a set of guidelines for perioperative care in elective colonic surgery, with the participation of the ERAS
Society for Perioperative Care, The European Society for
Clinical Nutrition and Metabolism, and The International
Association for Surgical Metabolism and Nutrition[16].
These guidelines recommend detailed protocols for each
component ranging from patient selection to hospital
discharge, and provide additional consideration points in
the setting of laparoscopic surgery.
Early rehabilitation and laparoscopic rectal surgery
Laparoscopic rectal resection for various benign and
malignant diseases, including total mesorectal excision,
is considered technically challenging and has not gained
popularity compared to laparoscopic colon resection.
However, several studies have demonstrated that it is a
feasible and safe alternative to open rectal surgery; some
authors have reported that the short- and long-term
oncological results were equal to those with open surgery[17-20]. We also reported the results of our multicenter
study comparing open vs laparoscopic surgery for midrectal and low rectal cancer after neoadjuvant chemoradiotherapy (COREAN trial), which showed that laparoscopic surgery was safe and had short-term benefits,
including earlier recovery of bowel function, shorter time
to resume a normal diet, shorter time to first defecation,
and less requirement for morphine, compared with open
surgery[21]. Similarly, the quality of oncological resection
was equivalent. Patients enrolled in the COREAN trial
received postoperative management consisting of tradi-

EARLY REHABILITATION PROGRAMS
AFTER RECTAL SURGERY: STATUS QUO
Early rehabilitation and laparoscopic colonic surgery
Laparoscopic colorectal surgery has been established as a
comparable alternative to open surgery with respect to its
feasibility, safety and long-term outcomes. For malignant
diseases, laparoscopic colonic resection performed by an
experienced surgeon involves adequate lymph node harvest, sufficient surgical margins, and reduced operative
time and intraoperative blood loss[8]. A previous study
suggested that laparoscopic surgery could reduce the
prevalence of postoperative immunosuppression[9]. Prospective randomized trials have shown that laparoscopic
surgery for colon cancer can achieve earlier recovery in
organ function and long-term oncological results equal to
those for open colonic resection[10-12]. However, these trials did not apply early rehabilitation programs. Both laparoscopic surgery and early rehabilitation programs focus
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2017

Netherlands

China

Vlug et al[9], 2011

Wang et al[26], 2012

RCT

RCT

RCT

RCT

RCT

2006-2009

200 -2009

2007-2009

2005-2007

2004-2006

2003-2004

ND

400 (ERP: 193, CC: 207)
Cancer: 400 (100)
78 (ERP: 40, CC: 38)
Cancer: 78 (100)

25 (ERP: 14, CC: 11)
Cancer: 18 (72)
ERP: 11, CC: 7
39 (ERP: 19, CC: 20)
Cancer: 27 (69)
ERP: 12, CC: 15
70 (ERP: 35, CC: 35)
Cancer: 70 (100)
151 (ERP: 76, CC: 75)
Cancer: 131 (87)
ERP: 67, CC: 64
103 (ERP: 51, CC: 52)
Cancer: 7 (7)
ERP: 3, CC: 4
IBD: 89 (86)
ERP: 46, CC: 43
100 (ERP: 46, CC: 54)
Cancer: 100 (100)

Patients (n )

RH: 38 (ERP: 17, CC: 21)
LH: 15 (ERP: 5, CC: 10)
AR: 47 (ERP: 24, CC: 23)
RH: 179 (ERP: 80, CC: 99)
LH: 221 (ERP: 120, CC: 101)
RH: 13 (ERP: 7, CC: 6)
Sig: 34 (ERP: 18, CC:16)
AR: 25 (ERP: 13, CC: 12)

RH: 10 (ERP: 5, CC: 5)
AR: 15 (ERP: 5, CC: 10)
Others: 14 (ERP: 9, CC: 5)
Colonic: 47 (ERP: 22, CC: 25)
Rectal: 23 (ERP: 13, CC: 10)
RH: 48 (ERP: 26, CC: 22)
AR/LH: 101
(ERP: 30, CC: 51)
Simple:
(ERP: 47.1%, CC: 61.5)
Multiple:
(ERP: 29.4%, CC: 21.2)

RH: 14 (ERP: 9, CC: 5)
LH: 11 (ERP: 5, CC: 6)

Operations

7 (6-8)

CC

8 (7-9)

9 (7-22)a

9 (6-30)a

7 (4-63)a

7.5 (6-10)a

7 (4-10)a

LOS (d)

7 (5-11)

5 (2-30)

5 (3-37)

5 (4-9)

3 (2-7)

ERP

0 (0)

0 (0)

3 (4)

3 (9)

1 (5)

0 (0)

ERP

6 (11)

11 (22)

16 (21)

9 (26)

9 (47)

4 (29)

14 (20)

25 (48)a

37 (49)a

16 (46)

15 (75)

5 (45)

CC

Morbidity
ERP

ND

2 (5)

8 (21)

14 (7) 125 (65) 132 (64)

0 (0)

0 (0)

2 (3)

1 (3)

4 (20)

0 (0)

CC

Readmissions

Open/lap Open: 7 (5-11) Open: 7 (6-13) 13 (7)
Lap: 5 (4-8) Lap: 6 (4.5-9.5)a
Lap
5.5 (5-6)
7.0 (6-8)a
ND

Lap

Open

Open

Open

ND

ND

Approach

0 (0)

6 (3)

0 (0)

0 (0)

0 (0)

0 (0)

1 (5)

0 (0)

0 (0)

4 (2)

0 (0)

0 (0)

0 (0)

2 (6)

0 (0)

1 (9)

CC

Mortality
ERP

tional standard care instead of an early rehabilitation program. Only a few study results support the hypothesis that laparoscopic rectal surgery and a subsequent early rehabilitation program can act synergistically to enhance postoperative recovery and surgical outcomes.
During the past decade, some studies including prospective cohort studies and randomized controlled trials have shown that early rehabilitation programs enhance recovery after laparoscopic rectal resection and shorten the length of hospital stay[22-26]. However, these studies were heterogeneous: mixed open surgery or laparoscopy, colorectal
disease or rectal disease, diverting stoma, and sphincter preservation, which makes it difficult to accept the validity of their results. Additionally, differences exist in the detailed
components of individual early rehabilitation programs, which are classified into three categories of preoperative preparation, intraoperative intervention, and postoperative
management, making it difficult to interpret a causal relationship between the components and positive/negative outcomes. To the best of our knowledge and based on the
results of this literature review, only five studies have reported the results of implementation of early rehabilitation programs after laparoscopic rectal surgery: three prospective
cohort studies[22,27,28], one retrospective case-control study[29] and one randomized controlled trial[30]. The characteristics of these studies are summarized in Table 2.
A prospective cohort study by Lindsetmo et al[22] reported the results of 37 patients undergoing laparoscopic rectal resection. The mean hospital stay was 3.0 d (range, 1-8 d),
in which 90% of patients were discharged < 5 d after surgery. No anastomotic leaks or mortality occurred, and the in-hospital complication rate was 8% (1 surgical-site infection

P < 0.05 vs early rehabilitation program (ERP) group. LOS: Length of hospital stay; CC: Conventional care; RCT: Randomized controlled trial; RH: Right hemicolectomy; LH: Left hemicolectomy; SB: Small bowel; AR: Anterior
resection; IBD: Inflammatory bowel disease; Lap: Laparoscopic; LAR: Low anterior resection; APR: Abdominoperineal resection; Sig: Sigmoidectomy; ND: Not documented. Continuous data are given as median (range) or mean
± SD.

a

Czech

Serclova et al[7], 2009

South Korea

Switzerland

Muller et al[6], 2009

Lee et al[13], 2011

United Kingdom

Khoo et al[5], 2007

RCT

RCT

United Kingdom

Gatt et al[4], 2005

ND

Study design Inclusion
period

RCT

Country

Anderson et al[3], 2003 United Kingdom

Ref.

Table 1 Previous representative studies of colonic surgery with early rehabilitation programs
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Table 2 Summary of previous studies that evaluated early rehabilitation programs after laparoscopic rectal surgery
Country

Study design

Inclusion
period

Patients (n )

Operations

Clinical effectiveness
(LOS and complications)

Lindsetmo et al[22], 2009

United
States

Prospective
cohort study

2005-2007

SPS: 37 (100)
Diverting ileostomy: 7 (19)

Chen et al[27], 2011

Taiwan

Prospective
cohort study

2007-2009

37
Cancer: 17 (46)
Polyp: 4 (11)
Others: 16 (43)
80
Cancer: 76 (95)
Benign: 4 (5)

Prospective
cohort study

2006-2009

Mean LOS: 3.0 d (range 1-8 d)
Overall complications: 6 (16)
UTI: 1; SSI: 2
Readmission < 30 d: 3 (8)
Mean LOS: 5.0d (range 3-22)
Overall complications: 11 (14)
AL: 1; pelvic abscess 2; ileus: 1
Readmission < 30 d: 7 (9)
Median LOS: 5 d (range 2-42 d)
Overall complications: 25 (25)
AL: 3; intra-abdominal abscess: 3
Readmission < 30 d: 15 (15)

Ref.

Stottmeier et al[28], 2012 Denmark

Huibers et al[29], 2012

Lee et al[30], 2013

Netherlands

South
Korea

APR: 15 (19)
SPS: 65 (81)
Diverting ileostomy: 32 (49)

APR: 19 (19)
Hartmann: 6 (6)
SPS: 77 (75)
Diverting colostomy: 38 (37)
Diverting ileostomy: 3 (3)
Retrospective 2004-2009 76 (ERP: 43, CC: 33)
APR: 24 (32)
case-control
Cancer: 76 (100)
ERP: 16 (37)
study
CC: 8 (24)
SPS: 52 (68)
ERP: 27 (63)
CC: 25 (76)

RCT

102
Cancer: 102 (100)

2007-2011 98 (ERP: 52, CC: 46)
Cancer 98 (100)

SPS: 98 (100)
Diverting ileostomy: 98
(100)

Median LOS: (P = 0.042)
ERP: 7 d (range 2-83 d)
CC: 10 d (range 4-74 d)
Overall complications:
ERP: 17 (40)
AL: 5; intra-abdominal abscess: 7
CC: 9 (27)
AL: 4; intra-abdominal abscess: 3
Readmission < 30 d: (P = 0.421)
ERP: 5 (12)
CC: 6 (18)
Median recovery time1: (P = 0.47)
ERP: 137 h (range 107-188 h)
CC: 146.5 h (range 115-183 h)
Overall complications: (P = 0.054)
ERP: 22 (42)
AL: 1; POI: 15; acute voiding difficulty: 9
CC: 11 (24)
AL: 1; POI: 6; acute voiding difficulty: 2
Readmission < 30 d: 0 (0)

1

Defined by tolerable diet for 24 h, safe ambulation, analgesic-free and afebrile without complication. LOS: Length of hospital stay; SPS: Sphincter preserving surgery; UTI: Urinary tract infection; SSI: Surgical site infection; APR: Abdominoperineal resection; AL: anastomosis leakage; ERP: Early rehabilitation
program; CC: Conventional care; RCT: Randomized controlled trial; POI: Postoperative ileus.

and 1 urinary tract infection). Readmission was required
in three patients (8%) because of medical illness. The
authors suggested that laparoscopy in conjunction with
modern perioperative care allows rapid recovery with efficient use of hospital resources.
In contrast, two cohort studies by Stottmeier et al[28]
and Chen et al[27] highlighted that postoperative morbidity remains substantial after laparoscopic rectal surgery
combined with early rehabilitation program, even though
performed by experienced surgeons. Stottmeier et al[28]
reported a median hospital stay of 5 d and a postoperative
complication rate of 25% among 102 consecutive patients
who had undergone elective fast-track laparoscopic rectal
cancer surgery. Although about 40% of the patients had a
diverting colostomy or ileostomy, reoperation was needed
in 15% owing to anastomotic leakage, colonic ischemia,
intra-abdominal abscess, or mechanical obstruction. Postoperative mortality (< 30 d) occurred in 3% of the patients; one with postoperative septicemia and pneumonia,
one with postoperative multiorgan failure, and one with
intraoperative splenic bleeding. Chen et al[27] calculated the
success rate of their enhanced recovery program and rein-
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vestigated factors that may have affected the results of the
enhanced recovery program combined with laparoscopic
rectal surgery. As designated by their program, patients
were scheduled to be discharged on postoperative day 5.
The criteria of discharge included absence of fever or
tachycardia, successful passage of flatus or stool, tolerance
of three meals per day, pain relief with oral nonopioid
analgesics, and independent ambulation. They reported
a success rate of 52.5%, and this failure was related to
low rectal lesion sites (< 7 cm from the anal verge) and
surgery-related complications, with a rate of 13.8%. The
authors concluded that the enhanced recovery program
for laparoscopic rectal surgery is feasible but is not advised for all cases requiring laparoscopic rectal surgery.
Previously, we had designed a prospective, randomized, controlled parallel group trial to compare the outcomes of an early rehabilitation program vs conventional
care after laparoscopic low anterior resection in patients
with mid-rectal or low rectal cancer (≤ 10 cm from the
anal verge)[30]. The primary endpoint was recovery within
4 postoperative days and the criteria for recovery were as
follows: tolerable diet for 24 h, safe ambulation, analgesic-
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Table 3 Protocols used in previous studies for evaluating early rehabilitation programs after laparoscopic rectal surgery
Lindsetmo et al
2009

Protocols
Preoperative stage
General
considerations

Oral bowel
preparation
NPO
Oral carbohydrate
solution
Epidural analgesia
Prophylactic
antibiotics
DVT prophylaxis
Perioperative stage
Operation approach
Anesthesia
Fluid

[22]

,

Intra-abdominal
drain
Postoperative stage
Pain control

Sipping water
Oral food intake
Removal of urinary
catheter
Removal of intraabdominal drain
Mobilization
Regular laxatives
Routine discharge
Discharge criteria

[27]

Stottmeier et al

, 2011

[28]

, 2012

Huibers et al

[29]

, 2012

Lee et al

[30]

, 2013

Patient education

Patient education and
ERP explanation

Thorough information
Establishing a contract

ND

Yes

Yes

No (2 enemas)

ND
No

8 h before surgery
No

No (enema for left-sided
tumors)
Fluid until 2 h before surgery
No

Operative risk
assessment
Counseling, informed
consent
Yes

2 h before surgery
Yes

8 h before surgery
No

No
ND

No
Single dose
ND

Yes
Single dose (cefalozine +
metronidazole)
LMWH until discharge

No
ND

ND

Yes
Single dose (ampicillin +
metronidazole + gentamicin)
LMWH 2 h before surgery
Compression stockings

Laparoscopic
ND

Laparoscopic
Short-acting
anesthetics
Perioperative fluid
restriction
Urethral catheter
No

Laparoscopic
Propofol, remifentanyl and
muscle relaxant
Avoid both hypovolemia and
fluid overload
Suprapubic or urethral catheter
No

Laparoscopic
ND

Laparoscopic
ND

ND

ND

Urethral catheter
No

Urethral catheter
No

Yes

No

Yes (one)

Yes (one)

Epidural analgesia
Paracetamol, ibuprofen
Opioid if needed

Epidural analgesia
Paracetamol, diclofenac
Opioid avoided

IV PCA till POD 2

Immediately after
surgery
POD 1

Oral NSAIDs
immediately
after surgery
Opioid for 1 d if
needed
Immediately after
surgery
POD 1

Immediately after surgery
Evening of the day of surgery

Immediately after
surgery
Semi-fluid diet, POD 1

POD 1

POD 1

Immediately after surgery

Immediately after
surgery
Liquid diet in the
evening
POD 2

No drain

POD 4

No drain

POD 2

ND

As soon as possible

Immediately after
surgery
Sennoside
POD 5

Two hours after surgery

POD 1

POD 1

MgSO4 1 g two dimes daily
POD 3

MgO
ND

MgO
ND

Adequate bladder and bowel
function, ability to drink,
eat, walk without problems,
manageable pain

No remaining lines or
catheters, toleration of
solid food, passage of
stool, controllable pain,
self-care ability

ND (Recovery:
tolerance of diet for 24
h, analgesic-free, safe
ambulation, afebrile
status without major
complications)

ND

Urinary drainage
Nasogastric tube

Chen et al

Urethral catheter
Yes (orogastric tube,
removed before
extubation)
Rarely

IV PCA (12-18 h)
Ketorolac
Oral analgesia

ND
ND

Tolerance of fluids and
No fever, no
solid diet, adequate
tachycardia,
oral analgesia,
successful passage of
passage of flatus or flatus/stool, tolerance
stool, adequate home
for 3 meals/d,
support
comfort in taking oral
non-opioid analgesics,
independent
ambulation, adequate
self-care ability

ND

POD 3

ERP: Early rehabilitation program; DVT: Deep vein thrombosis; LMWH: Low-molecular-weight heparin; NSAID: Non-steroidal anti-inflammatory drug;
PCA: Patient-controlled analgesia; POD: Postoperative day; ND: Not described.

free, and afebrile status without major complications. The
sample size was based on a superiority design. All patients
were between 20 and 80 years of age and had undergone
temporary loop ileostomy with laparoscopic low anterior
resection. Protocols for perioperative care programs and
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interventions were modified from previously described
protocols for colonic surgery (Table 3). Ninety-eight patients were randomized on a 1:1 basis to an early rehabilitation or conventional care program. The recovery rates
were no different in both groups; however, more com-
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plications were observed in the rehabilitation program
group (42.3% vs 24.0%, P = 0.054), which were related
to postoperative ileus (28.8% vs 13.0%, P = 0.057), and
acute voiding difficulty (19.6% vs 4.7%, P = 0.032). Our
randomized trial did not show that an early rehabilitation
program was beneficial after laparoscopic low anterior resection. These results support those of previous studies in
that postoperative morbidity might be a major obstacle to
the ERAS in rectal cancer surgery.

tions indicate that the desirable effects of adherence to
a recommendation probably outweigh the undesirable
effects, but the panel is less confident[8]. Many items in
the recommendations are based on low or moderate level
of evidence. Some items are recommended by a high
level of evidence, such as prophylaxis against thromboembolism or preoperative bowel preparation; however,
studies on these items are based on the results of patients
undergoing open surgery or in a population undergoing
both open and laparoscopic surgery. Specific validation
for these items in patients undergoing laparoscopic rectal
resection remains insufficient.
Currently, no early rehabilitation protocol perfectly fits
all patients undergoing laparoscopic rectal surgery[2]. For
each individual patient, these guidelines, which are suggestions on the basic concept for early rehabilitation, should be
modified to optimize perioperative care, minimize postoperative morbidity, and improve overall patient outcomes.

CURRENT EVIDENCE-BASED
RECOMMENDATIONS FOR EARLY
REHABILITATION AFTER RECTAL
SURGERY
Consideration points for adopting early rehabilitation
program in rectal surgery
For the successful application of early rehabilitation programs to patients undergoing laparoscopic rectal resection, we need to recognize that colon surgery is entirely
different from rectal surgery, which requires a deep pelvic
dissection and is frequently accompanied by higher complication rates, longer hospital stay, and associated with
unique complications such as sexual dysfunction, urinary
retention, and pelvic organ injury (e.g., hypogastric nerves
and ureters) not seen in intra-abdominal colonic resection. Compared with colonic segmental resection, rectal
surgery has higher technical complexity, longer operative
times, and use of retraction known to increase perioperative morbidity[8]. Therefore, previous studies involving
early rehabilitation programs excluded patients undergoing rectal resection[1,3,4,8]. In some studies, the results
of rectal resection were mixed in the overall analysis of
the application of early rehabilitation program protocols[23,24,26,31].
The available guidelines for perioperative care in rectal surgery are currently limited[2,8]. Recently, guidelines
for perioperative care in elective rectal surgery were published by the ERAS Society, which had also published
colonic guidelines[8,16]. In these guidelines, the authors
remarked that they specifically considered the application of ERAS principles to a special population of rectal
resection patients, because of the differences between
colonic and rectal surgery. Until now, ERAS Society
recommendations seem to be the best evidence-based
guidelines for each item of the perioperative treatment
pathway. These recommendations were derived from extensive review of meta-analyses, randomized controlled
trials, and large prospective cohorts. However, these
guidelines are basically intended for open rectal surgery,
and are not focused on laparoscopic surgery. ERAS Society recommendations assess the quality of evidence
(“high”, “moderate”, “low”, “very low”), and decide the
strength of recommendations as follows: strong recommendations indicate that the panel is confident that the
desirable effects of adherence to a recommendation
outweigh the undesirable effects; and weak recommenda-
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Patient selection, counseling and risk assessment
The first step is selecting patients. Extensive discussion
with candidate patients on the entire surgical procedure
followed by early rehabilitation program may be the
most important step. This step can give patients the best
insight into the benefits and risks and motivate them to
make an effort to enhance their recovery after surgery
because the success of early rehabilitation is affected by
the active participation of the enrolled patient[2]. Previous studies and guidelines recommended direct interview,
leaflets, or multimedia as information-providing methods[8]. Generally, patients who are bedridden, severely
malnourished, and with an American Society of Anesthesia (ASA) score ≥ 3, who are planning to receive emergency rectal surgery are excluded, and any healthy patients with ASA 1-2 are included[8,32]. It is also important
to improve the patient’s medical condition by correcting
anemia, malnutrition, or hyperglycemia, and promoting
cessation of smoking and alcohol consumption at least 4
wk before surgery[33].
Bowel preparation
Mechanical bowel preparation (MBP) is considered a
necessary step before colorectal surgery, and it is believed
to decrease the risk of infectious complications and anastomotic leakage. However, several studies, including large
meta-analyses, showed no difference between the MBP
and no MBP groups on infection rates or anastomotic
leakage after colorectal surgery[8,34-36]. Some studies suggested that MBP increased dehydration and electrolyte
imbalance[37]. On the contrary, a recent multicenter randomized trial showed that overall and infectious complications were higher in the no MBP group compared
with the MBP group in patients undergoing low anterior
resection. In this study, a non-significant trend to a twofold higher risk of anastomotic leak (19% in no MBP vs
11% in MBP) was also observed[38]. Current guidelines
support omitting MBP in colonic surgery but indicate
insufficient evidence supporting this omission in rectal
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surgery[8,39,40]. There has been no study on MBP efficacy
in the context of early rehabilitation programs. The Society of American Gastrointestinal and Endoscopic Surgeons Guidelines comments that MBP may be helpful in
laparoscopic colorectal surgery, because it can make laparoscopic colorectal manipulation easier[40]. Further studies
comparing MBP with no MBP in patients undergoing
laparoscopic rectal surgery are necessary.

only for success of early rehabilitation, but also postoperative morbidity, readmission, and overall outcomes. To
promote bowel motility after abdominal surgery, several
methods have been evaluated, including gum chewing,
oral magnesium oxide, and bisacodyl suppositories[51-54].
These methods have been reported to reduce time to
bowel movement by 1-2 d, but there was no effect in the
length of hospital stay or overall outcomes. However,
the association of these medications with anastomotic
dehiscence has not been addressed in a randomized trial
of sufficient size. Furthermore, anastomotic leakage and
temporary stoma should be considered in the use of
stimulant laxatives after rectal surgery. Ileostomy has been
reported as an independent risk factor for postoperative
ileus, which developed in 22.8% of patients[55]. Our previous randomized controlled trial to evaluate the efficacy
of an early rehabilitation program after laparoscopic
rectal surgery also indicated a similar result, showing that
a rehabilitation program introducing an early oral diet
could increase postoperative ileus. Thus, further studies
are necessary[30].

Postoperative pain
Postoperative analgesia is critical to enhance patient recovery because it directly affects early ambulation and
patients comfort. Postoperative analgesia requires a multimodal approach consisting of the collaboration of the
patient, surgeon, nurse, anesthesiologist and pain specialist[2]. Patient-controlled opioid analgesia (PCA) usually
shows satisfactory result after rectal surgery[41]. However,
PCA has some side effects influencing early recovery of
patients, such as nausea, vomiting, and prolongation of
postoperative ileus as well as sedation and respiratory
suppression[2].
Two recent guidelines recommended continuous
epidural analgesia (CEA) for open rectal surgery during
48-72 h, with intravenous administration of lidocaine in
view of the superior efficacy of pain relief compared
with systemic opioids[2,8,42]. CEA has the benefit of delivering a combination of local and opioid analgesia directly
to the dorsal horn of the spinal cord, thus providing pain
relief without systemic opioid effects[43]. However, this
method involves an invasive procedure for catheter insertion and has some side effects, including pruritus, urinary
retention, and arterial hypotension[44]. Some authors have
advocated CEA use in the context of early rehabilitation
in patients without contraindications[45,46]. They have suggested that the superiority of CEA seems to be greatest
in the first 2-3 d postoperatively, and thus, routine removal of CEA after 2 or 3 d postoperatively may be a useful
strategy. Some studies have shown that, in laparoscopic
approaches that use only several small incisions instead
of a single, large vertical incision from the umbilicus
down, continuous intravenous infusion of lidocaine or
PCA, as alternatives for CEA, also provide good pain relief in the first 24 h with a similar time to return of bowel
function or length of hospital stay[8,47].

CONCLUSION
Early rehabilitation combined with laparoscopic rectal
surgery is a feasible alternative in some selected patients,
but indications have not been established. Current evidence fails to support the safety of early rehabilitation
combined with laparoscopic rectal surgery compared to
that reported for laparoscopic colonic surgery. Longterm outcomes, which might be affected by postoperative complications, in patients with malignant disease are
unknown after laparoscopic rectal surgery followed by
an early rehabilitation program. More data from well-designed clinical trials should be accumulated for widening
the adoption of early rehabilitation programs to patients
undergoing laparoscopic rectal surgery.
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Core tip: Celiac disease (CD) is an autoimmune disorder induced, in genetically predisposed people, by
the ingestion of proteins rich in proline and glutamine.
The aim of this review is to focus on the new endoscopic tools and techniques developed over the last
years which can be useful in the diagnosis and the
follow-up of CD.

Celiac disease (CD) is an autoimmune disease of the
small bowel induced by ingestion of wheat, rye and
barley. Current guidelines indicate histological analysis on at least four duodenal biopsies as the only way
to diagnose CD. These indications are based on the
conception of the inability of standard endoscopy to
make diagnosis of CD and/or to drive biopsy sampling.
Over the last years, technology development of endoscopic devices has greatly ameliorated the accuracy
of macroscopic evaluation of duodenal villous pattern,
increasing the diagnostic power of endoscopy of CD.
The aim of this paper is to review the new endoscopic
tools and procedures proved to be useful in the diagnosis of CD, such as chromoendoscopy, Fujinon
Intelligent Chromo Endoscopy, Narrow Band Imaging,
Optical Coherence Tomography, Water-Immersion
Technique, confocal laser endomicroscopy, high-resolution magnification endoscopy, capsule endoscopy
and I-Scan technology.

INTRODUCTION
Celiac disease (CD) is an autoimmune disorder induced,
in genetically predisposed people, by the ingestion of
proteins rich in proline and glutamine. It occurs in adults
and children with an average prevalence of about 1%
of the population. CD is characterized by an inflammatory reaction, primarily in the upper small intestine, with
features of infiltration of the lamina propria and the
epithelium with chronic inflammatory cells and progressive villous atrophy[1,2]. At the state of the art the role of
serology is becoming more and more important, so that,
according to the European Society for Paediatric Gastroenterology, Hepatology, and nutrition guidelines, diagnosis of celiac disease can be performed without histology
in some selected situations-such as the presence, in children, of human leukocyte antigen-DQ2, high titers of

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Celiac disease; Malabsorption syndrome;
Duodenum; Diagnostic techniques and procedures;
Endoscopy; Chromoendoscopy; Fujinon intelligent

WCG|www.wjgnet.com

2024

January 28, 2014|First Edition|

Ianiro G et al . New endoscopic tools for celiac disease

A

B

Figure 1 Histological appearance respectively. A: Normal duodenal pattern; B: Celiac disease.

anti-tissue transglutaminase antibodies and the positivity
of anti-endomysial antibodies[3]. However, current guidelines indicate histological analysis as the gold standard
for the diagnosis of CD: specific pathological features
are infiltration of the lamina propria, crypt hyperplasia
and villous atrophy, classified according to the Marsh
classification and its modifications[4-8] (Figure 1). To perform a correct diagnosis, biopsy specimens have to be
well oriented, and of good quality. From 4 to 6 duodenal
biopsies, including a bulb biopsy, are required to make
diagnosis of CD, even because villous atrophy can be
unequally distributed -that is the so-called “patchy atrophy”[7,9-13].
Anyway, the diagnosis of CD can also be missed if
the disease is not suspected and biopsy sampling not performed. So, in such situations, the role of the endoscopist becomes crucial, because of the strong importance
of the macroscopic appearance of the duodenum[14-16].

WATER-IMMERSION TECHNIQUE
The water-immersion technique is a easy, prompt and
safe procedure of enhancement of duodenal villous
pattern during a conventional upper endoscopy. Our
group developed this technique as a method to emphasize the visualization of duodenal villi[28], and then
modified it to make it helpful in clinical practice[29]. The
mechanism of the water-immersion technique is very
simple, comprising, at first, the removal of air from
the duodenal lumen by suction, quickly followed by
the injection of 90-150 mL of water[29]. The procedure
requests about 25-30 s more than a standard upper
endoscopy, resulting very fast. Our group proved the
high accuracy of the water-immersion technique in
highlighting the duodenal villous pattern in patients
undergoing upper endoscopy for the investigation of
dyspepsia [29]. This procedure was also trialed in the
follow-up of celiac patients after gluten-free diet [30],
and also in cases with patchy villous atrophy or villous abnormality limited to the duodenal bulb[11,30], and
moreover in children with suspected CD, achieving the
same optimal diagnostic accuracy for in vivo prediction
of areas of the duodenum with villous damage[31]. The
water-immersion technique has the potential to reduce
the number of biopsy specimens, because of his power
of enhancing visualization of areas with villous atrophy
(Figure 2A, B); moreover, in patients strongly suspected from CD and with total villous atrophy at waterimmersion visualization during upper endoscopy, the
high specificity of the procedure could allow to avoid
biopsy sampling, with a considerable cost saving [32].
Furthermore, water-immersion technique shows excellent results in terms of operator learning curve, safety,
tolerability, and diagnostic accuracy[11,29-32]. In conclusion, for its facility and quickness of performance, and
because of its high reliability in evaluating the duodenal villous pattern, the water-immersion technique
could potentially be used as a routine procedure during
conventional upper gastrointestinal endoscopy, potentially pulling down the number of misdiagnosis of CD,
especially when not suspected. Trials with the waterimmersion technique has not been replicated by other

STANDARD ENDOSCOPIC FINDINGS
A number of macroscopic endoscopic markers of CD
has been identified over the years, and they include the
following: “scalloping” -that is a dented aspect- of the
duodenal folds; an absence or a reduction in number of
duodenal folds; evidence of submucosal vascular pattern;
the so-called “mosaicism”, which is a micronodular look
of the mucosa; finally, grooves and fissurations of the
mucosa[9-10,14,15]. Results about the value of these markers, however, are conflicting: among different studies,
the overall specificity and sensitivity sways from 83% to
100%, and from 6% to 94%, respectively[14,15,17-26].
This happens probably because endoscopic markers
cannot be present in milder degrees of the disease. (such
as partial villous atrophy) and absent in case of patchy
disease[12,18,19]. On the other hand, scalloped feature of
duodenal folds has a positive predictive value of 69%
for celiac disease and 96% for any duodenal mucosal
disease[27]. So, the contradictory evidences and the low
sensitivity of endoscopic markers implicates that bioptic
sampling should always be performed when the disease
is suspected, because their absence does not exclude the
diagnosis[16].
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Figure 2 Evaluation of duodenal villous pattern with the water-immersion technique, Fujinon intelligent chromo endoscopy system, capsule endoscopy,
I-scan technology. A: Presence of villi with the water-immersion technique; B: Total villous atrophy with the water-immersion technique; C: Presence of villi with Fujinon intelligent chromo endoscopy (FICE) system; D: Total villous atrophy with FICE system; E: Presence of villi with capsule endoscopy; F: Total villous atrophy with
capsule endoscopy; G: Duodenal villous pattern with I-scan technology.

groups: therefore, further data, with larger population
trials, including large multicenter studies, are required
to strengthen this evidence.

can produce magnified, high-resolution images (up to
100-135 ×), enhancing details compared to conventional
endoscopy [33,37]. They own charged computed device
chips with a density of more than 850000 pixels; standard instruments, instead, have charged computer device
chips with a density of 100000-300000 pixels. Video endoscopes can provide more and more details about the
mucosal surface than conventional ones[38]. The association of indigo carmine-chromoendoscopy and magnification endoscopy in the evaluation of duodenal villous
pattern was experienced by Siegel et al[39]: this combination showed a sensitivity and specificity of 94% and
88%, respectively for the detection of any villous alteration, and was especially helpful in documenting partial
villous atrophy. In a following study, neither this combination technique nor each technology alone showed ad-

CHROMOENDOSCOPY AND HIGH-RESOLUTION MAGNIFICATION ENDOSCOPY
The efficacy of dye-staining chromoendoscopy with
indigo carmine or methylene blue in enhancing the
visualization of the mucosal surface is nowadays well
known[33,34]. The usefulness of chromoendoscopy with
indigo carmine for the evaluation of celiac disease was
proved yet in 1976[35]. However, this evidence was not
confirmed in a latter study[36]. A new generation of endoscopic tools-the ‘‘magnification’’ or ‘‘zoom’’ endoscopes-
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vantage compared to standard endoscopy in identifying
duodenal lesions such as polyps or hyperplastic Brunner’
s glands, but anyway authors recognized the role of
this combination in case of suspected CD[40]. The role
of zoom endoscopy, with a total immersion technique
(instillation of 10 mL of water), in the diagnosis of CD
was analyzed in 2005[41]: a sensitivity of 90.7%, specificity of 62.9%, a positive predictive value of 83% and a
negative predictive value of 77.2% for the diagnosis of
any degree of villous atrophy resulted; diagnosis of total
villous atrophy was better performed than diagnosis of
partial villous atrophy. Cammarota et al[42] investigated
the combination of magnification endoscopy and waterimmersion technique in subjects with suspected duodenal disease, showing a concordance of 100% with histopathology for detecting the absence or the presence of
villi. The sensitivity, specificity, positive predictive value
and negative predictive value for the detection of total
villous atrophy were all 100%, and quite lower for the
diagnosis of partial villous atrophy and normal villous
patterns. According to other reports, magnification endoscopy could play a role in the detection of patchy villous atrophy[43,44]. In conclusion, enhanced magnification
endoscopy, a technique that combines use of acetic acid
instillation with magnification endoscopy, has showed a
better accuracy in the evaluation of duodenal mucosal
pattern than conventional endoscopy[45].

with a sensitivity and specificity in detecting villous atrophy of 93.3% and 97.8% respectively, and a sensitivity
and specificity in grading villous atrophy of 83.3% and
100%.

OPTICAL COHERENCE TOMOGRAPHY
Optical coherence tomography (OCT) had its debut in
medicine in 1991, and nowadays is a cornerstone in ophthalmology, for the usefulness in the evaluation of the
retina and atheromasic plaques[55]. The mechanism of
OCT is very similar to that of B-mode ultrasonography:
OCT detects the echo time delay and the magnitude
of back-scattered light waves from various structural
tissue features, using interferometry to measure backscattered light because the delays of reflected light are
too little for a direct electronic measurement[55-57]. The
images performed by OCT resemble those generated
by B-mode ultrasound and endoscopic ultrasonography;
however, the resolution of OCT is better (5-10 mm)because of the use of light instead of sound waves-,
closer to the histological images[55,56,58]. So, OCT allows
the study of the proximal layers of gastrointestinal (GI)
wall, and may be helpful in the early diagnosis of neoplasms[57]. The usefulness of OCT has been proved yet
in the study of GI malignancies[59,60], Barrett’s esophagus
and dysplasia[61-67], pancreatic and biliary ducts[68,69], and
other diseases. Preliminary reports from Masci et al[70-72],
the use of OCT in vivo during real-time endoscopic imaging generated promising results for the evaluation of
duodenal villous morphology. These authors, in fact,
found total concordance between OCT and histology
results for the evaluation of villous morphology in both
patients with CD and healthy individuals, also in children, exactly identifying, furthermore, different degrees
of villous atrophy.

FUJINON INTELLIGENT CHROMO ENDOSCOPY SYSTEM
Fujinon intelligent chromo endoscopy system or optimal band imaging (also known as multiband imaging) is
able to assure the same contrast enhancement power of
the standard chromoendoscopy, but in a virtual manner.
This technology is based on the selection of particular
wavelengths from a reflected light signal, resulting in an
establishment of digitally created, enhanced images[46].
The usefulness of FICE technology has been successfully proved in Barrett’s metaplasia, early gastric cancer,
small colorectal tumors[47-49]; moreover, it has showed a
great accuracy (100%) for the evaluation of duodenal
villi and for the depiction of duodenal villous patterns in
CD[50] (Figure 2C, D).

CONFOCAL LASER ENDOMICROSCOPY
Confocal laser endomicroscopy, or confocal endomicroscopy, is a novel technology that allows an in-vivo microscopy of the human gastrointestinal mucosa during upper or lower endoscopy[73,74]. Endomicroscopy has been
applied in a number of gastrointestinal diseases, and also
in CD[73-77]. In particular, in the experience of Zambelli
et al[76], the images obtained by confocal endomicroscopy
and histology were similar, both for negative subjects
and for celiac patients; moreover, in celiac patients confocal endomicroscopy was able to identify moderate-tosevere villous atrophy, but quite less to visualize the crypt
hyperplasia and flogistic infiltration. In a case report, CD
was diagnosed in vivo by confocal endomicroscopy on
the basis of the presence of complete villous atrophy
and a rise of intraepithelial lymphocytes[77].

NARROW BAND IMAGING
Narrow-band imaging (NBI) is a new endoscopic
technique that allows evaluation of minimal mucosal
alterations. NBI uses a narrowed wavelength of light,
deriving from the narrowing of the bandwidths of
the blue and green filters. This particular wavelength
of light is greatly absorbed by hemoglobin, enhancing
the visualization of microvascular pattern. It also has a
quite deeper superficial penetration than standard white
light[51,52]. The efficacy of NBI has been proved in the
endoscopic evaluation of a number of diseases, among
which also in CD[53,54]. According to Singh et al[54], NBI
technique is able to detect and grade villous atrophy,
WCG|www.wjgnet.com
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gastrointestinal bleeding is the strongest indication for
capsule endoscopy[78]; however, recent evidences point
out new, intriguing purposes and indications: in particular, regarding the object of this review, the role of capsule endoscopy in the diagnosis and follow-up of CD is
growing up quickly[79-91]. The optical system of the capsule possesses a 8-folds magnification power, that allows
to easily evaluate the duodenal villous pattern (Figure
2E, F). Moreover, it allows an evaluation of the small intestine along its whole length. Capsule endoscopy seems
to be able to recognize the endoscopic markers of celiac
disease described in the literature, such as scalloping and
reduction in number of duodenal plicae, nodularity and
mosaic pattern of mucosa[81,82,86,87].
In an initial multicenter trial, capsule endoscopy had
an excellent reported sensitivity and specificity of 87.5%
and 90.9%, respectively, for the detection of villous atrophy as compared with the criterion standard of duodenal histology[84], but such promising data have not been
confirmed in the series presented by the same group[85].
Summarizing the most important studies about the role
of capsule endoscopy in CD, it counts a high sensitivity (range, 70%-95.2%), a quite less high specificity
(range, 63.6%-100%) and high positive predictive value
(96.5%-100%), but a lower negative predictive value
(71.4%-88.9%)[82,83,85,88]. These results are cheerful, but
the relatively low negative predictive value indicates that
CD can’t be surely excluded by a negative evaluation at
capsule endoscopy.
It should be noted that there is not an overall high degree of agreement between investigators (range 0.41-0.87),
and it probably denotes a difficulty in evaluating correctly
villous atrophy even if operators are well-experienced in
video capsule enteroscopy.
However, the use of capsule endoscopy could be considered in patients with positive tissue transglutaminase
or anti-endomysial antibodies who are unable or unwilling to perform an upper endoscopy[89], and also for the
evaluation of the whole small bowel in patients with
positive antibodies and duodenal histology negative
for CD, even if regarding evidences don’t confirm this
hypothesis[90]. More realistically, capsule endoscopy can
be very useful in case of suspected refractory or complicated CD. In particular, capsule endoscopy can detect
alterations such as malignancy or ulcerative jejunitis in
refractory celiac disease (RCD) type Ⅱ, but evidences
are not so bright regarding RCD type Ⅰ[91].

areas, enhancing minute irregularities on the mucosal
depressed areas. Both enhancement functions work in
real time without impairing the original color of the organ. TE separates and analyzes the individual red, green
and blue components of a normal image; the algorithm
then alters the color frequencies of each component, recombining the components to a single, new color image.
For SE and CE, it is possible to switch among three enhancement levels (low, medium and high). At now, three
types of TE are available: TE-e (for esophagus), TE-g (for
stomach) and TE-c (for intestine). Switching the levels
or modes of enhancements can be done on a real-time
basis, without any time lag, by pushing a relevant button.
I-scan technology has been applied to several field of
interest in gastrointestinal endoscopy, such as colorectal
lesions[93-97], Whipple’s disease[98], gastroesophageal reflux
disease[99-101], Barrett’s esophagus[102]. Recently, our group
has experienced I-scan technology for the evaluation of
duodenal villous pattern[103], with the following results:
I-scan system was demonstrated to have great accuracy
(100%) in the detection of marked villous atrophy patterns and quite lower accuracy in determining partial
villous atrophy or normal villous patterns (respectively,
90% for both items) (Figure 2G).
Therefore, I-scan technology seems to be a reliable
tool also for the diagnosis of CD. Obviously, further,
larger studies are needed to confirm this feeling.

CONCLUSION
The recent advances in terms of technology and techniques of endoscopy, reviewed above, can certainly improve our diagnostic possibilities in the evaluation of CD,
and should not be ignored, but accepted with wisdom.
Surely, it is important to perform these tools in appropriate endoscopic centers, owning good equipment and
enough expertise. Moreover, in a hypothetic world without biopsy sampling, but with a virtual histological analysis, a gastroenterologist can not absolutely brush aside a
solid histological training. Therefore the most realistic scenario is not a replacement, but an interaction between endoscopic and histological analysis: a similar “joint-venture”
might knock down misdiagnoses and reduce overall costs
of diagnostic course of CD: large, randomized trials, also
with cost analyses and clinical outcome evaluations, are
needed to carry out this concept.
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Clinical features of gastroduodenal injury associated with
long-term low-dose aspirin therapy
Junichi Iwamoto, Yoshifumi Saito, Akira Honda, Yasushi Matsuzaki
between ulcer and non-ulcer groups in the frequency
and severity of symptoms such as nausea, acid regurgitation, heartburn, and bloating. It has been shown
that the ratios of ulcers located in the body, fundus and
cardia are significantly higher in bleeding patients than
the ratio of gastroduodenal ulcers in patients taking
LDA. Proton pump inhibitors reduce the risk of developing gastric and duodenal ulcers. In contrast to NSAIDinduced gastrointestinal ulcers, a well-tolerated histamine H2-receptor antagonist is reportedly effective in
prevention of LDA-induced gastrointestinal ulcers. The
eradication of H. pylori is equivalent to treatment with
omeprazole in preventing recurrent bleeding. Continuous aspirin therapy for patients with gastrointestinal
bleeding may increase the risk of recurrent bleeding
but potentially reduces the mortality rates, as stopping
aspirin therapy is associated with higher mortality rates.
It is very important to prevent LDA-induced gastroduodenal ulcer complications including bleeding, and every
effort should be exercised to prevent the bleeding complications.
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Abstract
Low-dose aspirin (LDA) is clinically used for the prevention of cardiovascular and cerebrovascular events with
the advent of an aging society. On the other hand, a
very low dose of aspirin (10 mg daily) decreases the
gastric mucosal prostaglandin levels and causes significant gastric mucosal damage. The incidence of LDAinduced gastrointestinal mucosal injury and bleeding
has increased. It has been noticed that the incidence of
LDA-induced gastrointestinal hemorrhage has increased
more than that of non-aspirin non-steroidal anti-inflammatory drug (NSAID)-induced lesions. The pathogenesis related to inhibition of cyclooxygenase (COX)-1
includes reduced mucosal flow, reduced mucus and bicarbonate secretion, and impaired platelet aggregation.
The pathogenesis related to inhibition of COX-2 involves
reduced angiogenesis and increased leukocyte adherence. The pathogenic mechanisms related to direct
epithelial damage are acid back diffusion and impaired
platelet aggregation. The factors associated with an increased risk of upper gastrointestinal (GI) complications
in subjects taking LDA are aspirin dose, history of ulcer
or upper GI bleeding, age > 70 years, concomitant
use of non-aspirin NSAIDs including COX-2-selective
NSAIDs, and Helicobacter pylori (H. pylori ) infection.
Moreover, no significant differences have been found
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INTRODUCTION
Low-dose aspirin (LDA) is clinically used for the prevention of cardiovascular and cerebrovascular events with
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the advent of an aging society[1-6]. Worldwide trials of
antiplatelet therapy have demonstrated that an antiplatelet regimen (such as aspirin 75-325 mg/d) offers worthwhile protection against myocardial infarction, stroke,
and death.
On the other hand, a very low dose of aspirin (10 mg
daily) decreases the gastric mucosal prostaglandin levels
and causes significant gastric mucosal damage[7]. The incidence of LDA-induced gastrointestinal (GI) mucosal
injury has increased[8-11]. This review focuses on the clinical characteristics of LDA-induced GI ulcer or erosion
and bleeding, including incidence, mechanism, risk of
bleeding, clinical manifestations, risk factors, endoscopic
features, prevention, and treatment.

showed that mucosal injuries occurred in 61.4% and
gastroduodenal ulcers in 18.8% of 101 LDA users with
ischemic heart disease who were not receiving antiulcer
treatment[15]. In another investigation, screening upper
endoscopic examinations were prospectively performed
on 236 patients with ischemic heart disease, and mucosal
defects were found in 92 of 190 (48.4%) users of LDA
and in 6 of 46 (13.0%) non-users[16].
Taha et al[17] have investigated the efficacy of famotidine in prevention of peptic ulcers and erosive esophagitis in patients receiving LDA. They showed that gastric
ulcers had developed in 3.4% of patients treated with
famotidine and in 15.0% of patients on placebo, while
duodenal ulcers had developed in 0.5% and 8.5%, respectively. Other previous reports have examined the efficacy
of esomeprazole as compared with placebo in prevention of peptic ulcers in patients who were at risk for ulcer
development taking low-dose acetylsalicylic acid (ASA).
These studies have shown that esomeprazole significantly
reduced the cumulative proportion of patients with peptic ulcers, and that 7.4% of placebo recipients developed
peptic ulcers[18]. These studies have revealed not only the
efficacy of famotidine or esomeprazole but also the incidence of gastroduodenal ulcer in patients taking longterm LDA without anti-ulcer drugs.
A clinical investigation examined the efficacy of lowdose lansoprazole in the secondary prevention of LDAassociated gastric or duodenal ulcers, and showed that
the cumulative incidence of gastric or duodenal ulcers
was 3.7% in the lansoprazole group and 31.7% in the
placebo group. This investigation indicated that the incidence of gastric or duodenal ulcers was 31.7% in patients
with a definite history of gastric or duodenal ulcers who
required long-term LDA therapy[19].
The incidence rates of upper GI events in LDA users
are summarized in Table 1.

CLINICAL FEATURES OF LDA-INDUCED
GI INJURY
Incidence of LDA-induced GI ulcer and bleeding
The incidence of upper GI damage in patients taking
long-term LDA has been investigated. In a multicenter
investigation, Yeomans et al[12] found that the prevalence
rates of ulcer and erosion were 10.7% and 63.1%, respectively, in 187 patients taking long-term LDA, and that
the incidence rates of ulcer and erosion in 113 patients
followed up for 3 mo were 7.1% and 60.2%, respectively,
indicating that GI ulcers develop in one in 10 patients
taking LDA.
The annual incidence of serious upper GI ulcer
bleeding among Japanese patients taking LDA or nonaspirin non-steroidal anti-inflammatory drugs (NSAID)
was investigated. The pooled incidence rate of bleeding was 2.65% (range: 2.56%-2.74%) and 1.29% (range:
1.27%-1.31%) per 1000 patient years for LDA and nonaspirin NSAID users, respectively[13]. Niv et al[14] have
investigated, using esophagogastroduodenoscopy, 46
asymptomatic patients taking LDA and they detected
ulcer or erosions in 22 patients, erosive gastroduodenitis
in 13, gastric ulcer in 14, duodenal ulcer in 2, and gastric
and duodenal ulcers in 2, suggesting that esophagogastroduodenoscopy is important for LDA users, even
the asymptomatic patients. The incidence and factors
influencing the occurrence of upper GI bleeding in 903
consecutive patients taking LDA were analyzed. The results revealed that 4.5% of patients presented with upper
GI bleeding requiring hospitalization during follow-up,
and the incidence of upper GI bleeding was 1.2 per 100
patient years[9]. The incidence rates of upper GI bleeding in 27  694 users of LDA were analyzed, and a total of
207 exclusive users of LDA experienced a first episode
of upper GI bleeding. The standardized incidence rate of
upper GI bleeding among LDA users was 2.6% (range:
2.2%-2.9%), and the standardized incidence rate for combined use of LDA and other NSAIDs was 5.6% (range:
4.4%-7.0%)[10].
The frequency of gastroduodenal injuries associated with LDA use for prevention of cardiovascular and
cerebrovascular events were investigated. The results
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Mechanism of LDA-induced gastroduodenal mucosal
damage
The mechanism of action of NSAIDs or LDA can be
subdivided into local action and systemic action, and
several mechanisms have been reported in a previous review[20] (Figure 1). The pathogenesis related to inhibition
of cyclooxygenase (COX)-1 includes reduced mucosal
flow, reduced mucus and bicarbonate secretion, and impaired platelet aggregation. The pathogenic mechanisms
involved in inhibition of COX-2 are reduced angiogenesis
and increased leukocyte adherence. The pathogenesis related to direct epithelial damage involves acid back diffusion and impaired platelet aggregation. Aspirin is a more
potent inhibitor of COX-1 than of COX-2[20] (Figure１).
Both the direct effect of aspirin on the GI mucosa
and the systemic effect related to reduction of prostaglandin level are suggested to contribute in the pathogenesis of LDA-induced GI mucosal damage[7]. Some
researchers have suggested that reduction in the ability
of the gastric mucosa to synthesize prostaglandin E2 and

2034

January 28, 2014|First Edition|

Iwamoto J et al . Low-dose aspirin-induced gastroduodenal injury
Table 1 Incidence of upper gastrointestinal events in low-dose aspirin users
Ref.

Subjects

Yeomans et al[12]
Ishikawa et al[13]
Niv et al[14]
Taha et al[17]
Scheiman et al[18]
Sugano et al[19]
Serrano et al[9]
Sorensen et al[10]
Nema et al[15]

187
1657
46 asymptomatic
200
2426 high risk
235 with a history of ulcer
903
27  694
101

Nema et al[16]

190

GI event

Incidence rate

Gastroduodenal
Gastroduodenal
Gastroduodenal
Gastroduodenal ulcer or erosion
Gastroduodenal ulcer
Gastroduodenal ulcer
Gastroduodenal ulcer
Upper GI bleeding
Upper GI bleeding
Gastroduodenal mucosal injury
Gastroduodenal ulcer
Gastroduodenal mucosal defects

10.7%
63.1%
2.65 (95%CI: 2.56-2.74) per 1000 patient years
47.83%
23.5%
7.4%
31.7%
1.2 per 100 patient years
2.6 (95%CI: 2.2-2.9)
61.4%
18.8%
48.4%

GI: Gastrointestinal.

NSAID

COX-1

Reduced
mucosal
blood flow

Reduced
mucus and
bicarbonate
secretion

Impaired
platelet
aggregation

COX-2

Reduced
angiogenesis

Increased
leukocyte
adherence
Epithelial
damage

Impaired
defence

Impaired
defence

Impaired
healing

Impaired
defence

Mucosal injury

Figure 1 Pathogenesis of non-steroidal anti-inflammatory drug-induced gastric injury. Non-steroidal anti-inflammatory (NSAID) drugs induce injury via three
key pathways: inhibition of cyclooxygenase (COX)-1 activity, inhibition of COX-2 activity, and direct cytotoxic effects on the epithelium. Aspirin is a more potent inhibitor of COX-1 than of COX-2[20].

the consequent side effects result in injury of the gastric
mucosa following aspirin use[21].
Gastric damage in rats induced by a selective COX-1
inhibitor (SC-560) and a selective COX-2 inhibitor (celecoxib) were investigated. SC-560 alone or celecoxib alone
did not cause gastric damage, whereas the combination
of SC-560 and celecoxib invariably caused hemorrhagic
erosion. This study suggested that inhibition of both
COX-1 and COX-2 is required for NSAID-induced gastric injury in the rat[22].
Another study demonstrated that COX-1-deficient
mice survived well and had no gastric pathology, indicating that inhibition of both COX-1 and COX-2 was required for NSAID-induced gastric injury[23].
A previous review has suggested a mechanism of
LDA-induced gastroduodenal mucosal injury, claiming
that ion trapping and back diffusion of hydrogen ions
lead to gastric erosion and bleeding; this is known as the
hypothesis of NSAIDs’ dual insult on the stomach[24].
It has been suggested that NSAID-induced neu-
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trophil adherence is associated with NSAID-induced
GI mucosal damage. The neutrophil adherence to the
vascular endothelium could lead to obstruction in the
capillaries with consequent reduction of blood flow in
the gastric mucosa. The increased production of oxygenderived free radicals and the liberation of proteases are
also associated with NSAID-induced mucosal damage[25].
Risk of upper GI injury and bleeding associated with
long-term use of LDA
A previous investigation has evaluated the long-term effects of individual doses of aspirin (10 mg, 81 mg, or 325
mg daily for 3 mo) on the GI tract, and revealed that a
very low dose of aspirin (10 mg daily) decreased the gastric mucosal prostaglandin levels and caused significant
gastric mucosal damage[7].
Other researchers studied the characteristics of patients with acute upper GI hemorrhage at 3 time points
over a 6-year follow-up period, and revealed that the incidence of hemorrhage in patients taking LDA increased
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been investigated. Hallas et al[33] have assessed the risk of
serious upper GI bleeding in patients taking LDA alone
or in combination with other antithrombotic drugs. This
investigation demonstrated that the adjusted odds ratios
associating drug use with upper GI bleeding were 1.8
(range: 1.5-2.1) for LDA, 1.1 (range: 0.6-2.1) for clopidogrel, 1.9 (range: 1.3-2.8) for dipyridamole, and 1.8 (range:
1.3-2.4) for vitamin K antagonists. Furthermore, they
have shown that the adjusted odds ratios associated with
combined use were 7.4 (range: 3.5-15) for clopidogrel
and aspirin, 5.3 (range: 2.9-9.5) for vitamin K antagonists
and aspirin, and 2.3 (range: 1.7-3.3) for dipyridamole and
aspirin[33]. The higher risk of upper GI bleeding in patients receiving LDA and other antithrombotic drugs was
revealed.

from 15 per 100  000 of the population per annum to 18
and 27, and that the respective incidence rates in patients
taking other anti-thrombotic drugs were 4, 8, and 12, respectively. On the other hand, no significant change was
found in NSAID users. This study has suggested that the
rate of LDA-induced GI hemorrhage is higher than that
of non-aspirin NSAID-induced lesions[26]. A previous
case-control study demonstrated that the percentages of
regular users of aspirin regimens (300 mg daily or less)
among patients with gastric or duodenal ulcer bleeding,
hospital and community controls were 12.8%, 9.0%, and
7.8%, respectively, concluding that the regular users of
aspirin regimens were at risk for gastric or duodenal ulcer
bleeding[27].
A case-control study in Japan has shown that the odds
ratio (OR) of upper GI bleeding was 5.5 for aspirin and
6.1 for non-aspirin NSAIDs, indicating that the risk of
upper GI bleeding in the cases taking LDA is almost similar to the risk in the cases taking non-aspirin NSAIDs[28].
A meta-analysis of 24 randomized controlled trials
has evaluated the incidence of GI hemorrhage associated
with long-term aspirin therapy to determine the effect
of dose reduction and formulation on the incidence of
hemorrhage. This meta-analysis revealed that GI hemorrhage occurred in 2.47% of patients taking aspirin as
compared with 1.42% taking placebo. This study suggested that long-term therapy with aspirin is associated with
a significant increase in the incidence of GI hemorrhage,
and no evidence was found supporting the proposal that
reducing the dose or using modified release formulations would reduce the incidence of GI hemorrhage[29].
Another meta-analysis of 6 trials investigated the benefits
and GI risk of aspirin use for secondary prevention of
cerebrovascular and cardiovascular diseases. It was shown
that aspirin reduced all-cause mortality by 18%, the number of strokes by 20%, myocardial infarctions by 30%,
and other vascular events by 30%. It was further demonstrated that patients who took aspirin were 2.5 times
more likely than those in the placebo group to have GI
tract bleeding, concluding that aspirin use for secondary
prevention of thromboembolic events has a favorable
benefit-to-risk profile[30].
A previous investigation has demonstrated that following percutaneous coronary intervention, long-term
(one year) clopidogrel therapy significantly reduced the
risk of adverse ischemic events, indicating the efficacy of
clopidogrel therapy in such cases[31].
The risk of major upper gastrointestinal bleeding
associated with various antiplatelet drugs has been examined, and the results revealed that the individual risks of
upper GI bleeding were 4.0% (range: 3.2%-4.9%) with
acetylsalicylic acid, 2.3% (range: 0.9%-6.0%) with clopidogrel, 0.9% (range: 0.4%-2.0%) with dipyridamole, and
3.1% with ticlopidine (range: 1.8%-5.1%), suggesting that
not only acetylsalicylic acid but also the other various antiplatelet drugs have some risk for upper GI bleeding[32].
The risk of upper GI bleeding following the combined use of LDA and other antithrombotic drugs has
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Risk factors for LDA-induced GI damage and bleeding
A previous investigation demonstrated that at doses below 163 mg/d, GI hemorrhage occurred in 2.30% of
patients taking aspirin as compared with 1.45% taking
placebo, and that with modified release formulations of
aspirin, the odds ratio was 1.93, indicating that reducing
the dose or using modified release formulations would
not reduce the incidence of GI hemorrhage[29].
Another report examined the association between
taking LDA and the risk of symptomatic ulcer. The authors demonstrated that the relative risk was 2.9 (range:
2.3-3.6) for aspirin (75 mg) users as compared with nonusers, and that the relative risk was similar for doses up to
300 mg daily[34].
On the other hand, a multivariate analysis examined
the risk factors for LDA-related upper GI bleeding, and
showed that higher doses of aspirin increased the risk of
upper GI bleeding, suggesting a dose-dependent risk for
aspirin[9].
A multicenter case-control study investigated 550 incident cases of upper GI bleeding admitted into hospital
with melena or hematemesis and confirmed by endoscopy, in comparison with 1202 controls identified from
population census lists about the use of aspirin. This
study demonstrated that the relative risks of upper GI
bleeding for plain, enteric-coated, and buffered aspirin at
average daily doses of 325 mg or less were 2.6, 2.7, and
3.1, respectively, and at doses greater than 325 mg, the
relative risk was 5.8 for plain and 7.0 for buffered aspirin[35]. Another investigation disclosed that the risk of upper GI bleeding was similar among users of non-coated
LDA and coated LDA[10]. It was also suggested in another
study that the risk of gastroduodenal ulcer was similarly
elevated for both regular and enteric-coated preparations
of LDA[34]. These clinical reports revealed no important
differences in risk among the three aspirin forms.
Some studies have been designed to identify patients
who are most likely to have adverse events of NSAID
therapy. The established risk factors for development of
NSAID-associated gastroduodenal ulcers were reportedly
advanced age, history of ulcer, concomitant use of corticosteroids, higher dose of NSAID including the use of
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of coxibs tended to disappear[40]. The Celecoxib Longterm Arthritis Safety Study has shown that for patients
not taking aspirin, the annual incidence rates of upper GI
ulcer complications alone and combined with symptomatic ulcers for celecoxib were 0.44% and 1.40%, respectively, and for patients taking aspirin, the corresponding
rates were 2.01% and 4.70%, respectively. These results
suggested that celecoxib was associated with a lower incidence of GI toxicity, but that the risk increased with
concomitant use of LDA[41].
Although coxibs tend to present a lower risk of upper GI complications than NSAIDs overall, aspirin is
a strong effect modifier, abolishing completely the GI
safety advantage of coxibs over NSAIDs, suggesting that
concomitant use of COX-2 inhibitor and LDA increases
the risk of upper GI complications[42].

more than one NSAID, concomitant administration of
anticoagulants, and serious systemic disorders, while possible risk factors were reportedly concomitant infection
with Helicobacter pylori (H. pylori), cigarette smoking, and
consumption of alcohol[36].
The risk factors for upper GI bleeding or peptic ulcer
in patients taking LDA have been suggested in a previous
investigation. A clinical study evaluated the risk predictors
of gastroduodenal ulcers during treatment with vascular
protective doses of aspirin, and suggested that older age
and H. pylori infection increased the risk of gastroduodenal ulcers[12].
A multivariate analysis examined the risk factors for
LDA-related upper GI bleeding, and showed that a history of peptic ulcer or upper GI bleeding correlated with
higher risk of upper GI bleeding. On the other hand,
antisecretory and nitro-vasodilator drugs correlated with
a decreased risk[9]. It has been suggested that the factors
associated with an increased risk of upper GI complications in subjects taking LDA are aspirin dose, history of
ulcer or upper GI bleeding, age > 70 years, concomitant
use of non-aspirin NSAIDs including COX-2-selective
NSAIDs, and H. pylori infection[8].
A previous cohort study investigated the incidence
rates of upper GI bleeding in 27  694 users of LDA as
compared with the incidence rates in the general population. This study disclosed that the standardized incidence
rate ratio was 2.6 (range: 2.2-2.9), and the standardized
incidence rate ratio for combined use of LDA and other
NSAIDs was 5.6 (range: 4.4-7.0), indicating the higher
risk of combined use of LDA and other NSAIDs[10].
Many investigators have reported the relationship
between H. pylori infection and use of NSAIDs in the
pathogenesis of gastroduodenal ulcer, and this is still
controversial. A meta-analysis of 25 studies has shown
that both H. pylori infection and use of NSAIDs independently and significantly increase the risk of peptic ulcer
and ulcer bleeding, concluding that there is synergism
for the development of peptic ulcer and ulcer bleeding
between H. pylori infection and NSAID use[37]. Another
previous study investigated whether H. pylori increases
the risk of upper GI bleeding in patients taking LDA,
evaluating the role of H. pylori infection and other clinical
factors. The results revealed that H. pylori infection was
an independent risk factor of upper GI bleeding in this
population (OR: 4.7, range: 2.0-10.9)[38]. On the other
hand, another previous report has demonstrated that H.
pylori-infected patients were less likely to have any gastric
erosion than the non-infected, indicating that H. pylori infection may partially protect against LDA-induced gastric
erosion[39].
A previous case-control study investigated the risk
of peptic ulcer and upper GI bleeding associated with
the use of coxibs, traditional NSAIDs, aspirin, or combinations of these drugs. This study demonstrated that
the risk associated with coxib use for upper GI bleeding
was less than that of non-selective NSAIDs. This report
revealed that with combined use of LDA, the lower risk
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Clinical manifestations of LDA-induced gastroduodenal
injury
Previous studies have demonstrated a correlation between clinical manifestations and ulcers in patients taking LDA. In a multicenter investigation, Yeomans et al[12]
demonstrated that the ulcer prevalence was 10.7% in 187
patients taking long-term LDA, and that only 20% had
dyspeptic symptoms, which was not significantly different
from the patients without ulcer. This study revealed no
significant differences between the ulcer groups and nonulcer groups in the frequency and severity of symptoms
such as nausea, acid regurgitation, heartburn, and bloating[12]. Another previous report stated that some patients
on aspirin complained of symptoms whereas the others
remained completely asymptomatic, indicating that the
patients remaining free of symptoms seemed to characteristically have a higher gastric sensory threshold[43]. Niv
et al[14] have investigated 46 asymptomatic patients taking
mini-dose aspirin for more than 3 mo. Ulcer or erosions
developed in 22 of those patients taking mini-dose aspirin, erosive gastroduodenitis in 13, gastric ulcer in 14,
duodenal ulcer in 2, and gastric and duodenal ulcers in 2,
indicating a high prevalence of ulcerations of the stomach and duodenum in asymptomatic LDA users[14].
The mechanism of asymptomatic ulceration in aspirin users has been investigated, and it was suggested that
subjects on aspirin remaining free of symptoms appear
to characteristically have higher gastric sensory thresholds[43].
Endoscopic features of LDA-induced gastroduodenal
mucosal damage
A recent investigation has examined the chronological
changes of the GI mucosa with LDA use in 20 healthy H.
pylori-negative subjects. These patients were divided into
those receiving 100 mg aspirin with placebo, and those
receiving 100 mg aspirin + 300 mg rebamipide daily for
7 d, and they were examined for mucosal damage at 0,
2, 6, and 24 h on the first day, and then on the third and
seventh days. The results revealed that ulcers developed
in the duodenum at 24 h and in the antrum at 72 h, and
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that erosions mainly developed in the duodenum in the
subjects receiving 100 mg aspirin, concluding that damage occurred in the duodenum most frequently and that
almost all damage improved gradually in spite of continuous aspirin[44]. A prospective study on 238 patients
with bleeding peptic ulcers demonstrated the endoscopic
characteristics of LDA-induced hemorrhagic ulcer. NonNSAID-induced ulcers were significantly higher in the
gastric body than the LDA-induced ulcers, and nonaspirin NSAID-induced ulcers and most of the LDAinduced ulcers were found in the gastric body, angular
notch, and duodenum. The number of ulcers was investigated in 18 non-aspirin NSAID-induced ulcers, and the
ulcer was single in 44.4% and multiple in 55.6%[11]. In our
previous investigation, the ratios of ulcers located in the
antrum of patients taking LDA and non-aspirin NSAIDs
were significantly higher than those of patients not taking
NSAIDs (the bleeding patients and the whole gastroduodenal ulcer patient population). It also has been shown
that the ratios of ulcers located in the body, fundus, and
cardia were significantly higher in the bleeding patients
than in the whole gastroduodenal ulcer patient population taking LDA[45]. Shiotani et al[46] investigated 305 patients taking 100 mg aspirin for cardiovascular diseases.
They found that 38 patients (12.4%) had ulcer lesions (34
gastric ulcer, 2 duodenal ulcer, and 2 with gastroduodenal
ulcer). Of the 34 gastric ulcers, 18 were single and 16
were multiple, and 58.8% of the gastric ulcers were in the
gastric body while the maximum ulcer size was 25 mm[46].
Some investigators analyzed the size of LDA-induced
ulcers, and demonstrated that gastric ulcers were more
frequent than duodenal ulcers in both H. pylori-negative
and -positive patients; the gastric ulcers and duodenal ulcers were most commonly 5-10 mm in size[47]. In a study
on 674 upper GI bleeders, erosive esophagitis was detected in 150 cases, suggesting that erosive esophagitis is
common in patients with upper GI bleeding taking LDA
or antithrombotic agents[48].

a gastric or duodenal ulcer during the 26-wk treatment as
compared with 1.6% in the esomeprazole group, suggesting that esomeprazole (20 mg once daily) reduces the risk
of developing gastric and duodenal ulcers[47]. Another
clinical trial revealed that treatment with esomeprazole (40
mg or 20 mg once daily) reduces the occurrence of peptic ulcers in LDA-taking patients who are at risk for ulcer
development[18].
The secondary prevention of LDA-induced gastroduodenal damage has been investigated. A case-control
study demonstrated that proton pump inhibitors, H2receptor antagonists, and nitrates reduced upper GI
bleeding risk, suggesting that antisecretory agents or
nitrate treatment results in reduced relative risks of upper GI bleeding in patients taking NSAIDs or aspirin[49].
A clinical trial involving 160 patients with aspirin-related
peptic ulcers/erosions compared the efficacy of H2-receptor antagonists (famotidine group) and proton pump
inhibitors (pantoprazole group). This trial demonstrated
that GI bleeding was significantly more frequent in the
famotidine group than in the pantoprazole group[50]. A
clinical investigation in Japan examined the efficacy of
low-dose lansoprazole (15 mg once daily) in the secondary prevention of LDA-associated gastric or duodenal
ulcers. The patients were randomized to receive lansoprazole 15 mg daily (n = 226) or gefarnate 50 mg twice daily
(n = 235) for 12 mo or longer. The results disclosed that
the cumulative incidence of gastric or duodenal ulcers
was 3.7% in the lansoprazole group and 31.7% in the
placebo group, indicating that lansoprazole was superior
to gefarnate for the secondary prevention of LDA-associated gastric or duodenal ulcers[19]. After the ulcers had
healed, the patients who were negative for H. pylori were
randomly assigned to receive either 75 mg of clopidogrel daily plus placebo or 80 mg of aspirin daily plus 20
mg of esomeprazole twice daily for 12 mo. The results
showed that recurrent ulcer bleeding occurred in 13 patients receiving clopidogrel and in 1 receiving aspirin plus
esomeprazole. This study concluded that among patients
with a history of aspirin-induced ulcer bleeding, aspirin
plus esomeprazole was superior to clopidogrel in the prevention of recurrent ulcer bleeding in H. pylori-negative
patients[51]. The studied co-treatments for prevention of
LDA-induced gastroduodenal events are displayed in
Table 2.

PREVENTION AND TREATMENT OF LDAINDUCED GASTRODUODENAL MUCOSAL
DAMAGE
Prevention of LDA-induced gastroduodenal mucosal
damage and bleeding
The primary prevention of LDA-induced gastroduodenal damage has been investigated. It was demonstrated
that famotidine is effective in prevention of gastric and
duodenal ulcers, as well as erosive esophagitis, in patients
taking LDA[17]. In contrast to NSAID-induced GI ulcers,
a well-tolerated histamine H2-receptor antagonist is effective in preventing the development of LDA-induced
GI ulcers.
A previous study investigated the efficacy of esomeprazole in reducing the risk of gastric and duodenal ulcers in patients receiving continuous LDA therapy. The
results revealed that 5.4% in the placebo group developed
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Treatment of LDA-induced gastroduodenal injury and
bleeding
It has been reported that ranitidine with NSAID discontinuation is effective in the treatment of NSAID-induced
gastroduodenal ulcer[52]. If it is not possible to stop NSAID
treatment, rabeprazole should be used as its efficacy for
NSAID-induced ulcer under continuous NSAID administration has been confirmed[53].
Many investigations have studied the efficacy of proton pump inhibitors in the healing of NSAID-induced
gastroduodenal ulcer in comparison with the efficacy of
H2-receptor antagonists. Most of the reports stated that
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cular and cerebrovascular events in 78 patients receiving
aspirin and 78 taking placebo for 8 wk immediately after
endoscopic therapy. It was demonstrated that recurrent
ulcer bleeding rate within 30 d was 10.3% in the aspirin
group and 5.4% in the placebo group. The patients who
received aspirin had lower all-cause mortality rates than
the patients who received placebo (1.3% vs 12.9%), while
the patients in the aspirin group had lower mortality
rates attributable to cardiovascular, cerebrovascular, or
GI complications than the patients in the placebo group
(1.3% vs 10.3%). This study suggested that continuous aspirin therapy may increase the risk of recurrent bleeding
but potentially reduces the mortality rates, indicating that
continuous aspirin therapy had lower mortality rates[65].
Our previous study has revealed that the ratios of
patients taking LDA who required additional endoscopic
treatment on the next day following the first procedure
were higher than those of non-aspirin NSAID and nonNSAID patients. The duration of hospitalization of the
patients taking LDA was significantly longer than that
of the patients taking non-aspirin NSAIDs and nonNSAIDs. These results suggested the possibility that the
treatment of LDA-induced hemorrhagic gastroduodenal
ulcers is more difficult than treatment of those induced
by non-aspirin NSAIDs or non-NSAIDs, indicating that
every effort should be exercised to prevent bleeding complications in patients receiving LDA[45]. Endoscopic highfrequency soft coagulation has been recently developed
in Japan, and the efficacy of hemostasis with soft coagulation for bleeding gastric ulcer patients (including aspirin
users) has been investigated by comparing it with hemoclips. The results demonstrated that 85% of patients in
the endoscopic hemostasis with soft coagulation group
and 79% patients in the endoscopic hemoclipping group
were successfully treated[65]. Another clinical investigation involved 39 cases where hemostasis was attempted
with bipolar forceps to deal with non-variceal upper GI
bleeding. This study revealed that the technique of bipolar forceps (a new technique of endoscopic hemostasis)
is simple, safe and unlikely to induce complications[66].
Although standard endoscopic hemostasis is reportedly
difficult for upper GI bleeding in aspirin users, this new
technique of endoscopic hemostasis is potentially effective in such cases[45,65,66].

Table 2 Prevention of low-dose aspirin-induced gastroduodenal
events
Ref.

Co-treatment

GI event

Incidence rate
3.4% vs 15.0%
0.5% vs 8.5%

Taha et al[17]

Famotidine 40 mg vs

Gastric ulcers/

Scheiman et al[18]

placebo
Esomeprazole 40 mg

duodenal ulcers
Gastroduodenal

Sugano et al[19]

vs 20 mg vs placebo
Lansoprazole 15 mg

ulcers
Gastroduodenal

vs 7.4%
3.7% vs 31.7%

vs placebo
Yeomans et al[47] Esomeprazole 20 mg

ulcers
Gastroduodenal

1.6% vs 5.4%

vs placebo
Famotidine 40 mg vs

ulcers
Dyspeptic or

20% vs 0%

pantoprazole 20 mg

bleeding ulcers/

Omeprazole 20 mg vs

erosions
Gastroduodenal

0.9% vs 1.9%

H. pylori eradication
H. pylori eradication

bleeding
Gastroduodenal

1.6% vs 14.8%

+ lansoprazole

ulcers

Ng et al[50]

Chan et al[67]
Lai et al[68]

1.5% vs 1.1%

15 mg vs H. pylori
eradication

GI: Gastrointestinal; H. pylori: Helicobacter pylori.

the proton pump inhibitors healed and prevented ulcers
more effectively than H2-receptor antagonists[54-56]. An
animal experiment revealed that lansoprazole protection
against NSAID-induced gastric damage depends on a reduction in mucosal oxidative injury, which is also responsible for an increase in sulfhydryl radical bioavailability[57].
Another previous report stated that the differences
between the efficacy of proton pump inhibitors and H2receptor antagonists in the treatment of NSAID-induced
ulcer were not statistically significant[58].
In patients with LDA-induced upper GI bleeding, the
risk involved in stopping the LDA was higher than that
of non-aspirin NSAID. A previous study compared the
therapeutic effects of proton pump inhibitors and H2-receptor antagonists on the healing rate of gastroduodenal
ulcers during continuous use of LDA, and no significant
differences were found. The results indicated that not
only proton pump inhibitors but also H2-receptor antagonists are effective in the treatment of gastroduodenal
ulcers during continuous use of LDA[59,60].
Previous research has also revealed that misoprostol
is effective for the treatment of gastroduodenal injury in
patients taking NSAIDs or LDA[61-63].
It is a clinical problem whether aspirin therapy should
be continued or discontinued in patients who develop
peptic ulcer bleeding while receiving LDA. A clinical trial
examined whether discontinuation of aspirin therapy is
a risk factor for ischemic stroke and compared the frequency of aspirin therapy discontinuation during four
weeks before an ischemic cerebral event in patients and
four weeks before interview in controls. This trial suggested the importance of continuous aspirin therapy
and clarified the risk associated with discontinuation of
aspirin therapy in patients at risk for ischemic stroke[64]. A
recent clinical investigation has analyzed the recurrent ulcer bleeding and mortality rates attributable to cardiovas-
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Eradication of H. pylori in treatment of LDA-induced
gastroduodenal damage
A meta-analysis has investigated the prevalence of H. pylori infection and NSAID use in patients with peptic ulcer
bleeding, and revealed that H. pylori infection increased
the risk (3.53-fold) of peptic ulcer disease in NSAID takers, in addition to the risk associated with NSAID use,
concluding that both H. pylori infection and NSAID use
independently and significantly increase the risk of peptic
ulcer and ulcer bleeding[37].
A previous report demonstrated that among those
taking aspirin, the probability of recurrent bleeding during a 6-mo period was 1.9% for patients who received
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eradication therapy and 0.9% for patients who received
omeprazole, indicating that eradication of H. pylori is
equivalent to treatment with omeprazole in preventing
recurrent bleeding. On the other hand, omeprazole is
superior to eradication of H. pylori in preventing recurrent bleeding in patients who are taking non-aspirin
NSAIDs[67].
However, in another study, after the ulcers had healed
and the H. pylori infection was eradicated, the patients
were randomly assigned to treatment with 30 mg of
lansoprazole daily or placebo, in addition to 100 mg of
aspirin daily, for 12 mo. The results revealed that the
treatment with lansoprazole in addition to eradication of
H. pylori infection significantly reduced the rate of recurrence of ulcer complications[68].

6
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8

9

CONCLUSION

10

Worldwide trials of antiplatelet therapy have demonstrated that an antiplatelet regimen (75-325 mg/d) offers
worthwhile protection against myocardial infarction,
stroke, and death. On the other hand, the rate of lowdose aspirin-induced GI hemorrhage has increased more
than that of non-aspirin NSAID-induced lesions. Continuous aspirin therapy in the case of GI bleeding may
increase the risk for recurrent bleeding but potentially
reduces mortality rates. Although the size of gastroduodenal ulcers in patients taking LDA is smaller than that
of patients taking non-aspirin NSAIDs, more cases need
additional endoscopic treatment on the next day after the
first procedure as compared with patients taking nonaspirin NSAIDs. Previous clinical investigation has suggested that co-treatment with proton pump inhibitors is
effective in preventing the development of LDA-induced
GI ulcer. These results indicate that it is very important
to prevent LDA-induced gastroduodenal ulcer complications including bleeding, and that every effort should be
exercised to prevent bleeding complications.
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STEROID ULCERS
The ability of corticosteroids to promote the development of peptic ulcers is an old concept, mainly based on
the evidence provided by experimental and pharmacological studies, still widely accepted by clinicians.
A recent survey carried out in the Czech Republic has
shown that 82% of physicians believe that cortisone is
ulcerogenic[1].
From an experimental point of view, this has been
clearly established and corticosteroids are known to
inhibit the biosynthesis of gastric cytoprotective prostaglandins, while suppressing as well the production of
gastric damaging leukotrienes.
In animal studies both gastric mucus production and
gastric bicarbonate secretion are impaired by steroid administration, which results in a weakening of gastric mucosal defences[2]. In addition steroids impair both angiogenesis and epithelial repair mechanisms in experimental
ulcers[3-5].
However, for reasons not quite clear, the real incidence of steroid-induced ulcers in the clinical setting is
much lower than what could be expected on the basis of
the experimental data.
In the past three different meta-analyses have been
performed[6-8], the most recent and larger dating back to
1994[8] clearly indicates that steroid-treated patients have
a relative risk for gastric and duodenal ulcers not significantly different from untreated controls. Unfortunately
the quality of the clinical studies employed to perform
the analyses was rather poor (no double blind conditions,
no information about concomitant medications , no distinction between gastric and duodenal ulcers), which did
not allow firm, definitive conclusions.
Thus, in spite of the “definitive” review articles ap-

Abstract
Steroid ulcers, although a common feature in experimental studies, seldom develop in clinical practice, as
observed by the meta-analyses carried out in the 90s.
Corticosteroids alone become ulcerogenic only if treatment lasts longer than one month and the total administered dose exceeds 1000 mg. On the other hand
concomitant intake of non-steroidal anti-inflammatory
drugs results in a synergistic, highly damaging effect on
the gastroduodenal mucosa. Thus, despite the survival
of the steroid ulcer myth in the medical culture, pharmacological protection against steroid-induced peptic
ulcers is a rare necessity while the best prophylactic
strategy still remains to be determined.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Cortcosteroids; Peptic ulcer; Proton pump
inhibitors
Core tip: Although the myth of steroid ulcers still survives among general practitioners, the incidence of
ulcers in patients receiving corticosteroids is so low that
concomitant gastric protection is not necessary except
in patients on long-term, high-dose steroids or taking
concomitant non-steroid anti-inflammatory drugs.
Original sources: Guslandi M. Steroid ulcers: Any news? World
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peared on the subject[2,8] the myth of steroid ulcers still
survives, also because, during the last twenty years or so,
neither additional, perspective clinical studies nor other
meta-analyses have been carried out. Admittedly, due to
the low incidence of steroid ulcers in the clinical setting,
it would be hard to conduct studies in this area unless an
extremely large number of patients are recruited. This has
not be done and most likely won’t ever be done due to the
lack of both sufficient interest by the scientific community and commercial motivation by the drug industry.
All in all, it would seem that corticosteroids rather than
directly cause ulcers can, in keeping with experimental
studies[3-5], hamper the healing process of ulcers caused by
other agents, namely anti-inflammatory drugs (NSAIDs)[2,9].
Epidemiological studies have proved that NSAIDs
are significantly more ulcerogenic than steroids but that
the association of the two types of drugs has a truly synergic and lethal effect, increasing of 3 to 6 times the relative risk[10,11]. Yet corticosteroids themselves can become
ulcerogenic if treatment lasts for more than one month,
with a total intake higher than 1000 mg of prednisolone[6]. Elderly people (aged more than 65 years) seem to be
more exposed to the risk of developing peptic ulcers.
A recent retrospective study examining the risk of
gastrointestinal bleeding with low-dose aspirin alone and
in combination with other drugs, has shown that the
risk is increased when a high dose (but not low/medium
dose) of corticosteroids is co-administered[12].
Pharmacological prevention of steroid ulcers in clinical practice does not seem, therefore, justified in the
large majority of patients under corticosteroid treatment.
Subjects undertaking a high-dose long-term steroid administration would deserve concomitant pharmacological
“protection”, but evidence-based information about the
best therapeutic measures is wanting.
Proton pump inibitors (PPI) are often prescribed but
no controlled studies in this area are available.
Indirect evidence, obtained by analyzing sub-populations in NSAID-treated patients suggests that the
prostaglandin derivative misoprostol might be effective in
counteracting the possible gastric toxicity of cortisone[13].
However this hypothesis, although consistent with the
results of experimental studies on the effects of steroids
on ulcer repair[3] remains largely unproven.
The results of the recent above mentioned survey[1]
show that about 60% of gastroenterologists, compared
with only 30% of the other physicians, refrain from prescribing any concomitant “gastroprotective” medication
when low doses of steroids are employed. By contrast,
when higher doses (i.e., 1 mg/kg prednisone) are prescribed, more than 70% of gastroenterologists and about
90% of the other physicians also carry out empirical
pharmacological prevention with PPI.
In conclusion, the body of knowledge on the possible
ulcerogenic effects of steroid treatment in humans has

grown very little in the last years. The more recent clinical
studies (and subsequent meta-analyses) available in the scientific literature date back to the 90s and the experimental
studies performed in the last two decades have added precious little to what was already known in the past.
Due to the apparent lack of interest by clinical researchers, the myth of steroid ulcers, although based on a
very weak and disputable clinical evidence, still survives.
In daily practice development of peptic ulcers in steroidtreated patients remains a very infrequent event, for
which pharmacological protection is seldom required and
the most effective drug prevention is still undetermined.
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Upper gastrointestinal microbiota and digestive diseases
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disease states, as well as the function of microbiota in
the pathogenesis of various digestive diseases are still
undefined. The current article provides an overview of
the recent findings regarding the relationship between
upper gastrointestinal microbiota and gastrointestinal diseases; and discusses the study limitations and
future directions of upper gastrointestinal microbiota
research.
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Abstract
Metagenomics which combines the power of genomics,
bioinformatics, and systems biology, provide new access to the microbial world. Metagenomics permit the
genetic analysis of complex microbial populations without requiring prior cultivation. Through the conceptual
innovations in metagenomics and the improvements in
DNA high-throughput sequencing and bioinformatics
analysis technology, gastrointestinal microbiology has
entered the metagenomics era and become a hot topic
worldwide. Human microbiome research is underway,
however, most studies in this area have focused on the
composition and function of the intestinal microbiota
and the relationship between intestinal microbiota
and metabolic diseases (obesity, diabetes, metabolic
syndrome, etc. ) and intestinal disorders [inflammatory
bowel disease, colorectal cancer, irritable bowel syndrome (IBS), etc. ]. Few investigations on microbiota
have been conducted within the upper gastrointestinal
tract (esophagus, stomach and duodenum). The upper
gastrointestinal microbiota is essential for several gastrointestinal illnesses, including esophagitis, Barrett’s
esophagus, and esophageal carcinoma, gastritis and
gastric cancer, small intestinal bacterial overgrowth,
IBS and celiac disease. However, the constitution and
diversity of the microbiota in different sections of the
upper gastrointestinal tract under health and various
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INTRODUCTION
Microbes associated with the human body include bacteria, archaea, fungi, and viruses. The vast majority of
studies on microbiota have focused on bacteria. A large
number of micro-organisms colonize on the surface of
and within the human body and can reach counts of
1012-1014, 10 times that of the cells of the human body,
while the number of genes in these micro-organisms,
approximately 3.30 million, is 150 times higher than that
in the human body[1]. Humans are a type of super organism composed of the human body and symbiotic microorganisms[2], therefore, researching human diseases from
only the human body point of view reveals only a partial
view of a condition; thus, the role of commensal microbiota in human health and disease must be considered.
Micro-organisms and their metabolites play important
roles in human energy metabolism [3], the absorption
of nutrients[4], immune function[5] and other important
physiological activities[6]. In fact, a variety of human diseases will be induced when commensalism between the
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host and the microorganisms is disrupted.
Microbiota composition has classically been analyzed
using cost-effective and reproducible culture techniques
that use differential media to select for specific bacterial
populations. Early microbiological studies relied mainly
on traditional culture-based methods. However, the
overall microbial community structure, spatial distribution and dynamics could not be fully demonstrated using
traditional culture-based methods due to the fact that
99% of such micro-organisms are uncultured[1]. As the
gene sequence of 16S rRNA has a combination of highly conserved and variable sequences in a relatively short
portion of the bacterial chromosome[7], it is increasingly
used to characterize the diversity of the complex microbial communities that can be sampled from different
sites of the body in both healthy individuals and patients
with diverse pathological conditions[8-12]. Many bacterial
16S rRNA gene-dependent methods, including terminal
restriction fragment length polymorphism (TRFLP)[13],
denaturing and temperature gradient gel electrophoresis
(DGGE and TGGE) [14], ribosomal intergenic spacer
analysis (RISA)[15], DNA microarray[16] and fluorescence
in situ hybridization (FISH)[17], have emerged as molecular biology techniques; however, the information obtained by the above methods has been very limited, thus,
ongoing studies cover only a small portion of this field.
Recent microbiological studies are firmly supported
technically along with the introduction of the concept
of metagenomics[18], the development of high-throughput DNA sequencing and bioinformatics technology.
Metagenomics mainly include two strategies: first, the
high-throughput sequencing of 16S rDNA hypervariable
regions, which can provide diversity and abundance information on microbial communities, while not supplying the functional genes of microbiota and that is mainly
used in the classification, identification and comparison
of microbiota[8,9]; second, metagenomic sequencing of
whole community DNA, not only provides information
on microbiota structure and abundance, but can also be
used in the functional annotation and building of metabolic networks, and favors the in-depth investigation
and screening of functional genes[1,19,20]. Over the past
3-5 years, sequencing cost and time have been greatly reduced; thus, the feasibility of comprehensive and detailed
studies of the microbiota has increased significantly.
The United States National Institutes of Health laun
ched the Human Microbiome Project (HMP) in 2007[20].
The European Commission also initiated the metagenomics of the human intestinal tract funded by the 7th
Framework Program of the European Union in 2008.
Scholars from various countries established the International Human Microbiome Consortium in 2009, an international cooperative effort aiming to explore the relationship between microbiota and human health and disease.
The editors of Science had predicted that human microbe
research may become a new hot topic worldwide[2]; in
fact, studies of microbiota in human health and disease
based on high-throughput sequencing and bioinformatics
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technology have already been initiated. Not long ago, the
HMP Consortium investigated the human microbiome
based on healthy adults sampled from five body regions
including the feces, oral cavity, airway, skin and vagina,
which generated 5177 microbial taxonomic profiles
from 16S ribosomal RNA genes and > 3.5 terabases of
metagenomic sequence to date[19]. However, the mucosaassociated microbiota of the gastrointestinal tract was
not evaluated in this study. Most researches today have
focused on intestinal microbiota and the relationship
between intestinal microbiota and metabolic diseases
(obesity, diabetes, metabolic syndrome, etc.)[1,21-23] and
intestinal disorders [inflammatory bowel disease (IBD),
colorectal cancer (CRC), irritable bowel syndrome (IBS),
etc.][1,24-26], and rarely examined upper gastrointestinal tract
microbiota. Here we review the evidence for a microbiota
concept in upper gastrointestinal diseases and highlight
recent studies that have enhanced our appreciation of the
relationship between microbiota and human health and
disease.

MICROBIOTA AND THE ESOPHAGUS
The esophagus, unlike the oral cavity, stomach and colon,
does not retain food contents. Studies using culturing
methods have suggested that the esophagus is either sterile or contains only a few transient microbes originating
from the oropharynx by swallowing or from the stomach
by gastroesophageal reflux[27]. Moreover, under certain
disease conditions, several pathogenic microorganisms,
such as Candida albicans, Cryptococcus or Herpesvirus, can infect the esophagus[28-31]. Whether an imbalance of esophageal microbiota is responsible for esophageal disorders
remains unclear; in fact, investigations of esophageal
microbiota remain limited[27,32-38].
Culture-based studies mainly used luminal washes of
esophageal contents[27,36] and their results were not convincing. Gagliardi et al[27] demonstrated that Streptococcus
viridans (S. viridians) may be the most numerous microorganism in both the normal esophagus and the oropharynx. Norder Grusell et al[36] also reported that S. viridians
was the most common bacterium using both brush samples and biopsies; and this study confirmed that the human esophagus could be colonized with a resident flora
of its own, although it was similar to the flora present in
the oral cavity.
Culture-independent methods have recently been
used more frequently to characterize the diversity of the
microbiota in the esophagus[33,37,38]. Pei et al[33] investigated the composition of microbiota in the normal distal
esophagus using broad-range 16S rDNA polymerase
chain reaction (PCR). They confirmed that the majority
of esophageal microbiota were known and cultivable; and
found that Streptococcus, Prevotella and Veillonellance were the
most prevalent genera in esophageal biopsies. Yang et al[37]
characterized the diversity of the microbiota of the distal
esophagus in individuals with normal esophagus and in
patients with esophagitis and Barrett’s esophagus using
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16S rDNA sequencing. They classified the esophageal
microbiota into two types: Streptococcus-dominated in the
normal esophagus and Gram-negative anaerobes in Barrett’s
esophagus and esophagitis[37]. However, this study could
not answer the question of how the microbiota participates in the pathogenesis of esophageal inflammation.
Gastroesophageal reflux impairs the mucosal barrier
in the distal esophagus, allowing chronic exposure of
the epithelial cells to diverse microbiota and inducing
chronic inflammation. Chronic inflammation may play
a critical role in the progression from reflux-related intestinal metaplasia or Barrett’s esophagus to esophageal
carcinoma[39]. Until now, there has been no research on
the diversity of esophageal microbiota in patients suffering from esophageal squamous or adenocarcinoma.
Interestingly, Fillon et al[40] sampled the microbiome
in normal histological esophageal mucosa using a novel
device, the Enterotest™ capsule, and found that the
microbiota phylum-level diversity was similar in samples
from the esophageal mucosa biopsy, esophageal string
test, oral string and nasal swab as identified using 454
pyrosequencing; moreover, at the genera level, the most
common three genera, Streptococcus, Prevotella, and Veillonella, were similar in the esophageal string test and
mucosal biopsy samples, a finding that was consistent
with the findings of Pei et al[33]. In fact, this novel instrument could be used for future research on the microbiota within the human esophagus. However, this study
did not eliminate the effect of proton pump inhibitors
(PPI)[41,42], steroids[43] or restricted diet on esophageal
microbiota. It is also evident that PPI could have an effect on gastrointestinal microbiota[41], and long-term PPI
treatment is very common in reflux esophagitis, therefore, it may be meaningful to estimate the effect of longterm PPI treatment on esophageal microbiota.
In addition, Chagas’ megaesophageal disease caused
by Trypanosoma americanum infection is usually associated
with esophageal bacterial overgrowth, recurrent pulmonary infections and esophageal neoplasia[32]. Pajecki et
al[32] showed that patients with megaesophageal disease
could present with a wide variety of microbiomes, mainly
aerobic Gram-positive and anaerobic bacteria. The imbalance
of esophageal microbiota could play a causal role, and
high-throughput sequencing technology could be used to
understand esophageal bacterial overgrowth in Chagas’
megaesophageal disease.

stomach environment was not suitable for bacterial colonization; however, some studies using traditional culture
methods confirmed that large numbers of acid-resistant
bacterial strains exist in the stomach and are mainly derived from the transient flora in the mouth and food,
including Streptococcus, Neisseria and Lactobacillus, while the
content was generally < 103 colony-forming unit/mL
(CFU/mL)[44].
In 1984, Marshall et al[45] isolated Helicobacter pylori (H.
pylori) from the stomach, thus starting a new era of H.
pylori and digestive diseases research, and won the Nobel
Prize in medicine. With the development of molecular
biology and bacterial 16S rDNA identification techniques, the composition of the stomach flora was gradually investigated using new molecular biological methods.
Using bacterial 16S rDNA PCR and TGGE, Monstein et
al[46] demonstrated that some other microbes, including
Enterococcus, Pseudomonas, Staphylococcus and Stomatococcus,
exist within the gastric mucosa.
The identification of stomach flora has increased dramatically with the development of metagenomics and
high-throughput sequencing technology. Bik et al[47] performed a 16S rDNA sequencing analysis of the stomach
flora of 23 patients with gastric diseases, identified 128
kinds of phylotypes belonging to eight classes, and obtained 1056 non-H. pylori clones. Li et al[48] performed
a 16S rDNA high-throughput sequencing analysis of
the gastric mucosa-associated flora in H. pylori-negative
patients with gastritis who had never used non-steroidal
anti-inflammatory drugs and obtained a total of 1223
non-H. pylori clones that could be classified into 133
kinds of phylotypes belonging to eight bacterial classes.
Although the above two studies were conducted in populations within different regions and ethnic groups, the
stomach flora composition was very similar among those
populations. The two studies identified approximately
130 phylotypes belonging to 7-8 classes, and 77.4% and
79.8% of clone fragments separately for each study were
homogeneous. The two species with the highest abundance, Streptococcus and Prevotella, were the same. Andersson et al[49] conducted pyrosequencing analyses of gastric
mucosa-associated flora in six healthy subjects and obtained 262 phylotypes belonging to 13 classes, including
strains that had not been confirmed by other studies such
as Chlamydia and Cyanobacteria. Stearns et al[50] performed
high-throughput 16S rDNA sequencing analysis of the
oral, stomach, duodena and colon mucosa-associated
flora as well as feces-related flora in four healthy subjects.
The obtained stomach flora constitution was more detailed than that obtained by Bik et al[47] due to the higher
sequencing depth. The high-throughput 16S rDNA sequencing techniques based on the metagenomics strategy
were adopted in the above studies; thus, the obtained
stomach flora information was detailed and showed that
huge numbers of bacteria other than H. pylori exist in the
stomach.
Gastrointestinal microbiota distribution is spatially
specific. The gastric juice-associated microbiota is easily

MICROBIOTA AND THE STOMACH
The stomach is a special area in the gastrointestinal microecosystem. Its unique ecological environment and
characteristic microbial community are due to gastric
acid secretion. Because the stomach connects the esophagus and oral cavity on the upper side and the duodenum
on the lower side, bacteria from the mouth, pharynx,
nose, respiratory tract, esophagus and small intestine can
enter the stomach. It was once believed that gastric acid
could kill the bacteria entering the stomach and that the
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Lactobacillus reuteri existed in the gerbils’ stomachs and
suppressed the colonization and growth of H. pylori.
A small number of studies based on the human body
also confirmed that H. pylori interacted with other gastric
flora. Using traditional culture methods, Garcia et al[58]
analyzed the gastric mucosa-associated flora and showed
that some Lactobacillus species competed with H. pylori
for colonization resources. Hu et al[59] conducted bacterial
cultures using gastric mucosal biopsy samples and found
that the dominant species, including Streptococcus, Neisseria, Rothia and Staphylococcus, were primarily sourced from
the upper respiratory tract. They believed that H. pylori
infection was usually accompanied by the colonization of
non-H. pylori bacteria; they noted that these non-H. pylori
bacteria played certain roles in gastric diseases. Sanduleanu et al[60] thought that non-H. pylori bacteria and their
products could persist in the stomach as antigenic stimulators that enhance the immune response caused by H.
pylori infection and that their co-infection could promote
the development of atrophic gastritis. Clinical trials have
initially confirmed that probiotics treatment can reduce
the gastric colonization density of H. pylori[61]. Probiotics
can increase the eradication rate, decrease the relapse rate
and reduce antibiotic side effects; thus, they may be used
as an effective supplement in H. pylori eradication therapy.
The above results suggested that the in vivo colonization of H. pylori was closely related with other stomach
flora; however, most of the above studies were based on
animal models and limited by their methods. As such,
composition of the human stomach flora and which
stomach flora can inhibit or promote the intragastric colonization of H. pylori have not been or cannot be comprehensively understood.

affected by diet and other factors; thus, they are variable.
In contrast, the gastric mucosa-associated microbiota is
relatively stable and less affected by interference factors.
Furthermore, gastric mucosa-associated flora can affect
the host more directly and are more closely related to
the pathogenesis of gastric disease. Li et al[48] thoroughly
washed gastric mucosal biopsy samples, but found no
change in the constitution of gastric mucosa-associated
flora; thus, the gastric flora proved to be closely associated with gastric mucosa and could not be readily washed
away. Although some microbes such as Streptococcus genus have a high abundance in both the oral cavity and
stomach[47,48,51], the study by Li et al[48] indicated that many
non-H. pylori microbes could be resident flora in the human stomach, and not just transient flora from the oral
cavity.
The use of feces has been widely adopted in the study
of the relationship between intestinal microbiota and diseases as it is easily sampled and reflects the overall constitution of the intestinal flora. It is worth noting that fecesassociated flora are less interfered with by host DNA;
thus, they can be sequenced for whole communities of
DNA or for 16S rDNA hypervariable regions. Gastrointestinal mucosa-associated flora are usually interfered
with by host DNA; thus, they are commonly investigated
using 16S rDNA sequencing.
Stomach flora and H. pylori
H. pylori is a Gram-negative bacillus that colonizes the stomachs of approximately 50% of individuals worldwide. H.
pylori has been investigated more deeply than any other
stomach pathogen. Although H. pylori is the major pathogenic factor of chronic gastritis and peptic ulcer and is
one of the risk factors for gastric adenocarcinoma and
mucosa-associated lymphoid tissue lymphoma[52,53], the
relationship between H. pylori infection and gastric diseases remains unclear. Stomach colonization was negative
even after several weeks of oral implantation of H. pylori
in specific pathogen-free animal models; however, it was
usually positive in germ-free animal models[54], suggesting
that other stomach flora affected the intragastric colonization of H. pylori and its activity in gastric diseases.
In vivo and in vitro studies based on animal models
have found that some probiotics including Lactobacillus,
Bifidobacterium and Saccharomyces can prevent the adhesion,
colonization and growth of H. pylori in gastric mucosa.
Zaman et al[55] confirmed that some Lactobacillus species
prevented the colonization of H. pylori in the stomachs
of Mongolian gerbils, while Eubacterium limosum promoted
the colonization of H. pylori. Yin et al[56] found that longterm intragastric colonization of H. pylori could affect
the distribution and number of flora in the stomach and
duodenum. For example, the propagation of Lactobacilli
was inhibited, while Enterococcus, Staphylococcus aureus, Bifidobacterium and Bacteroides were rarely affected. Sun et al[57]
believed that some Lactobacillus species were dominant
strains in the stomachs of Mongolian gerbils that were
not affected by H. pylori infection; Lactobacillus gasseri and
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Stomach flora and gastric cancer
Gastric cancer is one of the most common malignancies worldwide. The pathogenesis of gastric cancer is a
process of multiple stages and steps affected by multiple
factors that involve a huge number of molecules and
complex regulation networks. The cause of gastric cancer
is still not clear despite deep decades-long studies. It is
generally believed that environmental, dietary, H. pylori infection and genetic factors participate in the pathogenesis
of gastric cancer. Furthermore, H. pylori is closely related
with gastric cancer, although whether other intragastric
flora facilitate or inhibit the effect of H. pylori in gastric
cancer development remains unknown and very few
studies have examined this issue.
The pathogenesis of CRC may be the result of interactions among the intestinal flora, intestinal mucosal immunity and host genetic susceptibility[62]. Intestinal flora
interfere with the signal mechanisms of pro-inflammatory
reactions in the intestinal mucosa and results in excessive
repair of mucosal injury and ultimately induces tumorigenesis and canceration[63]. Some intestinal microbes and
their metabolites have direct or indirect cytotoxic effects
on intestinal mucosal epithelial cells, and incomplete repair of damaged intestinal mucosal epithelium may result
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in neoplastic transformation[63]. Animal studies have also
confirmed that permanent and normal intestinal flora are
necessary for intestinal tumorigenesis[64]. Studies on the
relationship between intestinal flora and CRC indicated
that the permanent and normal intragastric flora and
their composition might participate in the pathogenesis
of gastric cancer. However, few studies have focused on
the issue of whether new ways of enabling early warning
and early diagnoses of gastric cancer can be established
using in-depth analysis and studies of gastric flora composition. The primary reason for this is that due to the
large and complex flora network, comprehensive and detailed information on flora constitution could not be obtained by studies using culture-based methods; thus, the
microecological study of the relationship between other
stomach flora and gastric cancer pathogenesis could not
be conducted. Dicksved et al[65] recently analyzed the
stomach flora constitution of patients with gastric cancer
and found no significant differences in the stomach flora
of patients with gastric cancer and those of patients with
dyspepsia and normal gastric mucosa. However, there
were many limitations in that research, including the small
size of the included samples and the fact that a new generation of high-throughput sequencing technology was
not used; thus, the results remain to be confirmed since
the stomach flora were not comprehensively and deeply
studied. To date, no study on the relationship between
stomach flora and gastric cancer using high-throughput
sequencing technology based on the metagenomics strategy has been performed.

MICROBIOTA AND THE DUODENUM
Much less is known about the microbes that are present within the duodenum, particularly because collecting
samples for such microbial ecology studies is much more
challenging. However, continued efforts in this regard
are needed, especially in light of the growing recognition
of the composition of the duodenal microbiota and the
association with health and gastrointestinal disorders as
revealed in recent studies. Duodenal microbiota studies
have focused predominantly on small intestinal bacterial
overgrowth (SIBO), IBS, and celiac disease (CD).
Duodenal flora and SIBO
Some risk factors, such as demographics (older age), anatomic abnormalities (e.g., small intestinal diverticula and
gastric resection), motility disorders (e.g., CD, diabetic
neuropathy and scleroderma), organ system dysfunction (e.g., cirrhosis, chronic pancreatitis and end-stage
renal disease), and medications (e.g., recurrent antibiotics
and gastric acid inhibitors), are closely associated with
SIBO[66].
SIBO has been traditionally defined according to the
number and type of culturable bacteria within duodenal
or jejunal aspirates: 105 CFU/mL of colonic-type bacteria has been commonly used[67]. Although some studies
have diagnosed SIBO using a direct test-that is, bacterial
cultures of aspirate from the small bowel[68], the majority of gastrointestinal microbiota could not be cultured,
the culture-based method can not reveal the real changes
in microbiota in the small intestine in various disease
conditions. The lactulose/glucose breath tests have also
recently been used for the diagnosis of SIBO[69,70], however, these are indirect tests with poor sensitivity and
specificity[71,72]. In the future, high-throughput bacterial
16S rDNA sequencing may be used to determine the
composition of microbiota in the small intestine in some
disorders which could lead to SIBO, and contribute to
new diagnostic criteria for SIBO.

Stomach flora and gastric polyp
Gastric polyps are focal elevated lesions within the gastric epithelium mucosa. The current limited systematic
studies of gastric polyps focus mainly on the relationship between gastric polyps and cancer as well as the
role of H. pylori in the pathogenesis. The possible pathogeneses related to the development of gastric polyps
include hereditary factors, bile reflux, H. pylori infection,
etc., while none have been directly proved. As such, the
etiology and biological characteristics of gastric polyps
and its long-term effects on the human body are not
yet clear. Studies of gastric polyps are far less detailed
than those of colonic polyps. The intestinal flora are involved in the pathogenesis of colonic polyps[24,25], while
no study focusing on the relationship between stomach
flora constitution and gastric polyps pathogenesis from
the perspective of gastric microbiota using bacterial 16S
rDNA sequencing has been reported.
Overall, the constitution and diversity of stomach
flora under various disease states, the interactions between H. pylori and other stomach flora and their underlying mechanisms as well as the effect of stomach
flora in the pathogenesis of various stomach diseases
are expected to be uncovered more deeply from the perspective of intestinal microbiota using high-throughput
bacterial 16S rDNA sequencing technology based on the
metagenomics strategy.
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Duodenal flora and IBS
IBS is a common disorder characterized by abdominal
pain or discomfort associated with disturbed bowel fun
ction such as constipation and/or diarrhea[73]. Epidemiological and clinical data support the new bacterial concept
of IBS[74]. Altered intestinal microbiota composition[75-79]
and gut flora metabolites (e.g., short-chain fatty acids
butyrate, acetate, and propionate; CH4 and H2 gases)[79,80]
were observed in patients with IBS. An etiological role of
gastrointestinal infection in the development of IBS has
been confirmed[81]. The final and most promising area is
that of alterations in small intestinal microbiota in a subset of patients with IBS[74,82]. Several probiotics[83,84] and
antibiotics[85] might play a potential therapeutic role in
IBS.
Most studies in this area have investigated the changes in fecal microbiota in patients with IBS[86,87], however,
corresponding investigations of the microbial composi-
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tion of the small intestine, the duodenum in particular, in
patients with IBS are rare[88,89]. A recent specific real-time
PCR-based investigation using duodenal mucosa brush
samples noted that the percentage of Bifidobacterium corresponding to the species Bifidobacterium catenulatum was
significantly lower in patients with IBS than in healthy
subjects[88]. The same group showed higher levels of
Pseudomonas aeruginosa in the upper small intestine of patients with IBS than in healthy subjects[88]. Although further investigation is required, these findings suggest that
therapies involving modulation of the small intestinal microbiota merit consideration. The relationship between
SIBO and IBS is highly inconsistent among studies, and
there is no evidence of SIBO being absent before IBS
symptoms are evident and present after IBS emerges[56].

ction of microbiota within the human gastrointestinal
tract have been sought for decades, but efforts have been
hampered by the following factors: the complexity of
gastrointestinal microbiota, especially with regard to the
abundance and diversity of commensal fungi and viruses
within the human gastrointestinal tract[96,97]; the heterogeneity and multifactorial pathophysiology of gastrointestinal diseases; the impact of the variability of host genotype, diet[98,99], age[100,101], race[98], geographic location[98],
drug treatment[102], and medical intervention[103] on gastrointestinal microbiota; inherent limitations in the methodologies used to assess the composition and function of
gastrointestinal microbiota; and a lack of suitable animal
models (similar to human microecology) for studying the
pathogenesis of various disorders. High-throughput sequencing and bioinformatics analyses are evolving rapidly
and providing us with fascinating insight into the microbiota present within the human gastrointestinal tract. We
are in the midst of a revolutionary period with respect
to investigation of the gastrointestinal microbiota. There
have been remarkable advances with respect to establishing which microbes are altered in healthy subjects[19] vs
those in individuals suffering from IBD[1], obesity[1], and
type 2 diabetes[23]. However, these studies mainly focused
on the fecal-associated microbiota, because the gut microbiota has a major impact on human health and disease
and is the best-studied ecosystem; and fecal samples are
easy to collect and suitable for the metagenomic sequencing of whole community DNA.
At present, there are more study limitations for the
microbiota in the upper gastrointestinal tract, especially
the choice of representative human specimens and the
application of a reliable analytical method. Endoscopic
biopsy specimens, aspirate samples, mucosa brush samples, and surgical specimens from the esophagus, stomach and upper duodenum could be used for microbiota
analysis. However, sample collection from the distal duodenum, jejunum, and proximal ileum is still difficult; the
surgical and aspirate samples, especially the specimens
from organ donations and transplantation may be suitable for analysis. In addition, contamination by the oral
microflora and the microbiota from other sections of
the upper gastrointestinal tract, and contamination with
human host DNA could represent major and permanent
methodical problems. Microbiota studies are subject to
the restriction of missing distinction between transient
and resident microflora in the esophagus, stomach and
small intestine, thus, the collection and handling of specimens are of great importance.
A number of culture-based techniques and PCR-based
molecular approaches including TRFLP, DGGE and
TGGE, RISA, DNA microarray and FISH, have been
applied to analyze the human microbiota. Furthermore,
the next-generation high-throughout DNA sequencing
techniques based on 454 pyrosequencing or Illumina
(Solexa) sequencing platforms are the most powerful to
investigate the composition, abundance and function of
the gastrointestinal microbiota. The analytical method

Duodenal flora and CD
CD typically presents in early childhood with chronic
inflammation of the small intestinal mucosa and permanent intolerance to dietary gluten. Several studies have
confirmed that other factors such as abnormalities in
the small intestinal microbiota might be associated with
this disorder[90-93]. Nadal et al[91] conducted bacteriological
analyses of duodenal biopsy specimens based on pediatric patients with CD. Their results showed that patients
with active CD had significantly higher numbers of total
bacteria, especially Gram-negative bacteria, compared
with asymptomatic patients and healthy subjects[91]. The
ratio of Lactobacillus-Bifidobacterium to Bacteroides-Escherichia
coli was lower in patients with CD. Nistal et al[92] analyzed the bacterial 16S rRNA gene sequencing of DNA
extracted from duodenal biopsies and showed that the
diversity of duodenal microbiota was significantly different between treated and untreated adults with CD due to
treatment with a gluten-free diet. Furthermore, Di et al[93]
found that a gluten-free diet lasting two or more years
could not completely restore the microbiota. Undoubtedly, the fecal-associated microbiota composition and
related metabolites could also be disturbed in patients
with CD[94,95]. Disruption of the duodenal microbiota in
patients with CD was linked overall to the symptomatic
presentation and could favor the pathogenesis of CD.
The composition of the microbiota within the small
intestine has not been analyzed comprehensively using
a high-throughput 16S rRNA gene or metagenomic
sequencing method, either in healthy individuals or in
patients with gastrointestinal conditions. The study of
specimens from the small intestine (especially the distal
duodenum, jejunum, and proximal ileum) collected from
organ donations and transplantation could be a good
way of understanding the abundance and variety of normal microbiota within the small intestine.

STUDY LIMITATIONS AND FUTURE OF
HUMAN MICROBIOTA RESEARCH
It is evident that gastrointestinal microbiota contribute
to human health and disease. The composition and fun
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selected for the assessment of upper gastrointestinal microbiota will depend on the expected target as well as the
time and cost-effectiveness associated with the research.
Currently, the high-throughput sequencing of 16S rDNA,
but not the metagenomics sequencing of the whole
microbial community DNA, may be the best molecular
method for upper gastrointestinal microbiota. However,
it is difficult to distinguish DNA coming from dead or
live microbes, when using extracted DNA in the PCRbased molecular analysis. At present, both molecular and
culture-based methods should be used to investigate the
microbiota composition in the human gastrointestinal
tract. Although it could be an arduous task, it is essential
for scientific researchers to sequence and characterize the
microbiota within the upper gastrointestinal tract. In the
future, the use of metagenomics combined with human
genome-wide association studies, as well as metabonomics and metaproteomics, may be an ideal approach to understand the microbiota-host interaction and unravel the
significance of specific microbiota to determine which
microbiota are causative and which are present merely
as a consequence of disease. Perhaps one day specific
microbes and microbiota-based biomarkers will be developed for diagnostic and therapeutic purposes.
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CONCLUSION
In summary, the upper gastrointestinal microbiota is impli
cated in several gastrointestinal illnesses. There are many
study limitations for the upper gastrointestinal microbiota, which could be prevented or mitigated. Through
the conceptual innovations in metagenomics and the
improvements in DNA high-throughput sequencing and
bioinformatics analysis technology, it is now possible
to explore the genetic nature of the microbiome in the
esophagus, stomach, and small intestine, and the interactions between the host and the residing microbial community.

13

14

15

16

REFERENCES
1

2
3

4

Qin J, Li R, Raes J, Arumugam M, Burgdorf KS, Manichanh
C, Nielsen T, Pons N, Levenez F, Yamada T, Mende DR, Li
J, Xu J, Li S, Li D, Cao J, Wang B, Liang H, Zheng H, Xie Y,
Tap J, Lepage P, Bertalan M, Batto JM, Hansen T, Le Paslier
D, Linneberg A, Nielsen HB, Pelletier E, Renault P, Sicheritz-Ponten T, Turner K, Zhu H, Yu C, Li S, Jian M, Zhou Y,
Li Y, Zhang X, Li S, Qin N, Yang H, Wang J, Brunak S, Doré
J, Guarner F, Kristiansen K, Pedersen O, Parkhill J, Weissenbach J, Bork P, Ehrlich SD, Wang J. A human gut microbial
gene catalogue established by metagenomic sequencing.
Nature 2010; 464: 59-65 [PMID: 20203603 DOI: 10.1038/nature08821]
Lederberg J. Infectious history. Science 2000; 288: 287-293
[PMID: 10777411 DOI: 10.1126/science.288.5464.287]
Bäckhed F, Ley RE, Sonnenburg JL, Peterson DA, Gordon
JI. Host-bacterial mutualism in the human intestine. Science
2005; 307: 1915-1920 [PMID: 15790844 DOI: 10.1126/science.1104816]
Flint HJ, Scott KP, Louis P, Duncan SH. The role of the gut
microbiota in nutrition and health. Nat Rev Gastroenterol
Hepatol 2012; 9: 577-589 [PMID: 22945443 DOI: 10.1038/
nrgastro.2012.156]

WCG|www.wjgnet.com

17

18

19

20

2051

Round JL, Lee SM, Li J, Tran G, Jabri B, Chatila TA, Mazmanian SK. The Toll-like receptor 2 pathway establishes colonization by a commensal of the human microbiota. Science 2011;
332: 974-977 [PMID: 21512004 DOI: 10.1126/science.1206095]
Franks I. Microbiota: gut microbes might promote intestinal
angiogenesis. Nat Rev Gastroenterol Hepatol 2013; 10: 3 [PMID:
23183793 DOI: 10.1038/nrgastro.2012.227]
Giovannoni SJ, Britschgi TB, Moyer CL, Field KG. Genetic
diversity in Sargasso Sea bacterioplankton. Nature 1990; 345:
60-63 [PMID: 2330053 DOI: 10.1038/345060a0]
Eckburg PB, Bik EM, Bernstein CN, Purdom E, Dethlefsen
L, Sargent M, Gill SR, Nelson KE, Relman DA. Diversity
of the human intestinal microbial flora. Science 2005; 308:
1635-1638 [PMID: 15831718 DOI: 10.1126/science.1110591]
Turnbaugh PJ, Hamady M, Yatsunenko T, Cantarel BL,
Duncan A, Ley RE, Sogin ML, Jones WJ, Roe BA, Affourtit
JP, Egholm M, Henrissat B, Heath AC, Knight R, Gordon JI.
A core gut microbiome in obese and lean twins. Nature 2009;
457: 480-484 [PMID: 19043404 DOI: 10.1038/nature07540]
Belda-Ferre P, Alcaraz LD, Cabrera-Rubio R, Romero H,
Simón-Soro A, Pignatelli M, Mira A. The oral metagenome
in health and disease. ISME J 2012; 6: 46-56 [PMID: 21716308
DOI: 10.1038/ismej.2011.85]
Vaishampayan PA, Kuehl JV, Froula JL, Morgan JL, Ochman H, Francino MP. Comparative metagenomics and
population dynamics of the gut microbiota in mother and
infant. Genome Biol Evol 2010; 2: 53-66 [PMID: 20333224 DOI:
10.1093/gbe/evp057]
Koren O, Spor A, Felin J, Fåk F, Stombaugh J, Tremaroli V,
Behre CJ, Knight R, Fagerberg B, Ley RE, Bäckhed F. Human
oral, gut, and plaque microbiota in patients with atherosclerosis. Proc Natl Acad Sci USA 2011; 108 Suppl 1: 4592-4598
[PMID: 20937873 DOI: 10.1073/pnas.1011383107]
Li F, Hullar MA, Lampe JW. Optimization of terminal restriction fragment polymorphism (TRFLP) analysis of human gut microbiota. J Microbiol Methods 2007; 68: 303-311
[PMID: 17069911 DOI: 10.1016/j.mimet.2006.09.006]
Zoetendal EG, von Wright A, Vilpponen-Salmela T, BenAmor K, Akkermans AD, de Vos WM. Mucosa-associated
bacteria in the human gastrointestinal tract are uniformly distributed along the colon and differ from the community recovered from feces. Appl Environ Microbiol 2002; 68: 3401-3407
[PMID: 12089021 DOI: 10.1128/AEM.68.7.3401-3407.2002]
Smith NR, Kishchuk BE, Mohn WW. Effects of wildfire and
harvest disturbances on forest soil bacterial communities.
Appl Environ Microbiol 2008; 74: 216-224 [PMID: 18024684
DOI: 10.1128/AEM.01355-07]
Palmer C, Bik EM, Eisen MB, Eckburg PB, Sana TR, Wolber
PK, Relman DA, Brown PO. Rapid quantitative profiling of
complex microbial populations. Nucleic Acids Res 2006; 34:
e5 [PMID: 16407321 DOI: 10.1093/nar/gnj007]
Harmsen HJ, Raangs GC, He T, Degener JE, Welling GW. Extensive set of 16S rRNA-based probes for detection of bacteria in human feces. Appl Environ Microbiol 2002; 68: 2982-2990
[PMID: 12039758 DOI: 10.1128/AEM.68.6.2982-2990.2002]
Handelsman J, Rondon MR, Brady SF, Clardy J, Goodman
RM. Molecular biological access to the chemistry of unknown soil microbes: a new frontier for natural products.
Chem Biol 1998; 5: R245-R249 [PMID: 9818143 DOI: 10.1016/
S1074-5521(98)90108-9]
Human Microbiome Project Consortium. Structure, function and diversity of the healthy human microbiome. Nature 2012; 486: 207-214 [PMID: 22699609 DOI: 10.1038/nature11234]
Peterson J, Garges S, Giovanni M, McInnes P, Wang L, Schloss
JA, Bonazzi V, McEwen JE, Wetterstrand KA, Deal C, Baker
CC, Di Francesco V, Howcroft TK, Karp RW, Lunsford RD,
Wellington CR, Belachew T, Wright M, Giblin C, David H,
Mills M, Salomon R, Mullins C, Akolkar B, Begg L, Davis
C, Grandison L, Humble M, Khalsa J, Little AR, Peavy H,
Pontzer C, Portnoy M, Sayre MH, Starke-Reed P, Zakhari S,

January 28, 2014|First Edition|

Wang ZK et al . Upper gastrointestinal microbiota and digestive diseases

21

22

23

24

25

26
27
28

29

30

31

32

33

34

Read J, Watson B, Guyer M. The NIH Human Microbiome
Project. Genome Res 2009; 19: 2317-2323 [PMID: 19819907
DOI: 10.1101/gr.096651.109]
Turnbaugh PJ, Ley RE, Mahowald MA, Magrini V, Mardis
ER, Gordon JI. An obesity-associated gut microbiome with
increased capacity for energy harvest. Nature 2006; 444:
1027-1031 [PMID: 17183312 DOI: 10.1038/nature05414]
Wen L, Ley RE, Volchkov PY, Stranges PB, Avanesyan L,
Stonebraker AC, Hu C, Wong FS, Szot GL, Bluestone JA,
Gordon JI, Chervonsky AV. Innate immunity and intestinal
microbiota in the development of Type 1 diabetes. Nature
2008; 455: 1109-1113 [PMID: 18806780 DOI: 10.1038/nature07336]
Qin J, Li Y, Cai Z, Li S, Zhu J, Zhang F, Liang S, Zhang W,
Guan Y, Shen D, Peng Y, Zhang D, Jie Z, Wu W, Qin Y, Xue
W, Li J, Han L, Lu D, Wu P, Dai Y, Sun X, Li Z, Tang A,
Zhong S, Li X, Chen W, Xu R, Wang M, Feng Q, Gong M, Yu J,
Zhang Y, Zhang M, Hansen T, Sanchez G, Raes J, Falony
G, Okuda S, Almeida M, LeChatelier E, Renault P, Pons N,
Batto JM, Zhang Z, Chen H, Yang R, Zheng W, Li S, Yang
H, Wang J, Ehrlich SD, Nielsen R, Pedersen O, Kristiansen
K, Wang J. A metagenome-wide association study of gut
microbiota in type 2 diabetes. Nature 2012; 490: 55-60 [PMID:
23023125 DOI: 10.1038/nature11450]
Scanlan PD, Shanahan F, Clune Y, Collins JK, O’Sullivan
GC, O’Riordan M, Holmes E, Wang Y, Marchesi JR. Cultureindependent analysis of the gut microbiota in colorectal
cancer and polyposis. Environ Microbiol 2008; 10: 789-798
[PMID: 18237311 DOI: 10.1111/j.1462-2920.2008.01622.x]
Shen XJ, Rawls JF, Randall T, Burcal L, Mpande CN, Jenkins
N, Jovov B, Abdo Z, Sandler RS, Keku TO. Molecular characterization of mucosal adherent bacteria and associations
with colorectal adenomas. Gut Microbes 2010; 1: 138-147
[PMID: 20740058 DOI: 10.4161/gmic.1.3.12360]
Greer JB, O’Keefe SJ. Microbial induction of immunity,
inflammation, and cancer. Front Physiol 2011; 1: 168 [PMID:
21423403 DOI: 10.3389/fphys.2010.00168]
Gagliardi D, Makihara S, Corsi PR, Viana Ade T, Wiczer
MV, Nakakubo S, Mimica LM. Microbial flora of the normal
esophagus. Dis Esophagus 1998; 11: 248-250 [PMID: 10071807]
Cassone A, Cauda R. Candida and candidiasis in HIV-infected patients: where commensalism, opportunistic behavior
and frank pathogenicity lose their borders. AIDS 2012; 26:
1457-1472 [PMID: 22472853 DOI: 10.1097/QAD.0b013e32835
36ba8]
Shibuya K, Coulson WF, Wollman JS, Wakayama M, Ando
T, Oharaseki T, Takahashi K, Naoe S. Histopathology of
cryptococcosis and other fungal infections in patients with
acquired immunodeficiency syndrome. Int J Infect Dis 2001; 5:
78-85 [PMID: 11468102 DOI: 10.1016/S1201-9712(01)90030-X]
Gao YL, Kim SS, Han CW, Choi YD, Nam JH, Juhng SW,
Jin JS, Kong LF, Park CS. Specific identification of herpes
simplex virus in human esophagus with rapid in situ hybridization in 5 cases. Chin Med Sci J 2008; 23: 126-128 [PMID:
18686634 DOI: 10.1016/S1001-9294(09)60025-0]
Jazeron JF, Barbe C, Frobert E, Renois F, Talmud D, BrixiBenmansour H, Brodard V, Andréoletti L, Diebold MD,
Lévêque N. Virological diagnosis of herpes simplex virus
1 esophagitis by quantitative real-time PCR assay. J Clin
Microbiol 2012; 50: 948-952 [PMID: 22170921 DOI: 10.1128/
JCM.05748-11]
Pajecki D, Zilberstein B, dos Santos MA, Ubriaco JA, Quintanilha AG, Cecconello I, Gama-Rodrigues J. Megaesophagus microbiota: a qualitative and quantitative analysis. J
Gastrointest Surg 2002; 6: 723-729 [PMID: 12399062 DOI:
10.1016/S1091-255X(02)00028-8]
Pei Z, Bini EJ, Yang L, Zhou M, Francois F, Blaser MJ. Bacterial biota in the human distal esophagus. Proc Natl Acad Sci
USA 2004; 101: 4250-4255 [PMID: 15016918 DOI: 10.1073/
pnas.0306398101]
Suerbaum S. Microbiome analysis in the esophagus. Gastro-

WCG|www.wjgnet.com

35

36

37

38
39

40

41

42

43

44
45

46

47

48

49

50

2052

enterology 2009; 137: 419-421 [PMID: 19563840 DOI: 10.1053/
j.gastro.2009.06.017]
Macfarlane S, Furrie E, Macfarlane GT, Dillon JF. Microbial
colonization of the upper gastrointestinal tract in patients
with Barrett’s esophagus. Clin Infect Dis 2007; 45: 29-38
[PMID: 17554697 DOI: 10.1086/518578]
Norder Grusell E, Dahlén G, Ruth M, Ny L, Quiding-Järbrink
M, Bergquist H, Bove M. Bacterial flora of the human oral cavity, and the upper and lower esophagus. Dis Esophagus 2013; 26:
84-90 [PMID: 22394217 DOI: 10.1111/j.1442-2050.2012.01328.x]
Yang L, Lu X, Nossa CW, Francois F, Peek RM, Pei Z. Inflammation and intestinal metaplasia of the distal esophagus
are associated with alterations in the microbiome. Gastroenterology 2009; 137: 588-597 [PMID: 19394334 DOI: 10.1053/
j.gastro.2009.04.046]
Pei Z, Yang L, Peek RM, Jr Levine SM, Pride DT, Blaser MJ.
Bacterial biota in reflux esophagitis and Barrett’s esophagus.
World J Gastroenterol 2005; 11: 7277-7283 [PMID: 16437628]
Yang L, Francois F, Pei Z. Molecular pathways: pathogenesis and clinical implications of microbiome alteration in
esophagitis and Barrett esophagus. Clin Cancer Res 2012; 18:
2138-2144 [PMID: 22344232 DOI: 10.1158/1078-0432]
Fillon SA, Harris JK, Wagner BD, Kelly CJ, Stevens MJ,
Moore W, Fang R, Schroeder S, Masterson JC, Robertson CE,
Pace NR, Ackerman SJ, Furuta GT. Novel device to sample
the esophageal microbiome--the esophageal string test. PLoS
One 2012; 7: e42938 [PMID: 22957025 DOI: 10.1371/journal.
pone.0042938]
Vesper BJ, Jawdi A, Altman KW, Haines GK, Tao L, Radosevich JA. The effect of proton pump inhibitors on the
human microbiota. Curr Drug Metab 2009; 10: 84-89 [PMID:
19149516 DOI: 10.2174/138920009787048392]
Fried M, Siegrist H, Frei R, Froehlich F, Duroux P, Thorens J,
Blum A, Bille J, Gonvers JJ, Gyr K. Duodenal bacterial overgrowth during treatment in outpatients with omeprazole.
Gut 1994; 35: 23-26 [PMID: 8307444 DOI: 10.1136/gut.35.1.23]
Michail S, Durbin M, Turner D, Griffiths AM, Mack DR, Hyams J, Leleiko N, Kenche H, Stolfi A, Wine E. Alterations in
the gut microbiome of children with severe ulcerative colitis.
Inflamm Bowel Dis 2012; 18: 1799-1808 [PMID: 22170749 DOI:
10.1002/ibd.22860]
Bacteria in the stomach. Lancet 1981; 2: 906-907 [PMID:
6117687 DOI: 10.1016/S0140-6736(81)91396-9]
Marshall BJ, Warren JR. Unidentified curved bacilli in the
stomach of patients with gastritis and peptic ulceration. Lancet
1984; 1: 1311-1315 [PMID: 6145023 DOI: 10.1016/S0140-6736
(84)91816-6]
Monstein HJ, Tiveljung A, Kraft CH, Borch K, Jonasson J.
Profiling of bacterial flora in gastric biopsies from patients
with Helicobacter pylori-associated gastritis and histologically normal control individuals by temperature gradient
gel electrophoresis and 16S rDNA sequence analysis. J Med
Microbiol 2000; 49: 817-822 [PMID: 10966230]
Bik EM, Eckburg PB, Gill SR, Nelson KE, Purdom EA, Francois F, Perez-Perez G, Blaser MJ, Relman DA. Molecular ana
lysis of the bacterial microbiota in the human stomach. Proc
Natl Acad Sci USA 2006; 103: 732-737 [PMID: 16407106 DOI:
10.1073/pnas.0506655103]
Li XX, Wong GL, To KF, Wong VW, Lai LH, Chow DK, Lau
JY, Sung JJ, Ding C. Bacterial microbiota profiling in gastritis without Helicobacter pylori infection or non-steroidal
anti-inflammatory drug use. PLoS One 2009; 4: e7985 [PMID:
19956741 DOI: 10.1371/journal.pone.0007985]
Andersson AF, Lindberg M, Jakobsson H, Bäckhed F, Nyrén
P, Engstrand L. Comparative analysis of human gut microbiota by barcoded pyrosequencing. PLoS One 2008; 3: e2836
[PMID: 18665274 DOI: 10.1371/journal.pone.0002836]
Stearns JC, Lynch MD, Senadheera DB, Tenenbaum HC,
Goldberg MB, Cvitkovitch DG, Croitoru K, Moreno-Hagelsieb G, Neufeld JD. Bacterial biogeography of the human
digestive tract. Sci Rep 2011; 1: 170 [PMID: 22355685 DOI:

January 28, 2014|First Edition|

Wang ZK et al . Upper gastrointestinal microbiota and digestive diseases

51

52
53
54

55

56

57

58

59

60

61

62
63

64

10.1038/srep00170]
Aas JA, Paster BJ, Stokes LN, Olsen I, Dewhirst FE. Defining
the normal bacterial flora of the oral cavity. J Clin Microbiol
2005; 43: 5721-5732 [PMID: 16272510 DOI: 10.1128/JCM.43.1
1.5721-5732.2005]
McColl KE. Clinical practice. Helicobacter pylori infection.
N Engl J Med 2010; 362: 1597-1604 [PMID: 20427808 DOI:
10.1056/NEJMcp1001110]
Malfertheiner P, Chan FK, McColl KE. Peptic ulcer disease.
Lancet 2009; 374: 1449-1461 [PMID: 19683340 DOI: 10.1016/
S0140-6736(09)60938-7]
Nakagawa S, Osaki T, Fujioka Y, Yamaguchi H, Kamiya S.
Long-term infection of Mongolian gerbils with Helicobacter
pylori: microbiological, histopathological, and serological
analyses. Clin Diagn Lab Immunol 2005; 12: 347-353 [PMID:
15699432 DOI: 10.1128/CDLI.12.2.347-353.2005]
Zaman C, Osaki T, Hanawa T, Yonezawa H, Kurata S, Kamiya S. Analysis of the microflora in the stomach of Mongolian gerbils infected with Helicobacter pylori. J Gastroenterol
Hepatol 2010; 25 Suppl 1: S11-S14 [PMID: 20586850 DOI:
10.1111/j.1440-1746.2009.06215.x]
Yin YN, Wang CL, Liu XW, Cui Y, Xie N, Yu QF, Li FJ, Lu
FG. Gastric and duodenum microflora analysis after longterm Helicobacter pylori infection in Mongolian Gerbils. Helicobacter 2011; 16: 389-397 [PMID: 21923685 DOI: 10.1111/
j.1523-5378.2011.00862.x]
Sun YQ, Monstein HJ, Nilsson LE, Petersson F, Borch K.
Profiling and identification of eubacteria in the stomach of
Mongolian gerbils with and without Helicobacter pylori
infection. Helicobacter 2003; 8: 149-157 [PMID: 12662383 DOI:
10.1046/j.1523-5378.2003.00136.x]
García C A, Henríquez A P, Retamal R C, Pineda C S, Delgado Sen C, González C C. [Probiotic properties of Lactobacillus spp isolated from gastric biopsies of Helicobacter
pylori infected and non-infected individuals]. Rev Med
Chil 2009; 137: 369-376 [PMID: 19621178 DOI: 10.4067/
S0034-98872009000300007]
Hu Y, He LH, Xiao D, Liu GD, Gu YX, Tao XX, Zhang JZ.
Bacterial flora concurrent with Helicobacter pylori in the
stomach of patients with upper gastrointestinal diseases.
World J Gastroenterol 2012; 18: 1257-1261 [PMID: 22468090
DOI: 10.3748/wjg.v18.i11.1257]
Sanduleanu S, Jonkers D, De Bruïne A, Hameeteman W,
Stockbrügger RW. Double gastric infection with Helicobacter pylori and non-Helicobacter pylori bacteria during
acid-suppressive therapy: increase of pro-inflammatory
cytokines and development of atrophic gastritis. Aliment
Pharmacol Ther 2001; 15: 1163-1175 [PMID: 11472319 DOI:
10.1046/j.1365-2036.2001.01029.x]
Gotteland M, Cruchet S. Suppressive effect of frequent
ingestion of Lactobacillus johnsonii La1 on Helicobacter
pylori colonization in asymptomatic volunteers. J Antimicrob Chemother 2003; 51: 1317-1319 [PMID: 12697639 DOI:
10.1093/jac/dkg227]
Collins D, Hogan AM, Winter DC. Microbial and viral
pathogens in colorectal cancer. Lancet Oncol 2011; 12: 504-512
[PMID: 21067973 DOI: 10.1016/S1470-2045(10)70186-8]
Tlaskalová-Hogenová H, Stěpánková R, Kozáková H, Hudcovic T, Vannucci L, Tučková L, Rossmann P, Hrnčíř T,
Kverka M, Zákostelská Z, Klimešová K, Přibylová J, Bártová
J, Sanchez D, Fundová P, Borovská D, Srůtková D, Zídek
Z, Schwarzer M, Drastich P, Funda DP. The role of gut
microbiota (commensal bacteria) and the mucosal barrier
in the pathogenesis of inflammatory and autoimmune diseases and cancer: contribution of germ-free and gnotobiotic
animal models of human diseases. Cell Mol Immunol 2011; 8:
110-120 [PMID: 21278760 DOI: 10.1038/cmi.2010.67]
Kado S, Uchida K, Funabashi H, Iwata S, Nagata Y, Ando M,
Onoue M, Matsuoka Y, Ohwaki M, Morotomi M. Intestinal
microflora are necessary for development of spontaneous
adenocarcinoma of the large intestine in T-cell receptor beta

WCG|www.wjgnet.com

65

66
67

68

69

70

71
72

73

74
75

76

77

78

79

80

2053

chain and p53 double-knockout mice. Cancer Res 2001; 61:
2395-2398 [PMID: 11289103]
Dicksved J, Lindberg M, Rosenquist M, Enroth H, Jansson
JK, Engstrand L. Molecular characterization of the stomach
microbiota in patients with gastric cancer and in controls.
J Med Microbiol 2009; 58: 509-516 [PMID: 19273648 DOI:
10.1099/jmm.0.007302-0]
Cotter PD. Small intestine and microbiota. Curr Opin Gastroenterol 2011; 27: 99-105 [PMID: 21102323 DOI: 10.1097/
MOG.0b013e328341dc67]
Spiegel BM. Questioning the bacterial overgrowth hypothesis of irritable bowel syndrome: an epidemiologic and evolutionary perspective. Clin Gastroenterol Hepatol 2011; 9: 461-469;
quiz e59 [PMID: 21397724 DOI: 10.1016/j.cgh.2011.02.030]
Posserud I, Stotzer PO, Björnsson ES, Abrahamsson H, Simrén M. Small intestinal bacterial overgrowth in patients
with irritable bowel syndrome. Gut 2007; 56: 802-808 [PMID:
17148502 DOI: 10.1136/gut.2006.108712]
Pimentel M, Chow EJ, Lin HC. Normalization of lactulose
breath testing correlates with symptom improvement in
irritable bowel syndrome. a double-blind, randomized, placebo-controlled study. Am J Gastroenterol 2003; 98: 412-419
[PMID: 12591062 DOI: 10.1111/j.1572-0241.2003.07234.x]
Yu D, Cheeseman F, Vanner S. Combined oro-caecal scintigraphy and lactulose hydrogen breath testing demonstrate
that breath testing detects oro-caecal transit, not small intestinal bacterial overgrowth in patients with IBS. Gut 2011; 60:
334-340 [PMID: 21112950 DOI: 10.1136/gut.2009.205476]
Simrén M, Stotzer PO. Use and abuse of hydrogen breath
tests. Gut 2006; 55: 297-303 [PMID: 16474100 DOI: 10.1136/
gut.2005.075127]
Spiegel BM, Chey WD, Chang L. Bacterial overgrowth and
irritable bowel syndrome: unifying hypothesis or a spurious
consequence of proton pump inhibitors? Am J Gastroenterol
2008; 103: 2972-2976 [PMID: 19086951]
Longstreth GF, Thompson WG, Chey WD, Houghton LA,
Mearin F, Spiller RC. Functional bowel disorders. Gastroenterology 2006; 130: 1480-1491 [PMID: 16678561 DOI: 10.1053/
j.gastro.2005.11.061]
Pimentel M, Chang C. Inflammation and microflora. Gastroenterol Clin North Am 2011; 40: 69-85 [PMID: 21333901 DOI:
10.1016/j.gtc.2010.12.010]
Mättö J, Maunuksela L, Kajander K, Palva A, Korpela R,
Kassinen A, Saarela M. Composition and temporal stability
of gastrointestinal microbiota in irritable bowel syndrome-a longitudinal study in IBS and control subjects. FEMS Immunol Med Microbiol 2005; 43: 213-222 [PMID: 15747442 DOI:
10.1016/j.femsim.2004.08.009]
Malinen E, Rinttilä T, Kajander K, Mättö J, Kassinen A, Krogius L, Saarela M, Korpela R, Palva A. Analysis of the fecal
microbiota of irritable bowel syndrome patients and healthy
controls with real-time PCR. Am J Gastroenterol 2005; 100:
373-382 [PMID: 15667495 DOI: 10.1111/j.1572-0241.2005.
40312.x]
Kassinen A, Krogius-Kurikka L, Mäkivuokko H, Rinttilä T,
Paulin L, Corander J, Malinen E, Apajalahti J, Palva A. The
fecal microbiota of irritable bowel syndrome patients differs
significantly from that of healthy subjects. Gastroenterology
2007; 133: 24-33 [PMID: 17631127 DOI: 10.1053/j.gastro.
2007.04.005]
Lyra A, Rinttilä T, Nikkilä J, Krogius-Kurikka L, Kajander K,
Malinen E, Mättö J, Mäkelä L, Palva A. Diarrhoea-predominant irritable bowel syndrome distinguishable by 16S rRNA
gene phylotype quantification. World J Gastroenterol 2009; 15:
5936-5945 [PMID: 20014457 DOI: 10.3748/wjg.15.5936]
Tana C, Umesaki Y, Imaoka A, Handa T, Kanazawa M, Fukudo S. Altered profiles of intestinal microbiota and organic
acids may be the origin of symptoms in irritable bowel
syndrome. Neurogastroenterol Motil 2010; 22: 512-59, 512-59,
[PMID: 19903265 DOI: 10.1111/j.1365-2982.2009.01427.x]
Makhani M, Yang J, Mirocha J, Low K, Pimentel M. Factor

January 28, 2014|First Edition|

Wang ZK et al . Upper gastrointestinal microbiota and digestive diseases

81
82

83

84

85

86

87

88

89

90

91

92

analysis demonstrates a symptom cluster related to methane
and non-methane production in irritable bowel syndrome.
J Clin Gastroenterol 2011; 45: 40-44 [PMID: 20871407 DOI:
10.1097/MCG.0b013e3181f423ea]
Spiller R, Garsed K. Postinfectious irritable bowel syndrome. Gastroenterology 2009; 136: 1979-1988 [PMID: 19457422
DOI: 10.1053/j.gastro.2009.02.074]
Ford AC, Spiegel BM, Talley NJ, Moayyedi P. Small intestinal
bacterial overgrowth in irritable bowel syndrome: systematic
review and meta-analysis. Clin Gastroenterol Hepatol 2009; 7:
1279-1286 [PMID: 19602448 DOI: 10.1016/j.cgh.2009.06.031]
Moayyedi P, Ford AC, Talley NJ, Cremonini F, Foxx-Orenstein AE, Brandt LJ, Quigley EM. The efficacy of probiotics
in the treatment of irritable bowel syndrome: a systematic
review. Gut 2010; 59: 325-332 [PMID: 19091823 DOI: 10.1136/
gut.2008.167270]
Ford AC, Talley NJ, Quigley EM, Moayyedi P. Efficacy of
probiotics in irritable bowel syndrome: a meta-analysis of
randomized, controlled trials. Dis Colon Rectum 2009; 52:
1805; author reply 1806 [PMID: 19966623 DOI: 10.1007/
DCR.0b013e3181ae0ab8]
Pimentel M, Lembo A, Chey WD, Zakko S, Ringel Y, Yu
J, Mareya SM, Shaw AL, Bortey E, Forbes WP. Rifaximin
therapy for patients with irritable bowel syndrome without
constipation. N Engl J Med 2011; 364: 22-32 [PMID: 21208106
DOI: 10.1056/NEJMoa1004409]
Jeffery IB, O’Toole PW, Öhman L, Claesson MJ, Deane J,
Quigley EM, Simrén M. An irritable bowel syndrome subtype defined by species-specific alterations in faecal microbiota. Gut 2012; 61: 997-1006 [PMID: 22180058 DOI: 10.1136/
gutjnl-2011-301501]
Saulnier DM, Riehle K, Mistretta TA, Diaz MA, Mandal
D, Raza S, Weidler EM, Qin X, Coarfa C, Milosavljevic A,
Petrosino JF, Highlander S, Gibbs R, Lynch SV, Shulman
RJ, Versalovic J. Gastrointestinal microbiome signatures of
pediatric patients with irritable bowel syndrome. Gastroenterology 2011; 141: 1782-1791 [PMID: 21741921 DOI: 10.1053/
j.gastro.2011.06.072]
Kerckhoffs AP, Samsom M, van der Rest ME, de Vogel J,
Knol J, Ben-Amor K, Akkermans LM. Lower Bifidobacteria
counts in both duodenal mucosa-associated and fecal microbiota in irritable bowel syndrome patients. World J Gastroenterol 2009; 15: 2887-2892 [PMID: 19533811 DOI: 10.3748/
wjg.15.2887]
Kerckhoffs AP, Ben-Amor K, Samsom M, van der Rest ME,
de Vogel J, Knol J, Akkermans LM. Molecular analysis of
faecal and duodenal samples reveals significantly higher
prevalence and numbers of Pseudomonas aeruginosa in
irritable bowel syndrome. J Med Microbiol 2011; 60: 236-245
[PMID: 20947663 DOI: 10.1099/jmm.0.022848-0]
Collado MC, Donat E, Ribes-Koninckx C, Calabuig M, Sanz
Y. Specific duodenal and faecal bacterial groups associated
with paediatric coeliac disease. J Clin Pathol 2009; 62: 264-269
[PMID: 18996905 DOI: 10.1136/jcp.2008.061366]
Nadal I, Donat E, Ribes-Koninckx C, Calabuig M, Sanz Y.
Imbalance in the composition of the duodenal microbiota
of children with coeliac disease. J Med Microbiol 2007; 56:
1669-1674 [PMID: 18033837 DOI: 10.1099/jmm.0.47410-0]
Nistal E, Caminero A, Herrán AR, Arias L, Vivas S, de Morales JM, Calleja S, de Miera LE, Arroyo P, Casqueiro J. Dif-

93

94

95

96

97

98

99
100

101
102

103

ferences of small intestinal bacteria populations in adults
and children with/without celiac disease: effect of age,
gluten diet, and disease. Inflamm Bowel Dis 2012; 18: 649-656
[PMID: 21826768 DOI: 10.1002/ibd.21830]
Di Cagno R, De Angelis M, De Pasquale I, Ndagijimana M,
Vernocchi P, Ricciuti P, Gagliardi F, Laghi L, Crecchio C,
Guerzoni ME, Gobbetti M, Francavilla R. Duodenal and faecal microbiota of celiac children: molecular, phenotype and
metabolome characterization. BMC Microbiol 2011; 11: 219
[PMID: 21970810 DOI: 10.1186/1471-2180-11-219]
Sanz Y, Sánchez E, Marzotto M, Calabuig M, Torriani S,
Dellaglio F. Differences in faecal bacterial communities in
coeliac and healthy children as detected by PCR and denaturing gradient gel electrophoresis. FEMS Immunol Med
Microbiol 2007; 51: 562-568 [PMID: 17919298 DOI: 10.1111/
j.1574-695X.2007.00337.x]
Tjellström B, Stenhammar L, Högberg L, Fälth-Magnusson
K, Magnusson KE, Midtvedt T, Sundqvist T, Norin E. Gut
microflora associated characteristics in children with celiac
disease. Am J Gastroenterol 2005; 100: 2784-2788 [PMID:
16393236 DOI: 10.1111/j.1572-0241.2005.00313.x]
Iliev ID, Funari VA, Taylor KD, Nguyen Q, Reyes CN, Strom
SP, Brown J, Becker CA, Fleshner PR, Dubinsky M, Rotter JI,
Wang HL, McGovern DP, Brown GD, Underhill DM. Interactions between commensal fungi and the C-type lectin receptor Dectin-1 influence colitis. Science 2012; 336: 1314-1317
[PMID: 22674328 DOI: 10.1126/science.1221789]
Reyes A, Haynes M, Hanson N, Angly FE, Heath AC, Rohwer F, Gordon JI. Viruses in the faecal microbiota of monozygotic twins and their mothers. Nature 2010; 466: 334-338
[PMID: 20631792 DOI: 10.1038/nature09199]
De Filippo C, Cavalieri D, Di Paola M, Ramazzotti M, Poullet
JB, Massart S, Collini S, Pieraccini G, Lionetti P. Impact of diet
in shaping gut microbiota revealed by a comparative study
in children from Europe and rural Africa. Proc Natl Acad Sci
USA 2010; 107: 14691-14696 [PMID: 20679230 DOI: 10.1073/
pnas.1005963107]
Sartor RB. Gut microbiota: Diet promotes dysbiosis and colitis in susceptible hosts. Nat Rev Gastroenterol Hepatol 2012; 9:
561-562 [PMID: 22890110 DOI: 10.1038/nrgastro.2012.157]
Claesson MJ, Cusack S, O’Sullivan O, Greene-Diniz R, de
Weerd H, Flannery E, Marchesi JR, Falush D, Dinan T, Fitzgerald G, Stanton C, van Sinderen D, O’Connor M, Harnedy N, O’
Connor K, Henry C, O’Mahony D, Fitzgerald AP, Shanahan F,
Twomey C, Hill C, Ross RP, O’Toole PW. Composition, variability, and temporal stability of the intestinal microbiota
of the elderly. Proc Natl Acad Sci USA 2011; 108 Suppl 1:
4586-4591 [PMID: 20571116 DOI: 10.1073/pnas.1000097107]
Woodmansey EJ. Intestinal bacteria and ageing. J Appl Microbiol 2007; 102: 1178-1186 [PMID: 17448153 DOI: 10.1111/
j.1365-2672.2007.03400.x]
Jakobsson HE, Jernberg C, Andersson AF, Sjölund-Karlsson
M, Jansson JK, Engstrand L. Short-term antibiotic treatment
has differing long-term impacts on the human throat and
gut microbiome. PLoS One 2010; 5: e9836 [PMID: 20352091
DOI: 10.1371/journal.pone.0009836]
Aron-Wisnewsky J, Doré J, Clement K. The importance of
the gut microbiota after bariatric surgery. Nat Rev Gastroenterol Hepatol 2012; 9: 590-598 [PMID: 22926153 DOI: 10.1038/
nrgastro.2012.161]
P- Reviewers Wang JT, Martinez-Abarca F
S- Editor Gou SX L- Editor A E- Editor Xiong L

WCG|www.wjgnet.com

2054

January 28, 2014|First Edition|

WC G

World Clinical
Gastroenterology

2014 First Edition
bpgoffice@wjgnet.com

ISBN 978-0-9914430-0-0
© 2014 Baishideng Publishing Group Inc. All rights reserved.

PROGRESS IN GASTROINTESTINAL DISEASES

Caustic injury of the upper gastrointestinal tract: A
comprehensive review
Sandro Contini, Carmelo Scarpignato
countries where management strategies are influenced
by malnutrition and poor clinical conditions. Late reconstructive surgery, mainly using colon transposition,
offers the best results in referral centers, either in children or adults, but such a difficult surgical procedure is
often unavailable in developing countries. Possible late
development of esophageal cancer, though probably
overemphasized, entails careful and long-term endoscopic screening.
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Core tip: The incidence of corrosive ingestion is high
and largely unreported in developing countries, where
prevention is lacking. Computed tomography and endoscopic ultrasound are gaining a more meaningful role in
addressing the need for emergency surgery. The need
to perform emergency surgery has a persistent longterm negative impact both on survival and functional
outcome. Prevention of stricture is still a debatable
issue, yet esophageal stents may offer promising outcomes. It is crucial to avoid malnutrition, especially in
developing countries where management strategies are
conditioned by poor clinical conditions. Late reconstructive surgery is often unavailable in developing countries.

Abstract
Prevention has a paramount role in reducing the incidence of corrosive ingestion especially in children, yet
this goal is far from being reached in developing countries, where such injuries are largely unreported and
their true prevalence simply cannot be extrapolated
from random articles or personal experience. The specific pathophysiologic mechanisms are becoming better
understood and may have a role in the future management and prevention of long-term consequences, such
as esophageal strictures. Whereas the mainstay of diagnosis is considered upper gastrointestinal endoscopy,
computed tomography and ultrasound are gaining a
more significant role, especially in addressing the need
for emergency surgery, whose morbidity and mortality remains high even in the best hands. The need to
perform emergency surgery has a persistent long-term
negative impact both on survival and functional outcome. Medical or endoscopic prevention of stricture is
debatable, yet esophageal stents, absorbable or not,
show promising data. Dilatation is the first therapeutic
option for strictures and bougies should be considered
especially for long, multiple and tortuous narrowing. It
is crucial to avoid malnutrition, especially in developing
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INTRODUCTION
Ingestion of corrosive substances remain an important
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public health issue in Western countries despite education
and regulatory efforts to reduce its occurrence. These injuries are still increasing in developing countries[1,2], related to the social, economic, and educational variables and
mainly to a lack of prevention[3,4]. The problem is largely
unreported in these settings and its true prevalence simply cannot be extrapolated from the scarce papers or
personal experience. Data available are heavily skewed
towards well-resourced centers and do not mirror the full
reality of the condition. Moreover, in industrialized and
developing countries, the therapeutic approach and management strategies appear to be different, likely because
of technology and endoscopic expertise.
Two independent MEDLINE and EMBASE searches
from 1990-2012 were performed to identify relevant articles. The following medical subject headings terms were
used in the searches: caustic ingestion, caustic lesions,
corrosive injuries, esophagus, esophageal dilatation. Bibliographies of retrieved studies were reviewed and general
medical and major gastroenterology journals manually
searched over the previous 5 years.

Table 1 Most commonly ingested caustic substances
Caustic substance
Acids

Commercially available form

Batteries
Industrial cleaning agents
Metal plating
Oxalic
Paint thinners, strippers
Metal cleaners
Hydrochloric
Solvents
Metal cleaners
Toilet and drain cleaners
Antirust compounds
Phosphoric
Toilet cleaners
Alkali
Sodium hydroxide
Drain cleaners
Home soap manufacturing
Potassium hydroxide
Oven cleaners
Washing powders
Sodium carbonate
Soap manufacturing
Fruit drying on farms
Ammonia
Commercial ammonia
Household cleaners
Ammonium hydroxide Household cleaners
Detergents, bleach Sodium hypochlorite
Household bleach, cleaners
Sodium polyphosphate Industrial detergents
Condy’s crystals Potassium permanganate Disinfectants, hair dyes

associated with a higher incidence of systemic complications, such as renal failure, liver dysfunction, disseminated
intravascular coagulation and hemolysis[13].
Esophageal injury begins within minutes and may
persist for hours. Initially, tissue injury is marked by eosinophilic necrosis with swelling and hemorrhagic congestion[9]. Experimental findings suggest that arteriolar
and venular thrombosis with consequent ischemia may be
more important than inflammation in the pathogenesis
of acute corrosive injury[10]. Four to 7 d after ingestion,
mucosal sloughing and bacterial invasion are the main
findings. At this time granulation tissue appears, and
ulcers become covered by fibrin. Perforation may occur
during this period if ulceration exceeds the muscle plane.
Fibroblasts appear at the injury site around day 4, and
around day 5, an “esophageal mold’’ is formed, consisting
of dead cells and secretions. Esophageal repair usually
begins on the 10th day after ingestion, whereas esophageal
ulcerations begin to epithelialize approximately 1 mo after exposure. The tensile strength of the healing tissue is
low during the first 3 wk since collagen deposition may
not begin until the second week. Hence, endoscopy (and
of course dilatation) is preferably avoided 5-15 d after
ingestion[14]. Scar retraction begins by the third week and
may continue for several months, resulting in stricture
formation and shortening of the involved segment of
the gastrointestinal tract. Additionally, lower esophageal sphincter pressure becomes impaired, leading to
increased gastroesophageal reflux (GER), which in turn
accelerates stricture formation[15]. GER is indeed a likely
significant factor in persistent strictures not responding
to sequential esophageal dilatations. Esophageal motility
studies report low amplitude and nonperistaltic contractions, with a significantly higher exposure to pH below 4,
compared with control groups[16]. Therefore, all caustic
esophageal burn patients should be screened for GER

EPIDEMIOLOGY AND
PATHOPHYSIOLOGY
Worldwide, children represent 80% of the ingestion
injury population globally[5], primarily due to accidental
ingestion[6]. In contrast, ingestion in adults is more often
suicidal in intent, and is frequently life-threatening.
Traditionally, ingested corrosive substances are either
alkalis or acids (Table 1). Alkaline material accounts for
most caustic ingestions in Western countries whereas
injuries from acid are more common in some developing
countries, like India, where hydrochloric acid and sulfuric
acid are easily accessible[7]. Acids and alkalis produce different types of tissue damage. Acids cause coagulation
necrosis, with eschar formation that may limit substance
penetration and injury depth[8]. Conversely, alkalis combine with tissue proteins and cause liquefactive necrosis
and saponification, and penetrate deeper into tissues,
helped by a higher viscosity and a longer contact time
through the esophagus. Additionally, alkali absorption
leads to thrombosis in blood vessels, impeding blood
flow to already damaged tissue[9]. Injury occurs quickly,
depending on the agent’s concentration and time of
exposure (Figure 1)[10], with a 30% solution of sodium
hydroxide being able to produce full thickness injury
in 1 s[11]. Accordingly, alkali ingestion may lead to more
serious injury and complications, but this distinction is
probably not clinically relevant in the setting of strong
acid or base ingestion, both being able to penetrate tissues rapidly, potentially leading to full-thickness damage
of the esophageal/gastric wall. The conventional acceptance that acids preferentially damage the stomach, due
to the protective esophageal eschar, has recently been
questioned, with observation of extensive esophageal
damage and perforations after acid ingestion[12]. Likewise,
compared with alkali, ingestion of a strong acid may be
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reliable index of esophageal damage[20]. Hoarseness and
stridor suggest laryngeal or epiglottic involvement; dysphagia and odynophagia imply esophageal damage while
epigastric pain and bleeding are more common in stomach involvement. The absence of pain does not preclude
significant gastrointestinal damage. Later changes, such
as appearance or worsening of abdominal or chest pain,
should be carefully monitored and promptly investigated,
since esophageal or gastric perforations can occur at any
time during the first 2 wk after ingestion[5].
The relationship between symptoms and severity of
injury is uncertain[21]. Stridor and drooling were considered 100% specific for significant esophageal injury[22,23],
but no single symptom or symptom cluster can predict
the degree of esophageal damage[20,24,25].
The incidence of coexistent gastric injury in the
literature ranges from 20.0% to as high as 62.5%[26,27],
extending from simple hyperemia/erosions to diffuse
transmural necrosis. Delayed gastric emptying with consequent accumulation of food in the stomach (likely due
to the contraction of the antropyloric region) may affect
the severity of injuries. The most common presentation
of an acute corrosive gastric burn is abdominal pain,
vomiting, and hematemesis. Rarely, a full thickness burn
can cause an immediate gastric perforation, which tends
to present a few days after ingestion. Gastric perforation,
early or delayed, carries a significant mortality[28], and is
more rarely reported in children. Clinical examination
and a careful follow-up with a computed tomography
(CT) scan are likely more useful than endoscopy in assessing threatened or existing perforation[29]. Bleeding following corrosive ingestion is usually self-limiting: though
massive hemorrhage from the stomach or duodenum has
been reported a short time after corrosive ingestion[30],
severe bleeding typically occurs at 2 wk after ingestion[29].
Respiratory complications from caustic ingestion may
result in laryngeal injury and upper airway edema, which
ultimately may require tracheotomy[31] and is usually coupled with extensive esophageal damage. Laryngeal injuries
were diagnosed by flexible fiberoptic or rigid laryngoscopy in 38% of patients after caustic ingestion, but only
few (8%) required immediate intubation and mechanical
ventilation for respiratory distress on admission[11]. This
low rate of lower airway and pulmonary complications
suggests that the protective pharyngeal-glottic mechanism
is highly efficient in preventing the caustic substance to
reach the lower airway.

A

B

Figure 1 Murine esophagus exposed for 10 min to control (A) and 10%
NaOH (B). Reproduced from Osman et al[10].

periodically, and GER should be controlled aggressively.
Reactive oxygen species generation with subsequent
lipid peroxidation may contribute either to the initial
esophageal injury, or to the subsequent stricture formation. Malondialdehyde, an end-product of lipid peroxidation, was found at significantly higher levels than normal
in esophageal tissue exposed to sodium hydroxide, signifying the presence of reactive oxygen species at 24 h post
exposure. These concentrations remained high for 72 h
after exposure compared with no injured controls. Furthermore, significantly lower glutathione concentrations,
a known endogenous free-radical scavenger, were found
in the same tissues compared with controls, further supporting the presence of reactive oxygen species and freeradical damage[17].

CLINICAL PRESENTATION
Clinical features depend on the type of the substance,
amount, physical form and time of presentation (early
or delayed). Crystals or solid particles may adhere to the
mucosa of the mouth, making them difficult to swallow and thereby diminishing the injury produced to the
esophagus, but potentially increasing the damage to the
upper airway and pharynx. Conversely, liquids are easily
swallowed and are most likely to damage the esophagus
and stomach, the extent of injury correlating directly
with mortality and late sequelae[18,19]. Patients with oropharyngeal burns do not have significant damage to the
esophagus in up to 70%, hence their presence is not a
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EVALUATION AND ASSESSMENT
Laboratory studies
Correlation between laboratory values and the severity/
outcome of injury is poor. A high white blood cell count
(> 20000 cells/mm3), elevated serum C-reactive protein,
age and the presence of an esophageal ulcer have been
considered predictors of mortality in adults[32]; an arterial
pH less than 7.22 or a base excess lower than -12 have
been considered indication of severe esophageal injury
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Table 2 Computed tomography grading system for caustic
lesions
Grade

Features

Grade 1 No definite swelling of esophageal wall
Grade 2 Edematous wall thickening without periesophageal soft tissue
involvement
Grade 3 Edematous wall thickening with periesophageal soft tissue
infiltration plus well-demarcated tissue interface
Grade 4 Edematous wall thickening with periesophageal soft tissue
infiltration plus blurring of tissue interface or localized fluid
collection around the esophagus or descending aorta
Reproduced from Ryu et al[40].

Figure 2 Endoscopic ultrasound showing involvement of the muscularis
propria of esophageal wall. Reproduced from Kamijo et al[37].

Endoscopy
Esophagogastroduodenoscopy is considered crucial and
usually recommended in the first 12-48 h after caustic ingestion, though it is safe and reliable up to 96 h after the
injury[13,42]; gentle insufflation and great caution are mandatory during the procedure. Endoscopy and even dilatation have been performed without consequences from
5 to 15 d after corrosive ingestion[43], though potentially
hazardous due to tissue softening and friability during
the healing period. Adequate sedation (general anesthesia
in children) is compulsory, yet endotracheal intubation is
strictly required only for patients in respiratory distress.
The constraint to stop the endoscope in the presence of
a circumferential second or third degree esophageal burn
is not mandatory[44,45].
When lip and oropharyngeal injuries are the main
clinical findings, esophageal or gastric injuries are generally no greater than grade 1[46]. Although severe esophageal
injuries have been reported in 12.0%[47] and 19.3%[48] of
asymptomatic children, significant lesions at endoscopy
are not usually observed when symptoms are absent after
unintentional ingestion of less aggressive substances[24,49],
thus making routine post-ingestion endoscopy questionable in this group of patients. All adult patients must
undergo endoscopy after suicidal ingestion, because of
the larger amount of more corrosive agents swallowed
compared with unintentional injuries, where early esophagoscopy has been questioned [50]. Ultimately, though
endoscopy is considered by most a cornerstone in the
diagnosis of corrosive ingestions, which patients would
clearly benefit from it is still debated. Considering that
10%-30% of caustic ingestions globally do not show any
upper gastrointestinal injury[22,51], the indication for early
endoscopy should be made on a case-by-case basis, with
consideration of symptoms, otorhinolaryngeal injuries,
and the amount and nature of the ingested substance.
Contraindications to endoscopy are a radiologic suspicion of perforation or supraglottic or epiglottic burns
with edema, which may be a harbinger of airway obstruction, therefore indicating endotracheal intubation or tracheostomy. A third degree burn of the hypopharynx is a
further contraindication for endoscopy[22].
Endoscopic classification[8] is important for prognosis
and management (Table 3). Generally, grade 0 and 1 le-

and of emergency surgery[33]. Essentially, laboratory studies are more useful in monitoring and guiding patient
management than in predicting morbidity or mortality[34].
Traditional radiology
Shortly after ingestion, a plain chest radiograph may
reveal air in the mediastinum suggesting esophageal perforation, as well as free air under the diaphragm, indicating gastric perforation. If it is felt necessary to confirm
a clinically suspected perforation, a water-soluble agent,
such as Hypaque™ or Gastrografin™, and less irritant
than barium sulphate, should probably be used, though
both can be equally irritant[35]. Conversely, barium sulfate
should be the preferred contrast agent in late barium
swallowing, providing greater radiographic details than
water-soluble contrast agents[22].
Ultrasounds
Evaluation of esophageal wall caustic damage by endoscopic ultrasound (EUS) using a miniprobe seems safe,
though prolongs examination time without showing any
difference with endoscopy in predicting early complications[36]. The destruction of the muscular layers of the
esophagus observed at EUS seems a reliable sign of
future stricture formation[37]; furthermore, ultrasound
examination with a radial probe may predict the response
to dilatation, which usually requires more sessions when
the muscolaris propria is involved at EUS, as in Figure 2[38].
In spite of these encouraging reports, the role of US examination in caustic injuries is still under evaluation.
CT scan
A CT scan likely offers a more detailed evaluation than
early endoscopy about the transmural damage of esophageal and gastric walls and the extent of necrosis[39]. It is
more valuable than endoscopy in assessing threatened or
established stomach perforation[29], and a CT grading system (Table 2 and Figure 3) has been proposed to predict
esophageal stricture[40,41]. With the advantage of not being
invasive, CT scan has a promising role in the early evaluation of caustic injury damage.

WCG|www.wjgnet.com

2058

January 28, 2014|First Edition|

Contini S et al . Upper gastrointestinal caustic lesions

A

B

C

D

Figure 3 Computed tomography grading of
esophageal caustic injuries. A: Grade 1; B:
Grade 2; C: Grade 3; D: Grade 4. Reproduced
from Ryu et al[40]. Arrows show the esophageal
wall.

to improve patient selection for emergency surgery.

Table 3 Endoscopic classification of caustic injuries
Grade
Grade 0
Grade 1
Grade 2
Grade 2A
Grade 2B
Grade 3
Grade 3A
Grade 3B
Grade 4

Features

MANAGEMENT

Normal
Superficial mucosal edema and erythema
Mucosal and submucosal ulcerations
Superficial ulcerations, erosions, exudates
Deep discrete or circumferential ulcerations
Transmural ulcerations with necrosis
Focal necrosis
Extensive necrosis
Perforations

Acute management
Immediate treatment is usually conservative, as the definitive extent of the injury is determined within minutes
after ingestion. Hemodynamic stabilization and adequacy
of the patient’s airway are priorities. If the airway is unstable, fiberoptic laryngoscopy allows intubation under
direct visualization, avoiding ‘‘blind’’ intubation with the
risk of bleeding and additional injuries. In challenging
patients, a surgical airway may be required. Gastric lavage
and induced emesis are contraindicated for the risk of reexposure to the corrosive agent and additional injury to
the esophagus. The effectiveness of milk and water either
as antidotes or to dilute the corrosive agents has never
been proven. pH neutralization, with either a weak acid
or base, is not recommended for fear of an exothermic
reaction, which may increase the damage. Milk and activated charcoal are contraindicated because may obscure
subsequent endoscopy. Nasogastric tubes may be applied
to prevent vomiting and as stent in severe circumferential
burns, but their validity has never be proven. In any case
they should not be placed blindly because of the risk of
esophageal perforation[53].
To date, the efficacy of proton-pump inhibitors and
H2 blockers in minimizing esophageal injury by suppressing acid reflux has not been proven, though an impressive
endoscopic healing after iv omeprazole infusion has been
observed in a small prospective study[54].
The utility of corticosteroid is controversial. A metaanalysis of studies between 1991 and 2004, and an ad-

Reproduced from Zargar et al[14].

sions do not develop delayed sequels, such as esophageal
strictures or gastric outlet obstruction, whose incidence
increases with the severity of the lesion. Additionally, the
degree of esophageal injury at endoscopy is an accurate
predictor of systemic complications and death, with each
increased injury grade correlated with a 9-fold increase
in morbidity and mortality[14]. Emergency surgery can be
planned according to the endoscopic degree of burn,
though an isolated black eschar does not always indicate
full-thickness injury and the need for immediate surgical
treatment: such patients may deserve further evaluation
and careful observation. Recently, some concerns have
been raised about the correlation between endoscopic
findings and the extent of necrosis[39]: gastrectomy was
considered unnecessary at laparotomy in 12% of patients
with gastric injuries staged 3b at endoscopy, while the
decision to perform esophagectomy based exclusively on
endoscopic findings led to unnecessary esophagectomy
in 15% of cases[52], suggesting the need for better criteria
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ditional analysis of the literature over a longer period
from 1956 to 2006 did not find any benefit of steroid
administration in terms of stricture prevention. Steroids
are usually reserved for patients with symptoms involving
the airway[55,56].
The administration of broad-spectrum antibiotics is
usually advised mainly if corticosteroids are initiated, as
well as if lung involvement is identified[53,57].
Patients whose injuries are graded 1 and 2A are permitted oral intake and discharged within days with antacid
therapy. In more severe cases (grade 2 or 3), observation
in an intensive care unit and adequate nutritional support
is required.

outcome. However, it might be considered a useful tool
when the stomach cannot be evaluated by endoscopy.
Some authors have proposed routine laparoscopic examination in all injuries of second degree or greater[63,64] but
the experience is still limited and laparoscopy may be neither feasible nor helpful in such dramatic circumstances.
All injured organs must be resected, if possible, during the first operation. Minimal resection followed by a
planned second-look procedure is not recommended.
However, secondary extension of caustic burns is unpredictable and re-exploration is indicated when in doubt.
An extended resection to adjacent abdominal organs,
even the pancreas, does not necessarily carry a prohibitive
risk of death in referral centers[60], but an extensive colon
resection may compromise future reconstruction and require vascular surgery for atypical transplants. A massive
intestinal necrotic injury represents a reasonable limit for
resection.
Emergency surgery may be required in the case of
severe, uncontrolled late gastric bleeding, usually 1-2 wk
after ingestion. Total gastrectomy may be necessary. In
duodenal hemorrhages, under-running of the bleeding
vessel through a duodenotomy is advised[29].
Acute surgery is quite exceptional in the pediatric
population and most authors recommend exhausting all
resources to try to preserve the child’s native esophagus[25].

Early surgery
Patients with clinical or radiological evidence of perforation require immediate laparotomy, usually followed
by esophagectomy, cervical esophagostomy, frequently
concomitant gastrectomy and even more extensive resections, and jejunostomy feeding[58-60]. Some patients
without features of perforation at admission may later
develop necrosis, perforation and massive bleeding with
disastrous results. Indications for emergency surgery
rely more often on clinical grounds than on radiological
findings; in the presence of doubtful clinical features a
decision to perform laparotomy is likely more advantageous for patients than a conservative attitude especially
in patients who ingested large amounts of corrosive substances[60].
Laboratory and endoscopic criteria for emergency
surgery have been suggested, including disseminated intravascular coagulation, renal failure, acidosis and third
degree esophageal burns[58,61]. Unfortunately, these are often late findings and surgery may improve mortality and
morbidity in grade 3A injuries only[14].
Severe injuries of the stomach at endoscopy require
careful monitoring with a low threshold for laparotomy.
At surgery, a gastrotomy allows an accurate evaluation of
the extent of damage, since mucosal (and transmural) necrosis may be more extensive than what is apparent from
the serosal side. There is no role for procedures such as
closure of a perforation. Conservative management of
severe gastric injuries at laparotomy, with partial or total
conservation of the stomach, has been recently advocated by some in the absence of clinical and biological signs
of severity[62].
The need to perform surgery for caustic injuries has
a persistent long-term negative impact both on survival
and functional outcome. Moreover, esophageal resection
per se, is an independent negative predictor of survival
after emergency surgery[52].
Laparoscopy has been proposed when gastric perforation is highly suspected[63], but the mini-invasive approach
has two caveats: unless in very expert hands, it is not a
substitute for a comprehensive abdominal exploration,
particularly in the posterior aspects of the stomach and
duodenum, and it can extend the operative time excessively in a situation where time is a major determinant of
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Late sequelae
Following a grade 2B and a grade 3 esophageal burn,
stricture incidence may be 71%[14] and 100%, respectively[45,53]. Strictures usually develop within 8 wk after the
ingestion in 80% of patients, but it can happen as early as
after 3 wk or as late as after 1 year. Obviously, ingestion
of powerful caustic substances (e.g., sodium hydroxide) is
followed by severe, long-standing strictures and dramatically altered esophageal motility[65].
Late sequelae of corrosive gastric injury include intractable pain, gastric outlet obstruction, late achlorhydria,
protein-losing gastroenteropathy, mucosal metaplasia and
development of carcinoma[66]. Gastric outlet obstruction
has an incidence of 5%[67], mainly in the prepyloric area,
where prolonged contact with the antral mucosa due to
pyloric spasms and to resulting pooling of the caustic
agent in this region[55] usually results in stricture in more
than 60% of patients[68]. When the volume of the corrosive substance ingested is large, the entire stomach is
scarred leading to a diffusely contracted stomach.
Stricture prevention
Steroids: Systemic administration of steroids seems ineffective in preventing strictures[55,56], especially in patients
with 3rd degree esophageal burns. Intralesional triamcinolone injections have been proposed to prevent strictures[69], but optimal dose, frequency, and best application
techniques are still to be defined[70].
Antibiotics: Though an old study reports a marked decrease in stricture formation with the use of antibiotics[71],
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Intraluminal stent: Specially designed silicone rubber[78]
or, more recently, polyflex stents[79] have been found helpful in preventing stricture formation but the efficacy is
less than 50%, with a high migration rate (25%). Patient
selection remains a challenge and the development of
hyperplastic tissue is a concern. Home-made polytetrafluoroethylene stents have shown promising results with
a 72% efficacy[80] at 9-14 mo, similar to home-made silicone stents positioned by endoscopy[81] or through laparotomy[82] for 4-6 mo. Biodegradable stents (poly-L-lactide
or polydioxanone) are under evaluation for benign strictures[83,84], with a 45% success rate at 53 mo in a patient
population with only two caustic strictures, a migration
rate of around 10%, and a significant hyperplastic tissue
response. Experimentally, biodegradable stents were not
able to prevent strictures in pigs after circumferential submucosal resection[85]. Moreover, cost and minimal experience in caustic strictures make the use of biodegradable
devices questionable, especially in developing countries.
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Figure 4 Significantly higher hazard of re-dilatation in patients submitted
to late dilatation. P = 0.0008. Reproduced from Contini et al[97].

Other modalities for stricture prevention under evaluation: Intraperitoneal injection of 5-fluorouracil has
been effective in preventing strictures experimentally[86].
Anti-oxidant treatment (vitamin E, H 1 blocker, mast
cell stabilizer, methylprednisolone) and phosphatidylcoline[87,88] inhibit collagen production and stricture formation by decreasing tissue hydroxyproline, the ultimate
product of collagen degradation, but no human study
is available. Octreotide and interferon-alfa-2b have been
shown in animals to depress the fibrotic activity in the
second phase of wound healing of the esophageal wall
after a corrosive burn[89]. Cytokines have also been used
experimentally with success to prevent stricture formation[90]. Until now, none of the above approaches, albeit
appealing, has been tested in humans.

no prospective trial evaluated their utility, and their value
in the setting of caustic ingestion, in the absence of concomitant infection, is unknown[18]. There is a consensus
that patients treated with steroids should also be treated
with antibiotics, but prophylactic antibiotics to prevent
strictures, in the absence of steroid therapy, has not been
advocated[72].
Nasogastric tube: Though a nasogastric tube may be
helpful to ensure patency of the esophageal lumen, the
tube itself can contribute to the development of long
strictures and routine use is not uniformly recommended[22]. Any esophageal catheterization may be a nidus for
infection and nasogastric placement may worsen gastroesophageal reflux in this patient population, with a consequent delay in mucosal healing. However, enteral nutrition through a nasogastric tube has been demonstrated
to be as effective as jejunostomy feeding in maintaining
nutrition in such patients, with a similar rate of stricture
development[73]. Moreover, positioning a nasogastric tube
has the advantage of providing a lumen for dilatation
should a tight stricture develops. Therefore, after caustic
injuries the placement of a nasogastric tube may be considered, but the decision should be made with caution
and done on a case-by-case basis.

Stricture management
Endoscopic dilatation: Timely evaluation and dilatation
of the stricture play a central role in achieving a good
outcome[91]. Late management is usually associated with
marked esophageal wall fibrosis and collagen deposition[5], which makes dilatation more complex. Maximal
esophageal wall thickness, observed at CT scan, was associated with a higher number of sessions required for
adequate dilatation[92], and recurrent strictures were significantly more frequent after delayed dilatation (Figure
4)[93-95]. Moreover, delayed presentation and treatment
have been found to be strong predictors of future esophageal replacement[96]. This issue, which may entail different management strategies[3] for early or late patients, may
be crucial in developing countries, where late presentations are more than 50%[2,97,98].
Dilatation can be carried out with balloon or bougies (usually Savary) without a clear advantage for each
method[70]. However, the failure rate after pneumatic
dilatation is higher in caustic ingestion-related strictures
than in other benign strictures[99]; Savary bougies are
considered more reliable than balloon dilators in consoli-

Mitomycin C: Mitomycin C, a chemotherapeutic agent
with DNA crosslinking activity, when injected or applied
topically to the esophageal mucosa, may be valuable in
preventing strictures, but this drug has deleterious adverse effects, especially if systemic absorption occurs
across the intact mucosa[74]. A recent systematic review
indicated encouraging results in the long term[75], but
prospective studies are clearly mandatory to determine
the most effective concentration, duration and frequency
of application[76]. The theoretical risk of secondary longterm malignancy should also be taken into account[77].
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been reported only 1 year after ingestion[114]. The reported
incidence ranges from 2% to 30%, with an interval from 1
to 3 decades after ingestion[53]. Cancer is most commonly
observed at the areas of anatomic narrowing, and may
be related to increased exposure to the caustic substance.
Esophageal bypass surgery does not prevent the development of esophageal cancer following caustic ingestion[53].
The problem may be overestimated, in accordance with
the low number of esophageal cancer reported in a large
series with long-term follow-up[9,115,116], yet endoscopic
screening is still recommended for patients following caustic ingestion. Moreover, the role of other confounding
factors, such as alcohol abuse or smoking habit, should be
considered[39].

dated and fibrotic strictures such as old caustic stenosis
or in long, tortuous strictures[100,101], and may offer the
operator the advantage of feeling the dilatation occurring
under his hands[102]. Dilatation should be avoided from 7
to 21 d after ingestion for the risk of perforation, though
early, prophylactic dilatation with bougienage has been
reported to be safe and effective even in this period[43].
The perforation rate after dilatation of benign esophageal
strictures varies between 0.1% and 0.4%[70], but for caustic strictures it fluctuates from 0.4% to 32.0%, dropping
from 17.6% to 4.5% with increased experience[103]. The
5%-8% perforation rate after balloon dilatation[104] may
be as high as 32% in caustic strictures[105]. Indeed, radiological intramural and well-contained transmural esophageal ruptures were observed in 30% of balloon dilatation
procedures[106]. In addition, balloon inflation may cause
either extrinsic mechanical compression of the trachea
or obstruction at the endotracheal tube tip[107]. Therefore,
the use of the balloon catheter in children entails careful intraoperative monitoring and likely requires greater
endoscopic skill and experience than for Savary bougies.
If these requirements are not met, as is often the case in
developing countries, pneumatic dilatations will carry a
considerable risk and then require extra caution, so that
bougie dilatation is preferred.
The interval between dilatations varies from less than
1 to 2-3 wk and usually 3-4 sessions are considered sufficient for durable results, although the number of dilatations required may be unpredictable and quite high[103].
In challenging strictures, a nylon thread left between the
nose and the gastrostomy maintains luminal access and
facilitates further dilatations when an expert endoscopist
is not available[108,109]. A cut-off value for unsuccessful dilatation treatment may be difficult to define, especially in
developing countries, where alternative surgical options
are not widely available.
A good nutritional state is crucial for a successful outcome, especially in children, and both an improvement
in nutritional status and sustained esophageal patency
should be considered reference points for a successful
dilatation[3]. Changes in feeding practices may be required
in order to maintain an adequate nutritional status[110]. In
developing countries, delayed presentation and severity of
strictures due to the more corrosive substances usually ingested, together with poor nursing and surgical care make
this target quite challenging. In such a scenario, feeding
by nasogastric tube for long periods may be tolerated
with difficulty and a gastrostomy is more effective and
often necessary to attain an acceptable nutritional state.
Moreover, gastrostomy allows a retrograde approach for
dilatation, which is usually easier and safer[111,112].

DISMOTILITY
Orocecal transit time is prolonged mainly in patients with
lower third esophageal involvement of the burn[65], probably related to autovagotomy due to vagal entrapment
in the cicatrization process involving the lower third of
the esophagus. Moreover, impaired vagal cholinergic
transmission, possibly due to the same mechanism[117]
can explain the increased fasting gallbladder volume and
decreased gallbladder emptying found in patients after
lower esophageal damage.
Gastric emptying time of liquids after caustic ingestion, was found to be significantly prolonged in patients
with lower esophageal strictures, but not in upper-middle
esophageal strictures, even in the absence of symptoms
suggestive of gastric outlet obstruction or gastroparesis[118].
Late surgery
Surgery for non-responding esophageal strictures:
When esophageal dilatation is not possible or fails to
provide an adequate esophageal caliber in the long-term,
esophageal replacement by retrosternal stomach or, preferably, right colonic interposition should be considered.
Mortality and morbidity are low in expert hands[119,120].
The more demanding pharyngoesophageal strictures may
be treated with acceptable results, provided considerable
expertise is available[121]. The native esophagus can be left
or removed. Though resection of the scarred esophagus may be performed without a substantial increase in
morbidity and mortality compared to by-pass[120], a 13%
incidence of esophageal cancer after by-pass[93], the risk
of infected esophageal mucocele in 50% of the patients
after 5 years[94], and the impossibility of endoscopic follow-up for cancer are all arguments favoring esophageal
resection. Removal of the native esophagus seems advisable in children because of the risk of cancer in a long
life period. Conversely, the doubled mortality rate (11.0%
vs 5.9%) of resection vs by-pass[122], the possible damage
to the trachea and laryngeal nerve, and the low reported
incidence (3.2%) of esophageal malignancy, could support a conservative strategy. In children, reconstruction
with gastroplasty seems easier, and more functional failures can be expected with coloplasty[123-125]. In developing

RISK OF CANCER
Esophageal neoplasms (both adenocarcinoma and squamous cell carcinoma) may develop as a late complication
of caustic injury at a rate 1000-3000 times higher than
expected in patients of a similar age[113] and have actually
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countries, experienced pediatric surgical centers are not
widely available and this should be considered before
abandoning the conservative approach of dilatation.

in developing countries, due to lack of education and
prevention. The relationship between symptoms and
severity of injury may be vague, and patients should be
carefully monitored, since esophageal or gastric perforations can occur at any time during the first 2 wk after
ingestion. Endoscopy is considered a cornerstone in the
diagnosis of corrosive ingestions, yet the indication for
early endoscopy should likely be made on a case-by-case
basis. Reported discrepancies between endoscopic findings and the extent of necrosis found at surgery suggest
the need for better criteria to improve patient selection
for emergency surgery. A CT scan may offer a promising
role in assessing the evolution of the injury and impending perforations. In suicide attempts, mortality is still high
and the need to perform emergency surgery for caustic
injuries has a persistent long-term negative impact both
on survival and functional outcome. However, timely
and early surgery may be the only hope for patients with
severe injuries, and a rather aggressive attitude should be
considered in such patients.
Main late sequelae include esophageal strictures, often
accompanied by undernourishment, especially in developing countries. The likelihood of a gastric outlet obstruction should always be kept in mind. The presence of severe GER and of esophageal dysmotility may worsen the
prognosis. Stricture prevention by stents seems promising
but the experience is still limited. Systemic corticosteroids
offer no role. Endoscopic dilatation is usually successful
in achieving a patent esophageal lumen, but in complex
strictures several attempts must be carried out, and in
such patients bougies may be preferred to balloon dilatation. A cut-off value for unsuccessful dilatation treatment
may be difficult to define, especially in developing countries, where alternative surgical options are not widely
available. Both an improvement in nutritional status and a
sustained esophageal patency should be considered reference points for a successful dilatation. Gastrostomy may
be lifesaving in this perspective. Mortality and morbidity
of esophageal replacement in patients not responding
to dilatation are low in expert hands. The preservation
of the native esophagus is still debated. When late reconstructive surgery is carried out after early emergency
surgical treatment, the outcome is strongly influenced
by coloplasty dysfunction, responsible for half of the
failures. Risk of esophageal cancer after caustic ingestion
might be overestimated, yet endoscopic screening is still
recommended.

Surgery for stomach injuries: The timing and type
of elective surgery for gastric outlet obstruction is still
controversial. Early surgery has been advised to decrease
mortality and morbidity[67,126]. Conversely, elective surgery
earlier than 3 mo has been considered risky because of
poor nutritional state and the presence of adhesions and
the edematous gastric wall[27]. Moreover, assessment of
the limits of the gastric resection may be difficult, due to
ongoing fibrosis. Endoscopic balloon dilatation and/or
intralesional steroid injection have been proposed as
alternatives[127,128]. However, endoscopic gastric dilatation should be considered a temporary substitute for
surgical resection because gastric wall fibrosis usually
diminishes the long-term functional result[129,130]. Moreover, although dilatation averts surgery in less than 50%
of patients[127], perforation can occur in strictures longer
than 15 mm[131]. Pyloroplasty has been recommended for
moderate strictures[67], but progressive fibrosis causing recurrent stricture occurs frequently. Gastrojejunostomy is
a safer alternative to gastric resection in the presence of
extensive perigastric adhesion, an unhealthy duodenum,
and poor general condition; marginal ulceration is rarely
reported[27,132] possibly due to physiologic antrectomy
resulting from mucosal damage[66]. Partial gastric resection is preferred by many[133,134] for the long-term risk of
malignant transformation, though the need for gastric resection as prophylaxis against future malignancy has been
overstated in the literature[29]. Previous reports of gastric
carcinomas after acid ingestion are usually old and limited[135,136]. Regular follow-up and surveillance endoscopy
is a more reliable approach.
Late reconstructive surgery after emergency esophagectomy: When the stomach has been removed or
shows chronic injuries, the use of a gastric tube for
esophageal reconstruction is obviously precluded. Reconstruction is probably advisable at the end of the evolving
scarring process, usually after 6 mo, although the optimal
timing of reconstruction has been reported from 2 mo
to years[94,137,138]. The functional success rate after colon
reconstruction at 5 years is 77% and the severity of the
initial insult or a delay more than 6 mo, may strongly
influence the outcome[119]. Coloplasty dysfunction is responsible for half of the failures, with an overall 70%
success rate after revision surgery in expert hands. An
emergency tracheostomy may have an adverse impact on
the outcome of a colopharyngoplasty[139]. Secondary esophagocoloplasty should be considered with good results
if intraoperative colon necrosis occurs at the time of primary reconstruction[140].

REFERENCES
1

2

CONCLUSION

3

Ingestion of corrosive substances is increasingly reported

WCG|www.wjgnet.com

2063

Ghelardini C, Malmberg-Aiello P, Giotti A, Malcangio M,
Bartolini A. Investigation into atropine-induced antinociception. Br J Pharmacol 1990; 101: 49-54 [PMID: 2282466 DOI:
10.1179/2046905512Y.00000000074]
Ekpe EE, Ette V. Morbidity and mortality of caustic ingestion in rural children: experience in a new cardiothoracic
surgery unit in Nigeria. ISRN Pediatr 2012; 2012: 210632
[PMID: 22778986 DOI: 10.5402/2012/210632]
Contini S, Swarray-Deen A, Scarpignato C. Oesophageal
corrosive injuries in children: a forgotten social and health

January 28, 2014|First Edition|

Contini S et al . Upper gastrointestinal caustic lesions

4

5
6

7

8
9
10

11
12

13

14

15

16

17

18

19

20

challenge in developing countries. Bull World Health Organ
2009; 87: 950-954 [PMID: 20454486 DOI: 10.2471/BLT.08]
Sarioglu-Buke A, Corduk N, Atesci F, Karabul M, Koltuksuz U. A different aspect of corrosive ingestion in children:
socio-demographic characteristics and effect of family functioning. Int J Pediatr Otorhinolaryngol 2006; 70: 1791-1798
[PMID: 16839614]
Gumaste VV, Dave PB. Ingestion of corrosive substances by
adults. Am J Gastroenterol 1992; 87: 1-5 [PMID: 1728104]
Watson WA, Litovitz TL, Rodgers GC, Klein-Schwartz W,
Reid N, Youniss J, Flanagan A, Wruk KM. 2004 Annual report of the American Association of Poison Control Centers
Toxic Exposure Surveillance System. Am J Emerg Med 2005;
23: 589-666 [PMID: 16140178]
Zargar SA, Kochhar R, Nagi B, Mehta S, Mehta SK. Ingestion of corrosive acids. Spectrum of injury to upper gastrointestinal tract and natural history. Gastroenterology 1989; 97:
702-707 [PMID: 2753330]
Havanond C. Is there a difference between the management
of grade 2b and 3 corrosive gastric injuries? J Med Assoc Thai
2002; 85: 340-344 [PMID: 12117023]
Mamede RC, de Mello Filho FV. Ingestion of caustic substances and its complications. Sao Paulo Med J 2001; 119:
10-15 [PMID: 11175619]
Osman M, Russell J, Shukla D, Moghadamfalahi M, Granger DN. Responses of the murine esophageal microcirculation to acute exposure to alkali, acid, or hypochlorite. J Pediatr Surg 2008; 43: 1672-1678 [PMID: 18779005]
Triadafilopoulos G. Caustic ingestion in adults. Available
from: URL: http: //www.uptodate.com
Arévalo-Silva C, Eliashar R, Wohlgelernter J, Elidan J,
Gross M. Ingestion of caustic substances: a 15-year experience. Laryngoscope 2006; 116: 1422-1426 [PMID: 16885747
DOI: 10.1097/01.mlg.0000225376.83670.4d]
Poley JW, Steyerberg EW, Kuipers EJ, Dees J, Hartmans R,
Tilanus HW, Siersema PD. Ingestion of acid and alkaline
agents: outcome and prognostic value of early upper endoscopy. Gastrointest Endosc 2004; 60: 372-377 [PMID: 15332026
DOI: 10.1016/S0016-5107(04)01722-5]
Zargar SA, Kochhar R, Mehta S, Mehta SK. The role of fiberoptic endoscopy in the management of corrosive ingestion
and modified endoscopic classification of burns. Gastrointest
Endosc 1991; 37: 165-169 [PMID: 2032601 DOI: 10.1016/
S0016-5107(91)70678-0]
Mutaf O, Genç A, Herek O, Demircan M, Ozcan C, Arikan A.
Gastroesophageal reflux: a determinant in the outcome of
caustic esophageal burns. J Pediatr Surg 1996; 31: 1494-1495
[PMID: 8943108 DOI: 10.1016/S0022-3468(96)90163-3]
Bautista A, Varela R, Villanueva A, Estevez E, Tojo R,
Cadranel S. Motor function of the esophagus after caustic
burn. Eur J Pediatr Surg 1996; 6: 204-207 [PMID: 8877350 DOI:
10.1055/s-2008-1066508]
Günel E, Cağlayan F, Cağlayan O, Akillioğlu I. Reactive
oxygen radical levels in caustic esophageal burns. J Pediatr
Surg 1999; 34: 405-407 [PMID: 10211641 DOI: 10.1016/
S0022-3468(99)90486-4]
Salzman M, O’Malley RN. Updates on the evaluation and
management of caustic exposures. Emerg Med Clin North Am
2007; 25: 459-476; abstract x [PMID: 17482028 DOI: 10.1016/
j.emc.2007.02.00]
Hoffman RS, Howland MA, Kamerow HN, Goldfrank LR.
Comparison of titratable acid/alkaline reserve and pH in
potentially caustic household products. J Toxicol Clin Toxicol
1989; 27: 241-246 [PMID: 2600988 DOI: 10.3109/15563658908
99442]
Gorman RL, Khin-Maung-Gyi MT, Klein-Schwartz W,
Oderda GM, Benson B, Litovitz T, McCormick M, McElwee
N, Spiller H, Krenzelok E. Initial symptoms as predictors
of esophageal injury in alkaline corrosive ingestions. Am J
Emerg Med 1992; 10: 189-194 [PMID: 1586425 DOI: 10.1016/0

WCG|www.wjgnet.com

21

22
23

24

25

26

27

28
29

30
31
32

33
34
35
36

37

38

39

2064

735-6757(92)90206-D]
Haller JA, Andrews HG, White JJ, Tamer MA, Cleveland
WW. Pathophysiology and management of acute corrosive
burns of the esophagus: results of treatment in 285 children.
J Pediatr Surg 1971; 6: 578-584 [PMID: 5126277 DOI: 10.1016/
0022-3468(71)90382-4]
Ramasamy K, Gumaste VV. Corrosive ingestion in adults.
J Clin Gastroenterol 2003; 37: 119-124 [PMID: 12869880 DOI:
10.1097/00004836-200308000-0000580]
Havanond C, Havanond P. Initial signs and symptoms as
prognostic indicators of severe gastrointestinal tract injury
due to corrosive ingestion. J Emerg Med 2007; 33: 349-353
[PMID: 17976790 DOI: 10.1016/j.jemermed.2007.02.062]
Gupta SK, Croffie JM, Fitzgerald JF. Is esophagogastroduodenoscopy necessary in all caustic ingestions? J Pediatr
Gastroenterol Nutr 2001; 32: 50-53 [PMID: 11176325 DOI:
10.1097/00005176-200101000-0001]
Gaudreault P, Parent M, McGuigan MA, Chicoine L, Lovejoy FH. Predictability of esophageal injury from signs and
symptoms: a study of caustic ingestion in 378 children. Pediatrics 1983; 71: 767-770 [PMID: 6835760]
Zargar SA, Kochhar R, Nagi B, Mehta S, Mehta SK. Ingestion of strong corrosive alkalis: spectrum of injury to upper
gastrointestinal tract and natural history. Am J Gastroenterol
1992; 87: 337-341 [PMID: 1539568]
Chaudhary A, Puri AS, Dhar P, Reddy P, Sachdev A, Lahoti
D, Kumar N, Broor SL. Elective surgery for corrosive-induced gastric injury. World J Surg 1996; 20: 703-706; discussion 706 [PMID: 8662156 DOI: 10.1007/s002689900107]
Ceylan H, Ozokutan BH, Gündüz F, Gözen A. Gastric perforation after corrosive ingestion. Pediatr Surg Int 2011; 27:
649-653 [PMID: 20936477 DOI: 10.1007/s00383-010-2739-6]
Ananthakrishnan N, Parthasarathy G, Kate V. Acute corrosive injuries of the stomach: a single unit experience of
thirty years. ISRN Gastroenterol 2011; 2011: 914013 [PMID:
21991535 DOI: 10.5402/2011/914013]
Tseng YL, Wu MH, Lin MY, Lai WW. Massive upper gastrointestinal bleeding after acid-corrosive injury. World J
Surg 2004; 28: 50-54 [PMID: 14648041]
Turner A, Robinson P. Respiratory and gastrointestinal
complications of caustic ingestion in children. Emerg Med J
2005; 22: 359-361 [PMID: 15843706]
Rigo GP, Camellini L, Azzolini F, Guazzetti S, Bedogni G,
Merighi A, Bellis L, Scarcelli A, Manenti F. What is the utility of selected clinical and endoscopic parameters in predicting the risk of death after caustic ingestion? Endoscopy 2002;
34: 304-310 [PMID: 11932786]
Cheng YJ, Kao EL. Arterial blood gas analysis in acute caustic ingestion injuries. Surg Today 2003; 33: 483-485 [PMID:
14506990]
Katzka DA. Caustic Injury to the Esophagus. Curr Treat Options Gastroenterol 2001; 4: 59-66 [PMID: 11177682]
Skucas J. Contrast media. In: Gore R, Levine M, Laufer I.
Textbook of Gastrointestinal Radiology. Philadelphia: WB
Saunders, 2000: 2-14
Chiu HM, Lin JT, Huang SP, Chen CH, Yang CS, Wang HP.
Prediction of bleeding and stricture formation after corrosive ingestion by EUS concurrent with upper endoscopy.
Gastrointest Endosc 2004; 60: 827-833 [PMID: 15557970]
Kamijo Y, Kondo I, Kokuto M, Kataoka Y, Soma K. Miniprobe ultrasonography for determining prognosis in corrosive esophagitis. Am J Gastroenterol 2004; 99: 851-854 [PMID:
15128349]
Rana SS, Bhasin DK, Nanda M, Siyad I, Gupta R, Kang M,
Nagi B, Singh K. Endoscopic transpapillary drainage for
external fistulas developing after surgical or radiological pancreatic interventions. J Gastroenterol Hepatol 2010; 25: 1087-1092
[PMID: 20594223 DOI: 10.1111/j.1440-1746.2010.06314.x]
Keh SM, Onyekwelu N, McManus K, McGuigan J. Corrosive injury to upper gastrointestinal tract: Still a major surgi-

January 28, 2014|First Edition|

Contini S et al . Upper gastrointestinal caustic lesions

40

41

42

43
44

45

46
47

48

49
50

51

52

53
54

55
56

cal dilemma. World J Gastroenterol 2006; 12: 5223-5228 [PMID:
16937538]
Ryu HH, Jeung KW, Lee BK, Uhm JH, Park YH, Shin MH,
Kim HL, Heo T, Min YI. Caustic injury: can CT grading system enable prediction of esophageal stricture? Clin Toxicol
(Phila) 2010; 48: 137-142 [PMID: 20199130 DOI: 10.3109/155
63650903585929]
Isbister GK, Page CB. Early endoscopy or CT in caustic injuries: a re-evaluation of clinical practice. Clin Toxicol (Phila)
2011; 49: 641-642 [PMID: 21875387 DOI: 10.3109/15563650.2
011.604035]
Previtera C, Giusti F, Guglielmi M. Predictive value of visible lesions (cheeks, lips, oropharynx) in suspected caustic
ingestion: may endoscopy reasonably be omitted in completely negative pediatric patients? Pediatr Emerg Care 1990;
6: 176-178 [PMID: 2216918]
Tiryaki T, Livanelioğlu Z, Atayurt H. Early bougienage for
relief of stricture formation following caustic esophageal
burns. Pediatr Surg Int 2005; 21: 78-80 [PMID: 15619090]
Contini S, Tesfaye M, Picone P, Pacchione D, Kuppers B,
Zambianchi C, Scarpignato C. Corrosive esophageal injuries
in children. A shortlived experience in Sierra Leone. Int J Pediatr Otorhinolaryngol 2007; 71: 1597-1604 [PMID: 17716749]
Baskin D, Urganci N, Abbasoğlu L, Alkim C, Yalçin M,
Karadağ C, Sever N. A standardised protocol for the acute
management of corrosive ingestion in children. Pediatr Surg
Int 2004; 20: 824-828 [PMID: 15538587]
Aronow SP, Aronow HD, Blanchard T, Czinn S, Chelimsky
G. Hair relaxers: a benign caustic ingestion? J Pediatr Gastroenterol Nutr 2003; 36: 120-125 [PMID: 12500007]
Betalli P, Falchetti D, Giuliani S, Pane A, Dall’Oglio L, de
Angelis GL, Caldore M, Romano C, Gamba P, Baldo V.
Caustic ingestion in children: is endoscopy always indicated? The results of an Italian multicenter observational
study. Gastrointest Endosc 2008; 68: 434-439 [PMID: 18448103
DOI: 10.1016/j.gie.2008.02.016]
Temiz A, Oguzkurt P, Ezer SS, Ince E, Hicsonmez A. Predictability of outcome of caustic ingestion by esophagogastroduodenoscopy in children. World J Gastroenterol 2012; 18:
1098-1103 [PMID: 22416185 DOI: 10.3748/wjg.v18.i10.1098]
Christesen HB. Prediction of complications following unintentional caustic ingestion in children. Is endoscopy always
necessary? Acta Paediatr 1995; 84: 1177-1182 [PMID: 8563232]
Celik B, Nadir A, Sahin E, Kaptanoglu M. Is esophagoscopy necessary for corrosive ingestion in adults? Dis
Esophagus 2009; 22: 638-641 [PMID: 19515187 DOI: 10.1111/
j.1442-2050.2009.00987.x]
Núñez O, González-Asanza C, de la Cruz G, Clemente G,
Bañares R, Cos E, Menchén P. Study of predictive factors of
severe digestive lesions due to caustics ingestion. Med Clin
(Barc) 2004; 123: 611-614 [PMID: 15546518]
Chirica M, Resche-Rigon M, Bongrand NM, Zohar S,
Halimi B, Gornet JM, Sarfati E, Cattan P. Surgery for
caustic injuries of the upper gastrointestinal tract. Ann
Surg 2012; 256: 994-1001 [PMID: 22824850 DOI: 10.1097/
SLA.0b013e3182583fb2]
Kay M, Wyllie R. Caustic ingestions in children. Curr Opin
Pediatr 2009; 21: 651-654 [PMID: 19543088 DOI: 10.1097/
MOP.0b013e32832e2764]
Cakal B, Akbal E, Köklü S, Babalı A, Koçak E, Taş A. Acute
therapy with intravenous omeprazole on caustic esophageal
injury: a prospective case series. Dis Esophagus 2013; 26: 22-26
[PMID: 22332893 DOI: 10.1111/j.1442-2050.2011.01319.x]
Pelclová D, Navrátil T. Do corticosteroids prevent oesophageal stricture after corrosive ingestion? Toxicol Rev 2005; 24:
125-129 [PMID: 16180932]
Fulton JA, Hoffman RS. Steroids in second degree caustic
burns of the esophagus: a systematic pooled analysis of fifty
years of human data: 1956-2006. Clin Toxicol (Phila) 2007; 45:
402-408 [PMID: 17486482]

WCG|www.wjgnet.com

57

58
59
60
61
62

63

64
65

66
67

68

69

70
71
72
73

74

75

76

2065

Cheng HT, Cheng CL, Lin CH, Tang JH, Chu YY, Liu NJ,
Chen PC. Caustic ingestion in adults: the role of endoscopic
classification in predicting outcome. BMC Gastroenterol 2008;
8: 31 [PMID: 18655708 DOI: 10.1186/1471-230X-8-31]
Wu MH, Lai WW. Surgical management of extensive corrosive injuries of the alimentary tract. Surg Gynecol Obstet
1993; 177: 12-16 [PMID: 8322144]
Andreoni B, Farina ML, Biffi R, Crosta C. Esophageal perforation and caustic injury: emergency management of caustic
ingestion. Dis Esophagus 1997; 10: 95-100 [PMID: 9179477]
Cattan P, Munoz-Bongrand N, Berney T, Halimi B, Sarfati E,
Celerier M. Extensive abdominal surgery after caustic ingestion. Ann Surg 2000; 231: 519-523 [PMID: 10749612]
Brun JG, Celerier M, Koskas F, Dubost C. Blunt thorax oesophageal stripping: an emergency procedure for caustic
ingestion. Br J Surg 1984; 71: 698-700 [PMID: 6478161]
Zerbib P, Voisin B, Truant S, Saulnier F, Vinet A, Chambon
JP, Onimus T, Pruvot FR. The conservative management of
severe caustic gastric injuries. Ann Surg 2011; 253: 684-688
[PMID: 21475007 DOI: 10.1097/SLA.0b013e31821110e8]
Huscher CG, Mingoli A, Mereu A, Sgarzini G. Laparoscopy can be very effective in reducing mortality rate for
caustic ingestion in suicide attempt. World J Surg 2011;
35: 2363-2364; author reply 2365 [PMID: 21519970 DOI:
10.1007/s00268-011-1120-9]
Hugh TB, Kelly MD. Corrosive ingestion and the surgeon. J
Am Coll Surg 1999; 189: 508-522 [PMID: 10549740]
Genç A, Mutaf O. Esophageal motility changes in acute and
late periods of caustic esophageal burns and their relation
to prognosis in children. J Pediatr Surg 2002; 37: 1526-1528
[PMID: 12407532]
McAuley CE, Steed DL, Webster MW. Late sequelae of
gastric acid injury. Am J Surg 1985; 149: 412-415 [PMID:
3977003]
Ciftci AO, Senocak ME, Büyükpamukçu N, Hiçsönmez A.
Gastric outlet obstruction due to corrosive ingestion: incidence and outcome. Pediatr Surg Int 1999; 15: 88-91 [PMID:
10079337]
Gupta V, Wig JD, Kochhar R, Sinha SK, Nagi B, Doley RP,
Gupta R, Yadav TD. Surgical management of gastric cicatrisation resulting from corrosive ingestion. Int J Surg 2009; 7:
257-261 [PMID: 19401241 DOI: 10.1016/j.ijsu.2009.04.009]
Kochhar R, Ray JD, Sriram PV, Kumar S, Singh K. Intralesional steroids augment the effects of endoscopic dilation
in corrosive esophageal strictures. Gastrointest Endosc 1999;
49: 509-513 [PMID: 10202068]
Siersema PD, de Wijkerslooth LR. Dilation of refractory
benign esophageal strictures. Gastrointest Endosc 2009; 70:
1000-1012 [PMID: 19879408 DOI: 10.1016/j.gie.2009.07.004]
Krey H. On the treatment of corrosive lesions in the oesophagus; an experimental study. Acta Otolaryngol Suppl 1952;
102: 1-49 [PMID: 14932984]
Rao RB, Hoffman RS. Caustics and Batteries. In: Goldfrank
LR, Norwalk CT. Goldfrank’s Toxicologic Emergencies.
Norwalk: Appleton and Lange, 1998: 1399-1428
Kochhar R, Poornachandra KS, Puri P, Dutta U, Sinha SK,
Sethy PK, Wig JD, Nagi B, Singh K. Comparative evaluation of nasoenteral feeding and jejunostomy feeding in
acute corrosive injury: a retrospective analysis. Gastrointest
Endosc 2009; 70: 874-880 [PMID: 19573868 DOI: 10.1016/
j.gie.2009.03.009]
Uhlen S, Fayoux P, Vachin F, Guimber D, Gottrand F, Turck
D, Michaud L. Mitomycin C: an alternative conservative
treatment for refractory esophageal stricture in children?
Endoscopy 2006; 38: 404-407 [PMID: 16586239]
Berger M, Ure B, Lacher M. Mitomycin C in the therapy of
recurrent esophageal strictures: hype or hope? Eur J Pediatr
Surg 2012; 22: 109-116 [PMID: 22517516 DOI: 10.1055/
s-0032-1311695]
Ortolan EP, Bustamante TF, Higa KL, Da Silva AP, Takeg-

January 28, 2014|First Edition|

Contini S et al . Upper gastrointestinal caustic lesions

77

78

79

80

81

82

83

84

85

86

87

88

89

90

awa BK. The Best Moment to Use Mitomycin C in Caustic
Esophagitis. Experimental Study Gastroint Endosc 2011; 73
(Suppl 4): AB199-AB200 [DOI: 10.1016/j.gie.2011.03.268]
Berkovits RN, Bos CE, Wijburg FA, Holzki J. Caustic injury
of the oesophagus. Sixteen years experience, and introduction of a new model oesophageal stent. J Laryngol Otol 1996;
110: 1041-1045 [PMID: 8944879]
De Peppo F, Zaccara A, Dall’Oglio L, Federici di Abriola
G, Ponticelli A, Marchetti P, Lucchetti MC, Rivosecchi M.
Stenting for caustic strictures: esophageal replacement replaced. J Pediatr Surg 1998; 33: 54-57 [PMID: 9473100]
Broto J, Asensio M, Vernet JM. Results of a new technique
in the treatment of severe esophageal stenosis in children:
poliflex stents. J Pediatr Gastroenterol Nutr 2003; 37: 203-206
[PMID: 12883312]
Atabek C, Surer I, Demirbag S, Caliskan B, Ozturk H,
Cetinkursun S. Increasing tendency in caustic esophageal
burns and long-term polytetrafluorethylene stenting in
severe cases: 10 years experience. J Pediatr Surg 2007; 42:
636-640 [PMID: 17448758]
Foschia F, De Angelis P, Torroni F, Romeo E, Caldaro T, di
Abriola GF, Pane A, Fiorenza MS, De Peppo F, Dall’Oglio
L. Custom dynamic stent for esophageal strictures in children. J Pediatr Surg 2011; 46: 848-853 [PMID: 21616239 DOI:
10.1016/j.jpedsurg.2011.02.014]
Wang RW, Zhou JH, Jiang YG, Fan SZ, Gong TQ, Zhao YP,
Tan QY, Lin YD. Prevention of stricture with intraluminal
stenting through laparotomy after corrosive esophageal
burns. Eur J Cardiothorac Surg 2006; 30: 207-211 [PMID:
16829082]
Tokar JL, Banerjee S, Barth BA, Desilets DJ, Kaul V, Kethi
SR, Pedrosa MC, Pfau PR, Pleskow DK, Varadarajulu S,
Wang A, Song LM, Rodriguez SA. Drug-eluting/biodegradable stents. Gastrointest Endosc 2011; 74: 954-958 [PMID:
21944310 DOI: 10.1016/j.gie.2011.07.028]
Repici A, Vleggaar FP, Hassan C, van Boeckel PG, Romeo
F, Pagano N, Malesci A, Siersema PD. Efficacy and safety of
biodegradable stents for refractory benign esophageal strictures: the BEST (Biodegradable Esophageal Stent) study.
Gastrointest Endosc 2010; 72: 927-934 [PMID: 21034894 DOI:
10.1016/j.gie.2010.07.031]
Pauli EM, Schomisch SJ, Furlan JP, Marks AS, Chak A, Lash
RH, Ponsky JL, Marks JM. Biodegradable esophageal stent
placement does not prevent high-grade stricture formation
after circumferential mucosal resection in a porcine model.
Surg Endosc 2012; 26: 3500-3508 [PMID: 22684976 DOI:
10.1007/s00464-012-2373-6]
Duman L, Büyükyavuz BI, Altuntas I, Gökcimen A, Ceyhan
L, Darici H, Aylak F, Tomruk O. The efficacy of single-dose
5-fluorouracil therapy in experimental caustic esophageal
burn. J Pediatr Surg 2011; 46: 1893-1897 [PMID: 22008323
DOI: 10.1016/j.jpedsurg.2011.03.001]
Demirbilek S, Aydin G, Yücesan S, Vural H, Bitiren M.
Polyunsaturated phosphatidylcholine lowers collagen deposition in a rat model of corrosive esophageal burn. Eur J
Pediatr Surg 2002; 12: 8-12 [PMID: 11967752 DOI: 10.1055/
s-2002-25082]
Günel E, Cağlayan F, Cağlayan O, Canbilen A, Tosun M.
Effect of antioxidant therapy on collagen synthesis in corrosive esophageal burns. Pediatr Surg Int 2002; 18: 24-27 [PMID:
11793058 DOI: 10.1007/s003830200005]
Kaygusuz I, Celik O, Ozkaya O O, Yalçin S, Keleş E, Cetinkaya T. Effects of interferon-alpha-2b and octreotide on
healing of esophageal corrosive burns. Laryngoscope 2001;
111: 1999-2004 [PMID: 11801986 DOI: 10.1097/00005537-200
111000-00025]
Berthet B, di Costanzo J, Arnaud C, Choux R, Assadourian R.
Influence of epidermal growth factor and interferon gamma
on healing of oesophageal corrosive burns in the rat. Br
J Surg 1994; 81: 395-398 [PMID: 8173910 DOI: 10.1002/

WCG|www.wjgnet.com

91

92

93

94

95

96

97

98
99
100
101
102

103

104

105
106

107

108

2066

bjs.1800810325]
Doğan Y, Erkan T, Cokuğraş FC, Kutlu T. Caustic gastroesophageal lesions in childhood: an analysis of 473 cases.
Clin Pediatr (Phila) 2006; 45: 435-438 [PMID: 16891276 DOI:
10.1177/0009922806289618]
Lahoti D, Broor SL, Basu PP, Gupta A, Sharma R, Pant CS.
Corrosive esophageal strictures: predictors of response to
endoscopic dilation. Gastrointest Endosc 1995; 41: 196-200
[PMID: 7789676 DOI: 10.1016/S0016-5107(95)70337-3]
Kim YT, Sung SW, Kim JH. Is it necessary to resect the diseased esophagus in performing reconstruction for corrosive
esophageal stricture? Eur J Cardiothorac Surg 2001; 20: 1-6
[PMID: 11423265 DOI: 10.1016/S1010-7940(01)00747-3]
Gerzic ZB, Knezevic JB, Milicevic MN, Jovanovic BK. Esophagocoloplasty in the management of postcorrosive strictures of the esophagus. Ann Surg 1990; 211: 329-336 [PMID:
2310239 DOI: 10.1097/00000658-199003000-00004]
Pace F, Antinori S, Repici A. What is new in esophageal
injury (infection, drug-induced, caustic, stricture, perforation)? Curr Opin Gastroenterol 2009; 25: 372-379 [PMID:
19530274 DOI: 10.1097/MOG.0b013e32832ad2e4]
Panieri E, Rode H, Millar AJ, Cywes S. Oesophageal replacement in the management of corrosive strictures: when
is surgery indicated? Pediatr Surg Int 1998; 13: 336-340 [PMID:
9639611 DOI: 10.1007/s003830050333]
Contini S, Garatti M, Swarray-Deen A, Depetris N, Cecchini S, Scarpignato C. Corrosive oesophageal strictures in
children: outcomes after timely or delayed dilatation. Dig
Liver Dis 2009; 41: 263-268 [PMID: 18801710 DOI: 10.1016/
j.dld.2008.07.319]
Gün F, Abbasoğlu L, Celik A, Salman ET. Early and late
term management in caustic ingestion in children: a 16-year
experience. Acta Chir Belg 2007; 107: 49-52 [PMID: 17405598]
Sandgren K, Malmfors G. Balloon dilatation of oesophageal
strictures in children. Eur J Pediatr Surg 1998; 8: 9-11 [PMID:
9550269]
Dall’Oglio L, De Angelis P. Commentary on “Esophageal endoscopic dilations”. J Pediatr Gastroenterol Nutr 2012; 54: 716-717
[PMID: 22270041 DOI: 10.1097/MPG.0b013e31824b174e]
Lakhdar-Idrissi M, Khabbache K, Hida M. Esophageal endoscopic dilations. J Pediatr Gastroenterol Nutr 2012; 54: 744-747
[PMID: 22270040 DOI: 10.1097/MPG.0b013e31824b16b2]
Shehata SM, Enaba ME. Endoscopic dilatation for benign
oesophageal strictures in infants and toddlers: experience
of an expectant protocol from North African tertiary centre.
Afr J Paediatr Surg 2012; 9: 187-192 [PMID: 23250237 DOI:
10.4103/0189-6725.104717]
Contini S, Scarpignato C, Rossi A, Strada G. Features and
management of esophageal corrosive lesions in children in
Sierra Leone: lessons learned from 175 consecutive patients.
J Pediatr Surg 2011; 46: 1739-1745 [PMID: 21929983 DOI:
10.1016/j.jpedsurg.2011.03.017]
Lan LC, Wong KK, Lin SC, Sprigg A, Clarke S, Johnson
PR, Tam PK. Endoscopic balloon dilatation of esophageal
strictures in infants and children: 17 years’ experience and a
literature review. J Pediatr Surg 2003; 38: 1712-1715 [PMID:
14666449]
Song HY, Han YM, Kim HN, Kim CS, Choi KC. Corrosive
esophageal stricture: safety and effectiveness of balloon dilation. Radiology 1992; 184: 373-378 [PMID: 1620830]
Doo EY, Shin JH, Kim JH, Song HY. Oesophageal strictures
caused by the ingestion of corrosive agents: effectiveness of
balloon dilatation in children. Clin Radiol 2009; 64: 265-271
[PMID: 19185656 DOI: 10.1016/j.crad.2008.10.001]
Gerçek A, Ay B, Dogan V, Kiyan G, Dagli T, Gogus Y.
Esophageal balloon dilation in children: prospective analysis of hemodynamic changes and complications during
general anesthesia. J Clin Anesth 2007; 19: 286-289 [PMID:
17572324]
Hawkins DB. Dilation of esophageal strictures: compara-

January 28, 2014|First Edition|

Contini S et al . Upper gastrointestinal caustic lesions

109
110

111

112

113
114

115
116
117
118

119

120

121

122
123
124
125

tive morbidity of antegrade and retrograde methods. Ann
Otol Rhinol Laryngol 1988; 97: 460-465 [PMID: 3052221]
Saleem MM. Acquired oesophageal strictures in children:
emphasis on the use of string-guided dilatations. Singapore
Med J 2009; 50: 82-86 [PMID: 19224090]
Sánchez-Ramírez CA, Larrosa-Haro A, Vásquez Garibay
EM, Larios-Arceo F. Caustic ingestion and oesophageal
damage in children: Clinical spectrum and feeding practices. J Paediatr Child Health 2011; 47: 378-380 [PMID: 21309879
DOI: 10.1111/j.1440-1754.2010.01984.x]
Bueno R, Swanson SJ, Jaklitsch MT, Lukanich JM, Mentzer
SJ, Sugarbaker DJ. Combined antegrade and retrograde
dilation: a new endoscopic technique in the management of
complex esophageal obstruction. Gastrointest Endosc 2001;
54: 368-372 [PMID: 11522984]
Mukherjee K, Cash MP, Burkey BB, Yarbrough WG, Netterville JL, Melvin WV. Antegrade and retrograde endoscopy for treatment of esophageal stricture. Am Surg 2008;
74: 686-687; discussion 688 [PMID: 18705567]
Kiviranta NK. Corrosive carcinoma of the esophagus. Acta
Otolaryngol 1952; 102: 1-9
Jain R, Gupta S, Pasricha N, Faujdar M, Sharma M, Mishra
P. ESCC with metastasis in the young age of caustic ingestion of shortest duration. J Gastrointest Cancer 2010; 41: 93-95
[PMID: 20077033 DOI: 10.1007/s12029-009-9121-8]
Marchand P. Caustic strictures of the oesophagus. Thorax
1955; 10: 171-181 [PMID: 14396853]
Carver GM, Sealy WC, Dillon ML. Management of alkali
burns of the esophagus. J Am Med Assoc 1956; 160: 1447-1450
[PMID: 13306573]
Khan BA, Kochhar R, Nagi B, Raja K, Singh K. Gall bladder
emptying in patients with corrosive-induced esophageal
strictures. Dig Dis Sci 2005; 50: 111-115 [PMID: 15712647]
Mittal BR, Kochhar R, Shankar R, Bhattacharya A, Solanki
K, Nagi B. Delayed gastric emptying in patients with caustic ingestion. Nucl Med Commun 2008; 29: 782-785 [PMID:
18677205 DOI: 10.1097/MNM.0b013e328302f4b9]
Chirica M, Veyrie N, Munoz-Bongrand N, Zohar S, Halimi
B, Celerier M, Cattan P, Sarfati E. Late morbidity after colon
interposition for corrosive esophageal injury: risk factors,
management, and outcome. A 20-years experience. Ann
Surg 2010; 252: 271-280 [PMID: 20622655 DOI: 10.1097/
SLA.0b013e3181e8fd40]
Javed A, Pal S, Dash NR, Sahni P, Chattopadhyay TK.
Outcome following surgical management of corrosive strictures of the esophagus. Ann Surg 2011; 254: 62-66 [PMID:
21532530 DOI: 10.1097/SLA.0b013e3182125ce7]
Ananthakrishnan N, Kate V, Parthasarathy G. Therapeutic
options for management of pharyngoesophageal corrosive strictures. J Gastrointest Surg 2011; 15: 566-575 [PMID:
21331658 DOI: 10.1007/s11605-011-1454-5]
Gupta NM, Gupta R. Transhiatal esophageal resection
for corrosive injury. Ann Surg 2004; 239: 359-363 [PMID:
15075652]
Arul GS, Parikh D. Oesophageal replacement in children.
Ann R Coll Surg Engl 2008; 90: 7-12 [PMID: 18201490 DOI:
10.1308/003588408X242222]
Cowles RA, Coran AG. Gastric transposition in infants
and children. Pediatr Surg Int 2010; 26: 1129-1134 [PMID:
20878410 DOI: 10.1007/s00383-010-2736-9]
Erdoğan E, Eroğlu E, Tekant G, Yeker Y, Emir H, Sarimurat
N, Yeker D. Management of esophagogastric corrosive injuries in children. Eur J Pediatr Surg 2003; 13: 289-293 [PMID:
14618516 DOI: 10.1055/s-2003-43581]

126 Tseng YL, Wu MH, Lin MY, Lai WW. Early surgical correction for isolated gastric stricture following acid corrosion
injury. Dig Surg 2002; 19: 276-280 [PMID: 12207070 DOI:
10.1159/000064582]
127 Temiz A, Oguzkurt P, Ezer SS, Ince E, Gezer HO, Hicsonmez A. Management of pyloric stricture in children: endoscopic balloon dilatation and surgery. Surg Endosc 2012; 26:
1903-1908 [PMID: 22234589 DOI: 10.1007/s00464-011-2124-0]
128 Kochhar R, Sriram PV, Ray JD, Kumar S, Nagi B, Singh K.
Intralesional steroid injections for corrosive induced pyloric
stenosis. Endoscopy 1998; 30: 734-736 [PMID: 9865568 DOI:
10.1055/s-2007-1001400]
129 Dumont O, Queneau PE, Bernard G, Berger F, Paliard P.
Mid-term failure of balloon dilatation treatment of antral
stenosis induced by caustics. Gastroenterol Clin Biol 1995; 19:
302-304 [PMID: 7781942]
130 Tekant G, Eroğlu E, Erdoğan E, Yeşildağ E, Emir H,
Büyükünal C, Yeker D. Corrosive injury-induced gastric
outlet obstruction: a changing spectrum of agents and treatment. J Pediatr Surg 2001; 36: 1004-1007 [PMID: 11431765
DOI: 10.1053/jpsu.2001.24725]
131 Kochhar R, Dutta U, Sethy PK, Singh G, Sinha SK, Nagi B,
Wig JD, Singh K. Endoscopic balloon dilation in causticinduced chronic gastric outlet obstruction. Gastrointest
Endosc 2009; 69: 800-805 [PMID: 19136104 DOI: 10.1016/
j.gie.2008.05.056]
132 Ozcan C, Ergün O, Sen T, Mutaf O. Gastric outlet obstruction secondary to acid ingestion in children. J Pediatr
Surg 2004; 39: 1651-1653 [PMID: 15547828 DOI: 10.1016/
j.jpedsurg.2004.07.008]
133 Sarfati E, Gossot D, Assens P, Celerier M. Management of
caustic ingestion in adults. Br J Surg 1987; 74: 146-148 [PMID:
3815035 DOI: 10.1002/bjs.1800740225]
134 Agarwal S, Sikora SS, Kumar A, Saxena R, Kapoor VK. Surgical management of corrosive strictures of stomach. Indian
J Gastroenterol 2004; 23: 178-180 [PMID: 15599001]
135 O’donnell CH, Abbott WE, Hirshfeld JW. Surgical treatment of corrosive gastritis. Am J Surg 1949; 78: 251-255
[PMID: 18147124 DOI: 10.1016/0002-9610(49)90339-6]
136 Eaton H, Tennekoon GE. Squamous carcinoma of the
stomach following corrosive acid burns. Br J Surg 1972; 59:
382-387 [PMID: 5021144 DOI: 10.1002/bjs.1800590514]
137 Bothereau H, Munoz-Bongrand N, Lambert B, Montemagno S, Cattan P, Sarfati E. Esophageal reconstruction after
caustic injury: is there still a place for right coloplasty? Am
J Surg 2007; 193: 660-664 [PMID: 17512272 DOI: 10.1016/
j.amjsurg.2006.08.074]
138 Knezević JD, Radovanović NS, Simić AP, Kotarac MM,
Skrobić OM, Konstantinović VD, Pesko PM. Colon interposition in the treatment of esophageal caustic strictures: 40
years of experience. Dis Esophagus 2007; 20: 530-534 [PMID:
17958730 DOI: 10.1111/j.1442-2050.2007.00694.x]
139 Tettey M, Edwin F, Aniteye E, Tamatey M, Entsua-Mensah
K, Ofosu-Appiah E, Frimpong-Boateng K. Colopharyngoplasty for intractable caustic pharyngoesophageal strictures
in an indigenous African community--adverse impact of
concomitant tracheostomy on outcome. Interact Cardiovasc Thorac Surg 2011; 12: 213-217 [PMID: 21047823 DOI:
10.1510/icvts.2010.241836]
140 Chirica M, Vuarnesson H, Zohar S, Faron M, Halimi B,
Munoz Bongrand N, Cattan P, Sarfati E. Similar outcomes
after primary and secondary esophagocoloplasty for caustic
injuries. Ann Thorac Surg 2012; 93: 905-912 [PMID: 22364982
DOI: 10.1016/j.athoracsur.2011.12.054]
P- Reviewer Teoh AYB S- Editor Zhai HH
L- Editor Cant MR E- Editor Li JY

WCG|www.wjgnet.com

2067

January 28, 2014|First Edition|

WC G

World Clinical
Gastroenterology

2014 First Edition
bpgoffice@wjgnet.com

ISBN 978-0-9914430-0-0
© 2014 Baishideng Publishing Group Inc. All rights reserved.

PROGRESS IN GASTROINTESTINAL DISEASES

Narrow band imaging with magnification for the diagnosis
of lesions in the upper gastrointestinal tract
Rajvinder Singh, Asif Hussain, Cheong Kuan Loong
Rajvinder Singh, Asif Hussain, Department of Gastroenterology, Lyell McEwin Hospital, Adelaide, South Australia 5112,
Australia
Cheong Kuan Loong, Department of Medicine, Hospital
Queen Elizabeth, Kota Kinabalu, Sabah 88300, Malaysia
Author contributions: Singh R, Hussain A and Loong CK
solely contributed to this paper.
Correspondence to: Rajvinder Singh, Associate Professor,
Department of Gastroenterology, Lyell McEwen Hospital, Adelaide, Haydown Road Elizabeth Vale, South Australia 5112,
Australia. rajvinder.singh@health.sa.gov.au
Telephone: +61-8-72256890 Fax: +61-8-81829837
Received: August 22, 2013 Revised: November 2, 2013
Accepted: November 15, 2013
Published: January 28, 2014

Core tip: Narrow band imaging with magnifying en
doscopy has shown promising results in improving detection and characterization of gastrointestinal lesions.
This may allow better targeting of biopsies, improved
prediction of histology, appropriate treatment and
better patient outcomes. Most studies have been conducted in expert centers and carried out only by one or
a few observers. Large-scale prospective multi center
randomized trials are needed to duplicate the results
achieved in these institutions.
Original sources: Singh R, Hussain A, Loong CK. Narrow
band imaging with magnification for the diagnosis of lesions
in the upper gastrointestinal tract. World J Gastrointest Endosc
2013; 5(12): 584-589 Available from: URL: http://www.wjgnet.com/1948-5190/full/v5/i12/584.htm DOI: http://dx.doi.
org/10.4253/wjge.v5.i12.584

Abstract
Endoscopy plays an important role in the diagnosis
and management of gastrointestinal (GI) tract disorders. Chromoendoscopy has proven to be superior to
white light endoscopy for early detection of various GI
lesions. This has however been fraught with problems.
The use of color stains, time taken to achieve an effect
and the learning curve associated with the technique
has been some of the pitfalls. Narrow band imaging
(NBI) particularly in combination with magnifying endoscopy may allow the endoscopist to accomplish a
fairly accurate diagnosis with good histological correlation similar to results achieved with chromoendoscopy.
Such enhanced detection of pre-malignant and early
neoplastic lesions in the gastrointestinal tract should
allow better targeting of biopsies and could ultimately
prove to be cost effective. Various studies have been
done demonstrating the utility of this novel technology.
This article will review the impact of NBI in the diagnosis of upper gastrointestinal tract disorders.

INTRODUCTION
Recent advances in endoscopic imaging technologies
have enabled endoscopists to improve the capability of
detecting and characterizing lesions in gastrointestinal
tract (GIT). Amongst some of these novel technologies, narrow band imaging (NBI) appears to be the most
promising. Current available data on the utility of NBI
with magnification (NBI-ME) has been encouraging for
Barrett’s esophagus, early Oropharyngeal, esophageal
and gastric cancers and to a lesser extent reflux disease
and gastritis. It also has a role in aiding endoscopic
resection where margin assessment is essential. This review will focus on the role of NBI-ME in the diagnosis
of lesions in upper gastrointestinal tract.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

ESOPHAGEAL SQUAMOUS CELL CARCINOMA

Key words: Narrow band imaging; Magnifying endoscopy; Upper gastrointestinal tract

NBI enables detailed observation of the microvasculature in the esophageal mucosa, described as intraepi-
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thelial papillary capillary loops (IPCL’s). The NBIME findings of early squamous cell carcinoma (SCC)
include a well-demarcated brownish area, elevated
margins, loss of visible branching vessels and a type Ⅳ
or type V intraepithelial papillary capillary loops pattern[1,2]. Inoue originally described intraepithelial papillary capillary loops into 4 distinct entities: dilation, meandering, caliber changes and difference in shapes[3,4].
Type Ⅳ intraepithelial papillary capillary loops shows 2
or 3 of the four patterns, whilst Type Ⅴ intraepithelial
papillary capillary loops demonstrates all 4 characteristic changes. Type Ⅲ intraepithelial papillary capillary
loops (minimal proliferation or meandering in a brownish area) is considered borderline or low grade intraepithelial neoplasia. Thus, a follow up endoscopy is
generally recommended for these patients. However,
type Ⅱ intraepithelial papillary capillary loops (enlarged
but linear and regular vessels) indicates regenerative
tissue or inflamed mucosa. Type Ⅰ intraepithelial papillary capillary loops, are generally normal vessels with
smooth, slender, regular caliber with a smaller diameter
(10 mm).
Muto et al[5] conducted a multicentre randomised controlled trial on 320 patients with a history of Squamous
Cell CA (SCC), comparing white light endoscopy (WLE)
with NBI in the detection of Squamous Cell CA in patients with a history of head and neck Squamous Cell
CA or previous esophageal Squamous Cell CA. The sensitivity of NBI for a diagnosis of superficial cancer was
100% for the oropharynx and 97.2% for the esophagus.
The diagnostic accuracy was 90% when two endoscopic
criteria, namely, a well demarcated brownish area and an
irregular micro vascular pattern, were used.
Goda et al[6] conducted a non-randomized comparative study of 101 lesions of esophageal Squamous Cell
CA, which gauged the sensitivity and specificity of WLE,
NBI and endoscopic ultrasound (EUS) in predicting the
depth of superficial esophageal Squamous Cell CA. The
authors concluded that all 3 modalities did not differ
significantly. Kuraoka et al[7] conducted a study comparing endoscopy with iodine staining to NBI. Endoscopy
assisted with NBI was more useful in the detection of
early esophageal Squamous Cell CA than that obtained
with iodine. Another study assessed the efficacy of 1204
high-resolution esophagoscopies with NBI using a novel
“Endo View” Program. Color segmentation of narrow
band images apparently increased the chances of diagnosing even the smallest abnormality in the esophagus.
NBI endoscopy also allowed specifying premalignant lesions in esophageal mucosa in both low grade and highgrade dysplasia (HGD)[8].
A consensus of expert endoscopists from the AsiaPacific region put all of this together and reported a
strong agreement on importance of interpretation of
both vascular architecture and surface structure of the
superficial mucosa in the esophagus. NBI was useful for
detection of esophageal Squamous Cell CA (100% consensus achieved), distinguishing neoplastic from nonneoplastic lesions (89% consensus), determining the ex-
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tent of the neoplasia (78% consensus) and depth of the
tumor (100% consensus). However, the panel of experts
agreed that chromo endoscopy is still superior to delineate the extent of the tumor[9]. They also agreed that
there was no significant difference in terms of sensitivity
and specificity for the assessment of the depth of tumor
invasion by NBI when compared to EUS.

BARRETT’S ESOPHAGUS
Singh et al[10] conducted a study on 109 patients with
more than 1000 corresponding biopsies, which not only
validated a simplified classification of the various morphologic patterns visualized in Barrett’s Esophagus (BE)
and corresponding histology with high predictive values,
but also confirmed its reproducibility and repeatability
when the grading system was used by both endoscopists
experienced in the use of NBI and those unfamiliar with
it. On the basis of the 1021 areas visualized, NBI-ME allowed correct prediction of 99% of the areas harboring
intestinal metaplasia (IM) and 96% of the areas demonstrating high grade dysplasia (HGD). However intestinal
metaplasia was not clearly differentiated from low grade
dysplastic lesions. Mannath et al[11] in a large meta analysis found a very high sensitivity and specificity of NBI in
diagnosing in high grade dysplasia patients with Barrett’s
Esophagus.

GASTRO-ESOPHAGEAL REFLUX DISEASE
AND NON-EROSIVE REFLUX DISEASE
Approximately 60% of patients with gastro-esophageal
reflux disease (GERD) have normal standard endoscopy
and are labeled as suffering from non-erosive reflux
disease (NERD)[12]. NBI-ME can detect microvascular
changes and also enhance the contrast between esophageal and gastric mucosa[13]. Microvascular changes of
non-erosive reflux disease on NBI include increased
number and dilatation of intraepithelial papillary capillary giving an inverted fir tree appearance, punctate erythema, loss of vascular palisade pattern and triangular
indentation of squamo-columnar junction above the Z
line[14]. Changes below the Z line include islands of squamous epithelium and increased vascular markings[15,16].
Some of these features were tested in a study comparing
ten control subjects and eleven patients with non-erosive
reflux disease confirmed by a validated questionnaire,
standard endoscopy and 24-h pH-metry[17]. The investigators proposed and explored seven different distal
esophageal mucosal appearances that can be observed
with a high-resolution endoscope (triangular lesions, apical mucosal breaks, palisade vessels, pin point vessels,
branching vessels, villiform mucosa and serrated squamo-columnar junction). However none of these changes
proved to be sufficiently sensitive and specific to justify
their use as a diagnostic criterion for non-erosive reflux
disease. A study conducted by Fock et al[18] concluded
that NBI detected a significantly higher prevalence of
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micro-erosions (gastro-esophageal reflux disease 100%,
non-erosive reflux disease 52.8% and controls 23%) and
increased vascularity (gastro-esophageal reflux disease
95%, non-erosive reflux disease 91.7% and controls
36.7%) but a lower prevalence of round pit patterns
(gastro-esophageal reflux disease 4.9%, non-erosive reflux disease 5.6% and controls 70%).
Tseng et al[15] studied 82 patients where 20 were detected as having gastro-esophageal reflux disease by
WLE. Out of the remaining 62 patients declared normal
by WLE, NBI detected an additional 44 patients having
erosions. They also demonstrated that the changes which
visualized on NBI could predict a therapeutic response
in patients with gastro-esophageal reflux disease. Sharma et al[14] compared NBI with WLE in a prospective
study of 101 patients. Patients with and without gastroesophageal reflux disease symptoms were examined by
standard WLE followed by NBI. The features seen only
by NBI were compared between gastro-esophageal reflux disease patients and controls. A significantly higher
proportion of patients with gastro-esophageal reflux
disease had increased number (OR = 12.6), dilatation (OR
= 20), tortuosity of intraepithelial papillary capillary (OR
= 6.9) and increased vascularity at the squamo-columnar
junction (OR = 9.3) compared with controls.

study of 25 patients, further refinement and validation
of the NBI grading criteria was suggested. Banerjee and
colleagues also compared NBI with WLE on 74 patients
and showed that high resolution endoscopy with NBI
could be a potential tool for the instantaneous real time
diagnosis of H. pylori infection. The sensitivity, specificity, positive predictive value and negative predictive value
for absence of infection were 85%, 93%, 96% and 77%
respectively[26].

SUPERFICIAL GASTRIC CANCER
As with all cancers, an early diagnosis is crucial for a
good prognosis in gastric carcinoma, which is the second
leading cause of cancer related deaths worldwide[27-31].
Atrophy, metaplasia, dysplasia followed by neoplasia
are the usual sequence of events[32,33] in some of these
patients. NBI may assist in identifying premalignant lesions and hence enable appropriate therapy. Amorphous
pit pattern, irregular size and/or arrangement of pits
or complete loss of pits along with abnormal microvascular pattern are associated with neoplastic lesions.
Regular, round, slit or villous like pits indicate non-neoplastic lesions[34-36]. These changes are however not always
straightforward as findings can be altered by many conditions such as chronic inflammation, ulceration, atrophy
or metaplasia and H. pylori infection[37-39]. Superficial but
elevated lesions make the visibility of micro-vascular
pattern difficult[35,40,41].
A consensus of expert endoscopists in the AsiaPacific region agreed that NBI is not useful for detection
of gastric carcinoma at an early stage. They however
concurred that NBI increases sensitivity and accuracy of
differential diagnosis of early gastric carcinoma (EGC) in
elevated, flat and depressed lesions. NBI may also distinguish tumor margins from the surrounding normal mucosa. They also agreed that NBI has no significant role
in detecting tumor depths as the narrow band of light
is speculated to penetrate to only 200-250 mm into the
superficial mucosa[9]. Approximately 40% of early gastric
carcinoma are of the undifferentiated type according to
Japanese literature[42,43]. This type of early gastric carcinoma can extend subepithelially and may be covered by
non-neoplastic foveolar epithelium. In undifferentiated
early gastric carcinoma, it is recommended that biopsies
are obtained from the surrounding mucosa to diagnose
the undetectable tumor extent[44].
Light blue crest (LBC) is a fine, blue-white line on the
crest of the epithelial surface/gyri. An JK conducted a
study on 42 patients and concluded that the Light blue
crest sign (LBC) observed in the gastric mucosa with magnifying NBI endoscopy are highly accurate indicators of
the presence of Intestinal Metaplasia (IM) and Light blue
crest also correlates with progression to severe Intestinal
Metaplasia. For the diagnosis of Intestinal Metaplasia,
Light blue crest had a sensitivity, specificity, and accuracy
of 72.1%, 96.0%, and 84.9%[45]. Uedo et al[46] tested NBIME on 34 patients with atrophic gastritis and demonstrated that the appearance of Light blue crest correlated

GASTRITIS AND HELICOBACTER PYLORI
Helicobacter pylori (H. pylori) is the commonest cause of
chronic gastritis[19]. This can lead to intestinal metaplasia
and dysplasia; conditions which may progress onto gastric
carcinoma[20]. On NBI-ME, the normal gastric corpus
and fundus have small round pits, sub-epithelial capillaries networks (SECN) in a honeycomb pattern and stellate shaped collecting venules (CV) arranged at regular
intervals in deeper mucosa[21,22]. These patterns have a
100% predictive value for normal corporal mucosa[23].
The normal gastric antrum has a reticular pattern of
circular pits and coiled elongated sub-epithelial capillaries networks. The collecting venules are situated too
deep to be visible[21,24]. H. pylori gastritis visualized by
NBI shows a loss of collecting venules due to associated
inflammation and this pattern has 100% sensitivity, 92%
specificity and a positive predictive value (PPV) of 100%
for H. pylori gastritis. H. pylori related atrophic gastritis is
patchy starting from Incisura and progressively involves
the Antrum, body and corpus. NBI findings suggestive
of atrophy are loss of pits and sub-epithelial capillaries
networks. The sensitivity and specificity of these findings for atrophic gastritis have been suggested to be up
to 90% or above[23].
Dalal et al[25] conducted a pilot study in the stomach
that concluded that when compared to WLE, abnormal
findings on NBI had a sensitivity of 100% and a specificity of 90.6%; whereas WLE has a sensitivity of only
42.9% and specificity of 75%. Negative predictive value
(NPV) of NBI was 100%, whereas WLE has Negative
predictive value of 85.7%. However, with a small-sized
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with histological evidence of Intestinal Metaplasia, with
a sensitivity of 89% (95%CI: 83-96), a specificity of 93%
(95%CI: 88-97), a positive predictive value of 91% (95%CI:
85-96), a negative predictive value of 92% (95%CI: 87-97)
and an accuracy of 91% (95%CI: 88-95). Yao et al[47] reported that the hallmark of a white opaque substance (WOS)
is the presence of lipid droplets (LDs) that accumulate in
the superficial part of the epithelial neoplasia within the
stomach. The authors also reported that the white opaque
substance in adenomas was regular and homogeneous,
whereas the white opaque substance in adenocarcinomas
was irregular and speckled. Ueyama et al[48] suggested that
the white opaque substance-positive epithelium corresponded to the dysplasia in this lesion. The presence of
a white opaque substance in a gastric hyperplasia may be
considered an endoscopic finding that is predictive of
the neoplastic transformation of a gastric hyperplasia.
Therefore, in gastric hyperplasia, white opaque substance
positivity may be considered an endoscopic finding that
indicates endoscopic resection[48].

multicenter randomized trials are needed to duplicate
the results achieved in these institutions. Standardization
of endoscopic criteria and amalgamation of the various
classifications cannot be overemphasized. Once this is
achieved, teaching and learning modules for more widespread dissemination to the community will be crucial.
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Abstract
Motility disorders of the upper gastrointestinal tract
encompass a wide range of different diseases. Esophageal achalasia and functional dyspepsia are representative disorders of impaired motility of the esophagus
and stomach, respectively. In spite of their variable
prevalence, what both diseases have in common is
poor knowledge of their etiology and pathophysiology.
There is some evidence showing that there is a genetic
predisposition towards these diseases, especially for
achalasia. Many authors have investigated the possible
genes involved, stressing the autoimmune or the neurological hypothesis, but there is very little data available.
Similarly, studies supporting a post-infective etiology,
based on an altered immune response in susceptible
individuals, need to be validated. Further association
studies can help to explain this complex picture and
find new therapeutic targets. The aim of this review is
to summarize current knowledge of genetics in motility
disorders of the upper gastrointestinal tract, addressing
how genetics contributes to the development of achalasia and functional dyspepsia respectively.
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INTRODUCTION
Digestive motility is a highly coordinated process which
enables mixing, absorption and propulsion of the ingesta through the gastrointestinal tract up to expulsion
of residues. This function depends on a finely balanced
integration between smooth muscle contractility and
the related pacemaker activity evoked by the interstitial
cells of Cajal (ICCs) that are finely regulated by intrinsic
and extrinsic innervations [i.e., enteric nervous system
(ENS) and sympathetic and parasympathetic nerves,
respectively][1,2]. A disturbed digestive motility can occur
as a result of a variety of abnormalities affecting each
of these elements (alone or in combination), with consequent altered physiology of gut peristalsis and symptom
generation.
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on the genetic contribution to upper GI motor disorders. We evaluate the most recent literature on the genetic epidemiology of representative motility disorders
of the upper GI tract (UGT). We describe the putative
genetic contributions that have been addressed and the
potential association with single mechanisms, such as
receptors, transporters and translation, or transduction
mechanisms involved in the disturbed motility of the
esophagus, stomach and pylorus, respectively impaired
in esophageal achalasia, functional dyspepsia and hypertrophic pyloric stenosis. Each of the diseases can be
considered paradigmatic because of the following: (1)
hypertrophic pyloric stenosis (HPS) is characteristic of
infants and there is significant evidence about the role
of genetic factors; (2) isolated idiopathic achalasia can be
considered the prototype of defective esophageal motility in adults and the role of genetic factors is emerging
as a major challenge to explain the disease; and (3) functional dyspepsia cannot be paradigmatically considered a
primary gastric motor disorder, but is characterized by a
significant association between impaired gastric motility
and symptoms to which genetic factors contribute.

Infections
inflammation

Triggers

Genetic predisposition

+

-

Autoimmune
response

Resolution

Myenteric
inflammation
Effects

Loss of inhibitor
neurons
Impaired LESrelaxation
Achalasia phenotype

IMPAIRED MOTILITY OF THE ESOPHAGUS

Figure 1 Supposed pathophysiology of achalasia: triggering external factors are able to induce a loss of inhibitor neurons in individuals genetically
predisposed, causing an impaired lower esophageal sphincter relaxation.

Achalasia
Idiopathic achalasia is the best recognized primary motor disorder of the esophagus. It is characterized by
incomplete relaxation of the lower esophageal sphincter
(LOS) and absence of peristalsis that causes bolus impaction and generation of symptoms like dysphagia, regurgitation and chest pain[8]. Although the pathogenesis
of achalasia is still largely unknown, it is now clear that
a major issue is the loss of neurons in the esophageal
myenteric plexus. We know that neurons gradually disappear in the lower part of the esophagus of achalasia
patients. In most cases, this process is the result of a
localized infiltration of immune cells, determining an
inflammatory-based neurodegeneration [9,10]. Interestingly, this process is prevalent for inhibitory neurons
containing nitric oxide (NO) and vasoactive intestinal
polypeptides (VIP) and accounts for the loss of inhibitory inputs, with consequent abnormal esophageal function[11-13]. Notwithstanding this histological background,
we do not know the precise pathogenic mechanism of
achalasia; consequently, hereditary, degenerative, autoimmune and infectious factors have all been claimed to be
possible causes of the disease.
A certain degree of genetic influence in achalasia is
suggested by the familial occurrence and twin concordance. However, a systematic analysis of the literature
revealed that twin concordance was significant but still
inconclusive[6]. On the other hand, the only family study
of achalasia conducted to date is biased by the small
sample size and because the diagnosis of achalasia was
based on a self-reported questionnaire[14]. In addition,
achalasia may present as part of a genetic syndrome or
in association with isolated abnormalities or diseases[15].

The symptom complex is site specific and depends
on the gastrointestinal tract involved. Thus, patients with
disturbed esophageal motility may complain of dysphagia,
regurgitation or chest pain, whereas patients with gastric
dysmotility may report symptoms of nausea, vomiting, postprandial fullness, early satiety or epigastric pain.
Esophageal achalasia and functional dyspepsia are the
most representative motility disorders of the upper gastrointestinal (GI) tract, with the first rare and well characterized and the latter highly prevalent and less defined.
Like the majority of functional gastrointestinal disorders (FGIDs), they are characterized by the persistence of
symptoms in the absence of reliable biological markers.
As for other complex diseases, the pathophysiology of
impaired upper GI tract motility diseases is supposed to
be multifactorial, with triggering external factors that are
able to generate the gastrointestinal dysfunction in individuals who are more or less genetically predisposed (Figure 1). The idea that an individual genotype may contribute to the development of FGIDs is suggested by clinical
observations and prospective studies indicating that there
is clustering of FGIDs within families[3,4] and an increased
concordance in monozygotic twins[5-7]. The most commonly used approach in functional dyspepsia (FD) to date
has been to search for correlations of a candidate gene
polymorphism with the symptom based phenotype. More
recently, a few studies have aimed to identify correlations
between gene polymorphism and biological intermediate
phenotypes, such as impaired motility.
In this review, we summarize the current knowledge
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gene, chromosome 1), which is a down-regulator of
T-cell activation, is significantly associated with achalasia
in Spanish women[28]. The same researchers have also
demonstrated that the GCC haplotype of IL-10 gene
promoter is a protective factor for achalasia. This specific polymorphism enhances the release of IL-10, an
anti-inflammatory cytokine, resulting in a downregulation of immune response[29]. In a similar manner, a single
nucleotide polymorphism (SNP) of the IL 23 receptor
(G381A), which regulates T cell differentiation, appears
to be protective against achalasia. De León et al[30] reported that the coding variant 381Gln of IL-23R was
significantly more common in patients with achalasia
compared with healthy controls.
This evidence sustains the role of both genetic predisposition and immune alteration in the pathogenesis of
idiopathic achalasia. All data are summarized in Table 1.

Table 1 Overview of genetic association studies in achalasia
Protein (gene)
PTPN22
IL-10
IL-23R
iNOS
eNOS
iNOS
cKit
VIPR type 1

Polymorphism

Finding

Ref.

C1858T
GCC
G381A
iNOS22*A/A
eNOS*4°4°
(CCTTT) n > 12
Rs6554199
Rs437876 and rs896

Risk factor
Protective
Protective
No association
No association
Risk factor
Risk factor
Risk factor

[28]
[29]
[30]
[35]
[35]
[36]
[37]
[38]

iNOS: Inducible nitric oxide synthase; IL: Interleukin; PTPN22: Polymorphism C1858T of phosphatase N22.

An achalasia phenotype is indeed present in well characterized genetic syndromes, like Down[16] and Allgrove
syndromes[17], the familial visceral neuropathy[18] and the
achalasia microcephaly syndrome [19]. In many of the
above mentioned syndromes, achalasia does occur in the
majority of the patients, but it generally presents in infancy.
Although these findings indicate that genetic factors
are involved in the development of an achalasia phenotype, they do not provide insights into the pathogenesis
of the sporadic form of achalasia, which affects the
vast majority of patients and presents with adult-onset
achalasia. As for other complex diseases, it is likely that
the etiology of this form of achalasia is multifactorial,
i.e., a combination of the cumulative effect of variants in
various risk genes and environmental factors leads to the
disorder. The idea of an infectious origin of achalasia
was first suggested by the evidence of viruses or signs
of viral infection in the esophageal tissues of achalasia
patients[20-22], but the possibility that the presence of viruses could be sufficient per se to explain the disease was
ruled out by other observations[23]. More recently, the
concept that achalasia could be the result of an immune
mediated inflammatory disorder induced by a virus has
been strongly repurposed[24]. Facco et al[24] demonstrated
that HSV-1 or HSV-like antigens were responsible for a
significant activation of CD3+T cells infiltrating the LES
in achalasia patients, likely resulting in an immune-mediated destruction of the myenteric neurons of the LOS.
The reasons whereby this process occurs only in esophageal tissues of achalasia patients are unknown, but it is
reasonable to assume that some genetic influence may
affect the disease phenotype, making some individuals
more susceptible to the disease. In addition and most
interestingly, several evidences strongly support the idea
that genes encoding for proteins involved in the immune
response are likely candidates in achalasia.
A significant association between HLA DR or DQ,
especially DQA1 *0103 and DQB1 *0603, and achalasia
has been indeed described[25-27]. The increased risk for
the development of achalasia in individuals with specific polymorphisms of genes involved in the immune
response was also supported by the finding that the
polymorphism C1858T of phosphatase N22 (PTPN22

WCG|www.wjgnet.com

Contribution of genes with a dual effect on motility and
immunity
A disturbed inhibitory neurotransmission is a trademark
of achalasia[11]. In keeping with this, several studies have
addressed the role of NO and VIP that are involved
in both defense against infections and inhibitory neurotransmission and may represent ideal candidates to
explain the spread of inflammation and inhibitory nerve
degeneration[12,13,19,31-33].
Nitric oxide is produced by three different forms
of NO synthases: neuronal (nNOS), inducible (iNOS)
and endothelial (eNOS). As NO production is genetically regulated, Mearin et al[34] firstly investigated whether
SNP in the different NOS genes were respectively involved in the susceptibility to suffer from achalasia. Although a trend toward a higher prevalence of genotypes
iNOS22?*A/A and eNOS*4a4a in patients than in controls was observed, the authors failed to find a significant association between NOS gene polymorphisms and
susceptibility to achalasia. Although the simplest conclusion was that NO is not involved in the pathogenesis of
achalasia, this study is biased by the small sample size
and by the fact that the SNPs analyzed do not play a major role in gene expression. The lack of any association
between the same SNP in the iNOS was also confirmed
by a Spanish group in a larger population of achalasia
patients, further suggesting that these specific polymorphisms play a minor role in the functional expression
of the iNOS gene[35]. More recently, our group showed
a significant association between the pentanucleotide
(CCTTT) polymorphism in the iNOS gene promoter
and achalasia. Since in vitro data showed that the iNOS
promoter activity increases in parallel with the repeat
number of (CCTTT)n, we concluded that individuals
carrying longer forms have an increased risk of achalasia
by higher nitric oxide production.
Moreover, growing evidence suggests that esophageal
interstitial cells of Cajal, a group of specialized cells that
constitutively expresses c-kit and contribute to nitrergic
neurotransmission, may be involved in the pathogenesis

2076

January 28, 2014|First Edition|

Sarnelli G et al . Genetics and upper GI motility disorders

of achalasia. Alahdab et al[36] have indeed shown that the
rs6554199, but not rs2237025, c-kit polymorphism is
significantly prevalent in achalasia patients in a Turkish
population. Importantly, alterations in ICC have already
been reported in other congenital diseases with abnormal peristalsis, emphasizing the key role of these cells in
the regulation of GI motor function.
The implication of VIP in the pathogenesis of
achalasia was also recently reported[37]. Two different
SNPs, rs437876 and rs896, in the VIP-receptor type 1
gene were found to be significantly associated with the
late onset achalasia. Interestingly, the authors suggest
that this was probably related to a genetically based abnormal VIP-R1 signaling that may protect individuals
carrying the specific genotype by delaying the immunemediated neurodegeneration. Although these data need
to be replicated, they are extremely interesting because
they may suggest that early and late onset forms of
idiopathic achalasia are genetically distinct disorders[38]
(Table 1).

group found an association between TLR-2 -196 to -174
allele with a lower risk for developing FD in Helicobacter pylori positive subjects. Since the same group had
previously demonstrated that the TLR-2 -196 to -174
increases the severity of H. pylori-induced inflammation,
it is reasonable to hypothesize that the TLR-2 genotype
influences the onset of dyspeptic symptoms modulating
the degree of inflammatory response[42].
Serotonin (5-HT) is a key signaling molecule affecting upper GI motor and sensory functions[43] and thus
genes of the serotonergic system are critical candidates
in assessing the role of genetic determinants in FD. The
action of 5-HT is terminated by the 5-HT transporter
(serotonin transporter, SERT) mediated uptake, thereby
determining 5-HT availability at the receptor level. A single nucleotide insertion/deletion in the SERT gene, by
creating a long (L) and short (S) allelic variant, results in
reduced SERT expression and 5-HT uptake[44]. Although
the SS genotype of the SERT promoter polymorphism
has been reported to be associated with diarrhea-predominant irritable bowel syndrome (IBS), two different
studies from the United States[45] and Europe[46] failed to
find any significant association between such polymorphisms and FD. Similarly, association studies between
SNPs of the 5-HT3, 5-HT1A and 5-HT2A receptors
in FD patients failed to yield significant association[45,46].
Although both studies were conducted on small populations of patients, the results suggest that the serotoninergic pathway plays a minor role in the pathophysiology
or, at least in part, in the generation of dyspeptic symptoms.
Another genetic association reported in functional
dyspepsia is the link to GNβ3[47]. G-proteins mediate the
response to the release of 5-HT and several other neurotransmitters modulating gastroduodenal sensory and
motor function.
A common polymorphism of GNβ 3 gene has been
described and is associated with different genotypes that
are predictive of an enhanced G-protein activation. A
significant association between different GNβ3 polymorphisms and both uninvestigated and investigated
dyspepsia has been reported in different studies from
the United States[45], Europe[46,47] and Asia[48,49]. Although
the sample sizes remain relatively small in all of these
studies, which may account for some of the variability in
the associations detected, it is of note that the different
classifications of dyspepsia also contribute to the diverse
distribution of polymorphisms. In fact, while homozygous GNB3 825T allele was found to influence the susceptibility to EPS-like dyspepsia in a Japanese population
of dyspeptics[49], in a report from the United States, the
same polymorphism was associated with postprandial
dyspeptic symptoms and lower fasting gastric volumes[45].
Other studies failed to identify single genetic factors as
a predominant factor in the pathogenesis of functional
dyspepsia and symptom generation. As sympathetic adrenergic dysfunctions may affect both gastric sensitivity,
Camilleri et al[45] analyzed the role of presynaptic inhibi-

IMPAIRED MOTILITY OF THE STOMACH
FD
FD is defined by the presence of persistent symptoms in
the upper part of the abdomen in the absence of organic or metabolic pathology[39]. On the basis of the Rome
Ⅲ criteria, patients who suffer from functional dyspepsia
in the absence of any organic disease are categorized as
having postprandial distress syndrome or epigastric pain
syndrome[40].
In spite of this, the pathogenesis of FD is still largely
unknown and, although delayed gastric emptying, impaired gastric accommodation and visceral hypersensitivity have been all claimed as major underlying mechanisms, it is supposed to be a multifactorial disease[39].
The classic assumption in studies addressing the association between genetic factors and a single or a cluster of diseases postulates that a specific functional gene
polymorphism that results in altered protein function
may play a role in disease pathophysiology[41]. This paradigm that implies a clear correlation between impaired
physiological function and symptom generation, however, cannot be applied to FD whose pathophysiology
is complex and not necessarily associated with specific
symptoms. Since functional dyspepsia is one of the most
prevalent FGIDs, a certain genetic influence is suggested
by both symptom familial clustering and twin studies
reported for FD and IBS[3]. So far, most of the studies
conducted were designed to search for correlations of a
candidate gene polymorphism with the symptom-based
phenotype of FD. The candidate genes that have been
studied for possible associations with functional dyspepsia are summarized in Table 1.
In a subset of dyspepsia patients, Helicobacter pylori
(H. pylori) infection, even in the absence of ulceration or
erosion in gastroduodenal mucosa, has been proposed
to play a role in generation of symptoms. A Japanese
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velopment of FD[52] (all data are summarized in Table 2).

Table 2 Overview of genetic association studies in functional
dyspepsia
Protein (gene)
TLR-2

Polymorphism

Finding

Ref.

(192-174)del

Protective for
Helicobacter pyloriinfected patients
No association
No association
No association
No association
Risk factor

[43]

[45]
[46,47]
[46,47]
[46,47]
[48-50]

Risk factor for PDS

[48-50]

Risk factor

[48-50]

Risk factor for EPS

[50]

No association

[46]

No association

[51]

Risk factor
Protective

[52]
[53]

SERT
5-HT1A
5-HT2A
HTR3A
GNB3

SS variant
-Pro16Leu
-1438 G/A
C178T
C825T
CT and TT carriers
GNB3
C825T
CC and TT carriers
GNB3
C825T
CC carriers
GNB3
C825T
TT carriers
Presynaptic inhibitory -1291 C>G (α2A) and
α2A and α2C adreno- -del 1322-325 (α2A)
ceptor
Fatty acid amide
C385A
hydrolase
TRPV1
G315C
Na (V) 1.8
SCN10A
3218CC

Post-infectious dyspepsia
By summarizing what we have described above, we can
say that although it is unlikely that a single genetic factor causes FD, it is more likely that a genetic factor (or
factors) modulates the risk of developing the abnormalities after exposure to one or more specific environmental factors[53]. This paradigm is well supported by
the hypothesis of a post-infectious origin of dyspepsia.
Indeed, it is now evident that in a subgroup of patients
with functional dyspepsia, acute GI infections may precipitate symptoms. Data from the literature indicate that
in presumed post-infectious dyspepsia patients there is
an increased prevalence of impaired gastric accommodation to the meal that is likely dependent on inflammatory-induced impaired nitrergic innervation of the gastric
wall[54]. However, only one study systematically addressed
the genetic contribution to post-infectious dyspepsia
and the data presented are quite controversial since a significant association between macrophage migration inhibitory factor-173C and IL17F-7488T polymorphisms
was only observed in the subgroup of patients with
symptoms suggestive of EPS-like dyspepsia[55]. Indirect
evidence for a role of inflammatory products gene in
the genesis of FD is also suggested by a Japanese study
in which a significant association between a COX1 polymorphism and EPS-like symptoms was observed in a
subgroup of dyspeptic female patients[56]. However, a
very recent study investigating the role of a polymorphism in the receptor for neuropeptide S receptor gene
(NPSR1) that is involved in inflammation, anxiety and
nociception failed to reveal any significant association
with FD[57] (Table 3).

PDS: Post discharge surveillance; EPS: Encapsulating peritoneal sclerosis;
TLR: Toll-like receptor; TRPV: Transient receptor potential vanilloid.

tory α2A and α2B adrenoceptors polymorphism, but
they failed to find any significant association with dyspepsia symptoms. The same group also failed to find any
significant association between the genetic variation in
the endocannabinoid metabolism (i.e., a SNP in the human fatty acid amide hydrolase gene-C385A-) and both
impaired fundus accommodation and delayed gastric
emptying in a small subgroup of dyspepsia patients[50].
Conversely, in a recent report, the involvement of the
transient receptor potential vanilloid 1 (TRPV1) was
investigated in a small population of Japanese dyspeptic
patients. The authors found that in a population of 109
dyspeptics, individuals carrying the G315C polymorphism, known to affect the TRPV1 gene and to alter its
protein level, were at lower risk for both epigastric pain
and postprandial distress syndrome. In addition, the authors showed that dyspeptics with that specific polymorphism had a baseline and cold water induced symptom
severity[47]. Although this finding needs to be reproduced
in different ethnic populations and validated on a large
sample, it is of note that TRPV1 pathways may be ideal
candidates as they are involved in nociception and in acid
sensitivity, with the latter being claimed to have a role
in the generation of dyspepsia symptoms. On the same
line, the same group have found a significant association
between a polymorphism of the tetrodotoxin-resistant
(TTX-r) sodium channel Na (V) 1.8, a channel expressed
by C-fibers and involved in nociception, and functional
dyspepsia. Indeed, the SCN10A 3218 CC variant, which
determines a lower activity of this Na (V)-channel, was
significantly associated with a decreased risk for the de-
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Hypertrophic pyloric stenosis
Isolated HPS is a common condition characterized by
the hypertrophy of the muscle surrounding the pylorus,
with impaired sphincter relaxation and consequent gastric outlet obstruction which causes severe non-bilious
vomiting. The etiology of this disease is still largely
unknown; however, epidemiological studies indicate
that genetic factors play an important role in the pathophysiology of this entity[58]. Krogh et al[59] have shown a
200-fold increased risk of HPS in monozygotic twins
and a 20-fold increased risk among siblings of affected
children. In particular, different studies have demonstrated a higher prevalence of HPS in offspring of an
affected mother compared with offspring of an affected
father, suggesting a major role of maternal factors; however, this evidence was not confirmed in further studies[60]. In addition, HPS is associated with several welldefined genetic syndromes, sustaining the hypothesis
that genetic factors are largely involved in the pathogenesis of this disease[58].
A reduced expression of NOS1 was demonstrated at
the mRNA level in pyloric tissue of patients with HPS,
suggesting a pathogenic role of nNOS in this disease.
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Table 3 Overview of genetic association studies in postinfectious dyspepsia
Protein (gene)
MIF
IL17
COX-1
NPS-R

Table 4 Overview of genetic association studies in hypertrophic pyloric stenosis

Polymorphism

Finding

Ref.

Protein (gene)

-173C
-7488T
T1676C
rs2609234, rs6972158, and
rs1379928

Risk factor for EPS
Risk factor for EPS
Risk factor for EPS
No association

[56]
[56]
[57]
[58]

NOS1
MYH11-GRIN2A
SLC7A5
TRPC5 and TRPC6

IL: Interleukin; COX-1: Cyclooxygenase-1; EPS: Encapsulating peritoneal
sclerosis; MIF: Macrophage migration inhibitory factor.

Finding

Ref.

12q
16p12-p13
16q24
11q14-q22 and Xq23

Association
Association
Association
Association

[62,63]
[65]
[66]
[67-69]

the disease, the contribution of the genetic background
is even more scanty and complex and no clear triggering
factors have been described yet, further sustaining the
great heterogeneity of this disease.

For this reason, several researchers have analyzed the
gene of NOS1; however, only a Chinese group found
a linkage between HPS and NOS1a on chromosome
12q[61], but this result was not confirmed by another
study[62]. Moreover, the analysis of the complete coding
region of NOS1 in patients and controls revealed no significant difference, confirming that the impaired nNOS
function in the pylorus of these patients is not related to
a direct mutation of the gene encoding for NOS1[63].
Several studies have demonstrated a linkage between
HPS and different loci in affected patients of the same
family, but larger studies on additional families were usually unsuccessful. A Chinese group described a linkage
of a SNPs of chromosome 16 (16p12-p13) in 10 affected members of the same family, but this association
was not observed in 10 additional families[64]. Moreover,
the major candidate genes of this region encoding for
MYH11 and GRIN2A, proteins involved in smooth
muscle relaxation, have not shown mutations [64]. In
members of the same family, Everett et al[65] found an
association with SLC7A5 (16q24), a gene which influences NO activity; however, they failed to confirm these
data on additional 14 families. In a genome-wide linkage study, the same group demonstrated an association
between HPS and some loci on chromosome 11q14-q22
and Xq23, both encoding for protein involved in the
functioning of ion channels (TRPC5 and TRPC6) in 81
families with 206 affected members[66,67]; however, a subsequent Chinese study failed to replicate the association
with TRPC6[68].
Finally, a Danish group in a recent genome-wide association study (GWAS) on 1001 individuals affected
by HPS and 2401 healthy controls demonstrated an association between HPS and three SNPs of MBNL1 and
NKX 2-5, genes involved in the splicing and transcription
processes[69], but it was the first GWAS and these results
could explain only a very small proportion of HPS cases (all
reviewed associations are summarized in Table 4).
In conclusion, hypertrophic pyloric stenosis is a multifactorial disease and both genetic and environmental
factors could contribute to the pathophysiology of this
condition. Especially for the syndromic form of HPS,
different mutations in different genes involved in different functions have been associated with the onset of
this disease, but we are still far from a single unifying
pathogenetic factor. Conversely, in the sporadic form of
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Chromosome

CONCLUSION
Several association studies have established a genetic
component in the genesis of motility disorders of the
upper gastrointestinal tract, like esophageal achalasia,
functional dyspepsia and hypertrophic pyloric stenosis.
Although candidate gene studies have identified a few
gene polymorphisms that may be correlated with these
syndromes, small sample size, lack of reproducibility in
large data sets, and the unreliability of the clinical phenotype represent a major limit to identify a unifying factor in the pathophysiology of these syndromes in any of
the reported polymorphisms.
Whether the genetic contribution plays a crucial
role in the generation of upper GI tract symptoms
therefore deserves further studies. More specifically, the
recruitment of large case-control samples appears to be
mandatory in order to provide a powerful tool for the
identification of risk genes, especially for diseases like
achalasia and functional dyspepsia, in which a multifactorial inheritance is assumed. In this direction, genomewide association studies will allow for the unbiased and
systematic identification of risk genes and may represent
the greatest challenge for all future studies of upper GI
tract motility disorders.
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PROGRESS IN GASTROINTESTINAL DISEASES

Immunoglobulin G4-related gastrointestinal diseases, are
they immunoglobulin G4-related diseases?
Satomi Koizumi, Terumi Kamisawa, Sawako Kuruma, Taku Tabata, Kazuro Chiba, Susumu Iwasaki, Yuka Endo,
Go Kuwata, Koichi Koizumi, Tooru Shimosegawa, Kazuichi Okazaki, Tsutomu Chiba
related gastrointestinal disease. One is a gastrointestinal lesion showing marked thickening of the wall of the
esophagus and stomach, consisting of dense fibrosis
with abundant infiltration of IgG4-positive plasma cells,
which usually show submucosal spreading. The other
is an IgG4-related pseudotumor occurring in gastrointestinal regions such as the stomach, colon, and major
duodenal papilla, showing polypoid or mass-like lesions.
Most solitary IgG4-related gastrointestinal lesions that
are not associated with other IgG4-RD appear to be
difficult to diagnose. It is of utmost importance to rule
out malignancy. However, these lesions may respond to
steroid therapy. To avoid unnecessary resection, IgG4related gastrointestinal diseases should be considered
in the differential diagnosis.
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Core tip: Although the concept of immunoglobulin G4
(IgG4)-related gastrointestinal disease remains unclear,
there appear to be two types of IgG4-related gastrointestinal disease. One is a gastrointestinal lesion showing marked thickening of the wall of the esophagus and
stomach, consisting of dense fibrosis with abundant
infiltration of IgG4-positive plasma cells, which usually show submucosal spreading. The other is an IgG4related pseudotumor occurring in gastrointestinal regions such as the stomach, colon, and major duodenal
papilla, showing polypoid or mass-like lesions. It is of
utmost importance to rule out malignancy. To avoid unnecessary resection, IgG4-related gastrointestinal diseases should be considered in the differential diagnosis.

Abstract
In immunoglobulin G4 (IgG4)-related disease (RD),
organ enlargement or nodular lesions consisting of
abundant infiltration of lymphocytes and IgG4-positive
plasma cells and fibrosis are seen in various organs. Although infiltration of many IgG4-positive plasma cells is
detected in the gastric and colonic mucosa and major
duodenal papilla of patients with autoimmune pancreatitis, it cannot be diagnosed as a gastrointestinal lesion
involved in IgG4-RD, because none of the following is
observed in these lesions: a mass-like formation; dense
fibrosis; or obliterative phlebitis. Based on our review
of the literature, there appear to be two types of IgG4-
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ulceration and wall thickening; histologically, they showed
transmural chronic fibrotic inflammation with abundant
infiltration of IgG4-positive plasma cells and lymphocytes
and phlebitis. There was no evidence of other IgG4-RD.
The post-operative serum IgG4 level was 138 mg/dL in
one case. Both lesions are considered esophageal manifestations of IgG4-RD and should be called IgG4-related
esophagitis. These lesions would probably respond to
steroid therapy. Thus, IgG4-related esophagitis should be
kept in mind in the differential diagnosis of unexplained
esophagitis with stricture.

testinal diseases, are they immunoglobulin G4-related diseases?
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INTRODUCTION
Immunoglobulin G4 (IgG4)-related disease (RD) is a
recently recognized systemic condition characterized by
elevated serum IgG4 levels and steroid responsiveness.
IgG4-RD shows organ enlargement or nodular lesions
consisting of abundant infiltration of lymphocytes and
IgG4-positive plasma cells and fibrosis. IgG4-RD affects
various organs such as the pancreas, bile duct, gallbladder,
liver, salivary gland, lacrimal gland, retroperitoneum, and
lymph nodes simultaneously or metachronously. IgG4RD frequently presents both clinically and radiologically
with findings that mimic a malignancy, resulting in unnecessary resection[1-4]. According to comprehensive clinical
diagnostic criteria for IgG4-RD[4], IgG4-RD is diagnosed
when there is a characteristic diffuse/localized swelling or
mass in a single or multiple organs with elevated serum
IgG4 levels, or there are histological findings of abundant
infiltration of IgG4-positive plasma cells and lymphocytes, along with fibrosis.
Autoimmune pancreatitis (AIP) is a typical lesion
of IgG4-RD, and the concept of IgG4-RD was proposed based on research on AIP[1,2]. Although it has
been reported that infiltration of many IgG4-positive
plasma cells was observed in the gastric mucosa, colonic
mucosa, and major duodenal papillae of some AIP patients[5-10], it is questionable whether they are the lesions
involved in IgG4-RD. To clarify IgG4-related gastrointestinal disease, this article reviews the published literature about the relationships between IgG4 and gastrointestinal diseases such as esophagitis, gastritis, colitis, and
duodenal papillitis with abundant infiltration of IgG4positive plasma cells. A PubMed database search, from
1990 to April, 2013, using the terms “autoimmune pancreatitis or IgG4-related” and “esophagus, duodenum,
papilla, colon” identified 116 papers. Additional sources
were identified by scanning the bibliographies of original
and review articles.

IGG4-RELATED GASTRIC LESIONS
It has been reported that infiltration of many IgG4positive plasma cells was observed in the gastric mucosa
in 33%-47% of AIP patients[10,13]. Shinji et al[14] and Uehara et al[15] also reported that IgG4-positive plasma cells
were significantly more abundant in the gastric mucosa
of AIP patients. Most of the infiltrated IgG4-positive
plasma cells in the gastric mucosa disappeared in the
biopsy specimen from the gastric mucosa after steroid
therapy[16]. However, neither dense fibrosis nor obliterative phlebitis was observed in the gastric mucosa of AIP
patients. Baez et al[17] reported a patient with AIP and
IgG4-related sialadenitis who showed diffusely thickened
(up to 1.4 cm) and nodular gastric mucosa with abundant
infiltration of IgG4-positive plasma cells. The patient’s
serum IgG4 level was within the normal range (58 mg/
dL), but the gastric lesion improved after steroid therapy.
Kaji et al[18] reported an AIP patient (IgG4 level, 595 mg/
dL) with multiple sporadic polyps in the gastric body with
erosion and redness on the surface containing many infiltrated IgG4-positive plasma cells. On the other hand, two
3-cm-sized submucosal tumors that were laparoscopically
wedge-resected showed histological findings of storiform
fibrosis with abundant infiltration of lymphocytes and
IgG4-positive cells (> 50/hpf), and they were reported
as IGg4-related inflammatory pseudotumor of the stomach[19]. Both cases showed normal serum IgG4 levels
and no evidence of other IgG4-RD[19]. Rollins et al[20]
also reported a laparoscopically resected 5.6-cm IgG4related fibrosclerosing pseudotumor of the stomach.
Three cases with well-circumscribed, sclerosing nodular
lesions of the stomach composed of fibrous tissue with
abundant infiltration of IgG4-positive plasma cells were
reported, and they were not associated with other IgG4RD[21,22]. Fujita et al[23] reported a case with refractory gastric ulcers that worsened after successful Helicobacter pylori
eradication therapy. The biopsy specimens taken from
the ulcers showed abundant infiltration of IgG4-positive
plasma cells (50/hpf). The patient’s serum IgG4 level was
elevated to 203 mg/dL, but he had no other IgG4-RD.
Bateman et al[24] reported a case of intractable gastric
ulcer showing storiform fibrosis and abundant infiltration
of IgG4-positive plasma cells (> 100/hpf). These reported lesions are considered IgG4-related gastric lesions.
Anjiki et al[25] reported that gastric emptying assessed by

IGG4-RELATED ESOPHAGEAL LESIONS
There have been two case reports of IgG4-related
esophagitis[11,12]. In both cases, esophageal stricture with
thickening of the esophageal wall evoked debilitating dysphagia and weight loss. Endoscopy showed esophageal
stricture without a cancerous lesion. With a diagnosis
of gastrointestinal stromal tumor based on endoscopic
ultrasound-guided fine needle aspiration (one case) and
because of concerns regarding a hidden malignancy
(one case), esophageal resection was performed in both
patients. On gross examination, the resected specimens
showed an esophageal submucosal stricture with mucosal
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the carbon 13 acetate breath test was impaired in AIP
patients and improved to the reference range after steroid
therapy, and they suggested that the stomach might be a
target organ of IgG4-RD.

IGG4-RELATED INFLAMMATORY
PSEUDOTUMOR OF AN ILEAL CONDUIT
An ill-defined, fibrotic, tumor-like mass, histologically
showing fibrosis with infiltration of lymphocytes and
IgG4-positive plasma cells and marked obliterative phlebitis, occurred in an ileal conduit created as part of surgery for urinary bladder cancer[44].

IGG4-RELATED MAJOR DUODENAL
PAPILLARY LESIONS
It has been reported that the duodenal major papilla is
swollen in 41%-65% of AIP patients[26-28]. Abundant
infiltration of IgG4-positive plasma cells is reportedly
detected in 55%-80% of AIP patients[8,10,26,27]. Both a
swollen major papilla and abundant infiltration of IgG4positive plasma cells have shown improvement after
steroid therapy[8,29]. In the resected pancreas of AIP patients, lymphoplasmacytic inflammation with many IgG4positive plasma cells was detected in the major duodenal
papilla connected to the head of the pancreas; thus, IgG4
immunostaining of biopsy specimens obtained from the
major duodenal papilla might be useful to support the
diagnosis of AIP[8,26,27,30,31]. Hisa et al[32] reported a resected
case of a lymphoplasmacytic granuloma with abundant
IgG4-positive plasma cells localized to the major duodenal papilla. The case was not associated with other IgG4RD. This lesion is considered to be an IgG4-related pseudotumor localized to the major duodenal papilla.

DISCUSSION
IgG4-RD shows organ enlargement or nodular lesions
consisting of abundant infiltration of lymphocytes and
IgG4-positive plasma cells and fibrosis in various organs
simultaneously or metachronously[3,4]. The first International Symposium on IgG4-RD held in 2011 suggested
that the term “IgG4-related disease” aptly recognizes the
ubiquity of IgG4 within involved organs, and proposes a
style that employs “IgG4-related” as a prefix to the organ
system affected and pathological guidelines for the diagnosis of IgG4-RD[3,45]. The diagnosis of IgG4-RD rests on
the combined presence of the characteristic histopathological appearances and increased number of IgG4-positive
plasma cells. A histologically high suspicion of IgG4-RD
requires the presence of at least two of three characteristic
histological features including (1) dense lymphoplasmacytic infiltration; (2) fibrosis, usually storiform in character;
and (3) obliterative phlebitis. The IgG4 counts required for
the diagnosis differ among affected organs, ranging from
10 to 200 cells/hpf. The diagnosis of IgG4-RD requires
considering both histopathological findings and clinical information such as elevated serum IgG4 levels, other organ
involvement that is consistent with IgG4-RD, and effective response to steroid therapy[45].
Comprehensive clinical diagnostic criteria for IgG4RD[4] were proposed in 2011. In the criteria, IgG4-RD is
diagnosed when there is a characteristic diffuse/localized
swelling or mass in a single or multiple organs with elevation of serum IgG4 levels or IgG4-related histological
findings. However, the concept of IgG4-related gastrointestinal diseases was not included as objects of the criteria. It is unclear whether IgG4-related gastrointestinal
diseases exist or what gastrointestinal lesions are regarded
as IgG4-RD. To clarify these questions, this review of
IgG4-related gastrointestinal diseases, the first of its kind,
was conducted.
Infiltration of many IgG4-positive plasma cells is
detected in the gastric and colonic mucosa and the major
duodenal papillae of some AIP patients, but none of the
following are observed in these lesions: a mass-like formation; dense fibrosis; or obliterative phlebitis[5-10]. They
cannot be diagnosed as gastrointestinal lesions involved
in IgG4-RD, because, as in many other organ systems,
increased IgG4-positive plasma cells do not mean the
disease is one of the family members of IgG4-RD. At
this point, both the clinical finding of mass forming and
histological finding of abundant infiltration of IgG4-

IGG4-RELATED COLONIC LESIONS
Although infiltration of many IgG4-positive plasma
cells is occasionally detected in the colonic mucosa of
AIP patients, dense fibrosis or obliterative phlebitis was
not observed in the lesion[1,5-7,21,33]. Although Ravi et al[34]
suggested that inflammatory bowel disease might represent an extrapancreatic manifestation of AIP, in general,
conventional AIP (type 1 AI) is rarely associated with
ulcerative colitis (UC)[2,35]. IgG4-positive plasma cell infiltration is sometimes detected in the colonic mucosa of
UC patients[36-40], but the mechanisms underlying IgG4positive plasma cell infiltration in the colonic mucosa of
UC patients are unknown. Matsui et al[41] reported a case
of an AIP patient with a colonic polyp (ascending colon)
containing many IgG4-positive plasma cells[42] who developed colonic polyposis (descending colon) containing
many IgG4-positive plasma cells 1 year after complete
remission of AIP with steroid therapy. The polyposis
was markedly reduced with re-administration of steroids.
They suggested that enhanced T helper type 2 responses
to intestinal microflora may underlie the immunopathogenesis in patients with IgG4-RD[43]. Well-circumscribed
sclerosing nodular lesions of the cecum and sigmoid colon composed of hyalinized fibrocollagenous tissue with
abundant infiltration of IgG4-positive plasma cells were
reported, and the two cases had no other IgG4-RD[21].
These polypoid or nodular lesions appear to be IgG4related colonic lesions.
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positive plasma cells with fibrosis would appear to be
necessary to make the diagnosis of IgG4-related gastrointestinal diseases.
IgG4-related pseudotumors have been reported in
several organs, such as the liver and lung[46-48]. On review
of these papers, there appear to be two types of IgG4related gastrointestinal disease. One is a gastrointestinal
lesion showing marked thickening of the wall of the
esophagus[11,12] and stomach[17,23,24], consisting of dense fibrosis with abundant infiltration of IgG4-positive plasma
cells, which usually show submucosal spreading. The other is an IgG4-related pseudotumor occurring in gastrointestinal regions such as the stomach[18-22], colon[21,42], and
major duodenal papilla[32], showing polypoid or mass-like
lesions. We currently consider these lesions to be IgG4related gastrointestinal diseases. However, this is the first
review of a few cases of IgG4-related gastrointestinal
diseases; further studies should be conducted to confirm
this concept.
Most solitary IgG4-related gastrointestinal lesions
that are not associated with other IgG4-RD appear to be
difficult to diagnose. It is of utmost importance to rule
out malignancy. However, these lesions may respond to
steroid therapy. To avoid unnecessary resection, IgG4related gastrointestinal diseases should be considered in
the differential diagnosis.
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The concept of IgG4-related gastrointestinal disease remains unclear due to its rarity. There appear to be some
IgG4-related gastrointestinal lesions that present with a
mass-like lesion consisting of abundant infiltration of
IgG4-positive plasma cells and lymphocytes and fibrosis.
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How antibiotic resistances could change Helicobacter pylori
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be emphasized is that some regimens are limited by
their use in very small geographic districts. Moreover,
not all therapeutic trials have considered bacterial
and host factors affecting the therapeutic outcome.
The additional use of probiotics may help to reduce
adverse events, but their therapeutic impact is doubtful. In conclusion, the “ideal therapy”, paradoxically,
appears to be a “utopia”, despite the unprecedented
volume of studies in the field and the real breakthrough in medical practice made by the discovery
and treatment of H. pylori . The ample discrepancies
observed in the different areas do not encourage the
development of therapeutic guidelines that could be
valid worldwide. On these bases, one of the main
challenges for the future might be identifying a successful solution to overcome antibiotic resistances. In
this context, geography must be considered a relevant
matter.
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Abstract
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Therapeutic management of Helicobacter pylori (H.
pylori ) remains an unsolved issue. Indeed, no thera-

Key words: Helicobacter pylori ; Antibiotic resistance;
Geography; Therapeutic regimens; Therapeutic outcome

peutic regimen is able to cure the infection in all
treated patients, and in many the infection persists
despite the administration of several consecutive standard therapies. Although antibiotic resistance reports
describe alarming results, the outcome of therapeutic
regimens does not seem to parallel this scenario in
most cases, since a successful performance is often
reached in more than 80% of cases. However, the
phenomenon of increasing antibiotic resistance is being closely studied, and the results show controversial aspects even in the same geographic area. For
the continents of Europe, America, Asia, Africa, and
Oceania, minimal and maximal values of resistance
to the main antibiotics (clarithromycin, amoxicillin,
metronidazole, and levofloxacin) feature wide ranges
in different countries. The real enigma is therefore
linked to the several different therapeutic regimens,
which show results that often do not parallel the in
vitro findings even in the same areas. A first aspect to
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Core tip: The present topic outlines the main data
regarding antibiotic resistances, paying particular attention to the discrepant results obtained in different
geographic areas worldwide, and even in the same
districts. Discordances between in vitro and in vivo
studies are detailed and the possible factors explaining
this phenomenon are analyzed. Finally, the challenge
for the future of devising a successful solution to overcome antibiotic resistances is highlighted, and geography is suggested as a relevant matter.
Original sources: Ierardi E, Giorgio F, Losurdo G, Di Leo
A, Principi M. How antibiotic resistances could change Helicobacter pylori treatment: A matter of geography? World J
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PCR, sequencing, real-time PCR, and fluorescent in situ
hybridization[16-22]. Although these tests require sophisticated tools, their performance before starting a treatment for H. pylori will undoubtedly significantly improve
the therapeutic outcome. However, this strategy is hard
to apply in clinical practice owing to the long period necessary before obtaining results, as well as the high costs
of routine performance of such methods.

Gastroenterol 2013; 19(45): 8168-8180 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v19/i45/8168.htm DOI:
http://dx.doi.org/10.3748/wjg.v19.i45.8168

INTRODUCTION
Helicobacter pylori (H. pylori) eradication has undoubted
benefits. The bacterium’s diffusion worldwide, even if
it is decreasing, especially in developed countries, still
dictates the treatment of all infected subjects, and the
possible legal implications that denial of treatment could
have must also be considered. In Table 1, epidemiological studies of the last five years from five continents of
the world (Europe, America, Asia, Africa, and Oceania)
are reported[1-14]. Different infection rates depend on the
type of study population (pediatric, adult, or geriatric
patients), since increasing age, as well as poor hygienic
environmental factors, are well known to have a strong
influence. Arresting the bacterium’s diffusion still has
not been achieved.
Treatment of the infection nowadays is both a simple
and, at the same time, complex problem. Alongside the
conventional first-line regimen (triple therapy), others
have been proposed (sequential, concomitant, quadruple, and miscellaneous) to face the growing problem
of antibiotic resistance. For no other infection have so
large a number of therapeutic proposals been reported
by different working groups. The results, however, often appear conflicting and the same regimen may be
extremely effective in one geographic area and deliver
disappointing results in another. Finally, although many
experts believe that there is no such thing as untreatable
H. pylori, only ill-treated H. pylori, no clinical trial has
yielded a successful 100% eradication. We must therefore conclude that “the infallible therapy” does not exist
at present. Therefore, the aim of this review is to analyze
the different results of therapeutic schemes in different
geographic regions, as well as their relationship with the
diffusion of antibiotic resistances in the same areas.

GEOGRAPHIC DIFFERENCES IN
ANTIBIOTIC RESISTANCES
A large number of reports from different geographic areas are available in the literature, showing heterogeneous
results. Firstly, we will consider the geographic rates of
resistance to each antibiotic, thus underlining differences
and consequent clinical implications.
Clarithromycin
Clarithromycin is a drug that belongs to the macrolide
family, and its mechanism of action is the inhibition
of protein synthesis by binding and slowing down the
activity of the bacterial ribosomal unit[23]. The mutations that may cause resistances are point mutations in
the 23SrRNA component of ribosomes [24]: the three
most frequent mutations that may occur are A2143G,
A2142G, and A2142C, which are responsible for 90%
of cases of primary clarithromycin resistance in H. pylori
strains isolated in Western countries[25,26]. In particular,
the A2143G mutation has a much stronger impact on
conferring resistance than the other two[27]. In Eastern
countries (e.g., South Korea) additional mutations, such
as T2183C and A2223G, have been frequently found
to justify the observed clarithromycin resistance, while
A2143G accounted only for 23% of resistant strains[26].
This finding, if confirmed in other Asian countries,
suggests that point mutations inducing clarithromycin
resistance might differ in this continent as compared to
those in Europe and North America. In conclusion, resistance to clarithromycin is considered as the cause of
most eradication regimen failures[28], as its prevalence is
continuously increasing. Moreover, new point mutations
have also emerged in South America[29]. However, isolated reports may not reflect the real scenario; therefore,
it would be more useful to consider epidemiological data
about resistance region by region.
In Eastern Asian countries, very high clarithromycin resistances have been recorded. The highest rate
of resistance was found in Japan (86.4%) in a study on
the efficacy of this antibiotic in a third line regimen[30].
Interestingly, in the same country, a lower percentage
of 15.2% was detected in another study of first line
therapy[31]. In any case, in every region of the Far East,
the rates of resistance were at least 15%, a percentage
that often determines the failure of clarithromycin-based
therapy. In another two Japanese studies the rates were
32.4%[32] and 18.9%[33], respectively. In China, resistances
ranged between 21.5% and 23.8%[34,35], while in Viet-

ANTIBIOTIC RESISTANCES
H. pylori antibiotic resistances are defined as primary
(no previous treatment for bacterium eradication) and
secondary (a susceptible strain acquires resistance during
a treatment)[15]. The main reason for this phenomenon
is point mutations of H. pylori DNA, often associated
with inappropriate antibiotic use[15]. Heteroresistance is
a condition characterized by the coexistence of susceptible and resistant strains in the same patient. Resistances
are currently detected by culture-based and molecular
methods. Different tests for both techniques have been
described. The main culture-based techniques are the
agar dilution method, E-test, breakpoint susceptibility test, and modified disk diffusion method. Molecular
techniques include polymerase chain reaction (PCR),
restriction fragment length polymorphism, allele-specific
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Table 1 Epidemiological studies of the last five years from five world continents regarding Helicobacter pylori infection prevalence
Country

Ref.

Southern Europe
Italy
Portugal
Northern Europe
Sweden
Norway
Eastern Europe
Czech Republic
Russia
America
United States
South America (combined data)
Asia
Saudi Arabia
South Korea
Africa
Nigeria
Morocco
Oceania
Australia
New Zealand

Helicobacter pylori positivity

Test

Population

Dore et al[1], 2012
Bastos et al[2], 2013

13.3%
84.2%

Serology
Serology

Children
Adults

Thjodleifsson et al[3], 2007
Bakkevold[4], 2010

11%
51%

Serology
Serology

Adults
Adults

Bureš[5], 2012
Svarval’ et al[6], 2011

23.5%
40.48%

Urea breath test
Serology

Combined data
Children-adolescents

Patterson et al[7], 2012
Porras et al[8], 2013

17.1%
79.4%

Serology
Urea breath test

Adults
Adults

Hanafi et al[9], 2013
Baik et al[10], 2012

28.3%
55.7%

Serology
Serology

Children, adolescents
Adults

Etukudo et al[11], 2012
Benajah et al[12], 2013

30.9%
75.5%

Serology
Biopsy

Children
Adults

Pandeya et al[13], 2011
Fawcett et al[14], 2005

15.5%
6.2%

Serology
Serology

Combined data
Children, adolescents

doubled within 15 years[54,55]. As in all of Europe, primary
clarithromycin resistance in Italy is highly variable in different geographic areas: 0%-6% in the north, 7%-15% in
central areas, and 10%-25% in the south[56]. Other Mediterranean countries with high rates of clarithromycin
resistance are Greece (40%), Spain (15%-20%), France
(17.5%), and Portugal (34.7%)[57-60]. In Eastern Europe,
the situation is similar to that in Southern Europe; several Bulgarian studies have reported a resistance rate of
18.4%-23.4%[15,61,62]. An isolated phenomenon has been
observed in Poland; in 2013, resistance is around 22%,
with a trend toward a perceptible decrease (it was 34% in
2008)[63]. Another strong diffusion of resistant strains has
been shown in Lithuania (24.7%)[64].
In Oceania, resistance rates range between 8.7%[65]
and 15.7%[66], suggesting that there is still a fair option
for the use of the antibiotic in those areas.
Finally, the main data about the prevalence of resistance to clarithromycin in Africa show very low values in
Gambia and Senegal (0% and 1%, respectively)[67,68], but
not in South Africa (15.3%)[69].

nam they were considerably higher (33%)[36]. A South
Korean study revealed, in a pediatric population, tripled
resistance rates within 20 years. Surprisingly, a Malaysian
study carried out on 90 gastric samples did not show any
strain resistant to clarithromycin: this is the only discordant value in this geographical area[37].
A similar pattern is observed in the Near East, where
the percentages range between 14.3% (Iran)[38] and 37%
(Pakistan)[39]. Interestingly, it is noticeable that in the
same area, another study found a much lower resistance
(17.1%)[40], emphasizing that even in the same geographical region, relevant differences may occur.
In Southern America, the most recent studies report
a resistance rate that ranges between 13.6% and 19.5%,
illustrating a more homogeneous distribution of resistant strains [41,42]. In the United States the continuous
migration flows from Mexico and other Latin American
countries are causing rapid changes in local H. pylori
strains, as witnessed by the need for new regimens[43]. If
we consider that in a 2011 randomized study the success rate of a therapy including levofloxacin, amoxicillin,
and clarithromycin was only 73.3%[44], whereas in 1995
a clarithromycin-based therapy achieved eradication in
more than 90%[45], this is a remarkable difference.
In Europe, there are ample variations between Northern Europe and Mediterranean countries, where the
resistances to clarithromycin are considerably more widespread. Finland and Sweden recorded a rate of 2% and
1.5%[46,47], respectively, whilst in Germany and Norway the
rates were 7.5% and 5.9%, respectively[48,49].
Resistance is higher in Central/Eastern Europe [9.3%
(95%CI: 0-22)], and is at its highest in Southern Europe
[18% (95%CI: 2.1-34.8)][50]. In Italy, the trend is continually on the increase; while in the year 2000 the percentages ranged between 1.8% and 14%[51-53], a few years later
resistance had increased up to 24.1%, and will likely have

WCG|www.wjgnet.com

Metronidazole
Metronidazole is a nitroimidazole antibiotic used particularly against anaerobic bacteria and protozoa. It works
as a pro-drug: it is non-enzymatically reduced by reacting
with reduced ferredoxin, which is generated by pyruvate
oxidoreductase, and then the reduced molecule is taken
up into bacterial DNA and forms unstable molecules
that cause the death of the organism[70]. The resistance
mechanism to metronidazole is not entirely straightforward[71,72]. Clearly, alterations of the rdxA gene are of
primary relevance, but it has not been possible to identify a clear panel of point mutations which could explain
the phenomenon. Moreover, other genes such as frxA
seem to be involved[73].
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Eastern Asian countries are the geographical area
where it is possible to detect the highest percentages of
resistance: 56.6%-95.4% in China[34,35], 57% in Japan[30],
27.3%-52.9% in South Korea[74,75], 69.9% in Vietnam[36],
and 75.5% in Malaysia[37]. A very similar pattern has been
detected in Africa, where the rates vary between 68.8%
and 85%[67,68]. Indeed, it is well known that the prevalence is much higher in developing countries (50%-80%)
like Mexico (76.3%)[76], Colombia (75.5%)[41], and Brazil (40%)[42]. In the Near East, a 69.5% resistance was
reported in Saudi Arabia[77], 64.5% in Pakistan [40], and
76.8% in Iran[38].
The scenario appears to be slightly different in Europe, where in a multicenter study the global resistance
rate to metronidazole was 33.1% (95%CI: 7.5-58.9), with
no significant difference between the north [33% (95%CI:
7.1-69.2)] and south [40.8% (95%CI: 27.3-54.3)], but with
a significantly lower prevalence in central and eastern areas [29.2% (95%CI: 17.9-41.5)][78]. However, this report
was dated 2001, and in the last ten years the situation appears to have changed surprisingly, featuring a decreasing
rate of resistance in northern countries (22.5% in Norway[49], 1.1% in Lithuania[63], 19.9% in the Netherlands[79],
and 13% in the United Kingdom[51]). In Southern and
Central-Eastern Europe however, rates of resistance are
much higher (34.9% in France[59], 63.6% in Croatia[80],
37.2% in Germany[48], and 23.3% in Bulgaria[15]).
Several Italian studies[81] have described a resistance
rate of 20%-23.9%[82-84], but the resistant strain could
be undergoing a dizzying growth, if we consider that
only five years later a single group reported a more than
doubled rate (59.3%)[85].
In Oceania, three recent studies reported values of
20%[86], 36%[87], and 43.5%[65], suggesting an overall high
rate of resistances.

fluoroquinolone drug class which is active against both
Gram-positive and Gram-negative bacteria[100,101]. It acts
by inhibiting DNA gyrase, type Ⅱ topoisomerase, and
topoisomerase Ⅳ, an enzyme which is necessary to
separate replicated DNA and block cell division[102]. Resistance of H. pylori to fluoroquinolones is due to point
mutations in the quinolone resistance determining regions of gyrA[103].
Levofloxacin has recently appeared in therapeutic
regimens for H. pylori eradication: in the MaastrichtFlorence Ⅳ consensus for H. pylori treatment, a levofloxacin-containing regimen was proposed as secondline treatment when classical first-line therapy containing
clarithromycin failed[88]. However, in the last three years,
resistant strains are increasing, because of plasmid-mediated horizontally transferable genes encoding quinolone
resistance[104], so that more and more levofloxacin-based
treatments will likely be ineffective in the future.
An example of this unfavorable trend is evident in
Asian countries, where the rates of resistance exceed
10%: 18.4% in Vietnam[36], 20.6% in China[34], and are
as high as 63.3% in Pakistan[39]. Only Malaysia registered
0%[37], although Japan was also low at 8.2%[30].
In Europe, the overall resistance to levofloxacin,
detected in a recent multicentric epidemiologic study,
is 14.1%[105], with values ranging between 11.7% in Ireland[106] and 29.1% in Germany[107]: these last percentages must set the clinician on guard, if we consider that
only a few years before, in 2003, a resistance rate of
3.3% was detected in France[108]. In Italy, a single study
found resistance in 10.6% of strains[81], data confirmed
by a recent overview that noted a rate of 11.8% in already treated patients[109]. In Africa, resistant strains are
also not very widespread: 15% in Senegal and 10.2% in
South Africa[68,69].
In America, a rate of 19% was found in Alaska[110],
while in South America percentages are higher (23%
in Brazil, where a clarithromycin resistance of only 8%
means that this last drug is still a good therapeutic option)[111]. Surprisingly, no report about levofloxacin resistance in Oceania has yet been made, to the best of our
knowledge.

Amoxicillin
Amoxicillin is a β-lactam antibiotic included in all current therapeutic regimens for H. pylori eradication[88].
Amoxicillin acts by interfering with peptidoglycan
synthesis, in particular by blocking transporters named
penicillin binding proteins[16]. This drug was the first
antibiotic used for H. pylori therapy due to a presumed
absence of resistance[89]. In almost all studies, percentages of resistance are quite low, and these data seem
homogeneous worldwide. No resistances have been
detected in Croatia, France, Germany, the Netherlands,
Portugal, Spain, or Sweden [90-96]. In Italy, resistances
range from 0% to 0.2%[97], while in the United Kingdom they range from 0% to 0.4%[98,99]. Almost negligible resistances have also been reported in America and
Oceania. Data in contrast with this trend have been
described in Iran and Japan, with a resistance prevalence of 28.6% [38] and 8.2%-15.2% [30,33], respectively.
Surprisingly, an extremely high resistance rate (85.6%)
has been observed in Cameroon[81].

Other antibiotics
Resistance to tetracycline is very low, or even absent,
in most countries. Very low rates have been reported
in Spain (0.7%[95]), the United Kingdom (0.5%[98]), and
Hong Kong (0.5%[112]). Values lower than 5% are recorded in Germany[48] and Lithuania[64]. The highest prevalence rates are found in Korea (5.3%[113]), Iran[38] (18.7%),
and Vietnam[36] (5.8%). The resistance mechanism has
been described as a change in three contiguous nucleotides in the 16S rRNA gene (AGA 926-928RTTC)[114,115].
Rifabutin is a bactericidal antibiotic drug primarily
used in the treatment of tuberculosis, and its effect on
bacteria is based on DNA-dependent RNA polymerase
blockage[116]. When it was firstly used in the late ’90s,
the prevalence of H. pylori resistance to this group of
antibiotics was extremely low, as these drugs were used

Levofloxacin
Levofloxacin is a broad spectrum antibiotic of the
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A

such as clarithromycin and quinolones, prevents their
use in developing countries, where a high prevalence
of primary metronidazole resistance is also present, to
overcome these limitations, furazolidone-based treatments have been suggested. On the other hand, the low
rate of primary H. pylori resistance to furazolidone in
developed countries may make the use of this drug attractive. In this case, however, it is imperative to consider
that furazolidone-based first-line therapy achieves H. pylori eradication rates of 75.7% and 79.6%[126], and its use
cannot ignore obvious ethical considerations in view of
the carcinogenic evidence.
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Figure 1 illustrates the simultaneous minimal and maximal resistance rates in five world continents (Europe,
America, Asia, Africa, and Oceania). It is evident that
clarithromycin shows a good prospect of success in Africa, Oceania, and few Northern European countries (e.g.,
Norway), whilst in Southern Europe (e.g., Italy, Spain,
Portugal, and Greece) and even South Africa, the risk of
failure is high. Metronidazole might be very effective in
Lithuania, but its use should be strongly discouraged in
Italy and Croatia as well as most American, Asian, and
African countries. Amoxicillin appears to be a reliable
option in many countries, but it is almost ineffective
in Iran and Cameroon. Finally, levofloxacin, which has
been proposed as an alternative to clarithromycin in the
areas where this last key antibiotic shows a high resistance rate, has been shown to be moderately ineffective
worldwide, aside from Oceania, thus confirming the rapid trend toward therapeutic failure. Therefore, proposals
for wider use could induce a counterproductive effect.
Among the other antibiotics, tetracycline and rifabutin appear to have low resistance rates, even if the use
of the latter drug is limited by the regulations of many
countries, where it is not indicated in H. pylori infection
care, even apart from its high cost. Finally, furazolidone,
despite its effectiveness, has been forbidden in many
countries.
An obvious point is that, in each country, an ideal
specific therapy should be identified. Nevertheless, all
the studies on resistances in vitro might lack positive
feedback in vivo. In fact, therapy failure may depend on
several factors, of both bacterial and host origin. Not
infrequently, different factors act simultaneously in reducing antibiotic therapy efficacy in the same patient. Indeed, a poor compliance to the H. pylori eradication regimen is inversely associated with the probability of therapeutic success. Unfortunately, the approved eradication
regimens require the combination of 3-4 different drugs
in multiple daily doses. Therapy regimen complexity and
the onset of side effects are associated with reduced patient compliance. The in vitro activity of various antibiotics is greatly reduced or eliminated in vivo by the very low
pH values encountered in gastric juices. This explains
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Figure 1 Comparison of the minimal (A) and maximal (B) resistance rates
reported in five world continents (Europe, America, Asia, Africa, and
Oceania) for the main antibiotics used for Helicobacter pylori eradication
(clarithromycin, amoxicillin, metronidazole, and levofloxacin).

only in a limited number of patients to treat mycobacterial infections. For example, Heep et al[117] did not find a
single resistant strain among 81 German patients tested
in 1999, nor did Fujimura et al[118] among 52 strains in Japan. Even today in some regions such as Brazil, Ireland,
and Senegal, no resistant strain has been detected[42,68,106],
but data from Malaysia[37], Germany[48], and Iran[38] report a resistance rate of 2.2%, less than 5%, and 28.6%,
respectively. Resistance is due to point mutations in the
rpoB gene, as for other bacteria, and occurs in all rifamycin drugs, suggesting a potential risk of cross-resistances
between antibiotics of the same family[119,120].
Furazolidone is a nitrofuran antibiotic. As a veterinary medicine, it is used to treat salmonids for Myxobolus
cerebralis infections. In the past, it has been used in humans to treat diarrhea and enteritis caused by bacteria or
protozoan infections, but since 1991 it has been recognized by the FDA as a carcinogenic agent and so is no
longer used, except in a few developing countries that
allow its use for human diseases[121]. It was previously
used to treat traveler’s diarrhea, cholera, and bacteremic
salmonellosis. Its use to treat H. pylori infections was also
proposed[122]. Primary furazolidone resistance is rare. In
Spain[123], the rates were less than 2%, and in Bulgaria
1.8%[124]. Lower values have been described in China[34]
(0.1%) and Brazil[42] (no resistant strains detected). A
higher furazolidone resistance rate (9%) was found in
Iranian children[125]. As the high cost of some drugs,
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the need to include a proton pump inhibitor in H. pylori
eradication regimens. However, a significant variability in
gastric acid secretion among different subjects has been
reported. A small proportion of subjects show a higher
basal acid output in association with normal gastrin values. These hyper-secretor subjects probably have a large
parietal cell mass and a low eradication rate[127].
These considerations may partially account for the
wide discrepancies demonstrated between studies on
resistances in vitro and the results of clinical trials in vivo.
A final factor which might limit the reliability of in vitro
resistance studies is the different methods used for detection. The methods are complex, expensive, and may
often fail even in expert hands, and for this reason, their
use is predominantly confined to research purposes.

a proton pump inhibitor (PPI) for a period of five or
seven days. It has proven very effective in Japan, where
an eradication rate of 98.1%[144] was achieved, but in
South Korea the percentage was much lower (63.2%)[145].
In two different European studies, the same author reported the minimal and the maximal eradication rates of
concomitant therapy as 85.5% and 95.5%, respectively[146,147]. In a multicentric Southern American study, this
therapy achieved only 78.7% eradication[148]. We did not
find any results from Africa for this regimen. No further
data are available from Oceania.
Sequential therapy is a ten-day therapy that consists
of a PPI plus amoxicillin in the first 5 d and a PPI, clarithromycin, and metronidazole in the following 5 d. In
Italy it has proven to be very useful compared to other
combinations[149]; it achieved eradication rates that range
between 97.3% in a pediatric population[150], 97% in an
elderly population[151], and 89% in a multicentric study
involving more than 1000 patients[83]. The data from
other European countries, however, are very poor. A
good performance of this therapy was demonstrated
in Africa, with a positive outcome ranging between
89.9% and 94.2%[136,152]. However, in South America this
scheme appears to be less effective, if we consider the
Peruvian percentage of success of 73%[153] and overall
rate of 81.1%[148]. In Asia, a good result was achieved in
South Korea[154] (92.6% maximum), whilst in China[155]
only 78.3% eradicated the bacterium. No data are available from Oceania.
Miscellaneous therapy has been recently introduced
and includes sequences of different combinations of
antibiotics. The main four studies are from the four continents that show promising results: Colombia 94%[156],
Italy 85.7%[157], Iran 92.9%[158], and Taiwan 97.4%[159].
This regimen requires further confirmation of these
excellent results, as well as an accurate evaluation of patient compliance owing to the risk of a large number of
side effects and consequent drop-outs.

MAIN THERAPEUTIC REGIMEN
EFFECTIVENESS
Triple therapy is one of the oldest schemes for H. pylori eradication. In Europe, it was used successfully in
the United Kingdom until 5 years ago[128], achieving an
eradication rate of 92%. However, it is characterized
by an enormous variability, if we consider the poor
rate of 50% calculated in a German study in 2011[129].
The possibility of failure was very high in a Turkish
study[130], where only 32.7% of eradication occurred. In
Asia, a high percentage of eradication was seen in India
(82.9%)[131], with a lower percentage in Korea (67.7)[132].
In the American continent, eradication rates range from
78% to 97%[133,134]. Data from Africa are more homogeneous, but the weight of resistances affects the possibility of the eradication achieved in 71%-78.2% of
cases, in a multicentric and in a Moroccan study, respectively[135,136]. The only recent available data from Oceania
derive from two trials in which rifampicin was used
instead of clarithromycin as second-line regimen, which
achieved eradication rates of 95% and 96.6%, respectively[137,138].
Quadruple therapy appears to be more effective than
triple therapy, if we consider that in United States, Laine
et al[139] reported a success rate of 87.7%, and a lower
value was seen only in a Canadian study[140] (70.8%).
However, in Europe, failures are more frequent: quadruple therapy was effective only in 64.8% of cases in
a Greek study[141], despite a success rate of 91% in a
British trial[128]. In Asian countries, the rates seem to be
even more discouraging, ranging between 47.1% and
89.5% in Turkey[130] and China[142], respectively. No data
are available from Africa to the best of our knowledge.
Only one Australian study investigated the effectiveness
of quadruple therapy, but using a novel combination of
a proton pump inhibitor, bismuth subcitrate, rifabutin,
and ciprofloxacin as a first-line regimen for patients allergic to penicillin, and achieving an eradication rate of
94.2%[143].
Concomitant therapy is a combination of antibiotics
including amoxicillin, metronidazole, clarithromycin, and
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THERAPEUTIC REGIMEN
EFFECTIVENESS: A COMMENT ON THE
DATA IN THE LITERATURE
Although resistance reports describe alarming results,
the outcomes of therapeutic schemes do not seem to
parallel this scenario in most cases, since a success of
more than 80% is often reached. Despite some of the
factors that may explain this discrepancy between in vitro
and in vivo results that have been mentioned previously,
it is possible that other factors may elucidate this controversial point: (1) most studies are performed in single
centers and include populations selected from geographic areas of irrelevant dimensions. This may be an important handicap for the reproducibility of the therapeutic
regimen in other areas; (2) the selection of patients is
limited to bacterial positivity, often based on non-invasive tests, and does not take into account some bacterial
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factors such as the intra-gastric load[160], the possibility of
primary resistances (which may even be different in the
body and antrum of the same subject)[161], heteroresistance status, and CagA status[162,163]. Finally, the presence
of coccoid forms[164] in the stomach may have clinical
relevance, due to the potential reactivation of H. pylori
in its spiral form following therapy; (3) the results of
therapeutic studies may be affected by host factors such
as PPI metabolism[165], parietal cell mass[166], and related
gastric pH, which is strictly related to antibiotic MIC values, the mucus layer (which affects bacterium/antibiotic
contact), the frequent patchy distribution of H. pylori in
the stomach, and even its persistence in small areas (e.g.,
cardiac) after apparently successful eradication; and (4)
the already outlined technical problems related to resistance detections in vitro.

solved issue. Indeed, no therapy regimen is able to
cure the infection in all treated patients, and a definite
number remain infected despite several consecutive
standard therapies. This therapeutic failure is often
considered to be the consequence of incorrect treatment rather than treatment limitation, since this appears unacceptable in the antibiotic era. However, no
clinical trial has reported an eradication rate of 100%
to the best of our knowledge.
Therapeutic failures are attributed to increasing antibiotic resistance. However, this phenomenon has been
widely studied and the results show controversial findings even in the same geographic area. For each world
continent, minimal and maximal values of resistance to
different antibiotics have been reported for different
countries, although some regimens appear to be almost
unknown in some areas.
Another enigma is the outcomes of several different therapeutic schemes, which often do not parallel in
vitro findings even in the same areas. Moreover, some
schemes are limited by their use in very small geographic districts. Finally, not all therapeutic trials have considered bacterial and host factors affecting the therapeutic
outcome.
In conclusion, the “ideal therapy”, paradoxically,
appears to be a “utopia”, despite the unprecedented
volume of studies in the field and the real breakthrough
in medical practice made by the discovery and the treatment of H. pylori. A key point could be the possibility,
in the near future, to group in vivo and in vitro studies by
geographic areas in order to identify the best therapy,
which is certainly related to the local habitat. Indeed, the
ample discrepancies observed in the different areas do
not encourage the development of therapeutic guidelines that could be valid worldwide. The main challenge
for the future might be identifying a successful solution
for overcoming antibiotic resistances and, in this context, geography must be considered a relevant matter.

PROBIOTICS: HAVE THEY A ROLE IN H.
PYLORI TREATMENT?
The possibility of probiotics interfering with H. pylori
gastric colonization has been postulated by many authors
and, therefore, many studies are available in the literature
about the treatment of infected patients with beneficial
bacteria supplementation. However, conflicting data
have been obtained.
A review of available data showed that clinical trials
can be divided into two groups: those using probiotics in
association with antibiotic therapy and those using probiotics alone. In the first group, the efficacy of a single
strain of probiotics associated with antibiotic triple or
quadruple therapy generally resulted in a decrease of
side effects such as diarrhea, bloating, nausea, and taste
disturbances during treatment[167,168], as well as an improvement of the eradication rate. Some studies have
tested the association of a multi-strain probiotic mixture
associated with antibiotic therapy. Two of these[169,170]
showed a reduction in the side effects of antibiotic therapy and a higher eradication rate than that obtained with
a single strain, whilst the third study[171] did not obtain
any significant result.
Among the second group of clinical trials (only
probiotics) we found that most studies tested a single
probiotic strain, especially Lactobacillus species, obtaining
a H. pylori load reduction as expressed by the urea breath
test delta value. Experience by our group confirmed this
finding after oral administration of Lactobacillus reuteri
ATC 55730, not only with a delta value reduction, but
also with a semiquantitative fecal antigen decrease[172].
Recently, Szajewska et al[173] reported a very interesting meta-analysis of the effects of Saccharomyces boulardii
supplementation in standard triple therapy, showing a
significant effect in both increasing the eradication rate
and reducing side effects, in a total of 1307 patients
from five randomized controlled trials.
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tumor necrosis factor alpha-induced protein 3 (A20)
are considered to contribute to the lymphomagenesis. Recently, a large-scale Japanese multicenter
study confirmed that the long-term clinical outcome
of gastric MALT lymphoma after H. pylori eradication
is excellent. Treatment modalities for patients not responding to H. pylori eradication include a “watch and
wait” strategy, radiotherapy, chemotherapy, rituximab
immunotherapy, and a combination of these. Because
of the indolent behavior of MALT lymphoma, secondline treatment should be tailored in consideration of
the clinical stage and extent of the disease in each patient.
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Core tip: Recent progress in the research regarding the
molecular pathogenesis and management of gastric
mucosa-associated lymphoid tissue (MALT) lymphoma
is reviewed. Helicobacter pylori (H. pylori ) eradication
leads to complete disease remission in 50%-90% of
cases. In H. pylori -independent cases, activation of nuclear factor κB pathway by chromosomal translocations
such as t(11;18)/API2-MALT1 , or inactivation of A20
are considered to contribute to the lymphomagenesis.
A recent Japanese multicenter study confirmed the excellent long-term outcome of gastric MALT lymphoma
after H. pylori eradication. Strategies for patients not
responding to H. pylori eradication should be tailored in
consideration of clinical stage and the disease extent in
each patient.

Abstract
Recent progress in the research regarding the molecular pathogenesis and management of gastric mucosaassociated lymphoid tissue (MALT) lymphoma is reviewed. In approximately 90% of cases, Helicobacter
pylori (H. pylori ) infection plays the causative role in
the pathogenesis, and H. pylori eradication is nowadays the first-line treatment for this disease, which
leads to complete disease remission in 50%-90% of
cases. In H. pylori -dependent cases, microbe-generated immune responses, including interaction between B
and T cells involving CD40 and CD40L co-stimulatory
molecules, are considered to induce the development
of MALT lymphoma. In H. pylori -independent cases,
activation of the nuclear factor-κB pathway by oncogenic products of specific chromosomal translocations such as t(11;18)/API2-MALT1 , or inactivation of
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exclusively by tumor-infiltrating macrophages in H. pyloridependent gastric MALT lymphoma cases, and that macrophages produced APRIL on direct stimulation with
both H. pylori and H. pylori-specific T cells. APRIL is a
tumor necrosis factor (TNF) superfamily member known
to be important for B-cell development, maturation and
survival. It should be noted that APRIL-producing macrophages were dramatically reduced on lymphoma regression induced by H. pylori eradication[20]. These findings
suggest that APRIL may also play some important role in
the H. pylori-dependent lymphomagenesis.

Recent progress in pathogenesis and management. World J
Gastroenterol 2013; 19(45): 8181-8187 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v19/i45/8181.htm DOI:
http://dx.doi.org/10.3748/wjg.v19.i45.8181

INTRODUCTION
Extranodal marginal zone lymphoma of mucosa-associated lymphoid tissue (MALT) lymphoma is an indolent
non-Hodgkin lymphoma derived from marginal zone
B-cells, which occurs in a number of extranodal organs,
including the gastrointestinal tract, lung, salivary gland,
thyroid, ocular adnexa, liver or skin[1]. Among these, the
stomach is the most frequent site for MALT lymphoma.
Gastric MALT lymphoma comprises 40%-50% of primary gastric lymphomas, 20%-40% of all extranodal
lymphomas, 4%-9% of all non-Hodgkin lymphomas, and
1%-6% of all gastric malignancies[2-5]. Helicobacter pylori (H.
pylori) plays a causative role in the development of gastric
MALT lymphoma, and the eradication of H. pylori leads
to a complete disease remission (CR) in 50%-90% of
cases[6,7].
In the present paper, we review the current knowledge on the etiology, diagnosis and optimal management
strategies for patients with gastric MALT lymphoma, with
special reference to its association with H. pylori infection
and efficacy of the eradication therapy.

Genetic abnormalities
Genetic abnormalities are common in gastric MALT
lymphomas. To date, a number of chromosomal translocations have been described in MALT lymphomas.
Among these, t(11;18) (q21;q21)/API2-MALT1, t(1;14)
(p22;q32)/BCL10-IGH, t(14;18) (q32;q21)/IGH-MALT1
and t(3;14) (p13;q32)/FOXP1-IGH are replicable[1,13,21].
MALT1 and BCL10 proteins are involved in surface immune receptor-mediated activation of the nuclear factor
kappa B (NF-κB) transcription factor; the chromosomal
translocations involving these genes are believed to exert
their oncogenic activities through constitutive activation
of the NF-κB pathway, leading to expression of a number of genes important for cell survival and proliferation[21].
In gastric MALT lymphoma, t(11;18)/API2-MALT1
is the most frequent translocation, which is detected in
15%-24% of cases. The translocation fuses the N-terminal region of API2 to the C-terminal region of MALT1
and generates a functional chimeric fusion, which gains
the ability to activate the NF-κB pathway[13,21]. Clinically,
t(11;18) is more frequently associated with absence of
H. pylori infection, and the majority of the translocationpositive cases do not respond to H. pylori eradication
therapy[7,11,21,22]. Interestingly, t(11;18)-positive cases rarely
transform to diffuse large B-cell lymphoma (DLBCL)[23].
Recently, the TNF-alpha-induced protein 3 gene
(TNFAIP3, A20), a negative regulator of NF-κB, was
identified as the target of 6q23 deletion in many cases
of MALT lymphoma[13,24,25]. A20 mutation and deletion,
which lead to A20 inactivation, are preferentially found in
MALT lymphoma of the ocular adnexa, salivary glands,
thyroid and liver. It is considered that A20-mediated
oncogenic activities in MALT lymphoma depend on the
NF-κB activation triggered by TNF or other unidentified molecules[13]. In gastric MALT lymphomas, however,
A20 deletion was detected only in 2 of 29 (7%) cases
examined[25]. Thus, further investigations are needed to
determine to what extent A20 inactivation contributes to
the genesis of gastric MALT lymphoma.

PATHOGENESIS OF GASTRIC MALT
LYMPHOMA
H. pylori
A link of H. pylori with gastric MALT lymphoma was
first suggested in 1991 by identification of the bacteria in
the vast majority of patients[8]. This association was supported by subsequent epidemiological and histopathological studies[9,10]. Approximately 90% of patients with
gastric MALT lymphoma are infected with H. pylori[7,11,12],
and about 70% of the cases respond to H. pylori eradication[6,7]. In such responders, survival of the lymphoma
cells depends critically upon the microbe-generated immune responses[13]. Laboratory studies demonstrated that
the growth of neoplastic B cells is stimulated by tumorinfiltrating H. pylori-specific T-cells, which require interaction between B and T cells involving CD40 and CD40L
co-stimulatory molecules[14-19]. Thus, the genesis of H.
pylori-dependent gastric MALT lymphoma is now considered as follows: an H. pylori infection results in T celldependent responses through the classic germinal center
reaction, and thus generates reactive B and T cells. The
H. pylori-specific T cells raised in the reactive component
then migrate to the marginal zone/tumor area and provide non-cognate help to autoreactive neoplastic B cells,
which may involve stimulation of CD40 and other surface receptors by soluble ligands and cytokines[13,19].
Recently, Munari et al[20] reported that high levels of
a proliferation-inducing ligand (APRIL) were produced
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Histopathological diagnosis
The diagnosis of gastric MALT lymphoma should be
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Figure 1 Endoscopic images of gastric mucosa-associated lymphoid tissue lymphoma, superficial type. A, B: Pretreatment images; a superficially depressed
lesion with multiple erosions and small ulcers with reddish granular mucosa can be seen on the posterior wall of the angularis; C: Follow-up image 6 mo after H. pylori
eradication showing regression of the initial lesion.

Table 1 Lugano staging system for gastrointestinal lymphomas
Stage
Stage Ⅰ
Stage Ⅱ

Definition

Description

Tumor confined to gastrointestinal tract
Tumor extending into abdomen from primary gastrointestinal site
Nodal involvement
Ⅱ1 local

Single primary site or multiple, non contiguous lesions

Paragastric (gastric cases) or paraintestinal (intestinal cases) nodal
involvement
Mesenteric, paraaoritic, paracaval, pelvic or inguinal nodal
Ⅱ2 distant
involvement
Stage ⅡE Penetration of serosa to involve adjacent organs or tissues
Gastrointestinal lesion extending to involve adjacent organs, i.e.,
penetration, direct invasion, perforation or peritonitis by lymphoma
Stage Ⅳ
Disseminated extranodal involvement, or supra-diaphragmatic nodal Cases with Ann-Arbor stage Ⅲ disease should be included
involvement
Rohatiner et al[31] with modification.

based on the histopathological criteria according to
the World Health Organization classification, using
tissue specimens appropriately obtained by biopsy or
surgery[1,5,26]. Histologically, the small to medium-sized
neoplastic lymphoid cells (centrocyte-like cells) infiltrate
around reactive follicles showing marginal zone growth
pattern, which often infiltrate into gastric glands causing destruction of the epithelial cells (lymphoepithelial
lesions)[1,26]. Immunohistochemically, the neoplastic cells
of MALT lymphoma are usually CD20+, CD79a+, CD5-,
CD10-, CD23-, CD43+/-, cyclin D1-. Staining for Ki-67
may help in identifying components of DLBCL. Cytogenetic analyses using G-banding, reverse transcriptionpolymerase chain reaction and/or fluorescence in situ
hybridization for t(11;18)/API2-MALT1 or other chromosomal translocations are also useful for confirming
the diagnosis[1,21,26].

and DLBCLs) were macroscopically classified as superficial-spreading (46%), mass-forming (41%), diffuseinfiltrating (6%), or other types (8%)[30]. Importantly, the
most frequent macroscopic type in gastric MALT lymphomas is superficial type (Figure 1), while that in gastric
DLBCLs is mass/polypoid type[29,30].
Clinical staging
An appropriate clinical staging is mandatory in order to
determine the optimal management for malignant lymphomas. For the staging classification in patients with
gastric MALT lymphoma, the Ann Arbor staging system
with its modifications by Musschoff and Radaszkiewicz
(Ⅰ1E, Ⅰ2E, Ⅱ1E, Ⅱ2E, ⅢE, or Ⅳ) was recommended
in the consensus report of the EGILS (European
Gastro-Intestinal Lymphoma Study) group[26]. To date,
however, the Lugano International Conference (Blackledge) classification (Ⅰ, Ⅱ1, Ⅱ2, ⅡE, or Ⅳ) has been
widely applied for the clinical staging in gastrointestinal
lymphomas (Table 1)[31]. In addition to esophagogastroduodenoscopy, the following are recommended for the
initial staging workup: physical examination (including
peripheral lymph nodes and Waldeyer’s ring), complete
hematological biochemical examinations (including LDH
and β2-microglobulin), computerized tomography of
abdomen and pelvis, and endoscopic ultrasonography[26].

Macroscopic diagnosis
The standard macroscopic classifications for gastric lymphomas have not been established. In Western countries,
gastric B-cell lymphomas have been endoscopically classified either as ulcerative (34%-69%), mass/polypoid
(26%-35%), diffusely infiltrating (15%-40%), or other
types[27-29]. We previously reported that 197 Japanese cases
of primary gastric B-cell lymphoma (MALT lymphomas
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Table 2 Groupe d’Etude des Lymphomes de l’Adulte histological grading system for post-treatment evaluation of gastric mucosaassociated lymphoid tissue lymphoma
Score
CR
pMRP
rRD
NC

Lymphoid infiltrate

LEL

Absent or scattered plasma cells and small
Absent
lymphoid cells in the LP
Aggregates of lymphoid cells or lymphoid
Absent
nodules in LP/MM and/or SM
Dense, diffuse or nodular extending around
Focal LEL or absent
glands in the LP
Dense, diffuse or nodular
Present, “may be absent”

Stromal changes

Clinical significance

Normal or empty LP and/or
fibrosis
Empty LP and/or fibrosis

Complete remission

Focal empty LP and/or fibrosis

Partial remission

No changes

Stable disease or
progressive disease

Complete remission

Copie-Bergman et al[34] with modification[26]. LEL: Lymphoepithelial lesions; LP: Lamina propria; MM: Muscularis propria; SM: Submucosa; CR: Complete
histological response; pMRP: Probable minimal residual disease; rRD: Responding residual disease; NC: No change.

In our opinion, however, ileocolonoscopy, bone marrow
aspiration or biopsy, and fluorine-18 fluorodeoxyglucose
positron emission tomography should also be included.
In addition, endoscopic examinations of the small bowel
(balloon-assisted endoscopy or capsule endoscopy) can
be considered[32].

patients (4.9%), and treatment failure (PD or relapse) was
found in 118 of all 1877 patients (6.3%). These data are
almost similar to those in our multicenter study[7], except
for PD rate (1.1% vs 6.4%).
As for the regimen for H. pylori eradication therapy,
proton pump inhibitor (PPI) + clarithromycin-based
triple therapy composed of a double dose of a PPI plus
clarithromycin and amoxicillin or metronidazole for 7
or 14 d is recommended[26,35]. In the areas where the
clarithromycin resistance rate exceeds 15%, use of this
drug should be avoided without prior susceptibility testing[35]. A pooled data analysis in 1271 patients with gastric
MALT lymphoma from 34 studies showed a successful
eradication was achieved in 91% of cases after the firstline treatment, and the eradication rate was extended to
98% after the second-line treatment or more attempts[36].
Several studies have demonstrated that H. pylori eradication therapy is also effective even in cases with gastric
DLBCL[37,38]. In those reports, 27%-60% of H. pyloripositive patients with DLBCL in stage Ⅰ/Ⅱ1 achieved
CR after H. pylori eradication. Not only cases with MALT
lymphoma component, but also cases without any evidence of MALT lymphoma responded to eradication
therapy[37,38]. Therefore, H. pylori eradication should be
tried in H. pylori-positive patients with gastric DLBCL.

TREATMENT FOR GASTRIC MALT
LYMPHOMA
H. pylori eradication
The first-line treatment of all gastric MALT lymphomas
is H. pylori eradication therapy[1,26,33]. In patients with
stage Ⅰ/ Ⅱ1 disease, CR is achieved in 50%-90% of
cases only by H. pylori eradication[6,7]. Histological evaluation of post-treatment biopsies should be performed
according to the Groupe d’Etude des Lymphomes de l’
Adulte (GELA) grading system (Table 2)[26,34]. Various
predictive factors for resistance to H. pylori eradication
therapy have been described, including absence of H.
pylori infection, advanced stage, proximal location in the
stomach, endoscopic non-superficial type, deep tumor
invasion in the gastric wall, and t(11;18)/API2-MALT1
translocation[6,7,21,22,26].
In a systematic review of the data from 32 published
studies that included 1408 patients with gastric MALT
lymphoma, the CR rate after H. pylori eradication was
78%[6]. Recently, we confirmed excellent long-term outcomes of the disease after H. pylori eradication by a largescale multicenter study of 420 Japanese patients with gastric MALT lymphoma[7]. In the study, CR was achieved
by H. pylori eradication in 77% of patients. During the
follow-up periods of up to 14.6 years (mean 6.5 years,
median 6.04 years), treatment failure was observed in
9% of patients (37 patients; 10 relapse, 27 progression).
Probabilities of freedom from treatment failure, overall
survival and event-free survival after 10 years were 90%,
95% and 86%, respectively. Table 3 summarizes 28 previously published studies that included more than 20 patients initially treated by H. pylori eradication[7]. In the 28
studies, CR was achieved in 1361 of 1877 patients (73%),
Progressive disease (PD) was observed in 17 of 1576
patients (1.1%), relapse was recorded in 60 of 1203 CR
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Treatments for patients not responding to H. pylori
eradication
The management strategy for the patient with gastric
MALT lymphoma who does not respond to H. pylori
eradication still remains to be elucidated. While patients
with PD or clinically evident relapse should undergo oncological treatment, for patients with persistent histological lymphoma without PD (responding residual disease
or no change), a “watch and wait” strategy was recommended up to 24 mo after H. pylori eradication in the
EGILS consensus report[26].
As for the second-line oncological treatment, radiotherapy is highly effective in localized cases (stage Ⅰ/
[7,26,33]
. While chemotherapy and immunotherapy with
Ⅱ 1)
rituximab are also effective, these systemic treatments are
suitable for cases with an advanced stage[26,33]. Recently, the
combination of rituximab and chlorambucil[39] or fluda-
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Table 3 Review of literature on efficacy of Helicobacter pylori eradication for gastric mucosa-associated lymphoid tissue lymphoma

n (%)

Author, yr

Patients

CR cases

Median FW (yr)

PD

Relapse

Treatment failure

199
193
120
102
99
96
90
88
87
76
74
66
58
58
53
47
44
44
44
34
33
32
28
24
23
22
22
21
1877
420

92 (46)
146 (76)
96 (80)
66 (65)
84 (85)
62 (65)
85 (94)
73 (83)
57 (66)
71 (93)
66 (89)
47 (71)
40 (69)
48 (83)
42 (79)
30 (64)
30 (68)
42 (95)
19 (43)
14 (41)
26 (79)
24 (75)
24 (86)
22 (92)
13 (57)
15 (68)
13 (59)
14 (67)
1361 (73)
323 (77)

ND
2.3
6.3
6.3
3.4
3.2
3.8
3.8
3.5
2.3
3.9
3.3
1.8
6.3
5.4
3.1
1.8
1.7
2.9
3.4
ND
5.8
2.0
4.6
3.1
2.1
1.5
0.8
3.3
6.04

ND
0
0
ND
0
7 (7.3)
0
2 (2.3)
1 (1.1)
0
0
0
0
2 (3.4)
0
1 (2.1)
0
0
1 (2.3)
2 (5.9)
0
0
0
0
1 (4.3)
0
0
0
17 (1.12)
27 (6.4)

ND
5 (3.1)
3 (3.1)
ND
5 (5.9)
4 (6.4)
8 (9.4)
4 (5.5)
1 (1.8)
6 (8.5)
3 (4.5)
0
0
1 (2.1)
9 (21)
1 (3.4)
2 (6.7)
0
2 (11)
0
0
3 (13)
1 (4.2)
1 (4.5)
0
1 (6.7)
0
0
60 (4.93)
10 (3.1)

25 (13)
5 (2.6)
3 (2.5)
16 (16)
5 (5.1)
11 (11)
8 (8.9)
6 (6.8)
2 (2.3)
6 (7.9)
3 (4.1)
0
0
3 (5.2)
9 (17)
2 (4.3)
2 (4.6)
0
3 (6.8)
2 (5.9)
0
3 (9.4)
1 (3.6)
1 (4.2)
1 (4.4)
1 (4.6)
0
0
118 (6.3)
37 (8.8)

Hancock et al, 2009
Wündisch et al, 2006
Wündisch et al, 2005
Stathis et al, 2009
Kim et al, 2007
Nakamura et al, 2005
Hong et al, 2006
Fischbach et al, 2004
Nakamura et al, 2008
Savio et al, 2000
Terai et al, 2008
Sumida et al, 2009
Weston et al, 1999
Ono et al, 2010
Andriani et al, 2009
Akamatsu et al, 2006
Pinotti et al, 1997
Urakami et al, 2000
Ruskoné-Fourmestraux et al, 2001
Steinbach et al, 1999
Takenaka et al, 2004
Chen et al, 2005
Lee et al, 2004
Montalban et al, 2005
de Jong et al, 2001
Raderer et al, 2001
Dong et al, 2008
Yamashita et al, 2000
Total of above
Nakamura et al[7], 2012

1

1

Progressive disease (PD) or relapse; 217/1576 patients; 360/1203 complete remission (CR) patients (Nakamura et al[7] with modification). FW: Follow-up;
ND: Not described.

rabine[40] provided excellent responses in patients with
MALT lymphoma of variable organs, including gastric
cases. Surgical resection is nowadays restricted to the management of cases with perforation or bleeding that cannot
be controlled endoscopically[26].

2
3

CONCLUSION
While a large amount of clinical evidence has confirmed
the validity of H. pylori eradication as the first-line treatment for gastric MALT lymphoma, there are many choices for the second-line treatments. Because of the indolent
behavior of MALT lymphoma, the strategy for patients
not responding to H. pylori eradication should be tailored
in consideration of the clinical stage and extent of the
disease. Despite the recent advances in our understanding
of the pathogenesis of gastric MALT lymphoma, there
still exist many questions to be answered. Further basic
and clinical research is needed to clarify the molecular
mechanisms in the development of the disease.
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Core tip: Stool antigen tests (SATs) are relatively inexpensive noninvasive tests. Several guidelines on
Helicobacter pylori (H. pylori ) infection from around the
world indicate that SATs using monoclonal antibodies
are useful for primary diagnosis as well as for assessing
the results of eradication therapy. SATs are also useful
for diagnosing H. pylori infection in children and post
gastric surgery patients. The choice of test kit depends
on the accuracy in each population and the circumstances of each patient.

Abstract
Stool antigen tests (SATs) are noninvasive diagnostic
modules for Helicobacter pylori (H. pylori ) infection.
Two types of SATs exist for the diagnosis of H. pylori
infection, one based on enzyme immunoassay (EIA)
and another on immunochromatography (ICA). SATs
do not require expensive chemical agents or specified
equipment; hence, they are less expensive compared
with the urea breath test. Both European and Japanese guidelines have shown that EIA-based SATs using
monoclonal antibodies are useful for primary diagnosis
as well as for the assessment of eradication therapy.
ICA-based tests do not require particular equipment
and are therefore useful in developing countries. SATs
are also useful for the diagnosis of H. pylori infection
in children and post gastric surgery patients. SATs
performed via EIA can assess H. pylori infection in a
large number of subjects, almost as well as serology.
Thus, SATs would be useful or detecting current infection in such a survey to identify and eradicate H. pylori
infection. The accuracy of SATs is lower when the stool
samples are unformed or watery, because H. pylori specific antigens in the stool samples are diluted. Temperature and the interval between stool sample collection and measurement also affect the results of SATs.
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INTRODUCTION
Infection by Helicobacter pylori (H. pylori) has been implicated in the pathogenesis of gastro-duodenal diseases.
Several guidelines on H. pylori infection from around the
world indicate that eradication of H. pylori would result in
a reduction of the incidence of gastroduodenal diseases,
including gastric cancer, and would decrease new infections in future generations[1,2]. Following the recommendation of the Japanese guidelines for the management
of H. pylori infection (2009 revised edition), in 2013, the
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similarly influence SAT[12,13] results, but some monoclonal
antibody-based SATs that are currently available are not
affected by PPIs[14]. Such SATs, which do not require PPI
discontinuation, are useful for the management of H.
pylori infection in patients with gastroesophageal reflux
diseases or those taking nonsteroidal anti-inflammatory
drugs.

Japanese health insurance system approved the coverage
of the diagnosis and eradication of H. pylori in all infected
patients[3]. Consequently, an expansion in the role of H.
pylori diagnostic tests will accompany the increased number of patients undergoing H. pylori testing and eradication.
Stool antigen tests (SATs) are noninvasive diagnostic
modules for H. pylori infection and were introduced after
the urea breath test (UBT). Early SATs used an enzyme
immunoassay (EIA) based on polyclonal antibodies.
While they provided reliable results in the diagnosis of
H. pylori infection, controversial results were sometimes
observed in the post-eradication assessment because of
false-positives[4,5]. Monoclonal antibody-based techniques
generally have higher specificity. SATs based on monoclonal antibodies have been developed, and have been found
to be more accurate than those using polyclonal antibodies[6,7]. A meta-analysis also showed that the specificity of
SATs based on monoclonal antibodies was 0.97 (95%CI:
0.96-0.98)[8]. Both European and Japanese guidelines have
indicated that SATs using monoclonal antibodies are useful for primary diagnosis as well as for the assessment of
eradication therapy[1,3].
Two types of SATs exist for the diagnosis of H. pylori
infection, one based on EIA and another on immunochromatography (ICA). Although both types of tests are
highly sensitivity and specificity, a recent study showed
that currently available ICA-based tests provide less reliable results than EIA-based tests[9]. However, ICA-based
tests are easy to perform and are useful for in-office rapid
diagnoses of H. pylori infection[10]. ICA-based tests do not
require specialized equipment; therefore, they would be
useful in developing countries.

Diagnosis in children and post gastric surgery patients
A systematic review and meta-analysis showed that SATs
using a monoclonal antibody-based EIA are useful for
the diagnosis of H. pylori infection in children[15]. UBT is
also highly accurate in children older than 6 years, while
studies from developed countries showed that its specificity was less than 90% in very young children[16,17]. By
contrast, both monoclonal SAT and UBT were reliable in
young children aged 6-30 mo in South American developing countries[18]. These results indicate that monoclonal
antibody-based SATs are the most effective tests for children in populations with both high and low prevalences
of H. pylori infection[18,19].
In patients who received distal gastrectomy, the accuracy of UBT was lower than that of a biopsy urease
test[20]. However, in Japanese patients who underwent distal gastrectomy, the specificity of SAT was 90.5% while
that of UBT was only 59.1%[21].
Mass survey and screening
In mass surveys, with regard to technique and cost,
serology has generally been used despite its lower specificity[3]. SATs performed via EIA can assess H. pylori
infection in a large number of subjects, almost as well as
serology. In 994 healthy Japanese adults who participated
in a mass survey, concordance of the results of SAT and
serology was over 90%[22]. However, in that study, the
positivity of SATs was significantly lower than that of
serology in 303 subjects with severe atrophic gastritis. In
the gastric mucosa of patients with severe atrophic gastritis and intestinal metaplasia, colonization by H. pylori
is decreased or non-existent. Therefore, in the setting
of a mass survey, serology is useful for the detection of
both current and past infection. SATs should be used to
detect current infection in such a survey to identify and
eradicate H. pylori infection for the prevention of gastric
malignancies.

DIAGNOSIS
Comparison with UBT
Among non-invasive diagnostic tests, SAT and UBT have
higher accuracy than serological or urinary antibodybased tests[1,3]. The American Gastroenterological Association recommends both SAT and UBT for the
diagnosis of H. pylori infection in patients with dyspepsia[4]. While UBT has been considered the most reliable
noninvasive test for the diagnosis of H. pylori infection, it
has several limitations. The cost of UBT is still relatively
high because of the price of 13C-urea (approximately
30.3 USD) and the cost of measuring 13CO2. By contrast, SATs do not require expensive chemical agents and
special equipment and hence are less expensive (1400
JPY; approximately 14.2 USD). In addition, patients are
required to fast before UBT testing, but not before a
SAT. Furthermore, proton pump inhibitor (PPI) administration modulates gastric pH, resulting in lower urease
activity of H. pylori in the stomach. UBT detects gastric
mucosal urease activity; therefore, false-negative results
are noted in patients who have been taking PPIs[11]. It is
therefore generally recommended that PPI administration be discontinued 2 wk before UBT testing[1]. PPIs can
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ASSESSMENT OF ERADICATION
To date, many studies have demonstrated the usefulness
of SATs in the evaluation of the results of eradication
therapy. Recent guidelines of the European Helicobacter Study Group (EHSG) recommend both UBT and
laboratory-based monoclonal SAT[1]. After eradication
therapy, the amount of H. pylori colonization in the stomach would be reduced, even when eradication therapy
was unsuccessful. Therefore, SATs should be performed
to detect the reduced number of bacteria. Among laboratory-based monoclonal SATs, the Premier Platinum
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HpSA Plus (HpSA ELISA Ⅱ; Meridian Diagnostics,
Inc., Cincinnati, OH, United States), which uses multiple
murine monoclonal antibodies, seems to be accurate. We
previously demonstrated the significantly higher sensitivity of HpSA ELISA Ⅱ to that of the Testmate Pylori
Antigen EIA (TPAg EIA; Wakamoto Pharmaceutical Co.
Ltd., and Kyowa Medex, Tokyo, Japan), which uses a single monoclonal antibody[23]. HpSA ELISA Ⅱ produced a
higher positive predictive value, although the TPAg EIA
provided efficient results[24].
In the guidelines of the EHSG, laboratory-based tests,
but not in-office tests, are recommended for the evaluation of treatment results[1]. However, recent observations
indicate that some in-office monoclonal antibody-based
tests can accurately evaluate the results of eradication
treatment[9,25]. In-office tests allow physicians to evaluate
the results of eradication therapy in a single visit and the
next eradication therapy can be started on the same day
in non-eradicated patients. In-office tests do not require
specialized equipment; therefore, they would be suitable
in institutes that cannot measure 13CO2.
PPI administration should be discontinued 2 wk before evaluating treatment results by UBT or SAT[1]. However, as described above, the results of certain SATs are
not affected by PPIs[13]. Actually, in a small series of 22
Japanese patients, we showed that the results of eradication therapy assessed by TPAg EIA during PPI administration were the same those determined by UBT 4 wk
after discontinuing PPI in 21 patients[26].
In several guidelines, evaluation of the results of
eradication therapy by SATs should be performed at least
4 wk after finishing the treatment[1,3]. However, relapse
after eradication is considered to be mainly recurrence
of the same infection rather than reinfection. Therefore,
proposals have been made to extend the timing to 6 or
8 wk after finishing treatment. A monoclonal antibodybased EIA test could determine the treatment results at 6
wk after finishing the treatment as well as 8 wk[26].

we found that the OD values of initially negative stool
samples increased and were almost similar to the cutoff
level if the samples were maintained at 40 ℃[9]. However,
OD values were unchanged for up to 7 d at -5 ℃-25 ℃
when stool sample suspensions were stored in their particular collection devices. Therefore, stool samples should
be stored at a low temperature and be tested over a short
period if the collection devices are not available. To maintain the antigenicity over a longer term, stool samples
should be stored at -80 ℃.
Differences in the antigenicity of H. pylori strains
sometimes affect the accuracy of SATs in different populations[28]. Therefore, sensitivity and specificity of SATs
should be tested in each population before use in the
management of H. pylori infection.

CONCLUSION
In summary, SATs are relatively inexpensive noninvasive
tests. SATs using monoclonal antibodies are useful for
primary diagnosis as well as for the assessment of eradication therapy. SATs are also useful in the management
of H. pylori infection in children and post gastric surgery
patients. In the future, SATs should be used in mass surveys to identify and eradicate H. pylori infection for the
prevention of gastric malignancies. The choice of test kit
depends on the sensitivity and specificity in each region
and the circumstances of each patient.
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Core tip: There is a close association between gastric
cancer and Helicobacter pylori (H. pylori ) infection. H.
pylori upregulates interleukin-8 (IL-8) gene expression
in gastric epithelial cells and the levels of IL-8 may be
indicative of poor prognosis. We propose that IL-8 overexpression induced by H. pylori plays a major role in
gastric cancer development and progression, and that
targeting IL-8 may be a promising strategy for gastric
cancer treatment.
Original sources: Lee KE, Khoi PN, Xia Y, Park JS, Joo
YE, Kim KK, Choi SY, Jung YD. Helicobacter pylori and
interleukin-8 in gastric cancer. World J Gastroenterol 2013;
19(45): 8192-8202 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v19/i45/8192.htm DOI: http://dx.doi.
org/10.3748/wjg.v19.i45.8192

Abstract
Helicobacter pylori (H. pylori ) is a major etiological fac-

INTRODUCTION

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Gastric cancer has affected humans for millennia. The
risk of gastric cancer appears to evolve over a lifetime as
a possible result of changes in diet and lifestyle. In 1984,
Marshall and Warren were first to describe the association between peptic ulcer disease and Helicobacter pylori (H.
pylori)[1]. H. pylori was subsequently causally linked with
the development of gastric cancer.
Despite the improved prognosis of gastric cancer
resulting from the early diagnosis and development of
adjuvant therapy, overall 5-year survival rates for patients
with gastric cancer remain disappointing, with a mortality
rate of 20% in Western countries and up to 60% in Asian
countries[2]. Although current combinatory chemotherapeutic regimes result in a median overall survival of up to
11 mo, toxicity is increased[3,4]. To overcome the adverse

tor in the development of gastric cancer. Large-scale
epidemiological studies have confirmed the strong association between H. pylori infection and both cancer
development and progression. Interleukin-8 (IL-8) is
overexpressed in gastric mucosa exposed to H. pylori .
The expression of IL-8 directly correlates with a poor
prognosis in gastric cancer. IL-8 is multifunctional. In
addition to its potent chemotactic activity, it can induce
proliferation and migration of cancer cells. In this review, we focus on recent insights into the mechanisms
of IL-8 signaling associated with gastric cancer. The relationship between IL-8 and H. pylori is discussed. We
also summarize the current therapeutics against IL-8 in
gastric cancer.
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Figure 1 Roles for interleukin-8 in tumor progression and metastasis. EMT: Epithelial-mesenchymal transition; IL-8: Interleukin-8.

effects, novel chemotherapeutic concepts have focused
on the development of targeted therapies for gastric
cancer. An understanding of the detailed mechanisms of
invasion and metastasis in gastric cancer would be helpful
in improving the treatment outcome.
H. pylori infection is usually asymptomatic in most
hosts, as virtually all carriers develop superficial chronic
active gastritis, whereas only about 10% suffer gastric or
duodenal ulceration and 0.5%-2.0% develop gastric adenocarcinoma or B cell lymphoma of mucosa-associated
lymphoid tissue[5]. H. pylori colonize the gastric mucosa
of 35%-70% of people worldwide and infection with
H. pylori is the main etiologic factor for development of
chronic active gastritis and peptic ulcers[6,7]. Epidemiologic data indicate that gastric cancer occurs more frequently
in populations with higher rates of H. pylori infection, and
the World Health Organization has classified this bacterium as a class 1 carcinogen for gastric cancer[8]. Animal
models have also demonstrated the importance of H.
pylori in gastric carcinogenesis[9]. H. pylori infection is important in the process of tissue remodeling, angiogenesis,
tumor invasion and metastasis[10], and induces a number
of genes in host cells that are potential determinants
of inflammation, angiogenesis, and metastasis including interleukin-8 (IL-8), cyclooxygenase-2[11], monocyte
chemoattractant protein-1[12], vascular endothelial growth
factor[13], and matrix metalloproteinase (MMP)-9[14]. However, it remains unclear how H. pylori infection activates
specific transcription factors and induces gene expression.
IL-8 seems to have signiﬁcant potential as a prognostic and predictive cancer biomarker. IL-8 was originally
identiﬁed as a chemoattractant for neutrophils that release angiogenic growth factors, stimulating angiogenesis
as a part of cancer progression. As shown in Figure 1,
IL-8 increases the proliferation, migration and survival of

WCG|www.wjgnet.com

endothelial cells, potentiates the epithelial-mesenchymal
transition and survival of cancer cells, and activates macrophage and immune responses at the tumor site[15]. IL-8
enhances the production and secretion of MMP-2 and
MMP-9[16,17], suggesting that it can modulate invasiveness
and/or extracellular matrix remodeling in normal physiological conditions and in cancer progression.
An understanding of the basic principles and underlying signals by which H. pylori regulates IL-8 may lead to
the development of new therapeutic strategies in gastric
cancer. With this in mind, we present a brief review.

A ROLE FOR IL-8 IN GASTRIC CANCER
A signiﬁcant correlation between high expression levels
of IL-8 in gastric mucosa and risk of gastric cancer has
been reported[18]. Macrì et al[19] reported that the serum
levels of IL-8 act as markers of gastric cancer. Increased
expression of IL-8 mRNA in tissue extracts from gastric
cancer patients has been associated with some clinicopathological aspects of the disease, including poor prognosis[20]. In IL-8 transgenic mice, where expression of
human IL-8 is controlled by its own regulatory elements,
expression of IL-8 increased tumorigenesis, suggesting that IL-8 might have a crucial role in gastrointestinal
cancers[21]. These observations indicate that high levels of
IL-8 may be associated with poor prognosis as judged by
stage and histology, and that IL-8 may be indicative of
more aggressive gastric cancers.
The roles for IL-8 in the angiogenesis of gastric
cancer have drawn much interest. Since invasion and angiogenesis are all involved in the metastatic process, IL-8
expression in gastric cancer can influence their metastatic
capabilities. Upregulation of IL-8 in human gastric carcinomas correlates closely with their angiogenesis[22]. Kitadai et al[23] reported that the expression of IL-8 directly
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to CXCR1[34] and with less speciﬁcity to CXCR2[35] expressed on stromal, endothelial and tumor cells. CXCR1,
a cell-surface G-protein-coupled receptor, has been associated with tumorigenesis, development and progression
of some tumors. Hu et al[36] documented that CXCR1
overexpression is associated with late-stage gastric cancer.
They reported that knockdown of CXCR1 could inhibit
cell proliferation in vitro and in vivo. Lin et al[37] reported
that enforced expression of the cysteine-rich 61 (Cyr61)
gene or treatment with recombinant Cyr61 protein enhanced expression of CXCR1 and CXCR2 in gastric
cancer cells. The upregulated functionality of CXCR1
and CXCR2 could facilitate their chemotactic migration
toward IL-8 and contribute to transendothelial migration,
as well as intravasation. The interaction between IL-8
and epidermal growth factor receptor (EGFR) promotes
cell proliferation through transactivation of the receptor
by activation of a disintegrin and metalloproteinase[38].
IL-8 could induce EGFR phosphorylation, while antiIL-8 and anti-IL-8 receptor antibodies suppressed EGFR
phosphorylation, indicating that H. pylori-stimulated IL-8
accelerates the processing of EGFR ligands, and that
cleaved EGFR ligands bind and stimulate EGFR in paracrine and autocrine manners to induce cell proliferation.

correlated with the vascularity of human gastric carcinomas and that IL-8-transfected cells produced rapidly
growing, highly vascular neoplasms, compared to control
cells. In contrast, inhibition of IL-8 decreases angiogenesis in gastric cancer. Wang et al[24] reported that CHIP,
a protein that interacts with the carboxy terminus of
Hsc70, also interacted with nuclear factor-kappa B (NFκB), terminating NF-κB activity and inhibiting IL-8induced angiogenesis. IL-8 stimulates vascular endothelial
growth factor (VEGF) expression in endothelial cells via
CXCR-2 and thereby promotes the activation of VEGF
receptors in an autocrine fashion[25]. IL-8 has a direct role
in angiogenesis by enhancing endothelial cell proliferation
and survival in CXCR1- and CXCR2-expressing endothelial cells[26]. IL-8 stimulates both endothelial proliferation
and capillary tube formation in vitro, and both of these
effects can be blocked by monoclonal anti-bodies to
IL-8. H. pylori-derived heat shock protein 60 (HpHSP60)
enhances angiogenesis by a CXCR2-mediated signaling pathway[27]. Use of an angiogenic array showed that
HpHSP60 markedly induced IL-8 and that inhibition of
CXCR2, the receptor for IL-8, significantly abolished
HpHSP60-induced tube formation. IL-8 has also been
linked with cell adhesion and migration in gastric cancer[23]. IL-8 activates NF-κB and Akt signals, and induces
adhesion molecules including intercellular adhesion molecule-1 (ICAM-1), vascular cell adhesion molecule-1 and
CD44 expression in gastric cancer cells[28]. Inhibition of
IL-8 with small interfering RNA reportedly decreased
the adhesion, migration and invasion functions in cancer
cells[23].
IL-8 polymorphisms may increase the risk of gastric
cancer. Taguchi et al[29] reported the association of the
IL-8-251 A/T polymorphism with higher expression of
IL-8 protein, severe neutrophil infiltration and increased
risk of atrophic gastritis and gastric cancer. IL-8-251 T/A
and IL-8-251 A/A polymorphisms may be associated
with angiogenesis in gastric carcinogenesis in H. pylori-infected Koreans[30]. In the study, there were significant correlations between MMP-9, angiopoietin-1 concentrations
and disease progression in IL-8-251 A/A and IL-8-251
A/T genotypes. Felipe et al[31] reported that patients with
the heterozygous IL-8-251 A/T genotype, high fat intake
and smokers or ex-smokers presented an increased risk
of gastric cancer in a Brazilian population. However, the
association of IL-8 polymorphisms and gastric cancer is
controversial. The IL-8 polymorphism was not consistently associated with gastric cancer risk in a Polish population[32]. Furthermore, a meta-analysis of epidemiological
studies revealed an overall lack of association between
IL-8-251 gene polymorphisms and risk of gastric cancer; any association is likely to be variable depending on
histological type, tumor location, H. pylori infection, and
ethnicity/country[33].
The downstream signals of IL-8 produced by H.
pylori have been intensively studied. All biological effects of IL-8 are mediated by two receptors designated
CXCR1 and CXCR2. IL-8 binds with high speciﬁcity
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SIGNALS INVOLVED IN
H. PYLORI-INDUCED IL-8 IN GASTRIC
CANCER
A whole genome analysis of the epithelial response to H.
pylori exposure revealed IL-8 as the most markedly upregulated gene[39]. IL-8 appears to play a paramount role
in the epithelial cell response to H. pylori infection and
in the pathological processes leading to gastric disease.
IL-8, a CXC chemokine specific for neutrophil granulocyte chemotaxis, has been correlated with the histological
severity of gastritis[40]. The majority of gastric cancers
are end products of an inflammatory process. A chronic
H. pylori infection is characterized by an inflammation of
the gastric mucosa and is accepted as the major cause of
chronic gastritis.
IL-8 induction in gastric epithelial cells has been
clearly correlated with a functional cagA gene[41]. In H.
pylori strains that express cagA, cytokine expression has
been linked with an elevated inflammatory response in
vivo[42]. H. pylori strains are classiﬁed as cagA-positive or
cagA-negative according to the presence or absence of
cagA, respectively[43]. CagA protein is a major virulence
factor of H. pylori that has attracted clinical interest as a
marker of H. pylori-associated disease, having been shown
to confer increased gastric cancer risk[6,44]. The cagA gene
is located at one end of the cag pathogenicity island (cagPAI). The island contains two segments: an upstream cag
[45]
Ⅱ region and a downstream cag Ⅰ region . PAI comprises a gene cluster of 40 kbps that encodes a type Ⅳ secretion system (T4SS) that functions to translocate cagA
from epithelium-adherent bacteria into gastric epithelial
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cells[45]. Once inside the cells, cagA is phosphorylated by
host cellular kinases, Src[46,47] and Abl[48], on a repeating
glutamic acid proline-isoleucine-tyrosine-alanine tyrosine
phosphorylation motif located at the carboxyl terminus
of the protein. In vitro examinations of H. pylori infection
of gastric epithelial cells revealed the requirement of proteins encoded by the cagPAI, with the exception of cagA,
for IL-8 secretion, and the regulation of IL-8 induction
by the NF-κB pathway[44,49]. However, H. pylori-induced
pro-inflammatory responses remain controversial[50-52].
Ando et al[51] observed upregulated IL-8 expression in
gastric epithelial cells infected with H. pylori containing
an inactivated cagA gene, while Peng et al[52] reported upregulation of IL-8 expression in gastric epithelial cells in
response to treatment with extracts of cagA-positive and
cagA-negative strains. Bacterial cagA expression may not
be essential for the upregulation of IL-8 expression in H.
pylori-infected gastric epithelial cells.
Although it is well known that H. pylori upregulates
IL-8 expression in gastric cancer cells, the underlying
molecular mechanism is not fully understood. Analyses
of the genomic structure of IL-8 have revealed many
potential targets for regulation at both the transcriptional
and post-transcriptional levels. Within its 3’-flanking region, the IL-8 gene contains a repetitive ATTTA motif,
which is responsible for destabilization of various cytokine mRNAs[53]. Within the 5’-flanking region, the gene
contains multiple cis elements including a CCAAT box,
steroid-responsive element, hepatocyte nuclear factor-1
element, two interferon regulatory factor-1 elements and
binding sites for activator protein-1 (AP-1), CCAAT/enhancer binding protein and NF-κB, all of which have
been implicated in the induction of IL-8 gene transcription by the aforementioned stimuli[54]. As demonstrated
by mutation and deletion analyses, these promoter elements are regulated in cell type-specific manners[55]. A
myriad of intracellular signals have been suggested to
mediate the effects of H. pylori including production of
reactive oxygen species (ROS), and activation of transcription factor NF-κB, AP-1 and mitogen-activated protein kinase (MAPK).
ROS are involved in the pathogenesis of H. pyloriassociated gastric diseases that include gastric cancer[56,57].
Park et al[57] reported that ROS are produced by NADPH
oxidase (NOX1) and induce apoptotic cell death of H.
pylori-infected gastric epithelial cells. NOX1 induced by H.
pylori in gastric disease functions in the constitutive production of superoxide anion and hydrogen peroxide[58].
Increased expression of NOX1 mRNA moderately increases the generation of superoxide anion, which leads
to a reduction in aconitase activity, making NOX1 a good
marker of oxidative stress. ROS induced by H. pylori stimulate MAPKs, such as extracellular signal-related kinases
(ERKs), c-Jun NH2-terminal kinases (JNKs) and p38
MAPK, and upregulate transcription of NF-κB[59]. Interestingly, IL-8 contributes to the generation of copious
quantities of ROS, and can elicit the induction of IL-1β,
IL-6, IL-8, IL-12, tumor necrosis factor-alpha[60,61], and
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interferon-gamma[60]. IL-8 activates the CD11b/CD18
dimer, which forms a complex with neutrophils. The
complex activates ICAM-1 on the vascular endothelial
cell membrane. The resulting tetramer (CD11b/CD18/
neutrophil/ICAM-1) infiltrates gastric epithelial cells and
facilitates the copious release of ROS through neutrophil
NADPH oxidase, resulting in an oxidative burst[62,63]. The
ROS released from gastric epithelial cells may mediate
the chemotactic action of neutrophils and monocytes in
H. pylori-infected gastric tissues[56].
Co-culture of H. pylori with cells can induce IL-8
through the activation of the oxidant-sensitive transcriptional factor NF-κB. ROS are important in this process
in H. pylori-infected cancer cells[64]. NF-κB exists in a
latent form in the cytoplasm, bound to the inhibitory
protein, IκB. IκB kinase (IKK) directly phosphorylates
IκB molecules, leading to the ubiquitin-mediated proteolysis of IκB. The NF-κB dimer that is released from
IκB translocates to the nucleus where it activates target
genes by binding to the promoter/enhancer region. In
addition to ROS, several mechanisms for NF-κB activation by H. pylori have been proposed. H. pylori induces
the phosphorylation of heat shock protein 90 (Hsp90)
in gastric epithelial cells[65,66]. Hsp90 associates stoichiometrically with the IKK complex, which contributes to
the stabilization, activation and shuttling of IKKs to the
plasma membrane, because Hsp90 regulates the stability
and function of a unique complement of signaling molecules[67]. Given that Hsp90 is associated with IKK-α and
IKK-γ in H. pylori-infected gastric epithelial cells[65], the
Hsp90-IKK complex may be a target for the pharmacological inhibition of the H. pylori-mediated activation of
NF-κB signaling. Takeshima et al[68] reported that NF-κB
activation by H. pylori requires Akt-mediated phosphorylation of p65. Phosphorylated Akt is detected in epithelial cells of H. pylori positive gastric tissues. The application
of phosphoinositol-3-kinase inhibitor, dominant-negative
Akt and small interfering RNA for Akt suppresses H. pylori-induced p65 phosphorylation as well as IL-8 expression, suggesting that Akt signals are involved in H. pyloriinduced NF-κB activation.
H. pylori also activates the transcription factor AP-1
in a cagPAI-dependent manner[69,70]. The AP-1 complex
activated during H. pylori infection is composed primarily
of c-jun and c-fos heterodimers[71]. AP-1 is activated by
MAPK and is capable of inducing a strong pro-inflammatory response, often in concert with NF-κB[71]. H.
pylori rapidly activate MAPKs upon contact with gastric
epithelial cells[72]. MAPK cascades are well characterized
pathways that transduce signals from the cell surface
to the nucleus. The family includes distinct subgroups:
ERKs, JNKs and p38 MAPK. A number of bacterial
factors have been implicated in MAPK activation including vacA[73] and cagA[72]. The signaling events leading to
rapid MAPK phosphorylation during H. pylori infection
are not well understood, although T4SS is required for
ERK phosphorylation of p38 MAPK and JNK[67]. CagA
is capable of activating ERK[73], though ERK can also be
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Figure 2 Scheme of signaling of Helicobacter pylori-induced interleukin-8 in gastric cancer cells. PI3-K: Phosphoinositide 3-kinase; HSP: Heat shock protein;
TLR: Toll-like receptor; NOX: NADPH oxidase; NOD: Nucleotide binding and oligomerization domain; IKK: IκB kinase; ROS: Reactive oxygen species; RICK: Receptor-interacting protein serine-threonine kinase; MAPK: Mitogen-activated protein kinase; NF-κB: Nuclear factor kappa B; AP-1: Activator protein-1.

activated by cagA-independent mechanisms[74], suggesting that cagA has an additive role in transcription factor
activation. JNK activation during H. pylori infection also
requires a functional T4SS[72]. H. pylori peptidoglycan is
delivered to the host cell via the T4SS, where it is recognized by cytosolic nucleotide binding and oligomerization
domain 1 (NOD1)[75]. Upon stimulation with purified
agonist, NOD1 associates with the receptor-interacting
protein serine-threonine kinase 2, triggering a pro-inflammatory response that is characterized by NF-κB activation and IL-8 production[76]. In addition to activation of
the classical NF-κB pathway, NOD1 is reported to be
required for MAPK activation in response to bacterial
pathogens. This NOD1-dependent p38 MAPK activation induces IL-8 production[77]. Allison et al[77] observed
that NOD1 was necessary for MAPK activation in the
early stages of infection and that NOD1 was essential for
the activation of both NF-κB and AP-1, as well as the release of IL-8 in response to H. pylori. These observations
support previous findings that cagA induces IL-8 induction via the Ras→Raf→Mek→ERK→NF-κB signaling
pathway[78] and that cagA can activate the Ras→ERK
pathway[79]. Understanding the signals involved in IL-8
expression by H. pylori may be beneficial to develop new
therapeutics in gastric cancer (Figure 2).

IL-8 downstream signals have been proposed (Table 1).
Polyphenols derived from natural products that include resveratrol, apigenin and anthocyanins inhibit IL-8
induced by H. pylori. Resveratrol suppresses the secretion
of IL-8 from H. pylori-infected gastric epithelial cells.
IL-8 secretion is usually regulated by the transcription
factor NF- κ B and H. pylori can induce IL-8 expression by activating a NF-κB pathway in gastric epithelial
cells[80,81]. Since resveratrol inhibits NF-κB[82], its suppressive effect on IL-8 secretion may correlate with its NFκB inhibitory activity. Inhibition of IL-8 expression by
resveratrol may also be due to modulation of regulatory
enzymes like MAPK[83]. Anti-oxidant anthocyanins from
black soybean may inhibit IL-8 production[84]. Cyanidin3-glucoside, which is abundant in anthocyanins, is reportedly an effective anti-oxidant that inactivates NF-κB by
inhibiting phosphorylation of IκB[85,86]. Anthocyanins
have anti-oxidant effects and the ability to downregulate
ROS generation, and decrease the activation of MAPKs
induced by H. pylori. Apigenin, one of the most common
flavonoids, increases IκBα expression, and thus inhibits
NF-κB activation and decreases IL-8 expression[87]. Apigenin’s anti--inflammatory activity has been characterized
in vitro and in vivo[88,89].
Phenyl-thiophenyl propenone RK-I-123 is a small
molecule that reportedly reduces the level of ROS and
suppresses the activation of NF-κB and AP-1, and the
expression of IL-8 in H. pylori-infected gastric epithelial
cells[90]. RK-I-123 was synthesized as a novel propenone
compound in an attempt to develop a dual inhibitor of
COX-2 and 5-LOX[91]. 7-Carboxymethyloxy-3’,4’,5-trimethoxy flavone, abbreviated as DA-6034, is a synthetic
derivative of eupatilin that also inhibits IL-8 induced by
H. pylori[92]. DA-6034 promotes the dissociation of the

IL-8 AS A THERAPEUTIC TARGET IN
GASTRIC CANCER
Gastric cancer features increased IL-8 expression, suggesting that IL-8 might be a promising therapeutic targeting to prevent cancer progression. Many inhibitors that
prevent H. pylori-induced IL-8 expression and regulate the
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κB and AP-1, critical transcription factors for the expression of IL-8, and this reaction is inhibited by gefitinib.
Interestingly, Zhou et al[101] suggested that the probiotic application of lactobacilli may inhibit IL-8 production
induced by H. pylori-activated Toll-like receptor 4 (TLR4).
Lactobacillus bulgaricus (LBG), a bacterium used in the production of yogurt, is one of the best-studied probiotic
microbes. Probiotics are living microorganisms with no
or low pathogenicity, which exert beneficial effects on
the host. H. pylori induces mucosal inflammation including IL-8 production via TLR4 signaling[102]. Conjugated
linoleic acids (CLA) produced by Lactobacillus acidophilus
(LBA) also decreases the activation of NF-κB and IL-8
expression in H. pylori-infected gastric epithelial cells[103].
Kim et al[65] demonstrated that CLA-containing conditioned medium produced by LBA has anti-inﬂammatory
effects on H. pylori infection. In their study, conditioned
medium produced by LBA signiﬁcantly inhibited the
activation of the core inﬂammatory gene signal NF-κB
in gastric epithelial cells by dissociation of the complex
between Hsp90 and the IκB kinase-subunit. CLA-containing conditioned medium also inhibited the expression
of IL-8[65]. There is increasing evidence[104] that Lactobacillus has therapeutic effects on H. pylori-related diseases,
including enhanced eradication of H. pylori, amelioration
of resistance to antibiotics, downregulated side effects of
antibiotic-based therapy, decreased recurrence of H. pylori
infection, and inhibition of H. pylori-induced apoptosis.
Bartel et al[105] suggested that a peptide capable of
disrupting the interaction between NF-κB and NF-κB
repressing factor (NRF) inhibits H. pylori-induced IL-8
expression. In IL-8 gene expression, exclusively, NRF had
two functions. It repressed the basal transcription of IL-8
gene in unstimulated cells[106], but, following cell stimulation, it was required for the transcriptional activation
of the IL-8 gene. A synthetic peptide corresponding to
amino acid 223-238 of NRF interfered with the binding
of endogenous NF-κB to NRF interaction, which significantly decreased endogenous IL-8 gene transcription in
response to H. pylori infection
Several microRNAs (miR) are reported to regulate
IL-8 gene expression[107]. miRNAs are central regulators
of various physiologic processes and their disruption is
associated with human diseases[108]. Recently, Liu et al[109]
reported that miR-146a negatively regulated H. pyloriinduced IL-8 via reduced NF-κB activity. miR-146a reportedly suppresses NF-κB activity through the reduction
of metastatic potential in cancer cells[110]. The authors
also reported that miR-146a is the negative regulator of
NF-κB activity through the downregulation of IRAK1
and TRAF6 in cancer cells. Perry et al[111] found that miR146a was able to negatively regulate the release of IL1β-induced IL-8, independent of IRAK1 and TRAF6
signals. miR-155 was also suggested to regulate IL-8 in H.
pylori-infected gastric epithelial cells. Overexpression of
miR-155 reportedly reduced the H. pylori-induced IL-8 expression[112]. miR-155 has been indicated to play a key role
in the regulation of normal immunity or inflammation

Table 1 Inhibitors targeting interleukin-8 in cancer
progression
Inhibitors

Mechanisms

Resveratrol

Reduces ROS, inhibits MAPK, AP-1
and NF-κB
Anthocyanin
Reduces ROS, inhibits MAPK, AP-1
and NF-κB
Apigenin
Increases the IκBα and thus inhibits
NF-κB
RK-I-123
Reduces ROS and inhibits AP-1 and
NF-κB
DA-6034
Dissociates IKK/HSP90 complex and
inhibits NF-κB
Rebamipide
Prevents PLD expression via NF-κB
Gefitinib [Iressa™]
Inhibits EGFR
L. bulgaricus
Inhibits TLR4
L. acidophilus
Dissociates IKK/Hsp90 complex and
inhibits NF-κB
NRF peptide
Disrupts interaction of NRF and NF-κB
miR-146
Negatively regulates IL-8
miR-155
Inhibits MyD88 via NF-κB
G31P
Synthetic derivative of IL-8
SCH-527123
CXCR2 inhibitor

Ref.
[82,83]
[84-86]
[88,89]
[91]
[92,93]
[94,95]
[98,99]
[101]
[65,103]
[105]
[110,111]
[112,115]
[117]
[118]

IκBα: Inhibitor of kappa B alpha; RK-I-123: Phenyl-thiophenyl propenone;
DA-6034: 7-Carboxymethyloxy-3’,4’,5-trimethoxy flavone; HSP: Heat shock
Protein; PLD: Phospholipase D; EGFR: Epidermal growth factor receptor; NRF: NF-κB repressing factor: IL-8: Interleukin-8; miR: MicroRNAs;
MAPK: Mitogen-activated protein kinase; IKK: IκB kinase; AP-1: Activator
protein-1; ROS: Reactive oxygen species; TLR4: Toll-like receptor 4.

IKK-HspP90 complex and suppresses NF-κB signaling,
leading to the inhibition of IL-8 expression in H. pyloriinfected cells. DA-6034 also inhibits ERK in such cells[93].
Rebamipide [2-[4-chlorobenzoylamino]-3-[2[1H]
quinolinon-4-yl] propionic acid; OPC-12759], a mucosalprotective anti-ulcer agent, was reported to inhibit IL-8
in gastric cancer by the regulation of phospholipase D
(PLD) expression. Gastric cancer cells infected with H.
pylori display significant induction of PLD1 expression
via activation of NF-κB[94]. The level of PLD1 protein
and IκBα phosphorylation is aberrantly upregulated in
H. pylori-infected human gastric tissues. Rebamipide is a
gastroprotective agent used in the treatment of gastritis
and gastric ulcers[95]. It protects against gastric mucosa inflammation induced by H. pylori by inhibiting neutrophil
function[96]. Moreover, rebamipide inhibits the growth of
gastric cancer cells[97]. PLD and IL-8 might be novel targets of rebamipide in H. pylori-associated gastric cancer.
Gefitinib (Iressa™, ZD1839) reportedly inhibits
epidermal growth factor (EGF) signals and IL-8 production in gastric cancer cells[98]. Gefitinib is an orally active,
quinazoline-derived agent that inhibits EGF receptor
(EGFR)-tyrosine kinase[99]. Previous studies have shown
that EGFR-mediated signals contribute to the expression
of IL-8 and that IL-8 may be involved, at least in part, in
EGF/EGFR-induced cancer progression[100]. Kishida et
al[98] employed SN38 (an active metabolite of CPT-11) for
activation of EGFR-tyrosine kinase. SN38 activates the
EGF/EGFR autocrine loop and induces IL-8 in gastric
cancer cells. SN38 induces binding activities in both NF-
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response[113,114]. Among a number of targets of miR-155,
MyD88 is suggested for IL-8 regulation[115]. miR-155 may
downregulate the protein MyD88 through inhibition of
translation. Most TLRs activate MyD88 leading to the
nuclear translocation of transcription factors, such as NF[116]
κB and AP-1, and thus transcriptionally regulate IL-8 .
The function of miRNAs during H. pylori infection is
complex and miR-155 may cooperate with other H. pyloriinduced miRNAs including miR-146a in response to H.
pylori. There may be crosstalk between miR-146a and
miR-155 in the signal pathways leading to the downregulation of H. pylori-induced IL-8 in gastric cancer.
Small molecule inhibitors targeting IL-8 receptors
(CXCR1 and CXCR2) have been developed to suppress
prostate and colon cancers [117,118]. Inhibition of these
receptors reduces cell migration and invasion, while
increasing apoptosis in cancer cells[119]. Liu et al[117] synthesized a derivative of the human cytokine IL-8, G31P,
with high-affinity for human CXCR1 and CXCR2. G31P
treatment significantly reduced prostate cancer cell viability, adhesion and migration capacity. Additionally, G31P
inhibited tumor tissue vascularization, which was associated with the decreased expression of vascular endothelial growth factor and NF-κB in orthotopic xenograft tissues. Another small molecule inhibitor targeting CXCR2
is SCH-527123 [118]. SCH-527123 is able to suppress
CXCR2-mediated signal transduction as shown through
decreased phosphorylation of the NF-κB, MAPK and
Akt pathways in colon cancer cells. The anti-tumor activity of SCH-527123 resulted from inhibition of cancer
cell growth, motility, and angiogenesis. In addition to
having a direct anti-angiogenic and anti-tumor effect, targeting IL-8 or CXCR2 may also increase chemosensitivity
to chemotherapeutics. Wilson et al[120] also showed that
IL-8/CXCR2 signaling confers resistance to chemotherapeutics (oxaliplatin) through NF-κB activity, which is an
important determinant of cancer cell sensitivity to chemotherapeutics.
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tor-like growth factor resulting in cell survival and proliferation. In addition, the potential role of HpGGT in
promoting gastric carcinogenesis will also be discussed
in this review. Apart from affecting the gastric epithelium, HpGGT also has immunomodulatory actions on
host immune cells where it displays an antiproliferative
effect on T cells by inducing cell cycle arrest and also
works with other H. pylori virulence factors to skew
dendritic cells towards a tolerogenic phenotype, possibly contributing to the persistence of the pathogen in
the gastric mucosa.

Samantha Shi Min Ling, Bow Ho, Department of Microbiology, Yong Loo Lin School of Medicine, National University of
Singapore, Singapore 117597, Singapore
Khay Guan Yeoh, Department of Medicine, Yong Loo Lin
School of Medicine, National University of Singapore, Singapore
117597, Singapore
Author contributions: Ling SSM performed the literature review and wrote the article; Yeoh KG was involved in editing and
reviewing the article; Ho B was responsible for critically reviewing and revising the article for important intellectual content; all
authors have read and approved the final version to be published.
Supported by Singapore National Medical Research Council,
No. R182000180213
Correspondence to: Bow Ho, Professor, Department of Microbiology, Yong Loo Lin School of Medicine, National University of Singapore, 5 Science Drive 2, Singapore 117597,
Singapore. bow_ho@nuhs.edu.sg
Telephone: +65-65163672 Fax: +65-67766872
Received: October 1, 2013 Revised: November 7, 2013
Accepted: November 18, 2013
Published: January 28, 2014

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Helicobacter pylori ; Gamma-glutamyl transpeptidase; Pathogenesis; Immunomodulation; Carcinogenesis
Core tip: Helicobacter pylori produce γ-glutamyl transpeptidase (HpGGT), an important virulence factor associated with the development of peptic ulcer disease.
HpGGT acts through several pathways to damage gastric epithelial cells including induction of apoptosis and
cell cycle arrest, production of reactive oxygen species,
promotion of inflammation and upregulation of heparinbinding epidermal growth factor-like growth factor
which may then lead to carcinogenesis. HpGGT also
has immunomodulatory actions on immune cells where
it displays an antiproliferative effect on T cells and
skews dendritic cells towards a tolerogenic phenotype,
possibly contributing to the persistence of the pathogen
in the gastric mucosa.

Abstract
Helicobacter pylori (H. pylori ) produce an enzyme

known as γ-glutamyl transpeptidase (HpGGT) that is
highly conserved and common to all strains. HpGGT
has been gaining increasing attention as an important virulence factor of the bacterium, having been
demonstrated to be an important colonization factor
in several animal models and has also recently been
strongly associated with the development of peptic
ulcer disease. From the results of various independent
researcher groups, it is clear that HpGGT acts through
several pathways to damage gastric epithelial cells
including the induction of apoptosis and cell cycle arrest, production of reactive oxygen species leading to
DNA damage, promotion of inflammation by increasing
cyclooxygenase-2 and interleukin-8 expression, and
upregulation of heparin-binding epidermal growth fac-
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INTRODUCTION

tricarboxylic acid cycle[18].

Helicobacter pylori (H. pylori) is a Gram-negative, spiralshaped bacterium that selectively colonizes the human
gastric mucosa. It has been reported to chronically infect
at least half of the world’s population[1,2] and may persist
for life in the absence of appropriate treatment. H. pylori
is a major etiological factor of a range of gastroduodenal
diseases including chronic gastritis[3] and peptic ulcer disease[4], and has been closely associated with the development of mucosa-associated lymphoid tissue lymphoma[5]
and even gastric cancer[6].
Since the first isolation of H. pylori in 1983[7], numerous virulence factors of the pathogen have been identified including the extensively studied cytotoxin-associated
gene A (CagA)[8] and vacuolating cytotoxin (VacA)[9]. In
western countries, strains harbouring CagA and VacA
(with s1/mL alleles) have been strongly associated with
peptic ulcer disease and gastric cancer[10,11]. However, their
relevance in East Asia remains unclear as such correlations were not apparent[12,13]. From these observations, it
can be inferred that CagA and VacA are probably not the
only factors contributing to H. pylori pathogenesis. There
is thus a constant search for other pathogenic factors that
could aid in the virulence of the bacterium. One such
factor is H. pylori γ-glutamyl transpeptidase (HpGGT)
which has been gaining increasing attention in recent
years and will be the main focus of this review.

HpGGT and colonization
Although not essential for in vitro survival, two pioneer
studies on HpGGT had earlier demonstrated the enzyme
to be an important virulence factor of the gastric pathogen[15,19]. Using the Swiss specific pathogen-free murine
model, Chevalier et al[15] first described HpGGT to be
essential for colonization as H. pylori SS1 GGT-deficient
mutants could not be recovered from the mice stomachs
from 3-60 d post-infection. Interestingly, McGovern
et al[19] later showed using two different animal models,
namely gnotobiotic piglets and C57BL/6 mice, that although the H. pylori HpM5 ggt-isogenic mutants were
still able to colonize the animals, the bacterial load was
significantly reduced compared to the parental strain. The
differences in animal models and H. pylori strains used
by both groups could have contributed to the variations
observed but nevertheless, both studies had consistently
shown that the presence of HpGGT provides an advantage to the bacterium in colonization.
Association between HpGGT and peptic ulcer disease
The clinical importance of HpGGT was reported by
our group in 2010 where H. pylori isolates from patients
with peptic ulcer disease (n = 54) were found to have
significantly higher GGT activity (P < 0.001) compared
to those cultured from patients with non-ulcer dyspepsia
(n = 44)[16]. Furthermore, no correlation was observed
between HpGGT and other known virulence genes such
as cagA, vacA, iceA and babA, suggesting a causal link between HpGGT and gastroduodenal diseases. The exact
mechanisms detailing how the presence of HpGGT leads
to disease development have not been fully elucidated.
However, several pathways involving both gastric epithelial cells as well as immune cells have been put forward by
various groups and these will be discussed in this review.

PROPERTIES AND FUNCTIONS OF HpGGT
Similar to mammalian GGTs, HpGGT catalyzes reactions in which a γ-glutamyl moiety is transferred from
γ-glutamyl compounds, such as glutathione, to amino
acids (transpeptidation) or water (hydrolysis)[14]. HpGGT
is first translated in a single-chain precursor form which
is inactive. The proenzyme then undergoes intramolecular autocatalytic cleavage, resulting in a catalytically active
heterodimer comprising a large (40 kDa) and small (20
kDa) subunit. Interestingly, the amino acid sequence of
HpGGT is considerably different from the GGTs of
other bacterial species, sharing only 52.5%, 47.7% and
38% amino acid sequence identities with Escherichia coli,
Pseudomonas aeruginosa and Bacillus subtilis GGTs, respectively[15]. Among different H. pylori strains however, HpGGT is highly conserved with > 97% sequence homology
between isolates[16]. Notably, HpGGT is also constitutively expressed and is commonly found in all H. pylori
strains[15], suggesting its importance in the physiology of
the bacterium. In further support of this, a subsequent
study by Gong and Ho[17] demonstrated the importance
of HpGGT in the growth of H. pylori where strains with
higher GGT activity exhibited more profuse growth
compared to those having lower GGT activity. Indeed, it
was later found that one of the main physiological functions of HpGGT is to metabolize extracellular glutathione and glutamine (substrates that it is unable to uptake
directly) as a source of glutamate which is then taken up
by the bacterium and subsequently incorporated into the
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EFFECTS OF HpGGT ON GASTRIC
EPITHELIAL CELLS
HpGGT induces apoptosis
H. pylori-induced apoptosis of gastric epithelial cells both
in vitro and in vivo had earlier been described by many researchers[20-22], however the bacterial factor(s) responsible
were not clearly defined. By analyzing various H. pylori
membrane fractions capable of inducing apoptotic cell
death in AGS cells, HpGGT was later found to be one
of the leading factors involved in the induction of apoptosis by H. pylori[23]. The pathway by which this occurs is
mitochondria-mediated as evident from the accompanying activation of caspases 9 and 3, upregulation of proapoptotic Bax and downregulation of antiapoptotic Bcl-2
and Bcl-xL as well as the release of cytochrome c from
the mitrochondria into the cytosolic space[24]. In addition, it has also been shown by Kim et al[25] that HpGGT
inhibits cell cycle progression at the G1-S phase transition
and the authors have suggested that this dysregulation
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results in the enhancement of apoptosis.
The underlying mechanism as to how HpGGT triggers apoptosis was not addressed in these earlier studies.
Interestingly, we had recently reported that exposure of
gastric cells to purified native HpGGT resulted in the
formation of reactive oxygen species (ROS), in particularly H2O2[16] which is a known inducer of apoptosis[26-28].
Accordingly, we and others have shown that pro-oxidant
products generated by HpGGT through glutathione degradation triggered apoptosis in gastric epithelial cells[16,29],
hence providing the link between HpGGT and its ability
to induce apoptotic cell death. This model also corroborates with earlier observations whereby H. pylori infection
was found to be associated with excessive ROS levels[30,31]
and diminished glutathione levels in the infected gastric
mucosa[32].
Intriguingly, apart from gastric cells, HpGGT has
also recently been shown to be capable of inducing mitochondria-mediated apoptosis in a human cholangiocarcinoma cell line[33]. This suggests that HpGGT-induced
apoptosis is not only restricted to gastric epithelial cells
and may possibly occur via a common pathway across
different cell types. Hence, future studies investigating
the effects of HpGGT on other cell lines may be of particular interest.

role of HpGGT in pro-inflammatory processes.
Increase in epidermal growth factor-related peptide
expression
HpGGT upregulates the expression of heparin-binding
epidermal growth factor-like growth factor (HB-EGF),
a member of the EGF-like growth factor family of proteins and a ligand of epidermal growth factor receptor
(EGFR)[36]. HB-EGF is first synthesized as a membraneanchored precursor which is subsequently cleaved at the
cell surface, yielding the mature, soluble form[47]. Binding
of soluble HB-EGF to EGFR activates the Raf/Ras/
MEK/Erk and phosphoinositide-3-kinase (PI3K)/Akt
pathways which promote cell survival and proliferation[48,49]. Importantly, expression of HB-EGF has been
reported to be increased in various cancer types including hepatic[50], breast[51], ovarian[52] and gastric cancer[53].
Furthermore, both expression and protein shedding of
HB-EGF have been found to be increased in H. pylori
infections[54] and this has been suggested to contribute
to gastric cancer progression by promoting epithelialmesenchymal transition[55]. Till date, the definitive role of
HpGGT-induced HB-EGF expression in gastric cells has
not been clearly elucidated but its potential role in carcinogenesis would certainly be an area worth investigating
in future studies.

HpGGT is pro-inflammatory
H. pylori-infected subjects develop an inflammatory and
immune response towards the pathogen characterized
by infiltration of the mucosa by polymorphonuclear and
mononuclear leukocytes as well as neutrophils[34]. However, this response is ineffective in clearing the bacteria,
thereby resulting in chronic gastric inflammation[35]. With
regard to the role of HpGGT in inflammation, Busiello
et al[36] showed by using the MKN28 gastric cell line that
HpGGT upregulates cyclooxygenase-2 (COX-2) expression and its enzymatic product prostaglandin E2, whose
role in inflammation has been well established[37]. Notably, COX-2 has been found to be overexpressed in various types of cancer including gastric carcinoma[38-40] and
has roles in promoting cell proliferation, angiogenesis and
metastasis[41-43].
In addition, our group had also previously reported
that purified native HpGGT stimulated the activation
of the transcription factor NF-κB, leading to increased
expression and secretion of the pro-inflammatory chemokine interleukin-8 (IL-8) from both AGS and primary
gastric epithelial cells[16]. HpGGT-induced IL-8 production in gastric cells may thus contribute to the recruitment of immune cells to the sites of infection and the
maintenance of chronic inflammation in the gastric mucosa. Importantly, H. pylori infection has been associated
with elevated levels of gastric IL-8[44,45], a potent neutrophil recruitment factor thought to play a pivotal role in
the immunopathogenesis of H. pylori infections[46]. Collectively, these results strongly support the contributory
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Disturbing the balance between cell survival and cell
death: Link to carcinogenesis?
It seems contradictory for HpGGT to have both apoptosis- and survival-promoting properties. However,
both effects may play different roles during the various
events of carcinogenesis. HpGGT-induced apoptosis has
been suggested to be important particularly in the early
events of carcinogenesis[23]. This is because an increase
in the rate of apoptosis in a subpopulation of cells could
induce a secondary hyperproliferative response where
the gastric mucosa attempts to maintain its cell mass[56].
Hyperproliferation, coupled with DNA damage induced
by HpGGT[16], could then potentially lead to an increase
in the mutation rates of important tumor suppressor
genes in these cells, resulting in their transformation to
a malignant phenotype. In tumor cells that have become
apoptosis-resistant, it is then possible that HpGGTinduced COX-2 upregulation in these cells contribute to
their continuous survival and proliferation. This postulation is partially supported by the finding that HpGGTdependent induction of COX-2 mRNA is higher in
MKN28 cells compared to AGS cells as observed by
Busiello et al[36]. Although AGS and MKN28 cells are
both carcinoma cells lines, MKN28 cells have a mutation
in p53, an important tumor suppressor involved in the
control of cell cycle progression and apoptosis[57]. Thus, it
is plausible that COX-2-induced cell proliferation affects
apoptosis-resistant tumor cells to a greater extent, leading
to the survival and proliferation of these cancerous cells.
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Figure 1 Schematic diagram highlighting important effects of Helicobacter pylori γ-glutamyl transpeptidase on both gastric epithelial and immune
cells and their implications on carcinogenesis and persistence of Helicobacter pylori in the gastric mucosa. COX-2: Cyclooxygenase-2; HpGGT: Helicobacter pylori (H. pylori) γ-glutamyl transpeptidase; GSH: Glutathione; HB-EGF: Heparin-binding epidermal growth factor-like growth factor; IL-8: Interleukin-8;
LPS: Lipopolysaccharide; miR-155: microRNA-155; NF-κB: Nuclear factor-kappa B; ROS: Reactive oxygen species; VacA: Vacuolating cytotoxin. Red arrows
indicate upregulation of the respective molecules.

dent mechanism which is different from that observed
in gastric epithelial cells, suggesting that separate mechanisms exist in both cell types. HpGGT-induced inhibition
of T cell proliferation has been proposed to have immunosuppressive effects which contribute to the persistence
of H. pylori infections[60]. Interestingly, in a separate study
by Beigier-Bompadre et al[61], HpGGT-dependent antiproliferative effect on T cells was found to be modulated
by bacterial cholesterol/cholesterol α-glucoside content,
suggesting that HpGGT works with other H. pylori factors to shape the immune response during an infection.
Working together with H. pylori lipopolysaccharide
and vacuolating cytotoxin (VacA), HpGGT was recently
reported to upregulate microRNA-155 (miR-155) expression in CCRF-CEM cells, the first study to investigate
the regulation of miRNAs by H. pylori in T cells[62]. Clinically, miR-155 has been shown to be induced upon H.
pylori infection[63] and has also been associated with the
development of diffuse large B-cell lymphoma[64,65]. In
addition, HpGGT-induced miR-155 expression in both
CCRF-CEM cells and primary human peripheral blood
mononuclear cells was found to be dependent on forkhead box P3 (Foxp3) and requires activation of the cyclic
adenosine monophosphate cascade[62]. Foxp3 is a tran-

HpGGT MODULATES THE IMMUNE
SYSTEM
Apart from directly influencing gastric epithelial cells, an
increasing body of evidence pointing to the role of HpGGT in modulating the immune response is emerging.
Being a secreted bacterial protein[58], the possibility of
HpGGT interacting with other non-gastric cells is highly
possible especially since H. pylori is capable of disrupting
gastric epithelial barrier function[59]. Interestingly, the effects of HpGGT on immune cells have been investigated
in various studies and have yielded important results and
implications.
Effects on T cells
In one of the earlier studies investigating the effects of
HpGGT on immune effector cells, Schmees et al[60] found
that HpGGT was capable of abrogating the proliferation
of both primary and immortalized human T cells. A corresponding cell cycle arrest at the G1 phase was observed
in these cells which possibly occurred due to disruption
of a Ras-dependent signalling pathway. Intriguingly, inhibition of T cell proliferation by HpGGT was found in
the same study to be mediated by an apoptosis-indepen-
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Table 1 Summary of the effects of Helicobacter pylori γ-glutamyl transpeptidase on the host and the possible underlying
mechanisms involved
Ref.

Study description

Peptic ulcer disease
Gong et al[16] (2010)

Main findings

Comparison of GGT activity between H. pylori isolates
from PUD (n = 54) vs NUD (n = 44) patients.

Gastric epithelium damage by apoptosis
Shibayama et al[23] (2003)
Identification of apoptosis-inducing factors from H. pylori
by testing different purified membrane fractions of the
bacteria on AGS cells.
Kim et al[24] (2007)
Determination of the pathway involved in HpGGTinduced apoptosis by analyzing levels of caspase-9, -3,
Bax, Bcl-2, Bcl-xL and cytochrome c release in AGS cells
upon treatment with recombinant HpGGT.
Kim et al[25] (2010)
Examination of the effects of recombinant HpGGT on cell
cycle progression in AGS cells.
Gong et al[16] (2010)

HpGGT is a leading factor in H. pylori-mediated apoptosis
induction.
HpGGT induces apoptosis via a mitochondria-mediated
pathway.

HpGGT induces cell cycle arrest at the G1-S phase transition.
(The authors propose this dysregulation enhances apoptosis
induction)
Investigation of the effects of HpGGT-induced H2O2
HpGGT-mediated oxidative stress is required for
production on apoptosis. AGS cells were incubated with HpGGT-associated apoptosis.
purified native HpGGT and NAC (H2O2 inhibitor) and
the activities of caspase-3, -8 and -9 were measured.

Promotion of inflammation
Busiello et al[36] (2004)

Purification and identification of secreted H. pylori factors
involved in the upregulation of COX-2 expression in
MKN28 cells.
Gong et al[16] (2010)
Determination of the ability of HpGGT to induce IL-8
production in AGS and primary gastric epithelial cells.
Upregulation of heparin-binding epidermal growth factor-like growth factor
Busiello et al[36] (2004)
Investigation of the ability of HpGGT to upregulate
HB-EGF expression in MKN28 cells and elucidating
the underlying host cellular pathways involved using
specific pathway inhibitors.
Modulation of host immune response
Schmees et al[60] (2007)
Purification and identification of H. pylori factors
responsible for inhibition of T cell proliferation.
Beigier-Bompadre et al[61] (2011) Characterization of the interdependent effects of VacA,
HpGGT and bacterial cholesterol on T cell proliferation
using H. pylori and relevant mutants.
Fassi Fehri et al[62] (2010)
Identification of H. pylori factors involved in the
regulation of miRNAs in T cells using miRNA profiling.

Oertli et al[68] (2013)

HpGGT is associated with PUD as strains isolated from PUD
patients had significantly higher HpGGT activity compared
to those from NUD patients (P < 0.001).

Determination of the role of HpGGT and VacA in
dendritic cell reprogramming and development of
immune tolerance using in vitro and in vivo models.

HpGGT is able to upregulate COX-2 expression and its
enzymatic product, prostaglandin E2.
Purified native HpGGT activates NF-κB and upregulates
IL-8 production in gastric epithelial cells.
HpGGT upregulates HB-EGF expression via activation of
a phosphatidylinositol-3 kinase and p38 kinase-dependent
signalling transduction pathway. Increase in HB-EGF
promotes cell survival and proliferation.
HpGGT inhibits T cell proliferation by inducing cell cycle
arrest in the G1 phase, possibly through the disruption of a
Ras-dependent signalling pathway.
HpGGT antiproliferative activity on T cells is modulated by
the bacterial cholesterol/cholesterol α-glucoside content.
HpGGT works with H. pylori VacA and lipopolysaccharide
to upregulate miRNA-155 expression in CCRF-CEM cells.
This was dependent on Foxp3 transcription factor and
requires activation of the cAMP cascade.
Both HpGGT and VacA independently interfere with
dendritic cell maturation, possibly contributing to dendritic
cell tolerization and hence promoting the persistence of H.
pylori infection.

cAMP: Cyclic adenosine monophosphate; COX-2: Cyclooxygenase-2; EGFR: Epidermal growth factor receptor; Foxp3: Forkhead box P3; H. pylori: Helicobacter
pylori; HB-EGF: Heparin-binding epidermal growth factor-like growth factor; HpGGT: H. pylori γ-glutamyl transpeptidase; IL-8: Interleukin-8; miRNA: microRNA; NAC: N-acetylcysteine; NF-κB: Nuclear factor-kappa B; NUD: Non-ulcer dyspepsia; PUD: Peptic ulcer disease; VacA: Vacuolating cytotoxin.

scription factor thought to be the master regulator in the
development of regulatory T cells (Treg)[66], a subset of T
cells with a suppressive activity on immune responses[67].
In support of this, mice infected with ggt-isogenic mutants were found to have lower Treg counts compared to
wild type-infected mice[68]. Hence, it was suggested that
HpGGT may play an important role in the modulation
of the immune system[62].

the development of immune tolerance and favors persistence of the bacteria in the gastric mucosa[69]. Recently,
it has been reported that both VacA and HpGGT play
critical roles in DC reprogramming by interfering with
their maturation and that this occurred in a manner independent of their suppressive effects on T cells[68]. The underlying mechanisms dictating how both factors prevent
DC maturation and promote tolerization were not clearly
elucidated in the study but it is known that they act via
non-redundant pathways since neither of the respective
isogenic mutants was capable of rescuing the effect of
the other.

HpGGT affects dendritic cells
The ability of H. pylori to reprogram dendritic cells (DCs)
towards a tolerogenic phenotype has been implicated in
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CONCLUSION
H. pylori produces a potent virulence factor, HpGGT,
which causes injury to host cells through multiple ways
(illustrated in Figure 1 and summarized in Table 1), many
of which have been implicated in carcinogenesis. To gastric epithelial cells, it induces mitochondrial-dependent
apoptosis, cell cycle arrest and production of the proinflammatory IL-8. To T cells, it inhibits their proliferation and upregulates miR-155 expression while to DCs,
it skews them towards a tolerogenic phenotype. Taken
together, it is clear that HpGGT plays an important role
in the pathogenesis of H. pylori by directly damaging
gastric epithelial cells and also in modulating the immune
response towards the bacterium, resulting in persistent
colonization by the organism. Despite the relatively numerous reports on its effects on the host, much of the
underlying mechanisms of how such effects are brought
about by HpGGT remain ill-defined. Future studies on
the molecular mechanisms responsible for the actions of
HpGGT will be required to better understand the role
of HpGGT in the pathogenesis of H. pylori. This will be
particularly important in the consideration of HpGGT
as a viable anti-H. pylori target. In addition, it could also
be worthwhile to evaluate the efficacy of HpGGT as a
potential vaccine candidate against H. pylori infections especially since the protein is present in all H. pylori strains.
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Helicobacter pylori

Core tip: Helicobacter pylori (H. pylori ) is responsible for
various gastric diseases. The nickel containing urease
and hydrogenase are essential for the successful infections of H. pylori in the stomach. Nickel is an essential
cofactor for urease and hydrogenase. In this review we
discussed the various regulatory, uptake, chaperone
and accessory proteins involved in the maturation of
urease, especially the proteins NikR, NixA, HypAB, UreEFGH, HspA, Hpn and Hpnl. The work will deepen our
understanding of how this pathogenic bacterium adapts
to severe habitant environments in the host.
Original sources: Ge RG, Wang DX, Hao MC, Sun XS. Nickel
trafficking system responsible for urease maturation in Helicobacter pylori. World J Gastroenterol 2013; 19(45): 8211-8218
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v19/i45/8211.htm DOI: http://dx.doi.org/10.3748/wjg.v19.
i45.8211

Abstract
Helicobacter pylori (H. pylori ) is a common human

pathogen responsible for various gastric diseases.
This bacterium relies on the production of urease and
hydrogenase to inhabit the acidic environment of the
stomach. Nickel is an essential cofactor for urease and
hydrogenase. H. pylori has to uptake sufficient nickel
ions for the maturation of urease, and on the other
way, to prevent the toxic effects of excessive nickel
ions. Therefore, H. pylori has to strike a delicate balance between the import of nickel ions, its efficient
intracellular storage, and delivery to nickel-dependent
metalloenzymes when required. The assembly and
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INTRODUCTION
Helicobacter pylori (H. pylori), a micro-aerophilic Gramnegative spirobacterium, infects around half of the
people worldwide and is responsible for gastric diseases
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Figure 1 Structure of Helicobacter pylori urease. A: The urease enzyme subunit UreAB (UreA, blue; UreB, cyan; PDB code: 1E9Z); B: The active sites of H. pylori
urease with the side chains of the enzyme involved in the chelation of the catalytic di-nickel center shown (Ni, green; O, red; N, blue; C, pink). H. pylori: Helicobacter
pylori.

such as chronic gastritis, peptic ulcer and gastric cancer[1].
The bacterium is widely present in the mucus layer of
the stomach, the mucus glands in the stomach cavity and
the surface of gastric epithelial cells as well as within the
cells. Due to the wide presence in the differential parts
of the stomach, it is difficult to completely eradicate
the pathogen during gastric disease therapy[2]. The commonly used treatment for H. pylori related diseases is the
so-called triple therapy, which consists of two antibiotics
and either a proton pump inhibitor (PPI) or one kind of
bismuth-based colloidal drug[3,4]. In some countries, standard triple therapy combining one PPI, amoxicillin and
clarithromycin is the best option. However, in countries
where clarithromycin resistance rate is over 20%, bismuthcontaining quadruple therapy, or non-bismuth sequential
or concomitant therapies are the preferred option. The
medical and social impact of the discovery of H. pylori
was acknowledged by the award of the 2005 Noble Prize
in Physiology and Medicine to Marshall and Warren.
Around 80% of H. pylori cells inhabit the moderately acidic gastric mucus. Once entry into the stomach,
the first hurdle for H. pylori is to be quickly transmitted
through the extremely acidic gastric lumen, exhibiting a
median pH of approximately 1.4[5]. H. pylori multiplies
in an environmental pH from 6.0 to 8.0[6], and cannot
survive when the pH < 4.0 or > 8.2[7]. In order to live
in the gastric environment, H. pylori has developed various acid-resistant mechanisms. Time-independent acid
resistance depends on the high isoelectric points of the
inner and outer membrane proteins to reduce proton
permeability[8]. Acute acid resistance depends on the constitutive synthesis of urease that catalyzes the hydrolysis
of urea to ammonia and carbamate, the latter of which
is further degraded to ammonia and carbonic acid. The
end products are in an equilibrium between their protonated and de-protonated forms, leading to an elevation of
the surrounding pH from absolutely acidic to approximately neutral[9]. Urease is an oligomeric Ni2+-containing
heterodimer of UreA and UreB subunits and is essential
for H. pylori to infect in all animal models so far examined[10-12]. The substrate gastric juice urea is able to rapidly
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access intrabacterial urease through a pH-gating urea
channel, UreI[13], when the periplasmic pH falls < 6.2.
H. pylori urease is produced in a high level, accounting for up to 10% of total cellular proteins[14]. Expression
of urease protein is constitutive[15], primarily due to the
housekeeping σ80-dependent promoters for the transcription of both ureAB and ureEFGHI[16,17]. Under in vitro
growth conditions without additionally added Ni2+, only
2% of the active sites were filled with Ni2+[18,19]. Urease
produces NH3 from gastric juice urea with maximal efficiency at millimolar concentrations[14,20], 1014 times faster
than uncatalyzed reactions. The enzymatic hydrolysis
of urea causes an abrupt overall pH increase, resulting
in negative side effects for human and positive effects
in the buffering of the periplasm and maintenance of a
proton motive force adequate for ATP synthesis of the
bacterium[21]. H. pylori urease was shown to be a giant
1.1 MDa complex containing 12 subunits of UreA and
UreB (Figure 1), with two Ni2+ needed for enzyme activity[6,22]. The assembly of the urease enzyme is a complex,
timely ordered process, and the UreEFGH accessory
proteins are absolutely necessary[23,24]: UreH stabilizes
the apoprotein[25]; UreF facilitates carbamylation of the
Ni2+-bridging lysine residue and blocks premature Ni2+
binding to the active site[26]; UreG provides energy during
urease assembly[27]; and UreE facilitates Ni2+ incorporation into the active center[28]. The hydrogenase accessory
proteins HypA and HypB are also necessary to maintain
the urease activity, indicating that the bacterium utilizes
both maturation systems for the activation of its urease[18]. This present review intends to cover the reports
and discoveries in the field of nickel trafficking system
in urease maturation of H. pylori, which may deepen our
understanding of how this pathogenic bacterium adapts
to severe habitant environments in the host.

NICKEL REGULATORY PROTEIN NIKR
Bacteria have developed sophisticated mechanisms to
regulate levels of intracellular nickel ions, to ensure sufficient nickel for enzyme processes in one way and to
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prevent excessive toxic free ions in the other way[29].
NikRs, a novel class of ribbon-helix-helix nickel regulatory proteins, are homotetrameric transcription factors
that repress and/or activate specific genes in response
to nickel availability. H. pylori NikR, a tetrameric protein
made of two dimeric N-terminal DNA-binding domains
(DBD) and C-terminal domains for tetramerization and
metal binding (MBD), binds stoichiometric nickel with
picomolar affinities [30,31], comparable to NikRs from
other species[32-34]. The DBD and MBD are connected by
a flexible linker, allowing for differential conformations
(open, trans and cis) of NikR. In E. coli and Pyrococcus
horikoshii, the apo-NikRs adopt an open conformation,
whereas the apo-NikR shows an unusual closed transconformation and asymmetrical quaternary arrangement, where the DBDs are on the opposite sides of the
transmembrane domain[35]. Computational and NMR
studies suggest that NikR is interconverting among the
open, trans and cis forms in solution and nickel binding
facilitates the interconversion[36].
At non-physiologically low pH (4.6-5.6), NikR had
three types of nickel-binding sites: the final high affinity
site (F) with square-planar geometry, the intermediate
site (I) involving residues belonging either to the F or
external site, and the external sites (X) with an octahedral
geometry[35,37]. Whereas in physiological conditions (pH
5.6-7.5), NikR binds four low-spin Ni2+ at the protein tetramerization interface, although differential nickel coordination modes are proposed. Michel’s group suggests that
two nickels are bound at 4-coordinate square-planar sites
with His3Cys ligands (i.e., 4-sites) and the other two are
coordinated by His3(H2O)2-3 in square pyramidal or octahedral geometries (i.e., 5/6 sites)[37]. Ciurli’s group reports
a structure with all four nickel ions bound to 4 sites[38],
and the four binding sites are classified into two sets (2/2),
with binding affinities differing by one order of magnitude[39]. The findings may suggest that an equilibrium exists between the two nickel-bound forms of the protein.
The biological role of NikR is to regulate the transcription of multiple genes as a function of nickel availability [40,41]: up-regulated genes in nickel metabolism
(nikABCDE, nixA, ureA, ureB, hpn and hpn-like); downregulated genes in iron uptake and storage (pfr, fur and
exbB/exbD), motility (cheV, flaA and flaB), and stress responses to outer membrane proteins (omp11, omp31 and
omp32)[40]. The nickel-responsive binding of NikR to target promoters pUreA, pNikR, pexbB and pFur have been
characterized by the in vitro gel shift and DNase I footprinting studies. Michel’s[42] group proposed a mechanism
for nickel-mediated DNA recognition by NikR. NikR
prefers binding Ni at 5/6 sites. Upon addition of two Ni,
the ligands are rearranged to two 4-sites. Addition of two
more Ni results in mixed coordination geometry (two
4-sites and two 5/6-sites) and makes the protein binding
to target DNA. The binding to DNA changes the orientation of the DBD from trans to cis, an orientation that
is stabilized at the MBD/DBD interface[42].
Controversial opinions exist for the roles of NikR
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in urease activation as a function of pH. One opinion
goes that under acidic conditions, the greater availability
of Ni2+ leads to the formation of Ni2+-NikR complexes
which further increase the expression of urease, Ni2+
transporter NixA and iron regulator Fur[43,44]. Whereas,
Pflock et al[45] found that a two-component system ArsRS
(acid responsive signaling) regulated urease expression
in response to low pH, and further proposed that urease
expression is mediated by two distinct mechanisms: one
in response to increasing Ni2+ concentration (NikR) and
one in response to decreasing pH (ArsR).

NICKEL UPTAKE
Due to the essential stasis of Ni2+-containing urease for
the host colonization and infection of H. pylori, a constant supply of Ni2+ into H. pylori is required. The concentration of nickel ions in the environment is relatively
low: around 30 nM in seawater and 5 nM in freshwater,
a condition requiring highly specific importers of Ni2+
ions for H. pylori[46]. Thus far, two types of nickel uptake
strategies have been identified in H. pylori[46]: (1) NixA[47],
a member of the nickel-cobalt transporter family (NiCoT)[48]; and (2) the multiple-component ATP-binding
protein cassette (ABC)-transporters, which are believed
to be a four-gene operon designated as abcABCD[49].
NixA is required for effective H. pylori colonization,
as disruption of the gene led to reduced colonization[50].
NixA is predicted to have eight transmembrane-spanning
helices, and transports Ni2+ with a Vmax of 1750 pmol
Ni2+/min per 108 cells and a Km of 11.3 nmol[51,52], thus
enabling H. pylori to efficiently scavenge nickel ions in
the range of 2-11 nmol from the human body[53]. NixA
transcription was shown to be repressed by NikR in a
nickel-dependent manner to prevent excess toxic in vivo
nickel[44,54].
NixA deletion mutants still retained urease activity in
some levels (up to 50% in some strains)[50,55], indicating
the existence of an alternative nickel transporter. Further
analysis identified the abcABCD genes, a component of
the ATP-dependent nickel transport system to be potentially involved in NixA-independent nickel uptake, as
mutations in abcCD decreased urease activity[49]. Another
work identified FrpB4 to be a potential outer membrane
nickel uptake protein as energized by the TonB/ExbB/
ExbD machinery[56], indicating that the established iron
uptake machinery may be involved in nickel uptake.
However, further work is needed to confirm their role
and mechanism in nickel transport.

CHAPERONES
Similar to other bacteria, H. pylori has to maintain a
delicate balance between the import of nickel ions, its
efficient intracellular storage, and delivery to nickeldependent metalloenzymes when required. Metals, such
as nickel, pose problems for the cell because they are
required for the growth, whereas they inhibit growth and
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HypB[68]. Nickel binding is reported to either slightly[68]
or highly[61] stimulate the activity of HypB, with reasons
for these discrepancies yet unknown. The regulation of
HypB activities by metal binding may contribute to the
maturation of the hydrogenase and urease.
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UreEFGH
UreEFGH is a group of accessory proteins involved in
the synthesis of the urease active site[41], which has been
excellently covered recently in a review by Farrugia et al[69].
This review will only briefly discuss their respective roles.
The information about UreH is quite limited primarily
due to its insolubility in solution, although it is believed to
be the first protein to bind to apo-urease[70]. UreE is the
chaperone to deliver nickel to urease and UreF activates
the GTPase activity of UreG[29,41]. UreE is capable of
binding Ni and Zn (Kd of 0.15 and 0.49 μmol, respectively) in a stoichiometry of one per dimer[71,72]. Apo-UreE is
a dimer and the metal-bound protein is a tetramer (dimer
of dimer) formed by the coordination of the metal ion
by His104 from each subunit[73]. A second UreE crystal
structure indicates that Ni is six-coordinate (His102 from
one monomer, His102, His152, Glu4 from the other, a
water molecule and one unidentified ligand)[74]. His152 is
disordered in the crystal and could be replaced by UreG
residues, thus leading to the transfer of nickel from
UreE to UreG. In the calculated structure of UreDEFG
through computational modeling, the convex surface of
the UreG dimer is in direct contact only with the shallow crevice at the interface of the two UreF monomers
through weak van der Waals and polar interactions[75].
UreF and UreH can form dimer of heterodimers in solution with concomitant conformational changes in two
distinctive regions of UreF[76]: (1) the flexible C-terminus
becomes ordered to form an extra helix α10 and a loop
stabilized by hydrogen bonds involving Arg250; and (2)
the first turn of helix α2 uncoils to expose a conserved
residue Tyr48. Both Arg250 and Tyr48 are critical for
the heterotrimeric formation of UreG-UreF-UreH and
urease maturation[76]. One crystal structure of UreGFH
indicates that UreFH facilitates UreG dimerization and
assembles its metal binding sties by juxtaposing two
Cys66-Pro67-His68 motifs at the interface to form the
(UreGFH)2 complex[77].
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Figure 2 Amino acid sequence of Hpn (A) and the apparent rate of nickel
release vs concentrations of ethylenediaminetetraacetic acid at pH 6.8
and 7.4 and the best nonlinear fit of the data (B). EDTA: Ethylenediaminetetraacetic acid.

exhibit toxic effects when present in excess. In this section, we would like to discuss the proteins involved in
metallocenter assembly in urease.
HypA and HypB
HypA and HypB are named to emphasize their roles in
the maturation and activation of NiFe hydrogenase (hyp,
hydrogenase pleiotropic). However HypA and HypB
are also found to be accessory proteins for urease[57], as
reflected by the reduced urease activity (40-200 folds)
upon hypA or hypB disruption[18] and the competition
between HypA and UreG for UreE (see below) recognition[58]. HypA binds nickel and zinc ions and HypB is a
P-loop GTPase to provide energy during nickel insertion
in hydrogenase. HypA and HypB exist as homodimers
in solution and form heterodimers with each other[59,60]
with a low affinity (Kd of 52.2 ± 8.8 μmol)[61]. HypA and
HypB also make heterodimers with UreE[62] and SlyD[63],
respectively in solution. The NMR structure of zincbound HypA monomer indicates that the nickel binding
site is located at the N-terminus and nickel is bound to
four nitrogens in a square planar geometry[64]. A thermodynamic study indicates that the zinc binding site has a
much higher affinity to zinc than nickel and zinc binding induces a great change in the secondary structure of
HypA to exert its structural role in the metalloprotein[65].
Further study with XAS showed that HypA dimer has a
unique structural flexibility of the zinc site and has roles
in sensing nickel binding and pH[66,67]: a decrease of pH
from 7.2 to 6.3 induces a change of the zinc binding
ligands from Cys4 to Cys2His2 and results in a change
of the nickel binding stoichiometry from one Ni per
monomer to one Ni per dimer[66]. Cys106 and His107 of
HypB are required for nickel binding and metal-dependent dimerization[68]. Nickel binding of HypB is possibly
facilitated by SlyD via its IF (insert-in-flap) domain[63].
Zinc binding significantly inhibits the GTPase activity of
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HspA, Hpn and Hpn-like
HspA, Hpn and Hpn-like (Hpnl) proteins in H. pylori are
histidine-rich in full or in part. HspA is a bacterial GroES
homologue with a unique cysteine- and histidine-rich
C-terminal domain[78]. HspA binds 2 Ni per monomer
with a dissociation constant of 1.1 μmol in vitro[79]. The
in vivo work showed that HspA is involved in intracellular nickel sequestration and detoxification, and plays a
role as a specific nickel chaperone in the maturation of
hydrogenase, while not for urease[80]. Hpn (Figure 2A)
is a histidine rich protein (accounting for around half
of its amino acids) and highly abundant in the cell cytoplasm (approximately 2% of all protein synthesized)[81].
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k2)[85]. The data was fitted in Figure 2B which suggests
that lower pH favors both the formation of the HpnNi•EDTA intermediate and its decomposition to the Niexchanged products[85]. Later work by our group showed
that this His-rich protein can form amyloid-like structures
and exhibit some cytotoxic effects to gastric epithelia
cells[86], indicating that Hpn may be involved in the pathological roles of H. pylori other than the nickel storage role
in the maturation of nickel specific enzymes[87]. Hpnl is
a histidine- and glutamine-rich protein in H. pylori, the
N-terminus (46 residues) of which shows 56% identity
to Hpn. Hpnl binds two nickel ions per monomer in the
histidine-rich domain with a dissociation constant of 3.8
[88]
μmol . Nickel release experiments established that Hpnl
is similar to Hpn, as nickel can be release from Hpnl at
acidic pH (pH1/2 of 4.6) and in the presence of EDTA.
One in vivo study by Maier’s group indicated H. pylori can
utilize stored nickel ions via Hpn and Hpnl to aid colonization of the host[89].

The majority of histidines are located within the central
part of the protein and include two separated stretches
of 6 and 7 consecutive histidine residues. There are two
internal short repeats of Glu-Glu-Gly-Cys-Cys, four sets
of paired histidine residues and an X-X-His motif at the
N-terminus. All these sequence features indicate that this
protein would strongly bind metal ions. Mutated strains
of H. pylori lacking the hpn gene are four times more
sensitive to ranitidine bismuth citrate, a metal-containing
drug widely used to treat H. pylori infections, than the wild
type[3,82,83]. Hpn exists in solution as a range of multimeric
forms with the 20-mer to be potentially physiologically
relevant[84]. The protein can bind nickel in a stoichiometry
of five Ni per monomer with a Kd of 7.1 μmol. Therefore it is possible that nickel may be transferred from
Hpn to stronger nickel binding proteins, such as HypA (Kd
of 1.3 μmol) and HspA (Kd of 1.8 μmol). Nickel can be
released from Hpn by decreasing pH (pH1/2 of 6.3) or by
adding nickel chelating agent EDTA[84,85], which indicates
that Hpn could provide stored nickel ions to the relevant
chaperone proteins for the subsequent urease maturation upon intracellular pH decrease. The nickel release
from Hpn by EDTA is a two-step process consisting of
a rapidly established equilibrium (formation of Hpn-Ni•
EDTA, K) followed by a rate-determining step (dissociation of Hpn-Ni•EDTA to Ni-EDTA and apo-Hpn,
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CONCLUSION
H. pylori is an established agent causing various gastric
diseases. The nickel containing urease and hydrogenase
are essential for the successful infections of H. pylori in
the stomach. Nickel is an essential cofactor for urease
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and hydrogenase. Various nickel-binding proteins play key
roles in microbial nickel homeostasis by shuttling nickel
within the cells. In this review we discussed the regulatory, uptake, chaperone and accessory proteins involved
in the maturation of urease, especially the proteins NikR,
NixA, HypAB, UreEFGH, HspA, Hpn and Hpnl. The
proteins function in a coordinated way to maturate the
urease in an efficient way for the successful inhabitation
of the bacterium in the stomach (Figure 3). The work
will deepen our understanding of how this pathogenic
bacterium adapts to severe habitant environments in the
host.
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Core tip: Cytotoxin-associated gene A (CagA) protein
encoded by cag pathogenicity island of Helicobacter pylori is a bacterium-derived oncoprotein and is strongly
associated with the gastric mucosa-associated lymphoid
tissue (MALT) lymphoma. After being translocated into
B cells via type Ⅳ secretion system in ATP-dependent
manner, CagA deregulates several pathways in both
tyrosine phosphorylation-dependent and -independent
manners, and thereby promotes lymphomagenesis. Two
important proteins, p53 and protein tyrosine phosphatases-2, are involved in the malignant transformation
induced by CagA. In addition, mucosal inflammation is
the foundational mechanism underlying the occurrence
and development of gastric MALT lymphoma. However,
the exact mechanism by which CagA promotes oncogenesis needs further clarification.

Abstract
Helicobacter pylori (H. pylori ) infection might initiate

and contribute to the progression of lymphoma from
gastric mucosa-associated lymphoid tissue (MALT).
Increasing evidence shows that eradication of H. pylori
with antibiotic therapy can lead to regression of gastric
MALT lymphoma and can result in a 10-year sustained
remission. The eradication of H. pylori is the standard care for patients with gastric MALT lymphoma.
Cytotoxin-associated gene A (CagA) protein, one of
the most extensively studied H. pylori virulence factors, is strongly associated with the gastric MALT lymphoma. CagA possesses polymorphisms according to
its C-terminal structure and displays different functions
among areas and races. After being translocated into B
lymphocytes via type Ⅳ secretion system, CagA deregulates intracellular signaling pathways in both tyrosine
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infected with cagA-positive H. pylori strains[19]. Kuo further explored that CagA can be detected in the malignant
B cells of H. pylori-associated gastric MALT lymphoma.
The expression of CagA was evaluated using immunohistochemistry and confirmed using immunoblot analyses[20].
These findings suggest that gastric MALT lymphoma is
associated with H. pylori strains expressing the CagA protein. Ohnishi and colleagues transfected C57BL/6 mice
with a cagAHs (humanized cagA gene) expression vector
throughout the body or predominantly in the stomach to
generate transgenic mice[21]. They performed immunoprecipitation, immunoblotting, histological examinations
and other analyses of the gastric mucosa from 72-wk-old
cagAHs mice and determined that CagA induced abnormal
proliferation of the gastric epithelial cells and hematopoietic cells, which was followed by the development of gastrointestinal carcinomas and lymphomas of B-cell origin.
These results indicate that CagA is involved in the development of gastric MALT lymphoma, which provide the
first direct evidence that CagA functions as a bacteriumderived oncoprotein in mammals[21].

http://dx.doi.org/10.3748/wjg.v19.i45.8219

INTRODUCTION
Helicobacter pylori (H. pylori), a spiral-shaped, microaerophilic, Gram-negative bacterium, infects approximately
50% of humans worldwide. H. pylori is associated
with chronic active gastritis and peptic ulcers, is a risk
factor for gastric cancer [1] and has been ranked as a
class Ⅰ carcinogen by the International Agency for Research on Cancer since 1994[2,3]. H. pylori infection might
initiate and contribute to the progression of lymphoma
from gastric mucosa-associated lymphoid tissue[4,5]. Clinical observations have shown that the eradication of H.
pylori with antibiotic therapy can lead to regression of
gastric mucosa-associated lymphoid tissue (MALT) lymphoma in 77.5%-94.0% of patients[6-9] and can result in a
10-year sustained remission in up to 64% of cases[10]. The
eradication of H. pylori is the standard care for patients
with gastric MALT. The results of a population-based
study showed that the incidence of H. pylori-positive gastric MALT lymphoma had reduced sharply in the era of
anti-H. pylori intervention[11]. This review summarizes the
role of H. pylori cytotoxin-associated gene A (CagA) in
the development and/or maintenance of gastric MALT
lymphoma.

MOLECULAR MECHANISM OF CAGA
INVOLVEMENT IN GASTRIC MALT
LYMPHOMA
The pathogenesis of lymphoma
Lymphomas are malignant tumors that originate in the
lymphatic system. Lymphocytes proliferate in respond to
the stimulation of persistent antigens and repeated infections in patients with immune deficiencies. The deregulation of the cell cycle and apoptosis is important in the
pathogenesis of lymphoma. Lymphocytes that lack selfcontrol divide faster than normal cells or survive longer
than they should, proliferating in response to antigenic
stimulation, which leads to the occurrence of unlimited
proliferation and eventual lymphoma. Lymphocytes and
lymphoid tissues do not normally exist in the stomach[22].
The onset of gastric MALT lymphoma is preceded by
the acquisition of MALTs as a result of sustained H.
pylori infection, which initiates the inflammatory lymphoproliferation[23,24]. The persistence of bacterial colonization, acting as immunologic stimuli, results in the
recruitment of immune lymphocytes that migrate to and
infiltrate the site of H. pylori infection in the stomach,
which induce and sustain an actively proliferating B-cell
population. Eventually, the formation of acquired lymphoid follicles and mucosal associated lymphoid tissues
develop[25-27] (Figure 1). Much attention has been focused
on the role of CagA in malignant transformation of the
B cells. CagA may deregulate the host intracellular signaling transduction and lower the threshold for neoplastic
transformation[28].

H. PYLORI CAGA IS CLOSELY RELATED
TO THE DEVELOPMENT AND/OR
MAINTENANCE OF GASTRIC MALT
LYMPHOMA
The CagA protein, encoded by the cytotoxin-associated
gene (cag) pathogenicity island, is one of the most important H. pylori virulence factors[12,13] and is causally
linked to gastric MALT lymphoma. Fischbach et al[14] and
Eck et al[15] determined that seropositivity of CagA was
present in 89.0%-95.5% of patients with gastric MALT
lymphoma, as tested by enzyme-linked immunosorbent
assay and Western blot. The seroprevalence rate exceeded
the prevalence of chronic active gastritis in the German
population. The serological discovery of cagA-positive
H. pylori isolates does not necessarily reflect the current
colonization of the gastric mucosa because the immunoglobulin (Ig)A/IgG represents a past immune response.
Mucosal-derived antibodies play an important part in the
mucosal immune response. CagA-specific mucosal IgA
and IgG antibodies occur in almost all patients with H.
pylori-associated gastric MALT lymphoma[16,17]. Sumida
et al[18] showed that in t(11;18)(q21;q21)-negative gastric
MALT lymphoma patients, concentrations of anti-CagA
IgG were significantly higher in the H. pylori-dependent
cases than in the H. pylori-independent cases, and the H.
pylori-dependent cases had a better therapeutic effect. The
CagA protein can be detected in B lymphocytes in people
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Structure of the CagA protein
CagA is encoded by the cagA gene within the cag pathogenicity island, a chromosomal region that simultaneously
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Figure 1 Oncoprotein cytotoxin-associated gene A is involved in the gastric mucosa-associated lymphoid tissue lymphoma development. H. pylori: Helicobacter pylori; CagA: Cytotoxin-associated gene A; NF-κB: Nuclear factor kappa-light-chain-enhancer of activated B cells; Erk1/2: Extracellular signal-regulated
kinase1/2.

encodes a type Ⅳ secretion system (T4SS) specializing in
the transfer of CagA from bacteria to the target cells in
an ATP-dependent manner[29,30]. CagA is the only known
effector protein that is translocated by a T4SS [31-33].
Analyses of the DNA sequence and molecular phylogenic trees show that the CagA protein comprises a solid
structured N-terminal region[31,34] and a variable, intrinsically disordered C-terminal region that is different among
strains and exhibits scaffold/hub functions that are
responsible for the morphogenetic activity of CagA[35].
The C-terminal domain contains repeated tandem fiveamino-acid motifs of glutamic acid-proline-isoleucinetyrosine-alanine (EPIYA). Within the variable region of
CagA, there are different intervening sequences between
the EPIYA motifs. One copy of EPIYA plus an intervening sequence is identified as an EPIYA segment. The
tyrosine residues on the EPIYA (Y) motifs undergo tyrosine phosphorylation. Both the number and type of the
EPIYA motifs determine the outcomes of cellular and
gastric lesions[36,37]. Four unique types of EPIYA motifs
(A, B, C and D) have been described based on their flanking amino acid sequences, which contribute to the CagA
sequence polymorphism and geographical difference
among strains. Almost all CagA contains both EPIYA-A
and EPIYA-B motifs. The EPIYA-C motif is usually
present in one to three repeats forming the typical Western CagA configuration of ABC, ABCC and ABCCC
subtypes. In contrast, the EPIYA-D motif rarely repeats
and thus prevalent East Asian CagA strains are ABD
combinations[38]. The EPIYA-C and EPIYA-D motifs act
as phosphorylation sites[39]. It is reported that increased
number of EPIYA-C could enhance the binding ability
to protein-tyrosine phosphatase-2 (SHP-2)[40]. Compared
with EPIYA-C, EPIYA-D experiences a greater degree
of tyrosine phosphorylation and stronger SHP-2-binding
affinity, which leads to increased oncogenic potential[41,42].
Epidemiological data identified that the incidence rate
of gastric MALT lymphoma is higher in East Asia than
in Western countries[11,43-45]. East Asian might be prone
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to gastric MALT lymphoma at least partly, if not all, because most H. pylori strains are cagA-positive and nearly
90% of CagA carry EPIYA-D motif, 83.6% of which are
of EPIYA-ABD genotype[46].
CagA deregulates intracellular signaling pathways in
tyrosine phosphorylation-dependent and -independent
manners to initiate pathogenesis.
Tyrosine phosphorylation-dependent pathway: CagA
was directly injected from bacteria into attached gastric
epithelial cells by a T4SS. Lin et al[19] further showed that
the translocation of the CagA protein into human B
lymphocytes could occur through the T4SS. The delivered CagA activates and stimulates the B lymphocytes,
initiating the first step of the B-cell malignant stimulation. In host cells, CagA undergoes tyrosine phosphorylation by c-src/Lyn kinase on specific tyrosine residues
of the EPIYA motifs[19,47]. The phosphorylated CagA
deregulates the intracellular signaling pathways and initiates the malignant transformation of B lymphocytes.
CagA specifically binds to intracellular target molecules,
including the SHP-2 [Src homology 2 (SH2) domain containing phosphotyrosine phosphatase 2][39,41,48,49]. SHP-2,
encoded by PTPN11, is a protein tyrosine phosphatase
(PTP) and plays a vital role in normal hematopoiesis.
SHP2 has two tandem SH2 domains, a PTP domain and
a carboxyl-terminal tail which contains multiple tyrosine
phosphorylation sites and is rich in praline motifs. In the
inactive state, the N-terminal SH2 domain binds the PTP
domain and hampers access of potential substrates to the
active site. Thus, SHP-2 is auto-inhibited. In contrast, the
N-terminal SH2 domain is free from the PTP domain by
binding to target phospho-tyrosyl residues, catalytically
activating the enzyme by relieving this auto-inhibition[50].
Mutation in PTPN11, an identified cellular proto-oncogene[51], or aberrant SHP-2 expression/activity positively
correlates with the hyperproliferation of leukemic hematopoiesis[50,52]. SHP-2 functions as a vital adaptor protein
in CagA signaling pathway [48,49]. However, PTPN11/
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SHP-2 has dual roles in different cell types and its oncogenic role is tissue specific[53]. Most recent experimental
data suggest PTPN11/SHP-2 as a tumor suppressor in
hepatocarcinogenesis[54]. The above pathway depends on
tyrosine phosphorylation of CagA.
Zhu et al[47] transiently transfected a recombinant retrovirus encoding an inserted cagA into conditionally immortalized B lymphocytes. The expressed and phosphorylated CagA was detected in the transfected B cells by
Western blot and co-immunoprecipitation analyses, and
CagA/SHP-2 complex was detected. The transfection of
B lymphocytes with cagA significantly increased extracellular signal-regulated kinase1/2 (Erk1/2) phosphorylation, which is negatively regulated by MKP-1 and MKP-6,
resulting in the phosphorylation of Bad at Serine 112 of
CagA. Erk1/2, activated by CagA, can hamper apoptosis
of B lymphocytes by inducing phosphorylation of Bad
at Ser-112. cagA transfection did not alter the levels of
the pro-apoptotic Bcl-2 and Bax. Immunofluorescence
staining analysis displayed that CagA-activated Erk1/2
could translocate simultaneously to the cytoplasm and
the nucleus, whereas serum-stimulated activated Erk1/2
was located only in the cytoplasm. The evidence indicates
that the CagA-activated Erk1/2 can block apoptosis by
activating the downstream target molecules, promoting
the development of lymphoma. Lin et al[19] suggested
that CagA translocation, following the phosphorylation
of CagA which subsequently binds to and activates endogenous SHP-2, induces the activation of Erk1/2 and
mitogen activated protein kinase and the up-regulation
of the anti-apoptotic proteins Bcl-2 and Bcl-XL in human
B lymphocytes. The step prevents human B lymphocytes
from apoptosis, allowing the lymphocytes to acquire
survival ability, which contributes to the pathogenesis of
lymphoma.

synthesis such as hydroxyurea induce apoptosis in a p53dependent manner, whereas, DNA-damaging agents such
as X-irradiation and cisplatin induce cell death in a p53independent manner[56]. Interestingly, oxidative stress has
been reported to be contributed to a variety of gastric
disorders such as gastritis and ulcer diseases, especially
gastric cancer[57,58]. Upon H. pylori infection and colonization, CagA might stimulate the response of gastric epithelial cells to oxidative stress and produce, mainly from
neutrophils, reactive oxygen species (ROS) and/or reactive nitrogen species (RNS). Excessive ROS/RNS causes
dysfunction of antioxidant defense mechanism in gastric
mucosal, leading to DNA damage, accelerating cell death
including apoptosis and subsequent cell proliferation, and
resulting in the pathogenesis of gastric disorders as well
as carcinogenesis[58]. Meanwhile, additional ROS and RNS
may decline the expression of Runt domain transcription
factor 3 (RUNX3), a marker of oxidative stress, which
could restore after H. pylori eradication[58]. Therefore,
RUNX3 acts as a tumor suppressor and is involved in H.
pylori CagA-dependent gastric carcinogenesis. Moreover,
some other molecules have been reported to be correlated with CagA-induced gastric carcinogenesis. Murine
double minute 2 (MDM2) might promote pathogenesis
of gastric cancer through inactivating the apoptotic
and cell cycle arrest function of p53[59]. Yet, the role of
RUNX3, MDM2 as well as oxidative stress production in
CagA-induced gastric MALT lymphoma has been unclear
and should be elucidated by further exploration. The malignant transformation from cagA+ H. pylori infection into
gastric MALT lymphoma should involve multiple steps.
CagA has phosphorylation-dependent and -independent
activities, and the biological effects of CagA in mammals
depend on the cellular context. An imbalance between
apoptosis and proliferation is involved in the pathogenesis and development of H. pylori-dependent gastric
MALT lymphoma[60]. CagA inhibits apoptosis and impairs
survival in the B cells, resulting in the transformation of
MALT lymphoma[20] (Figure 2).

Tyrosine phosphorylation-independent pathway:
Umehara et al[55] determined that CagA may block the
cell cycle progression in the Ba/F3 and gastric epithelial
cancer AGS cells, and inhibit the B lymphocyte apoptosis
by impairing the p53 and JAK/STAT pathway. The enforced expression of CagA in the interleukin (IL)-3dependent B-lymphoid cells functions as a G1 inhibitor,
suppressing cell proliferation through the inhibition of
JAK-STAT pathway and resulting in significant retardation of the G1- to S-phase cell-cycle transition. The IL-3
signal is mainly transmitted by the sequential activations
of JAK and STAT. CagA offsets hydroxyurea-induced
B-cell apoptosis by disturbing the tumor suppressor
p53 accumulation. CagA inhibits the expression of p53
at the level of transcription. Meanwhile, cagA-positive
H. pylori may be involved in the initial stage of gastric
MALT lymphoma development, whereas it might not
be necessary in the maintenance stage of lymphoma
cell proliferation. CagA blocks apoptosis, promoting the
accumulation of genetically abnormal cells that should
otherwise be removed from the tissue. In IL-3-dependent
B cells including BaF3, inhibitors of deoxyribonucleotide
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CONCLUSION
Mucosal inflammation is the basic mechanism underlying
the occurrence and development of gastric MALT lymphoma. Infection with H. pylori induces inflammatory and
immune responses in the gastric mucosa. The incapability
of the host immune response to clear the bacterial pathogen results in a persistent infection and the subsequent
development of chronic gastric inflammation[61]. The
T-helper 17 (Th17) cells, whose hallmark cytokine is IL17A, are important for the clearance of extracellular bacteria[62], and they play a role in infection control and precarcinogenesis. IL-17A may contribute to inflammationassociated carcinogenesis[62,63]. B7-H2 is among the newer
members of the B7 family and is known to have a costimulatory function on T cell activity[64]. Recent in vitro
and in vivo studies showed that H. pylori down-regulates
B7-H2 (the positive co-stimulators required for an effi-
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cient effector T cell response) in a CagA-dependent manner in gastric epithelial cells (GECs). CagA-dependent
B7-H2 down-regulation in GECs suppresses the Th17mediated immune response, contributing to outcomes of
chronic gastric inflammation and persistent H. pylori colonization[65]. This process may be involved in gastric carcinogenesis, but the relationship with the development of
gastric MALT lymphoma remains unclear. The activation
of nuclear factor kappa-light-chain-enhancer of activated
B cells and the up-regulation of IL-8 induced by H. pylori
infections in B lymphocytes lead to the malignant transformation of B cells in a SHP-2-dependent and CagAindependent mechanism[66-68]. There is no direct evidence
associating CagA, inflammation and gastric MALT lymphoma.
In recent years, microRNAs (miRNAs), a class of
small non-coding RNAs that can modulate gene expression at the post-transcriptional level, have been implicated in H. pylori-dependent gastric carcinogenesis[69,70].
Much data suggest that miRNAs are important in fundamental cellular processes such as proliferation and apoptosis, and miRNAs can function as tumor promoters or
suppressors[71]; the role of the miRNAs in the association
between CagA and gastric MALT lymphoma remains
unclear. Gastric MALT lymphoma is considered one of
the best models of how infectious pathogens and genetic events lead to oncogenesis[72,73]. CagA functions as
a typical bacterium-derived oncoprotein in gastric MALT
lymphoma pathogenesis, but the molecular mechanism
of CagA underlying the development of gastric MALT
lymphoma should be further elucidated.
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as compared to simple eradication.
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Key words: Helicobacter pylori ; Gastric cancer; Prevention; Atrophic gastritis; Non-microbial approach
Core tip: Gastric cancer is a multi-factorial and multistep disease associated with various risk factors including environmental and pathogenic microbial chronic
inflammation. Pharmaceutical intervention and the
eradication strategy can provide rapid relief of acute
inflammation but fails to correct the underlying cause
of chronic inflammation. A non-microbial approach for
modulating Helicobacter pylori associated gastric inflammation may be an attractive and rapid alternative to
optimize cancer prevention strategies and minimize adverse side effects associated with therapeutic regimens.

Abstract
Although the International Agency for Research on
Cancer declared Helicobacter pylori (H. pylori ) as a definite human carcinogen in 1994, the Japanese Society
for Helicobacter Research only recently (February 2013)
adopted the position that H. pylori infection should be
considered as an indication for either amelioration of
chronic gastritis or for decreasing gastric cancer mortality. Japanese researchers have found that H. pylori
eradication halts progressive mucosal damage and that
successful eradication in patients with non-atrophic
gastritis most likely prevents subsequent development
of gastric cancer. However, those who have already
developed atrophic gastritis/gastric atrophy retain potential risk factors for gastric cancer. Because chronic
perpetuated progression of H. pylori -associated gastric
inflammation is associated with increased morbidity
culminating in gastric carcinogenesis, a non-microbial
approach to treatment that provides long-term control
of gastric inflammation through nutrients and other
interventions may be an effective way to decrease this
morbidity. This non-microbial approach might represent
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INTRODUCTION
Helicobacter pylori (H. pylori), a Gram-negative bacterial
pathogen that infects approximately 50% of the world’s
population, provokes chronic gastric inflammation which
is considered a major risk factor for the development of
gastric and duodenal ulcers, mucosa-associated lymphoid
tissue lymphoma, and gastric adenocarcinoma[1]. In 1994,
H. pylori was classified as a type Ⅰ (definite) carcinogen
by the International Agency for Research on Cancer[2].
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Although the relationship between H. pylori and gastric
cancer has been acknowledged by diverse forms of clinical evidence, it is still debatable as to whether eradication
can lead to the prevention of gastric cancer[3-5]. Traditionally, treatment for H. pylori has focused primarily on
eradicating the bacteria from the stomach using a combination of antibiotics, such as amoxicillin and clarithromycin, with a proton-pump inhibitor[6-10]. The eradication
rate, however, has been declining due to the increasing
prevalence of antibiotic resistance, especially clarithromycin resistance[11-15]. This increase in the prevalence of
antibiotic resistance has diminished enthusiasm for the
use of many popular H. pylori eradication therapies. To
overcome this decline in the use of first-line treatment
options, bismuth-containing quadruple and sequential
therapies are emerging as second-line treatments for H.
pylori infection[16-21]. Although newer treatments for eradicating H. pylori continue to be introduced, research on
even more effective eradication regimens continues to
be conducted. Unfortunately, literature from all over the
world continues to document increases in H. pylori resistance to antibiotics and this major obstacle has prompted
the introduction of new drugs and treatment schemes. It
is also important to note that although removal or amelioration of gastric inflammation has been implicated in
the prevention of gastric carcinogenesis, the persistent
gastric inflammation observed in H. pylori-associated gastric carcinogenesis is not always amelioration by H. pylori
eradication alone.
Because gastric cancer is a multi-step and multifactorial disease, not all individuals infected with H. pylori
will develop gastric cancer. In fact, the multi-factorial
processes associated with the development of gastric
cancer can give hope to some susceptible individuals
that it may be prevented through the eradication of H.
pylori. Conversely, in cases where chronic inflammation
is caused by other environmental factors such as diet,
eradication of H. pylori may only delay the development
of gastric cancer rather prevent it. Importantly, there is
no overt biomarker supporting the rationale of H. pylori
eradication in clinic, although endoscopic findings might
be recommended (Figure 1). Moreover, the nationwide
cost associated with eradicating H. pylori in order to prevent gastric cancer would be prohibitive and represent
a burden to socioeconomically challenged people in
developing countries. Therefore, the strategy of cancer
prevention through chemopreventive agents may be the
most efficacious way to reduce the global burden of cancer.
Cancer chemoprevention was established by Dr. M.
Sporn in 1976 and was defined as “the use of natural,
synthetic, or nontoxic chemical substances to reverse,
suppress, delay or prevent carcinogenic progression” by
Dr. M. Sporn and Dr. W. K. Hong[22,23]. The results of
several preclinical and clinical studies have indicated that
diverse chemoprevention strategies can decrease gastrointestinal (GI) cancer incidence and mortality rates [24].
Essentially, the chemoprevention strategy involves inter-
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ventions during all three stages of carcinogenesis, (initiation, promotion, and progression) using chemopreventive agents in order to interfere with tumor promotion
or progression and reduce the risk of various cancers.
All GI cancers have a unique etiology but share common
mechanisms including oxidative stress-induced damage
of genomic DNA, modification of cellular proteins and
lipids, altered cell signaling, and persistent local tissue
inflammation. Therefore, the combination of H. pylori
eradication, anti-oxidant interventions, interventions to
normalize aberrant cell signaling, and anti-inflammatory
interventions may be an essential and anticipatory strategy for prevention of gastric cancer. Recently, numerous studies have investigated the potential therapeutic
benefits of probiotics, phytochemicals, and antioxidant
or vitamin supplementation as chemopreventive agents
as well as adjuncts to increase the eradication rates of H.
pylori infection. In this article, we discuss what is known
currently about non-microbial preventive strategies for
chronic infection with H. pylori which may represent a
faster option for cancer prevention via enhancement of
host adoptive responses as well as removal of inflammation responsible for mutagenesis (Figure 2).

ANTICIPATING NON-MICROBIAL
APPROACHES FOR PREVENTING
H. PYLORI-ASSOCIATED GASTRIC
CARCINOGENESIS
Cyclooxygenase and 5-lipoxygenase inhibition
H. pylori-induced inflammatory responses have been associated with high concentrations of phospholipase A2
(PLA2) which is an essential enzyme for the release of
arachidonic acid (AA). AA metabolites, prostaglandins
(PGs) or hydroxyl fatty acids (HETEs), are key mediators
in inflammatory responses and are metabolized by cyclooxygenase (COX) and lipoxygenase (LOX)[25]. COX-1 and
COX-2 are responsible for the production of inflammatory PGs and 5-LOX increases the release of gastrotoxic
leukotrienes (LTs)[26]. Conversely, findings demonstrating
that inflammatory responses were decreased by inhibiting COX and 5-LOX led research on COX and 5-LOX
inhibitors as attractive medications for anti-inflammatory
effects[27-29]. H. pylori infection induces higher levels of
COX-2 expression, overexpression of which has been
detected in various cancers including gastric cancer[30-36].
In this regard, nonsteroidal anti-inflammatory drugs
(NSAIDs) are widely used for preventing cancers as well
as reducing pain and inflammation by inhibiting both
COX-1 and COX-2 or COX-2 only[37-39]. Long-term use
of NSAIDs attenuated gastric mucosal chronic inflammation induced by H. pylori infection suggesting that
NSAIDs may be preventive agents of the gastric carcinogenesis associated with H. pylori infection[40]. However,
the adverse effects associated with the use of NSAIDs
may present an obstacle to their use as chemopreventive
agents. Traditional NSAIDs non-selectively inhibit both
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Figure 1 Point of no return in Helicobacter pylori infection. Helicobacter pylori (H. pylori) infection is responsible for acute and chronic gastritis, chronic atrophic
gastritis, and intestinal metaplasia. The results of a few studies have shown that the eradication of H. pylori significantly reverted these gastric pathologies and promoted restoration of gastric function. H. pylori is also implicated in several extragastric manifestations including idiopathic thrombocytopenic purpura, iron deficiency
anemia, atherosclerosis, and chronic urticaria. Because there are no biomarkers suggestive of a point of no return, the results of several large scale cohort studies
continue to provide support for the strategy of H. pylori eradication in gastric cancer prevention.
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Figure 2 Host adoptive response through a non-microbial approach as the core defensive mechanism against Helicobacter pylori infection, especially
gastric cancer prevention. Even though host genotype, environmental risk, and bacterial virulence factor are all implicated in Helicobacter pylori (H. pylori) infection,
a non-microbial approach may provide the fastest means of cancer prevention as well as amelioration of H. pylori-associated gastric pathologies.

COX-1 and COX-2 and may cause GI toxicity, as COX-1
is a house keeping enzyme involved in the cytoprotection
of gastric mucosa. Though selective COX-2 inhibitors
(coxibs), such as celecoxib, rofecoxib, and valdecoxib, have
been developed to improve the GI safety[41], coxibs also
carry the risk of thromboembolic or cardiovascular complications[42-44]. 5-LOX inhibitors also suppressed H. pyloriinduced proinflammatory mediators such as interleukin-8
and tumor necrosis factor-α in H. pylori-infected gastric
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epithelial cells, indicating that 5-LOX inhibitors can be
preventive agents against H. pylori-associated gastric inflammation and carcinogenesis by inhibiting the 5-LOX
signaling pathway and suppressing its expression[25].
Phytochemicals and phytonutrients
The results of several recent studies have shown that
dietary phytochemicals can modulate key molecular signaling cascades by interacting with small molecules in
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cancer cells[45] and that phytochemicals present in foods
can inhibit H. pylori-induced inflammation. Therefore, the
combination of H. pylori eradication and the suppression
of H. pylori-induced inflammation may represent a promising strategy for gastric cancer prevention. For instance,
curcumin (diferuloylmethane), the yellow pigment of turmeric (Curcuma longa L.) possesses strong anti-inflammatory activities and has shown diverse suppressive actions
against various cancers including gastric cancer. It has
been reported that curcumin inhibits H. pylori-induced
nuclear factor (NF)-κB activation, pro-inflammatory cytokines such as interleukin 8, matrix metalloproteinase-3
and -9, and the H. pylori-induced motogenic response[46,47].
In addition to these anti-inflammatory and anti-mutagenic
actions, curcumin has showed anti-microbial effects in H.
pylori-infected C57BL/6 mice as well as restorative actions
following H. pylori-induced gastric damage[48]. Furthermore, curcumin inhibited the proliferation and invasion
of gastric cancer cells by suppressing PAK1 activity and
cyclin D1 expression[49]. Collectively, the results of these
studies suggest that curcumin has potential as an antimicrobial compound and chemopreventive agent against H.
pylori infection. The results of one recent study suggested
that curcumin may prevent cancer therapy-induced oral
mucositis due to its antibacterial and anti-inflammatory
kinetics[50]. Further research has shown that foods such as
broccoli sprouts and oils posses anti-H. pylori-associated
inflammatory effects mediated by reducing the release of
pro-inflammatory cytokines and suppressing the NF-κB
pathway[51,52]. Additionally, daily intake of sulforaphanerich broccoli sprouts was associated with anti-H. pylori
activity and protection of the gastric mucosa against H.
pylori-induced oxidative stress[53]. Broccoli sprouts contain
high levels of glucoraphanin, a glucosinolate precursor
of the isothiocynate sulforaphan known to suppress interleukin (IL)-8 via the NF-κB pathway[51,54]. Because H.
pylori-induced inflammation has been associated with the
expression IL-8, a potent neutrophil-attracting chemokine, via activation of the NF-κB pathway[55,56], reduction
or disruption of this cascade or levels of this cytokine
may be an appropriate strategy to intervene in H. pyloriinduced inflammation.

as pro-inflammatory LTs and PGs[52,57]. Correia et al[60]
conducted experiments that showed that docosahexaenoic acid (DHA) significantly inhibited H. pylori growth
both in vitro and in vivo in a dose-dependent manner and
decreased mouse gastric mucosa inflammation. These
results suggested that DHA could be used as an adjunct
agent in H. pylori eradication treatment. In contrast, Meier
et al[61] showed that an n-3 PUFA-containing eradication
regimen failed to show any benefit when compared to
a conventional eradication regimen. Thus, our group
investigated the long-term treatment of n-3 PUFAs in
an H. pylori-infected animal model and found that longterm administration of n-3 PUFAs ameliorated H. pyloriinduced gastric inflammation, atrophied gastritis, and
attenuated the incidence of H. pylori-associated gastric
carcinogenesis. Kuriki et al[62] conducted a clinical investigation of the association between gastric cancer risk and
the erythrocyte composition of DHA using 179 incident
gastric cancer cases and 357 non-cancer controls (matched
by age, sex, and season of sample collection). The study
authors found that the erythrocyte composition of DHA
was negatively associated with the risk of gastric cancer,
especially of well-differentiated adenocarcinoma. Detailed, randomized, controlled trials should be conducted
to obtain strong evidence for the incorporation of nutraceuticals, including n-3 PUFAs, into the therapeutic
armamentarium in near future, as their use as therapeutic
agents for GI disorders is moving rapidly into clinical settings and scientific studies are providing mechanisms of
action to explain the therapeutic effects.
Probiotics and microbiota
Probiotics such as non-pathogenic microbial feed or food
supplements are already being widely studied in the treatment of GI diseases including irritable bowel syndrome,
inflammatory bowel disease, sever acute pancreatitis, and
chronic liver diseases[63-66]. The use of probiotics in the
treatment of GI infections is gaining traction as an alternative or complement to antibiotics due to their potential
to decrease the use of antibiotics or reduce their side
effects[67]. Results of clinical trials combining the use of
agents for first-line eradication and adjunctive probiotics
have been reported to increase the H. pylori eradication
rate[68-70]. Moreover, emerging evidence shows that probiotics attenuate H. pylori infection rates and associated
inflammation. The results of several in vitro studies have
shown that Lactobacillus can ameliorate H. pylori-induced
inflammation by modulating cytokine induction, activating suppressor of cytokine signaling (SOCS) expression,
and inactivating the JAK2, Smad7 and NF-κB signaling
pathways[71-73]. Twelve human studies have investigated
the efficacy of combinations of antibiotics and probiotics, whereas 16 studies used probiotics alone as an alternative to antibiotics for the treatment of H. pylori infection. Most of the studies showed an improvement of H.
pylori gastritis and decreases in H. pylori colonization after
probiotic administration. None of the studies, however,
could demonstrate complete eradication of H. pylori in-

Omega-3 polyunsaturated fatty acids
There is growing evidence that the diverse biological
roles of n-3 polyunsaturated fatty acids (PUFAs) may
contribute to their protective actions against chronic inflammatory disease[57]. In bacteria, n-3 PUFAs cause cell
lysis, while in other cell types, n-3 PUFAs can be incorporated into membrane phospholipids that can cause a loss
of membrane fluidity and may be associated with lipid
raft assembly and function[58]. These lipid rafts are cholesterol-rich microdomains at the host cell surface and are
required for NF-κB-dependent responses to H. pylori[59].
Recently, the results of several studies have suggested
that n-3 PUFAs can be converted into bioactive mediators, including resolvins, that have inflammation-resolving
properties via counter-regulation of lipid mediators such
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fection by probiotic treatment[67,74]. It should be noted,
however, that one of the well-documented advantages of
probiotic combinations was a reduction in adverse effects
induced by H. pylori eradication treatment[75]. Since longterm intake of products containing probiotic strains may
have a favorable effect on H. pylori infection in humans,
particularly by reducing the risk of developing disorders
associated with high degrees of gastric inflammation, it
is possible that they contributed ultimately to chemoprevention. Recent advances in high throughput analysis
technology have highlighted the importance of probiotics
in H. pylori infection as well as other GI diseases involving “microbiota” as key controllers of H. pylori infection.
The human organism is colonized by a large number of
microorganisms that play important roles in several biochemical reactions. The microorganisms that colonize the
human GI tract are collectively described as microbiota and
a typical human may carry over 40 × 103 bacterial species
in the intestinal microbiome[76]. The microbiota of the
human stomach and its influence on H. pylori colonization has been characterized. Most phylotypes belong to
the phyla Proteobacteria, Firmicutes, Actinobacteria, Bacteroidetes
and Fusobacteria. Lactobacillus species are acid-resistant and
commensal and their concentrations in the normal human stomach vary between 0 and 103 mL-1. The human
microbiome co-evolved with mankind, is part of human
physiology, and contributes to homeostasis. Although microbiota–host interactions through metabolic exchange
and co-metabolism of substrates, or metabolome–metabolome interactions are still poorly understood, they may
be implicated in the etiology of many human diseases
including H. pylori infection. Therefore, the advantages
attributed to probiotics in H. pylori infection, such as
augmentation of the eradication rate, attenuation of side
effects associated with eradication drugs, and some direct anti-inflammatory action, may represent only a small
part of their involvement. Extensive investigation of the
microbiota relevant to H. pylori infection will be required to
elucidate additional mechanisms and relationships.

cells (MSCs)] are known to play an important role in H.
pylori-induced gastric carcinogenesis, Lin et al[78] transplanted BM-MSCs into the stomach of mice with a 44
wk mouse-adapted H. pylori infection. Study results revealed that transplantation of BM-MSCs into a chronic H.
pylori-infected mouse led to an immunosuppressive environment such that stem cells fostered an environment
compatible with the development of H. pylori-induced
gastric cancer. Similarly, recent investigations into gastric
stem cell or progenitor cell biology have uncovered valuable information for understanding gastric gland renewal
and maintenance of homeostasis relevant to H. pylori infection. Ding and Zheng[79] provided clues for further defining the mechanisms by which gastric cancer may originate and progress. Using Lgr5, villin-promoter, TFF2mRNA, and Mist, all of which are factors identified as
gastric stem/progenitor cell markers, they explored how
H. pylori or chronic inflammation affected gastric stem
cells or their progenitors which give rise to mucus-, acid-,
pepsinogen-, and hormone-secreting cell lineages. From
their study results, they concluded that H. pylori infection
induced oncogenic transformation and propagation into
tumors based on the tumor microenvironment. In his recent publication, Peek stated that chronic H. pylori infection led to DNA damaged stem cells, a condition which
could have severe negative consequences[80]. In detail, H.
pylori-infected rodents that developed dysplasia harbored
a subset of gastric epithelial cells in which levels of spermidine oxidase (SMO) production and DNA damage
were high, but which were resistant to apoptosis, thereby
representing a cellular population poised for neoplastic
transformation targeted for gastric stem cells. In contrast
to the results of these harmful interventions using gastric
stem cells in H. pylori-associated gastric carcinogenesis,
we found that exogenous stem cells could provide options for cancer prevention and intervention, as MSCs
were able to rejuvenate atrophic gastritis into non-atropic
condition and significantly ameliorate H. pylori-induced
gastritis. Because gastric stem cells can have positive or
negative effects dependent upon how they are used, further experimentation will be necessary to advance our
understanding of stem cell properties in H. pylori infection, as well as the potential for rejuvenation of H. pyloriinfection-associated chronic atrophic gastritis with or
without intestinal metaplasia.

Mesenchymal stem cells
Although gastric epithelial stem cells have been localized, little is known about their molecular biology. Recent
reports described the use of inducible Cre recombinase
activity to indelibly label candidate stem cells and their
progeny in the distal stomach[77]. H. pylori-induced chronic inflammation affects differentiation and promotes
metaplasias, in which cellular and molecular mechanisms
in spasmolytic polypeptide-expressing TFF2 pseudopyloric metaplasia predominates. The identification of
signaling pathways and events that take place during
embryonic development that eventually establish adult
stem cells to maintain the specific features and functions
of the stomach mucosa have elucidated how gastric epithelial stem cells contribute to either good regeneration,
such as healing or rejuvenation, or bad regeneration, such
as carcinogenesis. For example, because bone marrowderived mesenchymal stem cells [BM-Mesenchymal stem
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Antioxidants
H. pylori leads to chronic inflammation which in turn
leads to oxidative stress derived from immune cells and
gastric epithelial cells and is one of the main contributors to DNA damage associated with apoptosis and
neoplastic transformation[81]. Both pathogen and host
factors contribute directly to oxidative stress, including
H. pylori virulence factors, and pathways involving DNA
damage and repair, polyamine synthesis and metabolism,
and oxidative stress responses. As previously mentioned,
polyamine oxidation by SMO causes H2O2 release, DNA
damage and apoptosis, and subsequent gastric transfor-
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Figure 3 A non-microbial approach for Helicobacter pylori-associated gastritis as well as gastric cancer. Simply removing Helicobacter pylori (H. pylori) can
contribute to gastric cancer prevention in some patients. For example, H. pylori eradication suppressed the metachronous occurrence of gastric cancer in patients
who underwent endoscopic submucosal dissection, whereas insignificant outcomes were noted in general eradication. Supplementation or treatment with long-term
phytoceuticals or other agents were proven to be very efficacious in the prevention of H. pylori-associated gastric carcinogenesis. These treatment strategies are supported by the clear mechanisms of anti-inflammation, anti-oxidation, and anti-mutagenesis associated with their use.

mation[82,83]. Since many studies reporting the potential
contribution of oxidative stress and chronic inflammation
to H. pylori-associated gastric carcinogenesis, antioxidants
can provide enough hope for cancer prevention. H. pyloriassociated inflammation can induce DNA damage due to
oxygen radicals by persistent inflammatory cell infiltrations in the gastric mucosa, which may lead to alterations
of the gene and result in the development of diffusetype carcinoma. In order to elucidate the influence of H.
pylori on changes in inflammation-related DNA damage,
Hahm et al[84] measured the sequential changes of the
8-hydroxydeoxyguanosine (8-OHdG) content of DNA
and changes of two biomarkers, inducible nitric oxide
synthase (iNOS) and apoptosis, from human gastric mucosa according to the status of H. pylori. The increased
levels of oxidative DNA damage, increased occurrences
of apoptosis, and increased expressions of iNOS seemed
to provide the mechanistic links between H. pylori infection and gastric carcinogenesis. In a subsequent study, we
treated H. pylori-associated chronic atrophic gastritis with
an antioxidative drug, rebamipide, and found that it contributed to either augmentation of the eradication rate or
a significant decrement of 8-OHdG content[85]. Diseases
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associated with free radical overproduction are provoked
by “blazed reactive oxygen species productions” far beyond the host’s capacity to quench. Free radicals have
been implicated in the pathogenesis of diverse GI diseases including gastroesophageal reflux disease, gastritis,
enteritis, colitis, and associated cancers, as well as pancreatitis and liver cirrhosis[86]. Antioxidants administered in
a nutritional way or via pills will surely contribute to the
amelioration of H. pylori-associated gastric catcinogenesis. However, additional proof of concept evidence is
required.

CONCLUSION
Gastric cancer is a multi-factorial and multi-step disease
associated with a variety of risk factors including environmental and pathogenic microbial chronic inflammation. In addition to life-style factors, especially diet,
infection with the pathogenic microorganism H. pylori is
a major concern for gastroenterologists because H. pylori
infection causes chronic atrophic gastritis and peptic ulcer with an inflammatory response. Unfortunately, modern medicine cannot completely prevent gastric cancer
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and even eradication of H. pylori is problematic due to
expense and antibiotic resistance, as well as insufficient
evidence supporting a rationale for eradication. However,
the Japanese government decided to take on the great
challenge of H. pylori-associated chronic gastritis by including its eradication in their guideline this year in an attempt to decrease gastric cancer incidence and mortality.
Until such time as proof emerges supporting the concept
that H. pylori eradication is the fastest means of preventing gastric cancer, the attenuation or intervention of H.
pylori-induced chronic inflammation may be alternative
or complementary methods to achieve the prevention
of gastric cancer. As shown in this review, the inhibitors
of COX and LOX, a number of natural phytochemicals,
including curcumin and broccoli sprouts (sulforaphane),
oils such as omgega-3 PUFAs, probiotics, and stem cells
have been shown to have anti-inflammatory and antimicrobial activities by targeting small molecules or regulating signaling cascades (Figure 3). Pharmacotherapy and
the eradication strategy can provide rapid relief of acute
inflammation but cannot correct the underlying cause
of chronic inflammation. However, a non-microbial approach for modulating H. pylori-associated gastric inflammation may be an attractive and fast way to optimize
cancer preventive strategies and minimize adverse side
effects associated with therapeutic regimens.
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Core tip: Curcumin is a well-established molecule with
multiple pharmacological activities, mainly anti-inflammatory and anti-proliferative. The major hurdle for a
widespread clinical use has been represented by its
poor bioavailability, which has been recently overcome
by the development of a new formulation combining
curcumin with phospholipids (curcumin-phytosome).
This compound permits to improve markedly intestinal
absorption of curcumin and guarantees a greater tissue
delivery than the traditional curcuminoid mixtures. So,
curcumin-phythosome has the potential to be exploited
in many gastrointestinal diseases, both functional and
organic.

Abstract
Curcumin is a low-molecular-weight hydrophobic polyphenol that is extracted from turmeric, which possesses a wide range of biological properties including
anti-inflammatory, anti-oxidant, anti-proliferative and
anti-microbial activities. Despite its diverse targets and
substantial safety, clinical applications of this molecule
for digestive disorders have been largely limited to
case series or small clinical trials. The poor bioavailability of curcumin is likely the major hurdle for its more
widespread use in humans. However, complexation of
curcumin into phytosomes has recently helped to bypass this problem, as it has been demonstrated that
this new lecithin formulation enables increased absorption to a level 29-fold higher than that of traditional
curcuminoid products. This allows us to achieve much
greater tissue substance delivery using significantly
lower doses of curcumin than have been used in past
clinical studies. As curcumin has already been shown to
provide good therapeutic results in some small studies
of both inflammatory and neoplastic bowel disorders,
it is reasonable to anticipate an even greater efficacy
with the advent of this new technology, which remarkably improves its bioavailability. These features are
very promising and may represent a novel and effective
therapeutic approach to both functional and organic digestive diseases.
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INTRODUCTION
In recent years, we have witnessed a shortage of certain
types of drugs synthesized from chemical laboratories
and a growing interest in therapeutic substances derived
from natural plants. Curcumin represents one of these
compounds, and this nutraceutical has already undergone
many experimental and clinical studies to assess its use in
the treatment of various human diseases.
This polyphenol has been shown to possess antiinflammatory, anti-oxidant, immuno-modulatory, woundhealing, anti-proliferative and antimicrobial activities.
These diverse properties, together with the fact that
curcumin is innocuous, inexpensive and easily available,
have sparked interest in its therapeutic application for

2158

January 28, 2014|First Edition|

Dulbecco P et al . Curcumin therapeutic potential for digestive disorders

a long history of use in Ayurvedic medicine as a treatment for inflammatory conditions[1].
The primary active constituent of turmeric, which
is responsible for its vibrant yellow color, is curcumin,
which was first identified in 1910 by Lampe and Milobedzka[2]. Curcumin exists as a bright yellow powder that
provides the pigmentation of turmeric, which is used in
the dye industry. Turmeric is composed of volatile oils
(tumerone, atlantone, and zingiberone), sugars, proteins,
resins and a group of the following three curcuminoids:
about 75% curcumin (diferuloylmethane), about 16%
demethoxycurcumin (DMC), about 8% bisdemethoxycurcumin (bDMC). DMC and bDMC possess similar
molecular and biological properties. It is proposed that
within natural pathways (Figure 1), bDMC is converted
to DMC, which is then converted to curcumin[3].
Curcumin (or diferuloylmethane) is a poly-phenolic
molecule that exhibits keto-enol tautomerism and has a
predominant keto form in acidic and neutral solutions
and a stable enol form in alkaline medium[4]. The molecule is lipophilic and consists of two aromatic rings connected by two unsaturated carbonyl groups; therefore,
it has poor solubility in water. The molecule is stabilized
by hydrogen-bonding associated with the central OH
group. This may be one of the important functional sites
that is responsible for the array of molecular biological
activities[5]. Curcumin is photosensitive, and precautions
should be taken to avoid exposure and subsequent degradation.
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Figure 1 Proposed molecular pathway for the conversion of bisdemethoxycurcumin to demethoxycurcumin and finally to curcumin and the coexistence of keto and enol isomers of curcumin.

several digestive disorders. Moreover, recent progress in
the formulation of curcumin complexes with other substances, in particular with phospholipids, has remarkably
increased the bioavailability of this compound, leading to
greater absorption and a higher concentration in human
tissues. This allows us to use lower dosages of curcumin
than have been used in the past, which greatly reduces
the number of tablets taken during the day while maintaining no adverse side effects.
Finally, distribution studies of curcumin in human
tissues have shown that it preferentially accumulates in
the intestine, colon and liver. This finding might be one
major reason for the anticipation and observation of its
most promising in vivo effects in gastrointestinal diseases
when compared with other organ systems.
This review presents current knowledge of the physical and molecular properties of curcumin, its pharmacokinetics and metabolism, its mechanism of action and
results of the few published clinical trials, as well as the
potential therapeutic perspectives in patients with various
digestive disorders.
Literature searches were performed in PubMed, Ovid,
EMBASE and the Cochrane Library databases in accordance with published recommendations. We critically
analyzed all full-text papers and reviews written in the
English language and searched them using the terms curcumin, turmeric, colorectal cancer (CRC), inflammatory
bowel diseases (IBD), functional digestive disorders, irritable bowel syndrome and liver diseases. Both animal and
human studies were reviewed.

PHARMACOKINETICS AND METABOLISM
OF CURCUMIN
Absorption and systemic bioavailability
Over the past three decades, animal studies have shown
that curcumin is hydrolytically unstable at intestinal pH,
rapidly metabolized, conjugated in the liver, and excreted
in the feces. Therefore, it has limited systemic bioavailability. The effects of reduced bioavailability of any agent
within the body are low intrinsic activity, poor absorption,
high rate of metabolism, inactivity of metabolic products
and/or rapid elimination and clearance from the body. In
this section, problems of limited curcumin bioavailability
such as low serum levels, limited tissue distribution, apparent rapid metabolism and short half-life are described
in detail.
Serum concentration
One of the major observations from curcumin studies is
very low serum levels. The first reported study to examine the uptake, distribution, and excretion of curcumin
was by Wahlstrom and Blennow[6] in 1978 using SpragueDawley rats. Negligible amounts of curcumin in the
blood plasma of rats after oral administration of 1 g/kg
of curcumin showed that this molecule was poorly absorbed from the gut.
In 1980, Ravindranath et al[7] showed that after oral administration of 400 mg of curcumin in rats, no curcumin

PHYSICAL AND MOLECULAR
PROPERTIES OF CURCUMIN
Turmeric (the common name for Curcuma longa) is an Indian spice derived from the rhizomes of the plant and has
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was found in the heart blood, whereas a trace amount (less
than 5 μg/mL) was found in the portal blood from 15
min to 24 h after curcumin administration.
When curcumin was given orally at a dose of 2 g/kg
in rats, a maximum serum concentration of 1.35 ± 0.23
μg/mL was observed after 0.83 h, whereas in humans,
the same dose of curcumin resulted in either undetectable or extremely low (0.006 ± 0.005 μg/mL at 1 h) serum levels[8].
A phase Ⅰ clinical trial[9] conducted among 25 patients
with various precancerous lesions demonstrated that oral
doses of 4, 6 and 8 g of curcumin administered daily for
three months yielded serum curcumin concentrations of
only 0.51 ± 0.11, 0.63 ± 0.06, and 1.77 ± 1.87 μm, respectively. This finding indicates that curcumin is poorly
absorbed and may have limited systemic bioavailability.
Serum levels peaked between one and two hours after
administration and declined rapidly thereafter. This study
did not identify curcumin metabolites, and urinary excretion of curcumin was undetectable.
Another phase Ⅰ trial[10] involving 15 patients with
advanced colorectal cancer administered curcumin at
doses between 0.45 and 3.6 g daily for four months. In
three of six patients who were given the 3.6 g dose, the
mean plasma curcumin measured after one hour on day
1 was 11.1 ± 0.6 nmol/L. This measurement remained
relatively consistent at all-time points measured during
the first month of curcumin therapy. The molecule was
not detected in the plasma of patients taking lower doses.
A very recent study by Yang et al[11] showed that 10
mg/kg of curcumin given iv in rats yielded a maximum
serum curcumin level of 0.36 ± 0.05 μg/mL, whereas a
50-fold higher curcumin dose administered orally yielded
a maximum serum level of only 0.06 ± 0.01 μg/mL.
These studies clearly suggest that the route of administration affects achievable serum levels of curcumin, and
they further indicate that the serum levels of this compound in rats and in humans are not directly comparable.

Similarly, the concentrations of curcumin in normal
and malignant colorectal tissue of patients receiving
3600 mg of the compound were 12.7 ± 5.7 and 7.7 ±
1.8 nmol/g, respectively, and these doses had pharmacological activity in the colorectum as measured by their
effects on levels of M(1)G and cyclooxygenase-2 (COX-2)
protein[13]. Another study by the same authors showed
no curcumin in the liver tissue of patients with hepatic
metastases from colorectal cancer who received 450-3600
mg of curcumin daily for 1 wk prior to surgery[14].
Metabolites
Various studies have evaluated the metabolism of curcumin in rodents and in humans. Once absorbed, curcumin is subjected to conjugations such as sulfation and
glucuronidation at various tissue sites. The very first biodistribution study reported the metabolism of the major
part of curcumin orally administered in rats[6]. The liver
was indicated as the major organ responsible for metabolism of this drug[15].
Holder et al[16] reported that the major biliary metabolites of curcumin in rats are glucuronides of tetrahydrocurcumin (THC) and hexahydrocurcumin. A minor
biliary metabolite was dihydroferulic acid together with
traces of ferulic acid. In addition to glucuronides, sulfate
conjugates were found in the urine of curcumin-treated
mice[13].
Asai et al[17] evaluated the absorption and metabolism
of orally administered curcumin in rats. The enzymatic
hydrolysis of plasma samples showed that the predominant metabolites in plasma following oral administration
were glucuronides/sulfates of curcumin. The plasma
concentrations of conjugated curcuminoids reached a
maximum at 1 h after administration. The presence of
conjugative enzyme activities for glucuronidation and
sulfation of curcumin in the liver, kidney and intestinal
mucosa suggests that orally administered curcumin is
absorbed from the alimentary tract and is present in the
general blood circulation after largely being metabolized
to form glucuronide/sulfate conjugates.
Whether curcumin metabolites are as active as curcumin itself is not clear[18-20]. While most studies indicate
that curcumin glucuronides and THC are less active than
curcumin itself, other studies suggest that they may actually be more active than curcumin[19‑21].

Tissue distribution
The uptake and distribution of curcumin in body tissues
are obviously important factors determining its biological
activity, yet a limited number of studies have addressed
this issue.
Ravindranath et al[7] showed that after oral administration of 400 mg of curcumin in rats, only traces of the
unchanged molecule were found in the liver and kidney.
At 30 min, 90% of the curcumin was found in the stomach and small intestine, but only 1% was present at 24 h.
Another study of the same group evaluated the tissue distribution of curcumin using a tritium-labeled
molecule[12]. They found that radioactivity was detectable
in the blood, liver, and kidney following doses of 40080,
or 10 mg of (3H) curcumin. With 400 mg, considerable
amounts of the radio-labeled products were present in
tissues 12 d after dosing. The percentage of curcumin absorbed (60%-66% of the given dose) remained constant
regardless of the dose, indicating that increased administration of the drug does not result in greater absorption.
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Half-life
Systemic elimination or clearance of curcumin from
the body is another important factor that determines
its relative biological activity. Wahlstrom and Blennow[6]
reported that when 1 g/kg curcumin was given orally to
rats, 75% of it was excreted in the feces, and negligible
amounts were found in the urine. Intravenous (iv) and
intraperitoneal (ip) administration of curcumin resulted in
biliary excretion of the molecule from cannulated rats.
A clinical study of 15 patients receiving oral curcumin
in doses between 36 and 180 mg daily for up to 4 mo
found neither curcumin nor its metabolites in urine, but
the drug was recovered from feces[22]. The absorption and
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elimination half-lives of orally administered curcumin (2
g/kg) in rats were reported to be 0.31 ± 0.07 and 1.7 ± 0.5
h, respectively. However, in humans, the same dose of
curcumin did not allow the calculation of these half-life
values because the serum curcumin levels were below the
detection limit at the majority of time points in most of
the experimental subjects.
The existing evidence in the literature is not sufficient
to make conclusions about the factors controlling the in
vivo elimination half-life of curcumin, and future studies
are warranted to address this issue.

Curcumin glucuronide concentration (mg/mL)

B

METHODS TO OVERCOME THE
TRADITIONAL LOW BIOAVAILABILITY
OF CURCUMIN

C
Curcumin sulfate concentration (mg/mL)

Because of the above-mentioned poor bioavailability,
which limits the therapeutic usefulness of curcumin,
many attempts have been made to improve oral absorption of the compound[23]. Among them, the complexation of curcumin with phospholipids using so-called
phytosome technology has emerged as one of the most
documented approaches from a preclinical and clinical
standpoint.
Phytosome technology was developed in 1989 (Figure 2). Water-soluble phytosomes can be converted into
a lipid-compatible molecular complex. Phytosomes are
more available than uncomplexed products due to their
enhanced capacity to cross the lipid biomembranes and
to reach the systemic circulation[24].
It is inferred that, at the intestinal level, the watermiscible phosphatidylcholine (PC) molecules enhance the
dispersion of the poorly water-soluble polyphenol molecules into the water-soluble environment of the gastrointestinal lumen. PC further enhances transfer from the lumen into the lipid-soluble environment of the outer cell
membrane of the epithelial absorptive cells (enterocytes).
The enterocyte outer membrane has a lipid molecular bilayer that consists largely of PC. It is feasible that the PC
in the phytosome merges into this PC domain of the enterocyte membrane, and by carrying the polyphenol with
it, the PC “ushers” the polyphenol into the cell.
The bioavailability of the curcumin phytosome (CP)
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Figure 3 Plasma curcumin Ⅰ in rats from curcumin phytosome or noncomplexed curcumin. A: Curcumin concentration; B: Curcumin glucuronide
concentration; C: Curcumin sulfate concentration. bP < 0.01 vs curcumin phytosome.

preparation (Meriva®, Indena Spa, Milan, Italy) has been
tested against an equivalent non-phytosome curcumin
extract by Marczylo et al[25]. These authors administered
equivalent dosages (340 mg of curcumin) of curcumin or
curcumin phytosome preparation to rats and reported a
dramatic increase in the bioavailability among the animals
that received the curcumin phytosome preparation (Figure
3). Peak plasma levels of curcumin were approximately
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Table 1 Pharmacokinetics parameters in healthy volunteers after administration of curcuminphytosomes or unformulated curcumin
Curcuminoid
Curcumin (1a)

Demethoxycurcumin (1b)

Bisdemethoxycurcumin (1c)

Total curcuminoids

Formulation
Curcuminphytosome high
Curcuminphytosome low
Reference
Curcuminphytosome high
Curcuminphytosome low
Reference
Curcuminphytosome high
Curcuminphytosome low
Reference
Curcuminphytosome high
Curcuminphytosome low
Reference

AUC (ng/mL)
538.0 ± 130.7
272.6 ± 68.52
122.5 ± 29.3
655.0 ± 195.7
297.4 ± 107.3
55.8 ± 15.5
142.2 ± 58.2
70.1 ± 34.3
24.6 ± 10.3
1336.0 ± 357.1
640.2 ± 197.7
202.8 ± 53.8

Cmax (ng/mL)
50.3 ± 12.7
24.2 ± 5.9
9.0 ± 2.8
134.6 ± 40.6
39.1 ± 11.4
4.2 ± 1.1
24.9 ± 8.1
8.8 ± 3.1
2.1 ± 0.8
206.9 ± 54.9
68.9 ± 16.9
14.4 ± 4.2

t max (h)

Relative absorption

3.8 ± 0.6
4.2 ± 0.8
6.9 ± 2.2
2.4 ± 0.3
3.1 ± 0.4
4.4 ± 1.0
2.2 ± 0.4
2.4 ± 0.6
3.4 ± 1.2
2.7 ± 0.3
3.3 ± 0.3
6.9 ± 2.2

2

1

19.2
17.53
1
68.34
55.54
1
56.85
53.15
1
31.56
27.26
1

1

Actual results not baseline subtracted, and errors are standard error of the mean ± SE; 2Area under the curve (AUC) normalized; 3Average: 18.3; 4Average:
61.9; 5Average: 54.1; 6Average: 29.l4.

Italy, for example, the product has been developed as
500-mg tablets that combine CP with some dissolving
substances (Curcusol) under the name Norflo® (Eyepharm, Genoa, Italy). These tablets dissolve very rapidly in
the first part of the intestine, favoring the formation of
an emulsion with bile acids (Figure 4), which permits almost complete absorption of phospholipids (unpublished
data). The use of this formulation overcomes the risk
that undissolved tablets may pass through the entire intestine and be eliminated in the feces either intact or only
partially dissolved.
CP has been widely documented in several health settings, but few studies have focused on gastrointestinal
disorders, which, nevertheless, seem to be a very promising therapeutic area. From this perspective, a colontargeted delivery preparation could further optimize the
clinical effects.

Figure 4 Image of Norflo® tablet in water after few seconds.

5-fold higher for CP than for traditional curcumin.
Plasma levels of curcumin sulfate and curcumin glucuronide observed after the administration of CP were 3- to
20-fold higher, respectively, than those observed after the
administration of uncomplexed curcumin. In the same
study, significant amounts of curcumin were also measured at the tissue level and were found to have particular
relevance for the liver and intestine.
More recently, Cuomo et al[26] reported the results of
a comparative pharmacokinetic study of healthy volunteers. In this randomized, double-blind, cross-over study,
subjects received curcumin and the CP formulation at 2
dosage levels (209 and 376 total curcuminoids). The average dose-related absorption of curcumin following the 2
doses of CP was approximately 18-fold higher than the
absorption of the reference curcumin. Moreover, the absorption of total curcuminoids was approximately 29-fold
higher for CP in comparison with the unformulated reference, as the plasma concentration of demethoxycurcumin
and bis-demethoxycurcumin from the former compound
was approximately 50- to 60-fold higher than the concentration from the unformulated curcumin (Table 1).
CP is a powder that contains 20% curcumin, 40% microcrystalline cellulose and 40% phospholipids. It is utilized as an active ingredient in several food supplements
in different markets. The product is available in various
formulations including hard gel capsules and tablets. In
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TOXICITY AND TOLERABILITY OF
CURCUMIN
Curcumin has been reported to be safe in many human
studies, and only minimal toxicity has been associated
with this polyphenol[27]. In a dose escalation study among
34 healthy volunteers, in whom the doses of curcumin
ranged from 500 to 12000 mg, safety was assessed after
72 h. Only 7 subjects complained of disturbances, which
were mild and included headache, skin rash, diarrhea and
yellow stool[9]. In another investigation lasting for 1-4
mo, escalating doses of curcumin from 0.45 to 3.6 g/d
found rare instances of nausea and diarrhea, as well as
an increase in alkaline phosphatase and LDH[10]. Some
patients treated with doses as high as 8 g/d for 2 wk reported abdominal pain and complained about the bulky
volume of the tablets[28]. As curcumin is particularly concentrated in the human liver, the risk of hepatotoxicity
has been closely evaluated, but liver function tests have
been shown to be unaffected with doses as high as 2-4
g/d[29]. As one of the most documented bioavailable curcumin formulations, the CP formulation has been widely
employed in the clinical setting with a daily dosage rang-
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ing between 1 and 2 g, and this preparation has shown
good tolerability and compliance, even in medium-term
trials. However, we must stress that studies of more than
6 mo of treatment are lacking, and it is not possible to
draw any firm conclusions regarding the long-term safety
profile of this compound.

phorylation of inhibitory factor IκB. Suppression of
NF-κB activation subsequently down-regulates COX-2
and iNOS expression, thus inhibiting the inflammatory
process and tumorigenesis[33]. In an animal model of inflammation, curcumin also inhibited arachidonic acid metabolism and inflammation in mouse skin epidermis via
down-regulation of the cyclooxygenase and lipoxygenase
pathways[36].
In vitro studies indicate that curcumin inhibition of
inflammatory cytokines is achieved through suppression
of cytokine gene expression and down-regulation of intercellular signaling proteins, such as protein kinase C[36].

MECHANISMS OF ACTION AGAINST
INFLAMMATORY AND NEOPLASTIC
CONDITIONS
Anti-inflammatory mechanisms
Curcumin is a highly pleiotropic molecule capable of
interacting with numerous molecular targets involved in
inflammation. It has been proposed that this compound
modulates the inflammatory response by the following
mechanisms[30,31]: (1) Down-regulation of COX-2, lipoxygenase, and inducible nitric oxide synthase (iNOS) enzymes; (2) Inhibition of the inflammatory cytokines, tumor necrosis factor-alpha (TNF-a), interleukin (IL)-1, -2,
-6, -8, and -12, monocyte chemoattractant protein, and
migration inhibitory protein; and (3) Down-regulation of
mitogen-activated and Janus kinases.
COX-2 inhibition and iNOS inhibition are likely
achieved via curcumin suppression of nuclear factor
kappa B (NF-κB) activation. NF-κB is a ubiquitous eukaryotic transcription factor involved in the regulation of
inflammation, cellular proliferation, transformation, and
tumorigenesis[32]. NF-κB is not a single gene but rather
a family of interrelated transcription factors that include
the following five genes: NF-κB1 (p50/p105), NF-κB2
(p52/p100), RelA (p65), c-Rel, and RelB[33]. The member
proteins form homo- or heterodimers, of which the p50/
p65 heterodimer is the most abundant and is responsible
for the majority of NF-κB canonical transcriptional activity. Generally, NF-κB dimers associate with an inhibitoryκB (IκB-α) protein that keeps the dimer in the cytoplasm
in an inactive state.
NF-κB activation begins with the activation of an
IκB kinase (IKK) complex that consists of catalytic
subunits IKK-α and IKK-β and the scaffolding subunit
IKK-γ (the NF-κB essential modifier)[34]. Several mitogen-activated protein (MAP) kinases that also include
NF-κB-inducing kinase (NIK) activate IKK through
the phosphorylation of IKK-α and IKK-β. IKK-β has
higher activity than IKK-α for IκB-α and is considered
important in the canonical pathway.
In the canonical pathway, as shown in Figure 4, phosphorylation of I-kappa B kinase (IκB) kinase α/β by
mitogen-activated protein kinase (MAPK) is followed by
phosphorylation of IκB-α, which occurs in an inactive
complex with p50/p65. Phosphorylated IκB-α is released
and degraded in the cytoplasm. The active heterodimer
of p50/p65 enters the nucleus to regulate expression of
multiple genes[35].
Curcumin is thought to suppress NF-κB activation
and proinflammatory gene expression by blocking phos-
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Curcumin anticancer effects
There has been some promising research concerning
curcumin as a safe therapeutic agent for many cancers,
including colorectal cancer. This has been shown through
various studies in cell cultures, animal models, and humans[2,37].
Carcinogenesis is a complex process mainly consisting of the following three phases: initiation, promotion,
and progression[38]. There is suggestive evidence that
inflammation may play a role in the three phases of carcinogenesis[39]. Cancer initiation is produced by oxidative
stress and chronic inflammation[2]. Inflammation acts as
a key regulator in the promotion of these initiated cells,
possibly by providing them with proliferating signals and
by preventing apoptosis[40]. The role of inflammation in
tumor induction and subsequent malignant progression
has also been investigated[41]. An inflammatory response
produces cytokines, which act as growth and/or angiogenic factors, leading transformed cells to proliferate and
undergo promotion. Leukocytes produce cytokines and
angiogenic factors as well as matrix-degrading proteases
that allow the tumor cells to proliferate, invade, and metastasize. Tumor-infiltrating lymphocytes secrete matrixdegrading proteinases such as matrix metallo-peptidase
9 (MMP-9) and thus promote neoplastic proliferation,
angiogenesis, and invasion[42].
These details demonstrate the role of inflammation in
all three stages of carcinogenesis. Substantial evidence for
the role of inflammation in cancer is provided by the frequent up-regulation of inflammatory mediators such as
NF-κB. The pathways activated by NF-κB up-regulators
are implicated not only in tumor growth and progression
but also in the development of cancer cell resistance to
anti-cancer drugs, radiation and death cytokines. NF-κB
is an excellent target for anti-cancer therapy[43].
Effects on tumor initiation by curcumin
Curcumin has demonstrated a significant reduction in
the levels of iNOS, which produces oxidative stress,
which is itself one of the main causes of tumor initiation. Curcumin inhibits the induction of nitric oxide
synthase and is a potent scavenger of free radicals such
as nitric oxide[44].
NF-κB has been implicated in the induction of iNOS.
Curcumin prevents phosphorylation and degradation
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of inhibitor κB-α and thereby blocks NF-κB activation,
which down-regulates iNOS gene transcription[45]. Curcumin was found to inhibit cell proliferation and cytokine
production by inhibiting NF-κB target genes involved in
this mitogen induction of T-cell proliferation, interleukin
IL-2 production and nitric oxide generation. The overexpression of cytokines, such as IL-10, IL-6, and IL-18,
is accompanied by NF-κB induction that is controlled
and inhibited by curcumin[46]. Curcumin has been shown
to increase expression of conjugation enzymes (phase Ⅱ),
which suppress ROS-mediated NF-κB, activator protein
1 (AP-1) and MAPK activation[47].

cycle and to induce apoptotic cell death through inhibition of the Janus family of kinase-signal transducer and
activator of transcription (JAK-STAT) signaling pathway[58].
The JAK and STAT comprise an important signaling
pathway involved in dysregulation of cell growth, invasion, angiogenesis, metastasis and resistance to apoptosis[59,60]. The JAK-STAT system consists of the following
three main components: (1) A receptor; (2) JAK; and (3)
STAT.
The receptor is activated by a signal from interferon,
IL-6, growth factors, or other chemical messengers[61].
This activates the kinase function of the JAKs (JAK1,
JAK2, and JAK3), which autophosphorylation (phosphate
groups act as ‘‘on’’ and ‘‘off ’’ switches on proteins). The
STAT protein then binds to the phosphorylated receptor,
where STAT is phosphorylated by JAK. The phosphorylated STAT protein binds to another phosphorylated
STAT protein (dimerizes) and translocates into the cell
nucleus. In the nucleus, it binds to DNA and promotes
transcription of genes responsive to STAT[62-63]. Studies have evaluated the regulators of cytokine signaling
including protein tyrosine phosphatases (PTPases) such
as Src homology 2 (SH2) domain-containing PTPases
(SHP)-1 and SHP-2. Potential roles for SHP-1 and
SHP-2 have been investigated for their use in the control
of cytokine signaling through the dephosphorylation of
JAKs and their receptors[64].
Of the seven STAT proteins identified thus far, only
activated STAT3 and STAT5 have been implicated in
multiple myeloma, lymphomas, leukemias and several
solid tumors[65]. Aberrant STAT3 signaling is an important process in the development and progression of cancer; thus, agents that block its activation have therapeutic
potential. Rajasingh et al[66] have demonstrated that in
vitro, treatment with curcumin induced a dose-dependent
decrease in JAK and STAT phosphorylation, resulting
in the induction of growth-arrest and apoptosis in T cell
leukemia. Curcumin reversibly inhibits STAT3 activation
in human multiple myeloma cells and, by this mechanism,
suppresses IL-6-induced cell proliferation[67-68]. It also inhibits STAT3 activation in five different human Hodgkin
and Reed-Sternberg lymphoma cell lines[69].
It has been shown that curcumin inhibits lysophosphatidic acid-induced IL-6 and IL-8 secretion and STAT3
phosphorylation in ovarian cancer cells[70], and curcumin
has also been shown to have a significant effect upon
CRC by blocking STAT3-driven cancer cell growth[69]. In
summary, the anti-inflammatory and anticancer effects of
curcumin are listed in Table 2.

Tumor proliferation and progression suppression by
curcumin
We have already mentioned that NF-κB has an important
role in cancer initiation, promotion and progression. In
addition to suppressing various cell survival and cell proliferative genes, including Bcl-2, cyclin D1, IL-6, COX-2,
and MMP-9, curcumin induces apoptosis, as shown by
caspase activation and poly (ADP-ribose) polymerasecleavage[48-50].
Curcumin is also able to block NF-κB signaling and
inhibit IKK activation. The suppression of cell survival
and cell proliferation genes, including Bcl-2, cyclin D1,
IL-6, COX-2 and MMP, has also been noted[48,49]. It has
been suggested that COX-2 induction is mediated by
the NF-κB intracellular signaling pathway, and overexpression of COX-2 leads to malignant cell proliferation
and invasion[51,52]. Curcumin inhibits COX-2 expression
by repressing degradation of the inhibitory unit inhibitor κB-α and hindering the nuclear translocation of the
functionally active subunit of NF-κB, thereby blocking
improper NF-κB activation[34].
Curcumin has been found to reduce the invasion and
subsequent metastasis of cancer cells. It suppresses MMP
expression, which is believed to play a major role in mediating neovascularization and is increased during tumor
progression[53].
Curcumin down-regulates MMP-9 expression by
inhibiting NF-κB and AP-1 binding to the DNA promoter region. MMP-9 is one of the two determinants of
neovascularization that help to form new capillaries from
preexisting blood vessels[54].
Curcumin has been noted to cause significant inhibition of tumor necrosis factor α-induced VCAM-1 expression, which is related to the activation of the MAPK
NF- κ B pathway [55,56]. Curcumin has been shown to
reduce cell migration and invasion induced by osteopontin, an extracellular matrix protein, through the NF-κB
pathway[57].
Curcumin may inhibit cancer cell growth through
down-regulation of IL-1- and IL-8-induced receptor
internalization. It controls cancer progression by either
blocking tumor growth or inhibiting its invasive and aggressive potential. In both cases, most of the effects are
exerted by curcumin-induced NF-κB inhibition[57].
However, curcumin has been found to arrest the cell
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CLINICAL TRIALS EXPLORING THE
THERAPEUTIC POTENTIAL OF
CURCUMIN IN GASTROINTESTINAL
DISEASES
Because of its higher bioavailability in the gastrointestinal
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Table 2 Curcumin’s anti-inflammatory and anticancer effects
Anti-inflammatory effects
Downregulation of NF-kB,
Inhibition, via NF-kB, of COX-2, lipoxygenase, and iNOS enzymes
Inhibition of the inflammatory cytokines, such as TNF-a, interleukin
(IL)-1, -2, -6, -8, and -12, MCP, and migration inhibitory protein
Inhibition of PPAR-g

Anticancer effects
Inhibition of carcinogen activation
Stimulation of carcinogen detoxification
Suppression of pro-inflammatory signaling
Inhibition of STAT
Induction of cancer cell apoptosis cell cycle arrest
Inhibition of angiogenesis and metastasis
Modulation of oncogenes and tumor suppressor genes

TNF-a: Tumor necrosis factor-a; MCP: Monocyte chemoattractant protein; PPAR-g: Peroxisome proliferator-activated receptor-g; iNOS: Inducible nitric
oxide synthase; STAT: Signal transducer and activator of transcription; NF-κB: Nuclear factor kappa B; COX-2: Cyclooxygenase-2.

tract than in other organs, the therapeutic potential of
curcumin has been investigated in several studies of digestive diseases including IBD, CRC and hepatic fibrosis.

IL-12, and IL-23, the latter of which are directly responsible for mucosal damage in IBD. TNF-α is also able to
up-regulate the production of NF-kB, which results in a
cyclical feedback loop of inflammation[81]. Additionally,
the findings that the degree of gut tissue inflammation
correlates with the level of pSTAT3 in histological sections of IBD patients support a role of STAT3 and Th17
cells in IBD[82].
Anti-inflammatory drugs, immunosuppressants, and
TNF blockers are used to manage IBD. However, the
high cost and adverse effects associated with these drugs
encourage the use of alternative management options[83].
Because curcumin plays a key role in the inhibition
of both the activation of NF-κB pro-inflammatory cytokines and the IL-6/STAT3 signaling pathway, it could
be proposed as a novel therapeutic agent in several inflammatory diseases, such as IBD[84]. However, to date,
there have been only two human studies of curcumin
in patients with IBD that have achieved encouraging
results. Holt et al[85] conducted a small, open-label, pilot
study of curcumin in five patients with ulcerative colitis/
proctitis and five patients with Crohn’s disease. Patients
with ulcerative proctitis, who were currently using 5-aminosalicylic acid (5-ASA) compounds and corticosteroids
(four of five patients were on corticosteroids + 5-ASA
compounds), were given 550 mg curcumin twice daily
for one month and then 550 mg three times daily for the
second month. Patients with CD were treated with 360
mg curcumin three times daily for 1 mo followed by 360
mg four times daily for another 2 mo. All patients were
assessed at baseline and after two months of curcumin
administration via hematological, biochemical, and inflammatory analysis (C-reactive protein and erythrocyte
sedimentation rate) and by sigmoidoscopy and biopsy.
Subjective analysis was performed via a self-reported
symptom diary. In the ulcerative proctitis group, all five
patients had significant improvement with reductions in
concomitant medications in 4 patients. Although only
four of five CD patients completed the study, they also
improved, as evidenced by a lowered Crohn’s Disease
Activity Index. There was a mean reduction of 55 points
and a mean reduction in the sedimentation rate of 10
mm/h. Based on the symptom diary (P < 0.02), all patients improved from baseline after two months of ther-

Inflammatory bowel disease
Idiopathic IBD comprises the following two types of
chronic intestinal disorders: Crohn’s disease (CD) and ulcerative colitis (UC)[71-73]. Accumulating evidence suggests
that IBD results from an inappropriate inflammatory response to intestinal microbes in a genetically susceptible
host[74]. Pathogen recognition by innate immune cells is
coupled to the secretion of cytokines that inform the
adaptive immune system about the nature of the pathogen and instruct naïve T cells to differentiate into the appropriate T cell subtypes required to clear the infection[75].
Thus, naïve T cells are induced to differentiate into Th1,
Th2, Th17 and/or regulatory T cells (Treg) depending on
the pathogen eliciting the response[76]. Recent studies reveal that IL-6/IL-12 family cytokines (IL-6, IL-12, IL-23,
IL-27 and IL-35) play pivotal roles in these lymphocyte
cell-fate decisions, and their influence on the T cell developmental program is mediated primarily through activation of an evolutionarily conserved family of latent
cytoplasmic transcription factors called STATs[77,78].
The progressive damage to the gut is characterized
by an aberrant inflammatory response to components of
the bacterial microflora, and Th17 cells are thought to
contribute to the destruction of gut tissues by inducing
secretion of the extracellular matrix-degrading enzymes
MIP-3α and IL-21. Autocrine secretion of IL-21, which
perpetuates a cycle of elevated IL-21 secretion, and sustained STAT3 activation in the gut play important roles in
exacerbating the disease[79]. In addition, pSTAT3 enhances survival of the pathogenic Th17 cells by up-regulating
Bcl-2, Bcl-xL, and Mcl-1 genes[80] and may thereby contribute to maintaining the chronic inflammatory process.
Very recently, the role of NF-kB in IBD has been
elucidated[73]. Colon biopsies in IBD patients with active
disease showed increased levels of NF-kB p65 protein, a
member of the NF-kB family of proteins. The amount
of NF-kB p65 in the tissue samples correlated with the
severity of intestinal inflammation. This increased expression of NF-kB results in an increased ability to secrete inflammatory cytokines, such as TNF-α, IL-1, IL-6,
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apy, and the inflammatory markers decreased to normal
limits.
Subsequently, Hanai et al[86] evaluated the use of curcumin in 89 patients with quiescent UC in a randomized,
double-blind, multicenter trial. After a four-week washout
period, subjects were randomly assigned to a six-month
regimen of either placebo (n = 44) or curcumin. The
treatments consisted of 1000 mg after breakfast and 1000
mg after dinner (n = 45) in combination with sulfasalazine (SZ) (1-3 g/ d; median 2 g/d) or mesalamine (1.5-3
g/d; median 2.25 g/d).
Patients were followed during treatment and for six
months after the treatment ended; they received only SZ
or mesalamine during the six-month follow-up period.
Of 43 patients (2 patients violated the protocol) who received curcumin, 2 relapsed during the 6 mo of therapy
(4.65%), compared to 8 of 39 patients (20.51%) in the
placebo group (P = 0.040).
Recurrence rates evaluated on the basis of intention
to treat showed a significant difference between curcumin and placebo (P = 0.049). Furthermore, curcumin
improved both the clinical activity index (CAI) (P = 0.038)
and the endoscopic index (EI) (P = 0.0001), measures
that are used to evaluate the morbidity associated with
UC. The authors drew the following three major conclusions: (1) Curcumin had better clinical efficacy over placebo in the prevention of relapse; (2) Curcumin significantly improved the CAI and EI; and (3) Curcumin was
well-tolerated.
Based on these two studies, curcumin seems to be
a promising and safe therapy for maintaining remission
in patients with quiescent UC as well as for improving
symptoms in patients with proctitis and CD. It is evident that further rigorous randomized controlled trials
in larger samples of IBD patients are needed to validate
the results of the above clinical studies. Considering its
effect on multiple inflammatory pathways, curcumin also
has the potential to be used as a steroid-sparing induction agent in mild to moderate colitis or as an adjunct to
maintain remission in patients who are losing response to
immunomodulators.

Curcuma extract in capsule form (Phytopharm, United
Kingdom) at doses ranging from 440 to 2200 mg/d,
corresponding to 36-180 mg of curcumin, were evaluated. Fifteen patients with advanced CRC refractory to
standard chemotherapies received Curcuma extract daily
for up to 4 mo. In one patient, measurement of a serum
tumor marker revealed a decrease in carcinoembryonic
antigen levels from 310 ± 15 to 175 ± 9 μg/L after two
months of treatment with 440 mg Curcuma extract. Stable disease via computed tomography scan was observed
in five of 15 patients. Oral Curcuma extract was welltolerated, and dose-limiting toxicity was not observed.
In the second dose-escalation study[10], 15 patients
with advanced CRC refractory to standard chemotherapies consumed capsules compatible with curcumin doses
of between 0.45 and 3.6 g/d for up to 4 mo. Levels of
curcumin and its metabolites in plasma, urine, and feces
were analyzed. Blood and imaging tests were performed
at baseline and at various points throughout the trial.
A daily dose of 3.6 g of curcumin caused decreases of
62% and 57% in inducible prostaglandin E2 (PGE2)
production in blood samples taken 1 h after the dose was
administered on days 1 and 29, respectively. PGE2 is an
end product of cyclooxygenase that has been shown to
stimulate the growth of human colorectal cancer cells.
Garcea et al[14] studied curcumin levels in the colorectum and the pharmacodynamics of curcumin in 12
patients with confirmed CRC. The staging of patients
was noted; 2 patients were Duke A, 3 patients were Duke
B, and 7 patients were Duke C. Patients were assigned to
450, 1800 or 3600 mg of curcumin per day for 7 d prior
to surgery. The recoveries of curcumin in normal and
malignant colorectal tissues of patients receiving 3.6 g of
curcumin were 12.7 ± 5.7 and 7.7 ± 1.8 nmol/g, respectively. Curcumin levels were highest in the normal tissue
of the cecum and the ascending colon as opposed to the
transverse colon, the splenic flexure and the descending
colon, which suggests a local effect. The levels of M1G
were also decreased by curcumin treatment in malignant
colorectal tissue. COX-2 levels were undetectable in normal tissue but were detectable in malignant colorectal tissue. Curcumin was not found to modulate the expression
of Cox-2 in malignant tissues. The study concluded that
a daily dose of 3.6 g of curcumin is pharmacologically
efficacious in CRC patients.
Curcumin has also demonstrated potential for the
prevention and treatment of CRC in combination with
other agents. Familial adenomatous polyposis (FAP) is an
autosomal-dominant disorder characterized by hundreds
of colorectal adenomas that eventually develop into CRC.
One study[87] evaluated whether the combination of curcumin and quercetin could suppress adenomas in patients
with FAP. Five patients with FAP received combinations
of curcumin (480 mg) and quercetin (20 mg) orally three
times a day, and the number and size of polyps were assessed at baseline and after therapy. Four patients had a
retained rectum, and one had an ileoanal anastomosis. After 6 mo of combination treatment, all five patients had a

Colorectal cancer
Currently, it appears that the anti-carcinogenic properties
of curcumin are most likely due to its effects on multiple
molecular targets, such as NF-κB factor and AP-1. These
are both major transcription factors that regulate inflammation and thus affect cell proliferation, differentiation
and even apoptosis.
We have already mentioned that curcumin has been
shown to affect a variety of other key players involved in
carcinogenesis, such as cyclooxygenase-2, matrix metallopeptidases 2 and 9 and tumor necrosis factor α-induced
vascular cell adhesion molecule.
Sharma et al[10] conducted two separate clinical trials
exploring the effect of curcumin on malignancies and
tumor marker levels. In the first pilot study, the pharmacokinetics and pharmacodynamics of a standardized
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decrease in the number and size of polyps from baseline.
Polyp number decreased by a mean of 60.4% (P < 0.05),
and polyp size decreased by a mean of 50.9% (P < 0.05).
This is the first human demonstration of the reduction
in size and number of ileal and rectal polyps in patients
with FAP by a curcumin-containing agent. Although the
combinations seemed to reduce the adenomas, randomized controlled trials are needed to further validate these
findings.
In a non-randomized, open-label clinical trial, Carroll
et al[28] assessed the effects of oral curcumin (2 or 4 g per
day for 30 d) on PGE2 within abnormal crypt foci (ACF)
as the primary endpoint using 5-hydroxyeicosatetraenoic
acid (5-HETE), ACF number, and proliferation in 44 eligible smokers with eight or more ACF on screening colonoscopy. They assessed pre- and post-treatment concentrations of PGE2 and 5-HETE by liquid chromatography
tandem mass spectroscopy in ACF and normal-tissue
biopsies; ACF number via rectal endoscopy; proliferation
by Ki-67 immunohistochemistry; and curcumin concentrations by high-performance liquid chromatography in
serum and rectal mucosal samples. Forty-one subjects
completed the study. A significant 40% reduction in ACF
number occurred with the 4-g dose (P < 0.005), whereas
ACF were not reduced in the 2-g group. The ACF reduction in the 4-g group was associated with a significant,
five-fold increase in post-treatment plasma curcumin/
conjugate levels (vs pretreatment, P = 0.009).
In summary, the above studies suggest that curcumin
is safe and has bright prospects for the treatment of patients with CRC. In fact, curcumin has been shown to be
beneficial in all 3 stages of carcinogenesis and in all multifactorial illnesses such as cancer. An agent that acts at a
number of different cellular levels offers the potential for
effective prophylaxis and treatment. It is hoped that larger and methodologically sound clinical trials in patients
with CRC will lead to the consideration of curcumin as
an anticancer agent.

tive effects for curcumin against a variety of hepatotoxic
endogenous (from cholestasis to fatty infiltration) and
exogenous insults (alcohol to xenobiotics), a significant
percentage of which may progress to cirrhosis or hepatocellular carcinoma[91,92]. In pharmacological terms,
curcumin is a complete choleretic-cholagogue. The cleavage products of curcumin (feluric and hydrofeluric acids)
have cholecistokinetic properties because they squeeze
the gallbladder, while another principle product, paratolilmethilcarbinol, has strong choleretic activity[15].
The choleretic effect of curcumin increases bile production by approximately 62%. Its effect is not limited
to the stimulation of contraction and is also expressed in
the bile composition. Indeed, it has been reported that
sodium curcuminate increases the excretion of bile salts,
cholesterol, and conjugate bilirubin, which increases the
solubility and prevents the formation of stones in the
gallbladder[93].
Antifibrotic effect
Curcumin may attenuate hepatic fibrosis induced experimentally by various pathogenetic mechanisms due to its
protective effect on the inhibition of tissue growth factor
TGF-β[94]. In the development of liver fibrosis, this profibrinogenic cytokine plays a key role by promoting the
activation of stellate cells to myofibroblasts and through
the production of extracellular matrix.
TGF-β is one of the main targets of curcumin, which
likely occurs through NF-κB[86]. A second target of the
antifibrotic effect of curcumin is its effect on metalloproteinases, which are involved in remodeling the extracellular matrix. In an experimental model of cirrhosis,
curcumin normalized some parameters (ALT, glutathione, glycogen), thus signifying a resumption of hepatic
metabolism. Other parameters, such as fibrosis, were only
attenuated, which is likely due to the activation of metalloproteinases by curcumin itself [95,96].
Hepatoprotective effect
Table 3 shows some examples of the hepatoprotective
effects of curcumin against many hepatotoxic insults
such as paracetamol, Aspergillus aflatoxins, or nitrosamines.
The hepatoprotective effect derives mainly from its antioxidant activities, as well as its ability to reduce the formation of pro-inflammatory cytokines[97].
Given its hepatoprotective effects, curcumin can be
used in cases of insult by exogenous toxins derived from
both the environment and lifestyle. It should be recalled
that curcumin is able to induce the synthesis of phase Ⅱ
enzymes that protect cells from oxidative stress, such as
glutathione transferase, heme-oxygenase and the NAPHquinone reductase, which results in detoxification and
reduced stress[98].

Liver disease
We are still remote from having available and effective
drug therapies in hepatic diseases, with the exception of
those with viral etiology. Especially in emerging liver diseases, such as non-alcoholic fatty liver disease (NAFLD),
the only currently available therapies that have proven
to be effective are those with nutritional agents such as
vitamin E or those that are associated with antidiabetic
drugs [88,89]. The only effective therapy for NAFLD/
NASH remains non-pharmacological and involves a
multidisciplinary treatment based not only on diet but
also on frequent aerobic physical activity. In this scenario,
curcumin appears to provide an opportunity to cure or
improve liver pathologies. Curcumin has the following 4
basic effects on the hepatobiliary system[90]: (1) Choleretic-cholagogue; (2) Antifibrotic; (3) Hepatoprotective; and
(4) Antioxidant.

Antioxidant effect
Curcumin is characterized by its high antioxidant activity,
which is comparable to, if not higher than, that of vitamin C and is more than ten times higher than the activity
of the scavenger vitamin E[99].

Choleretic-cholagogue effect
Experimental studies have shown large hepatoprotec-
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Table 3 Substances and hepatic intoxication mechanisms contrasted by curcumin
Intoxications
Iron (alcoholic liver disease; steatosis,
viral hepatitis; anemia)
Alcohol (chronic or acute intoxication)
High-fat diet (lipid storage)
Xenobiotics induced acute damage
Xenobiotics induced chronic damage
Poisons (carbon tetrachloride)

Pathogenetic mechanisms

Curcumin effects

Fibrosis induced by oxidation

Anti-oxidant enzymatic activity

Phospholipase A2 activation
Focal degeneration, micronecrosis
ROS, lipid peroxidation, inflammation
Inflammation and hepatocellular necrosis
Inflammatory self-maintenance

Phospholipase A2 inhibition by NF-kB
Acil-CoA, cholesterol biliary acids; LDL peroxidation
Scavenger activity on NF-kB; anti-oxidant enzymatic activity
Hepatic fibrosis inhibition by NF-kB
Hepatic inflammation inhibition by NF-kB

ROS: Reactive oxygen species; LDL: Low density lipoprotein; NF-κB: Nuclear factor kappa B.

patients with hypersensitive esophagus to both acid and
non-acid reflux or patients with functional heartburn,
who are difficult to treat with antisecretory therapies and
who therefore may benefit from drugs that are able to act
on TPRV1 receptors. In fact, curcumin has been shown
to antagonize the vanilloid receptors even at low dosages
and thus has the potential to modulate the response of
TPRV1 to various stimulants and to prevent the generation of symptoms in patients with hypersensitive esophagus and functional heartburn[103].
Moreover, the TPRV1 receptors are widely expressed
in the entire gastrointestinal tract and enteric nervous
system, and there is evidence that curcumin can inhibit
GI nociception and reverse gut hypersensitivity by acting
on peripheral terminals. Taking into account this mechanism of action, it cannot be excluded that this molecule
may be beneficial in treating patients with functional dyspepsia and irritable bowel syndrome, which are disorders
that remain clinically challenging in the setting of current
drugs and whose patients may benefit from the pharmacological properties of curcumin on TRPV1 as a novel
pain modulator.
Finally, as it has been shown that low-grade inflammation of the intestinal mucosa is responsible for symptoms
of irritable bowel syndrome[107], we cannot exclude that
the well-known anti-inflammatory effects of curcumin
may also improve the quality of life of patients with this
disease.

Overall, the antioxidant action, especially towards
cells subjected to increased oxidative stress such as hepatocytes, results in an increase of cellular resistance to
oxidative damage for at least 18 h[99]. The antioxidant
properties of curcumin reside in the same chemical structure. Numerous natural antioxidants can be classified into
the following two types of compounds: phenolic (sesame
extract) and β-diketonics (extracts of eucalyptus).
Curcumin is one of the few antioxidants that possess
both a phenolic group and one diketonic in the same molecule. This explains why curcumin possesses the ability to
interrupt the chain that transmits the oxidation of biological structures until the oxidant energy is sufficient[99].
In summary, the multiple positive effects of curcumin
on both the biliary system and on liver structure and
function encourage its clinical use, which needs to be
validated in future controlled clinical trials.
Functional digestive disorders
The mechanisms of symptom generation in patients
with functional digestive disorders are poorly understood
due to the lack of a mucosal injury that enables us to
explain their troublesome disturbances[100]. Recent studies have shown that transient receptor potential vanilloid
type 1 (TRPV1) receptors play a critical role in somatic
and visceral nociceptive neural detection and transmission[101], and they have been implicated in the induction
of symptoms in these diseases. TRPV1 is a polymodal
sensory transducer that can be activated by multiple
noxious stimuli such as heat, low pH, and endogenous
lipid derivatives such as anandamide as well as by exogenous substances that possess a vanilloid moiety such as
capsaicin[102]. Of remarkable importance, the curcumin
molecule has the same vanilloid ring moiety as capsaicin,
making TRPV1 its likely target, and it has been shown in
animals that curcumin blocks TRPV1 activation by capsaicin in a competitive manner[103]. It has been suggested
that up-regulation of TRPV1 signaling may contribute to
visceral hypersensitivity in functional gastrointestinal diseases, including esophageal hypersensitivity[104]. This condition can be found in more than 50% of patients with
non-erosive reflux disease, which represents the most
frequent form of gastro-esophageal reflux disease[105]. Recent epidemiological studies have shown that the rate of
reflux patients with negative endoscopy can be as high as
75%[106]. This relevant population contains subgroups of
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CONCLUSION
In summary, curcumin is a well-known molecule with
multiple pharmacological activities that have the potential
to be used to treat many gastrointestinal diseases, both
functional and organic. It appears to be a very promising therapeutic compound on the basis of thousands of
pre-clinical studies, but its poor bioavailability has greatly
hampered more widespread clinical use. However, the
new formulation of curcumin with phospholipids has allowed us to overcome this problem by markedly improving intestinal absorption compared with the traditional
unformulated curcuminoid mixtures. If curcumin is truly
beneficial, as has been suggested by prior clinical trials using curcumin with limited bioavailability, we can expect to
see greater therapeutic effectiveness from phospholipidcomplexed curcumin, which enables increased absorption
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and appropriate tissue delivery. These improved pharmacokinetic and pharmacodynamic properties are also able
to significantly reduce the required dosages of curcumin
and to increase the compliance of the product. Overall,
these features make curcumin a very promising new therapeutic option for the treatment of gastrointestinal and
hepatic diseases for which present therapies are largely
unsatisfactory.
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Diagnosis and management of gastric antral vascular
ectasia
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sclerodactyly, are co-present in about 60% of patients
with GAVE; other autoimmune and connective tissue
disorders are occasionally reported such as Sjogren’s
syndrome, systemic lupus erythematosus, primary biliary cirrhosis and systemic sclerosis. In the remaining
cases, GAVE syndrome has been described in patients
with chronic renal failure, bone marrow transplantation
and cardiac diseases. The pathogenesis of GAVE is still
obscure and many hypotheses have been proposed
such as mechanical stress, humoural and autoimmune
factors and hemodynamic alterations. In the last two
decades, many therapeutic options have been proposed
including surgical, endoscopic and medical choices.
Medical therapy has not clearly shown satisfactory results and surgery should only be considered for refractory severe cases, since this approach has significant
mortality and morbidity risks, especially in the setting
of portal hypertension and liver cirrhosis. Endoscopic
therapy, particularly treatment with Argon Plasma Coagulation, has shown to be as effective and also safer
than surgery, and should be considered the first-line
treatment for patients with GAVE-related bleeding.
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Abstract
Gastric antral vascular ectasia (GAVE) is an uncommon
but often severe cause of upper gastrointestinal (GI)
bleeding, responsible of about 4% of non-variceal upper GI haemorrhage. The diagnosis is mainly based
on endoscopic pattern and, for uncertain cases, on
histology. GAVE is characterized by a pathognomonic
endoscopic pattern, mainly represented by red spots
either organized in stripes radially departing from pylorus, defined as watermelon stomach, or arranged in
a diffused-way, the so called honeycomb stomach. The
histological pattern, although not pathognomonic, is
characterized by four alterations: vascular ectasia of
mucosal capillaries, focal thrombosis, spindle cell proliferation and fibrohyalinosis, which consist of homogeneous substance around the ectatic capillaries of the
lamina propria. The main differential diagnosis is with
Portal Hypertensive Gastropathy, that can frequently
co-exists, since about 30% of patients with GAVE
co-present a liver cirrhosis. Autoimmune disorders,
mainly represented by Reynaud’s phenomenon and
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INTRODUCTION
Gastric antral vascular ectasia (GAVE) is an uncommon
but often severe cause of upper gastrointestinal (GI)
bleeding, responsible of about 4% of non-variceal up-
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per GI hemorrhage[1]. This disease was first described
in 1953 by Ryder et al[2], but deeply investigated only 25
years later, in 1978, by Van Vliet et al[3]. Since then, a better but still incomplete knowledge of this condition has
been reach; however, the exact prevalence is not known,
the pathogenesis remains unclear and the best therapeutic approach has not yet been defined. The aim of this
paper is to review the current findings about GAVE and
to contribute to a better understanding of this often misdiagnosed disease and critically review the current therapeutics options.

MORPHOLOGICAL ASPECTS

Figure 1 Endoscopic appearance of gastric antral vascular ectasia: Red
spots radially departing from pylorus and involving the gastric antrum.

GAVE is characterized by a pathognomonic endoscopic
pattern, mainly represented by red spots either organized
in stripes radially departing from pylorus, defined as watermelon stomach, or arranged in a diffused-way, the so
called honeycomb stomach[4] (Figures 1 and 2).
GAVE is typically located in the gastric antrum,
however it may be rarely found also in other areas of
the GI tract, including cardia[5,6], duodenum, jejunum[7]
and rectum[8,9]. The involvement of the proximal part of
the stomach is almost rare and generally located within
a diaphragmatic hernia[10]. At the endoscopic ultrasound
(EUS), the gastric antrum appears hyperthrophic with a
spongy appearance of the mucosa and submucosa and a
well-preserved muscularis propria[11,12].
The histological pattern, although not pathognomonic, is characterized by four alterations: vascular ectasia of mucosal capillaries, focal thrombosis, spindle cell
proliferation (= smooth muscle cell and myofibroblast
hyperplasia) and fibrohyalinosis, which consist of homogeneous substance around the ectatic capillaries of the
lamina propria[13-15] (Figures 3 and 4). In 1989, Gilliam et
al[14] proposed a score system to diagnose GAVE, which
considered only two histological criteria: the co-presence
of ectasia and/or fibrin thrombi and spindle cell proliferation (Gilliam’s score). Subsequently, a third parameter,
fibrohyalinosis, was added to improve both sensibility
and specificity[15]. This latter score, called “GAVE score”,
showed a higher diagnostic accuracy (80%) to differentiate GAVE from Portal Hypertensive Gastropathy, which
may be present in patients with co-existing portal hypertension. Table 1 summarized both the histological scores,
the Gilliam’s score and the GAVE score.

Figure 2 Videocapsule image of gastric antral vascular ectasia.

Figure 3 Gastric biopsy showing prominent vascular congestion with
thrombosis of the vasculature. The surrounding glands appear regenerative
and the vessels in the submucosa are dilated and sclerotic.

GAVE VS PORTAL HYPERTENSIVE
GASTROPATHY: DIFFERENTIAL
DIAGNOSIS

cases, by the histological pattern.
PHG occurs only in patients with portal hypertension and typically involves the fundus and the corpus of
the stomach; the endoscopic pattern is characterized by
a combination of four main characteristics: a mosaiclike pattern, presence of red point lesions, cherry red
spots and black-brown spots[16]. The histological findings
may clarify the uncertain cases by the assessment of the
“GAVE score”, indeed, a GAVE score > 3 is considered
highly diagnostic for the presence of GAVE (Table 1)[15].

Patients with portal hypertension often present an endoscopic pattern called portal hypertensive gastropathy
(PHG), which needs to be distinct from the GAVE pattern, since they represent two separate entities in the setting of liver cirrhosis. The differential diagnosis is mainly
based on the endoscopic appearance and, in the doubtful
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Table 2 Differential diagnosis between portal hypertensive
gastropathy and gastric antral vascular ectasia
Features

Portal hypertensive
gastropathy

Gastric antral vascular
ectasia

Site
Endoscopic pattern

Fundus-corpus
Antrum
Combination of:
Red spots organised:
Mosaic-like pattern
Striped-pattern
Red point lesions
(watermelon-stomach)
Cherry red spots
Diffused-pattern
Black-brown spots
(honeycomb-stomach)
Histological pattern
Not specific
Highly specific
Response to
Present
Absent
b-Blockers/transjugular intrahepatic portosystemic shunt/portocaval
shunts

Figure 4 Higher magnification of one of the thrombosed vessels.

Table 3 Gastric antral vascular ectasia and associated diseases

Table 1 Histological score systems for diagnosis of gastric
antral vascular ectasia
Gastric antral vascular ectasia score
(range 0-5)

Associated disease

Score Fibrin thrombi and/or Spindle cell proliferation Fibrohyalinosis
vascular ectasia
0
Both absent
Absent
Absent
1
One present
Increased
Present
2
Both present
Marked increased
-

The main aspects to consider in the differential diagnosis
between GAVE and PHG are summarised in Table 2.
The importance to distinguish these two clinical entities
is mainly related to the different therapeutic approach;
the reduction of portal pressure by using drugs (betablockers, somatostatin, octreotide), trans-jugular intra-hepatic porto-systemic shunt (TIPS) or surgery (portocaval
shunts) are not effective for the treatment of GAVE[17,18].

Ref.

60

30
10

[10]
[10]
[19]
[21,32]
[10,32]
[20]
[22-24]
[10]
[25]
[10,26]

not related to the patient’s outcome[4] but could reflect a
different pathogenesis.

PATHOGENESIS
GAVE syndrome is an acquired disease rather than a
congenital alteration. The pathogenesis of GAVE is still
obscure and many hypotheses have been proposed such
as mechanical stress, humoural and autoimmune factors
and hemodynamic alterations.
Mechanical stress represented by strong gastric peristalsis has been supposed to induce prolapse and trauma
of antral mucosa and intermittent obstruction of blood
vessels, which can lead to fibro-muscular hyperplasia and
vascular ectasia[28]. These latter are typical findings of
GAVE and other gastrointestinal lesions due to repeated
traumas and mucosal prolapse (i.e., stomas and prolapsed
haemorrhoids)[13]. Furthermore, a subset of patients with
liver cirrhosis and GAVE has been showen to have antropyloric dysfunction with abnormal antral motor response
to meals[29].
Many authors have assumed a pivotal role of humoral
factors as gastrin, vasoactive inhibitory peptide (VIP),
5-hydroxytryptamine, glucagon, catecholamines, prostanoid and other undefined vasoactive substances. GAVE
syndrome has been associated with both increased[28]
and decreased levels of gastrinemia[15] and these conflicting data reduced the importance initially ascribed to this

GAVE AND ASSOCIATED DISEASES
GAVE syndrome can complicate the course of many
diseases (Table 3). Autoimmune disorders, mainly represented by Reynaud’s phenomenon and sclerodactyly, are
co-present in about 60% of patients with GAVE[10]; other
autoimmune and connective tissue disorders are occasionally reported such as Sjogren’s syndrome[19], systemic
lupus erythematosus[20], primary biliary cirrhosis and systemic sclerosis[21]. In this latter case, it has been reported
that GAVE can even represent the presenting syndrome,
preceding the development of the autoimmune disorders
by several months[21].
About 30% of patients with GAVE co-present a liver
cirrhosis[22-24], whatever etiology (viral, autoimmune, toxicmetabolic). In the remaining cases, GAVE syndrome has
been described in patients with chronic renal failure[10],
bone marrow transplantation[25] and cardiac diseases[10,26].
Non-cirrhotic patients more frequently present the
typical endoscopic watermelon-, striped-pattern and are
mainly represented by middle-aged women whereas the
honeycomb-, diffuse-pattern prevails in patients with
liver failure[1,4,27]. However, the endoscopic appearance is
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Prevalence (%)

Autoimmune diseases
Raynaud's phenomenon
Sclerodactyly
Sjogren's syndrome
Systemic sclerosis
Primary biliary cirrhosis
Systemic lupus erythematosus
Liver cirrhosis and/or portal hypertension
Others
Chronic renal failure
Bone marrow transplantation
Cardiac diseases

Gilliam’s score
(range 0-4)
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Surgery
The surgical approach, most commonly represented by
antrectomy, has a clear clinical efficacy in the management of GAVE-related bleeding, since none of the
patients surgically treated has recurrence of bleeding
in the post-operative period[37]. However, this approach
has significant mortality and morbidity risks, especially
in the setting of portal hypertension and liver cirrhosis.
Novitsky et al[37] reviewed 45 reported surgical cases and
found that antrectomy was the most frequently performed surgical approach (89% of cases) with a 30-d
mortality rate of 6.6% and the principal cause of death
was multiorgan failure. As previously mentioned, portocaval shunts, including TIPS, have no role in the treatment of GAVE syndrome[17].

hormone, which was hypothesised to induce spindle cell
proliferation, hyperplasia, prolonged sphincter relaxation and also capillary and venous dilatation. A possible
role of both VIP and 5-hydroxytryptamine has been
proposed after the evidence of the presence of actively
proliferating neuroendocrine cells surrounding the ectasic
vessels in the lamina propria of patients with GAVE[30].
The release of these substances seems to be responsible
for the local vasodilatation and the tendency to bleed.
On the other hand, glucagon and catecholamines do
not seem to play any role in the pathogenesis of GAVE,
since concentrations of these metabolites have shown to
be similar in cirrhotics with or without GAVE. However,
prostaglandin E2, a prostanoid with vaso-dilatator and
acid-inhibitory effect, showed significantly higher levels
in patients with GAVE[31].
Up to 60% of patients with GAVE have also an autoimmune associated disease and show the presence of
autoantibodies[10], therefore an autoimmune pathogenesis
has been suggested. Indeed, several autoantibodies have
been detected in patients with GAVE; Watson et al[32]
found that all patients with systemic sclerosis and GAVE
were positive for antinuclear antibodies and, in some
cases, were also positive for anti-centromere antibodys.
This antibody was subsequently demonstrated to recognize a specific and formerly unknown centromeric protein, involved in the cell growth process[33]. Garcia et al[34]
and Valdez et al[35] found in the sera of a patients with
GAVE an antinucleolar antibody that specifically recognized a RNA helicase II (RH-II). It has been speculated
that these autoantibodies could cross-react with specific
proteins present in the vessels of the gastric mucosa and
sub-mucosa inducing the typical alterations. However, the
exact role played by these autoantibodies is still unknown
and only the development of an animal model will probably provide further information.
It is now evident that portal hypertension does not
play a role in the GAVE development, since it is not
present in up to 70% of patients, and the reduction of
portal hypertension does not affect the course of the
disease[17]. Moreover, it has been shown that liver transplantation despite persistent portal hypertension induces
complete disappearance of the antral vascular lesions[36].
It could be speculated that liver failure, at least in a subset
of patients, and not portal hypertension, could have a
role in the pathogenesis of GAVE altering the metabolism of not yet identified substances.
Finally, GAVE syndrome could have a multifactorial
pathogenesis, with the driven process strictly related to
the different clinical settings (i.e., autoimmune or liver
failure setting), thus explaining the dissimilar endoscopic
appearance (watermelon- or honeycomb-pattern).

Medical therapy
A wide variety of drugs have been used to try to control GAVE-related bleeding, however no one has clearly
shown satisfactory results in order to consider medical
therapy as a valid alternative to an invasive approach.
Hormonal therapy - estrogen-progesterone - has been
shown to control bleeding related to GI vascular malformations, including GAVE, by undefined mechanisms[38,39].
However, since the vascular lesions persist despite cessation of bleeding, a dose-reduction is usually related to
bleeding relapse[40-42]. Moreover, the long-term treatment
with hormonal-therapy can induce severe side effects,
such as menorrhagia and gynaecomastia, and increase the
risk of endometrial and breast cancer[43].
Octreotide, a long-acting somatostatin analogue, has
been shown to effectively control chronic bleeding related to vascular abnormalities. Nardone and co-workers
treated 3 patients with GAVE-related bleeding with octreotide (0.1 mg subcutaneous three times a day) for 6
mo, obtaining a transient reduction of bleeding in one
case and cessation in the others two patients, with partial
and total regression of the lesions[44]. This result can be
partly explained by several effects exerted by this hormone such as the inhibitory effect on both neuroendocrine cells surrounding the ectatic vessels and on smooth
muscle cells, and the anti-angiogenic effect. However,
other authors have not confirmed these results[45] and the
role played by octreotide needs to be further investigated
in larger sample size studies.
Few case-reports have suggested a potential benefit
from the use of tranexamic acid but reported severe side
effects (central venous stasis retinopathy; deep venous
thrombosis and pulmonary embolism) limit its use[46-48].
A case-report showed complete resolution of GAVE
with intravenous infusion of methylprednisolone and
cyclophosfamide in a patient with associated systemic
sclerosis and pernicious anaemia[49]; but, such result has
not been yet confirmed in larger series.
In conclusion, drug therapies have no definite role in
the cure of GAVE-related bleeding and should be considered an experimental therapeutic approach in the setting of controlled clinical trials.

THERAPEUTIC OPTIONS
In the last two decades, many therapeutic options have
been proposed including surgical, endoscopic and medical choices and the best approach is still to be defined.
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through ionized and electrically conductive gas, called
argon plasma; the diverging gas flow allows an axial, radial and retrograde application (Figure 5). In comparison
to Nd: YAG laser therapy, APC is easier to use, more
manageable, cheaper and, most importantly, safer; nevertheless, randomized trials comparing the two endoscopic
procedures are lacking.
The complications are rare and mostly mild. The most
frequently reported complication is represented by intestinal gas distension related to argon flow, which can leave
the patient with a feeling of discomfort after the endoscopic session. Wall emphysema and intestinal pneumatosis have been described, but these conditions are usually
reversible[58]. More serious adverse events described after
APC treatment are asymptomatic antral stenosis[59] and
upper GI hemorrhage. One severe case of sepsis, which
conduced to death due to infectious peritonitis, has also
been described[60]. The risk of intestinal perforation is
very low and limited to very thin-walled structures (i.e.,
caecum)[58,61]; notably, no case of perforation during APC
treatment of GAVE has been described.
The largest case series of APC treatment reported an
efficacy ranging from 90%[60] to 100%[62], with no further
need for blood transfusions and an increase of hemoglobin level from 2.3 g/dL[62] to 5.5 g/dL[58] in almost all
patients. The setting of argon gas flow usually ranges
between 0.8 L/min and 2.5 L/min, the electrical power
from 40 W to 100 W and, generally, a mean of 2.5 sessions are needed to achieve complete eradication[58,62,63].
Several other endoscopic therapies have been proposed in the last years, such as cryotherapy, band ligation
and radiofrequency ablation.
A small, prospective pilot study, based on 12 patients,
investigated the efficacy of cryotherapy for the treatment
of GAVE-related bleeding achieving a complete response
to treatment (i.e., no need for blood transfusion) in 50%
of cases[64]. Cryotherapy is based on the rapid decrease
of temperature due to the rapid expansion of carbon
dioxide (CO2) released by the spray catheter; such sudden decrease of temperature causes superficial necrosis
of the mucosa and of the superficial submucosal, with
eradication of antral teleangiectasias, and subsequent reepithelialization. The need for specialized equipment
and for specific training, represents Cryotherapy’s main
limitations; furthermore, the need of an overtube placed
to enable passive venting of CO2, might add technical
difficulty and risk to the procedure.
Several case-reports and one observational comparative study have reported the use of band ligation for
patients with GAVE related bleeding[65-67]. Based on the
small, retrospective study that compared endoscopic
band ligation with endoscopic thermal therapy, band ligation showed a significant higher rate of bleeding cessation, fewer treatment sessions required to achieve cessation of bleeding, a greater increase in hemoglobin values
and reduction of the need for transfusions[67]. The higher
efficacy compared to standard thermal therapy is probably due to a more reliable eradication of the abnormal

Figure 5 Argon plasma coagulation treatment of gastric antral vascular
ectasia in patient with transfusion-dependent anaemia.

Endoscopic treatment
The endoscopic treatment principally represented by laser photoablation and, more recently, by Argon Plasma
Coagulation (APC) has shown a similar and safer effect
as surgery.
Neodymium-yttrium-aluminum garnet (Nd: YAG)
laser coagulation has been successfully used to control
GAVE-related bleeding. All series have confirmed the efficacy of this endoscopic thermal therapy by reducing or
abolishing the need of blood transfusions in about 50%
to 80% of cases, with a mean of 3 treatment sessions
(range 1-10)[50-53].
The most serious complication described after laser
therapy, even if rare, is represented by gastric perforation. Two weeks after almost all laser therapy sessions, a
gastric ulceration is frequently observed, even when the
laser treatment session has been performed with an energy power sufficient to induce only superficial scarring
without deep tissue necrosis[54]. Another complication
observed after repeated treatment sessions, is pyloric
stenosis, that can induce either delayed gastric emptying
or true obstruction[54,55]. Up to 8% of patients developed
this complication, that can be resolved by balloon dilation[55]. Moreover, after multiple, high energy, laser therapy sessions, patients may develop hyperplastic polyps,
even after 20 mo of follow-up[56]. These polyps can reach
large dimensions and induce recurrent anaemia without
evidence of recurrence of vascular abnormalities [56].
Their development is thought to be secondary to reactive
foveolar hyperplasia and no focal malignancy has been
detected. However, Bernstein and co-workers presented
a case-report of a multifocal gastric cancer developed
after repeated sessions of laser therapy over a five-year
period[57].
Other important disadvantages of laser endoscopic
therapy are the high cost and the need of a long training
period, since most severe complications, such as perforation and death, happen more frequently when the endoscopist is not sufficiently skilled with the procedure[51,54].
Argon plasma coagulation (APC) is a noncontact
technique with a controllable depth of coagulation (0.5-3
mm). High-frequency current is applied to the tissue

WCG|www.wjgnet.com

2177

January 28, 2014|First Edition|

Fuccio L et al . Diagnosis and Management of GAVE

vasculature in the mucosa and submucosal.
Finally, a pilot study has investigated the role of radiofrequency ablation for the treatment of GAVE [68];
6 patients with transfusion-dependent GAVE-related
bleeding were enrolled and after 1 to 3 treatments, all but
one no longer needed transfusions during the 6 mo follow up, without reporting adverse events.
Although cryotherapy, endoscopic band ligation
and radiofrequency ablation have provided encouraging
results, well-performed, larger, prospective studies are
needed before providing any definitive conclusion.
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CONCLUSION
GAVE is an infrequent but severe cause of upper gastrointestinal bleeding, characterized by a pathognomonic
endoscopic pattern of red spots organized either in
stripes or randomly distributed in the gastric antrum.
GAVE can develop in the setting of many diseases,
mainly represented by autoimmune diseases and liver
cirrhosis. Although many hypotheses, such as mechanical stress, humoral/immunological factors and haemodynamics alterations, have been proposed, the pathogenesis
of GAVE remains still obscure and probably different
pathways occur in different clinical settings. The therapy
is limited to surgical or endoscopic approach, since most
drug therapies have shown conflicting results. Surgery
has the advantage to be a definitive therapy but with high
morbidity and mortality risks, especially in patients with
severe co-morbidities, such as liver cirrhosis. Endoscopic
therapy, particularly treatment with APC, has shown to
be as effective and also a safer than surgery, and should
be considered the first-line treatment for patients with
GAVE-related bleeding.
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Percutaneous endoscopic gastrostomy tube replacement: A
simple procedure?
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abdominal pain or signs of peritonitis immediately after
PEG tube replacement or shortly after tube feeding was
resumed) is discussed. If prompt investigation confirms
the intraperitoneal tube placement, surgical intervention is usually required. This article also highlights the
fact that each institute should have an optimal protocol
for PEG tube replacement to prevent, or to minimize,
such serious complications. Meanwhile, clinicians should
be aware of these potential complications, particularly
if there are any difficulties during the gastrostomy tube
replacement.
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Abstract
Replacement of gastrostomy tube in patients undergoing percutaneous endoscopic gastrostomy (PEG) is
generally considered as a safe and simple procedure.
However, it could be associated with serious complications, such as gastrocutaneous tract disruption and intraperitoneal tube placement, which may lead to chemical peritonitis and even death. When PEG tube needs a
replacement (e.g., occlusion or breakage of the tube),
clinicians must realize that the gastrocutaneous tract of
PEG is more friable than that of surgical gastrostomy
because there is no suture fixation between gastric
wall and abdominal wall in PEG. In general, the tract of
PEG begins to mature in 1-2 wk after placement and it
is well formed in 4-6 wk. However, this process could
take a longer period of time in some patients. Accordingly, this article describes three major principles of a
safe PEG tube replacement: (1) good control of the replacement tube along the well-formed gastrocutaneous
tract; (2) minimal insertion force during the replacement, and, most importantly; and (3) reliable methods
for the confirmation of intragastric tube insertion. In
addition, the management of patients with suspected
intraperitoneal tube placement (e.g., patients having
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INTRODUCTION
Gastrostomy is indicated when an individual requires longterm prepyloric feeding[1-5]. With an advent of endoscopic
procedure, percutaneous endoscopic gastrostomy (PEG)
has become more preferential than open gastrostomy
thanks to its less invasiveness and better cost-effectiveness[6-11]. Moreover, PEG was associated with significantly
faster time to start feeding[12,13]. A PEG tube is usually
made of silicone or polyurethane[14-18]; thereby making
it very durable and less likely to be damaged by gastric
secretion compared to a latex tube[19]. In general, the tract
of PEG begins to mature in 1-2 wk after placement and
it is well formed in 4-6 wk[20,21]. However, this process
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could take a longer period of time in patients with severe
malnutrition, immunosuppression, or ascites[22-26]. If a
PEG tube is dislodged within a month after placement,
it is advised that a repeat endoscopy be performed to
replace the tube since the stomach may not well adhere
to the abdominal wall, thus resulting in a free perforation[27-29]. Blindly replacing a new tube in this scenario
could cause intraperitoneal placement and consequent
peritonitis[30].
When PEG tube needs a replacement (e.g., occlusion or breakage of the tube[31-34], or accidental dislodgement of PEG tube[35-37]), clinicians must realize that the
gastrocutaneous tract of PEG is more friable than that
of surgical gastrostomy because there is no suture fixation between gastric wall and abdominal wall in PEG.
Although the incidence of intraperitoneal tube placement
in patients with mature gastrocutaneous tract (PEG performed > 30 d) remains unknown, peritonitis after PEG
tube replacement has been reported sporadically and it
was associated with significant morbidity and mortality[38-46].

Figure 1 Patient (A 60-year-old woman) developed sudden abdominal
pain immediately after percutaneous endoscopic gastrostomy tube replacement. Fluoroscopy of the upper abdomen demonstrated the leakage of
water-soluble contrast from a disc-tip gastrostomy tube into the peritoneal cavity (figure courtesy of Dr. Asada Methasate and Dr. Cherdsak Iramaneerat).

STEPWISE APPROACH TO PATIENTS
WITH SUSPECTED INTRAPERITONEAL
TUBE PLACEMENT

PRINCIPLES OF GASTROSTOMY TUBE
REPLACEMENT

When intraperitoneal tube placement is suspected (e.g.,
patients having abdominal pain or signs of peritonitis
immediately after PEG tube replacement or shortly after
tube feeding was resumed), prompt investigation should
be performed, either with a water soluble contrast study
(Figure 1) or computed tomography scan of the abdomen[41], and tube feeding must be discontinued immediately. In case this situation occurs in an endoscopy room,
gastroscopy may show an absence of PEG tube in the
stomach which confirms the malposition of gastrostomy
tube.
If the investigation reveals gastrostomy tube located
in the peritoneal cavity, surgical intervention is usually required such as an exploratory laparotomy with peritoneal
lavage for chemical peritonitis (Figure 2). The initial site
of gastrostomy may be reused, or closed and a new gastrostomy site be created distal to the former one. Broadspectrum antibiotics should be given intravenously until
clinical grounds and laboratory parameters of infection/
inflammation return to normal, mostly within 5-7 d. In a
lesser extent of the consequence (i.e., a stable patient with
minimal symptoms and signs of peritonitis), non-operative management may be justified[41]. This conservative
approach includes the removal of the gastrostomy tube,
nasogastric tube decompression, intravenous administration of broad-spectrum antibiotics, and close monitoring
of hemodynamic and abdominal signs. A new PEG tube
may be placed by endoscopy at a new site in the stomach
whenever the patient is completely stabilized.

Although there is no guideline or consensus regarding
PEG replacement protocols[47-54], the principles of any
PEG tube replacement should include (1) good control
of the replacement tube along the well-formed gastrocutaneous tract; (2) minimal insertion force during the
replacement, and, most importantly; and (3) reliable
method for the confirmation of intragastric tube insertion. Replacing a new tube along the proper tract can
be achieved by using a leveler to measure the depth and
direction of the tract, exchanging a PEG tube over a relatively short guide wire with or without the assistance of
fluoroscopy (the railroad technique, or the modification
of Seldinger technique)[55-60], or inserting a new tube under a direct endoscopic view[61,62]. Replacing an old PEG
tube with a balloon-tip tube, rather than a mushroom-tip
tube or a disc-tip tube, may minimize the risk of gastrocutaneous tract disruption[63-66]. Additional caution should
be devoted when replacing PEG tubes in individuals who
have non-straight gastrocutaneous tract, who have narrow stoma site, and who have less co-operation.
There are several ways to confirm a proper PEG tube
replacement such as aspirating gastric or bilious fluid
from the tube, listening to a gurgling sound when flushing air through the replacement tube, and performing a
water/saline irrigation test (no resistance or pain when
filling the tube with sterile water/saline). These methods
are simple but somehow unreliable to indicate whether
or not the tube insertion is getting into the stomach. The
gold standard to confirm tube position is however to
obtain a water-soluble contrast examination through the
replacement tube[67-69], or to visualize the internal bolster
or balloon via an upper gastrointestinal endoscopy[70].
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CONCLUSION
This article emphasizes the potential serious complication
for PEG tube replacement, an intraperitoneal placement
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Figure 2 Intraoperative findings of the aforementioned patient showed an
intraperitoneal gastrostomy tube, and the separation of mature gastrocutaneous tract close to the stomach (figure courtesy of Dr. Asada Methasate
and Dr. Cherdsak Iramaneerat).

14
15

and its subsequent peritonitis, which could be associated with significant morbidity and even mortality. Each
institute should have an optimal protocol for PEG tube
replacement to prevent, or to minimize, such a serious
complication. Meanwhile, clinicians should be aware of
this complication, particularly if there are any difficulties
during the gastrostomy tube replacement.
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Abstract
Diagnosis of gastric subepithelial tumor (SET) has
shown a rapid increase worldwide. Although, until now,
endoscopic ultrasound guided procedures such as fine
needle aspiration have shown relatively high accuracy
in diagnosis of SET, the most important modality for
diagnosis and treatment of SETs is complete resection
such as endoscopic or surgical resection. However,
endoscopic resection or laparoscopic wedge resection
alone also has some limitations. Endoscopic resection
is difficult to perform in cases of gastric SET located
within deep portion of the gastric layer or a relatively
large (larger than 25 mm diameter). On the other
hand, gastric SET in a difficult location, such as the
gastroesophageal junction or pyloric ring is challenging
for laparoscopic surgical resection. The hybrid natural
orifice transluminal endoscopic surgery (NOTES) technique is a combined method, including the advantages
of both laparoscopic resection and endoscopic resection
for gastric SETs. This method may be performed safely
with reasonable operation times, less bleeding, and adequate resection margin and regardless of tumor size.
In particular, in the case of a difficult location for resection, such as the esophagogastric junction or pyloric
ring, hybrid NOTES is currently believed to be an ideal
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INTRODUCTION
Diagnosis of gastric subepithelial tumor (SET) has
shown a rapid increase worldwide in accordance with
increasing performance of endoscopy for screening. The
SETs occupy approximately 5% of total gastric tumors,
showing various aspects from benign, such as lipoma, to
malignancy, such as gastrointestinal stromal tumor[1].
For diagnosis of SETs, the use of endoscopic ultrasonography (EUS) and EUS guided fine needle aspiration or
Tru-Cut biopsy has shown a recent increase. However, the
average accuracy rate of EUS guided fine needle aspiration
(EUS-FNA) for diagnosis of SETs is only 60% to 80%. In
a recent study, Mekky et al[2] reported on the diagnostic utility of EUS-FNA in gastric SETs. The sampling adequacy
was 83%, with an average of 2.5 passes. EUS-FNA results
were diagnostic in 43.3%, suggestive in 39% and nondiagnostic in 17.7%. EUS-FNA results showed 95.6%
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accuracy in differentiation of potential malignant lesions.
Another study validated the unroofing technique for
diagnosis of SETs in 16 patients[3]. Use of the unroofing technique provided specimens that were sufficient
for diagnosis and assessment of risk for malignancy
in 15 out of 16 cases [diagnostic yield 93.7% (95%CI,
80.4%-100.0%)]. However, the indication for use of the
unroofing technique should be confined to liquid SETs,
such as lipoma and cystic lymphangioma. In addition,
EUS guided biopsy or unroofing technique is limited to
use as a diagnostic tool rather than a treatment modality.
Therefore, until now, the most important modality
for diagnosis and treatment of SETs has been complete
resection. Because the characteristics of SETs are mostly
benign in nature and are rarely malignant in nature with
hematogenous spread rather than lymphatic metastasis,
lymph node dissection is not necessary for treatment of
SETs. Therefore, SETs are a good indication for resection of tumors using endoscopy or laparoscopy.
According to development of endoscopic technology, a non-invasive method is currently preferred. In this
article, we will provide validation for endoscopic treatment, surgical treatment and hybrid natural orifice transluminal endoscopic surgery (NOTES) for treatment of
gastric SETs.

risk for perforation during or after treatment.
In another Chinese study, 26 patients with gastric
SETs originating from the muscularis propria were
treated by endoscopic full thickness resection (EFR)[5].
Briefly, the EFR procedure is as follows: (1) a circumferential incision as deep as muscularis propria around the
lesion by the endoscopic submucosal dissection (ESD)
technique; (2) incision into the serosal layer around the
lesion using a knife; (3) completion of full-thickness
incision to the tumor, including the serosal layer using a
knife or snare by gastroscopy without laparoscopic assistance; and (4) closure of the gastric-wall defect with metallic clips. The complete resection rate was 100%, and
the mean resected lesion size was 2.8 cm (range, 1.2-4.5
cm). The key to the EFR procedure is the successful
closure of wall defects after resection for prevention of
peritonitis and surgical intervention. Because the size of
a wall defect after resection should be smaller than the
width of the open clips, performance of the EFR procedure for large SETs (large than 25 mm) is difficult.
In summary, endoscopic resection alone has a limitation of complete resection for gastric SETs located
within a deep portion of the gastric layer and is difficult
to perform for a relatively large size (larger than 25 mm
diameter).

ENDOSCOPIC TREATMENT AND
LIMITATIONS

SURGICAL TREATMENT AND
LIMITATIONS

Various endoscopic resection techniques have recently
been reported for treatment of SETs. However, there
are two major limitations of endoscopic resection alone.
One is for SETs originating within a deep portion of the
gastric layer and another is for SETs of large size. Endoscopic mucosal resection (EMR), including EMR with
a cap and eEMR with ligation is a simple method for
resection of small SETs originating from the mucosal
and submucosal layer with low complication rates. However, for lesions originating from the muscularis propria,
endoscopic resection has a main drawback of a risk of
perforation. Therefore, SETs located deeper below the
submucosal lesion are usually managed by surgery.
To overcome this limitation, some new techniques
have been developed. Endoscopic submucosal tunnel
dissection was validated for upper gastric SETs. In 12
patients who presented with an upper gastrointestinal
SET of ≤ 40 mm located in the esophagus or cardia, a
submucosal tunnel was created endoscopically starting
at approximately 5 cm proximal to the lesion. SETs had
a mean size of 19.5 mm (range, 10-40 mm), eight were
located in the esophagus and four in the cardia[4]. SET
resection was successful in 10 patients (83.3%) who underwent en bloc resection and the two remaining patients
who underwent resection in two pieces. However, endoscopic tunnel dissection is difficult to perform for a large
SET. The size of piecemeal resected SETs was 25 mm
and 40 mm, which were larger than en bloc resected SETs
(median 15 mm, range 10-25 mm). In addition, there is a

Traditionally, the basis for complete resection of SETs
has been surgical resection. Recently, laparoscopic wedge
resection has commonly been used as a non-invasive modality[6,7]. The surgical techniques can be selected according to location and characteristics of the tumor[8,9]. The
location and aspect of SETs is also a limitation of laparoscopic resection. The exogastric approach is the most
popular technique for SETs located at the anterior wall,
particularly those that exhibit extraluminal growth[7,10].
However, because it is associated with excessive resection of healthy tissue of the gastric wall, there is a possibility of stenosis or deformity with this procedure[9].
Therefore, this approach is not considered suitable for
SETs at or near the gastric inlet or outlet, such as the
area near the gastroesophageal junction and pyloric ring.
Tumors located at the posterior wall of the stomach can
usually be treated using a transgastric or intragastricapproach[8,9,11,12]. The intragastric approach is the preferred
method for lesions located at the posterior wall and for
the tumors of the esophagogastric junction[13-16]. Use of
this procedure carries little possibility of deformity and
stenosis. However, it cannot be applied to anterior wall
lesions or large tumors. In addition, after completion of
this procedure, repair of two or three stab wounds of
the anterior wall of the stomach must be performed.
Tumors located near the pylorus and the lesser curvature of the stomach are challenging. The usual approach to submucosal tumors of the stomach is wedge
resection with an adequate margin. In order to ensure

WCG|www.wjgnet.com

2187

January 28, 2014|First Edition|

Heo J et al . Hybrid NOTES in gastric SETs
Table 1 The published studies on hybrid natural orifice transluminal endoscopic surgery of gastric subepithelial tumors
Author, year
and number of
patients

Operation
time, min

Intraoperative Tumor Number of Postoperative Hospital Tumor location
complications stay, d
bleeding, mL size, mm
linear
staplers used

Hiki et al[20],
n=7

169.0 ± 17.0

7.0 ± 2.0

Tsujimoto et al[21], 157.5 ± 68.4
n = 20
(89-316)

Abe et al[22],
n=4

3.5 ± 6.4
(0-20)

221.5 ± 129.4 38.0 ± 46.7

46.0 ± 3.0
(35-60)

2.2 ± 0.1

0

37.9 ± 11.0
(18-63)

2.7 ± 0.5
(2-3)

0

38.0 ± 7.1
(22-43)

NA

0

7.4 ± 8.1

Type of
growth

Pathologic diagnosis, n

U4
M1
L1
Remnant stomach, posterior 1
11.6 ± 9.5
U8 (40%)
(6-13)
M8 (40%)
L4 (20%)

Extragastric
type 1
Intragastric
type 6

GIST, 6
Schwannoma, 1

Extragastric
type 2 (15%)
Intragastric
type 17 (85%)

7.5 ± 0.7

NA

GIST, 16 (80%)
Inflammation for parasite,
1 (5%), leiomyoma, 1 (5%),
glomus tumor, 1 (5%),
aberrant pancreas, 1 (5%)
GIST, 1
Lipoma, 1
Ectopic pancreas, 1
Schwannoma, 1

U1
M3

Data are expressed as median ± SD (range). U: Upper portion; M: Middle portion; L: Lower portion; NA: Not available; GIST: Gastrointestinal tumor.

patency of the gastric lumen and to prevent vagus nerve
injury, special precautions must be taken during resection of tumors located near the pylorus and the lesser
curvature of the stomach. A application of the intragastric or transgastric approach in this area is very difficult
because of the small space available for handling or
introduction of the instrument. Use of linear staplers
in the prepyloric antrum is not recommended because
surgeons cannot guarantee penetration to the luminal
side and because the inevitable removal of healthy tissue
from the gastric wall results in luminal compromise[17].

mucosal tumor was then exteriorized to the abdominal
cavity and dissected using a standard endoscopic stapling
device (Figure 1). Endoscopic approach using using
the ESD technique can provide the precise cut line as a
marker for laparoscopic resection. During performance
of the resection, use of an intragastric endoscopic and
extragastric laparoscopic approach can allow for observation of both sides of the resection margin. These dual
approaches can allow for attainment of an appropriate
resection margin. In addition, this method can provide
an easy approach for the difficult location of SET resection and minimize the stricture or deformity after resection of gastric SETs at the esophagogastric junction or
pyloric ring. In addition, as always, hybrid NOTES has
the advantage of external wedge resection for large sized
subepithelial tumors.
In the study reported by Hiki et al[20], in all cases, the
laparoscopic and endoscopic cooperative surgery (LECS)
procedure was successful for dissecting out the gastric
submucosal tumor. In four of seven cases, the tumor was
located in the upper gastric portion near the esophagogastric junction. The three remaining tumors were located in
the posterior gastric wall. In two cases, the tumors were
more than 5 cm in diameter, and one was a gastrointestinal tumor (GIST) of the remnant stomach. The mean
operation time was 169 ± 17 min, and the estimated
blood loss was 7 ± 2 mL. The postoperative course was
uneventful in all cases. In another study, 20 consecutive
patients underwent LECS for resection of gastric SETs.
In all cases, dissection of the gastric SET was successful
using the LECS procedure. The tumor was located in the
upper third of the stomach in eight cases, in the middle
third in eight cases, and in the lower third in four cases[21].
A summary of some published series on hybrid NOTES
is shown in Table 1[20-22].
The hybrid NOTES procedure for treatment of gastric
SET should be performed carefully. Accidental rupture
of a gastric SET, such as GIST, during resection with

HYBRID NOTES
NOTES implies the use of empty organs as an access
to the peritoneal cavity using an endoscope, completely
avoiding skin incisions[18]. In order to overcome current technical limitations, investigators have combined
NOTES with the conventional laparoscopic approach in
the so-called hybrid NOTES technique.
Wilhelm et al[19] reported that three different methods
are available for laparoscopic-endoscopic ‘‘rendez-vous’’
resection. In the case of laparoscopic assisted endoscopic
resection, the lesion is resected with diathermy; larger lesions demand that resection be performed as a wedge
resection for tumors located in the anterior aspect of the
stomach and as a transgastric resection for posterior wall
lesions.
Hiki et al [20] reported on 7 cases of laparoscopic
and endoscopic cooperative surgery using endoscopic
submucosal dissection with laparoscopic wedge resection as the technique developed for hybrid NOTES.
The procedure for hybrid NOTES was as follows: both
mucosal and submucosal layers around the tumor were
circumferentially dissected using endoscopic submucosal
dissection via intraluminal endoscopy. Subsequently, the
seromuscular layer was laparoscopically dissected on the
exact three-fourths cut line around the tumor. The sub-
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A

B

C

D

E

F

Figure 1 Procedures for hybrid natural orifice transluminal endoscopic surgery (laparoscopic assisted endoscopic full-thickness resection). A: Laparoscopic view during dissection of the attachment of the lesser omentum around the tumor site; B: Endoscopic view during precutting around the tumor using an O type
knife (Finemedix, Daegu, South Korea); C, D: Laparoscopic view of a full-thickness incision from inside the stomach using the same knife; E: Laparoscopic view of
the remaining full thickness incision from outside the stomach using a HARMONIC ACE® (Ethicon Endo-Surgery); F: Laparoscopic view after laparoscopic handsewn
closure of the gastric wall defect.

peritoneal seeding is theoretically possible. Therefore,
hybrid NOTES may be contraindicated for ulcerated or
bleeding tumor. Removal of tumors from the abdomen
into a specimen retrieval bag is also important for prevention of seeding of the tumor to the peritoneum and
port-site wound.

pyloric ring, hybrid NOTES is currently believed be an
ideal treatment method.
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Core tip: Aerodigestive cancer is well known to have a poor
prognosis and is often diagnosed in the late stages with
dysphagia. Insufficient nutrition and lack of stimulation of
the intestinal mucosa may worsen immune compromise.
Therefore, it is most important to optimize enteral nutrition
before and during treatment, as well as during palliative
treatment. Percutaneous endoscopic gastrostomy (PEG)
may be useful for nutritional support. PEG tube placement
using the introducer method or the direct method may be
a much safer alternative than the pull/push method. PEG
may be recommended in patients with aerodigestive cancer because of the improved complication rate.

Abstract
Aerodigestive cancer, like esophageal cancer or head
and neck cancer, is well known to have a poor prognosis. It is often diagnosed in the late stages, with dysphagia being the major symptom. Insufficient nutrition
and lack of stimulation of the intestinal mucosa may
worsen immune compromise due to toxic side effects.
A poor nutritional status is a significant prognostic
factor for increased mortality. Therefore, it is most
important to optimize enteral nutrition in patients with
aerodigestive cancer before and during treatment, as
well as during palliative treatment. Percutaneous endoscopic gastrostomy (PEG) may be useful for nutritional
support. However, PEG tube placement is limited by
digestive tract stenosis and is an invasive endoscopic
procedure with a risk of complications. There are three
PEG techniques. The pull/push and introducer methods have been established as standard techniques for
PEG tube placement. The modified introducer method,
namely the direct method, allows for direct placement
of a larger button-bumper-type catheter device. PEG
tube placement using the introducer method or the
direct method may be a much safer alternative than
the pull/push method. PEG may be recommended in
patients with aerodigestive cancer because of the im-

WCG|www.wjgnet.com

Original sources: Ogino H, Akiho H. Usefulness of percutaneous endoscopic gastrostomy for supportive therapy of
advanced aerodigestive cancer. World J Gastrointest Pathophysiol 2013; 4(4): 119-125 Available from: URL: http://www.
wjgnet.com/2150-5330/full/v4/i4/119.htm DOI: http://dx.doi.
org/10.4291/wjgp.v4.i4.119

INTRODUCTION
Tumors of the esophagus and gastroesophageal junction or head and neck are some of the most malignant
cancers with high mortality rates because many patients
are diagnosed in the advanced stages[1]. Dysphagia, or
difficulty swallowing, is one of the most distressing and
debilitating symptoms. Dysphagia leads to nutritional
compromise and deterioration of quality of life [2,3].
When the esophageal lumen becomes stenotic to less
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than 14 mm in diameter, dysphagia generally develops.
It first becomes difficult to swallow solid food. Next, it
becomes difficult to swallow semisolid food. Finally, fluids and even saliva are difficult to swallow[4]. Patients develop anorexia and significant weight loss secondary to
the tumor effects and may present with varying degrees
of malnutrition. A poor nutritional status is a significant
prognostic factor for increased mortality[5].
Selection of therapy for aerodigestive cancer is dependent upon the tumor stage, location and histological type, and the physician’s experience and preference.
Therapeutic options include surgical resection of the primary tumor, chemotherapy and radiotherapy. Therapies
are sometimes combined, such as chemotherapy plus
surgery or chemotherapy and radiotherapy plus surgery.
Many of these patients find that their initial dysphagia
worsens during this treatment because of side effects
such as esophagitis and oral mucositis. Moreover, insufficient nutrition and lack of stimulation of the intestinal
mucosa may worsen immune compromise due to toxic
side effects[6]. During these periods, it is most important
to optimize enteral nutrition. Early enteral nutrition
reduces the incidence of life-threatening surgical complications in patients who undergo esophagectomy or
esophagogastrectomy for esophageal carcinoma[7-11]. Nutrition is administered through a transnasal feeding tube
for short-term feeding when oral intake is not possible.
When chemotherapy and/or radiotherapy are intended
to be curative, they frequently compromise oral intake
for a long period of time. Nasogastric tubes are easy to
place but they are poorly tolerated for prolonged periods
of feeding. Percutaneous endoscopic gastrostomy (PEG)
may be one of the best options for nutritional support.
A majority of patients are destined to receive palliation only, which is associated with a severely impaired
health-related quality of life. These patients require palliative treatment, including brachytherapy, chemotherapy
and endoscopic palliation techniques, such as esophageal
dilatation, intraluminal stents and laser therapy, to relieve
progressive dysphagia [12,13]. The two most commonly
used strategies for improving swallowing are stent insertion and radiation, including intraluminal brachytherapy.
They allow for an almost normal oral intake. Unfortunately, some patients develop restenosis symptoms after
palliative therapy and some develop severe treatmentrelated side effects such as mucositis from radiation
therapy. Stent insertion is difficult in some patients with
proximal esophageal cancers or head and neck cancers.
For these patients, PEG or nasal tubes may be the best
options for nutritional support.

type catheter feeding tubes can be inserted directly into
the stomach through the abdominal wall. The third
method is the modified introducer method (i.e., direct
method). The direct method allows for direct placement
of a larger button-bumper-type catheter device. Use of
the direct method is spreading in Japan, but it is not yet
used worldwide[14]. Each method has advantages and disadvantages.
Pull/push method
The pull/push PEG technique is based on the standard Ponsky technique in which a guidewire is inserted
through the abdominal wall under endoscopic guidance,
grasped by a snare through a port on the endoscope, and
subsequently advanced in a retrograde manner through
the patient’s mouth. The remaining end exits the patient
through the anterior abdominal wall. A 20-French Ross
Flexiflo Inverta-PEG tube (Abbott Laboratories, Columbus, OH) is then secured to the transoral end of the
patient’s mouth and abdominal wall by pulling the extraabdominal end of the wire to advance the gastrostomy
tube[15].
Introducer method
The introducer PEG technique is based on the Russell
introducer method of PEG placement. After the endoscope is inserted and the PEG site is marked, four T-fasteners are placed before gastrostomy tube insertion to
secure the stomach to the anterior abdominal wall. This
prevents gastric wall displacement while inserting the
gastrostomy tube. Using the Seldinger technique, a short
guidewire is then passed transabdominally under endoscope visualization. Serial dilators are passed over the
guidewire to create a stoma tract; the endoscope remains
in place for visualization and verification of gastrostomy
tube placement. An 18-French Ross Flexiflo gastrostomy
tube (Abbott Laboratories) is then inserted or pushed
over the guidewire, directly through the anterior abdominal wall[16].
Direct method
The direct method is a modified version of the introducer method (Direct Ideal PEG kit; Olympus Corp., Tokyo, Japan). After the stomach is secured to the anterior
abdominal wall, the skin incision is dilated by passing a
dilator percutaneously into the stomach over the guidewire as the same as introducer method. After the dilator
is removed, a 24-French PEG tube is inserted using an
obturator[14] (Figure 1).

OUTCOMES OF PEG

PEG PROCEDURE

PEG in patients with aerodigestive cancer
PEG tube feeding is the preferred method with which to
provide long-term tube feeding and its use is currently
widespread. Many studies have examined the usefulness of PEG for aerodigestive cancer. A PEG tube was
inserted in patients with oral intake difficulties for the

There are three PEG tube insertion methods. The pull/
push and introducer methods have been established
as standard techniques for PEG tube placement. In
the pull/push method, the feeding tube is introduced
through the mouth. In the introducer method, balloon-
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Figure 1 Direct method. A: The transilluminated area on the abdominal wall was pushed with a finger; B, C: The stomach was punctured using a double-lumen gastropexy
device; D: A needle with an outer plastic sheath (18-French) was introduced into the stomach under endoscopic control; E: The needle was removed and the guidewire was
replaced; F, G: The skin incision was dilated by passing a dilator percutaneously into the stomach over the guidewire under endoscopic visualization; H: After the dilator was
removed, a 24-French percutaneous endoscopic gastrostomy tube using an obturator was inserted over the guidewire; I: The tube was fixed to the abdominal wall.

purpose of nutrition support in all stages and locations,
including patients who had undergone chemotherapy
and chemoradiation therapy with curative intent [17-22].
Chemotherapy or chemoradiation therapy is frequently
associated with mucositis, dysphagia, loss of taste and
anorexia. Chemotherapy, chemoradiation therapy and
hyperfractionated radiation therapy are usually associated with even more severe treatment-related side effects
and greater impairment of swallowing function. These
treatments are long-term. Therefore, during these periods, PEG tube insertion may be one of the best options
for nutritional support if the complication and mortality rates of PEG are low. Nasogastric tubes are easy to
place but they are poorly tolerated for prolonged periods
of feeding because they are associated with frequent
ulceration, esophageal reflux and general discomfort.
PEG tubes are better tolerated but they must be used selectively in patients who can be predicted to have a longterm need for nutritional support[23].
There are more reports of patients with head and

WCG|www.wjgnet.com

neck cancer than patients with esophageal cancer. One
of the reasons is that in the operation planned in esophageal cancer patients, PEG may limit the reconstruction
of the stomach after esophagectomy because of the
adhesion of the stomach and the abdominal wall, or the
possibility of the injury for the right gastroepiploic artery which is needed in the reconstruction of the stomach[17]. Another reason for this is that stent insertion and
brachytherapy are the first-choice palliative treatments
in patients with middle and low esophageal cancers in
many institutions. In terms of nutritional support, the
most important factor is maintenance of oral food intake, which should stabilize or even improve quality of
life. Dysphagia improves more rapidly after stent placement[12,13] and long-term relief of dysphagia is better
after brachytherapy[24,25]. Therefore, stent placement may
be reserved for esophageal cancer patients with severe
dysphagia in combination with a short life expectancy
who need more rapid relief of dysphagia and for patients with persistent or recurrent tumor growth after
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Table 1 Comparison of the advantages and disadvantages of the pull, introducer and direct percutaneous endoscopic gastrostomy
placement methods
Advantages

Disadvantages

Pull method

Bumper type device inside stomach prevents misplacement of Catheter may be contaminated during passage through mouth/
catheter
esophagus → Increased risk of wound infection and tumor implanLarge-bore catheters can be used immediately after placement
tation
Endoscope must be inserted twice to confirm correct placement
Introducer method Adherence to aseptic technique guarantees low risk of wound
Risk of bleeding and incorrect puncture with large trocar
infection
Only small-lumen catheters can be used immediately after placeEndoscope must be inserted only once
ment
Catheter size must be increased step by step
High probability of catheter misplacement (if using balloon type)
Direct PEG Kit
Adherence to aseptic technique guarantees low risk of wound
Risk of bleeding
infection
Endoscope must be inserted only once
Small puncture needle and blunt dilator → small wound
One-step insertion of bumper type device
Large-bore catheters can be used immediately after placement
PEG: Percutaneous endoscopic gastrostomy.

brachytherapy[12,13]. When these modalities are technically
not possible, nutritional support with a nasoenteric feeding tube or PEG tube should be considered to maintain
adequate calorie intake. Grilo et al[22] suggest that PEG
should be considered as a nutritional support method in
patients with upper esophageal cancer that is unsuitable
for esophageal stenting. For patients who suffer from
restenosis symptoms after palliative therapy or who have
proximal esophageal cancers or head and neck cancer,
PEG may be one of the best options for nutritional support.
Thus, depending on the treatment, disease and the
degree of stenosis, the following situations are indications for PEG. First, in aerodigestive cancer patients undergoing chemotherapy or chemoradiation therapy who
are suffering from dysphagia, PEG is the first choice.
Stenosis, even if not severe, and if lesions are located in
the upper esophagus or head and neck, is an indication
for PEG because difficult long-term oral intake is expected due to mucositis and esophagitis during the treatment. Next, in the operation planned for head and neck
cancer patients, PEG is indicated because the stomach
is not used for reconstruction. Lastly, in palliative treatment, patients with lesions of the upper esophagus or
head and neck with the difficulty of a stent are indications for PEG. In addition, PEG will be indicated in
patients in whom stenosis is severe even after palliative
radiation therapy or a stent (Figure 2).
However, studies on this topic have weaknesses typical
to retrospective studies. Nugent et al[26] and Locher et al[27]
reported that there is insufficient evidence to determine
the optimal method of enteral feeding for patients with
head and neck cancer receiving radiotherapy and/or
chemoradiotherapy. Larger studies of enteral feeding in
patients with esophageal cancer are needed.

dure with a risk of complications. Minor complications
resulting from PEG tube placement include cellulitis,
ileus, peristomal leakage, extrusion, tube obstruction and
gastric wall hematoma formation. Major complications
include peritonitis, hemorrhage, airway aspiration, peristomal wound infection, buried bumper syndrome, tumor
implantation and gastrocolic fistula[28,29] (Table 1).
The major complications of the standard pull/push
method, which requires an esophageal lumen sufficient to
pass a standard endoscope[30], include peristomal wound
infections, presumably resulting from contamination of
the gastrostomy catheter as it passes through the oral
cavity[14,31], and tumor implantation at the PEG site[28,32]
which are specific for pull/push method in the aerodigestive cancer patients. In the literature on patients with cancer, the overall complication and mortality rates of the
pull/push method in patients with head and neck cancer
are 10.9%-42.0% and 0%-5%, respectively[15,17,18,20-22,33-36].
An overall complication rate of 0%-11% and mortality rate of 0% have been reported with the introducer
method[15,16,37,38] compared with the pull/push method
in patients with aerodigestive cancer. In the pull/push
method, one reason for the high complication rate may
be that it is necessary to dilate the lumen before treatment when the stenosis caused by the tumor is severe. In
many aerodigestive cancer patients, PEG tube placement
by pull/push method can be limited by digestive tract
stenosis. PEG tube placement using an introducer is the
safest alternative in this group of patients but use of the
available devices is difficult to implement.
In the past, the introducer technique was technically
more demanding and associated with a lower success
rate. This problem was solved by the use of T-fasteners
to secure the anterior stomach to the abdominal wall[39,40].
Therefore, recent data on the introducer method using
T-fasteners show low complication rates of less than 11%
and no mortality[38,41-45]. However, Dyck’s study shows that
severe short-term complications may occur in patients
with esophageal or head and neck tumors after place-

COMPLICATIONS
PEG tube placement is an invasive endoscopic proce-
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Treatment

Stenosis

Location of cancer

PEG

Severe

All locations

PEG

Head and neck
Ce in esophagus

PEG

Ut Mt Lt in esophagus

Sometimes
necessary

Head and neck

PEG

Esophagus

Not
necessary

Head and neck

PEG

Ce Ut in esophagus

Radiation
± PEG

CRT or
chemotherapy
Mild to
moderate

Operation

Palliative
therapy

Severe

Severe

Mt lt in esophagus

Stent or
radiation
± PEG

Figure 2 Algorithm of percutaneous endoscopic gastrostomy for aerodigestive cancer. CRT: Chemoradiation therapy; Ce: Cervical esophagus; Ut: Upper thoracic esophagus; Mt: Middle thoracic esophagus; Lt: Lower thoracic esophagus; PEG: Percutaneous endoscopic gastrostomy.

PEG tube placement in response to significant weight
loss during treatment suffer greater morbidity than patients who receive PEG tubes prophylactically. Patients
who have a PEG tube at treatment initiation experience
less overall weight loss and fewer hospitalizations and
toxicity-related treatment interruptions. However, Locher et al[27] reported that systematic evidence assessing
both the benefits and harm associated with prophylactic
PEG tube placement in patients undergoing treatment
for head and neck cancer is weak and the benefits and
potential for harm have not been established.

ment of the introducer PEG tube with T-fasteners, leading to urgent surgical intervention and even death in a
substantial number of patients[20]. Why the complication
and mortality rates were high in Dyck’s study is unclear.
Selection bias may be one reason. Van Dyck et al[20] reported that better follow-up of PEG tube daily care
might be necessary. In almost all studies, the complication and mortality rates were low. Larger studies on the
introducer method in patients with esophageal cancer
are needed.
One disadvantage of the introducer method is that
only small diameter balloon-type catheters are available
and the requirement for frequent catheter changes when
long-term tube feeding is needed[42,43]. The modification of the PEG device using the introducer technique
is improved in this respect. It allows for the use of a
larger-caliber tube with low complication rates and no
procedure-related mortality. The direct method reduces
the incidence of catheter changes compared with the
20-French catheter in the standard pull/push method.
It is also feasible, safe and efficient in outpatients with
obstructive head and neck cancer. However, procedurerelated severe bleeding associated with the direct method
has been reported[46].

CONCLUSION
An optimal supportive treatment for aerodigestive carcinoma is not yet available. PEG has many advantages for
aerodigestive cancer, although there is insufficient evidence to determine the optimal method of enteral feeding. Enteral nutrition by the introducer method or the
direct method must be studied with an emphasis on the
long-term effectiveness and safety of supportive therapy
of the aerodigestive cancer.
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Core tip: Metabolic profiling is a powerful exploratory
tool for understanding interactions between nutrients,
the intestinal metabolism and the microbiota composition in health and disease and, to gain more insight in
metabolic pathways. Metabolomics may advance our
understanding, diagnosis and treatment of inflammatory bowel disease and irritable bowel syndrome. Metabolic reactions initiated by the host or gut microbiota
can lead to “marker” metabolites present in different
biological fluids that allow differentiation between
health and disease. Disease-related mechanisms may
be uncovered and verified, and candidate diagnostic
biomarkers in biological samples are characterized.

Abstract
Metabolomics has increasingly been applied in addition to other “omic” approaches in the study of the
pathophysiology of different gastrointestinal diseases.
Metabolites represent molecular readouts of the cell
status reflecting a physiological phenotype. In addition, changes in metabolite concentrations induced by
exogenous factors such as environmental and dietary
factors which do not affect the genome, are taken into
account. Metabolic reactions initiated by the host or
gut microbiota can lead to “marker” metabolites present in different biological fluids that allow differentiation between health and disease. Several lines of evidence implicated the involvement of intestinal microbiota in the pathogenesis of inflammatory bowel disease
(IBD). Also in irritable bowel syndrome (IBS), a role of
an abnormal microbiota composition, so-called dysbiosis, is supported by experimental data. These compositional alterations could play a role in the aetiology of
both diseases by altering the metabolic activities of the
gut bacteria. Several studies have applied a metabolomic approach to identify these metabolite signatures.
However, before translating a potential metabolite
biomarker into clinical use, additional validation studies are required. This review summarizes contributions

WCG|www.wjgnet.com

Original sources: De Preter V, Verbeke K. Metabolomics as a diagnostic tool in gastroenterology. World J Gastrointest Pharmacol
Ther 2013; 4(4): 97-107 Available from: URL: http://www.wjgnet.
com/2150-5349/full/v4/i4/97.htm DOI: http://dx.doi.org/10.4292/
wjgpt.v4.i4.97

INTRODUCTION
Different “Omic” approaches are currently applied to
identify novel diagnostic targets and disease specific
markers, and to characterize the link between gut microbiota or host metabolism and functional alterations
in the pathophysiology of different diseases. Genomics,
transcriptomics and proteomics provide extensive information regarding the genotype but convey limited information about the phenotype (Figure 1). Gene expression
and protein data mainly indicate the potential for specific
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Figure 1 Overview of different “Omic” approaches (metagenomics, metatranscriptomics, metaproteomics and metabolomics) determining an individual’s
“Genotype to phenotype”.

metabolic functions and do not always reflect the effective physiological processes as several downstream regulatory mechanisms are involved. As compared to other
“omics”, metabolic profiling or metabolomics, integrates
the effects of gene regulation, post-transcriptional
regulation and pathway interactions. This downstream
synthesis of diverse signals ultimately makes metabolites direct molecular readouts of cell status that reflect
a meaningful physiological phenotype (Figure 1)[1,2]. In
addition, changes in metabolite concentrations are also
induced by exogenous factors such as environmental and
dietary factors which do not affect the genome. Metabolomics is defined as “the non-biased identification and
quantification of all metabolites in a biological system”[3].
For the quantitative analysis of metabolites in response
to disease, Nicholson and colleagues introduced the term
metabonomics or “the quantitative measurement of the
multiparametric metabolic responses of a living system
to pathophysiological stimuli or genetic modification”[4].
In practice, within human disease research, both terms
are used indifferently.
Metabolic profiling is a powerful exploratory tool for
understanding interactions between nutrients, the intestinal metabolism and the microbiota composition in health
and disease and, to gain more insight in metabolic pathways. Metabolomic studies allow evaluation of metabolites by a top-down approach bypassing the need for an a
priori hypothesis. Generally, metabolomic analysis has in
view two major opportunities. First, untargeted analysis
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of a large number of metabolites enhances the chance to
discover metabolites that are associated with the disease
and might serve as biomarkers. In this respect, biomarker
models are designed to discriminate with optimal sensitivity/specificity between groups, but do not presume
biological understanding as an absolute prerequisite for
biomarker development. However, understanding of
the biological pathways can certainly support an assay[5].
Second, the profile of metabolites affected by the disease may provide new insights into the pathogenesis and
eventually reveal new therapeutic targets.
Until now, genomic and proteomic methodologies
have often been applied to uncover gastrointestinal related
pathophysiological processes[6-11]. However, currently, metabolomics technologies are increasingly used for discovery of gastrointestinal disease signatures and have been
applied for the screening of different pathological conditions that are linked with a metabolic imbalance. This
review focuses on the contribution of metabolic profiling
in advancing research in the field of inflammatory bowel
disease (IBD) and irritable bowel syndrome (IBS).

THE MICROBIOTA AND ITS METABOLIC
ACTIVITY
The microbiota residing in the human gastrointestinal
tract, especially the large intestine, is recognized as one
of the most metabolically active organs of the human
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rial fermentation product produced in the colon from
tyrosine that is effectively absorbed. It is conjugated in
the colon mucosa or liver to p-cresol sulfate or p-cresol
glucuronide which improves the water solubility and
facilitates its urinary excretion[23]. These metabolites are
called human commensal co-metabolites. Also the opposite occurs. A number of metabolites that are derived
from host metabolism are returned to the gut via biliary
excretion where they can be further metabolized by the
microbiota. For instance, bile acids that have escaped absorption in the terminal ileum can be deconjugated and
converted to secondary bile acids by microbial metabolism[24].
These host-microbiota metabolic interactions complicate the interpretation of metabolite profiles. In addition,
this co-metabolism explains that the outcome of metabolome analyses clearly depends on the biomatrix chosen.
The contribution of the microbial metabolism is more
likely reflected in the fecal metabolome than in urinary,
serum of breath profiles. Urinary profiles contain human
and human-microbial co-metabolites whereas serum profiles seem less influenced by bacterial metabolism.

body. This microbial ecosystem is extremely complex
and dynamic with high densities of living bacteria consisting of approximately 500-1000 different species[12,13].
In healthy adults, 80% of the identified fecal microbiota
can be classified into three dominant phyla: Firmicutes,
Bacteroidetes and Actinobacteria, but there is substantial
variation in the species composition between individuals[14]. A total of about 1014 bacterial cells are present
in the adult intestine, which is ten times the number of
cells in the human body[15]. This microbiome outnumbers the host’s genetic potential by two orders of magnitude[16] and provides a diverse range of biochemical and
metabolic activities to complement the host’s physiology.
The presence and metabolic activities of a specific bacterial community play an important role in maintaining the
host’s overall health and well-being, and has been shown
to respond to metabolic challenges and dietary factors.
This complex microbial system varies with the host’s
age, diet and health status[17].
Through the process of fermentation, colonic bacteria produce a wide range of compounds that may
influence the physiological processes in the colon. The
human microbiota is characterized by a significant degree of functional redundancy, meaning that different
bacteria can perform similar functions and metabolize
the same substrate, thereby producing similar metabolites[18]. Therefore, not only the composition but also the
functional capacity of the intestinal microbiota is highly
important regarding the clinical end points. Nevertheless,
metabolic insights remain limited due to the inaccessibility of the intestinal habitat and the complexity of the
microbiota composition[12]. A number of factors, such as
nutrient availability, physicochemical nutrient properties,
colonic transit time, and age of the host, influence the
composition and the metabolic activity of the colonic
microbiota. Nutrient availability is believed to be the
most important regulator of bacterial metabolism. Especially the ratio of available carbohydrate to nitrogen
determines the degree of saccharolytic vs proteolytic
fermentation[19]. Colonic fermentation of carbohydrates
results in the generation of short-chain fatty acids
(SCFA) which are generally assumed to be beneficial for
the host[20]. Protein fermentation gives rise to a variety
of metabolites such as phenolic compounds, branchedchain fatty acids, S-containing compounds, amines and
ammonia[21,22].

METABOLOMICS-BASED METHODS
Analytical strategies
Fiehn et al[1] defined metabolomic analysis as “a comprehensive and quantitative analysis of the metabolome”
with the metabolome defined as the whole of metabolites produced by an organism. However, due to the
chemical diversity and different physicochemical properties of the metabolites and the large dynamic range of
metabolite concentrations in different biological samples,
it is virtually impossible to measure the complete metabolome. By selecting a specific analytical platform and
a biofluid in which metabolites will be measured, the
metabolome will be reduced to those specific conditions.
Serum, plasma, urine, feces and tissue are the most studied biological matrices[25]. An overview of the different
steps involved in the analytical process is shown in Figure 2.
Multiple analytical techniques have been used for the
analysis of the metabolome. Gas chromatography (GC),
liquid chromatography (LC) and high/ultra performance
liquid chromatography (H/UPLC) coupled to mass
spectrometry (MS), and nuclear magnetic resonance
spectroscopy (NMR) enable detection, identification
and quantification of metabolites[26,27]. Other analytical
options consist of Fourier transform infrared spectroscopy (FTIS) or capillary electrophoresis (CE) coupled to
MS[28,29].
The applicability of these analytical techniques differs. GC-MS provides an extraordinary resolution, permitting the separation of structurally similar compounds.
However, this technique requires the compounds to be
volatile and thermally stable. A chemical derivatization
step can be applied prior to the chromatographic separation to render polar metabolites more volatile. Purge-

HOST AND INTESTINAL MICROBIOTA
CO-METABOLOME
The intestinal microbiota produces a number of compounds during the metabolism of nutrients and xenobiotics (compounds of non-host origin that enter the gut
with the diet or are produced by the microbiota). Some
of these metabolites are excreted in feces whereas others
are absorbed through the colonic mucosa and enter the
systemic circulation where they can be further modified
by human metabolism. For instance, p-cresol is a bacte-
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Figure 2 Overview of the different steps involved in the analytical process of metabolomics. GC: Gas chromatography; LC: liquid chromatography; NMR: Nuclear magnetic resonance; FTIR: Fourier Transform infrared spectroscopy; PLS-DA: Partial least squares discriminant analysis; CD: Crohn's disease; UC: Ulcerative
colitis.

and-trap and solid phase micro-extraction are sample
preparation techniques often used in combination with
GC. For metabolites that are not volatile and which cannot be derivatized, LC-MS is applied. LC-MS can detect
a relatively broad spectrum of (polar and non-polar) metabolites with ample selectivity and sensitivity[30]. CE-MS
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is a rather new technique in metabolomics that is more
sensitive and detects a wider spectrum of (polar) compounds than LC-MS[31,32]. 1H-NMR is a non-destructive
technique that does not require prior separation of the
compounds in the biofluid. It provides detailed information on molecular structure and requires only minimal
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sample preparation, but has a lower sensitivity than the
MS based techniques[33]. Often, a combination of different techniques is applied as none of the individual methods will cover the full metabolome[27]. Several on-line
databases for identifying metabolites from experimental
NMR and/or MS data are available, as summarized in
Table 1. These databases contain chemical, spectral,
clinical and molecular data about metabolites found in
different human biofluids.
Depending on the technique, detection limits vary:
detection limits for NMR and FTIS (mM sensitivity) are
much higher as compared to GC-MS (< mM sensitivity) and LC-MS (nM sensitivity). As a consequence, MSbased techniques are preferably applied for quantification of specific metabolites.

quently associated with IBD and IBS. At present, studies
comparing the metabolic activity of the microbiota of
IBD and IBS patients as compared to normal individuals are emerging thereby investigating whether eventual
differences could be related to the pathogenesis of the
disease[44,45] or whether they could be used as a classification tool in clinical diagnosis.
Metabolomics in IBD
Inflammatory bowel diseases comprise Crohn’s disease
and ulcerative colitis as the two major phenotypes. Although both phenotypes share similar pathophysiological and clinical features, they require different therapeutic management and display different prognosis. Both
manifestations are influenced by genetic predispositions
as well as microbial and environmental factors. At present, the diagnosis of IBD mainly relies on clinical, endoscopic, radiologic and histologic examination which
implicates that diagnosis is only possible at a relatively
advanced stage of the disease. Less invasive methods
such as analysis of biomarkers from urine, serum, or
feces, however, would be of significant advantage and
useful for primary diagnosis, surveillance, and early detection of relapses.
Several biomarkers or sets of biomarkers have been
tested in clinical trials including acute phase proteins
such as C-reactive protein, fecal markers (lactoferrin,
calprotectin, and PMN-elastase) and serological markers
(antibodies against luminal antigens and anti-glycan antibodies)[46]. Recently, the exploration of metabolomics
in IBD rose from the need to improve diagnosis and to
allow better stratification of patients into IBD subtypes.
Several studies have applied a metabolomic approach
to discriminate IBD patients from healthy controls,
to discriminate CD from UC and patients with active
disease from patients in remission. An overview of the
studies in humans is presented in Table 2.
The growing acceptance of the involvement of the
gut microbiota in the chronic mucosal immune activation underlying the pathogenesis of IBD has led to an
interest in the use of fecal extracts or fecal samples as
biofluids to apply metabolite profiling.
Marchesi et al[47] was the first to differentiate IBD patients from healthy controls based on 1H-NMR analysis
of fecal water extracts and to discriminate CD patients
from UC patients. Fecal water extracts from IBD patients were characterized by a depletion of bacterial
degradation products such as SCFA, dimethylamine and
trimethylamine suggesting a disruption of the normal
bacterial ecology, called dysbiosis, either as the cause or
consequence of the disease. In a study in identical twins
including healthy twins and twins with inactive CD,
either concordant or discordant, fecal extracts were analyzed using ICR-FT/MS with ultrahigh mass resolution.
Healthy subjects could nicely be discriminated from CD
patients. In addition, it was possible to separate patients
with predominantly ileal involvement from patients with
predominantly colonic involvement of the disease. Inter-

Data handling
The analysis and interpretation of complex metabolomics data is facilitated by the application of chemometric
and bio-statistical tools. Commonly used tests in metabolomic studies include principal component analysis (PCA)
and partial-least squares discriminant analysis (PLS-DA).
PCA is an unsupervised classification method, since the
variation in the data is analyzed without a priori designation of samples into their classes. In contrast, PLS-DA
is considered a supervised classification method, as the
samples are designated into their classes for comparison.
In metabolomics, typically the number of variables
or metabolites largely exceeds the number of samples
measured. This can lead to the discovery of a number
of variables that randomly, i.e., by chance, correlate to
the outcome variable and in this way give the impression of a good predictive ability. However, if such a set
of variables is chosen and the model is applied to new
samples, the predictive ability might be very poor. This
is known as over-fitting or fitting to the noise and can be
avoided by careful cross-validation of the model. Crossvalidation implicates that the data set is split in a training
set and a test set. The biomarker model is discovered
using the training set and the performance of the model
is evaluated using the test set. In case of a relatively low
sample number (< 100), multiple rounds of cross validation are performed using different partitions of the data
in training set/test set and the performance results are
averaged[5].

METABOLIC SIGNATURE AND GASTROINTESTINAL PHENOTYPES
Dysbiosis in gastrointestinal disorders
In gastrointestinal diseases such as IBD and IBS, there
is an emerging consensus hypothesis that a dysbiosis
of the microbiota is involved in initiating the disease or
maintaining it. Several studies identified a disproportion
of the predominant bacteria in fecal samples of IBD
patients[18,42] and IBS patients[43]. For example, a reduction in the abundance and diversity of Firmicutes is fre-
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Table 1 Overview of web-based databases for metabolite identification
Database

URL or web address

Extra information

Human Metabolome Database (HMDB)
http://www.hmdb.ca/
Wishart et al[34]
Madison Metabolomics Consortium (MMC) Database
http://mmcd.nmrfam.wisc.edu/
Cui et al[35]
Biological Magnetic Resonance Data Bank (BMRB)
http://www.bmrb.wisc.edu/
Ulrich et al[36]
Golm Metabolome Database
http://csbdb.mpimp-golm.mpg.de/csbdb/gmd/gmd.html
Kopka et al[37]
BiGG (a knowledgebase of Biochemically, Genetically and Genomically
http://bigg.ucsd.edu/
Schellenberger et al[38]
structured genome-scale metabolic network reconstructions)
SetupX and BinBase
http://fiehnlab.ucdavis.edu/
Skogerson et al[39]
MassBank
http://www.massbank.jp/
Horai et al[40]
METLIN
http://metlin.scripps.edu/
Smith et al[41]

more and more acceptance[46].
Metabolite profiles in serum or plasma or in colonic
mucosal biopsies rather reflect changes in the host’s metabolism and provide less information on the impact of
the gut microbiota composition and/or activity. As compared to urinary and fecal profiles, metabolite profiles in
serum or plasma may be less affected by environmental
factors and are subject to less inter-individual variation[57].
Results from studies that analyzed serum/plasma or
colonic mucosa cells indicate that both CD and UC have
an impact on the amino acid metabolism[53,58-63]. Several
amino acids occurred in lower levels in colonic mucosal
cells from IBD patients as compared to controls. As
higher amino acid levels were found in fecal extracts[47,64],
this may be the result of malabsorption due to inflammation. An alternative explanation is that inflammatory
conditions induce large energy requirements to repair
the damaged mucosa leading to enhanced protein catabolism. Specifically, the role of decreased levels of glutamine in the pathogenesis of IBD has been studied. Besides butyrate, glutamine is an important energy source
for the colonocytes and accounts for about 30% of their
energy needs. In a mouse model of DSS-induced colitis, similar reductions in glutamine levels in serum and
colonic tissue were observed and supplementation with
glutamine attenuated the DSS-induced colitis[65].
In a recent study, Hisamatsu et al [66] calculated an
AminoIndex based on multivariate analysis of amino
acid profiles in serum of IBD patients which allowed to
distinguish between CD and UC and also reflected disease activity.
Zhang et al[67] specifically recruited patients with active
UC and short disease duration (2.7 years) and evaluated
the efficacy of 1H-NMR metabolic profiling of serum
for early stage diagnosis of UC. Although active UC
patients could be discriminated from healthy controls in
a multivariate OPLS-DA model, the number of altered
metabolites in this study was rather limited.

estingly, the separation of the groups was higher for the
metabolite profiles than for the microbial community
profiles, analyzed on the same samples with T-RFLP fingerprints generated using general bacterial and Bacteroides
group-specific primers[48]. The higher discrimination of
the metabolite data was attributed to a direct link of the
metabolites to function.
In another study, 1H-NMR profiling of fecal extract
allowed to discriminate patients with UC from healthy
controls. Elevated levels of taurine and cadaverine in UC
patients were the major discriminative findings. Samples
were also analyzed for microbiota composition using
DGGE. Canonical correlation analysis between NMR
and DGGE data sets, based on PC scores accounting for
90% of the original variance, revealed a good correlation
(r = 0.85, P < 0.002) between gut microbiota profile and
metabolite composition suggesting a direct link between
both parameters[49].
A recent study analyzed metabolite profiles in feces
of chronic gastrointestinal disorders using GC-MS with
headspace sample preparation. Samples of CD patients
showed significant higher levels of ester and alcohol
derivatives of SCFA and indole as compared to healthy
controls, UC and IBS patients. Following treatment, the
metabolite profile was altered to more closely resemble
that of healthy volunteers[50]. As many microbial metabolites are absorbed and excreted in urine, either as such or
after further metabolism by human enzymes, metabolite
profiles of urine samples may also reflect the impact
of the microbiota composition[51]. Several studies were
able to discriminate IBD patients from healthy controls
based on metabolite profiling of urine samples[52-54]. In
all these studies, hippurate levels were lower in IBD
patients as compared to controls suggesting hippurate
as a biomarker of IBD. Hippurate or N-benzoylglycine
is a mammalian-microbial co-metabolite that originates
from bacterial fermentation of dietary aromatic compounds (polyphenols, purines or aromatic amino acids)
to benzoic acid which is further conjugated to glycine in
the liver[55]. Remarkably, urinary metabolite profiling allowed to differentiate between UC and CD in only one
study[51], whereas two other studies failed to do so[53,54].
This discrepancy may highlight the fact that IBD is a
multifactorial disease with a high variety in phenotypes
and severity[56]. Indeed, the notion that IBD is actually a
syndrome comprising several disease subtypes, is gaining
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Metabolomics in IBS
Irritable bowel syndrome is a multifactorial functional
disorder of the gastrointestinal tract that affects about
10%-15% of the adult population. IBS patients have
symptoms of pain and bowel dysfunction. A subset of
patients that developed IBS after an infection, so-called
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Table 2 Overview of the studies that applied metabolomics to discriminate inflammatory bowel diseases and/or irritable bowel syndrome patients from controls
Reference

Analytical platform
[47]

Marchesi et al

Jansson et al[64]

1

HNMR

ICR-FT/MS

Biofluid
Faecal extracts

Faecal water

Le Gall et al[49]

1

HNMR

Faecal water

Walton et al[50]

GC-MS

Faeces

Williams et al[52]

1

Urine

Schicho et al[53]

1

Urine, serum,
plasma

Stephens et al[54]

1

HNMR

Urine

Ooi et al[58]

GC-MS

Colonic biopsies,
serum

Bjerrum et al[60]

1

Colonic biopsies,
colonocytes, lymphocytes, urine

Bezabeh et al[63]

1

Colonic biopsies

Balasubramanian
et al[61]

1

Colonic biopsies

Sharma et al[62]

1

Colonic biopsies
(inflamed and
non-inflamed)
plasma

Hisamatsu et al[66]

HNMR

HNMR

HNMR

HNMR

HNMR

HNMR

AA analyzer

Zhang et al[67]

1

HNMR

Serum

Ponnusamy et al[71]

GC-MS

Faeces
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Samples

Observations

CD (n = 10), UC (n Depletion of SCFA and methylamine and trimethylamine in CD pa= 10), HC (n = 13) tients
Higher amounts of amino acids in UC and CD compared to healthy
controls
10 twin pairs with Discrimination based on disease location (ileal or colonic CD) signifiCD, 7 healthy twin cant differences in the types and number of metabolites within spepairs
cific pathways, including tyrosine and phenyl-alanine metabolism
and bile acid and fatty acid biosynthesis
U C ( n = 1 3 ; 3 1 Discrimination between UC and HC; no classification of IBS
samples), IBS (n Increased taurine and cadaverine in UC
= 10; 21 samples),
HC (n = 22; 72
samples)
UC (n = 20), CD (n Increased concentrations of ester and alcohol derivates of short-chain
= 22), IBS (n = 26), fatty acids and indole in CD
HC (n = 19)
After treatment, metabolite patterns are more similar to those of HC
CD (n = 86), UC (n Discrimination between CD, UC and HC
= 60), HC (n = 60) Significantly different metabolites include hippurate, p-cresol sulfate
and formate
Clustering independent of diet and medication
CD (n = 20), UC (n IBD patients could be discriminated from HC, differences between
= 20), HC (n = 40) CD and UC less pronounced
Discriminating metabolites include amino acids, creatine, creatinine,
metabolites of urea cycle, monosaccharides, hippurate (urine)
CD (n = 30), UC (n Metabolites for distinguishing IBD from HC: TCA cycle intermedi= 30), HC (n = 60) ates, amino acids metabolites derived from gut microflora (methanol,
formate, hippurate, acetate, and methylamine); as well as the other
metabolites trigonelline, creatine, urea, and taurine
No discrimination between UC and CD after removal of patients
with surgical intervention confounder
Colonic biopsies: Reduced levels of amino acids resulting in reduced levels of TCA
UC (n = 22), se- cycle related downstream molecules in colonic tissue of UC
rum: UC (n = 13), Serum amino acid profiling enabled discrimination between UC and
CD (n = 21), HC (n CD
= 17)
Active UC (n = 35), No discrimination between active UC, inactive UC and HC based on
quiescent UC (n = urine or lymphocyte profiles
33), HC (n = 25)
Inactive UC could not be differentiated from HC
Active UC characterized by higher antioxidants and amino acids and
lower levels of lipid, myo-inositol, betaine and glycerophosphoglycine
20% of inactive UC had similar profile as active UC
U C ( n = 2 6 ; 4 5 Accurate classification of UC vs CD
samples), CD (n Some non-inflamed tissues from IBD had abnormal NMR-spectra
= 21; 31 samples),
controls (38 noninflamed IBD, 25
cancer patients)
Active UC (n = 20), Higher α-glucose and lower amino acids, membrane components,
Inactive UC (n = lactate and succinate in active UC and CD compared to HC
11), Active CD (n = Lower lactate, glycerophosphorylcholine and myo-inositol in inac20), Inactive CD (n tive UC and lower lactate in inactive CD compared to HC
= 6), HC (n = 26)
Lower formate in active UC vs active CD
UC (n = 12), CD (n No differentiation between inflamed and non-inflamed samples
= 9), controls (n = Lower levels of amino acids, membrane components, lactate and for25)
mate in IBD vs controls and higher levels of glucose
CD (n = 165), UC Multivariate indexes established from plasma aminograms distin(n = 222), HC (n = guish CD or UC from HC
210)
Other indexes distinguish active UC and CD from each remission
patients and correlate with disease activity indices
Active UC (n = 20), Active UC displayed increased 3-hydroxybutyrate, β-glucose,
HC (n = 19)
α-glucose and phenylalanine and decreased lipid compared to
healthy controls
IBS (n = 11) vs non- Elevated levels of amino acids and phenolic compounds that were
IBS (n = 8)
highly correlated with abundance of lactobacilli and Clostridium
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Ohman et al[69]

GC-MS

Faeces

IBS-D (n = 30), CD Significantly more esters in IBS-D, association of aldehydes with IBD
(n = 62), UC (n = Accurate separation of IBS-D from active CD, UC and HC
48), HC (n = 109)

SCFA: Short-chain fatty acids; IBD: Inflammatory bowel diseases; IBS: Irritable bowel syndrome; TCA: Tricarboxylic acid; HNMR: Nuclear magnetic resonance; ICR-FT/MS: Fourier transform ion cyclotron resonance mass spectrometry; GC-MS: Gas chromatography-mass spectrometry.

post-infectious IBS, may have microscopic inflammation but with normal mucosal appearance on endoscopy.
Recently, a new IBS entity, IBD-IBS, has been described:
these patients have pain and diarrhea similar to IBS in
association with minimal or no evident intestinal inflammation[68]. The exact etiology has not been identified.
Yet, environmental, psycho-social, physiological and
genetic factors are believed to play a role. Also the role
of an abnormal microbiota composition is supported
by clinical and experimental data[69]. Disruption of the
balance between the host and the intestinal microbiota
results in changes in the mucosal immune system that
range from overt inflammation, as seen in Crohn’s disease, to low-grade inflammation without tissue injury, as
seen in a subset of IBS patients[70].
Surprisingly, very little work has been conducted on
metabolite profiling of IBS patients. 1H-NMR metabolite profiling of fecal extracts allowed to separate IBS patients from healthy controls with moderate success (sensitivity = 57%, specificity = 76%)[49]. Two other studies
applied GC/MS to analyze fecal samples although with
different sample preparation. Ahmed et al[71] analyzed the
volatile organic compounds (VOC) in the headspace of
the fecal samples, i.e., compounds with a vapour pressure
that is sufficiently high to enable them to move from the
solid or liquid phase into the gaseous phase. Those VOC
comprise hydrocarbons, alcohols, aldehydes, ketones, esters and organic acids[72]. In contrast, the volatility of polar
compounds in the fecal samples was increased by trimethylsilyl derivatization in the study by Ponnusamy et al[73].
Although both studies were able to discriminate IBS
patients from healthy controls, the metabolites responsible for discrimination were different which is inherent
to the different sample preparation. Ahmed et al[71] found
increased abundance of esters in diarrhea predominant
IBS-patients compared with healthy controls. Of the 28
VOCs positively associated with IBS, 22 belonged to the
class of esters. Ponnusamy et al[73] highlighted higher levels of specific amino acids (alanine and pyroglutamate)
and phenolic compounds (hydroxyphenyl acetate and hydroxyphenyl propionate) and associated these metabolic
changes to alterations of specific gut microbial populations including lactobacilli and Clostridium.

need to be performed. This level of validation includes
(1) lab repeatability studies where the same samples are
analyzed in the same laboratory by the same observer; (2)
lab replication studies, where independent samples are
analyzed in the same lab by the same observer; (3) interlab repeatability studies, were the original samples are
analyzed in a different laboratory by a different observer;
and (4) inter-lab replication studies, were independent
samples are analyzed in a different laboratory.
Secondly, most studies mentioned above have compared metabolite profiles obtained from patients with a
distinct diagnosis of either IBD or IBS to healthy subjects. To ensure clinical utility, it might be necessary to
include additional control groups including patients with
other gastrointestinal or inflammatory disorders like patients with infectious GI disease or neoplastic disease.
Thirdly, the influence of potential confounders on
the performance of the models needs to be established.
Confounding factors might be related to the subject
(gender, age, disease location, comorbidities) or might be
of environmental origin (diet, diurnal variation, medication, smoking).

CONCLUSION
Metabolomics may advance our understanding, diagnosis and treatment of inflammatory bowel disease and
irritable bowel syndrome. Using this approach, diseaserelated mechanisms may be uncovered and verified, and
candidate diagnostic biomarkers in biological samples
are characterized. Before usage as clinical diagnostics,
metabolites must be verified and validated in large clinical trials. To translate metabolomics data into a more
profound biological understanding of the disease, more
knowledge on the relevance of a decrease or increase in
certain metabolites is warranted. Metabolomic profiling
mainly detects associations between profiles and specific
phenotypes which may not always be meaningful. In
addition, it often remains unknown whether changes in
metabolites are the cause or a consequence of the disease. Integration of other “Omics” with metabolomic
may enable a further understanding of gastrointestinal
related pathophysiological processes.

Translating metabolites in gastrointestinal biomarkers
Metabolites are promising biomarkers because they can
be easily measured from non-invasive breath, urine, feces
or blood samples. Several studies have identified such
metabolite signatures that should allow classification of
samples as healthy or diseased. To translate these models
into the clinic, additional validation studies are required.
First of all, experiments to validate the biomarker model
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is the most
common type of chronic liver injury in many countries[1,2].
NAFLD includes a spectrum of syndromes, ranging from
simple steatosis, non-alcoholic steatohepatitis (NASH)
to fibrosis, cirrhosis and hepatocellular carcinoma[3]. The
overall prevalence of NAFLD is 15%-40% in Western
countries and 9%-40% in the Asian population[4]. NAFLD
has dramatically increased over the past 15 years, mainly
as a consequence of its close association with two major
worldwide epidemics, obesity and type 2 diabetes mellitus
(T2DM)[5]. Mortality in patients with NAFLD is significantly higher than in the age and gender-matched general
population[6]. Disease progression to NASH and cirrhosis
appears to be very slow, and only a few patients develop
life-threatening advanced liver disease.
In many cases of NAFLD, the risks of developing
metabolic and cardiovascular morbidities are much higher
than the risks of developing hepatic diseases[7,8]. In fact,
NAFLD is considered as the hepatic manifestation of
the metabolic syndrome, which refers to a cluster of cardiovascular risk factors associated with insulin resistance,
including central obesity, hypertension, dyslipidemia
and T2DM [9]. The association between NAFLD and
metabolic syndrome has been established in many crosssectional and prospective studies[8]. NAFLD significantly
increases the risk of diabetes and is a better predictor
of the development of metabolic disorders than obesity

Abstract
Non-alcoholic fatty liver disease (NAFLD) is recognized
as the most common type of chronic liver disease in
Western countries. Insulin resistance is a key factor in
the pathogenesis of NAFLD, the latter being considered
as the hepatic component of insulin resistance or obesity. Adiponectin is the most abundant adipose-specific
adipokine. There is evidence that adiponectin decreases hepatic and systematic insulin resistance, and
attenuates liver inflammation and fibrosis. Adiponectin
generally predicts steatosis grade and the severity of
NAFLD; however, to what extent this is a direct effect
or related to the presence of more severe insulin resistance or obesity remains to be addressed. Although
there is no proven pharmacotherapy for the treatment
of NAFLD, recent therapeutic strategies have focused
on the indirect upregulation of adiponectin through
the administration of various therapeutic agents and/
or lifestyle modifications. In this adiponectin-focused
review, the pathogenetic role and the potential therapeutic benefits of adiponectin in NAFLD are analyzed
systematically.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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itself[10]. Some studies have reported an association of
NAFLD with multiple classical and non-classical risk factors for cardiovascular diseases[7]. NAFLD predicts future
cardiovascular events independently of other prognostic
factors, including the component of metabolic syndrome.
In summary, NAFLD is associated with a future high
incidence of cardiovascular and metabolic complications
and should be considered beyond a liver disease confined
to classical boundaries. Understanding the disease and its
management is a vital issue in current clinical practice.

VISCERAL OBESITY, ADIPOKINES AND
NAFLD
Obesity, especially visceral obesity, is frequently associated with NAFLD and their coexistence in the same
individual increases the likelihood of having more advanced forms of liver disease[30,31]. NAFLD occurs in
60%-95% of people with obesity[32]. Visceral fat is a key
mediator of NASH and is strongly associated with alanine aminotransferase (ALT) levels in the nondiabetic
obese population[31,33,34]. The importance of visceral fat
in the pathogenesis of NAFLD has also been shown in
many animal models, including fa/fa obese rats. In these
animals, surgical resection of intra abdominal fat depots
reverses hepatic insulin resistance and steatosis[35].
Recent evidence suggests that visceral adipose tissue
is a metabolic and inflammatory organ that signals and
modulates the action and metabolism of the brain, liver,
muscle and cardiovascular system[36,37]. The imbalanced
production of pro- and anti-inflammatory adipokines
secreted from fat contributes to the pathogenesis of
NAFLD[38]. Modulation of endocrine/immune/inflammatory interactions of adipose tissue may provide novel
therapeutic (pharmacological) targets for the treatment of
NAFLD. For example, in patients with severe lipodystrophy, injection with leptin reverses nonalcoholic fatty liver
diseases[39,40]. However, in cases of NAFLD associated
with obesity, serum levels of leptin are increased, and the
liver becomes refractory to the “anti-steatotic” effects of
leptin[41-43]. Leptin infusion is therefore unlikely to be of
therapeutic value for patients with NAFLD. TNF-α, a
pro-inflammatory adipokine that interferes with insulin
signaling and favors steatosis, may play a casual role in the
pathogenesis of NASH[38]. Circulating levels of TNF-α
and hepatic expression of its type 1 receptor are increased
in NASH, but could not discriminate steatohepatitis from
steatosis[44-46]. Neutralization of TNF-α activity improves
fatty liver disease in animals[47]. Conversely, nutritional steatohepatitis can still be produced experimentally in both
TNF-α and TNF-α type 1 receptor knockout mice, suggesting that this adipokine might not be an essential mediator of NAFLD[48,49]. In contrast to leptin and TNF-α,
adiponectin is more closely implicated in the pathogenesis
of NAFLD/NASH. Unlike other adipokines, serum
levels of adiponectin are decreased in obesity and its associated medical complications[50]. A negative association
between serum levels of adiponectin and liver enzyme
levels has been shown in healthy subjects[51]. Numerous
epidemiological investigations in diverse ethnic groups
have identified lower adiponectin level as an independent
risk factor for NAFLDs and liver dysfunctions[37]. Compared with healthy controls, adiponectin levels are lower
by more than 50% in NASH patients[52]. Adiponectin
expression is decreased by 20%-40% during the development of NAFLD, from simple steatosis to NASH[52,53].
Moreover, NASH patients with lower levels of adiponectin show higher grades of inflammation, suggesting
that adiponectin deficiency is an important risk factor

PATHOGENESIS OF NAFLD
Although the pathogenesis of NAFLD remains largely
unknown, insulin resistance, oxidative stress and inflammation play important roles in the development and
progression of NAFLD[11,12]. Fatty liver itself is a status
of insulin resistance. Hepatic fat accumulation can lead
to hepatic insulin resistance, which may occur before the
alterations in peripheral insulin actions and may induce
peripheral insulin resistance[13,14]. Insulin regulates the
uptake, oxidation and storage of fuel within insulin-sensitive tissues including the liver, skeletal muscle and fat.
Peripheral insulin resistance impairs glucose uptake from
blood into skeletal muscle and adipose tissue; serum nonesterified fatty acid (NEFA) levels may also be elevated
because of the failure of insulin to suppress lipolysis[15,16].
In the liver, insulin resistance is associated with increased
cellular contents of fatty acids and their metabolites (fatty
acyl-CoAs, diacylglycerides and ceramides)[17-19]. Hyperinsulinemia caused by insulin resistance, in the presence of
increased circulating levels of NEFA, enhances the hepatic uptake of fatty acid and promotes lipogenesis[1,20]. In
addition, defects in mitochondrial β-oxidation, enhanced
fatty acid synthesis and impaired secretion of triacylglyceride-rich very low density lipoproteins also contribute to
hepatic steatosis[21-23]. A growing body of evidence from
animal models suggests a “two-hit” hypothesis as being
responsible for the development of NAFLD[24-26]. According to this theory, the first hit is the occurrence of
fatty liver (steatosis), followed by a second event leading
to the development of NASH. The potential secondary
hits include endotoxin exposure, alcohol consumption
and virus infections, which expand hepatic lipid stores,
cause hepatocellular injury, and promote oxidative stress
and inflammation in the liver. Lipotoxicity, and the release
of cytokines and other pro-inflammatory mediators, play
important roles during this process. Moreover, inflammation in the development of NASH can further impede
insulin signaling[27]. Histologically, NASH is manifested
by hepatocyte nuclear ballooning, hepatocyte apoptosis,
Mallory’s hyaline and inflammation foci[28]. NAFLD patients have a high circulating free fatty acids (FFAs) level
that correlates with the severity of liver disease. Overloaded FFAs may exhibit lipotoxicity by inducing the
expression of proinflammatory cytokines, such as tumor
necrosis factor alpha (TNF-α)[29].
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for the development of fatty liver, steatohepatitis and
other forms of liver injuries[52-55]. In patients with T2DM,
plasma adiponectin concentrations are inversely related
to hepatic fat content[56]. There is a direct relationship
between hypoadiponectinemia and NASH, independent
of insulin resistance[52]. Animal-based studies have demonstrated that adiponectin possesses potent protective
activities against various forms of liver injury, including
those induced by carbon tetrachloride, lipopolysaccharide
(LPS)/D-galactosamine, pharmacological compounds, bile
duct ligations and methionine-deficient diet[57-61]. In animal
models of both alcoholic and nonalcoholic steatohepatitis, exogenous adiponectin reduces hepatomegaly, depletes
lipid accumulation, quenches hepatic inflammation and
decreases hepatic expression and plasma concentrations
of TNF-α[62]. Adiponectin knockout mice exhibit an
enhanced pattern of hepatic fibrosis induced by carbon
tetrachloride[58]. The lack of adiponectin expression could
accelerate hepatic tumor formation in a NASH model in
mice[63]. Among the known adipokines, adiponectin stands
out for its insulin-sensitizing and anti-inflammatory roles,
and may be used as a promising drug candidate for the
treatment of liver diseases.

of the HMW adiponectin remain poorly characterized
because of the heterogeneous nature of this isoform.
Analysis of adiponectin oligomers by non-denaturing
and non-heating gel electrophoresis shows that the human HMW adiponectin composes of a mixture of 18-30
mers, or even larger molecular weight species[73,78,80,81].
Dynamic light scattering and transmission electron microscopy shows that the bovine HMW adiponectin forms
a bouquet-like architecture resembling that of complement C1q[82]. Six globular objects can be seen atop a thin
stalk, which presumably correspond to the six LMW
adiponectins. The stalks bunch together in a manner that
is consistent with the requirement for NH2-terminal
disulfide bonding. The side views of HMW adiponectin suggest a conical structure of the oligomer with the
COOH-terminal portion forming the base. Interestingly,
these globular domains are arranged in a tight ring. This
circular arrangement might enable polyvalent interactions
of the globular domains with a single receptor. Recently,
the HMW oligomeric structures formed by multiples
of adiponectin trimers have been determined by singleparticle analysis of electron micrographs[83]. Pleiomorphic
ensembles of collagen-like stretches of the trimers lead
to a highly dynamic structure of HMW adiponectin,
which can be classified into two major classes: the fanshaped (Class Ⅰ) and bouquet-shaped (Class Ⅱ). In both
of these conformations, the globular domains assume a
variety of arrangements, covering an area of up to 4.9 ×
105 Å2 and up to 320 Å apart. The conformational flexibility of the HMW oligomer can allow it to access and
cluster disparate target ligands or receptors, which may
be necessary to activate cellular signaling leading to the
remarkable functional diversity of adiponectin.

HEPATOPROTECTIVE FUNCTIONS OF
ADIPONECTIN: STRUCTURAL BASIS
AND SIGNALLING MECHANISMS
Four independent groups originally identified adiponectin, also termed Acrp30, AdipoQ, apM1 or GBP28, in
both mice and humans[64-67]. This adipokine has attracted
much attention because of its multiple beneficial effects
on a cluster of obesity-related metabolic and cardiovascular dysfunctions. Hypoadiponectinemia is a key etiological
factor contributing to almost all the major pathological
conditions associated with obesity[68]. The physiological
functions and clinical relevance of adiponectin in obesityrelated medical complications have been extensively reviewed elsewhere[50,69-72]. In the following sections, we will
discuss recent advances on the structural regulations of
adiponectin as well as the molecular evidence supporting the role of adiponectin as a major protective agent
against obesity-related NAFLD.

HMW adiponectin as a major bioactive form in liver
Obese individuals have different distribution of adiponectin oligomers compared with lean controls. Relatively
lower content of HMW adiponectin is closely associated
with obesity-related metabolic complications[81]. The increases in the ratio of HMW vs total adiponectin, but not
total adiponectin level per se, correlate well with improved
insulin sensitivity during treatment with the insulin-sensitizing drug thiazolidinediones, in both diabetic mice and
patients with T2DM. On the other hand, weight reduction by either calorie restriction or gastric bypass surgery
results in a selective elevation of the HMW adiponectin,
but not the trimeric and hexameric complexes[84-86]. An
independent inverse association exists between ALT and
HMW adiponectin[87]. Taken together, these epidemiological and genetic data suggest that the beneficial effects
of adiponectin in humans might be mediated primarily
by its HMW isoform, and the deficiency of this oligomer
is an important etiological factor that links obesity with
its medical complications.
Evidence from both in vitro and animal-based studies also supports the role of the HMW oligomer as the
major active form in mediating the multiple actions of
adiponectin in liver tissue. Recombinant adiponectin pro-

Polymorphism of the multimeric structures of adiponectin
A unique feature of the structure of adiponectin is
its ability to assemble into several characteristic oligomeric isoforms, including trimers [low molecular weight
(LMW)], hexamers [middle molecular weight (MMW)]
and the oligomeric complexes comprising 18 protomers
or above [high molecular weight (HMW)][73]. Adiponectin
presents predominantly in the circulation as these three
oligomeric complexes[74-79]. Trimeric adiponectin is the
basic building block of adiponectin. The subunits in the
trimer are associated via hydrophobic interactions. Two
LMW adiponectin molecules linked by disulfide bonds
form hexameric adiponectin. The structural properties
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duced from mammalian cells, which can form the HMW
oligomers, potently decreases hyperglycemia in diabetic
mice through inhibition of hepatic glucose production[88].
However, bacterially generated full-length adiponectin,
which lacks the capacity to form the HMW adiponectin,
is almost inactive. Intravenous injection of the HMW
adiponectin, but not the hexameric adiponectin, leads
to a dose-dependent decrease in serum glucose levels[81].
The formation of the HMW oligomers is obligatory to
mediate the insulin sensitizing effects of adiponectin on
suppression of hepatic gluconeogenesis in primary rat
hepatocytes[80]. Acute injection of recombinant adiponectin enriched with the HMW oligomers results in a
marked activation of AMP-activated kinase (AMPK) in
the liver, while chronic infusion with this protein leads
to prolonged alleviation of hyperglycemia and insulin
resistance in db/db diabetic mice[89]. This animal-based
evidence is consistent with the clinical observations
showing that the ratio of HMW/total adiponectin correlates closely with hepatic insulin sensitivity[81]. The role
of the HMW oligomer as a predominant active form
of adiponectin mediating its hepatic actions is also supported by two recent independent reports demonstrating that the insulin-sensitizing effects of the peroxisome
proliferator-activated receptor gamma (PPAR-γ) agonists
thiazolidinediones were diminished in ob/ob obese mice
with the targeted mutation of the adiponectin gene[90,91].
Notably, treatment with thiazolidinediones causes a selective elevation of the HMW oligomeric adiponectin[79,81].
In addition to the hepatic insulin-sensitizing activity, the
HMW adiponectin has also been suggested to be the
most potent isoform for alleviation of fatty liver disease
in high fat diet-induced obese mice[92], and inhibition of
apolipoprotein B and E release from human hepatocytes[93]. HMW adiponectin dose-dependently suppressed
growth factor-induced hepatic stellate cell proliferation[94].
Taken together, these data suggest that the HMW form
predominantly mediates the beneficial effects of adiponectin in hepatic tissue.

adiponectin in the regulation of glucose and lipid metabolism. Despite this information, the detailed roles and expression of adipoRs in NAFLD are not conclusive[38,99-102].
Adiponectin stimulates AMPK in almost all its major
target tissues, including skeletal muscle, liver, heart, endothelium, adipocytes and brain[75,89,103-106]. Notably, most
biological effects of adiponectin in these target tissues
are abrogated by expression of a dominant negative version of AMPK, supporting its obligatory role in mediating adiponectin’s multiple actions. The precise mechanisms whereby adiponectin activates AMPK through its
receptors remain to be determined. APPL1, an adaptor
protein containing a pleckstrin homology domain, a
phosphotyrosine binding domain and a leucine zipper
motif, appears to be a key signaling molecule that couples
adiponectin receptors and its downstream AMPK activation[103,107]. Adiponectin enhances the binding of APPL1
to both adipoR1 and adipoR2, and these interactions are
essential for subsequent phosphorylation and activation
of AMPK. Studies also indicate the important role of
APPL1 in the metabolic syndrome[108,109]. AMPK activation in turn phosphorylates acetyl Coenzyme A carboxylase (ACC) and attenuates ACC activity. Inhibition
of ACC reduces lipid synthesis and enhances fatty acid
oxidation by blocking the production of malonyl-CoA,
an allosteric inhibitor of carnitine palmitoyl transferase 1,
the rate-limiting enzyme in fatty acid oxidation. In addition, activation of AMPK downregulates the expression
of sterol regulatory element-binding protein 1c (SREBP1c), a transcription factor that regulates cholesterol
and lipid synthesis. Reduction of SREBP1c results in
downregulation of genes involved in lipogenesis, including ACC, fatty acid synthase, and glycerol-3-phosphate
acyltransferase[104,110,111].
PPARα is a transcription factor controlling the transcription of a panel of genes encoding fatty acid oxidation
enzymes, such as FATP, acyl-CoA oxidase and long chain
acyl-CoA synthetase. Adiponectin stimulates PPARα activity possibly through PPARγ coactivator-1α[112]. These
adiponectin-mediated signaling pathways lead to enhanced
fat oxidation, reduced lipid synthesis and prevention of
hepatic steatosis (Figure 1).

Receptors and postreceptor signaling pathways
mediating the hepato-protective functions of adiponectin
Two adiponectin receptors (adipoR1 and adipoR2) have
been identified and found to be expressed in various
tissues[95]. AdipoR1 is abundantly expressed in skeletal
muscles, whereas adipoR2 is present predominantly in the
liver, suggesting a role of adipoR2 in hepatic adiponectin
signaling[68,96]. Recently, several laboratories have investigated the physiological roles of adipoR1 and adipoR2
in adipoR1/2 knockout mice. Both adipoR1 and adipoR2
knockout mice exhibit mild insulin resistance[97]. In adipoR1/R2 double knockout mice, the binding and actions
of adiponectin are abolished, resulting in increased tissue
triglyceride content, inflammation and oxidative stress[97].
AdipoR2 knockout mice reported by Liu et al[98] displayed
reduced diet-induced insulin resistance, but promoted
T2DM. These data support the physiological roles of
adipoR1 and adipoR2 as the predominant receptors for
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Cellular mechanisms contributing to the
anti-inflammatory activities of adiponectin in NAFLD
Inflammatory cytokines are key mediators of hepatic inflammation, cell death, and fibrosis, as well as regeneration after massive or focal liver injury[38,113]. Adiponectin
levels are negatively associated with mediators of inflammation, including interleukin-6 (IL-6) and C-reactive
protein; but positively related to anti-inflammatory
cytokine IL-10[114,115]. It suppresses TNF-α functions
by inhibiting its expression and antagonizing its activities[61,62,116,117]. In the liver, cytokines such as IL-6 and
TNF-α, are mainly produced from Kupffer cells and
hepatic stellate cells (HSC), and partly from inflamed
hepatocytes[52,118,119]. Adiponectin ameliorates NASH and
liver fibrosis by suppressing the activation of Kupffer
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Figure 1 Summary of multiple signaling pathways that mediate the antisteatotic effects of adiponectin. HMW: High molecular weight; AdipoR: Adiponectin receptor; APPL1: Adaptor protein, phosphotyrosine interaction, PH domain and leucine zipper containing 1; AMPK: AMP-activated kinase; ACC: Acetyl
Coenzyme A carboxylase; CPT1: Carnitine palmitoyl transferase 1; SREBP1:
Sterol regulatory element-binding protein 1; FAS: Fatty acid synthase; GPAT:
Glycerol-3-phosphate acyltransferase; ACOX: Acyl-CoA oxidase; LCAS: Long
chain acyl-CoA synthetase; FATP: Fatty acid transport protein; PPARα: Peroxisome proliferator-activated receptor α; TG: Triacylglyceride; FA: Fatty acid.
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Figure 2 Summary of multiple pathways underlying the protective effects
of adiponectin against liver injury. MMW: Middle molecular weight; HMW:
High molecular weight; AdipoR: Adiponectin receptor; UCP: Uncoupling protein;
SOD1: Superoxide dismutase 1; ROS: Reactive oxygen species; PDGF-BB:
Platelet-derived growth factor BB; TGF-β1: Transforming growth factor-β1;
CRP: C-reactive protein; IL: Interleukin; IL-1RA: Interleukin-1-receptor antagonist; TNF-α: Tumor necrosis factor-α; HSC: Hepatic stellate cells; IFN-γ:
Interferon-γ.

cells and HSC (Figure 2). In porcine blood-derived macrophages, adiponectin suppresses both TNF-α and IL-6
production stimulated by LPS and induces IL10 expression. The attenuation of proinflammatory cytokine production by adiponectin is mediated in part by attenuating
the translocation of nuclear factor kappa B (NF-κB) to
the nucleus[120]. Adiponectin can also induce the expression of the anti-inflammation cytokine interleukin-1receptor antagonist[121,122]. The anti-inflammatory effects
of adiponectin in macrophages may involve the tolllike receptor-4 (TLR-4) signaling pathway. However, the
mechanisms by which adiponectin suppresses TLR-4
mediated responses are not well understood[123].
The transformation of HSC into myofibroblasts is
the key step that initiates the fibrotic process during liver
injury[124,125]. The activated hepatic stellate cells increase
the accumulation of extracellular matrix. Both adiponectin receptors, adipoR1 and adipoR2, are expressed in
HSC. Adiponectin treatment maintains HSC quiescence,
inhibits platelet-derived growth factor-stimulated proliferation and migration of human HSCs, and reduces the
secretion and of monocyte chemoattractant protein-1
through AMPK-dependent mechanisms [94,125,126]. Additionally, adiponectin also regulates hepatic expression
of TGFβ1, a pro-fibrotic factor involved in HSC activation[58,127] that plays an important role in neofibrogenesis
of NAFLD[128].
Inhibition of adipoR2 expression by short hairpin
RNAi-expressing adenovirus can induce TGFβ1 expres-
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sion, and overexpression of adipoR2 diminishes TGFβ1
mRNA level.
Regulatory role of adiponectin on mitochondria
activities
Mitochondrial dysfunction represents a central mechanism linking obesity with associated metabolic complications[129]. In patients with NASH, the hepatic mitochondria exhibit ultrastructural lesions and decreased
activity of the respiratory chain complexes[130,131]. In
this condition, the decreased activity of the respiratory
chain results in accumulation of reactive oxygen species
(ROS) that oxidize fat deposits to form lipid peroxidation
products, which in turn, cause steatohepatitis, necrosis,
inflammation and fibrosis. The increased mitochondrial
ROS formation in steatohepatitis could directly damage
mitochondria DNA and respiratory chain polypeptides,
induce NF-κB activation and the hepatic synthesis of
TNFα[132]. Oxidative phosphorylation reactions mediated
by mitochondria respiratory chain (MRC) complexes are
directly involved in regulating intracellular ROS activities
and preventing accumulation of lipids and lipid peroxidation products in the liver.
Mice without adiponectin show an increased lipid
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accumulation even under normal chow feeding[117]. This
pre-existing hepatic steatotic condition might be the
direct consequence of dysregulated mitochondria functions[117]. Adiponectin treatment restores the MRC activities, decreases the levels of mitochondrial lipid peroxidation products through regulating hepatic mitochondrial
functions, which might represent a common mechanism
underlying the multiple beneficial activities of this hormone in various obesity-related pathologies. Moreover,
we have provided evidence supporting an essential role
of uncoupling protein 2 (UCP2), a mitochondria inner
membrane transporter, in mediating the beneficial effects of adiponectin on MRC activities. The protein and
mRNA levels of UCP2 are decreased in the liver tissues
of adiponectin knockout mice and can be significantly
upregulated by adiponectin treatment. Overexpression
of adipoR2 upregulates mRNA levels of UCP2, catalase,
and superoxide dismutase 1 in the liver[97]. Furthermore,
the effects of adiponectin on MRC activities are dramatically attenuated in Ucp2-deficient mice, suggesting
that the increased UCP2 expression might be obligatory
for adiponectin to elicit its activities on mitochondria
functions (Figure 2). UCP2 possesses anti-oxidant activities through inhibition of ROS production from mitochondria[133]. It can also inhibit the production of proinflammatory cytokines in both macrophage and Kupffer
cells[134]. A growing body of evidence suggests that UCP2
may play a beneficial role in various stages of fatty liver
diseases[134,135]. These results suggest the existence of a
reciprocal relationship between uncoupling proteins and
adiponectin. However, the detailed signaling mechanisms
underlying adiponectin-induced UCP2 expression are not
clear and warrant further investigation.

therapy is not yet available as a treatment option. Pharmacological intervention aimed at elevating adiponectin
production might hold promise for the treatment and/or
prevention of NAFLD.

CONCLUDING REMARKS
Based on our data, polymorphic UCP1 (AG + GG)
obese patients with low adiponectin levels appear to be
high-risk subjects for worsening of liver steatosis, an
NAFLD, possibly requiring a second-step evaluation by
liver biopsy[142].
The role of adiponectin in systemic inflammation
and critical illness is not well defined. Early data suggest
that plasma levels of adiponectin are decreased in critical
illness[143]. Whether this is a result of the disease process
itself or whether patients with lower levels of this hormone are more susceptible to developing a critical illness
is not known. This observation of lower adiponectin
levels then raises the possibility of therapeutic options to
increase circulating adiponectin levels[143]. The various options for modulation of serum adiponectin (recombinant
adiponectin, thiazolidinediones) are discussed.
Nevertheless, adiponectin-based therapeutics for NAFLD
represent a promising area for further investigation.

CONCLUSION
Adiponectin is an abundant adipocyte-derived hormone
with well established anti-inflammatory and insulin sensitizing properties. The significance of adiponectin in
protecting obesity-related NAFLD has been increasingly
recognized. Despite the advances made in recent years, the
detailed molecular and cellular mechanisms underlying its
hepato-protective functions remain largely uncharacterized.

ELEVATION OF ADIPONECTIN
PRODUCTION AS A THERAPEUTIC
STRATEGY FOR TREATMENT OF NAFLD
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creased plasma and tissue levels of oxidative stress
markers and lipid peroxidation products, with reduced
hepatic and plasma levels of antioxidants. There is also
some indirect evidence of the benefit of antioxidants
such as vitamin E, S-adenosylmethionine, betaine,
phlebotomy to remove iron, and N-acetylcysteine in
NASH. However, a causal relationship or a pathogenic
link between NASH and oxidative stress has not been
established so far. A number of sources of increased
reactive oxygen species production have been established in NASH that include proinflammatory cytokines
such as tumor necrosis factor (TNF)-α, iron overload,
overburdened and dysfunctional mitochondria, CYPs,
and peroxisomes. Briefly, the pathogenesis of NASH is
multifactorial and excess intracellular fatty acids, oxidant stress, ATP depletion, and mitochondrial dysfunction are important causes of hepatocellular injury in
the steatotic liver.
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Abstract
Although much is known about how fat accumulates
in the liver, much remains unknown about how this
causes sustained hepatocellular injury. The consequences of injury are recognized as nonalcoholic
steatohepatitis (NASH) and progressive fibrosis. The
accumulation of fat within the hepatocytes sensitizes
the liver to injury from a variety of causes and the regenerative capacity of a fatty liver is impaired. An additional stressor is sometimes referred to as a “second
hit” in a paradigm that identifies the accumulation of
fat as the “first hit”. Possible candidates for the second
hit include increased oxidative stress, lipid peroxidation
and release of toxic products such as malondialdehyde
and 4-hydroxynonenal, decreased antioxidants, adipocytokines, transforming growth factor (TGF)-β, Fas
ligand, mitochondrial dysfunction, fatty acid oxidation
by CYPs (CYP 2E1, 4A10 and 4A14), and peroxisomes,
excess iron, small intestinal bacterial overgrowth, and
the generation of gut-derived toxins such as lipopolysaccharide and ethanol. Oxidative stress is one of the
most popular proposed mechanisms of hepatocellular
injury. Previous studies have specifically observed in-
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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is one of
the most prevalent forms of chronic liver disease in the
United States[1]. Contributing factors to this may include
the increasingly sedentary lifestyle of the population and
increased consumption of a high-fat (HF) diet and high
fructose corn syrup (HFCS)[2]. In the setting of excessive
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central adiposity, insulin resistance is the major underlying
cause of fat accumulation in the liver[3-7]. Nonalcoholic
steatohepatitis (NASH), as a subgroup of NAFLD, is
characterized by chronic and progressive liver pathology
and may lead to advanced fibrosis, cirrhosis, end-stage
liver disease, hepatocellular carcinoma and liver-related
death[8-10]. One of the important and unresolved problems in NASH is the pathogenesis of hepatocyte injury.
One hypothesis for the pathogenesis of NAFLD is the
“two-hit” hypothesis[11]. According to this paradigm, the
primary abnormality (“first hit”) is most likely insulin
resistance, which leads to the accumulation of triglycerides within the hepatocytes. Then, a “second hit” induces
hepatocyte injury and inflammation (NASH). The mechanisms that cause hepatocyte injury in fatty liver have not
been fully elucidated to date. Oxidative stress is one of
the most popular proposed mechanisms of hepatocellular
injury (Figure 1). It was reported that obesity correlated
with systemic oxidative stress in humans and mice[12-14].
Obese adults with metabolic syndrome (MS) have higher plasma concentration of oxidative stress biomarkers
than obese adults without MS. Increased reactive oxygen
species (ROS) production has been selectively shown in
adipose tissue of obese mice[15,16]. Previous studies also
specifically observed increased plasma and tissue levels of
oxidative stress markers and lipid peroxidation products
with reduced hepatic and plasma levels of antioxidants in
patients with NASH[2-6,12-16].

Source of oxidative stress in obese such as free fatty
acids, iron, intestinal bacterial over growth

Insulin
resistance

NAFLD

Decreased
antioxidants

NASH

Figure 1 Oxidative stress is one of the most popular proposed mechanisms of hepatocellular injury and possible source of the oxidant stress
as follows: increased free fatty acids supply, iron, intestinal bacterial over
growth. NASH: Nonalcoholic steatohepatitis; NAFLD: Nonalcoholic fatty liver
disease.

antibody infusion[20].

OXIDATIVE STRESS AND LIPID
PEROXIDATION FOR DEVELOPMENT OF
HEPATIC FIBROSIS
A logical and attractive hypothesis is that oxidative stress
in TG-loaded hepatocytes is the cause of sustained injury with consequent NASH, fibrosis and cirrhosis[11]
(Figure 2). The imbalance between the increased ROS
and decreased antioxidants leads to lipid peroxidation
of polyunsaturated fatty acids, cellular membranes, mitochondrial membranes, and DNA[21]. Lipid peroxidation products have longer half-lives and the capability to
reach extracellular targets. Lipid peroxidation produces
cytotoxic aldehydes such as malondialdehyde (MDA)
and 4-hydroxynonenal. ROS and these aldehydes further
contribute to oxidative stress, decreased ATP production, and increased proinflammatory cytokine release.
These events promote hepatocyte injury, necroinflammation and hepatocytes apoptosis. Despite the attractiveness of this hypothesis, most clinical studies only
provide correlations between the presence of NASH
and elevated indices of oxidant stress, without establishing a causal relationship[22-27]. The lipid peroxidation
product 4-hydroxynonenal is found more in perivenular
zone (zone 3), correlating with the histological lesions of
NASH that are predominantly in zone 3[21]. Lipid peroxidation is greater in patients with NASH than in patients
with simple steatosis. The same study has also shown
that increased 4-hydroxynonenal strongly correlates
with both the grade of necroinflammation and the stage
of NASH, but not with the grade of steatosis, while
increased evidence of oxidant damage to DNA as measured by 8-hydroxydeoxyguanosine only correlates with
the grade of necroinflammation in patients with NASH.

MOLECULAR SIGNAL OF DEVELOPMENT
OF FATTY LIVER IN OBESITY
Obesity is associated with low-grade chronic inflammation in humans, and this chronic inflammation is a link
between obesity and insulin resistance[17-19]. Indeed, obesity
is strongly associated with chronic macrophage accumulation within increased adipose tissue in obese humans.
Xu et al[16] showed that inflamed macrophages are active
within white adipose tissue and this activation occurs after
increased adiposity and before insulin resistance. Macrophages secrete cytokines which promote insulin resistance
in adipose tissue and eventually increase adipose tissue
lipolysis, which causes insulin resistance in both muscle
and the liver, besides significant amount of inducible
NO synthase and interleukin-6[15]. Moreover, a positive
correlation between adipocyte size and the content of
accumulated macrophages in adipose has been reported.
Increased fatty acids or accumulated macrophages might
be the reason for this increased ROS production within
adipose tissue. These data indicate localized inflammation
and systemic consequences such as insulin resistance and
increased circulating free fatty acids. Additional evidence
that this chronic inflammation causes insulin resistance
comes from restoring insulin sensitivity by various antiinflammatory agents, such as high-dose salicylates via
IKK-β inhibition or anti-tumor necrosis factor (TNF)-α

WCG|www.wjgnet.com

Disturbed
production of
adipokines

2221

January 28, 2014|First Edition|

Basaranoglu M et al . From fatty liver to fibrosis

Increased
oxidative stress

Intracellular protein
damage and
increased production
of stress proteins

Abnormal
intracellular
proteins

pathogenesis of NASH[12,13,22-28]. A number of sources
of increased ROS production have been established in
NASH that include proinflammatory cytokines, such as
TNF-α, iron overload, overburdened and dysfunctional
mitochondria, CYPs, and peroxisomes.

Intermediate
misfolded
proteins, Ub, CKs

Sources of oxidants
Mitochondria and mitochondrial β-oxidation: The
hepatocyte is a cell rich in mitochondria. Each hepatocyte contains approximately 800 mitochondria[28]. The
hepatocyte mitochondria are the main site of β-oxidation
of free fatty acids. The electrons removed from free
fatty acids during β-oxidation are shuttled through the
mitochondrial respiratory chain (MRC), eventually leading to ATP synthesis and generation of CO2 and water.
Inherent in this process is the dissociation of partially
reduced molecular oxygen in the form of superoxide,
hydrogen peroxide and the hydroxyl radical, species
collectively termed ROS. About 1%-5% of oxygen consumed during cellular respiration is not fully reduced to
water during this process under physiological conditions,
and the production of these ROS is further increased in
dysfunctional mitochondria. Thus, mitochondria have
been proposed to play a central role in the pathogenesis
of NASH[29]. Mitochondria also increase their oxidation
capacity for the increased fatty acid flux as observed in
obesity and insulin resistant states in humans. However,
this increase has its limits and excess free fatty acids are
metabolized at other sites in hepatocytes such as peroxisomes (β-oxidation) and the smooth endoplasmic
reticulum (ω-oxidation). Acyl-CoA oxidase catalyzes the
initial reaction of fatty acid oxidation in peroxisomes; a
process that generates hydrogen peroxide and thus may
contribute to oxidant stress.
Mitochondrial β-oxidation of short-, medium- and
long-chain fatty acids involves multiple steps that include
entry of long-chain fatty acids into the mitochondria; a
process dependent on carnitine shuttle enzymes carnitine palmitoyltransferase (CPT)-I (an outer membrane
enzyme) and CPT-II, and the β-oxidation of fatty acids
to form progressively shorter acyl-CoA moieties, acetylCoA[29]. These oxidation processes are associated with
the reduction of oxidized NAD+ and FAD to NADH
and FADH 2. Reoxidation of NADH and FADH 2 to
NAD+ and FAD produces electrons that transfer to the
MRC[29,30]. Partially reduced oxygen molecules, termed
ROS, are constitutively generated during this process
when the electrons of NADH and FADH2 directly react with oxygen and may contribute to oxidant stress if
endogenous protective mechanisms are overwhelmed[30].
Consistent with the increased flux of nonesterified fatty
acid to the liver in obese patients with NAFLD, mitochondrial β-oxidation of fatty acids in the liver is also
increased and as such may contribute to increased generation of ROS and oxidant stress.
Excessive fatty acids might use alternative pathways
other than mitochondrial β-oxidation to be metabolized and cause mitochondrial injury. These include

HSPs 27 and
70, protein 62
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Degradation
defects

Young Mallory’s
hyaline

Mature Mallory’s
hyaline

Hepatocyte apoptosis
and death
Fibrosis

Figure 2 Logical and attractive hypothesis is that oxidative stress in TGloaded hepatocytes is the cause of sustained injury with consequent
NASH, fibrosis and cirrhosis. HSP: Heat shock proteins.

UNDERSTANDING THE MOLECULAR
MECHANISIMS OF NASH
Oxidative stress
Oxidative stress might play a role in the pathogenesis of
hepatocyte dysfunction and inflammation in NAFLD.
Oxidative stress can result from either excess ROS production and/or deficient antioxidant capacity[12-15,21]. The
enzyme NAD(P)H oxidase catalyzes the transfer of a
single electron to molecular oxygen to produce superoxide. Upregulation of NAD(P)H oxidase can raise ROS
production, and thereby contribute to the pathogenesis
of oxidative stress in HF and high-sucrose-fed mice.
Formation of ROS is enhanced by different mechanisms, including xanthine oxidase activation, NADH
auto-oxidation, and superoxide dismutase (SOD) inactivation. Experimental evidence supports the concept of
diverse ROS, such as superoxide anion, hydrogen peroxide, hydroxyl radical, nitric oxide and peroxynitrite.
Assessment of: (1) NAD(P)H oxidase (a major
source of ROS) in liver; (2) downregulation of the
main antioxidant enzymes, SOD, glutathione peroxidase
(GPX), catalase, and heme oxygenase (HO) in liver tissue; (3) level of lipid peroxidation products, MDA +
4-hydroxyalkenals in the liver; (4) plasma concentration
of 8-isoprostanes, lipoperoxides in plasma samples by
measuring MDA via HPLC; and (5) immunoblotting to
quantify NADPH oxidase, Mn SOD, Cu Zn SOD, GPX,
catalase, and HO-2 levels in liver will help to understand
the underlying mechanisms of oxidative stress in the
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peroxisomal and cytochrome P450 (microsomal CYP)
oxidation systems regulated by mainly fatty acids and
insulin[31]. These alternative fatty acid oxidation systems
produce more ROS and thus their utilization may be a
source of oxidant stress.

ity to molecular oxygen, leading to the release of species
such as superoxide anion radical, hydroxyl radicals, and
hydrogen peroxide.
Mitochondrial dysfunction and ATP depletion: Mitochondria are the organelles primarily responsible for
fatty acid β-oxidation and oxidative phosphorylation;
the process responsible for the production of ATP[30].
Several observations including decreased mitochondrial
enzyme activities and increased fat concentration of
skeletal muscle cells in obese or diabetic patients have
suggested mitochondrial dysfunction in these disorders.
Such abnormalities may increase ROS production and
promote both oxidative stress and lipid peroxidation
within hepatocytes. Mitochondrial dysfunction is frequently due to a combination of genetic abnormalities,
physical inactivity, aging, lipotoxicity (free fatty acids),
lipid peroxidation (mitochondrial DNA alterations),
and TNF-α[29,30,34]. Hepatic mitochondrial abnormalities have been identified in NAFLD, suggesting that
mitochondria may be the source or target of injury and
that ineffective mitochondrial function resulting in cellular ATP depletion may be important pathophysiological processes in NAFLD and NASH. The presence of
megamitochondria, or mitochondrial swelling, is a microscopically detectable structural abnormality of hepatocyte mitochondria found in a variety of liver diseases
including NAFLD[28]. Crystalline inclusions within the
mitochondrial matrix have been documented by electron microscopy in patients with NASH. Hepatic mitochondrial DNA levels and the protein products of the
mitochondrial genes are also decreased in patients with
NASH. Impaired hepatic MRC function increases ROS
production, and if ROS production exceeds antioxidant
capabilities, oxidative stress and injury, lipid peroxidation
of macromolecules and cellular membranes, mitochondrial DNA damage, direct damage of several mitochondrial enzymes, and further MRC dysfunction with more
pro-oxidant production are observed. Mixed macro- and
microvesicular steatosis due to β-oxidation defects in
the mitochondria was the predominant type of steatosis
in this study, and CYP 2E1 expression was upregulated,
and levels of the antioxidant glutathione were decreased.
Carnitine and CPT-I and CPT-II are required to transfer long-chain free fatty acids into the mitochondria for
β-oxidation. Some investigators have reported the role
of carnitine deficiency in NAFLD development, while
others have observed normal hepatic content of total
and free carnitine in patients with NASH.

Peroxisomal fatty acid β-oxidation: Peroxisomal oxidation of fatty acids is the normal route of metabolism
of very long chain fatty acids and dicarboxylic acids[31].
Peroxisomal oxidation is a four-step pathway in which
electrons from FADH 2 and NADH are transferred
directly to oxygen. Although this increases the production of hydrogen peroxide, peroxisomes are uniquely
endowed with the enzyme catalase that eliminates this
reactive oxygen molecule. Fatty acids not oxidized by
mitochondria are mainly oxidized by CYP2E1; a process
that further increases ROS production within the hepatocytes[32]. Increased endogenous substrate burden such
as increased levels of free fatty acids and ketone bodies
induce CYP2E1 expression in humans. In normal conditions, CYP2E1 oxidation produces oxygen radicals,
but the balance between these ROS and the abundance
of endogenous antioxidants determines the extent of
resulting oxidant stress. Increased hepatic CYP2E1 expression has been demonstrated by immunostaining of
paraffin-embedded liver biopsy sections in patients with
NASH. In contrast, hepatic content of CYP3A was decreased in all liver sections from patients with NASH.
These studies also showed that weight loss decreased
hepatic CYP2E1 activity. In parallel, Leclercq et al[33]
previously had reported that dietary sugar restriction decreased CYP2E1 activity in humans. These novel studies
pointed out that insulin rather than ketone bodies, with
or without glucose contribution, regulate the expression
and activity of hepatic CYP2E1. These metabolic abnormalities increase hepatic CYP2E1 activity and subsequent pro-oxidant production in patients with NAFLD.
Cytochrome P450 fatty acid ω (omega)-oxidation:
Fatty acids can undergo oxidation by the CYP enzymes
of the smooth endoplasmic reticulum which is a relatively minor pathway. CYP2E1 and CYP4A isoforms are
involved in fatty acid oxidation in conditions with substrate overload such as increased ketone bodies in type
2 diabetes mellitus. CYP4A upregulation particularly
occurs in conditions with decreased CYP2E1 activity.
The expression of both CYP2E1 and CYP4A mRNA
and their protein levels are increased in both obese and
diabetic humans[32,33]. Their hepatic activity and expression are also reported to be increased in patients with
NASH due to the increased substrates, mainly fatty acids
and ketone bodies, irrespective of the underlying clinical condition of diabetes or obesity. Nonetheless, the
capacity of this enzyme system is very low to handle
fatty acids. Oxidation reactions by the CYP enzymes can
be major producers of ROS because of a low degree of
coupling between substrate binding and their weak affin-
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Iron, oxidant stress and NASH: Iron can play a cen
tral role in promoting oxidant stress and this is proposed
to be the mechanism of progressive liver disease. A
large-population based study reported a correlation between elevated serum alanine aminotransferase levels
and increased serum transferrin and iron concentrations[35,36]. After initial measurements, investigators in-
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duced iron depletion to a level of near-iron deficiency by
phlebotomy. Interestingly, they observed improvements
in both insulin sensitivity and serum alanine aminotransferase activity in some of the patients, indicating that
iron may play a role not only in oxidant stress but also in
the initial predisposing factor of insulin resistance.

cells and hepatic stellate cells (HSCs) and stimulate fibrogenesis[63-65]. Hepatic connective tissue growth factor
(CTGF) mRNA was overexpressed in all NASH patients, while hepatic CTGF mRNA and its protein were
upregulated in fa/fa rats (obese and diabetic) compared
with their lean littermates. The same study also demonstrated upregulation of both CTGF mRNA and its
protein in HSCs after exposure to high concentrations
of either glucose or insulin. After activation, HSCs proliferate and express α-smooth muscle actin. Activated
HSCs express myogenic markers such as c-myb and
myocyte enhancer factor-2, exhibit proinflammatory and
profibrogenic properties, migrate and secrete extracellular matrix components (ECM) such as collagen, and
regulate the degradation of ECM. Activation of HSCs is
the crucial step in liver fibrogenesis. A study of NAFLD
patients (16 patients with steatosis alone and 60 with
NASH) demonstrated that activation of HSCs was positive in almost all cases, and markedly in two thirds of patients, and it was correlated with the degree and location
of hepatic fibrosis. HSC activation and upregulation of
profibrogenic genes were observed in rats on an HF diet.
Lipid-peroxidation-associated inflammation and HSC
activation with increased TGF-β1 mRNA expression in
methionine-choline-deficient steatohepatitis models have
also been reported.
Oxidative stress may also participate in the activation
of HSCs and the development of fibrosis in NAFLD.
The intracellular NADPH oxidase pathway produces
ROS, and the disruption of NADPH oxidase protects
mice from developing severe liver injury. Lipid peroxidation products enhance the production of both TGF-β
and collagen.
Currently, proposed mechanisms for the transformation from NASH to NASH-associated hepatocellular
carcinoma are severe and cumulative oxidative stress to
the hepatocytes, production of damaged DNA, defective or inhibited DNA repair systems, chronic continued
hepatocyte injury and inflammatory infiltration, impaired
antioxidant systems, and increased cell cycle of hepatocytes[65-67]. Animal and human studies have also indicated
that a connection between age, sex and the disease might
be possible[66-70].
In conclusion, a liver with excess fat may be more
vulnerable to stressors than a normal liver. The factors
that play key roles in the development of NASH from
NAFLD remain uncertain.

Free fatty acid toxicity: In addition to insulin resistance and hyperinsulinemia, obesity and type 2 diabetes
mellitus are strongly associated with increased concentrations of free fatty acids in the circulation[24,26]. Fatty
acids are involved in many important cellular events such
as synthesis of cellular membranes, energy storage, and
intracellular signaling pathways. However, chronically
elevated free fatty acids have the capability to disturb
diverse metabolic pathways and induce insulin resistance
in many organ systems[37-39]. In addition to their metabolic effects, fatty acids could induce cellular apoptosis,
also called lipotoxicity, in two ways: direct toxicity and an
indirect effect. One proposed mechanism of fatty acid
toxicity in hepatocytes is that fatty acids induce translocation of Bax (which is a mitochondrial protein and
a member of the Bcl-2 family) to lysosomes and cause
lysosomal destabilization, which promotes the release
of cathepsin B (a specific lysosomal enzyme), from
lysosomes to the cytosol. Subsequently, a cathepsinB-dependent process induces nuclear factor (NF)-κB
activation and TNF-α overexpression in the liver[26].
TNF-α might further increase lysosomal destabilization
and cathepsin-B-dependent hepatocyte apoptosis. Then,
cytochrome c release from dysfunctional mitochondria
may occur. Mitochondrial dysfunction causes energy
depletion, which activates proteolytic caspases and induces DNA fragmentation and chromatin condensation.
NF-κB is a transcriptional factor and has both apoptotic
and antiapoptotic effects. In healthy hepatocytes, activation of NF-κB by TNF-α induces Bcl-2 synthesis,
which prevents the release of cytochrome c from the
mitochondria and subsequent apoptosis. Moreover,
while cathepsin B has been demonstrated in hepatocyte
lysosomes of healthy control individuals, the majority
of hepatocytes in patients with NAFLD show diffuse
distribution of cathepsin B in the cytosol, with a positive
correlation with the stage of NASH[40-44].

HEPATIC FIBROGENESIS IN NASH
Hepatic steatosis is the most frequent and initially observed morphological feature of these processes[45-53].
Steatosis, inflammation, glycogen nuclei, lipogranulomas,
ballooning of hepatocytes, Mallory bodies, and fibrosis
are the major features of NAFLD.
Genetic and environmental factors may affect the development of liver fibrosis in NAFLD[54-62]. Age, severity
of obesity, presence of diabetes, and hyperglycemia are
the major nongenetic factors. Elevated plasma glucose,
free fatty acids and adipocytokines activate both Kupffer
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Fructose as a key player in the development of fatty liver
disease
Metin Basaranoglu, Gokcen Basaranoglu, Tevfik Sabuncu, Hakan Sentürk
reinforces the concerns about the role of fructose in
the obesity epidemic. Increased availability of fructose
(e.g. , high-fructose corn syrup) increases not only abnormal glucose flux but also fructose metabolism in the
hepatocyte. Thus, the anatomic position of the liver
places it in a strategic buffering position for absorbed
carbohydrates and amino acids. Fructose was previously accepted as a beneficial dietary component because it does not stimulate insulin secretion. However,
since insulin signaling plays an important role in central
mechanisms of NAFLD, this property of fructose may be
undesirable. Fructose has a selective hepatic metabolism, and provokes a hepatic stress response involving
activation of c-Jun N-terminal kinases and subsequent
reduced hepatic insulin signaling. As high fat diet alone
produces obesity, insulin resistance, and some degree
of fatty liver with minimal inflammation and no fibrosis, the fast food diet which includes fructose and fats
produces a gene expression signature of increased
hepatic fibrosis, inflammation, endoplasmic reticulum
stress and lipoapoptosis. Hepatic de novo lipogenesis
(fatty acid and triglyceride synthesis) is increased in patients with NAFLD. Stable-isotope studies showed that
increased de novo lipogenesis (DNL) in patients with
NAFLD contributed to fat accumulation in the liver and
the development of NAFLD. Specifically, DNL was responsible for 26% of accumulated hepatic triglycerides
and 15%-23% of secreted very low-density lipoprotein
triglycerides in patients with NAFLD compared to an estimated less than 5% DNL in healthy subjects and 10%
DNL in obese people with hyperinsulinemia. In conclusion, understanding the underlying causes of NAFLD
forms the basis for rational preventive and treatment
strategies of this major form of chronic liver disease.
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Abstract
We aimed to investigate whether increased consumption of fructose is linked to the increased prevalence of
fatty liver. The prevalence of nonalcoholic steatohepatitis (NASH) is 3% and 20% in nonobese and obese
subjects, respectively. Obesity is a low-grade chronic
inflammatory condition and obesity-related cytokines
such as interleukin-6, adiponectin, leptin, and tumor
necrosis factor-α may play important roles in the development of nonalcoholic fatty liver disease (NAFLD).
Additionally, the prevalence of NASH associated with
both cirrhosis and hepatocellular carcinoma was reported to be high among patients with type 2 diabetes
with or without obesity. Our research group previously
showed that consumption of fructose is associated with
adverse alterations of plasma lipid profiles and metabolic changes in mice, the American Lifestyle-Induced
Obesity Syndrome model, which included consumption
of a high-fructose corn syrup in amounts relevant to
that consumed by some Americans. The observation

WCG|www.wjgnet.com

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Nonalcoholic; Fatty liver; Diabetes; Insulin
resistance; Cytokines; Obesity; Fructose

2228

January 28, 2014|First Edition|

Basaranoglu M et al . Increased fructose consumption in NAFLD
Original sources: Basaranoglu M, Basaranoglu G, Sabuncu T,
Sentürk H. Fructose as a key player in the development of fatty
liver disease. World J Gastroenterol 2013; 19(8): 1166-1172
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v19/i8/1166.htm DOI: http://dx.doi.org/10.3748/wjg.v19.i8.1166

Increased fructose intake and high fat diet

Insulin
resistance

Disturbed
production of
adipokines

Oxidants ↑ and
antioxidants ↓

INTRODUCTION
Excessive accumulation of triglycerides in hepatocytes in
the absence of significant alcohol consumption occurs
in about 20%-30% of adults[1-5]. Excessive fat in the liver,
called nonalcoholic fatty liver disease (NAFLD), predisposes to the development of nonalcoholic steatohepatitis (NASH). NASH constitutes the subset of NAFLD
that is most worrisome because it is a significant risk
factor for developing cirrhosis and its complications, including hepatocellular carcinoma (HCC)[6-9]. Because the
accumulation of excess fat in the liver is a prerequisite
for the development of NASH, understanding the underlying causes of NAFLD forms the basis for rational
preventive and treatment strategies of this major form
of chronic liver disease.
Obesity is a low-grade chronic inflammatory condition and obesity-related cytokines such as interleukin-6
(IL-6), adiponectin, leptin, and tumor necrosis factor
(TNF) α may play important roles in the development
of NAFLD. The prevalence of NASH is 3% and 20% in
nonobese and obese subjects, respectively. Additionally,
the prevalence of NASH associated with both cirrhosis
and HCC was reported to be high among patients with
type-2 diabetes with or without obesity.

NAFLD

Figure 1 Diet based on high cholesterol, high saturated fat, and high fructose (cafeteria or fast food type) recapitulates features of the metabolic
syndrome and nonalcoholic fatty liver disease and nonalcoholic steatohepatitis with progressive fibrosis in human and mice. NAFLD: Nonalcoholic fatty liver disease; NASH: Nonalcoholic steatohepatitis.

showed that consumption of fructose is associated with
adverse alterations of plasma lipid profiles and metabolic
changes in mice, the American Lifestyle-Induced Obesity
Syndrome (ALIOS) model, which included consumption of a high-fructose corn syrup (HFCS) in amounts
relevant to that consumed by some Americans[11]. The
observation that the ALIOS mice indeed consumed a
greater quantity of food beyond the additional calories
consumed from the HFCS when fed HFCS compared
with control water supports this observation and reinforces the concerns about the role of fructose in the
obesity epidemic[12-15]. In adolescents, higher fructose
consumption is associated with multiple markers of cardiometabolic risk, but it appears that these relationships
are mediated by visceral obesity.
The most commonly used HFCS in soft drinks and
other carbohydrate-sweetened beverages is a blend composed of 55% fructose, 41% glucose, and 4% complex
polysaccharides. Fructose has increasingly been used as
a sweetener since the introduction of high-fructose corn
syrups in the 1960s[10-13,16] and is now an abundant source
of dietary carbohydrate in the United States. The annual
per capita consumption of extrinsic or added fructose
was approximately 0.2 kg in 1970 to approximately 28 kg
in 1997. This increased consumption has been linked to
the increased prevalence of obesity, type 2 diabetes and
fatty liver in the United States.
The liver is exquisitely sensitive to changes in nutrient delivery and is uniquely suited to metabolize ingested
simple sugars, such as fructose and glucose[13,14]. Stressactivated protein kinases, principally the c-Jun N-terminal
kinases (JNK), are activated by cell stress-inducing stimuli. Increased fructose supply provokes a hepatic stress
response involving activation of JNK and subsequent
reduced hepatic insulin signaling.

OBESITY EPIDEMIC
A balance exists between energy demand and intake in
the human body. Obesity is one of the major abnormalities of this well preserved equilibrium. Obesity, and its
consequences such as insulin resistance and the metabolic syndrome, is a growing threat to the health of people
in developed nations[10]. A diet based on high cholesterol,
high saturated fat, and high fructose (cafeteria or fast
food type) recapitulates features of the metabolic syndrome and NASH with progressive fibrosis (Figure 1).

“FAST FOOD” OR “CAFETERIA” TYPE
DIET COMPOSED OF HIGH SATURATED
FATS, CHOLESTEROL, AND FRUCTOSE
The basis of the composition of “fast food” or “cafeteria” style food is high saturated fats, cholesterol, and
fructose[11]. As the high fat diet produces obesity, insulin
resistance, and some hepatic steatosis with minimal inflammation and no fibrosis, the fast food diet produces
a gene expression signature of increased hepatic fibrosis,
inflammation, endoplasmic reticulum stress and lipoapoptosis (Figure 2). Our research group previously
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Increased fructose
consumption

Abnormal
intracellular
proteins

termining step in hepatic glucose metabolism. In contrast to
glucose, phosphorylation of fructose in the liver occurs
via the enzyme fructokinase. In addition, the metabolism
of fructose 1-phosphate in the liver occurs independently
of phosphofructokinase, a second rate-determining step
in glucose metabolism[13-15]. As a result, the liver is the
primary site of fructose extraction and metabolism, with
extraction approaching 50% to 70% of fructose delivery.
Therefore, increased availability of fructose (e.g., highfructose corn syrup) will increase not only abnormal
glucose flux but also fructose metabolism in the hepatocyte. Thus, the anatomic position of the liver places it in
a strategic buffering position for absorbed carbohydrates
and amino acids.
Fructose extraction and metabolism by the liver are
exceptionally high compared to glucose due both to the
extensive amount of fructokinase that phosphorylates
fructose to fructose 1-phosphate in the liver and to the
subsequent metabolism of fructose 1-phosphate at the
triose phosphate level, which bypasses flux control at
phosphofructokinase [13-16]. Previous studies comparing the metabolism of fructose and glucose in postabsorptive humans over short intervals have shown that
fructose is used faster than glucose and that more is
converted to liver glycogen. Fructose oxidation represented a significant portion of fructose metabolism, accounting for 56% to 59% of the ingested fructose and
approximately 33% of the infused fructose. It is likely
that extrahepatic lactate oxidation subsequent to hepatic
fructolysis contributed significantly to the estimated rate
of fructose oxidation. Thus, increments in fructose after
infusion produced immediate changes in hepatic and
extrahepatic substrate metabolism, but did not induce
changes in overall glucose production. An immediate
fructose infusion in humans induced both hepatic and
extrahepatic insulin resistance. These data are consistent
with the notion that high concentrations of fructose
elicit adaptations in the liver that include metabolic intermediates, gene expression, and insulin action.

Intermediate
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proteins, Ub, CKs

Increased oxidative
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antioxidants
HSPs 27 and
70, protein 62
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Young Mallory’s
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Figure 2 As the high fat diet produces obesity, insulin resistance, and
some hepatic steatosis with minimal inflammation with no fibrosis, the
fast food diet produces a gene expression signature of increased hepatic
fibrosis, inflammation, and endoplasmic reticulum stress and lipoapoptosis. HSP: Heat shock proteins.

monosaccharides. Sucrose (glucose-fructose), lactose
(glucose-galactose), and maltose (glucose-glucose) are the
major disaccharides. Dietary fructose occurs in 2 forms:
mono- or disaccharide. The rate of fructose absorption
appears to be between that of mannose and glucose[12-15].
Fructose is absorbed by carrier-mediated facilitated diffusion, an energy-dependent process. The fructose carrier is a member of the glucose transport family and is
referred to as glucose transporter 5. Sucrose is cleaved
to glucose and fructose by sucrase, an enzyme located in
the brush border of small intestine enterocytes.
Fructose was previously accepted as a beneficial dietary component because it does not stimulate insulin
secretion. However, since insulin signaling plays an important role in the central mechanisms of NAFLD, this
property of fructose may be undesirable[13-15]. Additionally, fructose may prevent suppression of ghrelin secretion, resulting in impaired satiety mechanisms[14]. In large
quantities, fructose can also stress the liver by depleting
hepatic energy supplies. Normal subjects and patients
with NASH exhibited a similar depletion of hepatic
ATP levels after an injection of fructose, but recovery of
ATP levels after depletion was slower in NASH patients
compared with healthy controls. A mixture of fructose
and glucose might induce metabolic abnormalities that
differ from sucrose, a disaccharide cleaved to fructose
and glucose in the small intestine.
Phosphorylation of glucose by glucokinase is a rate-de-
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SYSTEMIC AND HEPATIC INSULIN
RESISTANCE IN NAFLD
While insulin receptor defects cause severe insulin re
sistance, most patients with insulin resistance have
impaired post-receptor intracellular insulin signaling.
Insulin binds α-subunits of its receptor, which is a cell
surface receptor on the major insulin sensitive cells such
as skeletal muscle, adipocytes, and hepatocytes, leading
to autophosphorylation of the cytoplasmic domains
(β-subunits) of the receptor[2-5,17]. The insulin receptor
has intrinsic tyrosine kinase activity activated by insulin
binding and the autophosphorylated receptor activates
its substrates that include insulin receptor substrate
(IRS)-1, IRS-2, Src homology collagen, and adaptor
protein with a pleckstrin homology and Src homology 2
domain by tyrosine phosphorylation. These phosphory-
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lated docking proteins bind and activate several downstream components of the insulin signaling pathways.
Activated IRS-1 associates with phosphatidyl inositol
3-kinase, which then activates Akt. These events and
insulin-dependent inhibition of hepatic glucose output
maintain glucose homeostasis. Insulin also affects glucose homeostasis indirectly by its regulatory effect on
lipid metabolism. Any interference in this insulin signaling pathway causes glucotoxicity, insulin resistance and,
when islet beta cells are capable of responding, compensatory hyperinsulinemia.
Hepatic expression of insulin receptor protein in hu
mans and the levels of both IRS-1 and IRS-2 in animals
were decreased in chronic hyperinsulinemic states[11].
IRS-1 was more closely linked to glucose homeostasis
with the regulation of glucokinase expression while IRS-2
was more closely linked to lipogenesis with the regulation
of lipogenic enzymes sterol regulatory element-binding
protein-1c (SREBP-1c) and fatty acid synthase[18,19]. Additional physiological roles of insulin include regulating the
metabolism of macronutrients and stimulating cellular
growth. Insulin activates synthesis and inhibits catabolism
of lipids while shutting off the synthesis of glucose in
the liver.
Adipose tissue is one of the major insulin sensitive
organs in the human body and the process of differentiation of preadipocytes to adipocytes is induced by
insulin[17,18]. Within the adipose tissue, insulin stimulates
triglyceride synthesis and inhibits lipolysis by upregulating lipoprotein lipase activity which is the most sensitive
pathway in insulin action, facilitating free fatty acid uptake and glucose transport, inhibiting hormone sensitive
lipase, and increasing gene expression of lipogenic enzymes.

tory mediators, such as TNF-α and IL-6. TNF-α and reactive oxygen species could also activate NF-κB[19-22]. In
contrast, antioxidants inhibit this activation. NF-κB has
both apoptotic and anti-apoptotic effects. The finding
that NF-κB deficient mice were protected from highfat diet-induced insulin resistance suggests that NF-κB
directly participates in processes that impair insulin signaling. High-dose salicylates also inhibit NF-κB and subsequently improve insulin sensitivity. These subsequently
promote hepatic and systemic insulin resistance. The
study group also showed that these results were reversed
by curcumin which inhibits NF-κB activity. Curcumin
also has the ability to induce antioxidant enzymes and
scavenge ROS.
Suppressors of cytokine signaling (SOCS) and inducible nitric oxide synthase are two inflammatory mediators
recently recognized to play a role in insulin signaling[23-25].
Induction of SOCS proteins (SOCS 1-7 and cytokineinducible src homology 2 domain-containing protein) by
proinflammatory cytokines might contribute to the cytokine-mediated insulin resistance in obese subjects[26-30]. In
fact, the isoforms of SOCS are the members of a negative feedback loop of cytokine signaling, regulated by
both phosphorylation and transcription events. SOCS-1,
and particularly SOCS-3, are involved in the inhibition
of insulin signaling either by interfering with IRS-1 and
IRS-2 tyrosine phosphorylation or by the degradation
of their substrates. SOCS-3 might also regulate central
leptin action and play a role in the leptin resistance of
obese human subjects. SOCS might be a link between
leptin and insulin resistance because insulin levels are
increased in leptin resistant conditions due to the diminished insulin suppression effect of leptin because of insufficient leptin levels. Moreover, SOCS proteins might
involve insulin/insulin like growth factor-1 signaling.
SOCS-1 knockout mice showed low glucose concentrations and increased insulin sensitivity. SREBP-1c is one
of the key mediators of lipid synthesis from glucose and
other precursors (de novo lipogenesis) in the liver. Indeed,
SOCS proteins markedly induce de novo fatty acid synthesis in the liver by both the up-regulation of SREBP-1c
and persistent insulin resistance with hyperinsulinemia
which stimulates SREBP-1c-mediated gene expression.
Liver is the insulin clearance organ. Thus, decreased insulin clearance in patients with NAFLD further elevates
insulin levels in the circulation and de novo lipogenesis in
the liver. SOCS-1 and SOCS-3 may exert these effects by
inhibiting signal transduction and activator of transcription proteins (STAT), particularly STAT-3, via binding
Janus tyrosine Kinase (JAK) tyrosine kinase because
this binding diminishes the phosphorylation ability of
JAK kinase to STAT-3. STAT-3 inhibits the activation
of SREBP-1c. Specific STAT-3 knockout mice showed
markedly increased expression of SREBP-1c and subsequently increased fat content in the liver. Conversely,
inhibition of SOCS proteins, particularly SOCS-3, im
proved both insulin sensitivity and the activation of

PROINFLAMMATORY SIGNALING IN
INSULIN RESISTANCE
Protein kinase C theta (PKCθ) and inhibitor κB kinase
β (IKK-β) are two proinflammatory kinases involved in
insulin downstream signaling[17,18]. They are activated by
lipid metabolites such as high plasma free fatty acid concentrations and there is a positive relationship between
the activation of PKCθ and the concentration of intermediate fatty acid products. PKCθ activates both IKK-β
and JNK, leading to increased Ser 307 phosphorylation
of IRS-1 and insulin resistance. Activation or overexpression of IKK- β diminishes insulin signaling and
causes insulin resistance whereas inhibition of IKK-β
improves insulin sensitivity. Inhibition of IKK-β activity
prevented insulin resistance due to TNF-α in cultured
cells. IKK-β phosphorylates the inhibitor of nuclear factor kappa B (NF-κB), leading to the activation of NFκB by the translocation of NF-κB to the nucleus. NFκB is an inducible transcription factor and promotes
specific gene expression in the nucleus. For example,
NF-κB regulates the production of multiple inflamma-
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SREBP-1c which eventually reduced liver steatosis and
hypertriglyceridemia in db/db mice.
Nitric oxide synthase-2 (NOS2) or inducible nitric
oxide synthase (iNOS) production are also induced by
proinflammatory cytokines[31]. A high-fat diet in rats
causes up-regulation of iNOS mRNA expression and
increases iNOS protein activity. Increased production of
NOS2 might reduce insulin action in both muscle and
pancreas and decreased iNOS activity protects muscles
from the high-fat diet induced insulin resistance. It was
also shown that leptin deficient ob/ob mice without
iNOS were more insulin sensitive than ob wild-type
mice. Thus, the production of nitric oxide may be one
link between inflammation and insulin resistance.

hepatic insulin resistance.

HEPATIC DE NOVO LIPOGENESIS
Hepatic de novo lipogenesis (fatty acid and triglyceride
synthesis) is increased in patients with NAFLD [35-39].
Stable-isotope studies showed that increased de novo lipogenesis (DNL) in patients with NAFLD contributed
to fat accumulation in the liver and the development of
NAFLD[33]. Specifically, DNL was responsible for 26%
of accumulated hepatic triglycerides and 15%-23% of
secreted VLDL triglycerides in patients with NAFLD
compared to an estimated less than 5% DNL in healthy
subjects and 10% DNL in obese people with hyperinsulinemia. Interestingly, Donnelly and colleagues demonstrated the similarity between VLDL-triglycerides and
hepatic-triglycerides regarding contributions of fatty
acid sources (62% vs 59% for NEFA contribution, respectively; 23% vs 26% for DNL, respectively; and 15%
vs 15% for dietary fatty acids, respectively) in NAFLD
patients. Substrates used for the synthesis of newly made
fatty acids by DNL are primarily glucose, fructose, and
amino acids; oleic acid (18:1, a ω-6 monounsaturated
fatty acid, which is relatively resistant to peroxidation) is
the major end product of de novo fatty acid synthesis[40-42].
Moreover, simple sugars have the ability to stimulate
lipogenesis[33]. Ingested carbohydrates are a major stimulus for hepatic delayed neuronal loss and are thus more
likely to directly contribute to NAFLD than dietary fat
intake[43-46].
In conclusion, fructose has increasingly been used
as a sweetener since the introduction of high-fructose
corn syrups in the 1960s and is now an abundant source
of dietary carbohydrate in the United States[47-50]. The
most commonly used HFCS in soft drinks and other
carbohydrate-sweetened beverages is a blend composed
of 55% fructose, 41% glucose, and 4% complex polysaccharides[51-55]. This increased consumption has been
linked to the increased prevalence of obesity and type
2 diabetes and fatty liver in the United States by increased fructose supply, which provokes a hepatic stress
response involving activation of JNK and subsequent
reduced hepatic insulin signaling[56-59]. Understanding
the underlying causes of NAFLD forms the basis for
rational preventive and treatment strategies of this major
form of chronic liver disease.

SOURCES OF LIVER FAT
Accumulation of triglycerides as fat droplets within the
cytoplasm of hepatocytes is a prerequisite for subsequent events of NASH. Accumulation of excess triglyceride in hepatocytes is generally the result of increased
delivery of non-esterified fatty acids (NEFAs), increased
synthesis of NEFAs, impaired intracellular catabolism of
NEFAs, impaired secretion as triglyceride, or a combination of these abnormalities[32]. Recent techniques, such as
isotope methodologies, multiple-stable-isotope approach
and gas chromatography/mass spectrometry, provided
valuable information regarding the fate of fatty acids
during both fasting and fed states[33] such as the relative
contribution of three fatty acid sources to the accumulated fat in NAFLD: adipose tissue, de novo lipogenesis,
and dietary fat. Additionally, these studies reported that
the plasma NEFA pool is the main contributor of both
hepatic triglycerides in the fasting state and very lowdensity lipoproteins (VLDL)-triglycerides in both fasting
and fed states.

DYSREGULATED PERIPHERAL LIPOLYSIS
A study showed that adipose tissue makes a major contribution to the plasma NEFA pool, contributing 81.7%
in the fasted state and 61.7% in the fed state[33]. Additionally, the contribution of dietary lipids to the plasma
NEFA pool was found to be only 26.2% and 10.4% in
fed and fasted states, respectively, in the same study. Finally, the contribution of newly made fatty acids (originating from the adipose tissue and liver) to the plasma
NEFA pool was 7.0% and 9.4% for the fasted and fed
states, respectively.
The liver takes up free fatty acids from the circulating
NEFA pool and the rate of uptake depends only on the
plasma free fatty acid concentrations. Hepatic NEFA uptake continues despite increased hepatic content of fatty
acids and triglycerides[34]. The concentration of free fatty
acids is increased in the portal circulation rapidly when
lipolysis occurs in visceral adipose tissue. These products
directly flux to the liver via the splanchnic circulation and
contribute to hepatic triglyceride synthesis, NAFLD, and
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is characterized by the accumulation of fat in the liver when it exceeds 5%-10% of its weight[1]. In addition to leading to
major histopathological alterations, it may be associated
with elevated liver enzymes and abnormal liver function,
ranging from steatosis to steatohepatitis, fibrosis, and cirrhosis[2,3]. Although diagnosed worldwide, its prevalence
varies, reaching approximately 20%-30% in western countries[4]. In the United States, where 25% of the adult population is obese, the disease occurs in more than two-thirds
of these individuals and in more than 90% of class Ⅲ
obese individuals[5]. It is estimated that 2% to 3% of the
population has nonalcoholic steatohepatitis (NASH)[6,7].
Approximately 74%-90% of patients who undergo
liver biopsy show alterations due to triacylglycerol accumulation[8]. The disease is highly prevalent (88.7%) in
obese patients undergoing bariatric surgery[9], and the likelihood of developing steatohepatitis is increased in class
Ⅲ obesity, with 15%-20% of these patients diagnosed
with NASH[10].
Some studies have shown an increased prevalence and
higher incidence of cardiovascular disease (CVD) in individuals with NAFLD. These studies have shown hepatic

Abstract
Non-alcoholic fatty liver disease (NAFLD) is currently
not a component of the diagnostic criteria for metabolic syndrome (MetS); however, the development of
NAFLD has some common mechanisms with the development of MetS, as they share the pathophysiologic
basis of insulin resistance. It is also recognized that
NAFLD is the hepatic manifestation of MetS. To define
MetS, the presence of at least three of the proposed
criteria is required, and sometimes it is sufficient to
have only one laboratory value, modified by diet or
drugs, for the classification of MetS. Ultrasonographically-detected NAFLD (US-NAFLD) is more stable, only
changing during the middle- to long-term. Although
controversies over MetS continue, and considering that
abdominal ultrasonography for diagnosing NAFLD has
high specificity and guidelines to modify the natural
course of NAFLD by diet composition or lifestyle have
not yet been established, why should we not introduce
US-NAFLD as a new criterion to define MetS?
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Table 1 National Cholesterol Education Programme Adult
Treatment Panel Ⅲ - 2001/American Heart Association 2005 metabolic syndrome (diagnosis: 3 of 5)

Table 2 International Diabetes Federation: Definitions of
metabolic syndrome
Central obesity plus any two of the following four factors

Risk factor

Defining level (AHA 2005)

Abdominal obesity (waist, inches)
Men
Women
Triglycerides (mg/dL)
HDL-C (mg/dL)
Men
Women
BP (mmHg)
Fasting glucose (mg/dL)

> 40
> 35
150 (or Med)
< 40 (or Med)
< 50
130/85 (or Med)
110 (100)

Raised
triglyceride

150 mg/dL, or specific treatment for this lipid
abnormality

Reduced
HDL-C

< 40 mg/dL in men and < 50 mg/dL in women, or
specific treatment for this lipid abnormality

Raised BP

Systolic BP 130 or diastolic BP 85 mmHg, or treatment
of previously diagnosed hypertension

Raised FPG

100 mg/dL, or previously diagnosed type 2 diabetes.
If above 100 mg/dL, OGTT is strongly recommended
but is not necessary to define presence of the syndrome

AHA: American Heart Association; HDL-C: High-density lipoproteincholesterol; BP: Blood pressure; Med: Medium.

OGTT: Oral glucose tolerance test; FPG: Fasting plasma glucose; HDL-C:
High-density lipoprotein-cholesterol; BP: Blood pressure.

steatosis as an independent risk factor for the development of this disease[11,12].
Metabolic syndrome (MetS), which involves the combination of risk factors for CVD such as insulin resistance, abdominal fat, dyslipidaemia, glucose intolerance,
and hypertension, has often been associated with more
severe liver abnormalities[13].
NAFLD is now considered to be the hepatic component of the MetS[14,15].
Conventional radiology studies used in the diagnosis
of fatty liver include ultrasonography (US), computed tomography, and magnetic resonance imaging. Other than
these radiological studies, there are no sensitive and low
invasive screening methods for NAFLD. Alanine aminotransferase (ALT) > 30 IU/L is usually used as the cut
off level for screening NAFLD[16,17]. This threshold had a
sensitivity of 0.92 for detecting the fatty-fibrotic pattern
proven by ultrasound among obese children[18]. However,
ALT was within normal levels in 69% of those who had
increased liver fat[19]. Similarly, in the Dallas Heart Study,
79% of the subjects with a fatty liver (liver fat content
> 5.6%) had normal serum ALT[20]. This implies that a
normal ALT does not exclude steatosis. Aspartate aminotransferase and gamma glutamyltransferase also correlate
with liver fat content independent of obesity[21], but are
even less sensitive than serum ALT.
It is well known that NAFLD mirrors insulin resistance, and patients with NAFLD tend to have the abnormal components of the MetS. However, the target for
correctly detecting MetS has not yet been met.

factors[22-24], together with other associated conditions,
including physical inactivity[25], ageing[26] and hormonal
imbalance[27,28] such as polycystic ovary syndrome or testosterone insufficiency.
The concept of clustering of risk factors was first
described by Reaven[29], when the term “insulin resistance
syndrome” was conceived. However, as the mechanisms
underlying the link to CVD risk factors remain uncertain
and insulin resistance is not easily measured in clinical
practice, the more recent consensus, e.g., 2001 National
Cholesterol Education Programme (NCEP) Adult Treatment Panel Ⅲ (ATP Ⅲ)[30] (Table 1) and the 2006 International Diabetes Federation (IDF) criteria[31] (Table 2), favours focusing on other clinical parameters that are easier
to measure. It is, therefore, imperative to bear in mind
that as the newer criteria do not include insulin resistance
as one of its diagnostic criteria, individuals diagnosed as
having the syndrome using these criteria may not necessarily be insulin resistant. This is in contrast to the 1999
World Health Organization (WHO)[32] and the 1999 European Group for the Study of Insulin Resistance[33] criteria,
which emphasise insulin resistance. The IDF consensus,
however, takes into account the importance of gender and
ethnic differences in predicting early cardiovascular risk
and may indeed be a better predictor for risk in women[34]
and specific ethnic groups, e.g., South Asians (Indians),
who appear to be more susceptible to the development of
MetS at waist circumferences below that of the NCEP/
ATP Ⅲ cutpoints[35] (Table 3). It is also worth noting that
the NCEP/ATP Ⅲ criteria were revised in 2004, where
the threshold for fasting glucose was lowered to ≥ 100
mg/dL (5.6 mmol/L) in concordance with American
Diabetes Association criteria for impaired fasting glucose
(IFG)[36]. Hence, in view of the various diagnostic criteria
used, care will need to be exercised when interpreting
clinical studies related to MetS.

METABOLIC SYNDROME: DEFINITION,
IMPORTANCE AND PATHOPHYSIOLOGY
Definition
MetS identifies patients at increased risk of developing
CVD and type 2 diabetes mellitus. As it is a clustering
of different risk factors, and its pathogenesis is not well
understood, this has given rise to the development of
multiple concurrent definitions. Central obesity and insulin resistance are acknowledged as important causative
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Importance
MetS continues to be highly prevalent and contributes to
a rapidly growing problem globally. About 40% of adults
in the US population are estimated to have MetS by the

2236

January 28, 2014|First Edition|

Tarantino G et al . NAFLD and metabolic syndrome

appropriately store the energy excess (Figure 1). According
to this model, the body’s ability to cope with the surplus
of calories (resulting from excess caloric consumption, a
sedentary lifestyle or, as is often the case, a combination of
both factors) might, ultimately, determine the individual’s
susceptibility to developing MetS. There is evidence to
suggest that if the extra energy is channelled into insulinsensitive subcutaneous adipose tissue, the individual,
although in positive energy balance, will be protected
against the development of MetS. However, in cases in
which adipose tissue is absent, deficient or insulin resistant with a limited ability to store the energy excess, the
triacylglycerol surplus will be deposited at undesirable
sites such as the liver, the heart, the skeletal muscle and in
visceral adipose tissue - a phenomenon described as ectopic fat deposition. Factors associated with the preferential
accumulation of visceral fat and with features of insulin
resistance include, among others, smoking, the well documented genetic susceptibility to visceral obesity[70] and a
neuroendocrine profile related to a maladaptive response
to stress[71]. The resulting metabolic consequences of this
“defect” in energy partitioning include visceral obesity,
insulin resistance, an atherogenic dyslipidaemia and a prothrombotic, inflammatory profile. These are defining features of MetS.
This constellation of abnormalities can be detected
by the clinical criteria for MetS, the two simplest being
the simultaneous presence of increased waist girth and
fasting triacylglycerol levels, a condition that has been described as “hypertriglyceridaemic waist”[72].
It is noteworthy to stress that the identification of
other risk factors might improve knowledge on the pathogenesis of NAFLD and open the way to new therapeutic
approaches[73-75]. The debate surrounding the mechanisms
inducing or favouring the presence/severity of NAFLD
continues. In fact, some investigators have identified factors other that MetS to be associated with NAFLD[76-78].

Table 3 Central obesity defined according to the International Diabetes Federation
Country/ethnic group

WC

Europids (In the United States, the NCEP-ATP Ⅲ values1 are likely to
continue to be used for clinical purposes)
Male
≥ 94 cm (37 in)
Female
≥ 80 cm (32 in)
South Asians (based on a Chinese, Malay, and Asian-Indian population)
Male
≥ 90 cm (35 in)
Female
≥ 80 cm (32 in)
Chinese
Male
≥ 90 cm (35 in)
Female
≥ 80 cm (32 in)
Japanese
Male
≥ 85 cm (34 in)
Female
≥ 90 cm (32 in)
1

102 cm, 40 in, male; 88 cm, 35 in, female. NCEP: National Cholesterol
Education Programme; WC: Waist circumference; ATP: Adult Treatment
Panel.

age of 60 years[26,37]. At least one-fourth of the adult European population may have MetS[38-40], with a similar
prevalence in Latin America[41]. MetS is also considered
an emerging epidemic in developing Asian countries, including Singapore, China, Japan and South Korea, with a
prevalence of 8%-13% in men and 2%-18% in women,
depending on the population and definitions used[42-44].
Pathophysiology
There have been several proposed hypotheses for the
development of MetS. One such widely quoted hypothesis suggests that adipose tissue dysfunction is the underlying cause, resulting in abnormal metabolism of free
fatty acids and the release of adipocytokines which are
responsible for the observed inflammatory changes and
insulin resistance[45-47]. Adipose tissue is in itself an endocrine organ that is metabolically active, rather than purely
an energy storage organ[48-51]. Adiponectin is secreted
exclusively by adipocytes in adipose tissue, and low levels
in individuals have consistently predicted the presence
of MetS and CVD risk[52-56]. In fact, adiponectin can be
measured reliably in a clinical setting; its circulating values
do not umdergo diurnal fluctuation as much as other
markers such as insulin, glucose or triglycerides, and only
a small amount is required for its measurement, making
this a potentially suitable biomarker for MetS[57,58]. Resistin[23,59,60] and visfatin[61-64] are the other adipocytokines
implicated in the pathogenesis of MetS.
An alternative proposed aetiology suggests an underlying state of chronic, low-grade inflammation[65-67],
leading to endothelial dysfunction and the release of
inflammatory cytokines, which induce insulin resistance
in adipose tissue and muscle[67,68]. Indeed, insulin-resistant
individuals manifest evidence of low-grade inflammation
even without an increase in total body fat[69].
Excess visceral fat accumulation may be causally related to the features of insulin resistance, but might also be a
marker of dysfunctional adipose tissue which is unable to
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RECENT CONTROVERSY
Although the MetS has existed in various forms and definitions for more than eight decades, only in the past 5
years has real controversy about its definition and significance emerged[79,80]. The main controversy is that the syndrome has had too many definitions and there is a lack of
clarity about its role and value in clinical practice[81]. It is
fair to say, with exceptions[82], that most of the published
reports indicate that the syndrome does not predict
cardiovascular events or disease progression any better
than the sum of its components[3,83,84]. The relative value
in predicting type 2 diabetes remains uncertain[85]. The
controversy, however, drove the need for a single global
definition. Thus, came the initiative of the IDF and the
American Heart Association/National Heart, Lung, and
Blood Institute, joined by the World Heart Federation,
International Atherosclerosis Society, and International
Association for the Study of Obesity[79] to develop one
unified definition[86].
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for standardised reporting in epidemiological and clinical research[81]. Yet, because the relation between waist
circumference and CVD and diabetes risk differs globally, the definition for the expanded waist circumference
remains unsettled. In the meantime, national or regional
cutpoints for waist circumference can be used.
Insulin resistance continues to explain most, if not all
of the MetS. In fact, no other mechanisms have emerged
that come close to justifying the individual components
or their clustering. Evidence now indicates that the MetS
begins with excess central adiposity[89]. When β-cell function is responsive, hyperinsulinaemia results but fasting
and postprandial glycaemia often remain normal for
years. However, in those genetically predisposed, defects
in insulin secretion and IFG and/or impaired glucose tolerance follow[90].
Most controversial has been the mechanism of hypertension under the tent of insulin resistance. However, not
only are the effects of insulin on sodium reabsorption
and sympathetic nervous system activation maintained
despite insulin resistance, but increases in angiotensinogen, resistin, and leptin secretion from adipose tissue have
also been implicated in the pathophysiology of hypertension in the syndrome[91]. Moreover, insulin resistance is
closely associated with abnormalities in nitric oxide (NO)
bioavailability and reduced phosphatidylinositol 3-kinase/
protein kinase B signalling in the vascular wall, both of
which have a crucial role in mobilisation of endothelial
progenitor cells from bone marrow[91]. Not only do higher levels of free fatty acids directly reduce NO-dependent
vasodilatation, but insulin resistance itself also results in
structural or functional damage to the endothelium and
apoptosis[91]. Reparative processes that regenerate injured
endothelium might be increased by agents such as peroxisome proliferator-activated receptor γ agonists that enhance insulin sensitivity, an effect mediated by endothelial
progenitor cells[92].
Genetic predisposition also relates to the MetS. A
recent study found that a polymorphism in the multiPDZ domain-containing adaptor protein, a protein that
regulates the high-density lipoprotein-receptor scavengerreceptor type B class 1, was associated with the MetS[93].
Shift work, sleep deprivation, and bright-light exposure at
night also relate to increased adiposity and prevalence of
the MetS; clock genes are expressed in adipose tissue, and
both their levels of expression and their genetic variants
correlate with different components of the syndrome[94].
Another area of recent interest is vitamin D. Increasing
evidence indicates that vitamin D deficiency is associated
with the risk of CVD. Particularly relevant is a study that
examined the association of serum vitamin D concentrations with risk factors for CVD in US adolescents[95].
The hypothesis that the MetS is an outgrowth of
insulin resistance provides a strategy for management.
Weight loss often reduces insulin resistance; and caloric
restriction, weight-loss drugs, and bariatric surgery have
been proved to be effective.

Normal adiposity

Energy-dense food
(↑ fat + sugar content)

Lack of physical
activity/exercise

Positive
energu balance
Smoking
"Unfavourable" genotype
Maladaptive response
to stress
Visceral obesity
Dysfunctional adipose tissue

Subcutaneous obesity
"Healthy" adipose tissue

Altered FFA
metabolism

Altered release
of adipokines

Lipid overflow-ectopic fat

No ectopic fat
Low muscle fat

↑ Muscle fat
(↑ Intracellular lipid)

Low epicardial fat

↑ Epicardial fat

Low liver fat and
normal function

↑ Liver fat and
altered function

Normal metabolic profile

Absence of clinical criteria
for metabolic syndrome

Altered metabolic profile

Presence of clinical criteria for
metabolic syndrome (including
hypertriglyceridaemic waist)

Figure 1 The lipid overflow-ectopic fat model. FFA: Free fatty acid.

The main difference between the NCEP ATP Ⅲ
(National Cholesterol Education Program Expert Panel
on Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults)[87] and the IDF definitions[88] was
that the IDF had a threshold value for waist circumference as obligatory. As a major step in consensus, this obligation has been reversed so that we now have a platform
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moieties participate in sugar and fat metabolism[110]. The
uptake of Levovist was observed to significantly decrease
in NASH patients, thus correlating with fibrosis rather
than steatosis[108]. Larger studies are needed to evaluate the
use of contrast US in the diagnosis of NASH characterised by inflammation and fibrosis, although there is a no
absolute consensus in separating NASH from simple fatty
liver as two distinct entities.

Although long-term weight reduction through dietary
and pharmacological means is theoretically possible, most
dietary and weight-loss drug studies have only continued
for a few years. In contrast, in one 10-year follow-up after bariatric surgery[96], weight loss of 25% and improvement in the MetS were achieved; total mortality was also
reduced. Even in the absence of weight loss, long-term
physical activity, as measured by cardiorespiratory fitness,
prevents the MetS[97], reduces cancer incidence and related mortality, and all-cause mortality[98].
Finally, one class of drugs that reduces insulin resistance and many of the components of the syndrome is
the thiazolidinediones. These drugs act mainly in adipose
tissue to favourably modify secretions of products that
contribute to the pathophysiology of the MetS, including
free fatty acids and adipocytokines. The major effect of
thiazolidinediones is on dysglycaemia, which accounts for
their use in the treatment of diabetes, yet the class as a
whole has anti-inflammatory effects. At present, however,
drug therapy for the MetS largely requires separate agents
for the treatment of dysglycaemia, dyslipidaemia, and hypertension[99].
The MetS is a widely accepted concept that identifies
the centrally obese patient with increased risk for CVD
and diabetes. A global definition has now been proposed,
insights into aetiology and mechanisms have been furthered, and, despite the controversies, lifestyle interventions remain the primary therapy. After lifestyle, residual
risk for CVD needs to be treated with appropriate drugs.

FUTURE REMARKS
The MetS is associated with abdominal obesity and its
criteria include waist circumference[30,31]. In addition,
NAFLD has been reported to be associated with abdominal obesity[110].
The presence of multiple metabolic disorders such
as diabetes mellitus, obesity, dyslipidaemia and hypertension is associated with a potentially progressive, severe
liver disease[14,111-115]. Previous reports demonstrated that
the prevalence of NAFLD increased to 10%-80% in
individuals with obesity, 35%-90% in individuals with
type 2 diabetes mellitus, 30%-56% in individuals with
hypertension, and 26%-58% in individuals with dyslipidaemia[116-119].
It is clinically critical that a large number of patients
with NAFLD were not diagnosed with the MetS, when
we used today’s definition of the MetS [120]. Why not
change the approach and use the presence of NAFLD as
a new criterion for detecting the MetS?
Recently, it was shown that ultrasonographicallydetected NAFLD (US-NAFLD) is an independent predictor for identifying patients with insulin resistance in
non-obese, non-diabetic middle-aged Asian adults[121].
Therefore, US-NAFLD may identify individuals with insulin resistance that cannot be identified by MetS in this
population[121].
On this basis, we believe that this suggestion, i.e., the
inclusion of NAFLD could help initiate weight control at
the “earliest possible time” in the progression of disease,
i.e., obesity/MetS, which means diagnosing NAFLD earlier rather than later, using the simplest method possible,
i.e., at US[110].

US AND NAFLD
US is currently the most common method for screening
asymptomatic patients with elevated liver enzymes and
suspected NAFLD[100]. US findings of fatty liver include
hepatomegaly, diffuse increases in the echogenicity of the
liver parenchyma, and vascular blunting.
Nonsteatotic hepatic parenchyma exhibits an echotexture similar to that of renal parenchyma, but becomes
“brighter” when infiltrated with fat[101]. This hepatorenal contrast can be used to detect hepatosteatosis[102,103].
However, bright liver contrast associated with fibrosis is
discussed in the literature[103]. US is easily performed and
has a low cost, however, it also has limitations. It is operator dependent and subject to significant intra- and interobserver variability[104]. It is impossible for US to provide
quantitative information about the degree of fat accumulation. The sensitivity of US to detect steatosis decreases
with a degree of fat infiltration less than 30%[105]. In obese
patients, sensitivity lower than 40% has been reported in
the detection of hepatosteatosis[106]. Finally, US has failed
to prove efficacious in the detection of inflammation
and fibrosis, therefore, it cannot be utilized to diagnose
NASH and hepatic fibrosis[107]. However, in a recent study,
Iijima et al[108] used an ultrasound contrast agent (Levovist;
Sherling, Berlin, Germany) to distinguish between simple
steatosis and NASH. Levovist contains galactose and
palmitic acid and is taken up by hepatocytes[109]. These
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CONCLUSION
NAFLD is highly prevalent and is considered the hepatic
component of the MetS. The WHO, the NCEP-ATP Ⅲ
and the IDF have different criteria to define MetS. The
MetS is associated with NAFLD, with the WHO definition being the best to determine its presence, probably
due to the inclusion of insulin resistance as a main component. Unification of criteria is needed to adequately
compare the prevalence of MetS and its relationship with
NAFLD in different population, however, this is very
hard task.
Further study will be needed to verify whether the
inclusion of steatosis in the panel of MetS indicators will
improve the predictive power of cardiovascular risk bet-
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ter than the current MetS criteria.
To define MetS, the presence of at least three of the
proposed criteria is required, however, sometimes it is
sufficient to have only one laboratory value, modified by
diet or drugs, for the classification. US-NAFLD detection is more stable, and changes in the middle-to-long
term. Although the controversy surrounding the utility
of the MetS continue, considering that abdominal US
in the diagnosis of NAFLD has a sensitivity of 91.7%
and a specificity of 100%[122] and guidelines to modify
the natural course of NAFLD by diet composition or
lifestyle have not been established[123], why should we
not introduce US-NAFLD as a new criterion to define
MetS?
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Core tip: Important arguments Diesel exhaust particles
are known to be major constituents of atmospheric
particulate matter (PM) in metropolitan areas. Exposure to PM is positively associated with increases in the
morbidity and daily mortality. Obesity-related health
complications include cardiovascular disease, type 2 diabetes, hyperlipidemia, hypertension and non-alcoholic
fatty liver disease (NAFLD). Exposure to ambient air
PM may induce/worsen NAFLD.
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Abstract
The present study was designed to alert the public
opinion and policy makers on the supposed enhancing
effects of exposure to ambient air particulate matter
with aerodynamic diameters < 2.5 mm (PM2.5) on nonalcoholic fatty liver disease (NAFLD), the most common
chronic liver disease in Western countries. For far too
long literature data have been fixated on pulmonary
diseases and/or cardiovascular disease, as consequence
of particulate exposure, ignoring the link between the
explosion of obesity with related syndromes such as
NAFLD and air pollution, the worst characteristics of
nowadays civilization. In order to delineate a clear
picture of this major health problem, further studies
should investigate whether and at what extent cigarette
smoking and exposure to ambient air PM2.5 impact the
natural history of patients with obesity-related NAFLD,
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INTRODUCTION
The rising incidence of obesity in today’s environment
is associated with many obesity-related health complications, including cardiovascular disease, type 2 diabetes,
hyperlipidemia, hypertension, and non-alcoholic fatty liver disease (NAFLD)[1-4]. This constellation is also recognized as the metabolic syndrome and is characterized by
underlying insulin resistance. NAFLD or generally speaking hepatic steatosis is defined as the accumulation of
lipid, primarily in the form of triacylglycerols in individuals who do not consume significant amounts of alcohol
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(< 20 g ethanol/d) and in whom other known causes of
steatosis, such as certain drugs and toxins, have been excluded[5]. The spectrum of NAFLD includes simple fatty
liver, non alcoholic steatohepatitis (NASH) characterized
by inflammation, apoptosis, ballooning degeneration,
Mallory hyaline, fibrosis, cirrhosis post NASH, hepatocellular carcinoma and advanced liver disease, which leads
to liver-related death[5-10].
Some epidemiological studies, deeply informed and
full of insights, have demonstrated that exposure to ambient particulate matter (PM) is positively associated with
increases in the morbidity and daily mortality caused by
diseases, including ischemic heart disease[11,12] and chronic
obstructive pulmonary disease[13,14], which are closely
related to life habits. Diabetes mellitus and its complications are the other typical diseases related to life habits.
Over the past several decades, prevalence of type 2 diabetes mellitus has reached epidemic levels in Western countries[15], which is a significant public health interest. The
prognosis of patients with diabetes mellitus is worsened
generally by a variety of complications including macroor micro-angiopathy[16], fatty liver[17-20], nephropathy and
infection in the presence or absence of overweight/obesity. Some epidemiological studies have reported a positive association between mortality in patients with diabetes mellitus and ambient levels of PM[21,22].
Air pollutants expelled from diesel engine-powered
automobiles include diesel exhaust particles (DEP), which
are known to be major constituents of atmospheric PM
in metropolitan areas. DEP generate reactive oxygen species (ROS)[23], through a non enzymatic process[24], or enzymatic reactions catalyzed by cytochrome P-450 (Cyp)[25].
Furthermore, DEP enhance the gene expression for Cyp
enzymes[25]. DEP induce a variety of biological damage at
least partly through oxidative stress[25].
The present study was designed to alert the public
opinion, international media and policy makers on the
negative effects of exposure to ambient air particulate matter with aerodynamic diameters < 2.5 mm on
NAFLD, a most common chronic liver disease in Western countries, which represents the first indication of
liver transplantation.

ered a worldwide major cause of preventable morbidity
and mortality[34].
Yuan et al[35] provide novel evidence demonstrating
that tobacco smoke exposure may accelerate the development of experimental NAFLD. The study extends
an earlier report from the group showing that in apo B
transgenic mice, chronic environmental (second-hand)
smoke exposure is associated to features of atherosclerotic plaque initiation [36]. Using the same model, the
former authors now show that exposure to second-hand
smoke potentiates steatogenesis elicited by a high-fat diet,
as assessed by red oil staining and hepatic triglyceride
quantification[35]. Since increased hepatic lipogenesis has
been shown to account for about 30% of triglyceride
accumulation in steatotic livers[37], the investigators subsequently review the impact of second-hand smoke on liver
lipogenic pathways. Interestingly, cultured hepatocyte cell
lines exposed to second-hand smoke display enhanced
accumulation of triglycerides and increased expression
of acetyl CoA carboxylase (ACC) and fatty acid synthase
(FAS), two key enzymes governing hepatic synthesis of
fatty acids. These data therefore indicate that the steatogenic properties of tobacco smoke are at least partly explained by a direct effect on hepatocytes.
In deciphering molecular determinants underlying
tobacco-dependent activation of lipogenesis, the research
focus on two key regulators of lipid metabolism, Sterol
regulatory element binding protein-1c (SREBP-1c) and
AMP-activated protein kinase (AMP kinase). SREBPs
are a family of basic-helix-loop-helix-leucine zipper
transcription factors synthesized as inactive precursors
embedded in the endoplasmic reticulum[38]. Activation of
SREBPs requires proteolytic cleavage, thereby allowing
nuclear translocation and transcriptional activation of
target lipogenic genes[39]. Whereas SREBP-2 governs synthesis of cholesterol, SREBP-1c promotes biosynthesis
of fatty acids by upregulating enzymes such as ACC and
FAS. The serine/threonine protein kinase AMP kinase is
an energy sensor that acts as a metabolic master switch[40].
The phosphorylated active form of the enzyme simultaneously inhibits energy-consuming biosynthetic pathways such as lipogenesis and activates ATP-producing
catabolic pathways such as fatty acid oxidation[40]. It has
been shown that AMP kinase inhibits fatty acid synthesis
both by phosphorylating target lipogenic enzymes and
downregulating expression of transcription factors such
as SREBP-1c[41-43]. In accordance with these data, Yuan
et al[35] demonstrated that second-hand smoke exposure
inhibits phosphorylation and activation of AMP kinase,
thereby resulting in increased SREBP-1 activity and enhancement of fatty acid synthesis. Zein et al[44] showed
that cigarette smoking were associated with increased
fibrosis severity in human NALFD, suggesting it may accelerate disease progression.
Moreover, Yuan et al[35] extends this assumption to
NAFLD and provides compelling evidence indicating
that tobacco smoke might alter the regulatory effect of
AMP kinase on lipid metabolism. Future studies should

SMOKING AND NAFLD
A growing body of evidence supports the potential effects of exposure to some environmental factors on
liver diseases. Environmental exposure related to toxic
waste sites was associated with an increased prevalence
of autoimmune liver disease[26,27]. Therefore, increasing
attention is being given to the effects of environmental
factors on liver diseases, including NAFLD. Several recent studies have too reported the association of smoking with the incidence of and acceleration of disease
progression in NAFLD, as well as with advanced fibrosis
in this process[28-32].
Cigarette smoke exposure, whether passive or active,
carries a high disease burden worldwide[33] and is consid-
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closely investigate the clinical relevance of these findings. Nevertheless, in the meantime, tobacco cessation
might be considered in the management of patients with
NAFLD.

sociated with an elevation in serum alanine aminotransferase (ALT) and suspected NAFLD. The ORs for ALT
elevation were estabilished across exposure quartiles for
17 pollutants, after adjustments for age, race/ethnicity,
sex, body mass index, poverty income ratio, and insulin
resistance[54]. It showed that exposure to polychlorinated
biphenyls in addition heavy metals, evident lead and
mercury, was correlated with unexplained ALT elevation,
and increased adjusted ORs for ALT elevation in a dosedependent form[54].
Therefore, a growing number of studies suggest that
air pollution can aggravate the adverse effects of obesity and insulin resistance[29,55,56]. Similarly, some other
studies have documented the association of exposure
to air pollutants with metabolic syndrome, as well as
predisposition to diabetes mellitus and aggravation of its
complications[57-59]. Given the inflammatory and oxidative
properties of air pollutants, in addition their association
with insulin resistance and metabolic syndrome, and
considering the interaction of the latter conditions with
fatty changes in liver, more studies about the effects of
environmental factors, notably air pollution, on NAFLD
are warranted. The high susceptibility of the young age
group to the harmful effects of air pollutants, especially
pertaining to early stages of chronic diseases[13,60-64], further stresses that more attention should be given to preventing late-onset effects of air pollutants.

NAFLD AND AIR POLLUTION
The harmful effects of air pollutants on atherosclerotic
cardiovascular diseases are well-documented[31]. These
effects might be mediated through oxidative stress and
insulin resistance[45], which are also known to have pivotal
roles in the pathogenesis of fatty liver[46]. Therefore, it
can be assumed that such environmental factors might be
too associated with NAFLD. It is well-documented that
DEP, which are major constituents of atmospheric PM
in urban areas, generate ROS[47]. The ROS are generated
via enzymatic reactions catalyzed by Cyp[48], or by a nonenzymatic route[49].
Folkmann et al[50] assessed the effects of oxidative
stress elicited by DEP in the aorta, liver, and lungs of
dyslipidemic ApoE(-/-) mice, at the age when visual
plaques appeared in the aorta. Vascular effects secondary
to pulmonary inflammation were omitted by injecting
DEP into the peritoneum. Six hours later, the expression of inducible nitric oxide synthase mRNA increased
in the liver. Injection of DEP did not induce inflammation or oxidative damage to DNA in the lungs and aorta.
Therefore, the study proposed a direct effect of DEP on
inflammation and oxidative damage to DNA in the liver
of dyslipidemic mice[50].
Another study[51] evaluated the effects of following
exposure of male C57BL/6 mice fed high fat chow to
concentrated air particulate matter or filtered air for 6
wk, progression of NAFLD was evaluated by standardized histological assessment of hepatic inflammation and
fibrosis. Progression of NAFLD was evaluated by histology cal examination of hepatic inflammation and fibrosis. Tan et al[51] indicated that ambient PM that reaches the
liver has the potential to induce Kupffer cell cytokine secretion. Circulating fine PM may then accumulate in both
atherosclerotic plaques and hepatic Kupffer cells[51]. The
activation of cytokine release by Kupffer cells may then
trigger inflammation and hepatic stellate cell collagen
synthesis[51]. It is extraordinary that interleukin-6, the concentration of which increased up to 7-fold in the abovementioned study, is too significantly abundant in cases of
human NAFLD[52]. Some human studies confirmed the
harmful effects of environmental toxins on liver diseases.
Cave et al[53] has showed that non-obese chemical
workers highly exposed to vinyl chloride may develop
insulin resistance and toxicant-associated steatohepatitis.
Limited data exists on the potential role of environmental pollution on liver disease in the general population.
Another study was conducted, by Cave et al[54] always,
on 4582 adult participants without viral hepatitis, hemochromatosis, or alcoholic liver disease, from the National
Health and Nutrition Examination Survey in 2003-2004,
to investigate whether environmental pollutants are as-
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FUTURE DIRECTIONS
It has been reported that ambient PM containing elementary carbon, sulfate, heavy metals, and organic
compounds can cause and enhance cardiopulmonary
diseases[65,66]. DEP form a large constituent of ambient
urban PM. Inhalation or intratracheal instillation of DEP
or the components of DEP has been shown to enhance
lung inflammation and asthma[67,68], and to deteriorate
biological cardiovascular functions[69]. On the other hand,
cardiovascular disorders are critical participants in life
habit diseases. Diabetes mellitus is another typical life
habit disease and is characterized by complicated cardiovascular risk factors[70-72]. In epidemiological studies, individuals with diabetes mellitus have higher risk for death
from exposure to polluted ambient air[73,74]. However, few
experimental studies have elucidated the association between ambient air pollution and NAFLD.
In fact, Zein et al[44] showed that smoking may accelerate the progression of human NALFD and these observations may support a recommendation of smoking
cessation in patients with NAFLD. This recommendation
is added to the general recommendations of dietetic or
lifestyle approach right for NAFLD patients[75].
As reported by Tan et al[51], exposure to ambient air
particulate matter with aerodynamic diameters < 2.5 μm
(PM2.5) may be a significant risk factor for NAFLD progression. In other words, could air pollution be the socalled “second hit”, according to the well-known theory?
A better understanding of the impact of ambient PM
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exposure on NAFLD progression may require studies
utilizing a variety of ambient PM sources[51].

8

CONCLUSION

9

So far it has been known that PM2.5 result from fuel
combustion (motor vehicles, power generation, industrial
facilities), residential fireplaces and wood stoves. PM2.5 are
usually selected as indicators of air pollution since those
particles cause morbidity[76]. In fact, PM2.5 alone exposure
could cause inflammation via tumor necrosis factor alpha[77], endothelial function and autonomic nervous system injuries, ozone potentiating these effects[78].
Further studies should investigate the effects of longlasting exposures to cigarette smoking and to ambient air
PM2.5 on specific pathways of the hepatic metabolism,
better delineating the cellular and molecular mechanisms
involved. Importantly, very informative reports should
clarify whether cigarette smoking, habit started at very
young age, and early exposure to ambient air PM2.5 impact
the obesity, also the adolescents’ one, and the obesity-related NAFLD, favouring development of NASH, disease
characterized by a worse prognosis due its progression
towards fibrosis, liver cirrhosis and hepatocarcinoma.
By modifying the natural history of patients with
NAFLD, air pollution adds a new argument in the debate
of regulating the toxic emissions.
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Pathogenesis of hepatic steatosis: The link between
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inflammation, mainly mediated by Interleukin 6, due
to an excess of cortisol, a hormone characterized by
an anti-inflammatory effect. The Cushing’s syndrome,
speculatively considered as an in vivo model of the hepatic steatosis, could also help clarify the mechanisms
of non alcoholic fatty liver disease.
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Core tip: This overview of the literature is related to
hepatic steatosis, its prevalence, clinical consequences
and, in particular, the pathogenesis of this disorder.
The authors focus on the link between hypercortisolism
and obesity/metabolic syndrome. The main question
of the work relates to the low prevalence of hepatic
steatosis (only 20%) described in 50 newly diagnosed
patients with Cushing’s syndrome based on appropriate
computed tomography scans available for retrospective analysis. The authors try to explain this finding by
the anti-inflammatory effect of high circulating levels of
glucocorticoids.

Abstract
Based on the available literature, non alcoholic fatty
liver disease or generally speaking, hepatic steatosis, is
more frequent among people with diabetes and obesity,
and is almost universally present amongst morbidly
obese diabetic patients. Non alcoholic fatty liver disease
is being increasingly recognized as a common liver condition in the developed world, with non alcoholic steatohepatitis projected to be the leading cause of liver
transplantation. Previous data report that only 20% of
patients with Cushing’s syndrome have hepatic steatosis. Aiming at clarifying the reasons whereby patients
suffering from Cushing’s syndrome - a condition characterized by profound metabolic changes - present low
prevalence of hepatic steatosis, the Authors reviewed
the current concepts on the link between hypercortisolism and obesity/metabolic syndrome. They hypothesize that this low prevalence of fat accumulation in the
liver of patients with Cushing’s syndrome could result
from the inhibition of the so-called low-grade chronic-
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INTRODUCTION
In Cushing’s syndrome, high circulating glucocorticoid
(GC) levels cause visceral obesity, insulin resistance, diabetes mellitus, dyslipidemia, hypertension, hepatic steatosis
and an increased risk of coronary artery disease (CAD)[1,2].
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GCs excess stimulates gluconeogenesis in the liver and
inhibits insulin sensitivity both in the liver and in skeletal
muscles, which represent the most important sites responsible for glucose metabolism. In particular, glucocorticoid
excess stimulates the expression of several key enzymes
involved in the process of gluconeogenesis, with a consequent increase in glucose production, and an impairment of insulin sensitivity either directly by interfering
with the insulin receptor signaling pathway or indirectly,
through the stimulation of lipolysis and proteolysis and
the consequent increase in fatty acids and amino acids,
which contribute to the development of insulin resistance
(IR). Moreover, the peculiar distribution of adipose tissue
throughout the body, with the predominance of visceral
adipose tissue, significantly contributes to the worsening
of IR and to the development of a metabolic syndrome,
which has a role in the onset and maintenance of impaired glucose tolerance[3].

adipose steroid production into the portal vein. The highest expression of 11β-HSD1 occurs in the liver[14], and hepatic 11β-HSD1 mRNA levels are regulated by diet, gender
and hormones[1,14-16]. Heterogeneity of hepatic 11β-HSD1
activity may be relevant to the development of specific
fatty liver, insulin-resistant, and hypertensive syndromes
without obesity in humans; it is also likely to play a role
in myotonic dystrophy, where marked insulin resistance
and dyslipidemia have been shown to occur with elevated
hepatic 11β-reduction of cortisone to cortisol, which is
positively correlated to the severity of disease[17].
Dysregulation of the specific action of GCs and not
of the alterations of GC levels has been proposed as
a central feature of the metabolic syndrome[18]. In fact,
states of GC excess recapitulate almost all features of the
metabolic syndrome, but Cushing’s disease is rare and circulating cortisol levels are normal in the vast majority of
patients with obesity and type 2 diabetes. This finding has
raised the possibility that the features of the metabolic
syndrome could be due to an increase in locally available
glucocorticoids through 11β-HSD1[19-21]. Subsequently,
a range of studies explored the role of 11β-HSD1 in
the pathogenesis of the components of the metabolic
syndrome including obesity, IR, hyperglycemia, hyperlipidemia and nonalcoholic fatty liver disease (NAFLD), or
generally speaking, hepatic steatosis.

METABOLIC SYNDROME AND
11β-HYDROXYSTEROID
DEHYDROGENASE TYPE 1
The much more prevalent ‘‘metabolic syndrome’’ a medical condition with a clustering of risk factors for cardiovascular disease and type 2 diabetes, such as IR, type 2
diabetes, dyslipidemia and hypertension, typically in association with visceral obesity and hepatic steatosis shares
metabolic alterations and physical findings with Cushing’s
syndrome[1]. However, any pathogenic role for GCs in the
metabolic syndrome or idiopathic obesity is still unclear[4].
Recent studies in humans and rodents suggest a role for
tissue rather than plasma GCs excess in the development of idiopathic obesity and the metabolic syndrome,
via intracellular steroid reactivation of inert circulating
11-dehydrocorticosterone (cortisone in humans) into active corticosterone (cortisol) by 11β-hydroxysteroid dehydrogenase (11β-HSD) type 1. Surprisingly, this enzyme is
highly expressed not only in adipose tissue and brain but
in the liver as well[5].
The 2- to 3-fold-increased 11β-HSD1 activity in adipose tissue in obese Zucker rats[6] and in some[7,8] but not
all[9] studies on obese humans may be causal to visceral
obesity and its metabolic consequences. Supporting this
hypothesis, visceral obesity, hyperlipidemia, IR, glucose
intolerance/diabetes[10] and hypertension[11] are driven
in transgenic mice by overexpression (2- to 3-fold) of
11β-HSD1 selectively in adipose tissue.
Notably, as with the human metabolic syndrome, circulating plasma corticosterone levels in aP2-HSD1 TG mice
are unaltered[10]. Conversely, 11β-HSD1 null mice exhibit a
protective glycemic, lipid, and lipoprotein profile[12,13] and
show increased expression of hepatic mRNAs encoding regulators of fatty acid beta-oxidation[13]. While intraadipose but not systemic corticosterone concentrations are
elevated in aP2-HSD1 TG mice, corticosterone delivery to
the liver is also increased about three-fold via spillover of
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Hepatic steatosis and visceral fat
Indeed, only 20% of patients with Cushing’s syndrome
have hepatic steatosis[22]. NAFLD ranges from fatty liver
to non alcoholic steatohepatitis (NASH) and cirrhosis,
and is being increasingly recognized as the most common
liver disease in the developed world. NASH - which most
Authors consider as completely different from the more
benign form, i.e., fatty liver - is projected to be the leading cause of liver transplantation. NAFLD has a great
prevalence among people with diabetes and obesity and
is almost universally present amongst morbidly obese diabetic patients[23-25].
Being a progressive form of liver injury, NASH carries a risk of developing hepatocarcinoma. There is
strong evidence that IR and increased free fatty acids are
the major cause (“first hit”) of NASH[26,27]. Inflammation
plays an important additional role (“second hit”) with increased production of reactive oxygen species and proinflammatory cytokines. In addition, studies from different
groups support the strict link between visceral adipose
tissue and NASH[28,29].
In recent years, research has shown that amplification
of GCs action by the intracellular enzyme 11β-HSD1
plays a key role in the development of central obesity[30,31]
providing a basis for the phenotypic similarity between
Cushing’s syndrome and obesity in the metabolic syndrome; 11β-HSD1 increases intracellular glucocorticoid
levels by converting inert cortisone to active cortisol.
In vivo reductase activity of 11β-HSD1 predominates
and is driven by NADPH generated by the microsomal
enzyme hexose-6-phosphate-dehydrogenase (H6PDH).
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with the occurrence of portal hypercortisolism[50,51]. However, further research is needed to precisely define the role
of 11β-HSD1 in the origin and development of NAFLD.
In addition, the effects of treatment with specific
11β-HSD1 inhibitors[52] in NAFLD deserve more thorough exploration, as these agents have the potential to
improve insulin sensitivity[53] and may ultimately add to
the available treatment options. Indeed, the rationale behind this type of intervention is challenged by the observation that in NASH, the more severe form of NAFLD,
the increased 11β-HSD1 activity and consequent cortisol
regeneration is supposed to limit hepatic inflammation[54].
This point will be further dealt with later on.
In general, primary pre-adipocyte cultures isolated
from human adipose tissue represent heterogeneous cell
populations, some of which can be part of the immune
system[55]. GCs affects the genes associated with immune
responses, such as interleukin-6 (IL-6), TNFAIP6[56] and
CD163. The simultaneous GC-induced downregulation
of the TNFAIP6 and IL-6 in human preadipocytes might
reflect the interaction between these two genes in adipose
tissue inflammation. Glutathione peroxidase 3 precursor (GPX3), the plasma GPX3, catalyses the reduction
of hydrogen peroxide, organic hydroperoxide and lipid
peroxides, thus protecting cells against oxidative damage.
GPX3 was reported to be present in human adipose tissue[57], and GPX3 was identified as being one of the most
highly expressed genes in the pre-adipocyte compartment
of human adipose tissue as well as a novel GC-target
gene.
Recently, adipose tissue has been defined as a major
site of production of serum amyloid A (SSA)[58], a wellknown risk factor for CAD[59]. It has been shown that
ASSA is a GC-target gene in omental preadipocytes.
Together, these findings contribute to the role of omental tissue as a potential link between an inflammatory
response and CAD.

Epidemiological data indicate that hepatic steatosis
is associated with IR, dyslipidemia and obesity, especially
central obesity[32]. In clinical practice, the co-existence
of these conditions defines the so-called metabolic
syndrome[33]. Of note, NAFLD is considered by many
authors as the hepatic manifestation of the metabolic syndrome[34-36].
Interestingly, the severity of hepatic steatosis is positively correlated with visceral adipose tissue accumulation
in both obese and non-obese subjects, suggesting that
hepatic fat infiltration may be influenced by visceral fat
adipokines or, possibly, specific enzymes, regardless of
body mass index[37].
As previously emphasized, some authors have pointed
out the phenotypic similarities between central obesity,
metabolic syndrome and patients with endogenous or
exogenous glucocorticoid excess. These have led them to
propose that cortisol contributes, at least in part, to the
pathogenesis of those abnormalities, despite the fact that
patients with obesity and metabolic syndrome have consistently normal cortisol levels in plasma and urine[38-40].
Accordingly, the concentrations of GCs found in the
omental vein, draining into the portal vein, were not different from those detected in peripheral veins[41].
A plausible explanation for this phenomenon could
be to consider the metabolic syndrome a result of increased local GC activity in certain organs, suggesting
that central obesity might be, as proposed by Bujalska
decades ago, a “Cushing’s disease of the omentum”[42]. In
connection with this concept, recent studies have shown
that intracellular GC action not only depends upon the
hypothalamo-pituitary-adrenal axis but also on local regulation at the pre-receptor level by the activity of two isoforms of the 11β-hydroxysteroid dehydrogenase enzyme
type 1 and 2 (11β-HSD1 and 11β-HSD2)[43,44].
11β -hydroxysteroid dehydrogenase type 1 and visceral
adipose tissue
Enzyme type 1, 11β-HSD1, is a microsomal enzyme,
expressed mainly in the liver and adipose tissue, acting
as a NADP (H)-dependent reductase converting inactive
cortisone to active cortisol, which locally activates GCs receptors[45]. According to this view, progressive expansion
of visceral fat would result in an increased production of
cortisol by the action of 11β-HSD1, causing splanchnic
and portal hypercortisolism, which could contribute to
the pathogenesis of such metabolic disorders, including
NAFLD[46-48]. Recently, it has been demonstrated that
11β-HSD1 expression levels in the liver and in visceral
adipose tissue in morbidly obese patients, correlate with
dyslipidemia and IR, suggesting that this enzyme might
have a pathogenic role in obesity and the related metabolic disorders[49]. The role of 11β-HSD1 in NAFLD
has been largely studied in humans, with conflicting results[46,47]. In any case, in two studies assessing sequential
changes of enzyme expression in obese mice developing
hepatic steatosis, the Authors found an overexpression
of 11β-HSD1 in visceral adipose tissue and hepatic tissue

WCG|www.wjgnet.com

11β-HSD1 EXPRESSION AND ACTIVITY
IN THE LIVER
Conflicting observations have been made regarding this
issue. Most studies suggest that 11β-HSD1 expression
and activity in the liver is down-regulated in obesity[54, 60].
This down-regulation, however, appears to be defective in insulin resistant individuals[61]. The failure to downregulate hepatic 11β-HSD1 could further contribute to
IR and, on the basis of the fact that GCs stimulate lipid
production, also exacerbate dyslipidemia.
These relationships are complicated by the expression
of additional glucocorticoid metabolizing enzymes in the
liver, most importantly the A-ring reductases (5α- and
5β- reductase)[15,54]. The expression of these enzymes also
appears to be associated with IR and, in a similar manner, to 11β-HSD1, showing a pattern of down-regulation
with increased adiposity and insulin resistance. A possible
mediator of the hepatic changes seen in the metabolic
syndrome could be the increased production of cortisol
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from visceral fat in obesity. This increased cortisol would
subsequently drain to the liver through portal circulation.
However, recent studies examining cortisol and cortisone levels in peripheral, portal, and hepatic vein blood
samples indicated that cortisol production from visceral
adipose tissue, and thus the amount of exposure of the
liver, does not significantly change with increasing obesity[62-64], confirming previous data[41].

of reliability of cytochrome c as a reliable biomarker of
mitochondrial damage[73].
The inflammatory mediators that are biosynthesized
in the liver and increased in NAFLD patients include
C-reactive protein (CRP)[74], IL-6[70], fibrinogen and plasminogen activator inhibitor-1 (PAI-1)[75]. Consequently,
fat in the liver represents a site beyond adipose tissue that
independently contributes to the inflammatory process.
In support of a certain sequence of cellular and molecular events that mediates hepatic IR in NAFLD, recent
data lend credence to the fact that hepatic steatosis activates IκB kinase (IKK)-β and nuclear factor (NF)-κB[76].
Among the inducible transcription factors that control
inflammatory gene expression, NF-κB plays a central
and an evolutionarily conserved role in coordinating the
expression of various soluble pro-inflammatory mediators (cytokines and chemokines) and leukocyte adhesion
molecules. In non stimulated cells, NF-κB is sequestered
in cytosol by the inhibitor of NF-κB (IκB), which masks
the nuclear localization signal present along the NF-κB
protein sequence.
Treatment of cells with pro-inflammatory cytokines
such as TNF-α and IL-1, or with bacterial products such
as lipopolysaccharide, leads to the activation of a specificIKK complex that phosphorylates IκB and thereby tags it
for ubiquitination and degradation by the proteasome[77].
The degradation of IκB thus allows NF-κB to translocate into the nucleus where it can act as a transcription
factor that upregulates IL-6 production and secretion.
IL-6 works locally through paracrine and/or endocrine
mechanisms to activate IL-6 signaling in the liver. IL-6 is
known to induce IR in hepatocytes[78]. Hepatic production of IL-6 also provides a further pathogenic link to
extrahepatic organs such as muscle. NF-κ B target genes
are not upregulated in transgenic mouse muscle, unlike
IL-6 target genes and the suppressor of cytokine signaling and signal transducer and activator of transcription
proteins. These genes are reversed during IL-6 neutralization, which is consistent with the pathogenic involvement
of IL-6. Activation of NF-κB leads to a severe syndrome
of muscle wasting, without IR[79].
Fat mass in overweight/obese subjects has a primary
role in determining low-grade chronic inflammation and,
in turn, IR and ectopic lipid storage within the liver[80].
Obesity, aging, and fat mass all influence the growth
hormone/insulin-like growth factor (IGF)-Ⅰ axis, and
chronic inflammation might reduce IGF-Ⅰ signaling. Altered IGF-Ⅰaxis is frequently observed in patients with
hepatic steatosis[80]. In our study population, lower IGFⅠ status is associated with higher fat mass, spleen longitudinal diameter, CRP and more severe hepatic steatosis[80].

ROLE OF INTERLEUKIN-6
IL-6 is expressed in and released from both the subcutaneous and omental adipose tissues[65] with a two- to
three-fold higher in vitro release of IL-6 from omental
compared to subcutaneous adipocytes in vitro. The in vivo
release of IL-6 from fat contributes as much as 35% to
the basal circulating levels and may at least in part explain
the positive correlation between serum levels of IL-6 and
obesity. In rodents, obesity is associated with macrophage
accumulation in adipose tissue, and these macrophages
release inflammatory mediators and molecules promoting
inflammation. Inflammatory mechanisms play a key role
in the pathogenesis of type 2 diabetes. This low-grade
chronic inflammation has been proposed to be mediated
by the IL-6 family of cytokines, tumor necrosis factoralpha, interleukin-1 beta, IL-18, and certain other chemokines. In addition to its immunoregulatory actions IL-6
has been proposed to affect glucose homeostasis and
metabolism directly and indirectly by its action on skeletal
muscle cells, adipocytes, hepatocytes, pancreatic beta-cells
and neuroendocrine cells[66]. It has been suggested that
IL-6 might play a role in the pathogenesis of Cushing’s
disease[67]. Although an increased production of IL-6 has
been reported in patients with either active or remitted
Cushing’s syndrome, elevated GCs levels in these patients
may prevent excessive action of IL-6 due to the persistent
accumulation of central fat[68]. In fact, it has been hypothesized that IL-6 deficiency exacerbates hepatic insulin
resistance and inflammation, a process that appears to be
related to defects in mitochondrial metabolism[69]. On the
other hand, higher levels of circulating IL-6 were found
in patients with the more severe form of NAFLD[70].
IR is strictly linked to anti-apoptotic serum Bcl-2
values[71], which were higher in simple fatty liver than in
NASH patients, suggesting a protective role of the antiapoptotic process in liver and perhaps in other areas[72].
Apoptotic cell death is caspase-dependent and is associated with mitochondrial membrane depolarization and
cytochrome c release[73]. Adhering to the hypothesis that
the exposure of hepatocytes to free fatty acids, resulting
in increased reactive oxygen species production and mitochondrial damage, is balanced by the presence of antioxidant substances, circulating levels of gamma-glutamyl
transferase, cytochrome c, triglycerides and unconjugated
bilirubin were explored in patients suffering from nonalcoholic fatty liver disease with different severity[73]. The
resulting findings likely reflect a balance between oxidative stress and anti-oxidant response rather than a lack
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11β-HSD1 IN INFLAMMATION
At least some of the immunomodulatory effects of
GCs in the inflammatory response are dependent on
11β-HSD1 activity. For example, 11β-HSD1 -deficient
mice suffering from experimental arthritis exhibit a de-
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layed resolution of the inflammatory response, probably
due, in part, to attenuated macrophage phagocytosis of
leukocyte apoptotic bodies[81,82]. As GCs regulate both the
suppression of the early phase and the promotion of the
late phase of the inflammatory response, it is conceivable that in generally deregulated - i.e., both decreased
and increased - GC levels could contribute to chronic
inflammatory disease. Even if not characteristically for
all chronic inflammatory conditions, some of them have
been associated with increased 11β-HSD1 expression, in
particular inflammatory diseases of the digestive tract,
such as inflammatory bowel disease and colitis[82-85], as
well as atherosclerosis[44,86]. These observations are in
line with several reports evidencing the induction of
11β-HSD1 expression by pro-inflammatory cytokines
TNF-α and IL-1β in various cell types and lines including
fibroblasts, adipocytes, osteoblasts and smooth muscle
cells[5-7,87-91].

hepatic steatosis in patients with endogenous Cushing’s
syndrome? Should the relative hypercortisolemia (the increase in free cortisol or circadian disturbance) in patients
with metabolic syndrome not be completely disregarded?
At least two diagnostic studies aiming to evaluate patients
with Cushing’s syndrome among patients with obesity
have found that late-night salivary cortisol (free cortisol)
is increased in patients with obesity. Baid et al[94] reported
that late night salivary cortisol was frequently above the
laboratory-provided reference range in obese and overweight subjects (n = 369). In another paper late-night
salivary cortisol was statistically significantly increased
in patients with obesity and some features of Cushing’
s syndrome, in whom endogenous Cushing’s syndrome
was excluded, vs healthy, normal BMI control subjects[95].
Since IL-6 also plays an anti-inflammatory activity, it
seems reasonable to assume that favorable aspects exist,
such as inactivating proinflammatory mediators that induce the production of cortisol during exercise, and thus
influence insulin sensitivity, with enhanced insulin action
at muscle level, immediately at early recovery[96]. Could
this anti-inflammatory effect of high circulating GCs affect hepatic steatosis in Cushing’s disease?

PARADOX OF IL-6 IN HUMANS AND
ANIMALS
If global deletion of IL-6 not only develops obesity, but
also hepatosteatosis and liver inflammation in animal
model[69], what is that determines the low prevalence of
hepatic steatosis in patients suffering from Cushing’s
disease[22]?
Ahmed et al[54] defined hepatic GCs metabolism in
progressive NAFLD, which can be summarized into two
distinct phases of altered regulation of hepatic cortisol
metabolism: (1) increased hepatic cortisol clearance in
steatosis; and (2) increased hepatic cortisol regeneration
in NASH. Failure to regulate in this way may worsen the
phenotype of liver disease driving hepatic steatosis or unchecked progressive hepatic inflammation[54].
Considering the broadly accepted presence of inflammatory elements in the etiology of obesity, 11β-HSD1
probably plays an important causative role in the development of the metabolic syndrome, positioning itself at the
interface of inflammation, hepatic steatosis and Cushing’s
syndrome.
From another perspective, under conditions that
avoided changes in food intake, the efficacy of 11β-HSD1
inhibition to up-regulate hepatic fat oxidation gene expression - which reduces the glucocorticoid effects in liver
and fat - functionally translates into enhanced hepatic lipid
oxidation in vivo[92].
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Core tip: A growing body of evidence suggests that

Helicobacter pylori (H. pylori ) infection is linked with

nonalcoholic fatty liver disease (NAFLD). There are
some potential pathogenic mediators and mechanisms
involved in this progress, including fetuin-A, tumor necrosis factor-α and adiponectin. Long-term H. pylori infection may cause insulin resistance and inflammation,
contributing to NAFLD. H. pylori toxins in the portal
circulation arising from the gastroduodenal area may
be another intriguing point, which might be related to
the increased intestinal permeability in patients with
NAFLD. It is hoped that eradication of H. pylori will provide a new treatment strategy for NAFLD.

Abstract
Accumulating evidence has implicated Helicobacter pylori (H. pylori ) infection in extragastrointestinal diseas-

es, including obesity, type 2 diabetes mellitus, cardiovascular disease, and liver disease. Recently, there has
been a special focus on H. pylori infection as a risk factor for the development of nonalcoholic fatty liver disease (NAFLD). NAFLD is currently considered to be the
most common liver disorder in western countries, and
is rapidly becoming a serious threat to public health.
The mechanisms of pathogenesis underlying NAFLD
remain unclear at present and therapeutic options are
limited. The growing awareness of the role of H. pylori
in NAFLD is thus important to aid the development of
novel intervention and prevention strategies, because
the eradication of H. pylori is easy and much less expensive than long-term treatment of the other risk factors. H. pylori infection is involved in the pathogenesis
of insulin resistance (IR), which is closely linked with
NAFLD. It provides a new insight into the pathogenesis
of NAFLD. This review probes the possible relationship
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INTRODUCTION
Helicobacter pylori (H. pylori) is a Gram-negative and microaerophilic bacterium[1]. The incidence of H. pylori infection in adults is particularly high in developing countries
compared with developed countries[2].
H. pylori colonizes the stomach in childhood and persists throughout life, causing diseases mainly in adults,
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including chronic gastritis, peptic ulcer disease, gastric
mucosa-associated lymphoid tissue lymphoma, and gastric cancer[3,4]. This persistent infection elicits a chronic
inflammatory and immune response[5], inducing both local and remote lesions. The interaction of the host with
H. pylori can have profound systemic effects[6]. A growing
body of evidence has implicated H. pylori infection in
extragastrointestinal diseases such as cardiovascular, liver
and biliary diseases[7-9]. The possible causative role of H.
pylori infection in these diseases is intriguing. The contribution of H. pylori to the development of hepatic encephalopathy and hyperammonemia has been revealed[10],
and the possible correlation of H. pylori with other liver
diseases has attracted a lot of attention[8,11]. Recent reports have emerged on the relationship between H. pylori
infection and nonalcoholic fatty liver disease (NAFLD).
In recent years, there has been increased appreciation
of the significance of NAFLD, which is currently considered to be the most common liver disorder in western
countries, affecting up to 25%-30% of individuals[12-14].
NAFLD encompasses a range of related disorders[15].
The earliest stage is simple steatosis. It can progress to
nonalcoholic steatohepatitis (NASH) with the cardinal
features including hepatocyte injury, and inflammation with or without fibrosis[16-18]. NASH, in turn, may
progress to cirrhosis and ultimately liver cancer in some
patients[19]. Consequently, NAFLD is rapidly becoming a
serious threat to public health. However, the mechanisms
of the pathogenesis underlying NAFLD are complex and
remain unknown at present[20,21].
NAFLD is now regarded as the liver manifestation of
the metabolic syndrome (MetS)[22]. It is strongly associated with obesity, diabetes, cardiovascular disease (CVD)
and dyslipidemia[23], because they spring from a “common
soil”, namely, insulin resistance (IR)[24]. A growing body
of experimental evidence suggests that NAFLD and IR
are closely related[25,26].
H. pylori infection is implicated in the pathogenesis of
IR[27], which is important in the development of NAFLD,
therefore, investigating the impact of H. pylori infection
as a risk factor for IR might have implications in understanding its effect on NAFLD. It is hoped that the eradication of H. pylori can provide a novel strategy for the
treatment of NAFLD. This review focuses on the possible relationship between H. pylori and NAFLD; mainly
from the perspective of the potential mechanism of how
H. pylori infection brings about IR and other aspects concerning this correlation (Figure 1).

H. pylori
infection

Fetuin-A

Insulin
resistance

TNF-α↑

FFA
Adiponectin↓

NAFLD

LDL-C↑
HDL-C↓

Blood

Dyslipidemia

Toxins

Figure 1 Potential mechanism of how Helicobacter pylori contribute to
nonalcoholic fatty liver disease. Insulin resistance (IR) may be an important
link between Helicobacter pylori (H. pylori) infection and nonalcoholic fatty liver
disease (NAFLD). IR favors accumulation of free fatty acids (FFAs) in the liver.
H. pylori-induced IR may be mediated through fetuin-A. Tumor necrosis factor
(TNF)-α plays a central role in the response to inflammation elicited by longterm H. pylori infection. The decrease in adiponectin is implicated in H. pyloriinduced NAFLD. H. pylori toxins arising from the gastrointestinal area may
cause liver damage. H. pylori may be associated with the altered lipid profile,
leading to dyslipidemia, which is involved in the pathogenesis of NAFLD.

turned out in one sample that 16S rDNA of H. pylori was
detected. This observation suggested that H. pylori play a
role in NAFLD.
H. pylori is mainly identified by 16S rDNA sequencing[8].
In bacteria, there are three types of rDNA that are readily identifiable by size: the 120-nucleotide (nt) 5S rDNA,
the 1600-nt 16S rDNA, and the 3000-nt 23S rDNA[29].
Researchers have recently tended to use genetic criteria including virulence gene and 16S rDNA sequencing for distinguishing it from other curved Gram-negative rods[30].
In 2009 another study added credence to this finding,
in which Pirouz et al[31] noticed that patients with various
chronic liver diseases (CLDs) had a greater probability of
positive H. pylori 16S rDNA compared with the control
group. In the 46 liver biopsies from patients with CLD,
they detected H. pylori DNA in five of 11 samples from
patients who were diagnosed with NAFLD.

CLINICAL EVIDENCE LINKING H. PYLORI
WITH NAFLD
Polyzos et al[32] showed that NAFLD patients had significantly higher anti-H. pylori IgG, insulin, homeostatic
model of assessment insulin resistance (HOMA-IR), and
tumor necrosis factor (TNF)-α, but less total and highmolecular-weight adiponectin compared to the control
group. However, there were no significant differences in
steatosis grade, fibrosis stage, lobular or portal inflammation, or ballooning, when NAFLD patients were divided
into subgroups according to H. pylori IgG seropositivity
or 13C-urea breath test positivity. This might be a clue that
H. pylori infection is strongly linked to the pathogenesis
of early-stage NAFLD, which is described as simple steatosis. Yet at the same time, it indicates that H. pylori infection may not contribute to the progression of NASH.
A randomized controlled single-blind study from

EXPERIMENTAL EVIDENCE LINKING
H. PYLORI WITH NAFLD
A novel finding in the study of Cindoruk et al[28] was the
presence of 16S rDNA of H. pylori in the liver sample of
a 44-year-old woman with NASH. They used polymerase
chain reaction-based techniques to amplify 16S rDNA sequences of H. pylori. In that study, 27 of 75 patients with
suspected liver disease were diagnosed with NASH. It
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Doğan et al[33] showed that fatty liver was significantly
more frequent in H. pylori-positive patients. The severity of the fatty appearance assessed by ultrasonography
was also higher in the H. pylori-positive group. A study
conducted in Japan demonstrated that H. pylori infection
was one of the independent risk factors for the development of NAFLD[7]. These studies had some limitations
and further research is warranted with larger, longerterm studies to confirm their findings. It is hard to determine if H. pylori is responsible for the natural course of
NAFLD, or if it is merely an incidental finding. If this association is confirmed, eradicating H. pylori infection may
have certain therapeutic perspectives in NAFLD.

Eshraghian et al[44] showed that HOMA-IR score was
significantly higher in the H. pylori-positive group compared with the negative group. They suggest that H. pylori
infection is a risk factor for IR. However, Naja et al[45]
have suggested no association of H. pylori infection with
IR or MetS. They take the view that eradication of H.
pylori infection to prevent IR or MetS is not warranted.
We must take into consideration that most of the
studies that investigated the association between H.
pylori and IR or MetS were small and did not adjust for
potential confounders. Many of them did not control
for the bacterial strain type or the host genetic factors.
Due to the limited quantity and quality of these studies,
more high-quality, multicenter, large-scale randomized
controlled trials are required to clarify the association between H. pylori infection and IR development. A positive
link between H. pylori infection and IR could have certain
therapeutic prospects.

POTENTIAL PATHOGENETIC MEDIATORS
AND MECHANISMS
IR: a possible bond linking H. pylori with NAFLD
IR is a key pathogenic factor in NASH[34]. It leads to
hyperinsulinemia and favors accumulation of free fatty
acids (FFAs) in the liver because of decreased mitochondrial β-oxidation, on account that insulin inhibits hepatic
mitochondrial β-oxidation of fatty acids[35]. Moreover,
IR predisposes the liver to oxidative stress by stimulating
microsomal lipid peroxidases[23].
H. pylori infection is involved in diverse biological
processes[36], comprising inflammation, metabolism and
oncogenic transformation[31,37]. In view of its effect on
metabolic variables, H. pylori is associated with IR.
H. pylori infection is implicated in the pathogenesis
of obesity[38] and type 2 diabetes mellitus (T2DM)[39-41],
which are closely related to MetS. IR is thought to be the
underlying mechanism for MetS. However, so far, only
limited clinical data directly suggest that H. pylori infection
is involved in the development of NAFLD. Polyzos et
al[32] showed that the contribution of H. pylori to NAFLD
might be achieved indirectly through increasing IR, or
directly, given that it can predict NAFLD independently
from IR. Inspired by this hypothesis, studies investigating the relationship between H. pylori infection and IR
would be of importance to infer the mechanism of how
H. pylori induce NAFLD. A few studies have explored the
possible link between H. pylori infection and IR. Besides,
research on the influence of eradication therapy on IR
and other metabolic parameters has been conducted.
However, results are controversial, and whether H. pylori
infection plays a role in IR remains to be determined. Assessed by HOMA-IR, existing data indicate a potential
association between H. pylori infection and IR. HOMAIR, which derives from fasting insulin and glucose levels[42], is the most common method for assessment of IR
in clinical practice and epidemiological studies[43]. Using
this method, a high HOMA-IR score denotes low insulin
sensitivity. In 2011, Polyzos et al[27] performed a systematic review[27], summarizing the evidence for the association between H. pylori infection and quantitative indexes
of IR. Summary data indicate a potential association between H. pylori infection and IR.
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A peculiar intermediary: fetuin-A: H. pylori infection
has been proposed in an attempt to elucidate the multifaceted aspects of the pathogenesis of IR. However, the
pathogenetic link between H. pylori infection and IR is
not fully understood as yet.
Among the various factors capable of inducing IR
and subsequent IR syndrome, fetuin-A is peculiar because it is a glycoprotein that is produced exclusively in
the liver and then secreted into the circulation in high
concentrations[46]. Previous studies have shown that fetuin-A is closely related to IR[47-49], and it has been linked
with impaired insulin sensitivity, glucose metabolism, and
the onset of diabetes mellitus[50,51].
Recent studies have investigated whether the H. pyloriinduced IR is mediated through fetuin-A. In the study of
Kebapcilar et al[52], fetuin-A level significantly decreases in H.
pylori-infected patients when compared to control subjects.
Moreover, H. pylori eradication reduces the levels of proinflammatory cytokines such as migration inhibitory factor
and high-sensitivity C-reactive protein (CRP), with a significant increase in fetuin-A. They regarded fetuin-A as a
potential anti-inflammatory cytokine[53], on the basis of the
theory that anti-inflammatory cytokines produced during
inflammation tend to modulate the inflammatory reaction.
However, the findings of Manolakis et al[54] were the
opposite. They noted that H. pylori-infected individuals
showed higher levels of fetuin-A, insulin and HOMA-IR
than controls. In addition, there was a positive correlation
between fetuin-A and HOMA-IR. This has interesting
therapeutic implications because it suggests that H. pylori
eradication might decrease IR. This observation coincides
with the results of Ou et al[55], who showed that fetuin-A
is considered to be a key proinflammatory mediator that
plays a pivotal role in inflammatory and immune diseases.
They suggest that elevated fetuin-A level has clinical
implications in NAFLD and impaired glucose tolerance,
which are features of IR[55].
Fetuin-A is an endogenous inhibitor of insulin receptor tyrosine kinase in the liver and skeletal muscle[48]. Srini-
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vas et al[48] have revealed that fetuin-A specifically inhibits
insulin-stimulated insulin receptor autophosphorylation
in vitro and in vivo, as well as exogenous substrate tyrosine
phosphorylation. Moreover, they have demonstrated that
fetuin-A influences insulin signaling by inhibiting insulininduced tyrosine phosphorylation of insulin receptor substrate (IRS)-1[56] and insulin-dependent mitogenesis. The
glucoregulatory effects derived from insulin are predominantly exerted in three tissues consisting of liver, muscle
and fat[57]. Thus, when IR occurs, the liver can be the
point of attack. Based on the theory that fetuin-A inhibits
insulin signaling in hepatocytes, it is reasonable to assume
that the elevated fetuin-A in patients with NAFLD may
contribute to the deteriorated hepatic IR.
Although the mechanism underlying fetuin-A-mediated IR remains elusive, it is a novel concept that fetuin-A
may represent a promising index for assessing the H. pylori-related contributions to IR and MetS. If this particular
association is confirmed, fetuin-A could be a potential
target for therapy of IR and IR-related disorders, including T2DM, CVD and NAFLD.

κB is a proinflammatory “master switch” that regulates
inflammatory mediators including CRP, plasminogen activator inhibitor, TNF-α, IL-6 and IL-1β[76].
Lower adiponectin level was observed in H. pyloripositive patients with NAFLD in the study of Polyzos
et al[32]. This finding gives us a new clue that adiponectin may play a part in the process of H. pylori-induced
NAFLD. Adiponectin, the adipocyte-derived hormone,
is implicated in the pathogenesis of IR and NASH. Low
serum adiponectin levels in NAFLD patients are suggestive of advanced hepatic fibrosis[77]. Adiponectin exerts
several anti-inflammatory effects[78], including inhibition
of NF-κB activation[79] and suppression of macrophage
function. Adiponectin and TNF-α are mutually antagonizing adipokines[80]. In contrast to TNF-α, adiponectin
has an antilipogenic effect[81]. Thus, when adiponectin is
decreased, its effects of controlling FFA entry and oxidation in the mitochondria are subsequently weakened, allowing FFAs to accumulate in the cytoplasm[82].
Lipid metabolism
Inflammation, IR and aberrant lipid metabolism may be
interlinked components of the MetS[83,84]. Abnormalities
of serum lipid concentrations are common in patients
with NASH[23]. It is acknowledged that hypertriglyceridemia is involved in the pathogenesis of NASH. Each of
the steps involved in hepatic lipid accumulation is altered
in NAFLD, although to a different extent[85]. Satoh et al[86]
have shown that H. pylori infection is a significant and independent risk factor for a modified lipid profile, including high low-density lipoprotein cholesterol (LDL-C) and
low high-density lipoprotein cholesterol (HDL-C) in Japanese men, whereas these associations are not significant
in women. Kebapcilar et al[52] demonstrated that H. pylori
infection is significantly associated with lower HDL-C[52],
but they showed that eradication of H. pylori had no effect on the lipid profile. Akbas et al[87] reported that there
was no significant difference in serum HDL-C, LDL-C,
or total cholesterol between H. pylori-seropositive and H.
pylori-seronegative individuals, whereas serum triglyceride
level was higher in the H. pylori-positive group.

Chronic inflammation, cytokines and adipokines:
Helicobacter spp. are strong inducers of proinflammatory
cytokines[58]. Long-standing H. pylori infection induces
inflammation by stimulating excessive release of proinflammatory cytokines and vasoactive substances, such as
interleukin (IL)-6, IL-8, IL-1β and TNF-α[59-61]. H. pyloripositive individuals exhibit elevated levels of these proinflammatory cytokines[62].
A growing body of evidence supports that inflammation is involved in the pathogenesis of IR and IR-related
disorders[63]. Festa et al[64] have suggested that low-grade
inflammation is a risk factor for the development of
T2DM[64]. Several studies indicate that chronic subclinical
inflammation is associated with CVD[65].
Hotamisligil et al[66] and Feinstein et al[67] have demonstrated that TNF-α is able to induce IR. Therefore, we
reckon that TNF-α may be a key mediator of both direct
and indirect effects of H. pylori infection on NAFLD.
TNF-α interferes with insulin signaling, thereby favoring steatosis, and may play a proinflammatory role
in the pathogenesis of NASH[68,69]. On the one hand,
TNF-α promotes Ser phosphorylation of IRS-1[70], resulting in a net decrease in insulin-receptor-mediated
signaling. On the other hand, TNF-α can inhibit the
autophosphorylation of insulin receptor or tyrosyl phosphorylation of IRS-1[67]. In addition, TNF-α downregulates the expression of key genes in adipose cells such as
GLUT4[71], resulting in decreased glucose transport[72].
Besides, TNF-α is capable of accelerating lipolysis, leading to an increase in FFAs, which can cause detrimental
effects in hepatocytes, including oxidative stress[73], induction of endoplasmic reticulum stress[74] and subsequent
expression of proinflammatory cytokines. TNF-α promotes and is activated by IR via activation of IKK-β[17] ,
which is a central coordinator of inflammatory responses
through activation of nuclear factor (NF-κB)[75]. NF-
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Increased intestinal permeability, H. pylori toxins and
cross-reactive antibody response
H. pylori is thought to have deleterious consequences on
the hepatobiliary tract because the biliary epithelium can
easily be colonized by bacteria from the duodenum[88].
The human gastrointestinal tract is an ecosystem integrated by microbiota. The mucosal epithelium of the small
intestine is the barrier between the microbiota and gut lumen[89]. It is reported that increased intestinal permeability and small intestinal bacterial overgrowth (SIBO), may
reflect qualitative and quantitative changes in the microbiota, leading to disruption of the intestinal barrier, subsequent bacterial translocation, and development of portal
endotoxemia[90]. As a result, lipopolysaccharide, which is
produced by Gram-negative bacteria, is increased in the
portal circulation and accompanied by increased levels of
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NAFLD are limited, thus, it is premature to advocate intervention measures in patients with NAFLD. However,
once this particular association is confirmed, it could
drastically change our understanding of pathophysiology
and treatment of NAFLD. Therefore, further studies are
warranted to verify such associations before the strategy
can be recommended in routine clinical practice.

endotoxin-mediated cytokines in the liver. Bacterial translocation occurs due to impaired barrier function[91], and
bacterial constituents enhance hepatic inflammation and
fibrosis[92]. Miele et al[93] found that in NAFLD patients,
increased gut permeability and the prevalence of SIBO
correlated with the severity of steatosis but not with the
presence of NASH.
In light of the above considerations, we speculate
that the liver may be damaged by H. pylori toxins and
constituents circulating in the blood coming out from the
gastroduodenal area. And it is probably linked with the
increased intestinal permeability in patients with NAFLD.
Abenavoli et al[94] reported a case of a 36-year-old woman
with diagnosis of celiac disease (CD), primary biliary
cirrhosis (PBC) and H. pylori infection. They found that
strict adherence to a gluten-free diet, associated with ursodeoxycholic acid administration and eradication of H.
pylori infection, led to a marked histological and serological improvement of PBC. Helicobacter spp. are implicated
in the pathogenesis of PBC, because microbial DNA is
found in liver tissue and bacterial antibodies in the serum of patients with PBC[95,96], which is characterized by
the presence of antimitochondrial antibodies directed
predominantly against the E2 subunit of the pyruvate
dehydrogenase complex[97]. They indicated that increased
permeability to intraluminal antigens could induce an immune response against antigens sharing common epitopes
to self-liver proteins and/or against cryptic antigens unmasked by the reaction with gliadin. Their study supports
the pathogenetic role of increased intestinal permeability
in the course of CD and H. pylori infection to induce PBC.
However, this concept remains obscure. More studies are
needed to clarify the reality of this association.
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Core tip: The clinical findings that nonalcoholic fatty
liver disease (NAFLD) patients have more prevalence
of subclinical hypothyroidism and patients with hypothyroidism may develop fatty liver give the evidence
that dyslipidemia and fatty liver have some relationship
with thyroid dysfunction, and thyroid hormone and its
receptor may be a therapeutic target for NAFLD. We review here that thyroid hormone and TR are a potential
target for pharmacologic treatments that can benefit
NAFLD patients a lot.
Original sources: Huang YY, Gusdon AM, Qu S. Cross-talk
between the thyroid and liver: A new target for nonalcoholic
fatty liver disease treatment. World J Gastroenterol 2013;
19(45): 8238-8246 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v19/i45/8238.htm DOI: http://dx.doi.
org/10.3748/wjg.v19.i45.8238

Abstract
Nonalcoholic fatty liver disease (NAFLD) has been recognized as the most common liver metabolic disease,
and it is also a burgeoning health problem that affects
one-third of adults and is associated with obesity and
insulin resistance now. Thyroid hormone (TH) and its
receptors play a fundamental role in lipid metabolism
and lipid accumulation in the liver. It is found that thyroid receptor and its isoforms exhibit tissue-specific
expression with a variety of functions. TRβ1 is predominantly expressed in the brain and adipose tissue and
TRβ2 is the major isoform in the liver, kidney and fat.
They have different functions and play important roles
in lipid metabolism. Recently, there are many studies
on the treatment of NAFLD with TH and its analogues.
We review here that thyroid hormone and TR are a potential target for pharmacologic treatments. Lipid metabolism and lipid accumulation can be regulated and
reversed by TH and its analogues.

WCG|www.wjgnet.com

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is a burgeoning health problem that affects one-third of adults and
is associated with obesity and insulin resistance. Its
pathogenesis remains poorly understood, and therapeutic
options are limited. Here, we discuss recent treatment
insights into NAFLD that focus primarily on its relationship with thyroid function.

THYROID HORMONE AND ITS
RECEPTORS
Thyroid hormone (TH) regulates cellular and tissue me-
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tabolism throughout the body. The active form of TH,
3,3’,5-triiodo-L-thyronine (T3), controls gene expression
in target tissues by binding to its cognate nuclear receptors (TRs), which are ligand-inducible transcription factors. In the presence of T3, TRs activate transcription by
binding to T3-response elements (TREs) of the target
genes and forming coactivator complexes containing
histone acetyltransferase activity[1]. In the absence of T3,
TRs recruit corepressors, such as nuclear receptor corepressor (NCoR) and silencing mediator of retinoid and
thyroid receptors, which form a complex with transducin
β-like protein 1 and histone deacetylase 3 that has histone
deacetylase activity on the promoters of target genes that
repress basal transcription[2].
Two TR isoforms, TRα and TRβ, have been identified. They share high sequence homology in the functional DNA and T3-binding domains, but differ greatly
in the lengths and sequences of the amino-terminal A/B
domains. Studies of mice deficient in either of these two
TR genes or both TR genes indicate that TR isoforms
have both redundant roles and specific functions [3].
TRα1, TRβ1, and TRβ2 isoforms bind T3; however,
TRα2 does not. TRα2 functions, at least in vitro, as a
TRα1 and TRβ1 antagonist[4]. Activation of TRs affects
a multitude of physiological processes ranging from embryonic development to maintenance of energy homeostasis in adults. Excess TH can result in some therapeutically desirable effects, such as increased metabolic rate,
increased lipolysis, lowered cholesterol levels, improved
heart contractility, and suppressed thyroid-stimulating
hormone (TSH) levels. At the same time, systemic thyrotoxicosis can lead to undesirable effects, including tachycardia, arrhythmia, muscle wasting, nervousness, fatigue,
and loss of bone mass[5]. A series of studies in mice with
inactivation or mutation of different TR isoforms[6-12], as
well as studies in patients with resistance to TH, suggest
that TR isoforms selectively mediate tissue-specific TH
responses[13].
There is a tissue-specific expression pattern for TRs.
TRβ2 is the major isoform in the liver, kidney, and thyroid, and TRβ1 is predominantly expressed in the brain
and adipose tissue[14-17]. There is also a general consensus that TRα mediates the effects of TH on the heart,
whereas TRβ mediates its effects on plasma cholesterol
and TSH secretion. Therefore, the development of T3
analogues with preferential binding to TRβ may induce
the beneficial effects of T3 while avoiding undesirable
side effects.

and brown adipose tissue (BAT), TRα is the main mediator of TH effects[18,19].
T3 exerts strong effects on hepatic carbohydrate and
lipid metabolism in both anabolic and catabolic states.
Elevated levels of T3 in hyperthyroidism are associated
with increased lipolysis and lower body weight. In contrast, lower levels of T3 in hypothyroidism are associated
with cold intolerance, weight gain, reduced lipolysis, and
cholesterol clearance. Mice devoid of all TR isoforms
exhibit decreased body temperature and basal metabolic
rate, growth retardation, and an increased amount of fat
tissue[20,21]. T3 increases the expression of several genes
involved in hepatic lipogenesis by increasing the expression of lipogenic genes such as fatty acid synthase (FAS),
Thrsp (Spot14), acetyl-CoA carboxylase (ACC1)[22], acylCoA synthetase 5, fatty acid transporter protein, malic
enzyme, and glucose-6-P dehydrogenase. It also induces
the expression of genes involved in fatty acid oxidation,
such as fatty acid transporter (Fat), fatty acid-binding
protein, lipoprotein lipase (LPL)[23], and carnitine palmitoyltransferase-1 alpha (Cpt-1α)[24]. Cpt-1α is a key ratelimiting enzyme in mitochondrial fatty acid oxidation.
Many of these metabolic genes (e.g., malic enzyme, Fas,
and Cpt-1α) in the liver are directly regulated by the interaction between T3 and TR, as TREs have been identified
in promoters of these genes[25]. However, the regulation
of lipid homeostasis by T3 is complex and tissue dependent, as it involves the coordinated regulation of several
target tissues, mainly adipose tissue and the liver. The
tissue-dependent manner of lipid regulation via TH was
uncovered using knockin mice harboring identical mutations in the TRα (TRα1PV mouse) and TRβ (TRβPV
mouse) genes. TRα gene mutations dramatically decrease
the mass of both the liver and white adipose tissue (WAT).
In contrast, TRβ gene mutations markedly increase liver
mass with an excess deposition of lipids, but no significant abnormality is observed in WAT. Molecular studies showed that the expression of lipogenic genes was
decreased in WAT of TRα1PV mice, but not in TRβPV
mice. Markedly increased lipogenic enzyme expression
and decreased fatty acid β-oxidation activity contribute to
adipogenic steatosis and lipid accumulation in the liver of
TRβPV mice. In contrast, reduced expression of genes
critical for lipogenesis mediates decreased liver mass with
lipid scarcity in TRα1PV mice.
TH action is mediated by a complex interaction between TRs and other nuclear receptors, including the
PPARs and the liver X receptor (LXR), which respond
to circulating metabolite levels[26,27]. Cross-talk between
TH signaling and these nutrient-responsive factors occurs through a variety of mechanisms, including but not
limited to competition for retinoid X receptor (RXR),
transcriptional co-factors, DNA-binding sites, or transcriptional cofactors.
Studies in several animal models, including the
PPAR α KO mouse, have demonstrated that hepatic
steatosis occurs when nuclear receptors involved in metabolic control are inactivated. In both humans and animal

EFFECTS OF TH ON HEPATIC LIPID
METABOLISM
TH maintains lipid homeostasis via its effects on gene expression in target organs, including the liver and adipose
tissues. T3 has profound and diverse effects on lipid metabolism and lipid accumulation in the liver. In the liver,
TRβ is responsible for mediating the majority of the
actions of T3, whereas in other tissues, such as the heart
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in experimental models[43,44], raising the question of the
role of hypothyroidism in NAFLD patients. The prevalence of hypothyroidism in patients with NASH is twice
as high as in controls[45]. NASH is twice as common in
postmenopausal compared with premenopausal women,
and hormonal replacement therapy decreases the risk of
steatosis. This association seems plausible, taking into
consideration that thyroid dysfunction can lead to hyperlipidemia, obesity, and insulin resistance[46], all of which
are major components of metabolic syndrome[47,48] and
are implicated in the pathogenesis of NAFLD.
The mechanism of hypothyroidism-induced hyperlipidemia has been shown to be due to a decrease in
cholesterol excretion and a marked increase in apoB lipoproteins due to decreased catabolism and turnover secondary to a reduced number of low-density lipoprotein
(LDL) receptors on the liver cell surface[49]. Thus, common findings in patients with hypothyroid are increased
levels of total and LDL cholesterol. In hypothyroidism, a
reduced removal rate of triglycerides from plasma and an
accumulation of intermediate LDL (IDL) have also been
reported. Thus, NAFLD can develop in hypothyroid
patients due to increased LDL and deposition of triglycerides in the liver.
In addition to hyperlipidemia and obesity, hypothyroidism has been associated with insulin resistance[50].
There is a strong link between insulin resistance and
excessive deposition of triglycerides in hepatocytes. A
recent study investigated the frequency of metabolic
syndrome in hypothyroid patients. These authors studied
100 patients with overt hypothyroidism, 100 patients with
subclinical hypothyroid, and 200 healthy controls. The
authors found that the HOMA index was higher in the
hypothyroid group than in the control (P = 0.008) and
subclinical hypothyroid groups (P = 0.014). Metabolic
syndrome prevalence was 44% in the hypothyroid group
and 33% in the control group (P = 0.016)[51].
Thyroid dysfunction commonly occurs in the elderly
population, and overt thyroid dysfunction is associated
with some liver abnormalities. Xu et al[52] performed a
cross-sectional study among 878 euthyroid elderly Chinese, in which 227 (25.85%) subjects fulfilled the diagnostic criteria for NAFLD. Patients with NAFLD had
significantly lower levels of serum-free thyroxine (FT4)
than control patients (11.12 ± 1.43 pmol/L vs 11.58 ±
1.47 pmol/L; P < 0.001). The prevalence of NAFLD decreased in proportion to progressively higher serum FT4
levels (P < 0.001). Age-, gender-, and smoking statusadjusted correlation analysis showed that serum FT4
levels were negatively correlated with body mass index,
waist circumference, and triglyceride and serum uric acid
levels (all with P < 0.05). Stepwise logistic regression
analysis showed that serum FT4 level was significantly associated with the risk for NAFLD. These results suggest
that thyroid function, even within the reference range, is
associated with NAFLD in elderly people.
TH may interfere with the regulation of lipid and
carbohydrate metabolism, and correlate with the severity

models, obesity is associated with lipid deposition in the
liver, which can lead to fibrosis and even cirrhosis[28,29]. In
both human and murine microarray studies, the greatest
change in liver gene expression as a consequence of hepatic lipid accumulation is the downregulation of a set of
T3-responsive genes, including genes involved in energy
metabolism[19,30].
Autophagy of lipid droplets, termed “lipophagy,” is a
major pathway of lipid mobilization in hepatocytes[31-33],
and its inhibition has been linked to the development of
fatty liver and insulin resistance[34-36]. TH is a well-known
metabolic regulator of energy expenditure that activates
fatty acid β-oxidation in mammals[37]. However, the precise mechanism of this effect has not yet been revealed.
During periods of starvation, autophagy degrades cytoplasmic materials, producing amino acids and fatty acids
that can be used to synthesize new proteins or generate
ATP for cell survival[38]. Derangement of the autophagic response has been implicated in several pathological hepatic conditions, such as ischemia, reperfusion,
viral infections, acute injury, α1-antitrypsin deficiency,
hepatocellular carcinoma, alcoholic liver disease, and
NAFLD[36,39,40].
“Lipophagy”[31] leads to the degradation of intracellular lipid droplets, and this process is believed to provide
fatty acid substrates for β-oxidation[41]. Such lipophagy is
coupled to the effects of T3 stimulation in altering the
levels of a broad array of hepatic lipid-related metabolites, which is consistent with a key role for T3 as an important regulator of fatty acid delivery to mitochondria
and mitochondrial metabolism. Autophagy is a stressinduced catabolic process, conserved in all eukaryotes,
involving fusion of autophagosomes with lysosomes and
resulting in degradation of cytoplasmic cargo. T3 induces
lipophagy in cultured liver cell lines, and it induces hepatic autophagy in vivo coupled with ketogenesis, resulting
in a lipolytic-metabolomic profile. Moreover, TH stimulation of autophagy and lipid metabolism is TR dependent
and modulated by NCoR corepressor activity. These findings suggest that T3 plays an important role in the regulation of hepatic autophagy, which is a critical step for the
amelioration of NAFLD.

THYROID MALFUNCTION IN
DYSLIPIDEMIA AND NAFLD PATIENTS
The most frequent metabolic syndrome disorders are
dyslipidemia and NAFLD. The pathogenesis of NAFLD
is a complex, multifactorial process characterized by
insulin resistance and other endocrine disorders. TH
can stimulate the expression of uncoupling proteins in
the mitochondria of adipocytes and skeletal muscle and
modulate adrenergic receptor numbers by enhancing
responsiveness to catecholamines[42], thus controlling
metabolic and energy homeostasis. TH influences body
weight, thermogenesis, lipolysis, and metabolism of
cholesterol and bile acids. Thyroid dysfunction is associated with hepatic lipid peroxidation and oxidative stress
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of NAFLD; however, these results are still under debate.
Mazo et al[53] performed a retrospective evaluation of
clinical and metabolic correlations between hypothyroidism and NAFLD. Clinical, biochemical, and histological
investigations of 103 NAFLD patients exhibiting drugtreated hypothyroidism were conducted. Steatosis was
present in 32.0% of the population and nonalcoholic
steatohepatitis was present in 68.0%. Females were the
majority in both groups. A link was identified between
hypothyroidism and markers of glucose and lipid homeostasis, but not with severity of NAFLD.
Hepatic steatosis can progress to hepatocyte injury,
inflammation, and fibrosis in the presence of potential synergistic factors such as oxidative stress from
β -oxidation, increased expression of inflammatory
cytokines by NF-κB-dependent pathways, and adipocytokines[54-56]. This is called the “multi-hit hypothesis”
and has been used to describe the pathogenesis of
NAFLD[57]. Lipid peroxidation and oxidative stress are
both believed to play important roles in the progression
of disease from steatosis to NASH[56,58]. Previous experimental data regarding thyroid dysfunction and hepatic
lipid peroxidation have shown that, in a state of hyperthyroidism, TH elevation stimulates the metabolic rate,
possibly leading to reactive oxygen species generation,
lipid peroxidation, and liver cell damage[43,44]. On the other hand, reduced levels of oxidative stress accompanying
hypothyroidism might be responsible for the experimental results indicating that hypothyroidism protects
from hepatic fibrosis[59]. This concept correlates with the
absence of an association between hypothyroidism and
steatosis or NASH. In some studies, mainly with obese
NAFLD patients, hypothyroidism appears to contribute
to the major components of metabolic syndrome, leading primarily to the accumulation of fat. However during progression to NASH, additional results are needed,
with emphases on the role of oxidative stress and lipid
peroxidation.

tive agonists of TRβ, may improve the metabolic status
of diet-induced obese rodents[13,65,66].
Recently, mice treated with T3 showed a dose-dependent increase in hepatic FGF21 expression with significant induction at doses as low as 100 μg/kg. FGF21
expression is downstream of the nuclear receptor peroxisome proliferator-activated receptor α (PPARα). PPARα
knockout mice treated with T3 did not have an increase
in FGF21 expression, indicating that hepatic regulation
of FGF21 by T3 in the liver is via a PPARα-dependent
mechanism. In contrast, in WAT, FGF21 expression was
suppressed by T3 treatment, with other T3 targets being
unaffected. In cell culture studies with an FGF21 reporter construct, three transcription factors were required
for the induction of FGF21 expression: TRβ, RXR,
and PPARα. These findings indicate a novel regulatory
pathway whereby T3 positively regulates hepatic FGF21
expression, presenting a novel therapeutic target for diseases such as NAFLD.
In addition, prolonged T3 treatment promotes the
catabolism of fatty acids by increasing the expression and
activity of Cpt-1α, a rate-limiting enzyme for transport
and β-oxidation of fatty acids in the mitochondria[25].
Thus, the catabolism of fatty acids is a cardinal metabolic
feature of prolonged hyperthyroidism[63]. T3 stimulates
the shuttling of free fatty acids (FFAs) for delivery into
mitochondria[67]. While this process is well described, the
T3-regulated cellular pathways that lead to the generation
of FFAs from stored lipid droplets in the liver are not
very well understood. In that way, T3 treatment is beneficial to patients with high TSH and high FFA levels.
TRα inhibition
TRα or TRβ gene knockout mouse models display a
range of defects in lipogenesis, lipolysis, cholesterol metabolism, and fatty acid oxidation. Francois[68] reported
that TRα gene knockout mice are protected from diet-induced hepatic insulin resistance. With the goal of examining whether TRα would be a potential therapeutic target
to prevent diet-induced NAFLD and insulin resistance,
they assessed insulin action in high-fat diet fed TRα gene
knockout (Thra-0/0) and wild-type mice using hyperinsulinemic-euglycemic clamps combined with 3H/14Clabeled glucose to assess basal and insulin-stimulated
rates of glucose and fat metabolism. Body composition
was assessed by 1H magnetic resonance spectroscopy, and
energy expenditure was measured using indirect calorimetry. Thra-0/0 mice were lighter, leaner, and manifested
greater whole-body insulin sensitivity than wild-type mice
during the clamp, and these results could be attributed to
increased insulin sensitivity both in the liver and peripheral tissues. Increased hepatic insulin sensitivity could be
attributed to decreased hepatic diacylglycerol content,
resulting in decreased activation of protein kinase C and
increased insulin signaling. Therefore, TRα inhibition
represents a novel pharmacologic target for the treatment
of NAFLD, obesity, and type 2 diabetes.

POTENTIAL PHARMACOLOGIC
TREATMENT WITH TH IN BASIC
RESEARCH AND CLINICAL PRACTICE
The current pharmacologic treatment for NAFLD is limited, relying mostly on weight loss[60-62]. Insulin-sensitizing
agents, such as thiazolidinediones, have been shown to
decrease hepatic steatosis by promoting fat redistribution
to the liver.
TH
T3 treatment in rats stimulates thermogenesis from fatty
acid β-oxidation as a result of lipolysis and increased
caloric intake[63]. Lipogenesis is also stimulated by T3.
However, this effect occurs to a much lesser extent and is
mainly seen in the context of restoration of depleted fat
stores after a period of energy deficit[64]. Previous studies
have shown that treatment with T3 itself, or with selec-
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TRβ agonists
The use of TR agonists for the treatment of NAFLD has
not been considered viable because TH increases FFA
flux from the periphery to the liver, induces hepatic lipogenesis, and therefore could potentially contribute to steatosis. However, specifically targeting TRβ could provide
therapeutic benefit while avoiding the potential of nonselective TR agonists to increase hepatic FFA accumulation. MB07811 is an orally active liver-targeted TRβ agonist. Cable[29] reported a reduction of hepatic steatosis in
rats and mice after treatment with MB07811.The purpose
of these studies was to assess the effects of MB07811 on
whole body and liver lipid metabolism of normal rodents
and rodent models of hepatic steatosis. Animal studies
showed that MB07811 markedly reduced hepatic steatosis as well as plasma FFA and triglyceride levels. In contrast to MB07811, treatment with T3 induced adipocyte
lipolysis in vitro and in vivo, but had a diminished ability to
decrease hepatic steatosis. This finding suggests the influx of FFA from the periphery to the liver may partially
counteract the antisteatotic activity of T3. Clearance of
liver lipids by MB07811 results from accelerated hepatic
fatty acid oxidation, a known consequence of hepatic TR
activation, as reflected by increased hepatic mitochondrial
respiration rates, changes in hepatic gene expression,
and increased plasma acyl-carnitine levels. Transaminase
levels remained unchanged or reduced, and no evidence
of liver fibrosis or other histological liver damage was
observed after treatment with MB07811 for up to 10 wk.
Additionally, MB07811, unlike T3, did not increase heart
rate or decrease pituitary TSHβ expression. Therefore,
MB07811 represents a novel class of liver-targeted TR
agonists with beneficial LDL cholesterol-lowering properties that may provide additional therapeutic benefit to
hyperlipidemic patients with concomitant NAFLD.

wild-type mice but fails to induce Thrsp expression in
SREBP-1c gene-deficient mice. TO901317 treatment and
LXRα overexpression fail to induce, whereas overexpression of SREBP1c significantly increases, Thrsp promoter
activity. Moreover, deletion of the SRE site completely
abolishes SREBP1c-induced Thrsp transcription. These
findings demonstrate that Thrsp is a lipogenic liver gene
that is induced by the LXR agonist through an LXRαmediated, SREBP1c-dependent mechanism. Thrsp may
therefore represent a potential therapeutic target for the
treatment of NAFLD.
TRβ -specific agonist GC-1
GC-1 is a synthetic TH analogue that is relatively selective for both the binding and activation functions[13] of
TRβ1 over TRα1. GC-1 has several structural differences with respect to the natural hormone T3, including
replacement of the three iodine residues with methyl and
isopropyl groups, replacement of the biaryl ether linkage
with a methylene linkage, and replacement of the amino
acid side chain with an oxyacetic acid side chain[70]. GC-1
binds TRβ1 with the same affinity as T3 does, but GC-1
binds TRα1 with an affinity approximately 10 times
lower than that of T3, both in vitro and in vivo[71]. The differential effects of GC-1, compared with those of T3, on
the thermogenesis by BAT[72], tadpole metamorphosis[73],
and the development of bone and central nervous system[74-76] may be the result of GC-1 selectivity for TRβ[77].
On the other hand, the selective effects of GC-1 may
also be related to the body distribution of the TR isoforms. In agreement with studies in which the TRβ gene
was disrupted[78], GC-1 has almost no effect on the heart,
which expresses mainly TRα1, but does lower serum
levels of cholesterol and triglycerides, in agreement with
the predominant expression of TRβ1 in the liver. Other
studies also suggest that the selective actions of GC-1
might be explained by differential tissue uptake, since
GC-1 presents a clear tissue-specific accumulation[79]. It
has been shown, for example, that GC-1 accumulates selectively in the liver as compared in the heart. The tissue/
plasma ratio was similar for GC-1 and T3 in the liver but
was 30-times lower in the heart[71]. It is well known that
thyrotoxicosis affects body composition, reducing both
fat and lean mass[80,81]. In primates, treatment with GC-1
increases oxygen consumption and reduces body weight,
but its effects on body composition have not yet been
determined. Treatment with GC-1 increases the metabolic rate, has no effect on food intake, and decreases fat
mass while sparing lean mass in rats. These data illustrate
the potential of GC-1 for the selective activation of TRβ
in rats to induce UCP1 gene expression, while only minimally mediating synergism between TH and the sympathetic nervous system. The use of GC-1 or other TRβselective agonists in rodents and primates has recently
been shown to increase energy expenditure and decrease
fat mass and plasma levels of cholesterol[82], while sparing
the heart[71] and skeletal system[83]. The TRβ-specific agonist GC-1 increases energy expenditure and prevents fat

LXR activator
TH action is mediated by interactions between TRs and
nuclear receptors such as LXR, and Thrsp is known to
be regulated by a variety of transcription factors, including TR, PXR, and CAR. Thrsp has been reported to be
a lipogenic gene in cultured hepatocytes, suggesting an
important role for Thrsp in the pathogenesis of NAFLD.
Hepatic overexpression of Thrsp increases triglyceride
accumulation with enhanced lipogenesis in the liver of
C57Bl/6 mice, whereas hepatic Thrsp gene silencing
attenuates the fatty liver phenotype in db/db mice. It
has been reported that the LXR activator TO901317
induces Thrsp expression in the liver of wild-type and
LXRβ gene-deficient mice, but not in LXRα or LXRα/β
double knockout mice. Emerging in vitro evidence also
points to a critical role for LXR in regulating Thrsp transcription in hepatocytes. New evidence[69] also shows that
Thrsp is upregulated in the liver of db/db mice and highfat diet-fed mice, two models of murine NAFLD. The
expression of Thrsp depends on LXRα via an SREBP1cdependent mechanism. TO901317 treatment significantly
enhances hepatic SREBP1c expression and activity in
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mass accumulation in rats.
The effect of GC-1 on biological processes has not
yet been demonstrated. The effects of 6-wk treatment
with T3 (daily injections of 3 or 6 µg/100 g body weight)
or GC-1 (equimolar doses) on different metabolic parameters in adult female rats were investigated by Villicev[13].
Whereas all animals gained weight (17-25 g) equally with
T3 or GC-1 treatment, only T3 treatment increased food
intake (50%-70%). Oxygen consumption was significantly and equally increased (50%-70%) by T3 and GC-1.
Analysis of body composition by dual-energy X-ray absorptiometry (DEXA) revealed that whereas control animals gained about 80% of fat mass, T3- or GC-1-treated
animals lost 70%-90% and 20%, respectively. Analysis
of the carcasses showed that T3 treatment resulted in a
14%-74% decrease in fat content, whereas GC-1 treatment resulted in only a 15%-23% reduction. The gain in
lean mass by DEXA and carcass protein content were
unaffected by either T3 or GC-1 treatment. However,
the masses of individual skeletal muscles were negatively
affected by T3, but only marginally by GC-1. These findings highlight the potential use of GC-1 for the treatment
of obesity and metabolic syndrome.
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GC-24
BAT is a tissue specialized in adaptive thermogenesis
with the expression of mitochondrial uncoupling protein
1 (UCP1) in response to cold induction. In contrast to
WAT, the main function of BAT is to dissipate energy,
not to store it. Therefore, the conversion of WAT to
BAT is sought as a possible strategy to treat obesity. In
rats fed a high-calorie diet, GC-24 confers resistance to
diet-induced obesity through the promotion of energy
expenditure[84]. In addition, a recent case report[85] indicates that in a diabetic patient with extreme insulin resistance due to a mutation in the insulin receptor gene, TH
induces BAT and ameliorates diabetes.
Overall, TH or TR dysfunction can serve as another
mechanism that is related to fatty liver and obesity. Evidence based on animal models and clinical phonemes can
lead us to further explore the pathway between thyroid
and fatty tissues or the liver. With an understanding of a
functional thyroid, we believe that TH analogues and receptor agonists will be potential pharmacologic targets in
patients with NAFLD in the near future.
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of immunosuppression modulation and trials of specific
immunosuppression regimens post-transplant are lacking in this patient population. Based on pre-transplant
data, sustained weight loss through diet and exercise
is the most effective therapy for NAFLD. Other agents
occasionally utilized in NAFLD prior to transplantation
include vitamin E and insulin-sensitizing agents. Studies of these therapies are lacking in the post-transplant
population. A multimodality and multidisciplinary approach to treatment should be utilized in management
of post-transplant NAFLD.
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Abstract

Core tip: Non-alcoholic fatty liver disease (NAFLD) is a
prevalent indication for liver transplantation. It also poses
a risk to organ donation, with decreasing rates of suitable
allografts. NAFLD frequently recurs in the allograft or
develops de novo . Post-transplant recurrence is related
to obesity and immunosuppression associated metabolic
derangements. A polymorphism in PNPLA3 also increases
recurrence risk. Pre-transplant data favors sustained
weight loss through diet and exercise as the most effective therapy for NAFLD. Vitamin E and insulin-sensitizing
agents are occasionally used. Trials on immune-suppression regimens in this population are sorely needed. A
multimodality approach to treatment should be utilized
in management of post-transplant NAFLD.

Non-alcoholic fatty liver disease (NAFLD) is one of
the most prevalent causes of chronic liver disease
worldwide. In the last decade it has become the third
most common indication for liver transplantation in
the United States. Increasing prevalence of NAFLD in
the general population also poses a risk to organ donation, as allograft steatosis can be associated with
non-function of the graft. Post-transplant survival is
comparable between NAFLD and non-NAFLD causes
of liver disease, although long term outcomes beyond
10 year are lacking. NAFLD can recur in the allograft
frequently although thus far post transplant survival
has not been impacted. De novo NAFLD can also occur
in the allograft of patients transplanted for non-NAFLD
liver disease. Predictors for NAFLD post-transplant recurrence include obesity, hyperlipidemia and diabetes
as well as steroid dose after liver transplantation. A
polymorphism in PNPLA3 that mediates triglyceride
hydrolysis and is linked to pre-transplant risk of obesity and NAFLD has also been linked to post transplant
NAFLD risk. Although immunosuppression side effects
potentiate obesity and the metabolic syndrome, studies

WCG|www.wjgnet.com

Original sources: Said A. Non-alcoholic fatty liver disease and
liver transplantation: Outcomes and advances. World J Gastroenterol 2013; 19(48): 9146-9155 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v19/i48/9146.htm DOI: http://dx.doi.
org/10.3748/wjg.v19.i48.9146

2277

January 28, 2014|First Edition|

Said A. NAFLD and liver transplantation

majority of CRC related liver transplants in prior eras
were due to unrecognized NAFLD, the magnitude of
increase in transplants for NAFLD far outweighs any
classification bias[13]. In an audit of United States national
transplant data (SRTR), liver transplants attributed to
NAFLD related liver disease increased from 1.2% in 2001
to 9.7% by 2009 and this is now the third most common
indication for liver transplantation in the United States[13].
In this study patients with NAFLD receiving a liver transplant were older, more likely to be females, had higher
body mass index (BMI) and were less likely to have HCC
at transplant compared to all other recipients.
There have been concerns about bias in transplant
evaluation and listing of patients with NAFLD related
cirrhosis. NAFLD patients are on average older at presentation and have higher rates of obesity and metabolic
syndrome raising concerns about worse outcomes of
transplant in these patients including increased risks of
cardiovascular disease and chronic kidney disease. In a
study from a single liver transplant center, the cohort of
NAFLD patients with MELD less than 15 at listing were
found to progress more slowly compared to patients
with HCV and were more likely to die on the waiting
list or be taken off the transplant list due to becoming
“too sick”[14]. However for patients who were listed with
MELD scores over 15 there were no differences in rate
of progression of end-stage liver disease, listing rate and
receipt of liver transplantation. In another study, patients
with NAFLD were equally likely than non-NAFLD patients to undergo liver transplant evaluation, listing and
transplantation. In this single center study, NASH patients were older, had similar rates of HCC but increased
rates of other prior cancers by history. In addition diabetes and complications of metabolic syndrome were
more prevalent in NASH patients. NAFLD patients
also had higher creatinine levels at transplant listing than
non-NAFLD patients[15]. Routine audits of multicenter
and national data will have to be done to see if NAFLD
patients are indeed at a disadvantage for evaluation and
listing due to these concerns.

EPIDEMIOLOGY OF NON-ALCOHOLIC
FATTY LIVER DISEASE AND
ASSOCIATED ADVANCED LIVER
DISEASE
Non-alcoholic fatty liver disease (NAFLD) is the most
prevalent chronic liver disease in the developed world with
a prevalence averaging 20% in the ulcerative colitis[1,2].
Its incidence in the developing world is also increasing
sharply[3]. Prevalent in adults, it has also become the most
common chronic liver disease in children[4]. Mirroring the
epidemic of obesity, it is closely related to the metabolic
syndrome particularly diabetes and dyslipidemia in association with truncal obesity[5]. Prior to the widespread
recognition of NAFLD which was first described as a
separate clinic-pathologic entity in 1980[6], many cases of
NAFLD were likely classified as cryptogenic liver disease
and cryptogenic cirrhosis (CRC). In a study where 39 liver
transplant candidates diagnosed with CRC were carefully re-evaluated, 44% had prior biopsy consistent with
NAFLD or clinical features of the metabolic syndrome[7].
Although NAFLD has been associated with excess
mortality compared to the general population (Hazard ratio
1.34)[8], the natural history of NAFLD is often one of slow
progression. In patients with isolated steatosis (fatty liver)
the course of liver disease can be frequently benign[9,10].
The progressive form of NAFLD known as Non-alcoholic
steatohepatitis (NASH) is associated with hepatocyte damage and consequently can lead to fibrosis as well as cirrhosis and end-stage liver disease[11]. Recently data about the
natural history of NAFLD related cirrhosis was reported
from four international referral centers. In this study, patients with NAFLD or hepatitis C virus (HCV) associated
compensated (Childs A) cirrhosis were enrolled. Over the
long term (mean follow up 86 mo for NAFLD and 75 mo
for HCV), the incidence of liver related complications and
hepatocellular carcinoma (HCC) was lower for NAFLD
than for HCV. The probability of remaining free from liver
related decompensation was 81.5% in the NAFLD cohort
and 76.5% in the HCV cohort at 120 mo of follow up with
a higher incidence of complications in HCV when adjusted
for age, sex, body mass index and diabetes (P = 0.03). The
incidence of HCC over follow up was 2.4% in the NAFLD
cohort and 6.8% in HCV. Despite these differences, the
incidence of cardio-vascular disease and overall mortality
were similar between NAFLD and HCV patients (82% survival at 120 mo in both cohorts)[12].

OUTCOMES AFTER LIVER
TRANSPLANTATION FOR NAFLD
Survival after liver transplantation for NAFLD
Outcomes after liver transplantation in patients with
NAFLD have been reported in both large national database
audits as well as from single center studies. These studies
have been restricted to adult recipients (> 18 years) of liver
transplants. In the pediatric population although NAFLD
is common, it is a rare indication for liver transplantation[16]
(Table 1).
The national databases (UNOS and SRTR) studies
have looked at outcomes at 1 year and beyond after liver
transplantation (Table 1). Overall 1-year, 3-year and 5-year
survival has been comparable between NAFLD and nonNAFLD recipients[13]. In more specific sub-analyses of
the same databases post-transplant survival for NAFLD

LIVER TRANSPLANTATION INCIDENCE
FOR NAFLD
The incidence of liver transplantation related to NAFLD
has exploded in the last decade[13]. Although some of the
reported increase in incidence of NAFLD related liver
transplantation is due to increased recognition of patients
previously classified as CRC, the increased incidence of
NAFLD related liver transplantation is real. Even if the
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El Atrache et al[27]

Single center studies
Tanaka et al[57]

Afzali et al[17]

Singal et al[18]

National registry data
Charlton et al[13]

Ref.

83 recipient,
NALFD[46]
and CRC[37]

7 patient with
NAFLD (425
total LDLT
recipients)

53738 adult
liver transplant
recipients
NASH 1810
recipients

35781 adults
adult liver transplant recipient
NASH primary
or
secondary
indication for
1959 recipient
54687 adult liver
transplant
recipient
NASH 1368
recipients

Patient

Follow up

1-yr, 3-yr, 50-yr and
10-yr survival NASH:
86%, 82%, 80% and
80%NAFLD posttransplant survival
similar to cholestatic
liver disease, HBV and
better than ALD, CRC,
HCV and HCC
5-yr survival reported
Not reported

10-yr survival
reported

NASH 3-yr survival
76% (similar to other
indications)

Graft survival

Patients with NAFLD Median follow up 5.3 100% at last follow up
that underwent Live
yr
donor liver transplant at
a single center in Japan
between 1996 and 2013
Liver transplant
Mean follow
12/83 underwent
recipients at a
up 46 mo
re-transplantation
single US center
between 1996 and
2008

UNOS adult liver
transplant recipients
from 1997 to 2010

UNOS adult liver
transplant recipients
from 1994 to 2009

SRTR (US national data) 3 yr post-transplant
of liver transplant recipi- survival reported
ents from 2001 to 2009
Included NASH plus
50% of CRC and NASH
plus CRC with BMI >
30 kg/m2)

Population

Table 1 Liver transplantation for non-alcoholic fatty liver disease

12 recipients died.
Overall survival not reported

100% at last follow up

1-yr, 3-yr and 5-yr survival
NASH: 88%, 82% and 77%
Overall adjusted HR for
NASH post-transplant
mortality compared to other
etiologies was 0.75 (95%CI:
0.66-0.85)
Adjusted survival was better for NASH than for ALD,
HCV, and HCC.
NASH survival was worse
than cholestatic liver disease, AIH, HBV

1-yr, 3-yr, 5-yr and 10-yr
survival NASH: 89%, 85%,
84% and 84% NAFLD posttransplant survival similar
to cholestatic liver disease,
HBV and better than ALD,
CRC, HCV and HCC

NASH 1-yr survival 84%
and 3-yr 78% CRC 1 -yr
survival 86% and 3 -yr
79%Other Diagnoses 1-yr
survival 87% and 3-yr 78%
(P = 0.67)

Patient survival

Not reported

Not reported

Not reported

Not reported

Predictors of NAFLD
recurrence

Not reported

Not specified- although state
survival adjusted for several
donor, recipient characteristics
(individual Hazards ratios not
reported)

For all recipients, age of recipient, male recipient black race,
ventilator support pre transplant and MELD score as well
as donor risk index associated
with worse patient survival

Not reported

Predictors
of survival

NAFLD recurrence in Predictors of recurrence Five year survival worse for
20/83 recipients (15
were
those with metabolic synwith NASH pre-trans- metabolic syndrome, drome, hypertension and
plant and 5 with CRC hypertension and Insuinsulin use
pre-transplant
lin use as well as
No difference in survival
hyperlipidemia after between those with NASH
transplant
recurrence and those without

1/7 (14%) had recurrent
NASH

Not reported

Not reported

Not reported

NAFLD recurrence
in graft
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Yalamanchili et al[22]

40 recipients
with NAFLD

21 recipients
with NAFLD
and 97 with
other liver
disease

129 recipients
with
NAFLD and
775 with
other liver
disease

Kennedy et al[21]

Barritt et al[24]

144 recipients
with
NAFLD
(total 1294
transplants)

88 recipients with
NAFLD

Agopian et al[20]

Dureja et al[26]

Liver transplant recipients at a single German
center between 2007 and
2011

Liver transplant
recipients at a
single US center
between 2004 and
2007

Liver transplant
recipients at a
single US center
between 1999 and
2009

Liver transplant
recipients at a
single US center
between 1993 and
2011

Liver transplant
recipients at a
single US center
between 1993 and
2007

Not reported

1-yr survival
reported

3-yr survival reported

1-yr, 3 -yr, and 5-yr
survival
NASH: 90%, 88% and
85%
Non-NASH: 92%, 86%
and 80% (P = NS)
Mortality within 4
mo higher in NASH
-8.5% vs non –NASH
4.2%, P = 0.04
30-d patient survival
worse in NAFLD (81%) vs
non-NAFLD (97%),
(81% vs 97%, P = 0.001)
1-yr survival for
NAFLD and non-NAFLD
patients was 76% vs 90%, P =
0.06
3-yr survival was 76% for
NAFLD vs 84% for nonNAFLD, P = 0.23

Patient survival similar
between NASH and
non-NASH. 90 d
survival 90% for NASH
5-yr patient survival
for NASH (70%) similar
to ALD, HBV, CC and
PBC/PSC but better
than HCV

Not reported

Not reported

Not reported

NASH recurrence in 23
(16%)

5-yr patient survival
NAFLD Disease Recursimilar between those
rence in 34/88 (39%)
with NAFLD recurrence and
those without NAFLD recurrence
(P = 0.78)

30-d graft survival
worse in NAFLD
(81%) vs
non-NAFLD
(95%), P = 0.02
1-yr survival for
NAFLD and nonNAFLD patients was
76% vs 83%, P = 0.32
3-yr survival was 76%
for NAFLD vs 73% for
non-NAFLD, P = 0.78
Not reported
30 d mortality for NAFLD
patients was 25% and 1-yr
mortality was 35%

Mean follow up 2.3 yr Graft survival similar
between NAFLD
and non NAFLD (90
d survival 86% for
NASH) and lower
only than PBC/P
SC (90 d graft
survival of 94%)
5-yr graft survival
for NASH 63% similar
to ALD, HBV, CC and
PBC/PSC but
better than HCV
5-yr survival
Graft survival not
reported
reported

Mean follow up 82
mo

Not reported

Not reported

Not reported

Not reported

Patients with BMI > 35 kg/m2
had worse graft survival
(1-yr graft failure 55%)
than those with lower
BMI

3-yr survival was significantly
worse
for diabetic patients compared
to
non-diabetics
(63% vs 89%, P = 0.006)

No predictors of survival
found

Post-transplant BMI > 35 kg/
m2
independent factor for mortality
in NAFLD recipients only.
Pretransplant dialysis also
had
worse survival in NASH patients

Pre and post-transplant Post-transplant survival was
BMI.
worse
Triglyceride levels and
in NAFLD patients with
prednisone dose was post-transplant cardiac dishigher in
ease (HR
those with NAFLD re3.2, 95%CI: 1.3-7.7)
currence
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Not reported

Graft survival
similar between
NAFLD (76%)
and ALD (82%)

Not reported

Graft survival
similar between
NAFLD and
non-NAFLD
patients
(P = 0.32)

1-yr, 3-yr, 5-yr, and 9-yr
survival
NASH: 82%, 79%, 75%,
and 62%
ALD: 92%,
86%, 86%, and 76% (P =
0.17)
Survival similar between
NAFLD and non-NAFLD
recipients
30-d mortality in NAFLD
6.1% 1-yr mortality 21.4% in
NAFLD (similar to controls)
3-yr mortality in NAFLD
25% similar to controls, less
in PBC (15%)
5-yr mortality (28%) similar
in NAFLD patients and
controls

Steroid dose post-transplant associated with
NAFLD recurrence

Not reported

Not reported

Predictors of post-transplant NAFLD was pre or
post-transplant diabetes
and triglyceride levels
NAFLD recurrence was
None reported
33% (21/64 NASH
patients)

Patient survival similar
100% of the 30 NAFLD
between NAFLD and non- patients had steatosis in
NAFLD patients (P = 0.32)
the graft by 5-yr
post-transplant
compared to 25%
in the ALD and
PBC/PSC groups
Not reported
Post-transplant NAFLD
developed in 25% and
NASH in 16%

Sepsis accounted for
more deaths in NAFLD transplant recipients
Liver recipients transplanted
for NASH
cirrhosis who died within
the first post-transplant
year were more likely to
be older (≥ 60 yr), more
obese (BMI ≥ 30 kg/m2)
and have both pretransplant
diabetes and
Hypertension

No predictive factors in
NAFLD

Not reported

Not reported

was better as compared to HCV, alcohol, CRC, and HCC related liver disease[17,18]. When compared to primary biliary cirrhosis (PBC) one study showed similar survival[18] and another study showed worse survival for NAFLD[17].
In single center studies, post transplantation outcomes were also similar between NAFLD and non-NAFLD patients[19-22]. Survival at 1, 3, 5 and 10-year was reported as similar
in the studies, although some have demonstrated higher early mortality (30 d) after transplantation in NAFLD than in non-NAFLD patients. Kennedy at al[21] reported a twofold
higher mortality for NAFLD patients at 4 mo after transplantation than for non-NAFLD patients (8.5% mortality vs 4.2% for others). The commonest causes of mortality in
NAFLD patients were infectious and cardiac disease. Another study confirmed higher 30-d mortality and 1-year mortality in NAFLD patients, although by 3 years survival were
comparable in NAFLD and non-NAFLD patients[23]. In this study infections accounted for the majority of deaths. Factors associated with decreased survival in the cohort of
NAFLD patients have included age of recipient post-transplant, diabetes[24], obesity and post-transplant metabolic syndrome[25]; and post-transplant cardiovascular disease[19,23,26].
Close monitoring and critical analysis of early and late outcomes after liver transplantation for NAFLD is thus necessary to further refine criteria and improve outcomes for liver
transplantation in NAFLD.

NAFLD: Non-alcoholic fatty liver disease; NASH: Non-alcoholic steatohepatitis; ALD: Alcoholic liver disease; PBC: Primary biliary cirrhosis; CRC: Cryptogenic cirrhosis; HCV: Hepatitis C virus; HCC: Hepatocellular carcinoma;
PSC: Primary sclerosing cholangitis; CR: Cryptogenic cirrhosis; LDLT: Living donor liver transplantation.

98 NAFLD
Liver transplant recipi- Mean follow-up was
recipients coments at a
994 d
pared to 196
single US center
with PBC/PSC
between 2004
196 with ALD
and 2007
196, with HCV
98, with CR

Median
follow up 1517 d in
NAFLD
group and
1686 d in
ALD group

> 6 mo post-transplant,
not reported

Median
follow up
3.5 yr

Malik et al[23]

Liver transplant recipients at a single US center
between 2004 and 2007

Liver transplant recipients at a
single US center
between 2004
and 2007

71 NAFLD
Liver transplant recipipatients
ents at a
compared to 83
single US center
ALD patients
between 1997
and 2007

30 recipients
with CRC
and NASH
compared to
patients with
ALD[16] and
PBC/PSC[12]
51 recipients
with CRC

Bhagat et al[19]

Ong et al[31]

Contos et al[32]
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NAFLD recurrence after liver transplantation
Recurrent NAFLD is common[22,26,27]. The recurrence rate
depends to some extent on the methodology chosen for
detection, (i.e., evaluation of abnormal liver enzymes, liver
biopsy, imaging techniques). Use of liver enzymes alone
is fairly insensitive as a significant proportion of patients
with NAFLD recurrence have normal liver enzymes.
Metabolic syndrome including obesity, diabetes, hyperlipidemia and hypertension are all increased in prevalence after transplantation linked largely to immunesuppression use, particularly steroid use and calcineurin
inhibitors. Other factors include post-transplant weight
gain due to reduced mobility, at least in the early period
and these factors all contribute to recurrence of NAFLD
in the allograft[28].
In some studies the risk of allograft steatosis was increased by the presence of the rs738409 single nucleotide
polymorphism (SNP) in the PNPLA3 gene in the recipient[29] as well as post-transplant obesity and diabetes[28].
This polymorphism (rs738409:I148M) in PNPLA3 has
been associated with reduced triglyceride hydrolysis in the
adipocyte and increases the risk of developing NAFLD
and NASH in the general population[30]. The presence of
this SNP in PNPLA3 in the donor has not been associated with development of allograft steatosis, obesity and
diabetes. Thus the role of peripherally mediated triglyceride hydrolysis (in extrahepatic adipose tissue) seems to
account for risk of NAFLD recurrence rather than liver
related triglyceride hydrolysis, at least in post-transplant
NAFLD[28,29].
In a study that systematically re-examined post-transplant biopsies and imaging, recurrent NAFLD was seen
in 39% (34/88), with NASH in 25 and isolated steatosis
in 9 of these 34 patients within 5 years post-transplant.
Severe recurrence (NAS score ≥ 5) or advanced fibrosis
was seen in 6 of the 34 with recurrent NAFLD[26]. NAFLD
recurrence was correlated with pre and post-transplant BMI
and post-transplant triglyceride levels and prednisone dose
at 6 mo post-transplant. In this study post-transplant survival was similar between those with NAFLD recurrence vs
those without.
Other studies have showed similar rates of NAFLD recurrence with one study showing recurrent NAFLD in 20
of 83 (24%). The metabolic syndrome and insulin use were
linked to recurrent NAFLD in this study[27].
Yalamanchili et al[22] reported long term outcomes with
post-transplant NAFLD recurrence. In this study, recurrent steatosis was reported in 45% of NAFLD transplant
recipients and NASH was less common occurring in 4%.
Advanced allograft fibrosis or cirrhosis was reported in
5% by 5 years and 10% by 10 years post transplantation
and was more common in those with recurrent NASH
(31%) vs those with steatosis alone (6%) or no steatosis
(3%). In this study survival was similar at 1, 5 and 10 years
in those with NAFLD and those with other liver diseases
at transplant. Death from cardiovascular disease was more
common than due to recurrent liver disease attesting to the
strong link between the factors that predict development
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of NAFLD (Metabolic syndrome) and cardiac disease[22].
Other studies have also not shown reduced survival
with NAFLD recurrence so far[26], although studies have
been limited by a dearth of long term follow up (10
years or more) for large number of patients.
In patients transplanted for CRC, NAFLD has been
reported to occur post transplantation and may be due to
recurrent disease in a significant number of these patients
who likely had undiagnosed NAFLD prior to transplantation. In one study steatosis alone developed in 25%
and NASH in 16% of patients transplanted for CRC[31].
Predictors for post-transplant NAFLD in this population
included pre or post-transplant diabetes, hypertriglyceridemia and higher BMI. In another study of thirty CRC
patients who had the NAFLD phenotype (metabolic
syndrome) prior to liver transplantation, recurrent steatosis was seen in 100% by 5 years post-transplant. Steroid
dose was correlated with development of post-transplant
NAFLD[32].
Very few if any data exist on risk of HCC in NAFLD
and outcomes for these patients after transplantation. In
a single center study, 17% of NASH cirrhosis patients
referred for liver transplantation had HCC (6 noted incidentally on explant) which was higher than the number
of patients with PBC/PSC with HCC and similar to
ALD and HCV with HCC. Survival in NASH and HCC
patients was good after liver transplant with 88% survival at a mean follow-up of 2.5 years[33].

DEVELOPMENT OF DE NOVO NAFLD
AFTER LIVER TRANSPLANTATION
De novo NAFLD has been reported after liver transplantation in recipients who did not carry the diagnosis of
NAFLD prior to liver transplantation. The incidence of
de novo NAFLD after liver transplantation has ranged from
18% to 33%[34-36] with the progressive form NASH reported in 9% in one report[34]. In a study with liver biopsies
done as protocol at 1, 5 and 10 years post-transplantation,
as well as for clinical indications, the incidence of de novo
NAFLD (defined as steatosis greater than 5% after more
than 6 mo post liver transplantation) was 31% in 599 recipients with an average follow up of 40 mo. Histological
NASH was present in only 3.8%, but perisinusoidal fibrosis was present in 29% and advanced fibrosis/cirrhosis in
2.25%[37]. The increased incidence of perisinusoidal fibrosis without steatohepatitis has not been well described in
non-transplant populations and may represent a modified
presentation in immunesuppressed individuals who may
not present with brisk inflammatory response. In addition
51% of the recipients with de novo NAFLD had normal
liver enzymes in this study attesting to the importance of
liver biopsies and possibly imaging in accurately diagnosing NAFLD.
Factors associated with de novo NAFLD include posttransplant obesity, post-transplant diabetes, hyperlipidemia and hypertension[37]. In addition tacrolimus was
also associated with recurrent NAFLD and this drug has
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been well described as having an increased risk for developing diabetes[38].
In addition in this study a pretransplant diagnosis of
alcoholic cirrhosis was associated with an increased risk
of de novo NAFLD. In this study patients with recurrent
alcoholism and recurrent hepatitis C or hepatitis B were
excluded from the analysis as these conditions can lead
to steatosis. The increased risk of de novo NAFLD in patients with prior ALD may reflect an underlying predisposition to NAFLD that could not be diagnosed prior to
transplantation due to the concomitant alcoholic steatohepatitis. Donor allograft steatosis was also more prevalent in the group that developed de novo NAFLD (30%)
as compared to the group that did not develop NAFLD
(12.65%). This study did not quantify the degree of hepatic steatosis and nor were any genetic polymorphisms
tested for in the donor. Other studies have suggested
that donor polymorphisms that regulate cytokine release,
inflammation and microsomal triglyceride transfer may
be important in risk of developing NAFLD[39]. Protective factors against de novo NAFLD may include use of
Angiotensin converting enzyme inhibitors[40], although
this approach has not been tested in a trial.
The consequences of de novo NAFLD are not well
known. In the study mentioned above complete regression
occurred in 13 % (all with grade 1 steatosis initially), reduction of steatosis was seen in 35%, stability in 22%, and exacerbation in 30%. Higher prevalence of obesity was present in those with progression of histological liver disease[34].
In patients with hepatitis C the risk of developing de
novo NAFLD is higher and can be linked to recurrence
of hepatitis C[35]. Development of de novo NAFLD in the
allograft can reduce the response rate to current antiviral
therapy for hepatitis C and thus impact graft and patient
outcomes[35].

The use of PPAR-gamma agonists (e.g., Pioglitazone)
improves insulin resistance and has shown some promise
in reversing NAFLD in non-transplant patients[45,46]. In
a large randomized controlled trial however it was not
superior to placebo and inferior to vitamin E in reversing
NAFLD[42]. This class of agents is also associated with
weight gain and this also limits its utility in treatment of
NAFLD[45,46].
Pharmacologic treatment of clinically overt diabetes,
dyslipidemia and hypertension should be carried out as
per best practice guidelines for managing these conditions [46] and in multidisciplinary teams involving the
transplant team, primary care providers[47], diabetes specialists and preventive cardiologists.
Given that to a large extent immune-suppression exacerbates or promotes the development of the metabolic
syndrome, immunosuppression modulation should be
considered in patients with recurrent NAFLD or at risk
of developing recurrent or de novo NAFLD. In particular
minimization or avoidance of steroids, minimization
of calcineurin inhibitor dose and levels and avoiding
sirolimus in patients with hyperlipidemia is important in
the management of NAFLD, obesity and metabolic syndrome post liver transplantation.
Bariatric surgery for obesity and morbid obesity has
shown promising results in non-transplant patients and
can reverse some of the metabolic consequences related
to obesity such as diabetes[48]. Limited series have reported
successful bariatric surgery specifically in patients with
NAFLD[49], and in case reports in patients with NAFLD
with compensated cirrhosis[50].
For NAFLD patients undergoing liver transplantation
there are limited case reports of the utility of bariatric surgery after recurrence of NAFLD post transplantation[51].
There are also risks of exacerbation of NASH after bariatric surgery due to excessive weight loss as well as risks
of impaired drug absorption and bacterial overgrowth
that can impact post-transplant outcomes. At this point
more evidence is needed before advocating bariatric surgery in transplant recipients.

MANAGEMENT OF NAFLD AFTER LIVER
TRANSPLANTATION
There have been no published trials of pharmacotherapy
specifically for post-transplant NAFLD. Analysis of the
predictors of post-transplant NAFLD recurrence and data
from non-transplant therapeutic studies on NAFLD suggest that sustained weight loss through a combination of
dietary changes and exercise are most successful in reversing the histological findings of NAFLD[40], and improving
biochemical and metabolic parameters including liver enzymes, insulin resistance, lipid levels and blood pressure in
this condition[41].
Studies on pharmacotherapeutic agents in non-transplant patients suggest a role for vitamin E in selected individuals. In non-diabetics a large randomized controlled
trial over 48 wk improved the histological features and
liver enzymes in NAFLD[42]. Recent concerns about risk
of prostate cancer[43] and risk of cardiac disease in susceptible individuals[44], as well as lack of long term data on
sustained efficacy and safety may limit its usefulness in the
post-transplant population.
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DONORS WITH NAFLD
An adverse consequence of the epidemic of obesity and
fatty liver in the population is the impact on suitable donors for liver transplantation. There is an increased risk of
primary non-function of the allograft with fatty donors[52].
This data suggest that greater than 30% steatosis in the
donor organ increases the risk of primary non-function.
As NAFLD in the populations increases, the pool of
potentially suitable organs for liver transplantation may
diminish as a consequence.
In a Korean paper that evaluated steatosis in potential
donors over a year, NAFLD (> 5% steatosis) was present in 51% and greater than 30% steatosis was present in
10.4% with NASH in 2.2%. The prevalence of steatosis
was higher in donor over the age of 30, and those donor
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with obesity and elevated triglyceride levels. In this study
ultrasonography and CT both had limitations in diagnosis
of NAFLD (> 30% steatosis in donors) with sensitivity of 92% for ultrasound but positive predictive value
of only 34.5% and for CT a sensitivity of 64% and PPV
of 45%. More recently the use of MRI Quantification
methods for steatosis have been developed and validated
independently against liver biopsy showing excellent correlation with histological steatosis grading[53,54]. Although
donor biopsies should still be considered before excluding
donors as unsuitable due to steatosis, utilization of MRI,
particularly for liver donors may in the near future supplant the need for liver biopsies[55].
Although patient and graft survival can be diminished
due to use of steatotic grafts, this is possibly not a risk factor for diminished graft survival if it exists in isolation[56].
Selection bias also confounds the picture as grafts that are
not utilized due to steatosis may have different outcomes
than steatotic grafts that are transplanted[57].
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FUTURE DIRECTIONS
With increasing numbers of transplants in patients with
NAFLD, current data support a careful audit of both
short and long term post-transplant outcomes. Rigorous studies on immune-suppression regimens designed
to decrease the incidence of metabolic complications for
this population are needed. In addition post-transplant
therapy for NAFLD including diet and exercise regimens,
pharmacologic agents and bariatric surgery all warrant
prospective study. With increasing numbers of donors
with fatty livers, outcomes with these grafts should be
tracked in prospective databases that include both donor
and recipient variables.
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Current role of fenofibrate in the prevention and
management of non-alcoholic fatty liver disease
Michael S Kostapanos, Anastazia Kei, Moses S Elisaf
ly, fenofibrate can limit hepatic macrophage infiltration. Other liver-protective effects include decreased
oxidative stress and improved liver microvasculature
function. Experimental studies showed that fenofibrate
can limit liver steatosis associated with high-fat diet,
T2DM and obesity-related insulin resistance. Few studies showed that these benefits are also relevant even in
the clinical setting. However, these have certain limitations. Namely, these were uncontrolled, their sample
size was small, fenofibrate was used as a part of multifactorial approach, while histological data were absent.
In this context, there is a need for large prospective
studies, including proper control groups and full assessment of liver histology.
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Abstract

Key words: Fenofibrate; Non-alcoholic fatty liver disease; Steatohepatitis; Peroxisome proliferator-activated
receptors

Non-alcoholic fatty liver disease (NAFLD) is a common
health problem with a high mortality burden due to its
liver- and vascular-specific complications. It is associated with obesity, high-fat diet as well as with type 2 diabetes mellitus (T2DM) and metabolic syndrome (MetS).
Impaired hepatic fatty acid (FA) turnover together with
insulin resistance are key players in NAFLD pathogenesis. Peroxisome proliferator-activated receptors (PPARs)
are involved in lipid and glucose metabolic pathways.
The novel concept is that the activation of the PPARα
subunit may protect from liver steatosis. Fenofibrate, by
activating PPARα, effectively improves the atherogenic
lipid profile associated with T2DM and MetS. Experimental evidence suggested various protective effects
of the drug against liver steatosis. Namely, fenofibraterelated PPARα activation may enhance the expression
of genes promoting hepatic FA β-oxidation. Furthermore, fenofibrate reduces hepatic insulin resistance. It
also inhibits the expression of inflammatory mediators
involved in non-alcoholic steatohepatitis pathogenesis.
These include tumor necrosis factor-α, intercellular cell
adhesion molecule-1, vascular cell adhesion molecule-1
and monocyte chemoattractant protein-1. Consequent-
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Core tip: Non-alcoholic fatty liver disease (NAFLD) is
a common health problem associated with increased
liver- and vascular-specific complications. Dyslipidemia,
predominantly hypertriglyceridemia, and insulin resistance play a key role in its pathogenesis. Fenofibrate,
by activating peroxisome proliferator-activated receptors appears to decrease liver steatosis in experimental
animal studies. This benefit can be attributed to its
lipid-lowering potency, together with anti-inflammatory
and anti-oxidant actions. Also, fenofibrate increases adiponectin levels and the expression of its liver-active receptor. A potential protective role of fenofibrate against
NAFLD has also been implied by few small clinical studies. However, this benefit should be further assessed.
Original sources: Kostapanos MS, Kei A, Elisaf MS. Current
role of fenofibrate in the prevention and management of non-alcoholic fatty liver disease. World J Hepatol 2013; 5(9): 470-478
Available from: URL: http://www.wjgnet.com/1948-5182/full/
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that raised activities of ALT or γGT may predict future
development of MetS or T2DM[20-24]. In this context,
NAFLD has been considered as the ‘‘hepatic component of MetS’’.
It was suggested that NAFLD increases the risk of
cardiovascular (CV) events[20,28,29]. In prospective studies,
raised serum activity of liver enzymes independently predicted CV events and/or total and CV mortality[20]. For
example, γGT activity was raised in 163 patients admitted
with an acute ischemic/non-embolic stroke compared
with 166 healthy individuals[30]. Interestingly, patients
at the highest quartile for γGT activity had a 4.7-fold
higher risk of ischemic stroke than those at the lowest
quartile[30]. This association was relevant after adjustment for the presence of established CV risk factors[30].
In accordance with these findings, elevated ALT activity
was associated with increased CV- and diabetes-related
mortality in 37085 Korean subjects [31]. Furthermore,
NAFLD patients may exhibit enhanced subclinical atherosclerosis compared with non-steatosic individuals[28].
This may be explained at least in part by the coexistence
of NAFLD with an atherogenic risk profile characterized
by hyperlipidemia, dysglycemia and hypertension[32]. Also,
in NAFLD the liver overproduces various atherogenic
factors, including inflammatory cytokines, coagulation
factors and molecules that increase blood pressure[32].
To date, an established treatment of NAFLD is
gradual weight loss. It was shown that dietary intervention or bariatric surgery improved liver function tests and
liver histology in patients with NASH[33-35]. Also, weight
reduction by orlistat might be useful[36,37]. Among 50
overweight subjects dietary intervention together with
vitamin E and orlistat achieved significant weight loss[37].
Reduction ≥ 5 and 9% was associated with improved
insulin resistance and hepatic histological findings, respectively[37]. Also, vitamin E as a potent antioxidant can
improve liver histology in non-diabetic NASH. In this
context, it is considered a first-line pharmacotherapy
for this patient population[38]. Furthermore, pioglitazone
can be useful for patients with biopsy-proven NASH[38].
However, it should be acknowledged that most patients
on pioglitazone in clinical trials were non-diabetic. Also,
long-term safety and efficacy has not been evaluated[38].

v5/i9/470.htm DOI: http://dx.doi.org/10.4254/wjh.v5.i9.470

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is a cluster
of liver disorders associated with hepatic lipid accumulation (steatosis) in the absence of viral hepatitis or alcohol
abuse[1]. These include a histological spectrum ranging
from steatosis alone to non-alcoholic steatohepatitis
(NASH)[1]. In NASH, beyond lipid accumulation, necroinflammation and fibrosis exist[2,3]. Approximately 29% of
NASH patients will develop cirrhosis within 10 years[4].
End-stage liver disease and hepatocellular carcinoma are
liver-specific endpoints of NAFLD[3-5].
NAFLD is a common health problem affecting up
to 35% of the population in several countries[5]. It is
estimated that 19% of the United States adult population, corresponding to 28.8 million individuals, exhibit
ultrasonographic findings of NAFLD[6]. Increased body
weight considerably increases the risk of this abnormality. Among 257 Italian individuals obesity was associated with a 4.6-fold increased risk of hepatic steatosis[7].
Considering current obesity epidemic it is expected that
NAFLD prevalence will rise.
NAFLD is typically asymptomatic[8]. Non-specific
complaints include fatigue, malaise and right upper
quadrant discomfort[8]. Elevation of aminotransferase
activities, especially of alanine aminotransferase (ALT)
and γ-glutamyltranspeptidase (γGT), are markers of hepatocellular damage[9,10]. Lipid accumulation in the liver
is identified by non-invasive imaging techniques, including ultrasound and magnetic resonance imaging (MRI)[9].
However, these techniques cannot discriminate between
simple liver steatosis and NASH. In this context, liver biopsy remains the ‘‘gold standard’’[11].
From a pathophysiological viewpoint, NAFLD is
associated with imbalanced influx vs removal of triglycerides (TG) in the liver[1]. In this context, TG accumulation > 55 mg/g measured by MRI or by histological
examination is its key diagnostic feature[12,13]. Fatty acids
(FA) account for approximately 60% of TG in the liver
of NAFLD patients, while approximately 15% originate
from dietary fat[14]. De novo production is responsible for
the rest 25%[14].
Insulin resistance plays a key role in the pathogenesis
of NAFLD[2,15,16]. This can be attributed to enhanced hepatic FA flux and uptake[2,15,16]. Insulin resistance results in
hyperinsulinemia and increased circulating levels of free
FA, which enter hepatocyte cytoplasm to create TG[2,15,16].
Furthermore, high plasma insulin and glucose levels
might stimulate transcription factors associated with
enhanced hepatic lipogenesis[17-19]. In the clinical setting,
these abnormalities are mirrored by increased circulating
concentration of TG-rich lipoproteins and hypertriglyceridemia. NAFLD is commonly noted in insulin resistant
states, including type 2 diabetes (T2DM) and metabolic
syndrome (MetS)[20-27]. Interestingly, it was suggested
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NAFLD AND LIPID-LOWERING DRUGS
Interest is increasing regarding the effect of lipidlowering drugs on NAFLD. Long-term statin treatment
has been associated with significant decreases or even
normalization of serum aminotransferase activities in patients with NAFLD and dyslipidemia[39-41]. Liver steatosis
assessed by either imaging techniques or biopsy was also
diminished[40,41]. Interestingly, this benefit appears to be
associated with greater vascular risk reduction. The Greek
Atorvastatin and Coronary Heart Disease Evaluation
study included 1600 patients with established coronary
heart disease (CHD). These were randomized to atorvastatin or ‘‘usual’’ medical care to achieve low density
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lipoprotein cholesterol (LDL-C) goal < 100 mg/dL[42].
Atorvastatin was more effective in reducing total and CV
mortality as well as coronary morbidity compared with
‘‘usual’’ care[42]. A post hoc analysis of this study included
437 patients with moderately abnormal liver function
tests at baseline possibly associated with NAFLD[43].
NAFLD was assumed in patients with moderately elevated aminotransferase activities (< 3x the upper limit
of normal) together with relevant ultrasonographic
findings, after excluding other causes of abnormal liver
function tests[43]. Statin (mainly atorvastatin) treatment
was associated with substantial improvements of aminotransferase activities, whereas non-statin use with further
increases[43]. Interestingly, among patients with abnormal
liver function tests those who received a statin experienced a greater reduction of CV events (69% relative
risk reduction, P < 0.0001) compared with those who did
not receive a statin[43]. Furthermore, among statin-treated
patients, those with abnormal liver function tests had
fewer CV events compared with those with normal liver
function tests (39% relative risk reduction, P < 0.0001)[43].
However, these promising findings have limitations including the post hoc analysis and small number of patients.
Furthermore, liver biopsy was not performed.
Ezetimibe antagonizes cholesterol absorption by inhibiting Niemann-Pick C1 like-1 protein (NPC1L1)[44].
This protein is expressed by both enterocytes and hepatocytes. It was suggested that ezetimibe may be useful for
the management of NAFLD by inhibiting hepatic cholesterol accumulation[45]. This can be better achieved by
combinations of ezetimibe with drugs facilitating weight
loss or enhancing insulin sensitivity[45].
Fibrates are first-line drugs for reducing TG levels.
In this context, they are commonly used for correcting lipid abnormalities in obese patients with MetS and
T2DM[46-48]. Their hypolipidemic action is attributed to
activation of the peroxisome proliferator-activated receptors (PPAR), particularly PPARα[49]. PPARs control the
transcription of genes regulating lipid and glucose metabolism[50]. These receptors may also modulate hepatic
lipid homeostasis, inflammation and fibrosis, by directing
the proliferative and inflammatory response of specific
cell types[50].
PPAR α isotype is highly expressed in metabolically active tissues, including the liver, muscle, intestine
and brown adipose tissue[51]. PPARα is predominantly
expressed by hepatocytes and decreases hepatic lipid accumulation[50,51]. This is mostly attributed to a regulation
of the FA transport and β-oxidative degradation. PPARα
also controls inflammatory responses by inhibiting inflammatory gene expression induced by nuclear factor
kappa B (NF-κB)[50,51]. Furthermore, it can limit interleukin (IL)-1-associated C-reactive protein expression[50,52].
In this regard, it has been shown that PPARα deficient
mice are susceptible to hepatic steatosis and NASH[53-55].
The current concept is that PPARα activation may
prevent these abnormalities[50,53]. Interestingly, PPARα
agonism reversed steatohepatitis in mice, suggesting a
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potential curative role against NASH [56]. This benefit
might be attributed to a downregulated expression of inflammatory genes[55]. Also, PPARα activation may reverse
fibrosis by reducing the expression of fibrotic markers
and the number of stellate cells[56].

FENOFIBRATE AND NAFLD
Fenofibrate is one of the most used fibrates. This drug
alone or in combination with statins improves the atherogenic serum lipid profile, by significantly reducing TG,
while raising HDL-C levels[57-59]. Also, it appears to exert
anti-inflammatory and anti-thrombotic actions, while
improving endothelial function, particularly in patients
with MetS and T2DM[47,60-63]. In this context, large clinical trials suggest that fenofibrate declines atherosclerosis
progression and the risk of vascular events in patients
with T2DM and dyslipidemia[64,65]. However, this benefit
should be further assessed.
Interestingly, fenofibrate may improve insulin sensitivity by limiting lipid accumulation in several tissues,
including the liver and muscles[66-69]. This can also be attributed to increased adiponectin together with reduced
expression and plasma levels of several other adipokines,
including tumor necrosis factor-α (TNF-α), leptin, resistin and plasminogen activator inhibitor (PAI)-1[66,70,71].
Considering its hypolipidemic and insulin-sensitizing actions it could be assumed that fenofibrate is useful for
the prevention and management of NAFLD. Herein, we
discuss the role of fenofibrate as a potential treatment
option for NAFLD.
Mechanistic implications
Animal studies suggested a protective role of fenofibrate
against NAFLD providing explanatory mechanisms.
Fenofibrate prevented from high-fat diet-induced hepatic
TG accumulation[72-75]. Consequently, all histological findings of NAFLD, including hepatic steatosis, necroinflammation and collagen deposition, were reversed[72-74]. These
benefits were associated with its lipid-lowering together
with anti-inflammatory properties. Namely, fenofibrate
prevented from diet-associated weight gain and increases
in circulating TG and free FA[72,73]. It was suggested that
PPARα activation by fenofibrate enhances hepatic FA
turnover. Namely, it increased mRNA expression of FA
[76]
β-oxidation enzymes in obese rats with T2DM . These
include FA transport protein, FA binding protein, carnitine palmitoyltransferase II, as well as medium- and longchain acyl-CoA dehydrogenase and acyl-CoA oxidase[76,77].
A high-fat diet-associated increase in the liver inflammatory gene expression may be ameliorated by fenofibrate[74]. Importantly, this effect was relevant immediately
after treatment initiation, before liver steatosis occur. This
finding implies a potential protective role of fenofibrate
against liver inflammation resulting in NASH[74]. TNF-α
plays a key role in NASH pathogenesis. Its plasma levels
can be decreased by fenofibrate[72]. It appears that TNF-α
hepatic expression is reduced by PPARα activation[73].
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Macrophage infiltration of the liver may be also limited[72,74].
Inhibition of the liver expression of monocyte chemoattractant protein (MCP)-1, intercellular adhesion molecule
(ICAM)-1 and vascular adhesion molecule (VCAM)-1
may help explain this benefit[75]. This action is PPARαdependent[75]. Anti-inflammatory properties of fenofibrate imply a protective effect against NASH.
Anti-oxidant actions may account for anti-steatosic effects of fenofibrate on the liver[73,78]. Fenofibrate reduced
hepatic steatosis in mice developing hereditary NAFLD
without obesity[78]. Increased expression of genes facilitating FA turnover, while reducing hepatic lipid peroxidation, were mechanisms explaining this benefit[78].
Reducing hepatic insulin resistance may also account for protective effects of fenofibrate against
NAFLD[72,73,76,79]. This may be mediated by enhanced FA
β-oxidation together with eliminated accumulation of
diacylglycerols, which have an impact on insulin signaling[79]. In this context, fenofibrate improved liver steatosis
in animal models of obesity-related T2DM and hepatic
insulin resistance[76,79]. Likewise, in a NASH animal model
with obesity, dyslipidemia and insulin resistance fenofibrate improved insulin sensitivity and hepatic morphology, while decreasing ALT activity[77]. In this regard fenofibrate was more effective than rosiglitazone[77]. Therefore,
PPARα might be preferred over PPARγ activation for
treating insulin resistance-associated NASH.
High-fat diet may adversely affect hepatic microvasculature by narrowing sinusoids and reducing hepatic
microcirculatory perfusion[80]. Consequently, oxygenation
of portal venules may be disturbed. It was suggested
that these abnormalities promote the development of
NAFLD[80]. It was suggested that PPARα agonists exert
beneficial effects on the microcirculation of several tissues, including the retina, kidney and nerves[80]. It appears that PPARα activation inhibits various mediators
of vascular damage, including lipotoxicity, inflammation,
reactive oxygen species generation, endothelial dysfunction and thrombosis[80]. Also, it can influence intracellular
signalling pathways associated with microvascular complications[80]. In this context, fenofibrate was associated
with a slower progression of retinopathy and albuminuria
in the clinical setting of T2DM[64,80-82]. It was shown that
fenofibrate exerts beneficial effects on the liver microvascular environment and oxygen metabolism. Namely,
it remarkably improved microvascular patency and tissue
oxygenation in high-fat diet-induced NAFLD mice[83].
These findings imply a potential protective effect of the
drug against T2DM-related hepatic steatosis.
Another experimental study investigated a cross-link
between anti-steatosic and anti-atherosclerotic effects of
fenofibrate[84]. Microparticles are small membrane vesicles
produced by activated and apoptotic cells, being not only
biomarkers, but also functional actors in NAFLD and
atherosclerosis. In mice with atherosclerosis and NAFLD,
fed with Western diet, the expression of microparticles
was increased in atherosclerotic lesions and the liver[84].
Fenofibrate was associated with reduced expression of
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microparticles in atherosclerotic lesions, but not in the
liver [84]. Therefore, limiting microparticle expression
might not help explain the protective role of fenofibrate
against NAFLD.
Adiponectin is an adipokine with various functions
associated with insulin sensitivity and inflammation[85-87].
Reduced adiponectin levels have been associated with
increased insulin resistance and risk of vascular events[85].
Patients with MetS and/or T2DM have low circulating
adiponectin levels[86,87]. These are also decreased in patients with NAFLD, possibly due to enhanced hepatic insulin resistance together with declined FA β-oxidation[88,89].
In contrast, recombinant adiponectin administration
exerted protective effects against NAFLD in mice[90].
These were attributed to increased β-oxidation and limited hepatic synthesis of FA[90]. Also, liver production and
plasma levels of TNF-α may be reduced[90]. Adiponectin
downregulated aldehyde oxidase 1 in vivo[91]. This enzyme
produces reactive oxygen species that promote cell damage and fibrogenesis[91]. Its activity is high in obesityrelated hepatic steatosis[91]. Adiponectin also inhibited hepatic fibrosis by downregulating connective tissue growth
factor in vitro[92]. This molecule promotes liver fibrosis by
activating transforming growth factor (TGF) β[92]. PPARα
activation appears to play a key role in these benefits of
adiponectin; thus fenofibrate exhibited the same properties[91,92]. Also, clinical and experimental studies showed
that fenofibrate increases adiponectin plasma levels[93,94].
This was associated with vascular benefits of the drug
and the rise in HDL-C levels[93,94].
Except for adiponectin, its liver-specific R2 receptor
(AdipoR2) appears to play a role in steatosis and inflammation. At the cellular/molecular level AdipoR2 mRNA
was reduced in liver samples of patients with NASH[95,96].
It was suggested that AdipoR2 may be protective against
steatosis-related hepatic insulin resistance[97]. In contrast, impairment of its expression was associated with
decreases PPARα signaling pathways[97]. FA load and
endoplasmic reticulum stress decreased AdipoR2 levels
in vitro[98]. Fenofibrate preserved AdipoR2 levels, while
preventing from TG accumulation and endoplasmic reticulum stress[98].
Clinical evidence
Few clinical studies assessed the effect of fenofibrate on
biochemical and imaging surrogates of NAFLD. A study
included 186 patients with MetS and both biochemical
and ultrasonographic evidence of NAFLD[99]. These received lifestyle advice and treatment for hypertension, impaired fasting glucose (metformin) and obesity (orlistat)[99].
For the management of dyslipidemia study participants
were randomized to atorvastatin 20 mg/d or micronized
fenofibrate 200 mg/d monotherapy or their combination.
After 54 wk the percentage of patients having no longer
biochemical or ultrasonographic evidence of NAFLD
was 67%, 42% and 70% for atorvastatin, fenofibrate and
combination, respectively[99]. Interestingly, each treatment
option was independently associated with this benefit.
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Other variables independently predicting hepatic steatosis
elimination included corrections of low-grade inflammation (high-sensitivity C-reactive protein), anthropometric
variables (waist circumference and body weight), the
serum lipid profile (TG, LDL-C and total cholesterol
levels), systolic blood pressure and glucose levels[99]. This
study highlighted a potential role of multifactorial treatment, including fenofibrate, in reducing hepatic steatosis
associated with MetS. However, these results should be
considered under certain limitations. For example, no
placebo group was included. Furthermore, no biopsy,
which is the ‘‘gold standard’’ for NAFLD diagnosis and
staging, was performed[99]. Another small study included
15 patients with T2DM randomized to fenofibrate or pioglitazone[100]. Pioglitazone significantly improved glucose
homeostasis and reduced fasting TG and free fatty acid
(FFA) concentrations. These changes were associated
with decreased hepatic fat content assessed by MRI[100].
However, these changes were not relevant in fenofibratetreated patients. Adding pioglitazone on fenofibrate decreased insulin resistance as well as FFA and TG levels,
thereby reducing hepatic fat content[100]. This finding implies the efficacy of multifactorial treatment in restricting
hepatic steatosis in T2DM, as well. In contrast, adding
fenofibrate on top of pioglitazone failed to significantly
decrease insulin resistance, while lowering circulating TG
and FFA levels. These changes were not associated with
significantly reduced hepatic steatosis[100]. Considering
these, improving insulin resistance by PPARγ activation
might be preferred over reducing TG levels for the management of T2DM-related NAFLD.
Another study included 16 patients with biopsyconfirmed NAFLD. These were treated with fenofibrate
(200 mg/d) for 48 wk[101]. Fenofibrate was associated with
significant improvement of the serum lipid profile and
insulin sensitivity. Alkaline phosphatase and γGT activities were significantly reduced[101]. The proportion of
patients with abnormal aminotransferase activities (> 45
IU/L) was also decreased: 93.7% at baseline vs 62.5% following treatment for ALT; 50% at baseline vs 18.7% following treatment for AST[101]. Interestingly, a control liver
biopsy at the end of the study showed a significantly decreased grade of hepatocellular ballooning degeneration
compared with baseline. However, the grade of steatosis,
lobular inflammation, fibrosis and NAFLD activity score
did not change significantly[101].
Data from large clinical trials are lacking. This may be
attributed to the exclusion of patients with chronic liver
disease due to transient increases in aminotransferase
activities associated with fibrate treatment[102]. Although
these elevations occur without any other signal of hepatotoxicity, moderate increases in liver function tests are an
indication of adverse effect reaction in large clinical trials.
This was also relevant for fenofibrate trials, including the
Fenofibrate Intervention and Event Lowering in Diabetes study[64]. Also, it was suggested that aminotransferases
may be direct PPARα target genes[103,104]. This implies that
fibrate-induced elevations in plasma aminotransferase
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activities are a mechanism-related treatment effect. In this
context, aminotransferase activities might be problematic
as surrogates of NAFLD in studies assessing drug effects
on liver steatosis.

CONCLUSION
NAFLD is a common health problem associated with
increased liver-specific as well as CV morbidity and mortality. Impaired FA turnover, often associated with insulin
resistance, is its pathophysiological hallmark. In the presence of inflammation hepatic steatosis can progress to
NASH and eventually cirrhosis. Weight loss, vitamin E
and pioglitazone can be useful for the management of
this abnormality, while the role of lipid-lowering drugs is
being investigated.
PPARα plays a role in the pathogenesis of NAFLD
by regulating lipid and glucose metabolic pathways. The
novel concept is that PPARα activation may be protective
and therapeutic against NAFLD. Experimental data suggested such a role of fenofibrate in the setting of highfat diet, obesity, insulin resistance and T2DM. An improved FA turnover can help explain this benefit. Indeed,
fenofibrate appears to enhance the expression of genes
promoting FA β-oxidation. Also, its anti-inflammatory
together with anti-oxidant actions may prevent from
NASH-related necroinflammation, apoptosis and fibrosis.
These are attributed to inhibited expression of inflammatory mediators, including TNF-α, MCP-1,VCAM-1 and
ICAM-1, together with reduced lipid peroxidation and
reactive oxygen species formation. Also, it was suggested
that insulin resistance is also improved by fenofibrate. All
these effects appear to be PPARα-dependent. Furthermore, fenofibrate increases the expression and plasma
levels of adiponectin, while preserving its liver-active
receptor. Beyond insulin-sensitizing effects this adipokine
enhances FA hepatic β-oxidation and exerts various antiinflammatory and anti-fibrotic effects on the liver.
Data are inconclusive regarding the effect of fenofibrate on NAFLD surrogates in the clinical setting. Fenofibrate treatment as a part of multifactorial approach
may be useful in MetS and T2DM. In this regard, insulinsensitizing may be more important than lipid-lowering effects of the drug. However, this benefit should be further
established by histological studies. Other limitations of
available clinical studies include small sample size and the
use of fenofibrate in combination with other strategies.
In this context, there is a need for large prospective studies, including proper control groups and full assessment
of liver histology.
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HEPATIC ENCEPHALOPATHY
Introduction and division
Hepatic encephalopathy (HE) continues to be a major
clinical problem. In subjects suffering from acute/chronic liver failure, HE can lead to coma and death. This
medical state causes a broad range of neuropsychiatric
disturbances with variable intensities, including poor
concentration, psychomotor retardation, decreased reaction time, short-term memory impairment and sensory
dysfunction[1,2]. According to the newest data, HE occurs
as one of four types. Therefore, this encephalopathy syndrome might be classified into four groups: A, B, C and
D[3-5]. Type A HE is inseparably associated with acute
liver failure resulting from severe inflammatory and/or
necrotic rapid onset liver disease (e.g., paracetamol overdose, excessive alcohol intake or acute fatty liver caused
by pregnancy or Reye’s syndrome). Type B HE is associated with portosystemic bypass in the absence of parenchymal liver disorders and is mainly connected with congenital abnormalities. Type C HE accompanies chronic
liver failure (cirrhosis) and portal hypertension with portosystemic shunts. Type C has three subcategories: episodic (precipitated, spontaneous, or recurrent), persistent
(mild, severe, or treatment-dependent) and minimal. In
2009, the International Society for the Study of Hepatic
Encephalopathy and Nitrogen Metabolism completed
these classifications and added the experimental models

Abstract
Hepatic encephalopathy is a medical phenomenon
that is described as a neuropsychiatric manifestation
of chronic or acute liver disease that is characterized
by psychomotor, intellectual and cognitive abnormalities with emotional/affective and behavioral disturbances. This article focuses on the underlying mechanisms of the condition and the differences between
hepatic encephalopathy and noncirrhotic hyperammonemic encephalopathy. Hepatic encephalopathy is
a serious condition that can cause neurological death
with brain edema and intracranial hypertension. It is
assumed that approximately 60%-80% of patients
with liver cirrhosis develop hepatic encephalopathy.
This review explores the complex mechanisms that
lead to hepatic encephalopathy. However, noncirrhotic
hyperammonemic encephalopathy is not associated
with hepatic diseases and has a completely different
etiology. Noncirrhotic hyperammonemic encephalopathy is a severe occurrence that is connected with multiple pathogeneses.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Figure 1 The different factors and mechanisms involved in the pathogenesis of hepatic encephalopathy. GABA: Gamma-aminobutyric acid; NMDA: N-methylD-aspartate.

associated with each type[6]. Finally, type D is associated
with disorders of the urea cycle. Typically, these syndromes are rare hereditary disorders of urea biosynthesis
caused by genetic defects in the urea cycle and have been
described for each of the six enzymes that participate
in urea formation. They occur mainly in neonates and
more rarely in adults[7-16]. Alcohol, viral infections, drugs
or toxins and biliary obstruction are several reasons for
the development of cirrhosis. Portal hypertension resulting from cirrhosis stimulates the opening of embryonic
venous channels. Portal-systemic shunts then allow intestinal toxins (ammonia, manganese and cytokines) to bypass the liver in the systemic circulation. A classification
based on HE severity enables the division of HE into
two types: (1) minimal hepatic encephalopathy (MHE);
and (2) overt hepatic encephalopathy (OHE). MHE affects patients who have normal mental and neurological
status; however, abnormalities appear in specific psychometric tests[17-20]. OHE is characterized by neurological
and neuropsychiatric disruptions, which can be detected
by bedside clinical tests[21].

a surgical shunt from the portal vein to the vena cava
of dogs mitigated their aggression and irritability during the experiment[22]. Similar investigations led to the
description of HE. In HE, complications from the
hepatic detoxification of ammonia expose the brain
to high ammonia concentrations. Consequently, these
complications lead to neurotoxicity, which results in neuropsychiatric syndromes and abnormal cerebral blood
flow[23,24]. The human body has several sources of ammonia. Primarily, ammonia is created in the colon as a
byproduct of proteins and urea, which are metabolized
by bacteria. Moreover, ammonia is produced in the small
intestine as the result of the bacterial degradation of
glutamine (an amino acid)[6,25]. Muscles and kidneys can
also produce ammonia. However, ammonia appears to
play a negligible role in organs that are beyond the gastrointestinal tract. In HE, the muscles and the kidneys
are involved in the metabolism of ammonia to a greater
extent than normal. In chronic liver failure, the skeletal
muscle tissue (because of its large size) becomes a key
organ that detoxifies ammonia in organisms. Liver disease often results in a condition requiring a hypoproteic
diet. However, in the context of the role of muscles in
hyperammonemia, this diet is not recommended for HE;
a hypoproteic diet might decrease both muscle mass and
ammonia detoxification. This proceeding is supported
by the latest research proving that diet supplementation
with branched-chain amino acids reduces MHE and improves muscle mass[26,27]. The kidneys also interact with
the liver to metabolize ammonia. Under normal circumstances, 30% of produced ammonia is excreted in the
urine. In liver disease, 70% of the synthesized ammonia
is eliminated by this means. As a result, renal disturbanc-

Pathogenesis
Although the etiology of HE has not been conclusively
established, it is widely agreed to be the result of numerous pathological processes. Research on the pathogenesis of HE is still being conducted, and several theories
have been reported (Figure 1).
The ammonia hypothesis
The neurotoxicity of ammonia is well recognized and
was first thought to play a significant role in the development of HE in the 1890s. In one study, creating
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es may intensify cognitive impairment during HE. Note
that a healthy liver (periportal hepatocytes) protects the
brain from ammonia by converting it into urea, which is
excreted through the kidneys and into the colon. Ammonia is also detoxified by the formation of glutamine from
glutamate, which occurs in the liver (the hepatocytes
near the central vein) and the brain[28-30]. Therefore, HE,
hepatocellular failure and portosystemic shunting disable
the ability of the liver to neutralize ammonia, and the arterial levels of this compound become elevated. Because
of the role it plays, ammonia is sometimes described as
a key toxin in the etiology of HE. First, ammonia can
induce astrocyte swelling as the result of osmotic imbalance. This phenomenon is thought to play a major role
in the pathogenesis of HE. Astrocytes are the only brain
cells that are able to metabolize ammonia. This metabolism occurs because of the presence of glutamine
synthetase (a special enzyme) in the astrocytes, which
transforms glutamate and ammonia into glutamine.
Therefore, the intracellular level of glutamine rapidly increases in conjunction with the concentration of ammonia in liver disease. Glutamine is an osmocyte and causes
the movement of water into the astrocytes. As the result,
the astrocytes swell, and this process leads to cerebral
edema and intracranial hypertension. In support of this
theory, the administration of methionine sulfoximine
(a glutamine synthetase inhibitor) prevents astrocytes
from swelling in animal models[31-33]. Astrocytes that are
exposed to ammonia for prolonged periods can undergo
a morphologic transformation into Alzheimer’s type Ⅱ
astrocytes, which are defined by large nuclei, prominent
nucleoli and marginated chromatin[34]. Hyperammonemia
among neural cells also produces reactive oxygen species
(ROS). These oxygen species are able to trigger astrocyte
swelling and modulate Zn2+ mobilization, which results
in the stimulation of the peripheral benzodiazepine
receptor. Furthermore, ammonia increases the resting
membrane potential in the brain, inactivates the neuronal
chloride extrusion pumps, suppresses inhibitory postsynaptic potential formation and causes neuron depolarization[35]. This neuroinhibitory state is characteristic
of HE. The molecular effects of ammonia reflect the
behavioral changes in patients with hyperammonemia.

also dangerous. Elevated levels of both mercaptans and
phenols have been found in patients with chronic liver
disease. These endogenous toxic substances, which are
produced in the intestines, are absorbed into the portal
venous flow. The toxins escape from liver catabolism
because of the impaired liver function and the presence of portosystemic shunts. Finally, the toxins reach
the brain through the blood-brain barrier (BBB) and
cause cerebral function disorders[29]. Coexisting gastrointestinal bleeding enhances the flow of toxins into the
systemic bloodstream. Bacterial flora might also be the
source of benzodiazepine-like compounds, which are
produced during the metabolism of amino acids. These
compounds can impair the function of the astrocytes
and disrupt gamma-aminobutyric acid (GABA)ergic
neurotransmission. Similarly to bacterial flora, bacterial
pathogens are also involved in the etiology of HE. Recent investigations underline the potential importance
of acute infections caused by bacterial pathogens and
the resulting inflammation in the neuropsychiatric symptoms of HE[36]. Moreover, the inflammatory response
might modulate the reaction to hyperammonemia. In
such a situation, cytokine-induced changes in ammonia
diffusion can occur in the brain, and the expression of
benzodiazepine receptors might increase.
The GABAergic neurotransmission theory
GABA is a principle inhibitory neurotransmitter. GABAmediated transmission is based on the GABAA/benzodiazepine receptor/chloride ionophore complex. This
binding opens the ion channel and increases the amount
of chloride in the neuron. Increased GABA-mediated
neurotransmission contributes to motor function impairment and decreased consciousness, which are the
main manifestations of HE[37,38]. Mechanisms leading to
the increased GABAergic transmission in liver failure are
not well known. Nevertheless, there is evidence suggesting that the amount of natural benzodiazepine receptor
agonists in the liver increases with impaired function.
Two observations confirm this theory. First, increased
levels of these agonists have been found in the brain
and body fluids of HE patients[3,21]. Furthermore, treatment based on flumazenil, a benzodiazepine receptor
antagonist, ameliorates HE. The role of neurosteroids
(e.g., tetrahydro-progesterone and tetrahydrodeoxycorticosterone) in the problem of GABAergic transmission
should be noted[39]. Neurosteroids are potent agonists of
the GABAA receptor, acting through a unique binding
site to enhance GABAergic neurotransmission. Animal
research revealed the ability of pregnenolone (an endogenous neurosteroid “antagonist”) to decrease mortality
in hyperammonemic models. The results demonstrate
the important role of GABAergic enhancers in the pathology of HE. The enhancers are normally synthesized
in astrocytes and appear in elevated concentrations in
hyperammonemic mice or mice with acute liver failure.
The elevated concentrations are caused by the glial cell

Bacterial products and bacterial infections in HE
Ammonia is an important factor in the pathogenesis
of HE. However, approximately 10% of patients with
significant encephalopathy have normal serum ammonia levels; this statistic supports the argument against
the prevalence of the ammonia hypothesis. Furthermore, many cirrhosis patients have elevated ammonia
levels and no evidence of encephalopathy. In addition
to ammonia, other bacteria-produced substances may
cause neurotoxicity in HE. Mercaptans exert their neurotoxic influence on human organisms as the result of
the bacterial metabolism of amino acids. The phenols
synthesized by bacteria from aromatic amino acids are
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activity in ammonia-induced disorders. The specific path
leading to neurosteroid synthesis is not yet clear; however, this phenomenon appears to be connected with
ammonia-induced increases in the density of peripheraltype benzodiazepine receptors[40-42]. GABAergic neurotransmission might be enhanced by the increased access
of GABA in the synaptic clefts. This phenomenon is
caused by the loss of presynaptic feedback inhibition
from the GABA release, which is the result of decreased
GABAB receptor values. Finally, recent research suggests
that ammonia itself might directly increase GABAergic
transmission[43].

glutamate-nitric oxide cyclic GMP pathway. Indomethacin might reduce ICP and cerebral edema independently
of changing the cerebral blood flow (excepting the brain
function modulation). Numerous studies have revealed
the beneficial role of anti-inflammatory agents in the
course of HE. Ibuprofen reportedly reduces locomotor
disorders and increases the learning abilities of rats with
portacaval shunts. Ibuprofen also normalizes blood and
brain ammonia levels[46,55]. Consequently, anti-inflammatory therapy inhibits microglial activation during HE.
The findings in different experimental models provide
new therapeutic targets for HE and require further study.

The idea of neuroinflammation
Ammonia dysmetabolism does not exist as the sole factor of the neurological changes observed in patients with
HE. It is well known that sepsis is precipitating state that
plays significant role in the decompensation of liver diseses[44-46]. The peripheral immune system communicates
with the brain in response to infection and inflammation.
This response results in neutrophil adhesion, migration
across the BBB and release of chemokines, proinflammatory cytokines, proteases and ROS as well as inflammatory gene transcription[47]. Simultaneously, astrocytes
and microglial cells release cytokines in response to injury or inflammation. Researchers have proven that the
increased blood level of tumor necrosis factor (TNF),
which occurs during inflammation, stimulates the glial
cells to excrete the cytokines [interleukin (IL)-1, IL-6]
and influences the permeability of the BBB[21,22,48-50]. In
conclusion, the diffusion of ammonia into the astrocytes
increases in vitro. Moreover, a recent study has revealed
that TNF or IL-1 receptor gene deletion retards the
process of encephalopathy and decreases the intensity
of brain edema in mice with acute liver failure. In addition, treatment based on a TNF receptor antagonist
(etanercept) similarly reduces the severity of encephalopathy and prevents brain edema[49]. The concept of
neuroinflammation (microglial activation) is defined as a
wide variety of neurological disorders including multiple
sclerosis, Alzheimer’s disease, stroke and acquired immune deficiency syndrome dementia complex. Microglial activation is followed by highly increased levels of
proinflammatory cytokines (TNF, IL-1 and IL-6) in the
brain[51,52]. This discovery revealed a new aspect of HE,
provided a new look at the pathophysiology of HE and
opened a new gate into the pharmacotherapy of HE.
This neuroinflammatory concept is also supported by
the therapeutic effect of mild hypothermia and indomethacin, which reduces the activation of microglial cells
and simultaneously prevents the central proinflammatory
process in mild HE[27,51,53,54]. Moreover, mild hypothermia
remarkably decreases brain edema and the duration of
HE. Intracranial pressure (ICP) may be reduced by hypothermia even in patients who are unresponsive to mannitol. The additional benefits of indomethacin depend on
how it affects cognitive function via modulation of the

Oxidative and nitrosative stress
The metabolism of astrocytes changes after exposure to
ammonia, hyponatremia, benzodiazepines or inflammatory cytokines; under such circumstances, the production of reactive nitrogen species and ROS increases in
the astrocytes. N-methyl-D-aspartate (NMDA) receptors
play an important role in the production of free radicals.
The stimulation of ammonia-induced NMDA receptors reduces antioxidant enzyme activity and increases
the production of superoxide anions[56,57]. The presence
of ammonia inside the astrocyte mitochondria (with the
coexistence of calcium) initiates the process. Moreover,
the ROS source (neutrophil metabolism) constitutes a
systemic/local inflammatory state as well. Glutamine exposure is known to increase the oxidative stress among
astrocytes (the “Trojan horse hypothesis”) [32,58]. The
other area of research interest involves RNA oxidation
and the resulting impairment in protein synthesis. Molecular disorders lead to cognitive abnormalities in HE.
ROS are involved in the nitration of tyrosine (the component of intracellular proteins). Nitrated tyrosine tends
to selectively reduce the permeability of the BBB, which
promotes astrocyte swelling and cerebral edema[59-61].
The ‘two-hit hypothesis’ is another pathological path
leading to ROS output, and it is connected inseparably
to the activity of ammonia. Liver disease followed by
hyperammonemia constitutes a starting point (an ‘initial hit’) in this theory. Astrocyte swelling and oxidative
stress appear next. Finally, there is a ‘second hit’, such
as an ammonia load caused by an upper gastrointestinal
bleed, dehydration, hyponatremia or infection. Astrocyte
damage occurs, and the level of ROS increases further.
This close connection between astrocyte swelling and
oxidative stress generates an auto-amplifying signaling
loop that results in the deterioration of neurocognitive
abilities[22].
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Changes in the blood-brain barrier
The BBB constitutes a highly specialized mechanism of
brain microvasculature, and it is indispensable for the
proper function of the central nervous system (CNS)[26].
The BBB consists of pericytes, capillary basement membranes, endothelial capillary cells and astrocytes, which
encase the vessels[62]. There is evidence of BBB dysfunc-
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tion in the pathogenesis of many CNS disorders (e.g., Alzheimer’s disease and multiple sclerosis). The pathological appearance of HE is closely related to BBB changes.
Swollen astrocytes constitute a well-known phenomenon
in the course of HE[22,63]. The phenomenon is primarily
caused by cellular and vasogenic edema and aquaporins
(AQP). In CNS structures, elevated values of AQP 1, 4
and 9 are characteristic of brain edema[26]. The increased
expression of these water channels serves an important
role in the movement of water through the BBB and its
pathological result. Moreover, AQPs have been reported
to participate in apoptosis in the CNS[64,65]. Astrocyte
disorders in HE result in changes to the BBB, reflected
by the loss of ion homeostasis and the accumulation of
intracellular water. Nevertheless, increased BBB ammonia permeability during hyperammonemia or HE is still
a matter of controversy among scientists[66]. There are
investigations that support and refute this theory. Several positron emission tomography studies have revealed
elevated brain ammonia concentrations in HE. In addition, transmission electron microscopy demonstrated a
disruption in the junction of BBB capillaries in the hippocampal area in a MHE model[26,35]. According to the
presented data, the structure of the BBB and its connection to systemic hyperammonemia in HE require further
exploration. The large number of studies conducted in
this area indicates that it might be essential for the pathological appearance of HE.

reflected in the cerebral atrophy and mental retardation
observed in patients suffering from HE[26].
Other pathogenic elements in HE
It is clear that the etiology of HE is complex and multifactorial. In addition, theories different from those
presented above have been postulated to explain the
pathogenesis of HE. The opioid, serotonergic and dopaminergic systems are likely involved. Furthermore, ‘false’
neurotransmitters (e.g., phenylethanolamine and octopamine) produced from aromatic amino acids are elevated
in individuals with HE. These substances compete with
real neurotransmitters and impair neurological functions[43]. The genetic background of HE is underlined.
Genetic analyses showed that particular haplotypes in
glutaminase (an enzyme that converts glutamine into glutamate) in patients suffering from cirrhosis affect the risk
of HE. A characteristic section in the promoter region
of the gene sequence for glutaminase has been detected
that contains repeated base pairs. Studies have shown
higher luciferase activity in the cells transfected with this
doubled region. This research indicates that those repeated elements increase glutaminase transcriptional activity.
As the result, genetic disorders appear to be responsible
for the development of HE in patients with cirrhosis[74].
In addition to ammonia, manganese participates in
the development of HE[75,76]. Manganese is an essential
metal that is involved in the metabolism of carbohydrates, lipids and proteins. Manganese is an important
cofactor of numerous enzymes. It is a neurotoxin that
may be transported into the brain across the BBB and
the brain-cerebrospinal fluid barriers. In such circumstances, it is preferentially accumulated in the basal ganglia. Manganese enhances neurosteroid synthesis via the
activation of translocator proteins on astrocyte membranes[3]. Manganese affects the operations of certain
proteins that interact with dopamine (a neurotransmitter), NMDA toxicity or oxidative and nitrosative stress.
Three mechanisms of manganese neurotoxicity have
been described[26,77,78]. The first is mitochondrial dysfunction and the disruption of energy metabolism; the
second is connected with the inflammatory activation
of the glial cells; and the third mechanism constitutes
the disruption of synaptic transmission and neuroglial
communication. This mechanism induces the phosphorylation of c-Jun and SEK1/MKK4 and the tyrosine phosphorylation of several proteins[79]. Manganese
produces active oxygen species (superoxide hydrogen
peroxide and hydroxyl radical) and toxic catecholamines
(6-hydroxydopamine). Moreover, manganese is the first
metal reported to induce apoptosis in the CNS[26]. Furthermore, manganese deposition has been detected by
magnetic resonance imaging in the caudate nucleus and
in the globus pallidus of cirrhotic patients. This detection might explain the presence of Parkinson symptoms
(such as tremors) observed in certain patients with HE.
Researchers have indicated that manganese enhances

Death of CNS cells
Brains exposed to high ammonia concentrations undergo several serious changes, including metabolic and
neurophysiological disorders with pathological synaptic
inhibition and excitation. As a result, alterations in cerebral energy metabolism appear and neurotransmitter-related processes begin to falter[59]. The mechanisms leading to cell death in the CNS are associated with changes
in the neuronal mitochondria[67,68]. First, a reduction in
the ATP concentration occurs in the course of HE. The
two basic paths responsible for this modified energy
metabolism are the NMDA receptors and the inhibition
of the tricarboxylic acid cycle. The NMDA receptors
are able to mediate mitochondrial swelling, neurotoxicity and neuron death during acute liver failure[57,69]. Furthermore, it is suggested that calcium plays a key role
in the pathology of cell death in the CNS[22,26,70]. In HE,
the mitochondrial calcium content becomes elevated
because of acute ammonia intoxication. Calcium is able
to enter the mitochondria via NMDA receptors[71,72]. This
mechanism results in the release of glutamate and ROS
and induces an apoptotic cascade among the neurons.
Peripheral benzodiazepine receptors located in the mitochondrial membrane cells also cause the programmed
death of neurons in association with calcium[21,40-42,73]. In
conclusion, the loss of neuronal cells depends on the
neurotoxicity of ammonia and mitochondrial dysfunction. The above-mentioned pathological mechanisms are

WCG|www.wjgnet.com

2300

January 28, 2014|First Edition|

Cichoż-Lach H et al . Hepatic encephalopathy

neurosteroid synthesis and promotes the formation of
Alzheimer’s type Ⅱ astrocytes[21].
The study conducted by Guevara et al[80] revealed that
hyponatremia (serum sodium < 130 mEq/L) is an independent and serious predictor of overt HE. This hypothesis may open new strategies for HE treatment. The
reduction of hyponatremia might be a novel therapeutic
approach in preventing HE in liver cirrhosis[52].
Neuroendocrine correlations in the course of HE are
not well recognized. Nevertheless, studies conducted on
rats demonstrated decreased levels of prolactin in models suffering from HE. This disorder might be caused by
a hyperammonemic state. Endocrinal curiosity reveals
the necessity of further research in this area[26].

most common causes are connected to liver disorders.
The etiology is particularly complex, and researchers
continue to explore the HE phenomenon. Nevertheless,
hyperammonemia, inflammatory conception, oxidative stress and disrupted GABA-transmission appear to
participate in the pathogenesis of HE. The pathophysiological mechanisms of noncirrhotic hyperammonemia
encephalopathy are also multifactorial and include genetic disorders and side effects of drugs. Despite the rarity
of this diagnosis, HE is a phenomenon worth examining
because of its multifactorial character.
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PROGRESS IN LIVER DISEASES

Role of stem cells in repair of liver injury: Experimental and
clinical benefit of transferred stem cells on liver failure
Mukaddes Esrefoglu
capacity, as a result of massive hepatocyte death, liver
failure occurs. In recent years, there has been extensive experimental and clinical research in the field of
cellular transplantation. Transplantation of cell lineages
involved in liver regeneration, including mature and
fetal hepatocytes, fetal liver progenitor and stem cells,
hepatic progenitor and stem cells, mesenchymal stem
cells, hematopoietic stem cells, and peripheral blood
and umbilical cord blood stem cells, have been found
to be beneficial for treating of liver failure. Herein, I review the results of experimental and clinical cell transplantation trials for liver failure.
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Abstract
Although the liver has a high regenerative capacity,
as a result of massive hepatocyte death, liver failure
occurs. In addition to liver failure, for acute, chronic
and hereditary diseases of the liver, cell transplantation therapies can stimulate regeneration or at least
ensure sufficient function until liver transplantation can
be performed. The lack of donor organs and the risks
of rejection have prompted extensive experimental
and clinical research in the field of cellular transplantation. Transplantation of cell lineages involved in liver
regeneration, including mature hepatocytes, fetal hepatocytes, fetal liver progenitor cells, fetal stem cells, hepatic progenitor cells, hepatic stem cells, mesenchymal
stem cells, hematopoietic stem cells, and peripheral
blood and umbilical cord blood stem cells, have been
found to be beneficial in the treatment of liver failure.
In this article, the results of experimental and clinical
cell transplantation trials for liver failure are reviewed,
with an emphasis on regeneration.

INTRODUCTION
The liver provides various vital functions, including protein synthesis, detoxification, bile excretion and storage
of vitamins. It is necessary for survival that it should be
regenerated following massive damage induced by environmental toxins, infections and alcohol, etc. Although in
normal conditions, hepatocytes, the primary cell type of
the liver, are in G0 phase of mitosis, following any injury
they rapidly enter the G1 phase and undergo mitosis.
S-phase hepatocytes can be located in all segments of the
lobule in the normal adult liver[1]. In the regenerating liver
after partial hepatectomy (PH), periportal cells replicate
first, probably reflecting their shorter G1 phase[2]. The
peak of DNA synthesis is within 40-44 h after PH in
mice[3]. The average life span of the hepatocytes is relatively long, about 5 mo. These long-lived cells are capable
of at least 69 cell divisions and can restore normal archi-
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tecture and impaired function in the injured liver[4]. Hepatocytes are the cells that normally shoulder the burden
of regenerative growth after liver damage; therefore, they
can be considered as the functional stem cells under most
circumstances[5].
The liver is the only internal human organ capable of
natural regeneration. Detailed studies of the mechanisms
that regulate liver growth have been performed in animals
subjected to PH or chemical injury. Livers from small
animals enlarge after transplantation to reach a liver size
in proportion to the size of the recipient animal (e.g., baboons to humans, small dogs to large dogs)[6]. In humans,
previous studies have shown that the mean liver volume
6 mo after donor hepatectomy was 90.7% of the initial
liver volume[7], and that the livers of the right lobe donor
group regenerated faster than those of the left lobe donor
group[8]. In fact, the growth of the liver is a restoration of
function; the lobes that are removed do not regrow into
their original form[9]. Nevertheless, functional restoration
may be sufficient for survival of the organism.
The human liver is composed of mainly parenchymal
cells, commonly referred to as “hepatocytes’’, which are
arranged in 1-2 cells-thick plates surrounded by hepatic
sinusoids. They constitute 80% of the cell population of
the liver. Sinusoidal endothelial cells, perisinusoidal macrophages (Kupffer cells), stallate cells (Ito cells) and liverspecific natural killer cells (pit cells) represent the nonparenchymal cells[10].
Hepatocytes are rich in membranous and non-membranous organelles and inclusions. Bile is secreted into
the bile canaliculi, which are a part of the intercellular
space isolated by junctional complexes from the rest of
the intercellular compartment. Near the portal space, bile
canaliculi transform into the canal of Hering, which is
lined by both hepatocytes and cholangiocytes[10]. The canal of Hering is thought to serve a reservoir of liver progenitor cells. The cell compartment that resides in the canal of Hering has been called the progenitor (in humans)
or the oval cell compartment (in rodents)[11]. In rodents,
the canal barely extends beyond the limiting plate; in
contrast, in humans, it extends to the proximate third of
the lobule[12]. The epithelial cells of the canal, called ‘‘oval
cells’’, are oval in shape and can differentiate into both
hepatocytes and cholangiocytes. Thus, it would appear
that a name change from oval cells to ‘‘hepatic progenitor
cells’’ (HPCs) is required[13]. The transdifferentiation of
oval cells to hepatocytes may determine survival when it
occurs during liver failure in humans.
Adult hepatic stem cells are scarcely detectable under
physiological conditions and during the normal process
of liver regeneration, presumably because of their small
numbers. Analyses of oval cells have raised the possibility
that adult hepatic stem cells are present in the canals of
Herring, and that oval cells originate from the stem cells
and differentiate into both the hepatic and cholangiocytic
lineages[14]. Kuwahara et al[15] enumerated four distinct
stem cell niches: the canal of Hering (proximal biliary
tree), the intralobular bile ducts, the peri-ductal ‘‘null’’
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mononuclear cells and the peri-biliary hepatocytes.
Although the liver has a high regenerative capacity,
as a result of massive hepatocyte death, liver failure occurs. Liver transplantation, sometimes the only option for
patient survival, often leads to immunological complications. On the other hand, it is limited by the availability
of donor organs. In addition to liver failure, for acute,
chronic and hereditary diseases of the liver, cell transplantation therapies can stimulate regeneration or at least
ensure sufficient function until liver transplantation can
be performed. The lack of donor organs and risks of
rejection have prompted extensive research in the field
of cellular transplantation. In this article, I review hepatic
cell types involved in liver regeneration and cell transplantation therapies for liver failure, with an emphasis on
regeneration.

CATEGORIZATION OF STEM CELLS
Stem cells are the main cells of organisms from which
the all of the mature body cells are derived. Their high
proliferative capacity for self-renewal permit them to increase their numbers by symmetric division. They may remain in the undifferentiated state for long periods. When
the morphological as well as functional, differentiation
begins, these cells differentiate into multiple specialized
cell lineages. Stem cells are the source of progenitor cells
committed to one or several lineages. The committed
progenitor cells exhibit a capacity for active proliferation
and supply abundant daughter cells, which in turn give
rise to terminally differentiated cells[14].
Stem cells are classified depending on the potential
for differentiation into specialized cell types. The most
talented stem cells, totipotent cells of the zygote within
first 4 d of the intrauterine life, are able to form a full
organism in an appropriate microenvironment. However, pluripotent cells, known as ‘‘embryonic stem cells’’
(ESCs), derived from the inner cell mass of the embryo, can form virtually any cell type derived from any
of three embryonic germ layers; ectoderm, mesoderm
or endoderm. Thus, an embryonic stem cell can form
hepatocytes (endodermal in origin), cardiomyocytes
(mesodermal in origin), and neurons (ectodermal in origin). Surplus embryos obtained from in-vitro fertilization
laboratories are the main sources of the ESCs. However,
some disadvantages including, high immune reaction risk
and ethical concerns, limit their applications. Multipotent
stem cells, known as ‘‘adult stem cells’’, with a relatively
limited differentiation potential, can form different cell
types of the tissue. These cells reside together with the
specialized cell types of the adult tissues and are thought
to be responsible for the tissue maintenance and repair.
The exact mechanisms that force them to differentiate
into a specialized cell type are not fully known. The two
major populations of adult stem cells are bone marrow
mesenchymal and hematopoietic stem cells (HSCs). Hematopoietic stem cells have a predetermined fate to form
all types of mature blood cells. Mesenchymal stem cells
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can differentiate into multiple cell lineages, including tendon cells, muscle cells, osteocytes and fat cells. The term
‘‘multipotent stromal cell’’ implies the multipotent stem
cells of both bone morrow and of non-marrow tissue,
such as umbilical cord blood, adipose tissue, muscle tissue and dental pulp. In laboratory conditions, multipotent
cells show plasticity. ‘‘Plasticity’’ or ‘‘transdifferentiation’’
means that the stem cells of an adult tissue can generate differentiated cells types of a different tissue. For
instance, HSCs can transform into hepatocytes or brain
stem cells or form skeletal muscle fibers. It is not clear
if this occurs in the body. Multipotent cells do not cause
any immune reaction, because they are genetically identical to their hosts. However, these cells are restricted in
their ability to form different cell types. Moreover, they
have some disadvantages, including slow rate of cell division and difficulties in isolating sufficient numbers for
application because of their scarcity within tissues. The
last type of stem cells is unipotent stem cells, which have
very limited capacity for differentiation and can give rise
to only one type of cell under normal conditions. For
example, unipotent stem cells of colony forming unit of
erythrocytes (CFU-E) can only give rise to mature blood
erythrocytes.
In recent years, stem cells have been widely studied
for their potential therapeutic use. However, some of
studies were not successful. Researchers agree that as well
as isolation of adequate numbers of healthy stem cells,
selection of the most convenient transportation route,
regulation of stem cell differentiation into a special cell
type and obtaining the normal functions of the differentiated cells are very important regarding the benefit of
stem cell applications. The most important risk of the
transplanted stem cells is generation of tumors if cell division occurs in an uncontrolled manner. Unfortunately,
stem cell transplantation therapy may be considered as a
double-edged sword.

emphasize the role of several local (microenvironment)
and systemic factors. However, the exact triggering
mechanisms for differentiation of these cells into mature
hepatocytes are not fully understood.
During embryonic development, hepatoblasts generate the two epithelial cell lineages: hepatocytes and biliary cells[17]. The area connecting the terminal segment of
the biliary ductular system with parenchymal hepatocytes
persists in the adult liver and is known as the canals of
Hering[18]. The primitive intrahepatic bile ducts expressing both hepatocyte proteins and biliary epithelial markers have consequently been referred to as ‘‘transitional
cells’’[19-21]. Transitional cells have properties intermediate
between those of oval cells and hepatocytes[20]. These
cells are believed to remain in the adult liver as bipotential
progenitors for both hepatocytes and biliary cells[21].
Many investigators favor the view that the liver harbors facultative stem cells that are located throughout
the biliary epithelium. The activation of these cells for
transformation into mature hepatocytes is a conditional
process that occurs only when the regenerative capacity
of hepatocytes is overwhelmed[22]. Hepatocyte differentiation within bile ducts in the human liver has been noted,
which has led to the belief that small biliary cells, hepatocyte-like cells expressing both markers of bile duct cells
and hepatocytes, which repopulate severely damaged liver
parenchyma, can function as a progenitor cell population for new hepatocytes[23]. In rodents, early reactive bile
ductules do not generally resemble hepatocytes, but later
acquire features of hepatocytes[22]. By contrast, direct evidence for the transformation of hepatocytes into biliary
cells provided in cell culture had raised a possibility that
hepatocytes themselves may be precursor cells for the
biliary epithelium if the latter’s ability to proliferate and
repair themselves is compromised for some reason[24,25].
The oval cells represent the progeny of liver stem
cells and function as an amplification compartment for
the generation of ‘‘new’’ hepatocytes[22]. The oval cell
compartment, consisting of small ovoid cells with scant,
lightly basophilic cytoplasm and pale blue staining oval
nuclei[26], is widely used to describe liver progenitors. It is
generally accepted that oval cells are bipotential transitamplified cells derived from normally quiescent ‘‘true
stem cells’’, which reside in the biliary tree and are absent
in the healthy liver[27]. In fact, to date, whether oval cells
pre-exist in the tissue or develop from other adult cell
types (e.g., bile duct cells) after injury, is unknown. The
restricted potential to differentiate into hepatocytes and
cholangiocytes qualifies oval cells more as progenitor
cells than as true stem cells[28]. The oval cells compartment can probably not to be attributed to a single cell
type. A primitive oval cell population that do not express
alpha-fetoprotein (AFP), cytokeratin 19 (CK-19), OV-6;
a hepatocyte-like oval cell population that express AFP,
but not OV-6; and a ductular-like oval cell population that
not express AFP, but express CK 19 and OV-6 have been
isolated[29]. It is presently unclear if antigenically distinct
subpopulations of oval cells are derived from different

HEPATIC CELLS INVOLVED IN
REGENERATION
The liver can regenerate itself by increasing the rate of
hepatocyte mitosis and differentiation of stem cells into
hepatocytes or cholangiocytes. Stem cells are the main
cell lineage for liver regeneration. Several studies suggest
the existence of one or more population of cells (e.g.,
stem cells, progenitor cells and extrahepatic stem cells)
that are able to differentiate into hepatocytes and biliary
epithelial cells. However, the exact location of these cells
is not yet clear. In humans and rodents, potential liver
stem cells may exist within the biliary tree. Both rodent
and human ESCs, bone marrow HSCs, mesenchymal
stem cells (MSCs), umbilical cord stem cells, fetal and
adult liver progenitor cells, and mature hepatocytes have
been reported to be capable of self-renewal, giving rise to
daughter hepatocytes both in vivo and in vitro[16]. Although
the factors controlling proliferation, differentiation and
secretion processes are not well defined, recent studies
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precursor cells or if their phenotype merely reflects the
commitment of an oval cell to a specific lineage[30].
Oval cells form ductular structures that communicate with the biliary system at one end and terminate at
a hepatocyte-forming blind end[31]. Markers commonly
used to assess differentiation and to trace lineages of oval
cells include expressed antigenic markers for hepatocytes,
biliary ducts and oval cells (BSD7, OC2, OC3, OV-1,
and OV-6), intermediate filaments, extracellular matrix
proteins (CK8, 18, 19), enzymes and secreted proteins
(alpha-fetoprotein and gamma-glutamyl transferase)[32,33].
Oval cells also express some markers considered characteristic of stem cells, including stem cell factor[34], bcl-2[35]
and cytokeratin 14[36]. They are also immunoreactive to
antibodies generally associated with hematopoietic lineages, such as CD34, and c-kit[37,38]; therefore, there may
be a common lineage between hematopoietic and liver
cell precursors. In a recent study, a population of cells
(beta-2-microglobulin-ve, Thy-1+ve) in rat and human
bone marrow was identified that also expressed hepatocyte specific functions, suggesting that these cells may be
hepatic stem cells. After intraportal infusion into rat livers, rat-derived bone marrow cells integrated with hepatic
cell plates and differentiated into mature hepatocytes[39].
Moreover, Crosby et al[37] have shown that c-kit and CD34
positive cells isolated from human liver are able to differentiate into biliary epithelial cells and endothelial cells.
Thus, biliary cells and endothelial cells may also share
some common precursors. It has been postulated that
oval cells arise either from cells lining the canals of Hering[31,40], from mature biliary cells[12], liver epithelial or
stromal cells[41], or from circulating hematopoietic stem
cells[42,43]. Additionally, some antigens traditionally associated with hematopoietic cells (c-kit and CD34) can also
be expressed by oval cells, leading to the notion that at
least some hepatic oval cells are directly derived from a
precursor of bone marrow origin[39,44]. Fausto et al[45] suggested that bone barrow stem cells can generate oval cells
and hepatocytes; however, transdifferentiation is very
rare and inefficient. Bone marrow derived hepatocytes
constituted from 0.008% to 0.8% of total parenchymal
cells; therefore, differentiation of bone marrow cells into
mature hepatocytes is very inefficient under physiological
conditions[46]. Additionally, the repopulation process is
not complete and is relatively slow[43,47].
Studies have demonstrated that HSCs have the capacity to fuse with other cell types[48]. Several publications
subsequently emerged to demonstrate that the appearance of new hepatocytes from bone marrow precursors
in liver repopulation models was not caused by transdifferentiation of the marrow stem cells to hepatocytes, but
to fusion of the marrow cells with the hepatocytes of
the recipient[48,49]. While fusion with hepatocytes in whole
animal experiments may have a role, it cannot explain
the appearance of hepatocyte-like cells in cell cultures of
bone marrow[25].
The periductular stem cells are one of the other cell
types related to liver regeneration in some types of liver
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injury. These cells are rare in the liver, have a very long
proliferation potential, and may be multipotent; however,
their full potential has yet to be defined. These cells may
be hematopoietic stem cell types that either reside in liver
or bone marrow[50].
Another cell type related to the regeneration of rat
liver has been identified, referred to as ‘‘small hepatocytes’’ (small hepatocyte-like progenitor cells)[51,52]. This
cell population is phenotypically different from fully differentiated hepatocytes, cholangiocytes and oval cells.
They represent a unique parenchymal (less differentiated)
progenitor cell population[53]. These cells have an extensive proliferative capacity and may represent a novel progenitor cell population that responds to liver deficit when
the replicative capacity of differentiated hepatocytes is
impaired, and can restore tissue mass[52]. However, there
is still controversy as to whether these cells represent
an intermediate state in oval cell differentiation or are
derived from hepatocytes resistant to stem cells. Best et
al[54] suggested that small hepatocytes are not the progeny
of oval cell precursors, but represent an independent
liver progenitor cell population. By contrast, Vig et al[55]
showed that oval cells can form small hepatocyte-like
progenitor cell nodules during the regeneration stage after chronic hepatocellular liver injury.
A number of studies have been published demonstrating that stem/progenitor cells can be differentiated
toward ‘‘hepatocyte-like cells’’, a term that has been used
to describe cells generated in vitro that show some characteristics of mature hepatocytes, but are still not fully
mature and/or characterized[56]. Classic studies by Evarts
et al[57-59] demonstrated that oval cells gradually transform
themselves into small basophilic hepatocytes, which then
become fully mature hepatocytes and replace the lost
liver mass. They also showed the transfer of radiolabeled
thymidine from oval cells to newly formed hepatocytes
in vivo. Thus, the precursor-product relationship between
oval cells and basophilic hepatocytes has been suggested[59].
Recently, a unique population of liver-derived bipotential liver progenitors was isolated from unmanipulated
rat liver[60]. These bipotential liver cells express both hematopoietic stem cell markers, such as CD45, CD34 and
thy-1, similar to oval cells[60,61], and endodermal/hepatic
markers. In contrast to oval cells, these liver progenitors
are negative for OV-6, cytokeratin 7 and CK 19, and express very little or no AFP[60,62]. Their capacity for hepatic
differentiation makes them a valuable resource for important applications such as cell therapies for a variety of
liver diseases[62].
Although mature hepatocytes and cholangiocytes
represent the first and most important resource for tissue repair, experimental data support the hypothesis that
the liver also contains or activates a stem cell compartment[63,64]. Herrera et al[65] isolated a pluripotent population similar to rodent oval cells from adult liver and may
be more mesenchymal in lineage. These cells expressed
mesenchymal stem cell markers, but not the hematopoi-
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replication for hepatocytes in primary culture[75-77]. In the
intact liver, hepatocytes need to be ‘‘primed’’ to enter the
cell cycle and respond to growth factors[73]. The results
show that TNF acts as a primer to sensitize hepatocytes
to the proliferative effects of growth factors, and offers
a mechanism to explain the initiation and progression
phases of liver regeneration after PH[77].
In addition to hepatocyte-autonomous signals, endocrine and paracrine factors are critical to normal regeneration, and extensive work has focused on the role of
the liver microenvironment, i.e., non-parenchymal cells
and the extra-cellular matrix (ECM), in liver homeostasis
and regeneration[71,78]. Non-parenchymal cells, such as endothelial cells, Kupffer cells, stellate cell and intrahepatic
lymphocytes provide critical signals to hepatocytes during regeneration[78-80]. Intercellular interaction seems to
be crucial during liver regeneration. Indeed, the initiation
of liver regeneration involves the rapid and simultaneous activation of multiple signaling pathways in both
hepatocytes and non-parenchymal cells, which are the
main sources of tumor necrosis factor, interleukin-6,and
heparin binding EGF[75,76,81]. Following acute liver injury,
release of IL-6 from Kupffer cells and neutrophils and
the growth factors including HGF, EGF, TGF-α, and
fibroblast growth factor-α released from hepatic stellate
cells, stimulate hepatocytes to enter mitosis[76,81]. Stellate
cells are regarded as the principal source of extracellular
matrix proteins during hepatic regeneration[82]. A recent
study demonstrated that HSCs act as a positive regulator
at the early phase and a negative regulator at the terminal
phase of liver regeneration through cell-cell interaction
and cytokine networks[83]. The authors reported that
high levels of HGF at early phase of liver regeneration
stimulated oval cell proliferation via extracellular signalregulated kinase and p38 pathway, whereas high levels of
TGF-β1 at the terminal phase of liver regeneration suppressed DNA synthesis of oval cells. The shift between
these two distinct effects depended on the balance between HGF and TGF-β1 secreted by HSCs. Paku et al[31]
demonstrated that proliferating oval cells are closely associated with stellate cells, suggesting that non-parenchymal
cells nurture oval cell growth and differentiation through
secretion of growth factors and cytokines, and also by
direct cell-to-cell interactions. The factors involved in the
regulation of oval cell activation include TGF, HGF and
its receptor c-met, IL-6 and peroxisome proliferators/
peroxisome proliferator activated receptor alpha[84-87]. It is
clear that from the first stem/progenitor activation phase
to the final differentiation phase of the oval cell cycle,
several growth factors and other factors are effective.
More recent studies have emphasized the involvement of TNF-like weak inducer of apoptosis (TWEAK),
a member of the TNF family, in the proliferation of oval
cells. TWEAK expressed by T cells can stimulate hepatic
progenitor cell proliferation. It appears that TWEAK
selectively promotes proliferation of oval cells without
having an effect on hepatocytes[87].
Some of the other key molecules in the liver microen-

etic stem cell markers. The absence of staining for cytokeratin-19, CD117, and CD34 indicated that these cells
were not oval stem cells.
Castorina et al[64] reported that human liver stem cells
express several mesenchymal markers, such as CD 44, but
not hematopoietic stem cell markers. Additionally these
multipotent cells express AFP, albumin, CK7 and CK19,
indicating a partial commitment to hepatic and biliary
lineages. Schmelzer et al[66,67] isolated two pluripotent hepatic progenitors: hepatic stem cells and progenitors. The
gene expression profile of hepatic stem cells throughout
life consists of high levels of expression of cytokeratin
19 (CK19), neuronal cell adhesion molecule (NCAM),
epithelial cell adhesion molecule (EpCAM), and claudin-3 (CLDN-3); low levels of albumin; and a complete
absence of expression of AFP. By contrast, hepatoblasts,
found as < 0.1% of normal adult livers, express high
levels of AFP, elevated levels of albumin, low levels of
CK19 and a loss of NCAM and CLDN-3.
Notably, both hepatocytes and hepatic progenitor
cells may differentiate into hepatocytes and biliary cells,
as well indicating their bipotent differentiation capacity.
Hence, both cell types meet the minimal definition criteria of a stem cell, i.e., the potential of self-renewal to
maintain the stem cell reserve, and a multiple differentiation potential giving rise to progeny of at least two different lineages[68].

FACTORS RELATED TO HEPATIC
REGENERATION
Studies of liver injury have led the identification of several factors that are involved in the regulation of cell activation related to liver regeneration. It is not clear whether
the same factors known to be involved in normal hepatic
regeneration are also involved in regeneration via the
stem cell compartment.
As mentioned before, the hepatic progenitor cell
niche is located at the level of the canals of Hering. The
ductular and periductular area is composed of numerous
different cells, such as portal myofibroblasts, stellate cells,
endothelial cells, hepatocytes, cholangiocytes, Kupffer
cells, pit cells and inflammatory cells. All these cells could
interact and crosstalk with hepatic parenchymal cells,
influencing their proliferative and differentiative processes through the provision of numerous signals within
the niche[5]. The local environments of endogenous and
transplanted cells mainly affect their proliferation, differentiation, secretion, and other functions[69,70]. Hepatocyte
growth factor (HGF), epidermal growth factor (EGF),
and transforming growth factor-α (TGF-α), as potent
mitogens, are primarily associated with normal hepatic
regeneration[71-73]. In cultures, the mouse liver progenitor
cells differentiated into hepatocytes upon treatment with
EGF or differentiated into biliary lineage cells upon treatment with HGF[74]. In their quiescent state, hepatocytes
do not fully respond to growth factors such as HGF,
TGF and EGF, which are potent stimulators of DNA
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vironment that determine regenerative behavior include
the pro-inflammatory cytokines and angiogenic factors,
such as vascular endothelial growth factor (VEGF)[80,88].
Changes in microenvironments may have contributed
to the positive outcomes of many liver cell transplantation studies, and might be initiated by the strong outputs
(e.g., signaling, secretion) from the transplanted hepatocytes that drastically affect the environments to stimulate
endogenous hepatocyte regeneration[89]. Improvement
of liver microenvironments related to liver regeneration
is one of the goals of cell transplantation therapies. Recently, numerous experimental and clinical studies have
been performed investigating the factors that increase the
benefit of cell transplantation therapies and survival of
the patients with liver damage or failure.

MATURE HEPATOCYTES
Hepatocyte transplantation has been performed for more
than 10 years in humans, meeting with varied degrees
of success[95]. Data published for almost 70 years have
unequivocally shown that hepatocytes are the replicating
cells responsible for liver regeneration and that progenitor cell activation leading to lineage generation is not
observed during this process[3,19,96]. Although the other
cell types of the liver are necessary to support hepatocyte
replication and hepatic growth, it has now been established that the hepatocyte has a remarkable capacity for
cell proliferation and is the most efficient cell for liver
repopulation after injury[45,75]. Therefore, transplantation
of mature hepatocytes into an injured liver seems to be
helpful to support recovery process. However, transplanted hepatocytes have a low liver-engraftment rate
and survival[97], and hepatocytes are only available from
cadaveric donor livers, which mean that the cells largely
lack transplantation quality and quantity. Moreover, cryopreservation of mature hepatocytes before use leads to
an additional substantial loss of viability and function.
Thus, research is aiming to obtain transplantable cells
from embryonic and adult stem cells, or liver progenitor
cells that can be expanded in vitro. One attractive alternative source of transplantable hepatocytes is cells derived
from an immortalized hepatocyte cell line that provides
an unlimited supply of transplantable cells[98]. Immortalized hepatocytes could then grow in tissue culture and
subsequently function as differentiated, non transformed
hepatocytes following transplantation[98,99].

CELL TYPES TRANSPLANTED FOR LIVER
FAILURE
Cell transplantation therapy is a promising alternative
approach that leads to donor cell-mediated repopulation
of the liver and improved survival rates in experimental models of liver disease. It may serve to alleviate the
symptoms while the patients are waiting for liver transplantation. However, significant challenges remain before
these cells can be used in humans, such as the lack of
consensus about the immunophenotype of liver progenitor cells, uncertainty of the physiological role of reported
candidate stem/progenitor cells, practicality of obtaining
sufficient quantity of cells for clinical use, and concerns
over ethics, long-term efficacy, and safety[16]. A registered
clinical application based on stem cell technology will
take at least an additional 5-10 years because of certain
limitations; e.g., the lack of suitable cell sources and risk
of teratoma formation[90].
Stem cell therapy exerts its beneficial effect through
a number of mechanisms, not necessarily transdifferentiation. Paracrine factors also have an important role
in the improvement mechanism. Mature hepatocytes,
stem/progenitor cells (ESCs, adipose-derived stem cells,
umbilical stem cells, bone marrow-derived stem cells
and oval cells), and hepatocyte-like cells are the main cell
types used for cell transplantation in experimental and/
or clinical studies. Transplanted hepatocytes have high
function, but short survival time, whereas transplanted
stem/progenitor cells have weak function, but high proliferative capacity. Hepatocyte-like cells accumulate over
time via differentiation and proliferation[91]. However,
the numbers of hepatocytes needed for transplantation
in humans can be quite large[92], cells that can differentiate into mature hepatocytes have been great interest.
Additionally, since hepatocytes are large in diameter, up
to 70% of transplanted hepatocytes get trapped in the
hepatic sinusoids, which leads to temporary obstruction
with subsequent portal hypertension[93], and they have a
poor engraftment rate[94].
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Experimental results
Rhim et al[100,101] showed that a small number of transplanted hepatocytes could repopulate the liver of newborn urokinase-type plasminogen activator (uPA) transgenic mice. Transplantation of rat liver cells into these
mice resulted in the complete reconstitution of a mouse
liver with rat hepatocytes. The transplanted liver cell
populations replaced up to 80 % of the diseased recipient liver. Overturf et al[102] found evidence that short-term
therapeutic liver repopulation does not require progenitor or stem cells. The majority of the transplanted cells
apparently participated in the repopulation process and
intermediate-size hepatocytes appeared to have a better replicative capacity than small hepatocytes. Recently,
transplanted hepatocytes were shown to engraft in the liver of animals with acute liver failure (ALF)[103]. However,
only 20%-30% of the transplanted hepatocytes survive
and engraft in the liver of rats[104]. In fact, several studies
using rat models of primary hepatocyte transplantation
revealed that transplantation leads to efficacious donor
chimerism[105-107]. When hepatocytes were transplanted via
the spleen, cells were distributed immediately in periportal areas, fibrous septa and regenerative nodules of the
cirrhotic liver[107]. However, transplanted cell proliferation
in the liver was limited, and animals did not show any dif-
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ferences in mortality over a 12-mo period. On the contrary, Kobayashi et al[108] found that intrasplenic cell transplantation in extremely sick cirrhotic rats was associated
with improvement in liver tests, coagulation abnormality
and outcomes. Additionally, cell transplantation has been
shown to prevent the development of intracranial hypertension in pigs following acute ischemic liver failure[109].
Immortalized hepatocytes have also been shown to
improve the survival rate in an ALF model[110]. Immortalized hepatocytes that can function as well as primary
hepatocytes following transplantation were found to be
effective in the treatment of liver failure in rats with endstage cirrhosis with hepatic encephalopathy[98,111]. The
immortalized hepatocytes may achieve a meaningful liver
population using a clonal cell line; however, the malignant
potential of these immortalized cell lines needs to be fully investigated before they could be applied in the clinic.

several markers, their unequivocal isolation as a pure
fraction has been a major obstacle in liver progenitor cell
research. Novel cell surface markers in adult progenitor
cells include tight junction proteins, integrins, cadherins,
cell adhesion molecules, receptors, membrane channels
and other transmembrane proteins. Cell surface markers,
CD133, claudin-7, cadherin 22, mucin-1, ros-1 and Gabrp 9 are overexpressed and are unique for the adult progenitors[117]. Thymus cell antigen 1 (Thy-1) is a marker for
sorting bipotential progenitor cells from human livers[118].
None of the described markers are completely specific;
therefore, isolation of viable cells is limited[119].
Much less is known about the mechanisms of oval
cell replication and differentiation, although new information on these topics is rapidly accumulating. Regarding
cellular aspects of liver growth and regeneration, it needs
to be established what kind of signaling mechanisms may
exist, direct and/or indirect, between hepatocytes and
oval cells that determines whether one cell type or the
other is the main or initial target for a growth stimulus[45].

Clinical results
In an early study, in 10 Japanese patients with cirrhosis,
hepatocytes (1-60 × 107) isolated from a piece of their
own liver were transplanted into various sites, including the spleen[112]. In one of these patients, transplanted
hepatocytes were detected in the spleen 11 mo following
transplantation. One of these patients recovered. In another trial, five patients with hepatic encephalopathy and
multiple organ failure were transplanted with allogeneic
hepatocytes (2.8 × 107-2.9 × 107) through the splenic
artery[113]. Biochemical evidence of liver injury improved
significantly and blood ammonia levels decreased significantly to normal levels in the hepatocyte-treated patients.
Three of these patients bridged to liver transplantation
and were normal with more than 20 mo of follow-up.
Transplantation of hepatocytes via the abdominal cavity also has been found beneficial. Seven patients with
fulminant hepatic failure (FHF) were transplanted (6 ×
107/kgBW) via the abdominal cavity resulting in survival
and improved encephalopathy[114].
Cryopreserved hepatocyte transplantation is a bridging method while patients with chronic liver failure await
liver transplantation. Three of five patients with ALF
who received transplantation of 1.3 × 109-3.9 × 1010
cryopreserved hepatocytes through intrasplenic and intraportal infusion improved afterwards[115]. A patient with
ALF infused intraportally with 8 × 109 cryopreserved human hepatocytes fully recovered 12 wk after transplantation[116]. Repeated application of primary human hepatocytes seems to be safe and results in measurable benefits
for patients with ALF.

Experimental results
Schmelzer et al[67] demonstrated that purified EpCAM+
cells from fetal or postnatal livers are able to engraft the
livers of immunodeficient adult mice (with or without
prior injury) and give rise to mature human liver parenchymal cells. Similar results were obtained by Weiss et
al[118] through the isolation of Thy-1+ cells from adult
human livers and their transplantation in immunodeficient Pfp/Rag2 mice. Analysis of in situ material revealed
that transplanted cells express human hepatic markers
HepPar1 and albumin, indicating functional engraftment.
Oval cell proliferation is prominent in many models
of liver injury, including CCl4 treatment in combination
with PH[120,121]. A recent study showed that transfer of
oval cells to Wistar rats with FHF could significantly increase their survival rate[122]. In the study of Wang et al[123],
3,5-diethoxycarbonyl-1,4-dihydrocollidine induced oval
cell proliferation. Transplantation of murine oval cells
could repopulate the recipient liver in fumarylacetoacetate hydrolase-deficient mice, and rescue the phenotype.
Clinical results
As far as I know, to date, no clinical application has been
performed.

FETAL HEPATOCYTES/FETAL LIVER
PROGENITOR CELLS/FETAL STEM CELLS
Fetal human hepatocytes exhibit unique properties, including the capacity for extensive proliferation and excellent recovery following partial liver resection[124]. However, experimental studies have predominantly focused on
transplantation of fetal hepatic progenitor cells. Oertel et
al[125] purified hepatic stem/progenitor cells from fetal livers that are fully capable of repopulating the normal adult
liver. This represents a major advance toward developing

HEPATIC PROGENITOR/STEM CELLS
Human hepatic stem cells, constituting approximately
0.5%-2.5% of liver parenchyma, can be isolated by immunoselection for epithelial cell adhesion moleculepositive cells (EpCAM+)[67]. Isolation of hepatic progenitor cells from human material has proven to be very
difficult. In fact, although hepatic progenitor cells express
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protocols that will be essential for clinical application of
liver cell transplantation therapy.

a bioartificial assisted liver device were able to improve
survival in rats with liver failure induced by galactosamine
after 10 h of extracorporeal liver dialysis[133]. Additionally,
embryonic derived hepatocytes, implanted subcutaneously as a bioartificial liver device into mice subjected to 90%
hepatectomy, reversed the liver failure[134]. Transplantation
of ES cell-derived hepatic cells significantly suppressed
the onset of fibrosis in mice[135].

Experimental results
After transplantation of mouse fetal liver progenitor cells
into 14 to 20 d-old uPA-mice with subacute liver failure,
donor-derived regeneration nodules were detectable. Fetal
liver cells showed a mature hepatic phenotype, as established by gene expression profiling and a functional integration within in the first 4 wk after transplantation[126].
Transplanted rat fetal liver epithelial progenitor cells were
able to repopulate a recipient liver subjected to PH, alone
or with retrorsine, in syngeneic dipeptidyl peptidase IV
(DPPIV) mutant rats[127]. Progenitor cells were able to differentiate into both hepatocytes and bile epithelial cells,
unlike mature hepatocytes that are not able to differentiate to bile epithelial cells. Moreover, progenitor cells
continued to proliferate for longer than hepatocytes after
transplantation. Likewise, Dlk+ hepatic stem/progenitor cells purified from rat midgestational fetal livers were
able to extensively repopulate the host liver in syngeneic
DPPIV mutant rats subjected to PH alone[125]. In the
CCl4 rat model of FHF with 2/3 hepatectomy, fetal liver
stem/progenitor cells were found to be effective to repair
the damaged liver[89]. Thus, fetal hepatic stem/progenitor
cells exhibit potency for reconstitution of the adult liver
under a particular set of conditions.

Clinical results
Embryonic stem cell studies remain at the preclinical
stage because of the risk of teratomas. Despite these
successful animal studies, there have been no clinical trials using human ES cells to treat liver diseases in human
patients, because utilization of human ES cells raises serious ethical questions in many countries.

MESENCHYMAL STEM CELLS
Mesenchymal stem cells (MSCs) are an adult stem cells
population found in numerous living tissues. It has been
reported that among MSCs obtained from bone marrow, adipose tissue, umbilical cord blood and placenta,
several hepatocyte-like cells have the ability to differentiate[136-138]. Besides, MSCs, immune-privileged cells with low
MHC Ⅰ and no MHC Ⅱ expression have low rejection risk
and, as such, are a particularly promising source of cells for
the treatment of acute and degenerative liver diseases[136].
Chamberlain et al[139] transplanted clonal human MSCs into
preimmune fetal sheep by intrahepatic and intraperitoneal
routes in their study. The intrahepatic injection of human
MSCs was safe and resulted in more efficient generation
of hepatocytes throughout the liver parenchyma at days
56-70. Human MSCs cells accumulated in the injured liver.
The injured liver may produce regulatory factors for homing of stem cells to the injury site[135].

Clinical results
As far as I know, to date, no clinical application has been
performed.

EMBRYONIC STEM CELLS
Experimental results
The first report of hepatic differentiation of mouse
embryonic cells was in 2001 by Hamazaki et al[128], who
produced an embryoid body from an ES cell and subsequently added fibroblast growth factor, HGF, oncostatin
M (OsM) and dexamethasone (Dex) to induce the differentiation of cells exhibiting hepatocyte-like properties.
The results of Heo et al[129] are particularly noteworthy,
as they report that liver precursor cells induced from
ES cells in the absence of exogenous growth factors
or feeder cell layers also have the ability to differentiate
into biliary epithelial cells. In 2003, Yamamoto et al[130]
produced hepatic cells with a high level of liver function
by transplanting ES cells into mice livers 24 h after CCl4
intoxication. In terms of ultrastructural analysis, these
ES-derived hepatocytes were generally similar to normal
hepatocytes. Additionally, no teratoma formation was
observed in the transplant recipients. In the study of Hu
et al[131], ES-derived hepatocytes could improve the life
quality and lengthen the survival time of CCl4-induced
FHF. Sprague-Dawley rats with surgically induced liver
failure via 90% hepatectomy, receiving 106-108 ESCs as
splenic transplantation, showed 100% survival rate up to
3 mo[132]. Similarly, hepatocytes derived from ES cells in
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Bone marrow-derived mesenchymal stem cells
The most important source of MSCs is bone marrow.
Experimental results: A recent study by Carvalho et
al[140] demonstrated that MSCs injection into the portal
vein of mice or rats with liver cirrhosis induced by CCl4
and ethanol did not reduce hepatic fibrosis or promote
any improvement in parameters of liver function. However; Oyagi et al[141] demonstrated benefits in transplantation of bone marrow-derived mesenchymal stem cells
(BMMCs) cultured with HGF in CCl 4-induced rats.
Transplantation of the BMMCs into liver-injured rats
restored their serum albumin level and significantly suppressed transaminase activity and liver fibrosis. These
effects were not seen when the BMMCs were cultured
without HGF. Similar results of Fang et al[142] supported
the beneficial effects of BMMCs on reducing collagen
deposition.
Clinical results: Autologous BMMC transplantation to
53 patients with liver failure caused by hepatitis B had fa-
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Clinical results: Despite the several positive results gained
from experimental studies, the therapeutic role of MSCs
in liver regeneration must be further investigated, as the
clinical evidence is still limited. As far as I know, to date,
no clinical application has been performed.

vorable short-term efficacy with improved levels total bilirubin, prothrombin time and Model for End-Stage Liver
Disease score of patients 2-3 wk after transplantation[143].
Patients who received 120 mL of autologous bone marrow fluid via a hepatic artery showed improved hepatic
function in the early period (1-48 wk). Analysis showed
no adverse effects from bone marrow administration
a long observation period. Additionally, data obtained
from eight patients with liver cirrhosis showed that MSCs
injection through peripheral or portal vein under ultrasound guidance could be used for the treatment of endstage liver disease with satisfactory tolerability[144]. The
study of Amer et al[145] reported the safety and short-term
efficacy of autologous bone marrow-derived hepatocytelike cell transplantation in the treatment of patients with
end-stage liver cell failure. Comparing hepatic and splenic
routes of injection, there was no significant difference,
except in the first month. The splenic route was technically easier, although it was associated with a higher incidence of mild complications (fever and transient shivering).

Adipose tissue-derived mesenchymal stem cells
Adipose tissue is a source of MSCs that can be easily
isolated, selected and induced into mature, transplantable
hepatocytes. The fact that they are easy to procure ex vivo
in large numbers makes them an attractive tool for clinical studies in the context of establishing an alternative
therapy for liver dysfunction[153]. Adipose tissue-derived
MSCs have immunomodulation, differentiation (plasticity), homing, revascularization, anti-apoptotic and tissue
regenerating abilities[136].
Experimental results: Transplanted adipose-derived MSCs
through tail vein injection were able to differentiate into
hepatocytes in BALB/c nude mice with CCl4-induced
liver injury, and were able to function like human mature
hepatocytes. Adipose-derived MSCs could be differentiated into hepatocytes within 13 d[154]. When approximately
105 of adipose-derived human MSCs (0.2 mL of the cell
suspension via tail vein) transplanted by injection into
mice with liver failure, the ammonia concentration fell to
near normal levels within 24 h[153]. Of the various transplantation routes (tail vein, portal vein, and direct liver
parenchymal injections), transplantation via the tail vein
was found to be the most effective in reducing biochemical parameters in CCl4-induced liver failure in mice[155].

Placenta-derived mesenchymal stem cells
Another promising source of MSCs is the placenta. Human placental MSCs are free of ethical concerns, are
non-invasively accessible, abundant and strongly immunosuppressive[146,147]. Placenta derived MSCs can be differentiated into hepatocyte-like cells in vitro[148].
Experimental results: The experimental study of Cao
et al[149] revealed that human placental MSCs could not
only differentiate into hepatocyte-like cells in vitro and
in vivo, but also could prolong the survival time of pigs
with ALF. The survival rate was significantly higher in the
transplantation group than in the control group (66.7%
vs 0%). Recently, van Poll et al[150] provided evidence that
MSC-derived molecules directly inhibit hepatocellular
death, enhance liver regeneration and ultimately improve
survival in rats undergoing D-galactosamine-induced
FHF. Systemic infusion of MSC-conditioned medium
resulted in a 90% reduction of apoptotic hepatocellular
death and a three-fold increment in the number of proliferating hepatocytes. Moreover, transplanted human placental MSCs ameliorate CCl4- induced liver cirrhosis by
their anti-fibrotic effect in a rat model[151]. Mohsin et al[152]
reported that pretreated MSCs expressing high levels
of albumin, cytokeratin 8, 18, TAT and HNF1α transplanted in the left lateral lobe of mice with liver fibrosis
resulted in a significant reduction in the fibrotic area in
the liver, concomitant with improved serum levels of bilirubin and alkaline phosphatase. Cao et al[149] compared the
effects of transplantation of placental MSCs through the
peripheral (jugular) and portal veins; their data suggested
that both transplantation routes were safe, with no portal
vein thrombosis. However, histological data revealed that
transplantation of human placental MSCs via the portal
vein reduced liver inflammation, decreased hepatic denaturation and necrosis, and promoted liver regeneration.

WCG|www.wjgnet.com

Clinical results: In the study of Zhang et al[156] 30 chronic hepatitis B patients with decompensated livers received
umbilical cord-derived MSC transfusion. No significant
side effects or complications were observed. Liver function improved and the volume of ascites significantly
decreased. Umbilical cord-derived MSC have also been
found to be safe and beneficial in the treatment of the
patients with acute-on chronic liver failure associated with
hepatitis B virus infection. The cell transfusions significantly increased the survival rates in ACLF patients[157].
Bone marrow-derived hematopoietic stem cells
In 1999 Petersen et al[42] and in 2000 Lagesaa et al[43] described the contribution of bone marrow-derived stem
cells (BMSs) to liver regeneration. Data in the literature
increasingly suggest bone marrow as a transplantable
source of hepatic progenitors[158,159]. Initial reports of the
hepatic potential of HSCs were later shown to have resulted from fusion between transplanted donor cells and
resident recipient hepatocytes[48,160]. The authors analyzed
sex-mismatched bone marrow and liver transplantations
in rats[42], mice[158] and humans[161], and were able to show
Y-chromosome-positive hepatocytes as single cells or
small clusters in the recipients. Adjusted Y-positive hepatocyte and cholangiocyte engraftment ranged from 4% to
43%, and from 4% to 38%, respectively[160].
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Experimental results: Cantz et al[162] have investigated
the contribution of intrasplenic bone marrow transplants
or in vivo mobilized HSCs to the formation of hepatocytes in normal and injured liver by CCl4. They concluded
that there is little or no contribution of BMSs to the
regeneration of normal and injured livers in the animal
models used. Kanazawa et al[163] also demonstrated that
there is little or no contribution of BMCs to the replacement of injured livers (both acute and chronic) in three
different models, as follows: CCl4 treatment, albuminurokinase transgenic mouse, hepatitis B transgenic
mouse. By contrast, Jang et al[164] reported that transplantation of a population of bone marrow purified stem
cells promoted functional improvement in mice with
CCl4-induced acute liver injury. Moreover, liver function
was restored 2-7 d after transplantation. Fibrosis reduction was also reported in rats with CCl4-induced acute liver injury after bone marrow mononuclear cells transplantation via the portal vein. The general condition of the
rats in the treatment group also improved markedly[165].
In the study of Shizhu et al[166] transplanted bone marrow
mononuclear cells via tail veins of mice were found to
populate the damaged liver around the portal and centrolobular regions, and they appeared to differentiate into
albumin-producing hepatocyte-like cells. Animals that
received bone marrow mononuclear cells also showed a
trend toward improved liver enzymes, as well enhanced
survival rates, relative to controls.

was reported to show increased hepatocyte replication
around necrotic foci. Salama et al[177] reported that near
normalization of liver enzymes was observed in 54% of
90 patients with end-stage liver disease received GSF for
five days followed by autologous CD34+ and CD133+
stem cell infusion in the portal vein. Similarly, in a phase
I clinical trial of five patients with acute on chronic liver
failure, administering G-CSF and then reinfusing the
CD34+ cells improved liver function in more than 50%
of cases during a 60-d follow-up[167]. The patients receiving autologous infusion of mobilized adult bone marrow
derived CD34+ cells without G-CSF were monitored
for up to 18 mo, which confirmed the safety of the procedure, with beneficial effects lasting around 12 mo[170].
Terai et al[169] implemented a clinical trial on nine patients
with decompensated liver cirrhosis. These patients were
infused with 5.2 ± 0.63 × 109 autologous bone marrow
cells from the peripheral vein. At 24 wk after transplantation, significant improvements were observed.
Peripheral and umbilical blood stem cells
Stem cells derived from cord blood of human origin
exhibit higher plasticity than the respective mouse or rat
cells[178]. Like the BMSCs, cell fusion has been implicated
as the mechanism by which human cells are seen in the
recipient’s liver. Some researchers observed cell fusion
in most cells[179] and some claim no evidence of cell fusion[180]. Newsome et al[180] demonstrated that human
umbilical cord-blood (hUCB)-derived cells could differentiate into hepatocytes after transplantation into immunodeficient mice. The percentage of human, compared
with mouse, hepatocytes reached an average of 0.011%
after 16 wk. Kögler et al[181] reported that these somatic
multipotent stem cells could differentiate into hepatocytes after transplantation into a pre-immune fetal sheep
model. Human hepatocytes constituted as much as 20%
of the liver 11 mo after transplantation[182].

Clinical results: Although the results of experiments on
rodents are conflicting, several clinical trials found that
BMSCs were beneficial in the treatment of the patients
with liver failure. Autologous BMSCs transplantation
via the portal vein, peripheral vein or hepatic artery into
patients with cirrhosis, resulted in improvement of liver
function tests[167-171]. Clinical studies by Lyra et al[172,173]
suggested the safety of autologous bone marrow-derived
cells through a hepatic artery for chronic liver disease
patients. In nine patients with alcohol-related cirrhosis,
the reinfusion of CD34+ HSCs into the hepatic artery
was well tolerated and beneficial to liver function[174].
However, in the study of Cauto et al[171], one case of
dissection of the hepatic artery and one case of Takotsubo syndrome occurred as early complications. A patient developed a cutaneous immunological disorder and
another patient developed hepatocellular carcinoma 12
mo after infusion via the hepatic artery. A phase 1 trial
using BMSCs injected via the hepatic artery after portal
embolization was prematurely terminated when a patient
with decompensated cirrhosis died from radio contrast
nephropathy and hepatorenal syndrome[175].
A recent case report described the use of autologous
unsorted BMSCs as rescue treatment for hepatic failure
in a 67-year-old man ineligible for liver transplantation[176].
Apparent rapid improvement in hepatic synthetic function was obtained after the portal venous infusion of the
cells. A liver biopsy performed 20 d after cell transplant
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Experimental results: Intraperitoneal administration
resulted in a rapid liver engraftment using a model of
hepatic damage induced by allyl alcohol in nonobese diabetic-severe combined immunodeficient (NOD/SCID)
mice[178]. Hepatocyte-like cells, known as NeoHeps, which
are derived from terminally differentiated peripheral
blood monocytes, also seem to be very effective in treating experimental ALF in Wistar rats[183].
Clinical results: In a clinical trial, 40 patients with HBVrelated cirrhosis were randomized to receive G-CSF
alone or in combination with the reinfusion of peripheral
blood monocytes in the hepatic artery. Over a 6-mo follow-up, significant biochemical and clinical improvement
was seen in both groups[184]. In a different setting, Gasbarini et al[176]. transplanted peripheral blood stem cells into
a single patient with ALF and showed improvement of
liver function over 30 d, although the patient eventually
succumbed to sepsis.
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CONCLUSION
10

Although several cell transplantation trials concerning
different types of mature or progenitor/stem cells in
rodents succeeded in improving liver failure, cell transplantation therapies for human liver disorders are still in
the early stages of development. Animal models of small
animals may not reproduce the clinical syndrome of LF
adequately, and trials in large animal models are required.
Also mechanisms concerning transplanted cell engraftment and proliferation in LF need further analysis. Most
of these clinical trials have limitations, being performed
on small groups of patients, with no controls and using
outcome parameters that are easily biased. The current
inability to track transplanted or infused cells in human
subjects represents a major challenge in further developing and understanding stem cell therapies. Clinical trials
should be planned, with the development of standardized protocols for standardized procedures to define the
nature of cells, the patients enrolled, the transplantation
procedure and pre-treatment of the liver, as well as standard data collection regarding efficacy, and possible side
effects. The results of the experiments are promising;
therefore, cell transplantation therapies should be the first
choice in the treatment of acute or end-stage liver failure
in the near future.
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dications develop. This review focuses on the recent
advances in the understanding of various contributing
etiologies, the administration of etiology-specific treatment to alleviate the liver injury, and the management
of complications (e.g. , encephalopathy, coagulopathy,
cardiovascular instability, respiratory failure, renal failure, sepsis and metabolic disturbance) in patients with
ALF. Assessment of the need for liver transplantation is
also presented.
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Core tip: Acute liver failure (ALF) is a dramatic clinical
syndrome of abrupt loss of liver function in a patient
with a previously healthy liver. The causes of ALF encompass a wide variety of toxic, viral, metabolic, vascular and autoimmune insults to the liver. ALF patients
develop serious complications, and death is mostly due
to sepsis, followed by multiple organ failure, and intracranial hypertension. However, disease outcome has
been improved through etiological treatment and advanced intensive care management. For most severely
affected patients who fail to recover after treatment,
liver transplantation may be life-saving.

Abstract
Acute liver failure (ALF) is an uncommon but dramatic
clinical syndrome characterized by hepatic encephalopathy and a bleeding tendency due to abrupt loss of liver
function caused by massive or submassive liver necrosis
in a patient with a previously healthy liver. The causes
of ALF encompass a wide variety of toxic, viral, metabolic, vascular and autoimmune insults to the liver, and
identifying the correct cause can be difficult or even
impossible. Many patients with ALF develop a cascade
of serious complications involving almost every organ
system, and death is mostly due to multi-organ failure,
hemorrhage, infection, and intracranial hypertension.
Fortunately, the outcome of ALF has been improved in
the last 3 decades through the specific treatment for
the disease of certain etiology, and the advanced intensive care management. For most severely affected
patients who fail to recover after treatment, rapid
evaluation for transfer to a transplantation center and
consideration for liver transplantation is mandatory so
that transplantation can be applied before contrain-
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INTRODUCTION
Acute liver failure (ALF) is an uncommon but dramatic
clinical syndrome characterized by sudden and massive
hepatic necrosis that results in jaundice, coagulopathy
[international normalized ratio (INR) ≥ 1.5], and hepatic
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encephalopathy (any degree of altered mentation) in the
absence of pre-existing liver disease[1]. A timely diagnosis
of ALF is critical because of its feature of rapid deterioration, and delayed diagnosis can be disastrous. The most
prominent causes include drug-induced liver injury, viral
hepatitis, autoimmune liver disease and shock or hypoperfusion; many cases have no discernible cause[2]. The
mortality rate of ALF is as high as 40%-50%, depending on the cause and improper therapeutic management.
The immediate cause of death in 35% of ALF patients
is brain herniation due to elevated intracranial pressure
(ICP), and most other deaths are the result of severe
refractory hypotension resulting from supervening sepsis culminating in multiorgan failure[3]. Orthotopic liver
transplantation (OLT) has emerged as the only therapeutic intervention with proven benefit for patients with
advanced ALF[4].

a history of severe gastrointestinal symptoms (nausea,
vomiting, diarrhea and abdominal cramping), which occur within hours to a day after mushroom ingestion[11].
Amantinin toxin, recycled via the enterohepatic circulation, interrupts hepatocyte mRNA synthesis resulting
in dose-dependent hepatotoxicity. The mortality of
ALF secondary to mushroom poisoning approaches
10%-30%. Penicillin G and silibinin may ameliorate the
hepatic injury, however, patients should be listed for hepatic transplantation, because this procedure is often the
only life-saving option[12].
Drugs other than APAP rarely cause dose-related liver
injury[13]. Many of these injuries are idiosyncratic, and
they often occur within the first 6 mo after intake of the
drug. In this setting, it is necessary to discontinue all but
the most essential medications. Medications commonly
associated with acute liver injury include antimicrobials,
neurological and psychiatric drugs, and nonsteroidal antiinflammatory drugs (Table 1)[14].

ETIOLOGY AND SPECIFIC THERAPIES

Virus
Patients with viral hepatitis that develop hepatic failure
are largely suffering from hepatitis B, and less frequently
hepatitis A. Hepatitis B carriers undergoing immunosuppressive or cancer chemotherapy may experience reactivation of hepatitis B virus (HBV) replication, which may
lead to ALF. Prophylactic antiviral therapy is recommended for HBV carriers at the onset of cancer chemotherapy
or of a finite course of immunosuppressive therapy[15-17].
High viral load at baseline is the most important risk factor for HBV reactivation. Patients with baseline HBV
DNA < 2000 IU/mL level should continue treatment for
6 mo after completion of chemotherapy or immunosuppressive therapy. Patients with a high baseline HBV DNA
(> 2000 IU/mL) level should continue treatment until
they reach treatment endpoints as in immunocompetent
patients. Lamivudine or telbivudine can be used if the
anticipated duration of treatment is short (< 12 mo) and
baseline serum HBV DNA is not detectable. Tenofovir
or entecavir is preferred if longer duration of treatment
is anticipated[17]. In addition, all transplant recipients positive for hepatitis B surface antigen should receive antiviral
therapy, preferably using tenofovir or entecavir[15].
In an endemic area such as Russia, Pakistan, Mexico,
or India, hepatitis E remains an important cause of hepatic failure, particularly in the context of pregnancy, and
it carries a high mortality in this setting[18]. Moreover, vertical transmission of hepatitis E from women with acute
infection results in ALF in more than half of neonates.
So far, ALF due to acute hepatitis C infection is uncommon and occurs in < 1% of patients. Few data suggest
that hepatitis G virus plays a major pathogenic role in
ALF[19]. Herpes viruses occasionally cause ALF, usually
among immunosuppressed and pregnant patients[20]. Epstein-Barr virus, adenoviruses, cytomegalovirus, varicella
zoster virus, parvovirus B19, yellow fever virus and hemorrhagic fever virus are also implicated as causes of ALF.
For ALF caused by herpes viruses or varicella zoster,

The causes of ALF encompass a wide variety of toxic,
viral, metabolic, and vascular insults to the liver, and the
etiology of ALF varies with geography. In Africa and
Asia, viral hepatitis dominates the causes of ALF[5]. By
contrast, in Europe and North America, toxic etiologies
predominate[6]. In many cases, the cause of ALF cannot
be established and remains indeterminate. Determination
of etiology is important because specific therapies can
be given once the diagnosis is established. In addition,
knowing the cause could provide a reasonably valid guide
to predicting outcome[7].
Toxins
Acetaminophen (APAP) overdose accounts for 46% of
ALF cases in some areas, and APAP-induced ALF is
currently more commonly seen after unintentional than
intentional overdose[8]. The development of liver failure
from APAP is dose dependent; hepatic failure is more
likely with ingested dosages > 150 mg/kg. Various risk
factors increase the probability of acute liver damage
even at therapeutic doses of APAP. The factors include
alcoholic addiction, malnutrition (resulting in glutathione
depletion), and concurrent use of narcotic analgesics
compounded with APAP. The liver damage leads to a
characteristic pattern of pericentral necrosis due to cytochrome P450-mediated oxidative metabolism of APAP
to the highly reactive, intermediate metabolite, N-acetylp-benzoquinone iminine (NAPQI)[9]. Accumulation of
NAPQI leads to cell death and hence hepatocellular necrosis. n-Acetylcysteine (NAC) is established as a proven
beneficial agent for APAP-induced hepatotoxicity[10]. It
acts by replenishing glutathione that detoxifies NAPQI.
In addition, excessive NAC also provides substrates for
hepatic ATP synthesis, thus supporting mitochondrial energy metabolism. The latter pathway may be particularly
important in delayed administration of NAC.
Mushroom poisoning, most commonly from Amanita
genus mushrooms, should be suspected in patients with
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undetectable levels) due to profound hemolytic anemia
help with its rapid recognition. Liver transplantation is
the only effective option for those with WD who present
with ALF. One-year survival following liver transplantation ranges from 79% to 87%, and those who survive
this early period continue to survive in the long term[23].
The hepatic damage of HELLP syndrome is proposed to result from disordered placentation, leading
to either the circulation of antiangiogenic factors and
endothelial dysfunction, or cytokine production causing
the characteristic periportal hemorrhage and fibrin deposition observed by Sánchez-Bueno et al[24]. Acute fatty
liver degeneration of pregnancy is a sudden catastrophic
illness occurring most frequently in the third trimester,
when mitochondrial dysfunction due to maternal and
fetal fatty acid β-oxidation defects resulting in microvesicular fatty acid accumulation in hepatocytes[25]. There is
an overlap of these two clinical syndromes, and they play
a major role in the pathogenesis of pre-eclampsia, with
hypertension, and proteinuria. Early recognition of these
syndromes and prompt delivery are critical in achieving
good outcomes. Failure to recover from the illness should
be promptly listed for liver transplantation[26].

Table 1 Drugs which may cause idiosyncratic liver injury
leading to acute liver failure
Classification

Drugs

Anti-infective agents

Amoxicillin/clavulanate
erythromycin, roxithromycin, telithromycin,
doxycycline, minocycline
nitrofurantoin, ciprofloxacin, levofloxacin,
moxifloxacin
trimethoprim-sulfamethoxazole,
sulfasalazine, isoniazid, rifampin,
pyrazinamide, ethambutol, dapsone,
fluconazole, itraconazole, terbinafine,
ketoconazole, chloroquine
Didanosine, fialuridine, efavirenz, abacavir,
nevirapine-lamivudine
Cardiovascular agents
Amiodarone, labetalol, diltiazem,
methyldopa, valsartan, lisinopril, angiotensin
converting enzyme inhibitor
Asparaginase, flutamide
Hypolipidemic agents
Atorvastatin, cerivastatin, simvastatin,
pravastatin, fluvastatin, ezetimibe
Hypoglycemic Agents
Metformin, troglitazone
Anti-allergic agents
Zafirlukast, loratadine, diphenhydramine
Herbal products/dietary Kava, Herbalife, Comfrey, Senecio, Greater
supplements
Celandine, Polygonum multiflorum, ginseng,
Teucrium polium, usnic acid, ma huang,
Chaso, Onshido, Hydroxycut, LipoKinetix
Neurological and
Halothane, isoflurane, butorphanol
psychiatric drugs
opiates, amphetamines, marijuana, cocaine
Phenytoin, valproic acid, carbamazepine,
felbamate, lamotrigine, vigabatrin
amitriptyline, imipramine, sertraline,
paroxetine, venlafaxine, pemoline, bupropion
Chlorpromazine, quetiapine, clonazepam
tolcapone
Nonsteroidal
Diclofenac, bromfenac, etodolac, naproxen,
anti-inflammatory drugs
ibuprofen, indometacin
Miscellaneous
Propylthiouracil, retinol, infliximab,
allopurinol, cyclosporine, disulfiram,
iron sulfate, anabolic steroids, carbon
tetrachloride, phenprocoumon, nicotinic acid
Antineoplastic agents
Methotrexate, cytoxan, etoposide,
dactinomycin, azathioprine, tamoxifen

acyclovir (5-10 mg/kg iv every 8 h) is the recommended
treatment[21].

Vascular causes
The Budd-Chiari syndrome (acute hepatic vein thrombosis) is an uncommon cause of ALF[27]. Right upper
quadrant pain, striking hepatomegaly, and fluid retention characterize the initial clinical picture and may help
distinguish this syndrome from other forms of ALF in
which the liver is small and not tender. Therapeutic strategies have included anticoagulation, use of transjugular
intrahepatic portocaval shunting, or transplantation. It is
important to rule out underlying cancer prior to transplantation for these patients. Liver ischemic injury can
also cause ALF and could be seen in the setting of sepsis,
cardiac arrest, heart failure, or hypotension induced by
long-acting niacin or cocaine[28]. Aminotransferase levels
will be markedly elevated and respond rapidly to stabilization of the circulatory problem. Cardiovascular support
is the treatment of choice in this setting.

Metabolic causes
Metabolic disorders like Wilson disease (WD), HELLP
(hemolysis, elevated liver enzymes, low platelets) syndrome, acute fatty liver of pregnancy, Reye’s syndrome,
galactosemia, hereditary fructose intolerance, hemochromatosis, α1-antitrypsin deficiency and tyrosinemia may
also cause ALF.
WD accounts for 6%-12% of all patients with ALF
who are referred for emergency liver transplantation.
ALF due to WD occurs predominantly in young women
(female:male ratio 4:1)[22]. Diagnostic tests for WD should
include ceruloplasmin, serum and urinary copper levels,
total bilirubin/alkaline phosphatase ratio, slit lamp examination for Kayser-Fleischer rings, and hepatic copper
levels when liver biopsy is feasible[23]. High bilirubin (>
20 mg/dL) and low alkaline phosphatase levels (including

Miscellaneous causes
Some rare causes of ALF include heat shock, protracted
seizures, autoimmune hepatitis, and malignant infiltration[29,30]. ALF occurs in a small fraction of autoimmune
hepatitis patients-probably < 20%. These cases are usually recognized prior to hospitalization as having autoimmune disease that proceeds to rapid deterioration. The
clinical picture is in the form of a subacute presentation,
with intermediate elevation of enzyme levels and high
bilirubin concentrations. Presence of autoantibodies and
a compatible picture on biopsy help to confirm the diagnosis, but they may not be notable. Some autoimmune
hepatitis patients may respond well to steroid therapy,
and others may still require transplantation. The most
common forms of malignant infiltration implicated in
ALF are lymphoma, breast cancer, and melanoma[31].
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Others include small cell lung cancer and prostate cancer.
Diagnosis should be made by imaging and biopsy, and
treatment appropriate for the underlying malignant condition is indicated.

the various organ dysfunctions associated with ALF.
Cerebral edema and intracranial hypertension
Cerebral edema leading to intracranial hypertension (ICH)
is one of the major causes of morbidity and mortality in
patients with ALF. The pathogenesis of cerebral edema
and ICH in ALF appears to be multifactorial. Ammonia
is converted in the astrocytes to osmotically active glutamine, producing osmotic cerebral edema[37]. Other factors
such as impaired cerebral blood flow (CBF) autoregulation, systemic inflammatory response and ischemic injury
have also been proposed as the cause of ICH. Some risk
factors for the development of cerebral edema in patients with ALF include high-grade encephalopathy (grade
Ⅲ or Ⅳ), high serum ammonia concentrations (> 200
μmol/L), and requirement for vasopressor support or
renal replacement therapy.
Cerebral edema presents clinically as hepatic encephalopathy due to ICH. Basic interventions for the management of cerebral edema should be applied universally in
patients with high-grade hepatic encephalopathy. These
interventions include elevation of the head of the bed to
30°, maintenance of a neutral neck position, endotracheal
intubation, minimizing painful stimuli, and control of arterial hypertension[38]. Propofol is a reasonable choice for
adequate sedation because it may protect from ICH. For
treatment of pain, fentanyl is preferred as the first-line
agent. Factors that increase ICP need to be avoided and
include hypercapnia, hyponatremia, frequent movements,
neck vein compression, fluid overload, fever, hypoxia,
coughing, sneezing, seizures, and endotracheal suctioning.
ICP monitoring is recommended in ALF patients
with high-grade hepatic encephalopathy, in centers with
expertise in ICP monitoring as well as in patients awaiting
and undergoing liver transplantation[39]. ICP monitoring
can detect elevations in ICP to direct interventions, which
may preserve brain perfusion and prevent cranial herniation. Generally, the goal of therapy in ALF is to maintain
ICP < 20 mmHg and cerebral perfusion pressure (CPP)
> 60 mmHg. Prolonged ICP > 40 mmHg and CPP < 50
mmHg are associated with a poor outcome. CPP < 40
mmHg for > 2 h indicates reduced neurological blood
flow to maintain intact brain function and should contraindicate liver transplantation because of poor post-transplantation prognosis. However, patients with refractory
ICP elevation > 35 mmHg and CPP < 50 mmHg who
made a full neurological recovery contradicted previous
findings.
In patients with persistently elevated ICP, osmotic
therapy can be considered. Mannitol reduces ICP by osmotically drawing water from the brain parenchyma into
the intravascular space[40]. ICP > 20 mmHg necessitates
intravenous administration of mannitol (0.5-1 g/kg)
provided serum osmolality is < 320 mOsm/L. However,
mannitol fails to normalize ICP once a level > 60 mmHg
is reached. Thus, its best use is for mild to moderate ICH.
Alternately, hypertonic saline mitigates ICH through both
osmotic and nonosmotic effects[41]. Hypertonic saline to

Indeterminate causes
About 15%-20% of ALF occurs with an indeterminate
cause, which includes unrecognized idiosyncratic drug
toxicity, non-A-E viral hepatitis, and possibly unrecognized metabolic and genetic diseases. The reasons for this
misdiagnosis may include failure to obtain an adequate
history as mentioned, failure to perform the definitive
diagnostic tests, or simply due to some other elusive diagnoses. As has been noted, about 20% of ALF of indeterminate cause is related to obscure APAP toxicity through
detection of APAP-protein adducts, the byproducts of
the toxic reaction[32]. However, the adduct assay is not
available for routine use at this time.

CLINICAL MANIFESTATIONS
The clinical presentation of ALF is multifaceted, ranging from slightly altered conscious level with profound
coagulopathy to a catastrophic failure of multiple organs.
The initial clinical features of ALF may be nonspecific
and may include anorexia, fatigue, abdominal pain and fever. As the metabolic and detoxification function of liver
becomes impaired, the signs of ALF emerge, including
jaundice, encephalopathy, coagulopathy, haemodynamic
instability, acute lung injury/acute respiratory distress
syndrome (ARDS), renal failure, sepsis, and metabolic
disturbance.
Depending on the interval between development of
jaundice and onset of encephalopathy, clinical manifestation could be stratified into three groups such as hyperacute (< 7 d), acute (7-28 d) and subacute (4-26 wk)[33].
This classification is popular but not particularly helpful
because it does not have prognostic significance that is
distinct for identifying the cause of the illness. Hyperacute failure, most commonly caused by APAP hepatotoxicity, is characterized by high aminotransferase level
and low bilirubin level[34]. Hepatic encephalopathy develops rapidly in this setting, sometimes preceding jaundice.
Subacute liver failure due to idiosyncratic drug toxicity
presents as minimal encephalopathy with no cerebral
edema[35]. This condition is usually associated with severe
jaundice, renal dysfunction, and moderate coagulopathy.

ICU TREATMENT
NAC is a proven effective therapy for APAP hepatotoxicity. It is also beneficial in non-APAP ALF patients showing early (grades Ⅰ/Ⅱ) hepatic encephalopathy[36]. NAC
can increase non-transplant survival among these patients.
Thus, administration of NAC should be initiated immediately when ALF is established. Except for NAC, there is
no other proven therapy for ALF. Management consisting
of intensive care support should be initiated to address
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target serum sodium levels 145-155 mmol/L are suggested to avoid complications associated with extreme
hypernatremia, such as seizure and changes in mentation.
Hypothermia also has some benefit in reducing ICP,
because it lowers brain energy metabolism, reduces arterial ammonia concentration and extraction of ammonia
by the brain, normalizes CBF autoregulation, and reverses systemic inflammatory reactions[42]. In addition to
its neurological effect, hypothermia results in significant
improvement of cardiovascular hemodynamics, as manifested by increased mean arterial pressure (MAP) and
systemic vascular resistance, and reduction in noradrenaline requirements. Therapeutic hypothermia (cooling to a
core temperature of 34 ℃-35 ℃) is probably well tolerated and effective, but randomized, controlled trials are
needed to confirm the benefits of hypothermia before it
is applied routinely.
Barbiturates are centrally acting hypnotics that reduce
brain oxygen utilization and are effective in lowering
ICP[43]. However, untoward side effects such as arterial
hypotension, negative inotropic effects, and immunosuppressant effects make barbiturates a poor first-choice
treatment for ICH. Hyperventilation can induce hypocapnia that causes cerebral vasoconstriction, which in
turn reduces CBF, thus leading to a decrease in ICP[44].
Although hyperventilation effectively reduces ICP, there
is a concern that the resultant vasoconstriction could
exacerbate cerebral ischemia and even cause hypoxia. It
is believed that hyperventilation to maintain PaCO2 between 30 and 35 mmHg may reduce ICP acutely, but it
should not be used over a prolonged period.
The use of hepatectomy in patients awaiting liver
transplantation is based upon the concept that the necrotic liver is the source of unknown humoral substances
that contribute to increased ICP[45]. Removal of the liver
in an ALF patient resulted in improved ICP possibly
through a reduction in CBF, nitric oxide (NO) and liverderived proinflammatory cytokines.

increase in CPP. The MAP should be maintained in a narrow range to achieve a CPP of 60-80 mmHg to prevent
cerebral hypoperfusion on the one hand and further cerebral hyperemia on the other hand. Noradrenaline, with
fewer β-adrenergic side effects, could increase hepatic
blood flow in parallel with minimizing tachycardia and
is often the preferred vasopressor[48]. In patients who do
not respond to a volume challenge and norepinephrine,
vasopressin or terlipressin may potentiate the effects of
norepinephrine. Patients with uncorrectable hypotension
after volume repletion and vasopressor administration
should be evaluated for adrenal insufficiency, which occurs frequently in this setting[49]. Adrenal insufficiency
could be corrected with a stress dose of hydrocortisone
200-300 mg/d in divided doses.
Respiratory failure
Acute lung injury/ARDS is not uncommon in patients
who have ALF and severe multiple organ dysfunction;
particularly a requirement for vasopressors and concurrent ICH[50]. The hypoxemia caused by acute lung injury
and ARDS should be managed with low tidal volume
ventilation to minimize risks of pulmonary volume
trauma and barotrauma. Upregulation of respiratory rate
is needed to ensure adequate minute ventilation, avoiding
marked hypercapnia. It is desirable to maintain the lowest level of positive end-expiratory pressure that achieves
adequate oxygenation because high levels may exacerbate
cerebral edema and hepatic congestion. Recruitment, a
transient increase in mean airway pressure to expand the
lungs, is also beneficial in improving oxygenation.
Acute renal failure
The incidence of acute renal failure in ALF is as high as
50%-80%. Acute renal failure resembling hepatorenal
syndrome is multifactorial in the setting of ALF[51]. Direct
drug nephrotoxicity and acute tubular necrosis due to
ischemia from hypotension are among the most important associated disease entities. In addition, development
of abdominal compartment syndrome, due to ascites,
intra-abdominal hemorrhage or severe abdominal and
gut wall edema, is a common cause of renal impairment
in ALF. Management includes avoidance of nephrotoxic
agents, treatment of infection, maintenance of adequate
renal perfusion, and renal replacement therapy. Early targeted volume replacement and vasoactive agent administration are essential to avoid arterial hypotension and
ensure adequate renal perfusion. Worsening renal failure
needs to be addressed with renal replacement therapy.
Continuous renal replacement therapy is recommended,
because most patients with ALF tolerate intermittent
hemodialysis poorly because of circulatory instability,
precipitous fluid shifts, and a rise in ICP[52].

Hemodynamic failure
ALF is characterized by a hyperdynamic circulation with
high cardiac output, low MAP, and low systemic vascular
resistance[46]. Increased NO production and cyclic GMP
may be involved in these hemodynamic disturbances.
Because the patients have such markedly deranged circulation, it is important to use monitoring devices that
are able to provide information about changes in MAP,
filling status, cardiac output, and oxygenation status. Due
to poor oral intake, transudation of fluid into the extravascular space, and possibly gastrointestinal bleeding,
most patients are volume depleted and require initial fluid
resuscitation. The initial treatment of hypotension should
involve intravenous infusion of normal saline and a volume challenge is recommended[47].
After adequate fluid replacement and treatment of
infection and sepsis, vasopressors may also be required to
maintain adequate MAP and CPP. ALF patients have lost
CBF autoregulation and an increase in MAP results in an
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system and neutrophil and Kupffer cell function[53]. Bacterial infections have been documented in 80% of cases;
most commonly pneumonia, urinary tract infections,
intravenous catheter-induced bacteremia, and spontaneous bacteremia. Infectious organisms are mainly Gramnegative enteric bacilli, Gram-positive cocci and Candida
species. Infection inhibits hepatic regeneration, and it is
associated with progression of hepatic encephalopathy
and renal failure, reduces successful rate of transplantation, and increases mortality in ALF. Thus, close surveillance for infection should be maintained in all ALF
patients, with frequent chest radiographs and cultures of
blood, urine and sputum. Empirical antibiotics should be
administered when surveillance cultures are positive. To
patients who develop progression to grade 3 or 4 hepatic
encephalopathy and elements of systemic inflammatory
response syndrome, antibiotic treatment is also recommended[54].

glycogenolysis and gluconeogenesis. Rapid development
of hypoglycemia, which can confound the hepatic encephalopathy, should be managed with continuous intravenous glucose infusion[58]. Hyperglycemia should also be
avoided because it may contribute to poor ICP control.
Low systemic blood pressure and poor systemic microcirculation result in a build-up of lactate; a complication
that may be accentuated by the lack of the lactate metabolism in the failing liver. Correction of hyperlactatemia is
important because it can affect circulatory function and
aggravate cerebral hyperemia. Serum phosphate, potassium and magnesium are frequently low, requiring repeated
supplementation. Severe restrictions of protein should be
avoided; normal protein intake of about 1 g/kg per day is
reasonable in most cases[59]. Owing to the hypercatabolic
state of ALF, nutrition is vital and enteral feedings should
be initiated early. If enteral feeding is contraindicated,
parenteral nutrition is a reasonable alternative.

Bleeding
Deficiencies of fibrinolytic proteins, anticoagulant proteins (protein C/S or antithrombin Ⅲ) and procoagulation factors (Ⅱ, Ⅴ, Ⅶ, Ⅸ and Ⅹ) are often present
in ALF; in part due to failure of synthesis as well as
consumption of these factors. Data have also shown
quantitative and qualitative platelet dysfunction in ALF.
Hemostatic changes thus incorporate coagulopathy [confirmed with prolonged prothrombin time (PT) and partial thromboplastin time] as well as a tendency to develop
thrombotic events such as disseminated intravascular
coagulation. However, there are abnormalities in both the
coagulation and the fibrinolytic pathways, and data suggest that the defects are balanced; that is, there is a relative preservation of hemostasis[55]. Clinically significant
bleeding occurs rarely (about 5% of cases) and the perceived bleeding risk based upon INR may be overstated.
Bleeding generally occurs from superficial mucosal
lesions, especially gastric erosions. Administration of histamine-2 receptor antagonists or proton pump inhibitors
has been shown to decrease the risk of gastric mucosal
bleeding in patients with ALF. In general, infusion of
fresh frozen plasma is indicated only for control of active
bleeding or during invasive procedures such as insertion
of ICP monitor, to maintain an INR < 1.5[56]. When fresh
frozen plasma fails to normalize PT/INR adequately, the
use of recombinant factor Ⅶa can be considered. Cryoprecipitate is recommended in patients who have significant hypofibrinogenemia (< 1 g/L). Platelet transfusion
is indicated only to aid in controlling active bleeding or
during invasive procedures if the count is < 50 × 109/L
or prophylactically if < 15 × 109/L[57]. Finally, vitamin
K (5-10 mg subcutaneously) should be considered in all
patients with ALF, because its deficiency can occur in >
25% of patients.

LIVER SUPPORT DEVICES
Extracorporeal supportive devices have been advocated
to replace the liver function in ALF patients; however,
the complexity of liver metabolic, synthetic, detoxifying,
and excretory functions makes the extracorporeal hepatic support extremely difficult. Currently available liver
support systems comprise nonbiological systems and
bioartificial systems. As the most common techniques of
nonbiological systems, molecular adsorbent recirculatory
system and Prometheus therapy are useful methods of
detoxification for patients with ALF[60]. Unfortunately, no
survival benefit could be demonstrated compared with
standard medical therapy.
Bioartificial liver (BAL) systems rely on the use of
liver cells (human or nonhuman) to perform detoxification and secretion of hepatocyte-derived factors. The
selection of the ideal cell source and the design of more
sophisticated bioreactors are the main issues in this field
of research. Preliminary data on the use of BAL devices
suggest some improvement in encephalopathy, but no real
improvement could be demonstrated in overall survival.

LIVER TRANSPLANTATION
OLT remains the only definitive treatment for patients
with ALF proven to have irreversible liver injury. Rapid
evaluation for transfer to a transplantation center and
consideration for liver transplantation is mandatory so
that transplantation can be applied before contraindications develop. Towards this end, multiple prognostic
indicators and scoring systems have been devised to
predict outcome in ALF. The King’s College criteria are
widely used to assess of the severity of ALF and the
potential variability of the prognosis, with a sensitivity
of 68%-69% and a specificity of 82%-92% (Table 2).
Recently, the addition of arterial lactate levels in patients
with APAP-induced ALF has been proposed to improve
sensitivity of the criteria and identifies patients in need

Metabolic concerns
Patients are prone to develop hypoglycemia because hepatocyte necrosis causes glycogen depletion and defective
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reflected as coagulopathy or jaundice, is viewed as inverse
correlation with survival. Finally, extrahepatic complications, such as comorbid cardiovascular, respiratory and
systemic conditions have a negative affect on patient
outcomes. In addition, studies have also identified serum
phosphate, blood NH3 levels, high body mass index, genetic polymorphism, and surrogate markers of cell death
as additional predictive or diagnostic factors[64]. Hypophosphatemia is an indication of increased hepatic ATP
production during liver regeneration and serve as a good
prognostic indicator especially in APAP-induced ALF.
Genetic polymorphisms in keratins 8 and 18, the sole
keratins expressed by hepatocytes, confer susceptibility to
ALF and are also prognostic.
Before OLT, contraindications to transplantation
such as substance abuse, suicidal predilection, psychiatric
disorders, uncontrollable sepsis and other organ system
involvement (irreversible brain damage, extrahepatic malignancy, cardiovascular failure requiring > 1 μg/kg per
minute norepinephrine infusion, and ARDS requiring
FiO2 > 60% and PEEP > 12 cm H2O) must be excluded.
Once listed for OLT, patients waited an average of 3.5 d.
However, 66% of patients were transplanted, and of the
remainder, 22% died prior to transplantation and 12%
recovered spontaneously. The 1-year survival of cadaveric liver transplant in ALF patients is lower than that in
chronic liver failure patients; in part because of the extreme emergency conditions often encountered. After the
first year, this trend has reversed and ALF patients have
a better long-term survival. In addition to whole-organ
deceased donor liver transplantation, live donor and auxiliary liver transplantation have been attempted but still
remain controversial[65].

Table 2 King's College criteria for selecting recipients of
emergency liver transplants
Acetaminophen-induced ALF

Non-acetaminophen-induced ALF

Strongly recommended list for OLT if:
Arterial lactate > 3.5 mmol/L after
early fluid resuscitation
List for transplantation if:
Arterial pH < 7.3 or arterial lactate
> 3.0 mmol/L after adequate fluid
resuscitation

List for transplantation if:
INR > 6.5 and encephalopathy
present irrespective of grade
Or if any 3 of the following
features (encephalopathy
irrespective of grade) are
present:
Age < 10 yr or > 40 yr1
Interval from jaundice to
encephalopathy > 7 d1
List for transplantation if all 3 of the
INR ≥ 3.5
Serum bilirubin ≥ 300 μmol/L
following occur within a 24-h period:
Grade 3 or 4 hepatic encephalopathy Unfavorable etiology, such
as seronegative hepatitis,
INR > 6.5
idiosyncratic drug reaction or
Creatinine > 300 μmol/L
Wilson disease
1

These criteria have not been found to be predictive of outcome in recent
analyses. ALF: Acute liver failure; OLT: Orthotopic liver transplantation;
INR: International normalized ratio.

for OLT earlier[61]. The Clichy/Villejuif criteria are widely
used in Northern Europe for ALF patients with severe
encephalopathy, and assess outlook with consideration
of coagulation factor Ⅴ concentrations and patient age.
The criteria include grade 3 and 4 hepatic encephalopathy and factor Ⅴ levels < 20% in patients < 30 years of
age or < 30% in patients aged > 30 years. Other systems
such as Acute Physiology and Chronic Health Evaluation
(APACHE) Ⅱ score and the Model for End-Stage Liver
Disease (MELD) score have also been used to determine
the prognosis in ALF. The MELD score is calculated by
the formula: MELD = 3.8 [Ln serum bilirubin (mg/dL)]
+ 11.2 (Ln INR) + 9.6 [Ln serum creatinine (mg/dL) +
6.4]. The sensitivity of APACHE Ⅱ score and MELD
score is too low to determine outcome, but the specificity
is acceptable. This means that they are more applicable
for predicting death rather than spontaneous survival.
In general, key factors involved in determining outcome of ALF are the etiology, degree of encephalopathy,
degree of hepatocyte damage, and risk of extrahepatic
complications. First, the etiologic diagnosis per se appears
to be the strongest driver of outcome. ALF cases due to
APAP toxicity, hepatitis A, ischemia, and pregnancy may
have a better prognosis[62]. Approximately 90% of APAPinduced ALF cases recover with supportive measures,
whereas ALF cases due to idiosyncratic drug injury, acute
hepatitis B, autoimmune hepatitis, mushroom poisoning,
WD, Budd-Chiari syndrome and indeterminate causes
carry a much poorer prognosis in the absence of OLT.
Up to 80% of patients who develop liver failure due to
idiosyncratic drug injury might die without transplantation. Second, grade 3 or 4 encephalopathy is considered
to show irreversible liver damage; spontaneous recovery
is rare, and in most cases the patient is transferred to a
transplantation centre and undergoes OLT as soon as
possible[63]. Moreover, the degree of hepatocyte damage,
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CONCLUSION
The management of ALF challenges our best skills because of its rapid progression and frequently poor outcomes. Early identification of ALF and the administration of etiology-specific treatment are crucial to improve
the outcome. Extrahepatic organ failure should be well
managed with advanced intensive care management. Better-targeted use of OLT techniques becomes important
to save the patients who fail to recover spontaneously. A
better understanding of the pathophysiology of ALF will
probably lead to further improvement in survival rates.
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Pathophysiology of cerebral oedema in acute liver failure
Teresa R Scott, Victoria T Kronsten, Robin D Hughes, Debbie L Shawcross
tamine accumulation within astrocytes has led to the
osmolyte hypothesis. Current evidence also supports
an alternate ‘Trojan horse’ hypothesis, with glutamine
as a carrier of ammonia into mitochondria, where its
accumulation results in oxidative stress, energy failure
and ultimately astrocyte swelling. Although a complete
breakdown of the blood-brain barrier is not evident in
human ALF, increased permeation to water and other
small molecules such as ammonia has been demonstrated resulting from subtle alterations in the protein
composition of paracellular tight junctions. At present,
there is no fully efficacious therapy for cerebral oedema other than liver transplantation and this reflects
our incomplete knowledge of the precise mechanisms
underlying this process which remain largely unknown.
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Abstract

Core tip: Cytotoxic and vasogenic cerebral oedema
have been implicated in acute liver failure (ALF) with
a preponderance of experimental data favouring cytotoxic mechanisms. Astrocyte swelling is a consistent
neuropathological finding in human ALF and ammonia
plays a definitive role. The mechanism(s) by which ammonia induces astrocyte swelling remains unclear but
glutamine plays a central role inducing oxidative stress,
energy failure and ultimately astrocyte swelling. Although complete breakdown of the blood-brain barrier
is not evident in human ALF, increased permeation to
water and ammonia has been demonstrated. There is
no efficacious therapy other than liver transplantation
reflecting the incomplete knowledge base.

Cerebral oedema is a devastating consequence of
acute liver failure (ALF) and may be associated with
the development of intracranial hypertension and
death. In ALF, some patients may develop cerebral
oedema and increased intracranial pressure but progression to life-threatening intracranial hypertension
is less frequent than previously described, complicating less than one third of cases who have proceeded
to coma since the advent of improved clinical care.
The rapid onset of encephalopathy may be dramatic
with the development of asterixis, delirium, seizures
and coma. Cytotoxic and vasogenic oedema mechanisms have been implicated with a preponderance of
experimental data favouring a cytotoxic mechanism.
Astrocyte swelling is the most consistent neuropathological finding in humans with ALF and ammonia
plays a definitive role in the development of cytotoxic
brain oedema. The mechanism(s) by which ammonia
induces astrocyte swelling remains unclear but glu-
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had intracranial bolts inserted which raises the possibility
that some of this cohort may have developed ICH without showing clinical sequelae. Whether the development
of cerebral oedema is similar or higher in patients with
ALF in developing countries remains to be determined.
Nevertheless, along with sepsis and multi-organ failure, it
is one the leading causes of death in these patients[1,8].
Patients with ALF are acutely ill and are best managed in intensive care units within tertiary liver transplant
centres. The armamentarium of treatments available to
alleviate cerebral oedema include mannitol, hyperventilation, hypertonic sodium chloride, induced hypothermia
and barbiturates which aim to decrease the total fluid
volume within the brain either by reducing the interstitial
fluid and/or by reducing cerebral blood flow[8]. However,
at present, no fully efficacious medical therapy for ALF
is available and the only effective treatment is an emergency liver transplantation[1]. Nevertheless, liver transplantation is not always an option, with co-morbidities,
sepsis, multi-organ failure and graft availability posing
a major obstacle to a patient qualifying for a life-saving
liver transplant.
The pathophysiological mechanisms underpinning
the development of cerebral oedema are complex and remain to be fully unravelled. The central role of ammonia
in the pathogenesis of cerebral oedema in ALF however,
remains undisputed. Indeed, arterial ammonia concentrations greater than 100 µmol/L have been shown to predict the onset of severe HE with 70% accuracy with ICH
developing in 55% of patients with ALF with an arterial
ammonia concentration > 200 μmol/L[9]. Furthermore,
Clemmesen and colleagues have shown that blood ammonia levels in excess of 150 µmol/L predicted a greater
likelihood of dying from brain herniation[10].

i48/9240.htm DOI: http://dx.doi.org/10.3748/wjg.v19.i48.9240

INTRODUCTION
Acute liver failure (ALF) is a complex clinical syndrome
that results from a sudden and severe loss in hepatocyte
function in a patient without pre-existing liver disease[1].
This rapid loss of function is the result of massive hepatocyte necrosis and is typically associated with hepatic
encephalopathy (HE) and coagulopathy, the hallmark
features of ALF. In many cases progressive multi-organ
failure ensues. Although ALF is rare, with an incidence
of one to six cases per million people every year in the
United States and Western Europe, the mortality rate and
the cost of treatment is high[2]. The majority of those affected are young adults.
ALF is sometimes referred to as fulminant hepatic
failure (FHF), a term first used in 1970 by Trey and Davidson[3] who described a potentially reversible disorder
resulting from severe hepatic injury, with an onset of encephalopathy within 8 wk of symptom appearance in the
absence of chronic liver disease. Whilst the main features
of this definition remain relevant today, O’Grady et al[4]
proposed a new classification for adults with ALF, dividing them into three groups based on the time between
the onset of jaundice to the development of encephalopathy: hyperacute (within 7 d), acute (8-28 d) and subacute (5-12 wk). This classification recognises that ALF
complications and prognosis depend on the rate of evolution of the disorder. It has now gained wide acceptance
in clinical and research studies. Those with a hyperacute
presentation, such as following an acetaminophen overdose, are at highest risk of developing cerebral oedema.
The most reliable clinical signs of severe ALF include
coagulopathy [international normalised ratio (INR) ≥
1.5], which may become severe enough to cause spontaneous bleeding, and HE (any degree of altered mentation). HE presents with a rapid onset of initially subtle
mental alterations such as minor confusion, disorientation and agitation, progressing to delirium, seizures and
coma. When severe, HE is typically associated with the
development of cerebral oedema[5].
Historically, cerebral oedema was thought to occur in
up to 80% of patients with ALF and be the most common cause of death[6]. However, recent data following
a review of 3300 patients presenting to a single tertiary
liver centre has shown that the proportion of patients
with intracranial hypertension (ICH) fell from 76% in
1984-1988 to 20% in 2004-2008 (P < 0.0001). In those
who developed ICH, mortality fell from 95% to 55% (P
< 0.0001). This mirrored a fall in the admission markers
of disease severity and most likely reflects earlier illness
recognition, improved intensive care, and use of salvage
liver transplantation[7]. A further study from Bernal and
colleagues from King’s College Hospital on 165 patients
presenting with ALF and grade 3/4 HE found that only
29% showed evidence of ICH. However, only one third
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CEREBRAL OEDEMA AND ACUTE LIVER
FAILURE: AN OVERVIEW
Cerebral oedema is a net increase in total brain water
content. The rigid skull bone protecting the brain limits
the compliance of the brain and as a consequence a small
increase in fluid can cause a significant rise in intracranial
pressure. ICH can lead to a decrease in cerebral perfusion
pressure and capillary blood flow, culminating in ischaemia[11].
Cerebral oedema as a complication of massive hepatic necrosis was first described by Ware et al[12] in 1971
and was found to be present in 80% of comatose ALF
patients on post-mortem examinations. Increased water
content of brain tissue has been considered to be a cardinal feature of cerebral oedema in ALF. However, ICH
caused by an increase in cerebral blood flow has also
been demonstrated in experimental models of ALF[13] in
addition to patients with ALF[14]. Impaired autoregulation
of CBF is well documented in patients with ALF and
can be explained by the presence of vasodilatation of
cerebral arterioles resulting in increased intracranial blood
volume (cerebral hyperemia or the so-called luxury perfu-
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sion)[15-17].
More recent studies have suggested that neuroinflammatory mediators, particularly pro-inflammatory
cytokines such as the interleukins (IL)-1β and IL-6 and
tumour necrosis factor-alpha (TNF-α), play an important
role in the development of ICH[18] and progression of
HE[19,20]. The presence of an infection or systemic inflammation (also known as ‘systemic inflammatory response
syndrome’ or ‘SIRS’) is common in ALF and has been
shown to be a major prognosticator of both the progression of HE and mortality in patients with ALF[21,22].
Moreover, evidence suggests that this inflammatory response may not only be peripheral but may arise within
the brain itself[18,23,24]. Neuroinflammation is now widely
considered to result from a direct interaction between microglia and ammonia[25,26]. The released pro-inflammatory
cytokines from activated microglial cells and ammonia
appear to act synergistically to induce cerebral oedema[27].
The neuropathological aspects of cerebral oedema
were first described by Klatzo[28] in a presidential address
classifying the underlying mechanisms of cerebral oedema into cytotoxic or vasogenic. This was further explored
within the context of ALF by Ede et al[29]. In cytotoxic
oedema the BBB is intact and there is intracellular swelling[30], whereas in vasogenic oedema there is breakdown
of the BBB and water and plasma constituents accumulate in the extracellular space[31].

tion.
The precise mechanism by which astrocytes swell
remains to be determined, although many factors have
been implicated. The evidence is most compelling for a
role for ammonia in the development of astrocyte swelling in ALF[35]. Whilst other factors, including cerebral
blood flow, vaso paralysis, hyperthermia, hyponatremia,
substances derived from the necrotic liver, infection,
inflammatory cytokines, lactic acid and glutamate have
all been implicated in astrocyte swelling, the data is insufficient and often conflicting[34,39]. These factors may all act
synergistically to induce cytotoxic swelling with ammonia
playing a central role[20].

AMMONIA-GLUTAMINE HYPOTHESIS
Ammonia is mainly produced in the small bowel by the
enzyme glutaminase, which breaks down glutamine into
ammonia and glutamate. Ammonia is metabolised to
urea primarily by the liver and to a lesser extent by the
kidneys. In ALF this detoxification pathway, known as
the urea cycle, is impaired from the loss of hepatocytes
and the concentration of ammonia in the blood rises.
Arterial concentrations of ammonia have been shown to
correlate with the development of intracranial hypertension[9] and cerebral herniation[10]. Numerous experimental
models of ALF have unequivocally associated ammonia
exposure with the induction of astrocyte swelling. Treatment of cultured astrocytes with ammonia has consistently caused astrocytes to swell[40]. In vivo animal models
of hyperammonemia have also demonstrated the presence of astrocyte swelling[30,41]. Rose et al[42] treated rats in
ALF with L-ornithine-L-aspartate, an ammonia-lowering
agent which acts by stimulating the urea cycle, and found
a reduction in plasma ammonia concentrations and, more
importantly, a reduction in cerebral oedema. Lastly, in the
absence of liver pathology, patients with genetic disorders of urea cycle enzymes culminating in hyperammonemia develop cerebral oedema, suggesting that elevated
levels of ammonia alone are sufficient to cause brain
swelling[43]. The precise mechanisms underlying ammonia-induced astrocyte swelling are still poorly understood.
Ammonia is able to enter the brain by diffusion[44,45] and
its increased uptake from the circulation[46,47] leads to disturbances in astrocyte function[48-50].
The exclusive localisation within astrocytes of glutamine synthetase[51], a cytosolic enzyme which converts
ammonia to glutamine, has led to the ‘osmolyte’ or ‘ammonia-glutamine’ hypothesis. Ammonia is detoxified to
glutamine within the astrocyte, a precursor for the neurotransmitter glutamate. In addition to causing astrocyte
swelling, ammonia has been shown to increase cerebral
glutamine levels in the ALF setting[41]. Elevated glutamine
levels have been found in brain tissue from animal models of HE[52] and in cerebrospinal fluid (CSF) and brain
from patients with HE due to ALF[53,54]. These findings
collectively suggest a potential role for glutamine in the
development of astrocyte swelling, with hyperammone-

CYTOTOXIC OEDEMA AND ASTROCYTE
SWELLING
The most prominent neuropathological finding from
studies of brain autopsies of patients with ALF[32] and
from animal models of cerebral oedema due to ALF
is astrocyte swelling[30,33-35]. Astrocytes found within the
gray matter are mainly affected and swelling of astrocytic
foot processes rather than cell bodies is more commonly
seen[32].
Magnetic resonance imaging (MRI) studies using diffusion tensor imaging (DTI) in humans support the view
that astrocyte swelling, i.e., cytotoxic oedema, represents
the major component of cerebral oedema in ALF[36]. A
reduction in the apparent diffusion coefficient (ADC)
has been demonstrated in patients with ALF, indicative
of a reduction in the size of the extracellular space. This
implies that the development of cerebral oedema in ALF
results from the accumulation of intracellular fluid.
Approximately one third of the brain volume is made
up of astrocytes. They have an important function supporting neurones and have many biochemical, neurochemical and regulatory roles. Swelling of astrocytes
therefore impacts upon their function. Abnormal membrane depolarisation has been demonstrated which could
affect the ability of astrocytes to maintain ionic gradients
and regulate neurotransmitter uptake and processing[37,38].
Impairment of astrocytic function can have deleterious
effects on the rest of the central nervous system (CNS)
leading to impairment of neuronal excitability and func-
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Figure 1 The ‘Trojan Horse’ hypothesis. This illustrates the synthesis of glutamine via the enzyme glutamine synthetase; its transport into mitochondria via the
glutamine transporter (GLN-Tx); its hydrolysis by phosphate-activated glutaminase (PAG) resulting in glutamate (GLU) and ammonia (NH4+) production and the subsequent generation of reactive oxygen species (ROS). MSO: L-methionine S-sulfoximinel; GS: Glutamine synthetase.

mia causing increased synthesis and accumulation of glutamine in astrocytes, resulting in astrocyte swelling[55,56].
Originally, it was thought that glutamine acted as an
organic osmolyte increasing the intracellular osmolarity,
resulting in an influx of water into the cell and culminating in astrocyte swelling and dysfunction. In order to
verify whether glutamine accumulation induces astrocyte
swelling in hyperammonemic states, studies utilising
L-methionine S-sulfoximine (MSO), an irreversible inhibitor of glutamine synthetase, have been performed[57].
Firstly, MSO lowers glutamine in normal brains[58] and
prevents cerebral oedema in ammonia-infused healthy
rats[59]. Subsequently, it was found to significantly diminish astrocyte swelling both in vivo[41] and in cell culture[60].
Therefore, inhibition of glutamine synthesis may have a
protective effect, preventing glutamine accumulation, astrocyte swelling and thus cerebral oedema.
Although these findings suggest that glutamine accumulation within astrocytes plays an important role in
cerebral oedema, more recent studies have questioned the
glutamine-osmolyte hypothesis. In rats with ALF, glutamine concentrations do not correlate well with the degree
of encephalopathy and associated cerebral oedema[61]. In
two experimental models of ALF, rats were cooled to reduce brain swelling. Although cerebral oedema was ameliorated by mild hypothermia, it was not accompanied by
a similar decrease in glutamine level[62,63]. Jayakumar et al[64]
further tested the hypothesis using cultured astrocytes
exposed to ammonia. They found no direct correlation
between astrocyte swelling and glutamine levels. More
importantly, astrocyte swelling was absent when glutamine levels peaked and cell swelling was maximal when
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glutamine levels were low. Furthermore, the duration and
persistence of hyperammonemia, rather than its absolute
level is most likely to determine brain glutamine levels
and correlate with the development of cerebral oedema
and raised intracranial pressure[65]. This delay in astrocyte
swelling in relation to an increase in cellular glutamine
content is not consistent with the concept of glutamine
acting as an osmolyte in ALF and suggests that astrocyte
swelling may not be the result of a direct osmotic effect
of glutamine.
The ‘Trojan horse’ hypothesis has recently been proposed as an alternative theory by Albrecht et al[66] to explain the development of astrocyte swelling and brain oedema and suggests an important role for both ammonia
and glutamine. The excess glutamine synthesised within
astrocytes is transported into mitochondria where it is
metabolised by phosphate-activated glutaminase (PAG)
to ammonia and glutamate[67]. Glutamine, the “Trojan
horse”, thereby acts as a carrier of ammonia into mitochondria, where its accumulation can lead to oxidative
stress and ultimately astrocyte swelling (Figure 1).

OXIDATIVE STRESS, MITOCHONDRIAL
PERMEABILITY TRANSITION AND
ENERGY FAILURE
Oxidative stress has been implicated as an important
factor in the pathophysiology of ammonia-induced neurotoxicity[68]. O’Connor et al[69] first suggested oxidative
stress might play a role in the pathogenesis of HE when
they found evidence of lipid peroxidation in hyperam-

2334

January 28, 2014|First Edition|

Scott TR et al . Cerebral oedema in acute liver failure

monemic mice. Norenberg et al[70] subsequently described
the concept that protein peroxidation as well as lipid
peroxidation may occur in astrocytes treated with ammonia. Further studies revealed that ammonia was able to
generate free radicals such as superoxide in cultured astrocytes[71] and in vivo[72]. Ammonia also increases mRNA
levels of heme-oxygenase-1 (HO-1), which is considered
to be one of the best markers of oxidative stress, in a
portacaval shunt rat model of HE[73]. Finally, decreased
activity of the antioxidant enzymes glutathione peroxidase, superoxide dismutase and catalase were described
in rats exposed to ammonia toxicity adding to the burden
of oxidative stress[72].
Oxidative stress has been shown to be a key compo
nent of the cerebral oedema which develops in rats
following hepatic devascularization[74]. Moreover, administration of antioxidants such as superoxide dismutase,
catalase and vitamin E have been shown to inhibit the
ammonia-induced astrocyte swelling[64]. Although most
evidence supporting the development of oxidative stress
in ALF comes from animal and cell culture studies, clinically, the antioxidant and anti-inflammatory agent N-acetylcysteine has proven to be beneficial in the management
of patients with ALF[75-77], and agents such as mannitol
and sodium benzoate, which are occasionally used in the
treatment of ALF, have also been shown to have antioxidant effects[78].
Nitrosative stress is also considered to play an important role in ammonia-induced neurotoxicity. Data from
experimental models of HE revealed increased nitric
oxide synthase (NOS) gene expression and activity in the
brain[79,80]. Inhibition of NOS by nitroarginine significantly reduced deaths in mice exposed to ammonia neurotoxicity[81]. In line with these findings, nitric oxide (NO),
was shown to have increased in brains of portacavalshunted rats given continuous ammonia infusions[82]. This
animal model is a well-standardised paradigm of cerebral
oedema which occurs in the absence of ALF.
Free radicals such as NO and superoxide can be categorised into reactive nitrogen and oxygen species (RNOS),
respectively. In cultured astrocytes and in rat brain in vivo,
ammonia triggers their formation through N-methyl-Daspartate (NMDA)-receptor and calcium (Ca2+)-dependent mechanisms[71,83-86]. Activation of the NMDA receptor is thought to result from the depolarisation-induced
removal of the magnesium blockade, which can be induced by ammonia and swelling of the cell itself. Ammonia induces glutamate release from cultured astrocytes[87]
and NMDA receptor activity can be further amplified by
subsequent Ca2+-dependent astroglial glutamate release
and autocrine NMDA receptor stimulation[88]. There is
a close relationship between oxidative stress and astrocyte swelling which makes it difficult to separate them
temporally as both events are causally interlinked[85,89,90].
This suggests a self-amplifying cycle[91] whereby on the
one hand, astrocyte swelling induces oxidative/nitrosative stress through NMDA receptor and Ca2+-dependent
mechanisms, and on the other, NMDA receptor activa-
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tion and oxidative stress trigger astrocyte swelling.
Exactly how ammonia-induced free radicals lead to
cell swelling and cerebral oedema is not known. One possibility is that they cause direct damage to proteins and
lipids in the membranes of cells and organelles such as
mitochondria, thereby altering membrane permeability by
affecting ion transport systems. In mitochondria, oxidative injury could lead to altered bioenergetics. Controlled
ion transport systems and energy production are essential
in maintaining normal cell volume, and alterations in their
activity could lead to disturbed volume regulation.
One critical consequence of oxidative and nitrosative stress is induction of the mitochondrial permeability
transition[92]. The MPT usually develops in response to
an increase in mitochondrial Ca2+ levels and results in
a sudden opening of the permeability transition pore
(PTP), a large non-selective permeability pore in the inner mitochondrial membrane. This leads to increased
permeability of the inner mitochondrial membrane to
protons, ions and other small solutes. As a result, the inner mitochondrial membrane potential dissipates causing
mitochondrial dysfunction. The MPT is therefore associated with movement of metabolites across the inner
mitochondrial membrane, swelling of the mitochondrial
matrix, defective oxidative phosphorylation and adenosine triphosphate (ATP) production, and generation of
free radicals[93]. Production of free radicals through MPT
induction further aggravates the MPT, resulting in a vicious cycle. Induction of the MPT was described in cultured astrocytes exposed to ammonia[60]. The mechanism
underlying MPT induction most likely involves oxidative
stress, as antioxidants including superoxide dismutase,
catalase and vitamin E were able to inhibit the development of the MPT by ammonia[94].
Cyclosporine A (CsA) blocks ammonia-induced astrocyte swelling in culture during the evolution of swelling[95]. Nevertheless, the mechanism(s) by which the MPT
mediates astrocyte swelling in hyperammonemia remains
unclear. Interestingly, glutamine is capable of inducing the MPT in cultured astrocytes[55] as well as causing
mitochondrial swelling in isolated rat cerebral mitochondria[96]. It is notable that, like ammonia, glutamine has
been shown to induce oxidative stress by forming free
radicals[97]. How glutamine acts to induce oxidative stress,
the MPT and consequent astrocyte swelling, is less clear
however although it has been suggested that glutamine
mediates its deleterious effects through ammonia. Glutamine is hydrolysed in the mitochondria by PAG to yield
high levels of ammonia which leads to oxidative stress
and the MPT. In support of this concept is the finding
that inhibition of PAG by 6-diazo-5-oxo-L-norleucine
(DON) blocks free radical production[97], MPT formation[98] as well as ammonia-induced astrocyte swelling[64].
In a further study, L-histidine, an inhibitor of mitochondrial glutamine transport, was further used to study the
role of mitochondrial glutamine in a rat model of ALF[99].
L-histidine was found to inhibit HO-1 overexpression,
the MPT and brain oedema, supporting the involvement
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of glutamine in the development of oxidative stress.
Taken together, the above data supports the key role of
glutamine transport into mitochondria and subsequent
metabolism to ammonia in the pathogenesis of cerebral
oedema in ALF. Furthermore, these findings support the
“Trojan horse” theory, which suggests that glutamine acts
as a “stealth” carrier of ammonia in ammonia-induced
neurotoxicity.
In terms of a timeline, it was shown that exposure of
cultured rat astrocytes and mice brain slices to ammonia
results in rapid ROS formation and astrocyte swelling[89,90],
whereas MPT-induction and glutamine accumulation occurs later[60,64] implying astrocyte swelling occurs primarily
through oxidative/nitrosative stress and is then further
aggravated by glutamine accumulation in astrocytes[100].
Cell volume regulation is an energy-dependent process
and involves ion homeostasis through ionic transporters
and exchangers and extrusion of osmotically active amino acids[101]. In particular, the Na/K/Cl cotransporter-1
(NKCC1) was found to be implicated in astrocyte swelling. NKCC1 expression and activity was increased in cultured astrocytes exposed to ammonia and its activation
appears to be mediated by oxidative/nitrosative stress[102].
Energy failure following MPT induction is another possible mechanism underlying cell swelling. Ammonia is
thought to interfere with mitochondrial energy metabolism and several studies have reported depletion of ATP
in vitro and in vivo models of ammonia neurotoxicity[103].
The implications of energy failure in ALF have largely
been ignored despite the presence of higher lactate levels
in patients with ALF, which is a consequence of energy
failure[104,105]. Indeed, Zwingmann et al[104] in an experimental ALF rodent model showed that in the early (precoma) stages of encephalopathy there was a significant
2 to 4.5-fold increase in total brain glutamine and lactate
but in the severe (coma) stages of encephalopathy and
brain oedema there was a further significant increase in
brain lactate but no such increase in glutamine suggesting
that impaired glucose oxidative pathways rather than intracellular glutamine accumulation per se may play a more
dominant role[101]. This is supported by data by Bernal et
al[105] that unequivocally shows lactate to be an important
prognostic marker in ALF[102] and data from Rose et al[106]
in a pig model of ALF which demonstrated using cerebral microdialysis that ALF animals had increased levels
of lactate dehydrogenase activity and mitochondrial complex Ⅳ activity.
Mitogen-activated protein kinases (MAPKs) are activated by oxidative/nitrosative stress in cultured astrocytes
exposed to ammonia and inhibition of MAPK phosphorylation abrogates astrocyte swelling[107]. Activation of
MAPKs may therefore play an important protective role
in cell volume regulation through phosphorylation of key
proteins.
Water flow across cell membranes in astrocytes is
largely dependent on aquaporin 4 (AQP4)[108]. Upregulation of AQP4 has been found to precede cell swelling in
cultured astrocytes treated with ammonia and CsA can
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inhibit this upregulation, indicating that MPT induction
is a key step in AQP4 upregulation in ammonia-induced
astrocyte swelling[109]. Although it has been suggested that
AQP4 is important in initiating signalling events associated with cerebral oedema[110], Wright et al[111] in a rat model
of ALF could not find any association of the expression
of AQP4 with the development of brain oedema, hyperammonemia or sepsis. The exact role of AQP4 in ALF
therefore remains hotly debated.
In recent years, ammonia-induced and swelling-indu
ced oxidative/nitrosative stress has been shown to result
in multiple functional consequences. In addition to protein phosphorylation, oxidative/nitrosative stress can trigger protein tyrosine nitration, RNA oxidation and altered
zinc metabolism, which can lead to changes in gene expression, intracellular signalling and synaptic plasticity[112].
Furthermore, nitration of glutamine synthetase inactivates
the enzyme[113], which suggests this regulatory mechanism
leads to reduced glutamine production and therefore astrocyte swelling (Figure 2).

VASOGENIC OEDEMA AND BLOODBRAIN BARRIER DYSFUNCTION
The BBB plays a critical role in establishing and maintaining homeostasis of the brain. It exerts tight control
over any exchange of metabolites between the circulating
blood and the central nervous system. The BBB consists of brain capillary endothelial cells, pericytes and the
enveloping end foot processes of astrocytes. Together
they form a neurovascular unit capable of regulating
the special composition of the CNS fluid[114]. The main
structural constituent of the BBB, and the first to come
into direct contact with potentially toxic substances, is the
endothelial cell. By spreading itself to cover the entire luminal surface of the capillary and sealing its two surface
edges with junctional complexes known as tight junctions
(TJ), the endothelial cell forms a physical barrier. These
tight junctions consist of transmembrane proteins, including junctional adhesion molecules (JAM), occludin,
claudins and intracellular proteins [zona occludin (ZO)-1,
-2, and -3] linked to the cytoskeleton which control the
stability and functioning of the TJ. Together with adherens junctions located in the basal region below the TJ,
they prevent circulating compounds from freely entering
the brain parenchyma and limit paracellular diffusion of
small molecules. Transport of larger molecules into the
brain occurs in a transcellular fashion utilising specific
transport systems within endothelial cells. Water is able
to diffuse through the bilayer of endothelial cell plasma
membranes but can also enter the brain through water
channels known as aquaporins, the predominant one in
the brain being AQP4[108].
Recent MRI studies of patients with ALF demonstrate evidence of interstitial brain oedema as well as
cytotoxic oedema, implying there may be a vasogenic
component to the cerebral oedema in ALF[115,116]. In an
animal model of ALF, astrocyte swelling, extravascular

2336

January 28, 2014|First Edition|

Scott TR et al . Cerebral oedema in acute liver failure

Glutamine

Ammonia
Self-amplifying loop
NMDA-R
Glutamate
2+

Ca

RNOS formation

Phosphorylation
of MAPKs

Astrocyte swelling

Oxidative/
nitrosative stress

MPT
CsA
Mitochondrial
dysfunction

Dysfunction of
volume regulation

Energy failure

Figure 2 The role of oxidative stress, mitochondrial permeability transition and energy failure in ammonia-induced neurotoxicity. A schematic representation of the central role that ammonia plays in the production of oxidative/nitrosative stress and astrocyte swelling. Ammonia-induced astrocyte swelling is mediated by
oxidative and nitrosative stress resulting in the induction of the MPT, activation of intracellular signaling kinases and alterations in gene expression. Mitochondrial dysfunction and energy failure culminates in astrocytes failing to regulate their cell volume, thereby resulting in astrocyte swelling. NMDA-R: N-methyl-D-aspartate-receptor;
RNOS: Reactive nitrogen and oxygen species; MPT: Mitochondrial permeability transition; MAPKs: Mitogen-activated protein kinases; CsA: Cyclosporine A.

small at physiological pH levels[45]. In ALF, due to the
acidosis caused by lactic acid, the amount of NH3 and
hence its diffusion across the BBB would be expected to
be reduced still further. The electric charge of the ionic
form was thought to prevent ammonia transport across
the BBB, but now an alternative, transcellular route,
through potassium channels and transporters, has been
suggested[123]. This transcellular transport of ammonia
may be affected in ALF, resulting in increased ammonia
concentrations within the CNS. Pathological increases in
BBB permeability could also result in gaseous ammonia
entering the brain via a paracellular route.
Although there has been little evidence for a complete BBB breakdown, findings from more recent studies
suggest vasogenic oedema may still contribute to the development of cerebral oedema in ALF. Nguyen and colleagues used Evans blue dye, which binds to albumin and
is normally unable to penetrate the BBB, and injected it
into the circulation of mice with azoxymethane-induced
ALF to assess brain extravasation. They found that BBB
permeability to Evans blue dye and water was significantly increased in mice with experimentally-induced ALF.
Under electron microscopy, they noted that the leakage
of Evans blue dye, i.e., extravasation, occurred mostly in
the surrounding region of the brain capillaries. Consistent with previous findings, the BBB and tight junctions
were found to be structurally intact[124]. Furthermore,
they were able to demonstrate that BBB permeability and
brain water was reduced in ALF mice given monoclonal

and interstitial oedema have been described. However,
brain capillary endothelial cells and their tight junctions
appeared intact[30,117]. Similar findings were also reported
in patients who died of ALF[32]. Apart from an increase
in cytoplasmic vesicles, suggesting altered transcellular
transport across the BBB, no gross structural damage was
found in capillary endothelial cells. Similarly, Nguyen[118]
has described physically intact tight junctions in ALF, but
these were lengthened and tortuous in shape. Thus, electron microscopic examination of the BBB reveals only
minimal ultrastructural changes in the brain capillaries of
animals and humans with ALF.
Nevertheless, subtle increases in BBB transport of
amino acids and energy metabolites have been widely described in the context of hyperammonemia[119]. Changes
in BBB penetration of ammonia itself have also been
reported in hyperammonemic states. However, the results of these reports, which used PET with 13N-labeled
ammonia to study BBB passage of ammonia, are inconsistent[47,120,121]. Nevertheless, in animal models of ALF,
ammonia uptake into the brain is thought to increase[122].
Investigating possible changes in BBB permeability to
ammonia has been hampered by the recent discovery that
ammonia may be able to cross the BBB via two possible
routes, and it is not known which of the two may be affected in hyperammoneamic states. Circulating ammonia
is largely present as a cation (NH4+) and transport across
the BBB was originally considered to occur via diffusion
in its gaseous form (NH3), the amount of which is rather
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Figure 3 Blood-brain barrier dysfunction in acute liver failure. Anatomy of the blood-brain barrier (BBB) created by the brain capillary endothelial cell and its paracellular tight junction and adherens junction. In acute liver failure, activation of epidermal growth factor receptor (EGFR) and other signaling pathways results in a loss
of BBB tight junction integrity. Tight junctional proteins are altered, resulting in increased permeability to small molecules, leading to astrocyte swelling. MMP-9: Matrix
metalloproteinase-9; MAPK p38: Mitogen activated protein kinase p38; NFκB: Nuclear factor-κB.

antibodies specific for active matrix metalloproteinase-9
(MMP-9), a member of the matrix metalloproteinase
(MMP) family of endopeptidase enzymes that degrade
the extracellular matrix in normal and disease states.
MMP-9 in particular, causes protein degradation of tight
junctions and is upregulated in the liver of ALF mice.
Increased blood concentrations of MMP-9 can also be
found. These findings collectively show increased BBB
permeation to water and plasma constituents in experimental ALF mice and suggest that BBB dysfunction is
associated with protein deregulation in tight junctions
but not necessarily with a structural breakdown. Circulating MMP-9 derived from the necrotic liver contributes
to fine perturbation in BBB integrity and increased brain
extravasation in mice with azoxymethane-induced ALF
and inhibition of MMP-9 may be useful in preventing
the development of brain oedema. Chen et al[125] further
demonstrated that MMP-9 induces significant degradation of the TJ proteins occludin and claudin-5 in brain
endothelial cells in vitro and in mice with azoxymethaneinduced ALF; these alterations in TJ proteins correlated
with increased BBB permeability and were reversed by
inhibiting MMP-9. Chen et al[126]went on to demonstrate
that MMP-9 induces activation of the epidermal growth
factor receptor (EGFR) and p38 mitogen activated protein kinase/nuclear factor-κB (MAPK/NFκB) in brain
endothelial cells. Activation of this pathway in turn leads
to degradation of the TJ protein occludin and deregulation of the TJ. Taken together, these findings suggest
that substances derived from the injured liver, such as
MMP-9, reach the BBB and induce increased permeability through subtle changes in TJ composition (Figure 3).
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An important role for a vasogenic mechanism in the development of cerebral oedema in ALF is thus supported
by these studies.
Interestingly, activation of the p38 MAPK pathway
as a result of oxidative/nitrosative stress is also thought
to mediate ammonia-induced astrocyte swelling[107]. The
p38 MAPK pathway and subsequent phosphorylation
of key proteins appears to play an important role in the
pathophysiology of cell swelling[127,128] and thus cerebral
oedema, and therefore, this pathway may be a potential
therapeutic target.
In recent years, there has been some controversy as
to whether ALF per se causes the changes seen within the
BBB integrity or whether these changes are due to secondary complications associated with ALF such as infection and sepsis[129]. Consistent with this viewpoint is the
evidence that neurosteroid biosynthesis is increased in the
brains of rats with ALF[130] and that these neurosteroids
protect against BBB breakdown induced by ammonia[131].
Jayakumar et al[132] have also reported neuroprotective effects of neurosteroids in some models of ALF but not in
all suggesting that there may be differences in outcomes
depending on which hepatotoxin-induced ALF model is
used and that this may explain the inconsistent reports
on BBB breakdown in ALF.

TREATMENT OF CEREBRAL OEDEMA IN
ACUTE LIVER FAILURE
Management principles
In the absence of overt HE patients in the early stages
of ALF may be observed and managed conservatively.
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However such patients are susceptible to extrahepatic
manifestations including the development of multiorgan
dysfunction, acute kidney injury and infections[21] both of
which can accelerate the development of advanced HE
and brain oedema[8]. Frequent clinical and neurological
examinations, concentrating on pupil size, coma grade,
evidence of delirium and reflexes, are imperative to detect features which may herald the development of brain
oedema. The development of grade 3/4 coma, indicative
of impending raised intracranial pressure (ICP), typically
necessitates intubation and ventilation[133]. ICH should
be suspected in patients with sudden onset systemic
hypertension, changes in pupillary reactivity, abnormal
oculovestibular reflexes or decerebrate posturing. ICH
becomes problematic when the ICP is above 20 mmHg
due to the risk of compromising cerebral perfusion pressure. Ultimately severe ICH can result in brain stem compression causing ischaemia, haemorrhage and death[134].
Transcranial doppler ultrasonography is a non-invasive device which can continuously measure middle cerebral artery blood flow velocity, producing a velocity-time
waveform that indirectly monitors changes in cerebral
hemodynamics, including ICP avoiding the complications associated with more invasive monitoring devices
which include haemorrhage and infection. In a small
retrospective study of 16 patients with ALF four features
in the waveform were found to capture the cerebral hemodynamic state and potentially can be used to predict
dynamic changes in ICP or CPP. This included the slope
of the Windkessel upstroke, the slope of the Windkessel downstroke, the slope of the diastolic downstroke,
and the angle between the end systolic downstroke and
start diastolic upstroke[135]. ICP monitoring, involving
intracranial bolt insertion, is used in patients who are at
high risk for the development of ICH. ICP monitoring is
indicated in a subset of patients with grade 3/4 coma[136]
(Glasgow Coma Scale < 8) who also display a combination of the following features; fever and tachycardia,
arterial ammonia > 150 μmol/L, hyponatraemia, seizures
or pupillary abnormalities, acute/hyperacute liver failure,
vasopressor requirement, are less than age 40 or have
jugular venous oxygen saturations or have middle cerebral artery doppler monitoring indicative of a very high
or very low cerebral blood flow[8]. Additionally reverse
jugular vein oxygen saturation should also be monitored,
which gives an indication of cerebral oxygenation and
metabolism which is often reduced as a result of the loss
of CBF autoregulation in patients with ALF[15]. In terms
of imaging the brain for evidence of cerebral oedema,
computed tomography is only of benefit if cerebral herniation or intracranial bleeding is suspected and has no
role in the routine surveillance. Electroencephalography
is very useful for the detection of subclinical seizures and
to measure brain activity in comatose patients, but due to
its lack of specificity it is not employed routinely to diagnose encephalopathy or cerebral oedema[8].
Metabolic changes contributing to the development
of raised ICP in ALF can be monitored utilizing in vivo
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cerebral microdialysis and have been documented in
research settings in human ALF but this technique is currently only reserved for experimental studies and is not
used in routine clinical settings[137].
Specific therapies
The treatment of cerebral oedema is aimed at preventing
infection, reducing or controlling inflammation, ensuring
sufficient sedation and correcting hypo-osmolality. The
objective of ICH management is to maintain the ICP at
less than 20 mmHg and to keep the cerebral perfusion
pressure over 70 mmHg although this can be very difficult to practically achieve and the evidence base in human
ALF to support such strategies is very limited. Patients
are nursed in the 20°-30° head-up position favouring venous drainage to reduce ICP whilst maintaining cerebral
perfusion pressure. Hypoxaemia should be avoided with
target arterial oxygenation of above 95%. Patients with
grade 3 encephalopathy and above should be intubated
and ventilated. Propofol and other short acting sedatives
are commonly utilised to ease mechanical ventilation and
reduce seizure risk. Opiates, such as fentanyl, are often
used for analgesia[133]. Most patients are normoventilated
but hyperventilation is employed in those displaying signs
indicative of imminent cerebral herniation, such as pupillary dilatation and extensor posturing. Hyperventilation
results in reduced ICP by inducing hypocapnia which
causes precapillary vasoconstriction decreasing CBF[17].
Patients should be adequately fluid resuscitated.
Plasma volume expansion results in a significant reduction in plasma ammonia concentration by increasing
urinary ammonia excretion[138]. Hypertension can reduce
cerebral perfusion pressure by increasing intracranial
blood volume and is best avoided; sedation can help to
combat this. Arterial hypotension, especially in the presence of reduced cerebral blood flow autoregulation, will
also compromise cerebral perfusion pressure. Theoretically, diastolic blood pressure should be kept > 40 mmHg
higher than the ICP in patients with severe cerebral
oedema and ICH who have ICP bolt monitoring in situ
to guarantee adequate CBF but again this is often hard
to achieve in practice[139]. Vasopressors, commonly noradrenaline, may be necessary to maintain this.
Hyponatraemia should be corrected. Background hyper
tonic saline (30%) infusions are used to induce and maintain serum sodium levels between 145 and 150 mmol/L
thus maintaining the BBB osmotic pressure gradient[140].
Hypertonic saline acts as a dehydrating agent reducing
brain water content and subsequently lowers ICP. Mannitol may also be used for the same purpose but it may
be more rational to use hypertonic saline instead of
mannitol as the BBB has a reflection coefficient of 1 for
sodium chloride vs 0.9 for mannitol making it more efficient to exclude saline from the brain. It is also recommended that serum osmolarity be maintained at < 320
mOsm/L. Boluses of hypertonic saline or mannitol are
used for sustained increases in ICP (> 25 mmHg) but resistant rises in ICP may be treated with indomethacin[141]
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or hypothermia[142]. Indomethacin (a non-selective cyclooxygenase inhibitor) induces cerebral vasoconstriction by
inhibiting the endothelial cyclooxygenase pathway, reducing cerebral temperature and modifying extracellular pH.
However, it has a number of adverse effects, including
nephrotoxicity, platelet dysfunction and gastrointestinal
bleeding, and therefore its use in ALF patients is limited
to when all other management options to reduce ICP
have been exhausted[8]. Moderate hypothermia (32-34  ℃)
may be useful in patients with resistant ICH awaiting
liver transplantation by decreasing brain ammonia uptake and also through its role in reducing brain cytokine
production, OS and CBF[143]. Barbiturates are postulated
to reduce brain metabolism and consequently lead to a
decrease in cerebral blood volume. Thiopental infusion
has been shown to be efficacious in 14 patients with ALF
as measured by extradural transducers with minimal side
effects although additional data in the context of human
ALF is scarce[144]. However, due to their hepatic metabolism and negative inotropic effects they are only used to
reduce ICP surges as a last resort[8].
ALF has many similarities to septic shock[145] and
there is evidence that patients exhibiting a systemic inflammatory response progress more rapidly to severe encephalopathy[21]. Broad spectrum intravenous antibiotics
and antifungals are therefore used empirically to reduce
the risk of sepsis and development of severe encephalopathy.
Intravenous N-acetylcysteine (NAC) is now considered
as standard of care in the treatment of acetaminopheninduced and non-acetaminophen induced ALF as it acts
as both as an antioxidant and anti-inflammatory agent.
Early administration of intravenous NAC after an overdose of acetaminophen replenishes glutathione stores
and helps to alleviate hepatic necrosis[146]. NAC also has
beneficial hemodynamic effects and has been shown
to improve cerebral perfusion pressure[147] mediated by
enhanced activity of the nitric oxide soluble cyclic GMP
system[76].
Ultimately emergency liver transplantation reverses
cerebral oedema, although a variety of neurological
manifestations including intracerebral haemorrhage and
seizures, precipitated by cerebral hypoperfusion, coagulopathy and transfusion may still occur post-operatively.
If the graft is functioning well ICH is expected to resolve
48 h post-transplant[148,149].
Bernal et al[7] reviewed 3305 patients with acute liver
dysfunction from 1973-2008 and found a significant
reduction in the proportion of patients with ICH (from
76% in 1984-1988 to 20% in 2004-2008 (P < 0.0001)).
Furthermore, mortality of patients with ICH decreased
from 95% to 55% (P < 0.0001). The cause for this improvement is likely to be multifactorial. Patients now
present and are diagnosed earlier and the prompt use of
N-acetylcysteine, fluid resuscitation, empirical antibiotics and renal replacement therapy may have reduced the
incidence of cerebral oedema and ICH by modulating
principal contributory factors. Such approaches may also
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limit hepatotoxicity, reduce plasma ammonia levels and
prevent sepsis. The more timely use of emergency liver
transplantation for those at greater risk may also have
contributed to the reduction in ICH.

NOVEL THERAPIES IN DEVELOPMENT
Minocycline
Jiang et al[74] studied the use of minocycline, a broadspectrum tetracycline antibiotic which has been shown
to attenuate lipopolysaccharide-induced neuroinflammation[150], in an experimental model of ALF[24]. They were
able to demonstrate that it delayed the progression of
HE and brain oedema by exerting a potent inhibitory action on microglial activation independently of its antimicrobial properties.
NMDA receptor antagonists
NMDA receptor antagonists have been shown to prevent
the oxidative stress induced by acute ammonia intoxication[83]. This is likely to be the case as the production of
ROS is mediated by NMDA-receptor activation in hyperammonemic states[151]. Memantine is a non-competitive
NMDA-receptor antagonist and has been shown to improve EEG activity, clinical grading, ICP and brain water
content in portocaval shunted rats infused with ammonia,
and in rats with ALF induced by ischaemia which was independent of ammonia concentration[152].
Endotoxin removal
An albumin replacement system with a novel endotoxin
ligation (ARSeNEL) function has been developed at University College London and tested in an ALF pig model.
Early data have reported an improvement in survival, endotoxemia and ICP index which warrant further studies
in clinical settings[153].
Novel anti-inflammatory agents
It make sense that if agents were used to reduce the systemic inflammation that is frequently seen in ALF and
which sensitises the brain to the effects of ammonia,
then we might be able to prevent the development of cerebral oedema. Unfortunately however, the proinflammatory response which develops in the wake of acute liver
injury is also key in initiating liver repair and regeneration.
One would postulate therefore that it may be detrimental to use agents and antibodies which target prominent
pro-inflammatory mediators. Neutrophil malfunction,
akin to that seen in septic shock is a consistent finding in
patients with ALF and recent data support an intimate
relationship with hyperammonemia[127,145]. Strategies that
target innate and adaptive immune dysfunction in ALF
including TLR expression and production of ROS would
certainly be of therapeutic interest and warrant further
study. Granulocyte colony stimulating factor (GCSF)
has been shown in 2 small studies to improve neutrophil
phagocytic capability in patients with ALF[154,155] and as
such may have utility in the prevention of advanced HE.
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Plasmapheresis
Larsen et al[156] have previously shown that high volume
plasmapheresis can alleviate brain oedema in some patients with ALF with favourable changes in systemic hemodynamics despite increasing cerebral blood flow. Plasmapheresis may also have a positive impact on alleviating
the systemic immune dysfunction and endothelial dysfunction that commonly develops. This was the stimulus
for performing a randomised clinical trial of high volume
plasmapheresis of which the preliminary analysed data
suggests that it may improve survival in patients unsuitable for liver transplantation (verbal communication-Dr
Finn Stolze Larsen).

dysfunction and sepsis. It is not known how these manifestations independently impact on BBB integrity and
function. Furthermore, the liver toxins utilised in the
various animal ALF models could directly affect the BBB
independently of ALF. Changes to the BBB in ALF are
very different in nature to that seen in brain ischemia or
traumatic brain injury, where complete BBB breakdown
is commonly observed. The mechanisms underpinning
cerebral oedema in ALF are therefore also different and
therapeutic interventions that are beneficial in other types
of brain injury may not be useful in the treatment of
ALF.
It is clear that the development of more effective
therapies in ALF will require further knowledge of the
pathophysiology of cerebral oedema, which is a devastating and frequently fatal feature of ALF. Greater
knowledge of the sequence of events and key mediators
involved in the development of brain oedema will allow
for specific targets to be identified.

CONCLUSION
This detailed review has unequivocally presented the evidence to support the critical role of the neurotoxin ammonia in the development of astrocyte swelling and cytotoxic oedema in ALF. Although a generalised breakdown
of the BBB cannot be demonstrated in patients with
ALF, more recent studies have described a “leaky” BBB
resulting from subtle changes in the integrity of the tight
junctions, supporting a role of a vasogenic component in
the pathophysiology of cerebral oedema in ALF.
Exactly how both cytotoxic and vasogenic mechanisms interact to bring about cerebral oedema in ALF,
and the extent of their involvement, remains unknown.
Moreover, the sequence of events is unclear. Is BBB
dysfunction the result of a cytotoxic insult or is cytotoxic
oedema a consequence of increased BBB permeability?
It has been postulated that increased BBB permeability
to small molecules such as water and ammonia arises
as a result of BBB dysfunction as an initial event in the
pathophysiology of brain oedema in ALF. Increased
BBB permeability may then invoke vasogenic oedema.
The subsequent development of ammonia neurotoxicity
and cytotoxic oedema may then occur as a downstream
manifestation. This sequence of events is supported by
the observation that in rats with ALF an early increase
in BBB permeability correlates with increased ICP and
results in vasogenic oedema followed by a progressive
increase in brain ammonia and glutamine levels[157]. However, it is difficult to determine to what extent these data
definitively support a vasogenic mechanism in ALF. For
example, the potency of mannitol in treating ICH in the
context of cerebral oedema in patients with ALF supports the BBB being intact and the predominant mechanism being a cytotoxic one. Another possibility however,
is that certain brain areas may behave respond differently
to others. For example, Cauli et al[157] were able to show
in a rodent experimental ALF model that the mechanism
and time course of the appearance of brain oedema differed between 12 different brain regions with the cerebellum showing predominantly vasogenic oedema whilst the
frontal cortex exhibited cytotoxic oedema.
The syndrome of ALF arises in the context of various aetiological toxic insults to the liver and is frequently
associated with the development of multiple organ
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Clinical impact of hepatitis B and C virus envelope
glycoproteins
Hélène Jeulin, Aurélie Velay, John Murray, Evelyne Schvoerer
diated neutralization targeting viral envelope, also essential in preventing HBV infection in vivo as observed
through successful vaccination using HBs antigen. But
preventive vaccination and/or therapeutic pressure can
influence HBV and HCV variability. For HBV, the patterns of antiviral drug resistance in chronic hepatitis
are complex and the original pol /S gene overlap has
to be taken into account. Treatment-induced HBV mutations in pol could indeed generate S mutants with
subsequent modified antigenicity or increased cancer
induction. Variability of HBV and HCV envelope proteins
combining high exposure to selective pressures and
crucial functional roles require investigation in the context of diagnostic, vaccination and treatment tools. In
this editorial a synthesis is performed of HBV and HCV
envelope properties at the entry step and as antigenic
proteins, and the subsequent clinical impact.
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Abstract
Chronic infection by either hepatitis B virus (HBV) or
hepatitis C virus (HCV) share epidemiological characteristics with risks for development of severe complications such as liver cirrhosis and hepatocellular carcinoma. HBV and HCV also share a high genetic variability.
Among highly variable regions, viral genes encoding
surface proteins (hepatitis B surface antigen, E1/E2
HCV glycoproteins) play key roles in the stimulation
of the host-related immune response and viral entry
into hepatocytes. Specific segments of HBV envelope
proteins (preS1, “a” determinant) are crucial in the
entry process into permissive cells. HCV entry is a complex multistep process involving multiple cell cofactors
(glycosaminoglycans, low density lipoprotein receptor,
SR-B1, CD81, claudin-1, occludin, EGFR, EphA2) in the
interaction with HCV E1/E2 envelope glycoproteins. In
vitro both viruses can be controlled by antibody-me-
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INTRODUCTION
Approximately 400 million people are currently living with
chronic infection due to hepatitis B virus (HBV) and the
number is approaching 160 million for chronic hepatitis C
virus (HCV)-related infection[1]. Besides sharing many epidemiological features, HBV and HCV can both provoke
chronic infections after an acute phase, due to a failure of
humoral and cellular immune host responses[2-5].
HBV and HCV also share some biological similarities,
especially the high frequency of mutations occuring dur-
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ing viral replication. As a result both viruses can develop
mutations leading to drug failure, especially for drugs
with low potency and a low genetic barrier to resistance
such as with anti-HBV lamivudine monotherapy. It is
expected this will be less likely during treatment by entecavir or tenofovir which exhibit potent anti-HBV activity
and high genetic barriers to resistance.
Viral dynamics are rapid with daily production of
1012-13 virions for HBV and 1012 for HCV. The half-life of
free viral particles is short, less than 4 h for HBV[6,7] and
2-3 h for HCV[8]. Although both HBV and HCV can produce consistently high levels of virus in serum, they do
so using viral templates with very different life-spans. The
template for HBV replication, covalently closed circular
DNA (cccDNA), resides in the nucleus of infected hepatocytes and is very stable in chronic infection, likely persisting for months[9], if not longer. On the other hand the
intracytoplasmic minus strand RNA HCV template only
persists for a few hours. Correspondingly HBV eradication is more difficult and only occurs after several years
of viral suppression by therapy. Another characteristic of
HBV is that its genome consists of overlapping reading
frames: as a consequence, mutation rates to functional
virus are lower for HBV compared to HCV which does
not contain any overlapping gene. The counterpart of
this molecular HBV characteristic is that changes at one
position may affect the structure and function of more
than one viral protein: the polymerase gene overlaps with
the envelope gene, and consequently mutations have yet
been published in polymerase gene under treatment pressure can produce mutations in the envelope S gene[10].
Despite the availability of an effective vaccine against
HBV, new infections are still highly frequent worldwide. Hence, a careful examination of circulating viral
strains must be considered in order to possibly adapt the
antigenic vaccine content. To date however no effective
vaccine is available against HCV. For both viruses, surface
envelope glycoproteins are the external antigens first
encountered by host-related immune responses during
primary infection. These proteins contain both highly
variable and conserved regions, the latter providing
possible targets for preventive immunization and/or
complementary therapeutic approaches.
The aim of this editorial is to give an overview of
the current knowledge on hepatitis B and hepatitis
C envelope glycoproteins, however with a particular
emphasis on HBV. Structural and functional data will be
described on the role of these proteins in the viral entry
step into hepatocytes and in the stimulation of hostrelated responses and clinical impacts for HBV will also
be described.

(PHH) from surgically excised liver specimens have been
the only available in vitro HBV infection model. The
transfection of hepatocyte-related cells (based on primary
hepatocytes or hepatic cell lines which are easier to handle) with replication-competent HBV genomes allowed
the production of secreted infectious virions. Regardless of the difficulty in maintaining these in vitro models,
PHH cultures have for a long time been the only way to
study viral infectivity. Due to poor efficiency of HBV
infection in this model, virus amplification required the
use of dimethylsulfoxide (DMSO) and of 4% polyethylene glycol during cultivation and infection, respectively.
Primary hepatocyte cultures from Tupaia belangeri can also
be infected with HBV, as efficiently as PHH cultures, but
with fewer restrictions. Among human hepatic cell lines,
the optimal system for various experiments was shown to
be HepaRG cells, recently established from a liver tumor,
and which become susceptible to HBV upon treatment
with DMSO and hydrocortisone[11,12] (Table 1).
Many discoveries about the viral replication cycle, persistence and clearance have been obtained using animal
models such as chimpanzee, gibbon or tupaia infected
with HBV[13,14]. Moreover, humanized uPA/SCID mice
have been recently used to study HBV/hepatitis D virus
coinfection and represent an interesting model allowing us to investigate new antiviral drugs[15]. Experimental
systems have also been provided by other Hepadnaviridae
such as the duck HBV transmissible to many duck species or the woodchuck hepatitis virus, restricted to the
North-Eastern American woodchuck[13].
Hepadnaviruses are characterized by specific liver
tropism and high species specificity, restricting in vivo infection to their natural host or closely related species and
contributing to the difficulty in developing suitable models of HBV infection[11].
HBV envelope glycoproteins are key viral elements
in the viral cycle and in the stimulation of host-related
immunity. Within virions, HBV surface envelope antigen (HBsAg) includes three viral surface glycoproteins,
named large, medium, and small proteins (LHBs, MHBs
and SHBs). They exhibit various distributions either in
virions or in subviral particles. Their expression is directed by one stop codon and three start codons in a single
open reading frame for translation into preS1, preS2 and
S proteins[16]. The preS1 protein [108 or 119 amino acids
(aa) depending on the genotype] is present only in LHBs;
the preS2 protein (55 aa) is present in LHBs and MHBs;
and the S protein (226 aa) is shared by LHBs, MHBs and
SHBs[11] (Figure 1).
The three HBV surface preS1, preS2 and S proteins
have different functions. Within the preS1 domain,
amino acids 3-77 of the Large protein are essential for
infectivity as is the myristoylation of glycine at position 2.
The preS2-domain is present in both M- and L-proteins
but because of the cytosolic orientation of the preS1domain in the L-protein, it is N-glycosylated only in the
M-protein. Although antibodies against the N-terminal
part of preS2 can inhibit HBV infection in vitro, the Medium protein of HBV is believed to play an accessory

GENERAL PRESENTATION OF HBV
ENVELOPE GLYCOPROTEINS AND
ANIMAL/CELL CULTURES SYSTEMS
SUITABLE FOR THEIR INVESTIGATION
For more than 20 years, primary human hepatocytes
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Table 1 Cell culture systems and in vitro models developed to study hepatitis B virus and hepatitis C virus envelope glycoproteins
In vitro model/cell culture system Step of the viral cycle
HBV

HCV

Primary hepatocyte cultures
PHH
PTH
Hepatic cell lines
HepG2
HepaRG
Recombinant E2 glycoprotein:
Truncated soluble form of
recombinant E2 glycoprotein
VLPs: Self assembly of HCV
structural proteins produced in
insect or mammalian cells using a
recombinant virus
HCVpp: Unmodified HCV
envelope glycoproteins assembled
onto retroviral or lentiviral core
particles
HCVcc: Transfection of one HCV
strain sequence (JFH1) from a
Japanese patient with fulminant
hepatitis, in Huh 7 cell line.

Replication

Benefits and major findings

Drawbacks

No need for DMSO and hydrocortisone for PTH
system

Not easy to handle
Cells cannot be propagated in vitro
Addition of growth factors

Binding and infection
Specific binding and uptake
(HBV and HDV)
Cellular determinants of hepatocyte differentiation
and their influence on HBV infection
Entry process
Identification of two major receptors CD81 and
SR-BI
Interaction with heparan sulfate proteoglycans
Entry process

E1–E2 heterodimers at virion surface
Cell attachment
Attractive vaccine candidate

Entry process

Study of infectivity and neutralization

Entire life cycle

Entry process +++
Replication

No productive infection
Addition of DMSO and
hydrocortisone
Different behavior from E1 E2
heterodimers
Binding to various cell lines
different from hepatocytes
Difference in glycosylation status
Difficult to prepare
Non replicative
Only the very early steps of viral
cycle
No association with lipoproteins
No budding at the ER
Restricted to Huh-7 cell line
Restricted to JFH1 non structural
proteins sequence

Virus production
Screening of antiviral molecules

HBV: Hepatitis B virus; HCV: Hepatitis C virus; VLP: Virus-like particles; HCVpp: HCV pseudotype particles; HCVcc: Cell culture derived HCV; HDV:
Hepatitis D virus; DMSO: Dimethyl sulfoxide; SR-BI: scavenger receptor class B type Ⅰ; ER: Endoplasmic reticulum; PHH: Primary human hepatocytes;
PTH: Primary Tupaia belangeri hepatocytes; DMSO: Dimethylsulfoxide.

role in infectivity. While the preS-domains form linear
epitopes, the S-domain forms multiprotein complexes
using inter- and intramolecular disulfide bonds with the
eight Cys residues within the antigenic loop. A crucial
function of the S-domain is viral morphogenesis, but the
first transmembrane sequence also plays a role in viral
entry into hepatocytes[11]. Moreover, two different transmembrane topologies have been described for the L surface protein: L chains with an internal N-terminal preS1
part are required in virion morphogenesis, whereas the L
molecules which expose their preS1 domain on the viral
particle surface probably link to a putative virus receptor
and could determine the species specificity and viral tropism[16]. In addition to the preS1 domain, a second infectivity determinant, located in the antigenic loop of the S
domain, is also required for infectivity[17].
HBsAg plays a central role in stimulating and, because
of its variability, also oppositely thwarting the host-related immune response. The main antigenic part of HBsAg,
namely the “a” determinant which is the core part of the
major hydrophilic region (amino acid residues 99-169 of
HBsAg), is a target of neutralizing antibodies. Immunogenic T cell epitopes are also present in the HBs Ag : P1
(aa 16-33) and P4 (aa 213-226) are the dominant epitopes
in vaccine immunization[18].

contributing to the attachment to the hepatocyte plasma
membrane, thus defining organ and species specificity of
HBV. Viral tropism is essentially restricted to the liver[14].
Although there is considerable evidence that a HBV receptor exists on hepatocyte membranes, it still remains to
be identified. Convergent data place the receptor-binding
site in the preS1 segment of HBV envelope proteins that
play a key role at the early entry step for further viral infectivity, as described above. The preS1 (21-47) region of
the envelope protein was demonstrated to be the dominant binding site to hepatoblastoma cell line (HepG2).
More recently, the region consisting of amino acids 9-18
of the preS1 domain was identified as a conserved crucial attachment site while amino acids 28-48 as an accessory binding site[19]. The receptor for the preS1 peptide
seems to be a single major peptide of molecular weight
31 kD[20]. The asialoglycoprotein receptor was described
as playing a role in the attachment process[21], and numerous other cellular partners have been suggested to also
contribute, such as heparin or annexin V, earlier referred
to as Endonexin Ⅱ[22-26]. Interestingly, heparan sulfate
proteoglycans emerged as potential major components in
the HBV entry step[27]. However HBV entry and different
steps of this process are not characterized in detail, while
it is substantially known for HCV.

HOST-RELATED IMMUNE RESPONSES

INTERACTION WITH PUTATIVE
CELLULAR RECEPTOR(S)

During viral infection, immunological reactivity usually
begins with an innate response in infected cells, where
viral replication induces activation of intracellular an-

HBV envelope glycoproteins are the key components
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Figure 1 Schematic representation of hepatitis B virus envelope proteins and genome. Hepatitis B virus (HBV) surface envelope antigen includes three viral
surface glycoproteins, named large, medium, and small proteins (LHBs, MHBs and SHBs). Their expression is directed by the S gene including three start codons and
one stop codon in a single open reading frame.

tiviral mechanisms through transcription of interferon
(IFN) inducible genes. However, in acutely HBV infected
chimpanzees no specific pattern of cellular genes expression was observed during widespread expansion of HBV
in the liver, revealing an absence of innate response by
infected cells[28]. Interestingly, this could be thwarted by
using IFN-α which has been described to inhibit HBV
transcription and replication in cell culture and in humanized mice by targeting the nuclear cccDNA[29]. The adaptive immune response is responsible for viral clearance
as well as HBV-related diseases pathogenesis. In patients
with acute hepatitis, the T cell response is vigorous and
multispecific. The CD8+ T cell response, under the control of CD4+ T cells, acts on viral clearance by triggering
direct hepatocyte apoptosis and by secreting IFN-γ which
inhibits HBV replication. In chronically infected patients,
a weak and focused T cell response is observed (Figure 2). This seems less related to sufficient numbers of
CD8+ T cells, but more to their functional alteration[30].
Human leukocyte antigen (HLA) class I and HLA class
Ⅱ restricted T-cell epitopes have been recently reviewed
in Desmond 2008[31]. Several HBV epitopes recognized
by CD4+ T cells were described in the surface protein,
including S2109-134, S200-214 and S337-357, with S179-194, considered as an immunodominant HLA-DR1-restricted epitope[32].
Regulatory T (Treg) lymphocytes, known to suppress

WCG|www.wjgnet.com

the activation, differentiation and proliferation of immune
cells, could be major actors in the inadequate immune
responses observed during chronic HBV infection. The
Treg response protects the host by limiting liver immunopathology while at the same time favouring the virus by
inhibiting a protective T-cell response. The timing of the
Treg response is vital; it needs to be not too late otherwise
resulting in the excessive destruction of hepatocytes by
effector T-cells, and not too early which would favour the
establishment of chronic infection by blocking antiviral
T-cell activity[33]. As suggested by Manigold et al[33], a higher frequency of Treg cells has been described in patients
with chronic infection and correlated with greater HBV
DNA concentration in serum.
The humoral immune response is based on anti-en
velope protective antibodies. On the one hand, antibodies complex with free particles, removing them from
circulation and on the other hand they prevent HBV
attachment to hepatocytes, thus playing a critical role in
viral clearance. Both viral and host factors can delay or
inhibit antibody-mediated neutralization of HBV. As it
will be further described, viral variability contributes to
the failure of the humoral response. Other factors such
as HIV coinfection[34] or immunosuppression from a
variety of causes can also negatively modulate humoral
reactivity[35]. Additionally, the development of an immune
response, usually characterized by the strong appearance
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Figure 2 Role of the hepatitis B surface protein in the immune response to hepatitis B infection. Hepatitis B virus (HBV) primary infection does not induce activation of intracellular antiviral mechanisms through transcription of interferon inducible genes. After acute infection, the evolution to resolved hepatitis B is promoted
by a vigorous and multispecific T cell response (CD4+ and CD8+ T cell) through hepatocyte apoptosis and interferon (IFN)-γ secretion, while evolution to chronicity is
characterized by a weak and focused T cell response. Regulatory T cells (Treg) cells (LT REG) limit the function of effector T cells preventing excessive auto-destructive disease. A protective immunity is due in part to humoral and cellular anti-envelope response, preventing HBV attachment to hepatocytes, thus playing a critical
role in prevention of infection after classical vaccination and in viral clearance in resolved hepatitis. HLA: Human leukocyte antigen.

of anti-HBs antibodies, may be delayed by social stress,
as identified during HBV vaccination of students under
exam stress[36].

of class Ⅱ fusion proteins, and containing three domains
termed DI, DII and DIII. Their model reveals the distribution of E2 amino acids among the different domains.
E1 and E2 are highly glycosylated proteins and glycosylation is needed for correct glycoprotein processing, folding and/or cellular entry.
The E2 glycoprotein contains three hypervariable
regions, termed hypervariable region (HVR) 1, HVR2
and HVR3 and conformational binding sites to certain
cellular co-receptors (CD81 binding site as an example).
E1 and E2 glycoproteins are targets of both humoral and
cellular immune responses generated during HCV infection and several specific epitopes have been described in
E1 and E2.
Our knowledge of the HCV viral cycle and of the
structural and functional characteristics of envelope
glycoproteins has been hampered by the lack of reliable
in vivo and in vitro models. Chimpanzee infection has long
been the only available animal model, but with many
limitations including ethical considerations, high cost, and
clinical differences with human HCV infection. Other
small animal models, such as humanized mice, are in development to overcome these problems.
Some in vitro models, such as soluble glycoproteins,
virus like particles, and HCV pseudoparticles, have been
developed that allow investigation of the viral entry
process. Despite their ability to duplicate the early steps

GENERAL PRESENTATION OF HCV
ENVELOPE GLYCOPROTEINS AND
RELEVANT ANIMAL/CELL CULTURE
MODELS
HCV envelope glycoprotein E1 and E2 represent crucial
elements in the viral life cycle. Indeed, they are involved
in virus cellular entry and are also targeted by host immune components. Thus characterization of these two
proteins is essential to better understand virus-host interactions.
E1 and E2 are transmembrane glycoproteins containing an important N terminal ectodomain and a C terminal hydrophobic anchor domain. The E2 protein displays
an amphipathic helix that forms a stem region, linking
the ectodomain and the transmembrane region. The two
glycoproteins form a non-covalent heterodimer at the
viral particle surface, interacting with each other during
virus entry into target cells. E1 and E2 are both stabilized
by numerous disulfide bonds. Krey et al[37] described the
connectivity of the E2 disulfide bonds and suggested
that E2 could display a tertiary structure similar to that
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infection[39]. Both cellular and humoral responses fail to
control HCV infection during the very early phase of
infection. If viral clearance is characterized by a broad
vigorous and persistent T cell response, cellular immunity
is weak, narrow and transient in patients chronically infected (Figure 3). Some mutations occurring in epitopes
targeted by CD4+ or CD8+ T lymphocytes can show a
strong inhibition of immune reactivity, such as HCV E1
226-240 and HCV E2 436-450[3]. Patients who do not
clear the virus present high quantity and even cross-neutralizing antibodies during the chronic phase, but these
antibodies are unable to control HCV infection.
The failure of the humoral response is mainly due to
the rapid onset of mutations in HVR1 of E2 and in other epitopes of the E1 and E2 proteins. However, HVR1,
the most variable region of the HCV genome, is one of
the targets of the neutralizing immune response. HVR1
may function as an “immunological decoy”, stimulating
an ineffective immune response for viral clearance but
inducing selection of viral variants[40].
The E2-CD81 interaction has been shown to modulate B and T cell function. During HCV infection, the
E2-CD81 interaction induces hypermutation of the
heavy chain immunoglobulin in B cells. Hypermutation
may lower the affinity and specificity of HCV-specific
antibodies, enabling HCV to escape immune surveillance.
Additionally, engagement of CD81 on natural killer cells
by the E2 protein has been shown to inhibit the antiviral
function of NK cells early in the infection process.

of HCV entry, none of these models support the entire
HCV replication cycle or efficient production of infectious particles. In this regard an important breakthrough
was achieved with the cell culture system HCVcc, which
is capable of producing infectious particles. The most
useful in vitro models that allow the study of HCV glycoproteins are detailed in Table 1.

INTERACTIONS OF HCV ENVELOPE
GLYCOPROTEINS WITH CELLULAR
RECEPTORS
The main target cells of HCV are hepatocytes. HCV
enters into target cells in a complex multistep process
involving the following entry host factors: tetraspanin
CD81, scavenger receptor class B member I (SR-BI),
Heparan Sulfate and the tight junction proteins Claudin-1
and Occludin. Other partners in HCV entry were recently characterized, such as EGFR and EphA2[38].
Highly sulfated heparan sulfate structures are cell surface factors mediating initial virus attachment prior to
virus interaction with CD81 and SR-BI, which directly
interact with HCV envelope glycoproteins. SR-BI may
define the attachment of the virion in the form of virolipoparticles to the cell surface and that then favours
particle interactions with CD81 and Claudin coreceptors
with a role of EGFR and EphA2 activated kinases in the
CD81-Claudin binary complex. CD81 and Claudin-1 are
essential for the clathrin dependant particle internalization, and the engagement of CD81 promotes internalization. CD81 associates with HCV and mediates entry
via Claudin-1 and occludin complexes. Claudin-1/CD81
complexes seem to localize at the basolateral surface of
polarized hepatoma cells. After uncoating and internalization by clathrin-dependent endocytosis, the viral genome
is released into the cytoplasm leading to its translation
and replication.

GENES AND PROTEINS VARIABILITY,
ESPECIALLY IN VIRAL ENVELOPE
GLYCOPROTEINS
Despite the compact arrangement of its DNA genome
and the overlapping open reading frames that limit genomic plasticity, HBV is evidently diverse on a global
scale as indicated by the eight referenced genotypes
(A-H). HCV is also characterized by high genetic variability given that six (and probably a seventh) major
genotypes have been described, each including several
subtypes. Intragenomic variability of HBV and HCV is
further reflected in the quasispecies distribution defined
by the genetic heterogeneity of the viral pool found in
any infected subject at a given time point[41,42]. For both
viruses, this genetic variability is a consequence firstly of
the high spontaneous error rate associated with the lack
of a proofreading mechanism of viral polymerases, and
secondly of the structural and/or functional constraints
exerted on the virus by host immunity, immunoprophylaxis or antiviral therapy pressure.
Due to the structural constraints of its genomic organization, the emergence of HBV mutants occurs more
slowly than for HCV. Since the preS1 and preS2 domains
overlap with the region of the polymerase gene encoding for the spacer domain, deletions in preS can occur
without affecting the enzymatic properties of HBV

INTERPLAY BETWEEN HCV ENVELOPE
GLYCOPROTEINS AND THE HOST
IMMUNE RESPONSE
Persistent viral infection can be explained by the fact
that HCV escapes both innate and adaptative immune
responses or interferes with host defense mechanisms.
Despite broadly reactive neutralizing and multispecific T
cell responses generated during chronic infection, in most
cases viral clearance is not achieved.
HCV RNA can be detected in patient serum between
one and two weeks following infection whereas the appearance of HCV specific T-lymphocytes and antibodies
is delayed up to several weeks after infection. In the early
phase of infection neutralizing antibodies are rapidly
induced by patients who subsequently clear the virus
or control viral infection whereas they are absent or of
low quantity in patients who progress to chronic HCV
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Figure 3 Role of hepatitis C glycoproteins in the immune response to hepatitis C infection. Following hepatitis C virus (HCV) infection, innate host response
is initiated by hepatocytes producing an antiviral state by stimulating interferon inducible genes expression. In case of spontaneous clearance or resolved infection,
a strong cellular response, due to CD4+ and CD8+ T lymphocytes (denoted as CD4 and CD8 in the figure), is observed in the early phase of infection. Moreover
Regulatory T cells (Treg) cells (LT REG) limit the function of effector T cells. Then neutralizing antibodies are rapidly expressed. In most cases, the host adaptative immunity is unable to control HCV infection evolving to a chronic phase. The cellular response (CD4+ and CD8+ T lymphocytes and B lymphocytes, mentioned as LB in
the figure) is weak and transient. The appearance of neutralizing antibodies is delayed and the humoral response not efficient. IFN: Interferon.

polymerase. However, although preS1 deleted mutants
are able to replicate they usually need a helper virus to
infect new hepatocytes[43]. The surface S gene seems to
vary less than the preS1 and preS2 regions[44]. Functional
mutations that have been described in the HBV envelope
genome consist of preS1 and preS2 deletions, preS2 start
codon mutations, and C-terminally truncated or “a” determinant mutated S proteins. These viral variants exhibit
modified replication capacities and antigenic characteristics; on the other hand they may be resistant to antiviral
therapies and/or contribute to escape from host-related
immune surveillance. They can also alter the sensitivity
of diagnostic immunoassays. In HepG2 cells, replication
of preS/S variants leads to decreased HBsAg secretion,
retention of envelope proteins in the endoplasmic reticulum, less efficient virion secretion and higher amounts
of cccDNA in the nucleus. In patients with HBV-related
chronic liver disease, the emergence of preS/S variants
appears to provoke the loss of correlation between HBV
DNA replication and HBsAg synthesis/secretion[45].
Briefly for HCV, the HCV genome contains both
highly conserved and highly variable regions. The most
variable regions are located in NS5A and in parts of the
E2 glycoprotein (HVR)[46,47]. Some mutations have been
described in E2 showing an impact on HCV infectivity
and/or its accessibility to antibodies or cellular response
mediated by CD4+ and CD8+ T cells[3,48-51].
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PREVENTIVE OPTIONS AND THE RISK
OF ESCAPE MUTANTS
Vaccination using a recombinant HBV surface antigen is
the most important prophylactic measure available for the
prevention of new HBV infections. Immunoprophylaxis
with vaccine or immunoglobulins is also recommended
after exposure to blood from HBV-infected patients, in
new born children from HBV-infected mothers, and to
prevent recurrent HBV infection in patients receiving
liver transplants for end-stage hepatitis B liver disease.
HBV surface gene variants can be selected under immune pressure after preventive immunization. This is
illustrated by report of several surveys in Taiwan describing an increase in the prevalence of S gene “a” determinant mutants during a vaccination campaign[52]. In HBV
DNA positive children from four sequential surveys
in Taiwan, the prevalence of hepatitis B surface gene
“a” determinant mutants increased from 7.8% before
the vaccination program, to 19.6%, 28.1% and 23.1%
at five, 10 and 15 years after the immunization period.
However, lower infectivity of the G145R mutant virus,
the use of a recombinant vaccine, and mutant loss with
older age seem to decrease the “a” mutant prevalence in
an immunized population over time[53]. In Europe and
North America, mutations in the HBV S gene are mostly
observed in infants born from HBV-infected mothers,
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in a small proportion of occult HBV infections, and in
liver transplant recipients[54]. Among variants which were
described, the Arg-145 and Arg-129 mutants show the
lowest binding ability to monoclonal antibodies. In addition, variants epitopes in HBs antigen induced decreased
or a lack of T-cell reactivity[18]. As an illustration, HBV
replication was detected in vaccinated chimpanzees challenged with an HBV strain containing polymerase/envelope overlapping mutations[55].
The considerable global diversity of HCV has hampered the development of any successful vaccine. Consequently, neither vaccine, nor specific immunoglobulins
are currently available for clinical practice. Current HCV
vaccine research therefore follows two main pathways: (1)
prophylactic; and (2) therapeutic to increase virological
response to antiviral treatment and to reduce the duration
of therapy. Although numerous approaches have been
developed only a few of these have progressed to human
trials, especially for potential therapeutic vaccines. HCV
envelope proteins that induce antibodies against conserved domain involved in cell binding are considered as
a promising target for vaccine research[56]. However, several mechanisms make antibody-mediated neutralization
difficult: interference by interfering antibodies, glycans or
lipids, the quasispecies distribution of HCV, and difficult
to access cell-to-cell transfer[57].

mutations in the rt domains can affect the amino acid
sequence of other HBV proteins, as demonstrated for
the rtM204V + rtV173L + rtL180M mutations that lead
to envelope changes behaving as mutants escaping vaccination in vitro[59]. In addition, studies analyzing HBV
quasispecies demonstrated that resistance mutations to
nucleos(t)ide analogues can cause amino acid changes
within epitopes of the HBV preS/S or core antigen leading to changes in HBV immunogenicity[60].
Treatment of HCV chronic infection consists of a
combination of pegylated IFN-α and ribavirin, and this
combination remains the basis of gold standard treatments including the use of anti-protease molecules. The
rate of sustained virological response (undetectable HCV
viral load six months after the end of the therapy, detection threshold at 12-15 IU/mL) depends on the genotype
of HCV with lower rates for genotype 1 and is correlated
to pre-treatment HCV load and several host-related factors. Both IFN and ribavirin have broad spectrum non
specific antiviral activity without direct action on viral
genomes[46]. IFN produce an antiviral state by the upregulation of IFN stimulated genes, leading to the expression of several antiviral proteins including 2’, 5’ oligoadenylate synthase, and the Mx protein. Four putative
mechanisms of action have been proposed to explain the
effect of ribavirin on HCV infection: modulation of the
host adaptive antiviral response, HCV RNA mutagenesis,
action on the intracellular GTP pool necessary for RNA
synthesis and inhibition of HCV polymerase. Thus resistance to treatment is a complex mechanism involving
host- and virus-related features.
Several HCV proteins (E2, core, NS5A, NS5B) are
suspected to be linked with resistance mechanisms to
antiviral therapy[46,61,62]. In relation to HCV envelope
glycoproteins, treatment outcome can be influenced by
amino acid substitutions within CD81 binding sites and
HVR2 of E2[63] as well as theoretically through mutations
in the PKR/eIF-2α phosphorylation homology domain
of E2[61]. A lower HVR1 heterogeneity among viral variants in an individual before antiviral therapy seems to
be associated with higher rates of virological response
to IFN-based treatment[46,64]. HCV genetic variability in
regions such as E2 HVR1 has been associated with antiviral treatment failure[46,65]. In a clinical context, Aurora et
al[66] described frequent covarying amino acids positions,
most often located in E1 and E2, that linked to response
to treatment.

TREATMENT AND RISK OF ESCAPE
MUTANTS
The treatment of chronic hepatitis B aims to reduce liver
cell inflammation, prevent the progression to cirrhosis
and hepatocellular carcinoma through the suppression
of viral replication, and ultimately to clear the infection.
HBV treatments use the immunomodulatory agents
IFN-α or its pegylated form as well as direct-acting antiviral molecules. IFN-α binding to type 1 IFN receptors
activates an anti-viral state in cells by inducing stimulation
of IFN genes. IFN also stimulates the cellular immune
response and production of IFN-γ by CD4+ and CD8+
T cells[58]. On the other hand, nucleos(t)ide analogues
block HBV polymerase functions[59]. A sustained virological response to antiviral therapy is defined by plasma
HBV DNA < 2000 IU/mL six months after discontinuation of therapy, while a complete response is defined by
the disappearance of both HBV DNA and HBsAg with
or without appearance of anti-HBs antibodies[58]. During
treatment various escape mutants can be detected. Wellcharacterized mutations in the reverse transcriptase (rt)
gene have been described (e.g., rtM204V for lamivudine
and rtN236T for adefovir). HBV resistance can develop
after a single mutation with some agents or only after
multiple mutations for others. Entecavir exhibits low
rates of resistance, with fewer than 1% of patients on
monotherapy developing resistant mutants after 5 years
of treatment[59], if patients strictly respect treatment
recommendations. Similarly tenofovir has a very high genetic barrier. Due to the structure of the HBV genome,
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CONCLUSION
For both HBV and HCV, viral envelope glycoproteins
play a key role in viral entry into hepatocytes and are exposed to host-related immune responses. Even though
data that fully elucidates HBV entry into permissive cells
are still lacking, specific segments of HBV envelope
proteins (preS1, “a” determinant) are instrumental in
the process. For HCV, numerous experimental results
have recently demonstrated that viral entry is a com-
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plex multistep process involving multiple cell cofactors
(glycosaminoglycans, low density lipoprotein receptor,
SR-B1, CD81, claudin-1, occludin, EGFR, EphA2) in the
interaction with HCV E1/E2 envelope glycoproteins. In
vitro both viruses can be controlled by antibody-mediated
neutralization targeting viral envelope. Neutralizing antibodies are also essential in preventing HBV infection in
vivo as is well characterized through successful vaccination
using HBs antigen.
Several factors, such as preventive vaccination and/
or therapeutic pressure, can influence HBV and HCV
variability. Moreover, for HBV, the patterns of antiviral
drug resistance in chronic hepatitis are complex and the
original pol/S gene overlap has to be taken into account
in the analysis of public health significance of emerging
genomic mutations in infected populations. Treatmentinduced HBV mutations in pol could indeed generate S
mutants with subsequent modified antigenicity or pathogenesis such as increased cancer induction[10].
Variability of HBV and HCV envelope proteins combining high exposure to selective pressures and crucial
functional roles require investigation for the adaptation
of diagnostic, vaccination and treatment tools. In this
context, improved therapy for chronic HCV infection has
emerged from a better understanding of the viral replication cycle, with HCV entry providing a large number of
therapeutic targets[67,68]. Besides IFN-α and nucleos(t)idic
analogues, complementary therapies for chronic HBV
infection are desperately needed and the HBV entry process, when better characterized, can offer potential therapeutic opportunities.
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mechanism responsible for this low responsiveness still
remains unclear. The aim of this review is to focus on
the possible pathogenic causes of unresponsiveness to
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Abstract
Some studies showed that in celiac patients the immunological response to vaccination is similar to that one
found in general population except for vaccine against
hepatitis B virus (HBV). The non-responsiveness to HBV
vaccine has also been described in healthy people, nevertheless the number of non-responders has been demonstrated to be higher in celiac disease (CD) patients
than in healthy controls. Several hypothesis explaining
this higher rate of unresponsiveness to HBV vaccine
in CD patients have been described, such as the genetic hypothesis, according with CD patients carrying
the disease-specific haplotype HLA-B8, DR3, and DQ2,
show a lower response to HBV vaccine both in clinical
expressed CD patients and in healthy people carrying
the same haplotype. On the other hand, it has been
demonstrated that the gluten intake during the vaccination seems to influence the response to the same
vaccine. Moreover, it has been demonstrated a possible genetic predisposition to hepatitis B vaccine nonresponsiveness likely due to the presence of specific
human leukocyte antigen haplotypes and specific single
nucleotide polymorphism in genes of cytokine/cytokine
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INTRODUCTION
It is estimated that more than one third of the world’s
population has been infected with the hepatitis B virus
(HBV), causing acute and chronic liver diseases, ranging from fulminant hepatitis to cirrhosis and eventually
hepatocellular carcinoma, with an incidence of 620  000
death per year[1-3].
On this regard, in order to prevent this serious health
problem, since 1982 a safe and effective hepatitis B vaccine
has been available. The first vaccines were plasma-derived,
which contained purified hepatitis B surface antigen (HBsAg)
obtained from the plasma of people with chronic HBV
infection. In the following years, recombinant DNA hepatitis B vaccine has been developed, containing purified
HBsAg obtained by culturing genetically engineered yeast
or mammalian cells carrying the HBsAg gene. Currently
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recombinant DNA hepatitis B vaccines are predominantly being used, while plasma-derived hepatitis B vaccines
are still being used in several low-income countries[4].
At the beginning, the hepatitis B vaccine was considered for use in high risk individuals for acquiring HBV
infection. Actually, it has become more widely used and
recommendations for hepatitis B vaccination have been
extended to all infants in an attempt to achieve protection against HBV infection[5]. Despite these recommendations, 8 countries in Northern Europe (Denmark,
Finland, Iceland, Ireland, Netherlands, Norway, Sweden,
and the United Kingdom) have yet to implement such a
policy, currently adopting an “at-risk” strategy. In 2007,
Zuckerman et al[6] recommend a reassessment in these
country of their hepatitis B prevention strategies considering the difficulty in identifying all at-risk individuals
and the lack of effectiveness of the vaccination on at-risk
subjects in reducing the overall incidence of hepatitis B.
Italy was one of the first countries to implement
an universal strategy of hepatitis B vaccination[7]. Since
1984 HBV vaccination has been recommended and offered free of charge by the National Health Service to
high-risk groups-e.g., family members of HBsAg carriers, healthcare workers and in 1991, vaccination became
mandatory for all new born and for twelve year-old
adolescents[8].
Consequent to this global strategy, a decrease in pre
valence of chronic HBV infection among vaccinated
children and adolescents has been documented, including
people living in high risk area such as China, Hong Kong,
Taiwan, the Gambia, Senegal, Alaska and Italy[9].
Usually, a single course of three doses of hepatitis B
vaccine administered in a variety of schedules, such as
at birth, 1 and 6 mo schedule, the 6, 10 and 14 wk doses
and the 2, 4 and 6 mo schedule induces protective levels
of antibody to HBsAg in nearly 95% of healthy infants
and children[10].
The antibody response to hepatitis B vaccine has
been found occurring in more than 90% of the healthy
vaccinated subjects[11-13]. However some studies showed
that serum anti-HBs levels decreases with the time following vaccination[14,15]. Several factors, such as age, body
mass index and smoking at the time of vaccination, have
been found to be associated with a lower rate of antibody response to hepatitis B vaccine[16,17], and the decline
of HBs antibody titer seemed mainly to be proportional
to the antibody titer originally obtained[18].
Long-term follow-up studies of newborn vaccination
showed that antibodies become negative in 15%-50%
among the vaccine responders within 5 to 10 years[19-21].
The clinical significance of the disappearance of specific antibodies in immunocompetent patients responders to previous vaccination remains object of discussion.
Successfully vaccinated people who have lost antibodies after primary vaccination, usually show a rapid
anamnestic response when boosted. This means that the
immunological memory for HBsAg can outlast antibody
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detection, providing long-term protection against the
disease. Hence, there is consensus that there is no need
to administer booster doses of vaccine to ensure longterm protection in immunocompetent patients[22-25].
On the other hands some authors suggest specific
strategies for the vaccination of certain groups of people at high risk such as haemodialysis, celiac and thalassemia patients[26-31].
Vaccinated subjects with an anti-HBs titer less than
10 mIU/mL after completion of primary vaccine series
are called “no responders”.
Several factors have been associated with a non response to the HBV vaccine. These include inappropriate
vaccine storage conditions, vaccination in buttocks, obesity, smoking, drug abuse, infections[32]. There are also
chronic conditions, such as chronic alcoholism, chronic
kidney disease, human immunodeficiency virus infection, immune-suppression, type I Diabetes Mellitus and
Celiac disease that are characterized by a lower response
to HBV vaccination[33-45]. Recently, it has been demonstrated a possible genetic predisposition to hepatitis B
vaccine non-responsiveness likely due to the presence of
specific human leukocyte antigen (HLA) haplotypes and
specific single nucleotide polymorphism (SNP) in genes
of cytokine/cytokine receptors and toll like receptors
(TLR)[42,46], but the pathogenic mechanism responsible
for this low responsiveness still remains unclear.

CELIAC DISEASE AND HBV VACCINE:
THE HISTORY
Celiac disease (CD) is an autoimmune disorder characterized by a permanent intolerance to ingested gluten,
which results in immunologically mediated inflammatory
damage to intestinal mucosa[47]. Genetic, environmental
and immunological factors seem to be responsible for
the disease.
CD is usually characterized by various gastrointestinal (GI) symptoms (e.g., diarrhea, malabsorption, weight
loss) associated with consumption of grains containing
gluten (wheat, barley, rye). Although some CD patients
may have primarily GI symptoms, CD may be detected
due to associated extra intestinal disorders, even without
GI symptoms, or due to screening for CD based on a
positive family history. CD has a strong association with
HLA-DQ2 and HLA-DQ8[48]. HLA-DQ2 is present in
90% to 95% of patients with CD[49].
The link between HBV infection and celiac disease
seems to be controversial. Relatively little data exist on
the relationship between HBV and CD, although one
third of the world’s population (around 2 billion people)
have been infected with HBV. It has been reported that
the response rate to HBV vaccination in CD-infected
individuals is lower (30%-50%) than in the general
population (4%-10%)[42,43] (Table 1). Recently, it has been
hypothesized that non intestinal inflammatory diseases
may trigger immunologic gluten intolerance in suscepti-
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ble individuals, and HBV as far as hepatitis C virus (HCV)
were thought to be suitable candidates. However this
assumption is still matter of debate. Relatively few data
exist on the relationship between HBV and CD. It could
be speculated that HBV as well as HCV infections may
trigger immunologic gluten intolerance in genetically
susceptible people and that chronic HBV segregates a
higher percentage of CD patients[50,51]. However this assumption is still a matter of debate.
Possible activation of CD due to the treatment of
hepatitis infection is another controversial point. There
have been some reports indicating that autoimmune disorders such as insulin-dependent diabetes mellitus and
celiac disease can develop during treatment with interferon (IFN)-α for viral hepatitis because of its immune
modulatory properties[52,53]. CD activation during interferon α or interferon α plus ribavirin therapy has recently been observed in HCV-positive patients[54], confirming
that IFN-α therapy could trigger CD in susceptible subjects during treatment. In the study of Leonardi et al[30],
although evidence suggested that IFN-α can activate
CD4T cells in the lamina propria and cause intestinal tissue damage[55], no patient treated in childhood showed
any serological marker of CD at the time of the present
study. Due to the small sample size authors could not
claim that there was no association between CD and
HBV, although a sample size more representative of the
prevalence of CD in Italy should help to better examine
the relationship between CD and HBV.
Some studies showed that in celiac patients the immunological response to vaccination is similar to that
one found in general population except for vaccine
against HBV[42,56]. On this regard, it is well known that
unresponsiveness to hepatitis B vaccine in healthy people has been attributed to failure of class Ⅱ major histocompatibility complex molecules in the interaction with
processed protein antigen, in the stimulation of T-helper
cells, or in both[57,58].
Analysis of previous studies suggested a very high
incidence of a particular extended HLA haplotype in no
responders to hepatitis B vaccine. In fact, homozygotes
for HLA-B8, DR3, and DQ2 were found to have a significantly higher incidence of hepatitis B vaccine non-response[58]. In 1989, Alper et al[59] prospectively vaccinated
5 homozygotes and 9 heterozygotes for extended MHC
aplotype (HLA-B8, SC01, DR3). Four of the 5 homozygotes produced low levels of HBsAb two months after
their third HBV vaccination, whereas all 9 heterozygotes
had significantly higher titers of HBsAb. In 1995, Livenson et al[60] studied 153 patients with end-stage renal
disease immunized with a recombinant HBV vaccine.
Homozygotes for HLA-A1, HLA-B8, HLA-DR3 and
HLA-DQ2 were found almost exclusively in the nonresponder group and a significant higher number of
heterozygotes for these alleles was found in the nonresponder group compared to the responders[59]. In the
same year, Martinetti et al[61] performed an HLA study in
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Table 1 People who have anti-HBs titre after completion of
primary vaccine series less than 10 mIU/mL
Celiac patients
(no responders, %)
Leonardi et al[30]
Ahishali et al[42]
Zingone et al[43]
Ertekin et al[44]
Noh et al[56]

30/60 (50)
8/25 (32)
31/51 (60.7)
20/52 (38.5)
13/19 (68.4)

Control subjects
(no responders, %)
7/60 (11.7)
0/20 (0)
13/48 (27.08)
2/20 (10)
-

9 absolute non-responder (serum titer of anti-HBsAg <
2 mIU/mL) and 8 low-responder (serum antibody level
between 2 and 9.9 mIU/mL) infants who underwent,
in neonatal period, HBV vaccination. The investigation pointed out that many of these subjects carry HLA
haplotypes classically involved in autoimmune diseases:
HLA DR7, DQ2, DR4, DQ8 and DR3. Further Godkin
et al[58] investigated the binding affinities of envelope
and core peptides of HBV to particular HLA glycoproteins, and their data supported the direct involvement of
HLA-DR3 in HBV vaccine no responsiveness.
Since the HLA-DQ2 haplotype is over-represented
in celiac population, it has been postulated that this genetic profile may play a crucial role in predisposing celiac
patients to a lower grade of immunization to hepatitis B
vaccine[62].
On the other hand some studies argue that in celiac
individuals gluten intake at the time of vaccination may
influence the vaccine-induced immune response[41,44].
Nevertheless all these hypotheses are still argument
of debate and no responsiveness of celiac patients to the
HBV vaccine remains a significant public health problem, since the worldwide spread of the disease although
there is no convincing evidence that patients with viral
hepatitis B carry an increased risk of celiac disease[63].
In 2003, Noh et al[62] studied 19 celiac patients and
found that 13 did not respond to vaccination. HLA
typing was performed on 15 of these subjects (13 no
responders and two responders). All tested subjects
were apparently either homozygous or heterozygous for
DQ2. The authors postulated that the non responsiveness to the hepatitis vaccine in celiac patients is due to
the suppression of the Th2 response and to the B cell
differentiation due to the high protection performed by
the IFN-gamma.
In 2009, Leonardi et al[30] retrospectively analysed the
response to HBV vaccine in 60 celiac patients and they
found that 30 of 60 CD patients (50%) and 7 of 60 control subjects (11.6%) were non-responders to HBV vaccination (P < 0.0001).
It is well known that in celiac disease the intestinal
damage is caused by interaction between specific deaminated glutamine residues of gliadin and HLA-DQ2 or
DQ8 molecules[63].
Both HBsAg protein fragments and gliadin peptides
bind to HLA-DQ2 molecules, and their competition
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may result in a defective antibody response against the
recombinant HBsAg vaccine in active CD[49].
In 2008, Nemes et al[41] studied 128 children and adolescent with celiac disease and 113 age-matched control
subjects. For all celiac patients diet compliance and CD
activity were monitored by measurement of antibodies
against transglutaminase and endomysium. The authors
demonstrated that the rate of primary non-response to
the standard regimen of recombinant HBV vaccination
was surprisingly high (74.1%) in undiagnosed and untreated celiac adolescents.
In 2010, Ertem et al[64] evaluated anti-HBs titer in celiac patients and healthy children. They found that antiHBs negativity was significantly higher in celiac patients
than in healthy controls. They also demonstrated that
response to HBV vaccine in children with CD who were
compliant with the gluten free diet (GFD) was not different from that found in the healthy population.
In 2010, even Zingone et al[44] hypothesized the possible role of dietary gluten in induction of a suboptimal
immune response in celiac patients. They studied 51
celiac patients who were on a GFD and were negative
for anti-transglutaminase-IgA antibody at the time of
testing. Eleven years after primary vaccination the proportion of vaccinated subjects with anti-HBs antibody
≥ 10 mIU/mL was significantly lower in celiac than in
controls (68.6% vs 91.7%; P < 0.01). Only three (5.9%)
celiac patients were on GFD at the time of primary
vaccination. Fourteen out of 16 (87.5%) celiac patients
and all controls with anti-HBs < 10 mIU/mL received
a booster dose of vaccine. Two weeks after the booster
dose, 4 (28.6%) celiac patients and 3 (75%) controls
showed an anamnestic response. Three out of 10 celiac
patients who did not respond to the booster dose agreed
to complete a new vaccine cycle. One month after vaccination completion, all showed anti HBs between 10
and 100 mIU/mL. Thus, the authors concluded that the
gluten intake at the time of vaccination could decrease
the efficacy of the same vaccination.
To confirm the role of gluten in the unresponsiveness to HBV vaccine in celiac patients, Ertekin et al[45]
observed 52 children with CD and 20 age healthy children who received HBV vaccination according to the
standard immunization schedule. They found that antiHBs positivity was significantly higher in celiac patients
who were compliant to GFD than in those who were
noncompliant.
Even in the study leaded by Leonardi et al[30], the
authors found a significantly higher number of responders in patients younger than 18 mo at diagnosis and a
significantly lower number of responders in adolescent
patients older than 14 years at diagnosis. This data confirms that in celiac patients a complete cycle of revaccination during a well controlled GFD might be more
effective than the primary vaccination performed on a
gluten-containing diet.
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FUTURE DIRECTION
We have underlined how celiac disease is characterized
by a low responsiveness to vaccinations such as HBV
vaccine, and both for the widespread of celiac disease,
that is high in prevalence of morbidity, and for the wild
range of not response to HBV vaccine. The problem
of unresponsiveness could represent a matter of world
health, because the group of non-responders patients
could be considered as a large reservoir of HBV-susceptible people that will persist as healthy carriers, leading to
a diffusion of the diseases even in healthy subjects.
This problem drew the literature research towards
possible reassessments of immunization strategies to
protect this population and to achieve the goal of universal protection.
It would be important, therefore, to assess the possible vaccination strategy in order to reduce this “healthyreservoir” of infection. On this regard, new vaccination
strategies for celiac patients were proposed in literature:
the first one the use of booster doses of HBV vaccine
by intramuscular route (IM), the second one is the performance of booster doses of HBV vaccine by intradermal route (ID).
In their scientific paper, Zingone et al[44] gave an IM
dose of HBV vaccine to celiac patients with anti HBs titre < 10 mIU/mL and found that, one month after vaccination completion, all showed anti-HBs titer between
10 and 100 mIU/mL. They concluded that celiac patients may require higher doses of vaccine and/or more
injection to achieve full protection. Supporting this hypothesis, in 2008, Ashaili et al[43] studied 25 celiac patients
and control subjects who were negative for anti-HBs.
HBV vaccine was administered to all celiac patients and
control subjects in three doses, at month 0, 1, 6 by intramuscular injection into the deltoid muscle. Four weeks
after the last dose, anti-HBs was measured quantitatively.
Seventeen celiac patients (68%) and all control subjects
(100%) were found to respond to HBV vaccination[44].
On the other hands, supporting the hypothesis of a
possible role of gluten in the unresponsiveness to HBV
vaccine in celiac patients and in severe liver disease[40],
Nemes et al[41] recommended a revaccination by IM route
for celiac patients after treatment with gluten-free diet.
They administered a dose of IM vaccine to anti-HBsnegative patients with CD during a controlled gluten-free
diet and found that 97.3% of them seroconverted after
revaccination. They concluded that the no responder
status to primary HBV vaccination is not permanent in
CD and may improve after gluten exclusion.
The second strategy addresses on the use of ID boo
ster of HBV vaccine in non-responders patients. The
rational of this is that in contrast to IM, which relies on
a T-cell mediated response, vaccines introduced directly
into the skin activate a dendritic-cell-mediated immune
response through a lower doses of antigen[65].
According to these results, in 2010, Leonardi et al[66]
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revaccinated celiac patients who were non-responders
to HBV vaccination with a 2 mg dose of recombinant
hepatitis B vaccine administered intradermally. After the
first ID dose we found that 40% of patients achieved
anti-HBs titer ≥ 1000 mIU/mL, 20% between 100 and
1000 mIU/mL, and 15% between 10 and 99 mIU/mL.
In order to compare the efficacy and the safety of
the two HBV vaccination strategy (IM vs ID) in a nonresponder population, in 2011, Leonardi et al [67] revaccinated non-responder celiac patients with ID or IM
vaccine. The Authors found a higher percentage of “responders” after the first booster dose (ID = 76.7% vs IM
= 78.6%) and a deeper increase after the third dose (ID
= 90% vs IM = 96.4%) of vaccine in both groups. These
data seem to suggest that both ID and IM route are effective options to administer a booster dose of HBV
vaccine in celiac patients. However the ID route seems
to be a better vaccination strategy, as demonstrated by
the higher percentage of patients with an anti-HBs title
> 1000 IU/L found in ID than in IM group.
In literature there are no other studies comparing the
efficacy of HBV vaccination administered by IM or ID
route in celiac patients. The two different methods are
extensively compared in other pathologic conditions in
which we observed a low responsiveness to HBV vaccination. For example in a meta-analysis about the HBV
vaccination response in patients with chronic kidney
disease, the authors found that pooling of study results
demonstrated a decreased risk of failure to respond to
HBV vaccine among patients who were vaccinated by
intradermal vs intramuscular route[27].
There is another topic that should be considered.
Actually it is still not clear if non-responder patients are
characterized by an immunological anergy since birth,
or they lose their immune competence during the time.
With this regard, there is general consensus in literature
that successfully vaccinated people who have lost antibodies years after primary vaccination usually show a
rapid anamnestic response when boosted[68]. This means
that the immunological memory for HBsAg can outlast antibody detection, providing long-term protection
against the disease and the development of the carrier
state. Hence, there should be no need to administer
booster doses of vaccine to ensure long-term protection
in subjects initially responding to vaccination[22-25]. Thus,
it is still not clear if celiac non-responders show an immunity anergy since birth and do not respond since the
first dose of vaccination or they loose their antibody
protection with the flow of time, as physiologically happens in normal people, even if in a shorter period of
time, remaining, thus, protected by an intra-cellular immunity.
For this reason it would be important an early identification of potential “pure” non-responsive patients
through the identification of specific markers of unresponsiveness. Recent acquisitions show a possible role of
toll-like receptors, cytokines and cytokine receptors polymorphisms associated with no response to hepatitis B
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vaccine in healthy population. As a matter of fact, Chen
et al[46] hypothesized that the variations in these structures
may act individually or cooperatively in the influence of
the duration and intensity of immune response elicited
by the hepatitis B vaccine, finding that 4 specific SNPs
in the IL-4, IL-4RA, IL-13 and TLR2 genes were closely
associated with the serum anti HBsAg response to HBV
vaccine. These cytokines and TLR2 seemed to be associated with a status of hepatitis B vaccine-induced protective humoral immune response. If an early identification
of responsiveness to HBV vaccine could be speculated
in general population by the analysis of specific SNPs, it
could be postulated the use of the same analysis in celiac patients, in whom the rate of non-responsiveness is
higher, representing a specific marker of the “pure” nonresponders. Nevertheless, further studies should clarify
the role of these polymorphisms and their possible use
as markers of un-responsiveness to HBV vaccine.
In conclusion, we suggest that all patients with CD
should be revaccinated to achieve the goal of universal
protection. In consideration of the possible relationship
between anti-HBs titers and compliance with GFD, they
should be revaccinated after the decrease of specific celiac antibodies, that usually occurs after about 1 year of
a strict GFD. We also suggest the use of the intradermal
route for the revaccination of these patients. The increase of anti-HBs antibodies is in fact satisfactory after
ID injection in all patients, a lower dose of the vaccine
can be used for immunization and the cellular immune
responsiveness to HBsAg can be easily assessed by the
development of a skin reaction at the injection site[31].
Thanks to the appearance of this reaction there is no
need to test the serum anti-HBs concentration after the
booster dose to value the vaccine efficacy, and this could
represent a less expensive strategy for the Health Organization to perform HBV booster doses[69]. A recent retrospective cost-benefit analysis of ID hepatitis B vaccination reported a cost reduction exceeding 50% compared
with a standard IM vaccine regimen[63]. Moreover the ID
route would allow a lower performance of venous withdraws in all patients, reducing the costs linked to serial
follow-up withdraws. In literature it is also demonstrated
that strong immunological memory persists more than
10 years after immunisation of infants and adolescents
with a primary course of vaccination[70]. Furthermore,
we suggest to administer a booster dose of vaccine every
10 years to all celiac patients, independently their status
of “pure” unresponsiveness, and as they are genetically
predisposed to loose their anticorpal memory, these
boosters would favour a better immunologic strategy in
order to protect celiac non-responders from a possible
HBV infection.
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Role of T cell death in maintaining immune tolerance during
persistent viral hepatitis
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Eduardo Sanz-de-Villalobos
tracted increasing attention as a pivotal involvement in
apoptosis, as a regulator of tissue homeostasis and an
enhancer for the viral persistence. Here, we reviewed
our current knowledge on the evidence showing critical role of Bim in viral-specific T cell death by apoptotic
pathways and helps in the immune tolerance.
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INTRODUCTION

Abstract

Hepatotropic, non-cytopathic viruses such as hepatitis
B virus (HBV) and hepatitis C virus (HCV) behave as
intracellular parasites. The activation of cellular immune
response by priming of naïve specific CD4+ and CD8+
T cells in the lymph nodes is very important to control
viral infection. However, the unique ability of the liver to
retain and activate naïve CD8+ T cells leads to liver tolerance, by-passing normal activation in the lymph nodes.
The continuous triggering of antigen presenting cells
(APCs) in the sinusoids by the antigen-rich blood leads to
peripheral tolerance to protect the liver tissue. This physiological feature can be used by hepatotropic viruses as a
persistence mechanism. The depletion of liver activated
CD8+ T cells is the critical part of the peripheral tolerance in HBV/HCV infection. The anticipated mecha-

Virus-specific T cells play an important role in the resolution of hepatic infection. However, during chronic
hepatitis infection these cells lack their effector functions and fail to control the virus. Hepatitis B virus and
hepatitis C virus have developed several mechanisms
to generate immune tolerance. One of these strategies
is the depletion of virus-specific T cells by apoptosis.
The immunotolerogenic liver has unique property to
retain and activate naïve T cell to avoid the over reactivation of immune response against antigens which
is exploited by hepatotropic viruses to persist. The
deletion of the virus-specific T cells occurs by intrinsic (passive) apoptotic mechanism. The pro-apoptotic
molecule Bcl-2 interacting mediator (Bim) has at-
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nisms for immune tolerance in liver specific pathogens
are linked to virus-specific T cells death. The vital role of
pro-apoptotic molecule, Bcl-2 interacting mediator (Bim)
in the death of the virus-specific T cells has been shown
after intrahepatic T cell activation by hepatocytes[1], in
chronic HBV and HCV infection[2,3]. Therefore, this
review provides glimpse of the recent advances to understand the cellular and molecular mechanism involved
on “T cell death” during viral hepatitis as a viral escape
mechanism through the induction of a specific-immunotolerant status on the host.

the splanchnic stream, which means an intense contact
with exogenous antigens. This fact leads to the development of tolerance mechanisms to avoid inappropriate
immune system activation, but it also allows antigen
presentation by resident cells. Therefore, the liver is progressively more being recognized as an immune organ[17].
Liver sinusoids, hepatic arteries and portal venous carry
blood containing digested nutrients and micro antigens
from intestine, and as a primary metabolic organ, the
liver produces multiple neo-antigens. All these molecules
pass through sinusoids and finally are taken up and metabolized by different hepatic resident cells. The liver has
acquired specialized mechanisms of immune tolerance to
avoid the over reactivation of immune response against
antigens that are metabolized in the liver. In fact, this
process may be beneficial for inducing tolerance to liver
grafts but also to the liver specific pathogens. Therefore,
hepatotropic viruses exploit these immunotolerogenic
liver features to persist. It is important to remind that
the liver has the ability to retain and activate naïve CD8+
T cells ineffectively, in contrast to other lymphoid tissues. This fact may allow pathogens to escape from T
cell mediated immunity and establish a persistent hepatic
infection due to immune tolerance induction. This immunotolerant state can be reached by the development of T
cell anergy but also by specific T cell deletion.

VIRAL HEPATITIS
HBV and HCV viruses are two hepatotropic noncytopathic, human blood-born viruses. HBV is a small,
enveloped DNA virus that undergoes a pro-viral state
to persist in the host. HCV is an enveloped virus with
a plus-strand RNA genome. It has been estimated that
more than 350 million for HBV and 170 million people
for HCV are infected. Approximately 80% of infections
in HCV and > 90% of infected neonates, 5%-10% of infected adults in HBV succeed in establishing a chronic infection, with the potential for developing severe liver diseases such as cirrhosis and hepatocellular carcinoma[4,5].
Highly productive and replicative viruses such as
HBV and HCV are associated with ineffective antiviral
immunity during persistent viral infections. The complex
ineffective immunity involves the functional deterioration
of antiviral T cell responses and contraction of the size
of this response. In persistent HBV/HCV infections, T
cells are continuously challenged by high levels of viral
antigens that eventually result in limiting the antiviral T
cell response and ultimately leading to T cell exhaustion.
This is a progressive process, starting with the deficiency
in cytokine production, proliferation and survival[6], to
end with physical deletion of specific antiviral T-cell
populations[7].
Meticulously, cytotoxic T lymphocytes (CTLs) play
a vital role in viral eradication[8] and in the pathogenesis
of hepatitis[9-11]. A strong, multi-specific and long-lasting
T-cell immune response emerges to be important for
control of viral infection[12-14]. Appropriate, polyclonal,
vigorous and multi-specific CTL responses can facilitate
complete viral clearance, in which long-lasting protective T cell response is observed. However, specific CTL
responses are usually not strong enough to eradicate the
virus, hence contributing to persistent infection[15,16].
HBV and HCV are hepatotropic viruses that replicate in the liver. This organ features a unique immune
tissue, where the deletion of antiviral T cell populations
has been shown, being involved in local and systemic immune tolerance.

Uniqueness of the liver
The unique character of the hepatic tissue to tolerate
liver allograft across major histocompatibility complex
(MHC) mismatch in the pig without immunosupression
was described by first time in 1969[17]. Later studies confirmed that this occurred because of the induction of
immunological tolerance in the liver[18]. Initially, “graveyard
theory” suggested that the exclusive ability of the liver
to get rid of activated T cells, programmed to undergo
apoptosis, was the root of the hepatic tolerance effect[19].
This theory proposed two functions of the liver as a T
cell graveyard: (1) passive killer of the liver cells after their
life cycle; and (2) efficient killer of the activated antigen
specific T cells. According to this theory, T cell receptor
(TCR) triggering by cognate antigen on TCR transgenic
T cells leads to activation and accumulation of those cells
in the liver and undergoes depletion of mature T cells[20].
The theory was again proved by Mehal et al[21] by indicating that the normal liver is a “sink” for activated T
cells. The liver was perfused by T cells showing retention
of activated, but neither resting nor apoptotic T cells[21].
Liver as a graveyard for activated T cells theory forced to
believe that all the immune response in the liver would be
silent; in spite of this, the presence of an effective virus
specific T cells in patients controlling hepatic viral infections[22,23] could challenge this theory. Nonetheless, the removal of activated T cells by the liver cannot be excluded,
as evidenced by the ability of liver allograft to rescue rejecting skin grafts[21], in which lately tolerising capacity of
the liver for activated allo-specific T cells occurs. In some
cases, the limited capacity of the liver to induce tolerance

LIVER AS A FOUNDATION OF IMMUNE
TOLERANCE
Liver situates at a hemodynamic convergence, receiving
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Figure 1 Collective illustration
of the hepatic cells with inflammatory and tolerance activities
by stimulation of different molecules or receptors. LSEC: Liver
sinusoidal endothelial cells; KC:
Kuffer cells; DC: Dendritic cells;
HSC: Hepatic stellate cells; TNF:
Tumor necrosis factor; IL: Interleukin; mDC: Myeloid dendratic
cell; pDC: Plasmacytoid dendritic
cell; PD-L1: Programmed death
ligand-1; Bim: BCL-2 interacting mediator; Tim-3: T cell immunoglobulin mucin-3; CTLA-4:
Cytotoxic T-lymphocyte antigen 4;
TGF: Transforming growth factor;
NO: Nitric oxide.
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could be due to large number of activated T cells[24].

cells (KC), liver dendritic cells (DC), hepatic stellate
cells (HSC) and hepatocytes. Their collective function in
induction of inflammatory response and tolerance has
been illustrated in the Figure 1.
Endocytosis specialist-LSEC can express MHC
class Ⅰ and Ⅱ, accessory CD80, CD86 and CD40 molecules. These features enable those cells to behave as
potent APCs with the ability to activate both naïve CD4
and CD8 T cells as well as to cross-present exogenous
antigen towards CD8 T cells[28]. However, LSEC primed
naïve CD4+ T cells produce cytokines typical from Th0
rather than Th1 cells[29]. In addition, LSECs constitutively
expressed ICAM-1, which helped in trapping of specific
CD8+ T cells in the liver, resulting this process in activated T cell apoptosis[21]. Furthermore, the cross presentation of antigen by LSEC mainly leads to CD8+ T cells
tolerance rather than immunity, demonstrating that LSECinduced tolerance is an active and dynamic process[30].
Bone marrow derived and largest group of liver resident macrophages-KC mediate host resistance to infection. Interleukin (IL)-1, IL-6, IL-12 and tumor necrosis
factor-α (TNF-α) pro-inflammatory cytokines released
by KC[31] are involved in the inflammatory activities,
whereas the nitric oxide, prostaglandin and IL-10 released by KC[29,32] down-regulate the production of proinflammatory cytokines and thereby may contribute to induction of hepatic tolerance. Furthermore, DC-induced
antigen-specific T cell activation can be inhibited by
KCs[29], which could also favor tolerance development. In
addition, as in LSECs, KCs expressed ICAM-1 mediated
trapping of specific CD8+ T cells in the liver resulting in
activated T cell death[21].
Liver DCs are primarily located within periportal areas

Naïve T cells activation in the liver
The site of T cell activation is a determinant of the outcome of an immune response in the liver[22]. Tolerance
will occur when T cells are activated in the liver. On the
other hand, an effective immune response will be generated, when T cells are activated in the lymph nodes. This
model put forward the theory that tolerance during viral
hepatitis could be the result of early deletion of antigenspecific T cells from the T cell repertoire in the liver[22].
Usually, naïve T cells are activated in secondary lymphoid
organs with consequent up regulation of adhesion molecules and integrins expression, which can bind to endothelial layer of the target organ and ultimately direct T
cells to the parenchyma[25]. Moreover, T cells are not able
to interact with parenchymal cells easily and thus they are
not usually activated in the solid organs. In spite of this,
the situation in the liver is slightly different. Fenestrated
endothelial layer in the liver makes available interactions between naïve T cells and liver cells[26]. It has been
showed by MHC class Ⅰ-restricted, hepatitis B surface
Ag-specific CD8+ polyclonal CTL adoptively transferred
into wide-spread antigen expressing transgenic mouse
model, leading to retention of those cells within the liver[26]. Moreover, it has been shown that primary antigenspecific T cell can be activated in the liver independently
of lymphoid tissues[27].
Liver APCs in tolerance
Retention, activation and tolerance of naïve T cells in
the liver is the result of the action of resident liver cells,
including liver sinusoidal endothelial cells (LSEC), Kuffer
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and around central veins, which exert tolerogenic properties due to “immature” phenotype. The production of
PD-1 and cytotoxic T lymphocyte antigen-4 (CTLA-4)
by resting DCs, which are crucial negative co-stimulatory
molecules, helps in inducing peripheral CD8+ T cell
tolerance by inhibiting proliferation and cytokine production of liver infiltrating effector T cells[33]. In addition,
liver generated DCs are more tolerogenic than DC in
lymphatic tissue[34].
The role of HSCs in hepatic fibrosis includes stimulation of CD4, CD8+ T cells and NKT cells[35,36]. However,
function of HSCs involves not only the inflammatory response[36], but also a tolerogenic role[37,38], which is the result
of induction of T cell death[38] by intrinsic mechanism of
immune inhibition. The HSCs regulate immune modulation by inducible B7-H1 expression, an inhibitor molecule
of B7 family, resulting in T cell apoptosis induction.
Hepatocytes are also capable of activating naïve
CD8+ T cells[39,40] and their interactions with CD8+ T
cells may occur through LSEC fenestrations[38]. However,
hepatocytes fail to promote activated CD8+ T cells survival, leading to an impaired T cell activation[39]. In addition, hepatocyte-activated T cells in vitro acquired activity
and secrete cytokines but both levels are not constant and
T cells consequently appeared to die by passive mechanisms[41]. Furthermore, infiltrating CD4+ T cells differentiate into a less inflammatory phenotype due to the
interaction with MHC Ⅱ-expressing hepatocytes, which
also helps to abrogate antiviral CD8+ T-cell response and
viral clearance[42], which conclude in the tolerance during
infection. It has been already proved that T cells activated
by hepatocytes undergo premature death [43], whereas
naïve CD8+ T cells priming by DC in the lymph nodes
acquired effector functions in the liver.
The site of primary T cell activation could also induce
emperipolesis of CD8+ T cells in the liver[43], which leads
to non-apoptotic, destruction of these CD8+ T cells after
degradation by lysosomal proteolytic enzymes. This distinct form of emperipolesis has been termed as “suicidal
emperipolesis” (SE)[44]. Benseler et al[44] suggested that SE
is a significant mechanism by which death of activated
naïve CD8+ T cells occur in the liver within the first
few hours before T cells are able to divide and expand.
It is also involved in maintenance of tolerance, which is
reinforced by break of tolerance in immune-mediated
liver damage by treatment of wortmannin[44], inhibitor
of phosphoinositide 3-kinases that blocks emperipolesis.
Therefore, SE is an extremely efficient mechanism, able
to rapidly delete T cells.
T cell stimulation in the liver encourages tolerance by
using mechanisms such as, immune divergence[45], generation of regulatory T cells[46], T cell anergy[47] and T cell
death[1]. Undeniably, hepatic tolerance can explain the elevated frequency of viral persistence during hepatotropic
virus infections[1]. Although there are evidences showing
that most infectious microorganisms are promptly removed from the liver, a favorable situation for evading
immune responses occurs in some viruses, leading to the
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Figure 2 Apoptosis-programmed cell death.

triumph of certain pathogens such as HBV and HCV.
Till date, there are two main mechanisms by which HBV
and HCV could successfully escape from CTL action: escape mutant generation, and immunosuppressive effects
exertion (effector T cell exhaustion and T cell death by
apoptosis)[2,48-50]. Among these mechanisms involved in
viral hepatitis persistence, new advances on the role of T
cell death induction have been obtained recently and our
review in the apoptosis role, paying special attention to
the last new insights in this issue will be discussed in the
following pages.

APOPTOSIS
A normal cellular process involving physiologically relevant cell death and deletion of unwanted cells is called
apoptosis. Apoptosis is essential for cell selection, tissue
homeostasis, morphogenesis, and host defense in multicellular organisms. A cell that undergoes apoptosis dies
neatly, without damaging its neighbors. The apoptotic
signals give rise to activate various proteins and follow a
specific classical caspase chain reaction set activation[51].
Quickly and neatly dismantlement process includes membrane blebbing with shrinking of the cytoplasm and condensation of the nucleus. Phagocytic cells begin to pick
up the apoptotic bodies, preventing the release of cellular
content and ultimately avoiding inflammation[52] (Figure 2).
Apoptosis occurs by two mechanisms: active and passive
mechanism. No presence of antigen gives a signal for termination of immune response by passive apoptotic mechanism (intrinsic pathway). On the other hand, the ligation
of Fas (CD95) and TNF receptors-“death receptors”
triggered apoptosis lead to active mechanism of apoptosis
(extrinsic pathway). Briefly, apoptosis mechanisms involve
a family of cysteine proteases, called caspases. These molecules are synthesized in the cell as inactive precursors, or
pro-caspases for self-protection against accidental death,
which are usually activated after receiving proper trigger
by cleavage (Figure 3). Structurally, pro-caspases contain
three domains: N terminal prodomain, a large subunit
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and a small subunit. After activation, the active caspase
enzyme is formed by heterodimerization of small and
large subunits[43]. Moreover, active caspase molecules are
ready to cleave target proteins such as structural or signaling proteins and other effector caspases, preventing other
proteins cleavage randomly[52].

Figure 4 Extrinsic pathway. A: Mitochondria-independent extrinsic pathway:
Fas-FasL ligation strikes to recruit pro-caspase 8 activation and induction of
caspase cascade by caspase 3 leading to apoptosis; B: Mitochondria-dependent extrinsic pathway: Fas-FasL ligation trigger to activate the pro-caspase 8,
which cleave Bid (pro-apoptotic Bcl-2 family molecule) to form truncated Bid
(tBid). Then, mitochondrial dependent cell death begins with tBid.

Extrinsic pathway
The extrinsic pathway initiates from outside the cell
through triggering the activation of transmembrane
“death receptors” that are members of the TNF receptor
gene superfamily. Members of this receptor family bind
to extrinsic ligands known as pro-apoptotic ligands[53] and
transduce intracellular signals that ultimately result in the
destruction of the cell[54,55]. To date the most well characterized ligands of these receptors are FasL, TNF-a,
Apo3L and Apo2L and corresponding receptors are
FasR, TNFR1, DR3 and DR4/DR5, respectively[55-57].
The signal transduction of active cell death process involves several caspases. Activated caspases have an effect
on several cellular functions as part of the process that
results in the death of the cells[53].
The signal transduction of mitochondrial-independent active cell death process involves binding of a proapoptotic ligand (such as FasL) with its receptors (Fas) on
the surface of a target cell. The cytosolic tail of receptors
contains a death domain, which when activated, binds
to an adaptor protein, which in turn recruits the specific
procaspase-8 and -10 and activates them by proteolytic
cleavage[58] that finally initiates the proteolytic caspase
cascade leading to apoptosis. Activated caspase 8 triggers
the caspase cascade via two different pathways, leading to
cell death. In type 1 apoptosis, such as in lymphocytes,
caspase 8 activates caspase 3 whereas in type 2 apoptosis,
like in hepatocytes and pancreatic cells, caspase 8 activate
the pro-apoptotic molecule Bid and go ahead for apoptosis via the disruption of mitochondrial membrane and cytochrome C release[59] (Figure 4). The T cell death by type
1 and type 2 Fas induced apoptosis fate is decided by the
ratio between proteolytically activated effector caspases,
X-chromosome linked inhibitor of apoptosis protein
and proto-typical effector caspase substrate inhibitor of
caspase-activated DNase. Interestingly, HCV specific in-
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Death ligand

B

trahepatic lymphocytes contribute to bystander killing via
Fas-FasL interaction[60], which support the fact that the
liver facilitates liver-trapped activated T cell apoptosis[61].
Intrinsic pathway
The intrinsic or mitochondrial pathway is initiated within
the cell, involving non-receptor-mediated intracellular signals and inducing activities in the mitochondria that initiate apoptosis. DNA damage, loss of cell-survival factors
or other types of severe cell stress causes the induction
signal for the intrinsic pathway. This passive death process
pivots on the balance of activity between pro- and antiapoptotic signals of the B cell lymphoma 2 (Bcl-2) family
proteins[62]. This balance is maintained by regulation of
the permeability of the mitochondrial membrane and
by the pro- or anti-apoptotic signal that will be released
inside the cell[63]. Following mitochondrial permeabilization, the intrinsic pathway divides into two pathways:
Apoptosis protease-activating factor-1 (Apaf-1) dependent
and Apaf-1 independent pathway. In Apaf-1 dependent
pathway, release of cytochrome c from mitochondria,
by triggering the pro-apoptotic Bcl-2 family member[64],
and ATP activate monomer inactive Apaf-1 proteins by
a conformational change, leading to form a heptamer of
Apaf-1 molecules called apoptosome[65]. Apoptosome allows activation of pro-caspase 9, which consequently triggers the caspase cascade[66]. On the other hand, in Apaf-1
independent pathway, permeabilization of mitochondrial
membrane release DIABLO like proteins, which activates
effector caspases by provoking inhibitors of apoptosis
proteins[67] and triggers caspase cascade[68] (Figure 5).
The balance of pro- and anti-apoptotic proteins main-
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are sequestered by anti-apoptotic proteins for cell survival
and constitutively active in cells. BH3-only proteins play
the sensitizer role and inhibit their respective anti-apoptotic proteins to promote apoptosis. The third model,
called embedded together model, highlights the interactions occurring in and on membranes, which were not
explained by direct activation and displacement model. In
embedded together model, Bcl-2 family proteins insert
into and change their conformations according to their
functions in membrane[71]. The predominantly studied
messenger death molecule, Bcl-2 interacting protein (Bim)
will be focused further.

Intrinsic pathway
Death stimulus
Bcl-2 Bim

Mitochondria

Bim

Bak/Bax

Cytochrome c
Apaf-1
Apoptosis

Pro-caspase-9

BIM
Pro-caspase-9

Caspase-9

Bim/Bod is a pro-apoptotic protein belonging to the
BH3-only group of Bcl-2 family members and is being
called the “ghost” molecule or “suicide” molecule, which
enables cells to expire gracefully. Two independent studies discovered Bim as a Bcl-2 binding protein and Mcl1binding protein in 1998[72,73]. Bim induces apoptosis by
binding to and antagonizing anti-apoptotic members of
the Bcl-2 family. The Bim interactions have been observed with Bcl-2 family members, such as Bcl-2, Bcl-xL,
Mcl-1, Bcl-w, etc[72,73].
Bim is a well-known pivotal initiator of apoptosis in
thymocyte-negative selection[74]. Bim has 19 Bim isoforms
including three major isoforms, which have distinct sizes
and pro-apoptotic activities in the mammals, caused by
alternative splicing: BimEL (extra long), BimL (long) and
BimS (small)[73]. The shortest form, BimS, is the most
potent and is generally only transiently expressed during apoptosis[73]. The other two isoforms are sequestered
to the dynein motor complex, and apoptotic activity
of these longer isoforms is regulated by phosphorylation[75,76], which is triggered by environmental stress,
resulting in its dissociation from the dynein complex and
increasing apoptotic activity.
Expression of Bim is up regulated in human T cells in
response to TCR-triggering by protein kinase C and calcineurin pathways[77]. Nevertheless, there are other mechanisms involved in Bim up-regulation during chronic infection, such as the effect of certain cytokines. In fact, in
a persistent viral infection animal model, Bim-mediated
apoptosis correlates with low IL-7 receptor expression
on specific T cells[78].
The regulation of Bim expression at transcriptional
level in growth factor deprivation and in endoplasmic reticulum stress has observed by the class O fork-head box
transcription factor (FOX03A) and transcriptional factor
CEPB- α respectively [79,80]. Post-transcriptional phosphorylation of Bim can also regulate its function. Phosphorylated Bim is targeted for proteasomal degradation
and avoid its interaction with Bax, thus maintaining cell
existence[81,82]. The signaling adaptor TNFR-associated
factor 1 (TRAF1) negatively correlates with Bim and it
contributes to CD8 T cell-mediated control of chronic
viral infections. In addition, linking between survival

Caspase-3

Pro-caspase-3

Figure 5 Intrinsic pathway. Death stimulation up regulates Bcl-2 interacting
mediator leading to the separation from Bcl-2, favoring the activation of Bax,
Bak, which form pores in the mitochondrial membrane leading to release of
cytochrome c. Cytochrome c with Apaf-1 and procaspase 9 participate in the
formation of apoptosome, which activate caspase 9. Caspase-9 activates caspase 3 after cleavage of pro-caspase-3. That caspase-3 triggers to induction of
caspase cascade and cell death. Apaf-1: Apoptosis protease-activating factor-1.
Bim: Bcl-2 interacting mediator.

tains the apoptotic activity[69]. The Bcl-2 family members
regulate mostly neglect or intrinsic pathway. This family is
subdivided into three groups of proteins on the basis of
their functions and the number of Bcl-2 homology (BH)
motifs included in their primary structure; first group:
“anti-apoptotic multidomain” members, such as BclxL, have four BH domains (BH1 to BH4) which inhibits
apoptotic process. Other two groups of “pro-apoptotic
multidomain” members, which are Bax-like proteins and
“BH3-only” proteins[70]. Bax-like proteins possess threee
BH domain (BH1 to BH3), including Bax, Bak, and Bok,
which are referred as death effector members. BH3-only
members contain BH3 domain, including Bim, Bad, Bik,
Puma, Noxa and Bid and are known as messengers of
death. In addition, C-terminal transmembrane (TM) fragment is thought to confer anchorage to mitochondrial
membranes, which is also possessed by most multi-BH
members and several BH3-only proteins.
Three models (Figure 6) have been postulated by
which the BH3 family promotes passive cell death in
which Bax and Bak bind directly or indirectly with cell
death sensitizer (e.g., Bad, Bik) and activators of cell death
(e.g., Bim, tBid). The direct activation model proposes
that sensitizer BH3-only proteins displace the activator
BH3-only proteins from the anti-apoptotic proteins to
promote apoptosis. Anti-apoptotic proteins inhibit the
activator BH3-only proteins but not Bax and Bak to suppress apoptosis. In the displacement model, Bax and Bak
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Death stimulus

Models of intrinsic cell death

Inactive Bax or Bak
Bim

Bcl-2

Bad

Bcl-2

Release Bim

A. Direct activation model

Death stimulus

Active Bax or Bak

Active Bax Bcl-2
or Bak

Bim

Bcl-2

B. Displacement model

Death stimulus

Active Bax or Bak

Bim

Bcl-2

Release Bim

Active Bax or Bak

C. Embedded together model
Inactive Bax or Bak

effects of TRAF1 and TRAF1-dependent Bim downmodulation has been shown in CD8 T cells[83-85]. TRAF1
is particularly vanished from virus-specific CD8 T cells
during the chronic human immunodeficiency virus and
lymphocytic chorio-meningitis virus (LCMV) infection[86].
Bim plays a vital role in the immune system, in bone
biology and in tumor-genesis by inducing apoptosis[87].
Bim in T cells, B cells, neurons and many other cell types
can trigger apoptosis[87]. Gene targeting in mice for the
important region for apoptosis, BH3 region, uncovered
the important physiological role in Bim[88]. In fact, in the
absence of Bim leukocytes in blood as well as in LNs, thymus, spleen were high in number[88]. The role of Bim in
apoptosis has been revealed in Bim-/- thymocytes, which
were more resistant to apoptosis after different apoptotic
treatment such as ionomycin, taxol, γ irradiation[88].

tinct phenotype can be due to the lack of co-stimulatory
molecule expression on hepatocytes[43]; however the treatment with IL-2 or anti-CD28 antibodies could rescue
hepatocyte-activated cells from death[41].
Lymphocyte fate deciding pathways synergize to kill
activated T cells in chronic herpes simplex viral immune
responses, whereas death of activated T cells in acute immune responses relies only on the mitochondrial pathway
involved only Bim with no contribution by Fas, which
showed critical overlapping roles for Fas and Bim in T
cell death during immune response shutdown, leading to
immune tolerance[23].

BIM IN HEPATITIS
Bim has been shown to be important for CD8 T cell viability during chronic LCMV infection in mice[89]. In this
study, in Bim mutated mice, Bim mutation almost completely blocked the deletion of cognate antigen specific
CD8 T cells in liver during chronic viral infection. Bim
has a critical role in maintaining naive and memory T
cells in LCMV infection[90]. In another study, it has been
shown that a defect in apoptosis dramatically not only
enhances the antigen-specific memory T cells but also increased the number of virus-specific CD4+ T cells in the
lymph nodes following acute LCMV infection, compared
to the parental genotypes or wild type mice[91]. Therefore, the loss of both Bim and Fas caused the increase
in memory T cells in acute LCMV infection[91]. The Bim
role has been demonstrated in the development of LCMV-induced, T cell-mediated hepatitis by controlling the
apoptosis of both T cells and hepatocytes[92].
Bim attrition of virus specific CTLs during HBV

DEATH OF ACTIVATED T CELLS BY BIM
The liver is having a property that might explain its role
in inducing tolerance due to its recognition as an alternative primary activation of CD8 T cells site. The phenotype of activated CD8 cells in the liver was the same as
in lymph nodes. However, liver-activated CD8 T cells
displayed poor effector functions and a unique CD25low
CD54low phenotype, which was associated with increased
expression of the Bim and caspase-3, demonstrating
that these cells are programmed to apoptosis following
intrahepatic activation. Strikingly, Bim deficient T cells
survived following intrahepatic activation[1]. Therefore,
the phenotype and fate of naïve CD8 T cells activated by
hepatocytes in vivo could explain the death penalty role
of Bim in chronic hepatotropic viral infection[1]. The dis-
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Figure 6 Models for intrinsic cell death. A:
Direct activation model postulates Bcl-2 interacting mediator (Bim) is required for activating
Bax and Bak. Anti-apoptotic proteins inhibit
BH3-only proteins to suppress apoptosis, but
not Bax or Bak. Replacement of Bim to sensitizer BH3-proteins from the anti-apoptotic
proteins occurs to promote apoptosis; B: The
displacement model proposes that anti-apoptotic proteins for cell survival must sequester
constitutively active Bax and Bak in cells.
Bim inhibits their respective anti-apoptotic
proteins by playing sensitizer role to promote
apoptosis; C: Embedded together model
highlights the active role of the membrane,
which is not defined in direct activation model
and displacement model. Bcl-2 family proteins
insert into and change their conformations
that dictate their functions at the membrane.
Sensitizer BH3-only proteins relocate the activator BH3-only proteins and Bax/Bak from the
anti-apoptotic proteins to endorse apoptosis.
Activator BH3-only proteins recruit Bax to
the membrane to induce mitochondrial outer
membrane permeabilization and apoptosis.
These reversible interactions are directed
by equilibrium constants that are depended
on the concentrations and interactions of the
proteins with each other and with membranes.
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Figure 7 Balance between co-stimulatory/
apoptotic molecules and viral-specific cytotoxic T lymphocytes reactivity according to
infection outcome. Neg.: Negative; Pos.: Positive; CTLs: Cytotoxic T lymphocytes; (+): Possible
molecules induced by viral infection; (-): Possible
molecules down-regulated by viral infection; BIM:
Bcl-2 interacting mediator; Mcl-1: Myeloid cell leukemia sequence-1.
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Bim down-regulation[95] after the cognate antigen recognition by TCR. Similarly, our group has shown in previous
work, HCV-specific CTLs displayed a high Bim expression in persistent infection respect to resolved infection
patients[2], suggesting a similar apoptotic mechanism to
the one described in chronic HBV infection.
The procedure of T cell death during chronic viral infection is determined by a carefully balanced and complex
group of pro- and anti-apoptotic proteins of the Bcl-2
family, such as Bim and Mcl-1[96] (Figure 7). Interestingly,
persistent hepatotropic viral infection is characterized by
continuous TCR triggering and CD127 down-regulation
on viral-specific CTLs[97], which could favor Bim upregulation. In addition, it is well known that Bim is clearly
involved in intrahepatic specific-CTL apoptosis in animal models[1]. Furthermore, Bim pro-apoptotic effect is
blocked by the action of Bcl-2 family anti-apoptotic proteins such as Mcl-1 and Bcl-2[78,98], clearly pointing out that
T cell death also depends on the anti-apoptotic protein
expression. Bearing in mind all these facts, recently our
group has suggested a model to explain specific CTL deletion during persistent hepatotropic viral infection (Figure
8). This model shows that CD127 phenotype modulates
Bim and Mcl-1 expression on virus-specific CTLs, leading to Mcl-1/Bim imbalance during persistent infection,
which impairs T cell reactivity and suggesting that restoration of T cell function could occur by correcting the levels
of Mcl-1 and Bim expression.
In our work, Bim up-regulation has been observed on
CD127low-expressing HCV-specific CTLs but not on CD127high cells after antigen encounter, suggesting that TCR
triggering can only lead to Bim up-regulation in absence
of IL-7 stimulation on HCV-specific CTLs. Nevertheless,
Bim level is not enough to lead to T cell apoptosis. Our
data also showed the Mcl-1/Bim ratio could decide the
fate of the activated T cells by sequestration of experienced CD127low/Mcl-1low-expressing T cells to the liver
and subsequent Bim up-regulation after antigen encounter due to the absence of IL-7 stimulus[99]. Finally, Bim

MHC
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IL7
V
L N P
L
V
Viral peptide TCR

IL7
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T cell

Bim
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Apoptosis
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Figure 8 Cell survival marker CD127 modulates Bim and myeloid cell
leukemia sequence-1 expression on hepatitis C virus-specific cytotoxic T
lymphocytes after cognate antigen stimulation. Misbalance of Mcl-1/Bcl-2 interacting mediator (Bim) triggers to apoptosis of hepatitis C virus specific cytotoxic
T lymphocytes. TCR: T cell receptor; Mcl-1: Myeloid cell leukemia sequence-1.

infection has also been confirmed[3,93]. The gene expression profile in HBV infection showed different patterns
of gene expression on HBV-specific CD8+ T cells according to viral control. Bim was one of the up-regulated
genes in HBV-specific CD8+ T cells from patients with
chronic HBV infection. Blocking Bim-mediated apoptosis improved recovery of HBV-specific CD8+ T cell
function[3]. Furthermore, the elevated apoptosis has been
observed not only with Bim tolerogenic phenotype, but
also with co-inhibitory signals through CTLA-4[93] or T
cell-intrinsic transforming growth factor-β[94].
As discussed earlier, robust CD8 responses are essential to control HCV infection. However, in HCV chronic
infection, HCV specific CD8 are depleted by Bim mediated attrition, and remaining cells are functionally exhausted. The cell survival factor CD127 counteracts the
induction of apoptosis after antigen encounter through
myeloid cell leukemia sequence-1 (Mcl-1) expression and
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Figure 9 Figure illustrated the FACSan® dot plots and histograms from peripheral blood lymphocytes from two hepatitis C virus patients with different
CD127 expression on hepatitis C virus-specific cytotoxic T lymphocytes (CD8+/Pentamer+ cells). The different plots show the Bcl-2 interacting mediator (Bim)
and myeloid cell leukemia sequence-1 (Mcl-1) expression directly ex vivo and after specific stimulation on peripheral CD8+/pentameter+ cells according to CD127
level. The figure on the top of the dot-plots represents the frequency of penatmer+ cells out of total CD8+ cells. The figure in the upper right corner in the histogram
plot represents the MFI for Bim and Mcl-1 staining. The continuous and dashed line in the dot-plots and histograms represents the cut-off point to consider a staining
positive according to the negative control. ND: Not done due to lack of pentamer+/CD8+ proliferation after specific stimulation.

would be released freely to activate Bax, due to the low
level of the anti-apototic protein Mcl-1 during chronic
HCV infection. Consequently, CD127 level play a central
role in hepatotropic virus-specific CD8+ T cell apoptosis by regulation of Mcl-1 expression in vivo and by Bim
modulation after antigen encounter, which is checked by
T cell reactivity restoration and Mcl-1/Bim phenotype on
CD127low specific CTLs after apoptosis blockade (Figure
9), that suggested a link between apoptosis after TCR
triggering and low CD127 expression on experienced
specific CTLs during persistent infection that could be
related to Mcl-1/Bim imbalance.
Therefore, CD127 phenotype modulates Bim and
Mcl-1 expression on specific CTLs and this affect to T
cell reactivity through apoptosis regulation. Specifically,
during chronic infection, Mcl-1/Bim imbalance could be
involved on CD127low specific CTL hyporeactivity, but it
could be overcome by blocking apoptosis.
For control of hepatotropic viral infection is essential

WCG|www.wjgnet.com

to develop a robust viral-specific cellular response. However, during chronic infection this response is altered,
showing a pro-apoptotic phenotype due to the deprivation of IL-7 secondary to the low expression of CD127.
Recently, it has been investigated that TRAF1 is a signal
adapter for positive co-stimulatory receptors whose level
depends on the action of IL-7 and inhibits the expression
of the pro-apoptotic molecule Bim[86]. Therefore, in situations of deprivation of IL-7, action of TRAF1 could be
impaired, favoring an imbalance between anti- and proapoptotic molecules. On the other hand, in an experimental model, IL-7 deprivation during stressing conditions
leads to Mcl-1 down-regulation on T cells, conducting to
T cell death that could be avoided by IL-7 treatment[100].
Consequently, strategies directed to block the pro-apoptotic effect of IL-7 deprivation should be designed to
increase the effectiveness of CTL response restoration,
by enhancing the TRAF1 and Mcl-1 expression level that
could restore Bim/Mcl-1 balance. On of those strategies
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could be short-term use of cyclosporine-A or FK506
could block the induction of the pro-apoptotic molecule
Bim on CD127- cells[77]. This strategy could favor specificCTL restoration during anti-viral treatments in combination with the standard of care. Another possible strategy
to restore hepatotropic virus-specific CTL reactivity during chronic infection could be the administration of IL-7,
in order to increase the stimulation of the reduced number of IL-7R molecules on specific CTLs, to modulate
the balance between Bim and Mcl-1. In fact, in an animal
model of cytotoxic T cell exhaustion, IL-7 treatment resulted in amplified cytokine production, increased T cell
effector function, and viral clearance[101].

7

8

9

CONCLUSION
10

The deletion of hepatitis virus-specific CD8+ T cells is
likely to represent the deregulation of the Bim pro-apoptotic pathway. The balance between pro- and anti-apoptotic molecules is critical for cell survival. The unavailability of appropriate survival marker modulates Bim and
Mcl-1 expression on virus hepatitis-specific CTLs and
this affect to T cell reactivity through apoptosis regulation. The level of those molecules is regulated by CD127
(IL-7R) expression, which is down-modulated during
persistent infection. Consequently, Mcl-1/Bim imbalance
could be the reason for the deletion of virus hepatitisspecific T cells, but it could be overcome by interruption
of apoptosis. The interruption of this tolerizing mechanism may provide a new strategy to restore the balance
between apoptotic molecules in order to achieve viral
specific T cell immunity, as a future treatment strategy of
chronic viral hepatitis.
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Sofosbuvir and ABT-450: Terminator of hepatitis C virus?
Qing-Lei Zeng, Ji-Yuan Zhang, Zheng Zhang, Li-Feng Wang, Fu-Sheng Wang
tration. Based on these advantages, treatment with
pegIFN-α and RBV plus telaprevir or boceprevir has
become the current SOC for patients with genotype 1
HCV infection. However, many patients are either not
eligible for therapy or decline treatment due to coexisting relative or absolute contraindications as well as an
inability to tolerate the hematological side effects and
adverse events caused by the new SOC. These factors have contributed to the advent of pegIFN-α-free
regimens. The newest therapeutic regimens containing
sofosbuvir and ABT-450 have shown promising results.
In this review, we summarize the development of antiHCV agents and the clinical efficacy of sofosbuvir and
ABT-450-based therapies as well as the potential for
future HCV studies.
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Core tip: We are entering an era in which the development of antiviral agents and successful treatment of
chronic hepatitis C is rapidly escalating. In this review,
we have summarized the history of anti-hepatitis C virus (HCV) agents from interferon-α (IFN-α) to the latest sofosbuvir- and ABT-450-based therapies. Although
a new generation of direct acting anti-HCV agents has
largely improved the sustained virologic response rates
of patients, many unmet needs and questions remain,
such as IFN-free regimens for difficult to treat patients,
avoidance of cross-resistance, the role of interleukin28B status as well as the management of some advanced and co-infected patients.

Abstract
Combination therapy with peginterferon (pegIFN)-α
and ribavirin (RBV) has been the standard of care (SOC)
for chronic hepatitis C. Unfortunately, not all patients
can achieve a sustained virologic response (SVR) with
this regimen. SVR rates are approximately 80% in
patients with hepatitis C virus (HCV) genotype 2, 3, 5
and 6 and 40%-50% in patients with genotype 1 and 4.
Therefore, strategies to improve SVR rates have been
an important issue for clinical physicians. Several direct
acting antiviral agents (DAAs) have significantly higher
SVR rates when combined with pegIFN-α and RBV
than pegIFN-α and RBV alone. Treatments containing
DAAs have several advantages over the previous SOC,
including higher specificity and efficacy, shorter treatment durations, fewer side effects, and oral adminis-
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INTRODUCTION

Late 1980s, HCV infection
[9-13]
treated with IFN-α

Chronic hepatitis C virus (HCV) infection is currently
a major global health problem that affects 160 million
people worldwide and is one of the main causes of
chronic liver cirrhosis and hepatocellular carcinoma[1,2].
Compared with the former standard of care (SOC), the
current SOC, consisting of peginterferon (pegIFN)-α
and ribavirin (RBV) plus telaprevir or boceprevir, achieves
higher rates of sustained virologic response (SVR),
which is defined as undetectable HCV RNA in the serum for 24 wk after the end of treatment. SVR is associated with a better outcome for chronic hepatitis C (CHC)
patients[3,4]. However, not all patients can achieve SVR[5,6].
In addition, triple therapy has many side effects and contraindications that result in a number of eligible patients
refusing therapy[7,8].
Based on these complications, pegIFN-α-free regimens could be an alternative for some patients. Several
pegIFN- α -free regimens containing sofosbuvir and
ABT-450 have shown high SVR rates with only 12 wk
of treatment and mild adverse events. These regimens
have the potential to be the newest SOC for CHC in the
near future. Here, we summarize the clinical development
history of anti-HCV agents as well as recent studies of
the efficacy and adverse event profile of sofosbuvir and
ABT-450 regimens. We also discuss the future focus for
HCV studies.

Middle 1990s, IFN-α
combined with ribavirin to
[14-22]
improve efficacy

2000, pegIFN-α improved
[23-25]
efficacy further

2001, pegIFN-α combined
with ribavirin showed better
efficacy than pegIFN-α
[26,27]
monotherapy

2012, daclatasvir and asunaprevir
improve SVR rate with 24 wk of
[36]
treatment period

2011, telaprevir or boceprevir
based triple therapy significantly
[30-34]
improve SVR rate
2010, patients who achieved
sustained virologic response
[28]
were equally to be cured

Figure 1 Brief development history of the anti-hepatitis C virus agents.
HCV: Hepatitis C virus; IFN-α: Interferon-α; SVR: Sustained virologic response;
pegIFN-α: Peginterferon-α.

viral polyprotein is translated and cleaved by host proteases and the viral NS3-4A protease into ten mature proteins. Next, viral RNA is replicated into progeny RNA by
the viral NS5B polymerase. Another viral protein, HCV
NS5A, is indispensable for viral replication and assembly and could be a nonenzymatic target for therapeutics.
With the structures of NS3/4A protease and NS5B polymerase solved and the rapid development of different
cell culture models and biotechnology[29], HCV research
has been flourishing both on the bench and in industry.
In particular, intensive efforts have focused on developing direct acting antiviral agents (DAAs) that can block
the activity of viral enzymes.
The serine protease inhibitors telaprevir and boceprevir, approved by the United States Food and Drug Administration in 2011, were the first and currently only DAA to
make it to the clinic. Telaprevir is a linear peptidomimetic
HCV NS3/4A serine protease inhibitor, and boceprevir is
a protease inhibitor that binds to the HCV NS3 active site.
Treatment regimens consisting of telaprevir or boceprevir
plus pegIFN-α and RBV had significantly higher SVR
rates in genotype 1 patients and became the SOC thereafter[30-34]. However, this new SOC has more adverse events
and a similar treatment duration when compared with
the former SOC[35], and monotherapy with telaprevir or
boceprevir was shown to be impractical due to the rapid
selection of resistant variants. In 2012, preliminary clinical data showed that combination therapy with the NS5A
replication complex inhibitor daclatasvir and the NS3
protease inhibitor asunaprevir could also achieve high efficacy rates after 24 wk of treatment[36], especially in prior
null responders. These results showed the potential of a
pegIFN-free regimen for 24 wk treatment duration. However, some patients in this study experienced viral breakthrough due to resistant variants, which ultimately resulted
in treatment failure.
In January 2013, Gane et al[37] and Poordad et al[38]
published clinical data on the efficacy of sofosbuvir(also known as GS-7977) and ABT-450-based oral

BRIEF DEVELOPMENT HISTORY OF
ANTI-HCV AGENTS
IFN era
Anti-HCV therapy is the backbone for the treatment of
CHC. Since the late 1980s, IFN-α has gradually become
the core of antiviral treatment[9-13]. However, IFN-α
monotherapy achieved suboptimal efficacy until combined with RBV[14-22] (Figure 1). PegIFN-α has a higher
plasma concentration and half-life than interferon, which
results in an improved SVR rate as well as improved patient compliance as the pegylated form can be injected
once weekly[23-25]. Higher SVR rates were achieved with
combination therapy of pegIFN plus RBV than with
pegIFN monotherapy, which has become the SOC during the past decade[26,27]. Meanwhile, the true meaning of
SVR was unclear until a large cohort study demonstrated
that patients who achieved SVR could be considered
cured[28]. Unfortunately, not all patients, especially those
infected with genotype 1 and 4 HCV could achieve SVR
with the SOC. Furthermore, side effects, long-term treatment, contraindications and poor compliance all spurred
the development of new agents with shorter treatment
durations, fewer contraindications, oral administration,
higher specificity, and fewer side effects.
Era of direct acting antiviral agents
HCV is classified in the genus hepacivirus of the family
flaviviridae. Once the virus is released into the cell, the
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2013, sofosbuvir or ABT-450
achieved 93%-100% SVR rates
[37,38]
in untreated cases for 12 wk
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Table 1 Representative direct acting antiviral agent from 2011 to January, 2013
DAA

HCV genotype

Telaprevir
1a/1b/1c/unknown
Boceprevir
1a/1b/unknown
Daclatasvir
1a/1b
Asunaprevir
1a/1b
Sofosbuvir
1/2/3
ABT-450
1a/1b

Course of DAA (wk) Course of therapy (wk)
12/8
24/32/44
24
24
8/12
12

20/24/44/48
28/36/48
24
24
8/12
12

Dose
750 mg (tid)
800 mg (tid)
60 mg (qd)
600 mg (bid)
400 mg (qd)
250/150 mg (qd)

With or without pegIFN-a Published year
With
With
With or without
With or without
Without
Without

2011
2011
2012
2012
2013
2013

Ref.
[30-32]
[33-34]
[36]
[36]
[37]
[38]

qd: Once daily; bid: Twice daily; tid: Thrice daily; DAA: Direct acting antiviral agent; HCV: Hepatitis C virus; pegIFN-α: Peginterferon-α.

Table 2 Overview of 95 hepatitis C patients under sofosbuvir regimen
Group

n

Genotype (n )

Status before treatment

Therapeutic schedule

SVR rate

1
2
3
4
5
6
7
8

10
9
10
11
10
10
10
25

2/3 (4/6)
2/3 (3/6)
2/3 (4/6)
2/3 (4/7)
2/3 (3/7)
2/3 (0/10)
1a/1b (9/1)
1a/1b (22/3)

Untreated
Untreated
Untreated
Untreated
Untreated
Untreated
No response to prior therapy
Untreated

Sofosbuvir + RBV 12 wk
(Sofosbuvir + RBV 12 wk) + pegIFNα-2a 4 wk
(Sofosbuvir + RBV 12 wk) + pegIFNα-2a 8 wk
Sofosbuvir + RBV + pegIFNα-2a 12 wk
Sofosbuvir 12 wk
Sofosbuvir + RBV + pegIFNα-2a 8 wk
Sofosbuvir + RBV 12 wk
Sofosbuvir + RBV 12 wk

100%
100%
100%
100%
60%
100%
10%
84%

The dose of sofosbuvir is 400 mg (qd), peginterferon-α (pegIFN-α)-2a is 180 μg (qw), ribavirin (RBV) is 500 mg (bid) for patients
with body weight < 75 kg, and RBV is 600 mg (bid) for patients with body weight > 75 kg. qd: Once daily; bid: Twice daily; qw:
Once weekly; SVR: Sustained virologic response.

treatment regimens for 12 wk treatment duration. The
results showed that 100% of genotype 2/3 patients and
93%-95% of genotype 1 patients achieved SVR. The
sofosbuvir and ABT-450 studies were open-label clinical
studies that assessed various combination and dosages
of agents in previously treated and previously untreated
patients. Sofosbuvir exhibits a higher barrier to resistance
than ABT-450 because its target, the NS5B polymerase is
highly conserved, and viral fitness is crippled if variants
occur in the polymerase active site. Sofosbuvir also exhibits pan-genotypic antiviral activity compared to genotypespecific agents, such as ABT-450, asunaprevir, telaprevir
and boceprevir. Although some mild adverse events were
observed, these studies validated the feasibility of achieving extremely high SVR rates with a pegIFN-free regimen
and a short treatment duration of 12 wk.

the sofosbuvir and ABT-450 regimens not only achieve
extremely high SVR rates with 12 wk of treatment in
treatment-naive patients but are also efficacious in genotype 2 and 3 patients without the need for pegIFN-α.

CLINICAL EFFICACY OF SOFOSBUVIR
AND ABT-450
Sofosbuvir is a direct acting nucleotide polymerase inhibitor[39], and ABT-450 is a potent macrocyclic HCV NS3
protease inhibitor. Both have been developed as oral
therapies for the treatment of chronic HCV infection.
Phosphorylated nucleotide analogues, such as sofosbuvir,
are converted within the host hepatocyte to the active
nucleoside triphosphate, which competes with natural
nucleotides, thereby terminating RNA replication in the
nascent viral genome. Sofosbuvir acts as a nonobligate
chain terminator, targeting the highly conserved active site
of the HCV-specific NS5B polymerase[38]. The mechanism
of action of NS3 protease inhibitors has been thoroughly
reviewed elsewhere[35]. As a potent inhibitor of CYP3A4
(the primary enzyme involved in first-pass metabolism
of most protease inhibitors), ritonavir can increase the
plasma concentration and half-life of ABT-450, decrease
the emergence of resistance mutations in the NS3 gene,
and permit once-daily dosing of ABT-450[38,40,41].

General characteristics of representative DAAs
We summarize representative DAAs from 2011 to January
2013 in Table 1. There have been several treatment evolutions during this timeframe. First, most of these agents
were designed for genotype 1 patients, with genotypes 2
and 3 only being considered recently. Second, the treatment period has gradually decreased to 12 wk. Third,
dosing frequency has generally improved from three times
daily to once daily, which will undoubtedly contribute to
better patient compliance. Fourth, combination therapy
has gradually shifted away from exclusive combinations
with pegIFN-α to trials with and without pegIFN-α to
finally pegIFN-α-free regimens. Finally, we found that
at least two representative agents were developed from
bench to bedside every year. Compared with other DAAs,
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Clinical efficacy of sofosbuvir-based therapy
Gane et al[37] published an open-label clinical trial of 95
previously untreated HCV genotype 1/2/3 patients and
genotype 1 null responders (Table 2). The patients were
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Table 3 Overview of 50 hepatitis C patients under ABT-450 regimen
Group n Genotype (n )
1

2
3

19 1a/1b (17/2)

Status before treatment

Therapeutic schedule

Untreated

ABT-450 + ritonavir + ABT-333 + RBV 12 wk

Usage

ABT-450, 250 mg (qd)
Ritonavir, 100 mg (qd)
ABT-333, 400 mg (bid)
RBV, 1000 or 1200 mg/d1
14 1a/1b (11/3)
Untreated
ABT-450 + ritonavir + ABT-333 + RBV 12 wk
ABT-450, 150 mg (qd)
Ritonavir + ABT-333 + RBV Ditto
17 1a/1b (16/1) No or partial response to prior therapy ABT-450 + ritonavir + ABT-333 + RBV 12 wk
ABT-450, 150 mg (qd)
Ritonavir + ABT-333 + RBV Ditto

SVR rate

2

95%

93%
47%

Body weight < 75 kg, 1000 mg/d, divided into doses of 400 and 600 mg, bid; Body weight ≥ 75 kg, 1200 mg/d, 600 mg, bid; 2Sustained virologic response (SVR) in this study was defined as an hepatitis C virus RNA level of less than 25 IU/mL 12 wk after treatment. qd: Once daily; bid: Twice daily;
RBV: Ribavirin.
1

more, 47% prior null and partial responders achieved
SVR. These results indicate that almost all untreated
patients with genotype 1 can achieve SVR with ABT450-based regimens, and null and partial responders can
achieve higher SVR rates than previously possible.

Table 4 Major adverse events during sofosbuvir and ABT-450
regimens
Adverse events
Headache
Fatigue
Insomnia
Nausea
Rash
Anemia
Dizziness
Myalgia
Diarrhea
Vomiting
Irritability
Pruritus
Decreased appetite
Upper respiratory tract infection
Arthralgia
Back pain
Pyrexia

1

Sofosbuvir regimen ABT-450 regimen
32%-90%
10%-70%
10%-67%
0%-44%
10%-60%
0%-44%
4%-44%
0%-40%
0%-30%
No data
0%-36%
0%-33%
0%-50%
0%-20%
0%-30%
0%-22%
0%-18%

14%-26%
35%-47%
0%-26%
21%-24%
6%-21%
No data
5%-29%
No data
No data
0%-21%
No data
0%-21%
No data
No data
No data
No data
No data

ADVERSE EVENTS OF SOFOSBUVIR AND
ABT-450 REGIMENS
Both sofosbuvir and ABT-450 regimens have various adverse events (Table 4). The most frequent adverse events
observed with sofosbuvir-based therapies were headache,
fatigue, insomnia, nausea, rash, and anemia[37,42]. For ABT450-based therapies, the most frequent adverse events
were fatigue, nausea, headache, dizziness, insomnia, pruritus, rash, and vomiting. Some laboratory abnormalities
were also observed during the treatment period, including anemia for sofosbuvir-based treatment and hyperbilirubinemia for ABT-450-based therapy. Some laboratory
abnormalities were more common among patients receiving pegIFNα-2a. Most adverse events and abnormalities
were mild, and none led to treatment interruption.

1

Adverse events during ABT-450 regimen were only listed those that occurred in more than 20% of patients.

divided into 8 groups: sofosbuvir monotherapy and sofosbuvir plus RBV therapy with or without pegIFN-α for
8 or 12 wk. The results showed that 100% of previously
untreated genotype 2/3 patients achieved SVR based on
sofosbuvir plus RBV. For previously untreated genotype
1 patients, the SVR rate was 84%. Unfortunately, the SVR
rate was only 10% for genotype 1 patients who had no
response to previous therapy. These results indicate that
genotype 2/3 untreated patients can be completely cured
with 12 wk of sofosbuvir plus RBV therapy alone.

INTERLEUKIN-28B POLYMORPHISM IN
THE SOFOSBUVIR AND ABT-450 ERA
Genome-wide association studies have demonstrated that
single nucleotide polymorphisms near the interleukin28B (IL-28B) gene that encodes IFN-λ3 are closely associated with spontaneous and treatment-induced HCV
clearance[43-46]. The rs12979860 CC genotype is associated
with a two-fold greater SVR rate than the TT genotype in
European-American individuals. Similar ratios have been
observed in both African-American and Hispanic populations of genotype 1 chronic hepatitis C patients. The
presence of the C-allele is always accompanied by higher
SVR rates, indicating that this allele may favor the clearance of HCV. In studies of sofosbuvir and ABT-450,
five groups achieved SVR rates of 100%, independent of
IL-28B status (Table 5). Therefore, lower SVR rates may
not be primarily due to IL-28B genotypes. Instead, these
patients may have acquired resistant variants during treatment. However, it should be noted that the sample size

Clinical efficacy of ABT-450-based therapy
Poordad et al[38] published an open-label, phase 2a clinical trial of 50 genotype 1 patients, including untreated
patients and patients with no or partial response to
prior therapy (Table 3). The patients were divided into
3 groups. Patients received a combination of ABT-333
(a nonnucleoside NS5B polymerase inhibitor), RBV and
ritonavir plus two different dosages of ABT-450 for 12
wk. The results showed that 93% and 95% of previously
untreated genotype 1 patients achieved SVR. Further-
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Table 5 Interleukin-28B polymorphism in sofosbuvir and ABT-450 era
Group

Status before treatment

IL-28B CC (n ) IL-28B CT (n ) IL-28B TT (n ) SVR rate

Sofosbuvir
1
Untreated
2
Untreated
3
Untreated
4
Untreated
5
Untreated
6
Untreated
7
No response to prior therapy
8
Untreated
ABT-450
1
Untreated
2
Untreated
3
No or partial response to prior therapy

5
4
4
4
2
3
2
11

4
4
4
5
6
6
5
12

1
1
2
2
2
1
3
2

10/9
5/4
0/0

7/7
7/7
12/6

2/2
2/2
5/2

100%
100%
100%
100%
60%
100%
10%
84%
95%
93%
47%

IL-28B: Interleukin-28B; SVR: Sustained virologic response.

Table 6 Outcome of representative direct acting antiviral agent-based therapy for genotype 1 null responders
Authors

n

Therapeutic schedule

SVR rate

Zeuzem et al[32]
Bacon et al[33]
Lok et al[36]
Lok et al[36]
Gane et al[37]
Poordad et al[38]

37
58
11
10
10
7

(pegIFN-α2a + RBV) 4 wk + (pegIFN-α2a + RBV + telaprevir) 12 wk + (pegIFN-α2a + RBV) 32 wk
(pegIFN-α2b + RBV) 4 wk + (pegIFN-α2b + RBV + boceprevir) 44 wk
Daclatasvir + asunaprevir 24 wk
Daclatasvir + asunaprevir + pegIFN-α2a + RBV 24 wk
Sofosbuvir + RBV 12 wk
ABT-450 + ritonavir + ABT-333 + RBV 12wk

33%
52%
36%
90%
10%
43%

pegIFN-α: Peginterferon-α; SVR: Sustained virologic response; RBV: Ribavirin.

of these studies too small to reach a definitive conclusion
on the role of IL-28B. Whether IL-28B genotype will be
a predictive marker for treatment response with the new
drug regimens requires further investigation with large
sample sizes.

in group 3 who have been analyzed for the presence of
resistance-associated variants. The genetic barrier to resistance of protease inhibitors is relatively lower for subtype 1a because this subtype only requires one nucleotide
substitution to generate resistance, whereas the 1b virus
requires two. Accordingly, genotype 1a patients may be
more difficult to treat in new DAAs era.

PERSPECTIVES
Genotype 1 patients with no or partial response to prior
therapy will be the focus of future studies
Currently, the highest SVR rate observed in genotype 1
patients who have no response to prior therapy is 90%,
which was achieved with daclatasvir and asunaprevirbased therapy (Table 6). SVR rates in this patient population treated with telaprevir and boceprevir regimens were
only 33% and 52%, respectively, which was significantly
inferior to the rates in treatment-naive patients. Sofosbuvir plus RBV has achieved an excellent SVR rate in
untreated genotype 1 patients compared with genotype
1 patients who had no response to previous treatment.
While the ABT-450 regimen achieved high efficacy in
genotype 1 patients with no or partial response to prior
treatment, the SVR rate was still less than 50%. All of
the above-mentioned results suggest that genotype 1
patients with no or partial response should be the focus
of further investigation. Furthermore, genotype 1a patients have more opportunities to develop resistance to the
DAAs combination from Poordad et al[38]. Genotype 1a accounts for 89%, 8 out of 9 patients with virologic failure
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DAA combinations with less cross-resistance may be
the solution for genotype 1 patients with no or partial
response to prior therapy
Although it has not been investigated in a head-to-head
study, genotype 1 patients with no or partial response
to prior therapy have different SVR rates (10% vs 90%)
with different DAA combinations (Table 6)[37,38], indicating that different DAA combinations might be important
to successfully treating these types of patients. Various
combinations of DAAs are now under investigation[47,48].
However, why a particular combination may lead to an
improved SVR rate in these patients remains unclear. It
is possible that adding another DAA could complement
the mechanisms of action of other agents in the regimen as well as decrease the appearance of cross-resistant
variants. As Table 6 shows, 90% of genotype 1 patients
with no response to prior therapy can achieve SVR[33],
suggesting that a potent DAA combined with pegIFN-α
and RBV may be one choice for those patients who can
endure the adverse events and long period of treatment.
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Combinations with less cross-resistance are the goal for
the future
Various DAA combinations have now been investigated,
such as asunaprevir plus daclatasvir; sofosbuvir plus RBV;
sofosbuvir plus daclatasvir; faldaprevir plus BI207127;
ABT-450/ritonavir plus ABT-333; ABT-450, ritonavir
plus ABT-072; miracitabine, danoprevir plus ritonavir;
and alisporivir plus RBV[47]. DAA combinations not only
have the potential to increase antiviral efficacy but also
to reduce the risk of viral breakthrough. When combining DAAs, it is important to consider combinations that
have a low propensity for cross-resistance. The genetic
barriers to resistance of DAAs appear to be an important
factor during the development of resistance. When two
agents with a low genetic barrier to resistance are combined, breakthrough occurs more quickly[49]. Adding on
pegIFN-α or RBV[36] as well as nucleoside analogues with
a higher genetic barrier might be better tactics for overcoming resistance[37,50]. For example, 90% of difficultto-treat patients can achieve SVR with a combination of
daclatasvir, asunaprevir, pegIFN-α2a and RBV for 24 wk
of treatment[36]. Furthermore, 84%-100% of patients can
achieve SVR with a combination of sofosbuvir plus RBV
for 12 wk of therapy[37].

based therapies were well tolerated, the safety profile of
other combination treatments remains to be seen.

CONCLUSION
A series of clinical trials have demonstrated that we are
currently experiencing a “watershed moment” for the
treatment of hepatitis C[51,52]. Despite some unresolved
questions, the recent achievements demonstrating DAAs
as potent new HCV clearing agents with improved SVR
rates appear to be encouraging, and it may be possible to
cure nearly all HCV-infected patients in the near future.
The progress of new anti-HCV agents might indicate
that agents with specificity, sensitivity and a high barrier
to resistance are the mainstay for conquering pathogenrelated disease. Future studies may focus on the improvement of SVR rates in genotype 1 patients who have no
or partial response to prior therapy as well as special
patient populations, such as those with cirrhosis or coinfected patients. Furthermore, determining an optimal
combination therapy with little cross-resistance and few
adverse events as well as better understanding the status
of IL-28B polymorphism and the potential mechanism
of how RBV may synergize with DAAs are also areas of
future study.

PegIFN-α : To be with or not to be with
Whether or not to include pegIFN-α is a key issue in the
DAA era. Several years ago, many hepatologists believed
that HCV treatment would be IFN free. Now, however,
the ability to do away with IFN is not so clear, especially
in some difficult-to-treat patients. Although not compared in a head-to-head study, the SVR rate was relatively
lower in refractory patients treated with a pegIFN-free
regimen, as shown in Table 6. This information indicates
that IFN-free regimens may be available for easy-to-treat
patients in the near future, whereas IFN might be necessary for difficult-to-treat patients.
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Autoimmune hepatitis in childhood: The role of genetic and
immune factors
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practice. The pathogenic mechanisms that lead to AIH
remain obscure, but some research findings suggest
the participation of immunologic and genetic factors.
It is not yet knew the triggering factor or factors that
stimulate inflammatory response. Several mechanisms
proposed partially explain the immunologic findings of
AIH. The knowledge of immune factors evolved might
result in better markers of prognosis and response to
treatment. In this review, we aim to evaluate the findings of research about genetic and immune markers
and their perspectives of application in clinical practice
especially in pediatric population.
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Core tip: In this review article, we reported recent data
on autoimmune hepatitis in pediatric patients highlighting the importance of genetic and immune markers. We
also discuss the perspectives of the application of these
new biomarkers in clinical practice.
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Abstract
Autoimmune hepatitis (AIH) is a rare chronic inflammatory disease of the liver, which affects a group of
patients who lost their immunological tolerance to antigens of the liver. It is clinically characterized by hypergammaglobulinemia, elevated liver enzymes, presence
of autoantibodies and histological changes. Although
being rare in children, it represents a serious cause
of chronic hepatic disease that can lead to cirrhosis
and hepatic failure. Clinical findings, exclusion of more
common liver disorders and the detection of antibodies
antinuclear antibodies, smooth muscle antibodies and
anti-LKM1 are usually enough for diagnosis on clinical
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INTRODUCTION
Autoimmune hepatitis (AIH) is a chronic inflammatory disease of the liver that is rarely found in children
and adolescents. AIH affects a group of patients who
have lost their immunological tolerance to antigens of
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the liver[1-4]. It is more frequent in female patients and is
characterized by hypergammaglobulinemia, elevated liver
enzymes, the presence of autoantibodies and histological
changes[4-7]. The age of onset usually ranges from months
to 75 years old, but it is very rare before the age of two
years old, and the highest incidence occurs between 10
and 30 years old[2]. In addition to being considered rare
in children, AIH represents a serious cause of chronic
hepatic disease, which can result in cirrhosis and its
complications. Immunosuppressive treatment results in
a good response, but a delay in or absence of treatment
can result in cirrhosis and liver failure[2,6]. This condition
can also be complicated by association with autoimmune
cholangitis, in which bile duct disease is present together
with hepatitis, particularly in children[2,7,8].

SMA and anti-LKM1 are usually sufficient for diagnosis
in clinical practice. More research is needed to establish
the clinical use of these autoantibodies and to investigate
the presence of these autoantibodies in pediatric patients,
thereby elucidating their role in this group of patients.
Diagnostic criteria
The International Autoimmune Hepatitis Group diagnostic criteria for AIH, published in 1993 and revised in
1999, guide diagnosis and facilitate early treatment[39-41].
A simplified scoring system, created in 2008, considers
transaminases levels, autoantibodies, immunoglobulin G
levels, liver biopsy, exclusion of Wilson disease and of
viral hepatitis and cholangiogram[41,42]. The use of these
criteria could also be helpful in children, but limitations
must be recognized[43]. In children, it is difficult to differentiate AIH from primary sclerosing cholangitis or to
identify autoimmune cholangitis overlap syndrome. The
diagnosis of fulminant hepatitis cases has not been well
determined because the use of 1/40 as a titer for autoantibodies is high to use in children (1/20 for ANA and
SMA and 1/10 for anti-LKM1 are considered positive in
this age group)[3,43]. For these reasons, histology is often
included in the diagnostic criteria for HAI in children[3,44].
On histological examination, characteristic findings
include the presence of piecemeal necrosis (interface
hepatitis), lymphoplasmocytic infiltrates with numerous plasmocytes, and rosette formation[44,45]. Histology
is a powerful tool for diagnosis, with high specificity
(81%-99%) and predictability (62%-91%) but low sensitivity (36%-57%)[45]. Some cases also demonstrate biliary
duct alterations, such as inflammatory infiltration of duct
cells, cholestasis and ductopenia, which might represent
an overlapping syndrome[46].

Clinical and laboratory diagnosis
Because histological activity index (HAI) is a rare disorder, one crucial point for diagnosis is the exclusion of
more common pathologies. The diagnosis is confirmed
by clinical findings, laboratory and histopathology tests
and the exclusion of other causes of chronic liver disease[4,6,7,9]. The clinical spectrum is broad, ranging from
asymptomatic laboratory abnormalities to clinical symptoms similar to fulminant acute viral hepatitis. The classical presentation is jaundice, dark urine, fever, asthenia,
anorexia and increased abdominal volume in an acute or
insidious presentation[6,10]. Hepatomegaly, splenomegaly
and signs of chronic liver disease, such as spider veins,
collateral circulation and abdominal ascites, might be
present. Approximately 20% of cases are associated with
other autoimmune disorders[8].
According to the presence of autoantibodies, AIH
can be classified into two forms: type 1 autoimmune
hepatitis, in which antinuclear antibodies (ANAs) and/or
anti-smooth muscle antibodies (SMAs) are detected; and
autoimmune hepatitis type 2, in which anti-liver-kidney
(anti-LKM1) autoantibodies are detected[9,11-13]. In adult
patients, the presence of anti-soluble liver-kidney antigen
and anti-liver-pancreas might be understood as a third
form of AIH (AIH type 3), despite clinical features similar to type 1[14]. Type 1 is the most common type of AIH
in any age group, while type 2 usually occurs in younger
patients, with courses having a greater likelihood of acute
liver failure[2,3].
During treatment, ANA and SMA levels can decrease,
but neither level seems to have a correlation with prognosis[15-17]. Therefore, 10%-15% patients are negative for
ANAs, SMAs and LKM-1 at clinical presentation but
later show detectable levels of these autoantibodies, with
only five percent remaining negative over time[15,18]. Other
autoantibodies could facilitate in diagnosis and/or act as
prognostic markers, and their possible clinical applications are listed in Table 1[19-38].
Most services do not perform routine assessment
of the autoantibodies shown in Table 1, which remain
reserved for research situations. The antibodies ANA,

WCG|www.wjgnet.com

Genetic and immunologic markers
Some studies have unveiled the association of AIH with
genetic markers, and the impact of immunophenotyping
on clinical practice has been described.
Although the pathogenesis of AIH is not fully understood, susceptibility is partly determined by the presence
of genes related to major histocompatibility complex Ⅱ
(MHCⅡ) and most directly to human leukocyte antigen
(HLA)[7,47]. The main associations are with HLA-DR3
and HLA-DR4 (DRB1*03 and DRB1*04) in Europeans
and North Americans[48]. In children, HLA-DRB1*1301
is related to susceptibility to HAI, determining the prognosis and response to treatment[47,49]. The findings of the
immunophenotyping in HAI are shown in Table 2.
Some conclusions can be drawn from these studies,
in addition to some controversial findings[48-57]. Fortes
Mdel et al[50] showed that patients presenting the HLADRB1*1301 allele were associated with a higher likelihood of developing cirrhosis. Czaja et al[56] concluded that
patients with -DRB1*03 were younger at disease onset
than patients with -DRB1*04, and they also had worse
responses to corticotherapy. Patients expressing HLA
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Table 1 Autoantibodies studies and their findings
Type of AIH

Autoantibodies

Antigen

Meaning

AIH type 1
AIH types 1 and 2
(80%-90% of cases)
AIH types 1 and 2
(8%-20% of cases)
AIH type 1
(39% of cases)
AIH type 2
(32% of cases)
AIH type 1

Anti-actin
Anti-asialoglycoprotein receptor

Actin
Asialoglycoprotein receptor

Poor response to treatment with corticosteroids[19-21]
Liver specific antigen and indicative of prognosis[22,23]

Antimitochondrial antibody-M2

Mitochondria

Favorable response to corticosteroids[24,25]

Anti-chromatin

Chromatin

High titers of immunoglobulin G and shows disease activity[26,27]

Anti-liver-cytosol type 1

AIH type 1
(47.5% of cases)
AIH type 2
(5%-19% of cases)
AIH type 1

Anti-soluble liver antigen

Enzyme formiminotransferase Diagnostic tool and marker of liver inflamation[28-30]
cyclodeaminase
dsDNA
High titers of immunoglobulin G and poor-immediate response
to corticosteroids[26]
t-RNAs
Presence of severe forms, associated with fatal outcome[31-35]

Antibody to histone and dsDNA

Uridinediphosphateglucuronyl Allows diagnosis, being sometimes the only marker identified[36]
tranferase
Perinuclear antinuclear neutrophil Peripheral nuclear and
Presence of severe forms;
Most frequent in primary sclerosing cholagitis and primary
cytoplasmic antibodies
perinuclear antigen
biliary cirrhosis[36-38]
LKM-3

AIH: Autoimmune hepatitis; dsDNA: Double-stranded DNA.

presentation than after remission with treatment[61,62,66,67].
T-reg immunosuppressive functioning causes the production of anti-inflammatory cytokines, such as interleukin-4
(IL-4), interleukin-10 (IL-10) and transforming growth
factor (TGF)-beta[68,69]. The surface markers involved in
anti-inflammatory mechanisms are glucocorticoid-induced
tumor necrosis factor receptor (CD62L), cytotoxic T
lymphocyte-associated protein-4 (CTLA-4) and fork head/
winged helix transcription factor (FOXP3)[62,70]. If the
mechanisms of failure become known, new treatments,
based on recuperation of the function of T-regulation,
could be used in AIH[70-72].
Natural killer T cells (CD3+ and CD56+) are found in
reduced numbers, producing lower levels IL-4 and IL-2
in AIH patients. These lower levels result in reduction
of the surface expression of CTLA-4 in CD4+T cells,
playing a pivotal role in liver autoaggression, especially
during the active phase of the disease[61,72]. Kurokohchi et
al[73] also found that the levels of CTLA-4 were reduced
in inflammatory cells from the peripheral blood of AIH
patients, compared with controls, while levels of CD80+
and CD86+ were increased in liver-infiltrating cells. Other
research has shown that the CCR5 cytokine receptor
was preferentially expressed on Th1 cells. This cytokine
plays a pivotal role in the recruitment of interferon-gama
(IFN-γ) (a pro-inflammatory cytokine), producing CD4+
T cells at inflammatory sites, such as hepatic tissue, and
promoting hepatocyte damage in AIH[73,74]. Another possibility involves the presence of CD4 and/or CD8 selfreactive T cells, which could damage liver cells. These
cells are found in healthy people, but in AIH patients,
they are 10-fold higher in number[68,75].
Studies have also suggested that mutations in these
genes act as precursors of the surface markers of immune cells and might also have significance in autoimmune diseases because changes in HLA (MHC) are
absent in some patients. Mutations of several lympho-

DRB1*04 are more often women, with a greater risk of
comorbidity with other immune diseases and with good
responses to corticosteroids[56,58].
In contrast, MHCⅡ antigens have shown significant
heterogeneity among different ethnicities. Patients with
HLA-DRB1*13 and -DRB1*03 have an earlier onset of
disease compared to other patients, possibly because their
ethnic groups that have a tendency toward AIH onset at
younger ages. Moreover, certain ethnic groups have low
prevalences of these immunophenotypes, such as the
populations of Mexico and Japan, where HLA-DRB1*04
is more common, and these low rates seem to establish
increased susceptibility to the disease in older people[50-52].
Few studies have demonstrated the role of immunophenotypes in HAI in children; to apply these markers as
indicators of response to treatment and prognosis, more
studies are needed.
The known physiopathological mechanism in AIH
consists of an inflammatory response with T-lymphocyte
cells, principally helpers, and B lymphocytes, macrophages
and natural killer cells. The triggering factor or factors that
stimulate this inflammatory response are not yet known.
Several mechanisms have been proposed that would partially explain the immunologic findings of AIH[7,59].
Studies in adults and children have identified some
potential pathways for the damage observed in AIH,
such as the deregulation of immunoregulatory mechanisms. Some of the studies have shown that AIH patients have reductions in the number and function of T
lymphocytes CD4+CD25+, which is one of the regulatory cells (T-regs) that normally represent 5%-10% of
CD4 T cells in healthy humans[7,59-66]. These cells suppress the proliferation and cytokine responses of effectors CD4 and CD8 T cells, and they down-regulate the
functions of macrophages, dendritic cells, natural killer
cells, and B lymphocytes[62].
All immune findings are more pronounced in the initial
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Table 2 Major histocompatibility complex class Ⅱ human leukocyte antigen and its association with autoimmune hepatitis patients
Ref.

Total No. of patients/
What was evaluated
controls (No. of children)

Donaldson et al[48]

96/100 (no)

HLA-DR

Fortes Mdel et al[50]

41/111 (13)

HLA-A, -B, -C, -DR
and DQ

Ota et al[51]

51/no (no)

HLA-DR and -DQ

Vázquez-García et al[52]

30/175 (not cited) HLA-A, -B, -C, -DR
and -DQ

Fainboim et al[53]

52/197 (all)

HLA-A, -B, -C, -DR
and -DQ

Pando et al[54]

206/208 (122)

HLA-DR and -DQ

Bittencourt et al[55]

139/129 (74)

HLA-DRB and
-DQB1

Czaja et al[56]

Czaja et al[57]

86/102 (not cited) HLA-A, -B, -C, -DR
and -DQ
210/396 controls with
other chronic liver
disease/102 healthy
controls (no)

HLA-DR B1*03,
-DRB1*04 and
-DRB1*13

Conclusions
HLA-DR3 and DR4 genes independently confer susceptibility to autoimmune
hepatitis
Regarding HLA-A and -C there were no significant differences between groups;
For HLA class Ⅰ, an increase in the frequency of B*08, B*18, B*45 and B*50 was
observed. HLA B*40 was more frequent in healthy controls;
For HLA class Ⅱ, an increase in the frequency of HLA-DQB1*02, -DQB1*04,
HLA-DRB1*03, DRB1*13 and DRB3 was observed. HLA-DRB1*1301 and
-DRB1*0301 were more frequent in children
Increased frequency of all HLA-DRB1*04 alleles, principally -DRB1*0405.
Secondary association with -DRB1*15 and DRB1*16
A significant association with HLA-DRB1*0404 was found. It was present in
patients with average age onset. DQB1*0301 had a low frequency in patients and
may represent a protective factor;
No association was found with any class Ⅰ antigen
No significant associations with HLA class Ⅰ antigens were found;
HLA-DR6 group (HLA-DRB1) showed increased frequency, principally HLADRB1*1301;
The analyses of HLA-DQ group showed an associations of HLA-DQB1*0603
The frequencies of HLA-DRB1*1301, -DRB1*0301, -DQA1*0103, -DQB1*0603
were significantly increased on AIH patients;
HLA-DRB1*1301 was associated with younger age at disease onset, being
the allele associated with AIH in children and HLA-DRB1*1302 worked as a
protective factor
In AIH type 1, there was significant increase in the HLA-DRB1*13, -DRB1*03,
-DRB3 and -DQB1*06 alleles in patients. HLA-DRB1*13 was more frequent in
children than adults. The low frequency of HLA-DQB1*0301 may indicate a
protective role of this allele;
In AIH type 2, a significant increase in DRB1*07, DRB1*03, DRB4 and DQB1*02
was observed
DRB4*0103 is associated with immune diseases, DRB1*0301 with a poor
treatment response, and DRB1*0401 with a lower frequency of hepatic death or
transplantation
The frequency of HLA DRB1*13 was higher in patients without -DRB1*03 and
-DRB1*04;
Primary sclerosing cholangite patients showed a similar frequency of HLADRB1*13 when compared with AIH patients

HLA: Human leukocyte antigen; MHC: Major histocompatibility complex; AIH: Autoimmune hepatitis.

ate whether a Fas gene polymorphism or its increased
expression on lymphocyte surfaces could be key mechanisms for autoimmunity in AIH. Fas (CD95) is part of
the tumor necrosis factor family, and it induces receptormediated programmed cell death (apoptosis) through
engagement with its ligand (FasL/CD95L). It indirectly
controls the number of antigen-activated lymphocytes[84].
Ogawa et al[85] showed that AIH patients show an increase
in CD95 (Fas)-positive CD4+ and CD8+ T cell numbers.
These individuals show disease courses with high levels
of conversion of naive CD45RO- to primed CD45RO+
CD4+ T cells. This course could indicate that constant activation of T lymphocytes and/or the persistent presence
of activated lymphocytes requires continuous work from
regulation cells, such as CD95+ T CD4+[85]. Tsikrikoni et
al[86] also found a greater number of Fas+ and FasL+ cells
in the mononuclear cells of AIH patients and increased
TNF-α and IFN-γ production in cultured cells, suggesting that these cytokines could be involved in accelerating apoptosis. They also showed an increase in CD14+
monocyte cell numbers, in accordance with the increased

cyte surface markers studied could represent molecular
markers of autoimmunity in AIH. Among them is the
CTLA-4 (CD152) gene mutation, which has appeared in
controversial reports of the phenotypes that represent
susceptibility to AIH[76-81]. For instance, in the Brazilian
study by Bittencourt et al[77] no association was established
between exon 1 CTLA-4 gene polymorphisms at position 49 and AIH susceptibility, contradicting findings in a
North American population[78].
CTLA-4, which is expressed on the surface of T cells,
induces peripheral tolerance by biding CD80 and CD86
on antigen-presenting cells. In doing so, CTLA-4 competes with the co-stimulatory molecule CD28, reducing
the immune response[47]. CTLA-4 is considered a critical
coordinator in immune regulation. Based on this finding,
some researchers have attempted to find a drug that simulates its mechanism and that could be used in the treatment of autoimmune conditions; one such drug is an immunoglobulin G-CTLA-4 (Abatacept), which was recently
approved by the FDA for use in rheumatoid arthritis[82,83].
Furthermore, some studies have aimed to evalu-
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expression of apoptotic markers, such as CD14+ cells,
responding to the clearance of apoptotic cells[87]. Concomitantly, the results of genetic studies have shown that
some mutations can affect the function of Fas receptors,
but more research is needed to determine these receptors’ relationship with AIH[88-91].
A lack of consistent evidence has persisted for studies
evolving genes of cytokines, such as tumor necrosis factor; TGF-beta1, and TBX21, (a regulator of T lymphocyte lineage development and a controller of the expression of IFN-γ)[91-98].

more frequent, and failure of remission upon suspension
is almost certain in this condition[8].
The prognosis of patients who respond to immunosuppressive treatment is good, even when there is cirrhosis at baseline; there is a good quality of life and, in
general, use of low doses of medication[2-4]. Except for
the changed autoantibodies that were initially detected, no
markers are currently used in clinical practice to choose
and follow treatment.

TREATMENT

In conclusion, recent studies have shown new possibilities for the diagnosis and prognostic evaluation of AIH,
except for in the pediatric age group, which remains
unrepresented in these assessments. Susceptibility to autoimmune diseases is multifactorial, but genetic and immunological factors play pivotal roles. MHCⅡ antigens
could represent a susceptibility marker for AIH, considering the differences between ethnic groups, or they
might predict treatment response and prognosis. Finally,
in pediatric populations, the prevalence and titers of autoantibodies can be different from in adults, such as for
the MHCⅡ HLA-DRB1*1301, which can be a marker
of susceptibility in the pediatric population.
Perhaps in the future, knowledge of autoimmune
mechanisms will reveal better markers for the diagnosis,
monitoring and treatment of AIH and other autoimmune
diseases, but there are still only few available studies with
good suggestions for markers.

CONCLUSION

An important feature of AIH is response to treatment
with corticosteroids and immunosuppressants [2,6,99].
Prednisone alone or in combination with azathioprine
is the main form of treatment[99]. This treatment has the
goal of reducing hepatic inflammation, the induction of
clinical remission, relief of symptoms and improvement
of survival. The treatment response characterizes clinical
improvement and a reduction of aminotransferases to
normal or to no more them two times of the maximum
of the reference value, while remission lies in clinical
improvement, normalization of aminotransferases and
gamma globulin, autoantibody reduction or extremely
low titers of autoantibodies and histological resolution
of inflammation with a reduction in fibrosis[3,44]. Moreover, relapse is characterized by increased transaminases
after remission has been achieved, as shown by Ferreira
et al[44,100]. Relapse is common during treatment and occurs in up to 40% of patients, requiring a temporary increase in the dose of corticosteroid[3,99]. Noncompliance
play a prominent role in a percentage of relapses[44,100].
Some medications offer alternative treatment, such as
cyclosporine, tacrolimus and mycophenolate mofetil.
These drugs are reserved for patients who fail to respond to the first treatment choice[2,6]. In cases of autoimmune sclerosing cholangitis and autoimmune cholangitis, the use of ursodeoxycholic acid can be necessary to
control bile duct disease[2].
Liver transplantation is the last-line treatment indicated for patients who have not responded to medication.
The need for transplantation is present in 8.5% of children with HAI[8]. The total duration of immunosuppressive therapy has not been established, but in the face of
the possible side effects with medication, discontinuation
of treatment should be considered when the remission
criteria are met in patients with type 1 AIH[3]. To meet
this goal, the patient must present histological resolution
of inflammation after at least two years of clinical and
laboratory remission (normal liver enzymes, liver function and gamma globulin and autoantibodies in low or
undetectable titers)[3]. Approximately 20% of patients
with type 1 AIH can remain in remission after discontinuation of treatment, but relapses are frequent after the
suspension of treatment[6,8,100]. In type 2 AIH, treatment
discontinuation is not recommended because relapses are
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PROGRESS IN LIVER DISEASES

MicroRNAs may solve the mystery of chronic hepatitis B
virus infection
Ying-Feng Wei, Guang-Ying Cui, Ping Ye, Jia-Ning Chen, Hong-Yan Diao
miRNA profiles. Furthermore, the differential expressed
miRNAs have been found involved in the progression
of HBV-related diseases, for instance some miRNAs are
involved in liver tumorigenesis and tumor metastasis.
Studies have also shown that the circulating miRNA in
serum or plasma might be a very useful biomarker for
the diagnosis and prognosis of HBV-related diseases.
In addition, miRNA-based therapy strategies have attracted increasing attention, indicating a promising
future in the treatment of HBV-related diseases.
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Core tip: The cellular microRNAs (miRNAs) involved in
host-hepatitis B virus (HBV) interaction and each stage
of HBV-related disease show distinctive miRNA expression profiles at the tissue or serum level indicating that
miRNAs have marked potential in detecting or treating
of HBV infection.

Abstract

Original sources: Wei YF, Cui GY, Ye P, Chen JN, Diao HY.
MicroRNAs may solve the mystery of chronic hepatitis B virus
infection. World J Gastroenterol 2013; 19(30): 4867-4876 Available from: URL: http://www.wjgnet.com/1007-9327/full/v19/
i30/4867.htm DOI: http://dx.doi.org/10.3748/wjg.v19.i30.4867

Hepatitis B virus (HBV) infection is a global public
health problem that causes persistent liver diseases
such as chronic hepatitis, cirrhosis, and hepatocellular
carcinoma. A large amount of people die annually from
HBV infection. However, the pathogenesises of the
HBV-related diseases are ill defined and the therapeutic strategies for the diseases are less than optimum.
The recently discovered microRNAs (miRNAs) are tiny
noncoding RNAs that regulate gene expression primarily at the post-transcriptional level by binding to
mRNAs. miRNAs contribute to a variety of physiological
and pathological processes. A number of miRNAs have
been found to play a pivotal role in the host-virus interaction including host-HBV interaction. Numerous studies have indicated that HBV infection could change the
cellular miRNA expression patterns and different stages
of HBV associated disease have displayed distinctive

WCG|www.wjgnet.com

INTRODUCTION
The hepatitis B virus (HBV) is a hepadnavirus that causes
persistent liver diseases and have a major effect on global
public health[1,2]. HBV, discovered in 1966[3], is transmitted among humans by contact with the blood, semen or
vaginal fluid of an infected person. Approximately, one
third of the world’s population have infected HBV, and
more than 350 million people have developed chronic
HBV infection[4-6]. The severity of HBV-related disease
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Figure 1 Logical model of host-virus cross talk mediated by microRNAs.
Viral microRNAs (miRNAs) and cellular miRNA take part in the host-virus interactions. Moreover, viral and cellular miRNA can influence the expression of viral
and cellular genome. RISC: RNA-induced silencing complex.

out shortly after infection initiated. In this war, a large
amount of reports have indicated that cellular miRNAs
serve a key role in protecting the host. However, we
may be disappointed at the truth that viruses can use
miRNAs as their weapons to fight the host. Remarkably, some features of miRNAs ensure their effectiveness as virally encoded regulators of host and viral gene
expression: they are small, lack of immunogenicity and
functional flexibility[42]. To facilitate an understanding of
the intricacies of host-virus cross-talk mediated by miRNAs, we designed an illustration (Figure 1) base on the
review of Scaria et al[9] In the interaction between virus
and host, miRNAs can be divided into cellular miRNAs
and viral miRNAs. To cellular miRNAs, their expression
profiles changed at the infected state and the abnormal
miRNAs often closely relate to the viral life cycle as well
as host disorder. To viral miRNAs, they can evolved to
regulate both viral and cellular gene expression[42].
Cellular miRNAs in host-virus interaction
Studies have noted that miRNA-mediated gene regulation
involve in diverse biological processes in the mammalian
system, including cellular miRNAs influence viral reproduction and pathogenesis[42,43]. Sometimes, viruses may
exploit celluar miRNAs to facilitate certain steps of their
life cycle, a living example is hepatitis C virus (HCV) use
miR-122, a liver-specific cellular miRNA, to enhance its
replication of itself by targeting the viral 5’ non-coding
region[34,44]. Another study showed that miR-122 knockdown reduced the HCV load in infected chimpanzees[45]
and the interferon-mediated down-regulation of miR-122
that contributes to antiviral effects [46]. In contrast,
miR-122 serve as an antiviral role in HBV life cycle. For
instance, Qiu et al[47] found that the miR-122 over-expression inhibited HBV expression, whereas the depletion of
endogenous miR-122 resulted in increased production
of HBV in transfected cells. Their subsequent study suggested that the miR-122 inhibitor also caused an increase
in cellular heme oxygenase-1, which can decrease HBV
covalently closed circular DNA (cccDNA) levels both in
vitro and in vivo by reducing the stability of the HBV core
protein[48]. A recent study by Wang et al[1], indicated that
miR-122 expression in the liver was significantly down-

HOST-VIRUS INTERACTION AT THE
MIRNA LEVEL
Viruses are generally harmful to human, in order to protect our health, the battle between virus and host break
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varies widely, from a self-limited infection to acute hepatitis and from asymptomatic chronic infection to cirrhosis
and hepatocellular carcinoma[7,8]. The factors affecting the
prognosis of HBV infection have not been determined.
miRNAs was discovered recently and researchers have
determined that it plays a pivotal role in host-virus interactions[9-11]. By using the functions of miRNA, we may
explain the mechanism of chronic HBV infection and
discover novel biomarkers as well as new therapies for
HBV associated diseases.
Since numerous researches discovered that RNA does
more than simply serves an intermediary function in “central dogma”[12], the door to a brand new world of RNA
had been opened. The genomes of organisms produce
two types of RNA, and mRNAs belong to the first type
which can be used as translation templates. Besides, genomes manufacture a variety of noncoding RNAs, including the components of the machinery of gene expression
and regulatory RNAs[13]. MicroRNAs (miRNAs) are noncoding RNAs, and their mature forms are approximately
22 nucleotides (nt) in length. When these RNAs were
initially described in Caenorhabditis elegans (C. elegans)[14],
they were hypothesized to be peculiar to nematodes[12,13].
Subsequent work revealed that miRNAs are common
tiny nucleic acid molecules that can be found in plants[15],
animals[16] and other organisms[17]. To date, the record of
miRNAs has increased significantly. MiRbase 19, released
in August of 2012, increased the numbers of recognized
hairpin and mature miRNAs to 21264 and 25141, respectively[18-23]. In human, while the expression profiles
of some miRNAs in different cells or tissues are similar,
other miRNAs may exhibit temporal or tissue-specific
patterns[24,25], suggesting that miRNA may be involved in
numerous physiological or pathological processes[26].
The biogenesis and action mechanism of these tiny
but potential molecules had been detailed described[24,25,27].
Briefly, they are not born so small, in other words, they
have some larger progenitors. The processing of the
mature miRNA ancestors (primary and precursor miRNAs) is closely related to RNA polymerase Ⅱ (pol Ⅱ),
Drosha, the GTP-dependent Ran/Exportin 5 complex,
and the Dicer enzyme[24-32]. Generally, by binding to the 3’
untraslated regions of their target mRNAs, miRNAs can
serve as gene expression regulators, fine-tune the expression primarily at the post-transcriptional level and play
critical roles in a variety of physiological and pathological processes, including antiviral defense, developmental
timing, cell apoptosis, cell proliferation, tumor generation and so on[24,30,33-39]. One computational prediction
indicated that more than 30% of animal genes may be
subject to regulation by miRNAs, which emphasizes the
importance of miRNA-mediated gene regulation[40,41].
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For simplicity, not all participators are shown. A: The biogenesis of microRNAs
(miRNAs); B: The mechanism of cellular miRNAs regulates hepatitis B virus
(HBV) gene transcription and replication can be direct and indirect. Cellular
miRNAs can target to HBV transcripts (HBV surface antigen mRNA, HBV x
mRNA, DNA polymerase mRNA, etc.), causing the alteration of HBV expression. Cellular miRNAs can also target to the mRNAs of a number of key regulatory proteins (liver-enriched transcription factors, nuclear receptors, hemeoxygenase-1, DNA methyltransferases, etc.) in the process of HBV transcription
and replication. Consequently, the amount of these proteins was changed, and
the HBV gene transcription and replication were altered. RISC: RNA-induced
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Viral miRNAs in host-virus interaction
A number of the miRNAs that participate in the interaction between host and virus are viral. Pfeffer et al[52]
initially discovered the existence viral miRNAs in the Epstein-Barr virus (EBV). Analogous to cellular miRNAs,
viral miRNAs have multifaceted functions[42], that generally benefit the virus in maintaining its replication, latency
and evasion of the host immune system[11]. Barth et al[53]
showed that miR-BART2 down-regulates the viral DNA
polymerase BALF5, inhibiting the transition from latent
to lytic viral replication in EBV. Analogously, miR-BART1p, miR-BART16 and miR-BART17-5p have been found
to repress the translation of latency-associated membrane
protein LMP-1 mRNA[11,54]. Additional examples of viral
miRNAs that regulate viral gene expression are found in
HCMV, SV40, MDV, HIV-1 and other viruses[11].
Although numerous miRNA-produced viruses have
been identified, the HBV-encoded miRNAs have not
been confirmed experimentally but have been suggested
by computation[55,56]. This discrepancy may be the result of the limitations of current technology and HBVderived miRNAs could be found in the future.

ence HBV infection requires the knowledge that HBV
is a noncytopathic virus that replicates preferentially in
the hepatocytes. cccDNA which serves as a template for
transcription of all viral RNA is synthetized And after
HBV DNA enters the hepatocyte nucleus. The HBV
genome is 3.2 kb in length and contains four overlapping
open reading frames. It can transcribe viral pregenomic
RNA that reverses transcription to synthesize the viral
DNA genome and encode the hepatitis B virus surface
antigen (HBsAg), hepatitis B virus core protein, viral
reverse DNA polymerase (Pol) and X protein. Two
enhancers, Ⅰ and Ⅱ, have been shown to function as
two master regulators of the four viral promoters[57-59].
Although the viral miRNAs encoded by HBV have not
been verified[56], there are cellular miRNAs capable of
inhibiting or stimulating HBV viral replication and gene
expression. In addition, the products of HBV can alter
the miRNA expression profiles.

EMPHASIZING THE ROLE OF MIRNAS IN
HBV INFECTION

Cellular miRNAs targeting to HBV transcripts
A study of Zhang et al [60], in attempt to determine
whether host-encoded miRNAs affect HBV replication,
antisense oligonucleotides of 328 identified human miRNAs were orderly transfected into HepG22.2.15 cells.
The expression level of HBsAg, hepatitis B e antigen and

A number of cases of host-virus interaction at the miRNA level have been mentioned above. To emphasize the
role of miRNAs in HBV infection, we intend to report
additional details about the interaction between miRNAs
and HBV (Figure 2).
Understanding the mechanisms of miRNAs influ-
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B

Cellular miRNA genome

HBV

regulated in patients with HBV infection compared with
healthy controls. Depletion of endogenous miR-122 and
over-expression of miR-122 led to enhanced HBV replication and inhibited viral production, respectively. Cyclin
G1 was identified as an miR-122 target that specifically
interacted with p53, resulting in the specific binding of
p53 to the HBV enhancer elements and simultaneous
abrogation of the p53-mediated inhibition of HBV transcription. Ji et al[49] found that miR-122 was significantly
up-regulated in HBV-infected patients and could inhibit
HBV replication in Huh7 and HepG2 cells. Overall, to
HCV and HBV, miR-122 can promote and inhibit viral
replication respectively. In other words, cellular miRNAs
can influence viral lifecycles by accelerative or suppressive
mechanisms.
Studies have reported the involvement of cellular miRNAs in numerous host-virus interactions. HIV-1 can use
cellular miRNAs to repress the expression of viral proteins
and evade the host immune system respose[11,50]. The replication of primate foamy virus can be inhibited by cellular
miR-32[43]. miR-24 and miR-93 were responsible for the
increased vesicular stomatitis virus replication in variant
Dicer1d/d allele mice[51]. The above instances indicate the
diversity of miRNA activity and indicate that host-derived
miRNAs are essential for the host-virus interactions.
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cell proliferation were detected by enzyme-linked immunosorbent assay and methyltestosterone assay. Compared
to the experimental controls, miR-199a-3p and miR-210
efficiently reduced the HBsAg expression without affecting HepG2 2.2.15 cell proliferation. Furthermore, they
used the bioinformatics method to analyze six miRNAs,
and the outcome suggested a putative binding site for
miR-199a-3p in the HBsAg coding region and a binding
site for miR-210 in the HBV pre-S1 region, respectively.
Potenza et al[61] used MiRanda to analyze the HBV genome and found seven sites that were potential targets
for human liver miRNAs. Their subsequent validation
test found that hsa-miR-125a-5p interferes with the HBV
translation and down-regulation of the expression of the
surface antigen. These findings indicate that cellular miRNAs can alter HBV gene expression by targeting to HBV
transcripts.

rhosis and hepatocellular carcinoma. Numerous studies
have detected that cellular miRNAs could influence the
lifecycle of HBV and HBV could change the miRNA
expression profiles, reversely. Taking these factors into
consideration, the miRNA profiles may change along
with the severity of HBV associated disease. So, we concentrated on the miRNAs expression patterns and their
potential role in HBV associated chronic hepatitis, cirrhosis and HCC in the following contents.
miRNA profiles of chronic hepatitis B
The miRNA profiles of chronic hepatitis B (CHB) from
numerous studies are controversial and complicated. On
the one hand, a series of study indicated that the miRNA
expression patterns of CHB are particular at the tissue
or serum level[1,67-69]. For instance, a study of Ura et al[68]
suggested that the miRNA expression profiles in chronic
hepatitis B were different from those in the healthy controls and those in HBV-associated HCC, and hepatitis
C. To the contrary, appliying massively parallel signature sequencing to conduct an in-depth analysis of the
miRNomes in normal human, hepatitis and HCC liver
tissues, Hou et al[70] found that, except for in HCC, the
known miRNAs exhibited a similar distribution in each
library based on classification of the transcripts permillion
degrees.

Cellular miRNA affects HBV replication
Cellular miRNAs can affect viral translation and change
viral replication. In addition to the instance of the
miR-122 inhibition of HBV replication, there are other
cases about host miRNAs altering HBV replication. A
study by Hu et al[33] suggested that miR-141 suppressed
HBV replication by reducing HBV promoter activities
through the down-regulation of peroxisome proliferatoractivated receptor alpha. DNA hypermethylation might
be closely related to the suppression of HBV cccDNA
transcription[56], and miR-152 might be a factor involved
in the regulation of the methylation of HBV cccDNA[62,63]. Zhang et al[64] revealed that cellular miRNAs do
not consistently inhibit HBV replication. Collectively,
miRNAs can directly or indirectly alter HBV replication.

miRNA profiles of liver cirrhosis
A well-known trilogy of hepatitis B is that chronic
hepatitis B progresses into liver cirrhosis and HCC. An
increasing number of studies have focused on the expression patterns of miRNAs during the cirrhotic stage to
uncover their function in the progression of hepatitis B
and to seek novel therapies for cirrhosis. Roderburg et al[71]
investigated the role of miRNAs in liver fibrosis by carbon tetrachloride and bile duct ligation models of liver
fibrosis. Fibrosis-inducing injuries cause the abnormal
expression of many miRNAs. All three members of the
miR-29 family were significantly down-regulated under
the disposes of these models. To correlate these findings
with HBV in human, they measured the miRNA profiles of human liver samples, and found miR-29 family
members were down-regulated in the fibrotic/cirrhotic
tissues compared with the non-fibrotic tissues. In conclusion, miR-29 family members were down-regulation both
in mouse models and in human fibrotic livers. Hepatic
stellate cells (HSCs) play a key role in liver fibrosis[72,73].
Roderburg group’s further study revealed that miR-29b
was down-regulated in HSCs, upon exposure to fibrotic
stress. On a cellular level, miR-29 down-regulation in
murine HSC cells was mediated by transforming growth
factor (TGF)-β as well as inflammatory signaling and nuclear factor kB (NF-kB). Forced expression of miR-29b
in murine HSCs can result in the repression of collagen
expression[71].
Additional studies report on miRNA regulation in the
progression of liver fibrosis. Compared with quiescent
HSCs, Lakner et al[73] verified that miR-19b was a regu-

HBV infection can change the host miRNA expression
pattern
A recently study by Wei et al[65] showed that the hepatitis
B virus x (HBx) protein expression was found to have a
significant inverse correlation with miR-101 expression
in HBx-expressing HepG2 cells compared to control
HepG2 cells. Ren et al[66] found that Drosha (a regulator of the biogenesis of miRNAs) mRNA and protein
expression were down-regulated in cells expressing the
HBV genome, and that the mechanism was related to a
reduction in the activity of the Drosha gene promoter.
By using RNA interference to knockdown the HBX
gene, the expression of Drosha was significantly restored.
Their date showed that HBV could inhibit Drosha expression by inhibiting the promoter activity and in turn,
leading to an alteration of the host miRNA profiles[66].
These studies suggested that HBV infection can alter the
miRNA expression profiles.

MIRNA PROFILES OF HBV-ASSOCIATED
DISEASE
The consequences of HBV infection are diverse and can
be ranged from asymptomatic chronic infection to cir-
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lator of TGF-β signaling in activated HSCs, it play an
inhibitory effect in HSC-mediated fibrogenesis. Another
study suggested that liver fibrosis could cause the downregulation of miR-150 and miR-194 in HSC, and that
their over expressions could repress HSC activation.

miR-143, miR-122
miR-22, miR-99a
miR-21, miR-25
miR-375……
Up-regulated

miRNA profiling in HBV-related HCC
Chronic hepatitis B is closely relate to HCC. In recent
years, numerous studies that focused on the miRNA
profiling in HBV-related HCC identified a number of
deregulated miRNAs which are critical for the generation of HCC. Gao et al[74] isolated miRNAs from formalin fixed paraffin embedded dysplastic nodules (DNs),
small HCCs, and their corresponding nontumorous livers. They investigated the expression changes of seven
cancerrelated miRNAs, which have been reported to be
frequently deregulated in human cancers and might play
a role in liver carcinogenesis. They frequently observed
the down-regulation of miR-145 and miR-199b as well
as the up-regulation of miR-244 in premalignant DNs,
moreover these alterations persisted throughout the HCC
development. By restoring miR-145 in both HepG2 and
Hep3B HCC cells, they found that cell proliferation, cell
migration and cell invasion were significantly inhibited.
What’s more, an anti-miR-145 inhibitor could impair
these inhibitory functions of miR-145. This study suggested that miRNA deregulation was an early event and
may accumulate throughout the generation of HBV-associated HCC[74]. A study from Hou et al[70] identified miR199a/b-3p which consistently decreased in HCC, and its
decrement significantly correlates with poor survival of
HCC patients. Huang et al[63] suggested that miR-152 was
aberrantly expressed and involved in the regulation of the
abnormal DNA methylation status in HBV-related HCC.
Interestingly, one miRNA was found to be upregulated and contribute to enhancing HBV-related HCC
metastasis by repressing the expression of fibronectin[75].
Zhang et al[75] reported that the levels of miR-143 were
significantly increased in p21-HBx transgenic mice and
HCC patients with metastatic HBV-HCC. Furthermore,
they found that the over-expression of miR-143 was transcribed by NF-kB and facilitates the invasive and metastatic behavior of liver tumor cell. In an athymic nude
mouse model, they found that high levels of miR-143 administered by intratumoral administration could remarkably promote HCC metastasis. And they used p21-HBx
transgenic mice to show in vivo that local liver metastasis
and distant lung metastasis were significantly inhibited
by blocking miR-143. What’s more, fibronectin type Ⅲ
domain containing 3B was identified in vivo and in vitro as
the target of miR-143[75].

HBV infection
Cellular miRNAs

Biomarker
or therapy

Down-regulated
miR-101, miR145
miR-199b……

Figure 3 The aberrant expressed microRNAs and their potential use in
hepatitis B virus infection. Hepatitis B virus (HBV) infection can alter the
expression profiles of cellular microRNAs (miRNAs). Except the unchanged
miRNAs, up-regulated (such as miR-143, miR-122, miR-22 etc.) and downregulated miRNAs (miR-101, miR145, miR-199b etc.) are promising for detecting and treating HBV-related diseases.

of this liver disease and often play a crucial role in their
progression[68,69,71,73-75]. Therefore miRNAs can serve as the
role of biomarker in the diagnosis of HBV-related disease
(Figure 3). Studies have reported that miRNAs could be
stably detected in plasma and serum[76-78]. Chen et al[77]
demonstrated that miRNAs could be found in the plasma
and serum of humans and that their levels in serum were
stable, reproducible, and consistent among individuals of
the same species. In their study, Solexa was employed to
sequence all of the serum miRNAs of healthy Chinese
subjects and to identify specific expression patterns of
serum miRNAs for lung cancer, colorectal cancer, and
diabetes. They validated two non-small cell lung cancerspecific serum miRNAs in an independent trail using
quantitative reverse transcription polymerase chain reaction (qRT-PCR) assays. These results showed the existence of human serum miRNAs and suggested that these
miRNAs contain fingerprints for diverse diseases [77].
Hence, assaying miRNA profiles could become a novel
approach for detecting HBV-related diseases.
More powerful biomarkers are needed to compensate
for the defects of the existing diagnostic means for detecting HBV-related liver injury and HCC[69,79-83]. In blood
samples, alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) are the most widely used enzymatic indicators for liver damage[84]. But enhanced ALT
and AST activities have been detected in some other
clinical disorders[81,82]. In clinical practice, these two markers are not always consistent with histomorphological
alterations[80]. One of the reasons for the high mortality
in HBV-related HCC is that the tumors are frequently
identified after metastasis at a stage in which curative
resection is no longer feasible[69]. We rely on radiology
imaging methods such as ultrasonography, computed tomography, and magnetic resonance imaging to find a liver
mass to diagnose HCC. These methods can not diagnose
small lesions accurately[69]. The most commonly used serum HCC markers, α-fetoprotein (AFP), has insufficient
sensitivity and specificity[69,85,86].
Collectively, there is an urgent need for novel strate-

A NOVEL DIAGNOSTIC BIOMARKER OR
PROGNOSTIC PREDICTOR
The expression profiles of miRNAs in different stages of
HBV-associated diseases are always inconsistent. Moreover, a portion of miRNAs are closely related to the stage
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gies in the detection of HBV-related disease, and miRNAs could become a novel and powerful biomarker.

and qRT-PCR to validate miRNAs in serum samples.
Thirteen miRNAs were found that could accurately
distinguish not only HBV cases from healthy and HCV
individuals, but also HBV-postive HCC subjects from
healthy and HBV subjects. Additionally, in a comparison
of miRNA expression in the serum of HCC subjects and
healthy controls, six miRNAs were found to be significantly elevated in the samples from HCC. Three miRNAs
(miR-25, miR-375, and let-7f) can be used to separate
HCC cases from healthy controls. In the prediction of
HCC, miR-375 had an ROC of 0.96 (specificity: 96%;
sensitivity: 100%).
Although the outcomes of these studies are not uniform, the data have shown that miRNAs are promising
for detecting HCC or HBV-positive HCC. A number
of reports have indicated that the expression of miRNAs could anticipate the prognosis of HCC[89,91]. Using
Kaplan-Meier estimates and the log-rank test, Li et al[91]
showed that high expression of has-miR-125b was related to good survival and a subsequent transfection assay showed that forced expression of miR-125b in the
HCC cell line could perceptibly repress the cell growth
and phosphorylation of Akt. Budhu et al[89] created a
unique 20-miRNA metastasis signature that could significantly predict HCC tissues with venous metastases
from metastasis-free solitary tumors with a 10-fold crossvalidation. In the corresponding noncancerous liver
tissues they could not identify significant miRNAs. A
survival risk prediction analysis revealed that the majority
of metastasis-related miRNAs were related to survival.
Their additional validation experiments revealed that the
20-miRNA tumor signature could serve as a survival and
relapse predictor of HCC[89].
Although miRNAs have significant potential, a number of problems remain. Too many miRNAs have been
identified to be practically applied for routine clinical use,
and the accuracy of the miRNA signatures has not been
adequately evaluated[95]. These factors may result in inaccuracy or incorrect diagnosis and prediction outcomes.

miRNAs can be used to detect liver injury and HBV
infection
Several recent reports suggested that miRNAs could
be used as an indicator of liver injury and HBV infection[49,67,84,87]. Zhang et al[84] selected and validated miRNA
biomarkers using an extensive set of plasma samples
from patients with HBV infection, patients with skeletal,
and healthy controls. Combining these experimental
results with their further investigation in liver injury
mouse models, these authors reported that the plasma
miR-122 concentration presented a disease severitydependent change in the patients and mouse models that
earlier than the alteration in aminotransferase activity.
Their findings suggested that miR-122 had potential as a
blood marker for liver injury including HBV associated
injury[84]. Waidmann et al[67] investigated the relationship
between miR-122 and HBV infection, suggested that the
serum levels of miR-122 can discriminate between HBV
infected patients and healthy controls. Ji et al[49] found that
the numbers of circulating miRNAs increased with the
symptom severity of HBV infected patients and that the
expression of miR-122 was significantly up-regulated in
these patients.
miRNAs other than miR-122 had been reported to
get the ability of indicating HBV infection. Hayes et al[87]
found a number of disease-specific serum miRNAs of
HBV infection, including miR-122, miR-22, and miR-99a
which were up-regulated at least 1.5-fold in the serum of
HBV-infected patients.
miRNAs may become the diagnostic and prognostic
marker of HBV-positive HCC or HCC
Early diagnosis of HCC plays a vital role in reducing
mortality, but the existing strategies are not effective. A
number of miRNAs had been found to have the potential to become the diagnostic and prognostic markers of
HCC[69,88-94].
Tomimaru et al[69] measured the plasma miR-21 levels
of different subjects including HCC patients and chronic
hepatitis patients. In their study, plasma miR-21 was significantly reduced after a curative resection in HCC, and
the level in the HCC subjects was significantly higher
than the levels in the patients with chronic hepatitis and
healthy controls. These authors found that miR-21 could
differentiate HCC from healthy controls with high sensitivity and specificity. In theory, miR-21 was superior to
AFP in the diagnosis of HCC. In a study with several
phases, Qi et al[93] found that the serum miR-122 level was
significantly higher in HCC patients compared to healthy
controls and post-operative subjects. Their findings indicate that miR-122 might serve as a novel biomarker
for the detection of HCC in healthy subjects but is not
useful for the detection of HCC in patients with chronic
HBV infections[93].
Li et al [92], employed Solexa sequencing to screen
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EMPLOYING MIRNAS OR ANTAGOMIR IN
HBV THERAPEUTIC
The closely relationship between miRNAs and HBVrelated diseases offers an opportunity to use miRNAs
or antagomir in the treatment of these diseases (Figure
3). The feasibility of this method has been demonstrated[96-99]. Grimm et al[100] showed that anti-HBV shRNAs
might cause serious toxicity in vivo. Although a miRNAbased strategy is promising, its therapeutic application
must be dependent on rigorously demonstrated safety, efficient delivery to target tissues and optimization shRNAs
dosing and sequencing[100,101]. To obtain an optimal solution for a miRNA-based strategy, Keck et al[102] produced
improved HBV RNAi triggers, Ely et al[103] designed primiRNA expression cassettes and linear DNA sequences
that expressed antiviral micro-RNA shuttles [104], and
Xiangji et al[105] developed a lentiviral miRNA-based sys-
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tem. Improved miRNA-based therapeutic methods could
successfully inhibit HBV replication or expression. A
promising miRNA-based HBV therapy method has not
been well established but could be designed successfully
in the future.

9

CONCLUSION

10

In this review, we limited our focus to the role of miRNAs in host-virus interactions, especially in host-HBV interactions. HBV infection is a global issue, but the pathogenesises and therapies of HBV-related diseases are not
well defined. In the years since miRNA was discovered in
C. elegans and subsequent studies revealed that miRNA are
involved in many physiological and pathological processes
in humans, scientists have observed that miRNAs played
a key role in viral diseases and could serve a guardian or
aggressor role. Regarding to HBV infection, cellular miRNAs were found to influence HBV translation and replication and HBV was found to change expression profiles
of cellular miRNA. This finding led to the possibilities of
miRNAs serving as biomarkers and of miRNAs or antagomirs serving as therapeutic tools in HBV-related diseases (Figure 3). Studies have indicated that the blood or
tissue samples from the different stages of HBV-related
disease presented distinctive miRNA expression patterns
and that miRNA-based therapy is feasible.
Although many experimental studies have confirmed
the capacity of miRNAs or antagomirs to detect or treat
HBV-related diseases, adequate evaluation of their accuracy, efficacy, and cost-effectiveness is required. Further research into the relationship between miRNAs and
chronic HBV infection may increase the understanding
of hepatitis B virus infection and miRNAs could become
accurate biomarkers and powerful therapy tools.
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Core tip: Conventional genotyping studies have shown
that human leukocyte antigen (HLA ) typing was one
of the most important host factors with respect to outcomes of hepatitis B and C virus infections. However,
the specific HLA locus associated with the outcomes
remains unclear. Recently a genome-wide association
study for human genotyping demonstrated single nucleotide polymorphisms associated with the outcomes
of hepatitis virus infection. Now it has been confirmed
that several single nucleotide polymorphisms in both
HLA-DP loci were associated with persistent hepatitis B
virus infection in Asian populations.

Abstract
Several factors influence the clinical course of hepatitis
B virus (HBV) and hepatitis C virus (HCV) infection.
The human leukocyte antigen (HLA) system, the major
histocompatibility complex (MHC) in humans, has been
considered one of the most important host factors with
respect to outcomes. To date, conventional genotyping
studies have shown that HLA class Ⅱ loci are mainly
associated with spontaneous clearance of HBV and
HCV. However, the specific HLA locus associated with
the outcomes of hepatitis virus infection remains unclear. A recent genome-wide association study (GWAS)
using a comprehensive approach for human genotyping demonstrated single nucleotide polymorphisms
(SNPs) associated with the outcomes of hepatitis virus
infection. Examination of large numbers of cohorts revealed that several SNPs in both HLA-DPA1 and HLADPB1 loci are associated with persistent HBV infection
in Asian populations. To date, however, few studies
have focused on HLA-DP because polymorphisms of
HLA-DP haplotype do not vary greatly as compared
with other loci of HLA . There are not enough studies to
reveal the function of HLA-DP . GWAS additionally detected candidate SNPs within HLA loci associated with
chronic HBV or HCV hepatitis, hepatic fibrosis, and the
development of hepatocellular carcinoma. The results
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INTRODUCTION
The human leukocyte antigen (HLA) system, the major
histocompatibility complex (MHC) in humans, has long
been considered the most important region in the human
genome with respect to infection, inflammation, autoimmunity, and transplantation medicine[1,2]. In humans,
HLA complex consists of more than 200 genes located
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HLA-DR*07 were associated with an increased risk of
persistent HBV infection in 19 individual case-control
studies including 9 Han Chinese cohorts, 3 Korean cohorts, 2 Iranian cohorts, and 1 cohort each of Caucasian,
Gambian, Taiwanese, Thai, and Turkish subjects[17]. In
contrast, HLA-DR*04 and HLA-DR*13 were associated
with clearance of HBV infection. In Chinese Han populations, HLA-DR*01 was associated with clearance of
HBV infection, while in other ethnic groups there was no
association between HLA-DR*01 and HBV infection.
As for HCV infection, a study performed in patients
from the United Kingdom and the United States reported that the inhibitory NK cell receptor KIR2DL3
and HLA-C1 ligand, HLA class Ⅰ interact directly to
promote spontaneous viral clearance[18]. In global populations, HLA class Ⅱ, especially several alleles in HLADRB1, has been linked to persistent HCV infection[19,20].
Interestingly, Spanish and American groups reported an
association between MICA genotypes in HLA class Ⅲ
and clearance of HCV[21,22].

close together on chromosome 6. Genes in this complex
are categorized into three basic groups: class Ⅰ (HLA-A,
-B, and -C), class Ⅱ (HLA-DR, -DQ, and -DP), and class
III (some genes involved in inflammation and other
immune-system activities). Interactions among HLA-restricted T lymphocytes, B lymphocytes, natural killer (NK)
cells, and cytokines influence immune response to viral
infection. HLA class Ⅰ and Ⅱ molecules are expressed
as cell surface antigens that bind to peptide epitopes on
CD8+ T cells and CD4+ T cells, respectively. Effective
presentation of viral antigens by the HLA system induces
good immune response.
It is well known that some patients infected with hepatitis B virus (HBV) or hepatitis C virus (HCV) spontaneously recover and can escape from persistent infection[3-5].
Progression of liver diseases by chronic viral infection
also differs among patients. In addition, the response to
HBV vaccination is different in each person. To identify
immune systems against invaders in individual patients,
HLA haplotypes related to persistent viral infection or
providing protection against such infection have been examined. Singh et al[6] reported a detailed review about associations of HLA types with HBV and HCV infections
among global populations. They speculated that there
was a limited chance of detecting globally common HLA
types related to outcomes or disease progression associated with hepatitis viral infection because HLA loci are
diverse owing to racial admixture, environmental and selection pressure, and inherent polymorphic nature, leading to allelic variations among different ethnic groups.
Recent genome-wide association studies (GWAS)
have demonstrated single nucleotide polymorphisms
(SNPs) associated with the outcomes of hepatitis virus infection[7-14]. Imputation-based association analysis
showed that some of the SNPs are located near HLA
loci in chromosome 6p21[7,8,15]. Conventional genotyping
and GWAS are different approaches for analysis. Conventional genotyping examines selected targeted genes,
while GWAS can comprehensively examine hundreds of
thousands of SNPs[16]. Although both approaches have
suggested that HLA loci play important roles in the outcomes of viral hepatitis, the precise regions of HLA loci
detected by each approach differed. In the present review, we summarize and compare the latest data obtained
by GWAS with previous data obtained by conventional
HLA typing.

Association between hepatitis
viral infection and SNPs in HLA
locus identified by GWAS
A recent GWAS discovered many SNP candidates associated with common diseases[16]. In research on viral hepatitis, several SNPs associated with outcomes, including
the HLA coding region of chromosome 6p21.3, were
detected by GWAS.
HBV infection
Kamatani et al[7] reported the results of a case-control association study of HBV infection in 2009. They showed
that rs3077 SNP near HLA-DPA1 gene and rs9277535
SNP near HLA-DPB1 were associated with persistent
HBV infection in Japanese cohorts. In addition, HLA
haplotype analysis showed that HLA-DPA1*0202DPB1*0501 and HLA-DPA1*0202-DPB1*0301 were
risk types for persistent HBV infection, and HLADPA1*0103-DPB1*0402 and HLA-DPA1*0103DPB1*0401 were protective types for HBV infection. The
same group performed a second GWAS analysis involving a larger number of cohorts[8]. The study validated that
rs3077 SNP near HLA-DPA1 gene and rs9277535 SNP
near HLA-DPB1 were strongly associated with persistent
HBV infection. Other SNPs, rs2856718 and rs7453920
within the HLA-DQ locus, were also associated with persistent HBV infection. Moreover, HLA haplotype analysis
indicated that HLA-DQA1*0102-DQB1*0303 and HLADQA1*0301-DQB1*0601 were risk types for persistent
HBV infection, while HLA-DQA1*0102-DQB1*0604
and HLA-DQA1*0101-DQB1*0501 were protective
types for HBV infection. GWAS of Han Chinese populations also showed that the HLA-DPA1 and HLA-DPB1
genes were related to persistent HBV infection. The first
study from China indicated that 4 SNPs related to HLA-

Association between hepatitis
viral infection and HLA alleles
identified by genotyping
Singh et al[6] suggested that an association of HLA DR*13
alleles in HLA Class Ⅱ was protective in both HBV and
HCV infections in several populations. HLA DRB1*11
and HLA DQB1*0301 were protective in HCV infection,
but were associated with persistent HBV infection.
A recent meta-analysis showed that HLA-DR*03 and
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Table 1 Single nucleotide polymorphisms within human leukocyte antigen loci associated with outcomes of hepatitis B virus
infection
Ethnic group
Japanese

Outcome

HLA locus

SNP

Odds

95%CI

Chronic infection

HLA-DPA1
HLA-DPB1

rs3077
rs9277535

0.56
0.57

0.51-0.61
0.52-0.62

HLA haplotype

Chronic infection

HLA-DQ

rs2856718
rs7453920

1.43
1.66

Chronic infection

Indonesian

Vaccine response

Chinese

HCC

1.45
2.31
0.52
0.57

1.33-1.54
1.49-1.85

[8]
DQA1*0102-DQB1*0303
DQA1*0301-DQB1*0601
DQA1*0102-DQB1*0604
DQA1*0101-DQB1*0501

Chinese

Ref.
[7]

DPA1*0202-DPB1*0501
DPA1*0202-DPB1*0301
DPA1*0103-DPB1*0402
DPA1*0103-DPB1*0401
Japanese

Odds

19.3
5.02
0.16
0.39

HLA-DPA1
HLA-DPA1
HLA-DPA1
HLA-DPA1
HLA-DPB1
HLA-DPB1
HLA-DPB1
HLA-DPB1
HLA-DPB1
HLA-DPB1
HLA-DPB1
HLA-DR
HLA-DPB1
HLA-Ⅲ

rs2395309
rs3077
rs2301220
rs9277341
rs3135021
rs9277535
rs10484569
rs3128917
rs2281388
rs3117222
rs9380343
rs3135363
rs9277535
rs9267665

0.71
0.64
0.67
1.77
0.78
0.56
1.60
1.91
1.66
0.51
0.61
1.59
0.82
2.13

0.59-0.86
0.53-0.78
0.56-0.81
1.39-2.25
0.64-0.94
0.47-0.68
1.33-1.93
1.59-2.30
1.38-2.01
0.42-0.61
0.50-0.73
1.45-1.73
0.71-0.96
1.82-2.49

[9]

HLA-DQA1/DRB1
GRIK1*

rs9272105
rs455804

1.28
0.84

1.22-1.35
0.80-0.89

[11]

[10]

Japanese, Korean

Chronic infection

HLA-DPA1
HLA-DPB1

rs3077
rs9277542

0.46
0.50

0.39-0.54
0.43-0.60

[12]

Chinese

Chronic infection

HLA-DPB1
HLA-DPA1
HLA-DQ
HLA-DQ
HLA-DQ
HLA-DPA1

rs9277535
rs3077
rs7453920
rs2856718
rs2856718
rs3077

0.60
0.81
0.60
0.75
0.70
0.78

0.51-0.70
0.75-0.95
0.49-0.73
0.64-0.89
0.59-0.83
0.67-0.92

[13]

HLA-DQ
STAT4*

rs9275319
rs7574865

1.51

1.38-1.66

[14]

HCC

Chinese

HCC

HLA: Human leukocyte antigen; SNP: Single nucleotide polymorphism; HCC: Hepatocellular carcinoma.

DPA1 gene, including rs3077, and 7 SNPs related to
HLA-DPB1, including rs9277535, were associated with
chronic HBV infection[9]. Another study showed that
rs7453920 and rs2856718 SNPs near HLA-DQ were associated with persistent HBV infection in addition to the
rs3077 and rs9277535 SNPs[10] (Table 1).
A recent report from another Japanese group showed
that rs3077 SNP near HLA-DPA1 gene and rs9277542
SNP near HLA-DPB1 gene were associated with persistent HBV infection[12]. Studies using genotyping methods validated that the rs3077 and rs2395309 SNPs near
HLA-DPA1 gene and the rs9277542 SNP near HLADPB1 were associated with HBV infection in Han Chinese populations[23-25].
GWAS revealed three independent variants within
the HLA complex that were related to a poor response

WCG|www.wjgnet.com

to HB vaccine in the Indonesian population. Specifically,
rs3135363 SNP near HLA-DR, rs9277542 SNP near
HLA-DPB1, and rs9267665 in HLA class Ⅲ were associated with antibody titers after HB vaccination[10].
A comparison between cohorts with and without
hepatocellular carcinoma (HCC) showed that rs9272105
SNP near HLA-DQA1/DRB1 and rs455804 SNP near
GRIK1 were significantly associated with HCC development in Chinese patients with HBV[11]. There was a partial association of the genotype of rs9272105 to HLADRB1*0405 and *0901. Another study showed that
rs2856718 SNP at HLA-DQ and rs3077 SNP at HLADPA1 had a protective effect against HCC progression
as compared with the dominant SNP of rs2856718 in
Han Chinese populations[13]. In 2013, it was reported that
rs9275319 at HLA-DQ and rs7574865 at STAT4 were
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Table 2 Single nucleotide polymorphisms within human leukocyte antigen loci associated with outcomes of hepatitis C virus
infection
Ethnic group

Outcome

No. of cohorts

HLA locus

SNP

Odds

95%CI

Japanese
Japanese

HCC
Cirrhosis

721 HCC vs 2890 HCV-negative controls
682 cirrhosis vs 1045 Chronic hepatitis

MICA
C6orf10
No gene

rs2596542
rs910049
rs3135363

1.34
1.73
1.58

1.16-1.53
1.40-2.15
1.32-1.90

Haplotype

Odds

Ref.
[30]
[31]

DQA1*0601
DPB1*0405

2.80
1.45

SNP: Single nucleotide polymorphism; HCC: Hepatocellular carcinoma; HLA: Human leukocyte antigen; HCV: Hepatitis C virus.

identified SNPs and thereby assess the relations of such
genotypes to phenotypes[32,33]. Owing to this method, the
relations between SNPs and HLA haplotypes associated
with the outcomes of HBV or HCV infection are becoming clearer.
In HBV infection, conventional genotyping showed
that HLA class Ⅱ, DR and DQ haplotypes were the
most important regions of host genetic factors for outcomes. However, GWAS showed that rs3077 SNP near
HLA-DPA1 gene and rs9277535 SNP near HLA-DPB1
gene were associated with persistent HBV infection in
Asian populations[7,9,12,13]. HLA-DPA1 and DPB1 have
also been associated with responsiveness to HB vaccination[10,34,35]. To date, however, few studies have focused
on HLA-DP because polymorphisms of HLA-DP haplotype do not vary greatly as compared with other loci
of HLA[36]. The structures of HLA-DP and HLA-DP
molecules are similar to those of other HLA class Ⅱ
molecules. Therefore, similar to the functions of other
HLA class Ⅱ molecules, HLA-DP and HLA-DP molecules might affect the ability of HLA class Ⅱ molecules
to present antigens to CD4-positive helper T cells and result in immune response to HBV. Recently, HLA-DPA1
and HLA-DPB1 mRNA expressions in normal liver
were respectively associated with SNP types rs3077 and
rs9277535 in European populations. The mRNA expressions of HLA-DPA1 and HLA-DPB1 were low in genotypes rs3077-G and 9277535-G, which were associated
with a high risk of persistent HBV infection[37]. However,
another study in European- and African-Americans
showed that rs9277534 of the HLA-DPB1 allele (496-A/
G) was a novel variant associated with persistent HBV
infection[38]. In contrast to the former study, the 496-GG
genotype was associated with both higher mRNA expression of HLA-DP and persistent HBV infection.
Inconsistent results have been obtained for the association between HLA alleles and HCC in patients
with HBV infection. In Han Chinese populations, several SNPs in HLA class Ⅱ have been associated with
progression of HCC. However, no common SNP was
confirmed by independent researchers. In addition, SNPs
in chromosomes 1p36.22, 2q32.2, and 21q21.3, were also
associated with HBV-related HCC[39]. Further examinations are definitely required to elucidate the role of HLA
loci on the progression of HCC in patients with HBV.
GWAS indicated that HLA loci are related to important host factors involved in several aspects of HCV

independently associated with the risk of HCC in Han
Chinese populations[14]. There was a moderate association
between the genotype of rs9275319 SNPs with HLADQB1*0401 and HLA-DQA1*0303. On the other hand,
there was no significant association between HCC development by HBV infection and HLA alleles in Korean or
Japanese populations[26]. It thus remains unclear whether
specific HLA loci play important roles in hepatocarcinogenesis in patients with HBV.
HCV infection
It is globally recognized that interleukin-28B (IL-28B)
gene polymorphisms originally detected by GWAS are
associated with spontaneous clearance of HCV, as well
as with the response to combination therapy with pegylated interferon and ribavirin in patients with HCV[27,28].
However, this SNP is not located in HLA loci. A recent
study identified rs4273729 SNP near HLA DQB1*0301
as a candidate allele for spontaneous clearance of HCV
in populations with European and African ancestry[29].
HLA DQB1*0301 and IL28B are independently associated with spontaneous resolution of HCV infection.
Comparisons between cohorts with and without HCC
showed that rs2596542 SNP at the 5’ flanking region of
MICA in HLA class Ⅲ was significantly associated with
HCC development in Japanese patients with HCV[30]. Soluble MICA levels in serum were significantly lower in AA
genotype of rs2596542 and were associated with a high
risk of HCC progression. The same group identified 2
SNPs in the MHC region that were associated with progression from chronic hepatitis to cirrhosis. These SNPs
were located at rs910049 and rs3135363 on chromosome
6p21.3[31]. Imputation-based association analysis showed
that HLA-DQA1*0601 and HLA-DPB1*0405 were associated with progression of cirrhosis (Table 2).

FUTURE DIRECTIONS
Ongoing association studies are evaluating the effects
of genetic variations on the outcomes of hepatitis virus
infection in large groups of patients. However, most
SNPs identified by association studies did not link to
phenotype, and many other SNPs remained untyped.
Imputation-based association analysis exploits information on patterns of multi-marker correlation (“linkage
disequilibrium”) from publically available databases to
estimate (“impute”) patient genotypes associated with

WCG|www.wjgnet.com

2409

January 28, 2014|First Edition|

Tamori A et al . HLA in HBV and HCV infections

infection. First, HLA DQB1*0301 was reported to be
independently associated with spontaneous clearance of
HCV infection. Previous HLA haplotype analysis showed
that HLA DQB1*0301 was associated with HCV clearance in French females, African-Americans, and Italian
populations[40-42]. Thus, GWAS confirmed the results of
previous results. However, the mechanism by which such
alleles affect HCV clearance remains undetermined.
In the Japanese population, rs4273729 SNP near
HLA DQB1*0301 and MICA SNP in - HLA class Ⅲ
were respectively associated with progression of hepatitis
to cirrhosis[31] and HCC[30] in patients with HCV. This
is attractive information for the prediction of clinical
course, but several issues remain to be defined. First,
HCC most frequently develops in cirrhotic patients infected with HCV. It is not known why different SNPs are
identified in continuous pathological conditions such as
HCC and hepatic cirrhosis in patients with HCV. Next,
an intronic SNP in the DEPDC-5 gene, without an HLA
locus, was also associated with HCC development in the
Japanese population[43]. In European populations, several
SNPs without HLA loci were associated with the progression of hepatic fibrosis[44]. The progression of chronic hepatitis C has been confirmed to depend on multiple
factors, including age, gender, infection period, obesity,
alcohol intake, and treatment[45]. It is suspected that the
effects of HLA loci on fibrosis progression or the development of HCC (or both) differ in the each population
studied.
In conclusion, genome association analysis of large
numbers of cohorts indicated that HLA loci are one
of the most important host determinants of the clinical
characteristics of HBV and HCV infections, acting in
conjunction with factors such as viral load, viral genotype, age, alcohol intake, and hepatic fibrosis. However,
it is necessary to validate reported SNPs on HLA loci in
global populations and to elucidate HLA-allele-regulated
molecular responses to hepatitis virus infection.
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Core tip: Molecular, clinical, geographical and ethnicity
evidence are characteristics that define any hepatitis B virus (HBV) genotype. All of these features are
there for HBV genotype H, which is most predominant
in Mexico, but not in Central America. Likewise, HBV
genotype G has unique molecular characteristics and
a similar route of transmission among those infected
with this viral genotype, but it lacks a geographic
origin. To date, despite the high prevalence of HBV
genotype G cases from the Americas, especially among
Mexicans, the limited number of complete sequences
hinders further investigation to establish a hypothesis
of an Amerindian origin.

Abstract
Hepatitis B virus (HBV) genotypes have distinct genetic
and geographic diversity and may be associated with
specific clinical characteristics, progression, severity
of disease and antiviral response. Herein, we provide an updated overview of the endemicity of HBV
genotypes H and G in Mexico. HBV genotype H is predominant among the Mexican population, but not in
Central America. Its geographic distribution is related
to a typical endemicity among the Mexicans which is
characterized by a low hepatitis B surface antigen seroprevalence, apparently due to a rapid resolution of
the infection, low viral loads and a high prevalence of
occult B infection. During chronic infections, genotype
H is detected in mixtures with other HBV genotypes
and associated with other co-morbidities, such as
obesity, alcoholism and co-infection with hepatitis C
virus or human immunodeficiency virus. Hepatocellular
carcinoma prevalence is low. Thus, antiviral therapy
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INTRODUCTION
Definition of hepatitis B virus genotypes and their
association with human liver disease
Hepatitis B virus (HBV) and humans share a close re-
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lationship through the process of evolution and migration[1,2]. Numerous studies have demonstrated that most
HBV genotypes are associated with a host population
and geographical area of the world, while others tend to
have a worldwide distribution, or still remain unknown[3,4].
In 1988, Okamoto et al[3] proposed the first genetic
classification for HBV strains, defining a genotype as a
viral sequence with an intertypic nucleotide divergence of
more than 8% based on the entire genome. Later, a 4.2%
nucleotide divergence using the S gene sequence was
proposed by Norder et al[5]. Throughout their discovery,
each new genotype was defined by the same criterion and
designated with letters in an alphabetical order, from A
to J. However, given the wide diversity of HBV genomes
worldwide, several authors have proposed over the years
that precise criteria be fulfilled in order to identify and
describe a specific genotype/subgenotype[6-9]. Recently,
Kurbanov et al[10] have endorsed and updated these recommendations which, in summary, are the following: use
of whole genome sequences, divergence of ≥ 7.5% (>
4% to < 7.5% in the case of a subgenotype), strong independent clustering on molecular evolutionary analysis,
avoidance of recombinants, as well as substantial epidemiological, virological and clinical evidence.
Regarding these latter points, in 2002, Chu et al[11]
raised key questions about the association of HBV genotypes with clinical practice: (1) “What is the predominant
HBV genotype in each country or geographic region?” (2)
“Is the geographic distribution of HBV genotypes related to the endemicity of HBV infection?” (3) “Is there a
correlation between HBV genotype and HBV replication
activity of liver disease, clinical outcome and treatment
response?” and (4) “Is there a correlation between HBV
genotype and risk of progression to chronic infection?”
Accordingly, the geographic distribution of HBV
genotypes in regard to their regional host population and
endemicity has been widely considered. In general, HBV
genotypes B and C are associated with the populations of
the Asian countries[3] while genotypes A and D are prevalent among European countries and the United States[3];
genotypes E and F are confined to countries of the African continent[12] and the Americas[12] (Central and South
America), respectively. HBV genotype G (HBV/G) was
originally reported in France[13] but has a global distribution, and HBV genotype H (HBV/H) was first revealed in
Central America[14]. HBV genotypes I and J have been reported in dispersed regions of Asia and Japan, respectively[15,16]. Likewise, the genetic diversity, disease progression
and response to antiviral therapy[17-20] of the European and
Asian genotypes (A-D)[21-23] have received greater attention
than those that are typically prevalent in the western hemisphere (E-H)[24-27], while evidence about genotypes I and J
is insufficient to respond to such arguments[10,28].

of investigations carried out in the 1990s by many different laboratories worldwide. HBV/G was first described
as an HBV variant[29,30] and formally reported by Stuyver
et al[13] in 2000. In our laboratory, HBV/G was detected
in 2000, but not reported until 2002 by Sánchez et al[31].
Further on, research studies focused on the development
of molecular diagnostic methods[32] and the relationship
between clinical and virological characteristics in comparison with the other known genotypes[26,33]. However, unlike the rest of them, the geographic origin of HBV/G is
still unknown[34].
As for HBV/H, Dr. Norder from Sweden and two
other laboratories, Dr. Misokami from Japan and Dr.
Panduro in Mexico, were studying the genetic variability
of HBV that resulted in the identification of HBV/H in
the last decade of the preceding century. However, the
first HBV/H strains from Mexico were classified as HVB
genotype F (HBV/F) by Sánchez et al[31] since complete
sequences of genotype H were not available for comparison. Later, after discussing our findings with Dr. Norder
in Mexico, two strains from Nicaragua and one from the
United States were made known as the new genotype
H[14]. Since then, HBV/H has often been referred to as
from Central America, because of the two original Nicaraguan strains. Further discussion regarding the validity
of genotype H was provided by Kato et al[35], given that
seven HBV isolates (doubtfully H) differed from a number of selected HBV/F strains by a genetic divergence of
7.3%-9.5%, thus proposing a new subtype (F2) of HBV/F.
Overall, in the last ten years, the knowledge on HBV/
H regarding the relationship between virological-clinical
characteristics and its geographical and host population
prevalence has increased significantly, allowing us to have
a better understanding of HBV-infected patients. Herein,
we provide an updated overview of such evidence concerning the endemicity of HBV infection based on genotypes H and G in Mexico.

HBV GENOTYPE H
Molecular characteristics of HBV genotype H
In the study by Arauz-Ruiz et al[14], the three original
samples (1853Nic, 2928Nic, LAS2523) designated as
HBV/H diverged from selected genotype F strains by
7.2%-10.2%. In the polymerase region, the three strains
had 16 unique conserved amino acid residues not present
in genotype F strains. Additionally, HBV/H also differs
from them by two distinct substitutions in the surface antigen protein, at Val44 and Pro45, as well as at Ile57, Thr140,
Phe158 and Ala224[4]. Furthermore, by “TreeOrder Scan”
analysis, genotype H strains show evidence of recombination with genotype F within the small S gene (nucleotide
350-500)[1].
As mentioned before, the limited number of sequences available at that time made it difficult to distinguish
HBV/H as an independent genotype, due to its close
phylogenetic relatedness with HBV/F[14,35]. Nevertheless,
the amount of HBV/H sequences reported in GenBank

Milestones in the discovery of HBV genotypes G and H
worldwide and in Mexico
HBV/G and HBV/H were revealed almost at the same
time. Both discoveries represent the culminating results
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Clinical presentation of HBV/H infected patients
HBV/H infected patients usually are asymptomatic
without clinical or laboratory manifestations of liver disease[38,43]; thus, the existence of liver damage is modest or
undetectable, whereas occult B infection (OBI) is a common manifestation[38,45]. This situation may be attributed
to a rapid resolution of the disease, associated with the
genetic characteristics of either the virus or the host[46].
HBV/H is often detected in patients with acute
liver damage. This clinical symptom is observed in male
patients, such as men who have sex with men, mainly
during the acute phase, and then with viral clearance or
OBI after acute infection and flares during immunosuppressive conditions[46]. In chronic patients, HBV/H is
predominant also; however, OBI is common so that the
association of the HBV/H with the progression and
severity of liver disease is masked by the presence of
other co-morbidities, such as alcoholism, obesity and
co-infection with hepatitis C virus (HCV) or human immunodeficiency virus (HIV)[36]. HBV/H-infected patients
tend to have low viral loads, usually < 4000 UI/L, that
are easily detected as they increase, up to 100000 UI/L or
above when patients are infected with mixtures of HBV
genotypes[36].
Lastly, the low prevalence of HBV infection among
the Mexican population is associated with a low prevalence of hepatocellular carcinoma (HCC) from 1953 to
date[47-49]. This is contrary to what occurs in the Asian
countries, where acute and chronic HBV infection with
genotypes B and C and HCC are highly prevalent. Thus,
the predominance of HBV/H among the Mexican population is associated with low endemicity, low viral load,
minimum cases of acute and chronic liver diseases due to
HBV infection and a low prevalence of HCC.
This matter raises a word of caution regarding the
strategy for antiviral therapy in Mexico since the main
cause of liver disease may be attributed to co-morbidities,
such as HCV or HIV infection, alcoholism or obesity,
but not to HBV infection exclusively. Therefore, antiviral
therapy for HBV/H-infected patients should be given
with precaution until the usefulness of the conventional
antivirals is fully demonstrated for this genotype, considering that the international guidelines for the treatment of
chronic B infection have been designed for populations
of other geographic regions that have different HBV
genotypes, endemicity and progression of liver disease.

has increased; hence pair-wise analysis of complete sequences of HBV/F compared against the latest Mexican
HBV/H strains result in a genetic distance of at least 0.08
(data not shown). Thus, the initial differences reported by
the authors could have been related to the fact that the
earlier isolates came from subjects with residence outside
of Mexico[14,35].
Additionally, the estimated maximum likelihood phylogeny of HBV/H and HBV/F genomes exhibits a distinct genetic divergence from a common ancestor while
HBV/H sequences tend to cluster into multiple and
nested clades[36]. Further phylogeographic studies based
on coalescent models are necessary to provide fresh information regarding these evolutionary characteristics,
and integrate them to the timeline of migrations of the
prehispanic people from ancient Mexico towards South
America.
Molecular epidemiology of HBV genotype H in Mexico
During the last 10 years, the geographic origin of HBV/
H was referred to as from Central America. Today, it is
clearly evident that most HBV/H sequences deposited in
GenBank are from Mexico, while those isolated worldwide come from individuals reporting sexual relationships
with people from the Americas, and no further H strains
have been reported from Central America[36].
Epidemiological studies using only hepatitis B surface
antigen (HBsAg) determinations have shown a steady
prevalence rate of 0.3% since 1976 to date, ranking Mexico as a region of low endemicity[37]. However, by anti-HBc
marker and molecular diagnosis of HBV genomes, high
endemic areas of HBV infection have been detected in
the native population[37-39], similar to the indigenous populations of the Central and South American countries[40].
It has been estimated that nearly 15 million Mexican
adults have been infected by HBV during their lifetime,
since the anti-HBc prevalence increases with age[41,42]. Additionally, estimates suggest that at least another 5 million
native people could be at risk of acquiring infection[41].
HBV/H infection is acquired primarily during adulthood
by horizontal transmission, through sexual relationships
and contact with contaminated body fluids, which could
explain why the majority of infected patients do not develop chronic liver disease[41].
HBV/H is the predominant genotype in asymptomatic infected patients living in high endemic areas[36,38],
as well as in patients with acute and chronic liver disease[43,44]. Indeed, HBV/H is prevalent in more than 90%
of the cases, followed by HBV/A, HBV/D and HBV/G,
whereas other known HBV genotypes are rare[36]. Furthermore, the predominance of HBV/H in Mexico is
historically related to the migrations of the prehispanic
people, the settlement of the Aztecs in Mesoamerica before the Spanish conquest and the successive admixture
of the population; hence, it is the predominant genotype
detected in both Mexican native (Amerindian) and mestizo populations[36,38].

WCG|www.wjgnet.com

HBV GENOTYPE G
Molecular characteristics of HBV genotype G
The HBV/G genome has some unique characteristics. It
contains a 36-nt/12 amino acid insertion with pleiotropic
effects on core protein expression, genome replication
and virion secretion, not found in any other HBV genotype[50]. It also has two stop codons in the preC region at
position 2 and 28, which prohibits the translation of the
hepatitis B e antigen (HBeAg)-precursor; thus, patients
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Canada
13 (16.25%)

San Francisco
13 (16.25%)
Mexico
11 (13.75%)

Europe
19 (23.75%)
Atlanta
11 (13.75%)

Japan
1 (1.25%)
Thailand
1 (1.25%)

Colombia
4 (5%)
Brazil
7 (8.75%)

19 (23.75%)
2 (2.5%)
59 (73.75%)

Figure 1 Geographic distribution of the worldwide epidemiology of the hepatitis B virus genotype G isolates. Fifty-nine genome sequences out of a total of
80 have been reported from the Americas (73.75%), whereas 23.75% are from Europe and 2.5% from Asia. The high prevalence of hepatitis B virus genotype G in
America may be related to a common source of infection and transmission route.

lesser degree from Europe[30,50,56,62-65] (23.75%) and other
regions of the world (2.5%)[66-68] (Figure 1).
As mentioned before, the geographic origin of HBV/
G is still unknown, due to its low global prevalence combined with the lack of epidemiological and clinical data.
The genomic characteristics of this genotype are puzzling. On one hand, HBV/G complete sequences share
such a close similarity that a specific molecular epidemiological route of transmission among the international cases or a simple evolutionary history cannot be elaborated.
On the other hand, the similarity of certain regions of
the HBV/G genome with genotypes A[1] and E[34] suggest
co-evolutionary processes among themselves[10]. These
features have created considerable difficulties to pinpoint
a distinct geographic origin for HBV/G.
A hypothesis on a plausible African geographic origin
of HBV/G was proposed by Lindh[34] in 2005, based
on its similarity with HBV/E which is prevalent in Africa and that the worldwide spread of HIV infection
from Africa may have been the cause of the dispersion
of HBV/G. Unfortunately, HBV/G African sequences
have not been deposited in GenBank nor have G/E
recombinants been associated with a host population to
date. Furthermore, based on the low genetic diversity of
HBV/E (1.67%) and its short evolutionary history[69], it
has been suggested that it was introduced into the African population after the Atlantic slave trade[69-71]. This is
consistent with the fact that HBV/E is virtually absent
in the Americas, despite the significant number of African slaves introduced into the United States and Latin
America (including Mexico), both regions having a high
presence of black population, the former of Afro origin
and the latter mixed descendents of a large black popula-

who are mono-infected with HBV/G are negative for
HBeAg[51]. Other molecular characteristics include two
deletions, one at the carboxyl terminal region of HBcAg
and another in the preS1 region[51].
At the nucleotide level, the majority of the complete
genome sequences of HBV/G strains share a remarkable
sequence conservation of more than 99%[52]. Furthermore, there is a high nucleotide similarity within the S
gene sequence (94.6%-97.5%), considered as evidence of
recombination with genotype A (HBV/A) in the small S
fragment (nucleotide 250-350)[1] and a 30 base pair fragment in the preS region that is almost identical to genotype E[34].
Molecular epidemiology of HBV/G in Mexico
Worldwide, a significant number of HBV/G strains have
been detected in men who have sex with men[13,26,29,30,52-54],
suggesting that sexual genital-anal contact may play a
significant role in the transmission of HBV infection[55].
However, parenteral transmission has been reported,
mainly as mono-infection, such as in blood donors[56-58]
and hemodialysis patients[59].
In the past years, several publications continue to
report that little is known about the geographical origin
of HBV/G, and yet it is considered ubiquitous. Such
statements have arisen due to earlier HBV/G cases reported from France[13], Germany[54] and the cities of San
Francisco, CA[26,29,52] and Atlanta, Georgia[13] in the United
States. However, despite the limitations of using RFLPs
or strip molecular methods for the detection of HBV/
G, instead of complete genome sequences[10], most of
the cases of this genotype have been reported from the
Americas (73.5%), including Mexico[31,38,46,55,60,61] and to a
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tion forced into slavery. Thus, the worldwide spread of
HBV/G appears to have not co-dispersed HBV/E, since
G/E recombination or G-E co-infection is absent among
the admixture populations. Interestingly, the similarity of
the 150 base pair fragment between HBV/A and HBV/
G could be related to the most common dual HBV G/A
infection reported in the United States[26,52], Canadian[53]
and European cases[56]. Given that HBV/A is common in
Europe, it may be speculated that genotype G could have
reached the Americas by way of the Caucasian people.
However, despite the fact that HBV/A is a minor strain
in Mexico[36], HBV G/H co-infection is more frequent
than G/A[55]. Thus, G/H co-infection may be related to
the plausibility that genotype G is endemic to Mexico, as
well as genotype H. Furthermore, HBV/G has been detected in patients with chronic liver disease; pathogenesis
of liver fibrosis has been documented in in vitro experiments[60,72] and corroborated in patients with co-infection
with other HBV genotypes.
The relationship of HBV/G sequences with the Mexican population is based on the following observations:
(1) the high prevalence of HBV/G sequences in the
American continent (73.75%) (Figure 1); (2) 16 HBV/G
cases were detected among 77 HIV/HBV co-infected
individuals (21%)[61]; (3) 5 HBV/G cases out of 49 high
risk individuals (10.2%)[27]; and (4) HBV/G sequences
have been identified in an ongoing study cohort of young
children with HBV infection in our laboratory. These
findings lead us to ask ourselves: “Is HBV/G endemic to
the Americas, including Mexico, Colombia, and Brazil or
was it introduced into the continent?” The evidence that
could support an Amerindian hypothesis requires that
sequences from native and mestizo populations be analyzed. To date, 11 sequences from Mexico[31,38,55,60], 7 from
Brazil[73-75] and 4 from Colombia[58] have been retrieved
from mestizo populations, except for one Mexican case
belonging to a native from the Huichol community[38].
The presence of HBV/G in this community could be explained by the fact that native individuals engage in multipartner sexual relationships and male-to-male sexual activity[38,76,77]. However, further phylogeographic studies are
required in order to determine if these findings may be
related to the transmission of HBV/G infection among
distinct Amerindian communities before the global dissemination of blood-borne infectious diseases.
Nevertheless, Mexican and United States HBV/G
strains share a close genetic homology[55]. This is consistent with the fluent migration events that have occurred
for centuries across the United States-Mexican border,
especially from the western states of Jalisco, Michoacan
and Guanajuato, towards the large United States Hispanic
communities, such as in Los Angeles, San Francisco and
Atlanta, among others[78] (Figure 1). However, despite this
feasible epidemiological association, further evidence is
required to verify if the transmission of HBV/G infection may have occurred among same-sex couples/transgender individuals traveling to and from Mexico and the
United States[79,80].
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CONCLUSION
The predominance of HBV genotype H among the
Mexican population is associated with a definite geographic region and historical context. The endemicity of
HBV infection in Mexico manifests with a low HBsAg
seroprevalence, due to a rapid response to the infection,
low viral loads and a high prevalence of occult B infection. During chronic infections, HBV infection may be
undetectable and associated with co-morbidities, such as
obesity, alcoholism and co-infection with HCV or HIV.
These manifestations correlate with the low prevalence
of hepatocellular carcinoma. Based on these features,
antiviral therapy may differ significantly from the international guidelines that have been established for patients
within the regions of high endemicity. As for the high
prevalence of HBV/G cases reported in Mexico, more
detailed phylogenetic analysis of other HBV/G complete
sequences will be required in order to elucidate its geographic origin.
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Core tip: CU-hepatocellular carcinoma (HCC), GAG-HCC
and REACH-B scores accurately predict subsequent
HCC development in both treatment-naïve patients
with chronic hepatitis B and those receiving antiviral
therapy. At the recommended cutoff values, baseline
CU-HCC and REACH-B scores had high sensitivity, while
the GAG-HCC score had high specificity in predicting
HCC. Patients persistently in the low-risk category have
the lowest risk of HCC; those “downgraded” in risk category have significantly lower, but a small risk of HCC
compared to those in the high-risk category. Patients in
the high-risk category either at baseline or after treatment should undergo HCC surveillance.

Abstract
Chronic hepatitis B (CHB)-related hepatocellular carcinoma (HCC) is a major health problem in AsianPacific regions. Antiviral therapy reduces, but does not
eliminate the risk of HCC. It would be a heavy financial
burden in most low and middle economic countries if
all CHB patients received antiviral therapy and HCC
surveillance. Thus, there is a need for accurate risk prediction to assist prognostication, decisions on the need
for antiviral therapy and HCC surveillance. A few wellestablished risk factors for HCC, namely advanced age,
male gender, high viral load, cirrhosis etc. , are the core
components of three HCC risk scores: CU-HCC, GAGHCC and REACH-B scores. These 3 scores were confirmed to be accurate in predicting HCC up to 10 years
in treatment-naïve patients. Their validity and applicability have recently been demonstrated in a large cohort of entecavir treatment patients. A decrease in risk
scores after antiviral therapy translates to a lower risk
of HCC. These findings support the application of HCC
risk scores in all CHB patients. Different levels of care
and different intensities of HCC surveillance should be
offered according to the risk profile of patients. Patients
at risk of HCC should undergo regular HCC surveillance,
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most common cancer and the second leading cause of cancer death
in men worldwide[1]. Chronic hepatitis B virus (HBV)
infection is one of the major causes of HCC, and it is
estimated that over 350 million people are chronically
infected with HBV worldwide[2]. Globally, HBV accounts
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for 53% of all cases of HCC[3]. Due to the high prevalence of HBV infection, the incidence of HCC in Eastern
Asia and Southeast Asia is the highest in the world[4].
In the last two decades, the development of antiviral
therapy was a major breakthrough in the management of
chronic hepatitis B (CHB), which modifies the natural
history of the disease and reduces the risk of HCC[5-7].
Nonetheless, there is still a low, but clinically relevant risk
of HCC in patients receiving antiviral therapy. It would be
a heavy financial burden, particularly in low and middle
economic countries, if all CHB patients received antiviral
therapy and HCC surveillance. Thus, there is a need for
accurate risk prediction to assist prognostication, decisions
on the need for antiviral therapy and HCC surveillance.

Table 1 Risk factors for hepatitis B virus-related hepatocellular carcinoma
Host factors
Advanced age
Male gender
Family history of HCC
SNP at human genomic
loci, e.g.
Chromosome 1p36.22
Chromosome 6 of
HLA-DP/Q loci
Chromosome 8p12

Viral factors
High serum
HBV DNA
Positive HBeAg
HBV genotype C
HBV subgenotype Ce
Core promoter
mutations
High serum
HBsAg level

Cirrhosis
Hypoalbuminemia
Hyperbilirubinemia
High ALT

Active
necroinflammation
Concomitant liver
diseases, e.g.
Immunosuppressed
Hepatitis C virus cocondition, e.g.
infection
Human immunodeficiency
Hepatitis delta virus
virus co-infection
co-infection
Alcoholic liver disease
Nonalcoholic fatty liver
disease

RISK FACTORS FOR HBV-RELATED HCC
Treatment-naïve patients
A handful of factors have been repeatedly shown to increase the risk of HCC when studying the natural history
of chronic HBV infection. In general the risk factors can
be categorized into host factors, liver factors and viral
factors (Table 1). Host factors include advanced age[8-10],
male gender[9,10], family history of HCC[11], and possibly
single-nucleotide polymorphisms at different human genomic loci [e.g., chromosome 1p36.22, chromosome 6 of
human leukocyte antigen (HLA)-DP and HLA-DQ loci,
and chromosome 8p12][12,13]. Immunosuppressed conditions like human immunodeficiency virus co-infection is
another risk factor[14]. Liver factors consist of advanced
fibrosis and cirrhosis[11]; poor liver function as evidenced
by hypoalbuminemia and hyperbilirubinemia[8]; active
hepatitis as evidenced by high alanine aminotransferase
(ALT) and active necroinflammation demonstrated on
liver biopsy[9]; and other concomitant liver diseases such
as co-infection with hepatitis C virus or hepatitis delta
virus, alcoholic liver disease and nonalcoholic fatty liver
disease[11]. Viral factors include high serum HBV DNA
level[8,15], hepatitis B virus e antigen (HBeAg) seropositivity[16], HBV genotype C[17] and subgenotype Ce[18], core
promoter mutations[10] and probably high serum hepatitis
B surface antigen (HBsAg) level[19].

ALT: Alanine aminotransferase; HBeAg: Hepatitis B virus e antigen; HBsAg: Hepatitis B surface antigen; HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma; HLA: Human leukocyte antigen; SNP: Single-nucleotide
polymorphism.

In a retrospective study of 2795 Japanese CHB patients (657 lamivudine-treated vs 2138 untreated patients),
the absence of treatment, male gender, family history of
HBV carriage, age greater than 40 years, fibrosis more
than grade 2 of 4, albumin level below 40 g/L, and platelet count of < 150000/mm3 were independent risk factors for HCC[20]. The risk factors identified in this study
appeared to be no different from those identified from
studies on the natural history, probably because more
than 75% of patients were untreated.
In a nationwide study from Greece retrospectively
analyzing 818 HBeAg-negative patients treated with lamivudine, advanced age and cirrhosis were risk factors for
HCC[21]. On-therapy virologic remission (i.e., undetectable
on-treatment serum HBV DNA level) did not significantly affect the incidence of HCC (although there was a
trend for lower risk of HCC in the absence of cirrhosis).
As all patients with on-therapy virologic remission who
developed HCC (8 of 228; 3.6%) occurred within 30 mo
of lamivudine treatment, some of these tumors might
have been pre-existing HCC.
A recent large-scale cohort study of 1531 entecavir
treatment CHB patients demonstrated the importance of
maintained virologic response[22]. Old age, cirrhosis, and
virologic remission for 24 mo or more were independent
factors associated with HCC in the entire cohort; whereas
advanced age and hypoalbuminemia were predictors in
non-cirrhotic patients. Although maintained virologic response was important, 30 out of 47 patients (64%) who
achieved this virologic target still developed HCC. This
can be explained by the early integration of HBV into
the host genome and the presence of cirrhosis, such that

Patients receiving antiviral therapy
The natural history of chronic HBV infection is altered
by antiviral therapy. Therefore, the risk factors for HCC
may be different in treated patients compared to untreated patients. The landmark Asian lamivudine trial did not
specifically determine the risk factors for HCC, however,
baseline Child-Pugh and Ishak fibrosis score, as well as
genotypic resistance YMDD mutation were risk factors
for disease progression[6]. The drug-resistant mutant did
not increase the risk of HCC (both 4% in patients with
or without YMDD mutation). Nonetheless, the significance of YMDD mutation might be masked by the short
follow-up duration (study prematurely terminated at 32
mo) and the unspecified interval between emergence of
drug resistance and HCC development.
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even with very effective suppression of viral replication
with antiviral agents, HCC may still develop[23].
Summarizing the findings of these studies, advanced
age and cirrhosis are the two major risk factors consistently demonstrated in patients receiving antiviral therapy.
While maintained virologic response is likely a protective
factor, baseline HBV DNA level is no longer important
in these treated patients as it is usually much reduced after treatment. Theoretically HBsAg level, which reflects
the amount and transcriptional activity of covalently
closed circular DNA inside the liver, might have a role
in predicting HCC in treated patients when serum HBV
DNA is no longer detectable[24]. However, this was not
confirmed in patients receiving entecavir[22]. The probable
reason for this is that these patients had active disease to
start with; those with lower HBsAg levels were more likely to be cirrhotic. In other words, there were no “inactive
HBV carriers” at very low risk of HCC as in untreated
natural history cohorts[19].

EXISTING PREDICTION SCORES FOR
HCC
The three most commonly applied HCC risk scores are
described below (Tables 2 and 3).
CU-HCC score
The CU-HCC score[8] was first derived from a cohort of
1005 Chinese CHB patients from a prospective study on
the surveillance of HCC in chronic HBV carriers from
The Chinese University of Hong Kong (abbreviated as
CU in the name of the score)[18]. It was validated in an independent cohort of 424 Chinese CHB patients[27]. Both
cohorts were from tertiary referral clinics. While all patients were treatment-naïve at baseline, 15.1% and 25.0%
of patients from the training and validation cohort, respectively, received antiviral therapy during the long-term
follow up to 10 years. The CU-HCC score is composed
of 5 parameters: age, albumin, bilirubin, HBV DNA, and
cirrhosis; it ranges from 0 to 44.5 (Table 2). The investigators identified two cutoff values (5 and 20) which best
discriminated HCC risk into three categories. The 5-year
HCC-free survival rates were 98.3%, 90.5%, and 78.9%
in the low-, medium-, and high-risk groups, respectively.
By applying the lower cutoff value, this score has high
negative predictive value of 97.8% to exclude future
HCC development.

APPROACHES TO DEVELOP RISK
SCORES
There are different approaches to developing a risk score
for HCC, however, the first common step is to identify
important independent factors associated with HCC in
a training cohort. After statistical analysis, scores are assigned to different parameters in the equation to make up
the final score. In order to demonstrate the applicability
and reproducibility of the score, it should be validated
in an independent cohort. If this independent cohort is
not available, the leave-one-out cross-validation can be
applied to assess the performance of the score in new
data[25]. This validation involves using a single observation from the original sample as the validation data, and
the remaining observations as the training data. This is
repeated such that each observation in the sample is used
once as the validation data.
Take the CU-HCC score as an example, significant
variables were first identified in the multivariable Cox
proportional hazards model[8]. A score was attributed
to each variable according to its relative contribution in
the model, as determined by the χ 2 score. Furthermore,
different cutoff values of the score were determined to
categorize patients into different levels of risk (i.e., low-,
medium-, and high-risk categories). The performance
of the cutoff can be assessed in terms of discriminatory
ability and monotonicity by the linear trend χ 2 test[26].
Validation of the score usually involves two steps:
discrimination and calibration. Discrimination can be assessed with the receiver operating characteristic (ROC)
curve, i.e., area under ROC (AUROC) curves, sensitivity, and specificity. Calibration is evaluated by estimating
the observed HCC risk using the Kaplan-Meier method
with the same cumulative risk scores. A combination
of neighboring groups of cumulative risk scores will be
performed if the observed HCC risk in a group with the
same cumulative risk score is low[9].
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GAG-HCC score
The GAG-HCC score[10] was first developed from a cohort of 820 Chinese CHB patients from tertiary referral
clinics. The name was abbreviated from ‘‘Guide with
Age, Gender, HBV DNA, Core promoter mutations and
Cirrhosis”. All patients were treatment-naïve at baseline
and censored at the time of initiation of antiviral therapy.
As an independent cohort was not included, the investigators adopted the leave-one-out cross-validation mentioned above[25]. There are two versions of the score. The
original version is composed of gender, age, core promoter mutations, HBV DNA level and cirrhosis. There
is a simplified version which omits core promoter mutations, as they may not be easily available in some centers.
The score ranges widely to above 100, as age (in years) is
one of the components in the formula. A cutoff value of
101 was found to have good sensitivity and specificity of
84.1% and 76.2% for 5-year prediction, and 88.0% and
78.7% for 10-year prediction, respectively. The negative
predictive values were as high as 98.3% to 100% to exclude future HCC development.
REACH-B score
The REACH-B score[9] was first derived from a cohort
of 3584 Chinese CHB patients from the communitybased prospective Taiwanese REVEAL-HBV study[15],
and then validated in a cohort of 1505 patients from
three hospitals in Hong Kong and South Korea tertiary
referral clinics. The name was the abbreviation of “Risk
Estimation for HCC in CHB”. All patients in the training
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Table 2 Components of the risk scores
Factor

Risk score
CU-HCC

Age (yr)

GAG-HCC (yr)

REACH-B

Male: 16
Female: 0

30-34: 0
35-39: 1
40-44: 2
45-49: 3
50-54: 4
55-59: 5
60-65: 6
Male: 2
Female: 0

NA

NA

NA

NA

NA

< 15: 0
15-44: 1
≥ 45: 2
Positive: 2
Negative: 0
< 4 log: 0
4-5 log: 3
5-6 log: 5
≥ 6 log: 4

≤ 50: 0

>50: 3

Sex

NA

Albumin
(g/L)
Bilirubin
(mmol/L)
ALT (U/L)

≤ 35: 20

> 35: 0
≤ 18: 0
> 18: 1.5
NA

HBeAg
HBV DNA
(copies/mL)

Cirrhosis

Table 3 Comparison of the CU-hepatocellular carcinoma,
GAG-hepatocellular carcinoma and REACH-B scores

NA

NA

< 4 log: 0
4-6 log: 1
> 6 log: 4
(lack of maintained
virologic
suppression: 4)

3 × in log

Presence: 15
Absence: 0

Presence: 33
Absence: 0

Score
CU-HCC

Components Cutoff Performance
value

Clinic patients: 1005 in Age, albumin,
training cohort, 424 in
bilirubin,
validation cohort
HBV DNA,
cirrhosis
GAG-HCC
820 clinic patients
Age, gender,
(leave-one-out crossHBV DNA,
validation method)
cirrhosis
REACH-B Non-cirrhotic patients: Age, gender,
3584 in training cohort, ALT, HBV
1505 in validation
DNA, HBeAg
cohort

5

97% NPV at
10 yr

101

99% NPV at
10 yr

8

98% NPV at
10 yr

ALT: Alanine aminotransferase; HBeAg: Hepatitis B e antigen; HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma; NPV: Negative predictive
value.

those at risk of HCC as they most often receive antiviral
therapy. Antiviral therapy modifies the natural history
of CHB by decreasing the serum HBV DNA levels, and
altering other laboratory parameters (e.g., lowering ALT,
raising albumin and lowering bilirubin level). This leads to
another question on the clinical significance of dynamic
changes in the risk scores during longitudinal follow-up.
These important concerns have been addressed in a
recent cohort study of 1531 entecavir treatment CHB
patients followed up for 42 ± 13 mo [22]. All patients
received entecavir 0.5 mg daily for at least 12 mo. The
importance of maintained viral suppression was emphasized in this study as virologic remission for 24 mo
or more, together with advanced age and cirrhosis, were
independent factors associated with HCC in this cohort.
The CU-HCC, GAG-HCC and REACH-B scores were
found to be accurate in predicting HCC in 3 and 5 years.
Of these scores, the CU-HCC score had the highest AUROC at baseline (0.80 vs 0.76 and 0.71, respectively). At
the recommended cutoff values, baseline CU-HCC and
REACH-B scores had high sensitivity (93.6% and 95.2%,
respectively), while the GAG-HCC score had high specificity (78.9%) in predicting HCC.
After antiviral therapy, the risk scores change due to
decreased viral load (i.e., lower HBV DNA) and even
HBeAg-seroconversion, improvement in liver function
(high albumin, lower bilirubin) and necroinflammation (lower ALT). Therefore, a significant proportion
of patients would have decreased risk scores following
treatment. From this cohort study, 14.0%, 8.2% and
38.3% of patients had their risk category changed from
high risk to low risk as defined by the CU-HCC, GAGHCC and REACH-B score, respectively, after 2 years
of entecavir[22]. One unresolved issue is the regression
of cirrhosis, which may occur after long-term antiviral
therapy[28,29]. However, as this regression take years to
happen, its effect on the dynamic change in risk level can
only be evaluated in a study with at least 8 to 10 years of
follow up.

(lack of maintained
virologic
suppression: 4)
NA

ALT: Alanine aminotransferase; HBeAg: Hepatitis B e antigen; NA: Not
applicable; HCC: Hepatocellular carcinoma; HBV: Hepatitis B virus.

cohort did not have cirrhosis according to ultrasonography at the time of recruitment, and remained treatmentnaïve throughout the follow-up period which was as long
as 12 years. In contrast, 18.4% (277/1505) of patients in
the validation cohort had cirrhosis. The REACH-B score
consists of 5 parameters: gender, age, ALT level, HBeAg
status and HBV DNA level. The score ranges from 0 to
17 and is primarily designed for patients without cirrhosis. The authors did not categorize patients into different
risk levels, instead the 3-, 5- and 10-year risk of HCC
was determined for each particular risk score. The HCC
risk ranged from 0% to 23.6% at 3 years, 0% to 47.4%
at 5 years, and 0% to 81.6% at 10 years for patients with
the lowest (0 point) and highest HCC risk (17 points),
respectively. As the risk increased significantly starting at
8 points, it could be used as an arbitrary cutoff value to
categorize patients into different level of risks.

IMPACT OF ANTIVIRAL THERAPY ON
RISK PREDICTION
Most of the patients involved in the development of the
risk scores did not receive antiviral therapy. This raised a
concern regarding their validity and applicability to patients receiving treatment. This is particularly relevant to
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CU-HCC

GAG-HCC

REACH-B

Baseline
50%
40%
30%
20%
10%
0%
0-4.5

5-10

10-20 20-30 30-40

> 40

0-40 41-60 61-80 81-100 101-120 > 120

0-4

5-7

8-10 11-13 14-15 16-17

0-40 41-60 61-80 81-100 101-120 > 120

0-4

5-7

8-10

2 yr after entecavir treatment
50%
40%
30%
20%
10%
0%
0-4.5 5-10

10-20 20-30 30-40 > 40

11-13 14-15 16-17

Figure 1 Risk of hepatocellular carcinoma in the next 3 years by risk scores. Results adopted from Wong et al[22]. HCC: Hepatocellular carcinoma.

Table 4 Dynamic changes in risk scores and 5-year risk of
hepatocellular carcinoma

CLINICAL APPLICATION OF RISK
SCORES

Risk score

The risk scores discussed above are simple to use as
they combine a few widely available clinical variables for
the estimation of HCC risk within a specific timeframe.
However, the version of the GAG-HCC score which
includes core promoter mutations as a component may
not be preferred by clinicians, as tests for these mutations are not easily accessible in the primary care setting
and general practitioners taking care of the majority of
CHB patients. The simple calculations in these scores
facilitate implementation in routine clinical use. However,
the complexity of these calculations is less of a concern
as web-based or smart phone apps which include calculators for some of these scores are now available[30,31]. The
major limitation of these scores is that all studies only
involve Asian (mostly Chinese) patients, therefore, the
validity and applicability in other ethnic groups remain
uncertain. These risk scores can potentially be incorporated into a clinical risk-prediction instrument that could
improve patient management through appropriate and
timely intervention. Clinicians could use the scores to
assess the risk of progression, and subsequently make
evidence-based decisions about the clinical management
of these patients. A recent Japanese study showed that
patients in the high-risk categories according to these
risk scores would benefit most from entecavir[5]. Another
long-term follow-up study of 641 patients receiving tenofovir for 6 years showed that the observed incidence
of HCC was lowered compared to the predicted risk us-

HCC in 5 yr

Baseline

2 yr

CU-HCC

GAG-HCC

REACH-B

Low
Low
High
High

Low
High
Low
High

0.4%
0.0%
2.1%
12.9%

1.4%
NA
5.1%
26.4%

0.0%
0.0%
0.0%
2.1%

1

1

Only patients without cirrhosis were analyzed for the REACH-B score.
Results adopted from Wong et al[22]. HCC: Hepatocellular carcinoma; NA:
Not available.

The dynamic changes in risk scores after antiviral
therapy had a significant meaning on HCC risk. For all
three risk scores, patients persistently in the low-risk category had the lowest risk of HCC; those “downgraded”
in risk category had a significantly lower risk of HCC
compared to those in the high-risk category (Table 4)[22].
Only 0.4% of patients who remained at low risk at baseline and 2 years according to the CU-HCC score would
develop HCC in 5 years; the corresponding figures were
2.1% and 12.9% in those who changed from high risk
to low risk, and those who remained at high risk at both
time points, respectively. With the GAG-HCC score,
1.4%, 5.1% and 26.4% of patients who remained at low
risk, changed from high to low risk, and remained at high
risk developed HCC in 5 years, respectively. The results
from both the CU-HCC and GAG-HCC score showed
that downgrading of risk score reduces, but does not
eliminate the risk of HCC (Figure 1).
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ing the REACH-B score[32]. This is indirect evidence that
antiviral therapy reduces the risk of HCC.
We advocate estimating the risk scores for all CHB
patients. For treatment-naïve patients, the results of
these scores may guide the need for antiviral therapy
complementary to the treatment guidelines. The scores
should be monitored regularly every 1 to 2 years. Patients
remaining at low risk are suitable for regular monitoring in the primary care setting. Those at high risk should
be referred for specialist care and appropriate treatment
should be considered.
For patients receiving antiviral therapy, the risk scores
should be monitored yearly. Those who respond well to
treatment, i.e., achieve maintained virologic remission,
and remain in the low-risk category have a minimal risk
of HCC. Therefore, they may also be referred to family physicians who are experienced in monitoring such
patients. Patients with risk downgraded after treatment
would have a lower, but 2% to 5% risk of HCC in 5
years. Therefore, they should undergo regular HCC surveillance[33]. Those in the high-risk category despite antiviral therapy may require more intensive HCC surveillance,
as the risk of HCC can be as high as 12.9% to 26.4% in
5 years (Table 3). On the other hand, patients who fail to
achieve maintained viral suppression should consider alternative treatment regimes in order to reduce the risk of
HCC[34].

CONCLUSION
In conclusion, HCC risk scores can accurately predict
subsequent HCC development in both treatment-naïve
patients and in those receiving antiviral therapy. Different levels of care and different intensities of HCC surveillance should be offered according to the risk profile
of patients. Patients in the high-risk category should
be one of the indications for antiviral therapy, as well
as appropriate HCC surveillance. For patients receiving
antiviral therapy, maintained virologic response should
be the treatment target, particularly in patients with cirrhosis. Patients at risk of HCC should undergo regular
HCC surveillance, even when they are receiving antiviral
treatment.
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total and definitive elimination of the virus. The treatment for hepatitis C has begun in the last 80´s with
a percentage of cure of 6%. Step by step the efficacy
of the therapy for hepatitis C is rapidly increasing and
nowadays with the very new medications, the so called
Direct Antiviral Agents-DAAs of new generation, is
around 80%-90%.
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Core tip: Around 3% of the world population, about
170-200 million people are infected with hepatitis C virus. The chronic consequences of the infection are liver
cirrhosis and hepatocellular carcinoma, which appears
in 20%-40% of the patients. Hepatitis C is not only a
liver disease but also a mental, psychological, familiar,
and social disease. The stigma that the infected person
sometimes carries is tremendous. But, besides the “drama” of being infected, health professionals, family, society and infected patients, must be aware of the chance
of real cure and definitive elimination of the virus. Step
by step, the efficacy of the therapy for hepatitis C is
rapidly increasing and with the new medications, the
Direct Antiviral Agents-DAAs, is around 80%-90%.

Abstract
The infection with hepatitis C virus (HCV) is one of the
most important global chronic viral infections worldwide. It is estimated to affect around 3% of the world
population, about 170-200 million people. Great part
of the infections are asymptomatic, the patient can be
a chronic carrier for decades without knowing it. The
most severe consequences of the chronic infection are
liver cirrhosis and hepatocellular carcinoma, which appears in 20%-40% of the patients, leading to hepatic
failure and death. The HCV was discovered 25 years
ago in 1989, is a RNA virus and classified by the World
Health Organization as an oncogenic one. Hepatocellular carcinoma is one of the most important cancers,
the fifth worldwide in terms of mortality. It has been
increasing in the Ocidental world, mainly due to chronic
hepatitis C. Hepatitis C is not only a liver disease and
a cause of cirrhosis, but also a mental, psychological, familiar, and social disease. The stigma that the
infected person sometimes carries is tremendous having multiple consequences. The main cause is lack of
adequate information, even in the health professionals
setting. But, besides the “drama” of being infected,
health professionals, family, society and the infected
patients, must be aware of the chance of real cure and
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HEPATITIS C AND CURE
Step by step increasing the efficacy
Hepatitis C is one of the most important global chronic
infection worldwide: it is estimated to affect 170-200
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million people, while chronic hepatitis B and human immunodeficiency virus (HIV) infection affects respectively
350 million and 34 million. There is no vaccine for hepatitis C. Hepatitis B is easily preventable by vaccination.
Another characteristic of hepatitis C virus (HCV) infection is the high risk of evolution to chronicity, more than
50% which can be around 80% in same series[1]. Another
characteristic is the absence of symptoms for decades before the phase of decompensation of liver cirrhosis and
the appearance of hepatocellular carcinoma.
The most severe chronic consequences of the infection are liver cirrhosis and hepatocellular carcinoma,
leading to hepatic failure and death, which can appear in
20%-40% of the patients[2].
In effect, cirrhosis is the end-stage of every chronic
liver disease. Its natural history is characterized by an asymptomatic phase, called “compensated” followed after
several years or decades by a “decompensated” phase.
The patient, in the decompensated phase has a median
of survival of 2 years[3].
This phase can be characterized by a rapid clinical
evolution with all the complications of a cirrhotic liver
with portal hypertension: ascites, sepsis (the majority
from spontaneous bacterial peritonitis), varices bleeding,
jaundice, mental alterations (encephalopathy), renal failure (hepatorenal syndrome), caquexia[4,5].
Liver cirrhosis is one of the most oncogenic situations in medical terms. The development of hepatocellular carcinoma (HCC) is a real fact, occurring in 1%-4%
each year and is becoming in some centers the most frequent complication of HCV cirrhosis[6].
The quality of life in the decompensated phase can
be very poor with frequent hospitalizations and readmissions[7]. At this stage only liver transplantation is really effective for median or long term survival. But if the virus
is still active, the reinfection is almost universal[8]. But, besides the “drama” of being infected, health professionals,
family, society and infected patients, must be aware of the
chance of real cure and total and definitive elimination
of the virus[9].
The HCV was discovered 25 years ago in 1989, is a
RNA virus and classified by the World Health Organization as an oncogenic one[10]. The discover of the virus has
open the way to a diagnosis test (anti-HCV) and several
studies of molecular biology, virology and pharmacology[11]. The treatments for hepatitis C has begun in the last
80´s with a percentage of cure of 6%[12]. Step by step the
efficacy of the therapy for hepatitis C is rapidly increasing and nowadays with the very new medications, the oral
Direct Antiviral Agents-DAAs, is around 80%-90%[13].
The therapy of hepatitis C is an example of the capacity of modern medicine to translate the basic research
to the clinical setting (Figure 1). Several types of medications have been used in to treat hepatitis C throughout
these 25 years of success: first, human interferon (INF,
three times weekly, 6% of efficacy), in 1995 Ribavirin has
appeared to be used in combination with INF (34%-42%
of efficacy), in 2001 Pegylated INF once weekly with
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Figure 1 Percentage of cure of hepatitis C genotype 1. IFN: Interferon;
RBV: Ribavirine; PEG: Peginterferon; DAA: Direct antiviral agents.

ribavirin (45% of cure for genotype 1 and 70%-80% for
genotype 3)[14]. In 2011 another step with the combination of Peginterferon and Ribavirin with two Protease
inhibitors, region 3/4 (Boceprevir[15] and Telaprevir[16]),
the triple therapy, leading to cure in 70%-80% of cases.
Several clinical trials are in rapid development worldwide with the new DAA´s (Direct Acting Antiviral
Agents) interacting with several of vital components
of the virus (NS 3/4, NS5A, NS5B Polymerase, etc.).
In effect a new generation medications is rapidly approaching, like Sofosbuvir[13], Daclastavir, Asunaprevir[17],
ABT-450[18], Faldaprevir, Simeprevir, Deleobuvir, some
of them only using oral agents, for a period of 12 wk,
with a few negligible side effects, having a chance of viral
eradication of 80%-90%.
In fact, in a quarter of a century, the percentage of
cure has increased from 6% to 90% of cure. From three
injections a week during 48 wk to some pills a day during 12 wk! Another important development that has
positively affected the quality of life of patients, allowing
access to treatment and possible cure is the Transitory
Elastography (Fibroscan®). Is an ultrasonographic device
with very good acuity in the diagnosis of liver fibrosis,
mainly when there is liver cirrhosis. The number of liver
biopsies has decreased[19] in some centers around 90%.
The efficacy of the therapy is assessed by on important finding, i.e., the viral load: RNA HCV (by a sensitive
test) must be negative 24 wk after stopping therapy. If
this happens, more than 99% of patients will never be
positive again.
Cure of hepatitis C
It is the only global chronic viral infection that is possible
to cure. The other ones are hepatitis B and HIV infecting respectively 350 and 34 million people worldwide but
with no chance of cure in chronic cases.
In the beginning of this story of success, the medical community was afraid of the word cure. But now it
is well known this word can be used with property but
with some restrictions. In effect is a virological cure for
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syndrome (AIDS), very contagious disease, not curable,
the adverse events of therapy are huge and very severe,
etc.” But the benefits of cure, in global terms considering
the physical, mental and social aspects are several (Table
1).

Table 1 Benefits of cure of hepatitis C
Benefits of cure of hepatitis
1 Negative HCV RNA (viral load) for life, in more than 99% of cases
2 Negative HCV RNA in the liver
3 HCV RNA negativation in PBMC
4 No detection of the genotype
5 Sometimes, a few year later, the anti-HCV test can became negative,
the so called “seroreversion”
6 Normalization of aminotransferases (AST, ALT) and GGT
7 Changing of ultrasound findings (contours can became regular,
reduce of diameter of portal vein in case of portal hypertension)
8 Disappearance of the lymphnodes near the liver (helium)
9 Decrease of the values for Elastography (Fibroscan®)
10 Reducing the risk of progression to cirrhosis
11 Reversion of cirrhosis in some cases
12 Disappearance of oesophageal varices
13 Reducing the risk of progression to liver cancer
14 Reduced risk of decompensated liver disease (ascites, jaundice,
rupture of oesophageal varices, encephalopathy)
15 Reducing to zero the risk of recurrence after liver transplantation (if
necessary)
16 Improved quality of life (asthenia, fatigue, general well-being)
17 Reducing of the psychological impact (anxiety/depression)
18 Disappearance of the risk of sexual transmission
19 Disappearance of the risk of perinatal transmission
20 Decrease in the insurance premium
21 Cure of associated conditions (porphyria cutanea tarda,
polyneuropathy, urticaria, cryoglobulinemia, splenic lymphoma)
22 Reducing personal, family and social stigma
23 The treatment is proved cost-effective
24 Benefit to public health
25 Reduced risk of death from liver disease
26 Neurocognitive improvement
27 Cure of hepatitis C

Mental health and quality of life in hepatitis C
Besides the natural history of this disease, the personal
impacts of a diagnosis of hepatitis C infection and its
treatment strongly affect the patients’ quality of life[20-22].
Mental health problems frequently occur in chronic
infection with HCV and during the antiviral treatment.
These individuals frequently present neuropsychiatric
symptoms like fatigue, anxiety, depression and cognitive
disorders[23,24].
Regarding neuropsychiatric symptoms, one can identify two distinctive patterns in its relation with HCV infection. On one hand, individuals with chronic hepatitis C
have higher prevalence of psychiatric disorders, including
depression[25]. On the other hand, individuals with psychiatric records present higher HCV infection rates than the
average population[26].
A combined therapeutics using Pegylated IFN is
commonly used in these patients and proves to be a fundamental and consensual intervention for a favourable
change in the natural history of the disease[27,28].
However, this treatment is associated with a high number of adverse reactions like: irritability, insomnia, fatigue
and loss of appetite. Apart from these, neuropsychiatric
symptoms (especially depression, and sometimes with
suicidal ideation) are among the most common secondary
effects in therapeutics with IFN, being one of the main
causes why patients interrupt their treatment[24,29,30]. It is
noteworthy that, up to a certain extent, psychopathologic
symptoms (depression, cognitive disorders) may be associated to HCV infection, even without an INF treatment,
and may be related to direct HCV neurotoxicity[29-32].
A large number of patients undergoing treatment for
VHC infection should be referred for psychiatric evaluation and, if necessary, should received treatment for
depression and other neuropsychiatric symptoms.
Recognition of depression and other neuropsychiatric
symptoms is important, and could improve adherence
to VHC treatment. This symptomatology negatively affects the individual’s perceived quality of life, its general
functioning, work capacities, less participation in life and
medical care, increase mobility and mortality, decrease
overall well-being and quality of life[27,33]. Furthermore,
therapeutic used in HCV treatment is associated to impairment in all of these dimensions[34].
Thus, considering the impact in patients’ mental
health, before and during the treatment, an interdisciplinary approach should be followed and encouraged when
dealing with HCV infected patients[24].

Benefits of virological response (HCV RNA negative 24 wk after finishing
therapy). HCV: Hepatitis C virus; PBMC: Peripheral Blood Mononuclear
Cells; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase;
GGT: Gamma-glutamyl transferase.

life. It is proved that virus is not detected on liver cells or
mononuclear blood cells. Nor there is an occult disease
as is the case for chronic hepatitis B (HBV DNA negative or with low levels, having HBsAg negative and a risk
of relapse in case of immunosuppression).
Albeit is a definitive one, we must be cautious in patients having liver cirrhosis, because the chance of development of hepatocellular carcinoma is strongly reduced,
but still remains. It is one of the reasons to treat patients
with mild or moderate fibrosis, in order to reduce the
chance, while in a stage of a less severe disease, of evolution to cirrhosis and hepatocellular carcinoma. Liver cirrhosis, per se, is a disease having a risk of 1%-4% per year
of evolution to hepatocellular carcinoma.
The benefits of cure are tremendous. Hepatitis C
should be considered a global disease. As for the definition of Health of World Health Organization, (“Health
is a state of complete physical, mental and social wellbeing and not merely the absence of disease or infirmity”) chronic hepatitis C is a physical, mental and social
disease, affecting globally the individual, the couple, the
family, and the society as a whole.
There are some myths about hepatitis C: “almost always lethal, more severe than acquired immunodeficiency

WCG|www.wjgnet.com

Stigma and hepatitis C
Diagnosis with hepatitis C was reported to have profound impacts on social functioning. Perceived stigma

2431

January 28, 2014|First Edition|

Marinho RT et al . Hepatitis C, stigma and cure

associated with HCV infection leads to high levels of
anxiety and exaggerated fear of transmission, and it can
be a major cause of social isolation and reduced intimacy
in relationships[35].
Epidemiological studies suggest that more than
90% of transmission in developed countries takes place
through the sharing of non-sterilized needles and syringes in the intravenous drug-using population[36].
Because the vast majority of people with hepatitis
C have a history of intravenous drug use, they are frequently blamed for acquiring the disease, and viewed as
irresponsible, accountable and “unworthy”[37]. Furthermore, as a blood-borne disease, hepatitis C is strongly associated with HIV. This association exists due to the fact
that intravenous drug abuse is a significant risk factor for
contracting both diseases and this can be a stigmatizing
factor for this patients[38]
Stigma can be defined as attitudes expressed by a
dominant group, which views a collection of others as
socially unacceptable. The notion of stigma denoting
shameful relations and deviations from what is considered “normal” has a long history within infections disease, in particular HIV[39], and more recently in hepatitis
C infection.
These norms, behaviours and beliefs surrounding
hepatitis C infection can lead to alienation from family
and friends, as well as to discrimination (perceived or
real) in health services and workplaces[40].
Stigma can affect self-esteem and quality of life. It
can also impede the success of diagnosis and treatment,
leading to continuing risk of disease transmission. It is a
social phenomenon that influences the course of illness
and marginalizes patients[41].
Since stigmatization affects not only the individual but
also the whole course of the disease, health care workers are not immune to stereotypes and judgements that
might influence the course of the treatment of HCV patients. Changing this behaviour will help prevent patients’
isolation, withdrawal of treatment and it will increase the
search for medical help[42].
Hepatitis C should have a global approach in its treatment. It requires broad-based educational efforts in order
to increase the understanding of this disease, still connected to several pejorative stereotypes[42]. These efforts
should include patients and their family, health care providers and the society as a whole. Further knowledge of
hepatitis C stigma is central to assisting patients in selfmanaging their illness, and it is important to reduce the
disease burden.

viral response can be shortened to 12 wk after ending
the treatment. HCV RNA detection and quantification
should be made by a sensitive assay (lower limit of detection of 50 IU/mL or less), ideally a real-time PCR assay.
If the patient has already cirrhosis, the risk of develop
hepatocellular carcinoma still persist for some years and
deserves an abdominal ultrasound every six mouths.
When the SVR is obtained the global benefit is as it
follows: if there is no another reason for AST, ALT or
GGT elevation, namely alcohol consumption or obesity,
they became persistently normal.
At virological level, the HCV RNA is no longer
detected in the liver[44] or even in the Peripheral Blood
Mononuclear Cells (PBMC) by sensitive tests[45]. The
genotype becomes and remains negative, because there is
no virus for detection.
One of the things that can cause some confusion is
the fact that the anti-HCV (a marker of past infection)
generally remains positive. The index can decrease slowly
and the anti-HCV can became negative, several years after, as it happens in the context of acute hepatitis C[46].
On the Hepatic Elastography (Fibroscan®) the values
generally decrease along some months[47]. At the abdominal ultrasound the findings can change: the liver contours
can become regular, the diameter of portal vein reduces
in case of presence of portal hypertension. The disappearance of the lymph nodes in the hepatic hilum can be
a finding[48]. There are some studies showing thatdimensions of these lymph nodes are related with the levels of
viral replication[49].
Regarding liver disease the risk of progression to cirrhosis decreases. In some cases it occurs a reversion of
cirrhosis[50]. In fact this is no longer an irreversible situation as was thought some years ago; the disappearance
of oesophageal varices is also fact[51]. On the other side,
there is a decrease of risk of evolution for more severe
stages of liver disease like the progression hepatocellular
carcinoma[52] and risk of the decompensated liver disease
(ascites, jaundice, rupture of oesophageal varices, encephalopathy, jaundice, etc.)[53].
In the case that a liver transplantation would be necessary the risk of reactivation is no longer present. More
than 95% of cases of patients transplanted for cirrhosis
associated with HCV will have again HCV RNA positive
and 50% will develop severe forms of liver disease a few
years after transplant[54]. Because of that, to treat patients
with cirrhosis or intense fibrosis must be done as soon as
possible.
There is an improvement of quality of life[55] (asthenia,
fatigue, general well-being, etc.) assessed by adequate tests
and more important on the mental level there is a reduction of the psychological impact (anxiety and/or depression).
In strong relation to cure, the risk of sexual[56] and
perinatal transmission[57] disappear. These are very important advantages of SVR in the treatment of hepatitis
C. We must not forget, that hepatitis C, besides a liver
disease is also an infectious and transmissible disease. We

Several benefits of cure hepatitis C
The goal of therapy is to eradicate HCV infection. The
endpoint of therapy is sustained virological response
(SVR). Once obtained, SVR usually equates to cure of
infection in more than 99% of patients[43].
If the test for assessing viral load is negative 24 wk after finishing therapy, we can talk of “cure”. With the new
treatments, the oral DAAs, the assessment of sustained
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can consider the cure as “belonging” to the patient himself but also to his family, his couple, etc. Is also a familiar
disease. There are some patients who don´t tell the family
or to the couple afraid of the consequences of the bad
new. If patients insist with Insurance Companies they
must decrease the insurance premium because there is
less risk of clinical evolution.
There are reports of the control and even disappearance of some associated conditions like porphyria cutanea tarda[58], polyneuropathy[59], urticaria[60], cryoglobulinemia[61], splenic lymphoma[62,63].
Depending on the countries and the burden of the infection, the treatment was proved to be cost-effective[64].
Reducingof personal, psychological, family and social
stigma is a huge benefit for all. Stigma is a fact that must
be considered in the setting of HCV therapy and also
when considering the real burden of the disease.
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CONCLUSION

13

Considering the global approach we can consider that
to cure HCV chronic infection is a real benefit to public
health mainly by reducing the risk of complications and
dying because of liver disease. Having access to the most
modern therapies, the disease is almost a curable disease
and the efficacy of treatment markedly increases the survival of patients infected. Chronic hepatitis C is a silent
epidemic, a global disease with a strong stigma, but with
high chance of definitive cure[65].
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Core tip: In general, pregnancy does not have a negative effect on hepatitis C virus (HCV) infection. Conversely, chronic hepatitis does not appear to have an
adverse effect on the course of pregnancy, or the birth
weight of the newborn infant. The overall rate of mother-to-child transmission for HCV is 3%-5% if the mother is known to be anti-HCV positive. Co-infection with HIV
increases the rate of mother-to-child transmission up to
19.4%.

Abstract
Acute hepatitis C is a rare event in pregnancy. The most
common scenario is chronic hepatitis C virus (HCV) infection in pregnancy. During pregnancy in women with
chronic HCV infection a significant reduction in mean
alanine aminotransferase levels has been reported, with
a rebound during the postpartum period. In few cases
exacerbation of chronic hepatitis C has been reported
in pregnancy. A cofactor that might play a role in the
reduction of liver damage is the release of endogenous
interferon from the placenta. Observations regarding
serum HCV-RNA concentration have been variable.
In some women HCV-RNA levels rise toward the end
of pregnancy. In general, pregnancy does not have a
negative effect on HCV infection. Conversely, chronic
hepatitis does not appear to have an adverse effect
on the course of pregnancy, or the birth weight of the
newborn infant. The role of spontaneous abortion is approximately the same as in the general population. The
overall rate of mother-to-child transmission for HCV is
3%-5% if the mother is known to be anti-HCV positive.
Co-infection with human immunodeficiency virus (HIV)
increases the rate of mother-to-child transmission up to
19.4%. Numerous risk factors for vertical transmission
have been studied. In general, high viral load defined
6
as at least 2.5 × 10 viral RNA copies/mL, HIV co-infection, and invasive procedures are the most important
factors. Both interferon and ribavirin are contraindicated
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INTRODUCTION
The global prevalence of hepatitis C virus (HCV) infection is 2%-3%, with 130-170 million HCV-positive people
- most of them chronically infected[1]. The epidemiology of HCV is varies among countries and the reported
prevalence of HCV in pregnant women has not been
extensively studied, due to the lack of preventative screening of infection and the lack of preventative measures of
mother-to-child transmission. The pathogenesis of HCV
infection during pregnancy remains poorly understood.
During pregnancy, the maternal immune system must at
the same time develop tolerance to paternal alloantigens
to prevent maternal immune aggression against the fetus
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Table 1 Prevalence of serum anti-hepatitis C virus and
hepatitis C virus RNA in in studies examining ≥ 3000
pregnant mothers

Table 2 Proportion of intravenous drug use or blood transfusion
risk factors in pregnant hepatitis C virus-positive mothers
Ref.

Ref.
Hillemanns et al[3]
Conte et al[4]
Ward et al[5]
Baldo et al[6]
Goldberg et al[7]
Kumar et al[8]
Sami et al[9]
Ohto et al[10]
Seisdedos et al[11]
Ugbebor et al[12]
Pinto et al[13]
Urbanus et al[14]
Mean

No. screened

Anti-HCV

3712
15250
4729
4008
3548
8130
5902
22664
474539
5760
115386
4563

0.94%
2.40%
0.80%
1.70%
0.60%
1.03%
1.80%
0.50%
0.15%
3.60%
0.10%
0.30%
1.16%

+

HCV RNA

+

[16]

Paccagnini et al
Zanetti et al[17]
Granovski et al[18]
Hillemanns et al[19]
Resti et al[20]
Gervais et al[21]
Conte et al[4]
Baldo et al[6]
Mast et al[22]
Mean

57%
72%
72%
42.50%
NA
NA
NA
54%
NA
NA
NA
NA
59.75%

IVDU

BT

70
94
147
35
403
26
370
40
242

79.00%
17.00%
79.00%
20.00%
25.00%
35.00%
32.00%
45.00%
52.30%
42.60%

9.00%
13.00%
NA
11.00%
4.50%
19.00%
18.00%
2.50%
19.80%
12.10%

IVDU: Intravenous drug use; BT: Blood transfusion.

pared to the 1990s and 2000s, even in Upper Egypt[23].
The lower prevalence rates may be due to the amelioration of standard care and to the hepatitis B virus (HBV)
vaccination of all newborns, together with the mandatory
testing of blood donors and blood products and careful
preoperative measures.

HCV: Hepatitis C virus; NA: Not available.

and maintain active immunity against HCV to protect
both mother and fetus from infection[2]. Moreover, it is
important to define the effect of pregnancy on HCV
and vice versa. Finally, understanding the transmission
of HCV to infants and the risk factors correlated with
transmission will provide information for counseling and
management of HCV infection during puerperium.

ACUTE HEPATITIS C
Acute hepatitis C during pregnancy has been rarely reported in pregnancy, and limited to high-risk groups, such
as intravenous drug users, whereas the risk in the general
population is negligible. Flichman et al[24] described a case
in a 16-year-old pregnant woman who developed icteric
acute hepatitis. She was a chronic HIV carrier and was
diagnosed with HCV superinfection. HCV infection
interfered with HIV replication, because the HIV levels
were undetectable during the course of acute HCV infection. Another case of acute hepatitis C was described in
a 26-year-old woman at week 16 of pregnancy, who was
treated with a short course of interferon[25]. Although the
therapy was discontinued due to adverse effects, a complete biochemical and virological response was obtained.
Premature labor occurred and healthy twin infants were
born transvaginally; they did not acquire HCV infection.
A case with acute hepatitis C and premature delivery,
but no vertical transmission has also been reported[26].
Finally, acute hepatitis C was reported in a 29-year-old
Japanese woman who developed fatigue, jaundice and ascites after a needle-stick injury[27]. When these symptoms
were presented, the patient became pregnant by artificial
insemination. She was treated with interferon-β following
eradication of HCV infection without severe side effects.
In general, however, it should be said that acute hepatitis C is a rare event in pregnancy and that there is also a
publication bias, due to reporting only severe cases[28].
From the epidemiological point of view, however,
acute hepatitis C is not a relevant problem in pregnancy[29,30].
The differential diagnosis of acute hepatitis C requires
us to rule out hepatitis caused by other hepatotropic viruses (hepatitis A, B, D and E) and liver disorders unique
to pregnancy. Hepatitis A is transmitted by the oral-fecal

EPIDEMIOLOGY OF HCV IN PREGNANCY
The current prevalence of HCV in pregnant mothers is
difficult to be estimated, because of the lack of selective screening in a large proportion of this population.
The prevalence of serum HCV antibody in cohorts of
≥ 3000 pregnant mothers ranges between 0.1% and
3.6% with a mean of 1.16%, and the prevalence of HCV
RNA ranges between 42.5% and 72%[3-14] (Table 1). It is
particularly interesting that in Egyptian rural villages the
prevalence of anti-HCV reaches a mean of 15.5%, with a
30% rate in women aged > 35 years[15]. The epidemiological risk factors explaining this dramatic high prevalence
include: previous delivery attended by a traditional birth
assistant; circumcision by a traditional birth assistant or a
“healthy barber”; and injection therapy for schistosomiasis.
In all series the main route of acquiring HCV in pregnant mothers is intravenous drug use, whereas a previous
blood transfusion is a risk factor in up to 11% of cases[4,6,16-22] (Table 2).
It is should be noted that a large study in Japan has
demonstrated a significant decline in HCV prevalence
in pregnant women[10]. In a cohort studied between May
1990 and November 2004, a total of 22664 consecutive serum samples were screened for anti-HCV. Among
women known to be transfused, rates fell from 14.8%
to 3.1% with the implementation of HCV screening. In
non-transfused women rates fell from 1.8% to 0.3%. This
reduction has been mainly explained by the hygienic improvements including needles for medical injections and
single-use acupuncture needles. The prevalence of HCV
infection has been found to be lower in recent years com-
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route. The whole Mediterranean area is endemic for this
infection. Acute hepatitis A virus infection in pregnancy
has been described only in anecdotal cases, and virtually
in 100% of cases it has a favorable outcome[31]. To date,
acute episodes of HBV infection in Italy have been rare,
because HBV vaccination in newborns and adolescents
has been compulsory since 1991. However, acute infections in pregnancy can occur in immigrants from developing countries or in high-risk groups, such as intravenous drug users. The clinical course of acute hepatitis B
in pregnancy is benign, and the risk of fulminant cases is
similar in pregnant and non-pregnant women. Acute infection with hepatitis D virus (HDV) does not represent
a relevant risk for death in pregnancy. However, HDV
epidemiology has dramatically changed over the past 20
years. Only sporadic cases are recorded in the Mediterranean countries, whereas, it is still a problem in some
South American areas (especially in the Amazon Basin)
and India[32]. Hepatitis E virus (HEV) is endemic in many
tropical and subtropical countries, including Central Asia
and India[33]. Sporadic cases in immigrants from these
countries might be seen in developed countries. Generally, symptoms of acute illness including jaundice develop
in 80% of cases. The reported risk for fulminant hepatic
failure in pregnancy was up to 20% in previous studies[34].
Even in mothers who recover from acute hepatitis, an
increased frequency of abortion and fetal complications
have been reported. Moreover, the severity of acute
hepatitis E in pregnant women seems directly correlated
with viral load[35]. However, the results from recent studies in India and elsewhere indicate that the severity of
viral hepatitis during pregnancy is similar to that in nonpregnant women[36].
Acute viral hepatitis in pregnancy requires differential
diagnosis from liver disorders unique to pregnancy, in
particular the HELLP syndrome, intrahepatic cholestasis of pregnancy (ICP), and acute fatty liver of pregnancy[37,38]. The HELLP syndrome is a variant of preeclampsia/eclampsia and is characterized by elevated liver
enzymes, low platelet count and hemolysis. Its onset is
generally in the second trimester of pregnancy, and patients may show initially elevated blood pressure, edema
and proteinuria[39]. The intrahepatic cholestasis of pregnancy most frequently occurs in the third trimester of
pregnancy with pruritus and elevated serum transaminases and bile salts; jaundice is rare and synthetic function of
the liver is conserved[40]. Acute fatty liver of pregnancy is
a severe condition that usually occurs in the third trimester with symptoms of encephalopathy and liver failure[41].
Early diagnosis is essential because treatment of acute
hepatitis is generally conservative, whereas acute fatty
liver of pregnancy and often HELLP syndrome require
immediate delivery.

history of the liver disease in pregnant mothers and their
offspring is not fully understood.

EFFECT OF PREGNANCY ON HCV
During pregnancy in chronic HCV infection a significant
reduction in the mean alanine aminotransferase (ALT)
levels has been reported[4,42,43], with rebound during the
postpartum period. However, when we consider a cohort
of pregnant women with HCV infection and persistently
high aspartate aminotransferase/ALT levels, this trend is
not confirmed[43]. The release of endogenous interferon
from the placenta during pregnancy might partly explain
changes in liver enzymes, but does not interfere with viral
clearance[44]. Other factors, such as hemodilution or immune tolerance, may account for the decrease in serum
transaminases during pregnancy. Sex hormones, and possibly immunosuppressive cytokines synthesized during
pregnancy, might result in modulation of the immune
response against HCV.
Observations regarding serum HCV-RNA concentration have been variable. Gervais et al[21] investigated a
small number of pregnant women tested for viral load
at regular intervals, and found that HCV RNA increased
toward the end of pregnancy in some women. In our
own study of 65 pregnant women tested during all three
trimesters, we failed to show significant changes in viral
load during and after pregnancy, although there was a
trend toward an increase in the third trimester[43]. However, monitoring of viral load by monthly testing showed
that HCV RNA is relatively stable over time in HCV
chronic carriers without biochemical activity of the disease, whereas a low number of viremic flares can occur
over a year in patients with biochemical activity of liver
disease[45].
Spontaneous clearance of HCV has been described
in a single pregnant woman[46]. Only two reports describe
significant worsening of histological disease consequent
to pregnancy[47,48]. The study by Fontaine et al[48] included
12 cases with chronic hepatitis C and 12 controls without HCV infection. The first biopsy was done 1.6 years
after delivery and the second at 4.3 years after the first
biopsy. The overall Knodell score at initial biopsy was 4.8
in HCV-positive cases vs 5.3 in the controls. The Knodell
score in the final biopsy was unchanged in controls, and
was 8.4 in HCV-positive cases (P = 0.016). The necroinflammation score showed 83% deterioration in cases and
25% in controls (P = 0.02). The fibrosis score showed
41.6% deterioration in cases and 8.3% in controls (P >
0.05). These findings in a small group of subjects, however, did not allow for any definite conclusion to be drawn.
Effect of HCV on course of pregnancy
There is no unfavorable effect of HCV on pregnancy.
In particular, three studies have addressed this question[18,49,50] (Table 3). The study from Jabeen et al[49] is
particularly interesting, because it included a large cohort
of rhesus-negative women in Ireland who became in-

CHRONIC HEPATITIS C
The most important studies of HCV in pregnancy have
dealt with chronically infected women, and the natural
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In a study population of 21008 women with ICP identified from the Finnish Hospital Discharge Register during
1972-2000, hepatitis C was found to have a significantly
higher incidence than in the controls[57]. More recently, a
study of women with births between 1973 and 2009, registered in the Swedish Medical Birth Registry, confirmed
a strong positive association between ICP and hepatitis C
both before and after ICP diagnosis[58]. The link between
ICP and HCV has not been completely explained so far,
although several hypotheses can be suggested, including
a defect in the transport of sulfated pregnancy hormones
in the liver. It has been suggested that HCV downregulates the expression of the ABC transporter multi-drug
resistance protein 2 (MRP2) in the liver, thus inducing
failure in the transport of various toxic substances[59].
Furthermore, another link may be with a defect in the
ABCB11 gene encoding the bile salt export pump[60].

Table 3 Effect of hepatitis C virus on the course of pregnancy
Hillemanns et al
Miscarriages
Typical obstetric
complications
Preterm delivery
Rate of cesarean
section
Fetal outcome

[19]

Jabeen et al

[49]

Floreani et al

NA
-

12.4% vs 22.2%
-

-

29% vs 19%
42% vs 21%
(P = 0.004)
Good

4.5% vs 3.2%
5.6% vs 12.7%

NA
41.50%

Good

Good

[50]

NA: Not available.

fected with HCV following exposure to contaminated
anti-D immunoglobulin in 1977-1978. Thirty-six women
who had been infected after their first pregnancy were
compared to an age- and parity-matched control group
of rhesus-positive women. Comparison with the control
group showed no increase in spontaneous miscarriage
rate, and no significant difference in obstetric complications. Taken together, these three studies have documented a good fetal outcome. The rate of cesarean section
was significantly higher in the study by Hilleman et al[19]
compared to controls (42% vs 21%, P = 0.004) and was
similar to that observed in the Italian study[50]. The high
rate of cesarean section in our study was due to the local
protocol used in the past decade for reducing the rate of
transmission of HCV in HCV-positive mothers, rather
than peculiar obstetric indications for cesarean section.
In a population-based cohort study using Washington state birth records from 2003 to 2005, including 506
HCV-positive mothers, 2022 randomly selected HCVnegative mothers, and 1439 drug-using HCV-negative
mothers, it was shown that infants born to HCV-positive
women were more likely to have low birth weight, be
small for gestational age, be admitted to the intensive care
unit, or require assisted ventilation[51].
In a more recent study using birth certificate records
of 1670369 pregnancies, it was found that women with
HCV were more likely to have infants born preterm,
with low birth weight and congenital anomalies[52]. However, that study had several limitations, in particular, its
retrospective design and the lack of association with
several variables, such as use of tobacco, alcohol or
drugs. Indeed, there is no explanation for prematurity
and low birth weight in HCV-negative mothers, although
increased cytotoxicity of placental natural killer T cells
could be hypothesized possibility[53].
It has also been reported that in pregnant women
involved in a methadone treatment program, HCV reactivity was associated with an increased risk of neonatal
withdrawal regardless of maternal methadone use[54].
Risk factors for the development of ICP in HCV-positive mothers have been described. The first retrospective
study reported a highly significant incidence of ICP in
HCV-positive pregnant women compared with HCVnegative women[55]. Subsequently, another prospective
Italian study confirmed these results and suggested the
need to investigate the HCV status in women with ICP[56].
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Vertical transmission of HCV
The overall rate of mother-to-child transmission of HCV
from HCV-infected, HIV-negative mothers has been
estimated at 3%-5%[61-66]. However, in an overview of 77
prospective cohort studies with at least 10 mother-infant
pairs, the overall rate was 1.7% if the mother was known
to be anti-HCV positive. If the mother was known to be
viremic, that is HCV-RNA-positive, the rate was 4.3%[67].
At least one-third of infants acquire HCV infection during the intrauterine period; the perinatal transmission is
estimated to be as high as 40%-50%, whereas postpartum
transmission is rare[30,68]. The detection of HCV RNA
in the serum of infants in the first 24 h of life suggests
that early intrauterine infection may be possible[68]. The
diagnosis of perinatal transmission should be considered
in children born to HCV-positive mothers when: HCV
RNA is detected in at least two serum samples at least 3
mo apart during the first year of life; and/or when testing
of antibodies against HCV is positive after 18 mo of age[69].
There is an interesting observation reported by the
European Paediatric Hepatitis C Virus Network from a
multicenter prospective study of HCV-infected pregnant
women and their infants[69]. In that study girls were twice
as likely to be infected as boys. This sex association is an
intriguing finding that probably reflects biological differences in susceptibility or response to infection.
Co-infection with HIV increases the rate of motherto-child transmission up to 19.4%[67]. The weighted rate
of transmission is 8.6% in mothers who are anti-HCV
positive and injecting drug users, compared with 3.4% in
anti-HCV-positive mothers without known injecting drug
use. A meta-analysis including 2382 infants estimated that
the risk of HCV vertical transmission was 2.82 from antiHCV+/HIV+ co-infected mothers compared with antiHCV+/HIV- mothers[70]. Vertical transmission of HIV
and HCV separately is most likely from HIV/HCV-coinfected mothers; however, transmission of both infections is less frequent[71].
Numerous risk factors for vertical transmission have
been studied. In general, high viral load defined as at least
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2.5 × 106 viral RNA copies/mL, HIV co-infection, and
invasive procedures are the most important factors[22]. In
general, maternal peripheral blood mononuclear cell infection by HCV, membrane rupture > 6 h before delivery,
and procedures exposing the infant to maternal blood
infected with HCV during vaginal delivery are associated
with an increased risk of transmission[69]. Abnormal ALT
levels in mothers in the year before pregnancy may reflect
a more severe liver disease and may help in identifying
mothers with an increased risk of vertical transmission[72]. Finally, a Japanese study suggested that maternal
liver dysfunction, large blood loss at delivery, and vaginal
delivery were potential novel risk factors for mother-tochild transmission of HCV[66].

feeding should not be discouraged. HCV/HIV co-infected women should be offered elective cesarean section to
prevent HIV transmission and avoid breastfeeding where
safe alternative are available[78].
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INTRODUCTION
The following is a very brief introduction to the envelope
proteins of hepatitis B virus (HBV) and of how they can
be used to facilitate the assembly and infection by HBV
and two other viruses. More detailed recent reviews are
available elsewhere[1,2]. HBV encodes three envelope proteins, commonly referred via their size, as large, middle
and small, or L, M and S. They have S as a common
C-terminal domain. M contains additional N-terminal
sequences, referred to as preS2. L, relative to M, has additional N-terminal sequences, referred to as preS1. L, M
and S, exist with and without carbohydrate modifications.
The L protein undergoes an essential myristoylation of a
glycine residue penultimate to the N-terminus.
Hepatitis delta virus (HDV) exists in nature in some
patients who are also infected with HBV. While HDV
uses a totally different method of genome replication
than HBV, its final assembly is entirely dependent upon
the envelope proteins of HBV; thus, it only produces
infectious progeny in hepatocytes already infected with
HBV (or producing envelope proteins from fortuitously
integrated HBV DNA). HDV can infect a new hepatocyte in the presence or absence of HBV. In the humanized chimeric uPA mouse model, human hepatocytes
infected with HDV alone can persist for at least six weeks
in the absence of HBV, a so-called latent infection, with
ultimate rescue of virus production dependent on a follow-up infection by HBV[3]. Such studies suggest that in
patients conversion of a latent HDV mono-infection may
contribute to the persistence of HDV even in patients
with low HBV replication.
Many labs have produced retrovirus vectors that have

Abstract
Hepatitis B virus (HBV), a major cause of human liver
disease worldwide, encodes three envelope proteins
needed for the attachment and entry of the virus into
susceptible host cells. A second virus, hepatitis delta
virus, which is known to enhance liver disease in HBV
infected patients, diverts the same HBV envelope proteins to achieve its own assembly and infection. In the
lab, lentiviral vectors based on human immunodeficiency virus type 1 can be assembled using the HBV envelope proteins, and will similarly infect susceptible cells.
This article provides a partial review and some personal
reflections of how these three viruses infect and of how
recipient cells become susceptible, along with some
consideration of questions that remain to be answered.
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(Tupaia belangeri). The purification procedure used nearzero-distance photo-cross-linking and tandem-affinity
purification and yielded a single protein. Then, with mass
spectrometry, they identified the protein as the sodium
taurocholate cotransporting polypeptide, NTCP, also
known as SLC10A1[10]. NTCP transports bile acids from
the blood into the liver. Their subsequent findings included evidence that the cDNA clone of human NTCP,
when transfected into human hepatocellular carcinoma
cell lines, specifically HepG2 and Huh7, conferred susceptibility to both HBV and HDV. Susceptibility could
be inhibited by the synthetic preS1 peptide. Furthermore,
in susceptible primary hepatocyte cultures and HepaRG
cells, suppression of NTCP with specific small interfering RNAs inhibited susceptibility. It remains to be shown
whether the NTCP functions in vivo as well as in vitro.
However, the situation is very promising in that other
studies have already shown that the synthetic preS1 peptide to which it binds, is a potent inhibitor of in vivo infections of human hepatocytes (as transplanted into mice)
by both HBV and HDV[11].
In their initial paper, the authors made use of prior
studies by others of the established role of NTCP in
the liver. This protein is 335 amino acids in length and
is predicted to have 9 trans-membrane domains[12]. They
thus compared the sequence of NTCP of the crab-eating
monkey (Macaca fascicularis) (since hepatocytes from these
monkeys are not susceptible to HBV infection) and humans. They noted that the primary sequence of the monkey protein has a limited number of specific differences
relative to the human protein. The authors experimentally
demonstrated that replacement of just nine contiguous
amino acids of monkey NTCP with the corresponding
sequence from the human protein produced a cDNA,
that when transfected into nonsusceptible liver cell lines,
rendered them susceptible to infection by both HBV and
HDV.
Several commentaries by others on the NTCP findings have since been published[13-16]. And, several labs, in
as yet unpublished studies, have confirmed the ability of
recombinant NTCP to facilitate entry of HBV and HDV
into otherwise non-susceptible cell lines.
Moreover, two follow-up studies by Wenhui Li and
coworkers have been published in 2013. In the first
study, the focus was on the woolly monkey hepadnavirus,
WMHBV, and its ability to infect tupaia hepatocytes[17].
Their findings include evidence that cDNA of the woolly
monkey NTCP when transfected into nonsusceptible
liver cell lines renders them susceptible to both WMHBV
and HDV pseudotyped with WMHBV envelope proteins. The authors thus suggest that orthologs of NTCP
might function as receptors for all known primate hepadnaviruses. In the second study they examined mouse
NTCP, and considered many exchanges with the human
sequence to determine what might be need to achieve
susceptibility[18]. They did find a region, of only two
amino acids, that was sufficient to achieve HDV (but, as
discussed below, not HBV) susceptibility. These changes

been engineered to carry novel genes, that can be expressed following integration of the provirus; that is, the
DNA copy of the viral RNA genome. Such retrovirus
vectors have been assembled using envelope proteins of
the wild type retrovirus, as well as those derived from
other viruses, such as vesicular stomatitis or Ebola viruses[4]. However, what is relevant here is that such a retrovirus vector was assembled using the envelope proteins of
HBV and acquired the host cell specificity of HBV and
HDV[5].

ENVELOPE PROTEIN DETERMINANTS
ESSENTIAL FOR INFECTIVITY
Several labs have shown that an essential determinant for
infectivity using HBV envelope proteins is located near
the N-terminus of the preS1 domain of the L protein.
The data for this are very good and include evidence that
a synthetic peptide containing such sequences, especially
if it is myristoylated, will act as a potent inhibitor of virus
entry[6]. Interestingly, unlike the L and S proteins, the M
protein can be omitted in experimental situations without a loss of assembly or infectivity, at least for HDV[7,8].
Thus, the role of M in HBV infection is unclear. The
carbohydrate moieties attached to the three envelope proteins are essential for particle assembly and infectivity[2].
The three envelope proteins share at least four transmembrane domains. One shared loop is presented on the
surface of the virus. This loop, containing the so-called
“A” determinant, is highly antigenic. Certainly antibodies
raised against the S protein will neutralize virus infectivity.
A widely used, S protein based vaccine, protects individuals against both HBV and HDV.

WHAT THE HOSTS PROVIDE
Until last year, almost the only cells that could be infected
by these viruses were primary human hepatocyte cultures.
Such cultures are difficult both to establish, and can rapidly lose susceptibility to infection. Some non-human
primary hepatocyte cultures were similarly susceptible;
examples include chimpanzee and tupaia hepatocytes.
Also, primary woodchuck hepatocytes are susceptible to
HDV. Several years ago a cell line, HepaRG, was derived
from a human liver tumor, and it is susceptible to infection by HBV and HDV[9]. These cells require specific in
vitro culture conditions and they are almost as difficult to
maintain as primary human hepatocytes.
For many years groups worldwide had struggled to
identify, and confirm the functionality of host molecules
needed for HBV and HDV entry. Many candidates were
identified but none were shown to be sufficient for virus
entry and initiation of replication[6]. This situation was
changed dramatically in late 2012 by a report from Yan et
al[10]. They used a synthetic peptide corresponding to the
myristoylated N-terminus of the HBV preS1 protein to
affinity select a candidate virus receptor from hepatocyte
cultures. These hepatocytes were derived the treeshrew
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were not at the same location as the changes needed on
the crab-eating monkey NTCP[10]. We can infer that the
secondary and maybe the tertiary structure of NTCP are
needed for susceptibility. It is relevant that a recently published study by Meier et al[19] reports that cultured mouse
hepatocytes will bind the preS1 peptide even though no
infection is detected. This suggests that a bona fide binding
site may be available on the mouse NTCP, but is insufficient for HBV infection. Scheick et al[20] suggest an additional step might be at the level of membrane fusion.
It is important to note that earlier studies showed
that HDV can actually infect mouse hepatocytes in vivo,
although to only a low extent[21]. Therefore, the changes
introduced into the mouse NTCP, as described above,
may have increased the affinity of preS1 binding without,
for HDV, a need to alter a second step (e.g., fusion) in
HDV infection. Thus, it is possible that mice made transgenic for the modified NTCP will be readily infected with
HDV. (They will not be infected by HBV and as such,
may not be sufficient to create a new model of HBV induced hepatocellular carcinoma.) Or, perhaps, even overexpression of the unmodified mouse NTCP would allow
more efficient in vivo infection by HDV.

to reinvestigate infection of duck hepatocytes by duck
hepatitis B virus (DHBV). It was first found by an affinity strategy, that a host protein identified as carboxy peptidase D, binds the DHBV envelope protein[27]. However,
no study has yet been able to confer susceptibility by expression of this protein[28,29]. Some studies have suggested
a co-receptor, but again, this has not led to susceptibility[30]. Independently, it has been shown that the myristoylated N-terminus of the DHBV preS region is needed
for infectivity[28,31]. Therefore, maybe an analogous application of the powerful peptide affinity strategy used
by Wenhui Li and coworkers[10], will identify a functional
DHBV receptor. And, an alternative and specific approach would be to directly test whether the duck NTCP
can function as receptor.
Also one can examine the newly reported HBV of
bats[32]. This virus shows more sequence relationship to
the orthohepadnavirus than to the avi hepadnaviruses.
Novel questions can now be asked, such as what is the
sequence of the bat NTCP, and would the cDNA of this
gene when expressed in human cell lines, confer susceptibility to infection.
Another question is why HDV but not HBV will infect primary woodchuck hepatocytes. This may or may
not be analogous to the abovementioned situation where
human NTCP cDNA transfected into non-liver cell lines
will allow HDV but not HBV infection. Presumably the
woodchuck hepatocytes provides an acceptable NTCP
for HDV infection, but now one can address questions
such as whether expression of one or more human cDNAs will make the cells susceptible to HBV.
In all these studies of cells susceptible to HDV or
HBV, there is a question of the efficiency with which
cells are infected. Even with primary hepatocytes and
HepaRG cell line, the efficiency is typically less than
1%. Several possible explanations include low levels of
expression of NTCP or low levels of NTCP that is functionally active. This efficiency is increased approximately
10-fold by the presence of 2%-4% polyethylene glycol,
PEG[9,33]. Studies have shown that infection in the presence of PEG is still be inhibited by the synthetic preS1
peptide, indicating that the infection is still specific for
the NTCP receptor. PEG is most likely causing aggregates of virus particles; certainly, at 6%-10% PEG the
virus can even be collected by low speed centrifugation.
Thus, it may be that the low levels of PEG produce aggregates that can more efficiently make use of the available NTCP receptor present on the surface of the hepatocytes. Future studies with cDNA transfected cell lines
will no doubt test the relevance of the amount of NTCP
expressed at the cell surface and infection by un-aggregated vs aggregated virus. Perhaps controlled mixtures of
functional and non-functional NTCP cDNAs will also
help clarify what is involved.
In summary, the important new finding of NTCP as
a functional receptor has opened the way for much more
basic research concerning the entry of HBV and HDV
into susceptible cells. And, in turn, such information will

ATTACHMENT AND ENTRY
Recent studies have shown that the initial attachment of
HBV to susceptible cells depends upon glycosaminoglycans present on the cell surface[22-24]. This is a necessary
but not sufficient step. Furthermore, even after virus has
attached, entry can be significantly inhibited by a number
of agents[25]. Of the latter, the most interesting inhibitor
is the previously mentioned synthetic peptide, corresponding to the N-terminus of the preS1 domain[6,11]. It
would seem that even after attachment, (additional) interactions with the putative host cell receptor remain to be
made[25]. It could also be that multiple such interactions
are needed to facilitate entry.

FURTHER DISCUSSION AND OUTLOOK
Clearly, the combination of attachment, entry, and initiation of HBV replication is more complex than that of
HDV. A partial explanation of this difference comes
from earlier studies: Firstly, transcription of RNA from
HBV covalently closed-circular DNA (CCC DNA) depends upon host transcription factors, some of which are
specific for the liver[2]. Additionally, CCC DNA formation
is inefficient or even absent in transgenic mice[26]. Secondly, HDV replication can be initiated in many mammalian cell lines, not necessarily those that are derived from
liver tissue[1]. Nevertheless, it also remains possible that it
is the entry of HBV that differs from that of HDV; that
is, it requires host contributions in addition to the expression of NTCP.
As exemplified below, there are now multiple questions that can be asked of the entry mechanisms of other
members of the hepadnavirus family. Certainly it is time
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allow new applied research, possibly providing additional
novel ways in which such entry can be interfered with, all
new armamentaria for treating chronic HBV and HDV
infections.
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ment. Some data from the recent literature suggest
that the host metabolic factors may play a minor but
non-negligible role in these difficult-to-treat patients,
an issue that will hopefully be investigated in further
studies. This editorial aims to provide a detailed analysis of the role that host metabolic factors played in the
past and what role they may play in the era of direct
antiviral agents.
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Core tip: This editorial explores the past and present
role of metabolic factors by analyzing the data that
has emerged from the post hoc analysis of registrative
trials of direct antiviral-based treatment. Low-density
lipoprotein-cholesterol and statin use proved to be
predictors of sustained viral response (SVR) in both
boceprevir and telaprevir-treated patients, respectively.
Furthermore, HOMA-IR negatively influenced SVR in
prior partial and null responders treated with telaprevirbased schedules. By transferring these data to the real
world scenario in which patients have comorbidities,
advanced fibrosis and prior failure to antiviral treatment, we believe that metabolic factors might play a
non-negligible role in influencing antiviral response,
even in triple therapy.

Abstract
The high rate of sustained viral response (SVR) to boceprevir or telaprevir-based triple therapy in hepatitis C
(HCV)-related, non-cirrhotic naïve patients or relapsers
to previous antiviral treatment leads clinicians to believe that the impact of metabolic host factors on SVR
is minimal when triple therapy is used, unlike what is
observed with the peginterferon and ribavirin schedules. This concept is strongly expressed by some opinion leaders on the basis of the data derived from subanalyses of registrative trials as well as from a posthoc analysis of the phase Ⅱ C208 clinical trial. The
perception of unrestrainable therapeutic success with
the use of newer, more powerful antivirals is now reinforced by the brilliant results obtained with sofosbuvir,
an HCV NS5B polymerase inhibitor, as well as by the
data from the phase Ⅱ and Ⅲ studies on the various
combinations of second-generation NS3/4A inhibitors
and NS5A and/or NS5B inhibitors. However, a great
deal of concern has emerged from the real world scenario in which patients are often older and have more
comorbidities than patients in the “world of trials”. Furthermore, many of them have advanced fibrosis and
previous failure with peginterferon and ribavirin treat-
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INTRODUCTION
More than 170 million people are chronically infected
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with the hepatitis C virus (HCV) worldwide[1], thus HCV
has become the main cause of chronic liver disease leading to death from liver failure or hepatocellular carcinoma
(HCC) in many Western countries and in Japan[2]. Viral
eradication resulting from antiviral treatment has led to a
decrease in these complications. However, treatment with
pegylated interferon and ribavirin, which has been the
standard-of-care therapy for chronic hepatitis C for the
last decade, has been able to cure only about 40%-50%
of patients with hepatitis C genotype 1, the main strain in
Europe and the United States[3-6].
Genotype 1 is the main viral-related variable associated with treatment failure[3,4]. However, a number of
other pretreatment variables related to the virus (high
viral load) and to the host (interleukin 28b polymorphism, age, overweight, metabolic factors), as well as ontreatment variables (4-wk negativization of viral load)
have been shown to affect the response to anti-viral dual
therapy[7-10].

is associated with poorer treatment outcome[20,21]. HCV
core-induced SOCS3 may promote proteosomal degradation of the insulin receptor substrates 1 and 2 (IRS1/2),
thus inducing severe hepatic IR[22,23]. Both SOCS3 overexpression and hepatic steatosis promote intra-hepatic
and systemic lipid oxidation, thus leading to an imbalance
of total glucose disposal in the muscles and resulting in
peripheral (and not only hepatic) IR[24].
Direct involvement of HCV in glucose metabolism
has also been demonstrated “in vivo”. In fact, there is robust evidence showing that IR improved significantly in
patients with HCV genotype 1 who achieved SVR compared with patients who did not obtain viral clearance after treatment[25,26]. Furthermore, achieving viral clearance
is demonstrated to significantly reduce the risk of both
type 2 diabetes in retrospective cohorts[27] and of de novo
IR in non-diabetic HCV patients[28].
Lipids
Hepatic steatosis is also related, in a genotype-specific
manner[29], to a decrease in serum levels of total cholesterol, low-density lipoprotein cholesterol (LDL-C) and
apolipoprotein B (apoB), thus demonstrating the close
link between HCV and lipids. A variable fraction of HCV
in the serum circulates in lipo viro particles (LVP), with
very-low-density-lipoprotein (VLDL) containing apoB
and apoE. LVP reach the highest levels in the post prandial phase, suggesting that their formation is a dynamic
process[30]. Very recently, a strong correlation between the
maximum amount of LVP in vivo and both IR and metabolic syndrome was reported, suggesting that lipids may
play a role in HCV-induced IR[31]. ApoE is considered the
central component of the HCV-host lipid interaction,
mediating HCV infectivity via lipoprotein receptors[32]. Lipoproteins (LP) are easily endocytosed, thus supporting
the hypothesis that HCV can use this association with LP
to adhere to the cell and subsequently enter the host cell
by endocytosis[33]. Various cell surface receptors, including tetraspanin CD814, scavenger receptor class B member Ⅰ, tight-junction proteins claudin-1 and occludin,
and clathrin-mediated endocytosis have been proposed
as entry factors for HCV, but the role each of them plays
remains controversial. Recently, the Niemann-Pick type
C1-like 1 (NPC1L1) gene receptor has come to the attention of researchers in the view of a potentially new
therapeutic antiviral strategy since it is the possible target
of the receptor-blocker drug ezetimibe[34,35].
Few and inconsistent data have been reported on serum lipid level modifications during interferon therapy.
Increased total cholesterol and triglyceride levels have
been observed with interferon treatment, with a subsequent drop to pretreatment levels of both after discontinuing therapy, but with different trends depending on
the HCV genotype[36,37]. In a small population of patients
with genotype 2 and 3, viral clearance induced serum
level modifications of lanosterol, a cholesterol precursor,
suggesting a direct viral interference with the enzymes of
sterol synthesis[29].

HCV INFECTION AND METABOLIC
SEQUELAE: WHAT WE LEARNED FROM
THE PAST
Insulin resistance
Epidemiological data suggest that HCV interferes with
glucose and lipid metabolism. Patients with diabetes
show a greater prevalence of HCV as compared to the
non-diabetic population[11]. Moreover, the prevalence
of diabetes is significantly higher in chronic hepatitis C
patients than in those with chronic liver disease other
than HCV[12]. Furthermore, it is well known that HCV
infection is an independent risk factor for developing diabetes[13]. These data suggest that HCV, rather than liver
disease per se, predisposes patients to diabetes. The link
between HCV and diabetes is the development of insulin resistance (IR), a metabolic prerogative of HCV (i.e.,
IR is more than six fold higher in HCV patients than in
those with HBV)[14]. IR, hepatic steatosis and body mass
index (BMI) are related in a genotype-dependent fashion. In fact, HCV genotype 3 exerts a direct cytopathic
and steatogenic effect on hepatocytes, thus resulting in a
higher prevalence of steatosis and a lower prevalence of
IR compared with HCV genotype 1, which very quickly
induces IR and some steatosis[15-17]. IR occurs very early
in transgenic mice expressing the HCV core protein and
may even precede the occurrence of hepatic steatosis,
thus indicating that IR is not a consequence of hepatic
steatosis[18], similarly to what is observed in humans[17].
Furthermore, IR is a pro fibro genetic stimulus[17], thus
patients with high IR show more advanced liver fibrosis
than patients with low IR[19]. Finally, the association between IR and high HCV RNA levels[14] suggests a complex interplay between viral replication and insulin action.
HCV may induce over-expression of the suppressor of
the cytokine signaling-3 (SOCS3) gene in liver tissue. This
gene is involved in the interferon signaling pathway and
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The effects of IR on antiviral response to dual treatment
Patients with high IR show a slower decay of HCV viral
load than patients with low IR, even in the very early
phase of treatment (first 24 h), suggesting that hyperinsulinemia reduces the cellular response to pegylated-interferon[38]. Furthermore, high IR has been associated with a
low rate of rapid viral response (RVR) in genotypes 1[39],
3[40] and 4[41].
Whether or not IR influences SVR rate has been a
question of debate since 2005[9]. Two meta-analyses assessing the impact of IR on treatment outcome, both
of which included fourteen studies with more than 2700
patients, were published in 2011[42,43]. However, among
the studies which failed to find an association between
IR and SVR, the main baseline HOMA value, an indirect
measurement of IR[44,45], was < 3 and the prevalence of
advanced fibrosis or cirrhosis was also low or even absent[42]. This observation supports the hypothesis that the
HOMA value is predictive of response to antiviral treatment mainly in patients with advanced disease stage. Liver fibrosis is an event which may occur as a consequence
of HCV-related chronic necroinflammatory activity or
via HCV related IR, or probably both. However, nonHCV related IR (genetic, or related to true metabolic syndrome) may also occur since almost 25% of the general
population has the metabolic syndrome stigmata[46]. On
the basis of these data, we can assume that a proportion
of patients with prevalent virus-related IR (likely those
with lower fibrosis as well as a lower incidence of cardiometabolic comorbidities) have lower HOMA values and
a higher likelihood of SVR after antiviral treatment,
whereas other HCV patients with prevalent metabolic IR
(likely those with the phenotype of metabolic syndrome)
have a higher probability of advanced fibrosis as well as
higher HOMA levels and a lower probability of achieving
SVR[28,42,47].

and leads to reduced adenosine monophosphate-activated
protein kinase (AMPK) activation[48,49].
Increased SOCS3 expression, which is associated with
nonresponse to antiviral treatment[20], has been demonstrated to be independently associated with obesity in
patients with chronic HCV viral genotype 1[50].
Regarding the role of circulating lipid levels on the
efficacy of antiviral treatment, there are few, but concordant, data. Higher pretreatment total cholesterol and
LDL-C[51,52], as well as lower triglyceride levels are independent variables associated with higher SVR rates[53].
The interplay of Interleukin 28b polymorphisms and
metabolic variables
The relationship between IL28b polymorphisms and
metabolic variables has been reported in several studies,
thus emerging as a new and challenging issue. There is a
close association between IL28b and lipid levels. In HCV
genotype 1 patients, low apoE levels and higher LDL-C
were associated with IL28b rs12979860 CC rather than
CT/TT[54,55]. Both IL28CC and LDL-C were good predictors of SVR, but the predictive power of IL28CC was
higher. Thus, the LDL-C level was found to be a significant predictor of SVR, mainly for IL28 heterozygous CT
patients[56].
Furthermore, lower steatosis [57] as well as lower
[58]
IR have been seen in genotype 1 patients with IL28b
rs12979860 CC. In a recent, large cohort of genotype
1 patients from Italy, IL28b rs12979860 CC was associated with higher levels of total and LDL-C, lower levels
of triglycerides, lower prevalence of IR and moderateto-severe steatosis. However, only IR and steatosis were
associated with IL28b rs12979860 CC after correcting
for BMI and lipid profile, suggesting an indirect role of
LDL-C status on IL28b polymorphism[58]. IR was found
to have a predictive power for SVR which is independent
of IL28 genotype[59], although the likelihood of achieving
SVR progressively increases from the lowest probability
in patients carrying both negative predictors (IR and
rs12979860 TT/TC; SVR = 20.7%) to the highest probability in patients with no IR and rs12979860 CC (SVR =
78.4%)[58]. These data give rise once again to the thorny
question concerning the intimate pathogenetic interplay
between metabolic and genetic host factors.

The effects of obesity and lipids on antiviral response to
dual treatment
Obesity is another important metabolic cofactor that can
affect antiviral response. It may induce IR and hepatic
steatosis, both of which are associated with poor antiviral
response either directly or by ultimately promoting liver
fibrosis. However, it has been demonstrated that obesity
is an independent negative predictor of response to antiviral treatment regardless of genotype and cirrhosis[7].
Obesity is now considered an inflammatory condition, resulting in an abnormal immune response to
therapy. Adipose tissue secretes many proteins, including
adipokines, which regulate hepatic and peripheral glucose
and lipid metabolism. One of the adipokines secreted
by adipose cells is leptin, whose expression is regulated
by interleukin-1 (IL-1), tumor necrosis factor-α (TNF-α)
and insulin. Although leptin secretion from adipocytes
provides antiobesity signals, obese patients have elevated
levels of leptin. This suggests an intrinsic leptin resistance
in the obese, a complex phenomenon involving increased
levels of SOCS3, which impairs post-receptor signaling
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Can pretreatment correction of the metabolic co-factor
improve SVR to dual treatment?
One of the most intriguing and challenging tasks was to
transfer the information regarding the predictive power
of a metabolic variable for SVR to a practical ground.
This gave rise to a series of studies aimed at improving
SVR by correcting the metabolic factors before or during
antiviral treatment.
Some studies with very small cohorts have explored
the effect of a lifestyle intervention in obese and insulinresistant subjects with chronic hepatitis C. BMI, HOMA
values and leptin levels, but not TNF-α and IL-6, decreased significantly after aerobic exercise[60]. A more
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structured intervention based on 24-wk dietary and
physical activity regimens significantly reduced BMI and
HOMA values[61] and could be an interesting baseline
strategy in difficult-to-treat chronic hepatitis C patients
who are obese and insulin-resistant prior to starting peginterferon and ribavirin. However, to date, no studies
have demonstrated the efficacy of this strategy. Tarantino
et al[62] demonstrated that a low-calorie diet for 3 mo before starting antiviral therapy in patients with genotype
1-chronic hepatitis C resulted in a significant improvement in IR as well as a 60% “end-of-treatment” response
rate in the low-calorie diet group as compared to the control group (17.6%).
More data have been reported on insulin sensitizing agents used in combination with peginterferon and
ribavirin. The randomized, double-blind TRIC-1 trial by
Romero-Gómez et al[63] analyzed 125 naive genotype 1
patients treated with peginterferon alpha-2a and ribavirin
plus metformin or placebo on an intention-to-treat basis.
Their final results showed that there was a significant
decrease in both HOMA value and viral load during
the first 12 wk, as well as an improvement in SVR rate
in the metformin group as compared with the placebo
group, but only in females[63]. While metformin failed to
improve overall SVR, conflicting results have been obtained with other insulin sensitizing agents, mainly pioglitazone. Although comforting results have been obtained
in genotype 4[64], no improvement in SVR was observed
by adding pioglitazone (30 mg/d) to peginterferon and
ribavirin as compared with the standard of care of dual
therapy[65,66]. Similar negative results have been shown by
Harrison et al[67] in a randomized controlled trial which
compared pioglitazone plus standard of care vs standard
of care alone. This study definitively demonstrated that
even when pioglitazone was administered at an appropriate dose (45 mg/d), it failed to improve SVR, regardless
of administration timing (i.e., prior to starting the standard of care or during the peginterferon and ribavirin
course)[67].

higher discontinuation rates. However, when candidates
for this treatment are carefully selected, the overall SVR
rates can almost double in naïve and even triple in relapsers to previous double therapy[69-75]. Thus, triple therapy is
the new standard treatment for HCV genotype 1 chronic
liver disease.
One of the questions under debate is whether the
predictors of treatment failure that are observed when
using dual therapy in HCV genotype 1 also exert a negative influence in triple therapy.
What we know about metabolic factors and triple
therapy
Among the variables which have shown predictive power
for SVR in dual therapy, some of them, such as IL28b
polymorphism, fibrosis and the 4-wk viral response in
both naive or previously treated patients, have also been
highlighted in triple therapy on the basis of data emerging from registrative trials. Metabolic factors seem to play
either no role at all, or only a minor one in influencing
SVR in the context of triple treatment. However, some
considerations have to be made when looking carefully at
the post-hoc analysis of landmark phase-Ⅲ trials.
In the boceprevir-based SPRINT-2 trial, two metabolic variables were associated with SVR, but only statin
use proved to be an independent predictor of SVR (OR
= 3.4; 95%CI: 1.1-10.7; P = 0.04), whereas BMI was not
retained in the multivariate model after adjustment for
other variables[72].
In RESPOND-2, a boceprevir-based trial focusing
on previously treated patients, both the response-guided
treatment (RGT) group and the 48-wk triple treatment
group had a significantly higher SVR rate compared with
dual treatment. However, in obese patients (BMI ≥ 30),
a 10% lower SVR rate was observed in the RGT group
compared with the 48-wk triple treatment group (56% vs
65%)[73].
A sub-analysis of baseline predictors in the SPRINT-2
and RESPOND-2 trials showed that a BMI ≤ 30 was
significantly associated with SVR and with a ≥ 1 log10
HCV-RNA decline at week 4 in untreated patients but
not in patients previously treated with peginterferon and
ribavirin[76].
In the two telaprevir-based studies carried out on
untreated patients, both ADVANCE[77] and ILLUMINATE[75] showed a higher SVR rate in the RGT arms
compared with the double treatment arm, regardless of
diabetes and obesity. In the ADVANCE study, although
a 30% greater improvement in the SVR rate of patients
receiving telaprevir for 12 wk was achieved in all 3 BMI
groups (< 25, 25-30 and > 30) as compared to the control group, a 12%-16% lower SVR rate was observed
in overweight and obese patients compared to normal
weight patients.
An important contribution was provided by Serfaty
et al[78] in their post-hoc analysis of the phase Ⅱ C208
clinical trial[79]. In this study, which is the first to focus
on the influence of baseline metabolic variables on SVR

ADVENT OF DIRECT ANTIVIRAL AGENTS
AND THE NEW SCENARIO
In recent years, several antiviral drugs that directly target
HCV have been developed. These new drugs, known
as direct-acting antiviral agents (DAAs), are designed
to interfere directly with the HCV life cycle by inhibiting enzymes such as HCV NS3/4A protease and HCV
NS5B polymerase, or other proteins such as NS5A. Two
NS3/4A protease inhibitors, boceprevir and telaprevir, have become the first new drugs approved for the
treatment of patients with genotype 1 HCV who have
either not previously received treatment or who failed to
achieve SVR with previous therapy[68]. These new drugs,
however, must be given with peginterferon and ribavirin
because of their low barrier to viral resistance when they
are used as monotherapy, and this may limit efficacy. A
further limitation is due to overall side effects resulting in
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in patients treated with triple therapy, only LDL-C was
associated with SVR (even in multivariate analysis), thus
confirming its predictive role for SVR even in the telaprevir-based triple regimen and not only in dual therapy.
However, this is not the case for baseline IR measured
by the HOMA index, which did not show any relationship with SVR. Furthermore, the HOMA index did not
influence the 4-wk HCV RNA decline, nor were the rates
of HCV RNA undetectability at week 4 found to differ
among patients with or without IR. However, this is not
surprising since baseline HOMA values were not found
to be associated with SVR in many European studies
in which the study population had a low prevalence of
advanced fibrosis and a relatively low BMI[39,40,80,81]. This
may suggest that a higher prevalence of “viral” IR, which
can easily be counteracted by antivirals, actually does exist
in this population of patients. The significant association
between HCV RNA and HOMA values in the study of
Serfaty et al[78], as well as the improvement of HOMA in
patients who achieved SVR compared with those who
did not, further confirm the direct “in vivo” involvement
of HCV in IR pathways. On the other hand, a powerful, combined effect on suppressing HCV viremia and
rapidly lowering IR was previously observed using a 14-d
course of danoprevir monotherapy, i.e., another powerful,
selective inhibitor of NS3/4A HCV serine protease. Interestingly, overweight patients had a greater decrease in
HOMA values than patients with normal BMI, despite a
similar decrease in serum HCV RNA, suggesting a complex interplay between these two variables. The authors
hypothesize an anti-inflammatory or insulin sensitizing
effect of danoprevir[82].
Other important data concerning IR were obtained
from a post-hoc analysis of the REALIZE phase Ⅲ
study which was carried out to assess the impact of IR
on virological response to a telaprevir-based regimen in
previously treated patients. Baseline HOMA values were
found to be associated with SVR at univariate analysis
(TVR: OR = 0.76; 95%CI: 0.60-0.96) but not after adjustment for other baseline prognostic factors (TVR: OR
= 0.95; 95%CI: 0.71-1.29)[83]. SVR decreased as HOMA
values increased, both in the control group and in the
pooled T12-PR48 group where, however, this trend was
observed only in prior partial and null responders, but
not in prior relapsers.
In summary, on the basis of all these data we can say
that LDL-C and statin use proved to be predictors of SVR
in telaprevir and boceprevir-treated patients, respectively.
Obesity may negatively influence rapid virologic decline as
well as SVR in previously naive patients treated with a boceprevir-based regimen. To the best of our knowledge, no
sub-analysis regarding the impact of obesity on SVR has
ever been carried out for telaprevir. No data on HOMA
are available for boceprevir. HOMA values were reported
as being univariately associated with SVR in a telaprevirbased trial on previously treated patients. In naive patients
treated with a telaprevir-based regimen, the HOMA value
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was not a predictor of SVR, nor was it found to be associated with rapid virological response.
However, some comments have to be made. First,
we have no data on the real weight of baseline metabolic
factors in patients with less favorable probability of response, such as those with advanced fibrosis and/or nonCC IL28b. It is reasonable to suppose that in patients
with advanced fibrosis or cirrhosis, as well as in prior
partial or null responders to dual therapy and in whom
non-CC IL28b is highly prevalent, metabolic IR, metabolic syndrome and obesity may be significant cofactors
of nonresponse to triple therapy. Hopefully, this will be
an issue for further studies. Secondly, in a real world setting we have to face a change in the epidemiology of
candidates to triple therapy compared with the “world of
trials”. In the “real world scenario” we have to expect a
higher prevalence of patients over 65 years of age who
have often previously been treated with dual therapy
and have a higher prevalence of comorbidities, including
hypertension, dyslipidemia and diabetes. In this context,
many patients might experience either a worsening in the
sensitivity to interferon as well as a higher probability of
side effects when a protease-inhibitor is added to therapy.
These points seem to have been taken into consideration by United Kingdom consensus guidelines for
the use of protease inhibitors in the treatment of HCV
genotype 1 infected patients. These guidelines recommend evaluating the presence of factors predictive of
poor response to therapy, such as BMI and type 2 diabetes among others[84].
Currently, an enormous effort is being made by researchers and companies to provide physicians with new
and more powerful drugs with a high genetic barrier and
able to work on several HCV genotypes. Recently, phase
Ⅱ and Ⅲ studies on sofosbuvir, a new nucleotide analogue HCV NS5B polymerase inhibitor used in combination with peginterferon and ribavirin in genotypes 1, 4, 5
and 6 or in combination with ribavirin in genotypes 2 and
3, showed a high rate of SVR, up to 90% in untreated
genotype 1 patients after a 12-wk regimen, with no additional side effects to those occurring with peginterferon
and ribavirin[85-87].
New combinations of drugs with interferon-free
schedules are under evaluation in phase Ⅱ or Ⅲ studies[88-91]. Hopefully, by the end of the decade the holy grail
of a pangenotypic oral association of highly powerful
drugs will be able to cure virtually all patients. In this
scenario, the role of predictors of SVR will rapidly fade,
but we have to keep in mind that in the short amount of
time that separates us from the availability of new and
more powerful treatment schedules, many patients will
have to be treated with boceprevir and telaprevir-based
triple therapy. Furthermore, many patients around the
world have no, or only limited access to DAAs. With this
in mind, SVR predictors remain important tools that are
available to us in order to assign patients to the best treatment schedules.
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CONCLUSION
Baseline metabolic factors seem to have a minor, though
likely not negligible, role in influencing antiviral response
to direct antiviral agent-based treatment in patients with
genotype 1 chronic hepatitis C. Further studies aimed
at clarifying their role in a subpopulation of unfavorable candidates to this treatment, such as patients with
advanced fibrosis or prior partial or null responders to
peginterferon and ribavirin, are needed.
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infection develop chronic hepatitis, but in some the
hepatitis is resolved in a self-limiting manner in the
acute phase of infection. What factors are responsible
for this difference in the outcome of hepatitis C? The
evolutionary dynamics of the infecting virus and host
genetic polymorphisms pertaining mainly to the immune system, including the Interleukin 28B gene, as
well as susceptibility to HCV infection, are important in
determining the outcome of infection.
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Abstract
It has been suggested that hepatitis C virus (HCV) is
selectively transmitted to a new host as an infectious
clone from multiple HCV variants (quasispecies) in
the donor. Most individuals with HCV infection develop chronic hepatitis, but approximately 15%-40%
of them clear the virus spontaneously and the hepatitis is resolved in a self-limiting manner in the acute
phase of infection. This difference in the outcome of
acute hepatitis C is attributable to both viral characteristics and genetic regulation of infection. In particular, the evolutionary dynamics of the infecting virus
and host genetic polymorphisms pertaining mainly
to the immune system, including polymorphisms
in the region of the Interleukin 28B gene encoding
interferon-λ-3, are associated with susceptibility to
HCV infection.

INTRODUCTION
Hepatitis C virus (HCV) infection is a major threat to
public health, and about 170 million people are estimated
to be infected worldwide with a potential risk of progression to cirrhosis and hepatocellular carcinoma[1,2]. This
review summarizes the two current topics of HCV study:
the transmission mode of HCV with multiple variants
(quasispecies) and the factors associated with susceptibility to HCV infection, with special reference to viral characteristics and host genetic variation.

MODE OF HCV TRANSMISSION: HOW
IS HCV WITH MULTIPLE VARIANTS
TRANSMITTED?

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: hepatitis C; spontaneous clearance;
Interleukin 28B; single nucleotide polymorphism;
interferon-λ

HCV shows significant genetic heterogeneity among isolates, and the degree of variability is unevenly distributed
throughout the viral genome: some regions are conserved
and some are highly variable[3]. In particular, the hyper-

Core tip: Most individuals with hepatitis C virus (HCV)
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variable region 1 (HVR1) of the HCV E2 gene encoding a putative envelope glycoprotein mutates at a high
rate, resulting in a wide spectrum of mutants referred to
as “quasispecies” during infection[4,5]. Some virions may
contain defective RNA genomes, which also affect the
infectivity and replicability of the virus[6]. The mixture of
clones present determines the biological and immunological properties of the virus.
How is HCV with multiple variants (quasispecies)
transmitted to the new host? Does the status of transmitted HCV consist of multiple clones or a selected single
clone? The transmission mode of HCV has been investigated by sequencing of the recovered viral genome from
both donor and recipient[7,8]. HCV infection in human
communities has occurred sporadically because no effective neutralizing vaccine against HCV has been developed. In particular, HCV infection in health-care workers
through exposure to patient’s blood due to a needle stick
accident or accidental droplet transmission is a serious
problem[9-12]. We previously reported a case of HCV infection resulting from a needle stick accident, and had an
opportunity to investigate how HCV variants from the
donor are transmitted to the recipient by comparing the
HCV HVR1 genome encoding the envelope E2 protein
recovered from the serum of both the donor and recipient[7]. In this case, we had observed the recipient before
the onset of hepatitis and collected serum samples after
obtaining informed consent. Thus, we were able to compare the HCV HVR1 genome between the donor’s HCV
at inoculation and the recipient’s HCV just after onset of
viremia. Interestingly, a minor subset of the donor’s HCV
clones was selectively transmitted to the recipient, and
this selection determined the predominant clone in the
new host. Several clones that appeared to stem from the
recipient’s predominant clone had one amino acid change
within the HVR1 region during this short period. This
particular case progressed to chronic hepatitis, and the
same phenomenon has been demonstrated in the case
of acute, self-limiting hepatitis[8]. These data suggest that
a minor clone of the donor’s HCV is transmitted and
adapts to the new host. The precise mechanism of this
viral selection in the initial phase of transmission has not
been elucidated.
The simplicity of the transmitted viral strain in the
initial phase of infection may explain some of the important clinical manifestations. Anti-viral therapy using
interferon elicits a favorable response in the acute phase
of HCV infection[13-16]. In addition, if a single strain is
transmitted selectively in the initial phase of infection,
this specific strain may be one of the factors determining
disease activity. In fact, a study using a model of HCV
transmission has demonstrated that a specific HCV strain
recovered from a patient with fulminant hepatitis caused
unusually severe hepatitis in a chimpanzee to which it was
transmitted[17]. At present, the specific strain of HCV responsible for progressive liver disease cannot be discriminated from viral quasispecies in contaminated blood.
Further investigation would be useful for clarifying the
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specific viral strain responsible for the disease, and such
efforts would be important for planning future strategies
for the development of an effective therapeutic vaccine.

SELF-LIMITING HEPATITIS OR CHRONIC
HEPATITIS? HOW IS SUSCEPTIBILITY TO
HCV DETERMINED?
The spontaneous clearance rate of HCV in the acute
phase of infection
Most individuals with HCV infection fail to clear the virus
and develop chronic hepatitis with a risk of progression
to cirrhosis and hepatocellular carcinoma. However, a
small proportion of individuals are known to show resolution of the infection in a self-limiting manner. The rate
of spontaneous viral clearance in acute HCV infection
is reported to be approximately 15%-40% of all HCVinfected individuals[18-20]. Although differences in study
populations such as race may influence the clearance rate
in each cohort, a systematic review of 31 studies has estimated this rate to be 26%[20]. We have previously reported
a Japanese population-based cohort study of the natural
history of HCV infection in an area where communityacquired acute hepatitis C is endemic; here, the spontaneous viral clearance rate was estimated to be approximately
20%[21,22]. What is the difference between self-limiting
resolution of hepatitis and progression to chronic hepatitis? Comparative studies of this issue have focused on
both viral characteristics and genetic regulation.
Viral characteristics influencing the outcome of acute
hepatitis C
After the establishment of HCV infection, the viral genome mutates at a high rate, especially in the HVR1 of
the HCV E2 region. The evolutionary dynamics of the
infected virus are associated with the outcome of acute
hepatitis C; genetic stasis and a high rate of evolution of
HCV HVR1 are associated with resolution of infection
in self-limiting hepatitis and progression to chronic infection, respectively[23]. The case we experienced progressed
to chronic infection and 8 of 30 homogeneously predominant HCV HVR1 clones recovered from the recipient developed one amino acid mutation within this region
during a short period of only 6 wk after infection[7]. As
for the relationship between the viral load at the time of
infection and the outcome of acute HCV infection, a
recent study has shown that a high viral load in the initial
phase of infection is associated with spontaneous viral
clearance, leading to self-limiting resolution of hepatitis[24]. A high viral load may trigger strong innate immunity in the acute phase. However, it has also been reported
that viral clearance may occur after a low infectious dose
of HCV has been transmitted[25]. In addition, spontaneous viral clearance rarely occurs in the chronic phase of
HCV infection where a low viral load is associated with
spontaneous clearance[26]. The spontaneous clearance of
HCV may thus depend on the immune system of indi-
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viduals rather than the viral load. Further studies using
a greater number of cohorts are needed to clarify the
relationship between spontaneous viral clearance and the
initial viral load, as well as the degree of induction of the
innate immune response.

HCV donor
Selective transmission
of infectious clone

HCV recipient

Genetic regulation of HCV infection
HCV-specific humoral and cellular immune responses
are detectable in infected individuals, and a strong immune response against HCV favors viral clearance[18,27].
Genetic variation in host genes involved in immune response is likely to account for the difference in outcome.
In particular, induction of natural killer (NK) cells in
the innate immune response during the acute phase of
infection plays a crucial role in resolving HCV infection.
We have previously reported differences in genetic variations between HCV-infected individuals with and without viremia in the Japanese population[22], where a single
nucleotide polymorphism (SNP) of transforming growth
factor (TGF)-β1, which suppresses the proliferation and
cytotoxicity of NK cells (the -509CC genotype or -509C
allele), was associated with high HCV clearance rates
and low transcriptional activity of TGF-β1[28]. The killer
cell immunoglobulin-like receptor (KIR) and its human
leukocyte antigen (HLA) have been reported to influence
the outcome of HCV infection. Combinations of genotypes involving genes encoding the inhibitory NK cell
receptor KIR2DL3 and HLA-C1 ligand directly influence
HCV clearance in Caucasians and African Americans
with an expected low infectious dose of HCV[25]. These
data suggest that a diminished inhibitory effect of NK
cells resulting from such gene regulation confers protection against HCV.
In a recent genome-wide association study, SNPs in
the region of the Interleukin 28B (IL28B) gene encoding
interferon-λ-3 were shown to be closely associated with
the virologic response of HCV to antiviral therapy[29-31].
Patients carrying an IL28B homozygote for the major
alleles of rs12979860 (CC genotype)[29] or rs8099917
(TT genotype)[30] show a greater propensity to achieve a
sustained virologic response to pegylated interferon-α
and ribavirin therapy than those carrying an IL28B heterozygote or homozygote for its minor allele. This SNP
(rs12979860) also influences the outcome of HCV infection in the context of natural history; the CC genotype
enhances resolution of HCV infection with spontaneous
clearance among individuals of European and African ancestry[32]. This CC genotype has also been reported to be
associated with a higher rate of spontaneous clearance in
Asian populations[33]. In addition, a recent study has demonstrated that SNPs in the region of IL28B (rs12979860)
and HLA class Ⅱ (rs4273729) are independently associated with spontaneous resolution of HCV infection in
individuals of European and African ancestry[34]. A prospective follow-up study of patients who developed acute
hepatitis C also revealed a strong correlation between the
IL28B C allele at rs12979860 and clearance[24]. Taken together, the SNP of IL28B (rs12979860) can be a marker
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Major susceptibility factors

Viral genome
*Stasis or evolution

Host: IL28B genotype
*Homozygous favorable type or
other unfavorable types

*Spontaneous clearance
15%-40%

Persistent infection
60%-85%

Self-limiting hepatitis

Chronic hepatitis

Figure 1 Transmission of hepatitis C virus, and the significance of viral
and host factors for predicting the outcome of infection. HCV: Hepatitis C
virus; IL28B: Interleukin 28B.

for indicating whether immediate antiviral treatment
needs to be started in patients with acute hepatitis C[35].
Recently, upstream of the IL28B gene, a dinucleotide
variant ss469415590 (TT or ΔG), in which ss469415590
(ΔG) activates the IFNL4 gene encoding interferon-λ-4
protein through a genome frameshift, has been reported
to be more strongly associated with HCV clearance in
individuals of African ancestry than the SNP of IL28B
(rs12979860), but comparable to that in Europeans and
Asians[36]. This variant is in high linkage disequilibrium
with rs12979860, and further investigations are expected
to elucidate the functional role of ss469415590 (ΔG) that
activates the IFNL4 gene in association with the innate
immune response to HCV.

CONCLUSION
Both the viral characteristics of an infecting clone and
genetic regulation of infection by the host determine differences in the outcome of acute HCV infection (Figure
1). The evolutionary dynamics of the virus and genetic
polymorphisms in the host pertaining mainly to the immune system influence susceptibility to HCV. In particular, the discovery of SNPs in the region of the IL28B
gene has led to the characterization of a novel genetic
marker of hepatitis C that is able to predict self-limiting
viral clearance in the acute phase of infection as well as
the response to antiviral therapy.
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clinical implications of HBV variants and their study by
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Core tip: We provide an update of hepatitis B virus (HBV)
virology, focusing on its complex replication cycle which
generates high genetic variability, which led HBV infection to evolve as viral quasispecies, complex distributions of variant populations that are closely related but
not identical. We also discuss the clinical and virological
implications of this population structure and the application of different next-generation sequencing approaches,
which enable analysis of thousands of clonally amplified
regions, to study these heterogeneous viral populations.
Original sources: Rodriguez-Frias F, Buti M, Tabernero D,
Homs M. Quasispecies structure, cornerstone of hepatitis B virus
infection: Mass sequencing approach. World J Gastroenterol
2013; 19(41): 6995-7023 Available from: URL: http://www.wjgnet.com/1007-9327/full/v19/i41/6995.htm DOI: http://dx.doi.
org/10.3748/wjg.v19.i41.6995

Abstract
Hepatitis B virus (HBV) is a DNA virus with complex replication, and high replication and mutation rates, leading
to a heterogeneous viral population. The population is
comprised of genomes that are closely related, but not
identical; hence, HBV is considered a viral quasispecies.
Quasispecies variability may be somewhat limited by the
high degree of overlapping between the HBV coding regions, which is especially important in the P and S gene
overlapping regions, but is less significant in the X and
preCore/Core genes. Despite this restriction, several
clinically and pathologically relevant variants have been
characterized along the viral genome. Next-generation
sequencing (NGS) approaches enable high-throughput
analysis of thousands of clonally amplified regions and
are powerful tools for characterizing genetic diversity in
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HEPATITIS B VIRUS INFECTION
HAS SINGULAR VIROLOGY: IS IT A
“PSEUDORETROVIRUS”?
Human hepatitis B virus (HBV; Hepadnaviridae family) causes acute and chronic infection in humans and
chimpanzees. HBV infection is distributed throughout
the world, and it is estimated that around 2000 million
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people worldwide have been in contact with this pathogenic agent. Despite successful vaccination programs and
effective antiviral therapies, there are over 350 million
carriers of HBV surface antigen (HBsAg). Some 150 million of them have active infection and a high risk of progression to cirrhosis or hepatocellular carcinoma (HCC).
HBV-infected individuals have a 30-fold higher risk of
developing HCC than the remainder of the population,
and it is estimated that 53% of liver cancers worldwide
are associated with HBV[1].
HBV consists of a spherical particle with a diameter
of 42 nm. The outer envelope is comprised of a phospholipid/protein layer and the inner shell contains core antigen
(HBcAg) with the viral genome. Based on differences
in the nucleotide sequence of its genome, HBV virus is
currently classified into 10 genotypes (A-J) and multiple
subgenotypes, with characteristic ethnic/geographic distributions[2-4]. The viral genome is 3.2 kb in length, and
within the double-shelled particle, the genome adopts the
conformation of a circular, partially double-stranded DNA
molecule (rcDNA), with a complete non-covalently closed
minus strand and an incomplete plus strand.
The HBV genome has four highly overlapping open
reading frames (ORFs) - S, P, C and X - that encode seven
proteins. The S ORF encodes three different-sized surface
antigens whose common region contains the main antigenic loop, the “a” epitope (amino acids 124-147). The a epitope is one of the main targets for neutralizing anti-HBs
antibodies. The S ORF is completely overlapped by the P
ORF, which encodes a polyprotein with different domains:
the reverse transcriptase (RT), the polymerase, RNase H,
and the terminal protein (TP). The catalytic center of RT
is located at the C domain and is defined by four amino
acids mapped at positions 203-206: tyrosine, methionine,
aspartate, and aspartate (203YMDD206). The YMDD motif is highly conserved among viral polymerases/reverse
transcriptases. The 3’ region of C ORF is overlapped by
P ORF and contains two start (ATG) codons. The region
between these codons is called the preCore region, while
the remaining region from the second ATG is known as
the Core gene. The two proteins translated from these two
ATG start codons are the viral capsid (HBcAg) and the e
antigen (HBeAg); the latter is a soluble antigen that acts as
an immunomodulator. Finally, the 5’ end of the X ORF is
overlapped by the P ORF, and the 3’ end is overlapped by
part of the preCore. The X ORF encodes the x antigen
(HBxAg), which is a multifunctional transactivator protein.
Furthermore, the HBV genome contains various elements
that regulate replication. One important element is enhancer Ⅱ (ENHⅡ), located in the X gene sequence, which
modulates the promoters of transcription of viral mRNA.

plex viral replication cycle of HBV may be the cause of
this quasispecies nature.
HBV replication occurs exclusively in hepatocytes,
but the specific and highly effective viral determinants
that direct HBV into hepatocytes are still unknown.
It has been hypothesized that HBV hepatotropism is
mediated through specific binding of the myristoylated
N-terminal preS1 domain of the large HBV surface protein to a hepatocyte-specific receptor that has not been
completely defined[5]. After interacting with the cellular
receptor, HBV particles enter the liver cell[6] and release
the outer envelope. HBcAg from the inner shell directs
the particle to the nucleus, where the rcDNA genome is
repaired by host and viral polymerases to a fully doublestranded covalently closed circular genome (cccDNA).
This molecule remains in the nucleus of the infected
hepatocyte as a minichromosome until the cell dies[7].
cccDNA also acts as a template for synthesis of five different viral mRNAs: preCore mRNA, pre-S2 mRNA, X
mRNA, S1 mRNA, and the pregenomic RNA (pgRNA).
The largest of these, pgRNA, is 3.5 kb in length and contains a redundant fragment of the preCore region at both
ends. pgRNA yields the polymerase and core transcripts.
In addition, the 5’ and 3’ ends of pgRNA adopt a hairpin
stem-loop structure, named epsilon. The epsilon signal at
the 5’ end directly interacts with the polymerase and constitutes the first step in initiation of reverse transcription.
The interaction induces recruitment of HBcAg monomers around the polymerase/pgRNA complex. These
particles can be considered true previrions, with the HBV
genome in RNA conformation. Within these particles,
pgRNA serves as a template for reverse transcription to
the minus strand of HBV DNA, which acts as a template
for synthesis of the HBV DNA plus strand by the HBV
polymerase. The plus strand is incomplete and yields a
new particle with a new rcDNA genome[8].
Thus, the HBV viral cycle includes a transcription
and translation step, but also a reverse transcription step
similar to what occurs in retroviruses, mediated by the
different activities of HBV polymerase[2,3]. One potential
explanation for the quasispecies nature of the virus occurs at the retrotranscription step: the viral enzyme lacks
proofreading activity and the new genomes are highly
prone to accumulate errors[9]. This fact, in addition to the
extremely high viral replication rate results in a remarkably heterogeneous viral population, referred to as a quasispecies[10]. In the section Variability only due to poor fidelity
of the viral polymerase? we discuss further potential sources
of the virus quasispecies formation.
Nonetheless, quasispecies variability may be somewhat limited by the high degree of overlap between the
HBV coding regions (67%)[11]. This restriction would
not be very important in the Core region because it is
not overlapped and contains variable epitopic domains
that play a central role in the immune response against
the virus[12,13]. In contrast, the viral reverse transcriptase
is highly conserved, due to its important functions and
overlapping with the S ORF[3]. Positions at or near the

Viral cycle: a DNA virus with a retrotranscription step,
similar to a retrovirus
The HBV population is highly heterogeneous and is
comprised of genomes that are closely related, but not
identical; hence, it is considered a viral quasispecies, a
term commonly associated with RNA viruses. The com-

WCG|www.wjgnet.com

2464

January 28, 2014|First Edition|

Rodriguez-Frias F et al . Hepatitis B quasispecies

initiation site for synthesis of the first viral strand are also
highly conserved, and are homologous over 67 nucleotides to the U5 region; a region comparable to retroviral
long terminal repeats[14].
The Core is the most suitable region to study the natural evolution of the viral genome, keeping in mind that
the immune system is the main driver of evolutionary
pressure[15]. Certain specific mutations observed in viral
variants may have implications in the pathogenesis of viral disease. For example a G to A substitution at nucleotide 1896 yields a de novo stop codon in the preCore region that is associated with HBeAg seroconversion and a
high risk of fulminant hepatic failure in acute infection[16].
In conclusion, depending on the HBV region analyzed,
different features of the quasispecies will be examined.

TOOLS FOR VIRAL QUASISPECIES
STUDY: NGS TECHNOLOGIES AS A NEW
STRATEGY FOR A DEEP ANALYSIS
Study of HBV quasispecies evolution together with disease progression is important to clarify the pathogenesis
of this condition and improve the available treatment
strategies[28]. This type of study can be performed by
standard methods or by new, more powerful approaches.
Standard approaches to describe genomic variability
For the past 40 years, the most widely used method for
sequencing DNA has been Sanger sequencing, which is
based on a single sequencing reaction with fluorescent
dideoxynucleotides, which act as chain terminators[29-31].
This produces a mixture of DNA fragments of different
sizes, all ending with one of four terminators, each of
which is marked with a different fluorochrome that can
be detected when the fragments are separated by size in
capillary electrophoresis-based sequencers. To obtain the
maximum amount of product to be analyzed, polymerase
chain reaction (PCR) is performed to amplify the region
of interest. Analysis of a complex genomic sample (e.g., a
viral quasispecies) by Sanger sequencing yields the most
common nucleotide present in the quasispecies, known as
the consensus sequence, but individual sequences are not
obtained. Thus, analysis of the HBV RT domain C (putative active center) covering codons 202 to 206 can yield
positions with different nucleotides (A/GGC202 TAT203
A/GTG204 GAT205 GAT206), but it is uncertain whether
the changes are present in the same sequence or in two
different sequences, for example GGC202.TAT203.ATG204.
GAT 205 .GAT 206 or AGC 202 .TAT 203 .GTG 204 .GAT 205 .
GAT206. Minor nucleotide changes in the same position
can only be detected as “inner small peaks” when their
frequency is higher than 20% (e.g., a clear G peak with
a small A peak inside in codon 202). Therefore, Sanger
sequencing of a complex genomic mixture presents two
main limitations: low sensitivity for minor variant detection and inability to perform haplotype analysis.
In addition to such direct sequencing methods, some
indirect molecular techniques, mainly focussed on detection of specific variants, have also been extensively used.
The most common is reverse hybridization in Line Probe
Assays format that can detect specific variants present
as at least 5% of the viral quasispecies[32,33]. Other, less
commonly used methods for detecting specific variants
include restriction fragment length polymorphism (RFLP)
analysis[34-36], 5’-nuclease assays[35], melting point analysis[37], mass spectrometry[38], DNA chip technology[39]
and real-time PCR using mutation-specific primers[40].
Although these methods can differentiate between population mixtures[41], they do not allow simultaneous detection of different substitutions in the same viral genome.
Therefore, complex variants with two or more amino
acid changes, such as those related to entecavir resistance
or those causing a fitness increase during lamivudine

Singular HBV virology: viral genome integration and
nuclear reinfection of nascent viral capsids
One peculiarity of hepadnaviruses is that their genome is
often found to be inserted in the hepatocyte genome[17-19],
a fact that could indicate a possible common origin with
retroviruses. These integrations can induce chromosome
changes, genome instability, or changes in the expression
of human genes[20] and have been found throughout the
different chromosomal sites in the host genome [e.g.,
near the telomerase reverse transcriptase gene (tert) and
fibronectin gene (fn1)][19,21-24]. Integrated HBV DNA sequences and episomal HBV genomes have been found
in 85%-90% of HBV-related cases of HCC[19,21]. Recent
studies using various genetic approaches and microarray technology have reported that HBV-related HCC
displays higher rates of chromosomal abnormalities than
HCC due to other risk factors, and even generates chimeric oncogenic proteins[25,26]. Ding et al[19] analyzed 286
unique integration sites from 40 pairs of HBV-related
HCC and tumor-adjacent tissues by massive sequencing
on the Illumina platform [see next-generation sequencing (NGS) methods in later sections], and seven HBV
integrations per individual were detected. However, the
relationship between HBV integration and HCC has not
been completely elucidated.
Another peculiarity of viral replication is nuclear reinfection. The nascent capsids have the same structure and
conformation as those that originally infected the hepatocytes and released the outer envelope, and this similarity
enables nuclear reinfection. In this way, the new capsids
can increase the amount and diversity of nuclear cccDNA during viral replication[27]. This leads to an increase in
the intracellular and intranuclear viral quasispecies.
Based on its singular virology, HBV can be considered a non-enveloped RNA virus at the intracellular level
and an enveloped DNA virus at the extracellular level.
In addition, it has “pseudoretroviral” behavior consisting
of an ability to integrate into the host cell genome, and a
highly variable genome that leads to a quasispecies nature.
In the next sections, the variability of the HBV genome
will be discussed in the light of data obtained by recently
developed massive sequencing technologies.
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treatment, cannot be properly studied by these indirect
methods. Furthermore, they cannot be used to properly
describe the composition of a quasispecies.
The traditional method used to analyze a heterogeneous genomic population, such as a viral quasispecies,
is cloning and sequencing. This is a costly, labor-intensive
process that requires multiple, complex experimental
steps, and provides limited resolution regarding the mutation spectrum and frequencies. Analysis of a quasispecies
by cloning requires a large number of clones (> 100)
which significantly hampers its use.

accomodates only one bead and a single DNA molecule.
The oil drops act as microreactors for clonal PCR amplification. DNA-bound beads are placed on a PicoTiterPlate (PTP), together with a fiber optic chip and a mix of
enzymes such as DNA polymerase, ATP sulfurylase, and
luciferase. The PTP is then placed in the GS FLX system
for sequencing. The sequencing process is monitored by
the light flashes released once a nucleotide is incorporated.
However, the calibrated base calling cannot properly interpret long stretches (> 6) of the same nucleotide and for
this reason, homopolymeric regions (defined as repeats
of ≥ 4 identical bases) are prone to artifactual base insertions and deletions. In contrast, as each incorporation
step is nucleotide-specific, substitution errors are rarely
encountered in Roche/454 sequence reads.
The raw reads are processed by the 454 analytical
software and then screened by various quality filters to
remove poor-quality sequences. Fragments > 400 nucleotides can be sequenced (currently around 700 nucleotides),
allowing haplotypic analysis that would theoretically be
useful even for phylogenetic studies. UDPS is currently
the only platform for quantitative analysis of long clonal
sequences that allows detection of particular mutations as
well as combinations of mutations in the same sequence.
It is, therefore, highly useful as a high-throughput, massive
sequencing method to describe quasispecies.

NGS
The genome sequencing scenario is now changing, mainly
because of the development of NGS techniques[42]. NGS
approaches enable high-throughput analysis of thousands
of clonally amplified regions and are powerful tools for
characterizing genetic diversity in viral strains[43].
The most widespread platforms available are the 454
FLX (Roche)[44], the Solexa genome analyzer (Illumina)[45,46], the SOLiD system (Applied Biosystems)[47], and
recently, the Ion Torrent system (Life Technologies)[48].
These platforms apply different experimental strategies (enzymological, chemical) and complex engineering
(high-resolution optics, hardware, and software), and
provide significant time saving and a minimal requirement for associated equipment in comparison to cloning.
NGS technologies seek amplification of single strands of
DNA with specific sequences (added by chemical binding or by specific PCR primers) and perform sequencing reactions on the amplified strands. The presence of
specific sequences enables selection of PCR-amplified
fragments without requiring a bacterial cloning step. The
yield of sequence reads and total bases per instrument
run is significantly higher than that produced in a capillary sequencer run: from several hundred thousand reads
(454 FLX and Ion Torrent) to tens of millions of reads
(Illumina and SOLiD)[44].

Solexa (llumina): The single molecule amplification
step of the Illumina Genome Analyzer starts with an
Illumina-specific adapter library. This step automatically
takes place on the oligo-derivatized surface of a flow cell,
which is an eight-channel sealed glass microfabricated device that allows a special process, “bridge amplification”,
of fragments on its surface. This process uses DNA
polymerase to produce multiple DNA clusters, each representing the single molecule that initiated the cluster amplification. Bridge amplification generates multiple copies
of a specific DNA molecule on an “oligo-decorated”
solid support. Each cluster contains approximately 1 million copies of the original fragment.
The Illumina system utilizes a sequencing-by-synthesis approach in which all four nucleotides and the DNA
polymerase are simultaneously added to flow cell channels for incorporation into the oligo-primed cluster fragments[46]. The nucleotides carry a unique base fluorescent
label in which the 3’-OH group is chemically blocked.
The DNA chains are then extended by one nucleotide,
and an image is taken. Subsequently, the 3′ blocking
group is chemically removed to prepare each strand for
the next incorporation by DNA polymerase. This series
of steps continues for a specific number of cycles, permitting discrete read lengths of 50-250 nucleotides. However, this approach is not suitable for haplotypic analysis
or quasispecies studies.

FLX-454 pyrosequencing platform (Roche): The
454 technology is based on ultra-deep pyrosequencing (UDPS), a DNA sequencing method that relies on
chemiluminescent detection of pyrophosphate release
during polymerase-mediated dNTPS incorporation. The
pyrophosphate is converted into ATP, which allows generation of light by the enzyme luciferase in amounts proportional to the amount of ATP. UDPS is a fast method
that can detect and quantify small viral subpopulations
(present in < 5%)[43,49]; specifically, a recent study reported
detection of HBV subpopulations accounting for 2% of
the total viral population[50].
The 454 Sequencing System supports analysis of
samples from a wide variety of starting materials, including genomic DNA, PCR products, artificial bacterial
chromosomes, and cDNA. The system relies on fixing
nebulized and adapter-ligated DNA fragments to small
DNA-capture beads in a water-in-oil emulsion. The emulsion is prepared to achieve oil drops with a diameter that
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SOLiD (Applied Biosystems/Life Technologies):
The SOLiD platform, which is similar to that of other
NGS methods, uses an adapter-ligated fragment library
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and an emulsion PCR (similar to 454 technology) [47].
However, it is based on the principle of “two-base encoding” and uses a DNA ligase as the enzyme. The
system has random 8-mer fluorescent probes with all 16
combinations of di-bases at the 3’ ends. Once one of
these fluorescent probes hybridizes over the sequence,
the probe is linked to the region of interest by ligase.
Each ligation step is followed by fluorescence detection
and removal of the ligated 8-mer. This method sequences
short fragments of 35-50 nucleotides and does not allow
haplotypic studies.

and quality assessment), and they should be specific for
each platform. Bioinformatic filtering has been the main
method developed to validate variants carrying substitutions, but it has not been completely optimized for variants with insertions and deletions, which are common in
HBV, especially in the X ORF and basic Core promoter,
mapped at the preCore region[64-68]. Therefore, study of insertion and deletion variants still requires classical cloning
analysis, and that is why they have been little investigated.
In addition, UDPS is associated with sequencing errors in homopolymeric regions, although some of the
variants identified have been true variants previously
reported by cloning[69,70]. Currently, it is uncertain how
natural insertion/deletion variants can be differentiated
from variants resulting from errors in UDPS processing;
therefore, the computational analysis of UDPS reads
must be improved. One possible approach could include
systematic analysis of forward and reverse reads in duplicate by NGS and in parallel with cloning. Another
strategy could be targeted searching for sequences with
known deletions and insertions, previously detected by
classical clonal analysis[70], or selection of insertions or
deletions that cause relevant changes, such as de novo stop
codons[69,70].
The importance of investigating insertions and deletions in the HBV quasispecies is underscored with the
G2091 deletion, described by Schories et al[69] and recently
detected by Ramírez et al[70]. This deletion produces three
de novo stop codons: (wild type, 2086TGG.GGG.GAA.
TTG.ATG.ACT.CTA.GCT, and the deleted variant,
2086TGG.GGG.AAT.TGA.TGA.CTC.TAG.CT), resulting
in an HBV “capsid-defective genome”. The presence of
potentially defective genomes in the HBV quasispecies
has been recently reported in the S ORF[56,58], in the HBcAg start codon, and even in the HBxAg stop codon in
studies using massive UDPS[56].
Another factor that must be taken into account in
NGS data analysis is the possibility of recombination
events occurring during PCR amplification[71] by different
mechanisms; for example, short incomplete amplicons
can act as primers for different sequences present in the
quasispecies, or crossing of amplified sequences can occur, similar to chromosome recombination events. These
phenomena may be a potential limitation of UDPS, but
they can also occur in classical cloning and any other
technique that includes a PCR amplification step. This
confounding factor questions the reliability of haplotype
analysis of the quasispecies, which requires minimization of recombination events. Thus, the true impact of
these events should be carefully evaluated in the future by
UDPS analysis of in vitro mixtures from different clonal
sequences. It would be particularly interesting to know
the impact of recombination in order to derive conclusions from linkage analysis of different relevant nucleotide substitutions reported in the HBV polymerase and
preCore region by classical cloning[72] and UDPS[56-58].
Lastly, the limit of detection of the UDPS approach
has not been established, and differences between studies

Ion torrent: ion semiconductor sequencing (Life
Technologies): This platform is similar to the FLX
454 method, but has a semiconductor-based detection
system[48]. The sequencing system is based on detection
of hydrogen ions (protons) released during DNA polymerization, instead of the image capture used in other
sequencing systems. A microwell containing a DNA template is flooded with a single type of nucleotide. If the
nucleotide introduced is complementary to the leading
template nucleotide, it will be incorporated into the growing complementary strand. This phenomenon releases
a hydrogen ion that triggers a hypersensitive ion sensor,
whose signal indicates that a reaction has occurred. If homopolymer repeats are present in the template sequence,
multiple nucleotides will be incorporated in a single cycle.
This leads to a corresponding number of released hydrogen molecules and a proportionately higher electronic
signal. In this sense, this method can be considered more
accurate than FLX-454 for homopolymeric sequences.
Currently, fragments up 200 nt can be sequenced, with
an approximation to haplotypic analysis. However, the
sequence length is too short for phylogenetic studies, and
the method is not useful to describe quasispecies.
NGS applications and limitations
NGS techniques have been used to study some quasispecies, such as human immunodeficiency virus (HIV)[51,52],
HBV[53-59], and hepatitis C virus (HCV)[46,60]. The 454 platform has been successful in analysis of HIV quasispecies,
exhibiting high sensitivity for detecting treatment-resistant variants[51,61-63], in describing HCV heterogeneity[46,60],
and more recently, in HBV quasisepecies studies[53-59].
UDPS has been used in studies to quantify HBV minority variants carrying resistant mutations[55,58], and to detect
defective variants[53-58]. In addition, the UDPS NGS approach has enabled dynamic study of clonal evolution
in cancer cells, detecting somatic mutations in rare subclones at a rate of 1 in 5000 copies[49].
Several factors should be remembered in relation to
NGS reads. First, the length of an NGS sequence read is
shorter than that of Sanger sequencing, and second, each
NGS platform has a unique error model that differs from
the error model established for capillary sequence reads.
In consequence, complex, accurate computational algorithms are required to process the raw data from massive
parallel sequencing (background subtraction, base calling,
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from different groups must be taken into account when
viewing the results.

generates a kind of intracellular quasispecies, in addition
to the circulating one, thereby increasing the complexity
of HBV. Another factor potentially responsible for causing variability is the fact that the same liver cell can be infected by multiple virions simultaneously or sequentially
during its lifetime.
The versatility of the quasispecies structure may
include mechanisms to tolerate variants with changes involving long fragments of the HBV genome, such as deletions reported by genome splicing[73,82,83]. This tolerance
might yield defective genomes that can be maintained by
transcomplementation mechanisms. For instance, HBsAgdefective variants might be enveloped by functional surface proteins encoded by other variants present in the
quasispecies[58,84] (see next sections). For this reason, viral
genomes that cannot self-replicate sufficiently may be
detected in the viral quasispecies population[56,58,85]. Such
defective genomes have been isolated from liver tissue of
infected patients[86], and the proteins they encode, which
are known as hepatitis B spliced proteins, appear to contribute to persistent replication in patients with HCC[86].
This suggests that defective genomes may have modulatory roles and provides evidence of regulatory mechanisms
directly associated with the HBV quasispecies structure.
These data seem to indicate that the quasispecies
nature of HBV can further increase the encoding capacity of the virus, which is somewhat limited by the high
overlapping of its genome. ORF overlapping represents a
strategy to restrict the viral genome size and maximize its
coding capacity[3,87-89]. An indication of gene overlapping
may be the presence of unusually strong constraints at
third codon positions[90-92]. Hepadnaviruses are representative of this situation, and overlapping must be systematically taken into account when HBV viral infection is
investigated at the virological and clinical level.
As was discussed above, it is generally assumed that
the main source of quasispecies variability is the viral
polymerase lack of error correction. However, certain
characteristics of the target sequences themselves, such as
the presence of homopolymeric regions, may be associated with an increased risk of errors by polymerase “sliding”. This phenomenon would result in errors by deletion
or insertion, giving rise to altered reading frame variants
and resulting in potentially deficient genomes[69,70]. The
presence of these variants in the circulating viral quasispecies would provide evidence of complementary
mechanisms whose effect on infection is unknown.
In this line, it cannot be excluded that truncated proteins encoded by these variants may have some type of
regulatory function. For example, lengthening the life of
infected cells by changing cell apoptosis (carcinogenesis)
has been reported in association with truncated HBx proteins[93-96]. To explain the existence of these truncated versions of HBx, it has been hypothesized that transcomplementation could be achieved by using functional protein
encoded by competent variants. This process would potentially modulate viral encapsidation and replication, with
direct effects on the clinical evolution of the infection.

QUASISPECIES NATURE OF HBV
The term quasispecies was coined to refer to RNA viruses that genetically evolve as complex distributions
of variants that are closely related, but not identical[73].
In quasispecies infection, the genome is not precisely
defined, and an average of different variants is used as
the consensus genome. Study of quasispecies dynamics
is important to understand the adaptability, pathogenic
power, and persistence of viruses, and to design strategies to prevent and treat the diseases they cause. A viral
quasispecies is seen as a swarm of variants in a host,
among which variants carrying a biological advantage
during replication are selected. When changes occur in
the environmental conditions of the virus, the quasispecies structure responds by rebalancing its composition.
The predominant sequence (master sequence) may even
shift by selection of a variant that is better adapted to the
new environment, in the classic Darwinian process of
survival of the fittest[57].
Variability only due to poor fidelity of the viral
polymerase?
The hepadnavirus family replicates by a reverse transcriptase that lacks proofreading activity, and this fact seems
to justify their high mutation rate (3.2 × 10-5 - 7.9 × 10-5
nucleotide substitutions/replicative cycle); 100 times
higher than other DNA viruses[74]. The high mutation
rate, intense replicative activity (1012 viral particles/d),
and small genome size of HBV, results in approximately
1010-11 point mutations being produced per day in individuals with active replication.
In addition, certain host factors are reported to be
associated with hypermutational activity. One example is
the innate antiviral defense mechanism that mediates host
enzymes belonging to the APOBEC3 cytidine deaminase
family, which cause extensive deamination of cytidine (C)
to uridine (U) bases in negative-stranded DNA[75]. This
activity results in a guanine (G) to adenine (A) hypermutation in positive-stranded DNA[76]. APOBEC-mediated
G to A hypermutation was initially reported in HIV, but
it has also been described in HBV[77-79], other retroviruses,
and retrotransposons[76]. In fact, several clinically relevant
HBV variants result from G to A mutations, such as
rtA181T (GCN to ACN) and rtM204I (ATG to ATA),
interpreted as RT resistance mutations, and the G1896A
and G1899A main preCore variants (see next sections).
Thus, viral and host factors yield an HBV quasispecies provided with plasticity and rapid adaptation to the
changing environmental conditions caused by the immune response or antiviral treatments[80,81]. In this line,
nascent HBV capsids can contain new mutations produced during reverse transcription or APOBEC activity; therefore, the genomes may differ from those that
previously infected the nucleus. This reinfection process
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Figure 1 Overlapping region of the polymerase and surface genes (A) and its corresponding sequence (B). Translation into amino acids is depicted in blue in
the P open reading frame (ORF) (above) and red in the S ORF (below). Most of the main codons related to nucleos(t)ide resistance (framed in blue), and the overlapping codons in the S ORF that may give rise to immune escape or stop codons (framed in red) are located within the fragment analyzed in a previous study by our
group[58].

Furthermore, due to the extreme overlapping of HBV
coding regions, a nucleotide substitution in one ORF can
also induce changes in another ORF, such as the rtA181T
change in HBV polymerase, which results in a stop codon
in the surface ORF (Figure 1) and yields truncated versions of all envelope proteins[58,84]. P ORF mutations (e.g.,
rtA181T/sW172Stop) do not seem critical to the viral
envelope, perhaps because of the large excess of HBsAg
production during viral replication. However, the same
process could alter the viral cycle by affecting components produced in more limited amounts such as Core or
polymerase proteins, whose defective variants have been
recently observed by massive sequencing[56,58].
In summary, HBV quasispecies dynamics involves
host factors (APOBEC3) and viral factors (lack proofreading of polymerase, high mutation rate, intense replicative activity, errors in homopolymeric regions, small geWCG|www.wjgnet.com

nome size, and ORF overlapping). HBV variability makes
the quasispecies highly versatile and allows defective particles to be present in the viral population. These particles
may drive complementary regulatory mechanisms, which
remain to be completely defined.
Parameters to study quasispecies complexity
The complexity of the HBV viral population may theoretically be associated with differing courses of infection,
the probability of response to antiviral therapy, or seroconversion to antiHBe in HBeAg-positive chronic infection[28]. Shanon entropy is a useful parameter to study
quasispecies complexity as related to the patients’ clinical evolution[46,97]. Several groups have studied the HBV
quasispecies using classical clonal methods and Shannon
entropy to determine its implications on the outcome of
infection and the effects of antiviral therapy[33,72,98]. Liu et
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Table 1 Main amino acid variants described in the hepatitis B virus genome and its effect
ORF
P

S
X
C
preCore
Core

Amino acid variant

Effect

A181T and M204 I/V (compensatory: L80I/V, T128N , R153Q, V173L L180M, A200V1,
V207I1)
N236T (compensatory: A181 T/V/S. Low sensitivity: V84M, S85A, L217R, I233V)
I169T, T184S, S202C/I/G, M250I
A194T1
G145R W156Stop, W163Stop, W172Stop, W196Stop
D144A, P142S, K141E, Q129H, I/T126N, T131I, M133L
I130M, V131I, F132Y

LMV resistance

A1762T and G1764A
G1896A and G1899A
P5H/L/T, D32N/H, C/E43K, cP50A/H/Y, E83D, I97F/L, L100I, A131G/N/P,
S181H/P and C/Q182K/stop
Regions 50-69 and 74-84

ADV resistance
ETV resistance2
TDF resistance
Immune therapy failure
HBsAg structural alterations
Contribution to HCC development
HBeAg negative forms
Disease progression
HCC development
Immune scape variants

1

Antiviral treatment resistances not completely defined[58]; 2Linked to lamivudine (LMV) signature (L180M + M204V). ORF: Open reading frames; ADV: Adefovir; ETV: Entecavir; TDF: Tenofovir; HBsAg: Hepatitis B virus (HBV) surface antigen; HBeAg: HBV e antigen; HCC: Hepatocellular carcinoma.

al[98] analyzed a group of entecavir-treated patients and
found that responders presented a less complex quasispecies than the group of partial responders, whereas partial
and non-responders showed similar patterns of complexity. A recent report based on a cloning method has shown
that viral diversity after lamivudine treatment was higher
in HBeAg-seroconverters than in non-seroconverters[72].
Nonetheless, these studies have the limitation of a low
number of clones analyzed.
Nishijima et al[59] applied UDPS to study quasispecies
complexity in a group of chronic hepatitis B patients,
comparing the viral genome sequences determined in liver
tissue with those in serum. Although the results cannot be
compared with those of the cloning studies, the authors
found no significant differences in the viral population
between liver and serum from the same individual. In
addition, they found no significant differences in viral
complexity at the HBV DNA level, or according to age
or degree of fibrosis. Nishijima et al[59] did not compare
quasispecies diversity in relation to nucleos(t)ide analog
(NUC) response or HBeAg seroconversion, but they observed similar complexity between naïve and NUC-treated
cases. A preliminary study by our group using UDPS and
Shannon entropy calculation indicated a decrease in quasispecies complexity at the HBV preCore/Core region after
NUC treatment failure, likely due to selection of specific
NUC-resistant variants. In contrast, diversity mainly increased during the natural evolution of the virus, probably
because of immune system evolutive pressure. In this
sense, it should be remembered that the main HBV epitopic regions are located in the preCore/Core region[99].

been characterized along the viral genome, despite the restriction resulting from the high degree of HBV genome
overlapping. This restriction is especially important in the
P and S gene overlapping regions, but is less significant
in the regions corresponding to the X and preCore/Core
genes. Therefore, the X and preCore/Core genes may
be the most suitable for studying quasispecies variability,
even though they contain the major enhancer of the viral
genome (ENH Ⅱ). The following sections will discuss
the major variants of each of the HBV genome regions (P,
S, X, preCore and Core) and their clinical and pathological implications, which are summarized in Table 1. Most
of the reported data were obtained by direct sequencing
or short clonal studies, which means that the variants
were present in significant percentages. However, recent
results obtained by massive sequencing are also included
to provide a more detailed picture.
P gene variability and its implications in antiviral
treatment
The polymerase gene (P ORF, nucleotides 2307-1623),
the largest HBV gene, encodes the 90-kDa viral polymerase protein, a multifunctional enzyme involved in
DNA synthesis and pgRNA retrotranscription (RT domain), with additional priming [TP domain and RNAse
(RH) domain] functions. The main genomic variants of
this region have been reported in the proper viral polymerase RT domain, which has both DNA polymerase
and retrotranscriptase activities (retrotranscribes pgRNA
to the minus DNA strand and synthesizes the incomplete
plus strand). RT activity is located between the nonfunctional spacer region (Spc) and the RH domain. The
TP domain, which acts as a primer for synthesis of the
negative DNA strand is located at the N-terminal of the
P ORF. The Spc region, located next to TP, is dispensable for enzyme function and therefore, easily tolerates
mutations. The Spc region overlaps the preS region of
the envelope gene and accumulates important mutations,
such as long deletions[3,100,101]. The crystal structure of

CLINICALLY SIGNIFICANT HBV GENOMIC
VARIANTS: MASSIVE SEQUENCING
FOR A DETAILED DEPICTION OF THE
SITUATION
Several clinically and pathologically relevant variants have
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with LMV (e.g., 17% after 2 years of LdT treatment)[106].
The ﬁtness of viruses with rtM204V and rtM204I
variants is markedly reduced in comparison to wildtype [107] , but they alone can replicate under LMV
therapy[108,109]. Long-term LMV therapy increases the
probability of new variants emerging, which will restore the replication capacity of the mutant and worsen
the outcome of infection[110]. The most common of
these additional, potentially compensatory mutations
is rtL180M[107], which is often detected together with
rtM204V and less often with rtM204I. Other mutations,
such as rtV173L and rtL80I/V, do not alter the sensitivity
of HBV to LMV, but instead, enhance its replication efficiency[111]. The rtL80I/V mutation (located in the RT A
domain) is associated with severe disease in HBV genotype C patients[112]. rtV173L (combined with rtL180M
and rtM204V) is the second most commonly detected
compensatory mutant (19% of cases showing LMV resistance)[109]. Selection of compensatory mutants also occurs
with the rtA200V/rtM204I combination[113] and with the
variants rtT128N or rtR153Q in combination with the
rtL180M/M204V polymerase mutations[114] (Table 1).
The compensatory effect of additional variants has
been explained by molecular interactions between the
various substitutions that provide HBV polymerase with
a more efficient catalytic structure[102]. The rtA181T variant has been associated with LMV resistance in less than
1% of cases and has also shown resistance to ADV treatment[84]. The rare rtA181S mutation, which is similar to
rtA181T, presents cross-resistance to LMV and ADV
treatment in combination with M204I[115]. Emergence
of resistance to ETV is uncommon in treatment-naïve
patients (< 1% over 6 years), but in those with previous LMV failure, it increases dramatically to 40% after 4
years[106,116]. In fact, ETV resistance seems to be associated with the concomitant presence of LMV resistant variants and mutations in other RT codons (169, 184, 202 or
250, with at least four different substitutions in the same
sequence), which confer decreased susceptibility to both
LMV and ETV[117] in vitro, explaining the high genetic
barrier of ETV.
The NUC ADV is active against HBV wild-type virus
and variants resistant to LMV, EMT, and LdT. Emergence
of ADV-resistant variants is less frequent than with LMV
therapy (29% at 5 years)[118]. ADV resistance has been associated with the A181T/V and rtN236T variants, and
less frequently, with rtI233V[119-121]. Interestingly, variant
A181T has also shown LMV resistance according to in
vivo and in vitro evidence; thus, rtA181T is cross resistant
to LMV and ADV[84]. Other amino acid changes have
been occasionally linked to resistance or low sensitivity
to ADV, such as rtV84M and rtS85A in the A domain
and rtL217R; a natural polymorphism in the D domain
observed in subgenotype A2 HBV strains[2,120,122]. In addition to the main resistant variant, other minor variants are
selected after LMV or ADV failure[123], and some of them
seem to be associated with the viral genotype (e.g., rtS85F,
rtL91I, and C2456G associated with LMV resistance

HBV polymerase has not yet been reported, but the 3D
structure of HBV RT has been modeled, based on the
crystal structure of HIV-1 RT[2,102]. The model shows
the common right-handed configuration of both polymerases and identifies seven different domains (A-G).
The catalytic center of RT activity (nucleotides 736-747)
corresponds to the YMDD sequence, identical to what is
observed in HIV-1[103]. The YMDD motif contains two
of the three essential D (aspartate) residues of the polymerase. Attending to the specific nomenclature of the
RT region, position 348 of the polymerase gene corresponds to the first amino acid of RT; hence, the catalytic
motif is located at positions 203-206 (Y203M204D205D206)[32].
The RT region is highly conserved among retroviruses
and hepadnaviruses[14]. In this putative structure, the
YMDD main catalytic motif is identified in the C domain, located in the palm region of the right-handed RT
structure[104,105].
As in HIV, therapy for HBV infection is currently
based on the use of NUCs [lamivudine (LMV), adefovir
(ADV), emtricitabin (EMT), telbivudin (LdT), entecavir
(ETV), and tenofovir (TDF)], which are HBV RT inhibitors. Among them ETV and TDF are usually recommended as the first-line treatment option because of
their high potency and low resistance rates. NUCs and
host nucleotides, the natural polymerase substrates, bind
at the YMDD motif. NUCs act as competitive inhibitors
by blocking elongation of new HBV DNA strand. The
central role of HBV polymerase in the viral replication
cycle seems to justify the stability of its AA sequence
relative to the remaining HBV protein products. However, non-synonymous nucleotide changes that result in
amino acid substitutions have been reported in relation
to resistance to NUC therapies. The presence of these
drugs induces selection of HBV variants carrying amino
acid substitutions in the RT domain. These mutations
may cause structural changes in the polymerase, resulting
in a decrease of drug affinity and antiviral activity. Thus,
NUCs efficiently inhibit wild-type HBV variants present in the viral quasispecies, whereas variants carrying
resistant mutations can maintain their replicative activity.
Under NUC treatment, the percentage of resistant variants in the quasispecies may increase and ultimately be
selected as the major variant, thereby causing treatment
failure, manifested as viral breakthrough (VBK).
Because they can confer resistance to oral antiviral
treatment, mutated strains are of great interest clinically.
The intensity of viral resistance is related to the type
of drug and the viral variant. The most commonly reported variants, rtM204V and rtM204I, are changes in the
YMDD motif to YVDD or YIDD (located in RT domain
C and analogous to the M184V/I LMV resistance mutation of the HIV-1 RT) (Table 1). Both these variants show
low affinity for LMV, making them highly resistant to the
drug and easily selected during treatment (70% of patients
show resistance after 5 years of LMV therapy). These
variants are also resistant to other nucleoside therapies
such ETV and LdT, but with lower resistance rates than
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in HBV genotype D, or rtI53V, rtW153R and rtF221Y
associated with ADV resistance in HBV genotype A).
Of note, it seems that the main LMV resistant variants,
M204V and M204I, are also associated with viral genotype
(rtM204I is not often detected in genotype A)[123].
TDF treatment, which is extensively used in HIV-1
infection, is also highly active against wild-type and
LMV-resistant HBV polymerase variants[122,124,125]. TDF
is associated with high sustained viral response (SVR)
rates and a low rate of resistances: 0% after 6 years of
therapy[106]. However, the rtA194T variant observed in
some HIV/HBV coinfected patients has been related
with TDF resistance, and shows a reduced in vitro replication rate in combination with the rtL180M and rtM204V
LMV variants[110]. Use of LMV, ETV, LdT, and ADV has
been largely replaced by the new potent NUCs, ETV and
TDF[106]. However, extensive application of LMV and
the use of ADV as rescue therapy for LMV failure over
many years has resulted in a considerable percentage of
chronic HBV patients in whom resistance to these NUCs
has developed, and a quasispecies enriched in LMV-resistant variants can be expected. These variants can limit
the response to new-generation NUCs. This is the case
of the rtL180M + rtM204V combination (known as the
LMV signature) in ETV therapy and rtN236T in TDF
treatment.
For all these reasons, early detection of RT resistant
variants by highly sensitive methods, even minor components of the HBV quasispecies in treatment-naïve
patients, could be highly useful for therapy purposes.
Detection of minor variants can easily be performed by
conventional techniques (reverse hybridization or clonal
sequencing) or by NGS methods[53-58]. An essential consideration to bear in mind is the S and P gene overlapping, which can lead to reciprocal consequences when
there is a nucleotide substitution in either ORF. For
example, the rtA181T and rtM204I polymerase variants
also produce a stop codon in the S gene (sW172stop and
sW196stop, respectively) (Figure 1). Therefore, antiviral
treatment pressure may cause selection of viral genomes
that are potentially defective for envelope proteins[58,84].
Another relevant variant in this regard is rtW153Q, which
leads to the sG145R variant in the S ORF, associated with
failure of immunotherapy.
Complex variants with two or more amino acid
changes, such as those conferring ETV resistance or
causing a fitness increase during LMV treatment, cannot
be properly studied by indirect methods (LiPa, RFLP,
5’-nuclease assays, melting points, mass spectrometry,
DNA chip technology, or real-time PCR), because they
do not allow simultaneous detection of different substitutions in the same viral genome. Identification of these
substitutions requires clonal techniques, such as classical
clonal sequencing or the recent NGS methods. Specifically, UDPS enables simultaneous analysis of thousand
of clonally amplified long fragments (700 nucleotides),
and deeper and more sensitive detection of minor populations in complex mixtures; therefore, it may be the most
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suitable method for viral quasispecies studies.
As was mentioned above, the limit of detection of
UDPS remains to be resolved. To date, different studies
have achieved mixed results. Ijaz et al[126] reported a lower
quantitation limit of 2% for minor HBV populations.
More recently, Mello et al[50] reported values of 4%-17%
for LMV-resistant variants[50]. Our group recently reported a cut-off value of 0.03% that enabled detection
of extremely low percentages (0.04%-0.09%) of RT variants in treatment-naïve patients. In another recent UDPS
study we detected RT variants in treatment-naïve samples
at values of 0.1%-0.55%[56]. In the study by Nishijima et
al[59], in which drug-resistant mutants were investigated in
chronic-naïve cases by Illumina, frequencies of 0.3%-30%
were reported. These three recent studies[56,58,59] as well
as the previously reported ones[53,54] have all shown that
resistant RT variants are present at baseline in treatmentnaïve chronically HBV-infected individuals. This suggests
that a reservoir of RT variants may exist, which would
be prone to selection by the effect of antiviral therapies.
Furthermore, LMV-resistant variants (LMV signature)
linked to specific mutations responsible for ETV resistance have been simultaneously detected with 454
UDPS[58,127] (Figure 2). Moreover, Margeridon-Thermet
et al[55] reported low-level persistence of LMV-resistant
variants even 1 year after LMV treatment discontinuation
using UDPS with a sensitivity level of 0.5%.
Nevertheless, the clinical significance of these minor
drug-resistant mutations remains uncertain. Nishijima et
al[59] concluded that pre-existing drug-resistant mutants
(at naïve status), such as low-abundance mutant clones,
may provide the opportunity to develop drug resistance
against NUCs through selection of dominant mutations.
However, a predictive cut-off value for baseline percentages to define preferential selection after NUC treatment
has not been reported. Along this line, we found[56,58] that
after VBK on LMV treatment, the variants selected were
not the ones most frequently detected at baseline, suggesting that the low percentages observed at baseline (≤
1%) do not determine the variant selected at VBK. Interestingly, we detected a small population of ETV-resistant
variants[58] after LMV treatment in a patient who developed ETV resistance. See examples of UDPS haplotypic
study in Figure 2. Additional sequential studies with a
larger number of cases must be performed to define a
cut-off value for the baseline percentage of resistant RT
variants that can predict drug resistance. Hence, massive
sequencing has opened the door to a more profound
knowledge of the dynamic behavior of the HBV quasispecies that may clarify the role of minor variants in the
HBV RT region on the outcome of infection[55,58].
S gene variability and its implications in
immunoprophylaxis
As was discussed in the HBV virology section, the surface
ORF (nucleotides 2848-835) is completely overlapped
by the P gene (Figure 1). S ORF has three in-frame start
codons encoding the three types of surface antigens pres-
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Figure 2 Changes in percentages of reverse transcriptase variants during follow-up of a patient included in one of our studies. Reproduced from RodriguezFrías et al[58]. BC: Baseline combination.

ent on the outer envelope: small (SHBS), middle (MHBs),
and large (LHBs, 39 kDa). SHBS, which is common to
all three, contains the main antigenic loop, also called the
“a” determinant (codons 124-147 within the major hydrophilic region, which covers codons 100-170).
The antigenic loop activates the primary response of
the neutralizing antibodies in HBV infection. In the socalled preS region, located in front of the SHBS start
(positions 2950 and 3125 of the HBV genome), there is
a highly variable sequence that is used to distinguish four
major HBV serotypes (adr, adw, ayr, and ayw). HBsAg
can self-assemble without containing the HBV genome,
and adopt non-infective structural spheres or filamentous forms, which represent nearly the entire population
of HBV-related particles (> 99.9%)[128]. The preS region
overlaps the dispensable spacer domain of the P protein,
which allows high heterogeneity. In contrast, the SHBS
region (shared by all S-derived proteins) overlaps the
essential RT domain of the P protein, which strongly
restricts its variability. Deletions are the most relevant
variants in the preS region[129]; being the main cause of
the different genome lengths of the HBV genotypes and
affecting the balance between the various types of HBsAg proteins[130]. Thus, it can be speculated that a partial
or complete HBsAg defect may decrease virion assembly
and secretion and lead to a parallel increase in the amount
of cccDNA by enhancement of the capsid recycling
pathway. An increase in preS deletions has been reported
in HBeAg-positive chronic cases (35% in the sixth decade
of infection), and has been related to a poor outcome
(detected in 60% of HCC patients)[130,131]. The study of
Kao et al[100] has reported a significantly higher rate of
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preS deletions in HCC patients than in chronic carriers,
mainly clustered (> 70%) in the C-terminal preS1 and
N-terminal pre-S2 sequences. Interestingly, all these deletions encompassed T and B cell epitopes, and functional
mapping showed that they affect the viral secretion site.
In addition, preS deletions can induce oxidative DNA
damage and genomic instability; upregulation of certain
genes, such as cyclooxygenase-2 and cyclin A, induces cell
cycle progression and hepatocyte proliferation - a phenomenon linked to a high risk of developing HCC[130]. It
must be kept in mind that the S region encoding HBsAg
is completely overlapped with the HBV RT region. A
mutation in RT codon 153, selected as compensatory
after lengthy LMV therapy, causes an sG145R change
in the S region (Figure 1), which is strongly associated
with immunotherapy failure[111] (Table 1). Other relevant
examples are the rtA181T or rtM204I RT variants, which
result in stop codons in envelope proteins (sW172stop
and sW196stop, Figure 1). In the shared S/P region, the
main variants have been described in the antigenic determinant “a” (located the major hydrophilic region, amino
acids 100-170). These variants (mainly sG145R) were first
reported in an Italian boy, son of an HBsAg/HBeAgpositive mother, who had HBsAg and anti-HBs in serum despite receiving both active (vaccine) and passive
[hepatitis B immune globulin (HBIG)] immunization[132].
The variant was not detected in his mother[129,132], which
suggests that sR145 presumably arose by immune selection pressure in the infant after HBV vaccination (vaccine
escape variant), selected from a very small population in
the mother’s HBV quasispecies. Most hepatitis B vaccines
contain the major surface protein, SHBS, which induces
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an immune response against the ‘‘a” determinant and
constitutes an evolutive factor for variant selection.
Other minor substitutions in the S gene include
sG145R (again, a G to A mutation in nucleotide 587),
followed by sD144A, sP142S, sK141E, sQ129H, sI/
T126N/A, sT131I, and sM133L (Table 1), all of which
strongly affect the HBsAg structure[114,133,134]. The sR145
main variant seems to alter the projecting loop (aa
139-147) of the “a” determinant, inhibiting recognition
of induced neutralizing antibody[135]. This variant can
horizontally infect[136] and replicate for several years[137],
but at lower rate than the wild-type sG145 variant, probably because of a decrease in virion stability[138]. However,
the presence of anti-HBs (hepatitis B immunoglobulin
prophylaxis or vaccine-induced), which would block
the sG145 strain, may allow selection of sR145 when
it is present in the quasispecies as a minor variant. This
mechanism would ultimately establish infection with the
predominant presence of this variant in a clear manifestation of the adaptation capability of quasispecies
structures. Such immune selection from the quasispecies
would explain the strong association of this and other “a”
determinant variants with HBV vaccination failure.
Variants observed in low percentages under immunoprophylaxis escape are detected in low prevalence in
practically all the clinical stages of HBV infection[133,139].
Longitudinal studies have reported their accumulation
during the course of chronic infection[140,141] as the major
cause (70% of cases) of the paradoxical coexistence of
HBsAg and anti-HBs[142]. Variant sG145R in conjunction with other S mutations located in the HLA I T cell
epitope have been observed in fulminant HBV cases[143].
However, unlike sG145R, other variants appearing after
vaccination often rapidly revert to the strain seen in the
mother[144].
Vaccination at birth is an ideal situation for escape
variant selection, similar to administration of high-titer
anti-HBs preparations to prevent graft infection in liver
transplantation[145-147]. A screening program for schoolage children in Taiwan found a 0.7% prevalence of “a”
determinant mutants[148]. Interestingly, the percentage
of HBsAg mutants increased from 8% to 25% over 10
years after introduction of a universal vaccination program from 1984 to 1994, but remained stable (23%) in
1999. This study clearly suggests a role for HBV vaccine
in selecting HBsAg mutations. In a study in the United
States, only 0.8% of vaccinated children born to HBeAgpositive mothers were infected with sG145R [149]. The
prevalence of this variant in North Americans and in
Europeans seems to be low[150]. However, some recent
studies have reported relevant new data about this type
of variant. Perinatal transmission of HBV has not been
fully controlled despite adequate immunoprophylaxis in
infants in Thailand, with escape mutants in the “a” determinant region (residues 144 and 145) being observed in
14% of infected infants[151]. Shahmoradi et al[152] reported
HBV-DNA activity in 28% of children born to HBsAgpositive mothers, and 62% of these cases carried enve-
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lope variants, mainly (77%) the sG145R variant. In fact,
these variants seem to be present as minor populations in
9% of HBV carriers who have not been exposed to HBV
vaccination or HBIG prophylaxis[153].
HBIG therapy is used to prevent recurrent HBV infection after liver transplantation (LT) for end-stage HBV
liver disease. However, in some LT patients who become
HBsAg - and HBV DNA-positive on HBIG therapy,
emergence of mutations in putative neutralizing epitopes
such as sG145R, similar to what occurs in vaccine failure, has been described[154-156]. A recent report found that
50% of reinfected LT recipients had mutations in the “a”
determinant region and flanking sequences; a fact suggesting that quasispecies formation contributes to HBV
reinfection following LT[156]. Therefore, HBIG-associated
variants, like HBV vaccine-related variants, would arise
from a pre-existing, but extremely minor population.
Confirmation of this hypothesis would require application of ultrasensitive NGS massive sequencing methods,
as has been used for other HBV regions[53-59].
The longer the duration of HBIG therapy, the greater
likelihood that “a” determinant variants will arise. Discontinuation of HBIG often leads to reversion to the
pretransplant sequence [140,155], thus providing further
evidence of HBV quasispecies dynamics and reinforcing
the idea that these variants are less replication-efficient
than the wild-type strain. HBIG-treated liver transplant
patients infected with “a” determinant escape variants in
positions 144 or 145 showed a poorer clinical outcome
than those infected with other variants or wild-type viruses[157]. In order to decrease selection of these variants,
HBIG plus LMV combination therapy is used. This strategy has drastically reduced recurrence rates from 35% to
less than 10%[158]. However, it should be remembered that
there is a relationship between these variants and those
in the overlapping polymerase region that arise during
NUC therapy; especially the polymerase variant rtR153Q,
which partially restores the replication efficiency of
LMV-resistant variants such as rtM204V, and is associated with the main “a” determinant sG145R variant[114].
Therefore, patients with pre-LT polymerase variants may
have a high risk of reinfection despite HBIG therapy[159],
and patients with “a” determinant variants due to HBIG
therapy may develop polymerase variants, associated with
high viral replication and a poor outcome[160].
Currently, there are no available studies in which the S
ORF is analyzed by NGS techniques. However, because
of the complete overlapping between the S and P ORFs,
some NGS studies mainly focussing on P ORF variability
have reported interesting findings about the HBV quasispecies in S ORF[53,58]. Our group performed massive
UDPS sequencing of samples from patients sequentially
treated with LMV and ADV (Figure 2), and found a high
frequency of rtA181T[58]; the substitution that causes
the sW172stop stop codon in S ORF. The consequence
of this change is that two-thirds of all HBV particles
lacked 50 amino acids in HBsAg (in all types of envelope
proteins) including several essential codons (hot spots
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accelerate liver cancer in transgenic mouse models[174-177].
HBx expression affects several cellular functions in transfected cells, such as cytoplasmic calcium regulation, cell
signaling, transcription, cell proliferation, DNA repair
and apoptosis[169,177-180].
To develop its functions, HBx interacts with many
cellular partners, such as nuclear proteins involved in
regulation of transcription and transcription factors[167,179].
Furthermore, HBx interacts and cooperates with cAMP
response element binding (CREB)-binding protein/p300
to modify chromatin dynamics of target genes and to
synergistically enhance CREB activity[181].
HBx stimulates HBV replication 5-10-fold; likely by
enhancing transcription of pgRNA[167] by activating the
proteasome[182]. In this sense, HBx regions 61-69 and
105-140 seem to be essential for viral replication and
expression. Paradoxically to its antiapoptotic capacity
related to inhibition of tumor suppressor genes, the HBx
68-104 region is associated with mitochondrial membrane
alterations that promote cell death[172]. Multiple evidence
has related HBV infection with inhibition of the innate
antiviral immune response, such as inhibition of the Tolllike receptor response[183]. HBx directly binds to interferon promoter stimulator-1 factor and inhibits activation
of interferon β[184], thereby inhibiting the innate antiviral
immune response; a pathway in common with other viruses, and even inhibiting signals through the mitochondrial proteins[185]. These and other data clearly indicate
that HBx protein has a key role in HBV infection.
In liver tumor tissue, the X gene is often integrated
into the genome of infected hepatocytes while retaining
its functionality, especially antiapoptotic capability, mediated by inhibition of p53 transcriptional activation[96,186]
or adenosylmethionine[187]. HBx stimulates methyltransferases leading to hypermethylation, which is associated
with chromosomal instability[96]. HBx also activates cell
proliferation by repression of tumor suppressor genes,
such as melanoma inhibitory activity 2[188], or by increasing β-catenin expression[189]. HBx activity over nuclear
factor κB has been associated with antitumor therapy
failure[187,190-192]. HBx does not directly bind to DNA; it
acts through the activation process of various transduction signal cascades in cis[172]. It seems that HBx binds to
the cccDNA HBV minichromosome histone-like transcriptional complex, thus modifying epigenetic regulation
of this essential structure[7].
The multiple functions of HBx may indicate that nucleotide substitutions in the X gene would have important
consequences in HBV infection. Several specific substitutions have been reported in the region where X and ENH
Ⅱ overlap (T1485, C1479, A1613, T1653, T1689, A1753,
T1766, A1768, and A1776)[82,193-195] and some of them
seem to be related with the viral genotype[196]. These variants, which are found alone or in combination, can change
the regulatory function of basal core promotor (BCP)
motifs, thereby decreasing HBeAg expression and facilitating HBeAg seroconversion[197-199]. Furthermore, some of
these variants, particularly the T1762/A1764 double muta-

sS174 and sL175, sV177, sQ181, sW191, sL192, and
sI195 placed in the Core-Surface interphase and residues
sV184, sL186, sS187, and sW190 from the S-S interaction interphase)[161]. Therefore, it is suggested that HBsAg
carrying this stop codon may not be completely functional. Moreover, despite this drastic alteration, samples
with a high prevalence of this defective variant showed
considerable replication, which suggests that the quasispecies has some type of recourse to compensate for this
theoretical handicap. That mechanism could be transcomplementation of the defective S protein genomes for
enveloping with complete S proteins encoded by other
quasispecies members. As has been suggested by Villet
et al[84], existence of such a mechanism may be a requirement for emergence and maintenance of this incomplete
variant. Hence, this may be an example of cooperation
within the quasispecies[162], as a relevant property that
fits in with the idea that this population structure has remarkable plasticity. In our UDPS study[58], other surface
positions showed de novo stop codons at frequencies of
0.13% to 0.17% (sW156stop, sW163stop, sW165stop,
and sW191stop); of note, sW156 is involved in HBV
infectivity[163]. These de novo stop codons accounted for
around 1.5% of the viral population in our study[58] and
between 1% and 2.8% in the study of Solmone et al[53];
both using UDPS. Therefore, UDPS has brought to light
what seems to be a systematic phenomenon in the HBV
quasispecies: the presence of defective genomes that participate in HBV virology. The pathological consequence
of this phenomenon must be defined in further studies.
X gene variability and its implications in HCC
The X gene (nucleotides 1374-1838) encodes the HBV X
protein (HBx). HBxAg is a 154-amino-acid protein with
an N-terminal negative regulatory domain and a C-terminal transactivation/coactivation domain that plays a key
role in control of cell proliferation, viability, and transformation[164-166]. This protein has been detected in both
the cytoplasm and nuclei of infected hepatocytes[167-169].
HBx is a regulatory protein that is not packaged in virions during assembly, but is expressed in the new host cell
to allow epigenetic control of HBV transcription from
cccDNA[7,170]. In contrast to the other HBV genes, but
similar to retroviral oncogenes, Miller et al[14] reported that
HBx shows codon usage preference (third nucleotide in
degenerated codons), which is more related to the behavior of eukaryotic genes than viral genes and suggests that
HBxAg is of eukaryotic origin. However, the X ORF
lacks homology to host protein[167].
The high conservation of X gene in mammalian
hepadnavirus genomes strongly suggests that HBx is
essential to the viral life cycle. It has been reported that
HBx is required to initiate and maintain HBV replication,
making HBx the key regulator of the natural infection
process[170]. It is believed that HBx contributes to HBV
oncogenicity[96,167,171-173] and it is reported to transform
SV40-immortalized murine hepatocytes, induce cell cycle
progression within the regenerating liver, and cause or
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tion, are strongly associated with cirrhosis and HCC[200,201].
Other variants, such as those detected in preCore region,
may also show this relationship and there may even be a
link with HBeAg status[202,203]. In one study, 40% of HCC
patients presented six or more of these mutations, while
they were present in only 2.7% of non-HCC patients, indicating a predictive value of these variants for HCC similar
to that of α-fetoprotein[201]. In another, more recent study
performed in India, the A1753 mutation was detected in
35% of cases of HBV-related liver cirrhosis[204].
Multiple X gene variants directly affect the HBx
amino acid sequence; these include xI130M, xV131I, and
xF132Y, which are associated with the main BCP variants
(Table 1). Mutations in amino acids 5, 130, and 131 may
contribute to HCC development and could be useful to
predict clinical outcome in patients with chronic HBV
infection[205]. Some HBx amino acid variants are typically
located in the region between TATA boxes TA2 and TA3
of the BCP sequence (overlapping with the X gene). Our
group observed that the most common variants are 8-nucleotide deletions-some of these (unpublished) deletions
in the quasispecies, obtained by UDPS are shown in Figure 3 - which result in frame shifting and often create a de
novo stop codon at position 134, resulting in a 20-aminoacid truncation of the C terminus of the HBx protein[56].
This could cause a huge change in the proapoptotic functionality of this region[96] or in its transactivator role[206]. X
gene deletions are commonly found in DNA integrated
in liver tumor tissue[192] and are strongly associated with
the development of HCC by multiple mechanisms, such
as deregulation of the centromeric protein A[93], regulation of miRNA[94], and loss of the proapoptotic effect[96].
It is likely that the highly complex scenario of the
quasispecies in this extremely relevant region of the
HBV genome can be clarified by applying massive sequencing. However, no UDPS studies in this line have
been reported to date, probably because of the technical
difficulties associated with the presence of deletions. In
a recent UDPS study by our group[56], mainly focused
on the preCore region but including the last eight HBX
codons (positions 1814-1838), we found that around
3% of sequences carried the TAG amber stop codon
instead of the major TAA codon. Even more interesting was the significant percentage of sequences (0.2%)
in which a T1836C substitution changed the ochre stop
codon TAA to CAA (Q). After this substitution, the HBx
protein would be translated to the next in-frame stop
codon TAG at position 1992, inducing expression of 51
additional amino acids at the C terminus, which could
potentially alter HBx functionality. Thus, this preliminary
UDPS study revealed a minor HBV population with
highly relevant HBx changes (AA deletions or insertions)
whose significance in the HBV quasispecies and in the
outcome of infection requires a more systematic and extensive UDPS study of this region.

start codons encoding two proteins: the component
of the viral capsid or Core (HBc, start codon at 1901),
and the preCore protein, the precursor of HBeAg (start
codon at position 1814). HBeAg protein is secreted by
infected hepatocytes and seems to have an immunomodulatory function, establishing immune tolerance and predisposing infants of HBV-infected mothers to develop
persistent infection. HBeAg promotes a Th2 response
that leads to suppression of the host immune response
against the virus, preventing clearance and allowing viral
persistence[207]. HBeAg-mediated IL-1 activation may also
increase hepatocyte proliferation, inducing anti-apoptotic
genes and promoting hepatocarcinogenesis[207].
In clinical practice, HBeAg expression differentiates
between chronic HBV carriers as HBeAg-positive and
HBeAg-negative; the latter are usually positive for the
corresponding antibody (anti-HBe). The anti-HBe seroconversion event is a crucial turning point in the natural
history of chronic hepatitis B. Anti-HBe seroconversion
is considered a favorable prognostic factor in the disease,
and sustained virological response in HBeAg-positive
cases is a treatment endpoint[106]. The factors involved in
HBeAg seroconversion have been extensively studied.
However, seroconversion is not always followed by establishment of HBV inactive carrier status. Some patients
show elevated transaminases and active viral replication
after seroconversion to anti-HBe, indicating that the disease continues to be active in the absence of HBeAg[208].
In addition, significant differences in treatment response
have been seen between HBeAg-positive and -negative
status. In particular, HBeAg-negative patients present response rates 10%-20% higher than HBeAg-positive ones;
even with the last generation antivirals ETV and TDF[106].
This phenomenon may be associated with different
levels of viral replication between patients positive and
negative to HBeAg[106]. However, other mechanisms associated with viral characteristics may also be implicated
in response rates, such as baseline quasispecies composition[72,98] and differing sensitivities to antivirals of certain
HBV variants[57,59]. In fact, as described below, certain
preCore and BCP variants that prevent or significantly
decrease HBeAg expression (HBeAg-negative variants)
may promote the process of HBeAg seroconversion.
In many HBV cases from the Mediterranean area, the
disease remains active after seroconversion, and HBeAgnegative preCore or BCP variants have been detected in
these patients[209,210]. Once these variants become detectable, they perpetuate the infection beyond seroconversion[211]. Nonetheless, recent evidence seems to suggest
that some HBeAg-negative variants may be more senstitive to antivirals[56,57,59].
Variants in the preCore region (between start codons 1814 and 1901) are clinically important because
they abolish HBeAg expression. The most common
is G1896A (interestingly another G to A substitution),
which leads to premature termination of the preCore
protein (the HBeAg precursor) and creates a de novo inframe stop codon at codon 28 (TGG to TAG) in the pre-

Variability in the preCore/Core regions
The Core gene (positions 1814-2548) has two in-frame
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Figure 3 Quasispecies of the X gene obtained by unpublished result. The four TA-like boxes are highlighted in red and the eight nucleotides detected are indicated in green.
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Core region (pcW28stop, Table 1). This change is located
in a region of four G residues that are prone to G to A
mutations[129]. G1896A abrogates HBeAg synthesis, does
not disturb HBcAg production[212], and has been detected
in virtually all clinical stages of HBV infection, from extremely severe to the most benign forms[210-214]. Although
G1896A-containing strains are independently transmissible[214], HBeAg-negative HBV carriers do not develop
chronic infection, but acute or fulminant hepatitis can
occur[204,215,216]. This mutation shows a strong association
with viral genotype, and is commonly found in Mediterranean and oriental anti-HBe-positive chronic HBV patients who show a high prevalence of genotypes D and B,
respectively.
In contrast, the mutation is notably less prevalent in
chronic HBV patients from Western Europe or North
America, where genotype A is more prevalent[217]. This
genotype association is clearly related to the overlapping
of the preCore and the encapsidation signal sequences of
ε. In this essential pgRNA secondary structure, positions
1896 and 1858 are paired in the lower stem of the ε stem
loop secondary structure[218,219] (Figure 4). The G1896A
substitution results in stabilization of the ε structure in
genotypes B, D, E, G and H, and in C strains in which
there is a T in the paired position, 1858. In contrast, in
genotype A and F strains, there is a C in position 1858,
and the G1896A substitution would result in a loss of
thermodynamic stability of ε, producing a decrease in
encapsidation and viral replication[209,220,221]. This observation explains the frequent detection of G1896A in genotype D strains, but rarely in genotype A strains[222]. The
G1899A substitution (again, G to A) produces a pcG29D
change, is frequently associated with liver cirrhosis, and is
usually detected together with G1896A[222].
A lack of HBeAg expression can also be the result
of mutations in any of the three nucleotides of the preCore start codon. Although they are less common than
G1896A, these mutations represent a large percentage
of preCore defective variants[210]. Mutations in the preCore start codon do not disturb the encapsidation process, because they are located outside of the canonical
[219]
ε signal sequence and are not restricted by genotype.
preCore frameshift mutations due to insertions or deletions are uncommon events occurring outside essential
regions, such as ε or DR1 (e.g., deletion in nt 1836-9)[129].
In contrast, the rare G1862T variant (pcV17F) affects the
ε structure bulge and disrupts viral replication, but not
HBeAg expression.
The G1862T variant is found in the African A1 subgenotype, is associated with lower viremia than European
A1[223], and is more common in HBeAg-positive than
-negative patients (37% vs 11%)[224]. In addition to the
G1896A change, three other preCore stop codons have
been observed (positions 1817, 1874 and 1897), all of
which disrupt the secondary pgRNA structure (as deduced
by the secondary structure predicted by magnetic resonance study)[219]. The 1817, 1874 and 1897 changes need
compensatory changes to stabilize the pgRNA structure, a
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fact that seems justify their low-frequency detection.
In HBeAg-positive patients (immunotolerance phase),
defective preCore variants are rarely found as minority
populations by conventional direct Sanger sequencing or
even by clonal analysis. However, these variants emerge
following activation of hepatitis, often associated with
anti-HBe seroconversion. In fact, the G1896A preCore
mutation and the double A1762T/G1764A BCP mutation are associated with HBeAg seroconversion[197,225].
These variants accumulate along seroconversion and are
the predominant viral population in anti-HBe-positive
patients[226]. Whether HBeAg-defective preCore variants
are selected from the viral quasispecies in persistent infection is still uncertain. However, the host immune system
seems to be the main cause of emergence of preCore
variants.
Hypermutations in the B and T epitopes of the HBcAg sequence have been observed in the presence of
preCore mutations (HBeAg-negative)[209], allowing escape
of these variants. Some preCore variants, such as G1899A,
have been clearly associated with HCC progression in
HBeAg-positive patients, while G1896A plays a similar role
in HBeAg-negative cases[202]. Therefore, early detection of
preCore variants seems to have predictive value for spontaneous or interferon-induced seroconversion[220,227].
Our group investigated the variability of the preCore
region and its relationship with ε structure functionality
using UDPS at a sensitivity of 0.03%[56]. Minor populations of G1896A, G1899A variants, and preCore start
codon variants were observed, but these mutations
showed thermodynamic and structural restrictions in the
encapsidation signal. Minor percentages of preCore variants were also seen in HBeAg-positive patients, but not
in HBeAg-negative cases[56]. The study included a small
number of patients, however, and did not explain the
presence of a minor population of preCore variants in
the HBV quasispecies. Hence, NGS studies including a
large number of patients are needed to elucidate the significance of these findings.
The C gene also encodes HBcAg, which forms the
HBV nucleocapsid. This protein is highly immunogenic,
whereas the envelope proteins have low immunogenicity.
Thus, HBV-infected individuals develop an early, intense
anti-HBc humoral response that remains after clinical recovery. Multiple epitopic regions in nearly the entire HBc
sequence have been described in relation with B cell and
T helper epitope response[228,229]. Among them, the region
flanked by codons 74 to 84 (B74-84) located at the tip
of the spike structures of the capsid and included in the
so-called major immunodominant region should be highlighted. This epitope is shared by HBc and HBeAg, hence
it constitutes the major epitope for B cells[13,230]. Other
regions stimulate CD4+ Th cells, the best known being
the immunodominant epitope flanked by amino acids 50
and 69 (TH50-69). Variability in these two regions has
been related with immune response escape, disease persistence, and interferon therapy failure[57,231]. Furthermore,
amino acid variants in the C gene, specifically cE83D and
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cP50A/H/Y (Table 1), are associated with HCC[232].
In the report by Kim et al[232], mutations in the C
region were not randomly distributed, but were mainly
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clustered in the major histocompatibility complex class Ⅱ
restricted region and significantly related to HCC. These
included the main preCore variants G1896A (pcW28stop)
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and G1899A (pcG29D), and certain C variants (Table 1),
such as cP5H/L/T, cD32N/H, cC/E43K, cP50A/H/Y,
cE83D, cI97F/L, cL100I, cA131G/N/P, cS181H/P and
cC/Q182K/stop. In a recent study performed in India,
single nucleotide substitutions such as C1914G were
found in 32% of HCC cases[204].
In addition to amino acid substitutions, deletions
leading to truncated HBc proteins have been described,
such as the single G deletion in position 2090 in a group
of six Gs[69,70]. It has been reported that these C-defective
genomes are unable to replicate, but they are always present in the HBV quasispecies, regardless of the region
studied (S or C)[69,70]. Hence, their presence might indicate
that there are active transcomplementation mechanisms
in HBV infection that tolerate them. The natural tendency to maintain these defective particles may be because
they confer a benefit for viral evolution[69,70], although
they seem to be poorly represented in the baseline HBV
quasispecies, making them difficult to detect by conventional sequencing technologies, even clonal analysis. In
contrast to what was previously thought, UDPS study
has brought to light the fact that these defective variants
can replicate and form minor populations in the HBV
quasispecies[56,58]. Study of these variants by massive sequencing may help to establish whether their presence is
only occasional and a mere side effect of the quasispecies
structure, or whether they are more prevalent and have
functions affecting the outcome of infection.
Significant changes in the immunodominant epitopes
of the viral capsid have been observed by direct Sanger
sequencing, mainly under the effect of antiviral treatment
with the immunomodulator interferon and even with
NUCs[231]. Similar results were obtained in a preliminary
study using massive sequencing[57]. However, it should be
noted that HBeAg shares many epitopes of the HBc protein, and an association between the presence of preCore
HBeAg-negative variants and mutations in Core epitopes
has been reported[209]. This relationship shows that in the
absence of HBeAg, immune pressure stimulates selection
of some Core variants and provides further evidence that
the immune system is an evolutionary factor acting on
the HBV quasispecies[57,209].
The baseline presence of HBV RT variants resistant
to antiviral therapy has been reported in multiple studies
by conventional direct sequencing and cloning[233], and recently by NGS methods[53-56,58,234]. However, study of the
preCore region, which could help to understand the phenomenon of anti-HBe seroconversion and its association
with SVR rates, has only been reported by our group[56,57].
Highly sensitive methods are required to detect minor
variants in certain environmental situations, and evaluate the evolution of these variants within the quasispecies. We found strong selection of a minor member of
the quasispecies (around 1%) in the absence of antiviral
therapy in an HBeAg-negative case; possibly as a result
of immune pressure. In this case, variants carrying amino
acid substitutions were found in a motif commonly recognized by T helper cells (D64VTN67 instead of E64LMT67,
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located in the main TH 50-69 epitope). To date, only one
preliminary study has analyzed epitope variability in the C
region of the viral capsid by massive sequencing[99]. The
results seem to confirm the dynamics of variant selection
in the major epitopes of the C region in the absence of
treatment, as well as some degree of simplification or decreased quasispecies diversity after antiviral treatment, as
evaluated by Shannon entropy[70]. Study of the variability
of immunodominant epitopes might permit a redefinition of these epitopic motifs (e.g., the B74-84 epitope
could include positions 71, 72 and 87 or putative new
immune-stimulating positions, such as 40, 41, 92 and 93).
The BCP region in preCore/Core controls expression
of the preCore mRNA (precursor of HBeAg) and pregenomic RNA. BCP is located between positions 1742
and 1842 and overlaps with the 3’ end of the X gene
and the 5’ end of precore/Core. BCP contains 4 TATA
boxes (TA1-TA4) and includes a fragment of the 3’ terminal region of ENHⅡ, which is involved in controlling
S and X gene expression[210]. Despite its essential nature,
clinically relevant BCP variants have been detected. The
most common of these changes is the double mutation
A1762T/G1764A associated with significant decreases in
HBeAg levels and in viral activity[64,235-241], and with severe
liver disease[199-201,205].
The liver-specific activity of ENHⅡ is regulated by
multiple liver-enriched transcription factors, specifically
nuclear receptor hepatocyte nuclear factor (HNF) 4 or
1, which span the TATA box-like sequence of the pre-C
promoter. A functional synergism between some nuclear
receptors (including HNF4) upregulates the liver-specific
activity of ENHⅡ[242]. The effect of BCP variants at
ENHⅡ is associated with modification of specific sites
recognized by hepatic factors. For example, the HNF1binding site created by the A1762T/G1764A double
mutation is imperfect for a response to HNF1, which
results in suppression of preCore mRNA synthesis and
increases in pregenomic RNA. Both these actions seem
to explain the decrease in HBeAg (promoting seroconversion) and the increase in viral activity in the presence
of the A1762T/G1764A mutation. In addition, this
double mutation is associated with HBx substitutions in
amino acids 130 and 131, which may contribute to HCC
development[205]. Other minor mutations in the BCP
region, such as C1740, C1753, and T/A1768, have been
associated with severe liver damage[200,210,243-245] and even
fulminant hepatitis[85,246]. The presence of BCP mutations
in inactive carriers is significantly lower than in patients
with active chronic infection and those with persistently
elevated ALT levels[210]. Both BCP and preCore mutations (e.g., A1762T/G1764A and G1896A stop codon)
are present in most cases of HBV reactivation in immunosuppressed anti-HBc-positive individuals[247,248]. Early,
sensitive detection of BCP and/or preCore mutant populations in the HBV quasispecies could reveal potential
predictors of seroconversion to anti-HBe or of evolution
of the disease[82,190,211,232]. Fortunately, quantification of
HBV variants is currently possible by massive sequencing
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techniques[70].
Due to the overlapping of BCP and X, BCP changes
can also cause changes in the 3’ region of the X gene[205].
Some such changes have been reported in the region immediately preceding the precore start codon (positions -5,
-3 and -2 from 1814, the preCore start). This region corresponds to Kozak sequences, and associated nucleotide
changes have been found with effects similar to those
related to BCP mutations[249]. BCP variants between positions 1763 and 1779, which cause X gene deletions and
decrease HBeAg expression have been associated with
reactivation after chemotherapy and with disease severity[64,65]. However the effect of these variants on viral
replication varies depending on the specific deletion (e.g.,
deletion affecting TA3 1768-1775 causes a decrease in
pregenomic and preCore RNA with a concomitant decrease in viral activity)[66-68]. Many BCP deletions produce
a frame shift that results in a 20-amino-acid truncation
of the HBx protein (amino acid 154 passes to 134) and
partial loss of the C-terminal region, which contains the
HBx transactivating activity. All these mutations have
enormous clinical-pathological interest and have been related to interferon failure[250].

NUCs, and these treatments are associated with a risk
of selecting resistant RT variants that cause treatment
failure. Currently, ETV or TDF are universally recommended as first-line therapy[106]. Both treatments present
a small risk of resistance development (< 1% for ETV
and 0% for TDF after 6 years of treatment). In contrast,
LMV has been associated with a high risk of emerging
resistance (> 80% at 5 years of treatment). LMV has
been widely used, and a large number of LMV-treated
patients have developed treatment-resistant variants. The
percentage of RT variants increases after LMV relative to
their baseline proportion. We looked into this situation by
UDPS study and found the following: the LMV resistant
variant L180M + M204V was undetectable in pre-LMV
samples, was selected during LMV therapy, remained in
significant percentages after ADV treatment, and was reselected after ETV treatment[58]. A recent UDPS study by
Margeridon-Thermet et al[55] also reported a high percentage of resistant RT variants after LMV treatment.
In general, HBeAg-negative patients (with preCore
variants) showing viral activity after seroconversion present higher rates of SVR to NUCs than HBeAg-positive
patients[106]. However, the response rates to interferon
treatment differ: HBeAg-negative patients present lower
response rates than HBeAg-positive ones[256,257]. These
differences seem to be related to viral genotype, because
significantly higher SVR rates have been found for genotype A, in which preCore variants are strongly restricted[258], than for the remaining genotypes, especially genotype D. The reason for this genotype-dependent response
is not clear, but the diversity of the viral quasispecies may
play a role, as has been described for HBeAg seroconversion and treatment response[98].
In chronic LMV-treated HBV patients, major defective precore mutations occasionally revert to wild-type
forms, with reappearance of HBeAg[238,259]. This seems to
suggest that HBeAg-negative variants are more sensitive
to antiviral treatment than HBeAg-positive ones[238,260].
In vitro studies indicate that defective preCore mutations restore the replication efficacy of LMV-resistant
mutants[261]. In one UDPS study, we found that the percentage of HBeAg-negative G1896A preCore variants
in the quasispecies of HBeAg-positive cases (present
as minor populations and undetectable by conventional
sequencing) decreased after a period of treatment with
LMV[56,57]. This was also seen in BCP variants associated
with low HBeAg expression in a preliminary study[99].
These data suggest that these variants are more sensitive to LMV treatment than HBeAg-positive variants,
and could explain the seroreversion phenomenon. In a
recent study using quantitative real-time PCR, Nishijima
et al[59] reported that liver tissue of NUC-treated HBeAgnegative cases showed low levels of the G1896A preCore
mutant (0.0%-1.1%). The authors also reported a significant reduction in the percentage of this mutant following
treatment in 13 of 14 cases (92.9%). These results reinforce the hypothesis that the G1896A preCore mutant is
highly sensitive to NUCs. A decline in the percentage of
HBeAg-negative variants (preCore and/or BCP muta-

TREATMENT RESPONSE: VIRAL
VARIANTS AND GENOTYPE
BCP and precore variants
As was discussed above, HBeAg-negative variants result
from changes in the preCore and/or BCP regions, and
are observed in all clinical forms of HBV infection (from
asymptomatic to severe) and in all the viral genotypes.
However, their distribution and prevalence show important differences[210,246]. PreCore mutations are more common in genotype D[209,251] and BCP mutations are more
frequent in genotype A[210]. In Asia, where HBV infection
is widespread, genotype C is associated with a higher
prevalence of BCP mutations, whereas genotype B shows
more preCore mutations[252,253]. The poorer prognosis of
genotype C is probably associated with the prevalence
of BCP mutations[68,240,254]. During seroconversion in
genotype C, BCP variants are selected before preCore
variants, whereas in genotype B the opposite occurs[253].
BCP and preCore mutations are more prevalent in severe
forms of infection[68,240,240,255], in which BCP deletions are
particularly important[254]. Although the impact of HBV
genomic features during seroconversion is unknown, the
viral quasispecies structure and its qualitative and quantitative composition is likely associated with this essential
phenomenon in natural infection[28] and in the response
to antiviral therapy[98]. In this sense, it has been reported
that the evolutionary pattern of the viral reverse transcriptase region differs between responders and partial
responders during the initial phase of ETV treatment[98].
Treatment of chronic HBV infection and its relationship
with variability: is the RT region the only one involved?
Chronic HBV infection is now primarily treated with
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tions) and selection of HBeAg-positive variants (without
preCore or BCP mutations) after antiviral treatment[56,57,99]
seems to agree with the lower SVR rates in the presence
of HBeAg than in the absence of this antigen[106].
Interestingly, preCore mutations reappear after prolonged therapy, with return to HBeAg-negative status (seroconversion)[238]. It has also been reported that HBeAgnegative preCore and BCP variants compensate for the
decreased replicative capacity of resistant RT variants[261].
This observation, and the reappearance of HBeAg-negative variants after therapy continuation seem to be contradictory and suggest that additional factors such quasispecies complexity or adaptation to the host immune
system would be involved. The application of NGS to
analyze quasispecies dynamics in cases with seroreversion
after anti-HBe loss might elucidate this phenomenon.

5

6

7

8
9

CONCLUSION
In conclusion, HBV infection remains a major health
problem worldwide, despite the continuing advances in
treatment and development of effective vaccines. The
high incidence of HBV infection is mainly due to the
virological characteristics of this pathogen. HBV shows
high variability that characterizes it as a quasispecies in a
manner similar to other infectious agents such as HCV
and HIV, but with a much higher prevalence than these.
Detailed study of the viral population structure is essential to combat these infections successfully, and this
type of study is now possible with NGS methods. These
techniques have contributed important data over recent
years, and they are expected to undergo spectacular development in the medium term. NGS promises to be a
powerful resource that will help the scientific community
in the management of HBV and other infections, as well
as other key problems related to human health, such as
genetic and oncologic disease.
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Core tip: Metabolic changes are inextricably linked to
chronic hepatitis C (CHC). Recently polymorphisms in
the IFNL3 region have been shown to be strongly associated with spontaneous and treatment induced recovery from hepatitis C virus (HCV) infection. Further,
circumstantial evidence suggests a link between IFNL3
single nucleotide polymorphisms and lipid metabolism,
steatosis and insulin resistance in CHC. The emerging
picture suggests that the responder genotypes of IFNL3
polymorphisms are associated with a higher serum lipid
profile, and less frequent steatosis and insulin resistance. This review analyzes the current data regarding
this interaction and its meaning for HCV pathogenesis
and disease progression.
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Abstract
Metabolic changes are inextricably linked to chronic
hepatitis C (CHC). Recently polymorphisms in the
IFNL3 (IL28B) region have been shown to be strongly
associated with spontaneous and treatment induced recovery from hepatitis C virus (HCV) infection. Further,
circumstantial evidence suggests a link between IFNL3
single nucleotide polymorphisms and lipid metabolism,
steatosis and insulin resistance in CHC. The emerging
picture suggests that the responder genotypes of IFNL3
polymorphisms are associated with a higher serum lipid
profile, and less frequent steatosis and insulin resistance. This review analyzes the current data regarding
this interaction and its meaning for HCV pathogenesis
and disease progression.

INTRODUCTION
Hepatitis C virus (HCV) infection affects about 170 million people worldwide. It leads to slow but progressive
hepatic inflammation and fibrosis in as many as 70% of
infected individuals. Over time, 20% will develop cirrhosis and its related complications, and about 1%-2%
of subjects may develop hepatocellular carcinoma after
2-3 decades of infection[1]. The natural history of HCV
infection in terms of chronicity and disease progression seems to be largely determined by the host immune
response to virus-infected hepatocytes. The interplay
between many viral, host, genetic and environmental
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factors modifies the course of HCV infection and the
degree of hepatic inflammation. In this context, the
discovery of the association between IFNL3 polymorphisms and spontaneous or treatment induced clearance
of HCV presented a major milestone in the study of
chronic hepatitis C (CHC)[2-5].
Metabolic syndrome is a constellation of problems
that includes obesity, dyslipidemia, diabetes, and insulin
resistance[6]. The prevalence of metabolic syndrome is
increasing, paralleling the obesity epidemic worldwide
and in the United States and European countries especially[7]. Multiple levels of interaction between HCV,
metabolic syndrome and genetics have been recently
postulated, including a molecular interaction between
IFNL3 polymorphisms and HCV associated glucose and
lipid metabolism. In this review we summarize the current clinical evidence for an interaction between IFNL3
polymorphisms and metabolic syndrome, and its clinical
implications.

Table 1 Summary of the IFNL3 polymorphisms identified by
genome-wide association studies
GWAS
Suppiah et al[3]
Tanaka et al[4]
Rauch et al[5]
Ge et al[8]

IFNL3 SNP

Wild (responder) type/
non-responder allele

848
314

rs80999172
rs8099917
rs12980275
rs8099917
rs129798601

T/G
T/G
A/G
T/G
C/T

914
1137

1
rs12979860 and 2rs8099917 single nucleotide polymorphisms (SNPs) are
strongly associated with clearance and commonly used in clinical practice.
GWAS: Genome-wide association studies.

HCV-ASSOCIATED METABOLIC
CHANGES
CHC can be considered not only a viral disease, but also
a metabolic disease. HCV interacts with lipid metabolism
leading to steatosis, it impairs glucose metabolism leading to insulin resistance (IR) and diabetes mellitus type Ⅱ
and is associated with an increased risk of carotid atherosclerosis[20,21].
The prevalence of steatosis in patients with CHC is
reported to be between 40% and 80% depending on the
features of the population studied in terms of alcohol
consumption, prevalence of overweight/obesity, diabetes
and other risk factors for fatty liver[22,23]. However, when
all common contributing factors to steatosis have been
excluded, the prevalence of steatosis in CHC still remains
about 40%. This figure represents an approximately 2-fold
increase compared to the prevalence of steatosis in other
common chronic liver diseases such as chronic hepatitis
B virus infection (20%)[24].
Various studies have shown that both host and viral
factors may contribute to the development of steatosis,
with the relative importance of each varying with HCV
genotype. In particular, in patients infected with HCV
genotype 3, steatosis seems to be mostly virus-induced
and often severe[2,25]. In contrast, in patients infected with
non-genotype 3, steatosis seems to be mainly associated
with host metabolic factors and correlates with body
mass index (BMI) and central adiposity[3,26,27].
Steatosis is known to have deleterious clinical consequences in CHC, as it is associated with accelerated progression of liver fibrosis[28] and probably HCC[29]. It has
also been shown in large clinical trials that steatosis impairs
the response to antiviral therapy[30]. However, the effect
is more prominent in patients with non-3a genotype[30],
likely due to IR as the underlying mechanism affecting the
response to standard dual therapy with Peg-IFN-α/RBV,
and suggesting that the viral steatosis does not impair response to treatment[25]. Increasing levels of IR are associated with reduced rates of rapid virological response (RVR)
as well as sustained virological response (SVR) in patients
with HCV genotype 1, 2, 3 and 4 infections when treated
with dual therapy comprising Peg-IFN-α and RBV[31-33].
This observation has been confirmed in two meta-anal-

IFNS LAMBDA AND HCV
The type Ⅲ interferon (IFN) or IFN-λ (IFNL) family
consists of three members: IFN-λ1, IFN-λ2 and IFN-λ3
(formerly known as IL-29, IL-28A and IL-28B), which
were discovered in 2003 by computational prediction
and are genetically distinct from type Ⅰ IFNs[8,9], and a
fourth, IFN-λ4, recently described from primary human
hepatocytes[10]. Another recent study identified a novel
TT/-G polymorphism in the CpG region upstream of
IL28B, which is a better predictor of HCV clearance than
rs12979860[11]. Whereas IFN-α binds to the constitutively
expressed type Ⅰ IFN receptor in almost all nucleated
cells, IFN‑λ cytokines bind to a heterodimer of part of
the IL-10 receptor and the IFNL receptor (IL10RA and
IL28R, respectively)[12], the latter of which is only expressed in restricted cell types, including epithelial cells,
plasmacytoid dendritic cells and hepatocytes[13]. IFNL
stimulation results in the upregulation of interferon stimulated genes (ISGs) via the Jak-STAT (Janus kinase-signal
transducer and activator of transcription) pathway similar
to type Ⅰ IFNs[12,14].
In an attempt to identify host genetic markers for
IFN responsiveness to predict treatment outcome
in CHC, genome-wide association studies identified
single nucleotide polymorphisms (SNPs) in the IFNL3
(IL28B) region to be strongly associated not only with
response to treatment with pegylated IFN- α (PegIFN-α) with ribavirin (RBV) in HCV genotype 1 infection[2-5], but also spontaneous recovery[15] (Table 1).
This association has been validated in different ethnic
populations and for various HCV genotypes[16,17]. In a
recent meta-analysis, IFNL3 polymorphisms seem to
be clinically useful even in the era of new direct acting
antiviral drugs[18]. Moreover, the responder genotypes
of the IFNL3 polymorphisms have been reported to be
associated with increased hepatic inflammation in CHC
patients[2,19].
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yses[34,35]. A direct correlation between lipid profiles and
the virologic response to Peg-IFN-α and RBV was also
reported in some recent studies[36,37].

to a potential interaction between TOMM40-APOE and
IFNL3 polymorphisms, as rs429358 was associated with
apolipoprotein B levels in a IFNL3 genotype dependent
manner, i.e., the effect was more profound in patients
carrying rs12979860 CC, than those carrying rs12979860
CT/TT. These results together suggest that HCV-associated dyslipidemia may not be controlled to the same
extent by the same genes that affect lipids/lipoproteins in
healthy (non-HCV infected) cohorts[43].
There is increasing evidence that the life cycle of
HCV is directly linked to host lipoproteins: (1) HCV circulates in plasma with lipoprotein as an infectious complex; (2) Hepatocyte lipoprotein receptors are involved in
HCV entry; (3) Replication of HCV RNA in hepatic cells
is inhibited by inhibitors of lipid metabolism; (4) HCV
particles released from hepatocytes are attached to lipoproteins; and (5) Serum lipid profiles (LDL-C, HDL-C
and triglycerides) are associated with higher rates of
spontaneous or treatment-induced HCV clearance[45]. At
least, the latter is also affected by IFNL3 polymorphisms,
opening up the possibility of interaction in mediating
this effect. Thus, better understanding of the interaction
between lipids, IFNL3 polymorphisms and the HCV life
cycle will improve our understanding of HCV pathogenesis and open new avenues in treating HCV infection.

IFNL3 POLYMORPHISM AND LIPID
METABOLISM
Since the discovery of the correlation of IFNL3 polymorphisms with HCV clearance, there is an accumulating
body of evidence about an association between these
polymorphisms and metabolic changes in CHC.
The IFNL3 responder genotype is associated with less
pronounced disturbances of lipid metabolism in CHC, as
reflected by higher serum cholesterol and lipoprotein levels: CHC genotype 1 individuals with IFNL3 rs12979860
CC genotype have significantly higher apolipoprotein B
and low-density lipoprotein cholesterol (LDL-C) levels[38],
and lower serum apolipoprotein E levels[39], compared to
those with the non-responder CT and TT genotypes. In
accordance with these findings, another study from Japan
showed that the responder genotype of rs8099917 TT
was associated with high LDL-C levels and high SVR[40].
This association may result from suppression of hepatic
lipase and lipoprotein lipase by endogenous interferon,
which in turn decreases serum LDL-C, implying a stronger endogenous interferon response to HCV in those
subjects[36].
In a small cohort (55 patients), Sheridan et al [39]
showed that although HCV RNA was significantly higher
in those with rs12979860 CC genotype, this difference
was mainly accounted for by a higher non-lipoviral particles (LVP) fraction. It is known that LVPs are lowdensity HCV particles that have high infectivity [41].
This may partially explain the paradox that the IFNL3
responder genotypes have higher HCVRNA total viral
load, despite high viral load being a negative predictor of
SVR[42]. However, further confirmation of this data in
larger cohorts is required before any final conclusion can
be extracted.
Chiba-Falek et al[43] investigated the genetic basis for
the variance of LDL-C and apolipoprotein B levels in
CHC patients and their potential interaction with IFNL3
genotype: Their data show that two of the APOE genomic region polymorphisms, rs7412 and rs429358
(which defines the ε4 isoform), appear to be associated
with serum lipoprotein levels in HCV patients. Polymorphisms in ε4, however, were not associated with apolipoprotein E levels in HCV-infected Caucasians patients
(in contrast to a healthy control cohort), and the overall
amount of variance in serum apolipoprotein E levels explained by APOE genotype was much lower in the HCV
cohort (7% vs 20%). A recent genome-wide association
studies in non-HCV-infected cohorts suggested associations of polymorphisms at the TOMM40-APOE genomic region with multiple lipid traits (LDL-C, triglycerides)[44]. In particular, two nonsynonymous SNPs in exon
4 of the APOE gene, rs429358 and rs7412 have been associated with lipid levels[44]. Further this study also refers

WCG|www.wjgnet.com

IFNL3 POLYMORPHISM AND STEATOSIS
The relationship between steatosis and IFNL3 genotype
is still subject to debate, as the current literature demonstrates conflicting results (see Table 2). A retrospective
analysis of 1604 patients enrolled in the IDEAL trial
(Individualized Dosing Efficacy Versus Flat Dosing to
Assess Optimal Pegylated Interferon Therapy) of HCV
genotype 1 patients showed that the IFNL3 rs12979860
CC responder genotype was significantly associated with
higher pretreatment LDL-C levels and less frequent
hepatic steatosis[46]. In keeping with this, other recent
studies show the same association between the IFNL3
rs12979860 CC genotype and less frequent steatosis in
CHC genotype 1 [47-49]. This observation also extends
to two other IFNL3 polymorphisms, rs8099917[50] and
rs12980275, which were associated with steatosis in
genotypes non-3[51]. In contrast, a study from Japan failed
to find a significant association between rs8099917 and
hepatic steatosis in 122 Japanese Mongolian patients
infected with HCV genotype 1b[52], and another study
from Spain failed to confirm an association between
rs12979860 and steatosis in 445 Caucasian patients[53].
These conflicting results may be owing to the relatively
small sample size of these cohorts, differences in ethnicity, population characteristics and local other risk factors
for steatosis, different IFNL3 SNPs being investigated,
which may exhibit different features, and the respective
assessments of individual pathologists.
In the setting of liver transplantation for CHC, a recent abstract presented at the European Association for
the Study of the Liver (EASL) meeting 2013 suggested
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Table 2 IFNL3 polymorphisms and steatosis in chronic hepatitis C
No. of patients

Study design

HCV genotype

IFNL3 SNP

1604

Retrospective

HCV-1

rs12979860

145
180

HCV-1

rs12979860

434

Retrospective analysis of
two Independent cohorts: (1)
(antifibrotic) Study cohort;
(2) Duke cohort
multi-center, Retrospective

HCV-1

rs12979860

202

Prospective

rs12979860

153

Retrospective

HCV-1: 181 (89.6%)
HCV-4: 21 (10.4%)
HCV-1b

626

Retrospective analysis of
the Swiss Hepatitis C Cohort
Study
Retrospective
Retrospective

Non-HCV-3

rs12980275

HCV-1b
HCV-1: 303 (68.1%)
HCV-2: 13 (2.9%)
HCV-3: 82 (18.4%)
HCV-4: 47 (10.6%)

rs8099917
rs12979860

122
445

rs8099917

Results

Ethnicity

CC genotype associated with higher
Caucasians
pretreatment LDL-C levels and less
frequent hepatic steatosis
CC genotype associated with less
122 (84.1%) Caucasians
hepatic steatosis
130 (72.2%) Caucasians

Ref.
46

47

CC genotype associated with less
frequent hepatic steatosis
CC genotype associated with less
frequent hepatic steatosis
TT genotype associated with less
hepatic steatosis (vesicular and clear
cell changes)
G associated with less hepatic steatosis
only in non-HCV-3

Caucasians

48

Caucasians

49

Japanese

50

Caucasians

51

No association with hepatic steatosis
No association with hepatic steatosis

Japanese Mongolian
Caucasian

52
53

HCV: Hepatitis C virus; LDL-C: Low-density lipoprotein cholesterol.

Table 3 IFNL3 polymorphisms and insulin resistance in chronic hepatitis C
Cohorts size

Study design

HCV genotype

IFNL3 SNP

% IR

HOMA-IR

434

Multi-center, HCV-1 (n = 434)
retrospective
Prospective HCV-1 (n = 181)
HCV-4 (n = 21)
Retrospective HCV-1 (n = 328)

rs12979860

50%

>3

rs12979860

32.20% (65/202)

≥3

rs8099917

Retrospective HCV-1 (n = 188)
HCV-2 (n = 3)
HCV- (n = 30)
HCV-4 (n = 19)

rs12979860

50% (84/168) in TT
genotype vs 69.7%
(53/76) in TG/GG
genotype
46% (89/193)

≥ 2.45 in TT
genotype vs ≥
1.55 in TG/GG
genotype
≥2

202
328

240

Results

Ethnicity

CC genotype associated Caucasians
with reduced IR
CC genotype associated Caucasians
with reduced IR
No differences in IFNL3
Japanese
genotype distribution
according to HOMA-IR
No differences in
HOMA-IR levels
according to IFNL3
genotypes

Caucasians

Ref.
48
49
57

59

HCV: Hepatitis C virus; IR: Insulin resistance.

rs12979860 CT/TT, but not rs12979860 CC genotype[53].
These findings suggest a potential interaction between
IFNL3 and PNPLA3 polymorphisms on the risk for steatosis in non-genotype 3 CHC patients, though further
analysis is required to better understand the nature of
this interaction.
Finally, an interaction between IFNL3 genotype
and an amino acid substitution at residue 70 (aa70) of
the HCV core region has been suggested[52]. Although
these authors failed to find a direct association between
rs8099917 and hepatic steatosis, they found significant associations between rs8099917 and aa70 and between aa70
and hepatic steatosis[52]. This suggests that the amino acid
at residue 70 of the HCV core region should be considered as a parameter for adjustment in any future studies
of the correlation between IFNL3 genotype and steatosis.

that IFNL3 rs12979860 TT nonresponder genotypes had
an increased incidence of graft steatosis over time, while
recipient IFNL3 was not associated with steatosis[54].
In an attempt to better understand the interaction
of IFNL3 polymorphisms with other polymorphisms in
influencing steatosis, a recent study investigated the interaction between IFNL3 rs12979860 and the Patatin like
phospholipase domain-containing 3 (PNPLA3) rs738409
polymorphism, a strong determinant of hepatic fat accumulation and steatohepatitis[55]. Albeit, the association
between rs12979860 genotype and steatosis was independent of PNPLA3 GG genotype, the rs12979860 CC genotype protected from steatosis only in patients positive
for the PNPLA3 G variant, a genetic risk factor for severe steatosis[56]. In another study, the PNPLA3 G variant
showed a close association with steatosis in patients with
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IFNL3 POLYMORPHISM AND INSULIN
RESISTANCE
The relationship between IR measured by HOMA and
IFNL3 genotype is still subject to debate (see Table 3).
Two recent reports showed that the responder IFNL3
rs12979860 CC genotype was associated with reduced
IR in HCV genotype 1 patients[48,49], while other reports
failed to find this association[57-59] with either rs8099917[57]
or rs12979860[57-59]. Interestingly, a recent study from
Spain shows that IR can predict SVR in CHC patients independently of the IFNL3 rs12979860 polymorphism[59].
This is quite intriguing as it sheds new light on the clinical
observations linking higher LDL, less steatosis and lower
insulin resistance with SVR.

6
7
8

9

CONCLUSION
In conclusion, the discovery of IFNL3 polymorphisms
and their impact on CHC presents a major breakthrough
in HCV research. The association of IFNL3 responder
genotypes with higher LDL, less steatosis, less insulin
resistance and SVR suggests a mechanistic link between
IFNL3 and the metabolic syndrome in CHC. This sheds
new light on the pathogenesis of CHC and opens exciting avenues to explore. Further work is needed to better
understand the mechanistic explanation of these interrelated associations, and its potential implications in improving the current management of CHC patients.
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Hepatitis C virus control among persons who inject drugs
requires overcoming barriers to care
Marija Zeremski, Jon E Zibbell, Anthony D Martinez, Steven Kritz, Bryce D Smith, Andrew H Talal
ernment endorsement of HCV treatment for PWID, a
pressing need exists to develop strategies to engage
these individuals into HCV care. In this article, we
propose several strategies that can be pursued in an
attempt to engage PWID into HCV management. We
advocate that multidisciplinary approaches that utilize
health care practitioners from a wide range of specialties, as well as co-localization of medical services,
are strategies likely to result in increased numbers of
PWID entering into HCV management. Pursuit of HCV
therapy after stabilization through drug treatment is
an additional strategy likely to increase PWID engagement into HCV care. The full impact of direct acting
antivirals for HCV will only be realized if innovative
approaches are pursued to engage all HCV infected
individuals into treatment.
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Core tip: Despite persons who inject drugs (PWIDs)
representing the majority of the hepatitis C virus (HCV)
disease burden, few receive treatment for HCV. Barriers to treatment uptake exist at multiple levels. Colocalization of HCV management with substance abuse
facilities may result in greater treatment uptake for
PWID.

Abstract
Despite a high prevalence of hepatitis C virus (HCV)
infection, the vast majority of persons who inject
drugs (PWID) have not engaged in HCV care due to
a large number of obstacles. Education about the
infection among both PWID and providers remains
an important challenge as does discrimination faced
by PWID in conventional health care settings. Many
providers also remain hesitant to prescribe antiviral
therapy due to concerns about adherence and relapse to drug use resulting in reinfection. Presently,
however, as a result of improvements in treatment
efficacy combined with professional society and gov-
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INTRODUCTION

Table 1 Most common barriers to engagement of persons
who inject drugs into care for hepatitis C virus infection

Hepatitis C virus (HCV) infection is a leading cause of
chronic liver disease affecting more than 120 million
people worldwide[1,2] and at least 3.2 million in the United
States[3-5]. Among HCV-exposed individuals, up to 80%
will develop chronic infection that can ultimately lead
to hepatic fibrosis, cirrhosis, hepatocellular carcinoma
and death[6]. The prevalence of cirrhosis is estimated to
increase from 25% in 2010 to 45% by 2030 in untreated
patients with chronic HCV infection, and liver-related
deaths are projected to increase by 175% over the next
decade[7]. Currently, HCV is the leading indication for
liver transplantation in the United States[8].
As the virus is most effectively transmitted via blood,
injection drug use is currently the primary route of HCV
transmission in the United States and other developed
countries. Among persons who inject drugs (PWID),
estimated HCV prevalence ranges from 30% to 70%,
depending on frequency and duration of use, while incidence ranges from 16% to 42% per year[9,10]. Additionally,
up to 20% of human immunodeficiency virus (HIV)infected PWID in the United States are co-infected with
HCV[11]. A recent study predicted that for a PWID population with 20% baseline chronic HCV prevalence, treatment rates of 5, 10, 20 or 40 per 1000 annually can lead
to a 15%, 30%, 62% and 72% reduction in prevalence
after 10 years, respectively[12]. The same authors have also
estimated that novel treatments, expected to result in viral
clearance rates of 90%, can halve HCV prevalence of
25%, 50%, and 65% within 15 years with treatment rates
of 15, 40, or 76 per 1000 PWIDs annually[13]. Therefore,
addressing HCV infection among PWID is a crucial step
toward its successful control and prevention.
Despite the fact that PWID represent the majority
of the HCV disease burden in developed countries, only
21%-65% have been evaluated for HCV, with less than
20% of evaluated patients receiving treatment[14-16]. Moreover, while the majority (> 70%) of PWID initially express willingness to undergo HCV treatment, only a minor percentage (1%-6%) actually receives therapy[14,16,17].
A variety of factors limit enrollment of PWID into HCV
care and treatment. Identification of these barriers is
therefore a key step toward formulating interventions to
increase access to HCV care for PWID. Our goal in this
article is to highlight the obstacles to providing HCV care
to PWID and to propose interventions by which these
barriers can be overcome.

Domain

Low perceived treatment need
Fear of side effects
Lack of knowledge of serostatus
Fear of liver biopsy
Needles may promote relapse
Coexisting mental health diagnosis
Lack of insurance, poverty, low socioeconomic status
Physician-level
Concerns about reinfection
Biases against PWID
Adherence concerns
Dual diagnoses
Health systemNavigation can be complex
Mistrust between PWID and medical community
level
High cost of HCV treatment
Stigmatization in health care venues
HCV: Hepatitis C virus; PWID: Persons who inject drug.

is curative. Some PWID are reluctant to undergo liver
biopsy, an invasive procedure that has been frequently
required prior initiation of HCV treatment. The presence of needles that are required for interferon injection
might also be an obstacle to treatment in some persons
who previously injected drugs. Additionally, many PWID
perceive treatment-related side effects to be worse than
the virus itself. Finally, mistrust of the health care system and difficulty keeping medical appointments may
also contribute to PWID’s unwillingness to initiate HCV
therapy[14]. PWID are also more likely to be uninsured,
have limited access to health care services, be affected by
poverty, and have reduced social support[20].
Provider barriers also contribute to low rates of treatment provision to PWID. Patients who report injecting
drugs are less likely to be referred for HCV evaluation
and less likely to receive HCV treatment[21,22]. Many health
care providers remain hesitant to treat patients with a history of drug use due to concerns about adherence to the
therapeutic regimen. Some providers avoid treatment of
PWID due to the misconception that reinfection occurs
at a high level following relapse to injection drug use[23].
Finally, people with drug addiction have been perceived
as challenging patients because they are more likely to be
dually diagnosed with psychiatric co-morbidities, such as
depression and anxiety, compared to non-addicted individuals[24].
The health care system itself may pose numerous obstacles to HCV treatment of PWID. The United States
health care system is complex and the referral and scheduling process, as well as insurance and payment issues, can be
difficult to navigate. Long-seated, distrusting relations between PWID and the medical community have contributed
to feelings of stigmatization among those seeking HCV
treatment. PWID often experience health care providers as
judgmental, unresponsive to their medical needs, and disdainful, all of which serve as systemic barriers to care.
Finally, high cost of HCV therapy is another treatment barrier. For example, the estimated total cost of

BARRIERS TO HCV TREATMENT IN PWID
Obstacles to providing HCV care to PWID emanate
from patients, health care providers and the health care
system[18] (Table 1). One of the most important patient
level obstacles to receiving care is lack of HCV-related
knowledge resulting in a low perceived need for treatment. Between 65%-75% of HCV-infected patients are
unaware of their status[19]. While many patients are aware
that treatment for HCV exists, few are cognizant that it
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telaprevir-based therapy, including the cost of side effect
management, can be as high as $147000[25]. Although this
problem is not specific to PWID, it certainly affects them
to a greater extent compared to general population, particularly as PWID are more likely to be uninsured and to
have less financial resources.
Excluding PWID from HCV treatment contradicts
current recommendations issued by several United States
governmental and relevant professional organizations.
Governmental bodies, including the Institute of Medicine (IOM)[26] and the Department of Health and Human
Services (HHS)[27], now advocate for increased awareness
and resources to address the issue of disparities in HCV
treatment for PWID. Professional organizations such as
the American Association for the Study of Liver Disease
(AASLD)[28], have stated in their guidelines that PWID
should be treated for HCV. Yet despite these recommendations, PWID are frequently excluded from therapy by
the health care system.

misconceptions among health professionals regarding
PWID. These barriers may be overcome by provider education about PWID or by close collaboration between
health care providers from diverse specialties[32]. Involvement of a multidisciplinary team consisting of representatives of hepatology, addiction medicine, generalists,
and mental health experts in the treatment of HCV for
PWID has been shown to result in increased treatment
efficacy[32]. Besides direct interaction for the purposes of
patient care, mentoring programs conducted between
HCV specialists, substance abuse treatment staff, and
peers could increase knowledge and build the skills necessary to treat this population. Mentoring programs could
be conducted in person or via telemedicine.
A recent meta-analysis demonstrated that HCV treatment outcomes among PWID were improved among
those treated for opioid addiction compared to untreated
individuals[32]. In addition, rates of successful treatment
outcomes for PWID were shown to be almost identical
to outcomes achieved in registration trials[32,33]. However,
while occasional drug use does not impact on adherence,
treatment completion or treatment efficacy, frequent drug
use (daily or every other day) does[34]. Consequently, successful outcomes for HCV are more likely to be achieved
if PWID who inject frequently are initially stabilized for
their addiction and subsequently undergo HCV therapy.
By co-localizing both HCV preventive and treatment
services at venues where PWID receive care for drug
addiction, uptake of HCV services might increase. For
example, due to annual HCV serologic testing in some
OAT facilities, HCV-infected patients have been more
readily identifiable. At present, however, offsite referral to
HCV specialty-care clinics is a common practice among
drug treatment providers[29,35]. However, its effectiveness
is limited as the majority of referred patients often fail to
schedule or appear at appointments[14,36,37]. Yet, OAT facilities that do offer on-site HCV evaluation and treatment
have achieved improved outcomes[38-41]. Similar findings
have been previously reported for HIV-infected PWID,
many of whom voluntarily use primary care services if
they are offered onsite in OAT facilities[42]. Unfortunately,
a recent study of substance abuse treatment programs affiliated with academic medical centers conducted through
the National Drug Abuse Treatment Clinical Trials Network found a significant lack of comprehensive HCV
counseling, testing, and treatment both on-site or by
referral[43]. The same programs, however, offered significantly more HIV/AIDS-related health services[44].
OAT facilities that do offer integrated HCV care
programs may also provide comprehensive on-site primary care services administered by health care providers
with training in diverse disciplines including infectious
diseases, hepatology, addiction medicine, and mental
health[45-47]. Many of these programs also offer active case
management and have diverse staff consisting of physicians, physician assistants, nurse practitioners, nurses,
counselors, and social workers. To improve adherence,
some programs utilize directly observed therapy as well

OVERCOMING THE OBSTACLES TO HCV
TREATMENT FOR PWID
Through advances in HCV management, we are now
experiencing partial resolution of the obstacles to HCV
treatment among PWID. The rapid acceleration of HCV
treatment toward an all oral regimen with improved efficacy and fewer adverse effects will likely result in the
elimination of the liver biopsy as a requirement to initiate
treatment. Additionally, the avoidance of needle exposure associated with interferon injection would eliminate
anxiety among persons who no longer inject drugs. The
onus now moves toward strategy development to address
other obstacles in the management of HCV in PWID.
As patient-related obstacles can derive from misconceptions and lack of HCV-related knowledge, appropriately designed educational interventions could prove
beneficial in promoting HCV care and treatment. Unfortunately, while nationwide surveys in the United States
have documented that most opioid agonist treatment
(OAT) facilities provide at least some form of HCV
education[29,30], patients infrequently avail themselves of
these opportunities[31]. Increased awareness of potential
benefits of such programs and the addition of patient
incentives, such as financial compensation or travel stipends, might increase participation. Peer support groups,
directed by treatment-experienced patients, could encourage treatment acceptance and provide emotional support
through shared treatment experiences. Support from
mental health and allied health professionals to assist
with procurement of social and mental health services,
temporary disability, accessing Medicaid, and obtaining
transportation, may potentially increase involvement in
HCV treatment. These interventions can be incorporated
into an individualized treatment plan to maximize adherence rates and successful outcome achievement.
Other obstacles to provision of HCV care and treatment result from lack of HCV-related knowledge and
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as offering counseling sessions, motivational interviewing, peer-based support groups, and HCV-related education[45,47-50]. Improvement over offsite referral has also
been achieved through an integrated model combining
addiction medicine physicians with hepatologists in a viral hepatitis clinic[51].
Finally, overcoming the financial obstacles for HCV
treatment will not be easy, especially in developing countries. In the United States, health care reform will promote integration of specialty services into primary care,
promote prevention, and will likely provide an opportunity for development of innovative models for previously
medically-marginalized populations such as PWID. In
contrast, in developing countries, pharmacy assistance
programs will most likely be necessary in order to enable
patients to access novel HCV treatments.

is more cost-effective compared to management of endstage liver disease[53]. Tremendous advances are presently
occurring in the HCV field, and we hope that PWID will
be included in these changes.
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Core tip: This topic highlight on the immunopathogenesis of chronic hepatitis C addresses changes in innate
immunity (interferons and natural killer cells), adaptive
immunity and immunoregulation (regulatory T cells).
Our review provides a succinct but comprehensive
overview and presents the concept, that effective antiviral immunity is associated with pronounced acute
liver damage, while during chronic infection the arms
of immunity will acquire new functions, which will
cause and maintain tissue damage. Thus, the immune
response becomes part of the mechanisms that eventually lead to progressive inflammation, liver cirrhosis
and death in chronic hepatitis C.

Abstract
Hepatitis C virus (HCV) frequently elicits only mild
immune responses so that it can often establish
chronic infection. In this case HCV antigens persist
and continue to stimulate the immune system. Antigen persistence then leads to profound changes
in the infected host’s immune responsiveness, and
eventually contributes to the pathology of chronic
hepatitis. This topic highlight summarizes changes
associated with chronic hepatitis C concerning innate
immunity (interferons, natural killer cells), adaptive immune responses (immunoglobulins, T cells,
and mechanisms of immune regulation (regulatory
T cells). Our overview clarifies that a strong antiHCV immune response is frequently associated with
acute severe tissue damage. In chronic hepatitis C,
however, the effector arms of the immune system
either become refractory to activation or take over
regulatory functions. Taken together these changes
in immunity may lead to persistent liver damage and
cirrhosis. Consequently, effector arms of the immune
system will not only be considered with respect to
antiviral defence but also as pivotal mechanisms of
inflammation, necrosis and progression to cirrhosis.
Thus, avoiding Scylla - a strong, sustained antiviral
immune response with inital tissue damage - takes
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INTRODUCTION
Scylla and Charybdis were two immortal and irresistible
sea monsters in Greek mythology believed to live on either side of the Strait of Messina between Sicily and Italy.

Scylla was a six-headed supernatural creature - probably
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reflecting a shoal that devoured whatever came within
her reach, and Charybdis was a whirlpool off the coast
of Sicily. Avoiding Charybdis meant passing too close to
Scylla and vice versa. According to Homer, the Greek
hero Odysseus opted for Scylla when passing the strait,
and had to sacrifice six of his companions rather than to
risk the loss of his vessel in the whirlpool. Thus, being
“between Scylla and Charybdis” means to be forced to
make a choice between two equally unpleasant evils.
This allegory matches the challenge of the human
immune system when defending against a viral infection,
such as hepatitis C which has a high potential to establish chronic persistence. On one hand a strong and efficient immune response rapidly clears the virus; accepting
the risk of severe tissue damage from immune-mediated
destruction. On the other hand a less vigorous response
allows for viral persistence and facilitates a low-level
smoldering inflammation, which eventually results in
progressive liver disease and ultimately death of the individual. In line with this analogy, acute self-limited hepatitis C is frequently associated with symptomatic disease
and jaundice, while chronic hepatitis C often establishes
in the absence of any characteristic symptoms[1,2]. Studies in various expression systems (cell culture or transgenic mice) indicate that hepatitis C virus (HCV) is not
directly cytopathic, and viral replication may occur in the
absence of any detectable inflammatory reaction[3,4]. On
the other hand, chronic hepatitis C is associated with liver cell damage and intrahepatic inflammatory infiltrates.
Of note, hepatocellular damage coincides with the onset
of an immune response during acute infection but not
with that of viral replication[5]. Thus, activation of the
immune response is a pivotal factor for the pathogenic
processes in hepatitis C leading to progressive tissue
injury. Ultimately, hepatic inflammation and progressive
fibrosis in chronic hepatitis C may result in cirrhosis and
carry a high risk for hepatocellular carcinoma.

and adaptive immune responses. Both arms of the immune response work together in an integrated fashion to
recognize and defend against HCV infection.
Innate responses to HCV comprise both cellular responses, such as recognition of non-self by various types
of natural killer (NK) cells and humoral components,
such as induction of a variety of cytokines, especially
interferons. These various elements of innate immunity
act in a highly integrated fashion as do innate and adaptive immune responses. Thus, development of adaptive
B and T cell immunity is shaped by the initial innate responses, in particular interferons and other inflammatory
and immunoregulatory cytokines that are induced by viral invasion[7]. However, despite these immune defences,
hepatitis C becomes chronic in about 70%-80% of acute
infections[8]. Failing immunity and continued viral persistence lead to sustained inflammatory host responses
which then become the key mechanism for tissue injury
in chronic hepatitis C.

INNATE IMMUNITY IN HEPATITIS C
Three types of PRRs are known to detect HCV: (1) the
retinoic acid inducible gene-Ⅰ (RIG-Ⅰ)-like receptors,
RIG-Ⅰ and melanoma differentiation antigen 5, which
sense viral RNA in the cytosol; (2) toll-like receptors
(TLRs), such as TLR3, which detects ds-RNA fragments in the endosomal compartment; and (3) the nontraditional pattern recognition receptor protein kinase R
(PKR), which binds ds-RNA binding and upon activation promotes interaction with mitochondrial antiviral
signaling protein (MAVS) to trigger innate immunity[9].
RIG-Ⅰ signaling is initiated by binding of the HCV
PAMP RNA which consists of an exposed 5’triphosphate and the 3’poly-U/UC-rich untranslated region of
the HCV RNA[10,11]. These regions are located at opposite ends of the viral genome but are brought together
by intra-genomic interactions. In this configuration the
viral RNA comes into close contact with RIG-Ⅰ and
induces conformational changes of RIG-Ⅰ. RIG-Ⅰ activation leads to the formation of a multi-component
complex with MAVS (also termed interferon beta promoter stimulator protein 1 or card adaptor inducing interferon beta, cardiff). Finally, the interferon signaling
cascade results in the activation of multiple transcription
factors, such as interferon-regulatory factor-3 (IRF-3)
and nuclear factor kappa B and production of multiple
pro-inflammatory cytokines[12].
HCV dsRNA intermediates, which occur late in HCV
replication, have been identified as ligands for TLR3[13].
TLR3 signals are transmitted by the adaptor molecule
TIR-domain-containing-adaptor-inducing-interferon-β
(TRIF) and also lead to production of interferons and
pro-inflammatory cytokines[14]. TLR3 mediated interferon and cytokine responses are considered a secondary
innate immune defense after initial RIG-Ⅰ activation to
establish an antiviral state and trigger T cell recruitment
in HCV infection.

BASIC FACTS
HCV is a hepacivirus of the Flaviviridae family. Its genome consists of a single strand positive sense RNA.
After cell entry the viral genome is translated into a
single polyprotein which is co- and post-translationally
cleaved into structural and non-structural proteins by
host peptidases and two virus-encoded proteases. Replication involves generation of an antigenomic replication intermediate, and probably intermediate doublestranded RNA (ds-RNA) products, which can trigger
intracellular pattern recognition receptors. The new viral
genomes are packaged into viral particles by the viral
non-structural proteins, which then are released from
hepatocytes in association with host lipoproteins. Thus,
HCV circulates in blood as a lipoprotein-coated virus[6].
During replication HCV is sensed by pattern recognition
receptors (PRRs) in the host cell which detect pathogenassociated molecular patterns within viral products. This
process then leads to coordinated activation of innate

WCG|www.wjgnet.com

2506

January 28, 2014|First Edition|

Spengler U et al . The immune system in hepatitis C

The ligand for PKR is the structured RNA at the
internal ribosomal entry site (IRES) of HCV RNA[15,16].
Binding of HCV RNA induces phosphorylation of the
α-subunit of the eukaryotic initiation factor 2 (eIF2α).
In addition, RNA binding also triggers a kinase-independent signal transduction cascade involving MAVS which
finally activates interferon-β and interferon-stimulated
genes (ISGs)[9,16].
Although HCV can be detected effectively by RIG-Ⅰ,
TLR3 and PKR, it frequently establishes chronic persistence in up to 80% of patients, because it has evolved
several mechanisms to counter-act innate immunity.
The multi-functional HCV NS3/NS4A protease is a
key component of the HCV evasion strategy from innate immunity. Studies in Huh-7 cells indicate that HCV
initially activates the RIG-Ⅰ pathway which is shut
down as infection progresses and NS3/NS4 abundance
increases[17]. In addition to proteolytically processing the
HCV polyprotein, NS3/NS4A can block RIG-Ⅰ signaling, because it cleaves MAVS from intracellular membranes[18-21]. This cleavage prevents signal transduction,
abrogates interferon induction and facilitates progression to chronic infection. However, other hepatotropic
viruses, such as hepatitis A virus also encode proteases
that can cleave MAVS but in general do not become
chronic[22]. Thus, MAVS cleavage alone is not sufficient
for viral chronicity. Nevertheless, cleavage of MAVS has
been demonstrated in the livers of patients with chronic
hepatitis C, and patients with cleaved MAVS revealed
reduced interferon pathway activation, although this inverse correlation was rather weak[23].
The NS3/NS4A protease can also cleave TRIF[24],
the adaptor protein of the TLR3 pathway, and the relative abundance of this protein is reduced after HCV
infection, probably as a result of degradation following
its cleavage by NS3/NS4A[25]. Although details are insufficiently understood at present, blocking of the TLR3
pathway by HCV also seems to contribute to establishing chronic infection. TLR3-independent sensing of
RNA which signals via TRIF has also been described,
and is likewise blocked by NS3/NS4A targeting of
TRIF[26]. Finally HCV proteins E2, NS3, NS4A and NS5
provide several strategies to interfere both with PKR signaling and PKR-regulated inhibition of translation[27-29].
However, these interactions are complex and the exact
mechanisms how they support HCV persistence are still
unclear.
Continued triggering of PRR pathways in chronic
hepatitis C is likely to contribute to immunopathology,
such as hepatic inflammation, fibrosis progression and
HCV-associated malignancy. In this context it is interesting to note that HCV proteins core and NS3 also trigger TLR 1-2 and 2-6 dimers[30,31], and there is evidence
from genetic epidemiology and functional in vitro studies
that HCV-TLR interactions might contribute to hepatic
fibrogenesis and cirrhosis [32,33], development of liver
cancer[34], HCV-associated autoimmunity and B cell lymphoma[35].
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INTERFERONS
HCV recognition by PRRs ultimately leads to induction of antiviral cytokines termed interferons (IFNs).
Type Ⅰ IFNs (several interferons-α and interferon-β)
bind to the ubiquitously expressed type Ⅰ interferon
receptor, while type Ⅲ IFNs [IFN-λ1 alias interleukin
(IL)-29, IFN-λ2 alias IL-28A, IFN-λ3 alias IL-28B] have
their own receptor consisting of the IL10R2 chain (IL-10
receptor beta chain) and a unique IFN-λ receptor chain
with a limited expression mainly on hepatocytes[36,37]. The
type Ⅱ interferon IFN-γ has its own IFN-γ receptor. All
IFN receptors transmit signals from the cell surface to
the nucleus via the Jak-STAT pathway to activate interferon stimulated genes (ISGs). Specifically type Ⅰ and Ⅲ
IFNs induce IFN-stimulated gene factor 3 consisting of
phosphorylated STAT1 and 2 proteins and IRF9 which
activate the IFN-stimulated response elements (ISRE)
of multiple genes contributing to antiviral activity[38-40].
IFN signaling is regulated by suppressors, such as
suppressor of cytokine signaling and ubiquitin specific
peptidase 18 (USP18) which provide important negative feed-back loops[41-43]. USP18 is a protease cleaving
ISG15 from its target proteins, also including STAT1[44].
ISG15 is conjugated to STAT1 by the sequential action
of several enzymes[45]. This so-called ISG-ylation and
its de-conjugation by USP18 modify signal transduction
pathways and immune responsiveness [46,47]. However,
recently it has been recognized that USP18 suppresses
IFN-signaling independently from its de-conjugating
activity by interfering with the interaction between Jak1
and the type Ⅰ IFN receptor[48]. USP18 is a major mediator of unresponsiveness to type 1 IFNs in liver cells[49].
However, it does not inhibit signal transduction of type
[50]
Ⅱ and Ⅲ IFNs .
Activation of the endogenous IFN system in the liver exerts little anti-HCV activity, and it has been well established that patients with high activation of the endogenous IFN system respond poorly to IFNα based therapies[51-55]. It has been proposed that expression of HCV
proteins inhibits binding of activated STATs to ISRE[56],
and Jak-STAT signaling was found to be inhibited both
in HCV transgenic mice and liver biopsies from patients
with hepatitis C[57,58]. Beyond that, phosphorylation and
activation of STAT3 is involved in the antiviral IFN activity[59], and STAT3 expression was found to be reduced
in HCV-infected livers[60]. Indeed, HCV core protein
can prevent STAT3 phosphorylation[57,60,61], and this has
been associated with HCV resistance to IFN-α[62]. Next,
HCV-induced PKR activation inhibits cap-dependent
translation of antiviral host proteins at the ribosomes
owing to phosphorylation of eIF2α while production
of HCV proteins is not impaired, because translation
occurs via an IRES-dependent mechanism[63]. Of note,
most studies on endogenous ISG induction in hepatitis
C were based on steady state mRNA level measurements
rather than determination of protein concentrations[51-55].
Finally, HCV proteins might directly inhibit ISG antiviral
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effector functions apart from their inhibition of ISG
translation. This concept is supported by experimental
evidence from knock-out mice which demonstrated that
expression of the USP18 leads to a long-term refractory state towards IFNα stimulation[49]. Likewise, strong
USP18 expression was found in many hepatocytes of
patients with chronic hepatitis C and high endogenous
IFN activity, when histological specimens were studied[64]. At present the cellular sources and involved types
of IFNs that maintain long-term ISG expression in
chronic hepatitis C are still a matter of debate. IFNλs are strong candidates as triggers of ISG induction in
patients with chronic hepatitis C and endogenous activation of the IFN system, because, unlike all other IFN
types, IFN-λ mRNA is readily detected in liver biopsies[53], and their action is not inhibited by USP18[50].
In patients with chronic hepatitis C endogenous ISG
induction varies considerably between individuals, and
this variability, as well as differential responsiveness to
exogenous IFN-α is attributed to a combination of viral
and host factors. For instance, difficult-to-treat HCV
genotypes 1 and 4 induce high levels of endogenous
IFN expression in hepatocytes resulting in an IFNinsensitive state that attenuates treatment responses[65].
Of note, endogenous ISG induction in Kupffer cells,
the resident liver macrophages, is also a strong predictor
of treatment responsiveness[66]. However, the relationship between baseline ISG induction and treatment
outcome is opposite to that observed in hepatocytes:
Virtually all non-responders lack baseline induction of
ISGs whereas strongly induced ISG expression is found
in responders[67]. This finding suggests that ISG induction in Kupffer cells may have a protective role for the
host concerning both spontaneous HCV elimination and
treatment outcomes.
Apart from viral factors genome-wide association
studies have identified single nucleotide polymorphisms
(SNPs) upstream of the IFNL3 gene on chromosome
19q13, which are associated with outcomes of HCV
infection both under IFN-based therapy of chronic
hepatitis C[68-70] and disease evolution during acute HCV
infection[71,72]. Although some initial studies failed to find
a relationship between the SNPs and IFNL3 mRNA expression[71,73], it has meanwhile become clear that SNPs
in this region alter IFN-λ expression levels[53,68,70,74-76],
and the unfavorable minor alleles result in less IFNL3
expression. Thus, it is quite unlikely that these SNPs
simply reflect linkage disequilibrium with some other
gene. However, the molecular and cellular mechanisms
that underlie this association between outcomes of HCV
infection and the IFNL3 gene locus are not yet understood. It has been proposed that the unfavorable IFNL3
variants may lead to compromised innate immune
functions in particular with respect to natural killer cell
activity[77,78]. However, given the fact that NK cells do
not express type Ⅲ IFN receptors this hypothesis needs
refining[79]. In addition, a dinucleotide polymorphism
upstream of the IFNL3 gene has been described, which
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can create or disrupt an alternative open reading frame
giving rise to a new gene, termed IFNL4[80,81]. Although
it has been proposed that loss of IFNL4 expression
should be protective against HCV, it is as yet not clear if
the putative IFN-λ4 gene product plays any role for differential immune responses to HCV infection.

NATURAL KILLER CELLS
NK cells constitute a first line of defence against viral
infections. They rapidly recognize and lyse virus-infected
cells, inhibit viral replication but also exert immuneregulatory functions. NK cells constitute approximately
30% of resident lymphocytes in a normal liver, and may
account for as many as 60% of lymphocytes in HCV infection[82].
Activation of natural killer cells results from the integration of multiple activating and inhibitory signals via
specific receptors. The most important NK cell receptors
(and their cognate ligands) comprise the killer immunoglobulin-like receptor (KIR) family (ligands: HLA-A,
-B and -C), the CD94-NKG2A/C complex (ligand:
HLA-E), NKG2D (ligands: MIC-A and MIC-B and
others) and the natural cytotoxicity receptors NKp30,
NKp44 and NKp46[83]. In addition, part of these receptors also exerts immune-regulatory functions in subsets
of T lymphocytes. NK cells are activated, when there
is a relative reduction of inhibitory signals, e.g., downregulated MHC class I expression on virus-infected cells,
or a relative increase in signals from activating receptors,
e.g., binding of antibody-coated antigens[84]. However,
conventional MHC class Ⅰ expression is not substantially reduced in hepatitis C, and it has been proposed
that NK cell functions might be altered by binding of
HCV-derived peptides to non-polymorphic restriction
molecules, such as HLA-E[85,86]. NK cells are recruited to
inflammatory sites by a variety of chemokines and can
also be stimulated by cytokines, such as IFN-α and ILs 8,
12, 15 and 18[87].
Activated NK cells with potent de-granulation and
substantial cytokine production have been described
in acute HCV infection[88,89], and there is accumulating
evidence to suggest that NK cells play an important
role in the antiviral immune response to hepatitis C and
later on also in the immune-mediated pathogenesis of
chronic hepatitis C. NK cells can inhibit HCV replication in vitro both by IFN-γ mediated non-cytolytic as well
as granzyme/perforin and TRAIL-mediated cytotoxic
mechanisms[90]. While HCV-infected hepatocytes upregulate expression of TRAIL receptors[91], in vivo IFNγmediated clearance of HCV might be more important
than direct cytolysis, because cytolytic elimination of all
HCV-infected hepatocytes would lead to extensive liver
damage[92]. Multi-functional NK cells are also detectable
early after HCV exposure in health-care workers and iv
drug users, who do not proceed to develop acute hepatitis; suggesting a potentially protective role of NK cells
in early HCV infection[93,94]. Further support for a pro-

2508

January 28, 2014|First Edition|

Spengler U et al . The immune system in hepatitis C
Ⅰ. Regulation of fibrosis
Apoptotic HSC

Activated HSC

HCV-infected
hepatocyte

NKG2D

Infected or
innocent bystander cell

TRAIL
NK

Granzyme
perforin

IFN-γ
IL-2

CD4
Ⅲ.
Non-cytolytic
HCV clearance

Hepatocyte
without HCV

Ⅱ.
Tissue
damage

Apoptotic
hepatocyte

Figure 1 Central role of natural killer cells in the pathogenesis of hepatitis C. Natural killer (NK) cells regulate fibrosis by killing of activated hepatic stellate cells
(HSC), which trigger NK cell activation via natural killer cell receptor with extracellular C-type lectin domains (NKG2D) signalling. The release of granzyme/perforin
and cytotoxic cytokines, such as tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) induce tissue damage. Interferon-γ (IFN-γ) released from NK cells
can clear hepatitis C virus (HCV) infection from infected hepatocytes without cytolysis. On the other hand NK cell activity is critically dependent on sufficient supply
with interleukin 2 (IL-2) from CD4+ T cells.

tective role of NK cells in HCV infection comes from
genetic studies, where genes encoding the inhibitory receptor KIR2DL3 and its ligand human leucocyte antigen
group 1 (HLA-C1) seem to favour both spontaneous
and treatment-induced elimination of HCV[95,96]. Since
the affinity between inhibitory KIR2DL3 and HLA-C1
is weaker than all other combinations, it is reasonable
to assume that a lower threshold of activation is needed
to trigger KIR2DL3 NK cell responses in HLA-C1
homozygous individuals[88,97]. Finally, NK cells can become more activated upon IFN-based therapy and may
contribute to HCV elimination by TRAIL-mediated
cytotoxic mechanisms[98]. Interestingly, responsiveness
in this setting again depends on the endogenous IFN-α
activation state, since a rapid first phase HCV decline is
associated with strong induction of STAT1 phosphorylation, whereas non-responders exhibit reduced STAT1
induction[99]. Chronic exposure of NK cells to IFN-α
results in preferential STAT1 over STAT4 phosphorylation, which is associated with increased STAT1-dependent cytotoxicity but reduced STAT4-dependent IFN-γ
production[99-101]. These findings correspond to NK cell
phenotypes and functional differentiation seen at later
stages in IFN-α responders and non-responders[100,102],
although patients who achieve a sustained virological response also exhibit substantial NK cell cytotoxicity[103].
NK cells in chronic hepatitis C have been reported to
also express altered patterns of NK receptors (Figure 1).
Although reported patterns are somewhat inconsistent
and may vary between peripheral blood and the liver,
altered expression on NK cells has been reported for
receptors NKp30, NKp44, NKp46, NKG2A, NKG2C,
NKG2D and CD122[100,104-107]. In addition, NK cells ex-
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press the tetraspanin CD81, a co-receptor of HCV, and
in vitro binding of the HCV envelope 2 (E2) protein to
CD81 has been shown to block antiviral functions of
NK cells and to alter their migratory behaviour[108-111].
However, the experimental setting of these studies involved cross-linking of HCV E2 on plastic plates, whereas NK cells exposed to intact virions did not exhibit
altered functionality[112]. Thus, it remains to be elucidated
if cross-linking of CD81 by HCV E2 affects functions
of NK cells to facilitate chronic infection. A particularly
interesting NK cell receptor is NKp46, since it is considered a major activating receptor in hepatitis C, which also
has a role in the regulation of adaptive immunity: High
expression of NKp46 defines a NK cell subset with high
cytotoxic activity and IFN-γ production that accumulates
in the liver in chronic hepatitis C[113,114]. Of note, recently
Pembroke et al[115] confirmed intrahepatic enrichment of
NKp46+ NK cells in chronic hepatitis C and reported a
high (> 80%) frequency of NKp46+ cells in the liver to
be associated with pronounced inflammation in histology. Another important finding of this study was the
observation, that expression of NKp46 could predict
responses to IFN therapy. Patients with chronic hepatitis
C, who successfully cleared their HCV infection, had
lower mean frequencies of activated NKp46+ NK cells
than patients who did not respond to therapy. The possible identification of NKp46 as a marker of both IFNun-responsiveness and hepatic inflammation bears some
similarity to the paradoxical relationship between IFNun-responsiveness and high baseline ISG expression and
may be linked to chronic endogenous interferon exposure. On the other hand, unlike Pembroke et al[115] the
group of Golden-Mason[113] reported increased NKp46
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bound to self HLA class I molecules, and CD4+ T helper lymphocytes, which respond to longer viral peptides
bound to class Ⅱ molecules. Single source outbreaks
further support a clear relationship between distinct
HLA types and the outcome of HCV infection: patients
with HLA-A3, HLA-B27, and HLA-B57 exhibit greater
chances to develop protective immunity, thus strengthening the importance of effective antigen presentation
and the generation of efficient antigen-specific T cell
responses for immune control of HCV infection[133-136].

expression in white female Americans as opposed to
male African-Americans and proposed that a high proportion of functionally active NKp46+ NK cells could
explain their higher response to IFN therapy. Thus, the
precise role of NKp46+ NK still remains elusive.
Finally, NK cell-mediated cytotoxicity against hepatic
stellate cells (HSC) may contribute to the regulation of
intrahepatic fibrosis in hepatitis C. HSC store vitamin A,
reside in the space of Dissé, and produce extracellular
matrix proteins upon activation, e.g., upon TLR stimulation, exposure to cytokines or reactive oxygen species[116].
HSC activation leads to trans-differentiation into myofibroblasts, which in the mouse also alters the balance
in the expression between activating and inhibitory NK
cell receptor ligands, so that they become target cells for
NKG2D-, TRAIL- and granzyme-mediated killing by
NK cells[117,118]. NKG2D- and TRAIL-mediated killing
by NK cells has now also been reported for human HSC
in chronic hepatitis C[119], and CXCR3 + CD56Bright as
well as NKp46+ NK cells express particularly high cytotoxic capacity against HSC in chronic hepatitis C[114,120].
Importantly, when other processes, such as CD4 T cell
depletion in HIV/HCV co-infection interfere with the
regulation of hepatic fibrosis by NK cells, this may result in accelerated fibrosis progression[121].

T CELL RESPONSES
The most conclusive experiments to suggest an important role for T cells in protective immunity against
HCV stem from chimpanzee experiments: Depletion
of CD8+ T cells in animals, which had recovered from
previous hepatitis C, resulted in prolonged viraemia,
and viral clearance was correlated to recovery of HCVspecific CD8+ T cells[137]. Likewise, depletion of CD4+
T cells resulted in abrogation of a previously protective
immune response[138]. In acute hepatitis C strong HCVspecific CTL[139,140] and TH1 type CD4+ T helper cell responses[141] have consistently been reported to be closely
associated with a self-limited course of HCV infection.
Moreover, several groups have reported an inverse relationship between the strength of the CTL response and
HCV viral loads[142-144] further suggesting that in principle it is possible for cellular immunity to control HCV
infection[145]. A substantial proportion of individuals
who ultimately develop chronic hepatitis C also generate HCV-specific CD4(+) and CD8(+) T cell responses
during the early acute phase of infection and may transiently gain some control over HCV[140,146-149]. However,
early T cell responses decline to almost undetectable
levels later on, and initial control over HCV replication
is lost. If present, HCV-specific CD4+ and CD8+ T cells
are detected at only low frequency in peripheral blood
although they are somewhat enriched in the liver[150,151].
Thus, chronic hepatitis C is characterized by a progressive functional exhaustion and ultimately loss of HCVspecific CD4+ and CD8+ T cells[152,153].
Exhausted T cells exhibit a couple of characteristic
abnormalities: They show increased expression of inhibitory receptors, such as programmed death-1 (PD-1),
cytotoxic T lymphocyte antigen 4 (CTLA-4), T cell immunoglobulin and mucin domain-containing molecule
3, corresponding to up-regulated expression of their
cognate ligands in the liver[154-159]. Conversely, functional
recovery of HCV-specific T cells can be achieved experimentally by the combined blockade of CTLA-4 and
PD-1 signalling[157,160].
HCV replicates by an RNA-dependent RNA polymerase which has a high error rate and consequently
generates considerable genomic diversity of HCV and
T cell escape mutations. Mutations that affect CD8 +
T cell epitopes and proteasomal processing have been
observed in several HCV single source outbreaks[161-163].

ADAPTIVE IMMUNITY IN HEPATITIS C
A coordinated immune response involving both antibodies and T cell responses is normally required for efficient
adaptive immunity. However, in hepatitis C the role of
antibodies is complex: Circulating antibodies against
structural and non-structural components are generated
in virtually all patients irrespective from the outcome
of HCV infection. A rapid induction of neutralizing
antibodies early in the course of hepatitis C has been
demonstrated to contribute to HCV clearance[122], but
broad antibody responses usually occur at the stage of
chronic infection and are not neutralizing[123,124]. Neutralizing antibodies frequently recognize the HCV envelope
proteins[125-127]. However, these proteins have a high degree of mutational diversity, so that antibody responses
are frequently directed against only a single strain or are
easily evaded by viral mutations[124]. It is also quite likely
that glycosylation of HCV proteins and the close association of the virus with lipoproteins further prevent
antibody recognition. HCV antibodies are not required
to clear HCV infection as has been demonstrated in
patients with hypo-gammaglobulinemia[128]. HCV antibodies gradually disappear after successful HCV elimination[129]. Conversely, there is circumstantial evidence that
HCV-specific cellular immune responses can protect
individuals at high risk for hepatitis C without seroconversion[123,130,131]. Thus, adaptive cell-mediated immunity
is considered a key mechanism for resolution of primary
HCV infection [132]. Cell-mediated immunity involves
CD8+ cytolytic T lymphocytes (CTL), which recognize
linear HCV peptides of 8 to 11 amino acids in length
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sociated with increased numbers and function of CD8+
T cells in in vitro assays[173-176]. Such regulatory T cells
may reduce inflammatory activity and are considered to
contribute importantly to preventing immune-mediated
pathology in chronic hepatitis C. Functional analysis of
regulatory T cell clones generated from patients with
chronic hepatitis C revealed that Tregs were directed
against HCV antigens and showed the same pattern of
HLA class Ⅱ restriction and epitope specificity as effector T cells[172]. Importantly, Treg clones from chronic
hepatitis C inhibited in vitro proliferation and IFN- γ
production of autologous reporter T cells via release of
inhibitory cytokines, such as IL-10 and IL-35. Of note,
intrahepatic regulatory T cells in chronic hepatitis C
also produced substantial amounts of IL-8, and isolated
Tregs as well as Treg clones activated fibrogenic genes
of hepatic stellate cells in vitro[177]. High intrahepatic IL-8
mRNA levels in chronic hepatitis C have been linked
with progression of fibrosis[178,179] and CD4+ Tregs are
enriched in the liver[175,177,180-182]. Moreover, some but not
all studies also reported a correlation between numbers
of intrahepatic Tregs and the stage of fibrosis. Beyond
that, IL-8 counter-acted the antiviral activity of IFN-α
in the replicon model by down-regulation the expression
of ISGs[183,184]. Moreover, in vitro studies suggest that part
of the superior antiviral activity in IFN/ribavirin combination therapy may be due to preferential inhibition of
Tregs by ribavirin[185] (Figure 2).
Thus, once the immune system has failed to clear
HCV infection, regulatory T cells in chronic hepatitis
C seem to exert multiple different effects: they dampen
inflammatory responses associated with reduced antiviral
activity of the immune system, facilitate HCV persistence, and also contribute to the regulation of fibrosis in
the liver.

Due to the exhausted state of T cells new epitope variants rarely elicit strong CD8+ T cell responses at this
stage of infection, and consequently further escape mutation to secondary epitopes are selected infrequently in
man and the chimpanzee[146,164,165]. Protective T cells seem
to target epitopes that do not allow for escape mutations owing to the associated loss of viral replication fitness[133-135]. Conversely, T cells that are not stimulated any
more after HCV viral escape, do not show features of
exhaustion[166]. Thus, prolonged exposure appears to be
the mechanism that leads to T cell dysfunction in chronic hepatitis C, and T cell exhaustion in hepatitis C seems
to follow the same pattern as has been first described in
mice for lymphocytic choriomeningitis virus (LCMV)
infection[167,168]. In this model, persistent high level viremia can be established in susceptible mouse strains by
pathogenic virus variants. Initially, mice develop a robust
T cell response but fail to eliminate the virus and subsequently exhibit a gradual decline of CD8+ and CD4+
T cell responses. T cells undergo T cell exhaustion in
this model, and first lose production of IL-2, a cytokine
which supports T cell proliferation. Then, cytotoxicity
and production of tumour necrosis factor alpha and
IFN-γ are lost sequentially. Finally, intracellular expression of pro-apoptotic factors, such as Bcl2-interacting
mediator (Bim), is up-regulated both in the LCMV model and hepatitis C[169]. In analogy to the LCMV model,
virus-specific CD4+ and CD8+ T cell responses decline
in chronic hepatitis C but full exhaustion with deletion
of antigen-specific CD8 T cells does not occur, because
at least in vitro T cell responses can be rescued.

REGULATORY T CELLS
Recently CD8+ T cells have been reported in the livers
of patients with chronic hepatitis C which were considered to represent CD8+ regulatory T cells, because
they secrete IL-10 and suppress in vitro proliferation of
liver-derived T cells[170]. In general, regulatory T cells
(Tregs) actively control induction and activity of other
immune cells by suppressing their functional activity via
contact-dependent mechanisms and by release of immunosuppressive cytokines, such as IL-10 and transforming growth factor beta. The major cell type with these
properties constitutes CD4 +CD25 highCD127 - T cells,
which express the transcription factor Foxp3 (forkhead
box P3). They can be divided into thymus-derived natural regulatory T cells, that prevent autoreactivity to selfantigens and induced regulatory T cells, that are generated in the peripheral immune system as a regulatory
response to antigenic stimulation. Foxp3+ Tregs were
rarely detected in acute hepatitis C[171] and they are also
not found in patients who had managed to resolve HCV
infection[172], suggesting that effector T cells in acute and
self-limited hepatitis C are not under active suppression
by Tregs. In chronic hepatitis C, however, numbers of
CD4+ Tregs were increased in the peripheral blood of
patients, and depletion of CD4+ CD25+ T cells was as-
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CONCLUSION
When an individual becomes infected with HCV, the immune system has to make a choice between Scylla and
Charybdis. If it takes a course close to Scylla, it generates
strong antiviral immune responses, which eliminates virus infected liver cells by the combined action of its several innate and adaptive defense mechanisms. This may
cause extended liver damage and eventually liver failure.
To avoid this risk, immune responses may be softer.
Then, the virus has a chance to escape from control
by immunity, and functions of innate and adaptive immune mechanisms become diverted owing to continued
antigenic stimulation. An inflammatory state is induced,
which, however, is refractory to stimulation by antiviral
cytokines, and NK cells as well as cells in the adaptive
immune system take over regulatory functions. Necroinflammatory and pro-fibrotic activities maintained by
diverted immune responses inevitably take a course
towards Charybdis, and may ultimately result in liver cirrhosis, liver cancer and death of the individual. Thus, the
immune system holds the steer to find the way between
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Figure 2 Multiple activities of hepatitis C virus-specific regulatory T cells in chronic hepatitis C. Regulatory T cell (Tregs) inhibit antiviral immunity via release
of immunosuppressive factors, such as interleukin 10 (IL-10), transforming growth factor beta (TGF-β) and interleukin 35 (IL-35). Tregs in hepatitis C are also differentiated towards interleukin 8 (IL-8) production. Release of IL-8 binds to its receptors, such as CXCR2 on hepatic stellate cells (HSC), which become activated and produce extracellular matrix (ECM) components. IL-8 down-regulates interferon-stimulated genes in infected cells and induces an interferon (IFN)-refractory state, which
also counter-acts antiviral immunity. ISGs: Interferon-stimulated genes.

Scylla and Charybdis.
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Abstract

Core tip: Our review summarizes data on patients with
hepatitis C exposed to tumor necrosis factor-α (TNF-α)
inhibitors, thus building a stronger safety profile than
previously reported. A comprehensive paragraph on
the pathway of TNF-α in hepatitis C virus (HCV) and
an overview on immune-mediated damage induced by
TNF-α inhibitors (cryoglobulins, autoimmune hepatitis)
have been also included. Some controversies regarding the universal screening and monitoring of HCV-RNA
were also addressed.

Tumor necrosis factor-α (TNF-α) inhibitors are known
to increase reactivation of concurrent chronic hepatitis
B, but their impact on the hepatitis C virus (HCV) is
controversial. Some conditions of immunosuppression, such as liver transplantation, typically cause an
increase in the rate of HCV evolution. Inhibition of
TNF-α, a cytokine involved in the apoptotic signaling pathway of hepatocytes infected by HCV, could
potentially increase viral replication. Currently available clinical data appear to contradict this hypothesis.
A review of medical literature revealed that a total of
216 patients with HCV were exposed to one or more
treatments with TNF-α inhibitors, with a median observation time of 1.2 years and 260 cumulative patientyears of exposure. Only three cases of drug withdrawal
due to suspected HCV liver disease recrudescence
were reported. Treatment with TNF-α inhibitors in
patients with HCV infection appears to be safe in the
short term, but there are insufficient data to assess
their long-term safety. Universal screening for HCV
before beginning treatment with TNF-α inhibitors is
currently controversial. The presence of HCV is not a
contraindication to therapy with TNF-α inhibitors, with
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INTRODUCTION
Tumor necrosis factor-α (TNF-α) is a cytokine involved
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in the pathogenesis of inflammatory diseases and in
the immune-mediated response to infections, especially
against intracellular pathogens. Drugs targeting and inhibiting the biological activity of TNF-α, such as infliximab, etanercept and adalimumab, are increasingly used
for the treatment of immune-mediated diseases such as
rheumatoid arthritis, inflammatory bowel diseases and
psoriasis[1]. TNF-α inhibitors increase susceptibility to
new or reactivation of concurrent infections. Thus, before its use for therapy, a screening for tuberculosis (with
chest radiography and an interferon-gamma release assay) and certain viral infections such as hepatitis B virus
(HBV), hepatitis C virus (HCV), cytomegalovirus, and
herpes virus is recommended[2].
The potential risk of reactivation of HBV infection during TNF-α inhibitor therapy is well established.
Animal studies have demonstrated that TNF-α plays a
key role in clearing HBV from infected hepatocytes by
synergizing with interferons (IFNs) in the suppression of
viral replication[3,4]. TNF-α inhibitors can increase HBV
replication and reactivate chronic hepatitis, both during
and after discontinuation of treatment. It is worth noting
that many patients receiving TNF-α inhibitors have been
previously or simultaneously treated, even for long periods, with other immunosuppressant agents that further
increase the risk of HBV reactivation[5]. Hepatitis reactivation has been reported in twenty-three hepatitis B surface
antigen (HBsAg)-positive patients treated with TNF-α
inhibitors in the absence of prophylaxis (inactive carriers
or with unrecognized HBsAg seropositivity), including
9 cases of fulminant hepatitis, 4 deaths and 1 liver transplantation. Furthermore, three HBsAg-negative, hepatitis
B core antibody (Anti-HBc)-positive patients presented
HBsAg seroreversion followed by a hepatitis flare-up after
administration of TNF-α inhibitors[6]. The protocol that
is currently recommended, borrowed from other clinical
situations of pharmacologically induced immunosuppression, includes prophylaxis with lamivudine of all inactive
carriers during and for 6-12 mo following therapy with
TNF-α inhibitors and quarterly monitoring of HBsAg in
HBsAg-negative anti-HBc positive patients[7,8].
In the context of HCV infection, the potential risk
of reactivation of infection during therapy with TNF-α
inhibitors is controversial. Several clinical reports have
shown that chronic hepatitis C usually evolves rapidly in
some conditions associated with immunosuppression,
such as co-infection with human immunodeficiency virus,
hypogammaglobulinemia, and after bone marrow transplantation and, above all, liver transplantation[9]. In various
other circumstances, e.g., following chemotherapy, hepatitis flare-up does not occur during immunosuppression or
after its suspension[10]. The inhibition of TNF-α, a cytokine involved in the apoptotic signaling pathway of hepatocytes infected by HCV, could potentially increase viral
replication and worsen the course of chronic hepatitis[11].
In this review, we present an overview of the relationship
between the TNF-α pathway and HCV, summarize the
available evidence regarding the safety of TNF-α inhibi-
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tor usage in patients with HCV and provide suggestions
for the management of therapy in this clinical setting.

TNF-α PATHWAY IN CHRONIC HCV
INFECTION
The role of TNF-α in chronic HCV infection is not
well understood. Serum levels of TNF-α and its soluble
receptors (sTNF-R55 and sTNF-R75) are significantly
higher in HCV-infected patients than in healthy subjects[12]. Serum levels of TNF-α correlate with serum
transaminase levels, histological activity and fibrosis, but
not with serum HCV RNA levels or viral genotype[13,14].
Laboratory studies have indicated that the HCV core
protein has the potential to inhibit the TNF-α-mediated
apoptotic signaling pathway, providing a selective advantage for HCV replication and avoidance of the host
antiviral defense mechanism[15]. Thus, further suppression of TNF-α by biological drugs may pose a potential
threat of excessive viral replication and worsening of
chronic HCV infection. In contrast, some studies have
postulated that the baseline overexpression of TNF-α
is associated with reduced cell capability to respond to
IFN signaling and, consequently, to reduced viral clearance[16]. Zein et al[17] conducted a controlled, double-blind,
randomized, placebo trial assessing the effects of etanercept as adjuvant therapy to IFN alfa-2b for 24 wk plus
ribavirin in patients with chronic hepatitis C. The 19 patients treated with etanercept achieved sustained virologic
response at a significantly higher rate compared to the
25 controls, and treatment was associated with decreased
incidence of the most common side effects associated
with IFN and ribavirin. This phase Ⅱ study supported
the assumption that etanercept may restore TNF-induced
CD4+ cell impairment and enhance antiviral effects of
IFN and ribavirin combination therapy. Large studies of
the effects of adjuvant etanercept on therapy with pegylated IFN and ribavirin are currently lacking.
Infliximab is a recombinant human-murine chimeric
immunoglobulin-G1 (IgG1) antibody that specifically
binds both soluble and membrane-bound precursor
forms of TNF-α. Etanercept is a dimeric fusion protein
that consists of the extracellular ligand-binding portion of the human 75 kDa TNF receptor linked to the
Fc portion of the human IgG1, and binds only soluble
TNF-α. Adalimumab is a human-derived recombinant
IgG1 monoclonal antibody that binds to TNF-α and
blocks the interaction between soluble TNF-α and cellsurface TNF receptors[18]. The limited data that are currently available are not sufficient for the assessment of
the potential specific differences between the drugs regarding the effect on viral replication.

CLINICAL EVIDENCE OF THE SAFETY OF
TNF-a INHIBITORS IN PATIENTS WITH
HCV
We performed a comprehensive review of reports pub-
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Table 1 Safety of tumor necrosis factor-α inhibitors in patients with hepatitis C virus
Drug
Etanercept
Infliximab
Adalimumab

Patients with HCV

Mean follow-up

Patients/yr

Elevation in AST/ALT

Elevation in HCV-RNA

Drug withdrawal due to

infection (n )
153
40
23

(yr)
1.14
1.59
0.97

exposure
174.49
63.64
22.43

serum level > 3 ULN
31
2
0

(>1 log above baseline)
5
4
0

liver toxicity
2
1
0

1

Elevation of transaminases without concomitant increase of HCV viremia in two cases. HCV: Hepatitis C virus; AST: Aspartate aminotransferase; ALT:
Alanine aminotransferase; ULN: Upper limit of normal.

lished in English between January 2000 and August 2013;
patients were evaluated for the following variables: disease,
comorbidities, TNF-α inhibitors, previous HCV treatment, concomitant immunosuppressive drugs, liver function tests, HCV-ribonucleic acid (HCV-RNA), histopathological liver findings (when available), complications and
outcomes. Patients with HCV are excluded from participation in controlled clinical trials with TNF-α inhibitors.
Next, available data regarding the safety of TNF-α inhibitors in patients with hepatitis C, as derived from several
case reports and small retrospective cohort studies in the
field of rheumatology, dermatology and gastroenterology,
in addition to the already mentioned trial of Zein et al[17],
were evaluated. These findings come from various clinical contexts, in terms of differing uses of concomitant
immunosuppressive drugs (in most cases dermatologists
tend to employ TNF-α inhibitors in monotherapy, while
gastroenterologists and rheumatologists prescribe them in
combination with other immunosuppressants), pre-treatment selection of HCV patients, monitoring protocols
and differences in the threshold used for discontinuing
treatment with TNF-α inhibitors. Furthermore, most of
the evidence concerns the measurement of transaminases
and viral load, with few reports including a histological
evaluation before and after treatment.
Total of 216 patients with hepatitis C were treated
with one or more TNF-α inhibitors, with a median observation time of 1.2 years and 260 cumulative patientyears of treatment, a measure of exposure that includes
all patients treated and normalizes the different durations
of treatment to one year (Table 1)[19-58]. The majority of
the available safety data concern etanercept. Clinical evidence suggests that the role of TNF-α in the control of
HCV replication is modest. Currently, only three cases
of drug withdrawal due to clinical suspicion of a worsening of HCV liver disease have been reported. The viral
load in most cases remains stable or decreases, and it is
difficult to confidently attribute the few cases of serum
HCV-RNA increase > 1 log above the baseline value to
treatment with TNF-α inhibitors, considering the wellknown virological profile of HCV, which shows spontaneous fluctuations > 1 log of HCV-RNA level in 5%-10%
of patients[59]. Overall, TNF-α inhibitors do not increase
transaminase levels or viral load in the short term in patients with hepatitis C. Furthermore, the administration
of these drugs has allowed the concomitant use of IFN
in some patients with hepatitis C in whom IFN had been
previously discontinued due of a worsening of concur-

WCG|www.wjgnet.com

rent immunomediated diseases such as psoriasis, rheumatoid arthritis or other arthritis. In regard to the longterm safety of TNF-α inhibitors and their impact on the
progression of liver fibrosis, the limited available data do
not allow for the assessment of this issue. Another area
of uncertainty is related to their use in cirrhotic patients;
only two cases of patients with cirrhosis who received
TNF-α inhibitors have been reported, by Zein and Abdelmalek[17,36], and both cases were without significant
side effects.
Another potential concern is the possibility of immune-mediated liver damage induced by TNF-α inhibitors. Emergence of serum auto-antibodies is a common
observation in patients treated with TNF-α inhibitors and
presents an additional concern in patients with hepatitis
C. In the absence of HCV infection, the auto-antibodies
induced by such treatments are usually non-organ specific [anti-double-stranded-DNA (dsDNA), rheumatoid
factors, anti-cardiolipin] and belong to the IgM class[60,61].
Vauloup et al[62] prospectively evaluated the induction of
circulating auto-antibodies during therapy with TNF-α
inhibitors in patients with HCV and observed induction of anti-nuclear and anti-dsDNA antibodies, but no
induction of anti-tissue antibodies (anti-smooth muscle
and anti-liver/kidney/microsome type 1), even in patients
with actively replicating chronic hepatitis C. Induction of
cryoglobulinemia was also a possibility, and HCV-related
mixed cryoglobulinemia usually includes an IgM component. Auto-antibodies emerging during treatment with
TNF-α inhibitors are usually clinically silent, possibly due
to the low avidity of antibodies to their antigen. Seventeen cases of TNF-α-induced hepatitis without known
past history of liver disease have been reported in the
literature[63-78]. The majority of these cases are secondary
to infliximab and resemble autoimmune hepatitis type 1
due to an increased prevalence among females, the more
common elevation of autoantibodies related to autoimmune hepatitis type 1 (anti-nuclear, anti-smooth-muscle
or anti-dsDNA), the presence of interface hepatitis at
liver biopsy, and the strong response to steroid therapy.
Some of these patients were subsequently able to tolerate etanercept, suggesting a different potential of the
two drugs in inducing immune-mediated liver damage.
Indeed, among patients with HCV infection, only one
case of granulomatous hepatitis not associated to a rise
of serum HCV-RNA, diagnosed after 7 mo of therapy
with etanercept, has been reported[79]. A TNF-α blockade
induces a cytokine imbalance that is rarely responsible
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for inducing pulmonary, cutaneous, eye and even hepatic
sarcoidosis. Overall, the incidence of autoimmune hepatitis induced by TNF-α inhibitors appears to be low and
does not represent a contraindication in the treatment of
patients with chronic hepatitis C.
Although observations of transaminase elevation
have been documented in the package inserts of TNF-α
inhibitors, no direct link between these drugs and liver
toxicity has been established to date, with the exception
of one single case of acute hepatitis during infliximab
treatment, in which the liver biopsy showed signs of
toxic damage (intralobular necrosis, ceroid-containing
Kupffer cells)[80]. For this reason, TNF-α inhibitors present an attractive alternative therapy in some patients with
autoimmune diseases, such as psoriasis or rheumatoid arthritis, which are routinely treated with other drugs with
well established, likely more severe liver toxicity profiles
(cyclosporine, acitretin, methotrexate, leflunomide).

infections. In cases of reactivation of hepatitis, patients
should be referred to a hepatologist for a differential
diagnosis and to consider the potential for TNF-α inhibitor treatment withdrawal.

CONCLUSION
TNF-α inhibitor treatment in patients with HCV appears
to be safe in the short term, but there are insufficient data
to assess their long-term safety. A potential concern related to the administration of these drugs is the induction
of immune-mediated reactions that potentially involve
the liver (cryoglobulinemic syndrome or autoimmune
hepatitis), but the incidence of such reactions appears to
be low. Universal screening for HCV before beginning
treatment with TNF-α inhibitors is currently controversial. The presence of HCV is not a contraindication to
therapy with TNF-α inhibitors, except in cirrhotic patients, in whom the benefit/risk ratio should be evaluated
at the individual level before treatment is initiated. Before
administration of TNF-α inhibitors, patients with HCV
should be referred to a hepatologist for the evaluation
of the liver disease stage through liver biopsy or noninvasive methods and the potential for antiviral therapy.
Liver function tests are advised for patients with HCV at
a frequency of every three months during treatment with
TNF-α inhibitors.

CLINICAL MANAGEMENT OF TNF-a
INHIBITORS IN PATIENTS WITH HCV
Many guidelines recommend screening by means of serum anti-HCV antibodies in all patients undergoing therapy with TNF-α inhibitors, emphasizing that a definitive
decision on the safety of TNF-α inhibitors in cases of
chronic HCV infection has not been made[81-83]. A study
conducted in Ireland, a country with a low prevalence
of HCV (< 1%), including 215 patients with psoriasis
treated with TNF-α inhibitors documented a single case
of positivity for antibodies to HCV with undetectable
serum HCV-RNA. The authors concluded that, in areas
with low prevalence of HCV infection, universal screening should be replaced by targeted screening based on the
individual risk factors of each patient[84]. Other guidelines
state that universal screening should not be definitively
recommended, as the risk of HCV reactivation under
immunosuppressive drugs appears to be very low[85,86].
Before beginning treatment with TNF-α inhibitors, assays for serum alanine aminotransferase (ALT), gammaglutamyl-transferase and total bilirubin are recommended,
bearing in mind that approximately 30% of patients with
chronic HCV infection show persistently normal ALT
levels[87]. In cases of anti-HCV positivity, assessment of
HCV-RNA, HCV genotype, cryoglobulins, complete
blood count, total protein, albumin, total cholesterol,
prothrombin time, creatinine, and urine exam, as well as a
liver ultrasound, are also recommended.
TNF-α inhibitors in patients with HCV are not contraindicated, provided that monitoring of liver function
tests is performed every three months during treatment.
Currently, there is uncertainty in the standards for viral
load monitoring (quarterly or only in case of serum transaminase increase). Due to the absence of data regarding
cirrhotic patients, TNF-α inhibitors should be used with
caution in compensated patients, while they are contraindicated in patients with decompensated liver disease, considering the extremely high risk of potentially fatal severe
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Relationships between lymphomas linked to hepatitis C
virus infection and their microenvironment
Antonino Carbone, Annunziata Gloghini
tions. The association between HCV infection and B-cell
lymphomas is not completely defined, although this
association has been demonstrated by epidemiological studies. MZL and diffuse large B-cell lymphoma
are the histotypes most frequently associated with
HCV infection. Many mechanisms have been proposed
for explaining HCV-induced lymphomagenesis; antigenic stimulation by HCV seems to be fundamental
in establishing B-cell expansion as observed in mixed
cryoglobulinemia and in B-cell lymphomas. Recently,
antiviral treatment has been proved to be effective in
the treatment of HCV-associated indolent lymphomas.
Importantly, clinically responses were linked to the
eradication of the HCV-RNA, providing a strong argument in favor of a causative link between HCV and lymphoproliferation.
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Core tip: The relationships between lymphomas and
their microenvironment appear to follow 3 major patterns: (1) an independent pattern; (2) a dependent
pattern on deregulated interactions; and (3) a dependent pattern on regulated coexistence. The association
between hepatitis C virus infection and B-cell lymphomas is not completely defined, although this association
has been demonstrated by epidemiological studies.

Abstract
The relationships between lymphomas and their microenvironment appear to follow 3 major patterns: (1)
an independent pattern; (2) a dependent pattern on
deregulated interactions; and (3) a dependent pattern
on regulated coexistence. Typical examples of the third
pattern are hepatitis C virus (HCV)-associated marginal
zone lymphomas (MZLs) and mucosa-associated lymphoid tissue lymphomas. In these lymphomas, a regulated coexistence of the malignant cells and the microenvironmental factors usually occurs. At least initially,
however, tumor development and cell growth largely
depend on external signals from the microenvironment,
such as viral antigens, cytokines, and cell-cell interac-
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mixed cryoglobulinemia (MC)[11], the most well defined
disorder associated with HCV infection, monoclonal
gammopathies[12] and B-cell lymphomas[13]. HCV infection has been associated with B-cell low grade indolent
lymphoma, especially of marginal zone origin, as well as
with aggressive lymphomas, mainly diffuse large B-cell
lymphomas (DLBCL) (Table 2). Authoritative studies
have demonstrated that in HCV-infected patients with
indolent lymphomas, eradication of HCV with antiviral
treatment (AT) could directly induce lymphoma regression, providing a strong argument in favor of a causative
link between HCV and lymphoproliferation[14].

INTRODUCTION
Genetic alterations and abnormal microenvironmental
factors are involved in tumor development, cell growth
and disease progression. Inflammatory cells and soluble
mediators, i.e., cytokines and chemokines, are essential
microenviromental factors that sustain cell growth and
invasion, induce angiogenesis and suppress anti-tumor
immune functions[1].
In multidimensional studies on hematolymphoid malignancies, a relevant clinical role of the tumor microenvironment has recently emerged, bringing new knowledge
and suggesting new ideas and targets for treatment[2-5].
The relationships between lymphomas and their microenvironment appear to follow 3 major patterns: (1) an
independent, largely autonomous pattern; (2) a dependent
on deregulated interactions pattern; and (3) a dependent
on regulated coexistence pattern[2]. A typical example of
the first pattern is Burkitt lymphoma where all tumor
cells proliferate because of permanent MYC gene activation. A typical example of the second pattern is classic
Hodgkin lymphoma, where Reed-Sternberg cells escape
the regulated cell growth- and proliferation-control. Typical examples of the third pattern are Hepatitis C virus
(HCV)-associated marginal zone lymphomas (MZLs) and
mucosa-associated lymphoid tissue (MALT) lymphomas.
In this pattern, a regulated coexistence of the malignant
cells and the microenvironment is reminiscent of the
pattern that the normal counterpart B cells engage in
with their respective microenvironment. At least initially,
tumor development and cell growth largely depend on
external signals from the microenvironment, such as viral
antigens, cytokines, and cell-cell interactions[6].
HCV infection is a worldwide problem. There are
important regional differences in the prevalence of HCV
infection: the lowest rates are reported in Northern Europe while prevalence estimates exceed 2% in Italy, Japan,
Egypt and southern parts of United States[7]. Among
the carcinogenic viruses recognized by the recent International Agency for Research on Cancer (IARC) monograph Epstein-Barr virus (EBV), human papilloma virus
(HPV), human T-lymphotropic virus type I (HTLV-1),
and Kaposi sarcoma-associated herpesvirus (KSHV) play
a direct role in carcinogenesis encoding oncoproteins
which are able to promote cellular transformation [8,9].
Conversely, HCV and Helicobacter pylori appear to have
an indirect role, by inducing a chronic inflammation[10].
Hepatitis B virus (HBV) has both a direct and indirect
role in promoting hepatocellular carcinoma (HCC); as a
matter of fact, chronic HBV carriers can develop HCC
without developing cirrhosis.

INFLAMMATORY MICROENVIRONMENT
The liver is the main target of HCV infection and the
major site of inflammatory events, including recruitment
of inflammatory cells.
Occurrence of HCV enrichment in intrahepatic inflammatory infiltrates supports the notion that HCV is
directly involved in the emergence and maintenance of
these B-cell expansions[15]. Intrahepatic B-cell clonalities
are invariably associated with extrahepatic manifestations
of HCV infection associated B-cell lymphomas.

HCV AND LYMPHOMAGENESIS
According to the recent IARC monograph on biological agents and carcinogenesis, the association between
HCV infection and B-cell lymphomas is not completely
defined[9]. This association has been demonstrated by
epidemiological studies in highly endemic geographical
areas[16]. The role of HCV infection in lymphomagenesis
may be related to the chronic antigenic stimulation of
B-cell response, similar to the well characterized induction of gastric MALT lymphoma development by Helicobacter pylori chronic infection[17]. In fact, chronic HCV
infection may sustain a multi-step evolution from MC to
overt low grade lymphoma and eventually to high-grade
lymphoma[17]. During this process, additional genetic
aberrations may induce independence from antigenic
stimulation. The clonal component of MC is often an
IgM with a rheumatoid factor activity that mirrors the
expansion of a B-cell monoclonal population not only in
bone marrow but also in liver. It has also been suggested
that HCV antigens (NS3 and E7or E2) can play a role
in lymphomagenesis[18,19]. Recently, it has been published
that HCV-related cryoglobulins (either IgM and IgG) are
mainly directed against core and NS3 proteins[20]. Chromosomal alterations could also play a role in development of HCV-related lymphoproliferative disorders: for
instance, MC with or without lymphoma is characterized
by translocation t(14; 18) with the overexpression of the
antiapoptotic bcl-2 gene leading to prolonged B-cell survival[21].
Importantly, cytokines and chemokines (IFN g ,
TNF a , CXCL13 and BAFF in MC [16], as well as osteopontin[22]) are involved in the mechanisms of HCV-

PATHOGENETIC ASPECTS
HCV infection is the cause of chronic hepatitis, liver cirrhosis and hepatocellular carcinoma (HCC) (Table 1).
HCV infection has been also associated to a spectrum
of extra-hepatic lymphoproliferative disorders including
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Table 1 Biological agents assessed by the International Agency for Research on Cancer Monographs Working Group
Group-1 agent

Cancers on which sufficient evidence in
humans is based

Other sites with limited evidence in
humans

[9]

Established mechanistic events

Nasopharyngeal carcinoma, Burkitt
Gastric carcinoma1
Cell proliferation, inhibition of apoptosis,
lymphoma, Immune-suppression-related
Lympho-epithelioma-like
genomic instability, cell migration
non-Hodgkin lymphoma, Extranodal NK/
carcinoma1
T-cell lymphoma (nasal type), Hodgkin
lymphoma
Hepatitis B virus
Hepatocellular carcinoma
Cholangiocarcinoma1, Non-Hodgkin Inflammation, liver cirrhosis, chronic
lymphoma1
hepatitis2
Hepatitis C virus
Hepatocellular carcinoma, Non-Hodgkin
Cholangiocarcinoma1
Inflammation, liver cirrhosis, liver
lymphoma1
fibrosis
Kaposi sarcoma herpes virus
Kaposi sarcoma1, Primary effusion
Multicentric Castleman’s disease1 Cell proliferation, inhibition of apoptosis,
lymphoma1
genomic instability, cell migration
Human immunodeficiency Kaposi sarcoma, Non-Hodgkin lymphoma,
Cancer of the vulva1, vagina1,
Immunosuppression (indirect action)
virus, type 1
Hodgkin lymphoma1, Cancer
penis1, Non-melanoma skin cancer1,
of the cervix1, anus1, conjunctiva1
Hepatocellular carcinoma1
Human papillomavirus type Carcinoma of the cervix, vulva, vagina,
Cancer of the larynx
Immortalization, genomic instability,
16 (For the other types see
penis, anus, oral cavity, oropharynx and
inhibition of DNA damage response,
Table 2)
tonsil
anti-apoptotic activity
Helicobacter pylori
Non-cardia gastric carcinoma, Low-grade
Inflammation, oxidative stress, altered
B-cell mucosa-associated lymphoid tissue
cellular turnover, changes in gene
gastric lymphoma1
expression, methylation, mutation
Epstein–Barr virus

1

Newly identified link between virus and cancer. In red are highlighted the lymphoid proliferations; 2HBV has both a direct and indirect role in promoting
hepatocellular carcinoma. Modified and adapted from Bouvard et al[8].

in stomach, skin and orbit, respectively[9]. Conversely,
chronic stimulation by HCV plays a role in development
of splenic marginal zone lymphoma (SMZL) and primary
nodal marginal zone lymphoma. Primary nodal marginal
zone lymphoma is a distinct clinical-pathological subtype
characterized by exclusive primary lymph node localization in the absence of extranodal site of involvement
(Figure 1).
Splenic and nodal MZL are indolent B-cell lymphomas corresponding to post-germinal center memory B
cells that are supposed to derive from marginal zone[23,24].
These entities share some morphologic and pathogenic
features, but have distinctive clinical presentation, immunophenotype and molecular abnormalities. Histologically,
when the marginal zone B cells surround normal follicles
with benign mantle zones as a third outer layer, they produce a marginal zone pattern[25]. As the marginal zone
cells extend outwards into the interfollicular areas, they
form confluent clusters resulting in an interfollicular pattern or a diffuse pattern in the absence of any follicles at
later stages of the disease[25]. The marginal zone cells may
also grow inwards into the follicles and produce either
partial or complete follicular colonization[25] (Figure 1).
Gastric and non-gastric extranodal MZL are typically
indolent diseases of middle and advanced age; disseminated disease is present in nearly one-third of cases. Interestingly, three specific MALT lymphoma sites showed
an elevated prevalence of HCV infection: salivary glands,
skin and orbit[26]. The association of HCV infection and
salivary glands lymphoma has been clearly demonstrated[27].
Moreover, a study on B-cell lymphoma in patients
with Sjögren’s syndrome and HCV infection reported an

Table 2 Hepatitis C virus-associated indolent and aggressive
lymphoid proliferations
Subtype

Variant

Monoclonal B-cell lymphocytosis
Tissue based monoclonal B cell and plasma
cell proliferations of uncertain type
Lymphoplasmocytic lymphoma/WM
Chronic lymphocytic disorders (non CLL)
MZL
Splenic MZL
Nodal MZL
MALT

Specific
lymphoma sites

Gastric
Extranodal non
gastric
Salivary gland
Skin
Orbit
Liver

Diffuse large B-cell lymphoma

WM: Waldenström’s macroglobulinemia; CLL: Chronic lymphocytic
leukemia; MZL: Marginal zone lymphoma; MALT: Mucosa-associated
lymphoid tissue.

induced lymphoproliferation.

HCV INFECTION AND SPECIFIC
LYMPHOMAS
Within indolent lymphoma subtypes, the association with
HCV infection has been best characterized in MZLs.
Other infectious agents have been involved in the pathogenesis of specific types of MZLs. For examples Helicobacter pylori, Borrelia burgdorferi, and Chlamydophila
psittaci have been involved in MALT lymphomas arising
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chronic antigenic stimulation due to the acquisition of
additional oncogenic lesions. For this reason, HCV-associated DLBCL patients have to be treated with anthracycline-based chemotherapy coupled with rituximab.

CONCLUSION

+

BCL-2

Many epidemiological studies have provided evidence
that HCV infection is associated with development of
indolent and aggressive B-cell lymphoma[30,31]. However,
the causal association between HCV infection and B-cell
lymphomas is not completely defined. The similarities
shared by rearranged Ig genes present in B cells from patients with type Ⅱ MC and malignant B-cells from HCVpositive patients affected by B-cell lymphoma support
the possibility that the antigens that promote type Ⅱ MC
and B-cell lymphoma in HCV-positive patients are the
same[32,33]. These similarities also suggest that type Ⅱ MC
may be a precursor of B-cell lymphoma[34]. Type Ⅱ MC
probably plays a central role in the development of B-cell
lymphoma in HCV-positive patients with Sjögren’s syndrome[35].
Three hypothetic models have emerged to understand
the molecular mechanisms of HCV-associated lymphoma
development: (1) continuous external stimulation of lymphocyte receptors by viral antigens and consecutive proliferation; (2) direct role of HCV replication and expression in infected B-cells; and (3) permanent B-cell damage,
e.g., mutation of tumor suppressor genes, caused by a
transiently intracellular virus (“hit and run” theory)[9,36].
Other non exclusive hypotheses have been proposed over
the past two decades. These hypotheses have variously
emphasized the important role played by chromosomal
aberrations, cytokines, or microRNA molecules[37]. However, the mechanisms by which B-cell lymphomas are
induced by HCV remain the subject of debate.

CD23

Figure 1 Nodal marginal zone lymphoma. The panel shows an example
of nodal marginal zone lymphoma (MZL) with follicular colonization. BCL-2+
neoplastic cells surround and colonize the germinal center, whereas CD23
highlights the disrupted follicular dendritic cell meshwork. Images were acquired
with the Olympus Dot. Slide Virtual microscopy system using an Olympus BX51
microscopy equipped with PLAN APO 2x/0.08 and UPLAN SApo 40x/0.95 objectives.

elevated occurrence of parotid involvement and a high
proportion of MALT lymphomas with primary extranodal involvement (exocrine glands, liver, and stomach)
(Table 2)[28].
Beside MZLs, also LPL/Waldenström’s macroglobulinemia (WM) has been associated to HCV infection.
However, this association is not completely defined. B-cell
chronic lymphoproliferative disorders are defined as the
miscellaneous category of lymproliferative disorders
distinct from chronic lymphocytic. Association of these
entities with HCV is not clear. Interestingly, monoclonal B-cell lymphocytosis (MBL), a pre-clinical condition
characterized by an expansion of clonal B cells in the
absence of frank lymphocytosis, was identified in nearly
30% of HCV-positive subjects with a significantly higher
frequency than in the general population.
Recently, a retrospective study of B-cell lymphoproliferative disorders associated with HCV infection found
two poorly described groups of cases. The first featured
disseminated MZL without splenic MZL features, defying the current MZL classification; the other consisted of
monoclonal B lymphocytes in the peripheral blood, bone
marrow or other tissues, with no clinical or histological
evidence of lymphoma. This pattern requires proper
identification in order to avoid the misdiagnosis of the
lymphoma[29].
Despite the classical association of HCV with indolent lymphoma, aggressive lymphoma, in particular DLBCL, are emerging as diseases linked to HCV infection.
Patients affected by HCV-associated DLBCL display specific presentation with respect to HCV-negative DLBCL.
In particular, residual signs of low-grade lymphoma and
extranodal disease such as spleen are more frequently
detected in HCV-associated DLBCL cases in comparison
with HCV-negative DLBCL[9]. Unlike indolent B-cell
lymphoma, AT seems not to play a central role in the
first-line approach for HCV-associated DLBCL, because
lymphoma cells are most likely to be independent from
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Burden of pediatric hepatitis C
Mortada Hassan El-Shabrawi, Naglaa Mohamed Kamal
Early stages of HCV infection in children do not lead to
marked impairment in the quality of life nor to cognitive, behavioral or emotional dysfunction; however,
caregiver stress and family system strain may occur.
HCV slowly progresses to serious complications as cirrhosis (1%-2%) and hepatocellular carcinoma (HCC)
especially in the presence of risk factors as hemolytic
anemias, obesity, treated malignancy, and concomitant
human immune deficiency and/or hepatitis B virus coinfection. HCV vaccine remains elusive to date. Understanding the immune mechanisms in patients who successfully cleared the infection is essential for vaccine
development. The pediatric standard of care treatment
consists of pegylated interferon-α 2a or b plus ribavirin
for 24-48 wk. The new oral direct acting antivirals, approved for adults, need further evaluation in children.
Sustained virologic response varies depending on the
viral load, genotype, duration of infection, degree of
aminotransferase elevation, adiposity and single nucleotide polymorphisms of interleukin (IL)-28B locus. The
goals of treatment in individual patients are virus eradication, prevention of cirrhosis and HCC, and removing
stigmatization; meanwhile the overall goal is decreasing the global burden of HCV. IL-28B polymorphisms
have been also associated with spontaneous clearance
of vertically acquired HCV infection. The worldwide
economic burden of HCV for children, families and
countries is estimated to be hundreds of millions of US
dollars per year. The United States, alone, is estimated
to spend 199-336 million dollars in screening, monitoring and treatment during one decade. The emotional
burden of having an HCV infected child in a family is
more difficult to estimate.

Mortada Hassan El-Shabrawi, Naglaa Mohamed Kamal,
Pediatrics and Pediatric Hepatology, Faculty of Medicine, Cairo
University, Giza 12411, Egypt
Author contributions: El-Shabrawi MH suggested the idea of
the work; both authors shared in manuscript preparation, had
made an important scientific contribution to the paper and had
assisted with the drafting and revising of the manuscript, in accordance with the definition of an author as stated by the International Committee of Medical Journal Editors.
Correspondence to: Mortada Hassan El-Shabrawi, MD,
Professor of Pediatrics and Pediatric Hepatology, Faculty of
Medicine, Cairo University, 3 Nablos Street, Off Shehab Street,
Mohandesseen, Giza 12411,
Egypt. melshabrawi@medicine.cu.edu.eg
Telephone: +20-1-223133705 Fax: +20-2-37619012
Received: August 20, 2013
Revised: October 19, 2013
Accepted: November 2, 2013
Published: January 28, 2014

Abstract
Hepatitis C virus (HCV) is a major health burden infecting 170-210 million people worldwide. Additional
3-4 millions are newly-infected annually. Prevalence
of pediatric infection varies from 0.05%-0.36% in the
United States and Europe; up to 1.8%-5.8% in some
developing countries. The highest prevalence occurs
in Egypt, sub-Saharan Africa, Amazon basin and Mongolia. HCV has been present in some populations for
several centuries, notably genotypes 1 and 2 in West
Africa. Parenteral anti-schistosomal therapy practiced
in the 1960s until the early 1980s had spread HCV infection throughout Egypt. Parenteral acquisition of HCV
remains a major route for infection among Egyptian
children. Insufficient screening of transfusions, unsterilized injection equipment and re-used needles and syringes continue to be major routes of HCV transmission
in developing countries, whereas vertical transmission
and adolescent high-risk behaviors (e.g. , injection drug
abuse) are the major routes in developed countries.
The risk of vertical transmission from an infected mother to her unborn/newborn infant is approximately 5%.
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miology of HCV in a North American population from
the Canadian province of Manitoba, revealed several
important findings: First, the diagnosis of HCV appears
to have peaked in 1998 and has been relatively stable
thereafter; second, the prevalence of HCV continued to
increase amongst both men and women (4.6-fold during
the 12-year period of the study). Overall, 84% of all subjects diagnosed since 1991 were alive in 2002, supporting
the evidence of the growing burden of HCV; third, with
the exception of young adults, males were 1.7 times more
often infected than females; fourth, HCV infections were
more common in urban centers.
Egypt has the highest worldwide prevalence with 9%
countrywide rate; and up to 50% rates in certain rural
areas due to specific modes of infection[10]. Prevalence in
healthy Egyptian children is reported, by our group and
others, to range from 1.4% to 5.8%[11,12]. Parenteral antischistosomal therapy, practiced in the 1960s until the
early 1980s, had had a major role in the spread of HCV
throughout Egypt[13].

infections. HCV vaccine is illusive, but understanding
immune mechanisms in patients who cleared infection
may be crucial. The pediatric standard of care treatment is pegylated interferon-α2 plus ribavirin for 24-48
wk. The new oral direct acting antivirals need further
evaluation in children. Interleukin-28B polymorphisms
have been associated with treatment response and
spontaneous clearance of vertical HCV infection. The
worldwide economic burden of HCV is estimated to be
hundreds of millions United States dollars/year. The
emotional burden is difficult to estimate.
Original sources: El-Shabrawi MH, Kamal NM. Burden of pediatric hepatitis C. World J Gastroenterol 2013; 19(44): 7880-7888
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v19/i44/7880.htm DOI: http://dx.doi.org/10.3748/wjg.v19.
i44.7880

INTRODUCTION AND EPIDEMIOLOGY
GLOBAL HCV GENOTYPE DISTRIBUTION

Hepatitis C virus (HCV) is a small, enveloped, positivesense, single-stranded RNA virus of the Flaviviridae family[1]. HCV was first cloned in 1989 after more than 6 years
of work to extract the virus from infected patients by a
group of scientists from California in the United States[2].
HCV infection is recognized nowadays as a disease of
global importance[3]. It is considered a major health and
economic burden in adults as well as children in both developing and developed countries[3,4].
Viral hepatitis is the most common cause of liver disease in the world. Acute infections with their sequelae are
responsible for 1-2 million deaths/year. Of them 54000
deaths are due to acute HCV infection[4]. After acute
infection with HCV, as many as 50%-85% of patients
fail to clear the virus resulting in chronic infection with
350000 deaths/year and 955000 disability due to related
complications such as cirrhosis and liver cancer[5].
A recent systematic review found that globally between 1990 and 2005, the prevalence of people with
anti-HCV has increased from 2.3% to 2.8%[4]. It is estimated that approximately 210 million individuals, i.e., approximately 3% of the world population, are chronically
infected with HCV[3,6] and 3-4 millions are newly infected
each year[3]. Available data indicate that infection with
HCV varies considerably by country and region, and the
true burden of disease is not well known in many countries, because the capacity is often limited for collecting
epidemiologic data[7]. The prevalence may vary markedly
from one geographic area to another and even within the
population assessed[8]. The highest prevalence of HCV
is in Sub-Saharan Africa (5.3%), followed by the Eastern Mediterranean (4.6%), Western Pacific (3.9%) and
South-Eastern Asia (2.15%) regions. Europe is thought
to have the lowest prevalence of HCV (1.03%). In North
America, prevalence is also low and estimated at 1.6% in
the United States and 0.8% in Canada[9].
The study carried out by Uhanova et al[9] on the epide-
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By phylogenetic analysis, 6 distinct genotypes of HCV
(denoted 1 to 6) and more than 100 subtypes (denoted
1a, 2c, 3d, 6f, etc.) have been described. Each genotype
differs in its amino acid sequence by 31%-34%[14]. Genotypes 1-3 have a worldwide distribution, whereas 4 is
found principally in Egypt, the Middle East and black
Africa, 5 in South Africa, and 6 in Asia[15].
Genotype 1 (subtypes 1a and 1b) is by far the most
prevalent genotype worldwide, with a higher prevalence
of 1b in Europe and 1a in the United States. Genotype
3a is highly prevalent in European intravenous drug abusers[16]. This group is currently experiencing an increasing
incidence and prevalence of infections related to HCV
genotype 4 as well. Genotype 2 is found in clusters in the
Mediterranean region[17]. Molecular clock analyses suggest
that HCV strains have been present in some populations
in their respective geographical regions for at least several
centuries, notably genotypes 1 and 2 in West Africa and
genotype 6 in Southeast Asia[18].

METHODS OF TRANSMISSION
Prior to the 1990s, the principal routes of HCV infection
were via blood transfusion, unsafe injection procedures,
and intravenous drug abuse. These modes of acquisition
are estimated to account for approximately 70% of cases
in industrialized countries. Epidemiological evidence
shows that a wave of HCV infection occurred in the
1945-1965 period (baby boomers) in Western countries, as
there was an increase in the use of injections, blood products and illicit drugs following World War II[1]. Screening
of blood products for HCV by means of enzyme immunoassays and now, in an increasing number of countries,
by nucleic acid testing (NAT) has virtually eradicated
transfusion-transmitted HCV. Currently, new HCV infections are primarily due to intravenous or nasal drug abuse,
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of cirrhotic patients developing HCC[41].
Little is known about the characteristics of chronic
HCV infection in children. Children rarely require liver
transplantation for HCV infection. In the United States,
only 133 children were transplanted for chronic HCV
infection between 1988 and 2009[25]. To date, HCC is
extremely uncommon in children with HCV infection[25].
Only 2 cases have been reported in children[42] and two
further cases who had acquired chronic infection in childhood presented as young adults[43], however other unreported cases may exist. HCC complicating HCV infection
may develop in the absence of cirrhosis[44,45], a finding
of potential importance to pediatric patients[25]. Progression of liver affection depends on the viral load, serum
aminotransferase levels, gender, ethnicity, obesity, toxins,
environmental factors and co-morbid risk factors such as
hemolytic anemias, treated malignancy, immunosuppression, and concomitant HIV or hepatitis B virus infection,
or genetic factors e.g., single-nucleotide polymorphisms
(SNPs) of interleukin (IL)-28B gene locus[46].
Chronic HCV infection in children is associated with
a variety of histological patterns of liver disease, generally not as severe as in adults. Indeed in many children,
liver biopsy may disclose no obvious histological changes
or only mild inflammation and fibrosis. Nevertheless,
significant fibrosis or cirrhosis may occur[47]. Reports on
the histological features and progression of hepatitis C
in children are scarce but are generally milder than in
adults[48]. In 1997, Kage et al[49] reported, in a cohort of
Japanese children with chronic HCV infection, that liver
histopathology presents the same lesions as in adults
such as lymphoid aggregates, sinusoidal lymphocytosis
and steatosis[48]. The stage of fibrosis in this cohort was
mild, with only a 3.6% prevalence of bridging fibrosis
with architectural distortion, and no cases of cirrhosis[48].
This seemingly mild course is in contrast with the findings in some of the earlier clinical reports in which the
prevalence of cirrhosis was found to be up to 14%[50-52].
In a North American study carried out by Badizadegan et
al[48], the characteristic histopathological lesions occurred
with approximately the same frequencies in children as
have been reported in adults. Necroinflammatory activity
was generally mild. Portal fibrosis was present in 78% of
the specimens, including fibrous portal expansion (26%),
bridging fibrosis (22%), bridging fibrosis with architectural distortion (22%), and cirrhosis (8%). Centrilobular
pericellular fibrosis, which has not been previously reported in the context of chronic HCV infection in adults
or children, was also a prominent feature in their series,
occurring with a similar frequency as steatosis or portal
lymphoid aggregates/follicles. They suggested that in
spite of mild histological necroinflammatory activity in
general, the stage of fibrosis in children can be severe in
spite of relatively short duration of infection[48].

and to a lesser degree to unsafe medical or surgical procedures. Parenteral transmission via tattooing or acupuncture with unsafe materials is also implicated in occasional
transmissions[8]. The risk of heterosexual transmission is
low, while recent data indicate that promiscuous male homosexual activity is related to HCV infection[19].
In developing countries, insufficient screening of
blood, blood products and parenteral exposure, continue
to be the major causes of HCV transmission and are still
reported among Egyptian children[20]. Unsafe use and reuse of injection equipment in hospitals is still a threat in
many parts of Africa[21]. Intra-familial transmission may
occur, but specific immune responses may be protective
against house-hold infection in some children[22].
At present the vertical, maternal-neonatal or perinatal transmission is the most common route of pediatric
HCV infection[23]. Worldwide, it has been estimated that
60000 HCV-infected infants are born yearly[24]. Motherto-infant vertical transmission of HCV is reported to
occur in approximately 5% of cases (with a range of
3%-10%), mostly in the late intrauterine period, at delivery or in the peri-natal period[1,24]. Many factors have been
reported to influence the transmission rate[25], including
maternal high viral load[26-28], labor duration, newborn
gender, HCV genotype[29], human immuno-deficiency
virus (HIV) co-infection[24], amniocentesis[30,31], fetal scalp
monitoring[32], prolonged rupture of membranes[32,33] and
fetal anoxia around the time of delivery[28].
The role of elective cesarean section to reduce mother-to-infant transmission rates is debated and controversial[33] and the guidelines of the European Association
for the Study of the Liver (EASL) do not recommend
cesarean section to prevent HCV vertical transmission[8].
Breast feeding is not considered to be contraindicated in
women who are infected with HCV[34,35]. In spite that the
majority of HCV-infected women do not transmit the
virus to their offsprings, maternal uncertainty and guilt
always surround possible transmission. Cost-effectiveness
analysis based on available epidemiologic data indicates
that screening of all pregnant mothers for HCV infection
is not cost-effective[36]; however high risk mothers should
be screened[25].

NATURAL HISTORY OF INFECTION
In some patients, HCV infection is a self-limited disease
and HCV RNA becomes undetectable in most of these
cases within 3 to 4 mo after the onset of acute infection[37]. Symptoms and signs following acute HCV infection are mild and usually non-specific; and fulminant
HCV has not been reported in childhood[38].
Unfortunately spontaneous clearance of HCV occurs
only in a minority of cases as 54%-86% of adult patients
establish a chronic infection[39]. Many chronically infected
patients do not know that they have been infected with
HCV because infection is largely asymptomatic[40]. In the
approximately 86% of infected patients who develop
a chronic infection, HCV progresses insidiously with
10%-20% progressing to cirrhosis and approximately 7%
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EXTRAHEPATIC MANIFESTATIONS OF
HCV
Chronic HCV infection may cause numerous extrahepat-
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ic manifestations. Up to 40%-74% of patients with HCV
infection develop at least one extrahepatic manifestation
during their life time. The disorder with strongest link
to HCV infection in adults is mixed cryoglobulinemia[46].
Other common symptoms are peripheral polyneuropathy,
Raynaud’s syndrome and sicca-like symptoms. Seven and
a half to 10% of the patients develop a B-cell lymphoma
at some point[53-55]. The clinically most relevant manifestation of mixed cryoglobulinemia is membrano-proliferative glomerulonephritis, which appears in 30%-36%
of the cases and signiﬁcantly increases mortality[54,55].
Membrano-proliferative glomerulonephritis may occur in
children with chronic HCV infection, but unlike in adults,
neither cryoglobulinemia nor lymphoma has yet been reported in children[25].
Another important extrahepatic manifestation of
HCV infection is the involvement of the central nervous
system. About 20%-80% of the patients with chronic
HCV infection develop fatigue at some point independent from the severity of hepatitis. Fatigue often is the
predominant complaint of the patients and might reduce
the quality of life to a large extent. Patients may also
develop depression or a general cognitive impairment irrespective of the stage of liver disease[56] which may be
linked to HCV-induced neuro-inﬂammation and brain
dysfunction[57]. These observations raise the issue of
learning impairment in children with chronic HCV[25].
Impaired quality of life, potentially severe enough to
have a negative effect on learning, has been reported in
children with chronic HCV infection including developmental delay, learning disorders, and cognitive deficits less
severe than those of attention deficit hyperactivity disorder but still reflecting decreased executive function[58,59].

in monitoring, 56-104 millions dollars in treatment and
the total cost would be about 199-336 million. Worldwide, global costs would be millions of dollars/year[61].
Treatment of a child which results in virus eradication
is highly cost-effective because of the higher costs of
the long-term consequences of untreated HCV cirrhosis
and/or HCC. The small numbers of liver transplants
for children with HCV performed each year cost several
million dollars. The emotional costs of having an HCV
infected child are more difficult to estimate for the child
and family; but are real[61].

PREVENTION
The reduction of global morbidity and mortality related to chronic HCV infection should be a concern to
public health authorities, and primary, secondary and
tertiary prevention activities should be implemented and
monitored in each country, with precise targets set to be
reached. A working group was created to assist the World
Health Organization in estimating the global burden of
disease associated with HCV infection[3]. Public awareness
of the transmission and prevention of HCV is crucial in
decreasing the incidence and prevalence of the disease.
Public and physician education in various forms is therefore extremely important. There is a need for implementing evidence-based international guidelines for preventing
and managing hepatitis C in children worldwide[62].
One of the major hurdles in the eradication/reduction of the burden of HCV is the lack of hepatitis C vaccine. An effective HCV vaccine remains elusive to date.
HCV has been difficult to target with a vaccine because
it has many different strains. In addition, HCV mutates
rapidly and exists as a complex family of mutated viruses
within each infected individual (quasispecies) allowing the
infecting virus to escape control by the immune system.
This makes it difficult to identify which part of the virus
should be targeted for developing a vaccine[62].
Viral and host specific factors contribute to viral evasion and present important impediments to vaccine development. Both, innate and adaptive immune responses
are of major importance for the control of HCV infection. However, HCV has evolved ways of evading the
host’s immune response in order to establish persistent
infection. For example, HCV inhibits intracellular interferon (IFN) signaling pathways, impairs the activation of
dendritic cells, CD8+ and CD4+ T cell responses, induces
a state of T-cell exhaustion and selects escape variants
with mutations CD8+ T cell epitopes[63]. An effective vaccine will need to produce strong and broadly cross-reactive CD4+, CD8+ T cell and neutralizing antibody (NAb)
responses to be successful in preventing or clearing HCV.
Vaccines in clinical trials now include recombinant proteins, synthetic peptides, virosome based vaccines, tarmogens, modified vaccinia Ankara based vaccines, and DNA
based vaccines. Several pre-clinical vaccine strategies are
also under development and include recombinant adenoviral vaccines, virus-like particles, and synthetic peptide

COSTS OF INFECTION
Vietri et al[40] studied the burden of HCV in Europe and
found that HCV patients compared to healthy controls
have more impairment in work and non-work activities,
and more annual physician visits per patient. Work-productivity impairment due to HCV costs over €7500 per
employed patient per year[40]. Health-related quality of life
was lower among HCV patients. Treatment-naïve HCV
patients reported higher work impairment and more
frequent physician visits. Each treatment-naïve HCV
infected patient incurred €934 in direct costs. Employed
treatment-naïve patients reported higher productivity loss
per year[40]. In comparison, in the United States, Menzin
and his group estimated that it costs $4956/patient in
the year following the diagnosis of advanced liver disease
secondary to HCV which were largely driven by inpatient
costs[60].
There are no precise estimates of the true costs of
HCV for a child and family. In one country like the
United States, it is likely that several thousand children
per year need treatment costing several thousand dollars/
child; and it is estimated that in one decade, 26 million
dollars will be spent in screening, 117-206 million dollars
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vaccines. Moreover, vaccines may also be used in the future in combination with the recent direct acting antiviral
(DAA) drugs enabling IFN-free treatment regimens[63].
Indeed understanding the immune mechanisms, particularly HCV-specific cell mediated immune response, of
patients who have successfully cleared the infection is essential to design and develop a vaccine[64].
Because there is no vaccine and no post-exposure
prophylaxis for HCV, the focus of primary prevention
efforts should be safer blood supply in the developing
world, safe injection practices in health care and other
settings, and decreasing the number of people who initiate injection drug abuse[6]. People with known HCV infection should be counseled regarding ways to reduce the
risk of transmitting HCV to others, and means of minimizing their risk for HCV-related complications. As part
of secondary prevention efforts, HCV-infected people
should be referred for medical evaluation and antiviral
treatment consideration, and programs ensuring access to
these services should be in place[6].
Health education is also essential to reduce the HCV
burden, and specific programs should be provided to increase public awareness on transmission and prevention
of infection[62].

In children 3-17 years old, treatment with peg-IFNα-2
a or b plus RBV for 24-48 wk is the SOC therapy[71,72],
whereas the recently approved DAA still need evaluation
in children.
In the United States and most European countries,
the current first line therapy for infection with genotype-1
is a combination of peg-IFN alpha plus RBV plus either
boceprevir or telaprevir. High SVR rates can be achieved
even in those with evidence of ﬁbrosis and cirrhosis, but
response is poor in prior null responders, especially those
with cirrhosis[73].
Preliminary data from investigational studies suggest
the potential for cure rates of 80%-90% in genotype-1
infection using combinations of DAAs and RBV without
peg-IFN, but larger studies will be needed to confirm
these results across a wider range of populations[74-76].
Quadruple therapy with pegylated-IFN combines
BI201335, a protease inhibitor, and BI207127, a nonnucleoside NS5B polymerase inhibitor, with peg-IFN
and RBV[77]. The only quadruple peg-IFN-free study is
the Gilead Sciences all-oral quad regimen[78]. It is a phase
II study for genotype 1, treatment-naïve patients who are
not cirrhotic. It combines GS-5885, GS-9451, tegobuvir,
and RBV for 24 wk. The triple peg-IFN-free therapy
combines mericitabine, a nucleoside NS5B polymerase
inhibitor; danoprevir, a protease inhibitor; ritonavir, a
booster for danoprevir; and RBV or placebo[79].
SVR varies considerably from 26%-80% depending
on age, duration of infection, viral load, viral genotype,
adiposity, hepatic fibrosis iron scores, aminotransferase
elevation, compliance with therapy, SNPs of IL-28B gene
locus. It was found that a single IL28B genotype SNP
rs12979860 determination predicts treatment response in
patients with chronic hepatitis C Genotype 1 virus[80,81].
IL-28B has been also reported to play a role in spontaneous clearance of HCV genotype 4 in Egypt/North
Africa[82]. Regarding the HCV genotypes 2 and 3, the
polymorphisms rs12979860 and rs8099917 showed significant associations. However, the strength of this association was almost three times lower than for genotypes
1 and 4[83]. In addition regarding genotype 2, it was found
that the Asian population was solely responsible for this
association in rs8099917[84]. The generally reduced association for patients with HCV genotypes 2/3 could
be related to the high rate of SVR present in these IFNsensitive genotypes[85].
SNPs of IL-28B gene received considerable interest
also for their association with spontaneous clearance of
HCV among vertically-infected children[86].
SNPs of IL-28B as well as IL-10 are good predictors
of response to IFN/RBV therapy in HCV genotype 4
infected Egyptian children[87].
The combination of serum level of IFN-gamma inducible protein and SNPs of IL-28B can identify patients
with acute HCV who are most likely to undergo spontaneous clearance and those in need of early antiviral
therapy[88].
SNPs of osteopontin gene were also reported as pre-

TREATMENT
HCV is a potentially curable disease[65] with a good percentage of treated patients getting a sustained virologic response (SVR) defined as undetectable serum HCV RNA
24 wk after the end of therapy (and now at 12 wk after
the end of therapy[8]). Although the available standard of
care (SOC) therapy has led to significant improvements
in treatment response rates, less than 50% of HCV-infected persons are aware of their diagnosis[66], and among
them, only 1%-30% receive treatment. The true ratelimiting factor in achieving better outcomes may turn out
to be access to diagnosis and treatment[66].
Multiple barriers may impede the delivery of HCV
therapy [67]. To increase cure rates, the psychological
(psychiatric illness, attitudes and coping skills), lifestyle
(alcohol consumption, diet, and exercise), social (income,
education, social class, poverty), and other different barriers to treatment adherence and completion must be identified and overcome[68].
For adults, standard IFN has been approved for the
treatment of HCV since 1991, Ribavirin (RBV) since
1998 and pegylated-IFN (peg-IFN) since 2002. Nine
years had passed before the American Food and Drug
Administration (FDA) approved a new drug to be added
to the excising SOC, the DAA oral protease inhibitors,
boceprevir and telaprevir[69]. New drugs under development include other protease inhibitors, the NS5B polymerase and NS5A inhibitors[70]. In the coming years, the
number of the new drugs will multiply exponentially and
pharmaceutical companies have begun to combine them
in triple and quadruple regimens (with and without pegIFN)[69].
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dictors for the efficacy of IFN therapy in chronic HCV
Egyptian patients with genotype 4[89].

9

CONCLUSION
HCV infection is an increasing health and economic burden in adults as well as children, in both developing and
developed countries. The natural history and histopathology of HCV-related liver disease in children are still conflicting and variable. Prevention of infection depends on
screening of blood with the most sensitive tests, avoiding
nosocomial infections, and avoiding injection drug abuse
and unprotected sex in adolescents; as well as education.
Development of a vaccine preventing HCV infection is
of thorough public health importance. The SOC therapy
is peg-IFN plus RBV. The SVR is variable (26%-80%)
and depends on several viral and host factors. Eradication
of HCV in a child (if possible) is cost-effective as it may
prevent cirrhosis and HCC; and can have major family,
public health and global benefits.
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responses. Therefore, the extrahepatic diseases might
be induced by direct interaction between HCV and
lymphoid cells. In this article, we summarize various
studies showing the direct effect of HCV on lymphoid
cells and discuss the biological significance of lymphotropic HCV.
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Core tip: In this article, we summarize various studies
showing the direct effect of hepatitis C virus (HCV) on
lymphoid cells and discuss the biological significance of
lymphotropic HCV.

Abstract

Original sources: Kondo Y, Shimosegawa T. Direct effects of
hepatitis C virus on the lymphoid cells. World J Gastroenterol
2013; 19(44): 7889-7895 Available from: URL: http://www.wjgnet.com/1007-9327/full/v19/i44/7889.htm DOI: http://dx.doi.
org/10.3748/wjg.v19.i44.7889

It has been reported that the direct binding of hepatitis C virus (HCV) and/or the replication of HCV in the
extrahepatic organs and, especially, lymphoid cells,
might affect the pathogenesis of extrahepatic diseases with HCV infection. More than one decade ago,
several reports described the existence of HCV-RNA in
peripheral blood mononuclear cells. Moreover, many
reports describing the existence of HCV in B lymphocytes and B cell lymphoma have been published. In
addition to B lymphocytes, it was reported that HCV
replication could be detected in T lymphocytes and T
cell lines. Among the extrahepatic diseases with HCV
infection, mixed cryoglobulinemia-related diseases
and autoimmune-related diseases are important for
understanding the immunopathogensis of HCV persistent infection. Moreover, HCV persistent infection
can cause malignant lymphoma. The biological significance of lymphotropic HCV has not yet become clear.
However, several candidates have been considered
for a long time. One is that lymphotropic HCV is an
HCV reservoir that might contribute to the recurrence
of HCV infection and difficult-to-treat disease status.
The other important issue is the carcinogenesis of
the lymphoid cells and disturbances of the immune
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INTRODUCTION
An estimated 130-170 million people are infected with
hepatitis C virus (HCV) worldwide[1]. Around 75% of the
patients with acute HCV infection undergo chronic HCV
infection and are subsequently at risk of progressing to
hepatic fibrosis, cirrhosis and hepatocellular carcinoma
(HCC)[1,2]. Persistent infection of HCV involves not only
the liver but also various extra-hepatic organs[3-7]. HCV
can infect hepatocytes, lymphoid cells, and probably other cells through CD81 and receptor candidates[8]. Moreover, the expression of microRNA (miR)-122 facilitates
efficient replication of HCV in nonhepatic cells[9]. These
reports indicated that the direct binding of HCV and/or
the replication of HCV in the extrahepatic organs, especially lymphoid cells, might affect the pathogenesis of
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extrahepatic diseases with HCV infection. Among the
extrahepatic diseases with HCV infection, mixed cryoglobulinemia (MC)-related diseases and autoimmunerelated diseases are important for understanding the
immunopathogenesis of HCV persistent infection[10-13].
Moreover, HCV persistent infection could cause malignant lymphoma[4]. The status of a disease might depend
on the direct interaction between HCV and lymphoid
cells[6,14-17]. The biological significance of lymphotropic
HCV has not yet become clear. However, several candidates have been considered for a long time. One is that
lymphotropic HCV is an HCV reservoir that might contribute to the recurrence of HCV infection and difficultto-treat disease status[18-23]. The other important issue is
the carcinogenesis of the lymphoid cells and disturbances
of the immune responses[8,14,24-28]. Previously, Sung et al[29]
reported a lymphotropic HCV strain that was isolated
from B cell lymphoma. This lymphotropic HCV strain
can infect and replicate in established B cell lines and primary B lymphocytes[29]. Moreover, we reported that T cell
lines and primary naïve T lymphocytes were infected with
this HCV strain[8,25,26]. In these studies, we demonstrated
that lymphotropic HCV had various effects, especially on
T cell development and proliferation. Therefore, understanding of the direct effects of HCV on the lymphoid
cells is needed to clarify the immunopathogenesis of
HCV persistent infection. In this report, we summarize
various studies showing the direct effect of HCV on
lymphoid cells and discuss the biological significance of
lymphotropic HCV.

HCV persisting at low levels long after therapy-induced
resolution of chronic hepatitis C could remain infectious[20]. This continuous viral presence could result in the
persistence of humoral and cellular immunity for many
years after treatment and could present a risk of infection
reactivation.
Responsible lymphocyte subsets as a viral reservoir
It has been reported that HCV replication could be detected in various kinds of lymphoid cells. Many reports
describing the existence of HCV in B lymphocytes and
B cell lymphoma have been published[5,29,34]. Recently,
one group reported that CD19+ B lymphocytes had significantly higher viral loads than CD14+ monocytes[35].
Among B lymphocytes, CD27+ memory B lymphocytes
were more resistant to apoptosis than CD27- B lymphocytes. CD27+ B lymphocytes might be a candidate subset
of the HCV reservoir in chronic hepatitis C (CH-C)[36].
In addition to B lymphocytes, it was reported that HCV
replication could be detected in T lymphocytes and T cell
lines[20,37,38]. We also reported that a lymphotropic HCV
strain could infect T cell lines and primary human naïve
CD4+ T lymphocytes[8,25,26]. HCV infects hepatocytes,
lymphoid cells, and probably other cells through CD81
and several candidate receptors. The expression of CD81
could be detected in B cells, T cells, and monocytes,
indicating that these types of cells are potential targets
of HCV infection. Recently, one group reported that
HCV infection of human T lymphocytes is mediated by
CD5[39]. In contrast to T lymphocytes, hepatocytes do
not express CD5. Therefore, the mechanism of HCV
lymphotropism might be different from that of HCV
hepatotropism. Moreover, the other candidate receptors
were analyzed using HCV-prone and resistant T cell lines,
PBMCs, primary T cells, Huh7.5 cells and HepG2 cells[40].
CD5 and CD81 expression coincided with lymphotropism and that of occludin with the permissiveness of T
cell lines, but probably not primary T lymphocytes[40].
In addition to B and T lymphocytes, it has been
reported that HCV can infect monocytes, especially
CD14+CD16+ monocytes, but not CD14+CD16- monocytes[41]. The detection of HCV-RNA in monocytes was
reported in HCV-HIV co-infected patients and HCVmonoinfected patients[19]. HIV might facilitate the infection/replication of HCV in human macrophages[42]. One
group reported the frequent compartmentalization of
HCV in circulating CD19+ B lymphocytes and CD14+
monocytes[43]. Moreover, it was reported that immature
and mature dendritic cells are susceptible to HCV genotype 1 infection, supporting at least HCV RNA replication in vitro[44]. Another group reported that replicativestrand HCV-RNA was detected in peripheral blood
dendritic cells[28]. Although other lymphoid cells might be
susceptible to HCV infection[45,46], these reports suggested that B and T lymphocytes, monocytes, and dendritic
cells could be reservoirs for HCV.

ROLE OF VIRUS RESERVOIR
HCV infection in peripheral blood mononucleated cells
More than one decade ago, several reports described the
existence of HCV-RNA in peripheral blood mononucleated cells (PBMCs)[30,31]. The detection rate of HCV-RNA
in PBMCs was increased if the patients were infected
with human immunodeficiency virus (HIV) and HCV[31].
This phenomenon indicated that immune-suppressive
circumstances and/or HIV antigen might enhance the
replication activity of HCV in lymphoid cells[32]. HIV-1
accessory protein transactivator of transcription (TAT)
can activate HCV replication by upregulating IP10 production. Moreover, it was reported that continuous release of HCV by PBMCs was detected in HCV-infected
patients, especially in HIV co-infected patients[18]. The
detection of HCV-RNA in the PBMCs from HIV-HCV
co-infected patients could contribute to the recurrence
of HCV viremia after pegylated-interferon and ribavirin
treatment. It was reported that the presence of positive/
negative strand HCV RNA at the end of treatment is
associated with relapse among HCV-HIV co-infected patients[33]. In addition to HCV-HIV co-infected patients, a
low level of HCV replication could be detected in peripheral lymphoid cells from HCV mono-infected patients after antiviral treatment[20,23]. Moreover, it was reported that
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production were detected in the first step of carcinogenesis. Another group also reported that the expression
of HCV-core protein could increase the incidence of
lymphoma in transgenic mice[58]. Moreover, it has been
reported that persistent expression of the full genome
of HCV in B cells induces the spontaneous development
of B-cell lymphoma in vivo[59]. HCV transgenic mice that
expressed the full HCV genome in B cells showed a 25%
incidence of diffuse, large B-cell non-Hodgkin lymphomas. Although the relationship between HCV persistent
infection and lymphomagenesis could become clarified
by various epidemiological studies, the mechanism of
lymphomagenesis still needs to be considered carefully.

DIRECT EFFECT OF HCV ON THE
CARCINOGENESIS OF LYMPHOID CELLS
Many reports have focused on the relevance of HCV
infection and B-cell lymphoma, especially non-Hodgkin
lymphoma (NHL)[4,47]. Compared to the high association
between HCV infection and HCC, epidemiologic reports
on the relationship between HCV and NHL show a
moderate risk for the development of lymphoma. However, no association between HCV and NHL was also
reported in low HCV prevalence countries[48,49]. Different
hypotheses have been suggested to explain the difference
in the HCV-NHL prevalence: (1) Geographic differences
in the HCV genotype distribution might contribute to
differences in the HCV-NHL prevalence; (2) The duration of persistent infection of HCV might influence the
carcinogenesis of lymphoid cells; and (3) Studies in low
prevalence countries might not have included enough patients to detect the association. However, meta-analyses
indicated a significant association between HCV and
B-NHL[48,50].
Many groups reported the mechanisms of lymphomagenesis. However, we have to understand that HCVinfected patients with MC are at a higher risk of developing HCV-NHL[51]. MC could be an intermediary step in
the development of NHL. Although, different theories
have been proposed to explain the mechanism of HCVinduced lymphomagenesis, we can classify most of the
theories into two categories. One of them is direct HCV
binding with B lymphocytes. The external stimulation
of lymphocyte receptors (CD19, CD21, CD81, B-cell
receptor) by HCV antigen might induce a proliferation
signal[52]. The HCV-core protein induces the production
of interleukin (IL) 6 in CD14+ cells via Toll like receptor
2 and leads to increased B cell proliferation[53]. In addition
to the classical cytokine proliferation signal, the down
regulation of miR-26b, an miRNA known to have tumorsuppressive properties, was found in splenic marginal
zone lymphoma with HCV persistent infection[54]. This
theory was supported by the phenomenon of lymphoma
remission when the HCV antigens are removed by treatment. In addition to the proliferation signal, HCV-E2
CD81 on B cells triggers the enhanced expression of activation-induced cytidine deaminase (AID), which could
contribute to enhancing the mutation frequency[14]. The
other category of lymphomagenesis mechanism is HCV
infection and/or replication in B lymphocytes. It has
been reported that the replication of HCV in B lymphocytes could induce error-prone DNA polymerase zeta,
polymerase iota, and AID, which contribute to enhancing
the mutation frequency[14]. Moreover, the cellular DNA
damage and mutation were mediated by nitric oxide and
reactive oxygen species[55,56]. In addition to in vitro study,
interferon regulatory factor-1-null mice with inducible
and persistent expression of HCV structural protein
showed a high incidence of lymphoma and lymphoproliferative diseases[57]. In this mouse model, the overexpression of apoptotic related genes and aberrant cytokine
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DIRECT EFFECT OF HCV ON THE
IMMUNE EVASION
Many studies have described a failure of the innate and
cellular immune response, including type 1 helper T cells
(Th1) hypo-responsiveness, cytotoxic T lymphocytes
(CTL) exhaustion, excessive function of CD4+CD25+
FOXP3+ regulatory T cells, failure of dendritic cell function, occurs in HCV persistent infection[60-69]. Among
the numerous mechanisms, the lymphoid cells, via direct
binding and/or infection in B cells, T cells, NK cells and
DCs etc., should be considered, especially in HCV persistent infection[8,25-28,70-73]. In our previous study, we used
SB-cell lines that continuously produce infectious HCV
virions in culture. The virus particles produced from
the culture had a buoyant density of 1.13-1.15 g/mL in
sucrose and could infect primary human PBMCs and
an established B-cell line in vitro[29]. This lymphotropic
HCV strain was useful to investigate the biological significance of HCV replication in lymphoid cells. In this in
vitro system, HCV could infect and transiently replicate
in T cells and HCV replication suppressed the interferon
(IFN)-γ/STAT-1/T-bet signaling due to the reduction
of STAT-1 and inhibition of its activation[26]. Moreover,
HCV replication in T cells suppressed cellular proliferation and enhanced susceptibility to Fas signaling by inhibiting CD44v6 signaling and expression[25]. In addition
to cell lines, we used primary T lymphocytes to analyze
the biological meaning of lymphotropic HCV[8]. Another group reported that HCV core protein modulates
the transcription of IL-2 promoter in T lymphocytes by
activating the nuclear factor of activated T lymphocyte
pathway[74,75]. Moreover, the expression of HCV core
protein could induce Ca2+ oscillations that regulate both
the efficacy and information content of Ca2+ signals[74].
In addition to HCV replication in T cells, Yao et al[76] reported that the direct binding of HCV core to gC1qR on
CD4+ and CD8+ T cells leads to impaired activation of
Lck and Akt. We could also detect a relationship between
HCV core protein and immune suppression in HCV persistent infection[77]. Double filtration plasmapheresis for
CH-C patients could reduce the amounts of HCV core
proteins in the peripheral blood and on the surface of T
lymphocytes[77]. Moreover, it has been reported that the
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engagement of gC1qR on DCs by HCV core limits the
induction of Th1 responses and may contribute to viral
persistence. Another group reported that NK cell-derived
cytokines secreted in the presence of HCV cc showed a
diminished antiviral effect that correlated with a reduction of IFN-γ[72]. DCs play essential roles in the triggering
of primary antiviral immune reactions. DCs are the most
potent activators of CD4 T cells for supporting Th1 differentiation, which is important for the cellular immune
response. Several reports described that persistent HCV
infection is associated with an allostimulatory defect of
monocyte-derived DC[67,70]. These reports supported that
HIV/HCV co-infected patients were difficult-to-control
in comparison with HCV mono-infected patients, since
lymphotropic HCV is frequently detected in HIV/HCV
co-infected patients[78]. Co-infection with HCV and HIV
is associated with increased HCV replication and a more
rapid progression to severe liver disease, including the
development of cirrhosis and HCC.

HCV persistent infection. In this article, we summarized
various reports indicating the direct effects of HCV on
lymphoid cells. In addition to the direct effect of HCV,
the indirect effects of HCV on lymphoid cells could
influence the pathogenesis of HCV persistent infection.
Therefore, we must treat a vast array of data to clarify the
real pathogenesis of HCV persistent infection. Recently,
the technologies of deep sequencing, immunoassays with
increased numbers of multicolor flow cytometry analyses,
and chimera mice with human lymphocytes have been
developed. These technologies, together with previous
data, might be able to clarify the direct effects of HCV
on lymphoid cells.

ACKNOWLEDGMENTS
The authors are grateful to Professor Lai MM (Keck
School of Medicine, USC), who was the previous mentor
of the first author and kindly provided SB-HCV strain,
and Dr. K Machida (Keck School of Medicine, USC)
who was a previous coworker of the first author and gave
valuable insights regarding lymphotropic HCV.

DIRECT EFFECT OF HCV ON IMMUNE
STIMULATION
We need to focus not only on the suppression of the immune system but also on the stimulation of the immune
system, since the prevalence of cryoglobuline-related
and autoimmune-related diseases is much higher than in
healthy subjects[10,79]. HCV core protein activates interleukin-2 gene transcription through the nuclear factors of
activated T cells pathway[75,80]. IL-2 has a role in T cell proliferation. Recently, we reported that lymphotropic HCV
and high frequency of Th17 cells were detected in CH-C
patients with pyoderma gangrenosum-like lesions[16]. In
that report, the eradication of HCV could improve the
immunological status and pyoderma gangrenosum-like
lesions. A study regarding the relationship between lymphotropic HCV and autoimmune diseases is ongoing in
our laboratory. Another group reported that HCV-core
induced STAT3 activation might play a role in the alteration of inflammatory responses in human monocytes[81].
Moreover, HCV infection of macrophage/monocytes in
vitro might be associated with the induction of cytokines
tumor growth factor-α and IL8. In addition to T lymphocytes and monocytes, Machida et al[17,27] reported that
HCV could induce immunoglobulin hypermutation in B
lymphocytes. These reports together suggest that HCV
could stimulate an unfavorable immune response. As for
the understanding of autoimmune diseases, HCV persistent infection might be one of the representative models
of viral-induced autoimmune diseases.
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fast and economic, but also resolve the problem of the
window period as well as differentiate present from
past infection. HCV is a non-cytopathic virus, thus, its
pathogenesis is regulated by host immunity and metabolic changes including oxidative stress, insulin resistance and hepatic steatosis. Both innate and adaptive
immunity play an important role in HCV pathogenesis.
Cytotoxic lymphocytes demonstrate crucial activity
during viral eradication or viral persistence and are
influenced by viral proteins, HCV-quasispecies and
several metabolic factors regulating liver metabolism.
HCV pathogenesis is a very complex phenomenon and
requires further study to determine the other factors
involved.
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Core tip: This article focuses on the diagnosis and
pathogenesis of hepatitis C virus infection. Both of
these aspects are important in order to eradicate this
endemic virus and to prevent serious liver diseases.

Abstract
This review focuses on research findings in the area of
diagnosis and pathogenesis of hepatitis C virus (HCV)
infection over the last few decades. The information
based on published literature provides an update on
these two aspects of HCV. HCV infection, previously
called blood transmitted non-A, non-B infection, is
prevalent globally and poses a serious public health
problem worldwide. The diagnosis of HCV infection
has evolved from serodetection of non-specific and
low avidity anti-HCV antibodies to detection of viral
nucleic acid in serum using the polymerase chain reaction (PCR) technique. Current PCR assays detect viral
nucleic acid with high accuracy and the exact copy
number of viral particles. Moreover, multiplex assays
using real-time PCR are available for identification of
HCV-genotypes and their isotypes. In contrast to previous methods, the newly developed assays are not only
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INTRODUCTION
Hepatitis C virus (HCV) was first characterized by Choo
et al[1] and Kuo et al[2] in 1989. It was soon identified as
the main causative agent of the disease previously known
as post transfusion non-A, non-B hepatitis virus infec-
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(E1, E2) and NS-1 are the most variable, whereas the 5’
NCR is the most conserved region.
HCV patients show a poor response to antiviral therapy based on the combination of pegylated interferon
(IFN)-α and ribavirin. Only 40%-50% of patients infected with HCV genotype-1 and 80% of those infected with
genotype-2 or 3 achieve a sustained virological response
(SVR) with this regimen[14]. The recent use of direct acting anti-viral (DAA) molecules, which are active on HCV
during treatment, has led to a substantial improvement
in SVR rates in HCV genotype-1 infected patients. However, this may lead to the selection of resistant virus if
DAA molecules are used alone[15]. Moreover, there is a
high relapse rate of HCV infection after discontinuation
of therapy. Recently, host genetic factors including human leukocyte antigen (HLA) and cytokine genes have
been implicated in HCV infection or persistence[16]. Genetic polymorphism of cytokine genes including IFN-γ,
tumor necrosis factor (TNF)-α, interleukin (IL)-10, IL-20
and SNPs in the promoter region of osteopontin gene,
have been found to be crucial in determining the therapeutic outcome of HCV infection[17]. Therefore, every
effort is being made to understand the pathogenesis of
HCV infection to create a therapeutic model for an effective treatment against HCV. Although recent reports
describe the development of in vitro replication systems
leading to the production of infectious viral particles[18,19],
there is currently no cell culture model suitable for synthesizing vaccines based on killed or attenuated virus.
All efforts have been focused on sub-unit vaccines, composed of one or several antigens, either in the form of
recombinant proteins, synthetic peptides or vectored vaccines. The earliest vaccine developed for HCV was that
by the Chiron group[20]. However, very little progress was
noted in this direction in subsequent years.
This article reviews the major aspects of HCV infection including the diagnosis and pathogenesis of HCV
infection. Both of these aspects have a strong association
with therapy, thus, newer means of accurate diagnosis
and a better understanding of HCV infection pathogenesis may allow the development of a therapeutic model.
This article attempts to update readers regarding the information available on these two aspects to date.

tion. HCV has been found to be an important cause of
liver disease and remains a major public health problem
worldwide. According to the World Health Organization,
nearly 3% of the world population has been infected
with HCV. Therefore, more than 170 million people are
chronic carriers of HCV and at high risk of developing
liver cirrhosis and/or hepatocellular carcinoma (HCC).
Three to 4% of chronically infected individuals develop
fatal HCC. Currently, HCC caused by HCV infection is
considered an indication for liver transplantation[3-5].
HCV was the leading cause of post-transfusion
and community-acquired non-A, non-B hepatitis until
characterization of the virus in 1989 and the introduction of blood screening in 1990. The initiation of blood
screening for HCV has markedly reduced its incidence.
However, it still remains a significant problem in intravenous drug abusers. HCV infection is the most common
cause of liver transplantation in adults. HCV and HIV-1
frequently co-infect humans and it has been estimated
that as many as 18% of HIV-infected persons are also
infected with HCV[4].
HCV is an enveloped RNA virus and belongs to
the genus Hepacivirus of the family Flaviviridae. The
HCV genome consists of 9.6-kb single-stranded RNA
of positive polarity and a single open reading frame of
9033-9099 nucleotides flanked by a conserved 5’ and 3’
noncoding region (NCR) at the ends. Its genome codes
for a long polyprotein of approximately 3000 amino
acids[6] which is processed co-translationally and posttranslationally to yield structural proteins (core, envelope
E1, and E2) and non-structural (ns) proteins (NS1/p7,
NS2, NS3, NS4A, NS4B, NS5A and NS5B)[7]. The envelope proteins (E1 and E2) are the outer surface proteins
of the viral particles and play important roles in virus
entry into the host cell. NS5B is a variable region of the
HCV genome and codes for an RNA-dependent RNA
polymerase (RdRp).
RNA polymerase lacks proof reading activity and this
may alter the detection, sensitivity to interferon anti-viral
activity and pathogenicity of the virus (Figure 1)[8].
Like several other viruses, the RNA virus has a high
degree of heterogeneity[5] that varies 30%-35% among
different genotypes. Based on previous studies, six major
genotypes and more than 120 subtypes of HCV have
been characterized to date[9]. These HCV genotypes have
distinct geographic distributions, with genotype 1 and 2
frequently found worldwide[10]. In India, genotype 3 is
reported to be the most prevalent, followed by genotype
1[11,12]. Different HCV genotypes have important epidemiological implications. Despite nucleotide sequence
divergence between genotypes, they remain quite similar
in their transmission pattern, persistence and disease development[13]. Although genetic variation is attributed to
several factors, two major theories i.e., the Darwinian and
Neutral evolution theories are thought to be the prominent theories in causing genetic diversity in HCV[13]. The
nucleotide sequence variability is distributed throughout
the viral genome. Regions encoding envelope proteins
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DIAGNOSIS OF HCV INFECTION
During HCV infection, every attempt is made to diagnose and differentiate acute from chronic hepatitis C infection. Acute HCV infection is typically mild. It is often
not diagnosed, and the infection may be recognized only
when it becomes chronic[21]. The diagnostic tests used,
including the presence of anti-HCV antibodies in serum,
cannot differentiate between acute and chronic HCV infection because anti-HCV IgM, used as marker of acute
infection, is variable in acute infectious disease and is also
detected at high rates in patients with chronic HCV infection[22,23]. The diagnostic procedures for hepatitis C virus
infection used in laboratories are based on the detection
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Figure 1 Proteins encoded by the hepatitis C virus genome. Genome organization of hepatitis C virus showing the structure of the viral genome, including the
long open reading frame encoding structural and nonstructural proteins, and 5’ and 3’ non-coding regions (NCRs). [Source: Monica A et al. Expert Rev Mol Med 2003; 5].

of anti-HCV antibodies against recombinant HCV proteins using enzyme immunoassay (EIA) and chemiluminescence immunoassay. Non-structural and recombinant
antigens are used in these assays. Four different generations of anti-HCV test kits have been developed to date.
The first generation EIA detected antibodies against the
nonstructural proteins (NS4) with recombinant antigen
c100-3. Subsequently, the second generation assay was
developed and this included antigens from the core region (c22-3), the NS3 region (c33c) and a part of c100-3
(5-1-1) from the NS4 region. The third-generation EIA
included an additional antigen from the NS5 region and
a reconfiguration of the core and NS3 antigens. However, all these anti-HCV assays had the disadvantages of
giving high false positive results and a lack of sensitivity
to detect antibodies during the window period. In addition, these antibody-based assays could not distinguish
between acute, past and chronic infections. This was followed by the development of supplementary tests involving the recombinant immunoblot assay (RIBA) which
was commercialized. This assay contained recombinant
antigen (c33c, NS5) and synthetic peptides (5-1-1, c100
and c22). Similarly, a few other commercial assays, known
as third generation immunoassays incorporated HCV
antigens from the core region, E2 hypervariable region,
NS3 region, NS4A, NS4B and NS5A region. All these
recombinant immunoblot assays were used as supplementary tests to the anti-HCV assays. Similar to EIA, the
RIBA had the disadvantages of difficulty in performance
and a high percentage of indeterminate results. Therefore, these are no longer used in diagnostic laboratories.
Recently, fourth generation anti-HCV assays incorporating additional nonstructural proteins are being used
as screening tests[24]. These kits for anti-HCV detection
target different HCV antigens and detect more than five
primary antibodies to ensure the specificity and sensitivity
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of the detection kit.
Anti-C22c and anti-C33c may be the first HCV antibodies to appear during the acute phase of the disease,
which is defined by elevated alanine aminotransferase
(ALT) levels and/or clinical symptoms [25]. Anti-NS5
appears somewhat later, while anti-C100-3 is the last
antibody to be detected in acute self-limited HCV infection. The diagnosis and differentiation of acute from
chronic HCV infection poses another problem. Patients
chronically infected with one HCV-genotype develop
acute hepatitis on infection with another genotype.
Multiple episodes of acute hepatitis were observed in
polytransfused thalassemic children reinfected with different HCV genotypes[26,27]. Therefore, discrimination
between acute and chronic infection in the same patient
is sometimes very difficult. HCV RNA in the serum or
liver appears to be the earliest detectable marker of acute
HCV infection, preceding the appearance of anti-HCV
by several weeks[25]. HCV viremia may persist despite the
normalization of serum ALT levels. Thus, the use of
ALT levels in the diagnosis of HCV is not helpful. However, HCV RNA in serum usually lasts for fewer than
4 mo in patients with acute self-limited HCV infection.
The average time from transfusion to sero-conversion is
approximately 11 to 12 wk with EIA-1 (Enzyme immunoassay-1) and 7 to 8 wk with EIA-2 (Enzyme immunoassay-2). Now attempts are being made to develop EIA
assays to differentiate HCV sub-types[28]. Patients with
post-transfusion chronic non-A, non-B hepatitis develop
anti-HCV antibodies in the majority of cases. Anti-HCV
antibodies are not neutralizing, especially with HCV envelope proteins E1 and E2[29]. High levels of anti-C100-3
were correlated with high titers of circulating HCV in
chimpanzees[30]. Therefore, the development and persistence of diagnostic antibodies to HCV seem to reflect
concomitant virus replication and consequently a high
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and undergoes replication simultaneously causing cell necrosis by several mechanisms including immune-mediated
cytolysis in addition to various other phenomena such as
hepatic steatosis, oxidative stress and insulin resistance.
The proteins/peptides encoded by different sub-genomic
regions of the HCV genome and their quasispecies influence the above mechanism, and thus, have a significant
role in HCV pathogenesis and disease causation. A brief
description of HCV pathogenesis in the light of these
factors is given in the following section (Figure 2).

HCV pathogenesis
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Viral entry
HCV is a blood-transmitted virus that reaches the liver via
circulation. The entry of HCV isolates requires at least 4
host-derived factors including scavenger receptor class B
type I, Occludin, Claudin-I (CLDNI) and CD81. In addition, CLDN6 and CLDN9 have been shown to substitute
for CLDN1 as HCV entry factors in human non-liver
cells[36]. The CD81 molecule on host cell surfaces acts as
a viral receptor, which binds with the viral particle and
facilitates its entry in the liver cell[37,38]. CD81 is expressed
on the surface of almost all nucleated cells and complexes with a variety of other cell-surface receptors such
as CD19 and CD21 on B cells, and sends a costimulatory
signal to the cells[39]. The viral envelop protein, E2, binds
to the major extracellular loop of CD8[40]. HCV shows
multi-site binding and can also bind to several other molecules such as the receptor for low-density lipoprotein,
the dendritic cell (DC)-specific intercellular adhesion molecule 3-grabbing non-integrin (DC-SIGN), and its liver
counterpart[41,42]. E2 is the most variable viral protein, and
therefore, its interactions with CD81 have been reported
to be strain-specific[43]. It has two hyper variable regions,
HVR-1 and HVR-2 which undergo frequent mutations,
possibly due to virus-neutralizing antibodies and HCVspecific cytolytic T lymphocytes (CTLs). HCV also has a
high mutation rate due to the lack of proofreading ability of its RNA-dependent RNA polymerase. Therefore,
HCV exists in several distinct, but closely related virus
species within an infected individual. These species are
called HCV quasispecies.

Figure 2 Regulation of hepatitis C virus pathogenesis by host immunity
and metabolic factors. HCV: hepatitis C virus.

potential for infectivity.
HCV RNA is frequently detected in patients with
chronic hepatitis C and in patients carrying anti-HCV
antibodies. A study carried out in Hong Kong demonstrated that 83% of anti-HCV positive patients were
viremic when HCV RNA was determined using polymerase chain reaction (PCR) with two different sets of
primers for noncoding regions[27]. Similarly, in another
study, 98 of 100 patients with chronic non-A, non-B liver
disease were positive for antibodies by EIA-2, but all 100
patients were positive for HCV RNA by PCR. With the
currently available EIA systems, chronic HCV infection
can readily be identified in most patients. Measurement
of HCV RNA by PCR does not substantially increase the
numbers of patients found to have chronic HCV infection[31]. Following the introduction and wider use of realtime PCR, it is now easier to diagnose and monitor the
progress of HCV viremia in a very short time period[32].
In addition, the use of multiplex PCR by real time is another advancement in the detection of possible hepatitis
viral co-infections in single attempt analysis[33].
Based on published information regarding various aspects of HCV infection including the currently available
diagnostic assays and therapeutic regimens, the American
Association for the Study of Liver Diseases and Centers
for Disease Control and Prevention, United States have
approved a document as “practice guidelines” for use in
the diagnosis and treatment of HCV infection. This is an
important document and describes details of the guidelines to be followed for laboratory diagnosis of acute/
chronic HCV infection[34].

HOST IMMUNITY
Innate immunity
Innate immunity presents a first line defense for the control of HCV infection as it does for several other viral
infections. During HCV infection, cells produce Type 1
IFN which prepares and induces the cells to resist infection, check viral replication, promote adaptive immunity
and activate natural killer (NK) cells, DCs and Kupffer
cells etc. Once inside the cell, the innate immunity vs HCV
is triggered through host recognition of viral macromolecular motifs, known as pathogen-associated molecular patterns (PAMPs), as non-self by cellular pathogen
recognition receptors. These receptors includes tolllike receptors (TLRs) and retinoic acid-inducible gene-I
(RIG-I) like receptors (RLRs)[44]. RIG-I binds PAMP on

PATHOGENESIS OF HCV INFECTION
HCV is a non-cytopathic virus[35] that enters the liver cell

WCG|www.wjgnet.com

2552

January 28, 2014|First Edition|

Irshad M et al . Diagnosis and pathogenesis of HCV

HCV-RNA and activates interferon regulatory factor-3
(IRF-3) for expression of IFN-α/β and anti-viral/interferon stimulated genes (ISGs)[45]. The secreted IFN and
cytokines then activate NKs, DCs and Kupffer cells etc.
These cells also play a significant role in mounting T/B
cell-based immunity[46]. The PAMP region lies on the 3’
untranslated region (UTR) of HCV and induces RIG-1
signaling[47] that results in a RIG-1 interaction with IFN-β
promoter stimulator (IPS-1) which causes activation of
IRF-3 and nuclear factor κB (NFκB).
HCV can effectively evade innate immunity resulting
in persistent viral infection. This occurs because HCV
has evolved to counteract the RIG-1 pathway[48] and thus
evade the immune challenge. This phenomenon is the
reason for chronicity in the majority of HCV infected
patients. For this, the non-structural proteins of HCV i.e.,
NS3 and NS4A form a complex which activates the NS
protease domain to target cleavage of IPS-1. After cleavage, IPS-1 can no longer signal downstream to activate
IRF-3 and NFκB and the infected cells no longer produce IFN-β or express ISGs[49].
NK cells, a major arm of innate immunity, play an important role in eradication of HCV. The liver is enriched
in NK cells that are usually activated in an early phase
of HCV infection. The activated NK cells recruit virusspecific T cells and induce antiviral immunity in the liver.
They also eliminate virus-infected hepatocytes directly by
cytolytic mechanisms and indirectly by secreting cytokines
including IFN-γ and TNF-α. These cytokines induce an
antiviral state in host cells. Surprisingly, HCV has evolved
multiple strategies to counter the host’s NK cell response.
It is interesting that activated NK cells contribute toward
liver injury, while inactive or compromised NK cells permit the virus to continue invasion[50].

CD86) which interact with and activate antigen-specific
helper T (Th) cells[53]. These activated Th cells promote
the maturation of DCs and increase the expression of
CD40 ligand and TNF-α. The mature DCs induce T-cell
activation by overexpression of their surface molecules.
They also enhance antigen presentation capacity via
HLA-I and production of cytokines that stimulate T-cell
activation. IL-12 has been shown to play an important
role in stimulating IFN-γ production from activated T
cells[54,55], and thus, induces development of the type 1
(Th1) immune response characteristic of CTL activation. The effector CTLs release perforin, granzyme, and
TNF-α, or express Fas ligand, and initiate a direct attack
on HCV-infected hepatocytes[56,57].
The hepatocytes infected with HCV and DCs produce Type Ⅰ IFNs which suppress viral replication by
inducing enzymes such as 2’-5’ oligoadenylate synthetase
(OAS) and RNA-dependent protein kinase (PKR) in hepatocytes[58]. The plasmacytoid DC recognizes HCV-related markers through TLR-7, which interacts with singlestranded RNA[59]. The TLR-signaling up-regulates PDCtriggering receptor expressed on myeloid cells (PDCTREM) which induce further production of IFN-α[60].
Activated OAS destroys viral RNAs, whereas PKR
inhibits forming polysomes of viral mRNA[58]. When
HCV-specific CTL responses are not strong enough to
eradicate the virus this leads to persistent infection[61].
Successful clearance of HCV during acute HCV
infection depends on the rise, vigor and persistence of
the Th1 immune response[62,63]. Patients who developed
a strong Th1 response showed efficient viral clearance
and a self-limited disease course. In contrast, those who
lacked IL-12 and IFN-γ production invariably developed
chronic persistence of the virus. The majority of patients
fail to control the infection and develop a chronic infection with a variable degree of hepatitis and viremia[64,65].
Experimental studies have also demonstrated that HCV
components induce an antigen processing mechanism
and IFN-stimulated genes in infected livers[66-68]. Impaired
function of DCs, as antigen-presenting cells in inducing immunity, may be responsible for the impaired immune responses. Various studies have reported that viral
proteins including HCV core, E1, and NS3 inhibit DC
maturation[69,70]. HCV infects DCs through the binding
of HCV E2 protein and thereby suppress DC function in
promoting an antiviral effect[41,71].
CTLs activated by viral proteins, not only kill virusinfected cells, but also contribute to virus control through
a noncytolytic mechanism by secreting cytokines, e.g.,
IFN-γ, IFN-α/β and TNF-α. These cytokines induce an
antiviral state in host cells. This also renders uninfected
cells resistant to infection and prevents viral replication.
The progression of the majority of infected persons to
chronic infection suggests inability of the antiviral immunity to contain this infection. There may be several
reasons for this failure, including the emergence of escape variants as a result of a high rate of virus mutations,
decreased production of antiviral cytokines or “stunning”

Adaptive immunity
After entry and replication of the virus inside liver cells,
the viral molecules are transported to the endoplasmic
reticulum and associate with major histocompatibility
complex (MHC) molecules, which are finally transported
to the cell surface. These molecules on the cell surface
are recognized by T cells for their immune action. The
majority of CTLs are CD8+ and recognize antigens presented on MHC class Ⅰ molecules. Approximately 10%
of CTLs are CD4+ which recognize antigens presented
on MHC II molecules. These CTLs eliminate cells infected with virus. However, HCV is reported to have evolved
mechanisms to avoid recognition by CTLs. They either
reduce the expression of MHC molecules or prevent the
viral peptide from presentation at the cell surface. Thus,
CTLs play a major role in viral eradication[51] and immunopathogenesis of HCV infection[52].
In another pathway of the disease mechanism, the
destruction of HCV-infected hepatocytes release HCV
fragments that are taken up by myeloid DCs. These DCs
migrate to the draining lymph nodes and express HCV
antigens on HLA class II molecules. Subsequently, they
increase expression of costimulatory molecules (CD80,
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of HCV-specific CTLs, a compromised cytolytic potential
of the CTLs and antagonistic peptides[72].
It is important to note here that the HCV genome
in a single host is a dynamic population of different, but
closely related genomes, designated quasispecies. The
generation of quasispecies is usually ascribed to high
variation in hyper variable region-1 (HVR-1) during viral
replication[73]. In acute resolving hepatitis, HVR-1 shows
very little variation, as compared to that in chronic hepatitis[74]. HVR-1 induces anti-HCV neutralizing antibodies[75,76] and HVR-1 specific CD4+ and CD8+ T cells[77,78].
Using the responding host cellular immune response differentially, HVR-1 favors viral escape[79,80]. HVR-1 variations result from the action of a continuous immunedriven positive selection[81,82]. Thus, HVR-1 complexity
helps in the virus adaptive strategy to escape the immune
onset. HCV clearance is associated with a vigorous HCV
specific CD4+ and CD8+ T cell response in the acute
phase of infection. In contrast, viral persistence is associated with a weak and dysfunctional virus specific T cell
response[79-83]. T cell failure and HCV immune evasion
have been explained in several reports[84-86].

fection results in exhaustion or impairment of HCV-specific CD8+ T cells. During chronic HCV infection, CD8+
T cells fail to proliferate or secrete antiviral cytokines including IFN-γ. This phenomenon is promoted by a lack
of CD4+ T cells and the expression of immunomodulatory cytokines such as IL-10[97]. The major cause of
HCV-specific CD8+ T cell impairment is ascribed to the
expression of inhibitory receptors such as Programmed
death-1, lymphocyte-activation gene-3 (a protein related
to CD4), CTLA-4 (a member of the CD28 receptor family), T-cell immunoglobulin mucin-3 and 2B4 on HCVspecific CD8+ T cells in blood and liver[98]. Expression of
these inhibitory receptors is associated with low levels of
CD127 expression and impaired proliferation and differentiation of T cells. Thus, different mechanisms contribute to the dysfunction of HCV-specific CD8+ T cells in
chronic HCV infection.
In addition to cytotoxic T lymphocytes, humoral immune response against viral and cellular components
during HCV infection is also present. Patients positive for
HCV RNA and/or anti-HCV antibodies have type Ⅰ antiliver kidney microsome antibodies, which also recognize
cytochrome P450 (CYP) 2D6. The patient’s liver is infiltrated with auto reactive mononuclear cells, which recognize CYP2D6. It is interesting that the viral core protein
residues 178-187 bear sequence homology with human
cytochrome P450 (CYP2A6 and CYP2A7) residues
8-17[96]. Although HCV is a hepatotropic virus and infects
hepatocytes, viral genome and its replicative intermediates
are frequently present in peripheral blood mononuclear
cells and lymphoid tissues of chronically infected persons. The viral glycoprotein E2 has been implicated in the
oligoclonal expansion of several lymphoma cells[99]. The
most common rheumatic and cutaneomucous symptoms
in HCV-infected patients include fatigue, arthralgia, paraestheisa, myalgia, pruritus, and the sicca syndrome[100].

Role of T regulatory cells in adaptive immunity
Recent studies have suggested a possible role for different regulatory T cell populations in HCV persistence.
These studies showed a higher frequency of CD4+CD25+
regulatory T cells in the blood and CD4+FoxP3+ T cells
in the liver of chronically HCV infected patients[87-89].
CD4+CD25+ regulatory T cells suppress HCV specific
CD8+ T cell and CD4+ T cell proliferation as well as
CD8+ T cell IFN-γ secretion[87,90-92]. After HCV antigen
stimulation, Treg cells secrete IL-10 and transforming
growth factor-β (TGF-β) which suppress virus specific T
cell responses[91-93]. CD4+CD25+ Treg cells obtained from
chronically HCV infected patients demonstrated greater
suppressive activity against HCV specific CD8+ T cells
compared to Treg cells isolated from acute HCV infected
patients. However, the suppressive effect observed in
patients who successfully cleared the virus was still significant[90]. Another study showed that the frequency of
CD4+CD25+FoxP3+ Treg cells and their suppressive capacity against virus specific T cell responses were as high
in HCV recovered chimpanzees as those in persistently
HCV infected chimpanzees[94]. This observation requires
further in-depth studies to explore the actual suppressive
effect of Treg cells during HCV infection. Induction of
Treg cells by HCV antigens was first demonstrated by
the response of CD4+ T cell to HCV core protein. HCVspecific IL-10 secreting T cells were detected in the blood
of chronic HCV infected persons[95]. Regulatory CD8+
T cells may play an important role in chronic HCV infection. HCV-specific CD8+CD25+FoxP3+ T cells from the
blood of chronically infected patients suppress HCVspecific T cell responses via TGF-β secretion. The blockade of TGF-β markedly enhanced HCV specific IFN-γ
secretion by CD4+ and CD8+ T cells[96].
Few other studies have shown that chronic HCV in-
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ROLE OF VIRAL PROTEINS and
GENOTYPES
The role of structural and non-structural components
of the HCV virion has been explained by variation in
their interactions with metabolites affecting pathogenic
pathways leading to liver damage. HCV-core protein has
a prominent role in all these interactions as compared to
envelope and non-structural proteins. Moreover, when
the mechanism of this interaction was studied in relation
to various HCV genotypes, it was observed that different
genotypes behave differently to regulate all these pathogenic pathways.
The role of NS5A and E2 region was found be important. NS5A has a role in viral replication, inactivating
PKR[101-104], blocking the apoptotic pathway, binding of
growth factor receptor-bound protein 2[105,106] and induction of anti-inflammatory interleukin secretion[107,108].
Similarly, E2 protein inhibits PKR[109,110]. The region of
NS5A which interacts with PKR, shows clustering of
amino acid changes during IFN treatment and plays an
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important role in the evasion mechanism[111]. Furthermore, this association varies with genotype and thus,
alters their sensitivity to IFN treatment. NS5A remains
under strong immune selection, has T- and B-cell epitopes and possibly, in combination with individuals’ HLA,
selects immune cells to produce sensitivity/resistance to
IFN therapy[112]. The functional activity of NS5A towards
immune selection is clearly governed by the HCV-genotypes and varies accordingly. The response of genotype 2
and 3 to IFN treatment may be due to individuals recognizing the NS5A protein immunologically[13].
Binding of HCV E2 protein to DCs induces their
maturation. Several HCV viral proteins, including core,
NS3, NS5A and NS5B proteins, have been shown to
inhibit DC functions[69]. Consequently, the functions of
both CD4+ Th cells and CD8+ CTLs are impaired in
chronic HCV patients. This has been suggested to be one
of the mechanisms that HCV utilizes to weaken host immune responses and spread the infection. Indeed, many
clinical studies have shown that in chronic HCV patients,
not only the functions of DCs are impaired[113,114], the
functions of both CD4+ and CD8+ T cells are also impaired[115]. A similar inductive effect of E2 protein was
also reported in other cell types, including T cells, B
cells[116], hepatocytes[117] and hepatic stellate cells[118].
The role of HCV genotypes in the progression of liver disease is one of the most controversial areas of HCV
research. In patients with chronic HCV, infection with
genotype-1b is reportedly associated with a more severe
liver disease and a more aggressive course than the infection with other HCV genotypes. Similarly, it was found
that HCV genotype-1b was significantly more prevalent
among patients with liver cirrhosis and those with decompensated liver disease requiring liver transplantation
than among those with chronic active hepatitis C[119-121].
Although this is indirect evidence, it suggests an association between HCV genotype-1b and the development
of these complications. HCV genotype-1b is a marker
for more severe HCV associated liver disease, because it
reflects a longer time of infection than a mere aggressive
form of hepatitis C.

de novo lipogenesis i.e., fatty acid (FA) synthesis via overexpression and maturation of SREBP-1c. This in turn,
increases the activities of lipogenic enzymes including
Acetyl CoA carboxylase and FA synthase. At the same
time, intermediates of triglyceride biosynthesis also activate inhibitors of insulin signaling. For example, activation of protein kinase C-E by phosphorylating insulin
receptor substrate, and thus inhibiting phosphatidyl
inositol-3,4,5-triphosphate[125], inhibits Akt translocation
by ceramides etc.[126]. HCV-core protein, either directly or
via increased secretion of TNF-α, causes IR[127,128]. The
HCV core can activate inhibitors of insulin signaling including mammalian target of rapamycin[129] and suppressor of cytokine signaling (SOCS)-3 and C-Jun N-terminal
kinase (JNK)[130,131]. The activation of JNK by HCV core
may follow a direct or indirect proinflammatory cytokinemediated mechanism.
HCV-associated oxidative stress
Oxidative stress is reported to be an important part of
HCV-induced liver damage. Previous studies investigated
the role of different molecular components of HCV
structure in modulating oxidative stress during HCV
infection. HCV-core protein present within the outer
membrane of mitochondria induces oxidation of glutathione and promotes Ca2+ uptake into mitochondria.
Clément et al[96] explained the molecular mechanism and
demonstrated that following glutathione oxidation, there
is increased reactive oxygen species (ROS) production by
mitochondrial electron transport complex Ⅰ and Ⅲ. The
HCV non-structural protein, NS5A, promotes ROS production in the membrane of endoplasmic reticulum (ER)
by activating the release of Ca2+ from ER, thereby inducing oxidative stress[97]. NS3 protein induces ROS production by activation of NADPH oxidase[97]. Increased ROS
production and consequent oxidative stress is evident by
the presence of markers of increased oxidative stress in
the blood. Levels of 8-hydroxy deoxyguanosine and 4-hydroxy-2-nonenol are increased in HCV infection[132,133].
Similarly, few studies have shown reduced levels of glutathione during HCV infection. Another study showed
that the serum level of thioredoxin, a marker of oxidative
stress, was significantly reduced in HCV infection[134-136].
The presence of oxidative stress has been noted in
different types of hepatitis including hepatitis B. However, there is a marked increase in oxidative stress (OS)
in HCV infection[132]. Several studies have shown that
structural components of HCV induce effective OS[132].
HCV-core and non-structural components, NS3 and
NS5A proteins, directly induce OS[137-139]. Core protein is
involved in OS generation via oxidation of mitochondrial
glutathione and uptake of Ca2+ into mitochondria[139,140]
thus, changing the permeability of its membrane [141].
Electron transport complex Ⅰ increases production of
ROS and redistributes cytochrome from mitochondria to
the cytosolic fraction[93]. NS5A is associated with the ER
membrane[142] and activates signal transducer transcription
and NFκB[107]. These activations lead to inflammation,

METABOLIC CONDITIONS AFFECTING
HCV PATHOGENESIS
In addition to immune mediated HCV pathogenesis,
there are several other clinical and metabolic conditions
that have a strong association with HCV pathogenesis.
These include HCV-induced insulin resistance, oxidative
stress and hepatic steatosis. The following is a brief description of the conditions affecting HCV pathogens:
HCV-induced insulin resistance
HCV infection influences overall metabolism leading
to increased steatosis, fibrosis, inflammation, apoptosis
and insulin resistance (IR)[122,123] during the course of the
disease. The resulting IR shows a modulating impact on
liver pathogenesis by HCV infection[124]. iR increases the
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immune response and apoptosis[143]. Similarly, NS3 triggers ROS by activating NADPH oxidase 2 in mononuclear and polymorphonuclear phagocytes[144] which increase
apoptosis of hepatocytes[144]. All these reports conclude
that the structural and non-structural components of
HCV induce a significant increase in OS that results in
liver damage during HCV infection.

degradation by HCV. Expression of HCV-core protein
is reported to reduce the expression of peroxisome
proliferation activated receptor-α (PPARα), a nuclear
receptor involved in FA degradation and down-regulation
of mitochondria β -oxidation [165]. Genotype-3 shows
significant down-regulation of PPARα as compared to
genotype-1[166,167]. HCV-core protein also down-regulates
PPAR α and therefore, is more effective when from
genotype-3 as compared to genotype-1. The core protein
from genotype-3 also down-regulated the PPARγ and upregulated SOCS-7 in human hepatoma cells[167]. These
data clearly show that HCV-core protein may modulate
the expression of various genes responsible for FA degradation via down-regulation of PPARs.

HCV-induced steatosis
HCV infection is reported to have a strong association
with hepatic steatosis. There are several other factors also
responsible for steatosis, which include alcohol consumption, obesity, and diabetes[145-147]. Studies on steatosis in
relation to hepatotropic viruses demonstrated that HCV
infection directly causes steatosis in some patients[148].
Studies in experimental animals have shown that HCVcore protein promotes liver steatosis[149,150]. Furthermore,
when steatosis was studied in relation to HCV-genotypes,
it was noted that although steatosis is induced by all
HCV-genotypes, it appears more prominent and frequent
with HCV-genotype 3 infection[151-153]. In patients carrying genotype-3 infection, there was a good correlation
between the level of steatosis and HCV replication[153,154]
and the presence of HCV-core in the liver. In addition,
steatosis resolves in patient with genotype-3 when treated
successfully with anti-viral therapy as compared to those
with non-genotype-3 who remain steatotic[155,156]. Steatosis reappears with relapse of infection[155]. This clearly
demonstrates that some HCV-genotypes have more steatogenic potential. Subsequent studies[157] indicated that
genotype-3 interferes with very low-density lipoprotein
(VLDL) secretion. Core protein, which promotes lipid
accumulation in hepatocytes[158,159], was more efficient
from genotype-3 compared to core protein from genotype-1.
All these reports concluded that HCV causes steatosis
in three different ways: (1) Impaired secretion of lipids
from hepatocytes; (2) Increased de novo synthesis of free
fatty acids (FFAs); and (3) Impaired FA degradation. The
first aspect of HCV-induced steatosis was proposed due
to the impaired secretion of VLDL. To substantiate this,
reports from different studies demonstrated a decreased
level of apolipoprotein B and cholesterol in chronic HCV
infected patients[159,160]. These low levels pointed to HCV
disturbing the assembly and secretion of VLDL from
the liver[161]. Another important aspect in this relationship
was increased de novo synthesis of FFAs in the presence
of HCV infection. In this context, it is suggested that
HCV upregulated the sterol regulatory element binding
protein-1c (SREBP-1c) signaling pathway[158] with NS2
and NS4B proteins inducing SREBP at the transcriptional level[162,163]. SREBP was also induced by expression of
HCV core protein. Studies in chimpanzees infected with
HCV also demonstrated that HCV increased the activity
of lipogenic enzymes such as ATP citrate lyase[164]. HCVcore, in particular, activates and helps in cellular lipid synthesis[164], possibly via its binding with retinoid receptor.
HCV-induced steatosis is also due to impaired FA
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CONCLUSION
HCV infection, previously known as blood borne non-A,
non-B infection, is a serious public health problem worldwide. The diagnosis of HCV is based on the detection of
anti-HCV antibodies and/or viral nucleic acid in serum.
Studies over the last few years have developed assays not
only for the accurate serodiagnosis of infection, but also
identification of HCV serotypes. The pathogenesis of
HCV infection is quite complex and regulated by host
immunity as well as several metabolic activities influencing liver function. Whereas both innate and adaptive
immunity are involved in the pathogenic action of HCV,
the cytotoxic lymphocytes are crucial in deciding the
eradication or persistence of viral particles. Moreover,
the persistence of HCV infection is also affected by viral
proteins, HCV isotypes and liver metabolism. In order to
understand HCV pathogenesis further investigations are
needed.
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ported. Because HCV is difficult to isolate and culture,
researchers have had to avail themselves to the best
of modern biomedical technology; some of the major
achievements in HCV research have not only advanced
the understanding of HCV but also promoted knowledge of virology and cellular physiology. In this review, we summarize the advancements and remaining
scotomas in the molecular virology and epidemiology
of HCV.
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Core tip: The review summarizes the advancements, as
well as remaining scotomas, in the molecular virology
of hepatitis C virus (HCV). We emphasize the contributions of HuH-7 hepatocellular carcinoma cell line to
development of the HCV replicon, cell culture-derived
HCV, and HCV pseudoparticles. In addition, we reiterate
the importance of epidemiological issues because accurate assessment of HCV-related disease burden has
been overlooked. This review provides a history of the
fight against HCV, which has required scientists to avail
themselves to the best of modern biomedical technology, which in turn has enriched our knowledge of virology and cellular physiology.

Abstract
In the 1970s, scientists learned of a new pathogen
causing non-A, non-B hepatitis. Classical approaches
were used to isolate and characterize this new pathogen, but it could be transmitted experimentally only
to chimpanzees and progress was slow until the
pathogen was identified as hepatitis C virus (HCV) in
1989. Since then, research and treatment of HCV have
expanded with the development of modern biological
medicine: HCV genome organization and polyprotein
processing were delineated in 1993; the first threedimensional structure of HCV nonstructural protein
(NS3 serine protease) was revealed in 1996; an infectious clone of HCV complementary DNA was first constructed in 1997; interferon and ribavirin combination
therapy was established in 1998 and the therapeutic
strategy gradually optimized; the HCV replicon system
was produced in 1999; functional HCV pseudotyped
viral particles were described in 2003; and recombinant infectious HCV in tissue culture was produced
successfully in 2005. Recently, tremendous advances
in HCV receptor discovery, understanding the HCV
lifecycle, decryption of the HCV genome and proteins,
as well as new anti-HCV compounds have been re-
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INTRODUCTION
The hepatitis C virus (HCV) is an enveloped, single-
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stranded, positive-sense RNA virus, classified as a Hepacivirus within the Flaviviridae family[1-3]. The 9.6-kb RNA
genome contains one long open reading frame (ORF)
flanked by 5’ and 3’ untranslated regions (UTR)[4-6]. The
single ORF encodes an approximately 3000 amino acid
(aa) polyprotein that undergoes co- and post-translational
cleavage by host and viral proteases to yield 10 viral
proteins, not including the F protein[7,8]. The structural
proteins, nucleic acid-binding nucleocapsid core protein
and envelope proteins (E1 and E2/P7) are encoded by
25% of the N-terminal portion of the genome[9]. The remaining 75% of the genome encodes the non-structural
proteins, NS2, NS3, NS4A, NS4B, NS5A and NS5B[9].
Humans are the primary reservoir of HCV[10]. HCV
transmission occurs primarily through exposure to infected blood and the majority of individuals with persistent
infection develop chronic hepatitis, which can progress
to cirrhosis or hepatocellular carcinoma[11-13]. Different
from other viruses, such as influenza A viruses and human immunodeficiency viruses, HCV is difficult to isolate and culture[14-16]. Since HCV was identified in 1989[1],
basic research on HCV has been being hindered by the
absence of reliable, reproducible, and efficient culture
systems[11]. Recently, tremendous advances in understanding the HCV replicon[15,16], the pseudo-typed HCV viral
particle[17], cell based culture systems[18,19], receptors[20-24],
life cycle[25,26], structural biology and HCV therapy strategy[27-29] have been gained. However, several scotomas in
the molecular virology and epidemiology of HCV remain
to be elucidated. This review summarizes the advancements and remaining scotomas in the molecular virology
and epidemiology of HCV.

CURRENT HCV MODELS
The in vitro and in vivo models for HCV have evolved
significantly since the discovery of the virus. With any
virus, cell-based culture systems and animal models are
the essential tools for virological study, vaccine development, and antiviral drug discovery. Many viruses, such
as the influenza virus, are easy to isolate and culture in
cell lines[41,42]; however, HCV is difficult to isolate and
propagate[15,16,18,19]. Before HCV was identified, many virologists had attempted to isolate and culture the pathogen of non-A, non-B hepatitis using traditional cellbased approaches[43]. After struggling for decades, it was
determined that HCV could only survive in human or
chimpanzee fetal liver cells and hepatocytes or human peripheral blood mononuclear cells[44-49]. These cells are inconvenient to obtain and have a finite lifespan in culture,
so even though these early studies showed that HCV was
selective with a narrow host range[50,51], these methods
made little contribution to HCV research (Table 1).
Defeated by classical approaches to isolate HCV, virologists were forced to reproduce the HCV lifecycle using split models, which included the HCV genome RNA
replication model (HCV replicon)[15,16], HCV structural
proteins model (virus-like particle, VLP)[52] and HCV
pseudotyped viral particles model[17] (Table 1). In 1999,
Bartenschlager’s group in Germany established a HCV
replicon system[15], followed soon after in 2000 by Rice’s
group in the United States[16]. These models simulated the
structure of the subgenomic selectable HCV replicons
composed of the HCV 5’-UTR, the gene encoding the
neomycin phosphotransferase or firefly luciferase, the
encephalomyocarditis virus internal ribosome entry site,
the region encoding HCV NS2-5B or NS3-5B, the authentic 3’-UTR, and the 12-16 5’-terminal codons of the
core[15,16]. The replicon could replicate autonomously in
hepatic cell cultures (e.g., HuH7 cell line)[15,16], leading to a
series of experiments that examined the function of 5’and 3’-UTR and NS3 to NS5B in HCV genome replication, described the viral life cycle, and led to the development of antiviral drugs[27]. The HCV replicon was able to
replicate itself within the cell; however, it was not capable
of producing infectious viruses[27]. Furthermore, this replicon was not able to reproduce in HuH-7 cells with high
efficiency and for an extended period of time[50]. Virologists attempted to improve the replication efficiency and
modify the robust HCV replicon using several methods,
including adaptive mutation hunting, to reduce the nonHCV genome and increase the HCV genome composition, by attempting to replace various wild HCV strains
of different genotypes[27,50,53].
Pseudotyped viral particles are commonly known as
lentiviral vectors. These vectors are composed primarily
of three viral elements; the gag-pol, which forms the viral
structure, recognizes the viral genome and is responsible
for the genome lifecycle; the viral mimic genome, which
provides the genome elements that will be recognized

MAJOR PROGRESS IN FIGHTING HCV
Since HCV was identified in 1989[1], virological research
has led to a great deal of progress in the pathogenesis,
diagnosis, treatment, control and prevention of the disease[11,30]. Since virus elimination is the ultimate goal of
viral disease therapy, here we emphasize two major recent
achievements in hepatitis C treatment. The first achievement was the development of direct-acting antiviral
(DAA) agents, which are inhibitors of the HCV protease[31-37]. Although peginterferon and ribavirin remain vital
components of therapy, the emergence of DAA agents
has led to an unprecedented improvement in sustained
virologic response rates to approximately 94%[30,38]. This
is indicative of two milestones in virology: a therapy with
the highest documented antiviral effects and optimism
that the virus could be eliminated by medications. The
second achievement is the identification of several singlenucleotide polymorphisms associated with spontaneous
and treatment-induced clearance of HCV infection[39,40].
This discovery is also a milestone because only the rare
single nucleotide polymorphisms of rs12980275 and
rs8099917, near the interleukin28B gene, have any reported biological effect[39,40].
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Table 1 Summary of in vitro and in vivo models for hepatitis C virus
In vitro and in vivo models
In vitro
Cultivation of HCV

Established year
1993-1999

HCV replicon

1995-2000

HCV VLP

1998-1999

HCVpp

2003

HCVcc

2005

In vivo
Chimpanzee

1979

Tree shrew

1998

Chimeric human liver mouse

2001

Genetically humanized mouse

2011

Advantages

Deficiencies

Achieved cultivation of HCV in human foetal liver
Requires specific cellular factors to support
cells, human hepatocytes or PBMC. Illustrated HCV viral lifecycle. Primary human and chimpanzee
is quite species selective and has a narrow range of
hepatocytes or highly differentiated cells
hosts
dependent. Most of them have yielded limited
Provided a cell-based model for the study on HCV
success. Poor reproducibility and low levels of
genome replication
HCV replication
Rare evidence to support that HCV structural
proteins core, E1, and E2 could form VLP
Provided a convenient and feasible tool for studies on
viral entry, HCV receptor, neutralizing antibody, etc.
A break through in production of infectious hepatitis
C virus in tissue culture
The only recognized animal model for HCV study,
Chimpanzees differ from humans in their
played a critical role in HCV discovery and play an course of infection, that chronic carriers do not
essential role in defining the natural history of HCV develop cirrhosis or fibrosis, limited availability,
cost performance, and public resistance
Might be a succedaneum for chimpanzees
Persistent HCV infection could not be
established and only 25% of infected animals
developed transient or intermittent viremia.
Germ line was not available to a small animal
model
Exhibited prolonged infection with high viral titers
Since the mice were immunodeficient, they
following inoculation with HCV isolated from human were not appropriate models to study HCV
serum. HCV can be transmitted horizontally. Drug
pathogenesis
evaluation
Represents the first immunocompetent mice model
Operation is difficult
for HCV study. Allows for the studies of HCV
coreceptor biology in vivo

HCVpp: Hepatitis C virus (HCV) pseudotyped viral particles; VLP: Virus like particle; HCVcc: Cell culture derived HCV.

and in vitro transcribed JFH-1 genomes produced viruses
that were capable of infecting naïve HuH-7 cells[18]. In
addition, the virus particles could be neutralized with a
monoclonal antibody against the viral glycoprotein E2[18].
The study was the first in vitro experiment that showed
the complete lifecycle of HCV. More importantly, virus
obtained from the cell cultures was highly infectious in
chimpanzees and immunodeficient mice with partial human livers[64].
As early as the 1970s, it was known that the etiological agent responsible for non-A and non-B hepatitis
could be transmitted to chimpanzees[65], and chimpanzees
were subsequently recognized as the only animal model
of HCV[66] (Table 1). Chimpanzees played a critical role
in defining the natural history of HCV[66] and since they
are closely related to humans, any study of chimpanzees
could reflect more closely what happens in humans than
other animal models. However, chimpanzees that are
chronic carriers of HCV do not develop cirrhosis or fibrosis[66,67], which are the most important consequences
of HCV infection in humans.
Because chimpanzee studies are expensive and restricted by ethical responsibilities[67], scientists diverted
their attention to other small animal models, such as the
tree shrew and a chimeric human liver mouse. Xie et al[68]
demonstrated that Tupaia could be infected by HCV
when severely immunosuppressed; however, persistent

by gag-pol and ensures complete viral RNA metabolism;
and the envelope proteins, which are presented onto the
artificial viral particle[54-58]. Additionally, a lentiviral vector
contains a reporter gene inserted into the artificial viral
genome. Although the lentiviral vector was used widely in
gene transduction, presenting an HCV envelope protein
functionally in this viral particle was not considered. Virologists tried to generate the HCV VLP[52], because classic virological experience told us that VLP of a certain
virus could be produced by cloning and expressing virus
structural proteins, and Liang’s group at the National
Institutes of Health (Bethesda, MD) was successful in
establishing the HCV-like particles using a baculovirus
expression vector system[52]. In 2003, French virologist
Bartosch et al[17] produced HCV pseudoparticles (HCVpp)
using viral elements derived from murine leukemia virus.
The HCVpp system led to advanced studies that identified a neutralizing antibody against HCV[59], explored
HCV receptors and described the structure and function
of the HCV envelope proteins[60-63].
In 2005, the Japanese virologist Wakita obtained a
genotype 2a HCV strain (JFH-1) from a Japanese patient
with a rare case of fulminant hepatitis C[18]. Based on
the experience and methods accumulated in studying the
HCV replicon, Wakita and his group rescued HCV in the
HuH7 cell line, which was designated as HCVcc, for cellculture-derived HCV[18]. HuH-7 cells infected with cloned
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hybrid lipoviral particles[75] that facilitate virus entry into
hepatocytes and protect the virus from the host immune
response. In addition, the lipoprotein components might
affect the morphological observation of crude HCV particles by electron microscopy. Our current knowledge of
HCV morphology indicates that HCV particles are 40-80
nm in diameter, pleiomorphic, lack obvious symmetry
or surface features and contain electron-dense cores[72,73].
The lack of details describing the overall architecture of
HCV limits the ability of molecular biologists to study
HCV structural biology and topology.

HCV infection could not be established and only 25%
of infected animals developed transient or intermittent
viremia[51]. By genetically manipulating the urokinase-type
plasminogen activator transgenic mouse, Mercer et al[69]
transplanted normal human hepatocytes into severe combined immunodeficient mice carrying a plasminogen activator transgene. The chimeric mice exhibited prolonged
infection with high viral titers following inoculation with
HCV isolated from human serum[69]. Since the mice were
immunodeficient, they were not appropriate models for
investigation of HCV pathogenesis, although they were
useful in assessing the activity of antiviral drugs, as well
as neutralizing antibodies[51] (Table 1).
Mouse models of HCV provided little information
about the human hepatocellular factors required for
HCV entry. Thus, Ploss et al[24] introduced human CD81,
scavenger receptor type B class 1, claudin 1, and OCLN
genes into mice using a recombinant adenovirus expression system. They found that mice expressing these human factors were sufficient for HCV infection[24]. This
system allowed for the investigation of HCV co-receptor
biology in vivo and evaluation of passive immunization
strategies and, therefore, represented the first immunocompetent small animal model for HCV[70] (Table 1).

Molecular virology of HCV structural proteins
A quarter of the N-terminal region of the HCV polyprotein encodes the core structural protein and glycoproteins
E1 and E2, which are believed to be incorporated into
the HCV particle[17]. Based on general virological knowledge, the core protein should be a major component of
the viral capsid, responsible for viral genome RNA recognition, binding and packaging[27]. Glycoproteins E1 and
E2 located in the viral surface are also called envelope
proteins; E1 and E2 are responsible for receptor recognition, receptor binding, endocytosis and membrane
fusion[27]. The mature core protein contains a positively
charged N-terminal RNA binding domain and a C‑terminal domain that consists of two amphipathic helices and
a palmitoylated cysteine residue to facilitate peripheral
membrane binding[27]. Antibodies against core proteins
are important for HCV serological detection[43]. Previous
studies demonstrated that the core protein is involved
in many pathogenic processes[43]. Furthermore, the core
protein induces hepatocellular carcinoma in transgenic
mice[76] and is a potent inhibitor of RNA silencing-based
antiviral response[77]. However, the basic function of
the core protein in capsid formation remains unknown.
Although the region between amino acids 82 and 102
contains a tryptophan-rich sequence involved in homotypic core proteins interaction[78], the HCV core particle
had not been successfully produced. In vitro nucleocapsid
reconstitution experiments using the 1-124 or 1-179 core
segments and structured RNA molecules have yielded irregular particles larger than those reported by the limited
electron microscopy observations[79]. Scientists in China
at Xiamen University successfully generated human papillomavirus VLP[80], hepatitis E virus VLP[81] and hepatitis B virus core capsids but failed to produce the HCV
capsid (personal communication). In addition, the crystal
structure of the HCV core protein is not yet available
(Table 2).
E1 and E2 are type Ⅰ transmembrane glycoproteins
assumed to be class Ⅱ fusion proteins, with N-terminal
ectodomains of 160 and 334 amino acids, respectively,
and a short C-terminal transmembrane domain of approximately 30 amino acids[27,43]. Studies of HCVpp have
indicated that 14 amino acids from the HCV core and
12 amino acids from the E1 C-terminus are required for
E1 and E2 function[62]. The hemagglutinin and neuraminidase of influenza A viruses matches each other in a

SCOTOMAS IN MOLECULAR VIROLOGY
Although much progress has been made in all aspects
of HCV research in the last few decades, we are still far
from achieving the ultimate goal of complete HCV control and prevention. Thus, a better understanding of the
HCV life cycle is essential to optimize the antiviral strategy. As mentioned above, the major challenges to HCV
research are that HCV is difficult to isolate and culture,
and no vaccine is available[14-16,71]. However, rather than
summarizing the many achievements in HCV research,
we have chosen to enumerate the scotomas in HCV molecular virology.
Structural biology of the HCV particle
Since HCV was first proposed to be a distinct infectious
pathogen, virologists of that era attempted to visualize
this enigmatic microbe using electron microscopy[43]. Different from other hepatitis viruses, including hepatitis A
virus, hepatitis B virus and hepatitis E virus and the other
viruses within the Flaviviridae family[43], no clear electron
microscope image of HCV was reported until Chisari’
s and Rice’s groups provided high-resolution images
of highly enriched cell culture-derived HCV (HCVcc)
particles in 2010 and 2013, respectively[72,73]. The reason
for the difficulty in observing the crude HCV particle
in HCV-harboring tissue remains unclear. The viral titer
should not be an issue since viral copies in blood samples
produced by HCV RNA are > 106/mL[74]. Serum-derived
HCV particles are associated with the lipoprotein components apolipoprotein A-I (apoA-I), apoB-48, apoB-100,
apoC-I and apoE[75]. The interaction between virus particles and serum lipoproteins suggests that HCV may form
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Table 2 Summary of the properties of hepatitis C virus structural proteins
Core

E1

E2

p7

Genome location
342-914
915-1490
1491-2579
2580-2769
Translation processing site
Rough ER
Amino acid composition
191
192
363
63
Molecular weight (kDa)
21-23
33-35
70-72
7
Glycosylation
No
Yes
Yes
No
Cleavage
ER signal peptidase and SPP
Crystal structure
Not available
Revealed
Functional unit
Dimer
Heterodimer?
Hexamer
Common function
Viral particle formation. Core, E1 and E2, together with p7 and NS2, are required for virus assembly (assembly module)
Unique function
Capsid protein, viral particle
Envelope glycoproteins, interact with SRB1,
Viroporin. Has key roles in
formation, viral genome recognizing
CD81, CLDN1, OCLN, etc. to trigger viral
organizing the virus assembly
and packaging. Interacts with cLDs in
entry. Promote fusion with the endosomal
complex. p7-NS2 complex interacts
early viral particle formation process.
membrane. Counter host immune response via with the NS3‑4A enzyme to retrieve
Counters host antiviral factors and
hypervariable regions
core protein from cLDs to form
involves pathogenesis
viral particle
Major scotomas
How do the core form the viral capsid? The signals and processes that mediate RNA packaging are largely unknown.
What impeded us to resolve the structure of the viral glycoproteins? What is the real process in HCV entry? How are these
receptors and co-receptors temporally and spatially used to ensure the early infection processes?
Start co-ordinates based on H77 (accession number, NC_004102). SRB1: Scavenger receptor class B member 1; CD81: Tetraspanin CD81; CLDN1: The tight
junction protein claudin 1; OCLN: The tight junction protein occludin; cLDs: Cytosolic lipid droplets; ER: Endoplasmic reticulum; SPP: Signal peptidase
and signal peptide peptidase; HCV: Hepatitis C virus. The molecular weights of E1 and E2 refer to the glycosylated forms.

relative slack manner regardless of gene homology[54-58],
while the matching pattern of HCV E1 and E2 is relatively strict. We separated E1 and E2 of HCV genotypes
1a, 1b, and 2a into two individual expression plasmids
and replaced the transmembrane domains of 1b and 2a
E1 and E2 with that of genotype 1a. The complementation features of E1 and E2, as well as the contributions
of both the ecto- and transmembrane domains to the
formation of the E1E2 complex, were evaluated using
the HCVpp system[63]. We found that 1aE2 could not
only complement its native 1aE1 but also 1bE1; in genotype 1b, glycoprotein complex formation is dependent
primarily on the overall biological characteristics of the
intact native E1 and E2; in genotype 2a, although the
interaction of intact native E1 and E2 is critical for the
formation of the glycoprotein complex, the ectodomain
made a greater contribution than did the transmembrane
domain[63]. This study suggested that E1 and E2 formed
a functional envelope protein complex dependent on E1
and E2 expression[63]. E1 and E2 are assembled as noncovalent heterodimers[82,83], although the number of E1
molecules necessary to aggregate with E2 for biological
function has not been elucidated. We highlight this scotoma because the envelope proteins of many viruses do
not function simply in a 1:1 ratio[54-58] and viral proteins
are not translated in equal numbers[43]. A lack of understanding of this point will impede receptor discovery,
regardless of how many receptors and co-receptors are
identified[75]. The crystal structure of the dengue virus
glycoprotein, which is another member of the Flaviviridae
family, was revealed in 2004[84]. By contrast, virologists
failed to produce the HCV E1 or E2 crystal, which limits
our understanding of the biological characteristics of
HCV envelope proteins. Since one of the most important biological functions of HCV envelope proteins is
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membrane fusion, E1 and E2 are assumed to be class Ⅱ
fusion proteins[83]. This assumption has been challenged
by recent studies suggesting that HCV and pestiviruses
share an uncharacterized mechanism of membrane fusion[85]. These contradictory issues are common in HCV
research and await further advances in our understanding
of HCV virology (Table 2).
Molecular virology of non-structural HCV proteins
HCV proteins can be categorized into an assembly
module (from core to NS2) and a replication module
(from NS3 to NS5B) on the basis of viral essential functions[27,75]. Details on the function of structural and nonstructural HCV proteins are lacking due to the limitations
of in vitro models. There is also some controversy on topics such as whether the assembly module is necessary for
viral particle formation or whether p7 is a structural or
non-structural protein. Although the HCV replicon system provided solid evidence that non-structural proteins
activate HCV RNA replication in vitro[15,16], some unresolved issues remain. These include why it is not possible
to turn this system into a fully competent HCV cell culture model or why all replicons, except for the genotype
2a JFH-1 clone, contain cell-culture-adaptive mutations
that when introduced back into viral genome, render it
non-infectious in chimpanzees[67].
The p7 polypeptide is a small, 63-aa intrinsic membrane protein with a double-membrane-spanning topology in which its N- and C-terminal ends face the
ER lumen[27]. Recent data indicate that p7 can mediate
membrane ion permeability and form hexamers[86,87]. The
three-dimensional structure of a hexameric p7 channel
revealed a highly tilted, flower-shaped protein architecture with six protruding petals oriented toward the ER
lumen[86,87]. These structural and membrane-permeability
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NS3
3420-5312

NS4A

NS4B

NS5A

NS5B

5313-5474
5475-6257
6258-7601
7602-9378
Rough ER
810-1026
1027-1657
1658-1711
1712-1972
1973-2420
2421-3012
21-23
70
8
27
56-58
65-68
Viral cysteine protease NS2‑3 and the serine-type protease activity of the viral NS3-NS4A complex
C-terminal (aa904-1026) was solved
Revealed
Revealed
Not available
Revealed
Revealed
Homodimer
Monomer or oligomer
Monomer
Oligomer
Homodimer
Monomer
Replication module
A metal-dependent proteinase,
The DAA targeting protein. NS3 The central portion of NS4A, residues 21-32,
A master
Produced as multiple phospho-variants.
RNAmany functions dependent on
was anchored in ER membrane by
intercalates into NS3 and activates the
organizer of
RNA-binding phosphoprotein involved dependent
the interaction with P7 and NS3.
cofactor NS4A. NS3-4A complex protease activity by stabilizing this protease
replication
in RNA replication. Phosphorylation
RNA
Participation in proteolytic cleavage has serine-type protease activity subdomain and contributing to the substrate
complex
of a specific serine residue within the
polymerase
at the NS2-NS3 junction of the
and NTPase/RNA helicase
formation.
C-terminus by CKⅡα is essential for
recognition site. The C‑terminal acidic portion
polyprotein. Both the TMDs and
activities. Nonspecific cleavage of of NS4A interacts with the NS3 helicase and NTPase activity? virus assembly. The interaction of NS5A
protease domain of NS2 are required two critical interferon induction other HCV proteins and contributes to RNA
RNA binding?
with the cLD-bound core protein is the
for the production of virus particles
proteins: MAVS and TRIF
replication as well as assembly
key steps in HCV assembly
How HCV particles are organized? What is the accurate duty of each nonstructural protein in viral lifecycle? How do the nonstructural proteins utilize host cellular factors for its own survival? Why
HCV lifecycle is tightly associated with components of LDLs and VLDLs?

NS2

2769-3419

2568

properties suggest that p7 belongs to the viroporin family and could play an important role in viral particle release and maturation[86,87]. However, the role of p7 in calcium and
ion metabolism is unknown. Furthermore, HCVpp with or without p7 showed no changes in viral particle formation and pp infectivity[62,63]. A study of the closely related GB
virus B, which infects tamarins and has an analogous but larger protein, p13, showed that p13 is processed into two components p6 and p7, and that p6 was dispensable while
p7 was essential for infectivity[88].
NS2 is a metal-dependent proteinase, whose functions are dependent on the interaction with p7 and NS3[27]. Although the NS2 protease is dispensable for RNA replication,
NS2 participates in proteolytic cleavage at the NS2-NS3 junction of the polyprotein[27]. The transmembrane and protease domains of NS2 are required for infectious virus assembly[89]. Why NS2 is critical for viral particle formation remains unknown and the interactions between NS2 and other structural and non-structural viral proteins to form an
unknown viral particle formation network should be explored (Table 3).
NS3 is a 70-kDa multifunctional protein anchored by the cofactor NS4A[27,89]. NS2/NS3 junction cleavage is essential to liberate fully functional NS3 protein[27,89]. NS3-4A is
a non-covalent complex, with a serine protease located in the N-terminus (aa 1-180) and an NTPase/RNA helicase in the C-terminus (aa 181-631)[27,89]. The substrate specificity of NS3‑4A is low and causes non-specific cleavage of host proteins; e.g., mitochondrial antiviral-signaling (MAVS) and TIR domain-containing adaptor inducing interferon
[90]
β (TRIF), and thus might impact host IFN response . The central portion of NS4A, residues 21-32, intercalates into NS3 and activates the protease activity by stabilizing this
protease subdomain and contributing to the substrate recognition site[27]. The C-terminal acidic portion of NS4A interacts with the NS3 helicase and other HCV proteins and
contributes to RNA replication, as well as assembly[27]. The DAAs telaprevir and boceprevir[31-37] are inhibitors targeting the NS3-4A protease that displayed promising effects in
clinical trials, indicating that the NS3-4A protease is critical for viral life cycle (Table 3).
NS4B is a poorly characterized hydrophobic 27-kDa protein[27] comprised of a 66-aa N-terminal portion, a 120-aa central portion, and a 70-aa C-terminal portion[91]. Four
transmembrane-spanning regions were predicted in the central portion, while the N-terminal portion plays an important role in assembly of a functional replication com-

Start co-ordinates based on H77 (accession number, NC_004102). Aa: Amino acid; TMD: Transmembrane domain; CKⅡ: Casein kinase Ⅱ; cLD: Cytoplasmic lipid droplet; LDL: Low-density lipoprotein; VLDL: Very-low-density
lipoprotein; MAVS: Mitochondrial antiviral signaling protein; TRIF: TIR-domain-containing adaptor inducing interferon; HCV: Hepatitis C virus.

Major scotomas

Genome location
Translation processing site
Amino acid composition
Molecular weight (kDa)
Cleavage
Crystal structure
Functional unit
Common function
Unique function

Table 3 Summary of the properties of hepatitis C virus non-structural proteins
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plex[27,91]. Einav et al[92,93] and Thompson et al[94] demonstrated that NS4B harbors NTPase activity and has a role
in viral assembly.
NS5A is a 447-aa membrane-associated protein that
plays an important role in modulating HCV RNA replication and particle formation[91]. NS5A can be detected
in basally phosphorylated and hyper-phosphorylated
forms with molecular weights of 56- and 58-kDa, respectively[95,96]. NS5A is comprised of four domains: a
N-terminal membrane anchor and three domains separated by two low complexity sequences[27,91]. The three
separated domains are domain 1, aa 36-213; domain 2,
aa 250-342 and domain 3, aa 356-447. Domains 1 and 2
are involved in RNA replication and domain 1 is involved
in cellular lipid drop binding, domain 3 is essential for
viral assembly and is involved in interaction with the core
protein accumulated in cellular lipid drops[27,91]. Although
studies showed that NS5A is critical for HCV RNA replication, deletions in D2 and D3 are tolerated in RNA
replication[97], and viable replicons and viruses harboring
GFP insertions displayed no change on HCV RNA replication[98]. Phosphorylation of a specific serine residue
within C-terminal by casein kinase Ⅱα is essential for
virus assembly[99]. The interaction of NS5A with the cytosolic lipid droplets-bound core protein is a key step in
HCV assembly[97,100,101].
NS5B is an RNA-dependent RNA polymerase
(RdRp). Its crystal structure was revealed in 1999[102]; the
active site is highly conserved and located in the palm
subdomain[91]. The low substrate specificity allows for the
incorporation of ribavirin into nascent RNA. Thus, ribavirin remains a perfect RNA analog in HCV therapy[103].
Although recombinant NS5B is available and its crystal
structure is known[104,105], its role in HCV RNA replication remains unclear (Table 3).

ies of the IRES found in HCV have provided the most
detailed information thus far regarding the mechanism
of IRES driven translation, unresolved issues remain.
For example, it is unknown whether the HCV IRES acts
as one determining factor for hepatotropism or how the
HCV 5’NTR interacts with the 3’NTR to support HCV
RNA replication and polyprotein translation. Additionally, the biological impact of the NTR to each hepatitis
virus remains unclear since the HCV NTRs have a different structure compared to those of hepatitis A and E
viruses. Finally, the interaction of miR-122 with the HCV
5’NTR to facilitate replication of viral RNA remains to
be fully elucidated[111].
The 3’ terminal of any genome is technically difficult
to identify and the available complete sequence of the
HCV 3’NTR is unusual. The 3’ UTR is divided into three
structurally distinct domains from 5’ to 3’, an upstream
variable region of about 40 nucleotides, a long poly (U)poly (U/UC) tract and a 98-nucleotide (3’ X) sequence
that forms three stem-loop structures[43,106]. The long poly
(U)-poly (U/UC) tract was a major obstacle to obtaining an HCV genomic clone because no known DNA
polymerase could amplify this region and the fidelity of
a reverse transcriptase in this region was suspect. The
function of the 3’ UTR remains to be determined[43,106].
It may play an important role in minus intermediate
RNA and genome RNA synthesis during HCV RNA
replication[43,106] since variable region deletions of RNA
replicons could replicate, albeit at a much lower level[112].
However, deletion of either the poly (U/UC) or the 3’
X was not viable, which suggested that the poly (U/UC)
and 3’X regions are critical for HCV RNA replication[107].
HuH7 cell line
HCV researchers should be familiar with the human
hepatocellular carcinoma cell line HuH-7, also known as
Huh7 or HuH7. This cell line is critical because the HCV
replicon, HCVcc, and HCVpp are all dependent on this
cell line or its derivatives, indicating that it harbors all critical factors for HCV replication, assembly, budding and
entry[43,113-115]. HuH-7 is a well-differentiated hepatocytederived hepatocellular carcinoma cell line that originated
from a liver tumor in a 57-year-old Japanese male in 1982
(http://huh7.com/). It was established by scientists at
Okayama University of Japan in the 1980s (http://cellbank.nibio.go.jp/legacy/celldata/jcrb0403.htm). HuH-7
remains the only hepatocellular carcinoma cell line that
can fully support the HCV life cycle. Improvements in
hepatocellular carcinoma cell line isolation could provide
more effective HCV-supporting cell lines; alternatively
the advances in induced pluripotent stem cells could result in a breakthrough in HCV culture and isolation.

5’-non-translated regions and 3’ non-translated regions
Viral non-translated regions (NTRs) and non-coding
regions, harbor important biological functions, involving viral genome reorganization, replication, translation
initiation, and viral assembly[106]. The HCV 5’NTR contains 341 bp (H77 strain, NCBI Reference Sequence:
NC_004102.1)[107]. The predicted secondary structure of
the HCV 5’NTR consists of four domains (domains ⅠⅣ, numbered from 5’ to 3’), and the largest domain Ⅲ
was further categorized into sub-domains a-f[107]. The major functional unit in the HCV 5’NTR is an IRES, which
includes three domains (Ⅱ-Ⅳ)[106-109]. Initiation of protein
synthesis in host cells utilized by HCV is different from
mRNA translation in eukaryotes because HCV initiates
viral protein synthesis via its IRES, which is known as internal translation initiation. This process is a cap-independent mechanism of recruiting, positioning and activating
the host cellular protein synthesis machinery driven by
the HCV IRES[106-109], which is relatively weak in directing
protein translation compared to the IRESs of other viruses, and may contribute to an insufficient host immune
response[110]. Although structural and biochemical stud-
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SCOTOMAS IN EPIDEMIOLOGY OF HCV
HCV carries a large disease burden in some countries
and is the second most studied virus. Most HCV infections are subclinical with a long and insidious disease
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Table 4 Epidemiological features of hepatitis C virus infection
Epidemiological index
Source of infection
Route of transmission

Susceptible population
Incubation period
Prevalence and incidence
Rate of chronic infection
Outcome of chronic infection
Molecular epidemiology

Stability
Vaccine

Current consensus
Chronic HCV carriers
HCV transmission occurs primarily through exposure to infected blood. Past: Receiving infected blood or organ
transplantation, from accidental exposure to infected blood, and sexual transmission in persons with high risk
behaviours. Present: HCV is usually spread by sharing infected needles with a chronic HCV carrier, and some people
acquire the infection through nonparenteral means that have not been fully defined.
General population
Average 6-10 wk
3% of the world’s population have HCV
Up to more than 80%
10%-20% of chronic HCV carriers may develop into cirrhosis and liver failure. 1%-5% of chronic HCV carriers are
associated with the development of hepatocellular carcinoma
HCV is classified into eleven major genotypes (designated as 1-11), many subtypes (designated a, b, c, etc.), and about
100 different strains (numbered 1, 2, 3, etc.) based on the genomic sequence heterogeneity. Genotypes 1-3 have a
worldwide distribution. Types 1a and 1b are the most common, accounting for about 60% of global infections. Type 2
is less frequently represented than type 1. Type 3 is endemic in southeast Asia and is variably distributed in different
countries. Genotype 4 is principally found in the Middle East, Egypt, and central Africa. Type 5 is almost exclusively
found in South Africa, and genotypes 6-11 are distributed in Asia.
HCV is inactivated by exposure to lipid solvents or detergents, heating at 60 ℃ for 10 h or 100 ℃ for 2 min in aqueous
solution, formaldehyde (1:2000) at 37 ℃ for 72 h, b-propriolactone and UV irradiation.
Not available

HCV: Hepatitis C virus.

course. However, epidemiological surveillance of HCV
is relatively weak compared to some acute respiratory
transmission diseases (http://www.who.int/influenza/
surveillance_monitoring/en/).
Chronic HCV carriers are the only reservoir of HCV
since chimpanzees could be infected with HCV only
experimentally[43,106]. HCV transmission occurs primarily
through exposure to HCV-infected blood[43,106]. Blood
transfusion, solid organ transplantation from an infected
donor, and unsafe medical practices were the major transmission routes before HCV was identified in 1989[43,106].
Beginning in the early 1990s, strict screening of blood
donors and precise control over the blood supply were
implemented by national governments[43,106,116]. The majority of HCV infections are now limited to specific subpopulations, such as intravenous drug users and patients
with certain hemopathies [117]. Although unsafe medical practices, occupational exposure to infected blood,
maternal-fetal transmission, sex with an infected person
and high-risk sexual practices are believed to be HCV
transmission routes, the rate of acquisition of infection
by these routes is low[118]. The average incubation period
is 6-10 weeks and most virologists and hepatologists consider that up to 80% of HCV infected persons do not
eliminate HCV spontaneously[43,106]. Cirrhosis and liver
failure develop in 10%-20% of chronic HCV carriers;
1%-5% of chronic HCV carriers develop hepatocellular
carcinoma[43,106] (Table 4).
The World Health Organization estimates that up
to 3% of the global population is infected with HCV
(http://www.who.int/csr/disease/hepatitis/Hepc.pdf),
and the peak disease burden is expected around 2020[119].
However, these estimations lack sufficient evidence.
Firstly, it is hard to track the origin of the data since
most authors citing this statistic used inaccurate citations.
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Secondly, the HCV serological detection kit has undergone at least three iterations[117]. The first test developed
in 1990 detected antibody to a single epitope within the
core protein by enzyme linked immunosorbent assay and
provided data on 170 million HCV carriers, even though
it was plagued by poor sensitivity[43]. Third-generation enzyme immunoassays included antibodies against multiple
antigens, which increased the sensitivity significantly[43],
although no large-scale serological investigations have
been performed. In China, a nationwide HCV serological survey performed in 2006 showed the prevalence of
anti-HCV antibodies to be < 0.5% among more than
80000 Chinese subjects[116]. Furthermore, the rates of
HCV were much lower than those of hepatitis B among
clinical inpatient and outpatient populations, which was
significantly different from a Japanese population[119,120].
Epidemiology is important because it will provide basic
knowledge of disease and inaccurate epidemiological data
will lead to inaccuracies in our knowledge of the disease
burden, natural history and therapeutic efficacy.
The number of people that will become chronic carriers after HCV infection remains unknown. Scientists
believe that as many as 40%-80% of HCV infections will
develop into chronic infections[121-123] (Table 3). While
these estimates are also likely inaccurate, how and when
people are infected must be determined to ascertain a
more precise figure. One recent cross-sectional study performed in intravenous drug users challenged the current
assumptions regarding the rate of chronic infection; in
that study as many as 77.8% of individuals cleared HCV
infection without the need for anti-viral therapy[117].
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Ophthalmologic complications of antiviral therapy in
hepatitis C treatment
Roderick O’Day, Mark C Gillies, Golo Ahlenstiel
and options for management using data from the observational studies. The likely benefit of a screening
program, especially one targeting patients with the
highest risk of developing interferon-associated retinopathy, is analysed. Atypical ophthalmologic adverse
events occur less frequently than interferon-associated
retinopathy during antiviral therapy for chronic hepatitis C infection. They often, however, lead to irreversible
vision loss. We examine the reports of these adverse
events - in individual case reports or case series and in
the observational studies investigating interferon-associated retinopathy - to describe the spectrum of these
adverse events, the likely outcome for patients and to
highlight the most important areas of future clinical research.
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Core tip: Interferon-associated retinopathy is usually a
benign, transient phenomenon with no lasting impact
on visual function. It occurs in approximately 30% of
patients receiving antiviral therapy for chronic hepatitis
C infection. The main risk factors for its development
appear to be hypertension and diabetes. Unless a clear
benefit to patients can be shown, a screening program
for the development of interferon-associated retinopathy is not justified. No conclusive evidence exists for a
causal link between it and the atypical adverse events
of antiviral therapy, which tend to cause irreversible vision loss.

Abstract
Antiviral therapy consisting of interferon-alpha and
ribavirin for chronic hepatitis C infection is associated
with multi-system side-effects. Ophthalmologic complications are common and can be classified into two
groups: interferon-associated retinopathy and atypical
adverse events. Interferon-associated retinopathy has
been investigated by multiple observational studies
that have found widely divergent results. The clinical importance of this complication is, consequently,
controversial. This review examines the literature with
the specific goal of identifying the most important
ophthalmologic issues facing the hepatologist prescribing antiviral therapy. Accordingly, it assesses the
incidence of interferon-associated retinopathy, as well
as its risk factors, pathogenesis, clinical manifestations
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What are the clinical manifestations of
interferon-associated retinopathy?
Interferon-associated retinopathy can be unilateral or bilateral and typical findings on slit lamp biomicroscopy or
fundus photography are cotton wool spots and/or retinal
hemorrhages (Figure 1). These lesions usually occur at
the posterior pole within 2 disc diameters from the optic
disc[20,39]. Most commonly, it has a benign course with no
impact on vision (Tables 1 and 2). It usually self-resolves
during a course of antiviral therapy, or shortly thereafter,
without requiring a reduction in dose (Tables 1 and 2).

INTRODUCTION
With 160 to 170 million infected people worldwide,
hepatitis C virus (HCV) presents a major health care
problem[1,2]. Current standard of care treatment consists
of pegylated interferon alpha (PEG-IFNα) and ribavirin
(RBV) for genotypes 2 to 6[3,4]. Boceprevir or telaprevir
may be added to these for gentopye 1 infections[5]. Standard of care therapy is associated with side effects in
many organs, the majority of which are attributed to interferon. Ophthalmologic complications can be classified
into two groups: interferon-associated retinopathy and
atypical adverse events.

How common is interferon-associated retinopathy?
The observational studies have found a wide range of
incidence of interferon-associated retinopathy during
antiviral treatment for chronic hepatitis C infection, from
under 4% to over 60% (Tables 1 and 2). Different protocols of ophthalmologic follow up and differences in
patient populations are the most obvious causes of these
divergent results. Other potential contributors to be considered are RBV combination therapy versus interferon
monotherapy and whether different forms and doses of
interferon-α are more likely to develop interferon-associated retinopathy.
Observational studies that had infrequent or symptom-initiated ophthalmologic examinations were more
likely to find a lower incidence of interferon-associated
retinopathy than those with more rigorous ophthalmologic follow up (Tables 1 and 2). Interferon-associated
retinopathy most commonly develops between 2 and
12 wk after the initiation of antiviral therapy[17,22,32,36]. It
is a transient phenomenon lasting from a few weeks to
years[30,32,36]. Study protocols that did not examine patients
multiple times within the first 6 mo of starting treatment
were predisposed to underreport rates of interferonassociated retinopathy[34,38]. Similarly, most patients who
develop interferon-associated retinopathy have no visual
symptoms (Tables 1 and 2). Thus, protocols that initiated ophthalmologic review only once a patient became
symptomatic would, therefore, also result in underreporting[33,35]. Four of the five studies reporting the lowest incidences of interferon-associated retinopathy displayed at
least one of these two factors[33-35,38].
Inclusion of patients with retinopathy at baseline
skewed studies towards over-reporting of the incidence
of interferon-associated retinopathy. No study has specifically assessed the clinical course of patients who have
retinopathy from other causes prior to starting antiviral
therapy, such as diabetes or hypertension. It is logical,
however, that these patients would be at higher risk of
having retinopathy during treatment than eyes without
retinopathy at baseline. In the 22 observational studies
considered in this review, 22 patients were identified as
having retinopathy at baseline and 17 (77%) of these
had progression of retinopathy[26,29,31]. In one trial, half

BACKGROUND
HCV, first identified in 1989, is a major cause of chronic
liver disease[6,7]. It is the most common indication for
liver transplantation in the Western world[8]. The natural course of HCV infection results in chronic disease
in approximately 70% of patients, with the remaining
30% clearing the infection spontaneously[9]. Patients with
chronic hepatitis C (CHC) infection can transmit HCV
and are at risk of progression to liver cirrhosis and/or
hepatocellular carcinoma[10].
The treatment of chronic hepatitis C infection has
evolved over the past 20 years. Interferon alpha (IFNα)
monotherapy was the first drug regimen found to induce
viral clearance[11]. The combination of IFNα with oral
RBV, a synthetic guanosine nucleoside, was subsequently
found to increase the rate of viral clearance by 2-3
times[12,13]. Pegylation, the process of attaching IFNα to a
polyethylene glycol moiety, both increased viral clearance
and decreased the frequency of dosing of interferon to
once weekly injections[14,15]. Most recently, treatment for
HCV genotype 1 infection has been amended to include
a third drug, either boceprevir or telaprevir, both of
which are direct-acting antivirals[5].

INTERFERON-ASSOCIATED
RETINOPATHY
Interferon-associated retinopathy was first described by
Ikebe et al[16] in 1990. It has been widely investigated since
then. Our literature review identified 22 English-language
reports of observational studies assessing its incidence
and clinical features[17-38]. These studies all performed
ophthalmological examinations during a course of antiviral therapy for chronic hepatitis C monitoring for interferon-associated retinopathy and atypical adverse events.
They are summarised in Tables 1 and 2. Table 1 presents
studies where more than half of the patients were treated
with IFNα based regimens (n = 10), whereas Table 2
presents studies with majority PEG-IFNα treated patients (n = 12).
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Table 1 Incidence of interferon-associated retinopathy in observational studies during which more than half of the patients are
treated with interferon-α based regimens for chronic hepatitis C
Study

IAR incidence

Country

Timing of examinations

Nagaoka et al[17]

22 of 36 (61%)

Japan

Baseline, 2, 4, 8, 16 and 24 wk

36 of 144 (25%)1

France

Okuse et al[19]

14 of 73 (19%)

Japan

Schulman et al[20]

27 of 42 (64%)

United States

Jain et al[21]

8 of 19 (42%)

Canada

Saito et al[22]

28 of 81 (35%)

Japan

Kadayifcilar et al[23]

7 of 20 (35%)2

Turkey

Sugano et al[24]

6 of 25 (24%)

Japan

Kawano et al[25]

36 of 63 (57%)

Japan

Hayasaka et al[26]

14 of 40 (35%)3

Japan

d’Alteroche et al[18]

Comment

IAR: no reduced VA in eyes that developed IAR. No dose
reduction for management of IAR. Age was a risk factor for the
development of IAR. HTN and DM were not.
Atypical adverse events: nil reported.
Baseline and then 3 monthly
IAR: No reduced VA in eyes that developed IAR. No dose
reduction for management of IAR. HTN (9 of 11), receiving PEGIFNα and older age were more likely to develop retinopathy.
Insufficient numbers with DM (n = 1).
Atypical adverse events: nil reported.
Baseline, 2, 4, 12 and 24 wk
IAR: no reduced VA in eyes that developed IAR. No dose
reduction for management of IAR. HTN significantly associated
with development of IAR (5 of 15), T2DM not (1 of 2).
Atypical adverse events: nil reported.
Baseline and then 2-3 monthly
IAR: therapy discontinued in two patients with multiple CWS,
for 4-20 mo
one with mild decrease in VA. All other patients with IAR
continued with treatment. High doses of interferon used, up to
5MIU/d. HTN was not predictive of the development of IAR.
Insufficient eyes for analysis of DM as risk factor (n = 2).
Atypical adverse events: permanent peripheral monocular
scotoma in 1 patient. Disc edema in 1 patient with a background
of rheumatoid arthritis; no long term vision loss.
Baseline and then monthly
IAR: no change in VA in any patient with retinopathy. IAR
resolved during study period in all but one patient. No dose
reduction for management of IAR.
Atypical adverse events: nil reported.
Baseline and then 2 weekly
IAR: no reduced VA in eyes that developed IAR. No dose
reduction for management of IAR. IAR was more likely in older
patients and those with DM and/or HTN.
Atypical adverse events: nil reported.
Baseline, monthly during
IAR: one of 7 with CWS at the macular had dose reduction by
treatment and 1 yr after
1/2 for decreased VA. Full resolution in 4 wk. Otherwise no
completing treatment.
dose reduction for IAR. 16 of 20 patients had backgrounds of
chronic renal failure.
Atypical adverse events: unilateral BRVO in 1 patient with a
background of CRF resulting in normal visual acuity at 12 mo
but residual upper quadrantanopia.
Baseline and then 4 weekly
IAR: not available.
Atypical adverse events: not available.
Baseline, 1, 2 and 4 wk and
IAR: no dose reduction for 35 of 36 patients with IAR.
then 4 weekly until 6 mo after
Significantly higher incidence of retinopathy in patients with
completing treatment
diabetes (11 of 12) and HTN (4 of 5).
Atypical adverse events: severe RH in 1 patient with a
background of DM; no long term vision loss.
1 mo prior to starting treatment
IAR: no reduced VA in eyes that developed IAR Not clear,
and 2 weekly during treatment.
but seems that interferon was ceased if developed IAR. Three
patients with retinopathy at baseline all showed progression.
Atypical adverse events: nil reported.

1

Twelve patients treated for chronic hepatitis B infection were excluded from the incidence data shown; 2Sixteen patients treated for chronic hepatitis B infection were excluded from the incidence data shown; 3Three patients that had baseline diabetic retinopathy were excluded from the incidence data shown.
BRVO: Branch retinal vein occlusion; CRF: Chronic renal failure; CWS: Cotton wool spots; DM: Diabetes; HTN: Hypertension; IAR: Interferon-associated
retinopathy; MIU: Million international units; PEG: Pegylated; IFN: Interferon; RBV: Ribavirin; RH: Retinal hemorrhage; VA: Visual acuity; VEGF: Vascular
endothelial growth factor.

of the patients with retinopathy at baseline had resolution of retinopathy during treatment[31]. In the other trials that identified patients with retinopathy, all eyes with
baseline retinopathy had progression during the course
of treatment.
When patients with baseline retinopathy and studies
with suboptimal ophthalmologic follow up are excluded,
313 of 1007 (31%) patients developed interferon-associ-
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ated retinopathy with a range of 8%-64% (Tables 1 and
2). The size of this corrected range implies that these factors do not fully explain the wide range of incidence of
interferon-associated retinopathy.
Differences in the dose and type of interferon used
in the observational studies have been proposed as key
reasons for the wide range of incidence of interferonassociated retinopathy found. Early studies of IFNα for
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Table 2 Incidence of interferon-associated retinopathy in observational studies during which more than half of the patients were
treated with pegylated interferon-α based regimens for chronic hepatitis C
Study

IAR incidence

Country

Timing of examinations

Comments

Mousa et al[27]

8 of 98 (8%)

Egypt

Baseline, 2, 4, 8, 12 and
24 wk then every 3 mo

Fouad et al[28]

22 of 84 (26%)

Egypt

Baseline, 12, 24 and
48 wk and 1 mo after
completing treatment

Vujosevic et al[29]

21 of 97 (22%)1

Canada

Baseline, 3 and 6 mo and
3 mo after completing
treatment

Lim et al[30]

5 of 10 (50%)2

Korea

Baseline and then 3
weekly for 6 mo

Mehta et al[31]

18 of 64 (28%)3

United States

Baseline, 3 and 6 mo

Kim et al[32]

11 of 32 (34%)

Korea

Baseline, 4, 8, 12, 16, 24,
36 wk

Panetta et al[33]

7 of 183 (4%)

United States

Baseline and repeat
examination when
visually symptomatic

Malik et al[34]

3 or 38 (8%)

United Kingdom

Baseline, 3 and 6 mo.
Low follow up rates

Andrade et al[35]

5 of 34 (15%)

Spain

Baseline, at cessation
of treatment and when
visually symptomatic

Ogata et al[36]

25 of 69 (36%)

Japan

Baseline and then
regularly for 6 months

Chisholm et al[37]

5 of 10 (50%)

IAR: seven of 8 patients with IAR had no reduction in VA. No dose
reduction for management of IAR. Combined DM and HTN gave
relative risk of 6.5 of developing IAR.
Atypical adverse events: vitreous hemorrhage from retinal tears with
retinal detachment requiring vitrectomy in 1 patient, final visual
outcomes were not described.
IAR: no reduced VA in eyes that developed IAR. Three patients with
IAR developed retinal hemorrhages and treatment was ceased. Logistic
regression found HTN (9 of 12) and DM (13 of 16) to be predictors of
developing IAR.
Atypical adverse events: NAION in 2 patients and optic neuritis in 1
patient, final visual outcomes for these patients were not described.
IAR: all patients with pre-existing retinopathy, 9 patients, had worsening
of retinopathy during treatment. Factors associated with developing
IAR were age, metabolic syndrome, HTN, cryoglobulinemia and preexisting intraocular lesions. Using multivariate analysis only HTN was a
significant predictor of developing IAR. Insufficient number of patients
with DM (n = 5).
Atypical adverse events: bilateral BRVO in one patient with a
background of HTN resulting in irreversible vision loss in the left eye
only.
IAR: no reduced VA in eyes that developed IAR. No dose reduction for
management of IAR.
Atypical adverse events: unilateral CRVO in 1 patient with a
background of DM resulting in irreversible vision loss.
IAR: no reduced VA in eyes that developed IAR. 1 of 88 ceased
treatment for asymptomatic IAR. Male only cohort. HTN and DM not
significant predictor of developing IAR. Poor follow up rates - 69% had
an eye exam within the first 12 weeks of starting treatment.
Atypical adverse events: nil reported.
IAR: no reduced VA in eyes that developed IAR alone. No dose
reduction for management of IAR. All retinal lesions spontaneously
resolved. 91% of retinopathy developed within 2 mo, but 1 occurred at
4 mo. HTN significantly associated with development of IAR (6 of 10),
T2DM not (1 of 2).
Atypical adverse events: unilateral BRVO in 1 patient with background
of HTN resulting in irreversible vision loss.
IAR: three patients ceased treatment. Two with visual symptoms
associated with IAR. 46% of patients had HTN and 16% had DM neither predictive of developing IAR.
Atypical adverse events: nil reported.
IAR: no reduced VA in eyes that developed IAR. No dose reduction for
management of IAR.
Atypical adverse events: nil reported.
IAR: no reduced VA in eyes that developed IAR. No dose reduction for
management of IAR. Higher serum VEGF in patients with retinopathy
and/or subconjunctival hemorrhage.
Atypical adverse events: cystoid macular edema in 1 patient, final visual
outcomes were not described.
IAR: no reduced VA in eyes that developed IAR. No dose reduction for
management of IAR. 46% (13 of 28) treated with IFNα developed IAR
compared to 29% (12 of 41) treated with PEG-IFNα.
Atypical adverse events: no details.
IAR: no dose reduction for management of IAR.
Atypical adverse events: nil reported.

Cuthbertson et al[38]

4 of 25 (16%)

United Kingdom Baseline, 2, 4, 8, 12 and
24 wk and 12 wk after
completing treatment
United Kingdom
3 mo after starting
treatment or when
visually symptomatic

IAR: no reduced VA in eyes that developed IAR. No dose reduction for
management of IAR.
Atypical adverse events: nil reported.

1

Nine patients that had baseline retinopathy were excluded from the incidence data shown. All 9 had progression of retinopathy; 2Thirty-six of the 46 patients treated for chronic hepatitis B infection were excluded from the incidence data shown; 3Ten patients that had baseline diabetic retinopathy were excluded from the incidence data shown. Five of these had resolution of retinopathy on subsequent eye exams. BRVO: Branch retinal vein occlusion; CRVO:
Central retinal vein occlusion; DM: Diabetes; HTN: Hypertension; IAR: Interferon-associated retinopathy; NAION: Non-arteritic anterior ischemic optic
neuropathy; PEG: Pegylated; IFN: Interferon; RBV: Ribavirin; VA: Visual acuity; VEGF: Vascular endothelial growth factor.
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Figure 1 Fundus photographs of a 60-year-old male treated with high dose interferon-α for renal cell carcinoma. These images show bilateral, typical interferon-associated retinopathy consisting of cotton wool spots and retinal hemorrhages surround the optic disc.

Why does interferon-associated retinopathy occur?
The pathogenesis of interferon-associated retinopathy
is yet to be fully elucidated. Its clinical manifestations,
cotton wool spots and retinal hemorrhages suggest an
ischemic mechanism. These changes are most commonly
associated with diabetes or hypertension[43,44]. It has been
proposed that endothelial dysfunction, as evidenced by
the failure of dilatation of retinal arterioles in response
to wall shear stress in eyes that subsequently developed
interferon-associated retinopathy, is the central process
leading to retinal ischemia[17]. Endothelial dysfunction,
it is proposed, causes platelet aggregation and leukocyte
adherence to vascular endothelium[17]. These “immune
complexes” act as microthrombi and cause focal retinal
infarction[39]. This hypothesis is supported by data suggesting IFNα may promote pro-thrombotic autoantibody production mediated by T cell activation[45]. Further,
IFNα may increase production of the highly potent
intravascular aggregator of platelets, plasma-activated
complement 5[24]. Moreover, IFNα increases leukocyte
adherence to the vascular endothelium resulting in leukocyte trapping in the retinal microcirculation[46].

age-related macular degeneration found that the incidence
of interferon-associated retinopathy was dose-dependent[40]. Consistent with this, the study with the highest
incidence analysed in this review used the highest dose of
interferon: 3-10 million units IFNα subcutaneous injection daily[20]. It has also been proposed that PEG-IFNα,
which has a ten-fold longer serum-half life than conventional IFNα, may cause interferon-associated retinopathy
more readily[36]. This would contrast with the systemic side
effect profile of PEG-IFNα, which appears to be similar
to conventional IFNα[14,15]. One large study found a significantly higher incidence of interferon-associated retinopathy in patients treated with PEG-IFNα than patients
treated with IFNα of 45% vs 19%[18]. Two other smaller
trials have found contradicting non-significant trends[32,36].
Ultimately, the significance of this issue is questionable
since it is unlikely that small differences in the incidence
of interferon-associated retinopathy, which is largely benign, will alter these use of PEG-IFNα over IFNα or the
dose used to treat chronic hepatitis C infection.
The effect of ribavirin on the incidence of interferonassociated retinopathy is unclear due to conflicting results
found by the observational studies that addressed this
issue. It is used for its synergistic effect with interferon
therapy, but does not result in HCV eradication as a
monotherapy[12,13]. Conjunctivitis is the only ophthalmologic adverse event regularly associated with RBV[41]. It
has, however, been suggested that combination therapy
with RBV may increase the risk of interferon-associated
retinopathy as compared to interferon monotherapy[21,30].
Lim et al[30] found a significantly higher rate of interferonassociated retinopathy in patients with chronic hepatitis
C infection treated with PEG-IFNα and RBV combination therapy than patients with chronic hepatitis B infection treated with PEG-IFNα monotherapy, that is 50%
vs 14%. These results are difficult to interpret as chronic
hepatitis C infection is associated with a hypercoagulable
state, which itself may confer an increased risk of developing interferon-associated retinopathy[42]. Further studies are required to determine the impact of RBV on the
development of interferon-associated retinopathy.

WCG|www.wjgnet.com

Does interferon-associated retinopathy causes vision
loss?
Cotton wool spots and retinal hemorrhages are not
usually associated with vision loss. They would if they
occurred at the central macula, but the fovea centralis is
avascular. Nevertheless, there are at least two reported
cases of irreversible visual disturbance after interferonassociated retinopathy that consisted of cotton wool
spots and/or retinal hemorrhages only, i.e. that were not
associated with an atypical adverse event[20,47]. One patient
developed a permanent peripheral monocular scotoma
in the same eye due to interferon-associated retinopathy
consisting of cotton wool spots and retinal hemorrhages
only[20]. The other patient developed permanent bilateral reduced visual acuity and visual field defects after
isolated interferon-associated retinopathy[47]. Such cases,
however, are rare; in most patients isolated interferonassociated retinopathy causes no impact on visual func-
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tion (Tables 1 and 2). Indeed, in the 1289 patients, only 1
had interferon-associated retinopathy that caused vision
impairment[20] (Table 1). Importantly, vision loss that occurs whilst taking antiviral therapy is usually due to the
development of an atypical adverse event.

No other patient characteristics that have been assessed have been found to predict the development of
interferon-associated retinopathy (Tables 1 and 2). Older
age has been suggested to represent a greater risk for its
development, but this has not been a consistent finding[17,19,22,29]. The larger studies that assessed risk factors
identified above did not implicate age, with the exception
of Fouad et al[28], Vujosevic et al[29], Mehta et al[31] and Kim
et al[32]. An association of age with the development of
interferon-associated retinopathy may be because it is
also associated with a higher risk of diabetes and hypertension.

Are there any groups that are at greater risk for
developing interferon-associated retinopathy?
Hypertension and diabetes mellitus appear to be risk factors for the development of interferon-associated retinopathy; however, this has not been established unequivocally. Such a finding would be theoretically consistent
with the proposed pathogenesis of interferon-associated
retinopathy. The same methodological problems that
resulted in the diversity in the incidence of interferonassociated retinopathy found by the observational studies
described above also apply to this issue. Compounding
this, the numbers of patients with diabetes or hypertension that developed interferon-associated retinopathy in
most studies were too small to enable meaningful statistical analysis (Tables 1 and 2).
Observational studies of standard of care therapy
for chronic hepatitis C infection during which at least
10 patients developed interferon-associated retinopathy
identified diabetes and hypertension as its main risk factors[28,29,31,32] (Table 2). Fouad et al[28] performed a comprehensive study of 84 patients treated with standard
of care therapy in Egypt with extensive ophthalmologic
follow up. Their study, which included a number of
patients with hypertension and diabetes, 12 and 16 respectively, found that both predicted the development of
interferon-associated retinopathy using logistic regression
analysis. By contrast, Mehta et al[31] found higher rates of
interferon-associated retinopathy in patients with hypertension and diabetes, but the differences were not statistically significant. Their study had sufficient numbers of
patients with these conditions - 13 patients with diabetes
mellitus and 31 with hypertension - however, ophthalmological follow up was poor with less than 70% of patients receiving an eye exam within 12 weeks of starting
standard of care therapy. Both Vujosevic et al[29] and Kim
et al[32] performed observational studies with good numbers and adequate ophthalmologic follow up. They both
found hypertension to be a significant predictor of the
development of interferon-associated retinopathy using
univariate and multivariate analysis. Diabetes mellitus was
not found to be a significant predictor of the development of interferon-associated retinopathy using multivariate analyses in either, but the cohorts only had 5 and
2 patients with diabetes mellitus, respectively. In Vujosevic et al[29], a higher percentage of patients with diabetes
mellitus developed interferon-associated retinopathy on
univariate analysis. There were insufficient numbers of
patients with diabetes mellitus in earlier studies involving
IFNα to assess its effect[18-20]. Studies with adequate numbers of patients with diabetes mellitus tended to find it as
a risk factor for the development of interferon-associated
retinopathy.
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If a patient develops interferon-associated retinopathy,
what should be done?
There is a growing body of clinical experience that it is
safe to continue standard of care therapy with no dose
reduction in patients who develop interferon-associated
retinopathy so long as they do not have reduced visual
acuity or other visual symptoms which would suggest the
development of an atypical adverse event (Tables 1 and 2).
Various dose reduction and cessation regimens aiming to
minimise the impact of interferon-associated retinopathy
have been used. One study described the dose reduction
regimens used by two clinicians in their management of
38 patients with interferon-associated retinopathy over 10
years[18]. This study did not compare outcomes between
the groups. In fact, no formal comparator studies have
assessed different strategies of managing standard of care
dosing in patients who develop interferon-associated retinopathy. There is, therefore, no good evidence to guide
whether interferon therapy should be modified or discontinued when interferon-associated retinopathy has been
diagnosed. It is, however, well established that dose reduction of interferon increases the risk of treatment failure.
Thus, dose reduction should be considered carefully.
Should we screen for interferon-associated retinopathy?
No consensus has been reached regarding the need to
screen for interferon-associated retinopathy. Cuthbertson
et al[38] argue that due to the low incidence of interferonassociated retinopathy and its generally benign course
there is no need for routine screening. By contrast, Vujosevic et al[29] support a screening program targeting hypertensive patients, who they found to be at greater risk
of developing interferon-associated retinopathy. Mousa
et al[27] propose that screening should only be for patients
with both diabetes and hypertension, but not those with
either in isolation. On the other end of the spectrum,
Schulman et al[20] considered close ophthalmological follow up for all patients as appropriate.
We propose that screening for interferon-associated
retinopathy should only be performed if it meets the following criteria: (1) it can be used to predict the patients
at risk for developing pathology that causes irreversible visual impairment; and (2) early treatment of these
patients will reduce the chance of the development of
that pathology. As discussed above, interferon-associated
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retinopathy, with a few exceptions, has a generally benign
course. Screening for interferon-associated retinopathy
may be justified if it can be proved that eyes that develop
it are more likely to develop an atypical adverse event,
which in turn causes poor visual outcomes. Evidence of
such a relationship does not exist to date. In addition, it
would need to be established that early detection would
enable an intervention that reduces the severity of that
atypical adverse event. For example, it would need to be
shown that strict risk factor control after the diagnosis of
interferon-associated retinopathy prevents the development of an atypical adverse event[48]. With the current
state of the evidence, a screening program for interferonassociated retinopathy, even one including only those patients at high risk of developing it, does not appear to be
justified.

The relationship between interferon-associated retinopathy and the atypical complications of antiviral therapy is unclear. Indeed, there is limited evidence that atypical adverse events are caused by interferon treatment and
not merely due to chance[56]. The most common complications, AION and RVO, are both vascular in nature. It
has been suggested that there may be common elements
between the pathogenesis of these complications and
interferon-associated retinopathy[49,56]. Certainly, there are
many cases in the literature where AION and RVO are
concomitant with interferon-associated retinopathy[51,55,79].
As the atypical complications are the key causes of vision
loss during antiviral therapy and interferon-associated
retinopathy is common and well-described, any relationship between them should be explored in depth.

THE FUTURE

ATYPICAL ADVERSE EVENTS

The standard of care regimen is in the process of a major re-evaluation after two major breakthroughs. Firstly,
multiple HCV-specific direct-acting antivirals are at various stages of development and two of these have been
approved for the treatment of genotype 1 HCV infection[80-83]. Secondly, a host genetic polymorphism near
the interleukin-28B (IL28B) gene on chromosome 19
that strongly predicts spontaneous and standard of careinduced recovery from infection was identified by four
groups in 2009 and 2010[84-87].
Despite the advent of direct-acting antivirals, it is
likely that PEG-IFNα will remain an integral part to
HCV treatment regimens for the foreseeable future[5].
When used as monotherapy, rapid virological resistance
develops in vivo to the first generation direct-acting antivirals - telaprevir and boceprevir - inhibiting antiviral
response[88]. Moreover, the antiviral activity of these first
generation direct-acting antivirals, the only approved by
the FDA, appears genotype specific[89]. Accordingly, they
are presently recommended for use in genotype 1 chronic
HCV only[5]. Investigations of second generation directacting antivirals are currently under way, so eventually we
very likely will have interferon free-regimens[90,91]. RBV,
however, remains a core component of most of these
regimens.
A controversial issue at present is whether patients,
particularly those with IL-28B non-responder genotypes,
should defer treatment for chronic hepatitis C infection
until new, more effective regimens become available[92].
Considering that the most common interferon-associated
retinopathy seems to be largely benign in most patients, we
do not feel that there is enough evidence for the potential
risk for ophthalmologic complications to significantly impact this discussion as the most common is largely benign
and there is no obvious, established link between interferon and the rarer, more severe adverse events.

Many atypical ophthalmologic adverse events have been
encountered during antiviral therapy for chronic hepatitis
C infection. The most common of these are retinal vein
occlusion (RVO)[21,29,30,32,49-55], and non-arteritic anterior
ischemic optic neuropathy (NAION) [28,49,56-59]. Other
atypical adverse events that have been reported include
ocular myasthenia[60,61], optic neuritis[62], Vogt-KoyanagiHarada disease [49,63-67], ocular sarcoidosis [68,69], ocular
toxocariasis[70], neurovascular glaucoma[71], conjunctival
hemorrhage[20,26,35], macular edema[72-74], oculomotor nerve
palsy[75], trichomegaly[23] and retinal detachment[76].
The mechanisms that cause an atypical adverse event
may be distinct from the ischemic mechanism thought
to be responsible for interferon-associated retinopathy.
For example, there is growing evidence that interferon is
directly toxic to the optic nerve[62,77,78]. Chisholm et al[37]
found high levels of subclinical retinal toxicity, measured
as aberration on multifocal electro-retinogram, in patients
treated with IFNα and ribavirin. The electro-retinogram
changes were not correlated with clinical signs of interferon-associated retinopathy, cotton wool spots an retinal
hemorrhages[37].
Atypical complications of antiviral therapy often
result in dramatic, irreversible vision loss. In an exhaustive review of NAION that occurred during interferon
therapy, half of the 36 documented cases of this complication suffered from permanent visual dysfunction[56].
Similarly, in a recent review of RVO during interferon-α
therapy, only 4 of 14 cases had full recovery of vision[53].
Other atypical complications also lead to long-term visual
impairment. In particular, inflammatory complications of
antiviral therapy, such as Vogt-Koyanagi-Harada disease,
also tend to have poor visual outcomes[49,67]. In the 22
observational studies identified by our literature review
involving 1287 patients treated with antiviral therapy for
chronic hepatitis C infection, 12 (0.93%) patients developed an atypical adverse event. Five (0.39%) of these led
to documented irreversible vision loss and 4 (0.31%) did
not describe final visual outcomes (Tables 1 and 2).
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CONCLUSION
In summary, the most common complication of antiviral

2581

January 28, 2014|First Edition|

O'Day R et al . Ophthalmologic complications of HCV therapy

therapy for chronic hepatitis C infection is interferon-associated retinopathy. This is usually a benign, self-limiting
phenomenon with no lasting impact on visual function.
It occurs in approximately 30% of patients undergoing
standard of care therapy, however, there is significant
variability in its incidence in observational studies. Hypertension and diabetes mellitus appear to be the most
important risk factors for its development. The rarer,
atypical adverse events of antiviral therapy often cause
irreversible vision loss. The most common of these are
RVO and NAION. To date, no definitive pathogenic link
has been proven between antiviral therapy or interferonassociated retinopathy and any of the various atypical adverse events. If such a relationship can be found, screening for interferon-associated retinopathy may be justified
as a means to prevent the development of an atypical
adverse event. Newer direct-acting antivirals are likely to
outpace further study into this area, making interferonfree antiviral therapy likely in the next 5 years.
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Abstract

INTRODUCTION

Hepatocellular carcinoma (HCC) is the most common
malignancy and the third leading cause of cancer death
worldwide. Chronic infection with hepatitis B virus
(HBV) and hepatitis C virus accounts for approximately
75%-80% of HCC cases worldwide. In particular, chronic HBV infection is a predominant risk factor for HCC in
Asia and Africa. Hepatic resection and radiofrequency
ablation are increasingly used for the curative treatment of HCC, and good local control can be achieved.
However, the high rate of recurrence is a major obstacle to improving prognosis. A high viral load of HBV
DNA is the most important correctable risk factor for
recurrence. Furthermore, interferon and/or nucleotide
analogues may decrease HBV DNA. Therefore, these
drugs may decrease recurrence. In this article, treatment strategies for HBV-related HCC are described in
order to reduce recurrence and improve survival.

Hepatic resection or liver transplantation provide a complete curative treatment for hepatocellular carcinoma
(HCC)[1,2]. In addition, regional ablation therapy including
radiofrequency ablation (RFA) is now increasingly used
for the curative treatment of HCC, and good local control can be achieved[3-5]. However, these techniques are
unsatisfactory due to a high post-treatment recurrence
rate[6]. It was reported that up to 70% of patients relapse
within 5 years after curative treatment[7].
This high rate of recurrence is a major obstacle
to improving prognosis. Therefore, antiviral and antiinflammatory therapies both before and after curative
treatment may be crucial in preventing HCC recurrence
and improving survival. Current approved medications
for chronic hepatitis B treatment are interferon-α (IFNα)
and nucleotide analogues (NAs), including lamivudine
(LVD), entecavir (ETV), tenofovir disoproxil fumarate,
adefovir-dipivoxil (ADV), and telbivudine[8]. However,
despite curative treatment of HCC, the 5-year recurrence
rate remains high, at 70%-80%[9]. The mechanisms of
HCC recurrence differ greatly from those of other carcinomas in terms of the high rate of intrahepatic metastases and multicentric carcinogenesis against a background

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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of viral liver disease. Whether antiviral therapy after treatment of HCC can prevent recurrences is thus an important issue. Interferon (IFN) therapy in hepatitis C virus
(HCV)-related HCC has been reported to reduce recurrence rates and contribute to survival, and its significance
in preventing secondary carcinogenesis [10-14] including
improvement of hepatic functional reserve[15] has been
established.
The treatment of hepatitis B virus (HBV)-related
HCC has centered on nucleic acid analogues to reduce
viral load and inactivate hepatitis, however, treatment
with IFN, similar to that in type C hepatitis, has recently
attracted attention. Nucleic acid analogues and IFN may
act together, but therapeutic strategies for preventing
secondary carcinogenesis after treatment of HBV-related
HCC remain unclear. This paper reviews the clinical
evidence regarding treatment from the perspective of
preventing secondary carcinogenesis, including reducing
recurrence rates and improving prognosis after curative
treatment of HBV-related HCC.

pared to those who do not receive such treatment. Kim
et al[22] analyzed the patients excluded from antiviral drug
therapy. After the patients treated with antiviral drugs
were excluded, recurrence-free survival rates in a total of
157 patients with HBV-related HCC who underwent hepatic resection were compared between 89 patients with
a persistently low HBV DNA load and 68 patients with a
persistently high viral load. Recurrence-free survival rates
were better in the persistently low HBV DNA load group
compared to the high level group.

MECHANISM OF ANTIVIRAL DRUGS IN
PREVENTING RECURRENT HCC
NAs preparations
The direct antitumor activity of nucleotide analogues has
not been reported. Lamivudine has no inhibitory effects
on integrated HBV DNA, thus there is no suppressive
effect on de novo carcinogenesis due to HBV gene integration into the host genome[23,24].
Considering that HBV DNA load is related to HCC
recurrence, the prevention of recurrence by antiviral
drugs, rather than direct antitumor effects, is due to a
reduction in HBV DNA load which improves hepatocyte
destruction and regeneration and reduces genetic instability, thus decreasing HCC recurrence rates. Hosaka et al[25]
reported that HBV core-related antigen levels were independent risk factors for HCC recurrence. In addition,
Chuma et al[26] reported that recurrence was significantly
lower in patients who received lamivudine before the development of HCC.
In a retrospective study by Kubo et al[27] of 24 patients
with HBV-related HCC who underwent liver resection,
a difference in recurrence-free survival rates was seen
between 14 patients who received lamivudine and 10 patients who did not. Multivariate analysis also showed that
lack of antiviral therapy and multiple tumors were factors
related to recurrence-free survival rates.
In another retrospective study of 49 patients who
underwent curative treatment for HBV-related HCC (liver
resection, 31 patients; RFA, 18 patients), Kuzuya et al[28]
examined cumulative recurrence rates of HCC in 16 patients who received lamivudine and 33 patients who did
not. There was no significant difference between the two
groups. Although there was no significant difference in
HCC recurrence rates, hepatic functional reserve was improved and survival was better in the lamivudine group.
In the lamivudine group, hepatic functional reserve was
significantly better at the time of HCC recurrence, a higher percentage of patients were able to undergo curative
treatment, and prognosis tended to be better (Table 1).
Other studies[29,30] have reported significantly larger
remnant liver volume and better prognosis after liver
resection in lamivudine-treated groups, and that lamivudine improves liver function and reduces deaths due to
liver failure. Lamivudine after treatment of HCC may
not prevent cancer recurrence, but may contribute to an
improved prognosis by maintaining hepatic functional

ROLE AND MECHANISM OF HBV DNA
LOAD IN RECURRENT HCC
The mechanism of hepatocarcinogenesis by HBV includes direct malignant transformation and other indirect
effects. With regard to direct malignant transformation,
HBV gene integration into the host hepatocyte genome
causes changes in host gene expression and properties,
facilitating hepatocarcinogenesis[16,17].
Hence, as an indirect effect, persistent infection by
HBV leads to hepatocyte destruction and regeneration,
increasing genetic instability[18]. Epidemiological studies
have examined differences in carcinogenesis due to HBV
DNA load[19], however, the mechanisms by which HBV
DNA load causes differences in malignant transformation remain unclear.
HBV DNA load has been shown to play a role in carcinogenesis in patients with type B chronic liver disease,
and more recently, HBV DNA load has also been reported to be involved in recurrence after curative treatment
of HCC.
In a retrospective study of 72 patients with hepatic
resection for HBV-related HCC, Hung et al[20] reported
that patients with a high serum HBV DNA load at the
time of tumor resection showed a significantly higher recurrence rate, compared to patients with a low viral load.
Multivariate analysis showed that a high HBV DNA
load, alpha-fetoprotein level, tumor size, and age were
factors contributing to recurrence. Xia et al[21] reported
that high serum hyaluronic acid and HBV viral load are
the main prognostic factors of local recurrence after
complete radiofrequency ablation of hepatitis B-related
small HCC.
Because HBV DNA load changes with the administration of antiviral drugs, patients with a high viral load
at the time of HCC treatment who receive antiviral drugs
subsequently show differences in HBV DNA load com-
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Table 1 Studies in which Nucleoside analogues were administered after treatment for hepatitis B virus-related hepatocellular
carcinoma
Treated vs Untreated

Treatment

Observation time

HCC Tx

Recurrence

Survival

Kubo et al[27]

14 vs 10

LVD

Ope

NA

Kuzuya et al[28]

16 vs 33

LVD

Ope/RFA

Li et al[29]

43 vs 36

LVD with/without ADV

1117 d
(median)
38.0 mo vs 32.6 mo
(median)
12 mo

Piao et al[30]

30 vs 40

LVD

24 mo

Ope/RFA

NS
(P = 0.622)
NS
(P = 0.077)
NS

Wu et al[31]

518 vs 4051

LVD/ETV/Telbivudine

2.64 yr

Ope

P < 0.001

Tumor-free survival
(P = 0.0086)
NS
(P = 0.623)
Overall survival
(P = 0.0094)
NS
(P = 0.12)
P < 0.001

Authors

Ope

HCC: Hepatocellular carcinoma; LVD: Lamivudine; ETV: Entecavir; ADV: Adefovir-dipivoxil; NS: Not significant; NA: Not analyzed; Tx: Treatment.

Table 2 Studies on the effects of interferon on hepatitis B virus-related hepatocellular carcinoma after treatment
Authors

Someya et al[38]
Lai et al[39]
Lo et al[40]
Sun et al[41]
Chen et al[42]

Treated vs Untreated

Treatment

11 vs 69
35 vs 36
40 vs 40
118 vs 118
106 vs 109

IFNα
IFNα
IFNα
IFNα
IFNα

Observation time

HCC Tx

Recurrence

Survival

16 yr
Ope/RFA
P = 0.013 (High AST group)
NA
30 mo
Inoperable
P = 0.001 (Tumor regression)
P = 0.047
60 mo
Ope (Stage Ⅲ/ⅣA)
P = 0.031
NS (P = 0.311)
36.5 mo (median)
Ope
P = 0.048
P = 0.0003
63.8 mo (median)
Ope
NS (P = 0.766)
NS (P = 0.826)

HCC: Hepatocellular carcinoma; IFN: Interferon; NS: Not significant; NA: Not analyzed; Tx: Treatment.

reserve[28]. Wu et al[31] recently reported that NAs were
important in preventing recurrences after liver resection
(Table 1).
At present, opinion is divided regarding whether administration of NAs after HCC treatment prevents HCC
recurrence[32]. However, NAs may improve prognosis by
improving hepatic functional reserve. NAs treatment was
able to improve survival post-HCC treatment compared
with no NAs therapy[33]. Recently, ETV therapy was found
to be more effective with a rapid reduction in viral load
compared with LVD. ETV is safe and well-tolerated during long-term treatment[34]. Furthermore, ETV has a higher genetic barrier to resistance[35]. ETV treatment might
have potent protective effects against recurrence of HCC.

(Table 2).
Furthermore, RCTs have been conducted to investigate the effects of IFN in preventing recurrences in
patients after treatment for HCC. Lo et al[40] conducted a
RCT in 40 patients with HBV-related HCC after curative
hepatic resection. They compared a group treated with
IFN-α2b 10 MU/m2, three times weekly, for 12 wk and
a non-treated control group. The 1- and 5-year survival
rates in the IFN group were 97% and 79%, respectively,
compared to 85% and 61% in the control group (P =
0.137). Multivariate analysis showed that IFN therapy
may lower the risk of death. In a subgroup analysis, the
5-year survival rate in stage Ⅰ/Ⅱ patients did not differ
between the IFN and control groups, but with IFN therapy in stage Ⅲ/ⅣA patients, early recurrence of HCC
was prevented, and the 5-year survival rate improved
from 24% to 68% (P = 0.038). Sun et al[41] also compared
an IFN group and control group after HCC surgery in a
randomized study. IFN therapy was reported to be useful,
with significant increases both in median overall survival
and median disease-free survival times. However, the results of a recent phase Ⅲ randomized study of IFN-α2b
after curative resection for HBV- and HCV-related HCC
conducted in Taiwan showed no prevention of HBV or
HCV recurrence[42] (Table 2).
Therefore, the effects of IFN therapy after curative
treatment of HCC remain unclear. Pegylated (PEG)IFN has superseded conventional IFN due to a higher
response rate and once weekly administration instead of
daily or three times a week. Recently, it was reported that
high levels of hepatitis B surface antigen (HBsAg) increase HCC development among hepatitis B envelope an-

EFFECTS OF IFN IN PREVENTING
RECURRENCE AFTER CURATIVE
TREATMENT FOR HCC
Basic research has shown that IFN has antiviral effects,
antitumor effects against HCC [36,37], and inhibits the
proliferation of cancer cells. In a retrospective study by
Someya et al[38] evaluating IFN therapy in patients after
curative treatment for HCC who also had HBV-related
cirrhosis, uni- and multivariate analysis showed that IFN
prevented recurrences, especially in the group with high
aspartate transaminase. In addition, in a randomized
controlled trial (RCT) of high-dose IFN in patients with
HCC who could not undergo surgery, the IFN-treated
group showed a significantly higher rate of ≥ 50% tumor size reduction compared to the control group[39]
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tigen (HBeAg)-negative patients with a low viral load[43].
A recent study clearly showed that the rates of HBsAg
clearance after PEG-IFN treatment are substantial and
durable in HBeAg-negative patients. Rates of HBsAg
clearance were shown to increase further during longterm follow-up, with 12% of patients achieving HBsAg
clearance at 5 years post-treatment[44]. Better results are
anticipated in the future using PEG-IFN.

7

8
9

CONCLUSION
Patients with high HBV DNA levels at HCC onset show
significantly higher HCC recurrence rates compared to
patients with low HBV DNA levels. In patients with high
HBV DNA levels, the administration of antiviral drugs
relatively early during treatment is recommended to prevent HCC recurrences. However, to more accurately evaluate the effects of antiviral therapy in preventing HCC
recurrence, large-scale studies in more patients should be
conducted.
Persistent viral suppression by antiviral therapy can
inhibit carcinogenesis. Treatment with PEG-IFN results
in a higher virological therapeutic response compared
with conventional IFN. In addition, ETV, which has become a drug of first choice instead of LVD, has a very
low resistance mutation rate, thus long-term viral suppression is possible. The long-term therapeutic effects
of PEG-IFN and ETV are currently uncertain, but equal
or better efficacy than conventional IFN or lamivudine
for the prevention of carcinogenesis is expected. Future
research should be aimed at clarifying the effects of antiviral therapy in HBV-related HCC.
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Core tip: This review shows the concepts and perspectives of the risk prediction of hepatitis B virus-related
hepatocellular carcinoma. Accurate risk scoring systems to predict hepatocellular carcinoma (HCC) development, derived from independent risk factors integrated in aspects of host, environment, and virus, are
necessary for performing the strategic processes such
as screening/surveillance, diagnosis, and treatment
in high-risk individuals of HCC. Globally standardized
consensus for HCC risk prediction models should be
established on the basis of simplicity, assessability, and
reproducibility of the model characteristics available in
real clinical setting.

Abstract
Hepatocellular carcinoma (HCC) is a grave primary liver
cancer that has a limited therapeutic option because it
is generally diagnosed later in an advanced stage due
to its aggressive biologic behavior. The early detection
of HCC has a great impact on the treatment efficacy
and survival of patients at high risk for cancer. Potential
host, environmental, and virus-related risk factors have
been introduced. Hepatitis B virus (HBV) is a major
cause of end-stage liver diseases such as liver cirrhosis
or HCC in endemic areas, and its serologic or virologic
status is considered an important risk factor. HCC risk
prediction derived from the identification of major risk
factors is necessary for providing adequate screening/
surveillance strategies to high-risk individuals. Several
risk prediction models for HBV-related HCC have been
presented recently with simple, efficient, and readily
available to use parameters applicable to average- or
unknown-risk populations as well as high-risk individuals. Predictive scoring systems of risk estimation to
assess HCC development can provide the way to an
evidence-based clinical approach for cost- and effort-
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most aggressive malignant neoplasms and a leading cause of
cancer-related morbidity and mortality[1]. During the last
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few decades, the incidence rate of HCC has increased
in most developed countries, but its mortality rate has
decreased[2]. Tumor diagnosis at an advanced stage and
accompanying chronic liver diseases, including liver cirrhosis, are major limitations of curative management in
many cases. The accurate selection of high-risk groups
and adequate screening/surveillance programs for HCC
detection at an early stage may provide clinical strategies
capable of overcoming “tumor diagnosis at an advanced
stage”[3]. The early detection of HCC in populations
and individuals at high risk is critical in providing curative treatments and in consequently acquiring a survival
benefit, which has been validated through a randomized
controlled trial of screening for HCC[4].
The hepatitis B virus (HBV) genome consists of
partially double-stranded DNA of approximately 3200
base pairs with four overlapping open reading frames encoding the envelope (S), core (C), polymerase (P), and X
proteins (Figure 1).
Chronic HBV infection is usually characterized by
the presence of hepatitis B surface antigen (HBsAg) in
the serum for at least 6 mo after exposure to the virus.
Patients with chronic HBV infection have a more than
100-fold increased risk of HCC occurrence compared
with uninfected individuals[5]. Therefore, HBV-infected
patients have been considered a high-risk group of HCC
and regarded as candidates for a precise application of
screening/surveillance strategies scheduled by using risk
weight-based stratification. In addition to the possession
of HBsAg itself, the following HBV-associated biomarkers affecting liver disease progression to cirrhosis and
HCC have been suggested: serum titer of HBsAg, hepatitis B e antigen (HBeAg), serum level of HBV DNA,
HBV genotype, and HBV mutations[6]. In recent years,
the evolution of antiviral therapeutics for chronic HBV
infection is a result of the clinical efforts to reduce the
development of HCC.
In this article, we discuss the host, environmental, and
virus-related risk factors associated with the development
of HBV-related HCC and present the risk prediction
systems for the development of HCC based on stratification of scoring estimation derived from independent risk
factors.
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Figure 1 Representative scheme of the hepatitis B virus genome. Hepatitis
B virus (HBV) genome consists of partially double-stranded DNA with four overlapping open reading frames. ORF: Open reading frame; DR: Direct repeat.

women > 50 years old with chronic hepatitis B who have
a family history of HCC and accompanying cirrhosis,
considering different ethnicities[3,7-10]. Liver cirrhosis, irrespective of etiology, is the most important and independent risk factor for the development of HCC, accounting
for 73% to 85% of patients with HCC in HBV-endemic
areas[2]. Among the biochemical risk factors, ALT is the
most readily available in clinical fields, and its serum level
above the upper limit of normal (ULN) is considered
an independent risk factor for HCC even in average-risk
populations without HBsAg, to say nothing of high-risk
subjects seropositive for HBsAg. Subjects in the upper
range (0.5-1 × ULN or approximately 25-40 IU/L) of
the normal limit of serum ALT levels were reported to
be at an increased risk of HCC compared with subjects
in the lower range (< 0.5 × ULN or < 25 IU/L)[11,12]. The
risk factors mentioned previously are simple to measure,
easy to administer, and convenient to apply clinical parameters useful for constructing risk prediction models
of HCC.

RISK FACTORS
Host factors
The following potential host factors for HCC occurrence
in HBV-infected individuals have been suggested based
on demographic, clinical, and epidemiologic investigations: male gender, increasing age, genetic susceptibility
and family history of HCC, obesity, diabetes, coexistent
alcohol consumption or smoking, high serum alanine
aminotransferase (ALT) activity, low serum albumin, low
platelet counts, high serum alpha-fetoprotein level, and
accompanying liver cirrhosis[6]. In relation to these risk
factors, several study groups have strongly recommended
HCC surveillance strategies in men > 40 years old and
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S-

Environmental factors
Environmental risk factors are difficult to define clearly
in clinical settings. Ethnic susceptibility, alcohol consumption, cigarette smoking, co-infection with other viruses, and chemical carcinogens including aflatoxin were
representative of environmental factors. Ethnicity is considered a relative risk factor for HCC. Africans, African
Americans, and Asians are included in populations for
HCC surveillance in HBV-endemic regions[3,7-9]. In these
regions, virus infection mainly occurs through perinatal
transmission vertically or horizontally[13], resulting in sus-

2593

January 28, 2014|First Edition|

Song IH et al . Risk prediction of HBV-related HCC

ceptibility to disease chronicity and relative intractability
to antiviral therapy because of long-standing periods of
infection. Simultaneous co-infections by other viruses
such as hepatitis C virus, hepatitis D virus, and human
immunodeficiency virus may be additional risk factors,
but they have not been established definitely. Aflatoxin
is well known to be a carcinogen capable of developing
HCC. Aflatoxin B1 is a representative genotoxic hepatocarcinogen that induces the transversion of guanine
(G) to thymine (T) in codon 249 of exon 7 of the p53
tumor suppressor gene in human hepatocytes (the socalled stop-codon mutation), resulting in the substitution
of arginine (A) to serine (S). Mutations of ras oncogenes
are also found in aflatoxin B1-induced HCC, but are less
frequent than the p53 mutation[14]. These environmental
factors are not usually involved in constructing risk prediction models of HCC because of the lack of quantitative assessment as independent risk factors.

changing patterns of the serum HBsAg level through
long-term regular monitoring might determine whether
the changes could affect the disease progression in
HBV-infected patients. Besides these virologic factors,
HBeAg/anti-HBe status, HBV genotype, basal core
promoter mutations/precore mutations or mutations relevant to deletions within pre-S region, and co-infection
with other viruses can be considered risk factors for
HCC[25-28]. Among these virologic risk factors, the serum
HBV DNA level and HBeAg status are the most valuable
and available parameters capable of constructing risk
prediction models of HCC. However, the serum HBsAg
level, HBV genotype, and HBV mutations are not readily
available in clinical settings. The measurement of these
factors tends to be required for specific situations such as
academic approaches to antiviral therapy, epidemiologic
investigations, or scientific interest. Therefore, the application of virologic factors for building risk prediction
models of HCC should be granted as evidence-based as
a matter of prudence even if most virologic factors provide important information for HCC risk stratification.

Virologic factors
Virologic risk factors have been considerably investigated
in cases with hepatitis virus-associated HCC. The clinical implications of the serum HBV DNA level for liver
disease progression are recognized in HBV-infected patients. A stepwise increase of the serum HBV DNA level
is associated with a corresponding linear increase in the
cumulative incidence of HCC as well as the progression
of HBV-related liver disease to liver cirrhosis or hepatic
decompensation regardless of the serum ALT activity,
HBeAg status, and presence of cirrhosis[15,16]. Therefore,
the serum HBV DNA level is a major independent virologic risk factor. Furthermore, inactive carriers with
chronic HBV infection, who are seronegative for HBeAg
have serum levels of HBV DNA less than 4 log copies/
mL and serum ALT activity within the normal limit and
do not have chronic hepatitis, cirrhosis, or HCC either
histologically or clinically, are at risk for HCC and liverrelated death compared with individuals not infected with
HBV[17]. Hepatitis B viral load has been reported to be
a risk factor for post-treatment recurrence of HCC[18].
In these backgrounds, antiviral therapy with nucleoside/
nucleotide analogs in patients with HBV-associated liver
disease is a main pivot to control HCC development and
recurrence. In fact, lamivudine therapy has reduced the
incidence of HCC in patients with compensated cirrhosis
when viral suppression was sustained[19]. Recently, the
quantitative assessment of serum HBsAg has been suggested as a new tool for determining HCC development
and for predicting the response to antiviral therapy[20-22].
However, circulating HBsAg in blood, a component
of the HBV envelope proteins, is originated from noninfectious viral particles as well as intact Dane particles
with viral infectivity; the clinical impact of the serum
HBsAg level on HCC development and the antiviral response in patients with chronic HBV infection should be
ascertained prospectively. On the other hand, the serum
level of HBsAg, like the HBV DNA level, may fluctuate
in the natural course of chronic HBV infection[23,24], and
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RISK PREDICTION SYSTEMS
Risk prediction systems capable of estimating the
strength of HCC development are clinically important
for identifying patients at high risk who should participate in a scheduled surveillance program. To construct
readily available prediction systems of HCC, the risk factors for HCC mentioned previously should be independently established through statistical verification. Statistical techniques adopted in the process should be reliable
and reasonable to identify an objective recognition. Next,
selected risk factors should be integrated and organized
under the consideration of demographic and epidemiologic differences of developing HCC, inducing a systematic stratification of scoring estimation derived from
independent risk factors for HCC. Finally, constructed
risk prediction systems should be validated internally or
externally, which makes individualized surveillance strategies possible. Cancer risk weighed-oriented scoring estimation could provide the advantage in aspects of cost- or
effort-effectiveness through a tailored approach to cancer
surveillance.
Several predictive scoring systems for the development of HBV-related HCC have been introduced recently (Table 1). Yuen et al[11] for the first time deduced and
validated the risk score (i.e., the GAG-HCC score) with
sensitivity > 84% and specificity > 76% to predict the 5and 10-year risks for the development of HCC based on
age, gender, HBV DNA levels, core promoter mutations,
and cirrhosis; they concluded that the risk score could be
used to identify high-risk patients with chronic hepatitis B
(CHB) for screening and treating HCC. They emphasized
the significance of this study with a valuable approach
excluding the patients who received any type of established management for CHB capable of affecting the occurrence of HCC. Wong et al[29] included two prospective
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Table 1 Risk prediction models of hepatocellular carcinoma in patients with chronic hepatitis B virus infection
Ref.
Lee et al[32], 2013

Wen et al[12], 2012

No. of participants/
validation

Parameters of HCC
prediction

Risk weights for parameters

Range of
weights

Year of risk
prediction

2227/1113

Age
Sex
ALT
Family Hx of HCC
HBeAg/HBV DNA/
HBsAg/Genotype
Age
Sex
Smoking
Alcohol
Physical activity
DM
ALT
AST

[0-6]
[0-2]
[0-2]
[0-2]
[0-7]

0-19

5, 10 and 15

M1, 2, 3, 4: [0-6]
M1, 2: [0-2], M3, 4: [0-1]
M1, 3, 4: [0-1]
M1, 3, 4: [0-1]
M1, 3, 4: [-1-0]
M1: [0-2], M3, 4: [0-1]
M2: [0-2], M3, 4: [0-1]
M2: [0-13], M3: [0-12],
M4: [0-7]
M4: [0-4]
M4: [0-8]
[0-6]
[0-2]
[0-2]
[0-2]
[0-5]
M1, 2, 3: [0-6]
M1, 2, 3: [0-2]
M1: [0-1], M2, 3: [0-2]
M1: [0-3], M2: [0-2], M3: [0-1]
M1, 2, 3: [0-2]
M1: [0-3]
M2: [0-6]
M3: [0-7]

M1: -1-12

5 and 10

[0-3]
[0-20]
[0-1.5]
[0-4]
[0-15]
With core promoter mutations
Age (in years) + 16 sex (male = 1; female = 0) +
3 HBV DNA levels (Log copies/mL) + 19 core
promoter mutations (mutant = 1; wild-type = 0)
+ 30 cirrhosis (presence = 1; absence = 0)
Without core promoter mutations
Age (in years) + 14 sex (male = 1; female = 0) + 3
HBV DNA levels (Log copies/mL) + 33 cirrhosis
(presence = 1; absence = 0)

0-43.5

5 and 10

-

5 and 10

1

298051

Yang et al[30], 2011

3584/1505

Yang et al[31], 2010

2435/1218

Wong et al[29], 2010

Yuen et al[11], 2009

1005/424

2

820

HBV
AFP
Age
Sex
ALT
HBeAg
HBV DNA
Age
Sex
Alcohol
ALT
Family Hx of HCC
HBeAg
HBeAg/HBV DNA
HBeAg/HBV DNA/
Genotype
Age
Alb
Bil
HBV DNA
Cirrhosis
Age
Sex
HBV DNA
Core promoter mutations
Cirrhosis

M2: 0-23
M3: -1-23
M4: -1-30

0-17

3, 5 and 10

M1: 0-17

5 and 10

M2: 0-20
M3: 0-20

1

The number of participants in a subcohort without hepatitis C virus test results was 298051, with being randomly and equally split into a training set and
a validation set. 2The risk score was assessed by the leave-one-out cross-validation. HCC: Hepatocellular carcinoma; ALT: Alanine aminotransferase; AST:
Aspartate aminotransferase; HBeAg: Hepatitis B e antigen; HBV: Hepatitis B virus; HBsAg: Hepatitis B surface antigen; DM: Diabetes mellitus; AFP: Alfa
fetoprotein; Bil: Bilirubin; Alb: Albumin; M: model.

cohorts in their study: a training cohort (1005 patients)
and a validation cohort (424 patients). A predictive scoring system ranging from 0 to 43.5 was constructed by using five independent risk factors: age, albumin, bilirubin,
HBV DNA, and cirrhosis. They concluded that the classification of HCC risk to low-, medium-, and high-risk
groups based on this scoring system was accurate in predicting HCC development. They insisted that the score
was derived from clinical parameters routinely measurable in large prospective cohorts for a long-term period,
and the validation was established with high accuracy in
another sizable cohort. Yang et al[30] enrolled 3584 pa-
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tients from the Risk Evaluation of Viral Load Elevation
and Associated Liver Disease/Cancer-Hepatitis B Virus
(REVEAL-HBV) study cohort as a development cohort
of risk estimation. Male gender, older age, elevated serum
ALT activity, HBeAg positive, and higher serum HBV
DNA titer were identified as independent risk factors for
HCC; a 17-point risk score from these risk factors was
developed. They interpreted that this simple-to-use risk
score based on noninvasive clinical variables could accurately predict the risk of HCC in patients with chronic
hepatitis B. They also depicted easy-to-use nomograms
to accurately predict the risk of HCC in CHB patients,
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facilitating risk communication between clinicians and
patients [31]. This Risk Estimation for Hepatocellular
Carcinoma in Chronic Hepatitis B study suggested that
clinicians could make evidence-based decisions about
clinical management. Wen et al[12] developed five simple
risk prediction models with one-by-one escalating manner based on clinically available data from a prospective
cohort of 428 584 general subjects. Age, sex, health history, HBV and hepatitis C virus (HCV) status, and serum
ALT, aspartate aminotransferase, and alpha-fetoprotein
levels were determined to be statistically significant independent predictors of HCC risk. They concluded that
prediction models using transaminase data were best
able to predict HCC risk even among subjects with unknown or HBV- or HCV-negative infection status. The
significance of this study is that setting up a simple, easyto-administer risk prediction model applicable even in
low-risk, average-risk, or unknown-risk subjects as well
as a high-risk population was attained. Lee et al[32] most
recently developed risk prediction models of HCC by
integrating host and HBV profiles after identifying independent risk factors such as older age, male, HBeAg,
HBV genotype C, and increasing levels of ALT, HBV
DNA, and HBsAg associated with an increased risk of
HCC. They concluded that the categorization into low,
medium, and high HCC risk could enable physicians to
estimate the 5-, 10-, and 15-year risk of HCC with excellent accuracy and discriminatory ability. Two points are
noteworthy in this study. One was the introduction of
the quantitative serum HBsAg level in the analytic process to derive HCC risk models. The serum HBsAg level
was determined to be an independent risk factor of HCC
development as well as a response assessment to antiviral
therapy. The other was the construction of a prediction
model of cirrhosis risk, which was not developed before
in patients with chronic HBV infection. Because cirrhosis
is a precancerous lesion, the development of a cirrhosis
risk prediction model has a valuable impact on the selection of candidates for a scheduled surveillance program
according to the risk stratification of HCC.
In summary, accurate prediction models of HCC development constructed from readily available clinical and
laboratory variables are necessary for performing strategic processes such as screening/surveillance, diagnosis,
and treatment in high-risk patients of HCC. A globally
standardized consensus for cancer risk prediction models
should be established based on simplicity, assessability,
and reproducibility of the model characteristics available
in real clinical settings. Hereafter, generalized authorization of risk prediction models needs to be confirmed by
using internal and external validation with a prospective
manner in different populations of regions with epidemiologic versatility of HCC.
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Exploitation of host clock gene machinery by hepatitis
viruses B and C
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and the metabolic syndrome. Viruses triggering hepatitis depend tightly on the host cell synthesis machinery for their own replication, survival and spreading.
Recent evidences support a link between the circadian
clock circuitry and viruses’ biological cycle within host
cells. Currently, in vitro models for chronobiological
studies of cells infected with viruses need to be implemented. The establishment of such in vitro models
would be helpful to better understand the link between
the clock gene machinery and viral replication/viral
persistence in order to develop specifically targeted
therapeutic regimens. Here we review the recent literature dealing with the interplay between hepatitis B
and C viruses and clock genes.

Manlio Vinciguerra, Institute for Liver and Digestive Health,
Division of Medicine, University College London (UCL), London SW7 2AZ, United Kingdom
Manlio Vinciguerra, Angelo Andriulli, Valerio Pazienza, Gastroenterology Unit, IRCCS “Casa Sollievo della Sofferenza”
Hospital, 71013 San Giovanni Rotondo (FG), Italy
Gianluigi Mazzoccoli, Department of Medical Sciences, Division of Internal Medicine, IRCCS Scientific Institute and Regional General Hospital “Casa Sollievo della Sofferenza”, 71013
San Giovanni Rotondo (FG), Italy
Claudia Piccoli, Department of Clinical and Experimental Medicine, University of Foggia, 71100 Foggia, Italy
Claudia Piccoli, Tiziana Tataranni, Laboratory of Pre-Clinical
and Translational Research, IRCCS, Centro di Riferimento
Oncologico della Basilicata (CROB), 85028 Rionero in Vulture
(PZ), Italy
Author contributions: Pazienza V conceived, designed and
wrote the manuscript; Vinciguerra M drafted the manuscript;
Mazzoccoli G, Piccoli C, Tataranni T and Andriulli A helped in
drafting the manuscript.
Supported by RC1303GA49 and Italian Ministry of Health (Pazienza V); MV and VP are supported by Bando GR-2010-2311017 and
by the “5x1000” voluntary contributions to IRCCS “Casa Sollievo
della Sofferenza” Hospital (Vinciguerra M and Pazienza V); and
the Associazione Italiana per la Ricerca sul Cancro (AIRC) program MyFAG (Vinciguerra M)
Correspondence to: Dr. Valerio Pazienza, Gastroenterology
Unit, IRCCS “Casa Sollievo della Sofferenza” Hospital, Viale
Cappuccini 1, 71013 San Giovanni Rotondo (FG),
Italy. pazienza_valerio@yahoo.it
Telephone: +39-88-2416281 Fax: +39-88-2416271
Received: August 28, 2013   Revised: October 30, 2013
Accepted: November 18, 2013
Published: January 28, 2014

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatitis C virus; Hepatitis B virus; Antihepatitis therapy; Clock genes; Chronobiology
Core tip: New antiviral strategies have been developed,
including the interferon/ribavirin-free therapy, to control hepatitis viruses replication. Although, IFN-free
regimens have generated excitement among scientists,
for the reason that they are better tolerated, they are
not still able to completely eradicate the viruses. Here
we underline the circadian relationship between host
cell and hosted hepatitis viruses, that has to be taken
into account in order to optimize the timing of therapeutic regimens, not only to minimize the pharmacological agents’ toxicity but also to improve the efficacy
of treatment modalities through optimized timing of
therapeutic regimens, targeting in a better way virus
replication.

Abstract
Many aspects of cellular physiology display circadian
(approximately 24-h) rhythms. Dysfunction of the circadian clock molecular circuitry is associated with human health derangements, including neurodegeneration, increased risk of cancer, cardiovascular diseases
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and viral expression/replication is an intriguing area for
future study and it has implications for multiple human
diseases. The study of new causes which are able to
influence the clock genes expression are under investigation as disruption of biological clocks is implicated in a
variety of disorders including fatty liver disease, obesity
and diabetes[21,22]. Exciting data reported the influence of
hepatitis B and C viruses on the hepatic clock genes[18,19],
demonstrating for the first time that these viruses are
able to impair the inner molecular clockwork, presumably to better exploit the host-cell replication machinery.
Hepatotropic viruses impair also liver functions, and this
effect may be a cause or a consequence of the disruption of the inner cellular biological clock. At the present,
the relationship between hepatitis viruses expression/
replication and the circadian clock is poorly understood.
Here we review the scientific reports addressing the interaction between hepatitis B and C viruses and the molecular clockwork.

http://dx.doi.org/10.3748/wjg.v19.i47.8902

INTRODUCTION
Viruses are among the most important human carcinogens[1]. Numerous mechanisms have been described to be
dysregulated by viruses, always focusing on the impairment of the most well known tumor suppressors and/or
oncogene proteins and their signaling pathways[2,3].
It has been already established that alteration of the
circadian clock molecular circuitry is involved in carcinogenesis. Circadian defects have also been associated
with liver diseases, including hepatocellular carcinoma
(HCC)[4,5], a condition in which viruses play a role in disease pathogenesis and progression.
Specifically, basic cell functions and processes, such
as cell division, proliferation, growth, differentiation,
autophagy, apoptosis and metabolism, show time-related
fluctuations, and when the period of oscillation is about
24 h the rhythmicity is defined as circadian[6-10]. At the
cellular level, circadian rhythmicity is driven by a molecular clockwork comprised of a translational-transcriptional feedback loop realized by a set of genes, called core
clock genes, coding for proteins that in turn suppress
gene expression in a cycle that completes itself each
day. Clock genes are transcriptionally activated by the
transcription factors circadian locomotor output cycle
kaput (CLOCK) and aryl hydrocarbon receptor nuclear
translocator-like (ARNTL). The latter two protein heterodimerize and bind to the E-box enhancer elements
in the promoters of the Period (Per 1, 2 and 3) and
Cryptochrome (Cry 1 and 2) genes. The Per and Cry
mRNAs are translated into PER and CRY proteins that
form a repression complex, which in turn translocates
back into the nucleus, interacts directly with CLOCK
and ARNTL blocking their activity[4,11-13].
Among the processes regulated by the clock gene
machinery are pathways of cell metabolism and vesicle
trafficking, suggesting the potential role for the circadian
clock circuitry in the regulation of viral expression/replication[14]. A relationship between circadian dysfunction
and tumorigenesis has also been found at both the cellular and the organismal levels, indicating that the circadian
clock may impact on the development of cancer[15-17],
a disease also influenced by viruses. Recently, scientific
evidences support a functional connection between viral
expression/replication and circadian dysfunction in the
pathogenesis of liver diseases[14,18-20]. However, whether
the circadian clock directly regulates viral cell cycle in
mammalian cells, or whether viruses may play a role in
the cycling of mammalian cell clocks is not yet totally
clear.
The implication of viral expression/replication and
circadian dysfunction in the pathogenesis of liver diseases
suggests that a functional connection between these two
processes may exist as it has been already showed[14,18-20].
Nevertheless, the relationship between circadian cycles
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LIVER AND CLOCK GENES
The liver plays an important role in maintaining energy
homeostasis within the organism. The major biochemical reactions occurring within the liver are involved in
glucose breakdown/genesis, which is strictly linked to
fatty acid metabolism (biosynthesis/beta oxidation). All
these biochemical reactions and the metabolic networks
must be finely coordinated in order to avoid unnecessary interference between the pathways[21]. To this end,
reactions are separated locally and temporally. Hepatic
metabolic functions show rhythmic fluctuations with
24-h periodicity [23], driven by molecular clockworks
ticking through translational-transcriptional feedback
loops and operated by a set of genes, called clock genes,
encoding circadian proteins[4]. In the absence of environmental cues, specifically light:dark cycle, it has been
demonstrated that rhythmic food intake influences the
hepatic circadian oscillator[23,24]. Hence, the clock genes
oscillations are not phase locked but are flexible to enable adjustment to the changing environments[23].
In the liver, gene expression profiling has shown that
transcriptional processes display approximately 24-h
rhythmicity and have a crucial role in metabolic processes. Energy and nutrient homeostasis at both cellular
and organismal levels is guaranteed by nearly constant
adjustments of metabolic gene expression, and the
transcriptional networks that regulate glucose and lipid
metabolism are sensitive to nutritional status, responding to diverse physiological signals[25]. The fractions of
cyclic transcripts depending on systemic signals and local
oscillators amount to approximately 14% and 86%, respectively. The systemically regulated liver genes include
immediate early genes (IEG), which convey rhythmic
signals to core clock genes of hepatocyte oscillators and
thus are involved in the synchronization of liver clocks,
and tissue specific output genes, directly participating
in rhythmic liver physiology and metabolism. The IEG
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class contains several heat shock protein genes, known to
be regulated by heat shock transcription factor 1 (HSF1)
and target genes of serum response factor 1 (SRF1), and
these immediate early transcription factors (IETFs) act
as sensors of blood-borne signals, driving the synchronization of circadian clocks[26]. Metabolite sensing is linked
to transcriptional responses in hepatocytes by nuclear
receptors through switching between co-activator and
co-repressor recruitment[27]. Nuclear hormone receptors comprise a unique class of transcriptional regulators that are capable of sensing the concentrations of
metabolites, including lipids, oxysterols, heme, and bile
acids[28]. An important role in the control of glucose,
lipid, and mitochondrial oxidative metabolism is played
by the expression of co-regulators, in particular the PGC1α, which is highly responsive to nutritional status and
other physiological signals[29]. The cross-talk between
circadian rhythms and metabolism is operated also by
the peroxisome proliferator-activated receptors (PPAR),
in particular α and γ[30]. Both factors are already known
to be dysregulated by hepatitis B and C viruses. PPARα
regulates transcription of genes involved in lipid and
glucose metabolism upon binding of endogenous free
fatty acids[31]. PPARγ binds eicosanoids deriving from
either omega-3 (ω-3) or omega-6 (ω-6) fatty acids and
their oxidized counterparts, is rhythmically expressed,
its expression is regulated by PER2 and in turn directly
regulates ARNTL transcription[32]. The clock gene machinery drives the expression of a large array of enzymes involved in lipid metabolism, controls lipogenesis
and regulates triglyceride packaging into chylomicrons
(globules that transport dietary lipids) at the level of the
intestine, whereas in the liver, clock disruption triggers
lipid accumulation[33-35]. In liver ARNTL and CLOCK
control gene expression of enzymes involved in glucose
and lipid homeostasis, as well as in bile acid and apolipoprotein biosynthesis[36]. Diurnal oscillation characterizes
a number of proteins involved in lipid metabolism [such
as hepatic cytochrome P450 cholesterol 7 α-hydroxylase,
3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA)
reductase, or apolipoprotein AIV] show in both humans
and rodents. REV-ERB α links the clock with the master
pathway of hepatic lipid metabolism, is involved in bile
acid synthesis and sterol regulatory element-binding protein (SREBP) signaling and SREBPs control both fatty
acid and sterol biosynthesis through modulation of ratelimiting enzymes in these pathways[35]. Diurnal variations
hallmark also glucose metabolism, and the rate-limiting
enzymes for gluconeogenesis, glycolysis, glycogenesis
and glycogenolysis show circadian variations of activity,
determining the circadian rhythmicity of hepatic glucose
production and glycogen content. The biological clock
drives the circadian regulation of hepatic gluconeogenesis by CRY 1 and CRY2 via inhibition of cAMP signaling in response to G protein coupled receptor (GPCR)
activation[37], and controls hepatic glycogen synthesis
through transcriptional activation of glycogen synthase
(GYS2) by CLOCK[38], and the disruption or mutation
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of the clock genes CLOCK and ARNTL results in disorders of glucose homeostasis[39,40].

HEPATITIS B VIRUS AND CLOCK GENES
Hepatitis B virus (HBV) belongs to the Hepadnaviridae
family, which causes persistent liver infections[41]. With
more than 2 billion people being infected worldwide
and 400 million suffering from chronic hepatitis B, HBV
infection is one of the most significant public health
problems. Despite the advance of modern medicine in
the development of new antiviral drugs, HBV infection
remains a leading cause of liver cirrhosis and cancer[3].
HBV genome is a partial double-stranded DNA that
replicates through the reverse transcription of pregenomic RNA[42]. The analysis of the entire sequence of
HBV-DNA, constituted by a circular incomplete doublestrand DNA molecule, of 3182 bp in length[43], reveals
four Open Reading Frames (ORFs), overlapping each
other, necessary for transcription and expression of
HBV proteins. These ORF are named: ORF S, ORF C,
ORF P and ORF X[44] and they encode for four proteins
with specific structure and function[45]. HBV biology
and life cycle were already described[46]. The X protein
(encoded by ORF X), remains partially explored and its
function needs to be established[47]. Cultured hepatocytes
overexpressing the X-gene, reveal a crucial role of the
X protein in trans-activating viral and cellular genes[48].
Moreover, some authors associated HBx protein with
HCC due to its property of impairing cellular proliferation[49], although the X protein cannot induce infection
by itself.
One study reported the ability of the HBx protein
in modulating the clock genes in LO2 cells[19]. Cultured
LO2 cells stably overexpressing the HBx protein displayed higher mRNA and protein levels of the CLOCK
gene whilst ARNTL resulted to be decreased as compared to control cells. The authors suggest that the impairment of circadian rhythm of liver cells due to HBx
expression may be one of the reasons leading to liver
cancer development. It remains to elucidate how HBV
impairs the clock gene machinery and to confirm the
effect on liver cancer progression due to impairment of
the cellular molecular clockwork by HBx.

HEPATITIS C VIRUS AND CLOCK GENES
Hepatitis C virus (HCV) is a hepatotropic virus belonging to the Flavivirus family. It is estimated that 170 million people worldwide are infected with HCV[50]. In the
majorities of the cases, HCV infection leads to severe
liver diseases and is considered one of the major risk
factors for HCC development[51].
HCV genome consists in a positive-stranded RNA of
approximately 9.6 kb, coding for a single polyprotein of
about 3000 amino acids, processed co- and post-translationally by cellular and viral proteases cleaving it into three
structural (core, E1 and E2), seven nonstructural (NS2,
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NS3, NS4A, NS4B NS5A and NS5B) mature proteins
and an ion channel (p7)[52]. Despite the small sequence
divergences HCV is classified into six major genotypes
(further divided into different subtypes)[50]. Overwhelming lines of evidence have indicated that the pathogenicity of HCV and its effect on disease progression and
treatment is genotype dependent[50].
We used two different in vitro models to investigate the
relationship between HCV and clock genes, the OR6 cells
harboring HCV replication and the Huh-7 cells expressing the HCV core proteins of genotype 1b or 3a. In both
cases it was found that HCV down-regulated the expression of two crucial clock proteins CRY2 and PER2.
CRY2 protein is involved in NF-κB activation and
pro-inflammatory processes[53], (see next section for discussion), while the role of PER2 on HCV replication is
particularly interesting, as this circadian protein regulates
the rhythms of IFNγ signaling, critical for innate and
adaptive immunity against infection[54,55]. Exogenous overexpression of PER2 protein in OR6 cells hampered HCVRNA replication, and consistently, PER2 overexpression
influenced the HCV-dependent altered expression of
Interferon stimulated genes (ISG) products (OAS1, Mx1,
IRF9). PER2 potentiated the expression of OAS1 which
activates RNase L resulting in viral RNA degradation and
inhibition of viral replication[56].
Of note, when experiments were performed, cells were
synchronized using serum shock procedure, a method
previously reported to induce circadian gene expression in
mammalian cultured cells[57], before RNA extractions at
regular time points over 28 h period. This approach allows
assessing differences in the time-related fluctuation of expression.

a period of 24 h. In particular, the levels of leukocyte
populations in the blood of humans and rodents are
characterized by circadian variations. Natural killer (NK)
cells are critical for immune surveillance against viral
infections and their function is under tight circadian
control. NK cells bear no antigen receptor and therefore belong to the innate immune system, however they
share several features with highly differentiated T lymphocytes, such as a high tissue migratory potential and
the production of granzyme B and perforin, interferon
(IFN)-γ, tumor necrosis factor (TNF)-α, and granular
macrophage cell stimulating factor, allowing immediate
cytotoxic effector defense in the periphery[61]. Circadian
expression of negative and positive components of
the molecular clock, as well as cytokines and cytolytic
factors, are evident in NK cells, and perturbations of
daily rhythms caused by external and internal stressors
may compromise the first line of defense against infections[61,62]. In NK cells, expression of cytokines (IFN-γ
and TNF-α) and cytolytic factors (granzyme B and perforin) are highly synchronized, peaking approximately
during the middle of the active period in rats, and NK
cell cytotoxic activity peaks at similar circadian phases.
Similarly, NK cytotoxicity is maximal during periods of
wakefulness in humans[60]. The clock genes drive circadian rhythmicity of NK cell function. Alterations of the
molecular clockwork modify the harmonized expression
of NK cell cytolytic factors. In particular, knock-down
of Per2 or Arntl in rat-derived RNK16 NK cells changes in a diverse way the expression of genes encoding
IFN-γ, TNF-α, granzyme B, and perforin[54]. Furthermore, knock-down of Per2 or Arntl changes protein levels of granzyme B and perforin, but not of IFN-γ and
TNF-α[63,64]. In addition, distorted rhythms of granzyme
B and perforin as well as altered rhythm and low levels
of IFN-γ, together with changes in the rhythm of Arntl
and Per2, were evidenced in Per2 mutant mice[62].
In the human blood, higher counts of total lymphocytes, T lymphocytes and B lymphocytes have been
consistently observed in the night time, and when T
lymphocyte subsets are considered, CD4+ (T helper)
and CD8+ (cytotoxic) naive, central memory and effector memory T lymphocytes show peak numbers in the
night, while CD4+ effector T cells show no rhythm and
CD8+ effector T cells show a low amplitude rhythm with
a peak in the day[65,66]. T and B lymphocytes are involved
in the adaptive (i.e., antigen-specific) immune response,
whereas granulocytes, monocytes and NK cells mainly
belong to the innate (i.e., not antigen-specific) immune
system. In rodents higher numbers of total leukocytes
and of lymphocytes were reported in the day, while in
humans higher levels in the counts of innate immune
system cells were reported in the daytime or late day[67].
Hence, both nocturnal rodents and diurnal humans
show higher lymphocyte counts during the rest period,
and peaks of other cell types (granulocytes, neutrophils,
monocytes) were found in the day in rats, while highest
NK cell numbers were observed at the end of the night,

CROSS-TALK BETWEEN THE BIOLOGICAL
CLOCK, HEPATITIS VIRUSES AND
IMMUNITY
Hepatic injury in HCV infection is not only directly induced by viral cytopathic effects, but is principally related
to host immune responses. Viral persistence is influenced
by dynamic restriction of the host’s immune response,
and the strength of immune response determines resultant acute viral clearance opposed to chronic persistence,
leading to pathogenic mechanisms potentially responsible for HCC onset and progression during chronic hepatitis virus infection. Chronic immune-mediated liver cell
injury triggers the development of HCC in the absence
of viral transactivation, insertional mutagenesis, and
genotoxic chemicals[58]. Circadian patterns of immune
function have been maintained throughout evolution, are
driven by the clock gene machinery, and the magnitude
of immune response depends in part on the circadian
timing of antigen challenge[59,60]. Alterations in the circadian regulation of the immune system may therefore
lead to viral persistence or reactivation. The components
of the immune system show time related variations with
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Figure 1 Scheme rendering the interplay between the circadian clock circuitry, the immune system and the alterations induced by hepatitis C virus on the
clock gene machinery and downstream signaling pathways. SCN: Suprachiasmatic nuclei.

i.e., at the beginning of the activity period.
Cellular immune rhythms are synchronized by the
mammalian central pacemaker located in the suprachiasmatic nuclei (SCN) in the anterior hypothalamus via
time dependent changes in the activity of the sympathetic nervous system (SNS), in the release of hormones
(growth hormone, prolactin, melatonin, cortisol) and in
behavior that is linked to the sleep-wake cycle[65,68,69]. The
rest period is characterized by peak levels of pro-inflammatory hormones like growth hormone, prolactin (and
melatonin in humans) and pro-inflammatory cytokines
like interleukin (IL)-1 and TNF-α. Besides, T helper (h)
1 and Th2 responses are likewise highest during sleep[70].
During the active period the hypothalamus-pituitaryadrenal axis becomes activated and cortisol suppresses
pro-inflammatory cytokine production, CD4 + T cell
numbers and allergic reactions[71]. Disruption of this
temporal organization of the immune system can lead to
immunodeficiency and/or exceeding immune reactions
(e.g., low grade systemic inflammation).
Oscillation across the day was observed also for the
levels of cytokines and other effector molecules, in particular serum levels and in vitro production of IFN-γ, tumor necrosis factor TNF-α, IL-1, IL-2, IL-6 and IL-12
were all shown to present a rhythm in humans, with a
peak generally observed at night or in the early morning [60]. Immune rhythms are influenced by hormone
rhythms (e.g., cortisol, melatonin, norepinephrine), and
in humans the rhythms of naive, central memory, and
effector memory T cell counts are regulated by cortisol, whereas numbers of CD8+ effector T cells follow
changes in endogenous epinephrine[65,72-74].
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The presence of biological clocks in immune cells and
lymphoid organs drives rhythms in the functions of cells
within the immune system, but on the other hand immune
responses and mediators influence behavioral and molecular circadian rhythms[54,62]. Whether circadian disruption of
cellular-mediated immunity or neuroendocrine-immune
interaction lead to viral reactivation is unclear.
The cross-talk between the clock and innate immune
functions is mediated among other circadian factors
by CRY2, which transcriptionally regulates STAT3 and
hampers activation of NF-κB signaling by negatively
regulating the cAMP-PKA pathway[53]. Interestingly, we
reported a severe down-regulation of CRY2 in OR6 cells
replicating HCV genotype 1b[18], which could induce increase of cytokine production related to NF-κB signaling
pathway[53]. This mechanism could enhance the effects deriving from direct activation of NF-κB by the HCV core
protein, which may bind to the death domain of tumor
necrosis factor receptor 1 (TNFR1) and to the cytoplasmic tail of lymphotoxin-beta receptor, with resistance to
TNF-α-induced apoptosis, suggesting a mechanism by
which HCV may evade the host’s immune surveillance
leading to viral persistence and possibly to hepatocarcinogenesis[75]. On the other hand, HCV infection, and in
particular core nonstructural protein (NS)4B and NS5B,
reduce TNF-α-induced phosphorylation of IκB kinase
(IKK, α, β and γ) and inhibitor of NF-κB (IκB), which
are upstream regulators of NF-κB activation. HCV plays
a role in immune-mediated liver injury in HCV infection also inhibiting nuclear translocation of NF-κB and
expression of NF-κB-dependent anti-apoptotic proteins,
such as B-cell lymphoma-extra large (Bcl-xL), X-linked
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inhibitor of apoptosis protein (XIAP), and the long form
of cellular-FLICE inhibitory protein (c-FLIP)[76]. Furthermore, a crucial host factor for HCV is represented by
IKK-α (Figure 1). HCV interacts with DEAD box polypeptide 3, X-linked (DDX3X) through its 3’ untranslated
region, and activates IKK-α, which translocates to the
nucleus and induces a CBP/p300-mediated transcriptional
program involving sterol regulatory element-binding proteins (SREBPs). HCV infection in this way utilizes a NFκB-independent and the kinase-mediated nuclear function
of IKK-α: making use of this intrinsic innate pathway
and taking control of lipogenic genes and lipid metabolism, enhances core-associated lipid droplet formation to
facilitate viral assembly, which in turn may contribute to
high chronicity rates and the pathological hallmark of steatosis in HCV infection[77].
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CONCLUSION
Up to date only few studies reported the influence of
viruses on the clock gene machinery. Further studies are
required to investigate the relationship between viruses
and the clock genes as they could lead to new therapeutic strategies for future treatment options. Performing
cell synchronization may be useful to observe in vitro
differences in time related patterns of expression [18].
Consequently, we recommend a better set-up of the experiments and cell synchronization before investigating
the biological clock at the molecular level, considering
that single cells in culture are asynchronous and this may
conditionate the results.
As for the new therapeutic strategies that can be developed based on the circadian regulation of viral replication,
circadian rhythm-based treatments (i.e., chronotherapies),
have been employed against several different pathological conditions[78,79]. Standard therapy for HCV patients
involves administration of IFN-α and ribavirin (a nucleoside analogue)[50,56]. Recently, an interferon/ribavirin-free
therapy based on newly identified and efficacious protease
inhibitors (telaprevir, boceprevir) promisingly entered into
the clinic to treat HCV patients[80]. In light of these findings, if the new strategies to inhibit viral replication take
in consideration the circadian relationship between host
cell and hosted viruses, this could not only minimize the
pharmacological agents’ toxicity but can also improve
the efficacy of treatment modalities through optimized
timing of therapeutic regimens, targeting in a better way
virus replication. As already suggested, administration
of nucleoside analogues to inhibit viral DNA replication
can be matched to parallel the diurnal peaks[14] considering the circadian pattern of host cell proliferation and
differentiation.
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Core tip: Mixed cryoglobulinemia (MC) is the extrahepatic manifestation most strictly correlated with hepatitis C virus (HCV) infection; it is a benign autoimmune/
lymphoproliferative disorder that evolves to lymphoma
in 5%-10% of cases. MC pathogenesis is still poorly
understood. Several studies have tried to clarify the
pathogenetic basis of MC and have suggested that HCV
can trigger such a disorder only in the presence of stillundetermined genetic factors. Here, we attempt to
clarify the relationship between HCV-related MC and
the host’s genetic background. The data that we report
are heterogeneous and sometimes conflicting, so large,
multicenter studies are clearly needed.

Abstract
Mixed cryoglobulinemia (MC) is the extrahepatic manifestation most strictly correlated with hepatitis C virus
(HCV) infection; it is a benign autoimmune and lymphoproliferative disorder that evolves to lymphoma in
5%-10% of cases. MC is reputed to be a multistep and
multifactorial process whose pathogenicity is still poorly
understood. It is still unknown why only some chronically infected HCV patients develop MC and only some
of these exhibit systemic symptoms (MC syndrome).
Several studies have investigated the pathogenetic basis of MC and the most recent ones suggest that the
virus is able to trigger such a disorder only in the presence of genetic factors that are still unknown. Here, we
try to clarify the complex relationship between HCVrelated MC and the host’s genetic background. The
data that we report are heterogeneous and sometimes
even conflicting. Therefore, large, multicenter studies
are clearly needed. The identification of a characteristic
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INTRODUCTION
Mixed cryoglobulinemia (MC) is the extrahepatic manifestation most strictly correlated with hepatitis C virus
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(HCV) infection[1], as well as being an autoimmune and
B cell lymphoproliferative disorder that evolves to lymphoma in 5%-10% of patients. Defined as a systemic
vasculitis, MC is caused by intravascular immune complexes named cryoglobulins (CGs). The term “mixed” refers to the simultaneous involvement of immunoglobulin
G (IgG) and IgM in generating the CGs that can include
partially monoclonal (type Ⅱ MC) or totally polyclonal
(type Ⅲ MC) immunoglobulins. The IgM has rheumatoid
factor activity and is produced by clonally expanded autoreactive B cells[2-5].
The pathogenesis of MC is still poorly understood,
although it is certain that several subsequent events contribute to disease onset, when they occur in a favorable
host genetic substrate[1,6-8]. The reasons why only some
chronically infected HCV patients develop MC and why
only some of these exhibit systemic symptoms, the socalled MC syndrome (MCS), are unknown. One of the
most obvious explanations, the genetic factor, has only
recently been seriously contemplated, when the impact
of this disease on chronic HCV infection and its role in
predisposing to lymphoid malignancies has been recognized. Since then, several studies have tried to clarify the
complex pathogenesis of MC and the most recent have
focused on genetics.
Together with genetic predisposition, epigenetic factors such as the expression of specific miRNAs can be a
major contribution to the pathogenesis of HCV-related
lymphoproliferative disorders[9]. In particular, miR-26b
is downregulated in peripheral blood mononuclear cells
from HCV-related MC but totally restored after complete
virological and clinical response to anti-HCV therapy[10,11].
However, this review focuses on the numerous attempts
to define the specific genetic background predisposing to
development of MC.
We try to clarify this topic by reporting all the attempts to define the genetic basis of HCV-related MC,
starting from studies that failed to attribute a direct role
in triggering this condition to viral factors, and ending
with studies proposing an association between some particular host genetic variants and the development of MC.
Other studies have shown a relationship between chronic
HCV infection and lymphoma or other autoimmune diseases, which are worth considering for their resemblance
to MC.

Specific HCV hypervariable region 1 and 2 mutations
and MC
Some authors have thoroughly investigated the possible
role of mutations in the N-terminal hypervariable regions
1 and 2 (HRV1 and HRV2) of the E2 envelope glycoprotein in predisposition to MC.
The initial results about the relationship between E2
mutational pattern and MC pathogenesis suggest an association of particular HVR1 variants (insertion at codon 385 and deletion at codon 384) with type Ⅱ MC[16].
The authors focused on 385 insertions responsible for
improved ability of E2 to bind the HCV putative receptor CD81, with consequent higher stimulation of CD81
itself leading to augmented lymphoproliferation[16].
Another attempt, published some years later, did not
confirm these data, but correlated different viral mutations with MC (positions 389 and 398 for HVR1 and
positions 474, 493 and 497 for HVR2)[17]. Conversely, a
study published by Rigolet et al[18], after an accurate approach of cloning and sequencing HVR1 regions isolated
from HCV-positive MC patients, clearly concluded that any
particular motif of E2 coding sequence could be associated
with MC. These data were confirmed in a study conducted
on a population of 80 MC patients by Bianchettin et al[7]. A
similar experimental plan and accurate statistical and bioinformatic approaches suggested that MC arose by as-yetunidentified host rather than virus-specific factors, meaning that attention should be focused on the host.
Convincing proof of the role played by host genetics in determining HCV-related MC onset appeared
in an epidemiological study by Pozzato et al[19], which
demonstrated that there were ethnic differences in the
prevalence of asymptomatic HCV-associated monoclonal
B-cell expansion. Based on an observational suspicion
of a high prevalence of MC in Italy versus a low prevalence in Japan, the authors investigated 60 Italian and 44
Japanese HCV patients and concluded that there were no
differences in the two groups apart from ethnicity. This
clearly suggests that HCV is able to induce B-cell expansion only in the presence of unidentified genetic factors.

MC AND HCV FACTORS

MC AND GENETIC FACTORS

Viral genotype and MC
Since the mid-1990s, several studies have analyzed the
relationship between HCV factors, such as genotype and
viremia, and MC susceptibility. Although results are often
conflicting, most studies conclude that the distribution of
viral genotypes in MC patients without clinical manifestations does not significantly differ from those observed
in HCV patients with no evidence of lymphoproliferation[12-14]. The patients in the cited papers had asymptomatic MC and, as speculated by Sinico et al[14], these studies
leave open the possibility that HCV genotype or subtype

MC and HLA polymorphisms
The first studies regarding the host genetic factors
conditioning susceptibility to development of MC during chronic HCV infection analyzed human leukocyte
antigen (HLA) gene cluster variants. HLA gene products
are responsible for presenting viral antigens to T cells,
therefore, it has been speculated that some HLA variants could be implicated in driving the immune response
against the virus to produce autoreactive antibodies (the
CGS). An early attempt to investigate the genetic predisposition to MC was published even before the discovery
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could influence progression to symptomatic MC. However, the analysis of 60 MC patients, including 22 with
symptoms, reported by Frangeul et al[15], did not show a
significant association between MCS and HCV genotype.
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of HCV and HLA class Ⅱ polymorphisms. Migliorini et
al[20] did not find any association between MC and either
class Ⅰ or class Ⅱ HLA molecules. Since then, several
studies and some controversial data have been published.
Ossi et al[21], studying 16 MC patients, showed a higher
expression of HLA-B51 and B35 antigens, previously
correlated with other autoimmune disorders, as well as
the presence of HLA-A9 with its A24 split in 50% of the
same population.
An almost contemporary study performed in a large
cohort of multi-transfused patients, including 116 HCVpositive ones, showed no association between a specific
HLA pattern and MC. The authors conclude that the
HLA class Ⅱ DR2 subtype (DRB1*1601, DQB1*0502),
which is characteristic of multi-transfused patients who
maintain HCV negativity after years of blood transfusions, could be considered as a sort of protection against
HCV infection[22].
A meticulous study, mostly for the accuracy of
the statistical analysis, showed a higher frequency of
HLA-B8 and HLA-DR3 in a group of 25 HCV-positive
cryo-patients[23]. The odds ratio was also calculated and
the highest corresponded to the presence of both B8
and DR3, suggesting the existence of an HLA-B8-DR3
haplotype associated with HCV-infected MC patients.
These results were partially confirmed in a Chinese study
in which HLA-DR3 was significantly associated with
the presence of HCV-related cryoglobulinemia that was
mostly asymptomatic[24].
The absence of an association between HLA and MC
was demonstrated by another Italian group. Analysis of
HLA-DRB1 alleles in 46 patients with HCV infection
concluded that HLA class Ⅱ polymorphisms did not distinguish patients with MC from those without MC[25].
Cacoub et al[26] also evaluated HLA-DRB1 and HLADQB1 polymorphisms in a cohort of 76 symptomatic or
asymptomatic MC patients. Multivariate logistic regression analysis of several features indicated the presence
of HLA-DR11 as a positive predictor of MC, together
with the already known female sex and age. The same
HLA class Ⅱ alleles were evaluated in another study that
focused on the association between particular HLA-DRDQ combinations and HCV-positive non-Hodgkin’s lymphoma (NHL) with and without a background of MC[27].
Various HLA Ⅱ associations have been found for HCVpositive NHL in the presence of MC (higher frequency
of DR5-DQ3 HLA) and for HCV-positive and MCnegative NHL (higher frequency of DR1-DQ1), suggesting the presence of alternative pathogenetic processes for
similar but different HCV lymphomas.

may be involved in the pathogenesis of lymphoid disorders; moreover, three different mutations in the IL-10
promoter (-1082G→A, -819C→T and -592C→A) were
associated with higher IL-10 production. In a study by
Persico et al[29], conducted on 270 well-characterized patients with NHL and/or HCV-related chronic hepatitis, a
high prevalence of IL10-1082GG genotype was significantly associated with NHL in HCV-infected patients.
Polymorphisms of inflammatory chemokines are also
significantly correlated with the outcome of HCV infection, because chronic hepatitis itself is closely associated
with inflammation.
Recent reports have shown high levels of a B-cellspecific cytokine, namely B-cell-activating factor (BAFF;
or B lymphocyte stimulator), in the serum of HCV patients with lymphoproliferative disorders but could not
define the mechanisms underlying this phenomenon[30-33].
BAFF is a tumor necrosis factor α family member and a
key regulator of B-cell differentiation, survival, and immunoglobulin secretion, and the mutated genotype of its
promoter (-871T) is associated with higher BAFF mRNA
levels in monocytes[34,35]. Two consecutive studies conducted on a well-characterized MC population indicated
a significantly higher prevalence of T allele homozygosity
in patients with MCS, as well as the presence of the T allele (homozygous TT plus heterozygous TC) compared
to HCV carriers without MC[8,36]. These results are consistent with the serum BAFF levels found in the different
groups. Therefore, the transcriptional activation induced
by the BAFF promoter variant could be considered one
of the mechanisms contributing to the pathogenesis of
HCV-related lymphoproliferative disorders.
MC and IgG Fc receptors
Two independent studies have evaluated the role of the
genetic variability of IgG Fc receptors (FcGRs) in the
susceptibility to MC during the course of HCV infection. The FcGRs, present on leukocytes, are responsible
for the clearance of immune complexes, phagocytosis,
antibody-dependent cellular cytotoxicity, and regulation
of the release of inflammatory mediators and B-cell activation, mainly in phagocytes. Their polymorphic variants
are associated with reduced affinity for immune complexes, autoimmune diseases, and cancer[37]. In the first study,
Vassilopoulos et al[38] analyzed a cohort of HCV patients
with different autoimmune/lymphoproliferative disorders, including MC, discriminating between symptomatic
and asymptomatic individuals and investigating FcRⅢ A
and the NA1/NA1 FcGRⅢ B genotypes. They did not
find any increased frequency of particular alleles in the
autoimmune manifestations group compared to historical
controls. In the second study, a more numerous cohort
of cryoglobulinemic patients was evaluated. Despite the
wider and better characterized MC population, this recent screening of FcGR2A 131R/H, FcGR2B 232 I/T,
FcGR3A 176 V/F and FcGR3B NA1/NA2 confirmed
the previous results, with the distribution of FcGR genotypes not being significantly different compared to the
controls[8]. We reported in 21 HCV-MC patients treated

MC and cytokine mutations
Alterations in the cytokine/chemokine patterns, also
involving proinflammatory and Th1 chemokines, have
been demonstrated in MC and other extrahepatic disorders induced by HCV infection[28]. These previous studies
have investigated genetic variants of this complex class
of immune response regulators.
Several studies have shown that interleukin (IL)-10
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with CYP27B1 AC or CC genotype, thus, it is conceivable
that MC patients harbor these latter genotypes. Unfortunately, no further studies have been published on this
topic but an abstract of Terrier Benjamin et al[43] reports
an exactly opposite association between phenotype and
genotype in patients with HCV-related systemic vasculitis.
Recent important advances in the HCV field strongly
suggest that the polymorphic variants of the IL-28B gene
should be analyzed. Indeed, in 2009 several independent
studies have shown that single nucleotide polymorphisms
near the IL-28B coding region are closely associated with
HCV clearance. IL-28B is involved in innate immunity
and a recent study evaluated the influence of these genetic variations in the development of HCV-related MC[44].
The allele distribution reported in the study was similar
in patients with or without MC, and does not support the
hypothesis that these polymorphisms influence the development of MC.
The associations between HCV-related lymphoproliferative disorders and host genetic factors are summarized
in Table 1.

Table 1 Association between hepatitis C virus-related
lymphoproliferative disorders and host genetic factors
Factors

References

HLA polymorphisms
HLA-A9
HLA-B8
HLA-DR3
HLA-DR11
HLA-DR5-DQ3
Cytokine mutations
IL-10 promoter (-1082GG)
BAFF promoter (-871T)
Sporadic associations
Fibronectin MspⅠ and HaeⅢb
CYP27B1

[21]
[23]
[23,24]
[26]
[27]
[29]
[8]
[40]
[41]

HLA: Human leukocyte antigen; IL: Interleukin; BAFF: B-Lymphocyte

activating factor.

with rituximab (anti-CD20 monoclonal antibody) that the
response was strictly related to the F allele homozygosity
of FcGR3A, suggesting that this genotype could be involved in response to rituximab therapy.

CONCLUSION

Sporadic associations
The role of mutations within Fas and Fas-L genes has
been described in mice with an increased prevalence of
autoimmune manifestations, therefore, some authors
have postulated that such mutations could be related to
autoimmune diseases and lymphoproliferation. Results
obtained from a small number of patients with Sjögren’s
syndrome or type Ⅱ MC do not support such a hypothesis, suggesting that the germline mutations of the Fas
receptor and its ligand are probably not involved in the
pathogenesis of HCV-related type Ⅱ MC[39].
A possible relationship between two fibronectin polymorphisms (called MspⅠ and HaeⅢb) and type Ⅱ MC
has been investigated, in order to define the risk of lymphoma development. Fabris et al[40] analyzed 74 patients
with MC, including 21 who developed B-cell NHL and
72 with HCV-negative and MC-unrelated NHL. None
of the major MC-related clinical manifestations was significantly linked with a particular allele or genotype of
the MspⅠ and HaeⅢb fibronectin gene polymorphisms.
However, the two genetic sites seem to confer an independent increased risk of NHL in MC patients.
As a result of the critical role of vitamin D in the
regulation of the immune system, the analysis of the
serum vitamin D status in HCV-infected patients with
extrahepatic manifestations seems particularly interesting.
Terrier et al[41] found a strong association between low
serum levels of vitamin D and the presence of MC and
systemic vasculitis in patients with chronic HCV infection. Regarding the B-cell compartment, they observed
significant correlations between serum 1,25-dihydroxyvitamin D and the B-cell activation status.
Lange et al[42] previously found that 1,25-dihydroxyvitamin D serum concentrations were higher in HCV patients with CYP27B1 AA genotype compared to patients
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It is clear from the reports described in this review that
the role of genetics in HCV-related MC is a current and
compelling research topic. Each patient is genetically
unique, which can affect the evolution of chronic HCV
infection towards benign lymphoproliferation predisposing to lymphoma. The identification of a characteristic
genetic signature of cryoglobulinemic patients could be a
step towards personalized approaches in the clinical care
of HCV infection, which are useful for targeted followup of high-risk individuals. The above data are heterogeneous and sometimes even conflicting, thus, there is a
clear need for multicenter studies including large numbers
of patients, and the future application of the new genomic and proteomic wide-range technologies will surely
assist in this direction.
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Abstract
A higher prevalence of immunological processes has
recently been reported in patients with hepatitis C virus
(HCV) infection, focusing the attention of physicians
and researchers on the close association between HCV
and immune disorders. HCV lymphotropism represents
the most important step in the pathogenesis of virusrelated immunological diseases and experimental, virologic, and clinical evidence has demonstrated a trigger
role for HCV both in systemic autoimmune diseases,
such as rheumatoid arthritis, Sjögren syndrome, hemolytic anemia and severe thrombocytopenia, and in
organ-specific autoimmune diseases, such as autoimmune hepatitis, thyroid disorders and diabetes. This
review will outline the principal aspects of such HCVinduced immunological alterations, focusing on the
prevalence of these less characterized HCV extrahepatic manifestations.

INTRODUCTION
Autoimmunity and viral infections are closely related, and
the hepatitis C virus (HCV), is recognized as one of the
viruses most often associated with autoimmune features.
For this reason HCV is not only associated with chronic
hepatic inflammation but also an array of extrahepatic
complications. In the majority of these associated extrahepatic manifestations, the pathogenic mechanism appears
to be immunologically driven, with many having features
of autoimmunity. HCV infection has been associated with
both organ-specific [thyroiditis, diabetes, autoimmune
hepatitis (AIH)] and systemic autoimmune diseases and
this association has generated growing interest in recent
years since it is often observed in patients with chronic
HCV infection.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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PATHOGENESIS OF HCV RELATED
IMMUNE DISORDERS

Core tip: Hepatitis C virus (HCV)-infected lymphoid tissue of the host represents a site for the persistence
of HCV infection which exerts a chronic stimulus to

HCV lymphotropism represents the most relevant step
in the pathogenesis of virus-related immunological disorders[1]. Indeed, infected lymphoid tissue of the host
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represents a site for the persistence of the HCV infection[2-6]. HCV exerts a chronic stimulus to the immune
system, facilitating the clonal B-lymphocyte expansion
and consequent wide autoantibody production, including
cryo- and non-cryoprecipitable immune complexes[3,7-9]
which may lead to organ- and non-organ-specific immunological alterations[3,7,8,10]. The first step is translocation,
demonstrated in a high percentage of HCV-infected patients, with consequent Bcl-2 proto-oncogene activation,
antiapoptotic activity and prolonged survival of lymphocytes[3,7,9,10]. Besides, the identification of HCV envelope
protein E2 able to bind the CD81 molecule expressed on
both hepatocytes and B-lymphocytes seems to be crucial
for HCV-driven autoimmunity[3,7,9,10].
Dysregulation of cytokine networks skewing regulatory T-cells to a Th2 phenotype, which may be associated with enhanced humoral immune responses and
autoantibody production has also been related to the expansion of autoantibody-producing B-cells and chronic
lymphoproliferation in HCV infection[11]. HCV infections induce a massive chemokine and cytokine burst
and therefore recruit leukocytes to the site of infection
with the goal to stop viral spread. This excitation of the
human defense system could stimulate a potentially selfreactive lymphocytes inducing autoimmunity in susceptible individuals[11].
Many studies have linked Th1 immune response with
HCV infection[12], mixed cryoglobulinemia (MC)[13] and
organ specific autoimmune disorders[14]. These findings
suggest that a possible common immunological Th1 pattern could be the pathophysiological base of the association of autoimmunity related HCV infections.
Several studies have shown an increased expression
of interferon-gamma (IFN- γ ), and IFN- γ inducible
chemokines (C-X-C motif chemokine 10 - CXCL10),
in hepatocytes and in lymphocytes of HCV-infected
patients[12,15,16], which are directly related to the degree
of inflammation and an increase in circulating levels of
IFN-γ and CXCL10[17,18].
Furthermore, it has been shown that NS5A and core
proteins, alone or by a synergistic effect with Th1 cytokines [IFN-γ and tumor necrosis factor-α (TNF-α)], are
capable of upregulating CXCL10 and monokine induced
by gamma interferon (MIG) gene expression and secretion in cultured human hepatocyte derived cells. These
data suggest that CXCL10 produced by HCV-infected
hepatocytes could play a key role regulating T-cell trafficking into a Th1-type inflammatory site by recruiting
Th1 lymphocytes, that secrete IFN-γ and TNF-α, with a
synergistic effect on CXCL10 secretion by hepatocytes,
thus perpetuating the immune cascade[19].

documenting cryoprecipitates in serum (Ig precipitates
from serum at temperatures under 37 ℃ and dissolves
upon re-warming), is characterized by the presence of
circulating immunocomplexes produced by a benign
proliferation of B-cells. MC represents the link between
HCV and various autoimmune and lymphoproliferative disorders. Although serum cryoglobulins (CGs) are
frequently present in patients with chronic HCV[3-5,21,22],
in many of them CGs are present at low levels and
symptoms are often absent or very mild. Only about
5% of HCV-infected subjects have clinically overt MC
syndrome.
HCV-related arthritis
Chronic oligo-polyarthritis during chronic HCV infection is often associated with MC but can also represent
an independent entity. Indeed, it is not rare to observe a
simple association between HCV infection and classical
rheumatoid arthritis (RA) that can co-exist by chance or
can be related to the ability of HCV to act as a trigger
of the immune disease in individuals genetically predisposed to RA.
A polyarthritis, which is often non-erosive and rarely
progressive, and involves small joints is the most common kind of arthritis associated with HCV chronic
infection without the coexistence of cryoglobulinemia.
Instead, 40%-80% of HCV-infected patients with MC[23]
are reported to have a bilateral and symmetric arthralgia,
which is non-deforming and includes mainly the knees
and hands, and, more seldom, the elbows and ankles.
Rheumatoid factor (RF) activity is found in 70%-80%
of MC patients but is not correlated with the presence
of articular disease, as patients chronically infected with
HCV in the absence of HCV-MC or RF may have prominent articular symptoms. Usually there is no evidence
of joint destruction, and antibodies to cyclic citrullinated
peptide, which are highly specific to rheumatoid arthritis,
are absent[24]. These evidences suggest that HCV infection should be considered in the differential diagnosis of
patients with atypical arthritis.
Sjögren syndrome
Another autoimmune condition associated with HCV
is a chronic lymphocytic sialoadenitis similar to sialoadenitis associated with idiopathic Sjögren syndrome (SS),
which has been reported in approximately 50% of patients with HCV infection[25].
Some authors have distinguished the HCV-related
sicca syndrome from Sjogren’s syndrome based on several
differences, including absence of anti-SSA and anti-SSB
antibodies, pericapillary and non pericanalary lymphocytic infiltration, lack of glandular canal damage, high
prevalence of mixed cryoglobulinemia (50%), hypocomplementemia (51%), and systemic vasculitic manifestations (58%)[25-28]. Moreover, the lymphocytic type
of the infiltrate in the minor salivary gland shows a predominance of CD8 lymphocytes which is not observed
in primary SS[29]. Although the possible etiopathogenetic

HCV AND SYSTEMIC AUTOIMMUNE
DISEASES
Mixed cryoglobulinemia
MC is the most well documented extrahepatic manifestation of HCV infection[2,20]. MC, which is defined by
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Hemolytic anemia
Although autoimmune hemolytic anemia (AHA) has frequently been reported in association with HCV in the setting of interferon (IFN) treatment[37,38], it has also been
observed as an isolated extrahepatic manifestation. The
existence of AHA in patients with chronic hepatitis was
first described in 1951, when Hyman et al[39] described
AHA in 3 patients with chronic liver involvement. In
1973, Panush et al[40] described a patient with chronic active hepatitis who presented with AHA with a positive
Coombs test, who responded to treatment with steroids.
In 1982, Portell et al[41] reported 5 patients with chronic
hepatopathy (3 with active chronic hepatitis and 2 with
cirrhosis) and a positive Coombs AHA, with positive
ANA in 4 and sicca syndrome in 1. In 2001, 2 cases of
HCV infection associated with Coombs-positive AHA,
in the absence of treatment with IFN, were reported
by Srinivasan[42] and Chao et al[43], respectively. In 2003,
Ramos-Casals et al[44] presented the largest series of cases
of HCV-related AHA not treated with antiviral therapy.
Seventeen HCV patients, mostly women with a mean age
of 56 years, presented a high level of association with
autoimmune diseases, with cryoglobulinemia as the most
frequent immunologic marker. Most patients had a history
of liver cirrhosis and even if they had a good response to
corticosteroids, the prognosis was poor (56% mortality).

role of HCV in SS remains a controversial issue[27], the
explanation for this extrahepatic manifestation could be
a cross reactivity between the HCV envelope and host
salivary tissue which lead to an immune reaction directed
against salivary glands[26]. The correct classification of
patients with sialoadenitis related to HCV chronic infection have important clinical, prognostic and therapeutic
implications since it may evolve into a B cell malignant
lymphoma, especially in the presence of MC[10,30].
HCV related cardiac disorders
Several observations suggest that HCV infection is an
important cause of a variety of otherwise unexplained
heart diseases. Indeed, it was reported that (+) or (-)
chain HCV-RNAs can be detected in the biopsied myocardial tissue or in the autopsied heart suggesting that
HCV might proliferate in the myocardium[31], resulting in
induction of cardiomyopathy. Frustaci et al[32] have shown
that HCV replicates in myocardial tissue of patients
with myocarditis, and that HCV infection may contribute to the development of an autoimmune myocarditis,
frequently associated with myocardial antibodies and
responsive to immunosuppressive therapy. In 2000, Matsumori suggested that some specific HCV clones with
high affinity for the heart can develop and cause cardiomyopathy[33] and in 2006, in a large study involving more
than 1000 patients, the same group identified anti-HCV
antibodies, HCV RNA, NT-proBNP, and cardiac troponin I and T in sera stored for up to 17 years, and found
the anti-HCV antibodies were more prevalent in patients
with myocarditis than in the general US population[34].
These results suggest that in regions where its prevalence is high, HCV infection may be an important cause
of myocarditis and heart failure. Moreover, the same
authors concluded that NT-proBNP is a more sensitive
marker of myocardial injury than cardiac troponins in
patients with heart failure from HCV myocarditis. More
recently, other studies confirmed that NT-proBNP is a
sensitive biomarker for identifying patients with heart
failure caused by HCV-related myocarditis[35,36]. Antonelli
et al[36] assessed serum NTproBNP in 50 HCV-positive
patients and in 50 sex- and age-matched controls. HCV
patients showed significantly higher mean NT-proBNP
level than controls[35]. This result was confirmed by the
same group in another study where TNF-α was also
found to be higher in HCV+ patients with respect to
controls, suggesting the presence of subclinical cardiac
dysfunction[36].

HCV-associated immune thrombocytopenic purpura
Although thrombocytopenia during the course of chronic liver disease is usually attributed to hypersplenism, an
autoimmune mechanism has been suggested as playing a
role in some patients with HCV infection. This hypothesis is based on the observation of a greater prevalence
of thrombocytopenia and antiplatelet antibodies in HCV
patients compared with HBV patients[45], and of the frequency of HCV infection seen among patients initially
diagnosed with idiopathic thrombocytopenic purpura
(ITP)[46-48]. The pathophysiology of infection-related ITP
involves diverse immunologic pathways as well as nonimmune mechanisms that accelerate platelet destruction
and/or decrease platelet production.
High affinity binding of HCV to the platelet membrane with subsequent binding of anti-HCV antibody
might lead to phagocytosis of platelets[49]. Dysregulation
of the host immune system triggering the production
of autoantibodies against platelet glycoproteins has also
been postulated[45,50]. However there have been conflicting data on the presence of specific antibodies in platelets in patients with HCV-related ITP[45,50-52].
Thrombocytopenia in HCV patients may be present
even in the absence of clinically evident liver disease or
splenomegaly and may be mistakenly diagnosed as primary chronic immune thrombocytopenic purpura (CITP)[48,53].
Six cross-sectional studies have reported serologic evidence of HCV infection in 20% of patients with a clinical
diagnosis of CITP[48,53-57], and in the largest series published to date, HCV antibodies were identified in 30% of

AUTOIMMUNE CYTOPENIAS IN PATIENT
WITH HCV INFECTION
Hemolytic anemia and severe thrombocytopenia were the
most frequent cytopenias observed in patients with HCV
infection. The different types of immune-mediated cytopenias may be severe and clinically significant.
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250 patients fulfilling the American Society of Hematology criteria for CITP[54]. There were significant differences
in the demographic characteristics of patients with HCVpositive compared with patients with HCV-negative CITP.
Patients positive for HCV were older and the incidence
was distributed equally between the sexes compared with
the female predominance in HCV-negative CITP.

a series of 94 HCV-related mixed cryoglobulinemic patients was investigated[70]. A control group was obtained
from a sample of the general population (2401 subjects)
who had undergone thyroid ultrasonography. The prevalence of thyroid nodules was higher, although not significantly so, in control subjects than in MC patients but 2
patients with papillary thyroid cancer were found in the
MC series, while no case was observed among controls.
A more recent study[71] prospectively investigated the
prevalence and features of thyroid cancer in 308 patients
with CHC in comparison with 2 large sex- and agematched control groups from the general population with
different iodine intake. Thyroid status was assessed by
measurement of circulating thyroid hormones and autoantibodies, thyroid ultrasonography, and, when indicated,
fine-needle aspiration cytology. The authors have found
that circulating thyrotropin, anti-thyroglobulin, and antithyroperoxidase antibodies levels, and the prevalence of
hypothyroidism were significantly higher in HCV patients
and 6 cases of papillary thyroid cancer were detected
among HCV patients, whereas only 1 case was observed
in controls, suggesting a high prevalence of thyroid papillary cancer in HCV patients. Because of this high prevalence of thyroid disorders, the guidelines on management
of CHC recommend investigation of thyroid function,
including free T4 and TSH in all patients, and since interferon-based therapy could exacerbate thyroid dysfunction,
thyroid function tests should be fully evaluated prior to
initiating HCV treatment.

ORGAN-SPECIFIC AUTOIMMUNE
DISEASES
Thyroid disorders and HCV
Autoimmune thyroid involvement and hypothyroidism
were significantly more frequent in patients with chronic
hepatitis C (CHC) than in comparison groups such as
patients with viral hepatitis B or D[58-60] or normal subjects[61,62]. The most frequent thyroid disorder in this setting is the presence of circulating anti-thyroid antibodies
which is more commonly reported in female subjects[58].
The prevalence of abnormally high levels of anti-thyroid
antibodies observed in these patients ranges from 2%
to 48%[58,61,63,64], with heterogeneous geographic distribution[65]. These discrepancies are related to variable genetic predisposition and environmental co-factors, such as
iodine intake or other infectious agents[66]. The evidence
of a subclinical hypothyroidism was observed in 2%-9%
of patients with chronic HCV infection, particularly
in those patients with MC[59,60,62,63,67], and these patients
seem to be susceptible to Hashimoto’s autoimmune thyroiditis and Grave’s disease when treated with interferon.
Antonelli et al[21] in 2004 analyzed 630 consecutive
patients affected by CHC compared with a large control
group of subjects from iodine-deficient and sufficient
areas and with 86 patients with chronic hepatitis B. They
demonstrated that patients with CHC were more likely
to have hypothyroidism, anti-thyroglobulin and anti-thyroid peroxidase antibodies than any of the other groups.
The same group evaluated thyroid function, the presence
of thyroid autoantibodies, thyroid nodules and thyroid
cancer, in 93 HCV + MC consecutive patients matched
by sex and age to 93 patients with CHC without MC and
93 healthy (HCV-negative) controls. Subclinical hypothyroidism and thyroid autoimmunity were significantly
more frequent in HCV + MC patients than in HCVnegative controls. Moreover, serum thyroid peroxidase
antibodies were also significantly more frequent in HCV
+ MC patients than in CHC patients. Finally, the prevalence of thyroid nodules was not significantly different
in the three groups[68]. In conclusion, pooling all data
about HCV-positive patients (with CHC or HCVAb positivity) and using as control healthy subjects and HBVinfected patients, there was a significant increase in the
prevalence of both thyroid autoimmune disorders (OR
= 1.6; 95%CI: 1.4-1.9) and hypothyroidism (OR = 2.9;
95%CI: 2.0-4.1)[69].
Some authors have reported that patients with chronic
HCV have a higher prevalence of papillary thyroid carcinoma[70,71]. In 2002, the prevalence of thyroid cancer in
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Diabetes mellitus and HCV
Data from the literature have shown a higher incidence
of type 2 diabetes mellitus with chronic HCV when
compared with patients with other liver disorders[72-74].
In a large study[75] involving 229 consecutively recruited
MC-HCV patients compared with 217 sex- and agematched controls without HCV infection, the prevalence
of type 2 diabetes was significantly higher in MC-HCV
patients than in controls. Moreover, MC-HCV diabetic
patients more often had non-organ-specific autoantibodies than non-diabetic MC-HCV patients.
Another study conducted in 2005 by the same group[22],
established the prevalence and clinical phenotype of
type 2 diabetes in a large series of non-cirrhotic HCV
patients. The prevalence of type 2 diabetes was significantly higher in HCV patients compared with control
subjects or non-cirrhotic HBV patients. Moreover, type
2 diabetic HCV patients had a significantly lower BMI
than type 2 diabetic control subjects and significantly
higher BMI than non-diabetic HCV patients. In contrast,
no association with diabetes mellitus type 1 has been
identified [22,72,73,76-78]. The association between chronic
HCV and diabetes mellitus seems to be independent of
the severity of the liver disease and is associated with insulin-resistance, but not with the presence of pancreatic
anti-insulin antibodies[79]. In contrast, interferon treatment of HCV has been associated with the appearance
of diabetes mellitus type 1 and development of anti-
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pancreas autoimmunity[80-82].

5

AIH and HCV infection
Finally, an intriguing, still controversial aspect is the possible etiopathogenetic role of HCV in AIH[3,6,8,9,65]. Patients with AIH may present with mixed cryoglobulins,
HCV infection, and extrahepatic manifestations such as
thyroiditis, sicca syndrome, and arthritis[6], while patients
with HCV infection show one or more non-organ-specific auto-antibodies. The antigenic target specificity of
HCV-related autoantibodies shows only quantitative differences compared with those associated with “primary”
AIH[8].
In clinical practice, the search for serum autoantibodies should be limited to cases for whom treatment with
IFN is planned. An exception may be cases where clinical data (female gender, young age), high biochemical
activity (transaminase-globulins) and histological aspects
(interfaces hepatitis) of liver disease may suggest the
presence of AIH with superimposed HCV infection.
The heterogeneous geographical distribution of HCVassociated AIH[65] suggests a possible involvement of
various pathogenetic co-factors; among these, HCV might
trigger a particular AIH clinico-serological subset, which
is prevalent in specific geographical areas.

6

7

8

9
10

11

CONCLUSION
In the case of patients with chronic HCV infection, the
possible existence of extrahepatic manifestations should
be taken into account and an accurate analysis of clinical and anamnestic data is recommended. Some patients
may display the entire complex spectrum of HCVrelated disorders which could be mild for many years
and progress, generally during a long follow-up, to more
severe systemic manifestations. In the last few years, very
consistent data have been accumulated through different
in vivo and in vitro models, suggesting that a more accurate characterization of the modalities and consequences
at the molecular level of HCV infection of lymphatic
cells may be of great importance in the future for the
clarification of the pathogenesis of several pathological
manifestations of HCV.
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Core tip: The clinical relevance of interleukin 28B genotyping in patients with hepatitis C virus genotype 2
and 3 infection is debated. In this critical analysis of
studies performed so far, it was shown that this genetic
tool may help in optimizing treatment of genotype 3
patients, whilst it plays a marginal role in genotype 2
infected patients management.
Original sources: Mangia A, Mottola L, Santoro R. Interleukin
28B polymorphisms as predictor of response in hepatitis C virus
genotype 2 and 3 infected patients. World J Gastroenterol 2013;
19(47): 8924-8928 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v19/i47/8924.htm DOI: http://dx.doi.
org/10.3748/wjg.v19.i47.8924

Abstract
Single nucleotide polymorphisms near the interleukin
28B (IL-28B ) gene have been identified as strong predictors of both spontaneous or Peg-interferon (PegIFN) and ribavirin (RBV) induced clearance of hepatitis
C virus (HCV). Several studies have shown that, in
patients with genotype 1 (GT-1), rs12979860 C/C
and rs8099917 T/T substitutions are associated with
a more than twofold increase in sustained virological
response rate to Peg-IFN and RBV treatment. Although
new treatment regimens based on combination of
DAA with or without IFN are in the approval phase,
until combination regimens with a backbone of PegIFN will be used, we can expect that IL28B holds its
importance. The clinical relevance of IL28B genotyping
in treatment of patients infected with HCV genotype 2
(GT-2) and 3 (GT-3) remains controversial. Therefore,
after a careful examination of the available literature,
we analyzed the impact of IL28B in GT-2 and -3.
Simple size of the studies and GT-2 and GT-3 proportion were discussed. An algorithm for the practical use
of IL28B in these patients was suggested at the aim of
optimizing treatment.

INTRODUCTION
In patients with hepatitis C virus (HCV) genotype 1
(GT-1), the standard treatment based on dual combination of Pegylated interferon (Peg-IFN) and ribavirin
(RBV) has been replaced by the triple combination regimen including a protease inhibitor; on the contrary, in
patients with HCV genotype 2 (GT-2) and genotype 3
(GT-3), it continues to represent the standard of care[1,2].
Interleukin28B (IL-28B) genotype is a strong predictor of response to IFN-based treatment in GT-1[3-6],
but at a first glance, genetic analyses so far conducted
in GT-2 and -3 patients provided ambiguous results[7-14].
The studies published so far may have bias but we
should also bear in mind that identification of response
predictors assumes a different relevance in different
HCV genotypes. Indeed, high rates of sustained virologic response (SVR) achieved in GT-2 infected patients
make response predictors of marginal interest and limit
their use to the identification of patients who may take
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DETAILED ANALYSIS OF THE STUDIES

Table 1 Prevalence and impact of interleukin 28B
rs12979860 in studies combining genotype 2 and genotype 3
Study

Mangia
et al[10]

No. of
Prevalence
patients of IL-28B CC
genotype
268
41%

Data summarizing the results of the studies on rs1297860
in HCV mono-infected patients are reported in Table 1.
Studies including GT-2 and -3 lumped together[10,11,13,19]
and studies investigating cohorts of patients with GT-3
alone were separately analyzed[12,14,20,21]. Results by genotype were provided by a large study from our group
investigating 710 patients[21]. Another study focused on
viral kinetics of IL28B polymorphisms by GT-1 vs GT-2
and -3[20].

Treatment
RVR in
SVR in
duration IL-28B CC IL-28B CC
(wk)
genotype genotype
12-24
59%
79%

Sarrazin
et al[11]

2671

43%

24-48

51%

47%

Lindh
et al[13]

341

44%

12-24

67%

70%

Bitetto
et al[19]

101

37%

24

na

78%

Studies combining GT-2 and-GT-3
The results of the largest studies on IL28B treatment
response prediction in GT-2 and GT-3 are here analyzed.
Combined results for GT-2 and GT-3 together are generally provided. Stored DNA samples from 268 Caucasian
patients enrolled in a multicenter controlled trial from
Italy were tested for rs12979860. Patients were randomized to Peg-IFN and RBV for standard (24 wk) or variable (12/24 wk) treatment duration on the basis of RVR.
Two hundred and thirteen patients were GT-2 and 55
GT-3 infected[10]. IL-28B CC-type was present in 37% of
patients. Rates of SVR were 82% in patients with CCtype, 75% in CT and 58% in TT. The CC-type resulted
an independent predictor of SVR, but the predictive role
was largely driven by the capability of predicting SVR
among patients without RVR. Like in GT-1 (22), among
the 165 (61%) patients with HCV RNA undetectable at
week 4, IL-28B genotype was not predictive of SVR[10].
These findings reinforce the concept that a week 4
undetectable HCV RNA is the strongest predictor of
SVR to Peg-IFN and RBV treatment; at the same time,
they suggest that the clinical relevance of IL-28B genotype for GT-2 and -3 is far from being borderline, as it
can help in selecting patients that may be interferon insensitive at baseline.
The results reported by Sarrazin et al[11] regarding 267
patients (GT-2 = 77, GT-3 = 190), among which only
205 received treatment, are apparently in contrast with
our conclusions. The Authors showed an association
between IL-28B CC-type and SVR in the subgroup of
patients with RVR. No association was observed in patients without RVR[11]. However, despite a lower rate of
RVR in observed in this study than in others (40%), only
11 patients without RVR were analyzed (CC = 3, CT = 4
TT = 3). Therefore, a type Ⅱ error cannot be ruled out.
Moreover, if we analyze CC vs CT plus TT patients who
completed the treatment, we can observe a trend toward
a statistically significant association with SVR in the subgroup of patients without RVR (P = 0.08).
If we consider the results of the previously reported
studies on GT-2 and -3 in comparison with those attained
in patients with G1 infection[22], we could hypothesize
that the lower the rate of RVR, the stronger the association between SVR and CC-type (Figure 1).
Similar considerations apply to the study by Lindh
et al[13]. In this study, 341 White patients with GT-2 and

1

Follow-up information not available in all patients. RVR: Rapid virological response; SVR: Sustained virological response; IL: Interleukin.

profit from a treatment of short duration whilst. On
the contrary, in GT-3 patients, the unsatisfactory rate of
SVR reported even with IFN-free regimens, induce a
continuous search of predictors of response[15].
A detailed examination of the studies on IL28B in
GT-2 and GT-3 patients suggests that there are valid explanations for the contrasting results on SVR association. In
our opinion, the analysis of genetic predictors performed
in mixed cohorts, incorporating GT-2 or -3 in different
proportions may be the first responsible of these contrasting results[10,11]. Additional confounders are the different
treatment regimens of the patients included in these studies, heterogeneous in terms of duration and intensity[11,14],
and, more importantly, the different populations of patients evaluated in these retrospective genetic analyses that
combines naive and previous treatment-experienced[16].
Finally, the use of either rs8099917 SNP located 7.6
kb upstream the IL-28B gene or rs12979860, located 3.2
kb upstream the open reading frame of IL28B gene may
be an additional source of confusion. Indeed, these two
SNPs showed similar distribution in Caucasian patients
but different frequency and, consequently, lower strength
of association in races other than Caucasian.
To overcome some of these issues, two metaanalyses on the role of IL28B in GT-2 and 3 have been
recently published[17,18]. However, as happened with (the)
single studies, these meta-analyses reached contrasting results. In the study by Chen et al[17] no association
between SVR and IL-28B CC was found in the subgroup of GT-2 and 3, although it was shown that TT at
rs8099917 SNP is associated with a favorable response
in GT-2 Asian subjects. In the second meta-analysis, the
Authors reached the conclusion that the favorable IL28B CC genotype is a statistically significant predictor of
SVR and rapid virological response (RVR) in Caucasian
patients treated with Peg-IFN and ribavirin for 24 wk,
with the exception of Asian patients with GT-2 achieving higher rates of RVR when carrying the favorable IL28B genotype[18].
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Table 2 Prevalence and impact of interleukin 28B
rs12979860 in studies analyzing genotype 3 separately
G2

CC (+)

12 wk

Study

Scherzer
et al[12]
Moghaddam
et al[14]
Fattovich
et al[20]
Mangia
et al[21]

12-16 wk
RVR (+)

If IL-28B CC or CT

G3
RVR (-)

24/48 wk

If unfavorable IL-28B TT genotype: defer

281

46%

14-24

84%

77%

55

51%

24

86%

87%

470

41%

12-24

80%

84%

RVR: Rapid virological response; SVR: Sustained virological response; IL:
Interleukin.

Figure 1 Algorithm for clinical application of interleukin 28B genotyping
in hepatitis C virus GT-2 and GT-3 infected patients. RVR: Rapid virological
response; IL: Interleukin.

levels of baseline HCV RNA were associated in this
study with CC genotype as compared to CT or TT[12].
A larger study investigating IL28B in GT-3 has been
published by Moghaddam et al[14]. The Authors evaluated
both rs12979860 and rs8099917 SNPs in DNA extracted
from plasma of 281 GT-3 patients representing 51% of
patients enrolled into two previous clinical trials, a nonrandomised and a randomised one[23,24]. Authors demonstrated rates of SVR comparable between CC, CT and
TT (77% vs 81% and 96%), whereas a statistically significant association between RVR and favorable genotypes
was shown. Indeed, 84% of CC-type, 62% of CT and
56% of TT achieved RVR (OR = 3.3, 95%CI: 1.9-5.8).
Genotyping rs8099917 SNP, the results were not different (OR = 2.7, 95%CI: 1.6-4.7). In this study, the exclusion of a number of patients who did not fit the inclusion criteria may have represented a bias. Moreover, the
association analysis between the different host genotypes
and SVR should have been adjusted for confounders, as
for example an uneven distribution of patients with favourable genotypes across the different treatment arms.
Strikingly, in this study the frequency of CC genotype
was 8%-9% higher than in other studies[10].
Negative results were reported also by Fattovich et
al[20] in a retrospective cohort study on Italian patients.
This study offered the possibility to a separate analysis of
GT-2 and GT-3 but the overall number was not higher
than 159 including 104 GT-2 and 55 GT-3. No association with RVR was reported in 24 of 28 patients with
IL28CC and GT-3 in comparison to 20 of 27 CT/TT
(P = 0.31). Similarly, the results were not different for 20
of 23 GT-3 CC and 28 of 32 subjects with CT/TT who
achieved SVR (P = 0.79).
The Write study with IL28B available in 93.7% of 710
GT-2 and GT-3 patients is the largest series prospectively
evaluating for IL28B. Results of this study including 475
GT-3 showed that while within GT-2 no association between IL28B CC and SVR (90.3% for CC vs 82.0% for
non CC, P = 0.15) can be observed, within GT-3, the
association between IL-28B CC and SVR is highly significant (84% vs 60%, P < 0.001).
These results demonstrate that when the sample size
is adequate, the association between IL28B and RVR or

-3 were evaluated. The RVR rate was 61%; 134 patients
did not achieve RVR. Patients were subdivided according to a treatment duration of 12 or 24 wk (n = 166 and
n = 175, respectively). When patients were considered
overall, a significant association between IL28B and RVR
was shown. However, association between CC and SVR
was significant for patients treated for 24 wk (P = 0.02),
but not for those receiving a short course of treatment
with Peg-IFN alpha-2a and fixed 800 mg doses of RBV.
Among patients without RVR, CC genotype was represented in 35%, CT in 47% and TT in 15%. In the subgroup of patients without RVR treated for 24 wk, SVR
rates were higher for patients with CC as compared to
CT and TT (74% vs 59% and 29%, respectively).
The study by Bitetto et al[19] evaluated 101 patients
with GT-2 and -3 as part of a larger cohort of patients
with different HCV genotypes. In this study no association with either RVR or SVR was demonstrated among
GT-2 and -3. In particular, 78% of IL28B CC infected
with GT-2 and GT-3 combined together and 88% of
IL28B CT/TT achieved viral clearance after treatment.
Studies evaluating GT-3 separately
Two studies focused on GT-3 only; Scherzer et al[12], evaluated a small cohort of 71 patients, while Moghaddam et
al[14] studied 281 patients (Table 2)[20]. Data on 475 GT-3
were separately available also in the study by Fattovich et
al[20] and in our prospective cohort of 710 patients with
GT-2 and GT-3[21]. These studies are analysed below.
Scherzer et al[12] investigated both rs12979860 and
rs8099917 SNPs in a cohort of patients originally randomized 1:1 to 800 or 400 mg of RBV in combination
with Peg-IFN alpha-2a. The results of this study might
be limited by the small sample size, moreover the low
dosages of RBV (used) may impact the generalizability
of the conclusions. In the final analysis, only patients
who completed the treatment were considered, they were
37 and 31 in each arm, respectively. A CC genotype was
identified in 38% of patients, but no association with
SVR was observed. Indeed, 19/25 (76%) CC and 34/44
CT and TT combined together (77.3%) achieved SVR[12].
As shown in patients with genotype 1 infection[22], higher
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No. of Prevalence of Treatment RVR in
SVR in
patients IL-28B CC duration IL-28B CC IL-28B CC
Genotype
(wk)
genotype genotype
71
38%
2
78%
76%
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SVR can be appreciated. Therefore, it may be rational to
evaluate IL-28B genotyping in patients with GT-3, unless
further evidence suggest otherwise. Despite the occurrence of side effects or poor tolerability, patients who
bear a favorable IL-28B genotype should not discontinue
treatment. At the same time, an unfavorable IL-28B
genotype in patients with GT-3 infection may suggest to
defer treatment in waiting for more efficacious drugs.
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and NS5A and acetylation of NS3, we have limited
understanding of their effects on HCV replication and
pathogenesis while the impact of other modifications
is far from clear. In this review, we summarize the
available information on PTMs of HCV proteins and
discuss their relevance to HCV replication and pathogenesis.
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Core tip: Post-translational modifications (PTMs) are an
important step in protein maturation and associated with
protein function, activity and/or protein life span. PTMs
of viral proteins are often essential for regulation of processes involved in viral infections and can be crucial for
infectious virion production. Moreover, identification of
PTM sites in viral proteins is particularly useful for the
development of antiviral drugs. This overview on PTMs
of hepatitis C virus (HCV) proteins discusses how PTMs
affect HCV replication and virus-induced pathogenesis.

Abstract
Replication of hepatitis C virus (HCV) depends on the
interaction of viral proteins with various host cellular
proteins and signalling pathways. Similar to cellular
proteins, post-translational modifications (PTMs) of
HCV proteins are essential for proper protein function
and regulation, thus, directly affecting viral life cycle
and the generation of infectious virus particles. Cleavage of the HCV polyprotein by cellular and viral proteases into more than 10 proteins represents an early
protein modification step after translation of the HCV
positive-stranded RNA genome. The key modifications
include the regulated intramembranous proteolytic
cleavage of core protein, disulfide bond formation of
core, glycosylation of HCV envelope proteins E1 and
E2, methylation of nonstructural protein 3 (NS3), biotinylation of NS4A, ubiquitination of NS5B and phosphorylation of core and NS5B. Other modifications
like ubiquitination of core and palmitoylation of core
and NS4B proteins have been reported as well. For
some modifications such as phosphorylation of NS3
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INTRODUCTION
Hepatitis C virus (HCV), a member of the genus Hepacivirus within the family Flaviviridae, is able to establish
chronic infection in humans, which eventually leads to
liver cirrhosis, hepatocellular carcinoma (HCC) and liver
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failure[1,2]. Approximately 3% of the world population are
infected with HCV. However, no effective vaccine has
been developed and the current antiviral treatments have
some limitations[3,4]. In order to develop efficient antiviral
therapies, a complete understanding of viral pathogenesis
and virus-host interactions is fundamental. Like other
positive-stranded RNA viruses, HCV hijacks the host
cell’s translation machinery for producing viral proteins[5].
Thereby, post-translational modifications (PTMs) of
virus encoded proteins occur as a rather natural step
during the cell’s general protein synthesis process, but
concurrently encompass impact on viral replication and
infectivity. In this review, we will start with a discussion
on the proteolytic cleavage of HCV polyprotein, and give
an overview on PTMs of HCV proteins and discuss their
influence on viral replication and pathogenesis.

junction, then rapidly in trans at NS5A-NS5B followed by
proteolysis at NS4A-NS4B, and finally at NS4B-NS5A.
NS3 to NS5B mainly function in HCV genome replication[8,15]. Proteolytic processing releases structural and
nonstructural HCV viral proteins that take part in different stages of HCV life cycle.

POST-TRANSLATIONAL MODIFICATIONS
OF HCV PROTEINS
Core protein
HCV core protein is the most conserved viral protein
among different HCV genotypes. It constitutes the viral
nucleocapsid that encapsidates the viral RNA genome,
and is essential for virus particle assembly[16,17]. HCV core
also possesses several regulatory functions, such as cellular transcription, virus-induced transformation, signal
transduction, steatosis and HCC. Moreover, core is significantly involved in virus-mediated pathogenesis. It is
able to modulate apoptosis and cell growth, but also upregulates reactive oxygen species (ROS) production and
has a possible immunoregulatory role[16,18].
The complete core protein is composed of three domains: an N-terminal hydrophilic domain that is essential
for RNA binding and homo-oligomerization, a C-terminal
hydrophobic domain that associates with LDs and is
involved in proper folding, and a hydrophobic signal sequence tail that can target E1 to the ER membrane[16,19-21].
Unlike other HCV proteins, core protein liberation from
HCV polyprotein precursor needs sequential proteolytic
processing. Following cleavage from HCV polyprotein
at the core-E1 junction by host cellular SP, the immature
core protein is additionally cut by SPP within its hydrophobic C-terminus to release mature N-terminal amino
acids 173-179 core protein and dissociate core from the
ER membrane[16,22]. The exact C-terminus of mature
core has not been identified yet in mammalian cells, even
though it was reported to be Phe177 or Leu179 in insect
cells[23]. This further processing by SPP relies on previously correct cleavage by SP and the sequential processing controls viral protein production rate[24]. Only the
mature form of core can attach to LDs and interact with
NS5A that transports HCV genome RNA to core[25,26].
Therefore, core maturation by SPP cleavage plays a critical role in virus assembly and regulation of HCV life
cycle.
It has been demonstrated that disulfide bonds in nucleocapsid proteins of viruses with icosahedral structure
play a role in virus assembly and capsid structure stabilization[27]. Since HCV virion is packaged into a similar
spherical structure, its nucleocapsid might resemble the
same organization[28]. Mutation analysis discovered that
mature core formed a dimeric membrane protein which
was linked by disulfide bond at Cys128. This disulfide bond
formation stabilizes capsid structure and strengthens the
interaction between core and membranes, and is critical
for virus assembly and virion production. However, the
disulfide bond in core has no effect on HCV RNA rep-

PROTEOLYTIC CLEAVAGE OF HCV
POLYPROTEIN
HCV genome consists of a 5’-untranslated region (UTR),
a large open reading frame (ORF) encoding a polyprotein
precursor of about 3000 amino acids and a 3’-UTR[6].
Proteolytic processing of the HCV polyprotein giving
rise to single viral proteins represents an initial step in
viral protein modification. There are nine defined proteolytic cleavage sites within the HCV polyprotein precursor,
resulting in the generation of at least ten non-overlapping
proteins, including structural proteins core, E1 and E2,
and nonstructural proteins p7, NS2, NS3, NS4A, NS4B,
NS5A and NS5B. Additional viral protein products might
be produced by alternative ORFs discovered within the
HCV genome[7-10].
Proteolytic processing of the polyprotein precursor occurs co- and post-translationally involving cellular
as well as viral proteases[11]. The structural proteins are
cleaved off the polyprotein precursor by host cellular signal peptidase (SP) located in the endoplasmic reticulum
(ER) of the host cell, while the nonstructural proteins
are released from the polyprotein precursor by viral proteases NS2-3 and NS3-4A[9]. The core protein is found
to be additionally cleaved inside the ER membrane by
host cellular signal peptide peptidase (SPP), thus yielding
the mature core variant[12]. This step leads to the release
of core from the ER and its trafficking to lipid droplets
(LDs) which are believed to serve as a platform for HCV
particle assembly[13]. E2, p7 and NS2 are first generated
as an E2-p7-NS2 precursor protein. Remarkably, the E2p7-NS2 precursor is proteolytically processed at the p7NS2 junction efficiently whereas the E2-p7 junction gets
cleaved less frequently, hence resulting in the presence of
E2 and p7 proteins as well as the non-cleaved E2-p7 variant in infected cells[14]. The NS2-3 autoprotease cleaves at
the NS2-NS3 junction and the NS3-4A protease cleaves
at the sites between NS3 and NS4A, NS4A and NS4B,
NS4B and NS5A, and NS5A and NS5B. Proteolytic processing by the NS3-4A complex follows a certain order
that the cleavage first happens in cis at the NS3-NS4A
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lication, the association with LDs or other functions of
core[27]. Because of the low mutation rate of Cys128, drugs
targeting Cys128 disulfide bond formation may be considered as a candidate to inhibit HCV virion formation.
Phosphorylation is a common type of PTMs, which
is also observed in HCV core protein. The phosphorylation of core by protein kinases A (PKA) at Ser53 and
Ser116 and by protein kinases C (PKC) at Ser53 and Ser99
was reported both in vitro and in Huh-7 and HepG2 cells.
However, Ser99 and Ser116 are the major and predominant
sites with low phosphorylation efficiency[29,30]. The phosphorylation at these two sites is critical for inhibition of
HBV gene expression and replication in Huh-7 cells, but
the detailed trans-suppression mechanism of HCV core
remains unclear. The same study showed that only truncated core is phosphorylated by PKC suggesting structural conformation might be a prerequisite for phosphorylation[30]. The phosphorylation at Ser116 by PKA is shown
to be responsible for the repressive activity of core on
cyclin-dependent kinase inhibitor (CKI) p21 promoter[31].
Reduced p21 may interfere with p53 driven repair mechanism in cell cycle, which may facilitate tumorigenesis. Another role of phosphorylation of core might be involved
in modulating nuclear localization of core, although controversial results have been reported[29,30]. Nuclear core is
involved in regulating host gene transcription[32].
Moreover, HCV core also undergoes several other
types of PTMs. For example, the ubiquitination of core
protein by E3 ubiquitin ligase E6AP preferentially at
N-terminal lysine residues induces the degradation of
core in the cytoplasm by the ubiquitin-proteasome pathway, which could control HCV virion production and
have an antiviral effect. The interaction region between
core and E6AP is located between amino acids 58 to
71 of the core protein, which are highly conserved in
all HCV genotypes[33-35]. Palmitoylation of core at Cys172
plays a vital role in targeting the core to smooth ER and
ER-associated LDs, but does not affect SPP proteolytic
cleavage-induced maturation and LD accumulation. Importantly, it also affects HCV assembly and production[36].

also involved in protein folding and play a key role in immune evasion by masking potential antigenic sites from
binding of neutralizing antibodies[44,46,47]. Because glycosylation sites within HCV glycoproteins are rather highly
conserved, glycosylation mutants are considered as immunogens to induce a potent antibody response against
HCV[48].
There are four to five N-glycosylation sites in E1 and
up to 11 N-glycosylation sites in E2[44,47,49,50]. N-linked
glycosylation occurs at asparagine residues and the consensus sequence is Asn-X-Ser/Thr[44,51]. Mass spectrometric analysis of E2 revealed that this protein is mainly
modified by high-mannose type oligosaccharides and
more complex glycan types are observed for just two glycosylation sites within E2[52]. E1 is believed to be modified only by high-mannose type oligosaccharides since a
restricted localization of E1/E2 heterodimers to the ER
is confirmed by immunofluorescence[49]. However, more
complex type glycosylations generally occur in the cisGolgi compartment, where indeed a small population of
E2 protein has been detected by immunofluorescence[53].
On the other hand, the attachment of complex glycans
can happen during the release of viral particles via the
exocytotic pathway, which involves the Golgi apparatus. Interestingly, due to the differences in the assembly
process, more mature glycoproteins containing complex
type glycans could have been observed with HCV pseudoparticles (HCVpp) compared to cell culture-derived
HCV particles (HCVcc)[38]. HCVpp is found to assemble
in post-Golgi compartments[54], while HCVcc assembly
takes place in ER-derived compartments[55]. HCVpp glycoproteins might also be more accessible to Golgi glycosyltransferases than HCVcc glycoproteins, which are components of high-order virion complexes[38]. Differences
in the glycosylation pattern of HCVpp and HCVcc might
be relevant for studying HCV immune evasion strategies.
Furthermore, the carbohydrate composition of envelope glycoproteins vary to some extent depending on the
cell line the virus infected[56]. Changes in the glycosylation
pattern of HCV glycoproteins have a major impact on virus particle assembly, entry and immunogenicity[44,50], thus
affecting virus pathogenesis and virulence. Mutations of
glycosylation sites N1 and N4 in HCV glycoprotein E1
(E1N1, E1N4) as well as N8 and N10 in HCV glycoprotein E2 (E2N8, E2N10) strongly interfere with the
incorporation of both envelope proteins into HCVpp,
suggesting the importance of these sites for protein folding and E1/E2 heterodimerization [42,44]. Additionally,
mutation of glycosylation site E2N2 or E2N4 leads to
the decreased infectivity of HCVpp, confirming a role of
both glycans in virus entry[44]. Moreover, glycans at positions E2N1, E2N6 and E2N11 are shown to decrease
the binding affinity of E2 to the cluster of differentiation
81 (CD81) receptor and to reduce the sensitivity of pseudotyped HCV particles to antibody neutralization, hence
contributing to humoral immune evasion[47]. These findings are supported and extended by studies with HCVcc
glycosylation mutants[42]. Apparently, glycosylation sites

Envelope glycoproteins E1 and E2
HCV envelope glycoproteins E1 and E2 play an important role in virus entry and immune evasion[37]. In
infected cells, E1 and E2 are either found as noncovalent
heterodimers, which are mainly localized to the ER, or as
disulfide-linked aggregates, which were originally thought
to represent misfolded protein complexes[38-41]. Heterodimers and oligomers of E1 and E2 are also found in
infectious virus particles, whose structure is stabilized by
disulfide bonds[38,42,43].
Both E1 and E2 proteins consist of a large N-terminal
ectodomain and a C-terminal hydrophobic transmembrane anchor. PTMs of HCV envelope proteins include
the attachment of glycans and the formation of disulfide
bridges[44,45]. Glycans attached to HCV envelope proteins
were shown to modulate virus entry by modifying their
receptor binding affinity or fusion activities. They are
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E2N1, E2N2, E2N4 and E2N6 seem to surround the
CD81 receptor binding site within E2, therefore “protecting” this site from recognition by neutralizing antibodies. Helle et al[42] provided structural evidence for
glycans attached to HCV envelope proteins to modulate
the humoral immune response.
Besides N-glycosylation, little information is available on O-glycosylation of HCV E1 or E2. Supposedly,
there is one potential O-glycosylation site within E1 and
four potential O-glycosylation sites within E2[48]. So far, 3
O-linked glycosylation sites in E2 have been shown to be
important for HCV entry, with two of them apparently
decreasing E2 binding affinity to CD81 receptor[48].
Virion-associated HCV glycoproteins are assembled
into large oligomeric protein complexes which are stabilized by disulfide bonds[38,42]. These complexes are able to
bind conformation-sensitive neutralizing antibodies and
recombinant CD81[38], and therefore can be considered
functionally significant rather than the result of a misfolding event.
Proper folding of glycoprotein E1 is dependent on
E2 coexpression and vice versa[57,58]. E1 and E2 consist of
eight and 18 highly conserved cysteine residues, respectively[43]. Structural information is mainly available for
HCV E2 protein, where nine intramolecular disulfide
bonds have been identified[59]. Because of the difficulties
in expressing E1 in the absence of E2, disulfide arrangement of cysteine residues in E1 has not been determined[43]. Beside their apparent impact on virus particle
structure and infectivity, it is conceivable that disulfidelinked glycoprotein oligomers may play an active role in
HCV budding by assisting protein-protein interactions[38].
Furthermore, it is possible that the presence of disulfide
bridges in HCV envelope proteins could be responsible
for the lack of sensitivity of HCVcc to low-pH treatment[60]. This suggests their direct influence on virus
internalization by affecting the presentation of HCV fusion peptide[38]. Additionally, the impact of disulfide rearrangement and the oxidation state of cysteine residues in
E1 and E2 glycoproteins on HCV entry and membrane
fusion was confirmed by Fraser et al[43]. Here the presence
of free thiol groups has been shown to be essential for
HCV infectivity.
Altogether, PTMs of HCV glycoproteins by glycosylation and disulfide bond formation have a strong impact
on several steps in viral life cycle, more specifically entry,
fusion of viral membrane with the host cell’s endosomal
membrane and budding.

of E2-p7 precursor during HCV infection is not known
so far. However, it is speculated that E2-p7 might be involved in regulating the production of native p7 and formation of ion channel complexes[63]. The optimal cleavage
at the E2-p7 junction is shown to be important for virus
production probably due to the increased NS2-associated
virus assembly complex formation in close proximity of
LDs. It also enhances NS2 interaction with NS3 and E2,
but does not affect HCV genome replication[64].
Structural analysis revealed that HCV p7 protein consists of two membrane-spanning α-helices connected by
a short cytoplasmic loop[65]. PTMs of p7 have not been
demonstrated.
NS2
HCV NS2 is a transmembrane protein. Together with
the N-terminal domain of NS3, NS2 forms the NS2-3
autoprotease. The NS2-3 cysteine autoprotease is a zincdependent metalloprotease that cleaves the HCV polyprotein at the NS2-NS3 junction. After its self-cleavage
from NS3, NS2 is quickly degraded[66,67]. Like p7, NS2 is
known to be essential for virus assembly. Even though
NS2 is part of the HCV replication complex, which
is composed of NS2, NS3, NS4A, NS4B, NS5A and
NS5B, NS2 is not essential for virus replication[62,68,69].
The interaction of NS2 with E1, E2, NS3 and NS5A results in co-localization of these viral proteins to dot-like
structures near LDs, which are the sites for virus particle
assembly[64,70]. Moreover, proper cleavage at the NS2NS3 junction is important for an active HCV replication
complex formation, but is not required for NS3 protease
activity[71,72]. Other functions linked to NS2 include the
inhibition of apoptosis and modulation of host cellular
gene transcription[73-76].
The highly hydrophobic N-terminus of NS2 consists of three trans-membrane segments which form the
protein membrane binding domain[77]. No attachment
of fatty acids or prenyl groups by modifications typically
involved in membrane targeting, like farnesylation, myristoylation, palmitoylation or prenylation[78], has been associated with membrane anchoring of NS2 so far. Though
NS2 is located to the ER membrane, the protein is not
glycosylated[79]. The protease activity of NS2 is located
within its C-terminal domain, which is able to homodimerize and thus creates two composite active sites[80].
Regarding the role of NS2 in HCV particle formation,
the overall structural integrity rather than the protease
activity of NS2 itself appears to be crucial[81,82].
The C-terminal globular domain of NS2 facing towards the cytoplasm of the infected cell was shown to be
modified by phosphorylation. Phosphorylation of NS2
is presumably mediated by host cellular casein kinase
2 (CK2)[79]. NS2 is a short-lived protein that is rapidly
degraded by the proteasome. Proteasome-mediated degradation of NS2 is regulated in an ubiquitin-independent
manner by phosphorylation within its C-terminal domain. Ser168 as part of a CK2 consensus recognition site
(Ser/Thr-X-X-Glu) is shown to be vital for NS2 degra-

p7
HCV p7 represents a small integral membrane protein
which is able to oligomerize and form proton channels
within the HCV particle envelope. The precise role of p7
in HCV life cycle has not been determined, even though
it has been shown to be essential for infection, but not
for viral replication[61,62]. Due to incomplete or delayed
proteolytic processing, the generation of a p7 species
linked to the E2 glycoprotein has been observed. The role
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dation. It is highly conserved between all HCV genotypes
and single point mutation of Ser168 confers resistance to
NS2 degradation[79]. Therefore, phosphorylation of NS2
is strongly connected to its abundance within the host
cell and can have a strong impact on HCV pathogenesis,
more particularly on assembly and virion production.

cycle needs to be further investigated.
It has been reported that protein arginine methyltransferases (PRMTs) can irreversibly and post-translationally methylate arginine residues in the arginine-glycine
(RG)-rich region of many RNA-binding proteins[92,93].
Since NS3 protein can bind to RNA through its RNA
helicase domain and contains seven RG motifs including
two RG motifs in the helicase domain, it is a potential
methylation target for PRMTs. Full-length NS3 and NS3
helicase domain are shown to be methylated at Arg1493
in the 1486Gln-Arg-Arg-Gly-Arg-Thr-Gly-Arg-Gly 1494
motif by PRMT1, but no methylation is found in NS3
protease domain[94]. Mutation analysis has demonstrated
that Arg1490 and Arg1493 are determinants for the helicase
activity[95]. Methylation of NS3 at Arg1493 inactivates the
helicase by inhibiting unwinding of double-stranded
DNA[96]. The reason that arginine methylation is involved
in protein-nucleic acid interaction is that methyl modification may affect the binding affinity, protein stability,
transcription and signal transduction[92]. Negative regulation of PRMT1 by protein phosphatase 2A (PP2A)
increases NS3 helicase activity and enhances HCV RNA
replication, therefore PP2A is considered a potential target for HCV drug development[96].
The cofactor activity of NS4A is mediated by its
central region and especially the hydrophobic Ile25 and
Ile29 residues, since an I25A/I29A double mutant cannot form a complex with NS3[97]. To reactivate NS4A
cofactor activity, the double mutant requires biotinylation
at the N-terminus by biotin-aminohexanoic acid (ahx).
However, the N-terminal biotin fusion alone without ahx
or C-terminal biotin-ahx fusion cannot restore NS4A
cofactor activity. On the other hand, N-biotinylation of
wild-type NS4A by biotin-ahx can dramatically promote
cofactor activity. Based on these data and the crystal
structure, it is predicted that N-biotinylation by biotin-ahx
resembles a hydrophobic environment that enhances the
stabilization of NS3-4A complex and C-biotinylation may
sterically interfere with the substrate binding pocket[98].

NS3-4A complex
HCV NS3-4A is a noncovalent complex composed of
the serine protease NS3 and its cofactor NS4A[83]. The
NS3-4A mediated cleavage releases NS3, NS4A, NS4B,
NS5A and NS5B from the HCV polyprotein in a specific order. The NS3-4A protease complex also has three
identified cellular targets so far, including mitochondrial antiviral signaling protein (MAVS), T-cell protein
tyrosine phosphatase (TC-PTP) and toll/IL-1 receptor
homology domain-containing adaptor inducing IFN-β
(TRIF), which may be involved in the development of
persistent infection and HCC[10,15]. Therefore, the NS34A protease is a prime target for antiviral drug design.
For example, the two recently approved direct-acting antivirals (DAAs), telaprevir and boceprevir, are oral NS34A protease inhibitors[4,84].
NS3 protein consists of an N-terminal serine protease domain with its catalytic triad composed of His57,
Asp81 and Ser139, and a C-terminal RNA helicase/NTPase
domain. The NS3 helicase/NTPase couples NTP hydrolysis to unwind extensive RNA secondary structure and is
important for RNA replication and virus assembly[85,86].
The two domains of NS3 can function independently
from each other, and the reason for their physical linkage remains unclear[83,85]. The intracellular NS3 protease
shows structure homology with extracellular serine proteases, but does not possess disulfide bonds to stabilize
its structure as extracellular serine proteases[87]. A Zn2+
ion together with its binding site formed by Cys97, Cys99,
Cys145 and His149 stabilizes NS3 protease, activates NS3
hydrolysis and facilitates NS2 processing at the NS2-NS3
junction. Binding of NS4A further stabilizes NS3 by restructuring the N-terminus of NS3 protease through interaction with the central hydrophobic portion of NS4A,
increases catalytic efficiency by influencing the spatial
configuration of the catalytic triad and directs the cellular
membrane localization because of the high hydrophobicity of the N-terminal transmembrane α-helix of NS4A.
In addition, the C-terminal acidic portion of NS4A plays
a role in regulating HCV genome replication and virus
assembly by interacting with other viral proteins in the
replication complex[15,87-89]. NS4A also regulates HCV replication by modulating NS5A hyperphosphorylation[90].
Liefhebber et al[91] has shown that NS3 might get
phosphorylated in subgenomic HCV replicon cells
through phosphospecific staining and dephosphorylation
assay. However, phosphorylation efficiency is low and
the phosphorylation sites are hard to identify. In addition, N-terminal acetylation of NS3 was identified by this
research group through mass spectrometric analysis. The
role of NS3 phosphorylation and acetylation in HCV life
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NS4B
HCV NS4B is relatively poorly understood compared to
other HCV proteins. The liberation of NS4B happens
at last during HCV polyprotein precursor processing in
a strictly defined position[99]. It is a highly hydrophobic
integral membrane protein that induces the formation
of the membranous web around ER membrane where
HCV genome replication takes place and functions by
anchoring the HCV replication complex through an unknown mechanism[100]. It has been reported that NS4B
can interact with other viral proteins such as NS5A, binds
viral RNA and has NTPase activity. It is involved in RNA
replication, virus assembly and release[101,102]. The multifunctional NS4B is also shown to activate ER stress pathways, contributes to steatosis by altering lipid metabolism
and escape from innate immune system by inhibiting
interferon[99]. Moreover, its anti-apoptosis function might
be associated with HCC development[103].

2629

January 28, 2014|First Edition|

Hundt J et al . Post-translational modifications of HCV proteins

There are two amphipathic helices (AH1 and AH2)
located in the N-terminal region of NS4B with their hydrophobic sides facing the cytoplasmic side of ER membrane. AH2 is a membrane interacting domain that is
essential for membrane trafficking, HCV genome replication and protein oligomerization. NS4B oligomerization
is critical for replication complex formation[104-106]. The
highly hydrophobic central core region of NS4B contains
four transmembrane domains and the highly conserved
C-terminus is a membrane binding domain that consists
of two α-helical elements and plays a role in NS4B selfinteraction, thus being important for replication complex
formation[107,108].
There are three common lipid modifications of protein
located in lipid raft, including palmitoylation, N-terminal
myristoylation and palmitoylation, and glycosylphosphatidylinositol modification[109]. So far, only palmitoylation is
detected in NS4B at Cys257 and Cys261 in the C-terminus
and these two sites are relatively conserved among HCV
genotypes. Site-directed mutagenesis confirmed that
Cys261 palmitoylation is more crucial for protein-protein
interaction and replication complex formation. Palmitoylation can enhance the polymerization activity of
NS4B through its N-terminus[110].

NS3, NS4A and NS4B. Cellular protein kinases in the
CMGC kinase family are involved in NS5A phosphorylation, including cyclin-dependent kinase (CDK), mitogenactivated protein kinase (MAPK), glycogen synthase
kinase 3 (GSK3) and casein kinase Ⅱ (CKⅡ)[90,112,116-118].
Since the subcellular distributions of both NS5A forms
are similar, the degree of phosphorylation does not affect
NS5A localization to the ER membrane[119]. However, the
degradation of NS5A is enhanced by increased degree
of phosphorylation[115]. Mutation analysis revealed that
reduced NS5A hyperphosphorylation promotes HCV
RNA replication, whereas reduced basal phosphorylation does not have an effect on HCV RNA replication in
a replicon system. This suggested that the ratio of these
two NS5A phosphorylation forms may be important for
viral RNA replication[120,121]. NS5A is also involved in virion production through its interaction with core protein,
which requires basal phosphorylation of NS5A[122].
NS5B
HCV NS5B is a conserved RNA-dependent RNA polymerase (RdRp) that initiates complementary negativestrand RNA synthesis and then synthesizes positivestrand RNA using the newly synthetic negative-strand
RNA as template. Due to the lack of proofreading of
RdRp, HCV replication is error-prone[83,86]. NS5B can
interact with other viral proteins such as NS3, NS4A and
NS5A, and cellular proteins like hVAP-33, which facilitates the formation of the viral RNA replication complex[123,124]. Furthermore, it can form a complex with the
retinoblastoma tumor suppressor protein (pRb) and promote pRb degradation in an ubiquitin dependent manner,
therefore contributing to HCC development[125].
Like other polymerases, the crystal structure of NS5B
reveals that it resembles the configuration of a right
hand. The finger, thumb and palm domains compose a
unique shape. The active site located in the palm domain
has a highly conserved GDD motif. There are four allosteric sites within the thumb and palm domains which
serve as targets for antiviral development[126-128]. Besides,
NS5B is a tail-anchored protein with its C-terminal hydrophobic tail associated to the ER membrane[86].
The function of many cellular enzymes for DNA and
RNA metabolism and viral RdRps is often regulated by
phosphorylation[129]. Hwang et al[130] demonstrated that
NS5B is a phosphoprotein in insect cells. Kim et al[129] discovered that the protein kinase C-related kinase 2 (PRK2)
is the specific enzyme for NS5B phosphorylation within
the N-terminal finger domain. Knock-down and overexpression of PRK2 demonstrated PRK2 up-regulates
HCV RNA replication in HCV subgenomic replicon
cells, suggesting that NS5B phosphorylation can enhance
HCV replication.
Gao et al[131] identified an interaction between ubiquitin-like protein hPLIC1 (human homolog 1 of protein
linking integrin-associated protein and cytoskeleton) and
NS5B. Since hPLIC1 interacts with both proteasome and

NS5A
HCV NS5A is a phosphorylated zinc-metalloprotein
without any enzymatic activity, but required for RNA
replication and virion morphogenesis[111]. However, the
precise mechanism of how NS5A functions is not clear.
It is demonstrated that NS5A can bind to HCV RNA,
other HCV proteins such as NS5B and cellular proteins
such as human vesicle-associated membrane-associated
protein of 33 kDa (hVAP-33), thus contributing to replication complex formation[8]. Several other functions of
NS5A include interferon resistance, transcriptional activation and signaling pathway regulation[112,113].
NS5A is composed of three domains. Domain I
contains a zinc-binding motif and is the determinant
for HCV RNA replication. It is a nucleic acid-binding
domain that binds to the 3’ G/C rich sequence in HCV
RNA. It also functions in LD association. Domain Ⅱ
may play a role in evading innate immune response as
well as RNA replication. Domain Ⅲ participates in virus
assembly and core protein interaction[83,86,114]. In addition,
there is an amphipathic α-helix in the N-terminal region
responsible for ER membrane anchoring[111].
NS5A is a phosphoprotein that exists in two forms, a
basally phosphorylated form (56 kDa) and a hyperphosphorylated form (58 kDa), which is conserved among
HCV genotypes[115]. The basally phosphorylated sites are
mainly serine residues and the minority are threonine
residues located in the central and C-terminal region. Major hyperphosphorylated sites are identified in a serinerich region in the central portion of NS5A[112,115]. The
basally phosphorylated form may be affected by NS2 and
NS4A, whereas hyperphosphorylation of NS5A requires

WCG|www.wjgnet.com

2630

January 28, 2014|First Edition|

Hundt J et al . Post-translational modifications of HCV proteins

E3 ubiquitin protein ligases E6AP and βTrCP, the ubiquitination modification of NS5B through hPLIC1 binding
promotes ubiquitin-dependent proteasome degradation,
resulting in decreased level of NS5B. NS5B mainly functions in RNA replication, so decreased NS5B leads to
HCV genome RNA reduction[131,132]. Although the ubiquitination sites within NS5B and the detailed mechanism
of hPLIC1-induced NS5B degradation are still not clear,
up-regulating NS5B ubiquitination may represent a target
for anti-viral development.
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SUMMARY AND PERSPECTIVES
PTMs of HCV viral proteins include phosphorylation,
glycosylation, disulfide bridging, methylation, palmitoylation, acetylation, and ubiquitination. These protein
modifications ensure proper protein functions by regulating protein activity, subcellular localization, proteinnucleic acid interaction, and protein-protein interactions.
Among the already identified PTMs of HCV proteins,
some are essential for HCV virion production such as
sequential proteolytic cleavage of core protein, whereas
others have regulatory roles in virus replication such as
phosphorylation of NS5A and ubiquitination of NS5B.
PTM sites and PTM pathways are potential pharmacological targets for antiviral drug development. However,
much work remains to be done to unveil the precise PTM
sites and the underlying mechanisms.
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Hepatitis C virus protease inhibitor-resistance mutations:
Our experience and review
Shuang Wu, Tatsuo Kanda, Shingo Nakamoto, Fumio Imazeki, Osamu Yokosuka
of these drugs also led to the emergence of DAAresistance mutations in certain cases. Furthermore,
these mutations exhibit cross-resistance to multiple
drugs. The prevalence of DAA-resistance mutations
in HCV-infected patients who were not treated with
DAAs is unknown, and it is as yet uncertain whether
such variants are sensitive to DAAs. We performed a
population sequence analysis to assess the frequency
of such variants in the sera of HCV genotype 1-infected patients not treated with HCV protease inhibitors. Here, we reviewed the literature on resistance
variants of HCV protease inhibitors in treatment naïve
patients with chronic HCV genotype 1, as well as our
experience.
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Core tip: The standard of care for the treatment of
hepatitis C virus (HCV) infection was peginterferon plus
ribavirin until the recent approval of telaprevir- and boceprevir-containing combination therapies. These HCV
protease inhibitors occasionally cause HCV variants
with resistance mutations. We reviewed the literature
reports of resistance variants of HCV protease inhibitors
in treatment-naïve patients with chronic HCV genotype 1, as well as our experience. Even in treatmentnaïve patients with chronic HCV genotype 1, naturally
occurring HCV protease inhibitor-resistance mutations
exist in some cases. The combination of direct-acting
antiviral agents against regions other than HCV NS3/4A
could eradicate HCV with these resistance variants.

Abstract
Direct-acting antiviral agents (DAAs) for hepatitis C
virus (HCV) infection are one of the major advances
in its medical treatment. The HCV protease inhibitors boceprevir and telaprevir were the first approved
DAAs in the United States, Europe, and Japan. When
combined with peginterferon plus ribavirin, these
agents increase sustained virologic response rates to
70%-80% in treatment-naïve patients and previoustreatment relapsers with chronic HCV genotype 1
infection. Without peginterferon plus ribavirin, DAA
mono-therapies increased DAA-resistance mutations.
Several new DAAs for HCV are now in clinical development and are likely to be approved in the near
future. However, it has been reported that the use
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populations with every potential substitution are likely
created and lost each day, some of which convey various
degrees of resistance to DAAs[52-54]. Due to the high sequence diversity of HCV, naturally occurring pre-existing
resistance mutations have been found at a low prevalence
in HCV-infected, treatment-naïve patients[55,56].
In a previous study[56], 9% of the HCV genotype
1a-infected patients who were not treated with HCV
protease inhibitors had at least one pre-existing dominant protease inhibitor-resistant variant, as observed by
population sequencing. In another report[57], although the
number of patients was small, the prevalence of protease inhibitor-resistance mutations was high (28%) in 53
genotype 1a samples, while no mutations were found in
only 5 patients infected with HCV genotype 1b. In HCV
genotype 1b treatment-naïve patients, the percentage of
naturally occurring pre-existing resistance mutations appears to be lower[58]. Recently, next generation sequencing
technology, with a detection limit as low as < 0.1%, have
shown the ability to detect most resistance variants (including high resistance variants, i.e., 155, 156 and 168) in
patients infected with protease inhibitor-untreated HCV
genotype 1[59]. Thus, the prevalence of naturally occurring
pre-existing resistance mutations in patients infected with
HCV genotype 1 who were not treated with HCV protease inhibitors remains unclear.

2013; 19(47): 8940-8948 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v19/i47/8940.htm DOI: http://dx.doi.
org/10.3748/wjg.v19.i47.8940

INTRODUCTION
Hepatitis C virus (HCV) is a positive-sense, single-stranded RNA virus, approximately 9600 nt in length, that belongs to the Flaviridae family. Globally, HCV infects 170
million people and approximately 120-140 million chronic HCV carriers exist[1,2]. HCV infection causes acute and
chronic hepatitis, cirrhosis and hepatocellular carcinoma
(HCC)[3,4]. HCV is classified into six major genotypes and
> 100 subtypes[5]. HCV genotype 1 (subgenotypes 1a and
1b) is the most common genotype in western countries
and Japan[5]. Treatment of HCV is complicated by the
existence of different HCV genotypes. The standard of
care was peginterferon plus ribavirin until the recent approval of telaprevir- and boceprevir-containing combination therapies[6-14]. Combination of peginterferon plus
ribavirin results in sustained virological response (SVR)
in nearly 70%-80% of patients with HCV genotype 2 or
3, but in only approximately 50% of those with HCV
genotype 1[15,16]. Thus, treatment response is dependent
on HCV genotypes and viral loads[17], viral sequence[18-21],
host factors such as IL28B genotypes [22-35], drug adherence[36], and adverse events induced by therapeutic
drugs[36].
Pharmaceutical companies are actively investigating
and developing direct-acting anti-viral agents (DAAs)
against HCV, which directly target specific HCV proteins such as NS3/4A protease[6-14], NS5A protein[37-39],
and NS5B polymerase[40], which are important for HCV
replication in hepatocytes. Two first-generation HCV
protease inhibitors, boceprevir and telaprevir, were approved in combination with peginterferon plus ribavirin
for treatment of chronic HCV genotype 1 in 2011[6-14].
Both protease inhibitors combined with peginterferon
plus ribavirin increased SVR rates up to 70%-80% in
treatment-naïve patients and previous-treatment relapsers
with chronic HCV genotype 1 infection[6-14]. Next-generation HCV protease inhibitors will be available in clinics in
the near future (Table 1)[41]. For example, simeprevir[42,43],
faldaprevir[44,45], and vaniprevir[46-48] are currently in phase
3 trials. HCV protease inhibitors primarily are specific
agents for HCV genotype 1. However, studies have
demonstrated that simeprevir is fairly active against most
HCV genotypes with the exception of HCV genotype
3a[42], and recently, in a phase 2 trial, the novel protease
inhibitor MK-5172 showed even broader activity across
HCV genotypes compared to simeprevir[49].
The low fidelity of HCV NS5B polymerase, high replication rate, and strong selective pressures on this virus
lead to emergence of viral quasispecies. The quasispecies
nature exists in a mixed population of viruses, with the
fittest viruses being the predominant viral populations,
as observed by sequence analysis[50,51]. In addition, new
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NATURALLY OCCURRING PREEXISTING
RESISTANCE MUTATIONS IN PATIENTS
INFECTED WITH HCV GENOTYPE 1B
We estimated a 98%-99% prevalence of HCV subgenotype 1b among patients infected with HCV genotype
1 in Japan[60]. Sera from 88 Japanese patients infected
with HCV genotype 1b who were not treated with HCV
protease inhibitors were examined. Some patients had
been included in a previous study[60]. We investigated the
naturally occurring pre-existing resistance mutations in
these patients by using a direct-sequencing method. The
study protocol was approved by the Ethics Committee of
Chiba University School of Medicine.
The clinical background of the 88 patients is shown
in Table 2. All but one patient had high viral loads.
Population sequencing of the HCV NS3 region was
performed in these 88 patients, and then the amino acid
sequences were compared to the HCV NS3 amino acid
sequence corresponding to the HCV genotype 1b Con1
strain. The prevalence of pre-existing variations in the
HCV genotype 1b samples was 39% (34/88). Among
these mutations, the resistance mutations T54S and
D168N were found in 6.8% (6/88) and 1.1% (1/88)
of the patients, respectively. Other resistance mutations
Q80L, V170Y, V170N and V170L were found in 22%
(19/88), 4.5% (4/88), 3.4% (3/88) and 1.1% (1/88) of
the patients, respectively. In 5.7% (5/88) of the patients,
more than one mutation was identified: four patients had
T54S and Q80L, and one patient had T54S, Q80L and
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Table 1 Overview of representative clinical trials of hepatitis C virus NS3/4A protease inhibitors
Name of drug (other name)

G

Trial phase

Telaprevir (VX-950)

1
1b

FDA approved
3

Boceprevir
(SCH 503034)
Simeprevir (TMC435)
Faldaprevir (BI201335)

Danoprevir (ITMN-191)

Vaniprevir (MK-7900)
Asunaprevir (BMS-650032)

Features of clinical trials (ClinicalTrials.gov Identifier)

Telaprevir, PEG-IFN alpha-2a, RBV
Telaprevir, Daclatasvir (NS5A inhibitor), PEG-IFN alpha-2a, RBV (COMMAND-3)
(NCT01492426)
1
3
Telaprevir, PEG-IFN lambda-1a, RBV (NCT01598090)
4
2
Telaprevir, PEG-IFN alpha-2a, RBV (NCT0050801)
1
FDA approved
Boceprevir, PEG-IFN alpha-2a, RBV
1
3
Simeprevir, PEG-IFN alpha-2a, RBV (NCT01290731)
1b/4
2
Simeprevir, IDEX719 (NS5A inhibitor), RBV (NCT01852604)
1
3
Faldaprevir, PEG-IFN alpha-2a, RBV
1a
2
Faldaprevir, PPI-668 (NS5A inhibitor), BI207127 (non-nucleoside NS5B inhibitor), (+ RBV)
(NCT01859962)
1b
2
Faldaprevir, BI207127, RBV (NCT01858961)
1
2
Danoprevir, PEG-IFN alpha-2a, RBV (NCT00963885)
1/4
2
Danoprevir, Ritonavir, PEG-IFN alpha-2a, RBV (NCT01220947)
1
2
Danoprevir, Ritonavir, RO5024048 (NS5B inhibitor), RBV, (± PEG-IFN alpha-2a) (NCT01331850)
1
3
Vaniprevir, PEG-IFN alpha-2b, RBV (NCT01405937)
1
3
Asunaprevir, Daclatasvir (NCT01497834)
1
2
Asunaprevir, PEG-IFN lambda, RBV (NCT01309932)
1/4
2
Asunaprevir, PEG-IFN alpha-2a, RBV (NCT01030432)
1a/1b/4
2
Asunaprevir, Daclatasvir, BMS-791325 (NS5B inhibitor) (NCT01455090)

Data from http://www.clinicaltrials.gov accessed on September 8, 2013. FDA: United States Food and Drug Administration; G: Genotype; HCV: Hepatitis
C virus; PEG-IFN: Peginterferon; RBV: Ribavirin.

RESISTANCE MUTATIONS AND
VIROLOGIC FAILURE

Table 2 Clinical characteristics of hepatitis C virus genotype
1b-infected patients in sequence analysis study of the hepatitis
C virus NS3 region
No. of patients (men/women)
Age (yr)
HCV RNA levels (low/high)
ALT (IU/L)
WBC (x 103/mcL)
Hemoglobin (g/dL)
Platelet counts (x 104/mcL)
IL28B rs8099917, TT/TG/GG/unknown

Despite extensive efforts to develop more potent nextgeneration protease inhibitors, the long-term efficacy of
this drug class is challenged by the rapid emergence of
resistance[62,63], which could result in treatment failures
such as viral breakthrough or relapse. Our identified
mutations associated with resistance to protease inhibitors are shown in Figure 1. In the Protease Inhibitor for
Viral Evaluation (PROVE) 1 and 2 clinical trials[8,9] of
telaprevir in combination with peginterferon plus ribavirin, viral breakthrough occurred in approximately 7% of
patients with HCV genotype 1a infection, compared with
about 2% of those with HCV genotype 1b infection; approximately 10% of patients with either subgenotype 1a
or 1b suffered a relapse after cessation of HCV protease
inhibitor-treatment. In both ADVANCE and Illustrating
the Effects of Combination Therapy with Telaprevir (ILLUMINATE) trials[11,13], about 60% of patients treated
with telaprevir-based triple therapy achieved an extended
rapid virologic response (eRVR), with no virus detected
at weeks 4 and 12.
HCV variants associated with on-treatment virologic
failure or relapse were evaluated by using site-directed
mutagenesis in HCV replicon assay[62,64]. Variants V36A/
M, T54A/S, R155K/T, and A156S conferred lower levels of in vitro resistance to telaprevir (three- to 25-fold
increase in telaprevir IC50), and A156V/T and V36M +
R155K variants conferred higher levels of in vitro resistance to telaprevir (> 25-fold increase in telaprevir IC50).
HCV replicon variants generated from patient-derived

88 (43/45)
55 ± 14
1/87
67 ± 44
5.2 ± 1.5
14 ± 1.2
20 ± 18
45/29/0/14

HCV RNA levels, low: less than 5 log IU/mL; HCV RNA levels, high:
equal to or more than 5 log IU/mL; ALT: Alanine aminotransferase; HCV:
Hepatitis C virus; WBC: White blood cell.

V170N (Table 3). We did not identify high resistance variants at 155 and 156 in protease inhibitor-untreated HCV
genotype 1b-infected patients (Table 3). Suzuki et al[58] reported that amino acid substitutions conferring resistance
to protease inhibitors (V36A, T54S, Q80H, and D168E)
were detected in 15 of 307 (4.9%) patients infected with
HCV genotype 1b who had not received DAAs previously, and T54S (3.3%) predominated over V36A (0.3%),
Q80R (0.7%) and D168E (0.7%), similar to our results.
Leggewie et al[61] measured the prevalence of natural
resistance polymorphisms in 38 acutely human immunodeficiency virus (HIV)-HCV co-infected treatment-naïve
patients by using direct and deep sequencing. They found
that 26% of patients (10/38) had a majority variant resistance mutation (in order of frequency: Q80K-16%,
V36M-5%, T54S-3%, V55A-3% and D168A-3%). Lowfrequency mutations were detected in all samples.
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conferring reduced sensitivity to boceprevir). The majority of boceprevir-treated subjects not achieving SVR had
one or more specific treatment-emergent NS3 amino
acid substitutions, most of which were previously shown
to reduce the anti-HCV activity of boceprevir. These
substitutions included V36A, V36M, T54A, T54S, V55A,
V107I, R155K, A156S, A156T, A156V, V158I, D168N,
I/V170A, and I/V170T. Detection of these substitutions
was most common among subjects who experienced virologic breakthrough or incomplete virologic response[68].

Table 3 Naturally occurring pre-existing resistance amino
acid mutations in the hepatitis C virus NS3 regions of 28
protease inhibitor-naive patients infected with hepatitis C
virus genotype 1
Patient V36 T54 V55 Q80 R155 A156 D168
No.
A/M S
A
L K/T/Q S/T/V
N
31
95
15
17
24
26
29
81
61
72
11
12
2
53
55
66
84
85
110
112
114
100
101
107
111
99
92
97

S

S
S
S

V170Y/N/L
Y

N

L

L
L
L
L
L
L

COMBINATIONS OF DAAS FOR
HCV STRAINS WITH RESISTANCE
MUTATIONS

L
Y
Y
L
L

Protease inhibitors are used in combination with peginterferon plus ribavirin because monotherapy with protease inhibitors results in the early emergence of drugresistance mutations[62,63]. As peginterferon plus ribavirin
treatment is frequently associated with serious adverse
events, an interferon-free DAA combination therapy
such as protease inhibitors with an NS5A inhibitor and/
or NS5B inhibitor would offer an ideal treatment option for patients with chronic HCV infection. However,
combinations of DAA-resistant variants both in a single
target protein and across multiple targets have been
reported following failure of single and combination
DAA regimens[55,69-71]. HCV population sequences of the
complete HCV NS3 and 4A regions obtained from 2,111
HCV subgenotype 1a and HCV subgenotype 1b DAAnaïve patients were analyzed by Bartels et al[72]. It was
reported that the strongest association was the combination of variants at NS3 V55, with lower-level resistance
to boceprevir, and NS3 T54, with lower-level resistance
to boceprevir and telaprevir[73]. The complete HCV NS3
study dataset showed that 69% (33/48) of patients with
HCV NS3 V55I also had T54S. An association was also
observed between HCV NS3 positions 54 and 155, with
17% (3/18) of the patients with the HCV NS3 T54S substitution also having R155K. The HCV NS3 T54S and
R155K combination appeared in boceprevir and telaprevir trials. The study[73] also reported that treatment-naïve
patients with viral populations containing the telaprevirresistant variants HCV NS3 V36M, T54S or R155K at
baseline achieved a 74% SVR rate with DAAs, similar to
that (76%) in patients without resistant variants detected
prior to treatment. Further studies are needed to confirm
these findings.

Y
L
L
L
L
L
L
Y
S

L
L
N
N
N
L

S

L
L

N

sequences showed similar results. The in vitro replication
capacity of telaprevir-resistant variants was lower than
that of wild-type virus in the HCV genotype 1b Con1
replicon system[64-67]. When telaprevir-resistant variants
were tested for cross-resistance against representative
protease inhibitors in the HCV replicon system, HCV
replicons with single substitutions at position 155 or 156
and double variants with substitutions at residues 36 and
155 showed cross-resistance to all protease inhibitors
tested with a wide range of sensitivities. All telaprevirresistant variants studied remained fully sensitive to interferon-alpha, ribavirin, and representative HCV nucleoside
and non-nucleoside polymerase inhibitors in the replicon
system. There are limited clinical data regarding re-treating patients who have failed an HCV NS3-4A protease
inhibitor-based therapy such as telaprevir monotherapy,
suggesting that re-treatment with triple therapy might be
useful for certain patients.
In the boceprevir Serine Protease Inhibitor Therapy 2
(SPRINT-2) trial[6], patients showing a decrease in HCV
viral load ≥ 1 log10 IU/mL during the four-week leadin period of peginterferon plus ribavirin therapy had
very low rates of emergence of boceprevir-resistant mutants (4%-6%) during subsequent triple therapy, whereas
those with a < 1 log10 IU/mL decrease in HCV RNA
had higher rates (40%-52%) of boceprevir-resistanceassociated variants (genotypic mutations of the protease
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DIFFERENCES IN RESISTANCE
MUTATION SELECTION BETWEEN HCV
GENOTYPE 1A AND HCV GENOTYPE 1B
It is possible that a different pattern of nucleotide changes is required for the resistance amino acid mutations
between HCV genotypes 1a and 1b[67]. Substitutions at
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Telaprevir

Boceprevir

V

T

Q

I

R

A

D

V

36
36

54
54

80
80

132
132

155
155

156
156

168
168

170
170

A/M/G/L/I

A/S

L

V

T

V

V

R

A

V

D

V

M

54
54

55
55

107
107

155
155

156
156

158
158

168
168

170
170

175
175

I

K/T

S/T/V

I

E/N

A/T

L

A/S/G/C A/I

V

Q

F

T

Q

R

A

36
36

41
41

43
43

54
54

80
80

155
155

156
156

D
168
168

M

R

S

S

K/R/L

K

T/V

N/A/V/E/H/T

T

Q

R

A

54
54

80
80

155
155

156
156

D
168
168

S

L

K

T/V

A/V/E/H/Y/N/P/I

V

V

R

A

D

36
36

55
55

155
155

156
156

168
168

A/M/G

I

K

T

A/E/T
D
168
168

V
170
170

A/V/T/H

L

Vaniprevir

T

R

A

54

155
155

156
156

K/T/Q S/VT

A

R

D
168
168

155
155

Asunaprevir

K
ABT-450

A/Y/N/L/F

V

Faldaprevir

Danoprevir

E/N

36
36
A/M/G/L/I

Simeprevir

K/T/G/M S/T/V

E

R

R

D

V

V

36
36

55
55

155
155

156
156

168
168

I

K/T/Q

T/V

A/V/E/Y/K

A/M/G
MK-5172

F

Y

43
43

56
56

Y

H

Figure 1 Mutations in hepatitis C virus NS3/4A serine protease that impact susceptibility to hepatitis C virus drugs approved by the United States Food
and Drug Administration and investigated in phase 2 or 3 clinical trials. The numbers indicate the positions of the amino acids of the hepatitis C virus genotype 1
Con 1 strain. The amino acids above and below the numbers indicate wild-type amino acids and their substitutions, respectively. The red color indicates the mutations
detected among the population using sequencing in the present study.

tease inhibitors than HCV genotype 1b (Table 4). In the
ELECTRON study[74] of NS5B inhibitor sofosbuvir, no
differential resistance was observed between genotypes
1a and 1b despite 89% of the subjects being in the HCV
genotype 1a population, suggesting that combination
DAAs targeting other HCV regions with next-generation
HCV protease inhibitors could overcome the challenges
of resistance mutations. In the near future, although mutation analysis was previously performed with population
sequencing using Sanger methods, ultra-deep sequencing technology should provide new information[60,75-78].
Ligand bioactive conformation also plays a critical role in
the design of HCV NS3 protease inhibitors and may allow for a large variety of HCV protease drug candidates
to be designed[79].

Table 4 Nucleotide changes were required for amino acid
substitutions at position 155 of hepatitis C virus NS3 among
hepatitis C virus genotype 1 samples
Amino acid at position 155
R
K
T
S
I

HCV genotype 1a

HCV genotype 1b

AGG
AAG
ACG
AGC
ATC

CGG
AAG
ACG
AGC
ATC

Bold-faced nucleotides nucleotides were required for amino acid substitutions at position 155. HCV: Hepatitis C virus.

A156 (A156S, A156T or A156V) require only a one-nucleotide change in HCV genotype 1a and HCV genotype
1b. In contrast, substitutions at R155 with K, T, S, M or
I require a two-nucleotide substitution in HCV genotype
1b isolates. However, R155K/T/S/M/I substitutions require a one-nucleotide substitution in HCV genotype 1a
isolates. The need for a two-nucleotide change for substitution R155 in HCV genotype 1b could be one of the
reasons that HCV genotype 1a is more resistant to pro-
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CONCLUSION
In summary, we reviewed the literature reports of resistance variants of HCV protease inhibitors in treatment
naïve patients with chronic HCV genotype 1, as well as
our experience. Even in treatment-naïve patients with
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chronic HCV genotype 1, naturally occurring HCV
protease inhibitor-resistance mutations exist in some.
Monotherapy with HCV protease inhibitors should be
absolutely avoided. Regarding HCV protease inhibitorresistance mutations, attention should also be paid to
DAA-treatment-experienced patients, who previously
used HCV protease inhibitor-monotherapies or combination therapies with HCV protease inhibitors. HCV
genotype 1a is more resistant to protease inhibitors than
HCV genotype 1b, and it is easier for HCV genotype
1a strains to be resistant to the currently available HCV
protease inhibitors. At present, patients should be treated according to the recommendations of several HCV
clinical practice guidelines[80-86]. However, it may also be
possible that the combination of DAAs against regions
other than HCV NS3/4A could eradicate HCV with
these resistance variants.
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Core tip: Nucleic acids have emerged as new antihepatitis C virus (HCV) agents due to their great
specificity, chemical synthesizability, pharmaceutical amenability, and broad targeting ability. Clinical
applications of nucleic acids have been delayed due
to their potential immunogenicity and toxicity, low efficacy, possible off-target effects, and lack of efficient
delivery vehicles. However, recent advances in delivery
carriers and chemical modification methods have improved the efficacy and bioavailability of nucleic acidbased agents. Hence, nucleic acids may be attractive
anti-HCV options. In this report, the current status and
future prospects of ribozymes, aptamers, siRNAs, and
antisense oligonucleotides as anti-HCV regimens will be
discussed.

Abstract
In this review, we discuss recent advances in nucleic
acid-based therapeutic technologies that target
hepatitis C virus (HCV) infection. Because the HCV
genome is present exclusively in RNA form during
replication, various nucleic acid-based therapeutic approaches targeting the HCV genome, such as
ribozymes, aptamers, siRNAs, and antisense oligonucleotides, have been suggested as potential tools
against HCV. Nucleic acids are potentially immunogenic and typically require a delivery tool to be
utilized as therapeutics. These limitations have hampered the clinical development of nucleic acid-based
therapeutics. However, despite these limitations,
nucleic acid-based therapeutics has clinical value due
to their great specificity, easy and large-scale synthesis with chemical methods, and pharmaceutical
flexibility. Moreover, nucleic acid therapeutics are expected to broaden the range of targetable molecules
essential for the HCV replication cycle, and therefore
they may prove to be more effective than existing
therapeutics, such as interferon-α and ribavirin com-
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INTRODUCTION
Hepatitis C Virus (HCV) infection is the main cause
of chronic hepatitis, liver cirrhosis, and hepatocellular
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carcinoma[1,2]. Nearly 170 million people are chronically
infected worldwide by HCV, and approximately 27%
of all cases of liver cirrhosis and approximately 25%
of hepatocellular carcinoma cases may be related to
HCV infection[3]. Given this obvious therapeutic need,
international efforts to develop new antiviral drugs and
vaccines that are effective against all HCV genotypes
have been prompted. However, HCV has seven major
genotypes with numerous subtypes [4] and exists as a
variable quasispecies because HCV NS5B displays an
error-prone RNA-dependent RNA polymerase activity that lacks proofreading functions[5]. Unfortunately,
this high variability in HCV genomic RNA hampers the
development of prophylactic and therapeutic vaccines
and antiviral drugs[5,6]. Until recently, the usual treatment
option for HCV infection has been a combination of
pegylated interferon-α (PEG-IFNα) and ribavirin. This
treatment clears infections by genotypes 2 and 3 in up
to approximately 85% of cases. However, in infections
with genotype 1, approximately 45% of cases are able to
support a sustained viral response after the combination
treatment[7]. Moreover, this treatment is associated with
many side effects including flu-like symptoms, severe depression and hemolytic anemia[8]. Recent approval of two
direct-acting antivirals (DAA) targeting the HCV NS3
protease, telaprevir (VX-950) and boceprevir, gives hope
for the treatment of HCV infection. However, these
drugs, given in combination with PEG-IFNα and ribavirin, are prone to selecting for drug-resistant viruses[9,10].
Therefore, DAAs that are more specific, effective, and
safer are required. Over the last three decades, nucleic acids have been developed as potential antiviral therapeutic
agents. Nucleic acid-based drugs are theoretically capable
of targeting many types of molecules such as DNA,
RNA, protein, lipid and even small molecules[11]. This
property could overcome the limitations of the current
therapeutics, which target only a limited number of proteins. Nucleic acid-based agents bind to target molecules
through sequence complementarity (antisense oligonucleotide, siRNA, ribozyme, and antimiR) or on the basis of
three dimensional structure (aptamer) (Figure 1 and Table
1)[12]. For example, aptamers bind to target molecules and
function as decoys and/or inhibitors, whereas siRNAs
and miRNAs make use of the RNA-induced gene silencing complex (RISC), which induces target RNA cleavage
or translation inhibition[13]. AntimiRs block miRNA activity and thus induce expression of miRNA target genes[14].
Antisense oligonucleotides bind to complementary RNAs
and suppress access to the cellular machinery, thereby inhibiting expression or function of the targeted RNAs[12].
Ribozymes are catalytic RNAs that cleave target RNAs
(for example, hairpin ribozyme and hammerhead ribozyme) or selectively replace target RNAs with desirable
RNAs (trans-splicing ribozyme)[15]. These variable modes
of action provide many opportunities and options for the
treatment of intractable diseases including genetic disorders, cancers, and infectious diseases. Despite their great
potential, only a few nucleic acid-based therapeutics have
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been approved; these include fomivirsen (an antisense oligonucleotide drug for the treatment of cytomegalovirus
retinitis in patients with AIDS), pegaptanib (an aptamer
for combating wet age-related macular degeneration),
and mipomersen (an antisense oligonucleotide drug for
the treatment of homozygous familial hypercholesterolemia)[16-18]. The problems involved in the application of
RNA therapeutic agents include potential immunogenicity, inherent unstable nature, and the requirement for a
delivery tool[11]. However, recent technological advances,
such as the improvement of synthetic delivery carriers
and the chemical modifications of nucleic acids, may help
to overcome these obstacles. Recently, a phase Ⅱ clinical
trial with SPC3649 (formerly Miravirsen), an LNA-modified antimiR-122, was completed for the treatment of
HCV[19]. Many other nucleic acid-based anti-HCV therapeutics are in the pre-clinical and clinical stage. In this
review, we summarize the current status of nucleic acidbased therapeutics that target the HCV RNA genome or
HCV-encoded proteins. Moreover, we summarize their
mechanisms of action and discuss the prospects for their
future application to the treatment of HCV infections.

RIBOZYMES
A ribozyme is a catalytic RNA that cleaves or reprograms
a target RNA sequence specifically, thus inhibiting the
target RNA’s expression or inducing new therapeutic
gene expression only when the target RNA exists [20].
Since HCV has an RNA genome that replicates and
exists exclusively in the cytoplasm, ribozymes are an attractive therapeutic option for HCV RNA clearance in
infected cells. As HCV NS5B is an error-prone RNA-dependent RNA polymerase that lacks proofreading functions, viral replication is accompanied by the occurrence
of mutations[5]. Therefore, sequence-specific therapeutics
may induce escape mutant viruses. To overcome this
obstacle, most ribozymes against the HCV genome have
been designed to specifically target the HCV 5’- or 3’-untranslated regions (UTRs), which are highly conserved
among all HCV genotypes and are essential for viral replication[21]. Promising in vitro results were obtained in the
1990s, using ribozymes directed against the HCV 5’- and
3’-UTRs[22-25]. Typically, naturally occurring ribozymes can
be categorized into two groups depending on their mechanism of action: cleaving ribozymes (RNase P, hairpin
ribozyme, and hammerhead ribozyme) and splicing ribozymes (group Ⅰ and Ⅱ introns)[20]. For therapeutic tools
against HCV infection, researchers have modified and
optimized these naturally occurring ribozymes or have
engineered synthetic ribozymes to target the HCV 5’- or
3’-UTRs.
Cleaving ribozymes
Cleaving ribozymes are divided into two subgroups according to their natural traits: self-cleaving or trans-cleaving[20]. Hairpin, hepatitis delta virus and hammerhead ribozymes are all naturally self-cleaving ribozymes required
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Figure 1 Overview of hepatitis C virus life cycle and antiviral target. The hepatitis C virus (HCV) life cycle includes entry, un-coating, replication, translation,
processing of poly-proteins, assembly, and release. HCV has an RNA genome which replicates and is translated in the cytoplasm. Various nucleic acid-based therapeutics target viral or host factors during the HCV infection as follows: (1) Ribozymes cleave or reprogram HCV RNA, sequence-specifically, thus inhibiting HCV RNA
expression or inducing new therapeutic gene expression; (2) Aptamers can target to receptors (CD81, CLDN1, OCNL, SR-B1), which are needed for HCV entry, or
to HCV regulatory proteins. Therefore, aptamers function as decoys during HCV entry or during replication to inhibit the viral life cycle; (3) siRNAs target the HCV
genome as well as host factors, and can cleave and/or suppress translation of target RNA, sequence-specifically, through the RNAi induced silencing complex (RISC);
(4) Antisense oligonucleotides induce inhibition of HCV gene expression through RNase H-dependent degradation of hybridized HCV RNA or by blocking access to
cellular machinery necessary for the HCV translation; (5) MiR-122 is a host factor which regulates HCV replication. MiR-122 is incorporated into microRNA associated
stabilizing complex (MASC) and increases HCV replication through binding to the HCV 5’ IRES; and (6) Anti-miR-122 down-regulates miR-122, inhibiting HCV replication. Lines represent the following: inhibition of replication (solid line), translation (short dashed line) and entry (long dashed line). An arrow indicates augmentation (black
arrow) or the direction (gray arrow) of replication. Nucleic acid-based therapeutic molecules are shown as follows: ribozyme (pink), aptamer (blue), siRNA (sky blue),
anti-sense (red) and anti-miR-122 (orange). CD81: Cluster of differentiation 81; CLDN1: Claudin-1; OCLN: Occludin; SR-BI: Scavenger receptor BI; ER: Endoplasmic
reticulum.

The first effort to utilize engineered trans-cleaving hairpin
ribozymes occurred in the 1990s[24]. Trans-cleaving hairpin ribozymes targeting HCV RNA 5’-UTR and capsid
gene regions were generated and shown to inhibit the expression of a cotransfected reporter gene containing the
HCV RNA target sequences. However, these ribozymes
were not tested using an HCV cell culture replication system, such as the subgenomic replicon or the virus particle-producing JFH-1 system[6], due to the unavailability of
those systems at that time. Therefore, the effects of these
ribozymes on HCV replication are unknown. Recently,
other hairpin ribozymes targeting the HCV 5’- or 3’-UTRs
were reported[28]. In Huh-7 cells that stably express subgenomic HCV construct, I389/hyg-ubi/NS3-3’ 5.1, the

for the replication process of RNA genomes. RNase P
is an essential enzyme in the biosynthesis of tRNAs that
specifically cleaves the pre-tRNAs, releasing 5’-sequences
and mature tRNAs. Except for the plant chloroplast and
Trypanosomatid enzymes, all known RNase P enzymes
are ribonucleoproteins that contain an RNA subunit essential for the catalysis[26].
Hairpin ribozymes
Hairpin ribozymes consist of four helical domains and
five loops. The cleavage site is flanked by the two substrate-binding sequences formed between the target RNA
and the ribozyme, allowing the design of trans-acting
ribozymes for target RNA sequence-specific cleavage[27].
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Table 1 Nucleic acid-based anti-hepatitis C virus therapeutics
Class

Mode of action

Hairpin ribozyme
HDV ribozyme
Hammerhead ribozyme
(Hepatozyme)
DNAzyme
RNase P
Splicing riboyme
Allosteric ribozyme
Aptamer

RNAi
Antisense oligonucleotide

AntimiR

Target

5'-UTR[30]
5'-UTR[33-35]
5'-UTR[41], core and NS5B region[39,40]
5'-UTR[45-47]
5'-UTR[51]

Selectively replace target RNAs with desirable
RNAs
Inhibit HCV replication[54] or cleave HCV RNA[31] miR-122[54] and 5'-UTR[31]
through recognizing ligands
Bind to target molecule and function as decoys NS3[68-70]
NS5B[75-78]
and/or inhibitors
E1E2[79]
Viral RNA[80,81]
Target RNA cleavage or translation inhibition
5'-UTR and 3'-UTR[93-96,100-102]
Protein coding regions[103-109]
Bind to complementary RNAs and suppress the 5'-UTR[134-137]
access to cellular machinery, thereby inhibiting
expression or function of the targeted RNAs
Block miRNA activity
miR-122[19,138]

inhibitory efficacy of these ribozymes on HCV replication was minimal (approximately 30%-40%). However,
the inhibitory effects of these ribozymes were increased
when combined with an HCV 3’-UTR targeting ribozyme (rather than HCV 5’-UTR targeting) and an HCV
5’-UTR targeting siRNA. This approach reduced HCV
RNA and NS5B protein levels by 80%-90%. This result
offers a promising combinatorial strategy for silencing
HCV replication.

Tested in in vitro[24] and in
cell culture model[28]
Tested in in vitro
Completion of phase Ⅱ
Tested in in vitro and in
cell culture model

Completion of Phase Ⅱ

Completion of Phase Ⅱ

can efficiently cleave the HCV RNA genome and inhibit
HCV translation and replication[22,23,32]. For example,
a nuclease-resistant synthetic ribozyme with modified
nucleotides and phosphorothioate linkages that target
the HCV 5’-UTR was developed by Ribozyme Pharmaceuticals (RPI) in collaboration with Eli Lilly. This hammerhead ribozyme, named Hepatozyme™, successfully
inhibited viral replication in cell culture with a chimeric
HCV-poliovirus in a dose-dependent manner, and this effect was potentiated by interferon[33,34]. In a phase Ⅰ trial,
Hepatozyme, administered either by subcutaneous
injection or intravenously, was found to be safe[35]. A
subsequent phase Ⅱ trial assessing the safety and efficacy
of this ribozyme in combination with IFNα has been
initiated. While a reduction of HCV RNA in serum was
observed in some patients, RPI opted to discontinue the
development of this drug because of toxicology findings
in primates[36].

Hepatitis delta virus ribozyme
Among the different ribozymes, the hepatitis delta virus
(HDV) ribozyme is the only catalytic cleaving RNA enzyme that has been discovered in humans[29]. The HDV
ribozyme appears to be well adapted to the human cell
environment, and hence, is a potential candidate for the
development of anti-HCV therapeutics. The HDV ribozyme has been modified and designed to be able to cleave
any specific RNA targets in trans possessing a complementary sequence to the recognition sequence of the
ribozyme[20]. Unfortunately, the HDV ribozyme has not
been developed extensively as an anti-HCV reagent; thus,
its catalytic activity has been tested only in an in vitro transcleavage assay using the HCV 5’-UTR as a substrate[30].
Recently, an HDV ribozyme possessing a specific on/off
adapter (SOFA), named SOFA-HDV ribozyme, was
reported[31]. This SOFA-HDV ribozyme is discussed further in the allosteric ribozyme section.

Deoxyribozyme
Unfortunately, ribozymes have the disadvantages of
being both short lived and prone to losing their biological
activity when they encounter alternative base substitutions[37]. Deoxyribozyme (DNAzymes) can be an effective alternative because of their small size (30-40 bases),
ease of synthesis, and increased resistance to chemical or
nuclease degradation[38]. DNAzymes have been shown
to efficiently cleave target RNAs at purine-pyrimidine
junctions in vitro. Similar to the RNA-based ribozymes,
DNAzymes were usually engineered to target highly
conserved sequences in the HCV core and/or the NS5B
protein coding region[39,40] and 5’-UTR[41]. Lee et al[42] constructed a pool of 10-23 DNAzymes that possessed randomized annealing arm sequences and then selected the
most available site for DNAzyme cleavage. All reported
DNAzymes targeting the HCV genome cleaved the tar-

Hammerhead ribozyme
The hammerhead ribozyme is one of the smallest ribozymes and likely the most widely studied ribozyme[26]. Due
to its small size, specificity, and catalytic efficacy, the hammerhead ribozyme is the most commonly used ribozyme
as a therapeutic agent for human diseases. Many attempts
have been made to develop hammerhead ribozymes that
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Status

5'-UTR[24,28], 3'-UTR[28], and core region[24]

Cleave target RNAs
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get RNA and thus inhibited translation and replication of
HCV in the cell culture system. However, the effects were
minimal or not superior compared with those produced
with RNA-based ribozymes. DNAzymes are yet in their
infancy as therapeutics, and further improvements are
needed.

cleavage activity from off to on solely in the presence
of the desired RNA ligand. The SOFA module is composed of three domains: a blocker, a biosensor, and a
stabilizer[52]. The blocker sequence inhibits the cleavage
activity of the ribozyme by binding in cis. The biosensor
must bind its complementary sequence on the substrate
to unlock the SOFA module. This binding induces the
folding of the catalytic core of the HDV ribozyme into
the on conformation. Both the blocker and the biosensor
increase the substrate specificity of the ribozyme’s cleavage by several orders of magnitude, compared with the
wild-type HDV ribozyme[53]. Lévesque et al[31] attempted
to develop a SOFA-HDV ribozyme to target HCV. They
screened and identified the most active SOFA-HDV
ribozyme against HCV RNA strands of both polarities.
Unfortunately, the inhibition of HCV replication through
targeting of the HCV replicon system with the SOFAHDV ribozymes was not very effective, even though the
SOFA-HDV ribozymes were active in an in vitro cleavage
assay. Further elucidation of the reasons why SOFAHDV ribozymes were not active in the cell culture HCV
model is needed to optimize their activities against HCV.
An aptazyme is composed of three independent modules: aptamer, communication module, and ribozyme. An
aptamer binding to its ligand results in conformational
change in the communication module, which can induce
the on or off status of ribozyme activity. Recently, our
group developed a specific aptazyme that can silence
miR-122 activity only in HCV-infected cells[54]. MiR-122
is a positive regulator of HCV translation and replication.
Functional sequestration of miR-122 effectively reduces
the abundance of viral RNA, implicating miR-122 as a
potential target for anti-HCV therapeutics[19]. However,
miR-122 can also regulate the expression of a large number of genes involved in cellular physiological functions
such as lipid metabolism and tumor suppression[55-60]. To
overcome any possible nonspecific side effects due to
miR-122 silencing in the normal liver, we created a hammerhead ribozyme-based aptazyme that can release antimiR-122 through self-cleavage activity, depending on the
presence of the HCV NS5B protein[54]. This HCV NS5Bdependent antimiR-122 releasing aptazyme specifically inhibited miR-122 function only in the HCV-infected cells.
Moreover, this aptazyme more efficaciously hampered
HCV replication than the miRNA silencing approach
did, as it contains an aptamer domain that can specifically
bind and sequester the HCV NS5B protein. Through the
combination of selective miR-122 silencing and specific
sequestering of HCV NS5B, this aptazyme approach
could be a promising anti-HCV therapeutic treatment.

Ribonuclease P
Ribonuclease P (RNase P) is a ubiquitous endoribonuclease and is one of the most abundant and efficient
enzymes in the cell. RNase P is a ribonucleoprotein
complex that specifically cleaves pre-tRNAs, releasing
5’-sequences and mature tRNAs[43]. RNase P requires a
short complementary oligonucleotide called an external
guide sequence for its activity to recognize and cleave
target RNA[44]. As an anti-HCV therapeutic, RNase P has
been shown to display cleavage activity against the HCV
5’-UTR in vitro, but has not yet been extensively studied in
a cell culture system[45-47]. Therefore, further evidences of
its efficacy and safety in cell culture systems are needed
to develop RNase P as an anti-HCV drug.
Splicing ribozymes
The self-splicing group Ⅰ intron from Tetrahymena thermophila has been previously demonstrated to trans-splice
an exon attached to its 3’ end onto a separate 5’ exon
RNA not only in vitro[48] but also in Escherichia coli[49] and
mammalian cells[50]. A promising advantage of transsplicing group Ⅰ intron is the cleavage of target RNA
and the simultaneous induction of new therapeutic gene
expression only when target RNA exists. Thus, transsplicing ribozymes could potentially be used for the
selective induction of new antiviral gene activities only
in HCV-infected cells while simultaneously destroying
the viral RNAs. Our group developed a trans-splicing
group Ⅰ ribozyme targeting the HCV 5’-UTR with the
diphtheria toxin A (DTA) gene as a 3’ exon[51]. This transsplicing ribozyme specifically cleaved the HCV 5’-UTR
and ligated DTA RNA to the cleaved HCV 5’-UTR, thus
inducing HCV RNA-specific cell death. To further improve the anti-HCV activities and the safety of the transsplicing ribozyme, a more careful selection of an antiviral
gene as 3’ exon, such as interferon instead of DTA, may
be required as DTA can cause extensive death of HCVinfected hepatocytes.
Allosteric ribozymes
An allosteric ribozyme is a ribozyme whose activity
can be specifically regulated by ligands. Commonly, ribozymes recognize only a 7-15 nucleotide long target
RNA, and thus, the possibility of nonspecific off-target
side effects is significant. To overcome this limitation,
specific sensing ligands, such as RNAs, proteins or small
molecules, can be tagged to the ribozyme to specifically regulate its activity. The SOFA (a specific on/off
adapter)-HDV ribozyme and aptazyme have been suggested as representative allosteric ribozymes for HCV
therapeutics. The SOFA-HDV ribozyme can switch its
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APTAMERS
Aptamers are small structured single-stranded nucleic
acid sequences that have emerged as attractive and feasible alternatives to small molecule and antibody-based
therapy, due to their great specificity, high affinity, easy
and large-scale synthesis with a chemical method, phar-
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maceutically flexibility, and poor immunogenicity[61,62].
Aptamers can be evolved using systematic evolution of
ligands by exponential enrichment, an iterative selection
method, and can bind target proteins with high affinity
and specificity[63,64] through formation of well-defined
complementary three-dimensional structures[65]. The first
aptamer drug, known as pegaptanib (Macugen), was approved for the treatment of wet age-related macular degeneration by the United States FDA[18]. Other aptamer
drug candidates now in the clinical development phase
include transcription factor decoys and aptamers against
thrombin, factor Ⅸa, and nucleolin[62]. Establishment
of a robust HCV cell culture system[66,67] has allowed the
identification and biochemical characterization of two
viral enzymes, NS3-4A and NS5B, that are major targets
for antiviral therapeutics. NS3-4A and NS5B are essential
proteins for the HCV replication cycle, and therefore,
most of the aptamers have been developed against these
two viral proteins to clear HCV infection.

1a and 1b. The therapeutic effectiveness of such aptamers should be carefully considered, as the most prevalent
HCV genotype throughout the world is genotype 1.
Moreover, their inhibitory effects against HCV should be
carefully tested using the genotype 3a cell culture system
that has been recently developed[76]. Bellecave et al[77] also
reported DNA aptamers against HCV NS5B, and their
aptamers inhibited HCV JFH-1 replication and viral particle formation in the cell culture system. However, those
aptamers were not examined with regard to cell toxicity
profiles, distribution in animals, or side effects during
long-term treatment. Therefore, concerns about safety
and the possibility of escape mutant virus appearance
during repeated treatment cannot be excluded with these
DNA aptamers. Recently, our group reported two types
of RNA aptamers against the HCV NS5B protein composed of 2’-hydroxyl ribonucleotides (2’-OH) or 2’-fluoro
pyrimidine ribonucleotides (2’-F)[78]. Both aptamers avidly
bound to the HCV NS5B replicases of genotypes 1b and
2a and efficiently inhibited HCV replication of both genotypes in cells without inducing the generation of escape
mutant viruses, innate immunity, or cellular toxicity. In
addition, therapeutically amenable quantities of 2’-F aptamer conjugated with galactose-PEG moiety were efficiently distributed in the mouse liver tissue. These results
suggest that RNA aptamers against HCV NS5B have a
potential as a new therapeutic tool and are a potentially
feasible alternative or additive to the current HCV therapeutics.

NS3 targeting aptamers
The HCV NS3 is a multifunctional protein with three
known enzymatic activities. The serine protease activity
(in conjunction with cofactor NS4A) is present within
the first 180 N-terminal amino acids, while the nucleoside triphosphatase (NTPase) and helicase activities are
in the carboxy-terminal region[6]. These three activities
are important to HCV replication. Most DAAs, including the FDA-approved VX-950 and boceprevir, target
NS3 protease activity, as DAAs targeting the NS3 helicase domain have met with limited success[6]. In contrast,
aptamers have been developed to target not only the
protease domain[68] but also the helicase[69,70] and NTPase
domains. Moreover, simultaneous targeting of protease
and helicase activities through conjugation of protease
and helicase aptamers is possible[71]. So far, among the
NS3 aptamers, only the helicase-specific aptamer developed by our group has been tested for its ability to inhibit HCV replication in an HCV cell culture system[70].
As the NS3 region of the HCV genome may be a hot
spot for mutations that are not deleterious to HCV replication, and due to the similarity of the NS3 helicase to
cellular RNA helicases[72,73], a more careful examination is
required to develop NS3 protease and helicase targeting
aptamers as anti-HCV drugs.

Viral RNA or HCV structural protein targeting aptamers
In addition to aptamers against the HCV regulatory proteins, a DNA aptamer targeting the HCV E1E2 structural protein was recently reported[79]. The DNA aptamer
exerted its antiviral effects through inhibition of virus
binding to the host cell receptors and thus inhibited the
viral life cycle. Other aptamers have been reported that
target viral RNA to inhibit either HCV translation[80] or
replication[81]. Efficacy of the aptamers was confirmed in
the HCV cell culture system. However, issues about cell
toxicity profiles, distribution in animals, escape mutant
appearance or side effects during the long-term treatment
were not addressed.

RNA INTERFERENCE

NS5B targeting aptamers
The RNA dependent RNA polymerase (RdRp) NS5B
is the key enzyme in HCV RNA replication. Due to its
essential role in the HCV life cycle, the NS5B protein is
an attractive target for the development of specific antiHCV drugs. Many nucleoside analogues and nonnucleoside inhibitors have been shown to inhibit RdRp activity
in vitro, as well as in the replicon cell culture system[74].
Jones et al [75] developed a DNA aptamer against the
HCV genotype 3a NS5B protein. They confirmed that
selected DNA aptamers specifically inhibited the NS5B
polymerase activity of genotype 3a, but not of genotypes
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RNA interference (RNAi) is a sequence-specific cellular post-transcriptional gene silencing (PTGS) pathway
that regulates gene expression and is considered as a
defense mechanism against invading viral pathogens
and transposable elements in multiple organisms from
worms to plants to mammals[82,83]. RNAi is initiated by
double-stranded RNA (dsRNA) that is processed in the
cytoplasm by the RNase Ⅲ enzyme Dicer to form 21-22
nucleotide (nt)-long small interfering RNA (siRNA) with
5’ phosphate groups and two nt 3’ overhangs[84,85]. siRNA
is then incorporated into an Argonaut-containing RISC
(RNA-induced silencing complex), which unwinds the
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RNAi against HCV coding regions
Because HCV RNA replicates in the cytoplasm, and its
genome acts like mRNA, any region of the HCV genome is theoretically targetable with RNAi. A number
of groups have demonstrated siRNAs or shRNAs that
target the protein coding regions of HCV. Three different groups have shown that siRNA against the HCV
core region reduced HCV RNA and protein expression[103-106]. Ansar et al[106] showed that siRNAs against
the HCV core region showed a 70% reduction in viral
titers, while siRNAs against E1 and E2 caused viral titers
to drop by as much as 93% in HCV-infected liver cells.
Moreover, Kim et al[105] demonstrated that siRNAs against
the NS3, NS4A, and NS4B regions of HCV effectively
inhibited HCV replication and translation. Ali Ashfaq et
al[107] showed an 88% reduction in HCV replication with
siRNA directed against HCV NS3 and a greater than
90% inhibition with siRNAs directed against the NS4B
and NS5B regions. Two other studies also demonstrated
that siRNAs against HCV coding regions significantly inhibited HCV RNA replication[108,109]. For example, Wilson
et al[109] showed that siRNAs against the NS5A and NS5B
regions dramatically reduced HCV replicon RNA levels
by up to 99% and 94%, respectively.

siRNA into the sense (passenger) strand and the antisense (guide) strand. The passenger strand is then cleaved
and removed, while the guide strand brings RISC to the
mRNA, which has a sequence that is complementary to
the guide strand[86,87]. The degree of complementarity between the target mRNA and the guide strand determines
the extent to which RISC silences the expression of the
target mRNA. If there is perfect complementarity of
the guide strand with the target mRNA, RISC mediates
site-specific cleavage that degrades the target mRNA. In
contrast, partial complementarity represses translation of
the target mRNA[88,89]. RNAi in mammalian cells was first
described in 2001[90], and triggering of the RNAi pathway
with synthetic (exogenous) siRNA has become the most
powerful and essential tool for drug development against
various human diseases such as viral infections, tumors,
and metabolic disorders, due to its high knockdown efficacy and sequence specificity[91,92]. Because HCV has a
single positive-stranded RNA genome that replicates in
the cytoplasm, RNAi is an attractive therapeutic option
for the treatment of HCV infection. Many attempts have
been made to target HCV RNA with siRNA or with
short hairpin RNA (shRNA) as an RNAi trigger.
RNAi against HCV 5’- and 3’-UTR sequences
Because siRNAs display high sequence specificity (up
to a single nucleotide resolution), any mismatches between the siRNA and target RNA affect the activity of
siRNA[91,92]. The 5’- and 3’-UTRs are the most highly
conserved regions of HCV RNA and are also essential
for HCV translation and replication. Therefore, both
5’- and 3’-UTRs are ideal regions for targeting with siRNAs[93,94]. Several groups have reported potent siRNA
activity against HCV 5’-UTR in the subgenomic replicon
system[93-95]. These reports demonstrated that siRNA targeting the HCV 5’-UTR resulted in 80%-90% inhibition
of HCV. Prabhu et al[96] showed that siRNA that targets
the highly conserved stem loop Ⅱ region of the HCV
IRES efficiently inhibited translation and replication of
infectious full-length clones of HCV 1a and 1b strains.
Moreover, this siRNA effectively mediated degradation
of the HCV IRES RNA and inhibited GFP expression
that was controlled by the IRES sequences of six different HCV genotypes. Compared with synthetic 21-22 nt
siRNAs, expressed shRNAs can induce long term stable
knockdown of their target RNAs as long as transcription
of the shRNAs occurs[97,98]. Moreover, shRNAs can act
as substrates for Dicer, which increases the incorporation
rates of siRNAs into RISC. This process enhances RNAi
potency and efficacy[99]. For these reasons, two groups
have utilized HCV 5’-UTR-targeting vector-derived shRNAs instead of 21-22 nt siRNA[100,101]. In both cases, the
shRNAs inhibited replication and decreased titers of
HCV genotypes 1a and 2a. Ray et al[102] also reported that
shRNA targeting the 5’-UTR suppressed the replication
of different HCV genotypes in the replicon cell culture
systems.
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RNAi against host factors
Host genes that modulate HCV infection and replication
have been identified[110-113], and, unlike HCV itself, these
genes are not prone to mutations. Therefore, these genes
could be important targets for anti-HCV therapeutics.
Several studies have shown that siRNAs against HCV
entry receptors, such as CD81, SRBI, Claudin Ⅰ, or
occludin, markedly decreased the susceptibility of human
hepatoma cells to HCV infection [114-116]. In addition,
cellular proteins with enzymatic functions have also
been targeted by siRNA as an anti-HCV therapy[117-120].
Importantly, a combination of siRNAs directed against
cellular HCV cofactors and the HCV genome had more
pronounced effects on suppressing HCV replication than
either treatment alone[116,118,121]. The instances of siRNAs
targeting cellular factors for antiviral therapy against HCV
has been more extensively reviewed in the literature[122,123].
RNAi with multiple siRNA
Because HCV has an error prone RNA-dependent RNA
polymerase, the occurrence of drug-resistant escape mutant viruses is one of the major concerns for the development of antiviral therapies against HCV. Because RNAi
has a high sequence specificity, prolonged treatment with
siRNA could result in the appearance of escape mutant
viruses that cannot be targetable by the siRNA. Wilson et
al[124] reported that continuous treatment with one siRNA
to an HCV replicon could induce the emergence of multiple point mutations within the target sequence region.
One strategy to prevent the formation of escape mutant viruses is to use multiple siRNAs targeting multiple
regions of the HCV genome combined with siRNAs
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against cellular HCV cofactors[116,118,121]. Long shRNA
can be processed by the host cell machinery into two or
more siRNAs. A vector that directs expression of three
shRNAs targeting the 5’-UTR and two NS5B regions
of the HCV genome showed sequence-specific antiviral
activity in the HCV replicon and in infectious virus systems[125,126]. When using a mutant virus with a genome
containing an escape mutation against one siRNA, the
remaining two siRNAs that could target the mutant virus
displayed fully active and effective anti-HCV effects. Yang
et al[127] designed a vector-derived shRNA that could be
processed into multiple siRNAs, using the endogenous
miRNA-17-92 cluster as scaffolds. These authors did this
because a previous study had demonstrated that overexpression of exogenously introduced shRNA competed
with endogenous miRNA and thus led to saturation of
the endogenous miRNA pathway, resulting in serious
toxicity in mouse liver, and in some instances, death[128].
This vector-derived shRNA consisted of five siRNAs
targeted against HCV RNA; three target sequences in the
5’-UTR and two others in the core and NS5B regions of
HCV. This vector-derived shRNA inhibited HCV RNA
replication and translation up to between 93%-98% in
the infectious virus systems without inducing toxicity.

of AAV8 expressing the shRNAs showed comprehensive
transduction into hepatocytes in a nonhuman primate
model. In addition to viral delivery systems, Chandra et
al[131] have demonstrated the efficacy of a nanosome (lipid
nanoparticles)-based siRNA delivery system. Multiple
siRNAs directed against the 5’-UTR of HCV and encapsulated into nanosomes efficiently inhibited HCV replication in a liver tumor-xenotransplanted mouse model.
Recent advances in nanobiotechnology will increase the
available repertoire of synthetic delivery carriers for siRNAs directed against HCV RNA.

ANTISENSE OLIGONUCLEOTIDE
Antisense oligonucleotide (ASO) refers to a short DNA
or RNA molecule that is designed to base pair with a
specific target gene sequence in a sequence-specific manner. Most ASOs are synthetic single-stranded DNA or
modified derivatives. Therefore, sequence-specific hybridization of ASOs to the target mRNA induces inhibition
of target gene expression through RNase H-dependent
degradation of the hybridized mRNA or through steric
hindrance that blocks the access of the cellular machinery
necessary for mRNA processing or translation[12,132]. Various modifications have improved the efficacy of ASOs
through enhancement of nuclease resistance, increase
in tissue half-life, affinity, and potency, and reduction
of non-sequence-specific toxicity[133]. To improve resistance against nuclease degradation, a phosphorothioatemodified backbone was used (first-generation ASO). In
addition, to further enhance nuclease resistance and increase binding affinity, 2’-O-Methyl (2’-OME) and 2’-OMethoxyethyl (2’-MOE) modifications were developed
(second-generation ASO). Peptide nucleic acid (PNA),
locked nucleic acid (LNA), and phosphoramidate morpholino oligomer (PMO) have been recently developed
as third-generation ASOs to further improve target affinity, nuclease resistance, biostability, and pharmacokinetics[132,133]. The United States FDA has approved ASOs
Fomivirsen (ISIS 2922: Isis Pharmaceuticals) and, more
recently, Mipomersen (ISIS301012: Isis Pharmaceuticals)
for the treatment of cytomegalovirus retinitis in patients
with AIDS and in patients with homozygous familial
hypercholesterolemia, respectively[16,17]. In addition, a
number of other ASOs are also undergoing clinical trials[133]. Several ASOs have been reported to inhibit HCV
replication and translation. A phase Ⅱ clinical trial with
ISIS 14803 (Isis Pharmaceuticals), a phosphorothioate
oligodeoxynucleotide against the HCV 5’-UTR IRES,
was completed in 2007, although results were not announced [134,135]. McCaffrey et al [136] demonstrated that
morpholino phosphoramidate antisense oligonucleotides
(morpholinos) complementary to the HCV 5’-UTR
specifically inhibited HCV IRES-dependent luciferase
translation by up to 95% for at least 6 d in mouse liver.
Moreover, an adenoviral vector-expressing an RNA ASO
has been reported to block HCV replication in the HCV
replicon and in the infectious HCV JFH-1 cell culture

Current limitations and future prospects of RNAi
RNAi-based antiviral therapeutics has a number of advantages. However, some limitations exist, such as the
inherently unstable nature of RNA, the requirement of
a delivery vehicle, off-target effects, potential immunogenicity, and toxicity resulting from interference with the
endogenous miRNA machinery[11,119,128]. These barriers
may be overcome with improved chemical modification of siRNAs and synthetic and viral delivery tools.
Recent advances in chemical modification methods
have increased the stability and efficiency and reduced
the off-target effects, immunogenicity, and toxicity of
siRNAs. The properties of chemically modified siRNAs
have been extensively described in recent reviews[11,12].
Delivery methods are also important to consider when
contemplating the use of an siRNA as an antiviral therapy. As vector-derived shRNAs are difficult to modify
chemically, many researchers have manipulated the
shRNA structure[127] and expression strategies by using
tissue specific or inducible promoter to improve their
usefulness as antivirals[129]. To test siRNA as an antiHCV therapeutic in animal models, viral delivery systems
have been employed[125-127,129]. Sakamoto et al[130] used
adenovirus to deliver an shRNA expression vector into
the livers of transgenic mice that could be induced to
express HCV structural proteins by the Cre/loxP switching system. These authors showed that intravenous injection of the adenovirus expressing shRNA resulted in
the specific suppression of virus protein synthesis in the
liver. In other studies, adeno-associated virus (AAV) was
used as a delivery vehicle[126,127]. Suhy et al[126] described an
AAV serotype 8-based viral vector that expresses three
shRNAs simultaneously. A single intravenous injection
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system by up to 40% and 76%, respectively[137]. Recently,
a very promising ASO against HCV was reported with
LNA-modified Miravirsen (SPC3649; Santaris Pharmaceuticals), which is directed against microRNA 122
(miR-122)[57]. MiR-122 has been reported to promote
HCV replication through an increase in either stability
or translation of HCV RNA by interacting with the
5’-UTR of the viral genome[138-140]. Therefore, silencing
of miR-122 is a new plausible approach for anti-HCV
therapeutics. LNA-modified ASO (SPC3649) caused a
long-lasting suppression of HCV viremia in chronically
HCV infected chimpanzees[141]. Moreover, a phase Ⅱ
clinical trial showed that SPC3649 treatment resulted in
a dose-dependent prolonged reduction of up to 2-3 logs
of HCV RNA in patients chronically infected with HCV
genotype 1[19]. More studies are needed regarding the
long-term suppression of miR-122, as miR-122 functions
as a tumor suppressor miRNA[58-60], and HCV escape
variants resistant to SPC3649 could potentially occur[142].
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CONCLUSION

11

For almost two decades, major endeavors to develop
nucleic acid-based therapeutics against hepatitis C virus
have been undertaken. Compounds such as ribozymes,
aptamers, siRNAs, and antisense oligonucleotides have
been shown to perturb various steps in the HCV life
cycle (Figure 1 and Table 1). However, clinical application
of these nucleic acid-based therapeutics has been hampered by their low efficiency, off-target effects, toxicity,
inefficient delivery, and the lack of cell culture and animal
models. These limitations have been gradually overcome
with recently improved delivery carriers (viral and synthetic) and chemical modifications of nucleic acids that
can ameliorate the efficiency and bioavailability, while also
reducing the toxicity and off-target effects[11,12]. Moreover,
great efforts have been made to establish HCV cell culture systems[66,67,76] and small animal models[143,144], which
are highly useful for the evaluation of anti-viral efficacy,
and thus, for the realization of effective nucleic acidbased anti-HCV drugs in the future.
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Antiviral treatment of hepatitis C virus infection and factors
affecting efficacy
Yan Zhu, Song Chen
Factors affecting the efficacy of anti-HCV treatments
based on IFN-α include the HCV genotype, baseline
viral load, virological response during treatment, host
IL28B gene polymorphisms and hepatic steatosis.
However, determining the effect of the above factors
on DAA therapy is necessary. In this review, we summarize the development of anti-HCV agents and assess the main factors affecting the efficacy of antiviral
treatments.
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Abstract

Core tip: Understanding the effectiveness and affecting factors of antiviral regimens are critical for making informed treatment decisions for hepatitis C virus
(HCV) infection. In this review, we have summarized
the history of anti-HCV agents from interferon to the
direct-acting antiviral drugs (DAAs) without polyethylene glycol interferon-α therapies and the affecting
factors of antiviral treatment, focusing on investigating the optimal combination of antiviral therapies to
achieve higher efficacy and better medication compliance. Although the efficacy of DAAs is significantly
improved, many unmet needs and questions remain,
such as avoidance of cross-resistance, the remaining
high incidence of side effects, the role of IL28B status
as well as the management of patients who do not respond to therapy.

Hepatitis C virus (HCV) infection is the leading cause of
chronic liver-related diseases, including cirrhosis, liver
failure, and hepatocellular carcinoma. Currently, no effective vaccine is available for HCV infection. Polyethylene glycol interferon-α (PegIFN-α) in combination with
ribavirin (RBV) is the standard of care (SOC) for chronic hepatitis C. However, the efficacy of PegIFN-α and
RBV combination therapy is less than 50% for genotype 1 HCV, which is the dominant virus in humans.
In addition, IFN and RBV have several severe side
effects. Therefore, strategies to improve sustained virological response (SVR) rates have been an important
focus for clinical physicians. The serine protease inhibitors telaprevir and boceprevir were approved by the
United States Food and Drug Administration in 2011.
The addition of HCV protease inhibitors to the SOC has
significantly improved the efficacy of treatments for
HCV infection. Several direct-acting antiviral drugs currently in late-stage clinical trials, both with and without
peg-IFN and RBV, have several advantages over the
previous SOC, including higher specificity and efficacy,
fewer side effects, and the ability to be administered
orally, and might be optimal regimens in the future.
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the SVR rates in patients receiving a high dose of RBV
(1000-1400 mg/d) were higher than those in patients receiving a low dose (800 mg/d) of the PegIFN-α-related
treatments[13,14]. The difference was especially obvious in
the patients with a genotype 1 infection. Some studies
investigated the antiviral therapy administered to patients
with a genotype 2/3 infection. Although the overall SVR
rate decreased after shortening the duration, a 12- or
16-wk treatment period was recommended for patients
who achieved rapid virological responses (RVR)[10,15,16].
The IDEAL study results showed that regardless of
which PegIFN-α was chosen to treat hepatitis C, the type
and frequency of the adverse responses appeared similar
(serious adverse responses, approximately 4%; headaches,
46%; myalgia, 40%; neutropenia, 5%; hemoglobin less
than 86 g/L, approximately 3%), with a higher incidence
of depression but lower incidence of skin rash associated
with PegIFN-α-2b compared with PegIFN-α-2a[9].

INTRODUCTION
Hepatitis C virus (HCV) infection, a worldwide public
health problem affecting 170 million patients, is likely the
cause of chronic hepatitis, liver cirrhosis, liver failure, and
hepatocellular carcinoma[1]. Of the patients with chronic
HCV infection, 40%-75% still exhibit extrahepatic manifestations including metabolic, hematological, vascular
and rheumatological diseases[2-5]. Until recently, however,
there have been no effective vaccines available. In the
early 2000s, polyethylene glycol interferon-α (PegIFN-α)
combined with ribavirin (RBV) became the standard of
care (SOC) regimen for HCV, which showed a SVR that
was mainly associated with its genotype. For example,
patients with genotype 1 achieved a sustained virological response (SVR) of less than 50%. Additionally, this
treatment regimen has several side effects, including
granulocytopenia, anemia, and depression, and it is associated with a long treatment duration and increased cost.
In 2011, the first direct-acting antiviral drugs (DAAs),
telaprevir and boceprevir, were approved by the United
States Food and Drug Administration (FDA). Combined
with PegIFN-α and RBV, these DAAs resulted in a higher SVR rate in patients with HCV genotype 1. Thus, this
treatment regimen became the SOC regimen for such patients. Soon afterward, other DAAs in the pre-clinical or
pilot phase also achieved good treatment results. Current
studies are focusing on investigating the optimal combination of antiviral therapies to achieve higher efficacy,
shorter treatment duration, more simple administration,
and better medication compliance. In response to an approved DAA, an evaluation of multiple factors (HCV
genotype, baseline viral load, virological response during
the treatment, and IL28B gene polymorphisms) affecting
anti-HCV treatment therapy based on IFN is necessary.

Human serum albumin IFN-α fusion: Albinterferon
is a genetic fusion protein used for the treatment of
chronic hepatitis C (CHC), which takes advantage of the
long half-life of human albumin to provide a new treatment approach that enables albinterferon administration
at 2- or 4-wk intervals in individuals with CHC. Studies have demonstrated that the SVR rate resulting from
the combined treatment of albinterferon and RBV was
equivalent to that resulting from the SOC treatments, and
the incidence rates of adverse drug reactions were also
similar[17,18]. However, albinterferon is associated with the
risk of reduced lung function, particularly in patients being treated for more than 6 wk[19].
PegIFN-λ-1a: IFN-λ is a class Ⅲ interferon and has
completely different receptors from those of IFNalpha in vivo. Its receptors are mainly distributed in the
liver, which means that the extrahepatic adverse reaction from IFN-λ is significantly reduced compared with
that from IFN-α. In recent years, PegIFN-λ-1 has been
confirmed to have anti-HCV activity and mild adverse
reactions[20]. One clinical trial assessed the efficacy and
safety of PegIFN-λ-1a plus RBV compared to the SOC
for the treatment of naive patients with HCV genotypes
2/3. The results showed that the curative effects of the
two treatments were similar but that the viral load in the
PegIFN-λ-1a group decreased faster and that the adverse
reactions were significantly reduced[21].

ADVANCES IN ANTIVIRAL TREATMENT
Interferon
PegIFN-α: When administered as a once-a-week injection, PegIFN-α increased the SVR rate and compliance
in patients by delaying renal clearance to extend the in
vivo half-life by cross-linking polyethylene glycol and
interferon-α. Currently, treatment combining PegIFN-α
and RBV is still the most widely used SOC regimen.
Many clinical studies have compared the SVR rates
in patients receiving different PegIFN-α (e.g., IFN-α-2a
and IFN-α-2b), dosages, and treatment durations. The
results suggested that the patients given a standard dose
(180 μg) of PegIFN-α-2a had higher SVR rates than
those given a weight-based dose (1.5 μg/kg) of PegIFN[6-8]
α-2b . The IDEAL study, which included 3070 patients
with hepatitis C, showed that the SVR rate in patients
with HCV genotype 1 infection given different doses of
PegIFN-α-2b (1.0 or 1.5 μg/kg) was not different from
that in patients given PegIFN-α-2a (180 μg)[9]. In patients with HCV genotype 2/3 infections, those given a
standard dose of PegIFN-α-2b (1.5 μg/kg) had a higher
SVR rate than those given a low dose[10-12]. Meanwhile,
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DAAs
NS3 protease inhibitors: The unique structure and
function of NS3 protease in the HCV life cycle makes it
a new target for anti-HCV drug development. In addition to cleaving the polyprotein and generating the NS3,
NS4A, NS4B, NS5A, and NS5B proteins, NS3 protease
acts as an antagonist of the host innate immune system
by cleaving signaling molecules that mediate a cellular
antiviral response and resulting in the suppression of
interferon production. The two NS3 protease inhibitors
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discussed herein are telaprevir and boceprevir.
Telaprevir, as the first approved DAA, has a recommended dose of 750 mg tid, combined with PegIFN-α
and RBV treatment (triple therapy), for a duration of 48
wk for naive or previous treatment failure HCV genotype 1 patients. The disadvantage of this medication is
the need to ingest it with greasy food, which may cause
an incredible weight increase during treatment. Six randomized clinical trials assessed the efficacy of the triple
therapy compared with the SOC in naive HCV genotype
1 patients[22-27]. All patients were treated with telaprevir,
PegIFN-α, and RBV for 8 or 12 wk, followed by the
combined therapy of PegIFN-α and RBV. The results
showed that the telaprevir triple therapy for 24 wk yielded a higher SVR rate than the SOC[22,24-26]. Even when
the duration was shortened to 12 wk, the SVR rates were
equivalent to those of the SOC[24], but prolonged duration did not improve its efficacy for those who achieved
rapid virological response (RVR) and early virological response (EVR)[26,27]. The administration frequency of telaprevir (750 mg tid or 1125 mg bid) and PegIFN type (α-2b
or α-2a) in patients with RVR and EVR had no effect on
the SVR rate[23]. Among the previous treatment failure
patients, the telaprevir triple therapy group had a higher
SVR rate than that of the SOC group, but the overall
effect was poor, especially for non-responders, with an
SVR rate of 29%-33%[28]. Common adverse reactions to
telaprevir include anemia, rash, nausea, hemorrhoids and
itching. Because telaprevir treatment can lead to resistant
mutants over the short term, the long-term use of the
drug should be limited. Drug resistant mutants have been
found to exhibit the following changes: V36A/M, T54A/
S, R155K/T, and A156S/T.
Boceprevir is another NS3 protease inhibitor approved at the same time as telaprevir. The recommended
dose of boceprevir is 800 mg tid, combined with
PegIFN-α and RBV therapy, for a duration of 48 wk
for naive or previous treatment failure HCV genotype 1
patients. Unlike telaprevir, boceprevir is started at week
4 of treatment, following a 4-wk lead-in period of treatment with peg-IFN and RBV, and RBV is required to enhance the efficacy of boceprevir[29]. Studies showed that
the boceprevir triple regimen among naive patients for 48
wk increased the SVR rate associated with the SOC treatment to 16%-37%[30,31], whereas the SVR rates in the previous treatment failure patients were significantly higher
(59%-66% vs 21%)[32]. Boceprevir-related adverse effects
include fatigue, anemia, nausea, headache, dry mouth,
granulocyte decreases, taste disorders, and thrombocytopenia. The long-term use of this drug can also lead to resistance mutations, including V36A/M, T54A/S, V55A,
R155K/T and A156/S/T/V.
Simeprevir is a second-generation NS3 protease inhibitor and a competitive reversible macrocyclic, noncovalent inhibitor of NS3/4A protease[33]. Phase Ⅱ clinical trials compared the efficacy of simeprevir, PegIFN-α
and RBV with the SOC treatment for naive or previous
treatment failure HCV genotype 1 patients. Among the
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naive patients, those treated with the triple therapy with
different doses of simeprevir (75 or 150 mg) once a day
(qd) for 12 or 24 wk and then with PegIFN-α and RBV,
for a total treatment course of 24 or 48 wk, obtained a
higher SVR ratio compared with that of patients treated
with the SOC (74.7%-86.1% vs 64.9%). In addition, for
the majority of patients, the duration can be shortened
to 24 wk[34]. The phase Ⅱb ASPIRE study demonstrated
that simeprevir is a highly potent, efficacious, and welltolerated once-daily PI for the majority of prior null or
partial responders and relapsers compared to IFN-based
therapy. Simeprevir has entered a phase Ⅲ clinical study.
The most common adverse reactions are nausea, fatigue
and hyperbilirubinemia, which are generally mild and
reversible. The resistance mutations include Q8K and
R155K.
Faldaprevir is a second-generation HCV NS3/4A
protease inhibitor. Phase Ⅱ clinical trials have compared
the efficacy of the SOC with that of the combined treatment with faldaprevir, PegIFN-α, and RBV in treatmentnaive or treatment-experienced patients with chronic
hepatitis C genotype 1 infection. The SVR rate in the
treatment-naive patients who underwent 24-wk triple
therapy including faldaprevir 240 mg qd with no leadin was the highest, at up to 84%, whereas the group receiving the same drug dose with lead-in during the early
phase of treatment or receiving a half dose of faldaprevir
had a 72% SVR; in contrast, the other group (SOC regimen) had a SVR of only 56%[35]. Similar results were obtained for the treatment-experienced patients. The group
receiving triple therapy with faldaprevir 240 mg qd for 48
wk with no lead-in had the highest SVR rate (50% in prior partial responders and 35% in prior null responders);
the SVR rate in the lead-in treatment group that received
the same dose was the lowest[36]. The adverse responses
of faldaprevir include jaundice, skin changes (e.g., rash),
photosensitivity, pruritus, nausea, vomiting, diarrhea, and
drying. The incidence of side effects is associated with
the dosage. To date, the resistance mutations R155K and
D168V/E have been observed.
Danoprevir is another second-generation NS3 protease inhibitor used for the treatment in naive or experienced HCV genotype 1 patients, and it is expected
to eliminate the use of IFN-based drugs. One clinical
trial compared the efficacy of the SOC with that of the
combined treatment with danoprevir, PegIFN-α and
RBV in treatment-naive patients with HCV genotype 1
infection[37]. The SVR rate in the group given danoprevir
600 mg q12h was the highest at up to 85%, whereas the
group receiving the SOC had a SVR rate of 42%. Even
when the duration among patients given danoprevir who
had an extended rapid virological response (eRVR4-20:
HCV RNA < 15 IU/mL during weeks 4-20) was shortened to 24 wk, 96% had an SVR. The INFORM-1 study
evaluated the combination of danoprevir and mericitabine. Combination therapy was administered for up to
2 wk, resulting in a reduction in viral load and undetectable HCV RNA levels at the end of dosing in 63% of
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treatment-naive patients[38]. Relevant evidence indicates
that ritonavir can inhibit the metabolism of danoprevir
in vivo, reduce the side effects, and improve the SVR
rate, providing the possibility for IFN-free combination
therapy. The INFORM-SVR study provided SVR data
for the combination of mericitabine and danoprevir/
ritonavir with or without RBV for 12-24 wk. SVR rates
in HCV genotype 1a and genotype 1b patients were 26%
and 71% in treatment arms including RBV, respectively,
but significantly lower SVR rates were found in all RBVfree treatment groups[39]. The adverse reactions of danoprevir mainly include anemia, neutropenia, and rash. The
resistance mutations R155K and D168T/E have been
observed.
ABT-450 is a potent, specific protease inhibitor of
HCV NS3. Ritonavir is used to increase the plasma
concentration of ABT-450, prolong its half-life, and reduce the risk of drug resistance, enabling an ABT-450
dose regimen of once daily[40,41]. Fifty HCV genotype 1
patients including naive, prior partial or null responders
participated in an open-label, multiple-center phase Ⅱ
ABT-450 clinical trial. In the application of the combined treatment of ABT-333 [non-nucleoside inhibitors
(NNI)], RBV, and ritonavir, the curative effects of different doses of ABT-450 over 12 wk were assessed. The
results suggested that the SVR rates were higher than
90% in treatment-naive patients and 47% in prior partial
or null responders[40]. The common adverse responses of
ABT-450 include fatigue, pain, hyperbilirubinemia, and
vomiting.
There are many other NS3 protease inhibitors in clinical studies, such as asunaprevir (BMS 650032), vaniprevir
(MK-7009), narlaprevir (SCH 900518), VX 985, and
MK-5172. Some of these NS3 protease inhibitors are expected to be approved for anti-HCV therapy in the near
future.

genotype 2 and genotype 3 patients they were 100% and
91%, respectively[43]. However, it is notable that all failures
were relapses after therapy. Analyses of resistance in vivo
and in vitro showed mutations in the amino acid residues
L31V/M and Y93H/N.
Several other NS5A inhibitors have also entered
clinical trials, including ABT-267, ledipasvir (GS-5885),
ACH-2928, and IDX791. Some of these inhibitors may
be approved to become anti-HCV drugs.
NS5B polymerase inhibitors: NS5B is an RNA-dependent RNA polymerase (RdRp) in the HCV replication
complex that catalyzes the synthesis of positive- and
negative-stranded viral RNAs. Because mammals lack
RdRp, new drugs to act as HCV NS5B polymerase inhibitors will be highly specific. NS5B enzyme activity can
be inhibited by two different types of compounds: nucleoside/nucleotide derivative inhibitors (NIs) and NNIs.
NIs can competitively bind to RdRp active sites, whereas
NNIs target allosteric enzyme binding sites. Therefore,
because both classes of drugs affect RdRp at different
sites, cross-resistance is not easily produced.
NIs can simulate natural polymerase nucleotide substrates and act as a terminator that can be incorporated
into RNA. The highly conserved HCV RdRp activation
center showed that NIs have a similar efficacy on different HCV genotypes, as well as a high barrier to and low
incidence of resistance genes.
Sofosbuvir can be used for the treatment of nongenotype 1 HCV infection[44,45]. A randomized, doubleblind phase Ⅱ clinical trial showed that treatment with
sofosbuvir, PegIFN-α, and RBV for 12 wk, followed by
subsequent treatment with PegIFN-α and RBV for 12 or
36 wk, resulted in a SVR12 rate of 90% in HCV genotype 1 patients, which was similar to that in genotype 2/3
patients (92%)[44]. Another clinical trial showed that the
12-wk treatment of HCV genotype 1 naive patients with
sofosbuvir, PegIFN-α and RBV was safe and effective.
In addition, extended duration did not improve the efficacy, although these results need to be further confirmed
by phase Ⅲ clinical trials[45]. It is notable that no viral
breakthrough or resistance development during therapy
has been described. Because of the absence of cross-resistance with the other DAAs, including NS5A inhibitors,
sofosbuvir can be used for salvage therapy.
Mericitabine is a nucleoside analog polymerase inhibitor of HCV. Phase Ⅱ clinical study data showed that the
treatment with mericitabine combined with PegIFN-α
and RBV was safe and well tolerated. In the triple regimen for 24 wk, the SVR rate in HCV genotype 1/4 treatment-naive patients was higher than the SOC group[46].
The phase Ⅱ MATTERHORN study showed that for
genotype 1a/1b prior null and partial responders after
the combined treatment with ritonavir, danoprevir, mericitabine, PegIFN-α and RBV, the sustained virological
response at post-treatment week 4 (SVR4) reached 83%
and 100%, respectively. Currently, resistance mutants
have not been found.
The design of NNIs involves targeting one of at

NS5A inhibitors: NS5A is an essential viral component
of the membrane-associated HCV replication complex
and plays an important role in the formation of HCV
infectious particles. Daclatasvir (BMS) 790052 was the
first-in-class NS5A-specific targeted molecular inhibitor
to be developed. Preclinical studies have shown that this
NS5A inhibitor has broad genotype antiviral activity, but
the associated mechanism is unclear. A phase Ⅱa study
compared the efficacy of the combination of daclatasvir
and asunaprevir (two-drug treatment) with or without
the addition of PegIFN-α and RBV for the treatment
of HCV genotype 1 prior null responders over a 24-wk
duration. The results showed that the sustained virological response at post-treatment week 14 (SVR24) of
the two-drug treatment was 36% and that the sustained
virological response at post-treatment week 12 (SVR12)
and SVR24 of the four-drug treatment were 100% and
90%, respectively[42]. High virological response rates were
obtained in 90 treatment-naive patients administered
the combination of daclatasvir with sofosbuvir, with or
without RBV, for 24 wk. In HCV genotype 1 patients,
RVR and SVR rates were 100% and 100%, while in HCV
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zinc and probiotics have been assessed in clinical studies,
but the effects of those on SVR are still not clear.

least five non-contiguous sites of RdRp allosteric enzymes, resulting in conformational changes that inhibit
the enzyme activity, which have limitations on the genotype compared with NIs. A low genetic barrier may soon
induce virus mutations. In phase Ⅰ and Ⅱ clinical studies, the results showed that BI 207127 and VX-222, regardless of whether they were combined with PegIFN-α
treatment, can both improve the genotype 1 HCV
infection RVR or EVR rate and demonstrate good tolerance. However, reducing the treatment with PegIFN-α
resulted in a relatively high proportion of virological
breakthroughs[47-49].

FACTORS AFFECTING THE EFFICACY OF
HCV ANTIVIRAL THERAPY
The main factors influencing the efficacy of HCV antiviral treatments are divided into two categories: viral and
host-related. The viral category includes the HCV genotype, baseline viral load, and virological response during
treatment, and the host category includes age, gender,
race, drinking habits, obesity, degree of liver fibrosis,
and IL28B gene polymorphisms. In particular, IL28B
gene polymorphisms are associated with the SVR. With
approved DAAs on the market, more clinical treatment
choices have been provided. The efficient and reliable
prediction of the efficacy is essential to create individual
antivirus solutions, improve the efficacy, reduce the side
effects, and lower the treatment cost.

Cyclosporine - a cyclophilin inhibitor: Cyclophilins
are a family of cell isomerases, including cyclophilins A,
B, and C. The importance of human cyclophilins in HCV
replication was confirmed by the anti-HCV activity of cyclosporine A. The mechanism of action of cyclosporine
A involves NS5A and/or NS5B. Alisporivir (Debio-025)
is a derivative of cyclosporine A, which removed the immunosuppressive activity but retained the potent antiviral
activity against a wide range of HCV genotypes. All cyclophilin inhibitors have a high barrier to resistance. In
vitro studies have shown a lack of significant cross-resistance with NS3/4A or other protease inhibitors. Moreover, there is an additive effect when cyclophilin inhibitors are combined with PEGIFN-α. Thus, in addition to
having the advantage of once-daily administration, these
agents are promising host-directed antivirals[50,51].

Viral factors
HCV genotype: Genotype plays an important role in
predicting the response to the SOC treatments and determining the appropriate antiviral treatment. The response
of patients with HCV genotype 1/4/5/6 infection is
worse than that of patients with genotype 2/3 infection.
DAAs are mainly used for the treatment of HCV genotype 1 infection. Although the effects of partial drugs on
non-type 1 infection have been evaluated, there have been
no sufficient data to clarify the relationship between the
genotype and the effect of DAAs. Short-term data from
a study on sofosbuvir indicated that the treatment with
sofosbuvir combined with the SOC regimen resulted in
a SVR12 of 91% in genotype 1 treatment-naive patients
and 92% in patients with genotype 2/3. Another study
showed that sofosbuvir combined with RBV resulted in a
SVR rate of 84% in genotype 1 treatment-naive patients
and 100% in patients with genotype 2/3[57]. Whether the
HCV genotype affects the efficacy of DAA treatment
remains to be confirmed by further studies.

Supplementation therapy: In vitro, vitamin B12 acts as
a natural inhibitor of HCV replication. A study assessed
the effect of vitamin B12 on the virological response in
antiviral therapy-naive patients with chronic HCV infection. The SVR rate was significantly higher in the SOC
plus B12 group than in the SOC group[52]. At present, it
is also believed that vitamin D has an anti-HCV activity in vitro that is mediated through its active metabolite,
calcitriol[53]. The SVR of treatment-naive patients with
chronic HCV genotype 1 or 2/3 infection is significantly improved by adding vitamin D to conventional
PegIFN-α and ribavirin therapy[54,55]. However, given the
very small number of available studies, additional studies
are needed to assess potential differences in the associations between vitamin B12/vitamin D and SVR for HCV.
The hematologic adverse events of PegIFN-α combined with RBV therapy include anemia, thrombocytopenia, and leukopenia, which most frequently lead to
drug discontinuation or dose modifications. L-Carnitine
is a necessary nutrient factor in energy production and
has been proposed as a potential adjuvant treatment to
improve anemia, thrombocytopenia, and leukopenia.
A study comparing the PEGIFN-α plus RBV plus an
L-carnitine group versus the PEGIFN-α plus RBV group
observed a significant improvement in SVR for 50% vs
25% of patients[56]. This finding suggests that L-carnitine
supplementation may be useful in patients treated for
HCV. Other supplementations including erythropoietin,
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Baseline viral load: Many studies have demonstrated
that, regardless of the HCV genotype, a low baseline viral load (before treatment, HCV RNA < 600000-800000
IU/mL) was an independent predictive factor of the
SVR[14,58,59]. In this range, the impact of the changes in
the HCV RNA concentration on the SVR was not linear;
when the HCV RNA was lower than 400000 IU/mL,
an increase in the amount of virus decreases the SVR
rate. However, an HCV RNA concentration higher than
400000 IU/mL results in a relatively stable SVR rate[51,60].
In 2011, the European guidelines for the prevention and
treatment of hepatitis C suggested that if the baseline
viral load was less than 400000-800000 IU/mL, the
course of treatment for genotype 1/4 naive patients who
received RVR can be shortened to 24 wk and that for
patients with genotype 2/3 may be shortened to 12-16
wk[52,61].
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genotype[62], followed by Europeans, and with Africans
having the lowest frequency[63]. In a multivariate regression model, the IL28B polymorphism was the best predictor of treatment response, being better than the ethnic
background, baseline viral load, degree of liver fibrosis,
fasting glucose level, BMI, and other predictors[66]. Halfon et al[67] analyzed the predictive values of rs12979860
and rs8099917 in 198 patients with HCV genotype 1 with
respect to their response to treatment and showed that
rs12979860 seemed to be sufficient for clinical decisions.
EASL guidelines showed that IL28B polymorphisms can
be used to predict treatment response but have a low
predictive value[61]. In contrast, AASLD argues that for
determining the treatment regimen (SOC regimen combined with or without DAA), the IL28B polymorphism is
a very strong predictor[68].
The predictive value of IL28B polymorphisms is
not only limited to SOC regimen but has also been
demonstrated in a study from Japan in patients receiving triple therapy with telaprevir. The study showed that
rs12979860 and rs8099917 were associated with SVR,
and the univariate and multivariate analyses confirmed
that rs8099917 can be used as an independent predictor of the SVR[69]. Similar results were also found in
other studies on the SOC treatments combined with
DAAs [70-73]. An IFN-free study of mericitabine as a
monotherapy or in combination with danoprevir showed
that the rs12979860 CC genotype was related to faster
and earlier viral decline[74].
Thus, the IL28B gene has a better predictive value
with respect to not only the SOC but also DAAs. However, further research is still needed to confirm these
observations.

Virological response during treatment: Using different patterns of response such as RVR, EVR, and delayed
virological response (DVR: not having achieved RVR and
EVR but testing negative for HCV RNA before the 24th
wk) to predict the efficacy, determine the duration, and
tailor the program can maximize benefits, rationalize the
course of treatment, and minimize the recurrence rate. In
the 2011 European guidelines[61] for the prevention and
treatment of hepatitis C, the following adjustments are
made. For the genotype 1/4 patients, if the baseline viral
load was low before treatment and RVR was acquired
after treatment, the duration could be reduced to 24 wk.
If the patient acquired DVR, the duration should be prolonged to 72 wk to reduce the recurrence rate. For the
genotype 2/3 patients, if the baseline viral load was low
and RVR was acquired, the duration could be shortened
to 12-16 wk. For patients who did not acquire RVR and
EVR or only acquired DVR or exhibit combined effects
from other factors (such as obesity and insulin resistance), as long as the viral load was undetectable at the
24th wk, the duration could be extended to 48 or 72 wk.
Regardless of the genotype, if the viral load decreased
to less than 21og IU/mL at the 12th wk and HCV RNA
can still be detected at the 24th wk, the treatment could
be discontinued. RGT principles are also applied to NS3
protease inhibitors. For HCV genotype 1 naive patients,
using telaprevir or boceprevir combined with SOC and
having acquired RVR and EVR, shortening the duration
can be considered, but for patients with liver cirrhosis, a
recommended treatment for 48 wk would be appropriate. The simeprevir results show that, according to the
RGT principle, the treatment duration in HCV genotype
1 naive patients can be shortened to 24 wk, but further
research is needed to confirm this recommendation[34].
The existing faldaprevir data show that extending the duration from 24 wk to 48 wk did not increase the SVR rate
in HCV genotype 1 naive patients who achieved RVR
and EVR, but for the previous treatment failure patients,
a 48-wk course should be considered[35,36].

Hepatic steatosis and other negative predictors: The
value of steatosis as a negative predictor of response to
anti-HCV therapy was confirmed in two large clinical trials. In one study, 574 HCV patients treated with the SOC
were evaluated, and the results showed that the presence
of steatosis reduces the likelihood of achieving EVR
and SVR in genotype-1 infected patients[75]. In another
study, 231 HCV patients treated with the SOC were
evaluated[76]. The results showed that steatosis negatively
affected SVR in HCV genotype non-3-infected patients.
In the last year, new data showing that steatosis is also
an independent predictor of relapse in genotype 3 have
been published[77]. Steatosis has been associated with
significantly higher rates of relapse, irrespective of viral
load, in patients infected with HCV genotype 3 who had
a rapid virological response (RVR)[78]. Several studies[59,78].
have shown that RVR consistently remains an important
determinant of SVR in patients with HCV genotype 2
or 3. Recent studies have confirmed that RVR is a good
indicator for SVR in genotype 2, but not in genotype 3,
in which steatosis is a predictor of relapse. This suggests
that the underlying pathogenic mechanisms of steatosis
differ between genotype 3 and other genotypes and may
influence response to IFN-based therapy. These data sug-

Host factors
Polymorphisms of the IL28B gene: In 2009, three genome-wide association studies (GWAS) found that single
nucleotide polymorphisms (SNPs) in the IL-28B gene,
located on chromosome 19, are associated with hepatitis
C treatment efficacy[62-64]. In patients with HCV type 1
infection, Ge et al[62] found that rs12979860 (3 kilobases
upstream of the IL28B gene encoding the type Ⅲ interferon IFN-l3) showed a strong correlation with the treatment response. The SVR rate of SOC in CHC patients
carrying the CC genotype was 2-3 times higher than that
in patients not carrying the genotype. A Japanese study
showed that rs8099917 was correlated with the HCV
treatment response and was one of the most important
predictors of non-response after the logistic regression
analysis[65]. The frequency difference in different populations with the rs12979860 CC genotype is very large,
with East Asians having the highest frequency of the CC
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gest that new therapeutic strategies are necessary for this
subgroup of HCV genotype 3[59,78].
Other adverse predictive factors affecting the efficacy
of HCV treatment include liver cirrhosis[79], age ≥ 40
years old[80], insulin resistance[81,82] and metabolic syndrome[83,84]. In patients with these factors, either the treatment duration may need to be extended or the dose may
need to be increased.

2

3

4

CONCLUSION
PegIFN-α combined with RBV is currently the most
classic and widely used standard treatment; however, its
limited efficacy and significant side effects, as well as the
absence of an HCV vaccine, promoted the development
of new drugs. In recent years, the development of HCV
antiviral drugs has progressed. Two HCV NS3 protease
inhibitors, telaprevir and boceprevir, were approved by
the United States FDA in 2011, and their combined treatment with the SOC not only significantly improved the
SVR rate in HCV naive patients but also showed good
efficacy in patients with previous treatment failure. Many
other HCV NS3 protease inhibitors, NS5A inhibitors,
and NS5B RdRp inhibitors are in the final stage of clinical trials and are likely to soon be approved as anti-HCV
drugs. DAAs have shown a trend toward a gradual replacement of the SOC scheme. Although the efficacy of
DAAs is significantly improved, the incidence of treatment-related side effects appears to be high, and because
of the direct-acting antiviral effect, resistance mutations
appear to be more likely to appear. Therefore, the implementation of personalized treatment approaches is very
important. The application of many HCV antiviral drugs
provides clinicians with more effective treatment choices
for CHC. Host genetic factors guide individualized treatment strategies and aid in determining the best treatment
plan for each patient. Polymorphisms in the IL28B gene
have been used in clinical practice to help determine antiHCV treatment strategies. Genetic markers need further
verification, which can be performed in the preclinical
testing stage. At the same time, accurately predicting the
success of treatment and the progression of the disease
will enhance the treatment compliance of patients, which
will aid in maximizing the treatment effect.
Although DAAs show good potential, it is difficult to
completely overcome the associated drug toxicity and occurrence of drug resistance; thus, not all patients can be
cured by antiviral therapy. Therefore, determining how
to prevent infection with HCV is an important research
direction. Over the years, HCV vaccine development
strategies are mostly based on the viral genome, unable
to overcome HCV high variability, and starting from the
human genome to explore other ways to prevent HCV
infection may open up a new era in infection prevention
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currence, compared to the HBIG and entecavir or tenofovir combination. In HBIG-free prophylactic regimens, entecavir and tenofovir should be the first-line
options. The choice of treatment for HBV recurrence
depends on prior prophylactic therapy, but entecavir
and tenofovir seem to be the most attractive options. Finally, liver grafts from hepatitis B core antibody (anti-HBc) positive donors can be safely used
in hepatitis B surface antigen negative, preferentially
anti-HBc/anti-hepatitis B surface antibody positive recipients.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatitis B virus; Liver transplantation;
Hepatitis B virus immunoglobulin; Antivirals; Lamivudine; Adefovir; Entecavir; Tenofovir; Telbivudine; Resistance
Core tip: In the present review the current knowledge
on the management of hepatitis B virus (HBV) infection before and after liver transplantation is updated.
There is no doubt that all HBV patients with decompensated cirrhosis should be treated with potent antiHBV agents with high genetic barrier (i.e. , entecavir or
tenofovir). After liver transplantation, the combination
of HBV immunoglobulin (HBIG) (at least for a certain
period) and entecavir or tenofovir currently appears
to be the most reasonable approach, while HBIG-free
antiviral prophylaxis cannot be excluded in the future,
particularly in patients with low risk of recurrence.

Abstract
The progress in treatment against hepatitis B virus
(HBV) with the development of effective and well tolerated nucleotide analogues (NAs) has improved the
outcome of patients with HBV decompensated cirrhosis and has prevented post-transplant HBV recurrence. This review summarizes updated issues related
to the management of patients with HBV infection
before and after liver transplantation (LT). A literature search using the PubMed/Medline databases and
consensus documents was performed. Pre-transplant
therapy has been initially based on lamivudine, but
entecavir and tenofovir represent the currently recommended first-line NAs for the treatment of patients
with HBV decompensated cirrhosis. After LT, the
combination of HBV immunoglobulin (HBIG) and NA
is considered as the standard of care for prophylaxis
against HBV recurrence. The combination of HBIG
and lamivudine is related to higher rates of HBV re-
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patients with detectable HBV DNA at LT have increased
rates of post-transplant recurrence of HBV[16,17] and even
of pre-existing HCC[18]. Thus, lamivudine monotherapy
is not currently recommended for patients with HBV decompensated cirrhosis[7-9].
Adefovir was the second NA approved for the treatment of CHB. It is effective against both wild type and
lamivudine resistant HBV strains[3]. Adefovir at the daily
licensed dose of 10 mg improves liver function in patients with HBV decompensated cirrhosis[19]. However,
its weak potency[20], the moderate risk of resistance during long-term therapy in naive patients (29% at year
5)[21-23] and its higher cost have resulted in its replacement
by the newer, more effective and cheaper nucleotide
analogue, tenofovir, in all countries with tenofovir availability[9,21]. Finally, adefovir has been associated with renal
adverse events including decline of glomerular filtration
rate (GFR) and proximal tubular dysfunction resulting
occasionally in Fanconi syndrome[24,25]. The potential
nephrotoxicity, which seems to be dose dependent[26], is
of particular concern in difficult-to-manage patients with
decompensated cirrhosis.
Telbivudine is a potent nucleoside analogue[27] which
achieves satisfactory virological remission rates in CHB
patients with undetectable HBV DNA at 24 wk of therapy[28]. However, it also selects for mutations in the YMDD
motif, but at a lower rate compared to lamivudine [25%
vs 40% after 2 years of treatment in hepatitis B e antigen
(HBeAg) positive CHB patients][3,8,9]. In a recent randomized trial[29] including 232 naïve patients with HBV decompensated cirrhosis, telbivudine was well tolerated. In
addition, telbivudine, compared to lamivudine, achieved
greater viral suppression, similar stabilization of liver
function and significant improvement in the estimated
GFR[29]. The place of telbivudine monotherapy in the
treatment of patients with HBV decompensated cirrhosis
is unclear due to its unfavourable resistance profile, compared to the newer NAs with high genetic barrier [i.e., entecavir (ETV) and tenofovir (TDF)]. However, its use in a
combined regimen may need further evaluation in patients
with HBV decompensated cirrhosis due to the potentially
favourable effect of telbivudine on renal function[30].
ETV (0.5 mg daily) is a selective anti-HBV agent with
potent activity against wild type HBV[7,31]. ETV has a high
genetic barrier to resistance in naïve patients (< 1.5%
cumulative rate of viral resistance after 6 years of treatment)[32,33] including those with advanced fibrosis or histological cirrhosis[34]. Regarding safety, lactic acidosis has
been occasionally reported in small cohorts patients with
severe liver dysfunction receiving ETV[35]. However, its
true incidence is unclear, since studies with larger cohorts
did not confirm this lethal complication[2,31]. In any case,
close monitoring is advised for ETV and perhaps any
NA treated patient with MELD score ≥ 20. The high
efficacy and the minimal resistance rates combined with
the lack of significant nephrotoxicity make ETV a firstline option for the treatment of naive patients with HBV
decompensated cirrhosis[36]. On the other hand, ETV
monotherapy even at the licensed dosage of 1 mg daily

INTRODUCTION
The development of effective, well tolerated and relatively
safe oral antiviral agents [nucleos(t)ide analogues (NAs)]
has offered the opportunity for successful management
of hepatitis B virus (HBV) related chronic liver disease.
However, chronic hepatitis B (CHB) is still associated
with increased morbidity and mortality. Currently, it is
estimated that more than half a million people die every
year due to complications of liver decompensation and
hepatocellular carcinoma (HCC)[1,2]. Liver transplantation
(LT) remains the only hope for many patients with complications of end-stage CHB, mostly HCC[2,3].
The introduction of passive immunoprophylaxis using
long-term hepatitis B immune globulin (HBIG) in early
1990s significantly decreased the rates of post-LT HBV
recurrence[4]. During the last 15 years, the use of NAs
has decreased the need for LT due to HBV decompensated cirrhosis and has further improved the outcome of
HBV transplant patients[5]. NAs have been used either in
combination with HBIG or as monotherapy in an effort
to further improve the rates of HBV recurrence after LT
and/or reduce the need for expensive HBIG preparations[5]. The management of hepatitis B surface antigen
(HBsAg) positive transplant patients can be divided into
the pre-transplant, prophylactic post-transplant and therapeutic post-transplant approach[6]. HBV prophylaxis is
also required for recipients who receive grafts from antihepatitis B core (HBc) positive donors, as they are at risk
for de novo HBV infection.

PRE-TRANSPLANT APPROACH
Anti-HBV therapy in HBV decompensated cirrhosis
The aim of antiviral therapy is to reverse or delay complications of cirrhosis and the need for LT, and to decrease
the risk of HBV re-infection in those who eventually undergo LT. Currently, there are five oral NAs that have been
licensed for the treatment of CHB: three nucleoside (lamivudine, telbivudine, entecavir) and two nucleotide (adefovir
dipivoxil and tenofovir disoproxil fumarate) analogues[7-9].
NAs target the reverse transcriptase of HBV and achieve
inhibition of HBV replication via their incorporation in
viral HBV DNA causing DNA chain termination[7-9]. Antiviral therapy should be started immediately in patients
with HBV decompensated cirrhosis and any level of detectable serum HBV DNA regardless of ALT activity.
Lamivudine was the first NA approved for treatment
of CHB and probably remains the most widely used NA
worldwide due to its low cost. Its efficacy, at a daily dose
of 100 mg, has been confirmed in randomized controlled
trials and cohort studies showing stabilization or even
improvement of liver function and reduction in the incidence of HCC[10] and the need for LT[11-13]. However,
long-term lamivudine monotherapy is associated with
progressively increasing rates of viral resistance due to
YMDD mutations (15%-25% at year 1, 65%-80% at year
5), which can lead to clinical deterioration with development of liver failure and even death[13-15]. Importantly,
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Table 1 Studies of nucleos/tide analogues in patients with hepatitis B related decompensated cirrhosis
Fontana et al

Ref.
Number of patients
NA(s) used
Baseline data
LAM resistance (%)
CTP score
MELD score
1-yr data
↓ CTP score ≥ 2 (%)
MELD score ↓
1-yr survival (%)
Prognostic factors of
the outcome

[47]

Schiff et al

154
LAM

226
ADV

0
9
NR

100
NR
NR

NR
NR
84
Serum bilirubin
and creatinine
levels at baseline

NR
-2
86
NR

[19]

Shim et al
70
ETV

[31]

Liaw et al

[44]

Chan et al

[29]

Hyun et al

[49]

45/45/22
TDF/TDF + FTC/ETV

114/114
LdT/LAM

45/41
ETV/LAM

0
8.4
11.5

18/22/14
7/7/7
11/13/10.5

0/0
8.1/8.5
14.7/15.5

0/0
9.6/9.5
16.7/16.1

49
-2.2
87
NR

26/48/42
-2/-2/-2
96/96/91
NR

32/39
-1.0/-2.0
94/88
NR

NR/NR
-4.9/-3.7
90.7/92.4
Baseline CTP and
MELD at 3 mo

ADV: Adefovir; CTP: Child-Turcotte-Pugh; ETV: Entecavir; TDF: Tenofovir; FTC: Emtricitabine; LAM: Lamivudine; LdT: Telbivudine; MELD: Model for
end stage liver disease; NR: Not reported; NAs: Nucleostide analogues.

taken ≥ 2 h away from food is not a good option for
patients with lamivudine resistance, as HBV resistance
develops in approximately 50% of lamivudine resistant
patients after five years of ETV treatment[37,38].
TDF is the most recently approved agent for the
treatment of CHB. Although it is structurally similar
to adefovir, it is more potent with activity against both
wild type and nucleoside-resistant HBV strains[21,39-41]. It
is also active in patients with primary non-response to
adefovir[2]. To date, there has been no confirmed case of
drug resistance in CHB patients treated with TDF for 6
years, although most patients remaining viremic after 72
wk and being therefore at the highest risk for drug resistance received additional treatment with emtricitabine[42].
Due to its great potency and high genetic barrier, TDF
has a beneficial effect on regression of advanced liver fibrosis[43]. Although TDF may be potentially nephrotoxic,
similar rates of renal adverse events were observed after
one year of therapy with TDF, TDF plus emtricitabine or
ETV in patients with HBV decompensated cirrhosis[44].
In conclusion, ETV and TDF are potent antiviral
agents with a minimal or even no risk of resistance and
therefore they represent the currently recommended firstline NAs for the treatment of patients with HBV decompensated cirrhosis[5]. In addition, TDF is the preferred
option for patients with lamivudine, ETV or telbivudine
resistance, while the use of ETV (even at a higher daily
dose of 1.0 mg) is a less attractive option for the longterm treatment of patients with known lamivudine resistant strains[9]. Whether a combination of antivirals could
offer additional benefits is unknown. Given the current
cost of anti-HBV agents, the combination that might
have a reasonable cost is that of TDF plus lamivudine or
emtricitabine[5]. The combination of TDF with emtricitabine was reported not to be significantly superior to
TDF or ETV monotherapy[44], but the small numbers of
patients in each group of this study cannot allow strong
conclusions. Thus, whether any NA combination therapy
would confer benefits in patients with impaired renal
function who need NA dose reductions or in patients
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with very high baseline viral load has not been completely
clarified yet. Telbivudine (alone or in a combined regimen) with its potentially favorable effect on glomerular
filtration seems to be an attractive option in patients with
HBV decompensated cirrhosis and renal dysfunction[30].
Referral for liver transplantation
Patients with HBV decompensated cirrhosis should be
referred for LT, since the relevant criteria are fulfilled in
most of these patients with hepatic dysfunction (ChildPugh score ≥ 7 or MELD score ≥ 10) and/or at least
one major complication (ascites, variceal bleeding, hepatic
encephalopathy)[45]. While waiting for LT, the patients
should be monitored carefully at least every 3 mo for virologic response and possible virologic breakthrough in
order to achieve serum HBV DNA undetectability using
a sensitive polymerase chain reaction assay[36,46]. Interestingly, the liver function of patients with HBV decompensated cirrhosis may substantially improve under effective
antiviral therapy and LT candidates may be eventually
withdrawn from the transplant lists[47,48] (Table 1). However, the most important parameters affecting the outcome
of patients with HBV decompensated cirrhosis under
antiviral agents have not been completely elucidated.
Previous studies using lamivudine monotherapy sh
owed that baseline HBV DNA levels are independently
associated with the outcome[47], but in a recent study
using a quantitative PCR technique, neither HBV DNA
at baseline nor its changes from baseline to 3 mo of
treatment were associated with death or LT[49]. Most of
the studies including patients with HBV decompensated
cirrhosis under oral antivirals have shown that the baseline severity of liver disease, expressed by the Child-Pugh
score or the baseline bilirubin and creatinine levels, are
critical for the outcome[47,49] (Table 1). In a prospective
multicenter study[47] including 154 lamivudine treated
patients with HBV decompensated cirrhosis, most of
the deaths (78%) occurred within the first 6 mo suggesting that lamivudine may not be able to reduce the shortterm mortality or the need for LT in patients with very
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tary mechanisms of action of HBIG and NA[55]. A recent
meta-analysis of 6 studies showed that HBIG plus lamivudine, compared to HBIG alone, was associated with
12-fold, 12-fold and 5-fold reduction of HBV recurrence,
HBV-related death and all-cause post-transplant mortality, respectively[61]. A second meta-analysis also showed
that the combination of HBIG and lamivudine was superior in preventing only serum HBsAg re-appearance,
compared to lamivudine alone[62]. However, lamivudine
is not considered an optimal first-line option because of
the progressively increasing rates of viral resistance[5,63].
This was confirmed in our systematic review[55] including
2162 HBV liver transplant recipients from 46 studies. In
this review, we found that the patients under HBIG and
lamivudine, compared to those under HBIG and adefovir
(with or without lamivudine) had HBV recurrence more
frequently (6.1% vs 2%, P = 0.024), although they had detectable HBV DNA less frequently at the time of LT (39%
vs 70%, P < 0.001).
Although several questions about the ideal duration,
dosage, frequency and mode of HBIG administration
remain unanswered [55], we found that patients under
HBIG and lamivudine who received high (≥ 10000 IU/d)
dosage of HBIG, compared to those who received low
HBIG dosage (< 10000 IU/d) during the 1st wk post-LT,
had significantly less frequent HBV recurrences (3.3%
vs 6.5%, P = 0.016). On the other hand, HBIG administration had no impact on HBV recurrence in patients
under HBIG and adefovir. Based on these findings[55], we
concluded that the patients under HBIG and lamivudine
combination prophylaxis should receive high HBIG dosage (10000 IU IV) for the first week after LT, while the
characteristics of the HBIG protocol do not seem to
have any impact on the efficacy of HBIG and adefovir
combination prophylaxis against HBV recurrence.
Adefovir has several drawbacks in the post-transplant
setting including high cost, relatively low potency in the
licensed 10 mg daily dose, risk of viral resistance and risk
of nephrotoxicity[5]. The latter is of particular concern in
liver transplant recipients because most of them receive
nephrotoxic calcineurin inhibitors as part of an immunosuppressive regimen and frequently suffer from diabetes
mellitus and arterial hypertension.
Newer and more potent NAs with a higher genetic
barrier, such as ETV and TDF, are currently used in the
post-transplant period in many transplant centers, mainly
in an effort to increase the efficacy of post-LT prophylaxis and/or reduce the need for the expensive HBIG
preparations at least after the initial post-operative period[5]. The efficacy of ETV and TDF was evaluated in our
recently published systematic review including 519 HBV
liver transplant recipients from 17 studies[64]. We found
that patients under HBIG and lamivudine developed
HBV recurrence significantly more frequently, compared
to patients under HBIG and ETV or TDF combination
(6.1% vs 1.0%, P < 0.001) (Figure 1), although they received a more intense HBIG protocol after LT[64]. In addition, ETV and TDF had similar antiviral efficacy when

advanced liver failure. In contrast, initiation of antiviral
therapy at earlier stages is associated with better chances
of liver function recovery, since clinical benefit may take
3-6 mo. Whether these results are still valid with the current more potent anti-HBV agents is not clear, but this
might be still the case as patients with very advanced liver
failure may not benefit from antiviral therapy regardless
of the rapidity of the inhibition of viral replication[2].
Nevertheless, further well designed large studies with longer follow-up are needed for final conclusions (Table 1).

PROPHYLACTIC POST-TRANSPLANT
APPROACH
Hepatitis B immune globulin
HBIG is a polyclonal antibody to HBsAg derived from
pooled human plasma[50]. Its mechanism of action is
not completely understood, but it possibly acts by binding with circulating viral particles preventing hepatocyte
infection[50]. It also seems to undergo endocytosis by
hepatocytes decreasing HBsAg secretion[50]. HBIG was
introduced in the early nineties leading to reduction in
the rates of post-transplant HBV recurrence[4]. In the
landmark study by Samuel et al[4] in 1991, it was shown
that HBV recurrence could be prevented in 80% of
transplant patients treated with HBIG. Prior to the availability of NAs, the initial anti-HBV prophylaxis included
administration of high dosage HBIG monoprophylaxis
at the anhepatic phase followed by daily doses and then
monthly at a fixed dose or according to anti-HBs titers
(usually aiming to maintain anti-HBs titers > 100-500
IU/L)[51-53]. However, protocols that use high doses of
HBIG are expensive (estimated cost at least $50000-70000
for the first year and $25-40000 for each additional year
post-transplant)[54]. Additional limitations of HBIG include the unreliable supply, the parenteral administration,
the local or systemic side effects and the risk of infection
from HBV mutants that escaped from neutralization[50].
The use of HBIG monoprophylaxis was abandoned
after the introduction of lamivudine and the more recent
and potent NAs[55]. Nowadays, the most commonly used
protocol includes the combination of a NA with a low
dose of HBIG[5,55]. Several efforts have tried to reduce
the cost using HBIG in lower dosage or preparations for
intramuscular administration, which have similar pharmacokinetic properties with intravenous preparations[56],
or subcutaneous HBIG[57]. Another strategy has been the
substitution of HBIG with HBV vaccination. However,
results on the efficacy of active vaccination using new
vaccines and adjuvants are rather conflicting[58-60], and
therefore, further studies with greater numbers of patients and longer follow-up periods are required before
definite conclusions can be drawn.
Prophylactic post-transplant combined approach
Currently, the combination of HBIG and NA is considered the standard of care against HBV recurrence after
LT[5]. This combined regimen relies on the complimen-
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Recently, Fung et al[75] evaluated 80 consecutive patients
transplanted for HBV-related liver disease. Fifty nine
(74%) of the patients had detectable HBV DNA at the
time of LT, and all patients received ETV monoprophylaxis without HBIG at any time point after LT. After a
median follow-up of 26 mo, 18 (22.5%) patients were
HBsAg positive, but only one of them had detectable
HBV DNA[75]. In their subsequent study[76] including 362
transplant recipients under HBIG-free prophylaxis, none
of the patients who receive ETV had HBV recurrence,
compared to 17% of those who received lamivudine,
highlighting the importance of using potent regimens
with a high genetic barrier (ETV or TDF) in HBIG-free
prophylaxis protocols.
In our recent systematic review[64], HBV recurrence
was observed significantly more frequently in patients
who received ETV or TDF HBIG-free prophylaxis, compared to patients under combination of HBIG and lamivudine prophylaxis, if the definition of HBV recurrence
was based on HBsAg positivity (26% vs 5.9%, P < 0.0001).
However, if the definition of HBV recurrence was based
on HBV DNA detectability, the rates of HBV recurrence
were similar between the two groups (0.9% vs 3.8%, P =
0.11)[64]. Given the current availability of potent NAs with
negligible risk of long-term viral resistance, the clinical
significance of HBsAg seropositivity in HBV transplant
patients is unclear[68]. The prognosis of non-transplant
CHB patients who maintain HBV DNA undetectability
under NA(s) is excellent, particularly if they had not developed cirrhosis before treatment[77], but the long-term
outcome of HBsAg-positive, HBV DNA negative transplant patients under NAs needs further evaluation. In a
recent study[78], 5 (20%) of 25 HBV transplant patients
who discontinued anti-HBV prophylaxis became HBsAgpositive, but none of them experienced any clinically
relevant event and three eventually cleared HBsAg and
achieved seroconversion to anti-HBs without any therapeutic intervention.
Currently, ETV and TDF should be the first-line options for HBIG-free prophylaxis. ETV may be avoided
in patients with previous lamivudine resistance, who
should be preferably treated with TDF. Compliance is
always an issue with long-term oral antiviral therapy,
particularly in prophylaxis after LT when patients feel
well but remain at life-long risk of HBV recurrence[64].
Until well designed studies determine the optimal monoprophylaxis approach, the combination of HBIG (at
least for a short period) and one nucleos(t)ide appears
to be the most reasonable post-transplant approach.
Monoprophylaxis with the new nucleos(t)sides analogues
cannot be excluded in the future, particularly in patients
with low risk of recurrence[68].
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Figure 1 Risk of recurrence of hepatitis B virus infection after liver
transplantation in relation to the type of post-transplant hepatitis B virus
prophylaxis[64]. HBIG: Hepatitis B immunoglobulin; LAM: Lamivudine; ETV:
Entecavir; TDF: Tenofovir; LT: Liver transplantation.

they combined with HBIG (1.5% vs 0%, respectively, P >
0.05)[64] (Figure 1).
Given the several limitations of HBIG and the fact
that waiting list patients are more likely to undergo LT
with undetectable HBV DNA, one relatively recent strategy has been the use of HBIG for a limited post-transplant period followed by long-term NA therapy alone[64].
The first results published with lamivudine monoprophylaxis after HBIG withdrawal were encouraging[65,66], but
longer follow-up showed that 20% of patients eventually
experienced recurrence of HBV[65,67]. ETV and TDF,
however, may allow early and safe discontinuation of
HBIG. Strong data are not available, but our systematic
review[64] showed that ETV or TDF monoprophylaxis after HBIG discontinuation does not seem to be inferior to
the combination of a newer NA with HBIG or the combination of HBIG plus lamivudine (3.9% vs 1.0%, 3.9%
vs 6.1%, P > 0.05) (Figure 1). Although larger studies with
longer follow-up are needed for definitive conclusions,
this approach has been already used in several transplant
centres, particularly in patients with relatively low risk of
HBV recurrence[68].
Prophylactic post-transplant monotherapy with
nucleos(t)ides analogues
The high efficacy of antiviral prophylaxis using a shorter
course of HBIG with continuation of NA without
HBIG, and the availability of NAs without crossresistance in cases of prophylaxis failure, led to the consideration of HBIG-free prophylactic regimens. This
approach, which is challenging and controversial, started
with lamivudine, but the unacceptably high rates of HBV
recurrence (up to 35%-50% of cases at 2 years posttransplant)[69-74] has rendered this approach suboptimal.
However, recent studies have renewed the interest in
HBIG-free prophylactic regimens using the more potent regimens with high genetic barrier ETV and TDF.
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THERAPEUTIC POST-TRANSPLANT
APPROACH
Recurrence of HBV infection after LT is usually characterized by reappearance of serum HBsAg and/or serum
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tive recipients being less frequent in anti-HBc/anti-HBs
positive than HBV naive cases without prophylaxis (15%
vs 48%, P < 0.001). Anti-HBV prophylaxis reduced de
novo infection rates in both anti-HBc/anti-HBs positive
(3%) and HBV naive recipients (12%)[79]. De novo HBV
infection rates were 19%, 2.6% and 2.8% in HBsAgnegative recipients under HBIG, lamivudine and their
combination, respectively. Based on these findings[79],
we concluded that liver grafts from anti-HBc positive
donors can be safely used in HBsAg negative recipients,
preferentially in anti-HBc/anti-HBs positive recipients
who may need no prophylaxis at all, while the anti-HBc
and/or anti-HBs negative recipients should receive longterm prophylaxis with lamivudine (Figure 2).

Anti-hepatitis B core positive liver grafts
(1)

(2)

HBsAg positive
recipients

Post-LT
prophylaxis:
HBIG + LAM

(3)

Anti-HBc positive and/
or anti-HBs positive
recipients

Anti-HBc negative
and anti-HBs negative
recipients

Anti-HBc+,
anti-HBs+

Anti-HBc+,
anti-HBs-

Anti-HBc-,
anti-HBs+

None

LAM

LAM

LAM

Figure 2 Proposed algorithm for allocation and management of antihepatitis B core positive liver grafts. Such grafts should be first offered to
hepatitis B surface antigen positive, then to anti-hepatitis B core (HBc) and/or
anti-hepatitis B surface (HBs) positive and lastly to hepatitis B virus naive (both
anti-HBc and anti-HBs negative) recipients[79]. LT: Liver transplantation; HBIG:
Hepatitis B immunoglobulin; LAM: Lamivudine.

CONCLUSION
Over the last two decade, the progress in anti-HBV
therapy has led to great improvements in the management of HBV patients before and after LT. There is no
doubt that all HBV patients with decompensated cirrhosis should be treated with a potent antiviral agent with
minimal or no risk of resistance, i.e. ETV or TDF. In
addition, TDF is the preferred option for patients with
prior lamivudine, ETV or telbivudine resistance. An effective pre-transplant anti-HBV therapy often stabilizes
or even improves the underlying liver disease resulting
sometimes in withdrawals from the transplant list. In addition, achievement of serum HBV DNA undetectability prevents post-transplant HBV recurrence. After LT,
the combination of HBIG (at least for a certain period)
and one NA (ETV or TDF) currently appears to be the
most reasonable prophylaxis, while monoprophylaxis
with ETV or TDF cannot be excluded in the future, particularly in patients with low risk of recurrence. Depending on previous drug exposure and possible pre-existing
resistance mutations, ETV or TDF seem to be the most
attractive options for post-LT HBV recurrence as well.
Finally, liver grafts from anti-HBc positive donors can be
safely used in HBsAg negative, preferentially anti-HBc/
anti-HBs positive recipients.

HBV DNA, which is frequently accompanied with biochemical or clinical evidence of recurrent liver disease. As
mentioned before, particularly in patients under HBIGfree post-LT HBV prophylaxis, the definition of HBV
recurrence might be reconsidered, as HBsAg seropositivity, usually in low titers, with undetectable HBV DNA,
normal liver enzymes and no clinical manifestations of
HBV recurrence may not have any clinical impact on the
long-term graft and patient survival.
The choice of treatment for HBV recurrence depends on prior prophylactic therapy. In general, the principles of treatment in post-transplant HBV recurrence
resemble those in the pre-transplant setting. ETV may
be preferred in NA-naïve patients because of the lack of
nephrotoxicity, although in a recent study there was no
difference in renal complications between ETV and TDF
in liver transplant recipients[68]. In patients with prior lamivudine resistance, TDF is the best choice[37]. Little is
known about the efficacy and safety of the combination
of TDF and ETV which might be used in patients with
multidrug resistant HBV strains.
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been reported. However, the management of HCV recurrence is being optimized and several strategies to
reduce post-transplant recurrence could improve outcomes, decrease the rate of re-transplantation and optimize the use of available grafts. Three moments may be
the focus of potential actions in order to decrease the
impact of viral recurrence: the pre-transplant moment,
the transplant environment and the post-transplant
management. In the pre-transplant setting, it is not
well established if reducing the pre transplant viral load
affects the risk for HCV progression after transplant.
Obviously, antiviral treatment can render the patient
HCV RNA negative post transplant but the long-term
benefit has not yet been fully established to justify the
cost and clinical risk. In the transplant moment, factors
as donor age, cold ischemia time, graft steatosis and
ischemia/reperfusion injury may lead to a higher and
more aggressive viral recurrence. After the transplant,
discussion about immunosuppression and the moment
to start the treatment (prophylactic, pre-emptive or
once-confirmed) together with new antiviral drugs are
of interest. This review aims to help clinicians have a
global overview of post-transplant HCV recurrence and
strategies to reduce its impact on our patients.
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Abstract

Key words: Hepatitis C virus; Recurrence; Liver; Transplantation; Outcomes

Hepatitis C virus (HCV) is a major health problem that
leads to chronic hepatitis, cirrhosis and hepatocellular
carcinoma, being the most frequent indication for liver
transplantation in several countries. Unfortunately, HCV
re-infects the liver graft almost invariably following reperfusion, with an accelerated history of recurrence,
leading to 10%-30% of patients progressing to cirrhosis
within 5 years of transplantation. In this sense, some
groups have even advocated for not re-transplanting
this patients, as lower patient and graft outcomes have
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sion and survival[13,14]. By reducing pre transplant viral
load the severity of HCV recurrence has the potential to
be reduced and patient survival improved. However, it is
not established if reducing the pre transplant viral load
affects the risk for HCV progression after transplant[15-17].
Historically, cirrhotic patients were not considered for
AVT as it was felt they would not be able to tolerate therapy and be at risk of decompensation. Currently available
AVT is also less effective when started in the presence
of advanced fibrosis and cirrhosis. Pegylated interferon
(PEG IFN) and Ribavirin are emerging as the standard
therapy for HCV and appear to be tolerated by cirrhotic
patients[18,19].

INTRODUCTION
Hepatitis C virus (HCV) is a major health problem that
leads to chronic hepatitis, cirrhosis and hepatocellular
carcinoma (HCC)[1]. HCV-cirrhosis is the most frequent
indication for liver transplantation (LTx) in Europe and
America[2]. Although accepted as the standard of care for
end-stage liver disease[3], the progression of liver disease
is variable, leading to re-transplantation and lower survival rates. Because of these results, concerns have been
expressed regarding the appropriateness of re-transplantation for HCV and the optimal timing of surgery in an
era of organ shortage[4].
The diagnosis of post-transplant HCV recurrence
ideally should be histological, by protocol-driven biopsies as biochemical and serological markers for HCV are
inaccurate in the post LTx population[5,6]. Although noninvasive procedures such as fibroscan are able to provide
similar results in detecting early and rapidly progressive
fibrosis, its use is not widely extended[7]. HCV re-infects
the liver graft almost invariably following reperfusion[8].
Histological patterns of acute HCV appear between 4
and 12 wk post-transplant, followed by a concomitant rise
in the HCV viral load[8,9]. Serum transaminases and HCV
RNA levels usually settle but spontaneous viral clearance
has not been observed post LTx. A healthy HCV carrier
state does not ensue, and histological features of chronic
HCV can be demonstrated in 70%-90% of recipients after 1 year and in 90%-95% after 5 years[10].
The natural history of recurrent HCV is accelerated
in LTx recipients, with 10%-30% progressing to cirrhosis within 5 years of transplantation. When cirrhosis is
present after liver transplantation, the rate of decompensation is > 40% at 1 year and > 70% at 3 years in liver
transplant recipients with established cirrhosis versus <
5% and < 10%, respectively, in immunocompetent patients[10-12]. Some patients (2%-5%) develop a severe form
of cholestatic fibrosing hepatitis, with extremely high levels of serum and intrahepatic HCV RNA, and histological cholestasis, the majority of which rapidly progress to
graft failure and death[10].
Strategies to reduce post-transplant HCV recurrence
aim to improve outcome, to decrease the rate of retransplantation and optimize the use of available grafts.
Potential areas where recurrence can be influenced are
pre-transplant antiviral treatment (AVT), modifiable perioperative and donor variables, and post-transplant immunosuppression AVT regimens

Predictors of antiviral therapy response and tolerance
Drawbacks to undertaking antiviral treatment in the pre
transplant population are the prevalence of genotype
1, the side effects of IFN and Ribavirin preventing full
dose from being achieved, and complications related to
the underlying liver disease[18,20,21]. To achieve a SVR at
transplant the patient generally will need to be observed
for 24 wk after completion of the antiviral course. This
is difficult to achieve and may represent too long a period for a patient on the waiting list. Predictors of viral
clearance include non-genotype 1 and an early virological response[22-25]. The absence of a ≥ 2 log10 reduction
in HCV RNA between baseline and wk 4 has a strong
negative predictive value[22-24,26,27]. This absence of an early
virological response can be used as a guide to stopping
treatment[26]. Pre transplant higher viral load has been reported as another predictor of SVR[22,25].
To make AVT more tolerable, various dosing strategies have been used including tailoring dose to liver
function, shortening the duration of therapy or using
haematopoietic growth factors[22,24,25]. In decompensated
cirrhotics, reported rates of neutropaenia, thrombocytopaenia, anaemia, infection or liver decompensation range
from 50%-60%, 30%-50%, 30%-60%, 4%-13% and
11%-20% respectively[22-25]. Child-Turcotte-Pugh (CTP) C
patients are unable to tolerate a course of treatment[23,28].
The CTP score appears to be a more reliable predictor
than Model for End-stage Liver Disease (MELD) for serious side effects that lead to discontinuation of therapy,
hepatic decompensation or death[28].
Evidence regarding pre-transplant antiviral therapy
Over the past decade, there have been a small number
of non-controlled studies that have assessed the efficacy
of IFN and Ribavirin in HCV patients on the waiting list
(Table 1). Many of the reported studies were designed
to focus on the safety and tolerability of AVT, rather
than HCV recurrence patterns and clinical course post
LTx[22-24,26-31]. A number of different antiviral regimens
and treatment periods have been studied. Non-pegylated
IFN and Ribavirin using a low accelerating dose regime
(LADR), appears to be well tolerated with 39% clearing
HCV RNA on treatment and 21% with a SVR[23]. The
best results have been reported with PEG IFN and Riba-

PRE-TRANSPLANT STRATEGIES
The rationale
The aim of pre transplant AVT is to achieve a sustained
virological response (SVR) or to clear HCV RNA at
time of transplant. Low HCV RNA before transplant
has been shown to be associated with a reduced risk of
severe recurrence. The HCV RNA load has also been
shown to be an independent factor for fibrosis progres-
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Regime

Period

20

30

51

20

Forns et al[22]

Carrion 2009

Tekin et al[31]

Cohort

Case match

Cohort

Cohort

IFNα2b 3 mu od + RBV 800
mg od
PEG IFNα2a 180 mcg/wk
+ RBV 800-1200 mg od
PEG IFNα2a 135 mcg/wk
+ RBV 1-1.2 g od

IFNα2b 5 mu od

48 wk

15 wk

12 wk

14 mo

12/13/2010

67% G1

73% G1

100%

NA

NA

NA

NA

50% CTP A, 83% G1
80%
50% B/C
Y 48% CTP A, 88% G1/4, NA
43% B
10% G2/3
N 30% CTP A, All G1b
NA
70% B

Y

Y

11.9/NA

67% G1/4

70% G1

7.4/11

8/14.2

59% G1/4

77% G1/4 62%

NA

6.7/11.2

45

30

56

18

30

30

NA

48

47
-

82

100

10

83

83

NA

67

GFs CTP/MELD Genotype Tx On Tx virolocal response %
mean
Naive
G1/4
G2/3

30

7

13

NA

10

20

NA

NA

NA

-

44

50

NA

29

G2/3

SVR %
G1/4

40%

43%

25%

0%

NA

20%

13%

NA

33%

65%

49%

63%

87% adverse
event (study
closed)
0%

40%

75% adverse
event
71%

18%

33%
(4/12)
67%
(6/9)
67%
(10/15)
33%
(1/3)

0%
(0/0)
0%
(0/0)

40%
(2/5)
40%
(2/5)
80%
(12/15)

14 mo

6 mo

46 wk

33.6 mo

1 mo

30 mo

6 mo

3 mo

9.6 mo

CessationTx Dose reduction % HCV neg Period FU
2
post LTx
postLTx

Who to treat?
It is estimated that 93% of listed HCV patients have a MELD ≤ 18, equivalent to CTP ≤ 7 suggesting that the majority of listed patients have stable liver function and should
tolerate AVT[16]. Recommendations of the International Liver Transplant Society consensus conference (ILTS) for the selection of HCV cirrhotic patients for IFN based treatment, is to consider therapy when MELD ≤ 18/CTP ≤ 7, to use selectively when MELD 18-25/CTP 8-11 and avoid when MELD > 25/CTP > 11[16], as High MELD/CTP
have an unacceptable risk of complication[23,28,30].
HCV genotype may influence the severity of HCV recurrence. European centres have reported worse outcome in genotype 1b, which may be related to host immune re-

virin, with a SVR of up to 50% depending on genotype. The trials reporting more favourable SVR often had restrictive entry criteria such as patients with clinical, biochemical
or haematological evidence of decompensation being excluded. A further factor adding to the variation in SVR reported was the selection of patients who were treatment naïve
or previous responders[16,32].
Overall nearly one third of patients stopped treatment due to side effects, and the remaining patients often required dose reduction to improve tolerability. The actual number of patients who were HCV RNA negative coming to transplant was small. Of the responders, up to 80% remained HCV RNA negative after transplant[22,23,26] but long-term
follow up was limited. From the available data, in the selected few, AVT can render the patient HCV RNA negative post transplant but the long-term benefit has not yet been
fully established to justify the cost and clinical risk.

Not published presented at American Association for the Study of Liver Diseases 2009. Substudy of Adult to Adult Living Donor Liver Transplant Study (A2ALL) low accelerated dose regime (LADR); 2% hepatitis C virus (HCV)
neg post LTx = Patient No. HCV neg post LTx/HCV neg at LTx (actual patient nos). GFs: Growth factors; CTP: Child Turcotte Pugh; MELD: Model for End Stage Liver Disease; Tx: Treatment; SVR: Sustained virological response;
neg: negative; LTx: Liver transplant; FU: Follow up, mcg: Micrograms; IFN: Interferon; RBV: Ribavirin, od: Once daily; bd: Twice daily; Y: Yes; N: No NA: Not available.

1

Cohort

Study design

8 wk
Y
90-180 mcg IFNα2a +
400-1200 mg RBV od
79
Prospective
0.75 mcg/kg per wk PEG 11.4-14.6 NA
semirandomised IFNα2b + 600 mg RBV od
wk
124
Cohort
IFNα2b 1.5-3 mu x 3/wk + 6-12 mo Y
RBV
600-1200 mg od
66
Case match
PEG IFNα2b 1 mg/kg per
24 wk
Y
wk + RBV 800-1000 mg od
15
Randomised
IFNα2b 1-3 mu od/wk ±
12 wk
N
RBV 400 mg bd

90

No.

Thomas et al[27]

Crippin et al[30]

Iacobellis et al[24]

A2ALL LADR
20091
Everson et al[23]

Massoumi et al[28]

Study

Table 1 The pre transplant hepatitis C virus antiviral therapy studies
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sponse[33] but this has not been verified in American
studies. However, genotype is the major determinant
of response to treatment. Genotypes 2 and 3 should be
considered for treatment, whereas the benefit of treating
genotype 1 has not been fully established.
Patients who are previous non responders to IFN and
Ribavirin are not suitable as the likelihood of achieving
undetectable HCV RNA is very low < 10%. Prior relapsers would be suitable for treatment as their response
would be predicted to be high[34]. The ideal group for
waiting list AVT are patients who are previous responders, are treatment naïve or low MELD/CTP. Typically
these are patients with living donors, or have compensated cirrhosis and HCC. Living Donor Liver Transplant
(LDLT) recipients typically have a lower MELD than
patients with decompensated cirrhosis awaiting deceased
donor liver transplantation (DDLT).

tion, which may compromise sustained virologic response[36]. The impact of haematological growth factors
on avoiding complications or improving virological response has not been clearly demonstrated. Aggressive use
of bone marrow analogues to allow continued AVT or
to avoid a dose reduction has not translated into higher
treatment success rates[28,37-39].

DONOR AND PERI-TRANSPLANT
FACTORS
Donor age
Several donor factors have been identified that influence HCV recurrence, impacting on both graft and
patient survival. Age has been the most widely studied.
Berenguer et al[40]. identified donor age higher than 60
years as a risk factor for developing cirrhosis [HR =
1.02 (1.008-1.05)] and worse graft survival [HR = 1.05
(1.03-1.07)]. Other studies have demonstrated a relationship between accelerated fibrosis and poorer outcome in
grafts from older donors[41,42]. Machicao et al[41] and Wali
et al[42] reported that donors aged 50 years or more, had
a median fibrosis progression rate of 2.7 units/year and
time to cirrhosis of 2.2 years post transplant. In contrast,
Samonakis et al[43] found that absence of maintenance
steroids and azathioprine but not donor age influenced
severity of HCV recurrence. Lake et al[44] analyzed data
from the American Scientific Registry of Transplant
Recipients, looking at the effect of donor age on the outcome of 778 hepatitis B, 3463 hepatitis C and 7429 nonviral recipients. Donor age was not a risk factor for HBV
recipients, but was the strongest predictor for graft loss
in HCV recipients. The risk was identifiable with donors
> 40 years [HR = 1.67 (1.34-2.09); P < 0.001] and > 60
years [HR = 2.21 (1.73-2.81); P < 0.001]. Donor age was
also a strong predictor for graft loss in non-viral recipients, although the age range was higher (> 60 years) and
the statistical strength was lower than for HCV recipients
[HR = 1.89 (1.61-2.23); P < 0.001]. Donor age ( > 50
years) was also found to be a strong factor in determining
the likelihood of AVT success as measured by SVR[45].
Although there are no clear data defining the donor age
at risk of severe HCV recurrence, donors over 60-70
years are generally regarded as higher risk.

Treatment regimens
Cytopenia is more common and severe with PEG IFN
compared to non PEG IFN and thus, has to be balanced
against higher virological response rates observed with
PEG IFN. A LADR has been recommended by ILTS,
as it is thought to be better tolerated in the cirrhotic patient[16,23]. Starting doses of IFN α2b 1.5 million units
three times a week, PEG IFN α2b 0.5 µg/kg per week or
PEG IFN 2α 90 µg per week, all with ribavirin 600 mg/
d have been recommended. The dose of ribavarin should
be reduced in renal impairment. Close monitoring of
haematological and biochemical parameters is required,
with dose adjustments being made every two weeks to
allow full dose treatment to be achieved as tolerated by
the patient. Patients with no virological response after 12
wk should have therapy discontinued[26]. Estimated duration of treatment is 6 mo for genotype 2 and 3, and 12
mo for genotype 1[16]. Treating for one year may not be
practicable and the best group to treat is those with low
MELD scores (< 18) who would be more likely to complete the treatment. LDLT recipients are a perfect group
to be treated as the transplant can be timed according to
HCV RNA clearance. A minimum of 12 wk, but up to
24 wk prior to LDLT is recommended[16].
Haematological growth factors
IFN is associated with cytopenia though bone marrow
suppression, whereas Ribavirin can cause anaemia by a
combination of haemolysis and bone marrow suppression. Patients developing anemia during HCV therapy
often have inappropriately poor serum erythropoietin
responses probably related to their underlying liver disease[35]. Patients with cirrhosis receiving AVT have a high
incidence of haematological side effects[30]. To try and
counter this Granulocyte-Colony Stimulating Factor (GCSF) and erythropoietin (EPO) analogues have been
used to avoid antiviral dose reduction with the aim of
maintaining a good virological response. Severe anemia
develops in about 10% of treated patients, and requires
close monitoring of hemoglobin and RBV dose reduc-
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Donor graft steatosis
The influence of donor microvesicular steatosis on HCV
recurrence is not addressed in the literature, possibly because it is regarded as a mild and reversible condition[46].
Nevertheless, a recent study has reported that microvesicular steatosis increased the risk of initial poor graft
function (IPF) (OR = 1.38 per 1 SD = 9.3%; P < 0.021)[47]
and work is required to establish if it influences HCV recurrence.
The adverse influence of donor macrovesicular steatosis on graft and patient outcome has been widely studied[48-50]. Two recent publications reported that macrosteatotic grafts were safe to use in HCV recipients. Botha et
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al[51] found that recipients receiving mildly macrosteatotic
grafts (< 15% in their classification) had a good outcome,
although only 3 out of 113 donors had macrosteatosis
greater 30%. Burra et al[52] reached the same conclusion,
although they classified mild macrosteatosis as < 30%
and only 5 patients in their series had macrosteatosis
> 30%. The small number of macrosteatotic grafts assigned to HCV recipients in these series makes it difficult
to draw firm conclusions. In contrast, Briceño et al[53]
reported that donor graft macrosteatosis (> 30%) was a
risk factor for more frequent, earlier and severe HCV recurrence post LTx. Their study had 29 recipients receiving a moderately (30%-60%) and 19 recipients receiving a
severely (> 60%) steatotic graft, although lack of protocolized biopsies was a limitation to this study[54], they reported a clear relationship between donor graft steatosis
> 30%, earlier viral recurrence and the development of a
more severe graft fibrosis.
The significance of acquired post-LTx macrosteatosis
and HCV recurrence is unclear. Baiocchi et al[55] in 1998
suggested that macrosteatosis was highly specific for
HCV recurrence and sensitive in detecting HCV disease
recurrence, at 3 and 12 mo, but with low specificity and
not genotype-related. However, Machicao et al[56] found
that macrosteatosis developing after LTx did not predict severity of HCV recurrence in the first 12 mo. The
development of macrosteatosis is influenced by several
factors, including body mass index (BMI), immunosuppression, alcohol and diabetes. When the factors behind
macrosteatosis development in the LTx population are
fully elucidated its relationship to HCV recurrence may
become clearer.

histological recurrence of HCV or in survival between
recipients of deceased donor whole and split livers[61,62].
These studies share the limitation that donors suitable for
split grafts are usually younger than 40 years and this may
be an important confounding factor.
A recent study from Selzner et al[63] on 46 LDLTs and
155 DDLTs followed up with protocol biopsies showed
that the mean fibrosis stage (Metavir) was significantly
higher at 12 to 48 mo post LTx, and the rate of fibrosis
progression tended to be faster after DDLT than LDLT
(0.19 vs 0.11 stage/year, P < 0.05). In multivariate analysis, donor age was the only variable independently associated with both surrogate outcomes. Thus, donor age >
45 years carried a relative risk of 8.17 (95%CI: 2.6-25.5, P
= 0.001) for reaching fibrosis stage 3 or 4 at 2 years post
LTx, suggesting that donor age rather than graft type determines progression of recurrent HCV.
HCV positive donors and co-infections
The increasing organ shortage has necessitated the use of
both older and HCV+ organs. There are a small number
of studies examining the use of HCV+ grafts. Donor
Hepatitis C status does not seem to affect graft or recipient survival and using HCV+ livers for transplantation in
HCV+ recipients seems to safely expand the organ donor pool[64]. Interestingly, a recent study has analyzed the
effect of HCV+ donors stratified by age. Demonstrating
a negative impact of older donor age (> 50 years) on
survival and fibrosis progression in patients transplanted
with HCV+ organs. According to the current evidence,
using HCV+ grafts from young donors (< 50 years) for
HCV recipients can produce good results, but further
experience is required to establish the validity of this approach[65].
The influence of co-infections on HCV recurrence
has been investigated by a number of groups. Humar
et al[66] studied cytomegalovirus (CMV) and human herpesvirus-6 (HHV-6). No correlation was found between
CMV or HHV-6 serum peak and HCV viral load. But on
subgroup analysis HHV-6 infection was associated with
the development of more severe recurrence (hepatitis
and/or fibrosis score > 2). Also, fibrosis scores at last
follow up were higher in patients with CMV disease or
HHV-6 infection. Burak et al[67] have also identified CMV
co-infection as a risk factor for graft failure and severe
fibrosis on biopsy. Considering that CMV infection occurs in approximately one quarter of HCV-infected LTx
recipients, CMV donor and recipient status may be an
important modifiable factor to consider.
Duclos-Vallée et al[68] reported poorer survival of coinfected HIV/HCV patients (35 patients) than that of
HCV mono-infected patients (44 patients). The 2 and 5
years survival rates were 73% and 51% in co-infected,
and 91% and 81% in mono-infected patients, respectively. Additionally, fibrosis-free survival rates were markedly low in co-infected patients after the second year
post-transplant, whereas the majority of mono-infected
patients only experienced mild recurrent hepatitis. These

Type of graft
Garcia-Retortillo et al[57] reported an analysis of 117 LTx
in 116 HCV recipients, of which 22 were LDLT. Type of
transplant was the only independent predictor of severe
recurrence (OR = 2.5; 95%CI: 1.13-5.68; P = 0.025) and
the 2-year probability of severe recurrence was higher
in LDLT compared to DDLT (45% vs 22%, P = 0.019).
Suggested mechanisms, to explain the more aggressive
HCV recurrence observed after LDLT, included shared
HLA matching, the type of immunosuppression, a
higher incidence of biliary complications, and the effect
of liver regeneration. However, a prospective controlled
trial by Shiffman et al[58] using protocol liver biopsies in
23 LDLT and 53 DDLT found no association between
graft type and HCV recurrence in terms of recipient and
graft survival or fibrosis progression over 3 years. Guo et
al[59] reported similar results from a retrospective study of
15 LDLT and 52 DDLT, with no difference in histological HCV recurrence rates or graft survival over 2 years.
Similar short-term results have also been reported by
Schmeding et al[60]. with first-year fibrosis rates and graft
survival being similar between DDLT and LDLT.
Split liver transplantation shares with LDLT the issue
of liver regeneration as a possible risk factor for HCV
recurrence, but reported studies show no difference in
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results are similar to our series, in which 5 of 7 HCVinfected patients died after LT at 95-784 d (median 161 d),
of whom 4 patients died of recurrent HCV infection and
sepsis, despite antiviral therapy in 3[69]. Longer followup in larger series is required before a conclusive directive can be provided for HCV/HIV co-infected patients
requiring LT and the advent of more effective anti-viral
therapy may transform the outlook for this group.

episodes, but the severity of fibrosis progression within
the first year after LTx was enhanced. Interestingly, this
did not result in impaired survival in the better-matched
grafts. Belli et al[76] reported on the association of MHC
alleles and donor/recipient mismatch with the occurrence
and the severity of recurrent HCV, drawing two conclusions. Firstly, a fully mismatched donor/recipient pair at
the DRB1 locus was associated with HCV recurrence
and severity. And secondly, donor age, full HLA-DRB1
donor-recipient mismatch, and HLA B14, were independent risk factors for the development of severe fibrosis.
Balan et al[77] studied HLA mismatch in a cohort of
883 LTx recipients. Overall graft survival decreased according to the total mismatch score and there was a
negative effect of mismatching at the A locus on patient
survival. Interestingly, there was a subgroup with DR-locus mismatch with increased recurrence of autoimmune
hepatitis and primary biliary cirrhosis, while mismatch in
the A locus was associated with recurrence of HCV (P
= 0.01, HR = 1.6) and primary sclerosing cholangitis (P
= 0.03, HR = 2.9). Yoshizawa et al[78] reported two cases
of LDLT between identical twins. Despite the avoidance
of immunosuppression, a rapid increase in serum HCV
RNA and histological recurrence of HCV by 1 mo was
observed. The contribution of HLA mismatch to HCV
recurrence remains unclear and other immunological
factors may be involved. To date, cytokine gene polymorphisms in allograft tumor-necrosis-factor β (TNF-β), Interleukin 16 (IL-16)[79], TGF-β, IL-10, and INF-γ[80] have
been proposed as novel markers to predict the severity of
HCV recurrence. The innate lymphocyte population of
CD56+ lymphocytes, NK and NT cells provide an important first line of defense against viral infection. Rosen
et al[81] showed that the number of CD56+ lymphocytes
and NK cells in peripheral blood prior to LTx was significantly lower in recipients who developed severe HCV
recurrence compared to those with mild histological recurrence. There was no association between NK and viral levels, suggesting that the severity of HCV recurrence
is independent of viral level and high levels of CD56+
lymphocytes are protective against recurrence More work
is required to confirm the genetic components that contribute to both NK cell-mediated control of HCV recurrence and to liver injury in the transplant setting[82,83].
Recent research emphasizes the important part that
host genetics play in the ability to clear acute HCV infection and to achieve SVR. Polymorphism of the IL-28B
gene, which encodes the endogenous antiviral cytokine
IFN-λ, are associated with SVR and natural viral clearance[84]. The prevalence of the rs8099917 G allele in
HCV/HIV-1 co-infected patients is strongly associated
with treatment failure in HCV genotype 1-infected patients[85]. These polymorphisms may well serve, at least in
the start, as a predictor of achieving SVR.

Ischemia-reperfusion injury
Ischemia-reperfusion injury (IRI) is a result of several
peri-operative factors that can define the extended criteria donor. Factors influencing the severity of IRI include
donor status (cardiac or brain death), cold and warm
ischemia time, donor age, preservation solution and
technical factors during retrieval. Other factors influencing IRI are type of reperfusion used and graft-related
quality factors such as macrosteatosis. Because of the
complexity of IRI, its inclusion in multivariate analysis
usually becomes a confounding factor that is difficult to
study. A study from Watt et al[70] showed worse survival
outcome in HCV recipients receiving grafts with preservation injury (PI). The 1- and 3-year survival rates for
these 2 groups were 78% and 59% in HCV-PI(+) versus
100% and 88% in HCV-PI(-). In addition, more patients
in the PI(+) group had progressed to stage 3 or 4 fibrosis, compared to the group with no PI (-) (43% vs 9%, P
= 0.02). In 2008, Killackey et al[71] reported a significant
correlation between peak alanine transaminase (ALT)
and the severity of IRI on reperfusion biopsy among 477
HCV recipients (of which 44 were LDLT). However,
there was no correlation between the severity of IRI and
the incidence or timing of histologic HCV recurrence
or incidence of acute cellular rejection (ACR). Briceño et
al[72] also looked at the effect of marginal donor variables
on outcome in HCV recipients and IRI was a prognostic
factor on univariate analysis. The same group additionally
reported that, when moderate to severe IRI was associated with macrovesicular steatosis > 30%, graft survival
was decreased[53]. This association has not been previously reported and deserves further study.
Immunological factors
The role of human leukocyte antigen (HLA) matching
between donor and recipient in post-transplant rejection
and survival has been widely studied. It has been proven
to increase graft survival after kidney, heart, and other
organ transplants In contrast, HLA matching is not routinely performed in LTx because its importance remains
unclear. A recent meta-analysis of over 16 studies found
that good HLA compatibility reduces the incidence of
ACR but had no influence on graft outcomes[73].
Early acute rejection and steroid bolus treatment are
considered as risk factors for HCV recurrence[74]. Langrehr et al[75] published a retrospective analysis on 165 LTx
in HCV recipients with complete donor/recipient HLA
typing, analyzing HCV recurrence and outcome. In this
study it was shown that HLA matching reduced rejection
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Diabetes mellitus
Diabetes and insulin resistance have been associated with
progression of fibrosis[86]. Hyperinsulinemia may cause
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direct stimulation of hepatic stellate cell mitogenesis and
synthesis of collagen[87]. The synergy between donor age
and recipient diabetes as a factor for aggressive HCV
recurrence was observed by Foxton et al[88] who reported
that patients with diabetes receiving a liver from a donor
older than 55 years was associated with an 8.38-fold risk
of progression to severe fibrosis.
In 2008, Hanouneh et al[89] performed an analysis on
liver biopsies to assess the impact of metabolic syndrome
(MS). Overall median rate of fibrosis progression was 0.08
units per month. On univariate analysis, high HCV RNA
at 4 mo post LTx, diabetes, CMV, and MS were associated with progression of fibrosis, whereas on multivariate
analysis, MS was independently associated with fibrosis
progression 1 year after LTx [OR = 6.3 (1.4-28.7); P =
0.017].
More recently, Veldt et al[90] evaluated the Homeostasis Model Assessment of Insulin Resistance (HOMAIR) to identify insulin-resistant recipients at risk for rapid
fibrosis progression after LTx. They found that when
this index was elevated (> 2.5) there was a risk for rapid
fibrosis progression and treatment with insulin had no
effect on the fibrosis progression rate, suggesting that
there might be a role for treatment with insulin sensitizing agents.
The association between immunosuppression with tacrolimus, HCV and post-transplant diabetes or impaired
fasting glucose has been reported[91]. The choice of immunosuppressive treatment might be decided on the basis of the patient’s pretransplantation status.

mount an anti HCV response. Activated liver allograftderived NK cells were isolated from the perfusate (IL-2
stimulated and anti-CD3 monoclonal antibody treated to
deplete T cells), and injected intravenously into the transplant recipient. Early data from the pilot study reported
lower HCV RNA titers at one month post-transplant, but
the effect was transient[94]. Augmentation of the NK cell
response, which plays a pivotal role in innate immunity,
may be an alternative approach to preventing HCV recurrence and is an area of active research[95].
Post-transplant immunosuppression
Immunosuppression is considered to be a major factor
in accelerated HCV recurrence and has been an area of
extensive research. The immunosuppression strategy in
HCV LTx recipients was evaluated in 81 LTx programs
in an international survey. The most common regimen
used (41%) was based on triple therapy [Tacrolimus, Mycophenolate Mofetil (MMF) and steroids]. Steroid-free
protocols were used by 7.4% of transplant groups, while
11% discontinued steroids within a week, 56% within
three months and 98% within the first year[96].
Steroids: High dose steroid boluses to treat rejection
increase viremia and may lead to premature HCV recurrence. It has been shown that HCV recurrence is associated with the number of rejection episodes[97]. Although
the data on increased HCV viral load with steroid bolus
is convincing, the effect of steroid maintenance remains
controversial. Moreover, a rapid reduction in steroid dosage may be harmful for HCV recurrence[98]. Interestingly,
Vivarelli et al[99] reported that it is the way that steroids are
administered what impacts the recurrence; in fact while
rapid steroids tapering and withdrawal exert a negative
effect, low-dose steroid maintenance in the first 24 postoperative months seems to reduce the severity of HCV
recurrence, in particular the degree of fibrosis associated
with recurrent hepatitis.
The link between steroids and viral replication has
prompted many centres to practice steroid withdrawal.
However there is a lack of robust data showing the efficacy of this approach. A meta-analysis of 13 trials[100]
showed that steroid avoidance was associated with lower
HCV recurrence (RR = 0.90, P = 0.03), although no
individual trial reached statistical significance. The heterogeneity, short-term follow-up and relatively small size
of many of the trials, as well as the lack of information
on steroid dosage, make conclusions less robust. Larger
multicenter trials are required to clarify the influence of
steroid-free regimens on HCV recurrence.

POST-TRANSPLANT
IMMUNOSUPPRESSION AND ANTIVIRAL
TREATMENT
Anhepatic initiated therapy
Thymoglobulin induction: Thymoglobulin is an antithymocyte polyclonal antibody that depletes the T cell
pool and can be used as an induction immunosuppressant agent during the anhepatic phase. By pre-treating
with thymoglobulin and minimizing immunosuppression,
cellular host immunity against HCV re-infection may be
improved[92]. A retrospective study on the use of thymoglobulin induction found that lower levels of Tacrolimus
were achieved but HCV recurrence rates were similar
between patients who had received thymoglobulin induction therapy and tacrolimus versus tacrolimus and steroids. However, HCV RNA loads were significantly lower
in the thymoglobulin group[93]. More work is required to
see whether this observation is clinically significant and
alters the pattern of HCV post transplant recurrence.

Calcineurin inhibitors: The association between oversuppression and HCV progressive disease is well recognized. However, the effect of different calcineurin inhibitors (CNIs) on HCV replication and/or progression of
recurrent HCV remain controversial. Cyclosporine A
(CsA) has been found to inhibit HCV replication in vitro
while tacrolimus does not[101]. But the effect of CsA on

Adoptive immunotherapy: HCV viral levels post often
exceed pre LTx, as immunosuppression suppresses the
host response to HCV replication. Adoptive immunotherapy has been studied in a phase 1 trial where lymphocytes extracted from liver allograft perfusate were able to
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HCV replication in vivo, in the setting of LTx is not clear.
A meta-analysis comparing tacrolimus to CsA-based immunosuppression in HCV recipients[102] assessed the clinical, virological, and histologic post-transplant outcomes.
A total of 5 randomized control trials (1995-2006) which
included 366 patients were analyzed. No significant differences in mortality, graft survival, biopsy proven ACR,
steroid resistant ACR or fibrosing cholestatic hepatitis
between the regimens was found. But the use of different
immunosuppression regimens, an era-effect, and the lack
of protocol liver biopsies limit this meta-analysis.
In the LIS2T trial, immunosuppression regimens
based on CsA or tacrolimus were compared according
to HCV status[103]. All patients received a combination
of either CsA (n = 250) or tacrolimus (n = 245) with steroids and some additionally received azathioprine (AZA).
The incidence of ACR was similar in patients receiving
combination therapy with AZA, whether with CsA or
tacrolimus, independent of the HCV status. In HCV patients, death or graft loss was higher with tacrolimus (16%)
compared to CsA (6%) (P < 0.03). The HCV recurrence
rate was similar for tacrolimus and CsA but time to histological diagnosis of recurrence was longer with CsA than
with tacrolimus (100 ± 50 d vs 70 ± 40 d; P < 0.05).
On the basis of current data, it is not possible to conclude that CsA by itself has a significant effect on viral
replication or on the course of HCV recurrence. However, choice of CNI may influence the efficacy of AVT.
As co-treatment with IFN and CsA has been shown to
achieve greater inhibition of HCV replication and higher
SVR rates compared to IFN alone[104]. Furthermore, SVR
after IFN therapy has been found to be higher with CsA
compared to tacrolimus (46% vs 27%; P = 0.03)[105]. In a
pilot study[106], 38 patients with HCV recurrence receiving PEG IFN α2a and Ribavirin were randomized to
continue tacrolimus or to be switched to CsA. CsA led to
a modest decrease in HCV RNA levels and appeared to
enhance the antiviral response to IFN and Ribavirin, but
there was no difference in SVR. However this study was
limited by small sample size and randomization at transplant rather than at time of significant HCV recurrence.
Further randomized trials are needed to establish whether
the presently available CNIs affect HCV recurrence.

cal response or fibrosis on histology. Discontinuation of
therapy occurred in up to 35% of patients with high dose
antibody and 17% with low dose antibody. Considering
both the lack of clinical benefit and occurrence of side
effects, there is currently no evidence to recommend prophylactic HCV antibody.
Pre-emptive therapy: Antiviral therapy after transplantation but before clinical evidence of reinfection. HCV
recurrence manifests in the first 6 mo post LTx. Initiation of AVT in the early post transplant period has been
proposed as a potentially more effective way of preventing it. Pre-emptive therapy refers to the initiation of AVT
within 2 to 8 wk after LTx when the viral load is low and
histological damage is absent[114]. However, only those
patients who are well after transplant and without severe
complications can receive AVT. In the general population,
AVT with PEG IFN for acute HCV hepatitis can achieve
high SVR rates, but in transplant patients the rate is lower
at 8%-39%. The high levels of immunosuppression early
post LTx make AVT less effective and dose reduction or
discontinuation due to adverse events is common (up to
57% of cases)[114].
Several trials have assessed the efficacy of the preemptive AVT. IFN, PEG IFN and Ribavirin, alone or in
combination. At present, there is no standard timing of
commencement of pre-emptive treatment. It has been
applied very early post LTx (as soon as patients can tolerate food), to 4-6 wk after transplant. A meta-analysis
which included randomized trials assessing the use of
pre-emptive AVT showed no benefit in terms of survival, graft rejection, virological response or histological
changes. The proportion of patients who discontinued
treatment was 31% for PEG IFN, 29% for IFN and 9%
for Ribavirin. Currently, there is no evidence to recommend pre-emptive AVT to prevent HCV re-infection.
Antiviral therapy after evidence of reinfection: Directed AVT after evidence of HCV recurrence represents
the mainstay of management in HCV post transplant.
Most LTx centers commence AVT once liver biopsy
demonstrates significant histological damage and therapy
with PEG IFN and Ribavirin aims to achieve SVR as
this has been associated with improved survival, reduced
risk of graft failure and reduced risk of developing complications.
The therapeutic efficacy and side effects of different
AVT in patients with HCV re-infected grafts have been
compared in a Cochrane review[115]. Eleven trials including 389 LTx were analyzed. Dose reduction or discontinuation due to adverse effects or patient choice, was
required in 87.5% and 42.9% respectively. All the trials
had high-risk bias and none of them reported decompensation rates or quality of life. The antiviral regimens and
dosages, the interval between the LTx and the beginning
of the treatment and the duration of the therapy were
heterogeneous in all trials. There was no difference in the
mortality, graft rejection or re-transplantation between

Post-transplant antiviral treatment
Prophylactic therapy: Treatment with neutralizing
antibodies is effective in patients transplanted for HBV,
but currently there is no evidence that this strategy is effective in preventing HCV recurrence. Both polyclonal
and monoclonal anti-envelope antibodies can capture
and neutralize HCV in vitro[107-109]. The main target for
neutralizing antibodies appears to be the various epitopes
in the E2 envelope glycoprotein. HCV antibody therapy
starts in the anhepatic phase and then is continued for
12 to 14 wk after transplant. Three trials[110-112] comparing high dose HCV antibody vs. low dose HCV antibody
were included in a Cochrane meta-analysis[113]. There
was no difference in patient and graft survival, virologi-
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trial[119] has shown that telaprevir is highly effective in the
treatment of HCV genotype-1 nonresponders or relapsers. In contrast, addition of boceprevir to standard treatment only revealed a minor impact on SVR rates in nonresponders, but further trials are awaited. In addition to
telaprevir and boceprevir, many NS3/4A inhibitors with
promising anti-viral activities are currently investigated in
phase I and II trials.

the intervention and control arms. Nevertheless, a higher
SVR (48% vs 0%) and improvement in fibrosis occurred
in the treatment group of PEG IFN and ribavarin[116].
In the comparison between two doses of PEG IFN (1.5
mg/kg per week vs 0.5 mg/kg per week) plus ribavirin,
higher rates of SVR were achieved in the high-dose
group (63% vs 22%). Despite there being no difference in
the main outcomes, SVR has been shown to reduce mortality rates in observational studies and it is worthwhile
performing further studies to assess this.
Data evaluating the effect of AVT on disease progression are scarce and results are controversial. However,
it has been demonstrated that AVT with PEG IFN and
ribavirin achieves higher SVR rates in mild HCV recurrence than in severe HCV recurrence[116]. AVT tolerability
is a major issue as only 30% of transplant patients reach
target dose and duration. Dose reduction of PEG IFN
and ribavirin are needed in 39% and 45% respectively,
with discontinuation of treatment in 26%. Close monitoring is required and growth factors help to avoid dose
reduction/discontinuation due to cytopenia.
A recent study attempted to determine the most
cost effective timing for AVT (PEG IFN and ribavirin)
in advanced liver disease infected with HCV genotype
1 and concluded that treatment of patients with compensated cirrhosis was the most cost effective[117]. Four
different treatment strategies in a hypothetical cohort of
4000, 55 years old, treatment naïve cirrhotics with a 17
year follow-up, were analyzed in a Markov model. The
authors concluded that treatment of advanced post LTx
recurrence is more cost-effective than no treatment, but
it gave less survival benefit at greater cost in comparison
with patients treated during compensated cirrhosis.

Compounds targeting HCV replication: (1) HCV
NS5B polymerase inhibitors. Nucleoside analogue inhibitors (NIs) [valopicitabine (NM283), R7128, R1626,
PSI-7851 or DX184]. Since these compounds can mimic
the natural substrates of the polymerase, they are incorporated into the growing RNA chain and tackle the active
site of NS5B, then causing direct chain termination. NIs
are potentially effective against different genotypes, in
contrast to NS3⁄4A inhibitors. There is a relatively high
genetic barrier in the development of resistances to NIs.
Valopicitabine was the first NI investigated in patients
with chronic hepatitis C, but its activity was low. More effective NIs are under development; (2) Non-nucleoside
analogues inhibitors (NNIs). These drugs can bind to
different allosteric enzyme sites, which results in conformational protein change before the elongation complex
is formed. Their application results more frequently in
resistance development compared to Nis; and (3) NS5A/
NS4B inhibitors. NS4B displays RNA-binding properties
that are crucial in HCV-RNA replication. In vitro inhibition of NS4B has been shown to compromise HCV
replication significantly. NS5A protein contributes in the
regulation of HCV replication[120]. No clinical data on
resistance to these compounds have been reported, and
thus, results studies using multiple dose and combination
therapy have to be awaited.

New drugs for HCV recurrence treatment
In view of the current results of standard antiviral therapy, there is a need to improve treatment strategies. The
recent knowledge of the HCV life cycle and of structural
features of the HCV proteins has supported the development of many promising directly acting antiviral agents,
or “specifically targeted anti-viral therapy for hepatitis C”
(STAT-C) compounds. Many of these STATs are currently in phase Ⅰ-Ⅲ development and will significantly
change treatment options for HCV infection in the near
future.

Conclusion and keypoints
HCV recurrence is a major concern when transplanting
HCV+ patients. Several strategies to try and prevent graft
infection or, if already infected, to reduce recurrence severity are available.
In the pre-transplant setting, AVT aims to achieve
HCV RNA negativity at time of transplant. Presently
available antivirals can produce HCV RNA negativity in
highly selected patients and undetectable HCV RNA or
SVR at time of transplant may influence recurrent HCV.
Probably, the most important strategy in the peritransplant, especially in an era of organ shortage, is ideal
donor-to-recipient matching. Factors like donor age, donor steatosis, recipient co-infections and recipient insulin
resistance increase the risk of HCV recurrence and decrease global outcome. Interestingly, the type of graft or
using young HCV+ donors does not appear to increase
the risk. The role of IRI and HLA mismatch needs to be
explored more, although available evidence supports the
minimization of both.
In the post-transplant setting, there is no evidence
for the use of HCV antibody therapy and adoptive im-

Compounds targeting HCV polyprotein procession:
ns3/4a protease inhibitors: These compounds provide
a high anti-viral efficacy but a low genetic barrier to resistance. However, the frequency of resistance development
can be reduced by the additional administration of pegIFN and Ribavirin. Many of these compounds are under
development, however telaprevir (VX-950) and boceprevir (SCH 503034) which are the most advanced HCV
NS3 protease inhibitors, have already entered phase-Ⅲ
clinical development and are expected to be approved in
2011⁄2012[118]. Most protease inhibitors and polymerase
inhibitors are HCV genotype 1 specific. The PROVE 3

WCG|www.wjgnet.com

2687

January 28, 2014|First Edition|

Ciria R et al . Optimizing post-transplant HCV recurrence

munotherapy is still experimental. Steroid boluses and
ACR are factors associated with recurrence, and steroid free immunosuppression maintenance appears to
reduce recurrence. Presently available CNIs appear to
have equivalent influence on HCV recurrence but CsA
in combination with AVT may produce a greater inhibition of HCV replication. Directed AVT after histological
evidence of HCV recurrence is the mainstay of management, with no evidence supporting pre-emptive AVT. In
the future it is strictly necessary to find out whether SVR
can be achieved by combination therapies of different
STAT-C compounds without PEG IFN and ribavirin.
Future clinical trials need to address whether a long-term
suppression of HCV replication or even SVR can be
achieved with such direct antiviral combination therapies.
The results of LTx for HCV will hopefully continue to
improve as a greater understanding of the factors influencing recurrence is achieved.
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Core tip: Hepatitis C virus (HCV) is the major cause of
chronic liver disease that gradually progresses from
chronic hepatitis to cirrhosis and hepatocellular carcinoma (HCC) during the course of infection. MicroRNAs
(miRNAs) are small RNA molecules and have the ability
to regulate gene expression by targeting mRNA degradation or translational repression. miRNAs regulate HCV
life cycle either by supporting viral replication or by
inhibiting interferon signaling pathway. Several miRNAs
play important roles in HCV related inflammation, fibrosis and HCC development. This review focuses on the
involvement of miRNA in HCV life cycle and virus mediated liver disease progression, emerging role of circulating miRNAs and exploitation of miRNA as alternative
therapeutic approach for HCV infection.

Abstract
Hepatitis C virus (HCV) is a global health problem with
an estimated 170-200 million peoples (approximately
3% of world population) are chronically infected worldwide and new infections are predicted to be on rise in
coming years. HCV infection remains categorized as a
major risk factor for chronic hepatitis, liver cirrhosis and
hepatocellular carcinoma worldwide. There has been
considerable improvement in our understanding of virus
life cycle since, the discovery of HCV two-decades ago.
MicroRNAs (miRNAs) are important players in establishment of HCV infection and their propagation in infected
hepatocytes. They target crucial host cellular factors
needed for productive HCV replication and augmented
cell growth. Very first anti-miRNA oligonucleotides,
miravirsen has been tested in clinical trial and shown
promising results as therapeutic agent in treatment
against chronic HCV infection. Deregulated expression of miRNAs has been linked to the pathogenesis
associated with HCV infection by controlling signaling
pathways such as, proliferation, apoptosis and migration. Circulating miRNAs emerging as growing field in
identification of biomarkers in disease progression and
their potential as a means of communication between
cells inside the liver is an exciting area of research in
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INTRODUCTION
Hepatitis C virus (HCV) was first identified as a non-A,
non-B hepatitis more than two decades ago[1]. It is a single stranded, positive sense RNA virus belongs to family
flaviviridae and genus hepacivirus. The viral genome encodes
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for a single precursor polyprotein of approximately 3010
amino acids, which is cleaved by viral and cellular proteases into three structural (core, E1 and E2) and seven
non-structural (p7, NS2, NS3, NS4A, NS4B, NS5A and
NS5B) viral proteins. Core protein forms the capsid,
which is surrounded by a lipid bilayer containing the
glycoproteins, E1 and E2. These viral proteins are responsible for viral replication and various cellular functions[2]. HCV is a major cause of chronic liver disease,
mostly asymptomatic in nature. Majority of the infected
patients approximately, 80% develop persistent chronic
infection and are at high risk for liver cirrhosis and hepatocellular carcinoma (HCC). An estimated 170-200
million peoples worldwide are infected with hepatitis C[3]
and about 2.7-3.9 million peoples are living with HCV
infection in the United States[4]. In addition, HCC and
cirrhosis have been increasing among persons infected
with HCV[5]. Recent approval of HCV NS3/4A protease
inhibitors in standard treatment, consisting of pegylated
interferon (IFN) alpha, and nucleoside analog, ribavirin
(RBV) have shown improved rates of sustained virologic
response in HCV infected patients[6]. Drugs targeted
against HCV polymerase, NS5B has also been successfully validated in phase 2 clinical trials for the treatment
of HCV infection[7].
MicroRNAs (miRNAs) were discovered in 1993 during a developmental timing experiment in the nematode
Caenorhabditis elegans. Till date, human miRNA family has
expanded to over 2000 mature miRNAs (miRBase v19.0;
http://www.mirbase.org) and in silico prediction estimates
that approximately 60% of human mRNA could be
targets of miRNA[8]. miRNAs constitute a class of noncoding RNAs, about 18-22 nucleotides long and play
crucial role in the regulation of gene expression. The
production of miRNAs requires several processing steps,
first primary miRNAs (pri-miRNAs) are cleaved by the
ribonuclease Drosha to produce precursor miRNAs (premiRNAs) which in turn, cleaved by the ribonuclease Dicer to produce mature, single stranded miRNAs[9,10]. Once
synthesized, mature miRNA associate with RNA induced
silencing complex (RISC) together with Argonaute/
EIF2C (AGO) proteins and mediates the target mRNA
recognition. miRNA identify target mRNA through specific base-pairing interactions between the 5’ end (“seed”
region) of miRNA and sites within coding and untranslated regions (UTRs) especially 3’ UTR of mRNAs that
lead to mRNA destabilization. miRNA inhibits the target
gene expression either by mRNA degradation or translational repression. miRNA promotes mRNA cleavage by
inducing deadenylation or suppresses protein synthesis by
repressing the translation initiation at the cap recognition
or inducing ribosomes to drop off prematurely[11,12]. miRNA biogenesis is beyond the scope of this review and
elegant reviews addressing miRNA synthesis and their
mechanism of gene regulation is discussed in more detail
elsewhere. A combinatorial nature of miRNA regulation,
i.e., each miRNA regulates hundreds of different mRNAs
and further, a single mRNAs are targeted by multiple
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miRNAs, will allow us to focus on regulatory networks
that determine the cell fate decisions. Viral infection can
elicit changes in cellular miRNA expression profile, and
several RNA viruses have been reported to interact directly with cellular miRNAs to facilitate their replication
potential[13].

ROLE OF MIRNAS IN HCV REPLICATION
Recent studies have identified several miRNAs as key
players in virus-host interactions, regulating virus replication and pathogenesis during HCV infection. The most
abundant miRNA in the liver, miR-122 is regulated by
specific, liver-enriched transcription factor, hepatocyte
nuclear factor 4α[14] and is responsible for liver homeostasis [15]. Several studies demonstrated that miR-122
is required for HCV replication in infected cells[16-18].
miR-122 positively modulates HCV infection through
direct interactions with viral RNA and stimulates HCV
translation[19]. It forms an oligomeric complex in which
one miR-122 molecule binds to the 5’ UTR of HCV
RNA with 3’ overhanging nucleotides, masking the 5’ terminal sequences of HCV genome. Furthermore, specific
internal nucleotides as well as 3’ terminal nucleotides in
miR-122 were absolutely required for maintaining HCV
RNA abundance[20]. miR-122 recruits Argonaute 2 to the
5’ end of the viral genome, stabilizing the viral RNA and
avoid the degradation in infected cells[21]. Recent study
also demonstrated that miR-122 protects HCV RNA
from 5’ decay by targeting 5’ exonuclease Xrn1[22]. Exogenous expression of miR-122 allows efficient HCV RNA
replication and/or infectious virion production in nonpermissive cell line[23-25]. Apart from regulating viral replication, miR-122 is also involved in cell cycle progression
in hepatoma cell line[26]. miR-122 is known to target cyclin
G1 and use of miR-122 inhibitor has been reported to
prevent the alcohol-induced increase in HCV RNA and
protein levels[27].
Besides miR-122, other miRNAs have been involved
in HCV replication. Overexpression of miR-448 and
miR-196 were able to substantially attenuate viral replication by directly targeting CORE and NS5A coding region
of the HCV genome, respectively[28]. Let-7b was also
identified as novel cellular miRNAs that directly target
HCV genome and elicits anti-HCV activity[29]. Mutational
analysis identified let-7b binding sites at the coding sequences of NS5B and 5’-UTR of HCV genome that
were conserved among various HCV genotypes. Overexpression of miR-199a inhibited HCV replication
in cells bearing HCV-1b or -2a genome length replicon[30]. miR-196a inhibits HCV RNA and NS5A protein expression in replicon by regulating HMOX1/
Bach1 expression [31]. In HCV infected patients, lower
expression levels of miR-29 was observed in liver and
overexpression of miR-29 inhibits viral RNA in HCV
infected hepatocytes[32]. We have demonstrated that miR130a expression is upregulated in liver biopsy from HCV
infected patients as well as in HCV infected hepatocytes
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in vitro[33]. We also observed that knockdown of miR-130a
inhibits HCV replication in hepatocytes. Similar observation has been reported on miR-130a mediated regulation
of viral replication in HCV infected cells[34]. Differential upregulation of hsa-miR-130a, hsa-miR-130b, hsamiR-298, hsa-miR-193a-5p and hsa-miR-371-5p were
also observed in HCV Con1 replicon in comparison to
control cells. These miRNAs have been associated with
cell growth by targeting genes PPARG, IRF1 and STAT3
in HCV infected cells[35]. Differential expression of miRNAs such as, miR-24, miR-149, miR-638 and miR-1181
were also identified following HCV infection and are
involved in HCV entry, replication and propagation[36].
Delivery of miR-17-92 cluster has been reported to inhibit HCV replication by up to 95% in vitro cell culture
system[37]. Recently, negative effect of miR-27a has been
demonstrated in HCV replication. miR-27a repression
increased the cellular lipid content, decreased the buoyant
density of HCV particles and increased viral replication
and infectivity[38]. miR-192/miR-215 and miR-491 are
capable of enhancing HCV replication in replicon
cells[39]. miR-141 mediated suppression of DLC-1 (a Rho
GTPase-activating protein) enhances viral replication in
HCV-infected primary human hepatocytes[40].

cifically, SOCS1 and SOCS3 inhibit JAK tyrosine kinase
activity and STATs in the JAK-STAT signaling pathway
suggesting that IFN-α induced miRNAs modulates gene
expression in HCV infected hepatocytes[34]. IFN-β treatment of Huh-7 cells showed an upregulation of miR-1423p and miR-128a, and these miRNAs were downregulated
in HCV replicon-expressing cells[43]. IFN-β induced miRNAs, in conjunction with the downregulation of miR-122,
was also studied to prevent HCV replication. Introduction of anti-miRs against miR-196, miR-296, miR-351,
miR-431 and miR-448, with and without the inclusion of
miR-122 mimic, attenuated the IFN-β mediated reduction of viral RNA by approximately 75%[28]. Treatment
with a toll-like receptor-7 (TLR-7) agonist, imiquimod,
downregulates miR-146a and miR-155 in PBMCs from
HCV infected patients as compared to their expression in
PBMCs of healthy individuals[44].
Increasing evidence also suggests that miRNAs have a
profound impact on host defense to HCV infection and
clinical outcome of standard HCV therapy. miRNA expression profiles were examined to identify the miRNAs
associated with the standard treatment (IFN-α with ribavirin) to CHC patients. Expression levels of 9 miRNAs
were significantly different in the sustained virological response (SVR) and non-responder (NR) groups, suggesting that expression pattern of these hepatic miRNA are
associated with therapeutic outcome in CHC patients[45].
The expression level of miR-122 was reportedly associated with early response to IFN treatment. HCV infected
patients who did not respond to therapy had significantly
lower miR-122 levels as compared to responder[46].

ROLE OF MIRNAS IN REGULATION
OF INTERFERON RESPONSE IN HCV
INFECTION
HCV infection also modulates several miRNAs, which in
turn inhibits type 1 IFN signaling pathway. We have demonstrated that HCV inhibits IFITM1, an interferon stimulated gene, by upregulating miR-130a expression in HCVinfected hepatocytes. Introduction of anti-miR-130a in
hepatocytes increased IFITM1 expression with concomitantly reduction in HCV replication[33]. Overexpression of
miR-122 has also been associated with inhibition of IFN
signaling pathway. Silencing of miR-122 enhances IFNinduced interferon stimulated response element activity, by
decreasing expression of SOCS3. This decrease in SOCS3
level was also regulated by enhanced methylation at
SOCS3 gene promoter, implicating additional mechanism
of inhibition of HCV replication using antisense oligonucleotides of miR-122[41]. miRNAs also regulate the expression of target genes involving immune response to viral
infections mediated by type ⅠIFN pathway. Upregulated
miR-21 suppressed MyD88 and IRAK1 expression in hepatocytes, which subsequently repressed typeⅠIFN effector gene expression and the typeⅠIFN-mediated antiviral
response, thereby promoting viral replication[42]. IFN-α
treatment also modulates HCV-specific miRNAs expression in hepatocytes. miR-324-5p and miR-489 shown to
be upregulated in the presence of IFN-α while differential
expression of miR-30c and miR-130a were observed between HCV-infected Huh7.5 cells treated with or without
IFN-α[34]. miR-30 cluster targets SOCS1 and SOCS3 genes
that act as negative regulators of cytokine signaling. Spe-
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ROLE OF MIRNAS IN HCV RELATED
INFLAMMATION AND FIBROSIS
Many miRNAs have been implicated in various cancers
either as oncogenes or tumor suppressor genes. HCV
infection induces chronic inflammation and regulation
of inflammation related miRNA favors the initiation and
progression of HCC. Gene expression analyses identified
dysregulation of miR-449a in HCV patients but not in
alcoholic and non-alcoholic liver diseases. YKL40 is an
inflammatory marker known to be upregulated in patients
with chronic liver diseases with fibrosis and miR-449a
regulates the expression of YKL40 by targeting NOTCH
signaling pathway following HCV infection[47].
In patients infected with HCV, miR-155 expression
levels were markedly increased, and promote hepatocyte
proliferation and tumorigenesis by modulating Wnt signaling[48]. Chronic HCV infection induced liver fibrosis is
mediated by upregulation of transforming growth factor
(TGF)-β[49]. In HCV-infected patient samples and in a
mouse carbon tetrachloride fibrosis model, expression
levels of miR-21 were positively correlated with fibrotic
stage[50]. miR-21 was shown to target SMAD7, a negative regulator of TGF-β signaling, leading to increased
fibrogenesis[50]. Inhibition of miR-29 was also linked
with activation of hepatic stellate cells and collagen
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Table 1 Altered expression of microRNAs in association with Hepatitis C virus infection and liver disease progression
1

miRNA

Expression

Target genes

MiRNAs that facilitates HCV infection
miR-122
Up
5’ UTR in HCV genome
Xrn1
Cyclin G1
SOCS3
miR-130a
Up
IFITM1
miR-141
Up
DLC-1
miR-21
Up
MyD88 and IRAK1

Function
Promote HCV replication[16-18] and IRES mediated HCV translation[21]
Inhibit 5’decay of HCV RNA[22]
Promote Alcohol induced viral replication[27]
Enhance methylation at SOCS3 gene promoter, inhibits IFN-induced ISRE activity[41]
Inhibits type 1 IFN signaling pathway and promotes HCV replication[33]
Promote viral replication[40]
Negatively regulate IFN signaling[42]

MiRNAs that suppresses HCV infection
miR-448
Unknown
Core region in HCV genome
miR-196/196a Unknown
NS5A region in HCV genome
Bach1

Inhibits viral replication[28]
Inhibits viral replication[28]
Inhibits HCV RNA and NS5A protein expression, relieve oxidative stress by
upregulating HMOX1 gene expression[31]
Unknown NS5B and 5’UTR regions in HCV genome Reduces HCV infectivity[29]
Unknown
5’ UTR in HCV genome
Inhibits viral replication[30]
Up
RXRα and ABCA1
Regulates lipid metabolism, decrease viral infectivity[38]

let-7b
miR-199a
miR-27a

MiRNAs that promote inflammation and fibrosis upon HCV infection
miR-449a
Down
NOTCH1
miR-21
Up
SMAD7
miR-29
Down
COL1A1, COL3A1
miR-155
Up
APC

Regulates YKL40 promoter activity and promotes inflammation[47]
Increase TGF-β signaling and promote fibrosis[50]
Potentiate fibrosis by activating hepatic stellate cells[32]
Promote cell proliferation by activating Wnt/β-Catenin signaling pathway[48]

1

Denotes endogenous expression in Hepatitis C virus (HCV) infected liver biopsy patients or HCV infected hepatocytes. UTR: Untranslated region; IFN:
Interferon; TGF: Transforming growth factor; miR/miRNA: MicroRNA.

synthesis[32].

proteasome, and lipid metabolism signaling pathways[59].
However, validation of these miRNAs and their predicted targets are necessary for conclusive role of particular
miRNA in HCV related HCC. A list of altered miRNAs
associated with HCV infection and their proposed role in
liver disease progression has been summarized in Table 1.

ROLE OF MIRNAS IN HCV RELATED HCC
HCC is often considered as a complication of chronic
liver disease, comprises of a single group, regardless of
the etiology of liver disease. There are several risk factors
associated with development of HCC, including chronic
hepatitis C infection[51]. Progression towards HCC involves multiple steps that ultimately lead to deregulation of various signaling pathways and help host cells to
acquire metastatic potential in presence of surrounding
microenvironment[52]. Chronic hepatitis C is a major risk
factor associated with HCC[53]. HCV encoded viral proteins both singly or in coordinated manner, interact with
host cellular factors and regulate signaling pathways such
as, cell proliferation and apoptosis for augmentation of
hepatocyte growth that may contribute towards HCC
progression[54]. miRNA dysregulation has been linked
with initiation and progression of HCC[55-57], however,
the role of miRNAs in HCV-related HCC is poorly understood. The identification of HCC related miRNA
signatures is of great value for the early diagnosis of
HCC, before the onset of disease in HCV-positive patients. Limited studies are available addressing the role of
miRNA expression in HCV associated HCC. Differential
miRNA expression from formalin fixed paraffin embedded HCV infected HCC specimens indicated 10 upregulated and 19 downregulated miRNAs[58]. Another study
in HCV infected patients, 13 miRNAs were shown to be
downregulated and were predicted to target genes related
to immune response, antigen presentation, cell cycle,
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CIRCULATORY MIRNAS IN HCV
INFECTION
One of the major challenges in HCV research is early
detection of liver disease which allow us for rapid intervention and improved outcome of antiviral treatment.
Liver biopsy is often recommended in patients with unexplained elevated serum aminotransferases in order to
determine the cause, grade of hepatic inflammation and
stage of hepatic fibrosis. Non-invasive or minimally invasive methods need to be developed which can evaluate
disease severity and the likelihood of disease progression.
Circulating miRNAs have been demonstrated to be very
specific and stable in human serum and plasma. In addition, circulating miRNAs display consistent profiles between healthy individuals and significantly altered levels in
disease conditions[60,61]. These characteristics of circulating miRNAs established their potential value as biomarkers for detection and as predictive marker for liver disease progression in HCV infection. We have performed
serum/plasma specific miRNA array and observed that
several circulating miRNAs are significantly upregulated
in sera of HCV infected patients as compared to healthy
controls[62]. We have shown that increased expression of
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miR-20a and miR-92a is specific to HCV associated liver
disease because we did not observe an upregulation of
these miRNA in sera of patients with non-HCV related
liver disease. Subsequently, we observed that elevated
levels of miR-20a were positively correlated with disease
severity in HCV infected patients, however, miR-92a expression is reduced with higher grade of fibrosis in HCV
infected patients[62]. miRNA profiling was also performed
to identify the expression of 940 human miRNAs in
the serum of HCV infected individuals. Serum levels of
miR-134, miR-320c and miR-483-5p were significantly
upregulated in HCV infected patients[63]. Serum levels of
miR-122 were correlated with disease parameters in patients with CHC by several groups. The higher levels of
miR-122 and miR-192 was observed in sera from patients
with CHC and in other etiologies associated with liver injury as compared to sera from healthy controls[64-68]. The
serum level of miR-122 and miR-21 strongly correlates
with serum alanine leucine transaminase levels (ALT) and
higher necroinflammatory activity in the liver in patients
with CHC infection suggesting their potential as a serum
biomarker over ALT in predicting the presence of chronic HCV infection[64,65,68,69], although the specificity of
miR-122 for HCV mediated liver disease is questionable.
Levels of miR-125b and miR-146a were also increased
in the serum of CHC patients compared to healthy
controls[70]. Treatment-naïve patients with chronic HCV
infection have been shown to have higher expression of
miR-155 in their circulating monocytes as compared to
individuals who cleared HCV infection after therapy, suggesting a possible correlation between increased miR-155
and HCV viral presence and/or replication[70].
Circulating miRNAs in urine were also examined for
developing screening methods. Expression of 3 upregulated miRNAs, miR-625, miR-532 and miR-618, were
evaluated as non-invasive biomarkers for the early diagnosis of HCC among high-risk HCV positive patients.
Elevated expression of miR-625, miR-532 and miR-618
were observed in 56%, 62.5% and 72% of HCC-post
HCV positive patients, respectively. In addition, miR516-5p and miR-650 were found to be down-regulated
in 50% and 72% of HCC-post HCV positive patients,
respectively. Differential expressions of these miRNAs
were predicted to possibly target genes related to HCC development and progression in high risk HCV patients[71].
The function of these extracellular circulating miRNAs is
not well understood. The liver is a complex organ where
various cell types reside and interact in close vicinity.
During HCV infection, there could be multiple factors
that contribute to release of miRNAs in the circulation.
Secretion of miRNA from different cell types in a cellspecific manner in response to HCV infection cannot be
ruled out. Further studies are warranted to investigate the
cellular source of circulating miRNAs.

HCV replication could present an effective approach for
the development of new HCV antiviral drugs. Therapeutic potential of miR-122 employing antisense oligonucleotide (SPC3649) complementary to the 5’-end of
miR-122, has been evaluated in HCV infected chimpanzees[72]. SPC3649 therapy resulted in a reduction of HCV
viral load in the liver and blood of chronically infected
chimpanzees. In addition, reduction in viral load was
accompanied by normalization of the endogenous interferon pathway, which is maximally induced in chronically
infected chimpanzees, suggesting the restoration of host
immune response following treatment with SPC3649[72].
Recently, miravirsen (a locked nucleic acid-modified antisense oligonucleotide for miR-122) showed prolonged
dose-dependent reductions in HCV RNA levels without
evidence of viral resistance in chronic HCV genotype 1
infected patients in a phase Ⅱ a clinical trial[73]. No adverse side effects of miR-122 inhibition have been documented in either chimpanzees or chronic HCV infected
patients. Additional host cell factors that help HCV
for productive replication such as, cyclophilin A and
phosphatidylinositol-4-kinase Ⅲ alpha have emerged as
a promising alternative[74]. The efficacy of anti-miR-122
along with current anti-HCV drugs needs to be evaluated
in future trials that could provide better therapy outcome
in terms of lesser rate of relapse, interferon free regimens and reduced possibility of drug resistance. miRNAs
function either as oncomiRs or tumor suppressors are
involved in cell growth regulatory pathways, have rapidly
emerged as targets for therapeutics in the pathogenesis
of HCV infection. Successful delivery of either miRNA
mimics to restore the activity of tumor suppressor miRNAs or anti-miR oligonucleotides for pharmacological
inhibition of oncogenic miRNAs, understanding of
potential off-target effects and physiologic consequences
of long-term miRNA modulation in vivo are some of the
important factors to keep into consideration in future development of miRNA therapeutics.

CONCLUSION
We are still in the infancy stage of understanding the
potential of manipulating miRNAs for the treatment of
HCV infection. HCV infection modulates a set of miRNAs that regulate host immune response and cell growth
interconnected with multiple signaling pathways. miRNA
mediated regulation of gene expression will help us to
understand the signaling pathway and disease progression
associated with HCV infection. Therapeutic silencing
of miR-122 opens a door for novel drugs and therefore,
identification of miRNAs with a prominent role in HCV
viral life cycle and its implication in liver disease progression is emerging as a therapeutic option against chronic
HCV infections. A major drawback of exploiting miRNA
as therapy may have adverse side effects because of the
biological properties of miRNA where, a single miRNA
binds to multiple targets and regulate various signaling
pathways simultaneously. On the contrary, recent studies

MIRNA AS THERAPEUTICS IN HCV
INFECTION
Therapies that target essential host factors required for
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on circulating miRNAs generates an alternative approach
for identification of minimally invasive biomarker for
HCV mediated liver disease and as predictive biomarker
to categorize patients those may develop end stage liver
disease due to viral infection. Indeed, further in-depth
studies are needed to identify mechanistic insights behind
modulated miRNAs by HCV infection.
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Hepatitis C genotype 6: A concise review and
response-guided therapy proposal
Chalermrat Bunchorntavakul, Disaya Chavalitdhamrong, Tawesak Tanwandee
of 60%-90%. Emerging data suggests that a shorter
course 24-wk treatment is equally effective as a standard 48-wk treatment, particularly for those patients
who attained undetectable HCV RNA at week 4 (RVR).
In addition, baseline and on-treatment predictors of response used for other HCV genotypes appear effective
with genotype 6. Although some pan-genotypic directacting antivirals have completed phase Ⅱ/Ⅲ studies
(sofosbuvir and simeprevir) with clinical benefit demonstrated in small number of patients with genotype
6, broad availability of these agents in Southeast Asia
may not be expected in the near future. While awaiting the newer therapy, response-guided therapy seems
appropriate for patients with HCV genotype 6. Patients
with RVR (representing > 70% of patients) are suitable for 24-wk treatment with expected SVR rates >
80%. Patients without RVR and/or those with poor response predictors may benefit from 48 wk of therapy,
and a detectable HCV RNA at week 12 (with no early
virological response) serves as a stopping rule. This
treatment scheme is likely to have a major economic
impact on HCV therapy, particularly in Southeast Asia,
wherein treatment can be truncated securely in the
majority of patients with HCV genotype 6.

Chalermrat Bunchorntavakul, Division of Gastroenterology
and Hepatology, Department of Internal Medicine, Rajavithi
Hospital, College of Medicine, Rangsit University, Bangkok
10400, Thailand
Disaya Chavalitdhamrong, Division of Gastroenterology,
Hepatology and Nutrition, Department of Internal Medicine,
University of Florida, Gainesville, FL 32610, United States
Tawesak Tanwandee, Division of Gastroenterology and
Hepatology, Department of Internal Medicine, Siriraj Hospital,
Faculty of Medicine, Mahidol University, Bangkok 10700,
Thailand
Author contributions: Bunchorntavakul C conceptualized,
researched and reviewed related literature, and drafted this paper; Chavalitdhamrong D and Tanwandee T conceptualized and
critically reviewed this paper.
Correspondence to: Chalermrat Bunchorntavakul, MD, Assistant Professor of Medicine, Division of Gastroenterology
and Hepatology, Department of Internal Medicine, Rajavithi
Hospital, College of Medicine, Rangsit University, Rajavithi
Road, Ratchathewi, Bangkok 10400,
Thailand. dr.chalermrat@gmail.com
Telephone: +66-2-3548081 Fax: +66-2-3548179
Received: July 8, 2013
Revised: August 5, 2013
Accepted: August 12, 2013
Published: January 28, 2014

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
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Southeast Asia; Treatment; Pegylated interferon; Ribavirin; Response-guided therapy

Hepatitis C genotype 6 is endemic in Southeast Asia
[prevalence varies between 10%-60% among all hepatitis C virus (HCV) infection], as well as also sporadically reported outside the area among immigrations.
The diagnosis of HCV genotype can be inaccurate with
earlier methods of genotyping due to identical 5’-UTR
between genotype 6 and 1b, hence the newer genotyping methods with core sequencing are preferred.
Risk factors and clinical course of HCV genotype 6 do
not differ considerably from other genotypes. Treatment outcome of HCV genotype 6 with a combination
of pegylated interferon and ribavirin is superior to genotype 1, and nearly comparable to genotype 3, with
expected sustained virological response (SVR) rates
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Core tip: Hepatitis C genotype 6 is endemic in Southeast Asia [prevalence varies between 10%-60% among
all hepatitis C virus (HCV) infection], as well as also
sporadically reported outside the area among immigrations. The diagnosis of HCV genotype can be
inaccurate with earlier methods of genotyping due to
identical 5’-UTR between genotype 6 and 1b, hence
the newer genotyping methods with core sequencing
are preferred. Risk factors and clinical course of HCV
genotype 6 do not differ considerably from other geno-
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developing countries with limited research facilities and
restricted access to publication. This review is aimed to
summarize the current available data regarding the epidemiology and treatment of HCV genotype 6, as well as
to propose a response-guided algorithm of treatment.

types. Treatment outcome of HCV genotype 6 with a
combination of pegylated interferon and ribavirin is superior to genotype 1, and nearly comparable to genotype 3. Emerging data suggests that a shorter course
24-wk treatment is equally effective as a standard
48-wk treatment, particularly for those patients who
attained undetectable HCV RNA at week 4.

CLASSIFICATION AND DIAGNOSIS
Substantial genetic diversityled to the identification and
classification of various genotypes and subtypes of the
HCV among different geographical areas. Currently, 6
major genotypes and more than 80 subtypes have been
identified from around the world; the previously reported
HCV genotypes of 7, 8, and 9 that are endemic in Southeast Asia have been re-classified as subtypes of genotype
6[16,17]. Proper classification of HCV genotypes and subtypes is very important clinically and is dependent on nucleotide sequence disparity[6]. Though the ideal method to
accurately identify HCV genotype is by directly sequencing of the entire genome, the current, commercially available methods typically use distinct motifs found within
the HCV genome to either indirectly or directly genotype
HCV, a more resourceful strategy[6]. Indirect method of
HCV genotyping uses genotype-specific antibodies and
competitive enzyme immunoassays (e.g., Murex HCV
Serotyping Assays, Murex Diagnostics, Dartfort, United
Kingdom) [6]. Direct methods of genotyping include
direct sequence analysis of 5’-UTR only (e.g., TruGene
HCV 5’NC, Visible Genetics, Toronto, Canada), restriction fragment length polymorphism analysis and reverse
hybridization line probe assay for the 5’-UTR only (e.g.,
INNO-LiPA HCV Ⅰ, Innogenetics, Zwijnaarde, Belgium) or both 5’-UTR and core regions (INNO-LiPA
HCV Ⅱ, Innogenetics, Ghent, Belgium)[6]. Selection of
genotyping assay is crucial, especially for genotype 6
variants as genotype 6 shares identical 5′-UTR sequences
with genotype 1b, thus making earlier genotyping methods based solely on 5′-UTR sequences alone unreliable
and those tests with additional HCV core-sequencing
preferable[6,18-21]. Among the newer genotyping methods,
INNO-LiPA HCV Ⅱ assay is one of the most widely
used globally. It has been developed on INNO-LiPA
HCV Ⅰ platform with additional sequencing of core
regions and demonstrated significant improvement in
genotyping accuracy, particularly to differentiate between
HCV genotype 1 and genotype 6 variants (about 100%
success rate)[6,18-21].

Original sources: Bunchorntavakul C, Chavalitdhamrong
D, Tanwandee T. Hepatitis C genotype 6: A concise review
and response-guided therapy proposal. World J Hepatol
2013; 5(9): 496-504 Available from: URL: http://www.wjgnet.com/1948-5182/full/v5/i9/496.htm DOI: http://dx.doi.
org/10.4254/wjh.v5.i9.496

INTRODUCTION
Chronic hepatitis C virus (HCV) infection is a worldwide
health problem in that it has a global prevalence rate of
approximately 3% and affects over 170 million individuals. It is a leading cause of chronic liver disease and hepatocellular carcinoma worldwide in both industrialized and
developing countries[1]. However, geographic differences
in the overall prevalence and distribution of HCV genotypes have been well recognized[1]. The majority (87%) of
HCV-infected individuals are from Western Pacific countries (62.2 million), Southeast Asia (32.3 million), Africa
(31.9 million), and Eastern Mediterranean countries (21.3
million)[2,3]. The prevalence of HCV infection is especially
higher in Southeast Asia with an estimate prevalence
of 2%-12% among general population in some countries[4], compared to the estimated prevalence of 1.6% in
western countries such as the United States[5]. Hepatitis
C genotypes 1, 2, and 3 are widely distributed globally
and have been the focus of most experimental and clinical studies. Genotypes 4 and 5 are found mainly in the
Africa and Middle East. Genotype 6 and its subtypes
are found mainly in Southeast Asia[2-4,6]. In some countries in Southeast Asia, such as Thailand, Vietnam, and
Myanmar, HCV genotype 6 is one of the most common
genotype, detected in 10%-60% of all HCV patients[7-14].
In the past, HCV genotype 6 was believed to be confined
to Southeast Asia, but in the changing era of increasing
migration of populations, it has been recently reported in
nearby areas of Asia, such as China, Taiwan, and Hong
Kong (China)[6,15], and as far as western countries, such as
United States, Canada[16], and Germany[15]. As globalization (e.g., immigration, travel, and cultural diversity) potentially impacts the epidemiology of HCV, the numbers
of patients with HCV genotype 6 seen outside Southeast
Asia is expected to increase.
Despite the significant burden of the disease, the
creditable data regarding the epidemiology and treatment specifically for HCV genotype 6 are rather limited.
This may be largely due to the fact that the majority of
the HCV genotype 6-infected population is based in
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EPIDEMIOLOGY OF HCV GENOTYPE 6
Epidemiologic studies regarding HCV genotype 6 from
different parts of the world are summarized in Table
1. In brief, HCV genotype 6 is particularly common in
Southeast Asia (prevalence among all HCV infections
are 9%-31% in Thailand[7-10], 21%-49% in Myanmar[11,12],
32%-46% in Vietnam[13,14], > 90% in Lao PDR[22], and
56% in Cambodia[23]), and is the most common HCV
genotype is some of these countries. In addition, geo-
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Table 1 Prevalence of hepatitis C virus genotype 6 in Asia
Country of origin
Thailand

Myanmar

Vietnam

Lao PDR
Hong Kong

China

Population

Genotyping method

Prevalence of HCV genotype 6

Author

n = 236; Blood donors throughout the
country
n = 58; Volunteers from four hospitals
located in the North, North-east, South
and Center of the country
n = 126; Blood donors in the Northern
Thailand
n = 375; Blood donors in the Central
Thailand
n = 40; Immigrant workers from Cambodia (n = 25) and Myanmar (n = 15) in
Thailand
n = 110; Blood donors in Yangon and its
suburbs
n = 145; Volunteers from four different
border cities of Myanmar
n = 308; Patients from urban community-based GI practice in Southern
Vietnam
n = 135; Blood donors in Hanoi (Northern Vietnam
n = 45; Blood donors in Lao PDR
n = 1055; 949 non-IVDU and 106 IVDU
from all over Hong Kong
n = 212; Blood donors
n = 148; Patients from nine regions in
China

Reverse hybridization

18.0%

Kanisanon et al[7]

Core sequencing

8.9%

Sunanchaikarn et al[8]

Core sequencing

31.0%

Jutavigittum et al[9]

Core and NS5B sequencing

18.9%

Akkarathamrongsin et al[10]

Core and NS5B sequencing

56% among Cambodian workers
Akkarathamrongsin et al[23]
and 26.7% among Myanmar workers

NS5B sequencing

20.9%

Shinji et al[11]

Core sequencing

49% (Genotype 6 was mostly
found in the Northern cities)
31.5%

Lwin et al[12]
Nguyen et al[13]

45.9%

Pham et al[14]

Core sequencing

Core (n = 70) and NS5B
(n = 65) sequencing
Core and NS5B sequencing
Core sequencing

95.6%
27.1% (23.6% among non-IVDU
and 58.5% among IVDU)
NA
27%
Core and NS5B sequencing 13% (Genotype 6 was only observed
in the South)

Hübschen et al[22]
Zhou et al[26]
Prescott et al[25]
Lu et al[24]

Source: Ref. [6], with permission. IVDU: Intravenous drug users; NA: Not available; HCV: Hepatitis C virus; GI: Gastrointestinal; PDR: People's Democratic
Republic; NA: Not available.

or nasal drug use does not seem to be a major contributing factor to HCV infection. Therefore, inadequately
sterilized medical equipment and cultural practices such
as acupuncture or cosmetic tattooing are presumably
implicated in the transmission of HCV a significant
proportion of patients[18]. A cross-sectional study of 308
Southeast Asian Americans with HCV (41% with genotype 6) reported that risk factors for acquisition for HCV
genotype 6 are similar to that of other genotypes, with
41% of patients who could not recall any specific exposure risk[28]. Nevertheless, higher prevalence of HCV
genotype 6 has been described in some certain populations including intravenous drug users and patients with
thalassemia major[10,26,29]. In Hong Kong, HCV genotype
6 was predominantly observed in 58.5%-62.5% among
intravenous drug users and 50% among patients with
thalassemia major[26,29]. Correspondingly, Seto et al[30] reported that statistically significant larger proportion of
patients with HCV genotype 6 were infected through
intravenous drug injections when compare to those with
genotype 1 (28.2% vs 8.7%, respectively).

graphical differences of HCV prevalence in each individual country were observed in which genotype 6 appears
to be more prevalent in the Northern areas of Thailand,
Myanmar, and Vietnam, when compared with the central and southern regions[9,10,12-14]. It should be noted that
the earlier reports of the prevalence of HCV genotype
with previous version of HCV genotypic assays may
have underestimated the prevalence of HCV genotype 6
(misclassified with genotype 1). Outside Southeast Asia,
HCV genotype 6 is also observed in the nearby areas,
particularly Hong Kong and the Southern parts of China[24-26]. Interestingly, HCV genotype 6 is somewhat uncommon in the many countries in Southeast Asia, such
as Indonesia, Philippines, and Singapore, as well as in the
surrounding countries, such as India, Pakistan, Taiwan,
and South Korea[4,18]. Apart from the aforementioned areas, HCV genotype 6 encountered elsewhere (e.g., United
States, Canada, and Germany) were mostly immigrants
from Southeast Asia[15,16].
Nowadays in the Western countries, HCV infections
are primarily due to intravenous or nasal drug use and,
to a lesser degree, to unsafe medical/surgical procedures,
tattooing or acupuncture with unsafe materials, and male
homosexual activity[27]. This contrasts with the principal
routes of HCV transmission prior to 1990’s of blood
transfusion and unsafe injection procedures. Despite
conflicting published data, several studies have found
that many Asian HCV patients have no identifiable risk
factor (up to 50%) of HCV acquisition[27]. Intravenous
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CLINICAL FEATURES
There is limited data that specifically addresses the clinical features and natural history of HCV genotype 6. A
cross-sectional study performed in 308 Southeast Asians
in California found no significant differences in the clinical and virological characteristics (e.g., age, risk factors of
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HCV acquisition, alcohol consumption, family history
of liver disease, liver functions tests, white blood cell and
platelet count, HCV RNA viral load, and liver histology)
between HCV genotype 6 and other genotypes. Yet,
several studies have suggested that Asian patients tend
to be older, have lower body mass index (BMI), consume less alcohol and tobacco, and have more advanced
liver histology at presentation than non-Asians[18,31]. Late
presentation in Asian patients may be secondary to the
lack of awareness of appropriate screening and the low
proportion of patients presenting with identifiable risk
factors[18].
Chronic HCV infection can be associated with various extrahepatic manifestations, including lymphoproliferative (e.g., mixed cryoglubulinemia and lymphoma) and
immunological disorders of various organ systems[32].
The prevalence of lymphoproliferative disorders associated with HCV seems to be geographical heterogeneity[32,33]. Without clear reasons, it is more prevalent in
Southern Europe (with an increased prevelence in patients infected with HCV genotype 2) than in Northern
Europe, North America, and Asia[32,33]. To date, there
have been no specific epidemiological and clinical data
regarding extrahepatic manifestations of HCV genotype
6. From our experiences, clinically significant extrahepatic manifestations of HCV are rare in Thailand (especially when compared to the relatively high prevalence
of HCV in this area).

to other genotypes, data regarding the treatment of
HCV genotype 6 are scant and mostly generated retrospectively. The available studies suggest that SVR rates
in patients infected with HCV genotype 6 (60%-90%)
are superior to those in patients with genotype 1 and
comparable to patients infected with genotypes 2 and
3[36-43] (Table 2). The question whether a high treatment
response rates in HCV genotype 6 is due to viral factor
itself or partialy due to host factor, especially favorable
IL28B genotype among Asians, remains unclear.
Treatment regimens
The optimal dose and treatment duration of HCV genotype 6 have not been well-established. Most of the earlier studies applied PEG-IFN for 48 wk duration with
weight-based RBV dose for HCV genotype 6 reported
conflicting results with studies comparing 48-wk vs
24-wk treatment duration (Table 3). In a retrospective
cohort of Nguyen et al[44], SVR was significantly higher
in patients treated for 48 wk than in those treated for
24 wk (75% vs 39%, respectively; P = 0.044). However,
a randomized controlled study from Lam et al[45] (n =
60) found no significant difference in SVR rates in patients treated with PEG-IFN α-2a/RBV for 48 wk vs 24
wk (79% vs 70%, respectively; P = 0.45). Based on this
conflicting evidence, differences in treatment duration
recommended by the available guidelines are observed.
The 2009 American Association of the Study of Liver
Disease[34] and the 2012 Asian Pacific Association for the
Study of the Liver[46]. Practice Guidelines have recommended 48 wk duration of treatment for patients with
HCV genotype 6, as for those with genotype 1, whereas
the 2011 European Association for the Study of the
Liver Practice Guideline has suggested response-guided
therapy for HCV genotype 6 with the same algorithm
as genotype 2 and 3[27]. In 2012, the largest randomized
controlled trial to date of patients with HCV genotype 6
(n = 105) has been published. This study found no statistically significant difference in SVR rates between the
genotype 6 patients treated with 24 and 48 wk of PEGIFN α-2a/RBV (60% vs 71%, P = 0.24 in the intentionto-treat analysis; 72% vs 79%, P = 0.46 in the per-protocol analysis)[47].

TREATMENT
Treatment outcomes
A combination of pegylated interferon (PEG-IFN) and
ribavirin (RBV) has been the standard treatment for patients with chronic HCV. These drugs are administered
for either 48 wk (for HCV genotypes 1, 4, 5, and 6) or
for 24 wk (for HCV genotypes 2 and 3), inducing sustained virologic response (SVR) rates of 40%-50% in
those with genotype 1, and of > 70-80% in those with
genotypes 2 and 3 infections[27,34]. It should be noted that
HCV treatment outcome with PEG-IFN/RBV in Asians
seems to be superior to that of non-Asian populations,
and this may be due to several factors, such as favorable
IL28B genotype, low body weight, and HCV genotype
misclassification (6 to 1) [18]. More recently, the treatment
durations can be modified according to the virological responses (response-guide therapy)[27], and in 2011,
direct-acting antiviral (DAA)-based triple combination
therapies (boceprevir or telaprevir plus PEG-IFN/RBV)
have been approved and shown to improve virological
outcomes in HCV genotype 1 patients, with an SVR
of up to 65%-75% in treatment-naïve patients[35]. Once
achieved, an SVR is associated with long-term clearance of HCV infection, which is regarded as a ‘‘cure,’’ as
well as with significant improvement of morbidity and
mortality of the patient[27,35]. Among several predictors
of SVR to therapy, HCV genotype is considered one of
the most robust independent predictors[27]. Compared
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Predictors of treatment response and response-guided
therapy
For HCV in general, the strongest predictors of SVR are
genetic polymorphisms in IL28B, genotype, the stage of
fibrosis, and undetectable HCV RNA at week 4 of treatment (defined as rapid virological response; RVR)[27].
Other predictors of response include host factors (e.g.,
age, BMI, insulin resistance, gender), baseline HCV RNA
levels, co-infections, the dose and duration of therapy,
virological responses during the treatment, and treatment adherence[27]. These predictors seem to be valuable
for all HCV genotypes and may extrapolate to use for
patients with HCV genotype 6 as well. With sparse available data, predictors of response in HCV genotype 6
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Table 2 Treatment outcomes of hepatitis C virus genotype 6 (compared to other genotypes)
Ref.

Design/treatment
[36]

Dev et al

Retrospective
IFN + RBV 52 wk
Prospective
IFN + RBV 52 wk
Retrospective
PEG-IFN + RBV (duration not reported)

Hui et al[37]
Cheng et al[43]

Fung et al[38]
Nguyen et al[40]

Seto et al[30]
Tsang et al[41]
Zhou et al[42]

Tangkijvanich et al[48]

Genotype

Prospective
PEG-IFN + RBV 52 wk
Retrospective
PEG-IFN + RBV (48 wk for genotype 1 and 6; 24 wk for genotype 2/3)
Retrospective IFN/PEG-IFN + RBV 52 wk
IFN/PEG-IFN + RBV 52 wk
Retrospective
PEG-IFN + RBV 48 wk
Retrospective
PEG-IFN + RBV (48 wk for genotype 1b; 24 wk for genotype 2/3 and 6)
Prospective
PEG-IFN + RBV (RGT2 for genotype 6; 48 wk for genotype 1; 24 wk for genotype 3)

6
1
6
1
6
1
2
6
1
6
1
2/3
6
1
6
1
6
1b
2/3
6
1
3

n

SVR

P value1

33
17
16
24
13
61
18
21
21
34
70
63
26
21
70
70
22
39
42
34
16
16

82.5%
61.9%
62.5%
29.2%
69.2%
32.8%
77.8%
85.7%
52.4%
74.0%
49.0%
75.0%
92.3%
42.9%
75.7%
57.1%
81.8%
59.0%
83.3%
76.5%
62.5%
81.3%

NR
0.04
0.026

0.019
0.016

NR
NR
0.068

0.309

1

P value between genotype 6 vs genotype 1; 2Response-guided therapy (RGT) define as 24 wk for patients with rapid virological response and 48 wk for
those without. PEG-IFN: Pegylated interferon; RBV: Ribavirin; SVR: Sustained virological response.

Table 3 Treatment outcomes of hepatitis C virus genotype 6 by the treatment duration
Ref.
Nguyen et al[44]
Lam et al[45]
Thu-Thuy et al[47]
Tangkijvanich et al[48]

Design/treatment

Duration (wk)

n

SVR

P value

Retrospective
PEG-IFN 2a/2b + WB-RBV
Randomized (1:1)
PEG-IFN 2a + WB-RBV
Randomized (1:2)
PEG-IFN 2a + WB-RBV
Prospective
PEG-IFN 2a + WB-RBV

24
48
24
48
24
48
24 if RVR achieved
48 if no RVR

23
12
27
33
35
70
25
9

39%
75%
70%
79%
60%
71%
88%
44%

0.044
0.450
0.240
NR

PEG-IFN: Pegylated interferon; RBV: Ribavirin; WB: Weight-based; SVR: Sustained virological response; RVR: Rapid virological response.

have been observed among studies of HCV genotype 6
include younger age (< 40-50 years)[40,42], low BMI (< 25
kg/m2)[40], treatment adherence[40] and RVR[42,45]. Among
these predictors and concordant with observations in
other HCV genotypes, RVR was a strong independent
predictor of SVR in HCV genotype 6, wherein the positive predictive value (PPV) in achieving SVR in patients
with RVR has been 80%-90%[42,45,47,48]. In Thu thuy et
al[47] study, RVR was common (in up to 80% of patients)
with a high PPV (75%-86%) and negative predictive value (NPV) for the prediction of SVR (0%-8%), regardless
of the treatment duration. Thus, none of the patients
who did not have undetectable HCV RNA at week 12 of
treatment (defined as early virological response; EVR)
subsequently achieved SVR[47]. Thus, in those who completed treatment protocol, the importance of RVR in the
prediction of SVR has been further substantiated; PPV
for SVR was 96% with 48-wk treatment group, and was
91% with 24-wk treatment. In addition, a retrospective
analysis by Zhou et al[42] demonstrated that the PPV and
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NPV of RVR and EVR in patients with HCV genotype
6 are comparable with those in patients with genotype
2/3 infection.
Taken together, it is likely that baseline response
predictors together with on-treatment response-guide
therapy (RGT) can be utilized for the treatment of HCV
genotype 6 in order to optimize treatment outcomes
as well as cost-effectiveness (Figure 1). Based on available data, patients with RVR will benefit with 24 wk of
therapy, particularly if they are young, with a BMI < 25
kg/m2, and have a low viral load, whereas patients with
older age, non-CC IL28B genotypes, obesity, advanced
fibrosis, and high viral loads, would benefit from 48 wk
of therapy. The SVR rates among HCV genotype 6 patients with RVR are expected to be at > 80%[42,45,47], and
possibly up to > 90% in those who adhere to therapy[47].
Alternatively, patients who do not achieve RVR are expected to have low rates of SVR (0%-30%)[45,47]. If treatment continues, HCV RNA should be checked again
at week 12. If HCV RNA is detectable at week 12 then
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wk
0
HCV RNA
Negative
(RVR)

more than 1600 patients infected with HCV genotype 1
found the rate of SVR following PEG-IFN/RBV treatment to be approximately 80%, 40%, and 25% in IL28B
genotypes CC, CT, and TT, respectively [52]. Notably,
the favorable C allele is frequently found up to 80% in
Asians, which is more common than in Caucasians, Hispanics and African Americans, respectively[52,54]. This may
be part of the reason that SVR rates for HCV genotype
1 among Asian patients are higher (expected 60%-70%)
compared to non-Asian populations[18]. However, the role
of IL28B for the prediction of HCV clearance in non-1
genotypes is less clear. Studies from HCV genotypes 2, 3,
and 4 yielded somewhat conflicting results, though most
studies failed to show a significant association of IL28B
variations with SVR[53]. Nevertheless, a preliminary study
in Chinese genotype 6 HCV patients (n = 24) has demonstrated a significant association between IL28B polymorphisms (SNPs rs12979860 and rs8099917) and SVR
rates[55].

12

4
Positive
(no RVR)

Risk factors
(old age, nonCC IL28B, BMI
> 25, advanced
fibrosis, and/or
high viral loads)
24 wk of therapy

Positive
(no EVR)

Stop
treatment

Negative
(EVR)
48 wk of therapy

Figure 1 Response-guided therapy in patients with hepatitis C genotype
6. RVR: Rapid virological response; EVR: Early virological response; BMI: Body
mass index; HCV: Hepatitis C virus; IL: Interleukin.

treatment should be discontinued, since SVR rates have
shown to be near zero in non-EVR patients[42,45,47]. Correspondingly, a proof-of-concept study (n = 34) utilizing
RGT for HCV genotype 6 patients with RVR has been
firstly reported by Tangkijvanich et al[48]. In this study, 25
patients who achieved RVR were assigned to receive 24
wk treatment (RGT group) while the remaining 9 patients
(no RVR) were assigned for standard 48 wk of PEG-IFN
2a/RBV therapy. SVR rates were significantly higher for
RGT group when compared to 48-wk treatment group
(88% vs 44%, respectively; P = 0.024)[48]. However, the
precise role and protocol of RGT for HCV genotype 6
needs a larger prospective study to address.

Roles of viral genome mutations
Studies from Japan and Hong Kong have identified assciations between genetic mutations around the interferon
sensitivity-determined region (ISDR) of HCV genotype
1b and resistance to IFN-based treatment[56,57]. Accordingly, sequence diversity of HCV genotype 6a within the
extended ISDR (covering 192 base-pairs upstream and
201 base-pairs downstream from the ISDR previously
defined in genotype 1b) has shown correlation with
antiviral treatment outcomes in a report from China[58].
However, it should be noted that this observation was
not reproducible among HCV genotype 1b patients in
Europe and United States[59,60], which may be partially explained by differences in genetic background, especially
the IL28B genotypes.

Treatment adverse events
As previously reported in HCV treatment trials, the
common side effects of HCV genotype 6 are of general
non-specific symptoms and anemia, which are mild and
manageable by supportive measures[45,47]. Though the incidence and types of side effects caused by therapy with
PEG-IFN/RBV seem to be similar among patients of
different HCV genotypes, side effect profiles appear to
differ among patients of different ethnicities[6]. Several
studies have reported that psychiatric adverse events
were less common and ribavirin-induced anemia was
more common in Asians than either white or Hispanic
patients, and that there were no significant difference
between whites and Asians with respect to required ribavirin or PEG-IFN dose reductions[18]. Notably, the lower
rates of psychiatric adverse events in Asians may be
partly explained from the potential for underreporting
psychiatric problems and/or depression in Asian populations due to associated sociocultural stigma[49,50], as well
as from the absence of confounders such as alcohol use
and drug abuse[51].

Roles of DAA
At present, there has been no data on the efficacy of current, FDA-approved DAA, boceprevir and telaprevir,
on HCV genotype 6. However, some investigational
agents with pan-genotypic antiviral activities (e.g., new
generation protease inhibitors, NS5B, and cyclophilin
inhibitors) have been shown to suppress HCV replication in HCV genotype 6[61,62]. Recently, sofosbuvir[63] and
simeprevir (TMC435)[64] have demonstrated clinical benefit in a small number of patients with HCV genotype 6
in the phase Ⅱ/Ⅲ studies. However, further studies with
larger number of genotype 6 patients are needed in order to establish the regimens and clinical efficacy in this
group of patient. While awaiting clinical trials specifically
for genotype 6, one would speculate that the use, or offlabel use, of pan-genotypic DAA, especially sofosbuvir
and simeprevir, for HCV genotype 6 patients may be
seen soon, particularly for those who failed standard
treatment with PEG-IFN/RBV. It should also be noted
that the availability of DAA is currently very limited in
most countries in Southeast Asia due to socio-economic

Roles of IL28B
Single nucleotide polymorphisms (SNPs) near the IL28B
gene responsible for encoding IFN-gamma are strongly
associated with spontaneous and treatment-induced clearance of HCV[52,53]. A genome-wide association study of
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and other barriers.

CONCLUSION

5

Hepatitis C genotype 6 is endemic in Southeast Asia
(prevalence varies between 10%-60% among all HCV
infection), as well as also sporadically reported outside
the area among immigrations. The diagnosis of HCV
genotype can be inaccurate with earlier methods of genotyping due to identical 5’-UTR between genotype 6
and 1b, and the newer genotyping methods with core sequencing are preferable. Risk factors and clinical course
of HCV genotype 6 do not considerably differ from the
other genotypes. Treatment outcome of HCV genotype
6 with PEG-IFN/RBV is superior to genotype 1, and
nearly comparable to genotype 3 (expected SVR rates of
60%-90%). Emerging data suggests that a shorter course
24-wk treatment may be effective as a standard 48-wktreatment, particularly in those patients who attained
RVR. In addition, baseline and on-treatment predictors
of response used for other HCV genotypes seem to be
useful for genotype 6. Although some pan-genotypic
direct acting antivirals have completed phase Ⅱ/Ⅲstudies
(sofosbuvir and simeprevir) with clinical benefit demonstrated in small number of patients with genotype 6,
broad availability of these agents in Southeast Asia may
not be expected in the near future. While awaiting the
newer therapy, response-guided therapy seems to be appropriate for patients with HCV genotype 6. Patients
with RVR (representing > 70% of patients) are suitable
for 24 wk treatment with expected SVR rates > 80%.
Patients without RVR and/or those with poor response
predictors may benefit from 48 wk of therapy, and a detectable HCV RNA at week 12 (no EVR) can be served
as stopping rule. This treatment scheme is likely to have
a major economic impact on HCV therapy, particularly
in Asia, wherein treatment can be truncated securely in
the majority of patients with HCV genotype 6.
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in chronic hepatitis C as pathogenically linked to the
development of both liver-limited injury (fibrosis, cirrhosis and hepatocellular carcinoma) and extrahepatic
HCV-related diseases (lymphoproliferative disease,
atherosclerosis, cardiovascular and brain disease). Defining the complex mechanisms of HCV-induced inflammation could be crucial to determine the global impact
of infection, to estimate progression of the disease, and
to explore novel therapeutic approaches to avert HCVrelated diseases. This review focuses on HCV-related
clinical conditions as a result of chronic liver and systemic inflammatory states.
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Core tip: Chronic hepatitis C virus (HCV) infection
causes liver inflammation by complex and not yet
well-understood molecular pathways. HCV-induced
inflammation has a significant clinical impact on development of both hepatic disease and HCV-associated
extrahepatic manifestations. Knowledge of the complex mechanisms underlying HCV-related inflammation
and development of disease as well as individuation of
relevant markers of inflammation could be of importance for understanding disease progression, predicting
prognosis and, possibly, conceiving new therapeutic approaches targeting the different steps of the inflammatory response.

Abstract
The liver has a central role in regulating inflammation
by its capacity to secrete a number of proteins that
control both local and systemic inflammatory responses. Chronic inflammation or an exaggerated inflammatory response can produce detrimental effects on target
organs. Chronic hepatitis C virus (HCV) infection causes
liver inflammation by complex and not yet well-understood molecular pathways, including direct viral effects
and indirect mechanisms involving cytokine pathways,
oxidative stress and steatosis induction. An increasing
body of evidence recognizes the inflammatory response
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ence and activation of inflammatory cells in the liver,
which are responsible for the persistent inflammatory
state contributing to liver fibrosis and damage[6,7]. In addition to local inflammation in the liver, a concomitant lowgrade systemic inflammation has been supposed in several studies, as suggested by increased pro-inflammatory
cytokine serum levels and activation of blood monocytes
in individuals with chronic HCV infection[8,9]. Moreover,
chronic HCV infection has been associated with oxidative
stress (OXS) activation, which may play a role in development of local and systemic inflammation.

INTRODUCTION
Inflammation is a crucial physiological pathway in the
homeostatic altered response to a number of exogenous
distressing stimuli; however, a chronic inflammatory state
or an excessive inflammatory response can produce deleterious effects. The liver plays a central role in regulating
inflammation by its capacity to secrete a number of proteins that control both local and systemic inflammatory
responses. A number of liver cells, including hepatocytes,
hepatic stellate cells (HSCs), Kuppfer cells (KCs), bile
duct epithelial cells and sinusoidal endothelial cells, are
implicated in the synthesis and secretion of, and response
to, inflammatory stimuli. Systemic inflammation is mediated by a number of cytokines released by macrophages
as well as by adipocytokines secreted from adipose tissue[1].
The hepatic response to inflammation is characterized by
the release of resident soluble mediators that also enter
the circulation resulting in a systemic response to hepatic
injury.
Chronic hepatitis C virus (HCV) infection[2] causes
liver inflammation by complex and not yet well-understood molecular pathways. HCV-induced inflammation
has a significant clinical impact on development of both
hepatic disease and HCV-associated extrahepatic manifestations. Knowledge of the complex mechanisms underlying HCV-related inflammation and development of
disease could be of importance for understanding disease
progression, predicting prognosis and, possibly, conceiving new therapeutic approaches targeting the different
steps of the inflammatory response. In this respect, it is
important to underline that HCV clearance by standard
of care does not always mean recovery of all associated
pathological conditions.
The aim of the present study was to review the current knowledge on the hepatic and systemic clinical impact of chronic HCV infection as a consequence of local
and systemic inflammation. Figure 1 schematically depicts
HCV-related factors which give rise to inflammation and
its associated clinical conditions.

Role of cytokines, proteins and oxidative stress
A number of proinflammatory cytokines appears to
be activated in chronic HCV infection. The important
role of interleukin-1β (IL-1β) has recently been emphasized[10]. Specifically, HCV has been shown to induce IL1β production and secretion; hepatic macrophages have
been found to produce high concentrations of IL-1β
within HCV-infected liver; IL-1β has been demonstrated
to play a critical role in inducing liver inflammation and
disease progression. HCV-activated Nod-like receptor
P3 (NLRP3) inflammasome has been found to be able
to induce production of IL-1β, which, in turn, stimulates
synthesis of pro-inflammatory cytokines and chemokines, other than gene expression linked to HCV disease
severity[11,12].
A cross-talk between HSCs and HCV-infected hepatocytes has been described, which appears to be a
key point in HCV-related inflammation. HCV-infected
hepatocytes seem to be able to ignite inflammation in
response to HSCs. Indeed, in in vitro co-cultures of
HCV-infected hepatocytes and HSCs, IL-1β secreted by
HSCs was shown to induce production of several proinflammatory cytokines and chemokines, such as IL-6,
IL-8, and macrophages inflammatory proteins (MIP-1α
and MIP-1β), by hepatocytes[13]. Moreover, HCV-related
proteins (NS3, NS4, NS5) have been reported to trigger
human KCs to produce inflammatory cytokines such as
tumor necrosis factor-α (TNF-α) and IL-1β[14].
Hyperproduction of certain cytokines may cause unbalance leading to specific consequences in the short and
long term period. For instance, a higher TNF-α/IL-10
ratio has been found in patients with severe liver disease
and hepatocellular carcinoma (HCC)[15]. Furthermore, a
significant correlation between TNF-α and the degree
of hepatic inflammation, expressed as histologic activity
index (HAI), has been reported; likewise, TGF-β levels
have been found to be significantly correlated with histologic fibrosis score[16]. TNF-α and TGF-β levels have
been found to be simultaneously increased according to
the severity of inflammation and fibrosis[17].
HCV has also been shown to activate toll-like receptors (TLRs), molecules implicated in the production of
proinflammatory cytokines in the cells of innate immunity. Specifically, HCV core protein and NS3 protein
have been demonstrated to activate TLR2[18,19]. TLRs
activate, in turn, NF-κB with subsequent transcription of

HCV AND INFLAMMATION: ESSENTIAL
POINTS
HCV consists of a single-stranded RNA genome encoding a single polyprotein, which is post-translationally
processed into single known proteins, 4 structural (C,
E1, E2 and p7) and 6 non-structural (NS2, NS3, NS4A,
NS4B, NS5A and NS5B)[3]. Some of these proteins have
a role in starting and maintaining chronic inflammation.
NS5A, for instance, promotes inappropriate upregulation
of cyclooxygenase-2 (COX-2)[4], which is an inducible
COX isozyme able to contribute to chronic inflammation and fibrosis through production of various prostaglandins. Suppression of COX-2 protein levels has been
reported to be accompanied by suppression of HCV
replication[5].
Chronic HCV infection is characterized by the pres-
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Figure 1 Factors associated with hepatitis C virus
infection that contributes to the chronic inflammation and its involvement in hepatic and extrahepatic
clinical conditions. HCV: Hepatitis C virus; HCC: Hepatocellular carcinoma.
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inflammatory genes. Recent data have revealed increased
expression of microRNA-155 and TNF-α production
in monocytes, following TLR4 and TLR8 stimulation by
HCV core, NS3, and NS5 proteins in chronic HCV infection[20].
In patients with chronic hepatitis C (CHC), intestinal
bacterial overgrowth has been reported, which is usually
followed by bacterial translocation and elevated blood
concentrations of endotoxin (LPS)[21]. LPS induces local and systemic inflammation and is associated with
progression to end-stage liver disease. Indeed, HCVinfected patients have been shown to harbor high plasma
levels of LPS, intestinal fatty acid binding protein (a
marker of enterocyte death), sCD14 (produced by LPSactivated monocytes) and IL-6. Markers of inflammation
are remarkably elevated in individuals with severe disease
than in those with minimal fibrosis[21]. TNF-α, one of
the main cytokines produced following LPS stimulation,
seems to be able to induce liver damage by TNF-receptor
1-mediated apoptosis[22]. Moreover, HSCs, which also
express functional receptors for both bacterial endotoxin,
including TLRs (particularly TLR4), and peptidoglycan
recognition proteins, are able to develop a pro-inflammatory phenotype following LPS exposure[23].
CHC infection has been found to be associated with
both hepatic and systemic OXS. Increased OXS in hepatitis C has been observed to be significantly linked to
chronic inflammation[24,25], although iron overload, liver
damage, and proteins encoded by HCV may also play a
part. In CHC, OXS results from loss of equilibrium between reactive oxygen species (ROS) and antioxidant defense. ROS and reactive nitrogen species (RNS) are critically involved in the creation of oxidative stimuli required
for physiologic hepatocyte homeostasis[26]. OXS-induced
damage affects hepatocytes, endothelial cells, KCs, and
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HSCs through inflammation, ischemia, apoptosis, necrosis and regeneration[27,28]. ROS play an important role in
fibrogenesis through increased proliferation of hepatic
stellate cells as well as TGF-β and collagen synthesis[29].
Moreover, ROS interfere with repair of damaged DNA,
thus making cells more susceptible to spontaneous or
mutagen-induced alterations[30]. Increased ROS/RNS
levels are associated with decreased antioxidant levels.
Therefore, increased production of reactive oxygen and
nitrogen species, along with decreased antioxidant defense, favor development and progression of hepatic and
extrahepatic complications of HCV infection.
A meaningful role for liver steatosis as “contact
point” between OXS and liver damage in CHC patients
infected by HCV genotype non-3 has been demonstrated[31]. Hepatic steatosis is a striking feature of HCV infection, having been reported in more than 50% of HCVinfected patients[32]. Both HCV and metabolic conditions,
e.g., visceral obesity and insulin resistance (IR), play a
role in the development of steatosis[32]. Recently, we have
demonstrated that genetic and antropometric host factors
may also be implicated in the development of steatosis
in CHC patients. Indeed, the patatin-like phospholipase
domain-containing 3 gene (PNPLA3) p.I148M polymorphism has been reported to influence the development
of liver steatosis[33,34]; on the other hand, visceral obesity
can increase the association between PNPLA3 p.I148M
with liver steatosis[34].
Role of obesity, steatosis, insulin resistance and cannabinoid receptors
Obesity and liver steatosis are commonly observed
among patients with CHC and are risk factors for both
inflammation and increased hepatic fibrosis. Obesity is
associated with a low-grade, chronic inflammatory re-
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sponse that may contribute to pathogenesis of obesityrelated comorbidities. Obesity and steatosis are associated
with increased expression of typical inflammatory markers, such as IL-6 and TNF-α[35]. Hepatic TNF-α has been
correlated with increased inflammatory activity, hepatic
fibrosis, and liver injury in chronic HCV[35]. In obeseHCV subjects, an enhanced T helper-1 cytokine profile
has been associated with hepatocellular injury; accordingly, an increased expression of T cell chemoattractants
(IP-10 and MCP-1) in the liver of obese HCV subjects,
along with increased inflammatory cell recruitment and
CD3 expression, have been reported[36].
Visceral obesity plays an important role in the regulation of glucose and lipid metabolism in CHC patients.
In obese HCV-infected patients, elevated levels of proinflammatory cytokines (namely, TNF-α and IL-6), able
to inhibit insulin signalling, and reduced adiponectin
levels[37], with consequent development of liver steatosis
and IR, have been reported. Obesity has also been associated with increased liver fibrosis and poor response
to antiviral treatment[38]. HCV also works by promoting
the development of steatosis. Experimental models have
demonstrated that expression levels of HCV core protein
have profound effects on liver inflammation, steatosis
and fibrosis[39]. Generally, IR precedes and has a key role
in the development of hepatic steatosis in HCV infection. IR induces steatosis by overflow of substrates to
the liver, increased de novo lipogenesis, and decreased fatty
acid oxidation.
Steatosis has been associated with increased production of reactive oxygen species, which promotes lipid
peroxidation and resulting hepatic stellate cell activation.
Moreover, steatosis-induced hepatic inflammation has
been shown to increase production of several proinflammatory and profibrotic cytokines. In addition, steatosic
liver is more sensitive to TNF-α-mediated inflammation,
liver injury, and apoptosis[40].
The mechanisms by which HCV-associated steatosis
induces fibrosis are complex and not fully understood.
OXS, proinflammatory cytokines, IR, and apoptosis seem
to play an important role in the development of fibrosis associated with steatosis. Several reports, including
a meta-analysis, have demonstrated that increased liver
inflammation was associated with accelerated fibrosis in
HCV patients with steatosis[41].
HCV infection portends an increased risk to develop
type 2 diabetes (DM). HCV-infected patients with DM
generally harbor a more severe chronic hepatitis and have
a higher risk of developing hepatic cirrhosis and its complications (i.e., hepatic encephalopathy, ascites), a shorter
life expectancy, and a higher risk of HCC[42]. During IR,
several inflammatory cytokines and lipid metabolites,
such as free fatty acids, interfere with normal insulin signaling and promote DM[43]. TNF-α has been identified
as the key molecule promoting development of IR and
diabetes during HCV infection[44]. In addition, TNF-α is
known to increase ROS production; hyperglycemia has
also been recognized as a factor leading to OXS; eventu-
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ally, increased generation of reactive species triggers a
signaling cascade capable to alter the activity of insulin
receptor substrates, leading to IR[45].
Cannabinoid receptors (CB) are found in high concentration in many organs, including the liver. There
are two G protein-coupled CB, CB1 and CB2[46]. CB1 is
found in high concentration in the brain, but is also present in many peripheral tissues such as the liver, adipose
tissue, and gut. CB2 is found primarily in the immune
system, but is also expressed in peripheral tissues including the liver[47]. Recent studies have suggested involvement of the endocannabinoid system in liver diseases.
Specifically, CB1 seems to be upregulated in patients with
CHC[48], while CB2 seems to have hepatoprotective properties in alcoholic liver disease[49] and in obese children[50].
Recently, we have evaluated the role of a functional polymorphism of the cannabinoid receptor type 2 in a cohort
of CHC patients[51]. Our data demonstrated that HCV
patients carrying the CB2-63 QQ variant polymorphism
had advanced liver disease, higher serum ALT values,
and higher necroinflammatory activity than those with
the CB2-63 RR and QR variants. Moreover, the CB2-63
QQ variant and fibrosis score were identified as independent factors associated with higher scores of necroinflammatory activity (HAI > 8). Thus, the data suggest
that the CB2-63 QQ variant is associated with more
severe hepatic necroinflammation in anti-HCV-positive
patients, thus confirming a role for the CB2 receptor in
HCV-associated inflammation and cellular proliferation
as well[51].

HCV, INFLAMMATION AND LIVER
DAMAGE
Fibrosis progression
When inflammation fails to resolve an acute infection
and chronic inflammation ensues, this process can lead
to accumulation of fibrotic tissue. Fibrosis can be considered the result of unbalanced extracellular matrix
production and degradation; its generation involves
complex mechanisms including fibrogenesis, proliferation, contractility, chemotaxis, matrix degradation, and
cytokine release[52].
The majority of the studies carried out in CHC patients have identified hepatic inflammation as the key
pathological substrate driving fibrosis development[53].
On the other hand, therapeutic amelioration of hepatic
inflammation in CHC has been associated with decreased
fibrosis progression[54].
Mechanisms involved in the interrelationship between
inflammation and fibrosis are complex and not completely understood. Cytokines play an important role in
inflammation, regeneration, and fibrosis during chronic
HCV infection; availability of cytokine patterns reflecting
different stages of liver disease would be extremely useful
in the clinic. In this regard, hepatocyte growth factor is
a specific marker of liver cirrhosis[55]. Other proinflammatory small molecules, like ROS and other insoluble
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mediators, such as the hepatic neomatrix during wound
healing, appear to play a role in the development of liver
fibrosis[29].
Hepatic inflammation mediates fibrogenesis also in
patients with liver steatosis and CHC. In a meta-analysis
including large and geographically different groups of
CHC patients, steatosis was confirmed to be significantly
and independently associated with progression of hepatic
fibrosis through liver inflammation[41].
The role of miR-122 in CHC progression has been
recently described. Circulating miR-122 serum levels appeared to be elevated at early stages of disease with high
inflammatory activity and low fibrosis levels, while they
decreased in the presence of severe fibrosis, probably due
to loss of liver cells[56].
Genetic factors have been hypothesized to favor development and progression of fibrosis. In chronic HCV
infection, a higher frequency of gene polymorphisms
for key inflammatory mediators has been found in association with advanced disease[57]; specifically, definite
polymorphisms in CCR5, RANTES, and MCP-1 alleles
may predispose CHC patients to a higher degree of liver
inflammation and advanced fibrosis[58,59]. COX-2 has too
been found involved in inflammation; its -1195GG genotype has been recognized as a genetic marker for liver
disease progression in Japanese patients with CHC[60].

Initially, ROS interact directly with DNA, damaging
specific genes controlling cell growth and differentiation,
cell cycle, apoptosis, lipid peroxidation and DNA damage
repair[70,71]. Moreover, HCV-infected patients have been
shown to display increased lipid peroxidation levels[72].
An increased oxidative stress gene response in patients
with HCV-related fibrosis and cirrhosis has also been
demonstrated by microarray and proteomics studies[73].
Thus, during chronic HCV infection, increased ROS, in
part due to inflammation, may impair repair of damaged
DNA, resulting in higher cell susceptibility to genetic
alterations; this promotes the development and progression of HCC[69,74]. Inflammatory cells have been reported
to release cytokines, chemokines, nitric oxide, particularly,
an inducible isoform of nitric oxide synthase (iNOS),
and NO-derived RNS, which too can cause DNA damage and cellular proliferation[75-77].
Chief elements linking inflammation to cancer
through oxidative/nitrosative stress appear to be prostaglandins and cytokines. Capone et al [78] evaluated the
serum levels of 50 different cytokines, chemokines,
and growth factors in 26 patients affected by HCC
superimposed on chronic HCV hepatitis and liver cirrhosis. A number of proinflammatory molecules (IL1α, IL-6, IL-8, IL-12p40, GM-CSF, CCL27, CXCL1,
CXCL9, CXCL10, CXCL12, β-NGF) were found to be
significantly increased in HCC patients compared to
healthy controls. Interestingly, IL-8 and IL-6 concentrations were demonstrated to significantly correlate with
a larger tumor burden[78].

HCC development
Chronic HCV infection is a major risk factor for HCC
development worldwide. CHC can progress to HCC
through fibrosis and cirrhosis. HCC is the 3rd leading
cause of cancer death worldwide; it typically arises in patients with chronic inflammation and cirrhosis in 90% of
cases[61].
At present, a large body of data links HCV infection,
inflammation, free radical production, and carcinogenesis
in CHC patients[62-66].
Although HCC pathogenesis in the setting of HCV
infection has been subjected to extensive investigations,
no conclusive data are available. However, both HCVinduced chronic inflammation and cytokines, involved in
fibrosis development and liver cell proliferation, are considered as major pathogenic mechanisms. In contrast to
HBV, HCV does not integrate into the host genome and
does not have a reverse transcriptase. In infected subjects,
both viruses are known to trigger an immune-mediated
inflammatory response which either clears infection or
slowly destroys the liver[67]. Thus, HCV can be carcinogenic by damaging liver tissue through chronic inflammation. This latter condition predisposes susceptible cells to
neoplastic transformation.
During inflammation, a variety of proinflammatory
cytokines, chemokines, growth factors and inflammatory
enzymes are released[68]. Inflammation may induce cellular
DNA mutations through oxidative/nitrosative stress[30].
Free radical production and oxidative genomic injury trigger the cascade of epigenetic (altered DNA methylation),
genomic (mutations), and post-genomic (protein oxidation and cytokine synthesis) events leading to HCC[69].
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HCV, INFLAMMATION AND SYSTEMIC
CLINICAL CONDITIONS
HCV and lymphoproliferative diseases
HCV tropism for lymphatic tissue has been conclusively
demonstrated. Since infected lymphocytes constitute the
main reservoir of the virus, this could explain the development of several lymphoproliferative disorders. Mixed
cryoglobulinemia (MC), a B-cell lymphoproliferative
disease, has been commonly reported in association with
chronic HCV infection; it may progress to overt lymphoma in some subjects.
MC is featured by the presence of serum cryoglobulins, i.e., immunoglobulins (Igs) capable to reversibly
precipitate at low temperatures and to form immune
complexes consisting of complement, monoclonal and
polyclonal Igs (type Ⅱ MC), or polyclonal Igs (type Ⅲ
MC), with specificity against HCV antigens. Monoclonal
IgM with rheumatoid factor (RF) activity is typically detected in type Ⅱ MC. Viral antigens and HCV-RNA have
been consistently isolated from immune complexes, thus
confirming the role of the virus in MC pathogenesis[79-81].
Cryoglobulinemia may cause vasculitis due to precipitation of cryoglobulin-containing immune complexes
in small- and medium-sized blood vessels. Plugging and
thrombosis of small vessels and a systemic inflammatory
syndrome are responsible for the many clinical signs and
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symptoms of MC, including livedo, purpura (particularly
on dependent areas), ulcers, arthralgia, arthritis, etc. Vasculitis may also involve the kidneys, the gastrointestinal
tract, the peripheral nervous system, and/or other body
compartments.
Cryoglobulins are detectable in about 50% of CHC
patients; symptomatic disease is usually limited to about
15% of cases. However, symptomatic MC has been
found to be associated with a poor prognosis[82]; about
10% of patients are prone to develop B-cell malignancies,
especially B-cell non-Hodgkin lymphoma[83-85].
Mechanisms responsible for progression of HCV
infection to cryoglobulinemia and other lymphoproliferative disorders are still unknown. Cryoglobulins result
from a complex interaction between the virus and the
host. In this regard, HCV core protein has been hypothesized to play an important role, having been found within
the cryoprecipitate[79,86]. Indeed, HCV core protein has
been reported to interact with the globular domain of
C1q complement receptor, suggesting a role in complement activation[87,88]. Specifically, HCV core protein may
be hypothesized to boost inflammation by enhancing
complement activation. Finally, certain motifs on HCV/
E2 glycoprotein and HCV/NS3 region have been proposed to act as molecular mimickers of specific Ig portions[89,90].

(TNF-α/IL10 and IL-6/IL-10) in non-obese, non diabetic,
HCV-infected patients with respect to controls[103].
Cytokine imbalance has also been associated with
development of IR in HCV-infected patients. A high
TNF-α/adiponectin ratio has been found correlated with
IR and atherosclerosis development[104]. Moreover, elevated levels of inflammatory biomarkers, such as matrix
metalloproteinase-9, intercellular adhesion molecule-1,
and oxidized low-density lipoproteins, have been observed in patients with CHC. Besides the role of HCV in
the development of chronic inflammation involving the
arteries, HCV RNA sequences and intermediate replicative forms have been detected within carotid plaques,
thus suggesting in situ viral replication and consequent local pro-atherogenic action[105,106].
A histological feature of CHC is liver steatosis[32]. As
for nonalcoholic fatty liver disease (NAFLD)[107-109], HCVrelated steatosis can be considered a cardiometabolic risk
factor[94]. Patients with chronic HCV infection have been
shown to have a higher prevalence of carotid atherosclerosis than both healthy controls and NAFLD patients;
moreover, it may detect at a younger age, particularly
in the presence of liver steatosis. Indeed, like steatosis,
HCV viral load has been found to be independently associated with carotid atherosclerosis[94]. In HCV patients,
atherosclerosis was shown to be independently associated
with elevated systemic inflammatory markers, such as C
reactive protein and fibrinogen[94]. HCV and HCV-related
steatosis have been hypothesized to favor the development of atherosclerosis independently of known risk
factors such as hypercholesterolemia, smoking and hypertension, through multiple cardiometabolic risk factors, including inflammatory cytokines, hyperhomocysteinemia,
hypoadiponectinemia, IR, and features of the metabolic
syndrome[94]. Indeed, HCV patients have been reported
to have high levels of hepatic and systemic markers of
inflammation, particularly ESR, CRP, fibrinogen, and
N-terminal pro-brain natriuretic peptide [110]. Overall,
available data point to chronic HCV infection as a factor
capable to increase the risk of atherosclerosis and vascular disease through systemic inflammation[110-113].

HCV, atherosclerosis, and cardiovascular diseases
An association between chronic HCV infection and atherosclerosis has been frequently reported in the literature[91-94]. Chronic HCV infection has also been reported
in association with coronary artery disease [94-96] and
stroke[97].
As previously stated, HCV infection is known to
promote immune stimulation, cytokine production, and
chronic inflammation[98,99]. HCV has been described to
be able to create an inbalance between Th1 and Th2
cytokines, thus altering the equilibrium between cellular
immunity, promoted and maintained by IL-2, TNF-α and
interferon γ (IFN-γ), and humoral immunity, sustained by
IL-4, IL-5, IL-6 and IL-10[100]. HCV-driven prevalence of
inflammatory cytokines can be supposed to contribute
to development of cardiovascular disease due to several
effector mechanisms, including enhancement of intracellular adhesion molecules, expression of anti-endothelium
antibodies, and generation of OXS and IR[91].
Recently, the interrelationships between HCV infection, atherosclerosis, and immune response have been carefully examined. In the Heart and Soul Study[101], patients
with HCV infection were demonstrated to have higher
TNF-α levels and a higher risk of cardiac failure and death
than patients without HCV infection. Mostafa et al[102]
found a more pronounced intima-media thickness in
HCV-positive patients than controls; Olivera et al[103]
reported an intermediate cardiovascular risk, as measured by the Framingham score, a higher levels of proinflammatory cytokines (IL-6 and TNF-α), and a higher
ratio of proinflammatory/anti-inflammatory cytokines
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HCV and brain diseases
About 50% of patients with HCV infection suffer from
neuropsychiatric symptoms, “brain fog”, weakness, fatigue, along with some degree of quality of life impairment, regardless of liver disease severity[114] and HCV
replication[115]. A direct effect of HCV on the brain or
neurotoxic effects of HCV-related systemic inflammation
have been hypothesized.
HCV neuroinvasion has been described[116,117], which
could be the cause of neurological disturbances in HCV
patients. Evidence suggests that the brain, but not the
peripheral nerves or skeletal muscles, is a permissive
site for viral replication, as inferred by the detection of
replicative intermediate forms of HCV RNA and viral
proteins within the central nervous system[118]. Additional
mechanisms, contributing to neurological dysfunction,
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are possibly related to the effects of circulating inflammatory cytokines and chemokines reaching the brain
through an altered blood-brain barrier[119]. Evidence for
a direct role for peripheral proinflammatory cytokines
in determining impairment of neurocognitive function
has been obtained from animal models. Specifically,
increased peripheral IL-1 and IL-6 have been found to
correlate with increased levels of the same cytokines in
the prefrontal cortex and hyppocampus[120]. HCV within
the brain seems to be able to also induce a local inflammatory response, since macrophages infected in vitro with
HCV are able to produce TNF-α and IL-8[121-123].
Neurologic alterations during HCV infection include
a broad spectrum of manifestations, ranging from cerebrovascular events to autoimmune syndromes. In HCV
infected patients, acute cerebrovascular events, such as
ischemic stroke, transient ischemic attacks, lacunar syndromes have been reported, particularly in cryoglobulinemic patients[124-127].
A consistent proportion of HCV-infected patients
complain of chronic depression and anxiety. Moreover,
about 15% of patients suffer from recurrent depression [128]. At present, definitive conclusions regarding
the pathogenesis of cognitive dysfunction, fatigue, and
depression in chronic HCV infection cannot be drawn.
Many studies seem to suggest a possible direct role for
HCV, due to its ability to replicate within the brain[118]. In
addition, brain microvascular endothelial cells have been
recently demonstrated to support HCV tropism and
replication. HCV has been shown to induce apoptosis
in these cells, with consequent alterations in the bloodbrain barrier, microglia activation, and, eventually, diffusion of inflammatory cytokines and chemokines into the
brain[129].

treatment (up to 72 wk) may be considered in the case of
virological non-responders showing clinical and laboratory
improvements. Rituximab (RTX), a chimeric moAb specific for CD20 antigen used for treatment of autoimmune
and lymphoproliferative disorders, should be considered in
patients with severe vasculitis and/or skin ulcers, peripheral
neuropathy, or glomerulonephritis[131]. In a recent study
carried out in patients with HCV-related cryoglobulinemia, triple therapy with pegylated IFN-α, ribavirin, and
RTX was shown to yield a a complete response in 54.5%
of patients, as opposed to 33.3% in those who received
only pegylated IFN-α and ribavirin (P < 0.05)[132].
Several studies investigating the effects of selenium,
glycyrrhizin, polyprenoic acid, vitamin E, and vitamin C
have demonstrated that comsumption of higher amounts
of antioxidants was not associated with a decreased risk
of developing HCC. At present, the best strategy to prevent HCC still lies in antiviral treatment of chronic HCV
infection[133]. In the future, novel therapeutic strategies
targeting molecules involved in HCV-induced OXS may
be expected to enter clinical practice as soon as these
mechanisms will be progressively unraveled.
IL-1β is strictly involved in inflammation[134]. Drugs
blocking IL-1β seem to be able to control inflammation
irrespective of the molecular pathways activated by this
cytokine. Canakinumab, a human monoclonal antibody
selectively specific for IL-1β, has been shown to reduce
the levels of many inflammatory biomarkers. Canakinumab is generally well tolerated and could be theoretically
conceived for use in the secondary prevention of cardiovascular disease[134,135].
Pentoxyfilline (PTX), a nonspecific phosphodiesterase inhibitor with anti-inflammatory and anti-fibrogenic
properties, has been successfully used in different models
of liver disease, including non-alcoholic steatohepatitis[136],
inflammation[137], fibrosis/cirrhosis[138], alcoholic liver disease[139] and endotoxinemia[140]. Its beneficial effects have
been associated with downregulation of TNF-α, IL-1,
IL-6, TGF-β, IFN-γ along with downregulation of stellate cell activation, procollagen I mRNA expression[141],
cell proliferation, and extracellular matrix synthesis[142].
PTX has been shown to affect the expression of several
pro-inflammatory cytokines in both liver and peripheral
blood mononuclear cell of patients with hepatitis C, particularly TNF-α and IL-1β production; thus, PXT could
also be considered for inhibition of inflammation in patients with CHC[143].
The endocannabinoid system can be considered a
promising target for treatment of CHC, for the reasons
stated above[51]. Indeed, the efficacy of peripherally restricted CB1 antagonists on fibrosis has been already
validated in preclinical models of NAFLD. Similarly,
CB2 receptor is currently considered as a promising antiinflammatory and antifibrogenic target, although clinical
development of CB2 agonists is still awaited[144].

HCV AND INFLAMMATION:
THERAPEUTIC PERSPECTIVES
Because of the role of inflammation in the progression of CHC and its systemic manifestations, an antiinflammatory approach to control and eventually arrest
disease would result theoretically useful. For instance,
interruption of COX-2 signaling seems to be a possible
approach for controlling HCV replication and associated
diseases[6,130]. In this regard, non-toxic concentrations of
aqueous extracts of the edible seaweed Gracilaria tenuistipitata have been successfully tried in vitro[130].
Considering the effects of LPS on circulating monocytes and resident KCs, attenuation of microbial translocation and its inflammatory consequences may be
deemed advantageous to improve clinical outcome in
HCV infection[21].
Therapy for cryoglobulinemia should encompass three
objectives: elimination of HCV infection, control of B
lymphocyte proliferation, and symptomatic treatment of
immune-complex disease. Standard of care for HCV treatment with pegylated interferon plus ribavirin should be
considered as the first-line therapeutic option in patients
with mild to moderate HCV-related MC; a prolonged
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CONCLUSION
A growing body of evidence supports the essential role
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of CHC-related inflammation in the pathogenesis of
hepatic and extrahepatic HCV-related disease. Defining
the mechanisms of HCV-induced hepatic inflammation
is paramount for devising attractive approaches to avert
HCV-related liver disease. The way to go is still long
and difficult, however, understanding the pathogenesis
of HCV-related inflammation may help discover novel
elements to be targeted for more effective treatment
of CHC and its complications. In this regard, current
knowledge suggests exploring therapeutic options targeting “inflammation” in CHC in future clinical trials,
particularly in nonresponders to standard antiviral treatment.
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Hepatitis B virus reactivation with rituximab-containing
regimen
Yutaka Tsutsumi, Yoshiya Yamamoto, Joji Shimono, Hiroyuki Ohhigashi, Takanori Teshima
(HBV) reactivation in rituximab-containing chemotherapy regimens have been reported and the effect of
lamivudine treatment in the prevention of HBV reactivation is also well documented. Once reactivated, HBV
may lead to death due to hepatitis. In this review, we
discuss the factors of preventive lamivudine treatment
(especially in the course of HBV antibody), including
to whom and for how long the drug should be given,
based on case studies and reports that span rituximab’s
debut in 2002 on the Japanese market to June 2013.
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Abstract

INTRODUCTION

Rituximab is recognized as a useful drug for the treatment of B-cell non-Hodgkin’s lymphoma and its use has
been extended to such diseases as idiopathic thrombocytopenic purpura, thrombotic thrombocytopenic purpura, chronic rheumatoid arthritis and ANCA-associated
vasculitides. One serious complication associated with
its use is the reactivation of hepatitis B virus and the
search for methods to prevent this occurrence has resulted in the rapid accumulation of knowledge. In this
review, we discuss case analyses from our department
and other groups and outline the current knowledge on
the topic and the remaining issues.

Rituximab, which is a mouse-human chimeric antibody
that targets CD20, was introduced to treat B-cell nonHodgkin’s lymphoma and has improved outcomes in this
patient group[1-3]. Reports, however, indicate that it may
be associated with such complications as several serious
viral infections and work is currently underway to understand and deal with this problem[4-7]. One such complication is the reactivation of hepatitis B virus (HBV), an
important problem that was sometimes observed with
chemotherapy treatments even before the introduction
of rituximab[8-12]. The deleterious effects of HBV reactivation in rituximab-containing chemotherapy regimens
have been reported and the effect of lamivudine treatment in the prevention of HBV reactivation is also well
documented[13-17]. Several issues remain, including the
optimal timing and the treatment length of preventive
lamivudine and the follow-up range of patients who are

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Risk factors for HBV reactivation
Reports have identified the risk factors for HBV reactivation and they include being male, a lack of anti-HBs
antibodies, HBV-DNA level, presence of lymphomas,
anthracycline/steroid use, second/third line anticancer
treatment and youth. These risk factors were reviewed
by Yeo et al[32], who concluded that being male, young
and liver function prior to chemotherapy are associated
with risk factors. When rituximab is used, the identified
risk factors for HBV reactivation include being male, a
lack of anti-HBs antibodies and using rituximab[28,31,32].
Huang et al[33] recently reported that the lack of entecavir administration is the most important factor of HBV
reactivation in rituximab-associated therapy. This report
concluded that the most important treatment to prevent HBV reactivation was the preventive prophylactic
administration of preventive nucleoside analog therapy,
not only for HBe antigen-, HBs antigen- and anti-HBcpositive cases but also for anti-HBs-positive cases. A lack
of prophylactic nucleoside analog therapy is the most
important risk factor of HBV reactivation.

responsive to this treatment. Once reactivated, HBV
may lead to death due to hepatitis in some patients[18-22].
Even in cases where hepatitis has been overcome, HBV
reactivation can disrupt the optimal treatment schedule for lymphomas and lead to relapse and shortened
survival. In this review, we discuss factors in preventive
lamivudine treatment, including to whom lamivudine
should be given and for how long, based on case studies and reports that span from rituximab’s debut on the
Japanese market in 2002 to June 2013.

HBV REACTIVATION FOLLOWING RITUXIMAB TREATMENT
Upon HBV infection, HBV-DNA synthesis is initially
suppressed by cytokine production by NK and other
cells. A subsequent cytotoxic T cell (CTL) reaction occurs due to the CD8-positive T lymphocyte. Because
hepatitis is triggered by CTLs, a time lag probably exists between HBV infection and hepatitis’s manifestation[23,24]. Hepatitis that stems from HBV reactivation
is thought to progress in a smaller time period than the
initial infection because the virus is induced when immunosuppression is engaged under conditions where CTLs
are being induced and HBV has been reactivated and
has replicated. This system, which leads to accelerated
hepatitis progression, might be linked to the number of
deaths that occurred despite the administration of such
drugs as lamivudine upon HBV reactivation when using
chemotherapy or immunosuppressive agents.
We previously reported the occurrence of HBV reactivation following rituximab therapy as well as rituximabcombined chemotherapy treatments. Despite some variations, the prevalence of HBV reactivation is estimated at
between 20%-55%[25-28]. However, there are reports of a
3% prevalence rate in HBsAg-negative cases[29]. Reactivation is often associated with the chemotherapy given for
lymphomas and is probably influenced by steroids[26,30].
Upon the introduction of rituximab, it was initially debated whether rituximab alone or combined with chemotherapy could induce HBV reactivation and our subsequent
study, as well as work by Yang et al[22], reported HBV
reactivation after rituximab alone, suggesting that rituximab itself, without chemotherapy, can induce HBV reactivation[14,22]. Although rituximab is more likely to induce
HBV reactivation in combination with chemo- or steroidtherapies, since it alone can induce HBV reactivation,
caution must be exercised in its use[14]. Debate continues
over whether the addition of rituximab to chemotherapy
increases the risk of HBV reactivation. Our results involving a survey at a hematology institute in Hokkaido
showed that reactivation only developed when rituximab
was used. This result is consistent with another study by
Yeo et al[31] that suggested that rituximab increases the
chance of HBV reactivation more than chemotherapy
alone[14,31]. Rituximab is more likely to induce HBV reactivation in combination with chemo- or steroid- therapies,
since it alone increases the chance of HBV reactivation.

WCG|www.wjgnet.com

HBs antigen-positive, anti-HBc-positive and HBV-DNApositive cases
HBV reactivation has been reported in HBs antigen-positive patients after chemotherapy and rituximab plus chemotherapy[8,17,22,34,35]. In these patients, caution is advised
to prevent HBV reactivation, with or without rituximab.
Such preventive nucleoside analog approaches as lamivudine or entecavir administration are currently recommended and a combination of lamivudine and chemotherapy has been suggested[36-40]. These reports indicate
that HBV reactivation during chemotherapy is markedly
suppressed in groups given preventive nucleoside analog administration and that chemotherapy can proceed
as scheduled. There are few systematic studies on the
concomitant usage of lamivudine and rituximab; however, some, including He et al[41], suggest the efficacy of
preventive lamivudine[41-44]. Recently, Huang et al[33] also
reported the efficacy of the preventive administration of
entecavir. Studies using lamivudine to treat HBV hepatitis have reported an annual increase of approximately
15%-20% in HBV lamivudine resistance[45,46], indicating
the problem of the emergence of drug-resistant HBV
strains during preventive lamivudine administration. Pelizzari et al[47], however, showed that for lamivudine treatment during chemotherapy for hematological malignancies, the frequency of drug resistance may be lower than
what was seen in hepatitis B treatment, suggesting that
long-term lamivudine treatment might be possible. But
the study’s observation period was short and the number
of cases was limited. Perhaps resistance was also difficult
to acquire because the nucleoside analogs were administered for cases initially negative for HBV-DNA.
Picardi et al[48] reported a high prevalence of HBV
genomic mutations after fludarabine-based chemotherapy, arguing that strong immunosuppression might
induce HBV resistance to lamivudine. Similar reports
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reactivation[29,54]. When considering cost, however, it is
desirable to identify a subgroup of patients within the
anti-HBc-positive group that is especially prone to HBV
reactivation. Previous analysis showed that the only risk
factor of HBV reactivation was without the prevention
of a HBV reactivation drug[33]. Therefore, preventive
nucleoside analog in all anti-HBc-positive patients is recommended; (1) In anti-HBc-positive, anti-HBs-negative
and HBsAg-negative cases, one idea is the strict observation of HBV-DNA levels since hepatitis due to HBV
reactivation is infrequent; (2) In these patients, HBV reactivation is infrequent and the lethality rate is 30%-38%
in cases where hepatitis occurs from HBV reactivation;
and (3) Although HBV reactivation in these patients is
infrequent, it is desirable to use a preventive nucleoside
analog in all anti-HBc-positive patients because of the
lethality rate or HBV reactivation.

exist with combined rituximab chemotherapy, suggesting that adding steroids or fludarabine to rituximab may
result in a high frequency of drug resistance[49]. We believe that the relationship of immunosuppression and
HBV genomic mutations requires further study because
it remains undetermined whether long-term preventive
lamivudine treatment combined with strong immunosuppression treatment is possible. Perhaps preventive
methods concerning HBV-DNA levels among HBsAgpositive cases will change. In each guideline, for cases
that require a year or more of long-term administration
of nucleoside analogs against HBV-DNA, switching to
entecavir is recommended. This is because in patients
with high HBV-DNA levels, using entecavir is desirable
based on its relationship to YMDD mutations[50-52]. In
referring to the guideline treatments against the chronic
hepatitis of HBsAg, entecavir use is desirable when
HBV-DNA exceeds 20000 IU/mL and lamivudine use
is adequate if HBV-DNA falls under 20000 IU/mL. In
addition, in HBV-DNA-positive cases, we must examine
the YMDD mutations beforehand. If they are detected,
using tenofovir or the combined use of two nucleoside
analogs might become necessary[50-52]. (1) The prevention
of nucleoside analog approaches was necessary in HBs
antigen-positive, anti-HBc-positive and HBV-DNA-positive cases; (2) HBV genomic mutations were observed in
the regimens that used fludarabine but it remains unclear
whether strong immunosuppression caused the HBV genomic mutations; (3) YMDD mutations are desirable to
select the prophylactic administration of nucleoside analogs; and (4) Entecavir use is desirable when HBV-DNA
exceeds 20000 IU/mL and lamivudine use is adequate if
HBV-DNA falls below 20000 IU/mL.

Anti-HBs-positive, anti-HBc-positive and HBsAgnegative cases
Hepatitis from HBV reactivation has been reported in
anti-HBs-positive, anti-HBc-positive and HBsAg-negative cases[16,25,29,30]. Few reports exist of HBV reactivation
following rituximab treatment in patients positive for
anti-HBs alone, but reactivation may occur, and these
patients require careful observation[17,29,55]. Perhaps in
these cases, antibody production may have declined with
age, only anti-HBs remain and the specific details are unknown. However, since perhaps even anti-HBs-positive
cases are due to HBV reactivation, caution is warranted.
We previously studied the changes in anti-HBs titers
during rituximab chemotherapy[13,20,21]. In these cases,
perhaps because the initial antibody titer was relatively
low, we observed a linear decrease in the titer in correlation with the amount of rituximab. We also reported a
patient in whom anti-HBs and anti-HBc titers decreased,
while HBV-DNA increased and HBV reactivation occurred[20,21]. These results show a correlation between
anti-HBs antibodies and HBV reactivation and suggest
that monitoring their titers can provide important clues
about HBV reactivation. Additionally, Onozawa et al[56]
reported that hepatitis from HBV reactivation occurs
from a decline in HBs antibody titer levels during bone
marrow transplantation. Since HBs antibody is a humoral immune response that monitors HBV, a change in
the HBs antibody titer could predict hepatitis that occurs
from HBV reactivation. In this report, we continued
to analyze the titer in an anti-HBs-positive patient who
was treated with rituximab alone or rituximab plus chemotherapy between January 2002 and July 2013. The 35
subjects (18 males and 17 females) ranged from 42 to 87
years of age (Table 1) and included 17 cases of diffuse
large B-cell lymphoma and nine cases of follicular lymphoma. In almost all the patients, the initial treatment
consisted of two to six rounds of CHOP (cyclophosphamide, 750 mg/m2, vincristine, 1.4 mg/m2, adriamycine, 50 mg/m2 on day 1, and prednisolone, 60 mg/m2
on days 1-5) that was mainly combined with rituximab

Anti-HBc-positive, anti-HBs-negative and HBsAgnegative cases
Anti-HBc-positive cases indicate the occurrence of a
prior HBV infection. Some cases fall into the window
period or they are anti-HBs and HBs antigen-negative,
but anti-HBc and HBV-DNA positives (occult HBV
infection)[53] require caution when using chemotherapy
with rituximab and anti-cancer agents[29]. Additionally,
there are reports of HBV reactivation following chemotherapy in anti-HBs-positive and anti-HBc-positive patients[16,25,30]. Furthermore, Hui et al[29] reported hepatitis
that originated from HBV reactivation in anti-HBc-positive and anti-HBs-negative cases, even when HBV-DNA
is negative. This shows that in anti-HBc-positive cases,
hepatitis can develop from HBV reactivation regardless
of the HBV-DNA status. The guidelines recommend
strict observation of HBV-DNA levels for these groups,
since hepatitis due to HBV reactivation is infrequent and
the treatment costs of HBV prevention are high[50-53]. Although HBV reactivation in these patients is infrequent,
it may lead to prolonged use of chemotherapy, less
chemotherapeutic efficacy against lymphoma, and even
death from HBV hepatitis. In particular, the lethality rate
is 30%-38% in cases where hepatitis occurs from HBV
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above 1000 mIU/mL, in these patients, the titers probably did not drop below 1000 mIU/mL. Pei et al[57] reported anti-HBs antibody titers after rituximab therapy
and concluded that the risks of HBV reactivation are the
reduction of anti-HBs titers, especially low pretreatment
anti-HBs titers and the loss of anti-HBs. These results
on titer changes might provide an index for preventive
lamivudine or entecavir administration in patients who
are only anti-HBs-positive. Consistent with our results,
Westhoff et al[16] reported HBV reactivation in a patient
with an anti-HBs titer of approximately 868 mIU/mL,
demonstrating the possibility of HB ion may occur.
Even when anti-HBs-positive cases are due to HBV
reactivation, caution is warranted; (2) Anti-HBs titer decreased in correlation with the amount of rituximab. Anti-HBs and anti-HBc titers decreased, while HBV-DNA
increased and HBV reactivation occurred. The reduction
of anti-HBs titers, especially low pretreatment anti-HBs
titers, and the loss of anti-HBs are risk of HBV reactivation; (3) For anti-HBs titers > 1000 mIU/mL at the time
of initial treatment, the titers of most patients did not
fall below 1000 mIU/mL. In almost all cases where the
initial anti-HBs titer was < 300, titers decreased; and (4)
Monitoring HBV-DNA and anti-HBs titers is useful to
prevent HBV reactivation.

Table 1 Analyzed patients were 18 males and 17 females,
with 17 cases of diffuse large B-cell lymphoma and nine cases
of follicular lymphoma
Characteristics of anti-HBs Ab positive patients
Age (yr)
Males/Females
Disease
DLB
FL
MCL
MALT
Burkitt lymphoma
EBV associated LPD
WM
CLL
Stage
Ⅰ
Ⅱ
Ⅲ
Ⅳ
Chemotherapy
R-CHOP
R-THP-COP
R+VP16
R+MVP
R+TEOP
R+bendamustine
R
R-Course

67 (42-87)
18/17
17
9
1
3
1
1
1
2
3
3
7
21
10
20
1
1
1
1
2
10 (1-30)

Nucleoside analog treatment for the prevention of HBV
reactivation
As mentioned above, HBe and HBs antigen-positive patients can be treated with preventive nucleoside analogs.
In HBs antigen-negative and anti-HBc-positive patients,
the frequency of HBV reactivation is not high; however,
since it can result in death from hepatitis, preventive
nucleoside analog should be considered for them as well.
We previously reported the relatively high frequency
of HBV reactivation in anti-HBc-positive and HBsAgnegative patients with rituximab and bendamustine treatment[58]. These results also support the preventive nucleoside analog for HBV reactivation in the new agents that
have cytotoxic and immunosuppressive reactions.
On the other hand, in HBs antigen-negative and
anti-HBs-positive patients, preventive nucleoside analog treatment may be considered when the anti-HBs
titer is < 300 mIU/mL, especially when the titers are <
100 mIU/mL. In cases where the titer is between 300
and 1000 mIU/mL or higher, the titer levels should be
closely examined, and when the titer drops below 300
mIU/mL, HBV-DNA monitoring or preventive nucleoside analog treatment should be performed. Periodic
examination of HBV-DNA is also recommended to
predict HBV reactivation[59,60]. The emergence of antibodies may also be slow in cases where a mutation occurred and thus HBV-DNA monitoring is essential[59].
However, in patients where only HBV-DNA monitoring
was performed, the frequency of HBV reactivation was
higher than those who were treated with preventive lamivudine, demonstrating the importance of identifying
a subgroup of patients for which preventive lamivudine
is recommended[37]. In evaluating methods to predict

In these patients, 21 were clinical stage Ⅳ. In 30 patients, the initial treatment consisted of 2 to 6 rounds of CHOP mainly combined with rituximab
or THP-COP. DLB: Diffuse large B cell lymphoma; FL: Follicular lymphoma; MCL: Mantle cell lymphoma; MALT: Mucosa-associated lymphoid
tissue; EBV: Epstein-Barr virus; LPD: Lymphoproliferative diseases; WM:
Waldenstrom macroglobulinemia; CLL: Chronic lymphocytic leukemia.

or THP-COP (cyclophosphamide, 500 mg/m2, vincristine, 1.0 mg/m2, and pinorubine, 30 mg/m2 on day 1,
and prednisolone, 30 mg/m2 on days 1-5). The clinical
course of the anti-HBs antibody is shown in Figure 1.
In five of 35 cases, the antibody titer slightly increased,
and in three cases, it declined. In nine of 45 cases, the
antibody titer was the same, and in 21 of 35, it declined
after rituximab and chemotherapy. In six of nine cases
with anti-HBs titers > 1000 mIU/mL at the time of the
initial treatment, the titer did not fall below 1000 mIU/mL.
However, in one particular case, the initial titer was > 1000
mIU/mL, and the anti-HBs titer fell to 71.1 mIU/mL after
three rounds of treatment. This demonstrates that even
in patients with initial anti-HBs titers > 1000 mIU/mL,
HBV reactivation can nonetheless occur, indicating that
caution must be exercised. Among these 35 patients, the
antibody titers in ten were the same or elevated compared with the titer before the treatment. In 24 patients
whose anti-HBs titer levels finally decreased, 16 patients
had initial titers < 300 mIU/mL (16/18 patients of <
300 mIU/mL), and 11 had initial titers < 100 mIU/mL
(11/12 patients of < 100 mIU/mL), demonstrating
the need for preventive nucleoside analog administration. Six patients with anti-HBs titers > 1000 mIU/mL
did not show a titer decrease. Although these cases are
not completely accurate since we cannot measure titers
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Figure 1 Antibody titer slightly increased and in three cases the titer declined. In nine cases, the antibody titer was the same and in 21 cases, it declined after
rituximab and chemotherapy. In six of nine cases with anti-HBs titers > 1000 mIU/mL at the time of initial treatment, the titer did not fall below 1000 mIU/mL. In
almost all cases where the initial anti-HBs titer was < 300 mIU/mL, the titer decreased. Of all cases where the initial anti-HBs titer was > 1000 mIU/mL, it dropped
below 1000 mIU/mL in three of six patients.

HBV reactivation, HBV-DNA monitoring alone is insufficient and other pieces of information, such as shifts in
the anti-HB titer levels (before and during the rituximab
treatment), should be utilized to assist the early detection of HBV reactivation. Preventive nucleoside analog
against HBV is currently recommended for 4-6 mo after
chemotherapy completion [46,50,52,61]. However, reports
of HBV reactivation 4 to 6 mo after chemotherapy[62-65]
suggest that this number should be revised. The current
6 mo value probably reflects our knowledge about the
changes in B-cell numbers[60,64,66-68]. The 2007 guidelines
by Lok et al[50] are more specific than past guidelines and
include a recommendation to extend the period of preventive lamivudine treatment, depending on HBV-DNA
monitoring results. Some research reported a delayed onset of the HBV reactivation with rituximab therapy[69-71].
We also observed a case in which HBV reactivation was
detected 4 years after chemotherapy and preventive lamivudine administration had been completed. The patient
was a precore mutant case positive for HBe antibody,
HBs antigen, and negative for HBe antigen. Due to declining blood cell counts, lamivudine therapy had been
terminated and the patient was under observation for
progression since entecavir had not yet been approved
for HBV treatment in Japan. After initially administering lamivudine in 2002 and terminating it a month after
completion of the treatment (2003), HBV-DNA was
detected only sporadically in the patient. In 2003, HBs
antibodies appeared with a natural progression and
HBV-DNA disappeared in 2004. However, HBs antibody could not be detected, and from the latter half of
2004 to the beginning of 2006, detection was sporadic.
From 2007, HBV-DNA was positive in every reading
and in 2008, the individual died after being hospitalized
for hepatitis from HBV reactivation. We believe that for
anti-HBs-negative HBe or HBs antigen-positive patients,
preventive lamivudine should be included when initiating
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treatment and continued indefinitely. On the other hand,
anti-HBs-positive HBV-DNA became negative in this
patient, suggesting that in anti-HBs-positive patients,
nucleoside analog treatment should be continued until
the anti-HBs titer returns to the pre-treatment level. We
believe that 6 mo of preventive lamivudine treatment is
too short; its length should be based on the recovery of
the immune system, as judged by such criteria as antiHBs levels. Long-term administration of such drugs as
lamivudine or entecavir is problematic in terms of cost
and cases that require long-term preventive administration must be clarified in the future by longitudinal
surveys. In Japan, lamivudine is the only drug currently
approved for preventive administration. Entecavir is also
used to treat HBV infection; however, it is currently not
allowed for preventive administration. For treatment
regimens, 100 mg of lamivudine and 0.5 mg of entecavir
are used. However, it is recommended that entecavir be
increased to 1 mg to counter lamivudine resistance[50-52].
Telbivudine may also be used in the prophylaxis of HBV
reactivation. Compared to lamivudine and telbivudine,
entecavir is less likely to induce drug resistance in HBV,
which has a treatment advantage and the preventive administration of HBV reactivation[65]. For this reason, entecavir administration is recommended for cases in which
preventive administration against HBV will last 12 mo or
more[50,52]. Additional effective drugs that combat HBV
include 10 mg of adefovir, 600 mg of telbivudine, and
200 mg of tenofovir. With respect to lamivudine resistance, some recommend combining entecavir, adefovir
or tenofovir with lamivudine[52], and others recommend
switching[51]. However, it has also been reported that for
lamivudine-resistant HBV strains, switching to adefovir
alone quickly produces resistance. Thus, it may be desirable to use adefovir in conjunction with lamivudine[72].
Tenofovir is especially effective against lamivudineand adefovir-resistant HBV and can be used to treat
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lamivudine-resistant HBV [45,60,73-75]. Also, using HBV
vaccines is recommended for HBV-seronegative cases
during the use of immunosuppressive or anti-cancer
agents[52]. However, as mentioned above, just as anti-HBs
decline and disappear when using rituximab, antibodies might not be produced after the pre-administration
of a vaccine and the vaccine must be administered after
completion of the treatment. On the other hand, cases
may also exist in which hepatitis arising from HBV reactivation cannot be suppressed by a vaccine[55]. Perhaps
HBV reactivation cannot be prevented solely by a vaccine. (1) Preventive nucleoside analog treatment may be
considered when the anti-HBs titer is < 300 mIU/mL,
especially when the titers are < 100 mIU/mL. For other
cases, the titer levels should be closely examined, and
when they drop below 300 mIU/mL, HBV-DNA monitoring or preventive nucleoside analog treatment should
be performed. Periodical examination of HBV-DNA
is also recommended to predict HBV reactivation; (2)
Although preventive nucleoside analog against HBV is
currently recommended for 4-6 mo after chemotherapy
completion, delayed onset of the HBV reactivation was
observed. The length of the treatment should be based
on the recovery of the immune system, as judged by
such criteria as anti-HBs levels; (3) Lamivudine and entecavir are used for the prevention of HBV reactivation in
Japan. Telbivudine may also be used in the prophylactic
administration of HBV reactivation. Compared to lamivudine and telbivudine, entecavir is less likely to induce
drug resistance in HBV, which has a treatment advantage, and the preventive administration of HBV reactivation; and (4) Tenofovir is especially effective against
lamivudine- and adefovir-resistant HBV and can be used
to treat lamivudine-resistant HBV.
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Life cycle and pathogenesis of hepatitis D virus: A review
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which explains severe necroinflammation and increased
cell survival and an early progression to hepatocellular
carcinoma in HDV patients. The understanding of the
process of viral replication, HBV-HDV interactions, and
etio-pathogenesis of the severe course of HDV infection
is helpful in identifying the potential therapeutic targets
in the virus life cycle for the prophylaxis and treatment
of HDV infection and complications.
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Abstract

Core tip: A scarcity of literature about the hepatitis
D virus (HDV) life cycle and pathogenesis is clearly
evident. Severity of HDV associated liver disease and
lack of an efficient treatment regime therefore warrant
urgent research into HDV biology. Virus entry inhibitors and isoprenylation inhibitors may play a role in
preventing HDV superinfection and liver cirrhosis. As
inhibition of interferon-α signaling by HDV plays a pivotal role in failure to clear the virus, testing interferonfree treatment regimens should undergo clinical trials.
A low degree of heterogeneity in hepatitis delta antigen
encourages the development of a vaccine using its immunogenic sequences.

Hepatitis D virus (HDV) is a defective RNA virus which
requires the help of hepatitis B virus (HBV) virus for its
replication and assembly of new virions. HDV genome
contains only one actively transcribed open reading
frame which encodes for two isoforms of hepatitis delta
antigen. Post-translational modifications of small and
large delta antigens (S-HDAg and L-HDAg) involving
phosphorylation and isoprenylation respectively confer these antigens their specific properties. S-HDAg is
required for the initiation of the viral genome replication, whereas L-HDAg serves as a principal inhibitor
of replication and is essential for the assembly of new
virion particles. Immune mediation has usually been
implicated in HDV-associated liver damage. The pathogenesis of HDV mainly involves interferon-α signaling
inhibition, HDV-specific T-lymphocyte activation and
cytokine responses, and tumor necrosis factor-alpha
and nuclear factor kappa B signaling. Due to limited
protein coding capacity, HDV makes use of host cellular proteins to accomplish their life cycle processes,
including transcription, replication, post-transcriptional
and translational modifications. This intimate hostpathogen interaction significantly alters cell proteome
and is associated with an augmented expression of
pro-inflammatory, growth and anti-apoptotic factors
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INTRODUCTION
The smallest virus known to infect humans, hepatitis delta virus (HDV), is increasingly again becoming a cause of

2732

January 28, 2014|First Edition|

Abbas Z et al . Pathogenesis of hepatitis D virus

fulminant hepatitis or a more rapid progression of liver
disease in the setting of chronic hepatitis B virus (HBV)
infection[1]. HDV is a defective satellite RNA virus which
requires the helper function of HBV for its replication
and assembly of new virions[2]. An estimated 15-20 million individuals with HBV worldwide are found infected
with HDV[2], highlighting a need to exactly understand
the pathogenesis and molecular biology of the virus.

HDV ANTIGEN
HDV genome has been found to contain several open
reading frames (ORFs)[13]. Out of all the open reading
frames, only one appears to be actively transcribed and
encodes for antigen (HDAg)[5], the function of the rest
of the ORFs is still unknown. There are two isoforms
of HDAg, small HDAg 24 kDa (S-HDAg) composed
of 195 amino acids and large HDAg 27 kDa comprising of 214 amino acids (L-HDAg). The open reading
frame transcribes into a mRNA using host cell RNA
polymerase Ⅱwhich translates to produce S-HDAg. A
post-transcriptional modification by the cellular enzyme
adenosine deaminase-1 (ADAR 1) replaces the stop
codon (UAG at position 196) on the mRNA by a tryptophan (codon UGG), extending the reading frame by
an additional 19 amino acids leading to the production
of L-HDAg[5,11,14]. The nineteen extra amino acids added
at the carboxyl terminal of L-HDAg confer it functional
properties that are different from S-HDAg. S-HDAg is
required for the initiation of the viral genome replication, whereas L-HDAg which is synthesized in the late
stage of viral replication serves as a principal inhibitor of
replication and is essential for the assembly of new virion
particles[8,9]. L-HDAg not only regulates HDV genome
replication but also its own synthesis by inhibiting viral
replication which prevents editing of amber/W site necessary for the expression of L-HDAg[15].
The HDAg contains different functional domains,
such as RNA-binding domain, coiled-coil sequence and
nuclear localization sequence. The L-HDAg in addition
contains a few more domains which include virus assembly signal (VAS) and nuclear export signal[8,9]. VAS in
the L-HDAg renders it obligate for virion assembly[16].
HDAg may directly activate transcription of the viral
genome by binding to RNA. HDAg may also facilitate
transcription elongation by replacing transcription repressor bound to RNA polymerase II[8,9,16]. In the absence of HBsAg, both the S-HDAg and L-HDAg tend
to localize in the nucleus as they carry nuclear localization signals. Thus, HBsAg is essential for cytoplasmic
translocation of L-HDAg as only L-HDAg bears nuclear
export signal for the purpose of its established role in
virion assembly[17].

GENOMIC STRUCTURE AND
TAXONOMIC CLASSIFICATION
HDV is a small, spherical virus with a diameter of about
36 nm[1,3]. The viral genome is a circular, single-stranded,
negative sense RNA molecule with an internal core delta
antigen surrounded by an envelope derived from HBV
surface proteins[4,5]. The genomic RNA of HDV is composed of approximately 1700 nucleotides, packaged with
about 200 molecules of hepatitis delta antigen (HDAg)[6]
to form a single viral particle. Due to extensive basepairing within the RNA molecule, the genome appears as
a double-stranded rod like structure and thus it remarkably resembles viroids (plant pathogens)[1,7]. However,
unlike viroids, the HDV has more nucleotides in its genome compared to 200-400 nucleotides in a viroid RNA.
Furthermore, viroids lack protein coding ability whereas
HDV codes for its own HDAg and requires HBV for its
propagation[7]. The envelope surrounds the genome and
HDAg composed of all three HBV envelope proteins,
namely small hepatitis B surface antigen (S-HBsAg), medium HBsAg and large HBsAg. The HDV genome also
exhibits a self-cleavage activity by encoding a ribozyme
domain about 80-100 nucleotides long. HDV seems to be
a unique animal virus because of its high GC nucleotide
content and circle rolling mechanism of replication[8-10].
The virus is currently assigned the separate genus deltavirus and yet awaits a complete taxonomic classification,
including order and family.
Unlike most RNA viruses, HDV does not encode
its own replicase or RNA-dependant RNA polymerase
to replicate its genome. Rather, it makes use of cellular
RNA polymerases which are DNA-dependant RNA
polymerases. Since HDV genomic RNA has negative or
anti-messenger polarity, during replication three different
forms of RNA are being made: circular genomic RNA,
circular complementary anti-genomic RNA and a linear
anti-genomic RNA through a circle rolling mechanism.
The circle rolling mechanism involves unidirectional replication of nucleic acids to form multiple copies of circular genome using cellular RNA polymerases[11]. Linear
polyadenylated anti-genomic RNA serves as messenger
RNA (mRNA) to produce HDAg.
Since HDV is presented with a limited protein coding
capacity encoding only one HDAg with two isoforms,
it thus makes use of host cellular machinery (cellular
proteins) to accomplish the processes which are essential
for its life cycle, such as transcription, replication, posttranscriptional and translational modifications[9,12].
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POST-TRANSLATIONAL MODIFICATIONS
OF HDAG
The post-translational modifications of HDAg have been
reported[8,7,18] and are of immense importance as these
may modulate HDAg function and may lead to progression of the viral cycle[17]. These post-translational modifications include serine and threonine phosphorylation, lysine acetylation, arginine methylation, lysine sumoylation
and cysteine farnesylation[9,12]. Since HDV is deficient in
enzymes responsible for post-translational modifications,
HDV precisely depends upon cellular proteins to accomplish these processes.
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Phosphorylation occurs at the serine and threonine
residues of S-HDAg, whereas only serine residues are
phosphorylated in L-HDAg[9,19]. Post-translational phosphorylation of S-HDAg at serine-177 is crucial for its
interaction with the cellular RNA polymerase Ⅱ[20], which
is responsible for genomic HDV RNA synthesis (HDV
antigenome RNA replication). Phosphorylation of
S-HDAg at serine-177 and phosphorylation at serine-2
residue[21] therefore enhances HDV replication. Furthermore, RNA-binding activity of HDAg has found to be
mediated by phosphorylational modification and thus
seems essential for viral replication[21].
Acetylation of lysine residues of both the S-HDAg
and L-HDAg have been reported and are being associated with modulation of HDV replication. Mu et al[22]
found that a substitution of acetylated lysine-72 of
S-HDAg by an alanine re-localized the mutant S-HDAg
into the cytoplasm and was associated with the diminished viral RNA accumulation and earlier L-HDAg
appearance. Methylation of the arginine residue of
S-HDAg has been observed to influence HDV replication[17,18] and thus methylation inhibitors result in an inhibition of HDV replication.
Sumoylation is a newly known post-translational
modification which involves the conjugation of S-HDAg
with a small ubiquitin-related modifier isoform-1 (small
ubiquitin-like protein), results in sumoylation of multiple
lysine residues in S-HDAg and an enhanced genomic
RNA and mRNA synthesis with no effect on antigenomic transcription[9,23].
Isoprenylation is the most important modification
which results in farnesylation of the cysteine-211 which
resides in the isoprenylation signal sequence located
at the carboxyl terminal of L-HDAg. Farnesylated
L-HDAg inhibits viral RNA replication and facilitates
virion assembly by mediating the direct binding between
L-HDAg and HBV envelope proteins[9]. Farnesyl inhibitors, although in their early phase of development, may
improve disease outcome.

protein involved in enterohepatic circulation, to facilitate
HDV infection.
After HDV enters the cell, the uncoating of viral
particle occurs and HDAg translocates the viral genome
into the nucleus where RNA polymerases Ⅰ and Ⅱ are
employed to replicate the genome (Figure 1). Polymerase
I involves the transcription of antigenome from viral
genome in the nucleolus, while polymerase Ⅱ catalyzes
genome replication from antigenome and transcription
of mRNA in the nucleoplasm[27].
The process of replication starts with the transcription of antigenome using the viral genome through a
circle rolling mechanism which produces an antigenomic
RNA of more than one unit length. The antigenomic
RNA is then self-cleaved by intrinsic ribozyme activity
and ligated to form a circular antigenome using cellular
ligases. The antigenomic RNA is then used to produce
genomic RNA in the nucleoplasm. The mRNA is transcribed using the same genomic transcript and is translated to produce HDAg. It is therefore evident that HBV
plays no role in HDV replication and it can proceed even
in the absence of the helper virus. It is required only for
cell entry, virion assembly and export.

PATHOGENESIS
HDV replicates only in the hepatocytes. The cellular
damage associated with HDV infection thus involves
mainly the liver. Immune-mediated liver damage is
thought to be implicated in HDV infection[28]. However,
data from experimental chimpanzees has also suggested
a direct cytopathic effect of HDV on hepatocytes, particularly in acute hepatitis setting[29-32]. It is postulated that
in acute HDV infection, infected hepatocytes undergo
degenerative changes characterized by shrunken eosinophilic cytoplasm and pyknotic nuclei as well as the presence of minimal inflammatory cells in the liver parenchyma, consistent with cytopathic hepatocellular damage.
These findings are also evident from in vitro (cell culture
system)[33] and human studies[34,35]. Small delta antigen expressed by infected hepatocytes is thought to be responsible for this direct cytopathic effect of HDV[33], while
large delta antigen per se is non-cytotoxic, promotes
persistence of HDV (chronicity) and makes hepatocytes
susceptible to immune-mediated damage.
Experimental woodchuck models have proven very
helpful in furthering our knowledge of HDV pathogenesis and the chronicity associated with HDV superinfection[36,37], owing to the marked resemblance between the
course of disease in woodchuck models and the outcome of HDV superinfection in humans. In addition,
these models are also invaluable for testing the efficacy
and protective role of new treatments for HDV, including vaccine candidates. Studies on these experimental
models have disclosed that both the protein immunization and DNA immunization for HDV are insignificant
in protecting against HDV superinfection[38,39], highlighting the need of adopting different approaches to de-

CELL ATTACHMENT, ENTRY,
UNCOATING AND REPLICATION
The mechanism of entry of the HDV into the hepatocytes is not clearly understood, however, it is thought to
be similar to HBV. HDV enters hepatocytes by binding
to the carbohydrate side chains of heparin sulphate proteoglycan present on the surface of hepatocytes[24]. The
N-terminal aminoacids of the pre-S1 domain of L-HBsAg are thus obligatory to HDV entry into hepatocytes.
Mutations/deletions in highly conserved pre-S1 sequence
and acetylation or myristoylation of pre-S1 N-terminal
amino acids have been found to inhibit HDV entry into
hepatocytes[25]. Recently, Yan et al[26] have identified a putative receptor for the entry of HBV and HDV into the
hepatocytes. The authors proposed that pre-S1 domain
of L-HBsAg interacts with sodium-taurocholate cotransporting polypeptide, an integral transmembrane glyco-
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Figure 1 Hepatitis D virus replication
cycle. HBV: Hepatitis B virus; HDV: Hepatitis D virus.
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velop an HDV vaccine.
Variation in immune-mediated responses during
acute and chronic HDV infection has been noticed[37,40],
which may explain the persistence and chronicity of
HDV superinfection. Cytotoxic T lymphocytes are mainly responsible for clearing the virus by destroying HDVinfected cells. Delayed and insufficient immune response
with ability of recognizing only limited viral epitopes has
been implicated in failure to clear the infection coupled
with establishment of chronic infection. Fulminant hepatic failure has been observed in 1% of HBV/HDV
co-infected patients while in 5% of those superinfected
with HDV. An exaggerated immune response, particularly a cell-mediated one, is proposed to be involved in
causing massive hepatocyte necrosis and liver damage in
fulminant hepatic failure[41,42].
The pathogenesis of HDV is also thought to be influenced by the interaction of HDV with the HBV[28,43],
which has not yet been clearly elucidated by investigating bodies. HDV infection is known to occur either as
a coinfection or a superinfection. A coinfection with
HBV/HDV usually eradicates both the organisms and
often results in complete recovery, while a superinfection
frequently progresses into chronic hepatitis D infection[44].
Patients with chronic hepatitis B who develop superinfection with hepatitis D may also go into acute on chronic
liver failure, leading to ascites and hepatic encephalopathy.
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HBV-HDV INTERACTION
HBV coinfection with other hepatitis viruses is associated with various patterns of reciprocal inhibition of viral
replication. HDV has been frequently shown to suppress
HBV replication[45]. L-HDAg up-regulates the myxovirus
resistance-A transcription, an interferon-inducible antiviral response mediator which is involved in suppression
of HBV replication. It is therefore suggested that the
liver disease in HBV/HDV superinfection is mainly due
to HDV[8]. Chronic HDV/HBV infection causes a more
severe liver disease than HBV monoinfection alone; the
disease runs a rapidly progressive course, leading to early
cirrhosis, decompensation and hepatocellular carcinoma
(HCC), and a shorter 5 year survival[46].
Suppression of HBV replication by HDV is not
sustained for an overall period of the disease as the viral
response changes over time[47]. One study revealed significant HBV replication in about half of the patients[48].
Taken together, three phases of chronic hepatitis D have
been proposed: (1) early active phase with active HDV
replication and suppression of HBV; (2) a second moderately active one with decreasing HDV and reactivating
HBV; and (3) late phase with the development of cirrhosis and hepatocellular carcinoma caused by replication of either virus or with remission resulting from the
marked reduction of both viruses[49].

2735

January 28, 2014|First Edition|

Abbas Z et al . Pathogenesis of hepatitis D virus
HDV-specific
T-lymphocyte
activation

Tumor necrosis
factor and
nuclear factor
kappa B
signaling

HDV
Pathogenesis

Cell proteome
changes

persistence and treatment failure (Figure 3).
IFN-α is also known to stimulate the cellular enzyme
ADAR 1 and thus L-HDAg expression by increased editing of mRNA[60]. IFN-α signaling failure in HDV infection may prevent an early production of L-HDAg and
cessation of viral replication. From the above description, it could be concluded that inhibition of IFN-α signaling in an HDV infected individual plays a pivotal role
in failure to clear the virus and also confers resistance to
IFN-α treatment. Babiker et al[61] tested an interferonsparing antiviral treatment regime consisting of tenofovir disoproxil fumarate and lamivudine in a patient with
severe acute HDV infection. Successful suppression
of HDV RNA was achieved after 16 mo of treatment,
along with significant reductions in HBV DNA and
HBsAg levels. The interferon-sparing regimens should
undergo more clinical trials to establish their efficacy for
the treatment of hepatitis D.
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Figure 2 Depicts hepatitis D virus pathogenesis. HDV: Hepatitis D virus; IL:
Interleukin; IFN: Involves interferon.

INTERFERON-ALPHA SIGNALING
INHIBITION

T-CELL RESPONSES
It is already established that the pathogenesis of liver
injury in HDV infection is not directly cytopathic but
immune-mediated mechanisms are known to be involved.
After the entry of virus into hepatocytes, its antigen is
processed in endoplasmic reticulum of cell cytoplasm
and presented on the cell surface in association with
major histocompatibility complex-Ⅰ (MHC-Ⅰ) protein.
CD8+ cytotoxic T lymphocytes recognize endogenously
synthesized antigen presented in association with classⅠ MHC proteins and kill the virus infected cell by two
mechanisms: release of perforins and granzymes and an
interaction between FAS receptor and FAS ligand. Both
of these mechanisms lead to DNA fragmentation and
apoptosis of the target cells[62].
Secondly, exogenous antigens and noninfectious viral
particles are endocytosed by the surrounding antigenpresenting cells (APCs) (which include macrophages, B
lymphocytes and dendritic cells) which present the antigens on their surface in association with class Ⅱ MHC
proteins. CD4+ helper T-cells recognize antigens when
they are presented in association with class Ⅱ MHC
proteins. A virus-specific clone of helper T-cells is thus
activated and starts proliferating to bring about clonal expansion in order to clear the viral infection. Proliferating
helper T-cells are categorized into three subtypes: type 0
(Th-0), Th-1 and Th-2 T-cells on the basis of their functions and cytokines they produce. Thus, an HDV-specific
activated clone of helper T-cell is the key component
around which the pathogenesis of HDV revolves[52].

The pathogenesis of HDV mainly involves interferon-α
(IFN- α) signaling inhibition[50], HDV-specific T-lymphocyte activation and cytokine responses[51,52,53], tumor
necrosis factor-alpha (TNF-α) and nuclear factor kappa
B signaling[54,55], together with modifications in cell proteome and an associated increased cell survival potential[56] (Figure 2).
IFN-α signaling by the virus-infected cells to warn
their neighboring cells of a viral presence is a first line
of defense of the host to eradicate viruses. IFN-α is
induced by the double-stranded RNA presented during
viral replication[57]. The IFNs thus produced exert their
effect by binding to α and β-IFN receptors on the cell
surface, resulting in activation of the tyrosine kinases
of the janus kinase (JAK) family which in turn phosphorylate tyrosine residues of the cytoplasmic transcription factors acting as signal transducer and activator of
transcription (STAT). Activation of JAK/STAT signaling pathway stimulates the expression of IFN-induced
genes. The IFN-α-stimulated genes then code for the
antiviral proteins, namely myxovirus resistance A, double-stranded RNA (dsRNA)-activated protein kinase and
2’,5’-oligoadenylate synthetase which, in turn, mount an
antiviral response[58]. The resultant activated non-specific
innate and specific acquired immune responses help
combat the viral infection, but this is not the case in the
setting of HDV infection.
Since HDV is composed of a single-stranded RNA
molecule, it is not expected that it would stimulate
IFN-α release[59]. On the other hand, interferon-alpha
signaling activation has shown to be inhibited in HDV
infection[50]. HDV averts tyrosine kinase-2 (tyr-2) activation preventing phosphorylation of STAT-1 and STAT-2
and their intra-nuclear translocation for the expression
of IFN-induced genes. HDV thus interferes with the
activation of JAK/STAT signaling pathway by IFN-α
signaling inhibition[50] which may be implicated in viral
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CYTOKINES
The pathogenesis of HDV involves activation of a clone
of HDV-specific helper T-cell which, in turn, expresses
cytokines, mainly interleukin-2 (IL-2), IL-2 receptor,
IL-10 and IFN-γ[51,52,63]. IL-2, being a T-cell growth and
differentiation factor, stimulates both HDV-specific help-
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Figure 3 Interferon-α signaling and inhibition by hepatitis D virus. HDV: Hepatitis D virus; INF: Interferon; STAT: Signal transducer and activator of transcription;
JAK: Janus kinase; IRF9: Interferon regulatory factor 9; ISGF3: INF-stimulated gene factor 3; ISG: INF stimulated genes; ISRE: INF-stimulated response elements; P:
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er T-cell and CD8+ cytotoxic T-cell to proliferate and undergo clonal expansion. Cytotoxic T-cells destroy virusinfected cells while the activated helper T-cells under the
influence of IL-12 develop into subtype Th-1 cells and
specifically secrete IFN-γ.
In HDV infection, HDV-specific Th-1 and cytotoxic
T-cells have been shown to produce a large amount of
IFN-γ[52] which stimulates phagocytosis and killing by
macrophages and up-regulates the expression of classⅠ and class-Ⅱ MHC proteins on cell surfaces. IFN-γ
may inhibit viral replication directly or from its immunemodulatory and immune-stimulatory effects[51]. IFN-γ
also stimulates the secretion of IFN-γ induced protein-10
(CXCL-10), a chemoattractant which recruits natural
killer cells (NK cells), T-cells, macrophages/monocytes
and dendritic cells to destroy HDV-infected cells with the
consequent viral clearance at the cost of inflammatory
infiltrates causing liver damage[61].
It is also postulated that in chronic hepatitis, production of IFN-γ by the Th-1 helper T-cells induces
hepatocytes to express class-Ⅱ MHC protein in addition
to class-Ⅰ MHC protein in an attempt to increase their
capacity to clear the infection[53]. This may be associated with severe liver necrosis and increased severity of
hepatitis in HDV- infected patients as more uninfected
hepatocytes expressing MHC-Ⅱ protein will also be recognized and killed by helper T and cytotoxic T-cells.
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Since HDV-specific CD4+ T-cell response has been
identified in HDV infected patients in response to
HDAg, there are specific sequences on HDAg identified
which are being recognized and processed by APCs[52]
and presented on the cell surface in association with
MHC-Ⅱ protein to mount an HDV-specific antiviral
response by CD4+ helper T-cells. Nisini et al[52] thus employed synthetic peptides spanning the entire HDAg sequence in an attempt to determine HDAg-specific helper
T-cell recognition of specific antigenic determinants.
They studied their fine specificity to identify immunogenic epitopes of HDAg that could be used to generate
a vaccine for the prophylaxis and treatment of HDV
infection[52]. Furthermore, two studies have identified a
low degree of heterogeneity in HDAg which encourage
the development of a vaccine using these immunogenic
sequences of HDAg[64,65].
The study results of Nisini et al [52] also suggested
that HDAg-specific T-cell response in peripheral blood
of HDV-infected individuals is associated with reduced
HDV replication and anti-HD IgM disappearance with
the consequent reduced activity of HDV-induced liver
disease[52].
A vigorous immune response involving HDAgspecific T-cell response and cytotoxic killing of HDVinfected cells following HDV infection thus results in
both viral clearance and augmented liver damage.
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HDV appear to have altered gene expression and cellular
responses, which is also evident from augmented expression of pro-inflammatory, growth and anti-apoptotic factors. It is thus explanatory that severe liver damage and
a concomitant increased hepatic cell survival in HDVinfected patients may lead to HCC.
It is well known that nuclear factor kappa B (NF-κB)
dysregulation is associated with inflammation and cancer[73]. L-HDAg has been shown to activate nicotinamide
adenosine denucleotide hydro-phosphoric acid oxidase-4
which in turn induces oxidative stress. L-HDAg is therefore able to activate the signal transducer and activator
of transcription-3 and the NF-κB through the oxidative
stress pathway[54]. L-HDAg may also stimulate TNF-α
induced NF-κB, probably via TNF receptor-associated
factor 2 (TRAF2), a protein involved in the early signal
transduction events[56]. This may underscore a possible
underlying cause of severe necroinflammation in HDV
infection and its progression to HCC. A clinical study
has also suggested that HCC in HDV infection may be
a secondary effect of the necroinflammation and cirrhosis[74]. In this study, decreased liver size was noticed more
in cases of HDV HCC compared to HBV monoinfection group where the liver size was normal or increased.
HDV patients had lower platelets and larger varices on
endoscopy.
Both L-HDAg and S-HDAg have been shown to
enhance clusterin gene expression [56] which is found
up-regulated in tumor cells and evidently implicated in
tumorigenesis [75]. HDAg amplifies the expression of
clusterin gene by enhanced acetylation of histone H3 in
clusterin gene promoter region. The similar modification
has also been observed in several oncogenic viruses associated with the expression of specific proteins, such
as the adenovirus protein E1A[76], the simian virus 40T
antigen[77] and the E7 protein of the human papilloma
virus[72]. An increased histone acetylation and clusterin
protein production are associated with increased survival
of HDV-infected cells[56]. This may reliably be implicated
in the development of HCC in HDV-infected patients.

CELL PROTEOME MODIFICATIONS AND
ROLE OF CELLULAR PROTEINS
Since HDV lacks essential enzymes to carry out its own
replication and cell cycle, host cell proteins and components are thus intimately involved in the HDV pathogenesis [9,12].
There are a number of cellular proteins identified
to date which interact with HDV RNA and HDAg to
accomplish HDV life cycle processes. The interaction
of cellular proteins with HDV RNA and HDAg significantly alters cell proteome. Cellular RNA polymerase
subunits, helicases, RNA-binding proteins, heterogeneous ribonucleoproteins (hnRNPs) and transcriptional
and splicing factors have been known to interact with
S-HDAg to facilitate HDV RNA transcription and translation. Host transcription factors interacting with HDAg
may remarkably alter cellular gene expression resulting in
enhanced cytokines, inflammatory enzymes, growth factors and anti-apoptotic proteins[9], which may suggest severe
necroinflammation, amplified liver damage and a concomitent increased cell survival in HDV infected patients.
Cellular proteins involved in pathways, such as regulation of cell metabolism and energy pathways, nucleic acid
and protein metabolism, apoptosis and cell growth and
maintenance, demonstrate a significantly altered expression profile in the presence of HDV components.

HDV AND CIRRHOSIS
Progression of liver disease in HDV infection has been
demonstrated to be influenced by many factors, including mode of infection (i.e., coinfection or superinfection), specific HDAg variants[66] and HDV[67] and HBV[68]
genotypes. Superinfection with HDV in chronic HBV is
associated with a more severe form of liver disease owing to its exacerbation of pre-existing liver damage due
to HBV[69]. HBV genotypes have much less convincing
evidence of directly influencing liver pathology, rather it
regulates HDV viral loads which adversely affect disease
outcome[70].
Since HDV infection causes fulminant hepatitis
and liver cirrhosis, L-HDAg has been shown to stimulate transforming growth factor-β (TGF-β) and c-Juninduced signaling cascades which in turn may induce
epithelial-mesenchymal transition and fibrogenesis[70,71].
Chronic HDV may thus induce liver cirrhosis by upregulating the expression of TGF-β. This process is specifically accomplished by the isoprenylation ( farnesylationn) of L-HDAg[72]. Isoprenylation inhibitors, which
are still in their early phase of development, may play a
key role in preventing these undesirable outcomes following HDV infection.

RELEVANCE OF GENOTYPES
To date, there are eight genotypes of HDV which have
been reported with unexplained variations in their pathogenecity. Furthermore, HDV genotypes have a distinct
geographical distribution, apart from HDV genotype 1
which has been observed universally[47].
The available literature is apparently unable to outline
a specific HDV genotype associated with the disease severity in HDV infection as different genotypes are prevalent in different parts of the world and none could be
correlated with more severe disease outcome with certainty. Any geographical area which reports HDV associated disease severity primarily belongs to the genotypes
prevalent in that area. This entity thus requires further
research to establish an association between disease severity and different HDV genotype infections. However,
Su et al[78] have reported genotype Ⅰ HDV and older age

HDV AND HEPATOCELLULAR
CARCINOMA
It has already been mentioned that cells infected with
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associated with adverse outcomes in HDV/HBV infection. There are patterns of disease suggesting cytopathic
viral illness, as was indicated by outbreaks of severe hepatitis in the northern part of South America[79]. These
cases were mostly caused by HDV genotype 3.

13

CONCLUSION

14

12

Although a global decline in HDV prevalence has now
been observed due to better prevention practices, mass
awareness and expanded HBV vaccination in industrialized countries, it is still a major health concern in the
Asia-Pacific region where circumstances favor the spread
of hepatitis B and related infections. A scarcity of literature about the HDV life cycle and pathogenesis is clearly
evident. Furthermore, severity of HDV-associated liver
disease with its adverse outcomes and lack of an efficient
treatment regime encourage research into HDV biology.
A better understanding of the viral pathogenesis will certainly help the investigating bodies to develop new treatment approaches which would be able to cope with both
disease severity and outcome. An innovative approach
towards generating a vaccine against HDV is also needed.
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INTRODUCTION
Portal hypertension (PHT) is a common clinical consequ
ence of chronic liver disease that is associated with signifi
cant morbidity and mortality. PHT is classified as either
pre-hepatic, intra-hepatic or post-hepatic, with intra-he
patic PHT being the form most often caused by cirrhosis,
irrespective of etiology[1]. The extent of PHT is quantified
in clinical practice by measuring the hepatic portal vein
pressure gradient (HPVG)[2], representing the difference
between the wedged hepatic vein pressure (a measure of
pressure at the level of the hepatic sinusoid), and the free
hepatic vein pressure. Thus, HPVG is often used to assess
the effects of pharmacological therapy in reducing portal
pressure[3].
Based on hydromechanics, fluid pressure in a hollow
tube is determined by fluid resistance and flow. In PHT,
therefore, the intra-hepatic vascular resistance (IHVR)
and splanchnic blood flow are the two main contributors
to portal pressure[4]. Under normal circumstances, post
prandial increases in splanchnic blood flow is always as
sociated with an autonomous down-regulation of IHVR,
leading to no alteration in portal pressure. In contrast,
IHVR is significantly up-regulated by mechanical and
hemodynamic factors in the setting of cirrhosis, which
is further aggravated by splanchnic vasodilation[5]. Clini
cally, this increase in portal pressure is the antecedent to

Abstract
Portal hypertension (PHT) is defined as a pathological
increase in portal venous pressure and frequently accompanies cirrhosis. Portal pressure can be increased
by a rise in portal blood flow, an increase in vascular
resistance, or the combination. In cirrhosis, the primary
factor leading to PHT is an increase in intra-hepatic resistance to blood flow. Although much of this increase
is a mechanical consequence of architectural disturbances, there is a dynamic and reversible component
that represents up to a third of the increased vascular
resistance in cirrhosis. Many vasoactive substances
contribute to the development of PHT. Among these,
nitric oxide (NO) is the key mediator that paradoxically
regulates the sinusoidal (intra-hepatic) and systemic/
splanchnic circulations. NO deficiency in the liver leads
to increased intra-hepatic resistance while increased
NO in the circulation contributes to the hyperdynamic
systemic/splanchnic circulation. NO mediated-angiogenesis also plays a role in splanchnic vasodilation and
collateral circulation formation. NO donors reduce PHT
in animals models but the key clinical challenge is the
development of an NO donor or drug delivery system
that selectively targets the liver.
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variceal bleeding with its associated morbidity and high
mortality[6,7].
IHVR is influenced by both hepatic fibrotic archi
tectural distortion in cirrhosis leading to obstruction to
blood flow, as well as by dynamic hepatic stellate cell
(HSC) contraction around sinusoidal blood vessels. An
giogenesis, or the formation of new blood vessels, is
also an important component of the pathophysiology
of PHT. The resulting alterations in vascular contractil
ity and angiogenesis contribute to PHT in both the intrahepatic and splanchnic circulation.
Endothelin 1 (ET-1), angiotensin II, norepinephrine,
prostaglandin F2, thromboxane A2, and thrombin can
trigger liver sinusoidal contraction. In contrast, substanc
es such as acetylcholine, vasointestinal peptides, nitric
oxide (NO), carbon monoxide, prostaglandin E2, and ad
renomedullin relax the sinusoidal vasculature[8,9]. Among
these agents, ET-1 and NO are the most important regu
lators of the sinusoidal microcirculation[8,9]. In PHT, an
insufficient release of vasodilators particularly NO from
endothelial cells is critical to the genesis of the dynamic
and modifiable component of increased vascular resis
tance[8,9]. Consistent with this, improvements in intrahepatic NO availability is beneficial for the treatment of
PHT in animals and patients[10-14]. Hence, this review will
focus on an update on the mechanisms whereby NO me
diates PHT and on the potential to modulate this system
to reduce portal pressure.

O2 + NADPH

L -arginine

N=O

NO
+ O2

RNS

-

-

NO3 ; NO2

GTP

sGC

cGMP
Lipid peroxidation
DNA strand breaks

PKG
Vascular relaxation

Figure 1 Nitric oxide formation and function. Nitric oxide synthase (NOS)
catalyzes the biosynthesis of nitric oxide (NO) from L-arginine, nicotinamide
adenine dinucleotide phosphate (NADPH) and O 2•NO freely diffuses into
cells where it mediates vascular relaxation by stimulating the cyclic guanosine 3’-5’-monophosphate (cGMP)/cGMP-dependent protein kinase G (PKG)
pathway. It also forms reactive nitrogen species (RNS) which leads to many
damaging reactions including lipid peroxidation and DNA strand breaks. GTP:
Guanosine 5’-triphosphate; sGC: Soluble guanylyl cyclase.

cally damaging reactions including lipid peroxidation,
DNA strand breaks, and the generation of nitrosamines,
nitrotyrosine and nitro guanosine.

SYNTHESIS AND FUNCTION OF NO
NO is synthesized by nitric oxide synthase (NOS) throu
gh a series of redox reactions involving L-arginine (the
main substrate), oxygen and nicotinamide adenine dinu
cleotide phosphate. There are 4 major isoforms of NOS:
endothelial nitric oxide synthase (eNOS), inducible nitric
oxide synthase (iNOS), neuronal nitric oxide synthase
(nNOS) and mitochondrial nitric oxide synthase[15]. Fol
lowing synthesis by NOS, the half-life of endogenously
generated NO is extremely short, about 1 s. Thus, endog
enous NO production is intimately regulated by the activ
ity of NOS.
The generated NO molecule has a large diffusion coef
ficient and can therefore freely penetrate cellular mem
branes in an autocrine or paracrine manner. Within the
cell, NO stimulates the conversion of guanosine 5’-tri
phosphate (GTP) to cyclic guanosine 3’-5’-monophos
phate (cGMP), thereby regulating calcium balance through
the cGMP-dependent protein kinase pathway (Figure 1).
This leads to vasodilatation[16]. The end products of NO
metabolism in vivo are nitrate (NO3-) and nitrite (NO2-)
that are an indirect measure of the total NO concentra
tion[17].
NO is also highly reactive with other molecules includ
ing superoxide anion (O2-), oxygen (O2) and hemopro
teins such as hemoglobin and myoglobin. The interme
diate products of these reactions are known as reactive
nitrogen species, which promotes many pathophysiologi
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NOS

MOLECULAR MECHANISMS
REGULATING NOS
eNOS serves a key role in maintaining circulatory ho
meostasis and is expressed mainly in endothelial cells and
to a lesser extent in cardiac myocytes and platelets[15]. The
enzyme localizes to small invaginations of the plasma
membrane named caveolae in quiescent cells. eNOS pro
tein is constitutively expressed in the cell and activation
mostly comprises post-translational regulation and modi
fications in its subcellular localization[18].
Within cells, eNOS closely associates with several
proteins that impact on its function, including caveolin.
Caveolin negatively regulates eNOS by directly abrogat
ing the enzyme’s activation and blocking the binding site
for calmodulin[19]. In contrast, calmodulin acts as an in
dispensable protein competing with caveolin for binding
with, and activating eNOS[20,21]. Other relevant proteins in
relation to NO production include heat shock protein 90
and tetrahydrobiopterin (BH4) that are positive regula
tors of eNOS[22-24]. Finally, eNOS interacting protein and
eNOS trafficking inducer protein participate in the subcellular trafficking of eNOS when eNOS translocates
from caveolae into the cytoplasm[25-27].
Phosphorylation at key serine residues is the major
post-translational modification that is required for eNOS
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Figure 2 The molecular regulation of endothelial nitric oxide synthase activity. Endothelial nitric oxide synthase (eNOS) phosphorylation can be triggered by
shear stress, vascular endothelial growth factor (VEGF), endothelin 1 (ET-1) and other factors though adenosine monophosphate-activated protein kinase (AMPK),
protein kinase B (AKT) and protein kinase A (PKA) pathways, whereas protein phosphatase 2 (PP2A) de-phosphorylates eNOS. In addition, S -nitrosylation (SNOs)
by eNOS-derived nitric oxide (NO) inhibits eNOS activity. Endothelial nitric oxide synthase interacting protein (NOSIP) and endothelial nitric oxide synthase trafficking
inducer protein (NOSTRIN) regulate the sub-cellular location of eNOS protein between the caveolae and cytoplasm. The principal location of eNOS is in caveolae
where its function is inhibited by binding to caveolin (Cav). HSP90, calmodulin (Calm) and tetrahydrobiopterin (BH4) are indispensable proteins and cofactors for catalyzing NO production. PI3K: Phosphatidylinositol-3-kinase; GPCR: G protein-coupled receptor.

response element-binding, GATA binding transcription
factor, hypoxia-inducible factor, interferon regulatory
transcription factor, nuclear factor of activated T-cells,
nuclear factor-interleukin 6, octamer-1 transcription
factor, poly [ADP-ribose] polymerase 1, polyomavirus
enhancer activator 3, tumor protein 53 and serum re
sponse factor[40]. Among these, NF-κB is considered
the primary mediator for iNOS induction. In turn, NFκB can be activated by a range of stimuli including LPS,
interleukin-1β, tumor necrosis factor (TNF)-α and oxida
tive stress[41,42]. iNOS can also be post-transcriptionally
regulated through mRNA stabilisation by RNA-binding
proteins such as A+U rich RNA binding factor, human
antigen R, K-homology splicing regulator protein, poly
pyrimidine tract-binding protein and tristetraprolin[40].
nNOS is principally expressed in neurons localized
to the nervous system including the brain, the autonomic
nervous system and neurons around interlobular arteries.
The portal vein endothelial cells also expresses nNOS[43].
Like eNOS, nNOS is regulated by post-translational
mechanisms and both Hsp90 and calmodulin are involved
in the process of nNOS activation[44-46].

function. Phosphorylation of Ser 1177, Ser 635 and Ser
617 activates eNOS whereas phosphorylation of Thr
495 and Ser 116 inhibits eNOS activity[28]. Phosphoryla
tion at Ser 1177 can be initiated by activation of several
intracellular pathways including phosphatidylinositol3-kinase (PI3K/AKT), cAMP-dependent protein kinase
A (PKA), adenosine monophosphate-activated protein
kinase, cGMP-dependent protein kinase G (PKG) and
Calmodulin Kinase II-dependent pathway (CaM kinase
II)[29-32], while Ser 635 and Ser 116 is activated via a PKAdependent pathway[33,34]. Additionally, shear stress, vascu
lar endothelial growth factor (VEGF) and high-density
fatty acids can phosphorylate and activate eNOS (Figure
2)[35]. In contrast, phosphatases like protein phosphatase
2 dephosphorylates and inactivates eNOS[36]. S-Nitrosyl
ation inhibits eNOS activity by modifying its steric con
figuration, whereas de-nitrosylation is associated with an
increase in eNOS activity[37,38].
Unlike eNOS, iNOS is more widely expressed, in
cluding in macrophages, vascular smooth muscle cells,
HSCs and Kupffer cells after stimulated by lipopolysac
charide (LPS) or inflammatory cytokines. iNOS produces
a relatively high level of NO compared to eNOS[39]. In
contrast to eNOS, iNOS expression is principally modu
lated by transcriptional mechanisms. Many transcription
factors regulate the expression of iNOS including nuclear
factor-κB (NF-κB), activator protein, signal transduc
tion and activation of transcription 1a, specificity protein
1, CCAAT/enhancer-binding protein (C/EBP), cAMP
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MOLECULAR REGULATION OF NOS IN
LIVER CIRRHOSIS AND PHT
Regulation of intra-hepatic eNOS
In cirrhosis and PHT, there is reduced NO production
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by hepatic endothelial cells that is attributed to dysfunc
tion of the eNOS system[47-50]. Many factors contribute to
intra-hepatic eNOS dysfunction/reduced eNOS activity.
These include increases in oxidative stress, caveolin-1,
RhoA, thromboxane A2 (TXA2), G-protein-coupled re
ceptor kinase-2 (GRK2) and asymmetric dimethylarginine
(ADMA) as well as decreased AKT and BH4 activity.
Reduced AKT activity and increased binding abil
ity of caveolin-1 to eNOS in cirrhosis attenuates eNOS
expression[51,52]. Liu et al[51], reported that ET-1 activates
G-protein-coupled receptor kinase-2 (GRK2) which di
rectly interacts with and inhibits AKT phosphorylation.
They also noted that the IHVR was significantly reduced
in bile duct ligation (BDL) mice genetically deficient in
GRK2[52]. In another study of eNOS expression during
BDL, Morvarid et al[53], noted that total eNOS protein
was unchanged, but that functional, phosphorylated
eNOS protein was decreased. Similarly, AKT expression
was down-regulated in a time dependent manner. In con
trast, caveolin-1 was increased[53].
Intrahepatic oxidative stress is a key mediator of
sinusoidal endothelial dysfunction and impairment of
eNOS/NO expression[54-57]. For example, Gracia et al[58],
noted that increased intrahepatic oxidative stress (in
creased ROS and O2-) was associated with reduced NO
production and NO bioavailability. The authors went on
to demonstrate that cyclooxygenase (COX) attenuated
eNOS activation by stimulating TXA 2 which inhibits
AKT phosphorylation in endothelial cells[59]. A superox
ide dismutase mimetic, Tempol significantly decreased
superoxide, and increased NO in cultured hepatic en
dothelial cells. As expected, Tempol administration also
resulted in a decline of portal pressure[60].
ADMA, an endogenous inhibitor of NOS, causes un
coupling of NOS leading to generation of RNS, such as
peroxynitrite. In BDL rats, a higher serum ADMA level
was observed[61]. Further, impaired endothelial cell-medi
ated relaxation in perfused livers of BDL rats was exacer
bated by ADMA and was associated with a decreased rate
of ADMA removal[61,62].
BH4, a cofactor of eNOS, has been reported to be
associated with dysfunction of the NO system. BH4 ex
pression is down-regulated in liver cirrhosis and can fur
ther be oxidized and inactivated by O2-. In the absence of
BH4, eNOS cannot generate NO but instead produces
O2-, thereby leading to further decreases in NO produc
tion[24,63]. In an in vivo study, Matei et al, observed that in
rats rendered cirrhotic after the administration of carbon
tetrachloride (CCl4), exogenous BH4 resulted in hepatic
NOS and cGMP activation and a reduction in portal
pressure[64].
Rho-associated protein kinase (ROCK) is a kinase
belonging to the AGC (PKA/PKG/PKC) family of
serine-threonine kinases. It is mainly involved in regulat
ing the shape and movement of cells by acting on the
cytoskeleton. Rho-kinase is substantially involved in the
contraction of activated HSCs[65,66]. In BDL rats, fasudil (a
potent Rho-kinase inhibitor) significantly suppressed liver
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Rho-kinase activity and increased eNOS phosphoryla
tion compared with controls[67]. Fasudil also reduced the
binding of the serine/threonine AKT to Rho-kinase and
increased the binding of AKT to eNOS[67].
Regulation of extra-hepatic vascular eNOS, iNOS and
nNOS in cirrhosis
In contrast to the hypoactive SECs in the intrahepatic mi
crocirculation, hyperactive endothelial cells with increased
NO production play a critical role in modulating the
vascular changes observed in the splanchnic and systemic
circulation. For example, increased activity of peripheral
vascular AKT signaling is noted, while constitutive AKT
inhibition by an inactive mutant decreases aortic eNOS
and improves systemic hemodynamics, splanchnic perfu
sion pressure and renal excretory function without affect
ing portal pressure[68]. Other studies reported that VEGF
induces NO production by activation of eNOS protein
expression and activity[69,70]. Likewise, in portal hyperten
sive rats, NO production is increased in response to shear
stress[71]. LPS detoxification is limited in liver with PHT
thereby increasing plasma LPS. Resident macrophages
in the splanchnic circulation respond to this circulating
LPS with the production of proinflammatory cytokines,
such as TNF-α[72] that then induces iNOS in extrahepatic
vasculature[73-75]. Bacteria-derived TNF-α also triggers
the expression and activity of the key enzyme involved
in the regulation of BH4, GTP-cyclohydrolase I, thereby
increasing eNOS-derived NO in the mesenteric vascu
lature[76,77]. Finally, nNOS expression is augmented in
mesenteric nerves in portal hypertensive rats (portal vein
ligation), an effect mediated by HSP-90[46,78,79].

THE ROLE OF NO/NOS IN THE
REGULATION OF IHVR
An increase in IHVR can be induced by reversible he
modynamic modifications to vascular tone which may
represent 28%-40% of the increase in portal pressure
in cirrhosis[80-82]. Anatomic structures leading to this
change include vascular smooth muscle cells surround
ing branches of the portal vein, and HSCs located in the
space of Disse. Both cells types have contractile proper
ties and thus modulate IHVR[82-84].
The role of NO in the modulation of IHVR has
been well documented[85-87]. eNOS dysfunction in sinu
soidal endothelial cells and consequent reduction in NO
production (or bioavailability) plays an essential role[51].
This results in reduced vasodilation and a decreased ca
pacity for antagonizing contractile factors such as ET-1,
angiotensin II, norepinephrine, prostaglandin F2, and
thromboxane A2[83,88].
Recently, gene delivery techniques have been used
to increase NOS (eNOS or nNOS) delivery to the liver
of CCl4 treated mice. In one study, a plasmid eukary
otic expression vector (liposome-pcDNA3/eNOS) or
control vector was injected into rat portal vein, leading
to increased eNOS mRNA and protein in liver. Hepatic
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NO production was enhanced and IHVR and portal vein
pressure (PVP) reduced[89]. In another study, recombinant
adenovirus carrying the nNOS gene (Ad.nNOS) or con
trol vector was administered via the femoral vein to rats.
Again, Ad.nNOS reduced IHVR and portal pressure[90].
These data indicate that NO deficiency in cirrhotic liver
contributes to the elevation in IHVR and conversely that
NO delivery may play a therapeutic role[89-92].
Activation and contraction of HSCs also contributes
significantly to the dynamic and reversible component
of IHVR. Indeed, activated HSCs are more susceptible
to vasoconstrictor substances than quiescent cells[83,92,93].
Under physiological conditions, NO produced by he
patic endothelial cells inhibits the growth, migration and
contraction of HSCs through paracrine pathways[94,95].
However, reduced NO production and/or impaired NO
bioavailability in cirrhosis promotes HSCs activation and
contraction, leading to sinusoidal remodeling and eleva
tion of the IHVR.
iNOS has also been suggested to contribute to the
hyperdynamic status seen in PHT. However, its role in
mediating IHVR is unclear. In one study, liver iNOS was
increased in BDL rats and reduction of portal pressure
by ursodeoxycholic acid was associated with iNOS downregulation[96,97].

portance of iNOS in the hyperdynamic circulation of
cirrhosis[64,72,73,103,104]. In cirrhosis, endotoxins, cytokines
and bacterial infection promote iNOS formation and
overproduction of NO[64,105-107]. The increased splanchnic
iNOS appears to reside in resident macrophages of the
superior mesenteric artery[73,108]. Supporting this concept,
Ferguson et al[64], observed that a selective iNOS inhibi
tor, N -[3-(aminomethyl) benzyl]acetamidine, caused pe
ripheral vasoconstriction in patients with cirrhosis. It is
interesting to note that there also exists an interaction be
tween eNOS and iNOS in the vasculature. For example,
in cirrhosis, increased and dominant expression of eNOS
in large arteries results in systemic hypotension and in
creased blood flow. These effects could be abrogated by
activated iNOS in the small vessels of the splanchnic cir
culation as iNOS activation inhibited eNOS expression in
the small vessels[109]. nNOS may likewise promote vasodi
lation of the splanchnic circulation, though its contribu
tion is overall less significant[110,111].

NO AND ANGIOGENESIS IN PHT
It is now established that angiogenesis is associated with
the progression of PHT[112,113]. Angiogenic factors stimu
late collateral vessel formation both in the liver and in
extrahepatic locations, manifesting as the reopening of
pre-existing shunts[114,115]. This pathological angiogenesis
may directly participate in the development of liver fibro
sis[56,116,117].
Again, NO is an important mediator of intrahepatic
microcirculatory remodeling[114,115]. Thus, NO inhibition
prevents angiogenesis and diminishes mesenteric vascular
proliferation in animals with PHT[118,119]. Shaki et al[120],
found that NO-mediated angiogenesis was mediated by
endothelial VEGF and VEGF receptor-1. Most recently,
Huang et al[121], reported that through mesenteric eNOS
and COX1 down-regulation, the cannabinoid receptor 2
agonist JWH 015, could alleviate mesenteric and intrahe
patic angiogenesis, PHT, the severity of portosystemic
collaterals and the extent of fibrosis in BDL cirrhotic
rats.

ROLE OF NO/NOS IN THE
REGULATION OF SPLANCHNIC BLOOD
FLOW
A hyperdynamic splanchnic circulatory state is a major
accompaniment of PHT. The increase in splanchnic
blood flow and the subsequent increase in portal venous
inflow aggravates and perpetuates PHT. The mechanisms
underlying this phenomenon are not fully understood,
but overproduction of endogenous vasodilators and de
creased vascular reactivity to vasoconstrictors has been
suggested[98].
Overproduction of NO in the splanchnic and sys
temic circulation contributes to this phenomenon as
NOS inhibition effectively ameliorates splanchnic hyper
emia[99,100]. eNOS up-regulation and increased NO release
by the superior mesenteric arteries endothelium occur
before the development of the hyperdynamic splanchnic
circulation[101]. Juan et al[70], noted increased eNOS expres
sion in portal-hypertensive rats with even mild increases
in portal pressure. In another study, phosphorylated
eNOS protein was increased, whereas caveolin-1 was de
creased in the aorta of BDL rats[52]. In contrast, in eNOS
knockout mice injected with CCL4, attenuated splanchnic
blood flow was observed. However, this was associated
with an increase in IHVR, presumably due to the reduced
NO within the liver[102]. Taken together, these results sug
gest up-regulated eNOS expression during splanchnic
hyperemia, contrasts with the relative eNOS deficiency in
liver.
There are also several studies demonstrating the im
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NO-BASED PHARMACOTHERAPY
As discussed, NO is paradoxically regulated in PHT.
There is excessive production of NO in the splanchnic
circulation (thereby leading to vasodilation), while in the
intra-hepatic microcirculation, a deficit of NO produc
tion is associated with increased IHVR. These paradoxi
cal roles of NO initially raised concerns about the use of
NO inhibitors or donors as therapy for PHT. However,
inhibition of NO release has been shown in animals and
humans to attenuate the hyperdynamic circulation of cir
rhosis[122-125]. No significant reduction in portal pressure
was achieved[122-125]. This is likely a consequence of reduc
tions in portal venous inflow induced by the NO inhibi
tors being offset by an increase in intra-hepatic resistance.
In recent years, many animal and clinical studies have
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demonstrated that NO donors result in a substantial re
duction in portal pressure[10-14]. These agents could theo
retically aggravate the cirrhotic vasodilatory syndrome
leading to harmful effects such as systemic hypotension
and renal dysfunction[126,127]. For these reasons, the ideal
NO drug for the treatment of PHT should act to de
crease IHVR without worsening splanchnic/systemic
vasodilatation[128].
NCX-1000 is a drug synthesized by adding an NOreleasing moiety to ursodeoxycholic acid. The compound
is selectively metabolized by hepatocytes to release NO in
the liver[129,130]. Animal studies demonstrate that this drug
alleviates IHVR and portal pressure without changes in
systemic hemodynamics[129-131]. However, human clinic
trials were disappointing as NCX-1000 failed to decrease
HVPG, there were postprandial increases in portal pres
sure and systolic blood pressure was reduced in a dosedependent manner[132].
O2-vinyl1-(pyrrolidin-1-yl)diazen-1-ium-1,2-diolate (VPYRRO/NO) was designed as a liver-selective NO-pro
ducing pro-drug activated by hepatic P450s[133]. The drug
has a short half-life and may additionally alleviate liver
injury by NO-mediated protection of hepatocytes[134-136].
Continuous administration of V-PYRRO/NO to BDL
rats was shown to improve liver fibrosis and splanch
nic hemodynamics without adverse systemic effects[137].
However, in another study in mice using the CCl4 model,
V-PYRRO/NO significantly lowered mean arterial pres
sure making it less suitable for use in humans[138].
AVE-9488(4-fluoro-N -indan-2-yl-benzamide) is
a novel agent that up-regulates eNOS expression [139].
Biecker et al[139], reported that oral application of AVE
9488 ameliorated portal pressure by 24% in BDL rats,
without any impact on the mean arterial pressure. Ad
ditional experiments confirmed that AVE 9488 increased
hepatic eNOS protein synthesis, but not in the aortic and
superior mesenteric artery[139]. However, following 3-d
use, AVE 9488 increased blood flow in the collateral cir
culation[139].
Recently, an inorganic gold and silica nanoparticle
mediated drug delivery system using SNAP (S -nitroso-N acetyl-DL-penicillamine), an NO donor was reported[140].
This system inhibited HSC proliferation and HSC tube
formation, though the relevance of the latter to the
situation in vivo is unclear. The methodology described
however, does provide a novel approach to deliver NO
into specific liver cell types. Whether this drug modulates
PHT in vivo is unclear. Taken together, the data presented
indicates that there are no liver-selective NO donors/
drugs with demonstrated efficacy for the treatment of
PHT.

nor or drug delivery system that selectively targets liver
cells (HSCs or SECs) without actions on the systemic
circulation is required to reduce PHT without adverse
systemic effects.
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PROGRESS IN LIVER DISEASES

Splanchnic-aortic inflammatory axis in experimental portal
hypertension
Maria-Angeles Aller, Natalia de las Heras, Maria-Paz Nava, Javier Regadera, Jaime Arias, Vicente Lahera
induces liver steatosis and changes in lipid and carbohydrate metabolism similar to those produced in
chronic inflammatory conditions described in metabolic
syndrome in humans. Dysbiosis and bacterial translocation in this experimental model suggest the existence of a portal hypertensive intestinal microbiome
implicated in both the splanchnic and systemic alterations related to prehepatic portal hypertension. Among
the systemic impairments, aortopathy characterized
by oxidative stress, increased levels of proinflammatory cytokines and profibrogenic mediators stand out.
In this experimental model of long-term triple portal
vein ligated-rats, the abdominal aortic proinflammatory
response could be attributed to oxidative stress. Thus,
the increased aortic reduced-nicotinamide-adenine dinucleotide phosphate [NAD(P)H] oxidase activity could
be associated with reactive oxygen species production
and promote aortic inflammation. Also, oxidative stress
mediated by NAD(P)H oxidase has been associated
with risk factors for inflammation and atherosclerosis.
The splanchnic and systemic pathology that is produced in the long term after triple partial portal vein
ligation in the rat reinforces the validity of this experimental model to study the chronic low-grade inflammatory response induced by prehepatic portal hypertension.
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Abstract

Key words: Portal hypertension; Inflammation; Aortopathy; Hepatic steatosis

Splanchnic and systemic low-grade inflammation has
been proposed to be a consequence of long-term prehepatic portal hypertension. This experimental model
causes minimal alternations in the liver, thus making
a more selective study possible for the pathological
changes characteristic of prehepatic portal hypertension. Low-grade splanchnic inflammation after longterm triple partial portal vein ligation could be associated with liver steatosis and portal hypertensive
intestinal vasculopathy. In fact, we have previously
shown that prehepatic portal hypertension in the rat
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Core tip: Triple partial portal vein ligation in the rat induces in the long term (22 mo) both splanchnic alterations,
i.e. , liver steatosis and portal hypertensive intestinal vasculopathy associated with a portal hypertensive microbiome, and systemic alterations, i.e. , a wound-like inflammatory aortic response. These alterations support this
experimental model of prehepatic portal hypertension for
studying the pathophysiological mechanisms involved in
the low-grade inflammatory response produced.
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the initiation and maintenance of portal hypertension[7,8].
Furthermore, early and chronic partial portal vein ligatedrats show hemodynamic and metabolic impairments,
where the etiopathogeny is of an inflammatory nature[7,8].
Consequently, it could be hypothesized that chronic hemodynamic, vascular and metabolic changes in rats with
prehepatic portal hypertension could have an inflammatory origin, most probably subsequent to splanchnic
inflammation. In this way, the endothelial inflammatory
mechanotransduction induced by portal hypertension
could be the first step in the production of an inflammatory response in the intestinal wall. Thus, the early
splanchnic endothelial disorder could induce, in turn, an
inflammatory intestinal phenotype that would be linked
to both phenomena: the gut microbiota alteration as well
as the vasomotor impairments that are responsible for
the splanchnic hyperdynamic circulation (Figure 1).
Furthermore, prehepatic portal hypertension induces
the development of portal hypertensive enteropathy with
inflammatory cell infiltration, particularly mast cells[9,10],
which is reduced by the prophylactic administration
of anti-inflammatory drugs, like budesonide and ketotifen[8,11]. Since the basic structural alteration found in
portal hypertensive enteropathy is angiogenesis, the very
appropriate name of “hypertensive portal intestinal vasculopathy” has been proposed[12].
The formation of new blood vessels could be a key
mechanism in the pathogenesis of prehepatic portal
hypertension[8]. Mast cells are involved in the regulation
of physiological and pathological vasculogenesis by producing mediators, such as heparin, histamine, tryptase,
transforming growth factor-β1, tumor necrosis factor-α
(TNF-α), interleukins and cytokines, such as vascular
endothelial growth factor[13]. The ability of mast cells to
promote the synthesis and selective release of different
angiogenic mediator molecules[14] would explain their
participation in the splanchnic remodeling related to
experimental prehepatic portal hypertension[8-10]. Lastly,
intestinal mast cells are also a potent source of multiple
chemokines and play an important role in immune regulation[15,16].
We have previously shown that prehepatic portal
hypertension in the rat induces liver steatosis and causes
changes in lipid and carbohydrate metabolism similar
to those produced in chronic inflammatory conditions
described in metabolic syndrome in humans[17-19]. Longterm portal hypertensive rats show a decrease in plasma
adrenocorticotrophic hormone and corticosterone [20].
Glucocorticoids, such as cortisol and corticosterone, are
pluripotent hormones that are vital in the host adaptation
to stress. They are also essential for maintaining normal
vascular tone, endothelial integrity and vascular permeability. Thus, the decrease in corticosterone in portal hypertensive rats could have deleterious effects on vascular
systems. In addition, cortisol clearance is increased in individuals with fatty liver, and cortisol clearance is in turn
inversely correlated with insulin sensitivity[21]. Therefore,
in rats with portal hypertension, in which liver steatosis
is present, a decreased stress responsiveness could be re-

Original sources: Aller MA, de las Heras N, Nava MP, Regadera J, Arias J, Lahera V. Splanchnic-aortic inflammatory axis in
experimental portal hypertension. World J Gastroenterol 2013;
19(44): 7992-7999 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v19/i44/7992.htm DOI: http://dx.doi.
org/10.3748/wjg.v19.i44.7992

INTRODUCTION
Portal hypertension is the most severe complication that
develops in cirrhotic patients and is a leading cause of
mortality worldwide[1]. Ascites, hepatorenal syndrome,
life-threatening gastroesophageal bleeding, portosystemic
encephalopathy and sepsis, derived from shunting of
portal blood into the systemic circulation through neoformed collateral vessels, are the most serious and frequent clinical complications[1].
Portal hypertension is defined as an increase in portal blood pressure and is determined from the hepatic
venous pressure gradient or pressure difference between
the portal vein and the inferior vena cava[2]. The impairments arising from this pathological increase in portal
pressure constitute the portal hypertensive syndrome[3].

EXPERIMENTAL PORTAL HYPERTENSIVE
MODEL
The partial portal vein ligation experimental model in the
rat is generally used to study portal hypertension since it
has the lowest degree of hepatic impairment because portal hypertension is extrahepatic[4]. The surgical technique
is simple and is based on making a calibrated stenosis of
the portal vein[5]. If it is assumed that the intensity of the
portal hypertension is determined by the resistance to the
inflow produced by the constriction of the portal vein,
this model of prehepatic portal hypertension could be
improved by increasing the initial resistance to blood flow.
With this objective in mind, we have modified this surgical
technique by increasing the length of the stenosed portal
tract with three equidistant calibrated stenosis[6].
This experimental model causes minimal alternations
in the liver, thus making a more selective study possible
for the pathological changes characteristic of prehepatic
portal hypertension[4,6]. The experimental model of partial
portal vein ligation is generally studied in the short-term,
i.e., 2-4 wk[4]. However, studying the late phases could
be of great interest since the mechanisms involved and
the related complications could be more similar to those
found in chronic liver diseases in humans[1,2] which are
related to the chronicity of portal hypertension, among
other factors.

INFLAMMATORY RESPONSE RELATED
TO PORTAL HYPERTENSION
Much evidence shows how inflammation contributes to
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hypertension[26] and in chronic portal hypertension in the
adult partial portal vein ligated rat[27] when there are associated precipitating factors, such as hemorrhagic shock[28].
However, in chronic (1 mo) prehepatic portal hypertension by triple partial portal vein ligation, there are gut
microflora alterations with less positive cultures of Enterococci and lactic acid bacteria, associated with bacterial
translocation to the mesenteric lymph nodes[29]. Bacterial
overgrowth in the intestinal tract may be the most important factor in bacterial translocation, in particular when
associated with splanchnic inflammation and increased
intestinal permeability, secondary to portal hypertension[29]. It has also been proposed that bacterial translocation may render the gut a “cytokine-releasing” organ that,
at the same time, would induce nitric oxide overproduction and the development of the hyperdynamic circulatory state. At the same time, this is one of the progressive
characteristics of portal hypertension[30]. Bacterial overgrowth could also be caused by delayed transit, mucosal
hypoperfusion and oxidative damage, which increases intestinal permeability and induces the transmural passage
of bacteria in portal hypertensive rats[31,32].
Although microbial communities reside on all mammal body surfaces, including the skin and respiratory,
gastrointestinal and genitourinary tracts, the largest collection of microbes reside in the gut[33]. The intestinal
microbiome is considered more than just a simple organ
of the mammal body. Cooperative interactions between
intestinal microbes and their hosts typically involve microbial participation in host functions such as defense,
metabolism, and reproduction[34]. However, communications between the host and its gut microbiota are altered
in pathophysiological processes, especially if associated
with inflammation, including portal hypertension [35].
Diseases mediated by the inflammatory response could
induce a change in the relationship of the rat body with
gut microbiota, the significance of which is unknown[35].
Inflammatory conditions, such as splanchnic inflammation related to portal hypertension, could induce a
change in the mammalian organism and gut microbiota
relationship. In particular, splanchnic inflammation not
only could alter gut microbiota composition, but also
cause epithelial and endothelial permeability of the intestinal bacteria to increase bacterial products, such as
toxins[34]. Bacterial translocation secondary to portal hypertension could lead to bacterial overgrowth and disruption of gut homeostasis[29]. This results in a “leaky gut”
syndrome, with translocation of gut bacteria and bacterial
products, also called pathogen-associated molecular patterns or PAMPs, to systemic sites, that finally results in
systemic complications[34-37].
Gut microbiota in rats with portal hypertension could
contribute to the development of liver steatosis and metabolic syndrome. The gut microbiota may be involved in
hepatologic conditions including non-alcoholic fatty liver
disease[33]. Thus, bacterial products, including endotoxins,
can affect Kupffer cells, hepatocytes and hepatic stellate
cells, which participate in the initiation and progression
of non-alcoholic fatty liver disease[38]. Gut microbiota

Portal hypertension

Changes in gut microbiome

Dysbiosis and bacterial
overgrowth

Intestinal bacterial
translocation

Splanchnic inflammatory
disorders

Liver steatosis

Hypertensive portal
intestinal vasculopathy

Systemic inflammatory
disorders

Metabolic
syndrome

Low-grade inflammatory
aortopathy

Figure 1 Splanchnic and systemic alterations in rats with prehepatic portal hypertension produced by triple partial portal vein stenosis.

lated to an impaired metabolic feedback system. The decreased neuroendocrine response to stress and systemic
chronic inflammation would be another link between
disordered lipid metabolism and inflammation in the evolution of this experimental model[22]. So, rats with longterm portal hypertension presenting systemic low-grade
inflammation and decreased responsiveness to stress
could inappropriately switch carbohydrate metabolism
to predominant lipid metabolism, thus inducing body
energy imbalance and ultimately, hepatic steatosis and
metabolic syndrome[18,19]. Consequently, data from animal
models proved that mast cells are directly involved in
diet-induced obesity, diabetes and metabolic syndrome[23].
The association of liver steatosis and metabolic syndrome with inflammation is well documented[24]. Hence,
we could hypothesize that inflammation, probably of
splanchnic origin, could be the pathophysiologic link
between the metabolic syndrome with liver steatosis and
aortic vascular disease in portal hypertensive rats. The association between metabolic and atherogenic alterations
with a proinflammatory aortic phenotype could suggests
the possibility that portal hypertension might constitute a
novel risk factor for cardiovascular disease[20,25] (Figure 1).

PORTAL HYPERTENSIVE INTESTINAL
MICROBIOME
Bacterial intestinal translocation occurs in acute portal
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A

B

Figure 2 Aortic abdominal wall microscopic images in long-term (22 mo) sham-operated rat (A) and in a triple partial portal vein ligated-rat (B). The aortic
wall in the rat with portal hypertension is enlarged, has more fibrosis, with collagen deposition in the middle layer, a greater loss of the smooth muscular cell nucleus
and much thinner elastic fibers than in the aortic wall of the sham-operated rat. They are also are distributed in an irregular manner (Masson, × 40).

tal vein stenosed and biliary cirrhotic rats, respectively[42].
It has been suggested that an increased basal release of
nitric oxide has a major role in the pathogenesis of vasodilation and vascular hypocontractility associated with
portal hypertension[7]. Lipopolysaccharide (LPS) administration to cirrhotic rats increases aortic eNOS activation
but, on the contrary, decreases eNOS protein expression
and activity in superior mesenteric arteries. These results
may explain the worsening of the hyperdynamic state
in cirrhosis during septic shock by direct LPS-induced
eNOS activation in large systemic vessels, and its inhibition in concomitant small splanchnic vasculature[43].
The essential role of reactive oxygen species in the
chronic inflammatory response has led to the view that
reactive oxygen species promote inflammation[44]. Reactive
oxygen species can increase the expression of inducible
genes leading to the synthesis of cytokines, chemokines,
chemokine receptors and adhesion molecules. These actions rely on transcription factors, such as nuclear factor
[44]
κB (NF-κB) . Aortic overproduction of proinflammatory cytokines, including TNF-α, interleukin-1β (IL-1β),
and IL-6 in chronic portal hypertensive rats, associated
with an increased NF-κB/NF-κB inhibitor (IκB) ratio
supports the existence of a proinflammatory abdominal
aortic response. If so, reactive oxygen species or TNF-α
could induce activation of the Iκκ (IκB kinase) complex
resulting in phosphorylation of IκB, subsequent translocation of NF-κB to the nucleus and expression of NFκB responsive genes (Figure 3).
Proinflammatory cytokines, cytokine-dependent
pathways and immune cells have been implicated in the
development of cardiovascular diseases, i.e., atherosclerosis, coronary artery disease, chronic heart failure and
hypertension[44]. Thus, a large body of evidence supports
the involvement of common proinflammatory cytokines
in the development and progression of a systemic lowgrade inflammation affecting the cardiovascular system.
In addition, these low-grade inflammatory cardiovascular
diseases can be aggravated when a new inflammatory
process, either of infectious origin or autoimmune nature, is added[45,46]. This is the reason why it could also be
considered that prehepatic portal hypertension produces

could also contribute to the development of hypertensive portal intestinal vasculopathy. Recent results suggest
that the increased intestinal vascularization is mediated
through microbiota-induced angiopoietin-1 expression in
the intestinal epithelium[39].
Gut microbiome responses to portal hypertension
could be a central event in the pathogenesis of splanchnic, i.e., liver steatosis and enteropathy, and systemic
inflammatory conditions. However, it has been also suggested that microbiome changes could alter host-microbiome interactions to mitigate disease[33] (Figure 1).

WOUND-LIKE INFLAMMATORY AORTIC
RESPONSE
Long-term experimental prehepatic portal hypertension
represents a risk factor of an inflammatory nature for
aortic disease development[20,25]. Triple partial portal vein
ligation in the rat induces an abdominal aortic inflammatory response 22 mo after the operation. These portal
hypertensive rats show significant histological changes, in
particular in the middle layer of the aortic wall. The elastic fibers lose their orderly circumferential arrangement.
The interstitial connective tissue is enlarged with fibrosis
and associated with a dramatic decrease in the number
of smooth muscle cells. Finally, immature collagen also
increases with the degeneration of connective tissue[20]
(Figure 2).
In this experimental model of long-term triple portal
vein ligated rats, the abdominal aortic proinflammatory
response could be attributed to oxidative stress. In this
way, the increased aortic reduced-nicotinamide-adenine
dinucleotide phosphate [NAD(P)H] oxidase activity[20]
could be associated with reactive oxygen species production and promote aortic inflammation[40]. Also oxidative
stress mediated by NAD(P)H oxidase has been associated
with risks factors for inflammation and atherosclerosis[41].
In chronic portal hypertensive rats, over-activation
of endothelial nitric oxide synthase (eNOS) might cause
aortic nitric oxide overproduction[20,25]. Upregulation of
eNOS has also been seen in the aorta of short-term por-
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a low degree inflammatory cardiovascular response,
which could be aggravated when a new inflammatory
process (acute-over-chronic) is added, particularly infections or hepatic insufficiency[8].
Mast cells stand out among the potential mediators
of the low-grade inflammatory response supposedly
involved in metabolic and vascular diseases in the experimental model of prehepatic portal hypertension[3,9].
Nonetheless, these results obtained in the short-term evolution of portal hypertensive rats cannot be extrapolated
to long-term portal hypertensive rats. Thus, a study of
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the role of the splanchnic subpopulations of mast cells
in chronic portal hypertensive rats would be interesting,
given that the gut, particularly with impaired intestinal
barrier function, plays an important pathophysiological
role in chronic inflammation in cardiovascular diseases[47].
In particular, mast cells play a key role in experimental
atherosclerosis and can modulate the inflammatory aortic
response through numerous proinflammatory mediators,
including TNF-α, IL-6 and metalloproteinases[48,49]. In
addition, mast cell chymase also functions as an angiotensin-converting enzyme, particularly in rodents and there-
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Figure 5 Chronic splanchnic alterations, liver steatosis and enteropathy, secondary to long-term triple partial portal vein stenosed rats are associated with
oxidative stress, inflammatory cytokines and profibrogenic mediators in abdominal aorta. NAD(P)H: Reduced-nicotinamide-adenine dinucleotide phosphate;
MMP: Matrix metalloproteinases; TPVL: Triple partial portal vein stenosed; NF-kB: Nuclear factor kB; TNF-a: Tumor necrosis factor-a; IL: Interleukin; CTGF: connective tissue growth factor; MMP-9: Matrix metallopeptidase 9.

fore contributes to aortic fibrosis[50] (Figure 4).
Lastly, enhanced aortic mRNA expression of oxidative and inflammatory mediators are associated with
increased aortic expression of collagen I and connective tissue growth factor (CTGF) in long-term portal
hypertensive rats[20,25]. Increased aortic CTGF expression
could regulate aorta collagen remodeling, and therefore
enhance the synthesis of extracellular matrix proteins,
particularly type I collagen. In turn, CTGF could activate
the NF-κB pathway and increase proinflammatory gene
expression[51]. These results suggest the existence of a
proinflammatory and a profibrotic aortic phenotype in
long-term prehepatic portal hypertensive rats (Figures 4
and 5).
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Abstract
Portal hypertension is responsible for the bulk of the
morbidity and mortality in patients with cirrhosis. Drug
therapy to reduce portal pressure involves targeting
two vascular beds. The first approach is to reduce intra
hepatic vascular tone induced by the activity of powerful vasocontrictors such as angiotensin Ⅱ, endothelin-1
and the sympathetic system and mediated via contraction of perisinusoidal myofibroblasts and pervascular
smooth muscle cells. The second approach is to reduce mesenteric and portal blood flow. Non-selective
b-blockers are widely used and have been shown to
prolong patient survival and reduce oesophageal variceal bleeding in advanced cirrhosis. However many patients are unable to tolerate these drugs and they are
ineffective in a significant proportion of patients. Unfortunately there are no other drug therapies that have
proven efficacy in the treatment of portal hypertension and prevention of variceal bleeding. This review
briefly outlines current therapeutic approaches to the
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INTRODUCTION
Hepatic fibrosis and its end-stage sequelae of cirrhosis and liver cancer are major causes of morbidity and
mortality throughout the world and their prevalence is
rising, largely due to the increasing impact of chronic
viral hepatitis and non alcoholic steatohepatitis. Much
of the morbidity and mortality that occurs in cirrhosis
is due to the development of portal hypertension. However, despite major advances in our understanding of the
pathogenesis of portal hypertension, current treatment
options are limited.
It is clear that the renin angiotensin system (RAS)
contributes to organ dysfunction and chronic tissue injury in a range of conditions including diabetes, cardiovascular and renal disease, primarily through the vasoactive and profibrotic effects of its key effector peptide,
angiotensin Ⅱ[1]. More recently, the RAS has also been
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about 90% on long-term follow up. The risk of variceal
rupture is 10%-30% per year depending on their size
and appearance and the severity of liver disease, and
the risk of mortality from a single episode is around
15%-20% [18]. Thus prevention or control of variceal
bleeding has been the primary aim of the drug treatments that have been used in an attempt to lower portal
pressure.
In theory portal pressure should fall in response to
drugs that reduce portal inflow or those that lower intra hepatic resistance to portal inflow. The drugs most
widely used in the prevention of variceal bleeding are
non-selective b-blockers (NSBB). They reduce portal
pressure by reducing cardiac output via b-1 receptors
and causing splanchnic vasoconstriction by blocking b-2
receptors, resulting in unopposed a-1 activity. Randomized clinical trials showed NSBB reduce portal pressure
and the risk of bleeding from oesophageal varices[18-26].
However around 15% of cirrhotic patients are intolerant
of NSBB treatment, and up to 60% fail to achieve the
treatment response required to prevent variceal bleeding defined as a fall in hepatic venous pressure gradient
(HVPG) to less than 12 mmHg or a decrease of greater
than 20% from baseline[27]. Although portal pressure is
directly correlated with the presence of varices, lowering
pressure with NSBB does not prevent the development
of varices in patients with cirrhosis[28].
Another approach is to reduce intrahepatic resistance
with drugs that increase the delivery of NO to the intrahepatic circulation (e.g., nitrates), or drugs that block
a-adrenergic activity (e.g., prazosin, clonidine). Although
modest reduction in HVPG can be achieved with these
drugs, their use as monotherapy is not recommended
as they not only act on the intrahepatic circulation but
also exert a vasodilatory effect on the systemic circulation, leading to arterial hypotension[29]. A recent small
placebo-controlled randomized study showed that simvastatin, a drug that originally developed for hypercholesterolemia and shown to act through the posttranslational
modification of endothelial NOS (eNOS), significantly
reduced HVPG in cirrhotic patients without altering the
blood flow. This suggested that simvastatin improved
HVPG by reducing intrahepatic vascular resistance[30].
A number of vasoconstrictor drugs which increase
splanchnic vascular tone have been shown to be effective in controlling acute variceal bleeding. The vasopressin analogue, terlipressin, acts on vascular V1 receptors
in both the mesenteric and systemic arterial beds to mediate vasoconstriction, and as a result, the drug lowers
mesenteric inflow and portal pressure. Terlipressin is
generally well-tolerated, but there remains a small incidence of ischaemic events which respond to cessation
of the drug[31]. This drug reduces the relative risk of
mortality from acute variceal bleeding by approximately
one third[32]. Moreover, terlipressin (plus albumin) is the
only treatment shown to prolong short-term survival in
type 1 hepatorenal syndrome (HRS)[33]. Somatostatin and
its analogues octreotide and vapreotide are splanchnic

implicated in the pathogenesis of both hepatic fibrosis
and portal hypertension[2,3]. This is supported by studies
which have shown that RAS blockers are able to reduce
fibrosis in experimental models of chronic liver injury
and that they can lower portal pressure in both animal
models and in man, primarily by inhibiting angiotensin
[4-6]
Ⅱ mediated intrahepatic vasoconstriction . This review will briefly outline current therapeutic approaches
to the management of portal hypertension, and focus on
the evidence supporting the role of the RAS and the use
of RAS blockers in this condition, and recent advances
in RAS research that could lead to the development of
new treatments.

CURRENT TREATMENT OF PORTAL HYPERTENSION
The initiating mechanism for the development of portal hypertension is thought to be the development of
increased intrahepatic resistance to portal inflow. This is
mostly caused by increased deposition of extracellular
matrix and disruption of the normal hepatic vascular architecture[2]. However, a significant proportion of portal
resistance is attributable to intrahepatic vasoconstriction
which is caused by the contraction of activated perisinusoidal hepatic stellate cells and of vascular smooth
muscle cells in portal venules[7]. It is this variable component of intrahepatic resistance, mediated by powerful
intrahepatic vasoconstrictors such as angiotensin Ⅱ and
endothelin[8-11], which is potentially amenable to pharmacological therapies.
The second and equally important contributor in
the development of portal hypertension is splanchnic
vasodilatation which increases portal blood flow[12]. The
mechanisms responsible for splanchnic vasodilatation in
portal hypertension are incompletely understood, however, there is considerable evidence from both animal
and human studies to suggest that nitric oxide (NO)
generated by endothelial NO synthase (NOS) plays a
central role[13-16]. One of the key consequences of portal hypertension is the development of portosystemic
collaterals, of which the most important clinically are
oesophageal varices. These vessels divert much of the
increased mesenteric inflow away from the liver. However, even when portal blood flow is entirely diverted
through collaterals, portal hypertension persists because
of concomitant increases in portal venous inflow caused
by increasing splanchnic vasodilatation. It should be
noted that although the formation of these collaterals
has been assumed to be the result of dilatation of preexisting vascular channels, recent studies have implicated
a process of neoangiogenesis which has been shown to
contribute to both the formation of portosystemic collaterals and increased splanchnic blood flow[17].
Bleeding from oesophageal varices is responsible
for much of the mortality and morbidity that occurs in
patients with portal hypertension. Varices are present in
about 50% of patients at diagnosis, and this increases to
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beds and has been shown to act mainly via its receptor
Mas[49-54]. However, the existence of a receptor population that is insensitive to blockade with Mas receptor
blocker A779 has also been reported[54,55]. It appears that
angiotensin-(1-7), upon binding to its receptor, activates
diverse pathways of intracellular signalling, leading to
vasodilatation. For example, vasodilatory prostacyclin
and/or NO appear to be involved in the response to angiotensin-(1-7) in the regional vascular beds[50,53,54,56-58]. It
therefore appears that angiotensin-(1-7)-stimulated intracellular signaling leading to vasodilatation is depending
upon the vascular bed under study and under differing
pathophysiological condition.
Most components of the RAS are expressed in the
liver, which is the primary source of angiotensinogen
synthesis. Recent findings from our laboratory and others suggest that this intrahepatic RAS plays an important
role in liver fibrosis since it is markedly upregulated in
liver injury[11,59-61], and blockade of the RAS improves
experimental hepatic fibrosis[5,62-64]. The alternative axis
of the RAS is also expressed in the liver and upregulated
in liver disease leading to the generation of angiotensin-(1-7)[11,61,65]. The major pathway responsible for the
generation of angiotensin-(1-7) in the cirrhotic liver is
degradation of angiotensin Ⅱ by ACE2 (Figure 2)[66]
confirming previous in vitro findings that ACE2 has the
highest substrate preference towards angiotensin Ⅱ[47].
However there is limited data regarding the possible role
of the alternate RAS in liver fibrosis and in modulating
intrahepatic blood flow.

vasoconstrictors which act by inhibiting glucagon secretion and by a local mesenteric vasoconstrictive effect[34].
Although these drugs have a role in the treatment of
acute variceal bleeding in combination with endoscopic
therapy[35], they do not reduce mortality in this setting
compared to endoscopic therapy alone[35,36] and are ineffective in HRS[37].
In summary, NSBBs are widely accepted as the main
pharmacotherapy currently available for prevention of
variceal bleeding. However, a significant proportion of
patient fail to achieve an optimal response or do not tolerate treatment[27] and no other drugs have an established
role in the long-term treatment of portal hypertension.
Thus there remains a major need to develop more safe
and effective treatment options for the treatment of
portal hypertension.

NEW CONCEPTS IN RAS PHYSIOLOGY
In recent years it has been shown that the RAS is a much
more complex enzymatic pathway than previously
thought. It has been long recognized that the RAS plays
a central role in cardiovascular and fluid homeostasis via
the formation of the potent vasoconstrictor angiotensin
[38]
Ⅱ . However it is now clear that in addition to its vasoactive roles the “classical” axis of the RAS, comprising
angiotensin Ⅱ, angiotensin converting enzyme (ACE)
and the angiotensin Ⅱ type 1 receptor (AT1R), plays
a role in the wound healing response to chronic tissue
injury and contributes to inflammation, cell proliferation and fibrogenesis[39-42]. In addition an “alternate” axis
of the RAS has been characterized comprising ACE2, a
structural homologue of ACE, its peptide product angiotensin-(1-7) and the Mas receptor, which has effects
that counterbalance those mediated by the classical axis
(Figure 1).
Early studies showed that angiotensin-(1-7) can be
generated from angiotensin Ⅰ by the actions of endopeptidases such as prolyl oligopeptidase[43] and thimet
oligopeptidase[44] in tissue, and in the circulation by neutral endopeptidase[45]. Whilst the various endopeptidases
have been shown to produce angiotensin-(1-7) depending upon their tissue localization and access to substrates, emerging evidence suggests that ACE2 which has
a distinct enzyme activity[46], plays a key role in angiotensin-(1-7) production in several tissues. ACE2 is able to
generate angiotensin-(1-7) from angiotensin Ⅰ indirectly
through an intermediary peptide angiotensin-(1-9);
however, in comparison, ACE2 has an approximately
400-fold higher substrate preference for angiotensin Ⅱ[47]
which suggests that ACE2 is important not only for production of angiotensin-(1-7) but also in degrading angiotensin Ⅱ. Recently, Westwood and Chappell described
another pathway in which angiotensin-(1-7) is generated
directly from angiotensin-(1-12) or via angiotensin Ⅰ gen
eration[48].
Angiotensin-(1-7), an effector peptide of the alternate axis of the RAS, is a vasodilator in several vascular
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RAS AND INTRAHEPATIC RESISTANCE
As outlined above, in patients with cirrhosis, the development of portal hypertension results from both an
increase in the intrahepatic resistance to portal flow and
an associated vasodilatation of the mesenteric vascular
bed which leads to an increase in mesenteric blood flow.
Splanchnic and systemic vasodilatation leads to secondary activation of vasoconstrictor pathways such as the
sympathetic nervous system and the RAS in an attempt
to maintain systemic vascular filling and blood pressure[67]. However these changes fail to correct the underlying circulatory hemodynamics[68]. There is now increasing evidence that in addition to its well recognized role
in the homeostatic response to vasodilatation in cirrhosis
the RAS may also play a primary role in the pathogenesis
and maintenance of portal hypertension.
Hepatic structural changes such as tissue remodeling and scarring play a central role in increasing hepatic
resistance to portal flow in the cirrhotic liver. However,
when activated, hepatic stellate cells adopt a contractile
myofibroblast phenotype, express the AT1R and have
been shown in vitro to contract in response to angiotensin Ⅱ and other vasoconstrictors such as endothelin-1[10,69]. The vasoconstriction response to angiotensin
Ⅱ is markedly increased in the perfused cirrhotic liver
compared to normal livers, presumably mediated via
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Figure 1 Overview of the renin angiotensin system. The effects of the renin angiotensin system (RAS) are determined by the balance between the angiotensin
Ⅱ (Ang Ⅱ)-mediated “classical” axis, depicted in blue, which is vasoconstrictive and the angiotensin-(1-7) [Ang-(1-7)]-mediated “alternate” axis, depicted in orange,
which is vasodilatory. Both Ang Ⅱ and Ang-(1-7) can stimulate the Ang Ⅱ type 2 (AT2) receptor, depicted in green; the effects of which are often analogous to those
mediated by the Ang-(1-7) receptor Mas. Recent evidence indicates that a new member, Ang-(1-12), which is cleaved from angiotensinogen, also contributes either
indirectly via Ang Ⅰ or directly to the pool of Ang-(1-7). NEP: Neural endopeptidase; ACE: Angiotensin converting enzyme; ACE2: Angiotensin converting enzyme 2;
AT1 receptor: Angiotensin Ⅱ type 1 receptor.

upregulated AT1R and AT1R expressing perivascular myofibroblasts[66]. Furthermore intrahepatic angiotensin Ⅱ
generation is increased in the cirrhotic liver[66]. These
findings provide a rationale for the use of RAS blockers
in the management of portal hypertension.
There is considerable evidence that another important contributor to elevated vascular tone in the cirrhotic
liver is endothelial dysfunction of the hepatic microcirculation which diminishes the response to vasodilators[70].
It has been proposed that the reduced activity of hepatic
vascular eNOS with concomitant reduction in NO synthesis impairs intrahepatic vasodilatation and thus, shifts
the balance towards vasoconstriction[71]. This reduction in
eNOS activity is linked to an increase in the expression
of caveolin, a protein which is highly expressed in endothelial cells of the hepatic vasculature with predominant
expression found in venous and sinusoidal endothelial
cells in cirrhotic livers[72,73]. Interestingly, the calcium
binding protein calmodulin competitively binds eNOS
and reduces caveolin binding, thus increasing eNOS activity[72].
Recent findings from our laboratory demonstrated
that in in-situ perfused cirrhotic rat liver elicited a marked
endothelium-dependent vasodilatory effect of exogenous angiotensin-(1-7) on the vasoconstrictive response
evoked by angiotensin Ⅱ (Figure 3) [55]. This finding
suggests that as in other vascular beds[50,51,53,54], in the cirrhotic liver angiotensin-(1-7) may cause a vasodilatory
response that antagonizes the increase in portal pressure

AsD-Ara-Val-Tvr-Ile-His-Pro-Phe-His-Leu
Ang Ⅰ

ACE2

ACE

NEP
Ang Ⅱ

Ang-(1-9)

AsD-Ara-Val-Tvr-Ile-His-Pro-Phe

ACE2

ACE
Ang-(1-7)
AsD-Ara-Val-Tvr-Ile-His-Pro

Ang-(1-5)
AsD-Ara-Val-Tvr-Ile

Figure 2 Intrahepatic enzymatic pathways of renin angiotensin system
peptide production. Schematic representation of the pathways responsible for
the generation of vasodilator peptide angiotensin-(1-7) [Ang-(1-7)] in rat liver.
The thickness of the arrows represents the relative contribution of each pathway for ex vivo formation of Ang-(1-7) from the substrates angiotensin Ⅰ (Ang
Ⅰ) and angiotensin Ⅱ (Ang Ⅱ) in cirrhotic rat liver. The broken line indicates
an efficient pathway to generate Ang-(1-7) directly from Ang Ⅰ by the action
of neutral endopeptidase (NEP) but it appears that this pathway is masked by
angiotensin converting enzyme 2 (ACE2) in cirrhotic rat liver. Ang-(1-9): Angiotensin-(1-9); Ang-(1-5): Angiotensin-(1-5); ACE: Angiotensin converting enzyme;
ACE2: Angiotensin converting enzyme 2; NEP: Neutral endopeptidase. The
Figure was adapted from our previous publication.
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Figure 3 Angiotensin-(1-7)-induced portal pressure reduction. Portal pressure changes in response to angiotensin Ⅱ (Ang Ⅱ) in cirrhotic rat liver. Portal pressure responses were measured using a vertically positioned graduated fluid-filled column open to atmospheric pressure. Ang Ⅱ bolus (60 pmole) was injected into
the portal vein of in-situ perfused cirrhotic rat liver preparations in the presence of an angiotensin converting enzyme (ACE) inhibitor lisinopril (0.7 μmol/L). A: Percentage increases in pressure in response to Ang Ⅱ bolus in the absence (closed circles) or presence (open circles) of angiotensin-(1-7) [Ang-(1-7), 0.7 μmol/L]. The
highest pressure that was recorded 45 s after the Ang Ⅱ bolus injection was designated as 100% response and all other responses were calculated relative to this
maximal reponse. B: The total area under Ang Ⅱ response curve (AUC) in the absence (filled bar) or presence (open bar) of Ang-(1-7). Portal pressure change at
each time point in panel A and AUC in B represents the mean ± SEM from 21 cirrhotic rat liver preparations. Pre-incubation with Ang-(1-7) significantly reduced the
portal pressure response evoked by Ang Ⅱ bolus injection. aP < 0.05, bP < 0.01 vs those with Ang Ⅱ alone.

mediated by angiotensin Ⅱ and other local vasoconstrictors. Although eNOS activity was not measured in this
study, the eNOS inhibitor nitro-L-arginine methyl ester,
L-NAME, completely abolished eNOS phosphorylation at Ser1177 and the response to angiotensin-(1-7)[55].
Whilst bradykinin via its B2 receptor mediates vasodilatation in response to angiotensin-(1-7) in porcine and
canine coronary arteries[56,58,74], it increases intrahepatic
resistance and portal pressure[75], possibly through acting
on B2 receptors on stellate cells. However, angiotensin(1-7)-induced vasodilatation in the cirrhotic liver was not
affected by bradykinin B2 receptor blockade[55]. Possible
mechanisms for these effects of angiotensin-(1-7) in
the cirrhotic rat liver include increased phosphorylation
of eNOS Ser1177[55] with simultaneous dephosphorylation at Thr495 and/or effects on calmodulin binding[76].
These findings suggest that it may be possible to reduce
intrahepatic resistance and portal pressure by targeting
the alternate axis of the RAS in the liver.

angiotensin Ⅱ ratio is elevated in the splanchnic compared to the peripheral circulation, and negatively correlates with systemic vascular resistance[78]. The recent
findings suggest that angiotensin-(1-7) might contribute
to vasodilatation in cirrhosis. Recent work from our laboratory provides support for this hypothesis[79]. We have
shown that ACE2 is upregulated in cirrhotic mesenteric
vessels and although angiotensin-(1-7) has no effect in
the normal mesenteric circulation, it significantly reduces
mesenteric vascular contractility in cirrhotic mesenteric
beds via activation of the Mas receptor and the release
of NO[79].
Studies using isolated vessel preparations from cirrhotic animal models or portal hypertensive rats have
led to the concept that vasodilatation is also linked to
an intrinsic vascular hyporesponsiveness to endogenous
vasoconstrictors such angiotensin Ⅱ, a-adrenergic agonists and endothelin-1[80-82]. This concept is supported by
the findings that peripheral vessels are hyporeactive to
angiotensin Ⅱ, a-adrenergic agonists and endothelin-1
from cirrhotic animals and cirrhotic patients[77,83-90], despite the fact that expression of AT1R and a-adrenergic
receptor subtypes 1a and 1b in the peripheral vessels is
either normal or upregulated in both cirrhotic animals
and patients[79,87,91]. However, previous studies in patients with cirrhosis or in peripheral resistance vessels
obtained from such patients reported variable results in
this regard[84,90,92], probably attributable to the differences
between conditions in different studies. Indeed, small
resistance omental vessels from cirrhotic patients had a
larger vasoconstriction response to a-adrenergic agonists
norepinephrine and methoxamine than similar vessels
from healthy controls[92]. The same vessels vasodilated in
response to substance P but this was inhibited by blocking NO or prostacyclin synthesis, suggesting that intrin-

RAS AND SPLANCHNIC VASODILATATION
In contrast to intrahepatic hypervascular tone, the systemic and splanchnic circulation in cirrhosis is characterized
by vasodilatation and hyporesponsiveness to vasoconstrictors including angiotensin Ⅱ[8,67,77]. Interestingly, recent
studies have shown that systemic levels of the vasodilatory peptide angiotensin-(1-7) increase as liver fibrosis
progresses, whereas angiotensin Ⅱ levels do not generally rise until cirrhosis is established with concurrent
portal hypertension[65,78]. Furthermore, regional levels of
the hormone are different from systemic levels such that
in cirrhotic patients at transplant, the angiotensin-(1-7)/
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sis[23] in whom there is activation of the systemic RAS.
Thus, although ARBs/ACE inhibitors do lower portal pressure in early cirrhotic patients where the activation of RAS may be a predominant pathway responsible
for increased intrahepatic tone, they have less effect in
late stages of cirrhosis. This probably reflects the fact
that the hypotension induced by RAS blockers increases
activation of other vasoconstrictive pathways such as the
sympathetic nervous system that in turn increase intrahepatic vascular tone[2,8,101-103]. Further studies are needed
to clarify whether this class of drugs could be useful in
the prevention of variceal bleeding in patients with compensated cirrhosis as an alternative to or possibly even in
combination with b-blockers.

sic hyporeactivity that is present in the peripheral circulation in cirrhosis is related to increased levels of NO
and prostanoids[93-95]. Hyporeactivity to angiotensin Ⅱ
infusion is also improved after inhibiting systemic NO
production using an NO-clamp in cirrhotic patients[85].
This is in keeping with a wealth of literature suggesting
that vasodilatory molecules including angiotensin-(1-7)
are produced in excess in cirrhosis and that the final in
vivo pressor effect is governed by a balance between the
pressor and depressor arms of the circulation[96].
There are also data, from both in vitro and in vivo
studies, suggesting that vascular hyporeactivity to a
range of endogenous pressors is attributed to changes
that are downstream of the G-protein coupled receptors[86-88]. Evidence supporting the existence of vascular
endothelium/NO independent pathways comes from
studies in which endothelium denudation and pharmacological blockade of NOS in isolated vessels from cirrhotic animals and patients failed to improve vascular
hyporeactivity to a range of vasoconstrictors[83,84,86,87,97-99].
One of the important NO-independent pathways is an
impaired signaling by RhoA and Rho kinase, leading to a
decreased phosphorylation of Ca2+-sensitizing proteins
and increased myosin light chain phosphatase activity[87].
Moreover, increased expression of receptor desensitizing proteins, G protein-coupled receptor kinase 2 and
b-arrestin-2, have also been implicated in this hyporeactivity to angiotensin Ⅱ in vessels isolated from cirrhotic
patients and rats[87]. It was also shown that mesenteric
arteries from portal hypertensive rats had a reduced level
of membrane associated RhoA, probably reflecting a
diminished activity of RhoA/Rho kinase pathway which
in turn results in increased activity of myosin light chain
phosphatase and vasodilatation[68,100].

Alternate RAS-a novel potential target for the treatment
of portal hypertension
Recent animal studies focusing on the alternate RAS
have led to the suggestion that new generation antihypertensives developed to target this axis could serve as
effective therapeutic agents to treat arterial, pulmonary
and portal hypertension[1,65,104,105]. Recent work outlined
in this review demonstrates the presence of all of the
key components of the alternate RAS in the liver and
mesenteric vasculature of both healthy and cirrhotic
animals as well as in the liver of healthy and cirrhotic patients[11,61,66,79]. Furthermore circulating angiotensin-(1-7)
levels are increased[11,65,78] and the system is upregulated
in the liver and mesenteric circulation in cirrhosis suggesting that it plays an important role in the pathophysiology of hepatic fibrosis and portal hypertension (Figure
4). This evidence linking elevated angiotensin-(1-7) levels
to mesenteric and systemic vasodilatation in cirrhosis
suggests that blocking the alternate axis could reduce
mesenteric flow and thus lower portal pressure. In line
with this, Mas receptor blockade would provide an intervention option in portal hypertension[79] as this treatment
regime does not appear to compromise the vasodilatory
response of angiotensin-(1-7) within the hepatic vasculature in experimental cirrhosis[55]. Further studies are
clearly needed examining the effects of Mas blockade
and angiotensin-(1-7) on hepatic and mesenteric haemodynamics in experimental cirrhosis in vivo.

THERAPIES TARGETING THE RAS IN
PORTAL HYPERTENSION
Therapeutic potential of the classical RAS
The evidence from studies in experimental cirrhosis
showing the angiotensin Ⅱ contributes to the variable
component of intrahepatic resistance in portal hypertension have provided a rationale for a number of trials
examining the effects of ACE inhibitors and angiotensin
receptors blockers (ARBs)[3,23,87] on portal pressure. Unfortunately many of these studies are small or non-randomized and there is very little long-term data. However
Tandon et al[23] in a recent meta-analysis of individual
patient data from three and nine studies that used ACE
inhibitors and ARBs, respectively, showed that patients
with Child Pugh A cirrhosis receiving ARBs/ACE inhibitors had a similar reduction in HVPG (17%) compared
to patients with Pugh A cirrhosis that received NSBB
(21%). There was no improvement of HVPG in patients
with Child Pugh B/C cirrhosis receiving ARBs. Furthermore, several studies reported that RAS blockade can
result in significant hypotension and renal impairment in
patients with decompensated (Child Pugh B/C) cirrho-
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CONCLUSION
Recent developments in our understanding of the complexities of the RAS and its role in the pathogenesis
of chronic liver disease and portal hypertension have
opened up new therapeutic possibilities. It is clear that
the classical axis of the RAS and its key effector peptide
angiotensin Ⅱ play a central role in hepatic fibrogenesis
and in regulating intrahepatic vascular tone in cirrhosis
and that despite the mixed results achieved in previous
trials, consideration should be given to further prospective studies examining the effects of RAS blockers in
patients with compensated cirrhosis. There is also fascinating new evidence showing that there is increased
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regional production of angiotensin-(1-7) in the mesenteric vascular bed in cirrhosis, and that this vasodilatory
peptide of the alternate axis of the RAS, contributes to
mesenteric vasodilatation and the hyperdynamic circulation in cirrhosis. These novel data suggest that ACE2angiotensin-(1-7)-Mas receptor axis is a potential target
for the management of portal hypertension.
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ferent pathogenesis from that of septic shock. Relative
AI is the term given to inadequate cortisol response
to stress. More recently, another term is used, namely
“critical illness related corticosteroid insufficiency” to
define “an inadequate cellular corticosteroid activity for
the severity of the patient’s illness”. The mechanisms
of AI in liver cirrhosis are not completely understood,
although decreased levels of high-density lipoprotein
cholesterol and high levels of proinflammatory cytokines and circulatory endotoxin have been suggested.
The prevalence of AI in cirrhotic patients varies widely
according to the stage of the liver disease (compensated or decompensated, with or without sepsis), the
diagnostic criteria defining AI and the methodology
used. The effects of corticosteroid therapy on cirrhotic
patients with septic shock and AI are controversial.
This review aims to summarize the existing published
information regarding AI in patients with liver cirrhosis.
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Abstract

Key words: Liver cirrhosis; Adrenal insufficiency; Septic
shock; Corticosteroid therapy

Liver cirrhosis is a major cause of mortality worldwide,
often with severe sepsis as the terminal event. Over
the last two decades, several studies have reported
that in septic patients the adrenal glands respond inappropriately to stimulation, and that the treatment with
corticosteroids decreases mortality in such patients.
Both cirrhosis and septic shock share many hemodynamic abnormalities such as hyperdynamic circulatory
failure, decreased peripheral vascular resistance, increased cardiac output, hypo-responsiveness to vasopressors, increased levels of proinflammatory cytokines
[interleukine(IL)-1, IL-6, tumor necrosis factor-alpha]
and it has, consequently, been reported that adrenal
insufficiency (AI) is common in critically ill cirrhotic patients. AI may also be present in patients with stable
cirrhosis without sepsis and in those undergoing liver
transplantation. The term hepato-adrenal syndrome
defines AI in patients with advanced liver disease with
sepsis and/or other complications, and it suggests that
it could be a feature of liver disease per se , with a dif-
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INTRODUCTION
Adrenocortical dysfunction in patients with liver cirrhosis has been described for over half a century[1], but was
ignored until a decade ago when several studies reported
that some septic patients had an inappropriately low response of adrenal glands to stimulation, and treatment
with corticosteroids decreased mortality[2,3]. Relative adrenal insufficiency (RAI) is the term given to inadequate
production of cortisol with respect to the severity of
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illness[4,5]. More recently, another term, namely critical illness related corticosteroid insufficiency (CIRCI) defined
as “inadequate cellular corticosteroid activity for the
severity of the patient’s illness”[6], has been used. Despite
a large number of published studies during recent years,
the concepts of RAI and CIRCI are still under debate.
Liver cirrhosis is a major cause of mortality worldwide[7], often with septic shock as the terminal event[8].
It is a well-established fact that cirrhotic patients have
increased susceptibility to bacterial infections[9]. Both
cirrhosis and septic shock share many hemodynamic
abnormalities such as hyperdynamic circulatory failure, decreased peripheral vascular resistance, decreased
mean arterial pressure, increased cardiac output, hyporesponsiveness to vasopressors, increased levels of proinflammatory cytokines [interleukine (IL)-1, IL-6, tumor
necrosis factor-α (TNF-α)][5,10,11] and, consequently, se
veral studies reported that adrenal insufficiency (AI) is
common in critically ill cirrhotic patients[8,12-14]. Furthermore, AI may occur in compensated and decompensated
cirrhosis without sepsis[14-20] or in early and late post-liver
transplantation (LT)[12,21-23]. Nowadays, liver cirrhosis is
considered to be among the major groups of high-risk
diseases with a predisposition to AI[24]. The term hepatoadrenal syndrome is used to define AI in patients with
advanced liver disease with sepsis and/or other complications[12,15], suggesting that adrenocortical insufficiency
may be a feature of liver disease per se, with a different
pathogenesis from that occurring in septic shock.
Mechanisms of AI in cirrhotic patients are not entirely known, but they may include impaired synthesis in
total cholesterol, high-density lipoprotein (HDL) cholesterol and low-density lipoprotein (LDL) cholesterol,
as well as increased levels of proinflammatory cytokines
and circulating endotoxin (e.g., lipopolysaccharide)[25-27].
The effects of corticosteroid therapy on cirrhotic patients with septic shock and AI are controversial, some
studies reporting favorable results[12-14,28], while a recent
randomized control study[29] has shown no benefit.
This review aims to summarize the existing published
data regarding all aspects of AI prevalence, diagnosis
and treatment in patients with liver cirrhosis.

axis by the action of cytokines and other factors results
in increased secretion of CRH, which will stimulate the
production of ACTH and, consequently, increased release of cortisol into the circulatory system[30]. Cortisol
is an essential component of the global adaptation to
stress, contributing to the maintenance of cellular and
organ homeostasis. Adequate levels of cortisol are absolutely necessary to increase cardiac output and vascular
tonus, and to decrease proinflammatory cytokines (IL-1,
IL-6, TNF-α) released[31,32] in order to overcome critical
illness.
Over 90% of circulating cortisol is bound to corticosteroid-binding-globulin (CBG) (also called transcortin)
and albumin, with less than 10% in the free biologically
active form [33]. CBG is the predominant binding site
(85%), with albumin binding smaller amounts of circulating cortisol. During severe sepsis, CBG levels fall,
determining a higher percentage of free cortisol[34]. Hypoalbuminemia, frequently present in cirrhotic patients,
has also been suggested to increase the free cortisol fraction[35,36]. Approximately 80% of circulating cortisol is
synthesized both at rest and during stress from plasma
cholesterol (particularly in the form of HDL cholesterol)
and this could be relevant in patients with liver cirrhosis
where cholesterol is low and may limit the synthesis of
cortisol[26]. In the liver, cortisol is converted to its inactive
metabolite cortisone by the enzyme 11β - hidroxysteroid
dehydrogenase. After diffusion across the cell membrane,
cortisol binds to glucocorticoid receptor and translocates
into the nucleus of the cell[37] where its effects are exerted
(increased vascular tonus and cardiac output, protein catabolism, lipolysis, hyperglycemia, and decreased cytokine
production)[38]. These effects of cortisol are beneficial in
critical illness, and several studies have shown that corticosteroid therapy is beneficial in patients with severe
sepsis or septic shock[12-14,39,40]. As adrenal glands do not
store cortisol, this must urgently be synthesized from its
precursor, cholesterol, under any conditions of stress. In
cirrhotic patients there is a low substrate (HDL cholesterol) for the synthesis of cortisol, favoring AI in conditions
of stress[26].

PATHOGENESIS

Physiology of the hypothalamicpituitary-adrenal AXIS: a short
review

Mechanisms leading to AI in liver cirrhosis remain lar
gely unknown, although some hypotheses such as endotoxemia, decreased levels of apolipoprotein A-1, HDL
cholesterol and LDL cholesterol, increased levels of proinflammatory mediators, structural damage to the adrenal
gland due to infarction or hemorrhage, bacterial translocation of enteric organisms, “exhaustion” of the adrenal
cortex, and glucocorticoid resistance have been suggested[12,41-49]. Many (if not all) of these pathophysiologic
mechanisms are also involved in the genesis of AI in
critically ill patients with sepsis[50-56].
As we have mentioned, cholesterol is the main source
of steroidogenic substrate in the adrenal gland[26,57]. Several studies reported a significant decrease in the level

Cortisol is the main glucocorticoid secreted by the adrenal cortex under the control of adrenocorticotropic hormone (ACTH) which is released from the pituitary gland.
The stimulus for ACTH release is corticotropin-releasing
hormone (CRH) secreted by the paraventricular nuclei
of the hypothalamus. Among factors influencing cortisol synthesis and production (diurnal rhythm of ACTH
secretion, negative feedback by cortisol), stress plays the
most important role. During stress and severe illness,
activation of the hypothalamic-pituitary-adrenal (HPA)

WCG|www.wjgnet.com

2773

January 28, 2014|First Edition|

Trifan A et al . Adrenal insufficiency in cirrhosis

of serum HDL in cirrhotic patients which was related to
the severity of the disease[12,26,47]. Furthermore, increased
levels of circulating endotoxin (lipopolysaccharide) and
TNF-α inhibit cortisol synthesis, limiting the delivery of
HDL cholesterol to the adrenal gland[58-60]. In addition to
this, TNF-α, IL-1 and IL-6 decrease hepatocyte synthesis of apolipoprotein A-1[58], the major component of
HDL cholesterol. The lack of substrate for steroidogenesis will eventually lead to the so-called “adrenal exhaustion syndrome”[42] which contributes to AI in cirrhotic
patients.
Besides low levels of serum total cholesterol, HDLcholesterol and LDL-cholesterol, other factors may play
a definite role in the pathogenesis of AI in patients with
liver cirrhosis. Thus, coagulopathy (frequent in liver cirrhosis) may cause adrenal hemorrhage and infarction
leading to structural damage of the adrenal gland[5], result
ing in AI. Systemic inflammation is common in cirrhotic
patients[61]. Bacterial translocation of enteric organisms
has been demonstrated in patients with advanced liver
cirrhosis[41,62].
A high prevalence of AI reported in patients with
stable cirrhosis[15-19,63], similar to that reported in cirrhosis
complicated by sepsis/septic shock, suggests that AI may
be a feature of liver disease per se, with a different pathogenesis from that occurring in septic shock. These findings are consistent with the observations of Marik et al[12]
who put forward the term hepato-adrenal syndrome in
order to define AI in patients with advanced liver disease.

Moreover, the diagnosis of AI based on serum total cortisol in patients with cirrhosis may be inaccurate due to
changes in serum concentrations of CBG and albumin
(both synthesized in the liver) which are usually low[68-70].
It has been already shown that low levels of CBG and albumin lead to overestimation of the diagnosis of AI[45,67].
As we have mentioned before, over 90% of serum circulating cortisol is bound to CBG and albumin, with less
than 10% in the free form. Standard laboratory assays of
serum total cortisol measure the bound plus free fractions. This means that a decrease in the binding protein
levels, as it often happens in cirrhosis, will reduce serum
total cortisol, affecting the interpretation of SD-SST/
LD-SST[35,44], and this may lead to the overestimation of
AI in cirrhotic patients[45]. However, most of the studies
evaluating adrenal function in critically ill patients with
liver cirrhosis still rely on the measurement of serum total cortisol, both at baseline and after stimulation.
Serum free cortisol assays are considered the most
reliable method to assess adrenal function in critically ill
patients[71]. There are several methods used to measure
serum free cortisol (gel filtration, ultrafiltration, equilibrium dialysis)[72], all of them expensive and inconvenient
for routine clinical practice[73]. In patients with liver cirrhosis, the serum free cortisol level is not altered by a
reduced concentration of CBG and albumin[74] and it
therefore appears to be a more appropriate marker for
assessing adrenal function in such patients[44,74]. Some
studies reported significant differences in diagnosis of
AI using serum total cortisol and free cortisol criteria in
cirrhotic patients with septic shock[75] or in those with
stable cirrhosis[15], while others found that assessing serum free cortisol had limited additive diagnostic value
over serum total cortisol[76]. Serum free cortisol levels
under 50 nmol/L at baseline or less than 86 nmol/L after synacthen stimulation are suggestive for the diagnosis
of AI (in critically ill patients)[35], although the reference
range for baseline values in healthy subjects varies from
8-25 nmol/L[71] to 12-70 nmol/L[44,77].
Due to the limitations of available assays to estimate
serum free cortisol, surrogate markers may be used, such
as Coolens equation “U2 × K (1 + N) + U [1 + N + K
(G - T)] - T = 0”, where T is total cortisol, G is CBG, U
is unbound cortisol, K is the affinity of CBG for cortisol at 37 ℃ and N is the ratio of albumin-bound to unbound cortisol[68], free cortisol index (FCI) (serum total
cortisol concentration divided by CBG level)[78], and salivary cortisol[71,79]. However, Coolens equation and FCI
do not take into account the concentration of low serum
albumin and CBG frequently present in cirrhotic patients and, therefore, both surrogates may not be suitable
to estimate serum free cortisol in such patients[69-71]. By
contrast, salivary cortisol, regardless of serum binding
protein levels, correlates well with free cortisol levels[71,79].
Basal value of salivary cortisol < 1.8 ng/mL or a concentration after stimulation (SD-SST) < 12.7 ng/mL, an
increment < 3 ng/mL[45] or a peak serum free cortisol <
33 nmol/L[15] are suggestive of AI. However, there are

Diagnosis
Diagnosis of AI made on clinical grounds in critically
ill cirrhotic patients is impossible because of the lack
of typical addisonian features[5,13]. Hypotension refractory to vasopressors and fluid resuscitation is the most
important clinical sign in such patients[52]. Therefore, the
diagnosis of AI in patients with liver cirrhosis is based
on the following laboratory tests.
Standard dose
Measurement of serum total cortisol, either at baseline
or following stimulation by the standard dose-short synacthen test (SD-SST) or low dose-short synacthen test
(LD-SST). Baseline serum total cortisol levels under 414
nmol/L[8,13,20,64-66], < 250 nmol/L[45] or < 138 nmol/L[67]
have been used to define AI in different studies. The
following thresholds were used to diagnose subnormal
response to SD-SST or LD-SST: (1) a peak cortisol level
(defined as the highest cortisol concentration after synacthen stimulation) < 690 nmol/L[16], < 552 nmol/L[12],
< 500 nmol/L[14,15,18,45], < 442 nmol/L[17]; and (2) a delta
cortisol (defined as the difference between peak and
basal cortisol) less than 250 nmol/L[8,13,15-20,45,64-67].
As one can easily see, there are differences in the
thresholds of serum total cortisol used to define AI in
published studies, which may explain significant discrepancies in the prevalence of AI in cirrhotic patients.
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significant variations in normal salivary cortisol values
reported by different studies[74]. Other limits of salivary
cortisol are represented by oral candidiasis, low salivary
flow, and contaminated salivary samples from gingival
bleeding, common in cirrhotic patients[44].

line and at 15, 30, 45 and 60 min after an intravenous
injection of 1 µg/Kg of CRH. Although CRHT is free
of serious side effects, it is both difficult and costly and
therefore it has been used in few studies in liver disease.
To conclude, in the absence of a gold standard test,
SD-SST remains the most used test to assess the adrenal function in critically ill cirrhotic patients, while LDSST seems to be more appropriate in those with stable
cirrhosis. At present, serum free cortisol and salivary
cortisol are the most accurate methods for the diagnosis
of AI in cirrhotic patients, but cannot be used in routine
clinical practice. The use of salivary cortisol needs to be
validated. As diagnosis of AI in cirrhotics is of major
clinical importance, there is an urgent need for a consensus as to which is the most appropriate diagnostic test of
AI in such category of patients.

SD-SST
SD-SST measures total serum cortisol at baseline and 60
min after an intravenous injection of 250 µg of synthetic
ACTH. Currently, there are two corticotropic analogues
that can be used, namely tetracosactrin (synacthen, Novartis Pharma AG, Basel, Switzerland) and cosyntropin
(Cortrosyn, Amphastar Pharmaceuticals, Rancho Cuca
monga, CA, United States). Using a supraphysiological
dose of 250 µg of corticotropin (which results in approximately 100 times higher than normal maximal stress
ACTH levels)[17], SD-SST is not a “physiological test”[17,80].
In the context of critical illness, AI was defined by the
International Task Force[6] as a delta cortisol of < 250
nmol/L (< 9 µg/dL) after SD-SST or a random serum
total cortisol of < 276 nmol/L (< 10 µg/dL). There is
no consensus on the diagnostic criteria of AI in cirrhotic
patients, although a delta cortisol under 250 nmol/L
has been used by most studies to define AI in such patients[81].

PREVALENCE AND EXISTING EVIDENCE
Initial reports on AI in liver cirrhosis were followed by
multiple studies (Tables 1 and 2) and, recently, by excellent systematic reviews[43,44,46,49,81]. There are significant
discrepancies between studies on the prevalence of AI
in patients with liver cirrhosis, mainly because of the
different tests used for diagnosis of adrenal dysfunction
and the criteria applied to define AI. Thus, the prevalence of AI varies between critically ill cirrhotic patients
(10%-87%; Table 1), those with stable cirrhosis (7%-83%;
Table 2), and patients with liver transplant (61%-92%;
Table 1). Overall, several published studies have reported
a high prevalence of AI both in critically and non-critically ill cirrhotic patients[17,29,63,64,69,85] as well as in those
who had received liver transplant[12].

LD-SST
LD-SST uses 1 µg of synacthen given intravenously, and
serum cortisol measured after 20 and 30 min (the latter
time-point is mostly used). The normal response is a
serum cortisol level > 500 nmol/L (> 18 µg/dL)[49]. In a
meta-analysis[82] comprising the diagnostic value of SDSST and LD-SST for diagnosing AI, LD-SST was found
to be superior, contrary to another meta-analysis[83] which
reported similar operative characteristics for both tests.
LD-SST seems to be a more physiological and sensitive
test than SD-SST for the diagnosis of AI, and appropriate for use in non-critically ill cirrhotic patients[49].

Critically ill patients with liver cirrhosis
Almost all studies that included critically ill patients with
liver cirrhosis[8,13,20,29,64-66,74,85] used SD-SST for the diagnosis of AI and only two performed LD-SST[12,16]. With
SD-SST, the reported prevalence of AI in critically ill
cirrhotics varied between 10%[74] and 87%[85], while with
LD-SST, the prevalence range was between 33%[12] and
60%[16].
Harry et al[14] reported a prevalence of AI (defined as
peak cortisol levels less than 500 nmol/L) of 69% in critically ill cirrhotic patients requiring vasopressor support.
In a prospective study including 25 cirrhotic patients
with severe sepsis, Fernández et al[13] reported a very high
incidence of AI (68%) using SD-SST and defining AI
either as baseline serum total cortisol level less than 414
nmol/L or a delta cortisol lower than 250 nmol/L in
those with a baseline concentration below 966 nmol/L.
The AI prevalence rate was correlated with the severity
of liver disease (76% Child-Pugh C vs 25% Child-Pugh B).
SD-SST was also used to evaluate adrenal function in
a prospective study which included 101 critically ill patients with cirrhosis and severe sepsis[8]. Authors found
that 51% of their patients met the criteria for AI (defined
as baseline serum total cortisol values under 414 nmol/L

Insulin-induced hypoglycemia test
Insulin-induced hypoglycemia test (IIHT) has been considered to be the gold standard to evaluate the HPA axis.
The test uses injection of 0.15 IU/kg regular insulin to
achieve blood glucose less than 40 mg/dL or until symptoms of hypoglycemia develop. Blood samples are taken
before and at 15, 30, 45, 60, 90 min post-stimulation.
Peak cortisol cut points between 500 and 550 nmol/L
(18-20 µg/dL) are used for the diagnosis of adrenal
sufficiency. This test is contraindicated in patients with
cardio- or cerebrovascular diseases and convulsive disorders. In addition, the IIHT is unpleasant for the patients
and therefore it has been replaced by alternative tests
(LS-SST, SD-SST) for evaluating the HPA axis[84].
Corticotrophin-releasing hormone test
Corticotrophin-releasing hormone test (CRHT) evaluates the entirety of the HPA axis. Blood samples for the
measurement of ACTH and cortisol are taken at base-
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Table 1 Prevalence of adrenal insufficiency in critically ill patients with liver cirrhosis
Ref.

No. of patients
(type of cirrhosis)

Diagnosis and definition of AI

Harry et al[14]
Marik et al[12]

SD-SST: Peak cortisol < 500 nmol/L1
LD-SST: Peak cortisol < 552 nmol/L or
random cortisol level < 414 nmol/L in non-stressed patients or
random cortisol level < 552 nmol/L in stressed patients

Tsai et al[8]

20 (ALF/CLD)
340
(ALF: 24)
(CLD: 146)
(recent LT: 119)
(remote LT: 51)
101 (cirrhosis+ severe sepsis)

Fernandez et al[13]

25 (cirrhosis + septic shock)

Thierry et al[64]
du Cheyron et al[65]

14 (cirrhosis + septic shock)
50 (critically ill cirrhosis)

Vasu et al[86]
Arabi et al[29]
Mohamed et al[85]
Thevenot et al[74]
Acevedo et al[89]
Graupera et al[20]
Triantos et al[16]

24 (critically ill cirrhotics)
75 (cirrhosis + septic shock)
15 (cirrhosis+septic shock)
30 (cirrhosis + sepsis)
166 (decompensated cirrhosis)
37 (severe acute bleeding)
20 (cirrhosis with variceal bleeding)

El Damarawy et al[66] 45 (cirrhosis with septic shock or HRS,
cirrhosis without septic shock or HRS)

Prevalence
of AI

SD-SST: Baseline cortisol < 414 nmol/L or
delta cortisol < 250 nmol/L if baseline cortisol between 414 and 938 nmol/L
SD-SST: Baseline cortisol < 414 nmol/L or
delta cortisol < 250 nmol/L if baseline cortisol between 414 and 966 nmol/L
SD-SST: Baseline cortisol < 414 nmol/L; delta cortisol < 250 nmol/L
SD-SST: Baseline cortisol < 414 nmol/L; delta cortisol < 250 nmol/L
if baseline cortisol between 414 and 938 nmol/L
SD-SST: Definition of AI was not reported
SD-SST: Delta cortisol < 250 nmol/L
SD-SST: Definition of AI was not reported
SD-SST: Peak serum total cortisol < 510 nmol/L
SD-SST: Delta cortisol < 250 nmol/L
SD-SST: Baseline cortisol < 414 nmol/L and/or delta cortisol < 250 nmol/L
SD-SST: Baseline cortisol < 276 nmol/L or delta cortisol < 250 nmol/L
LD-SST: Peak serum cortisol < 690 nmol/L or a delta cortisol < 250 nmol/L
SD-SST: Baseline cortisol < 414 nmol/L or
delta cortisol < 250 nmol/L in patients with baseline cortisol < 966 nmol/L

69%
72%
33%
66%
92%
61%
51%
68%
77%
82%
62%
76%
87%
10%
26%
38%
30%
60%
73%

1

To convert serum total cortisol concentrations from nanomoles per liter to micrograms per deciliter divide by 27.59[79]. ALF: Acute liver failure; CLD:
Chronic liver disease; HRS: Hepatorenal syndrome; LT: Liver transplant; AI: Adrenal insufficiency; SD-SST: Standard dose short synacthen test; LD-SST:
Low dose short synacthen test.

or delta cortisol lower than 250 nmol/L with a baseline
value between 414 and 938 nmol/L) which was related
to disease severity [Child-Pugh and model for end-stage
liver disease (MELD) scores] and increased mortality.
Recently, Arabi et al[29], using the same test (SD-SST) and
definition for AI (delta cortisol < 250 nmol/L) in a similar group of critically ill patients (cirrhosis with septic
shock) reported an even higher AI prevalence rate (76%).
The SD-SST test was also used in several other studies to assess adrenal function in critically ill cirrhotic patients[64-66,74,85,86].
Adrenal function has also been evaluated by SD-SST
in cirrhotic patients with variceal bleeding[16,20]. Graupera
et al[20] reported AI prevalence (defined as baseline serum
cortisol < 414 nmol/L or delta cortisol < 250 nmol/L)
in 38% of bleeding patients. AI was associated with increased risk of failure to control bleeding and lower survival rate at 6 wk. In a prospective observational study on
20 cirrhotic patients with variceal bleeding and 60 with
stable cirrhosis, Triantos et al[16] reported an AI prevalence
rate (defined as basal cortisol < 276 nmol/L or delta cortisol < 250 nmol/L following SD-SST) of 30% (similar
to that in stable cirrhosis); with the use of LD-SST, AI
prevalence (defined as a peak cortisol < 690 nmol/L or
a delta cortisol < 250 nmol/L) was significantly higher in
bleeders (60%) than in stable cirrhotics (48%).
LD-SST was also previously used by Marik et al[12]
to evaluate adrenal function in 340 critically ill patients
with liver disease (24 with fulminant hepatic failure, 146
critically ill cirrhotics, 51 with remote LT, and 119 having
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recently undergone LT). AI was defined as having a random cortisol level of < 552 nmol/L in highly stressed
patients (hypotension, hepatic failure, respiratory failure)
and a random cortisol level of < 414 nmol/L or a 30
min post LD-SST level of < 552 nmol/L in all other
patients. Out of 340 patients studied, 245 (72%) met the
criteria for AI (33% fulminant hepatic failure, 66% critically ill cirrhotics, 61% remote LT, 92% recent LT).
Non-critically ill cirrhotics
AI is also common in patients with stable liver cirrhosis
(Table 2). However, as in critically ill cirrhotic patients, AI
prevalence rate in those with stable liver cirrhosis varies
significantly, depending on the diagnostic test used.
In a prospective study, Tan et al[15] evaluated adrenal
function in 43 clinically stable cirrhotic patients. All patients underwent SD-SST, and AI was defined by delta
cortisol < 250 nmol/L or a peak total cortisol < 500
nmol/L, or a peak serum free cortisol < 33 nmol/L. The
prevalence of AI was 47% using delta cortisol < 250
nmol/L, 39% using peak total cortisol < 500 nmol/L,
and 12% with serum free cortisol < 33 nmol/L. This
study clearly shows that the reported prevalence of AI
depends largely on the diagnostic test used and criteria
for defining AI.
Galbois et al[45] have evaluated adrenal function in 88
patients hospitalized for complications of cirrhosis without bleeding and shock. Salivary and serum total cortisol
were assessed 60 min before and after stimulation with
SD-SST in all patients. Serum free cortisol was estimated
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Table 2 Prevalence of adrenal insufficiency in patients with liver cirrhosis, not critically ill
Ref.

No. of patients
(type of cirrhosis)

Diagnosis and definition of AI

McDonald et al[69]

38 (stable cirrhosis)

Zietz et al[112]

52 (stable cirrhosis)

Sigalas et al[87]
Alessandria et al[88]
Jang et al[63]
Acevedo et al[19]

47 (stable cirrhosis)
25 (cirrhosis and ascites)
18 (stable cirrhosis)
198 (10 compensated and
188 decompensated cirrhosis)
88 (stable cirrhosis)

IIHT: Reduction in maximal increments of plasma cortisol
SD-SST: Reduction in maximal increments of plasma cortisol
CRHT: Peak cortisol < 550 nmol/L or an increase < 250 nmol/L1
rise of plasma ACTH < twice the baseline
SD-SST: Baseline cortisol < 250 nmol/L and delta cortisol < 250 nmol/L
SD-SST: Delta cortisol < 250 nmol/L
SD-SST: Baseline cortisol < 414 nmol/L delta cortisol < 250 nmol/L
SD-SST: Baseline cortisol < 414 nmol/L
delta cortisol < 250 nmol/L
SD-SST: (1) Serum total cortisol: Baseline cortisol < 250 nmol/L or
peak cortisol < 500 nmol/L or delta cortisol < 250 nmol/L
(2) Salivary cortisol: Basal salivary cortisol < 1.8 ng/mL or
post-stimulation values < 12.7 ng/mL or increase values < 3 ng/mL
SD-SST: Peak total cortisol < 500 nmol/L;
delta cortisol < 250 nmol/L;
peak plasma free cortisol < 33 nmol/L;
any set of criteria
LD-SST: Baseline cortisol < 138 nmol/L;
< 440 nmol/L after stimulation;
≤ 500 nmol/L after stimulation;
delta cortisol < 250 nmol/L
LD-SST: Peak serum cortisol < 500 nmol/L;
peak serum cortisol < 442 nmol/L;
delta cortisol < 250 nmol/L
SD-SST: Peak serum cortisol < 500 nmol/L
LD-SST: Peak serum cortisol < 500 nmol/L
SD-SST: Definition of AI was not reported
SD-SST: Delta cortisol < 250 nmol/L and/or peak cortisol < 500 nmol/L

64%
39%
58%
42%
36%
36%
83%
64%
27%
33%

SD-SST: Serum total cortisol < 550 nmol/L;
free cortisol index < 12

46%
13%

Galbois et al[45]

Tan et al[15]

43 (stable cirrhosis)

Thevenot et al[67]

95 (stable cirrhosis)

Fede et al[17]

101 (stable cirrhosis)

Triantos et al[16]

60 (stable cirrhosis)

Mohamed et al[85]
Risso et al[18]

15 (stable cirrhosis)
85 (cirrhosis with ascites,
without sepsis or shock)
26 (liver impairment)

Vincent et al[73]

Prevalence
of AI

9%
39%
47%
12%
58%
7%
19%
27%
49%
38%
29%
60%
30%
48%
53%
39%

1

To convert serum total cortisol concentrations from nanomoles per liter to micrograms per deciliter divide by 27.59[79]. AI: Adrenal insufficiency; SD-SST:
Standard dose short synacthen test; LD–SST: Low dose short synacthen test; CRHT: Corticotropin-releasing hormone test; IIHT: Insulin-induced hypoglycemia test; ACTH: Adrenocorticotropic hormone.

from serum total cortisol and CBG levels using Coolens’
formula[68]. The following definitions of AI were used by
the authors: (1) according to serum total cortisol assays:
baseline < 250 nmol/L, or a peak total cortisol < 500
nmol/L, or delta cortisol < 250 nmol/L; (2) according
to salivary cortisol assays: baseline < 1.8 ng/mL, or an
increase < 3 ng/mL or a concentration < 12.7 ng/mL
after stimulation. The results indicated a significant difference in AI prevalence depending on the test used:
33% when serum total cortisol was considered vs 9.1%
using salivary cortisol.
Another study performed by Thevenot et al[74] has
demonstrated that assessment of adrenal function with
measurements of serum total cortisol overestimated AI
prevalence in cirrhotic patients. In this study, baseline and
post-synacthen serum total cortisol, serum free cortisol
and salivary cortisol concentrations were measured in
125 cirrhotic patients (95 non-septic, 30 septic). AI was
defined as serum total cortisol < 510.4 nmol/L after SDSST. AI was found in nine patients (7.2%) (6 non-septic;
3 septic) and restricted to cirrhotics with Child-Pugh C.
Serum total cortisol concentrations, CBG and albumin
levels significantly decreased in non-septic patients as
liver function deteriorated (from Child-Pugh A to C).
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Cirrhotic patients with or without AI had similar basal serum free cortisol and salivary cortisol levels. As the serum
total cortisol level overestimated the prevalence of AI in
cirrhotic patients, and serum free cortisol is not suitable
for routine laboratory use, authors concluded that measurement of salivary cortisol is a useful approach in such
patients. The same group of investigators[67] analyzed
only the 95 hemodynamically stable cirrhotic patients
from the previously mentioned study, who underwent a
LD-SST. The serum total cortisol and serum free cortisol
concentrations were measured 30 min before and after
LD-SST. AI was defined as: (1) basal serum total cortisol
< 138 nmol/L and < 440 nmol/L after stimulation; (2)
serum total cortisol < 500 nmol/L after stimulation; and
(3) cortisol increment < 250 nmol/L. AI prevalence rates
varied significantly according to the threshold used: 7.4 %
with basal serum total cortisol, 19% using serum cortisol
< 440 nmol/L, 27.4 % with serum cortisol < 500 nmol/L,
and 49.4% with delta cortisol. Serum free cortisol levels
before and after LD-SST stimulation were higher in the
more severe cirrhotic patients regardless of CBG and
albumin concentrations, and directly associated with the
risk of non-transplant-related mortality in hemodynamically stable patients with cirrhosis.
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In opposition to the above mentioned studies, recently, in a prospective study, Molenaar et al[76], using SD-SST,
assessed the value of free vs total cortisol levels while
evaluating AI in 49 septic and 63 non-septic patients with
treatment-insensitive hypotension and found that total
cortisol correlated with free cortisol during critical illness.
Moreover, in sepsis, hypoalbuminemia did not affect total
and free cortisol, contrary to the findings of other published studies[45,67].
Others, using SD-SST or LD-SST to diagnose adrenal
dysfunction in patients with stable liver cirrhosis reported high AI prevalence rates[16-19,63,69,73,85,87,88]. Fede et al[17]
reported an AI prevalence of 38% in 101 patients with
stable cirrhosis (absence of infections or hemodynamic
instability). AI, defined as a peak serum total cortisol
level < 500 nmol/L after LD-SST, was correlated with
the severity of liver disease graded according to ChildPugh or MELD scores.
Using SD-SST in 85 cirrhotics with ascites but without sepsis, Risso et al[18] reported AI (delta cortisol < 250
nmol/L and/or peak cortisol < 500 nmol/L) in 39% of
patients.
Vincent et al[73] evaluated adrenal function by SD-SST
in 26 patients with liver impairment. Authors defined AI
as serum total cortisol < 550 nmol/L or FCI < 12. Three
patients (13%) met both criteria, 12 patients (46%) had
a serum total cortisol < 550 nmol/L but an FCI > 12.
When serum total cortisol was used, 46% of patients had
AI, while when using FCI only 13% fulfilled the criteria
for AI. Authors suggested that FCI is better suited for
the evaluation of AI in patients with liver impairment.
Acevedo et al[19], using SD-SST, evaluated the prevalence of AI in 198 patients with liver cirrhosis [10 with
compensated, 188 with decompensated cirrhosis and com
plications (hepatic encephalopathy, spontaneous bacterial
peritonitis, ascites, gastrointestinal bleeding, hepatorenal
syndrome)]. AI defined as basal serum total cortisol <
414 nmol/L was found in 64% of patients, and only in
27% when delta cortisol < 250 nmol/L was used, with
no differences between compensated and decompensated cirrhosis. The same group of researchers evaluated
the prevalence and prognostic value of AI in 166 patients with advanced cirrhosis (no severe sepsis or septic
shock)[89]. AI, defined as delta cortisol < 250 nmol/L
after SD-SST, was found in 26% of patients. Those with
AI had a higher degree of circulatory dysfunction, greater
prevalence of systemic inflammatory response syndrome,
increased probability to develop severe infections, and
higher hospital mortality rates than patients without AI.

of steroids intra and postoperatively in LT may reduce
such a risk or mask an AI[46]. Furthermore, LD-SST is
not recommended for the diagnosis of AI in high-stress
conditions like LT[6] as it may lead to an overestimated AI
prevalence in such patients.
Toniutto et al[21], using SD-SST, reported an AI prevalence rate of 26% in 87 patients having received LT for
end-stage liver disease and maintained on prolonged immunosuppressive treatment.
Patel et al[90] reported significantly reduced requirements for fluid, vasopressors, invasive ventilation, and
renal replacement therapy, and intensive care unit stay
for patients undergoing LT who received 1000 mg methy
lprednisolone prior to the liver graft reperfusion.

TREATMENT
Cortisol has several beneficial effects such as an increase
of the vascular tonus and cardiac output, enhancement
of catecholamine responsiveness, inhibition of the pro
duction of nitric oxide, modulation of cytokine production in septic shock[32,91-97], but the effects of corticosteroid therapy in sepsis, severe sepsis and septic shock
remain, however, controversial. Thus, a significant reduction in mortality rate with hydrocortisone therapy in patients with septic shock has been reported in several studies and meta-analyses[6,28,39,98-101], while others have shown
no effect on the 28-d mortality rate[14,29,102]. Both doses
and duration of corticosteroid therapy vary significantly
in published studies[6,28,39,40,102,103]. Thus, some used a daily
dose of hydrocortisone (or equivalent) of 200-300 mg
(“low-dose”, also called “physiologic-dose” or “stressdose”)[3,28,39,98,100-105] while others used a “supra-physiologic”
dose (> 300 mg)[98,106-108].
None of the early studies using high doses of corticosteroids for short courses reported any benefit[98,106-108],
while more recent studies using a “physiologic-dose” for
longer durations have shown a significant reduction in
vasopressor agents requirement and in intensive care unit
length of stay, greater shock resolution, and decreased
mortality [6,28,39,98,100,104,105,109-111]. A randomized, doubleblind placebo controlled trial, CORTICUS (Corticosteroid Therapy of Septic Shock)[102] including 499 patients
with septic shock randomized to hydrocortisone (50 mg
intravenously every 6 h for 5 d, followed by 50 mg intravenously every 12 h for 3 d, and then by 50 mg daily for
3 d) or placebo, concluded that there was no benefit in
terms of mortality, although steroid administration was
associated with a greater shock reversal, but also with a
higher incidence of episodes of new infections. On the
other hand, Annane et al[28] in a randomized, double-blind
controlled trial have found that the administration of
hydrocortisone (50 mg intravenously every 6 h) and oral
fludrocortisone (50 µg once daily) in patients with refractory septic shock and AI (delta cortisol < 250 nmol/L)
resulted in a 30% decrease in 28-d mortality. It should be
mentioned that consensus statements from an international task force[6] recommended corticosteroid therapy

AI after LT
AI has been reported both early as well as late after
LT[12,21-23,90].
With LD-SST, Marik et al[12] found that 92% of 119
patients undergoing recent LT and maintained on steroidfree immunosuppressive regimens had AI. The steroidfree immunosuppressive regimen may expose patients
undergoing LT to an increased risk for AI, while the use
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Table 3 Published studies on corticosteroid therapy in patients with liver cirrhosis
Ref.

No. of patients (type of cirrhosis) Study design

Steroid dose

Outcomes

[14]

Harry et al

20 (ALF or ACLF)

Retrospective

Marik et al[12]

140 (ALF or CLD)

Not RCT

Fernandez et al[13]

17 (cirrhosis and septic shock)

Arabi et al[29]

39 (cirrhosis and septic shock)

Prospective
but not RCT
RCT

Hydrocortisone
300 mg/d
Hydrocortisone
300 mg/d
Hydrocortisone
200 mg/d
Hydrocortisone
200 mg/d

Reduction in vasopressor doses, but higher incidence of
infection and no survival benefit
Reduction in the dose of norepinephrine at 24 h,
and lower mortality rate increased survival
Significant increase in shock resolution and high hospital
survival rate
Reduction in vasopressor doses and higher rates of shock
reversal, but no benefit in 28 d mortality, increase in
gastrointestinal bleeding and shock relapse

ALF: Acute liver failure; ACLF: Acute-on-chronic liver failure; CLD: Chronic liver disease; RCT: Randomized controlled trial.

(intravenous hydrocortisone 200-300 mg/d in four divided doses for a week before tapering slowly) in patients
with vasopressor-dependant septic shock.
Like in patients with severe sepsis/septic shock with
other causes than liver cirrhosis, as mentioned above, the
effects of steroid therapy in cirrhotic patients with AI
remain controversial, some studies reporting beneficial
results[12-14] while a recent randomized control study[29]
has shown no benefit (Table 3).
Harry et al[14] evaluated the effects of stress doses of
hydrocortisone in a retrospective comparative study including 40 patients. Twenty patients received hydrocortisone (300 mg/d) for 4-5 d. In patients with acute-onchronic liver failure requiring norepinephrine support,
the results showed a reduction in vasopressor doses, but
no survival benefit; moreover, corticosteroid therapy was
associated with a significant increase in infections.
Another study, carried out by Marik et al[12] evaluated
the effect of 300 mg/d hydrocortisone given intravenously in vasopressor-dependant patients with acute or
chronic liver disease. In patients with AI, treatment with
hydrocortisone was associated with a significant reduction of the norepinephrine dosage at 24 h and with a
lower mortality (P = 0.02), whereas in those patients
without AI hydrocortisone did not affect the norepinephrine dose.
Fernández et al[13], in a prospective but non-randomized study have evaluated adrenal function by SD-SST
and the effects of low-dose hydrocortisone in 25 patients with advanced cirrhosis and septic shock. Patients
with AI received intravenous hydrocortisone (50 mg every 6 h) and results were compared with those obtained
from a retrospective 50 cirrhotic patients with septic
shock in whom adrenal function was not investigated
and who did not receive corticosteroid therapy. Results
showed that hydrocortisone therapy was associated with
a significant increase in shock resolution and hospital
survival rate. Authors suggested that all cirrhotic patients
with AI should be treated with hydrocortisone.
Recently, Arabi et al[29] in a randomized controlled
trial, have shown that low dose hydrocortisone therapy
in cirrhotic patients with septic shock had a significant
reduction in vasopressor doses and higher rates of shock
reversal, but it did not reduce mortality and was associ-
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ated with an increase in adverse effects (gastrointestinal
bleeding) and shock relapse.
Based on the above mentioned studies, there are still
several unsolved problems and questions awaiting answers. Thus, re-evaluation of both doses and duration
of corticosteroid therapy is necessary. Obviously, further
prospective randomized clinical studies are needed to
assess the effect of corticosteroid therapy in critically ill
cirrhotic patients with AI.

CONCLUSION
AI occurs frequently in patients with liver cirrhosis both
during critical illness and in stable disease. Studies, however, do not agree on the prevalence of AI in cirrhotic
patients, mostly because of the different criteria and the
methodology used to define AI. Diagnosis of AI in patients with liver cirrhosis remains controversial (particularly in those critically ill) as all diagnostic tests proved
their limitations. Pathogenesis of AI in liver cirrhosis is
still unknown, although decreased levels of cholesterol
(mainly HDL cholesterol) and increased levels of proinflammatory cytokines and circulating endotoxin have
been put forward. Some data suggest that AI may be a
feature of cirrhosis per se, with a pathogenesis subtly different from that occurring in septic shock from other
causes. Yet, there is still controversy in what concerns
treatment with corticosteroids, although some cirrhotic
patients with vasopressor resistant shock may benefit.
However, further prospective, randomized clinical trials are necessary to assess the effect of corticosteroid
therapy in critically ill patients with cirrhosis.
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PROGRESS IN LIVER DISEASES

Clinical application of liver stiffness measurement using
transient elastography in chronic liver disease from
longitudinal perspectives
Beom Kyung Kim, James Fung, Man-Fung Yuen, Seung Up Kim
as a novel ultrasound based technology, has allowed
a noninvasive measurement of liver stiffness and has
gained in popularity over recent years. In the past
few years, additional roles for transient TE beyond the
initial purpose of a non-invasive surrogate for LB have
included the prediction of the most two critical consequences of fibrosis progression: the development of
portal hypertension-related complications and hepatocellular carcinoma. This indicates that the role of transient TE is not merely limited to reducing the need for
LB, but transient TE can enable the establishment of
tailored management strategies by providing more detailed prognostic information. In particular, under the
concept in which the clinical course of liver fibrosis is
dynamic and bidirectional, especially when appropriate
intervention is commenced, transient TE can be used
to track the dynamic changes in fibrotic burden during
antiviral or antifibrotic treatment. This review discussed extended applications of transient TE in prediction
of the development of real clinical endpoints from a
longitudinal perspective.

Beom Kyung Kim, Seung Up Kim, Department of Internal
Medicine, Institute of Gastroenterology, Yonsei University College of Medicine, Seoul 120-740, South Korea
Beom Kyung Kim, Seung Up Kim, Liver Cirrhosis Clinical Research Center, Seoul 120-740, South Korea
James Fung, Man-Fung Yuen, Department of Medicine, State
Key Laboratory for Liver Research, the University of Hong
Kong, Hong Kong, China
Author contributions: Kim BK and Kim SU contributed to the
study idea, study design, literature search, manuscript writing and
final revision of the article; Fung J and Yuen MF contributed to
manuscript writing and final revision of the article.
Supported by Liver Cirrhosis Clinical Research Center, in
part by a grant from the Korea Healthcare technology R and D
project, Ministry of Health and Welfare, Republic of Korea, No
A102065; and by the Yonsei Liver Blood Bank, in part by a grant
from sanofi-aventis Korea
Correspondence to: Seung Up Kim, MD, Department of Internal Medicine, Yonsei University College of Medicine, 250
Seongsanno, Seodaemun-gu, Seoul 120-752,
South Korea. ksukorea@yuhs.ac
Telephone: +82-2-22281982 Fax: +82-2-3936884
Received: August 10, 2012 Revised: August 29, 2012
Accepted: September 28, 2012
Published: January 28, 2014

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Liver stiffness; Transient elastography; Fibroscan; Fibrosis; Longitudinal; Outcome

Abstract
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Accurate determination of the presence and degree
of fibrosis in liver is of great importance, because the
prognosis and management strategies for chronic liver
disease depend mainly on these factors. To date, liver
biopsy (LB) remains the “gold standard” for assessing the severity of liver fibrosis; however, LB is often
limited by its invasiveness, sampling error, and intra/
inter-observer variability in histological interpretation.
Furthermore, repeated LB examinations within a short
time interval are indeed ineligible in a real clinical practice. Thus, due to the pressing need for non-invasive
surrogates for liver fibrosis, transient elastography (TE),
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INTRODUCTION
The prognosis and management of chronic liver disease
(CLD) depend mainly on the amount and progression
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of liver fibrosis, which is defined as the excessive accumulation of extracellular matrix proteins, resulting from
chronic liver insults[1,2]. The initiation of its deposition is
an important phase of CLD. As liver fibrosis eventually
progresses without appropriate intervention, this process
will lead to architectural change of the liver, followed by
deterioration of liver function and hemodynamics, complications due to portal hypertension, and an increased
tendency for hepatocarcinogenesis[3].
Thus, accurate determination of the presence and degree of liver fibrosis is of paramount importance in choosing treatment strategies, evaluating responses to treatment
and the risks of developing liver-related complications, and
predicting prognosis in patients with CLD. To assess the
severity of liver fibrosis, liver biopsy (LB) remains the “gold
standard”. However, LB is often limited by its invasiveness
and rare, but serious, complications, including bleeding,
pneumothorax, and procedure-related death[4,5]. Moreover,
repeated LB examinations within a short time interval
are impractical. Additionally, concerning the reliability of
pathological examinations, not only sampling error inherent in the percutaneous approach, but also intra- and interobserver variability in histological interpretation may still
occur[6]. Even if the LB is performed by an experienced
physician and interpreted by an expert pathologist, it has
an up to 20% error rate in disease staging[7,8].
Ideally, a method of evaluating liver fibrosis should
accurately determine the presence of significant fibrosis,
and be readily available, highly reproducible, and widely
applicable to liver diseases of various etiologies. Although
LB does not fulfil all these criteria, it has remained the
gold standard, likely due to the absence of a better alternative. Recently, liver stiffness measurement using transient elastography (TE) was introduced as a promising
non-invasive method for assessment of liver fibrosis[9-15].
In many studies, TE proved to be a reliable and accurate
surrogate for LB in terms of prediction of significant
fibrosis or cirrhosis[8,16-19]. In a large-scale meta-analysis
including 50 studies, the mean areas under the receiver
operating characteristic curves (AUROCs) for the diagnosis of significant fibrosis and cirrhosis were 0.84 and 0.94,
respectively, with optimal cutoff values of 7.6 and 13.1
kPa, respectively[20].
Most studies to date have focused on assessing the
performance of TE, reflected by AUROC, from a crosssectional perspective, with reference to histological fibrosis. However, because LB as a reference standard is
imperfect, it may have only limited clinical implications in
terms of increasing the AUROC of TE to 1 (i.e., perfect
concordance with LB). Thus, additional roles for TE,
namely prediction of long-term prognosis of the disease
and monitoring clinical courses, have recently begun to
attract attention. This indicates that the role of TE is not
merely limited to lessening the frequency of unnecessary
LB, but TE can also enable establishment of tailored
management strategies by providing more detailed prognostic information[21]. In this regard, the “classical” endpoints of “static” liver fibrosis in recent cross-sectional
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studies on TE are shifting to the “real and solid” endpoints of the development of clinical events related to
liver fibrosis progression, including hepatic decompensation, hepatocellular carcinoma (HCC), or liver-related
death in a longitudinal study from a prospective cohort
with long-term follow-up. Additionally, the performance
of non-invasive methods is being judged and compared
from this viewpoint.
In this article, we reviewed recent studies that focused
on the prognostic value of TE for prediction of clinical end-points related to liver fibrosis progression, such
as decompensation events, HCC development, or liverrelated death, from a longitudinal perspective.

PREDICTION OF THE DEVELOPMENT OF
LIVER-RELATED COMPLICATIONS
Portal hypertension-related complications
The development of portal hypertension is a common
consequence of fibrosis progression, leading to the formation of esophageal and gastric varices responsible for
variceal bleeding, and other severe complications, such
as portosystemic encephalopathy, spontaneous bacterial
peritonitis and sepsis[22-24]. Measurement of the hepatic
venous pressure gradient (HVPG) is the gold standard
for portal hypertension assessment in patients with cirrhosis; however, it is invasive and is routinely available
only in experienced centers[25-29]. Although TE was initially
proposed for assessment of liver ﬁbrosis, a good correlation between TE values and HVPG has been reported, as
well as the presence of esophageal varices, suggesting that
it may be a valuable tool for the non-invasive evaluation
of portal hypertension[30-32]. Subsequent studies have investigated correlations between TE values and the hepatic
decompensation due to increased portal hypertension. A
significant correlation between TE values and portal hypertension, expressed as the HVPG, was reported by Vizzutti et al[33] suggesting that TE may reflect a progressive
rise in portal pressure due primarily to increased hepatic
vascular resistance, caused by fibrillar extracellular matrix
accumulation. Based on this concept, Foucher et al[34] first
reported that cutoff values of 27.5, 37.5, 49.1, 53.7 and
62.7 kPa had > 90% negative predictive values for the
presence of large esophageal varices (stage 2/3), ChildPugh score B or C, past history of ascites, HCC and
esophageal bleeding, respectively.
As variceal bleeding is a life-threatening complication of portal hypertension, the relationship between TE
values and the presence of esophageal varices has been
investigated in several studies[35-40]. All demonstrated a significant correlation between TE values and the presence
of esophageal varices and that TE values could predict
the presence of large varices (more than grade 2)[38,40].
Table 1 summarizes reports of the relationship between
TE values and esophageal varices[33,38,40-44].
Although TE can predict the presence of esophageal
varices and consequently assist in selection of candidates
for endoscopic screening or prophylactic treatment, sever-
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Table 1 Diagnostic performance of transient elastography for prediction of esophageal varices or large esophageal varices
No. of patients (etiology)

Endpoints

AUROC

Cutoffs (kPa)

Sensitivity

Specificity

PPV

NPV

Vizzutti et al[33]
Castéra et al[38]

Ref.

47 (HCV)
70 (HCV)

Kazemi et al[40]

165 (CLD)

Bureau et al[41]

89 (CLD)

Pritchett et al[42]

211 (CLD)

Nguyen-Khac et al[43]

183 (CLD)
58 (HCV/HBV)
103 (alcohol)
124 (CLD)

EV
EV
Large EV
EV
Large EV
EV
Large EV
EV
Large EV
Large EV
Large EV
Large EV
EV

0.76
0.84
0.87
0.83
0.84
0.85
0.76
0.74
0.76
0.76
0.73
0.77
0.85

17.6
21.5
30.5
13.9
19.0
21.1
29.3
19.5
19.8
48.0
19.8
47.2
20.0

90%
76%
77%
95%
91%
84%
81%
76%
91%
73%
89%
85%
NA

43%
78%
85%
43%
60%
71%
61%
66%
56%
73%
55%
64%
NA

77%
68%
56%
57%
48%
NA
NA
56%
91%
44%
27%
44%
80%

66%
84%
94%
91%
95%
NA
NA
82%
55%
90%
97%
93%
75%

Malik et al[44]

AUROC: Area under the receiver operating characteristic curve; PPV: Positive predictive value; NPV: Negative predictive value; CLD: Chronic liver
disease; EV: Esophageal varix; HCV: Hepatitis C virus; HBV: Hepatitis B virus; NA: Not available.
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0.8

Patients with LSPS ≥ 5.5
Patients with LSPS 3.5-5.5
Patients with LSPS < 3.5

B
Cumulative EV bleeding risk

Cumulative EV bleeding risk

A

0.6

0.4

0.2

0.0

Patients with EVs (n = 214)

0.8

Subgroup 2
Subgroup 1
Low-risk EVs

0.6

0.4

0.2

0.0
0

No. at risk
Patients with LSPS ≥ 5.5
Patients with LSPS 3.5-5.5
Patients with LSPS < 3.5

1.0

107
52
418

1
76
43
354

2
51
35
273

3
33
20
208

4 yr
18
11
140

0
No. at risk
Subgroup 2
Subgroup 1
Low-risk EVs

88
62
64

1

2

3

61
53
49

41
41
44

28
28
35

4 yr
16
19
20

Figure 1 Cumulative incidences of variceal bleeding based on liver stiffness-spleen diameter to platelet ratio score values. A: The incidence of variceal
bleeding increased significantly in association with higher liver stiffness-spleen diameter to platelet ratio score (LSPS) values (long-rank test, P < 0.001); B: In particular, among patients with high risk esophageal varices (EV), the incidence of variceal bleeding was significantly higher in patient with LSPS 6.5 (subgroup 2) than those
with LSPS < 6.5 (subgroup 1).

bleeding[20]. In this prospective, longitudinal study analyzing 577 patients with hepatitis B virus-related cirrhosis,
those with LSPS ≥ 5.5 had higher cumulative incidences
of esophageal variceal bleeding during the follow-up period and LSPS score ≥ 6.5 was an independent risk factor
of variceal bleeding among those with HEV, indicating
that further prophylactic treatment such as endoscopic
ligation in addition to a non-selective beta-blocker should
be considered in these high-risk patients (Figure 1). In a
similar context, Kim et al[46] stratified the risk of hepatic
decompensation, such as ascites, hepatic encephalopathy,
variceal hemorrhage, and deterioration of liver function to
Child-Pugh class B or C, based upon three classes of TE
values (TE value < 13, 13-18 and ≥ 18 kPa) in histologically proven hepatitis B virus-related cirrhosis with wellpreserved liver function and no history of decompensation. In a multivariate analysis, patients with a TE value of
13-18 kPa [hazard ratio (HR), 4.547; P = 0.044] and ≥ 18

al issues remain unresolved. First, the cutoff values (range,
13.9-21.5 kPa) and performance of TE varied (AUROC
range, 0.76-0.85) among studies[38-40]. Second, from data
currently available, diagnostic performances of TE are
acceptable for the prediction of esophageal varices, but
far from satisfactory for screening cirrhotic patients without endoscopy conﬁdently. Thus, Kim et al[45] recently
proposed a novel prediction model [liver stiffness-spleen
diameter to platelet ratio score (LSPS)] to address this issue, achieving higher accuracy using TE values and other
parameters simultaneously that reflect portal hypertension as constituent variables. Overall, this model had
excellent diagnostic accuracy for the prediction of highrisk esophageal varices (HEV, AUROC = 0.953; negative
predictive value 94.7%, positive predictive value 93.3%).
Beyond this cross-sectional analysis, a subsequent
study by the same group recently showed that LSPS can
be a reliable predictor of the development of variceal
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Figure 2 Cumulative incidence of hepatocellular carcinoma development based on stratified transient elastography values in patients with chronic hepatitis C (A, n = 866) and those with chronic hepatitis B (B, n = 1130). The cumulative incidences increased significantly in association with higher TE values (log-rank
test, all P < 0.001). In particular, the overall incidence of HCC differed signiﬁcantly among the four groups (C) (both initial and follow-up TE values ≤ 13 kPa (group 1),
initial TE value > 13 kPa and follow-up TE value ≤ 13 kPa (group 2), initial TE value ≤ 13 kPa and follow-up TE value > 13 kPa (group 3), and both initial and followup TE values > 13 kPa (group 4) according to changing patterns of TE value during follow-up (P < 0.001; Figure 2C). A: Cited from Masuzaki et al[52]; B and C: Cited
from Jung et al[53]. HCC: Hepatocellular carcinoma; TE: Transient elastography; LSM: Liver stiffness measurement.

kPa (HR, 12.446; P < 0.001) showed independently higher
risks than patients with TE value < 13 kPa.

clinical role of TE in the noninvasive prediction of HCC
development[52-56]. The first large prospective cohort study
of 866 Japanese patients with chronic hepatitis C (CHC)
tested whether TE can predict the future development of
HCC[52]. During a mean follow-up of 3 years, 77 patients
developed HCC. By multivariate analysis, together with
age, male gender, and clinical cirrhosis, stratified TE value
was identified as an independent risk factor for HCC
development, with relative risks of 16.7, 20.0, 25.6 and
45.5 for TE values of 10-15, 15-20, 20-25 and > 25 kPa,
respectively, vs an TE value of < 10 kPa as the reference
and the cumulative incidence of HCC showed a stepwise increase according to stratified TE value (Figure 2A).
Despite there being no histological analysis in relation to
TE values and inclusion of patients with high alanine aminotransferase (ALT) levels [> 5× upper limit of normal
(ULN)] both of which can attenuate the accuracy of TE,
this study confirmed that severity of liver fibrosis, reflected by higher TE values, was closely associated with higher

HCC
Another promising area for the application of TE, other
than portal hypertension-related decompensation events,
is the prediction of HCC development. Unless HCC is
diagnosed at an early stage, a poor prognosis is expected
due to the limited treatment options[47-51]. Thus, early
prediction of HCC development is of great importance,
especially in high-risk patients. Among traditional risk
factors, advanced liver fibrosis and cirrhosis is known
to have a close association with risk of HCC development[47]. Thus, assessment of the severity of liver fibrosis
at a given time point with subsequent monitoring of liver
fibrosis progression by serial check-up is essential for effective and optimized surveillance strategies for the early
detection of HCC[3].
Recently, several Asian studies have investigated the
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tively; P < 0.001). By multivariate analysis, only TE value
was significantly associated with HCC development and
liver-related mortality.
Similarly, Kim et al[55] investigated the prognostic role
of TE in predicting the development of overall liverrelated events (LREs), defined as development of HCC,
hepatic decompensation, or liver-related mortality, among
128 patients with CHB showing histologically advanced
liver fibrosis (≥ F3) and high viral loads (HBV DNA ≥
2000 IU/mL) before starting nucleos(t)ide analogs. When
the study population was stratified into two groups using the optimal cutoff value (19 kPa), patients with TE
values > 19 kPa were at significantly greater risk for LRE
development than those with TE values ≤ 19 kPa (HR,
7.176; P = 0.001). Moreover, the incidence of LREs was
similar in patients with F3 and F4 (22.2% vs 13.6%; P =
0.472); however, it differed significantly between patients
with TE values ≤ 19 kPa and those with TE values > 19
kPa (6.9% vs 44.4%; P < 0.001), indicating the superior
performance of TE to that of histology in prediction of
LRE development.
Apart from predicting HCC development, the application of TE was validated in a study by Vergniol et al[57],
in which 1457 patients with CHC were followed up; 5-year
survival outcomes worsened as TE values increased. The
prognostic values of TE were demonstrated to be statistically significant (P < 0.0001) after adjustment for other
important factors, including treatment response, patient
age, and estimates of necroinflammatory grade. For example, the 5-year overall survival was 96% in patients
with TE value < 9.5 kPa, and 47% in patients with TE
value > 40 kPa.
Overall, TE has shown the potential for a clinical role
in predicting the development of portal hypertensionrelated hepatic decompensation and/or HCC and, in part,
demonstrated superior performance to histology and other
noninvasive tools[41,58-63]. This is most likely due to the wider
dynamic range of TE values in the evaluation of liver cirrhosis. In fact, as the stage of ‘‘cirrhosis’’ has to date been
defined by histopathological evidence of one or two qualitative categories (METAVIR stage F4 or ISHAK S5-S6), or
more generally by the presence of so-called ‘‘regenerative’’
or ‘‘cirrhotic nodules’’, an interval scale cannot be used in
this setting[64-66]. However, the degree of liver ﬁbrosis may
vary widely among patients in this category, and the risk of
hepatic decompensation and HCC may not be uniform.
Thus, in this regard, because TE value, expressed in kPa as
a continuous variable, has a wide dynamic range within the
cirrhotic stage from the cutoff level from non-cirrhosis
(15-17 kPa) to the upper measurement limit of present devices (75 kPa), it would seem to be a more reasonable tool
for detailed prognostication.

risk of HCC development and suggested a clinical role for
TE in a longitudinal setting using HCC development as a
solid clinical endpoint. Interestingly, in this study, even patients with not so high level of TE (10-15 kPa) were still
more subject to HCC development with an adjusted HR
of 16.7, compared to those with a TE value < 10 kPa.
Another large Korean cohort study with 1130 patients
with chronic hepatitis B (CHB) also confirmed the longitudinal role of TE on HCC development[53]. Together
with age, male gender, heavy alcohol consumption, lower
serum albumin, and HBeAg positivity, stratified TE value
was identified as an independent risk factor for HCC
development, with relative risks of 3.07, 4.68, 5.55 and
6.60 for liver stiffness measurement (LSM) values of 8-13,
13-18, 18-23 and > 23 kPa, respectively, when compared
with a LSM value of < 8 kPa as a reference (Figure 2B).
In contrast to the Japanese study[52], several additional
issues were further analyzed in this Korean study. First,
when the diagnosis of cirrhosis showed discordant results
between TE-based and clinical-based criteria, patients
with cirrhosis based on TE were at a higher risk of HCC
development than those with cirrhosis based on clinical
criteria, indicating the superiority of TE for diagnosis of
compensated liver cirrhosis. Second, patients with TE
values below the cutoff level for cirrhosis, 8-13 kPa, had
a higher relative risk of HCC development than those
with LSM values < 8 kPa. Although this finding should
be validated in large prospective studies, the issue of expansion of the high-risk group for HCC surveillance to
include those with significant fibrosis was raised by this
study. Furthermore, when patients with available followup TE values were analyzed, the risk of HCC development changed according to the pattern of the changes
in TE values, suggesting a potential role for serial measurements of TE as a dynamic monitoring tool for risk
estimation of HCC development (Figure 2C). However,
other confounding factors including lack of histological
information, insensitive HBV DNA tests, and heterogeneity in antiviral treatment should be noted when interpreting these results. Recently, Chon et al[56] compared the
performance of various noninvasive fibrosis prediction
methods [aspartate aminotransferase-to-platelet ratio index (ARRI), age-spleen-to-platelet ratio index (ASPRI),
TE, LSPS, P2/MS and FIB-4] for prediction of HCC development in patients with CHB and concluded that TE
and LSPS showed the best performance (AUROC = 0.789
and 0.788, respectively). Using multivariate analyses, TE
and LSPS were identified as independent predictors of
HCC development.
In another study[54] from Hong Kong, which followed
up 528 patients with HBeAg negative CHB for a median
length of 35 mo and identified seven patients with HCC
development, the cumulative incidence of HCC was
higher in patients with TE values ≥ 10 kPa than those
with TE values < 10 kPa (9% vs 0%, respectively; P <
0.001), and the cumulative liver-related mortality was also
higher in patients with TE values < 10 kPa compared
with those with TE values ≥ 10 kPa (4% vs 0%, respec-
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of postoperative short-term outcomes, such as hepatic
insufficiency, and long-term outcomes, such as recurrence
or liver-related death using TE has been tested in several
pilot studies[67-69]. Although further studies are required to
validate these results, TE may facilitate stratification of
patients undergoing curative resection according to different prognoses.
In the first place, Kim et al[67] investigated whether
preoperative TE values could predict the development of
postoperative hepatic insufficiency after curative resection of HCC. In this study, multivariate analyses revealed
that a TE value > 25.6 kPa was the only predictor of
postoperative insufficiency. The AUROC of 25.6 kPa
was higher than that of indocyanine green R15, which is
a popular method for assessment of preoperative functional reserve liver function (0.824 vs 0.620, respectively).
Similar results were obtained in a subsequent investigation by the same group[68]. In this study, the performance
of TE was superior to that of diffusion-weighted magnetic resonance imaging, which has also been shown to
be a noninvasive fibrosis prediction tool for the assessment of liver fibrosis and the prediction of postoperative
hepatic insufficiency.
Another issue is prediction of HCC recurrence after
curative resection, that is, de novo recurrence in the background liver with fibrotic burden, using preoperative TE.
In an analysis of 133 patients who underwent preoperative TE and curative resection (HCC recurred in 62 patients), TE was selected as an independent predictor of
recurrence, whereas histological fibrosis status was not[69].
In the study, patients with preoperative TE values > 13.4
kPa were at a greater risk of recurrence, with an HR of
1.925 (P = 0.010). More specifically, when recurrence was
stratified into early (< 2 years) and late (≥ 2 years), TE
values were significantly related to late recurrence, thus
supporting the hypothesis. These results suggest that preoperative TE could reveal the potential influence of liver
fibrosis on recurrence and explain multicentric carcinogenesis in a fibrotic liver. However, more data are needed
to clarify this issue.

the clinical usefulness of TE for monitoring potential
fibrosis regression during antiviral treatment in patients
with CHC and CHB[57,70-77].
Kim et al[71] analyzed 41 patients with CHB who received antiviral treatment using nucleos(t)ide analogs.
To prevent the confounding effect of high ALT, patients with high ALT levels more than 2× ULN, were
excluded. Although ALT levels did not show a statistically significant change during the first 12 or 24 mo of
antiviral treatment, TE values decreased significantly,
indicating potential fibrosis regression due to prolonged
antiviral treatment. Indeed, fibrosis regression and stabilization of necroinflammation was noted in two patients
with available paired LBs. Enomoto et al[70] reported the
changes in LSM values during the first 12 mo of entecavir treatment in 20 patients. Median TE values decreased
significantly from 11.2 to 7.8 kPa after 12 mo of treatment, and serum fibrosis markers, such as PIIINP and
type Ⅳ collagen 7S domain, also decreased significantly.
In one patient with available paired LBs, histological fibrosis regression and stabilization of necroinflammation
were noted. Although these studies suggest a role for TE
for monitoring fibrosis regression due to prolonged antiviral treatment, the short duration of observation and
small sample sizes with paired biopsies are major limitations of these studies.
Recently, data regarding a longer antiviral treatment
duration (more than 3 years) have become available[72-74,78].
Fung et al[72] reported a significant decline in TE values
from baseline after subsequent ALT normalization with
3-year treatment (n = 110, 7.8 to 6.1 kPa; P = 0.002). In
this study, independent factors associated with a significant decline in TE value of ≥ 1 kPa included antiviral
therapy and ALT levels at the follow-up time point.
Another study by Andersen et al[78] also noted significant
declines in TE values after a median antiviral treatment
duration of 50.5 mo (n = 66), and concluded that prolonged antiviral treatment in patients with CHB resulted
in significant declines in TE values, suggesting regression
of fibrosis in a majority of patients with advanced fibrosis or cirrhosis.
Likewise, for patients with CHC, changes in TE values during antiviral treatment have been investigated
in several studies. Two prospective studies by Vergniol
et al[57] and Ogawa et al[75] demonstrated that patients
with CHC showing sustained virological responses to
pegylated interferon-ribavirin combination therapy had
significantly reduced TE values at the end of follow-up.
Moreover, Ogawa et al[75] reported that patients with nonsustained virological responses, but with a biochemical
response, showed a greater reduction in TE values than
did those with a non-biochemical response. Subsequent
studies reported similar results, suggesting that changes
in TE values during antiviral treatment in patients with
CHC may represent alterations in the severity of liver
fibrosis[76,77]. However, it should be further confirmed
whether the favorable changes in LSM values during or
after antiviral treatment does have a significant influecne

ROLE OF TE IN MONITORING FIBROTIC
BURDEN DURING ANTIVIRAL THERAPY
Recently, the concept of “cirrhosis” has changed from
static and uncompromisingly progressive to rather
dynamic and bidirectional, especially when treatment
against the causative agent of tissue damage (i.e., antiviral
agents against CHB or CHC and antiﬁbrotic agents) can
be introduced successfully at this stage of the disease.
The ideal approach to evaluate histological outcomes during antiviral therapy, such as fibrosis regression and necroinflammation stabilization, is serial LB examinations.
However, this is impractical, primarily due to the inherent
invasiveness of LB. Instead, because of the ease, safety,
and rapidity of TE, it may be useful for monitoring the
dynamic changes in liver fibrosis during antiviral or antifibrotic treatment. Indeed, several studies have reported
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Figure 3 Incidence of liver-related events according to changes in transient elastography values after 6 mo of antiviral therapy. The overall incidence of
liver-related events differed significantly among the four groups using TE value cutoffs of 11.6 kPa (A) and 18.2 kPa (B) (both P < 0.0001). Adapted from Kim et al[79].
TE: Transient elastography; LSM: Liver stiffness measurement; LREs: Liver-related events.

development, and LREs (Figure 3). This would suggest
that the assessment of overall background liver status using TE may be an important end-point in the management of CHB and prediction of long-term outcomes.
Further research is needed to evaluate the reproducibility
of such findings in independent populations.

on the long-term prognosis such as disease-specific survival in patients with CHC.
Taken together, TE value seems to decrease during and after antiviral therapy. However, without paired
histological results through repeated LB, whether the
reduction in TE values is closely correlated with regression of liver fibrosis or improvement in necroinflammatory scores remains unclear. To clarify this, Lim et al[73]
investigated patterns of TE values among patients who
were treated with entecavir. In all subjects, the median
TE value at baseline was 15.1 (range, 5.6-75.0) kPa and
decreased significantly, to 8.8 (range, 3.0-33.8) kPa after
12 mo of therapy, and a decrease in TE values correlated
significantly with increase in albumin, decrease in bilirubin, decrease in ALT level, and decrease in aspartate aminotransferase levels (all P < 0.05). However, among 15
patients with available paired LBs, decreases in TE values
were correlated significantly with improved necroinflammatory scores, but not with fibrosis regression. Similarly,
Wong et al[74] insisted that the decline in absolute TE values during antiviral treatment did not reflect the change
in histologically assessed liver fibrosis, probably due to
the confounding influence of ALT reduction caused by
antiviral treatment.
However, regardless of whether TE values during
antiviral treatment are due to fibrosis regression, activity
stabilization, or both, changes in TE value during antiviral
treatment can be translated into the overall response of
chronically diseased liver to antiviral treatment from the
viewpoint of its long-term clinical implications. Thus, it
is more logical to investigate whether the decline in TE
value can be used as a favorable predictor of long-term
prognosis. Encouraging results were recently published
by Jung et al[53] suggesting that the change in TE values in
patients with CHB showed a significant correlation with
differential future risk of HCC development. Additionally,
Kim et al[79] insisted that changes in TE values were significantly associated with the difference risk of liver-related
event occurrence, such as hepatic decompensation, HCC
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LIMITATIONS OF TE
Although TE has demonstrated reliable diagnostic accuracy with excellent inter-observer and intra-observer agreement, additional space-occupying tissue abnormalities,
such as edema and inﬂammation, cholestasis, and congestion may interfere with TE, regardless of the degree of
liver ﬁbrosis, because the liver is wrapped in a distensible,
but non-elastic, envelope (Glisson’s capsule)[80].
First, the extent of histological necroinflammatory activity has been shown to influence TE results in patients
with viral hepatitis, resulting in an overestimation of TE
values that increases in parallel with the degree of necroinflammatory score[81-85]. Consistent with these results, a
risk of overestimation of TE values has been reported in
cases of ALT ﬂares in patients with acute viral hepatitis
or CHB[86-92]. Thus, in such subjects, TE examinations
should be delayed until ALT levels have stabilized. In
this regard, several studies have investigated the optimal
period (3 to 6 mo) for restoration of the reliability of TE
values in patients with acute flares[88,91,93,94]. Furthermore,
even mild to moderate elevalation in ALT can be associated with higher liver stiffness values, and may cause
discrepancies between TE results and the actual underlying fibrosis. Apart from necroinflammation, extrahepatic
cholestasis[95] and congestive heart failure[96-98] may also
contribute to the overestimation of TE.
Additionally, the performance of TE may be limited
in patients with a high body mass index (BMI), narrow
intercostal space, or ascites[9]. Although TE reproducibility has been shown to be excellent in terms of interobserver and intra-observer agreement, a high BMI (> 28
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Table 2 Proposal of application of transient elastography in
each clinical setting

2

Clinical setting

3

Role of TE

Prediction of portal hypertension

TE with platelet counts and spleen
size complementary to HVPG
Prediction of esophageal varices
TE with platelet counts and spleen
size complementary to endoscopy
Prediction of developing esophageal TE with platelet counts and spleen
variceal bleeding
size
Prediction of developing portal
TE with platelet counts and spleen
hypertension-related complications size
Prediction of developing
TE
hepatocellular carcinoma
Prediction of developing
TE
postoperative hepatic insufficiency
after surgical resection
Prediction of developing recurrence TE
of hepatocellular carcinoma after
curative resection
Monitoring of fibrotic burden during TE
antiviral treatment

4
5
6

7

TE: Transient elastography; HVPG: Hepatic venous pressure gradient.

8

kg/m2) and waist circumference were significantly associated with TE failure[99]. These results emphasize the need
for adequate operator training and for technological improvements in speciﬁc patient populations, such as those
with non-alcoholic fatty liver disease. For this, a new TE
probe (the XL probe) was recently introduced to lessen
the TE failure rate in obese patients; however, its efficacy
should be further validated[100].

9

10

11

CONCLUSION
Over the past decade, significant progress has been made
in the non-invasive assessment of liver fibrosis in patients
with CLD. Of the methods now available, TE appears to
be an excellent tool for assessing liver fibrosis, particularly for diagnosis of cirrhosis, and also has prognostic
value from a longitudinal perspective. Although TE cannot completely obviate the need for invasive tests, such as
LB, endoscopic examination for identification of varices,
or HVPG, it represents an important non-invasive tool,
enabling more efficient and tailored management strategies for patients with CLD (Table 2). We hope that other
researchers will evaluate the usefullness of other similar
techniques such as the measurement of spleen stiffness
in comparison or in combination with TE in the future.
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PROGRESS IN LIVER DISEASES

Management of portopulmonary hypertension: New
perspectives
Luigi Mancuso, Francesca Scordato, Michela Pieri, Eliana Valerio, Andrea Mancuso
Furthermore, recent studies seem to demonstrate that
treatment with pulmonary vasoactive drugs could allow
liver transplantation with acceptable surgical risks and
excellent survival. Although there are not large series
nor prospective studies addressing this topic, the clinical scenario of patients with PPHTN seems to be positively changing.
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Core tip: Moderate-to-severe portopulmonary hypertension (PPHTN) implies an extremely poor prognosis
and patients are generally excluded from liver transplantation. Recently, some pulmonary vasoactive drugs
have become routine in the treatment of patients with
idiopathic pulmonary hypertension and have been
recently introduced in the treatment of patients with
PPHTN. Recent studies seem to demonstrate that treatment with pulmonary vasoactive drugs could allow liver
transplantation with acceptable surgical risks and excellent survival. This paper reports a review on management of PPHTN.

Abstract
Portopulmonary hypertension (PPHTN) is a known complication of cirrhosis. Moderate-to-severe PPHTN implies an extremely poor prognosis. It occurs in 5%-10%
of patients referred for liver transplantation (LT), and
probably with an higher incidence in patients with
large portosystemic shunts. Patients with moderate-tosevere pulmonary hypertension have been previously
excluded from LT because of the extremely high surgical risk and since the post-transplant outcome reported
was poor. Recently, new perspectives in the management of patients with portopulmonary hypertension are
emerging. In fact, some pulmonary vasoactive drugs
have become routine in the treatment of patients with
idiopathic pulmonary hypertension. These drugs, particularly epoprostenol, have been recently introduced in
the treatment of patients with PPHTN, and have been
shown to be effective in reducing pulmonary artery
pressure as well as pulmonary vascular resistances.
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INTRODUCTION
Portopulmonary hypertension (PPHTN) is a known and
uncommon severe complication of cirrhosis, since moderate-to-severe forms have grave prognostic significance with
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Figure 1 Pathophysiology of pulmonary hypertension and possible drug targets.

the majority of patients succumbing within 2 years[1-4].
PPHTN affects 1%-2% of patients with portal hypertension or cirrhosis and 5%-10% of patients being evaluated for liver transplantation[5].
Diagnosis is suggested by either elevation of the right
ventricular systolic pressure or right ventricular dysfunction on echocardiography, but requires confirmation by
right heart catheterization[6-8].

In fact, many patients managed as pulmonary hypertension have elevated left-sided filling pressure, probably
due to ventricular interaction. Then, it has been recently
proposed that only values of PAOP higher than 18
mmHg exclude the diagnosis of PPHTN[9-12].

DEFINITION OF PORTOPULMONARY
HYPERTENTION

PPHTN involves endothelial and smooth muscle proliferation, and have the same features of plexogenic
arteriopathy of Idiopathic Pulmonary Hypertension
(Figure 1). There is not a clear link between portal hypertension and the development of PPHTN. Because only
5%-10% of patients with portal hypertension develop
PPHTN, factors other than portal hypertension must be
involved in its development. Moreover, the link between
liver dysfunction and PPHTN is not obvious, because
PPHTN may develop in cases of portal vein thrombosis or idiopathic hypertension, in absence of any liver
dysfunction. Data of a recent retrospective study by Talwalkar et al[13], suggest a strong association between large
portosystemic shunts, hepatofugal portal blood flow, and
PPHTN. These data may support the hypothesis that
vasoactive factors from the splanchnic circulation may be
pathogenic for PPHTN development. The fact that the
most occurring shunt observed in this study was splenorenal might suggest that the blood flow coming from the
spleen, which is involved in the destruction of platelets
and prostaglandins delivery, might be of primary importance in the PPHTN pathogenesis. Moreover, presence
of large portosystemic shunts, such as those reported in
this study, seems to be associated with lack of response
to vasoactive treatment.

PATHOPHYSIOLOGY AND
PATHOGENESIS

PPHTN definition has evolved over time, specifically
with regard to the cutoff for pulmonary vascular resistances (PVR). Initial studies used PVR > 120 dynes s
cm-5 as abnormal. Subsequent studies and the Consensus Report of the European Respiratory Task Force on
pulmonary vascular diseases associated with liver diseases
have recommended PVR > 240 dynes s cm-5 as the “gold
standard”.
Therefore the current consensus diagnostic criteria for
PPHTN include mean pulmonary artery pressure (MPAP)
> 25 mmHg, PVR > 240 dynes s cm-5, and pulmonary
artery occlusion pressure (PAOP) < 15 mmHg[1,6,7].
Since it has been shown that some patients with
PAOP > 15 mmHg and PVR > 240 dynes s cm-5 may
present a trans-pulmonary gradient (TPG) strongly suggestive of obstruction to pulmonary arterial flow, recently
new criteria have been proposed by authors from Mayo
Clinic[8]. These are the following: (1) Portal Hypertension
and/or liver disease (clinical diagnosis-ascites/varices/
splenomegaly); (2) MPAP > 25 mmHg at rest; and (3)
PVR > 240 dynes s cm-5; and (4) PAOP < 15 mmHg or
TPG > 12 mmHg, where TPG = MPAP - PAOP.
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that epoprostenol might worsen portal hypertension by
increasing splenic blood flow and portal system congestion[15]. In fact, it is possible to hypothesize that by improving pulmonary hemodynamics and right heart function,
epoprostenol could potentially improve liver function[20].
A recent prospective observation study has stressed
the utility of early initiation of parenteral prostacyclin
therapy in PPHTN patients, so improving 5-year survival,
as compared with data of the REVEAL Registry[20].
There are scarce studies concerning the treatment
with Treprostenil[21], and inhaled Iloprost[22], sometimes
used together with other vasoactive drugs[23,24] in patients
with PPHTN.
Concerning the endothelin receptor antagonists, such
as Bosentan, there are some recent studies that seem to
demonstrate a possible hemodynamic improvement and
safety of these drugs[23,25-29]. Moreover, Bosentan has been
administered together with different drugs in some studies:
inhaled Iloprost[23,24,29], or with Sildenafil and Iloprost[24].
Phosphodiesterase inhibitor Sildenafil has the advantage of being an oral compound with pulmonary vasoselective action but no hepatotoxicity[27]. Few recent retrospective studies, performed in a small number of patients
with PPHTN[30-33], seem to show that sildenafil might
be effective in monotherapy, and in combination with
inhaled prostanoids, leading to hemodynamic improvement. These data have also been confirmed by a recent
paper by Krowka[34] reporting favourable follow up in
seven patients with moderate or severe PPHTN treated
with oral combination therapy.

PROGNOSIS OF PPHTN AND LIVER
TRANSPLANTATION
Moderate-to-severe PPHTN (MPAP ≥ 35 mmHg) that
is present in up to 5%-10% of patients referred for liver
transplantation (LT)[4,5], excludes patients from LT in
most of the centers, since post-transplant outcome is
poor and because of the high surgical risk[11-13].
A multicenter transplant database has shown that
36% of PPHTN patients died during the immediate
post-transparent period due to progressive right ventricular failure, acute respiratory distress syndrome and cardiovascular collapse[11]. Moreover, Krowka et al[14] reported
that only 29% of transplanted patients with untreated
PPHTN survived 3 years.

VASODILATION TREATMENT IN PPHTN
Several vasomodulating and vasodilating drugs have been
introduced for the treatment of idiopathic pulmonary
hypertension. More recently, vasomodulating and vasodilating drugs, available for the treatment of idiopathic
pulmonary hypertension, have also been shown to significantly improve pulmonary hemodynamics in some
patients with PPHTN[5-16].
Current medications target three pulmonary hypertension pathways. The first agent, the endothelin receptor
antagonists, target the vasoconstrictive endothelin pathway. The second agent targets the prostacyclin pathway,
resulting in vasodilation, antiplatelet effect, and vascular
remodelling. The third one involves nitric oxide-mediated
vasodilation through cyclic guanosine monophosphatase
and the inhibition of the phosphodiesterase type 5 enzyme. Therefore, some drugs have a vasodilation effect,
while others have remodeling and antiplatelet effects.
Since we do not yet know which is the predominant
mechanism which determines pulmonary hypertension in
patients with portal hypertension[4], different drugs have
been used in the treatment of patients with PPHTN.
The drugs that have been mostly used for the treatment of patients with PPHTN are the prostacyclin
analogues, such as Epoprostenol, inhaled Iloprost and
Treprostinol. Epoprostenol is a potent pulmonary and
systemic vasodilator, that also reduces platelet aggregation[16-18]. In PPHTN it has been shown to improve hemodynamics acutely, because of its vasodilator effects[15].
Furthermore, in two studies prolonged use of the drug
has shown additional improvement[5,15]. A recent paper by
Awdish et al[19] reports the long-term effects of treatment
with and without epoprostenol on pulmonary hemodynamics, liver function and survival, in a large retrospective
cohort of patients with moderate to severe PPHTN. They
showed significant improvements in mean pulmonary artery pressure, pulmonary vascular resistances and cardiac
output with epoprostenol after a median of 15.4 mo, and
no significant change of liver biochemistry. However,
survival seemed not to differ between treatment groups.
These studies argue against the hypothesis by Krowka
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LIVER TRANSPLANTATION FOLLOWING
MEDICAL MANAGEMENT
PPHTN survival in the absence of transplantation has
been reported in 38% at 3 years[1] and 28% at 5 years[35].
Furthermore, it has been demonstrated that PPHTN
prognosis is worse than that of idiopathic pulmonary hypertension[1].
PPHTN is a serious problem in the context of liver
transplantation. Mild PPHTN (MPAP < 35 mmHg)
has scarce perioperative risks[36,37], but moderate disease
(MPAP 35-45 mmHg, PVR > 250 dyne scm-5) has been
associated with a perioperative mortality of 50%-80%[8,38],
and a MPAP > 50 mmHg is universally fatal[14,36,37].
Recently numerous studies have demonstrated the
possibility of reducing MPAP and PVR, at least in some
patients affected by PPHTN, leading to a decrease of
perioperative risk due to liver transplantation. Moreover,
some studies have shown that PPHTN may resolve following transplantation, presumably by removing the root
cause of the problem[39-41].
As a consequence of recent improved knowledge of
PPHTN management, a potential therapeutic opportunity arises: PPHTN might initially be controlled with
vasodilator therapy and subsequently cured with liver
transplantation. Several studies have been performed to
examine the feasibility of this hypothesis[31-42]. Moreover,
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in the last years some retrospective studies have been
published reporting patients with PPHTN in whom liver
transplantation was successfully performed after treatment with pulmonary vasoactive drugs[22,43,44]. In the study
by Ashfaq et al[43], 16 of 20 patients with moderate-to-severe pulmonary hypertension (MPAP ≥ 35 mmHg) were
otherwise considered suitable liver transplant candidates
and were treated with vasoactive pulmonary drugs (epoprostenol in 13, bosentan + epoprostenol in 1, sequential; bosentan + diltiazem + epoprostenol, sequential in
1, diltiazem in 1). In these patients MPAP fell to less than
35 mmHg in 12 (75%), and 11 of them underwent liver
transplantation. One-year survival was 91%, and 5-year
survival was 67%. Nine of 11 patients were off vasodilator therapy after a median of 9.2 mo after transplantation. In patients who failed vasodilator therapy median
survival was 8 mo. The Authors conclude that effective
pharmacologic control of PPHTN before transplantation
is associated with posttransplant survival that is similar to
patients transplanted for other indications.
In the study by Sussman et al[44], 8 cirrhotic patients
with MPAP ≥ 35 mmHg, were treated with continuous
intravenous epoprostenol (2-8 ng/kg per minute). In these
patients liver transplant was considered if MPAP was
lowered to < 35 mmHg. In seven patients the treatment
improved hemodynamics within 6.5 mo therapy: mean
vascular resistances declined from 410 to 192 dyne s cm-5,
and cardiac output increased from 6.6 to 10 L/min. Six of
the seven responders were listed for transplantation; two
died on the waiting list; four were transplanted and remained alive and well after 9 to 18 mo post LT. Epoprostenol was continued throughout surgery and into the posttransplant period. In two of the patients it was possible to
stop the vasodilator therapy, whereas in two patients oral
medication with bosentan was continued.
In the study by Swanson et al [4], a retrospective
screening-right heart catheterization-survival analysis of
patients with PPHTN was performed. Patients were categorized in three subgroups: (1) no vasoactive therapy and
no transplantation; (2) therapy for pulmonary hypertension alone; and (3) therapy for pulmonary hypertension
followed by liver transplantation. Even though it is a relatively small study, it seems to demonstrate that the survival of untreated patients was poor, whereas subgroups
of patients selected to medical treatment with or without
liver transplantation had better long-term survival. The
best survival was in the subgroup of patients in whom
liver transplantation was performed following effective
medical therapy for pulmonary hypertension. However,
it is to stress that this study is retrospective and reports a
small number of patients. Moreover, 4 of 5 deaths in the
LT group occurred in patients with PAOP ≤ 10 mmHg,
while only two out of seven LT survivors had PAOP ≤
10 mmHg. The authors hypothesize that lower values of
PAOP may be correlated to lower cardiac outputs, and
this might contribute to the poor prognosis. In the assessment of patients with PPHTN that are candidate to
liver transplantation it is very important to perform an
accurate evaluation of right ventricular function, because
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the success of undertaking liver transplantation will be
determined by the ability of the right ventricle to sustain
the increase of cardiac output and of pulmonary vascular
resistance that acutely occur at the time of reperfusion
ant that may cause acute right heart failure[45]. Therefore,
pre-transplant evaluation of right ventricular function by
means of right heart catheterization and stress echocardiography is essential. Continuous intraoperative transoesophageal echocardiography has also been recommended for following right ventricular function[46].

MODEL FOR END-STAGE LIVER DISEASE
AND PPHTN
Results of recent studies concerning LT following medical treatment in patients with PPHTN, as discussed
above, probably change the clinical scenarios of patients
with moderate or even severe pulmonary hypertension
and portal hypertension.
Outcome of these patients, traditionally excluded
from LT, could benefit from LT if a response to vasoactive therapy is evident. In fact, there is increasing evidence that many patients with PPHTN have important
decrease of MPAP and PVR after therapy, so that they
have excellent survival following liver transplantation.
Furthermore, in some of these patients, vasoactive therapy may be stopped a few months after LT. Moreover,
there is not any doubt that many patients who positively
respond to medical therapy die on the waiting list for
transplantation. Finally, another reason could supports
early transplant of these patients. In fact, long-term intravenous epoprostenol, probably the most effective drug,
is expensive, labor-intensive, requires hospitalization and
is difficult to tolerate. These are the reasons why in some
studies patients with PPHTN on intravenous therapy are
given a MELD exception of 25 points in Region 4[43].
In a recent paper, Krowka et al[47] discuss this topic
suggesting MELD exception (Meld score= 26 points)
when the acceptable candidates satisfy the following criteria: (1) POPH exists with severity characterized by MPAP
> 35 mmHg; and (2) a minimum of 12 wk of United
States Food and Drug Administration-approved pulmonary arterial hypertension therapy results in the following
hemodynamic profile: (1) MPAP < 35 mmHg and PVR
< 400 dynes scm-5; and (2) satisfactory right ventricular
function exists.

LIVER AND LUNG TRANSPLANTATION
Combined lung and liver transplantation is a therapeutic
option for selected patients with coexisting lung and liver
diseases such as cystic fibrosis and alfa 1 -proteinase inhibitor deficiency, and has also been performed in few cases
of patients with PPHTN[48-53]. Recently, a report concerning 13 consecutive patients who underwent combined
lung and liver transplantation has been published. In the
whole cohort of patients, 5 with PPHTN and 8 with other
severe hepatic and pulmonary diseases (sarcoidosis, cystic
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fibrosis, alfa 1-proteinase inhibitor deficiency), patient and
graft survival rates, after combined transplantation, were
69% after 1, 62% after 3, and 49% after 5 years[54]. However, further studies are needed to confirm the efficacy,
as well as the indications of this surgical approach in the
management of patients with PPHTN.
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Diagnosis and management of bacterial infections in
decompensated cirrhosis
Maria Pleguezuelo, Jose Manuel Benitez, Juan Jurado, Jose Luis Montero, Manuel De la Mata
protein level and prior episodes of spontaneous bacterial peritonitis (SBP). The prognosis of these patients is
closely related to a prompt and accurate diagnosis. An
appropriate treatment decreases the mortality rates.
Preventive strategies are the mainstay of the management of these patients. Empirical antibiotics should be
started immediately following the diagnosis of SBP and
the first-line antibiotic treatment is third-generation
cephalosporins. However, the efficacy of currently
recommended empirical antibiotic therapy is very low
in nosocomial infections including SBP, compared to
community-acquired episodes. This may be associated
with the emergence of infections caused by Enterococcus faecium and extended-spectrum β-lactamaseproducing Enterobacteriaceae, which are resistant to
the first line antimicrobial agents used for treatment.
The emergence of resistant bacteria, underlines the
need to restrict the use of prophylactic antibiotics to
patients with the greatest risk of infections. Nosocomial infections should be treated with wide spectrum antibiotics. Further studies of early diagnosis, prevention
and treatment are needed to improve the outcomes in
patients with decompensated cirrhosis.
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Abstract

Key words: Cirrhosis; Infections; Spontaneous bacterial
peritonitis; Ascites; Antibiotics

Bacterial infections are one of the most frequent complications in cirrhosis and result in high mortality rates.
Patients with cirrhosis have altered and impaired immunity, which favours bacterial translocation. Episodes
of infections are more frequent in patients with decompensated cirrhosis than those with compensated liver
disease. The most common and life-threatening infection in cirrhosis is spontaneous bacterial peritonitis followed by urinary tract infections, pneumonia, endocarditis and skin and soft-tissue infections. Patients with
decompensated cirrhosis have increased risk of developing sepsis, multiple organ failure and death. Risk
factors associated with the development of infections
are severe liver failure, variceal bleeding, low ascitic
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INTRODUCTION
Bacterial infections are one of the most frequent complications in cirrhosis, particularly in decompensated
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patients, and account for significant mortality. The current prevalence of this complication ranges between
25% and 30%[1,2] and is responsible for 30%-50% of
deaths in these patients[3]. The cumulative mortality after
any infection in patients with cirrhosis is 43.5%. It has
been suggested that the occurrence of bacterial infection could be considered a further prognosis stage, defining the critically ill cirrhotic[4]. Risk factors associated
with the development of infections are high Child-Pugh
score, variceal bleeding, low ascitic protein level and
prior episodes of spontaneous bacterial peritonitis (SBP).
The most common infections in cirrhosis are SBP[5],
followed by urinary tract infections, pneumonia and
cellulitis[6]. Sixty percent of bacterial infections are community-acquired and 40% are nosocomial. In hospitalized cirrhotic patients, the most frequent infections are
healthcare-associated or hospital-acquired and these infections are frequently resistant to antibiotics. The most
frequent causative organisms in community-acquired
infections are gram-negative bacilli, mainly Escherichia coli
(E. coli) (60%). The emergence of extended-spectrum
beta-lactamase (ESBL)-producing enterobacteria in nosocomial infections has meant that gram-positive cocci
are no longer the main bacteria isolated in hospital-acquired infections. Moreover, nosocomial SBP are mainly
caused by gram-negative bacteria. However, cultures are
positive only in 40%-70% of infections. The treatment
of choice for the most common infections occurring in
cirrhosis is third-generation cephalosporins since they
are active against Enterobacteriaceae and non-enterococcal streptococci as well as being well tolerated[7-9].
However, recent studies have shown that the prevalence
of infections caused by multiresistant bacteria is increasing in cirrhosis[10].
Immune defects, mainly acquired but also genetic,
and bacterial translocation are the principal mechanism
involved in the pathogenesis of infection in cirrhosis[11].
Liver dysfunction is associated with an impaired defense
against bacteria, which worsens over time and with disease progression. Both humoral and cell-mediated immunity are depressed. In cirrhosis, decreased bacterial
clearance as well as structural and functional alterations
in the intestinal mucosa lead to an increase in permeability to bacteria and derived products. This favours
bacterial translocation, which increases the susceptibility
to infection, particularly SBP. Deficiencies in C3 and C4,
impairment of macrophage Fcγ-receptor mediated clearance of antibody-coated bacteria and down-regulation
of monocyte human leukocyte antigen-DR expression,
may also contribute to this altered defense[12]. In some
cases a deregulated immune response produces an important production of inflammatory mediators, which
leads to an excessive pro-inflammatory response. This
process may contribute to renal impairment, multiple
organ failure and high mortality rate[13].
Bacterial infections, regardless of the aetiology, are
a severe complication of decompensated cirrhosis, and
result in increased mortality and longer hospital stay.
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The most important predictive factor for mortality after
infection is renal failure. The release of inflammatory
mediators during infection leads to systemic, renal, and
hepatic hemodynamic impairment, which dramatically
affects the prognosis even after resolution of infection.
The mortality rate after infection in patients with cirrhosis remains high and has not significantly changed over
recent decades[4]. The widespread use of quinolones and
other antibiotics in cirrhosis has favoured changes in
bacterial flora and the development of antibiotic resistance. To improve outcomes, new studies of early diagnosis, prevention and treatment are needed.

DIAGNOSIS OF BACTERIAL INFECTIONS
Early diagnosis and treatment of infections are of paramount importance for the management of patients with
decompensated cirrhosis, since bacterial infections are
important causes of mortality and morbidity in these
patients. Patients with decompensated cirrhosis have increased risk of developing sepsis, multiple organ failure
and death[14]. Mortality associated to infections is twenty
times higher in patients with cirrhosis than in the general
population.
Bacterial infections in patients with cirrhosis can be
asymptomatic or pauci-symptomatic, and have to be suspected in any cirrhotic patient with a sudden impairment
of liver function[15]. The prognosis of these patients is
mainly dependent on a prompt and accurate diagnosis[2].
Identification of the source of infection is the primary
concern when deciding on the appropriate antibiotic
therapy. The first evaluation must include a detailed
physical examination including vital signs (temperature,
respiratory and heart rates, mean arterial pressure), abdominal and chest examination, and evaluation of the
presence of skin lesions. A complete work-up must
include a range of diagnostic tests such as blood cell
count and culture, urinary sediment and culture, chest
X-ray, sputum culture, ascitic/pleural fluid cultures and
abdominal ultrasonography[11].
Diagnosis of spontaneous bacterial peritonitis
SBP is defined as an infection of the ascitic fluid in the
absence of a contagious cause of infection (e.g., intestinal perforation or abscess)[7]. SBP is a frequent and
severe complication of cirrhosis, with an incidence in
hospitalized patients with cirrhosis of 7%-25%. Prospective studies have shown that one-year mortality rates
following an episode of SBP, range from 65% to 93%[16].
Risk factors for SBP include impaired liver function,
gastrointestinal bleeding, high bilirubin levels, low ascitic
fluid protein (< 10-15 g/L), and a prior episode of SBP.
Abdominal pain and fever are the most common
symptoms, followed by vomiting, hepatic encephalopathy,
gastrointestinal bleeding and renal dysfunction. However,
symptoms and signs are sometimes absent[17]. In 40%-60%
of cases, the organism responsible for SBP is isolated in
ascitic fluid or blood cultures[1-4,6]. Diagnostic paracentesis
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should be carried out in all patients with ascites who are
admitted to hospital, regardless of symptoms[18].
Diagnosis of SBP is based on the demonstration of
an absolute number of polymorphonuclear cells in ascitic fluid equal to or greater than 250/mm3. Diagnosis
of SBP constitutes an indication to initiate an empirical antibiotic therapy and must not be delayed until the
ascites bacteriological culture results are available[7,8].
The best specificity for diagnosis has been reported[19-22]
with a cut-off of 500 PMN/mm3. It is unclear whether
a positive culture in the absence of elevated ascitic fluid
PMN count (bacteriascites), requires antibiotic therapy.
In these cases, some guidelines recommend antibiotic
treatment only if the patient shows signs of infection[8].
Leukocyte reagent strips have been suggested as a rapid
screening test for the diagnosis of SBP at the bedside[23-26]. However, sensitivity varying between 45% and
100%, makes this method suboptimal for the diagnosis
of SBP. In patients with hemorrhagic ascites (red blood
cell count > 10 000/mm3), subtraction of one PMN
per 250 red blood cells should be made. When there is a
predominant lymphocytosis in the ascitic fluid, the differential diagnosis must include tuberculous peritonitis,
neoplasms, congestive heart failure, pancreatitis and
myxedema, but usually not SBP[18]. Other markers that
have been suggested for the diagnosis of SBP are lactoferrin, an iron-binding protein contained in PMN, which
has a sensitivity of 96% and a specificity of 97% with
cut-off value of ≥ 242 ng/mL in ascitic fluid[27].
The most frequently identified organisms in patients
with SBP are gram-negative bacteria (E. coli) and grampositive cocci (streptococcus and enterococcus). Approximately, 30% of isolated gram-negative bacteria are
resistant to quinolones and this resistance is higher in
patients undergoing norfloxacin therapy[9]. The most frequent causative organisms in community-acquired SBP
are gram-negative bacteria, while in nosocomial infections gram-positive organisms are responsible for most
infections.
Secondary peritonitis constitutes the main differential
diagnosis of SBP, accounting for 5%-10% of all peritonitis in patients with cirrhosis and ascites. This is due
to perforation or inflammation of an intra-abdominal
organ, and its mortality is much higher than that of SBP
(66% vs 10%)[28]. Secondary peritonitis must be suspected
in patients with inadequate response to therapy or when
multiple organisms are identified in the ascitic fluid[29].
A diagnosis of secondary peritonitis is probable when
at least two of the Runyon’s criteria are present: glucose
level < 50 mg/dL; protein concentration > 10 g/L; or
lactate dehydrogenase > 225 mU/mL[8]. When secondary peritonitis is suspected, an abdominal computerized
tomography should be performed as soon as possible[30].

dence of UTI is higher in cirrhotic patients with indwelling catheters and in women. The most frequent bacteria
causing UTI are E. coli and Klebsiella pneumoniae (K. pneumonia). Quinolones are not recommended for the treatment of UTI in areas with a high prevalence of quinolone-resistant enterobacteria, such as Southern Europe.
Amoxicillin-clavulanic acid or an oral cephalosporin
should be considered in these high-risk patients[33-35].
Pneumonia: Pneumonia is the third most common
infection in liver cirrhosis, after SBP and UTI. Community-acquired pneumonia is most frequent, especially in
subjects with active alcoholism[36]. Streptococcus pneumonia is the most common causative organism, followed
by anaerobic bacteria or Haemophilus influenza, K. pneumonia,
Mycoplasma pneumonia or Legionella[37,38]. The initial treatment of choice should include macrolides combined
with one of the following: cefotaxime, ceftriaxone,
amoxicillin-clavulanic acid, imipenem or piperacillintazobactam. Factors such as tracheal intubation and
hepatic encephalopathy may predispose for hospitalacquired pneumonia, mainly caused by gram-negative
bacilli and staphylococci. In these cases, the treatment
should be adapted to the local epidemiological pattern
of resistant bacteria; meropenem or ceftazidime plus
ciprofloxacin may be an adequate option. Vancomycin
or linezolid should be added in patients with risk factors
for methicillin-resistant Staphylococcus aureus (MRSA)
(Ventilator-associated pneumonia, previous antibiotic
therapy, nasal MRSA carriage).
Endocarditis: Streptococcus and Staphylococcus aureus
are the most common causative organisms.
Skin and soft-tissue infections: Lymphangitis of the
lower extremities and abdominal wall are frequent in
cirrhotic patients with edema or ascites. The most common etiologic organisms are Staphylococcus aureus and
Streptococcus pyogenes, followed by Enterobacteriaceae
and anaerobes[39]. Empirical therapy with cloxacillin has
been considered the first-choice. Amoxicillin-clavulanic
acid or quinolones (i.e., ofloxacin) may be an adequate
alternative. Cellulitis is usually treated with a combination of cloxacillin and a third-generation cephalosporin.

TREATMENT OF SBP IN PATIENTS WITH
DECOMPENSATED CIRRHOSIS
In practice, third generation cephalosporins have already
been established as the standard treatment of SBP[40-42].
However, the efficacy of currently recommended empirical antibiotic therapy is very low in nosocomial infections,
including SBP, when compared to community-acquired
episodes. Infections caused by multiresistant bacteria have
increased nearly 100%, and are associated to a higher incidence of treatment failure, rapid deterioration of liver
function and mortality. This change may be associated
with the emergence of infections caused by Enterococcus

Other infections in patients with cirrhosis
Urinary tract infections: Urinary tract infections (UTI)
in cirrhosis can be asymptomatic or oligosymptomatic,
and asymptomatic bacteriuria is frequent[31,32]. The inci-
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faecium and extended-spectrum β-lactamase-producing
Enterobacteriaceae, which are resistant to the current recommended empirical antibiotic therapy. This findings led
to the suggestion that nosocomial SBP should be treated
with carbapenems or with tigecycline[43].
Appropriate empirical antibiotic therapy is associated
with improved survival. In the absence of ascitic fluid
cultures, it is important to use broad-spectrum antibiotics, selected according to the type and severity of infection. Epidemiological factors, such as site of acquisition
of the infection (nosocomial vs community-acquired
infections), and previous history of multiresistant infection, must be taken into account[11]. Prevention and
treatment of renal failure, sometimes triggered by infection, is of pivotal importance in the treatment of these
patients. Therefore, some antibiotics, such as aminoglycosides, should not be used in cirrhosis because of the
high risk of renal failure[44].

patients with SBP, even low-dose albumin (10 g/d on day
1 and 3) reduces tumour necrosis factor and interleukin 6
levels in serum and ascites as well as preventing increases
in serum nitric oxide induced by SBP[50].
Treatment of nosocomial SBP
Unfortunately, antibiotic therapy fails in 26%-41% of
patients with SBP[51]. One of the explanations may be
that current guidelines for the treatment of SBP do not
distinguish between community-acquired and nosocomial episodes. Recent studies have reported an increasing
prevalence of extended-spectrum β-lactamase-producing
bacteria and multiresistant gram-positive bacteria such
as Enteroccocus faecium or MRSA[52]. In fact, bacteria
isolated in nosocomial SBP are frequently resistant to
β-lactams (33%-78%), and this is associated with a low
success rate in a significant proportion of nosocomial
SBP[53-56], which are being treated with third generation
cephalosporins, amoxicillin/clavulanic acid or quinolones.
Clinical and research efforts are focused on decreasing rates of mortality, morbidity and healthcare associated costs. The development of bacterial resistance in
community-acquired SBP increases the risk of mortality
four-fold, since it is usually associated with empirical
treatment failure. Therefore, for an optimal treatment
of nosocomial infections in patients with cirrhosis, epidemiological factors and patterns of resistance should
be considered. Hospitalisation within the previous 3 mo,
intensive care treatment, and prior antibiotic treatment,
are independent risk factors for the development bacterial multi-resistance[57].
Carbapenems are the most effective option for nosocomial infections in areas with a high prevalence of extended-spectrum β-lactamase-producing Enterobacteriaceae. Tigecycline may be a potential alternative, although
recent studies have showed increased mortality related
to its low clinical efficacy and it should not, therefore, be
recommended as first-line therapy in the general population[58]. Penicillin used in combination with β-lactamase inhibitors (e.g., piperacilin-tazobactam) may be an adequate
alternative. However, the most appropriate antibiotic
treatment in any particular case should be selected according to the results of the relevant microbiological studies.

Treatment of community-acquired SBP
The organisms traditionally associated with communityacquired SBP are gram-negative bacteria, mainly Enterobacteriaceae. This family of bacteria usually shows
optimal response to third-generation cephalosporins (e.g.
cefotaxime). Amoxicillin-clavulanic acid and ciprofloxacin have shown similar results. Intravenous cefotaxime 2
g/12 h is considered the first-line antibiotic for the empirical treatment of SBP. A 5-d therapy is as effective as
a 10 day treatment. Other effective and safe options are
iv ceftriaxone 1 g/(12-24) h or iv amoxicillin-clavulanic
acid (1-2) g/(6-8) h[45]. The use of fluoroquinolones (e.g.,
ciprofloxacin 200 mg/12 h, iv) has demonstrated similar
efficacy. In patients with uncomplicated SBP (absence
of gastrointestinal hemorrhage, severe encephalopathy,
septic shock or creatinine > 3 mg/dL), oral ofloxacin (400
mg/12 h) may be an effective alternative. In patients
who develop SBP while receiving norfloxacin prophylaxis, quinolones are not recommended and the best
alternative is cefotaxime or amoxicillin/clavulanic acid.
In SBP it is of crucial importance to assess the response
to treatment by performing a follow-up paracentesis two
days after initiation of the antibiotic therapy. A reduction
in the ascitic fluid PMN count (< 25%), compared with
the pretreatment value, is considered treatment failure
and indicates the need for modification of the antibiotic
treatment according to in vitro sensitivity.
Administration of albumin as adjuvant treatment to
antibiotics is considered essential in patients with SBP
and impaired renal or liver function, in order to prevent
worsening of renal function [46-48]. The recommended
dose is 1.5 g/kg on day 1 and 1 g/kg on day 3. The concomitant use of albumin decreases the incidence of type
1 hepatorenal syndrome (from 30% to 10%) and reduces
mortality (from 29% to 10%), compared with cefotaxime
alone. Treatment with albumin is particularly effective in
patients with serum bilirubin ≥ 4 mg/dL or serum creatinine ≥ 1 mg/dL, while its use in patients without these
criteria remains controversial[49]. However, in unselected
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PROPHYLAXIS OF SBP IN PATIENTS
WITH DECOMPENSATED CIRRHOSIS
In patients with cirrhosis at high risk of SBP (low protein ascites and advanced liver dysfunction or impaired
renal function), norfloxacin administration decreases the
1-year probability of developing this infection and hepatorenal syndrome, and moreover increases 3-mo and
1-year survival[29]. However, recent studies suggest that
norfloxacin is not now as affective as it was in the past,
possibly due to the development of quinolone-resistant
bacteria in the fecal flora of patients receiving long-term
prophylaxis. Thus, to prevent antibiotic resistance and to
make these strategies cost-effective, antibiotic prophy-
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laxis must be restricted to those patients at a very high
risk of bacterial infections. Since the gut appears to be
the main source of bacteria in SBP, a selective intestinal
decontamination by elimination of gram-negative bacilli
(mostly responsible for infections in cirrhosis) should be
performed.

intestinal transit. Intravenous ceftriaxone should, therefore, be used in the prophylaxis of bacterial infections
in patients with advanced cirrhosis and upper gastrointestinal bleeding, whereas patients with less severe liver
disease may be given oral norfloxacin or an alternative
oral quinolone.
Therefore, in patients with upper gastrointestinal
bleeding, antibiotic prophylaxis is considered essential.
In patients with less severe liver disease norfloxacin
may be given, whereas in those with severe liver disease
ceftriaxone is the prophylactic antibiotic of choice. Timing of antibiotic administration is also important and
prophylaxis should be started from admission, ideally
before or immediately after endoscopy[67]. Local bacterial
resistance profile and treatment costs, are other factors
to consider in the selection of antibiotics.

Primary prophylaxis in patients with gastro-intestinal
bleeding
Cirrhotic patients with upper gastrointestinal bleeding
are at high risk (25%-65%) of bacterial infections, particularly SBP, during the first 7 d after the bleeding episode. Moreover, bacterial infections increase the risk of
early re-bleeding[59]. An increase in portal pressure and
changes in hemostasis induced by infection have been
suggested as possible mechanisms[60,61]. A beneficial effect of antibiotic prophylaxis on control of bleeding and
prevention of re-bleeding has been reported[62]. Current
guidelines recommend antibiotic prophylaxis in patients
with cirrhosis and gastrointestinal bleeding regardless of
the presence of ascites[9]. A meta-analysis of five trials
comprising 534 cirrhotic patients with variceal haemorrhage, demonstrated that antibiotic prophylaxis for
4 to 10 d significantly reduced the occurrence of SBP
and septicaemia, and improved short-term survival[63].
Similar results were seen in a more recent meta-analysis
of twelve trials comprising a total of 1241 patients with
cirrhosis and gastrointestinal bleeding, in which antibiotic prophylaxis significantly decreased the incidence of
bacterial infections, re-bleeding, length of hospitalisation and mortality. Prophylaxis benefits were observed
irrespective of the antibiotic used, although they were
stronger with cephalosporins, quinolones and quinolones plus beta-lactams[64]. The use of antibiotic prophylaxis as secondary prevention of variceal bleeding may
reduce the incidence of early re-bleeding, mainly in the
first seven days after the first haemorrhage[65].
Currently, the recommended antibiotics are mainly
oral quinolones (norfloxacin 400 mg bid for 7 d) or intravenous cephalosporins (ceftriaxone 1 g/d for 7 d). Norfloxacin is a poorly absorbed quinolone with antibacterial activity against gram-negative bacteria, which is simple
to administer and has low cost. The main complication
of long-term norfloxacin prophylaxis is the occurrence
of infections by quinolone-resistant organism, which are
usually susceptible to third-generation cephalosporins.
This fact and the lack of efficacy of norfloxacin against
gram-positive or anaerobic organisms, may explain the
superiority shown by intravenous ceftriaxone over oral
norfloxacin in a randomized controlled trial on patients
with variceal bleeding and advanced cirrhosis (characterized by at least 2 of the following: ascites, severe malnutrition, encephalopathy, or bilirubin > 3 mg/dL)[66].
Invasive procedures used in patients with cirrhosis and
haemorrhage are a risk factor for infections caused by
gram-positive bacteria. Intravenous administration seems
to be more appropriate than oral intake in patients with
active upper bleeding who have vomits and very rapid
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Primary prophylaxis in patients with ascites
Primary prophylaxis in cirrhotic patients with ascites,
but without gastrointestinal bleeding, is controversial.
A recent meta-analysis including seven trials comparing antibiotic prophylaxis to no intervention or placebo,
showed that the relative risk of SBP and mortality was
lower in patients treated with antibiotics (RR 0.2; 0.11
to 0.37) than with no treatment or placebo (RR 0.6; 0.43
to 0.87)[16]. However, these findings must be taken with
caution because of the low methodology quality of most
of the trials and the likely existence of systematic bias in
the trials included. Given the increasing emergence of
resistant bacteria and the limited validity of these results,
antibiotic prophylaxis in all patients with ascites without
bleeding should not be recommended until we have
more conclusive evidence.
However, it is well known that the risk of SBP in
patients with ascites depends on ascitic fluid protein
concentration, since it has been shown that low protein
concentration (< 10-15 g/L) is a risk factor, and the incidence is greater in those with advanced liver disease.
Several independent studies and meta-analysis have assessed this issue[68-71]. In a placebo-controlled trial on patients with protein ascitic levels < 15 g/L and advanced
liver failure or impaired renal function, norfloxacin (400
mg/d) reduced the 1-year probability of developing SBP
and improved the 3-mo survival, although at 1 year the
difference in survival was not significant[29]. Similarly, a
placebo-controlled trial on patients with ascites protein <
15 g/L and moderate liver failure, showed that prophylaxis with ciprofloxacin for 12 mo improved the 1-year
survival. However, there was no significant difference
between groups in the occurrence of SBP or other infections[72]. A recent meta-analysis of these three trials supports the efficacy of quinolones in these settings, since it
demonstrates significant preventive power for SBP and
mortality[18]. A previous meta-analysis, which aimed to assess the effect of antibiotic prophylaxis in the prevention
of SBP and survival, showed similar results. It included
eight studies comprising 647 patients with cirrhosis at
risk for developing SBP. In seven of the eight studies the
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mean ascitic fluid protein level was < 15 g/L. Criteria
for defining advanced liver disease included Child-Pugh
scores > 9, bilirubin levels > 2.5 mg/dL, and impaired
renal function. The analysis showed that prophylaxis
improved short-term survival and reduced the incidence
of infections, including SBP[73]. These results suggest
that primary prophylaxis has a great impact in the clinical
course of patients with low ascites protein content and
advanced cirrhosis, and may reduce the incidence of SBP
and improve survival. Nevertheless, studies in patients
with low ascitic fluid protein but without severe liver disease, have failed to show significant effect of norfloxacin
on survival or in the occurrence of SBP[74].
To the light of these studies, patients with protein
ascitic levels < 15 g/L and severe liver disease or renal
impairment should be considered for long-term prophylaxis with norfloxacin (400 mg/d), particularly those
patients awaiting liver transplantation, because antibiotic prophylaxis may increase the applicability of this
procedure. The optimal duration of primary antibiotic
prophylaxis has not been established. Oral ciprofloxacin
is a valid alternative to norfloxacin. In patients with low
protein concentration in ascitic fluid, but with mild or
moderate liver disease, antibiotic prophylaxis is not currently recommended[9].

laxis with quinolones in patients who develop infection
due to quinolone-resistant bacteria. Antibiotic cycling or
combined treatment regimes have been proposed to reduce the risk of emerging resistant bacteria, but there are
no data supporting this strategy.
Probiotics, a non-antibiotic and safe therapy, may decrease bacterial translocation, since it has been reported
that they can correct bacterial overgrowth, stabilize mucosal barrier function and decrease bacterial translocation
in experimental conditions[82-84]. However Lactobacillus
failed to reduce bacterial translocation and ascitic fluid
infection in an animal model[85,86]. Further studies in patients with cirrhosis are needed to define the possible role
of probiotics in SBP prophylaxis.
It has been suggested that acid-suppressive therapy
with proton pump inhibitors (PPIs), which is widely
used in patients with cirrhosis, may increase the risk of
bacterial infections, since they cause bacterial overgrowth
in the small intestine and increase intestinal permeability[87-92]. Several studies, including a meta-analysis[93] of
four studies involving a total of 772 patients[94-98], found
significant association between PPI and the development of SBP in patients with cirrhosis (odds ratio 2.77,
95%CI: 1.82-4.23). However, a recent study suggests that
even though PPIs may be a contributing factor, the predominant factor determining infection risk is the stage
of the liver disease[99]. Bajaj et al[100] identified PPI use as
a risk factor for Clostridium Difficile Associated Disease
(CDAD) in hospitalized patients with cirrhosis, which is
associated with higher mortality, length of stay and costs.
However, the relation between PPI use and CDAD has
not been confirmed in other populations of patients
with impaired immunity[101]. Therefore, more studies are
needed to verify this association.

Secondary prophylaxis in patients with prior SBP
The probability of survival at 1 year after an episode of
SBP is about 30%-50%[75], with a cumulative recurrence
rate at 1 year of 70%. Therefore, after one episode of
SBP, liver transplantation must be considered. In all
patients with a prior episode of SBP it is essential to
initiate long-term antibiotic prophylaxis. For secondary
prophylaxis, the evidence is strongest for norfloxacin (400
mg/d), since its use after an episode of SBP has been
shown to reduce the recurrence from 70% to 20%[76].
This prophylactic strategy results in a substantial cost
saving by avoiding resource utilization associated with
treatment[77]. Intermitting antibiotic therapy schedules
have been suggested as secondary prophylaxis, however
this strategy may select resistant flora more rapidly and
should, therefore, be avoided.
In these settings prophylaxis should be instituted
after the completion of treatment for acute SBP and
continued until liver transplantation or disappearance
of ascites. The development of bacterial resistance is a
potentially harmful complication of long-term antibiotic
therapy, and it is greater with longer duration of antibiotic administration. In patients who develop resistance
to quinolones, trimethoprim/sulfamethoxazole has been
suggested as an alternative to norfloxacin[78]. However,
there is a high rate of SBP caused by trimethoprimsulfamethoxazole resistant Gram-negative bacteria (44%-72%),
suggesting that this antibiotic is not a suitable alternative
to norfloxacin[79,80]. Data supporting the use of trimethoprim/sulfamethoxazole are weak, while its side effects
are potentially dangerous and probably under-reported[81].
There are no data to support discontinuation of prophy-
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CONCLUSION
Bacterial infections in cirrhosis are common, accounting
for significant mortality. Patients with decompensated
cirrhosis have more frequent episodes of infection than
those with compensated liver disease. Spontaneous bacterial peritonitis is the most common infection in these
patients. The development of cirrhosis is associated
with impairment in the immune system, which worsens
over time, and with disease progression. Risk factors associated with development of infections in cirrhosis are
severe liver failure, variceal bleeding, low ascitic protein
level and prior episodes of SBP.
Identification of risk factors for SBP is important to
develop optimally targeted safe and cost-effective strategies for its prevention. Improvements in survival are
achieved with early diagnosis and prompt antibiotic treatment. Empirical antibiotics should be started immediately
following the diagnosis of SBP and the first line antibiotic
treatment is third-generation cephalosporins. The concomitant administration of albumin decreases the frequency of hepatorenal syndrome and improves survival.
Antibiotic prophylaxis should be used in cirrhotic
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patients hospitalized with an episode of gastrointestinal
haemorrhage, ascites and a prior history of SBP. Patients
with protein ascitic levels < 15 g/L and severe liver disease or renal impairment should be considered for longterm antibiotic prophylaxis. Patients who recover from
SBP have to be considered for liver transplantation,
since they have a poor long-term survival.
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Core tip: Ascites is an accumulation of fluid most commonly found in cirrhosis with portal hypertension. Ascites can cause or is associated with a number of complications including spontaneous bacterial peritonitis,
hepato-hydrothorax and hepatorenal syndrome. Ascites
itself, and these associated complications are a significant cause of morbidity and mortality in cirrhotic patients. The management of ascites is complex, utilizing
an array of medications and interventional therapies to
maintain appropriate total body volume, prevent multiorgan dysfunction, and manage against increased risk
for associated infections.

Abstract
Ascites is a pathologic accumulation of peritoneal fluidcommonly observed in decompensated cirrhotic states.
Its causes are multi-factorial, but principally involve
significant volume and hormonal dysregulation in the
setting of portal hypertension. The diagnosis of ascites
is considered in cirrhotic patients given a constellation of clinical and laboratory findings, and ultimately
confirmed, with insight into etiology, by imaging and
paracentesis procedures. Treatment for ascites is multimodal including dietary sodium restriction, pharmacologic therapies, diagnostic and therapeutic paracentesis,
and in certain cases transjugular intra-hepatic portosystemic shunt. Ascites is associated with numerous complications including spontaneous bacterial peritonitis,
hepato-hydrothorax and hepatorenal syndrome. Given
the complex nature of ascites and associatedcomplications, it is not surprising that it heralds increased morbidity and mortality in cirrhotic patients and increased
cost-utilization upon the health-care system. This review will detail the pathophysiology of cirrhotic ascites,
common complications derived from it, and pertinent
treatment modalities.
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INTRODUCTION
Ascites is a very common manifestation of decompensated cirrhosis and represents a pathologic accumulation
of fluid within the peritoneal cavity[1-3]. The term “ascites”
is derived from the Greek term “askos” in reference to its
similar appearance to a winebag or sac. This seems rather
appropriate, both in description of presentation and as
an allusion to a main cause of cirrhosis. The term “ascitic
fluid” is also utilized in the literature however it is in a
way redundant. The clinical presentation of ascites has
been described since antiquity, reasonably inferred from
passages in the Egyptian medical text, the Ebers Papyrus c.
1550 BCE[4].
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Cirrhotic ascitic fluid accumulation results from a
number of factors broadly defined in terms of hormonal
and cytokine dysregulation and related volume overload
in the setting of portal hypertension[1]. The manifestation
of ascites is an important landmark in the progression
of cirrhosis: (1) it is the most common cause for hospital admissions and thus contingent costs; (2) it portends
increased 1-year mortality; and (3) functions as a riskstratification marker for orthotopic liver transplantation
(OLT)[1,5-7]. This review will characterize the pathophysiology of cirrhotic ascitic fluid formation, the complications surrounding ascites, and basic medical management
of these processes.

of ascites remains incompletely understood and continues to evolve. A hybrid theory currently prevails, having
arisen out of the “overflow” and “underfill” theories of
the past generation[1,2,5]. A brief sketch of these views
suggests the following: (1) continuous injury to the liver
as a combination of both exogenous factors, e.g., chronic
alcohol or viral or non-alcoholic steatohepatitis (NASH)
injury; (2) in the setting of an appropriate genetic disposition; and (3) continued micro-processes of inflammation, necrosis and collagen deposition/regeneration, all
conspiring to transform the liver from a low-resistance to
a high-resistance system, e.g., a spectrum of fibrosis with
vascular smooth muscle dysfunction[11]. These continued
processes can lead, in aggregate, to increased pressure in
the portal vein, i.e., portal hypertension. The portal vein is
normally approximately 8 cm in length and usually < 13
mm in diameter. It is formed by the union of the splenic
and superior mesenteric vein systems; the inferior mesenteric vein enters one of these vessels, or at their junction,
quite variably. Portal hypertension is defined as being 6
mmHg or greater as measured by the wedged hepatic vein
gradient, and in particular, ascites formation usually occurs at 8 mmHg or greater. For completeness, it is noted
that further clinical decompensation in the form variceal
formation (10 mmHg), increased risk of variceal bleeding (12 mmHg) and risk for recurrent variceal bleeding
(20 mmHg), correlate nicely with these increasing portal
pressures[12-16]. This clinical sequence portends significant
morbidity and mortality and can be interlaced with relatedfurther complications of hepatic encephalopathy (HE),
spontaneous bacterial peritonitis (SBP), hepato-hydrothorax (HHT) and hepatorenal syndrome (HRS)[12].
Thus in the setting of portal hypertension, backflow
and stasis of vasodilatory substances, e.g., nitric oxide,
begin to accumulate[17]. This causes, amongst other results
splanchnic vasodilation with resultant hypoperfusion (although even when globally euvolemic or hypervolemic)
of the renal system. Appropriately in this sense, thereninangiotensin-aldosterone system (RAAS) is activated leading to aggressive fluid retention[18-20]. In brief, renin is
secreted from the renal juxtaglomerular apparatus (JGA)
around the proximal nephrons in response to changes in
vascular pressures, changes in serum sodium, and from
activation of the sympathetic nervous system[17]. It in
turn will convert angiotensinogen (made in the liver) to
angiotensin Ⅰ which is further converted to angiotensin Ⅱ by angiotensin converting enzyme (ACE) in the
lungs[17-19]. Angiotensin Ⅱ has multiple important functions that drive fluid acquisition and retention, including
stimulation of the thirst drive, release of aldosterone
from the zona glomerulosa of the adrenal cortex, and
secretion of vasopressin from the posterior pituitary[17-19].
This excess retained blood volume is thought to leak-out
(filtered in a sense) directly from both the liver surface,
and the mesenteric vessels. This latter mechanism is due
to increased hydrostatics and vascular wall permeability,
and concurrently decreased oncotic (osmotic) fluid retention in the form of absolute or relative hypoalbuminemia.

PATHOPHYSIOLOGY
For the purposes of this discussion, the focus will be on
cirrhotic ascites, in the setting of portal hypertension,
which comprises approximately 85% of all cases[1,2,5].Other causes of ascites (non-cirrhotic)can be broadly defined
as pre- or post-hepatic in origin. Pre-hepatic causes might
include: portal vein thrombosis, lymphoma, abdominal
lymphatic injury or obstruction, bowel perforation, renal
failure, pancreatitis, peritoneal tuberculosis, or a malignancy with peritoneal implants. Post-hepatic causes include
congestive heart failure usually associated with pulmonary
hypertension, constrictive pericarditis, the Budd-Chiari
syndrome, and stricture/web formation in the inferior
vena cava (IVC)[1,5]. This latter category, regarding IVC
stricture/web formation, is likely to manifest rather slowly
overtime as obstruction to critical flow progresses.
Malignant ascites, which is found in 10% of cases,
can occur as a result of any neoplastic disease having
peritoneal metastasis, but is more common with breast,
bronchus, ovary, gastric, pancreatic or colon cancer. Up
to 20% of cases of malignant ascites have a tumor of
unknown origin. Most cases of malignant ascites have
a high protein content[8-10]. Because there are multiple
potential causes of ascites other than liver disease and/
or portal hypertensive origin, non-hepatic disease processes should be ruled out through clinical history and
by utilizing specific laboratory testing and imaging. As an
example, in the setting of chronic pancreatitis with associated pseudocyst and internal fistulae formation, significant fluid can directly enter into the peritoneal cavity and
manifest as abdominal distension with pain. In particular
an elevated ascitic fluid amylase level, found on diagnostic
paracentesis, is strongly diagnostic for this category. The
physician might be especially sensitive to this diagnosis in
a patient with a significant history of alcohol use, chronic
pancreatitis and steatorrhea. Notably, the serum-ascites
albumin gradient (SAAG) is a useful tool for segregating
ascites-associated disease processes due to portal hypertension, such as cirrhosis, from the many other nonportal hypertensive causes of ascites[11]. A SAAG value ≥
1.1 g/dL strongly supports (97% sensitivity) a diagnosis
of portal hypertension as causal[11].
Despite its well known presentation, the pathogenesis
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These three parameters, as described in the classical Starling equation, overwhelm the reabsorptive capacity of the
peritoneal surface and lymphatic system[17-19].
Normally, the peritoneal cavity is decompressed and
has a pressure of 5-10 mmHg, containing approximately
25-50 mL of serous fluid. This fluid normally provides a
low resistance film over which bowel can move past each
other and further hydrates the serosal surfaces maintaining pliability and integrity. The maximum absorption of
fluid out of the peritoneum is approximately 850 mL/d
in optimal settings. This property of absorption (selective
filtration) provides the theory under which peritoneal dialysis operates[21,22]. It can be observed that alterations in
the properties of the lymphatic system or the peritoneal
surface area, either by inflammatory, infectious or fibrotic/mechanical processes can alter optimal re-absorption.
Thus, continued dysregulation of these parameters can
lead to profound ascitic fluid retention.

the actual amount of volume. Ascites can be of three
severities: gradeⅠ, wherein it is diagnosed by abdominal
ultrasound, which requires approximately 100 mL of
fluid within the peritoneum (recall that normal volume
is approximately 25-50 mL); grade Ⅱ, implying at least
1000 mL of peritoneal fluid, which can be detected with
physical examination through the classic exam findings of
sagging flanks, shifting dullness, fluid-wave, and the more
laborious and rarely utilized Puddle’s sign;grade Ⅲ, manifested as a grossly distended abdomen, implying liters of
ascitic fluid. This final grade can elicit a severe form of
discomfort, and may be described as a tense ascites[1,12,22,24].

PARACENTESIS AND LABORATORY
TESTING
Proper evaluation of ascites rests upon direct assessment
through paracentesis: to characterize the fluid origin,
and whether it is sterile, infectious and/or malignant.
Unfortunately, there has been much lore related to the
contra-indications and complications of this procedure.
As with any procedure, coagulation status is a reasonable
concern, and indeed in cirrhotics with ascites their coagulation status is altered but it is not at all obvious in which
direction (pro- or anti-coagulant)[25]. Certainly there is a
deficiency in the production and/or activity of coagulation compounds as would be indicated by the altered
international normalized ratio (INR), but this parameter
does not measure all coagulation factors, e.g., protein C
- a procoagulant. The idea that these patients are “autoanticoagulated” is not true, and they can in fact be at real
risk for thrombo-embolic disease[26]. Considering this
problematic background, one must look at the empiric
data, and although limited, suggests that paracentesis
has been well-tolerated in patients with platelet counts
below 20000 cells/mm3 and an INR as high as 8.7[27-29].
Complications of wall hematoma requiring transfusion
and infection are remote. A reasonable absolute contraindication would be in disseminated intravascular coagulation[12]. The evidence for requisite transfusions of blood
products, by non-hepatology procedural services, to meet
the arbitrary limits of an INR < 1.5 or platelets > 50000
cells/mm3 is unfounded, wasteful in resources and time,
and itself incurs risks of transfusion reactions.
A diagnostic paracentesis, as opposed to a therapeutic paracentesis (vida infra), requires approximately 30-50
mL, and is mandatory in all cases of new onset ascites or
ascites occurring in an individual with a change in clinical status to include fever, abdominal pain, new onset
or worsening HE and any sign or symptom of infection
generally. Paracentesis may be revealing for SBP even
in hospital admissions not thought related to hepatic
disease, e.g., a presentation of weakness with painless ascites[24,28]. Ascitic fluid analysis in all cases should include
cell counts and differential, albumin and total protein,
and ascitic fluid culture aliquoted at the bedside[28]. Other
studies depending upon the clinical situation or appearance of the ascitic fluid can include lactate dehydogenase

CLINICAL PRESENTATION
Ascites represents a very common manifestation of decompensated cirrhosis and thus on presentation[1,12] if
cirrhosis has not already been defined for the patient, risk
factors for its usual precursors, namely alcoholic use, viral
hepatitis and NASH should be explored[1,12]. The clinical presentation of ascites is variable: it can occur slowly
as observed in common and classical liver diseases, or
suddenly as in new mechanical obstruction to the major
vessels. For instance, hepatic or portal vein thrombosis,
compression of the IVC due to trauma with a hematoma
or infection, or acute hepatic failure. In the setting of
thrombosis, causes for a hypercoaguable state should be
sought: infectious, inflammatory, malignancy or hematologic genetic dispositions.Ascites can be painless, and if
it is associated with abdominal pain may simply represent
discomfort from mechanical distension, or super-imposed
infection as in SBP, or even hepatocellular carcinoma[12,23].
Thus, while ascites represents a natural progression of cirrhosis, its appearance should prompt a careful investigation for other causes and complications as well[12].
An increase in abdominal girth can be due to a few
generic processes. An increase in the width of the abdominal wall itself, i.e., an enlarging panniculus; or it can
represent the accumulation of solid, gas or liquid within
the intestines or peritoneal space. Solid causes can represent retained and accumulating stool in constipation, or a
malignant mass such ovarian cancer. Gaseous distension
can also be observed in those with constipation or small
intestinal bacterial overgrowth. Liquid retention, when
focused, can represent a cystic object or loculated ascites.
When the liquid is distributed uniformly, one certainly
considers non-complicated ascites from liver or other
sources (vida supra). The most common clinical complaints
associated with liver related-ascites are an increase in abdominal girth, abdominal fullness, discomfort or ache,
shortness of breath, early satiation and a sense of reduced
mobility[12,22,24]. These symptoms are sensibly scaled to
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more subtle change in mental status, e.g., HE, to being
totally asymptomatic[12].
Infectious ascitic fluid is analyzed conceptually and
practically through cell count/differential and fluid culture and is configured into four categories, the most
important being SBP, defined as a neutrophil count >
250 cells/mm3 and a positive mono-microbial ascitic culture[12,40]. If the cell count is < 250 cells/mm3 and there is
a positive ascitic culture this is defined as non-neutrocytic
bacterascites (NNBA), whereas a negative ascitic culture
with > 250 cells/mm3 is culture-negative neutrocytic ascites (CNNA). A neutrophil count > 250 cells/mm3 in the
setting of a positive polymicrobial ascitic culture suggests,
usually in the setting of bowel perforation, a secondary
bacterial peritonitis. This diagnosis is supported by ascitic TP > 1 g/dL, glucose < 50 mg/dL and LDH > 225
U/L, the so-called Runyon’s criteria[41]. In practice, with a
positive neutrophil count, while culture results are pending, a provisional diagnosis of SBP will be granted and
antimicrobial treatment initiated (vida infra). Given appropriate clinical indications NNBA and CNNA are treated
in similar fashion to SBP. Secondary bowel peritonitis,
beyond the utilization of antibiotics to include anaerobic
coverage, will necessitate imaging and intervention for
presumed bowel leak and/or perforation.
Standard treatment for SBP involves immediate implementation of third-generation cephalosporin such as iv
ceftriaxone 1-2 g daily for five days, although oral fluoroquinolones have been utilized with success as well[42,43].
Repeat paracentesis is not needed unless there is clinical
indication of failing treatment. Given the risks of renal
dysfunction, specifically HRS (vida infra), in the setting of
alterations in effective circulating volume, iv albumin has
been utilized to maintain oncotic tone and renal perfusion.
Initial studies demonstrated a benefit when iv albumin was
dosed as 1.5 g/kg on day 1 and 1.0 g/kg on day 3, yielding
renal protection and improved mortality[44]. Sub-analysis
of these patients, further prompted by the large cost of iv
albumin, suggested that patients with SBP and blood urea
nitrogen (BUN) > 30 mg/dL and total bilirubin (TB) >
4 mg/mL would best benefit[45]. Ideally, one would seek
for prevention of SBP as opposed to reactive treatment,
and in this regard three groups have shown to benefit
from antibiotic prophylaxis. In those (1) with prior SBP,
oral norfloxacin 400 mg daily or equivalent indefinitely;
(2) patients in the setting of gastrointestinal hemorrhage,
to receive iv ceftriaxone 1 g daily × 7 d or equivalent; and
(3) hospitalized patients with ascitic TP < 1.5 g/dL and
serum Na < 130 mmol/L or BUN > 25 mg/dL or serum
creatinine (Cr) > 1.2 mg/dL; otherwise TP < 1.5 g/dL
with Child-Turcotte-Pugh (CTP) score > 9 and TB > 3
mg/dL, to receive oral ciprofloxacin 500 mg daily or oral
trimethoprim-sulfamethoxazole double-strength daily[46-52].

(LDH), cytology, amylase, glucose, total protein (TP), and
triglycerides[12].
In regards gross appearance, ascitic fluid that is nonneutrocytic nor infected should be clear to yellow and
transparent. In normal ascitic fluid the neutrophil count
should be < 250 cells/mm3, wherein the neutrophils are
usually presented as a percentage of the total white blood
cell (WBC) count. A common misinterpretation is to read
this percentage as the absolute number of neutrophils,
potentially missing a diagnosis of SBP. An elevated WBC
count itself is certainly indicative of inflammation, and
usually, but not definitively of infection, e.g., SBP[12,28].
Other molecules such as lactoferrin have been evaluated
for utility as sensitive ascitic biomarkers of infection but
have yet to yield cost-effective results[30,31]. In the setting
of peritoneal dialysis patients, lower thresholds for peritoneal infection have been described[32], e.g., > 50 neutrophils/mm3. In cases of “bloody taps”, a correction factor
of subtracting 1 neutrophil for every 250 red blood cells
(RBCs) should be implemented when defining the type
of ascites. If a milky appearance is observed it could
suggest a high triglyceride count (chylous ascites from
injured lymphatic ducts) of > 100-200 mg/dL[33]. An elevated ascitic fluid amylase level would be very suggestive
for pancreatic ascites, e.g., in the setting of a patient with
chronic pancreatitis with pseudocysts, and a history of
alcohol abuse.
A basic analysis of ascitic fluid albumin can be instructive when compared to serum albumin as the SAAG
(where ≥ 1.1 g/dL defines a high albumin gradient)
suggests portal-hypertension origin with 97% sensitivity[11]. Accuracy is decreased if the serum and ascitic fluid
albumin are not drawn at the same time, or if the serum
albumin is < 1.1 g/dL[12]. Note that one cannot infer that
portal hypertension is from cirrhosis, although this may
be a common cause, but other causes pre- and post-hepatic (vida supra) can also present in this fashion as well[12].
For instance cardiac ascites, a post-hepatic cause, with a
SAAG ≥ 1.1 g/dL and an ascitic TP > 2.5 mg/dL, is a
reasonable conclusion in the appropriate patient who has
a history of heart failure, elevated brain natriuretic peptide, and a dilated IVC[34].

INFECTIOUS ASCITIC FLUID TREATMENT
The interface between the bowel, the intestinal microbiota, and the ascitic fluid is a dynamic one[35,36]. There is
a constant translocation of bacteria across the bowel wall;
the wall integrity is variable in part due to host genetics,
nutritional status and local bacterial interactions. There
is usually clearance of these invading bacteria by the immune system after surveillance and capture by neutrophils and macrophages with assisted opsonic molecules,
e.g., immunoglobulins or complement[37,38]. The generation of SBP thus likely is a manifestation of (1) bacterial
type and burden; (2) gut integrity; (3) volume status; and
(4) local and global immune function[37-39]. The symptoms
of SBP can range from fevers and abdominal pain to a
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NON-INFECTIOUS ASCITIC FLUID
TREATMENT
Insofar as ascites represents a component of ongoing
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cirrhotic decompensation, reversible behaviors contributing to the primary process, e.g., alcoholic intake in
a patient with alcoholic-induced cirrhosis, or diabetes
and hyper-lipidemia in NASH patients, should be controlled[53]. Additionally, external therapy support groups
and family involvement may prove crucial in helping the
patient maintain sobriety and therapeutic compliance. A
diet consisting of 2000 mg/d or less of salt (equivalent
to 88 mmol/d of Na) is advocated given the physiologic
limits of serum Na processing and secretion through
the urine[53-56]. Serum Na governs volume status generally, and thus fluid restriction is not required and is likely
not practical. Overloaded states with hyponatremia, even
to levels between 110-120 mmol/L are common and
well tolerated when approached slowly. Adherence to
such a restricted Na diet can be evaluated by measuring
24-h urinary Na, wherein at least 78 mmol/d should be
excreted (with water following Na) and resultant weight
loss. More practically, a spot urine Na to potassium (K)
ratio > 1 in the setting of weight gain also suggests dietary non-adherence[24]. Given the prognosis of ascites as
common manifestation of decompensated cirrhosis, and
the increased risk for mortality, these patients should be
evaluated for OLT, the expedience of which is gauged
approximately by their model for end-stage liver disease
(MELD) score (vida infra)[1,6,12]. Although not absolute, a
sobriety period, in the case of alcoholic cirrhosis, of approximately 6 mo is required of these patients as a predictor of compliance. Furthermore, certain medications,
such as non-steroidal anti-inflammatory drugs (NSAIDs),
ACE inhibitors (ACEIs), and antibiotics such as aminoglycosides, should be avoided in patients with cirrhotic
ascites. NSAIDs inhibit prostaglandins (which function
to dilate afferent arterioles) whereas ACEIs inhibit ACEs
(which activate angiotensin Ⅱ, which functions to constrict efferent arterioles). In either case regulation of glomerular perfusion is diminished, increasing potential for
renal injury. Antibiotics such as aminoglycosides can be
directly nephrotoxic.
Beyond dietary and behavioral measures, or those
who cannot tolerate such restrictions, diuretic therapy
provides another method for ascitic fluid control[57,58].
The standard combination includes spironolactone, an
aldosterone antagonist, which down-regulates Na channels from the apical surface of the principal cells of the
renal cortical collecting ducts; and, furosemide a Na-K-2
chloride (Cl) symport inhibitor in the ascending limb of
the loop of Henle of the kidney. Spironolactone has a
half-life of approximately 24 h, whereas furosemide has
a half-life of approximately 1.5 h. They are utilized in
a ratio of 100 mg of spironolactone to 40 mg of furosemide, which in theory provides for robust natriuresis
with subsequent flow of water, while maintainingnormokalemia[24,56]. Spironolactone is initiated at 100 mg/d and
increased every 5-7 d (in 100 mg steps) to a maximum of
400 mg/d, as needed for response. Furosemide is initiated at a dose of 40 mg/d to be increased at 40 mg/d
until a maximum of 160 mg/d is achieved[24].
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Patients should undergo frequent clinical and biochemical monitoring particularly during the first month
of diuretic treatment. The maximum recommended
weight loss during diuretic therapy for ascites should be
0.5 kg/d in patients without edema and 1 kg/d in patients with edema. These diuretics have proven to be an
excellent method for slow fluid removal and commensurate weight loss. The goal of long-term treatment is to
maintain the patient free of ascites with the lowest dose
of diuretics. There are no absolute levels in regards to the
degree of renal impairment or hyponatremia for which
diuretics should not be initiated. However progressive
renal injury with a Cr rise to > 1.5 mg/dL and hyponatremia < 120 mmol/L, respectively are sensible parameters which should elicit caution and tapering or cessation of diuretics. In patients with chronic kidney disease
(CKD) or transient alterations in renal function, which
are common in these patients, likely higher doses of diuretics will be required. The physician should be weary
for diuretic-induced pre-renal acute kidney injury (AKI)
or the HRS (vida infra). In this setting, there are likely to
be frequent episodes for hyperkalemia given the usage
of the spironolactone[24]. Additionally, intractable muscle
cramps may develop, and thus precipitate a reduction of
diuretics[58]. Alternative drugs to spironolactone, usually
given the side-effects of gynecomastia and/or sexual
dysfunction, or those allergic to the sulfa moiety, may be
given amiloride. Amiloride is a direct inhibitor of the apical Na channel in the principal cells of the renal cortical
collecting duct[59]. Furosemide can be exchanged for bumetanide, a similar acting diuretic, in those not responding to high doses. It is approximately × 40 more potent
than furosemide with a similar side-effect profile[60,61].
More recently, a novel class of compounds has been
generated to exploit the pathway of vasopressin[62]. Vasopressin is a naturally occurring compound built in the hypothalamus and stored in the posterior pituitary which is
then secreted in response to alterations in blood volume
and high serum osmolarity. In such settings it will bind
the vasopressin-2 (V2) receptor on the basolateral surface
of the principal cells of the renal cortical collecting ducts
and through intra-cellular signaling promote the insertion
of aquaporin 2 channels in the apical surface to allow for
free water entry[62]. This process naturally concentrates
urine while expanding total body volume.
In particular one compound, tolvaptan, has been approved for use in volume dysregulated states such as cirrhosis, congestive heart failure and syndrome of inappropriate anti-diuretic hormone[63]. By blocking vasopressin
from binding the V2 receptor, a massive aquaresis takes
place with correction of the volume state and normalization of serum Na concentration. In patients with a serum
Na < 135 mmol/L, tolvaptan is dosed at 15 mg/d in an
inpatient setting, and can be up-titrated by 15 mg/d to
a maximum of 60 mg/d[63]. Significant improvement in
serum Na concentration with tolvaptan, compared to placebo, was observed within 8 h of usage. Given the significant aquaresis, (1) patients should not be hypovolemic; (2)
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and thus classified as diuretic-intractable ascites[74,76,77].
Or, a sub-group of patients may retain significant ascites despite optimized and maximal therapy and thus are
classified as diuretic-resistant ascites. These groups of
patients may require serial LVP, in some cases up to twice
per month, which can be time-consuming, costly and increase the risk for iatrogenic infections. There have been
smaller studies examining the role of other pharmacologic modalities in refractory ascites, such as midodrine, an
alpha-1 agonist upon arterial and venous vessels, inducing
increased vascular tone. Midodrine has been shown to
be as effective as iv albumin in preventing PICD in such
patients with refractory ascites, with minimal side-effects
and high cost-efficiency[78]. Compare this to terlipressin,
which showed similar outcomes in such patients (vida
supra)[75]. Note however that in the latter case, terlipressin
must be given through intravenous, and it is currently not
available in the United States. Interestingly, non-selective
beta-blockers, which have shown benefit in cirrhotic
patients in preventing variceal hemorrhage, are associated with increased mortality, 4 × higher compared to
those not on beta-blockers, when observed specifically in
those patients with refractory ascites[79]. It is postulated
that these beta-blockers may be inhibiting compensatory
cardiac output (via a negative inotropic effect) and thus
pre-disposing to PICD. Further is the interesting finding
that in these patients the CTP score, which includes an
ascites parameter, is better at predicting mortality than
the MELD score. These results require further validation,
but may indicate that in the fraction of patients with refractory ascites, beta-blockers should be contra-indicated.
The prognosis of patients with refractory ascites is
very poor, and if eligible, should be referred for OLT
and/or transjugular intra-hepatic portosystemic shunt
(TIPS) as bridge to OLT[80-85]. TIPS is a procedure that
has been evolving since the 1980s[86] and relies on the
principle of establishing direct continuity (low-resistance)
from a large portal branch to a hepatic vein by way of a
shunting stent. This stent bypasses the cirrhotic (highresistance) parenchymal tissue which had generated the
portal hypertension and resultant ascites[83]. Recall the
portal hypertension develops in the setting of a HWPG
of 6 mmHg or greater, and that at 8 mmHg ascites develops, and at 10-12 mmHg varices develop with increased
risk of hemorrhage. TIPS is a quite common procedure
and not technically demanding with current radiologic
techniques. Procedural complications such as failed TIPS
deployment and endotipsitis are rare. Concern for TIPS
stent thrombosis post-procedurally is minimal in the era
of covered stents[83,87,88]. Its strongest indications are in
those with refractory ascites and/or recurrent variceal
hemorrhage[83]. Overall TIPS has shown benefit in the
decreased requirement for diuretics, improved quality of
life, and likely a trend towards improved mortality when
compared to repetitive paracentesis in patients with refractory ascites[82-85,87-92]. In the MELD era, a score of 14
or less suggests a good candidate for TIPS procedure, a
score of 24 or greater, suggests that OLT is more benefi-

they should have adequate thirst mechanism and access
to fluids; and (3) should have their electrolytes monitored
closely to prevent overly rapid correction, which in acute
settings can lead to osmotic demyelination syndrome[64-66].

AUGMENTED MEDICAL MANAGEMENT
OF ASCITES
While diuretics provide excellent maintenance of volume
status in decompensated cirrhotics, rapid treatment for
ascites, especially tense ascites (grade Ⅲ), is best through
a therapeutic large-volume paracentesis (LVP)[12,24,67]. LVP
can be performed all at once, wherein a catheter is temporarily placed and removed, or with an indwelling peritoneal drain for up to three days to slowly remove ascitic fluid
over that time. Notably, the peritoneal drain method of
LVP is not associated with increased frequency of SBP[68].
An initial LVP whether in an outpatient or inpatient setting, should be sent for ascitic fluid cell count/differential
and cell culture to assess for SBP. Up to 15% of LVP
may be associated with paracentesis induced circulatory
dysfunction (PICD), which is characterized by an activation of the RAAS due to true or perceived volume dysregulation: (1) arterial underfilling and unloading of highpressure baroreceptors; (2) stimulation of non-osmotic
hypersecretion of vasopressin; (3) free water retention and
dilutional hyponatremia; and (4) associated renal dysfunction[69]. Given these concerns, iv albumin replacement (8.5
g/kg for each liter of ascitic fluid removed) is indicated in
cases where more than 5 L of ascitic fluid is removed[70-72].
Albumin, the most abundant circulating protein in the
plasma, is endowed with an array of non-oncotic effects
as well, including functioning as an anti-oxidant, antiinflammatory and positive inotrope[73].
Despite such success, given the risks inherent in the
use of iv albumin, as a blood product and its cost, other
modalities have been attempted. Terlipressin, with a halflife of 6 h, is a vasopressin analog with selectivity for
the V1 receptors on vascular smooth muscle cells, which
induces vasoconstriction. In theory the maintenance of
vascular tone through terlipressin should reduce, at least
in part, some factors that generate PICD[74]. A notable
study suggested that in cirrhotic patients with tense ascites who were assigned to receive standard iv albumin replacement or terlipressin (total 3 mg iv) after therapeutic
paracentesis, both were effective in reducing manifestations of PICD. There were no significant differences in
arterial blood volume (as measured by plasma renin and
aldosterone levels) nor in renal impairment or hyponatremia between either group[75].
Following the LVP, patients should receive the minimum dose of diuretics necessary to prevent re-accumulation of the ascites. A small population of ascites patients
may be defined as having refractory ascites: ascites which
cannot be adequately controlled through dietary, pharmacologic or LVP modalities[74]. Furthermore, a subgroup
of patients maybe intolerant to augmented medical management given symptomatic or biochemical side-effects,
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cial, and a score in-between requires individual consideration of a risk/benefit analysis to the patient[83,93].
Whether TIPS is ultimately cost-effective, in which
most of the cost is up-front at the time of procedure,
compared to LVP, where cost is aggregated over time,
is still an open question and likely institution dependant.
Total TIPS cost have gone down given the decreased requirement for revision in the era of covered stents. Given
the physiologic mechanism by which TIPS operates, certain concerns naturally arise: TIPS is contra-indicated in
patients with (1) significant right heart failure or pulmonary hypertension as it will place rapid unduevolume burden upon these organs; (2) patients with recurrent HE, as
it will not allow for as much detoxification and regulation
of the culprit amines; (3) polycystic liver disease or a liver
containing malignancy or abscess; (4) active infection; and
(5) severe renal disease, given rapid alterations in vascular
volume distribution[83,94,95].
There is a small group of patients with refractory ascites, who for a variety of reasons cannot undergo TIPS
or OLT, and for whom serial paracentesis has resulted in
too much distress or protein losses. In many cases these
represent patients who also have peritoneal malignant implants[96-99]. For these scenarios, a peritoneal-venous shunt
(PVS) was envisioned, conserving and directing fluid and
protein from the peritoneum into the superior vena cava
(SVC). There are two types, the LaVeen and the Denver,
both one-way valve stents, which empty into the SVC
based upon different opening pressures[96]. Contra-indications include loculated ascites, coagulation disorders, and
advanced cardiac or renal failure; hemorrhagic ascites and
high ascetic TP can cause drain occlusion. Interestingly,
in malignant ascites, limited studies have not demonstrated increased systemic metastasis facilitated by stent
transfer into the circulatory system. Overall these shunts
have not prolonged survival in these patient populations,
nor those with HRS[97]. Shunt patency is poor, with <
20% at 2 years. Furthermore SBP and/or sepsis require
PVS removal[97]. In general, PVS should be considered as
sub-optimal therapy, after standard therapies of diuretics,
LVP and TIPS have failed or are contra-indicated[12,83,97].

is generated from the parietal pleura, and to a lesser extent
the visceral pleura, and reabsorbed by pleural lymphatics.
In the setting chronic disease, lymphatic absorption can
increase to > 20 × normal baseline rates[102].
Cirrhotic patients who develop a significant amount
HHT (approximately after 1 L) tend to have symptoms of
shortness of breath and cough. The accumulation of this
fluid can lead to hypoexemia, atelectasis, pneumonia and
empyema[99,101]. Initial evaluation can include a lateral and
posteroanterior chest X-ray, which will show blunting at
approximately 50 and 200 mL, respectively. A CT scan of
the chest can also be considered to assess for other causes
of these symptoms and signs. Initial management should
involve a thoracentesis for both diagnostic and therapeutic
purposes[99,101]. Similar to a paracentesis, the most useful
testing will be to examine the fluid for cell count/differential, cell culture, albumin and TP, with results that should
be similar to classical pleural effusions defined as a transudate rather than exudate by Light’s criteria[103]. Infected
pleural fluid, i.e., spontaneous bacterial empyema (SBE),
should always be of concern, and it has been identified in
cases where the ascites did not have SBP and in even cases without any ascites[104]. SBE is diagnosed by a positive
culture (usually Escheria, Streptococcus or Enterococcus) or a
neutrophil count of > 250 cell/mm3. Standard treatment
includes a third-generation cephalosporin or equivalent
antibiotic[104]. Chest tubes should not be attempted given
the high risk of procedural complications, e.g., abdominal
penetration, bleeding, and infection. There is also justified
concern for the chronic loss of pleural fluid protein and
serum electrolyte abnormalities[105].
Beyond the initial evaluation with thoracentesis, standard measures of dietary restriction and diuretic therapy
should be continued[83]. In cases of persistent HHT that
have failed these therapies, TIPS has been attempted under the same principles for treatment of refractory ascites
in select patients[106,107]. Another procedure is pleurodesis,
a process in which an agent such as tetracycline or talc
are introduced into the pleural space after which a robust
inflammatory reaction occurs that results in visceral to
parietal pleural wall fusion[108]. Unfortunately, in most
cirrhotic patients, the flow of ascitic fluid entry across
the diaphragm and into the pleural space is so high that
there is rarely enough time for the pleurae to maintain
good approximation for durable fusion. It should only
be considered in those patients who have failed first line
therapies, and are ineligible for TIPS or OLT[83].

PULMONARY COMPLICATIONS
HHT is an accumulation of ascitic fluid within the pleural space that occurs in approximately 10% of cirrhotics.
In about 85% of these patients it is right-sided, and in
others it can be bilateral or even left-sided alone[100]. The
etiology is thought to be from the combination of both
hemostatic pressure from the ascites pushing through diaphragmatic defects or rents in combination with the “pull”
of the negative intra-thoracic pressure[101]. In some cases
this combination can effectively drain the peritoneal cavity such that one may have HHT in the absence of a distended abdomen. Normally the pleural space is a potential
one, wherein pleural fluid volume is approximately < 25
mL per lung, providing a low frictional interface between
the parietal and visceral pleurae. The normal pleural fluid
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RENAL COMPLICATIONS
Renal injury, encompassing a spectrum from acute to
chronic causes, is very common in decompensated cirrhotic patients given the significant alterations in volume
and hormonal regulation, vascular tone, immune function and related infections, and the utilization of numerous medications and contrast-assisted procedures[109-111].
Classically AKI is segregated into pre-renal, renal and
post-renal causes, and with severe or sustained insult
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sult[74]. Meanwhile, medical therapies may be considered
as a temporizing measure, and work towards maintaining
effective arterial perfusion of the kidneys. Terlipressin,
an analog of vasopressin, has been much researched in
the HRS, either in comparison to placebo, or in combination with iv albumin versus placebo, or in comparison
to noradrenaline (norepinephrine), a classical vasoactive
alpha adrenergic agonist[116-119]. Studies have supported
the benefit of terlipressin in reversing HRS when given
for at least 14 d, and which typically yield low relapse
rates[116,117]. Further, although more limited, there has
been data demonstrating reversal of HRS with noradrenaline similar to terlipressin[119]. Notably, in a few studies
when terlipressin was administered with iv albumin there
was reversal of HRS and improvement in mortality[120],
although its value in septic patients is unknown. Terlipressin is usually dosed at 1 mg/6 h, and can be increased
to 2 mg/6 h if no improvement in serum Cr is observed.
Similarly, midodrine, a vasoactive alpha adrenergic
agonist with a half-life of approximately 4 h, has also
demonstrated HRS benefit, and can be dosed at 10
mg three times per day (tid) and increased to 15 mg tid.
Complementarily, octreotide (an inhibitor of splanchnic
vasodilators, with a half-life of 1.7 h) is dosed at 100 mcg
subcutaneously tid and up to 200 mg tid can be utilized.
A therapeutic cocktail of these vasoactive agents, e.g., midodrine or terlipressin, and octreotide, with the utilization
of iv albumin dosed at up to 40 g per day in divided doses
have demonstrated benefit in HRS[121-124]. It is preferable to
use highly concentrated albumin, e.g., 25% vs 5% albumin,
given the reduced volume of solution and decreased thirdspacing burden upon the patient. Successful treatment
will manifest as a decrease in serum Cr, ideally by at least
1 mg/dL and an increase in urine output. If the serum Cr
decreases to ≤ 1.5 mg/dL, diuretics can be restarted at
half the prior dosing with subsequent careful monitoring
of volume status and serum Cr. Certainly, as with other
forms of AKI, these patients should be carefully monitored: vital signs, mental status, urine output, electrolyte
abnormalities, and overall for uremic signs, which would
require emergent use of RRT such as hemodialysis[125].
Serum Cr is utilized as a practical, albeit imperfect
marker, for renal function in the clinical setting. By extension, renal function has itself become a proxy for systemic health, and the importance of this fact is reflected
in the integration of the serum Cr into the MELD
score[126,127]. The MELD score is comprised of the serum
TB, serum Cr and INR, yielding an integer score from 6
to 40 which predicts 90-d mortality in non-transplanted
cirrhotic patients[128]. The MELD score has been more
successful than prior risk stratification methods in prognosticating mortality and equitably distributing organs for
appropriately eligible patients[129-131]. However, in its elegant simplicity, it unsurprisingly does not capture the total biology of cirrhosis. Thus certain modifications have
been appended, in the form of exception points, notably
to those who are on RRT or with low-staged hepatocellular carcinoma, amongst others[132].

this can lead CKD with the possible utilization of renal
replacement therapy (RRT) in either case. For instance,
pre-renal causes might include hypovolemia or renal
artery thrombosis; renal (intrinsic) causes might include
toxicity from infection, malignancy or medications and iv
contrast; post-renal causes might include ureteral stone
obstruction or extrinsic ureteral compression by a pelvic
malignancy[109,111-114].
The HRS should be considered in all cirrhotic patients who develop pure AKI or AKI within a CKD setting[111,115]. HRS, as with any AKI, should be considered
when a rise in serum Cr × 1.5 baseline and decrease in
urine output are observed in the setting of cirrhosis,
and confounding causes for pre-renal, renal and postrenal mechanisms have been reasonably excluded[109,115].
HRS occurs in approximately 30% of patients with SBP
treated with antibiotics and is associated with a poor survival[12]. The exact etiology of HRS is unknown, but does
involve (1) RAAS dysregulation with avid fluid retention
(vida supra); (2) splanchnic vessel dilation and a local vasoconstrictive effect at the level of the nephron driven by
renin, angiotensin Ⅱ and other vasoconstrictors; and (3)
altered cardiac function[115]. The renal JGA continually
perceives an effectively low circulating volume and thus
continuously activates these volume retaining and vasoconstrive mechanisms.
The HRS is classified into two distinct subtypes: type
1 HRS is characterized by a rapid and progressive impairment in renal function (increase in serum Cr to ≥ 2.5
mg/dL or a reduction in the Cr clearance (CrCl) to < 20
mL/min in less than two weeks; type 2 HRS is characterized by a slowly progressive impairment of renal function
manifested by an increase in serum Cr to ≥ 1.5 mg/dL
or a CrCl to < 40 mL/min[111,115]. Survival in these patients is rather poor, with 50% mortality at less than one
month for type 1 HRS and 50% mortality at 6 mo for
type 2 HRS[74,116]. Given the complex intrinsic nature of
the HRS, it is not surprising that it is defined by negation,
i.e., by that which it is not. The criteria for HRS have been
evolving and currently include following criteria: (1) rise in
serum Cr to > 1.5 mg/dL; (2) the absence of hypovolemic shock (defined by the withdrawl of diuretics and the
failure of serum Cr to fall below 1.5 mg/dL in the setting
of at least 1 L of saline or standard albumin fluid bolus);
(3) the absence of nephrotoxic medications or recent iv
contrast; and (4) the absence of intrinsic renal disease as
assessed by renal ultrasound and proteinuria < 0.5 g/d
and microhematuria < 50 RBCs/high powered field[12,74,111,
115,116]
. Note that sepsis is not part of the exclusion criteria;
HRS is commonly precipitated by SBP in many instances,
hence the rationale of antibiotic treatments (vida supra).
As the diagnosis of HRS can herald significant morbidity and mortality in cirrhotic patients OLT should
be considered as definitive therapy, if they are eligible.
Diuretics should be discontinued, and high grade ascites
should be reduced with paracentesis as large peritoneal
pressures can compress renal arteries (abdominal compartment syndrome), further worsening the renal in-
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As stated, OLT represents the definitive therapy for
HRS types 1 and 2, and that while it may “cure” the
HRS, it will still leave behind the residual CKD in many
patients. Furthermore, as a result of the surgery itself
(with significant volume shifts), and afterwards by the
lifetime use of potentially nephrotoxic immunosuppressants and baseline co-morbidities, renal function can be
expected to decline further, even necessitating RRT in
some instances. Such consequences themselves herald
significant morbidity and mortality for these transplanted
patients. Given these concerns, simultaneous liver-kidney
transplant (SLKT) has become prevalent in the MELD
era with the following facts noted: (1) inconsistent eligibility criteria for SLKT that varies by transplant center; (2)
there has not been consistent benefit to morbidity and
mortality for these patients, as had been hoped; and (3)
eligible kidneys are removed out of the pool for solitary
kidney transplant recipients[132,133]. These problems represent an area of active research, with more formal guidance in development[133].
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CONCLUSION
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Ascites is a pathologic accumulation of fluid within the
peritoneal cavity that is most commonly found incirrhotic
patients, and its presence heralds significant morbidity
and mortality[1,6,10]. The generation of cirrhotic ascites
is multi-factorial, but is found in the setting of portal
hypertension, and in essence is driven by global abnormalities in hormonal/cytokine regulation and effective
vascular status, in a feed-forward cycle[17-19]. Ascites is
problematic on many levels: directly, by causing symptoms of abdominal discomfort and early satiation[12]; and
indirectly, by facilitating significant complications of infections and multi-organ dysfunction such as SBP, HHT
and HRS[12,38,41,99,115]. The identification of ascites, once
suspected, is easily determined through physical exam
and imaging[23]. Diagnostic paracentesis is an integral procedure in determining the etiology of ascites and further
delineating any associated infection or malignancy[24,28].
Ascites can be managed successfully by aggressive salt restriction and utilization of a diuretic regimen in most patients, however in some instances LVP or even TIPS may
be required[54,56,67,83]. Given the complexity and prognosis
associated with ascites, a multi-disciplinary approach is
required, with work-up for OLT initiated in eligible patients[133]. The biomedical advances in understanding and
treating ascites and its complications have been impressive, but nevertheless much work remains in optimizing
patient care and patient outcomes.

9

10
11

12

13

14

15

16

REFERENCES
1

2

Ginés P, Quintero E, Arroyo V, Terés J, Bruguera M, Rimola
A, Caballería J, Rodés J, Rozman C. Compensated cirrhosis:
natural history and prognostic factors. Hepatology 1987; 7:
122-128 [PMID: 3804191 DOI: 10.1002/hep.1840070124]
Guevara M, Cárdenas A, Uriz J, Ginès P. Prognosis in
patients with cirrhosis and ascites. In: Ginès P, Arroyo V,
Rodés J, Schrier RW, editors. Ascites and renal dysfunction

WCG|www.wjgnet.com

17

2819

in liver disease: pathogenesis, diagnosis and treatment. Malden: Blackwell, 2005: 260–270 [DOI: 10.1002/9780470987476.
ch21]
Ripoll C, Groszmann R, Garcia-Tsao G, Grace N, Burroughs
A, Planas R, Escorsell A, Garcia-Pagan JC, Makuch R, Patch
D, Matloff DS, Bosch J. Hepatic venous pressure gradient
predicts clinical decompensation in patients with compensated cirrhosis. Gastroenterology 2007; 133: 481-488 [PMID:
17681169 DOI: 10.1053/j.gastro.2007.05.024]
Papyrus E, Bryan CP. The Papyrus Ebers. New York: D
Appleton and Company, 1931
Planas R, Montoliu S, Ballesté B, Rivera M, Miquel M, Masnou H, Galeras JA, Giménez MD, Santos J, Cirera I, Morillas
RM, Coll S, Solà R. Natural history of patients hospitalized for management of cirrhotic ascites. Clin Gastroenterol
Hepatol 2006; 4: 1385-1394 [PMID: 17081806 DOI: 10.1016/
j.cgh.2006.08.007]
Heuman DM, Abou-Assi SG, Habib A, Williams LM,
Stravitz RT, Sanyal AJ, Fisher RA, Mihas AA. Persistent ascites and low serum sodium identify patients with cirrhosis
and low MELD scores who are at high risk for early death.
Hepatology 2004; 40: 802-810 [PMID: 15382176 DOI: 10.1002/
hep.1840400409]
Arroyo V, Rodés J, Gutiérrez-Lizárraga MA, Revert L. Prognostic value of spontaneous hyponatremia in cirrhosis with
ascites. Am J Dig Dis 1976; 21: 249-256 [PMID: 1266841 DOI:
10.1007/BF01095898]
Becker G, Galandi D, Blum HE. Malignant ascites: systematic review and guideline for treatment. Eur J Cancer 2006;
42: 589-597 [PMID: 16434188 DOI: 10.1016/j.ejca.2005.11.018]
Seike M, Maetani I, Sakai Y. Treatment of malignant ascites
in patients with advanced cancer: peritoneovenous shunt
versus paracentesis. J Gastroenterol Hepatol 2007; 22: 2161-2166
[PMID: 18031375 DOI: 10.1111/j.1440-1746.2006.04793.x]
Runyon BA, Hoefs JC, Morgan TR. Ascitic fluid analysis
in malignancy-related ascites. Hepatology 1988; 8: 1104-1109
[PMID: 3417231]
Runyon BA, Montano AA, Akriviadis EA, Antillon MR,
Irving MA, McHutchison JG. The serum-ascites albumin
gradient is superior to the exudate-transudate concept in
the differential diagnosis of ascites. Ann Intern Med 1992;
117: 215-220 [PMID: 1616215]
Runyon BA. Ascites and spontaneous bacterial peritonitis.
In: Feldman M, Friedman LS, Brandt LJ, editors. Sleisenger
and Fordtran's Gastrointestinal and Liver Disease. 9th ed.
Philadelphia, PA: Saunders, 2010 [DOI: 10.1016/B978-1-416
0-6189-2.00091-3]
Lebrec D, De Fleury P, Rueff B, Nahum H, Benhamou JP.
Portal hypertension, size of esophageal varices, and risk of
gastrointestinal bleeding in alcoholic cirrhosis. Gastroenterology 1980; 79: 1139-1144 [PMID: 6969201]
Pagliaro L, D’Amico G, Pasta L, Politi F, Vizzini G, Traina M,
et al. Portal hypertension in cirrhosis: Natural history. In:
Bosch J, Groszmann RJ. Portal Hypertension. Pathophysiology and Treatment. Oxford, UK: Blackwell Scientific, 1994:
72-92
Moitinho E, Escorsell A, Bandi JC, Salmerón JM, GarcíaPagán JC, Rodés J, Bosch J. Prognostic value of early measurements of portal pressure in acute variceal bleeding.
Gastroenterology 1999; 117: 626-631 [PMID: 10464138 DOI:
10.1016/S0016-5085(99)70455-5]
Monescillo A, Martínez-Lagares F, Ruiz-del-Arbol L, Sierra
A, Guevara C, Jiménez E, Marrero JM, Buceta E, Sánchez J,
Castellot A, Peñate M, Cruz A, Peña E. Influence of portal
hypertension and its early decompression by TIPS placement on the outcome of variceal bleeding. Hepatology 2004;
40: 793-801 [PMID: 15382120 DOI: 10.1002/hep.1840400408]
Teirstein AS, Judson MA, Baughman RP, Rossman MD, Yeager H, Moller DR. The spectrum of biopsy sites for the diagnosis of sarcoidosis. Sarcoidosis Vasc Diffuse Lung Dis 2005; 22:

January 28, 2014|First Edition|

Moore CM et al . Ascites review

18

19

20

21

22

23

24
25
26
27

28

29

30

31
32

33
34
35

139-146 [PMID: 16053030 DOI: 10.1002/9780470987476.ch11]
Schrier RW, Arroyo V, Bernardi M, Epstein M, Henriksen
JH, Rodés J. Peripheral arterial vasodilation hypothesis: a
proposal for the initiation of renal sodium and water retention in cirrhosis. Hepatology 1988; 8: 1151-1157 [PMID:
2971015 DOI: 10.1002/hep.1840080532]
Henriksen JH, Møller S. Alterations of hepatic and
splanchnic microvascular exchange in cirrhosis: local factors in the formation of ascites. In: Ginès P, Arroyo V, Rodés J, Schrier RW, editors. Ascites and renal dysfunction
in liver disease. Malden: Blackwell, 2005: 174–185 [DOI:
10.1002/9780470987476.ch14]
Llach J, Ginès P, Arroyo V, Rimola A, Titó L, Badalamenti
S, Jiménez W, Gaya J, Rivera F, Rodés J. Prognostic value of
arterial pressure, endogenous vasoactive systems, and renal
function in cirrhotic patients admitted to the hospital for the
treatment of ascites. Gastroenterology 1988; 94: 482-487 [PMID:
3335320]
Selgas R, Bajo MA, Jimenez C, Sanchez C, Del Peso G, Cacho G, Diaz C, Fernandez-Reyes MJ, De Alvaro F. Peritoneal
dialysis in liver disorders. Perit Dial Int 1996; 16 Suppl 1:
S215-S219 [PMID: 8728196]
Marcus RG, Messana J, Swartz R. Peritoneal dialysis in
end-stage renal disease patients with preexisting chronic
liver disease and ascites. Am J Med 1992; 93: 35-40 [PMID:
1626571 DOI: 10.1016/0002-9343(92)90677-4]
Cattau EL, Benjamin SB, Knuff TE, Castell DO. The accuracy
of the physical examination in the diagnosis of suspected
ascites. JAMA 1982; 247: 1164-1166 [PMID: 7057606 DOI:
10.1001/jama.1982.03320330060027]
Runyon BA. Management of adult patients with ascites due
to cirrhosis: an update. Hepatology 2009; 49: 2087-2107 [PMID:
19475696 DOI: 10.1002/hep.22853]
Tripodi A, Mannucci PM. The coagulopathy of chronic liver
disease. N Engl J Med 2011; 365: 147-156 [PMID: 21751907]
Runyon BA. Paracentesis of ascitic fluid. A safe procedure.
Arch Intern Med 1986; 146: 2259-2261 [PMID: 2946271 DOI:
10.1001/archinte.1986.00360230201029]
Mannucci PM. Abnormal hemostasis tests and bleeding
in chronic liver disease: are they related? No. J Thromb
Haemost 2006; 4: 721-723 [PMID: 16634735 DOI: 10.1111/
j.1538-7836.2006.01886.x]
Grabau CM, Crago SF, Hoff LK, Simon JA, Melton CA, Ott
BJ, Kamath PS. Performance standards for therapeutic abdominal paracentesis. Hepatology 2004; 40: 484-488 [PMID:
15368454 DOI: 10.1002/hep.20317]
Pache I, Bilodeau M. Severe haemorrhage following abdominal paracentesis for ascites in patients with liver disease.
Aliment Pharmacol Ther 2005; 21: 525-529 [PMID: 15740535
DOI: 10.1111/j.1365-2036.2005.02387.x]
Parsi MA, Saadeh SN, Zein NN, Davis GL, Lopez R, Boone J,
Lepe MR, Guo L, Ashfaq M, Klintmalm G, McCullough AJ.
Ascitic fluid lactoferrin for diagnosis of spontaneous bacterial peritonitis. Gastroenterology 2008; 135: 803-807 [PMID:
18590731 DOI: 10.1053/j.gastro.2008.05.045]
Kallwitz ER. Ascites fluid lactoferrin: data emerges for a
logical biomarker. Gastroenterology 2008; 135: 731-733 [PMID:
18692054 DOI: 10.1053/j.gastro.2008.07.037]
Piraino B, Bailie GR, Bernardini J, Boeschoten E, Gupta A,
Holmes C, Kuijper EJ, Li PK, Lye WC, Mujais S, Paterson
DL, Fontan MP, Ramos A, Schaefer F, Uttley L. Peritoneal
dialysis-related infections recommendations: 2005 update.
Perit Dial Int 2005; 25: 107-131 [PMID: 15796137]
Cárdenas A, Chopra S. Chylous ascites. Am J Gastroenterol 2002; 97: 1896-1900 [PMID: 12190151 DOI: 10.1111/
j.1572-0241.2002.05911.x]
Runyon BA. Cardiac ascites: a characterization. J Clin Gastroenterol 1988; 10: 410-412 [PMID: 3418089 DOI: 10.1097/00
004836-198808000-00013]
Garcia-Tsao G, Lee FY, Barden GE, Cartun R, West AB. Bac-

WCG|www.wjgnet.com

36

37

38

39

40

41
42

43

44

45

46

47

48

49

2820

terial translocation to mesenteric lymph nodes is increased in
cirrhotic rats with ascites. Gastroenterology 1995; 108: 1835-1841
[PMID: 7768390 DOI: 10.1016/0016-5085(95)90147-7]
Woodcock NP, Robertson J, Morgan DR, Gregg KL, Mitchell CJ, MacFie J. Bacterial translocation and immunohistochemical measurement of gut immune function. J Clin
Pathol 2001; 54: 619-623 [PMID: 11477118 DOI: 10.1136/
jcp.54.8.619]
Garcia-Tsao G, Albillos A, Barden GE, West AB. Bacterial
translocation in acute and chronic portal hypertension. Hepatology 1993; 17: 1081-1085 [PMID: 8514258 DOI: 10.1002/
hep.1840170622]
Ramachandran A, Balasubramanian KA. Intestinal dysfunction in liver cirrhosis: Its role in spontaneous bacterial
peritonitis. J Gastroenterol Hepatol 2001; 16: 607-612 [PMID:
11422611]
Pardo A, Bartolí R, Lorenzo-Zúñiga V, Planas R, Viñado
B, Riba J, Cabré E, Santos J, Luque T, Ausina V, Gassull
MA. Effect of cisapride on intestinal bacterial overgrowth
and bacterial translocation in cirrhosis. Hepatology 2000; 31:
858-863 [PMID: 10733540 DOI: 10.1053/he.2000.5746]
Runyon BA, Hoefs JC. Culture-negative neutrocytic ascites: a variant of spontaneous bacterial peritonitis. Hepatology 1984; 4: 1209-1211 [PMID: 6500513 DOI: 10.1002/
hep.1840040619]
Akriviadis EA, Runyon BA. Utility of an algorithm in differentiating spontaneous from secondary bacterial peritonitis. Gastroenterology 1990; 98: 127-133 [PMID: 2293571]
Navasa M, Follo A, Llovet JM, Clemente G, Vargas V,
Rimola A, Marco F, Guarner C, Forné M, Planas R, Bañares
R, Castells L, Jimenez De Anta MT, Arroyo V, Rodés J.
Randomized, comparative study of oral ofloxacin versus
intravenous cefotaxime in spontaneous bacterial peritonitis.
Gastroenterology 1996; 111: 1011-1017 [PMID: 8831596 DOI:
10.1016/S0016-5085(96)70069-0]
Felisart J, Rimola A, Arroyo V, Perez-Ayuso RM, Quintero
E, Gines P, Rodes J. Cefotaxime is more effective than is
ampicillin-tobramycin in cirrhotics with severe infections.
Hepatology 1985; 5: 457-462 [PMID: 3888810 DOI: 10.1002/
hep.1840050319]
Sort P, Navasa M, Arroyo V, Aldeguer X, Planas R, Ruizdel-Arbol L, Castells L, Vargas V, Soriano G, Guevara M,
Ginès P, Rodés J. Effect of intravenous albumin on renal impairment and mortality in patients with cirrhosis and spontaneous bacterial peritonitis. N Engl J Med 1999; 341: 403-409
[PMID: 10432325 DOI: 10.1056/NEJM199908053410603]
Poca M, Concepción M, Casas M, Alvarez-Urturi C, Gordillo J, Hernández-Gea V, Román E, Guarner-Argente C, Gich I,
Soriano G, Guarner C. Role of albumin treatment in patients
with spontaneous bacterial peritonitis. Clin Gastroenterol
Hepatol 2012; 10: 309-315 [PMID: 22094025 DOI: 10.1016/
j.cgh.2011.11.012]
Rimola A, García-Tsao G, Navasa M, Piddock LJ, Planas R,
Bernard B, Inadomi JM. Diagnosis, treatment and prophylaxis of spontaneous bacterial peritonitis: a consensus document. International Ascites Club. J Hepatol 2000; 32: 142-153
[PMID: 10673079 DOI: 10.1016/S0168-8278(00)80201-9]
Bernard B, Cadranel JF, Valla D, Escolano S, Jarlier V, Opolon P. Prognostic significance of bacterial infection in bleeding cirrhotic patients: a prospective study. Gastroenterology
1995; 108: 1828-1834 [PMID: 7768389 DOI: 10.1016/0016-508
5(95)90146-9]
Bernard B, Grangé JD, Khac EN, Amiot X, Opolon P, Poynard T. Antibiotic prophylaxis for the prevention of bacterial infections in cirrhotic patients with gastrointestinal
bleeding: a meta-analysis. Hepatology 1999; 29: 1655-1661
[PMID: 10347104 DOI: 10.1002/hep.510290608]
Fernández J, Navasa M, Planas R, Montoliu S, Monfort D,
Soriano G, Vila C, Pardo A, Quintero E, Vargas V, Such
J, Ginès P, Arroyo V. Primary prophylaxis of spontane-

January 28, 2014|First Edition|

Moore CM et al . Ascites review

50

51

52

53

54

55
56

57

58

59

60
61

62
63

ous bacterial peritonitis delays hepatorenal syndrome and
improves survival in cirrhosis. Gastroenterology 2007; 133:
818-824 [PMID: 17854593 DOI: 10.1053/j.gastro.2007.06.065]
Terg R, Fassio E, Guevara M, Cartier M, Longo C, Lucero
R, Landeira C, Romero G, Dominguez N, Muñoz A, Levi
D, Miguez C, Abecasis R. Ciprofloxacin in primary prophylaxis of spontaneous bacterial peritonitis: a randomized,
placebo-controlled study. J Hepatol 2008; 48: 774-779 [PMID:
18316137 DOI: 10.1016/j.jhep.2008.01.024]
Ginés P, Rimola A, Planas R, Vargas V, Marco F, Almela M,
Forné M, Miranda ML, Llach J, Salmerón JM. Norfloxacin
prevents spontaneous bacterial peritonitis recurrence in cirrhosis: results of a double-blind, placebo-controlled trial.
Hepatology 1990; 12: 716-724 [PMID: 2210673 DOI: 10.1002/
hep.1840120416]
Singh N, Gayowski T, Yu VL, Wagener MM. Trimethoprimsulfamethoxazole for the prevention of spontaneous bacterial peritonitis in cirrhosis: a randomized trial. Ann Intern
Med 1995; 122: 595-598 [PMID: 7887554]
Said A, Williams J, Holden J, Remington P, Musat A, Lucey
MR. The prevalence of alcohol-induced liver disease and
hepatitis C and their interaction in a tertiary care setting.
Clin Gastroenterol Hepatol 2004; 2: 928-934 [PMID: 15476157
DOI: 10.1016/S1542-3565(04)00393-3]
Bernardi M, Laffi G, Salvagnini M, Azzena G, Bonato S,
Marra F, Trevisani F, Gasbarrini G, Naccarato R, Gentilini
P. Efficacy and safety of the stepped care medical treatment
of ascites in liver cirrhosis: a randomized controlled clinical
trial comparing two diets with different sodium content.
Liver 1993; 13: 156-162 [PMID: 8336527 DOI: 10.1111/
j.1600-0676.1993.tb00624.x]
Ellison DH. Diuretic drugs and the treatment of edema:
from clinic to bench and back again. Am J Kidney Dis 1994;
23: 623-643 [PMID: 8172204]
Santos J, Planas R, Pardo A, Durández R, Cabré E, Morillas RM, Granada ML, Jiménez JA, Quintero E, Gassull MA.
Spironolactone alone or in combination with furosemide in
the treatment of moderate ascites in nonazotemic cirrhosis.
A randomized comparative study of efficacy and safety. J
Hepatol 2003; 39: 187-192 [PMID: 12873814 DOI: 10.1016/
S0168-8278(03)00188-0]
Fogel MR, Sawhney VK, Neal EA, Miller RG, Knauer CM,
Gregory PB. Diuresis in the ascitic patient: a randomized
controlled trial of three regimens. J Clin Gastroenterol 1981; 3
Suppl 1: 73-80 [PMID: 7035545 DOI: 10.1097/00004836-1981
00031-00016]
Angeli P, Albino G, Carraro P, Dalla Pria M, Merkel C,
Caregaro L, De Bei E, Bortoluzzi A, Plebani M, Gatta A. Cirrhosis and muscle cramps: evidence of a causal relationship.
Hepatology 1996; 23: 264-273 [PMID: 8591851 DOI: 10.1002/
hep.510230211]
Angeli P, Dalla Pria M, De Bei E, Albino G, Caregaro L,
Merkel C, Ceolotto G, Gatta A. Randomized clinical study
of the efficacy of amiloride and potassium canrenoate in
nonazotemic cirrhotic patients with ascites. Hepatology 1994;
19: 72-79 [PMID: 8276370 DOI: 10.1002/hep.1840190113]
Flamenbaum W, Friedman R. Pharmacology, therapeutic
efficacy, and adverse effects of bumetanide, a new “loop”
diuretic. Pharmacotherapy 1982; 2: 213-222 [PMID: 6763204]
Voelker JR, Cartwright-Brown D, Anderson S, Leinfelder J,
Sica DA, Kokko JP, Brater DC. Comparison of loop diuretics
in patients with chronic renal insufficiency. Kidney Int 1987;
32: 572-578 [PMID: 3430953 DOI: 10.1038/ki.1987.246]
Greenberg A, Verbalis JG. Vasopressin receptor antagonists. Kidney Int 2006; 69: 2124-2130 [PMID: 16672911 DOI:
10.1038/sj.ki.5000432]
Schrier RW, Gross P, Gheorghiade M, Berl T, Verbalis JG,
Czerwiec FS, Orlandi C. Tolvaptan, a selective oral vasopressin V2-receptor antagonist, for hyponatremia. N Engl
J Med 2006; 355: 2099-2112 [PMID: 17105757 DOI: 10.1056/

WCG|www.wjgnet.com

64

65

66

67

68

69

70

71

72

73

74

75

76

77

2821

NEJMoa065181]
Gerbes AL, Gülberg V, Ginès P, Decaux G, Gross P, Gandjini H, Djian J. Therapy of hyponatremia in cirrhosis with a
vasopressin receptor antagonist: a randomized double-blind
multicenter trial. Gastroenterology 2003; 124: 933-939 [PMID:
12671890 DOI: 10.1053/gast.2003.50143]
Wong F, Gines P, Watson H, Horsmans Y, Angeli P, Gow P,
Minini P, Bernardi M. Effects of a selective vasopressin V2
receptor antagonist, satavaptan, on ascites recurrence after
paracentesis in patients with cirrhosis. J Hepatol 2010; 53:
283-290 [PMID: 20541828 DOI: 10.1016/j.jhep.2010.02.036]
Ginès P, Wong F, Watson H, Terg R, Bruha R, Zarski JP,
Dudley F. Clinical trial: short-term effects of combination of
satavaptan, a selective vasopressin V2 receptor antagonist,
and diuretics on ascites in patients with cirrhosis without
hyponatraemia--a randomized, double-blind, placebocontrolled study. Aliment Pharmacol Ther 2010; 31: 834-845
[PMID: 20102356]
Ginés P, Arroyo V, Quintero E, Planas R, Bory F, Cabrera
J, Rimola A, Viver J, Camps J, Jiménez W. Comparison of
paracentesis and diuretics in the treatment of cirrhotics with
tense ascites. Results of a randomized study. Gastroenterology 1987; 93: 234-241 [PMID: 3297907]
Van Thiel DH, Moore CM, Garcia M, George M, Nadir A.
Continuous peritoneal drainage of large-volume ascites. Dig
Dis Sci 2011; 56: 2723-2727 [PMID: 21735084 DOI: 10.1007/
s10620-011-1792-x]
Ruiz-del-Arbol L, Monescillo A, Jimenéz W, Garcia-Plaza
A, Arroyo V, Rodés J. Paracentesis-induced circulatory
dysfunction: mechanism and effect on hepatic hemodynamics in cirrhosis. Gastroenterology 1997; 113: 579-586 [PMID:
9247479 DOI: 10.1053/gast.1997.v113.pm9247479]
Ginès P, Titó L, Arroyo V, Planas R, Panés J, Viver J, Torres
M, Humbert P, Rimola A, Llach J. Randomized comparative study of therapeutic paracentesis with and without
intravenous albumin in cirrhosis. Gastroenterology 1988; 94:
1493-1502 [PMID: 3360270]
McCormick PA, Mistry P, Kaye G, Burroughs AK, McIntyre
N. Intravenous albumin infusion is an effective therapy for
hyponatraemia in cirrhotic patients with ascites. Gut 1990;
31: 204-207 [PMID: 2311979 DOI: 10.1136/gut.31.2.204]
Garcia-Martinez R, Caraceni P, Bernardi M, Gines P, Arroyo V, Jalan R. Albumin: Pathophysiologic basis of its role
in the treatment of cirrhosis and its complications. Hepatology 2013 Feb 19; Epub ahead of print [PMID: 23423799 DOI:
10.1002/hep.26338]
Bortoluzzi A, Ceolotto G, Gola E, Sticca A, Bova S, Morando F, Piano S, Fasolato S, Rosi S, Gatta A, Angeli P. Positive
cardiac inotropic effect of albumin infusion in rodents with
cirrhosis and ascites: molecular mechanisms. Hepatology
2013; 57: 266-276 [PMID: 22911662 DOI: 10.1002/hep.26021]
European Association for the Study of the Liver. EASL
clinical practice guidelines on the management of ascites, spontaneous bacterial peritonitis, and hepatorenal
syndrome in cirrhosis. J Hepatol 2010; 53: 397-417 [PMID:
20633946 DOI: 10.1016/j.jhep.2010.05.004]
Singh V, Kumar R, Nain CK, Singh B, Sharma AK. Terlipressin versus albumin in paracentesis-induced circulatory
dysfunction in cirrhosis: a randomized study. J Gastroenterol
Hepatol 2006; 21: 303-307 [PMID: 16460491]
Arroyo V, Ginès P, Gerbes AL, Dudley FJ, Gentilini P, Laffi
G, Reynolds TB, Ring-Larsen H, Schölmerich J. Definition
and diagnostic criteria of refractory ascites and hepatorenal syndrome in cirrhosis. International Ascites Club.
Hepatology 1996; 23: 164-176 [PMID: 8550036 DOI: 10.1002/
hep.510230122]
Sanyal AJ, Genning C, Reddy KR, Wong F, Kowdley KV,
Benner K, McCashland T. The North American Study for
the Treatment of Refractory Ascites. Gastroenterology 2003;
124: 634-641 [PMID: 12612902 DOI: 10.1053/gast.2003.50088]

January 28, 2014|First Edition|

Moore CM et al . Ascites review
78

79

80

81

82

83

84

85

86

87

88

89

90

Singh V, Dheerendra PC, Singh B, Nain CK, Chawla D,
Sharma N, Bhalla A, Mahi SK. Midodrine versus albumin in
the prevention of paracentesis-induced circulatory dysfunction in cirrhotics: a randomized pilot study. Am J Gastroenterol 2008; 103: 1399-1405 [PMID: 18547224 DOI: 10.1111/
j.1572-0241.2008.01787.x]
Sersté T, Melot C, Francoz C, Durand F, Rautou PE, Valla
D, Moreau R, Lebrec D. Deleterious effects of beta-blockers
on survival in patients with cirrhosis and refractory ascites. Hepatology 2010; 52: 1017-1022 [PMID: 20583214 DOI:
10.1002/hep.23775]
Rössle M, Ochs A, Gülberg V, Siegerstetter V, Holl J,
Deibert P, Olschewski M, Reiser M, Gerbes AL. A comparison of paracentesis and transjugular intrahepatic
portosystemic shunting in patients with ascites. N Engl J
Med 2000; 342: 1701-1707 [PMID: 10841872 DOI: 10.1056/
NEJM200006083422303]
Boyer TD, Haskal ZJ. The role of transjugular intrahepatic
portosystemic shunt in the management of portal hypertension. Hepatology 2005; 41: 386-400 [PMID: 15660434 DOI:
10.1002/hep.20559]
Lebrec D, Giuily N, Hadengue A, Vilgrain V, Moreau R,
Poynard T, Gadano A, Lassen C, Benhamou JP, Erlinger S.
Transjugular intrahepatic portosystemic shunts: comparison
with paracentesis in patients with cirrhosis and refractory
ascites: a randomized trial. French Group of Clinicians and
a Group of Biologists. J Hepatol 1996; 25: 135-144 [PMID:
8878773 DOI: 10.1016/S0168-8278(96)80065-1]
Boyer TD, Haskal ZJ. The Role of Transjugular Intrahepatic
Portosystemic Shunt (TIPS) in the Management of Portal
Hypertension: update 2009. Hepatology 2010; 51: 306 [PMID:
19902484 DOI: 10.1002/hep.23383]
D’Amico G, Luca A, Morabito A, Miraglia R, D’Amico
M. Uncovered transjugular intrahepatic portosystemic
shunt for refractory ascites: a meta-analysis. Gastroenterology 2005; 129: 1282-1293 [PMID: 16230081 DOI: 10.1053/
j.gastro.2005.07.031]
Quiroga J, Sangro B, Núñez M, Bilbao I, Longo J, GarcíaVillarreal L, Zozaya JM, Betés M, Herrero JI, Prieto J. Transjugular intrahepatic portal-systemic shunt in the treatment
of refractory ascites: effect on clinical, renal, humoral, and
hemodynamic parameters. Hepatology 1995; 21: 986-994
[PMID: 7705810 DOI: 10.1016/0270-9139(95)90245-7]
Colapinto RF, Stronell RD, Gildiner M, Ritchie AC, Langer B,
Taylor BR, Blendis LM. Formation of intrahepatic portosystemic shunts using a balloon dilatation catheter: preliminary
clinical experience. AJR Am J Roentgenol 1983; 140: 709-714
[PMID: 6601376 DOI: 10.2214/ajr.140.4.709]
Riggio O, Angeloni S, Salvatori FM, De Santis A, Cerini
F, Farcomeni A, Attili AF, Merli M. Incidence, natural
history, and risk factors of hepatic encephalopathy after transjugular intrahepatic portosystemic shunt with
polytetrafluoroethylene-covered stent grafts. Am J Gastroenterol 2008; 103: 2738-2746 [PMID: 18775022 DOI: 10.1111/
j.1572-0241.2008.02102.x]
Bureau C, Pagan JC, Layrargues GP, Metivier S, Bellot P,
Perreault P, Otal P, Abraldes JG, Peron JM, Rousseau H,
Bosch J, Vinel JP. Patency of stents covered with polytetrafluoroethylene in patients treated by transjugular intrahepatic portosystemic shunts: long-term results of a randomized multicentre study. Liver Int 2007; 27: 742-747 [PMID:
17617116 DOI: 10.1111/j.1478-3231.2007.01522.x]
Franco D, Vons C, Traynor O, de Smadja C. Should portosystemic shunt be reconsidered in the treatment of intractable ascites in cirrhosis? Arch Surg 1988; 123: 987-991 [PMID:
3395243]
Salerno F, Merli M, Riggio O, Cazzaniga M, Valeriano V,
Pozzi M, Nicolini A, Salvatori F. Randomized controlled
study of TIPS versus paracentesis plus albumin in cirrhosis
with severe ascites. Hepatology 2004; 40: 629-635 [PMID:

WCG|www.wjgnet.com

91

92

93

94

95

96

97
98

99
100

101

102
103
104

105
106

107

2822

15349901 DOI: 10.1002/hep.20364]
Plauth M, Schütz T, Buckendahl DP, Kreymann G, Pirlich
M, Grüngreiff S, Romaniuk P, Ertl S, Weiss ML, Lochs H.
Weight gain after transjugular intrahepatic portosystemic
shunt is associated with improvement in body composition in malnourished patients with cirrhosis and hypermetabolism. J Hepatol 2004; 40: 228-233 [PMID: 14739092 DOI:
10.1016/j.jhep.2003.10.011]
Campbell MS, Brensinger CM, Sanyal AJ, Gennings C,
Wong F, Kowdley KV, McCashland T, Reddy KR. Quality
of life in refractory ascites: transjugular intrahepatic portalsystemic shunting versus medical therapy. Hepatology 2005;
42: 635-640 [PMID: 16108073 DOI: 10.1002/hep.20840]
Montgomery A, Ferral H, Vasan R, Postoak DW. MELD
score as a predictor of early death in patients undergoing
elective transjugular intrahepatic portosystemic shunt (TIPS)
procedures. Cardiovasc Intervent Radiol 2005; 28: 307-312
[PMID: 15886944 DOI: 10.1007/s00270-004-0145-y]
Sanyal AJ, Freedman AM, Luketic VA, Purdum PP, Shiffman ML, DeMeo J, Cole PE, Tisnado J. The natural history
of portal hypertension after transjugular intrahepatic portosystemic shunts. Gastroenterology 1997; 112: 889-898 [PMID:
9041251 DOI: 10.1053/gast.1997.v112.pm9041251]
Guevara M, Ginès P, Bandi JC, Gilabert R, Sort P, Jiménez
W, Garcia-Pagan JC, Bosch J, Arroyo V, Rodés J. Transjugular intrahepatic portosystemic shunt in hepatorenal
syndrome: effects on renal function and vasoactive systems.
Hepatology 1998; 28: 416-422 [PMID: 9696006 DOI: 10.1002/
hep.510280219]
Becker G, Galandi D, Blum HE. Peripherally acting opioid
antagonists in the treatment of opiate-related constipation: a
systematic review. J Pain Symptom Manage 2007; 34: 547-565
[PMID: 17900855]
Moskovitz M. The peritoneovenous shunt: expectations and
reality. Am J Gastroenterol 1990; 85: 917-929 [PMID: 2197858]
Pockros PJ, Esrason KT, Nguyen C, Duque J, Woods S. Mobilization of malignant ascites with diuretics is dependent
on ascitic fluid characteristics. Gastroenterology 1992; 103:
1302-1306 [PMID: 1397889]
Scholz DG, Nagorney DM, Lindor KD. Poor outcome from
peritoneovenous shunts for refractory ascites. Am J Gastroenterol 1989; 84: 540-543 [PMID: 2719011]
Gur C, Ilan Y, Shibolet O. Hepatic hydrothorax--pathophysiology, diagnosis and treatment--review of the literature.
Liver Int 2004; 24: 281-284 [PMID: 15287850 DOI: 10.1111/
j.1478-3231.2004.0936.x]
Huang PM, Chang YL, Yang CY, Lee YC. The morphology
of diaphragmatic defects in hepatic hydrothorax: thoracoscopic finding. J Thorac Cardiovasc Surg 2005; 130: 141-145
[PMID: 15999054 DOI: 10.1016/j.jtcvs.2004.08.051]
Miserocchi G. Physiology and pathophysiology of pleural
fluid turnover. Eur Respir J 1997; 10: 219-225 [PMID: 9032518
DOI: 10.1183/09031936.97.10010219]
Light RW, Macgregor MI, Luchsinger PC, Ball WC. Pleural
effusions: the diagnostic separation of transudates and exudates. Ann Intern Med 1972; 77: 507-513 [PMID: 4642731]
Xiol X, Castellví JM, Guardiola J, Sesé E, Castellote J, Perelló
A, Cervantes X, Iborra MJ. Spontaneous bacterial empyema
in cirrhotic patients: a prospective study. Hepatology 1996;
23: 719-723 [PMID: 8666323 DOI: 10.1002/hep.510230410]
Runyon BA, Greenblatt M, Ming RH. Hepatic hydrothorax
is a relative contraindication to chest tube insertion. Am J
Gastroenterol 1986; 81: 566-567 [PMID: 3717119]
Gordon FD, Anastopoulos HT, Crenshaw W, Gilchrist B,
McEniff N, Falchuk KR, LoCicero J, Lewis WD, Jenkins RL,
Trey C. The successful treatment of symptomatic, refractory hepatic hydrothorax with transjugular intrahepatic
portosystemic shunt. Hepatology 1997; 25: 1366-1369 [PMID:
9185754 DOI: 10.1002/hep.510250611]
Siegerstetter V, Deibert P, Ochs A, Olschewski M, Blum

January 28, 2014|First Edition|

Moore CM et al . Ascites review

108

109
110

111
112

113

114

115

116

117

118

119

120

121

HE, Rössle M. Treatment of refractory hepatic hydrothorax
with transjugular intrahepatic portosystemic shunt: longterm results in 40 patients. Eur J Gastroenterol Hepatol 2001;
13: 529-534 [PMID: 11396532 DOI: 10.1097/00042737-200105
000-00011]
Milanez de Campos JR, Filho LO, de Campos Werebe
E, Sette H, Fernandez A, Filomeno LT, Jatene FB. Thoracoscopy and talc poudrage in the management of hepatic
hydrothorax. Chest 2000; 118: 13-17 [PMID: 10893352 DOI:
10.1378/chest.118.1.13]
Lameire N, Van Biesen W, Vanholder R. Acute renal failure.
Lancet 2005; 365: 417-430 [PMID: 15680458 DOI: 10.1016/
S0140-6736(05)70238-5]
Hampel H, Bynum GD, Zamora E, El-Serag HB. Risk factors
for the development of renal dysfunction in hospitalized patients with cirrhosis. Am J Gastroenterol 2001; 96: 2206-2210
[PMID: 11467654 DOI: 10.1111/j.1572-0241.2001.03958.x]
Ginès P, Schrier RW. Renal failure in cirrhosis. N Engl J Med
2009; 361: 1279-1290 [PMID: 19776409 DOI: 10.1056/NEJMra0809139]
Clària J, Kent JD, López-Parra M, Escolar G, Ruiz-Del-Arbol
L, Ginès P, Jiménez W, Vucelic B, Arroyo V. Effects of celecoxib and naproxen on renal function in nonazotemic patients with cirrhosis and ascites. Hepatology 2005; 41: 579-587
[PMID: 15723448 DOI: 10.1002/hep.20595]
Pariente EA, Bataille C, Bercoff E, Lebrec D. Acute effects
of captopril on systemic and renal hemodynamics and on
renal function in cirrhotic patients with ascites. Gastroenterology 1985; 88: 1255-1259 [PMID: 3884428]
Guevara M, Fernández-Esparrach G, Alessandria C, Torre A,
Terra C, Montañà X, Piera C, Alvarez ML, Jiménez W, Ginès
P, Arroyo V. Effects of contrast media on renal function in
patients with cirrhosis: a prospective study. Hepatology 2004;
40: 646-651 [PMID: 15349903 DOI: 10.1002/hep.20531]
Wadei HM, Mai ML, Ahsan N, Gonwa TA. Hepatorenal
syndrome: pathophysiology and management. Clin J Am Soc
Nephrol 2006; 1: 1066-1079 [PMID: 17699328 DOI: 10.2215/
CJN.01340406]
Magan AA, Khalil AA, Ahmed MH. Terlipressin and hepatorenal syndrome: what is important for nephrologists
and hepatologists. World J Gastroenterol 2010; 16: 5139-5147
[PMID: 21049548]
Hadengue A, Gadano A, Moreau R, Giostra E, Durand F,
Valla D, Erlinger S, Lebrec D. Beneficial effects of the 2-day
administration of terlipressin in patients with cirrhosis and
hepatorenal syndrome. J Hepatol 1998; 29: 565-570 [PMID:
9824265]
Neri S, Pulvirenti D, Malaguarnera M, Cosimo BM, Bertino
G, Ignaccolo L, Siringo S, Castellino P. Terlipressin and
albumin in patients with cirrhosis and type I hepatorenal
syndrome. Dig Dis Sci 2008; 53: 830-835 [PMID: 17939047]
Alessandria C, Ottobrelli A, Debernardi-Venon W, Todros
L, Cerenzia MT, Martini S, Balzola F, Morgando A, Rizzetto
M, Marzano A. Noradrenalin vs terlipressin in patients with
hepatorenal syndrome: a prospective, randomized, unblinded, pilot study. J Hepatol 2007; 47: 499-505 [PMID: 17560680]
Gluud LL, Christensen K, Christensen E, Krag A. Systematic review of randomized trials on vasoconstrictor drugs for
hepatorenal syndrome. Hepatology 2010; 51: 576-584 [PMID:
19885875 DOI: 10.1002/hep.23286]
Ortega R, Ginès P, Uriz J, Cárdenas A, Calahorra B, De Las
Heras D, Guevara M, Bataller R, Jiménez W, Arroyo V, Ro-

122

123
124

125

126

127

128

129

130

131

132

133

dés J. Terlipressin therapy with and without albumin for patients with hepatorenal syndrome: results of a prospective,
nonrandomized study. Hepatology 2002; 36: 941-948 [PMID:
12297842 DOI: 10.1053/jhep.2002.35819]
Skagen C, Einstein M, Lucey MR, Said A. Combination
treatment with octreotide, midodrine, and albumin improves survival in patients with type 1 and type 2 hepatorenal syndrome. J Clin Gastroenterol 2009; 43: 680-685 [PMID:
19238094 DOI: 10.1097/MCG.0b013e318188947c]
Salerno F, Gerbes A, Ginès P, Wong F, Arroyo V. Diagnosis,
prevention and treatment of hepatorenal syndrome in cirrhosis. Gut 2007; 56: 1310-1318 [PMID: 17389705]
Angeli P, Volpin R, Gerunda G, Craighero R, Roner P, Merenda R, Amodio P, Sticca A, Caregaro L, Maffei-Faccioli A,
Gatta A. Reversal of type 1 hepatorenal syndrome with the
administration of midodrine and octreotide. Hepatology 1999;
29: 1690-1697 [PMID: 10347109 DOI: 10.1002/hep.510290629]
Wong LP, Blackley MP, Andreoni KA, Chin H, Falk RJ,
Klemmer PJ. Survival of liver transplant candidates with
acute renal failure receiving renal replacement therapy.
Kidney Int 2005; 68: 362-370 [PMID: 15954928 DOI: 10.1111/
j.1523-1755.2005.00408.x]
Alessandria C, Ozdogan O, Guevara M, Restuccia T, Jiménez W, Arroyo V, Rodés J, Ginès P. MELD score and clinical
type predict prognosis in hepatorenal syndrome: relevance
to liver transplantation. Hepatology 2005; 41: 1282-1289
[PMID: 15834937]
Said A, Williams J, Holden J, Remington P, Gangnon R,
Musat A, Lucey MR. Model for end stage liver disease score
predicts mortality across a broad spectrum of liver disease.
J Hepatol 2004; 40: 897-903 [PMID: 15158328 DOI: 10.1016/
j.jhep.2004.02.010]
Malinchoc M, Kamath PS, Gordon FD, Peine CJ, Rank J,
ter Borg PC. A model to predict poor survival in patients
undergoing transjugular intrahepatic portosystemic shunts.
Hepatology 2000; 31: 864-871 [PMID: 10733541 DOI: 10.1053/
he.2000.5852]
Moylan CA, Brady CW, Johnson JL, Smith AD, Tuttle-Newhall JE, Muir AJ. Disparities in liver transplantation before
and after introduction of the MELD score. JAMA 2008; 300:
2371-2378 [PMID: 19033587 DOI: 10.1001/jama.2008.720]
Dutkowski P, Oberkofler CE, Béchir M, Müllhaupt B,
Geier A, Raptis DA, Clavien PA. The model for end-stage
liver disease allocation system for liver transplantation
saves lives, but increases morbidity and cost: a prospective
outcome analysis. Liver Transpl 2011; 17: 674-684 [PMID:
21618688 DOI: 10.1002/lt.22228]
Merion RM, Schaubel DE, Dykstra DM, Freeman RB, Port
FK, Wolfe RA. The survival benefit of liver transplantation. Am J Transplant 2005; 5: 307-313 [PMID: 15643990 DOI:
10.1111/j.1600-6143.2004.00703.x]
Thompson JA, Lake JR. The impact of MELD allocation
on simultaneous liver-kidney transplantation. Curr Gastroenterol Rep 2009; 11: 76-82 [PMID: 19166663 DOI: 10.1007/
s11894-009-0012-8]
Nadim MK, Sung RS, Davis CL, Andreoni KA, Biggins
SW, Danovitch GM, Feng S, Friedewald JJ, Hong JC, Kellum JA, Kim WR, Lake JR, Melton LB, Pomfret EA, Saab
S, Genyk YS. Simultaneous liver-kidney transplantation
summit: current state and future directions. Am J Transplant 2012; 12: 2901-2908 [PMID: 22822723 DOI: 10.1111/
j.1600-6143.2012.04176.x]

P- Reviewers Pai CG, Singh V

WCG|www.wjgnet.com

2823

S- Editor Gou SX L- Editor A
E- Editor Li JY

January 28, 2014|First Edition|

WC G

World Clinical
Gastroenterology

2014 First Edition
bpgoffice@wjgnet.com

ISBN 978-0-9914430-0-0
© 2014 Baishideng Publishing Group Inc. All rights reserved.

PROGRESS IN LIVER DISEASES

Transient elastography: Kill two birds with one stone?
Grace Lai-Hung Wong
obese patients may have higher LSM results even in
the same stage of liver fibrosis. The new XL probe,
a larger probe with lower ultrasound frequency and
deeper penetration, increases the success rate of TE in
obese patients. The median LSM value with XL probe
was found to be lower than that by the conventional
M probe, hence cutoff values approximately 1.2 to 1.3
kPa lower than those of M probe should be adopted.
Recent studies revealed a novel ultrasonic controlled
attenuation parameter (CAP) of the machine is a useful
parameter to detect even low-grade steatosis noninvasively. CAP may also be used to quantify liver steatosis
by applying different cutoff values. As both LSM and
CAP results are instantly available at same measurement, this makes TE a very convenient tool to assess
any patients who are suspected or confirmed to suffer
from chronic liver diseases.
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Abstract
Assessment of liver fibrosis and steatosis is crucial
in chronic liver diseases in order to determine the
prognosis, the need of treatment, as well as monitor
disease progression and response to treatment. Liver
biopsy is limited by its invasiveness and patient ac®
ceptability. Transient elastography (TE, Fibroscan )
is a non-invasive tool with satisfactory accuracy and
reproducibility to estimate liver fibrosis and steatosis.
TE has been well validated in major liver diseases including chronic hepatitis B and C, non-alcoholic fatty
liver disease, alcoholic liver disease, primary biliary cirrhosis, and primary sclerosing cholangitis. As alanine
aminotransferase (ALT) is one of the major confounding factors of liver stiffness in chronic hepatitis B, an
ALT-based algorithm has been developed and higher
liver stiffness measurements (LSM) cutoff values for
different stages of liver fibrosis should be used in patients with elevated ALT levels up to 5 times of the upper limit of normal. Otherwise falsely-high LSM results
up to cirrhotic range may occur during ALT flare. TE
is also useful in predicting patient prognosis such as
development of hepatocellular carcinoma (HCC), portal
hypertension, post-operative complications in HCC patients, and also survival. Unfortunately, failed acquisition of TE is common in obese patients. Furthermore,
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Key words: Biopsy; Cirrhosis; Fibrosis; Hepatitis; Fatty
liver; Steatosis of liver
Core tip: Transient elastography (TE, Fibroscan®) is a
non-invasive tool with satisfactory accuracy to estimate
liver fibrosis and steatosis. Liver stiffness measurement (LSM) with TE has been well validated to detect
advanced fibrosis in most liver diseases. LSM is useful
in predicting hepatocellular carcinoma (HCC), portal
hypertension, post-operative complications in HCC patients, and survival. The new XL probe increases the
success rate of TE in obese patients. A novel ultrasonic
controlled attenuation parameter (CAP) of the machine
is useful to detect steatosis noninvasively. Simultaneous
LSM and CAP results make TE very convenient to assess
any patients with suspected or confirmed liver diseases.
Original sources: Wong GLH. Transient elastography: Kill
two birds with one stone? World J Hepatol 2013; 5(5): 264-274
Available from: URL: http://www.wjgnet.com/1948-5182/full/
v5/i5/264.htm DOI: http://dx.doi.org/10.4254/wjh.v5.i5.264
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INTRODUCTION

TRANSIENT ELASTOGRAPHY

Liver fibrosis is the natural wound-healing response to
parenchymal injury in chronic liver diseases. Simple steatosis is a usually reversible and benign condition, but
steatosis may be part of the more sinister condition in
the setting of steatohepatitis where inflammation and
hepatocyte changes co-exist[1-3]. Both liver fibrosis and
steatohepatitis may eventually result in liver cirrhosis and
its various complications. Sensitive detection and accurate
staging of liver fibrosis and steatosis is now essentially
indispensable in the decision process of treatment in
chronic viral hepatitis as well as predicting disease prognosis[4,5]. It is also vital to monitor disease progression
and response to treatment.

Working principles of liver stiffness measurement
Transient elastography (TE; Fibroscan®; Echosens, Paris,
France) measures liver stiffness[17] in patients suffering
from different chronic liver diseases[18]. An ultrasound
transducer probe is mounted on the axis of a vibrator.
Vibrations of mild amplitude and low frequency (50
Hz) are transmitted by the transducer, inducing a plastic
shear wave that propagates through the underlying tissues. Pulse-echo ultrasound acquisition is used to follow
the propagation of the shear wave and to measure its
velocity, which is directly related to tissue stiffness. The
stiffer the tissue, the faster the shear wave propagates. TE
measures liver stiffness in a volume that approximates a
cylinder 1 cm in diameter and 4 cm in length, between
25 to 65 mm underneath the skin surface. This volume
is at least 100 times bigger than a biopsy sample, and
therefore should be more representative of the liver parenchyma[17]. Results of liver stiffness measurement (LSM)
are expressed in kPa and correspond to the median of
10 validated measurements according to Sandrin et al[17].
According to the manufacturer, the examination is considered reliable if ≥ 10 valid measurements are acquired,
the success rate (number of valid acquisitions divided by
the number of attempts) is over 60%, and the ratio of
the interquartile range to the median of 10 measurements
(IQR/M) is ≤ 0.3[17].

LIVER BIOPSY: DRAWBACK OF THIS
“GOLD STANDARD”
Liver biopsy has been the “gold standard” for assessing liver fibrosis and steatosis in the last few decades[6,7].
However, it has numerous limitations namely its invasive
nature, risk of complications, patient discomfort, and
sampling errors[8,9]. Complications associated with liver
biopsy are rare but can be severe and even life threatening. Pain and hypotension are the predominant complications for which patients are hospitalized[10]. Clinically significant intraperitoneal hemorrhage is the rarest but most
serious bleeding complication of percutaneous liver biopsy, which may happen more often in older age patients
with cirrhosis or liver cancer[11]. Inadvertent puncture of
gallbladder may lead to choleperitoneum[12]. The mortality rate among patients after percutaneous liver biopsy
is approximately 1 in 10000 to 1 in 12000[13]. All these
problems make it impractical to perform serial biopsies
to assess disease progression in routine clinical practice[5].
The cost of liver biopsy is generally high as an in-patient
bed, at least as day admission to hospital, is required. Including the charges of specialist doctor, nursing care and
histologic examinations, it usually costs at the range of
USD $800 to USD $1200 in Hong Kong.
The diagnostic accuracy of liver biopsy is limited by
the sampling variability[14-16]. The average size of biopsy
is 15 mm in length, which represents 1/50000 the size of
the entire liver. There is significant variability in the histologic assessment of two readings of the same biopsy by
the same pathologist, and between two pathologists, even
among those who are highly specialized[8]. This variability
is low for the diagnosis of cirrhosis (kappa coefficient of
concordance ≥ 0.80), moderate for earlier fibrosis stages
(kappa 0.70-0.80), but high for the activity grades (kappa
0.40-0.50)[8]. Fortunately, the variability is usually low for
the diagnosis of steatosis (kappa coefficient of concordance ≥ 0.80)[4]. Given the above limitations to the practice of liver biopsy, a noninvasive transient elastography
has been proposed as an alternative tool.

WCG|www.wjgnet.com

Working principles of controlled attenuation parameter
It is important to assess liver steatosis, not only because
non-alcoholic fatty liver disease (NAFLD) is the commonest liver disease[19], but also that steatosis often coexists in other chronic liver diseases likely chronic hepatitis C
(CHC)[20]. A new physical parameter based on the properties of ultrasonic signals acquired by the machine has been
recently developed to assess liver steatosis by applying the
property that liver steatosis affects ultrasound propagation[21]. This controlled attenuation parameter (CAP), is
measuring ultrasound attenuation (go and return path) at
3.5 MHz using signals acquired by the M probe of TE
machine. Ultrasound attenuation is a physical property
of the medium of propagation which corresponds to the
loss of energy as ultrasound travels through the medium.
Due to attenuation, the intensity of the emitted ultrasound decreases exponentially with depth[21]. At a given
frequency, the ultrasound-attenuation coefficient (α) can
be expressed in dB/m. The CAP is measured only on validated measurements according to the same criteria used
for LSM, and on the same signals. This ensures that the
operator obtains a liver ultrasonic attenuation simultaneously and in the same volume of liver parenchyma as the
LSM. The final CAP value was the median of individual
CAP values using the same valid measurements[22].
Practical issues
TE has the advantages of being painless, rapid (usually
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Table 1 Diagnostic performance and suggested cutoff values of liver stiffness measurement for the diagnosis of histologic cirrhosis (F4)
Ref.

Biopsies
(n )

Prevalence of
cirrhosis (F4)

Etiologies

Proposed cutoff
values (kPa)

183
200
150
251
161
173
238

25%
12%
19.3%
19%
25%
8%
23.5%

HCV
All
HCV
HCV
HBV
HBV
HBV

87%
91%
94%
86%
60%
93%
54%

91%
89%
92%
96%
93%
87%
99%

72
52
246
174
95 (66 PBC,
29 PSC)
124
66

23.6%
5.8%
10.1%
53.7%
16%

HCV-HIV
NAFLD
NAFLD
ALD
PBC/PSC

12.5
11.9
14.8
14.6
13.4
11
9.0 (normal ALT)
12.0 (elevated ALT)
11.8
10.2
10.3
22.7
17.3

100%
100%
92%
84%
93%

92.7%
100%
88%
83%
95%

11%
NA

12.5
6.5

100%
100%

228
775
354
94

20.2%
15.5%
13.3%
17%

HCV-LT
Cystic
fibrosis
HCV/HBV
All
All
All

14
14.6
17.6
16

169
95
67

38.5%
17%
7.5%

HCV-HIV
HCV-LT
NAFLD

14.6
12
17

Castéra et al[4], 2005
Fraquelli et al[23], 2007
Arena et al[24], 2008
Ziol et al[25], 2005
Chan et al[26], 2009
Marcellin et al[27], 2009
Wong et al[28], 20101
de Lédinghen et al[29], 2006
Nobili et al[30], 20081
Wong et al[31], 2010
Nahon et al[32], 2008
Corpechot et al[33], 2006
Carrión et al[34], 2006
Witters et al[36], 2009
Coco et al[75], 2007
Ganne-Carrié et al[106], 2006
Foucher et al[107], 2006
Gómez-Domínguez et al[108],
2006
Vergara et al[109], 2007
Rigamonti et al[110], 2008
Yoneda et al[111], 2007

Sensitivity Specificity NPV
95%
98%
98%
97%
88%
99%
67%

PPV Positive Negative AUROC
LR
LR
77%
53%
73%
78%
75%
38%
98%

9.7
8.3
11.3
23.1
85
7
3.3

0.1
0.1
0.07
0.1
0.43
0.08
0.7

0.95
0.9
0.99
0.97
0.93
0.93
0.88

82% 100%
100% 100%
99% 46%
82% 85%
99% 78%

13.7
∞
7.5
5.24
18.6

0
0
0.09
0.19
0.1

0.97
1
0.95
0.87
0.96

87%
81%

100%
NA

50%
NA

7.7
NA

0
NA

0.98
0.92

78%
79%
77%
89%

98%
95%
97%
96%

82%
96%
92%
98%

98%
74%
91%
80%

39
15.8
25.7
22.3

0.2
0.1
0.2
0.1

0.96
0.95
0.96
0.94

93%
93%
100%

88%
93%
98%

94%
99%
95%

86%
74%
64%

7.8
14
50

0.1
0.1
0

0.95
0.9
0.99

1

Cut-off values proposed for advanced fibrosis (F3 or above). ALD: Alcoholic liver disease; ALT: Alanine aminotransferase; AUROC: Area under receiver operating characteristics curves; HBV: Hepatitis B virus infection; HCV: Hepatitis C virus infection; HCV-HIV: Hepatitis B virus and human immunodeficiency
virus co-infection; HCV-LT: Hepatitis C virus infection recurrence after liver transplantation; LR: Likelihood ratio; NAFLD: Non-alcoholic fatty liver disease;
PBC: Primary biliary cirrhosis; PSC: Primary sclerosing cholangitis; NPV: Negative predictive value; PPV: Positive predictive value; NA: Not available..

less than 5 min) and easy to perform at the bedside or
in the outpatient clinic. The examination is performed
on a non-fasting patient lying supine with the right arm
placed behind the head to facilitate access to the right
upper quadrant of the abdomen. The tip of the probe
transducer is placed on the skin between the rib bones
at the level of the right lobe of the liver where liver biopsy would be performed. Once the measurement area
has been located, the operator presses the button on the
probe to start an acquisition. The software determines
whether each measurement is successful or not. The cost
of a TE examination ranges from USD $100 to USD $150
in Hong Kong, which is much lower than a liver biopsy
examination. It is obvious that TE is a user- and patientfriendly, but it would be even more important to be an
accurate tool to assess liver fibrosis and steatosis.

25% and 25% of hepatocytes 0.98 and 0.90 respectively),
and with increased body mass index (ICC for body mass
index ≥ 25 kg/m2 and < 25 kg/m2 were 0.98 and 0.94
respectively).
Using TE to assess liver fibrosis has been widely validated in different liver diseases, including CHC[4,24,25],
chronic hepatitis B (CHB)[26-28], co-infection with HIV[29],
NAFLD[30,31], alcoholic liver disease[32], primary biliary
cirrhosis, primary sclerosing cholangitis (PSC)[33], postliver transplantation setting[34], and in cystic fibrosis[35,36].
In these studies, TE was valid with liver histology being
the gold standard. In general, all these studies confirm
that TE has good overall accuracy to diagnose advanced
fibrosis and cirrhosis (though some uncommon diseases
like PSC and cystic fibrosis are under-represented by small
numbers of patients), independent of the underlying
etiology[37,38]. The remaining controversy is the optimal
cutoff values to diagnose advanced fibrosis and cirrhosis,
which differ according to particular etiologies. This has
significant implication when a clinician interprets TE results. The suggested diagnostic performance and cutoff
values for histologic cirrhosis (F4) based on published
studies are summarized in Table 1.

ACCURACY OF TE
Liver stiffness measurement
Reproducibility of TE is an important feature for its
widespread clinical application. The reproducibility of
LSM was excellent for both inter-observer and intra-observer agreement, with intraclass correlation coefficients
(ICC) of 0.98[23]. However, interobserver agreement was
significantly reduced in patients with lower degrees of
liver fibrosis (ICC for F0-1 and F2 were 0.60 and 0.99
respectively), with liver steatosis (ICC for steatosis <
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Controlled attenuation parameter
In a retrospective study of 115 patients of mixed etiologies of chronic liver diseases, CAP was found efficient to
detect low grade steatosis (> 10%), with a sensitivity of
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133
615

Cardoso et al[43], 2010
Sasso et al[44], 2012

Retrospective
Retrospective

Retrospective
Prospective
Prospective
Retrospective
Retrospective

All
All
All
ALD
ALD/
NAFLD
CHB
CHC

Etiologies

0.82
0.8

0.91
0.84
0.81
0.81
0.86
0.88

0.82
0.77

0.87
0.87
0.81
0.86

0.89
0.93

0.95
0.86

238
215
283
76% 79% 64% 87%

91% 81% 87% 87%

259
252

89% 86% 92% 80%

292
296

100% 78% 100% 28%

AUROC ≥ AUROC ≥ AUROC ≥ Cutoff values for Sen Spe NPV PPV Cutoff values for Sen Spe NPV PPV Cutoff values for Sen Spe NPV PPV
≥ S2 (dB/m)
≥ S3 (dB/m)
S1 (11%) S2 (34%) S3 (67%) ≥ S1 (dB/m)
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Predict portal hypertension and variceal bleeding
TE is found useful to identify cirrhotic patients with higher risk of portal hypertension, and cutoff values of 17.6 kPa and 21.0 kPa having sensitivity ≥ 90% in order to detect
patients with hepatic venous pressure gradient (HVPG) above 10-12 mmHg[57,58]. Presence of varices could be excluded with a liver stiffness below 12.5-19.8 kPa[59,60]. Unfortunately, these suggested cutoff values overlap with those for detecting histologic cirrhosis in most chronic liver diseases. Hence there seems no significant new information pro-

Follow-up assessment of liver fibrosis
A few longitudinal studies have been reported that patients responding to treatment had low or decreased liver stiffness[54]. In fact, both reduction in fibrosis and necroinflammation might contribute to the decrease in liver stiffness[55]. In a prospective study of 71 CHB patients on antiviral therapy, paired liver biopsy and TE were both performed at
baseline and at 1 year of treatment[56]. Although TE remained accurate in distinguishing patients with insignificant disease from those with advanced fibrosis or cirrhosis at both
time points, the absolute change in liver stiffness correlated poorly with the change in histological fibrosis stage, and resolution of advanced fibrosis could only be assumed with
significantly decreased liver stiffness to 5.0 kPa or less after antiviral treatment[56].

Pre-treatment assessment of liver fibrosis
The severity of liver fibrosis is the key factor of timing and choice of therapy. This is particularly relevant in chronic viral hepatitis. Current international guidelines recommend
antiviral therapy for CHB patients with significant liver fibrosis[45-47]. As TE has been repeatedly shown to have satisfactory accuracy to exclude and diagnose advanced fibrosis
and cirrhosis as mentioned above, more than half of the patients might reach treatment decision without the need for confirmatory liver biopsies[26]. TE is also found to be
more cost-effective than liver biopsy[48]. TE has been incorporated in the international guidelines of CHB and CHC[45,46]. TE, together with other non-invasive parameters, can
also be used as the screening tool for cirrhosis in asymptomatic people[49-51], as well as the diagnostic and/or prognostic tool of NAFLD, such that the need of liver biopsy can
be reduced[52,53].

CLINICAL APPLICATIONS OF TE

91% and specificity of 81% at a cutoff value of 238 dB/m[21]. The accuracy of CAP was confirmed in two prospective studies of mixed etiologies[39,40], as well as in individual
etiology, including CHB, CHC, NAFLD and alcoholic liver disease[41-44]. The suggested diagnostic performance and cutoff values for different degrees of steatosis are summarized in Table 2. As a well-validated tool, TE is also well-investigated in different aspects of clinical applications.

ALD: Alcoholic liver disease; AUROC: Area under receiver operating characteristics curves; NPV: Negative predictive value; PPV: Positive predictive value; Sen: Sensitivity; Spe: Specificity; NAFLD: Non-alcoholic fatty liver disease; CHB: Chronic hepatitis B; CHC: Chronic hepatitis C.

115
112
153
74
96

Biopsies Study design
(n )

Sasso et al[21], 2010
de Lédinghen et al[39], 2012
Myers et al[40], 2012
Beaugrand et al[41], 2010
Beaugrand et al[42], 2010

Ref.

Table 2 Diagnostic performance and suggested cutoff values of controlled attenuation parameter for the diagnosis of liver steatosis
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Chronic hepatitis C patients

LSM (kPa)

HR of HCC

LSM (kPa)

HR of HCC

≤ 10.0
10.1-15.0
15.1-20.0
20.1-25.0
> 25.0

Referent
17
21
26
46

≤ 8.0
8.1-13.0
13.1-18.0
18.1-23.0
> 23.0

Referent
3.1
4.7
5.6
6.6

30.0

1000

20.0

500

10.0

ALT (IU/L)

Chronic hepatitis B patients

1500

0

LSM (kPa)

Table 3 Liver stiffness measurement and the risk of hepatocellular carcinoma in chronic hepatitis B or C patients

4

8

12

16

20

0
24 wk

LSM: Liver stiffness measurement; HCC: Hepatocellular carcinoma.
3 mo after normalization of ALT level

vided by TE regarding screening endoscopy for varices
among cirrhotic patients.

Figure 1 Falsely elevated liver stiffness measurement results in a patient
with grossly elevated alanine aminotransferase levels. Liver stiffness measurement (LSM) values decreased considerably after the resolution of acute
hepatitis. Modified from Wong et al[55]. ALT: Alanine aminotransferase.

Predict hepatocellular carcinoma
TE is also useful to predict the risk other liver-related
complications and death. A dose-response relationship
between LSM and risk of hepatocellular carcinoma (HCC)
was found in both CHB and CHC patients (Table 3).
Taking patients with LSM ≤ 10.0 kPa as reference, the
hazard ratios of developing HCC were 17, 21, 26, and 46
in patients with LSM at 10.1-15.0, 15.1-20.0, 20.1-25.0
and above 25.0 kPa respectively, in a prospective cohort
of 866 CHC patients[61]. Patients with LSM ≤ 8.0 kPa
acted as the control group, the hazard ratios of developing HCC were 3.1, 4.7, 5.6 and 6.6 in patients with
LSM at 8.1-13.0, 13.1-18.0, 18.1-23.0 and above 23.0 kPa
respectively in another cohort of 1130 CHB patients[62].
LSM, as well as FibroTest, can also predict 5-year survival
of patients with CHC; the prognostic values of LSM
remained even after adjustments for treatment response,
patient age, and degree of necroinflammation[63].

lated to primary non-functioning of the graft, which may
result in mortality or the need for re-transplantation[73].
Liver steatosis is also a risk factor for post-operative
complications and mortality after liver resection[74].
There have been enough data to prove TE is accurate
and applicable in different clinical settings. How this tool
also has a few shortcomings that any user should keep in
mind.

LIMITATIONS OF TE
Factors affecting accuracy of measurements
Not only liver fibrosis but also other factors contribute
to the liver stiffness. LSM has been consistently found to
be falsely elevated in acute hepatitis manifested as alanine
aminotransferase (ALT) flares[75,76]. Severe hepatic necroinflammation may lead to LSM values well within the
cirrhotic range even in the absence of fibrosis on histology[55,77,78]. In this setting, LSM tends to decrease considerably after the resolution of acute hepatitis. Therefore,
applying TE in this scenario can be misleading and not
recommended until at least 3 mo after normalization
or at least stabilization of ALT levels below 5 times the
upper limit of normal[26,76] (Figure 1). An ALT-based
algorithm has been developed and higher LSM cutoff
values for different stages of liver fibrosis should be used
in patients with elevated ALT levels (Figure 2). This also
leads to another advantage of liver biopsy over TE that
at this stage the necroinflammatory score is only available
in histologic assessment.
Extrahepatic cholestasis[79], hepatic congestion[80,81],
hepatic amyloidosis[82] and recent food intake (within 60
min)[83] were also found associated with a falsely high
LSM values. Fortunately, the degree of liver steatosis does
not appear to affect LSM results, therefore TE remains
an accurate tool for fibrosis assessment in CHC and
NAFLD[24,31]. A recent study found that the correlation
between LSM and fibrosis stage was less strong in CHB
and NAFLD than in CHC patients[84]. Our recent study
showed that NAFLD patients with BMI 30 kg/m2, the
lowest limit of an abnormal BMI in NAFLD, would have

Predict post-operative outcomes
LSM is also an important prognostic tool in patients confirmed to have HCC. A prospective study of 105 HCC
patients demonstrated that a LSM cutoff of 12.0 kPa had
the sensitivity of 86% and specificity of 72% in predication of major post-operative complications[64]. This cutoff
might also identify patients with more severe operative
blood loss and higher transfusion rate[64]. Another study
of 133 HCC patients revealed that patients of LSM ≥
13.4 kPa had a nearly 2-fold increase in the risk of HCC
recurrence compared to those with LSM < 13.4 kPa[65].
Assessment of liver steatosis
Liver steatosis is a common histological feature in the
general population and in patients with chronic liver
disease. Its prevalence is high: almost 30% in the general
population[66,67], 50% in patients with CHC[68], above 80%
in severely obese patients[69]. Liver steatosis plays a pivotal
role in CHC, as metabolically (instead of virally) induced
steatosis is associated with a lower response rate to antiviral treatment[70] and liver fibrosis progression[71]. Steatosis
may also increase the risk of HCC[72]. Detection of liver
steatosis is also important to the potential donors for liver
transplantation, as their extent of steatosis is directly re-
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A

Normal ALT
≤ 6.0 kPa
93% sensitivity to
exclude advanced
fibrosis

B

> 6.0-9.0 kPa
Gray zone

Table 4 The characteristic of the new S and XL probes comparing to M probe

> 9.0 kPa

Probe

100% specificity to
diagnose advanced
fibrosis

S
M
XL

Elevated ALT
(> 1-5 × ULN)
≤ 7.5 kPa

92% sensitivity to
exclude advanced
fibrosis

> 7.5-12.5 kPa
Gray zone

5
3.5
2.5

Depth (mm)
15-40
25-65
35-75

CAP needs further validation in larger populations. Furthermore, CAP is not yet available in the measurements
with the XL probe, which is designed for overweight and
obese patients who are particularly at risk of liver steatosis[69]. Therefore, further development and calibration of
CAP in XL probe is warranted.

> 12.5 kPa
98% specificity to
diagnose advanced
fibrosis

Figure 2 An alanine aminotransferase-based algorithm. A: Normal alanine
aminotransferase (ALT); B: Elevated ALT levels up to 5 times of upper limit of
normal (ULN) to exclude or establish advanced liver fibrosis for chronic hepatitis B patients. Modified from Chan et al[26].

COMBINING TE WITH SERUM MARKERS
In general, serum markers have modest accuracy to diagnose advanced liver fibrosis[90,91]. TE has certain advantages over serum markers, as TE provides a more direct
measurement of fibrosis, is less affected by inter-current
health disorders, and is theoretically applicable to all
chronic liver diseases. On the other hand, the diagnostic
performance was particularly affected in patients with elevated serum ALT levels[55]. Hence a second non-invasive
test independent of the serum ALT or AST levels may
be a good supplementary test for LSM. Among various
serum test formulae, Forns index[92] and Hui index[90] are
composed of clinical parameters other than ALT or AST
levels. We demonstrated that a combined LSM-Forns
algorithm improved the accuracy to predict advanced
liver fibrosis in 238 CHB patients[28]. In this combined
algorithm, low LSM or low Forns index could be used to
exclude advanced fibrosis with a high sensitivity of 95%.
To confirm advanced fibrosis, agreement between high
LSM and high Forns index could improve the specificity
up to 99% to 100%[28].
The combination of TE and FibroTest was found to
have the best diagnostic performance compared to either
test alone in patients with CHC[4]. When TE and FibroTest matched (present in 70%-80% of cases), results
were also concordant, respectively in 84%, 95% and 94%
of patients with liver fibrosis ≥ F2, ≥ F3 and F = 4[4].
The combination of LSM and FibroTest allowed exclusion of significant fibrosis (≥ F2) in nearly 80% of 100
CHB patients in inactive carrier stage.

higher LSM values by M probe even in the same fibrosis
stage[85]. This provocative finding may lead to concern
about the M probe accuracy in obese patients. The emergence of XL probe is a possible solution to this issue.
Factors affecting success rate of measurements
It has been noted that unreliable and failed LSM occur
at about 3% and 11.6% to 18.4% in all TE examinations,
respectively, and they are independently associated body
mass index (BMI) > 30 kg/m² in both Caucasians and
Chinese[86,87]. The success rate of LSM with M probe
would be as low as 75%[31] in NAFLD patients with BMI
> 30 kg/m2. The low LSM success rate among obese patients is likely related to the thick subcutaneous fat, which
hinders the transmission of shear waves and ultrasound
waves through the liver parenchyma[87]. Patients with extreme very high and very low BMI were recently found
to have higher LSM values in an Indian population[88].
Subjects with narrow intercostal space, high riding liver,
hyperinflated lungs, ascites or free peritoneal fluid[17] may
also have lower success rate or failed acquisition of LSM.
A recent study challenged the validity of the reliability
criteria suggested by the manufacturer of 1165 patients
with chronic liver diseases who underwent LSM within 3
mo of liver biopsy. The investigators found the number
of successful acquisitions, and its success rate having no
influence on the diagnostic accuracy[89]. Furthermore,
LSM remained reliable even if the ratio of the interquartile range to the median of 10 measurements (IQR/M)
> 0.30, provided that the median LSM < 7.1 kPa. These
new findings implied that LSM results were more reliable
than what was previously described.

OTHER PROBES OF TE
The development of S and XL probes aim to cater for
different population groups of various body-build types
(Table 4). S probe contains a higher frequency ultrasonic
transducer and shallower measurements below the skin
surface, which suit pediatric subjects and those with small
body build[93]. XL probe contains a lower frequency and
a more sensitive transducer, a deeper focal length, larger
vibration amplitude and a higher depth of measurements
below the skin surface[94]. This probe serves obese sub-

Validity and availability of controlled attenuation
parameter
Only a few studies on CAP have been published so far,
and a few of them were only in abstract form. Hence
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jects with “XL” body builds. Data concerning the validations of these new probes are emerging.
With the XL probe, LSM could be successfully performed in more obese patients compared to the M probe[95].
In our validation study involving 286 patients, LSM using
XL probe documented reliable results in 92% of patients,
compared to 80% using M probe (64). In another study
of 193 NAFLD patients, a cutoff value had reasonable
sensitivity (78%), specificity (78%), positive predictive
value (60%), and good negative predictive value (89%)
for F3 or greater disease[96]. However, the median LSM by
the XL probe was consistently found to be approximately
1.0 to 1.2 kPa lower than that of the M probe at the same
stage of liver fibrosis in all of the histologic reports[95,96]. A
recent exploratory study of 517 overweight patients having different etiologies, XL cutoff values of 4.8 kPa and
10.7 kPa, 6.0 kPa and 12.0 kPa with the M probe[85], for
patients with BMI > 25-30 kg/m2. Patients with BMI >
30 kg/m2 might use M probe cut-offs for the XL probe.
More studies are warranted to delineate the proper cutoff
values of LSM using the XL probe in various etiologies.
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PROGRESS IN LIVER DISEASES

Tailoring the area of hepatic resection using inflow and
outflow modulation
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Such important technical achievements should be a
fundamental part of the surgical armamentarium of the
modern liver surgeon.
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INTRODUCTION

Abstract

The performance of hepatic surgery without a parenchyma-sparing strategy carries significant risks for patient
survival because of the not negligible occurrence of
postoperative liver failure, which is definitely related to
the amount of the sacrificed parenchyma[1,2]. Indeed, major or extended hepatic resections are independent negative prognostic factors with regard to short- and longterm outcomes[2-7]. The key factor of modern hepatic
surgery is the use of the intraoperative ultrasound (IOUS)
not only to stage the disease, but more importantly to
guide resection, with the specific aim of maximizing
parenchyma-sparing, removing only the tumoral tissue[8]. Whether in patients with hepatocellular carcinoma
(HCC) or in patients with colorectal liver metastasis (CLM),
IOUS allows the performance of the so-called “conservative but radical surgery”[9], which is the pivotal factor
to offer a chance of cure to an increasing proportion of
patients, who until few years ago were considered only
for palliative care. Indeed, in cases of HCC with cirrhosis the underlying liver function is generally marginal,
and the prognosis of the patient might be more related
to the residual liver function rather than to the pres-

The performance of hepatic surgery without a parenchyma-sparing strategy carries significant risks for patient survival because of the not negligible occurrence
of postoperative liver failure. The key factor of modern
hepatic surgery is the use of the intraoperative ultrasound (IOUS), not only to stage the disease, but more
importantly to guide resection with the specific aim to
maximize the sparing of the functional parenchyma.
Whether in patients with hepatocellular carcinoma and
underlying liver cirrhosis, or in patients with colorectal
liver metastasis, IOUS allows the performance of the
so-called “radical but conservative surgery”, which is
the pivotal factor to offer a chance of cure to an increasing proportion of patients, who until few years ago
were considered only for palliative care. Using some
new IOUS-guided surgical maneuvers, which are based
on the liver inflow and outflow modulations, more
precise anatomically subsegmental- and segmentaloriented resections can be effectively performed. The
present work describes the rationale and the surgical
technique for a precise tailoring of the area of hepatic
resection using the most recent attainments in IOUS.
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ence of HCC. In such patients, the hepatectomy should
always be tailored on the basis of both tumoral features
and functional liver reserve. Similarly, in cases of CLM
the rationale of the surgical approach described here
is based on the need to minimize the rate of major or
extended resections with the aim of reducing operative
risk, and at the same time preserving the liver parenchyma, which could be the site for future hepatic recurrence
potentially re-treated with curative intent.

The J-shaped laparotomy is the preferred incision for
liver surgery, and the access into the right thoracic cavity following the 9th intercostal space is carried out to
control the hepatocaval confluence. In particular, the
thoracoabdominal approach is selected in obese patients,
in patients with a deep chest, and during complex reoperations. Thus, the liver is partially mobilized by dividing
the round and the falciform ligaments. Sometimes the
coronary and triangular ligaments are also divided early
to obtain enough space for IOUS. This should in fact be
performed before complete mobilization of the liver to
avoid any artifact made by the surgical maneuvers.

It is almost impossible to correctly define the hepatic
segmental boundaries without IOUS, nor the boundaries
of the tumor itself because of the existing wide variations in anatomy. The main advantage of IOUS-guided
resection is modification of the traditional approach to
liver tissue dissection, which involves dissection in vertical planes to avoid tumor exposure on the cut surface.
With IOUS, the relationship between the dissection plane
and the tumor edges can be followed in real time, and
the direction of the dissection plane can be modified
when needed. Versatile dissection planes around the tumors can avoid tumor exposure while sparing important
vascular structures, thus sparing vital liver parenchyma.
This approach has been recently redefined by the authors
as the “radical but conservative approach”, and should
be applied in liver surgery to maximize the results [9].
Also, in patients in whom major resections should be
required, IOUS allows better design of the dissection
plane, leading to conservative surgery even in patients
with complex tumoral presentations [11]. Specific, and
original IOUS techniques have already been developed
to help the surgeon during the operation[12-15]. The following paragraphs will focus on two crucial techniques
for defining the area of resection using IOUS findings.

INTRAOPERATIVE ULTRASOUND

PLANNING OF THE SURGICAL STRATEGY

IOUS is the procedure of choice to stage disease in patients with liver tumors. It should be fully performed by
the surgeon in charge for the operation rather than by
the assistants, radiologists or technicians. This is because
the information gathered during the exploration requires
interpretation to have most impact on the surgical strategy. Thus, IOUS is mainly performed to plan the surgical strategy rather than to locate the lesions. Generally,
high frequency probes (7.5-10 MHz) are recommended
for IOUS, since they allow for a higher spatial resolution
than those working at lower frequencies (3.5-5 MHz).
However, those latter probes are very useful for the
initial exploration providing a better panoramic view.
Lower frequency probes are also useful for allowing
contrast-enhanced IOUS. Different shapes of probes are
available for intraoperative use: the linear T-shaped, the
inter-digital, and micro-convex probes. The best probe
is the one that ensures the optimal compromise between
the volume of the probe itself, which should be minimal, the scanning windows, which should be the largest,
and the stability once in contact with the liver surface. In
this sense, a new micro-linear probe with trapezoid scanning windows probably represents the best compromise
among all the aforementioned requirements; this probe
is furthermore designed to meet the requirements for
those surgical maneuvers discussed here (Figure 1). Of
note, the performance of IOUS may take time, and it
requires experience to be effective and beneficial[10].

The information achieved from the preoperative imaging workup, which has an essential role in staging intraand extra-hepatic disease, should be used to plan the
surgical strategy. However, the surgical strategy should
be intraoperatively defined only after IOUS exploration. The impact of IOUS on the operative decisionmaking, when compared with that of preoperative imaging techniques, is reported to be around 4%-7%[16,17].
These relatively low rates may be explained because of
the different surgical policies applied by the different
centers as well as the different tumor types considered.
Indeed, IOUS, when used in a systematic and extensive
way to map the tumor nodules, allows a 3-dimensional
reconstruction of the relationships between the tumor
and the main intrahepatic vascular structures [glissonian
pedicles and hepatic veins (HVs)], which is pivotal in
planning the individualized surgical strategy for each patient. Indeed, some experienced authors reported better
results in terms of IOUS accuracy[18-21]. Some important
tumor-vessel relationship rules have been developed by
the authors, both for HCC and for CLM, with the aim
of providing an intraoperative guide to individualize the
surgical strategy and minimize parenchyma sacrifice.

OPERATIVE TECHNIQUE

Tumor in contact with a glissonian pedicle
The glissonian pedicle may be spared when in contact
with an encapsulated HCC or with a CLM once the integrity of the vessel wall is confirmed at IOUS, without
any sign of distal bile duct dilation. For CLM, the contact should extend for less than one-third of the pedicle
circumference. In the presence of bile duct dilation, tu-

RESECTION GUIDANCE
Apart from staging, IOUS is essential to guide resection.
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Figure 1 New probe for intraoperative ultrasound. This probe has a trapezoid scanning area, and an ergonomic shape, which help during intraoperative
ultrasound-guided maneuvers. A: Lateral view; B: Front view.

Figure 2 Layout of the liver for the inflow modulation. Ischemic demarcation of the right posterior sector by intraoperative ultrasound-guided finger compression at its origin of the right portal bifurcation. A: Front view; B: Lateral view.
RHV: Right hepatic vein; LHV: Left hepatic vein; LPV: Left portal vein; P5-8:
Right anterior portal braches; P6-7: Right posterior portal branches. The arrows
indicate the point for the compression.

mor thrombus, or invasion of the vessel wall, the pedicle
must be divided[9].

simple, fast, non-invasive, and reversible. Also, the possibility of modifying the site of the compression, and
then the corresponding resection volume allows tailoring
of the resection according to tumor features, and more
importantly to the status of the background liver. This
is of paramount importance in patients with HCC and
cirrhosis, in which the functional liver reserve may be
marginal. Such a technique allows for precise anatomical
resection of a subsegment, segment or section of the liver. As is well-established, anatomical resection of HCC is
recommended to offer a higher chance of cure[25-29]. For
segments such as segment 1 and 4 superior, for which
direct compression of the feeding portal branch may not
be feasible, the compression of the adjacent segmental
branches allows definition of their segmental margins.
Indeed, our technique can be used in a counter-compression perspective similar to the counter-staining technique
reported by Takayama et al[30]. Figure 2 illustrates the layout of the liver with the compression technique applied
to delineate the right posterior section, while Figures 3
and 4 show an actual case.

Tumor in contact with a HV
The HV may be spared when in contact with an encapsulated HCC or with CLM once the integrity of the
vessel wall is confirmed at IOUS. For CLM, the contact
should extent for less than two-thirds of the vessel circumference. Thus, in the presence of a tumor thrombus,
invasion of the vessel wall, and wider contact the HV
must be divided[15]. However, as described below, the
extension of the hepatectomy to the portion of the liver
theoretically drained by the resected HV is not systematically performed, but only when accessory HVs and/or
communicating veins are missing or when inversion of
the portal flow is demonstrated by IOUS[22].

INFLOW MODULATION
Initially used for tumors located in the left hemiliver[14],
the inflow modulation technique has more recently been
successfully extended to any liver segment[23], including
segment 8, and even to sectional portions of the liver[24].
Once the feeding portal branch is identified at IOUS, it
can be compressed using the IOUS probe by one side
of the liver, and by the finger in the opposite side with
the aim to induce a transient ischemia of the portion
of the liver distal to the compression site. This portion
can then be marked with the electrocautery, and when
released, resection can be performed. This technique is

WCG|www.wjgnet.com

OUTFLOW MODULATION
The area of resection may be tailored not only using
US-guided finger compression of the portal branch as
described above, but also using IOUS outflow modulation. Indeed, we have already showed how to minimize
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Figure 3 A case of intraoperative ultrasound-guided finger compression of segment 6. A: The portal pedicle for segment 6 is compressed by the probe in the
right hand and by the finger in the left hand; B: Intraoperative ultrasound (IOUS) focused on the portal pedicle (arrow) for segment 6 before the compression; C: IOUS
focused on the portal pedicle (arrow) for segment 6 during the compression. T: Tumor.

A

B

Figure 4 Demarcation of the compressed area by electrocautery. A: The operative field before the resection; B: The operative field at the end of the resection.
The arrow indicates the stump of the portal pedicle for segment 6.

the sacrifice of liver parenchyma even in those patients
with a tumor at the hepatocaval confluence, for which
a standard major or extended hepatectomy should be
indicated based on traditional criteria. In addition, we
have introduced some new operations, such as minimesohepatectomy, and systematic extended right posterior sectionectomy[22-31], which simultaneously limit
the need for formal major resection, and improve the
chances of resection for those patients with complex
tumoral presentation. The definition of the resection
area using the outflow control is based on the extensive
use of IOUS flow analyses, with the aim of checking
the outflow modifications once the HV that should be
resected is clamped. For this purpose rather than the direct closure of the vein by a vessel loop, the US-guided
fingertip compression at the caval confluence might be
adequate[32]. Certainly, the HV may already be closed by
the tumor. At that case, the search is focused on at least
one of the following criteria: reversal of flow direction in the peripheral portion of the compressed HV,
which suggests drainage through the collateral circulation in adjacent HVs or inferior vena cava (IVC); direct
detection of collaterals between the compressed HV
and adjacent HV or IVC; or persistence of hepatopetal
flow in the portal branches corresponding to the area
drained by the compressed HV. In particular, in the case

WCG|www.wjgnet.com

of hepatofugal flow direction in the portal branches, the
resection should not be minimal but extended to the parenchyma fed by those portal branches. The presence of
hepatofugal flow in the portal branches is a clear signal
of insufficient drainage of the corresponding HV. Once
at least one of the aforementioned criteria has been satisfied, full mobilization of the right and left hemiliver is
performed, preserving most of the posterior short HVs
to minimize the risk of congestion of the residual liver.
Thus, the area of resection may be marked on the liver
surface using electrocautery and IOUS to define the caudal, medial and lateral limits of the parenchyma to be removed, while the surgeon’s left fingertip is visualized in
the most cranial portion, and it is used to mark the dissection area. Parenchyma transection is then carried out
with the surgeon’s left hand behind the right hemiliver
with the aim of guiding resection by the right hand in
real time. Figure 5 illustrates the layout of the liver with
the outflow modulation technique, while Figure 6 shows
an actual case.

PROBLEM OF THE SURGICAL MARGIN
One of the main criticisms of this surgical approach is
the problem of the surgical margin. Both for HCC and
CLM the detachment of the tumor from a spared vessel
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Figure 5 Layout of the liver for outflow modulation. A: A tumor in contact with the middle hepatic vein at the caval confluence; B: Once that vein is infiltrated and/
or compressed, some collateral veins (CVs) shunting the flow from the middle hepatic vein territory to right hepatic vein (RHV) and/or left hepatic vein (LHV) territories
can be detected. T: Tumor.

A

B

T

T

C

D

T
T

Figure 6 Intraoperative ultrasound study of communicating veins. A: A tumour located between the middle hepatic vein (MHV) (arrow) and the left hepatic vein
(LHV) at their confluence into the inferior vena cava; B: The arrow indicates the LHV; C, D: Evidence of communicating veins (arrows) between the LHV and the MHV.
T: Tumor.

may mean zero millimeters surgical margin, which traditionally is classified as R1 resection by the pathologist.
Indeed, exposure of the tumor on the dissection plane is
sometimes required to spare intrahepatic major vascular
structures, which is the mainstay of our surgical policy.
However, the effect of surgical margin status on survival
of patients with HCC and CLM has been studied, but
controversy still remains among surgeons. There is still
debate about the real impact of the extent of the surgical margin once tumoral tissue is removed from the cut
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surface. For HCC, some authors reported that a margin
smaller than 1 cm and even 2 cm plays a negative role
in terms of long-term survival, while others authors
found that a 0 mm margin is acceptable[33-37]. Also for
CLM, there is no definitive agreement on the surgical margin[38,39]. It is well known that a positive margin
is associated with increased risk of recurrence, but its
width does not affect survival[40,41]. Moreover, it has been
shown that patients with complex tumoral presentation
treated with R1 resection may have the same long-term
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survival of patients treated with R0 resection if aggressively treated with modern chemotherapy and repeated
surgery[42]. Therefore, an anticipated minimal negative
surgical margin should not be used as exclusion criterion
for resection of HCC or CLM. The keystone is the performance of IOUS to guide the resection with the aim
of achieving complete tumor clearance to minimize the
risk of non-curative surgery.
In conclusions, IOUS is the best method for staging
a liver tumor, and it is certainly the best method for the
surgeon to understand in real-time the liver anatomy, and
the relationships between tumors and intrahepatic vessels, thus allowing effective surgical operations. IOUS
guidance allows for expanding indications offering the
chance of cure to a greater proportion of patients, who
would otherwise be excluded from the surgical program
or submitted to more traditional but more risky operations. A precise tailoring of the area of hepatic resection
using inflow and outflow modulation should be part of
the surgical armamentarium of the modern liver surgeon.
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INTRODUCTION
Wound injury and repair is one of the most common
pathophysiological processes during human life. In all
organ systems, the normal mammalian response to injury
occurs in three overlapping but distinct stages: inflammation, new tissue formation, and tissue remodeling[1].
Therefore, injured organs, such as lung, kidney, liver or
skin, will first respond with inflammation when insults,
such as those caused by microorganisms and toxins, occur. Then next critical step is repair and regeneration, but
during the repair or remodeling process, excessive deposition of extracellular matrix (ECM) collagen 1 and collagen 3 leads to hypertrophic scars, which results in tissue
dysfunction[1]. Fibrosis is an excessive, uncontrolled injury
response that occurs in organs, such as the lungs, kidneys,
heart or skin, and is described by a persistent deposition
of ECM. Fibrosis has been as a leading cause of morbidity and mortality[2]. There are more similarities between
liver and skin regeneration due to the sustained regenerative capabilities of epidermal cells and hepatocytes after
injury. Additionally, epidermal cells can be regenerated by

Abstract
Liver injuries are repaired by fibrosis and regeneration.
The core stage is the repair response and fibrosis formation as a scar. The cause of overly-responsive scar
formation and diminished regeneration, especially in
liver fibrosis and cirrhosis, is still unknown. The epithelial to mesenchymal transition (EMT), a previously
discovered mechanism, plays an important role in liver
fibrosis and tumor metastasis. Recently, EMT has been
found to be associated with liver and bile duct cell fibrosis. Analyzing the established models and chronic
disease processes, we propose that EMT liver cells
may also lose their regenerative capability due to phenotype changes and that the remaining liver cells may
quickly lose their regenerative capability in liver fibrosis
or cirrhosis. Recognizing these phenotype changes or
transition cells may play an important role in targeting
therapy to reverse fibrosis not only by disrupting the
transition that is necessary to produce the extracellular
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remnant stem cells in hair follicles, and hepatocytes can
be regenerated by cells in the canals of Hering, such as
oval stem cells or other progenitors[1]. The core stage for
injuries is the repair response and scar formation. As a
protective response to insults, regeneration follows injury;
therefore, the fibrogenetic source and the mechanism impeding regeneration are essential. In this review, we will
explore recent evidence of liver fibrogenesis and possible
regenerative capacities, especially in pathways that have
been newly targeted to reverse fibrogenesis.

cases, in the regeneration of the liver that injures induced
by other toxins, such as galactosamine, activation of a progenitor cell compartment to replicate and differentiate[12].
However, the liver does not heal as effectively in response to chronic liver diseases such as liver fibrosis and
cirrhosis.

LIVER FIBROSIS AND REGENERATION
Liver ﬁbrosis is an excessive scar response leading to
cirrhosis, which is characterized by the formation of regenerative nodules in the liver parenchyma separated by
ﬁbrotic septa. Three major mechanisms are involved in
the generation of cirrhosis: cell death, aberrant extracellular matrix deposition (ﬁbrosis), and vascular reorganization[17]. Liver fibrosis mainly represents quantitative and
qualitative changes in the ECM, including the deposition
of collagens, elastin, and tenacin, which can increase
3-5 fold[18]. The excessive deposition is accompanied by
a shift in the type of ECM in the subendothelial space
from the normal low-density, membrane-like, basement
matrix to an interstitial-type matrix containing fibrilforming collagens[18]. Liver fibrosis accelerates to endstage cirrhosis and shifts from reversible to irreversible.
Therefore, most efforts should focus on treating liver
fibrosis and understanding early fibrogenesis to control
its progression. Activated fibroblasts or myofibroblasts
are the key mediators of liver fibrosis[17,19,20]. Stellate cells,
which are located in the subendothelium and constitute
approximately 5% of the liver parenchyma, had been
considered to represent the entire population of activated
fibroblast cells; however, stellate cells have recently been
found to possess more multifaceted functions in liver
fibrosis, and we now know they are not the sole cause of
fibrosis[19,21]. Such activated fibroblasts can be derived via
the activation and proliferation of resident fibroblasts
[hepatocyte stellate cells (HSCs) and portal fibroblasts],
circulating fibrocytes, bone marrow stem or progenitor
cells and epithelium-mesenchymal transition cells[2,19-22].
The underlying causes of diminished liver regeneration in liver fibrosis and cirrhosis are still a mystery. Using
the proliferating cell nuclear antigen to assess proliferation, a cirrhotic liver has more DNA synthesis than a
normal liver but also has great variability in the pseudolobules[23,24]. However, the high proliferation index does
not reflect the actual cell division rates. The cell cycle
is impaired by anaphase bridges, aberrant mitosis, and
arrest in G2/M, which has been shown in mTR-/- transgenic mice[25]. Telomere shortening delays liver regeneration and can be restored by telomerase treatment, which
has been shown to improve albumin levels in mTR-/transgenic CCl4-cirrhosis models. Telomere shortening is
thought to be proof that the replicative activity of hepatocytes is diminished in advanced cirrhosis and chronic
liver injury in humans[26-28]. Telomere delivery inhibits the
progression of cirrhosis in mice[25] and leads to a state
of “replicative senescence”[29]. As with wound repair, the

LIVER REGENERATION IN PHYSIOLOGICAL
AND PATHOLOGICAL CONDITIONS
Unlike liver regeneration by Prometheus in Greek mythology, we have considered “regeneration” to be a hyperplasic response rather than the actual regeneration of the
remnant liver[3-5]. After a 2/3 partial hepatectomy, most
hepatic cells rapidly enter the cell cycle and undergo an
average of approximately 1.6 cycles of replication per cell
to completely restore the original liver mass[5,6]. The classic transplantation experiments using fumarylacetoacetate
hydrolase (FAH)-deﬁcient mice (FAH knockout mice)
and urokinase-type plasminogen activator transgenic mice
demonstrated that hepatocytes can replicate at least 69
times[7,8]. Interestingly, hepatocytes can differentiate into
cholangiocytes and form mature bile ducts after bile duct
ligation and toxic biliary injury and may even behave as
stem cells under select circumstances[9,10]. However, under
physiological conditions, hepatic regeneration only occurs to replace individual, aged hepatocytes-typically those
in zone 1 (periportal)[11]. The regenerative components
required for the process may be categorized into three
networks: cytokine, growth factor and metabolic[12]. The
innate immune system and cytokines, such as interleukin-6
(IL-6), tumor necrosis factor (TNF), hepatocyte growth
factor (HGF) and complement, have been identified and
recognized as playing important roles in regenerating the
liver[12-14]. TNF binds its typeⅠreceptor, leading to nuclear
factor kappa B activation in Kupffer cells, which produce
IL-6 and TNF; IL-6 is subsequently released into the
serum and binds to its receptor to activate the STAT-3
signaling pathway to initiate hepatocyte regeneration[12].
Transforming growth factor-beta (TGF-β) is released by
the stellate cells, leading to Smad2 and Smad3 phosphorylation. Smad complexes translocate into the nucleus to
transactivate target genes to induce epithelial to mesenchymal transition (EMT) and inhibit proliferation[15]. TGF-β
may be an essential factor in liver fibrosis.
Activation of intrahepatic stem cells, such as hepatocyte progenitor cells and oval stem cells, and bone
marrow stem cells are the main sources of exceptional
regenerative capacity[16]. The properties of the liver generally allow for complete reconstitution following acute,
moderate injuries.
After partial hepatectomy or CCl4-induced injury, liver
regeneration is replicated by remanent hepatocytes. In rare
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the kidneys under pathological conditions[38,39]. Indirect
evidence of EMT has been observed in HSC culture in
vitro, in which HSCs were shown to coexpress mesenchymal and epithelial markers[38]. The primary HSC express
stable mRNA levels of two epithelial markers, Mpk (an
oval cell marker) and CK-19 (a marker of immature and
mature biliary epithelial cells)[38]. Convincing evidence has
shown that TGF-β can induce an EMT in mouse hepatocytes in vitro. The mechanism was demonstrated to be
the result of TGF-β-induced activation of the Snail transcription factor, which is a key molecule in the EMT, and
repression of epithelial markers, such as E-cadherin[32,40,41].
Further evidence has demonstrated, using AlbCre. R26RstoplacZ double transgenic mice in vivo, that hepatocytes
can undergo EMT. Avoiding the double transgenic mice
phenotype changes, using lineage-tracing experiments,
hepatocytes can transdifferentiate into mesenchymallike cells that have lost albumin and still have an activated
Laz gene. After CCl4-induced liver fibrosis, up to 45%
of FSP1-positive fibroblasts were found to be Laz(+),
which drives the EMT, similar to processes that occur
in the kidneys[39,42]. Undoubtedly, these transition cells
have lost their hepatic markers, such as albumin, thus
losing its main secreting function. Using collagen Ⅰ and
transferrin costaining demonstrated that half the resident hepatocytes had undergone an EMT phenotype in
a TGF-β transgenic mouse model and in samples from
patients with HBV, and the key transcription factor Snail
was also found in the damaged regions[43]. Hepatitis C
viral protein NS5A also induces hepatic dysplastic alterations of cell morphology with EMT phenotype and
participates in oncogenic transformation of primary hepatocyte precursors[44]. TGF-β induces Snail, activates the
Smad2/3 pathway and, finally, mediates the transition to
the EMT phenotype[15]. The Snail-positive cells also consisted of 50% of the remaining hepatocytes in the damaged regions[43]. The mesenchymal markers vimentin and
α-SMA were detected in fibrotic human and rat livers
around the fibrotic septa, which indicates the presence
of transition hepatocytes and EMT[45]. EMTs also occur
in cirrhotic liver cells derived from murine CCl4-induced
models[46]. Interestingly, the EMT-like cells express albumin and the mesenchymal marker vimentin and also
gain collagen Ⅰ secretary functions. Cell isolates from cirrhotic livers can exhibit anti-apoptosis effects in contrast
to normal hepatocytes under TGF-β treatment[46]. While
untreated normal liver-derived hepatocytes have been
shown not to display features of an EMT, they did respond to TGF-β with increased vimentin expression and
EMT characteristics[46]. Therefore, accumulated evidence
has shown that EMT-like cells, even EMT cells, exist during chronic liver injury with a partial loss of functions
such as albumin and transferrin secretion and a gain of
mesenchymal features.
Recently, an EMT was also found in bile ducts in animal models and patients, especially in bile duct ligation,
primary biliary cirrhosis and nonalcoholic fat liver diseases, due to hedgehog (Hh) signaling activation[47-49]. Hedge-

majority of hepatocytes are believed to undergo necrosis
or apoptosis, providing space for proliferating cells during chronic insults, such as viral infections, that exhaust
the regenerative capability of the liver. Telomere shortening is evidence of these processes. However, there is no
direct evidence to support the loss of regenerative capability during chronic insults is entirely due to continuous
regeneration and impairments. Therefore, we investigated
possible regenerative mechanisms in fibrosis.

HEPATOCYTE EMT AND FIBROSIS
The most distinct difference in the injury response is the
liver’s powerful regenerative capability compared to the
kidneys, lungs and others organs. Another difference is
the rapid progression in fibrosis due to acute processes,
such as hepatitis C virus infection[30] or drug injury, or a
chronic process, such as chronic hepatitis B virus (HBV)
infection. Therefore, liver fibrosis is a more complex
process relative to many other processes. The EMT is believed to play an important role in fibrosis, which may be
reversed or attenuated by antagonizing essential cytokines
and growth factors[31]. Undergoing an EMT refers to the
loss of apicobasal polarity in epithelial cells; intercellular
adhesion complexes undergo dramatic phenotypic changes, causing them to become nonpolar and thus allowing
these cells to move through the ECM like mesenchymal
cells[32-34]. Organ fibrosis can be classified as a type 2
EMT, which is associated with tissue repair and involves
secondary epithelial or endothelial cells transitioning to
resident tissue fibroblasts in response to persistent inflamemation[33,34]. A type 2 EMT can continue to respond
to ongoing inflammation and lead to the expression of
mesenchymal markers on cells, which can advance to various extents through an EMT, namely, a partial EMT. The
partial EMT refers to an intermediate phenotype as cell
transition, with progressive loss of epithelial markers (Ecadherin, ZO-1) and gain mesenchymal markers (vimentin, alpha smooth muscle actin, FSP1 and β-catenin)[33]. If
the cells ultimately shed all of their epithelial markers and
gain a complete fibroblastic phenotype, the cells have undergone a complete EMT[33]. The accumulating evidence
has suggested that the EMT contributes to liver fibrosis,
similar to processes that occur in other organs, such as
the lungs, kidneys, and intestines[33].
An EMT can be found in response to growth factors,
such as epidermal growth factor (EGF) or TGF-β, and
dimethyl sulfoxide in rat fetal liver cells[35,36]. In normal
mouse and adult livers, stroma cells can express both
mesenchymal (vimentin, collagen Ⅰ and alpha smooth
muscle actin) and epithelial markers (cytokeratins, albumin and E-cadherin) during the hematopoietic but
not the nonhematopoietic liver by the end of gestation,
indicating that liver stroma cells may be EMT cells that
support hematopoiesis[37]. Chronically damaged livers, as
in cirrhosis, in which there are a large number of epithelial progenitors and myoﬁbroblastic HSCs, have cells that
undergo an EMT similar to the transition that occurs in
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hog signaling is low in the normal adult liver but plays an
important role in liver development[50]. Injured cholangiocytes activate hedgehog signaling through the patched
receptor (Ptc) to release glioblastoma (Gli) family transcription factors to Hh-target genes. In Patched-deficient,
Patched haplo-insufficient [Ptc(+/-)] and PtcLacZ mouse
models, the bile ducts exhibit more EMTs, myofibroblast
accumulation and fibrosis[48,49,51]. Hh activation in bile
ducts can contribute to biliary fibrosis and cirrhosis. Different mesenchymal markers, such as vimentin, α-smooth
muscle actin and S100A4, are located in the fibrous septa
and extend around the nodules of liver parenchyma,
which contain transition hepatocytes that have gained the
ability to secrete ECM[43,46,48,49]. Based on the recent discoveries, these transition hepatocytes and cholangiocytes
can be remodeled into other fibroblast-like phenotypes
upon exposure to different insults and thus can be divided into two stages: partial-EMT or EMT-like and true, or
complete, EMT. The partial-EMT can exist in the three
stages of wound repair: inflammation, new tissue formation, and remodeling. Inflammation and necrosis can
release different cytokines that initiate the clearance of
the necrosis area and regeneration. The recognized cells
contain EGF, IL-6, HGF, TNF and the important negative regulator TGF-β, especially in liver regeneration[1,12].
Until now, TGF-β, EGF and others through the TGF-β,
Smad or hedgehog pathways initiate the EMT in different
liver diseases and liver fibrosis in animal models[43,46,48-50].
Therefore, various cytokines and growth factors, released
by necrotic cells, infiltrating inflammatory cells, HSCs
and activated fibroblasts from different sources, can initiate the EMT as an early event during liver fibrosis.
However, these studies have been recently questioned
because the use of transgenic-animal models allows for in
vivo lineage-speciﬁc tracking using EMT-speciﬁc markers.
These studies use a cross between an alpha-fetoprotein
(AFP) cre mouse and a ROSA26YFP or ROSA26-β-gal
stop mouse to trace cell fate through the expression of
AFP[52,53]. None of the resulting fibrosis cells originated
from the genetically marked hepatic and biliary epithelial
cells. The challenging EMT results were repeated after inducing liver ﬁbrosis by bile duct ligation (BDL), CCl4, or
3,5-diethoxycarbonyl-1,4-dihydrocollidine. However, the
critical concerns originate from these EMT markers and
the absence of such evidence in clinical patients.
FSP1 and Snail are popular markers for detecting the transition. FSP1 was not expressed by HSCs or
type Ⅰ collagen-producing fibroblasts in liver sections
from FSP-GFP reporter mice BDL or CCl4-treated mice.
FSP-1 is expressed in inﬂammatory macrophages, thus
FSP1 is not a marker for myoﬁbroblasts or their precursors[54]. Another important EMT marker, Snail, plays a key
role in liver fibrosis progression in vivo in a CCl4 model
by triggering the proximal genetic programs that control
multiple aspects of fibrogenesis in the Snail transgenic
CKO mouse, which promotes growth factor expression
and extracellular matrix biosynthesis to the ensuing chronic inflammatory responses in liver fibrosis[55]. These Snail-
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positive cells also lose transferrin expression in the damaged regions, which is a specific liver marker in a complete
epithelial to mesenchymal transition. The partially transdifferentiated hepatocytes comprised 50% of the remaining hepatocytes in the damaged regions, although they
cannot be distinguished from other immune cells[43].
Although there is no current evidence that myoﬁbroblasts originate from liver cells, more experimental and
clinical liver fibrosis were reported. These models may
not reﬂect the pathophysiology in chronic human liver
disease and in the TGF-β mouse model, which requires
further study. Clearly, such studies have offered important
evidence for the further study of EMT programs in liver
ﬁbrosis. Nevertheless, liver ﬁbrosis may be independent
of the hepatocyte EMT program and may instead be affected by important factors, such as Snail.

TARGETS OF LIVER FIBROSIS AND
RECOVERING THE REGENERATIVE
CAPACITY
Stellate cells can be found within the progenitor cell niche
in normal and regenerating livers, near the intrahepatic
bile ducts, which was recognized as one of the central
sources of fibrogenesis[21]. Recent studies have shown
more important roles for immunity in promoting liver
fibrogenesis[19]. Various cytokines and growth factors can
affect stellate cells from inflammatory infiltrates and necrotic tissue. Stellate cells can also produce different cytokines or growth factors by paracrine or autocrine transmission to influence the adjacent hepatocytes. TGF-β, a
key regulator of fibrogenesis and EMT, can be observed
in acute or chronic liver injury in HSCs[13,56,57]. TGF-β
can directly activate adjacent hepatocytes through Smad
signaling, induce EMTs, and induce ECM and fibrogenesis. Hedgehog signaling may also be a key regulator in
the promotion of EMT and fibrogenesis in bile duct diseases. Blocking these signaling pathways is an important
therapeutic target for mediating regeneration (Figure 1).
TGF-β exerts its effects by binding to the TGF-β type
receptor,
which causes recruitment and phosphorylaⅡ
tion of receptor type Ⅰ and formation of a complex.
The activated receptor type Ⅰ subsequently recruiting
Smad2/3 and Smad4, which are known intracellular mediators of TGF-β. Once phosphorylated by the activated
TGF-β receptor, Smad2 and/or Smad3 bind Smad4 and
translocate to the nucleus, where they regulate TGF-β
target genes[57]. Smad7, a feedback regulator of TGF-β,
can prevent liver fibrosis and HSC activation in rat
BDL- and CCL4-induced liver fibrosis models[15,58]. Using
Smad transgenic mice also attenuates TGF-β signaling
and EMTs, thus improving CCl4-provoked liver damage
and fibrosis[43]. The complex formation of BMP-7 and
TGF-β with different types of ALK receptors is mediated by Smad proteins. In renal tubular epithelial cells and
mammary ductal epithelial cells, BMP7 has been shown
to reverse the TGF-β1-induced EMT, given that NTN
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Figure 1 Liver regeneration and the epithelial to mesenchymal transition. The diagram shows the fibrogenesis via epithelial to mesenchymal transition (EMT) in
the liver. Different insults initiate inflammation and then cause hepatocyte stellate cells (HSCs) activation and hepatocyte and biliary cell damage, necrosis and EMT.
Except for the necrotic and damaged cells, the remaining “normal” liver cells can be divided into 2 groups: normal and EMT-like hepatocytes. Continuous insults will
shift those EMT-like cells to complete EMT cells and finally myofibroblasts, the main producer of extracellular matrix, which may be one of the main causes of an early
loss of regenerative capacity. A similar process also occurs in biliary cells. HSCs play an important role in secreting key cytokines, such as transforming growth factorbeta (TGF-beta) and hedgehog, to affect the adjacent cells and promote EMTs.

nication between them[49].
If the remaining “normal” liver cells had 40%-50%
EMTs, as mentioned above, and continuously were damaged, the hepatocytes capable of regeneration may actually be less than 50%, excluding the damaged or necrotic
hepatocytes, which would lose their normal functions
and exhaust their regenerative capacity earlier than expected. The remaining hepatocytes, including the newly
identified partial EMT or EMT-like cells, have diminished regenerative capacity potentially due to elevated
rates of apoptosis followed by repeated regeneration and
damage according to the traditional theory[13]. The newly
regenerated hepatocytes and the remaining hepatocytes
can continuously transition to mesenchymal cells during
fibrosis (Figure 1). Recognizing whether these phenotype
changes or the transition cells have a more important
role in targeting therapy for controlling the transition
phenotype can not only disrupt the transition to produce
ECM but can also help to recover the regenerative capacity of the EMT-like cells.
As mentioned above, EMT-targeted therapy can reverse partial EMT cells, not only during fibrosis but also
during regeneration. These phenotype changes or transition cells may provide us a new insight in identifying
the regenerative capacity of these partial EMT or complete EMT cells and also for targeting new therapies.

mice (nephrotoxic serum nephritis; a chronic nephritis
model) treated with recombinant human BMP can reinduce E-cadherin[59].
The Hh signaling that was observed in bile duct
fibrosis and EMTs has provided us with a new mechanism and new therapeutic targets[47,51]. Hh ligands that
interact with the Hh receptor Patched (Ptc) liberate
the coreceptor Smoothened, which activates Gli family transcription factors and Hh-target genes [50]. The
Hh pathway can be activated in the liver after BDL and
Roux-en-Y hepaticojejunostomy to relieve biliary obstructions. Hh signaling decreased as the duct populations and concomitant fibrosis were observed[48,60]. The
role of the Hh pathway was observed in nonalcoholic
fatty liver disease and verified in Ptc transgenic mouse
bile duct cells. The Hh inhibitor cyclopamine and the
Hh-neutralizing antibody have been shown to reverse
the EMT and fibrosis in mouse models and in vitro coculture with cholangiocytes and MF-HSCs and also to
reduce TGF-β expression[48,49].
Similar to TGF-β, activated HSCs can produce an
Hh ligand by paracrine and autocrine signaling[48,61,62].
Therefore, HSC can produce TGF-β and the Hh ligand
to affect the adjacent hepatocytes and cholangiocytes to
induce EMT and fibrosis. Inhibiting the Hh pathway may
reduce TGF-β expression, which may indicate a commu-
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Abstract
Ischemia reperfusion injury is a major obstacle in liver
resection and liver transplantation surgery. Understanding the mechanisms of liver ischemia reperfusion injury
(IRI) and developing strategies to counteract this injury
will therefore reduce acute complications in hepatic
resection and transplantation, as well as expanding the
potential pool of usable donor grafts. The initial liver injury is initiated by reactive oxygen species which cause
direct cellular injury and also activate a cascade of
molecular mediators leading to microvascular changes,
increased apoptosis and acute inflammatory changes
with increased hepatocyte necrosis. Some adaptive
pathways are activated during reperfusion that reduce
the reperfusion injury. IRI involves a complex interplay between neutrophils, natural killer T-cells cells,
CD4+ T cell subtypes, cytokines, nitric oxide synthases,
haem oxygenase-1, survival kinases such as the signal
transducer and activator of transcription, Phosphatidylinositol 3-kinases/Akt and nuclear factor κb pathways.
Transgenic animals, particularly genetic knockout models, have become a powerful tool at elucidating mechanisms of liver ischaemia reperfusion injury and are
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INTRODUCTION
Ischemia reperfusion injury is a major cause of morbidity
and mortality in liver resection and liver transplantation
surgery. Prolonged organ ischemia is characterised reduced tissue oxygenation resulting in tissue adenosine triphosphate (ATP) depletion with a transition to activation
of anaerobic metabolic pathways which cannot maintain
cellular function for prolonged periods ultimately leading to cell death. Restoration of blood flow is necessary
to restore cellular function, but paradoxically reperfusion
can initiate a cascade of pathways that cause further cellular injury after prolonged ischaemia. Understanding
the mechanisms of liver ischemia reperfusion injury
(IRI) and developing strategies to counteract this injury
will reduce acute complications in hepatic resection and
transplantation, as well as expanding the potential pool
of usable donor grafts.
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The initial liver injury is initiated by reactive oxygen
species (ROS) which cause direct cellular injury and also
activate a cascade of mediators leading to microvascular changes, increased apoptosis and acute inflammatory changes with increased necrosis. Not all pathways
activated are injurious and some adaptive pathways are
activated during reperfusion that dampen the reperfusion
injury. Classically two phases of liver injury have been described, an early (< 6 h) and late (> 12 h) phase of injury.
In reality, this is a somewhat artificial distinction, as liver
injury occurs as a continuum during reperfusion where
pathways are activated at various often overlapping timepoints.
The extent of liver injury in IRI is normally measured
by raised levels of serum liver enzymes, most commonly
aspartate transaminase, alanine transaminase (ALT), lactate dehydrogenase and/or serum glutamic-oxaloacetic
transaminase, and by histological assessment with the
Suzuki classification, with or without modifications, being most widely used in liver IRI[1]. In this classification
sinusoidal congestion, hepatocyte necrosis and ballooning
degeneration are graded 0 to 5. No necrosis, congestion/
centrilobular ballooning is given a score of 0 whereas severe congestion/ballooning degeneration, as well as > 60
% lobular necrosis is given a score of 5 (Table 1).
Transgenic animals, particularly genetic knockout
models, have become a powerful tool at elucidating
mechanisms of liver ischaemia reperfusion injury and are
complementary to pharmacological studies[2-9]. The mechanistic insights derived from transgenic knockout models
of liver ischaemia reperfusion injury will be reviewed.
Knockout models provide a very specific targeted disruption of a particular protein at the genetic level which is
more informative than the use of “specific” pharmacological inhibitors or stimulants of the same protein are
used.

Table 1 Suzuki classification of liver ischaemia reperfusion
injury
Sinusoidal
congestion

Vacuolisation/
ballooning

Necrosis

0
1
2
3
4

None
Minimal
Mild
Moderate
Severe

None
Minimal
Mile
Moderate
Severe

None
Single cell
< 30%
30%-60%
> 60%

later and neutrophils being the main source in the very
later stages[10,11]. The role of these various cells, NADPH
oxidase and mitochondrial depolarisation have been supported by knockout animal models[12-15]. There are no
xanthine oxidase knockout on liver IRI. These mice only
survive up to 6 wk and are runted.

MICROCIRCULATORY DYSFUNCTION
Microcirculatory changes play an important part in hepatic IRI. Reduction in sinusoidal diameter and blood
flow are among the earliest changes in reperfusion injury.
This results from a combination of direct damage to
sinusoidal endothelial cells (SECs), vasoconstriction and
expression of adhesion molecules with accumulation of
platelets and leucocytes.
Two of the key vasoactive substances that maintain
sinusoidal vascular tone are endothelin-1 (ET-1), a vasoconstrictor, and nitric oxide (NO), a vasodilator and
inhibitor of platelet aggregation. There appears to be a
relative excess of ET-1 in the early stages of liver IRI.
Liver transplantation in pigs has provided evidence
that after reperfusion Kupffer cell activation leads to
increased release of ET-1 which binds to SEC and hepatocyte endothelin A (ETA) receptor, thereby reducing
hepatic micro and macro-perfusion resulting in increased
liver injury[16,17]. The activation of this pathway is associated with increased expression of tumor necrosis
factor-α (TNF-α), interleukin-6 (IL-6) and endothelial
NOS (eNOS)[16,17]. Knockout models for ETA receptor or heterozygote knockout for endothelin-1 have not
been studied in liver ischaemia reperfusion injury. Double
knockouts of ET-1, ET-2 and ETA receptor are lethal
pre- or perinatally. It has become apparent products of
heme oxygenase, namely carbon monoxide (CO) and
biliverdin, and NO from nitric oxide synthase, which are
all vasodilators, are likely play a role in reducing the severity of liver IRI in vivo.

REACTIVE OXYGEN SPECIES
Depletion of intracellular and extracellular ATP during
ischaemia results in increased ATP degradation products,
including adenosine, hypoxanthine and xanthine and a
shift towards anaerobic metabolism. On reperfusion,
initially the increase in oxygen delivery exceeds the rate
at which cellular metabolism returns to aerobic pathways,
which generates damaging free radicals. A wide variety
of ROS are generated, the most widely implicated being
superoxide, hydrogen peroxide and reactive nitrogen species, such as peroxynitrite.
There are thought to be three main pathways for the
generation of ROS: conversion of xanthine dehydrogenase to xanthine oxidase during ischaemia, nicotinamide
adenine dinucleotide phosphate (NADPH) oxidase activation and uncoupling of the mitochondrial electron
transport chain[10,11]. Although hepatocytes can directly
produce ROS, physiologically Kupffer cells are thought
to be the main source of ROS in the early stages of liver
IRI with natural killer T-cells (NKT) cells generating ROS

WCG|www.wjgnet.com

Numerical
assessment

CELL INJURY AND DEATH
Hepatocytes and SECs are the two main cell types that
are injured in IRI. Hepatocytes are more sensitive to
warm ischaemic injury (37  ℃), while SECs are more sensitive to cold ischaemia (4  ℃) found in cold preservation
of donor liver grafts before transplantation. Physiologically, exclusive injury of one cell type is not found and
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there is evidence that both cell types have been injured
directly in both cold and warm IRI.
There has been debate about what the primary mode
of cell death is in liver IRI: apoptosis or necrosis. Apoptosis is an energy dependent process, so in theory when
there is greater depletion of ATP, necrosis should dominate. Also, necrosis takes longer to become apparent,
normally more than 3 h. This is challenging to show experimentally in vivo, as tissue ATP before and after reperfusion would need to be measured as well as the change
in metabolic state of the cell. Many of the same initiators
and pathways are involved for both types of cell death,
so there is much overlap. Some authors refer to the process as neuroapoptosis.
Different assays have been used to implicate apoptosis,
including activation of various genes such as caspase-3
which is thought to be a specific indicator of apoptosis,
and Bax. One isolated ex vivo perfused liver model using knockout of Bax showed reduced liver IRI (Table
2), apoptosis and caspase-3 activation in the knockouts
compared to the normal wild type livers[18]. The TUNEL
assay has been used to indicate apoptosis, but it now appears that it does not specifically distinguish between
apoptosis and necrosis. Varying degrees of necrosis and
apoptosis have been shown in the literature for different
ischaemia reperfusion protocols, but these conclusions
on the different levels of necrosis versus apoptosis need
to be interpreted with caution as the assays for apoptosis
are relatively nonspecific.

platelets but did not influence leukocyte adhesion, which
significantly reduced liver IRI. The study concluded that
the very early phase of IRI is characterised by increased
lipid peroxidation, apoptosis and reduced sinusoidal perfusion, depends on platelet rather than leucocyte adhesion on SEC’s and that this is mediated by fibrinogen deposited on the adhesion molecules: E-selectin, VCAM-1
and ICAM-1.

NEUTROPHILS
Neutrophils are important cellular mediators of liver IRI
after 6 h of reperfusion as demonstrated using partial
hepatic ischemia reperfusion (IR) models with histology
and MPO assay of liver samples (myeloperoxidase, an
enzyme expressed most abundantly in neutrophils) as
endpoints[23,24]. The neutrophil oxidative burst is the main
source of reactive oxygen species in the later stages of
IRI and contributes directly to hepatocellular injury. This
has been supported by immunologically deficient knockout models of liver IRI using nude (nu/nu) mice which
lack a thymus so cannot generate mature T lymphocytes
and a knockout for gp91 phox, the glycosylated subunit
of the heterodimer phagocyte NADPH oxidase(-/-).
The knockouts have shown reduced liver IRI, reduced
neutrophil infiltration and reduced oxidative burst (Table
2)[13,25].
Leucocyte transmigration across endothelial and extracellular matrix (ECM) barriers is a complex process.
Leukocyte migration across ECM proteins is dependent
on matrix degradation, not only by increasing matrix
permeability, but also for generating ECM-derived fragments, which are highly chemotactic for leukocytes.
Matrix metalloproteinase (MMP)-9 is one of two major
gelatinases in the MMP family responsible for the turnover and degradation of several ECM proteins, including
fibronectin, a key ECM protein expressed by SEC’s in the
early phase of IRI.
An MMP-9-/- knockout model of liver IRI showed
reduced liver damage compared to normal mice and that
neutrophil transmigration within liver sinusoids occurs
over fibronectin in an MMP-9 dependent manner[26].
These conclusions were based on correlations between
assays of MMP-9 activity and liver histology from in
vivo experiments and in vitro but not in vivo studies of
neutrophil transmigration induced by fibronectin. The
limitations of this study are that it did not assess other
ECM proteins and that the conclusions are based on in
vitro studies which may not reflect the in vivo mechanism
of neutrophil transmigration. For instance, the role of
SECs in leucocyte migration was not considered in this
knockout model of IRI. SEC activation and injury has
an important role in liver IRI as discussed earlier, by contributing to microcirculatory dysfunction. Neutrophil recruitment is mediated, at least in part, by macrophage inflammatory protein-2 (MIP-2) binding to the chemokine
receptor (CXCR2) on neutrophils, supported by a study
using a CXCR2 knockout model which showed reduced

ADHESION MOLECULES
The adhesion to the hepatic sinusoidal endothelial cells
and transmigration into liver tissue require sequential
steps in which many molecules are involved. The selectin family (P-, E- and L-selectin) of adhesion molecules
are expressed by SECs early in reperfusion. They mediate loose or rolling adhesion of platelets and leucocytes.
Knockout models indicate that there is an initial peak
of P-selectin expression 20 to 30 min after reperfusion
which is required for early IRI[19,20]. Functionally, some
groups have found that E-selectin expression, and not
P-selectin, is required for IRI to occur[21]. This is followed
by firmer adhesion of leucocytes on SECs by upregulation of integrins, such as anti-CD11a and anti-CD11b,
vascular cell adhesion molecule 1 (VCAM-1), and intercellular adhesion molecules (ICAM-1), respectively (Table
2).

PLATELETS
Platelets and leucocytes begin to adhere to SECs within
5 min of reperfusion (Table 2). Khandoga et al[22] used an
ICAM-1 knockout model of early liver IRI and showed
reduced IRI in the knockouts. Although ICAM-1 deficiency attenuated postischemic adherence of both platelets and leukocytes, the application of an anti fibrinogen
antibody selectively reduced the number of adherent
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Baskin-Bey et al

Caldwell et al[28]

Shimamura et al[25]

Lappas et al[30]

Ben-Ari et al[18]

Kim et al

Hanschen et al[12]

Evans et al[2]

Kuboki et al[29]

Ref.

IR protocol

70% I 90 min/R 4, 8 h

Outcome measure
Histology; serum ALT; MPO

Agent
AntiCD1d Ab; anti NK1.1 Ab; anti
CD25+ Ab

Adaptive responses

Injurious responses
Antigen dependent CD4+ T cell activation via TCR
and NKT cell activation increase IRI; GD T cell
recruit PMN but not affect IRI
In steatotic livers of ob/ob mice only, UCP-2
depletes liver ATP which increases IRI 1 h onwards

ob/ob or double Total hepatic ischaemia 15 Histology (Neil and Hubscher
knockout of leptin
min/R 1, 24 h
scoring); serum ALT; WB; liver
and UCP2
ATP assay; lipid peroxidation; 24
h survival
IL6 (-/-); CD4 (-/-); Left lobe I 90 min/R 30 Kupffer cell activity (fluorescent GdCl3 or glutathione to wild types
Kupffer cells activation, ROS, IL6 and TNF-a
TNFR1 (-/-)
min, 2, 3, 4 h
latex beads and intravital
(WT) only
increase SEC VAP-1 expression and CD4+ Tcell
microscopy, IVM); IH; serum
sinusoidal recruitment which increase IRI; CD4+ T
AST and ALT
cells inhibit Kupffer cell phagocytic activity
Adenosine A1
70% I 1 h/R 24 h
Histology; serum ALT; IH;
CCPA (AIAR agonist); DPCPX
Endogenous adenosine via
Exogenous adenosine increase IRI most likely via a
receptor (A1AR)
semiquantitative PCR; WB;
(A1AR antagonist)
A1AR reduces IRI
different adenosine receptor subtype to A1AR
(-/-)
TUNEL
Bax (-/-); Bax (+/-) Isolated liver perfused in Histology (apoptosis features);
Bax activation after 15 min reperfusion activates
environmental chamber: serum ALT, AST, LDH; TUNEL
caspase-3 which increases liver apoptosis
Global I 90 min/R 1 or 15
and caspase-3 assay; WB
min
Rag1 (-/-), i.e.,
70% I 72 min/R 2, 24 h
Histology; serum ALT;
ip ATL146 (A2AR agonist);
Exogenous and endogenous NKT cell recruitment increases IRI through release
lack mature
intracellular IFNγ
PK136 (NK1.1 depletion); CD1d
adenosine acts through
of IFNγ from at least 2 h reperfusion onwards and
lymphocytes
Ab (inhibit NKT cell); NKT cell
A2AR to reduce NKT cell
increased neutrophil recruitment from at least 24 h
A2AR (-/-); IFNγ
adoptive transfer from WT, A2AR
recruitment
after reperfusion
(-/-)
and IFNγ KO to Rag1 KO
Cd1d (-/-); nu/nu Total hepatic ischaemia 30
Serum ALT; peroxide assay;
Anti-NK and anti-NKT Ab
NKT cell activation 1 to 24 h after reperfusion
(no NKT cell,
min/R 2 ,6, 12, 24, 48 h
cytotoxic assay; IH; ELISA
releases IFNγ and PMN activation 6 to 12 h after
normal NK cells);
reperfusion with increased oxidative burst lead to
perforin (-/-);
increased apoptosis and necrosis in IRI
gld/gld (Fas ligand
deficient)
CD4 (-/-); B cell 70% I 90 min/R 1, 2, 4, 8 h Histology; serum ALT; MPO
Adoptive transfer CD4+T cell to
CD4+ T cell only 1-4 h after
(-/-)
CD4(-/-); anti-IL17 Ab
reperfusion secrete IL17
releasing MIP-2 increasing
neutrophil infiltration, but
inhibiting their oxidative
burst, and reducing necrosis
8 h reperfusion onwards
Cathepsin B (-/-)
Two weeks fed
Histology; electron microscopy
R-3032 ip 2 h preop (cathepsin B
Reduced lysosomal integrity more pronounced in
methionine choline
(EM); TUNEL; IH; liver tissue
inhibitor)
steatotic livers with increased cathepsin B release
deficient (MCD) diet to
ALT and LDH
into cytosol associated with increased apoptosis and
induce steatosis; liver
necrosis
stored 24 h 4  ℃ UWS
then perfused in isolated
apparatus at 37  ℃ for 1 h

OTII; TCRd
deficient

Knockout model

Table 2 Summary of knockout models of liver ischemia reperfusion injury pertaining to reactive oxygen species, cellular metabolism/adenosine and cells involved in the injurious mechanisms
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P-selectin (-/-)

Singh et al[20]

Left lobe I 30 min/R 20
min, 2, 5, 12, 24 h

Left lobe I 30 min/R 15,
30, 60, 120 min

Serum GOT; histology (HE;
ELISA for DNA histone
fragments); TUNEL; IH; WB;
assays for lipid peroxidation,
hydrogen peroxide and
superoxide; EMSA (NFκβ)
Serum AST, ALT, LDH;
histology; IVM in terminal
hepatic venule (THV)
Serum AST, ALT, LDH;
histology; WB

Serum ALT; histology

Plasma GOT and TNF-α;
histology; WB; Northern Blot;
IH; EMSA (NFκβ)

Serum ALT; histology; MPO; WB

Serum AST and ALT;
IH; caspase-3 assay; lipid
peroxidation assay; IVM

Radiolabelled anti P-selectin Ab

Radiolabelled anti P-selectin Ab

Replication deficient adenovirus
encoding Rac1 (control: Adβgal)

Anti-CD154 Ab to WT; adoptive
transfer spleen lymphocytes into
KO or Ab treated group

Anti-fibronectin Ab

P-selectin and ICAM-1 do affect the severity of IRI
up to 6 h reperfusion in this model, although PMN
infiltration is slightly increased in midzonal area
Rac1 is activated in IRI and is Liver tissue releases ROS within 5 min of reperfusion
protective
and PMN from 8 h onwards, associated with
increased lipid peroxidation, apoptosis and necrosis.
NFκβ DNA binding is associated with increased
IRI; NADPH oxidase regulated by Rac1 small GTP
binding protein is a source of ROS in IRI
P selectin expression on SECs increases rolling,
saltating and adherent leucocytes in THV peaking at
30 min reperfusion
P-selectin expression peaks at 20 min and 5 h after
reperfusion and is associated with worse IRI

HO-1 expressed in this model Macrophage activation after reperfusion increases
is protective in IRI
TNF-α release and NFκβ activity which increases IRI

IRI induces HO-1 protein

Platelets bind fibronectin deposited on ICAM-1
expressed on SECs, associated with reduced
sinusoidal perfusion, increased lipid peroxidation
and apoptosis
CD4-CD154 T cell costimulation is associated with
increased IRI

CD4+ T cells are activated and recruited into liver sinusoids in liver IRI (Figure 1). They have a dual role either contributing to injury or reducing the extent of injury depending on the CD4+ subtype and mechanism of cellular activation. The majority of CD4+ T cells can be subdivided into αβ TCR (the most common subtype) expressing cells, γδ
TCR expressing cells, NKT cells and regulatory T cells (Tregs). B cells, CD8+ T cells[28] and NK cells[25,29] do not have an important role in modulating IRI.
NKT cells contribute to liver injury in the early stages from 1 h of reperfusion onwards. This has been supported by immunologically deficient knockout models, such
as nu/nu, CD1d-/- (a non classical MHC that presents glycolipid and phospholipid to NKT cell TCR activating NKT cells) and RAG-1-/- (recombination activation gene-1
required for the maturation of lymphocytes) knockout mice with up to 50% reduction in liver injury in the knockouts[25,29,30]. NKT cells are also thought to contribute to neutrophil activation mediated by cytokines which NKT cells release, such as interferon gamma[30]. A study using T cell subtype specific knockouts showed Treg cells are not in-

T CELL RESPONSES IN LIVER WARM IRI

neutrophil transmigaration and hepatocellular injury in the knockout animals[27]. These responses are coordinated by a complex mixture of substances including cytokines,
chemokines and adhesion molecules produced by other leucocytes and various liver cell types. These will be discussed further.

KO: Transgenic knockout; I: Ischemia; R: Reperfusion; IR: Ischemia reperfusion; IRI: Ischemia reperfusion injury; ROS: Reactive oxygen species; ATP: Adenosine triphosphate; IH: Immunohistochemistry; HE: Hematoxylin
and eosin; WB: Western blotting; MPO: Myeloperoxidase assay; PCR: Polymerase chain reaction; ELISA: Enzyme labelled immunosorbent assay; EMSA: Electrophoretic mobility shift assay; AST: Aspartate transaminase; ALT:
Alanine transaminase; LDH; Lactate dehydrogenase; GOT: Glutamic oxaloacetic transaminase; NADPH; Nicotinamide adenine dinucleotide phosphate; IR: Ischemia reperfusion; IVM: Intravital microscopy; A2AR: Adenosine
(subtype 2A) receptor; PMN: Polymorphonuclear cell; NKT: Natural killer T cell; NK: Natural killer cell; IFN: Interferon; Ab: Antibody; TNF: Tumour necrosis factor; TNFR1: Tumour necrosis factor receptor (subtype 1); TCR: T
cell receptor; TUNEL: Terminal deoxynucleotidyl transferase dUTP nick end labeling (assay for cell death); IL: Interleukin; ICAM: Intercellular adhesion molecule; VAP: Vascular adhesion protein.

P-selectin (-/-)

gp91 phox
70% I 60 min/R 5, 8, 24 h
component of
+/- iv injection 3 d preop
phagocyte NADPH
of adenovirus
oxidase (-/-)

Sawaya et al[19]

Ozaki et al[13]

Young et al[21]

Natural resistance 70%I 45 min/R 30, 60 min
associated
macrophage protein
1 (Nramp) (-/-)
P-selectin/ ICAM-1 70% I 90 min/R 1.5, 3, 6 h
double KO

Wyllie et al[69]

70% I 90 min/R 4 h

Left lobe I 90 min/R 20
min

nu/nu; CD154 (-/-)

ICAM (-/-)

Shen et al[33]

Khandoga et al[22]
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Sinusoidal endothelial cell
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Figure 1 Schematic diagram of cellular mechanisms of liver ischaemia reperfusion injury within a liver sinusoid and the surrounding area containing
hepatocytes. Initial sinusoidal perfusion failure from platelet plugging, then Kupffer cells activate CD4+ T cells that activate natural killer T (NKT) cell which cause
sinusoidal endothelial cells (SEC) and hepatocyte injury, followed by neutrophil activation, adhesion and transmigration causing more cell injury.

quantified[28]. They reduce the extent of liver IRI both
indirectly via cytokines they release affecting other leucocytes and directly acting on hepatocytes[28].

volved in IRI. γδ TCR T cells recruit neutrophils but this
does not affect the severity of IRI[29].
The CD4+ T cell activation in IRI is by an antigen
independent pathway[31]. This is supported by knockout
models of the Toll-like receptor 4 (TLR 4) in which TLR
4 knockouts show reduced IRI and in normal animals the
TLR 4 is activated on Kupffer cells resulting in IRI[32].
One study on CD4+ T cell related liver IRI suggested
co-stimulatory activation of the CD4 with the CD154 receptor on activated T cells[33]. There is emerging evidence
that there are also antigen dependent pathways activated
in liver IRI. One partial hepatic IR (ischaemia reperfusion) model with 90 min ischaemia and 8 h reperfusion
using a knockout for a TCR specific for ovalbumin self
antigen showed reduced IRI in the knockout, with serum
ALT reduced by 15% and reduced histological injury
although this was not quantified, indicating that a small
subset of T cells sensitised to self antigen contribute directly to liver IRI at least up to 8 h into reperfusion[29].
CD4+ T cells of the αβ TCR variety are recruited
into liver sinusoids within 1 h of reperfusion. CD4+ T
cell knockout models of liver IRI with adoptive transfer
of functional CD4+ T cells into the knockout mice indicate that these cells are involved in neutrophil recruitment
via cytokines such as interleukin 17 (IL 17) and MIP-2,
these T cells inhibit the neutrophil oxidative burst. In a
model of partial hepatic ischaemia for 90 min followed
by reperfusion, CD4+ knockouts showed greater IRI
than normal mice, with serum ALT approximately 25%
higher in the knockouts and more severe histological injury in the knockouts although this was not numerically
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CYTOKINES AND CHEMOKINES
The complex interplay between cytokines and chemokines in liver IRI is not fully understood. The most extensively studied cytokines are TNF-α, interferon (IFN)-β,
IFN-γ and IL-6 (Figure 2).
TNF-α is raised in serum within 30 min of reperfusion and persists for up to 8 h[34,35]. TNF-α has ischaemic but not normal liver tissue[36]. Release of TNF-α is
stimulated by a cytokine cascade involving activation of
interferon regulatory factor-1 (IRF-1), as shown using
a double knockout of this factor in a partial hepatic IR
(ischaemia reperfusion) model with 60 min ischaemia and
6 h reperfusion, where hepatocellular injury was 60% less
in the IRF-/- knockout[37].
There is some evidence from knockout studies that
antigen independent macrophage/Kupffer cell TLR-4
activation stimulates TNF-α secretion[32,38]. The effects of
TNF-α are mediated by binding to its receptor Tumour
necrosis factor receptor subtype 1 (TNFR1) leading to
increased apoptosis[39,40] and increased CD4+ T cell sinusoidal recruitment within 30 min of reperfusion[12].
One TNFR1-/- knockout model of mouse liver transplantation with liver transplantation of either normal or
TNFR1-/- livers into normal or TNFR-/- mice showed
the deleterious effects of TNF-α are mediated by TNFR
outside the liver, most likely infiltrating leucocytes, but
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outs of these cytokines have not been used in liver IRI
models to substantiate this.
Chemokines (CXCL), like cytokines, are a family of
locally produced factors, but chemokines are smaller molecules, which act locally forming concentration gradients
that guide leucocyte chemotaxis. A CXCL 10 knockout
model found that this chemokine contributed to liver IRI
(Figure 2 and Table 3) from 1 h of reperfusion onwards
with associated activation of neutrophils, Kupffer cells
and increased TNF-α and IL 1β release[44]. A study using knockouts of chemokine receptor 2 (CXR 2) showed
CXCR 2 activation contributes to liver IRI and neutrophil
recruitment[26].
Plasminogen activator inhibitor type-1 (PAI-1) inhibits plasmin generation by inhibiting activation of
plasminogen activators which play a role in diverse proteolysis related processes. One group used a model of liver
ischemia reperfusion using wild type normal and PAI-1
knockout mice based on controlled intravenous haemorrhage maintaining MAP 25-30 mmHg for 2.5 h followed by controlled resuscitation intravenously with shed
blood/Ringer’s lactate maintaining MAP > 80 mmHg
for 4 h. They demonstrated liver IRI in wild type animals
reflected by raised serum ALT, histological periportal and
pericentral injury (zone 2) and electron microscopic SEC
injury with loss of fenestra. DNA microarray showed
PAI-1 mRNA was most elevated after haemorrhageresuscitation and immunohistochemistry showed PAI-1
expression was localised to SEC. PAI-1 knockouts had
no liver injury following haemorrhage-resuscitation. In
normal mice PAI-1 mediated IRI was associated with
reduced urokinase plasminogen activator (u-PA) in zymogens of hepatocytes, reduced hepatocyte growth factor
(HGF) and increased TGF-β1, but no differences in IL6
and IL10. These changes with haemorrhage-resuscitation
are associated with reduced phosphorylation activation
of the ERK-1/-2 MAP kinase pathway which were reversed in PAI-1 knockouts. Based on these results, the
study concluded that liver IR activates SEC PAI-1 which
inhibits u-PA which reduces levels of active HGF and increases levels of TGF-β1 that together reduce activation
of downstream ERK MAP kinase pathway, mediating
liver IRI. The group used a systemic model of liver IRI
(systemic hypotension) rather than direct liver ischaemia
and reperfusion so PAI-1 may not have the same role in
liver IRI resulting from total or partial inflow occlusion.
The knockout animals which showed no liver IRI with
heamorrhage-resusciatation, were anaesthetised with
isoflurane, while wild type animals which did show liver
IRI with haemorrhage-resuscitation were anaesthetised
with sodium pentobarbital. These results need to be interpreted with caution as isoflurane preconditions against
liver IRI, so the protective effect may not be due to lack
of PAI-1.

Ischaemia/reperfusion

CXCL10

IRF

CXCR2

TNF-a

TLR4

IFN-b/IFN-g

IFN AR (type 1)

TNFR1

NFkb

CD4+ T cell
activation
IRE-1

JNK2

STAT4

Ischaemia reperfusion injury

Figure 2 Cytokine and downstream signalling pathways in liver ischaemia
reperfusion injury. Following liver ischaemia reperfusion, there is activation of
tumor necrosis factor-α (TNF-α) is by chemokine (CXCL) 10, interferon regulatory factor (IRF) and toll-like receptor (TLR) 4 in parallel. TNF-α activates downstream hepatocyte/sinusoidal endothelial cells (SEC) nuclear factor κb (NFκb)
and CD4+ T cells separately which activate c-Jun N-terminal protein kinase-2
(JNK-2) and signal transducer activator of transcription-4 (STAT4), respectively
leading to increased cell injury. A parallel pathway of cell injury occurs where
TLR4 activation stimulates interferon (IFN)-β and IFN-γ expression, which acting through their receptor IFN receptor subtype (AR) activate interferon regulatory element (IRE)-1 which in turn activate CD4+ T cells. CXCR: Chemokine
receptor.

TNFR on liver cells appear to reduce IRI in this model
(Table 3).
IFN-β is a cytokine which is involved throughout the
reperfusion period in liver IRI, a finding substantiated by
work using knockout mice (Table 3). The damaging effects of IFN-β are mediated by binding to the interferon
receptor subtype IFN AR (Type 1)[41] with no hepatocellular liver injury demonstrated in IFN AR-/- knockouts
(Figure 2)[37]. Knockout models support other studies
showing that IFN-γ produced by NKT cells contribute
to liver IRI from early on in reperfusion[25,27,30,32,37,42,43]. Activation of innate immune pathways via TLR 4 stimulate
release of IFN-β and IFN-γ in liver IRI, confirmed by
TLR 4 knockout models[32].
Some cytokines released during liver IRI appear to
reduce the severity of injury. The best evidence for this
from knockout studies is for IL6[34]. Camargo et al[34]
showed worse IRI in livers of IL6 knockout mice than
wild type mice, which was restored to the wild type injury
patterns by administration of recombinant IL6 to the
knockout mice before ischaemia. There is evidence that
IL4 and IL10 may also be protective in IRI, but knock-
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COMPLEMENT SYSTEM
Activation of the complement system has been shown
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Inderbitzin et al[57]

Teoh et al[36]

Lagoa et al[81]

Shen et al[38]

Tian et al[40]

Tsung et al[37]

Conzelmann et al

Shen et al[32]

Fondevilla et al

Zhao et al

Zhai et al[44]

Kuboki et al[26]

Ref.

IR protocol

Donor/recipient: WT/WT, KO/WT,
WT/KO, KO/KO;

70% I 90 min/R 1, 2, 4, 8 h

70% I 90 min/R 6 h

70% I 90 min/R 12, 24, 48, 96 h

Outcome measure

Serum GOT; histology;
MPO; IH; TUNEL; WB;
PCR; ELISA

Histology; quantitative
PCR
Histology; serum ALT;
IH; quantitative PCR; WB

Histology; MPO; serum
ALT, TNF-a, IL6; WB and
NFkb activity

Agent
CXCR2 activates
STAT3 hepatocyte
proproliferative
pathway

Adaptive responses

Injurious responses

CXCL10 activation increases TNF-a, IL6, IL1b, iNOS, MIP-2
mRNA and PMN and Kupffer cell activation contributes to
IRI
Membrane attack complex (C5b-C9) activation in this OLT
model of cold/warm IRI increases apoptosis, necrosis, PMN
and macrophage infiltration and TNF-α, IFNγ and IFNβ
expression

IFNβ (not IFNγ) mediates IRI by binding to IFNAR type 1

MIP2 activates CXCR2 which increases neutrophil
recruitment and IRI. Nuclear factor (NF) kb activity reduced
in IRI

Toll like receptor 4
(TLR4) (-/-)

OLT and organ storage 24 h 4  ℃ UWS
Donor/recipient: WT/WT, KO/
Histology; IH; MPO;
TLR4 activation
TLR4 activation increases TNF-α, IL1b, IL2, IFNγ, ICAM1,
WTWT/KO, KO/KO; OLT with
quantitative PCR;
increases IL4 and
CXCL10, PMN and CD4+ T cell recruitment leading to
IL10, but inhibits
increased liver necrosis and apoptosis
dearterialisation, organ stored 24 h 4  ℃ capsase-3 activity; WB
UWS
HO-1
TNFR (-/-)
Donor/recipient: WT/WT, KO/
Histology; serum ALT;
TNFR within liver
TNFR outside liver increases IRI in terms of necrosis,
WTWT/KO, KO/KO; organ storage 12
MPO; TUNEL and
mediates reduced IRI
apoptosis and neutrophil infiltration
caspase-3 assay; IH
h 4  ℃ UWS; 8 h graft harvest
Interferon regulatory
70% I 60 min/R 1, 3, 6, 12 h
Histology; serum ALT;
Adenovirus IRF-1 vector
IFNγ, IFNβ, TNF-α, IL1β all activate IRF-1 which increase
factor-1 (IRF-1) (-/-)
WB; PCR
JNK (not p38 MAPK) and TNF-α and iNOS expression in IRI
TNFR1 (-/-); IL6 (-/-) Donor/recipient: WT/WT, KO/WT,
Histology; serum AST;
GdCl3 (ip to donor);
Increased IL6
Increased activation of Kupffer cells and TNF-α mediated
WT/KO, KO/KO; OLT: 50% or small portal flow measurement; pentoxifylline (to donor and
activation of IFNR1 from 3 h reperfusion onwards increases
for size 30% arterialised graft
IVM; IH; PCR; 30 d
recipient sc); recombinant IL6
liver necrosis, nonperfused sinusoids, adherent leucocytes
mortality
to KO only
and reduces hepatocyte regeneration
TLR4 (-/-); TLR2
70% I 90 min/R 6 h
Histology; serum ALT;
Snpp (inhibit HO-1); CoPP
HO-1 is expressed
TLR4 activation increases TNF-α expression associated with
(-/-)
MPO; WB; PCR
which inhibits TLR4
increased IRI
PAI-1 (-/-)
MAP 25-30 mmHg for 2.5 h (2.25
Serum ALT, IL6,
PAI-1 to PAI-1 (-/-) mice
PAI-1 expression in SEC contributes to IRI with periportal/
mL/100 g blood withdrawn)/
IL10; histology;
pericentral injury, loss of sinusoidal fenestra and prominent
Resuscitation MAP > 80 mmHg for
Electron microscopy;
SEC injury; PAI-1 inhibits u-PA which reduces formation
4 h (30 min with shed blood and
IH; zymography for
of active HGF and increases active TGF-β1, but no effect
crystalloid)
plasminogen activators;
on IL6 or IL10; this is associated with reduced activation of
DNA microarray; PCR;
ERK-1/-2 pathway.
WB
TNF-α (-/-)
70%I 90 min/R 2, 4, 24 h
Serum ALT; IH; serum
Low dose or high dose
TNF-α from at least 2 h reperfusion onwards is injurious
TNF-α; EMSA (NFκβ);
TNF-α ip
to ischaemic but not normal liver, increasing NFκβ DNA
WB
binding
CI inhibitor
Total hepatic ischaemia 30 min/R 2 h Endothelial permeability
C1 inhibitor
Classical complement pathway is activated in IRI; liver
overexpressed
index (measured using
overexpression is
ischaemia and reperfusion causes liver and gut, but not lung,
radiolabelled albumin iv
protective in IRI
IRI in this model
into inferior vena cava) of
liver, lung and gut

C6 deficient rats

IFNAR type1 (-/-);
IFNAR type 2 (-/-)
CXCL10 (-/-)

CXCR2

Knockout model

Table 3 Cytokine, chemokine, tolllike receptor, complement knockout models of liver ischemia reperfusion injury
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IL6 (-/-)

Calmargo et al

Median lobe (45%) I 90 min/R 30, 60,
90, 120 min

70%I 90 min/R 1, 2, 4, 8, 16, 24 h

70% I 75 min/R 3 h

70%I 90 min/R 6 h

Serum ALT; histology;
PCR
Serum AST; TUNEL;
caspase-3 assay; ELISA;
WB
Serum ALT, IL1β, TNF-α
and MIP-2; histology
(PMN score); MPO;
EMSA (NFκβ); PCR
Serum AST and ALT;
histology; PCR
Recombinant IL6

Pentoxifylline

IL6 released in IRI is
protective

TNF-α expression during reperfusion is associated with
worse IRI

IL1R not involved in IRI

TLR4 activation increases expression of IRF3 which
upregulates IFNβ associated with increased IRI
TNF-α binds to TNFR1 which increases apoptosis in IRI; fas
and FasL not involved in this model
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to occur in local and remote IRI in many organs[45]. This system consists of around 30 soluble and membrane bound proteins which are activated by one of three pathways:
the antibody dependent classical pathway, the alternate pathway and the mannose binding lectin pathway. Activated complement acts both directly through the formation and
deposition of membrane attack complexes (C5b-C9) and indirectly following activation by cytokines and chemokines in IRI[46]. Knockout models have been used to consolidate the results of other studies showing activation of complement by all three pathways having direct and indirect effects on cellular reperfusion injury. The best examples of
these complement knockout studies of IRI are in the gut[47-51], kidneys[52,53] and heart[54]. Studies on the liver have looked at nonspecific blockade of all parts or the final common
pathways of the complement system, so based on current evidence there is little understanding of the relative importance of the different pathways of complement activation
in liver IRI.
Inhibition of complement formation before hepatic ischaemia in studies of liver IRI have shown a reduction in the severity of injury within an 1 h of reperfusion when cobra venom factor (to inhibit all parts of the complement system)[11] was used, but liver IRI and polymorphonuclear cell accumulation were also reduced in the late phase of IRI
24 h following ischaemia when animals were pretreated with sCR1 (a complement inhibitor derived from the family of complement regulatory glycoproteins and inhibits activation of C3, which is common to all pathways of complement activation, and so blocks the generation of both C3a and C5a and the MAC)[11]. Scozaec et al[11] found local complement activation in human liver allografts correlated to cell injury. One pharmacological in vivo and in vitro study of a warm liver IRI model in a rat showed that complement
is involved in the induction of Kupffer cell-induced oxidant stress, the priming of Kupffer cells and neutrophils for enhanced reactive oxygen generation, and the continuous
accumulation of neutrophils in the liver during reperfusion. In a pig whole liver to canine left liver xenotransplantation model where a control group was compared against a
gadolinium chloride (GdCl3) (which depletes Kupffer cells) and cobra venom treated group, there was less liver injury following transplantation in those with compliment inhibition using the cobra venom. This provided a large animal model supporting the role of complement in activation of Kupffer cells in liver ischaemia reperfusion injury. The
groups were small (3 animals each) and the conclusions would be more robust if there had been groups treated with only GdCl3 or cobra venom[55].
One group used wild type rats and rats deficient in C6 in all combinations of donor and recipient in a liver transplantation model to show that there was less injury in recipients of C6-/- grafts, implicating that the membrane attack complex (C5b-9) is involved in cold ischaemia related liver IRI in this model[56]. One model of liver IRI using
mice overexpressing the inhibitor of the classical complement pathway, C1 inhibitor, showed C1 inhibitor reduces liver IRI and remote IRI in the lungs and gut followed liver
ischaemia and reperfusion[57]. This would appear to indicate that the classical pathway of complement activation is the most important complement activation pathway involved
in liver IRI (Table 3), although further studies using C1 inhibitor knockouts and mannose binding lectin knockouts to substantiate the relative contribution of the various activation pathways, as well as specific knockouts of other complement components to assess the significance of different complement mediated injurious pathways.

KO: Transgenic knockout; WT: Wild type (normal animals); IH: Immunohistochemistry; WB: Western blotting; MPO: Myeloperoxidase assay; PCR: Polymerase chain reaction; ELISA: Enzyme labelled immunosorbent assay;
EMSA: Electrophoretic mobility shift assay; AST: Aspartate transaminase; ALT: Alanine transaminase; GOT: Glutamic oxaloacetic transaminase; I: Ischemia; R: Reperfusion; IR: Ischemia reperfusion; IRI: Ischemia reperfusion
injury; IVM: Intravital microscopy; IFN: Interferon; Ab: Antibody; TNF: Tumour necrosis factor; TNFR1: Tumour necrosis factor receptor (subtype 1); TUNEL: Terminal deoxynucleotidyl transferase dUTP nick end labeling (assay
for cell death); IL: Interleukin; CXCR: Chemokine receptor; PAI: Plasminogen activator inhibitor; NF: Nuclear factor; C1-9: Complement protein 1 to 9; MAP: Mean arterial pressure; MIP: Major intrinsic protein.

IL1R (-/-)

TLR4 (-/-); TLR2
(-/-)
TNFR (-/-); Fas (-/-);
FasL (-/-)

Kato et al[82]

Rudiger et al[39]

Zhai et al
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this is unclear[65].
Large animal studies using pigs and various inhibitors of iNOS (AG, ONO-1714) on both a warm liver
ischaemia reperfusion model and an orthotopic liver
transplantation model have shown that iNOS expression is stimulated by IR in Kupffer cells and neutrophils
in the centrilobular region resulting in higher levels of
serum nitrite/nitrate, reduced capillary perfusion with
more thrombi and ultimately increased liver injury and
increased mortality[62-64].
The conflicting results of the role of iNOS in early
phase liver IRI may reflect different roles of iNOS and
the regulation of its function in liver IRI depending on
the duration of the liver ischaemia. Partial hepatic IR
models with prolonged ischaemia of 60 min or longer
have found that iNOS does have a role in liver IRI[27],
while models using shorter ischaemia times of 45 min
have shown no role of iNOS[24]. Several studies that have
used iNOS-/- knockout animal models of hepatic IR,
but there is evidence, that iNOS-/- knockouts show genetic compensation[24], so conclusions based on models
of liver IR using iNOS-/- animals need to be interpreted
with caution.
The overall conclusions from the current literature
is that eNOS and iNOS are both induced during liver
IRI from 1 h reperfusion onwards (for mRNA and 2 h
reperfusion onwards for protein), eNOS reduces injury
and low levels of iNOS induction are probably protective
while high expression of iNOS contributes to increased
injury and the overall effect of iNOS physiologically depends on how ischaemia and reperfusion is produced.

MATRIX METALLOPROTEINASE-9
MMP-9 is a zinc dependent secreted gelatinase which cata
lyses degradation of type Ⅳ collagen and gelatin. MMP-9
knockout models of liver IRI have shown liver IRI is
reduced by up to 80% in MMP-9-/- knockouts and that
in normal animals increased expression of MMP-9 on
macrophages and neutrophils occurs during reperfusion
(Table 4) which increases neutrophil transmigration over
fibronectin in liver sinusoids and increases TNF-α and
interferon γ secretion and CD4+ T cell activation by
mechanisms that remain to be elucidated[12,27]. The mechanisms by which MMP-9 expression is increased in liver IR
were not investigated in these knockout studies, but a possible pathway involves induction of MMP-9 by ROS and
TNF-α.

NITRIC OXIDE SYNTHASE
NOS catalyses formation of NO from L-arginine. NO
is a versatile molecule which is vasoactive, is involved in
activating molecular signalling pathways in cell survival,
has immunological effects as well as directly injurious effects in high levels as a free radical itself. There are three
isoforms of NOS: constitutive calcium (Ca2+) dependent
forms which are eNOS and neuronal NOS (nNOS), and
an inducible calcium independent form, namely inducible NOS (iNOS). Only eNOS and iNOS are expressed
in liver. Most studies agree that eNOS is upregulated
in liver IRI and this reduces the severity of IRI. This is
confirmed by knockout models of IRI (Table 4), where
eNOS expression is related to reduced liver necrosis, apoptosis, leucocyte infiltration and increasing liver sinusoidal diameter and liver blood flow[23,24,58,59].
The role of iNOS is more controversial (Table 4)[58-64].
Some knockout models of iNOS show no role for iNOS
in liver IRI[24,60,61]. One knockout study of iNOS showed
in the liver IRI model used that iNOS was protective
which was at least partly mediated by activation of iNOS
by eNOS[23]. Yet another set of knockout studies conclude iNOS contributes to IRI[27,37,58]. Hamada et al[27]
used separate iNOS and MMP-9 knockout mice to show
in their model of liver IRI that iNOS is upregulated in
macrophages which increases IFN-γ release and NO
which increases MMP-9 expression on the macrophages
and neutrophils. This signalling cascade contributes to
increased liver IRI. However, one study using the partial
(70%) hepatic IR model with 45 min lobar ischaemia
found increased IR injury in iNOS-/- mice demonstrated
by increased hepatocellular and histological injury and
increased liver sinusoid neutrophil infiltration compared
to wild type animals, but they found no iNOS mRNA
expression in wild type livers[24]. This led the authors
to conclude that there may be genetic compensation in
iNOS-/- animals, although there was no reference to
which genes may have been involved in this compensation. Genetic compensation is a rare phenomenon where
after a gene is mutated and its function is lost, compensatory genes are upregulated, although the mechanisms for
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HAEM OXYGENASE-1
Haem oxygenase-1 (HO-1 or heat shock protein 32, HSP
32) is the inducible isoform of HO-1, the constitutive
isoform being HO-2. This enzyme catalyses the formation of CO, biliverdin and Fe2+ from haem degradation.
HO-1 has been implicated as having a protective role in
IRI[66] through CO and biliverdin being vasodilators and
reducing apoptosis and necrosis[67]. HO-1 is typically expressed three or more h after liver reperfusion[38,68]. The
protective effects of HO-1 are supported by knockout
models of liver IRI, where knockouts of HO-1 have
more severe IRI than normal animals (Table 4)[38,43].
These knockout models also provide evidence that HO-1
acts at least partly by inhibiting TLR4 (Toll-like receptor 4) activation and the resulting release of TNF-α and
IFN-γ[38,43,69].

DOWNSTREAM PATHWAYS
A wide range of downstream pathways have been studied
in liver IRI. The majority of systems which are activated
in ischaemia reperfusion are effective through these
pathways. Some of the key mediatoare TNF-α, IFN-β,
IFN-γ and CXCL10 (Figure 2). In particular, the roles of
the transcription factors nuclear factor κβ (NFκβ)[70], the
survival kinases (JNK, MAPK’s, PKC, PI3K/Akt), signal
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eNOS (-/-)

HO-1 (+/-); HO-1
(-/-)

eNOS (-/-); iNOS
(-/-)

eNOS (-/-); iNOS
(-/-)

Theruvath et al[59]

Tsuchiashi et al

Hines et al[23]

Lee et al[58]

eNOS (-/-); iNOS
(-/-)

IR protocol

70% I 45 min/R 5 h

70% I 45 min/R 1, 3, 6 h

70% I 1 h/R 1, 3, 6 h

70% I 45 min/R 1, 3 h

70% I 90 min/R 6 h

Donor (WT/KO) to WT
recipient; organ stored 18
h, 4  ℃, UWS

70% I 90 min/R 1, 8 h

70% I 90 min/R 6, 24 h

70% I 90 min/R 3, 6, 24 h

Outcome measure

Agent

Sodium arsenite iv
to induce HSP70;
recombinant HSP70

Adaptive responses

Serum ALT; histology; MPO

Serum ALT; histology; MPO

L-NIL (iNOS inhibitor)

eNOS is activated in IRI and is
protective

eNOS activation reduces necrosis
and apoptosis, with associated
inhibition of macrophage
infiltration, increased sinusoidal
diameter and blood flow
Histology; serum GOT; MPO; quantitative CoPP (induces HO-1) 24 HO-1 upregulated which inhibits
real time RT-PCR; WB; TUNEL
h preop
expression of cytokines TNF-α and
IFNγ
Serum ALT; histology; PCR
Increased eNOS expression in
IRI inhibits TNF-α and IL12
expression; iNOS activates eNOS
in this model
Serum ALT and AST; perfusion studies;
eNOS activated during IRI is
PCR
protective

Histology; serum ALT; IVM; TUNEL; IH
(macrophage infiltration)

Histology; serum AST; TNF-a; IL6; MIP-2;
MPO; WB; EMSA (NFkb)

Histology; serum ALT, NO2-/NO3-;
ONO-1714 (iNOS
myeloperoxidase activity (MPO);
inhibitor); NO donor
immunohistochemistry; PCR, Western
(DETA NONOate)
blotting; MMP-9 activity assay; MMP-9
protein levels; neutrophil (PMN) migration
assay; TUNEL and caspase-3 activity
Histology; serum GPT and GOT; MPO; IH;
Anti MMP-9 iv;
PCR
MMP-2/9 inhibitor; anti
MMP-2 (all to WT only)

Injurious responses

Increased iNOS mRNA expression
from 3 h reperfusion onwards regulates
reperfusion and is associated with worse
IRI
Reduced IRI in iNOS (-/-), but no iNOS
mRNA or L-NIL effect in WT; may be
genetic compensation effect in KO
There is no PMN infiltration up to 5 h
reperfusion and iNOS is not activated in
IRI in this model

TNF-α and IFNγ expression increased
overall in IRI associated with increased
apoptosis and necrosis
No PMN infiltration at 3 h reperfusion

MMP-9 (not MMP-2) increase TNF-a,
IFNg, IL2, IL6 and increase PMN and
CD4+ T cell recruitment leading to
increased liver necrosis
No involvement of HSP70 in IRI; NFkb
activity associated with IRI

Increased macrophage iNOS producing
NO increases PMN MMP-9 and PMN
transmigration over fibronectin

transducer and activator of transcription (STAT’s)[71], poly ADP ribose polymerase (PARP), peroxisome proliferator-activated receptor (PPAR) from pharmacological studies
have been supported by knockout models of liver IRI (Table 5).

IH: Immunohistochemistry; WB: Western blotting; MPO: Myeloperoxidase assay; RT-PCR: Reverse transcriptase polymerase chain reaction; ELISA: Enzyme labelled immunosorbent assay; EMSA: Electrophoretic mobility shift
assay; AST: Aspartate transaminase; ALT: Alanine transaminase; GOT: Glutamic oxaloacetic transaminase; I: Ischemia; R: Reperfusion; IR: Ischemia reperfusion; IRI: Ischemia reperfusion injury; IVM: Intravital microscopy; IFN:
Interferon; Ab: Antibody; TNF: Tumour necrosis factor; TNFR1: Tumour necrosis factor receptor (subtype 1); TUNEL: Terminal deoxynucleotidyl transferase dUTP nick end labeling (assay for cell death); IL: Interleukin; NF:
Nuclear factor; MMP: Matrix metalloproteinase; HSP: Heat shock protein; eNOS: Endothelial nitric oxide synthase; iNOS: Inducible nitric oxide synthase; HO-1: Heme oxygenase (subtype 1).

Kawachi et al[24]

iNOS (-/-)

HSP70 (-/-)

Kuboki et al[73]

Hines et al[60]

MMP-9 (-/-)

Hamada et al[42]

Knockout model

iNOS (-/-); MMP-9
(-/-)

Hamada et al[26]

Ref.

Table 4 Nitric oxide synthase, HSP/heme oxygenase-1, matrix metalloproteinase knockout models of liver ischemia reperfusion injury
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STAT4 (-/-); STAT6
(-/-); nu/nu

Shen et al[78]
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STAT4 (-/-)

STAT6 (-/-)

Kato et al[83]

Kato et al[70]

Outcome measure

Serum ALT; histology; MPO WB;
EMSA (p50 and p65 subunits of
NFκβ)

Serum ALT; IVM; IH; PCR

Serum ALT; TNF-α; MIP-2;
MPO; liver NO2/NO3; WB;
EMSA (AP-1, NFκβ)
Serum ALT; histology; MPO;
WB; PCR

70% I 90 min/R 30 min, 1, 2, 4, Serum ALT; histology; MPO;
8h
WB
70% I 90 min/R 1, 4, 8 h
Serum ALT, TNF-α; MPO; PCR;
EMSA (NFκβ)

70% I 90 min/R 1, 8 h

Left lobe I 90 min/R 30 min

70%I 90 min/R 6 h

70%I 90 min/R 4, 8 h

Histology; serum ALT; IVM
(dyes to probe mitochondrial
function and cell death); survival
14 d
WT or KO donor; 30 h, 4  ℃,
Histology 8 h posttransplant;
UWS preservation; WT
serum ALT, TUNEl and
recipient
caspase-3 assay; IVM; IH; lipid
peroxidation
70% I 1 h (caudate lobe
TUNEL and caspase-3 assay;
resected)/R 3, 6 h
WB; IH; Southern blotting;
EMSA (NFkb)

IR protocol

70% I 1 h/R 4, 8 h

IL4 or IL13 iv

Anti IL12 Ab

Adoptive transfer of CD4+ T
cells from WT or other KO to
nu/nu; SnPP ip

WY14643 iv (PPARα agonist)

Agent

HO-1 expressed at very low
levels after 6 h in this model,
but protective in IRI

NFkb activity reduces
necrosis and apoptosis,
inhibits TNF-α, JNK and
iNOS
PPARα protective in IRI

Adaptive responses

Injurious responses

CD4+T cell activation involving T cell STAT4
activation, but not STAT6 associated with increased
IRI
PARP activation in IRI upregulates E-selectin, ICAM1
and VCAM1, associated with increased platelet
and leucocyte endothelial interaction and reduced
sinusoidal perfusion
No effect of p50 subunit deletion, but increased
p50/p65 heterodimer in WT and some p65 in KO, so
there may be some functional redundancy of NFκβ
subunits
IL12 expression associated with IRI. STAT4 not
activated in IRI in this model
STAT6 is not activated in IRI in this model, although
STAT6 activation by iv IL4 or IL13 is protective. IRI is
associated with increased NFκβ DNA binding

PPARα independent release of TNF-α and MIP-2 and
increased NO2/NO3 associated with IRI

JNK2 activation leads to caspase-3 activation,
mitochondrial depolarisation and release of
cytochrome c, lipid peroxidation which all translate
into reduced survival posttransplant

JNK2 activation leads to mitochondrial depolarization
and increased necrosis only

Most studies show that NFκβ DNA binding increases after liver ischaemia and contributes to liver IRI[13,36,67,70,71]. TNF-α increases NFκβ activity[36,70]. One knockout study,
in contrast, showed a CXCR2 dependent fall in NFκβ activity following liver reperfusion[26], although a longer period of ischaemia and reperfusion was used than other studies. Another group used a conditional NFκβ knockout to study liver IRI and showed NFκβ activity was protective, reducing necrosis, apoptosis, JNK expression and TNF-α
expression. Unlike the other studies, the caudate lobe was resected in their protocol, which alters how IR occurs compared to a model of hepatic IR without resection. The role
of NFκβ, therefore, is unclear in liver IRI, but it may be that the specific way in which IR is executed modulates NFκβ activity and the resulting activation of downstream sig-

KO: Transgenic knockout; WT: Wild type (normal animals); IH: Immunohistochemistry; WB: Western blotting; MPO: Myeloperoxidase assay; PCR: Polymerase chain reaction; EMSA: Electrophoretic mobility shift assay; ALT:
Alanine transaminase; I: Ischemia; R: Reperfusion; IR: Ischemia reperfusion; IRI: Ischemia reperfusion injury; IVM: Intravital microscopy; IFN: Interferon; Ab: Antibody; TNF: Tumour necrosis factor; TNFR1: Tumour necrosis factor receptor (subtype 1); TUNEL: Terminal deoxynucleotidyl transferase dUTP nick end labeling (assay for cell death); IL: Interleukin; NF: Nuclear factor; STAT: Signal Transducer and Activator of Transcription; JNK: A survival
kinase; PARP: Poly (ADP-ribose) polymerase.

P50 NFκβ (-/-)

Kato et al[82]

PARP (-/-)

PPARα (-/-)

Okaya et al[35]

Khandoga et al[61]

Conditional
hepatocyte specific
NEMO knockout

JNK (-/-)

Theruvath et al[14,15]

Beraza et al[72]

JNK (-/-)

Knockout model

Theruvath et al[14,15]

Ref.

Table 5 Knockouts of downstream mediators and models of liver ischemia reperfusion injury
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C57Bl6 or Balb/c wild types by Kato et al[72] and Shen et
al[80] respectively, which may have affected the IRI results.
Genetic compensation in the knockouts of either study
is a possibility that may explain the discrepancy, although
STAT4 protein expression was not assessed by Shen et
al[80] and there is little detail on how the knockouts were
generated in both studies.
A knockout of PARP has been used to show that
PARP activation contributes to early liver IRI (Table 5)
and activates signalling pathways increasing expression of
adhesion molecules on SECs[61]. A liver IRI model using
a PPAR knockout demonstrated background PPAR activity reduces the severity of liver reperfusion injury acting
via signalling pathways that remain to be elucidated but
appear not to involve NO or TNF-α, both of which act
independently of PPAR in this model[35].

nalling pathways in IRI.
Theruvath et al[14,15] used a JNK 2 knockout to show
JNK 2 contributes to IRI in both a mouse liver transplantation model and warm ischaemia reperfusion model
of liver IRI by increasing mitochondrial depolarisation
and caspase-3 activity leading to liver injury manifested
as hepatocyte cell membrane lipid peroxidation, necrosis
and apoptosis. A knockout model has provided evidence
that JNK activity, but not p38 MAPK contributes to liver
IRI after reperfusion (Table 5)[37].
Knockout models of PI3K and Protein kinase C
(PKC) have been used in cardiac IRI, but not in the liver
IRI. One group used a porcine liver transplant model using chelerythrine (a PKC inhibitor) and/or ischaemic preconditioning (IPC) of the donor liver before cold storage
to show that PKC activity was not affected by IRI alone,
although PKC was strongly activated by IPC reducing the
severity of IRI[73-79].
In a rat model of warm partial hepatic ischaemia
reperfusion using a caspase-3 inhibitor (Z-Aspemk iv 2
min before 2 h of ischaemia) it was found that IRI was
associated with reduced PI3K/Akt activity and increased
hepatocyte apoptosis, with the converse pattern in the
caspase-3 inhibitor treated group[77-79]. In contrast, in
another rat model of IRI, hepatocytes isolated from rats
which underwent partial warm hepatic ischaemia/reperfusion or sham laparotomy cultured and treated with
IL-1β provided evidence that during IR, IL-1β binding
to IL-1β receptor-1 increased NFκβ activity and phosphorylated Akt which acted in parallel to increase iNOS
expression (mRNA and protein) with a resulting increase
in NO release[77-79].
Activation of the STAT family of transcription factors is mediated by extracellular signalling molecules such
as cytokines which bind to membrane receptors which
activate intracellular Janus kinases on the cytoplasmic face
of the plasma membrane, which in turn activate a STAT
protein which is then transported to the nucleus where
they bind DNA to affect gene expression (Jak/STAT
signalling pathway). STAT6 activation does not appear to
be involved in liver IRI based on results from knockout
models[71,72,80]. Kato et al[72] found in their model of IRI
using STAT4 knockouts that STAT4 did not affect the
extent of liver injury after 8 h reperfusion. In contrast,
Shen et al[80] showed STAT4 expression was related to IRI
after 6 h of reperfusion, although it was specifically its
expression within CD4+ T cells that mediated the liver
injury (Table 5). This was demonstrated by reduced IRI
in mice lacking mature lymphocytes (nu/nu mice), which
was restored to normal animal IRI severity in the nu/nu
mice by adoptive transfer of CD4+ T cells from spleens
of normal mice but not from spleens of STAT4 knockouts. The reasons for this discrepancy between Kato et
al[72] and Shen et al[80] are not clear, as both groups used a
partial (70%) hepatic IR model of 90 min ischaemia and
reperfusion including the same timeframe, the same endpoints and double knockouts. The transgenic knockouts
had different wild type backgrounds in the two studies of
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CONCLUSION
Liver IRI is a clinically relevant phenomenon in a wide
range of settings including trauma surgery, hepatic resection and transplantation, affecting clinical outcome.
Laboratory work using knockout models and large animal studies have provided insights into the mechanisms
of liver IRI. Liver IRI occurs as a continuum beginning
from the moment of reperfusion onwards for up to a
week.
There is a complex interplay between cellular mediators, ROS, the complement system, cytokines/chemokines and other secreted factors that activate several
parallel intracellular pathways that include transcription
factors, nitric oxide synthase and haem oxygenase-1, all
of which is beginning to be unravelled. Further laboratory work using knockout models and large animal studies
of liver IRI will provide further mechanistic insights into
this phenomenon and identify pharmacological agents
that could be entered into clinical trials for reducing IRI.
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Core tip: Dipeptidyl peptidase-4 (DPP-4) is a membraneassociated peptidase, also known as CD26. DPP-4 has
widespread organ distribution throughout the body and
exerts pleiotropic effects via its peptidase activity. In this
review, we described the tissue distribution and various
biological effects of DPP-4. Then, we discussed the impact of DPP-4 in chronic liver disease and the possible
therapeutic effects of a DPP-4 inhibitor.
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Abstract
Dipeptidyl peptidase-4 (DPP-4) is a membrane-associated peptidase, also known as CD26. DPP-4 has widespread organ distribution throughout the body and
exerts pleiotropic effects via its peptidase activity. A
representative target peptide is glucagon-like peptide-1,
and inactivation of glucagon-like peptide-1 results in
the development of glucose intolerance/diabetes mellitus and hepatic steatosis. In addition to its peptidase
activity, DPP-4 is known to be associated with immune
stimulation, binding to and degradation of extracellular
matrix, resistance to anti-cancer agents, and lipid accumulation. The liver expresses DPP-4 to a high degree,
and recent accumulating data suggest that DPP-4 is
involved in the development of various chronic liver diseases such as hepatitis C virus infection, non-alcoholic
fatty liver disease, and hepatocellular carcinoma. Furthermore, DPP-4 occurs in hepatic stem cells and plays
a crucial role in hepatic regeneration. In this review,
we described the tissue distribution and various biological effects of DPP-4. Then, we discussed the impact of
DPP-4 in chronic liver disease and the possible thera-
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DISTRIBUTION OF DIPEPTIDYL
PEPTIDASE-4
Dipeptidyl peptidase-4 (DPP-4, enzyme code number
3.4.14.5) is a 110 kDa membrane-associated peptidase,
which was originally identified in 1966 as a dipeptide
naphthylamidase that hydrolyzed glycyl-prolyl-beta-naphthylamide[1]. DPP-4, also known as CD26[2-4], is expressed
on the apical surfaces of epithelial and acinar cells and in
endothelial cells, fibroblasts, and lymphocytes[5-8]. DPP-4
also exists as a soluble circulating form in plasma[9].
DPP-4 occurs in all organs including the small intestine, biliary tract, exocrine pancreas, spleen, and brain in
both rodents and humans[10-12]. This widespread organ
distribution indicates that DPP-4 has pleiotropic biological activities. The liver is one of the organs that highly ex-
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lation, inflammation, immune system function, and pain
regulation though its peptidase activity (Figure 1).

Table 1 Target peptide of dipeptidyl peptidase-4
Category

Peptide

Ref.

Immune stimulation
DPP-4 expression is downregulated in the resting state of
T-cells; however, expression is upregulated by antigenic
or mitogenic stimulation via an interleukin-12-dependent
mechanism[16-18]. DPP-4 activates intracellular molecules
including p56lck, phospholipase C-γ, and mitogen-activated
protein kinase (MAPK)[11]. This activation enhances T-cell
maturation and migration, cytokine secretion, antibody
production, immunoglobulin isotype switching of B cells,
and activation of cytotoxic T cells[19,20]. In addition, soluble
CD26 binds to mannose 6-phosphate receptor and is
taken up by CD14 positive monocytes, increasing their
antigen presenting activity and T-cell proliferation[11,21,22].

Glucose metabolism

GLP-1
[94-97]
GIP
[97-99]
Glucagon
[97,100,101]
PACAP-38
[102-104]
Gut motility
GLP-2
[97,105,106]
VIP
[107-109]
NPY
[109,110]
GRP
[103]
Peptide histidine methionine
[94,102]
Appetite regulation
Peptide YY
[107,111]
Chemokine
CCL5/RANTES
[112-114]
CCL11/eotaxin
[115,116]
CCL22/MDC
[112]
CXCL9/MIg
[117-119]
CXCL10/IP10
[114,119,120]
CXCL11/I-TAC
[121,122]
CXCL12/SDF-1
[93,113]
Growth
IGF-1
[123,124]
GHRH
[94,125]
Reproduction
Prolactin
[126-128]
hCGα
[129]
LHα
[123]
Vasodilation
CGRP
[107,110]
Bradykinin
[107,108]
Pain regulation
Enkephalin
[130]
Endomorphins
[109,130-132]
Substance P
[109,110,133,134]
Homeostasis
Thyotropin α
[123,135]
Inhibition of endothelial
Vasostatin-Ⅰ
[136]
cell growth

Binding to extracellular matrix
DPP-4 has the ability to bind to the Binding to extracellular matrix (ECM), preferentially to the collagens Ⅰ and
[23,24]
, and is involved in hepatocyteⅢ, and fibronectin
extracellular matrix interactions[23,25]. The putative collagen binding site of DPP-4 is located at the C-terminal
portion of the molecule, separate from the peptidase
catalytic site[26].
In a mouse xenograft model, treatment with antiDPP-4 monoclonal antibody inhibits the growth of renal
cell carcinoma via disruption of binding to the extracellular matrix[27]. On the other hand, over expression of
DPP-4 induces apoptosis of prostate cancer cells by inhibition of cell migration and invasion through down-regulation of MAPK-extracellular signal-regulated kinase-1/2
activation[28]. Thus, the role of DPP-4 may differ in different types of cancer.

GLP: Glucagon-like peptide; GIP: Glucose-dependent insulinotoropic
peptide; PACAP-38: Pituitary adenylate cyclase-activating polypeptide-38;
VIP: Vasoactive intestinal peptide; NPY: Neuro-peptide Y; GRP: Gastrinreleasing peptide; CCL: Chemokine (C-C motif) ligand; RANTES: Regulated upon activation; MDC: Macrophage-derived chemokine; CXCL:
Chemokine (C-X-C motif) ligand; MIg: Monokine induced by gamma
interferon; IP-10: Protein 10 from interferon (γ)-induced cell line; I-TAC:
Interferon-inducible T-cell α chemoattractant; SDF-1: Stromal-derived
factor-1; IGF-1: Insulin-like growth factor-1; GHRH: Growth hormone releasing hormone; hCGα: Human chorionic gonadotropin α subunit; LHα:
Leutinizing hormone α chain; CGRP: Calcitonin-related peptide.

Degradation of ECM
DPP-4 binds to adenosine deaminase and activates plasminogen-2, leading to an increase in plasmin levels[11].
The increased plasmin degrades type Ⅳ collagen, fibronectin, laminin, and proteoglycan, and activates matrix
metalloproteinases. These changes result in the degradation of the ECM[29,30].

presses DPP-4[8]. In the healthy human liver, intense staining for DPP-4 is seen in hepatic acinar zones 2 and 3, but
not in zone 1. Similar lobular heterogeneity is also seen
in the expression of cytochrome p450, gamma-glutamyltranspeptidase (GGT), and glutamine synthetase[13-15]. This
heterogeneous lobular distribution suggests that DPP-4
may be involved in the regulation of hepatic metabolism.

Resistance to anti-cancer agents
DPP-4 is thought to be associated with sensitivity to anticancer agents in hematologic malignancies. DPP-4 has
been linked to high topoisomerase Ⅱα levels, resistance
to anti-cancer agents, and the malignant potential of T-cell
lymphoma[11,21,22]. Treatment with anti-DPP-4 monoclonal
antibody causes dephosphorylation of both MAPK and
integrin β1 in T-cell lymphoma, leading increased sensitivity to anti-cancer agents and greater survival[31]. Similar
beneficial effects of anti-DPP-4 monoclonal antibody
have been reported in renal cell carcinoma[27] and malignant mesothelioma tumors[32].

BIOLOGICAL ACTIVITIES OF DPP-4
Peptidase
DPP-4 is an enzyme that cleaves N-terminal dipeptides
of proline or alanine-containing peptides including incretin, appetite-suppressing hormones (neuropeptide), and
chemokines as listed in Table 1. Representative targets
are glucagon-like peptide (GLP)-1, GLP-2, peptide YY,
chemokine ligand 12/stromal-derived factor-1 (CXCL12/
SDF-1), and substance P. Thus, DPP-4 exerts pleiotropic
effects on glucose metabolism, gut motility, appetite regu-
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Lipid accumulation
DPP-4 affects lipid metabolism by the inactivation of
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Biological activities of DPP-4
Peptidase

Immune stimulation

Inactivation of
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Lipid accumulation

Degradation of type Ⅳ collagen
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Inactivation of PPARα
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significantly improves HCV-related glucose intolerance[62].
Since there is no significant association between serum
DPP-4 activity and severity of liver disease in patients
with HCV infection[38], HCV infection may directly upregulate DPP-4 activity, leading to impairment in glucose
metabolism.

peptides such as GLP-1, neuropeptide Y, and peptide
YY. In addition, DPP-4 is known to directly affect lipid
metabolism. Knock-out of the gene encoding DPP-4
directly causes activation of the peroxisome proliferatoractivated receptor-α pathway and inactivation of the
sterol regulatory element binding protein-1 pathway[33],
thereby increasing lipid oxidation, reducing lipogenesis,
and resulting in the prevention of high-fat diet-induced
hepatic steatosis.

Non-alcoholic fatty liver disease
Non-alcoholic fatty liver disease (NAFLD) is a hepatic
manifestation of metabolic syndrome and the most common cause of chronic liver disease[63-66]. Although various
factors are responsible for the development of NAFLD,
a high glucose load is known to induce DPP-4 expression
in HepG2 cells[67] and hepatic DPP-4 mRNA expression
level in the livers is significantly higher in patients with
NAFLD, compared to healthy subjects[67]. In fact, serum
DPP-4 activity and hepatic expression of DPP-4 are correlated with hepatic steatosis and NAFLD grading[68].
Moreover, DPP-4 deficient rats show lower levels of
hepatic proinflammatory and profibrotic cytokines and reduced hepatic steatosis compared to wild type rats. These
favorable changes in lipid metabolism are independent of
glucose metabolism[69]. Similar to these results from animal
experiments, in patients with NAFLD, DPP-4 activity in
serum and liver specimens correlate with markers of liver
damage such as serum GGT and alanine aminotransferase levels, but do not correlate with fasting blood glucose
levels and glycosylated hemoglobin (HbA1c) values[68,70].
Thus, hepatic DPP-4 expression in NAFLD may be directly associated with hepatic lipogenesis and liver injury.
Recently, DPP-4 inhibitor has been reported to improve hepatic steatosis in mice and humans[71]. We also
experienced a case of refractory NAFLD that was successfully treated with sitagliptin, a DDP-4 inhibitor[72].
Moreover, it is reported that sitagliptin ameliorates liver
enzymes and hepatocyte ballooning in patients with nonalcoholic steatohepatitis[73]. Taken together, these findings
may indicate that DPP-4 inhibitors ameliorate hepatic
injury and glucose impairment in patients with NAFLD.

CHANGES IN DPP-4 IN PATIENTS WITH
LIVER DISEASE
Serum level of DPP-4 is elevated in patients with liver
cirrhosis[34,35] and up-regulation of hepatic DPP-4 expression is thought to be responsible for this elevation[36].
Here, we describe the effects of DPP-4 according to each
pathophysiology.
Hepatitis C virus infection
Patients with hepatitis C virus (HCV) infection show
increased serum DPP-4 expression in hepatocytes[37,38].
Lymphocyte subset analysis has also shown that CD8+
T-cells, which express DPP-4, are present in the portal
and periportal areas in patients with HCV infection[39].
Since HCV infects CD8+ T-cells[39-41], HCV-infected
T-cells may be responsible for the increased serum
DPP-4 activity in patients with HCV infection.
In addition, glucose intolerance with insulin resistance
is a feature of HCV infection and is associated with disease progression as well as prognosis[42-52]. Besides hepatic
inflammation and steatosis, HCV itself is involved in the
development of insulin resistance through the impairment of insulin receptor substrate-1/2[52-54]. Moreover,
HCV infection is known to be associated with increased
DPP-4 expression in the ileum, liver, and serum[38]. Transfection with cDNA encoding part of the HCV nonstructural genome region 4B/5A induces expression of
DPP-4 in hepatocyte cell lines[55]. Furthermore, eradication of HCV by interferon therapy results in a decrease in
serum DPP-4 levels[56-61] and administration of sitagliptin
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Figure 1 Pleiotropic effects of dipeptidyl peptidase-4. Dipeptidyl peptidase-4 (DPP-4) exerts
various effects on metabolism and chemokine
through peptidase activity. In addition, DPP-4 is
involved in immune stimulation, binding to and
degradation of extracellular matrix, and resistant to
anti-cancer agents. DPP-4 also directly affects lipid
accumulation. GLP: Glucagon-like peptide; ECM:
Extracellular matrix; MMPs: Metalloproteinases;
IL: Interleukin; IFN: Interferon; PPAR: Peroxisome
proliferator-activated receptor; SREBP: Sterol
regulatory element binding protein.

Hepatocellular carcinoma
Increased DPP-4 expression is seen in various malignant
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tumors, such as breast cancer[74,75], brain glioma[76], malignant mesothelioma[77], and squamous cell laryngeal carcinoma[78]. In hepatocellular carcinoma (HCC), increased
DPP-4 expression is also seen in liver specimens and
serum from both rats[79] and humans[80].
Inhibition of DPP-4 in human hepatoma cells is
reported to suppress tyrosine kinase, leading to antiapoptotic effects[81]. However, Yamamoto et al[82] recently
reported a case in which dramatic regression of HCC was
seen after four weeks’ treatment with DPP-4 inhibitor in
a patient with HCV-related chronic hepatitis. Although it
is unclear whether DPP-4 inhibitor is directly involved in
the regression of HCC, marked invasion of CD8+ T-cells
was seen around the HCC tissue[82], suggesting that the
DPP-4 inhibitor may have improved immune response,
which has been impaired by chronic HCV infection[38].
Although exogenous insulin or sulfonylurea treatment
increases the risk of HCC[83], treatment with DPP-4 inhibitor does not show any tumor promoting effects in
mice[84]. Thus, a DPP-4 inhibitor may safely exert beneficial effects on HCV-related HCC through modulation of
immunity.

the effects of long-term administration of a DPP-4 inhibitor on infection and carcinogenesis.
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PROGRESS IN LIVER DISEASES

Persistent hypertransaminasemia in asymptomatic children:
A stepwise approach
Pietro Vajro, Sergio Maddaluno, Claudio Veropalumbo
emia may be a difficult task, but the results are critical
for preventing the progression of an underlying, possibly occult, condition later in childhood or during transition. Given the high benefit/cost ratio of preventing
hepatic deterioration, no effort should be spared in diagnosing and properly treating each case of persistent
hypertransaminasemia in pediatric patients.
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Abstract
We aimed to examine the major causes of isolated
chronic hypertransaminasemia in asymptomatic children and develop a comprehensive diagnostic flow
diagram. A MEDLINE search inclusive of publications
throughout August 2012 was performed. We found
only a small number of publications that had comprehensively investigated this topic. Consequently, it was
difficult to construct a diagnostic flowchart similar to
those already available for adults. In children, a “retesting panel” prescription, including gamma-glutamyl
transpeptidase and creatine kinase in addition to aminotransferases, is considered a reasonable approach
for proficiently confirming the persistence of the abnormality, ruling out cholestatic hepatopathies and myopathies, and guiding the subsequent diagnostic steps.
If re-evaluation of physical and historical findings suggests specific etiologies, then these should be evaluated in the initial enzyme retesting panel. A simple multistep diagnostic algorithm incorporating a large number
of possible pediatric scenarios, in addition to the few
common to adults, is available. Accurately classifying a
child with asymptomatic persistent hypertransaminas-
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INTRODUCTION
The measurement of serum transaminase levels has
become part of the routine biochemical evaluation that
takes place before surgery or for the investigation of pathologies not necessarily related to liver injury in many
countries. An investigation of unexpected hypertransaminasemia is important for differentiating muscular and
hepatic disease; to institute timely and specific treatment
for progressive, but still asymptomatic, treatable liver conditions [e.g., Wilson’s disease, autoimmune hepatitis (AIH),
and non-alcoholic fatty liver disease (NAFLD)]; to furnish genetic counseling for hereditary disorders; and/or
to setup appropriate preventive measures (e.g., avoidance
of viral hepatitis transmission). Moreover, prevention of
possible hepatic deterioration has a high benefit/cost ratio
by avoiding the need for eventual liver transplantation[1].
Currently, the most frequent cause of hypertransaminasemia in both adults and children is obesity, although
obesity-related liver disease is still sometimes erroneously
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considered cryptogenic because of a poor perception
of obesity among medical practitioners[2-4]. In adults, the
causes of isolated hypertransaminasemia other than obesity-related liver disease are limited to viral hepatitis, toxic
damage, autoimmune hepatobiliary diseases, celiac disease,
Wilson’s disease, and hereditary hemochromatosis[5,6],
whose diagnostic work-up is well established[4,6-11]. The
problem is more complex in children, in whom individually rare genetic/metabolic conditions collectively constitute 20%-30% of liver diseases[12,13]. Therefore, persistent
hypertransaminasemia in a child should alert the physician
to the possibility of an underlying hepatic or multisystem
metabolic disorder and prompt a referral to a specialized
center for diagnostic evaluation. However, despite extensive investigation, the etiology of some cases may have to
be defined as truly unknown (cryptogenic)[12,14].
There are only a few reports examining the possible causes of isolated chronic hypertransaminasemia
in asymptomatic pediatric populations[12,14-16], and often
these studies are biased by flawed inclusion and exclusion criteria, and/or an inadequate diagnostic work-up.
Consequently, there is no diagnostic algorithm for the
differential diagnosis of unexpected chronic hypertransaminasemia in pediatric patients.
The aim of this report is to develop a comprehensive
diagnostic algorithm that includes many of the frequent
causes of isolated asymptomatic hypertransaminasemia
in children and adolescents. We examined current adult
guidelines and expert opinions, and then performed a
MEDLINE search inclusive of publications throughout
August 2012 using the key words: transaminase, aminotransferase, hypertransaminasemia, liver disease, and
children. We also evaluated reports from specialized tertiary pediatric hepatology centers. A secondary aim was
to provide a basis for future studies on the cost/benefit
ratio of diagnostic assessment procedures.

In clinical practice, normal parameter values are
within 2 standard deviations of the mean value obtained
in healthy individuals. This implies that 5% of the results
of healthy subjects fall outside this range. While transaminase reference intervals for adults have recently been
revised[18,19], this has not occurred for children. England
et al[20] recently proposed ALT centiles stratified by sex
and age in a healthy European population. They propose an ALT upper limit of normal of 60 IU/L in boys
and 55 IU/L in girls during the first 18 mo of life. The
range changes to 40 IU/L in boys and 35 IU/L in girls
after the age of 18 mo. The Screening ALT for Elevation in Today’s Youth (SAFETY) study conducted on a
population of North American patients aged between
12 and 17 years shows that the upper limit of normal
used by most laboratories for ALT is too high to detect
chronic liver disease and that less than half of North
American hospitals utilize gender-specific values. In that
study, the ALT thresholds in use had a low sensitivity
for the detection of chronic liver damage (30%-40%).
Using the National Health and Nutrition Examination
Survey (NHANES) ALT threshold of 25.8 IU/L for
boys and 22.1 IU/L for girls, the sensitivity improved to
70%-80%, while the specificity was only reduced from
approximately 90% to approximately 80%[21].
Clinical recommendation
In the pediatric population, there is no established reference range of ALT and AST. ALT thresholds currently
in use have a low sensitivity for the detection of chronic
liver damage. In teenagers, the biologically-determined
and gender-specific ALT threshold of 25.8 U/L for boys
and 22.1 U/L for girls established by NHANES increases
this sensitivity, with only a modest specificity reduction.

APPROACH TO ASYMPTOMATIC
HYPERTRANSAMINASEMIA

TRANSAMINASES: BACKGROUND ON
ORIGINS, LEVELS, AND THRESHOLD
LEVELS

Table 1 summarizes the most frequent causes of persistently-elevated transaminase levels in asymptomatic children, schematically classified under the categories of viral,
autoimmune, metabolic, and other types of hepatobiliary
diseases or extrahepatic causes of hypertransaminasemia.
A detailed evaluation of medical and family history and
an accurate clinical examination are crucial in determining
the likely etiology of hypertransaminasemia, as they may
indicate towards possible muscle or liver conditions.

Aminotransferases are normally present in circulation
at low levels. They are intracellular enzymes produced
principally by hepatocytes, and their increase in serum is
therefore indicative of liver cell injury. However, aspartate
aminotransferase (AST) is also found in cardiac and skeletal muscles, the kidneys, brain, pancreas, and lungs, and in
erythrocytes, in decreasing order of concentration. Additionally, alanine aminotransferase (ALT) is present in skeletal muscle and kidneys, but at low concentrations, and its
increase in the circulation is more specific for liver damage
than AST. Aminotransferase serum levels depend not only
on the tissue of origin, but also on the enzyme half-life,
which is longer for ALT than AST. Thus, in diseases such
as muscular dystrophy, patients can have AST and ALT
serum values that are elevated to the same degree, instead
of the expected prevalent elevation of AST[17].
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Initial step: The retesting panel
A stepwise approach contemplates repeating the tests to
confirm the results[5,9,10]. In adults, timing of retesting is
not firmly established because it has usually been empirically guided by the degree of transaminase alterations
found {mild [< 5 times upper limit of normal (× ULN)];
moderate (5-10 × ULN); marked (> 10 × ULN)}.
In pediatric patients, information about gamma-glutamyl transferase (GGT) rather than alkaline phosphatase
values might help to determine whether the liver injury
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semia can also be a marker of a caveolinopathy, a group
of newly described and still poorly understood muscle
diseases that affect the limb-girdle, distal muscles, and
heart. A diagnosis may be particularly challenging in pediatric patients that are only mildly symptomatic[26].

Table 1 Main causes of asymptomatic hypertransaminasemia
in children
Hepatic origin
Obesity (non-alcoholic fatty liver
disease)
Viral infections (major and minor
hepatotropic viruses)
Autoimmune liver disease
(prevalence: 1:200000)
Celiac disease and inflammatory bowel
disease
Wilson’s disease (prevalence: 1:30000)
Cystic fibrosis (prevalence: 1:2500)
and Shwachman-Diamond syndrome
(prevalence: 1:50000)
Alpha1 antitrypsin deficiency
(prevalence: 1:7000)
Other genetic and metabolic diseases1
Toxic: Drugs and alcohol
Cryptogenic hypertransaminasemia

Extrahepatic origin
Duchenne/Becker muscular
dystrophy (prevalence: 1:4700)
Other myopathies (e.g.,
caveolinopathies; prevalence:
1:14000 to 1:120000)
Myocardiopathies

First, second, and third line investigations
The evaluation of patients with confirmed hypertransaminasemia should include first (and eventually second and
third) line investigations (Table 2). If the patient’s history
or physical examination suggests a particular disease, selected first-line investigations should already be part of
the retesting panel. However, some authors suggest that
first-line exams for hepatocellular causes of liver disease
should be performed without the need to confirm hypertransaminasemia in patients with increased serum levels
of ALT > 3-5 × ULN[27]. Historically, a hypertransaminasemia duration of approximately 6 mo has been arbitrarily used to determine chronic liver disease. However, it is
unwise to wait for 6 mo before investigating a possible
cause of liver damage, as some hepatopathies, such as
autoimmune liver disease or Wilson’s disease, can become
rapidly life-threatening without appropriate treatment[28].
In the case of protracted isolated AST elevation, the
possibility of macro-AST should be investigated by polyethylene glycol and/or electrophoresis testing. MacroAST is a condition characterized by the presence in serum
of a macromolecular complex formed by association with
other plasma components [e.g., immunoglobulin G (IgG)]
or by self-polymerization. Due to their large size, macroAST components cannot be filtered by renal glomeruli
and are retained in the plasma. The condition is benign,
but may cause diagnostic uncertainty and lead to useless,
invasive, expensive, and time-consuming testing[29].

Nephropathies
Hemolytic disorders
Macro - AST (prevalence: 30% of
children with isolated aspartate
aminotransferasemia)

1

Refer to Table 3. AST: Aspartate aminotransferase.

is predominantly hepatocellular or cholestatic[5]. Creatine
phosphokinase (CPK) should also be evaluated to rule
out occult muscle disease[22].
As in adults[5,10,23], in many asymptomatic children,
abnormal values can show normal values when retested[12,14-16,23]. The reported percentage of patients who
normalize aminotransferase serum values within 6 mo
from the first detection of abnormality ranges from 26%
to 73.6%[12,14-16]. A fluctuating pattern (transient/selflimiting or intermittent) is frequently observed at all ages,
and more than one retesting may be warranted even for a
mild increase of transaminases. In areas with a high prevalence of hepatitis B (HBV) and C (HCV) virus infection
and in high-risk populations, it is advisable to request
viral markers at the time of repeat testing to accelerate
the screening protocol[9,10]. Recently, Senadhi[24] recommended that HBV and HCV screening is warranted in all
asymptomatic patients with mild transaminase elevations.
In selected patients who participate in strenuous
sports, liver tests should be repeated after at least one
week without exercise, especially if hypertransaminasemia was associated with high CPK or with elevation
of other enzymes of muscle origin[25]. If high CPK and
hypertransaminasemia are confirmed, it is mandatory to
exclude muscular diseases, which are often clinically asymptomatic during the first 5-6 years of life and can be
recognized only after a detailed and oriented neurologic
examination[22]. In addition to the well-known muscular
dystrophies, myocyte injury, necrosis induced by drugs
or toxins, and increased exercise are possible causes of
high CPK and hypertransaminasemia. Additionally, some
mitochondrial, endocrine and metabolic myopathies, and
gluten enteropathy are also causes of high CPK and hypertransaminasemia. A serum elevation of CPK ranging
from 450 to 5000 U/L (normal upper limit: 150 U/L)
accompanying isolated asymptomatic hypertransamina-
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Clinical recommendation
Aminotransferase levels should be retested upon finding
hypertransaminasemia in asymptomatic patients. At this
time, the levels of CPK (for muscular disease) and GGT
(for biliary involvement) should also be evaluated. An
accurate clinical history and physical examination are of
paramount importance for guiding an appropriate investigation and avoiding expensive and unnecessary tests.

MOST COMMON LIVER DISEASES
Non-alcoholic fatty liver disease
NAFLD is the most common cause of hypertransaminasemia in children and adolescents[12,14,16,21]. In clinical practice, NAFLD is usually suspected by the finding of hypertransaminasemia and ultrasonographic fatty liver in an
obese child[30,31]. Although the ALT serum level is a useful
diagnostic tool, it is not a sensitive marker of NAFLD.
It is common to observe the entire histological spectrum
of NAFLD in patients with normal ALT levels[22,32]. The
evaluation of both AST and ALT values is important because an increased AST/ALT ratio has been reported to
reflect a progressive and more serious condition [fibrotic
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Table 2 Retesting panel; first, second, and third line investigations in children with asymptomatic mild hypertransaminasemia
Retesting panel

1

First line panel
Liver function tests

ALT
AST
CPK
GGT

Conjugated and unconjugated bilirubin
Protein electrophoresis
Serum albumin
Prothrombin time and partial
thromboplastin time
Blood cell count
Hepatic ultrasonography
If only AST elevation is confirmed: PEG
test and electrophoresis for macro-AST

Second and third line panels
Etiology tests

Viral markers (HAV, HBV, HCV)
Minor hepatotropic viruses serology
(e.g., EBV, CMV)
Ceruloplasmin, serum copper
ANA, SMA, LKM, LC1, anti-SLA,
total IgG
Serum α1 antitrypsin
EMA, tTgasi IgA, deamidated AGA
IgA (< 2 yr), total IgA

Urinary copper, molecular ATP B7 analysis
HCV RNA, HBV DNA
Genetic and metabolic enlarged screening2 (“nonalcoholic fatty liver disease bin”)
Sweat test
Fecal elastase, steatocrit
Other hepatic imaging techniques (MRI, ERCP, CT, etc.)
Liver biopsy3
Jejunal biopsy (after celiac disease serology)

After at least one week off from exercise; 2Genetic and metabolic enlarged screening: blood gases, lactic acid, serum ammonium concentrations, blood and
urinary amino acids, urinary reducing substances, urinary organic acids, transferrin isoforms, screening test for congenital disorders of glycosylation, α1 antitrypsin phenotype; 3Modified from the reference of 28. ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; PEG: Polyethylene glycol; CPK:
Creatine kinase; GGT: Gamma-glutamyl transferase; HAV: Hepatitis A virus; HBV: Hepatitis B virus; HCV: Hepatitis C virus; EBV: Epstein-Barr virus; CMV:
Cytomegalovirus; ANA: Antinuclear antibodies; SMA: Smooth muscle antibodies; LKM: Anti-microsomal antibodies; LC1: Anti-liver cytosol antibodies type
1; SLA: Soluble liver antigen; IgG: Immunoglobulin G; EMA: Anti-endomysial antibodies; tTgasi: Anti-tissue transglutaminase antibodies; AGA: Anti-gliadin
antibodies; IgA: Immunoglobulin A; ATP B7: ATP binding protein 7; MRI: Magnetic resonance imaging; ERCP: Endoscopic retrograde cholangiopancreatography; CT: Computed tomography.
1

Table 3 Fatty liver disease; possible causes in likely asymptomatic children and adolescents
General or systemic
Obesity
Metabolic syndrome
Obstructive sleep apnea
Polycystic ovary syndrome
Diabetes mellitus type 1
Thyroid disorders
Hypothalamic-pituitary disorders
Inflammatory bowel disease
Celiac disease
Protein calorie malnutrition
Rapid weight loss
Anorexia nervosa
Small intestinal bacterial overgrowth
Hepatitis C

Genetic-metabolic causes

Drugs/chemicals

Cystic fibrosis
Shwachman syndrome
Wilson’s disease
Alpha 1-antitrypsin deficiency
Fructosemia
Cholesterol ester storage disease
Glycogen storage disease (typeⅠ, Ⅵ and Ⅸ)
Mitochondrial and peroxisomal defects
α- and β-oxidation defects
Organic acidosis
Abeta or hypobetalipoproteinemia
Porphyria cutanea tarda
Homocystinuria
Familial hyperlipoproteinemias
Bile acids synthesis defects
Congenital disorders of glycosylation
Citrin deficiency
Turner syndrome

Ethanol
Ecstasy, cocaine, solvents
Nifedipine
Diltiazem
Estrogens
Corticosteroids
Methotrexate
Prednisolone
Valproate
Vitamin
Zidovudine and HIV treatments
Solvents
Pesticides

Modified from the references of 30 and 38. HIV: Human immunodeficiency virus.

non-alcoholic steatohepatitis (NASH)][33].
Due to the worldwide obesity epidemic, obesity may
be erroneously accepted as a normal condition even in
the presence of abnormal liver function tests[2]. Conversely, in the presence of obesity, all other conditions
associated with abnormal transaminase levels, such as
celiac disease[34,35], Wilson’s disease[36], autoimmune hepatitis[37], or muscular diseases[22], must be investigated and
excluded. In many of these diseases, prompt treatment
will avoid irreversible disease progression[38] (Table 3).
Abdominal ultrasound and liver function tests should
be performed as a first step in the diagnosis of possible
NAFLD in children[39]. Ultrasonography, however, detects
fat levels above 30% only. Waist circumference is a valid
surrogate marker of central obesity, which is closely correlated with liver involvement[40]. When pediatric NAFLD
is suspected, other liver diseases should be excluded
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based on an age-driven algorithm[39]. In obese children
and adolescents with disordered breathing during sleep,
sleep apnea syndrome should be viewed as a risk factor for NAFLD. Interestingly, weight loss, avoidance of
a sedentary life, and effective treatment of sleep apnea
syndromes resulted in a significant improvement of liver
enzyme levels[41,42].
Clinical recommendation: NAFLD and NASH are
diagnoses of exclusion even in obese children with hypertransaminasemia. Other fatty liver causing diseases
should be investigated based on the patient’s age and
clinical features.
Viral infections
Serological markers of hepatitis viruses are part of the
first-line etiology investigation panel (Table 2). A positive
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Toxic causes
An accurate medical history is crucial in determining the
possible role of toxin-induced hepatotoxicity in children with hypertransaminasemia[52]. In adults, diagnostic
scores have been proposed and evaluated to define the
association between drugs and liver disease[53,54]. Alcohol
abuse can induce liver disease and hypertransaminasemia
even in childhood, especially in adolescents [6]. It has
been suggested that elevated serum GGT levels, and/or
an AST/ALT ratio > 1, and/or an increase in mean
corpuscular volume may help in identifying excessive
drinking[55]. Carbohydrate deficient transferrin is another
tool for identifying unhealthy occult drinking[56]. If medication or alcohol are suspected causes of hypertransaminasemia in an adolescent, aminotransferases should
be retested after 6-8 wk of controlled or monitored
abstinence [57]. In addition to prescribed or over-thecounter medications and herbal remedies, illegal drugs or
substances of abuse should be considered in differential
diagnoses and be carefully investigated[58,59].

history of blood or blood-derivative transfusion, tattooing, ingestion of potentially-contaminated food, and the
ethno-geographic origin of the patients give a clue as to
a possible infectious etiology. Although immigration and
international adoption from endemic areas are well-recognized risk factors, hepatitis B shows an emerging presentation of subclinical chronic hepatitis B in children[43].
In countries where universal vaccination against HBV
has been introduced, a significantly-reduced rate of HBV
infection in children and mother-to-infant transmission
has been observed. However, international adoption and
immigration maintain an ample reservoir of HBV infection. Although significantly less infectious than HBV,
HCV infection remains a widespread problem in the absence of an effective vaccine. In Western countries, perinatal transmission is currently the primary mode of HCV
spread in children, which accounts for approximately
65% of cases[44]. Although hypertransaminasemia may
suggest HCV infection, adult[45] and pediatric HCV carriers[46] may have normal or fluctuating aminotransferase
levels even in the presence of serious liver damage.
Among the conditions falling within the category of
adult cryptogenic hypertransaminasemia is a new entity
called “occult” HCV infection. Said entity is characterized
by fluctuating serum levels of HCV RNA, while the virus
genome and its replicative intermediate RNA-negative
strand are detectable in the liver and in peripheral blood
mononuclear cells with or without antibodies to HCV[47].
Similarly, “occult” HBV infection has been recognized
in patients with cryptogenic hepatitis B surface antigen
(HBsAg)-negative chronic liver disease[48]. Intrahepatic
replicative activity (HBV covalently closed circular DNA
and pregenomic RNA) has recently been described in
adults with occult hepatitis B infection. HBV occult
infection seems to be relatively frequent in immunized
children born to HBsAg-positive mothers. HBsAg negativity is not sufficient for excluding the presence of HBV
DNA. These findings emphasize the importance of considering occult HBV infection in hypo-endemic areas[49].
In pediatric patients, hepatitis A virus infection may
be followed by up to 1 year intermittent hypertransaminasemia due to relapsing viremia, which does not evolve to
chronic liver damage[50]. Other hepatotropic viruses are a
frequent cause of liver disease. Epstein-Barr virus and/or
cytomegalovirus should be excluded in patients with a history of fever, lymphadenopathy (mainly latero-cervical),
pharyngitis, asthenia, and/or hepatosplenomegaly. In
patients with paucisymptomatic immunodeficiency, coxsackievirus and adenovirus may be the cause of liver enzyme alteration. Gastrointestinal infection by rotavirus can
be accompanied by self-limiting hepatic and non-hepatic
transaminase elevation in 20% of infected patients[51].
Currently minor, rather than major, hepatotropic viruses are a common cause of hypertransaminasemia in
children in developed countries[12,15,16].

Autoimmune liver disease
AIH is a progressive inflammatory liver disease without a
known etiology, and is characterized histologically by interface hepatitis and serologically by high levels of transaminases, IgG, and positive autoantibodies[60]. The exact
prevalence of autoimmune hepatitis is unknown, but it
is approximately one in 200000 in the general population of the United States[61]. Sometimes, the histology of
autoimmune hepatitis is associated with bile duct injurydetermining overlap syndrome or autoimmune sclerosing
cholangitis (ASC); this condition is different from primary
sclerosing cholangitis, which is characterized by inflammation and fibrosis in the intrahepatic and/or extrahepatic bile load in the absence of interface hepatitis[62,63].
It is important to perform a cholangiography in all children
with the histological features of autoimmune hepatitis, as
ASC is as prevalent as AIH in childhood, and thus only
cholangiography can differentiate between these conditions[64]. There are two types of AIH classified according
to antibody profile: type 1 [anti-nuclear antibodies and
anti-smooth muscle antibodies (SMA)] and type 2 [anti-liver
kidney microsomal antibody (LKM1); and/or antibodies to
liver cytosol type 1 (anti-LC1)][65]. Anti-soluble liver antigen
(anti-SLA) antibodies can be positive in otherwise autoAbnegative patients. These antibodies cannot be detected by
immunofluorescence, and require enzyme-linked immunosorbent assay and immunoassays for identification. Type 2
may tend to be more severe and prevalent in children, adolescents, and young adults than in the older population[60].
The absence of autoantibodies in a child with hypertransaminasemia does not exclude the diagnosis of autoimmune
hepatitis. In fact, seronegative but empirically steroidresponsive autoimmune hepatitis has been reported[66-68].
Conversely, the increase in serum gamma-globulins is not
universal in AIH. As for Wilson’s disease, the diagnosis of
autoimmune hepatitis may be difficult because it is not
based on specific markers. Consequently, a scoring system

Clinical recommendation: Viral serological markers are
part of the first-line investigation panel.
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has been devised[69,70] that gives positive predictive values
for females, the presence of other autoimmune diseases,
hypergammaglobulinemia, and positivity for ANA, SMA,
LKM1, LC1 and ASLA. It also gives negative scores for
viral markers and a positive history for drugs and alcohol
use. A simpler score based on only four items[71] has not
yet been fully validated in children. Primary biliary cirrhosis is not observed during childhood, although very rare
cases of anti-mitochondrial autoantibody positivity have
been reported[72].
AIH (and ASC) may present with only hypertransaminasemia, which can occur in children with apparent good
health. It should therefore be investigated with appropriate examinations; if left untreated, cirrhosis may develop.

ther precede or follow the diagnosis of celiac disease. It is
necessary to diagnose AIH associated with celiac disease
promptly, because it is not responsive to a gluten-free diet
alone and requires long-term associated immunosuppressive therapy[78].
Wilson’s disease and hypertransaminasemia
The prevalence of Wilson’s disease is estimated at one
in 30000 in most populations (Table 4). The prevalence
is as high as one in 10000 in China, Japan, and Sardinia[79]. It may present at any age. Usually, the onset of
symptomatic liver disease is at approximately 12 years
of age[80]. It is only during adolescence or early adult life
that patients usually present with complicating neurological and psychiatric manifestations. The most important
laboratory diagnostic clues are hypoceruloplasminemia
(< 20 mg/dL in 85%-95% cases), increased free serum
copper, increased intrahepatic copper (> 250 μg/g dry
weight), and increased basal and post-penicillamine challenge urinary copper excretion[81,82]. These findings are not
specific if considered individually, and several conditions
may be responsible for false negative and false positive
results. Therefore, a score (the “Ferenci score”), which
takes into account the Kayser-Fleischer ring, neuropsychiatric symptoms, the occurrence of Coombs negative
hemolytic anemia, increased urinary copper, decreased
serum ceruloplasmin, increased copper content of hepatocytes, and the presence of causative mutations, has
been devised to distinguish between an unlikely/probable/highly-likely diagnosis of Wilson’s disease[81]. More
recently, a new cut-off value for urinary copper excretion
in asymptomatic children with Wilson’s disease has been
suggested. The new value of 40 μg/24 h replaces the
previously-used 100 μg/24 h[83,84]. The post-penicillamine
challenge urinary copper estimation has been reported to
be poorly sensitive in asymptomatic children[84]. A molecular diagnosis and/or haplotype analysis of the region
surrounding ATP7B on chromosome 13 should be considered in children with enigmatic liver disease, especially
those with features of NAFLD[84,85]. Wilson’s disease-like
hypoceruloplasminemic liver disease has been recently
described in congenital disorders of glycosylation (CDG)
type Ⅹ[84,86,87]. Non-Wilsonian high urinary copper excretion has been reported in pediatric nodular regenerative
hyperplasia[84].

Clinical recommendation: Autoimmune hepatitis
should be rapidly identified in order to administer prompt
therapy and avoid cirrhotic evolution. Hypertransaminasemia and hypergammaglobulinemia may be the only findings of seronegative autoimmune hepatitis. It is important to perform a cholangiography in all children with the
histological features of autoimmune hepatitis because, in
childhood, autoimmune sclerosing cholangitis is as prevalent as autoimmune hepatitis.
Celiac disease and hypertransaminasemia
Celiac disease may be associated with liver involvement
in both adults and children. Isolated hypertransaminasemia may be the first manifestation of clinically silent
celiac disease[73,74]. It is currently controversial[75] as to
whether, in children less than 2 years old, AGA-IgA and
IgG should be tested, because of a diagnostic sensitivity
higher than that of anti-endomysium antibodies and antitransglutaminase antibodies at that age. Selective nonresponsiveness to HBV immunization in a hypertransaminasemic child may be a clue to undiagnosed celiac
disease[76].
So-called “celiac hepatitis” is the most common hepatopathy in celiac patients and is characterized by a moderate increase of transaminase levels usually associated
with minimal and non-specific liver lesions of the lobule
and portal tracts. A gluten-free diet generally results in
normalization of the liver enzymes and repair of histological damage. Due to high disease prevalence, patients
with a known diagnosis of celiac disease and persistent
hypertransaminasemia should be tested for other possible
causes of liver damage before ascribing liver function
test abnormalities to celiac disease. Co-existing causes of
hepatopathy have been reported[77]. Celiac disease may
present as hepatic steatosis in obese children with hypertransaminasemia resistant to weight loss. In such cases,
the addition of a gluten-free diet is necessary to resolve
their liver abnormalities[34].
Celiac disease can be associated with a variety of
autoimmune liver diseases, including AIH, autoimmune
cholangitis, and overlap syndromes, with a frequency of
AIH peaking at 2.9% in celiac disease children less than
10 years old[74]. Autoimmune hepatic involvement can ei-
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Clinical recommendation: The criteria adopted for the
diagnosis of Wilson’s disease are non-specific if considered individually. The Ferenci score will distinguish
between unlikely, probable, and highly-likely diagnoses
of Wilson’s disease. New pediatric cut-off values and the
real value of post-penicillamine urinary test in asymptomatic cases need careful consideration.

OTHER DISEASES
Disorders, such as inborn errors of metabolism and/or
congenital conditions affecting the liver, are much more
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Table 4 Clinical and laboratory findings for orienting diagnosis of some genetic metabolic liver diseases
Clinical/laboratory findings

Possible genetic-metabolic cause

Prevalence

Pancreatic failure, hematological disorders
Shwachman syndrome
1:50000
Asymptomatic, hemolysis
Wilson’s disease
1:30000
Previous neonatal cholestasis, hepatomegaly
Alpha 1 antitrypsin deficiency
1:7000
Hypoglycemia, hepatomegaly
Glycogen storage disease (type Ⅰ, Ⅵ and Ⅸ) From 1:100000 to 1:1000000
Fructose refusal, hepatomegaly
Hereditary fructose intolerance
1:20000
Lethargy, increased serum ammonia levels
Urea cycle defects
1:30000 (all disorders)
Lethargy, increased serum ammonia levels
Urea cycle defects
1:30000 (all disorders)
Chubby face, fatty liver, specific serum amino acids pattern
Citrin deficiency
1:20000 in East Asia
Failure to thrive, lactic acidosis
Mitochondrial diseases
1:8500 (all disorders)
Failure to thrive, ketoacidosis, hypoglycemia
Organic acidosis
1:1000 (all disorders)
Mild coagulopathy, clinical phenotype
Congenital disorders of glycosylation
From 1:10000 to 1:100000
Short stature, female gender, karyotype
Turner syndrome
1:2000
Failure to thrive, positive sweat test
Cystic fibrosis
1:2500

Liver involvement
+++1
+++
+++
+++
+++
++
++
++
+
+
+
+
+

1

First 1-2 yr of life; +: Possible; ++: Frequent; +++: Almost always.

common in pediatric patients than in adults (Table 3).
These diseases are rare when considered individually, but
represent a large group if considered collectively. It is
difficult to establish their incidences; in most cases, they
are relatively asymptomatic and may therefore remain
undiagnosed[88]. Although many etiologies present in the
neonatal period with cholestasis or acute illness, several
may become manifest only later in infancy or childhood. Extreme care is required to avoid misdiagnosing
these cases. This is particularly true if the patients have
NAFLD-like symptoms that risk being considered part
of the NASH syndrome[38]. Laboratory investigations for
genetic metabolic diseases that may often be responsible
for a NAFLD-like fatty liver picture should be guided by
age and clinical/family history (Table 4). We will comment
only on the most relevant metabolic liver diseases and
refer the reader to a series of comprehensive reviews for
specific information regarding the less common ones[89,90].
Hepatic derangement with severe, but self-limiting,
hypertransaminasemia and variable histological patterns
may be the sole initial evident manifestation of Shwachman-Diamond syndrome (incidence: 1:50000 worldwide).
The mechanisms that can contribute to liver damage in
these patients are not known[91]. Citrin deficiency (incidence: 1:20000 in East Asia), a condition now also recognized in Western countries, may present with a pattern of
neonatal cholestasis and increased levels of blood citrulline, or NAFLD in children and adolescents[92]. Hereditary fructose intolerance (incidence: 1:20000 worldwide)
typically occurs with a pattern of early-onset cholestasis
during weaning. However, it may present later in patients
who spontaneously follow a low fructose diet because of
instinctive fructose refusal/dislike or avoidance. In these
cases, medical observation may be dictated by the incidental finding of hypertransaminasemia, hepatomegaly,
and/or bright liver by ultrasound observation. Feeding
history is crucial for the diagnosis, which is confirmed
by molecular analysis of gene mutations[93]. Mitochondrial diseases are often multisystem, but some cases may
present with exclusive or prevalent mild liver involvement [e.g., mitochondrial DNA depletion syndrome due
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to deoxyguanosine kinase (DGUOK, OMIM 251880)].
Some congenital disorders of glycosylation (incidence:
1:50000-1:100000) may present as chronic isolated hypertransaminasemia. Children with clinically asymptomatic,
cryptogenic hypertransaminasemia with liver steatosisfibrosis and mild coagulopathy should be screened for
CDG[86,87]. Congenital hepatic fibrosis (CHF, incidence:
unknown) is a developmental disorder of the portobiliary system. It is one of the fibropolycystic diseases,
which include Caroli disease, autosomal dominant polycystic kidney disease, and autosomal recessive polycystic
kidney disease. Clinically, it is characterized by non- cirrhotic portal hypertension, and rarely complicated by
(porto-) pulmonary hypertension and hepatopulmonary
syndrome. Hepatocellular function is relatively wellpreserved, unless cholangitic episodes are present. Hereditary familial hemochromatosis (incidence: 1:20000
worldwide) most often presents after the transition to
maturity, and is well-discussed in studies on adult patients
and outside the scope of this article. Alpha 1-antitrypsin
deficiency (incidence: 1:7000) presents clinical symptoms
only in a minority of affected people. In infancy, the
most common presentation is cholestasis. During childhood, it may present with minimally symptomatic disease
that becomes significant liver disease only in 10%-15%
of patients, often after several years of a near-normal
quality of life, and may progress to decompensated liver
disease[94]. Glycogenosis types Ⅵ and Ⅸ may be associated with elevated ALT and a soft hepatomegaly that is
often not discernible at clinical examination, but without
the gross metabolic abnormalities that are typically observed in the other types of glycogenosis. Cystic fibrosis
rarely has a prevalent or exclusive hepatic presentation[95].
Nodular regenerative hyperplasia is an infrequently-identified liver disease characterized by non-fibrotic nodular
hepatocyte regeneration, secondary portal hypertension,
and mild stable abnormalities of liver function tests. In
adults, it is usually associated with malignant prothrombotic or rheumatological conditions. These associations
are rarely encountered in pediatric practice. The diagnosis
is sometimes suggested by minimal histological changes
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History or subtle physical signs
suggestive of specific etiology:
go to specific test

Retesting panel
AST; ALT; GGT; CPK

Increased CPK values

Persisting increased AST, ALT, with
or without GGT elevation

Repeat at least one week off
from exercise

Normalization

Persisting

Observe

Exclude
myopathies

Overweight/obesity
Exclude obesity related
fatty liver

History of medication or drug/alcohol
abuse: discontinuate and re-valuate

Asymptomatic mild hypertransaminasemia
Increased AST
only

Think to extrahepatic origin + PEG,
electrophoresis for MacroAST

Normalization on
retesting

Observe and recommend at least
one further testing as outpatient

First line panel: CB, UB, serum protein, PE, PT, aPTT, blood cells
count, ceruloplasmin (> 3 yr). Major or minor hepatotropic
viruses, celiac disease serology if historically or clinically
suggested
Hepatobiliary ultrasonography
Increased GGT with or without
US biliary tree abnormalities

Normal GGT
US bright liver
present
Not overweight

Revaluation after
prescription of 10%
weight loss
Persisting
hypertransaminasemia
or bright liver

US bright liver
absent

Increased γ glob, decreased α1
globulin, decreased PLTs, ± hard
liver, ± splenomegaly, ± decreased
PT, ± decreased ceruloplasmin
Think AIH, α1 ATD, Wilson

Exclude biliary disease:
bile acids, MRI-ERCP-pANCA

Second line etiology tests, exclude: AIH, celiac disease, major or
minor hepatotropic viruses, Wilson, α1 antitrypsin, cystic fibrosis,
other metabolic diseases according to age and physical examination

No diagnosis:
cryptogenic hepatitis?

Think pharmacological
treatment if still obese

If all negative: think occult
viral hepatitis. Test HBV
DNA, HCV RNA

Consider liver biopsy

Figure 1 Diagnostic algorithm for the diagnosis of pediatric mild chronic asymptomatic hypertransaminasemia. Modified from the reference of 28. ALT:
Alanine aminotransferase; AST: Aspartate aminotransferase; CB: Conjugated bilirubin; UB: Unconjugated bilirubin; CPK: Creatine kinase; GGT: Gamma-glutamyl
transferase; PE: Pulmonary embolism; PEG: Polyethylene glycol; PT: Prothrombin time; PTT: Partial thromboplastin time; US: Ultrasound; MRI: Magnetic resonance
imaging; ERCP: Endoscopic retrograde cholangiopancreatography; pANCA: Perinuclear anti-neutrophil cytoplasmic antibodies; HBV: Hepatitis B virus; HCV: Hepatitis
C virus; AIH: Autoimmune hepatitis; α1 ATD: α1-antitrypsin deficiency.

(e.g., sinusoidal dilation)[96].

be responsible for isolated persistent hypertransaminasemia, one can conclude that even asymptomatic children
should undergo an intensive liver work-up. Based on
the possibility of a fluctuating pattern, it seems reasonable to repeat ALT and AST testing to confirm hypertransaminasemia, rather than embarking on expensive
investigations that may prove to be useless. An enzyme
panel costs approximately $30, whereas tests to identify
only some of the most common causes of elevated liver
enzymes (such as serology for hepatitis B and C infection
and ultrasonography for NAFLD) cost approximately
$400[10]. However, the cost-benefit considerations of
a stepwise diagnostic approach vs a simultaneous (and
timesaving) testing approach in children should not deter
from the need to avoid repeated vein punctures, which is
often a traumatic experience. As seen in patients with a
fever of unknown origin, in asymptomatic children with
cryptogenic hypertransaminasemia, ordering investigations as screening procedures in the hope that something
abnormal will be identified might have a number of disadvantages. These disadvantages include: possible adverse
reactions or complications, loss of the patient’s faith in
the medical staff, high testing costs, and a soporific effect
on the doctor’s diagnostic mental activities[98].
The prescription of a “retesting panel”, which in-

TRANSAMINITIS AND CRYPTOGENIC
HEPATITIS
The term “transaminitis” was coined to describe overall
liver enzyme leakage without hepatotoxic consequences
in adult patients receiving drug therapy of any type. Hypertransaminasemia is due to an unknown effect of the
drug (e.g., changes in hepatocellular membranes due to
lipid lowering) or underlying conditions (i.e., fatty liver)[97].
Childhood “cryptogenic” hepatitis appears to be a symptomless disease characterized by isolated hypertransaminasemia that onsets during the first 4 years of life, and
mild to moderate histologic liver lesions. Although the
frequency of spontaneous remissions is low, childhood
chronic cryptogenic hepatitis appears, in the short-term,
to be a non-progressive disease. This diagnosis can only
be attempted once all other known causes of liver disease
are excluded[14,15].

DISCUSSION AND CONCLUSION
Given the large number of pediatric conditions that may
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cludes the determination of GGT and CPK in addition
to aminotransferase levels, has the advantage of confirming the persistence of the abnormality, helping to rule
out, at least in part, cholestatic hepatopathies and myopathies, and guiding the subsequent diagnostic steps that
are shown in Figure 1. Testing serum bile acids and cholangiography are other means to better assess cholestasis.
If reassessment of physical and anamnestic findings suggests specific etiologies, these should be checked in the
initial enzyme retesting panel (e.g., viral serologies or hepatorenal ultrasonography for viral hepatitis and NAFLD,
respectively). In the presence of even subtle symptoms
or signs (e.g., jaundice, ascites, pruritus, hepatomegaly,
and/or splenomegaly), complete testing to identify the
possible cause of liver disease should be included in the
initial retesting.
The first line panel in asymptomatic hypertransaminasemic patients should consist of liver ultrasonography,
liver function tests, and a number of investigations for
the most frequent etiologies. Second and third line investigations are justified either by the inconclusive first line
panel or to explore specific plausible conditions. Liver biopsy is part of these panels, but its exact timing and role
remains a controversial issue[28,39,99-101]. It has been shown
that in those patients with negative etiological investigations, a liver biopsy will most likely not add further useful
information[10,15], and considering that a percutaneous
liver biopsy samples only 1:50000 of the liver, sampling
error is an obvious limitation which can lead to misdiagnosis and staging inaccuracies[102]. The competence of the
pediatric liver disease pathologist is paramount. Steatosis
of the liver in a non-obese individual may suggest a metabolic/genetic hepatopathy[14,38].
In conclusion, here we provide an overview of pediatric persistent hypertransaminasemia and list a series
of metabolic, genetic, gastrointestinal, and extrahepatic
causes that should be taken into account in clinical practice. The number of these etiologies constitutes a wider
field of what one usually considers in adulthood. Importantly, information derived from the combination of the
patient’s history, physical examination, and basic laboratory data are necessary to reach a timely and correct diagnosis. We also provide a stepwise approach that should
always be guided by clinical scenarios.
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Herbal hepatotoxicity: Challenges and pitfalls of causality
assessment methods
Rolf Teschke, Christian Frenzel, Johannes Schulze, Axel Eickhoff
totoxicity cases, compared to numerous other causality assessment methods, which are inferior on various
grounds. Among these disputed methods are the Maria
and Victorino scale, an insufficiently qualified, shortened
version of the CIOMS scale, as well as various liver unspecific methods such as the ad hoc causality approach,
the Naranjo scale, the World Health Organization (WHO)
method, and the Karch and Lasagna method. An expert
panel is required for the Drug Induced Liver Injury Network method, the WHO method, and other approaches
based on expert opinion, which provide retrospective
analyses with a long delay and thereby prevent a timely
assessment of the illness in question by the physician.
In conclusion, HILI causality assessment is challenging
and is best achieved by the liver specific CIOMS scale,
avoiding pitfalls commonly observed with other approaches.
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Abstract

Core tip: This review focuses on diagnostic causality assessment algorithms that have been used so far in herb
induced liver injury (HILI) cases. Detailed information
of the various methods with their strengths and weaknesses is provided including their challenges and pitfalls that emerged during the assessing course. For the
physician caring for a patient with suspected HILI, the
Council for International Organizations of Medical Sciences (CIOMS) scale is the preferred tool for assessing
causality compared to numerous other causality assessment methods, which are inferior on various grounds.
CIOMS based assessment should start at the day HILI
is suspected to ensure completeness of clinical data.

The diagnosis of herbal hepatotoxicity or herb induced
liver injury (HILI) represents a particular clinical and
regulatory challenge with major pitfalls for the causality evaluation. At the day HILI is suspected in a patient,
physicians should start assessing the quality of the used
herbal product, optimizing the clinical data for completeness, and applying the Council for International
Organizations of Medical Sciences (CIOMS) scale for
initial causality assessment. This scale is structured,
quantitative, liver specific, and validated for hepatotoxicity cases. Its items provide individual scores, which
together yield causality levels of highly probable, probable, possible, unlikely, and excluded. After completion
by additional information including raw data, this scale
with all items should be reported to regulatory agencies
and manufacturers for further evaluation. The CIOMS
scale is preferred as tool for assessing causality in hepa-
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a clear definition and identification of the plant family,
subfamily, species, subspecies, and variety as classical botanical description for any herb used as an ingredient of
a herbal product (Table 1)[4,8].
As an example, several hundred kava varieties exist[8-11],
but specific information on kava variety identification was
missing in all spontaneous reports and case report publications of suspected hepatotoxicity. This leaves open which
kava variety had to be incriminated[9-17]. On the other hand,
the regulatory recommendation for kava drugs was to use
its peeled rhizome[8,11,15]. In various HILI cases, it remained
unclear, whether unpeeled rhizomes, peeled and unpeeled
roots, and/or stem peelings were also used[8,11,16,17]. This
again hampered any evaluation of the causative agent of
kava hepatotoxicity[16,17]. For both the United States Food
and Drug Administration and the Australian Therapeutic
Goods Administration, peeled kava rhizomes were recommended for kava supplements[18,19].
Another point of interest focuses on solvents and so
lubilizers without regulatory advice[8,11,15,16], as well as on
adulterants, impurities, contaminants, or misidentified
herbs[4,7,8,11]. These key issues of herbal product quality are
rarely addressed in publications related to herbal hepatotoxicity[1,4,8-17,20-33].

Available from: URL: http://www.wjgnet.com/1007-9327/full/v19/
i19/2864.htm DOI: http://dx.doi.org/10.3748/wjg.v19.i19.2864

INTRODUCTION
A total of 60 herbs, herbal drugs, and herbal dietary supplements have been reported to cause herb induced liver
injury (HILI), though convincing causality assessment
rarely was provided[1]. Presented as a tabular compilation,
these 60 different herbal products were based on a recent
analysis of 185 case reports, spontaneous reports, review
articles, and comments. The consideration of possible
hepatotoxicity in various reports has been discussed by
the National Institutes of Health (NIH) in their recently
released LiverTox database, covering a selected group
of herbal and dietary supplement (HDS) products[2,3].
Among these are: Aloe vera, Black cohosh (BC), Cascara, Chaparral, Chinese and other Asian herbal medicines (Ba Jiao Lian, Chi R Yun, Ephedra, Jin Bu Huan,
Sho Saiko To and Dai Saiko To, Shou Wu Pian), Comfrey,
Fenugreek, Germander, Ginkgo, Ginseng, Glucosamine,
Greater Celandine, Green Tea, Hoodia, Horse Chestnut,
Hyssop, Kava, Margosa Oil, Milk Thistle, Noni, Pennyroyal, St John’s Wort, Saw Palmetto, Senna, Skullcap, Usnic acid, Valerian, and Yohimbine[2,3]. However, causality
confirmation was surprisingly rare for individual cases of
suspected herbal hepatotoxicity, which often were published as narrative and anecdotal reports without valid
and transparent data collection[1-3] that require stringent
efforts for causality attribution[4].
The focus of this review is on causality assessment
methods for herbal hepatotoxicity with particular reference to liver specific evaluation methods. This approach
gives insight into challenges and pitfalls of these methods with surprising clinical and regulatory issues. Valid
causality assessment of assumed HILI cases is required
for further case evaluations, otherwise speculations and
fruitless discussions will emerge.

Clinical data requirements
Other concerns focus on incomplete clinical evaluation.
Beginning at the day HILI is suspected, the physician
has to gather all necessary information for an accurate
diagnosis and the exclusion of alternative causes under
relevant clinical aspects (Tables 1 and 2)[1,4,13,14,17,20-26,34-59].
Hepatotoxicity requires strict criteria, best defined by alanine aminotransferase (ALT) and/or alkaline phosphatase
(ALP) values[4]. Its increases are expressed in multiples of
the upper limit of their normal range as N[60-62]. For ALT,
hepatotoxicity has been defined from > 2N[60,62], > 3N[63]
or > 5N[64], while ALP values of > 2N are commonly
considered diagnostic[60,62]. Restricting ALT increases to
> 5N will eliminate false positive cases and substantiate
causality at a higher level of probability[64]. Considering
patients with ALT > 2N will include numerous cases
with nonspecific increases, with higher requirements for
thorough assessment and more stringent exclusion of
causes unrelated to the herb(s) under discussion. Also for
low threshold N values, the rate of alternative diagnoses
must be higher[13,14,24-26,35-39], and missing a hepatotoxicity
definition results in false high case numbers due to overdiagnosing and overreporting[17,23-26,38,39]. Special care is required for reporting of confounding variables[4,13,14,18,24,39].
For clinicians, a checklist with all clinical details is available for most alternative diagnoses (Table 2)[62].

DATA BASIS FOR CAUSALITY
ASSESSMENT
Herbal product essentials
Herbal product quality aspects are of primary concern,
the respective evaluation should start at the day HILI is
suspected. The products are destined for human use and
must meet the highest possible quality based on specific
standards (Table 1) [4-7]. Despite fulfilment of quality
standards, batch and product variability is common[4,8-10].
Therefore, additional specific production quality standards have been described, for instance, as a proposal
for a Kava Quality Standardization Code[8]. It details
standardization of overall herbal quality and specifically
addresses chemical, agricultural, manufacturing, nutritional, regulatory, and legislation standardizations. In addition, labelling and consumer leaflet of herbal drugs and
herbal dietary supplements should mandatorily provide
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Checklist
For a pragmatic approach to assess causality, special attention by the physician is of utmost importance. Only
this physician can arrange collection and assessment of
all data, thereby providing good data quality. To achieve
this, a checklist with all important product and clinical
items (Tables 1 and 2) and a valid causality assessment

2887

January 28, 2014|First Edition|

Teschke R et al . Herbal hepatotoxicity: Causality assessment methods
Table 1 Essential steps of herbal hepatotoxicity assessments
Quality specifications
Herbal product quality
Good agricultural practices
Good manufacturing practices
Definition of plant family, subfamily, species, subspecies, and variety
Definition of plant part
Definition of solvents and solubilizers
Lack of impurities, adulterants, and misidentifications
Minimum of batch and product variability
Lack of variety to variety variability
Clinical assessment quality
Brand name with details of ingredients, plant parts, batch number, and expiration date
Identification as herbal drug or herbal supplement
Herb as an ingredient of a polyherbal product or an undetermined herbal product
Manufacturer with address
Indication of herbal use with dates of symptoms leading to herbal treatment
Daily dose with details of the application form
Exact date of herb start and herb end
Accurate dates of emerging new symptoms after herb start in chronological order
Accurate date of initially increased liver values
Timeframes of challenge, latency period, and dechallenge
Verification or exclusion of a temporal association
Provided temporal association is verified, evaluation of a causal relationship
Gender, age, body weight, height, body mass index
Ethnicity, profession
Past medical history regarding general diseases and specifically liver diseases
ALT value initially including normal range
ALT values during dechallenge at least on days 8 and 30, as well as later on
ALT values during dechallenge to exclude a second peak
ALT normalization with exact date and actual value
ALP value initially including normal range
ALP values during dechallenge up to 180 d, as well as later on
ALP values during dechallenge to exclude a second peak
ALP normalization with exact date and actual value
AST value initially including normal range
Laboratory criteria for definition of hepatotoxicity and its pattern
Definition of risk factors such as age and alcohol
Alcohol and drug use
Statement regarding actual treatment including steroids or ursodesoxycholic acid
Assessment of preexisting and coexisting liver unrelated diseases
Assessment of preexisting and coexisting liver diseases
Consideration of the several hundreds of other possible liver diseases
Providing details to exclude alternative diagnoses
Assessment and exclusion of hepatitis A virus, hepatitis B virus, hepatitis C virus, hepatitis E virus, cytomegalovirus, Epstein-Barr virus, HSV, VZV
Liver and biliary tract imaging including color Doppler sonography of liver vessels
Specific evaluation of alcoholic, cardiac, autoimmune, and genetic liver diseases
Individual quantitative score of each alternative diagnosis
Comedicated synthetic drugs, herbal drugs, herbal and other dietary supplements
Definition of and search for accidental, unintended reexposure
Assessing of unintended reexposure
Search for evidence of prior known hepatotoxicity of the suspected herb
Assessing of known hepatotoxicity caused by the herb
Qualified data acquisition and documentation of complete data
Transparent presentation of all data
Causality assessment quality
Prospective assessment by the physician suspecting herb induced liver injury
Structured and quantitative method
Liver specific causality assessment method validated for hepatotoxicity
Use of the CIOMS scale
Gathering of all data required for the CIOMS scale item by item
Presentation of individual CIOMS items and of scores to regulatory agency
Gathering all clinical data and presentation to regulatory agency
Excluding all alternative causes and presentation to regulatory agency
Regulatory case assessment by skilled hepatologist with clinical experience
Regulatory assessment with assistance of external experts
Transparent presentation of regulatory verified causality assessment results
Required quality specifications of herbal products refer to herbs, herbal drugs, and herbal supplements including herbal mixtures. ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; AST: Aspartate aminotransferase; CIOMS: Council for International Organizations of Medical Sciences; HSV: Herpes simplex
virus; VZV: Varicella zoster virus.
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Table 2 Check list for herb induced liver injury diagnosis
Items to be assessed

Information obtained

Brand name with batch number and expiration date
Indication of herbal use
Dates of symptoms leading to herbal treatment
Daily dose
Application form of herbal product
Exact date of herb start
Exact date of herb end
Accurate dates of emerging new symptoms after herb start in chronological order
Accurate date of initially increased liver values
Time frame of challenge
Time frame of latency period
Time frame of dechallenge
Verification of temporal association
Exclusion of temporal association
Gender, age, body weight, height, BMI
Ethnicity, profession
Past medical history and actual assessment regarding preexisting general diseases
Past medical history and actual assessment regarding preexisting liver diseases
Risk factors such as age and alcohol
Quantification of alcohol and drug use
Comedicated synthetic drugs, herbal drugs, herbal and other dietary supplements with all details of
product, daily dose, exact dates of start and end of use, indication
ALT value initially including exact date and normal range
ALT values during dechallenge at least on days 8 and 30, and later on, with exact dates
ALT values during dechallenge to exclude a second peak, with exact dates
ALT normalization with exact date and actual value
ALP value initially including exact date and normal range
ALP values during dechallenge up to 180 d, and later on, with exact dates
ALP values during dechallenge to exclude a second peak, with exact dates
ALP normalization with exact date and actual value
AST value initially including normal range
Laboratory criteria for definition of hepatotoxicity
Laboratory criteria for injury pattern
Liver and biliary tract imaging including hepatobiliary sonography, CT, MRT, MRC
Color Doppler sonography of liver vessels
Unintended reexposure
Known hepatotoxicity caused by the herb
Consideration and exclusion of other possible causes
Hepatitis A
Anti-HAV-IgM
Hepatitis B
HBsAg, anti-HBc-IgM, HBV-DNA
Hepatitis C
Anti-HCV, HCV-RNA
Hepatitis E
Anti-HEV-IgM, anti-HEV-IgG, HEV-RNA
CMV
CMV-PCR, titer change for anti-CMV-IgM and anti-CMV-IgG
EBV
EBV-PCR, titer change for anti-EBV-IgM and anti-EBV-IgG
HSV
HSV-PCR, titer change for anti-HSV-IgM and anti-HSV- IgG
VZV
VZV-PCR, titer change for anti-VZV-IgM and anti-VZV-IgG
Other virus infections
Specific serology of Adenovirus, Coxsackie-B-virus, Echovirus, Measles virus,
Rubella virus, Flavivirus, Arenavirus, Filovirus, Parvovirus, HIV, and others
Other infectious diseases
Specific assessment of bacteria, fungi, parasites, worms, and others
AIH type Ⅰ
Gamma globulins, ANA, SMA, AAA, SLA/LP, anti-LSP, anti-ASGPR
AIH type Ⅱ
Gamma globulins, anti-LKM-1 (CYP 2D6), anti-LKM-2 (CYP 2C9), anti-LKM-3
PBC
AMA, anti-PDH-E2
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□
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□
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□
□
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□
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□
□
□
□
□
□
□
□
□
□
□
□
□
□
□
□

□

□

□

□

□

□

□

□

□

□

□

□

□

□

□
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□

□

□

□

□

□

□

□

□

□

□
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PSC
p-ANCA, MRC
AIC
ANA, SMA
Overlap syndromes
See AIH, PBC, PSC, and AIC
NASH
BMI, insulin resistance, hepatomegaly, echogenicity of the liver
ALD
Patient’s history, clinical and laboratory assessment, sonography
DILI
Patient’s history, clinical and laboratory assessment, sonography, use of the CIOMS scale
Cocaine, ecstasy and other amphetamines
Toxin screening
Rare intoxications
Toxin screening for household and occupational toxins
Hereditary hemochromatosis
Serum ferritin, total iron-binding capacity, genotyping for C2824 and H63D mutation, hepatic iron content
Wilson’s disease
Copper excretion (24 h urine), ceruloplasmin in serum, free copper in serum, Coombs-negative hemolytic
anemia, hepatic copper content, Kayser-Fleischer-Ring, neurologic-psychiatric work-up, genotyping
Porphyria
Porphobilinogen in urine, total porphyrines in urine
α1-Antitrypsin deficiency
α1-Antitrypsin in serum
Biliary diseases
Clinical and laboratory assessment, hepatobiliary sonography, endosonography, CT, MRT, MRC
Pancreatic diseases
Clinical and laboratory assessment, sonography, CT, MRT
Celiac disease
TTG antibodies, endomysium antibodies, duodenal biopsy
Anorexia nervosa
Clinical context
Parenteral nutrition
Clinical context
Cardiopulmonary diseases with shock liver (cardiac hepatopathy, ischemic hepatitis)
Cardiopulmonary assessment of congestive heart disease, myocardial infarction, cardiomyopathy,
cardiac valvular dysfunction, pulmonary embolism, pericardial diseases, arrhythmia, hemorrhagic shock,
and various other conditions
Addison’s disease
Plasma cortisol
Thyroid diseases
TSH basal, T4, T3
Grand mal seizures
Clinical context of epileptic seizure (duration > 30 min)
Heat stroke
Shock, hyperthermia
Polytrauma
Shock, liver injury
Systemic diseases
Specific assessment of M. Boeck, amyloidosis, lymphoma, other malignant tumors, sepsis and others
Other diseases
Clinical context

□

□

□

□

□

□

□

□

□

□

□

□

□

□

□

□

□

□

□

□

□

□

□

□

□

□
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□

□

□

□

□

□

□

□

□

□

□

□

□

□

□

□

□

□

□

□

□

□

□

□

□

For each listed item, detailed results obtained for the individual patient are to be supplemented within the checklist. BMI: Body mass index; ALT: Alanine
aminotransferase; ALP: Alkaline phosphatase; AST: Aspartate aminotransferase; CT: Computer tomography; MRT: Magnetic resonance tomography;
MRC: Magnetic resonance cholangiography; HAV: Hepatitis A virus; IgM: Immunoglobulin M; HBsAg: Hepatitis B antigen; HBc: Hepatitis B core; HBV:
Hepatitis B virus; HCV: Hepatitis C virus; HEV: Hepatitis E virus; IgG: Immunoglobulin G; HIV: Human immunodeficiency virus; CMV: Cytomegalovirus;
PCR: Polymerase chain reaction; EBV: Epstein Barr virus; HSV: Herpes simplex virus; VZV: Varicella zoster virus; AIH: Autoimmune hepatitis; ANA: Antinuclear antibodies; SMA: Smooth muscle antibodies; AAA: Anti-actin antibodies; SLA: Soluble liver antigen; LP: Liver-pancreas antigen; LSP: Liver specific
protein; ASGPR: Asialo-glycoprotein-receptor; LKM: Liver kidney microsomes; CYP: Cytochrome P450; PBC: Primary biliary cirrhosis; AMA: Antimitochondrial antibodies; PDH: Pyruvate dehydrogenase; PSC: Primary sclerosing cholangitis; p-ANCA: Perinuclear antineutrophil cytoplasmatic antibodies;
AIC: Autoimmune cholangitis; NASH: Non alcoholic steatohepatitis; ALD: Alcoholic liver disease; DILI: Drug induced liver injury; CIOMS: Council for
International Organizations of Medical Sciences; TSH: Thyroid stimulating hormone.

algorithm (Tables 3-6) should be applied early in the unfolding disease, beginning at the day HILI is suspected.
Unless this is done in a stringent way, poor data quality
will be provided to the scientific community, regulatory
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agencies, expert panels, and manufacturers, disabling
reevaluation of the case. Initially poor data will produce
poor results and is unacceptable. Complete and excellent
case data including raw data provided by the physician
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Table 3 Methods of causality assessments for suspected herbal hepatotoxicity
Methods of causality assessment

Specific criteria of various causality assessment methods
Expert based

Structured

Qualitative

Quantitative

Liver specific

Liver validated

No
No
No
No
No

Yes
Yes
Yes
Yes
No

No
No
No
Yes
No

Yes
Yes
Yes
No
No

Yes
Yes
No
No
No

Yes
Yes
No
No
No

Yes
Yes
Yes

Yes
Yes
No

Yes
No
No

No
No
No

Yes
No
Yes

No
No
No

Prospective evaluation
CIOMS scale
MV scale
Naranjo scale
KL method
Ad hoc approach
Retrospective evaluation
DILIN method
WHO method
Expert opinion

Compilation of details are derived from previous reports[2,3,60-62,76-79,81,89,102]. Council for International Organizations of Medical Sciences scale (CIOMS scale)
refers to both the original scale[60] and its update (Tables 5 and 6)[62]. Liver-specific and liver-validated criteria reflect hepatotoxicity criteria. Expert based
criterion refers to the requirement of several experts for the actual case under consideration. MV scale: Maria and Victorino scale; KL method: Karch and
Lasagna method; DILIN method: Drug Induced Liver Injury Network method; WHO method: World Health Organization method.

Table 4 Details of the various causality assessment methods for herb induced liver injury
Assessed items with specific scores
Time frame of latency period (score)
Time frame of challenge (score)
Time frame of dechallenge (score)
Recurrent ALT or ALP increase (score)
Definition of risk factors (score)
Verified alternative diagnoses (score)
Assessed HAV, HBV, HCV (score)
Assessed CMV, EBV, HSV, VZV (score)
Liver and biliary tract imaging (score)
Liver vessel Doppler sonography (score)
Assessed preexisting diseases (score)
Evaluated cardiac hepatopathy (score)
Excluded alternative diagnoses (score)
Comedication (score)
Prior known herbal hepatotoxicity (score)
Searched unintended reexposure (score)
Defined unintended reexposure (score)
Unintended reexposure (score)
Laboratory hepatotoxicity criteria
Laboratory hepatotoxicity pattern
Liver specific method
Structured, liver related method
Quantitative, liver related method
Validated method for hepatotoxicity

CIOMS

MV

Naranjo

KL

Ad hoc

DILIN

WHO

Expert opinion

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
0
0
+
+
+
0
0
0
0
+
0
+
+
+
+
+
+
+
+
+
+

0
0
0
0
0
0
0
0
0
0
0
0
+
+
+
+
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
+
+
+
+
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
+
+
+
0
0
0

Items lacking specific scores were not considered, with the exception of the last six features. The data of the Drug Induced Liver Injury Network method
are derived from the report of Rockey et al[102], references for the other methods are found in the text. Latency period indicates time from herb start to symptoms, alternatively to abnormal liver tests. The symbol + shows that this item is present and the symbol 0 indicates lack of this item. ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; HAV: Hepatitis A virus; HBV: Hepatitis B virus; HCV: Hepatitis C virus; CMV: Cytomegalovirus; EBV: Epstein
Barr virus; HSV: Herpes simplex virus; VZV: Varicella zoster virus; CIOMS: Council for International Organizations of Medical Sciences scale; MV: Maria
and Victorino scale; KL: Karch and Lasagna method; DILIN: Drug-Induced Liver Injury Network method; WHO: World Health Organization method.

statements and publications by regulatory agencies and
expert panels. Neglecting full transparency will cause
concern and uncertainty about the validity of the presented conclusions.

are necessary to circumvent later investigative efforts,
subsequent discussions, and speculative conclusions.
At each step of the evaluation, full transparency of
all data is mandatory. This includes a complete narrative
medical history, a causality assessment based on an established algorithm, and presentation of all data as item
by item and raw data, ready for reevaluation by other
scientists. This is also relevant for case publications and
case series analyses, which is indeed feasible as shown in
the past[13,14,25,35-39,58]. The same transparency is needed for
WCG|www.wjgnet.com

GENERAL ASPECTS OF CAUSALITY
EVALUATION
Method categories
Some reservations exist about the best method for causal2891
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Table 5 Updated Council for International Organizations of Medical Sciences scale for the hepatocellular type of injury with items
required for causality assessment in herb induced liver injury cases
Items for hepatocellular injury

Possible score Patient’s score

Time to onset from the beginning of the herb
5-90 d (rechallenge: 1-15 d)
< 5 or > 90 d (rechallenge: > 15 d)
Alternative: Time to onset from cessation of the herb
≤ 15 d (except for slowly metabolized herbal chemicals: > 15 d)
Course of ALT after cessation of the herb
Percentage difference between ALT peak and N
Decrease ≥ 50% within 8 d
Decrease ≥ 50% within 30 d
No information or continued herbal use
Decrease ≥ 50% after the 30th day
Decrease < 50% after the 30th day or recurrent increase
Risk factors
Alcohol use (drinks/d: > 2 for women, > 3 for men)
No alcohol use (drinks/d: ≤ 2 for women, ≤ 3 for men)
Age ≥ 55 yr
Age < 55 yr
Concomitant herbs(s) and drug(s)
None or no information
Concomitant herb or drug with incompatible time to onset
Concomitant herb or drug with compatible or suggestive time to onset
Concomitant herb or drug known as hepatotoxin and with compatible or suggestive time to onset
Concomitant herb or drug with evidence for its role in this case (positive rechallenge or validated test)
Search for non drug causes
Group Ⅰ (6 causes)
Anti-HAV-IgM
HBsAg, anti-HBc-IgM, HBV-DNA
Anti-HCV, HCV-RNA
Hepatobiliary sonography/colour Doppler sonography of liver vessels/endosonography/CT/MRC
Alcoholism (AST/ALT ≥ 2 IU/L)
Acute recent hypotension history (particularly if underlying heart disease)
Group Ⅱ (6 causes)
Complications of underlying disease(s)
Infection suggested by PCR and titre change for
CMV (anti-CMV-IgM, anti-CMV-IgG)
EBV (anti-EBV-IgM, anti-EBV-IgG)
HEV (anti-HEV-IgM, anti-HEV-IgG)
HSV (anti-HSV-IgM, anti-HSV-IgG)
VZV (anti-VZV-IgM, anti-VZV-IgG)
Evaluation of group Ⅰ and Ⅱ
All causes-groups Ⅰ and Ⅱ- reasonably ruled out
The 6 causes of group Ⅰ ruled out
5 or 4 causes of group Ⅰ ruled out
Less than 4 causes of group I ruled out
Non herb cause highly probable
Previous information on hepatotoxicity of the herb
Reaction labelled in the product characteristics
Reaction published but unlabelled
Reaction unknown
Response to readministration
Doubling of ALT with the herb alone, provided ALT below 5N before reexposure
Doubling of ALT with the herb(s) and drug(s) already given at the time of first reaction
Increase of ALT but less than N in the same conditions as for the first administration
Other situations
Total score for patient

+2
+1
+1

+3
+2
0
0
-2
+1
0
+1
0
0
0
-1
-2
-3

+2
+1
0
-2
-3
+2
+1
0
+3
+1
-2
0

The compilation of the individual items is adapted from the updated version of the Council for International Organizations of Medical Sciences (CIOMS)
scale[62] and the original CIOMS scale[60]. The above items refer to the hepatocellular type of injury, whereas items for the cholestatic (± hepatocellular) type
are presented in Table 6. Regarding risk factor of alcohol use, 1 drink commonly contains about 10 g ethanol[2,3,90]. Total score and resulting causality grading: ≤ 0, excluded; 1-2, unlikely; 3-5, possible; 6-8, probable; ≥ 9, highly probable. HAV: Hepatitis A virus; IgM: Immunoglobulin M; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; CMV: Cytomegalovirus; CT: Computer tomography; EBV: Epstein Barr virus; HBc: Hepatitis B core; HBsAg:
Hepatitis B antigen; HBV: Hepatitis B virus; HCV: Hepatitis C virus; HEV: Hepatitis E; HILI: Herb induced liver injury; HSV: Herpes simplex virus; MRC:
Magnetic resonance cholangiography; N: Upper limit of the normal range; VZV: Varicella zoster virus.
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Table 6 Updated Council for International Organizations of Medical Sciences scale for the cholestatic (± hepatocellular) type of
injury with items required for causality assessment in herb induced liver injury cases
Items for cholestatic (± hepatocellular) injury

Possible score

Time to onset from the beginning of the herb
5-90 d (rechallenge: 1-90 d)
< 5 or > 90 d (rechallenge: > 90 d)
Alternative: Time to onset from cessation of the herb
≤ 30 d (except for slowly metabolized herbal chemicals: > 30 d)
Course of ALP after cessation of the herb
Percentage difference between ALP peak and N
Decrease ≥ 50% within 180 d
Decrease < 50% within 180 d
No information, persistence, increase, or continued herbal use
Risk factors
Alcohol use (drinks/d: > 2 for women, > 3 for men) and pregnancy
No alcohol use (drinks/d: ≤ 2 for women, ≤ 3 for men)
Age ≥ 55 yr
Age < 55 yr
Concomitant herbs(s) and drug(s)
None or no information
Concomitant herb or drug with incompatible time to onset
Concomitant herb or drug with compatible or suggestive time to onset
Concomitant herb or drug known as hepatotoxin and with compatible or suggestive time to onset
Concomitant herb or drug with evidence for its role in this case (positive rechallenge or validated test)
Search for non drug causes
Group Ⅰ (6 causes)
Anti-HAV-IgM
HBsAg, anti-HBc-IgM, HBV-DNA
Anti-HCV, HCV-RNA
Hepatobiliary sonography/colour Doppler sonography of liver vessels/endosonography/CT/MRC
Alcoholism (AST/ALT ≥ 2 IU/L)
Acute recent hypotension history (particularly if underlying heart disease)
Group Ⅱ (6 causes)
Complications of underlying disease(s)
Infection suggested by PCR and titre change for
CMV (anti-CMV-IgM, anti-CMV-IgG)
EBV (anti-EBV-IgM, anti-EBV-IgG)
HEV (anti-HEV-IgM, anti-HEV-IgG)
HSV (anti-HSV-IgM, anti-HSV-IgG)
VZV (anti-VZV-IgM, anti-VZV-IgG)
Evaluation of group Ⅰ and Ⅱ
All causes-groups Ⅰ and Ⅱ- reasonably ruled out
The 6 causes of group Ⅰ ruled out
5 or 4 causes of group Ⅰ ruled out
Less than 4 causes of group I ruled out
Non herb cause highly probable
Previous information on hepatotoxicity of the herb
Reaction labelled in the product characteristics
Reaction published but unlabelled
Reaction unknown
Response to readministration
Doubling of ALP with the herb alone, provided ALP below 5N before reexposure
Doubling of ALP with the herb(s) and drug(s) already given at the time of first reaction
Increase of ALP but less than N in the same conditions as for the first administration
Other situations
Total score for patient

Patient’s score

+2
+1
+1

+2
+1
0
+1
0
+1
0
0
0
-1
-2
-3

+2
+1
0
-2
-3
+2
+1
0
+3
+1
-2
0

The compilation of individual items is adapted from the updated version of the Council for International Organizations of Medical Sciences (CIOMS) scale [62]
and the original CIOMS scale[60]. The above items refer to the cholestatic (± hepatocellular) type of injury, whereas items for the hepatocellular type are presented in Table 5. Regarding risk factor of alcohol use, 1 drink commonly contains about 10 g ethanol[2,3,90]. Total score and resulting causality grading: ≤ 0,
excluded; 1-2, unlikely; 3-5, possible; 6-8, probable; ≥ 9, highly probable. ALP: Alkaline phosphatase; N: upper limit of the normal range; HAV: Hepatitis A
virus; IgM: Immunoglobulin M; HBsAg: Hepatitis B antigen; HBc: Hepatitis B core; HBV: Hepatitis B virus; HCV: Hepatitis C virus; CT: Computer tomography; MRC: Magnetic resonance cholangiography; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; PCR: Polymerase chain reaction; CMV:
Cytomegalovirus; EBV: Epstein Barr virus; HEV: Hepatitis E virus; HSV: Herpes simplex virus; IgG: Immunoglobulin G; VZV: Varicella zoster virus.

ity assessment in hepatotoxicity cases[1-4,13,14,17,21-26,34-39,59-64].
HILI case series reported in 23 publications with 573
HILI cases used various causality assessment meth-
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ods[12-14,23,25,34-36,38,39,53,54,65-75]. These can be classified into
prospective and retrospective analyses (Table 3).
The prospective evaluation focuses on the physician
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causality in hepatotoxicity cases[2,3]. It focuses primarily
on using the CIOMS scale, which is discussed in detail.
Moreover, the MV and Naranjo scales, the Bayesian, and
expert opinion assessment are referred to; details of the
DILIN causality assessment also are presented. Some
strengths and weaknesses of these methods are compiled
(Tables 3 and 4).

caring for a patient with suspected liver injury. This setting requires a readily available and time efficient method
to evaluate causation that can adapt to further clinical
and causality approach necessities. Candidates are the
Council for International Organizations of Medical Sciences (CIOMS) scale, also called Roussel Uclaf Causality
Assessment Method scale[60-62], the Maria and Victorino
(MV) scale[76], the Naranjo scale[77], the Karch and Lasagna (KL) method[78], and the ad hoc approach[79].
Retrospective evaluations are based on an expert panel evaluating reported or published case data, sometimes
going back for months or years. Examples are the Drug
Induced Liver Injury Network (DILIN) method[73,80], the
World Health Organization global introspection method
(WHO method) as defined by the WHO Collaborating
Centre for International Drug Monitoring[81], and the expert opinion[2,3]. Major differences exist (Table 3), especially when assessing items that require score attribution
(Table 4).

PROSPECTIVE CAUSALITY ASSESSMENT
METHODS
CIOMS scale
The method of choice for the causality assessment of suspected HILI is the CIOMS scale in its original form[60,61] or
preferably its update (Tables 5 and 6)[62], with early starting of the evaluation at the day the physician assumes
this diagnosis. The CIOMS scale is intended for prospective use at the time of manifestation; it does not require
expert knowledge, is structured, quantitative, liver specific, and validated for hepatotoxicity (Table 3). Its items
provide individual scores, which estimate causality levels
for the agent(s) under consideration as highly probable,
probable, possible, unlikely, and excluded (Tables 5 and 6).
The CIOMS scale takes into account all core elements of
hepatotoxicity and thereby has advantages over other algorithms (Table 4)[62]. Compared to the regulatory used ad
hoc approach, assessment of HILI cases with the CIOMS
scale leads to lower causality grades for the incriminated
herb and/or for concomitant medications and to better
reproducible results due to greater transparency[84].
CIOMS was developed by an international expert
panel and validated by cases with positive reexposure
tests serving as a gold standard[60,61]. CIOMS based assessment has shown good sensitivity (86%), specificity
(89%), positive predictive value (93%), and negative
predictive value (78%)[61]. The scales differ slightly for
the hepatocellular and the cholestatic (± hepatocellular) type of injury (Tables 5 and 6)[62]. Differentiation
between these types is feasible by comparing the ratio
of the serum activities of ALT and ALP at diagnosis of
suspected herbal hepatotoxicity[60,62]. Enzyme activity is
expressed as a multiple of the upper limit of the normal
range (N), and the ratio (R) of ALT/ALP is calculated.
Liver injury is classified as: (1) hepatocellular, if ALT
> 2N alone or R ≥ 5; (2) cholestatic, when there is an
increase of ALP > 2N alone or when R ≤ 2; and (3)
mixed cholestatic-hepatocellular, if ALT > 2N, ALP is
increased, and R between 2 and 5.
Strengths and weaknesses of the CIOMS scale have
been discussed extensively[2,3,62,73,79,82,85-91]. This scale clearly
compiles liver specific criteria for challenge, dechallenge,
risk factors, exclusion of unrelated diseases, and comedication, but does not use liver histology data (Tables 5
and 6)[60,62], agreed upon as less helpful criteria in most
cases[90,91]. It considers unintentional reexposure results
according to criteria as established by previous expert
consensus meetings[92,93]. For reexposure results of the
hepatocellular type of liver injury, ALT levels are as-

Usage frequency
Analyzing 23 publications of initially assumed causality but
not necessarily confirmed later on[12-14,23,25,34-36,38,39,53,54,65-75]
with HILI cases by BC, Greater Celandine, Green Tea
extracts, some Herbalife products, Hydroxycut, kava, Pelargonium sidoides, and various herbs, the CIOMS scale was
applied in 52.2%, the WHO method in 17.4%, the ad hoc
approach in 13.1%, the Naranjo scale in 8.7%, and the
KL and DILIN method each in 4.3% of these publications[82]. Similar results were obtained when analyzing the
frequency for the 573 cases: the CIOMS scale was used
in 275 cases (48.0%), the WHO method in 134 cases
(23.4%), the Naranjo scale in 64 cases (11.2%), the ad hoc
approach in 63 cases (11.0%), the KL method in 20 cases
(3.5%), and the DILIN method in 20 cases (3.0%)[82]. For
instance, the CIOMS scale was applied for Kava[13,14,67],
BC[25,34,71,72], Greater Celandine[35,36], Pelargonium sidoides[38,39],
and various herbs[75], the WHO method for Kava[65,68] and
Herbalife products[53,54], the ad hoc approach for Kava[12,66]
and Greater Celandine[69], the Naranjo scale for BC[23]
and Green Tea extracts[70], the KL method for Herbalife
products[74], and the DILIN method for Hydroxycut®[73].
A systematic analysis of causality methods is also available for DILI cases[83]. In 2008, 61 DILI publications in
the PubMed database over the last decade were reviewed.
It revealed that in 38 publications (62.3%) no specific causality assessment method was mentioned; presumably, the
evaluation was based on the ad hoc approach. The CIOMS
scale, Naranjo scale, and WHO method were used in 10,
8, and 2 publications, respectively[83]. Therefore, in HILI
and DILI publications the CIOMS scale was the preferred
specific causality assessment method if the unstructured
ad hoc approach is excluded. Physicians are well advised to
use the CIOMS scale for HILI causality evaluation, to err
on the side of caution.

NIH PREFERENCE
The NIH LiverTox specifically addressed the item of
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sessed before reexposure (designed as baseline ALT or
ALTb), and at reexposure (designed as ALTr). The reexposure test is positive, if (1) ALTb is below 5N with N
as the upper limit of the normal value, and (2) ALTr ≥
2ALTb[92].
The test is negative, if only one or no criterion is
fulfilled; it is uninterpretable, if ALT data are lacking for
one or both times. For reexposure assessments of the
cholestatic (± hepatocellular) type of liver injury, ALT
has to be replaced by ALP. Criteria for positive reexposure tests are included in the updated CIOMS scale (Tables
5 and 6) and were not previously applied in cases with
reported positive reexposure tests[40-57,59,91]. When these
cases were submitted to retrospective analysis using the
reexposure test criteria, a positive reexposure test could
be confirmed in only 13/30 cases, the test was negative
in 5/30 cases and uninterpretable in 12/30 cases[91]. In 8
cases of initially assumed Herbalife hepatotoxicity with a
previously reported positive reexposure test result, retrospective evaluation applying the test criteria revealed that
criteria for a positive reexposure were fulfilled in only
1/8 cases, whereas the reexposure test was classified as
negative in another case or the data were considered as
uninterpretable due to missing information to comply
adequately with the criteria in the remaining six cases[94].
The CIOMS scale was widely used for hepatotoxicity
assessments in epidemiological studies, clinical trials, case
reports, case series, regulatory analyses, and genotyping
studies[13,14,24,25,35,36,38,39,58,59,61,64,72,79,84,86,87,90,95-98]. Proposals
for refinement and strengthening of the CIOMS scale
focused on the weight of individual parameters and risk
factors such as alcohol and age, and other shortcomings
were addressed[24,87,89,90,98]. However, there is lack of valid
data to verify improvements based on reassessing and
reevaluating of published approaches[87,89,90,98], calling for
new approaches.
Assessment of suspected HILI cases may be problematic in spontaneous reports with insufficient data.
Evaluating these cases requires a sophisticated approach,
as undertaken by EMA for 31 EU cases of suspected
HILI by BC, using the CIOMS scale[34]. This series included 11/31 unassessable cases (35%) due to poor data
quality, with causality assessment feasible in 20/31 cases
(65%). Among these, EMA specified likely alternative
causes in 8/20 cases with diagnoses such as autoimmune
hepatitis, DILI, preexisting liver disease, alcoholic hepatitis, and preexisting liver cirrhosis with Stevens Johnson
syndrome[34]. Causality for BC was unlikely or excluded
in another 6/20 cases and 5/20 cases, respectively. In
1/20 cases, causality was judged as possible by EMA[34],
but upon further evaluation this particular case with
insufficient data quality was attributed with an excluded
causality[71]. Consequently, in this EMA study group of
31 EU cases there was little evidence of liver injury by
BC based on the use of the CIOMS scale, which was
most helpful in this particular analysis and provided
robust results[34]. The approach of EMA to apply the
CIOMS scale in hepatotoxicity cases[34] should be highly
appreciated and is in line with the corresponding recom-
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mendation by the NIH for their LiverTox database to
prefer the CIOMS scale over other methods[2,3].
At present, we are far away from valid data and strict
management in suspected HILI cases, which impedes
description of classic HILI by the majority of herbs.
Possible or likely alternative diagnoses were evident in
278/573 cases (48.5%) of suspected HILI cases; causality
assessment was impeded in 165/573 patients (29.0%) due
to missing case data or lack of a temporal association,
resulting in diagnostic problems in 77.5% of all cases[82].
Given these limitations, actual discussions of validity of
reported HILI cases are understandable[82,90,91,94,98-100], and
uncertainty also extends to the validity of the type of
liver injury reported for some cases lacking a probable or
highly probable causality. Considering these restrictions,
the hepatocellular type of injury was described for Indian
Ayurvedic herbs[72,98], Chaparral (Larrea tridentata)[40,98], Dai
Saiko To[47,98], Germander[98], Green Tea extract[98], Greater Celandine[37], Hydroxycut®[98], Jin Bu Huan (Lycopodium
serratum)[45,98], Kava[13]; the cholestatic or mixed type for
Chaparral[98], Germander[98], Green Tea extract[98], Greater
Celandine[98], Hydroxycut®[98]; and the veno-occlusive disease for plants containing pyrrolizidine alkaloids such as
Senecio, Heliotropium, Crotalaria, and Symphytum species[98].
In clinical practice, the physician will start at the day
HILI is suspected with the CIOMS scale to arrive at an
initial estimation and to exclude the most frequent alternative causes, provided point by point in the CIOMS
questionnaire (Tables 5 and 6). The practical application
of the CIOMS scale was published in various case series[13,25,35,36,38,39,71,72,94] and is shown by two single cases as
examples, one for a case of hepatotoxicity by Indian Ayurvedic herbs (Table 7)[58], and another one for a case of
liver injury by a dietary supplement[97]. For further refinement, specific information usually is necessary to rule out
rare alternative causes (Table 2). This initial approach using the CIOMS scale ensures prospectively the collection
of highly qualified case data and enables a sophisticated
case evaluation currently and in the future. Information
of individual CIOMS items (Tables 5 and 6), the checklist
for HILI diagnosis (Table 2), all raw data, and a narrative
case report should be presented to regulatory agencies,
the scientific community, manufacturers, and expert panels to allow refined use of the CIOMS scale and all other
case data, provided causality for the incriminated herb
reached a probable or highly probable level.
MV scale
The MV scale[76] was developed in an attempt to improve
the CIOMS scale by adding other clinical elements and
by simplifying and changing the relative weight of assessment parameters, in detail discussed by the NIH
LiverTox[2,3] and others[62,87], or briefly referenced[98]. As a
shortened and modified version of the CIOMS scale[60],
the MV scale[76] has fewer specific criteria than the original CIOMS scale (Table 4); due to major differences in
test cases, however, the equivalency to CIOMS has been
debated[2,3,62,84,87,89,96].
Specifically, the MV scale evaluates dechallenge as
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Table 7 Council for International Organizations of Medical Sciences scale as an example with items required for causality assessment
in a patient with herb induced liver injury by four Indian Ayurvedic herbs
Items for hepatocellular injury

Possible Psoralea Acacia
score corylifolia catechu

Time to onset from the beginning of the herb
5-90 d (rechallenge: 1-15 d)
< 5 d or > 90 d (rechallenge: > 15 d)
Alternative: Time to onset from cessation of the herb
≤ 15 d (except for slowly metabolized herbal chemicals: > 15 d)
Course of ALT after cessation of the herb
Percentage difference between ALT peak and N
Decrease ≥ 50% within 8 d
Decrease ≥ 50% within 30 d
No information or continued herbal use
Decrease ≥ 50% after the 30th day
Decrease < 50% after the 30th day or recurrent increase
Risk factors
Alcohol use (drinks/d: > 2 for women, > 3 for men)
No alcohol use (drinks/d: ≤ 2 for women, ≤ 3 for men)
Age ≥ 55 yr
Age < 55 yr
Concomitant herbs(s) and drug(s)
None or no information
Concomitant herb or drug with incompatible time to onset
Concomitant herb or drug with compatible or suggestive time to onset
Concomitant herb or drug known as hepatotoxin and with compatible or suggestive time to onset
Concomitant herb or drug with evidence for its role in this case (positive rechallenge or validated test)
Search for non herb causes
Group Ⅰ (6 causes)
Anti-HAV-IgM
HBsAg, anti-HBc-IgM, HBV-DNA
Anti-HCV, HCV-RNA
Hepatobiliary sonography/colour Doppler sonography of liver vessels/endosonography/CT/MRC
Alcoholism (AST/ALT ≥ 2 IU/L)
Acute recent hypotension history (particularly if underlying heart disease)
Group Ⅱ (6 causes)
Complications of underlying disease(s)
Infection suggested by PCR and titre change for
CMV (anti-CMV-IgM, anti-CMV-IgG)
EBV (anti-EBV-IgM, anti-EBV-IgG)
HEV (anti-HEV-IgM, anti-HEV-IgG)
HSV (anti-HSV-IgM, anti-HSV-IgG)
VZV (anti-VZV-IgM, anti-VZV-IgG)
Evaluation of group Ⅰ and Ⅱ
All causes-groups Ⅰ and Ⅱ-reasonably ruled out
The 6 causes of group Ⅰ ruled out
5 or 4 causes of group Ⅰ ruled out
Less than 4 causes of group Ⅰ ruled out
Non herb cause highly probable
Previous information on hepatotoxicity of the herb
Reaction labelled in the product characteristics
Reaction published but unlabelled
Reaction unknown
Response to readministration
Doubling of ALT with the herb alone, provided ALT below 5N before reexposure
Doubling of ALT with the herb(s) and drug(s) already given at the time of first reaction
Increase of ALT but less than N in the same conditions as for the first administration
Other situations
Total score for each individual herb used by the patient

+2
+1

Eclipta
alba

Vetivexia
zizaniodis

+1

+1

+1

+1

+3

+3

+3

+3

+1
0
+1
0

0
+1

0
+1

0
+1

0
+1

0
0
-1
-2
-3

-1
-2

-2

-2

-

-

-

-

-

-

-

-

-

-

-

-

+2

+2

+2

+2

0

0

0

+5

+5

+5

+1

+3
+2
0
0
-2

+2
+1
0
-2
-3
+2
+1
0

+1

+3
+1
-2
0
+7

The data of the patient with severe hepatotoxicity by four different Indian Ayurvedic herbs are derived from a published report[58], using the updated
Council for International Organizations of Medical Sciences scale for the hepatocellular type of liver injury (Table 5). The symbol - signifies that this particular item has been evaluated and no abnormality was found. Regarding risk factor of alcohol use, 1 drink commonly contains about 10 g ethanol[2,3,90]. For
the four herbs, the total score was either 5 (possible causality) or 7 (probable causality). ALT: Alanine aminotransferase; N: Upper limit of the normal range;
HBsAg: Hepatitis B antigen; HBc: Hepatitis B core; HAV: Hepatitis A virus; IgM: Immunoglobulin M; HBV: Hepatitis B virus; HCV: Hepatitis C virus; CT:
Computer tomography; MRC: Magnetic resonance cholangiography; AST: Aspartate aminotransferase; PCR: Polymerase chain reaction; CMV: Cytomegalovirus; EBV: Epstein Barr virus; HEV: Hepatitis E virus; HSV: Herpes simplex virus; VZV: Varicella zoster virus.
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Naranjo scale
The NIH LiverTox summarized the arguments for and
against the Naranjo scale[2,3]. In detail, while this scale
includes all general features important in assessing causality, most critical elements are not weighed in judging
the likelihood of liver injury, for example specific time
to onset, criteria for recovery time, and list of critical
diagnoses to exclude, limiting the use of this scale for
assessing hepatotoxicity. The Naranjo scale includes testing for drug levels, which is rarely helpful in idiosyncratic
drug induced liver disease. Finally, the scale was designed
for use in clinical trials, and points are subtracted if the
reaction reappears with administration of placebo, which
does not apply to the usual case of drug induced liver
disease. Direct comparisons to the CIOMS scale have
shown that the Naranjo scale is easier to apply, but has
less sensitivity and specificity in assigning causality to
cases of liver injury. These statements of the NIH LiverTox[2,3] supported other views[87], confirming low sensitivity, and a lower prediction rate of the Naranjo scale in a
careful comparison with the CIOMS scale for suspected
hepatotoxicity cases[101]. These studies concluded that
the Naranjo scale lacks validity and reproducibility when
evaluating hepatotoxicity[86,93]; it was not recommended
for hepatotoxicity assessment[87].
The Naranjo scale was designed to assess causality
of any adverse drug reaction (ADR), independent from
the affected organ[77]. It substantially differs from other
causality algorithms for hepatotoxicity (Tables 3 and
4)[2,3,24-26,63,79,87,88,101]. This scale relates toxic drug reactions
to general pharmacological drug actions rather than
possibly to idiosyncratic reactions like rare hepatotoxicity[77]. Its items include drug concentrations and monitoring, dose relations such as decreasing dose, placebo
response, cross-reactivity, and confirmation of ADRs
using unidentified objective evidence, which is relevant
only for toxic reactions[77,79,88]. The general use of the
Naranjo scale in hepatotoxicity cases[23,79] created concern[2,3,24-26,63,70,87,88,101].
The use of the liver unspecific Naranjo scale[77] is
unacceptable in suspected HILI cases[23,79], its results are
heavily disputed[24-26,63,70,79,88]; this pertains especially to
the shortened version used by the United States Pharmacopeia (USP)[23,79] with only 5 of the original 10 items[88].
Lack of liver specificity associated with the Naranjo algorithm is evident by lack of a definition of liver injury
as ADR; an unclear time frame and latency period; undefined time frames for dechallenge; no definition of risk
factors; insufficient evaluation of alternative diagnoses;
inappropriate assessment of comedication; and lacking
definition of a positive rechallenge test (Table 4)[77,88].
This scale also was considered too insensitive, allowing a
possible causality even in the absence of essential data,
by virtue of the patient simply having taken the suspected agent[63,70]. Most importantly, the modified Naranjo
scale as used by USP[23,70] did not exclude relevant alternative causes such as idiopathic autoimmune hepatitis,
alcoholic or cardiac hepatopathy, other preexisting liver

the time necessary for ALT or ALP to fall below 2N,
considers a shorter latency period, asks for less accurate
exclusion criteria of drug-independent causes, ignores
concomitant drug use, emphasizes drugs with more
than 5 years marketing without published hepatotoxicity, and overestimates extrahepatic manifestations like
hypersensitivity reactions[76]. The validation used real and
fictive cases and as gold standard the opinion of three
external experts[76,87] and not cases with verified results
of positive reexposure tests[76]; for initial validation of
the CIOMS scale, both a panel of experts and positive reexposure tests were used[60,61]. Compared to the
CIOMS scale[60], the MV scale was equivalently accurate
only in cases of hypersensitivity; otherwise, the CIOMS
scale was superior to the MV scale[89,96]. A comparison of
the two scales for hepatotoxicity cases demonstrated low
consistency between the two systems, with agreement
between the scales in only 18% of the cases; the CIOMS
scale showed better discriminative power and produced
assessments closer to those of specialists[87]. These limitations restrict the general use of the MV scale in hepatotoxicity cases[62].
A recent HILI study confirmed poor concordance
between the MV and CIOMS scales for both the herb
and concomitant medication assessment. The CIOMS
scale found higher causality levels for the herb and concomitant medications than the MV scale; this was associated with considerably lower causality levels provided by
the MV scale compared to the ad hoc approach[84]. The
low MV scores were attributed to various parameters
such as prolonged latency and dechallenge periods, the
presence of several alternative herb independent causes
for the observed liver disease, only partial exclusion of
herb unrelated causes due to missing essential case data,
and lacking consideration of extrahepatic manifestations
like rash, fever, arthralgia, peripheral eosinophilia, and
cytopenia. It therefore appeared that various confounders precluded a high level of causality for the herb in a
setting of HILI cases assessed by the MV scale.
The MV scale may be useful in some selected hepatotoxicity cases. Nonetheless, little evidence is provided
that this scale has advantages over the CIOMS scale
and should be the preferred tool[2,3,62,87,89,95,96]. It has been
criticized by the NIH LiverTox that the elements used
in the MV scale and their relative weights were based
upon the authors’ expert opinion and not by prospective
evaluation of a variety of possible elements and different cutoff values and weights[2,3]. Additional concern was
expressed that the MV scale focuses on hypersensitivity
features that are comparatively infrequent in hepatotoxicity cases; it performs poorly in atypical cases, such
as unusually long latency periods or residual chronic
symptoms after cessation of the culprit[87]. Another issue raised was the low numbers of experts and the low
degree of validation[2,3] of the MV scale[76]. Thus, the
MV scale is not commonly recommended for assumed
HILI cases and certainly is no substitute for the CIOMS
scale[2,3,87,98].
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diseases, DILI, and drug-induced rhabdomyolysis[24-26].
Use of this method has raised concern about judgement
validity by the USP[63,88]. Considering all shortcomings
along with the lack of liver specificity and validation for
hepatotoxicity, the Naranjo scale should be excluded
from use in hepatotoxicity cases. It certainly is no substitute for the CIOMS scale.

tives. The NIH LiverTox does not even mention the ad
hoc approach as a possible causality evaluation method
for hepatotoxicity cases[2,3].

RETROSPECTIVE CAUSALITY
ASSESSMENT METHODS
DILIN method
According to the NIH LiverTox, the DILIN method is
based on a narrative summary and a compilation of clinical findings and sequential biochemical abnormalities[2,3].
These are extracted from clinical records and entered
into a 65-page case report form, but a scoring system
was lacking[102], as opposed to the CIOMS scale (Table 4).
The DILIN causality adjunction process is outlined in a
12 step flow diagram, using three independently assessing experts in hepatotoxicity who grade the likelihood
of a causal relationship between the drug and liver injury
in one of five scores[102]: (1) Definite (> 95% assurance):
the evidence for the drug causing the injury is beyond
a reasonable doubt; (2) Highly likely (75% to 95% assurance): the evidence for the drug causing the injury is
clear and convincing but not definite; (3) Probable (50%
to 74% assurance): the preponderance of the evidence
supports the link between the drug and the liver injury;
(4) Possible (25% to 49% assurance): the evidence for
the drug causing the injury is equivocal but present; and
(5) Unlikely (< 25% assurance): there is evidence that an
etiological factor other than the drug caused the injury.
While these causality grades appear vague, attempts
are made to provide an objective and critical evaluation
of the likelihood that the liver injury is due to the suspected agent[2,3]. In particular, cases are not considered
“probable” merely because there is no other explanation.
Similarly, cases are not considered “definite” if another
diagnosis is possible. If two or three drugs are implicated, only one can be considered probable, highly likely or
definite, the others are assigned “possible” or “unlikely”,
so that the total percent assurance does not exceed
100%[2,3]. The causality assessment is accepted as initially
scored if the three expert reviewers completely agree;
if there is disagreement, the reviewers meet to reconcile
the differences and reach a final single score[2,3,102]. A
complete summary of the definitions for each category
is provided[102].
The DILIN method requires experts and has shortcomings (Tables 3 and 4)[2,3,73,80,86,102]; it is therefore not
suitable for the physician who needs assessment results
during the early disease. The DILIN method was used
for retrospective assessments of case series where time
to conclusion is not a crucial issue[73,86,102]. In combination with the CIOMS scale, this method is the basis for
future DILIN group studies of clinical, genetic, environmental, and immunological risk factors[80]. To exclude
alternative causes in retrospective analyses by the DILIN
method, screening was required for previous liver disease, alcohol use, hepatitis A, B, or C infection, autoantibodies, ceruloplasmin, α1-antitrypsin, ferritin, iron, and

KL method
The KL method[78] is neither liver specific nor validated
for hepatotoxicity (Table 3), it also lacks important items
for hepatotoxicity assessment (Table 4). It was recently
applied for causality assessment of suspected hepatotoxicity for some Herbalife products[74]. Subjective judgement is needed for many steps, making this method
more prone to bias[87]. Though commonly applied by the
Spanish Pharmacovigilance Centres[74], the KL method is
not used by the Spanish Group for the Study of Druginduced Liver Disease[59,85,87,95], which applies the CIOMS
scale as the preferred assessment tool. The KL method
should not be used for assessment of hepatotoxicity
cases.
Ad hoc approach
Numerous published HILI reports lack any causality
method description and presumably are based on the ad
hoc assessment with its relevant shortcomings (Tables 3
and 4). When using this approach, the physician notes
the coincidence of herbal product and chemical drug
use, and will estimate the likelihood of a hepatotoxic reaction[89].
After ruling out alternative causes, the ad hoc approach is often used to distinguish a probable, possible,
or unlikely causality[89]. A probable causality is usually
attributed when the manifestations of liver disease, temporal association, and dechallenge response seems to fit
the typical signature pattern of the product in question.
A possible attribution is assigned when one feature is
not typical, the product not known to cause the reaction or so rarely that it is difficult to distinguish from
background, or an alternative cause is less or equally
plausible. An unlikely causality is assigned when most of
the features are atypical or an alternative cause is more
plausible[89].
Though relevant items such as signature of symptoms, latency period, dechallenge, definitive exclusion
of alternative causes, risk factors, alcohol use, and track
record of the product are used[79,89], no universally accepted description exists for either the method or its
application[79]. Due to missing specific criteria (Tables 3
and 4), the ad hoc approach is obsolete to validly assess
causality in HILI[79] or DILI cases[89].
With the ad hoc assessment applied prior to the liver
specific CIOMS scale, the physician inevitably will postpone an assessment by such a procedure and thereby
delay the diagnosis. Since the parameters of the ad hoc
approach are liver unspecific and not validated (Tables 3
and 4), this method should be replaced by better alterna-
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imaging data; specific details or appropriate scores for
each item were not provided (Table 4)[102]. Other possible
causes were not considered (Table 2), including specific
liver infections like hepatitis E or by cytomegalovirus
(CMV), Epstein Barr virus (EBV), herpes simplex virus
(HSV), and varicella zoster virus (VZV)[102]. At present,
questions regarding the actual DILIN method validity
remain, and transparent results of all diagnostic items
from each individual patient would be preferred rather
than a summarizing causality grade.
Another approach of the DILIN group targets a
novel Causality Assessment Tool (CAT) specifically for
HDS[103]. CAT was designed to retrospectively adjudicate multiple products as a single entity using structured
causality assessment and expert opinion. The elements
of the CAT considered the multiplicity of products
consumed, implicated drugs, alternative diagnoses, and
published DILI literature on the product or an ingredient[103]. In analogy to the scoring system, the DILIN
method expresses causality levels as percentage assurance[102]; CAT also grades the likelihood of a causal relationship between HDS and liver injury from definitive to
unlikely[103]. In this preliminary study, CAT was applied
in 16 DILI cases, which were initially evaluated by the
DILIN method and in which HDS are implicated as a
potential cause. Overall agreement and reliability in this
study of retrospective analysis requiring an expert panel
was moderate[103]; this method needs further investigation and validation[98].

The WHO scale has not been based on a gold standard, is not quantitative, not liver specific, and has not been
validated for hepatotoxicity (Tables 3 and 4)[4,38,39,79,104-106].
In particular, reliability, sensitivity, specificity, positive and
negative predictive values are unknown, but likely are
low[79,81,104-106]. Its scope is also limited since it cannot discriminate between a positive and a negative correlation,
thereby resulting in overdiagnosing and overreporting[104].
The WHO method ignores relevant data like uncertainties in daily dose, temporal association, start, duration
and end of herbal use, time to onset of ADR, and course
of liver values after herbal discontinuation. Insufficiently
considered or ignored are comedication, preexisting liver
diseases, numerous alternative explanations, and exclusion of virus infections by hepatitis A, B, C and E, CMV,
EBV, HSV, and VZV[38,39]. Since only a few raw data are
evaluated, case duplications and retracted cases remain
undetected by the WHO method to a higher degree
than by other methods[38]. Despite these flaws, the WHO
method was used for causality assessment[17,38,39,53,54]. Re
evaluation often could not confirm causality in cases of
two assessed reports[38,39]; therefore, the use of the WHO
method in HILI cases has major limitations.
Causality assessment by the WHO method requires
a panel of experts rarely available at a hospital or a family physician office. Consequently, analyses based on this
method are retrospective; their results are available long
after the patient problems of assumed HILI.
Expert opinion
Expert opinion as an assessment tool is poorly defined
(Tables 3 and 4), except that a panel of specialists with
clinical expertise in hepatology is available for causality
assessment in HILI. For DILI, groups of skilled he
patologists exists without any doubt in most countries
including Japan[108,109] and in expert projects like the international DILI Expert Working Group[90], the United
States DILIN group[73,80,86,102,103], the Spanish Group for
the Study of Drug-Induced Liver Disease[59,85,87,95,101], and
the Spanish-Latin American network on drug induced
liver injury[110]. For HILI, the Hong Kong Herb-Induced
Liver Injury Network is of importance[75]. However, the
qualification of assessors is sometimes crucial and may
be problematic as discussed in detail[88,105,106]. Even with
specialists, individual opinion often results in judgement
bias.

WHO method
In its recent statement, the NIH LiverTox does not men
tion the WHO method in connection with causality
assessment methods for hepatotoxicity cases but rather
discusses other methods[2,3]. Since the WHO method[81]
was not developed for hepatotoxicity cases and therefore
does not consider hepatotoxicity characteristics[79,104], this
omission appears warranted. The shortcomings of the
unspecific features of the WHO method (Tables 3 and
4) have been a matter of major concern[38,39,104-106] and led
to the conclusion that this scale is not appropriate for
causality assessment in suspected HILI cases[79,104].
The WHO method consists of two parts, one being the WHO scale to assess causality levels, the other
one the global introspection by experts[81]. Though not
validated for any ADR[103], global introspection surprisingly represented a popular strategy in evaluating the
likelihood of drug causality for general ADRs of all organs[107]. As early as 1986, however, global introspection
by experts has been shown to be neither reproducible
nor valid[107]. In detail, the assessor considers factors that
might support a causal link of one or more drugs to an
observed ADR, lists all factors, weighs their importance,
and estimates the probability of drug causation; no specific checklist or level of strength is given[107]. It has been
recognized that both the questions and the answers are
ambiguous[79]. Though these shortcomings are described
for general ADRs, they certainly also apply even more to
hepatic ADRs.
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RELEVANCE TO ACTUAL MEDICAL
PRACTICE
For HILI case assessment, strategies need to be developed that are clinically useful and applicable in daily
practice. These must meet the expectations of the scientific community, regulatory agencies, and manufacturers,
provided the case is going to be reported. At the day
when HILI is suspected and criteria of hepatotoxicity
are fulfilled, the physician should explore through the
internet and regulatory databases how frequently the
suspected herb has been associated with hepatotoxic
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publications[13,25,35,36,38,39,71,72,94] for 26 cases[13], 22 cases[25],
22 cases[35], 21 cases[36], 15 cases[38], 13 cases[39], and 4-9
cases[71,72,94]. The presentation of the CIOMS items for
the single case should be combined with a detailed report of all relevant case data[58,97] and a list of differential
diagnoses that were excluded completely or partially, or
were not considered[58], similar to the checklist for HILI
diagnosis (Table 2). For a case series, basis data for each
individual case are to be provided in a single table, focusing on details required for causality assessment; examples
are presented in various publications[14,25,35,36,38,39]. Presentation of excellent data will lead to valid causality results
and appropriate conclusions. This is prerequisite for well
founded assessments of further HILI cases, with benefit
for patients, physicians, the scientific community, regulatory agencies, and manufacturers.

adverse reactions both in the scientific literature and by
regulatory notifications. Publication as an interesting
case report should be encouraged, if there are few or
even none hepatotoxicity reports of this particular herb.
Consequently, the decision will depend on the physician’s
own interest and clinical experience, resulting in three
different levels of assessment intensity. These include
first a wait and see approach after cessation of the herbal product, second a strategy aimed at exclusion of the
most frequent differential diagnoses, or third an exclusion of even rare alternative causes.
The first approach of wait and see requires little attention and few elements and is cost effective, at least
initially but not necessarily in the further course. If
for some reasons the correct diagnosis was missed, it
will be costly and risky for the patient, the physician,
or both. Submitting such an insufficiently documented
case as suspected HILI case to scientific journals, regulatory agencies or manufacturers would be difficult to
reconcile, leading to overreporting due to overdiagnosing[68,82,88,104,105,111]. In detail, diagnostic problems including
alternative diagnoses as confounding variables were evident in 77.5% of 573 cases of initially suspected HILI,
presented as spontaneous reports or as published case
reports[82].
For the second strategy, the elements of the updated
CIOMS scale are sufficient, starting with the evaluation
of time to onset to verify at least a temporal association
between the herbal use and the liver disease (Tables 5
and 6). For instance, if clinical assessment, hepatobiliary
sonography, or serology of hepatitis A-C provides an
alternative cause as the correct and final diagnosis, the
costs will remain low since further diagnostic measures
are not warranted. If diagnostic exclusion is unsuccessful so far, parameters of CMV, EBV, HEV, HSV,
and VZV are needed (Tables 5 and 6), though in reality
these elements are rarely reported in suspected HILI
cases[13,14,17,23-26,38,39,94]. With complete or even some missing CIOMS elements, the CIOMS scale provided causality for various herbs with levels of probable and highly
probable[35-37].
For the third level of evaluation, the physician will
have to decide, which of the multiple other and rare
differential diagnoses are worth of consideration. The
checklist should be valuated as a reminder of possible
alternatives and as a suggestion for further approaches,
depending on the clinical phenotype. Clearly, the number
of criteria set for ruling out alternative causes is not required for all cases, the checklist therefore asks selectively whether the information was completely, partially or
not obtained (Table 2). A sophisticated strategy is needed, however, if the case is reported to regulatory agencies and the scientific community, which are overflooded
by poorly documented suspected and often misdiagnosed HILI cases[26,34-36,38,39,82]. For optimum case presentation, the individual items of the updated CIOMS scale
should be provided for a single case (Table 7)[58,97] as well
as for case series. This is feasible as shown in numerous
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FUTURE PERSPECTIVES
Future considerations will have to focus on improvements of causality assessment methods[90,98] to obtain
prospectively valid HILI diagnoses at the time the patient experiences liver injury, corresponding efforts of
retrospective causality assessments of HILI cases are
promising and on the way with preliminary data [103].
Strategies are to be developed to characterize liver injury by various herbs with all facets. At the day HILI is
suspected, causality assessment should be initiated in all
cases using the CIOMS scale preferentially in its updated
form (Tables 5 and 6). Supported by the checklist for
HILI diagnosis (Table 2), this could provide HILI cases
with a probable or highly probable causality for a special
herb as basis for further evaluation. Overall, this will facilitate characterization of disease entities including phenotype standardization, retrospective reanalysis by expert
panels, improvement of pharmacovigilance decisions,
safety strategies of manufacturers, and studies directed
to assess pathogenetic aspects of HILI.
Studies are needed in the future to assess factors
leading to unpredictable HILI in few patients, who experience this disease with a probable or highly probable
causality level. As for DILI, future issues for HILI cases
with established causality are to define genetic, environmental, and immunological determinants of HILI
susceptibility[80,90,112,113]. Overall, metabonomics, pharmacogenetics, proteomics, and transcriptomics are areas
of potential interest in HILI, as detailed for DILI[112].
Since HILI is commonly an unpredictable disease[91],
experimental studies dealing with predictive cellular systems as used to identify potentially hepatotoxic synthetic
drugs[114] will be of limited if any relevance for herbs.
Similarly, applying well-defined primary cultures of human hepatocytes and measuring a panel of signals directly linked to key mechanisms of liver injury to predict
drugs, which can cause liver injury[114], will be restricted to
drugs and not be applicable to herbs. Recent advances of
the early pre-clinical assessment of the potential intrinsic
hepatotoxicity of candidates drugs has been reviewed
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in detail, focusing on cell-based models such as cell cultures with outcome and detection methods, on profiling
technologies, and emerging technologies including stem
cell technologies and 3D as compared to 2D culturing
techniques[115]. However, it is unlikely that the results of
these in vitro studies of intrinsic and predictable hepatotoxicity induced by synthetic drugs are transferable to
a clinical setting of HILI that commonly represents the
idiosyncratic and unpredictable form of liver injury by
one or more herbs, each with multiple chemical constituents. More important seems the search for biomarkers in
HILI patients with clearly established causality[116].
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CONCLUSION
The rare liver injury by herbs, herbal drugs, and herbal
supplements may present itself with numerous facets,
providing challenging issues for causality assessment.
The physician is responsible to make available all necessary data for a high quality judgement; otherwise, causality evaluation will be problematic. Timely causality
assessment is mandatory when the disease is unfolding
to base prospective diagnostic and therapeutic decisions.
The most appropriate causality assessment method is the
liver specific CIOMS scale, which should prospectively
be applied by the physician. If used, other methods have
pitfalls and cause ambiguous results debated on reasons
of imprecision, liver unspecificity, and limitations to
retrospective analyses, or they are unavailable due to requirements for expert panels.
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PROGRESS IN LIVER DISEASES

Fortuitously discovered liver lesions
Christoph F Dietrich, Malay Sharma, Robert N Gibson, Dagmar Schreiber-Dietrich, Christian Jenssen
enhanced ultrasound (CEUS), computed tomography
and magnetic resonance imaging, as well as imageguided biopsy. CEUS techniques have proved to be the
most pertinent method; these techniques became part
of the clinical routine about 10 years ago in Europe and
Asia and are used for a variety of indications in daily
clinical practice. CEUS is in many cases the first and also
decisive technical intervention for detecting and characterizing liver tumors. This development is reflected in
many CEUS guidelines, e.g. , in the European Federation of Societies for Ultrasound in Medicine and Biology
(EFSUMB) guidelines 2004, 2008 and 2012 as well as
the recently published World Federation for Ultrasound
in Medicine and Biology-EFSUMB guidelines 2012. This
article sets out considerations for making a structured
work-up of incidental liver tumors feasible.
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Core tip: The presented paper is intended to discuss,
comment and illustrate the recently published international guidelines on hepatic applications of contrastenhanced ultrasound. Recommendations are based on
a prospective multicenter study with more than 1000
histologically confirmed tumors and on national and
international guidelines. The focus is on the important
clinical work-up of the fortuitously discovered liver lesion. In contrast to most other published papers dealing with imaging methods, these recommendations
also give advice for the clinician from a clinical point of
view, including laboratory data. The described workup includes different scenarios, e.g. , the asymptomatic
(healthy) patient vs the oncological patient. Limitations
of techniques and sources of error are also explained.

Abstract
The fortuitously discovered liver lesion is a common
problem. Consensus might be expected in terms of its
work-up, and yet there is none. This stems in part from
the fact that there is no preventive campaign involving the early detection of liver tumors other than for
patients with known liver cirrhosis and oncological patients. The work-up (detection and differential diagnosis) of liver tumors comprises theoretical considerations,
history, physical examination, laboratory tests, standard
ultrasound, Doppler ultrasound techniques, contrast-

WCG|www.wjgnet.com

Original sources: Dietrich CF, Sharma M, Gibson RN, Schreiber-Dietrich D, Jenssen C. Fortuitously discovered liver lesions.

2905

January 28, 2014|First Edition|

Dietrich CF et al . Characterization of focal liver lesions

liver space-occupying lesions differs quite considerably
from that which applies to patients with pathognomonic
clinical symptoms, risk factors or a previous history of
malignancy, who will also be briefly discussed in this review article in order to distinguish them. In patients with
a tumor history, the probability that a focal liver lesion
will be a metastasis is significantly higher. However, it
must also be recalled that only 51%-88.8% of liver lesions detected by CT with a maximal size of 10-15 mm
are actual metastases[18-20]. In this group at least 65% of
single lesions < 15 mm are benign[19].
In summary, focal liver space-occupying lesions are
common opportunistic findings. A rational work-up strategy which is as noninvasive as possible must allow for the
fact that the vast majority of these findings in asymptomatic persons are benign.

World J Gastroenterol 2013; 19(21): 3173-3188 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v19/i21/3173.htm
DOI: http://dx.doi.org/10.3748/wjg.v19.i21.3173

INTRODUCTORY CONSIDERATIONS
Guidelines for contrast-enhanced ultrasound were first
published by the European Federation of Societies for Ultrasound in Medicine and Biology (EFSUMB) in 2004[1].
Further EFSUMB guidelines were published in 2008[2]
and 2011[3], and updated EFSUMB-World Federation for
Ultrasound in Medicine and Biology liver guidelines have
been concurrently published in the European Journal of
Ultrasound (Ultraschall in der Medizin)[4] and Ultrasound in
Medicine and Biology[5]. The presented paper is intended to
discuss, comment and illustrate the recently published liver guidelines. The focus is on the important clinical workup of the fortuitously discovered liver lesion[6]. The topic
has been recently introduced by a German CME-article[6]
which will be described in more detail.

What are the common focal liver lesions?
Common benign FLL include cysts, calcifications, FNH,
nodular regenerative hyperplasia, biliary hamartoma (von
Meyenburg complex), as well as regional hyper- and hyposteatoses on the one hand and true neoplasias on the
other, viz. hemangioma and the significantly less common
but prognostically important hepatocellular adenoma
(HCA). Combined occurrence of FNH and hemangioma
has been observed in one-third of cases[21].
Inflammatory infiltrates, inflammatory pseudotumors[22], abscesses and extramedullary hematopoietic
lesions are more unusual[23]. Angiomyolipoma and other
benign mesenchymal tumors, and benign (infantile) hemangioendothelioma, are true rarities[24,25].
Common malignant FLL encompass primary [hepatocellular carcinoma (HCC) and cholangiocellular carcinoma (CCC)] and secondary neoplasias (metastases).
Lymphomas can infiltrate the liver as primary or secondary tumors, but they and the extremely rare malignant
mesenchymal neoplasias will not be further discussed
here[26]. The prevalence of infective lesions such as hydatid disease is very region dependent but in most Western
communities is uncommon[27].

Frequency of incidental focal liver lesions
There are only few available data on the frequency of
incidental focal liver lesions (FLL); this is true also for
standard values in the abdomen[7-9]. In a forensic medicine
autopsy series there were focal liver or gallbladder lesions
ranging in size from 0.3 to 30 mm in 52% of 95 men (35‑69
years old). The incidence rose with age[10]. Liver incidentalomas are found in 7.2%-33% of all patients investigated
by computed tomography (CT) scan[11,12]. Liver tumors (5%)
or focal fatty lesions (12%) were detected ultrasonically
in 19% of a cohort of patients with Crohn’s disease[13].
Reports on ultrasound screening at a population level in
Asiatic countries suggest a prevalence for incidental focal
liver lesions of 2.3%-6.2%[14,15].
Focal liver lesions in an asymptomatic and healthy
population: Fortuitously discovered liver tumors in asymptomatic and healthy persons without any previous
history of malignant disease tend in most cases to be
benign[13,16]. The core duty with regard to these patients
is to document the benignity of the lesion or to exclude
a malignant or inflammatory infiltration requiring treatment. In the case of a benign lesion further differential diagnostic characterization (diagnostic category) is desirable,
although in most cases not absolutely necessary. In a well
population of 64 patients referred for opinion about incidental solid liver lesions, Little et al[17] found approximately
50% had hemangiomas, 7/64 had focal nodular hyperplasia (FNH) and 5/64 had adenomas. Approximately 25%
had a neoplasm and 17% (11/64) had a malignant tumor.
None of the lesions < 3 cm were malignant.

Which imaging techniques are available?
The most commonly used imaging techniques are conventional B-mode ultrasound and color Doppler techniques. Compared to native ultrasound, contrast-enhanced
(boosted echosignal) ultrasound (CEUS) improves the
detection rate of FLL and makes it possible in nearly all
cases to assess the malignant/benign status of hepatic
space-occupying lesions in healthy liver parenchyma[28]. In
large multicenter studies, CEUS revealed a diagnostic precision of over 90% in differentiating benign from malignant FLL[29,30]. Specific vascular patterns additionally allow,
with a high level of reliability, FLL to be categorized into
benign and malignant forms[31]. For assessment of the
chest and abdomen in tumor patients (detection, staging),
a CT scan is the method of choice, but it is considerably
less useful than CEUS and magnetic resonance imaging
(MRI) for the differential diagnosis of liver tumors[32,33].

Focal liver lesions in oncological patients: Should
there be signs of a malignant lesion, therapeutic options
are generally dependent on knowing the correct diagnostic category. The procedure in patients with incidental
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In the differential diagnosis of FLL, CEUS is better
than the CT scan and at least equivalent to MRI[28,34-36].
A decisive advantage of CEUS in comparison to other
cross-sectional methods is the real time representation of
tumor vascularization along with much higher spatial and
temporal resolution. Accordingly, FLL < 20 mm and even
< 10 mm can be classified with a diagnostic reliability of
over 80%[37]. Disadvantages of CEUS are the somewhat
greater dependency on patient-specific factors, the lack
of a complete field display and, with multiple lesions, the
need to focus on a single lesion in the arterial phase. MRI,
as well as contrast-enhanced imaging, is superior to CT for
liver lesion detection and characterization. Commonly used
MRI contrast agents fall into two main groups. The first
group is extracellular gadolinium-based contrast agents,
which provide similar contrast enhancement patterns to
that seen with conventional CT contrast enhancement, although the signal enhancement is much stronger with MR.
The second group is hepatobiliary agents, which have the
properties of the first group but add another dimension to
contrast enhancement as they are taken up by functioning
hepatocytes and excreted into bile, resulting in further improvement to lesion detection and characterization[33].
Elastographic imaging, especially transient elastography
and acoustic radiation force impulse, has been shown to be
of value to assess the severity of liver fibrosis in patients
with chronic viral hepatitis to distinguish patients with mild
fibrosis from those with significant fibrosis and liver cirrhosis. Strain elastography, shear wave elastography using
acoustic radiation force impulse, and real time elastography
are promising techniques for liver tumor characterization.
Elastography has been studied recently to characterize focal liver lesions, and to differentiate between benign and
malignant masses in a few studies, but so far cannot be recommended in daily routine[38-40]. The EFSUMB will soon
be publishing guidelines and recommendations on the use
of elastography and related methods.

The outcome is equally good with SonoVue® and Levovist®[43-45], and with Definity[46].
A liver tumor can then be categorized (after excluding cysts and calcifications by B-mode imaging) as
benign when enhancement or hypercontrast is demonstrated after 2 min, which is similar to normal liver
parenchyma. In individual cases (particularly neuroendocrine tumors[47,48]) evaluation should also take place after
> 2 min (up to 5 min)[27,49].
Limitations, source of error: Erroneous diagnoses with
contrast medium in ultrasound stem in particular from
the inexperience of the investigator and incorrect instrument setting, as well as from concluding the investigation
too early before the late phase.
The key source of error is bubble destruction due to
an excessively high mechanical index or permanent sonication of the lesion. Premature destruction of the contrast
medium can simulate faulty late-phase contrasting compared to non-sounded liver tissue. A FNH which is hyperenhanced in the portal venous phase can therefore appear
falsely hypoenhanced due to the destroyed bubbles[50].
Before every contrast medium ultrasound investigation, cysts and calcifications must be excluded by conventional ultrasound, since these structures do not exhibit
contrast medium enhancement and could therefore be
erroneously interpreted as a malignant infiltration.
The arterial phase is also of particular relevance for
the correct appraisal of degenerative changes, e.g., necrotic plaques and abscesses show no contrast onset either in
the arterial phase or portal venous phase. It is of further
significance, especially with benign liver tumors, that degenerative and shrinking processes can lead to changes in
perfusion and thus in imaging correlates. Typical tumor
features are therefore to be expected only with tumors of
up to approximately 50 mm in diameter. Larger tumors,
independent of their etiology, often show degenerative
changes (calcifications, fibrosis, necroses, cystic areas and
many other features).
Distinctive features have been reported with benign
cholangiocellular adenoma[51], benign cholangiofibroma[45],
rare bile duct tumors[52], inflammatory pseudotumor[22],
sarcoma[26] and other rare tumor entities[27,49]. Allowance
must also be made for artifacts[50].

Which laboratory tests are available?
Tumor markers are of low utility in the differential diagnosis of FLL. That also applies to alfa-fetoprotein, which
is not raised in up to 40% of all cases of HCC, whereas
nonspecific increases are, in contrast, common in active
viral hepatitis and liver cirrhosis[41,42]. A rise in gammaglutamyltransferase was observed in 76% of a group of
424 patients with FNH[21]. Laboratory test parameters are,
however, very useful in the context of an FLL for diagnosing a hitherto undetected diffuse liver parenchymal
pathology[42].

What importance has histology?
Due to the increasing quality of modern imaging techniques, particularly CEUS, the utility of ultrasound- or CTguided biopsy for diagnostic categorization of focal liver
lesions has fallen off considerably in the last few years[53].
In the German Society for Ultrasound in Medicine
(DEGUM) multicenter study, CEUS was evaluated as nondiagnostic in only 92 of 1349 cases of FLL (6.9%)[29,31,34-37,54].
Biopsy is therefore now only seldom required to establish
whether a lesion is malignant or benign. Biopsy is still
pertinent, however, in the differential diagnosis of malignant liver lesions, particularly before a planned palliative
chemotherapy, e.g., if several primary tumors are involved.

Appraisal of malignity/benignity and prognosis
The detection of a liver space-occupying lesion is followed by the question of whether it is malignant or
benign. On the basis of the dual blood supply to the
liver with arterial and its organ-specific portal venous sinusoidal circulation, analysis of the portal venous phase
has shown that it is possible to classify malignant tumors
reliably through use of ultrasound contrast media[29,31,35-37].
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Because of a significant risk of puncture channel metastases, biopsy confirmation of HCC or metastases which
are potentially resectable or likely to undergo liver transplantation should always be avoided if the imaging diagnosis appears to be clinically reliable[42]. Overall, imagingguided biopsy of focal liver space-occupying lesions is a
safe method with a clinically significant complication rate
of approximately 0.5%[53]. As a rule, ultrasound-guided
biopsy with a 20-18 gauge Trucut™ or aspiration cannula
is the method of choice[53,55,56]. The diagnostic accuracy of
ultrasound-guided biopsy is dependent on many factors
and attains only about 90% even under optimal conditions[53,57,58]. There is a significant risk, especially with
benign lesions, of overestimation (false-positive malignant diagnoses)[59]. Yield and sensitivity can be improved
through CEUS-guided biopsy, in particular with small
lesions which are not well demarcated on B-mode ultrasound, as well as tumors with necrotic components[60-62].
Highly promising new options for improving biopsy
yield, particularly with lesions which are difficult to display ultrasonographically or are poorly accessible, include
image fusion of radiological tomography procedures and
CEUS, as well as three-dimensional electromagnetic or
GPS-guided needle guidance[6,53,63,64].
It is possible to characterize liver incidentalomas in
over 90% of cases noninvasively. In terms of diagnostic
reliability and cost-effectiveness, contrast-enhanced ultrasonography is the imaging method of choice. Magnetic
resonance imaging is an equivalent diagnostic alternative.

ability. All diagnostic procedures are thus of service only
to the individual affected patient in the context of recognition of prognostically relevant differential diagnoses.
This diagnostic starting point of a fortuitously discovered
focal liver lesion in the situation of a check-up in a completely healthy, asymptomatic person with a “blank-slate”
medical history is, however, likely to be seldom encountered in such a straightforwardly exclusive way, in spite
of a general trend towards “routine” and prophylactic
investigations. More commonly, indications for investigation emerge which do not primarily suggest the existence
of an FLL (e.g., investigation of acute abdominal pains
or during hospital admission for a cardiovascular condition), and in which the discovery of an FLL in spite of
symptoms is still regarded as a major surprise. Moreover,
the complete history is not always available in a patient
referred for investigation. Accordingly, the first step following the discovery of a liver incidentaloma should always be to obtain a more detailed history. Further factors
which should enter the initial evaluation are FLL number,
size and (sonographic) morphology, as well as ultrasound
criteria for the existence of a liver parenchymal pathology.

INTRODUCTION: THE SYMPTOMATIC
PATIENT
In a symptomatic patient, FLL is identified on the basis
of the imaging process indication (symptomatology or
previous history).

What is the evidence base for the recommendations?
Recommendations are based on national and international guidelines, on the prospective multicenter DEGUM
study with more than 1000 histologically confirmed
tumors[29], as well as another prospective multicenter
study from France[30], and on published accounts of liver
tumors, especially those histologically confirmed[26,45,65,66].
In the intervening period, there have also been two
meta-analyses which validate the equivalence of CEUS,
contrast-enhanced CT and contrast-enhanced MRI in
the diagnosis of FLL[67,68]. The cost-effectiveness rules of
the German Social Charter Sozialgesetzbuch V should
also be observed in the work-up of liver tumors[69]; this
applies to unnecessary secondary imaging as well as to
biopsies which are not properly indicated.

Patients with underlying malignant disease
In a patient with underlying malignant disease and FLL,
the probability of a malignant infiltration is thought to
be about 50%, although this estimate is fettered by a high
level of imprecision, especially since it is dependent on
the underlying tumor entity. While a high percentage of
very small solitary lesions are benign even in tumor patients, the probability of a metastasis increases depending
on the following factors: size of the lesion(s), multifocal
nature, presence of specific B-mode criteria (hypoechoic,
halo) and, of course, existence of general symptoms,
which are typical for a generalized tumor pathology. In
the DEGUM multicenter study, a previous history of
tumor in patients without liver cirrhosis increased the
probability of malignancy for a given FLL by a factor
of 1.8[35]. In the differential diagnosis of patients with
hematological systemic diseases, it should be borne in
mind that, along with infiltrations of the primary disease
or extramedullary hematopoietic tissue foci, small hypoechoic liver lesions can correspond to multiple mycotic
abscesses in both immune competent and suppressed
patients. The indication for obtaining a histology specimen by biopsy for diagnostic confirmation is more often
raised in this clinical situation, given that it has (diagnostic
and prognostic) implications for treatment.

INTRODUCTION: THE ASYMPTOMATIC
PATIENT
In an otherwise healthy patient, the accidental discovery
of a focal liver lesion has an estimated probability > 95%
of being benign, without the need for recourse to other
imaging techniques[17]. Successive use of additional diagnostic procedures and measures is unable to improve
the high general prediction rate for the malignant/benign
nature of FLL, since the sensitivity, specificity and exactitude of all available procedures (with the exception of
histology) are lower than the high clinical pretest prob-
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mation or exclusion of an abscess is fundamental. CEUS
has proved to be particularly helpful in this respect, since
abscesses can be reliably identified due to their avascularity and immediately drained under ultrasonographic guidance. Extravascular administration of ultrasound contrast
medium is of use in testing for successful drainage and,
for instance, for reliably detecting (or excluding) a biliary
communication[53]. Many other, but rarer, inflammatory
infiltrations should be considered, e.g., granuloma, inflammatory pseudotumor[22], Bartonellosis[70], etc., which can
ultimately only be reliably diagnosed histologically. In
patients with rheumatological systemic diseases, nodular
regenerative hyperplasias are a typical finding[71]. A study
showed that patients with systemic lupus erythematosus
are five-fold more likely to have liver hemangiomas than
a control group[72].

much discussed differential diagnosis of cholangiocellular
carcinomas in the cirrhotic liver[80,84].
Special case of HCC in the non-cirrhotic liver: HCC
is observed in up to 15%-20% of cases in the non-cirrhotic liver[85]. The majority of these HCC (“nearly all”)
already appear hypervascularized in native color Doppler
ultrasounds. In such cases it is possible that they may
be confused with other hypervascularized liver tumors
(FNH, HCA or hypervascularized metastasis). CEUS
facilitates the correct procedure in nearly all these HCC
(biopsy); all HCC cases observed by us showed hypoenhancement in the healthy liver parenchyma in the portal
venous phase.
HCC, intrahepatic cholangiocarcinoma, extrahepatic cholangiocarcinoma and guidelines: Guidelines
for clinical practice have become an integral part of the
diagnosis and treatment of patients around the world.
They provide an invaluable source of diagnostic algorithms, recommended treatments, safety information and
training procedures. A discussion of currently published
guidelines has been recently introduced[21,80-84,86] and will
be summarized.
The American Association for the Study of Liver Diseases (AASLD) updated their 2005 Practice Guidelines[41]
in July 2010, eliminating CEUS from the diagnostic algorithm for HCC, regardless of lesion size[42]. The reasons
for this were two-fold: CEUS may cause false-positive
HCC diagnosis in patients with cholangiocarcinoma, and
CEUS is not available in the United States. The revised
guidelines are not in agreement with the guidelines and
recommendations of the EFSUMB, which includes
CEUS in the characterization algorithm for FLL in noncirrhotic patients as well as in cirrhotic patients with
lesions > 2 cm in size that emerge during a surveillance
regimen[2]. The AASLD guidelines suggest only enhanced
4-phase multi-detector CT or dynamic contrast-enhanced
MRI for the characterization of nodules > 1 cm in size.
The Asian Pacific Association for the Study of the Liver
recommendations on hepatocellular carcinoma states
that CEUS is as sensitive as dynamic CT or MRI in the
diagnosis of HCC[87]. This dichotomy of clinical opinion
presents difficulties for the physician attempting to optimize diagnostic potential for patients based upon imaging
expertise on a case-by-case basis.
The rationale for the current AASLD guideline change
was based on a single retrospective 21 patient case study
from the Barcelona Hepatologist Group, which reported
that intrahepatic cholangiocarcinoma (ICC) may occasionally (10 of 21 patients in mainly small nodules) display a
vascular pattern similar to the vascular pattern considered
indicative of hepatocellular carcinoma in CEUS, possibly
leading to incorrect diagnoses[73]. There is no dispute that
CEUS can, and perhaps should be, combined with other
imaging modalities to make a definitive diagnosis in difficult cases. However, legitimate concerns have been raised
over whether CEUS should be entirely removed from

Patients with underlying chronic liver disease
Existing chronic liver disease, particularly cirrhosis of the
liver, raises the suspicion that every focal liver lesion is in
fact a HCC, although benign FLL and other malignant
liver tumors should of course be excluded. More than
80% of all detected FLL in a cirrhotic liver with a diameter ≥ 20 mm are HCC[42,73]. For FLL < 20 mm the proportion of HCC is smaller, although it still lies well above
50%[42]. In the DEGUM multicenter study, 76.6% of
FLL in hepatic cirrhosis patients were HCC, as opposed
to a figure of only 6.1% in patients without hepatic cirrhosis[35]. Regeneration nodes (7.8%), metastases (4.3%),
hemangioma (2.8%) and cholangiocellular carcinoma
(2.5%) were considerably more infrequent than HCC[35].
Primary sclerosing cholangitis, but also chronic cholangites in Caroli syndrome, fasciola hepatica fluke infestation
(www.efsumb.org) or hepaticolithiasis, as well as chronic
hepatitis B and C and hepatic cirrhosis, are predisposing
factors for the development of a CCC[74-77].
HCC: HCC shows increased enhancement in the arterial
phase compared to the surrounding liver parenchyma;
however, less vascularized hepatocellular carcinomas are
observed in up to 10% of patients[78]. Angioinvasion is
typical of HCC and demonstration of a portal venous
thrombosis indicative. Color duplex ultrasound is important and CEUS decisive for differentiating between banal
portal venous thromboses and tumor thromboses. It is
possible to demonstrate (arterial) blood flow signals in a
tumor thrombus, but not in a purely coagulative thrombus. On use of echosignal boosters, the HCC typically
shows an arterial hyperenhancement of the tumor compared to the circumferential liver tissue, while no contrast
is yet apparent in the surrounding liver. A chaotic vessel
pattern typically stands out in HCC as a sign of neovascularization[78]. Diagnostic criteria for HCC in patients
with hepatic cirrhosis will not be more extensively dealt
with in this article on the grounds of its specific terms of
reference, and readers are directed to the current guidelines and the accompanying commentaries[21,79-83]. Only
passing reference can also be made to the important and
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important guidelines based upon a single, relatively smallscale study[88]. In contrast, recent studies from multiple
investigators have produced extensive quantitative and
qualitative data that suggest that CEUS is indeed valid as
a primary diagnostic imaging modality in the characterization of HCC: These data are clearly supportive of the
reinstatement of CEUS in the AASLD guidelines. The
purpose of this review is to summarize these studies in
order to validate the need for the continued use of CEUS
as a pivotal diagnostic imaging tool in FLL diagnosis.
Importantly, ICC can also present variable enhancement patterns that relate to tumor size and cellular content. Chen et al[89,90] confirmed that whereas smaller ICC
can present with homogeneous enhancement patterns
similar to HCC, larger tumors may show diverse patterns
due to compression-induced central hypovascularity and
necrosis. Unfortunately, Vilana et al[73] did not address the
developmental stage or cellular morphology of the ICC
lesions evaluated by CEUS in their study. Even benign
lesions can occasionally be misdiagnosed because of latephase hypoenhancement; this can occur in lesions that
contain scar tissue or pronounced fibrosis[54]. Knowledge
of these pathomorphological enhancement and vascular
patterns in FLL, and in HCC/ICC in particular, can be a
critical factor in differential diagnosis. The use of a blood
pool ultrasound contrast agent like SonoVue® is highly
beneficial, in that it can aid demonstration of the hemodynamics and microvascular morphology of the liver and
lesion in continuous real-time.
Several studies have suggested that CEUS is at least
equal to CT and MRI for the diagnosis of FLL, including
the differential diagnosis of HCC/ICC. Chen et al[90] compared enhancement patterns of pathologically proven
ICC from 40 patients undergoing CEUS with SonoVue®
with those generated in contrast-enhanced CT (CECT).
They found that the correct diagnosis was made in 80%
of the lesions at CEUS but in only 67.5% of the lesions at
CECT. The arterial phase (AP) enhancement was consistent for both modalities, but the portal venous (PV) washout at CEUS was more pronounced than that at CECT.
Visualization of the four enhancement patterns was
equivalent in both modalities, indicating that it is pathophysiology, not the technology, which determines the enhancement pattern. Their conclusion was that CEUS is at
least equivalent to CECT for the characterization of ICC.
Another study to assess the concordance of enhancement patterns at CEUS, CECT, and contrast-enhanced
MRT (CEMRI) looked at 144 confirmed FLL including
49 HCCs[91]. Randomized image sets from each modality
were evaluated by three blinded readers who answered
identical questions regarding enhancement patterns
and temporal changes in AP and PV enhancement. AP
enhancement showed a mean concordance of > 76%
across modalities. Concordance in the PV phase was
lower at 61%. The majority of discordances were malignancies where sustained PV phase enhancement was
seen at CECT and CEMRI but not at CEUS; included in
this group were 18 HCCs, 6 metastases, and 3 ICCs. The
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authors concluded that this result was due to the aforementioned tendency of CT and MRI contrast agents to
diffuse into the interstitium from the leaky vessels of
malignant lesions. Benign lesions showed sustained PV
enhancement in all imaging modes. A further illustration
of the importance of timing issues in comparing imaging
modes for FLL was demonstrated in the examination of
hemangiomas[65]; some smaller, rapidly enhancing hemangiomas showed trademark centripetal progression only
with real-time CEUS.
The conclusions from numerous studies, including
the DEGUM multicenter trial[34,36], are that CEUS is an
appropriate rapid first diagnostic procedure following initial identification of liver lesions by non-enhanced ultrasound in clinical routine, and that it is diagnostically noninferior to CECT/CEMRI.
Benign liver tumors in a cirrhotic liver: Benign liver
tumors should theoretically occur just as frequently in
a cirrhotic liver as in patients with healthy livers[21,78,81,83].
Most studies report the opposite[35,36]. Before resection
of hepatocellular carcinomas which may be susceptible
to curative treatment, otherwise benign and in particular
hypervascularized liver tumors (FNH, hepatocellular
adenoma, shunt hemangioma, metastases especially of
neuroendocrine tumors[47,48]) should be excluded in order
to avoid incorrectly indicated operations.
Patients with otherwise predisposing diseases
There are many kinds of patients with otherwise predisposing diseases. Examples here include hyperechoic
adenomas in glycogen storage diseases, hemangiomata
related to genetic syndromes with angiomatous malformations, focal biliary cirrhotic nodes in cystic fibrosis[92].
Readers are directed to specialist textbooks[27,49].
The work-up of fortuitously discovered focal liver
lesions is guided by contextual information from the
clinical history, from which can be inferred the relative
probability of malignant and clinically relevant benign lesions, the differential diagnostic spectrum and the utility
of histological confirmation.

HYPERECHOIC LIVER LESION
Asymptomatic patient
The most common hyperechoic (or better: more strongly
echogenic) focal liver lesion is hemangioma, which is
observed three times more often in women than in men
(> 95%). Most hemangiomas (approximately 70%) are
“typical” (Table 1) and can be correctly identified by
conventional B-mode and color Doppler sonography;
further measures are not necessary. In about 30% of
patients there will be an atypical criterion, and in such
cases contrast-enhanced imaging procedures can be used
(CEUS, MRI)[65,91,93-100]. It should also be mentioned that
hemangiomas in patients with fatty livers (hepatic steatosis) can appear to be isoechoic or hypoechoic compared
to hyperechoic parenchyma. Lesions suspected of being
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Table 1 Typical criteria of hemangioma
B-mode criteria
Less than 3 cm in diameter
Echo-rich structure
Homogeneous interior
Round or slightly oval shape
Smooth outline
Absence of any halo sign
Possible detection of feeding and draining vessel
Absence of any signs of invasive growth
Dorsal through-enhancement

GB

Reproduced with permission from Dietrich et al[65].

B

The expression “high-flow hemangioma” (10% of
hemangiomas), which is used in computer tomography,
was marked by early onset and offset of contrast medium
and can in our opinion be better described by the expression “shunt hemangioma”, since this hemangioma is
characterized by arterial-portal venous shunts. Shunt hemangiomas are characteristically rather small (< 20 mm) and
are typically found in areas of variable fatty degeneration
compared to enveloping liver tissue. Normal liver tissue is
predominantly (80%) perfused with lipid- and hormonecontaining portal venous blood, whereas arterially perfused shunt hemangiomas show a lower lipid and insulin
concentration than portal venous blood, which also leads
to a lesser degree of fat deposition in surrounding hepatocytes. It is also known through angiographic and magnetic resonance tomographic studies that arteriovenous
and/or portal venous shunts can lead to earlier contrast
medium fill-in of the hemangioma[65] (Figure 2).
Liver hemangiomas can be solitary, but may also be
multifocal and in very rare cases (in childhood) diffuse.
An association with FNH is also not uncommon[24,101,102].
Readers are directed to the literature regarding special
features of biopsy in hemangiomas[53,55,56] and rare hemangioma subtypes[65]. Ultrasound findings in 400 patients
with hemangioma examined by CEUS have been recently
published (Table 2)[81].

C

Figure 1 Hemangioma. Large hemangioma in B-mode (A), with typical peripheral nodular contrast enhancement (B) and centripetal fill-in (C). GB: Gallbladder.

hemangiomas which hypoattentuate in the portal venous
phase after contrast medium administration should be
biopsied and histologically confirmed[65].

Symptomatic patient
Very large hemangiomas can through extrusion, compression and very seldom hemorrhage themselves give
rise to symptoms. Fundamentally, the criteria described
for asymptomatic patients apply to symptomatic patients
too. The indication for biopsy and histological confirmation may perhaps be more permissively made in daily
routine if a multiplicity of confusing additional findings
is present.

Special features of hemangiomas: Two signs typical
of hemangiomas are peripheral nodular contrast medium
enhancement and the iris-diaphragm phenomenon. The
peripheral globular contrast medium enhancement is
complemented by the centripetally progressive (partial)
fill-in of the hemangioma (Figure 1).
Unfortunately, this typical contrast medium representation overlaps with the pattern in liver metastases arising from gastrointestinal carcinomas, and it is possible
to confuse them[47]. Unlike metastases, which in the late
phase progressively show less strongly echogenic contrast compared to normal liver tissue, hemangiomas are
on a sustained basis more strongly enhanced than their
surroundings.

WCG|www.wjgnet.com

Differential diagnosis
In the differential diagnosis, consideration must be given
to regional fat degeneration zones (which can often be unequivocally characterized based on their localization[103-106]),
hyperechoic hepatocellular adenoma (particularly in storage diseases, which are extremely rare)[45,66,107] and neuroendocrine tumor metastases[47,48], which in their early form
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Figure 2 Shunt hemangioma. Shunt hemangiomas are typically small (often < 20 mm) with abundant arterio(porto-)venous shunts (functionally described as high
flow hemangiomas). They are often surrounded by less fat-containing hypoechoic liver parenchyma (A, B) due to the dominant arterial blood flow in comparison to the
reduced portal venous perfusion. Arterial contrast enhancement of the shunt-hemangioma is also shown (C, D). H: Hemangioma; F: Less fat-containing hypoechoic
area. Reproduced with permission from Dietrich et al[65].

can look remarkably like hemangiomas. Many rare causes
of hyperechoic tumors have been described[49] and are
only relevant insofar as indeterminate findings must be biopsied and histologically confirmed if a therapeutic decision is to emerge. Old abscesses and echinococcoses[53,108]
and a miscellany of other disease syndromes should be
borne in mind in the individual case.

Table 2 Ultrasound findings in 400 patients with hemangioma n (%)

ISOECHOGENIC LIVER LESION
The most commonly isoechogenic liver lesions are focal
nodular hyperplasia, hepatocellular adenoma, hepatocellular carcinoma and isoechogenic metastases. All these
entities should be considered in symptomatic and asymptomatic patients equally, although the incidence profile is
different. All isoechogenic lesions should be investigated
using a contrast-enhanced imaging technique. Late-phase
contrast medium hypoenhancement is a decisive indication for biopsy.

2.6 ± 3.1
363 (91)
37 (9)
379 (95)
21 (5 )
328 (82)
31 (8)
41 (10)
320 (80)
80 (20)

Reproduced with permission from Dietrich et al[65].

to a contrast-enhanced technique.

Asymptomatic patient
In asymptomatic patients, the differential diagnosis of
FNH and HCA is the main objective. Both entities are
far more commonly found in female patients. About 20%
of FNHs occur multifocally, and co-association with
hemangiomas is not uncommon[24,101,102,109]. It is important
to exclude malignant differential diagnoses with a high
degree of certainty, which is only possible with recourse

WCG|www.wjgnet.com

n = 400

Characteristics
Size, cm (mean ± SD)
B-mode, echogenicity
Echo-rich
Isoechoic or echopoor
Vascularity assessed by colour Doppler imaging
No intra-lesional vessels
Intra-lesional vessels (hypervascular)
Peripheral nodular enhancement
Strong homogenous arterial enhancement
No specific enhancement pattern or not determinable
(e.g., due to size of the lesion, solitary fibrotic nodule)
Complete iris diaphragm phenomenon
Incomplete iris diaphragm phenomenon

Focal nodular hyperplasia and hepatocellular adenoma: It has become possible to differentiate focal nodular
hyperplasia from hepatocellular adenoma through echosignal-boosted ultrasonography[66,81,110]. Unlike in FNH,
portal veins and bile ducts are not present in hepatocellular adenoma. The two can therefore be differentiated
through analysis of the portal venous phase[45,66], which
shows a typical hypoenhancement with HCA.
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Figure 4 Focal nodular hyperplasia. A: In addition to conventional contrastenhanced ultrasound (CEUS), parametric CEUS displays also the timeline of
contrast enhancement (early enhancement in yellow, later enhancement in
blue); B: Histologically proven. B-mode revealed isoechoic lesion, very difficult
to identify. Shear wave elastography reveals very hard tissue of the lesion,
shown in red in comparison to the surrounding soft liver parenchyma.

at least in the late phases (> 20 min), making it possible
in most cases to differentiate it from FNH. Contrast
medium hypoenhancement in the late phase is a decisive
indication for liver biopsy. Ultrasound findings in 424 patients with FNH and 36 patients with HCA examined by
CEUS are summarized in Table 3[21].

Figure 3 Teleangiectatic focal nodular hyperplasia. Pedunculated liver
tumor, histologically teleangiectatic focal nodular hyperplasia with signs of
peliosis. A: B-mode imaging shows heterogenous echogenicity; B: Contrastenhanced ultrasound reveals central arterial blood supply; C: Real-time elastography shows harder periphery and softer central portions of the lesion.

Possibilities of error: Differentiating hepatocellular adenoma from highly differentiated hepatocellular carcinoma[111] is not possible by means of an imaging procedure,
making it necessary to proceed to histological investigation of the tissue. It should be borne in mind here that error is inherent even in histological evaluation. Erroneous
histological evaluations based on non-representative tissue samples and mixed forms of both tumors have been
observed, with the result that in the individual case only
resection and tissue preparation are unequivocal. Hepatocellular adenoma is frequently observed in patients with
storage diseases[107]. Reliable tumor characterization of
hepatocellular adenomas using imaging procedures is then
only possible provided secondary regressive changes are
not present, a phenomenon which is observed particularly
with large (> 50 mm) adenomas.

FNH typically exhibits arterial increased enhancement, which tends to be very marked in the first few
seconds. Centrifugal (70%) or eccentric (30%) enhancement through one (or, in larger tumors, several) afferent
correspondingly situated arteries is a diagnostic pointer.
Further tumor enhancement takes place through a vessel
architecture radiating out from this artery. FNH shows,
in the portal venous and later phases, at least low-grade
increased enhancement in about 95% of cases provided
that bubble destruction does not lead to an error of interpretation[50] (Figures 3 and 4).
In the arterial phase, hepatocellular adenoma is hypervascularized, without however the characteristic vessel architecture described for FNH. Compared to the
surrounding liver parenchyma, there is slightly poorer
contrast medium enhancement in the portal venous and
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Symptomatic patient
In symptomatic patients, the differential diagnosis of metastases and HCC is clinically of prime importance. Me-
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Table 3 Ultrasound findings in 424 patients with focal nodular hyperplasia and 36 patients with hepatocellular adenoma
Focal nodular
hyperplasia
Size of lesion, mm (range)
Conventional B-mode ultrasound
Echo texture
Hypoechoic
Isoechoic
Hyperechoic
Central scar
Colour/power Doppler imaging
Hypervasular
Radial vascular architecture
Contrast-enhanced ultrasound
Arterial phase enhancement
(Early) Portal venous phase
enhancement

B

Hepatocellular
adenoma

(n = 424)

(n = 36)

49 ± 24 (12-110)

34 ± 22 (20-120)

361
382
6
241

81
20
8
0

369
234

33
3

424
406

36
6

1

Depending on the technique and ultrasound machine used; all in a sonographically bright liver. Reproduced with permission from Dietrich et al[66].

medium hypo-enhancement in the late phase is a decisive
indication for liver biopsy.

Figure 5 Focal fatty sparing. A: Focal fatty changes may simulate masses
on conventional B-mode ultrasound; B: In the arterial, portal venous and late
phases, focal fatty changes show similar enhancement patterns to that of the
adjacent liver parenchyma. Contrast-enhanced ultrasound is helpful for the
identification of the centrally located arteries. Typically centrally located arteries
(and often also portal venous branches and hepatic veins) can be identified.
Dynamic vascular pattern improves contrast imaging. Reproduced with permission from Cui et al[120].

Asymptomatic patient
In asymptomatic patients with fatty liver syndrome, the
differential diagnosis of FNH and HCA is of prime
importance. Malignant differential diagnoses must be
excluded with a high degree of certainty, and this is only
possible using a contrast-enhanced technique.

tastases can be identified with a high degree of reliability
with CEUS in the portal venous and late phases due to
their hypoenhancement. Biopsy and histological confirmation follow to determine the clinical course of action.
Abscesses are diagnosed, contingent to severity, due to
their avascularity. Hepatocellular adenomas should be included in the differential diagnosis in spite of their rarity,
since they present in up to 30% of cases with nonspecific
upper abdominal complaints, although they may also (if
very rarely) manifest as acute abdominal pain (hemorrhage)[24,45,66].

Special features of focal fat sparing: Regional areas of
focal fat sparing are found in almost all patients with fatty
liver[21,103-105] and are only seldom a diagnostic challenge.
In terms of color duplex ultrasound, both focal fat deposition and focal sparing are in themselves inconspicuous;
neither increased nor decreased blood perfusion is recognizable, since the liver tissue is in principle still normal
tissue. The centrally situated afferent arterial and efferent
venous vessels are typical, and can be recognized in many
cases with the use of good instrument technology and a
corresponding investigative technique (www.efsumb.org,
case of the month). Even in the echosignal-boosted sequence, regionally distinct fat infiltration zones are apparent in contrast medium dynamics with centrally afferent
artery and later as normal liver tissue.
In the arterial phase, afferent vessels can be displayed;
in the portal venous phase they do not differ from their
surroundings and can therefore be differentiated from
true neoplastic entities. In this problem area CEUS is better than all other procedures (Figure 5).

Differential diagnoses
It is important to note the variety of miscellaneous liver
tumors. As a rule, where findings are unclear it is advisable to obtain histological confirmation or, if warranted
by the clinical outcome, to proceed to surgery (q.v., also
“differential diagnoses of hypoechoic liver lesions”).

HYPOECHOIC LIVER LESION
The origin of hypoechoic lesions is considerably more
varied and confusing. All hypoechogenic lesions (with
the exception of those which can safely be categorized
as regionally distinct fat degeneration zones) should be
investigated using a contrast-enhanced imaging technique. Evaluation with CEUS in the portal venous and
late phase is determinant in this context, and contrast
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Symptomatic patient
In symptomatic patients, the differential diagnosis of
metastases (Figure 6) and HCC (Figure 7) is clinically of
prime importance, the former being identifiable with a
high degree of certainty using CEUS in the portal venous
and late phase on account of their hypoenhancement.
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Figure 6 Liver metastasis. In contrast to the variably enhancing arterial phase (A-C), liver metastases are typically hypoenhancing during the portal venous (sinusoidal)
phase (D) which facilitates their reliable diagnosis.

A

B

Figure 7 Hepatocellular carcinoma with arterial hyperenhancement (A) and hypoenhancement in the portal venous phase (B).

Biopsy and histological confirmation follow to determine
the clinical course of action. Inflammatory processes are
diagnosed depending on the severity of the condition
through their uneven enhancement (inflammation) or
avascularity (abscess).

DEGUM study illustrates the key role that CEUS plays in
diagnostic imaging of FLL; therefore, we discuss the study
in more detail and refer to explanatory references[21,81].
Discussion of the DEGUM multicenter trial: In total,
1349 patients (677 men and 672 women; mean age 59.8
years; range 12-91 years) were prospectively recruited at
fourteen ultrasound centers[29]. In the majority of patients
(n = 841; 62.3%), the FLL was an incidental finding. Underlying liver cirrhosis was present in 234 patients (17.3%)
while 364 patients (27.0%) were known to have an extrahepatic malignancy. Patients with liver lesions that could
be diagnosed by B-mode ultrasound, such as cysts or
distinctive hemangiomas, were not included in the study.
These patients would not proceed for further examina-

Differential diagnoses
Attention should be given to the wide range of miscellaneous liver tumors which are set out in the current
literature and in textbooks[27,49]. As a rule, where findings
are unclear it is advisable to obtain histological confirmation or, if warranted by the clinical outcome, to proceed
to surgery. The main features of hepatic abscess have
been published[2,112,113]. Typical enhancement patterns are
summarized in Table 4. The evidence from the German
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Table 4 Typical enhancement pattern for the characterization of focal liver lesions
Lesion

Arterial phase

Hemangioma (Figures 1 and 2)
Focal nodular hyperplasia
(Figures 3 and 4)
Focal fatty sparing (Figure 5)
Metastasis (Figure 6)
Hepatocellular carcinoma (Figure 7)

Portal venous and late phase

Circular vascular enhancement without central intratumoral vessels
Radial centrifugal or "spoke wheel" pattern, then rapid, complete
hyperhancement
Central arterial blood supply
Asymmetrical, chaotic enhancement configuration
Hyperenhancement and disorganized vascularity

Nodular enhancement and "fill-in" pattern
Iso- or hyperenhancement
Isoenhancement
Hypoenhancement
Iso- or hyperenhancement, depending upon
tumor differention

Reproduced with permission from reference Dietrich et al[81].

tion in routine practice. Also excluded from the study
were patients with malignant liver tumors that showed
infiltration into the hepatic vasculature.
CEUS can be considered at least equal to, and in
some ways superior to, CECT and CEMRI as a diagnostic tool. The reasons for differences between the
modalities in lesion assessment may be method-related;
the volume of microbubbles injected as a bolus (1.2-4.8
mL) administered over a period of a few seconds is
more temporally sensitive than the larger volume of CT
contrast agent (usually 100-150 mL) injected with a flow
rate of 3-6 mL/min over 20-40 s. Diffusion of CECT
contrast agent into the interstitium and the subsequent
slow wash-out can result in erroneous diagnoses based
upon PV enhancement patterns, whereas PV wash-out
evident in CEUS may not be apparent in CECT. The predetermined scan delay in CECT can miss the rapid initial
wash-in and AP hypervascular response seen in CEUS.
Extensive analyses have been carried out on the reasons
for discordance between CEUS and CECT/CEMRI imaging in FLL, examining the effects of timing, diffusion,
and fat content of the liver/lesion[114].
Liver tumor characterization and other CEUS applications are described in more detail in currently published
issues of Ultraschall in der Medizin (European Journal of
Ultrasound)[21,80,81,83,84].
Along with clinical context and medical history, echogenicity and ultrasound morphology set limits to the
many-sided differential diagnostic spectrum of focal liver
lesions. In determining whether a lesion is malignant or
benign, the late phase of contrast-enhanced ultrasound is
decisive, whereas diagnostic typing and characterization
are particularly dependent on the evaluation of specific
vascularization patterns in the arterial onset phase.

soon (see also www.efsumb.org).

SUMMARY AND PERSPECTIVES
Computer tomography has only a limited pertinence in
the characterization of liver tumors and is used essentially for staging. With CEUS, it is possible to determine
whether almost all liver tumors are malignant or benign
by analysis of the portal venous and late phases. Based
on oncological considerations, this is followed by biopsy
in patients with hypoenhancement in the portal venous
and later phases, depending on whether knowledge of
the histology will have a clinically applicable outcome.
The predictive power of CEUS and other imaging procedures is limited in the cirrhotic liver. Attention must be
paid to the special features of HCC and CCC in hepatic
cirrhosis[80,84]. Dynamic ultrasound techniques[119-121] for
the objectification of findings and treatment outcomes,
as well as new indication ranges, are undergoing evaluation. Transient elastography for the evaluation of liver
tumors is very promising[39,122-126] but has yet to establish
itself as a routine method in this type of problem.
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of liver stem cells and their role in liver regeneration.
Although tumor formation and genetic mutations are
a cause of concern, iPSCs still form a promising source
for clinical applications.
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Abstract
INTRODUCTION

The discovery of induced pluripotent stem cells (iPSCs)
unraveled a mystery in stem cell research, after identification of four re-programming factors for generating
pluripotent stem cells without the need of embryos.
This breakthrough in generating iPSCs from somatic
cells has overcome the ethical issues and immune rejection involved in the use of human embryonic stem
cells. Hence, iPSCs form a great potential source for
developing disease models, drug toxicity screening and
cell-based therapies. These cells have the potential to
differentiate into desired cell types, including hepatocytes, under in vitro as well as under in vivo conditions
given the proper microenvironment. iPSC-derived hepatocytes could be useful as an unlimited source, which
can be utilized in disease modeling, drug toxicity testing and producing autologous cell therapies that would
avoid immune rejection and enable correction of gene
defects prior to cell transplantation. In this review, we
discuss the induction methods, role of reprogramming
factors, and characterization of iPSCs, along with hepatocyte differentiation from iPSCs and potential applica-
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Patients suffering from chronic end-stage liver disease are
currently receiving inadequate treatment due to the lack of
organ donors for transplantation[1]. Alternatively, cell-based
therapies are gaining importance as supportive therapy.
Hepatocytes (adult, fetal) and liver stem cells form promising sources for cellular therapies in the treatment of liver
diseases. However, inadequate proliferation, ethical issues
and scanty numbers limit their applicability[2-5]. Therefore, it
is essential to think outside the liver in favor of generating
hepatocytes for drug screening, disease modeling and cell
therapy applications. Identification of four reprogramming
transcription factors revolutionized stem cell research in
generating induced pluripotent stem cells (iPSCs). iPSCs

generated from somatic cells can be utilized not only for
cell-based therapies, but also for disease modeling and
drug toxicity screening. Patient-specific iPSCs can be generated by reprogramming and differentiating somatic cells
from the patient into the desired cell type. Key advantages
of iPSCs over current transplantation approaches are that
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mized the genomic alteration[44]. A transposon system
encoding a reprogramming cassette has also been used
for iPSC induction. The transduction of a plasmid-based
transposon vector can integrate into the host genome
with the help of transposase, and induces iPSC colony
formation. The re-expression of the transposase after the
establishment of iPSCs recognizes the terminal repeat of
the integrated transposon vector, and excises it from the
genome. The excision of the transposon does not leave
a footprint in most cases, so it maintains the original
endogenous sequences[45,46,50,51]. Several techniques have
been used for obtaining transgene-free iPSCs.
The first integration-free iPSCs were generated from
adult mouse hepatocytes using non integrating adenoviral
vectors. However, this required repeated transduction to
maintain transgene expression[34,38]. Another technique
used is transduction with the Sendai virus, an RNA virus,
to deliver the reprogramming factors[35]. The Sendai virus
does not integrate into the genome, but working with this
system requires more than 15 passages to eliminate viral
transgene expression. This complexity limits the general
use of this method[48]. Transient transfection of plasmids,
episome-based DNA vectors and minicircle vectors
has been used to generate transgene-free iPSCs. Mouse
embryonic fibroblasts were reprogrammed by repeated
transfection with two plasmid constructs carrying the reprogramming factors; the first plasmid expressed c-Myc,
while the second expressed the other three factors Oct4,
Klf4 and Sox2[36]. Furthermore, experiments with nonintegrating episomal vectors have also been successful in
iPSC generation[16]. Similarly, minicircle vectors lack the
bacterial origin of replication and antibiotic resistance
gene and offer higher transfection efficiencies and more
prolonged transgene expression as compared to regular plasmids[52]. Moreover, iPSCs have been established
by the direct delivery of recombinant reprogramming
proteins[38] and small molecules[39]. More recently, one
research group has utilized synthetic mRNA molecules
to reprogram human fibroblasts to pluripotency and
stimulate them into myogenic cells[32]. However, reprogramming using modified RNAs is technically difficult,
sensitive to reagents and requires labor-intensive procedures. The efficiency of iPSC induction using transgenefree methods is lower than that with retrovirus vectors,
possibly due to low transduction efficiency and unstable
expression. Therefore, it is essential to develop methods
that require less time and have higher efficiency of reprogramming involving viral and transgene-free techniques
to generate iPSCs.

they form an unlimited potential source and are patientspecific. In addition, the possibility of correcting genetic
defects in liver diseases is currently under investigation[6].

The identification of patient-specific pluripotent stem
cells has long been an important goal for scientists working in the field of stem cells. In 2006, Takahashi et al[7]
first reported that forced expression of four transcription
factors [octamer-binding transcription factor (Oct) 3/4,
SRY box-containing gene 2 (Sox2), Kruppel-like factor 4 (Klf4) and c-Myc] reprogrammed mouse somatic
fibroblasts into embryonic stem cell (ESC)-like colonies,
which were termed iPSCs. Later, human induced pluripotent stem cells (hiPSCs) were generated from embryonic,
neonatal and adult fibroblasts[8-10]. In addition, derivation
of patient-specific iPSCs for various diseases/disorders
has also been reported[11-15]. Recently, several groups have
investigated the possibilities of disease modeling using
patient-derived iPSCs[6,16-23]. Apart from all these applications, hepatocytes derived from iPSCs will have larger
implications in drug toxicity studies. Before iPSCs, several
approaches were used to reprogram the differentiated
cells to a pluripotent state. In the beginning, patient-specific human embryonic stem cells (hESCs) were derived
using somatic cell nuclear transfer or therapeutic cloning.
This technique requires the introduction of a nucleus
from an adult donor cell into an enucleated oocyte to
generate a nuclear transfer embryo. The objective of this
technique is to produce pluripotent hESCs that carry the
nuclear genome of the patient and then induce them to
differentiate into cells which may be transplanted back
into the patient[24-28]. Another method is the fusion of
fibroblasts with ESCs[29,30]. However, the therapeutic application of either approach has been experiencing both
ethical and technical difficulties, summarized in Table 1.

METHODS TO GENERATE iPSCs
It was demonstrated that somatic cells can be re-programmed into pluripotent stem cells by ectopic expression
of four transcription factors, namely Oct4, Klf4, Sox2,
and c-Myc, using four independent retroviral vectors[7].
This achievement revolutionized stem cell research. Initially, iPSCs were derived from somatic cells by the retroviral or lentiviral transduction of transcription factors in
which transgenes are randomly inserted into the genome
of the hosts. Such integration of transgenes has the risk
of tumorigenicity[31]. Later, trials to omit transgenic insertion of c-Myc resulted in low reprogramming efficiency
and did not eliminate the risk of tumor formation[32], as
overexpression of Oct3/4 and Klf4 can also cause tumor
formation[33]. In Table 2, we have summarized the advantages and disadvantages of various strategies used for inducing iPSCs generation[7,8,9,32,34-49]. Furthermore, combining all
four factors (Oct4, Klf4, Sox2, and c-Myc) into a single
vector allowed derivation of iPSCs with a single lentiviral
stem cell cassette containing a loxP sequence in the long
terminal repeat (LTR)[43]. Following this, transgenes were
removed using Cre-mediated excision. Although it left an
incomplete LTR in the iPS genome, this method mini-
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REPROGRAMMING FACTORS
Takahashi et al[7] used a combination of four nuclear re
programming factors, such as Oct4, Sox2, c-Myc and
Klf4, for generating iPSCs from mice and reported an
efficiency of 0.02%. Simultaneously, the Thomson group
used a slightly different combination of factors, namely
Oct4, Sox2, Nanog and Lin28, to reprogram human somatic cells at a similar efficiency (0.02%)[9]. Subsequently,
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Table 1 New approaches to reprogramming of differentiated cells to a pluripotent state
Method

Results of reprogramming

Drawbacks

Transfer of the nucleus from a somatic cell to an
enucleated oocyte

The somatic cell nucleus is reprogrammed in the
oocyte, and a whole organism develops as a result.
Patient-specific hESCs can be derived
Hybrids of differentiated cells and ESCs display all
properties of pluripotent cells
Somatic cells regain a pluripotent state and become
similar in properties to ESCs

Low efficiency. Developmental
[24-28]
abnormalities in cloned animals.
Ethical and legal restrictions
Cell hybrids lack a normal diploid [29,30]
chromosome set
Low efficiency of iPSC derivation.
[7]
Viral integration. Tumor formation

Fusion of ESCs with differentiated cells
Reprogramming of somatic cells to a pluripotent
state can be generated by the ectopic expression of
4 transcription factors, Oct4, Klf4, Sox2 and c-Myc

Ref.

ESCs: Embryonic stem cells; hESCs: Human embryonic stem cells; iPSC: Induced pluripotent stem cell; Oct: Octamer-binding transcription factor; Sox2:
SRY box-containing gene 2; Klf4: Kruppel-like factor 4.

Table 2 Various induction methods to generate induced pluripotent stem cells
Methods

Advantages

Disadvantages

Retroviral vectors
Lentiviral vectors
Lentiviral vectors with Cre/Lox
Piggyback transposon
Viral vectors
Adenoviral vectors
Sendai vectors
DNA vectors
Plasmid vectors
Episomal vectors
Minicircle vectors
Protein transduction
Small molecules
Synthetic mRNA

High efficiency
High efficiency, target cells need not be dividing
High efficiency
Precise deletion is possible
No genome integration

Genome integration, dividing target cells needed
Genome integration
Minimize genomic integration
Minimize genomic integration, laborious
Low efficiency

No genome integration
No genetic modification
No genetic modification, high efficiency

Low efficiency
Low efficiency
Multiple rounds of transfection are needed

[7-9,32,41,42]
[47-49]
[43,44]
[45,46]
[34-37]

[38]
[39]
[40]

repression of the Ink4a/Arf locus (encoding cell cycledependent kinase inhibitors), or repression of the p53/
p21 pathway. These efforts have led to dramatic increases
in the efficiency of reprogramming[10,67-69].

researchers have started to identify new reprogramming
factors and usage of minimum factors for generating safe
iPSCs. iPSCs have been established by 3 transcriptional
factors without c-Myc (Oct3/4, Klf4, SOX2) at an efficiency of 0.002%[53,54]. It was also shown that using only
Oct4 and Klf4 was enough to reprogram murine NSCs
at an efficiency of 0.11%[55]. More recently, the forced
expression of Oct4 alone was shown sufficient to reprogram murine NSCs, at a low efficiency of 0.014%[56].
However, the efficiency of iPSC generation has been
significantly reduced with usage of minimum factors for
generating safe iPSCs. The Oct4, Sox2, and Nanog genes
code for transcription factors that activate the genes and
signaling pathways responsible for the establishment and
maintenance of the pluripotent state and repress the
genes responsible for differentiation[57,58]. Others have
reported that the expression of Oct4 and Sox2 genes is
absolutely essential for iPSC generation. In addition, the
products of the Nanog, c-Myc, Klf4 and Lin28 genes seem
to act as catalysts which accelerate the reprogramming[59].
In Table 3, we have summarized the role of various reprogramming factors for iPSC generation[60-66].
Recently, molecules have been used in combination
with reprogramming factors to improve the efficiency of
iPSC generation, including cotransduction of the catalytic
subunit of human telomerase, human telomerase reverse
transcriptase, along with SV40 large T antigen, or the
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Ref.

CHARACTERIZATION OF iPSCs
The hiPSCs generated can be characterized for their pluripotency, as shown in Figure 1. In addition, assessment
of their epigenetic status, silencing of transgene expression and DNA fingerprinting need to be established for
confirmation. Assessment of pluripotency of iPSCs can
be performed by checking the expression of protein
and genes of Oct4, Sox2, Nanog, as well as for SSEA-1
(mouse) or SSEA-3/-4 and TRA-1-60/-81 (human) using flow cytometry, immunocytochemistry and reverse
transcription-polymerase chain reaction (PCR) methods[70]. The pluripotent nature of iPSCs is routinely tested
by two methods. The first is to determine the in vitro differentiation ability of iPSCs, where iPSCs can be allowed
to differentiate spontaneously in vitro to form embryoid
bodies. These embryoid bodies can be assessed for three
embryonic germ layers, i.e., mesoderm, endoderm and ectoderm. The second is to determine the in vivo differentiation ability of iPSCs[71], where iPSCs can be injected into
adult immune-deficient mice (SCID mice). In the host
animal, injected iPSCs can form tumors called teratomas.
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Table 3 Role of reprogramming factors for induced pluripotent stem cell generation
Reprogramming factors Description
Oct4

Function

Ref.

Octamer binding
This transcription factor plays a role in embryonic development, especially during early
[7]
transcription factor 4 embryogenesis, and it is necessary for embryonic stem cell pluripotency
SRY box 2
In embryonic stem cells, Sox2 and Oct3/4 often co-occupy target genes, including own promoters.
[60]
These proteins cooperate regulatory feedback loops to maintain pluripotency
Kruppel-like factor 4 This transcription factor plays a role in upregulation of pluripotency gene Nanog and the
[61-63]
modification of chromatin structure to facilitate the binding of Oct3/4 and Sox2 to their sequences.
Klf4 itself is an oncogenic factor. This gene is over expressed in a variety of tumor types associated
with advanced cancer
Proto oncogene
An oncogene that induces global histone acetylation, allowing Oct3/4 and Sox2 to bind to their
[60,63]
protein
specific target loci
Homeo box
A transcription factor critically involved with self-renewal of undifferentiated embryonic stem cells [64]
transcription factor
RNA binding protein The Lin28 gene codes for an RNA-binding protein that selectively blocks the processing of
[65,66]
Lin28
microRNAs of the let-7 family, and possibly certain other microRNAs in ESCs, to prevent their
differentiation

Sox2
Klf4

c-Myc
Nanog
Lin28

ESCs: Embryonic stem cells; Oct: Octamer-binding transcription factor; Sox2: SRY box-containing gene 2; Klf4: Kruppel-like factor 4.

Target cell

Step 1:
iPSC generation

Oct4, Sox2, Klf4, c-Myc

iPSCs

Immunostaining

Teratoma formation

Step 2:
Cell characterization

EB's assay

Gene expression
analysis
Flow cytometry
analysis

DNA methylation
PCR analysis for
transgene silincing

Figure 1 Flow diagram of generation and characterization of human induced pluripotent stem cells. Induced pluripotent stem cells (iPSCs) are derived through
the introduction of stem cell factors into fibroblasts. After that, assessment of pluripotency of iPSCs can be studied by expression of protein and genes using various
techniques such as immunocytochemistry, flow cytometry and reverse transcription-polymerase chain reaction (PCR) methods, respectively. In vitro and in vivo differentiation ability of iPSCs can be studied by embryoid body assay (EB assay) and teratoma formation assay, respectively. In addition, PCR analysis is required to
demonstrate silencing of transgene expression in iPSCs and DNA methylation to confirm reprogramming of somatic cells. Oct: Octamer-binding transcription factor;
Sox2: SRY box-containing gene 2; Klf4: Kruppel-like factor 4.

In addition to pluripotency assessment, it is important
to confirm the silencing of exogenous transgene expression. PCR analysis can be used to demonstrate silencing of retro/lentiviral transgene expression using virusspecific primers[70]. Further, DNA fingerprinting can be
performed to confirm iPSCs are genetically matched to
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their parental somatic cells. DNA methylation analysis of
the Oct4, Sox2 and Nanog promoter regions using bisulfite
sequencing can be used to reveal the different epigenetic
states of the cells. Thus, the methylation status of promoter regions of pluripotency genes confirms successful
reprogramming[70].
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Table 4 Differentiation protocols for induced pluripotent stem cell-derived hepatocytes
Ref.

Species Differentiation protocol

Remarks

Sullivan et al[78] Human Activin A, Wnt3a (3 d), Activin A (2 d), DMSO (3 d), HGF, OSM (6 d)
Song et al[79]
Human Activin A (3 d), FGF4, BMP-2 (4 d), HGF, KGF (6 d), OSM, Dex (5 d)
then OSM, Dex, N2B27 (3 d)
Si-Tayeb et al[80] Human Activin A (5 d), bFGF, BMP-4 (5 d), HGF (5 d), OSM (5 d)
Liu et al[81]

Human

Takata et al[82]

Human

Gai et al[83]

Mouse

Iwamuro et al[84] Mouse

Generated functional hepatocyte-like cells from human-iPSCs
iPSCs had fewer expressed liver-enriched genes compared
with human hepatocytes
Transplanted hepatocyte-like cells into the lobe of newborn
mice and demonstrated homing of donor cells
Activin A (5 d), FGF4, HGF (5 d ), Single Quotes (lonza), FGF4, HGF, Human hepatocyte-derived iPSCs are able to differentiate into
OSM, Dex (10 d)
functional hepatocytes
Activin A ( 3 d), HGF (5 d), OSM (5 d)
Generated hepatocyte-like cells from iPSCs using three growth
factors in a short time
Activin A, Wnt3 (6 d), bFGF, DMSO (3 d), HGF, DMSO (9 d), HGF, Generated hepatocytes from iPSCs
OSM, DMSO (7 d)
Activin A, bFGF (3 d), HGF (5 d)
Generated hepatocyte-like cells from iPSCs

iPSCs: Induced pluripotent stem cells; DMSO: Dimethyl sulfoxide; HGF: Hepatocyte growth factor; OSM: Oncostatin M; Dex: Dexamethasone; FGF4: Fibroblast growth factor-4; BMP: Bone morphogenetic protein; KGF: Keratinocyte growth gactor; bFGF: Basic fibroblast growth factor.

Disease modeling
iPSCs represent a novel tool for in vitro disease modeling.
Traditionally, researchers rely on animal models, hepatic
immortalized cell lines, or short-lived primary hepatocyte
cultures to understand the mechanisms and pathogenesis
of diseases and testing of drug candidates[85-87]. Each of
these has limitations in functionality, reproducibility and
availability. Disease-specific iPSCs derived from patients
suffering from specific diseases may provide a more relevant model system because their properties closely resemble those found in the patient’s own system, without
the need for genetic manipulation. Several groups have
successfully derived a wide range of iPSCs from patients
with diseases[88] and inherited liver diseases[21]. These cells
can be used as models to study the pathogenesis, disease mechanism(s) and possible cure for liver disorders.
Therefore, human iPSC-derived hepatocytes could generate more accurate predictions of human physiological
responses than animal models. iPSC-derived hepatocytes
will overcome these limitations and provide a reliable
source of highly reproducible and readily available human hepatocytes for disease modeling in pre-clinical drug
development.

GENERATION OF HEPATOCYTES FROM
iPSCs
To date, many protocols have been used to differentiate
iPSCs into desired cell types. However, different iPSC
lines have different outcomes under identical culture
conditions. iPSC lines have a propensity to produce certain lineages or cell types when allowed to differentiate
spontaneously, indicating that choosing a proper clone is
also essential in differentiating iPSCs into a specific lineage[72-74]. A major issue in differentiation is to obtain hepatocytes from pluripotent stem cells that have an adult
phenotype, and which stably express liver-like functions
and reflect those in vivo functions[75]. Recently, a number
of protocols have been developed to derive hepatocytes
from hiPSCs. These protocols for hepatocyte generation
are hampered by inefficient differentiation and maturation that lead to low yield and heterogeneous cell populations in cultures[76]. Recently, a homogenous population
of hepatocytes from pluripotent stem cells has been
isolated by sorting for surface asialoglycoprotein receptor marker; however, these enriched cells are found to
retain immature fetal liver characteristics[77]. In Table 4,
we have summarized various protocols used to differentiate hepatocytes from iPSCs[78-84]. Even after enriching the
hepatocytes from culture prior to transplantation, the risk
of teratoma formation may arise due to the presence of a
few undifferentiated iPSCs. Therefore, further enriching
hepatocytes using negative selection against pluripotent
cells could be useful to avoid teratoma formation. Figure
2 summarizes the strategy on differentiation of human
iPSCs into hepatocytes. Figure 3 depicts the hepatocytes
generated from hiPSCs in our laboratory.

Drug toxicity screening
Hepatotoxicity is the most common side effect of new
candidate drugs under clinical trial, and is the leading
cause of post approval drug recalls; for example, bromfenac and troglitazone[89]. The development of liver toxicity screening technologies utilizing iPSC-derived hepatocytes would allow investigation into the effects of single
nucleotide polymorphisms on drug metabolism and toxicity[90]. An example of this is warfarin, a drug for which
polymorphisms in cytochrome P-450 2C9 create problems with obtaining an appropriate pharmacotherapeutic
range[91]. iPSC-derived hepatocytes could remain viable
in culture for several months, enabling the assessment of
acute and chronic toxicity of drugs due to their pluripotent ability. Drug toxicity assays will be performed in petri
dishes which require small amounts of compound for a
hepatic cytotoxicity proﬁle. Terminally differentiated he-

POTENTIAL APPLICATIONS OF iPSCDERIVED HEPATOCYTES
iPSCs represent a promising source of hepatocytes for a
wide range of applications, including disease modeling,
drug toxicity testing and cell transplantation (Figure 4).
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Target cell

Step 1:
Somatic cells
(skin fibroblasts)

Oct4, Sox2, Klf4, c-Myc
Step 2:
hiPS generation

Screening for
genetic mutations
Hepatocyte medium and
specific growth factors

Step 3:
hiPS derived hepatocytes

Step 4:
Purification of iPS derived
hepatocytes using
ASGPR1-FACS sorting

Step 5:
hiPS derived purified
hepatocytes and lineage

Step 6:
Cell characterization

Immunostaining

Cytochrome P450
activity

Gene expression analysis
Flow cytometry analysis

Glycogen storage

ALB and urea prodution
Purification of iPS
derived hepatocytes
by using MACS lineage
negative selection kit

Step 7:
Cell transplantation in
to animal model for
chronic liver diseases

Step 8:
hiPS derived hepatocytes
transplantation in patients
with hepatic diseases

Figure 2 Flow diagram showing the strategy for human induced pluripotent stem cell-derived hepatocyte clinical applications. Steps 1 and 2, human induced
pluripotent stem cells (hiPSCs) are generated from somatic cells using reprogramming techniques and screened for mutations; Step 3, hiPSCs are differentiated into
hepatocytes using specific growth factors and medium; Step 4, enrichment of hiPSC-derived hepatocytes; Steps 5 and 6, characterization of enriched iPSC-derived
hepatocytes for protein expression, gene expression and functional assays. Before clinical transplantation, hiPSC-derived hepatocytes are enriched again using negative selection against pluripotent cells to avoid teratoma formation; Step 7, transplantation of enriched hiPSC-derived hepatocytes into chronic liver failure animal model;
Step 8, hiPSC-derived enriched hepatocytes could be transplanted into liver disease patients. Oct: Octamer-binding transcription factor; Sox2: SRY box-containing gene 2;
Klf4: Kruppel-like factor 4; ASGPR: Asialoglycoprotein receptor; FACS: Fluorescence activated cell sorting; MACS: Magnetic-activated cell sorting; ALB: Albumin.

patocytes with cytochrome P-3A4 functional activity and
scale-up of iPSC-derived hepatocytes will help in pharmaceutical industry drug toxicity applications.

the cell sources of iPSCs influence the safety of the established iPSCs. It has been demonstrated that hiPSCs
retain certain gene expressions of the parent cells, and
this suggests that iPSCs of different origins may possess
different capacities to differentiate. A complete study using various mouse iPSCs has demonstrated that the origin of the iPSCs has a profound influence on the tumorforming propensities in a cell transplantation therapy
model[92]. Mouse tail-tip fibroblast iPSCs (mesoderm
origin) have shown the highest tumorigenic propensity,
whereas gastric epithelial cells and hepatocyte iPSCs (both
are endoderm origin) have shown lower propensities[93].
The recent evidence suggests that epigenetic memory of
the somatic cell of origin is retained in the iPSCs, and

Patient-specific iPSC-derived hepatocytes for cell
transplantation
Liver transplantation represents the only way to treat
patients suffering from chronic liver failure, but this is
associated with numerous problems, including shortage
of donors, high cost, rejection and complications. Transplantation of hepatocytes derived from hiPSCs could
represent an alternative cell source for liver failure and
inborn liver diseases. The important issue is the generation of safe and functional cell types for therapy. Indeed,
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A

B

C

D

Figure 3 Human induced pluripotent stem cells generated from human foreskin fibroblasts using single lentiviral stem cell cassette kit (Millipore, United
States) method. A, B: Human induced pluripotent stem cell (hiPSC) colonies resembling embryonic stem cells in morphology were observed, and iPSC with a flat,
packed, tight colony morphology and a high nucleus to cytoplasm ratio (A, × 40) were positive for Oct4 marker on immunocytochemistry (B, × 200); C, D: hiPSCs
were differentiated into hepatocytes. At day 13, these differentiated cells exhibited polygonal morphology (C, × 400) and showed pink color (glycogen storage) on
periodic acid schiff staining (D, × 200).
Disease modeling

Drug toxicity testing

Clinical applications

Figure 4 Flow diagram of potential applications of induced pluripotent stem cell-derived hepatocytes. Induced pluripotent stem cells (iPSCs) are capable of
self-renewal and are able to differentiate into hepatocytes in vitro. iPSC-derived hepatocytes can be applied to disease modeling, drug toxicity screening assays, and
clinical applications.

that may influence their directed differentiation potential into blood cells[94,81] or hepatocytes[92]. In the mouse,
iPSCs have been generated from derivatives of all three
embryonic germ layers, including mesodermal fibroblasts,
epithelial cells of endodermal origin and ectodermal keratinocytes, whereas human iPSCs have been produced
from mesoderm (fibroblasts and blood cells) or ectoderm
(keratinocytes and neural stem cells) and endoderm (hepatocytes)[81]. It is therefore extremely important to establish human iPSC lines of multiple origins and thoroughly
examine the source impact on both the safety issues and
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their differentiation potentials.
Recently, it has been demonstrated that iPSC-derived
hepatocytes can restore liver function in an animal model
of liver failure[95]. These results indicate the utility of hiPSCderived hepatocytes as an alternative treatment for patients
with end-stage liver disease. Researchers investigated and
analyzed the potential of hiPSC-derived hepatocytes to
model inborn liver diseases such as α1-antitrypsin deficiency, familial hypercholesterolemia, glycogen storage disease
type 1a, hereditary tyrosinemia, and Crigler-Najjar syndrome[6]. Genetic diseases of the liver modeled in hiPSC-
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Table 5 Direct conversion approaches for specific cell types
Ref.

Key factors

Direct converted cell type

Vierbuchen et al[109]
Ieda et al[110]
Szabo et al[111]
Huang et al[112]

Brn2, Ascl1, and Myt1l
Gata4, Mef2c, and Tbx5
Oct4
Gata4, Hnf1α and Foxa3, and inactivation of p19Arf

Transdifferentiated mouse fibroblasts into functional neuronal cells
Transdifferentiated mouse dermal fibroblasts into cardiomyocyte-like cells
Transdifferentiated human fibroblast cells into hematopoietic progenitors
Transdifferentiated mouse tail-tip fibroblasts into hepatocyte-like cell

Brn2: Brain-2; Ascl1: Achaete-scute homolog 1; Myt1l: Myelin transcription factor 1; Gata4: GATA binding protein 4; Mef2c: Myocyte enhancer factor 2;
Tbx5: T-box protein 5; Hnf1α: Hepatocyte nuclear factor 1α; Foxa3: Forkhead box protein A3; p19: protein p19; Oct: Octamer-binding transcription factor.

as stromal derived factor-1α in the liver following tissue
damage[107]. The role of liver stem cells in physiology,
pathophysiology and therapy is not yet exactly known;
therefore, it needs to be further investigated[108]. Although
a number of successful techniques have been developed,
stem cell-derived hepatocytes from adult, fetal and embryonic sources are found to retain immature fetal liver
characteristics, which are not similar in primary hepatocyte functionality. Therefore, the elucidation of other key
developmental factors and tissue culture environments,
together with iPSC technology, are essential in order to
obtain functional hepatocytes for hepatic applications.

derived human hepatocytes create new opportunities to
develop autologous cell transplantation therapy to correct
genetic defects in liver diseases.

Liver stem cells
The liver has a massive regenerative capacity. When liver
regeneration is impaired, oval shaped cells emerge and
are implicated in liver tissue repair[96]. These cells are derived from the canals of Hering, which are located in the
periportal region of the liver and account for 0.3%-0.7%
of the liver mass[97]. In rodents, these liver progenitor
cells are called oval cells, while in humans they are known
as hepatic progenitor cells[98]. These cells are phenotypically similar to fetal hepatoblasts and also have a bipotent
differentiation potential. Oval cells or hepatic progenitors
are difficult to isolate because of the lack of definitive
markers. Various markers have been used to identify oval
cells in adult liver, including liver stem cell and hematopoietic markers, such as OV6, Thy-1, CD34, c-kit, and
Sca-1[99]. Hepatic progenitors have been isolated from
fetal liver using the specific surface marker, epithelial
cell adhesion molecule (EPCAM). These EPCAM+ cells
showed positive for hepatic progenitor markers such as
CD29, CD49f and CD90[86]. Clinical studies have identified and confirmed the efficacy of fetal liver hepatic
progenitors in end-stage liver diseases[100]. However, the
clinical application of this cell source is limited due to the
difficulty in obtaining large numbers of fetal liver cells, as
well as ethical and immune rejection issues. Another stem
cell population found in the fetal liver is side population
cells which represents another potential source of liver
progenitor cells[101], but these cell numbers are very much
fewer in fetal liver. There is increasing evidence in the literature suggesting that bone marrow is another source of
hepatic progenitor cells[102,103]. Autologous bone marrowderived stem cell transplantations have been performed
in patients with liver diseases but it is difficult to assess
overall clinical benefit from these therapies[104].
In support of a role in liver regeneration, oval cell
activation has been detected in chronic liver injury caused
by inflammation, chronic hepatic necrosis, chronic alcoholism induced cirrhosis and hepatitis models[105,106].
Although the full complements of signals required for
oval cell activation are still unknown, both continuous
metabolic stress and chemical hepatotoxic substances
have been implicated as potential oval cell activators
when hepatocyte proliferation is inhibited[105,106]. A recent
study reported the production of a chemokine known
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DIRECT CONVERSION
Apart from the methods discussed above, overexpression
of lineage-specific transcription factors in somatic cells is a
new approach (direct conversion) to generate specific cell
types including neurons, cardiomyocytes, blood progenitors
and hepatocyte-like cells; as summarized in Table 5[109-112].
This method could be useful as an alternative approach
for autologous cell-replacement therapies. Unlike iPSCs
and ESCs, directly converted cells may not easily multiply
in the lab since they do not have pluripotency properties.
Therefore, this approach may have limitations. Choosing
highly proliferative starting somatic cells is essential in the
direct conversion approach.

CONCLUSION
Thinking outside the liver explores the potential of iPSCs
as an unlimited source for in vitro disease modeling and

for drug toxicity studies and clinical applications. Patientspecific iPSCs or custom-made iPSCs may have future
promising implications without immuno rejection. However, iPSC technology has several technical issues to be addressed such as generation of iPSCs without viral integration, elimination of tumor formation and genetic mutations
that need to be eliminated before the cells are put to clinical
applications. Despite limitations, iPSC-derived hepatocytes are a very promising population for cell therapies in
hepatology.
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Liver-spleen axis: Intersection between immunity,
infections and metabolism
Giovanni Tarantino, Antonella Scalera, Carmine Finelli
Moreover, understanding the spleen function could be
important to develop appropriate prevention strategies
in order to counteract the pandemia of obesity. In this
direction, we suggest spleen longitudinal diameter at
ultrasonography, as simple, cheap and largely available
tool, be used as new marker for assessing splenic function, in the context of the so-called liver-spleen axis.
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Core tip: From the literature data it is clear that obesity
in humans affects different compartments of immune
system. The aim of this review is to let clinicians appreciate the new role of metabolic and endocrine functions of the spleen with special emphasis to obesity and
nonalcoholic fatty liver disease in the context of the
available literature. Moreover, understanding the spleen
function could be important to develop appropriate prevention strategies in order to counteract the pandemia
of obesity. In this direction, we suggest spleen longitudinal diameter at ultrasonography, as simple, cheap
and largely available tool, be used as new marker for
assessing the liver/spleen axis.

Abstract
Spleen has been considered a neglected organ so far,
even though is strictly linked to liver. The spleen plays
an important role in the modulation of the immune system and in the maintenance of peripheral tolerance via
the clearance of circulating apoptotic cells, the differentiation and activation of T and B cells and production
of antibodies in the white pulp. Moreover, splenic macrophages are able to remove bacteria from the blood
and protect from sepsis during systemic infections. We
review the spleen function and its assessment in humans starting from the description of spleen diseases,
ranging from the congenital asplenia to secondary
hyposplenism. From the literature data it is clear that
obesity in humans affects different compartments of
immune system, even thought there are still few data
available on the implicated mechamisms. The intent is
to enable clinicians to evaluate the newly recognized
role of metabolic and endocrine functions of the spleen
with special emphasis to obesity and nonalcoholic fatty
liver disease in the context of the available literature.
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INTRODUCTION
In vertebrate evolution, spleen functions were performed
by a spleen-like tissue scattered along the digestive tract,
as seen in lamprey. Bony fishes and sharks are the first
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vertebrates where it appears as individual organ[1].
The spleen is a secondary peripheral lymphoid organ
located in the abdominal cavity between the diaphragm
and the fundus of the stomach of mammals. Its principal
function was preserved during the evolution in all animal
classes having that organ, while important differences can
be observed histologically. For example, the red pulp is
seen only from bony fishes upwards.
It is the largest lymphoid organ in the human body
and it has a fundamental role as destruction of red blood
cells and as actor in the immune response, filtering the
blood from antigenic particles and from abnormal and
aged cells. Table 1 summarizes the different functions of
the spleen.
The spleen anatomical architecture is extremely sophisticated and little is still known about specific processes that are performed in its differentiation. Mesenchymal,
hematopoietic and endothelial cells interact each other
thanks to complex, organized and still undiscovered signals leading to the development of its complex microarchitecture[2-4].

Table 1 Function of the spleen
Red pulp
Extramedullary hematopoiesis if required
Facilitating an environment wherein erythrocytes rid themselves of
solid waste material
Blood filter for foreign material and damaged and senescent blood
cells
Storage site for iron, erythrocytes, platelets, plasmablasts and plasma
cells
Rapid release of antigen-specific antibodies into the circulation
produced by red pulp plasma cells
Defense against bacteria using iron metabolism by its macrophages
White pulp
T cell zone (periarterial lymphatic sheath) and B cell zone (follicles)
Storage site for B and T lymphocytes
Development of B and T lymphocytes upon antigenic challenge
Release of immunoglobulins upon antigenic challenge by B
lymphocytes
Production of immune mediators involved in clearance of bacteria
such as complement, opsonins, properdin and tuftsin
Marginal zone
Phagocytosis of circulating microorganisms and immune complexes
by MZ macrophages
Development of marginal zone B lymphocytes upon TI-2 antigenic
challenge
Blood trafficking of B and T lymphocytes
Release of immunoglobulins upon antigenic challenge by splenic B
lymphocytes

WHAT EVIDENCE HAS SUGGESTED
SPLEEN BE CONSIDERED A NEGLECTED
ORGAN?

nisms and the etiology of spleen development are still
unknown.

The congenital asplenia may occur with or without other
clinically evident abnormalities. In the first case, with
asplenia, other defects of organs of the thoracic and
abdominal cavities can be found. One example is the heterotaxy syndrome, where there is a failure in the left-right
axis specification[5].
If the defect occurs before the ontogenesis of the
spleen on the left side, it may not affect splenic development. The second type of congenital asplenia is less
common[6-10] and includes subjects with no other obvious abnormalities that report recurrent infections from
childhood. In those cases the diagnosis of asplenia often
remains unravelled, due to the lack of necroscopy.
Studies in mice have highlighted that some genes are
crucial for spleen development, such as Tcf21, Bapx1,
Pbx1[11] and recently also Tlx1[12]. In this case it can be
expected that asplenic animals suffer from additional
several anomalies caused by the deficiency of specific
genes. However, in the literature are not reported corresponding cases, probably because in humans and mice
similar genes do not have overlapping functions, or these
subjects die before or soon after birth and/or they were
not extensively investigated.
A suitable example may be the Atrx syndrome, where
the mutations of this gene result in athalassemia, myelodysplasia and mental retardation[13]. Individuals with this
syndrome occasionally exhibit asplenia[14], but the inactivation of Atrx similar gene in mice does not end up in
asplenia[15].
In individuals with congenital isolated asplenia are
reported some mutations[16], but the molecular mecha-

WCG|www.wjgnet.com

ANATOMICAL AND HISTOLOGICAL
COMPOSITION OF THE SPLEEN (ANIMAL
VS HUMAN MODEL)
In the mice the spleen has a characteristic histological organization similar to a sponge, where the fibrous capsule
form a reticular network with the trabeculae stemming
from its internal side. The splenic artery enters the hilum
of the spleen, divides itself into smaller branches and
finally gives rise to “central arteriolae” of the white pulp
and to the large sinusoids of the red pulp. The central
arteriolae are surrounded by a sheath of small T lymphocytes, the so-called PeriArteriolar Lymphoid Sheath
(PALS). They communicates with follicles, a highly organized accumulation of T and B lymphocytes. The red
pulp, PALS and follicles are also surrounded by the marginal zone, filled with large memory B cells.
The human and mice spleen are not anatomically different. The fact that patients with autoimmune thrombocytopenia purpura and circulating antiplatelet antibodies
improve after splenectomy[17], supports the role of the
red pulp of the spleen in the displacement of old and
damaged platelets, aged erythrocytes and apoptotic cells
in humans.
After apoptosis of aged erythrocytes, hemoglobin is
digested and iron is released or stored by splenic macrophages. Thus, the spleen is fundamental in the recycling
of iron[18].
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Interestinghly, after abdominal surgery for trauma or
neoplasia, the displacement of the spleen is often without immediate consequences. This is one of the reasons
for which, untill a recent past, the spleen was considered
not a vital organ. Consequently, it was believed that the
spleen could be removed without major consequences.
Recently, Ozban et al[19] have disproved this theory, because they have shown that exercise in splenectomized
individuals can cause serious problems in form of decreasing splanchnic flow and increasing blood viscosity.
The spleen plays an important role in the modulation of the immune system and in the maintenance of
peripheral tolerance via the clearance of circulating apoptotic cells, the differentiation and activation of T and B
cells and production of antibodies in the white pulp[20,21].
Moreover, splenic macrophages are able to remove bacteria from the blood and protect from sepsis during systemic infections.
Vice versa, most important differences between mice
and humans in the spleen organization and functionality
are revealed in the immune response. The marginal sinus
in mice and the perifollicular zone in humans are areas of
particular activity. B cells in the marginal zone in mouse
are highly reactive and specialized against pathogens invasion via a T-independent reaction[20], however in humans,
the same area contains memory B cells[22]. Several chemokines and adhesion molecules regulate the trafficking
between the marginal zone and the white pulp.

into the well vascularised greater omentum. Clinical data
have shown that this procedure has an important effect
in increasing specific antibody responses after pneumococcal vaccination, as well as normalizing IgM levels[29,30],
and probably can also reduce the risk of opportunistic
infections in immunodeficient subjects[31]. The increased
susceptibility of hypo or asplenic individuals to encapsulated bacterial infections is mostly due to the lack of
IgM memory B cells and to their not adherent reaction
to polysaccharide vaccines. The absence of splenic macrophages with the reduced number of B cells in asplenic
patients can result in the establishment of a favorable environment to the development of overwhelming bacterial
infections.

SPLEEN AND NATURAL ANTIBODIES
A particular subtype of B-cell population is involved
in the immune deficiency and in the reduced response
to polysaccharide antigens seen in the asplenic or splenectomized mice. B cells may be divided in two main
subpopulations on the basis of life development (fetal or
adult), superficie markers and functions. Asplenic mice
lack B-1a B cells[32], a distinct population from the more
conventional B-2 B cells that are involved in the adaptive
immunity and collaborating with T cells[33].
Functions of B-1a B cells are mainly three: (1) they
can act in an T-cell independent mode during the immune response; (2) they produce natural antibodies and
co-operate with the innate immune system to contrast
bacterial and viral infections; and (3) in the intestinal mucosa they can differentiate into plasma cells producing
IgA[34].
In the specific immune response, produced antibodies have a very high affinity for a particular epitope and
they can prevent re-infection from the single pathogen
that previously has caused their own production. Vice
versa, the pentameric IgM isotype produced by B-1a B
cells binds various antigens with high avidity and low
affinity and is therefore able to neutralize many different antigens. IgM antibodies are the so called “natural
antibodies” and in recent years, it has been demonstrated
that they may play a role in the protection against malignancy[35] and atherosclerosis[36]. Asplenic mice not only
have a reduced number of B-1a B cells but they have a
decreased concentration of serum IgM[32].
B-1a B cells produce IgA immunoglobulins, and in
the intestinal mucosa about half of the IgA plasma cells
derives from B-1a B cells[37]. The homeostasis of the
intestine is finely regulated by mucosal IgA. These immunoglobulins interact with antigens presented by the
intestinal microbiota and by pathogens, preventing their
overgrowth and subsequent invasion.
The precise reason why B-1a B cells are absent in asplenic mice and why their number rapidly declines after
splenectomy is not yet defined. B-1a B cells are produced
in the fetal liver, contrarily to B-2 B cells that derive from
adult bone marrow. It is noteworthy to stress that the

ROLE OF SPLEEN IN LIMITING
BACTERIAL INFECTION
As seen before, congenital asplenic subjects have an increased risk of developing infective diseases and the lack
of the spleen functionality causes more startling effects
in the newborn.
Morris et al[23] firstly described in 1919 that splenectomized patients are more susceptible to infections,
especially caused by Haemophilus influenzae, Streptococcus
pneumoniae and Neisseria meningitidis (so called encapsulated
bacteria)[23-25]. The risk of sepsis is 10- to 20-fold higher
than non splenectomized population and, especially in
young children, death can result[26]. Overwhelming postsplenectomy infection can occur some hours after the
first signs of deterioration of health and can degenerate to multi-organ failure and death[27]. Most asplenic
children die of infection during the neonatal period. In
fact, among the causes of sudden and unexpected infant
death, the congenital asplenia can also be included[28].
Another condition is functional asplenia, when in
patients with haematological or metabolic disorders the
splenic tissue organization is altered and, for this reason,
equally they develope the same type of infections. In
patients with functional or anatomical asplenia is quite
impossible to quantify the risk of developing infections and sepsis. Therefore, a method to conserve some
splenic tissue during abdominal surgery with deracination of the spleen is to transplant small spleen fragments
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first subtype cannot be replaced after adult bone marrow
transplant. Moreover, Ig-positive precursors of B-1a B
cells have been detected in the spleen, but it is unknown
if these cells persist in the spleen during the adult life and
derive from precursors situated in the fetal liver. According to a recent theory the spleen might be central to their
generation or survival and therefore splenectomy would
lead to the depletion of the B-1a population[32].

study the activity of the spleen. Because of its ability in
purifying the blood from old erythrocytes, the amount of
altered red blood cells can be used as index of functionality of the spleen. The detection of Howell-Jolly bodies
is one of these, although the sensitivity and specificity
are questionable for the hyposplenism[46,47]. Other haematological parameters are finding membranes pits, large
vacuoles situated near to the plasma membrane, or other
cellular changes as acanthocytes, target cells, Heinz bodies (remnants hemoglobin), Pappenheimer bodies (iron
granulocytes) and siderocytes[48].
The count of B cells derived from the marginal zone,
which have fundamental action in innate immunity, and in
particular as defense against the invasion by encapsulated
bacteria, is otherwise a possible method for evaluating the
immunological activity of spleen[49]. B cells derived from
the marginal zone and the memory cells producing IgM
are in fact reduced in patients with diminished splenic
function[38].
All the tests described above could be used with ease
in clinical practice, on the other hand they have proved
not to be very sensitive and specific, or they are needed
to be further studied and validated[46,50].
To date, the radioisotope method is definitely the best
way to quantify the filtering activity of the spleen. The
(99m) Tc-labeled, heat-altered, autologous erythrocyte
scintigraphy with multimodality single photon emission
computed tomography (CT) - technology is considered
the best approach to gauge all the facets of the splenic
function[51]. However, this is a method that has the highest cost and it is difficult to perform.

OTHER FUNCTIONS OF THE SPLEEN
An interesting hypothesis relates the spleen to the activity
of gut-associated lymphoid tissue (GALT). The dysfunction of GALT is known to predispose to inflammatory
bowel diseases (IBD), above all for its role in T cell activation and trafficking in the gut. Moreover, the frequency
of IgM memory B cells is decreased in IBD subjects[38]
establishing a relationship among GALT and spleen in
humans.
The spleen also has important hematological functions. The spleen picks up from the circulation platelets
that subsequently are stored or can be destroyed by lymphocytes. As storage organ the spleen stores about one
third of the human body’s platelets.
The thrombocytopaenia is a result of hypersplenism,
because of the heightened functions of the spleen in sequestering and break-downing platelets. Conversely, after
splenectomy mild thrombocytosis can be observed[39]
because of the lack of sequestering and destruction of
platelets by the spleen, and at the same time it can be observed a slight increase in platelet production in the bone
marrow[40]. Erythrocytes are stored and removed from
the blood circulation in this organ. After splenectomy,
the presence in the blood of many substances released
from circulating damaged erythrocytes with procoagulant
activity can lead to the establishment of a procoagulant
state and therefore to the occurrence of thromboembolic
events (for example pulmonary embolism, deep vein and
portal vein thrombosis).
Beyond haematopoietic stem cells, stem cells of other
differentiation lines, such as stromal cells with osteogenic
differentiation properties, seem to be present in the
spleen, confirmed by in vitro studies[41]. It would be interesting to explore if in the spleen these osteogenic precursors may represent a monocyte/macrophage lineage
common precursor cell population with the ability to differentiate along the osteoclast lineage[42]. Animal studies
have also shown that splenocytes can differentiate into
pancreatic islets and ductal epithelial cells when injected
into diabetic non-obese diabetic mice, thereby splenocytes may be useful in the treatment of type 1 diabetes,
thanks to their ability of restoring normal glycaemia[43,44].
Subsequently, Chong et al[45] have questioned the origin of
these stem cells.

SPLEEN AS A NEW PLAYER
Nonalcoholic Fatty Liver Disease (NAFLD), the most
common cause of liver steatosis, is associated with obesity, mainly visceral type, and insulin resistance. The liver
inflammation (nonalcoholic steatohepatitis, the so called
NASH) can progress from the simple hepatic steatosis
or fatty liver (FL) lasting risk factors, as type 2 diabetes
mellitus, major obesity and Metabolic Syndrome (MS).
In its natural history, NASH can end up in perisinusoidal
fibrosis and cirrhosis. Hepatocytes, during steatosis, are
fat-laden and swollen, and in steatohepatitis the hydropic
change (ballooning) causes further swelling and also sinusoidal distortion, as visualized by in vivo microscopy studies. This evenience leads to the reduction of intrasinusoidal volume and microvascular blood flow, as clearly
described by Farrell et al[52]. Sinusoidal endothelial cells,
Kupffer cells and stellate cells are also involved in the
pathological process in conjunction with the activation
of the immune system. The microcirculation is skewed
by inflammatory cells and platelets recruited in the liver.
Animal models confirm these data and evidence that
these pathological changes lead to a marked reduction of
sinusoidal space (approximately 50% of control), and a
decrease in the number of normally perfused sinusoids,
according to a review, recently published[51]. The micro-

ASSESSMENT OF SPLEEN FUNCTION
Over the years, several methods have been developed to
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vascular damage is necessary for developing futher liver
injury and causing disease progression as in NASH. The
lipid peroxidation of unsaturated fatty acids by reactive
oxygen species is one of the main causes of the sensitivity of hepatic steatosis to ischemia-reperfusion injury.
During the whole 24-h-period the most part of time is
spent in postprandial state in humans. Therefore, the liver
has a fundamental role in maintaining the correct energy
state balancing the input, secretion, and oxidation of fatty
acids. In abdominally obese men the oxidation of dietary
fatty acids, hepatic desaturation and elongation of pal
mitic acid occur to a greater extent than in non-obese[53].
This means, therefore, that donor’s fatty livers are
an obstacle to transplantation[52]. Between other hepatic
cells, the dysfunction of Kupffer cells gives a major contribution to NASH progression. It is noteworthy that the
reticular-endothelial system also plays a key role in the
spleen and a good method for study Kupffer cell activity
is the colloid scintigraphy. Duman et al[54] have followed
22 patients with biopsy-proven NASH who underwent
colloid liver scintigraphy. Liver right/left lobe ratio was
altered in all patients after intravenous injection of 185
MBq Tc tin colloid. The shift of colloid to the spleen and
a prolonged blood pool clearance time was observed in
55% of patients with NASH.
Previously, Tsushima et al[55] aimed to determine if
there was an association between spleen enlargement and
NAFLD, measuring spleen volume at CT. It must to be
observed that the values were weighted according to the
patient’s demographic data, the Liver/Spleen (L/S) ratio
of CT Hounsfield unit measurements, and liver function
tests. L/S ratio was also used to perform the diagnosis.
The authors evidenced an increased mean spleen volume
(P < 0.0001) between NAFLD and controls 73.0 ± 24.4
cm3 (range, 21.1-106.1) in normal subjects and 141.2 ±
54.1 cm3 (range, 44.1-267.3) in NAFLD subjects. Only
the L/S ratio (P < 0.0001) and age (P < 0.01) were significantly correlated to spleen volume at multivariate linear regression analysis and at forward selection stepwise
regression.
Basing on the evidence that obesity and insulin resistance are inflammatory chronic diseases and therefore are
associated with systemic markers of inflammation, some
scholars have attempted to find a non invasive diagnostic
method for NASH to help clinicians to decide whether
and when to perform liver biopsy.
Patients with histology proven-NAFLD (43 patients
with NASH and 40 with FL), compared with healthy subjects, were evaluated with ultrasonographic exams, with
particular interest to ultrasonographic spleen longitudinal
diameter (SLD) and splenic artery resistive index, and
laboratory measurements, as serum interleukin (IL)-6 and
vascular endothelial growth factor (VEGF) concentrations. The NASH group demonstrated higher IL-6 blood
levels, SLD values, and VEGF concentrations than controls. In this study was estimated that the SLD is more
sensitive than IL-6 and VEGF in discriminating NASH
from FL, and the optimal cut-off value for SLD is 116
mm (specificity 95% and sensitivity 88%). NASH and FL
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subjects have a similar splenic artery resistive index, but it
differs when compared with controls. On the other hand,
normal values of SLD and IL-6 were associated with FL
and normal values of IL-6 could confirm the absence of
NASH[56]. Further confirmation of these findings comes
from another study which highlighted that spleen enlargement may be a distinct feature of NASH, especially earlystage NASH[57]. Therefore, we suggest that SLD could be
used as new marker for assessing splenic function, independently from its use in distinguishing the simple FL,
also called benign, from NASH, the more severe form of
NAFLD, benignity not always shared[58].
In this study[59], SLD and blood pressure were significantly correlated with insulin resistance, moreover measures of SLD were well predicted by body mass index
values.
To let Authors duplicate this finding, SLD was measured by postero-lateral scanning. It was used the average
value obtained by measuring the maximum length and
the cranio-caudal diameter. All the indices were measured
thrice.
A subsequent study showed that spleen enlargement
was found at significant levels (38%) in obese female
rats as determined by Cavalieri volume calculation, an
unbiased stereological method[60]. These recent results
clearly indicated that high fat diet caused splenomegaly
via sinusoidal dilatation and intracellular or intercellular
deposits[61]. Although these data are encouraging to find a
non-invasive method for NAFLD diagnosis, liver biopsy
remains the only reliable method to differentiate simple
steatosis or FL from NASH in NAFLD subjects[58]. On
this line, Kikuchi et al[62] evaluate the efficacy of noninvasive (99m) Tc-phytate scintigraphy in the diagnosis of
NASH in humans and in a rat model. In the first study,
patients with suspected NAFLD underwent liver biopsy
and (99m) Tc-phytate scintigraphy. As region of interest,
signal intensities of the liver and spleen were measured.
Subsequently, they observed that the L/S uptake ratio at
scintigraphy was significantly decreased in NASH subjects when compared to patients with FL. The L/S ratio
was an independent predictor in distinguishing NASH
from FL. More interestingly, the decrease of L/S ratio
was found in all NASH stages, from its earliest stages
(stages 1 and 0). In the second study, the authors induced
NASH in rats feeding them with a Methionine- and
Choline-Deficient (MCD) diet. In this case, the L/S uptake ratio was also significantly decreased after 8 wk of a
MCD diet in comparison with control diet-fed rats. From
these data, the authors concluded that non-invasive (99m)
Tc-phytate scintigraphy is able to discriminate NASH
from FL.

INFECTIONS TENDENCY IN OBESITY
AND THE POSSIBLE LINK WITH THE
SPLEEN
The frequency of ischemic heart disease observed after
traumatic splenectomy and the low cholesterol levels
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an increased risk of infection, showing their peripheral
blood lymphocytes a decreased reactivity to mitogens
and an impaired proliferative capacity[64,65]. The response
of T lymphocytes to concanavalin A and response of
B lymphocytes to pokeweed mitogen are decreased in
obese subjects[66]. In addition to the T lymphocyte population, also natural killer cell activity is suppressed in
obese men and women > 60 years of age, as mentioned
in a report made by Moriguchi et al[66,67]. Moreover, the
natural killer cells activity and percentage of body fat
are negatively correlated in both elderly women[68], and
middle-aged men[69]. These data suggest that obesity is
a risk factor for the progressive deteriorating of cellular
immune functions. The pathophysiological mechanisms
by which cellular immune functions are affected by obesity are still under investigation but the spleen may have
an important role. In the splenic lymphocytes of obese
mice, the expression of glucose transporter 1 (GLUT-1),
analyzed by Western blot analysis, was lower compared to
lean rats. The decreased expression of GLUT-1 in these
rats is associated with a defective uptake of glucose into
immune cells. It is probable that the decreased proliferation of splenic lymphocytes in obese rats is connected
to the decreased expression of GLUT-1 and therefore
to an impairment of glucose uptake[69]. An interesting
report by Miyake et al[70] evaluates NAsFLD mice feed
high-fat and high-calorie diet for 12 wk for assessing the
extent of antigen-specific immunity response. NAFLD
mice and control mice were immunized with hepatitis B
vaccine containing hepatitis B surface antigen (HBsAg)
and hepatitis B core antigen (HBcAg) and, subsequently,
antibody to HBsAg (anti-HBs) blood levels, HBsAg and
HBcAg-specific cellular immune response and functions
of whole spleen cells, T lymphocytes, B lymphocytes
and spleen dendritic cells (DCs) of NAFLD and control
mice were assessed in vitro. Interestingly, in NAFLD mice
levels of anti-HBs and the proliferation activity of HBsAg and HBcAg-specific lymphocytes were significantly
lower compared to controls. Higher levels of inflammatory cytokines were produced and T cells have showed
an increased proliferation rate in spleen cells of NAFLD
than lean mice. Concurrently, DCs processing and presenting antigen activities were significantly decreased in
the spleen of NAFLD mice compared to controls. Moreover, the administration of saturated fatty acids caused
impaired antigen processing and presenting capacity of
murine DCs. These data emphasize that the modification
of antigen-specific immunity in NAFLD mice depends
on the action different types of immunocytes, including
DCs and lymphocytes, clarifying the role of the spleen in
this specific pathological process.

Table 2 Main topics
Congenital asplenia in humans
There are two types of congenital asplenia: with or without other
clinically evident abnormalities
Tcf21, Bapx1, Pbx1 and Tlx1 are crucial for spleen development
The molecular mechanisms and the etiology of spleen development
are still unknown
How the anatomical and histological composition of the spleen can
guarantee its function?
The phagocytosis of old and damaged cells, particles and blood-borne
microorganisms from local macrophages takes place in the red pulp
The spleen is fundamental in the recycling of iron
Exercise in splenectomized individuals can decrease splanchnic flow
and increase blood viscosity
Most important differences between mice and humans in the spleen
organization and functionality are revealed in the immune response
Role of spleen in limiting bacterial infection
Splenectomized and asplenic patients are more susceptible to
infections, especially caused by Haemophilus influenzae
Subjects with functional asplenia develope the same type of infections
The spleen and natural antibodies
B cells may be divided in two main subpopulations on the basis of life
development (fetal or adult), superficie markers and functions
Spleen might be central to the generation or survival of the B-1a
population and therefore splenectomy would lead to their depletion
Other functions of the spleen
There is a probable relationship among GALT and spleen in humans
The spleen also has important hematological functions
In the spleen were found stem cells with several differentiation
properties: haematological, osteogenic and maybe pancreatic
Assessment of spleen function
Hematologycal and immunological parameters should be used in the
assessment of spleen function
The best approach to gauge all the facets of the splenic function is the
radioisotope method
Spleen as a new player
There is an association between spleen enlargement and NAFLD
SLD could be used as new marker for assessing splenic function
Initial data have shown that SLD is more sensitive than IL-6 and VEGF
in discriminating NASH from FL, and the optimal cut-off value for
SLD is 116 mm
Infections tendency in obesity and the possible link with the spleen
Obese subjects have an increased risk to develop malignancies and
infections
The pathophysiological mechanisms by which cellular immune
functions are affected by obesity are still under investigation but the
spleen may have an important role
GALT: Gut-associated lymphoid tissue; NAFLD: Nonalcoholic fatty liver
disease; SLD: Spleen longitudinal diameter; VEGF: Vascular endothelial
growth factor; IL-6: Interleukin-6; NASH: Nonalcoholic steatohepatitis.

found in patients with hypersplenism are observations
that suggest a possible role for the spleen in lipid metabolism and in the etiology of atherosclerosis[63]. Previous
studies showed that obese subjects, compared to nonobese, have an increased risk to develop cardiovascular
disease, hypertension, cerebrovascular disease and type
2 diabetes mellitus. But, it is equally important that they
have an impaired immune function, as demonstrated
by the higher incidence of malignancies and infections.
From the literature data it is clear that obesity in humans
affects different compartments of immune system, even
thought there are still few data available on the implicated
mechamisms. Elderly people (> 60 years of age) have
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FUTURE PERSPECTIVES
This paper reports the studies on the use of simpler parameters in assessing the need for medical intervention
with respect to healthy and non healthy overweight/
obese individuals.
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In a not too distant past, the spleen has been considered a neglected and expendable organ. In portal hypertension it was considered an ancillary organ[71-74] and
it has some importance in infectious disease or as organ
localization in lymphoproliferative diseases.
As described before, Table 2, now the spleen is
deemed an important component of the immune system,
crucial in immune response regulation[55,75,76], and also it
has a metabolic asset and it is involved in endocrine func
tion with regard to NAFLD[51].
It is suggested that adoption of a simpler tool to perform measurements could not only reduce the cost of
medical care but also provide more reliable identification
of patients in need of weight loss[77-80].
Larger and well-implanted studies comprehending
better characterized patients should be taken into account
to ascertain the validity of this tool.
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Core tip: We performed a review of the recent literature, and through combining current consensus and
recent advances, we developed an evidence-based
diagnostic algorithm to guide clinicians in characterising hepatic cystic lesions. Serodiagnostic tests and
microbubble contrast-enhanced ultrasound (CEUS) are
invaluable in differentiating complicated cysts, echinococcosis and cystadenoma/cystadenocarcinoma when
ultrasonography (USG), computed tomography and
magnetic resonance imaging show ambiguous findings.
As a result, serodiagnostic tests and CEUS reduce the
need for invasive procedures. USG screening of the
liver and both kidneys combined with extensive family
history taking remains the cornerstone of diagnostic
decision making in polycystic liver disease.

Abstract
Hepatic cysts are increasingly found as a mere coincidence on abdominal imaging techniques, such as ultrasonography (USG), computed tomography (CT) and
magnetic resonance imaging (MRI). These cysts often
present a diagnostic challenge. Therefore, we performed a review of the recent literature and developed
an evidence-based diagnostic algorithm to guide clinicians in characterising these lesions. Simple cysts are
the most common cystic liver disease, and diagnosis
is based on typical USG characteristics. Serodiagnostic
tests and microbubble contrast-enhanced ultrasound
(CEUS) are invaluable in differentiating complicated
cysts, echinococcosis and cystadenoma/cystadenocarcinoma when USG, CT and MRI show ambiguous
findings. Therefore, serodiagnostic tests and CEUS reduce the need for invasive procedures. Polycystic liver
disease (PLD) is arbitrarily defined as the presence of
> 20 liver cysts and can present as two distinct genetic
disorders: autosomal dominant polycystic kidney disease (ADPKD) and autosomal dominant polycystic liver
disease (PCLD). Although genetic testing for ADPKD
and PCLD is possible, it is rarely performed because it
does not affect the therapeutic management of PLD.
USG screening of the liver and both kidneys combined
with extensive family history taking are the cornerstone
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INTRODUCTION
Hepatic cystic lesions represent a comprehensive heterogeneous cluster with regard to pathogenesis, clinical
presentation, diagnostic findings and therapeutic management (Table 1). Hepatic cystic lesions predominantly
remain asymptomatic and are found as a mere coinci-
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dence on abdominal imaging techniques, such as ultrasonography (USG), computed tomography (CT) and
magnetic resonance imaging (MRI)[1,2]. The use of these
techniques has greatly increased over the last years, and as
a corollary, there has been an increase in incidental findings of asymptomatic hepatic cystic lesions[3]. In most
cases, hepatic cystic lesions will follow a benign course[4].
However, it is essential to differentiate benign cysts from
potentially harmful cysts, such as echinococcosis, cystadenoma and cystadenocarcinoma, which require specific
treatment[5,6]. Currently, clinicians must also be aware of
changes in the epidemiology of certain hepatic cystic
lesions. Echinococcosis has spread to previously nonendemic Western European countries[7,8]. For this reason,
the early and accurate diagnosis of cysts is crucial. To facilitate the diagnostic process, we provide an overview of
the wide spectrum of mono- and polycystic liver diseases
based on literature published over the last five years.

Table 1 Differential diagnosis of cystic lesions in the liver
Monocytic disease
Simple cyst
Echinococcosis
Cystic echinococcosis
Alveolar echinococcosis
Cystadenoma
Cystadenocarcinoma
Polycystic disease
Autosomal dominant polycystic kidney disease
Autosomal dominant polycystic liver disease

Laboratory findings
Laboratory findings are predominantly normal, but
a minority of patients have raised serum γ-glutamyltransferase (γGT)[17]. Several studies have shown that
serum and cyst fluid levels of carcinoembryonic antigen
(CEA) and cancer antigen 19-9 (CA 19-9) may be elevated[18]. CA 19-9 is expressed in the simple cyst inner
epithelial lining and leads to elevated cyst fluid and serum
CA 19-9 levels[17]. CA 19-9 is not helpful in the differential diagnosis of intracystic haemorrhage[19].

LITERATURE SEARCH
We searched the electronic database PubMed using the
following search terms: “liver” and “cyst” and “diagnosis”. We limited our search to articles that were written
in English, published between November 2007 and November 2012 and available in full text. A total of 992 articles were identified. For the purpose of this review, we
included articles with a main focus on the evaluation of
hepatic cystic lesions in humans. Screening the titles and
abstracts identified 252 articles meeting these inclusion
criteria (Figure 1). Additionally, we searched the reference
lists from all eligible reviews for additional leads.

Diagnostic features
Most simple cysts are diagnosed incidentally on USG
(Figure 2A), CT (Figure 2B) or MRI. The diagnosis of
a simple cyst is based on the following USG criteria:
anechoic (i.e., fluid filled cavity), no septations, sharp
smooth borders, strong posterior wall echoes (indicating
a well-defined fluid/tissue interface), spherical or oval
shaped and a relative accentuation of echoes beyond the
cyst compared to echoes at a similar depth transmitted
through normal adjacent hepatic tissue (Table 2)[20]. CT
shows a sharply defined homogeneous hypodense lesion
(Figure 2B)[21]. MRI T1-weighted sequence shows low
signal intensity, whereas the T2-weighted sequence shows
extremely high signal intensity, which does not enhance
after contrast injection[22]. USG has a reported sensitivity
and specificity of approximately 90% for diagnosing a
simple cyst[23], and recent advances in CT and MRI technology might result in even higher sensitivity rates[12,22,24].
However, because CT is accompanied with a radiation
load and both CT and MRI come at a significantly higher
cost, USG remains the most accurate, non-invasive and
cost-effective imaging modality for diagnosing simple
cysts.
In case of an intracystic haemorrhage (i.e., complicated
cyst), USG typically shows a hyperechogenic echo pattern combined with internal echoes that mimic septations
or solid portions (Figure 3)[25]. In contrast, CT visualises
intracystic haemorrhage as a high-density area[26], whereas
MRI depicts it as a high signal intensity on T1- and T2weighted sequences[27]. Neither CT nor MRI has additional diagnostic value compared to USG in the diagnosis of
cystic bleeding[15]. The recent development of microbubble contrast-enhanced ultrasound (CEUS) enables us to
visualise vascular flow within septa or solid components
of cysts, which is absent in simple cysts with intracystic

SIMPLE CYSTS
Pathogenesis
Simple cysts arise congenitally from aberrant bile duct
cells and contain a clear, bile-like fluid[9]. Because bile
duct epithelium covers the simple cyst inner lining, it is
hypothesised that simple cysts arise during embryogenesis when intrahepatic ductules fail to connect with extrahepatic ducts[4,10].
Clinical features
The prevalence of simple cysts ranges from 2.5% to 18%
and increases with age[11,12]. More than half of individuals
older than 60 years are likely to have one or more simple
cysts. Cysts are small in most patients but can grow to
over 30 cm in selected cases. In a small fraction of patients, symptoms, such as abdominal pain, early satiety,
nausea and vomiting, arise as a result of a mass effect[3].
Physical examination may reveal a palpable abdominal
mass or hepatomegaly[1]. Complications such as haemorrhage, rupture and biliary obstruction are uncommon but
are more likely in larger cysts[13]. Intracystic haemorrhage
is a rare complication of simple cysts and usually presents
with severe abdominal pain[14], although asymptomatic
presentations are also observed[15,16].
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PubMed query: "liver" and "cyst"
and "diagnosis" n = 6809
Articles excluded: n = 5817
Exclusion criteria (articles may be excluded for one or more criteria):
1: Not published in English: n = 1991
2: Not published in last 5 years (november 2007 - november 2012): n = 5547
3: Full text not available: n = 2945

Title and abstract screened: n = 992
Articles excluded: n = 740
Exclusion criteria:
1: Main focus on other condition than hepatic cystic lesions: n = 581
2: No focus on diagnostic features: n = 132
3: Not involving humans: n = 27
Retrieved for full text evaluation: n = 252

Figure 1 Selection process of retrieved articles.
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Figure 2 Simple cyst. A: On abdominal ultrasonography. Ultrasonography (USG) demonstrating a large simple cyst occupying the right hepatic lobe. Note the sharp
and smooth border, oval shape, and anechoic echo pattern with the absence of septations and strong posterior wall echoes. The cyst size is indicated by the dotted
lines; B: On abdominal computed tomography. Computed tomography demonstrating a sharply defined homogeneous hypodense cystic lesion (arrow) occupying the
right hepatic lobe, which was diagnosed as a simple cyst.

haemorrhage[28]. Therefore, CEUS can accurately characterise these cysts when USG, CT and MRI show ambiguous findings[29-31].

alveolar echinococcosis (AE)[6].
Echinococcosis-related deaths are uncommon in
developed countries. For example, there were 41 echinococcosis-associated deaths in the United States over an
18-year study period[37]. However, echinococcosis is considered to be an emerging disease in Europe[38,39]. Thus,
CE and AE are diseases with a considerable global disease impact, as indicated by a substantial loss in disabilityadjusted life years[38,40].

Therapy
The management of most simple cysts relies on a “waitand-see” policy, and no further treatment is required in
these cases. If there are symptoms, aspiration-sclerotherapy is the preferred treatment[32,33]. Laparoscopic or open
surgical fenestration techniques are similarly or even
more effective in reducing symptoms[34,35] but have a significantly higher morbidity and mortality rate[36].

Cystic echinococcosis
Pathogenesis: Humans become infected by acting as
intermediate hosts of E. granulosus after ingestion of Echinococcus eggs, which are excreted by infected carnivores
(dogs and other canids)[6]. Infection is typically observed
in areas containing large numbers of the intermediate
hosts of the parasite (sheep and goats) that are in close
contact with the final host (herding dogs)[41-43].

ECHINOCOCCOSIS
Echinococcosis is a zoonosis caused by larval stages of
taeniid cestodes (tapeworms) belonging to the Echinococcus
species. Two of the six known species cause solitary cystic lesions in humans: (1) Echinococcus granulosus (E. granulosus), responsible for cystic echinococcosis (CE); and (2)
Echinococcus multilocularis (E. multilocularis), responsible for

WCG|www.wjgnet.com
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Table 2 Ultrasonography features for the diagnosis of monocytic diseases of the liver
Simple cyst
Border
Shape
Echo pattern

Sharp and smooth
Spherical or oval
Anechoic1

Appearance

No septa

Cystic echinococcosis

Alveolar echinococcosis

Laminated
Irregular
Round or oval
Irregular
Anechoic or atypical2 Hyperechogenic outer ring and
hypoechogenic centre
Multiseptated
Multivesicular

Wall
Strong posterior wall echoes
Posterior acoustic
Relative3 accentuation of
feature
echoes

Dorsal shadowing
(calcified areas)

Cystadenoma and cystadenocarcinoma
Irregular
Round or oval
Hypoechogenic with hyperechogenic
septations
Septated and/or solid structures
(papillary projections)
Wall enhancement
Dorsal shadowing (calcified areas)

1

Fluid-filled cavity; 2Snowflake-like inclusions or floating laminated membranes; 3Compared to echoes at a similar depth transmitted through normal
adjacent hepatic tissue.

immuno diagnostic tests[47]. USG shows a round or ovalshaped, anechoic or atypical (i.e., snowflake-like inclusions
or floating laminated membranes) echo pattern with multiple septa confined by a laminated border (Table 2)[47].
USG has a reported specificity of 90% and is used in
combination with CT when surgical treatment is considered. MRI has not been proven to be cost-effective and
has no added value[48]. The currently used serodiagnostic
tests to reveal E. granulosus antibodies have a sensitivity of
93.5% and specificity of 89.7%[49].

*
*

*

Therapy: The treatment of CE, including surgery (open
or laparoscopic), percutaneous treatments [e.g., puncture
aspiration injection re-aspiration (PAIR) method] and
chemotherapy[50], is indicated to reduce symptoms and
prevent complications[51]. PAIR is the treatment of choice
for CE, as a recent review showed that PAIR resulted
in parasitological clearance (i.e., negative serodiagnostic
tests) in 95.8% of cases[52].

Figure 3 Complicated simple cyst on abdominal ultrasonography. Ultrasonography (USG) demonstrating a cystic lesion with a hyperechogenic echo
pattern combined with internal echoes that mimic septations or solid portions
(arrow) in a patient presenting with severe abdominal pain with a known history
of multiple simple cysts (asterisks). Because of the known history of simple
cysts, the lesion was diagnosed as a complicated simple cyst (i.e., intracystic
haemorrhage).

Alveolar echinococcosis
Pathogenesis: AE is endemic in the Northern hemisphere (e.g., North America, Asia, China, Japan and
Europe). AE occurs when E. multilocularis eggs, found in
the excrement of foxes, are ingested. The spread from
endemic areas to previously non-endemic Western European countries is most likely due to an increasing fox
population and spillover from these wild carnivores to
domestic hosts[7,8].

found in the temperate zones, including the Mediterranean, Central Asia, Australia and some parts of America[44].
Because cyst growth in the liver is slow (ranging from
1-5 millimetres in diameter per year), CE can remain
asymptomatic for a long time. In approximately 90% of
cases, the primary presentation is a spherical, fluid-filled
vesicle with an inner cellular layer and an outer laminated
layer located in the liver, lungs or both[45]. Symptoms occur when cysts exert mass effects within the organ or surrounding tissues or rupture, often presenting as a sudden
onset of abdominal pain. Secondary cholangitis (rupture
into the biliary tree), biliary obstruction and intraperitoneal rupture followed by anaphylaxis are common complications of CE and require hospitalisation[6]. Worldwide
mortality rate estimates vary between 2.2%-5.0%[45,46],
although the exact mortality rate of CE in developed
countries remains unknown.

Clinical features: The ingested eggs develop into an
alveolar structure composed of numerous small vesicles
that vary in diameter from smaller than 1 mm to 3 cm.
Each vesicle has the same wall structure as CE. These
vesicles grow slowly and are able to reach a maximum diameter of 15-20 cm, similar to simple cysts[53]. In approximately 99% of cases, the infection is initially confined to
a solitary alveolar lesion in the liver[45]. After the primary
infection, AE usually has an asymptomatic phase of 5-15
years prior to the development of symptoms. Symptoms
are related to mass effect or are nonspecific, such as
weight loss or fatigue[54]. In contrast to the encapsulated
growth pattern of CE, AE eventually leads to liver failure

Diagnostic features: The diagnosis of CE is based
on the following criteria: endemic region history, clinical findings (e.g., abdominal pain, fever, chest pain, and
dyspnea), pathognomonic USG features and positive
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due to an infiltrative neoplastic growth with potential metastasis to adjacent and distant (e.g., lungs, spleen, bone,
and brain) organs[55,56].

ing organs in 33 cases (52%) and distant metastases in 15
cases (24%)[5]. For that reason, it is necessary to diagnose
cystadenocarcinoma in an early stage.

Diagnostic features: Typical USG aspects are observed
in 70% of cases and include irregular shape and border,
hyperechogenic outer ring and hypoechogenic centre,
multivesicular appearance and dorsal shadowing due to
calcified areas (Table 2)[47]. Atypical USG aspects include
small hyperechogenic nodules (amorphous AE), large
lesions with massive necrosis (pseudocyst) and small
calcified lesions (inert AE)[57]. In contrast to CE, MRI is
superior to CT in detecting AE lesion margins[58,59]. Similar to CE, high diagnostic sensitivity (90%-100%) and
specificity (95%-100%) are attained with serodiagnostic
tests, and in 80%-95% of cases, AE can be differentiated
from CE with the help of serologically obtained purified
Echinococcus antigens[60].

Laboratory findings
In general, liver function tests are normal. A review of
13 cases found that serum concentrations of γGT and alkaline phosphatase (AP) were elevated in 3 cases[69]. One
study reported a rise in serum levels of CEA in 3 of 22
cystadenocarcinoma cases (14%) and a rise in the serum
concentration of CA 19-9 in 4 of 11 cases (36%)[5]. Similar results have been reported in cases with cystadenoma:
one study showed elevated serum concentrations of CEA
or CA 19-9 in 2 of 3 cases[63]. Consequently, laboratory
studies are not helpful in differentiating cystadenoma and
cystadenocarcinoma from complicated cysts or echinococcosis.
Diagnostic features
The USG characteristics of cystic neoplasms for both
cystadenoma and cystadenocarcinoma are the following:
a round or oval shape, irregular border, hypoechogenic
echo pattern with hyperechogenic septations or solid
structures (i.e., papillary projections), wall enhancement
and dorsal shadowing due to calcified areas (Table 2)[2].
Because of these typical cystic neoplasmic features, which
are absent in simple cysts, USG is a useful technique to
easily discriminate between cystic neoplasms and simple
cysts[2]. Like USG, CT and MRI show markedly similar
characteristics for cystadenoma and cystadenocarcinoma:
internal septations, thickened and irregular wall, papillary
projections, calcifications and wall enhancements[62]. Cystadenomas predominantly have thinner septa and more
regular walls[70], whereas solid structures, intracystic haemorrhage and vascularised septations on contrast-enhanced
CT are more suspicious for cystadenocarcinoma[62]. However, in most cases, differentiation between cystadenoma
and cystadenocarcinoma is not possible[1]. The same
problem arises in differentiating echinococcosis and complicated cysts from cystadenoma and cystadenocarcinoma
because in many cases, intracystic haemorrhage, calcifications and septations are present in these lesions[2,62].
Recent advances in technology have made diffusionweighted magnetic resonance imaging (DWI) a promising
MRI technique for liver lesion detection and characterisation[71]. DWI depicts the rate of diffusion of water
molecules between tissues, given as the apparent diffusion coefficient (ADC)[72]. Generally, high ADC values
are measured in cystic and necrotic tissue, which allow a
relatively free diffusion of water, whereas low ADC values are an indication of cell-rich tissue (e.g., tumour tissue)[22,73,74]. However, because of an overlap of ADC values, differentiating cystic neoplasms, echinococcosis and
complicated cysts is not possible with DWI[75]. Therefore,
additional immunodiagnostic tests are needed to rule
out echinococcosis. Fine needle aspiration (FNA) could
be of additional help to exclude complicated cysts[76];
however, due to the risk of malignancy, FNA is generally

Therapy: The approach to the management of AE resembles that of a hepatic malignancy. The cornerstone
of treatment for AE includes radical surgery followed
by a 2-year period of chemotherapy[6]. A recent study
concluded that AE can be cured in 42% of cases by
complete surgical removal of the parasitic mass. Early
diagnosis could even improve this rate further[61].

CYSTADENOMA AND
CYSTADENOCARCINOMA
Pathogenesis
Cystadenoma and cystadenocarcinoma are biliary cyst
tumours that originate from the biliary epithelium[62].
Analogous to simple cysts, cystadenoma is considered
to be a congenital disorder[63]. The exact mechanism
of carcinogenesis in cystadenoma remains unknown.
Several studies have suggested that cystadenocarcinoma
develops from the ectopic remnants of primitive foregut
sequestered within the liver[63]. In contrast, the malignant
transformation of cystadenoma into cystadenocarcinoma
is considered to be an alternative mechanism of carcinogenesis, as some cystadenocarcinomas may co-exist with
cystadenoma[64]. This hypothesis is supported by the observation that the presence of cystadenoma increases the
chance of developing cystadenocarcinoma[65].
Clinical features
Less than 5% of all cystic lesions of the liver are cystic
neoplasms[2]. The clinical presentation of cystadenoma
and cystadenocarcinoma is asymptomatic or tends to
mimic symptoms of simple cysts or echinococcosis[66,67].
Studies have reported a predominance in women, with a
mean age of onset varying from 40-60 years[64,65]. Cystadenomas appear to be slow growing, but exact growth
rates are unknown. One case series evaluated 75 patients
and recorded a variability in cyst size from 1.5-35 cm[68].
One study involving 63 cases diagnosed with cystadenocarcinoma demonstrated infiltrative growth in neighbour-
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the endoplasmic reticulum translocon[93]. Unfortunately,
the exact mechanism of cystogenesis in PCLD remains
unclear. Polycystin 1 and 2, encoded by PKD1 and PKD2,
respectively, are important for adequate functioning of
the primary cilium[94]. Its therefore suggested that primary
cilia play a central pathogenic role in the mechanism of
hepatic cystogenesis in ADPKD[78].

not performed. In contrast, CEUS can be helpful in differentiating cystadenoma and cystadenocarcinoma from
complicated cysts when USG, CT or MRI is inconclusive.
CEUS characterises the vascular flow within septa in
cystadenoma and cystadenocarcinoma, which is absent
in complicated cysts[29-31]. Nonetheless, surgical resection
remains the golden standard for diagnosing cystadenoma
and cystadenocarcinoma when CEUS is not available.

Clinical features
The extra polarisation of 137 identified PCLD cases in
a specific adherence region (the Netherlands) led to an
estimated PCLD prevalence of 1 per 158000[77]. This
number is most likely an underestimation of the true
prevalence because only symptomatic patients referred to
tertiary centres were included in this study, and PCLD often remains asymptomatic[95]. ADPKD is the most common monogenetic disorder, with a world-wide estimated
prevalence of 0.10%-0.25%[96], and it is responsible for
approximately 8%-10% of cases with end-stage renal disease[97]. Although ADPKD is primarily characterised by
the presence of renal cysts[98], liver cysts are considered
the most prevalent extra-renal manifestation of ADPKD[99,100]. Indeed, one study involving 230 ADPKD cases
found an overall prevalence of 83%[101]. However, the
exact prevalence of PLD in ADPKD is still unknown.
PCLD is predominantly confined to the liver, but a few
renal cysts can also be present, which leads to difficulties in the accurate differentiation between PCLD and
ADPKD[79,99]. Although renal cysts in ADPKD ultimately
lead to renal failure, renal function remains unaffected in
the presence of PCLD-associated renal cysts[102].
PLD is predominantly discovered during the
fourth or fifth decade of life and is more severe in females[77,96,103,104]. PCLD tends to lead to a higher number
and greater volume of liver cysts[79]. The number of
pregnancies, increased age and severity of renal disease
are considered additional risk factors for liver cyst growth
in ADPKD[105]. PLD is mainly asymptomatic, but mechanical complaints can arise in a subset of patients[79,106].
Complications such as intracystic haemorrhage and infection are rare and typically occur in large cysts[106].

Therapy
The primary treatment of cystadenoma and cystadenocarcinoma is hepatic resection. A study in which 66 cases
of cystadenocarcinoma were subjected to hepatic resection described a 3-year survival rate of 74%[5].

PCLD AND ADPKD
Polycystic liver disease
Polycystic liver disease (PLD) is arbitrarily defined as
the presence of > 20 liver cysts[77]. Autosomal dominant
polycystic liver disease (PCLD) and autosomal dominant
polycystic kidney disease (ADPKD) are two distinct genetic disorders associated with the development of polycystic livers[78]. Liver function, as judged by parameters
of liver synthesis, is not affected in PLD, as functional
hepatic tissue remains unaffected[77,79].
Pathogenesis
During embryogenesis, the intrahepatic bile ducts are
formed from a cylindrical layer of cells (i.e., ductal plate)
surrounding each portal vein. Incorrect involution of
the ductal plate results in ductal plate malformation
(DPM)[80,81]. DPM consists of excess embryonic bile duct
structures in a ductal plate configuration that does not
communicate with the normally developed intrahepatic
bile ducts. The progressive dilatation of these excess intrahepatic structures during life results in multiple liver
cysts[82]. Similar to simple cysts, these cysts contain a clear,
bile-like fluid and an inner lining of cholangiocytes[83].
Genetics
PCLD was historically considered a phenotypic variant of ADPKD[84]. However, the presence of PLD in
the absence of renal cysts led to the belief that PCLD
should be regarded as a separate entity[85]. The discovery
of a familial form of PLD[86], genetically distinct from
the heterozygous mutation in genes PKD1 and PKD2
identified in ADPKD[87], ultimately led to the identification of heterozygous mutations in genes encoding
SEC63 and PRKCSH[88-90]. Mutation analysis identified a
heterozygous mutation in PRKCSH (15%) and SEC63
(5%) in approximately 20% of studied PCLD cases[91]. In
contrast, a PKD1 mutation was found in 85% of cases of
ADPKD, and a PKD2 mutation was found in the remaining cases[92].
PRKCS H and SEC63 encode hepatocystin and
SEC63 proteins, respectively. Hepatocystin acts in the
folding process of proteins, while SEC63 acts as part of
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Laboratory findings
PLD causes increased γGT and AP levels in both PCLD
and ADPKD patients[77]. Occasionally, increased serum
aspartate aminotransferase (AST) is also found in ADPKD[79,107]. Renal function remains intact in PCLD, whereas ADPKD patients show a rise in serum creatinine due
to impaired renal function[102].
Diagnostic features
PLD is detected with the use of USG, CT or MRI.
USG, which is accurate, non-invasive and low cost, is the
preferred imaging modality for both PCLD and ADPKD[108,109]. Currently, there are no generally accepted USG
criteria for PCLD. One study suggested that the diagnosis can be made in case of a positive family history of
PCLD and the presence of > 4 liver cysts[78]. However,
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volume to diminish mass effect-related symptoms[115].
Hence, the only indication for reducing cyst volume is
when a PLD patient reports symptoms that can be linked
to the polycystic liver[116].
Surgical procedures, such as aspiration-sclerotherapy
and fenestration, are indicated when PLD consists of
large cysts confined to a limited part of the liver. In more
extensive disease, segmental hepatic resection or even
liver transplantation is imperative to relieve symptoms[117].
Future medical therapies include somatostatin analogues,
as several clinical trials with lanreotide and octreotide
achieved polycystic liver volume reduction in PCLD and
ADPKD[118-123].

Table 3 Ultrasonography criteria for the diagnosis of
autosomal dominant polycystic kidney disease
Family history positive

1

Unknown genotype
Age (yr)
≥ 15 and ≤ 39
≥ 3 unilateral renal cysts
≥ 40 and ≤ 59
≥ 2 bilateral renal cysts
≥ 60
≥ 4 bilateral renal cysts
Family history negative
> 10 bilateral renal cysts, with the exclusion of renal or extra-renal
disease causing renal cysts
1

Exclude autosomal dominant polycystic kidney disease when < 2 unilateral renal cysts and ≥ 40 years of age.

CONCLUSION

diagnosing ADPKD is usually relatively straightforward
when enlarged bilateral cystic kidneys are present in combination with a positive family history for ADPKD[102]. In
case of a negative family history, screening direct family
members with USG can be helpful to reveal asymptomatic ADPKD. Because mutation analysis for ADPKD has
no clinical implications, its use is limited to family members of ADPKD patients involved in kidney donation
programs. In 2009, the Pei USG criteria were developed
because the original Ravine USG criteria for diagnosing
ADPKD appeared to be insufficient[110,111]. Table 3 gives
an overview of the USG criteria for diagnosing ADPKD
when the causative gene is unknown. For example, in
case of a positive ADPKD family history, diagnosis can
be made when ≥ 3 renal cysts are unilaterally present in
individuals aged 15 to 39 years[110]. ADPKD should be
considered when there are > 10 bilateral renal cysts present in the absence of other renal or extra-renal disease
that can cause renal cysts[108]. When PCLD or ADPKD
criteria are not met, multiple simple cysts are most likely
responsible for the hepatic cystic lesions.
ADPKD is characterised by an increased risk of developing vascular manifestations. Hypertension occurs
in approximately 50%-70% of patients, and almost half
of these hypertensive patients are reported to have left
ventricular hypertrophy (LVH)[112]. Mitral valve prolapse
is observed in 25% of patients and intracranial aneurysms in 4%-12% of patients[112]. As a result, magnetic
resonance angiography (MRA) must be performed when
ADPKD patients have a positive family history of intracranial aneurysms because the rupture of aneurysms
is reported to be responsible for 4%-7% of deaths in
affected ADPKD families[113]. In contrast to ADPKD,
several studies have shown that PCLD patients do not
appear to have an increased risk of vascular malformations. One study involving 19 PCLD cases reported
hypertension in 10.5% of cases, mitral valve prolapse
in 0% and aneurysms in 5.3%[79]. Another study involving 38 PCLD cases found mitral valve prolapse in 1 case
(2.6%)[114]. Subsequently, targeted screening is not advised
for PCLD.

Cystic lesions of the liver encompass a wide spectrum of
disorders. As a result of the frequent use of abdominal
imaging techniques in recent years, the incidence of socalled coincidental cysts has increased. Simple cysts are
the most prevalent and have a tendency to follow a benign course. However, complicated cysts, echinococcosis
and cystic neoplasms (e.g., cystadenoma and cystadenocarcinoma), which cause a diagnostic enigma, demand
accurate diagnosis in the early stage because specific
treatment could be required. Furthermore, the presence
of multiple hepatic cystic lesions must raise the suspicion
of PCLD or ADPKD and requires further screening.
USG remains the most accurate, non-invasive and
cost-effective imaging modality for diagnosing simple
cysts. Despite recent advances (e.g., contrast-enhanced CT
and DWI), distinguishing complicated cysts from echinococcosis and cystic neoplasms remains impossible with
USG, CT or MRI alone. Because of an ever-increasing
spread of Echinococcus to previously non-endemic regions
and its initial quiescent phase after primary infection, it is
necessary to exclude echinococcosis. Serodiagnostic tests
have high sensitivity and specificity to reveal Echinococcus
antibodies. Subsequently, CEUS can be used to accurately
and reliably exclude cystic neoplasms by demonstrating
the absence of any enhancement within the hepatic cystic
lesion. Therefore, when CEUS is available, it reduces the
need for surgical resection.
The detection of multiple liver cysts requires USG
screening of both kidneys and extensive family history
taking regarding the occurrence of ADPKD or PCLD.
When PCLD or ADPKD criteria are not met, multiple
simple cysts are most likely responsible for the hepatic
cystic lesions. PCLD or ADPKD could eventually be diagnosed through USG follow-up.
To summarise, we developed a diagnostic algorithm
by integrating recent advances with conventional diagnostic tools (Figure 4). Our diagnostic algorithm facilitates
evidence-based clinical decision making when clinicians
are confronted with coincidental hepatic cystic lesions
on USG. Further development of USG- and MRI-based
techniques, such as CEUS and DWI, will probably lead
to further improvement of hepatic cystic lesion characterisation.

Therapy
The main objective of therapy is to reduce liver cyst
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[32]

USG follow up

Start

Hepatic cystic lesion on USG

Decision
Diagnostic tool

Yes

Simple cyst

Diagnosis

No

Solitary
lesion?
Yes

Endpoint

USG features
[3]
simple cystlesion?

Criteria
ADPKD
[102]
met?

No
Cystic
echinococcosis

PCLD positive
family history and
[78]
> 4 liver cysts

E. granulosus antibodies
Echinococcosis

[49,60]

Alveolar
echinococcosis

E. multilocularis antibodies

CEUS

Cystic neoplasm

Yes

Complicated
simple cyst

Yes

Vascular flow
[28-31]
within septa?
No

ADPKD

No

Serodiagnostic tests

Yes

Yes

antibodies?
No

Yes

PCLD

No

CEUS
available?

No

[77]

> 20 liver cysts?

Yes

No

[5]

Surgical work up

Figure 4 Diagnostic algorithm. Diagnosis of hepatic cystic lesions after detection on ultrasonography. E. granulosus: Echinococcus granulosus; E. multilocularis:
Echinococcus multilocularis; CEUS: Contrast-enhanced ultrasound; PCLD: Polycystic liver disease; ADPKD: Autosomal dominant polycystic kidney disease.
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PROGRESS IN LIVER DISEASES

Strategies to rescue steatotic livers before transplantation
in clinical and experimental studies
Qiang Liu, Maria-Louisa Izamis, Hongzhi Xu, Tim Berendsen, Martin Yarmush, Korkut Uygun
receptor e.g. , peroxisomal proliferator-activated receptor, or anti-inflammation through suppressing cytokines
e.g. , tumor necrosis factor-α, or antioxidant therapies
to alleviate oxidative stress. This similarity of molecular
mechanisms implies possible future attempts to reinforce each approach by repeating the same treatment
approach at several stages of procurement and preservation, as well as utilizing these alternative approaches
in tandem.
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Abstract
INTRODUCTION

The shortage of donor livers has led to an increased
use of organs from expanded criteria donors. Included
are livers with steatosis, a metabolic abnormality that
increases the likelihood of graft complications posttransplantation. After a brief introduction on the etiology, pathophysiology, categories and experimental
models of hepatic steatosis, we herein review the
methods to rescue steatotic donor livers before transplantation applied in clinical and experimental studies.
The methods span the spectrum of encouraging donor
weight loss, employing drug therapy, heat shock preconditioning, ischemia preconditioning and selective
anesthesia on donors, and the treatment on isolated
grafts during preservation. These methods work at
different stages of transplantation process, although
share similar molecular mechanisms including lipid
metabolism stimulation through enzymes or nuclear

WCG|www.wjgnet.com

Liver transplantation (LTx) is a successful therapy for
end-stage liver disease, but it is severely restricted by the
donor organ shortage[1-4]. In an effort to increase the size
of the donor pool, livers from expanded criteria donors
(ECD), including steatotic livers, are increasingly being
used[3]. The current contribution of steatotic livers is
marginal however, since the majority has an increased risk
of ischemia-reperfusion injury (IRI) after LTx[3]. Here we
review the clinical and experimental attempts to minimize
this risk by modifying the quality of livers at different
stages, on donors and isolated liver grafts during preservation, before LTx. We begin by briefly introducing the
etiology, pathophysiology, categories and experimental
models of hepatic steatosis, provide a summary of the
techniques applied on donors and liver grafts, and con-
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clude by providing future perspectives for these experimental approaches.

Upon reperfusion, a complex inflammatory response
involving Kupffer cells, lymphocytes, neutrophils, numerous cytokines[22] and nuclear factor kappa-B (NFκB)[23],
is inevitably worse in steatotic livers compared to nonsteatotic livers. Oxidative stress is also exacerbated e.g.,
through xanthine oxidase[24,25]. The microcirculation is
deteriorated further due to adherence of platelets in the
sinusoids[22]. Strategies to minimize fat content and ameliorate the inflammatory and oxidative injury of steatotic
livers are essential for improving these organs for transplantation.

ETIOLOGY OF HEPATIC STEATOSIS
Livers are defined as steatotic or fatty when they have
excessive (above 5% of wet liver weight) accumulation
of lipids, mainly triglycerides. Steatosis occurs when lipid
ingestion and synthesis exceed export and consumption
in livers[5]. Based on the patient’s alcohol consumption[5,6]
fatty liver disease is classified as either alcoholic or nonalcoholic in origin (AFLD and NAFLD). Alcohol can decrease fatty acid oxidation and lipoprotein excretion, and
increases the esterification of fatty acid to triglycerides
via alpha-glycerophosphate[6]. Several factors contribute
to NAFLD including dietary lipid overload; insulin resistance, which results in abnormal lipid metabolism; and
ingestion of drugs or toxins such as carbon tetrachloride,
which induces a decrease in apoprotein synthesis and
lipid export[5-8].

CATEGORIES OF HEPATIC STEATOSIS
Besides AFLD and NAFLD in etiology, steatosis is also
classified as “macro-” or “micro-” in histology based on
the size and number of the fat vacuoles and on the location of the nucleus in the hepatocytes[5,26]. Macrosteatosis
has a single fat vacuole larger than the nucleus filling the
majority of the cell and pushing the nucleus to the periphery. Microsteatosis has many small fat vacuoles surrounding the nucleus in the central zone of the hepatocytes, and has more LTx success than macrosteatosis[3,27].
Steatosis can also be classified based on the proportion
of hepatocytes affected, being mild (< 30%), moderate
(30%-60%), or severe (> 60%), with incremental risk of
graft dysfunction after LTx[5,26].

PATHOPHYSIOLOGY OF HEPATIC
STEATOSIS
A complicated pathophysiology has been exposed although the exact pathways have not been completely
elucidated. Briefly, a “two-hit” theory is the current consensus, with the first “hit” being the initial abnormal fat
accumulation and the second “hit” being the consequent
inflammation (“steatohepatitis”) leading to fibrosis and
cirrhosis[6]. In the first “hit”, excessive fat accumulates in
vacuoles within hepatocytes, increasing cell volume and
narrowing sinusoidal lumens[5,9]. This impairs microcirculation and decreases nutrient, oxygen and waste exchange.
Excessive non-esterified fatty acids in hepatocytes inhibit
β-oxidation thereby reduce acetyl-coenzyme A production[10]. Mitochondria uncoupling protein-2 is upregulated
and associated with a dysfunction of adenosine triphosphate (ATP) synthesis[11-13]. Fat-induced hyperactivity of
cytochrome P-450 enzymes increases the production of
reactive oxygen species (ROS)[6,14]. ROS in turn lead to
lipid peroxidation, phospholipid depletion and membrane
dysfunction[6,14,15] as well as the release of inflammatory
cytokines such as tumor necrosis factor (TNF)-α[14,16,17].
Inflammation occurs gradually and marks a significant
downturn in disease progression as the second “hit”[18,19].
Alcohol can exacerbate oxidative injury and Kupffer cell
activation[20], though alcoholic and non-alcoholic steatohepatitis (ASH and NASH) are thought to progress similarly[18].
Steatotic livers have reduced tolerance to ischemia
due to low ATP stores, and are thus prone to early onset of acidosis and cellular edema during standard liver
preservation method, static cold storage (SCS)[21]. Edema
significantly impairs hepatic microcirculation further than
the preceded impairment induced by excessive fat. Moreover, steatosis-induced inflammation is not addressed in
the present liver SCS preservation solutions (Table 1).
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CLINICALLY APPLIED STRATEGIES
Approaches to improve steatotic livers before LTx have
been tested in a handful of pilot clinical studies on living
donors or donors after brain death (DBD) (Table 2). The
interventions focused on reducing excessive fat (the first
“hit”) through limiting lipid intake and increasing lipolysis, or stimulating factors likely to be protective against
inflammation and oxidative stress (the second “hit”) of
steatohepatitis. Living donors, though a minority in western countries[1,2], are used extensively in Asia[28] and are
theoretically amenable to therapies before procurement
after ethical concern is taken into account[29]. DBD livers,
which comprise the majority of donor organs for LTx in
western countries, could be treated between brain death
declaration and organ procurement since circulation is
maintained until procurement. Livers from donors after
cardiac death (DCD) are seldom utilized when they have
steatosis because they experience a period of warm ischemia (WI) before procurement[3] and thus were normally
considered as unacceptable with two defects (steatosis
and WI). Currently there are no attempts to rescue steatotic DCD livers.
Physical exercise and dietary intervention
Physical exercise and dietary restriction are general therapies for NAFLD patients, independent of whether or not
they are organ donors[30,31]. But this treatment normally
needs several months and might be risky to increase the
mortality of recipients during the waiting time for treat-
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Table 1 Intrinsic composition of preservation solutions in this review

Electrolyte
(mmol/L)

Buffer
(mmol/L)

Antioxidant
(mmol/L)

Metabolic Substrates
(mmol/L)

Impermeants
(mmol/L)
Colloid
(g/L)
Other intrinsic
compounds

Na
K
Mg
Ca
Cl
SO4
Phosphate
Bicarbonate
HEPES
Histidine
Glutathione
Allopurinol
Mannitol
NAC
Vit C
Glucose
Adenosine
Adenine
Ribose
Tryptophan
Ketoglutarate
Glutamate
Amino acid
Lactobionate
Gluconate
Raffinose
HES
PEG
Insulin
Dexamethason
Penicillin
Phenol-red (mmol/L)

Osmolarity

UW

HTK

Celsior

IGL-1

25
120
5

15
9
4
0.0015
32

100
15
13
0.25
42

125
30
5

20
5
25

5
25

198

30
3

3
1
38

UW-gluconate

Kreb-Henseleit

125
25
5
0.5
1

143
5.9
1.2
1.25
125.2
1.2
1.2
25
20

15
25
10

MEM
143.4
5.4
0.8
1.4
124
0.8
1
26.2
0.27

3
1

3
1

60
5

5

5

10
5
5
5

5

0.25
5.5

2
1
20
0.7
100

80

30
50

100
30

95
30

1

50

330

360

100 U
8 mg
40 U
340

300

363

320

0.03
310

UW: University of Wisconsin; HTK: Histidine-trypotphan-ketoglutarate; IGL-1: Institut Georges Lopez-1; MEM: Minimum essential cell culture medium;
HEPES: N-2-hydroxyethyl-piperazine-N-2-ethanesulfonic acid; NAC: N-acetylcysteine; HES: Hydroxyethyl starch; PEG: Polyethylene glycol.

ing donors[32]. An intensive protocol might be a solution, which was already reported to successfully reduce
macrosteatosis on obese human living donors in 2-8 wk,
through exercise burning 600 kcal/d, a protein-rich diet
of 1000 kcal/d, and bezafibrate, an anti-hyperlipidaemia
drug, at 400 mg/d[33]. However, supplementary glucose
to donors a few hours before living donor liver transplantation was recommended to supply additional energy
reserves, since fasting before procurement can induce
glycogen depletion, decrease glycolytic ATP generation,
and compromise graft transplantability[34].
The lack of omega-3 polyunsaturated fatty acids
(PUFA) has been recognized in the development of
NAFLD because they can activate peroxisomal proliferator-activated receptor (PPAR)-α, suppress sterol regulatory element-binding protein-1, improve microcirculation,
and reduce Kupffer cell activity and inflammation[35-43].
The mechanism on microcirculation might work through
reducing TXA2 synthesis after manipulating the composition of hepatic lipid (omega-3: omega-6 PUFA ratio)[43].
Based on experimental success on rodents[35-43], omega-3
PUFA was shown to be effective on NAFLD clinically
after treatment at 1-2 g/d for 6-12 mo[44-46]. This has not
been applied specifically on living donors but is expected
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to be a safe and promising approach.
Pharmacological preconditioning
Many drugs are being used clinically to treat NAFLD
by decreasing lipid intake[47-49], stimulating lipid metabolism[50-53], or improving insulin sensitivity[54-57]. Ursodeoxycholic acid, a natural bile acid, was used as a non-specific
hepato-protector to treat NAFLD in a pilot clinical
study[58], but afterward was revealed to be controversial[59].
Pentoxifylline was used against NASH and ASH in patients[60,61] due to the effect of reducing TNF-α by inhibiting phosphodiesterase[62] and lessening oxidative stress
by increasing glutathione[63]. But to date, only bezafibrate
was used to treat human living donors for LTx[33]. This
drug works through activating PPAR- α and β / δ to
stimulate lipid metabolism and decrease fat content in livers[64,65]. While there are other candidate drugs that could
potentially be taken by living donors, concerns of significant side effects are limiting their use[66,67].
Ischemic preconditioning
Though extended ischemia is deleterious to organs, it has
been recognized since the 1980s that a short period of
ischemia with subsequent reperfusion triggers natural de-
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Anesthesia selection
During clinical liver resection, Beck-Schimmer et al[91] observed the superiority of volatile anesthesia using sevoflurane in the prevention of hepatic injury after reperfusion
compared to intravenous anesthesia with propofol. The
mechanism was suggested to be the increased synthesis
of nitric oxide with sevoflurane, which alleviates some
of the effects of IRI as discussed above. Moreover they
observed that patients with steatosis did benefit more[91].
This method could be easily applied during the procurement of steatotic livers from both DBD and living donors.

Table 2 Overview of the clinical and experimental strategies
in this review
Clinically applied

Experimentally applied

Donors

Dietary
Pharmacological
Pharmacological
Heat shock
Ischemic
(except remote ischemic)
Anesthetic
Liver grafts
SCS preservation
New solution
Pharmacological additives
Additional oxygen (VSOP)
MP preservation
MP solely
MP + pharmacological additives
Flushing
Pharmacological additives

EXPERIMENTAL STRATEGIES
Induction of steatosis in animal models
Steatosis in animal models are established with or without
alcohol and classified also as micro- vs macro- or as mild,
moderate, vs severe. The timeline to develop the different
classifications largely depends on strain and method used
(Table 3).
A common rodent NAFLD model induces cerebral
deficiency of the leptin receptor through a genetic mutation that causes the animals to become obese through
overeating[92-98]. The methods inducing lipid overload
with high fat or cholesterol diets are also quite common.
A high fat diet (50% dextrose, 18% casein, 25% lipids,
4% minerals, 1% cholesterol, 0.5% sodium cholate, 0.2%
choline, and 1% vitamins) for 7 d induces severe steatosis
in rats[99]. A high-cholesterol (2%) diet for 12 wk in rats[82]
and 8 wk in rabbits results in moderate steatosis[84]. A
cafeteria diet (65% of fat) for 4-15 wk was also used to
create NAFLD on rats[100,101]. Recent studies suggested it
reflects human metabolic syndrome better than high-fat
diet[100,101]. A choline/methionine-deficient diet (CMDD)
was another rather common method to develop steatosis,
for 4-6 wk or short as 7 d in rodents[5,27,102,103]. Choline
is essential for the formation of phosphatidyl-choline
and very low density lipoprotein needed for lipid export,
while methionine is a good source of methyl groups for
the endogenous synthesis of choline. This model could
be criticized for not being clinically accurate because
NAFLD patients due to CMDD are rather unrealistic.
The most rapid induction of NAFLD in rats was with a
high-starch, fat-free diet [saccharose (40%), starch (40%),
casein (16%), and a mineral and vitamin mix (4%)] administered for 2 d after fasting for 2 d, which can lead
to mild to moderate steatosis[104-106]. While none of these
models are unanimously agreed to be ideal in replicating
clinical NAFLD, the high fat or cholesterol diet model
was the most widely used to mimic steatosis in humans.
There are fewer large animal NAFLD models, which
usually combine more than one method described above
to achieve steatosis. Takahashi et al[107] established a dog
model using a diet rich in fat and deficient in choline,
which produced moderate to severe macrosteatosis after
8-12 wk feeding. Lee et al[108] used a high fat and high cholesterol diet (20% kcal from fructose, 46% kcal from fat,

SCS: Simple cold storage; MP: Machine perfusion; VSOP: Venous systemic
oxygen persufflation.

fense mechanisms against future ischemic insults and protects the organ against IRI[68]. Ischemic preconditioning (IP)
was first observed in kidneys and hearts[69,70], and then employed for clinical liver resections and transplantation[68]. It
can be applied intermittently[71], or as a single short period
(5-10 min) of ischemia followed by 10-15 min reperfusion
before cold flush during liver procurement[72,73]. Franchello et al[73] have used the technique clinically on marginal
DBD livers including steatotic livers, and observed a
reduction of hepatocyte swelling and enzyme release in
recipients after LTx.
IP is protective because ATP consumption during the
short ischemic period increases endogenous adenosine
and nitric oxide[74]. Adenosine protects sinusoidal endothelial cells through adenosine A2 receptor[75]. Cyclic adenosine monophosphate (cAMP) worked as the second
messenger, but whether increasing or blocking cAMP
would be beneficial was still controversial[75,76]. Nitric oxide is a vasodilator, and further it attenuates the release of
TNF-α, decreases the injurious interleukin (IL)-1β and
increases the anti-inflammatory IL-10[77]. Another effect
of the intermittent ATP consumption is to increase the
level of adenosine monophosphate (AMP), which stimulates AMP-activated protein kinase (AMPK). AMPK can
regulate an energy-conserving state, decrease inflammation through inhibiting NFκB, and induce the synthesis
of nitric oxide as well[78-80]. Overall, the advantages of IP
were an improved microcirculation[81,82], mitochondrial
permeability transition and mitochondrial function[83], cytochrome oxidase C activity and tissue oxygenation[82,84],
and the reduction of oxidative stress such as the xanthine
accumulation and xanthine oxidase activity[85,86].
Interestingly, IP can work remotely, e.g., liver IP decreased lung IRI[25,87] and limb IP decreased liver IRI[88-90].
This possibly works through some protective agents, e.g.,
heme oxygenase-1, endothelial nitric oxide synthase, and
nuclear protein High Mobility Group-Box 1[88-90]. But
foreseeable ethical concerns exist with the logistics of
implementing this technique in human donors.
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Table 3 Animal models of hepatic steatosis for liver transplantation
Disease

Approaches

Description

Animals

Treatment time

NAFLD

Genetic
Dietary

Cerebral leptin receptor deficiency
High fat
High cholesterol
Cafeteria diet
Choline/methionine-deficient
High starch and fat free after fasting
High fat and choline deficiency
High fat and high cholesterol, plus choline deficiency or not
High fat and carbohydrate with streptozotocin for a diabetic state
Ethanol in liquid diet, intragastric infusion or gavage
Ethanol and high fat diet
Ethanol and deficient folate diet

Rodent
Rodent
Rodent, rabbits
Rodent
Rodent
Rodent
Dog
Miniature pig
Landrace pig
Rodent
Rodent
Micropig

7d
8-12 wk
4-15 wk
7 d-6 wk
4d
8-12 wk
24 wk
5 wk
20 h-9 wk
6 wk
12 wk

AFLD

Dietary

NAFLD: Non-alcoholic fatty liver disease; AFLD: Alcoholic fatty liver disease.

death and the reduction of TNF-α[125], in addition to
stimulating PPAR-α, β-oxidation of fatty acids, and the
export of triglycerides and cholesterol[92,125]. Theaflavin, a
polyphenol substance extracted from black tea, was tested
on CMDD mice and observed to have antioxidant, antiinflammatory, and anti-apoptotic effect[126]. A multi-drug
approach was reported by von Heesen et al[127] including
N-acetylcysteine as an antioxidant, pentoxifylline for antiinflammation, glycine to stabilize Kupffer cells, deferoxamine as an iron chelator to reduce ROS, and erythropoietin, melatonin and simvastatin to protect against IRI. In
the treated rats they observed no inflammatory response
with significantly reduced parenchymal dysfunction and
injury compared to the untreated rats.

2% cholesterol and 0.7% cholate by weight) for 24 wk
to develop microsteatosis on miniature pigs. When using
lowered choline content simultaneously, severe steatosis
with fibrosis was observed with increased TNF-α and
oxidative stress. A recent study on Landrace pigs used a
diet rich in fat (20% in volume) for 5 wk together with
intravenous streptozotocin (125 mg/kg) to induce a diabetic state in the last 2 wk; but this treatment led only to
mild steatosis[109].
In rodent AFLD models, ethanol was provided in a
liquid diet[110-114] or via intragastric infusion[115,116]. Different
degrees of alcohol exposure have been reported: 5%-8%
in the concentration of liquid diet; 35%-40% of total energy consumption; 8-16 g/kg per day; or 150-300 mg/dL
of blood ethanol[110-116]. Normally several days are needed
for the animals to adapt to the alcoholic diet, and an additional 4-9 wk to observe steatosis. Acute responses to
ethanol have also been reported as early as 20 h after
feeding 6 g/kg ethanol by gavage on rats[117]. Combined
ethanol with high-fat diet to develop steatosis on rats was
also reported[118]. Large animal AFLD models are uncommon though micropigs have been fed a diet with ethanol
and a deficiency of folate, as a substrate for methionine
synthase, with some efficacy[119,120].

Heat shock preconditioning: An intriguing experimental method to improve the quality of steatotic donor
livers has been to induce protective heat shock proteins
(HSPs) endogenously by exposure to heat. Termed “heat
shock preconditioning” and applied at 3-48 h before
organ procurement by exposing anesthetized donor
animals to warm (42 ℃) bath water for 10-15 min[128-132],
obese and CMDD rats showed an increased expression
of HSP-32 (heme oxygenase-1), -72 and -90[128,129]. These
HSPs can decrease TNF-α production[129], improve microcirculation through producing carbon monoxide, and
inhibit platelet aggregation[62,64]. Our group has also reported the inhibition of CD4+ T lymphocytes in CMDD
rats after LTx with heat shock preconditioning[130]. Other
factors might be involved in the treatment since studies
on normal and WI rat livers showed IL-6, inter-cellular
adhesion molecule-1, and some neutrophil chemo-attractants were also impacted[131,132].

Experimental strategies applied to donors
Pharmacological preconditioning: Reduction of oxidative and inflammatory activity with heme oxygenase-1,
a microsomal enzyme[121-123], was used intravenously or
intraperitoneally on AFLD and NAFLD rats 24 h before
liver procurement. It decreased macrophage infiltration,
improved portal venous blood flow, bile production,
and survival rate after LTx[121-123]. Bortezomib, a NFκB
inhibitor, was used intravenously on obese donor rats
and reduced IRI after LTx[23]. N-acetylcysteine, a precursor of glutathione, was injected through the mesenteric
vein of CMDD rats 15 min before liver procurement and
showed a protective effect on IRI in an isolated reperfusion system[124]. The subcutaneous injection of IL-6 for
10 d was observed to be protective against IRI after in
situ partial ischemia-reperfusion on NAFLD and ALFD
mice[92]. The mechanism might be the prevention of cell
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Strategies applied on liver grafts during ex vivo
preservation
Obviously, strategies to improve steatotic liver quality
during preservation are more desirable than those on
donors, as they have no effect on the donor’s other organs, and are practical when it’s not possible to work on
the donor. The clinical standard for liver graft preservation has been SCS with University of Wisconsin (UW)
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solution for more than 20 years[3,21]. In the past decade,
histidine-trypotphan-ketoglutarate (HTK) solution[133-135]
and Celsior solution[136,137] were recognized as having similar efficacy and safety as UW solution; Institut Georges
Lopez-1 (IGL-1) was reported to be comparable to UW
for healthy human livers[138], and better for steatotic rat
livers[139]. Besides the arising new solutions, many adaptations have been suggested through enriching the intrinsic
composition of the solutions with additives, or replacing
SCS by machine perfusion (MP) preservation in experimental studies to rescue steatotic livers.

solution and reported its protective role through generating nitric oxide and decreasing oxidative stress and
inflammation[150].
Venous systemic oxygen persufflation during SCS
preservation: In 1990s, Minor et al[151] developed a new
method, called venous systemic oxygen persufflation
(VSOP) to supply gaseous oxygen to livers during SCS
preservation. The oxygen was introduced into hepatic
vasculature via the suprahepatic vena cava and allowed to
exit via several small pin pricks on the liver capsule made
using an acupuncture needle. This technique was employed on steatotic rat livers for 24 h, and resulted in improved preservation of mitochondria and sinusoidal endothelial linings, less Kupffer cell activation and reduced
hepatocellular enzyme release compared to SCS preservation[105]. Recently, by assessing the enzyme release, energy
storage, bile production, and cell death during isolated reperfusion, it was demonstrated that application of VSOP
for 90 min may rescue steatotic livers after extended (18 h)
SCS preservation[152].

Pharmacological additives during SCS preservation:
Liver preservation solutions normally comprise electrolytes, pH buffers, antioxidants, metabolic substrates,
impermeants with or without colloid, insulin, dexamethasone, and antibiotics (Table 1)[139-143]. The additives for
improving steatotic liver preservation were intended to
ameliorate metabolism or suppress oxidative injury and
inflammation. They were reported to be effective during
SCS, despite the reduced metabolic rate of liver grafts
during hypothermic preservation.
Addition of IL-6 into UW solution for donor liver
flushing and SCS was tested by Sun et al[144], leading to improvement in microcirculation and reduced IRI after LTx
of NAFLD and AFLD rats. Arnault et al[99] added pentoxifylline into UW solution and also observed a benefit
to the microcirculation, but the exact mechanism is yet to
be identified.
Tolba et al[106] added L-carnitine into HTK solution
for SCS preservation of steatotic rat livers and observed
a reduction of IRI in an isolated reperfusion system.
L-carnitine is a nonessential amino acid but is essential
for transporting fatty acids through the inner mitochondrial membrane and for β-oxidation[106]. It has also been
reported to function as an antioxidant and to stabilize the
membrane fluidity and stability in vitro and in vivo[145].
Ben Mosbah et al[146] added carvedilol, a cardiologic
drug to block α- and β-adrenergic receptor, into UW
solution for SCS of obese rat livers, and reduced oxidative stress and mitochondrial damage after isolated
reperfusion. The mechanism might be an enhanced
release of nitric oxide that facilitates vasodilatation and
ROS scavenging[147]. AMPK activators, trimetazidine and
aminoimidazole-4-carboxamide ribonucleoside (AICAR)
were also tested as UW additives on obese rat livers by
this group. Increased bile production, decreased enzyme
release and vascular resistance, and reduced oxidative
stress after isolated reperfusion were observed. It was
noted that combination of trimetazidine and AICAR was
not necessary[95].
Zaouali et al[148] tested the use of epidermal growth
factor and insulin-like growth factor-I as UW additives and observed that each additive resulted in the
improvement of fatty rat liver function after LTx. The
mechanisms are suggested to be upregulation of Akt, a
cytoprotector[149], and the subsequent over-expression of
PPAR-γ. They also tested melatonin as additive in IGL
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MP preservation: MP is an alternative preservation me
thod to SCS[153], which can be further categorized based
on the temperature employed[154]. Hypothermic (4 ℃)
machine perfusion (HMP) preservation has proven to be
superior to SCS for human kidneys[155], and feasible for
normal human livers[156]. Normothermic (32  ℃-37  ℃)
and sub-normothermic (20  ℃-30  ℃) machine perfusion
(NMP and subNMP) preservation have been reported in
experimental studies on livers, but mostly on their advantages for DCD models[143,157-162]. MP preservation of steatotic livers is limited, but also reported to be beneficial on
preserving energy content and liver function experimentally[109,143,163,164]. The advantages of MP preservation result
from continuously supplying nutrients, removing waste
products, and maintaining microcirculation[154]. Because
MP, especially NMP, provides a physiologically-relevant
environment to the isolated donor organ, the quality of
liver grafts can be manipulated more efficiently than those
simply stored in an ice-box during SCS. Another advantage of MP is the considerable convenience for noninvasively evaluating liver viability, a key issue when ECD
livers are used[153].
Bessems et al[163] employed HMP preservation with
UW-gluconate solution on steatotic rat livers for 24 h
and alleviated IRI compared to SCS. Vairetti et al[143] preserved steatotic rat livers by subNMP (20 ℃) with KrebHenseleit solution for 6 h and obtained similar results.
The longest preservation of steatotic livers was the NMP
preservation for 48 h in a pig model by Jamieson et al[109],
who employed blood containing additional insulin and
vasodilators as perfusate, and observed a mild reduction
of steatosis from 28% to 15%. This NMP setting provided the most physiological environment to liver grafts
and lead to an activated function of the isolated organs
with sufficient oxygen and nutritional support. This is expected to be the best preservation method in spite of the
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highest logistic restriction.
Recently our group has combined NMP and pharmacological preconditioning for decreasing steatosis[96].
A “defatting cocktail” was developed with 6 compounds
to activate nuclear receptors such as PPARs, pregnane X
receptor, and constitutive androstane receptor, to exert
an insulin mimetic effect and to stimulate intracellular
cAMP. This cocktail was added into Minimum Essential
cell culture medium as a perfusate to stimulate lipid metabolism of obese rat liver grafts preserved at NMP. A
significant decrease (50%) in steatosis was observed after
3 h NMP[96].

tions targeting different pathways. Development of such
combinations is usually shunned because it exponentially
increases the complexity of development and clinical
testing, but given that the disease itself is a very complex
phenomenon spanning multiple pathways, it may be unavoidable, and a single silver bullet to treat steatosis simply nonexistent.
An intriguing alternative in development is the efforts to use MP for liver preservation. Especially in near
normothermic conditions, MP provides a combined opportunity to improve energy storage, maintain microcirculation, and support pharmacological approaches to decrease fat content and treat IRI. While machine perfusion
by definition is more complex than simple storage on ice,
it is a very promising approach available in the near future and could be the ultimate solution to rescue steatotic
as well as ischemic livers.
Both steatotic livers and DCD livers are highly
susceptible to IRI. Therefore, potentially, a method to
rescue DCD livers could be also applicable to steatotic
livers even with the fat content intact. For instance, MP
preservation was able to rescue DCD livers and steatotic
livers[143,157-164]. Similarly, perfluorocarbon as an artificial
oxygen carrier to improve SCS preservation of DCD livers[165] could also be tested on steatotic livers. If successful, we would then secure both DCD and fatty livers for
transplantation, which would boost the organ availability
dramatically and resolve donor liver shortage for a decade
or more.

Other experimental approaches
The solution used for SCS preservation needs to be
flushed out of the donor organ prior to implantation
to remove possible air bubbles, and preservative components such as high potassium, which are deleterious
to the recipient. This provides an opportunity for treatment of ischemic injury, although it has been very little
explored. In one study, polyphenols, an antioxidant extracted from Camellia sinensis (green tea), was added to
the flushing solution and improved the hepatic injury and
survival rate after LTx in a steatotic rat model[117].
Another option is applying preconditioning at several
phases. While it appears little explored, in one study Ye
et al[118] injected glutathione intraperitoneally in rats with
hepatic steatosis 2 d before procurement and preserved
the livers by SCS with VSOP and additional glutathione.
Remarkable improvement on survival rate, liver function,
and oxidative stress in liver tissues after transplantation
was observed.
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SUMMARY AND FUTURE PERSPECTIVES
Based on the understanding on pathophysiology, current
strategies to rescue steatotic donor livers work through
ameliorating the abnormal lipid metabolism (the first
“hit”), and the oxidative stress and inflammation (the second “hit”). Each approach employs various methods at
different phases of organ recovery and preservation but
generally targets similar molecular mechanisms. Notably,
it may be possible to attack the same mechanism but reinforce the effects by applying the treatment at multiple
points of organ recovery and preservation process, thereby producing a stacking effect. The use of glutathione on
donors and in SCS solution by Ye et al[118] is a good example in this direction that demonstrates the therapeutic
effects may stack. Stacking other medications, e.g., IL-6
and pentoxifylline could also be promising as these could
be given to the donors prior to recovery or readily added
into preservation solutions to treat liver grafts. Whether
the stacking approach works for different targets in lipid
metabolism, oxidative stress or inflammation remain to
be elucidated.
Similar to stacking the same/similar pharmacological agents at different stages, it is a reasonable idea to
attack the two “hits” simultaneously by stacking medica-

WCG|www.wjgnet.com

REFERENCES
1

2
3

4

5
6
7

2960

Wolfe RA, Merion RM, Roys EC, Port FK. Trends in organ
donation and transplantation in the United States, 1998-2007.
Am J Transplant 2009; 9: 869-878 [PMID: 19341412 DOI:
10.1111/j.1600-6143.2009.02564.x]
Oosterlee A, Rahmel A. Eurotransplant International Foundation: annual report 2010. Available from: URL: http://www.
eurotransplant.org/cms/mediaobject.php?file=ar_2010.pdf
Durand F, Renz JF, Alkofer B, Burra P, Clavien PA, Porte
RJ, Freeman RB, Belghiti J. Report of the Paris consensus
meeting on expanded criteria donors in liver transplantation. Liver Transpl 2008; 14: 1694-1707 [PMID: 19025925 DOI:
10.1002/lt.21668]
Berg CL, Steffick DE, Edwards EB, Heimbach JK, Magee
JC, Washburn WK, Mazariegos GV. Liver and intestine
transplantation in the United States 1998-2007. Am J Transplant 2009; 9: 907-931 [PMID: 19341415 DOI: 10.1111/
j.1600-6143.2009.02567.x]
Imber CJ, St Peter SD, Handa A, Friend PJ. Hepatic steatosis
and its relationship to transplantation. Liver Transpl 2002; 8:
415-423 [PMID: 12004340 DOI: 10.1053/jlts.2002.32275]
Veteläinen R, van Vliet A, Gouma DJ, van Gulik TM. Steatosis as a risk factor in liver surgery. Ann Surg 2007; 245: 20-30
[PMID: 17197961 DOI: 10.1097/01.sla.0000225113.88433.cf]
Chalasani N, Deeg MA, Persohn S, Crabb DW. Metabolic
and anthropometric evaluation of insulin resistance in nondiabetic patients with nonalcoholic steatohepatitis. Am J Gas-

January 28, 2014|First Edition|

Liu Q et al . Strategies to rescue steatotic donor livers

8
9
10
11

12

13

14

15

16

17

18

19

20
21
22

23

24

troenterol 2003; 98: 1849-1855 [PMID: 12907343 DOI: 10.1111/
j.1572-0241.2003.07619.x]
Capeau J. Insulin resistance and steatosis in humans. Diabetes Metab 2008; 34: 649-657 [PMID: 19195626 DOI: 10.1016/
S1262-3636(08)74600-7]
Ijaz S, Yang W, Winslet MC, Seifalian AM. Impairment of
hepatic microcirculation in fatty liver. Microcirculation 2003;
10: 447-456 [PMID: 14745457 DOI: 10.1080/mic.10.6.447.456]
Selzner M, Clavien PA. Fatty liver in liver transplantation and surgery. Semin Liver Dis 2001; 21: 105-113 [PMID:
11296690 DOI: 10.1055/s-2001-12933]
Uchino S, Yamaguchi Y, Furuhashi T, Wang FS, Zhang JL,
Okabe K, Kihara S, Yamada S, Mori K, Ogawa M. Steatotic
liver allografts up-regulate UCP-2 expression and suffer
necrosis in rats. J Surg Res 2004; 120: 73-82 [PMID: 15172192
DOI: 10.1016/j.jss.2003.10.010]
Evans ZP, Ellett JD, Schmidt MG, Schnellmann RG, Chavin
KD. Mitochondrial uncoupling protein-2 mediates steatotic
liver injury following ischemia/reperfusion. J Biol Chem
2008; 283: 8573-8579 [PMID: 18086675 DOI: 10.1074/jbc.
M706784200]
Evans ZP, Palanisamy AP, Sutter AG, Ellett JD, Ramshesh
VK, Attaway H, Schmidt MG, Schnellmann RG, Chavin KD.
Mitochondrial uncoupling protein-2 deficiency protects steatotic mouse hepatocytes from hypoxia/reoxygenation. Am J
Physiol Gastrointest Liver Physiol 2012; 302: G336-G342 [PMID:
22094601 DOI: 10.1152/ajpgi.00049.2011]
Koneru B, Dikdan G. Hepatic steatosis and liver transplantation current clinical and experimental perspectives. Transplantation 2002; 73: 325-330 [PMID: 11884924 DOI: 10.1097/0
0007890-200202150-00001]
Berthiaume F, Barbe L, Mokuno Y, MacDonald AD, Jindal R,
Yarmush ML. Steatosis reversibly increases hepatocyte sensitivity to hypoxia-reoxygenation injury. J Surg Res 2009; 152:
54-60 [PMID: 18599084 DOI: 10.1016/j.jss.2007.12.784]
Diehl AM. Nonalcoholic steatosis and steatohepatitis IV.
Nonalcoholic fatty liver disease abnormalities in macrophage function and cytokines. Am J Physiol Gastrointest Liver
Physiol 2002; 282: G1-G5 [PMID: 11751151 DOI: 10.1152/ajpgi.00384.2001]
Nagata K, Suzuki H, Sakaguchi S. Common pathogenic
mechanism in development progression of liver injury
caused by non-alcoholic or alcoholic steatohepatitis. J Toxicol Sci 2007; 32: 453-468 [PMID: 18198478 DOI: 10.2131/
jts.32.453]
Gyamfi MA, Damjanov I, French S, Wan YJ. The pathogenesis of ethanol versus methionine and choline deficient dietinduced liver injury. Biochem Pharmacol 2008; 75: 981-995
[PMID: 18036573 DOI: 10.1016/j.bcp.2007.09.030]
Tevar AD, Clarke C, Wang J, Rudich SM, Woodle ES,
Lentsch AB, Edwards ML. Clinical review of nonalcoholic
steatohepatitis in liver surgery and transplantation. J Am Coll
Surg 2010; 210: 515-526 [PMID: 20347746 DOI: 10.1016/j.jamc
ollsurg.2010.01.020]
Beier JI, McClain CJ. Mechanisms and cell signaling in alcoholic liver disease. Biol Chem 2010; 391: 1249-1264 [PMID:
20868231 DOI: 10.1515/bc.2010.137]
Pirenne J. Time to think out of the (ice) box. Curr Opin Organ
Transplant 2010; 15: 147-149 [PMID: 20351661 DOI: 10.1097/
MOT.0b013e328336959f]
Abu-Amara M, Yang SY, Tapuria N, Fuller B, Davidson B,
Seifalian A. Liver ischemia/reperfusion injury: processes
in inflammatory networks--a review. Liver Transpl 2010; 16:
1016-1032 [PMID: 20818739 DOI: 10.1002/lt.22117]
Ramachandran S, Liaw JM, Jia J, Glasgow SC, Liu W, Csontos K, Upadhya GA, Mohanakumar T, Chapman WC. Ischemia-reperfusion injury in rat steatotic liver is dependent
on NFκB P65 activation. Transpl Immunol 2012; 26: 201-206
[PMID: 22286145 DOI: 10.1016/j.trim.2012.01.001]
Pesonen EJ, Linder N, Raivio KO, Sarnesto A, Lapatto R,

WCG|www.wjgnet.com

25

26

27

28

29
30

31

32

33

34

35

36

37

38

2961

Höckerstedt K, Mäkisalo H, Andersson S. Circulating xanthine oxidase and neutrophil activation during human liver
transplantation. Gastroenterology 1998; 114: 1009-1015 [PMID:
9558291 DOI: 10.1016/S0016-5085(98)70321-X]
Fernández L, Heredia N, Grande L, Gómez G, Rimola A,
Marco A, Gelpí E, Roselló-Catafau J, Peralta C. Preconditioning protects liver and lung damage in rat liver transplantation: role of xanthine/xanthine oxidase. Hepatology 2002; 36:
562-572 [PMID: 12198648 DOI: 10.1053/jhep.2002.34616]
McCormack L, Dutkowski P, El-Badry AM, Clavien PA.
Liver transplantation using fatty livers: always feasible? J
Hepatol 2011; 54: 1055-1062 [PMID: 21145846 DOI: 10.1016/
j.jhep.2010.11.004]
Selzner N, Selzner M, Jochum W, Amann-Vesti B, Graf R,
Clavien PA. Mouse livers with macrosteatosis are more susceptible to normothermic ischemic injury than those with
microsteatosis. J Hepatol 2006; 44: 694-701 [PMID: 16229921
DOI: 10.1016/j.jhep.2005.07.032]
Kaido T, Uemoto S. Does living donation have advantages
over deceased donation in liver transplantation? J Gastroenterol Hepatol 2010; 25: 1598-1603 [PMID: 20880167 DOI:
10.1111/j.1440-1746.2010.06418.x]
Strong RW. Living-donor liver transplantation: an overview. J Hepatobiliary Pancreat Surg 2006; 13: 370-377 [PMID:
17013709 DOI: 10.1007/s00534-005-1076-y]
Hwang S, Lee SG, Jang SJ, Cho SH, Kim KH, Ahn CS, Moon
DB, Ha TY. The effect of donor weight reduction on hepatic
steatosis for living donor liver transplantation. Liver Transpl
2004; 10: 721-725 [PMID: 15162464 DOI: 10.1002/lt.20172]
Chan HL, de Silva HJ, Leung NW, Lim SG, Farrell GC. How
should we manage patients with non-alcoholic fatty liver
disease in 2007? J Gastroenterol Hepatol 2007; 22: 801-808
[PMID: 17565632 DOI: 10.1111/j.1440-1746.2007.04977.x]
Oshita A, Tashiro H, Amano H, Kobayashi T, Onoe T, Ide
K, Takaki S, Takahashi S, Arihiro K, Chayama K, Ohdan H.
Safety and feasibility of diet-treated donors with steatotic livers at the initial consultation for living-donor liver transplantation. Transplantation 2012; 93: 1024-1030 [PMID: 22495493
DOI: 10.1097/TP.0b013e31824c9e25]
Nakamuta M, Morizono S, Soejima Y, Yoshizumi T,
Aishima S, Takasugi S, Yoshimitsu K, Enjoji M, Kotoh K,
Taketomi A, Uchiyama H, Shimada M, Nawata H, Maehara
Y. Short-term intensive treatment for donors with hepatic
steatosis in living-donor liver transplantation. Transplantation 2005; 80: 608-612 [PMID: 16177634 DOI: 10.1097/01.
tp.0000166009.77444.f3]
Caraceni P, Domenicali M, Maria Pertosa A, Maiolini E,
Grattagliano I, Principe A, Palasciano G, Trevisani F, Bernardi M. The nutritional status modulates preservationreperfusion injury in rat fatty liver. J Surg Res 2005; 127:
190-196 [PMID: 16083755 DOI: 10.1016/j.jss.2005.02.018]
El-Badry AM, Moritz W, Contaldo C, Tian Y, Graf R, Clavien PA. Prevention of reperfusion injury and microcirculatory failure in macrosteatotic mouse liver by omega-3 fatty
acids. Hepatology 2007; 45: 855-863 [PMID: 17393510 DOI:
10.1002/hep.21625]
Masterton GS, Plevris JN, Hayes PC. Review article: omega-3 fatty acids - a promising novel therapy for non-alcoholic
fatty liver disease. Aliment Pharmacol Ther 2010; 31: 679-692
[PMID: 20415840 DOI: 10.1111/j.1365-2036.2009.04230.x]
Vuppalanchi R, Cummings OW, Saxena R, Ulbright TM,
Martis N, Jones DR, Bansal N, Chalasani N. Relationship
among histologic, radiologic, and biochemical assessments
of hepatic steatosis: a study of human liver samples. J
Clin Gastroenterol 2007; 41: 206-210 [PMID: 17245221 DOI:
10.1097/01.mcg.0000225515.28536.3a]
Sekiya M, Yahagi N, Matsuzaka T, Najima Y, Nakakuki M,
Nagai R, Ishibashi S, Osuga J, Yamada N, Shimano H. Polyunsaturated fatty acids ameliorate hepatic steatosis in obese
mice by SREBP-1 suppression. Hepatology 2003; 38: 1529-1539

January 28, 2014|First Edition|

Liu Q et al . Strategies to rescue steatotic donor livers

39

40
41

42

43

44

45

46

47

48

49

50

51
52

53

[PMID: 14647064 DOI: 10.1016/j.hep.2003.09.028]
Schmöcker C, Weylandt KH, Kahlke L, Wang J, Lobeck
H, Tiegs G, Berg T, Kang JX. Omega-3 fatty acids alleviate
chemically induced acute hepatitis by suppression of cytokines. Hepatology 2007; 45: 864-869 [PMID: 17393517 DOI:
10.1002/hep.21626]
Stulnig TM. Immunomodulation by polyunsaturated fatty
acids: mechanisms and effects. Int Arch Allergy Immunol 2003;
132: 310-321 [PMID: 14707462 DOI: 10.1159/000074898]
Levy JR, Clore JN, Stevens W. Dietary n-3 polyunsaturated
fatty acids decrease hepatic triglycerides in Fischer 344 rats.
Hepatology 2004; 39: 608-616 [PMID: 14999679 DOI: 10.1002/
hep.20093]
Alwayn IP, Andersson C, Zauscher B, Gura K, Nosé V,
Puder M. Omega-3 fatty acids improve hepatic steatosis
in a murine model: potential implications for the marginal
steatotic liver donor. Transplantation 2005; 79: 606-608 [PMID:
15753852 DOI: 10.1097/01.TP.0000150023.86487.44]
El-Badry AM, Jang JH, Elsherbiny A, Contaldo C, Tian Y,
Raptis DA, Laczko E, Moritz W, Graf R, Clavien PA. Chemical composition of hepatic lipids mediates reperfusion injury
of the macrosteatotic mouse liver through thromboxane
A(2). J Hepatol 2011; 55: 1291-1299 [PMID: 21703192 DOI:
10.1016/j.jhep.2011.04.019]
Araya J, Rodrigo R, Videla LA, Thielemann L, Orellana M,
Pettinelli P, Poniachik J. Increase in long-chain polyunsaturated fatty acid n - 6/n - 3 ratio in relation to hepatic steatosis in patients with non-alcoholic fatty liver disease. Clin Sci
(Lond) 2004; 106: 635-643 [PMID: 14720121 DOI: 10.1042/
CS20030326]
Capanni M, Calella F, Biagini MR, Genise S, Raimondi L,
Bedogni G, Svegliati-Baroni G, Sofi F, Milani S, Abbate R,
Surrenti C, Casini A. Prolonged n-3 polyunsaturated fatty
acid supplementation ameliorates hepatic steatosis in patients with non-alcoholic fatty liver disease: a pilot study.
Aliment Pharmacol Ther 2006; 23: 1143-1151 [PMID: 16611275
DOI: 10.1111/j.1365-2036.2006.02885.x]
Zhu FS, Liu S, Chen XM, Huang ZG, Zhang DW. Effects of
n-3 polyunsaturated fatty acids from seal oils on nonalcoholic fatty liver disease associated with hyperlipidemia. World
J Gastroenterol 2008; 14: 6395-6400 [PMID: 19009658 DOI:
10.3748/wjg.14.6395]
Banasch M, Goetze O, Schmidt WE, Meier JJ. Rimonabant as
a novel therapeutic option for nonalcoholic steatohepatitis.
Liver Int 2007; 27: 1152-1155 [PMID: 17845546 DOI: 10.1111/
j.1478-3231.2007.01555.x]
Roth JD, Trevaskis JL, Wilson J, Lei C, Athanacio J, Mack C,
Kesty NC, Coffey T, Weyer C, Parkes DG. Antiobesity effects
of the beta-cell hormone amylin in combination with phentermine or sibutramine in diet-induced obese rats. Int J Obes
(Lond) 2008; 32: 1201-1210 [PMID: 18560368 DOI: 10.1038/
ijo.2008.91]
Harrison SA, Fecht W, Brunt EM, Neuschwander-Tetri BA.
Orlistat for overweight subjects with nonalcoholic steatohepatitis: A randomized, prospective trial. Hepatology 2009;
49: 80-86 [PMID: 19053049 DOI: 10.1002/hep.22575]
Wierzbicki AS, Mikhailidis DP, Wray R, Schacter M, Cramb
R, Simpson WG, Byrne CB. Statin-fibrate combination: therapy for hyperlipidemia: a review. Curr Med Res Opin 2003; 19:
155-168 [PMID: 12814127 DOI: 10.1185/030079903125001668]
Argo CK, Loria P, Caldwell SH, Lonardo A. Statins in liver
disease: a molehill, an iceberg, or neither? Hepatology 2008;
48: 662-669 [PMID: 18666246 DOI: 10.1002/hep.22402]
Merat S, Aduli M, Kazemi R, Sotoudeh M, Sedighi N, Sohrabi M, Malekzadeh R. Liver histology changes in nonalcoholic
steatohepatitis after one year of treatment with probucol. Dig
Dis Sci 2008; 53: 2246-2250 [PMID: 18049900 DOI: 10.1007/
s10620-007-0109-6]
Abdelmalek MF, Angulo P, Jorgensen RA, Sylvestre PB,
Lindor KD. Betaine, a promising new agent for patients

WCG|www.wjgnet.com

54

55

56

57

58

59

60

61

62
63

64

65

66

67
68

2962

with nonalcoholic steatohepatitis: results of a pilot study.
Am J Gastroenterol 2001; 96: 2711-2717 [PMID: 11569700 DOI:
10.1111/j.1572-0241.2001.04129.x]
Marchesini G, Brizi M, Bianchi G, Tomassetti S, Zoli M,
Melchionda N. Metformin in non-alcoholic steatohepatitis.
Lancet 2001; 358: 893-894 [PMID: 11567710 DOI: 10.1016/
S0140-6736(01)06042-1]
Belfort R, Harrison SA, Brown K, Darland C, Finch J, Hardies J, Balas B, Gastaldelli A, Tio F, Pulcini J, Berria R, Ma JZ,
Dwivedi S, Havranek R, Fincke C, DeFronzo R, Bannayan
GA, Schenker S, Cusi K. A placebo-controlled trial of pioglitazone in subjects with nonalcoholic steatohepatitis. N Engl
J Med 2006; 355: 2297-2307 [PMID: 17135584 DOI: 10.1056/
NEJMoa060326]
Yokohama S, Yoneda M, Haneda M, Okamoto S, Okada M,
Aso K, Hasegawa T, Tokusashi Y, Miyokawa N, Nakamura
K. Therapeutic efficacy of an angiotensin II receptor antagonist in patients with nonalcoholic steatohepatitis. Hepatology 2004; 40: 1222-1225 [PMID: 15382153 DOI: 10.1002/
hep.20420]
Tushuizen ME, Bunck MC, Pouwels PJ, van Waesberghe JH,
Diamant M, Heine RJ. Incretin mimetics as a novel therapeutic option for hepatic steatosis. Liver Int 2006; 26: 1015-1017
[PMID: 16953843 DOI: 10.1111/j.1478-3231.2006.01315.x]
Laurin J, Lindor KD, Crippin JS, Gossard A, Gores GJ, Ludwig J, Rakela J, McGill DB. Ursodeoxycholic acid or clofibrate in the treatment of non-alcohol-induced steatohepatitis:
a pilot study. Hepatology 1996; 23: 1464-1467 [PMID: 8675165
DOI: 10.1002/hep.510230624]
Lindor KD, Kowdley KV, Heathcote EJ, Harrison ME, Jorgensen R, Angulo P, Lymp JF, Burgart L, Colin P. Ursodeoxycholic acid for treatment of nonalcoholic steatohepatitis:
results of a randomized trial. Hepatology 2004; 39: 770-778
[PMID: 14999696 DOI: 10.1002/hep.20092]
Akriviadis E, Botla R, Briggs W, Han S, Reynolds T, Shakil O.
Pentoxifylline improves short-term survival in severe acute
alcoholic hepatitis: a double-blind, placebo-controlled trial.
Gastroenterology 2000; 119: 1637-1648 [PMID: 11113085 DOI:
10.1053/gast.2000.20189]
Satapathy SK, Garg S, Chauhan R, Sakhuja P, Malhotra V,
Sharma BC, Sarin SK. Beneficial effects of tumor necrosis factor-alpha inhibition by pentoxifylline on clinical, biochemical, and metabolic parameters of patients with nonalcoholic
steatohepatitis. Am J Gastroenterol 2004; 99: 1946-1952 [PMID:
15447754 DOI: 10.1111/j.1572-0241.2004.40220.x]
Day CP. Treatment of alcoholic liver disease. Liver Transpl
2007; 13: S69-S75 [PMID: 17969070 DOI: 10.1002/lt.21336]
Koppe SW, Sahai A, Malladi P, Whitington PF, Green RM.
Pentoxifylline attenuates steatohepatitis induced by the
methionine choline deficient diet. J Hepatol 2004; 41: 592-598
[PMID: 15464239 DOI: 10.1016/j.jhep.2004.06.030]
Peters JM, Aoyama T, Burns AM, Gonzalez FJ. Bezafibrate
is a dual ligand for PPARalpha and PPARbeta: studies using null mice. Biochim Biophys Acta 2003; 1632: 80-89 [PMID:
12782154 DOI: 10.1016/S1388-1981(03)00065-9]
Nagasawa T, Inada Y, Nakano S, Tamura T, Takahashi
T, Maruyama K, Yamazaki Y, Kuroda J, Shibata N. Effects of bezafibrate, PPAR pan-agonist, and GW501516,
PPARdelta agonist, on development of steatohepatitis in
mice fed a methionine- and choline-deficient diet. Eur J
Pharmacol 2006; 536: 182-191 [PMID: 16574099 DOI: 10.1016/
j.ejphar.2006.02.028]
Florentin M, Liberopoulos EN, Mikhailidis DP, Elisaf MS.
Fibrate-associated adverse effects beyond muscle and liver
toxicity. Curr Pharm Des 2008; 14: 574-587 [PMID: 18336300
DOI: 10.2174/138161208783885362]
Chalasani N. Statins and hepatotoxicity: focus on patients
with fatty liver. Hepatology 2005; 41: 690-695 [PMID: 15789367
DOI: 10.1002/hep.20671]
Desai KK, Dikdan GS, Shareef A, Koneru B. Ischemic pre-

January 28, 2014|First Edition|

Liu Q et al . Strategies to rescue steatotic donor livers

69

70

71

72

73

74

75

76

77

78

79

80

81

82

conditioning of the liver: a few perspectives from the bench
to bedside translation. Liver Transpl 2008; 14: 1569-1577
[PMID: 18975290 DOI: 10.1002/lt.21630]
Zager RA, Baltes LA, Sharma HM, Jurkowitz MS. Responses
of the ischemic acute renal failure kidney to additional ischemic events. Kidney Int 1984; 26: 689-700 [PMID: 6521255
DOI: 10.1038/ki.1984.204]
Murry CE, Jennings RB, Reimer KA. Preconditioning with
ischemia: a delay of lethal cell injury in ischemic myocardium. Circulation 1986; 74: 1124-1136 [PMID: 3769170 DOI:
10.1161/01.CIR.74.5.1124]
Petrowsky H, McCormack L, Trujillo M, Selzner M, Jochum W, Clavien PA. A prospective, randomized, controlled trial comparing intermittent portal triad clamping
versus ischemic preconditioning with continuous clamping for major liver resection. Ann Surg 2006; 244: 921-928;
discussion 921-928 [PMID: 17122617 DOI: 10.1097/01.
sla.0000246834.07130.5d]
Clavien PA, Selzner M, Rüdiger HA, Graf R, Kadry Z, Rousson V, Jochum W. A prospective randomized study in 100
consecutive patients undergoing major liver resection with
versus without ischemic preconditioning. Ann Surg 2003;
238: 843-850; discussion 851-852 [PMID: 14631221 DOI:
10.1097/01.sla.0000098620.27623.7d]
Franchello A, Gilbo N, David E, Ricchiuti A, Romagnoli R,
Cerutti E, Salizzoni M. Ischemic preconditioning (IP) of the
liver as a safe and protective technique against ischemia/
reperfusion injury (IRI). Am J Transplant 2009; 9: 1629-1639
[PMID: 19519822 DOI: 10.1111/j.1600-6143.2009.02680.x]
Peralta C, Hotter G, Closa D, Gelpí E, Bulbena O, RosellóCatafau J. Protective effect of preconditioning on the injury
associated to hepatic ischemia-reperfusion in the rat: role
of nitric oxide and adenosine. Hepatology 1997; 25: 934-937
[PMID: 9096600 DOI: 10.1002/hep.510250424]
Arai M, Thurman RG, Lemasters JJ. Contribution of adenosine A(2) receptors and cyclic adenosine monophosphate to
protective ischemic preconditioning of sinusoidal endothelial cells against Storage/Reperfusion injury in rat livers.
Hepatology 2000; 32: 297-302 [PMID: 10915736 DOI: 10.1053/
jhep.2000.8896]
Jimenez-Castro MB, Casillas-Ramirez A, Massip-Salcedo M,
Elias-Miro M, Serafin A, Rimola A, Rodes J, Peralta C. Cyclic
adenosine 3’,5’-monophosphate in rat steatotic liver transplantation. Liver Transpl 2011; 17: 1099-1110 [PMID: 21671350
DOI: 10.1002/lt.22359]
Serafín A, Roselló-Catafau J, Prats N, Gelpí E, Rodés J, Peralta C. Ischemic preconditioning affects interleukin release
in fatty livers of rats undergoing ischemia/reperfusion.
Hepatology 2004; 39: 688-698 [PMID: 14999687 DOI: 10.1002/
hep.20089]
Peralta C, Bartrons R, Serafin A, Blázquez C, Guzmán M,
Prats N, Xaus C, Cutillas B, Gelpí E, Roselló-Catafau J. Adenosine monophosphate-activated protein kinase mediates
the protective effects of ischemic preconditioning on hepatic
ischemia-reperfusion injury in the rat. Hepatology 2001; 34:
1164-1173 [PMID: 11732006 DOI: 10.1053/jhep.2001.29197]
Carrasco-Chaumel E, Roselló-Catafau J, Bartrons R, FrancoGou R, Xaus C, Casillas A, Gelpí E, Rodés J, Peralta C. Adenosine monophosphate-activated protein kinase and nitric
oxide in rat steatotic liver transplantation. J Hepatol 2005; 43:
997-1006 [PMID: 16085333 DOI: 10.1016/j.jhep.2005.05.021]
Bouma HR, Ketelaar ME, Yard BA, Ploeg RJ, Henning RH.
AMP-activated protein kinase as a target for preconditioning
in transplantation medicine. Transplantation 2010; 90: 353-358
[PMID: 20571465 DOI: 10.1097/TP.0b013e3181e7a3aa]
Cutrn JC, Perrelli MG, Cavalieri B, Peralta C, Rosell Catafau
J, Poli G. Microvascular dysfunction induced by reperfusion
injury and protective effect of ischemic preconditioning. Free
Radic Biol Med 2002; 33: 1200-1208 [PMID: 12398928 DOI:
10.1016/S0891-5849(02)01017-1]

WCG|www.wjgnet.com

83

84

85

86

87

88

89

90

91

92

93

94

95

2963

Koti RS, Yang W, Glantzounis G, Quaglia A, Davidson BR,
Seifalian AM. Effect of ischaemic preconditioning on hepatic
oxygenation, microcirculation and function in a rat model
of moderate hepatic steatosis. Clin Sci (Lond) 2005; 108: 55-63
[PMID: 15341510 DOI: 10.1042/CS20040130]
Rolo AP, Teodoro JS, Peralta C, Rosello-Catafau J, Palmeira
CM. Prevention of I/R injury in fatty livers by ischemic preconditioning is associated with increased mitochondrial tolerance: the key role of ATPsynthase and mitochondrial permeability transition. Transpl Int 2009; 22: 1081-1090 [PMID:
19619169 DOI: 10.1111/j.1432-2277.2009.00916.x]
Hafez TS, Glantzounis GK, Fusai G, Taanman JW, Wignarajah P, Parkes H, Fuller B, Davidson BR, Seifalian AM.
Intracellular oxygenation and cytochrome oxidase C activity
in ischemic preconditioning of steatotic rabbit liver. Am J
Surg 2010; 200: 507-518 [PMID: 20409534 DOI: 10.1016/
j.amjsurg.2009.09.028]
Fernández L, Carrasco-Chaumel E, Serafín A, Xaus C,
Grande L, Rimola A, Roselló-Catafau J, Peralta C. Is ischemic
preconditioning a useful strategy in steatotic liver transplantation? Am J Transplant 2004; 4: 888-899 [PMID: 15147422
DOI: 10.1111/j.1600-6143.2004.00447.x]
Peralta C, Bulbena O, Xaus C, Prats N, Cutrin JC, Poli G,
Gelpi E, Roselló-Catafau J. Ischemic preconditioning: a defense mechanism against the reactive oxygen species generated after hepatic ischemia reperfusion. Transplantation 2002;
73: 1203-1211 [PMID: 11981410 DOI: 10.1097/00007890-20020
4270-00004]
Peralta C, Prats N, Xaus C, Gelpí E, Roselló-Catafau J. Protective effect of liver ischemic preconditioning on liver and
lung injury induced by hepatic ischemia-reperfusion in the
rat. Hepatology 1999; 30: 1481-1489 [PMID: 10573528 DOI:
10.1002/hep.510300622]
Lai IR, Chang KJ, Chen CF, Tsai HW. Transient limb ischemia induces remote preconditioning in liver among rats:
the protective role of heme oxygenase-1. Transplantation
2006; 81: 1311-1317 [PMID: 16699460 DOI: 10.1097/01.
tp.0000203555.14546.63]
Wang F, Birch SE, He R, Tawadros P, Szaszi K, Kapus A,
Rotstein OD. Remote ischemic preconditioning by hindlimb
occlusion prevents liver ischemic/reperfusion injury: the role
of High Mobility Group-Box 1. Ann Surg 2010; 251: 292-299
[PMID: 19858701 DOI: 10.1097/SLA.0b013e3181bfda8c]
Abu-Amara M, Yang SY, Quaglia A, Rowley P, Fuller B,
Seifalian A, Davidson B. Role of endothelial nitric oxide
synthase in remote ischemic preconditioning of the mouse
liver. Liver Transpl 2011; 17: 610-619 [PMID: 21506249 DOI:
10.1002/lt.22272]
Beck-Schimmer B, Breitenstein S, Urech S, De Conno E,
Wittlinger M, Puhan M, Jochum W, Spahn DR, Graf R, Clavien PA. A randomized controlled trial on pharmacological
preconditioning in liver surgery using a volatile anesthetic.
Ann Surg 2008; 248: 909-918 [PMID: 19092335 DOI: 10.1097/
SLA.0b013e31818f3dda]
Hong F, Radaeva S, Pan HN, Tian Z, Veech R, Gao B. Interleukin 6 alleviates hepatic steatosis and ischemia/reperfusion injury in mice with fatty liver disease. Hepatology 2004;
40: 933-941 [PMID: 15382116 DOI: 10.1002/hep.20400]
Hasegawa T, Ito Y, Wijeweera J, Liu J, Malle E, Farhood A,
McCuskey RS, Jaeschke H. Reduced inflammatory response
and increased microcirculatory disturbances during hepatic
ischemia-reperfusion injury in steatotic livers of ob/ob mice.
Am J Physiol Gastrointest Liver Physiol 2007; 292: G1385-G1395
[PMID: 17307725 DOI: 10.1152/ajpgi.00246.2006]
Soltys K, Dikdan G, Koneru B. Oxidative stress in fatty livers
of obese Zucker rats: rapid amelioration and improved tolerance to warm ischemia with tocopherol. Hepatology 2001; 34:
13-18 [PMID: 11431728 DOI: 10.1053/jhep.2001.25452]
Ben Mosbah I, Massip-Salcedo M, Fernández-Monteiro I,
Xaus C, Bartrons R, Boillot O, Roselló-Catafau J, Peralta C.

January 28, 2014|First Edition|

Liu Q et al . Strategies to rescue steatotic donor livers

96

97

98

99

100

101

102

103

104

105

106

107

108

Addition of adenosine monophosphate-activated protein kinase activators to University of Wisconsin solution: a way of
protecting rat steatotic livers. Liver Transpl 2007; 13: 410-425
[PMID: 17326058 DOI: 10.1002/lt.21059]
Nagrath D, Xu H, Tanimura Y, Zuo R, Berthiaume F, Avila M,
Yarmush R, Yarmush ML. Metabolic preconditioning of donor organs: defatting fatty livers by normothermic perfusion
ex vivo. Metab Eng 2009; 11: 274-283 [PMID: 19508897 DOI:
10.1016/j.ymben.2009.05.005]
Amersi F, Shen XD, Moore C, Melinek J, Busuttil RW,
Kupiec-Weglinski JW, Coito AJ. Fibronectin-alpha 4 beta
1 integrin-mediated blockade protects genetically fat
Zucker rat livers from ischemia/reperfusion injury. Am J
Pathol 2003; 162: 1229-1239 [PMID: 12651615 DOI: 10.1016/
S0002-9440(10)63919-3]
Hayashi K, Aoki T, Jin Z, Wang H, Nishino N, Kusano T,
Yasuda D, Koizumi T, Enami Y, Odaira M, Yamada K, Mitamura K, Niiya T, Murai N, Kato H, Shimizu Y, Kusano
M. Hepatocyte transplantation from steatotic liver in a rat
model. J Surg Res 2007; 142: 104-112 [PMID: 17604052 DOI:
10.1016/j.jss.2006.10.048]
Arnault I, Bao YM, Sebagh M, Anjo A, Dimicoli JL, Lemoine
A, Delvart V, Adam R. Beneficial effect of pentoxifylline on
microvesicular steatotic livers submitted to a prolonged cold
ischemia. Transplantation 2003; 76: 77-83 [PMID: 12865790
DOI: 10.1097/01.TP.0000071846.35825.B1]
Sampey BP, Vanhoose AM, Winfield HM, Freemerman AJ,
Muehlbauer MJ, Fueger PT, Newgard CB, Makowski L. Cafeteria diet is a robust model of human metabolic syndrome
with liver and adipose inflammation: comparison to highfat diet. Obesity (Silver Spring) 2011; 19: 1109-1117 [PMID:
21331068 DOI: 10.1038/oby.2011.18]
Pasarín M, La Mura V, Gracia-Sancho J, García-Calderó H,
Rodríguez-Vilarrupla A, García-Pagán JC, Bosch J, Abraldes
JG. Sinusoidal endothelial dysfunction precedes inflammation and fibrosis in a model of NAFLD. PLoS One 2012; 7:
e32785 [PMID: 22509248 DOI: 10.1371/journal.pone.0032785]
Ghoshal AK, Farber E. The induction of liver cancer by
dietary deficiency of choline and methionine without
added carcinogens. Carcinogenesis 1984; 5: 1367-1370 [PMID:
6488458 DOI: 10.1093/carcin/5.10.1367]
Takeda Y, Arii S, Kaido T, Niwano M, Moriga T, Mori A,
Hanaki K, Gorrin-Rivas MJ, Ishii T, Sato M, Imamura M.
Morphologic alteration of hepatocytes and sinusoidal endothelial cells in rat fatty liver during cold preservation and the
protective effect of hepatocyte growth factor. Transplantation
1999; 67: 820-828 [PMID: 10199729 DOI: 10.1097/00007890-19
9903270-00007]
Delzenne NM, Hernaux NA, Taper HS. A new model of
acute liver steatosis induced in rats by fasting followed by
refeeding a high carbohydrate-fat free diet. Biochemical and
morphological analysis. J Hepatol 1997; 26: 880-885 [PMID:
9126803 DOI: 10.1016/S0168-8278(97)80256-5]
Minor T, Akbar S, Tolba R, Dombrowski F. Cold preservation of fatty liver grafts: prevention of functional and ultrastructural impairments by venous oxygen persufflation. J
Hepatol 2000; 32: 105-111 [PMID: 10673074 DOI: 10.1016/
S0168-8278(00)80196-8]
Tolba RH, Pütz U, Decker D, Dombrowski F, Lauschke
H. L-carnitine ameliorates abnormal vulnerability of steatotic rat livers to cold ischemic preservation. Transplantation 2003; 76: 1681-1686 [PMID: 14688515 DOI: 10.1097/01.
TP.0000093832.15249.AD]
Takahashi K, Hakamada K, Totsuka E, Umehara Y, Sasaki
M. Warm ischemia and reperfusion injury in diet-induced
canine fatty livers. Transplantation 2000; 69: 2028-2034 [PMID:
10852591 DOI: 10.1097/00007890-200005270-00009]
Lee L, Alloosh M, Saxena R, Van Alstine W, Watkins BA,
Klaunig JE, Sturek M, Chalasani N. Nutritional model of steatohepatitis and metabolic syndrome in the Ossabaw minia-

WCG|www.wjgnet.com

109

110
111

112

113

114

115

116

117

118

119

120

121

122

123

2964

ture swine. Hepatology 2009; 50: 56-67 [PMID: 19434740 DOI:
10.1002/hep.22904]
Jamieson RW, Zilvetti M, Roy D, Hughes D, Morovat A,
Coussios CC, Friend PJ. Hepatic steatosis and normothermic perfusion-preliminary experiments in a porcine model.
Transplantation 2011; 92: 289-295 [PMID: 21681143 DOI:
10.1097/TP.0b013e318223d817]
Lieber CS, DeCarli LM. The feeding of ethanol in liquid
diets. Alcohol Clin Exp Res 1986; 10: 550-553 [PMID: 3026198
DOI: 10.1111/j.1530-0277.1986.tb05140.x]
Banerjee A, Russell WK, Jayaraman A, Ramaiah SK. Identification of proteins to predict the molecular basis for the
observed gender susceptibility in a rat model of alcoholic
steatohepatitis by 2-D gel proteomics. Proteomics 2008; 8:
4327-4337 [PMID: 18924223 DOI: 10.1002/pmic.200700368]
Song BJ, Moon KH, Olsson NU, Salem N. Prevention of alcoholic fatty liver and mitochondrial dysfunction in the rat
by long-chain polyunsaturated fatty acids. J Hepatol 2008; 49:
262-273 [PMID: 18571270 DOI: 10.1016/j.jhep.2008.04.023]
Park SH, Choi MS, Park T. Changes in the hepatic gene expression profile in a rat model of chronic ethanol treatment.
Food Chem Toxicol 2008; 46: 1378-1388 [PMID: 17920746 DOI:
10.1016/j.fct.2007.08.029]
Tipoe GL, Liong EC, Leung TM, Nanji AA. A voluntary
oral-feeding rat model for pathological alcoholic liver injury.
Methods Mol Biol 2008; 447: 11-31 [PMID: 18369908 DOI:
10.1007/978-1-59745-242-7_2]
Polavarapu R, Spitz DR, Sim JE, Follansbee MH, Oberley
LW, Rahemtulla A, Nanji AA. Increased lipid peroxidation
and impaired antioxidant enzyme function is associated
with pathological liver injury in experimental alcoholic
liver disease in rats fed diets high in corn oil and fish oil.
Hepatology 1998; 27: 1317-1323 [PMID: 9581686 DOI: 10.1002/
hep.510270518]
Sharma MR, Polavarapu R, Roseman D, Patel V, Eaton E,
Kishor PB, Nanji AA. Increased severity of alcoholic liver
injury in female verses male rats: a microarray analysis. Exp
Mol Pathol 2008; 84: 46-58 [PMID: 18062962 DOI: 10.1016/
j.yexmp.2007.10.001]
Zhong Z, Connor HD, Froh M, Lind H, Bunzendahl H,
Mason RP, Thurman RG, Lemasters JJ. Polyphenols from
Camellia sinenesis prevent primary graft failure after transplantation of ethanol-induced fatty livers from rats. Free
Radic Biol Med 2004; 36: 1248-1258 [PMID: 15110390 DOI:
10.1016/j.freeradbiomed.2004.02.012]
Ye S, Dong J, Han B. Protective effect of reduced glutathione
and venous systemic oxygen persufflation on rat steatotic
graft following liver transplantation. J Surg Res 2010; 158:
138-146 [PMID: 19394968 DOI: 10.1016/j.jss.2009.01.002]
Villanueva JA, Esfandiari F, White ME, Devaraj S, French
SW, Halsted CH. S-adenosylmethionine attenuates oxidative liver injury in micropigs fed ethanol with a folatedeficient diet. Alcohol Clin Exp Res 2007; 31: 1934-1943 [PMID:
17850216 DOI: 10.1111/j.1530-0277.2007.00511.x]
Zivkovic AM, Bruce German J, Esfandiari F, Halsted
CH. Quantitative lipid metabolomic changes in alcoholic micropigs with fatty liver disease. Alcohol Clin Exp
Res 2009; 33: 751-758 [PMID: 19170661 DOI: 10.1111/
j.1530-0277.2008.00892.x]
Katori M, Busuttil RW, Kupiec-Weglinski JW. Heme oxygenase-1 system in organ transplantation. Transplantation
2002; 74: 905-912 [PMID: 12394829 DOI: 10.1097/00007890-20
0210150-00001]
Kim SJ, Park JG, Lee SM. Protective effect of heme oxygenase-1 induction against hepatic injury in alcoholic steatotic
liver exposed to cold ischemia/reperfusion. Life Sci 2012; 90:
169-176 [PMID: 22036622 DOI: 10.1016/j.lfs.2011.10.003]
Coito AJ, Buelow R, Shen XD, Amersi F, Moore C, Volk HD,
Busuttil RW, Kupiec-Weglinski JW. Heme oxygenase-1 gene
transfer inhibits inducible nitric oxide synthase expression

January 28, 2014|First Edition|

Liu Q et al . Strategies to rescue steatotic donor livers

124

125
126

127

128

129

130

131

132

133

134

135

136

137 García-Gil FA, Serrano MT, Fuentes-Broto L, Arenas J, García JJ, Güemes A, Bernal V, Campillo A, Sostres C, Araiz JJ,
Royo P, Simón MA. Celsior versus University of Wisconsin
preserving solutions for liver transplantation: postreperfusion syndrome and outcome of a 5-year prospective randomized controlled study. World J Surg 2011; 35: 1598-1607 [PMID:
21487851 DOI: 10.1007/s00268-011-1078-7]
138 Dondéro F, Paugam-Burtz C, Danjou F, Stocco J, Durand F,
Belghiti J. A randomized study comparing IGL-1 to the University of Wisconsin preservation solution in liver transplantation. Ann Transplant 2010; 15: 7-14 [PMID: 21183870]
139 Ben Mosbah I, Roselló-Catafau J, Franco-Gou R, Abdennebi HB, Saidane D, Ramella-Virieux S, Boillot O, Peralta C.
Preservation of steatotic livers in IGL-1 solution. Liver Transpl
2006; 12: 1215-1223 [PMID: 16724331 DOI: 10.1002/lt.20788]
140 Belzer FO, Southard JH. Principles of solid-organ preservation by cold storage. Transplantation 1988; 45: 673-676 [PMID:
3282347 DOI: 10.1097/00007890-198804000-00001]
141 Maathuis MH, Leuvenink HG, Ploeg RJ. Perspectives in organ preservation. Transplantation 2007; 83: 1289-1298 [PMID:
17519776 DOI: 10.1097/01.tp.0000265586.66475.cc]
142 Bessems M, Doorschodt BM, van Marle J, Vreeling H, Meijer
AJ, van Gulik TM. Improved machine perfusion preservation
of the non-heart-beating donor rat liver using Polysol: a new
machine perfusion preservation solution. Liver Transpl 2005;
11: 1379-1388 [PMID: 16237689 DOI: 10.1002/lt.20502]
143 Vairetti M, Ferrigno A, Carlucci F, Tabucchi A, Rizzo V, Boncompagni E, Neri D, Gringeri E, Freitas I, Cillo U. Subnormothermic machine perfusion protects steatotic livers against
preservation injury: a potential for donor pool increase?
Liver Transpl 2009; 15: 20-29 [PMID: 19109848 DOI: 10.1002/
lt.21581]
144 Sun Z, Klein AS, Radaeva S, Hong F, El-Assal O, Pan HN,
Jaruga B, Batkai S, Hoshino S, Tian Z, Kunos G, Diehl AM,
Gao B. In vitro interleukin-6 treatment prevents mortality
associated with fatty liver transplants in rats. Gastroenterology 2003; 125: 202-215 [PMID: 12851884 DOI: 10.1016/
S0016-5085(03)00696-6]
145 Atila K, Coker A, Sagol O, Coker I, Topalak O, Astarcioglu H,
Karademir S, Astarcioglu I. Protective effects of carnitine in
an experimental ischemia-reperfusion injury. Clin Nutr 2002;
21: 309-313 [PMID: 12135591 DOI: 10.1054/clnu.2002.0544]
146 Ben Mosbah I, Roselló-Catafau J, Alfany-Fernandez I,
Rimola A, Parellada PP, Mitjavila MT, Lojek A, Ben Abdennebi H, Boillot O, Rodés J, Peralta C. Addition of carvedilol
to University Wisconsin solution improves rat steatotic and
nonsteatotic liver preservation. Liver Transpl 2010; 16: 163-171
[PMID: 20104484 DOI: 10.1002/lt.21968]
147 Oliveira PJ, Gonçalves L, Monteiro P, Providencia LA, Moreno AJ. Are the antioxidant properties of carvedilol important
for the protection of cardiac mitochondria? Curr Vasc Pharmacol 2005; 3: 147-158 [PMID: 15853634 DOI: 10.2174/157016105
3586903]
148 Zaouali MA, Padrissa-Altés S, Ben Mosbah I, Alfany-Fernandez I, Massip-Salcedo M, Casillas-Ramirez A, BintanelMorcillo M, Boillot O, Serafin A, Rimola A, Rodés J, RosellóCatafau J, Peralta C. Improved rat steatotic and nonsteatotic
liver preservation by the addition of epidermal growth factor
and insulin-like growth factor-I to University of Wisconsin
solution. Liver Transpl 2010; 16: 1098-1111 [PMID: 20818748
DOI: 10.1002/lt.22126]
149 Mullonkal CJ, Toledo-Pereyra LH. Akt in ischemia and
reperfusion. J Invest Surg 2007; 20: 195-203 [PMID: 17613695
DOI: 10.1080/08941930701366471]
150 Zaoualí MA, Reiter RJ, Padrissa-Altés S, Boncompagni E,
García JJ, Ben Abnennebi H, Freitas I, García-Gil FA, RoselloCatafau J. Melatonin protects steatotic and nonsteatotic liver
grafts against cold ischemia and reperfusion injury. J Pineal
Res 2011; 50: 213-221 [PMID: 21108657 DOI: 10.1111/j.1600079X.2010.00831.x]

and protects genetically fat Zucker rat livers from ischemiareperfusion injury. Transplantation 2002; 74: 96-102 [PMID:
12134106 DOI: 10.1097/00007890-200207150-00017]
Nakano H, Nagasaki H, Barama A, Boudjema K, Jaeck D,
Kumada K, Tatsuno M, Baek Y, Kitamura N, Suzuki T, Yamaguchi M. The effects of N-acetylcysteine and anti-intercellular
adhesion molecule-1 monoclonal antibody against ischemiareperfusion injury of the rat steatotic liver produced by a choline-methionine-deficient diet. Hepatology 1997; 26: 670-678
[PMID: 9303498]
Selzner M, Graf R, Clavien PA. IL-6: a magic potion for liver
transplantation? Gastroenterology 2003; 125: 256-259 [PMID:
12851891 DOI: 10.1016/S0016-5085(03)00811-4]
Luo XY, Takahara T, Hou J, Kawai K, Sugiyama T, Tsukada
K, Takemoto M, Takeuchi M, Zhong L, Li XK. Theaflavin attenuates ischemia-reperfusion injury in a mouse fatty liver
model. Biochem Biophys Res Commun 2012; 417: 287-293 [PMID:
22155236 DOI: 10.1016/j.bbrc.2011.11.102]
von Heesen M, Seibert K, Hülser M, Scheuer C, Wagner
M, Menger MD, Schilling MK, Moussavian MR. Multidrug
donor preconditioning protects steatotic liver grafts against
ischemia-reperfusion injury. Am J Surg 2012; 203: 168-176
[PMID: 21782153 DOI: 10.1016/j.amjsurg.2011.01.026]
Yamagami K, Enders G, Schauer RJ, Leiderer R, Hutter J,
Yamamoto Y, Yamaoka Y, Hammer C, Messmer K. Heatshock preconditioning protects fatty livers in genetically
obese Zucker rats from microvascular perfusion failure after
ischemia reperfusion. Transpl Int 2003; 16: 456-463 [PMID:
12698240 DOI: 10.1111/j.1432-2277.2003.tb00349.x]
Mokuno Y, Berthiaume F, Tompkins RG, Balis UJ, Yarmush
ML. Technique for expanding the donor liver pool: heat
shock preconditioning in a rat fatty liver model. Liver Transpl
2004; 10: 264-272 [PMID: 14762865 DOI: 10.1002/lt.20014]
Mokuno Y, Berthiaume F, Tanimura Y, Yarmush ML. Heat
shock preconditioning inhibits CD4+ T lymphocyte activation in transplanted fatty rat livers. J Surg Res 2006; 135: 92-99
[PMID: 16600305 DOI: 10.1016/j.jss.2006.02.015]
Watanabe J, Kushihata F, Matsumoto K, Honda K, Matsuda
S, Kobayashi N. Downregulation of cytokine release by heat
preconditioning of livers used for transplantation in rats. Dig
Dis Sci 2005; 50: 1823-1828 [PMID: 16187181 DOI: 10.1007/
s10620-005-2945-6]
Yonezawa K, Yamamoto Y, Yamamoto H, Ishikawa Y,
Uchinami H, Taura K, Nakajima A, Yamaoka Y. Suppression
of tumor necrosis factor-alpha production and neutrophil infiltration during ischemia-reperfusion injury of the liver after
heat shock preconditioning. J Hepatol 2001; 35: 619-627 [PMID:
11690708 DOI: 10.1016/S0168-8278(01)00191-X]
Mangus RS, Tector AJ, Agarwal A, Vianna R, Murdock P,
Fridell JA. Comparison of histidine-tryptophan-ketoglutarate
solution (HTK) and University of Wisconsin solution (UW)
in adult liver transplantation. Liver Transpl 2006; 12: 226-230
[PMID: 16447203 DOI: 10.1002/lt.20552]
Pokorny H, Rasoul-Rockenschaub S, Langer F, Windhager T,
Rosenstingl A, Lange R, Königsrainer A, Ringe B, Mühlbacher F, Steininger R. Histidine-tryptophan-ketoglutarate solution for organ preservation in human liver transplantation-a
prospective multi-centre observation study. Transpl Int 2004;
17: 256-260 [PMID: 15160235 DOI: 10.1111/j.1432-2277.2004.
tb00439.x]
Feng L, Zhao N, Yao X, Sun X, Du L, Diao X, Li S, Li Y.
Histidine-tryptophan-ketoglutarate solution vs. University of
Wisconsin solution for liver transplantation: a systematic review. Liver Transpl 2007; 13: 1125-1136 [PMID: 17665493 DOI:
10.1002/lt.21208]
Lopez-Andujar R, Deusa S, Montalvá E, San Juan F, Moya A,
Pareja E, DeJuan M, Berenguer M, Prieto M, Mir J. Comparative prospective study of two liver graft preservation solutions: University of Wisconsin and Celsior. Liver Transpl 2009;
15: 1709-1717 [PMID: 19938119 DOI: 10.1002/lt.21945]

WCG|www.wjgnet.com

2965

January 28, 2014|First Edition|

Liu Q et al . Strategies to rescue steatotic donor livers
151 Minor T, Saad S, Nagelschmidt M, Kötting M, Fu Z, Paul A,
Isselhard W. Successful transplantation of porcine livers after
warm ischemic insult in situ and cold preservation including
postconditioning with gaseous oxygen. Transplantation 1998;
65: 1262-1264 [PMID: 9603177 DOI: 10.1097/00007890-199805
150-00019]
152 Minor T, Stegemann J, Hirner A, Koetting M. Impaired
autophagic clearance after cold preservation of fatty livers
correlates with tissue necrosis upon reperfusion and is reversed by hypothermic reconditioning. Liver Transpl 2009;
15: 798-805 [PMID: 19562717 DOI: 10.1002/lt.21751]
153 St Peter SD, Imber CJ, Friend PJ. Liver and kidney preservation by perfusion. Lancet 2002; 359: 604-613 [PMID: 11867131
DOI: 10.1016/S0140-6736(02)07749-8]
154 Monbaliu D, Brassil J. Machine perfusion of the liver: past,
present and future. Curr Opin Organ Transplant 2010; 15: 160-166
[PMID: 20125022 DOI: 10.1097/MOT.0b013e328337342b]
155 Moers C, Smits JM, Maathuis MH, Treckmann J, van Gelder
F, Napieralski BP, van Kasterop-Kutz M, van der Heide JJ,
Squifflet JP, van Heurn E, Kirste GR, Rahmel A, Leuvenink
HG, Paul A, Pirenne J, Ploeg RJ. Machine perfusion or cold
storage in deceased-donor kidney transplantation. N Engl
J Med 2009; 360: 7-19 [PMID: 19118301 DOI: 10.1056/NEJMoa0802289]
156 Guarrera JV, Henry SD, Samstein B, Odeh-Ramadan R,
Kinkhabwala M, Goldstein MJ, Ratner LE, Renz JF, Lee HT,
Brown RS, Emond JC. Hypothermic machine preservation
in human liver transplantation: the first clinical series. Am J
Transplant 2010; 10: 372-381 [PMID: 19958323 DOI: 10.1111/
j.1600-6143.2009.02932.x]
157 Brockmann J, Reddy S, Coussios C, Pigott D, Guirriero D,
Hughes D, Morovat A, Roy D, Winter L, Friend PJ. Normothermic perfusion: a new paradigm for organ preservation.
Ann Surg 2009; 250: 1-6 [PMID: 19561463 DOI: 10.1097/
SLA.0b013e3181a63c10]
158 Schön MR, Kollmar O, Wolf S, Schrem H, Matthes M, Akkoc
N, Schnoy NC, Neuhaus P. Liver transplantation after organ
preservation with normothermic extracorporeal perfusion.
Ann Surg 2001; 233: 114-123 [PMID: 11141233 DOI: 10.1097/0

0000658-200101000-00017]
159 Fondevila C, Hessheimer AJ, Maathuis MH, Muñoz J, Taurá P,
Calatayud D, Leuvenink H, Rimola A, Ploeg RJ, García-Valdecasas JC. Superior preservation of DCD livers with continuous
normothermic perfusion. Ann Surg 2011; 254: 1000-1007 [PMID:
21862925 DOI: 10.1097/SLA.0b013e31822b8b2f]
160 Tolboom H, Pouw RE, Izamis ML, Milwid JM, Sharma
N, Soto-Gutierrez A, Nahmias Y, Uygun K, Berthiaume F,
Yarmush ML. Recovery of warm ischemic rat liver grafts
by normothermic extracorporeal perfusion. Transplantation 2009; 87: 170-177 [PMID: 19155970 DOI: 10.1097/
TP.0b013e318192df6b]
161 Tolboom H, Izamis ML, Sharma N, Milwid JM, Uygun B,
Berthiaume F, Uygun K, Yarmush ML. Subnormothermic
machine perfusion at both 20°C and 30°C recovers ischemic
rat livers for successful transplantation. J Surg Res 2012; 175:
149-156 [PMID: 21550058 DOI: 10.1016/j.jss.2011.03.003]
162 Berendsen TA, Bruinsma BG, Lee J, D’Andrea V, Liu Q,
Izamis ML, Uygun K, Yarmush ML. A simplified subnormothermic machine perfusion system restores ischemically
damaged liver grafts in a rat model of orthotopic liver transplantation. Transplant Res 2012; 1: 6 [PMID: 23369351 DOI:
10.1186/2047-1440-1-6]
163 Bessems M, Doorschodt BM, Kolkert JL, Vetelainen RL, van
Vliet AK, Vreeling H, van Marle J, van Gulik TM. Preservation of steatotic livers: a comparison between cold storage
and machine perfusion preservation. Liver Transpl 2007; 13:
497-504 [PMID: 17394146 DOI: 10.1002/lt.21039]
164 Boncompagni E, Gini E, Ferrigno A, Milanesi G, Gringeri
E, Barni S, Cillo U, Vairetti M, Freitas I. Decreased apoptosis in fatty livers submitted to subnormothermic machineperfusion respect to cold storage. Eur J Histochem 2011; 55: e40
[PMID: 22297446 DOI: 10.4081/ejh.2011.e40]
165 Bezinover D, Ramamoorthy S, Uemura T, Kadry Z, McQuillan PM, Mets B, Falcucci O, Rannels S, Ruiz-Velasco V,
Spiess B, Liang J, Mani H, Lou X, Janicki PK. Use of a thirdgeneration perfluorocarbon for preservation of rat DCD liver
grafts. J Surg Res 2012; 175: 131-137 [PMID: 21543088 DOI:
10.1016/j.jss.2011.02.046]
P- Reviewers Hatipoglu S, Unal B, Vairetti M S- Editor Gou SX
L- Editor A E- Editor Zhang DN

WCG|www.wjgnet.com

2966

January 28, 2014|First Edition|

WC G

World Clinical
Gastroenterology

2014 First Edition
bpgoffice@wjgnet.com

ISBN 978-0-9914430-0-0
© 2014 Baishideng Publishing Group Inc. All rights reserved.

PROGRESS IN LIVER DISEASES

Acoustic radiation force impulse of the liver
Mirko D’Onofrio, Stefano Crosara, Riccardo De Robertis, Stefano Canestrini, Emanuele Demozzi, Anna Gallotti,
Roberto Pozzi Mucelli
modalities available today. Only few papers describe
the application of ARFI technology in the study of solid
focal liver lesions, with different results. In the present
study, the existing literature, to the best of our knowledge, about ARFI application on diffuse and focal liver
pathology has been evaluated and results and statistical analyses have been compared, bringing to the
conclusion that ARFI can be used in the study of the
liver with similar accuracy as transient elastography in
diagnosing significant fibrosis or cirrhosis and has got
some advantages in respect to transient elastography
since it does not require separate equipment, better
displays anatomical structures and measurements can
be successfully carried out almost in every patient.
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Abstract

Key words: Acoustic radiation force impulse imaging;
Sonoelastography; Diffuse liver pathology; Focal liver
lesion

Acoustic radiation force impulse (ARFI) imaging is a
new and promising ultrasound-based diagnostic technique that, evaluating the wave propagation speed,
allows the assessment of the tissue stiffness. ARFI is
implemented in the ultrasound scanner. By short-duration acoustic radiation forces (less than 1 ms), localized
displacements are generated in a selected region of
interest not requiring any external compression so reducing the operator dependency. The generated wave
scan provides qualitative or quantitative (wave velocity
values) responses. Several non-invasive methods for
assessing the staging of fibrosis are used, in order to
avoid liver biopsy. Liver function tests and transient
elastography are non-invasive, sensitive and accurate
tools for the assessment of liver fibrosis and for the
discrimination between cirrhotic and non-cirrhotic liver.
Many published studies analyse ARFI performance
and feasibility in studying diffuse liver diseases and
compare them to other diagnostic imaging modalities
such as conventional ultrasonography and transient
elastography. Solid focal liver lesions, both benign and
malignant, are common findings during abdominal examinations. The accurate characterization and differential diagnosis are important aims of all the imaging
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Core tip: In the present study, the existing literature,
to the best of our knowledge, about acoustic radiation
force impulse (ARFI) application on diffuse and focal
liver pathology has been evaluated and results and statistical analyses have been compared, bringing to the
conclusion that ARFI can be used in the study of the
liver with similar accuracy than transient elastography
in diagnosing significant fibrosis or cirrhosis and has got
some advantages in respect to transient elastography
since it does not require separate equipment, better
displays anatomical structures and measurements can
be successfully carried out almost in every patient.
Original sources: D’Onofrio M, Crosara S, De Robertis R,
Canestrini S, Demozzi E, Gallotti A, Pozzi Mucelli R. Acoustic
radiation force impulse of the liver. World J Gastroenterol 2013;
19(30): 4841-4849 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v19/i30/4841.htm DOI: http://dx.doi.
org/10.3748/wjg.v19.i30.4841
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INTRODUCTION
Acoustic radiation force impulse (ARFI) imaging is a new
and promising ultrasound-based diagnostic technique
that, evaluating the wave propagation speed, allows the
assessment of the tissue stiffness[1-3]. ARFI is implemented in the ultrasound scanner and by using a conventional
probe, without any need for external compression so reducing the operator dependency, it evaluates deep tissues
stiffness providing complementary informations potentially useful for the diagnosis[1-6]. By short-duration acoustic radiation forces (less than 1 ms), it generates localized
displacements in a selected region of interest (ROI; a box
with dimension of 1 cm × 0.5 cm), identified on a conventional B-mode (Figure 1) image[7,8]. Depending on the
interactions with the transducer[8,9], the generated wave
scan provides qualitative (imaging) or quantitative (wave
velocity values, measured in m/s) responses, by Virtual
Touch Tissue Imaging and Virtual Touch Tissue Quantification, respectively (Siemens, Erlangen, Germany).

Shear waves

Figure 1 Acoustic radiation force impulse virtual touch tissue quantification technical scheme. ROI: Region of interest.

at least one other examination is necessary in addition to
conventional ultrasonography (US) of the liver, requiring
additional time and costs after B-mode ultrasonography.
Moreover, during TE examination, only A-mode imaging
is displayed on the screen in order to select the area of
scanning and, consequently, ligaments, vascular structures
or even lesions, may inadvertently be included in the
ROI, possibly affecting the final results.
ARFI imaging offers the possibility of performing a
quantitative measurement of the elasticity of the hepatic
parenchyma during conventional US evaluations, without
requiring additional transducers or other equipment[7].
Many studies analyse ARFI performance in studying diffuse liver diseases. Piscaglia et al[12] show that Virtual Touch Tissue Quantification is able to identify the
presence of cirrhosis with good accuracy and produces
results correlated with those obtained by transient elastography with Fibroscan. They performed measurement
in the right lobe, by means of an intercostal scan, a condition which offers high inter-observer reproducibility (r
= 0.874 in their series[12]).
The great advantage of fibrosis assessment using
Virtual Touch Tissue Quantification is the fact that it
can be performed at the same time as conventional US
investigation. US is routinely used worldwide in the
management of patients with chronic liver disease and is
the first imaging technique employed when liver disease
is suspected. With conventional US, certain features are
highly specific for predicting severe fibrosis or cirrhosis
(surface nodularity: specificity 95%; caudate lobe hypertrophy: 91%), but are not very sensitive (sensitivity
of 54% and 41% respectively)[13]. Piscaglia et al[12] affirm
that results in performing ARFI imaging have found to
be similar to those of other works, all of which showed
an area under the receiver operating characteristic curve
(AUROC) above 0.9 for the diagnosis of cirrhosis with
a cut-off value of 1.77 m/s (sensitivity 93%, specificity
85.1%). This cut-off value is very similar to those reported by Friedrich-Rust et al[7] (1.75 m/s), Sporea et al[14]
and Takahashi et al[15], but differs from the ones obtained

DIFFUSE LIVER DISEASES
Biopsy provides an extremely valuable contribution to
the assessment of liver status in the case of chronic disease, offering information both on fibrosis and necroinflammatory activity. However, not only the risk of
complications, which have been reported with a frequency of 5%-20% for minor complications and 0.3%-0.5%
for major complications[10] including also exceptional
cases of death, but also contraindications, such as coagulopathy, poor patients cooperation or lack of consent,
tend to limit its use, especially for repeated use over time.
Furthermore, insufficient sampling and inter-observer
variability may occur[11].
Considerable efforts have been made to develop noninvasive methods for assessing the staging of fibrosis,
in order to avoid liver biopsy. In this setting the ideal
method should be simple, inexpensive, easily available,
repeatable and accurate.
Liver function tests [alanine aminotransferase (ALT),
aspartate aminotransferase (AST), total proteins, serum
albumin, gamma-globulins, gamma glutamyl transpeptidase (GGT), total bilirubin, alkaline phosphatase, prothrombin time/international normalized ratio] can be
performed prior to the liver biopsy. The 2 main scoring
systems used to predict and evaluate liver fibrosis are
AST-platelet ratio index (AST level and platelet count)
and FIBROMAX (Biopredictive, France) that combines
the measurement of 10 indirect parameters adjusted for
age, sex, weight and height: α2-macroglobulin, haptoglobin, apolipoprotein A1, total bilirubin, GGT, ALT, AST,
fasting glucose, triglycerides and total cholesterol.
Transient elastography (TE) (Fibroscan, Echosense,
Paris, France) has proved to be a non-invasive, sensitive
and accurate tool for the assessment of liver fibrosis and
particularly for the discrimination between cirrhotic and
non-cirrhotic liver and its use is rapidly spreading. However, since it requires separate equipment, it means that
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ing significant fibrosis (AUROC of TE 0.897, AUROC
of ARFI 0.815), although they could not demonstrate a
statistically significant difference between the two curves.
Their results were consistent with Boursier et al[19] and
Lupsor et al[16] who found the same diagnostic accuracy
for cirrhosis, but better performance of TE in predicting
significant fibrosis (F2 or higher), but were at variance
with three studies which instead found similar accuracies
of TE and ARFI in diagnosing significant fibrosis[7,20,21].
Another interesting finding was that Virtual Touch
Tissue Quantification measurements could be successfully carried out in all patients enrolled[12], while TE was
unsuccessful in 7% of cases (e.g., in patients with narrow
intercostal spaces and in those with morbid obesity), as
reported also in literature[22-26]. A possible explanation for
this is that Virtual Touch Tissue Quantification may not
be limited by narrow intercostal spaces or even by moderate excess weight, as it only requires the visible liver is
not deeper than a fixed distance from the skin surface (in
order to put the ROI in the parenchyma), while with TE
the liver must not be more than 25 mm from the skin.
Regarding steatosis and inflammatory changes in diffuse liver disease, there is no agreement in the possible
use of ARFI in diagnosing these parenchymal changes
and in the effects of these changes themselves on ARFI
measurements[20,27,28]. It seems unlikely that changes that
minimally affect the parenchymal stiffness will be at this
moment accurately depicted and diagnosed by using this
non invasive technique.

Table 1 Mean wave propagation velocity values
Ref.

Value (m/s)

The right lobe of healthy liver
Eiler et al[33]
Sporea et al[48]
Karlas et al[49]
Jaffer et al[50]
Marginean et al[51]
Crespo et al[52]
Kircheis et al[53]
Yoon et al[54]
Colombo et al[18]
Sporea et al[55]
Noruegas et al[56]
Rizzo et al[57]
Karlas et al[58]
Sporea et al[59]
Son et al[60]
Rifai et al[61]
Kuroda et al[62]
Popescu et al[63]
Piscaglia et al[12]
Toshima et al[64]
Horster et al[65]
Goertz et al[66]
Goertz et al[35]
D'Onofrio et al[32]
Fierbinteanu-Braticevici et al[17]
Friedrich-Rust et al[7]
A liver with severe fibrosis (> F3)
Ye et al[67]
Sporea et al[48]
Karlas et al[49]
Chen et al[68]
Sporea et al[69]
Crespo et al[52]
Kircheis et al[53]
Yoon et al[54]
Friedrich-Rust et al[70]
Colombo et al[18]
Sporea et al[55]
Noruegas et al[56]
Rizzo et al[57]
Karlas et al[58]
Sporea et al[59]
Kuroda et al[62]
Toshima et al[64]
Sporea et al[21]
Fierbinteanu-Braticevici et al[17]
Takahashi et al[15]
Lupsor et al[16]
Friedrich-Rust et al[7]

1.16
1.19
1.19
1.12
1.18 ± 0.27
1.06
1.09 ± 0.13
1.06
1.40
1.28 ± 0.43
1.11
0.99
1.15 ± 0.17
0.97 ± 0.19
1.07 ± 0.11
1.10 ± 0.17
0.99 ± 0.21
1.15 ± 0.21
1.13
1.15
1.19
1.16 ± 0.11
1.09
1.56
< 1.185 (cut-off)
1.10
1.69
1.43
1.43
2.43 ± 0.13
1.60 ± 0.49 HBV; 1.55 ± 0.63 HCV
1.77
1.44 + 0.26
1.89
1.55
1.44
1.64 ± 0.51
1.48
1.70
1.70 if non-viral
1.71 ± 0.52
1.61 ± 0.79 F3; 2.35 ± 1.11 F4
1.88
1.78 ± 0.77
> 1.54 (cut-off)
2.57 ± 0.52 mean value for F4
(cut-off > F3 = 1.44)
1.520 ± 0.575
1.64

NORMAL AND PATHOLOGICAL VALUES
Mean normal values and mean values indicating severe fibrosis (Table 1) range about 0.8-1.7 m/s (Figure 2A) and
about 1-3.4 m/s (Figure 2B) respectively.
Fierbinteanu-Braticevici et al[17] demonstrated that
ARFI elastography could predict fibrosis of F2 METAVIR stage or higher with a validity of 90.2%. They calculated the optimal cut-off point between stages F1 and
F2 to be 1.21 m/s. At this value, ARFI elastography had
a sensitivity of 89.4% and a specificity of 100%. In their
work, they also demonstrated that ARFI can predict even
better F3 and F4 stage fibrosis. The optimal cut-off value
to identify fibrosis stage F3 or higher was 1.54 m/s, with
sensitivity and specificity of 97% and 100% respectively.
The optimal cut-off value in predicting cirrhosis (stage
F4) was 1.94 m/s with a sensitivity of 100% and a specificity of 98.1%.
In chronic viral hepatitis, the knowledge of the stage
of liver fibrosis is important for prognosis and for decisions about antiviral treatment[29]. Fibrosis staged higher
than F2 is an indicator for antiviral treatment, hence the
great therapeutic value of a highly accurate diagnostic
test. Moreover, early detection of significant fibrosis (F3
or higher) is essential since patients with significant fibrosis are at high risk of developing complications, such
as portal hypertension or hepatocellular carcinoma, and
consequently need specific follow-up[17].

HBV: Hepatitis B virus; HCV: Hepatitis C virus.

in other studies[16,17] that reported slightly higher thresholds. In their series the good performance of the ARFI
technique with the previously reported cut-off value was
also confirmed by the testing in a population with cirrhosis proven by biopsy as the reference standard.
Other works compare ARFI imaging to TE by means
of Fibroscan, such as the one from Colombo et al[18].
They similarly found that TE and ARFI are both highly
effective in diagnosing cirrhosis, but they came to the
conclusion that TE is probably more accurate in predict-
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Figure 2 Acoustic radiation force impulse imaging of the liver. A: Normal value in healthy liver. B: Cirrhosis. C: Outlier value in healthy liver.

At present, it’s difficult to determine the real impact
of ARFI in the early diagnosis of hepatic fibrosis[17,27].
According to Fierbinteanu-Braticevici et al[17], in fact,
there is a values overlap between F0-F1 and F2 fibrosis
stages. The increase in liver propagation velocity has been
demonstrated to be more important between stages F2
and F3 than between F1 and F2. This is consistent with
the fact that the increase in fibrous tissue is more important between stages F2 and F3 than between F1 and F2.
This limit of ARFI was overcome by the fact that fibrosis
staged F2 or higher is considered a hallmark of progressive liver disease, therefore these are the patients in which
there is a stronger indication for treatment as compared
with patients with no or mild fibrosis[30,31].
There is in fact a range of variability of normal and
pathological values in the Literature (Table 1). So what
is important is to give the correct task to this new technique at present. The correct use of this technique has to
be based on the true possibility of this system to detect
changes in liver stiffness related to the development of
different amount of fibrosis. The risk that absolutely
should be avoided is to overestimate pathology and to
look for inconsistent diseases. Therefore, in conclusion,
the normal cut-off values must not be too strict but
perhaps they also have to be adapted from time to time
in relation to clinical and technical setting and from measurement to measurement.
In example, variability in the normal value is reported
in literature[32] with a mean value of about 1.5 m/s in
healthy subjects. This result can be considered an outlier[33] but however possible (Figure 2C). Moreover higher
values can be obtained measuring in the left lobe[12,32] and
in the superficial part of the right lobe[32]. This last aspect
can be contrarily absent in child[33] due to a lower agerelated fibrosis in the superficial liver parenchyma. Also
in other published series Virtual Touch Tissue Quantification results in the right and left liver lobes did not
appear to be strictly similar and, on average, the stiffness
values were found to be higher in the left lobe than in
the right lobe, at least in patients with chronic hepatitis
(68% of patients had higher values in the left lobe than
in the right lobe). Furthermore the diagnostic capacity to
establish the histological degree of liver fibrosis (with a
reference biopsy taken in the right lobe) was lower in Vir-
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tual Touch Tissue Quantification measurements from the
left lobe than from the right lobe. These data, however,
are not to be considered as a limitation of Virtual Touch
Tissue Quantification to date, since they may perhaps
more correctly reflect real differences and heterogeneity
in the disease progression rates between the two lobes.
It was in fact demonstrated that when two biopsies were
taken in the two lobes during laparoscopy, a difference in
one fibrosis stage between the two lobes occurred in up
to 33% of cases[34]. However since our reference standard
for the assessment of fibrosis in chronic liver disease is
biopsy of the right lobe of the liver, it is recommended
to measure liver stiffness by Virtual Touch Tissue Quantification in this lobe. Moreover, an approach with multiple
measurements in various liver sites is worthy of further
investigation as it may lead to interesting and original
diagnostic results. In addition, Goertz et al[35] suggest to
perform Virtual Touch Tissue Quantification via intercostal access in order to minimize invalid measurements and
standard deviation. In their series, in fact, values taken
subcostally were slightly higher than those measured
through an intercostal approach.
Also some technical aspects need to be taken into account because they may explain some variability among
published data. In example, the new release of the system is based on two acoustic pulses laterally to the ROI
one by one at both sides and the maximum depth of the
system nowadays achievable is 8 cm. Based on these considerations, the data published in the more recent papers
should be more indicative of what can be obtainable with
the new systems.
A recent study by Han et al[36], compares ARFI performance to Doppler parameters and describes a weak but
significant relationship between liver stiffness, measured
by ARFI, and the parameters related to the portal pressure, as measured by Doppler US in patients with liver
cirrhosis at different Child-Pugh stages, but having no
oesophageal varices. The study demonstrates a positive
correlation between the median ARFI sonoelastographic
velocity, which reveals liver stiffness, and the flow parameters of Doppler US, which reflects portal hypertension.
All these features, however, appear in advanced stage of
disease.
Regarding the possible role of ARFI, it can be for sure
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effective in regions with low prevalence, due to the low
sensitivity of both sonography and serum AFP sampling[47], ARFI imaging can improve sensitivity and costefficiency given its low cost, its capability of improving
tumor contrast in comparison to US alone. If ARFI imaging had been proven to be a feasible alternative to contrast-enhanced ultrasound for liver applications, it could
hold potential advantages related to the cost and complexity of the imaging protocol used for HCC screening.
The authors, however, did not take into account the mechanical response of benign abdominal masses to applied
radiation forces, thus they couldn’t evaluate the ability
of ARFI in differentiating benign from malignant liver
masses.
More recent works about ARFI imaging applied to
solid focal liver lesions are the ones from Cho et al[45] and
from Gallotti et al[46]. The first one evaluates ARFI values
calculated on HCCs, metastases, cholangiocarcinomas
and hemangiomas, the second one evaluated in addition
adenomas and focal nodular hyperplasia (FNHs), but did
not consider cholangiocarcinomas.

Table 2 Diagnostic accuracy of non invasive methods for
identifying severe liver fibrosis (> F3)

Laboratory test (APRI score)

Transient elastography

Acoustic radiation force
impulse

AUROC

Ref.

0.80
0.76
0.84
0.87
0.96
0.90
0.91
0.90
0.99

Lin et al[71]
Friedrich-Rust et al[7]
Leroy et al[72]
Boursier et al[73]
Ferraioli et al[74]
Friedrich-Rust et al[7]
Friedrich-Rust et al[7]
Lupsor et al[16]
Fierbinteanu-Braticevici et al[17]

AUROC: Area under the receiver operating characteristic curve; APRI:
Aspartate aminotransferase platelet ratio index.

employed in the follow up of cirrhotic patients in order to
avoid multiple biopsies comparing the result before and
after treatment. Liver biopsy is not suitable for repeated
evaluations because it is invasive and can cause major
complications (0.3%-0.5%)[37]. Moreover liver fibrosis is
a sequential and continuous process, and the staging of
liver fibrosis should be evaluated frequently (Table 2). In
contrast to liver biopsy, ARFI imaging is not invasive and
can be repeated many times in the same patient[27].

Benign lesions
In regard to hemangiomas, Gallotti et al[46] agree with Cho
et al[45] about the great variability of this type of lesions
(mean wave velocity value of the lesion 2.30 m/s; mean
wave velocity value of the surrounding parenchyma 1.45
m/s), since its stiffness depends on the amount of fibrotic septa which divide the dilated vascular space.
For the first time in Gallotti et al[46] paper also FNHs
and adenomas were studied. FNH resulted the stiffest
lesions after metastases and cholangiocarcinomas, indipendently from their dimensions and from the presence or
absence of central scar. In fact, even if present, the ROI
has to be located out of the fibrotic central scar. The
high stiffness (mean wave velocity value of the lesion 2.75
m/s; mean wave velocity value of the surrounding parenchyma 1.57 m/s[46]) is explained with the well known high
fibrotic content of this type of lesion. Thus, if the result
will be confirmed by further studies, the cut-off of 2 m/s,
suggested by Cho et al[45] to distinguish benign from malignant lesions, can no longer be used.
On the other hand, adenomas showed wave velocity
values similar to those observed in the surrounding liver[46]: this is a solid focal liver lesion, the softest analysed
(mean wave velocity value of the lesion 1.25 m/s; mean
wave velocity value of the surrounding parenchyma 1.40
m/s). The presence of cells similar to normal hepatocytes and few stroma explain the low mean wave velocity
value calculated in adenomas compared to other focal
liver lesions.

FOCAL LIVER LESIONS
Solid focal liver lesions are common findings during
abdominal examinations. The accurate characterization
and differential diagnosis are important aims of all the
imaging modalities available today[38-43]. Only three papers
describe the application of ARFI technology in the study
of solid focal liver lesions, with different results[44-46].
The first human images of hepatic malignancies acquired in vivo using the ARFI technique or any other elasticity imaging technique appeared in the work of Fahey
et al[44]. His group compared B-mode and ARFI images
both qualitatively (assessing the lesion margins definition by B-mode ultrasonography and ARFI imaging) and
quantitatively (comparing the images contrast for both
the techniques). They came to the conclusion that lesions
margins definition at ARFI imaging was superior to that
seen at B-mode US imaging (qualitative analysis). They
also calculated that ARFI imaging can provide improvements in defining the contrast of tissue masses demonstrating, in fact, that the mean contrast for suspected
hepatocellular carcinoma (HCC) in B-mode imaging was
2.9 dB (range 1.5-4.2 dB) vs 7.5 dB (range 3.1-11.9 dB) in
ARFI images, with all HCCs appearing less stiff (brighter)
than regional cirrhotic non-tumorous liver parenchyma.
Moreover, the mean contrast for hepatic metastases in
B-mode images was 3.1 dB (range 1.2-5.2 dB) vs 9.3 dB
(range 5.7-13.9 dB) in ARFI images. Metastatic lesions in
fact are stiffer (darker) than regional non-cirrhotic, nonneoplastic liver parenchyma. Fahey et al[44] also stated that
combined US/ARFI could find application in tumor
screening, lesion characterization and early detection of
disease. Since HCC screening is not considered cost-
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Malignant lesions
According to Fahey et al[44], but inconsistent with results
of Cho et al[45] despite the similar diameter of the lesions,
in Gallotti et al[46] almost all the HCCs evaluated resulted
in softer lesions compared to the surrounding cirrhotic
liver (mean wave velocity value of the lesion 2.17 m/s;
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also in literature[22-26]. On the contrary, there are just few
indications about ARFI and focal liver lesions, so further
studies are needed in order to find ARFI the correct
place in the everyday clinical practice.

mean wave velocity value of the surrounding parenchyma
2.99 m/s), and the main elastographic value was significantly lower than that of the surrounding parenchyma.
This discrepancy might be explained by the difference in
the severity of the cirrhosis of the background liver in
each study population. In Cho et al[45] the degree of liver
cirrhosis of patients with HCCs was likely to be less severe (15 out of 20 patients with HCCs had chronic liver
disease of Child-Pugh classification A) compared with
that seen in the other studies, assuming that the liver is
stiffer with more severe liver cirrhosis.
There is concordance[44-46] about the fact that all metastatic lesions (mean wave velocity value of the lesion
2.87 m/s; mean wave velocity value of the surrounding
parenchyma 1.63 m/s[46]) and, when considered, cholangiocarcinomas, are stiffer than the surrounding liver. This
is probably due to the presence of fibrous content potentially found in many of these lesions. The presence of
necrotic degeneration, mainly in the biggest masses, does
not influence the results since the ROI for the stiffness
calculation has to be accurately positioned out of the
necrotic portion. Summarizing, based on the preliminary
results of the study of solid focal liver lesions[44-46], it can
be also concluded that ARFI seems to be an useful in the
following scenarios: (1) for differential diagnosis between
adenomas and FNHs; (2) for the study of metastases;
and (3) for the study of HCCs in cirrhotic liver. Future
perspective could be the application of ARFI in liver lesion detection by using volumetric automated acquisition.
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PROGRESS IN LIVER DISEASES

Pathophysiology, epidemiology, classification and treatment
options for polycystic liver diseases
Bassam Abu-Wasel, Caolan Walsh, Valerie Keough, Michele Molinari
complications caused by the torsion of hepatic cysts, intraluminal cystic hemorrhage and infections. The most
common methods for the diagnosis of PLD are cross
sectional imaging studies. Abdominal ultrasound and
computerized tomography are the two most frequently
used investigations. Magnetic resonance imaging is
more sensitive and specific, and it is a valuable test for
patients with intravenous contrast allergies or renal dysfunction. Different treatment modalities are available to
physicians caring for these patients. Medical treatment
has been ineffective. Percutaneous sclerotherapy, transarterial embolization, cyst fenestration, hepatic resection and liver transplantation are indicated to specific
groups of patients and have to be tailored according to
the extent of disease. This review outlines the current
knowledge of the pathophysiology, clinical course, diagnosis and treatment strategies of PLD.
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Core tip: The management of patients with symptomatic polycystic liver disease is challenging. Among
several treatments options, the most common interventions are: percutaneous cyst aspiration, fenestration,
hepatic resection and liver transplantation. There is no
consensus on the best treatment options and the optimal timing for interventions in symptomatic patients. In
vision of these limitations, we reviewed the most recent
literature and present a comprehensive article on this
topic.

Abstract
Polycystic liver diseases (PLD) represent a group of genetic disorders in which cysts occur in the liver (autosomal dominant polycystic liver disease) or in combination
with cysts in the kidneys (autosomal dominant polycystic kidney disease). Regardless of the genetic mutations, the natural history of these disorders is alike. The
natural history of PLD is characterized by a continuous
increase in the volume and the number of cysts. Both
genders are affected; however, women have a higher
prevalence. Most patients with PLD are asymptomatic
and can be managed conservatively. Severe symptoms can affect 20% of patients who develop massive
hepatomegaly with compression of the surrounding
organs. Rrarely, patients with PLD suffer from acute
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INTRODUCTION

Table 1 Comparative epidemiological and genetic mutation
characteristics of autosomal dominant polycystic kidney
disease associated polycystic liver disease and isolated
polycystic liver disease

The association between polycystic liver disease (PLD)
and autosomal dominant polycystic kidney disease (ADPKD) was described for the fist time by Bristowe in
1856[1,2]. Initially, it was thought that PLD could develop
only in the context of ADPKD[3]. The notion that isolated PLD might be a separate condition was proposed in
the 1950’s[4]. In 2003, a linkage analysis of eight Finnish
families confirmed that PLD is genetically distinct from
ADPKD[5]. Asymptomatic patients usually do not require
any intervention[6]. In some patients, massive hepatomegaly can cause pain or compression of the adjacent
gastrointestinal organs, vasculature, and diaphragm. This
can have a significant effect on patients’ quality of life
and performance status[6,7]. For these patients, the main
aim is to reduce their symptoms by decreasing the liver
volume[8-10]. Current surgical options include open or
laparoscopic cyst fenestration with or without hepatic
resection and orthotopic liver transplantation (OLT).
Significant advances in surgical techniques have improved
the outcomes of PLD patients. However, the selection
of the appropriate approach remains a clinical challenge,
and there is no consensus on the optimal timing and
what represents the best therapeutic modality.

Characteristics
Prevalence
Type of inheritance
Gene mutated
Encoded product
Chromosome locus

Isolated PLD

0.20%
AD
PKD1; PKD2
Polycystin-1;
Polycystin-2
216p13.3; 4q21

< 0.01%
AD
PRKCSH; SEC63
Hepatocystin; Sec63
protein
19p13.2; 6q21

AD: Autosomal dominant; ADPKD: Autosomal dominant polycystic
kidney disease; PLD: Polycystic liver disease.

PLD

Ductal-plate
malformation

Abnormal
primary cilia

Figure 1 Pathophysiology of polycystic liver disease. PLD: Polycystic liver
disease.

INCIDENCE AND GENETICS

bile ducts arise from the ductal plate through a complex
sequence of growth and apoptosis. Complexes of disconnected intralobular bile ductules (von Meyenburg
complexes) are retained because they do not undergo
apoptosis in PLD[10]. As a consequence, multiple cysts
arise from progressive dilatation of these abnormal ductules[17-19] that display the same epithelium and structures
of functioning cholangiocytes[20,21].

[11]

ADPKD affects up to 0.2% of the general population .
On the other hand, isolated PLD has prevalence of less
than 0.01%[12]. Both ADPKD and PLD are autosomal
dominant and 75%-90% of patients with ADPKD have
associated PLD[13]. In humans, PLD has been linked
to mutations of four genes. Two genes (PKD1, locus
16p13.3, encoding polycystin-1 and PKD2, locus 4q21,
and encoding polycystin-2) are predominantly associated
with renal disease and less frequently with PLD. PKD1
mutations are more common and account for 85%-90%
of the cases, whereas mutations in PKD2 affect approximately 10%-15% of patients[11]. The remaining two mutations (PRKCSH, locus 19p13.2, encoding the protein
kinase C substrate 80K-H or hepatocystin and SEC63,
locus 6q21, encoding the Sec63 protein) are linked only
to the development of PLD[11]. However, these mutations
explain just 25% to 40% of cases of PLD[14,15]. Comparative characteristics between ADPKD and PLD are summarized in Table 1.

ABNORMAL PRIMARY CILIA
Cholangiocytes are the only ciliated cells in the liver. Cilia
have mechanosensory capacity and modulate the intracellular levels of cAMP and Ca2+ when bent by the flow of
bile. They also detect changes in osmolarity and composition of the bile[22-24]. Ciliary defects result in a decreased
cytoplasmic level of Ca2+ and an increased cytoplasmic
level of cAMP[25]. These changes are responsible for the
hyperproliferation of cholangiocytes and for the cystogenesis that is a consequence of the altered balance between fluid secretion and absorption in the lumen of the
biliary ducts[25].

PATHOPHYSIOLOGY
Malformation of the hepatic ductal plate and cilia of
cholangiocytes is the main characteristic linked to the
pathophysiology of PLD (Figure 1).

NATURAL HISTORY AND RISK FACTORS
FOR PLD
The natural history of PLD is characterized by a continuous increase in the volume and the number of
cysts[11,26,27]. The annual growth of affected livers is in the
range of 0.9%-3.2% of the initial hepatic volume[10,28-30].
Both genders are affected; however, women have a higher

DUCTAL-PLATE MALFORMATION
The ductal plate is the anatomical template for the development of the intra-hepatic bile ducts [16]. Normal
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Table 2 Risk factors for liver-cyst growth in polycystic liver
disease

Table 3 Summary of the most frequent symptoms caused by
polycystic liver disease

Risk factors for liver-cyst growth in polycystic liver disease

Symptoms due to mass effect

Advancing patient age
Female gender
Estrogen exposure: multiple pregnancies, OCPs, estrogen replacement
therapy
Severity of renal dysfunction and renal cyst volume

Abdominal distention
Early satiety
Postprandial fullness
Gastro-oesophageal reflux
Malnutrition
Dyspnoea
Hepatic venous-outflow obstruction
(Budd-Chiari syndrome)
Inferior vena cava syndrome
Portal-vein compression
Bile-duct compression

OCPs: Oral contraceptive pills.

prevalence. Exposure to estrogen during pregnancies,
the use of oral contraceptive pills or estrogen replacement therapy seems to accelerate the progression of the
disease[1,27,31]. Other risk factors are the severity of renal
dysfunction that is dependent on the volume of the cysts
in the kidneys[1]. Table 2 summarizes the known factors
that influence the progression of PLD.

Infection
Torsion
Rupture
Haemorrhage

magnetic resonance angiography (MRA) is recommended
only for patients with ADPKD, older than 30 years or for
those patients with family history of hemorrhagic strokes
or intracranial arterial aneurysms[46]. Screening for intracranial arterial aneurysms is also warranted in cases of a
sudden severe headache, or for candidates to liver or kidney transplantation. Screening for mitral-valve prolapse is
not recommended unless a cardiac murmur is ascultated
during routine clinical examinations[11,47]. Finally, patients
with ADPKD may have asymptomatic cysts within other
organs, such as the pancreas, spleen, ovaries, and lungs[48].
Pancreatic cysts are the most common with a reported
incidence of 9% among ADPKD patients older than 30
years[49-51].

CLINICAL PRESENTATION
PLD is asymptomatic in 80% of patients[8,9] and is usually
diagnosed incidentally. Women present with massive and
symptomatic cystic liver more frequently than men[32].
For 20% of patient, symptoms are typically caused by
the compression of organs surrounding the liver, bleeding or infectious complications of the cysts. Compressive
symptoms include abdominal distention, early satiety that
can lead to decreased oral intake and severe malnutrition,
gastro-esophageal reflux, dyspnea, hepatic venous-outflow obstruction (Budd-Chiari syndrome), inferior vena
cava syndrome, portal-vein and bile-duct compression.
Complications of liver cysts include infections, torsions,
rupture and hemorrhage[1,18,33,34] (Table 3). In asymptomatic patients, serum laboratory studies are usually normal.
In the presence of symptoms, 47% of patients have
elevated serum alkaline phosphatase, 70% have elevated
serum levels of gamma glutamil transferase[35-38], 27%
have elevated serum levels of aspartate amino transferase
and 15% have elevated serum levels of total bilirubin[35,36].
Liver synthetic function is typically preserved despite
the presence of innumerable cysts[32] while 45% of patients might have elevated serum tumor marker CA19-9
without proof of malignancy[39]. Other tumor markers
such as CA-125, carcinoembryonic antigen, and alphafetoprotein may also be elevated but less frequently than
CA19-9[40-42].

DIAGNOSIS
The most common methods for the diagnosis of PLD
are cross sectional imaging studies. Abdominal ultrasound
(US) and computerized tomography (CT) are the two
most frequent investigations[52,53]. For hepatic cysts, MRI
is more sensitive and specific, and it is a valuable test
for patients with intravenous contrast allergies or renal
dysfunction or when other studies are unable to satisfy
the diagnostic needs[54]. Hepatic cysts have radiological
characteristics identical to benign developmental cysts.
On US, they appear anechoic and well-circumscribed[55].
On CT and MRI, they have non-enhancing, well-circumscribed round walls with hypodense content[55]. On T2weighted MRI and CT scans, they appear homogenously
enhanced spherical lesions[55] (Figure 2B and C). The
distinction between isolated PLD and ADPKD relies on
the number of renal cysts, age at presentation and family
history (Table 4). In adults, younger than 30 years with a
positive family history, the diagnosis of ADPKD is established by radiologic evidence of at least two unilateral
or bilateral cysts. At least two cysts in each kidney are
necessary for the diagnosis of patients between the age
of 30 to 59 years, and at least four cysts in each kidney
for patients 60 years or older[56]. It is worth noting that
at least one third of patients with isolated PLD may also
have a few kidney cysts[15,56,57]. It has been proposed that

ASSOCIATED EXTRA-HEPATIC
DISEASES
Intracranial arterial aneurysms can affect 6% of patients
without a family history of ADPKD and up to 16% of
patients with family history of ADPKD. Other common conditions are mitral-valve prolapse and colonic
diverticulosis that can be detected in 25% of patients
with PLD[1,11,43-45]. Screening for intracranial aneurysm by
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A

Type Ⅰ

Type Ⅱ

B

Type Ⅲ

C

Figure 2 Gigot’s classification for polycystic liver diseases. A: Graphical representation; B: Abdominal magnetic resonance imaging of a patient affected by
Gigot Ⅰ cystic liver disease; C: Abdominal computerized tomography of a patient affected by Gigot Ⅱ cystic liver disease.

involves direct handling of potentially infected blood
products. Therefore, considerable effort has been devoted to search for alternatives to this procedure such as the
use of 67Gallium scintigraphy and 18F-FDG-positron
emission tomography (PET). In recent years, PET has
become the most commonly used diagnostic test for the
detection of infected renal and hepatic cysts[60,62,63]. However, the accuracy of this technique is still under investigation. The literature on the treatment of infected cysts
in PLD patients is very scarce and based only on a few
case reports. Most of patients will need parenteral broad
spectrum antibiotic therapy with percutaneous drainage
of the content of the cyst if their symptoms persists.

Table 4 The ravine diagnostic criteria for autosomal
dominant polycystic kidney disease
Patient’s
age (yr)
≤ 30

31-59
≥ 60

Number of cysts
Positive family history

Negative family history

At least 2 cysts affecting 1 or
both kidneys
At least 2 cysts in each kidney
At least 4 cysts in each kidney

At least 5 cysts
At least 5 cysts
At least 8 cysts

sporadic cases of PLD should be diagnosed when a patient has more than 15 to 20 cysts and no previous family
history[1,18] while four cysts suffice in the presence of a
positive familial history[1,18].

CLASSIFICATION

INFECTED CYSTS

Several clinical classifications have been proposed to
grade the severity of PLD.

Hepatic cysts may become infected, and cause lifethreatening sepsis[58,59]. Often, infected hepatic cysts are
responsible for recurrent episodes of fever without any
other signs or symptoms. In these circumstances, the diagnosis can be quite difficult as the accuracy of imaging
tests remain low due to the altered anatomy of the liver
parenchyma[60]. A promising investigation technique for
suspected infected hepatic cysts is In-111 WBC scan[61].
Several other tracers such as 99mTc-diphosphonates,
67Gacitrate, and 111In- or 99mTc-labeled leukocytes
have also been used[62]. Although labeled leukocyte imaging is theoretically the test of choice for detecting most
infections, it is labor intensive, not always available and
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GIGOT’S CLASSIFICATION
Gigot’s classification relies on imaging findings and was
designed to identify the best candidates for fenestration
of symptomatic cysts[38] (Figure 3): Type Ⅰ: presence of
less than 10 large hepatic cysts measuring more than 10
cm in maximum diameter. Type Ⅱ: diffuse involvement
of liver parenchyma by multiple cysts with remaining
large areas of non-cystic liver parenchyma. Type Ⅲ: presence of diffuse involvement of liver parenchyma by small
and medium-sized liver cysts with only a few areas of
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tients who could benefit from resection or transplantation as summarized in Table 5[64].

A

TREATMENT
Most patients with PLD are asymptomatic and do not
require any intervention[6]. However, symptomatic PLD patients might require treatment when they experience severe
dysfunction of organs around the liver due to the increased
hepatic volume or when one or more cysts get torted, infected or develop intra-cystic hemorrhages (Table 6).

AVOIDANCE OF EXPOSURE TO
ESTROGENS

B

Observational and experimental studies have shown that
PLD may worsen under the influence of estrogen during pregnancy or when patients are prescribed estrogen
replacement therapy[1,27,31]. Estrogen can increase both the
number of liver cysts and their volume, therefore, hormonal therapy should be stopped in most symptomatic
patients when appropriate[27].
C

NON-SURGICAL TREATMENTS
Medical management may be valuable in symptomatic
patients with Gigot’s type Ⅱ/Ⅲ.

SOMATOSTATIN ANALOGUES
Somatostatin analogues are inhibitors of cAMP and they
reduce the secretion of fluid and the proliferation of
many cell types, including cholangiocytes[65-69]. They also
suppress the expression of insulin-like growth factor 1
(IGF-1), vascular endothelial growth factor (VEGF), and
other cytogenetic growth factors[70]. In addition, somatostatin analogues inhibit the downstream signaling of
these receptors[70]. Two randomized controlled trials have
recently demonstrated that after 6 to 12 mo, treatment
with lanreotide, a long-acting somatostatin analogue, was
associated with a significant reduction of liver volume in
patients with PLD compared with placebo[28,29]. However,
the average hepatic volume reduction was only 3% to 5%.
The severity of abdominal symptoms was also not significantly improved[28]. Currently, somatostatin analogues
are indicated only for a selected group of patients with
symptomatic PLD in whom the risks for surgical intervention are not justified, or in whom the surgical intervention is technically challenging.

Figure 3 Gigot’s classification relies on imaging findings and was designed to identify the best candidates for fenestration of symptomatic
cysts. A: Intravenous contrast enhanced computerized tomography (CT) of a
patient affected by polycystic liver and renal disease. The cysts appears hypoattenuating with smooth and regular walls; B: T2 magnetic resonance imaging of a patient with multiple hepatic cysts. The cystic fluid appears bright on T2
images; C: Abdominal CT of a patient affected by Gigot Ⅲ cystic liver disease.

normal liver parenchyma.

QUIAN’S CLASSIFICATION
Qian’s classification has been used in the context of familial screening and relies on the number of cysts and
the presence of symptomatic hepatomegaly[18]: (1) grade
0 - 0 cysts; (2) grade 1 - 1 to 10 cysts; (3) grade 2 - 11 to
20 cysts; (4) grade 3 - more than 20 cysts; and (5) grade 4
- more than 20 cysts and symptomatic hepatomegaly.

MAMMALIAN TARGET OF RAPAMYCIN
INHIBITORS
Mammalian target of rapamycin (m-TOR) inhibitors
have immunosuppressive and antiproliferative effects[71].
Sirolimus and Everolimus were studied in Phase- Ⅱ
prospective randomised control trials. None of the two
drugs showed substantial therapeutic effects both in hu-

SCHNELLDORFER’S CLASSIFICATION
Schnelldorfer’s classification aims at differentiating pa-
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Table 5 Summary of Schnelldorfer’s classification that aims at differentiating patients who could benefit from resection or
transplantation
Type A

Type B

Type C

Type D

Symptoms
Absent or mild
Moderate or severe
Severe (or moderate)
Severe (or moderate)
Cyst characteristics
Any
Limited No. large cysts
Any
Any
≥ 2 sectors
≥ 1 sector
Areas of relative normal liver parenchyma
Any
< 1 sector
Presence of portal vein or hepatic vein
Any
Absent
Absent
Present
occlusion in the preserved hepatic sectors
Recommended therapy
Observation or medical
Cyst fenestration
Partial hepatectomy with possible
Liver
therapy
fenestration of remnant cysts
Transplantation

ing the cystS[78,79]. Symptomatic patients with one to five
large dominant cysts (Gigot’s type Ⅰ) are suitable for
percutaneous sclerotherapy. Most commonly, cysts with
a diameter larger than 5 cm are candidates for this treatment[10]. Puncturing of the cyst can be done with a 5 or 7
French catheter[80] and sclerosing agents commonly used
include ethanol, ethanolamine oleate, minocycline and
tetracycline. Although a single session is often sufficient,
some patients require more than one[81]. Aspiration with
sclerotherapy has an excellent safety profile, although severe abdominal pain can be caused by peritoneal irritation
due to spillage of the sclerosing agent[10]. The majority
of patients who undergo percutaneous sclerotherapy has
improved symptoms in the immediate period following
the procedure[10], but only 20% will have partial, or full
regression of their disease[10].

Table 6 Summary of treatment options for polycystic liver
disease
Treatment approach

Treatment type

Nonsurgical

Medical
Somatostatin analogues
mTOR inhibitors
Interventional radiology:
Arterial embolization
Percutaneous sclerotherapy
Fenestration
Hepatic resection with fenestration
Liver transplantation

Surgical

OCP’s: Oral contraceptive pills; mTOR: Mammalian target of rapamycin.

mans[72-74] and in animal models[75]. Clinical prospective
data o the effect of m-TOR inhibitors are currently not
available, and this class of medications should not be recommended outside clinical trials.

SURGERY
Patient and treatment selection remain a clinical challenge.
There is no consensus on selection criteria for surgery, the
optimal timing, and technique. Current surgical options
include fenestration, partial liver resection and OLT. Fenestration and partial liver resection are options for Gigot’s
type Ⅰ and Ⅱ patients. For Gigot’s type Ⅲ disease, fenestration and partial liver resection are often ineffective,
and OLT should be considered as it is the only curative
treatment. In general, several factors have to be considered before any surgical intervention is recommended: (1)
The degree of cystic burden; (2) The distribution of the
cysts; and (3) The proximity of the cysts to the main biliary ducts and portal and hepatic vein branches.

INTERVENTIONAL RADIOLOGY:
ARTERIAL EMBOLIZATION
Trans-catheter arterial embolization has been used since
the early 2000s[76]. Hepatic artery branches supplying the
hepatic segments replaced by the cysts are targeted by
using microcoils or polyvinyl alcohol particles measuring
150-250 μm in diameter[76,77]. For patients with advanced
PLD and multilobal disease, trans-catheter arterial embolization can be technically demanding. The largest
series of patients treated with this modality included 30
patients who had a significant reduction of the volume
of their cysts (6.667 ± 2.978 cm3 down to 4.625 ± 2.299
cm3), whereas the volume of the unaffected hepatic
parenchyma increased[76]. After several months, patients
reported improvement of their symptoms and no major
complications except for occasional post-embolization
syndrome[76,77].

SURGICAL PEARLS
In Gigot’s type Ⅰ or Ⅱ, symptoms might not be related
to the size of the entire liver but to the size of one or
two large cysts. These patients can be treated similarly to
those with simple cysts. Some hepatic segments such as
V and VI are frequently spared and, therefore, surgical resection can be performed if the spared liver parenchyma
is thought to be sufficient. Frequently, the right hepatic
veins are compressed by cysts causing the formation of
collateral circulation between the right and the middle
hepatic veins that can be responsible for intraoperative
bleeding during the parenchymal transaction.

PERCUTANEOUS SCLEROTHERAPY
This technique requires radiologically guided percutaneous aspiration of the content of the cysts followed
by the injection of a sclerosing agent that inhibit the
reaccumulation of fluid by damaging the epithelial lin-
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Table 7 Summary of largest series published on the surgical techniques used for cystic fenestration of symptomatic polycystic liver
disease
Ref.

No. of patients

Technique

van Erpecum et al[35]
Kabbej et al[37]
Gigot et al[38]
van Keimpema et al[82]

15
13
10
12

Open fenestration
Lap fenestration
Open fenestration
Lap fenestration

Pirenne et al[92]
Liska et al[95]
Bai et al[96]

4
7
10

Palanivelu et al[97]
Garcea et al[98]

4
6

Neri et al[99]
Kornprat et al[100]
Robinson et al[101]
Fiamingo et al[102]
Tocchi et al[103]
Koperna et al[104]

3
8
11
6
18
39

Morino et al[105]
Farges et al[106]
Ueno et al[118]

7
13
13

Outcome

Complications

0% symptom recurrence
One mortality
72% symptom recurrence
54% morbidity
11% symptom recurrence
60% morbidity
Reduction in liver volume by Bile leak, vena cava occlusion
12.5%
and sepsis
Lap fenestration
100% symptom relief
50% cyst recurrence
Lap fenestration plus open
No mortality
Lap fenestration
Symptom and cyst recurrence
3 patients with minor
in 20%
complications. No mortality
Lap fenestration
100% cyst recurrence
Lap/Open fenestration
16.7% symptom recurrence,
50% morbidity
33.3% cyst recurrence
Lap fenestration
100% symptom relief
50% morbidity
Lap fenestration
0% symptom recurrence
Lap fenestration
54.5% symptom recurrence
Lap fenestration
30% symptom recurrence
50% morbidity
Lap/open fenestration
Open fenestration (n = 34);
21% symptom recurrence
Lap (n = 5)
Lap fenestration
40% symptom recurrence
44% morbidity rate
Open fenestration
23% symptom recurrence
69% morbidity
Open fenestration (n = 6);
71% symptom recurrence
30% morbidity
Lap (n = 13)

Follow-up (mo)
Mean of 48
Mean follow-up 26
73 mean follow-up
Mean 41
Mean of 57
5-36
1-64
75 mean follow-up
84 follow-up
37 mean follow-up

Lap: Laparoscopic.
[38]

Ⅲ) . In these circumstances fenestration alone is rarely

FENESTRATION

successful because the liver parenchyma is rigid and it
does not collapse[10]. Symptom relief is achieved in 86%
of cases although cyst recurrence is expected in one third
of patients[10]. Overall, most of the patients have an improvement in their quality of life and functional status[36].
The morbidity rate associated with this procedure can
be up to 50% and includes ascites, pleural effusions, biliary leakage, and hemorrhage[10]. One of the reasons for
these complications is the fact that there is a significant
distorsion of the intra-hepatic vasculature and biliary tree
which makes these procedures technically very challenging. Mortality rate is around 3%[10]. As subsequent adhesions may complicate future OLT, this surgical treatment
is usually preserved for patients with massive hepatomegaly for which OLT is not an option[85,86]. Published series
describing hepatic resection with/without fenestration
for symptomatic PLD are summarized in Table 8.

Fenestration is a surgical technique that combines aspiration and surgical unroofing of the cyst. It has the advantage that multiple cysts can be treated in one session[48,82].
Fenestration is effective in symptomatic patients with
Gigot’s type Ⅰ and Ⅱ disease[83]. Patients with superficial
and a limited number of large cysts are the best candidates for this procedure[48]. Fenestration may be achieved
by laparotomy or laparoscopy[48]. Patients with the majority of their cysts located in the right posterior segments
(Ⅵ, Ⅶ), or at the dome of the liver (segment Ⅷ) may
be better candidates for open fenestration because these
cysts are difficult to be visualized and fenestrated by laparoscopic approach[48]. Published series describing open
and laparoscopic fenestration are summarized in Table
7. Immediate symptom relief is achieved in 92% of the
patients, whereas up to 25% experience recurrence of the
cysts or symptoms[10]. Complication rate after fenestration is in the range of 23% while mortality is about 2%[10].
Complications include ascites, pleural effusion, hemorrhage and bile leakage[84]. Factors that predict failure of
fenestration are previous abdominal procedures, deepseated cysts, incomplete unroofing, cysts in segments Ⅶ[10]
Ⅷ, and the presence of diffuse PLD .

LIVER TRANSPLANTATION
OLT is the only curative treatment for patients with
severe PLD[87]. It is indicated in those patients with disabling symptoms that lead to decreased performance status and quality of life[10]. Patients with PLD usually have
normal liver function and the current organ allocation
system based on the Model for End-Stage Liver Disease
(MELD) is often unable to assist this group of patients.
For these patients, MELD exception criteria are needed[88,89]. Because of the shortness of available grafts, the
need for life-long immunosuppression and the perioperative risks, OLT is indicated only for symptomatic patients

HEPATIC RESECTION WITH
FENESTRATION
Hepatic resection is usually reserved for highly symptomatic patients who are incapacitated by their disease due to
the massive expansion of their livers (Gigot’s type Ⅱ and
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Table 8 Summary of largest series published on the surgical techniques used for cystic fenestration and resection of symptomatic
polycystic liver disease
Ref.

No.

Technique

Que et al[36]
Schnelldorfer et al[64]

31
124

Fenestration and resection
Fenestration and resection

Outcome

Kornprat et al[100]
Koperna et al[104]
Li et al[107]
Gamblin et al[108]
Yang et al[109]
Vons et al[110]
Soravia et al[111]
Henne-Bruns et al[112]
Vauthey et al[113]
Sanchez et al[114]
Newman et al[115]
Iwatsuki et al[116]

9
5
21
51
7
12
10
8
5
9
9
9

Fenestration and resection
Fenestration and resection
Fenestration and resection
Fenestration and resection
Fenestration and resection
Resection
Fenestration and resection
Fenestration and resection
Fenestration and resection
Resection
Fenestration and resection
Resection

Complications

Follow-up (mo)

3% symptom recurrence
3% mortality, 58% morbidity
93% symptom relief, 72.6% recurrent
72.6% morbidity, 3.2% mortality
cyst formation
100% symptom relief, 11% recurrence
33.35% morbidity
0% symptom recurrence
14.3% cyst recurrence
76.2% cyst morbidity, 0% mortality
3.9% symptom recurrence
17.6% morbidity, no mortality
100% symptom recurrence
100% morbidity, no mortality
17% symptom recurrence
8% mortality, 83% morbidity
33% symptom recurrence
10% mortality, 20% morbidity
50% symptom recurrence
No mortality, 38% morbidity
0% symptom recurrence
0% mortality, 100% morbidity
100% symptom relief, 100% recurrence
0% mortality
88.9% symptom relief, 0% recurrence 11.1% mortality, 55.6% morbidity
44.4% symptom relief, 44.4% recurrence
0% mortality, 33.3% morbidity

Mean of 28
Mean of 48
24-98
10-155
1-49
Mean of 20
Mean of 34
Mean of 69
Mean of 15
Mean of 14
Mean of 35
2-44
12-180

Table 9 Summary of largest series published on the outcomes of patients undergoing liver transplantation for symptomatic
polycystic liver disease
Ref.

No. of patients

Previous surgery

Combined liver and
kidney transplantation

Morbidity

Mortality

Follow-up (mo)

Re-transplantation

16
13
14
3
7
9
17
5
4

25%
57%
44%
35%
90%
0%

6%
54%
36%
0
43%
33%
47%
20%
25%

38%
85%
64%
33%
57%
44%
47%
0%
0%

13%
31%
21%
0%
43%
11%
29%
20%
50%

Range 18-120
Mean of 32
Mean of 4
Mean of 26
Mean of 12
Mean of 38
Mean of 38

0%
0%
0%
0%
0%
11%
12%
0%
0%

Pirenne et al[92]
Taner et al[117]
Ueno et al[118]
Ueda et al[119]
Gustafsson et al[120]
Swenson et al[121]
Lang et al[122]
Washburn et al[123]
Starzl et al[124]

the patient for OLT can be extremely difficult (Table
10). Hepatic resection with cyst fenestration implies leaving residual hepatic cysts that will eventually progress[94].
However, hepatic resection is associated with a lower risk
of perioperative morbidity and mortality. OLT provides
the only option for the cure of these patients but requires
lifelong immunosuppression and has higher perioperative
risks. Both resection and OLT are technically demanding,
and peri-operative care can be complex. The risks and
the benefits of each of the possible treatment options
have to be carefully evaluated and put in the contest of
the clinical presentation and condition of each patient.
Referral to a tertiary center with an experienced team of
surgeons, hepatologists, and nephrologists is strongly recommended.

Table 10 Suggested management strategies based on Gigot’s
classification
Gigot’s Ⅰ

Gigot’s Ⅱ - Ⅲ

Percutaneous sclerotherapy
Fenestration

Hepatic resection with fenestration if
feasible
Liver transplantation

with Gigot’s type Ⅱ and Ⅲ disease[12,48,90]. For patients
undergoing OLT for PLD, perioperative morbidity is
40%-50%, whereas overall mortality is 10%-17%[10]. In 3%
of patients, retransplantation is required[10] and combined
renal and liver transplantation are necessary in 42% of
patients[91,92]. Expected survival at 1- and 5-year are 93%
and 92% for patients undergoing OLT alone while for
patients who undergo combined liver and kidney transplant are 86% and 80% respectively[10]. Published series
reporting the outcomes of OLT for symptomatic PLD
are summarized in Table 9.

CONCLUSION
For patients with PLD, patients’ selection, timing and
choice of treatments can be very challenging even for experienced physicians. For symptomatic patients, treatment
strategies should be based on the degree and progression
of their symptoms and the severity of other medical conditions. Symptomatic patients with large cysts or limited
hepatic involvement might benefit from fenestration or
sclerotherapy. Hepatic resection with or without fenestra-

HEPATIC RESECTION VS LIVER
TRANSPLANTATION
The clinical decision between performing a hepatic resection with or without cyst fenestration[93] and referring
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tion should be favored in patients with diffuse involvement of the liver but with sufficient spared parenchyma.
Finally, in the patient with diffuse disease, OLT is a valid
option and should be pursued as primary therapy prior to
the development of debilitating disease such as malnutrition and liver dysfunction that can significantly increase
the risks of perioperative adverse events.
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Transjugular intrahepatic portosystemic shunt for the
management of acute variceal hemorrhage
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the treatment of complications of portal hypertension.
Acute variceal hemorrhage that is poorly controlled with
endoscopic therapy is generally well controlled with
TIPS, which has a 90% to 100% success rate. However, TIPS is associated with a mortality of 30% to 50%
in such a setting. Emergency TIPS should be considered early in patients with refractory variceal bleeding
once medical treatment and endoscopic sclerotherapy
failure, before the clinical condition worsens. Furthermore, admission to specialized centers is mandatory in
such a setting and regional protocols are essential to be
organized effectively. This review article discusses initial management and then focuses on the specific role
of TIPS as a primary therapy to control acute variceal
hemorrhage, particularly as a rescue therapy following
failure of endoscopic approaches.
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Core tip: The transjugular intrahepatic portosystemic
shunts (TIPS) is a highly effective treatment for bleeding esophageal and gastric varices with control of the
bleeding in over 90% of the patients. Many papers
have been published in the last decade that led to
technical improvements and definition of the best indications for this promising treatment of complications of
portal hypertension. The purpose of this article is to describe the different treatment options for patients with
refractory esophageal and gastric varices bleeding and
the role of TIPS as a rescue therapy. Technical aspects
of this procedure and the current indications are also
discussed.

Abstract
Acute variceal hemorrhage, a life-threatening condition
that requires a multidisciplinary approach for effective
therapy, is defined as visible bleeding from an esophageal or gastric varix at the time of endoscopy, the presence of large esophageal varices with recent stigmata
of bleeding, or fresh blood visible in the stomach with
no other source of bleeding identified. Transfusion of
blood products, pharmacological treatments and early
endoscopic therapy are often effective; however, if
primary hemostasis cannot be obtained or if uncontrollable early rebleeding occurs, transjugular intrahepatic
portosystemic shunt (TIPS) is recommended as rescue
treatment. The TIPS represents a major advance in
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TIPS as a primary therapy to control acute variceal hemorrhage, particularly as a rescue therapy following failure
of endoscopic approaches.

INTRODUCTION

TIPS has been used to treat many complications related
to portal hypertension. The relative efficacy of TIPS has
been tested with randomized controlled trials (variceal
bleeding, refractory ascites), whereas other indications
have been evaluated in uncontrolled case series.
The causes of gastrointestinal hemorrhage in a patient with portal hypertension may be variceal rupture,
portal hypertension gastropathy, postsclerotherapy ulcers,
peptic ulcer disease, hemorrhagic gastritis, and MalloryWeiss tear. TIPS is generally accepted as a second-line
therapy after failure of endoscopic and medical therapy
of bleeding from gastroesophageal varices[9].

INDICATIONS-Gastrointestinal
bleeding

Acute variceal hemorrhage is a common clinical emergency and most often is caused by cirrhosis-related portal
hypertension[1]. Less common causes include splenic vein
thrombosis, hepatic veno-occlusive disease, and primary
biliary cirrhosis[1]. It is defined as visible bleeding from an
esophageal or gastric varix at the time of endoscopy, the
presence of large esophageal varices with recent stigmata
of bleeding or fresh blood visible in the stomach with no
other source of bleeding identified[1]. The frequency of
gastroesophageal varices in cirrhosis varies from 30% to
70% with bleeding occurring in approximately one-third
of patients[2]. Twenty percent of cirrhotics with acute
variceal hemorrhage die within 6 wk[3]. The rebleeding
rates range from 30% to 40% at 6 wk and the mortality from rebleeding reaches 30%[4]. Gastroesophageal
varices account for approximately 80% of all cases of
variceal hemorrhage[2,5]. The precipitating cause for hemorrhage, presumably an acute rise in portal pressure and
subsequent variceal rupture, remains uncertain. However,
several factors have been implicated including raised
intra-abdominal pressure, bacterial infection, continued
excess alcohol consumption and postprandial increase in
splanchnic blood flow[4,5]. Predictive factors for variceal
hemorrhage include a hepatic venous pressure gradient
(HVPG) of > 20 mmHg[6,7], the presence of large varices
with red signs[8] and underlying severe liver disease (ChildPugh grade C)[2].
Optimal management of variceal hemorrhage requires a multidisciplinary approach involving a team of
gastroenterologists, hepatologists, critical care physicians,
surgeons, and interventional radiologists. The principal
components of therapy include airway maintenance, hemodynamic stabilization, control of the variceal hemorrhage, and alteration of the hemodynamic effects of portal hypertension. Treatment options for the management
of acute variceal hemorrhage include endoscopic therapy,
use of vasoactive drugs, balloon tamponade and esophageal transaction. These various methods, either alone or
in combination, are effective in controlling acute variceal
hemorrhage in 80% to 90% of patients[3]. Patients who
do not respond to these measures are referred for rescue
therapies, which include transjugular intrahepatic portosystemic shunt (TIPS) and surgical portosystemic shunts
with or without splenectomy. Because of the higher mortality of surgery in the acute setting, TIPS is the favored
rescue procedure for uncontrolled variceal hemorrhage[6].
The purpose of this review is to describe the different therapeutic options available to control acute variceal
hemorrhage and then to focus on the potential role of
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Primary prophylaxis of variceal bleeding
Bleeding from esophageal varices is a common and severe complication of portal hypertension. Prevention of
the initial bleeding can be achieved in a number of cases
by endoscopic variceal ligation or β-blocker treatment.
However, TIPS has never been tested in this situation as
the use of surgical portacaval shunts has demonstrated
that this approach is associated with higher morbidity and
mortality rates[10].
Bleeding from gastric varices is often severe and difficult to control, particularly when fundal varices are
involved. The first-line treatment is endoscopic sclerotherapy with cyanoacrylate[11]. TIPS has been used in a
number of uncontrolled trials in patients in whom endoscopic therapy failed[12,13]. A recent controlled trial has
shown that TIPS is more efficient than cyanoacrylate in
prevention of rebleeding (secondary prophylaxis) from
large gastric varices[14]. This finding, although interesting,
must be confirmed by after a long-term follow-up. Importantly, due to the large size of fundal varices, the risk
of rupture is still present even at a low portacaval gradient (< 12 mmHg) after TIPS[15]. This is probably best
explained by the relationship between the variceal tension
(and therefore the risk of rupture) and the variceal size.
For this reason, it is recommended to embolize gastric
varices at the time of TIPS placement[10,16].
Acute variceal bleeding
When initial bleeding occurs, it is usually controlled with
less invasive endoscopic treatment and/or pharmacological therapy. In the rare instance when bleeding remains
uncontrollable, TIPS has been used as a rescue treatment
with good results. However, prognosis relies on the general condition of the patient, the value of the liver function reserve, and the associated comorbidities[17-20]. However, a recent randomized controlled trial evaluated the
use of emergent TIPS as compared to standard medical
therapy in patients with severe portal hypertension and a
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Table 2 Contraindications to placement of a transjugular
intrahepatic portosystemic shunt

Table 1 Transjugular intrahepatic portosystemic shunt vs
endoscopic therapy in the prevention of rebleeding: Results
from meta-analyses n (%)
Study finding

Reference, value
Burroughs et al

Patients
TIPS
Endoscopic therapies
Randomized controlled trials
Recurrent bleeding
TIPS
Endoscopic therapy
OR (95%CI) for TIPS
Post-treatment encephalopathy
TIPS
Endoscopic therapy
OR (95%CI) for TIPS
All-cause mortality
TIPS
Endoscopic therapy
OR (95%CI) for TIPS

[34]

Zheng et al

[35]

948
472
476
13

883
440
443
12

88 (18.6)
210 (44.1)
0.30 (0.21-0.44)

86 (19.0)
194 (43.8)
0.32 (0.24-0.43)

134 (28.4)
83 (17.4)
2.08 (1.49-2.94)

148 (33.6)
86 (19.4)
2.21 (1.61-3.03)

130 (27.5)
118 (24.8)
1.14 (0.85-1.54)

111 (25.2)
98 (22.1)
1.17 (0.85-1.61)

Relative

Congestive heart failure
Severe pulmonary hypertension
Severe systemic sepsis
Unrelieved biliary obstruction
Severe tricuspid regurgitation

Portal vein thrombosis
Hepatocellular carcinoma
Severe coagulopathy
Hepatic encephalopathy
Obstruction of all hepatic veins

Portal hypertensive gastropathy
These gastric lesions rarely induce problematic bleeding.
Nonetheless, anecdotal case reports have suggested that
TIPS may control bleeding in these patients[38].
Gastric antral vascular ectasia
Chronic bleeding from gastric antral vascular ectasia may
be difficult to manage. However, TIPS does not help to
control this type of hemorrhage, probably because these
vascular lesions are related to liver disease and not to portal hypertension[38,39].

TIPS: Transjugular intrahepatic portosystemic shunt.

Child-Pugh score of 7-13[21]. Treatment failure was more
frequent in the medical group (50% vs 12%) and the survival rate was better in the TIPS group (11% vs 38%)[21].
This approach could justify the use of TIPS early after
bleeding in patients with moderate or severe liver failure
and severe portal hypertension. Current evidence supports the use of TIPS not as a primary form of treatment, but rather as a rescue treatment for patients with
bleeding esophageal varices who failed pharmacological
and endoscopic treatments.

Other indications
Despite limited evidence, TIPS has found wider clinical
use than just secondary prevention of variceal bleeding, treatment of refractory acute variceal bleeding and
management of refractory ascites. These clinical indications include Budd-Chiari syndrome[40,41], hepatic venoocclusive[42], hepatic hydrothorax[43-46], hepatorenal syndrome[47,48], and hepatopulmonary syndrome[49].

CONTRAINDICATIONS

Secondary prophylaxis of variceal bleeding
The strongest evidence in favor of performing a TIPS
procedure exists for the secondary prevention of variceal bleeding. Twelve randomized controlled trials have
been published on this topic, describing results for 948
patients, 472 of whom received a TIPS[22-33]. Recent metaanalyses found a more than threefold decrease in the risk
of recurrent bleeding after insertion of a TIPS compared
with various forms of endoscopic therapy (Table 1)[34,35].
Rates of rebleeding after insertion of TIPS ranged from
9.0% to 40.6%. Conversely, continued endoscopic therapy resulted in a 20.5% to 60.6% rate of rebleeding. Allcause mortality rates were similar between the TIPS and
endoscopic therapy groups. However, there was a more
than twofold increase in the rate of development of hepatic encephalopathy after a TIPS procedure[22-33].

Absolute contraindications to TIPS include right heart
failure and pulmonary arterial hypertension. The TIPS
survival benefit in patients with severe liver failure (ChildPugh class C cirrhosis, model for end-stage liver disease
score > 22, serum bilirubin > 3 mg/dL) also remains unclear. Relative contraindications include hepatic encephalopathy (which may worsen following TIPS creation),
polycystic liver disease (technically challenging with a high
incidence of hemorrhagic complications), active sepsis
(poor outcomes), and chronic organized portal vein
thrombosis (technically challenging for successful TIPS
creation). Acute portal vein thrombus is not a contraindication for TIPS, but it necessitates extensive stenting
to prevent shunt occlusion[50]. The contraindications are
summarized in Table 2.

Ectopic varices
Varices may develop anywhere along the digestive tract in
patients with portal hypertension (duodenum, jejunum,
colon, rectum) and may bleed. Local treatments are either
impossible or associated with a high rate of rebleeding.
The best approach is the TIPS procedure, which can be
combined with embolization of the varices[36,37].
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Absolute

PRE-TIPS TREATMENT OPTIONS FOR
ACUTE VARICEAL BLEEDING
Initial management
As with all acutely unwell patients, the basic resuscitation pathway (airway, breathing, circulation) should be
instigated. Initially, the airway and breathing should be
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assessed. Endotracheal intubation should be considered early, especially in patients who are deemed at high
risk for aspiration, that is, those demonstrating signs of
encephalopathy or ongoing severe uncontrolled hemorrhage. The adequacy of filling of the circulation should
then be assessed and two large bore intravenous cannula inserted before placement of a central line. Plasma
expanders and packed red blood cells should be used to
replace volume loss and any underlying coagulopathy
corrected with platelets and fresh-frozen plasma. Despite
portal pressure correlating directly with plasma volume,
all cirrhotic patients with variceal hemorrhage should be
maintained at a normal central venous pressure, while
avoiding under filling the circulation in order to “keep
the portal pressure low”[51]. Ideally, these patients should
be admitted to an intensive care or high dependency unit
where cardiac monitoring and high intensity nursing are
readily available. All patients with cirrhosis and gastrointestinal bleeding are at an increased risk of bacterial
infection and thus prophylactic antibiotics should be administered[52,53]. Several meta-analyses have demonstrated
a reduction in bacterial infections and improved survival
attributed to the use of short-term prophylactic antibiotics[54]. No consensus exists as to which antibiotic should
be given but intravenous quinolones are generally recommended for 5-7 d followed by oral quinolones[55-57].

of patients suspected of variceal hemorrhage will actually
be bleeding from nonvariceal sources, widespread use of
vasoactive drugs before endoscopy should be discouraged, as is diagnostic endoscopy attempted by someone
who is unable to perform band ligation or sclerotherapy.
Combination therapy of these vasoactive agents and
endoscopic therapy is becoming common but a metaanalysis of several studies, although demonstrating initial
improvement in hemostasis, did not reveal a reduction in
mortality with combination therapy[63].
Balloon tamponade
Balloon tamponade is invaluable in cases of uncontrolled
hemorrhage when an endoscopy service is unavailable or
when control cannot be achieved endoscopically. Balloon
tamponade, however, is not without complications that
include gross esophageal ulceration and esophageal perforation. To minimize complication rates, this procedure
should be performed only by experienced staff and in
the majority of cases, lone inflation of the gastric balloon
should be sufficient. In the rare cases that the esophageal balloon requires inflation, inflation pressure should
be closely monitored and regular deflation should also
be performed. Nursing protocols should be produced
and should include regular checks of the gastric balloon
position and regular aspiration from both the gastric
and esophageal ports. Medical staff should be alerted if
blood aspiration volumes are increasing at either port.
Panés et al[64] examined the use of esophageal tamponade
in 151 cases and reported that although balloon tamponade achieved hemostasis, 50% of patients experienced
rebleeding on removal of the Stenstaken-Blackmore
tube. It is essential therefore that balloon tamponade is
considered only as a holding measure until a definitive
procedure can be performed.

Endoscopic therapy
Sclerotherapy and variceal band ligation are the two
endoscopic interventions currently used. Endoscopic
sclerotherapy involves a sclerosant such as ethanolamine
injected directly into the bleeding varix. Variceal band
ligation is associated with fewer side effects than sclerotherapy. Banding devices that allow multiple bands to be
applied without repeated reintroduction of the endoscope should be used. Variceal band ligation is the preferred endoscopic therapy for the secondary prevention
of esophageal variceal hemorrhage and most centers now
also use band ligation to control acute bleeding[58].

TIPS PROCEDURE
Timing of salvage therapy
Although the above studies illustrate the efficacy and applicability of TIPS in the setting of uncontrolled variceal
bleeding, there remains a debate about the best time to
perform the procedure. Although a convenient definition
of uncontrolled variceal bleeding can be taken as failure
of two endoscopic treatments, this does not necessarily
indicate criteria for TIPS insertion. Patients with a ChildPugh A score and whose bleeding does not appear life
threatening may be managed by balloon tamponade followed by further sessions of endoscopic band ligation
and generally do not require TIPS. Conversely, patients
with advanced liver disease who have had a single massive bleed and unsuccessful endoscopic treatment on one
occasion and require balloon tamponade, may be better
treated by TIPS early rather than undergoing a second
endoscopic therapy session. Monescillo et al[65] showed
that early insertion of TIPS might confer extra benefit.
The basis of this is probably due to reducing the duration

Pharmacological treatment
Various pharmacological agents, including vasopressin,
somatostatin, octreotide and terlipressin, are of benefit in
acute variceal bleeding[59-61]. These drugs cause splanchnic vasoconstriction and thus reduce portal flow. They
are particularly useful when an out-of-hours endoscopy
service is unavailable. Temporary cessation of bleeding
and reduction in treatment failure has been reported with
early administration of these drugs[62]. An ongoing debate
does continue about the efficacy of these agents, particularly vasopressin analogues, as they are not without significant side effects such as increased risk of mesenteric
ischemia and myocardial infarction. These agents should
therefore be used with caution in patients with known
atheromatous disease. Vasopressin is no longer used
alone and rarely with nitrates, with terlipressin being the
current agent of choice. Because a significant proportion
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or risk of hypotension that is likely to be detrimental for
patients with decompensated liver disease.

long needle. Another set is made by AngioDynamics
(Queensbury, NY, United States) and has a hollow 21-G
needle that is passed through a hollow, curved cannula.

Pre-procedural imaging
Any prior imaging studies (ultrasound, computed tomography, magnetic resonance imaging), should be reviewed to
confirm portal vein patency and to assess the presence of
gastroesophageal varices and other porto-systemic shunts
that may compete with the TIPS. The location of the portal vein bifurcation should be determined based on prior
imaging, as an extrahepatic portal vein bifurcation occurs
in 25% of patients and accessing an extrahepatic portal
vein during TIPS carries a high mortality[10,66]. Imaging may
also demonstrate the presence of splenic vein thrombosis,
for which TIPS is not the treatment of choice, ascites, and
general hepatic morphology. If there is large-volume ascites, pre-procedural paracentesis should be performed. If
no imaging is available, Doppler ultrasound assessment of
the portal vein is recommended before initiating the TIPS
procedure[66]. The procedure is performed under general
anesthesia and thus an emergency consultation with anesthesia is initiated as soon as TIPS is considered.

Steps: After entry into the internal jugular vein, a catheter is introduced and guided through the superior vena
cava, right atrium, and inferior vena cava into a hepatic
vein. The use of the proximal portion of the hepatic
vein has two purposes. The first is to utilize, for shunt
creation, the largest diameter of the hepatic vein to
potentially prevent or delay any outflow shunt stenosis. The second is to be sure that one begins cephalad
to the desired portal vein entry site. A needle inserted
through the catheter is then used to puncture the liver
from a central portion of the hepatic vein and enter the
main portal branch, usually the right portal vein. In the
right hepatic vein, the cannula is rotated approximately
90° anteriorly and then advanced and maintained with
continual caudal pressure, so that it is wedged against
the wall of the hepatic vein. When in the middle hepatic
vein, the cannula is rotated posteriorly in the some way.
Carbon dioxide wedged hepatic venography is used to
identify the portal vein[67]. Iodinated contrast medium can
also be used. The puncture can be also navigated with
ultrasonography. Depending on the anatomy, it might by
possible to use a tract from the right hepatic vein to the
left portal branch, and vice versa. The needle tract is then
dilated by a balloon catheter, establishing a connection
between the portal and systemic circulation directly inside
the liver parenchyma. The parenchymal tract is kept open
by insertion of an expandable metallic stent. A dedicated
TIPS stent graft was designed to extend the covered portion to the orifice of the hepatic vein at the inferior vena
cava[41]. The only uncovered part of the stent graft, which
is 2 cm long, is the section that protrudes into the portal
vein. This both anchors the device and allows blood to
flow through the interstices of the uncovered portion to
the peripheral (parenchymal) portal vein branches. The
alternative to the dedicated stent graft has been a self-expandable stent used for bridging portal and hepatic veins
in a similar way. The bare stents are used for patients at
high risk of hepatic encephalopathy or for recanalization
of the portal vein. The shunt diameter is finalized by balloon dilatation of the deployed stent graft or stent. Depending on the diameter of the expandable stent or stent
graft used for TIPS creation, various amounts of portal
blood are diverted into the systemic circulation, resulting
in the decompression of portal hypertension. The size
of the balloon catheter is usually 8 mm. Depending on
the pressure gradient measured between the portal vein
and right atrium after stent or stent graft placement, a
larger angioplasty balloon catheter is an option to achieve
adequate stepwise decompression. For liver transplant
candidates, precise positioning of both ends of the stent
or stent graft is critical[6,50]. The needle may exit the liver
and lacerate the liver capsule or enter the hepatic artery.
Embolization of the parenchymal tract is the first-line

Equipment specifications
The procedure room should have the necessary equipment for continuous hemodynamic monitoring as well
as for anesthesia, with access to oxygen, anesthetic gases,
and suction. The angiographic equipment should allow for high-resolution fluoroscopy, digital subtraction
angiography (DSA), and operator-definable protocols
for performing CO2 DSA, low-frame-rate fluoroscopy,
and road map imaging. A trained radiologic technologist
who is familiar with the necessary catheters, guidewires,
balloons, stents, and imaging equipment should be present. Anesthesia or nursing personnel are essential for
patient monitoring and assistance with hemodynamic
measurements. The physician operator should be an
interventional radiologist who is trained in performing
TIPS procedures, as these require a high level of technical expertise and knowledge of the equipment, materials,
anatomy, physiology, pathology, appropriate technique,
and potential complications. The operator must be able
to cope with the difficulties that are often associated with
emergency TIPS[6,9,50,66].
Shunt technique
Sets: Three types of TIPS sets are commercially available. Two sets, made by Cook Medical (Bloomington,
IN, United States), include the “RingTIPS set” and the
“Rosch-Uchida TIPS set”. The RingTIPS set has a 16-G
curved Colapinto needle, while the Rosch-Uchida set has
a 16-G curved blunt cannula through which a 5-Fr catheter with an inner needle is advanced to access the portal
vein. After using the needle to advance the catheter, the
needle is removed and the catheter is slowly withdrawn
while maintaining suction in the catheter. There is also a
cope version of the ring set, which uses a 20- to 21-G-
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Figure 1 Conventional transjugular intrahepatic portosystemic shunt creation technique. A: Schematic diagram shows transjugular intrahepatic portosystemic
shunt (TIPS) connecting the right hepatic vein to the right portal vein. The shunt extends from main portal vein to confluence of right hepatic vein and inferior vena
cava; B: Right hepatic venogram shows course of hepatic vein; C: Transhepatic portogram using iodinated contrast material shows course of portal veins; D: Injection of contrast medium through Colapinto needle confirms needle position within portal vein before passage of guidewire; E: Dilatation of a tract through the hepatic
parenchyma that is interposed between the hepatic and portal veins; F: Portal venogram obtained after TIPS insertion shows flow through the FLUENCY polytetrafluoroethylene-covered stent. Peripheral portal vein branches are no longer opacified because of reversal of flow.

treatment to prevent hemoperitoneum. The TIPS tract
must be intraparenchymal, or dilatation of the extrahepatic portion of the portal vein results in fast exsanguination, a complication that occurs in approximately 1% of
procedures. Entry into the right or left portal vein branch
should be at least 1 to 2 cm from the portal vein bifurcation. The direct injection into the dilated tract should be
done as soon as possible to reveal potential extravasation.
If it is positive, the balloon is again inflated and the stent
graft placed to tamponade the extrahepatic leak. According to the patient’s blood pressure, fluid volume resuscitation is immediately initiated and the anesthesiologist
is called[6,9,50,66]. The final step of the TIPS procedure is
placement of pigtail catheter over the portal vein guide
wire for follow-up portography and blood pressure measurement within the main portal vein. Once the value is
stabilized and recorded, the tip of the sheath or pigtail
catheter is moved to the hepatic vein or the suprahepatic
inferior vena cava, and the blood pressure is again recorded. Thus, at the completion of the TIPS procedure, at
least four pressure values will have been obtained: those
in the portal vein and hepatic vein (or inferior vena cava)
before and after shunt placement. The different steps are
summarized in Figure 1.

the TIPS is easily accomplished but its routine application has been also controversial. While embolization
after TIPS occurs in 24% to 48% of patients[68,69], it is
not clear whether the combination of TIPS and variceal
embolization is more effective than TIPS alone. Some
authors recommend transjugular embolization of the
varices to increase the effect of the shunt with respect
to acute hemostasis[68,70], and other authors do not perform embolization[71]. In our clinical practice, we perform
embolization of varices only if we observe persistent
contrast flow into the varices in the control portography
after TIPS. Variceal embolization is also indicated for
patients with recurrent esophageal bleeding despite a patent shunt[68]. Embolization of esophageal varices is most
commonly performed with the use of metallic coils, but
the use of liquid agents such as opacified enbucrilate and
ethanol have also been described[17]. The use of absolute
ethanol is not recommended due to the possible adverse
effects including cardiovascular collapse due to the possible venous channels between the portal system and the
pericardium, mainly from the pericardiophrenic vein.
Post-procedural follow-up
Recurrence or worsening of the portal hypertension
symptoms should prompt an ultrasound with Doppler
to exclude TIPS stenosis. Shunt velocities between 50
and 250 cm/s are associated with high (> 90%) sensitiv-

Embolization of varices
Embolization of the esophageal varices at the time of
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Table 3 Acute and chronic complications after transjugular
intrahepatic portosystemic shunt placement

Table 4 Risk factors for post-transjugular intrahepatic
portosystemic shunt encephalopathy

Acute complications

Acute complications

Chronic complications

Risk factors

Minor or moderate
Stent displacement
Neck hematoma
Arrhythmia

Life-threatening
Hemobilia
Hemoperitoneum
Cardiac failure

Shunt thrombosis
Hepatic vein
obstruction

Liver ischemia
Sepsis

Portal vein thrombosis
Congestive heart failure
Progressive liver failure
Chronic recurrent
encephalopathy
Stent dysfunction

Age
Sex
Cause
Child-Pugh score
Hepatic encephalopathy history TIPS
Porto-hepatic gradient
Stent diameter
Indication
Creatinine
TIPS: Transjugular intrahepatic portosystemic shunt.

ity and specificity for shunt dysfunction[72]. In addition,
most hepatologists order routine TIPS surveillance tests
at regular intervals using ultrasound with Doppler in
asymptomatic patients. Patients with a suspected TIPS
dysfunction should undergo TIPS venography. If the
original TIPS was created using a bare-metal stent, placement of a covered stent is likely to improve long-term
shunt patency[73]. Other commonly used measures include
balloon angioplasty within the stents and the placement
of additional stents in patients to extend cranial or caudal
length of the stent. Hepatic encephalopathy refractory to
medical management or progressive hepatic dysfunction
after TIPS placement might require endovascular shunt
reduction. A commonly used technique involves shunt
catheterization by two parallel guidewires followed by
simultaneous deployment of two stents within the shunt.
One of the stents is a covered endograft through which
blood flow will be conducted, whereas the second device
is a balloon-expandable bare-metal stent, the diameter of
which determines the ultimate shunt diameter. Usually, the
bare-metal stent is placed along the cephalic aspect of the
covered stent. This allows continued access to the balloon
expandable stent if further reduction is necessary[74,75].

predict post-TIPS hepatic encephalopathy (Table 4)[10,34,35].
Deterioration of hepatic function in approximately 10%
of patients[35], and hepatorenal syndrome is occasionally
observed[77]. TIPS stenosis and occlusion was the method
of choice before wide acceptance of PTFE-covered
stents (Viatorr; W.L. Gore and Associates, Flagstaff, AZ,
United States). The most common site of shunt stenosis is at the hepatic venous end. The culprit of midstent
stenosis is thought to be intimal hyperplasia within the
bare-metal stent due to contact between traversed biliary
radicles and stent lumen[76]. The incidence of stenosis
due to hyperplasia within the stent ranged from 18% to
78%[76] for bare-metal stents, which led to recurrence of
portal hypertension complications and required frequent
invasive procedures for reconstitution of flow. The introduction of PTFE-covered stent grafts led to dramatic
improvement in long-term TIPS patency. A randomized
controlled trial published in 2007 established a PTFEcovered stent as the preferred device for TIPS[78]. In that
study, 80 patients were randomized to receive either a
covered (n = 39) or a bare (n = 41) metal stent and were
followed for two years after TIPS placement. Compared
with patients treated with a bare-metal stent, patients with
a PTFE-covered stent had a significantly lower rate of
TIPS dysfunction (15% vs 44%), a higher rate of primary
patency (76% vs 36%), a lower rate of clinical relapse (10%
vs 29%), and were less likely to develop encephalopathy
(33% vs 49%)[78]. On the basis of these data, a PTFEcovered stent became the standard of care device for de
novo TIPS. Patients who have a bare metal stent TIPS
should undergo shunt revision with a PTFE-covered
stent in the event of shunt dysfunction[76].

OUTCOMES
Complications
The TIPS procedure may lead to a number of adverse
events (Table 3). Technical complications sustained at the
time of TIPS placement can include transcapsular puncture, which may occur in as many as 33% of cases[10]. The
capsular perforation leads to significant intraperitoneal
hemorrhage 1% to 2% of the time[10]. Clinically significant hemobilia is also rarely observed after the procedure.
The stent can be placed too far into the inferior vena cava
or even into the right atrium at the cranial end or far into
the main portal vein at the caudal end of the shunt in up
to 20% of patients[10]. On occasion, stents may migrate
because of catheter and balloon manipulation[76]. Diversion of portal venous flow through the shunt diminishes
the metabolic filtering effect of the hepatic parenchyma,
leading to new or worsened encephalopathy in 30% to
46% of patients[34,35]. Chronic recurrent disabling hepatic
encephalopathy can occur in 5% to 10% of patients
and may lead to a complete loss of the patient’s autonomy[10,66]. Several pre-TIPS parameters have been tested to
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Mortality
Acute variceal hemorrhage that is poorly controlled with
endoscopic therapy is generally well controlled with
TIPS, which has a success rate of 90% to 100%. However, TIPS also has a mortality rate of 27% to 50%[19,66,79,80].
Increased mortality is related to a Child-Pugh C clinical
status, hemodynamic instability at the time of the TIPS
procedure, and the presence of other comorbidities. In
general, early TIPS intervention allows for better control
of hemorrhage with decreased mortality. Patients with a
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high HVPG (> 20 mmHg) and acute variceal bleeding
have a better survival with TIPS than with endoscopic
therapy[65]. Most of the deaths of patients after emergency TIPS are related to hepatic failure, multiorgan failure,
and sepsis, often accompanied by variceal and nonvariceal bleeding, while only a minority are related to recurrent
variceal bleeding[13,69,81]. Death occurring within 30 d of
the procedure is most commonly caused by multiorgan
failure, and death more than 30 d following the procedure is most commonly related to liver failure[81]. Many
studies reporting on emergency TIPS for the rescue treatment of acute esophageal varices bleeding have shown
low survival rates and significantly higher mortality rates
than patients undergoing elective TIPS[6,12,17,19,21,65]. In one
study, 42 of 123 (34.1%) of patients died within 30 d of
TIPS for acute bleeding, while only 16.5% died following
elective TIPS creation[82]. As an independent predictor of
mortality, patients bleeding at the time of TIPS creation
were 2.9 times more likely to die than those associated
with elective TIPS placement. Similar findings have been
reported by Helton et al[83] who reported a 56% in-hospital mortality rate for patients who were actively bleeding
or hemodynamically unstable at the time of the TIPS vs
5.5% following nonemergency procedures. The reported
mortality associated with TIPS varies widely because the
inclusion criteria, timing of the TIPS, and the severity
of liver disease. Many reports combine the results of
patients actively bleeding during TIPS with those of the
patients who were stable during the procedure. Several
reports describing different prognostic factors associated with mortality after TIPS have been published[68,69,82].
Prognostic factors are not intended to predict outcome
or management on individual basis or to deny a patient
a potentially lifesaving intervention, but are useful as
guidelines to develop appropriate expectations and to
weigh different therapeutic options. Final decisions are
based on the individual patient needs and overall clinical
condition[65,84]. Many of these prognostic factors correlate
with the mortality of patients undergoing elective TIPS.
In patients with acute variceal bleeding, however, these
predictors may fail because the hepatic reserve and renal
function are difficult to evaluate in the acute setting[65].
Events such as bleeding, infection, and high-dose diuretic
therapy may affect the renal and liver function in a transient way. No single prognostic criterion is available to
accurately select patients with a very high risk of death[85].
However, several selection criteria have been described
due to an increased amount of experience within the
field with relation to TIPS[86].

variceal bleeding. Non-invasively assessing the pressure
of the portal vein as a function of the TIPS has been a
challenge. Color Doppler sonography can measure flow
velocities in the TIPS, but it cannot reflect the pressure
of the portal vein and its pitfalls and inaccuracies lead to
a lack in necessary sensitivity[87]. More recently, a novel
ultrasound-based acoustic radiation force impulse (ARFI)
elastography has been developed that can provide information on the local mechanical property of a tissue[88]. An
acoustic push pulse transmitted by the transducer toward
the tissue produces an elastic shear wave that propagates
through the tissue. The propagation of the shear wave is
followed by detection pulses that are used to measure the
velocity of the shear wave propagation, which is directly
related to tissue elasticity. In other words, the speed of
shear wave is dependent on the elasticity of the tissue[88].
Gao et al[89] prospectively assessed the stiffness of the
liver and spleen with ARFI imaging pre- and post-TIPS
placement. The investigators measured stiffness of the
liver and spleen with mean shear wave velocity (MSV,
m/s) on ARFI imaging for 10 healthy volunteers and 10
patients who underwent TIPS placement for treatment
of portal hypertension. The portal vein pressure was
measured during TIPS placement. A significant difference in portal vein pressure was found for the pre- (27.67
± 5.86 mmHg) and post- (18.00 ± 6.93 mmHg) TIPS
insertion. Significant differences were also found in MSV
of the liver and spleen between healthy subjects and patients with portal hypertension. There was no significant
difference found in MSV of the liver pre- and post-TIPS
placement. However, a statistically significant difference
in MSV of the spleen pre- and post-TIPS placement
was demonstrated. In addition, the authors reported a
significant difference in spleen index between healthy
subjects and patients with portal hypertension, as well as
between pre- and post-TIPS placement. The MSV of the
spleen measured with ARFI correlated well with portal
vein pressure. Hence, the authors concluded that spleen
stiffness determined by means of MSV on ARFI imaging
could be used as a quantitative marker for monitoring the
portal vein pressure as the function of the TIPS.
In this study, as well, the authors had prospectively
shown a close correlation between the stiffness of the
spleen and portal vein pressure. Based on these data, one
can clearly note that the stiffness of the spleen measured
with MSV changes as the portal vein pressure changes
following TIPS placement. This is the first quantitative
demonstration of the effectiveness of TIPS on the stiffness of the spleen measured with MSV value on ARFI
imaging. One parameter that was not significantly affected by TIPS placement was the MSV value of the
liver. The most plausible explanation for this finding is
that TIPS can have a direct impact on the pressure of the
portal vein but have no effect on the stiffness of a fibrotic liver. The tissue mechanical property of a cirrhotic liver
is very hard due to the severe fibrosis developed in the
liver parenchyma, which has poor elasticity. In addition,
MSV of the spleen has potential to serve as an indicating

Effect on liver and spleen stiffness
Variceal bleeding still remains the major cause of death in
patients with cirrhosis, with increasing numbers of inpatient cases with advanced liver disease and portal hypertension. For those patients, TIPS has become the rescue
treatment of choice, preferred over liver transplantation.
Therefore, it is crucial to ensure that the inserted TIPS
effectively decreases portal vein pressure to prevent
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marker with which to assess portal vein pressure. Finally,
it may be used as a non-invasive predictor in screening
for recurrent portal hypertension when TIPS malfunction develops.

ations it may be wise to withhold the TIPS because the
mortality rate will be very high regardless of the therapy
given. Every effort should be taken to stabilize the patient before TIPS, including the use of tamponade tubes
and aggressive correction of coagulopathy. Once medical
treatment and sclerotherapy fail, emergency TIPS should
be considered early before the clinical condition worsens.
Patients at high risk for early mortality after TIPS should
be considered for expedited liver transplantation if available. Cost analysis must be performed in the future taking into account recent developments including technical
improvements, better patient selection, and better postTIPS management.

Economic benefit
Early insertion of TIPS in high-risk patients with acute
variceal hemorrhage reduces rebleeding and mortality.
However, the economic benefit of utilizing this approach remains unclear. Harman et al[90] retrospectively
carried out a cost-effectiveness analysis of patients who
may benefit from early TIPS insertion. The costs were
calculated in a 12-mo follow-up from index bleeding
admission and compared to a theoretical 12-mo followup cost related to early TIPS insertion. Over one year,
78 patients were admitted with variceal hemorrhage; 27
patients (35%) were eligible for early TIPS insertion. The
actual cost for the 12-mo follow-up was £138473.50.
The authors estimated early TIPS insertion would save
£534.70 per patient per year (P < 0.0001). According to
sensitivity analysis, early TIPS was the dominant treatment modality up to a theoretical rebleeding rate of 6%,
and the economic threshold of £15000 per bleeding episode saved was achieved at a 12% yearly rebleeding rate,
suggesting it would be financially viable to adopt early
TIPS as an intervention up to a 12% yearly rebleeding
rate. This study indicates strict patient selection is vital
to reduce the rebleeding rate when utilizing early TIPS
insertion. There is an important balance between selecting patients at high risk of rebleeding, who are likely to
benefit from early TIPS insertion to prevent rebleeding,
but also to exclude patients with the most severe hepatic
dysfunction where early TIPS insertion is unlikely to alter
the natural history of their disease. Strict patient selection reduces rebleeding-related admissions, thus reducing
follow-up costs; this is a key concept for centers to focus
on before introducing early TIPS as routine practice. Finally, Harman et al[90] found 35% of their bleeding cohort
were eligible for early TIPS insertion, further establishing
early TIPS insertion as a cost-effective intervention. This
has important implications for the future provision and
organization of interventional radiology services. Future
prospective studies evaluating early TIPS insertion are
warranted, and including similar economic modeling will
help to confirm the financial viability of introducing early
TIPS insertion into routine clinical practice.
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Core tip: The presented paper is intended to comment
the “European Federation of Societies for Ultrasound
in Medicine and Biology Guidelines and Recommendations on the Clinical Use of Ultrasound Elastography”
and discuss the multivariate factors that have an influence on liver stiffness, and the current techniques of
ultrasound elastography as well as magnetic resonance
elastography.
Original sources: Cui XW, Friedrich-Rust M, De Molo C,
Ignee A, Schreiber-Dietrich D, Dietrich CF. Liver elastography,
comments on EFSUMB elastography guidelines 2013. World J
Gastroenterol 2013; 19(38): 6329-6347 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v19/i38/6329.htm DOI:
http://dx.doi.org/10.3748/wjg.v19.i38.6329

INTRODUCTION
Non-invasive methods for liver stiffness (LS) assessment
have been researched over decades, often mirroring the
development of new drugs in the treatment of chronic
liver disease. So far, two main forms of elastography have
become established in clinical practice. The first is known
as quasi-static or strain elastography (SE). Imaging of
strain and elastic modulus distributions in soft tissues
based on external tissue compression, with subsequent
computation of the strain profile along the transducer
axis, was first described by Ophir et al[1,2]. Strain imaging
can be applied to the liver by inducing probe pressure[3].
The temporal derivative of strain, i.e., the strain rate, is a
measure of the rate of deformation[4]. Strain Rate Imaging is a Doppler-based method that can be used to mea-

Abstract
Recently the European Federation of Societies for
Ultrasound in Medicine and Biology Guidelines and
Recommendations have been published assessing the
clinical use of ultrasound elastography. The document
is intended to form a reference and to guide clinical users in a practical way. They give practical advice for the
use and interpretation. Liver disease forms the largest
section, reflecting published experience to date including evidence from meta-analyses with shear wave and
strain elastography. In this review comments and illustrations on the guidelines are given.
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sure strain of moving tissue[5,6]. The second form is shear
wave elastography (SWE). Shear waves are generated in
the tissues when a directional force is applied to the tissue which causes shear deformation. Shear waves are
rapidly attenuated by tissue, they travel much more slowly
(between 1 and 10 m/s) and they are not supported by
liquids of low viscosity[7].
The use of different ultrasound methods to estimate
liver fibrosis have been published, such as transient elastography (TE) (FibroScan™)[8-10], strain elastography (e.g.,
Hitachi Aloka Medical)[11-14] and SWE using acoustic radiation force impulse (ARFI) (Siemens et al)[14-16]. Other
techniques including 2D-SWE (Supersonic, Siemens) and
3D-SWE (Supersonic) have since been introduced[17-19].
Recently the European Federation of Societies for Ultrasound in Medicine and Biology (EFSUMB) Guidelines
and Recommendations have been published assessing
the clinical use of ultrasound elastography[7,20]. The document is intended to form a reference and to guide clinical
users in a practical way. The guidelines also give practical
advice on its use and interpretation. Liver disease forms
the largest section, reflecting the published experience to
date, including evidence from meta-analyses with shear
wave and strain elastography. This article comments
on the EFSUMB elastography guidelines, discusses the
multivariate factors that have an influence on LS, and the
current techniques of ultrasound elastography as well as
magnetic resonance elastography (MRE).

significantly increase the LS in adults[31,32], children[33]
and the patients with chronic or resolved hepatitis C
virus (HCV) infection[34], therefore, elastography should
be performed in fasting conditions. However, there is
controversy on the influence of respiration on LS. Yun
et al[35] reported that LS was significantly elevated during
expiration especially in patients without liver cirrhosis
while Goertz et al[32] did not find differences on the LS
in deep inspiration, deep expiration and during Valsalva
maneuver.
In liver cirrhosis, the degree and architecture of fibrosis is presumed to be the most important factor influencing LS (elasticity). The factors influencing liver elasticity
in intermediate (significant) fibrosis are still not known in
detail.
The factors influencing liver elasticity in patients with
inflammatory disease (at least to some degree), independent of fibrosis, are acute hepatitis, any flare of transaminase values, acute-on chronic hepatitis[36,37], cholestasis[38]
and acute liver failure[39]. In a recent study of 104 patients
with chronic hepatitis B (CHB) and 453 patients within
chronic hepatitis C (CHC), histological necro-inflammatory activity was found to be an independent risk factor
for the overestimation of LS in HCV and hepatitis B virus (HBV), while histological steatosis was a risk factor in
HCV patients only[40].
Other factors influencing liver elasticity in patients
with fatty liver (hepatic steatosis) with or without inflammatory activity, with or without fibrosis, have also been
described[41-47].
The multivariate intercorrelation of factors influencing liver elasticity under different circumstances is not
known. Since multiple factors have shown to influence
LS measurements, interpretation of results has to be performed taking into account all these risk factors.

LS AS A DYNAMIC AND
MULTIFUNCTIONAL PROCESS
LS (elasticity) is a dynamic and multifunctional process.
This means that factors influencing the stiffness and
elasticity of a healthy liver are different to the factors in
advanced fibrosis. However, many studies have examined
the grade of liver fibrosis as the sole indicator of LS[21-25]
(Table 1); a few others have evaluated more factors[26-29]
(Table 1).
In patients with chronic liver disease, the assessment
of the patient should include age, liver-related comorbidity, aetiology and duration of the liver disease, grading
(inflammation), fatty infiltration, risk of malignant transformation, fibrosis, general comorbidity and many other
factors. Such factors are important as they guide management and indicate prognosis. Therefore, the assessment
of liver fibrosis is only one of many other important factors to determine before treatment. However, the focus
on the assessment of liver fibrosis seems to be overstated
and many studies lack the design of multivariate analysis.
Factors influencing liver elasticity in healthy subjects
depend mainly on blood volume and perfusion parameters that are reported by surgeons during daily routine.
Studies have reported a positive correlation of LS with
central venous pressure[30], therefore knowledge of coexisting cardiac and pulmonary disease is necessary for
interpretation of results.
In addition, it is also reported that food intake could
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DIAGNOSIS OF LIVER FIBROSIS
Liver biopsy
Liver biopsy (LB) has been considered the “gold-standard” for grading and follow-up of necro-inflammatory
activity and staging of fibrosis for more than fifty
years[48,49].
However, substantial limitations are obvious. Firstly,
it is an invasive method with a significant complication
rate[50]. A review of the literature regarding possible complications has recently been published[51]. Secondly, LB
has shown some sampling variability[52]. The specimen
obtained by LB represents a very small part of the liver
(about 1/50000) but inflammatory and fibrotic activity is
known to be patchy within the liver. The sampling variability can be reduced by mini-laparoscopic guided biopsy
with the ability to evaluate the liver surface[53-57], however,
it has been shown that the sampling error using minilaparoscopic guided biopsy is still about 30%[58]. LB has
also shown some intra- and inter-observer variability[58,59].
Thirdly, there is a high inter-observer variability during
microscopic evaluation[58].
Therefore, one difficulty for the evaluation of non-
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Table 1 Examples of studies
Title
Univariate approach
Elastographic assessment of liver fibrosis in children: A
prospective single center experience
Is it better to use two elastographic methods for liver fibrosis
assessment?
Is ARFI elastography reliable for predicting fibrosis severity in
chronic HCV hepatitis?
Factors that influence the correlation of acoustic radiation
force impulse, elastography with liver fibrosis
Liver stiffness measurement using acoustic radiation force
impulse elastography and effect of necroinflammation
Multivariate approach
Liver stiffness measurements in patients with different stages
of non-alcoholic fatty liver disease: Diagnostic performance
and clinicopathological correlation
Assessment of liver fibrosis using transient elastography in
patients with alcoholic liver disease
FibroScan and ultrasonography in the prediction of hepatic
fibrosis in patients with chronic viral hepatitis
Performance of unidimensional transient elastography in
staging non-alcoholic steatohepatitis

Comment

Ref.

Pearson’s correlation

[21]

Spearman rank correlation

[22]

Spearman rank correlation

[23]

Spearman rank correlation

[24]

Pearson product-moment correlation

[25]

Spearman’s correlation (no attention paid to Bonferroni or alpha correction)
6 factors (higher age, serum albumin, serum AST, serum cholesterol, diabetes
mellitus, LSM), LSM is the only independent predictor of advanced fibrosis
(odds ratio = 1.47, 95%CI: 1.23-1.77, P < 0.001)
Spearman’s correlation (with Bonferroni test). In multivariate analysis including
fibrosis, HAH, and steatosis, fibrosis was the only histological parameter
significantly correlated with LSM
Pearson correlation (no attention paid to Bonferroni or alpha correction)
12 factors. Multivariate analysis showed that LSM positively correlates with
hepatic fibrosis, necro-inflammatory activity and ultrasound scores
Spearman’s correlation (no attention paid to Bonferroni or alpha correction)
4 factors (fibrosis, ballooning, Lobular inflammation, steatosis). Multivariate
analysis found fibrosis as the only factor influencing independently liver
stiffness in NASH patients

[26]

[27]

[28]

[29]

LSM: Liver stiffness measurement; HAH: Hepatic abscess of hydatid origin; AST: Aspartate aminotransferase; NASH: Non-alcoholic steatohepatitis.

invasive markers of fibrosis is the use of LB as a reference method. Taking into account the limitations of LB,
a perfect non-invasive method cannot be distinguished
from an unacceptable fibrosis marker. Thus a new reference marker is needed. Studies have shown that noninvasive tests for liver fibrosis with FibroTest, enhanced
liver fibrosis (ELF) and TE can predict 5-10 year survival
of patients with CHC[60-64]. However, more studies using
liver related mortality as the endpoint are still awaited to
identify the best non-invasive methods[3].

used individually, are useful for the diagnosis or the exclusion of cirrhosis but have limited accuracy for the
diagnosis of clinically significant fibrosis[75]. Therefore,
more sophisticated algorithms or indices combining the
results of groups of markers have been developed to
improve the diagnostic accuracy. The FibroTest™ (proprietary formula; Biopredictive, Paris, France) was the
first algorithm that combined these data[76]. Thereafter,
several other indices, such as Fibrosure™ in the United
States (LabCorp, Burlington, NC, United States), the
Fibrometers™ (BioLiveScale, Angers, France), the FibroSpect Ⅱ™ (Promotheus Laboratory Inc., San Diego,
CA, United States), the ELF™ (Enhanced Liver Fibrosis
Test, iQur Ltd, Southampton, United Kingdom) and the
Hepascore™ (PathWest, University of Western Australia, Australia), have been developed. They are mainly for
patients with CHC[77-80], but can also be used in patients
with hepatitis B[81,82] and human immunodeficiency virus
(HIV)-HCV co-infection[83,84]. Among these indices, Fibrotest has been the one most extensively studied[69].
In a prospective cohort of 537 HCV-infected patients, Fibrotest had a 5 year prognostic value (HCVrelated complications and death) similar to that of LB[61].
In a meta-analysis[85] which included 6378 subjects with
both FibroTest and biopsy (3501 HCV and 1457 HBV),
the mean standardized area under the receiver operator
curve (AUROC) for diagnosing significant fibrosis was
0.84 (95%CI: 0.83-0.86), without differences between
HCV, 0.85 (95%CI: 0.82-0.87) and HBV, 0.80 (95%CI:
0.77-0.84). ELF has been evaluated in a recently published study[86] that included 196 patients. The ELF panel

Serum marker of liver fibrosis
One important non-invasive method for assessment
of the severity of fibrosis includes serum markers[65-68].
So far, many serum biomarkers, both direct and indirect, have been evaluated for their ability to stage liver
fibrosis[69-71]. Direct serum markers, reflecting either the
deposition or the removal of extracellular matrix in the
liver, include: (1) collagens such as type Ⅳ collagen,
procollagen Ⅲ N-peptide, collagenases; (2) inhibitors
of collagens such as matrix metalloproteases and tissue
inhibitory metalloprotease-1; and (3) glycoproteins such
as serum hyaluronate, laminin, and YKL-40. So-called
indirect markers include factors that can be measured
from routine blood tests, such as platelet count, prothrombin index, and aspartate aminotransferase/alanine
aminotransferase (AST/ALT), which indicate alterations
in hepatic function. The usefulness of these markers
has been assessed mostly in patients with CHC[70-72] and
hyaluronate has been the most extensively studied direct
marker[73,74]. These direct and indirect markers, when
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had an AUROC of 0.90 for distinguishing severe fibrosis,
0.82 for moderate fibrosis, and 0.76 for no fibrosis, and
it was improved to 0.98, 0.93 and 0.84, respectively, by
the addition of simple markers. The clinical utility model
showed that 82% and 88% of liver biopsies could potentially be avoided for the diagnosis of severe fibrosis using
ELF and the combined panel, respectively[62,64].

to assess larger volumes (almost the entire liver) and to
provide full three-dimensional information about the
viscoelastic properties of tissues[98], moreover, due to the
theoretical advantages, MRE is capable of application to
patients with obesity or ascites. However, MRE cannot
be performed on the liver of patients with iron overload
because of signal-to-noise limitations and it is too costly
and time-consuming to use in routine practice[72].

Advantages and limitations
The practical advantages of analysing serum biomarkers
to measure fibrosis include their high applicability and
high inter-laboratory reproducibility[87,88]. However, the
direct markers of liver fibrosis are not routinely available
in most hospital settings, and none of the serum markers
are liver specific-their results can be influenced by comorbidity. For example, FibroTest and Hepascore produce
false-positive results in patients with Gilbert’s syndrome
or haemolysis as these patients have hyperbilirubinaemia[89]. Similarly, acute hepatitis can produce false-positive
results in the marker measuring the level of aminotransferases, such as aspartate-to-platelet ratio index (APRI),
Forns index, FIB-4, or Fibrometer tests.

INTRODUCTION TO ULTRASOUND
ELASTOGRAPHY
TE
TE (FibroScan®) was the first tool introduced for routine
clinical use (Echosens, Paris, France) (Figure 1). TE does
not display a conventional ultrasound image. TE has been
mainly evaluated in patients with chronic viral hepatitis C
and also in a few patients with HIV/viral hepatitis C coinfection and some other liver diseases (see below)[99].
Technique
Basic principles: TE is an ultrasound-based non-invasive method. It is characterized by the material’s strain
response to external stress according to the principle of
Hooke’s law[9]. Briefly, an ultrasound transducer probe
is mounted on the axis of a vibrator. Vibrations of mild
amplitude and low frequency (50 Hz) are transmitted by
the transducer from a right intercostal space, inducing
an elastic shear wave that propagates through the liver.
Pulse-echo ultrasound acquisition is used to follow the
propagation of the shear wave and to measure its speed.
This speed is proportional to the tissue stiffness, with
faster wave progression occurring through stiffer material. The elastic modulus E is expressed as E = 3qV2,
where V is the shear wave speed and q is the material
density (assumed constant for tissues): the stiffer the
tissue, the faster the shear wave propagates[100]. TE measures LS in a cylindrical volume approximately 10 mm
wide and 40 mm long, between 25 and 65 mm below the
skin surface with the standard M-probe, and between 35
and 75 mm for the recently developed XL probe, recommended for obese patients[101,102]. This volume is at least
100 times bigger than a biopsy sample and it has been
suggested, therefore, that the results compared to LB are
more representative of the hepatic parenchyma. However, TE does not work for the left liver lobe or from a
subcostal approach and the measurement is only feasible
via a few intercostal spaces. Therefore, the technique is
limited. Inter- and intra-observer variability depend on
the intercostal space used, the presence of ascites, musculoskeletal habitus, depth of subcutaneous tissue, position of the patient, and many other factors[47,103].

Magnetic resonance elastography
In recent years, magnetic resonance elastography (MRE)
has been developed as a non-invasive functional magnetic
resonance imaging (MRI) method for assessing and staging liver fibrosis, using a modified phase-contrast method
to image the propagation characteristics of shear waves
in the liver[90,91]. Elasticity is quantified by MRE and expressed in kilopascals (kPa) using a formula that determines the shear modulus, equivalent to one-third of the
Young’s modulus which is estimated with TE[72,92]. So far,
there is only limited data on the accuracy of MRE. Several studies[92-96] have evaluated the usefulness of MRE for
the assessment of LS among patients with chronic liver
disease and have shown that increased shear stiffness
measured on MRE is associated with increased severity
of the fibrotic process. In addition, MRE has relatively
high sensitivity and specificity for predicting the stage of
hepatic fibrosis. It has shown at least equivalent diagnostic performance in fibrosis staging compared with TE
with fewer limitations regarding its application in patients
with a large amount of ascites or who are obese[92-95]. Yin
et al[95] reported sensitivity of 86% and 78%, and specificity of 85% and 96%, with cut-off values of 4.89 and 6.47
kPa, respectively. Huwart et al[93] showed similarly high
sensitivity of 98% and 95%, and specificity of 100% and
100%, for discrimination, but lower cut-off values of 2.5
and 3.1 kPa were used. The reason for the difference in
cut-off values obtained in the two studies may potentially
be explained by the differently manufactured scanners
used for MRE acquisition, case mixes, imaging protocols,
and post-processing procedures. A meta-analysis has
been recently published[97].

How to perform? The measurements with FibroScan® are
taken from the right liver lobe via an intercostal space,
while the patient lies flat on his/her back, with the right
arm tucked behind the head to facilitate access to the
liver parenchyma. The tip of the probe is covered with

Advantages and limitations
Compared with TE, dynamic MRE has the potential
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Limitations: TE provides only a regional elasticity measurement (determined by the width of the ultrasound
beam and depth of the shear wave penetration), but
no anatomical images or elastograms. Other drawbacks
include limited depth (several cm), the inability of the
shear wave to propagate beyond fluid collections (ascites)
and difficulty in obtaining sufficient signal in obese patients. Recently, a new probe (XL probe; Echosens, Paris,
France) has been proposed for overweight and obese
patients[107], and a so-called S-probe has been developed
for patients with narrow intercostal spaces, especially
children[108]. However, it remains impossible to obtain TE
results from patients with ascites[105].
The validity of the TE result also depends on two important parameters: (1) the success rate (the ratio of the
number of successful measurements to the total number
of acquisitions) should be at least 60%; and (2) the interquartile range (IQR), which reflects the variability of
the validated measurements, should not exceed 30% of
the median value[109] (Figure 1). Both the feasibility and
reproducibility of the TE measurement may be affected
by high body mass index (BMI). In a study with 13369
TE measurements, a failure rate of 3.1% was reported.
Unreliable results were reported in 15.8% of measurements and were associated with a BMI > 30 kg/m2, age
> 52 years, female sex, operator experience and type 2
diabetes[47].
The clinical interpretation of TE results should always be made by an expert clinician and with reference to
the patient’s history, disease aetiology and essential laboratory parameters Castera et al[110].

A

B

C

Intra- and inter-observer variability: Several studies[103,105,106]
have shown that the intra- and inter-observer reproducibility of TE measurements are good, at least in nonobese subjects. In the study by Sandrin et al[105] intra- and
inter-observer variation in TE was investigated in 15
patients and was around 3%, but with a wide variation
(2%-18%). The sample size of this study was small, and
therefore inadequate to draw firm conclusions on hostand disease-related co-variates that may interfere with TE
performance. Another study by Fraquelli et al[103] with a
larger sample obtained similar results; 800 TE examinations were performed by two operators in 200 patients
with various chronic liver diseases. Both inter- and intraobserver agreement was high and TE reproducibility was
excellent, with an intraclass correlation coefficient (ICC)
of 0.98. However, inter-observer agreement was significantly reduced in patients with mild hepatic fibrosis, and
hepatic steatosis.
The probe location during the TE measurement may
affect its reproducibility. In a recent study[111] TE was
performed on 625 consecutive patients with chronic liver
disease at three different sampling sites. Sampling variability according to probe location was seen in approximately
30% of patients and it was suggested that TE should be
performed from various sites to minimize the sampling
error.

Figure 1 Transient elastography (Fibroscan®, A) for the evaluation of normal liver (B) and liver cirrhosis (C).

coupling gel and placed on the skin between the ribs
at the level of the right lobe where LB would be performed. Once the measurement area has been located,
the operator presses the probe button (shot) to start an
acquisition. When a shot is unsuccessful, the machine
does not give a reading. Measurement of LS is measured
in kilopascals (kPa) (range is between 2.5 and 75 kPa)[100].
Advantages: TE with FibroScan® is a rapid procedure
(less than 5 min), painless, and easy to perform even in
the outpatient clinic or at the bedside. The results are
immediately available[103]. The examination can be performed by a nurse after a short learning curve (about
100 examinations)[104]. In addition, TE analysis has excellent inter- and intra-observer agreement, which makes
it suitable for widespread application in clinical practice[103,105,106].
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Review of the literature
Chronic viral hepatitis: For patients with CHC, LS
values > 6.8-7.6 kPa are indicative of significant fibrosis
(F ≥ 2) using the gold standard of LB, and the cut-off
values for predicting complete cirrhosis (F = 4) range between 11.0 and 13.6 kPa[20,112,113]. TE is able to distinguish
mild fibrosis from advanced liver fibrosis and cirrhosis,
which is important for decision making[114]. In contrast,
TE does not allow differentiation between the contiguous stages of liver fibrosis. In a meta-analysis including
40 studies[114], the pooled sensitivity and specificity of TE
was 79% and 78% for the diagnosis of significant fibrosis; 82% and 86% for diagnosing severe fibrosis; and 83%
and 89% for the diagnosis of liver cirrhosis.
It might be of interest to remember that conventional
ultrasound techniques can also distinguish between liver
cirrhosis and early liver disease in approximately 70%
of patients with high specificity but low sensitivity[115-124].
However, TE had an acceptable diagnostic accuracy for
detecting early compensated cirrhosis in patients with
CHB who did not fulfil the clinical and ultrasound criteria
for cirrhosis[125]. Conventional ultrasound techniques are
helpful in the detection of complications of liver cirrhosis including portal hypertension[126,127] and can also give
important information about fatty infiltration[128-132] and
inflammation[133-136]. In a study with 90 patients with suspected liver cirrhosis, liver surface nodularity on conventional ultrasound and TE showed comparable results for
diagnosis and exclusion of liver cirrhosis, with the best
results when both methods were combined. Liver surface
nodularity was better for the diagnosis of liver cirrhosis,
while TE was better at ruling out cirrhosis[137].
The performances of TE, when compared, have been
shown to be similar between patients with HBV and
HCV[138]. Several studies have investigated the performance of TE in an Asian population with CHB[125,139-144]
and concluded that TE is a promising and accurate tool
for the early detection of cirrhosis. It is demonstrated
that the optimal cut-off values for diagnosing HBV-related cirrhosis were between 9.0 and 10.1 kPa in the Asian
population[125,140,142,145], which is lower than that in patients
with CHC[146,147]. Since there is an increasing number of
evidence on the usefulness of TE in patients with CHB,
especially in the Asian population, TE should also be
recommended in patients with CHB, though the evidence
is more limited compared to CHC. Future and updated
guidelines have to include this recommendation.
It would be interesting to know in what percentage
of patients TE can give important additional information
which is of relevance to the treatment, over and above
sophisticated ultrasound technology in the hand of an
expert hepatologist[43,148].

significant fibrosis, and to identify those with cirrhosis.
TE is useful for assessement of liver fibrosis in patients
with non-alcoholic fatty liver disease (NAFLD), alcoholic
liver diseases, and in patients co-infected with HIV and
HCV. Other types of chronic liver disease might also
have been investigated, but the evidence is more limited.
TE is useful for assessement of liver fibrosis in patients
with post-transplant recurrence of CHC. TE has some
value for predicting the occurrence of complications of
liver cirrhosis, portal hypertension, hepatocellular carcinoma (HCC) and liver-associated mortality. It cannot
replace upper gastrointestinal endoscopy for identifying
patient with varices[20].

POINT SHEAR WAVE ELASTOGRAPHY
WITH ACOUSTIC RADIATION FORCE
IMPULSE IMAGING
Point shear wave elastography (pSWE) has been introduced by different companies, each currently at different stages of development[7,20]. Acoustic radiation force
impulse (ARFI) was the second method to be introduced
as a tool for liver fibrosis assessment in a clinical setting.
ARFI has a significant advantage over TE in that it simultaneously displays a conventional ultrasound image. The
accuracy of both methods has been shown to be similar
in the differentiation of normal liver parenchyma from
liver cirrhosis[15,149,150]. ARFI has been mainly evaluated in
patients with chronic viral hepatitis C and in a few other
liver diseases.
Technique
Basic principles: ARFI quantification has been developed by two companies (Siemens and Philips) according
to the guidelines[7,20], almost all reported studies were
done with a conventional high-end ultrasound machine
(Siemens S2000). It uses a region of interest (ROI) cursor
to interrogate the elastic properties of a specific anatomic
region, while real-time B-mode imaging of the abdomen
being performed. Short-duration acoustic pulses with a
fixed transmit frequency of 2.67 MHz, are generated in
the vicinity of the ROI and the subsequent mechanical
excitation of the tissues results in tissue displacement and
the formation of shear waves that propagate away from
the region of excitation. Ultrasound tracking beams laterally adjacent to the single push-beam are used to estimate
the shear wave speed in the tissue by the measurement of
the time to peak displacement at each lateral location[151].
The shear wave speed is estimated in the central window
5 mm long by 4 mm wide within a graphically displayed
ROI of size 10 mm long by 6 mm wide. The results are
expressed in meters per second (m/s) (range: 0.5-4.4 m/s
with ± 20% accuracy over the range), the shear wave
propagation speed being proportional to the square root
of the tissue elasticity[152,153]. The ARFI imaging examination takes approximately 5 min. Unlike FibroScan®, ARFI
can be utilized in patients with ascites. No limitations

EFSUMB recommendations
TE can be used to assess the severity of liver fibrosis in
patients with chronic viral hepatitis, provided that confounding factors are taken into account, and especially to
distinguish patients with nil/mild fibrosis from those with
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Table 2 Mean shear wave velocities (VirtualTouch values) of the left and right liver lobes (mean ± SD)
Ref.
Karlas et al[158]
Karlas et al[158]
Toshima et al[159]
Piscaglia et al[157]
Piscaglia et al[157]

n

Subjects

Left lobe (m/s)

Right lobe (m/s)

50
23
103
14
114

Healthy individuals
Patients with F1, F2 fibrosis
24 healthy volunteers, 79 patients with chronic liver disease
Healthy individuals
Patients with chronic liver disease

1.28 ± 0.19
2.1 ± 0.73
1.90 ± 0.68
1.29 (1.00-1.60)
1.79 (0.80-4.00)

1.15 ± 0.17
1.75 ± 0.89
1.61 ± 0.51
1.15 (0.80-1.74)
1.67 (0.45-3.76)

A

B

D

E

C

Figure 2 Point-shear wave elastography with acoustic radiation force impulse for the evaluation of histologically proved liver fibrosis and cirrhosis. A: F0; B:
F1; C: F2; D: F3; E: F4 = cirrhosis.

concerning measurement are known[154].

ability has been reported[157]. Since ARFI allows different
measurement sites, comparison of measurements in the
right and left liver lobes have been made, and have shown
a trend toward higher values in the left lobe[157-159]. However, results in the right lobe revealed higher diagnostic accuracy compared to the left (AUROC: for diagnosis of F1,
F2, F3, F4, right lobe: 0.92; 0.83; 0.86; 0.80; left lobe: 0.77;
0.71; 0.78; 0.84; sensitivity, specificity, positive predictive
value and negative predictive value of right lobe: 0.88; 0.81;
0.74; 0.92; left lobe: 0.80; 0.75; 0.87; 0.68)[159] (Table 2).

Tips and tricks: When scanning the right lobe (especially segment Ⅷ), an optimal window should be used.
To reduce the variance of the measurement, it is recommended to apply minimal scan pressure and for the patient to minimize breathing, the influence of cardiac motion should also be avoided. In general, the best and most
consistent results will occur when the “normal” state of
the liver is measured. When scanning intercostally, no
pressure should be applied to the liver and the patient
should be asked to just stop breathing for a moment (instead of deep inspiration and breath hold).
In difficult patients, several measurement attempts are
needed to “average” out the readings, and data that varies significantly should be excluded. It is recommended
to put the patient in a left lateral decubitus position with
right arm behind the head in order to get better access to
the liver without excessive pushing or the need for breath
holds[155]. However, it may still not be possible to get reliable readings in 5.3 % of patients[156].

Clinical applications
Chronic viral hepatitis: In patients with significant fibrosis (F ≥ 2) the ARFI cut-off values published have
been between 1.21-1.34 m/s (AUROCs 0.85-0.89)[23,149,150]
and in patients with cirrhosis, 1.55-2 m/s (AUROC’s
0.89-0.93)[15,23,149,160] (Figure 2). Similar to TE, SWE has
not proved accurate enough to distinguish between contiguous stages of fibrosis[20].
Other liver diseases: ARFI has also been evaluated in
patients with NAFLD and NASH[161,162] and in patients
after liver transplantation[163].

Intra- and inter-observer variability: Reproducibility of
ARFI is also an important pre-requisite for its widespread
application in clinical practice. Good inter-observer vari-
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Figure 3 2D-shear wave elastography with supersonic shear imaging for the evaluation of histologically proved liver fibrosis and cirrhosis. A: F0; B: F1; C:
F2; D: F3; E: F4 = cirrhosis.

analysis which included 9 studies with a combined total
of 518 patients with chronic liver disease and evaluated
the diagnostic performance of ARFI imaging for the
staging of liver fibrosis. The diagnostic accuracy of ARFI
quantified by the AUROC was 87% for predicting significant fibrosis (F ≥ 2), 91% for the diagnosis of severe fibrosis (F ≥ 3) and 93% for the diagnosis of liver cirrhosis. The meta-analysis revealed good diagnostic accuracy
for ARFI in the diagnosis of significant liver fibrosis and
excellent diagnostic accuracy for the diagnosis of liver
cirrhosis.
It was also shown that a comparison of ARFI with
TE in the four studies that included 312 patients, resulted
in comparable diagnostic accuracies for both methods in
the diagnosis of severe fibrosis, and slightly, but significantly, higher diagnostic accuracies of TE for the diagnosis of significant fibrosis and liver cirrhosis. However, a
recent study showed superior results for ARFI elastography[150]. Future multicentre studies are necessary to compare the different methods before any conclusions can be
drawn.

and elevated aminotransferase levels may lead to overestimation of ARFI-LS values[15,25] as has been shown for
TE. Moreover, since this is a new technique, the quality
criteria are not yet well-defined.
EFSUMB recommendations
pSWE with ARFI can be used to assess the severity of
liver fibrosis in patients with chronic viral hepatitis, especially with hepatitis C. pSWE with ARFI is promising for
liver fibrosis assessment in patients with NAFLD, and
post-transplant patients[7,20].

2D SWE
SWE [Aixplorer®, SuperSonic Imagine (SSI), France] has
been introduced as a 2D and also 3D-technique. So far,
only 2D-SWE has been evaluated in studies on the liver.
The studies of 3D-SWE have mainly focused on the
breast[165,166].
Technique
This technique is based on the combination of a radiation force induced in the tissues by focused ultrasonic
beams and very high frame rate (up to 5000 f/s) ultrasound imaging capable of catching, in real time, the transient propagation of the resulting shear waves[167,168]. The
local shear wave speed is recovered using a dedicated
time-of-flight estimation technique and enables the 2-D
quantitative mapping of elasticity. This imaging modality can be performed using a conventional ultrasound
probe, during a standard intercostal ultrasound examination. Three supersonic shear wave imaging sequences are
applied successively to the left, middle and right parts of

Advantages and limitations
In contrast to TE, ARFI has been shown to be less influenced by obesity and ascites[151]. One study showed
that valid LS measurement (LSM) were obtained in all
23 patients with morbid obesity (mean BMI was higher
than 44 kg/m2)[164]. In addition, it can be easily added to a
commercial ultrasound machine.
However, in contrast to TE values, ARFI values have
a narrow measurement range (0.5-4.4 m/s), which limits
the definition of cut-off values required for decisions on
patient management. In addition, inflammatory activity
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reproducibility was good with high intra- and inter-observer agreement. In this study, 2D-SWE was performed
on 60 volunteers (42 cases with 10 consecutive measurements, 18 cases with 2 measurements) on 2 different days
by 2 operators (one expert and one novice). The intraobserver agreement between measurements performed
in the same subject on the same day (day 1 or day 2)
showed intraclass correlation coefficient (ICC) values of
0.95 and 0.93 for the expert operator and novice, respectively, and the ICC values for intra-observer agreement
between measurements performed in the same subject on
different days were 0.84 and 0.65, respectively. The interobserver agreement was 0.88. Therefore, real-time 2DSWE has been shown to be a reproducible method to
measure liver elasticity, but the novice operator showed
lower measurement reproducibility over time than the
expert operator.

A

B

Clinical application
CHC: 2D-SWE might be used in assessing liver fibrosis
for patients with CHC, as has been proved in two large
studies. Ferraioli et al[170] assessed the accuracy of 2D-SWE
in comparison with transient elastography in 121 patients
with CHC using LB as the reference standard, and found
that LS values increased in parallel with the degree of
liver fibrosis both with 2D-SWE and TE. The AUROC
was 0.92 for 2D-SWE and 0.84 for TE (P = 0.002); 0.98
for 2D-SWE and 0.96 for TE (P = 0.14); 0.98 for 2DSWE and 0.96 for TE (P = 0.48), when comparing F0-F1
vs F2-F4, F0-F2 vs F3-F4, and F0-F3 vs F4, respectively
(Figure 3). Therefore, the real-time 2D-SWE was more
accurate than TE in assessing significant fibrosis (≥ F2).
In the other study which included 113 hepatitis C virus
patients, a good agreement was shown between 2D-SWE
and TE, the AUROC for elasticity values assessed by 2DSWE were 0.948, 0.962 and 0.968 for patients with predicted fibrosis levels F ≥ 2, F ≥ 3 and F = 4, respectively.
However, LB was only available in 39 patients[17].

C

Figure 4 Strain elastography for the evaluation of histologically proved
liver fibrosis and cirrhosis. A: F0; B: F2; C: F4 = cirrhosis.

EFSUMB recommendations
2D-SWE can be used to assess the severity of liver fibrosis in patients with chronic viral hepatitis, especially with
hepatitis C[7,20].

the 2-D ultrasound image. The resulting elasticity images
in the three regions are concatenated to provide the final
image covering the entire region-of-interest. The ability
of the SWE technique to provide a quantitative and local estimation of liver shear modulus with a millimetric
resolution has been proven in a pilot study in 15 healthy
volunteers[18]. Liver moduli extracted from in vivo data
from healthy volunteers, were consistent with those reported in the literature (Young’s modulus ranging from
4 to 7.5 kPa). Moreover, LSM using the SWE mode was
fast (less than one second), repeatable (5.7% standard
deviation) and reproducible (6.7% standard deviation)[3].

STRAIN ELASTOGRAPHY
Strain elastography (SE), also termed as quasi-static strain
imaging, has been developed by several manufacturers,
however, only Hitachi ultrasound system has been evaluated for use in liver.
Technique
SE is based upon the fact that soft tissue can be more
easily compressed than hard tissue. When subtle compression is applied with probe, SE shows the relative degree
of tissue strain, but not demonstrates the physical elasticity directly. SE calculates the strain response of the tissue

Intra- and inter-observer variability: To date, there has
only been one study[169] aimed at assessing the intra- and
inter-observer precision of 2D-SWE measurements in
the evaluation of liver elasticity. It was reported that the
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Table 3 Advantages and disadvantages of non-invasive methods to evaluate liver fibrosis
Parameters

Transient elastography

ARFI

2D-SWE

Advantages

High and rapid
performance
Reproducibility
Easy to learn

High and rapid
performance
Reproducibility
Easy to learn

High and rapid
performance
Reproducibility
Easy to learn, large ROI

Disadvantages

Combined with
conventional ultrasound
Obesity and ascites are not
limiting
Technical requirements
Technical requirements
(equipment) without
(ultrasound equipment)
additional use
Intermediate cost
Intermediate cost
Limited recognition of
intermediate stages of
fibrosis
Blind selection of region
of interest
Restricted value in obese
patients and ascites
False positive values
in patients with acute
hepatitis, cholestasis,
and heart failure

Combined with
conventional ultrasound
Ascites are not limiting
Technical requirements
(ultrasound equipment)
Intermediate cost

Limited recognition of
intermediate stages of
fibrosis

Limited recognition of
intermediate stages of
fibrosis

Narrow range of values,
small ROI
Quality criteria not well
defined

Quality criteria not well
defined

MR Elastography

Serum biomarkers

High performance
Availability
(applicability)
Reproducibility
Reproducibility
Examination of the
Low cost
whole liver
Combined with
conventional MRI
obesity and ascites are
not limiting
Technical
Non-specific
requirements (MRI (hyperbilirubinemia, hemolysis,
equipment)
inflammation, others)
Extremely high cost,
Relatively high cost, limited
time consuming
availability (patent)
Limited recognition of
Limited recognition of
intermediate stages of intermediate stages of fibrosis
fibrosis
Not applicable in case
Results not immediately
of iron deposition
available

ARFI: Acoustic radiation force impulse; SWE: Shear wave elastography; ROI: Region of interest; MRI: Magnetic resonance imaging.

image for semi quantification with a devised system, and
found that the mean value on the histogram and the
percentage of hard tissue may directly represent liver
elasticity. The diagnostic accuracy of SE for liver fibrosis
was also compared with TE, the author felt SE compared
favourably with TE and suggested SE could potentially
be used as a routine imaging tool to evaluate liver fibrosis.
A Chinese group[175] utilized a new Hitachi ultrasound
system (HI VISION Preius) and concluded that there
was a strong positive correlation (r = 0.81) between the
elasticity index and fibrosis stage. Diagnostic accuracies
of SE for the diagnosis of F1, F2, F3, F4 were 0.93, 0.92,
0.84 and 0.66, respectively. Koizumi et al[176] performed a
semi-quantitative analysis using the elastic ratio method
(ratio of strain distribution in two selected ROI) on 70
patients with CHC and with the hepatic vein as the internal control and found that the AUROC curves for elastic
ratio were superior to serum fibrosis markers and scores
of fibrotic change based on blood results (Figure 4).
More studies including meta-analysis about the use of
SE for the evaluation of liver fibrosis are required to establish a protocol for accurate imaging and to standardize
analysis.

to stress (relative tissue elasticity) and displays it as a colour overlay [ranges from red (soft) to blue (hard)] on the
B-mode image[171]. The echo signals could be captured in
real-time by incorporating a high speed algorithm, in addition, both the B-mode image and corresponding tissue
elasticity image could be simultaneous displayed[172]. Semiquantitative elastography techniques are based on quantification of the strain distribution within a defined ROI.
Because the pressure generated by the operator’s
compression may influence both the image of elasticity
and the resulting elasticity score, Hitachi medical system
has recently developed an elastography method that did
not require extra external stress. The required liver distortion for future analysis would be achieved from the
rhythmic pulsations of the abdominal aorta or the heart.
Clinical application
In 2007, Frederich-Rust et al[11] reported the clinical application of SE in the liver. They developed an elasticity
score by assessing the colour-coded strain image using
the computer program Matlab. The diagnostic accuracy
for F2, F3 and F4 were 0.75, 0.73 and 0.69, respectively.
In 2009, the same group[173] compared SE with TE (Fibroscan) and serum fibrosis marker (Fibrotest), and concluded that SE in its evaluated format could not replace
TE for non-invasive assessment of liver fibrosis at the
time of the study. After the software for elastography was
developed by Hitachi medical systems, good results were
published by several studies. Morikawa et al[174] transferred
the pixel data in the ROI into a histogram and a binary
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Advantages
The main advantage of this technique is the relatively
large region of interest that can be interrogated in the
right liver lobe, plus the quantification method that can
measure the change from the diffuse soft uniform architecture of the liver to a patchy hard pattern as hepatic
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A

A

B

B

Figure 5 Point-shear wave elastography with acoustic radiation force impulse for evaluation of focal liver fatty lesion (A) and liver metastasis (B).

Figure 6 2D shear wave elastography with supersonic shear imaging for
the evaluation of liver hemangioma (A) and metastasis (B).

Table 4 Performance of acoustic radiation force impulse in the identification of malignant focal liver lesions
No. of FLL

Rate of malignancy

Reference standard

Lesion types

105

64.8%

Biopsy, imaging

60
128

71.7%
53.1%

Biopsy, CT/MRI
Biopsy, surgery,
imaging

42

64.3%

Biopsy

45

22.2%

Biopsy, CT/MRI

Haemangioma,FNH, focal fatty sparing, focal
fat deposits adenomas, HCC, metastasis
haemangioma, HCC, CCC, metastasis
Haemangioma, FNH, focal fatty change,
abscess, adenoma, solitary necrotic nodule,
HCC, metastasis, CCC
Haemangioma, lymphoma, FNH, sarcoid,
abscess, focal fatty sparing, HCC, metastasis
Haemangioma, metastasis

ARFI cut-off (m/s) QUADAS score

Ref.

2.7

11

[182]

2
2.2

10
10

[183]
[184]

2.5

12

[185]

2.5

8

[186]

QUADAS: Quality assessment of diagnostic accuracy studies; HCC: Hepatocellular carcinoma; FNH: Focal nodular hyperplasia; CCC: Cholangiocarcinomas; FLL: Focal liver lesions; CT: Computed tomography; MRI: Magnetic resonance imaging.

fibrosis progresses.

ADVANTAGES AND DISADVANTAGES
OF CURRENT NON-INVASIVE METHODS
IN EVALUATING LIVER FIBROSIS

Intra- and inter-observer reproducibility
The intra-observer variability and intra-observer agreement of SE for the assessment of liver fibrosis have
been criticized in several studies[173,177,178]. In a more recent study, a Japanese group[176] used a semi-quantitative
method (elastic ratio) and found that the measurements
obtained from four separate locations had no observed
variation between the two operators (K = 0.835, ICC =
0.966).

Advantages and disadvantages of currently available noninvasive methods in patients with chronic viral hepatitis C
are summarized in Table 3.

ELASTOGRAPHY FOR DETECTION AND
CHARACTERIZATION OF FOCAL LIVER
LESIONS

EFSUMB recommendations
The evidence with this approach is still too limited to allow recommendation for its clinical use, at least in European patients[7,20].
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Although the method so far cannot be applied to all
segments and the limited depth of penetration is so far
disappointing, several studies have evaluated the performance of ARFI to differentiate FLL, and the results
are encouraging. ARFI has shown a high accuracy for
the identification of malignant FLL. In a meta-analysis
by Ying et al[179] including 590 lesions in eight studies, the
summary sensitivity and specificity for identification of
malignant liver lesions were 0.86 and 0.89, respectively.
The hierarchical summary receiver operating characteristic (HSROC) was 0.94. However, one paper showed
that ARFI did not permit differentiation between benign
and malignant FLL because high ARFI values occur
in benign as well as in malignant lesions[180]. In another
study by Gallotti A, the mean shear wave speed of HCC,
haemangioma, adenoma, metastasis, FNH was 2.17, 2.30,
1.25, 2.87, 2.75 m/s, respectively. Adenoma showed similar stiffness to the surrounding liver, and was significantly
softer than the other four types of lesion. FNH showed
different stiffness to HCC and metastasis, however, haemangioma showed no difference to HCC, metastasis and
FNH[181] (Figures 5 and 6). The performance of ARFI is
summarized in Table 4.

8

9

10

11

12

13

EFSUMB recommendations
Although promising results have been reported, more research is needed, especially in comparison to CEUS, before recommendations on its use in clinical practice can
be made. So far, elastography cannot be recommended
for the differential diagnosis of benign from malignant
liver lesions[7,20].
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living related liver transplant. During this 10 years period
some changes, herein highlighted, have occurred to our
surgical techniques. This study reports the largest Italian experience with RHLD, focused on surgical technique
evolution over a 10 years period. Donor safety must be
the first priority in right-lobe living-related donation: the
categorization of complications of living donors, specially,
after this “highly sensitive” procedure, reflects the need
for prompt and detailed reports.
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Core tip: A 12 years Italian single center experience
is herein reported, focusing on the live donors who
underwent conventional open right hepatectomies for
adult to adult living related liver transplantations. In
light of this experience we individualized three area of
interest where we accomplished remarkable goals over
this time period: donor nutritional status and rescue of
steatotic donors; analysis of post hepatectomy liver regeneration; surgical technical developments.

Abstract
Mini invasive techniques are taking over conventional
open liver resections in the setting of left lateral segmentectomy for living liver donation, and hydride procedure
are being implemented for the living related right hepatectomy. Our center routinely performs laparoscopic left
lateral segmentectomy for pediatric recipient and has
been the first in the Europe performing an entirely robotic
right hepatectomy. Great emphasis is posed on living donor safety which is the first priority during the entire operation, then the most majority of our procedures are still
conventional open right hepatectomy (RHLD), defined as
removal of a portion of liver corresponding to Couinaud
segments 5-8, in order to obtain a graft for adult to adult
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INTRODUCTION
In July 2013 we have been communicated by the edito-

3020

January 28, 2014|First Edition|

Gruttadauria S et al . Technical updates in adult LRLT

rial board of the World Journal of Gastroenterology that our
paper “Analysis of Surgical and Perioperative Complications in Seventy-five Right Hepatectomies for Living
Donor Liver Transplantation” published in May 2008[1],
had been cited, up to now, more than 27 times in the
world English literature. This figure supported by data
banks such as Scopus and ISI web of Science, made this
scientific article entering in the 1% most cited papers of
ever. Prompted by this achievement we reviewed our 12
years single Italian center experience with hepatic right
lobe living donation. Indeed, we were particularly glad to
contribute with this retrospective clinical report, to the
special number of the World Journal of Gastroenterology,
published to celebrate the 50th year’s anniversary of liver
transplantation[2].
Although in the last 6 years the number of procedures performed each year has been dramatically fallen
down, our center is still, by far, the busiest living related
liver transplant program in Italy (Table 1).
Herein, we will focus our attention on live donor of
conventional right lobe (Coineaud segment 5-8) and only
marginally on live donor of open left lateral segments
(Coineaud segments 2-3) [3,4]. To further improve the
outcome of these complex procedures, refinements in
the surgical technique and better comprehension of the
interrelations between post resectional liver regeneration,
and donor nutritional status is, in our opinion, needed.
We individualized three area of interest where we accomplished remarkable goals over a 12 years period: nutritional status and rescue of steatotic donors[5]; analysis
of liver regeneration in donors[1]; technical developments
in conventional open resection for living donation[6].

Table 1 Living liver donor potential candidates and type of
surgical procedures performed at the Mediterranean Institute
for Transplantation and Advanced Specialized Therapies, and
the University of Pittsburgh Medical Center in Italy n (%)
Statistics
Exclusion criterion1
Donor-related reasons
Donor withdrawal
Donor death
Exclusion at work-up:
ABO incompatible
Psychology
Clinical/biochemistry
At imaging
CT scan
MRCP scan
At liver biopsy
Other
Recipient-related reasons
Death awaiting LDLT
Drop-out (HCC progression)
LDLT refusal
Unsuitable to LDLT
Cadaveric OLT
Total excluded
Partial liver living graft2
For adult recipients
Full left lobe
Right lobe
For pediatric recipients
Left lateral segment
Total included
Overall

158 (44.0)
43 (12.0)
1 (0.3)
11 (3.1)
18 (5.0)
27 (7.5)
30 (8.4)
10 (2.8)
17 (4.7)
1 (0.3)
93 (25.9)
21 (5.8)
21 (5.8)
12 (3.3)
10 (2.8)
29 (8.1)
251 (69.9)

2 (0.6)
94 (26.2)
12 (3.3)
12 (3.3)
108 (30.1)
359 (100)

1

Potential donors; 2Suitable donors. CT: Computed tomography; MRCP:
Magnetic resonance cholangiopancreatography; HCC: Hepatocellular
carcinoma; LDLT: Living donor liver transplant; OLT: Orthotopic liver
transplant.

PATIENTS POPULATION
living donors presented 1 or more episodes of complication in the post-operative period.
One case of HCV infection was revealed after donation[8,9].
Regarding recipients, the patient and graft survival
at 1, 3 and 5 year after right hepatectomy (RHLD) were
89.3%, 83.2%, 77.8% and 83.4%, 77.3%, 71.9% respectively.

At the “Istituto Mediterraneo per i Trapianti e Terapie
ad Alta Specializzazione” in Palermo, Italy, from January 2002 to April 2013, we performed an overall of 107
live donor hepatectomy of which in details: 95 for adult
patients and 12 for pediatric recipients. One additional
case of potential right hepatectomy was aborted after the
beginning of the surgery because of an abnormal venous
outflow discovered at the intra-operative ultrasound and
not previously detected at the pre operative imaging.
In the early phase of our experience two of the adult
patients received a full left lobe (Coineaud segment 2-4),
while the others adult recipients received a right lobe
(Coineaud segments 5-8); in one case the right hepatic
graft was harvested using a totally robotic procedure of
retrieval. This case, the first performed in Europe and the
second in the world, will not be treated here.
The pediatric recipients always received an anatomical
left lateral segmentectomy (Coineaud segments 2, 3); in 8
cases we have performed entirely laparoscopic harvesting
procedures and details of these procedures will not be
discussed here[7].
No living donor mortality, neither administration of
heterologous blood transfusion were reported; 25 (27.1%)
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NUTRITIONAL STATUS AND RESCUE OF
STEATOTIC DONORS
In our center a comprehensive step-by-step donor workup protocol is designed to ensure donor and recipient
safety.
Donors with hepatic steatosis > 30% are excluded
from donation, due to reported impairment of both graft
and patient survival after living donor liver transplantation (LDLT)[10].
Donors with body mass index (BMI) ≥ 30 kg/m²,
a significant correlation between BMI and overall grade
of steatosis is well known[11] and/or steatosis at imaging
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Pre

Post

Figure 1 Two histologic examinations of liver parenchyma with steatosis, before and after intensive dietary treatment in the same donor. 10/18 donors
successfully completed the 3-mo treatment (body mass index < 30 kg/m²). In all 10 treated donors, hepatic macrosteatosis < 30% was found (range: 2%-15%) and
therefore they were considered eligible for donation.

(ultrasonography, computed tomography or magnetic
resonance imaging) or at histology underwent dietician
consult and then re-evaluated within 3 mo.
After nutritional assessment [nutritional and dietary
anamnesis, life-style evaluation and resting energy expenditure (REE) calculation] the dietician arranged a personal diet (carbohydrates 55%-57%, proteins 17%-19%,
and lipids 24%-27%) and encouraged the donor to do
physical activity.
Dietetic compliance of the donor was monthly reassessed.
Acceptable monthly weight loss was considered 2-4
kg, with a final gained BMI of < 30 kg/m².
Eighteen potential living donors (age 27-59 years,
male/female 14/4) were treated with diet. Nine out of
18 donors didn’t complete the 3-mo dietary follow-up for
donor-unrelated reasons. In 9 donors who successfully
completed the 3-mo treatment a liver biopsy was performed. In all cases a hepatic steatosis degree < 30% was
found and they became eligible as donors (Figure 1).
After LDLT, none of them experienced life-threatening complications or died. Liver function in both remnant liver donors and transplanted grafts showed a good
outcome, with no differences (in terms of hospital length
of stay, liver function parameter normalization after resection, and liver regeneration) between them and other
LDLT without hepatic steatosis.
Surprisingly, in a very recent multicentric study, according to data maintained in the LiverMetSurvey database, a paradoxical survival advantage was observed
in patients with steatosis undergoing liver resection for
colorectal liver metastases (CLM)[12].
This data has generated a fascinating hypothesis that
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of excess body adiposity has a survival protective effect,
concept which warrants further research.

DONOR LIVER REGENERATION
Based on the evidence that an exposure of a small graft
to persisting hyperdynamic circulation and high portal
blood inflow may induce impairment of liver regeneration, and hepatic dysfunction[13,14], we have translated in a
population of 70 donors who underwent right hepatectomy the analysis of the impact of the donor regeneration
predictors on post hepatectomy outcomes[1].
Liver regeneration was evaluated with multidetector
computed tomography (MDCT) at a mean of 61.07 d
after surgery.
We have examined the possible impact of pre-surgical
variables (e.g., age, weight, height, BMI, liver function
tests, creatinine levels, platelet counts, international normalized ratio, and glucose levels) and variables detected
with preoperative MDCT imaging [e.g., main portal vein
diameter, steatosis, original liver volume, and spleen volume (SV)]. The future remnant liver volume (FRLV) was
preoperatively calculated with a virtual surgical cut. Donor BMI was 23.7 ± 2.9 kg/m2, and was used to physiologically assess nutritional status.
In 26 of the 70 donors analyzed (37.14%), 100% or
greater hepatic regeneration had occurred at 2 mo.
There was no association between the clinical outcome and the liver regeneration rate. A stepwise multiple
regression analysis showed that a higher BMI (coefficient
= 0.035, P < 0.0001) and preoperative parameters such as
a smaller FRLV (coefficient = -0.002, P < 0.0001) and a
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particular we fell that the modifications we adopted concerning the transection of the accessories veins and final
severing of the vascular stumps contributed to fasten,
ameliorate and make safer the entire procedure.
Those technical development were possible using
tools, strategies and experiences gained in laparoscopic
surgery.
The operation is lately (after March 2008) being performed (last 10 cases, 9.2%) with a right renal flap incision while we were used to start with a bilateral subcostal
incision, with upper midline extension (Mercedes incision). In the setting of the left lateral donation even an
upper midline incision has been employed. For the right
hepatectomy our original technique has been described
elsewhere[15].
We later adapted our technique to all type of anatomic variants. In the case of a right dominant hepatic vein,
when a tributary of the hepatic venous system larger than
5 mm was encountered in the transection plane a test
clamp was performed in order to see whether the liver
parenchyma became dusky, after which a decision was
made as to whether to preserve the branch.
This practice was lately substituted by the preoperative use of the MEVIS Hepavision® system in order to
obtain a more detailed analysis of the outflow venous
drainage.
In case of preservation we severed the accessory he-

100

22

50

20
18

Figure 3 A large accessory hepatic vein draining the right lobe along with
the right hepatic vein is encircled using a vessel loop (A). The measurement of the accessory hepatic vein [major of 5 mm, (B)] was performed for decision making to transect it with a vascular stapler, only when transections of liver
parenchyma and of the structures of hepatic pedicle were almost complete.
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Figure 2 Locally Weighted Scatterplot Smoother graphics of the overall
population, evidencing the association of percentage of liver regeneration
with levels of body mass index (A), future remnant liver volume (B) and
spleen volume/future remnant liver volume (C). FRLV: Future remnant liver
volume; SV: Spleen volume; BMI: Body mass index.

greater SV/FRLV ratio (coefficient = 1.196, P < 0.0001)
were predictors of greater liver regeneration (Figure 2).

TECHNICAL UPDATES
The most majority of our procedures are still conventional open RHLD, defined as removal of a portion of
liver corresponding to Couinaud segments 5-8, in order
to obtain a graft for adult to adult living related liver
transplant.
While in the setting of the left lateral segment procurement open procedures are reserved only to rare cases
presenting vascular anomalies.
During this 12 years period some changes, herein
highlighted, have occurred to our surgical techniques. In
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Figure 5 Linear regression models were used for explaining differences
in terms of age between deceased and living liver donors over the last
decade at the Mediterranean Institute for Transplantation and Advanced
Specialized Therapies, and the University of Pittsburgh Medical Center in
Italy. In our series of 677 cadaveric liver transplantation and 105 living donor
liver transplantation, the deceased donor age has been increasing with a significative difference of average values between deceased and living liver donor
age (95%CI: 0.9-1.3), P < 0.0001.

treated with Endo GIA™ Universal 12 mm vascular stapler (Covidien, New Haven, CT).
Eventually we like to report on the utility of vascular
endo-stapler into the open transplantation surgery, in
the setting of the use of vascular graft. Indeed in few
cases, the usage of several vascular staplers were crucial
to shapes and employees a heterologous venous conduit,
previously harvested from a deceased donors, for a backtable reconstruction of a large accessory hepatic vein
which was connected to the recipient inferior vena cava
of a LRLT (Figure 4).

Figure 4 Usage of several vascular staplers were crucial to shapes and
employees a heterologous venous conduit (A), previously harvested from
a deceased donors, for a back-table reconstruction of a large accessory
hepatic vein (B) to be connected to the recipient inferior vena cava in the
LERLT.

patic vein, regardless was anterior or posterior, with the
Endopath vascular staples (35 mm long, 12.3 mm wide;
Ethicon Inc., Somerville, NJ) (Figure 3).
This step was originally taken using straight pediatric
Pott vascular clamp and then suturing the two stumps of
the vein.
This ultimate practice allowed us to avoid a complex manual suture especially in case of medial tributary
when the parenchyma is not yet completely transected.
Subsequently, once the parenchyma had been completely
divided, the vascular stumps of the right branch of the
portal vein, of the right hepatic vein and of the ipsilateral
hepatic artery were sectioned with the Endopath vascular staples (35 mm long, 12.3 mm wide; Ethicon Inc.,
Somerville, NJ), while before the traditional Satinsky and
Pott vascular clamps with subsequent manual suture were
used.
In the setting of the left lateral segmentectomy, after
mobilization of the left anatomic lobe and after performing the parenchymal transection as described above for
the right counterpart, we lately substituted the conventional use of vascular Satinsky clamps with endo- vascular stapler.
In particular, while the vascular stumps of the left
portal vein and of the left hepatic artery were treated
with the Endopath vascular staples (35 mm long, 12.3
mm; Ethicon Inc., Somerville, NJ), the left or the common middle and left stumps of the hepatic veins was
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DISCUSSION
Deceased donor quality is worsening in Italy, the average
of donor age in our center is much better in the living
counterpart (Figure 5). However living donation carries a
special risk and donor safety must be the first priority in
liver living-related donation.
Indeed, the categorization of complications, the developments of new surgical tips, the changes matured
over time in terms of donor selection and match needs
to be promptly reported in details[16].
Herein, we separately analyzed three area of interest in live donor hepatectomy that have been exposed to
some changes and ameliorations since the beginning of
our practice.
We found that the reduction of hepatic steatosis to a
values of < 30%, could be obtained with a strategic nutritional assessment and arranging an adequate personal
diet. This concept is guiding our strategy in order to
expand the live donor pool without affecting donor and
recipient safety.
At this regard, the paradoxical survival advantage
observed in patients with steatosis undergoing liver resec-

3024

January 28, 2014|First Edition|

Gruttadauria S et al . Technical updates in adult LRLT

tion for CLM might create a new fascinating scenario,
in which overweight living donor could be suitable for
transplantation[12].
However it is too early to conclude that peri-diagnosis
overweight is a good prognosticator after a major liver
resection, because its impact upon long-term survival is
less well documented.
Further clinical studies with large series, comparing
patients and potential live donors with different BMI,
grade of liver steatosis and nutritional marker, will be
necessary to obtain convincing evidence.
Assuming that preoperative nutritional status is one
of the key points for successful resection in living-related
liver donors, we have recently put emphasis not only on
the evaluation of the ratio between donor and recipient
liver volume but also on the predictors of optimal early
liver regeneration in the donors.
Historical series suggested that in adult-to-adult living
related liver transplantation one of the most challenging
tasks is to match an optimal size graft, balancing the clinical condition of the sick recipient and the safety of the
healthy donor. In this setting, particularly care must be
taken in the pre operative imaging evaluation of liver and
spleen volume[17-19].
Eventually, in the scenario of the surgical refinements
obtained over a 12 years period the adoption into the
open conventional surgery of tools created for laparoscopic surgery such as the endo-mechanical stapler for
vascular structures allowed us to make safer a unique surgical operation such as the living donor hepatectomy.
At this regard, we like to mention that traditionally
one of the most stress full point of the operation is
the positioning of the vascular clamp around the right
hepatic vein or the common trunk of the middle and
left hepatic vein and the subsequent manual suture of a
potentially long vascular stump. Indeed, no matter how
safely the clamp is placed the length of remnant vein
to be sutured in the donor side might be short, and any
moment the clamps could be displaced with detrimental
consequences.
On the other hand, using the vascular stapler will
make this step faster and safer with no consequence on
the recipient side, once the stumps are opened on the
back-table and the graft is flushed.
Adult-to-Adult Living-related Donor Liver Transplantation remains the greatest most recent and challenging
evolution of liver transplantation, both from a technical
and ethical point of view, which has contributed to reduce donor shortage[20]. Stringent criteria of donor selection criteria and peri-operative care were implemented
following one of the first reported case of living donor
death in 2002, and a smaller number of centers with large
experience refined the surgical technique, selection and
clinical management of both donors and recipients[21].
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PROGRESS IN LIVER DISEASES

Current position of ALPPS in the surgical landscape of CRLM
treatment proposals
Marcello Donati, Gregor A Stavrou, Karl J Oldhafer
are available to date. Technical reinterpretations of the
original method were also proposed in order to enhance
feasability and increase safety of the technique. More
data about morbidity and mortality are also expected.
The real role of ALPPS is, to date, still to be established.
Large clinical studies, even if, for ethical reasons, in well
selected cohorts of patients, are expected to better define the indications for this new surgical strategy.
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Core tip: The recent publication by Regensburg’s Group
on the new technical possibility of associating liver partition and portal vein ligation for staged hepatectomy
for the surgical managing of bilateral colorectal liver
metastases, generated a great debate and a burst of
publications about preliminary experiences from many
groups all over the world. As one of the first groups in
Germany to adopt this technique, in the present article
we clarify some aspects of our experience in the light
of published data and raised concerns.

Abstract
The Authors summarize problems, criticisms but also
advantages and indications regarding the recent surgical proposal of associating liver partition and portal vein
ligation (PVL) for staged hepatectomy (ALPPS) for the
surgical management of colorectal liver metastases.
Looking at published data, the technique, when compared with other traditional and well established methods such as PVL/portal vein embolisation (PVE), seems
to give real advantages in terms of volumetric gain
of future liver remnant. However, major concerns are
raised in the literature and some questions remain unanswered, preliminary experiences seem to be promising.
The method has been adopted all over the world over
the last 2 years, even if oncological long-term results remain unknown, and benefit for patients is questionable.
No prospective studies comparing traditional methods
(PVE, PVL or classical 2 staged hepatectomy) with ALPPS
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INTRODUCTION
The progressive enlargement of surgical indications to
colo-rectal liver metastasis (CRLM) resection of the last
20 years has led to a redefinition of resectability criteria[1]. Nowadays no limits due to number of lesions and
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gical aspects, open questions and express our point of
view on this method in the light of our preliminary experience[16] and other published data, in the era of twostage treatment of CRLM[17].

A

TECHNICAL ASPECTS AND
DEVELOPMENT
The first aim of introducing this technique by Regensburg’s group was to enhance liver hypertrophy after portal ligation increasing the ischemia effect on future liver
remnant (FLR)[16]. The concept on which this technique
is based seems to be an old finding[18], but of course revisited and reinvented or recombined in the light of new
problems of CRLM surgery[19]. The assumption is that
any closure of the right portal branch is followed by a reactive perfusion of “deportalized” liver, from controlateral one, through the intrahepatic branches and collaterals
presents between the 2 lobes[20]. This aspect was recently
confirmed by a clinical study[21].
The technique consists in an association of classical
right portal branch ligation together with liver parenchyma surgical split. The split could be conducted following
the falciform ligament line (splitting segment 2-3 from
the rest of the liver) as originally described[7], or even
atypically adding 4b segment as previously shown in our
video[22]. To split the liver avoiding manipulation and obtaining a better bleeding control, such as a clear anatomic
line of parenchymal transection, we usually perform
an anterior approach[23]. Between the right and left split
hemilivers a plastic sheet or bag should be positioned in
order to avoid cicatrisation with the disappearance of
the resection line. In addition some atypical resection of
additional metastases (1 or 2) in the future liver remnant
must be performed. We have extended the indication to
ALPPS also for bilateral CRLM with little FLR (< 30%)
or even < 40% with damaged liver parenchyma; and during the first step of the procedure we resect metastases
on FLR. Other groups used more restricted indications
reserving ALPPS only for patients without metastases on
FLR[7].
In the original description the Authors waited for
about 8-10 d before performing the 2nd step of specimen
removal[7]. Other Authors usually wait 7 d[24], while our
group usually performs the 2nd step after 12 d. A computed tomography (CT) scan after 1st step, in 7-10 d, is mandatory in order to evaluate volumetric gain. We routinely
use 3D-reconstruction and Volumetry performed by
MEVIS® system using Hepavision® software[22] (Figure 1).
The key role of CT-volumetry with 3D-reconstructions
for this novel method was later confirmed by another
study[25]. This technique showed that the speed of hypertrophy and also the percentage of volume gain were
more enhanced than with classical methods such as PVE
or PVL[7].
Some technical variants were quickly introduced by
some surgeons. Some authors, in fact, proposed the laparoscopic approach[11,26], citing some advantages of lapa-

B

Figure 1 Example of strategy using a semi-automated 3D volumetry system. Hepavision® MEVIS. A: 3D volumetry before associating liver partition and
portal vein ligation for staged hepatectomy (ALPPS): future liver remnant (FLR)
26%; B: Two weeks after ALPPS volumetry of FLR: 43% (increase of 65%).

location are of value as in the past[2]. The main problem
for resectability criteria of CRLM is due to volume of
future liver remnant[3], in fact, postoperative liver failure
is one of the biggest risk and a significant complication
after extended hepatectomy[4]. Some techniques were
established such as portal vein ligation (PVL) and portal
vein embolisation (PVE) with well known advantages
and limits. Also 2 stage combined strategies were developed to overcome resectability problems due to bilobar
location of metastases and two-staged hepatectomy has
been reported as an efficient strategy for oncological
outcomes and has been adopted by many liver centers[5,6].
A real novelty on 2 staged surgical procedures that has
recently been proposed, is the advent of associating liver
partition and PVL for staged hepatectomy (ALPPS)[7].
The technique was first performed by Schlitt et al[8] of
Regensburg in 2007 and first presented to a German
Congress in 2010. After that the technique spread all
over the world[9]. This is rapidly gaining great interest
from the surgical community leading to debate[10] and
even proposals for a reinterpretation of methods[10-12],
and giving a new hope to a large number of patients traditionally judged unresectable[13]. Despite an “explosion”
of publications and case reports in the literature during
the last 2 years, a lot of questions remain concerning
safety and effectiveness of this method[14]. Given the
large amount of surgical experience world wide[15], and
the critical appraisals of some surgical groups, in the
present article we would like to summarize the main sur-
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A

B

C

D

Figure 2 Intraoperative images of associating liver partition and portal vein ligation for staged hepatectomy in our center. A, B: 1st Step procedure with apposition of colored loop (red for the right hepatic artery, yellow for the right hepatic duct) and of T-drainage. C, D: Easy identification of loops during the second step and
opened specimen of R0-resection of colo-rectal liver metastasis.

roscopy in avoiding adhesions thus making the 2nd step
easier[27]. Even if ALPPS was developed for extended
right hepatectomy, 3 main strategies were recently standardized to use ALPPS not only for right hepatectomies
but even for extended left hepatectomies[28].
We proposed the following technical modifications in
addition to referred routine use of 3D-reconstruction in
order to improve the safety of the procedure: (1) Do not
use the plastic bag or sheet but interpose only a fibrillar
mesh (Figure 2A); (2) Use of a colored plastic loop to
leave in situ for the 2nd step (yellow for right biliary duct
and red for hepatic artery) in order to find it very easily
and quickly during the challenging 2nd step (Figure 2B and
C); and (3) Routine use of T-drain in order to reduce the
risk of biliary leak and biomass (main referred surgical
complication after preliminary reports (Figure 2B and C).
Additionally we enhanced the significance of complete
liver mobilization (apparently in contradiction with the
anterior approach!) as previously described as a preliminary maneuver of surgical step 1, that in this technique,
in our opinion, is of value not only for a complete manual and ultrasonography exploration of both lobes, but
also to enhance the ischemia effect, avoid collateralisation
through ligaments’ vessels and increase the hypertrophy
effect of ALPPS. On the other hand some surgeons
criticized[10,15] the technique, questioning: complexity of
procedure, high risk of 2 very close big operations, additional morbidity and reported mortality, and uncertainty
of long-term oncological results. If detractors have made
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some logical considerations about the proposed method,
also enthusiasts of ALPPS have been engaged in reporting positive results[11,16,17]. It should be underlined that
some of the most talented surgeons use ALPPS[9], testifying to the potential of this technique, trying to find the
best indications (Table 1).
We have also expressed some considerations related
to our preliminary data in a previous article[16], however,
the ideas and criticisms raised during this last year convinced us to introduce, in this debate, some other considerations.

PUBLISHED EXPERIENCE
First of all it should be taken into consideration that
ALPPS is mainly indicated for patients that have to undergo a right trisegmentectomy. This extended liver resection is known to be at particular risk of postoperative
liver failure[4], the combination in a 2 staged procedure is
forced in these patients by a judgment of not resectability with other established 2 stage surgical strategies[29-31].
Therefore this cohort of patients is “per se” a group of
very sick patients with advanced disease, traditionally not
resectable CRLM and therefore destined for palliative
treatment. The novelty of this method is the percentage
gain of patients to resectability. Thus we are convinced
that the questionable additional risk related to the technique could be acceptable in the light of resectability
gain. Doubtless, also other one stage combined proposed
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Table 1 Associating liver partition and portal vein ligation for staged hepatectomy: an overview of
worldwide experience
Cases (n )

Author
Schnitzbauer et al[7]
Conrad et al[11]
Robles Campos et al[12]
Dokmak et al[15]
Donati et al[16]
Knoefel et al[17]
Machado et al[26]
Machado et al[27]
Hahn et al[37]
Sala et al[49]
Andriani[50]
Torres et al[51]
Li et al[52]

25
1
1
8
8
7
8
1
1
10
2
1
9

Hypertrophy (range) Days of interval (range)
74% (21-192)
44.80%
57%
70% (5-147)
80% (66-200)
63%
88%1
159%
94%
82% (31-140)
87.20%

8 (4-8)
9
7
7
10 (7-21)
6 (4-8)
9
21
9
7
30
13

Morbidity

Mortality

64%
0%
0%
87.50%
57.20%
0%
0%
0
40%
0%
22.20%

12%
0%
0%
25%
14.20%
0%
0%
0
0%
0%
22.20%

1

Data referred only to one case.

strategies could be taken into account in selected groups
of patients[32]. However, very aggressive chemotherapic
regimens, in many cases, are nowadays forcing surgeons
to find new technical solutions, sometimes delaying radical treatment in order to achieve patients’ safety. We also
think that the potential of ALPPS was wrongly judged
by some eminent colleagues only because it was tested
on very challenging indications (duodenocephalopancreatectomy and extended hemihepatectomy for biliary
tract tumors)[15] leading to high morbidity and mortality
rates. We espressed our opinion that the main indication
for ALPPS seems to be for CRLM in selected patients, as
stated in other papers[16]. In patients affected by bilateral
CRLM, the proposed method regained resectability also
in apparently not resectable patients, increasing safety
of resection and lowering risk of postoperative liver
failure, enhancing, in a very short time (average about 7
d), the great hypertrophy potential of liver parenchyma.
Undoubtedly ALPPS, compared to traditional PVE or
PVL, allows a tremendously quick FLR growth (22% vs
3% growth the day after the procedure)[16]. Of course our
previous considerations should be considered in the light
of no published long-term oncologic results. In consideration of the right moment to resect after split, this aspect
should be carefully taken into account in patients submitted to several cycles of neoadjuvant chemotherapy. As we
demonstrated in a previous publication, a long wait (about
4 wk) after split can allow a volumetric gain of 200%, but
with the disadvantage of a more difficult second surgical
step[23]. It is foreseeable that with the rapid diffusion of
new neoadjuvant chemotherapic regimens (chemo first
approach), the need for ALPPS, as a safe alternative strategy to the classic 2 stage approach, will increase; in fact,
more patients are gaining, and will gain, resectability due
to partial or sometimes full response to new chemotherapic protocols[33,34]. Thus a multidisciplinary approach of
CRLM[35], starting with aggressive neoadjuvant regimen,
under indications of institutional tumor boards, will push
more patients to ALPPS. On the other hand, ALPPS
makes the resection safer after neoadjuvant chemothera-
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py, reducing the risk of postoperative liver failure.

OPEN QUESTIONS
Even with the big enthusiasm for this technique and
surge in the number of centers adopting it over the last 2
years, even in a episodical manner, leading to a lot of case
reports[36-38], some considerations must be made. First of
all we should consider that the method has not yet been
tested in an evidence based manner, only preliminary
experience is available, publishing dishomogeneous data.
Even the technique has not yet been standardized. The
big question is if oncologic long-term results are acceptable, if a gain, in terms of quality of life and time gained,
could balance the big risk of complications and mortality.
Whether the stimulation of liver hypertrophy could also
accelerate tumor progression is also an open question still
debated since the time of classic PVE, PVL techniques[39].
Recently, Van Gulik’s group has shown how tumor
progression could clearly be stimulated by PVE only[40],
reporting the objections about the short time-frame of
ALPPS among speculations, because the same phenomenon is observed in PVE and PVL[41]. Even a study by
Pamecha et al[42] first experimentally and then confirmed
by Maggiori et al[43], showed a clear tumor progression
after PVE so that about one third of patients cannot
undergo the second step after embolization because of
tumor progression. Obviously one could speculate that if
ALPPS allows a bigger and quicker liver regeneration, the
same stimulation could realize an intensive and quicker
tumor progression. An early recurrence was occasionally
reported among disomogeneous published experiences[7],
but more data are expected in the next years and of
course also results of international register.
If CRLM is to be considered the best indication in
other tumours (for example Neuroendocrine tumor
metastases) with slower biology and tumor progression,
patients could benefit from such a method, this remains
one of the main questions. Thus the great advantage of
volumetric gain must be taken with the above mentioned
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open questions before establishing the method in clinical practice. The method remains very challenging and
not only for liver surgeons, but for extremely skilled liver
centers and must be approached in a multidisciplinary
manner. More effort must be made to reduce the morbility and mortality associated with ALPPS.
Of course it must be taken into consideration that
some other established methods of obtaining FLR hypertrophy are less risky and whenever possible should be the
first choice in planning staged surgical strategies[44]. Nevertheless, also if PVE is, to date, the most used technique
and considered the standard procedure to enhance FLR,
about 30% of patients never undergo complete resection
because of insufficient hypertrophy or tumor progression
on FLR. Furthermore, as in a recent systematic review
the two stage hepatectomy with traditional strategies has
shown an certain morbidity, that appears comparable with
the morbidity of ALPPS (17% after first step and 40%
after the second one)[6]. Therefore, in well selected cases,
in limit-cases, or when PVE failed to gain volumetric
enhancement of FLR[17,45], sometimes ALPPS seems to
be the only reasonable-feasible option to achieve resectability. The additional morbidity and mortality referred
in the bigger reports respectively up to 44% and 12%
could be accepted as additional risks only in the light of
“no other choices”, even if we need more scientific studies to confirm this. Furthermore, it should be taken into
account that reported high mortality rates are referred to
very initial experiences in very small groups of patients,
in which also 1 death strongly influences overall mortality rates. However, also 3rd referral hepatobiliary centers
need a learning curve to optimize the procedure. Some
proposed technical details could reduce the “surgical risk”
also shortening the time of the second procedure[15]. Due
to ethical limits to clinical experimentation and the difficulty in recruiting a reasonable group of highly selected
patients, an online world register was created (see international register: www.alpps.net). Some detractors of ALPPS
have recently published a study comparing traditional
PVE efficacy and safety compared with published data on
ALPPS, concluding to be in favour of traditional and well
established strategies[46]. However, despite confirming that
PVE and similar techniques are still the standard of care,
the referred study suffers from some BIAS in comparison,
therefore conclusions are not well addressed by the study
and a definitive conclusion cannot be made. The challenge
of the ongoing study will be, despite the BIAS of patient
collection from many different centers, to establish some
kind of evidence of safety (as declared by many authors
and criticized by others), usefulness (long-term oncologic
results), best indications, and in our opinion also guidelines to standardize the preoperative flow-chart, surgical
timing and steps. It is foreseeable that ALPPS could gain
a position also among feasible surgical strategies for the
complex scenario of Klatskin tumours[47,48] in order to
extend the resectability rate as we stated in a previous
article[16], and as confirmed by recently reported experiences[35,49]. Despite all the potential of this technique, to
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date the scientific evidence should be still considered as a
phase 1 clinical trial; we believe that the method, in consideration of all the above mentioned open questions at
the moment, should be adopted only by extremely welltrained and experienced Hepatobiliary Surgical Centres.

CONCLUSION
The problems on the table are many and the technique
needs to be defined, maybe first on acceptable indications
and long-term results, in order to achieve the current
position of ALPPS not only in the surgical management
of CRLM, but also in its greater potential to treat other
liver tumours. Therefore, in conclusion, we think that the
ALPPS proposal should be considered the “real novelty”
in the CRLM surgical landscape of the last 3 years and
despite the enthusiastic view to “change the face of liver
surgery” as suggested by other Authors[10], we prefer to
say that it is foreseeable that such a method will gain, after the physiological period of experimentation and publication of the first large clinical studies, an important position among the surgical strategy options for the surgeon
managing bilateral colorectal liver metastases, even maybe
for a restricted and well-selected subgroup of patients.
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PROGRESS IN LIVER DISEASES

PNPLA3 I148M polymorphism and progressive liver disease
Paola Dongiovanni, Benedetta Donati, Roberta Fares, Rosa Lombardi, Rosellina Margherita Mancina,
Stefano Romeo, Luca Valenti
cal outcomes in chronic hepatitis C virus hepatitis, and
possibly chronic hepatitis B virus hepatitis, hereditary
hemochromatosis and primary sclerosing cholangitis.
All in all, studies suggest that the I148M polymorphism may represent a general modifier of fibrogenesis in liver diseases. Remarkably, the effect of the
I148M variant on fibrosis was independent of that on
hepatic steatosis and inflammation, suggesting that
it may affect both the quantity and quality of hepatic
lipids and the biology of non-parenchymal liver cells
besides hepatocytes, directly promoting fibrogenesis.
Therefore, PNPLA3 is a key player in liver disease progression. Assessment of the I148M polymorphism will
possibly inform clinical practice in the future, whereas
the determination of the effect of the 148M variant
will reveal mechanisms involved in hepatic fibrogenesis.
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Core tip: The 148 Isoleucine to Methionine protein
variant (I148M) of patatin-like phospholipase domaincontaining 3 (PNPLA3) has recently been identified as a
major determinant of liver fat content. Several studies
conducted in different ethnicities confirmed that I148M
influences the full spectrum of liver damage: from
simple steatosis to nonalcoholic steatohepatitis and
progressive fibrosis to hepatocellular carcinoma. Furthermore, I148M turned out to represent a major determinant of progression of alcohol related steatohepatitis, and to influence fibrosis progression and related
clinical outcomes in chronic hepatitis C virus hepatitis,
as well as other in liver diseases. All in all, studies suggest
that the PNPLA3 I148M polymorphism may represent a
general modifier of fibrogenesis in liver diseases.

Abstract
The 148 Isoleucine to Methionine protein variant
(I148M) of patatin-like phospholipase domain-containing 3 (PNPLA3), a protein is expressed in the liver
and is involved in lipid metabolism, has recently been
identified as a major determinant of liver fat content.
Several studies confirmed that the I148M variant predisposes towards the full spectrum of liver damage
associated with fatty liver: from simple steatosis to
steatohepatitis and progressive fibrosis. Furthermore,
the I148M variant represents a major determinant of
progression of alcohol related steatohepatitis to cirrhosis, and to influence fibrogenesis and related clini-
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esis induced by hyperinsulinemia, abnormal intra-hepatic
lipid metabolism and dietary factors. Hepatic fat accumulation, in turn, worsens insulin resistance and liver damage, determining an increased risk of both cardiovascular
and liver related mortality[15-17].
Besides hepatocytes, two cell types play a key role in
the pathogenesis of NASH. Kupffer cells are the hepatic
macrophages that under basal conditions are involved
in the maintenance of immune homeostasis, but during
NASH become activated by intestinal bacterial products
and oxidized lipids via Toll-like receptor-4 and secrete reactive oxygen species, chemokines and several cytokines,
thereby orchestrating inflammation[18]. Hepatic stellate
cells are hepatic pericytes localized between sinusoidal
endothelial cells and the hepatocytes, which in quiescent
conditions store lipids and retinoids, secrete extracellular matrix, and regulate blood flow. Upon activation
in NASH, stellate cells release retinoids, undergo myofibroblast transition, secrete type 1 collagen and a variety
of fibrogenic mediators thereby initiating the process of
fibrogenesis[19,20].

Original sources: Dongiovanni P, Donati B, Fares R, Lombardi
R, Mancina RM, Romeo S, Valenti L. PNPLA3 I148M polymorphism and progressive liver disease. World J Gastroenterol
2013; 19(41): 6969-6978 Available from: URL: http://www.wjgnet.com/1007-9327/full/v19/i41/6969.htm DOI: http://dx.doi.
org/10.3748/wjg.v19.i41.6969

INTRODUCTION
The clinical evolution of chronic liver diseases is highly
variable, and genetic factors plays a key role in determining the inter-individual susceptibility towards end-stage
liver disease and hepatocellular carcinoma. It is now
established that all common diseases, including type 2
diabetes, atherosclerosis, and nonalcoholic fatty liver disease (NAFLD) among liver diseases[1], exhibit a heritable
component of susceptibility accounting for 30%-50% of
risk. Indeed, also liver diseases can be considered complex traits that result from environmental exposures, e.g.,
diet and physical inactivity for NAFLD, excessive alcohol
intake for alcoholic liver disease (ALD), or infection for
chronic viral hepatitis, acting on a susceptible polygenic
background comprising multiple independent modifiers[2]. These are generally represented by common genetic
variants with a mild effect or rare variants associated with
a more marked phenotype[3].
Despite initial hypothesis-driven, case-control studies identified some genetic loci associated with the progression of liver damage, the genetic determinants of
NAFLD remained obscure until recently[1]. By 2008,
the first genomewide association studies in the field of
hepatic steatosis allowed to identify the rs738409 variant, by an hypothesis free drive approach, as the single
major genetic determinant of hepatic fat content[4,5]. This
sequence variation is a C > G single nucleotide change,
encoding for the 148 Isoleucine to Methionine protein
variant (I148M) of Patatin-like phospholipase domaincontaining 3 (PNPLA3). The main purpose of this review is to provide an overview of the current knowledge
of the PNPLA3 I148M polymorphism role in the progression of liver disease.

GENETIC PREDISPOSITION TO FATTY
LIVER
The risk of NAFLD is highly variable even in individuals
with obesity and type 2 diabetes. Furthermore, even if
the majority of obese subjects with metabolic syndrome
develop simple steatosis, only about one third has NASH,
and a minority progresses to more severe forms of the
disease.
Epidemiological, familial and twin studies provide evidence for a component of hereditability of liver fat content and NAFLD[21,22]. Indeed, NAFLD is more prevalent
in Hispanics compared to Europeans, and less common
in African-Americans, and this difference is not explained
by diabetes and obesity[22,23]. Family studies demonstrated
a strong heritability of NASH[21,24,25]. Accordingly, twin
studies shown that, in subjects without viral hepatitis and
alcohol abuse, alanine aminotransferases (ALT) levels and
liver fat content are strongly heritable traits, with genetic
factors explaining up to 60% of variability[26,27]. Overall,
evidences indicate that about half of steatosis variability,
determined by biochemical indices or noninvasive assessment of liver fat, is inherited[1]. Therefore, several
hypothesis-driven studies tried to evaluate the role of
candidate genetic variants in the susceptibility to NAFLD
and progressive NASH, with the goal of identifying disease markers or potential drug targets, but with inconsistent results[1].

NONALCOHOLIC FATTY LIVER
Ectopic fat accumulation in the liver related to systemic
insulin resistance represents the prototypical manifestation of NAFLD[6]. With a prevalence of 20%-34% and
rising, NAFLD is now the most frequent liver disease in
industrialized countries[7,8]. In a minority of susceptible
individuals, steatosis, that is excessive fat accumulation in
the liver (> 5%), is associated with oxidative hepatocellular damage, inflammation and activation of fibrogenesis,
i.e. nonalcoholic steatohepatitis (NASH)[9,10], which can
progress to cirrhosis and hepatocellular carcinoma[11,12].
NAFLD is epidemiologically associated with obesity
and metabolic syndrome. The pathogenesis is related to
adipose tissue insulin resistance[13], leading to an increased
flux of free fatty acids to the liver[14], increased lipogen-

WCG|www.wjgnet.com

PNPLA3 I148M IS A MAJOR
DETERMIMANT OF FATTY LIVER
In 2008, two independent genome-wide association
studies linked the common rs738409 polymorphism of
PNPLA3 (I148M) with hepatic fat content and ALT
levels[4,5]. In particular, a genomewide scan of the associa3035
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Figure 1 Hypothetical mechanism of hepatic fat accumulation associated with the 148 Isoleucine to Methionine protein variant patatin-like phospholipase domain-containing 3 polymorphism. ER: Endoplasmic reticulum; LPA: Lyso-phosphatidic acid; PA: Phosphatidic acid; Tg: Triglycerides; ?: To be confirmed;
PNPLA3: Patatin-like phospholipase domain-containing 3.

tion of non-synonymous sequence variations in the Dallas Heart Study revealed a very strong association of increased fat content with a single missense variant, I148M,
in PNPLA3[4].
Remarkably, the association between PNPLA3 I148M
and liver fat was independent of major differences in
body composition, diabetes and serum lipoprotein levels.
Furthermore, the 148M at risk allele was more prevalent
in Hispanics [minor allele frequency (MAF): 0.49] than in
Europeans (MAF: 0.23), and less common in Afro-Americans (MAF: 0.17) explaining a consistent fraction of the
inter-ethnic variability in NAFLD susceptibility[4,28].
Since then, several studies and a recent meta-analysis
have replicated the association between the I148M polymorphism and NAFLD in all ethnic groups, both in
adults and in the developmental age[28-41]. The association of the I148M variant with hepatic lipid content is
exposed in the presence of other risk factors, such as
severe obesity[32], visceral adiposity[42], increased intake of
sugars[43] or omega-6 poly-unsaturated fatty acids[44], and
other genetic factors[45,46]. Vice versa, weight loss results
in a rapid decrease of intra-hepatic fat and of indices of
liver damage in subjects homozygous for the 148M variant[47]. All in all, these data suggest that the 148M variant
becomes a critical factor determining hepatocellular fat
accumulation when stressing factors such as increased
flux of free fatty acids related to adipose tissue insulin
resistance in visceral obesity, increased lipogenesis stimulated by hyperinsulinemia and carbohydrates, or altered
lipid metabolism intervene.

acid protein with a molecular mass of approximately 53
kDa that in humans is mainly expressed in intracellular
membrane fractions in hepatocytes[48], and is induced in
the liver after feeding and during insulin resistance by the
master regulator of lipogenesis Steroid Regulatory Element Binding Protein-1c[49].
Wild-type (148I) PNPLA3 has lipolytic activity towards triglycerides[48,50]. The 148M mutation determines a
critical aminoacidic substitution next to the catalytic domain, likely reducing the access of substrates and reducing the PNPLA3 enzymatic activity towards glycerolipids,
thereby leading to the development of macrovescicular
steatosis[48,50]. However, other reported a gain of lipogenic function associated with the 148M variant, which
would acquire the ability to synthesize phosphatidic acid
from lysophosphatidic acid[51]. In addition, results deriving from murine models gave contradictory results[52-55].
The issue of the functional consequences of the I148M
polymorphism is therefore still intensively debated, and it
may be hypothesized that PNPLA3 has additional physiological substrates. Human studies have also suggested a
possible direct or indirect influence of PNPLA3 genotype on adipose tissue biology[56,57], which however awaits
replication.
A model depicting hypothetical mechanisms of
hepatic fat accumulation associated with the I148M
PNPLA3 polymorphism is shown in Figure 1.

ASSOCIATION OF PNPLA3 I148M
WITH PROGRESSIVE FIBROSIS IN
STEATOHEPATITIS

Function of wild-type and mutant
PNPLA3

Even if steatosis severity is a risk factor for NASH and
progressive disease in NAFLD[58], the association is not
invariable, and hepatocellular fat is believed to represent

PNPLA3, also called adiponutrin, encodes a 481 amino
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more a epiphenomenon of insulin resistance and altered
lipid metabolism than the key driver underpinning liver
damage progression. Indeed, accumulation of neutral
lipids in cytoplasmic droplets is now retained to represent
a protective response towards the increased burden of
hepatotoxic free fatty acids and other lipids[14]. Therefore,
the first question arising after the discovery of PNPLA3
genotype as the major determinant of hepatic fat content, was whether the I148M polymorphism decreased
liver damage favoring accumulation of fatty acids in lipid
droplets or conversely increased the susceptibility to develop progressive NASH and fibrogenesis.
The answer came soon, as the 148M allele was linked
with NASH[30], and our group first reported that homozygosity for the 148M allele was associated with an
3.3-fold increased risk of both NASH and liver fibrosis in two independent cohorts of European subjects
with histological NAFLD[31]. The association between
PNPLA3 I148M and the severity of fibrosis in NAFLD
was almost contemporarily replicated by independent
groups in adults[34,35] and in the pediatric population[59],
and confirmed by a recent meta-analysis[36].
ALD shares many pathophysiological features with
NAFLD[18], most notably steatohepatitis being the key
driver of fibrogenesis and liver damage progression.
Indeed, candidate gene studies demonstrated that the
I148M polymorphism is also strongly associated with
the risk of developing ALD and with the susceptibility
towards cirrhosis in alcohol abusers of different ethnic
groups[60-62]. In one study in German subjects, the I148M
polymorphism alone explained as much as 26% of cirrhosis variability in alcohol abusers[61]. Furthermore, the
earlier the age of the increase at risk alcohol intake the
stronger the effect of the PNPLA3 148M mutation has
on the cirrhosis susceptibility[63].

patients. The presence of steatosis has been associated
with more aggressive histological features, faster progression of fibrosis, and poorer response to therapy[65-68].
Hepatic steatosis favors hepatitis C virus (HCV) lifecycle[69], and both viral and host factors are believed to
contribute to its pathogenesis[67,70-73]. It became soon clear
that the I148M polymorphism is a major determinant of
the susceptibility to steatosis in also CHC, in particular
in patients not infected by genotype 3 strains that per se
strongly induces steatosis by altering very low density
lipoproteins export[74-77]. This model is also consistent
with the recent finding of a nonsense mutation of APOB
in humans causing hypo-beta-alipoproteinemia and a
massive history of severe steatosis associated with development of hepatocellular carcinoma in carriers of this
mutation[78].
Studies that specifically evaluated the association
between the I148M PNPLA3 variant and fibrosis progression in CHC are reported in Table 1. As in NAFLD
and ALD, the effect of the 148M mutation was not limited to predisposition to steatosis, but extended towards
progressive fibrosis and cirrhosis development[75-77,79].
Interestingly, the size effect of the association of the
I148M polymorphism with fibrosis appeared larger in
subjects with at risk alcohol intake (> 30 g/d in males/females)[76,80], suggesting the existence of an interaction between different triggering factors and PNPLA3 genotype
in fibrogenesis. Furthermore, genetic factors influencing
immunological response towards HCV, i.e., IL28B region
polymorphisms, may influence the association between
PNPLA3 and steatosis[81].
We could speculate that when steatosis inducing
stressors such as obesity and insulin resistance, excess
alcohol intake, and HCV infection stress the liver, in the
presence of the “normal” 148I PNPLA3 allele the damage will result in simple uncomplicated steatosis, whereas
the 148M “at risk” allele will favor steatohepatitis and
fibrogenesis, with progression towards cirrhosis and its
complication in susceptible individuals[82].
Finally, some studies indicate that during treatment
with peg-interferon plus ribavirin the I148M polymorphism may affect sustained virological response (i.e., cure
rate)[75] and viral kinetics[83], especially in difficult to cure
CHC patients with advanced fibrosis[79]. However, the
clinical impact of PNPLA3 on the response to therapy
will likely be modest in the new era of direct antiviral
agents[79].

PNPLA3 I148M AND CHRONIC HCV
HEPATITIS

Pnpla3 I148M in other liver
diseases

The next natural question was clearly whether PNPLA3
genotype represents a modifier of progression of other
liver diseases in which steatosis plays a key role in the
pathogenesis. Chronic hepatitis C virus (CHC), a leading cause of end stage liver disease and hepatocellular
carcinoma in many Western countries[64], is frequently
characterized by steatosis, occurring in more than half of

Having established that the I148M polymorphism is a
modifier of the natural history of liver diseases associated with steatosis, i.e., NAFLD, ALD and CHC, the possible role of I148M in determining the susceptibility to
steatohepatitis and progressive liver damage in other liver
diseases is becoming the subject of investigation.
As it affects more than 350 million people worldwide

Table 1 Studies evaluating the association between the 148
Isoleucine to Methionine protein variant of patatin-like phospholipase domain-containing 3 polymorphism and liver fibrosis
in patients affected by chronic hepatitis C virus infection, a
leading cause of liver related mortality in Western countries
Study

Design

Valenti et al[75] Cross-sectional
Müller et al[76] Cross-sectional
Trépo et al[77] Cross sectional
prospective

Patients

Outcome

819
605
537

Cirrhosis
Cirrhosis
Fibrosis stage
Fibrosis progression

WCG|www.wjgnet.com

OR 95%CI
1.5
2.8
3.1
2.6

1.2-1.9
1.2-6.2
1.5-6.5
1.2-5.7
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A

B
Hepatocyte
PNPLA3 148Met

Obesity
alcohol
HCV

Obesity
alcohol
HCV
Steatosis

HSC, KC
PNPLA3 148Met

Inflammation
oxidative stress
ballooning
HSC activation

KC
HSC activation

Fibrogenesis

Inflammation

Figure 2 Hypothetical mechanisms linking the 148 Isoleucine to Methionine protein variant of patatin-like phospholipase domain-containing 3 polymorphism with hepatic fibrogenesis in the presence of triggering factors for steatosis (Obesity and insulin resistance, excessive alcohol intake and chronic
hepatitis C virus infection). A: Direct effect of mutant 148 Isoleucine to Methionine protein variant patatin-like phospholipase domain-containing 3 (148M PNPLA3)
on inflammation, oxidative stress, and cellular damage (ballooning) in hepatocytes with secondary activation of non-parenchymal cells, including Kupffer cells (KC)
and hepatic stellate cells (HSC). Hepatocytes are shown in brown, KC in light green, neutrophils in dark green, HSC in blue. Nuclei are shown in darker shades of the
cell color, whereas lipid droplets and steatosis in yellow, and ballooning (endoplasmic reticulum swelling) in white; B: Direct effect of the mutant 148M PNPLA3 on the activation
of non-parenchymal cells. Mutant PNPLA3 (148Met) is shown as a red box.

and is a leading causes of liver-related mortality[84], chronic hepatitis B virus (CHB) infection represented the next
disease in which the role of PNPLA3 genotype had to be
understood. Steatosis is indeed commonly observed also
in CHB, and overall evidence suggests that it contributes
to fibrosis progression[85-88]. Recent data from our group
obtained in a relatively large cohort of European CHB
patients with histological evaluation of liver damage indicate that the 148M variant predisposes to steatosis[89]. In
patients with overweight or a positive history of alcohol
intake, the I148M polymorphism predisposes also to
severe steatosis, which in this population was associated
with more severe fibrosis[89]. Additional studies will be required to test the interaction between the I148M genetic
variant and acquired risk factors in the pathogenesis of
progressive fibrosis and on related clinical outcomes also
in CHB infection.
Hereditary hemochromatosis represents another
interesting disease model. In fact, in a homogeneous genetic background in subjects homozygous for the C282Y
mutation of the HFE gene, activation of fibrogenesis
is caused by progressive hepatocellular iron overload
via generation of oxidative stress[90,91] in the presence of
precipitating factors, among which steatosis has a major
role[92]. In a large series of Italian HFE C282Y homozygous patients with hemochromatosis, we showed that the
I148M polymorphism is a strong predictor of the presence of steatosis and higher liver enzymes levels, and it is

WCG|www.wjgnet.com

also associated with the severity of fibrosis[93]. A possible
interaction with other genetic forms of liver disease (i.e.,
Wilson disease) may also be hypothesized and studies on
this topic would help understanding the whole picture of
PNPLA3 gene interaction with liver stressors.
Finally, it has been reported that in primary sclerosing
cholangitis, an autoimmune cholestatic liver disease characterized by inflammatory changes of major bile ducts,
the 148M PNPLA3 variant is associated with increased
mortality[94]. The effect of PNPLA3 genotype was evident in the subgroup of patients with severe disease, i.e.,
males with stenosis of the main duct, but unfortunately
it could not be determined whether the association was
mediated by steatosis and faster progression of fibrosis.
Although much work has clearly yet to be done in
these and many other forms of liver damage, collectively
these initial studies suggest that PNPLA3 I148M is a
promising candidate general modifier of fibrogenesis in
liver diseases.

ROLE OF PNPLA3 IN FIBROGENESIS
Intriguingly, the association between the I148M polymorphism and NASH appears to be independent of the
severity of steatosis[31], thus suggesting that this genetic
variant not only influences the overall amount of hepatocellular fat, but by impacting on the concentration or
subcellular localization of specific lipid species directly
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modulates inflammation. It should not be forgotten that
several lipids behave as inflammatory mediators acting
through specific receptors[9]. Alternatively, if the 148M
mutation slows down triglycerides kinetics between cell
compartments, it could be speculated that renders them
more susceptible to lipoperoxidation, leading to oxidative stress, and in turn to hepatocellular damage and
inflammation[9]. These hypothetical mechanisms linking
the PNPLA3 148M mutation with hepatic fibrogenesis
are shown in Figure 2. In the aforementioned scenario,
shown in panel A, hepatocellular damage and the release
of inflammatory mediators would lead to secondary
activation of Kupffer cells amplifying the inflammatory
cascade and cell death, and of hepatic stellate cells with
initiation of fibrogenesis.
Even more striking is though the observation that patients the I148M polymorphism is associated in NAFLD
with advanced fibrosis independently of NASH[31], and
in CHC with cirrhosis independently of steatosis, ALT
levels, and hepatic necroinflammatory activity[75]. It could
therefore be envisioned that the 148M mutation also
directly influences the activation of non-parenchymal hepatic cells in response to hepatotoxic insults, as shown in
Figure 2B. This hypothesis needs to be addressed and the
potential mechanisms investigated by experimental studies.
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PNPLA3 I148M AND HEPATOCELLULAR
CARCINOMA

9

Last but not least, evidence is also accumulating that the
I148M polymorphism predisposes to hepatocellular carcinoma, a common complication of cirrhosis and the fifth
cause of cancer worldwide, with a clinically significant
increment in risk, thereby representing a potentially useful biomarker[75,95-97]. We have recently reviewed elsewhere
the clinical studies supporting such an association and
the potential mechanisms involved[3]. To summarize, data
indicate that the 148M PNPLA3 mutation favors hepatic
carcinogenesis in steatohepatitis as well as in other liver
diseases, and the mechanism is partly independent of the
predisposition towards fibrogenesis and cirrhosis.

10

11
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CONCLUSION
In conclusion, PNPLA3 is a novel key player in liver
disease progression. Assessment of the I148M polymorphism will possibly inform clinical practice in the future,
whereas the determination of the physiological role of
wild-type PNPLA3 and the 148M variant will reveal
mechanisms involved in hepatic fibrogenesis and carcinogenesis and hopefully identify novel therapeutic targets.
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ize, optimize, and enrich the effective production of
cholangiocyte-like cells out of LSPCs. At the end, the
potential regulating mechanisms for generation of
cholangiocytes by LSPCs were carefully analyzed. The
differentiation of LSPCs is a gradually progressing
process, which consists of three main steps: initiation,
progression and accomplishment. It’s the unbalanced
distribution of affecting materials in each step decides
the cell fates of LSPCs.

Abstract

Core tip: After liver stem/progenitor cells (LSPCs) are
isolated by different groups from both fetal and adult
livers, it is urgent to decide the cell fates of LSPCs.
Especially, it is found that the core issue for LSPCs application lies in their accurate differentiation. Because
there are lots of literatures concentrating on self-renewal and hepatic differentiation of LSPCs, in this review,
we mainly summarize the molecular mechanisms for
controlling other cell fates of LSPCs, especially differentiation into cholangiocytes. For biliary differentiation,
we propose that it is a gradually progressing process
consisting of three main steps: initiation, progression
and accomplishment.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Liver stem/progenitor cells; Cholangiocytes;
Biliary differentiation; Unbalanced distribution of materials; Cell therapy

Except for the most organized mature hepatocytes,
liver stem/progenitor cells (LSPCs) can differentiate
into many other types of cells in the liver including
cholangiocytes. In addition, LSPCs are demonstrated
to be able to give birth to other kinds of extra-hepatic
cell types such as insulin-producing cells. Even more,
under some bad conditions, these LSPCs could generate liver cancer stem like cells (LCSCs) through
malignant transformation. In this review, we mainly
concentrate on the molecular mechanisms for controlling cell fates of LSPCs, especially differentiation
of cholangiocytes, insulin-producing cells and LCSCs.
First of all, to certificate the cell fates of LSPCs, the
following three features need to be taken into account
to perform accurate phenotyping: (1) morphological
properties; (2) specific markers; and (3) functional assessment including in vivo transplantation. Secondly,
to promote LSPCs differentiation, systematical attention should be paid to inductive materials (such as
growth factors and chemical stimulators), progressive
materials including intracellular and extracellular signaling pathways, and implementary materials (such
as liver enriched transcriptive factors). Accordingly,
some recommendations were proposed to standard-
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Liver stem/progenitor cells (LSPCs) possess high pro3044
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Figure 1 The different cell fates of liver stem/
progenitor cells under distinct situations.
Under special stem microenviroment, LSPCs
would probably self renew to keep stem properties. In the contrary, under differentiating stimuli,
LSPCs could give birth to two kinds of fundermental mature cells in the liver, hepatocytes and
cholangiocytes. This is very important for liver
development and liver regeneration. Except for
the traditional differentiation directions, LSPCs
have the capacity to trans-differentiate into
insulin producing cells, which is promising for
treating diabetes. While in some bad situations,
LSPCs may carry out malignant transformation
to become liver cancer cells, even liver cancer
stem cells, as a result, these cancer cells replicate themselves to cause liver cancer. This is a
different way from mutation of hepatocytes for
liver carcinogenesis. LSPC: Liver stem/progenitor cell.
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liferative capacity and low immunogenicity and are robust in the face of cryopreservation or ischemic injury:
properties that could enhance their engraftment within
a recipient liver. Because of this, these LSPCs are very
promising for the treatment of end-stage liver disease[1].
A series of animal models transplanted with LSPCs have
been established, and several clinical trials have been reported. In one animal model, transplanted rat embryonic
day (ED) 14 fetal liver stem/progenitor cells (FLSPCs)
differentiated into the two mature epithelial cell phenotypes in the liver, i.e., hepatocytes and cholangiocytes, and
long-term, in vivo functional reconstitution of the liver
tissue was achieved (Figure 1)[2,3]. The important recent
progress is the use of human FLSPCs engrafted into
naturally derived scaffolds to create a liver-like tissue in
vitro[4]. However promising LSPCs are for cell therapy or
tissue engineering, the fundamental purpose lies in generating mature, functional cells[5,6].
LSPCs constitute approximately 0.5%-2.5% of liver
parenchyma at all donor ages. The self-renewal capacity
of LSPCs is demonstrated by their phenotypic stability after expansion for > 150 population doublings in a
serum-free, defined medium, with a doubling time of
approximately 36 h[7]. In fetal liver, LSPCs are commonly
called hepatoblasts[2,3]. In some studies, some groups have
used other terms than hepatoblasts to represent the cell
populations with stem properties in fetal liver, such as
embryonic hepatic stem cells or fetal liver stem-like epithelia. Thus, it would be more appropriate to denote these
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cells as the “FLSPCs”, and we will adopt this description
in this review. In adult liver, LSPCs are generally referred
to as oval cells (OCs), with scant, lightly basophilic
cytoplasm and pale blue-staining nuclei[8]. The appearance of OCs has been reported in rat livers treated with
hepatotoxins, such as 2-acetylaminofluorene, combined
with partial hepatectomy (PHx) and D-galactosamine[9,10].
However, in addition to OCs, small hepatocytes (SHs) are
also well known in adult liver, and they are better suited
to the appellation “progenitor” cells. As it is not an easy
task to distinguish stem cells from progenitors because of
the difficulty of proving the unlimited self-renewal activity of stem cells in many situations, we use the term “adult
liver stem/progenitor cells (ALSPCs)” to describe such
cells, including both OCs and SHs in this review article.
In the field of liver biology, the definitions of “LSPCs”
include the following: (1) cells responsible for normal tissue turnover; (2) cells that regenerate liver after PHx; (3)
cells responsible for progenitor-dependent regeneration;
(4) transplantable liver repopulating cells; and (5) cells
that adopt hepatocyte and bile duct phenotypes in vitro.
Currently, researchers are working hard to characterize, localize and isolate LSPCs, though this has been difficult because of the lack of specific markers[11]. To avoid
the restriction of lacking specific markers, Liu et al[12,13]
have tried other strategies for isolating LSPCs. Based on
the concept that stem cells have specific physical and
morphological properties, Liu et al[12] isolated FLSPCs
by a percoll continuous gradient centrifugation-centered
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Figure 2 The molecular mechanisms in each step of biliary differentiation of liver stem/progenitor cells. The biliary differentiation of LSPCs can be divided into
three main stages comprising of initiation, progression and maturation. Some important jacent or feeder cells and specific molecules are proposed to be responsible
for initiating the first stage of biliary differentiation. When the biliary differentiation goes on, several key signaling pathways including Notch and TGFβ have essential
impacts on guarantee of the second stage. After some transcription factors activated, the third stage of biliary differentiation could be accomplished and LSPCs could
be matured into cholangiocytes. LSPCs: Liver stem/progenitor cells; TGFβ: Transforming growth factor β.

three-step method. Because stem cells have specific functional characteristics, such as excluding biological vital
dyes such as Hoechst 33342, Liu et al[13] obtained ALSPCs
by side population (SP) enrichment. Although many
groups have isolated LSPCs using various strategies,
LSPCs for disease application remain far off. The core
issue is how to manipulate LSPC differentiation, which is
essential for both cell therapy and liver regeneration[14,15].
Thus, to guarantee the efficiency and security of LSPCbased therapy for liver diseases, it is important to clarify
the strategies and related mechanisms for proper differentiation of LSPCs.
In recent years, many studies have shed light on the
tangle of regulatory mechanisms that govern the complex process of LSPC differentiation, but an overall
understanding remains a challenge. Here, we review the
current understanding of the exact mechanisms related
to the differentiation of LSPCs, especially toward cholangiocytic differentiation. We divided the process of LSPC
differentiation into three stages (Figure 2). The first stage
is the onset of differentiation, when LSPCs are induced
to mature into certain cell types. In this stage, the lineagespecific cytokines/growth factors (GFs), their (relative)
doses and order of application are crucial for directing
the lineage specification of the LSPCs[16]. The second
stage is the acceleration of differentiation, when LSPCs
are quickly progressing through the process. Many developmental regulatory signaling pathways, including the
Wnt, Notch, bone morphogenetic protein and fibroblast
growth factor pathways, may play a role in directing the
cell fates of LSPCs[17]. The third stage is to guarantee the
accomplishment of differentiation. In this stage, transcription factors are vital to make cells express lineagespecific markers[5].
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IDENTIFICATION OF CHOLANGIOCYTES
GENERATED FROM LSPCs
LSPCs can differentiate into a wide range of cell types,
including hepatocytes, cholangiocytes, pancreatic cells
and intestinal epithelial cells (Figure 1)[18]. However, in
this review, we focus on cholangiocytic specification from
LSPCs. To ascertain the cell fates of LSPCs, the following three features inherent to LSPC transitions must
be taken into account for accurate phenotyping: (1) the
differentiation of LSPCs toward a specific lineage often
involves uncontrolled processes, resulting in a heterogeneous cell population; (2) the differentiation into mature
cells is a steady process; and (3) the ultimate proof of
functional cell behavior is in vivo transplantation of ex vivo
generated LSPC-based mature cells into immunodeficient
animal models with liver injury[19,20].
As LSPCs differentiate into cholangiocytes, the cells
grow in size to > 12 μm and display a keystone morphology with cholangiocyte-type epithelial polarity. These cells
are concentrically layered to form a cyclic structure or arranged in lines to form ductal plates. Under the electron
microscope, these cells acquired the classic cholangiocyte
features of small numbers of organelles and many primary cilia on their surface.
Aside from morphological identification, the analytical work is limited to the elucidation of (1) cholangiocytic
RNA transcripts via (quantitative) reverse transcriptase
polymerase chain reaction and (2) cholangiocytic proteins
by immunofluorescence. During the process of LSPC
differentiation into cholangiocytes, cells transition from
the expression of early biliary markers (such as Sox9,
which is a representative transcriptional factor expressed
in biliary precursor cells), to the expression of mid-stage
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biliary markers (such as the cytokine CK19 and E-cadherin), and then mature biliary markers (such as CK7)[21].
In addition, gamma-glutamyl transpeptidase (GGT),
a major enzyme of glutathione homeostasis, is often
used as a biliary marker to follow the differentiation of
LSPCs[22]. Furthermore, multidrug resistance-associated
protein 3[23] and secretin receptors[24] are also found to be
expressed in cholangiocytes.
Although the induced differentiation of cholangiocytes has been performed, the functional examination
of LSPC-derived cholangiocytes is very scarce. Thus,
the in vivo identification of induced cholangiocytes is essential, and to some extent it can be considered the “gold
standard” of certifying the cell fates of LSPCs[25]. LSPCderived cholangiocytes in vivo should be able to replace
injured cholangiocytes or lost bile duct cells.

MOLECULAR MECHANISMS OF
CHOLANGIOCYTIC DIFFERENTIATION
FROM LSPCs
The process of intrahepatic bile duct (IHBD) formation from LSPCs involves cholangiocyte differentiation
(lineage specification) and morphogenesis of ductal
structures[21]. Understanding how LSPCs can generate
differentiated bile ducts is crucial for studies on epithelial
morphogenesis and for development of cell therapies for
hepatobiliary diseases. Many groups[35-37] have demonstrated that, during in vivo liver development and in vitro
differentiation, LSPCs located around the portal vein
first develop as biliary precursor cells and then generate
cholangiocytes. Nevertheless, the molecular mechanisms
behind these events have yet to be fully elucidated. It is
shown that Wnt and Notch signaling are active in the
adult human liver to drive proliferation and differentiation of LSPCs into the hepatocyte or cholangiocyte lineages[38]. The Notch pathway is triggered by expression
of the Notch ligand Jagged1 by myofibroblasts, thereby
promoting biliary differentiation of LSPCs, and the enhancement of Wnt3a expression in macrophages after
uptake of hepatocyte debris and paracrine activation of
Wnt signaling in neighboring LSPCs specifies hepatocytic differentiation[39,40]. The opposing roles of Wnt and
Notch signals in cholangiocyte fate determination in the
LSPCs are described below. The molecules responsible
for differentiation of LSPCs into cholangiocytes are also
discussed in this section (Figure 2).

STRATEGIES FOR CHOLANGIOCYTIC
DIFFERENTIATION OF LSPCs
The components of the stem-cell microenvironment
regulating differentiation include distinct cell-cell interactions and paracrine signals, which comprise both soluble
and extracellular matrix factors, as well as the threedimensional architecture, which shapes and dictates the
delivery of these cues. It is reported that mature stellate
cells and/or myofibroblasts resulted in differentiation of
LSPCs into cholangiocytes[26]. These feeder cells control
the cell fates of LSPCs through either paracrine signaling
pathways or cell-cell interaction[27-30]. Thus, if the paracrine signals produced by the feeders are replaced with
similar components, the same induced differentiation of
LSPCs could be achieved. There are feeder-free conditions that yield equivalent results, consisting of the embedding of LSPCs into hydrogels containing type I collagen (60%) and Matrigel (40%) with modified Kubota's
medium for cholangiocytes. It is also demonstrated that
the murine FLSPC cell line, hepatoblast cell line-3, can be
induced to differentiate toward cholangiocyte by plating
in Matrigel[31]. Furthermore, Matrigel-coated films are also
widely used for manipulating LSPCs. Although PLL-terminal t-(poly-l-lysine/poly-l-glutamic acid) (PLL/PLGA)
films are less favorable for stem cell cultures than PLGAterminal t-(PLL/PLGA) films, the cell fates of LSPCs are
correlated with the film thickness on both types of film,
with differentiation favored on the thinner films[32].
Recent evidence has shown that expression of miRNAs can regulate the divergent differentiation pathways
of stem cells[33]. Therefore, Liu et al[13] reasoned that
miRNAs could be responsible for regulating cell fate
decisions in LSPCs by regulating the cells’ responses to
ubiquitous GFs. It was found that the miR-23b cluster,
including miR-23b, miR-27b, and miR-24-1 and miR-10a,
miR-26a and miR-30a, was highly expressed in LSPCs[34].
MiR-23b cluster repressed bile duct gene expression in
LSPCs while promoting their growth; low levels of the
miR-23b miRNAs were needed in cholangiocytic differentiation and bile duct formation[34].
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INITIATION OF CHOLANGIOCYTIC
DIFFERENTIATION
When the LSPCs are cultured in Matrigel, they are likely
to differentiate into cholangiocytes. Recently, the key
stimulator has been found. Epimorphin/syntaxin 2
(EPM) is a highly conserved and very abundant protein
involved in epithelial morphogenesis in various epithelial
organs[41], and in the liver, it is exclusively expressed on
the surface of hepatic stellate cells and myofibroblasts[42].
Biliary differentiation markers elevated by EPM include
Yp, Cx43, aquaporin-1, CK19 and GGT[41]. Moreover,
the signaling pathway of EPM was analyzed by focal
adhesion kinase (FAK), extracellular regulated kinase
1/2 (ERK1/2) and RhoA. Most importantly, RhoA was
found to be necessary for EPM-induced activation of
FAK and ERK1/2 and bile duct formation. In addition,
EPM regulated GGT Ⅳ and GGT Ⅴ expression differentially, and this was possibly mediated by C/EBPβ.
Taken together, these data demonstrated that EPM regulates biliary differentiation of LSPCs through effects on
RhoA and C/EBPβ, implicating a dual aspect of this
morphoregulator in bile duct epithelial morphogenesis.
In another study, it was reported that EPM selectively induced bile duct formation through upregulation of CK19
expression and suppression of hepatocyte nuclear factor
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(HNF) 3α and HNF6[43]. These results demonstrate a
new biophysical action of EPM in bile duct formation,
during which the determination of LSPCs play a crucial
role. MiRNAs could also initiate biliary differentiation of
LSPCs. In the previous section, we described the requirement for miR-23b miRNAs in growing hepatocytes to
repress bile duct genes and repress tumor growth factor
(TGF) β signaling. There has also been another report
providing evidence that miR-30 family miRNAs were
required for complete bile duct formation to repress hepatocyte genes[44].

vitro differentiation assays showed that Wnt5a-mediated
signaling in FLSPCs suppresses biliary differentiation
through the activation of phosphorylated Calcium/
calmodulin-dependent protein kinase Ⅱ[60]. Similarly, in
the absence of Wnt1 signaling, LSPCs failed to differentiate into hepatocytes and underwent atypical ductular
hyperplasia, exhibiting epithelial metaplasia and mucin
production[61,62]. Furthermore, the inhibition of β-catenin,
a core component of canonical Wnt signaling, prevents
LSPCs from expressing biliary markers[63].
In brief, Notch signaling promotes LSPCs differentiation into the biliary epithelial lineage and concurrently
inhibits hepatic differentiation by reducing the expression
of hepatic genes. In contrast, Wnt signaling is more likely
to aid in promoting hepatic differentiation and repressing
biliary differentiation. The unbalanced activation of Wnt
and Notch signaling pathways influences the cell fates of
LSPCs.

PROGRESSION OF CHOLANGIOCYTIC
DIFFERENTIATION
Bile ducts are formed only around the portal side, suggesting that region-specific signals induce cholangiocytes
from LSPCs. Two signaling pathways, TGFβ/Activin[21,45]
and Notch[46,47], are specifically activated in LSPCs near
the portal vein. Although differentiation of LSPCs to
cholangiocytes by TGFβ and Notch signaling occurs in
mid-gestation, surprisingly, LSPCs can be induced to
differentiate into cholangiocytes and form ectopic duct
structures in the parenchyma upon Notch activation after
birth[48]. That is, the Notch pathway plays an essential role
in the morphogenesis of bile duct structures[49]. Indeed,
conditional knockout of Recombination signal binding
protein Jκ, an essential downstream signal component of
the Notch receptor, results in a reduced number of cholangiocytes at ED 16.5, confirming a role for this signaling
pathway in cholangiocyte cell fate specification[48]. In general, Notch signaling is likely to play the most important
role in controlling biliary differentiation of LSPCs.
A study using an in vitro culture of FLSPCs has shown
that activation of the Notch signaling pathway promotes
LSPC differentiation into the cholangiocyte lineage by
coordinating a network of LETFs including HNF1α/β,
HNF4α and C/EBPα[46]. Among multiple Notch signaling components, Notch1, Notch2 and Jagged1, Hes1 are
widely accepted as essential for promoting bile duct differentiation[49-51], while Notch3 and Jagged2 play key roles
in hepatic differentiation[52]. Lacking Hes1, a target of the
Notch signaling, ductal plate formation occurs normally,
but the subsequent remodeling and tubular structure formation is completely blocked[53]. In humans, mutations in
Jagged1, a ligand for the Notch receptors, are associated
with Alagille syndrome, an autosomal dominant disorder
characterized by multiple developmental defects including
neonatal cholestasis caused by a paucity of IHBD[54-56].
In addition, another form of Alagille syndrome has been
found to be caused by mutations in the Notch2 gene[57].
TGFβ is necessary for the formation of bile ducts[58].
The inhibition of TGFβ signaling allows LSPCs to undergo normal hepatocyte differentiation[45]. Wnt signaling
is also involved in regulating biliary epithelial cell fate.
The addition of Wnt3a in ex vivo culture experiments supports biliary epithelial cell differentiation of FLSPCs[59].
However, as to Wnt5a, a non-canonical Wnt ligand, in
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ACCOMPLISHMENT OF
CHOLANGIOCYTIC DIFFERENTIATION
With regard to the molecular mechanisms involved in
cholangiocytic differentiation, several transcription factors
have been implicated, including Sal-like 4 (Sall4), T-box
transcription factor 3 (Tbx3), the Onecut transcription
factor HNF6 and HNF1β, HES1, FOXA2, FOXA3,
forkhead Box (Fox) m1β (Foxm1β), and Hex[36,37,64-68].
Sall4 is expressed in LSPCs but not in mature liver cells.
The expression level of Sall4 gradually falls during liver
development. Sall4 has been shown to play a role in
regulating the lineage commitment of LSPCs by inhibiting their differentiation into hepatocytes while driving
differentiation toward cholangiocytes[36]. When bile ductlike structures were induced by collagen gel-embedded
culture conditions, overexpression of Sall4 markedly
augmented the size and number of CK19+ branching
structures. These results suggest that Sall4 plays a crucial
role in controlling the lineage commitment of LSPCs not
only by inhibiting their differentiation into hepatocytes
but also by driving their differentiation toward cholangiocytes[36]. Tbx3 also contributes to the hepato-biliary lineage decision[37,69]. Tbx3 functions to maintain expression
of the hepatocyte transcription factors HNF4α and C/
EBPα while suppressing expression of the cholangiocyte
transcription factors HNF6 and HNF1β[69]. In addition,
as a direct and critical target of HNF6, HNF1β shows a
decisive effect in bile duct development[65].

DIFFERENTIATION OF LSPCs INTO
INSULIN-POSITIVE CELLS
Although organ-specific stem cells possess plasticity that
permits differentiation along new lineages, production of
endocrine pancreas and insulin-secreting beta cells from
stem cells has not been fully demonstrated. The liver and
pancreas share a common developmental origin, and a
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bipotential precursor cell population for these organs has
been identified within the embryonic endoderm[70]. Consistent with these facts, many studies have demonstrated
that LSPCs can be converted to insulin-producing cells
by stable expression of pancreatic duodenal homeobox
1 (Pdx1) or its super-active form (Pdx1-VP16) or to
functional pancreatic beta-cell-like cells, and/or islet-like
cell clusters containing other pancreatic lineages under
certain other conditions[71-74]. The most common condition under which LSPCs are induced to differentiate
into insulin-producing cells is a high-glucose environment[75]. In addition, there are studies indicating an efficient chemical protocol for differentiating LSPCs into
functional insulin-producing cells using small molecules,
and they represent a promising LSPC-based treatment
for diabetes mellitus. When ALSPCs were incubated
with a combination of 5 mmol/L sodium butyrate and
1 nmol/L betacellulin, most of the cells were converted
into morphologically beta cell-like cells. An immunoreactive pancreatic polypeptide, somatostatin, and insulin
were detected in sodium butyrate and betacellulin-treated
ALSPCs[72]. Based on induction by a combination of
5-aza-2’-deoxycytidine, trichostatin A, retinoic acid and a
mix of insulin, transferrin and selenite, LSPCs could also
trans-differentiate into beta-like cells[76]. Furthermore,
transduction of pancreatic transcription factors, such as
Pdx1, Neurogenin3, NeuroD and MafA, can induce the
formation of ectopic islet-like cells and the production
of insulin in ALSPCs[77,78]. Stepwise differentiation from
LSPCs into functional insulin-secreting cells will identify
key steps in beta-cell development and may yet prove
useful for transplantation therapy for diabetic patients[79].

generate liver cancer after transplantation into immunoinsufficient mice. In addition to gene manipulation, dysregulated miRNAs may also initiate malignant transformation.
To find the possible target miRNAs, Liu et al[13] compared
the miRNA profiles between LSPCs and LCSCs. As a
result, Liu et al[13] found 78 miRNAs were dysregulated,
including miR-200a (the most down-regulated miRNA in
LCSCs) and miR-181 (the most greatly upregulated miRNA in LCSCs)[13]. After inhibition of miR-200a in LSPCs,
Liu et al[13] found that cells displayed malignant properties
such as unlimited proliferation and strong metastasis. A
novel regulatory link between miR-181 and LCSCs was
proven by a study from another group[88]. They found
that miR-181 could induce LSPCs’ malignant transformation by directly targeting hepatic transcriptional regulators
of differentiation (for example, caudal type homeobox
transcription factor 2 and GATA binding protein 6) and
an inhibitor of Wnt/beta-catenin signaling (nemo-like
kinase).

CONCLUSIONS AND FUTURE
DIRECTIONS
Despite uncertainty surrounding the mechanism underlying the role of LSPCs in liver regeneration[89], there
is great hope for the use of these cells in liver-based
therapies[90]. First, LSPCs can be used for the treatment
of inherited end-stage liver disease. Second, they can
also serve as a source of cells for cell transplantation in
acquired liver diseases such as acute failure due to toxic
or viral injury. Third, because LSPCs can be expanded
in vitro to a desired extent, they can be used to populate
liver assist devices or artificial livers based on bioengineered matrices. Lastly, they can be used as targets for
gene therapies in primary liver diseases or diseases where
extra-hepatic manifestations arise from abnormal gene
expression or defective protein production in the liver.
Considering the strong proliferative potential and amenability for in vitro manipulation, LSPCs may be attractive
candidates for liver disease treatment. In addition, LSPCs
may be useful for cell therapy to treat diabetic patients,
given their potential to be effectively reprogrammed
toward pancreatic lineages[91]. Furthermore, the development of such protocols would reduce the likelihood of
malignant transformation upon transplantation.
Although LSPCs are promising for the future use in
many fields, the accurate control of cell fates of LSPCs is
far from accomplishment. Thus, it is necessary to clear the
mechanisms for LSPCs differentiation and build standardisation of the production of functional cholangiocytes
from LSPCs. Here, we want to list several directions that
may help to guide future research of LSPCs differentiation: (1) The knowledge of biliary development and liver
regeneration can best provide detailed information for
in vitro cholangiocytic differention of LSPCs. It is a good
choice to thoroughly investigate the molecular basis of
biliary development during the period from fetal liver
to adult liver; (2) LSPCs react differently to stimulative

MALIGNANT TRANSFORMATION OF
LSPCs INTO LIVER CANCER STEM LIKE
CELLS
Stem cells have potential for therapy of liver diseases, but
they may also be involved in the formation of cancer[80].
At present, it is widely accepted that cancer arises from
the malignant transformation of stem cells[81,82] because
these are the only cells that persist sufficiently long to
acquire the required number of genetic changes. Specifically, LSPCs are hypothesized to be the precursors for a
subset of liver cancer[83,84]. Presently, accumulating evidence supports the above notion as follows[85]: (1) similar
signaling pathways may regulate self-renewal in LSPCs
and liver cancer cells; and (2) liver cancer contains rare
cells with stem cell-like properties, which may derive from
malignant transformation of LSPCs. Herein, we propose
that liver cancer stem like cells (LCSCs) might arise from
LSPCs it would facilitate our understanding of stemcell origin of liver cancer. It has been demonstrated that
deletion of p53 from LSPCs is sufficient to induce tumor
formation[86]. Recently, through loss expression of Tg737,
You et al[87] successfully induced FLSPCs to malignantly
transform into LCSCs. These LCSCs from LSPCs could
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materials at different stages. The dosage, timing, and combinations of materials should thus be fine-tuned according to the differentiated stage LSPCs located. Hence, it is
important to figure out what state LSPCs are presented; (3)
The molecular mechanism in each step of cholangiocytic
differentiation from LSPCs is essential for cell-based
therapies. Both positive and negative factors responsible
for the initiation, progression and maturation of cholangiocytic differentiation should be specially considered;
and (4) Although we divide the process of cholangiocytic
differentiation into three stages, it is actually a continuous
evolving process. That is to say, it should be kept in mind
that many key factors may not only take effect in some
stage of cholangiocytic differentiation from LSPCs.
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PROGRESS IN LIVER DISEASES

Rare cystic liver lesions: A diagnostic and managing
challenge
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liver lesions must be carefully evaluated by a multidisciplinary team, in order to receive the most appropriate
treatment, since many cystic liver lesions have a malignant potential and evolution.
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Core tip: This paper reviews diagnosis differential diagnosis and management of rare cystic liver lesions
which should be considered when a cystic hepatic
lesion is identified. A diagnostic and therapeutic algorithm is provided. Patients with cystic liver lesions must
be carefully evaluated by a multidisciplinary team, in
order to receive the most appropriate treatment, since
many cystic liver lesions have a malignant potential
and evolution.

Abstract
Cystic formations within the liver are a frequent finding among populations. Besides the common cystic lesions, like simple liver cysts, rare cystic liver lesions like
cystadenocarcinoma should also be considered in the
differential diagnosis. Thorough knowledge of each entity’s nature and course are key elements to successful
treatment. Detailed search in PubMed, Cochrane Database, and international published literature regarding
rare cystic liver lesions was carried out. In our research
are included not only primary rare lesions like cystadenoma, hydatid cyst, and polycystic liver disease, but
also secondary ones like metastasis from gastrointestinal stromal tumors lesions. Up-to date knowledge regarding diagnosis and management of rare cystic liver
lesions is provided. A diagnostic and therapeutic algorithm is also proposed. The need for a multidisciplinary
approach by a team including radiologists and surgeons
familiar with liver cystic entities, diagnostic tools, and
treatment modalities is stressed. Patients with cystic
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INTRODUCTION
Cystic lesions within the liver have been reported to occur in up to 5% of the population[1]. Most of them are
common and benign, but the possibility of a rarer cystic
liver lesion, such as hepatobiliary cystadenoma (HC) or
hepatobiliary cystadenocarcinoma (HCa), should not be
overlooked. They can present with general or specific
symptoms depending of the nature of the lesion, or they
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can be silent and discovered accidentally[2]. In fact, most
are found incidentally on imaging studies and tend to
have a benign course, but a minority may cause symptoms, and rarely may be associated with serious morbidity
and mortality[2]. The aim of our review is to focus upon
the diagnostic and therapeutic algorithm of rare cystic
lesions, including cystadenomas/cystadenocarcinomas,
hydatid disease, polycystic liver disease, and metastatic
neoplasms from the view of surgeons specialized in
hepatobiliary surgery.

should be suspected of having a neoplastic cyst until
proven otherwise[12].
HC and HCa should be differentiated from benign
cystic hepatic lesions, including simple hepatic cyst, hepatic abscess, and echinococcal (hydatid) cyst. Simple
hepatic cysts usually lack septa. Though hepatic abscesses
and echinococcal cysts may appear similar to cystadenocarcinoma on diagnostic imaging, both infectious diseases
are easily diagnosed through clinical and laboratory findings. Improvements in imaging techniques have helped to
identify HC and HCa.
Ultrasound is an excellent modality that may delineate a simple cyst from other cystic lesions. Additionally,
needle aspirates can be performed under ultrasound
guidance. Simple cysts appear as anechoic unilocular
fluid-filled space with imperceptible walls and posterior
acoustic enhancement. A simple cyst is defined as a welldemarcated water attenuation lesion that does not enhance after the administration of intravenous contrast[2,4].
Contrast enhanced ultrasound (CEUS) is useful in
assessing the vascularity of a mural nodule and making
a distinction between a mural or septal nodule and intracystic debris[13]. In conventional ultrasound cystic lesions
with solid components (septa, wall, mural nodule), this
represents a wide range of rare entities like HC and HCa,
as well as more common entities like simple liver cysts
(after bleeding or with cell detritus), liver abscesses, or necrotic liver tumors[13]. CEUS can be informative regarding
the vascularity of solid parts of a cystic lesion. Simple
cysts, which are unclear in conventional ultrasound, might
be identified in CEUS[13]. A cystic liver lesion without
vascularization is most probably benign. CEUS is helpful
in evaluating nodule vascularity and facilitates the final
diagnosis[13].
On conventional ultrasound, a HC typically appears
hypoechoic, with thickened irregular walls and occasional
internal echoes. Xu et al[13], Lin et al[14], and Anderson
et al[15] describe it as a well-defined unilocular, or more
typically multilocular, cystic mass with mural or septal
nodules in rare cases. On CEUS, a HC presents with
septa enhancement during the arterial phase and hypoenhancement during the portal and late phases [13,14].
Cystadenocarcinoma, on the other hand, appears as a
multilocular cystic mass with mural or septal nodules with
thick and coarse calcifications on the septa on conventional ultrasound, while appearing on CEUS with septa
enhancement during the arterial phase, mural or septal
nodules enhancement and hypo-enhancement during
the portal or late phase[13,14]. Xu et al[13] reported that on
CEUS there is no significant difference between cystadenoma and cystadenocarcinoma regarding enhancement
pattern and extent. Simple cysts, unlike HC, are virtually
never septated[2,4]. Ultrasonography (US) is a very useful
initial investigation in these patients as it demonstrates
cystic lesions with thin internal septations, debris, projections, or mural nodes, and it can in most cases accurately
distinguish simple from neoplastic cysts (Figure 1A).
Differential diagnosis between HC and HCa is dif-

CYSTADENOMA AND
CYSTADENOCARCINOMA
It is estimated that cystic neoplasms constitute approximately 5% of liver cysts, among which the malignancy is
about 5%[2,3]. The overall incidence among hepatic malignant tumors is lower than 0.41%[2,3]. About 200 cases of
HC, and a little more than half as many HCa, have been
reported in the literature[4].
More than 85% of HC are reported in women, and
typically in middle-aged persons in the fifth decade of
life. HC is an unusual cystic lesion accounting for less
than 5% of all biliary neoplasms[2,4]. The incidence of
HCa is approximately 1 per 10 million patients. Malignant transformation is known to occur from HC to HCa.
Older patients in the sixth decade of life are more likely
to present with malignant tumors[2,4].
The histogenesis of HC is unknown, although a
congenital origin is generally favored. A reactive process
to some focal injury is still debated[5,6]. Pathologically,
HC are multiloculated cysts with a stratified or pseudostratified non-ciliated columnar or cuboidal epithelium
that contains mucous-producing cells. Papillary infolding
is frequently present, and the mesenchyma underlying the
tumor is usually hyper cellular, often with ovarian-appearing cells (85%-90%)[7-9]. The pre-malignant progression
of HC is based on the histologic presence of intestinal
metaplasia (IM), characterized by the presence of numerous goblet cells[10,11]. HC can easily be distinguished histologically from HCa, where a loss of epithelial nuclear
stratification and a tubulo-papillary architecture with
nuclear pleomorphism and atypia predominates. The
malignant epithelium is multilayered with numerous papillary projections, and the confirmation of an invasion of
the stroma confirms the diagnosis of HCa.
Regardless of the various diagnostic modalities, such
a lesion (HC) may be difficult to distinguish preoperatively from an HCa[12].
The majority of HC is asymptomatic and discovered
incidentally during radiographic studies, or they can present with symptoms related to tumor compression of adjacent organs due to their large size[2]. Patients presenting
with symptoms generally complain of abdominal pain,
abdominal distension, or a palpable mass. Less common
presentations include intra-cystic hemorrhage, rupture,
and fever from secondary bacterial infection. Any patient
presenting with recurrence of liver cysts after treatment
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A
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Figure 1 Ultrasound image. A: Showing an anechoic mass in the liver (light blue arrow), with a rather thin capsule (cystadenoma); B: Showing two echinococcal
cysts. The first on the right (red arrow-right image) appears as an anechoic mass with hydatid sand (type CE1) (white arrow-right image), while in the second (on the
left), the detached and folded endocyst membrane is obvious (type CE3) (white arrow-left image).

ficult. Although the presence of mural nodularity is not
pathognomonic for cystadenocarcinoma, the absence of
mural nodularity is suggestive of cystadenoma[15,16]. The
diameter of the mural nodule (when it exists) in cystadenomas is much smaller (less than 1.0 cm) than mural or
septal nodules in cystadenocarcinomas (larger than 1.0
cm)[13]. It seems that the presence of the internal septations and a mural or septal nodule, as well as the nodule
diameter, might be diagnostic clues for differentiation
between cystadenoma and cystadenocarcinoma[13]. The
other differential-diagnostic characteristic between HC
and HCa is that cystadenomas are more typically multilocular cystic lesions and cystadenocarcinomas more typically unilocular cystic or solid lesions[13].
Computed tomography (CT) is another useful modality to evaluate a cystic lesion of the liver. On a CT scan,
a cystadenoma may be unilocular, multilocular, or may
have septations. In a study from Vogt et al[3], all patients
demonstrated septations within the cyst at the CT scan.
The cyst wall is usually thickened or irregular, in contrast
to a simple cyst. A cystadenoma may also have a smooth
external surface and a thin wall (Figure 2A).
Magnetic resonance imaging (MRI) is very useful, as it
demonstrates a well-defined lesion that does not enhance
after the administration of intravenous gadolinium. On
T1 images, the cyst shows a low signal; conversely on T2
weighted images, a very high intensity signal is observed.
However, no specific information is gained towards
pseudo-ovarian stroma detection[17].
Despite the various diagnostic modalities, it remains
difficult to distinguish HCs from HCa on preoperative
imaging; however, a significant solid component on the
cystic wall suggests invasive malignant disease. Furthermore, HC can evolve into HCa after long periods lasting
more than 10 years[18,19].
Liver enzymes and bilirubin are usually normal unless
the biliary tree is compressed. The elevation of alkaline
phosphate and bilirubin occurs in cases of bile duct obstruction. Carbohydrate antigen 19-9 may be elevated,
but CEA and α-fetoprotein are usually normal[3,20]. It has
been reported that most patients with cystadenocarcino-
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ma have normal serum concentrations of CEA and CA
19-9. Moreover, the serum concentrations of these tumor markers can be elevated in patients with HC as well.
Therefore, these serum tumor markers cannot distinguish
HCa from HC.
Some authors have reported that fine needle aspiration cytology of the cyst contents is a good method for
diagnosing cystic lesions[5,16]. In many studies, however,
no malignant cells were recovered in patients with HCa
who underwent intraoperative cytology examination.
Thus, this procedure rarely generates a definitive diagnosis and carries the risk of pleural or peritoneal dissemination, and should therefore be avoided, especially when
surgery is planned. The fluid of the cystic cavity often
consists of a high-molecular-weight glycoprotein called
mucin. However, hemorrhagic, bilious, clear, and mixed
fluid contents have also been observed[5,16]. Aspiration
and cyst fluid analysis for CEA and Ca 19-9 has been
proved more useful than serum analysis[5,16]. Cyst fluid
demonstrates marked, but variable, elevation in Ca 19-9
and moderate elevation of CEA[5,16]. Elevation of these
cyst fluid tumor markers has high specificity and sensitivity in distinguishing HC from simple and echinococcal
cysts.
HC has been treated by marsupialization, internal
Roux-en-Y drainage, repeated needle aspirations, fenestration, or partial resection. All these methods have been
associated with high rates of recurrence and complications including sepsis, continued growth, and progress
to malignancy. Although the rate of malignant transformation is relatively low (5%-10%), all suspected HCs
must be excised[16,21]. Liver resection with clear margins is
strongly indicated due to the possibility of synchronous
appearance of HCa at the borders of the cyst[16,21]. Enucleation is also acceptable. Reports supporting resection
cite the low associated mortality of the procedure and
the permanent relief of symptoms[16,21].
The majority of HC can be completely and safely
excised by enucleation, including those that are centrally
located. Once the cyst has been decompressed and the
proper plane identified, enucleation can proceed without
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Figure 2 Computed tomography image. A: In liver segment Ⅳ there is a large cystic lesion (black arrow) causing compression with dilatation of biliary ducts (light
blue arrows) in the left liver lobe. Peripheral contrast enhancement (light green arrow) as well as a nodule (pink arrow) is evident in this case of cystadenoma; B: Echinococcal disease evaluated. Two lesions are evident. The first in liver segment Ⅰ appears as a multilocular cystic lesion (black arrow) and the second in liver segment
Ⅵ as a calcified mass with irregular margins (white arrow); C: Demonstrates direct infiltration of a liver hydatid cyst in the adjacent peritoneal surface and abdominal
wall (light blue arrow); D: A typical case of multicystic disease with liver (light blue arrow) and kidney (pink arrow) involvement were very well depicted; E: Showing two
large cystic-appearing liver lesions (light blue arrows) in a case of a metastatic pancreatic cystadenocarcinoma that is also evident (pink arrow); F: A large cystic lesion
(light blue arrow) with a small solid component at the periphery (pink arrow), as well as two small hypodense liver lesions (black arrows), are seen on this image, in a
case of proven gastrointestinal stromal tumors metastatic lesions.

sis of HC, especially in the case of HCa[3,7].
The only potentially curative treatment for HCa is
complete removal, usually by a major liver resection with
1-cm margins. Reported survival rates for HCa range from
25% to 100% (87% disease free) at 5 years[4]. It has been
reported that patients with HCa who have invasion of
the liver parenchyma or neighboring organs have a poor
prognosis[4]. Asahara et al have reported that the prognosis
of patients with HCa is poor when the tumor lacks mesenchymal stroma[2,4]. Absence of mesenchymal stroma in
HCa appears to be associated with aggressive disease behavior (i.e., rapid dissemination or distant metastasis)[2,4].

significant blood loss. If the possibility of hemorrhage
is high due to adjacent major venous vascular structures,
enucleation can be completed with either inflow occlusion (Pringle maneuver) or total vascular exclusion. In the
era of laparoscopic surgery, a laparoscopic frozen section
biopsy of the cyst wall is feasible. If the frozen section is
consistent with a simple, benign cyst, laparoscopic partial
excision is adequate. If the biopsy demonstrates HC, then
complete excision is necessary. However, frozen section
biopsies are not always accurate due to inconsistency and
discontinuity of the pathological epithelium[3,7,22]. Frozen
sections cannot definitely exclude or confirm the diagno-
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nostic workup, mainly due to their low sensitivity[29].
The indirect immunofluorescence assay (IFA) first reported by Coudert et al is specific and sensitive, especially
in cases of hepatic cystic hydatidosis. This easy-to-do
assay can be achieved in less than 2.5 h and is the most
sensitive test in more than 95% of patients with hepatic
cystic hydatidosis[30]. The diagnosis of hydatidosis by
molecular biology is based on the polymerase chain reaction and the technique needs to be evaluated. Based on
the choice of primers and probes, molecular biology can
differentiate E. granulosus from E. multilocularis in clinical
samples[30].
False-positive results have been described in some
patients with tumors, for which there is no explanation
as yet, whereas false-negative results are observed when
cysts are calcified, even if fertile and corresponding to
the lack of antigenic stimulation. Serologic tests do not
supplant clinical or imaging investigations but they can,
however, confirm the hydatic origin of a cyst. Specific
antibodies increase 4-6 wk after surgery, after which they
decrease slowly for the next 12-18 mo. The decrease in
specific antibodies is too irregular to be a good witness
of recovery or relapse, however. Persistently high specific
antibody titers or a secondary increase in the antibody
titers 6 to 12 mo after surgery indicate a relapse[30].
Standard chest and abdomen radiographs may reveal
an elevated diaphragm and concentric calcifications in
the cyst wall. Liver scanning was an important diagnostic
tool during the 1970s. Since then, US and CT have replaced scanning and are considered the first choice in the
diagnostic armamentarium. These methods are helpful
for determining complications as well[29]. MRI and endoscopic retrograde cholangiopancreatography (ERCP) can
prove helpful during the diagnostic approach.
US, a noninvasive, readily available, sensitive, and
cost-effective imaging technique, should be the diagnostic
method of choice. US is helpful for defining the internal
structure, number, and location of the cysts and the presence of complications (Figure 1B). The specificity of US
is in the range of 90%. Several authors have proposed
an ultrasonographic classification of hepatic hydatid disease (Table 1)[26,31]. Classification was standardized by the
World Health Organization-Informal Working Group on
Echinococcosis (WHO-IWGE) in 2001 (Table 2)[26]. According to the five categories noted in the classification
of Gharbi types: Ⅱ and Ⅲ are characteristic of hydatid
cysts, types Ⅰ and Ⅴ are suggestive of hydatid cysts in
endemic areas, and type Ⅳ simulates a pseudotumor[25].
CT is a helpful tool for confirming the diagnosis, essentially when an ultrasound examination shows a type Ⅳ
sonographic pattern[25]. It provides information equivalent to that derived by US, but it shows the location and
depth of the cyst within the liver more accurately (Figure
2B and C). Moreover it can reveal calcified cystic walls[28],
daughter cysts, and exogenous cysts, as well as evaluate
their volume and density. CT is essential for planning surgical treatment, especially when a minimally invasive approach is to be used[26,29]. Imaging findings on CT depend
on the stage of cyst growth and the Echinococcus species

HYDATID DISEASE
Human cystic echinococcosis, or hydatid cyst disease,
is a zoonosis caused by the larval cestode Echinococcus
granulosus, Echinococcus multilocularis, or Echinococcus vogeli.
E. granulosus produces unilocular cystic lesions, whereas
E. multilocularis and E. vogeli produce multilocular alveolar
cysts[23,24]. Dogs are the definitive hosts for E. Granulosus, with sheep being the major intermediate host (yaks,
goats, and camels are other relevant intermediate hosts).
Man is only incidentally infected when ingesting tapeworm eggs[24]. The eggs penetrate the intestinal wall, with
the resulting larvae infiltrating the blood and lymphatic
circulation system. Then, through the portal vein into the
liver, lungs, and other tissues, the larvae develop into hydatid cysts[25,26].
The liver is the most frequent site for the cystic lesions (52%-77%) seen in hydatid disease, followed by
the lung (10%-40%), brain, and other viscera[24,26,27]. The
disease may remain silent for many years before coming
into medical attention as an incidental imaging finding, or
it may present with complications.
The diagnosis of uncomplicated hepatic hydatid
disease is based on clinical suspicion, with special attention paid to factors such as the patient’s residence, place
of origin and occupation in order to identify high-risk
patients. The symptoms depend on the size, location,
and development stage of the cyst[26,28]. Pain in the right
upper quadrant or the epigastrium is the most common
symptom, whereas hepatomegaly and a palpable mass are
the most common signs. Nonspecific symptoms such as
fatigue, fever, nausea, or dyspepsia may also be present.
Patients with complicated hepatic hydatid disease may
present with fever, jaundice, or anaphylactic symptoms,
depending on the complication[26,29].
Acute cholangitis is the most common syndrome
when the hydatid cysts rupture in the biliary tract. Rupture of a cyst may produce fever, pruritus, eosinophilia,
or fatal anaphylaxis[23]. Lower chest pain, a productive
cough, and hemoptysis are the most frequent symptoms
when there is thoracic involvement. Bilioptysis is diagnostic of a biliobroncheal fistula[25].
General blood tests are not specific except in complicated disease, whereas a high white blood cell count with
eosinophilia are possible findings. Hepatic parameters
are normal except in the case of biliary compression[30].
Serologic tests such as hemagglutination, latex agglutination, and enzyme-linked immunosorbent assay (ELISA),
are associated with a high incidence of false-negative
and false-positive results[28]. Nevertheless, the detection
of specific antigens and immune complexes of the cyst
with ELISA yields a positive result in more than 90% of
patients. Specific IgE antibodies are demonstrated with
ELISA and the radioallergosorbent test is positive in the
presence of active disease. Confirmatory tests such as
arc-5 immunoelectrophoresis and immunoblotting use
parasite-specific antigens. The positivity rate with arc-5
immunoelectrophoresis is as high as 91.1%[26,29]. The Casoni and Weinberg tests are no longer used for the diag-
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Table 1 Gharbi classification of cystic hydatid disease
Type
Ⅰ
Ⅱ
Ⅲ
Ⅳ
Ⅴ

Ultrasonographic features and patterns
Pure fluid collection
Fluid collection with a split wall (water-lily sign)
Fluid collection with septa (honeycomb sign)
Heterogeneous echographic patterns
Reflecting thick walls

Table 2 World Health Organization-Informal Working Group
on Echinococcosis
Type
CL
CE1
CE2
CE3
CE4
CE5

Ultrasonographic features and patterns

Figure 3 Magnetic resonance T1-w image shows an echinococcal cyst as
a multiloculated cystic liver lesion, indicative of the presence of daughter
cysts (light blue arrow). A second smaller unilocular lesion with peripheral
contrast enhancement is also seen (pink arrow).

Unilocular cystic lesion with uniform anechoic content, cyst
wall not visible
Unilocular cystic lesion with uniform anechoic content, cyst
wall visible, snowflake sign
Multivesicular, multiseptated cysts, daughter cysts present,
honeycomb sign
Unilocular cyst containing liquid with a floating membrane
inside, daughter cysts may be present, water-lily sign
Cysts with heterogeneous hypoechoic or hyperechoic
degenerative contents, no daughter cysts
Cysts characterized by a thick calcified wall, which is
arch-shaped, producing a cone-shaped shadow; degree of
calcification varies from partial to complete

glycogen depletion and subsequent degenerative changes
in the mitochondria and endoplasmic reticulum of the
germinal cells[32]. Albendazole (ABZ) is more active in
vitro than MBZ and has improved gastrointestinal absorption and bioavailability, as well as reports of better clinical results[32]. Although orally administered, ABZ results
in high serum concentrations and penetration into cyst
contents is erratic. Currently, ABZ chemotherapy as the
primary treatment may be considered for patients who
are not acceptable candidates for surgery, have inoperable, recurrent, peritoneal or multiple liver cysts within
the whole liver, have multiple cysts in several organs, refuse surgery or percutaneous drainage, and perhaps, for
asymptomatic individuals[32].
Both drugs may decrease the size of hydatid cysts and
lead to the sterilization of cyst contents in some cases;
however, without concomitant drainage, clinical and radiographic resolution is unpredictable and occurs in less
than half of treated patients[24]. Hepatic and hematologic
toxicities are the most frequent serious adverse effects
of ABZ and MBZ. Treatment of hepatic cystic echinococcosis with MBZ or ABZ alone is not as effective as a
combined chemotherapy-drainage approach[24,33]. Clinical
and radiographic improvement (in most studies defined
as a > 25% reduction in cyst size, membrane separation,
or cyst calcification) is seen frequently, but complete cure
(i.e., cyst disappearance) generally occurs in less than half
of patients treated with anti-parasitic monotherapy[24,33].
According to the WHO guidelines, chemotherapy is
indicated for inoperable primary liver or lung echinococcosis, for patients with multiple cysts in two or more
organs, and for peritoneal cysts. Another important indication for chemotherapy is the prevention of secondary
echinococcosis. Preoperative use of ABZ or MBZ can
reduce the risk of recurrence of cystic echinococcosis
and facilitate the operation. Concomitant chemotherapy
is also recommended for PAIR. Chemotherapy is contraindicated for large cysts that are at risk of rupture
(superficially situated, infected cysts) and for inactive or
calcified cysts[34].
The usually recommended oral dosage of ABZ is

involved. Hepatic involvement by E. multilocularis is characterized by a different appearance than E. granulosus,
consisting of an infiltrating solid mass composed of multiple cysts and indistinct margins. Infection by E. granulosus usually forms a single cyst, with or without daughter
cysts[23].
Although MRI can be helpful for demonstrating the
lesion in the liver (Figure 3), it does not provide additional information in hepatic lesions and is not cost-effective
when compared with either US or CT[26,29]. However,
both CT and MRI have high specificity and sensitivity in
the detection and differential diagnosis of hepatic cysts
and extracapsular (satellite) cysts[28].
The ideal treatment for hepatic hydatid disease
should completely eliminate the parasite and prevent
recurrence of the disease with minimum morbidity and
mortality. There are three available therapeutic modalities
for hepatic hydatid cysts; systemic chemotherapy, surgery, and the treatment known as “puncture, aspiration,
injection, reaspiration” (PAIR). Chemotherapy and PAIR
are recommended as alternatives to surgery, especially for
patients who cannot tolerate or refuse surgery. However,
surgery is still the first choice of treatment for hepatic
hydatid cysts. Selection of the most appropriate treatment depends on the patient’s health status, the nature
of the cyst(s) (considering number, size, location, and
presence of complications), and the available resources
and expertise[26].
Mebendazole (MBZ) was the first benzimidazole
carbamate agent found to have in vivo activity in hydatid
disease. The drug interferes with mechanisms of glucose
absorption through the wall of the parasite, leading to
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10-15 mg/kg per day in two divided doses for several
1-mo courses separated by 14-d intervals. The usual oral
dosage of MBZ is given as 500 mg tablets in daily doses
of 40-50 mg/kg (in three divided doses) for at least 3-6
mo. Better intestinal absorption of benzimidazole compounds is gained by administering it with a fat-rich meal
or by combining it with cimetidine. Medical and laboratory examinations for adverse reactions are initially necessary every 2 wk and then monthly[35].
A third antiparasitic agent, praziquantel, has had
limited use in the treatment of hydatid cysts of the liver.
The drug increases the permeability of the parasite’s cell
membrane to calcium, resulting in strong contractions
and paralysis of the musculature leading to detachment
from host tissue. In humans, it has favorable pharmacokinetics when given in a dose of 50 mg/kg either once
weekly or every two weeks. There are few clinical studies documenting the efficacy of praziquantel in humans,
however several of these have suggested that the use of
praziquantel in combination with MBZ or ABZ is more
effective and perhaps, more rapid than with benzimidazole alone (47.4% vs 36.4%) after only 2-6 mo of drug
therapy[24].
Surgery was defined as the only definitive and curative modality by the WHO-IWGE in 1996[33]. The goals
of surgery in hydatid disease are to inactivate the cestode
parasites, evacuate the cyst cavity, remove the germinal
layer, and obliterate the residual cavity. Surgical interventions consist of open conservative, radical, and laparoscopic approaches[24]. Conservative techniques involve
drainage, marsupialization, capitonnage, deroofing, partial
simple cystectomy, and open or closed total cystectomy
with or without omentoplasty[24]. The conservative procedures are safer and easier to perform[25]. Radical procedures include total pericystectomy, partial hepatectomy,
or lobectomy[24]. Although it seems logical that radical operations would be associated with higher intra- and postoperative morbidity but less frequent recurrence, recent
studies have shown that radical surgery is not associated
with a high complication rate[26].
Laparoscopic drainage of hepatic hydatid cysts is a
“minimally invasive” surgical technique that appears safe
and effective. It has the theoretic advantages of a shorter
hospital stay, lower incidence of wound infection, and
less postoperative pain, but the disadvantages of difficult accessibility to the various locations, increased risk
of cyst content spillage, and the difficulty of aspirating
the cyst content of the thick, degenerated cyst contents,
especially in some WHO-IWGE CE3 and CE4 cysts.
Thus, choosing the best candidates for the laparoscopic
approach requires careful evaluation of the cystic disease[25,26]. Whichever technique is used, a benzimidazole
agent is best administered before any surgery in an attempt to sterilize the cyst contents and reduce the risk of
anaphylaxis and dissemination[24].
Meticulous packing of the operative field is necessary irrespective of the surgical technique employed, as
is the use of solutions that kill the infective scoleces and
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protoscolices of the parasite residing within the hydatid
cyst, or potentially leaking from the cyst during surgical
manipulation. Various scolicidal solutions used in surgical
(and percutaneous) approaches include: hypertonic saline
(3%-20%), povidone-iodine, hydrogen peroxide, iodine,
formalin, silver nitrate, ethyl alcohol, and ABZ. These
scolicides can be used alone or in combination[24].
Potential major complications associated with the surgical treatment of hepatic hydatid cysts include postoperative hemorrhage, bile exudation from the residual cyst
cavity, incisional fistula formation, cholangitis, wound
infection, sepsis, incisional fistulae, pulmonary complications such as pneumonia and pulmonary embolization,
complications of anesthesia, and death[24].
ERCP is used as a diagnostic and therapeutic tool in
the management of biliary tract-complicated hepatic hydatid cysts. Preoperatively, ERCP defines biliary tract-related complications and allows the assessment and management of acute conditions, including acute cholangitis
and biliary obstruction, so that elective surgery can be
performed later. When combined with sphincterotomy,
this drains the cyst cavity and helps prevent postoperative
biliary fistula. Postoperatively, ERCP allows visualization
of distorted anatomy in recurrent cases, helps clarify the
etiology of ongoing or recurrent biliopancreatic symptoms and biochemical abnormalities, allows endoscopic
management of a biliary fistula, and enables treatment of
secondary biliary strictures by stenting[26].
The treatment modality that we prefer using in our
department with optimal results is the evacuation of the
cavity with careful removal of the laminated membrane
and the daughter cysts in order to avoid spillage. The cyst
cavity is obliterated by omentoplasty or capitonnage, and
the site is drained externally by suction catheter. Partial
cystectomy and internal drainage with a Roux-en-Y intracystic hepaticojejunostomy is performed when large
ducts had been disrupted due to large cysts. Preoperative
ERCP is performed when communication between the
cyst cavity and biliary tree is suspected, and endoscopic
sphincterotomy is performed in cases of obstruction.
The minimally-invasive technique of puncture, aspiration of cyst, injection of hypertonic saline and/or
absolute alcohol, and re-aspiration (PAIR), described
initially by Voros et al[28] and Falagas et al[32], is an alternative to major interventional procedures. PAIR treatment
satisfies all the goals of surgery in hydatid disease, but
substitutes germinal membrane sclerosing and separation using scolicides for surgical removal. PAIR drainage
is best performed under continuous ultrasonographic or
CT guidance.
Patients undergoing PAIR typically receive oral ABZ
that is administered 24-4 h before intervention and 15-30
d after intervention according to cyst size[34]. Different
scolicidal solutions can be used in PAIR, although hypertonic saline is most commonly employed. Hypertonic
saline (in 5%-30% concentrations) exerts its scolicidal
effect by creating a strong osmotic gradient across the
outer cuticular membrane of the protoscolex, which
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Figure 4 Image. A: Computed tomography image in a case of multicystic disease, showing two large dominant cysts causing mild intrahepatic biliary dilatation (black
arrows); B: Magnetic resonance cholangiopancreatography image shows multiple hepatic cysts (light blue arrows) while the common bile duct seems compressed
between the two larger cysts (black arrow).

causes its lysis. For multiseptate Type Ⅲ cysts or large
cysts over 6 cm in size, some authors advocate the use of
absolute alcohol because it is a more effective sclerosing
agent than hypertonic saline, may destroy daughter cysts
not killed by saline, and may also result in a more rapid
involution of the cyst cavity. Alcohol should not be used,
however, if pre-existing biliary communication is suspected or documented, as the agent may cause a chemical
cholangitis[33].
With PAIR, cyst fluid or operative tissue specimens
are immediately subjected to cytologic, histopathologic,
and parasitologic examinations after aspiration or catheter drainage in order to confirm the diagnosis and assess
the success of the drainage procedure.
Complications after PAIR therapy, such as infections,
are generally well tolerated and can be managed with systemic antimicrobial therapy. Leakage during drainage may
lead to fever, urticaria, transient hypotension, or anaphylaxis, but these can be anticipated and effectively managed
with antipyretics, Ⅳ fluids, antihistamines, and subcutaneous epinephrine. Cyst-biliary communications (biliary
rupture and fistula formation) developing after PAIR and
caused by cyst decompression, can usually be managed
endoscopically[24]. For patients who underwent PAIR as
a primary procedure, a total complication rate of 14.7%
and a recurrence rate of 1.57% have been reported[28].
In conclusion, compared to patients undergoing
surgical intervention for cystic hepatic echinococcosis,
PAIR plus ABZ is associated with greater clinical and
parasitologic efficacy, less major and minor morbidity
whenever it is indicated (i.e., for non-echoic lesion ≥ 5
cm in diameter (CE1), cysts with daughter cysts (CE2),
and/or with detachment of membranes (CE3). Surgery
may be reserved for patients with hydatid cysts refractory to PAIR because of secondary bacterial infection
or difficult-to-manage cyst-biliary communication or
obstruction[24,34].

mal dominant trait presenting in adulthood and is more
common in women[36]. Autosomal dominant polycystic
disease is genetically heterogeneous, with mutations in
two distinct genes predisposing to the combination of renal and liver cysts (AD-PKD1 and AD-PKD2)[36,37]. PLD
is genetically linked to protein kinase C substrate 80K-H
and SEC63[38]. The cysts in PLD can also increase in size
and number during pregnancy or simultaneously with the
use of exogenous female steroid hormones[39].
Most patients are asymptomatic and do not require
treatment. Some patients develop massive hepatic cystic
disease and become clinically symptomatic, which is associated with increased liver volume and adjacent visceral
compression. Usually patients suffer from chronic dull
abdominal pain, satiety, weight loss, dyspnea, physical disability, and descensus[36,40]. Liver function tests are usually
normal except for mild elevation in ALP or γ-GT[36,40].
Liver failure or complications of advanced liver disease,
such as infection or intracystic hemorrhage, are rare. Less
than 5% of patients have acute medical complications.
These consist of cyst hemorrhage, rupture, infection,
uterine prolapse due to displacement, obstructive jaundice, portal hypertension, ascites, and Budd-Chiari syndrome[19,36,40-42]. Even with marked hepatosplenomegaly
and portal hypertension, liver function is well preserved
in PLD. Ascites may be present and usually results from
hepatic venous flow obstruction. Diagnosis is confirmed
with US and CT imaging (Figure 2D), which along with
MRI provides the surgeon with valuable preoperative
information, such as the location of infected or hemorrhagic cysts that may be responsible for symptoms[40]
(Figure 4). Treatment should be considered in cases of
persistent symptoms or associated complications.
Cyst aspiration with sclerosis, open or laparoscopic
cyst fenestration, combined hepatic resection and fenestration, liver transplantation, and recent medical treatment
with somatostatin analogues, are possible therapeutic
options based on the type of PLD[19,36,40,42-46]. Aspiration,
combined with ethanol instillation to induce sclerosis
of the cyst lining epithelium, can be effective in patients
with a few dominant cysts (Type Ⅰ PLD - few large cysts

POLYCYSTIC LIVER DISEASE
Polycystic liver disease (PLD) is inherited as an autoso-
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several mechanisms[45]: (1) by inhibiting secretin release
from the pancreas[56]; (2) by inhibiting secretin-induced
cAMP generation and fluid secretion in cholangiocytes[57-59]; (3) by vasopressin-induced cAMP generation
and water permeability in collecting ducts[60-63] by its effects on Gi protein-coupled receptors; and (4) by suppressing the expression of IGF-1, vascular endothelial
growth factor, and other cystogenic growth factors and
downstreaming signaling from their receptors[60-64].
Ruggenenti et al[43] in 2005 showed that kidney volume
increased by 2.2%-3.7% during active treatment with octreotide LAR compared with 5.9%-5.4% (P < 0.01) while
on placebo. Octreotide LAR (40 mg intramuscularly
every 4 wk) was given for 6 mo in 12 adult polycystic
kidney disease (ADPKD) patients with advanced renal
disease (mean total kidney volume 2435 mL, mean serum
creatinine 1.9 mg/dL)[43].
In 2009, van Keimpema et al[44], tested lanreotide for
treating PLD (120 mg subcutaneously every 4 wk) for 6
mo in 54 patients with PLD (32 ADPKD and 22 ADPLD). He concluded that liver volume decreased by 2.9%
(from 4606 to 4471 mL) in the lanreotide group, whereas
it increased by 1.6% (from 4689 to 4895 mL) in the
placebo group (P < 0.01)[44]. In the 32 patients with ADPKD, total kidney volume decreased by 1.5% (from 1000
to 983 mL) in the lanreotide group, whereas it increased
by 3.4% (from 1115 to 1165 mL) in the placebo group (P
< 0.02)[44].
The results of the clinical trial reported in 2010 by
Hogan et al[45] showed that administration of octreotide
LAR for 1 year induced a moderate but significant reduction in liver volume, inhibited the growth of polycystic
kidneys, and improved quality of life in patients with
ADPKD and/or ADPLD, with low toxicity and few side
effects.
In 2012, Hogan et al[46] reported their results in treating patients with PLD with Octreotide LAR for 2 years.
He concluded that his study further substantiates the
positive effects of somatostatin analogs in reducing TLV
(6.08% overall reduction in TLV in the first year), demonstrating their safety and efficacious over a 2-year period
in individuals with ADPKD or ADPLD, many of whom
had chronic renal insufficiency[46]. While OctLAR inhibited renal enlargement within the first year of treatment,
it appeared to lose effectiveness during Year 2. While the
results of OctLAR therapy on TLV were clearly positive
and results on TKV may show some benefit, he did not
detect any positive effect of OctLAR on GFR[46].
The administration of octreotide or lanreotide has
been generally well tolerated in all studies, with mostly
mild, predictable, and dose-dependent gastrointestinal
side effects. Patients undergoing long-term octreotide
treatment should be monitored for cholelithiasis symptoms or signs; a known complication [45,65]. Alopecia,
symptomatic bradycardia, and steatorrhea are other
known adverse events associated with somatostatin analogue treatment[66-73].

greater than 7 cm). Open or laparoscopic cyst fenestration with omentoplasty is another modality of treatment
that can be performed in patients with more diffuse PLD
(Type Ⅱ-multiple medium cysts 5-7 cm in diameter). Patients with small cysts throughout the liver have a greater
risk of persistence and/or recurrence of symptoms[19,42].
Postoperative morbidity consists of temporary ascites,
pleural effusion, and rarer biliary leakage[40].
Combined hepatic resection and fenestration is more
effective for reducing the hepatic mass and relieving
gastric compression. This procedure has an advantage in
the case of massive hepatomegaly with associated gastric
compression[40,47,48]. Resection addresses the problem of
liver mass, but poses significant risk of bile duct injury,
vascular compromise, and liver insufficiency, as cysts
markedly distort intrahepatic anatomy. In particular, ascites has been troublesome due to continued cyst secretion
from residual fenestrated cysts, disruption of intrahepatic lymphatics, and partial venous outflow obstruction.
Candidates for combined resection/fenestration should
have at least two adjacent liver segments not affected by
cysts and have normal liver function. Furthermore, these
patients should be managed by experienced hepatobiliary
surgeons at institutions with advanced intensive care, as
well as interventional radiological and gastroenterology
support.
Liver transplantation has been performed in rare
cases, especially when the above-mentioned interventions
are not an option. In patients who harbor diffuse PLD,
orthotopic liver transplantation (OLT) is effective, but
inherently assumes the risks of long-term immunosuppression and rejection. OLT is indicated for patients with
progressive PLD after resection/fenestration, patients
with concurrent liver dysfunction and renal failure, and
patients with diffuse PLD without segmental sparing. Although symptomatic relief from hepatomegaly occurred
in all surviving patients, long term follow up addressing
quality of life, hepatorenal function, immunosuppressive
complications, and survival is limited[42,49].
Regarding the results of invasive methods, in case series it is noted that aspiration and sclerosis of individual
liver cysts reduced liver volume by 19% in patients with 1
or more large dominant liver cysts[50]. Reduction of liver
volume is reported to be as high as 12.5% when laparoscopic fenestration is used, but the complication rate
reported is also high (0%-33%)[51-55].
The drawbacks of invasive procedures in treating
PLD are their partial effectiveness, their related morbidity
and mortality and, most importantly, the fact that they do
not change the natural course of the disease as symptoms
recur due to growth of new cysts or re-growth of treated
ones[41].
Several studies have reported the positive effects of
somatostatin analogues in decreasing liver and kidney
growth in PKD and ADPLD over a treatment period of
minimum 6 mo[43-46].
Somatostatin may reduce cyst development through
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sideration, but if there is synchronous metastatic disease,
then biopsy is essential[77].
Before 2001, the only effective therapy was surgery
alone. The development of clinically effective inhibitors
targeting the trans-membrane receptor tyrosine kinase
KIT radically changed the management of advanced
(locally advanced and metastatic) disease. IM, a selective
inhibitor of tyrosine kinase, has revolutionized the management of this disease in recent years. Laboratory studies revealed significant molecular heterogeneity among
GIST[82-84]. In 2010, a meta-analysis showed that most
patients with different genotypes of GIST and KIT exon
11-mutants benefit from the individualized treatment of
imatinib[85].
Imatinib has become the first line treatment for recurrent and/or metastatic disease[79]. Another meta-analysis
comparing the efficacy of imatinib given either once (400
mg) or twice daily, revealed that the higher dose offers a
progression-free survival advantage among patients with
exon 9 mutations[86], but that the overall survival was the
same in the two groups of patients.
Nowadays imatinib therapy and surgical intervention are combined to give patients better disease free and
survival rates. Surgical intervention in patients responding to medical therapy may provide a complete cure[87,88].
Complete pathological response to imatinib alone occurs
in less than 5% of patients[87,88]. Surgery has the best results when offered to patients with lesions responsive to
6 mo imatinib therapy. CT with or without PET can be
used to assess the therapeutic effect. MSKCC patients
with lesions responsive to imatinib in one study had a
2-year progression free survival of 61% and a 2-year
overall survival of 100% after surgical resection. In contrast, the 2-year survival was 36% in patients resistant to
imatinib therapy[89]. Raut et al[90] also reported that debulking surgery may prolong survival in patients who are
either responsive to imatinib or have limited radiographic
progression, but it has poor or no result in patients with
progressive metastatic disease. Gronchi et al[91] reported
in 2007 that surgery may be of value to patients who develop responsive or stable disease while on preoperative
imatinib therapy.
Regarding the timing of surgical resection, Suzuki et
al[92] reported a complete resection rate of 31.4% after IM
therapy for a period of 6.9-37.5 mo (mean 10 mo). They
also emphasized that surgical resection for IM- responsive recurrent or metastatic disease should be considered
as early as possible before the development of progression and secondary resistance to IM[92]. Surgical resection
6-12 mo after the start of IM treatment is recommended
among responders[79]. However a large tumor may prohibit resection because of the risk of postoperative liver
failure. An option to counteract this phenomenon is the
use of portal vein embolization (PVE). In general, the
median time for detection of further metastases following resection of liver metastases, is 12 mo after the initial
hepatectomy[77,79]. Therefore, careful evaluation of the
liver is critical during the first year post-hepatectomy.
Radio-frequency ablation, microwave ablation, and

CYSTIC METASTASES
Many cystic tumors may metastasize to the liver (e.g., pancreatic or ovary cystadenocarcinomas) (Figure 2E). Other
liver metastatic lesions which can appear cystic usually
originate from rapidly growing hypervascular tumors
(sarcoma, melanoma, and neuroendocrine tumors) and
appear so due to necrosis and cystic degeneration[74]. Despite the fact that these metastatic sites often show cystic
characteristics, in most cases the differential diagnosis between them and benign liver cysts is easily made with the
contribution of computed tomography.
Of particular interest are the liver metastases from
gastrointestinal stromal tumors (GIST) that may appear
cystic even before treatment (Figure 2F).
GIST is the most common mesenchymal tumor of
the gastrointestinal tract, accounting for 1%-3% of all
gastrointestinal malignancies[75-77]. GIST can arise anywhere along the GI tract, but is most common in the
stomach (50%-70%) and small bowel (25%-35%)[78].
Despite its less aggressive pathologic nature, GIST
can metastasize after a long remission period. When
GIST originates in the small bowel it behaves in a more
aggressive manner. The most common site for metastases
is the liver and the peritoneal cavity[76,77,79], but it can also
occur in bones, lungs, skin, and lymph nodes. Data from
the MD Anderson Cancer Center report 18% of patients
presented with metastatic disease[80]. Liver metastases
are commonly multiple, distributed in both lobes, and
more frequently detected synchronously with the primary
tumor than metachronously. Case reports showed further metachronous liver metastases being detected after
more than 10 years (13 years after gastrectomy for gastric
GIST, 17 years after resection for retroperitoneum GIST,
and 12 years after surgery for rectal GIST)[77].
GIST mostly affects males between the ages 40 and
70 and are usually found incidentally. Features at clinical
presentation depend on tumor size. Large or advanced
lesions may present with a variety of clinical findings, including bleeding, abdominal pain, early satiety, bowel obstruction, or perforation. Bowel obstruction is reported
in up to 30% of clinical series, but accounts for less than
10% of presentations in most reports[81].
The initial workup should include history and physical
examination, appropriate imaging (i.e., chest, abdominal
and pelvic CT with contrast and/or MRI), endoscopy in
selected cases of primary gastric mass, endoscopic ultrasound, liver function tests, full blood counts, and surgical
assessment of tumor resectability. On CT scans, metastases within the liver developed lower attenuation than that
of the normal surrounding parenchyma. Liver metastases
are hypervascular in 92% of patients, and rapidly become
cystic following therapy with imatinib.
GIST and GIST liver metastases are soft and fragile,
and biopsy may cause tumor hemorrhage or dissemination. The decision to obtain a biopsy should be based on
data regarding the stage of the disease and the clinician’
s suspicion of other malignancies. If the diagnosis is in
doubt, neo-adjuvant therapy using IM is put under con-
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hepatic artery embolization are other treatment modalities that can normally be used in patients with unresectable disease or in those who cannot undergo surgical
excision due to co-morbidities.

literature review found recurrent acute cholangitis as the
main mode of presentation in 64% of patients[94] and the
most life-threatening complication of CD. Usually caused
by gram-negative bacilli, it has a recurrent course and, despite different antibiotic associations, medical treatment
is often not satisfactory[93]. Patients with Caroli syndrome,
on the other hand, usually present early in life, with complications of portal hypertension, mainly variceal bleeding, hypersplenism, or portal hypertension in 20%-50%
of cases[97].
Laboratory studies typically show an elevation of
serum alkaline phosphatase, direct bilirubin, and a leukocytosis with a predominance of neutrophils. Hepatic
synthetic function is well-preserved initially, but may be
affected by progressive liver damage due to recurrent
cholangitis and biliary obstruction. Coagulopathy from
vitamin K malabsorption may occur in cholestatic patients[94].
Histologically, the main macroscopic and microscopic
features of CD are: non-obstructive, localized dilatation
of the bile ducts; intraluminal bulbar protrusions of the
ductal wall and intra ductal vascular tracts containing patent portal venous; and hepatic arterial channels that traverse the true lumen and terminate within the lumen[94].
The diagnosis of CD therefore rests on demonstrating
that the cystic lesions are in continuity with the biliary
tree. This can be done by imaging studies such as isotope
scan, MRCP, CT scan, US, ERCP, and PTC.
The classical finding of CD is finding that a cold area
on 99mTC sulfur colloid scan becomes hot on 99mTc
DISIDA scan[94]. MRCP presents advantages in depicting the entire biliary tree. Three main patterns of CD are
identified in MRCP: (1) multiple cystic ectasias connected
with fusiform dilatations; (2) isolated fusiform dilatations
with multiple calculi; and (3) solitary dilatation of the left
bile ducts with cysts and multiple calculi[93] (Figure 5).
A CT scan shows central dot signs in CD patients.
The fibrovascular bundles containing portal vein radical
and a branch of hepatic artery bridging the saccule appear as central dots or a linear streak. This central dot
sign described on a CT scan is suggested as a pathognomonic finding in CD, and can also be demonstrated on
US[94]. ERCP is the method with the highest sensitivity in
the diagnosis of CD. The cholangiographic features of
Caroli disease are well established as saccular or fusiform
dilatation of the intrahepatic bile ducts. Irregular bile
duct walls, strictures, and stones may be present. Therefore, direct cholangiography is considered the method
of choice for an accurate diagnosis of CD[94]. With PTC,
the diagnosis can be made confidently when the large intrahepatic branches have focal or segmental involvement
with cystic outpouchings in which the contrast medium
collects. False-positive findings are rare when PTC is
used[93].
The treatment of CD depends on the clinical features
and location of the biliary abnormalities. It seems more
than justified to advocate a rather aggressive surgical
strategy in symptomatic patients who have had several

CYSTIC HEPATOCELLULAR CARCINOMA
Rarely hepatocellular carcinoma (HCC) can have a cystic
appearance, due to necrosis and cystic degeneration in
cases of rapidly growing tumors. Co-existing liver cirrhosis and specific HCC imaging characteristics, such as
hypervascularity of solid components and tumor invasion of the portal and hepatic veins, can help to reach the
correct diagnosis[74]. Typically the conventional ultrasound
would reveal a heterogeneous echogenic lesion with a
hypoechoic rim and peripheral or internal arterial flow
signals in a liver cirrhosis background. The CEUS would
reveal a heterogenous hyper-enhancement during the arterial phase and hypo-enhancement during the portal and
late phases[14].

CAROLI DISEASE
Caroli disease (CD) is a benign congenital disorder,
characterized by unilobular or bilobular segmental cystic
dilatation of the intrahepatic biliary tract. The first report
was by Todd in 1818, but Jacques Caroli in 1958 defined
the disease precisely with its different types[93]. The estimated incidence of Caroli disease is 1 in 1000000, with
males and females being equally affected and more than
80% of patients presenting before 30 years of age[94].
There are two forms of the disease, one associated
with congenital hepatic fibrosis, also called Caroli syndrome, and the other a simple form occurring alone.
Recent studies suggest that the simple form may be as
common as congenital hepatic fibrosis[95,96]. It is characterized by segmental cystic dilatation of the intrahepatic
ducts, increased incidence of biliary lithiasis, cholangitis,
and liver abscesses. Absence of cirrhosis and portal hypertension is typical[94]. Various renal disorders have been
described in association with this liver disease, including
autosomal polycystic kidney disease, medullary sponge
kidney, and medullary cystic disease[93,95].
Mode of inheritance is still unclear, but in the majority of cases it is transmitted in autosomal recessive
fashion[93]. Caroli disease is associated with an increased
risk of cholangiocarcinoma, with the reported incidence
of malignancy ranging from 5% to 10%. The estimated
risk is 100 times greater than that of the general population and is triggered by long-standing inflammation and
chronic injury of the biliary epithelium[94,97]. Although
present from birth, the disease usually remains asymptomatic during the first 20 years, and may also remain so
throughout life[94]. However when symptomatic, a significant number of these patients present significant loss in
their quality of life and clinical course.
The disease is frequently noted by recurrent fever,
jaundice, and/or pain in the right hypochondrium[97]. A
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Figure 5 A case of Caroli disease. A: On computed tomography. A large intra-biliary stone (black arrow) is evident in the dilated ducts (red arrows); B: On magnetic
resonance imaging. A large intra-biliary stone (pink arrow) is evident in the dilated ducts (blue arrows).

futile conservative treatment attempts[98]. The localized
forms, which involve either the whole of the left or the
right half of the liver, are curable by surgery. They should
be treated by hemi-hepatectomy, left or right, with associated treatment of any problem affecting the common
duct[94]. The procedure is associated with low morbidity
and virtual no mortality. There is no report of malignant
tumors arising after surgical resection[98].
Diffuse involvement of both lobes can be treated
with conservative management in asymptomatic patients,
with appropriate antibiotics for cholangitis and ursodeoxycholic acid therapy for litholysis in cases of intrahepatic cholelithiasis, endoscopic therapy (sphincterotomy
for clearance of intrahepatic stones), and internal biliary
bypass procedure[94]. These patients in whom there is no
indication for liver resection or transplantation should at
least be followed up regularly on an outpatient basis to
detect any kind of deterioration or malignant transformation as early as possible[98].
Bilateral disease complicated by recurrent cholangitis,
cirrhosis, or both, together with symptoms of associated
hepatic fibrosis, do not find the same solution, and it is
often difficult to manage. Emergency surgery in the presence of acute cholangitis and deteriorating liver function
is associated with high mortality (20%-40%) and morbidity (44%-80%)[94].
It seems that liver transplantation or living donor
transplantation is an effective therapeutic option and possibly the only and ultimate management option for these
patients with end-stage diffuse Caroli disease providing
gratifying long-term results[94,97,98]. OLT has become a
therapeutic option which, aside from the better long-term
outcome, can prevent the development of cholangiocarcinoma[96].

awareness and a high index of suspicion for rare diseases
and HC are present, so as to provide as accurate a diagnosis as possible. Since our diagnostic tools have become
more powerful and accurate, our adequate knowledge of
the nature, evolution, confirmation, and treatment of all
the possible pathological entities in the differential diagnosis becomes more necessary than ever.
The use of CEUS in diagnoses of liver lesions has
shown promising results, providing more accurate images
than conventional ultrasound[99-102]. The discrimination
between malignant and benign lesions is easier and more
accurate than in a conventional ultrasound.
Complete non-enhancement throughout three phases
of CEUS or sustained enhancement in the portal and late
phases is noticed in most benign lesions[14]. Conversely,
hypoenhancement in the late phase is seen in malignancies[14]. Real time CEUS improves the capability of
discrimination between benign and malignant complex
cystic focal liver lesions[14]. It has been shown that CEUS
can greatly improve the diagnostic accuracy of focal liver
lesions compared with conventional ultrasound[14].
Contrast-enhanced ultrasound has also been used for
diagnostics of the biliary system. In 2009, Xu[100] summarized the methodology, image interpretation, enhancement pattern, clinical usefulness, and indications for
CEUS in the biliary system.
The first important step, regarding liver cystic lesions, is
to make a definitive diagnosis of the nature of the cystic lesion. The second is determining whether the patient’s symptoms are related to the cystic lesion. The third is deciding
whether and when to initiate therapy for the lesion. Finally, a number of treatment options are available, leading to the fourth issue, which is deciding the appropriate
therapy for the patient.
Ideally the cystic liver lesions should be handled by a
multidisciplinary team familiar with liver diseases, consisting of interventional radiologist, interventional gastroenterologist, surgeon, clinical oncologist, and pathologist.
In our opinion this is the way that even rare entities can
be identified and treated promptly. The algorithm used in
our department for managing such cystic lesions is provided in Figure 6.

DISCUSSION
Liver cystic lesions consist of a heterogeneous group of
disorders. Rare liver cystic lesions such as cystadenoma,
hydatid cyst, polycystic liver disease, Caroli disease, and
cystic liver metastases pose several dilemmas to the
practicing surgeon or physician. It is very important that
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Cystic lesion

(history, clinical appearance, full blood count, imaging,
endoscopy, Ca 19-9, CEA, anti-echinococcal antibodies

HC
(diagnosed by imaging
techniques mainly, Ca19-9, CEA)

Not defined
(non metastatic)

Hydatid cyst
(imaging, antibodies)

Surgical
treatment

Conservative
treatment

Metastatic
(history, imaging, tumor markers)

Abscess
(history, clinical appearance, full
blood count, imaging)

PAIR

Surgery
(Total excision)

Drainage under CT

Surgical treatment
(depending on primary tumor,
resectability, current trends
for neo-adjuvant and adjuvant
treatment

Laparoscopic fenestration and
frozen section

Simple cyst

HC

Surgery
(Total excision)

Close follow-up
(Every 6 mo)

Figure 6 Liver cystic lesions management algorithm.

CONCLUSION
Cystic liver lesions require accurate pre-treatment diagnosis in order to select the appropriate therapy for each
patient, as they can represent benign or malignant formations. It is best that a specialized team deals with cystic
liver lesions so that diagnosis and treatment are accurate
and focused. Specifically, rare entities require accurate
diagnosis and management, as they can pose a malignant
impact.
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PROGRESS IN LIVER DISEASES

Branched-chain amino acids in liver diseases
Kazuto Tajiri, Yukihiro Shimizu
with liver cirrhosis, and the amino acids imbalance
could affect the clinical picture of the disease and the
prognosis of the patients. However, there are few comprehensive reviews on the biological activities of BCAAs.
In this review, we summarize the biological activities of
BCAAs, and discuss possible applications of BCAAs for
the management of patients with advanced liver diseases with a list of clinical trials of BCAA administration.
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Abstract
Branched chain amino acids (BCAAs) have been shown
to affect gene expression, protein metabolism, apoptosis and regeneration of hepatocytes, and insulin
resistance. They have also been shown to inhibit the
proliferation of liver cancer cells in vitro , and are essential for lymphocyte proliferation and dendritic cell maturation. In patients with advanced chronic liver disease,
BCAA concentrations are low, whereas the concentrations of aromatic amino acids such as phenylalanine
and tyrosine are high, conditions that may be closely
associated with hepatic encephalopathy and the prognosis of these patients. Based on these basic observations, patients with advanced chronic liver disease have
been treated clinically with BCAA-rich medicines, with
positive effects.

INTRODUCTION
The three branched chain amino acids (BCAAs), leucine,
isoleucine and valine, are among the nine essential amino
acids for humans. Recent studies have revealed the functions of these BCAAs, and they have been administered
for the treatment of advanced liver diseases. In this review, we summarize current understanding of the biological properties of BCAAs and review the results of clinical
application of BCAAs to treat patients with liver diseases.

BASIC ASPECTS OF BCAAS IN LIVER
Serum concentration of BCAAs in patients with chronic
liver diseases and liver cirrhosis
Serum concentrations of BCAAs are decreased, while
the concentrations of the aromatic amino acids (AAAs)
phenylalanine and tyrosine are increased, in patients with
advanced liver diseases, resulting in a low ratio of BCAAs
to AAAs, a ratio called the Fischer ratio[1]. A low Fischer
ratio has been associated with hepatic encephalopathy
(HE). The imbalance of amino acids tends to become
more marked with the progression of liver diseases, and
aminograms are useful for assessing the prognosis of cir-

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Liver disease; Branched chain amino acids;
Gene expression; Hepatocyte apoptosis; Hepatocyte
regeneration; Immunity; Treatment
Core tip: Advanced liver diseases are commonly accompanied by nutritional disturbances, which worsen the
prognosis of the patients. Serum levels of branchedchain amino acids (BCAAs) are decreased in patients
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rhotic patients with or without hepatocellular carcinoma
(HCC)[2,3]. Moreover, a simplified Fischer ratio, the BCAA
to tyrosine ratio (BTR), has been reported useful for
predicting serum albumin concentration one year later[4].
These data indicate that amino acid imbalance, either low
Fischer ratio or BTR, is a marker for progression of liver
diseases, and that correcting this ratio may have therapeutic potential, not only for nutritional improvement, but
also for HE, in patients with advanced liver diseases.

tract-binding protein, which binds to albumin mRNA
and increases its translation[17].
Insulin resistance
BCAAs were shown to improve homeostasis model assessment scores for insulin resistance (HOMA-IR) and
beta cell function (HOMA-%B) in patients with chronic
liver disease, indicating that BCAAs can ameliorate insulin resistance[18]. In mice lacking the gene encoding
mitochondrial BCAA aminotransferase, an enzyme that
catalyzes BCAAs, serum BCAA concentrations were elevated. In those mice, fasting blood glucose and insulin
concentrations were decreased and HOMA-IR was significantly lower than in wild-type mice[19]. Furthermore,
administration of leucine or isoleucine improved insulin
sensitivity in mice with high-fat diets[20,21]. BCAAs were
also shown to temporarily increase plasma insulin concentrations in healthy young men, although plasma glucose concentrations were not altered[22].
Several organs are involved in the mechanism by
which BCAAs improve insulin resistance. In the liver,
BCAAs increase the liver X receptor/sterol regulatory
element binding protein-1c pathway and subsequently
activate liver-type glucokinase and glucose transporter.
Furthermore, BCAAs suppress hepatic expression of
glucose-6-phosphatase[23]. In adipose tissue, leucine increases insulin-induced phosphorylation of Akt and
mTOR, increasing glucose uptake[24]. In skeletal muscle,
BCAAs promote glucose uptake through activation of
phosphatidylinositol 3-kinase (PI3K) and protein kinase
C and subsequent translocation of glucose transporter
to the plasma membrane[25]. In addition, BCAAs increase
PPAR-γ and subsequent UCP2 in liver and UCP3 in
muscle, stimulating oxidation of free fatty acids. Thus,
BCAAs improve insulin resistance through interactions
in organs targeted by insulin.

Gene expression and mitochondrial biogenesis
In mice, BCAA-rich diets have shown to up-regulate the
expression of peroxisome proliferator-activated receptor
(PPAR) γ coactivator-1α (PGC-1α), a master regulator of
mitochondrial biogenesis and the defense system against
reactive oxygen species (ROS), and of sirtuin-1, a member of the sirtuin family linked to life span extension,
enhanced mitochondrial biogenesis, and decreased ROS
production, leading to the prolongation of the lifespan
of male mice[5]. BCAAs have also been shown to induce
the activation of genes involved in antioxidant defenses
and inhibition of ROS production, as well as to induce
the hepatic expression of mRNA encoding 8-oxyoguanine DNA glycosilase 1, an enzyme involved in repair
of oxidative DNA damage, in a rat model of liver injury,
indicating that BCAAs are involved in the induction of
antioxidant DNA repair[6].
In various cell lines, BCAAs, especially leucine, have
been shown to activate the mammalian target of rapamycin
(mTOR) signals, stimulating the synthesis of proteins, including albumin, and of glycogen[7]. The ability of leucine to
enhance glucose metabolism was confirmed in normal rats
and in a rat cirrhosis model. BCAA activation of mTORC1
has also been associated with cell growth[8] and PGC-1αmediated mitochondrial gene expression[9]. BCAAs have
been shown to up-regulate PPAR-γ and uncouple (UCP)
2, reducing triglyceride concentrations in mouse livers[10].
These findings suggest that BCAAs may have a therapeutic
effect on metabolic disorders and/or obesity.

Liver cancer cells
The direct effects of BCAAs on liver cancer cells have
been analyzed in culture systems. Increased concentrations of BCAAs in culture medium were reported to
suppress the proliferation of HCC cell lines[26]. Moreover,
all three BCAAs were found to accelerate insulin-induced
vascular endothelial growth factor (VEGF) mRNA degradation at the post transcriptional level, downregulating
VEGF expression during the development of HCCs[27].
BCAAs were also shown to induce apoptosis of liver
cancer cell lines by inhibiting insulin-induced PI3K/Akt
and NFκB pathways through mTORC1- and mTORC2dependent mechanisms[28]. Moreover, BCAAs may inhibit
obesity-related hepatocarcinogenesis by suppressing the
stimulatory effect of visfatin, an adipokine with a critical
role in HCC proliferation[29].
Insulin was found to induce cell proliferation through
activation of the mitogen-activated protein kinase pathway[30], and BCAAs inhibit insulin signals by suppressing
the expression of insulin-like growth factor[31]. BCAAs
have been reported to decrease insulin resistance-induced

Apoptosis and regeneration of hepatocytes
BCAA supplementation was shown to delay the progression of CCl4-induced chronic liver injury in a rat model
by reducing hepatic apoptosis[11]. On the other hand,
BCAAs promoted hepatocyte regeneration in a rat model
of hepatectomy[12]. Moreover, BCAAs were reported to
stimulate the production of hepatocyte growth factor[13].
Taken together, these findings indicate that supplementation with BCAAs, by reducing hepatocyte apoptosis and
promoting liver regeneration, may result in rapid recovery
from liver injury.
Albumin synthesis
BCAAs activate mTOR and subsequently increase the
production of eukaryotic initiation factor 4E-binding
protein-1 and ribosomal protein S6 kinase, which upregulate the synthesis of albumin[14-16]. Furthermore, leucine
stimulates the nuclear importation of polypyrimidine-
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expression of endothelial growth factor and to subsequently suppress tumor angiogenesis [32]. Collectively,
these data suggest that BCAAs inhibit the proliferation
of HCC cells or hepatocarcinogenesis through multiple
mechanisms.

deficiency leads to hypoalbuminemia, inducing ascites
and edema, whereas energy deficiency decreases fat and
muscle mass and causes muscle weakness, decreasing the
quality of life of patients with cirrhosis[42]. Several clinical
trials have suggested that BCAA supplementation improves the prognosis of cirrhotic patients[43,44]. For example, a multicenter randomized trial from Italy showed that
oral BCAA supplementation in patients with advanced
cirrhosis prevented progressive hepatic failure and improved surrogate markers and perceived health status[44].
Furthermore, a large scale post marketing clinical study in
Japan showed that oral BCAA administration significantly
reduced the occurrence of complications associated with
poor prognosis, such as liver failure, ruptured esophageal
varices, HCC, and death, compared with patients who received diet therapy with defined daily food intake (HR =
0.67, 95%CI: 0.49-0.93)[43]. Furthermore, BCAA supplementation in patients with advanced cirrhosis may improve abnormal glucose tolerance in addition to improving serum albumin concentration[45], and a randomized
study showed that oral BCAA was effective in patients
with both compensated and decompensated cirrhosis,
maintaining or increasing serum albumin concentrations[46]. Oral BCAA treatment has also been reported to
improve protein malnutrition in patients, especially during
the early stages of liver cirrhosis, increasing serum albumin level to 3.5-3.9 g/dL and increasing total hepatic parenchymal cell mass[47-49]. BCAA treatment also improved
nutritional status and reduced the frequency of albumin
infusion in children with end-stage liver disease[50]. Taken
together, these findings indicate that BCAA supplementation is effective in improving nutritional status in cirrhotic
patients, regardless of patient age or disease stage.
Furthermore, BCAA supplementation was reported
to improve the quality of life in cirrhotic patients. Two
randomized trials showed that BCAA supplementation
improved the Short Form-36 scores of general health
perception compared with control groups[43,44]. Another
randomized study showed that BCAA-enriched supplements improved weakness and fatigue compared with
ordinary foods[51]. BCAA-enriched supplementation has
also been reported to improve sleep disturbance[52].
Accelerated fat oxidation and a catabolic state after
fasting, represented as a decreased respiratory quotient
(RQ), are frequently observed in patients with cirrhosis[53]. Late evening snack supplementation with a BCAA
mixture was found to improve RQ, nutritional state and
glucose intolerance[53,54]. The energy efficiency of BCAAs
is higher than that of glucose or fatty acids, suggesting
that BCAAs may be the preferred energy substrate for
patients with cirrhosis[55]. Others also reported that late
evening snacks with BCAAs were useful in improving
protein metabolism and lipolysis in cirrhotic patients[56].
Thus, BCAA supplementation for advanced cirrhotic patients improves nutritional status and quality of
life. The guidelines of the European Society for Clinical
Nutrition and Metabolism and the Study Group for the
Standardization of Treatment of Viral Hepatitis Includ-

Immunity
Immunity and nutrition are closely associated, and several
studies have indicated the importance of BCAAs during
lymphocyte proliferation or dendritic cell maturation.
Depletion of any of the three BCAAs from the culture
medium was shown to markedly inhibit phytohemagglutinin-induced lymphocyte proliferation[33], with removal
of valine from the culture medium completely abolishing
lymphocyte proliferation. In contrast, increased concentrations of BCAAs in the culture medium did not significantly affect lymphocyte proliferation, indicating that,
although the BCAAs are requisite for lymphocyte proliferation, there are optimal concentrations. On the other
hand, BCAAs have little effect on macrophage functions.
In vivo studies have also shown the importance of
BCAAs for immunity. We previously analyzed the effects
of a BCAA-rich diet on immune system functions in
the spleen and liver of rats[34]. We found that addition of
BCAAs to the diet increased the numbers of intrahepatic
lymphocytes and stimulated natural killer (NK) cell activity and lectin-dependent cytotoxic activities in the liver.
Interestingly, the number of intrahepatic lymphocytes
was positively correlated with valine concentrations in
plasma and the liver. BCAAs, especially valine, are also involved in the maturation of dendritic cells. For example,
valine was found to dose-dependently increase the allostimulatory capacity of IL-12 production by monocytederived dendritic cells (DCs) obtained from both healthy
volunteers and cirrhotic patients with chronic hepatitis
C virus (HCV) infection[35]. These findings suggest that
valine may have therapeutic potential in HCV-infected
cirrhotic patients by restoring immune system activities,
which may lead to inhibit hepatocarcinogenesis[35,36]. In
patients with cirrhosis, BCAA administration increases
the numbers of hepatic lymphocytes and restores the
phagocytic activity of neutrophils and the NK activity of
lymphocytes[37]. In addition, BCAAs increased the number of blood lymphocytes in postsurgical patients[38,39],
and significant correlations were observed between the
serum concentration of BCAAs and the survival rates
of the patients with sepsis[40]. These data indicate that
BCAAs are closely associated with the maturation and
function of various immune cells.

CLINICAL APPLICATION OF BCAAS IN
LIVER DISEASES
BCAAs for liver cirrhosis
The liver is a central organ for nutrient metabolism, and
patients with chronic liver diseases may develop various
metabolic and nutrition disorders[41]. Patients with cirrhosis frequently show protein and energy deficiency. Protein
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ing Cirrhosis of the Ministry of Health, Labour and Welfare of Japan recommend BCAA supplementation in the
treatment of patients with advanced cirrhosis[57,58].

tion can help in the management of HCC. Prolonged
surgical stress and advanced malignancy can result in
systemic catabolism and muscle wasting, with BCAA
supplementation having the potential to improve these
conditions[67].
A randomized control trial in obese, HCV-infected
patients with cirrhosis showed that BCAA supplementation reduced the frequency of development of HCC, by
approximately 30% over 3 years[68]. In addition, a second
randomized trial in patients with compensated liver cirrhosis due to HCV showed that oral BCAAs reduced the
incidence of HCC (15.8% vs 25.0%)[69]. A retrospective
analysis in patients with cirrhosis showed that the incidence of HCC was significantly lower in patients who
did than did not receive BCAAs (HR = 0.416, 95%CI:
0.216-0.800, P = 0.0085) [70]. Furthermore, combinations
of BCAAs and angiotensin-converting enzyme inhibitors
may prevent the development of HCC in patients with
insulin resistance[71].
Perioperative nutritional support, especially enteral
rather than parental nutrition, was found to improve the
prognosis of cirrhotic patients by reducing complications following hepatectomy[72,73]. Recently, a randomized
trial showed that BCAA supplementation after hepatectomy promoted rapid improvement in protein metabolism and inhibited progression to liver cirrhosis[74].
Furthermore, another randomized trial showed that oral
BCAA supplementation after hepatectomy for HCC
significantly reduced the 30 month recurrence of HCC
(28.5% vs 55.7%, P = 0.044)[75]. Perioperative BCAA
treatment in patients undergoing hepatectomy was also
shown to contribute to shorter hospital stay and quicker
improvement of liver function during the early postoperative period[76] and to improve postoperative quality of
life by restoring and maintaining nutritional status and
whole-body kinetics[77].
The effect of BCAAs on HCC recurrence after radiofrequency ablation (RFA) remains unclear. Two prospective studies showed that BCAA supplementation improved
nutritional state and liver function, but its effect on HCC
recurrence was not determined[78,79]. However, a recent retrospective study showed that oral BCAA supplementation
after RFA improved 1 year (61.8% vs 52.0%) and 3-year
(28.0% vs 12.0%) progression-free survival rates compared
with a control group after RFA (P = 0.013) [80].
Oral BCAA supplementation after chemoembolization also prevents the decrease of liver function after
treatment and improves the quality of life, although
its ability to prevent HCC recurrence was not determined[81,82]. Oral BCAA treatment before chemoembolization was found useful in maintaining hepatic functional
reserve[83]. A randomized trial also found that oral BCAA
supplementation improved nutritional status by increasing BCAA concentration during radiotherapy for HCC[84].
Thus, BCAA supplementation for patients with HCC
is of clinical importance in the preservation of liver function and quality of life during treatment, although it is
unclear whether BCCAs directly prevent HCC.

BCAAs for hepatic encephalopathy
HE is a major complication of cirrhosis associated with
poor prognosis and quality of life, and often occurs repeatedly. Elevated blood ammonia is seen in patients with
HE, and ammonia is one of the pathogenic factors for
the development of HE[59]. Unfortunately, infusion of
BCAAs was reported to increase venous blood ammonia
in most patients with liver failure[60]. Thus, the effects of
BCAAs on HE may not be associated with blood ammonia levels, especially when administered intravenously.
HE may also be caused by a decreased plasma ratio of
BCAAs to AAAs. In patients with advanced cirrhosis,
HE frequently occurs after gastrointestinal bleeding, perhaps due to an absence of isoleucine and an abundance
of leucine in hemoglobin molecules, leading to HE by
way of BCAA antagonism[61]. Treatment with BCAAs
may therefore have a beneficial effect on patients with
hepatic encephalopathy mainly by compensating decreased ratio of BCAAs to AAAs, but not by reducing
serum ammonia levels. A systematic review reported that
BCAAs appeared to have a modest effect in improving
encephalopathy without adverse events, although convincing evidence was not supplied[62]. Two randomized
studies also showed that BCAAs did not clearly prevent
HE in patients with advanced cirrhosis, although BCAAs
prevented the progression of hepatic failure[43,44]. Furthermore, postoperative BCAA treatment could not prevent postoperative hepatic encephalopathy[63]. A recent
randomized, double-blind, multicenter study evaluating
the effect of BCAAs on HE found that BCAAs did not
decrease the recurrence of HE but improved minimal
HE and muscle mass[64]. Moreover, a systematic review
showed that oral (RR = 1.44; 95%CI: 1.07-1.94) but not
intravenous (RR=1.12; 95%CI: 0.91-1.39) administration of BCAAs improved HE manifestations[65]. Nonabsorbable disaccharides such as lactulose or lactitol also
improved the manifestations of HE (RR = 1.99; 95%CI:
1.14-3.48) and prevented clinically overt HE (RR = 0.26;
95%CI: 0.17-0.41), suggesting that non-absorbable disaccharides be used as the first line treatment of HE and
BCAAs may be considered as a second line treatment[65].
Recently, a systematic review with meta-analyses on
the effect of oral BCAAs for the treatment of HE was
published[66]. The review has revealed that supplementation of oral BCAAs in cirrhotic patients inhibits the
manifestation of HE, especially in patients with overt
HE rather than those with minimal HE, but showed no
effect on the survival of those patients[66]. Thus, oral administration of BCAAs is the treatment of choice in cirrhotic patients with HE, especially in combination with
non-absorbable disaccharides.
BCAAs for hepatocellular carcinoma
Clinical studies have suggested that BCAA supplementa-
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Induce mitochondrial biogenesis
Inhibit ROS production
Stimulate albumin and glycogen
synthesis

Inhibit hepatocyte apoptosis
Promote liver regeneration
Stimulate HGF production

BCAAs

Therapy for liver cirrhosis

Improve insulin resistance

Inhibit proliferation of HCC cells
and hepatocarcinogenesis

Supportive for
HCC treatment

Requisite for lymphocyte proliferation
Induce dendritic cell maturation

Figure 1 Mechanism of action of branched chain amino acids in liver diseases. BCAAs: Branched chain amino acids; ROS: Reactive oxygen species; HGF:
Hepatocyte growth factor; HCC: Hepatocellular carcinoma.

Table 1 Prospective randomized trials of branched-chain amino acid administration for advanced liver diseases
Object

Time

No.

Major outcome

Ref.

Cirrhosis
Cirrhosis (advanced)

2 yr
1 yr

646
174

[43]
[44]

24 wk
2 yr
2 yr
3 mo
168 wk

281
65
65
48
39

Cirrhosis (HCV, obese)

2 yr

622

Cirrhosis (pre liver transplant)

3.3 yr

50

Cirrhosis after an episode of HE
Cirrhosis after hepatectomy

56 wk
1 yr

116
43

HCC after hepatectomy
HCC after hepatectomy
After hepatectomy
HCC after RFA
HCC after RFA
HCC undergoing chemoembolization
HCC undergoing chemoembolization
HCC during radiotherapy

6.5 mo
12 wk
12 mo
12 mo
12 wk
12 mo
2 wk
10 wk

Improve event-free survival and QOL. Increase serum albumin levels.
Improve event-free survival. Lower hospital admission. Improve the
Child-Pugh score and QOL.
Increase serum albumin levels.
Maintain serum albumin levels.
Maintain serum albumin levels.
Increase serum albumin levels. Improve energy metabolism.
Reduce hepatic carcinogenesis in patients with compensated cirrhosis
with a serum albumin level of < 4.0 g/dL.
Reduce hepatic carcinogenesis in patients with BMI of 25 or higher and
with an alpha-fetoprotein level of 20 ng/mL or higher.
Preserve hepatic reserve functions. Lower complications associated with
cirrhosis.
Not decrease recurrence of HE. Improve minimal HE and muscle mass.
Improve hepatic metabolism after hepatectomy. Inhibit progression to
cirrhosis.
Reduce early recurrence of HCC.
Shorten hospital stay. Quicker improvement of liver functions.
Improve post operative QOL.
Improve nutritional state and QOL.
Improve liver functions.
Increase serum albumin levels, reduce morbidity, and improve QOL.
Prevent reduction of liver functions.
Increase serum albumin levels.

Cirrhosis (decompensated)
Cirrhosis
Cirrhosis (early)
Cirrhosis
Cirrhosis (HCV)

56
44
76
35
30
84
56
30

[45]
[46]
[49]
[51]
[69]
[68]
[99]
[64]
[74]
[75]
[76]
[77]
[78]
[79]
[81]
[82]
[84]

QOL: Quality of life; HCV: Hepatitis C virus; HE: Hepatic encephalopathy; HCC: Hepatocellular caricinoma. RFA: Radiofrequency ablation.

Acute liver injury
Although BCAAs have no proven benefit in patients with
acute liver injury, enteric nutritional support is essential[85].
Several animal studies have shown that BCAAs may prevent acute liver injury[86-88], although its effects in humans
are as yet undetermined. BCAA concentrations have
been reported to be increased, unaltered or decreased
following acute liver injury[89,90]. In alcoholic hepatitis, parentally or enterally administered hyperalimentation with
or without BCAAs did not show survival benefits[91].
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HCV infection
Insulin resistance occurs frequently in patients infected
with HCV and is associated with various complications,
such as steatosis, disturbances in glucose metabolism,
and carcinogenesis[92]. BCAAs, especially leucine or isoleucine, have been shown to have beneficial effects on
glucose metabolism[93]. A randomized study showed that
BCAA treatment of patients with chronic hepatitis C and
insulin resistance improved HbA1c concentrations in patients with marked peripheral insulin resistance, although
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BCAA did not significantly affect parameters of glucose
metabolism or lipid profiles[94]. A multicenter randomized
control trial showed that BCAAs prevented the development of HCC in obese, HCV-infected patients[68]. Furthermore, BCAA treatment can restore impaired interferon signaling caused by malnutrition through the mTOR
and FoxO pathways in patients with chronic hepatitis
C[95]. Interestingly, valine was reported to reduce HCV
viral load, possibly by enhancing DC function or interferon signaling[96]. Thus, BCAA supplementation may
be useful for adherence to interferon therapy in patients
with chronic hepatitis C and may enhance the effects of
interferon in these patients[97].

2

3
4

5

Liver transplantation
Protein-energy malnutrition is commonly found in patients
with end-stage liver disease requiring liver transplantation
and is a risk factor for posttransplant morbidity. A report
of 50 recipients undergoing living donor liver transplantation (LDLT) showed that absence of preoperative BCAA
treatment was an independent risk factor for postoperative severe infection and in-hospital death[98]. Kawamura et
al[99] reported that early interventional oral BCAAs might
prolong the liver transplant waiting period by preserving
hepatic reserve in patients with cirrhosis. A retrospective
analysis also showed that BCAA treatment before LDLT
may reduce the incidence of posttransplant bacteremia[100].

6

7

8

Other clinical problems related to management of liver
diseases
Insulin resistance: Increased insulin resistance is found
in patients with chronic liver diseases and is a therapeutic
target associated with malnutrition and hepatocarcinogenesis. BCAAs are thought to act on insulin target organs,
such as skeletal muscles, adipose tissue, and the liver[101].
BCAA infusion was reported to decrease plasma glucose
concentrations in patients with advanced liver cirrhosis[102],
and oral BCAA administration was recently shown to reduce both blood glucose concentrations[103,104] and insulin
resistance in patients with chronic liver diseases, especially
in men[19,105]. More recently, long-term BCAA supplementation was shown to improve glucose tolerance in patients
with nonalcoholic steatohepatitis (NASH)-related cirrhosis, and may be an alternative treatment for NASH[106].

9

10

11

12

CONCLUSION

13

BCAAs are involved in various biological activities (Figure
1), and prospective randomized clinical trials showing
possible effectiveness of BCAAs in the management of
chronic liver diseases are summarized in Table 1. Supplementation with BCAAs may be a promising therapeutic
option for patients with chronic liver diseases, although
more analyses are needed to determine their basic mechanisms of action.

14
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Liver diseases in pregnancy: Diseases not unique to
pregnancy
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es associated with cirrhosis. Variceal bleeding can
happen in up to 38% of cirrhotic pregnant women.
Management of portal hypertension during pregnancy
is discussed. Pregnancy increases the pathogenicity
leading to an increase in the rate of gallstones. We
discuss some of the interventions for gallstones in
pregnancy if symptoms arise. Finally, we provide an
overview of some of the options in managing hepatic
adenomas and hepatocellular carcinoma during pregnancy.

Ashraf A Almashhrawi, Khulood T Ahmed, Rubayat N
Rahman, Ghassan M Hammoud, Jamal A Ibdah, Division
of Gastroenterology and Hepatology, University of MissouriColumbia, Columbia, MO 65212, United States
Author contributions: Almashhrawi AA wrote and revised the
manuscript; Ahmed KT, Rahman RN, and Hammoud GM were
involved in reviewing the literature and collecting data; and Ibdah
JA conceived the topic, contributed to the writing, analyzed and
edited the manuscript, and provided overall intellectual input into
the design and execution of the manuscript.
Correspondence to: Jamal A Ibdah, MD, PhD, Professor,
Director, Division of Gastroenterology and Hepatology, University of Missouri-Columbia, 319 jesse hall, Columbia, MO 65212,
United States. ibdahj@health.missouri.edu
Telephone: +1-573-8827349 Fax: +1-573-8844595
Received: June 10, 2013
Revised: August 5, 2013
Accepted: September 4, 2013
Published: January 28, 2014

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Liver; Pregnancy; Viral hepatitis; Autoimmune; Cirrhosis; Gallstones; Adenoma
Core tip: Pregnancy is a special clinical state with several normal physiological changes that influence body organs including the liver. Liver disease can cause significant morbidity and mortality in both pregnant women
and their infants. Challenges involve making the diagnosis and the methods of treatment and their safety for
both the mother and the baby. This review summarizes
liver diseases that are not unique to pregnancy.

Abstract
Pregnancy is a special clinical state with several normal physiological changes that influence body organs
including the liver. Liver disease can cause significant
morbidity and mortality in both pregnant women and
their infants. Few challenges arise in reaching an accurate diagnosis in light of such physiological changes. Laboratory test results should be carefully interpreted and the knowledge of what normal changes to
expect is prudent to avoid clinical misjudgment. Other
challenges entail the methods of treatment and their
safety for both the mother and the baby. This review
summarizes liver diseases that are not unique to
pregnancy. We focus on viral hepatitis and its mode
of transmission, diagnosis, effect on the pregnancy,
the mother, the infant, treatment, and breast-feeding. Autoimmune hepatitis, primary biliary cirrhosis,
primary sclerosing cholangitis, Wilson’s disease, Budd
Chiari and portal vein thrombosis in pregnancy are
also discussed. Pregnancy is rare in patients with cirrhosis because of the metabolic and hormonal chang-
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INTRODUCTION
Although not unique to pregnancy, liver diseases reviewed here can have significant consequences on pregnant women and their infants.
Approach to the diagnosis of liver conditions in preg-
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Table 1 Normal physiological alterations in liver tests in
pregnancy

Table 2 Interpretation of hepatitis B blood tests
Test

Test

First trimester

Second/third trimesters

Albumin
ALT
AST
Total bilirubin
Alkaline phosphatase
GGT
5’-nucleotidase

↓
N
N
↓
N
N
N

Fasting total bile acids
Prothrombin time

N
N

↓
N
N
↓
↑
↓
May increase in second and
third trimesters
N
N

Acute infection
Resolved infection
with natural immunity
Immunity through
vaccination
Chronic infection
Different possibilities1

Total

Anti-HBc HBV

+
-

+

Anti-HBc
+
+

IgM
+
-

DNA
+
-

-

+

-

-

-

+
-

-

+
+

-

+/-

1

Could represent resolving acute infection, resolved infection (most likely),
chronic infection with low viral load or false positive. HBsAg: Hepatitis B
surface antigen; Anti-HBs: Hepatitis B surface antibody; Total anti-HBc:
Total hepatitis B core antibody; Anti-HBc IgM: Hepatitis B core antibody
immunoglobulin M; HBV: Hepatitis B virus.

N: No change; ↑: Increase; ↓: Decrease; AST: Aspartate aminotransferase;
ALT: Alanine aminotransferase; GGT: Gamma-glutamyl transpeptidase.

nant women should take into consideration the physiological changes during pregnancy that allow for normal
fetal development. Sex hormones such as estrogen and
progesterone increase progressively during pregnancy.
This increase has an influence on hepatic metabolic, synthetic, and excretory functions[1]. During late pregnancy,
biliary excretion of few compounds can be reduced.
Furthermore, reduction in serum protein concentrations
secondary to reversible hemodilution resulting from expanding plasma volume while pregnant is reflected by
alterations in some liver function tests (Table 1).
Whereas nausea and vomiting are common in early
pregnancy, those should not be considered normal in
the second or third trimesters and ought to be investigated[2]. Jaundice and generalized pruritus are not normal
features in pregnancy. Spider nevi and palmar erythema
were found up to 66% and 63% respectively by the end
of normal pregnancy in one study[3]. Most of those were
reversible after delivery.
Unique aspects such as the effect of the disease on
pregnancy, the effect of the pregnancy on disease progression, the use of specific therapies during pregnancy,
and issues related to breast-feeding are discussed.

intrauterine transmission is rare[5-7]. Fecal-oral transmission
during birth is possible. No cases of teratogenicity were
reported, but maternal complications such as preterm
labor were described. Susceptible woman should receive
vaccination. Breast-feeding is not contraindicated in acute
hepatitis A with following appropriate hygiene measures.
Hepatitis B virus
Hepatitis B virus (HBV) is a DNA virus that is highly infectious and transmits through intravenous route, sexual
contact, and vertically from the mother to her fetus. It
can present both as an acute or chronic infection. Pregnancy does not affect the course of infection directly.
Fortunately, since universal children vaccination for hepatitis B was implemented in 1992, the numbers of vertically transmitted chronic hepatitis B cases, and its complications such as hepatocellular carcinoma have dropped[8-10].
Prenatal screening for HBV is standard of care in many
countries including the United States. Those susceptible
should be vaccinated. Pregnant women exposed to HBV
should receive HBV immunoglobulins (HBIG) within
72 h of exposure in addition to the vaccination series.
Infants with infected mothers should receive both immunoglobulins and vaccination series at the time of delivery.
While acute infection can present with a viral syndrome
and jaundice such as that of acute hepatitis A infection,
chronic infection is usually asymptomatic and diagnosis
can be made relying on serum serology testing. A summary of the tests used in hepatitis B diagnosis and their
interpretation is displayed in Table 2.
Treatment should follow guidelines published by
medical societies such as the American Association for
the Study of Liver Disease (AASLD)[11], the European
Association for the Study of the Liver[12], or the Asian
Pacific Association for the Study of the Liver[13]. In the
United States, we recommend referring infected pregnant
women to the state’s perinatal hepatitis B prevention program[14], that is CDC-funded (centers for disease control
and prevention), and to liver specialists for optimizing
counseling and treatment.
There are seven Food and Drug Administration
(FDA)-approved medications for the treatment of hepati-

VIRAL HEPATITIS AND PREGNANCY
Hepatitis A virus
Hepatitis A virus (HAV) is an RNA virus that transmits
through fecal-oral route, usually through contaminated
water or food. Overall incidence is 9.1 per 100000 in the
United States and less than 1:1000 pregnancies. Clinical
presentation ensues within 2-4 wk of exposure. Generally,
HAV does not result in chronic infection. Acute hepatitis
A starts with prodromal symptoms including anorexia,
malaise, nausea and vomiting, and progresses into jaundice and elevated liver transaminases. Presence of HAV
immunoglobulin M (IgM) antibodies confirms the acute
infection. Management is supportive care including optimizing hydration and nutrition. Rarely acute hepatitis
A can lead to fulminant hepatic failure. Inactivated HAV
vaccine and immunoglobulin prophylaxis are safe in pregnancy[4]. Although vertical transmission has been reported,
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Table 3 Food and Drug Administration approved medications for hepatitis B treatment
Generic name
Interferons
Interferon α-2b, recombinant
Perinterferon α-2a
Nucleosides/nucleotides
Lamivudine1
Adefovir dipivoxil
Entecavir
Telbivudine2
Tenofovir2

Trade name

Company

Approved for HBV treatment

Intron® A
Pegasys®

Schering Corporation/ Merck and Co
Genentech/Roche group

1992
2005

EPIVIR-HBV®
HEPSERATM
BARACLUDETM
TYZEKATM
Viread

GlaxoSmithKline
Gilead Sciences
Bristol-Myers Squibb
Novartis
Gilead Sciences

1998
2002
2005
2006
2008

1

Pregnancy risk category C, can be used in the third trimester; 2Pregnancy risk category B. HBV: Hepatitis B virus.

tis B (Table 3) in non-pregnant patients. Interferon use is
contraindicated in pregnancy. Tenofovir and Telbivudine
belong to pregnancy risk category B; all others belong to
category C. The choice to treat or not should be weighed
in light of benefits versus risks for both the mother and
her fetus. Those with higher viral load (serum HBV
DNA > 108 copies/mL) were at higher risk for vertical
transmission in one study[15]. Wen et al[16] showed recently
that the adjusted odds ratio of transmission for each
log10 copy/mL increase, is 3.49 (P = 0.001), with predictive rates of infection at maternal viral load levels of 7,
8, and 9-log10 copies/ml of 6.6% (P = 0.033), 14.6% (P
= 0.001), and 27.7% (P < 0.001), respectively. Therefore,
it is reasonable to treat those women or women with
previous infected children, especially towards the end of
pregnancy (from week 28 and up), with risk category B
drugs or Lamivudine (increases birth defects if used in
1st trimester)[17,18]. In a meta-analysis, significant drop in
the risk of vertical transmission was found in those who
succeeded to lower HBV DNA below 106 copies/mL[18].
Telbivudine was used safely and with good efficacy in
reducing transmission (0% vs 8%; P = 0.002) in a recent
study[19].
Although cesarean section is proposed as a measure
to lower the risk of transmission, particularly in women
with high viral loads towards term, there is a conflicting
evidence regarding choosing cesarean section versus vaginal delivery to lower the risk of vertical transmission[20,21].
Breast-feeding should be encouraged for infants receiving
HBIG and vaccination[22-25]. On the other hand, no adequate evidence of the safety of breast-feeding in mothers receiving antiviral therapy is available and women on
antiviral therapy with lamivudine, telbivudine or tenofovir
should be discouraged from breast-feeding[26-28].

children born to HCV infected mothers. While there
is no approved medicine to treat chronic hepatitis C in
pregnant women, those should be referred to liver experts for education regarding options of treatment after
delivery and preventive measures to slow the progression of the disease. HCV antibodies ELISA testing is a
sensitive test and carries high positive predictive value
in high-risk patients. Diagnosis can be confirmed using
HCV RNA polymerase chain reaction (PCR). There are
several therapies for hepatitis C that are under investigation currently. Some of those could prove safe to use in
pregnancy in the future. Pregnant women with hepatitis
C should be educated about the mode of transmission
and how to reduce the risk, smoking cessation, alcohol
abstinence, and vaccination for hepatitis A and hepatitis B.
They should also be screened for hepatitis B and human
immunodeficiency virus (HIV) infection. Women undergoing treatment for hepatitis C, or those with partners
undergoing treatment for hepatitis C, should avoid pregnancy by using at least 2 forms of barrier contraception,
for the period of treatment and 6 mo after.
Infants of hepatitis C infected- mothers were at
higher risk for low birth weight, being small for gestational age, or requiring intensive care upon birth in one
report[30]. The risk of vertical transmission is approximately 4%. This risk increased up to 19.4% when coinfected with HIV[31-35]. High viral load also increase the
risk for vertical transmission. HCV transmission could
occur through viral trancytosis across trophoblast cells
mediated by HCV receptors expressed on trophoblasts
or through some form of injury that influences the placental barrier[36]. Although there were few reports of
increased risk of transmission with premature rupture
of membrane, more than 6 h before delivery, mode of
delivery was not found to change the risk of hepatitis
C transmission[31,37-39]. As the new era of direct antiviral
agents is evolving, treating hepatitis C during pregnancy
may become an option and thus the possibility of reducing the risk of transmission[40].
Breast-feeding is considered safe when nipples are not
cracked or bleeding according to CDC recommendations.

Hepatitis C virus
With prevalence around 1.6%, chronic hepatitis C infection continues to present a big public health concern in
the United States. The majority of those patients, left
untreated, will progress to cirrhosis with expected peak
in prevalence around the year 2030, with expected medical cost exceeding $85 billion[29]. Generally, all high-risk
patients should be screened for hepatitis C virus (HCV)
following CDC and AASLD guidelines. Those include
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Hepatitis D virus (HDV) is an RNA virus that requires
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suspected[59]. Liver biopsy with appropriate immunohistochemistry staining can be useful, but usually is avoided
because of its invasive nature, coagulopathy and because
of the potential delay in results/treatment.

hepatitis B surface antigen for replication. Anti-HDV antibodies establish the diagnosis. Although vertical transmission is possible, hepatitis D is preventable by preventing HBV transmission[41].
Hepatitis E virus
Hepatitis E virus (HEV) is an RNA virus that is usually
transmitted through fecal-oral means, although transmission via infected blood products and vertical transmission
has been reported[42]. It is usually a self-limiting disease
in immunocompetent patients. Hepatitis E can cause
significant disease in patients with chronic liver disease
and can present in a chronic form leading to fibrosis in
immunocompromised individuals[43]. Pregnant women
in highly endemic areas are particularly at risk with up to
60% developing fulminant hepatic failure with a maternal
death rate of up to 31%[44,45]. A review from Bangladesh
suggests it is responsible for 9.8% of pregnancy-related
deaths[46]. On the other hand, the severity of the disease
was not different between pregnant and non-pregnant
women in non-endemic places such as the United States
and Europe. A report suggested that such variance in severity between endemic and non-endemic areas might be
related to different genotypes of HEV[47]. Other studies
suggested that pregnancy per se is not a poor prognostic
factor for those who developed acute liver failure[48]. To
a lesser extent, hepatitis E is prevalent in some western
countries, particularly genotype 3.
Vertical transmission was described up to 78.9% with
infant mortality of 40%[42]. The level of viremia appears
to be associated with the severity of the disease during
pregnancy[49]. Despite such high mortality, current treatment remains supportive. Pregnant woman seeking travel
to endemic areas should be counseled about the risk of
hepatitis E, and be advised to avoid unpurified water, uncooked fruit, vegetables, and shellfish.
Hepatitis E vaccines have been developed and evaluated in trials but has not been approved for commercial
use yet. Their utility is yet to be determined[50-54].

AUTOIMMUNE HEPATITIS AND
PREGNANCY
Autoimmune hepatitis is a disease characterized by elevated liver aminotransferases, hypergammaglobulinemia, and
positive serum autoantibodies. Autoimmune hepatitis and
pregnancy (AIH) is more common in females, especially
those in childbearing ages. It can happen during pregnancy and may not follow consistent pattern. Normalization
of liver aminotransferases has been described in patients
with no treatment[62]. This normalization could be related
to the immunotolerant state that predominates pregnancy. On the other hand, flare-ups have been reported
during and after pregnancy[63]. Prematurity and fetal-loss
were described in those patients[64]. A link was observed
between antibodies to soluble liver antigen/liver-pancreas
and ribonucleoprotein/Sjögren’s syndrome A and adverse outcomes[65]. Inadequate disease control in the year
prior to pregnancy and the absence of treatment during
pregnancy were associated with unfavorable outcomes in
a recent study[66].
Although the patients should be counseled about
possible adverse outcomes, pregnancy appears to be safe
in well-controlled AIH women[67]. Special considerations
should be given to the postpartum period as flare-ups
may occur frequently, and treatment should be resumed
preemptively two weeks before delivery and maintained
thereafter[68]. Immunosuppressive therapy with steroids
and agents such as azathioprine is the mainstay for treatment of AIH. Azathioprine use during pregnancy is
generally safe (despite reports of birth defects in animal
models)[64].

PRIMARY BILIARY CIRRHOSIS/PRIMARY
SCLEROSING CHOLANGITIS AND
PREGNANCY

Herpes simplex virus
32 out of 137 cases of herpes simplex virus (HSV) hepatitis were pregnant women in one report, suggesting their
susceptibility[55]. Although rare, HSV hepatitis carries a
very high mortality (39%) if inappropriately treated[56].
Providers should have high index of suspicion in this
patient group in the appropriate clinical setting; elevated
liver transaminases usually 100 times upper level of normal with typically normal or mildly elevated bilirubin
(anicteric hepatitis)[57-60]. Serology testing including antiHSV IgM should be ordered. HSV PCR can be ordered
as well to confirm diagnosis. Recent study has revealed
that HSV DNA load correlated with liver transaminase
levels and disease severity[61]. Although no strong evidence to support starting Acyclovir in patients with indeterminate acute liver failure, clinicians should consider
empirical therapy with acyclovir when HSV hepatitis is
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There is limited data about pregnancy in patients with
primary biliary cirrhosis. Reports have ranged from normal course of pregnancy and good fetal outcomes to
poor prognosis for both mother and fetus[69,70]. Earlier diagnosis and the use of ursodeoxycholic acid (UDCA) in
treatment, which has been used safely in pregnancy, have
been linked to favorable outcomes[71]. Primary sclerosing
cholangitis did not appear to reduce fertility and resulted
in good outcomes, in one report. UDCA was successfully
used to control pruritus in this cohort[72].

WILSON’S DISEASE AND PREGNANCY
Wilson’s disease is an autosomal recessive disease with
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Table 4 Options for portal hypertension management in
pregnancy

CIRRHOSIS/ PORTAL HYPERTENSION
AND PREGNANCY

Esophageal varices

Pregnancy in cirrhotic women is rare, probably because of
low prevalence of cirrhosis in reproductive age group (45
in 100000) and also due to amenorrhea and anovulation,
likely related to metabolic and hormonal derangements[86].
The physiological increase in plasma volume during
pregnancy can worsen portal hypertension, resulting in
increase risk of variceal bleeding. Variceal bleeding can
happen in up to 38% of cirrhotic pregnant women. This
is even higher in those with known portal hypertension.
Those with known varices have a 78% chance of bleeding[87]. AASLD recommends screening for esophageal
varices by the second trimester, as the risk of bleeding
appears to be highest at that time. Women with cirrhosis
planning to become pregnant should be screened before
conception by endoscopy and prophylaxis (with nonselective beta blockers) should be started as recommended by
AASLD guidelines. Complications of portal hypertension
in pregnancy can be as high as 50% resulting in high mortality rate of up to 18%, and higher risk for fetal loss[88].
Pregnancy should be avoided in women with previous
history of variceal bleeding and liver insufficiency. Means
such as early forceps delivery or vacuum extraction should
be considered to prevent excessive straining during vaginal
delivery. Management options of complications of portal
hypertension are summarized in Table 4. All medications
used during pregnancy should be checked as of which risk
category they fall under according to the FDA classification before prescribing (Tables 5 and 6).

Nonselective β-blockers
Endoscopic and ligation and/or sclerotherapy
TIPS: Data on TIPS and pregnancy is limited
Ascites
Sodium (salt) restriction, diuretics
Hepatic encephalopathy Lactulose, rifaximin
TIPS: Transjugular portosystemic shunt.

prevalence of 1:30000 to 1:50000[73]. It affects hepatic
copper transport with inhibition of biliary excretion,
resulting in excess circulating copper and deposition in
organs such as the liver and the brain. Cases of reduced
fertility and recurrent spontaneous abortions in untreated women were reported[74]. Chelation therapy using
D-penicillamine or trientine, or the use of zinc to reduce
intestinal absorption of copper, have been the mainstay
therapy for Wilson’s disease. Zinc has been used with
minimal teratogenicity during pregnancy[75]. Although
teratogenic effects of D-penicillamine in humans and
animals, and teratogenic effects of trientine in animals
were described[76,77], therapy should not be discontinued
as this can result in severe hemolysis, worsening of liver
function and even death. Even though zinc dosages can
be maintained during pregnancy, AASLD recommends
lowering D-penicillamine and trientine to the minimum
needed (usually 25%-50% of the pre-pregnancy dose)[78],
particularly towards term to aid in wound healing. Baseline dosages can be resumed postnatal. The mother
should be counseled, and both the mother and her fetus
should be monitored closely during pregnancy. Breastfeeding is discouraged as D-pencillamine can be harmful
to the infant and safety has not been established with trientene and zinc.

HEPATOCELLULAR ADENOMA AND
PREGNANCY
The incidence of hepatocellular adenoma has increased
since the introduction of oral contraceptives. There is a
link between pregnancy and liver adenomas secondary
to higher levels of hormones[89]. Rupture of adenomas
has resulted in maternal mortality of a 44% and fetal loss
of 38% in one study[90]. Adenoma rupture risk increases
towards the end of pregnancy[91]. Women with adenomas > 5 cm or those with previous complications with
adenomas, should avoid subsequent pregnancies. Those
pregnant with smaller adenomas should be monitored
closely with serial ultrasound imaging. If the lesion is
progressively enlarging, or 5 cm in size or bigger, surgical
resection should be considered[90]. Radiofrequency ablation is another modality that can be used in the treatment
of hepatic adenomas[91-93]. Close monitoring of the lesion
should continue in the postpartum period as well.

GALLSTONES AND PREGNANCY
Physiological changes during pregnancy particularly hormonal changes lead to decrease in contractility of the
gallbladder and changes in bile content, with increase in
cholesterol saturation, resulting in increase in lethogenicity of the bile[79]. Incidence of gallstones is up to 12% in
pregnant women[80]. Those typically remain asymptomatic. The patient can present with biliary pain, gallstone
pancreatitis, or less likely acute cholecystitis. Other manifestations such as choledocholithiasis and cholangitis can
also happen. Management is mostly conservative with hydration and antibiotics if indicated. In more severe cases,
cholecystectomy can be indicated. Endoscopic retrograde
cholangiopancreatography (ERCP) can also be used with
taking precautions to minimize radiation exposure of the
fetus. In general, surgical procedures are the safest in the
second trimester. ERCP was reported to be associated
with higher risk for preterm pregnancy and low birthweight when performed in the first trimester. Post-ERCP
pancreatitis rate was higher in pregnancy than general
population[81-85].
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HEPATOCELLULAR CARCINOMA AND
PREGNANCY
Although rare, hepatocellular carcinoma has been reported during pregnancy. Fibrolamellar variant of hepatocel-
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Table 5 The Food and Drug Administration pregnancy risk categories of medicines
Pregnancy category
A
B
C
D
X

Definition
Controlled studies show no risk
Animal studies show no risk, and there are no human controlled studies. Or animal studies may have revealed an adverse effect that
was not reproduced in human controlled studies
No human studies and either animal studies show an adverse effect or there are no studies available. Use if the risk is justified
Positive evidence of risk in human studies, only if the potential benefits outweigh the risk
Contraindicated in pregnancy: Risk is confirmed in animal and human studies and outweighs any advantage

Table 6 Food and Drug Administration pregnancy risk categories of some liver disease medications
Medicine
Nadolol
Propranolol
Rifaximin
Lactulose
Furosemide
Spironolactone
Corticosteroids
Azathioprine
Cyclosporin
Mycophenolate mofetil
Tacrolimus
Sirolimus
Antithymocyte globulin
Pegylated interferon

Pregnancy category

Medicine

Pregnancy category

C
C
C
B
C
C
B
D
C
D
C
C
C
C (contraindicated in pregnancy)

Ribavirin
Telaprevir
Boceprevir
Tenofovir
Entecavir
Telbuvidine
Adefovir
Lamuvidine
Acyclovir
Ursodeoxycholic acid
Penicillamine
Trientine
Zinc sulfate
Interferon alpha 2b

X
B
B
B
C
B
C
C
B
B
D
C
C
C (contraindicated in pregnancy)

lular carcinoma (HCC) was also reported[94-96]. Pregnant
women with HCC can have shorter median survival than
those non-pregnant. Higher levels of estrogen and immune suppression during pregnancy can play a role with
HCC progression[97]. Modalities such as surgical resection
and radiofrequency ablation can be used in selected patients. Limited data are available about the management
of hepatocellular carcinoma in pregnancy.

such as factor V Leiden mutation, anti-phospholipid syndrome, or myeloproliferative disorders should be also excluded. In acute portal vein thrombosis, anti-coagulation
should be used for 3 mo at the least. Patients with chronic
portal vein thrombosis should be screened for gastroesophageal varices and should be treated accordingly[100].

CONCLUSION
Pregnant women can have a variety of liver diseases with
different incidences. Clinicians should be aware of the clinical presentations and be able to manage those conditions
with special attention to the peculiarities in relation to the
mother and her infant. In this review we have summarized
several of the liver diseases that can happen during pregnancy and offered an overview of their management.

HEPATIC VEIN THROMBOSIS/PORTAL
VEIN THROMBOSIS AND PREGNANCY
Budd-Chiari syndrome (BCS) is rare in pregnancy but
can have grave consequences for both the mother and
her fetus. The physiological hypercoagulable state can
contribute in BCS development in pregnancy. Other predisposing factors are factor V Leiden mutation and prothrombin gene mutations. BCS entails thrombosis of the
hepatic vein resulting in passive congestion of the hepatic
sinusoids leading to ischemia and portal hypertension.
Low molecular weight heparin should be started if no
contraindications. Extreme measures such as portacaval
shunting and liver transplantation during pregnancy were
reported[98,99]. Subsequent pregnancies are not absolutely
contraindicated with appropriately treated disease. The
mother should be counseled about the possible maternal
and fetal unfavorable outcomes.
Portal vein thrombosis (PVT) is rare and can also occur during pregnancy. Local causes such as cirrhosis, intraabdominal infections, or malignancies may predispose to
PVT. Systemic disorders resulting in hypercoagulable state
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PROGRESS IN LIVER DISEASES

Liver diseases in pregnancy: Diseases unique to pregnancy
Khulood T Ahmed, Ashraf A Almashhrawi, Rubayat N Rahman, Ghassan M Hammoud, Jamal A Ibdah
timely and accurate diagnosis of such conditions can
be challenging. The timing of the condition in relation
toward which trimester it starts at is a key. Accurate diagnosis can be made using specific clinical findings and
blood tests. Some entities have well-defined criteria
that help not only in making the diagnosis, but also in
classifying the disease according to its severity. Management of these conditions range from simple medical
remedies to measures such as immediate termination
of the pregnancy. In specific conditions, it is prudent to
have expert obstetric and medical specialists teaming
up to help improve the outcomes.
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Abstract

Core tip: Pregnancy is a special clinical state with several normal physiological changes that influence body organs including the liver. Liver disease can cause significant morbidity and mortality in both pregnant women
and their infants. Challenges involve making the diagnosis and the methods of treatment and their safety for
both the mother and the baby. This review summarizes
liver diseases that are unique to pregnancy.

Pregnancy is a special clinical state with several normal physiological changes that influence body organs
including the liver. Liver disease can cause significant
morbidity and mortality in both pregnant women and
their infants. This review summarizes liver diseases that
are unique to pregnancy. We discuss clinical conditions
that are seen only in pregnant women and involve the
liver; from Hyperemesis Gravidarum that happens in 1
out of 200 pregnancies and Intrahepatic Cholestasis of
Pregnancy (0.5%-1.5% prevalence), to the more frequent condition of preeclampsia (10% prevalence) and
its severe form; hemolysis, elevated liver enzymes, and
a low platelet count syndrome (12% of pregnancies
with preeclampsia), to the rare entity of Acute Fatty
Liver of Pregnancy (incidence of 1 per 7270 to 13000
deliveries). Although pathogeneses behind the development of these aliments are not fully understood, theories have been proposed. Some propose the special
physiological changes that accompany pregnancy as
a precipitant. Others suggest a constellation of factors
including both the mother and her fetus that come together to trigger those unique conditions. Reaching a
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HYPEREMESIS GRAVIDARUM
Although nausea and vomiting of pregnancy affect up to
90% of pregnancies, hyperemesis gravidarum (HG) oc-
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Prognosis
Hyperemesis gravidarum is usually a reversible condition
with no permanent damage to the liver and almost never
fatal.

curs in approximately 1 out of every 200 pregnancies[1].
Women with HG present with severe and persistent
vomiting in the first trimester that can cause dehydration,
metabolic disturbances, and nutritional deficiencies. HG
may result in weight loss and ketonuria. Risk factors for
HG include multiple gestations, molar pregnancies, fetal
anomalies such as hydrops fetalis and trisomy 21[2,3]. Not
all women with HG develop liver disease. Half of the patients who require hospitalization for HG suffer from liver disease[4]. HG was the cause in up to 94% of pregnant
women with elevated liver transaminases in their first trimester in one series[5]. Veenendaal et al[6] conducted a meta-analysis that showed women with HG are more likely
to have low birthweight < 2500 kg (OR = 1.42; 95%CI:
1.27-1.58), small for gestational age (OR = 1.28; 95%CI:
1.02-1.60), and premature delivery (OR = 1.32; 95%CI:
1.04-1.68) than those with no HG. On the other hand,
no correlations with Apgar scores, congenital anomalies
or perinatal death were identified. Some of those poor
outcomes were more likely in pregnant women with low
gestational weight gain (< 7 kg)[7].

INTRAHEPATIC CHOLESTASIS OF
PREGNANCY
Intrahepatic cholestasis of pregnancy (ICP) is a reversible
condition of cholestasis that happens usually in the third
trimester. Findings such as pruritus, high serum bile acids
levels, and abnormal liver function tests usually resolve
after delivery. ICP is more prevalent in Scandinavian and
South American countries[21,22]. Prevalence in Europe,
United States, Canada and Australia is 0.1% to 1.5%[23].
In a recent review, although no causality effect can be
claimed, ICP was associated with an increase in the risk
of developing hepatobiliary diseases later in life, such as
hepatitis C, cirrhosis, and gallstones. Having underlying
chronic liver disease (hepatitis C or chronic hepatitis) increased the odds of developing ICP[24].

Pathogenesis
Despite several hypotheses, the pathogenesis of liver disease in HG is not well understood and likely multifactorial. Starvation injury was proposed as an etiology since
1968[8,9]. Over expression of cytokine-producing cells was
implicated as a potential cause for pregnancy-related liver
diseases such as preeclampsia and HG. Other hypotheses
predicted damage to the liver resulting from impaired
maternal or fetal mitochondrial fatty acid oxidation,
implicating deficiency in long-chain 3-hydroxyacyl-CoA
dehydrogenase (LCHAD) as a reason for accumulation
of fatty acids in the placenta and eventually causing liver
damage[10]. Other report linked fetal deficiency of hepatic
carnitine palmitoyltransferase Ⅰ, the enzyme responsible
for transporting long chain fatty acids from the cytoplasm of cells across the outer mitochondrial membrane,
to HG[11-16].

Pathogenesis
Genetic predisposition and hormonal factors have been
implicated in the pathogenesis of ICP. The familial
tendency and the observation of clustering of ICP in
families led to the belief that genetics play a role in its
development. Although some studies revealed results
connecting MDR3 (ABCB4) gene with ICP, several other
studies failed to demonstrate such relation[25-29]. Other
genes such as ABCB11 and ATP8B1 were examined but
showed weaker linkage to ICP[30-32]. Explaining ICP on a
molecular basis in relation to sex hormones has gained
interest[33]. The facts that ICP happens late in pregnancy
and has a higher incidence in multiple gestation pregnancies, and that it resolves after delivery when sex hormones levels fall, make a logical connection between sex
hormones and ICP. The estrogen metabolite estradiol17β-glucuronide and differences in progesterone metabolites between pregnant women with and without ICP
were also implicated[34-38].

Clinical presentation
The clinical presentation of HG with liver disease can
range from mild aminotransferase elevation to rarely
severe elevation. No fulminant hepatic failure has been
reported with HG[17,18]. Patients usually are acutely ill
with signs of dehydration. Rarely, it can present with
jaundice and electrolyte disturbances such as hypokalemia and hyponatremia as well as metabolic alkalosis and
erythrocytosis. It seems that the severity of nausea and
vomiting correlates well with the degree of liver enzymes
elevation[4]. No specific abdominal ultrasound findings
are associated with HG. Liver biopsy may show necrosis,
steatosis or bile plugs[19,20], and usually is not indicated.

Clinical presentation
ICP usually commences in the third trimester although
earlier start in the second trimester has been reported[39].
The most common symptom is pruritus. Severity of
pruritus increases at night and can involve the palms and
soles. Other symptoms include steatorrhea, malabsorption of fat-soluble vitamins, and weight loss. ICP seems
also to increase the incidence of gallstones and cholecystitis[40]. ICP tends to return in subsequent pregnancies
with variable severity[41]. Elevated fasting serum bile acids
level (> 10 μmol/L) confirms the diagnosis. Aminotransferases can be elevated as well up to 2-10 folds[42].
Alkaline phosphatase levels might not be helpful due
to higher physiological levels in late pregnancy. Clinical
jaundice is detected in 10%-15% of the cases only and
bilirubin levels rarely exceed 100 μmol/L[23,43]. As in all

Management
Patients with HG usually require hospitalization for intravenous fluid replacement, anti-emetics, bowel rest, and
possible parenteral nutrition.
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cholestatic patients, women with ICP tend to have higher
low-density lipoprotein cholesterol and triglycerides[44].
Liver biopsy can reveal bland cholestasis (intrahepatic
cholestasis without parenchymal inflammation). Liver biopsy is usually not indicated.

diatric defects in MTP. Fifteen of 24 women (62%) were
diagnosed to have had maternal liver disease consistent
with AFLP, although in two cases a clear distinction between AFLP and hemolysis, elevated liver enzymes, and
a low platelet count (HELLP) syndrome was not possible. Nine of the 24 women had normal pregnancies.
All 15 pregnancies with maternal liver disease were associated with fetal LCHAD deficiency. Molecular analysis
revealed a common LCHAD mutation, G1528C in the
offspring of women who developed AFLP. The results
from this study show that when carrying a fetus that is
LCHAD deficient, the mother has a high risk of developing AFLP. In a subsequent study, Ibdah et al evaluated
fetal genotypes and pregnancy outcomes in 83 pregnancies in 35 families with documented pediatric MTP
defects[66]. This study provided further evidence that
carrying a fetus with LCHAD deficiency is associated
with a high risk for developing AFLP. With the growing
evidence suggesting that carrying an LCHAD‑deficient
fetus is associated with AFLP, it was recommended that
neonates born to pregnancies complicated by AFLP be
tested for the common G1528C mutation and that this
testing when done early after birth can be lifesaving as
it may identify LCHAD‑deficient children before they
manifest the disease allowing early dietary intervention
by institution of a diet low in fat, high in carbohydrate,
and by substitution of the long chain fatty acids with
medium chain fatty acids (for complete review on the
association between AFLP and pediatric LCHAD deficiency[61]).
The precise mechanism by which an LCHAD deficient fetus causes AFLP in a heterozygote mother is still
unclear. However, several factors appear to contribute to
this fetal-maternal interaction. First, the heterozygosity
of the mother for an MTP defect reduces her capacity to
oxidize long chain fatty acids. Second, third trimester is accompanied by changes in metabolism, an increased lipolysis, and a reduction in mitochondrial fatty acid oxidation,
all increase the susceptibility of the mother who carries
a fetus with LCHAD deficiency. Thus it has been speculated that potentially hepatotoxic long‑chain 3‑hydroxyacyl
fatty acid metabolites, produced by the affected fetus or
placenta, accumulate in the maternal circulation[61].

Management
Bile acids sequestrants such as cholestyramine, antihistamines and opioid antagonists have been used to alleviate
the pruritus. Cholestyramine is an exchange resin that
binds bile acids and other anions in the intestine and
increases their fecal excretion. Cholestyramine does not
improve biochemical parameters or fetal outcomes in
ICP[45]. S-adenosyl-methionine has shown limited efficacy
in ICP[46,47]. Ursodeoxycholic acid (UDCA) is the first line
therapy for ICP. UDCA has shown significant decrease
in serum bile acids, serum aspartate aminotransferase and
alanine aminotransferase, serum bilirubin, and was effective for pruritus[48-50]. Weekly non-stress testing did not
prove to make a difference in ICP-related fetal deaths[51].
Some studies suggested 40 μmol/L as a cutoff level of
bile acids, after that fetal complications may happen[52,53].
Others did not observe such correlation until bile acids
are > 100 μmol/L[54]. No evidence is strong enough to
recommend early delivery (at 37 wk of gestation) for
mothers with high bile acids levels, although this strategy
is still used in some practices[55].
Prognosis
Although ICP is a benign condition for the mother, poor
fetal outcomes can occur. In some studies ICP resulted in
premature births up to 60%. Other complications such as
fetal distress and intrauterine fetal death were reported at
61% and 1.6% respectively[23,39,56]. The onset of pruritus
and higher maternal fasting serum bile acids were associated with higher risk for premature delivery[57].

ACUTE FATTY LIVER OF PREGNANCY
Acute fatty liver of pregnancy (AFLP) is a rare but a serious condition that is unique to pregnancy and happens in
the third trimester. AFLP can lead to significant maternal
and fetal morbidity and mortality[20,58]. Although rare, incidence of 1 per 7270 to 13000 deliveries, outcomes can
be grave with acute liver failure and death[20,59-61].

Clinical presentation
Although there were few reports of AFLP starting in the
second trimester, it usually presents in the third trimester between the 30th and 38th week of gestation[67-70]. It
is more frequent in primiparous women and can return
in subsequent pregnancies[12,62,71]. Nonspecific symptoms
such as nausea, vomiting, headache, and fatigue can be
the initial presentation. Right upper quadrant pain or
epigastric pain can occur. Jaundice common and early
jaundice may indicate severe disease[72]. Other features
such as hypoglycemia, renal failure, coagulopathy, ascites,
and encephalopathy were reported frequently. AFLP
can result in maternal and fetal demise[73]. Although hypertension can be present, severe hypertension is likely

Pathogenesis
Until recently the pathogenesis of AFLP was unknown
and still has not been fully elucidated. However, molecular advances over the past decade suggest that AFLP may
result from mitochondrial dysfunction. Defects in fetal
mitochondrial fatty acid β-oxidation have been linked to
development of maternal AFLP, particularly fetal defects
in LCHAD, which is part of the mitochondrial trifunctional protein (MTP) complex[14,62-66]. In a retrospective
study, Ibdah et al[14] examined the association between
MTP defects in children and liver disease in their mothers during pregnancy in 24 families with documented pe-
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Table 1 Proposed (Swansea) diagnostic criteria for acute
fatty liver of pregnancy

Table 2 Hemolysis, elevated liver function tests, and low
platelet counts syndrome diagnostic criteria

Vomiting
Polydipsia/polyuria
Elevated bilirubin
Elevated uric acid
Ascites or bright liver on
US
Elevated ammonia
Coagulopathy

HELLP
class

Abdominal pain
Encephalopathy
Hypoglycaemia
Leucocytosis
Elevated transaminases

1

2

Renal impairment
Microvesicular steatosis on liver biopsy

3
To meet the criteria the patient should have 6 or more of these clinical
findings. Source: Ref. [80], with permission; US: Ultrasound scan.

Mississippi classification

Platelets ≤ 100 × 109/L Platelets ≤ 50 × 109/L
AST ≥ 70 IU/L
AST or ALT ≥ 70 IU/L
LDH ≥ 600 IU/L
LDH ≥ 600 IU/L
Platelets ≤ 100 × 109/L, ≥ 50 × 109/L
AST or ALT ≥ 70 IU/L
LDH ≥ 600 IU/L
Platelets ≤ 150 × 109/L, ≥ 100 × 109/L
AST or ALT ≥ 40 IU/L
LDH ≥ 600 IU/L

AST: Aspartate aminotransferase; Source: Haram et al. BMC Pregnancy
and Childbirth 2009 9:8 doi:10.1186/1471-2393-9-8; ALT: Alanine
aminotransferase; HELLP: Hemolysis, elevated liver function tests, and
low platelet counts; LDH: Lactate dehydrogenase.

secondary to the reduction in peripheral vascular resistance associated with liver failure. AFLP is a medical and
obstetric emergency and diagnosis relying on clinical and
laboratory findings should be prompt. Liver biopsy can
be helpful in early and mild cases of AFLP especially
if diagnosis is not clear[74]. Liver biopsy is not necessarily needed and should be avoided in more severe cases
were the risk of bleeding is high and prompt therapeutic
intervention is needed. Although elevated aminotransferases is expected, the severity of liver dysfunction is
not always reflected by the degree of elevation. Alkaline
phosphatase is usually elevated. Other findings such as
leukocytosis, thrombocytopenia, disseminated intravascular coagulopathy (DIC), abnormal prothrombin time,
partial thromboplastin time, and normal fibrinogen can
occur[74-76]. Ketonuria and proteinuria can be present. Elevated blood urea nitrogen and creatinine indicate renal
insufficiency. Low serum albumin and hypoglycemia can
occur. Uric acid and ammonia levels can be increased.
Hyperuricemia can be an early indicator and develop
before hyperbilirubinemia[77,78]. In comparison with diffuse or microvesicular steatosis, Swansea criteria had a
sensitivity of 100% (95%CI: 77-100) and specificity of
57% (95%CI: 20-88), with positive and negative predictive values of 85% and 100% in one report (Table 1)[79-81].
Ch’ng et al[80] proposed a set of clinical findings, known
as Swansea criteria, to help reach the diagnosis of AFLP.
Those diagnostic criteria have not been validated in
different populations. Liver biopsy usually displays microvesicular steatosis[82]. Electron microscopy can show
mitochondrial disruption. Imaging studies can be useful
to exclude other pathologies; but have limited utility in
the diagnosis of AFLP.

benefit for both the mother and her fetus in subsequent
pregnancies.

PREECLAMPSIA/ECLAMPSIA AND HELLP
SYNDROME
Preeclampsia is a syndrome that is unique to pregnancy.
Manifestations include hypertension and proteinuria,
and can result in fetal growth retardation. By far, preeclampsia is the most common serious medical disorder
in pregnancy with prevalence up to 10%. It is associated with up to 20% of maternal mortality in developed
countries[85,86]. Organ involvement such as liver, brain and
kidneys signifies severe disease. Elevated aminotransferases occurs up to 10% of severe preeclampsia cases[86,87].
Although preeclampsia can start as early as the second
trimester, liver involvement is mainly seen in the third
trimester. Severe preeclampsia can be life threatening to
the mother and can result in fetal morbidity and mortality. Eclampsia usually refers to preeclampsia with seizures.
HELLP syndrome is a variant of severe preeclampsia
that happens in up to 12% of patients with preeclampsia, and entails constellation of findings including hemolysis, elevated liver aminotransferases of and low platelet
counts. Table 2 shows the diagnostic criteria of HELLP
syndrome.
Pathogenesis
In reviewing liver biopsies and autopsies of cases with
preeclampsia, eclampsia and unclassified toxemia, from
the Armed Forces Institute of Pathology between 1920
and 1984, Rolfes et al[88] reported that despite that large
cerebral and midbrain hemorrhages, extensive thrombosis and infarction as well as cerebral edema with herniation were the major causes of deaths, liver disease
contributed to 17 deaths out of the 102 cases reviewed.
Extensive periportal lesions producing widespread parenchymal hemorrhage and necrosis were described.
Large areas of infarction, wide bands of fibrin replacing
liver cells, extravasation of red blood cells, and capillary

Management
Stabilization of the mother and early recognition and delivery are the keys for successful management. Close monitoring and management of associated complications is
necessary to improve outcomes. Plasmapheresis was used
in few series in severe cases with reported success[83,84].
Prognosis
AFLP is severe disease with high maternal (18%) and
fetal (23%) mortality. Prenatal diagnosis can provide
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Table 3 Preeclampsia associated liver diseases
Severe preeclampsia and eclampsia
Time
Prevalence

HELLP syndrome

Acute fatty liver of pregnancy

After gestational week 22
Increases in multiple gestation (5%-7%)

Late second trimester to early postpartum Third trimester
0.10%
Increases in male fetus, multiple gestations,
primiparous women (0.01%)
Findings
High blood pressure; proteinuria; edema; Abdominal pain, nausea/vomiting,
Abdominal pain, nausea/ vomiting, jaundice,
seizure; renal failure; pulmonary edema
overlap with findings in preeclampsia
hypoglycemia and hepatic failure
Tests
Platelets > 70000; urine protein > 5 g/24 h; Low platelets; hemolysis; elevated liver
Platelets < 100000; AST and ALT 300-1000 U/L;
abnormal liver enzymes (10%)
enzymes; prothrombin time may remain low antithrombin Ⅲ; high prothrombin time; low
normal; normal fibrinogen
fibrinogen; high bilirubin; DIC
Management Blood pressure control; beta-blockers,
Prompt delivery
Prompt delivery; liver transplant
≤ 10% maternal death
5% maternal death 1% hepatic rupture
methyldopa, magnesium sulfate, early
delivery
Outcome
1% maternal death
1%-30% fetal death
Up to 45% fetal death
HELLP: Hemolysis, elevated liver function tests, and low platelet counts; DIC: disseminated intravascular coagulation; AST: Aspartate aminotransferase;
ALT: Alanine aminotransferase.

studies can have a role in diagnosing complications such
as liver infarcts, hematomas, and liver rupture[93]. Table 3
presents a comparison between the three preeclampsiaassociated liver diseases in pregnancy.

Table 4 Complications of preeclampsia/hemolysis, elevated
liver function tests, and low platelet counts syndrome
Maternal complications
Eclampsia
HELLP syndrome
Hepatic subcapsular
hematoma, infarction
or rupture
Acute renal failure
Stroke, cerebral
hemorrhage, edema
and herniation
Pulmonary edema
and acute
respiratory distress
syndrome
Laryngeal edema
Retinal detachment

Neonatal complications Labor complications
Fetal death
Preterm labor
Prematurity
IUGR

Management
Successful management strategies rely on early diagnosis
and prompt intervention. Women with severe preeclampsia or HELLP syndrome should be hospitalized and closely monitored in labor and delivery units, and placed on
bed rest with good blood pressure control (systolic blood
pressure < 155 and diastolic blood pressure < 100)[94].
The use of intravenous magnesium sulfate to prevent
seizures is recommended. Close monitoring of mental
status and appropriate use of imaging studies as indicated
can help in identifying complications early. Prompt delivery can be the only effective therapy. Timing of delivery
should be based on gestational age (reflecting the degree
of fetal maturity) and the severity of the disease (maternal
morbidity and mortality). Prompt delivery is indicated if
the syndrome develops after 34 wk of gestation or earlier
if complications occur, such as multi-organ dysfunction,
liver infarction or hemorrhage, DIC, renal failure, suspected abruption of placenta, or fetal compromise[95-97].
Fetal lung maturity is not achieved before 34 wk of gestation. Therefore making a determination about terminating the pregnancy before 34 wk of gestation can be difficult[96,98-102]. Although a favorable effect on the platelet
count and the aminotransferases levels has been observed,
it’s not clear if corticosteroids alter the course of the disease, and therefore their use remains controversial[101,103,104].
Betamethasone 12 mg intramuscularly every 24 h twice or
four doses of intramuscular dexamethasone 6 mg every
12 h is recommended for enhancing fetal maturity[101]. Fetal and maternal complications are listed in Table 4.

Respiratory distress
syndrome
Intraventricular
hemorrhage
Sepsis

HELLP: Hemolysis, elevated liver function tests, and low platelet counts;
IUGR: Intrauterine growth retardation.

thrombi were also seen. Histological changes of the liver
in HELLP syndrome include periportal or focal parenchymal necrosis with hyaline deposits of fibrin-like material in the sinusoids[89]. Other molecular mechanisms such
as vascular remodeling and placentation, immunological
factors, and fatty acid oxidation defects were proposed as
potential factors in the development of this spectrum of
diseases[12,71,90-92].
Clinical presentation
Preeclampsia, HELLP syndrome, and acute fatty liver of
pregnancy share similar presentations and differentiating
between the three entities can be difficult. All present late
in pregnancy and can have similar clinical features. Clinical presentation followed by typical laboratory findings
can help in reaching the diagnosis. Although it may be
reasonable to do an ultrasound of the liver for pregnant
women with abnormal liver enzymes, imaging studies
such as computed tomography and magnetic resonance
imaging are rarely useful in making the diagnosis. Such
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Prognosis
Although not very common, preeclampsia and HELLP
syndrome remain a significant cause of morbidity and
mortality for both pregnant women and their fetuses.
With a maternal mortality of 1% in severe preeclamp-
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sia, up to 5% in HELLP syndrome, and up to 30% fetal
death rate, early diagnosis and prompt delivery remain
the only effective treatment strategy.
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Is liver biopsy necessary in the management of alcoholic
hepatitis?
Ashwin D Dhanda, Peter L Collins, C Anne McCune
doubt or dual pathology. It also adds value in a clinical
trial context to ensure a homogeneous trial population and to further our understanding of the disease
pathology. Further prospective studies are required to
determine whether non-invasive markers can be used
to accurately diagnose AAH.
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Core tip: Acute alcoholic hepatitis (AAH) is a clinical
syndrome of jaundice and coagulopathy in a patient
with a recent history of heavy alcohol consumption.
Clinical diagnosis is challenging and transjugular liver
biopsy remains the gold standard. Here we discuss the
literature which demonstrates there is a lack of agreement between clinical and histological diagnosis. This,
together with limited availability of transjugular liver
biopsy makes it impossible to advocate universal biopsy
in all suspected cases of AAH. We suggest further research is conducted to prospectively compare histological and clinical parameters and to develop a reliable
and accurate non-invasive diagnostic tool.

Abstract
Acute alcoholic hepatitis (AAH) is characterised by
deep jaundice in patients with a history of heavy alcohol use, which can progress to liver failure. A clinical
diagnosis of AAH can be challenging to make in patients without a clear alcohol history or in the presence
of risk factors for other causes of acute liver failure.
Other causes of acute on chronic liver failure such as
sepsis or variceal haemorrhage should be considered.
Liver biopsy remains the only reliable method to make
an accurate diagnosis. However, there is controversy
surrounding the use of liver biopsy in patients with
AAH because of the risks of performing a percutaneous
biopsy and limitations in access to transjugular biopsy.
We review the existing literature and find there are
few studies directly comparing clinical and histological
diagnosis of AAH. In the small number of studies that
have been conducted the correlation between a clinical
and histological diagnosis of AAH is poor. Due to this
lack of agreement together with difficulties in accessing transjugular liver biopsy outside tertiary referral
centres and research institutions, we cannot advocate
universal biopsy for AAH but there remains a definite
role for liver biopsy where there is clinical diagnostic

WCG|www.wjgnet.com

Original sources: Dhanda AD, Collins PL, McCune CA. Is liver
biopsy necessary in the management of alcoholic hepatitis? World
J Gastroenterol 2013; 19(44): 7825-7829 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v19/i44/7825.htm DOI:
http://dx.doi.org/10.3748/wjg.v19.i44.7825

INTRODUCTION
Acute alcoholic hepatitis (AAH) is a severe manifestation
of alcoholic liver disease and is associated with a high
short term mortality of 35% if untreated[1]. The clinical
syndrome is characterised by a history of excessive alco-
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and high 3-mo mortality due to multiorgan failure[11]. In
patients with alcohol-related cirrhosis AAH can be the
precipitating cause of ACLF but other precipitants must
be excluded especially gastrointestinal haemorrhage and
sepsis of any source.
A recently published large multicentre prospective
observational study was conducted to help establish diagnostic criteria for ACLF among European patients[13]. In
197 patients with alcohol-related liver disease (ALD) who
met the criteria for ACLF, alcohol consumption within the
preceding 3 mo was considered the precipitating event in
69 (35%) but because only small numbers underwent liver
biopsy a histological diagnosis of alcoholic steatohepatitis
(ASH) could not be made in these cases. The other commonest precipitants were bacterial infection and gastrointestinal haemorrhage.
Further information can be obtained from studies
in patients with ACLF who underwent liver biopsy. In a
series of 68 patients with acute decompensation of ALD
36 had a clinical diagnosis of AAH but only 18 of these
(50%) had corresponding histological features of ASH,
while a further 13 (19%) had histological ASH without
clinical AAH[14]. In a separate study of 54 ALD patients
admitted to hospital with ACLF a precipitating cause
could only be identified in 30 (56%): 13 due to alcohol,
12 sepsis and 5 variceal bleeds[15].
These studies demonstrate that AAH is not always
the cause of ACLF in patients with ALD; other causes
of acute decompensation must be sought.

hol consumption (> 80 g ethanol/d in males and > 60 g
ethanol in females) and a recent onset of deep jaundice,
which can lead to progressive liver failure. Symptoms are
usually non-specific such as fatigue, weakness and anorexia but there is usually tender hepatomegaly and often
fever, ascites and encephalopathy[2,3]. These features can
also be seen in many hazardous drinkers making AAH
challenging to diagnose clinically. Histology remains the
gold standard in diagnosing AAH with well described
features of steatosis, hepatocyte injury and neutrophil
infiltration[4,5]. However, there are difficulties in access to
transjugular liver biopsy and subsequent expert histopathology review limiting its utility.
Indeed, there is controversy over whether histology
is essential in the diagnosis of AAH with the American
Association for the Study of Liver Disease and European
Association for the Study of the Liver offering different
guidance[6,7]. Here, we discuss the existing evidence regarding liver biopsy in the management of AAH.

DIFFERENTIAL DIAGNOSIS OF AAH
Obtaining an accurate alcohol history is notoriously difficult but especially so in patients with potential AAH
who are often unable to provide an accurate history
due to symptoms of encephalopathy or acute alcohol
withdrawal. Where there is uncertainty regarding recent
heavy alcohol consumption as much evidence as possible
should be obtained from relatives and friends or failing
that primary or secondary care records. In all situations
it is important to consider the differential diagnosis of
acute liver failure including acute viral hepatitis, autoimmune hepatitis, Wilson’s disease and drug induced liver
injury. These factors can also co-exist in patients with
heavy alcohol consumption, most commonly hepatitis C
infection, which has been reported as a co-factor in up to
25% in one cohort[8]. Although clues to the diagnosis can
be ascertained from the history and laboratory tests, in
complex cases or where there is diagnostic doubt a liver
biopsy often supplements the clinical information.
Studies which included histological diagnosis as an entry requirement have shown a variation in the prevalence
of cirrhosis in patients with AAH from 65%-95%[9,10].
Therefore a minority of patients may present with AAH
without features of chronic liver disease making it important to exclude other causes of acute liver failure.
However, in patients with chronic liver disease the key
challenge in making a diagnosis of AAH is in differentiating it from other causes of acute on chronic liver failure
(ACLF).

LIVER BIOPSY IN AAH PATIENTS
ASH, originally defined by an international consensus
group, was described as the presence of steatosis, hepatocyte injury (ballooning and apoptosis) and polymorphonuclear infiltration[5]. Additional features of MalloryDenk bodies and intraparenchymal cholestasis are
observed but not necessary for diagnosis[16]. However,
these characteristic changes of ASH can be seen in patients with ALD without the clinical syndrome of AAH
or even active alcohol consumption. As described above
13 out of 68 (19%) patients with acute decompensation
of ALD had histological ASH without corresponding
clinical AAH[14]. ASH has also been noted in explant
tissue from patients transplanted for ALD who were
presumed to be abstinent. In 1 study ASH was noted in
32 of 148 (22%) explants from ALD patients including
25 who declared abstinence from alcohol for more than
6 mo[17]. A Spanish group reported 36 out of 68 (53%)
explants from ALD patients had ASH, which was not associated with a reduced survival[18]. Therefore, it is important to be clear about terminology: we recommend the
use of ASH to apply to the histological diagnosis while
AAH should refer to the clinical syndrome.
In patients with severe AAH, many with deranged coagulation and significant ascites, the risks of performing a
percutaneous liver biopsy are increased and a transjugular
route is required. This is a well described and safe to per-

ACUTE ON CHRONIC LIVER FAILURE
ACLF is an increasingly recognised entity which, although
not formally defined, has been the subject of 2 recent
consensus meetings[11,12]. Both groups describe the condition as an acute deterioration in a patient with chronic
liver disease associated with jaundice and coagulopathy[12]
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form procedure[19] which should be considered standard
practice in hepatology centres[20]. In a systematic review
of over 7500 transjugular liver biopsies minor bleeding
(not requiring blood transfusion) and major complications
were similar to the percutaneous approach (6.5% and 0.6%
respectively) and death was rare at 0.09%[21]. No specific
subgroup analysis was performed in those with coagulopathy as the indication but in 183 patients with congenital
coagulopathy there was no mortality and the minor and
major haemorrhagic complication rates were similar to the
whole group (6% and 0.5% respectively). Sufficient biopsy
material allowed a histological diagnosis to be made in
96.1% of samples with a median number of 2.7 passes[21].
In 132 patients presenting with AAH transjugular biopsy
allowed accurate histological interpretation in 100% of
cases with a mean length of 19 mm of tissue[22].
Unfortunately little attention has been paid to the
timing of biopsy in AAH, which is usually unreported
in clinical trials. Early biopsy, as is the practice of several
liver centres (median time of 3 d in 1 centre)[22], may be
more sensitive in confirming the diagnosis of AAH. Further studies are required to establish the optimal timing
of liver biopsy.
Interpreting a liver biopsy specimen requires appropriate expertise and experience with access to specialist
histopathologists but there still remains interobserver
error. In patients with severe AAH and background cirrhosis this error has been shown to be minimal in one
study with a high degree of concordance between 2 histopathologists (κ = 0.77)[23]. However, this was based in a
specialist hepatology centre with expert liver pathologists
and was lower in patients without cirrhosis (κ = 0.65).
Access to transjugular liver biopsy is variable and
generally only available in tertiary referral centres and
academic institutions. Transferring patients between centres only to obtain a liver biopsy is logistically challenging,
may increase the risk to the patient and is associated with
additional costs.

and CCL2 is elevated in AAH[29]. However, a histological
scoring system combining these multiple parameters has
not been developed and many of these individual predictors have not been validated nor are they routinely used
outside a research setting. A histological severity score including K8/18 staining (a marker for hepatocyte ballooning) shows good accuracy for predicting 90-d survival
but has not yet been validated in a second cohort[14]. Only
1 validated AAH histology score has been published in
abstract form, finding that fibrosis stage, polymorphonuclear infiltrate, cholestasis and the presence of megamitochondria predicted 90 d mortality[30]. Further studies
in this area are required to establish a reliable and reproducible histological scoring system that predicts clinical
outcome.

USING CLINICAL SCORES TO DIAGNOSE
AAH
An accurate non-invasive clinical test for AAH remains
elusive. There are a host of different clinical scoring
systems in the literature which have been developed to
determine severity and likely benefit from glucocorticoid
therapy (modified discriminant function[31]), prognosis
(Glasgow Alcoholic Hepatitis Score[32]) or response to
glucocorticoids (Lille score[33]). Little work has been conducted to examine how accurate these clinical scores are
by comparing them to histological data. An abstract describing a literature review of 39 randomized controlled
trials (RCTs) in AAH (11 of which had histological ASH
as an entry criteria) suggested that overall 84.5% had
histological ASH but this could be enriched to 96% if a
minimum bilirubin level of 80 µmol/L was used[34]. Another study (also published only as an abstract) found that
70% of patients with a clinical diagnosis of AAH with an
MDF ≥ 32 had histological confirmation of ASH[35]. Further work to prospectively compare clinical and histological diagnosis of AAH is needed and to establish whether
non-invasive methods of diagnosing AAH can be used accurately. One such study is currently underway in a United
Kingdom RCT (STOPAH; ISRCTN reference number:
ISRCTN88782125), which intends to compare histological and clinical parameters as part of a secondary analysis.
This pragmatic study, which aims to reflect everyday United Kingdom clinical practice, includes all patients with a
clinical diagnosis of severe AAH (defined as recent onset
jaundice with a bilirubin > 80 µmol/L and heavy alcohol
consumption within the last 2 mo of > 80 g/d in men and
> 60 g/d in women with a discriminant function ≥ 32)
without the requirement for a biopsy. Liver histology from
the subgroup that has a biopsy as part of an institution’s
standard clinical care will be compared to clinical parameters using this robust clinical definition of AAH.

HISTOLOGICAL SCORES TO DETERMINE
PROGNOSIS
There is evidence that some of the histological characteristics as well as liver expressed soluble factors, such
as chemokines and interleukins, can be used to predict
clinical outcome from AAH. This could assist clinical
decision making and guide treatment choices. Steatosis <
20% is an independent predictor of poor outcome[24] and
polymorphonuclear cell infiltrate is associated with severity of AAH[25] and is correlated with 1 year survival[10].
Liver tissue interleukin-8, a potent neutrophil chemoattractant, correlates with neutrophil infiltration and biochemical markers of outcome[26,27]. Intercellular adhesion
molecule-1, a leukocyte adhesion molecule associated
with T helper cell recruitment to sites of inflammation,
is elevated in AAH versus fatty liver and its level correlates with histological hepatocellular damage[28]. CXC
family chemokine expression correlates with prognosis[25]
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potential to be used as a prognostic indicator, opinion
remains divided on its practical clinical utility. Liver biopsy in this group of patients is as safe to obtain by the
transjugular route and provides sufficient tissue to make
a histological diagnosis compared to the percutaneous
route. It is mandatory where there is diagnostic uncertainty and is useful where cirrhosis is not clinically suspected.
However, the widespread clinical utility of liver biopsy
is limited by the lack of provision of transjugular liver
biopsy in non-specialist centres and cannot therefore be
recommended to form part of routine practice outside
these centres. In addition, the timely specialist interpretation that is essential to make the diagnosis of ASH is
also generally restricted to specialist centres. Efforts need
to be made to improve clinical diagnostic accuracy and
studies are required to prospectively compare histological
and clinical features in patients with AAH. There is the
suggestion that accuracy can be improved by using a high
cut-off of bilirubin > 80 µmol/L[34] but this also requires
prospective validation, which may be provided by the
STOPAH clinical trial.
Liver biopsy in AAH plays an important role in a
research context: it can improve the homogeneity of the
study population and reduce the risk of type Ⅱ error.
It allows researchers to study the mechanisms of alcohol mediated liver damage and identify new targets for
therapy. However, including only patients with histological ASH may not actually reflect the patient population
we treat in everyday clinical practice but only a highly
selected subgroup. Until a reliable non-invasive diagnostic method for the clinical syndrome of AAH has been
developed and validated, clinical trials should continue to
include patients defined by a robust clinical definition of
AAH.
In summary, we recommend the clinical use of transjugular liver biopsy in patients with severe AAH only
where there is irresolvable diagnostic uncertainty and as a
research tool to further our understanding of the mechanisms and pathology of the disease.
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PROGRESS IN LIVER DISEASES

Alcoholism and liver disease in Mexico: Genetic and
environmental factors
Sonia Roman, Eloy Alfonso Zepeda-Carrillo, Laura Eugenia Moreno-Luna, Arturo Panduro
African, with a heterogeneous distribution within the
country. Thus, genes related to alcohol addiction, such
as dopamine receptor D2 in the brain, or liver alcoholmetabolizing enzymes, such as alcohol dehydrogenase
class Ⅰ polypeptide B, cytochrome P450 2E1 and aldehyde dehydrogenase class 2, may vary from one individual to another. Furthermore, they may be inherited
as risk or non-risk haplogroups that confer susceptibility or resistance either to alcohol addiction or abusive
alcohol consumption and possibly liver disease. Thus, in
this era of genomics, personalized medicine will benefit
patients if it is directed according to individual or population-based data. Additional association studies will
be required to establish novel strategies for the prevention, care and treatment of liver disease in Mexico and
worldwide.
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Core tip: Alcoholism and liver disease are leading global
health problems. However, the severity and outcome
of liver disease appear to vary between individuals and
populations. In the present review, we analyze the general scope of alcohol consumption and its relationship
with the pattern of drinking score in different countries.
We focus on the development of alcoholism in Mexico,
which has a strong historical background, and emphasize the need to understand the genetic and environmental factors affecting each population or geographical region of the world.

Abstract
Alcoholism and cirrhosis, which are two of the most
serious health problems worldwide, have a broad spectrum of clinical outcomes. Both diseases are influenced
by genetic susceptibility and cultural traits that differ
globally but are specific for each population. In contrast
to other regions around the world, Mexicans present
the highest drinking score and a high mortality rate for
alcoholic liver disease with an intermediate category
level of per capita alcohol consumption. Mexico has a
unique history of alcohol consumption that is linked
to profound anthropological and social aspects. The
Mexican population has an admixture genome inherited from different races, Caucasian, Amerindian and
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regions of the world[10]. Three primary categories, high
(10-12 L and > 12 L), intermediate (7.5-9.99 L and 5-7.49
L) and low (2.5-4.99 L and < 2.5 L), were created to compare alcohol consumption among different countries.
The countries with the highest alcohol consumption
are located primarily in Europe (Czech Republic, United
Kingdom, Ireland, Germany, France, Portugal and the
Russian Federation) but also in other regions, such as
South Korea, Australia, Nigeria, Uganda and Argentina.
The intermediate category includes countries located in
the Americas, such as the United States, Canada, Mexico,
Chile, Brazil and Colombia, a few African countries, such
as Cameroon, South Africa, Namibia and Botswana,
and Norway in Europe. The low alcohol consumption
category includes several countries within the Eastern
Mediterranean region and Asia, generally representing
those countries where religious beliefs prohibit alcohol
consumption.
However, there have been different trends in the last
50 years regarding alcohol consumption in countries
worldwide. Although several countries have increased
alcohol consumption, others have decreased alcohol consumption (Figure 1). Furthermore, since 2008, the WHO
has been in the process of drafting a global strategy to
reduce the harmful use of alcohol[11]. These observations
led us to analyze the effectiveness of these strategies to
avoid or decrease alcohol consumption and to improve
the understanding of the biological and social events involved in the drinking habits of alcohol in Mexico compared with other regions of the world.

org/10.3748/wjg.v19.i44.7972

INTRODUCTION
The human history of alcohol consumption has been
documented for several thousand years[1]. Alcohol was
undoubtedly the result of a fortuitous coincidence that
occurred when fruits, grains and flower stalks were
fermented for a long time. People may have begun to
experience pleasure and happiness after tasting alcoholic
beverages[1,2].
Alcoholic beverages are obtained from different
sources, depending on the region of the world. Traditionally, must and wines are produced from grapes of the
Middle East and Europe, whisky is made from various
grains and sake is obtained from rice in Asia. In Mexico,
“pulque” was introduced first, followed by tequila, which
are made from the maguey and agave plants, respectively[3,4].
Historically, alcohol-based beverages have served
as a source of needed nutrients and have been widely
used for their medicinal, antiseptic and analgesic properties. However, during the last century, alcohol abuse has
increased in several countries, thereby augmenting the
rate of accidents and liver diseases. The range of liver
diseases secondary to alcohol consumption is extensive,
including acute alcoholic hepatitis, alcoholic liver disease
(ALD), cirrhosis and hepatocellular carcinoma[5]. Different factors may affect the development of alcoholic liver
damage, including the dose, duration and type of alcohol
consumption, drinking patterns, gender and ethnicity[1,6-8].
Other associated risk factors include obesity, iron overload, concomitant viral hepatitis infection[1,7,9] and genetic
factors[7,8]. Nonetheless, the degree of the association
among alcohol consumption, morbidity and mortality
due to ALD varies among individuals and populations
worldwide. Alcohol consumption and ALD are linked to
specific genetic and environmental factors that are prevalent in each population. However, which factors and how
they are involved in both alcohol addiction and the adaptation of hepatic genes capable of metabolizing large
amounts of ethanol without developing liver disease are
challenging questions.
In this comprehensive review, we revisit the information on the worldwide consumption of alcohol and
patterns of drinking associated with liver disease, emphasizing the history of alcoholism in Mexico and the differences in the genetic and environmental backgrounds with
respect to alcoholism and liver disease among the different countries, with a focus on the genetic factors involved
in alcohol dependence and alcohol abuse as well as livermetabolizing enzymes.

MORTALITY DUE TO ALD
To address these concerns, we examined the mortality
related to ALD within several countries. Interestingly,
there is a discrepancy between mortality related to ALD
and the per-capita alcohol consumption[12]; e.g., Mexico is
one of the countries with the highest mortality rate due
to ALD but is not included among the countries with the
highest alcohol consumption[12]. However, global comparisons among different populations are limited because
not all countries report mortality related to ALD[12].

PATTERN OF DRINKING SCORE
The pattern of drinking score is a composite scale that
ranges from 1 to 5 and focuses primarily on the degree
of risk associated with how the alcohol is consumed
rather than the amount of alcohol consumed. To build
this scale, the following indicators are used: quantity of
alcohol consumed by occasion, festive drinking, proportion of drinking events that involve becoming drunk,
proportion of drinkers who drink daily, drinking with
meals and drinking in public places[13].
Unlike alcohol consumption, which is measured by
the amount of pure alcohol per capita/year, the pattern
of drinking score is closely related to ALD. For example,
the countries with the highest pattern of drinking score

WORLDWIDE ALCOHOL CONSUMPTION
The World Health Organization (WHO) published the
total adult per capita alcohol consumption (liters of
pure alcohol consumption/year) by distinct geographical
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Figure 2 The tale of Mayahuel. The ancient gods gathered in the heavens
understood that their people got bored eating only maize and chili; thus, they
sent Quetzalcóatl, the god of the winds, to bring the young and beautiful goddess Mayahuel, granddaughter of a “tzintzimitl, a star who attempted to prevent
the sun from rising". Quetzalcóatl and Mayahuel fell in love and together promised that they would give their people a magic plant to recover their happiness.
Meanwhile, the evil grandmother noticed that Mayahuel had disappeared; thus,
she and other “tzintzimitl” went down to the earth to find her. Mayahuel and
Quetzalcóatl were hidden in the form of a tree with two arms (branches); one
arm was Mayahuel, and the other was Quetzalcóatl. When the grandmother
found them, she cut Mayahuel´s arm into many small pieces, but not Quetzalcóatl’s, who was then transformed into a human again. Nothing could be done
for Mayahuel, so Quetzalcóatl buried the leftover pieces in the ground and wept
for his loss deeply. Finally, from these parts, the maguey was born. The mature
maguey “cries” the honey-water, or “aguamiel”, that emerges from the center
of the plant, representing the tears of Quetzalcóatl. “Octli poliuhqui” is the fermented nectar of the maguey that brings happiness. Thus, Mayahuel in the Nahuatl language stands for all that surrounds the maguey[16,17]. Mayahuel may be
considered a dual deity. On the one hand, she represented a woman with many
breasts who nourished many children, the 400 rabbits (“Centzon Totochtin”);
thus, she was associated with the earth and fertility. On the other hand, she
was associated with drunkenness and adultery. This mythological symbol had
such great influence that one day of the month was devoted to the rabbit, and
those born on that specific date were destined to either be a drunk or commit
adultery[17,18].

2007

Figure 1 Trends of per-capita alcohol consumption in different countries.
A: Countries that decreased consumption per capita since 1961 to 2007; B:
Countries that increased consumption per capita since 1961 to 2007.

are Kazakhstan, Mexico, the Russian Federation, South
Africa and Ukraine, and the countries with a lower-risk
pattern of drinking are Portugal, Spain, France, Italy and
Germany[13].
Taken together, alcohol consumption indicators, mortality rates and pattern of drinking scores, which all may
contribute to ALD, are heterogeneous worldwide[12,13].
Thus, because ALD is a multifactorial problem, researchers should consider the anthropological and historical
aspects prevalent among the different societies.

former “iztac octli” and the latter “octli poliuhqui”[20].
However, when the Spaniards arrived on the continent,
“octli poliuhqui” was phonetically derived as the term
“pulque”[20,21].
The “octli” but not “octli poliuhqui” served as nourishment for the elderly and sick and for women after childbirth[22]. The “octli” and perhaps the “octli poliuhqui”
were given to all family members, including babies and
children, in public ceremonies[17]. The “octli poliuhqui”
was also used for medicinal purposes as an antidepressant
or as an anesthetic before human sacrifice[16,18].
Additionally, the early Mexicans were familiar with the
effects of the abuse of “octli poliuhqui”; thus, excessive
drinking was strictly prohibited by law primarily during
the religious holidays, and a death penalty was implemented[17]. The Aztec rulers often declared that the abuse
of “octli poliuhqui” was the source and beginning of all
evil and all ruin[17]. Unfortunately, these laws were not reinforced after the 15th century, granting a tolerance of the
abusive consumption of alcoholic beverages during the
colonial period[4,23].
The rich history of the consumption of “pulque” by
the Mexicans over many centuries is an essential compo-

ALCOHOL CONSUMPTION IN MEXICO
Early history of alcohol consumption
To understand the interaction between the evolutionary
and genetic changes associated with specific environments, it is necessary to know when and how these
events occurred among the different populations. In the
case of Mexico, the establishment of a sedentary lifestyle required approximately 5000 years[14,15]. During this
period, the Mesoamericans began the domestication of
the well-known staple foods of Mexico, such as maize
(Zea mays L.), beans (Phaseolus spp), squash and pumpkin
(Curcubita spp) and chili (Capsicum spp). This process
was accompanied by the discovery and consumption of
fermented alcoholic beverages made from a number of
endemic agave plants (Agave spp). The origin of alcoholic
beverages, as described by the Aztecs, was a mythical love
story between two deities, “Mayahuel” and “Quetzalcóatl”
(Figure 2)[16-18].
The core of the mature agave plant produces a honey
water, or “aguamiel”, rich in amino acids and proteins[19],
which once fermented, produces the traditional alcoholic
beverage. The Nahuas in their native language named the
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North

with another 10 million consuming at least one alcoholic
drink daily. However, alcohol abuse has been detected in
5 million people with a strong dependence on alcohol[28].
The average Mexican begins consuming alcohol before the age of 18 years perhaps because of a strong cultural influence. Studies conducted in the western region
of Mexico have shown that 61.4% of the 12- to 17-yearold have already begun to drink alcohol[27]. The primary
types of alcoholic beverages consumed in Mexico are
beer, tequila and “pulque”, and other distilled beverages
are consumed in a lower proportion[27-30]. However, the
distribution of alcoholic beverage preferences is heterogeneous. Thus, in central Mexico, “pulque” is preferred,
in contrast to tequila in the west or beer in the northern
and southern parts of the country (Figure 3). These
preferences are associated with the historical cultural
background of each region and may be related to the
mortality caused by cirrhosis. The mortality rate in central Mexico is greater than 30/100000, followed by the
north at less than 10/100000 and the west at less than
5/100000[30,31].
In western Mexico, young people begin to drink beer
either during the weekend or at any social or religious
event, such as weddings, coming-of-age parties and christenings. After the initiation of alcohol use, the number of
beers consumed per occasion over the weekend ranges
from 4 to 6 (80-100 g); this number gradually increases to
20-24 beers/355 mL each (300-360 g of alcohol)/occasion per person over a period of approximately 10 years.
The second stage involves the combination of beer with
tequila or any other distilled beverage during a period of
8 to 10 years. During this stage, the amount of alcohol
consumed ranges from 380 to 640 g daily. In the third
stage, alcohol dependence is severe, and patients may or
may not present with cirrhosis. By this time, they drink
an average of 510 g of alcohol per day (450-720 g)[26,32-34].
The time between the initiation of alcohol use and
the diagnosis of cirrhosis is 23 to 30 years[26,35]. However,
we have identified two distinct age peaks of clinical cirrhosis. In the first group, patients are young, approximately 30 years old, and a plausible genetic predisposition
to liver cirrhosis has been proposed to be involved. In
the second group, the average age is approximately 45
years[33]. Compared to other countries, Mexico, according
to our findings, may have the youngest people with alcoholic cirrhosis in the world. Apparently, the Apo E2[33]
and FABP2[36] gene polymorphisms may be involved in
the early onset of ALD among the Mexican population.

Beer
Tequila
Pulque
West

Central

South

Figure 3 Main types of alcoholic beverages consumed by geographical
region in Mexico.

nent of the framework that is required to understand the
relationship among the Mexican genome, alcoholism and
liver disease at present.
Alcohol consumption in Mexico at present
Mexico is one of the leading countries with a high mortality rate due to liver diseases in the world[10]. The National Health Secretariat reported an average of 25000
cases of cirrhosis per year from 2000 to 2010[24]. The primary etiologies of cirrhosis are alcohol, followed by hepatitis C infection and non-alcoholic steatohepatitis[25-27].
For Mexico, the WHO reported that the amount of
alcohol consumed is 8.4 L of pure alcohol per capita
among individuals older than 15 years of age, which corresponds to an intermediate category as previously described[10]. However, if this parameter is applied only to
drinkers, alcohol consumption increases to 27.1 L, which
is similar to what had been reported in countries with the
highest levels of alcohol consumption per capita[10].
However, the pattern of drinking score shows a better scope of alcoholism among the Mexican population.
By examining the amount of alcohol consumed by occasion, we observed that alcohol consumption occurs
primarily during the weekends[28], unlike in Europe where
they drink wine almost daily, at lunch or dinner.
Hepatologists may advise their patients not to drink
any alcoholic beverage to maintain a healthy liver. However, a large proportion of adults around the world drink
alcoholic beverages[1,5,6]. Thus, the recommendation to
avoid liver damage is that the amount of alcohol consumed should be equal or less than 2 drinks per occasion
(20-40 g ethanol), not more than 4 drinks per day and not
more than 10 to 12 drinks per week, allowing the liver to
rest at least 1 or 2 d[1,5,6]. Furthermore, it has been suggested that the number of alcoholic drinks should be less
in women than in men because women have a higher risk
for developing ALD[1,5,6].
However, each weekend, approximately 30 million
Mexicans have been estimated to consume more than
five drinks per occasion (more than 80 g of ethanol),

WCG|www.wjgnet.com

Clinical profile of Mexican patients with ALD
The majority of patients with ALD seek medical attention in the advanced stages of the disease with a ChildPugh score of C and multiple complications, such as
encephalopathy, variceal bleeding, infections and ascites[25,27,35]. These clinical characteristics are present in the
two primary age groups of patients with alcoholic cirrhosis[33]. Furthermore, the patients with alcoholic cirrhosis
continue to drink high amounts of alcohol after diagnosis
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and may die earlier in life due to clinical complications[25].
This observation may be one of the foremost reasons
why hepatocellular carcinoma is rare in Mexico compared
with other regions of the world[37,38], in conjunction with
other environmental factors[39].
ALD has been associated with nutritional deficiencies
and malnutrition worldwide[40]. However, preliminary data
from a reference center in western Mexico have shown
that obesity is also present. Among 90 patients, 17%
of the alcoholic cirrhotic patients were malnourished,
whereas overweight and obesity were detected in 33%
of the patients, with another 50% of normal weight[35].
These data are consistent with the fact that Mexico has
the highest prevalence of obesity[41], thus adding a new
risk factor for liver disease. Furthermore, in this group of
patients, 34% of the patients had drug addictions, which
is an increasing social and health problem[35].
Thus, the combination of alcoholism, obesity, drugs
and, in several cases, viral hepatitis B or C, leads us to
explore specific strategies for treatments and prevention
programs to detect cirrhosis at early stages of the disease.

catalytic activities (Vmax) and Michaelis constants (Km);
thus, their ability to metabolize substrates is variable.
The combination of the allelic profile of these brain
and liver genes may affect the risk of or protection
against alcohol dependence or alcohol abuse as well as
the amount of alcohol metabolized in the liver and the
susceptibility to liver damage. Variances in the distribution of these gene polymorphisms may mark phenotypic
differences among populations for the aforementioned
features. Hence, for this review, the biological functions
of dopamine receptor D2 (DRD2), ADH1B, CYP2E1
and ALDH2 are briefly described, and their global allelic
frequencies are compared, including those reported for
the Mexican population.
DRD2
Alcohol has a stimulatory effect on the dopaminergic
neurons of the ventral tegmental area. Dopamine is captured by DRD2 in these neurons in the nucleus accumbens, causing a pleasant effect that is integrated into the
mesolimbic system[48,67,68].
The DRD2 TaqⅠ A1 polymorphism consists of a
T/C nucleotide substitution (rs1800497) that alters the
Taq Ⅰ restriction site located 10541 bp downstream of
the termination codon. Several studies have investigated
the association of this gene polymorphism with alcohol
dependence. TaqⅠ A1 allele carriers reportedly have lower amounts of DRD2 receptors than the Taq Ⅰ A2 carriers[73]. Thus, A1 allele patients require higher amounts of
alcohol to achieve the desired effect[66-68,74-76]. In additional
studies, the association between the A1 allele Taq Ⅰ and
alcohol use disorders has been corroborated in some but
not in others. However, in several meta-analyses, a significant association between Caucasian A1 allele carriers and
alcohol addiction has been found[48,77].
The allelic distribution of DRD2 displays a wide
range of frequencies worldwide [74-79], but the highest
prevalence of the A1 allele is found among the Amerindian Pima (83%) and Mayas (71%) from Mexico[80,81]
(Figure 4).

GENETICS OF ALCOHOL DEPENDENCE
OR ALCOHOL ABUSE
In recent decades, researchers have been using various
strategies to identify genes that may be associated with
alcohol dependence or alcohol abuse. Studies based on
candidate genes[42-45] or linkage disequilibrium were followed by the advances in genotyping that have resulted
in the widespread use of genome-wide association studies[46,47]. Previous studies in families, twins and adoption
studies have shown that approximately 40%-60% of the
variance in the risk for developing alcoholism can be explained by genetic factors[43-47]. However, the interactions
between genes and several environmental factors have
led experts in the field to identify at least two types of alcoholism: (1) a more severe, more genetic and early-onset
type of alcoholism; and (2) a less severe, more environmental and late-onset type of alcoholism[48-52].
Regarding the role of genetic factors in the susceptibility to alcohol dependence and alcohol abuse, research
has primarily aimed to study the expression of brain
and liver genes. For example, the major brain genes that
modulate the neuroadaptative mechanism that translates
alcohol stimuli into pleasure, anxiety or cravings are opioid receptor mu 1[53-55], catechol-O-methyltransferase[56],
[57,58]
, 5-hydroxytryptamine
γ-aminobutyric acid receptor A
(serotonin) receptor adenylate cyclase-coupled[59,60], cholinergic receptor muscarinic 2[61,62], vesicular monoamine
transporter 2[63-65] and dopamine receptor D2[48,66-68].
In the liver, several alcohol dehydrogenase (ADH) enzymes, primarily alcohol dehydrogenase classⅠpolypeptide
B (ADH1B)[52], cytochrome P450 2E1 (CYP2E1)[69] and
aldehyde dehydrogenase class 2 (ALDH2)[52,70], and other
minor ADHs, such as ADH1C[71] and ADH4[72], have
been related to alcohol metabolism and alcoholism. The
three major enzyme genes express variants with different
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ADH1B
The ADH1B gene has a polymorphic site, resulting in the
Arg47His substitution (rs1229984). The A2 allele (ADH1B His47) confers a 100-fold higher catalytic activity to
the ADH1B enzyme than the A1 allele (ADH1B Arg47).
The A2 allele carriers have a higher ethanol oxidation
capacity than the A1 carriers. However, the A2 carriers
have a higher acetaldehyde production that leads to an
alcohol-flushing response that has been considered to be
protective.
The protective effect of the A2 allele against alcohol
dependence is well known in the East Asian population[82]. A study conducted in a cohort of pregnant women from England demonstrated that the A2 carriers consumed less alcohol before pregnancy, had less incidents
of binge drinking during pregnancy and were abstainers
during the first trimester of gestation[83]. However, al-
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isoform enzyme that oxidizes acetaldehyde to acetate in
the liver[70,97]. The C/G transition in exon 12 of ALDH2
causes an amino acid substitution of glutamic acid for
lysine at position 487 (ALDH2 Glu487Lys, rs671). The
A2 allele (ALDH2 Lys487) has little or null enzymatic activity. This deficiency leads to the accumulation of acetaldehyde and consequently provokes a flushing response,
which discourages alcohol drinking[97]. Because flushing
is an undesirable symptom, it confers relative protection
against abusive alcohol consumption. An association
between A2 allele carriers and a lower risk for alcohol dependence and reduced alcohol use has been reported[98].
With regard to the distribution of the polymorphisms
of the liver alcohol-metabolizing genes, all present contrasting frequencies among different population groups
(Figure 5A-C). Among Asians, the ADH1B gene displays
the highest frequency of the A2 protective allele, with
78% in Japan and 69% in China. In contrast, the lowest
frequency for the A2 allele was detected in Germany and
Mexico, at 4% and 3%, respectively (Figure 5A)[91,99-105],
wherein the frequency of the A1 allele associated with
alcohol dependence was much higher.
The C2 allele for the CYP2E1 gene has a frequency
of approximately 30% in Japan and China and 2% in the
United States. In Chile and Mexico, the frequency is 16%
among the mestizo population (Figure 5B)[91,93,94,105-108].
Interestingly, among the Amerindians of western Mexico,
such as the “Huichol” people, this gene polymorphism
shows a prevalence of 50%, which is the highest rate reported to date[91].
The highest frequency of the A2 allele for the ALDH
gene has been reported in China (29%) and Japan (26%).
In Germany, Sweden and Mexico, its frequency is extremely low or absent[91,99-105], which could explain, to
some extent, the high amount of alcohol consumption
that has been reported in those countries.
We could speculate that the selective evolution of
both the brain and liver genes was not necessarily directed only by the exposure to alcohol. For example, liver cytochrome genes metabolize a large variety of xenobiotics,
whereas those expressed in the brain fulfill the addiction
criteria. However, an alternative point of view is to consider these genes as part of a general survival mechanism.
Thus, the basic biological necessities of life, such as food
(sugars, e.g., glucose) or sexual reproduction, are ensured
and rewarded by pleasure; however, these necessities may
not be driven by pleasure exclusively.
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Figure 4 Frequency of Taq I A dopamine receptor D2 polymorphisms in
different countries. 1HapMap.

though this allele apparently reduces the risk of alcohol
dependence, it may confer a substantial risk of chronic
liver disease, especially among heavy drinkers[84].
In contrast, A1 allele carriers do not present with the
rapid production of acetaldehyde, which eliminates the
alcohol-flushing response. A study conducted in a large
cohort of individuals from Copenhagen revealed that A1
allele homozygotes drank more alcohol and had a higher
risk for developing alcohol dependence[85]. The A1 allele
has also been associated with alcohol dependence in several other studies[86-88].
CYP2E1
The CYP2E1 gene, which encodes the enzyme that
oxidizes ethanol in the microsomal oxidation system, is
essential in the pathophysiology of ALD. Alcohol consumption induces the expression of CYP2E1, which is
directly involved in the primary oxidation pathway of this
substrate, displacing the enzymatic activity of ADH1B
(Km: 8-10 mmol/L for CYP2E1 vs 0.2-2.0 mmol/L for
ADH1B)[69,89].
The C2 allele, which is less common, has a C/T
transition at nucleotide position -1019 within the 5’ terminal regulatory region. The C2 allele is associated with
a 100-fold higher transcription activity, higher protein
concentration and increased enzyme activity, which lead
to a faster rate of alcohol oxidation[90,91].
The C2 allele carriers have been demonstrated to consume excessive amounts of alcohol, which may be caused
by the high transcriptional activity of CYP2E1. C2 allele
carriers metabolize ethanol (alcohol) to acetaldehyde at a
higher rate. Acetaldehyde is a highly toxic and mutagenic
metabolite that increases oxidative stress by producing
reactive oxygen species and lipid peroxides, such as 4-hydroxy-2,3-nonenal, 4-hydroxy-2,3-alkenals and malondialdehyde[92]. An association between an increased risk for
ALD and alcoholic cirrhosis has been reported among
the carriers of the C2 allele[93-95], several of whom belong
to the mestizo population of western Mexico[96].

CONCLUSION
At the end of the last century, we began to understand
how liver genes are involved in the metabolism of ethanol and how cerebral genes are related to addictions. Additional genetic studies, including genome-wide association studies, will corroborate the association of specific
alleles with alcoholism and ALD. The next step may
be a personalized medicine strategy for the prevention,
diagnosis and treatment of liver diseases. However, as
aforementioned in this review, genes and environmental

ALDH2
The ALDH2 gene encodes the primary mitochondrial
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A

Wild type A1

current data on allelic frequencies in different countries, the Mexican population has a particular genetic
profile that may explain the epidemiological and clinical
manifestations of alcohol-related liver diseases. Thus,
the expectation that the different allelic variants of the
aforementioned genes (DRD2, ADH2, CYP2E1 and
ALDH2) will express themselves individually is plausible.
However, considering these alleles as a haplogroup may
generate risk or non-risk phenotypes related to liver disease, as well as to proneness towards or resistance against
the high intake of alcohol. Haplogroups that could
confer a non-risk phenotype for alcoholism and liver
damage could be DRD2*A2, ADH2*A2, CYP2E1*C1,
ALDH2*A2 and DRD2*A2, ADH2*A1, CYP2E1*C1,
ALDH2*A2 because they are related to non-addiction
plus flushing by the accumulation of acetaldehyde, exhibiting a protective effect. The haplogroups that could
confer risk phenotypes for alcoholism and liver damage could be DRD2*A1, ADH2*A1, CYP2E1*C1,
ALDH2*A1 and DRD2*A1, ADH2*A1, CYP2E1*C2,
ALDH2*A1 because these are related to addiction plus
the efficient metabolism of alcohol but exposure to acetaldehyde. This observation may explain why some patients who consume heavy amounts of alcohol per day (>
80 g/d) for more than 20 years do not have liver damage,
whereas others with a less than or equal to consumption
level and less exposure suffer liver damage and even die
from cirrhosis or its complications[1,6,7]. However, additional studies are required to demonstrate the association
between these hypothetical allelic profiles and the clinical
outcomes of alcohol-dependent patients in Mexico and
worldwide.
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factors are involved in the development of ALD, which
requires an in-depth analysis of the different populations.
Therefore, the data found in several regions of the world
may not correlate to populations from different geographic areas.
Mexicans are an admixture population that has inherited specific alleles from different races, predominantly
Caucasian, Amerindian and African[109,110]. Based on the
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PROGRESS IN LIVER DISEASES

Management of post-hepatectomy complications
Shan Jin, Quan Fu, Gerile Wuyun, Tu Wuyun
gical manipulations, anesthesia, preoperative evaluation and preparation, and postoperative observation
and management. The safety profile of hepatectomy
probably can be improved if the surgeons and medical
staff involved have comprehensive knowledge of the
expected complications and expertise in their management. This review article focuses on the major post-
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operative issues after hepatic resection and presents the
current management.
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Core tip: Despite technical advances and high experience of liver resection of specialized centers, it is still
burdened by relatively high rates of postoperative
morbidity and mortality. Common post-hepatectomy
complications include fever, hemorrhage, bile leakage,
liver failure, pleural effusion, and subphrenic infection.
The aim of this study was to summary the causes for
post-hepatectomy complications and to discuss the prevention and treatment trick for postoperative complications.

Abstract
Hepatic resection had an impressive growth over time.
It has been widely performed for the treatment of various liver diseases, such as malignant tumors, benign
tumors, calculi in the intrahepatic ducts, hydatid disease, and abscesses. Management of hepatic resection
is challenging. Despite technical advances and high experience of liver resection of specialized centers, it is
still burdened by relatively high rates of postoperative
morbidity and mortality. Especially, complex resections
are being increasingly performed in high risk and older
patient population. Operation on the liver is especially
challenging because of its unique anatomic architecture and because of its vital functions. Common posthepatectomy complications include venous catheterrelated infection, pleural effusion, incisional infection,
pulmonary atelectasis or infection, ascites, subphrenic
infection, urinary tract infection, intraperitoneal hemorrhage, gastrointestinal tract bleeding, biliary tract
hemorrhage, coagulation disorders, bile leakage, and
liver failure. These problems are closely related to sur-
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INTRODUCTION
The era of hepatic surgery began with a left lateral hepatic lobectomy performed successfully by Langenbuch
in Germany in 1887. Since then, hepatectomy has been
widely performed for the treatment of various liver diseases, such as malignant tumors, benign tumors, calculi
in the intrahepatic ducts, hydatid disease, and abscesses.
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Operation on the liver is especially challenging because
of its unique anatomic architecture and because of its
vital functions. Despite technical advances and high experience of liver resection of specialized centers, it is
still burdened by relatively high rates of postoperative
morbidity (4.09%-47.7%) and mortality (0.24%-9.7%)[1-16]
(Table 1). Common post-hepatectomy complications include fever, hemorrhage, bile leakage, liver failure, pleural
effusion, and subphrenic infection, which we will discuss.

ysis, and abnormalities seen on chest X-ray films, will assist
in making the diagnosis. If the pulmonary infection progresses to pneumonia, the patient may have fever, cough,
and pulmonary rales; increased bronchovascular shadows
and pulmonary consolidation may be seen on chest X-ray
films. Analgesic drugs may be given to relieve patient’s pain
and to facilitate deep breathing; bronchial lavage may be
performed for relief of airway obstruction; and antibiotics
may be prescribed after sputum culture and testing bacteria
for drug sensitivity[28-30].

POSTOPERATIVE FEVER AND
INFECTIONS

Ascites
Ascites is common in hepatectomy patients who have associated liver malfunction or cirrhosis. Ascitic fluid may
drain from the incision site or the drainage tube[31]. Accumulation of much ascites may result in imbalance of
water and electrolytes. Paracentesis for treatment of the
ascites usually is not recommended; administration of diuretics and albumin is preferred. However, if the ascites
is suspected of being infected and the source of fever,
diagnostic paracentesis under ultrasonic guidance should
be performed[32-35].

Venous catheter-related infection
Deep-vein catheterization is routinely performed for hepatic surgery, and venous catheter-related infection is the most
common cause of fever after hepatectomy. This source of
fever should be considered if the fever cannot be attributed
to some other cause. If it cannot, the catheter should be
immediately removed and its tip cultured, so that appropriate antibacterial therapy can be instituted promptly[17-21].
Pleural effusion
Reactive pleural effusion may occur after hepatectomy
and usually is the result of diaphragmatic injury, obstruction of thoracic venous or lymphatic systems, or surgical
manipulation on the hepatic coronary ligament (usually
causing a subphrenic fluid collection). The pleural effusion, which most often occurs in the right chest, can
cause fever even though it is aseptic. X-ray and ultrasound examinations should be performed promptly in
febrile patients in order to determine whether a pleural
effusion has developed. If only a small effusion is present
it may spontaneously resolve, and if the patient has no
significant symptoms or signs, no special treatment will
be needed; otherwise, thoracic puncture and drainage of
the effusion should be carried out[22-24].

Subphrenic infection
Subphrenic infection is a severe complication of hepatectomy, usually resulting from incomplete or premature
removal of a subphrenic fluid collection or a bile leak.
Fever, tenderness in the upper abdomen, and abdominal
muscle tension are the major manifestations of subphrenic infection. Septicopyemia or septicemia may develop if infection is severe, which may occur with pleural
effusion or pulmonary atelectasis[36]. Thorough drainage
of the fluid, in addition to anti-inflammatory therapy, is
critical in the treatment. Ultrasonic guidance may be useful in the aspiration of subphrenic fluid collections or
in the evacuation of abscesses. Open operation may be
needed if the infection is severe[37].

Incisional infection
Incisional infection usually occurs within 1 wk after operation. Swelling and exudation at the incision site, or in the
case of severe infection, dehiscence of the wound may
be seen. If infection is found, the sutures and necrotic
tissue should be removed and adequate drainage established. Antibiotics may be prescribed to help control the
infection. If wound dehiscence is present, tension sutures
may be placed[25-27]. Albumin may be administered intravenously in order to help relieve intra-abdominal pressure
if present[28].

Urinary tract infection
Fever, back pain and bladder irritation are the common
symptoms of upper urinary tract infection. In contrast,
fever is not common in lower urinary tract infection,
which is usually manifested by dysuria and urinary frequency and urgency. Treatment of the urinary infection
includes anti-inflammatory medications, oral hydration,
and medications to relieve cystospasm and symptoms of
bladder irritation.

Pulmonary atelectasis or infection
Postoperative atelectasis or pulmonary infection most
commonly presents 3-5 d after the operation. Symptoms
and signs may include chest tightness, shortness of breath,
and cyanosis. Surgical trauma, prolonged bed rest, and
limited coughing because of incisional pain are the major
factors predisposing to pulmonary atelectasis or infection.
The findings of hypoxemia, determined by blood-gas anal-

Intraperitoneal hemorrhage
The incidence of intraperitoneal hemorrhage ranges from
4.2% to 10%[6,38-41]. Three common reasons for intraperitoneal hemorrhage are: (1) bleeding from the surfaces of
the residual liver, which may be a consequence of arterial branch truncation or congestion of the hepatic vein
due to stenosis or ligation; (2) incomplete intraoperative
hemostasis, which sometimes is due to inappropriate
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Table 1 Summary of studies investigating the post-hepatectomy mortality and morbidity
Ref.
Savage
et al[1]

Journal
Ann Surg

Date of

Country of

NO. of Patients

Disease’s

studied
300

diagnosis
Liver trauma or
liver tumors

publication
study
December 1991 United States

Zhonghua Waike Zazhi

May 2002

China

1762

Liver cancer

Hepatogastroenterol

Japan

139

HCC

Surg Endosc

NovemberDecember 2002
January 2003

France

87

Benign liver
tumors

Dimick
et al[5]

Arch Surg

January 2003

United States

569

Benzoni
et al[6]
Benzoni
et al[7]
Mullen
et al[8]

Hepatobiliary Pancreat Dis
Int
Hepatogastroenterol

November
Italy
2006
JanuaryItaly
February 2007
May 2007
United States

287

Malignant or
benign liver
disease
HCC or liver
metastasis
HCC

McKay
et al[9]
Feng
et al[10]
Tomuş
et al[11]
Cescon
et al[12]
Huang
et al[13]

Ann Surg Oncol

May 2008

World J Gastroenterol

Wu
et al[2]
Ishikawa
et al[3]
Descottes
et al[4]

Mathur
et al[14]
Sato
et al[15]
Dan
et al[16]

J Am Coll Surg

134
1059

Noncirrhotic
patients

Canada

1107

Liver tumor

December 2008

China

827

Chirurgia (Bucur)

May-June 2009

Romania

50

Ann Surg

June 2009

Italy

1500

Chin Med J (Engl)

October 2009

China

2008

J Gastrointest Surg

August 2010

United States

3960

Benign hepatic
lesion
Benign hepatic
lesion
Malignant or
benign disease
Malignant or
benign liver
disease
Liver tumor

J Gastroenterol

October 2012

Japan

5270

HCC

Chirurgia (Bucur)

NovemberDecember 2012

Romania

133

Benign or
malignant tumors

Mortality and morbidity of hepatectomy
The operative mortality was 19% (1962-1979) or
9.7% (1980-1988), and the overall complication
rate was 12.3%
The total mortality was 0.40%, and the total
complication rate was 4.09%
The mortality within 30 postoperative days was
2.2%, and complication morbidity was 40.2%
There was no postoperative mortality, and
the postoperative complication rate was 5%
(laparoscopic liver resection)
The overall in-hospital mortality rate was 4.8%

In-hospital mortality rate was 4.5%, and the
morbidity rate was 47.7%
In-hospital mortality rate was 7.4%, and the
morbidity rate was 47.7%
The complication rate was 43%, and the 90-d
all-cause mortality rate was 4.7% (1.9% patients
died of causes unrelated to the liver)
In-hospital mortality rate was 6.0%, and an
overall complication rate was 46%
In-hospital mortality rate was 0.24%, and the
postoperative complication rate was 13.54%
There was no mortality, and the morbidity rate
was 18%
Overall mortality was 3%, and the morbidity
was 22.5%
The overall hospital mortality was 0.55%, and
the overall postoperative complication rate was
14.44%
The overall mortality rate was 2.5%, and the
overall complication rate was 23.3%
In-hospital mortality was 2.6%, and the
postoperative complication rate was 14.5%
The overall mortality rate was 2.25%

HCC: Hepatocellular carcinoma.

manipulation of the hepatic vein root or trauma to the
diaphragm, and increased intrathoracic pressure and vena
cava pressure which may lead to bleeding; and (3) vascular sutures loosened or fallen off, an event which usually
is ascribed to elevated pressure in the vena cava from patients’ body movement, such as turning over or coughing
severely. Detachment of the ligature on the short hepatic
veins may cause a gap in the vena cava wall. Postoperative intraperitoneal hemorrhage usually occurs within 48
h, and from the residual liver’s surface or the diaphragm.
Thorough intraoperative hemostasis is critical and must
be ascertained before the operation is concluded. When
the root of the hepatic vein is manipulated during the
operation, hemorrhage from the vein or anterior to the
inferior vena cava should be carefully sought by increasing the intrathoracic pressure artificially. Mattress sutures
with hepatic needles should be used for the hemostasis,
and the traumatized surface can be covered with hemostasis film, gelatin sponge, biological glue, or omentum as
means of achieving additional hemostasis[42]. The pres-
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ence of persistent bloody drainage might indicate that
intraperitoneal clots have formed, which may occlude
abdominal drains, leading to abdominal distention. Close
monitoring of vital signs and transfusion of whole blood,
platelets, and plasma are usually recommended as long as
the patient’s blood pressure and pulse remain stable. Otherwise, secondary open surgery should be considered[43].
We recommend that open surgery to attain hemostasis
be performed if blood loss exceeds 1000 mL/h for more
than eight hours. In summary, correct timing for operations on infected liver sections, careful manipulation during operation, and thorough hemostasis and drainage are
critical for success in attaining hemostasis.
Coagulation disorders
Five common causes of coagulation disorders associated with hepatectomy are: (1) functional failure of the
residual liver due to prolonged ischemia, especially in
the presence of cirrhosis[44]; (2) massive intraoperative
bleeding, or blood transfusion of more than 4000 mL;
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(3) consumption of coagulation factors and platelets due
to severe infection; (4) overdose of heparin after hepatic
artery or portal vein catheterization; and (5) cardiopulmonary bypass or extracorporeal circulation[45,46]. Coagulation
time, prothrombin time, platelet count, and fibrinogen
level should be tested to aid in making the diagnosis of a
postoperative coagulation disorder, and the 3P test may be
performed if necessary[47]. Expansion of the circulating
blood volume and transfusion of fresh blood should be
carried routinely once a coagulation disorder is confirmed,
and prompt administration of fibrinogen, prothrombin
complex, fresh platelets, and plasma cold precipitates also
is important[48-50]. Protamine can be administered to neutralize the heparin if it has been overdosed.

T-tube; and (3) injury of the bile duct from inappropriate
surgical technique. A retrospective analysis by Yoshioka
et al[64] of 505 hepatectomy cases found that the incidence
of bile leakage was 6.7%, with three independent risk
factors: (1) multiple hepatectomy (P = 0.002, OR = 3.439;
95%CI: 1.552-7.618); (2) traumatized liver surface ≥
57.5 cm2 (P = 0.004, OR = 5.296; 95%CI: 1.721-16.302);
and (3) intraoperative bleeding ≥ 775 mL (P = 0.01,
OR = 2.808; 95%CI: 1.280-6.160)[64]. Another analysis
by Sadamori et al[65] of 359 hepatectomy cases found that
operative time ≥ 300 min was an independent risk factor for bile leakage after hepatectomy. To help predict if
postoperative bile leakage will occur, the residual liver can
be covered with wet gauze, which may show the presence
of minimal bile seepage. To help avoid postoperative
bile leakage, biological glue can be applied to the surface
of the residual liver, and a C tube can be placed in the
cystic duct for decompression[66,67]. Intraoperatively, bile
leakage might be revealed with the use of indocyanine
green fluorescein[68-70]. Close postoperative monitoring
is mandatory and should include observing for abdominal pain, rebound tenderness, muscle tension, and bile
leakage from the drainage tube. Bile leakage also may be
evident by the presence of bile in the peritoneal drainage
(the concentration of bilirubin in the bile will be higher
than in serum). In addition, computed tomography (CT)
visualization can be used to determine if the bile duct
is occluded and, if so, where the occlusion is located. A
drainage tube can remain in the bile duct if there is no
sign of peritonitis; the bile leakage may resolve spontaneously within two months. However, if peritonitis develops, open surgery should be performed as soon as possible for thorough cleaning of the abdominal cavity and
repair of the damaged common bile duct. Antibiotics
may be administered for control of infection, and supportive treatment should be given as usual after a major
operation[71,72]. It has been reported that bile leakage occurred in 14 of 96 patients who underwent hepatectomy;
nine were treated successfully without operation, but five
required a second operation. In general, non-operative
treatment was sufficient if the results of ERCP and CT
were negative for bile leakage, but operative intervention
was needed if conservative therapy failed[73].

Gastrointestinal tract bleeding
The common causes of gastrointestinal tract bleeding
after hepatectomy are: (1) stress ulcer, the most common;
(2) portal hypertension due to liver cirrhosis; and (3) congestion of gastrointestinal organs because of secondary
portal hypertension due to the limited volume of the residual liver. Gastrointestinal tract bleeding usually occurs
within two weeks after operation. It may be manifested
by the passage of brown or bloody drainage, hematemesis, melena, deterioration of vital signs, and abdominal
pain. If the bleeding is mild, nasogastric suctioning and
administration of proton pump inhibitors and hemostatic drugs may be adequate treatment. Somatostatin and
ulinastatin may be given if the bleeding is massive. Operation should be considered if the blood pressure and
pulse are unstable, or if hemorrhage persists after 48 h
of aggressive treatment[51-54].
Biliary tract hemorrhage
Iatrogenic bile duct injury is the most common cause of
biliary tract hemorrhage after hepatectomy. Surgical maneuvers, including operating in the hepatic portal region,
bile duct exploratory surgery, and placement of T-tubes
in the biliary ducts could result in biliary tract hemorrhage. Other common causes are mucosal erosion ulcer
and coagulation disorders due to biliary tract infection
and inflammation. The major manifestations of biliary
tract hemorrhage are right upper quadrant gripping pain,
upper gastrointestinal bleeding, and obstructive jaundice.
Usually, bleeding of this kind can be treated effectively
with appropriate hemostasis, antibiotics, and supportive
measures. For patients who have massive biliary tract
bleeding or whose bleeding site is unclear (after hepatic
artery angiography), explorative operation should be carried out[55-59].

LIVER FAILURE
Liver failure is a severe postoperative complication of
hepatectomy. It is closely associated with active hepatitis,
cirrhosis, limited residual liver tissue, massive intraoperative hemorrhage, the mode and duration of hepatic
portal vein occlusion, the kind of anesthesia used, and
perioperative medication used. An incidence of liver failure after hepatectomy of about 0.70%-33.83% has been
reported[74-77], and the failure was related to inadequate
residual liver tissue and functional capacity[78,79]. Comprehensive therapy for liver failure includes postoperative
supplementation with albumin, fibrinogen or prothrombin complex; intravenous nutrition; and transfusion of

BILE LEAKAGE
The incidence of bile leakage ranges from 4.0% to
17%[60-63]. Common causes of postoperative bile leakage
are: (1) truncation of the distal bile duct in the residual
liver, the most common cause; (2) leakage at the bile ductintestinal anastomosis, or incomplete suture around the
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tectomy. The international hepatic surgery research team
has proposed a definition based on the normal postoperative course of serum bilirubin concentration and international normalized ratio (INR), reflecting the ability of
the liver to maintain its synthetic, excretory, and detoxifying functions. Postoperative liver failure is defined as an
increased INR and hyperbilirubinemia (according to the
normal limits of the local laboratory) on or after postoperative day 5[104]. The severity of post-hepatectomy liver
failure is graded based on its effect on clinical management; grade A failure requires no change in the patient’
s clinical management; grade B failure requires deviation
from the usual management but does not require invasive
therapy; grade C requires invasive treatment[104].

fresh blood. Prognosis is poor if coagulation disorders
develop. Presently, the most effective therapy for liver
failure is liver transplantation, but it is associated with a
high mortality rate in patients with liver cirrhosis and,
therefore, it remains a controversial treatment choice
in this circumstance[80-86], Generally, prevention of liver
failure is felt to be more important than treatment of it.
Some common preventive measures are: careful preoperative assessment of the liver’s functional reserve and institution of measures to improve the liver function. Prevention of intraoperative bleeding and the need for blood
transfusion also are important in preventing liver failure.
In one report, the incidence of postoperative complications increased significantly when the intraoperative
blood loss exceeded 1200 mL[11]. Several methods can
be used to reduce the chance of intraoperative bleeding:
CUSA[87-89], heat solidification technology[90-93], reduction
of central venous pressure[94-96], and blocking of hepatic
portal blood inflow (with or without control of hepatic
blood outflow)[97-101]. For patients with liver cirrhosis, the
volume of residual liver and the time of portal occlusion
must be strictly assessed. Also, the method used for occluding blood flow to the liver must be appropriately selected. It has been recommended that half hepatic blood
flow occlusion should be used for patients with cirrhosis,
and hepatic blood inflow occlusion without hemihepatic
artery control (hemi-hepatic artery-preserved portal occlusion) used if half occlusion is difficult or inadequate.
Hepatic blood inflow occlusion without hemihepatic
artery control is simple for operation, with less damage
to the liver function; more importantly, the effect of
the blood flow blocking is equivalent to the half-hepatic
blood flow blocking[102,103]. The procedure for inflow occlusion is the following: the hepatic artery is exposed
first, to separate the right and left hepatic arteries from
the root of the artery. To restrict blood flow to the right
half of the liver, the hepatic portal vein, bile duct, and
the right hepatic artery should be tightened together with
a catheter; the opposite arrangement is used for restricting blood flow to the left half of the liver, except that the
left hepatic artery, instead of the right hepatic artery, is
occluded[98]. It is important that the patient receive sufficient oxygen throughout the perioperative period, and
that hepatotoxic drugs are avoided.
After hepatectomy, the patient should be closely
monitored, with particular attention to abnormalities in
levels of consciousness, liver function, the volume and
character of drainage fluid, acid-base balance, and serum
lactic acid levels. In general, during the first postoperative
day, the ideal levels of serum hepatic transaminases, total
bilirubin, and prothrombin activity can be expected to
remain below 1000 IU/mL, about 2 mg/dL, and about
50%, respectively. Acidosis is very common in liver failure, so the level of serum lactic acid should be carefully
monitored. Serum bilirubin level should rapidly decrease;
if the level increases abruptly after the second postoperative day the risk of hepatic failure increases. Currently,
there is not a unified definition of liver failure after hepa-
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CONCLUSION
In conclusion, hepatectomy still has significant associated
complications and mortality. These problems are closely
related to surgical manipulations, anesthesia, preoperative
evaluation and preparation, and postoperative observation and management. The safety profile of hepatectomy
probably can be improved if the surgeons and medical
staff involved have comprehensive knowledge of the expected complications and expertise in their management.
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Core tip: The morphology and physiology of the liver
changes with aging and an understanding of those
changes is important for the management of liver diseases. We first summarized the various changes in the
liver with aging. We then reviewed the reported characteristics of liver diseases found in the elderly. This
kind of information could be increasingly important in
the near future, because the proportion of the world’s
population over 60 years old is increasing, especially in
developed countries.

Abstract

Original sources: Tajiri K, Shimizu Y. Liver physiology
and liver diseases in the elderly. World J Gastroenterol 2013;
19(46): 8459-8467 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v19/i46/8459.htm DOI: http://dx.doi.
org/10.3748/wjg.v19.i46.8459

The liver experiences various changes with aging that
could affect clinical characteristics and outcomes in
patients with liver diseases. Both liver volume and
blood flow decrease significantly with age. These
changes and decreased cytochrome P450 activity can
affect drug metabolism, increasing susceptibility to
drug-induced liver injury. Immune responses against
pathogens or neoplastic cells are lower in the elderly,
although these individuals may be predisposed to
autoimmunity through impairment of dendritic cell
maturation and reduction of regulatory T cells. These
changes in immune functions could alter the pathogenesis of viral hepatitis and autoimmune liver diseases,
as well as the development of hepatocellular carcinoma. Moreover, elderly patients have significantly
decreased reserve functions of various organs, reducing their tolerability to treatments for liver diseases.
Collectively, aged patients show various changes of
the liver and other organs that could affect the clinical
characteristics and management of liver diseases in
these patients.

INTRODUCTION
The proportion of the world’s population over 60 years
old is increasing, especially in developed countries. Morphology and functions of the liver as well as other organs
change with aging. Understanding these changes is important for the management of liver diseases in the elderly. In addition, the pathogenesis of many liver diseases
is immune-mediated, and immune systems also change
with aging, affecting the clinical picture of liver diseases.

CHANGES IN LIVER MORPHOLOGY AND
FUNCTIONS WITH AGING
Morphology of the aged liver and microscopic or
molecular characteristics of senescent hepatocytes
In general, liver volume is reduced by 20%-40% in the
elderly, with these reductions more marked in women (up
to 44% decline) than in men[1]. Microscopically, elderly
subjects have elevated numbers of hepatocytes with in-

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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creased ploidy. Hepatocytes show decreased numbers of
mitochondria but increased volume of individual mitochondria, although functional impairment of mitochondria has not been demonstrated. Hepatocytes in elderly
subjects contain denser body compartments, such as
secondary lysosomes and lipofuscin, than do hepatocytes
in younger subjects[2]. Lipofuscin accumulation has been
associated with chronic oxidative stress and a failure to
degrade damaged and denatured proteins[3]. Moreover,
accumulating evidence suggests that lipofuscin interferes
with cellular pathways due to its ability to trap metallic
cations and facilitate further free radical formation[4].
Vacuolation of hepatocyte nuclei has been associated with diabetes mellitus and non-alcoholic fatty liver
disease. However, vacuolated hepatocyte nuclei were
recently shown to be more abundant in senescent hepatocytes expressing p21 or γH(2)AX[5], suggesting they are
a marker of hepatocyte senescence. Moreover, increased
size of hepatocyte nuclei in nonalcoholic fatty liver disease (NAFLD) has been associated with telomere shortening and p21 upregulation[6], suggesting that increased
nuclear size is also a marker of hepatocyte senescence.
Cellular senescence is associated with aberrant activation of oncogenes, and senescent pre-malignant hepatocytes have been found to secrete cytokines and chemokines
through interactions with their environment, resulting in
immune-mediated clearance of these cells. Impairment of
immune surveillance has been associated with the development of hepatocellular carcinoma (HCC)[7]. This scenario
could account for the preferential development of HCC in
aged patients with chronic liver diseases, irrespective of the
etiology of these diseases[8].
Recently, resistin, an adipokine that inhibits phosphorylation of AMP-activated protein kinase and modulates
insulin resistance, has been shown to induce senescenceassociated β-galactosidase in mouse hepatocytes[9]. Resistin has been shown to act by inhibiting the function of
sirtuin 1, one of the 7 members of the sirtuin family of
histone deacetylases shown to act as crucial negative regulators during the aging process[9].
Molecular changes during hepatocyte senescence sho
uld be clarified in more detail in the near future. The identification of senescence-causing factors may be beneficial
in preventing senescence-associated liver diseases.

decreases in albumin and γ-glutamyl transpeptidase concentrations, and increases in bilirubin concentration, after
adjustments for sex, alcohol use, and components of the
metabolic syndrome, suggesting that liver function may
be decreased in these individuals[12].
Alanine aminotransferase (ALT) concentrations have
been reported to decrease with age in both men and
women, independent of components of the metabolic
syndrome. These findings suggest the need to identify
an optimal cut-off point for normal ALT in elderly patients[12].
Drug metabolism
Phase I hepatic metabolism (first-pass hepatic uptake) of
drugs has been reported to be decreased in the elderly,
possibly due to reduced liver volume and hepatic blood
flow, leading to a decline in hepatic drug metabolism. Metabolism of drugs with low phase Ⅰ hepatic metabolism
is likely to be impaired mainly by liver volume reduction.
A previous report suggested that drug metabolism is
reduced by up to 30% after 70 years of age, and that a
reduction in liver cytochrome P450 may also contribute
to decreased drug metabolism. Cytochrome P450 activity
was shown to be 32% lower in subjects > 70 years than
in subjects aged 20-29 years[13].
Liver regeneration
Liver regeneration capacity has been reported to decline
with age[14,15]. The mechanisms underlying the reductions
in regeneration capability are complex. One of these
mechanisms involves a decrease in the concentrations of
circulating epidermal growth factor (EGF), with the response of hepatocytes to EGF also reduced due to ageassociated loss of EGF receptors or deficits in signaling
after EGF binds to its receptor[16]. Another mechanism
underlying reduced hepatocyte proliferation capacity may
be the inhibition of cyclin-dependent kinases by interaction with the chromatin remodeling protein Bim, which
is expressed in aged hepatocytes[17]. Along with reductions in regenerative capacity, telomere length has been
reported reduced in aged livers, especially in patients with
liver diseases[18].

Blood flow
Liver blood flow is estimated to be decreased by 35%-50%
in the elderly, and may be responsible for age-related reductions in liver volume[10].

Immune system
Many liver diseases are mediated by the host immune
response. Therefore, changes in immune functions may
affect the clinical picture of various liver diseases. Several
changes in the immune system have been observed in elderly individuals.

Hepatic function
Liver function tests: Although interindividual differences have been observed, liver functions are relatively well
preserved in elderly individuals. Hepatic enzymes and
high-density lipoprotein cholesterol are well maintained,
while bilirubin levels may decline with age due to reductions in muscle mass and hemoglobin concentrations[11].
Moreover, age was reported to be associated with modest

Innate immunity: Most of the immune cells involved
in innate immunity, such as monocytes/macrophages
and natural killer (NK) cells, show decreased function
with aging[19]. Although the percentage and number of
CD56bright NK cells gradually decline with age, the percentage and number of CD56dim NK cells progressively
increase[20].
In addition, dendritic cells (DCs), which are the most
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in those older than 49 years[30]. More recent data from the
Centers for Disease Control and Prevention (CDC, 2009
Surveillance) also indicate that mortality due to HAV
increases with age, with no fatalities reported in patients
younger than 34 years of age. The mortality rates have
been estimated to be 0.05 per 100000 patients aged 45-54
years, and 0.11 per 100000 patients older than 75 years.
Vaccination for hepatitis A should, therefore, be considered for people, especially the elderly, who plan to travel
to endemic areas[30].

potent antigen-presenting cells, show significant functional changes with aging. DCs play pivotal roles in the onset
and regulation of adaptive immune responses and control the state of tolerance to self-antigens[21]. Immature
DCs promote tolerance through induction of regulatory
T cells (Treg), whereas mature DCs stimulate effector T
cells. DCs in the elderly show inappropriate maturation
induced by infections or tissue injury, which may lead to
alterations in the balance between the tolerogenic and immunogenic functions of DCs and instigate the development of autoimmune diseases[22].

Hepatitis B: Acute hepatitis B virus (HBV) infection is
uncommon in the elderly because the opportunities for
HBV infection are estimated to be low in this population.
However, hepatitis B and hepatitis C infections have been
reported in aged residents of nursing homes[31,32]. Risk
factors include sharing bath brushes, non-disposable syringes, and shaving blades, as well as sexual contact. Clinical manifestations of acute HBV infection are similar
to those in younger adults. During an outbreak of acute
HBV in elderly nursing home residents, most infected patients were asymptomatic, and no patient died or required
hospitalization during the outbreak[31]. However, the rate
of progression to chronic hepatitis B is higher in elderly
than in younger patients. A report on an outbreak of
acute HBV infection in a nursing home showed that 59%
of patients older than 65 years of age developed chronic
infection[31]. This may be due to a decreased immune response to the pathogens.
In chronic HBV infection, the prevalence rates of
HBeAg and HBsAg are inversely related to patient age
during the natural course of HBV infection. The prevalence rates of HBsAg in Taiwanese men and of HBeAg
among HBsAg-positive men older than 60 years of age
were reported to be 12.5% and 5.5%, respectively, while
prevalence rates in patients aged 30-39 years were 23.8%
and 23.3%, respectively [33]. Serum HBV DNA levels
were found to vary by country and to be associated with
HBeAg or HBV genotype[34]. Older age and male sex, in
addition to serum HBV DNA levels, are regarded as risk
factors not only for progression to cirrhosis[35], but the
development of HCC[36].
Nucleos(t)ide analogs are effective in treating HBV
infected patients, with similar efficacy in the elderly as in
younger patients[37]. Although interferon-based therapy
may also be effective for the treatment of chronic HBV
infection, its therapeutic effects are inferior in elderly patients[38].

Adoptive immunity: T cell number and diversity of repertoire are decreased and T cell expansion, differentiation,
and signaling intensity are impaired with aging. The numbers of CD4+ T cells are decreased, while the numbers of
CD8+ T cells are increased. The expression of the costimulatory molecule CD28 is decreased on T cells, impairing
their ability to proliferate and secrete interleukin-2[23]. Treg
function is decreased after age 50 years, which may be associated with the increases in autoimmunity[24].
The numbers of B cell precursors in the bone marrow (pre-B cells), as well as peripheral B cells, decrease
with age[25]. In contrast, immunoglobulin concentrations
may increase with age[26], but the quantities of specific
antibodies and the diversity of the B cell repertoire decrease[27].
In summary, immune responses against foreign antigens and malignant cells seem to be impaired with age
because of the reductions in number and functions of
most immunocompetent cells. In contrast, the decrease
in Tregs and the impairment of DC maturation may result in a predisposition to autoimmunity.

LIVER DISEASES IN THE ELDERLY
The prevalence of some liver diseases increases with aging, and advanced liver disease is observed more often in
older than in younger patients. Moreover, various physiological changes associated with aging may affect the
pathogenesis of liver diseases. In addition, the decreased
reserve capacity of most organs in elderly individuals may
impair their ability to manage liver diseases.
Viral hepatitis
Hepatitis A: Acute hepatitis A virus (HAV) infection is
usually self-limiting. However, elderly patients with acute
HAV infection experience hepatocellular dysfunction
with frequent jaundice and coagulopathy, as well as an
increased incidence of complications, such as prolonged
cholestasis, pancreatitis, and ascites[28]. Higher hospitalization and mortality rates have been reported in elderly
patients with HAV. For example, during an outbreak of
HAV infection in the United States, 42% of patients
aged 70 years or older required hospitalization compared
with 3%-20% of adults aged 40-49 years[29]. Age-related
differences in outcomes were also reported, with death
rates of 0.004% in individuals aged 5-14 years and 2.7%
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Hepatitis C: The prevalence of hepatitis C virus (HCV)
infection varies by age because HCV infection is transmitted by blood contact, such as blood transfusion (especially before 1992), military service, intravenous drug
use, tattoos, hemodialysis, and health care work. In the
United States, the prevalence of HCV infection is highest
in patients aged 40-49 years (4.3%), whereas those aged
60-69 years and 70 years or older have lower prevalence
rates of 0.9% and 1%, respectively[39,40]. A European
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study showed that the prevalence of genotype 1 HCV
increases with age, being 57% in patients aged < 65 years,
72% in those aged 65-80 years, and 84% in patients older
than 80 years of age[41]. Older age at the time of infection, but not duration of infection, has been associated
with fibrotic progression[41] and hepatocarcinogenesis[42].
Normal ALT levels are more likely observed in elderly
than in younger HCV-infected patients (46% vs 10.6%,
respectively)[43]. However, older patients often show more
fibrosis regardless of serum ALT levels[41]. Moreover,
the incidence of hepatocellular carcinoma increases with
aging both in hepatitis C[42] and hepatitis B[44] infected
patients. Therefore, progression of fibrosis and development of hepatocellular carcinoma should be considered,
especially in elderly patients with chronic viral hepatitis.
Powerful regimens have been established for the
treatment of chronic HCV infection, including pegylated
interferon and ribavirin, have been established. However, adverse effects are observed more often in older
patients[45]. The sustained viral response rate has been
shown lower in elderly than in younger patients (46% vs
69.7%, respectively), perhaps due to the high proportion
of elderly patients who stop antiviral therapy due to side
effects[46].

elderly patients are at risk of treatment-related complications, especially osteopenia and compression fracture[54].
Furthermore, they may have other comorbidities and
medication requirements that complicate their management.
PBC: Advancing age has been associated with poor
prognosis in patients with PBC, and elderly patients diagnosed with PBC at a young age are likely to show a poor
prognosis[55]. In contrast, patients with PBC diagnosed
after 65 years of age are less likely to have progressive or
advanced disease[56]. Two types of phenotypic expression
of PBC were recently reported: the classical asymptomatic onset in middle-late age with mild biochemical activity,
and symptomatic onset at a younger age with high biochemical activity[57]. Administration of ursodeoxycholic
acid, which is the only recommended therapy for PBC,
appears to be safe and has few side effects. Osteoporosis
should also be considered, especially in elderly patients.
Alcoholic liver disease: Alcohol consumption is common in the elderly. In a study of individuals in the United
Kingdom, 62% of subjects aged 60-92 years were drinkers, with 13% of men and 2% of women being heavy
drinkers[58]. Elderly people presenting with alcoholic liver
disease (ALD) had more advanced disease than younger
patients[59]. Half of the elderly patients who develop cirrhosis die within 1 year of diagnosis[60]. In patients with
HCV infection, alcohol drinking was associated with
accelerated disease progression[61]. Adverse effects of
benzodiazepines as treatment for withdrawal symptoms,
such as drowsiness, fatigue, confusion, ataxia, falls and
incontinence, are more common with increasing age[62].

Hepatitis E: The prevalence of hepatitis E virus (HEV)
infection differs markedly in endemic and non-endemic
areas. However, recent reports suggested that exposure
to HEV occurs frequently in Western countries. In the
United States, 16% of blood donors younger than 60
years of age were positive for anti-HEV IgG, compared
with 25.5% of those older than 60 years[47]. Furthermore,
3% of patients with acute liver injury suspected of being
drug-induced liver injury were seropositive for anti-HEV
IgM. Most patients with serology consistent with acute
HEV infection were older than 60 years of age[48].

NAFLD: NAFLD is a disease predominantly seen in
middle-aged to older people. A significant proportion
of cryptogenic cirrhosis may be due to the end-stage of
NAFLD, and age has been reported to be a risk factor
for liver fibrosis and higher mortality rate in patients with
NAFLD[63]. Older patients have significantly more risk
factors for NAFLD, including hypertension, obesity, diabetes, and hyperlipidemia[64]. A study of 351 consecutive
patients in the United Kingdom found that albumin, alanine aminotransferase (ALT), ALT/aspartate aminotransferase ratio, and platelet counts were significantly reduced
with advancing age[64]. Thus, aged patients with NAFLD
are considered to have advanced liver disease.
Recently, sirtuin 1, a negative regulator of aging, was
reported to play key roles in the regulation of lipid and
glucose homeostasis[65]. This finding suggested that aging
was associated with the development of NAFLD, and
that activating sirtuin 1 may be a novel therapeutic strategy for patients with NAFLD. Several molecular characteristics of hepatocyte senescence have been observed in
patients with NAFLD, with hepatocyte senescence being
closely associated with advanced fibrosis stage and poor
clinical outcome[66]. Thus, the development and patho-

Autoimmune liver disease
The prevalence rates of autoimmune liver diseases, including autoimmune hepatitis (AIH) and primary biliary cirrhosis (PBC), are relatively high in older patients,
whereas primary sclerosing cholangitis is more common
in those in the third or fourth decade of life[49-51]. However, the results of laboratory tests associated with these
autoimmune liver diseases are not associated with age,
and treatment strategies are usually identical in older and
younger patients.
AIH: Almost 20% of patients develop AIH after 60
years of age, and the disease is frequently progressive and
unexpected because ascites and cirrhosis are common
manifestations at presentation with few other symptoms[49,52,53]. Most elderly patients respond well to corticosteroid therapy[52]. Rates of treatment failure are lower in
older than in younger patients (5% vs 24%), and elderly
patients have lower rates of fatality from liver failure or
need for liver transplantation (5% vs 21%)[52,53]. Notably,
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Liver volume loss
Decrease in liver blood flow
Dehydration
Predisposition to drug-induced liver injury

Aging
Decrease in drug metabolism

Alteration of immune functions

Predisposition to hepatocarcinogeneisis
Induction of autoimmunity
Change in immunopathogenesis of liver diseases such
as viral hepatitis

Decrease in liver regenerative capacity
Decrease in reserve functions of various organs

Changes in pathophysiology of various liver diseases
Less tolerability to treatments

Figure 1 Physiological changes in elderly subjects associated with the development or pathophysiological modification of liver diseases. Aging is associated with decreases in liver volume, blood flow, drug metabolism and regenerative capacity, and alterations in immune functions. Changes due to decreased reserve
functions of various organs could affect the clinical characteristics and management of liver diseases in the elderly.

genesis of NAFLD may be closely associated with the
aging process.

consideration in elderly patients.
Liver tumor: HCC is more common in elderly patients
with liver cirrhosis[73]. Elderly patients were reported to
develop HCC even without fibrosis[74], suggesting that
aging itself may be a predisposing factor for hepatocarcinogenesis. The impact of viral eradication on HCC
prevention was found to be less significant in older than
in younger patients chronically infected with HCV, especially in patients at an advanced stage of liver disease[75].
These observations indicate the need for long-term follow-up of elderly patients with chronic HCV infection,
even after viral eradication and especially in male patients
with liver cirrhosis.
Hepatic resection for HCC can be performed safely
and effectively in elderly patients[76]. Regional therapies,
such as radiofrequency ablation and transarterial chemoembolization, may also be considered for elderly patients
with HCC, if liver function and tumor stage are acceptable[77].

Drug-induced liver injury: Old age is a risk factor of
drug-induced liver injury (DILI) because the elderly are
more susceptible to adverse drug reactions[67]. Moreover,
patients over 75 years old required significantly longer
hospitalization for DILI[68]. In contrast, a recent report
suggested that older age is associated with a cholestatic
type of liver injury[69], and a study in Japan also showed
rates of cholestatic liver injury was higher in patients >
65 than < 65 years of age (46% vs 31.6%).
Elderly patients may receive many types of drugs
for treatment of comorbid conditions. For example, a
Japanese study of patients with DILI showed that elderly
patients > 75 years of age were taking significantly more
concomitant drugs at the time of liver injury[68]. Other
reports from Western countries also suggested greater
drug usage among elderly patients. For example, a study
of 466 patients in Germany > 70 years of age found that
these patients were receiving an average of 3.7 prescribed
medicines in addition to 1.4 over-the-counter medications daily[70]. In a prospective study in the Netherlands,
94.2% of elderly patients, mean age 82.3 years, were taking more than one drug, and 73.3% were prescribed four
or more drugs[71]. Several pharmacokinetic and pharmacodynamic mechanisms that may predispose a patient on
multiple medications to an increased risk of DILI have
been proposed[72]. Adverse effects of both the individual
drugs and their synergistic interactions must be taken into
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Liver transplantation: The proportion of adult liver transplantation recipients in the United States older than 60
years of age increased from 10% in 1990 to more than
20% by 1999[78]. Some problems remain to be addressed
regarding liver transplantation in elderly patients. Increased age has been associated with a poorer survival
rate[79,80], although other studies suggested that advanced
age alone should not be a contraindication for liver transplantation[81,82]. Among 2141 patients who underwent
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Table 1 Clinical characteristics of liver diseases in patients
Liver diseases
Viral hepatitis
Hepatitis A
Hepatitis B
Hepatitis C

Characteristics

6

Higher hospitalization and mortality rates
More likely to progress to chronic hepatitis or
cirrhosis
More likely to progress fibrosis
Higher rates of hepatocellular carcinoma
development
Decreased tolerability to treatment

7

Autoimmune diseases
Autoimmune hepatitis
Sometimes progressive
Primary biliary cirrhosis Higher rates of treatment-related complications
Sometimes progressive
More likely to have osteoporosis
Alcoholic liver disease
Progressive
Nonalcoholic fatty liver Higher prevalence
Progressive
disease
Hepatocellular carcinoma Higher rates of development

8

retransplantation, more than 10% were over 60 years of
age[82]. Being over 60 years of age was not independently
associated with an increase in mortality when adjusted for
factors that were found to influence survival[82]. Elderly
patients may have multiple risk factors, including coronary
artery disease or malignancy, and face age-associated quality of life impairments, such as instability, incontinence,
immobility, dementia, and polypharmacy[83]. Moreover,
aged recipients have a significantly lower quality of life,
as assessed by physical functioning, bodily pain, general
health, vitality, social functioning, role emotional, and
physical component score[84]. Therefore, careful consideration is required in choosing liver transplantation for
elderly patients.

9

10

11
12

13

CONCLUSION
Aged patients show various changes in the liver, which
could affect the clinical characteristics of liver diseases in
these patients (Table 1). Decreases in functioning of the
liver and other organs as well as alterations in immune
functions should be taken into consideration in the management of the liver diseases (Figure 1).
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netics, which studies the variability of drug response in
relation to the genetic factors involved in the processes
responsible for the pharmacokinetics and/or the action
mechanism of a drug in the body. This variability seems
to be correlated with the presence of genetic polymorphisms. Genotyping is an attractive option especially
for the initiation of the dosing of tacrolimus; also, unlike phenotypic tests, the genotype is a stable characteristic that needs to be determined only once for any
given gene. However, prospective clinical studies must
show that genotype determination before transplantation allows for better use of a given drug and improves
the safety and clinical efficacy of that medication. At
present, research has been able to reliably show that
the CYP3A5 genotype, but not the CYP3A4 or ABCB1
ones, can modify the pharmacokinetics of tacrolimus.
However, it has not been possible to incontrovertibly
show that the corresponding changes in the pharmacokinetic profile are linked with different patient outcomes
regarding tacrolimus efficacy and toxicity. For these
reasons, pharmacogenetics and individualized medicine
remain a fascinating area for further study and may
ultimately become the face of future medical practice
and drug dosing.

Abstract

Core tip: As researchers continue to evaluate the influence of single nucleotide polymorphisms on tacrolimus
dosing and on the response to the drug, the challenge
now becomes to assess the potential clinical implications of this research for medical practice. Sufficient
data have been accumulated to be certain that the liver
donor and kidney recipient CYP3A5 genotype has an
important influence on tacrolimus dosing and on the

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Pharmacogenetics; Calcineurin inhibitors;
Tacrolimus; Liver transplant; Kidney transplant; Single
nucleotide polymorphisms; CYP3A4; CYP3A5; ABCB1

The introduction of tacrolimus in clinical practice has
improved patient survival after organ transplant. However, despite the long use of tacrolimus in clinical
practice, the best way to use this agent is still a matter
of intense debate. The start of the genomic era has
generated new research areas, such as pharmacoge-
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of genetic polymorphisms, where, for example, some of
the genes of the enzymes of phase Ⅰ and Ⅱ drug metabolic processes present, in at least 1%-2% of the population,
allelic variants[13,14].
These variants can encode for different molecular isoforms of the same protein and, in most cases, consist of
single nucleotide polymorphisms (SNPs), which may determine the production of isoforms differing by a single amino
acid[14].
The variations in the DNA sequence of genes encoding
for drug metabolizing enzymes can cause significant phenotypic differences in their expressivity and activity[15-17].
The clinical implications of genetic polymorphisms can
include other aspects of drug bioavailability and elimination, as well as the pharmacodynamics of the drug and/or
its metabolites and the therapeutic index. Despite the many
genetic polymorphisms, only a small number of them have
clinically significant consequences in terms of drug metabolism. This occurs mainly when two conditions coexist:
the concerned metabolic pathway is the only pathway for
the biotransformation of the drug and the drug has a low
therapeutic index.
For all this reasons, pharmacogenetics research has begun
to delve into genotyping approaches which may help to
optimize the initiation and maintenance dosing of tacrolimus, to attain faster its target concentrations and to limit
its dose-related adverse reactions[18]. This paper will review
various studies that highlight the current genetic considerations in the dosing of tacrolimus and the future implications that this data may have for best individualizing the
treatment with this drug.

observed blood trough levels of the drug. However, the
question remains, should genotyping become a standard of practice in transplantation?
Original sources: Provenzani A, Santeusanio A, Mathis E,
Notarbartolo M, Labbozzetta M, Poma P, Provenzani A, Polidori
C, Vizzini G, Polidori P, D’Alessandro N. Pharmacogenetic
considerations for optimizing tacrolimus dosing in liver and kidney
transplant patients. World J Gastroenterol 2013; 19(48): 9156-9173
Available from: URL: http://www.wjgnet.com/1007-9327/full/v19/
i48/9156.htm DOI: http://dx.doi.org/10.3748/wjg.v19.i48.9156

INTRODUCTION
Transplantation is typically the standard of therapy for all
patients with end-stage liver or kidney disease. Almost sixty
years have passed since the first kidney transplant between
identical twins was successfully performed, in 1954[1]. The
first human liver transplant was performed almost 10 years
later, in 1963. Another decade would pass before it was
performed again. Since then, a significant effort has been
made to improve the graft survival, as well as the patient
outcome.
Despite the significant advances in terms of surgical
techniques, tissue typing and patient care, most of the progress in organ transplantation is largely attributable to the
recognized importance of immunosuppressive therapy[2,3].
Since the success of the transplant depends on a delicate balance between immunosuppression and rejection,
reaching and maintaining an adequate therapeutic level by
giving appropriate doses of immunosuppressive drugs is
extremely important, especially in the first phases after the
transplant.
The introduction of tacrolimus into clinical practice
has undoubtedly improved patient survival after organ
transplant. However, this drug is characterized by a restricted therapeutic index, a high inter- and intra-individual pharmacokinetic variability, including irregular oral
bioavailability, and a series of severe adverse effects[4,5].
Given the high variability in blood levels and clinical
response after administering fixed doses of tacrolimus,
several studies have recently been conducted to find the
optimal dosage of tacrolimus and thus to minimize its
toxicity and to improve its risk/benefit ratio[6].
A number of studies have found a close correlation
between the pharmacokinetic parameters of tacrolimus
and the clinical outcome[7,8]. However, despite the long use
of the drug in clinical practice, the best way to use tacrolimus is still a matter of intense debate[9,10].
The start of the genomic era has generated new research areas, such as pharmacogenetics, which studies
the variability of drug response in relation to the genetic
factors involved in the processes responsible for the pharmacokinetics and/or action mechanisms of a drug in the
body[11,12].
This variability seems to be correlated with the presence

WCG|www.wjgnet.com

TACROLIMUS PHARMACODYNAMICS
AND PHARMACOKINETIC
CHARACTERISTICS AND
CONSIDERATIONS
The two calcineurin inhibitors utilized in transplantation are
cyclosporine and tacrolimus.
Tacrolimus is a macrolide containing a 23-membered
lactone ring produced by the Streptomyces tsukubaensis
fungus (Figure 1). Its molecular weight is 822.05 Da[19].
Tacrolimus is now preferred to cyclosporine for its potency (10-100 times higher in in vitro and in vivo immunosuppression models) and for the reduction in episodes
of rejection; it allows the use of lower doses of combination corticosteroids, thus reducing the possibility of
adverse effects associated with such drugs[20,21].
Tacrolimus becomes biologically active only when
it forms a complex with the immunophilin FK binding
protein 12 (FKBP-12), that is different from the immunophilin (cyclophilin) to which cyclosporine binds. The
complex FKBP-12-tacrolimus interferes with the transduction pathway of the intracellular calcium-dependent
signal, which is a fundamental processes for the activation
of T lymphocytes. The biological target of the complex
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is the calcium/calmodulin-dependent protein phosphatase calcineurin, a fundamental molecule for the reactions
necessary to the synthesis of various cytokines, including
IL-2.
Tacrolimus acts as a molecular linker between the calcineurin/calmodulin complex and immunophilin, which
are molecules that in normal conditions would not interact. The tacrolimus-FKBP-12 complex has a strong
inhibitory dose-related effect on calcineurin phosphatase
activity and consequently on IL-2 expression. The passage of the signal from the cytoplasm to the nucleus to
activate the transcription of the IL-2 gene involves in
fact a protein named nuclear factor of activated T-cell
(NF-ATc). This protein is a T lymphocyte-specific transcription factor, the activity of which is correlated with
the level of transcription of IL-2 after the T-cell receptor is activated[20,22]. The NF-ATc has two subunits, one
of which is confined to the cytoplasm, while the other
is mostly nuclear. An increase in intracellular calcium
allows the cytoplasmic unit to move into the nucleus,
where it combines with the nuclear component and allows the formation of the IL-2 transcription factor. The
immunophilin/drug complexes would inhibit NF-ATc
transcription activities, hindering the formation of the
functional transcription factor. The signal transduction
cascade starts at the presentation of the antigen to the
T-cell receptor, which induces an increase in intracellular calcium, the activation of the calcium/calmodulin
complex and the formation of the competent T-cell
transcription factor (NF-ATc). The specific role of calcineurin is not entirely clear, but it is widely accepted
that dephosphorylation induces the translocation into
the nucleus of cytoplasmic NF-ATc, a process that can
be blocked by the immunophilin/drug complexes. The
liaison of DNA and the genetic transcription of IL-2 require both nucleic and cytoplasmic subunits of NF-ATc.
Tacrolimus stops transduction pathways of the signal
and therefore hinders the IL-2 production by means of
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the intracellular action of the drug-FKBP-12 complex.
The tacrolimus molecule can therefore be divided into
two separate functional groups[22]: a binding group for
the drug-FKBP-12 complex, and an effector group to
bind to calcineurin (Figure 1).
Tacrolimus, a lipophilic drug, exhibits variable absorption and first pass metabolism when administered orally
and this can influence its efficacy and toxicity. P-glycoprotein (P-gp, also known as ABCB1), an ATP-dependent
membranous transporter which helps to protect the body
against toxic xenobiotics by extruding these compounds
out of cells and into the intestinal lumen and bile[23], can
limit the oral bioavailability and influence the disposition
of the calcineurin inhibitors[24-28]. In particular, the presence of P-gp in the intestine can limit tacrolimus absorption. Also, its presence in liver and kidney promotes tacrolimus efflux into bile and urine, respectively.
However, the conclusions drawn so far on the actual influence of P-gp SNPs on tacrolimus pharmacokinetics are
highly controversial[29-31].
Additionally, CYP3A4 and CYP3A5, which exhibit
variable levels of activity among transplant patients, are
the primary enzymes responsible for the metabolism of
the calcineurin inhibitors. The same drugs are also known
inhibitors of P-gp and of the CYP enzyme system, so
that they inhibit their own metabolism and excretion[32].
Other factors that can influence the pharmacokinetics
of the calcineurin inhibitors include, but are not limited
to, transplant type, baseline renal and hepatic function,
concomitant use of corticosteroids, which induce both
CYP3A and P-gp activity, patient age and race, time after
transplantation, albumin and hematocrit concentration,
trauma and food administration[33-40].
As a result, therapeutic drug monitoring is typically
initiated after transplantation to facilitate the choice of the
dosage of the calcineurin inhibitors and ensure appropriate levels of exposure to these medications. To date the
most widely used parameter for the therapeutic monitor-
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African-Americans, and about 0% of Asians[57-60].

ing of tacrolimus is its trough whole blood concentration
(C0), which is measured 12 h after the dose administration
and correlates well with the area under the concentrationtime curve (AUC0-12)[41,42].
In practice, target trough levels for tacrolimus are typically set at around 10 ng/mL, but this can vary depending
on individual patient characteristics, type of transplant and
time after transplantation. Pharmacogenetics is estimated
to account for between 20%-95% of drug variability in
patients and this has prompted research to assess the feasibility of genotyping as a mean to more rapidly and accurately determine the appropriate starting and maintenance
dosages of the immunosuppressant[43].
Also to assess the economic advantage of the genotypic determinations, a number of pharmacodynamics
studies have been undertaken to define the overall impact of a more delayed optimization of the drug dosage
on patient outcomes. Typically these studies evaluate
the effects of sub- or supra-therapeutic calcineurin inhibitor drug levels on graft life, patient mortality and
development of various drug toxicities. The calcineurin
inhibitors are known to be endowed with a number of
possible deleterious effects including seizures, tremors,
nephrotoxicity, malignancy, hyperglycemia, hypertension,
insomnia, hyperesthesia and hyperlipidemia[4]. They are
also expensive and potentially life-long medications that
can impose a heavy economic burden on patients and on
the health care system in general. As a result, it would be
beneficial to rapidly attain target blood trough drug levels in order to avoid side-effects, limit costs and assure
appropriate level of immunosuppression.

CYP3A5
CYP3A5 in the liver, small intestine, stomach and kidney
shows polymorphic expression, which is currently known
to occur with at least 11 different SNPs. The most important polymorphism is that of the CYP3A5*3, which,
in homozygous condition, determines the absence of the
enzyme, since the variant sequences A→G at nucleotide
6986 in intron 3 of the CYP3A5 gene cause alternative
splicing and the formation of a truncated protein that is not
functional[61,62]. On the contrary, the G6986A (CYP3A5*1)
allele is correlated with a high expression of the protein[63]. Consequently, individuals that exhibit homozygous
expression of the variant allele CYP3A5*3 are often referred to as “CYP3A5 non-expressers”. Patients with at
least one CYP3A5*1 wild type allele are able to produce
functional CYP3A5 enzymes and are known as “CYP3A5
expressers”; they have a different pattern of metabolite
formation compared with the non-expressers, resulting
also in the belief that CYP3A5 expression in the kidney
may play a protective role against the development of
nephrotoxicity by limiting the exposure of the organ to
toxic metabolites[64-66]. Several studies have also suggested
a link between CYP3A4*1B and the CYP3A5*1 wild type
allele, as these two allelic variants appear generally to be
inherited together[59,61,67-69]. Again the CYP3A5*1 wild type
allele is differently distributed among the races and occurs
in 5%-15% of Caucasians, 15%-35% of Asians, 25% of
Mexicans, and 45%-73% of African-Americans[57].
ABCB-1 (MDR-1, P-gp)
The multidrug resistance-1 (MDR-1) gene, which encodes for the P-gp (ABCB-1) efflux pump in many organs and tissues (e.g., liver, kidney, hematoencephalic barrier, blood testis barrier, maternal side of the placenta,
adrenal glands and small intestines), is also polymorphically expressed, with at least 50 currently known SNPs.
Its name derives from the fact that it was first found in
tumor cell lines where it enhanced the resistance to antineoplastic drugs[23,70-74].
The most commonly studied ABCB1 polymorphisms
include a C to T substitution at position 3435 on exon 26,
a C to T substitution at position 1236 on exon 12, and a
G to T/A substitution at position 2677 on exon 21[24].
These three variant alleles have been shown to typically occur together, exhibiting a linkage disequilibrium that
suggests that they may be further genetically linked[74-78].
Several studies have also suggested that this haplotype
results in diminished P-gp expression in vivo and, in turn, in
lower drug efflux activity. Theoretically this could result in
tacrolimus accumulation in the blood stream and nervous
system and, as a result, in symptoms of neurotoxicity[79,80].
In addition, recent data have suggested that 3435C>T
may reduce MDR-1 mRNA stability in the liver[81] or affect
the insertion and folding of P-gp into the membrane, resulting in an altered substrate specificity of the transporter[82].
This haplotype occurs in 5% of African-Americans, 27%

GENETIC POLYMORPHISMS
To date, a number of SNPs have been studied in relation
to the dosing of tacrolimus. However, alleles relating to the
following three genes have been the most frequently studied and shown to be the most promising.
CYP3A4
CYP3A4, located in the liver, jejunum, colon, and pancreas, is polymorphically expressed, with at least 42 SNPs
identified to date[44]. The most known CYP3A4 polymorphisms are CYP3A4*1B (A392G)[45], CYP3A4*2 (Ser 222
Pro), and CYP3A4*3 (Met 445 Thr)[46].
The primary polymorphism implicated and studied
in the metabolism of the calcineurin inhibitors occurs at
position 392 and is an A>G substitution that produces a
variant allele with diminished enzymatic activity, referred
to as CYP3A4*1B[47-51]. On the other hand, researchers
have demonstrated that CYP3A4 expression is higher in
carriers of the mutant allele due to reduced binding of a
transcriptional repressor[52,53]. Consequently, the functional
significance of this SNP is controversial and in vivo studies have generally failed to evidence an association between this polymorphism and the metabolism of various
drugs[54-56]. This allele has been shown to occur in 2%-10%
of Caucasians, 4.2%-11% of Hispanics, 35%-67% of
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Table 1 Effect of CYP3A4*1B single nucleotide polymorphism on tacrolimus pharmacokinetics
Ref.

Study population

Transplant type/analysis of
recipients, donors or both

Findings

Cho et al[84]

70 Korean

Kidney recipients

Roy et al[85]

38 Caucasian,
4 Black,
2 Asian
37 Caucasian,
9 Black,
18 Asian

Kidney recipients

No association between CYP3A4*1B genotype and tacrolimus dose requirements up to 6 mo after transplantation
No correlation between the CYP3A4*1B SNP and tacrolimus pharmacokinetic
at first week and third month after transplantation

120 Caucasian,
7 Black,
8 Asian,
1 other
103 Spanish

Kidney recipients

Hesselink et al[67]

Hesselink et al[87]

Gervasini et al[33]

Kidney recipients

Kidney recipients

CYP3A4*1B allele carriers had lower tacrolimus dose-adjusted trough levels
with respect to patients carrying the wild-type (*1/*1) genotype at third and
12th month after transplantation
This effect was not observed when analyzing only the Caucasian population.
No significant correlation observed between CYP3A4*1B SNP and tacrolimus
pharmacokinetics when CYP3A5 and ABCB1 SNPs were taken into account

Carriers of the CYP3A4*1B variant allele had 59% lower tacrolimus concentrations than those with CYP3A4*1/*1 wild type genotype
All CYP3A4*1B carriers were also carriers of CYP3A5*1 allele (linkage disequilibrium)

of Asians, 32% of Caucasians and 35% of Mexicans[77].

sistent population composed of 136 renal transplant patients the same authors found that there was no significant
correlation between the CYP3A4*1B (392A>G) SNP and
tacrolimus pharmacokinetics (dose and C0/Dose) when the
influences of the CYP3A5 6986A>G SNP and ABCB1
polymorphisms were taken into account[87] (Table 1).
In another study on 103 Spanish renal transplant patients,
Gervasini et al[33] found that carriers of the CYP3A4*1B
variant allele displayed tacrolimus concentrations that
were on average 59% lower than those of patients with
the CYP3A4*1/*1 genotype. The dose-adjusted trough
levels observed were 145.59, 86.89, and 58.21 ng/mL per
mg/kg per day for the 3A4*1-3A5*3, 3A4*1-3A5*1 and
3A4*1B-3A5*1 haplotypes, respectively, suggesting that
the CYP3A4*1B-CYP3A5*1 haplotype may have a more
profound impact on tacrolimus pharmacokinetics than
the CYP3A5*1 allele alone (Table 1). However, because
of the linkage disequilibrium between the CYP3A4 and
CYP3A5 polymorphisms, all CYP3A4*1B carriers were
also carriers of the CYP3A5*1 allele.

GENETIC INFLUENCE ON TACROLIMUS
PHARMACOKINETICS
A number of clinical studies have begun to evaluate the
actual impact of the previously described polymorphisms
on tacrolimus dosing, efficacy and toxicity. We will now
review a number of these studies and summarize their
findings before analyzing the potential clinical implications
of their data.
CYP3A4*1B
Data regarding the influence of CYP3A4 polymorphisms
on tacrolimus pharmacokinetics are often inconsistent and
confounded by the highly frequent linkage disequilibrium
found between the CYP3A4*1B variant allele and the CYP3A5*1 wild-type allele[59,61,67-69,83]. The overall impact of
the CYP3A4 genotype on tacrolimus dose requirements
appears uncertain and should be further studied.
A study by Cho et al[84] on 70 Korean renal transplant
patients found no association between CYP3A4 genotype
and tacrolimus dose requirements up to 6 mo after transplantation (Table 1).
Another study, by Roy et al[85], confirmed these results,
showing no correlation between the CYP3A4*1B (392A>G)
SNP and tacrolimus pharmacokinetics (Table 1). However,
as other authors have pointed out, due to the limited data
available it is not possible to understand if these results
were influenced by the ethnicity or by a genetic linkage with
the CYP3A5 6986A>G SNP[86].
In a study on 64 kidney transplant patients, Hesselink
et al[67] showed that patients carrying the CYP3A4*1B allele had lower tacrolimus dose-adjusted trough levels with
respect to patients carrying two copies of the wild-type *1
allele. This effect was not observed when the analysis was
made only in the Caucasian population (Table 1).
However, in a further study carried out in a more con-
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CYP3A5*3
Many studies have confirmed that CYP3A5 polymorphisms
have a major influence on the pharmacokinetics of tacrolimus. Consistently, patients homozygous for the CYP3A5*3
allele have shown lower dose requirements and higher
whole blood trough levels of tacrolimus after transplantation, as well as clearances of the drug 25%-45% lower than
patients expressing the CYP3A5*1 allele. In liver transplant
patients, donor genotype has also generally been shown to
have more important consequences on tacrolimus pharmacokinetics and dose requirements than recipient genetics[38,63,88-93]. However, it still remains to be seen whether
these alterations in the drug pharmacokinetics correlate or
not to the patient clinical outcomes.
A study by Barrera-Pulido et al[94] on 53 liver transplant
recipients found that recipients with the CYP3A5*1/*3
genotype receiving organs from *1/*3 donors failed to
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CYP3A5*1/*3 or CYP3A5*1/*1 genotype, and thus a
functional CYP3A5 protein, had tacrolimus dose requirements up to 80% greater than patients homozygous for
the *3 allele up to 6 mo post-transplant (Table 2).
Glowacki et al[96] in a study on 209 French kidney
transplant patients, also found that patients with at least
one CYP3A5*1 allele had significantly higher tacrolimus
dose requirements and lower trough drug levels than *3
homozygotes. However, these pharmacokinetic findings
appeared to have no influence on the incidence of biopsyproven acute rejection or on delayed graft function (Table
2). Patients were followed for a mean period of 21.8 mo,
with no data suggesting that alterations in tacrolimus
pharmacokinetics might have any significant impact on
long-term clinical outcomes.
Another study, in 181 Japanese liver transplant recipients and 114 donors, showed that the level of CYP3A5
mRNA was significantly reduced in patients with livers
carrying the CYP3A5*3/*3 genotype (0.41 amol/μg total
RNA) vs the *1/*1 and *1/*3 genotypes (4.85 and 2.99
amol/μg total RNA, respectively). As a result, the doseadjusted tacrolimus trough levels were significantly decreased, due to increased metabolism, in patients receiving
a liver carrying the CYP3A5*1/*1 genotype[63] (Table 2).
Wei-lin et al[88], in a study on 50 Chinese liver transplant
donors as well as recipients, found again that at one month
after transplantation, recipients who received organs from
CYP3A5*3/*3 donors had significantly higher dose-adjusted tacrolimus trough levels than the patients receiving livers
from CYP3A5*1 expressers (Table 2). However, neither
the donors’ ABCB1 genotype nor the recipients’ CYP3A5
genotype had any impact on the recipients’ tacrolimus
pharmacokinetic profile, suggesting once more that in liver
transplantation the donors’ CYP3A5 genetics, rather than
that of the recipient, has a more important effect on tacrolimus dosing.
López-Montenegro Soria et al[97] studied 35 kidney
transplant patients and found that during the first six
weeks after transplant the tacrolimus concentration/dose
ratios were remarkably lower for patients expressing at
least one CYP3A5*1 allele compared with those homozygous for the CYP3A5*3 genotype (0.65 vs 1.45), due to
higher drug clearances in CYP3A5*1 expressers (Table 2).
Another trial, by Shi et al[66], involving 216 Chinese
liver transplant recipients concluded that daily tacrolimus dose requirements were higher for recipients with
the CYP3A5*1/*1 genotype than patients expressing
the *3/*3 genotype (3.0 mg per day vs 2.0 mg per day).
Dose-adjusted tacrolimus trough levels were also lower in
the *1/*1 genotype than *1/*3 expressers and in the *3
homozygotes (97.5, 124.8, and 144.4, respectively), suggesting in particular that CYP3A5 enzymatic activity is
increased proportionally by the presence of one or two
copies of the *1 allele (Table 2).
These results were supported by Jun et al[98] in a study
of 506 Korean solid organ transplant recipients and 62
corresponding liver transplant donors, which concluded
that the blood tacrolimus concentrations per adjusted

achieve minimum blood tacrolimus levels at one month
post-transplant (Table 2). Between days 30 and 60 posttransplant *3/*3 recipients from *1/*3 donors also had
significantly greater tacrolimus dose requirements than recipients from *3/*3 donors.
These results also occurred in a study on 24 Native
American kidney transplant recipients where it was observed that after 1 mo from transplant the patients required
a significantly lower daily tacrolimus dose than a control
group of Caucasian kidney transplant patients (0.03 mg/
kg per day vs 0.5 mg/kg per day). To explain these data,
many of these Native Americans, but not the Caucasians, were found to express the CYP3A5*3/*3 genotype,
associated with diminished CYP3A5 enzymatic activity
(Table 2). However, despite the differences in tacrolimus
dose requirements, there were no differences in the drug
trough levels or the incidence of nephropathy between
the two study groups[95].
A study on 32 Caucasian liver transplant patients by
Provenzani et al[91] found that dose requirements were
significantly higher in patients receiving a liver with the
CYP3A5*1 allele compared with donors who were homozygous for the *3 polymorphism (0.111 mg/kg per
day vs 0.057 mg/kg per day). In the organ recipients,
the CYP3A5*1 genotype tended to increase tacrolimus
doses, though not to a statistically significant degree (Table
2).
In a case report, the same research group found that
a 53-year-old Caucasian male who was homozygous for
the CYP3A5*3 allele and had received a liver from a
donor expressing the CYP3A5*1/*1 genotype required
a dose two-fold higher than that reported in the literature for adult liver transplant patients. During the first,
second and third week of therapy the patient received
tacrolimus doses of 0.219, 0.287, and 0.273 mg/kg per
day, respectively, while the trough drug levels obtained
remained below the target of 10-12 ng/mL (4.6, 5.6 and
6.1 ng/mL at the first, second and third week of therapy,
respectively). The patient reached a target level of 10.4
ng/mL only after one month of therapy. This corroborates that the CYP3A5*1 allele may be associated with
increased hepatic metabolic capacity for tacrolimus and,
consequently, delayed response to drug therapy[93].
The authors further confirmed these results when
they looked at 51 Caucasian liver and 50 Caucasian kidney
transplant recipients at 1, 3, and 6 mo post-transplant and
again found that the presence of the CYP3A5*1 allele in
liver donors, but not in recipients, had a statistically significant effect of decrease on the tacrolimus dose-adjusted
trough levels. A similar result was also observed in the
kidney transplant recipients, where the dose required to
achieve and maintain target trough blood levels at 1, 3, and
6 mo was statistically lower in patients homozygous for
the CYP3A5*3 allele compared with the patients expressing at least one copy of the wild type allele CYP3A5*1[92]
(Table 2).
Another study by Cho et al[84] on 70 Korean renal transplant patients found that patients expressing either the
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Table 2 Effect of CYP3A5*3 single nucleotide polymorphism on tacrolimus pharmacokinetics
Ref.

Study population

Barrera-Pulido et al[94]

Chakkera et al[95]

Provenzani et al[91]

Provenzani et al[92]

Cho et al[84]

Glowacki et al[96]

Goto et al[63]

Wei-Lin et al[88]

López-Montenegro Soria et al[97]

Shi et al[66]

Jun et al[98]

Elens et al[99]

Macphee et al[100]

Thervet et al[101]

Spierings et al[102]

Chen et al[103]

Transplant type/analysis of
recipients, donors or both

Findings

Liver recipients and donors CYP3A5*1/*3 recipients with *1/*3 donor livers had lower than
minimum required blood tacrolimus levels at 1 mo after transplantation
*3/*3 recipients with *1/*3 donors had significantly greater tacrolimus dose requirements at 1 and 2 mo after transplantation
24 native American and
Kidney recipients
Native Americans had lower tacrolimus dose requirements than
Caucasian control group
Caucasians at 1 mo after transplantation
Native Americans more commonly expressed CYP3A5*3/*3
No difference in blood trough levels or nephropathy between the
two groups
32 Caucasian
Liver recipients and donors Dose requirements significantly higher in the case of donors with
the CYP3A5*1 allele at 1, 3 and 6 mo after transplantation
No statistically significant difference in dose requirements considering recipient’s genotypes
101 Caucasian
Kidney (n = 50, recipients) CYP3A5*1 allele in liver donors (n = 51) had a significant effect of
and liver (n = 51, recipients decrease on tacrolimus dose-adjusted trough levels at 1, 3 and 6
and donors)
mo after transplantation. No statistically significant difference in
dose requirements considering recipient’s genotype
Tacrolimus dose in kidney recipients (n = 50) with CYP3A5*3/*3
genotype was significantly lower than in patients with at least one
copy of the wild type allele
70 Korean
Kidney recipients
Those patients who had CYP3A5*1/*3 or *1/*1 genotypes had 80%
higher tacrolimus dose requirements than patients homozygotes
for *3 allele (up to 6 mo after transplantation)
209 French
Kidney recipients
Patients with at least one copy of the CYP3A5*1 allele had significantly higher dose requirements and lower blood trough levels
than patients homozygous for the *3 allele
No influence of this SNP on rejection or graft dysfunction rates.
181 Japanese
Liver recipients and donors Patients with the CYP3A5*3/*3 genotype had reduced levels of
CYP3A5 mRNA
Dose-adjusted tacrolimus trough levels decreased in patients receiving a liver with the *1/*1 genotype
50 Chinese
Liver recipients and donors Those patients receiving a liver with the *3/*3 genotype had, at
first month after transplantation, significantly higher tacrolimus
dose-adjusted trough levels than those with at least one copy of
the *1 allele
35 Spanish
Kidney recipients
Concentration/dose ratios were remarkably lower in patients
with at least one copy of the *1 allele than in patients homozygous
for the *3 allele
216 Chinese
Liver recipients
Recipients with *1/*1 genotype had higher dosage requirements
than those with *3/*3 genotype
The study suggested also that CYP3A5 enzymatic activity is increased proportionally by the presence of the *1 allele
568 Korean
Kidney and liver recipients Patients with the *3 alleles had higher tacrolimus dose-adjusted
(n = 506), and liver donors
trough levels than patients with the *1 allele
(n = 62)
*1/*1 patients may be more rapid metabolizers than *1 heterozygous patients
150 Belgian
Liver donors
Those patients with at least one *1 allele had at least 67% higher
tacrolimus dose requirements
No influence of CYP3A5 expression on tacrolimus hepatic concentrations
119 White,
Kidney recipients
Patients with at least one copy of the wild-type *1 allele achieved
23 Black,
twofold lower dose-normalized tacrolimus blood concentrations
26 South Asian,
compared with CYP3A5*3/*3 homozygote patients
12 Middle Eastern
168 Caucasian,
Kidney recipients
Pre-transplant dose adaptation, according to CYP3A5 genotype, is
8 Black,
associated with improved achievement of the target blood trough
12 other
levels
81 Caucasian,
Kidney recipients
Tacrolimus dose requirements were significantly higher in pa12 Black,
tients expressing the wild type CYP3A5 genotype
20 South Asian,
Intra-patient variability of tacrolimus clearance was not associated
5 other
with the same genotype
120 Chinese
Kidney recipients
CYP3A5 expressers not receiving diltiazem required significantly
higher tacrolimus doses than those who received the CYP inhibitor. In non-expressers, no significant difference in tacrolimus dose
requirements was observed between the subjects treated with diltiazem and those who were not
53 Caucasian
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dose ratio was significantly higher in recipients with the
*1/*3 genotype than in those with the *1/*1 one, and
again higher in *3/*3 patients rather than in heterozygous
*1/*3 recipients, suggesting that *1 homozygous patients
may be even more rapid metabolizers than heterozygous
patients expressing only one *1 allele (Table 2).
A study by Elens et al[99] on 150 liver donors found that
tacrolimus dose requirements were at least 67% higher
among patients with at least one CYP3A5*1 allele and expressing hepatic CYP3A5 (Table 2). However, though hepatic CYP3A5 expression reduced blood tacrolimus levels
and increased dose requirements, it failed to influence hepatic tacrolimus concentrations, which may be better related
to liver graft outcome[99].
Another study, by Macphee et al[100], in white and South
Asian renal transplant patients, suggested that patients
with at least one copy of the wild-type *1 allele achieved
twofold lower dose-normalized tacrolimus blood concentrations compared with CYP3A5*3/*3 homozygote
patients (Table 2).
In a prospective study involving 280 kidney transplant
patients, Thervet et al[101] found that a pre-transplant tacrolimus dose adaptation according to the CYP3A5 genotype
is associated with fewer successive dose modifications and
with a rapid achievement of target trough levels (Table 2).
In a more recent study by the Macphee’s group on 118
renal transplant patients, Spierings et al[102] confirmed that
the tacrolimus dose requirements were significantly higher
in patients with the wild type CYP3A5 genotype (Table 2).
However, they also found that intra-patient variability of
tacrolimus clearance was not associated with the wild type
CYP3A5 genotype.
Finally, in a 42-mo, prospective, randomized, parallelcontrolled, open-label, single-center study, 62 Chinese
CYP3A5 expressers and 58 non-expressers who had received kidney transplants were randomized to receive 30
mg of diltiazem (a known CYP inhibitor) three times daily
in order to assess the efficacy of the drug as a calcineurin
sparing agent. Patients who were known to be CYP3A5
expressers and did not receive diltiazem required significantly higher tacrolimus doses than the other groups (P =
0.017). Among the CYP3A5 non-expressers, there was not
a significant difference in tacrolimus dose requirements
between the subjects treated with diltiazem and those who
were not. This was expected, as the proposed mechanism
for diltiazem as a calcineurin sparing agent involves the
inhibition of the metabolism of tacrolimus through the
CYP3A5 pathway (Table 2). This suggests that CYP3A5
expressers are more susceptible to diltiazem-induced tacrolimus dose reductions and may possibly provide the
prescribers with a mechanism able to limit the cost of immunosuppressive therapy as well as to treat concomitant
hypertension in transplant patients[103].

association, some clinical trials have found a significant
relation between the ABCB1 genotype and tacrolimus dosing. These results are often confounded by the linkage disequilibrium expressed among genetic variants, underscoring
the need for further research on ABCB1 genetics before a
definitive conclusion can be reached.
Provenzani et al[91], in a study on 32 Caucasian liver
transplant patients, found no influence of the 3435C>T
and 2677G>T SNPs on tacrolimus dose requirements
(Table 3). A study by Cho et al[84] on 70 Korean renal
transplant patients also found no association between
the ABCB1 genotype and tacrolimus dose requirements
up to 6 mo after transplantation (Table 3).
Further supporting these results, Shi et al[66] found that
in 216 Chinese liver transplant patients, there was no significant association between any of the ABCB1 polymorphisms and daily tacrolimus dose requirements or trough
levels (Table 3).
This was again confirmed by Jun et al[98], who studied
506 Korean solid organ transplant recipients and 62 corresponding liver transplant donors. They found no correlation between the ABCB1 patient genotype and tacrolimus
concentration to adjusted dose ratios (Table 3).
Gervasini et al[33] also found that, in 103 renal transplant
patients, none of the ABCB1 polymorphisms were associated with altered dose-adjusted trough levels or increased
dose requirements. This study also found no association
between the ABCB1 genotype and tacrolimus-induced toxicity (Table 3).
Another study by Kuypers et al[104] found that in 304 kidney transplant patients the ABCB1 genotype had no significant impact on tacrolimus exposure parameters or dosing
requirements (Table 3).
A study by Provenzani et al[92] on 51 liver and 50 kidney transplant patients found no association between the
ABCB1 polymorphisms and tacrolimus dosing among liver
transplant patients, but did observe that kidney transplant
patients carrying the 2677T/A allele required a significantly
higher daily tacrolimus dose than patients homozygous for
the wild type allele (Table 3).
Another study on 181 liver transplant recipients and
114 donors found that, in the first week post-transplantation, the recipients who displayed the wild type MDR-1
allele and thus high ABCB-1 activity in the intestine, had
lower dose-adjusted tacrolimus trough levels than patients who displayed MDR-1 variant alleles and were low
ABCB-1 expressers, even among patients with the same
liver CYP3A5 genotype. However, this difference was not
observed after two weeks, suggesting that MDR-1 expression in the intestine may contribute to tacrolimus trough
levels in the first week post-transplantation; afterwards
the transplanted liver would achieve a greater metabolic
capacity and becomes the main organ that influences tacrolimus pharmacokinetics[63] (Table 3).
This was supported by Herrero et al[43] in a study on
71 renal transplant patients, in which it was found that
patients with the wild type ABCB1 genotype tended to
have more stable tacrolimus concentrations within the

ABCB1
Data showing a link between a patient’s ABCB1 genotype and tacrolimus pharmacokinetics have been inconsistent. Though most studies have failed to find any
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Table 3 Effect of ABCB1 single nucleotide polymorphism on tacrolimus pharmacokinetics
Ref.
Provenzani et al[91]

Study population

Transplant type/analysis of
recipients, donors or both

32 Caucasian

Liver recipients and donors

Cho et al[84]

70 Korean

Shi et al[66]

216 Chinese

Jun et al[98]

568 Korean

Gervasini et al[33]

103 Spanish

Kuypers et al[104]

304 Belgian

Provenzani et al[92]

Goto et al[63]

101 Caucasian

181 Japanese

Herrero et al[43]

71 Spanish

Wei-Lin et al[88]

50 Chinese

López-Montenegro Soria et al[97]

35 Spanish

Elens et al[99]

150 Belgian

No influence of 3435C>T and 2677G>T SNPs on tacrolimus dose
requirements
Kidney recipients
No association between ABCB1 genotype and tacrolimus dose requirements
Liver recipients
No association between any ABCB1 SNPs and tacrolimus dose
requirements or blood trough levels
Kidney and liver recipients
No correlation between ABCB1 genotype and tacrolimus dose(n = 506), and liver donors (n = 62)
adjusted blood trough levels
Kidney recipients
None of the ABCB1 polymorphisms were associated with changes in
dose-adjusted blood trough levels and in dose requirements
No association between ABCB1 genotype and tacrolimus-induced
toxicity
Kidney recipients
No significant impact of ABCB1 genotype on tacrolimus exposure
parameters or dosing requirements
Kidney (n = 50) and liver (n = 51,
No ABCB1 influence on dosing in liver transplant patients
recipients and donors)
Those patients receiving kidney transplant carrying the 2677T/A allele required significantly higher doses than those patients with the
wild type allele
Liver recipients and donors
In the first week after transplantation, the recipients with wild type
ABCB1 allele had lower tacrolimus dose-adjusted blood trough levels
No difference observed after 2 wk
Kidney recipients
Patients with wild type ABCB1 alleles had more stable tacrolimus
concentrations within the therapeutic range during the first 3 mo
On the contrary, patients carrying the polymorphic ABCB1 alleles
showed a mean increase in tacrolimus blood concentration of more
than 60%
Liver recipients and donors
Recipients with the wild type ABCB1-3435CC allele had significantly
higher tacrolimus dose requirements than those with C3435T at 1
and 2 wk and 1 mo after transplantation
Kidney recipients
Wild type ABCB1 3435CC patients had 40% lower concentration/
dose ratios than those patients with variant alleles
Liver donors
ABCB1 genetic polymorphisms significantly influence tacrolimus hepatic concentrations, but have no effect on tacrolimus blood levels
Patients with ABCB1 1236C>T polymorphism showed significantly
better liver functions and lower Banff scores with respect to patients with the wild-type allele

Finally, a study by Elens et al[99] on 150 liver transplant
patients found that ABCB1 genetic polymorphisms in
the donors significantly influenced tacrolimus concentrations in the liver, but failed to influence the drug mean
blood levels. The ABCB1-1236C>T polymorphism was
also associated with improved liver function and significantly lower Banff scores compared with the situation
of patients with the wild type allele (Table 3). These data
suggest that ABCB1 polymorphisms may be important in
liver transplant patients due to their effects on tacrolimus
levels in the liver, which, as already said, may be a good
marker to predict the liver graft rejection.

therapeutic range during the first 3 mo after transplantation, while patients expressing polymorphic ABCB1
alleles showed a mean increase in the drug blood concentrations greater than 60% due to a diminished elimination capacity by the body (Table 3).
A study on 50 Chinese liver transplant donors and
recipients also evidenced that daily tacrolimus dose
requirements were significantly higher in recipients carrying the wild type ABCB1-3435CC rather than the
C3435T allele at the weeks 1 and 2 and at 1 mo posttransplantation (Table 3). These data suggested that in
Chinese people the ABCB1 genotype plays a dominant
role in the intestinal tacrolimus pharmacokinetics[88]: in
fact patients with the wild type MDR-1 genotype are
more likely to extrude tacrolimus from enterocytes and
therefore need a higher daily dose to achieve adequate
blood tacrolimus levels.
López-Montenegro Soria et al[97], in a study on 35 renal transplant patients, also found that patients expressing the wild type ABCB1-3435CC genotype showed up
to 40% lower concentration/dose ratios compared with
patients carrying variant alleles (Table 3).
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Findings

INFLUENCE OF GENETICS ON
TACROLIMUS PHARMACODYNAMICS
Despite many studies have demonstrated a strong association between CYP3A5 genotype and alterations in tacrolimus pharmacokinetics, the results do not provide consistent
evidence of organ rejection or drug-related toxicity as a
consequence of genotype-related sub- or supra-therapeutic
immunosuppression. This is likely due to the fact that the

3140

January 28, 2014|First Edition|

Provenzani A et al . Pharmacogenetic considerations for optimizing tacrolimus dosing

patients are closely monitored in the first period following
transplantation and undergo dose adjustments to more rapidly achieve target trough drug levels. However, different
clinical trials have begun to explore the practical pharmacodynamics implications of genetic alterations in tacrolimus pharmacokinetics, and some of them have found
clinically significant results.
Jun et al[98] found no significant difference in the incidence of organ rejection in 506 Korean solid organ
transplant recipients and 62 liver transplant donors after
comparing both patients’ genotypes and mean tacrolimus concentration per an adjusted dose ratios (Table 4).
Another study by Chen et al[103] on 120 Chinese kidney
transplant patients who were a mix of CYP3A5 expressers and non-expressers, found that patients who received
genotype-guided initial tacrolimus dosing achieved target
drug levels more rapidly than the patients who received a
standard protocol dose of tacrolimus (90.9% vs 27.3% of
patients in target range, respectively). However, no differences were observed between the two groups with respect
to the incidence of leukocytopenia, nephropathy, abnormal liver function, hyperlipidemia, diarrhea or hyperglycemia (Table 4).
Jacobson et al[105], in a prospective study on 945 kidney
transplant patients, found that every increase in tacrolimus
trough level of 1 ng/mL increased the hazard of early
calcineurin-inhibitor-associated nephrotoxicity by 22%,
even after adjusting for clinical factors. Nine SNPs of the
XPC, CYP2C9, PAX4, MTRR and GAN genes exhibited
an association with cyclosporine, but not with tacrolimus,
nephrotoxicity (Table 4).
In a prospective, open-label, observational cohort
study, Kuypers et al[106] found that among 304 kidney transplant patients, the proportion of patients who developed
new-onset diabetes after transplant (NODAT) was significantly higher in patients with delayed graft function and
who displayed trough tacrolimus levels greater than 15
ng/mL on the first day post-transplantation. In this study,
the presence of the CYP3A5*1 allele and a functional
CYP3A5 enzyme appeared to attenuate the effects of delayed graft function on initial tacrolimus exposure and dose
requirements, suggesting that CYP3A5 expressers may be
at lower risk of NODAT following kidney transplantation
due to diminished exposure to potentially toxic levels of
tacrolimus (Table 4).
In a separate study, but in the same population of 304
kidney transplant patients, Kuypers et al[104] found that
calcineurin-inhibitor-associated nephrotoxicity (CNIT)
was more common in patients carrying the CYP3A5*1 allele than in patients who did not (32.4% vs 15.2%). Additionally, these researchers observed that CNIT developed
in 25% of patients with dose requirements exceeding 0.2
mg/kg per day, 16.2% of patients with doses between
0.1-0.2 mg/kg per day and 4.5% of patients needing less
than 0.1 mg/kg per day; the carriers of the CYP3A5*1 allele predominantly comprised the higher tacrolimus dose
ranges. These results suggest that patients expressing the
CYP3A5*1 allele and a functional CYP3A5 enzyme may
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be predisposed to developing CNIT following transplantation due to greater daily tacrolimus dose requirements.
This was observed especially in patients who continued
corticosteroid therapy (Table 4). However, the incidence
of delayed graft function and post-transplant diabetes mellitus was not different between CYP3A5 expressers and
non-expressers.
In a more recent study, on 319 Hispanic kidney transplant patients, other authors found that the SNPs in the
cytoplasmic nuclear factor of activated T cells 4 (NFATc4)
gene, which is expressed in pancreatic islets, may confer
a certain protection or also a predisposition with regard
to NODAT; in particular, the patients carrying the SNP
(rs10141896) T allele (T-T-T-T-G haplotype) showed a
protection from NODAT, while patients homozygous for
the C-C-C-G-G haplotype were associated with increased
risk of NODAT. Furthermore, the authors found that the
use of sirolimus and tacrolimus and a more advanced age
(> 45 years) were also possibly correlated to the development of NODAT[107] (Table 4).
Cho et al[84] found that in 70 Korean renal transplant
patients tacrolimus toxicity was more frequent in the subjects with CYP3A5*1 alleles, who had significantly higher
dose requirements of the drug than patients expressing
the *3 polymorphism (Table 4). Despite these findings,
the study found no difference in the rate of graft survival
between the various genotype-differentiated study groups.
A study by Barrera-Pulido et al[94] on 53 liver transplant
recipients found that patients with the CYP3A5*3/*3
genotype receiving the organs from donors with an ABCB1
polymorphism had a lower frequency of renal dysfunction,
the same rejection rate and a higher rate of diabetes than the
other groups studied (Table 4).
However, Shi et al[66] found that in 216 Chinese liver
transplant patients, carriers of the CYP3A5*3 allele had an
increased risk of early renal injury compared with expressers of the CYP3A5*1 allele, possibly due to decreased enzymatic activity and higher dose-adjusted trough concentrations (Table 4).

CONSIDERATIONS FOR FURTHER
GENETIC RESEARCH
In addition to the previously discussed genetic polymorphisms, a number of other variants that may potentially
influence the pharmacokinetics and pharmacodynamics of
tacrolimus and transplant outcomes have been proposed
for further study.
P450 oxidoreductase*28
Cytochrome P450 oxidoreductase (POR) is essential for
the electron donation in the microsomal-CYP450-mediated mono-oxygenation that catalyzes the metabolism
of approximately 85%-90% of therapeutic drugs. More
than 40 SNPs have been identified in the POR gene, and it
has been suggested that several of these mutations, specifically the POR*28-C>T polymorphism, can increase this
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Table 4 Effect of various single nucleotide polymorphisms on tacrolimus pharmacodynamics
Ref.

Study population

Jun et al[98]

Findings

568 Korean

Chen et al[103]

Jacobson et al[105]

Kuypers et al[106]

Kuypers et al[104]

Chen et al[107]

Cho et al[84]

Barrera-Pulido et al[94]

Shi et al[66]

Transplant type/analysis of
recipients, donors or both

Kidney and liver recipients No difference in incidence of organ rejection between different genotypes
(n = 506), and liver donors
(n = 62)
120 Chinese
Kidney recipients
Patients that received genotype-guided initial tacrolimus dosing vs standard
protocol dose were more likely to achieve target drug levels
No influence on incidence of adverse effects between CYP3A5 expressers
and non-expressers
945 (different ethnicities)
Kidney recipients
Every increase in tacrolimus blood trough level of 1 ng/mL increased the
risk of early tacrolimus nephrotoxicity by 22%
Polymorphism was not associated with an increased or decreased risk of
tacrolimus-related nephrotoxicity
273 White,
Kidney recipients
Delayed graft function was associated with higher initial mean tacrolimus
3 Hispanic,
blood trough levels and lower tacrolimus daily dose requirements, especially
24 North African,
in CYP3A5 non-expressers
2 African,
CYP3A5 expressers may be at lower risk of new-onset diabetes after trans2 Asian
plant (NODAT) due to diminished exposure to potentially toxic tacrolimus
levels
273 White,
Kidney recipients
Patients expressing the CYP3A5*1 allele and a functional CYP3A5 enzyme
3 Hispanic,
may be predisposed to developing calcineurin-inhibitor-associated nephro24 North African,
toxicity (CNIT) following transplantation due to greater daily tacrolimus dose
2 African,
requirements
2 Asian
This was observed especially in patients continuing corticosteroid therapy
The incidence of delayed graft function and post-transplant diabetes mellitus was not different between CYP3A5 expressers and non-expressers
319 Hispanic
Kidney recipients
SNPs in the cytoplasmic NFATc4 gene may confer a certain protection or
also predisposition for NODAT. Patients carrying the T allele and the T-TT-T-G haplotype showed a trend of protection from NODAT while patients
with the C-C-C-G-G haplotype were associated with an increased risk of
NODAT
The use of sirolimus and tacrolimus and advanced age were also possibly
correlated in development of NODAT
70 Korean
Kidney recipients
Higher drug-related toxicity in patients with the CYP3A5*1 allele than in
those with the CYP3A5*3 SNP
No difference in graft survival between the two genotypes
53 Spanish
Liver recipients and donors Patients with CYP3A5*3/*3 allele receiving livers with an ABCB1 SNP had
lower frequency of renal dysfunction, same rejection rate and higher diabetes rate
216 Chinese
Liver recipients
Patients with the CPY3A5*3 allele had greater risk of early renal injury than
the patients with the *1 allele

activity and alter the baseline metabolic capacity of several
CYP isoforms. The *28 allelic variant has been found to
be expressed in 19.1% of African-Americans, 26.4% of
Caucasian Americans, 31.0% of Mexican Americans, and
36.7% of Chinese Americans[108].
A study by Zhang et al[109] on 71 healthy Chinese volunteers found that the mean tacrolimus AUC(0-24) and Cmax
(71.5 and 17.6 ng/mL, respectively) for patients who were
CYP3A5 expressers as well as carriers of the wild type CC
POR genotype were 1.53 and 1.57 fold higher than those
(46.7 and 11.2 ng/mL) observed in patients carrying POR
allelic variants. No significant differences were observed
between POR*28-CC homozygotes and POR*28-T carriers in CYP3A5 non-expressers, suggesting that the POR
genotype is important in altering tacrolimus metabolism
only in CYP3A5 expressing patients.
These results were supported by a cohort study of de
Jonge et al[110] on 298 renal transplant recipients, which it
was found that in CYP3A5 expressers, POR*28T allele carriers had lower trough tacrolimus levels in the first three
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days post-transplant and took longer to reach the target
trough levels when compared with POR*28CC homozygous patients. These patients with the variant POR
genotype ultimately had 25% higher tacrolimus dose requirements than patients expressing the wild type allele.
Again, POR*28 polymorphisms were found to have no
influence on tacrolimus pharmacokinetics in CYP3A5
non-expressers, and no differences in transplant outcomes
were observed between the study groups.
CYP3A7
Previously thought to be confined to the fetal liver, CYP3A7 has been found to be expressed in up to 54-88%
of adult livers, but with a diminished metabolic capacity
compared with that observed in children[111,112]. The role
of CYP3A7 in the biotransformation of the CYP3A substrates in the adult liver and intestine is unknown. However,
it was observed that CYP3A7 expression in the adult liver
and intestine is increased in the carriers of the CYP3A7*1C
allele[112,113]. This allele has a very low frequency (3%) both
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in Caucasians and African-Americans[61].
Although tacrolimus is believed to be a substrate for the
CYP3A7 enzyme, the influence of CYP3A7 metabolism on
the pharmacokinetics of tacrolimus requires further study,
especially in pediatric patients[99].

found that patients with the CYP2C8*3 variant genotype
appeared to be at higher risk of tacrolimus-induced kidney
disease, possibly because of reduced formation of the kidney protecting epoxyeicosatrienoic acids[122].
In another study, on 103 renal transplant patients, the
authors found a higher incidence of delayed graft function and nephrotoxicity in patients homozygous for the
CYP2C8*3 genotype, associated with reduced epoxyeicosatrienoic acid production and, consequently, less vasodilator
activity[33].
In a more recent study the same research group could
associate both CYP2C8*3 and donor age (> 48 years) with
a higher incidence of delayed graft function and poorer creatinine clearance[123].

CYP3A4*18B
This CYP3A4 polymorphism appears only in Asian
(25%-30%)[114], primarily Korean, populations, but has been
linked with a potentially increased metabolic capacity of
the CYP3A4 enzyme. It has also been shown that carriers of the CYP3A5*1 allele are more likely to possess the
CYP3A4*18B allele. As a result, further study is required
to determine whether linkage disequilibrium with the
CYP3A5*1 allele may confound the observed metabolic
effects of the CYP3A4*18B polymorphism. One study, by
Jun et al[98], found no correlation between the CYP3A4*18
allele and tacrolimus concentration to adjusted dose ratios
in 506 Korean solid organ transplant recipients. A study
of 22 healthy Chinese people showed a higher tacrolimus
clearance in patients carrying the CYP3A4*18B allele
with respect to those carrying the CYP3A4*1 allele[115].
A more recent study, by Li et al[116], on 83 Chinese renal
transplant recipients confirmed the results of the previous
study. It found that the tacrolimus-dose-adjusted trough
concentration was significantly lower in patients carrying
the CYP3A4*18B allele compared with patients with the
CYP3A4*1 allele.

SLC01B1
This gene is responsible for expressing the organic anion transporting polypeptides OATP1B1 and OATP1B3.
These transporters play a role in the transport of multiple
compounds from the portal vein to hepatocytes and in
the biliary excretion of many drugs. Recently, Elens et al[99]
found that the 388A>G and 521T>C polymorphisms in
the SLCO1B1 gene influenced tacrolimus trough blood
concentrations after the administration of the first dose in
150 liver transplant patients. In this study, patients expressing the 388 polymorphism showed a lower mean tacrolimus
blood level, while alterations of the 521 allele resulted in
significantly greater trough drug levels. It was also recently
demonstrated that cyclosporine and tacrolimus are inhibitors of the organic anion transporters, so that one cannot
exclude the possibility that these drugs may be substrates of
OATP1B1 and OATP1B3 as well.

CYP3A4*22
A new CYP3A4 allele (CYP3A4*22; rs35599367 C>T in
intron 6) was recently discovered and also investigated in
transplant patients[117,118].
In particular, a study on 185 renal transplant patients,
mostly Caucasians, evaluated the impact of this new SNP
on tacrolimus pharmacokinetics. It showed that in the first
year after transplantation, patients carrying one or two T
alleles required significantly lower tacrolimus doses (33%)
compared with patients homozygous for the wild-type
C allele[118]. The authors attributed the result to the fact
that this CYP3A4*22 SNP is significantly linked to reductions in CYP3A4 mRNA production and enzyme activity
in human livers[118-120]. This SNP is relatively frequent in
Caucasians (2.5%-6.9%). The authors also suggested that,
though further studies are necessary, that pre-transplant
genotyping of the CYP3A4 C>T could reduce the risk of
achieving supra-therapeutic tacrolimus levels[118].
However, in a study done on Brazilian renal transplant
patients, CYP3A4*22 was not associated with changes in
tacrolimus dose requirements[121].

Angiotensinogen C3889T (rs4762) gene polymorphism
It is well known that tacrolimus has a negative effect on
pancreatic beta islet cells and can cause glucose intolerance and diabetes mellitus[124]. However, new studies have
suggested that post-transplant diabetes mellitus can also
be related to other factors and, consequently, not only to
tacrolimus administration[124,125]. Angiotensinogen (AGT)
is the initial component of the renin-angiotensin system
(RAS) and a precursor of both angiotensin Ⅰ and Ⅱ. In
a study on 302 subjects, the authors found that the AGT
gene polymorphism (rs4762) is associated with post-transplant diabetes mellitus, due to insulin resistance, in Korean
renal transplant patients[126]. Molecular and genetic studies
demonstrate a relationship between variants of the AGT
gene, AGT gene expression and plasma AGT levels[127,128].
However, the association between this gene and glucose
metabolism remain controversial.

CYP2C8 and CYP2J2
These enzymes, which are polymorphically expressed in
the kidney, are involved in the synthesis of epoxyeicosatrienoic acids that play a protective role against acute rejection and toxicity by acting as vasodilators to maintain
adequate renal perfusion and limit hypertension.
In a study on 163 liver transplant patients the authors
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DISCUSSION
As clinical trials continue to evaluate the influence of genetics on drug dosing and response, the challenge now
becomes to assess the potential clinical implications of this
research for medical practice. Sufficient data has been accumulated to be certain that the liver donors and renal re-
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cipients CYP3A5 genotype has important influences on tacrolimus dosing and on its blood through levels. However,
it remains the question whether genotyping should become
a standard practice in transplantation.
This question is difficult to answer because of the
multi-factorial approach needed to assess the pharmacokinetic profile of a drug. Wide variability of tacrolimus
dosing requirements to reach target blood levels has been
observed even among patients carrying the same genotype. This underlies the fact that genetic polymorphisms
are only one of the possible factors that can influence
tacrolimus pharmacokinetics. Patient age, race, metabolic
level, concomitant medications and a variety of other
environmental factors appear to play an even more significant role than genotype in altering drug pharmacokinetics.
Specifically in liver transplant patients, time after transplantation also plays a critical role in altering drug metabolism and distribution. The intestine may play a more
important role soon after liver transplantation, before the
liver recovers from the trauma of surgery and resumes a
higher level of metabolic capacity. As liver function improves, hepatic synthesis of albumin also increases, which,
in turn, decreases the unbound fraction of tacrolimus and
lowers drug clearance. This is just one example of the
many considerations that can ultimately impact the pharmacokinetics of an agent and highlights the difficulties in
basing drug dosing on just one parameter.
To further complicate the issue, studies have yet to
demonstrate a clear association between tacrolimus blood
trough levels, genotype and transplant outcomes. Organ
rejection and drug toxicities have been seen to develop
in patients without any notable difference in tacrolimus
blood concentration, making difficult to predict the optimal trough drug targets in relationship to the characteristics of the individual patient. Toxicities associated with
tacrolimus are also often difficult to study because of their
insidious onset. Hypertension, hyperlipidemia and NODAT develop slowly over a period of many years, making
the length of a trial an issue when one wants to monitor
these chronic medication effects. The mechanisms of
such adverse effects are, again, not fully understood and
require further research to determine the need to genotype patients, not only as a way of lowering the incidence
of organ rejection, but also of preventing drug toxicity
after transplantation.
Studies in transplantation are also often difficult to
conduct because of the limited patient population. Many
studies involve fewer than 100 patients, which may help
explain some of the variable results. A number of these
studies also differ in their pharmacokinetic methods, dosing strategies, times when blood drug concentrations are
assessed and patient’s characteristics. Differences between
donor and recipient organ genotypes may also have confounded the results of some studies, as the genetics of
both the recipient and of the donor were not always taken
into account.
Genotyping is an attractive option for starting the dosing of tacrolimus; also, unlike phenotypic tests, the results
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of which may vary with environmental factors, the genotype is a stable characteristic that needs to be determined
only once for any given gene. However, to ultimately
prove the usefulness of genotyping, prospective clinical
studies must show that genotype determination before
transplantation allows the better use of a given drug and
improves the safety and clinical efficacy of that medication. Currently Amplichip, a genetic test manufactured
by Roche Pharmaceuticals, can determine a patient’s CYP2D6 and CYP2C19 polymorphisms for between United
States $350 and $400, not including the mark up and other
costs associated with the test. As a result, to offset the
cost of genetic testing, genotypic analyses must demonstrate the ability to significantly improve transplant patient
outcomes, in particular, graft life and patient survival, and
show a cost saving for patients and for the health care system as a whole.

CONCLUSION
At present, research has been able to reliably show that
the CYP3A5, but not the CYP3A4 or ABCB1, genotype
modifies the pharmacokinetics of tacrolimus. However,
it has not been possible to incontrovertibly show that the
corresponding changes in the pharmacokinetic profile are
linked with different patient outcomes regarding tacrolimus efficacy and toxicity. Additionally, given the high cost
of genotypic tests and the wide availability and utility of
therapeutic drug monitoring, genotyping all transplant
patients is not convenient for many individuals or Institutions. This may change in the near future as further studies
on pharmacogenetics will produce new data and the improvements in the genotyping analyses will drive down the
costs associated with this type of tests. For these reasons,
pharmacogenetics and individualized medicine remain a
fascinating area for further study and may ultimately become the face of future medical practice and drug dosing.
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Core tip: Applied anatomy as used in hepatic surgery is
different to the traditional morphological teaching. Applied hepatic anatomy is complex but trainees require
an understanding of the basic principles to allow an
appreciation of the operations performed. Complications require a low threshold of suspicion as they often
have important consequences in relation to patient outcome. Recognition of such with rapid alerting of senior
staff can facilitate timely and effective management.
To date, no universal protocol exists for management
of the post-operative period and varies from centre to
centre. We provide a practical overview of the terminology, post-operative management, and complications
associated with hepatic surgery.

Abstract
Outcomes in hepatic resectional surgery (HRS) have
improved as a result of advances in the understanding of hepatic anatomy, improved surgical techniques,
and enhanced peri-operative management. Patients
are generally cared for in specialist higher-level ward
settings with multidisciplinary input during the initial
post-operative period, however, greater acceptance and
understanding of HRS has meant that care is transferred, usually after 24-48 h, to a standard ward environment. Surgical trainees will be presented with such
patients either electively as part of a hepatobiliary firm
or whilst covering the service on-call, and it is therefore
important to acknowledge the key points in managing
HRS patients. Understanding the applied anatomy of
the liver is the key to determining the extent of resection to be undertaken. Increasingly, enhanced patient
pathways exist in the post-operative setting requiring
focus on the delivery of high quality analgesia, careful
fluid balance, nutrition and thromboprophlaxis. Complications can occur including liver, renal and respiratory
failure, hemorrhage, and sepsis, all of which require
prompt recognition and management. We provide an
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INTRODUCTION
The structural design and unique innate property of the
liver to regenerate functioning parenchyma after tissue
loss forms an important basis of hepatic resection sur-
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LIVER ANATOMY AND SURGICAL
TERMINOLOGY

2

8
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Unlike other general surgical operations where the nature
of the procedure is readily grasped, HRS requires some
knowledge of hepatic anatomy, and specific nomenclature is applied to such resections[11]. The surgically applied
anatomy of the liver is different to the traditional (morphological) teaching in undergraduate medical school.
The core principle relates to the Couinaud classification
of liver anatomy[12].
In this system the liver is divided into eight functionally independent segments (Figure 1). Each segment has
its own vascular inflow, outflow and biliary drainage. In
the centre of each segment there is a branch of the portal vein, hepatic artery and bile duct. In the periphery of
each segment is the vascular outflow via the hepatic veins
which link to form the right, middle and left hepatic
veins. These in turn drain into the inferior vena cava.
Crucially, the segmental portal and hepatic blood supply,
together with the biliary drainage are unique, and allow
for contiguous segments to be resected without compromising the vascular supply to the adjacent tissue.
In addition, the liver is separated into four sectors
by the hepatic veins (Figure 2). Briefly, the right hepatic
vein divides the right lobe into anterior and posterior
segments; the middle hepatic vein divides the liver into
right and left lobes (hemi-livers) and the left hepatic vein
divides the left lobe into medial and lateral sectors.
This knowledge forms the basis of the consensus
nomenclature outlined in the Brisbane 2000 terminology
guidelines for hepatic resections[13]. In Table 1 the operation titles and number of segments are illustrated. While
complex, it is more important perhaps for the trainee
to be aware as to what constitutes a minor and major
hepatic resection, as the extent of resection is associated with mortality and morbidity. A major resection was
traditionally defined as ≥ 3 segments but more recently
established as ≥ 4 segments[14].

5
1

6

Portal triad structures:
Common bile duct
Hepatic artery
Portal vein

Figure 1 Couinaud classification of hepatic segmental anatomy. The liver
is made up of 8 segments: Segment 1 is the caudate lobe and is closely related
in position to the inferior vena cava posteriorly; Segments 1-4 make up the left
hemi-liver; Segments 5-8 make up the right hemi-liver. Couinaud divided the
liver into functional left and right hemi-livers, and the plane between the two
runs in Cantlie’s line. This line runs from the middle of the gallbladder fossa
anteriorly to the IVC posteriorly.

gery (HRS). Early experience was associated with significant mortality and morbidity but these are now reported
at 1%-4% and 15%-35% respectively in high volume
centres[1-5].
Outcomes have improved as a result of advances in
the understanding of hepatic anatomy, improved surgical
techniques, and enhanced peri-operative management.
Patients are generally cared for in specialist higher-level
ward settings with multidisciplinary input during the
initial post-operative period but greater acceptance and
understanding of HRS has meant that care is transferred,
usually after 24-48 h to a standard ward environment.
The surgical trainee will be presented with such patients
either electively as part of a hepatobiliary firm or whilst
on-call, and it is therefore important to understand the
key points in managing HRS patients.
Herein we provide an overview of the relevant terminology of hepatic surgery, an approach to the post-operative management, and provide hints to highten awareness of complications so as to facilitate better confidence
in this complex subgroup of general surgical patients.

DETERMINING THE LIMITS OF SAFE
RESECTION

INDICATIONS FOR HRS

In the case of CRLM, the extent of resection that can be
safely performed is now governed by two factors: the ability to resect all malignant tissue, and an adequate predicted
volume of hepatic tissue remaining, the so-called functional
liver remnant (FLR)[15,16]. As such during the pre-operative
work-up it is important that surgeons work as part of a
multi-disciplinary team with radiologists, oncologists and
gastroenterologists to plan HRS to assess these factors[17].
The primary investigations used in determining the
extent of resection are cross-sectional imaging studies
with computed tomography (CT) ± magnetic resonance
imaging (MRI) and if there is concern regards extra-hepatic disease, positron emission tomography (PET) scans

In the United Kingdom and Europe the commonest
indication for HRS remains colorectal liver metastasis
(CRLM). Resection is also performed for other benign
and primary malignant hepatobiliary tumours [cholangiocarcinoma (CCA) and hepatocellular carcinoma (HCC)],
donation for transplantation and trauma[6-8]. Most resections performed for CRLM are on liver with otherwise
normal or mildly diseased parenchyma such as postchemotherapy fatty livers. Less frequently in the United
Kingdom, HRS is performed for HCCs arising in cirrhotic patients, and such resections are associated with a
higher complication rate[9,10].
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Table 1 Brisbane consensus nomenclature 2000 for describing hepatic resectional surgery based on liver segmental and sectorial anatomy
Anatomical term

Couinaud segments

Right hemi liver
Left hemi liver
Right anterior section
Right posterior section
Left medial section
Left lateral section
-

Term for HRS

Major or minor resection

5, 6, 7, 8
Right hemihepatectomy or right hemihepatectomy
2, 3, 4 (+/- 1)
Left hemihepatectomy or left hemihepatectomy
5, 8
Right anterior sectionectomy
6, 7
Right posterior sectionectomy
4
Left medial sectionectomy or resection segment 4 or segmentectomy 4
2, 3
Left lateral sectionectomy or bisegmentectomy 2, 3
4, 5, 6, 7, 8 , (+/- 1) Right trisectionectomy or extended right hemihepatectomy or extended right hepatectomy
2, 3, 4, 5, 8 , (+/- 1) Left trisectionectomy or extended left hemihepatectomy or extended left hepatectomy

Major
Major
Minor
Minor
Minor
Minor
Major
Major

"Non-anatomical" resections are also performed either as the main index procedure or in combination with the above anatomical hepatic resectional
surgery. A non-anatomical resection refers to a situation in which there is a small tumour that is excised with a negative margin but leaving a remnant
segment – a so-called "chip-shot" or metastectomy.

Middle hepatic vein

Right hepatic vein

of needle track seeding[34]. In cases of HCC, biopsies are
sometimes performed if imaging is inconclusive and may
be indicated to assess the surrounding parenchyma[35].

Left hepatic vein

Ⅷ
Ⅱ
Ⅶ

Ⅳ

Ⅴ
Ⅵ

INTRA-OPERATIVE STRATEGIES
There are now a wide range of devices and pharmaceutical agents available to the hepatic surgeon. Their collective
aim is to reduce blood loss during surgery as blood loss
and the need for blood transfusion are regarded as important prognostic indicators for outcome[36-38]. The most
widely used device is the cavitron ultrasonic surgical aspirator (CUSA) that dissects liver tissue utilizing ultrasound.
A number of clamping maneuvers can also be employed to reduced bleeding during the phase in which
the liver parenchyma is transected[39,40]. The most commonly performed procedure is the Pringle maneuver in
which inflow to the liver is controlled by compressing the
hepatic artery and portal vein at the level of the hepatic
pedicle. A number of different protocols exist in which
the vessels are intermittently clamped and released, usually at 15 min intervals.

Ⅲ

Ⅰ

Left lateral sector
Portal vein
Left medial sector

Right posterior sector
Right anterior sector

Figure 2 Sectorial anatomy of the liver based on the hepatic veins. The
liver is divided into a right and left hemi-liver by the middle hepatic vein (lies in
Cantlie’s line). The right hemi-liver is divided into anterior and posterior sections
by the course of the right hepatic vein; The left hemi-liver is divided into lateral
and medial sections by the left hepatic vein.

are useful[18]. If there is concern regards the FLR then
portal vein embolization of the diseased portion of the
liver can be performed to induce hypertrophy of the remaining parenchyma. For otherwise normal parenchyma
the ratio of FLR to total estimated liver volume should
be in the order of 25% but 40% may be required in the
presence of cirrhosis or other liver disease[19-24].
When proposing operating on cirrhotic livers it is also
useful to perform a quantitative assessment of liver function, and in the Far East where HRS is more frequently
performed for HCC, indocyanine green clearance (ICG)
is carried out in all such patients to confirm the presence
of an adequate volume of functioning parenchyma[25-30].
In the setting of CRLM, most patients have traditionally
been observed to have normal parenchyma. However
the widespread use of chemotherapy and its associated
risk of liver injury such as steatohepatitis and sinusoidal
obstruction syndrome may increase morbidity and potentially mortality associated with resection[31-33]. As a consequence such parenchyma may no longer be considered
“normal” in this subgroup.
Biopsies of CRLM are not performed pre-operatively
if a curative resection is planned because of concerns

WCG|www.wjgnet.com

APPROACH TO POST-OPERATIVE
MANAGEMENT
Many units are now incorporating HRS patients into
enhanced recovery programs with early targets for introduction of enteral diet, mobilization, prompt removal of
invasive monitoring devices, reduction in the use of opiate analgesia, and judicious use of intravenous fluids[41-43].
These measures mean that most patients will expect to stay
less than a week following their surgery. The increasing use
of laparoscopic techniques has also contributed to the reduction in hospital stay especially for minor resections[44-46].

ASSESSMENT OF LIVER FUNCTION
Liver enzymes
Perhaps one of the most challenging aspects for the junior
trainee in the post-operative period is making sense of
liver function tests. A transient early rise in serum hepatic
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transaminase levels as a result of hepatocellular damage
is common, usually peaking at 24-48 h with the extent of
derangement being related to the extent of resection[47]. A
persistent rise should alert the surgeon to the presence of
ongoing hepatic ischeamia. Such a problem is more likely
in those in whom a vascular reconstruction has been performed or if there has been prolonged clamping of the
hepatic pedicle. This is an indication for urgent notification of senior staff and a Doppler study is useful in looking at the patency of the hepatic artery and portal veins.
Early intervention by means of re-operation or interventional radiological techniques may be appropriate.
An isolated rise in alkaline phosphatase or an elevation of this enzyme in association with gamma-glutamyltransferase may indicate normal hepatic regeneration
rather than a pathological process, with levels of the enzyme peaking at around 14 d[48].
A sustained rise in bilirubin coupled with elevation in
alkaline phosphatase should prompt a search for a cause
of biliary obstruction. This is uncommon after a minor
liver resection and is usually seen after a major resection
in which a biliary reconstruction has been performed[49-52].
An ultrasound scan is the first line investigation to look
for evidence of dilated biliary radicles. Further investigations and management can be arranged depending upon
the findings of initial studies.

the setting of cirrhosis, colloids or human albumin solutions are preferred rather than crystalloids. In addition,
sodium restriction, judicious use of diuretics, and selective paracentesis are additional important measures to be
considered. Under normal circumstances liver gluconeogenesis consumes a large proportion of body lactate but
in the post HRS setting serum lactate can rise, as it is not
efficiently metabolised. There are a number of reports
implicating the negative impact of elevated lactate and
base excess on outcomes after HRS, and some centers
advocate the use of non-lactate containing solutions[57].
Hypo/hyperglycemia, hypocalcaemia and hypophoshataemia particularly after major resection should
not be ignored and require correction. Strict control of
glucose levels has been shown to improve outcomes using a variety of techniques and most intensive/high dependency care units have dedicated protocols. Phosphate
is an important component of efficient cell energy metabolism. A decreased level can affect many systems and
functions including respiratory failure, cardiac and neurological dysfunction, and insulin resistance[58]. Replacement
can be with phosphate infusions, potassium phosphate
solutions and oral and paraenteral replacement. The exact
mechanism behind the pathogenesis of hypophosphataemia is likely to be increased renal excretion[59]. Hypocalcaemia should be corrected with calcium gluconate
or calcium chloride to optimize coagulation status since
calcium is critically important in the coagulation cascade
and in liver regeneration[60].

Synthetic function
Changes in platelet count, prothrombin International
normalized ratio (INR) and activated partial thromboplastin times (aPPT), which are markers of coagulation
status, may be deranged and reflect the magnitude of
resection. Specifically, a post-operative rise in INR between days 1-5 as well as a decrease in platelet count and
fibrinogen levels are common and thought to be due to a
combination of decreased synthetic function of the remnant liver and a consumptive coagulopathy[53-55]. This is
usually self-limiting particularly in the setting of normal
liver parenchyma and does not need correction with fresh
frozen plasma (FFP) or platelet infusions. While there are
no established guidelines for the use of FFP to prevent
coagulopathy, some centers do use prophylactic FFP if
the INR is > 2, in particular in cirrhotic patients[56]. This
can be administered in combination with other products
including vitamin K and human recombinant factor Ⅶa
to treat clinically significant coagulopathy.

THROMBOPROPHYLAXIS
The prevalence of venous thromboembolism (VTE) after surgery particularly in oncological patients cannot be
overemphasised. In HRS there has been reluctance in the
past to prescribe pharmacologic thrombo-prophylaxis
due to concerns regarding bleeding and so-called ‘autoanticoagulation’. However, VTE can still occur even
in the presence of elevated INR and aPPT following
HRS[61]. Indeed, evidence now confirms patients are more
hypercoagulable and the use of pharmacologic thromboprophylaxis lowers the incidence of symptomatic VTE
after major HRS without increasing the rate of blood
transfusion[62,63]. The majority of patients undergoing
HRS will undergo placement of an epidural catheter and
so low molecular weight heparins should be started on
the day of surgery unless explicit instructions from the
operating team regarding increased risk of bleeding. During the surgery, pneumatic compression devices are employed to reduce the risk of thrombosis and mechanical
should be continued with compression stockings postoperatively.

FLUID AND ELECTROLYTES
Changes in liver function are coupled with fluid and
electrolytes imbalances in the post-operative setting.
The principles of goal-directed therapy in maintaining
adequate fluid balance, haemodynamics and renal function (urine output > 0.5 mL/kg per hour) as outlined in
the British Consensus Guidelines on intravenous fluid
therapy for adult surgical patients should be followed
(www.bapen.org.uk/pdfs/bapen_pubs/giftasup.pdf). However, there are some important caveats following HRS. In
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ANALGESIA
It is crucial for the junior doctor reviewing a patient to insure they have adequate analgesia as poor pain control leads
to prolonged recovery time, inefficient respiratory effort,
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a poor appetite and a general slowing down of recovery.
There are many options available that and can be tailored
to the patient, the two most commonly used being patientcontrolled analgesia with intravenous agents (opioids or
paracetamol), and epidural analgesia[64]. Local anaesthetic
techniques such as transversus abdominis plane (TAP)
blocks and infusion catheters are also useful techniques to
spare the use of opioids[65,66]. Patients can then be switched
to regular and as required oral analgesics according to the
world health organization analgesic ladder[67].
As the liver is an important organ for drug metabolism and detoxification it is important to realise potential
risks of each modality in the context of liver parenchyma
status, magnitude of resection, and concomitant liver or
renal failure. Opiates have traditionally been the main stay
of analgesia but can be associated with respiratory depression, excessive sedation, and exacerbation of hepatic
encephalopathy[68]. As such patients on opiates require
close observation in particular after major resections,
HRS carried out in the presence of cirrhosis or renal impairment. Better alternatives to simple morphine in cirrhotics include hydromorphone and fentanyl as they are
less affected by renal impairment, and are better secreted
by the kidney[69]. Intramuscular routes should be avoided,
as bioavailability is variable. Non-steroidal anti-inflammatory agents are generally avoided post hepatectomy due
to concerns in relation to coagulation and renal impairment[69].

dence of wound infections and complications as compared to parenteral, and therefore remains the favoured
route of nutritional support[72].
In addition to early feeding, data is now emerging to
encourage the use of pre- and pro-biotics (known as symbiotic therapy) in an attempt to address gut barrier dysfunction and microbial flora to reduce the gut-mediated
systemic inflammatory response syndrome and encourage
liver regeneration[73,74]. This therapy is yet to be validated
in large randomised controlled trials and not used routinely in current United Kingdom clinical practice.

RECOGNISING POST-OPERATIVE
COMPLICATIONS
The mortality rates in the majority of published series
are now in the order of 0%-2%, however, with reported
morbidity rates of 25% to 45% it is important to be alert
to potential complications following HRS in all patients.
Risk factors for complications include: age > 65 years;
ASA score ≥ 3; larger extent of resection (multiple tumours, bilobar disease); requirement for blood transfusion; and involved resection margins[75]. Up to 30% can
suffer “major” complications; specifically bleeding, liver/
kidney/respiratory failure and sepsis and account for the
majority of deaths post surgery[75]. In an attempt to allow
comparison across series, the Clavien-Dindo classification of post-operative complication is now frequently
reported[76].

DRAINS

HEPATIC FAILURE

Unit guidelines will dictate when drains are used and
when they should be removed, as there are no published
guidelines. In reality, the decision to remove drains is dependent on the reason the drain was inserted, the type of
fluid draining and the volume of that fluid. If bile is observed then senior colleagues should be informed as imaging studies may be indicated especially if drainage persists or volume increases. Some have advocated the “3×
3” rule (drain-fluid bilirubin level below 3 mg/dL on day
3 after operation) as criterion for removal of prophylactically placed abdominal drains after hepatic resection[70].
Interestingly, a Cochrane review has shown that routine
abdominal drainage for uncomplicated liver resection is
not needed and if used a closed drain system is associated with less infectious complication and hospital stay
than open systems[71].

Around 3%-5% of patients may develop liver failure following their resection and will usually show signs and
symptoms from 48-72 h after their surgery[2]. These are
usually patients undergoing major resections, or resections carried out in the presence of cirrhosis. The International Study Group of Liver Surgery recently developed a consensus definition for post-hepatectomy liver
failure namely ‘the impaired ability of the liver to maintain its synthetic, excretory, and detoxifying functions,
which are characterized by an increased international normalized ratio and concomitant hyperbilirubinemia (according to the normal limits of the local laboratory) on
or after postoperative day 5[77]. They graded the severity
of post-hepatectomy liver failure on the basis to its impact on clinical management: Grade A post-hepatectomy
liver failure requires no change of the patient's clinical
management. The clinical management of patients with
grade B post-hepatectomy liver failure deviates from the
regular course but does not require invasive therapy. The
need for invasive treatment defines grade C post-hepatectomy liver failure.
In our own practice, the following indices are used in
the monitoring of hepatic function and identifying dysfunction: (1) persistent hyperbilirubinemia [serum bilirubin level > 4.1 mg/dL (to convert to micromoles per liter,
multiply by 17.104)]; (2) coagulopathy with anINR > 2.5,

NUTRITION
Following major HRS, patients enter a catabolic state
and so require early nutritional support to optimise liver
regeneration, prevent infections, and promote general
recovery. Those undergoing minor resection with normal parenchyma will often only require re-introduction
of normal diet the first post-opertaive day. A systematic
review of nutrition following HRS confirmed that early
nutrition by enteral route is associated with a lower inci-
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outcomes in CRLM and HCC[85,86]. Kooby et al[37] in a
study of 1351 liver resections noted a variation in operative mortality between 1.2% for no transfusion to 11.1%
when more than 2 units of blood were transfused. A
recent review by Dixon et al[38] highlighted the negative
effects of blood loss on outcome in surgical oncology
patients, and suggested that the need for transfusion may
be an indicator of the quality of surgery performed.
The operating surgeon and anaesthetist incorporate
multiple techniques including: low intra-operative central
venous pressure; dynamic intra-operative coagulation
monitoring; drugs (aprotinin, tranexamic acid); and haemostatic products on the cut surface of the liver to reduce the occurrence of this complication. As a result median blood loss in overall HRS has significantly reduced
and reported to be less than 700-800 mL[87]. Indeed, the
median transfusion rate in the majority of contemporary
series is zero.
Blood loss during surgery should be clearly documented on the operative note. Unit protocols drive the
specific haemoglobin criteria for transfusion and should
be referred to when assessing the patient in this early
stage. During the post-operative phase, patients will have
haemoglobin and haematocrit measurements determined
regularly. It would be expected that patients would stabilise during the initial 24-48 h and any deterioration
following this should trigger referral to senior colleagues
and a request for imaging studies. Patients actively haemorrhaging may require re-exploration or radiological embolisation of bleeding vessels.

Table 2 Abridged version of West Haven criteria
HE grade
1
2
3
4

Mental state
Mild confusion, slowing of ability to do mental tasks, e.g.,
serial 7’s
Drowsiness, inappropriate behaviour
Somnolent but rousable, marked confusion
Coma

Reproduced with permission from reference Ferenci et al[79].

despite early attempted correction with clotting factors; (3)
abdominal ascites (drainage volumes > 500 mL/d); and (4)
encephalopathy with hyperbilirubinemia and exclusion of
other acute confusional states[36].
Another practical definition of post-hepatectomy
liver failure is indicated by a prothrombin time < 50%
and serum bilirubin > 50 mmol/L (the "50-50" criteria)
and been shown to predictive factor of mortality when
measured at days 3 and 5[78].
Patients with significantly impaired hepatic function
may exhibit hepatic encephalopathy (HE). The West Haven criteria (Table 2) grades HE from Ⅰ to Ⅳ according
to severity and is widely used[79]. It is based on changes
of consciousness, intellectual function, behavior, and is
useful in monitoring patient progress. Ammonia levels
should be measured if HE is suspected and lactulose and
systemic antibiotcs prescribed to alter gut flora and reduce the production and absorption of ammonia[80].
A number of risk factors have been identified for the
development of post-hepatectomy liver failure and have
been summarised in a recent review[81]. When confronted
with a picture of liver failure, it is important to attempt
to determine the underlying cause, as some elements are
correctable. Causes of liver failure are usually multifactorial and include: bleeding; sepsis; hepatic ischeamia; portal
vein thrombosis; venous outflow obstruction; and a poorly functioning liver remnant. There hepatotoxic effects of
pre-operative chemotherapy on the parenchyma, and the
presence of steatosis may also contribute to insufficiency.
Intensivists, senior surgeons and hepatologists lead the
management of this most feared complication. The mainstay
of treatment is supportive with blood products administered
to support synthetic function, aggressive investigation and
treatment of infection, and radiological investigation to ensure patency of major vascular and biliary structures. The use
of exogenous antioxidants such as N-acetylcysteine (Parvolex
®
) has been used by some including our own unit in attempting to reduce the damage by oxygen free radical associated
ischaemic reperfusion injury of the liver[82]. However this remains to be accepted as universal practice and currently lacks
a strong evidence base[83,84].

POST-OPERATIVE SEPSIS
As evidence grows implicating post-operative complications, in particular infection, in poorer disease-free survival, an important aim must be to pro-actively attempt
to minimise infections, and when present to identify and
implement treatment in an expedient manner[75]. Risk
factors known to be associated with infection include:
obesity; major resections requiring blood transfusions;
presence of co-morbidities (diabetes, chronic obstructive pulmonary disease); and post-operative bile leaks[88].
Standard effective interventions to minimise infections
include ensuring adequate chest physiotherapy, early patient mobilisation, prompt removal of indwelling devices,
and institution of broad-spectrum antibiotics therapy
where indicated.

BILE LEAKS
Bile leakage is an important complication occurring after
liver surgery and its reported incidence ranges between
4.8%-7.6% in large series[89-95] and is less common in surgery for CRLM than for HCC or CCA. The International
Study Group of Liver Surgery has recently proposed a
uniform definition of bile leakage and a grading system
according to severity, which is based on drain fluid bilirubin concentration of greater than three times the serum

BLEEDING AND TRANSFUSION REQUIREMENTS
Intra- and post-operative bleeding, and the requirement
for blood transfusion are associated with increased morbidity, mortality and poorer long-term disease-specific
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bilirubin concentration on day 3 after surgery or the need
for additional interventions[96]. Management of bile leaks
includes treatment of associated infection, defining the
location of leak, externalizing the bile with a radiologically placed drain, and the consideration of insertion of
biliary stents and/or reconstructive surgery[97].

10

SUMMARY AND FUTURE DIRECTIONS

11

No consensus protocol exists for the post-operative management of HRS, as each centre will have different guidelines reflecting preferences of senior staff with regards to
the finer points of management. It is important to deliver
early nutrition, effective analgesia, and promote good
respiratory function. Furthermore close observation in
the early post-operative period is required to identify and
aggressively manage bleeding, infection and prevent the
development of liver failure. The surgical trainee is required to have a basic grounding and have the ability to
appreciate exactly what resection has been performed in a
patient to allow for meaningful assessment. Such knowledge will provide insight into being able to alert senior
staff appropriately and expediently in this challenging
dynamic subgroup of patients.
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INTRODUCTION
Nonparasitic hepatic cysts consist of a heterogeneous
group of disorders, which differ in etiology, prevalence,
and manifestations, from simple cysts to neoplastic lesions. Differential diagnoses of hepatic cysts include:
infectious (hydatid cyst, amebic and pyogenic abscesses),
and noninfectious [simple cyst, polycystic liver disease
(PCLD), cystadenoma, cystadenocarcinoma and hepatocarcinoma (HCC), cholangiocarcinoma, intrahepatic
pseudocysts secondary to pancreatitis, liver hematomas,
biliomas, ciliated hepatic foregut cyst] (Table 1). Sometimes, these lesions are not easily differentiated at initial
presentation or by imaging studies, and management can
become challenging. With improving diagnostic techniques and minimally invasive technology, the management of hepatic cystic disease continues to evolve. We,
herein, describe the most current management of noninfectious hepatic cysts, thereby discussing differential
diagnosis, treatment options and outcomes.

Abstract
Nonparasitic hepatic cysts consist of a heterogeneous
group of disorders, which differ in etiology, prevalence,
and manifestations. With improving diagnostic techniques, hepatic cysts are becoming more common.
Recent advancements in minimally invasive technology
created a new Era in the management of hepatic cystic
disease. Herein, the most current recommendations
for management of noninfectious hepatic cysts are described, thereby discussing differential diagnosis, new
therapeutic modalities and outcomes.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: simple hepatic cyst; noninfectious; polycystic liver disease; cystadenoma; cystadenocarcinoma;
Caroli’s disease; sclerotherapy; fenestration

SIMPLE CYST
Simple hepatic cyst is a biliary malformation, which does
not have communication with the intrahepatic biliary
tree. Most cysts measure less than 3 cm and are asymptomatic. Microscopically, they are lined by a single layer
of cuboid or columnar epithelial cells, resembling biliary
epithelial cells. Its origin is derived from aberrant bile
ducts that have lost communication with the biliary tree,
and continue to secrete intraluminal fluid[1]. The incidence is larger in adults older than 50 years, with female

Core tip: Nonparasitic hepatic cysts consist of a broad
spectrum of entities ranging from benign developmental cysts to malignant neoplasms. With recent advancements in diagnostic studies, hepatic cysts are becoming
more frequent and better understanding of risk factors,
management and long-term outcomes, and further development of current therapeutic modalities are needed.
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sists of an excision of the roof of the cyst to provide
communication between the cyst and the peritoneal cavity. Limitations include cysts involving segments Ⅶ or Ⅷ,
which have higher recurrence rates due to anatomical position. Hemorrhage and biliary injury are, although rare,
possible complications[16]. There is no associated mortality and morbidity ranges from 0%-15%, with reoperation
rates at 9%[17]. There is no randomized prospective study
to date comparing fenestration and sclerotherapy. In most
centers, sclerotherapy is attempted first as a noninvasive
option, and laparoscopic fenestration is usually indicated
in refractory cases. Laparoscopy has become the procedure of choice for deroofing because is associated with
significant reduction in hospital stay, postoperative pain
and morbidity, and decreased blood loss[15,18]. To avoid
recurrence, it is necessary to resect as much of the wall as
possible to prevent closure of the remnant wall and reaccumulation of cyst fluid. However, complete resection
of the cyst is not necessary and is associated with higher
complication rates. Transposition of omental patch to the
cyst bed has been advocated as a means of diminishing
recurrence, especially in segments Ⅶ and Ⅷ, where early
adhesion of the cyst wall to either the diaphragm or abdominal wall may lead to refilling, however this still need
to be confirmed by controlled studies[19].

Table 1 Differential diagnosis of hepatic cystic lesions
Infectious
Parasitic
Hydatic cyst
Amebic abscess
Non-infectious
Simple cyst
PCLD
Cystadenoma
Cystadenocarcinoma
Caroli's disease
Peribiliary cyst
Cystic metastases

Nonparasitic
Pyogenic liver abscesses

Partially cystic component
HCC
Cholangiocarcinoma
Intrahepatic pseudocysts (pancreatitis)
Bilomas
Post-traumatic hematoma
Giant hemangioma
Ciliated hepatic foregut cyst
Congenital (embryonal sarcoma)

PCLD: Polycystic liver disease; HCC: Hepatocellular carcinoma.

to male ratio 1.5:1, and prevalence is around 18% in adult
population[2]. In the majority of patients, liver function
tests are within the normal range. Asymptomatic single
liver cysts, even when large, do not require treatment or
surveillance. Ultrasound (US) is the best imaging modality
for recognizing simple cysts, which appear as a circular or
oval, anechoic lesion with smooth borders and acoustic
posterior enhancement and without septations[3]. Further
imaging studies, including computed tomography (CT),
are not routinely required and show non-septated, round
and water-dense lesions. In symptomatic patients requiring intervention, either sclerotherapy or surgical fenestration, hydatid cyst should be ruled out in all cases before
the operation by serology, and by the patient history of
recent travel to endemic areas. In lesions suspicious for
cystadenoma, the recommended therapy is surgical resection, as this lesion has malignant potential[4-8].
Sclerotherapy consists of the destruction of the epithelial lining of the inner surface of the wall to disrupt
the intracystic fluid secretion[9-11]. Under general anesthesia, drainage catheter is introduced by Seldinger technique
and under ultrasound guidance, followed by injection of
water-soluble contrast to rule out communication with
adjacent bile duct or peritoneal cavity. Sclerosing agents
include ethanol, minocycline hydrochloride and ethanolamine oleate[12]. The amount of alcohol injection is limited (100-200 mL) due to the risk of alcohol intoxication,
and retention lasts usually between 120-240 min[13]. The
solution is then aspirated before the catheter is removed.
The size of the cyst does not play a role in the amount
of sclerosing agent given because after cyst collapses,
sclerosant will come into contact with the cyst inner wall.
Contraindications of sclerotherapy include intracystic
bleeding and fistula between the cyst and biliary tree or
peritoneum. The optimal efficacy may be seen up to a
year after sclerotherapy, and symptomatic recurrence
rate is around 20% after 4 mo[14]. Due to high recurrence
rates, management by aspiration followed by sclerotherapy should be reserved for those patients who are not
eligible for surgery and general anesthesia[15].
Surgical fenestration, also known as unroofing, con-
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PCLD
PCLD is a genetic disease responsible for the development of multiple hepatic cysts. It presents in two forms,
with or without autosomal dominant polycystic kidney
disease (ADPKD)[20]. Both have an autosomal dominant
transmission and similar clinical presentation. PCLD associated with ADPKD is linked with mutations in the
PKD1 (short arm of chromosome 16, encoding polycystin-1) or PKD2 gene (chromosome 4, encoding polycystin-2), whereas isolated PCLD is associated with heterozygous mutation in PRKC-SH or SEC63 genes[21-26].
Overall prevalence is the same in gender, but female
population is associated with more severe liver disease[27].
Pregnancy, multiparity, and use of steroids further increase the risk for severe hepatic cystic disease[28].
In most patients, cysts are small and asymptomatic;
when present, symptoms are related mainly to the volume
of enlarged liver rather than the volume of a specific
cyst, and include abdominal distension, dyspnea, pain and
early satiety[29]. US shows multiple, fluid-filled, round or
oval cysts with sharp margins. Cysts do not show contrast
enhancement, and it may be extremely difficult to identify
vascular and biliary structures adjacent to the cysts. CT
scan shows fluid attenuation with no contrast enhancement, and magnetic resonance imaging (MRI) demonstrates hyperintense on T2-weighted and hypointense on
T1-weighted images. Gigot’s classification[30] is used for
staging based on CT findings: type Ⅰ, less than 10 large
cysts; type Ⅱ, diffuse involvement of liver parenchyma,
but with remaining large areas of noncystic liver parenchyma; and type Ⅲ, massive, diffuse involvement of
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Hepatic cycts
Infectious
Parasitic
Pyogenic

Exclude infectious etiology

Simple

Asymptomatic

PCLD

Symptomatic

Asymptomatic

Cytadenoma/Cystadenocarcinoma

Symptomatic

Observe

Observe
Fenestration

Diffuse
multiloculated

Dominant cyst

1

Fenestration

Resection

Liver
transplantation
Wide resection

Figure 1 Treatment algorithm for management of noninfectious hepatic cysts (most common etiologies). 1: Although laparoscopic fenestration is considered
the best therapeutic approach for management of symptomatic simple cysts, sclerotherapy is still performed as initial management of these lesions in some centers.
PCLD: Polycystic liver disease.

liver parenchyma with only a few areas of normal tissue
between cysts. Complications are uncommon and include
bleeding, rupture and infection of cysts[31]. The most severe complication is bacterial infection, especially those
under dialysis for ADPKD or in immunosuppressed patients after renal transplantation[32-37]. This is usually managed with aspiration and drainage, and antibiotics. Cholestasis secondary to compression of adjacent biliary duct
also may ensue, as well as portal hypertension, resulting
from portal or hepatic vein compression[38]. The incidence of concurrent cerebral aneurysms is 8%, whereas
mitral valve prolapse occurs in 25% in those with PCLD
associated with ADPKD[39].
Most current therapies are invasive and consist of
surgical removal or emptying of cysts aiming at decompression and reduction of the liver size. Medical management has been proposed in advanced PCLD with diffuse
disease[40,41]. The efficacy of conservative management
is still under investigation. Two recent randomized controlled trials have demonstrated that lanreotide, a longacting somatostatin analogue, was associated with a
limited reduction of liver volume in both types of PCLD,
measured by CT or MRI as a primary endpoint[42-46]. Liver
volume decreased by 2.9% in the lanreotide group, but
increased by 1.6% in the placebo group[41]. Sclerotherapy
and laparoscopic fenestration showed ineffective in
the management of PCLD[47]. Current surgical options
include: open fenestration, liver resection, or liver transplantation (Figure 1). Transcatheter embolization has
been recently proposed, targeting at decreasing arterial
supply to the cyst. Although improvement of symptoms
and significant reduction of liver size were observed in

WCG|www.wjgnet.com

most patients, the limited experience in such technically
demanding procedure still pose limitation to widespread use[48].
Partial liver resection associated with fenestration of
the remnant liver has been historically proposed and, although highly successful is some patients, it is associated
with high morbidity and mortality rates, and its indications are becoming more selective. Liver transplantation
is the only curative modality, and is the only option in
patients with anticipated limited efficacy by liver resection[49-51] (Figure 1).
The appropriate surgical option may be defined based
on Gigot’s classification; in type Ⅰ, which corresponds
only 10% of cases, laparoscopic fenestration is recommended as first option; in type Ⅱ, open fenestration is
usually implemented; and type Ⅲ is a contraindication to
fenestration and requires resection or liver transplantation
in symptomatic cases. If liver transplantation is anticipated, prior fenestration or resection should be avoided
to decrease the risk of transplantation[52-56].

CAROLI’S DISEASE
Caroli’s disease is a rare congenital disorder characterized
by multiple segmental intrahepatic cystic dilatations, firstly
described in 1958 by Caroli et al[57]. It has an autosomal
recessive inheritance linked to mutation in PKHD1 gene,
leading to persistent embryonic bile ducts at different levels
of the intrahepatic biliary tree. It is also classified as type
[58]
Ⅴ choledochal cyst by Todani classification . As opposed
to PCLD, cystic lesions are irregular in shape, fusiform or
saccular, and communicate with biliary tree. Patients usu-
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firm biliary tree communication[79-81]. The role of MRCP
for preoperative imaging still needs to be defined[81]. It is
challenging to distinguish the lesions from hepatic cystadenocarcinomas based on current diagnostic studies[82].
Irregular wall enhancement and the presence of papillary
projections should increase suspicion for biliary cystadenocarcinoma[83]. Abnormal serum markers, such as CA
19-9 levels and carcinoembryonic antigen, may favor
malignant transformation, although this is a variable finding. The current treatment modality is open or laparoscopic liver resection due to the risk of malignancy in all
suspected cystadenomas[84-86] (Figure 1). Frozen sections
are not reliable at evaluating these lesions and definitely
excluding cystadenocarcinoma. Clear margins are advised
due to the risk for synchronous carcinoma or foci of carcinoma in situ.

ally present with recurrent episodes of cholangitis of unknown source, intrahepatic lithiasis and cholelithiasis[59-62].
In the presence of congenital hepatic fibrosis and portal
hypertension, it is often termed Caroli’s syndrome[63,64]. US
shows intrahepatic cystic anechoic areas in which fibrovascular bundles, stones and linear bridging or septum
may be present[65]. The gold standard for diagnosis is
direct visualization of the biliary tree, either endoscopic
retrograde cholangiopancreatography (ERCP) or percutaneous trans-hepatic cholangiography (PTC)[66]. Magnetic resonance cholangiopancreatography (MRCP) is an
emerging modality for diagnosis of Caroli’s disease[67-69]. It
has several advantages: noninvasive, readily available, and
ability to visualize the entire biliary tract[70]. The characteristic appearance on MRCP is the “string of beads” pattern of the ectatic intrahepatic bile ducts. Most common
complications of Caroli’s disease include cholangitis, sepsis, choledocholithiasis and hepatic abscess. At advanced
stages, it may cause hepatic fibrosis with increased risks
for cholangiocarcinoma and liver failure[71].
Management consists of treatment of acute cholangitis and control of sepsis with broad-spectrum antibiotics, ursodeoxycolic acid for hepatolithiasis, and
palliative biliary drainage, either via PTC or ERCP with
or without sphincterotomy. Patients with frequent cholangitis should undergo endoscopic surveillance every 6
to 12 mo[72]. Surgical options include partial liver resection for segmental or unilobar involvement[73], or liver
transplantation, which is the only curative treatment[74].
Kassahun et al[75] described one of the largest experience
with patients undergoing liver resection with or without
biliodigestive anastomosis for unilobar disease with 84%
of patients remained asymptomatic over 4 years followup period. Liver transplantation should be offered early
in cases of recurrent cholangitis and suspicious for early
malignant transformation of the biliary tract. The European transplant registry reported patient survival around
76% at 5 years after transplantation[76]. In diffuse disease
and deemed to liver transplantation, bypass procedures,
either choledochojejunostomy or Roux-en-Y hepaticojejunostomy may help palliate symptoms and increase survival.

HEPATIC CYSTADENOCARCINOMA
Biliary cystadenocarcinoma is a rare cystic neoplasm of
unknown etiology, usually arising intrahepatic or, less
frequently, in the extrahepatic bile ducts, and account for
0.41% of hepatic neoplasias[87]. The majority of these
tumors are slow growing, and at the time of presentation, tumor is large with mean diameter at 12 cm, causing
abdominal pain, intermittent jaundice, weight loss and
ascites[88]. Current imaging studies are unable to confirm
cystadenocarcinomas, however suggestive morphological
findings may include: multilocular cyst mass with mural
nodules at the periphery, and coarse calcifications. MRI
further characterizes the content of the different locules
not as serous fluid, but as a complex collection with proteinaceous material and hemorrhagic debris[89-91]. Preoperative fine-needle aspiration or needle biopsy is contraindicated due to the risk of fluid spilling into abdominal
cavity and development of peritoneal carcinomatosis.
Overall prognosis is better than HCC or cholangiocarcinoma with 5 years survival rate at 57% after resection,
compared with 40% in HCC, and 22% in cholangiocarcinoma[92]. The only treatment option is formal hepatic
resection which has acceptable recurrence rates (10%)[91,93]
(Figure 1). In metastatic disease (20%), chemo- and/or
radio-therapy have been advocated with doxorubicin and
5-FU, however results are yet limited[94].

HEPATIC CYSTADENOMA
Hepatic cystadenoma is a rare benign tumor of unknown
etiology, and accounts for 5% of hepatic cystic lesions.
Most lesions arise within the intrahepatic bile ducts and
occur more commonly in females older than 40 years of
age. It may present incidentally or if large, patients may
present with jaundice and cholangitis for adjacent biliary compression[77]. Cystadenoma should be considered
in any patient presenting with recurrent liver cysts after
fenestration. Diagnostic imaging studies include a multiloculated lesion with internal septations, thickened and
irregular wall, mural nodules and papillary projections,
calcifications and wall enhancements [78]. Preoperative
planning with direct visualization of biliary anatomy is
necessary in most cases with ERCP or PTC, which con-
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OTHER CYSTIC LESIONS
Although uncommon, HCC and cholangiocarcinoma
may occasionally be cystic, especially in rapidly growing
tumors. Giant hemangiomas may rarely present as partly
cystic, which corresponds to noncirculating areas, and
kinetic of contrast enhancement is typical. Intrahepatic
pseudocyst secondary from acute pancreatitis is extremely rare with less than 20 cases reported[95]. It may be seen
in the left lobe along the lesser omentum, or in the right
lobe along the portal vein. Pancreatic MRI may be useful
to identify rupture of the pancreatic duct[1]. Liver hematomas may present as cystic lesions in CT scan or US af-
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ter liver surgery or trauma, especially after clots liquefy at
a later phase. They are spontaneously echogenic on US,
hyperdense on CT scan, hyperintense on T1-weighted
and hypointense on T2-weighted MRI sequences. Bilomas are cystic lesions surrounded by a fibrous capsule
that can occur adjacent to the liver parenchyma secondary from traumatic, iatrogenic or spontaneous lesions.
Cystic hepatic metastases are rare, arising mostly from
neuroendocrine, tumors, sarcoma, melanomas or pancreatic cystadenocarcinomas. The presence of increased
peripheral vascularization and multiple lesions should rise
suspicious for this rare lesion.
Peribiliary cysts arise from cystic enlargement of
peribiliary glands, mostly occurring in cirrhotic patients
with portal hypertension or after liver transplantation.
The cysts are located along common bile duct or within
portal tracts, and are usually small and asymptomatic[96].
Ciliated hepatic foregut cysts are benign lesions that
have been described in most gastrointestinal organs,
including the liver[97,98]. They form where the foregut
extends during the embryonic period, and are extremely
rare. It consists of four-layer border; pseudostratified,
ciliated columnar epithelium covering a subepithelial
connective tissue, smooth muscle bundles, and an outer
fibrous capsule, and usually located in the anterior surface
of the liver. Most cases are asymptomatic and incidentally
found during abdominal imaging studies, however patients may present with epigastric or right upper quadrant
pain[99]. Imaging characteristics include: predominance in
segment Ⅳ, small size, subcapsular location. Two thirds
are hypoechoic on US, hypodense on CT, and highly hyperintense on T2-weighted images on MRI[97,100].
Biliary hamartomas (also known as von Meyenburg
complexes) are asymptomatic lesions, usually discovered
incidentally during liver surgery[101]. They may be associated with Caroli’s disease, PCLD and congenital hepatic
fibrosis, and identification is clinically important because
may be misdiagnosed as liver metastasis[102].
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CONCLUSION
Most hepatic cysts are benign, small, and asymptomatic
lesions that are diagnosed incidentally and require no
intervention, whereas large, symptomatic or neoplastic
cysts need further treatment. Symptomatic simple cyst
should be managed with laparoscopic unroofing; PCLD
can be managed, in most cases, with partial resection; or
liver transplantation for advanced multiloculated disease.
Biliary cystadenomas and cystadenocarcinomas require
complete resection with clear margins. With recent advancements in diagnostic studies, hepatic cysts are becoming more common and better understanding of risk
factors; long-term outcomes and further development of
current therapeutic modalities are needed.
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PROGRESS IN LIVER DISEASES

Cytoprotective role of heme oxygenase-1 and heme
degradation derived end products in liver injury
Clarice Silvia Taemi Origassa, Niels Olsen Saraiva Câmara
low concentrations of exogenous CO has a protective
effect against inflammation. Both murine and human
HO-1 deficiencies have systemic manifestations associated with iron metabolism, such as hepatic overload
(with signs of a chronic hepatitis) and iron deficiency
anemia (with paradoxical increased levels of ferritin).
Hypoxia induces HO-1 expression in multiple rodent,
bovine and monkey cell lines, but interestingly, hypoxia
represses expression of the human HO-1 gene in a
variety of human cell types (endothelial cells, epithelial
cells, T cells). These data suggest that HO-1 and CO
are promising novel therapeutic molecules for patients
with inflammatory diseases. In this review, we present
what is currently known regarding the role of HO-1 in
liver injuries and in particular, we focus on the implications of targeted induction of HO-1 as a potential therapeutic strategy to protect the liver against chemically
induced injury.
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Abstract
The activation of heme oxygenase-1 (HO-1) appears
to be an endogenous defensive mechanism used by
cells to reduce inflammation and tissue damage in a
number of injury models. HO-1, a stress-responsive
enzyme that catabolizes heme into carbon monoxide
(CO), biliverdin and iron, has previously been shown to
protect grafts from ischemia/reperfusion and rejection.
In addition, the products of the HO-catalyzed reaction, particularly CO and biliverdin/bilirubin, have been
shown to exert protective effects in the liver against
a number of stimuli, as in chronic hepatitis C and in
transplanted liver grafts. Furthermore, the induction of
HO-1 expression can protect the liver against damage
caused by a number of chemical compounds. More
specifically, the CO derived from HO-1-mediated heme
catabolism has been shown to be involved in the regulation of inflammation; furthermore, administration of

WCG|www.wjgnet.com

Original sources: Origassa CST, Câmara NOS. Cytoprotective
role of heme oxygenase-1 and heme degradation derived end
products in liver injury. World J Hepatol 2013; 5(10): 541-549
Available from: URL: http://www.wjgnet.com/1948-5182/full/
v5/i10/541.htm DOI: http://dx.doi.org/10.4254/wjh.v5.i10.541

HEME OXYGENASES
Heme oxygenases (HOs) are ubiquitous and essential enzymes for all eukaryotic organisms that depend on aerobic oxidation and electron transport via heme-containing
proteins[1,2]. HOs were first recognized as catalyzing the
rate-limiting step in the principal degradative mechanism
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a variety of cellular functions. The existence of a third
distinct isoform of HO encoded (HO-3) has been postulated but it is now clear that this is a non-coding pseudogene[1]. Both isoforms, HO-1 and HO-2, of this enzyme
catalyze the same enzymatic reaction, resulting in the
degradation of heme[6].
The role that HO-1 plays in the modulation of the
immune response has been increasingly studied within
the field of immunology and it is now recognized that
HO-1 may act as a molecular brake on the activation,
recruitment and amplification of immune responses[7].
Over-expression of HO-1 results in reduced expression
of endothelial-leukocyte adhesion molecules and reduced
activity of the nuclear factor-kB (NF-kB) pathway; conversely, HO-1-deficient animals exhibit increased levels
of monocyte chemo-attractant protein-1. In humans,
HO-1 deficiency is associated with susceptibility to oxidative stress and an increased pro-inflammatory state
correlated with severe endothelial damage[8]. Mice lacking
HO-1 develop progressive inflammatory diseases[9] and
show enhanced sensitivity to lipopolysaccharide (LPS)induced toxemia. HO-1 deficiency shows partial embryonic lethality. HO-1 knockout mice display a progressive
chronic inflammatory disease characterized by enlarged
spleens and hepatic inflammatory lesions. Additionally,
the protective properties of HO-1 have been studied in a
variety of inflammatory models[6].
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Figure 1 The heme oxygenase enzyme reaction. Heme is enzymatically
degraded to yield carbon monoxide, iron and biliverdin (which is converted into
bilirubin in a coupled reaction). CO: Carbon monoxide; NADP: Nicotinamide
adenine dinucleotide phosphate; NADPH: β-Nicotinamide adenine dinucleotide
2'-phosphate reduced tetrasodium salt.

The human HO-1 gene is located on chromosome 22q12;
it is approximately 14 kb long and contains 5 exons[8].
Control of HO-1 transcription is complex and tightly
regulated, with differences in expression found between
tissues, as well as between species[9]. A wide variety of
stimuli have been shown to induce HO-1 expression, including heme, heavy metals, hydrogen peroxide, oxidized
low density lipoproteins, hyperoxia, hypoxia, endotoxins,
nitric oxide (and nitric oxide donors), cytokines, angiotensin Ⅱ, shear stress and ultraviolet radiation[3] (Figure
2). Its biological function is to provide a specific regulatory mechanism for control of the level of many heme
proteins. Multiple regulatory elements control human
HO-1 gene transcription. These elements contain numerous transcription factor consensus binding sites in both
the proximal and distal 5’ promoter sequences, as well
as in an internal enhancer region. HO-1 gene expression
can be up-regulated through its multiple stress response
and cadmium response elements, as well as by numerous
important transcription factors, including Jun B, activator
proteins 1 and 2, and NF-kB[10]. Conversely, the transcription factors Bach1 and Jun D act as negative regulators
of human HO-1 gene expression[2,11].
Hypoxia induces HO-1 expression in multiple rodent,
bovine and monkey cell lines, but interestingly, hypoxia
represses expression of the human HO-1 gene in a variety of human cell types (endothelial cells, epithelial cells,

of heme (iron protoporphyrin IX)[2,3] catabolism. In a reaction that requires oxygen and nicotinamide adenine dinucleotide phosphate (NADP), the heme ring is cleaved
by HO to yield biliverdin, along with the concomitant release of iron and the emission of carbon monoxide (CO)
(in equimolar quantities). Biliverdin (BV) is then reduced
to bilirubin (BR) by biliverdin reductase[4] (Figure 1).
Two distinct isoforms of HO (the products of different genes) have been identified. HO-1 is a single
transmembrane inducible protein found in endoplasmic
reticulum, caveola, nuclei and mitochondria. It is ubiquitously present in mammalian tissues such as liver, spleen,
pancreas, intestine, kidney, heart, retina, prostate, lung,
skin, brain, spinal cord, vascular smooth muscle cells and
endothelial cells. Its expression is relatively low under
physiological conditions, except in the spleen where the
action of HO-1 is critical to the recycling of iron from
senescent erythrocytes[5]. HO-2 shares 40% amino acid
homology with HO-1; it is constitutively expressed and
may provide an additional temporary buffering function
against pro-oxidant heme by means of sequestration (via
additional heme binding sites located on the enzyme). It
is localized to the mitochondria where it likely regulates
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morphisms[14], as well as the SNP A(-413)T, in the promoter of HO-1[8]. Both short (GT)n alleles and the A-allele have been associated with increased HO-1 promoter
activity[4]. For instance, in 308 liver transplantations,
HO-1 patient genotypes were correlated with outcome
variables[15]. With respect to their (GT)n genotype, liver
samples were divided into two classes - those containing
short alleles (less than 25 repeats; class S) and those containing long alleles (greater than or equal to 25 repeats;
class L). Haplotype analyses confirmed the dominance of
the A (-413)T SNP over (GT)n polymorphism[16].
The results of transient transfection assays using luciferase promoter constructs were consistent with in vitro
assays carried out in lymphoblastoid cell lines containing
HO-1 GT repeats of various lengths[9]. Cells homozygous
for short GT-stretches had significantly greater HO-1
expression and resistance to oxidant-induced apoptosis
compared with cells homozygous for long GT-stretches,
demonstrating that polymorphisms in GT-stretch length
are functionally significant[9].
Hyperbilirubinemia is associated with multiple repeats
of TA nucleotides, as well as with the 211 G mutation,
which are polymorphisms found in the UGT1A1 gene
promoter[15] and coding regions, respectively[1]. However,
it is not clear how these polymorphisms influence overall bilirubin levels and whether polymorphisms in other
genes involved in the bilirubin metabolism pathway also
influence overall bilirubin levels[3]. Although the short
repeats found in certain HO alleles (< 25 repeats) have
been found to have beneficial effects on the serum bilirubin levels and lipid profiles of patients with coronary artery disease (CAD), few studies have examined the effects
of these repeats in healthy patients with normal bilirubin
levels or patients who carry short GT-repeats (within in
the HO-1 promoter) who are at a high risk for developing unconjugated hyperbilirubinemia[17]. Considering the
antioxidant and anti-atherogenic properties of bilirubin,
the beneficial effects of the S allele on serum bilirubin
levels in carriers might be sufficient to exert a protective
effect against the development and clinical severity of
CAD[3].
Taha et al[18] have shown that pentoxifylline (PTX, a
drug used to improve blood flow in patients with circulation problems) in fibrosarcoma L292 cells strongly induces the expression of HO-1. The potential involvement of
HO-1 in the regulation of PTX signaling is of particular
importance, especially with respect to human HO-1 promoter polymorphisms[19]. The presence of alleles with
lower activity (resulting in lower HO-1 expression) was
demonstrated to be a contributing factor to increased risk
of cardiovascular complications, at least in some populations of patients[5]. The cytoprotective effects of PTX
treatment were reproduced by incubation with hemin
(an HO-1 activator)[5] or with CORM (a compound that
causes the release of CO)[15]. These effects were blocked
by treatment with ZnPPIX (zinc protoporphyrin-IX)[20],
an HO-1 inhibitor[15]. Thus, both PTX and HO-1 appear
to have anti-inflammatory properties, as exemplified by
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Figure 2 A variety of stimuli induce heme oxygenase-1 expression, a wide
array of hepatotoxic chemicals and conditions conferring an adaptive
cytoprotective response. HO-1: Heme oxygenase-1; UV: Ultraviolet.

T cells)[5]. The short guanosine/thymine (GT)n[12] repeat
in the HO-1 gene promoter may provide protective effects against carotid atherosclerosis in individuals with a
high level of arsenic exposure. Therefore, the translation
of HO-1 research from “bench to bedside” must be carried out carefully, with the appreciation that the response
of HO-1 gene expression to certain stimuli may be different in humans and rodent models[9].

HEME OXYGENASE-1 PROMOTER
POLYMORPHISMS
There are 3 possible polymorphisms in the 5’ flanking region: a (GT)n dinucleotide length polymorphism and two
single nucleotide polymorphisms (SNP). Functional polymorphic dinucleotide guanosine/thymine (GT) repeat
regions are present in the proximal promoter region of
HO-1 approximately encompassing nucleotides -248 to
-198, relative to the transcription start repeats regions in
the HO promoter. The reported number of GT-repeats
range from 12 to 40, although a bimodal distribution exists in most populations, with the main alleles being composed of 23 or 30 repeats. HO-1 mRNA expression and
enzyme expression are greater when GT-repeat lengths
are short and lesser when they are long[9]. There is some
evidence that links H2O2 or other HO-1 transcriptional
activators and the number of GT repetitions and it has
been postulated that conformational changes account for
the modulation of transcriptional activity. For instance, a
left-handed double-helix structure (Z-DNA conformation) may be formed by the alternating purine-pyrimidine
sequences, an arrangement that has been correlated with
diminished transcriptional activity in other genes[3]. Indeed, Yamada et al[13] observed that GT-dinucleotide repeat polymorphisms in the promoter region of the HO-1
gene were frequently associated with increased HO-1
responses to exogenous stimuli.
The inducibility of HO-1 is affected by (GT)n poly-
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ducible nitric oxide synthase[5] and regulation of protein
kinases C (which have effects on vascular smooth muscle
cells)[6]. Exogenous CO can be delivered in both an in vivo
model and in vitro model, as either a gaseous molecule
or in the form of innovative CO-releasing molecules
(CORM) that are currently being developed by HemoCORM and Alfama Inc[3,19].
HO-1 expression protective effects are linked to a
combination of factors, such as removal of the reactive substrate heme, the biological effects of the reaction
products, the suppressive effects on monocyte chemoattractant protein 1, and modulation of cell-cycle regulators[7]. It has been suggested that activated Kupffer cells
play an important role in the pathogenesis of fulminant
hepatic failure, as reflected by the activation of both pro
and anti-inflammatory cascades in the innate immune system[8]. Recent studies have identified serum HO-1 levels
as a novel diagnostic marker for macrophage activation
under conditions including sepsis and hemophagocytic
syndrome, which is useful for predicting the severity and
prognosis of acute liver injury[1,5].
Kawakami et al[22] have confirmed that T helper type
17 (Th17) cells IL-17-producing CD4+ T cells[25] have a
fundamental role in the immunopathogenesis of experimental autoimmune encephalomyelitis (EAE). Hammerich et al[26] demonstrated that myeloid HO-1 deficiency
exacerbated EAE in mice and enhanced infiltration of
activated macrophages and Th17 cells to the central nervous system, thereby establishing HO-1 as a critical early
mediator of the innate immune response in EAE[3].
The liver is a primary source of the IL-7 response
to Toll-like receptor (TLR) stimulation, although IL-7
expression in the liver is limited under steady state conditions[27]. TLR-mediated systemic cytokine expression
alters protein expression [9,15]. Profiles in hepatocytes,
which produce a number of acute phase response proteins, show markers of systemic inflammation, including
ferritin[28], plasminogen and complement components[9]
in ischemia-reperfusion injury (IRI)[5]. IL-7 is an important survival factor for T cells and is expressed in the
liver as an acute phase reactant in response to inflammation, which allows the immune system to respond to
pathogens[9]. IL-7 expression is increased in the liver and
kidney tissues only following TLR stimulation, whereas
it decreased in the spleen and lymph nodes[27,29]. These
results suggest that systemic hepatocyte-mediated IL-7
expression (but not expression mediated by the lymphoid
organs) plays an important role in IL-7 mediated T cell
homeostasis in response to infection[9].
In recent years, the immunomodulatory capacity of
the adaptive responses by HO-1 has received more attention. It has been reported that HO-1 can promote graft
tolerance by activation/production of CD4+/CD25+
regulatory T cells (Tregs) or by promoting the activationinduced cell death of T cells[8]. CD4+/CD25+/Foxp3+
Tregs are a functionally distinct subset of mature T cells
with broad suppressive activity[9]. Tregs play a key role in
the maintenance of peripheral tolerance and Treg defi-

the inhibition of interleukin (IL)-1β, IL-6, IL-8, TNF-a
and granulocyte-macrophage colony-stimulating factor
expression, and the induction of IL-10 expression[15,21].
Furthermore, the expression of both genes has been
shown to reduce proliferation, migration and adhesion
of leukocytes to endothelial cells, through inhibition of
CD25 and ICAM-1[6].
Thus, one can expect that the efficacy of PTX treatment is likely to be influenced by these polymorphisms
and the efficacy of this treatment is likely to be low in
patients with less active HO-1 alleles[15].
The HO-1 genotype is associated with liver transplantation outcome and these findings suggest that HO-1
mediates graft survival following liver transplantation[1,5].
Therefore, the expression of the HO-1 gene may be altered by the number of (GT)n repeats and could play an
important role in modulating vascular tone under different pathological situations[3].

MODULATORY AND CYTOPROTECTIVE
EFFECTS OF HO-1
Induction of HO-1 and its metabolites has a protective
effect in a large number of seemingly unrelated pathologies, including sepsis, malaria[20], endotoxic shock,
ischemic reperfusion injury (IRI)[4], organ transplant
rejection[22], induction of tolerance myocardial infarction, type 2 diabetes[15] and obesity[23]. This wide spectrum of protective effects has been attributed to multilevel mechanisms of cytoprotection and inflammatory
modulation. Three catabolic products, BV, BR and
CO[22], and ferritin (which is induced by free iron[2]) have
been implicated in HO-1 control of apoptosis and cell
proliferation. However, the effects of BV/BR and CO
do not overlap in terms of their effects on cell signaling
and target molecules. The beneficial effects of the three
products generated by HO-1 differ not only in their
inherent molecular mechanisms, but also in their downstream cellular targets. To date, this is the only enzymatic
system known to exhibit such characteristics; a good example of this is the manner in which HO-1 regulates the
cell cycle - it increases endothelial cell (EC) proliferation
but simultaneously decreases airway and vascular smooth
muscle cell cycle progression[4]. A number of intracellular signaling molecules have been identified as being
involved in regulating the induction of HO-1; among
which upstream signaling kinases, extracellular signalregulated protein kinase (ERK), c-Jun N terminal kinase
and p38 mitogen activated protein kinase (MAPK) have
been considered to play major roles in controlling upregulation of HO-1[24]. Activation of either one or more
of these MAPKs by external stimuli triggers HO-1 gene
expression. ERK1/2 and p38 MAPK are involved in the
induction of HO-1 gene transcription by sodium arsenite
in the hepatoma cell line.
CO acts through a variety of pathways, including
increased cycling of guanosine monophosphate through
the activation of guanylate cyclase[15], modulation of in-
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ciencies can lead to progressive autoimmune disorders[5].
Similarly, increased Treg function can prevent allograft rejection and suppress tumor immunity[15] during allogeneic
hematopoietic stem cell transplantation (HSCT)[9]. Tregs
have been shown to play an important role in establishing tolerance between recipient tissues and donor-derived
immunity. This was initially demonstrated in murine studies in which the depletion of Tregs from stem cell grafts
resulted in increased graft-versus-host disease (GVHD)
and increased Treg levels resulted in the suppression of
GVHD following transplant[5]. Patients with active chronic GVHD have lower Treg levels when compared with
patients without chronic GVHD[15].
Recent studies have suggested that IL-7 and IL-15 are
the primary homeostatic cytokines that drive CD4+ T cell
proliferation[25]. Previous analyses found that plasma IL-7
levels are consistently higher following allogenic HSCT,
but IL-7 levels do not correlate with the degree of CD4+
T-cell recovery. Thus, IL-7 may promote T-cell expansion following transplants, but high plasma levels of IL-7
persist after lymphopenia has resolved[15]. Unbalanced
Th1/Th2 T-cell responses in the liver are a characteristic
of hepatic inflammation and subsequent liver fibrosis.
The recently discovered Th17 cells, a subtype of CD4(+)
T-helper cells mainly producing IL-17 and IL-22, have
initially been linked to host defense against infections and
to autoimmunity.
HO-1 is not essential for TLR4/MyD88-induced NFkB/MAPK activation and the subsequent pro-inflammatory cytokine production, but it is required for TLR4/
TLR3/IRF3-induced production of IFN-γ[30], as well as
the expression of primary IRF3-target genes in macrophages. IRF3 activation and subsequent IFN-γ production is severely impaired in HO-1 knockout macrophages
infected with Sendai virus (SeV) used to down regulate
HO-1 expression[31]. In the presence of polyI:C, myeloid
HO-1 knockout mice infected with Listeria monocytogenes
(an infection model showing enhanced severity that is
dependent on IFN-γ production) showed increased levels
of bacterial clearance, whereas control mice succumbed
to infection[1,30].
Lee and Bai et al[12] identified a potential interplay
between IL-10 and HO-1 in the inhibition of LPSinduced inflammatory responses in macrophages. They
also provided evidence that HO-1 mediates the antiinflammatory function of IL-10, both in vivo, and that
IL-10 and HO-1 activate a positive feedback circuit to
amplify the anti-inflammatory response[15]. IL-10 and
HO-1 were up-regulated in patients receiving norfloxacin and correlated with norfloxacin in a concentrationdependent manner, whereas proinflammatory inducible
nitric oxide synthase, cyclooxygenase-2 and NF- κ B
behaved inversely. Higher IL-10 levels correlated with
lower white blood cell count and higher mean arterial
pressure. No correlations were found between IL-10
and disease clinical scores or liver function markers in
blood[9].
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THE PHYSIOLOGICAL ROLE OF THE HO-1
GENE IN THE LIVER
The liver is the largest gland in the body and is situated
slightly below the diaphragm and anterior to the stomach. It consists of two lobes that are wedge-shaped. Two
blood vessels enter the liver, namely the hepatic portal
vein, with dissolved food substances from the small intestine, and the hepatic artery, with oxygenated blood
from the lungs[8,32]. Two ducts originate in the liver and
these unite to form the common hepatic duct which
opens with the pancreatic duct in the hollow side of the
duodenum (the first section of the small intestine). The
gall bladder lies inside the liver and is the storage place
for bile, which is formed by the liver cells[8].
The hepatic microvasculature is a unique and wellorganized system of microvessels, which are composed
of parenchymal hepatocytes and a variety of non-parenchymal cells, such as sinusoidal endothelial cells, Kupffer
cells[33] and Ito cells. Cytochrome P450[34] is a major contributor to production of bilirubin derived from nonhemoglobin sources in the liver[1].
HO-1 is expressed at low to undetectable levels in hepatocytes and is expressed mainly in Kupffer cells under
basal conditions[33]. However, HO-1 undergoes a rapid
transcriptional activation in both Kupffer cells and hepatocytes in response to noxious stimuli[35]. A physiological
role for HO-1 gene expression has also been demonstrated in HO-1 deficient mice and in one case of human
genetic HO-1 deficiency. Both murine and human HO-1
deficiencies have systemic manifestations associated with
iron metabolism, such as hepatic overload (with signs
of a chronic hepatitis) and iron-deficiency anemia (with
paradoxical increased levels of ferritin)[7]. Determining
the role that HO-1 plays in such regulatory mechanisms
has become increasingly relevant in recent years because
its induction has been shown to prevent ethanol-induced
inflammation in the intestine[36] and liver[4], as well as in
the prevention of oxidative damage to hepatocytes[5].

MECHANISMS OF ACTION OF HMOX-1
IN THE LIVER
Hepatic ischemia and IR are the leading causes of clinical liver damage and occur[5] during major trauma concomitant with blood loss, extensive liver resection during
tumor removal and liver transplantation[37]. Steatosis is a
major risk factor for liver surgery because steatotic livers respond poorly to IRI. The predominant form of
hepatocyte death is caused by apoptosis in ischemic nonsteatotic livers, whereas steatotic livers develop massive
necrosis following ischemic injury[1]. Mitochondria are the
main cellular source of reactive oxygen species (ROS),
which are observed to be dramatically increased in steatotic livers during the reperfusion period[38]. Increased
ROS generation results in increased hepatic lipid peroxidation and oxidative stress, as well as decreased adenosine
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triphosphate generation, which may partially explain the
poor tolerance of steatotic livers to IRI. Increased neutrophil accumulation causes significant sinusoidal endothelial cell injury through the release of free radicals and
proteases, which may further aggravate hepatic microcirculation via the dysregulation of vasoactive mediators[1].
Kupffer cells activation is also reported to be involved in
the poor outcomes of patients with steatotic livers[4]. Oxidative injury leads to hepatocyte damage followed by activation of Kupffer cells and results in the production of a
number of inflammatory cytokines, including TNF-α and
IL-6. These results suggest that the HO system has a potent protective effect on acute liver injury induced by carbon tetrachloride, CCl4. In rats, CXCL14 expression was
increased in the liver injury phase and returned to normal
after[2] liver regeneration, suggesting its involvement in
the liver injury or regeneration regulation[5,9]. Inhibition
of HO-1 has been shown to protect against tissue injury
in livers exposed to CCl4[11,39]. Animals pretreated with
hemin and then exposed to CCl4 showed a reduced leukocyte infiltration. Elevated HO activity has also been
observed in damaged liver tissue, most likely due to interference with the HO pathway by tetrachloride-dependent
metabolism triggered by heme overload-associated toxicity. Hepatocyte apoptosis and liver injury were both
attenuated in rats pretreated with hemin[15]. Basal HO-1
levels appear to be more critical than the ability to upregulate HO-1 in response to IRI and they may also be
able to predict the success of pharmacologically induced
cytoprotection. Consistent with this, cobalt protoporphyrin (CoPP)[40]-induced HO-1 up-regulation suppresses the
type-1 interferon pathway downstream of the Toll-like
receptor (TLR) 4 system in hepatic IRI models[8,17].
Orthotopic liver transplantation (OLT) is the best
available treatment for patients with end-stage liver failure, during which the liver is exposed to some stressful
stimuli, such as ischemia and reperfusion injury. HO-1
has been shown to provide cytoprotection during liver
ischemia and reperfusion[41].
HO-1 expression has been suggested to have an
immune-modulatory effect[2] and up-regulation of HO-1
has been shown to protect livers from IRI and improve
graft survival[1]. All of the products formed during this
process have potential beneficial effects in transplant settings. CO has vasodilatory effects, which help to maintain
microvascular hepatic blood flow[3], BV and BR, and
possess potent antioxidant properties[1]. Free iron is itself
highly reactive; however, the cellular Fe2+ released during
heme degradation up-regulates the expression of the Fe2+
sequestering protein ferritin, as well as an Fe2+ pump,
thereby limiting the amount of free iron and preventing
the generation of reactive oxygen species[8]. HO-1 participates in iron homeostasis. Javanmard et al[42] generated
mice with targeted HO-1 null mutations and analyzed
parameters of iron metabolism and they discovered
that adult HO-1-deficient animals develop both serum
iron deficiency and pathological iron-loading, indicating that HO-1 is crucial for the expulsion of iron from
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tissue stores.
HO-1 expression protects transplanted organs from
IRI and immune rejection[8]. This review has demonstrated that persistent over-expression of HO-1 in donor
livers can improve survival by expanding T regulatory
cells in a model of OLT[43]. The possible mechanisms
by which CO protects the liver against cold ischemiareperfusion do not appear to be associated with downregulation of the NF-kB-signaling pathway. ROS generation following re-oxygenation causes tissue damage and
initiates a cellular cascade leading to inflammation, cell
death and, ultimately, organ failure. A growing body of
evidence suggests that Kupffer cells and T cells mediate
the activation of neutrophil inflammatory responses[33].
The activation of TLRs in Kupffer cells may provide the
triggering signal for pro-inflammatory responses in the
IRI sequence[8]. Dissecting the signaling pathways that
link HO-1 and TLR activation may be important in devising novel therapeutic strategies for combating IRI[4].
The evolutionarily conserved sentinel TLR belong to
the IL-1R family and recognize bacterial/viral-specific
pathogen-associated molecular patterns[5]. TLRs trigger
host inflammatory responses that are mediated by macrophages, neutrophils and complement[44]. The induced cytokine mediators may then activate systemic responses to
recruit leukocytes to sites of inflammation. The cellular
and molecular mechanisms by which hepatic microvascular flow is regulated during normal and disease conditions
are being actively investigated[2].
Intraportal delivery of an adeno-associated virus
(AAV) expression vector encoding rat HO-1 (AAV-HO-1)
resulted in persistent expression of HO-1 in hepatocytes
(and increased HO-1 activity)[45] in transplanted livers,
leading to prolonged survival in recipients [15]. Overexpression of HO-1 reduced the Banff rejection activity
index, measured by ELISA, by inhibiting the production
of IL-2 and TNF-α, decreasing infiltration of CD4+ and
CD8+ cells, and increased infiltration of Treg cells into
donor livers[5,46].
The spleens of recipients expressed higher levels of
Foxp3, TGF-β and IL-10 compared with control rats and
the transplanted livers expressed higher levels of Foxp3
and TGF-β[47]. Splenocytes from tolerant recipients had
higher levels of Treg cells and responded poorly to allogeneic donor splenocytes. Persistent expression of HO-1
in donor livers by intraportal delivery of AAV-HO-1
improves survival by expanding the number of Treg cells.
The HO-1-based therapies described here are promising
new strategies for the prevention of liver transplant rejections[48].
During maturation, dendritic cells (DCs) inhabit a variety of microenvironments that contain different levels
of chemokines and chemokine receptors. Immature DCs
express CCR1, CCR2, CCR5 and CXCR1, while mature
DCs express high levels of CCR7, CCL22, CCL5, CCL2
and CXCL10[39]. In CoPPIX-treated mice, CCR7 was
observed to be markedly down-regulated in liver DCs[49].
CoPPIX treatment reduced the expression of CCL2

3173

January 28, 2014|First Edition|

Origassa CST et al. Heme oxygenase-1 and liver injuries

and CCL22, while the expression levels of CXCL10 and
CCL5 were unchanged[50]. These results indicate that
HO-1 inhibits the phenotypic and functional maturation
of DCs, and thus reduces the ability of DCs to stimulate
CD4+ T cells[46], and the modulation of Th2 cytokine
production by donor-derived DC may contribute to the
comparative immune privilege of hepatic allografts[49,51].

CONCLUSION
The HO-1 system may play an important role in various
pathophysiological conditions. Thus, pharmacological
modulation of the HO-1 system may represent an effective and cooperative strategy to mitigate liver injury
in HCV, although the exact effects are likely to differ
depending on the type of disease. Therefore, down-regulating the HO-1 system by pharmacological or genetic
means may represent a new therapeutic approach for
the management of liver injury. A comprehensive understanding of the mechanisms underlying the observed
effects of HO-1 and its products will be needed before
their use can be evaluated in clinical applications for the prevention and/or treatment of human diseases, such as HCV.
There are wide-ranging biological implications for
HO-1 expression, extending far beyond its initial identified role as the rate-limiting enzyme in heme degradation.
The tight regulation of HO-1 gene transcription and the
lack of high levels of constitutive expression reflect the
great potential of this “protective” gene for inducing injury under certain conditions. Each HO-1 reaction product can be harmful and (in sufficient quantities) cause
tissue injury, with resulting enhanced susceptibility to oxidative stress. Thus, HO-1 is not exclusively cytoprotective
or cytotoxic, but it is involved in a complex equilibrium
of inflammatory and reparative cellular processes.

HO-1 AS A POTENTIAL THERAPEUTIC
TARGET IN LIVER DISEASES
Hepatitis C virus (HCV) represents a major public health
burden in both industrialized and developing countries.
HO-1 over-expression has been observed to decrease
HCV replication, reduce pro-oxidant production in replicon cells, and increase resistance to oxidative injury[52].
These findings strongly suggest potential therapeutic
roles for HO-1[53]. Nevertheless, iron was recently shown
to inhibit the activity of HCV RNA-dependent RNA
polymerase, as well as inhibiting replication in non-structural replicons[54]. However, a potential antiviral role for
iron must be considered in the context of clinical data
showing that mild increases in iron storage correlate with
progressive HCV liver disease and hepatic decompensation. Therefore, a potential role for biliverdin and carbon
monoxide as inhibitors of viral replication (via their antioxidative effects) requires further study[53].
Recent advances in molecular biology have provided
new approaches to reducing hepatic IRI with gene therapy[55]. Liver transplantation[56] (a commonly employed
treatment for hepatic failure) is still a limited means of
therapy and has many drawbacks, including high monetary costs for the patient and donor shortages[8]. Presently, there are a limited number of strategies for protecting liver cells from damage and degeneration[57]. Keeping
in mind the increasing amount of experimental evidence
demonstrating the antioxidant and anti-inflammatory effects of HO-1 products, induction of this enzyme (or
its catalytic activity) by either natural or synthetic compounds may represent an effective strategy to intervene
in liver carcinogenesis and other hepatic disorders[11].
A wide variety of chemopreventive agents that elicit
cytoprotective, anti-inflammatory and/or antioxidant
effects by the induction of HO-1 expression have been
recognized[58]. While continuing efforts should be geared
towards the search for novel hepatoprotective[59] agents
targeting HO-1, certain synthetic or naturally occurring
substances already identified appear to induce HO-1 expression as part of their chemoprevention/chemoprotective effects against hepatocarcinogenesis[37] and should be
further investigated.
Constitutive HO-1 expression by the Kupffer cells
of the liver has been shown to be beneficial in hepatic
IRI treatment. The consequences of HO-1 production
have been shown to have antioxidant, anti-inflammatory,
anti-proliferative, anti-apoptotic, immunomodulatory and
vasorelaxant effects[60].
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PROGRESS IN LIVER DISEASES

Lipotoxicity in the liver
Veronika Zámbó, Laura Simon-Szabó, Péter Szelényi, Éva Kereszturi, Gábor Bánhegyi, Miklós Csala
endoplasmic reticulum stress via novel sensing mechanisms of the organelle’s stress receptors. The triggered
signaling pathways in turn largely contribute to the
development of insulin resistance and apoptosis. These findings have substantiated the lipotoxic liver injury
hypothesis for the pathomechanism of hepatosteatosis.
This minireview focuses on the metabolic and redox
aspects of lipotoxicity and lipoapoptosis, with special
regards on the involvement of endoplasmic reticulum
stress responses.

Veronika Zámbó, Laura Simon-Szabó, Péter Szelényi, Éva
Kereszturi, Gábor Bánhegyi, Miklós Csala, Department of
Medical Chemistry, Molecular Biology and Pathobiochemistry,
Semmelweis University, H-1444 Budapest, Hungary
Author contributions: Zámbó V prepared a structured overview of the recent literature and contributed to the writing of the
manuscript; Simon-Szabó L, Szelényi P and Kereszturi É contributed to the data collection process; Bánhegyi G designed the
aim of the editorial; Csala M generated the figures and wrote
the manuscript.
Supported by Hungarian Scientific Research Fund (OTKA
104113 and 106060) and the Hungarian Research and
Technological Innovation Fund (KMR_12-1-2012-0074)
Correspondence to: Gábor Bánhegyi, MD, PhD, Professor, Department of Medical Chemistry, Molecular Biology and
Pathobiochemistry, Semmelweis University, Budapest, Tűzoltó u.
37-47, H-1444 Budapest,
Hungary. banhegyi.gabor@med.semmelweis-univ.hu
Telephone: +36-1-2662615 Fax: +36-1-2663802
Received: August 13, 2013 Revised: September 27, 2013
Accepted: October 15, 2013
Published: January 28, 2014

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Saturated fatty acid; Lipotoxicity; Steatosis;
Lipoapoptosis; Endoplasmic reticulum stress
Core tip: Surplus of free fatty acids contributes to hepatic
injuries in obesity and type 2 diabetes. Intracellular accumulation of fatty acyl-CoA causes oxidative and endoplasmic reticulum (ER) stress, which lead to cell death,
inflammation and fibrosis. Steatohepatosis is the consequence of an intensive fat synthesis, aiming to reduce
the metabolic burden. The higher toxicity of saturated vs
unsaturated fatty acids is partly due to a limited capacity
of the liver cells to insert them into triglycerides. Moreover, increased membrane saturation triggers the ER
stress response though a unique mechanism, which aggravates the metabolic derangements and liver injuries.

Abstract
Obesity due to excessive food intake and the lack of
physical activity is becoming one of the most serious
st
public health problems of the 21 century. With the
increasing prevalence of obesity, non-alcoholic fatty
liver disease is also emerging as a pandemic. While
previously this pathophysiological condition was mainly
attributed to triglyceride accumulation in hepatocytes,
recent data show that the development of oxidative
stress, lipid peroxidation, cell death, inflammation and
fibrosis are mostly due to accumulation of fatty acids,
and the altered composition of membrane phospholipids. In fact, triglyceride accumulation might play a
protective role, and the higher toxicity of saturated or
trans fatty acids seems to be the consequence of a
blockade in triglyceride synthesis. Increased membrane
saturation can profoundly disturb cellular homeostasis by impairing the function of membrane receptors,
channels and transporters. However, it also induces
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INTRODUCTION
Special metabolic features make hepatocytes play a central role in the metabolism of nutrients as well as endoand xenobiotics. Liver can consume or produce various
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nutrients with a great compliance and adapts quickly to
changing circumstances. However, the challenge raised
by substantial alterations in modern life style and diet or
the abuse of certain foods or drinks pushes the limits
of adjustability, which leads to liver damage and metabolic disorders. The increasing prevalence of obesity,
the metabolic syndrome and type 2 diabetes brings the
pathological role of fatty acids into the focus of interest.
This review is focused on the metabolic and redox bases
of the fatty acid-induced cell injuries (lipotoxicity) and
cell death (lipoapoptosis) in hepatocytes, with special regards to the contribution of oxidative and endoplasmic
reticulum (ER) stress.

Amino acids

Hepatocyte
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e.g., SCD1
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fatty acyl-CoAs
(SFA-CoAs)
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Unsaturated
fatty acyl-CoAs
(UFA-CoAs)

Triglycerides
VLDL

FATTY ACID METABOLISM IN THE LIVER

B

In starved state

Saturated and
unsaturated
fatty acids
(FFAS)

Liver plays a prominent role in maintaining a balanced
nutrient supply in blood throughout the ever changing
nutritional and metabolic conditions. Therefore, hepatocytes can shift from intensive fatty acid synthesis (in fed
state) to rapid fatty acid breakdown (in starvation). Fatty
acids, the most efficiently and economically storable
fuel molecules are synthesized from the excess of carbohydrates and amino acids during the absorptive phase
(Figure 1A). However, they are not released into the
blood plasma as non-esterified or free fatty acids (NEFA
or FFA) but incorporated into complex lipids such as
triglycerides, phosphoglycerolipids or cholesterylesters
in the ER membrane[1]. Microsomal triglyceride transfer
protein (MTP) mediates the association of triglycerides
with ApoB100 in the ER lumen and the assembled very
low density lipoprotein (VLDL) lipoprotein particles
finally leave the cell through exocytosis[2] (Figure 1A).
Fatty acid components of ingested lipids are absorbed
predominantly as reconstructed complex lipids packed in
chylomicrons. These lipoproteins reach the systemic circulation through lymph vessels rather than portal veins
and deliver triglycerides in the adipose tissue for storage.
FFAs normally derive from triglyceride breakdown
in the adipocytes, and hence their abundance occurs in
starvation when store mobilization is stimulated by hormones (e.g., glucagon, adrenalin and glucocorticoids)[3].
FFAs are utilized as energy source in the liver cells. After a protein-mediated uptake across the plasma membrane[4], they are activated to acyl-CoA, transported into
the mitochondrial matrix via carnitine shuttle and catabolized through β-oxidation and citrate cycle[5]. Long term
starvation can deprive citrate cycle of intermediates and
make it unable to keep pace with acetyl-CoA production.
Accumulating acetyl-CoA is diverted toward the synthesis
of β-ketobutyrate (acetoacetate) and β-hydroxybutyrate[3].
These ketone bodies are secreted from the hepatocytes
into the blood plasma and serve as alternative fuels to
most aerobic tissues including the brain (Figure 1B).
Fatty acids, either endogenous or exogenous, are handled in an activated form, i.e., attached to CoA through a
thioester bond. Carnitine shuttle leading to degradation
as well as acyl transferase enzymes incorporating fatty acids in complex lipids require the formation acyl-CoA in
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Figure 1 Fatty acid metabolism in the liver. A: In fed state, monosaccharides
and amino acids are taken up from the portal blood and converted to fatty acylCoAs through acetyl-CoA intermediate; The primary endogenous fatty acids
(e.g., palmitate) are saturated. Formation of mono- or polyunsaturated fatty
acids involves modification(s) by desaturase enzymes; Newly synthesized fatty
acids are inserted into complex (saponifiable) lipids, which in turn are packed in
very low density lipoprotein (VLDL) particles and so secreted from the hepatocytes; B: In starvation, free fatty acids (FFAs) derive from triglyceride mobilization in the adipose tissue. After a protein-mediated uptake across the plasma
membrane, they are activated to acyl-CoA, and catabolized in the mitochondria
through β-oxidation and citrate cycle. These metabolic pathways provide electrons to oxidative phosphorylation, the major source of ATP and ROS in aerobic
cells. Shortage of citrate cycle intermediates leads to accumulation of acetylCoA, and thence enhances the synthesis of ketone bodies.

the cytosolic compartment[6]. Fatty acyl-CoA molecules
can also be modified by ER-associated enzymes to reach
the species-specific composition of triglycerides and
phospholipids. These modifications include chain elongation and desaturation (Figure 1A). Monounsaturated
fatty acids typically contain a cis double bond at the Δ9
position, which is inserted into fatty acyl-CoAs by stearyl-CoA desaturase 1 (SCD1) in humans. SCD1 converts
palmitoyl (C16:0)-CoA into palmitoleoyl (C16:1)-CoA and
stearoyl (C18:0)-CoA to oleoyl (C18:1)-CoA. It is an ironcontaining enzyme that receives electrons from NAD(P)H
through cytochrome b5 reductase and cytochrome b5 in
the ER membrane[7]. Ncb5or, a novel soluble oxidoreductase contains both cytochrome b5 reductase like and
cytochrome b5 like domains and hence it is also proposed
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to participate in fatty acid desaturation[8].
Membrane lipid saturation is regulated through the
activity of various lysophospolipid acyltransferase enzymes exhibiting different acyl-CoA specificities. For example, among the enzymes involved in phosphatidylcholine remodeling, lysophosphatidylcholine acyltransferase
1 (LPCAT1) preferentially incorporates saturated fatty
acids (e.g., palmitate)[9] while LPCAT3 favors polyunsaturated fatty acids (e.g., arachidonic acid)[10], which allows
modulation of phospholipid fatty acid composition
through altered expression of these isoenzymes[11].

Saturated
fatty acids
(SFAs)

Balanced supply of fatty acids

Hepatocyte

SFAs

UFA-CoAs

SFA-CoAs

Phospholipids

Unsaturated
fatty acids
(UFAs)

UFAs

Triglycerides

Oxidation
ROS

Steatosis

ATP

HEPATOSTEATOSIS
Triglyceride deposition within the hepatocytes is the
hallmark of both alcoholic and nonalcoholic fatty liver
diseases (AFLD and NAFLD)[12]. It occurs when VLDL
assembly and secretion cannot keep pace with lipid
synthesis. This hepatosteatosis can be caused by various
conditions including stimulated hepatic fatty acid synthesis due to overfeeding and high fructose consumption[13] and inhibition of MTP[14,15]. Ethanol, one of the
best known inducers of fatty liver both enhances fatty
acid synthesis and hinders VLDL secretion[16]. It has
been revealed that elevated FFA level should also be
considered as a major cause of hepatosteatosis. Combination of genetic predisposition with certain environmental factors, such as sedentary life style, overfeeding
and obesity can lead to a surplus of FFA due to deregulation of fatty acid storage and mobilization. The metabolic stress caused by excessive supply of nutrients in
various tissues comprises oxidative and organelle stress
components. The consequent stress response and inflammatory reaction can lead to insulin resistance, which
favors triglyceride mobilization and decreases FFA
uptake in the adipocytes[17]. Untrained skeletal muscle
of low metabolic rate and of small relative mass has a
limited contribution to fuel consumption, which further
increases both insulin resistance and the strain on the
adipose tissue. Moreover, the increased adipocyte mass
is associated with an elevated FFA release. Enlargement
of visceral adipose tissue is especially important because
it secretes FFA into the portal circulation, i.e., directly
to the liver. In addition to the mounting FFA supply,
the compensatory hyperinsulinemia stimulates fatty acid
synthesis and inhibits fatty acid catabolism in the hepatocytes. When fatty acid input overcomes the capacity
of β-oxidation, accumulating acyl-CoA is drained by triglyceride synthesis, which leads to steatosis in the liver
(Figure 2A).
Accumulation of fatty acids or fatty acyl-CoAs, however, may be more harmful to hepatocytes than deposition of triglycerides. It has been demonstrated in HepG2
and Huh7 human liver cell lines that lipotoxic effect of
the saturated stearate is initiated by interruption of triacylglycerol synthesis. Retained capacity to synthesize and
accumulate triglycerides in the presence of unsaturated
oleate, in fact, turned out to be protective[18].
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Figure 2 Fatty acid toxicity in the liver. A: Balanced (over) supply of saturated and unsaturated fatty acids allows the hepatocyte to enhance triglyceride
synthesis and deposition. Storage of excess fatty acids prevents superfluous
fatty acid oxidation and thereby protects against oxidative stress; B: Disproportionate abundance of saturated fatty acids might not be compensated for
by fatty acid desaturation (dashed lines). Hindrance of protective fat synthesis
favors fatty acid oxidation and leads to excessive ROS generation; The emerging oxidative stress and the increased saturation of membrane lipids trigger
the endoplasmic reticulum (ER) stress response, which contributes to insulin
resistance and further enhances cell death (dotted lines).

TOXICITY OF SATURATED FATTY ACIDS
AND TRANS FATTY ACIDS
The typical dietary pattern of western populations leads
to high intake of saturated fatty acids (SFAs) derived
from animal sources. Their metabolic and health effects
are similar to those of trans fatty acids (TFAs), i.e., unsaturated fatty acids containing at least one non-conjugated double bond in the trans configuration. TFAs are
also found in foods of natural origin because ruminant
animals obtain these lipids from bacterial hydrogenation
of unsaturated fatty acids in the rumen[19]. In addition,
TFAs are also formed during the industrial production
of certain foods, and major food sources of dietary TFA
in the United States. population were found to be cakes,
cookies, pies and pastries[20]. The proinflammatory status
favored by both SFAs and TFAs plays an important role
in several diseases[21].
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The greater hepatotoxicity of saturated vs unsaturated fatty acids has been demonstrated in several studies[18,22-25]. Moreover, the unsaturated fatty acids often
prove to be protective against SFA-induced toxicity[18,24]. Interruption of triglyceride synthesis, apparently
because of the formation of a pool of oversaturated
intermediates, seems to be a key event in SFA-induced
lipotoxicity. Accumulation of stearoyl-CoA and a decreased capacity of triglyceride production have been
found in HepG2 and Huh7 human hepatoma cells
exposed to stearate[18]. In accordance with its central
role in converting SFAs to monounsaturated fatty acids
(MUFAs), SCD1 proved to be protective against SFAinduced hepatocyte lipoapoptosis (Figure 2B). Studies
on SCD1 knockout mice lead to the conclusion that
prevention of steatohepatitis involves partitioning
excess SFAs into MUFAs by hepatic SCD1[26]. Hepatocytes of Ncb5or knockout mice have an increased
sensitivity to SFA-induced damage, which can be at
least partly attributed to a lower SCD-specific activity
in these cells[27]. This observation strongly supports the
hypothesized functional link between SCD1 and Ncb5or[8]. Some natural human mutations of NCB5OR
have been reported to remarkably decrease the level of
active enzyme due to enhanced proteasomal degradation[28]; therefore, the potential role of this gene in human pathology deserves further investigation.
Controversial data have been published regarding the
control of autophagy by unsaturated and saturated fatty
acids in primary hepatocytes and hepatoma cells[29,30]. Although oleic acid has been found to induce autophagymediated apoptosis in mild but not in severe steatosis in
HepG2 cells[31], it seems plausible that fatty acid-induced
autophagy generally plays a pro-survival role in lipotoxicity[29,30,32]. However, hindrance of the autophagic flux by
oxidative stress and/or advanced apoptosis[29,32] is more
likely to occur in SFA-induced lipotoxicity. Therefore,
the greater toxicity of saturated vs unsaturated fatty acids
might be also attributed to differential regulation of autophagy.
The health risk raised by the increasing ingestion of
TFAs has recently got into the focus of scientific interest. The relationship between dietary fat induced obesity
and TFAs is not unequivocally elucidated. Nevertheless,
dietary intake of high TFAs increases liver weight and
hepatic triglyceride content, and causes deleterious alterations in serum cholesterol levels in rats[33]. TFAs have
been shown to be a primary factor responsible for the
development of NAFLD in an animal model of American lifestyle induced obesity syndrome either with[34] or
without inclusion of high fructose corn syrup[35,36] in the
diet. Increased hepatic lipid peroxidation as an indicator
of oxidative stress has also been demonstrated in the
livers of high TFA-fed rats, and it might underlie the development of NAFLD[37]. Long term ingestion of TFAs
has been shown to increase liver triglycerides due to enhanced activity and expression of lipogenic enzymes and
elevated expression of sterol regulatory element-binding
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protein SREBP-1a in mice. However these effects largely
depend on the dietary fatty acid composition[38]. The
extent and severity of health injuries caused by TFAs as
well as the mechanisms of TFA-induced hepatotoxicity
remain to be clarified.

LIPOTOXIC OXIDATIVE STRESS
Several observations suggest the role of increased reactive oxygen species (ROS) generation in hepatic lipotoxicity. Growing oxidative challenge is well demonstrated
by increased serum levels of ox-LDL and higher serum
lipid peroxidation in nonalcoholic steatohepatitis [39].
Palmitate-induced oxidative stress has been reported
to contribute to insulin resistance in H4IIEC3 rat hepatocytes[40]. Fatty acid accumulation stimulates ROS
generation in the liver presumably due to enhanced
β-oxidation and to the consequent electron overflow
in the mitochondrial electron transfer chain[41] (Figure
2B). However, a decrease in mitochondrial quinone pool
and a related inhibition of mitochondrial oxidative metabolism were also suggested to underlie the increased
mitochondrial ROS production in high fat diet[42]. Mitochondrial depolarization, cytochrome c release, and
increased ROS production were detected in HepG2 and
McNtcp.24 liver cells exposed to saturated FFAs, and
the role of lysosomal disruption was also suggested[43].
Increased expression[44] and activity[45,46] of cytochrome
P450 2E1 (CYP2E1) monooxygenase likely contributes
to the oxidative stress in lipotoxicity. CYP2E1 is an integral membrane protein of the ER and a significant
source of oxidative intermediates including free radicals.
It is involved in the biotransformation of several endo/
xenobiotics, and it carries out omega hydroxylation of
fatty acids. CYP2E1 activity was shown to positively
correlate with body mass index and with the degree of
steatosis[47]. The role of omega hydroxylating CYP4A
isoenzymes was also suggested in animal models of nonalcoholic steatohepatitis[48]. CYP4A enzymes are under
control of peroxisome proliferator activated receptors,
which also induce peroxisomal fatty acid beta oxidation,
another prominent ROS generating pathway[49]. Besides
the enhancement of oxidative fatty acid metabolism, palmitate-mediated up-regulation of direct ROS production
by NADPH oxidase 3 has been also revealed recently in
db/db mice and HepG2 cells[50].
Excessive ROS production is directly deleterious
by injuring DNA, proteins and lipids. It also favors cell
death through activation of certain stress-sensitive signaling pathways, such as nuclear factor κB, p38MAPK,
and c-Jun N-terminal kinase (JNK)[51,52]. In addition,
a general cellular oxidative stress inevitably affects the
intricate redox homeostasis in the ER lumen[53-55]. The
controlled maintenance of an oxidized thiol-disulfide
redox system in this compartment is the prerequisite of
appropriate protein maturation[56]. On the other hand,
the sufficiently reduced pyridine nucleotide pool in the
ER lumen provides a metabolic basis for prereceptor
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glucocorticoid hormone activation[57,58].

homeostasis and altered membrane saturation. Membrane bound and luminal oxidase enzymes maintain a
thiol oxidizing environment in the ER, a prerequisite of
oxidative folding[65]. It is therefore not surprising that the
protein processing machinery of the organelle is sensitive to any disturbance of the redox and antioxidant
status of the cell[66]. Inhibition of fatty acid oxidation
has been shown to protect hepatocytes from ER stress,
and this was accompanied by an increased cellular redox
potential as judged by an elevated ratio of oxidized to reduced glutathione and enhanced oxidative folding in the
ER[67]. Saturated, long chain fatty acids have been shown
to reduce thapsigargin-sensitive ER calcium stores and
increase biochemical markers of ER stress in H4IIE
liver cells and primary hepatocytes[24]. Palmitate- but not
linoleate-induced ER stress was prevented by depletion
of intracellular calcium flux in the same cell line[68].
It has been demonstrated that insufficient desaturase
activity (SCD1 knockdown) or decreased incorporation
of unsaturated fatty acids in membrane phospholipids
(LPCAT3 knockdown) can synergistically induce the
UPR. The effect is likely due to a decrease in membrane
phospholipids unsaturation as it is further enhanced by
saturated while it is rescued by unsaturated fatty acids[69]
(Figure 2B). Recent findings suggest that ER lipid perturbation can trigger the UPR directly and independently
of luminal accumulation of unfolded proteins. The
mechanisms through which the UPR is activated by accumulating unfolded proteins and membrane lipid saturation turned out to be different as the latter does not
involve large protein cluster formation in the ER membrane[70]. Two of the ER stress receptors, IRE1α and
PERK have been revealed to respond to increased lipid
saturation. Their lipid sensitivity was retained when the
luminal unfolded protein sensing domains were removed
and was associated to their transmembrane domains[71].
This novel mechanism is in accordance with the greater
toxicity of saturated vs unsaturated fatty acids as well
as with the protective effect of unsaturated fatty acids
against saturated fatty acid induced toxicity[18,22-25].
The thapsigargin- and tunicamycin-induced UPR was
found to increase the expression of sterol regulatory
element-binding protein (SREBP-1c) transcription factor in HepG2 cells, through the cap-independent translation mediated by an internal ribosome entry site[72].
Thapsigargin-induced SREBP-1c activation and the
consequent stimulation of fatty acid synthesis were also
confirmed in the normal human L02 cell line[73]. This effect might create a positive feed back loop and further
aggravate the metabolic disorder in lipotoxic ER stress.
On the other hand, several genes related to lipoprotein
secretion are controlled by IRE1α, and hence induction
of the UPR upon membrane lipid perturbation might
contribute to the prevention of hepatic steatosis [74].
Interestingly, mice with hepatocyte-specific IRE1α deletion without ER stress display modest hepatosteatosis,
and this is aggravated after induction of ER stress[74].
Therefore, disturbed lipid metabolism can lead to ER
stress and trigger the UPR, and the ER stress-dependent

LIPOTOXIC ER STRESS
Protein processing, one of the major functions of the
ER[56,59], is necessarily affected by any severe dysfunction
of the organelle, i.e., the ER stress[60]. Lowered protein
folding capacity of the ER renders it unable to keep pace
with protein load. Accumulation of immature proteins
in the ER lumen triggers a complex primarily adaptive
signaling network called the unfolded protein response
(UPR) in order to restore ER homeostasis. Unfolded
proteins recruit increasing amounts of BiP, ER chaperone, which is thus detached from the luminal domains
of three transmembrane ER stress sensor proteins:
RNA-dependent protein kinase-like ER kinase (PERK),
inositol-requiring enzyme 1 (IRE1) and activating transcription factor 6 (ATF6). They initiate the three main
branches of the UPR collectively inducing attenuation
of protein synthesis, expression of ER chaperones, and
degradation of misfolded proteins[61].
Phosphorylation of eukaryotic initiation factor
eIF2α by PERK lowers the ER protein load by attenuating general translation, and also enhances the synthesis
of ATF4 transcription factor. IRE1-mediated specific
mRNA splicing allows the synthesis of X-box-binding
protein 1 (XBP1) transcription factor, which enhances
the ATF6-dependent adaptive transcriptional alterations (e.g., induction of ER chaperones). When the UPR
fails to restore the ER functions, the ER-derived death
signals may take effect. Apoptosis is stimulated mostly
by induction of CCAAT/enhancer binding protein homologous protein (CHOP) and activation of JNK. It
should be noted that JNK activation is also triggered by
the oxidative stress in lipotoxicity[50]. In addition to its
pro-apoptotic activity, JNK also interferes with insulin
signaling by phosphorylating insulin receptor substrate-1
(IRS-1) at serine (307)[62], which represents a key link between ER-stress and insulin resistance.
ER stress contributes to the pathology of several
liver diseases associated with steatosis. Activation of the
UPR is involved in fatty liver disease either alcoholic or
non-alcoholic as well as viral hepatitis. Enhanced apoptosis of liver cells in these diseases may be at least partly
due to unresolved ER stress[63]. Mounting evidence support the involvement of ER dysfunctions in the toxicity
of fatty acids, especially long chain, saturated ones. The
programmed cell death, at least partly due to ER stress,
caused by fatty acids is referred to as lipoapoptosis.
The role of PERK/ATF4/CHOP signaling pathway
has been demonstrated in saturated fatty acid-induced
ER stress and lipoapoptosis in L02 and HepG2 human
liver cell lines[64]. Elevated exogenous pamitate has been
shown to disrupt ER homeostasis by reducing the expression of Bip in HepG2 cells. Overexpression of Bip
attenuated ER stress, reduced CHOP expression and
protected the cells from palmitate-induced apoptosis[22].
Lipotoxic derangement of ER functions is likely due to
the above mentioned oxidative stress, disturbed calcium
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alteration in lipid homeostasis might underlie the hepatic
steatosis.

7

CONCLUSION

8

The unhealthy combination of modern diet and lifestyle
often leads to nutrient surplus and a consequent fat
deposition in various non-adipose tissues including the
liver. This hepatosteatosis has long been considered as
the fundamental cause of hepatic injuries characterizing
both alcoholic and non-alcoholic fatty liver diseases, i.e.
oxidative and ER stress, cell death, inflammation and
fibrosis. In light of recent studies, however, fat accumulation is considered rather protective as the hepatocyte
damage is mostly caused by fatty acyl-CoA (Figure 1A).
Enhanced triglyceride synthesis decreases the oxidative
challenge by lowering fatty acid oxidation. The higher
toxicity of SFAs vs unsaturated fatty acids seems to be
at least partly due to an increased tendency of the SFAs
to accumulate because of a limited capacity of the liver
cells to insert them into triglycerides (Figure 2B). SFAinduced toxicity is indeed enhanced by insufficient activity of the enzymes involved in fatty acid desaturation
and triglyceride synthesis while attenuated by simultaneous administration of unsaturated fatty acids. Moreover,
growing evidence indicates that increased saturation
of phospholipid membranes can trigger the ER stress
response though a unique mechanism. The activated signaling pathways lead to insulin resistance and hepatocyte
apoptosis, significantly contributing to aggravation of
the metabolic derangements and liver injuries caused by
SFAs (Figure 2B).
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New compounds able to control hepatic cholesterol
metabolism: Is it possible to avoid statin treatment in aged
people?
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myopathy and competing risks when statins are prescribed to old patients. In combination or in alternative
to statin therapy, other agents might be required to
reduce low density lipoprotein (LDL) cholesterol levels. Among the available drugs, the most commonly
prescribed are those addressed to reduce cholesterol
absorption, to modulate lipoprotein lipase activity and
bile acid sequestrants: even these pharmacological interventions are not exempt from side effects. The use
of antioxidants or organoselenium compounds and the
discovery of new proteins able to modulate exclusively
LDL receptor recycling such as Proprotein convertase
subtilisin kexin 9 and SEC24 offer new pharmacological
approaches to selectively reduce the main causes of
dyslipidemia.
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Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Aging is characterized by the loss of homeostasis that
leads to changes in the biochemical composition of
tissues, reduced ability to respond adaptively to environmental stimuli, and increased susceptibility and
vulnerability to diseases including coronary artery diseases, carotid artery disease and brain vessel disease.
Hypercholesterolemia is one of the primary risk factors
for these pathologies, whose incidence is highly related
to aging. Almost 25% of men and 42% of women
older than 65 years have a serum total cholesterol
level greater than 240 mg/dL. The mechanisms behind
this age-related increase in plasma cholesterol are still
incompletely understood, thus, the control of plasma
cholesterol content in aged people is more challenging
than in adults. In this review the different pharmacological approaches to reduce plasma cholesterol levels,
particularly in aged people, will be discussed. In brief,
current therapies are mostly based on the prescription
of statins (3-hydroxy-3-methylglutaryl-CoA reductase
inhibitors) that are pretty effective but that exert several side effects. More attention should be given to potential drug interactions, potential age-related changes
in drug pharmacokinetics, adverse effects such as

WCG|www.wjgnet.com
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Core tip: The strategies used to reduce plasma cholesterol levels in elderly people are mainly addressed to
the inhibition of the rate limiting enzyme of cholesterol
biosynthetic pathway, 3-hydroxy-3-methylglutaryl-CoA
reductase (HMGR), in order to increase low density lipoprotein (LDL) receptor membrane exposure and LDL
clearance from the circulation. Indeed current therapies
are mostly based on the prescription of statins (HMGR
inhibitors) that are pretty effective but that exert side
effects. More attention should be given to potential
drug interactions, potential age-related changes in drug
pharmacokinetics, adverse effects such as myopathy
and competing risks when statins are prescribed to elderly. Thus, new therapeutic agents should be taken into
account.
Original sources: Trapani L, Segatto M, Pallottini V. New
compounds able to control hepatic cholesterol metabolism:
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sults to be completely dephosphorylated[14]. The mechanisms underlying this dysregulation appear to be genderdependent.
In aged-male rats, the full activation of HMGR observed in aging has been associated with a rise in reactive
oxygen species (ROS)[15]. The proposed model is that
high ROS levels induce both p38 and AMPK activation.
In turn, p38 causes an increased association between
PP2A and HMGR, leading to HMGR dephosphorylation and full activation. AMPK phosphorylating activity
on HMGR is impaired by the enhanced association of
PP2A and HMGR. H2O2-treatment confirms that the
effect induced by ROS on HMGR dephosphorylation is
mediated by the activation of the p38/MAPK pathway
in HepG2 cell line[16].
On the contrary, studies performed on estropausal
rats, in which estrogen levels are decreased, suggest that
the menopause-related increase in HMGR activity is
caused by the decreased activation of AMPK observed
upon estrogen deficiency[17,18].
HMGR is an attractive target for the treatment of
hypercholesterolemia. Indeed a decrease of intracellular
cholesterol synthesis leads to a homeostatic response
which induces the up-regulation of cell-surface receptors that bind atherogenic lipoproteins such as LDL and
VLDL. The reduction of plasma lipoproteins accounts
for the clinical utility of HMGR inhibitors, such as
statins. Despite their worldwide use and their beneficial
effects, statins can cause myopathy characterized by
weakness, pain, elevated serum creatine phosphokinase
(CK) and, to a lesser extent, rhabdomyolysis, which is a
life-threatening condition[19] Elderly patients are especially vulnerable to side effects of statins: this issue as well
as the lack of certainty about their efficacy in aging, can
affect the prescription of these medications.
Indeed the Heart Protection Study, PROSPER, and
SAGE illustrate the benefit of statin treatment on
coronary or surrogate end points in higher-risk elderly
patients, although the data is still somewhat controversial, particularly for individuals ≥ 80 years of age. An
observational study of acute-care hospitals in the United
States identified no association between statin use at
discharge and improved survival rate in acute myocardial
infarction patients ≥ 80 years of age, although it did
find benefit in patients < 80 years of age[20].
Thus an optimal management of cholesterol should
take into account the mechanisms at the root of cholesterol metabolism disruption in elderly people, the riskbenefit ratio of statin use and the effects exerted by alternative medications prescribed to reduce hypercholesterolemia. These different pharmacological approaches
will be examined in the review.

Is it possible to avoid statin treatment in aged people? World J
Hepatol 2013; 5(12): 676-684 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v5/i12/676.htm DOI: http://dx.doi.
org/10.4254/wjh.v5.i12.676

INTRODUCTION
Aging is characterized by the loss of homeostasis that
leads to changes in the biochemical composition of tissues, reduced ability to respond adaptively to environmental stimuli, and increased susceptibility and vulnerability to diseases including coronary artery, carotid artery,
and brain vessel diseases[1-3].
Hypercholesterolemia is one of the primary risk factors for these pathologies, whose incidence is highly related to aging. Almost 25% of men and 42% of women
older than 65 years have a serum total cholesterol level
greater than 240 mg/dL[4]. The mechanisms behind this
age-related increase in plasma cholesterol are still incompletely understood. Of particular interest are the findings
that indicate a gradual decline in the fractional clearance
of low density lipoprotein (LDL) from the circulation[5-7]
and a reduced expression of hepatic LDL receptor
(LDLr) with increasing age in some species[8,9]. Experimental data show that aging significantly rises secretion
rates of biliary lipids (bile salt, cholesterol and phospholipid), and bile cholesterol content as well as sizes and
hydrophobicity indices of the bile salt pool[10]. The agerelated disruption of cholesterol metabolism could be
caused by the progressive decline and perturbation in
homeostasis maintenance that occur in aging[11].
Cholesterol biosynthesis is a tightly regulated metabolic pathway that employs multiple feedback mechanisms
to maintain homeostasis. Over the past several decades,
much work has focused on the regulation of 3-hydroxy3-methylglutaryl-CoA reductase (HMGR), which catalyzes the conversion of HMG-CoA to mevalonate through
a four-electron oxidoreduction. This reaction is the ratelimiting step in the synthesis of cholesterol and other
isoprenoids such as dolichol, ubiquinone, and prenyls[12].
HMGR is highly regulated. Short-term regulation is
achieved by phosphorylation/dephosphorylation reactions exerted by adenosine monophosphate (AMP)activated kinase (AMPK) and protein phosphatase 2A
(PP2A), respectively. Long-term regulation concerns the
modulation of HMGR protein levels by several factors,
among others Sterol Regulatory Element Binding Protein
(SREBP) and Insulin- induced genes (Insigs), which can affect
enzyme transcription, degradation and cholesterol uptake by
LDLr as a function of an intracellular sterol amount[13].

CHOLESTEROL HOMEOSTASIS
REGULATION DURING AGING

INHIBITORS OF CHOLESTEROL
SYNTHESIS:

Experimental studies on aged rats revealed an increased
plasma cholesterol and a sustained hepatic cholesterol
biosynthesis, with a full activation of HMGR which re-
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Statins inhibit competitively HMGR activity impairing
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are able to inhibit atherosclerotic progression. Cho et
al[33] demonstrated that resveratrol reduces cholesterol
synthesis inhibiting both the activity of hepatic HMGR
similarly to atorvastatin, and the expression of HMGR
mRNA[33].

HMG-CoA binding. The bulky hydrophobic statins occupy the HMG-binding pocket and part of the CoA
cleft[21]. On HMGR inhibition, statins reduce intracellular
hepatic cholesterol biosynthesis and decrease intracellular
cholesterol accumulation. The reduction of the intracellular cholesterol levels stimulates, via SREBP activation,
the synthesis of LDLr and their expression on the cell
surface. These receptors are responsible for the uptake
of LDL and of their precursors, the very LDLs (VLDL)
and VLDL remnants, whose hydrolysis produces LDL.
The effect of statins on VLDL also explains their role in
reducing triglyceride levels[22]. Moreover, hyperlipidemic
patients show an increase of Na+/Li+ countertransport
activity which is rescued by statin treatment [23-25]. As
mentioned above, although the statin therapy is generally
well tolerated, the most frequent adverse effect is represented by myopathy. To avoid statin side effects, studies
have been performed on genetic polymorphisms that can
change statin tolerance and efficacy[25-28].
Statin-associated myopathy is characterized by a
broad spectrum of symptoms, ranging from benign
myalgia up to life-threatening rhabdomyolysis[22], a syndrome characterized by massive muscle necrosis, with
the subsequent release of potassium and other ions into
the plasma compartment, and severe myoglobinuria,
which may cause damages to kidneys and other organs.
Rhabdomyolysis may be accompanied by arrhythmias,
acute renal failure, and cardiac arrest. These side effects
could be ascribable to statins themselves or to the inhibition of some HMGR end products such as prenyls and
ubiquinone[29,30].
In order to avoid statin side effects that older people
are more likely to develop, new compounds have been
tested to reduce cholesterol synthesis through the inhibition of enzymes (squalene synthase, squalene epoxidase,
and oxidosqualene cyclase) downstream the farnesyl
pyrophosphate branch point of cholesterol biosynthetic
pathway[19]. Nevertheless no compounds have yet entered clinical trials.

Flavonoids
Flavonoids are ubiquitous compounds, occurring in various plants and their derivatives such as tea, herbs, citrus
fruits and red wine; many of them have been shown to
be strong free radical scavengers and antioxidants. Several
epidemiological studies have supported the hypothesis
that the antioxidant actions of flavonoids may reduce the
risk of developing cardiovascular diseases[34].
Punithavati and Prince reported a significant increase in the activity of HMGR in plasma and liver of
isoproterenol treated rats. The increased lipid peroxidation induced by the treatment, enhanced the activity of
HMGR, which in turn led to an excessive production
and accumulation of cholesterol. Pre-treatment with
the flavonoids quercetin and α-tocopherol (vitamin E)
normalized the activity of HMGR. Thus, the observed
decrease in HMGR after quercetin and α-tocopherol
administration in rats might be due to the inhibition of
lipid peroxidation[35].
Naringenin is the aglycone of naringin, a naturally
occurring flavanone glycoside obtained from citrus fruits
and grapefruit. Naringenin hypocholesterolemic effect
is due to the reduction of both HMGR and acyl CoA:
cholesterol O-acyltransferase activities[36].
Discovery of isoflavones as HMGR inhibitors in
soy food is very intriguing. Kinetic studies showed that
isoflavones inhibit HMGR by binding the enzyme active
site. Therefore isoflavones may exert steric hindrance
between HMGR and its substrates through hydrophobic
interactions[37].
Tocochromanols
Tocochromanols are a group of amphipathic, lipidsoluble organic molecules composed of a polar moiety
derived from tyrosine and a hydrophobic polyprenyl side
chain originating from the isoprenoid pathway. Tocochromanols with a phytyl-derived side chain are termed
tocopherols whereas those with a geranylgeranyl derived
side chain are termed tocotrienols. Some studies clearly
demonstrate that tocotrienols are able to inhibit HMGR
activity in guinea pigs and chickens. Moreover γ and δ tocotrienols stimulate HMGR ubiquitination and degradation and inhibit SREBP processing[38,39].

ANTIOXIDANTS
ω -3 fatty acids

Martini and coworkers demonstrated that a diet supplemented with ω-3 fatty acids completely prevents the
age-related hypercholesterolemia in 24-mo old rats by
exerting a powerful antioxidant activity: the reduction of
intracellular ROS content due to the supplementation of
ω-3 fatty acids totally prevented the activation of p38/
MAPK responsible for PP2A association with HMGR
and the consequent activation of the enzyme. The proper
HMGR activation state promotes plasma cholesterol
maintenance at physiological levels by completely preventing age-related hypercholesterolemia[16,31].

Coumarins
Coumarins are an elite class of oxygen heterocycles that
show a wide variety of biological effects. They are present
in many plants, fungi and bacteria and have found for
centuries application in the traditional medicine[40]. Coumarins are extremely variable in structure; their biological
activities are influenced by the various types of substitutions in their basic structure which consists of fused benzene and α-pyrone rings. Coumarins and their derivatives

Resveratrol
Resveratrol (trans-3,5,4’-trihydroxystilbene) is a naturally
occurring polyphenol present in red wine and berries[32].
In vivo studies have revealed that red wine polyphenols
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face[48]. Current evidence points to the NPC1L1 protein
working in conjunction with the adaptor protein 2 (AP2)
complex and clathrin to facilitate internalization of
free cholesterol into the enterocyte. Cholesterol in the
gut lumen or bile incorporates into the cell membrane,
where it can bind to NPC1L1. The NPC1L1/cholesterol
complex is internalized or endocytosed by joining to
AP2 clathrin, creating a vesicle complex that then translocates with the help of myosin along microfilaments in
the cytosol to a storage endosome called the endocytic
recycling compartment. When intracellular cholesterol
becomes low, NPC1L1 is released from the endocytic
recycling compartment and traffics back along microfilaments to the cell membrane[49].
A meta-analysis of eight randomized placebo controlled trials showed that monotherapy with ezetimibe in
hypercholesterolemic subjects was associated with a significant reduction of LDL-cholesterol (LDL-C), of total
cholesterol, of triglycerides, and with an increase of high
density lipoprotein (HDL) compared to placebo[50].
In terms of elevations in liver function tests, ezetimibe appears to cause similar elevations in transaminases
as compared to placebo when given as monotherapy.
Also, as combination therapy with statins, ezetimibe does
not significantly cause an increase in liver enzymes more
than it is observed with statin therapy alone. The addition of ezetimibe to statin therapy does not appear to
increase the incidence of elevated creatine kinase levels
and was not associated to an increased risk of myositis
beyond what is noted intreatment with statin alone[51].
Ezetimibe is well tolerated also by elderly individuals and
no substantial differences have been observed between
young and old people in the drug effects[52]. Among the
inhibitors of cholesterol absorption is worth mentioning
Orlistat which is prescribed in obese patients improving
plasma lipid profile[53]. No studies have been performed
on elderly people treated with orlistat[54].

have attracted intense interest in recent years because of
their diverse pharmacological properties: many coumarin
derivatives have the special ability to scavenge reactive
ROS and to influence processes involving free radical
injury. In particular both esculetin and a novel synthetic
4-methylcoumarin, 4-methylesculetin (ESC), possess two
hydroxyl moieties on their benzene rings, and these were
the two most effective radical scavengers among the coumarins selected for a structure-activity relationship study
in cell culture[41]. Beyond its antioxidant activity, ESC is
able to lower HMGR activity reducing PP2A protein
levels leading to HMGR hyperphosphorylation. ESC was
demonstrated to lower HMGR protein levels through reduced transcriptional and increased degradational events
in HepG2 cells[42].
Organoselenium compounds: Diphenyl diselenide’s
case
Besides enhancing memory in a menopause model in
rats[43,44] and decreasing the depressive-like behavior in
ovariectomized mice submitted to subchronic stress[43],
diphenyl diselenide [(PhSe)2], an organoselenium compound, has been reported to reduce hypercholesterolemia
in cholesterol-fed rabbits[45] and in hyperlipidemic Triton
WR-1339-induced mice[46]. Moreover, (PhSe)2 was shown
to inhibit human LDL oxidation in vitro[45], to reduce
foam atherosclerotic lesion in hypercholesterolemic LDL
receptor knockout (LDLr -/-) mice, to decrease infiltration of inflammatory cells in vessel-wall, and to prevent
the upregulation of the proatherogenic monocyte chemoattractant protein-1[47]. Recent results demonstrated
that (PhSe)2 is able to increase HMGR phosphorylation/
inactivation and LDLr protein levels without directly inhibiting HMGR activity[1].
The lack of any evidence in literature about the potential side effects of antioxidant compounds in elderly
people, and the abundance of data highlighting their
beneficial effects on ROS production and, as a consequence on lipid profile, make the above mentioned compounds eligible for therapeutical interventions addressed
to inhibit the mechanisms underlying hypercholesterolemia in the elderly.

NIACIN
Nicotinic acid and nicotinamide (collectively termed niacin) serve as precursors of co-enzymes nicotinamide adenine dinucleotide and nicotinamide adenine dinucleotide
phosphate (NAD+ and NADP+) and are water-soluble
vitamins of the vitamin B complex. Niacin was one of
the first drugs used to treat hyperlipidemia[55].
Several clinical trials have demonstrated that niacin
administration, either alone or combined with other lipid
lowering agents, significantly reduces total mortality and
coronary events, retards progression, and induces regression of coronary atherosclerosis. Following administration, niacin rapidly inhibits adipocyte lipolysis apparently through the inhibition of hepatic diacylglycerol
acyltransferase 2: it leads to the inhibition of triglyceride
synthesis and to the decrease of apolipoprotein B-containing lipoproteins; this is accompanied by a similarly
rapid drop in plasma levels of free fatty acids[56]. The net
effect is a reduced catabolism of HDL and a decreased
accumulation of cholesterol esters in LDL particles. It

INHIBITORS OF CHOLESTEROL
ABSORPTION: FOCUS ON EZETIMIBE
An alternative approach to the inhibition of cholesterol
biosynthesis consists on the limitation of cholesterol absorption: to this aim the compound Ezetimide was and
is currently used in treatments against hypercholesterolemia.
Ezetimide, or 1-(4-fluorophenyl)-(3R)-[3-(4-fluorophenyl)(3S)-hydroxyprophyl]-(4S)-(4-hydroxyphenyl)-(2-azetidino
ne), inhibits intestinal cholesterol absorption by selectively
blocking in the jejunal brush border the Niemann-Pick
C1-like 1 protein (NPC1L1), the human sterol transport
protein that was expressed at the enterocyte/gut lumen
(apical) as well as in the hepatobiliary (canalicular) inter-
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has also been suggested that niacin may directly inhibit
the uptake and catabolism of apolipoprotein AI-containing HDL particles, thus acting to further increase plasma
levels of HDL[56].
The main problem with the use of niacin is connected to its side effects: administration of pharmacological
doses of niacin is accompanied by unwanted effects,
primarily a cutaneous reaction called flushing, which occurs in up to 90% of patients. Niacin-induced flushing is
mediated primarily by the production of prostaglandins
D2 and E2 by dermal/epidermal immune cells, leading to vasodilation of blood vessels and resulting in the
symptoms of redness, warmth, tingling and itching[56].
Several gastrointestinal adverse effects, such as nausea,
vomiting, dyspepsia and abdominal pain, can also occur.
Moreover, the most severe niacin-induced side effect is
hepatotoxicity, which is accompanied by an increase in
hepatic transaminase levels[11].
Despite evidence for an atheroprotective effect of
niacin from previous small clinical studies, the large outcome trials, AIM-HIGH and HPS2-THRIVE did not
reveal additional beneficial effects of niacin on top of
statin treatment[57]. Thus the administration of this medication especially in elderly people would deserve more
attention.

APOB100 ANTISENSE
OLIGONUCLEOTIDES
The recent development of antisense oligonucleotides
(ASOs) that can target a specific mRNA and suppress
the translation of its protein in the liver has opened up
a novel therapeutic window for reducing levels of atherogenic lipoproteins. Mipomersen (ISIS 301012) an
antisense inhibitor directed to human apoB-100, was
recently documented in phase 2 clinical trials to lower
plasma apoB-100 and LDL cholesterol levels in humans.
The side effects exerted by ASOs are mainly associated
to transaminase[61]. No studies have been performed to
understand if differences exist in the efficacy or in the
side-effects exerted by these molecules in adults and aged
people.

BILE ACID SEQUESTRANTS
Bile acids are amphiphilic molecules synthesized from
cholesterol in the liver; in their transit through the intestinal lumen they emulsify diet fats, aiding in their absorption. Bile acids are then reabsorbed by active ileal uptake
and recycled through the enterohepatic circulation. Bile
acid sequestrants, such as colestipol, colestyramine and
colesevelam, are anion exchange resins being similar in
mechanism of binding bile acids in the intestinal lumen.
They interrupt enterohepatic circulation of cholesterol-rich bile acids and increase their fecal excretion,
leading to the depletion of intrahepatic cholesterol,
which causes LDLr upregulation[62]. Hepatic LDL uptake
is thereby raised, resulting in augmented LDL particle
clearance and in the reduction of plasma LDL-C by
15% around. However, the side effects of gastrointestinal intolerance including bloating, abdominal pain and
constipation, as well as the inhibition of the absorption
of medications like levothyroxine or warfarin, reduce
patient compliance. Therefore, bile acid sequestrants are
often prescribed with other lipid-regulating agents, most
commonly statins[63]. None overall differences in safety
or effectiveness of bile acid sequestrant administration
between aged and young subjects were observed[52].

FIBRATES
Fibrates have been used in clinical practice for about half
century due to their ability to substantially decrease triglyceride levels and increase HDL, less effects are exerted as LDL lowering agents. All fibrates are peroxisome
proliferators-activated receptors (PPARs) α agonists.
Fibrates enhance the oxidation of fatty acids in liver and
muscle and reduce the rate of hepatic lipogenesis, thereby decreasing the secretion of VLDL. The increased
uptake of triglyceride-derived fatty acids in muscle cells
results from an increase in lipoprotein lipase (LPL) activity in adjacent capillaries and a decrease in the amount
of apolipoprotein CⅢ (Apo CⅢ), which is transcriptionally mediated by PPARα. The decrease in Apo CⅢ
reduces the inhibition of LPL activity. The enhanced
catabolism of VLDL generates surface remnants, which
are transferred to HDL. HDL concentrations are further
augmented by an increase in PPARα - mediated transcription of apolipoprotein AⅠ (Apo AⅠ) and Apo AⅡ.
Ultimately, the rate of HDL-mediated reverse cholesterol transport may increase[58]. Although the beneficial
effects of fibrates, their use is associated with a slightly
increased risk (< 0.0%) for myopathy, cholelithiasis, and
venous thrombosis[59]. A study in which a subgroup analysis by age was performed showed a significant decrease
in total cardiovascular disease events in patients aged <
5 years, but not in patients aged ≥ 5 years. Furthermore,
in a study of 1568 men with lower extremity arterial disease, bezafibrate had no significant effects on cardiovascular events in patients aged ≥ 5 years, compared with
placebo[60].

WCG|www.wjgnet.com

INHIBITION OF PCSK9
Proprotein convertase subtilisin kexin 9 (PCSK9), is a
72-kDa protease, highly expressed in the liver[64]. nce secreted, PCSK9 binds LDLr inducing the redistribution of
the receptor from the cell surface to lysosomes: indeed
PCSK9 appears to change the itinerary of the LDLr,
diverting internalized LDLr to degradation in lysosomes
and preventing them from recycling to the cell surface[64].
PCSK9 inhibition is considered an attractive target
for therapy against hypercholesterolemia. The current
drug approaches tested to pharmacologically inhibit
PCSK9 in humans are mainly focused on gene silencing
that targets both PCSK9 intra- and extra-cellular functions, and on mimetic peptides and monoclonal antibod-
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ies that exclusively target circulating PCSK9 and therefore its extracellular function. Other approaches such as
orally active cell permeable small molecules that target
PCSK9 processing have not reached preclinical development[65]. The subcutaneous administration of the PCSK9
ASO produced by different pharmaceutical companies
led to an increase of LDLr hepatic expression and to
a concomitant reduction in circulating total cholesterol
levels in mice[66] and in non-human primates[67]. Peptides
mimicking the epidermal growth factor A (EGFA) domain of the LDLr interacting with PCSK9 at the plasma
membrane have also been developed to inhibit PCSK9
function. A synthetic EGFA peptide reduced in a dosedependent manner the cellular degradation of the LDLr
induced by exogenously added recombinant PCSK9[68].
Duff et al[69] were able to reverse the PCSK9 mediated
effect on cell surface LDLr by using antibodies that recognize epitopes on PCSK9 in the vicinity of the region
within the catalytic domain interacting with the LDLr.
Evaluation of treatments over the long term will determine whether the beneficial effects of PCSK9 inhibition
on LDL-C levels will directly translate into coronary artery disease risk reduction[70-72].
Chen et al[72] identified PCSK9 as a specific SEC24Adependent COPII cargo: indeed as trans-membrane and
soluble proteins co-translationally inserted into the endoplasmic reticulum (ER), it is packaged into transport vesicles
coated with coat protein complex Ⅱ (COPⅡ) for the export from the ER and the delivery to the Golgi for further
processing[73].
Chen et al[72] reported that complete deficiency of
SEC24A is compatible with normal development and
survival in mice. However, these animals exhibit markedly reduced plasma cholesterol and increased hepatic
LDLr levels due to selective blockade in the secretion
of PCSK9. Consistent with these genetic data, hepatic
LDLr levels are up-regulated in SEC24A deficient mice
as a consequence of a specific dependence of PCSK9
on SEC24A for efficient exit from the ER.
The loss of SEC24A disrupts PCSK9 secretion without affecting other COPⅡ-dependent processes such as
SREBP activation. PCSK9 represents the first example
of a soluble vertebrate cargo that is differentially regulated by specific interaction with selective components
of the COPⅡ machinery. Although complete deficiency
of SEC24A in mice is compatible with embryonic devel
opment or survival to adulthood, no human patients
have yet been identified with genetic deficiencies in any
of the four SEC24 paralogous genes. The SEC24Adeficient phenotype suggests a potential role for genetic
variation at the SEC24A locus in the control of plasma
cholesterol in humans, a key determinant of risk for
myocardial infarction and stroke.
Complete deficiency of SEC24A is compatible with
survival and normal development in mice, suggesting
that pharmacologic inhibition of hepatic SEC24A expression/function to achieve reduction in plasma cholesterol may be well tolerated as a potential approach to
inhibit PCSK9 secretion[72].
WCG|www.wjgnet.com

CONCLUSION
Atherosclerosis is the major cause of heart disease,
stroke, and death during aging in both developed and developing countries, for which the rise of lipid levels into
the bloodstream represents a primary risk factor. Epidemiological data have indicated that dyslipidemia and
coagulation disturbances are among the most remarkable functional alterations leading to the development of
atherosclerotic condition.
Oxidative stress has recently been involved in the
pathogenesis of several diseases such as atherosclerosis.
The production of free radicals has been found to be
a major causative factor for the peroxidative damage to
plasma lipoprotein which are responsible for the initiation and progression of atherosclerosis in hyperlipidemic subjects[13]. Both the conditions predisposing to artery
diseases occur in the elderly which is defined as the
series of the deteriorative changes occurring during the
adult period of life that underlie increased vulnerability
to challenges and decreased survival[12].
The strategies used to reduce plasma cholesterol
levels in elderly people are mainly addressed to the inhibition of the rate limiting enzyme of cholesterol biosynthetic pathway, HMGR, in order to increase LDLr
membrane exposure and LDL clearance from the circulation. Indeed current therapies are mostly based on
the prescription of statins (HMGR inhibitors) that are
pretty effective but that exert several side effects. More
attention should be given to potential drug interactions,
potential age-related changes in drug pharmacokinetics,
adverse effects such as myopathy and competing risks
when statins are prescribed to old patients. In combination or in alternative to statin therapy, other agents
might be required to reduce LDL-C levels. Among the
available drugs, the most commonly prescribed are those
addressed to reduce cholesterol absorption, to modulate
lipoprotein lipase activity and bile acid sequestrants: even
these pharmacological interventions are not exempt
from side effects. As an example, the efficacy, safety, and
tolerability of a nutraceutical-based protocol (containing berberine 500 mg, policosanol 10 mg, red yeast rice
200 mg, folic acid 0.2 mg, coenzyme Q10 2.0 mg, and
astaxanthin 0.5 mg) in elderly hypercholesterolemic patients previously intolerant to statins have been recently
demonstrated[74].
The use of antioxidants or organoselenium compounds (PhSe)2 and the discovery of new proteins able
to modulate exclusively LDLr recycling such as PCSK9
and SEC24 offer new pharmacological approaches to
selectively reduce the main causes of dyslipidemia. In order to be effective, pharmacological interventions should
be aimed at deleting the causes of hypercholesterolemia
considering their age and gender dependence. Indeed,
very few research studies are dedicated to elderly (Table 1).
Thus, the selectivity of the different pharmacological targets according to the causes at the root of the
pathology could increase the risk/benefit ratio of the
prescribed medications. If on one hand elderly people
entered epidemiological studies assessing the tolerability
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Table 1 Percentage of studies performed on hypocholesterolemic drugs and elderly
Drugs

Number of PubMed papers key word

10

Hypercholesterolemia Hypercholesterolemia
and ageing
Statins
Omega3 fatty acids
Resveratrol
Flavonoids
Coumarins
Organioselenium
compounds
Ezetimibe
Niacin
Fibrates
Bile acid sequestrants
PCSK9

5980
246
35
229
40
4

89
14
2
6
0
0

1.48%
6%
6%
3%
0%
0%

658
397
860
117

6
8
9
0

1%
2%
1%
0%

283

2

1%

11

12

13

14

and the effectiveness of drugs in this physiological condition, on the other hand researches aimed at evaluating
the efficacy of medications in women, and in particular
in elderly women are still missing. Thus further studies
aimed at evaluating the putative efficacy and safety of
the therapeutic approaches in alternative to statin treatment to lower hypercholesterolemia and in turn artery
disease risks in elderly people are needed.
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Liver transplantation in alcoholic liver disease current
status and controversies
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term outcome. The development of metabolic syndrome
with cardiovascular events and de novo malignancy are
important contributors to non liver-related mortality
amongst transplants for alcoholic liver disease. Surveillance protocols for earlier detection of de novo malignancy are needed to improve the long-term outcome.
The need for a minimum of 6 mo of abstinence before
listing makes transplant a nonviable option for patients
with severe alcoholic hepatitis who do not respond to
corticosteroids. Emerging data from retrospective and
prospective studies has challenged the 6 mo rule, and
beneficial effects of liver transplantation have been reported in select patients with a first episode of severe
alcoholic hepatitis who are unresponsive to steroids.
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Core tip: Alcoholic cirrhosis remains the second most
common indication for liver transplantation. Due to effective immune suppression regimens, graft loss and
recurrent alcoholic liver disease rarely leads to mortality. However, the development of non-hepatic disorders
such as malignancy and metabolic syndrome contributes to long-term morbidity and mortality. Although
recidivism does impact long-term survival, data on
the accuracy of 6 mo rule in predicting recidivism are
scanty and controversial. Emerging data on the beneficial role of liver transplant provides a ray of hope for
select patients with alcoholic hepatitis.

Abstract
Alcoholic cirrhosis remains the second most common indication for liver transplantation. A comprehensive medical and psychosocial evaluation is needed when making
a decision to place such patients on the transplant list.
Most transplant centers worldwide need a minimum of
6 mo of alcohol abstinence for listing these patients.
Patients with alcohol dependence are at high risk for
relapse to alcohol use after transplantation (recidivism).
These patients need to be identified and require alcohol
rehabilitation treatment before transplantation. Recidivism to the level of harmful drinking is reported in about
15%-20% cases. Although, recurrent cirrhosis and graft
loss from recidivism is rare, occurring in less than 5% of
all alcoholic cirrhosis-related transplants, harmful drinking in the post-transplant period does impact the long-
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plications, and survival. However, complete reversibility
of liver function usually does not occur once cirrhosis
sets in. The use of corticosteroids and/or pentoxifylline in patients with severe alcoholic hepatitis provides
about 50% survival benefit; nearly 20%-25% of such
patients succumb to their illness despite treatment with
these drugs. Thus, the curative management options for
patients who are non-responsive to drugs and/or abstinence are limited, with the exception of liver transplantation (LT), a definitive treatment option for patients with
cirrhosis and end-stage liver disease. In this article, we
review the current status and special considerations on
the use of LT for alcoholic cirrhosis and controversies
and emerging data on liver transplantation for patients
with severe alcoholic hepatitis that is non-responsive to
pharmacological therapies.

INTRODUCTION
In the United States, about 60% of the general population admits to alcohol use, and about 8%-10% report
heavy drinking (2 or more drinks per day)[1]. One drink is
equivalent to 12 oz. of beer (4%-5% weight by volume
or w/v), 6 oz. of wine (8%-10% w/v), and 2 oz. of hard
liquor or whiskey (45% w/v). Of the various factors
responsible for liver disease, the most important are the
duration and amount of alcohol consumed. Pooled data
from several epidemiological studies report a minimum
intake of 30 g/d of alcohol in women and 50 g/d in
men, consumed over at least 5 years is required to cause
liver cirrhosis[2]. The prevalence of and the mortality rates
from cirrhosis parallel the prevalence rates of alcohol
consumption in the population globally. Several host and
environmental factors increase the risk of development
of liver disease, such as gender (women are more prone),
hard liquor compared to wine, binge drinking (5 or more
drinks at one time), drinking on an empty stomach, genetic factors such as PNPLA3 gene polymorphisms,
concomitant hepatitis C virus (HCV) infection, and obesity[3,4].
Alcohol remains the third most common preventable cause of death after smoking and hypertension.
Alcohol-related mortality affects the young and middleaged population, with loss of the most productive life
years. Although cirrhosis is the fourth leading cause of
death in the US in people aged between 45 and 54 years
of age, the mortality rate rises with increasing age reaching as high as 31 per 100000 amongst people in the age
group of 75-84 years. Liver-related complications from
alcohol contributes to 4% in mortality and 5% in disability adjusted life years (DALY) globally with the highest
impact in Europe where similar figures are 7% and 12%
respectively[5]. This huge disease burden has an economic
impact of about 125 billion Euros annually in Europe,
accounting for 1.3% of the gross domestic product. In
2006, the estimated total economic cost of excessive alcohol consumption in the US amounted to $223.5 billion.
Of the $223.5 billion, 72.3% ($161.3 billion) represented
the costs related to lost productivity, secondary to impaired productivity at work (45.9%) and lost productivity
due to alcohol-related deaths (83180; 40.3%). In addition, another 11% ($24.6 billion) is lost due to increased
healthcare costs, the largest expenditures coming from
specialty treatment for alcohol abuse and dependence
(43.4%), and hospitalizations due to medical conditions
related to excessive drinking (20.8%). The remainder of
the expenditure was due to the costs associated with the
criminal justice system ($21 billion) and motor vehicle
crashes ($14 billion)[6]. These figures are probably underestimates due to inaccuracies in death certificate reports,
since the mention of alcohol as contributing cause of
death may have social and legal implications.
Alcohol abstinence remains the cornerstone in the
management of patients with alcoholic liver disease with
the potential for improvement in liver histology, com-
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LIVER TRANSPLANTATION FOR
ALCOHOLIC CIRRHOSIS
LT is a definitive treatment option for patients with cirrhosis and ESLD. Over the last two decades, advances in
technical aspects of the operative procedure, intraoperative and postoperative care, and immunosuppression protocols have led to graft and patient survivals of over 90%
at one year after LT[7,8]. Currently, LT is an accepted treatment modality for ESLD patients who have an estimated
1 year survival of less than 10%[9]. The excellent graft and
patient outcomes of patients transplanted for alcoholic
cirrhosis have encouraged physicians and the transplant
communities to more readily refer these patients for liver
transplant evaluation[8-10]. Alcoholic liver disease remains
the second most common indication for LT, accounting
for approximately 40% of all primary transplants in Europe and about 25% in the United States[8,11]. However,
in spite of the encouraging data, disparities remain on
the referral pattern of patients with alcoholic cirrhosis.
In one study, only 21% patients were found to qualify for
LT based on the current American Association for Study
of Liver Diseases (AASLD) guidelines[12].
Evaluation of alcoholic cirrhosis patients for liver
transplantation
Evaluation for LT of a patient with alcoholic liver disease
requires a multidisciplinary approach, with important
contributions from psychiatrists and addiction specialists.
However, the overall evaluation process of a patient with
alcoholic cirrhosis for LT is similar to that of a patient
with non-alcoholic cirrhosis, including the indications
and contraindications for LT. However, there are certain
specific issues that need to be addressed during the evaluation process, which will be briefly discussed.
Evaluation for alcohol use
The first step is to obtain a detailed and accurate history
from the patient and the relatives and friends, of alcohol use to ascertain that the patient meets the criteria
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performance status due to peripheral neuropathy that is
unrelated to the liver disease. These issues need to be addressed as they have a negative impact on LT outcome.
Therefore, detailed cardiac and neurological assessment
should be done in alcoholic cirrhotic to assure their LT
candidacy. Although, malnutrition does not impact outcome after LT, malnourished patients are known to have
greater length of hospital stay and consume more hospital resources compared to well-nourished patients[19].
Therefore, nutritional status should be assessed and malnourished patients should receive supplementation for
optimizing their nutritional status.

Decompensated cirrhosis with
significant alcohol abuse

Low risk
PACT 3-4

List for OLT

Moderate risk
PACT 1-2

High risk
PACT 0

Rehabilitation treatment

Reject for listing

Yes

Too sick to comply

Improvement
liver function

Yes

Follow up

Psychosocial evaluation
Although psychosocial evaluation is mandatory for all
transplant candidates, it is more important in alcoholic
cirrhotic. Psychosocial Assessment of Candidacy for
Transplantation (PACT) scale is a common tool used
at most centers for evaluating candidates for all types
of transplants[20]. This scale is used to assess social support, psychological health, life style factors, and patients’
understanding of the transplant process including the
follow up process after transplantation. Alcohol and substance abuse are only one part of this scale. Patients with
intermediate risk for recidivism are recommended to
undergo rehabilitation treatment before being considered
for LT (Figure 1).
The data on the impact of rehabilitation treatment in
maintaining abstinence are scanty, especially with respect
to whether this treatment needs to be administered as
out-patient sessions or as an in-patient intensive treatment for 2-3 wk followed by outpatient sessions. In a
randomized study, motivational enhancement therapy
(MET, n = 46) was beneficial compared to treatment
as usual (TAU, n = 45) in reducing the amount and frequency of drinking prior to transplantation[21]. In this
study, MET consisted of intensive 50-min sessions every
month for 7 sessions along with Alcoholic Anonymous
(AA) attendance. By contrast, TAU comprised of intensive outpatient treatment and community AA referral.
However, compliance with the treatment was an issue
since the average number of sessions in the MET group
was only 3.8 instead of 7 as was proposed initially[21].
There are many reasons for failed adherence to rehabilitation treatment, the most important being inability to
attend these sessions due to sickness from liver disease.
These patients could be considered for exceptional
pathway after multidisciplinary assessment and discussion (Figure 1). A randomized controlled trial on 84
alcoholic cirrhotic on the use of baclofen in maintaining
abstinence and reducing hospital readmission rates has
provided encouraging results[22]. It was observed that
a higher proportion of patients maintained abstinence
with baclofen compared to placebo (71% vs 29%, P =
0.0001) and had a longer mean duration of abstinence (62
d vs 31 d, P = 0.001). Further, there was improvement in
liver function in patients treated with baclofen as compared to patients receiving placebo[23].

No

OLT

Evaluate for exception pathway

Figure 1 Psychosocial evaluation of patients with alcoholic cirrhosis
awaiting listing for liver transplantation. OLT: Optical line terminal; PACT:
Psychosocial Assessment of Candidacy for Transplantation.

for the diagnosis of alcohol-related cirrhosis[13]. Patients
with alcohol dependence (tolerance to alcohol with use
of increasing amounts, withdrawal symptoms, failed
abstinence attempts, craving, and eye opener to avoid a
hangover) should be identified, as these patients would
often require rehabilitation treatment to maintain abstinence. As noted above, the history of alcohol use should
be confirmed with relatives or friends since self-reported
use of alcohol is often inaccurate. In one study, 18 of
82 alcoholic cirrhotic with a Department of Motor Vehicle record of driving under the influence (DUI) were
not discovered on patient self-report[14]. Apart from the
amount of alcohol use, it is mandatory to determine the
date of the last drink in order to assess the duration of
abstinence. A consensus conference in 1997 stated the
need for minimum abstinence duration of 6 mo prior to
listing a patient for LT (6 mo rule)[15]. The concept behind this rule was to allow the full benefit of abstinence
on the liver functions, as studies have shown that the
maximum benefit of abstinence is observed within the
first 3-6 mo[16]. AASLD recommends that patients who
continue to have significant liver disease despite 6 mo of
abstinence should be considered and evaluated for LT[17].
Medical evaluation
A careful assessment should be made of the effects of
alcohol on other organs including the presence of cardiomyopathy, chronic pancreatitis, Wernicke’s encephalopathy, alcohol-related dementia, peripheral neuropathy,
and upper aero-digestive malignancies as these can affect
LT candidacy[18]. For example, patients with memory
loss or confusion may be misdiagnosed as hepatic encephalopathy, instead of Wernicke’s encephalopathy or
alcohol dementia. Similarly, patients may have narcotic
dependent due to chronic pancreatitis or may have poor
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Detection of relapse to alcohol use (recidivism)
While awaiting LT, patients should be followed regularly
and closely to confirm abstinence as patients not complying with this recommendation should lose their listing
status. At each visit, physicians should perform detailed
history, urine drug screening, serum nicotine in recent or
current smokers, and blood ethanol or other markers of
alcohol use. In one study, random blood alcohol screens
reduced recidivism by 37%[24]. Methanol testing is more
sensitive and detects recent alcohol use when blood
ethanol levels are normal[25]. Gamma glutamyltransferase
(GGT) is a more sensitive test (70%) than aminotransferase for chronic heavy alcohol use. However, it is not
specific in the pre-transplant setting as it may be elevated
in cirrhotic patients[5]. Carbohydrate-deficient transferrin
(CDT) is an FDA approved marker for alcohol abuse.
Moderate to heavy alcohol use reduces the carbohydrate content of transferrin molecule synthesized by the
liver[26]. Its performance in detecting alcohol use is better
when combined with GGT, with sensitivity of 90% and
75% in males and females respectively[26]. However, since
CDT levels are impacted by the severity of liver disease,
its use is limited in the pre-transplant setting. Further,
CDT levels are affected by smoking and need to be
adjusted for total transferrin levels in females[27]. New
biomarkers using metabolites of alcohol such as ethyl
glucuronide (eTG) are under investigation. Urine eTG is
extremely sensitive and can detect alcohol level as low as
10 ng/mL and may become falsely positive with the use
of alcohol-containing medications and hand sanitizers.
In one study, a cut-off level of 0.5 mg/L, as detected by
liquid chromatography-mass spectroscopy (LC-MS), is
89% sensitive and 99% specific with a negative predictive value of 99% and positive predictive value of 89%.
Increasing the cut-off level to 1 mg/L did not improve
the specificity but decreased the sensitivity to 75%[28]. In
this study, combining UeTG with CDT could accurately
diagnose 93% of patients with recidivism. UeTG may
be falsely negative in patients with urine infection especially with E. coli as this metabolite of alcohol may be
degraded by the bacterium[29]. Ethyl sulfate (EtS) another
metabolite of alcohol is not affected by bacterial degradation and its simultaneous measurement in the urine
can overcome this limitation[30]. However, the short-term
window for positivity limits the use of these markers in
routine clinical practice after the last heavy alcohol use:
a few hours for BAL and methanol, and 4-5 d for UeTG
and EtS[28]. In this regard, hair analysis for ethyl glucuronide is useful since the metabolite remains in hairs for
one month[31]. A cut off level of 7 pg/mg of hair sample
is a strong indicator of regular alcohol use, and a cut
off level of 30 pg/mg can be accurately diagnose heavy
drinking[32]. Other markers such as phosphatidyl ethanol,
acetaldehyde, Cytochrome P-450 (CYP) E, mono amino
oxidase-B, 5-tryptophol, and fatty acid ethyl ester are experimental and unavailable for clinical application at the
present time[33].
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Recidivism after liver transplantation for alcoholic
cirrhosis
Recidivism is reported in 10%-60% of transplant recipients for alcoholic liver disease[34-37]. The large variation in
prevalence rates of recidivism is perhaps due to different
definitions used, with some defining recidivism as any
alcohol use while others only include harmful drinking,
defined as 2 or more drinks per day, which is reported
in 15%-20% patients. Recidivism rates across different
studies are also affected by the duration of follow up. In
a pooled analysis from 50 studies evaluating recidivism
after liver transplantation, the rates of any alcohol use
after LT were 5.7% per 100 person years, and 2.5% per
100 person years risk for harmful drinking[38]. DiMartini
et al[39] reported on the patterns of alcohol use after LT.
Nearly 45% patients reporting some alcohol use (26%
rare slips and 19% harmful drinking). Of those with
harmful drinking, about 1/3rd each reported early start
(within 2-3 years after LT) with subsequent decline, continued harmful drinking throughout, and late start (after
the first 3 years and then persisting with alcohol use).
Data on the accuracy of 6-mo pre-transplant abstinence in predicting recidivism are scanty and controversial. In a systematic review of 22 studies reporting predictors of recidivism, only 2 of the 11 studies evaluating
this variable reported it to be an accurate predictor of
recidivism[40]. Social and family support, preexisting psychiatric comorbidities, polysubstance use, unsuccessful
attempts at rehabilitation, younger age at LT, and family
history of alcoholism emerged as the strongest predictors
for recidivism[40]. In another study based on the duration
of drinking, the number of daily drinks consumed, and
the number of previous alcoholism treatments, the highrisk alcoholism relapse (HRAR) score (ranging from 0-6)
was calculated and compared with 6-mo abstinence in
predicting recidivism. HRAR emerged as a stronger predictor of abstinence with 79%, 69%, and 54% agreement
between HRAR and 6 mo abstinence for low, moderate,
and high HRAR groups respectively[41]. The impact of
pre-transplant motivational enhancement therapy on recidivism could not be assessed in a randomized study due
to the small sample size[21].
Outcomes of patients transplanted for alcoholic
cirrhosis
The patient survival rates after LT for alcoholic cirrhosis
based on data from different parts of the world have
been reported to be 81%-92%, 78%-86%, and 73%-86%
at 1, 3, and 5 years respectively[8,11,42]. There is improvement in the quality of life, mood status and cognitive
functioning, with no difference compared to patients
transplanted for non-alcoholic cirrhosis[43,44]. Patients were
able to return to society and lead active and prolific lives,
irrespective of the indication for transplantation[34,45].
Concomitant alcohol abuse and HCV infection is
observed in about 14% of individual with chronic liver
disease[3]. The data on outcomes in HCV positive drink-
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Table 1 Studies on recidivism and its impact on liver graft and liver related death
Ref.

Total No.

Conjeevaram et al[55]
Cuadrado et al[52]
Pageaux et al[94]
Lucey et al[35]
Pfitzmann et al[95]
Schmeding et al[51]
Dumortier et al[78]

68
99
121
50
300
271
305

Median FU year

Percent recidivism

3.5
8.25
4.5
5.25
7.5
10
5.25

8
26
21
331
7
27
12

Percent graft loss alcohol related

LRD as percent of all deaths

38
0
1
6
50
0
2

38
NR
12
6
88
NR
8

1

Any use of alcohol in this study was reported as recidivism. Other studies defined recidivism as heavy drinking defined with variable amount of alcohol
use across different studies. LRD: Liver related death.

ers are scanty and conflicting. Studies using transplant
registries from the United States and Europe, suggest
worse survival outcomes compared to HCV negative
alcoholic cirrhosis[11,46,47], although a study from a single
European center reported similar outcomes[48]. It should
be noted that in the latter study, patients received antiviral therapy more often compared to patients with HCV
cirrhosis alone, which may explain the difference in the
outcome[48]. Unfortunately, such information is lacking
in data collected from registries. Further, HCV positive
drinkers may have been misclassified in the registry databases due to lack of information on the amount of alcohol use. Further studies using data from single or multiple
centers with detailed information on these variables are
needed to examine post-transplant outcomes of alcoholic
cirrhosis and concomitant HCV infection.
Relapse to harmful drinking affects long-term patient
survival. Compared to abstinent patients transplanted
for non-alcoholic liver diseases, the survival rates in patients with recidivism to harmful drinking are similar
initially but become worse after 5-10 years (45%-68% vs
75%-86%)[49-52]. The proportion of patients dying from
liver-related cause in patients transplanted for alcoholic
cirrhosis varies from 6%-88% in various series (Table 1).
Graft loss from recurrent disease related to alcohol use is
rare[53,54]. Rates of graft loss due to recidivism are 0%-6%
in most series except two studies from the same institution which reported 38% and 50% graft loss related to
alcohol use (Table 1)[35,55]. Harmful drinking in the early
phase of post-transplant period is more significant in
terms of the impact on liver graft. In one study, graft
loss and liver-related mortality occurred in 72% and 45%
respectively in patients with early onset harmful drinking
compared to 45% and 0% amongst those who were abstinent, had rare slips, or later use of harmful drinking[56].
Recurrent cirrhosis and graft loss accounts for about
3% of the original cohort of transplant recipients for
alcoholic cirrhosis[57]. It is unclear whether certain genetic
factors in the donor liver play a protective role despite
recidivism to harmful drinking in these patients who
were originally genetically predisposed to alcohol-related
liver injury. However, once recurrent cirrhosis sets in, the
outcome is worse compared to patients with a functional
graft (30% ± 17% vs 75% ± 6% survival at 10 years, P =
0.045)[57].
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With the introduction of effective immune suppression regimens, which protect the liver graft, non-hepatic
disorders including metabolic syndrome and malignancies
have become more important causes of patient mortality
after LT for alcoholic liver disease. Registry analyses from
Europe and United States have shown that cardiovascular
causes and de novo malignancies were significantly overrepresented in patients who had undergone transplantation for ALD vs recipients without ALD[11,47]. Although,
the metabolic syndrome is seen frequently on long term
follow up after LT, patients transplanted for alcoholic cirrhosis are particularly prone to this complication followed
by patients transplanted for non-alcoholic steatohepatitisrelated ESLD[58,59]. The development of the metabolic
syndrome is a risk factor for cardiovascular death in patients who survive the first year after LT[60].
The development of de novo malignancy in LT recipients was recognized as early as 1972[61]. About 5%-15%
of patients receiving liver transplantation develop de
novo extrahepatic malignancy. Skin cancer accounts for
30%-50% followed by post-transplant lymphoproliferative disorders (PTLD) and solid organ cancers[62,63]. The
risk is higher compared to the general population for
skin as well as solid organ cancers with standardized incidence ratio of about 15 and 2-2.5 respectively[64,65]. The
risk increases with time to as high as 19% and 34% at
10 and 15 years post-transplant respectively[64]. The risk
for de novo malignancy is 1.5-2 folds higher in transplant
recipients for alcoholic liver disease compared to transplants for non-alcohol-related etiologies[66-69]. Patients
transplanted for alcoholic cirrhosis are at a unique risk
for the development of upper aero-digestive cancers with
about 10-fold higher risk compared to transplants for
other indications[68-70]. Intensive screening for head and
neck cancers prior to transplant does not seem to be cost
effective, with only 0.17% prevalence of this cancer in
one study that evaluated 581 patients with alcohol-related
cirrhosis[71].
The use of immune suppression post-transplantation
is believed to be the major mechanism for the development of de novo malignancy[62,63]. Other risk factors are
older age, male gender, and Epstein Barr virus reactivation or infection for lymphoproliferative malignancy, and
exposure to sun for non-melanoma skin cancer[63,72,73].
The mechanisms involved in predisposing alcohol-related
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transplant patients to malignancy are poorly understood.
Oncogenic properties of acetaldehyde, a metabolite of
alcohol, and the inhibition of DNA methylation have
been blamed[74]. Smoking both pre and post-transplant
increases the risk for upper aerodigestive cancers in patients transplanted for alcoholic cirrhosis[62,63]. In one
study, 60% of the 202 LT recipients analyzed reported a
life time history of smoking, with 54% using both alcohol and tobacco in the pre-transplant period. Of those
who quit, 20% patients had a relapse to smoking in the
post-LT period[75]. In another study, a higher proportion
of transplanted patients had a positive smoking history
compared to transplants for non-alcoholic diseases (82%
vs 45%, P = 0.001), with a higher mean number of cigarettes smoked by alcoholics (25 vs 16 cigarettes per day, P
= 0.001)[76].
The development of malignancy has a significant
impact on patient survival, with about 38% and 53% risk
of death at 1 and 5 years after diagnosis[68]. De novo malignancy accounts for 30%-40% of all deaths in LT recipients who survive the first year after transplantation[77,78].
Implementation of intensive surveillance protocols in the
post-transplant period has been shown to improve survival by detection of these cancers at an early stage[79,80].
Patients should be instructed to use sun screens when exposed to sun, come for annual physical checkup including
skin and ENT examinations, and avoid use of nicotine
and alcohol. Intensive protocols have included annual
chest X-ray, urine examination, CT chest, abdomen and
pelvis, mammography, PAP smear, in addition to standard guidelines for colonoscopy screening. With such a
protocol, the overall survival in the surveillance group
showed significant improvement (11.3 years vs 3.1 years,
P = 0.001)[79]. However, clear guidelines for other cancers
including the frequency of work-up have not been developed.
A higher occurrence of neurological complications
has been reported in patients transplanted for alcoholic
liver disease, resulting in greater resource utilization[81,82].
These include profound confusion in the early postoperative period, and structural injury from prolonged alcohol
use which remained unrecognized before transplant[83,84].
Therefore, detailed and accurate pre-transplant assessment for neurological issues is needed in patients with
alcoholic-related cirrhosis, as alluded to earlier in the pretransplant evaluation section.

10%-35% of alcohol-related cirrhotic may have changes
consistent with alcoholic hepatitis on liver biopsy[87]. The
incidence rates of ALD-related deaths decreased from
6.9/100000 persons in 1980 to 4.4/100000 persons in
2003. The age- and sex-adjusted alcoholic liver disease
related mortality (per 100000 persons) decreased from
6.3 to 4.5 in Caucasians, 11.6 to 4.1 in African Americans,
and 8.0 to 3.7 in the “other” race groups[88]. Overall, the
incidence of alcoholic hepatitis is about 7%-10% in mild
illness and 40%-50% with severe disease[85-89]. Although,
mortality from alcoholic hepatitis has decreased over the
last decade as with alcoholic cirrhosis, patients with alcoholic hepatitis and concomitant HCV infection remain
at a higher risk of death with 20%-25% higher mortality
as compared to alcoholic hepatitis patients without HCV
infection[86]. One of the possible reasons may be fear of
physicians and gastroenterologists in using corticosteroids for the treatment of alcoholic hepatitis in the presence of HCV infection[90]. More studies are needed aimed
at generating guidelines for managing alcoholic hepatitis
patients who also have HCV infection.
The available treatment options that include the use
of corticosteroids and/or pentoxifylline achieve about
50% survival benefit, with the likelihood of mortality in
about 20%-25% patients[85,89]. With the current lack of
available pharmacological options for patients with nonresponse to steroids, there remains an unmet need for the
development of newer and more effective drugs. These
patients generally do not qualify for LT because of the
requirement of 6 mo of abstinence demanded by most
transplant centers worldwide. This requirement cannot be
met by alcoholic hepatitis patients who do not respond
to steroids since by definition they were drinking up until
at least 3 wk prior to getting sick. Further, there are other
ethical concerns and controversies involved in the use of
LT for these patients such as: (1) public opinion that this
disease is self-inflicted; (2) shortage of donor livers and
the view that they should be allocated to more deserving
patients; and (3) the risk of recidivism after LT[91]. The
other side of the argument is that pre-transplant abstinence of 6 mo is not a strong predictor of recidivism.
Further, patients transplanted for alcoholic cirrhosis with
histological changes consistent with alcoholic hepatitis
on explants have been shown to have similar post-LT
survival compared to patients without such histological
changes[87]. An obvious ethical question is whether severe alcoholic hepatitis patients who do not respond to
treatment should be left to their fate to die or should be
considered for LT as suggested by the French consensus
group[91].
The same group took the lead and challenged the 6
mo abstinence rule in a prospective case control study.
In this study, 26 patients (mean age 47 years, 58% males)
with a first episode of severe alcoholic hepatitis (median
MELD 30[22-47]) who did not respond to steroids were recruited from four different centers in Europe (2006-2010)
and received LT as a life-saving option. The patients
underwent detailed and rigorous psychosocial evalua-

LIVER TRANSPLANTATION FOR
ALCOHOLIC HEPATITIS
Alcoholic hepatitis is a distinct clinical syndrome seen in
patients with chronic and active alcohol use with a potential for mortality of 40%-50% in patients with untreated
severe disease. Alcoholic hepatitis occurs in 35%-40% of
patients with chronic excessive alcohol use, and represents about 0.2% (20 of every 1000) hospital admissions
in the United States[85,86]. The true prevalence is difficult
to assess as many patients remain undiagnosed and only
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tion by the resident team, hepatologist, anesthesiologist,
and surgeon and LT was approved only if all four teams
cleared the patient. The median duration between declaring a patient as non-responder to steroids (Lille score ≥
0.45) and receipt of LT was 9 (1-13) d[92]. Compared to
the 26 matched patients who did not receive LT (control
group), patients receiving LT had a significantly better
outcome at 1 mo (77% ± 9% vs 25% ± 8%, P < 0.001)
and at 2 years (73% ± 8% vs 23% ± 8%, P < 0.001).
Patients receiving LT had survival similar to patients responding to steroid treatment (78% ± 8% vs 83% ± 4%,
P = 0.33)[92]. As can be seen, the majority of deaths in the
control group occurred within the first month, indicating
the importance of transplanting these patients early without waiting for the 6 mo abstinence requirement. Three
patients resumed alcohol intake at 720, 740, and 1145 d
after LT. The first two patients reported harmful drinking of 30 g/d and > 50 g/d of alcohol respectively, while
the 3rd patient was consuming a lower amount, about 10
g/wk. However, recidivism in this study was self-reported
which is known to be frequently inaccurate[92]. None of
the patients lost the graft due to alcohol use. However,
three of the 6 deaths in this study were due to invasive fungal infections. This is unlikely to be due to preexisting infections as all these patients were undergoing
daily rigorous infection work-up prior to LT. Prospective
studies are required to evaluate strategies of immune suppression for preventing fungal infections. The authors
concluded that LT should be considered as a salvage option in select patients with severe alcoholic hepatitis who
do not respond to steroids. With the strict selection of
patients, only about 2%-3% of the original cohort with
alcoholic hepatitis was amenable to this treatment modality[92]. In the United States, nearly 50000 patients with
alcoholic hepatitis are admitted annually. Considering that
about 20% of these patients have severe disease, which
translates to about 200-300 patients who may qualify for
LT as a therapeutic option. However, any amendment in
the guidelines for liver transplantation in patients with
alcoholism may have an adverse impact on public preferences for liver-transplant allotment and may decrease
willingness to donate. However, this has not occurred in
response to transplantation being offered to patients with
fulminant hepatic failure due to self-inflicted acetaminophen poisoning, or in intravenous-drug users with acute
hepatitis B virus infection. Before implementing this in
routine practice, with the potential of adversely affecting the liver donor pool, more data are needed on larger
patient populations. Until then, there is a ray of hope for
patients with a first episode of alcoholic hepatitis who do
not respond to steroids and have excellent psychosocial
support systems.
Similar findings were reported in a retrospective study
using the UNOS database. In this study, 55 patients (mean
age 51 years, 76% males) received LT (2004-2010) for a
listing diagnosis of alcoholic hepatitis (median MELD
24[16-34]). The results were compared with 165 patients
(matched for age, gender, UNOS region, MELD score,
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and donor risk index), transplanted for alcoholic cirrhosis. There was no difference in the respective outcomes
at 1, 3, and 5 years for liver graft survival (87% vs 84%,
P = 0.58, 82% vs 77%, P = 0.47, and 75% vs 73%, P =
0.97) and patient survival (93% vs 88%; P = 0.33, 87% vs
81%, P = 0.33, and 80% vs 78%, P = 0.91)[93]. A higher
proportion of alcoholic hepatitis patients had concomitant HCV infection compared to the alcoholic cirrhosis
controls (27% vs 7%, P = 0.02). After controlling for
HCV and other recipient and donor factors, the graft and
patient survival was not different, with OR (95%CI) of
0.82 (0.41-1.63) and 0.7 (0.33-1.54) respectively[93]. Since
patients with alcoholic hepatitis have underlying alcoholic
cirrhosis in about 60%-70% cases, the outcomes were
also compared based on the explant diagnosis. A total
of 46 patients with an explant diagnosis of alcoholic
hepatitis were compared with 138 patients with an explant diagnosis of alcoholic cirrhosis, again the outcomes
were similar. Moreover, 11 patients with a listing as well
as explant diagnosis of alcoholic hepatitis compared to
33 patients with a listing and explant diagnosis of alcoholic cirrhosis had equivalent outcomes[93]. None of the
patients died or lost their graft secondary to alcohol use.
However, in addition to the drawbacks of a retrospective
study, this study was limited by the lack of information
on alcohol drinking history.

SUMMARY AND FUTURE PERSPECTIVES
In conclusion, alcoholic cirrhosis remains the second
most common indication for LT. Although, outcomes
are excellent in general, recidivism does impact longterm survival. Graft loss and recurrent alcoholic liver
disease rarely leads to mortality. However, the development of metabolic syndrome and de novo malignancy
contribute to the majority of deaths in the long term.
The emerging data on the beneficial role of LT provides
a ray of hope for select patients with alcoholic hepatitis
with the following characteristics: (1) first episode of
severe alcoholic hepatitis; (2) failure to respond to pharmacological approach; and (3) excellent psychosocial
support. However, certain unsettled issues need to be resolved. These include: (1) The current discrimination for
transplant evaluation and transplant listing of patients
with alcoholic cirrhosis; (2) physician and center based
barriers to liver transplant evaluation and listing; (3) accurate predictors independent of pre-transplant sobriety
duration for post-transplant relapse to heavy drinking;
(4) genetic factors in the donor graft that may protect
the recipient from recurrent disease despite relapse to
heavy drinking; (5) simple and accurate biomarkers for
use in clinical practice to detect recidivism with a long
window period; (6) cost-effective surveillance protocols
for early detection of de novo malignancy after liver transplantation; (7) creation of a prospective database on the
outcome of LT in patients with a first episode of acute
alcoholic hepatitis; and (8) development of better immune suppression regimens in these patients, especially
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in reducing invasive fungal infections.
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is to induce donor-specific tolerance. Numerous reports
have documented the phenomenon of microchimerism
in liver transplant recipients. Most have demonstrated
that higher levels of chimerism in liver transplantation
are associated with reduced incidence of acute rejection and better initial graft acceptance. Mechanisms involved in chimerism-induced tolerance have only been
partly elucidated. Chimerism can be induced through
transplantation of allogeneic donor bone marrow cells
under appropriate host conditioning and represents a
clinically feasible approach for the induction of durable
liver transplantation tolerance.
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Abstract
The liver has particular tolerogenic properties that allow
its spontaneous acceptance in some animal species.
Liver structure is considered to favor a tolerogenic environment. The peripheral tolerance mechanisms also
play a role in spontaneous tolerance to liver graft. In
a clinical setting, the main challenge nowadays facing
liver transplantation is minimization of immunosuppression with the goal of donor-specific tolerance. Mechanisms involved in tolerance to transplanted organs are
complex and partly unknown. A significant mechanism
in tolerance induction is chimerism. Chimerism can be
induced through transplantation of allogeneic donor
bone marrow/stem cells under appropriate host conditioning. This review focuses on the tolerance mechanisms in liver transplantation and highlights the role of
chimerism and allogeneic bone marrow/stem cell transplantation in tolerance development.

INTRODUCTION
The availability of non-specific immunosuppressive
agents has allowed liver transplantation to become an
established treatment of end-stage liver disease. With
the introduction of new immunosuppressants the incidence of acute rejection has considerably decreased, and
transplanted patient survival is now 83% and 70% after 1
and 5 years, respectively[1]. However, immunosuppressive
drugs broadly suppress the immune system, and their use
is associated with an increased risk of neoplasms, opportunistic infections, and end-organ toxicity[2,3]. Thus,
the main challenge nowadays facing liver transplantation
is minimization of immunosuppression with the goal of
donor-specific tolerance. Tolerance is defined as a state
of donor-specific hyporesponsiveness in the recipient
in the absence of immunosuppression[4]. Mechanisms
involved in tolerance to transplanted organs are complex
and partly unknown. This review focuses on the tolerance mechanisms in liver transplantation and to highlight

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Immunotolerance; Chimerism; Bone marrow transplantation; Stem cell transplantation; Liver
transplantation
Core tip: The liver is considered an immune privileged
organ. The main challenge facing liver transplantation
WCG|www.wjgnet.com

3205

January 28, 2014|First Edition|

Wu SL et al . Chimerism in liver transplantation

the role of chimerism and allogeneic bone marrow/stem
cell transplantation in tolerance development.

centage of non-conventional lymphocytes-which only
rarely are found in peripheral blood-in the liver graft may
also play a relevant role in the induction of tolerance[22].
Natural killer (NK) cells represent up to 30%-40% of
liver lymphocytes, but only 10%-15% of peripheral
mononuclear cells. Liver NK cells contain perforin and
granzymes, exert stronger cytotoxicity against K562
target cells when compared with blood NK cells, and secrete interferon (IFN)-γ, but no IL-10 or Th2 cytokines,
upon stimulation with monokines. Liver NK cells seem
to emit negative signals to the host T cells upon their migration into the liver following liver transplantation, thus
contributing to liver graft tolerance[23].
The peripheral tolerance mechanisms also play a
role in liver graft spontaneous tolerance. Bishop et al[24]
demonstrated after liver transplantation that a large number of donor leukocytes rapidly migrate to secondary
lymphoid organs and stimulate production of IL-2 and
IFN-γ by host CD4+ cells, which then become depleted
and subsequently undergo apoptosis.
A distinct subset of T cells that play an important
role in peripheral regulation is natural T regulatory cells
(Tregs). They constitutively express CD25, and constitute
5%-10% of peripheral CD4+ T cells in healthy mice and
humans. The CD4+/CD25high Tregs are best recognized
by expression of the transcriptional regulator forkhead
box (Fox)P3[25]. Dieckmann et al[26] showed that human
peripheral blood CD4+CD25+ Tregs can suppress allogeneic responses through soluble mediators such as IL-10
and/or transforming growth factor-β. It was recently
found that peripheral blood CD4+CD25+Foxp3+ cells increased in patients with liver grafts and might contribute
to spontaneous tolerance[27].
Compared with peripheral tolerance, central tolerance phenomena occur primarily in the thymus. So far,
two experimental approaches exist in murine models that
may generate highly stable central tolerance to allogeneic
thymus transplantation or bone marrow transplantation
(BMT). Induction of mixed chimerism through transplantation of allogeneic donor bone marrow/stem cells
under appropriate host conditioning, is one of the most
reliable strategies to induce transplantation tolerance and
has been used in clinical practice[28]. Next, we focus on
the mechanisms and applications of chimerism induced
by allogeneic bone marrow/stem cell transplantation in
tolerance introduction in liver transplantation.

LIVER AS A PRIVILEGED IMMUNE
ORGAN
It is generally recognized that after clinical liver transplantation, the incidence of chronic rejection is lower
than after transplantation of other organ grafts. Among
animal species such as pigs, and selected rat and mouse
combinations, liver transplants may be performed with
no immunosuppression[5-7]. In selected patients with liver
transplantation, immunosuppressive therapy can be withdrawn without occurrence of graft rejection[8-10]. Furthermore, co-transplantation of a liver allograft can prevent
rejection of other organ grafts from the same donor[11,12].
The transplanted liver may even behave as an immunosuppressor when transplanted to animals suffering rejection after pancreas transplantation[13]. Liver allografting
also reverses ongoing rejection of the heart[14]. All of
these facts had led people to consider the liver to be an
immunologically privileged organ that may be tolerated
with less immunosuppression after transplantation, and
immunosuppressants can sometimes even be completely
withdrawn[15].

TOLERANCE MECHANISMS IN LIVER
TRANSPLANTATION
The mechanisms responsible for this relative tolerogenicity of the liver have only been partially elucidated, and
liver structure is considered to have major implications
for hepatic immune function. The liver is a place where
gastrointestinal tract antigens and alloantigens in transplanted liver are presented to lymphocytes through a
complex network of sinusoidal cells and antigen presenting cells (APCs)[16]. The context in which liver-resident
antigens are presented to T cells favors a tolerogenic
environment. Liver sinusoidal endothelial cells (LSECs)
have a unique phenotype expressing myeloid cell markers
(CD1, CD4 and CD11c), similar to immature dendritic
cells (DCs). LSEC-activated CD4+ lymphocytes cannot
differentiate into T helper (Th)1 [interleukin (IL)-2-producing] cells, and express high immunosuppressive IL-10
levels[17]. Besides, LSEC-stimulated CD8+ lymphocytes
cannot respond to new antigenic stimuli[18].
A recent study demonstrated that the liver capacity to
induce tolerance partly results from in situ T-cell activation. It is well known that hepatocytes, as non-professional
APCs, may play key roles in regulating immune responses
and facilitating tolerance induction[19]. Warren et al[20]
showed intrahepatic lymphocytes and circulating naïve
CD8+ cells could interact with hepatocytes by means of
cytoplasmic extensions capable of going through LSEC
fenestrations. This local activation of T cells by hepatocytes provides the latter with a significant role as APCs
and induces tolerance development in the liver[21].
A number of observations indicate that a high per-
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CHIMERISM
Chimerism can be defined as a phenomenon in which
cells from one individual are present in another individual. Two types of chimerism have been described: microchimerism and microchimerism. Microchimerism usually
occurs when bone marrow/stem cells are transplanted
in a conditioned recipient and the donor pluripotent
hematopoietic stem cells (HSCs) engraft in the recipient
and produce all its lineages, including the donor immune
system. Microchimerism arises as a result of migration of
passenger leukocytes from a transplanted allograft into an
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unconditioned recipient and donor pluripotent HSCs do
not engraft, but alternatively hematopoietic-derived cells
from the donor organ are produced and migrate systemically. Consequently, not all stem-cell-derived lineages are
produced and low levels of donor cells are found in the
recipient’s blood[29].

cells may be stimulated to migrate from the allograft by
high local concentrations of tumor necrosis factor-α and
IL-1 secreted early after transplantation. Alternatively,
they may be mobilized or released by the organ procurement and reperfusion process. Cold preservation of liver
allografts may result in injury to adhesion molecules of
sinusoidal-lining cells, with the resultant sloughing of viable cells into the sinusoidal lumen[39]. Once donor stem
cells have engrafted, they coexist and develop together
with those of recipient origin giving rise to all hematopoietic cell types. Consequently, not only self-reactive
but also donor-reactive thymocytes are intrathymic ally
eliminated through negative selection, leading to a robust
state of tolerance. Billingham et al[30] have shown that the
induced tolerance is T cell mediated, and thymectomy of
recipient mice before establishment of mixed chimerism
results in failure to induce tolerance.
According to the concept of the two-way paradigm
proposed by Starzl et al[40], clinical organ transplantation
under immunosuppression involves a double-immune
reaction that has host-versus-graft as well as graft-versushost arms[41]. After transplantation, except for the migration of donor hematopoietic cells into host tissues,
protecting the allograft, the host’s own hematopoietic
cells also repopulate the allograft, protecting it from autologous alloreactive T cells[42]. Chimeric cells can either
be circulating or they can be integrated into the parenchyma, which was first described in transplanted organs in
1969[43]. Okabayashi et al[44] termed it reverse chimerism.
In their model, reduced-size livers of the DA rat strain
were transplanted into the allogenic green fluorescence
protein (GFP) + Lewis recipients. In this strain combination, a combination of tacrolimus and plerixafor led to
indefinite graft survival. Histological examination of the
grafts showed a surprisingly high percentage of the liver
parenchyma expressing GFP. This unexpected finding
suggests that the host’s HSCs were mobilized, repopulating the liver and converting to hepatocytes. In other
studies, chimeric endothelium and duct epithelium were
also found in transplanted livers[45,46]. Chimerism was also
reported in other transplanted organs: recipient-derived
endothelial cells were found in kidney grafts[47]; chimeric
cardiomyocytes and smooth muscle cells were found in
transplanted hearts[48]; and chimeric bronchial epithelium
and type Ⅱ pneumocytes were found in transplanted
lungs[49]. These results are of interest because of their potential clinical application in organ transplantation. It may
be conceivable to perfuse a deceased donor allograft with
recipient stem cells pretransplantation, thus reversing chimerism and inducing transplantation tolerance.

CHIMERISM AND TOLERANCE IN LIVER
TRANSPLANTATION
Tolerance induction with live donor leukocytes became
the bedrock of modern transplantation after its first description in mice[30]. Numerous reports have documented
that mononuclear cells of donor type migrate out of
the graft after transplantation of solid organs and these
cells can persist in the recipient over several years, thus
leading to allogeneic microchimerism[31]. Jonsson et al[32]
prospectively investigated the peak levels and kinetics of
donor leukocyte chimerism in human recipients following liver transplantation. The peak levels of chimerism
were observed within the first 48 h following transplantation and ranged from 0.15% to 20% of total peripheral
blood mononuclear cells. In almost all patients, there
was an early peak level of chimerism that declined over
time such that donor leukocytes were only intermittently
detectable after 3-4 wk. In another study, Verdonk et al[33]
prospectively collected blood samples of 21 liver transplant recipients up to 3 mo after transplantation. They
found donor chimerism in 71% of their liver transplant
recipients and chimerism was most frequently found in
the first month after transplantation. However, by polymerase chain reaction (PCR) for donor type DNA sequences, microchimersim has been described to be present in patients > 10 years after liver transplantation. Some
of these patients were off immunosuppressive treatment
for various periods of time and all had good graft functions[34]. Stable levels of donor chimerism, in the absence
of other major clinical events, may be a marker of transplantation tolerance, and may help to tailor immunosuppressive treatment in liver transplantation[35]. As low as 1%
donor chimerism is sufficient to induce robust tolerance
to donor-specific organs, cells, and tissues[36].
So far, the mechanisms of induction of tolerance by
microchimerism are still a matter of speculation. It has
been suggested that donor leukocytes of bone marrow
origin present in organ grafts represent a functional part
of the donor immune system that is incorporated into
the recipient’s immune system, and a new hybrid immune
system is thus established in the recipient and reciprocal
bidirectional donor:host tolerance results[37]. Starzl et al[38]
make a strong argument that allogenic microchimerism,
in which the donor passenger leukocytes migrate widely
into the recipient’s lymphoid tissues, is essential for the
maintenance of clonal exhaustion-deletion that is induced by the initial flood of passenger leukocytes during
the first few weeks after transplantation, and the survival
of passenger leukocytes is associated with long-term acceptance of the graft. It is not known what determines
the release of donor leukocytes from the graft. These
WCG|www.wjgnet.com
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next step is to augment it. Chimerism can be induced
through transplantation of allogeneic donor bone marrow/stem cells under appropriate host conditioning. To
surmount physiological and immunological barriers for
successful bone marrow cell (BMC) engraftment, various
myeloablative or nonmyeloablative conditioning protocols have been developed involving the global elimination
of recipient T cells[50]. Myeloablative irradiation leads to
complete destruction of the hematopoietic repertoire of
the host, which is then reconstituted by donor BMCs.
Apart from the toxicity of this approach, full donor chimerism is associated with a higher incidence and severity
of graft-versus-host disease and some degree of immunoincompetence for primary immune responses, and is
therefore clinically undesirable[51]. Mixed chimerism can
be achieved by nonmyeloablative doses of total body
irradiation (TBI) combined with different medication
protocols to overcome pre-existing alloreactive T cells in
the periphery. Rahhal et al[52] prepared mixed chimeras by
transplanting 108 T-cell-depleted allogeneic BMCs into
Wistar Furth rats recipients conditioned with 300-600
cGy TBI. An 11-d course of tacrolimus and one dose of
antilymphocyte serum were administered postoperatively.
Mixed chimerism was initially achieved in almost all recipients and induced long-term acceptance of composite
tissue allotransplants. Co-stimulation blockade, consisting
of an anti-CD154 monoclonal antibody and the fusion
protein cytotoxic T-lymphocyte antigen (CTLA)4-Ig inhibits CD40-CD40L and CD28-CD80/86 interactions
between T cells and (allo)antigen-presenting cells[53]. Pree
et al[28] outlined a nonmyeloablative murine BMT protocol
including 3 Gy TBI on day 1, a conventional dose of fully
mismatched BMCs on day 0, plus a single dose injection
of anti-CD154 on day 0 and administration of CTLA4Ig on day 2. With this protocol, high levels of mixed
chimerism (20%-90%) in all tested lineages is induced
and maintained for the length of follow-up, and donor
skin is accepted permanently in the majority of chimeras,
whereas third party skin is rejected promptly.
In humans, BMT-induced mixed chimerism has been
shown to confer acceptance of donor-specific skin[54] and
kidney allografts[55] without long-term immunosuppression. Similar results were also observed in the field of liver transplantation. In a pilot study in 1997, donor peripheral blood stem cell (DPBSC) infusions were performed
in three recipients of living-related liver transplantation
(LRLT). The results, at 20 wk post-transplant, suggested
that the levels of donor cells detected in LRLT recipients
treated with DPBSC infusions may be higher than that
in recipients of cadaver donor liver allografts, indicating that administration of DPBSCs to recipients of liver
transplants is a feasible procedure[56]. Since then, many
human trials of HSC infusion before or after liver transplantation have been performed and tolerance induction
observed in the patients[57-59]. Tryphonopoulos et al[60]
perioperatively administered to liver transplant recipients
unmodified cadaveric donor bone marrow infusions (DBMIs) (5 × 108/kg) in order to enhance chimerism. They
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found that patients who had DBMI tolerated withdrawal
of tacrolimus or cyclosporine-based immunosuppression
more often and had 5-6-fold more chimerism. Donckier
et al[61] reported three patients prospectively enrolled in an
original protocol designed to promote graft acceptance
in living donor liver transplantation. The protocol relies
on the use of donor stem cells administered after liver
transplantation as tolerogenic/suppressive cells[62]. Posttransplant immunosuppression and conditioning included
steroids, rapamycin and antithymocyte globulin. Donor
CD34+ stem cells were infused 7 d post-transplant. The
clinical observations demonstrated that donor stem cell
infusion combined with recipient conditioning may allow
early immunosuppression withdrawal or minimization
after liver transplantation.
All of these studies provide hope for liver transplant
recipients to be off drugs for the rest of their lives. However, researchers have cautioned that only the healthiest
patients will be able to withstand the conditioning regimens that allow donor stem cells to engraft, and for the
comprehensive application of bone marrow/stem cell
transplantation in solid organ transplantation, there is still
a long way to go[63-66].
Establishment of chimerism in donor liver with
recipient-type BMCs prior to liver transplantation is
another strategy to induce tolerance to the liver graft.
Sanada et al[14] established chimerism in rat donor liver by
intraportal injection of recipient-type BMCs, followed by
intramuscular administration of FK506 for 5 d. At 1-2
mo later, livers were harvested and transplanted. No immunosuppressants were used. They found that with livers
from rats pretreated with recipient-type BMCs, survival
of liver allografts was significantly extended. However,
the significance of reverse microchimerism in liver transplantation is still controversial. In a recent study, Aini
et al[67] compared the proportions of recipient-derived
hepatocytes in long-term stable liver allografts and late
dysfunctional allografts caused by chronic rejection. They
found that hepatocyte chimerism was a constant event.
However, the extent of engraftment of recipient-derived
hepatocytes does not seem to correlate with the degree
of hepatic injury in long-term liver allografts. More importantly, this protocol cannot itself be applicable to
clinical allotransplantation because it needs donor preparation long before liver transplantation.

SUMMARY AND CONCLUSION
The liver has particular tolerogenic properties that allow
its being spontaneously accepted in some animal species. Liver structure is considered to favor a tolerogenic
environment. The peripheral tolerance mechanisms also
play a role in liver graft spontaneous tolerance. A most
significant mechanism in tolerance induction is chimerism. The mechanisms of induction of tolerance by microchimerism are still a matter of speculation. Chimerism
can be induced through transplantation of allogeneic
donor bone marrow/stem cell under appropriate host
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conditioning. In humans, BMT-induced mixed chimerism
has been shown to confer acceptance of donor liver allografts without long-term immunosuppression. However, recipients must be able to withstand the conditioning
regimens that allow donor stem cells to engraft.
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PROGRESS IN LIVER DISEASES

Liver diseases in pregnancy: Liver transplantation in
pregnancy
Ghassan M Hammoud, Ashraf A Almashhrawi, Khulood T Ahmed, Rubayat Rahman, Jamal A Ibdah
transplantation minimizes fetal exposure to high doses
of immunosuppressants. Pregnant female liver transplant patients have a high rate of cesarean delivery
likely due to the high rate of prematurity in this population. Recent reports suggest that with close monitoring
and multidisciplinary team approach, most female liver
transplant recipient of childbearing age will lead a successful pregnancy.
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Core tip: This review provides an up-to-date summary
of literature in the field of liver transplantation and
pregnancy. It outlines the outcomes of pregnancy prior
to and after orthotopic liver transplantation. Furthermore, it provides input on preconception counseling
for mothers contemplating pregnancy after liver transplantation, risks of immunosuppression, and safety of
breastfeeding.

Abstract
Pregnancy in patients with advanced liver disease is
uncommon as most women with decompensated cirrhosis are infertile and have high rate of anovulation.
However, if gestation ensued; it is very challenging and
carries high risks for both the mother and the baby
such as higher rates of spontaneous abortion, prematurity, pulmonary hypertension, splenic artery aneurysm
rupture, postpartum hemorrhage, and a potential for
life-threatening variceal hemorrhage and hepatic decompensation. In contrary, with orthotopic liver transplantation, menstruation resumes and most women of
childbearing age are able to conceive, give birth and
lead a better quality of life. Women with orthotopic liver
transplantation seeking pregnancy should be managed
carefully by a team consultation with transplant hepatologist, maternal-fetal medicine specialist and other
specialists. Pregnant liver transplant recipients need to
stay on immunosuppression medication to prevent allograft rejection. Furthermore, these medications need
to be monitored carefully and continued throughout
pregnancy to avoid potential adverse effects to mother
and baby. Thus delaying pregnancy 1 to 2 years after
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INTRODUCTION
Liver transplantation is considered to be the treatment
of choice for patients with advanced liver disease. Since
the first pregnancy in a transplant recipient in 1958, pregnancy in recipients of solid organ transplants has become
increasingly common. In the setting of decompensated
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cirrhosis, pregnancy is very uncommon as most women
are infertile and have anovulation and secondary amenorrhea. However, once liver transplantation is performed,
liver transplant recipients possess an improved quality of
life, their hormonal imbalance return to a normal state,
ovulation resumes and pregnancy may ensue if contemplated. The first successful pregnancy in a liver graft
recipient was reported in 1978[1]. Given the improving
success of liver transplantation over the past two decades
and decreasing levels of immunosuppression, most solid
organ transplant recipients lead happy and healthy lives
with an average 1-year survival rate of greater than 85%
for most indications.

MATERNAL AND FETAL OUTCOMES IN
PREGNANT FEMALE LIVER TRANSPLANT
RECIPIENTS
Most outcome data on pregnancy during and after liver
transplantation are obtained from the NTPR. The NTPR
was established in 1991 at Thomas Jefferson University
in Philadelphia, Pennsylvania, to study the outcomes of
pregnancies in transplant recipients in North America, including female transplant recipients and those fathered by
male transplant recipients. Since then many other reports
and case series have been reported and published. A retrospective study from a single institution evaluated a total
of 115 gestations in 37 women with liver transplant (LT)
and in 34 women with kidney transplant. The authors
found 81 (70%) of all gestations were successful, 15 (13%)
were terminated, and there were 19 (17%) spontaneous
abortions and 2 (2%) intrauterine deaths[8]. Deshpande
et al[9] reported in a systematic review and meta-analysis
outcome of 450 pregnancies in 306 LT recipients in comparisons with the general United States population as well
as kidney transplant recipients. The post-LT live birth
rate was higher than the live birth rate for the US general
population (76.9% vs 66.7%, 95%CI: 72.7%-80.7%). The
post-LT miscarriage rate was lower than the miscarriage
rate for the general population (15.6% vs 17.1%, 95%CI:
12.3%-19.2%). Moreover, these rates were similar to the
post-kidney transplant rates. The rates of pre-eclampsia,
cesarean section delivery and preterm delivery were higher
than the rates for the US general population (21.9% vs
3.8%, 95%CI: 17.7%-26.4%; 44.6% vs 31.9%, 95%CI:
39.2%-50.1%; and 39.4% vs 12.5%, 95%CI: 33.1%-46.0%)
respectively. Moreover, these rates were lower than those
for post-kidney transplant recipients. The overall mean
birth weight for newborns of LT recipients was less than
the birth weight for the United States general population
(2866 g vs 3298 g). More notably, the authors found that
the mean gestational age and mean birth weight seems
significantly greater for liver transplant versus kidney
transplant recipients and the risk of hypertension during
pregnancy seems also lower for liver transplant than kidney transplant recipients[9]. In another recently published
study by Alvaro et al[10] from a single center in Spain, the
authors analyzed the impact of pregnancy among 1341
liver transplant recipients from April 1986 to April 2011.
Thirty pregnancies commenced among 18 liver transplant
recipients during the follow-up. Sixteen patients (88%) became pregnant beyond a year after orthotopic liver transplantation. The post-LT live birth was 66.6% and the
post-LT abortions were 26.6%. There were no maternal
deaths encountered during pregnancy or the postpartum
period. However, fetal deaths were observed in 6% of
LT recipients. The most common maternal complications
during pregnancy were preeclampsia (15%), viral reactivation (15%), acute rejection episodes (10%), infections
(10%), and high blood pressure (5%)[10]. Table 1 shows a
summary of maternal and fetal outcomes in female liver
transplant recipients from selected reports and studies[11].

PATHOGENESIS
Women with decompensated liver disease commonly
have menstrual dysfunction. In fact, menstrual abnormalities may be the first signs of chronic liver disease
in females with chronic liver disease. In cirrhotic state,
hypothalamic-pituitary dysfunction is associated with
an inadequate response to the gonadotropin-releasing
hormone agonists and clomiphene citrates as well as diminished gonadotrophin release relative to the reduced
levels of circulating sex steroids[2]. Furthermore, serum
levels of estradiol and testosterone are increased in patients with portosystemic shunts. Thus pregnancy in
decompensated cirrhosis is very uncommon. Obstetrical
syndromes associated with transplantation may depend
on several factors such as defective deep placentation,
underlying maternal diseases, uterine vascular bed and
effect of immunosuppressive therapy on uteroplacental
arteries[3]. Reports from the the National Transplantation
Pregnancy Registry (NTPR) revealed that immunosuppressive medication is associated with an increased risk
of miscarriage, prematurity, intrauterine growth retardation, and low birth weight[4].

MATERNAL AND FETAL OUTCOMES IN
PREGNANT FEMALE PATIENTS WITH
ADVANCED LIVER DISEASE
Pregnancy is associated with increase in portal pressure.
During pregnancy, a hypervolemic state develops leading to an increase in portal flow and elevation of portal
venous pressure transmitted to the collateral veins with
increased risk of esophageal variceal bleeding[5,6]. The
outcome of pregnancy in 339 patients with cirrhosis was
reported in a large population-based study from 1993 to
2005[7]. Maternal and fetal mortality were much higher
than the general population (1.8% vs 0%, P < 0.0001; 5.2%
vs 2.1%, P < 0.0001) respectively. The rate of hepatic decompensation occurred in 15% and patients with cirrhosis were more likely to deliver by cesarean delivery (42%
vs 28%; adjusted OR = 1.41; 95%CI: 1.06-1.88). Similarly,
the spontaneous abortion rate in cirrhotic patients is approximately 15%-20%.
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Table 1 Summary of important fetal and maternal outcomes in liver transplant recipients from selected publications
Author, reference, number

Live birth

of pregnancies
Nagy et al[12], n = 38
Jain et al[13], n = 49
Armenti et al[14], n = 205
Christopher et al[15], n = 71
Dei Malatesta et al[16], n = 285
Sibanda et al[17], n = 16
Coffin et al[18], n = 206
Jabiry-Zieniewicz et al[19], n = 39
Dashpande et al[9], n = 450

rate (%)
63
100
73
71
78
69
70
100
76.9

Alvaro et al[10], n = 30

66.6

Preterm (%)
29
4
35
NA
31
50
27
31
39.4

Graft

Cesarean

dysfunction (%) section rate (%)
17
46
25
47
7
35
17
40
10
43
NA
62
5
38
8
80
NA
44.6

NA

10

42

Spontaneous
abortions (%)
NA
0
19
19
NA
13
5
0
6.2 (including
intrauterine
fetal death)
26.6

Low birth weight Maternal/neonatal
< 2500 g (%)
17
9
34
20
23
57
NA
20
NA

deaths (%)
17/0
10/6
/0
4/0
/4
NA
0/6
/0
NA

NA

0/6

NA: Not available.

potential infection complications. Furthermore, oral
contraceptives did not appear to impair liver function or
glucose metabolism after its introduction within 6 mo to
7 years post transplantation[23].

Table 2 Food and drug administration pregnancy categories
of common immunosuppressive therapy
Medicine

Pregnancy category

Corticosteroids
Azathioprine
Cyclosporin
Mycophenolate mofetil
Tacrolimus
Sirolimus

B
D
C
D
C
C

IMMUNOSUPPRESSION IN LIVER
TRANSPLANT PREGNANT RECIPIENTS
There is no consensus on the optimal maintenance regimen for transplant recipients. The use of immunosuppressive therapy after liver transplantation is unavoidable.
Therefore, women planning to conceive after transplantation should be counseled about the risks such therapy
may pose on them and their fetuses. All immunosuppressive medication cross the placenta and enter fetal
circulation and could potentially have deleterious effects
in utero. Despite the fact that immunosuppressive agents
such as Azathioprine, Cyclosporine, and Mycophenolic
acid, were teratogenic in animals, the risk of birth defects was not statistically different between those who
received immunosuppressive medications and those who
did not. Birth defects have been reported with Calcineurin inhibitors[8,12,19]. Renal dysfunction and rates of preeclampsia appears higher with cyclosporine therapy[12,24].
No matter what immunosuppressive therapy is chosen
based on maternal allograft function and laboratory assay, patients treated with either calcineurin inhibitors
cyclosporine or tacrolimus should have serial blood tests
in pregnancy to follow medication levels and to assess
hepatic and renal function while avoiding unnecessary
toxicity. Table 2 shows the food and drug administration
classification of risk of medication and their categories
in pregnancy[25].

PRECONCEPTION COUNSELING
Pregnancy after liver transplant should be considered as a
high-risk pregnancy and should be monitored closely by
a team of a transplant hepatologist and experts in obstetrics and fetal medicine. Female liver transplant recipients
who are planning of becoming pregnant should be counseled on optimal timing of pregnancy, mode of delivery
and risks associated with immunosuppressive therapy.
Furthermore, they should also be counseled on methods
of contraception if pregnancy is not contemplated. Immunosuppressive agents are at their nadir one-year post
liver transplantation and thus risk of allograft rejection
is low. Furthermore, renal and liver functions tend to
stabilized during that period and thus it is ideal to delay
pregnancy till patient is on a maintenance immunosuppression 1 to 2 years after transplantation to minimizes
fetal exposure to high doses of immunosuppressants[14,20].
As per mode of delivery, vaginal delivery appears to
be safe. However, high rates of cesarean section have
been reported in female liver transplant patients (45.8%[12],
71%[21], 35%[22], 38%[18] and 44.6%[9]) signifying the high
rates of prematurity in this population. It is not known
whether a particular immunosuppressive therapy is associated with increased rate of cesarean section. If pregnancy is not contemplated in young females of childbearing age, contraceptive method is advised particularly in
the first few months post liver transplantation. Barrier
methods possess low risk of systemic side effects. Intrauterine devices are generally discouraged due to their

WCG|www.wjgnet.com

BREASTFEEDING IN FEMALE LIVER
TRANSPLANT RECIPIENTS ON
IMMUNOSUPPRESSIVE THERAPY
The American academy of pediatrics advises that breast-
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feeding mothers can use prednisone and other glucocorticoids safely. Infant exposure to tacrolimus in milk
is very low and that maternal tacrolimus therapy may be
compatible with breastfeeding. Data collected from the
NTPR indicated no adverse outcomes in infants who
were breastfed during maternal cyclosporine use. There
is insufficient evidence in the literature to suggest that
women taking azathioprine should refrain from breastfeeding. Nevertheless, mothers may be discourage to
breast feed in the first few months post transplantation
where immunosuppressive therapy is at high serum level.

10

11
12

CONCLUSION

13

Pregnancy after liver transplantation, although considered
a high risk pregnancy, has an acceptable outcome for
both mother and baby. With the return of fertility following transplantation, accurate family planning advice is essential. To date there is no evidence of specific structural
malformations among children born to female liver transplant recipients, but there appears to be increased risk of
prematurity and low birth weight after solid organ transplantation. Multidisciplinary team approach is of utmost
importance to ensure smooth pregnancy. The NTPR data
and others have revolutionized our understanding of the
outcomes of pregnancy in this high risk population. We
encourage physicians in the field to continue to report
their outcome to the transplant registry.
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Liver function impairment in liver transplantation and after
extended hepatectomy
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and portal vein ligation, has gradually come to light,
inducing remarkable hypertrophy of the healthy liver in
just a few days. Further studies are needed to confirm
this hypothesis and overcome one of the biggest issues in the field of liver surgery.
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Core tip: In this review we focus on the small-for-size
syndrome and post-hepatectomy liver failure, the most
feared complications of liver surgery, fundamentally
similar in pathogenesis and clinical manifestations,
occurring when the residual liver is not large enough
to accommodate the markedly increased portal vein
blood ﬂow. Our aim is to simplify a concept, which
has been a major concern in hepatic surgery for some
time. Many efforts have been and are being made to
overcome such an important problem in this field.

Abstract
Extended hepatectomy, or liver transplantation of
reduced-size graft, can lead to a pattern of clinical
manifestations, namely “post-hepatectomy liver failure” and “small-for-size syndrome” respectively, that
can range from mild cholestasis to irreversible organ
non-function and death of the patient. Many mechanisms are involved in their occurrence but in the recent
past, high portal blood flow through a relatively small
liver vascular bed has taken a central role. Therefore,
several techniques of inflow modulation have been attempted in cases of portal hyperperfusion first in liver
transplantation, such as portocaval shunt, mesocaval
shunt, splenorenal shunt, splenectomy or ligation of
the splenic artery. However, high portal flow is not the
only factor responsible, and before major liver resections, preoperative assessment of the residual liver
function is necessary. Techniques such as portal vein
embolization or portal vein ligation can be adopted
to increase the future liver volume, preventing posthepatectomy liver failure. More recently, a new surgical
procedure, that combines in situ splitting of the liver
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INTRODUCTION
The liver is a unique organ, capable of regeneration and
functional recovery after parenchymal injury. When the
volume is too small to satisfy the metabolic demand, the
liver loses this peculiar ability, resulting in delayed synthetic dysfunction with poor bile production, coagulopathy, prolonged cholestasis and intractable ascites, which
can lead to septic complications and high mortality. The
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term “small-for-size syndrome” (SFSS) was first[1] coined
in liver transplantation as a consequence of size mismatch between graft and recipient, an event occurring
especially in the setting of living donor liver transplantation (LDLT) or split liver transplantation[2], where the
use of partial grafts has gained worldwide acceptance to
overcome the shortage of cadaveric organs. However, the
same concept can also be applied to the field of liver resection, where patients with marginally resectable tumors
are at high risk of developing post-hepatectomy liver failure (PHLF)[3], a clinical manifestation comparable to the
SFSS.

of the studies regarding this topic come from the transplantation experience.
High portal blood venous flow (PVF) has gained a
central role in the pathogenesis of SFSS. Under normal
physiological conditions, portal vein blood flow accounts
for 75% of total hepatic inflow, or 90 mL/min per 100
g of liver tissue, while the hepatic artery contributes for
20%-25%[8]. The portal vein lacks intrinsic auto-regulation. Hence, after extended hepatectomy or transplantation of small grafts, the remnant liver is subjected to the
portal flow destined to a whole liver, through a reduced
micro-vascular bed[9]. Such a substantial increase of PVF
and shear-stress on sinusoidal lining cells is inversely
related to graft size. In > 75% partial hepatectomy,
PVF increases by more than twice the baseline values,
resulting in PHLF, with high morbidity and mortality[10].
Although shear-stress is considered to be a necessary
stimulus for hepatic regeneration[11], excessive forces can
be detrimental to both the function and survival of the
reduced-size organ: the result is damage of sinusoidal
spaces with release of inflammatory cytokines, responsible for progressive hepatocyte necrosis[12]. Pathological
findings include hepatocyte ballooning, tremendous mitochondrial swelling, irregular large gaps between sinusoidal lining cells, and collapse of the space of Disse[13].
Although portal vein pressure (PVP) is considered a
reliable predictor of graft failure[14], the latter and PVF
do not run parallel to each other; furthermore, the lack
of correlation between graft weight/recipient body
weight ratio (GRWR) and PVP has been investigated[15].
Blood flow regulation, which allows a steady rate of
hepatic perfusion, depends not only on the classical arterial intrinsic regulation but also on an inverse relationship between portal and hepatic arterial flow, also known
as hepatic arterial buffer response (HABR)[16]. When
the portal blood flow increases, this leads to an elevated
wash-out of adenosine levels in the space of Mall, contracting the hepatic artery[17]. Adenosine is unlikely to be
the sole vascular regulator and other vaso-active compounds may contribute to HABR[18]. The consequences
of such a diminished arterial blood flow manifest in the
peripheral circulation as a centrilobular microvesicular
steatosis or infarcts, or, in severely affected cases, as
ischemic cholangitis in the hilum[19]. Hence, the clinical
manifestations can range from mild cholestasis to liver
failure. However, the optimal rate needed to sustain liver
regeneration and function, without damage to the liver,
is still not known and further experimental studies on
animal models are needed.

DEFINITION
There is not full consensus about the definition of SFSS.
It was introduced in 1996 by Emond et al[1] and regarded
the clinical manifestation following transplantation of small
grafts in LDLT. The term SFSS on the basis of personal
working experience, and no threshold values of liver function tests, was suggested. In 2005, Dahm et al[4] proposed a
more precise definition. These authors described SFSS
after liver transplantation as the presence of two of the
following criteria recorded on three consecutive postoperative days: serum bilirubin > 100 μmol/l (6 mg/dl),
international normalized ratio (INR) > 2 and presence
of encephalopathy grade Ⅲ or Ⅳ. The small-for-size
syndrome usually occurs during the first postoperative week and is diagnosed after the exclusion of other
causes such as technical complications (e.g., arterial or
portal occlusion, outflow congestion, bile leak) and/or
rejection or infections (e.g., cholangitis, sepsis).
The same concept is applicable to the field of hepatic surgery, where extended resections can lead to the
development of PHLF. Many different definitions of
PHLF have been proposed in the literature[5-7]. In trying
to propose a more standardized definition, in 2011, Rahbari et al[7] suggested a simple and easily applicable definition of PHLF as a “postoperative acquired deterioration
in the ability of the liver to maintain its synthetic, excretory and detoxifying functions, which are characterized
by an increased INR and concomitant hyperbilirubinemia on or after postoperative day 5”. They differentiated
severity in three grades (A, B, C), according to whether
changes in clinical management of the patient or invasive treatments are required. It is of interest that even if
SFSS and PHLF can be viewed as the same manifestation of liver function impairment, the two terms and
their relative definitions are currently separated. It would
probably be of interest to join the two definitions into a
single one, but at present no suggestions, regarding this
topic, are present in the literature.

PREOPERATIVE PREDICTION
Hepatectomy remains the first curative option for neoplasms of the liver. The mortality rate after major liver
resections, i.e., the removal of three or more Coinaud
segments, ranges from 3% to 7% in non-injured liver
parenchyma and increases up to 32% in patients with
cirrhosis[20]. Thus, the extent of parenchymal resection

PATHOPHYSIOLOGY
The magnitude of the effect of increased portal flow
after hepatectomy on the development of PHLF, though
recognized, is currently not yet well established and most
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an increased risk of peri-operative mortality after hepatectomy[34]. Biopsy of the liver before surgery might be
helpful to assess the grade of steatosis or the histological
features of CASH, thus defining more precise windows
between drug administration and surgery.
Cholestasis impairs liver regeneration, and levels of
bilirubin above 2.9 mg/dl are related to a higher rate of
liver failure after major hepatectomy[35]. Nevertheless, the
use of preoperative biliary drainage is still controversial,
except for acute cholangitis or small FLR that are candidates for portal vein embolization[36], in which case biliary
drainage is highly recommended. Besides such patientrelated factors, others, like age > 65 years, male sex and
diabetes mellitus, are related to a high risk of PHLF[37].
Obesity is not per se a major predictor of liver failure[38].
In the setting of transplantation, liver volume assessment is represented by the GRWR or graft volume/
standard liver volume ratio (GV/SLV): in LDLT safe
thresholds are at least 0.8% of GRWR or 30%-40% of
GV/SLV[2,39,40], with greater values in patients affected
by portal hypertension or advanced chronic liver disease. There are reports on the successful use of smaller
grafts[41], but in association with some intraoperative
inflow modulations: a case report of a left lobe LDLT as
low as 0.34% of GRWR underwent splenectomy and did
not develop post-operative SFSS[42]. In liver transplantation, size is not always the sole factor responsible for
graft post-transplant liver function[43], because graft quality is likewise important in order to avoid liver dysfunction or other complications. Aside from basic requirements for donor livers, the following donor factors have
a negative impact on graft prognosis: age > 50 years,
prolonged intensive care unit stay > 5 d, hypernatremia,
prolonged cardiac/respiratory arrest and long ischemia
times, administration of high dosage of vasopressors,
severe systemic sepsis, steatosis > 30%, anatomic variations in vascular structure and, obviously, abnormal liver
function, particularly with elevated serum bilirubin and
gamma glutamyltransferase[44].
Prediction of SFSS and PHLF is feasible and is
based on the calculation of liver volume up to the assessment of liver function. Evaluation of patient status
can help to find the best candidate for surgery. In the
field of liver transplantation, donor characteristics also
have to be taken into account, defining which grafts are
at higher risk of developing SFSS than others. A list of
the above mentioned factors is shown in Table 1.

Table 1 Predictive factors of small-for-size syndrome and
post-hepatectomy liver failure
Liver volume

Liver function

Patient-related

Other

FLR/TLV
GRWR or GV/SLV

CHILD-PUGH
HVPG
ICG
MEGX[30]

CALI
Age > 65 yr[37]
Male sex[37]
Diabetes mellitus[37]

Cholestasis
Liver stiffness[31]
Donor factors[44]

FLR: Future liver remnant; TLV: Total liver volume; GRWR: Graft weightrecipient body weight ratio; GV: Graft volume; SLV: Standard liver
volume; HVPG: Hepatic vein pressure gradient; ICG: Indocyanine green
clearance; MEGX: Monoethylglycinexylidide; CALI: Chemotherapyinduced liver injury.

is an essential parameter in establishing both the operability of each patient and the risk of PHLF and this, to
date, is still a subject of debate, probably due to different methods of measurement, variability in the segment
volumetric distribution and degree of underlying disease.
The 3D volumetric computed tomography reconstruction allows preoperative calculation of the liver volume,
even of the single segments, and, more important, of the
future liver remnant (FLR). With a normal function, FLR
should range between 20% and 30% of total liver volume,
whereas smaller volumes are correlated with increase of
liver failure and infections[21,22]. Care must be taken when an
underlying liver disease pre-exists. In “injured” livers, (steatosis, cholestasis, fibrosis, cirrhosis or chemotherapy) the
FLR should be greater than 30%-40%[23]. Therefore, an accurate preoperative assessment of liver function is needed.
In patients with cirrhosis, the Child-Pugh score and
the hepatic vein pressure gradient are the two most important restrictive criteria in selecting candidates for surgery[24,25] even if they do not provide precise assessment
of liver resectability[26]. Metabolic tests based on the
detoxifying properties of the liver have the advantage
of providing a more reliable estimation of the hepatic
function, and they are based on quantitative measures.
Indocyanine green clearance is the most popular test[27],
especially in Eastern countries, where it constitutes the
pillar of preoperative algorithms for liver resection[28,29].
Other quantitative tests, such as the monoethylglycinexylidide[30] test, have led to good prediction of PHLF, but
they have gained less popularity and are not routinely
used. A simple and non-invasive method of measurement of liver stiffness (Fibroscan®) has recently been
gaining broad consensus for predicting PHLF in selected
patients[31], but further studies are needed to establish its
potential role in patient selection for surgery.
Chemotherapy-induced liver injury is common in patients that received chemotherapy for colorectal liver metastases, and the two typical patterns are sinusoidal injury
(sinusoidal obstruction syndrome) in oxaliplatin-based
regimens, and steatohepatitis (CASH), associated with
irinotecan treatment[32]. More than 6 cycles of oxaliplatin
need a longer time interval before major hepatectomy,
even though accountability for PHLF still remains a
matter of debate[33], whereas irinotecan is associated with
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ATTENUATING SFSS IN LIVER TRANSPLANTATION
In the presence of high portal blood flow and/or small
grafts (GRWR < 0.8%), several different technical flow
manipulations can be performed to overcome graft
hyperperfusion and reduce PVF, although there is no
full consensus about their indications: portocaval shunt,
mesocaval shunt, splenorenal shunt, splenectomy or ligation of the splenic artery. Boillot et al[45] reported the first

3219

January 28, 2014|First Edition|

Serenari M et al . Liver function impairment after hepatic surgery

successful mesocaval shunt with downstream ligation of
the superior mesenteric vein in a left lobe transplantation (GRWR of 0.61%), based on previous experimental
studies on pigs.
Hemi-portocaval shunt, i.e., anastomosis between
the left or the right portal branch and the inferior vena
cava in a permanent fashion, is advocated by Troisi et
al[10] whenever the PVF at reperfusion exceeds three-four
times the one recorded in the donor. None of the patients undergoing such a graft inflow modulation developed SFSS, with significant decrease of portal vein flow.
The effects of splenic flow diversion have been investigated in the presence of portal hypertension (PVP
> 20 mmHg)[15] and/or of portal hyperperfusion (PVF
> 250 ml/min per gram)[46]. However, when PVF exceeds 500 ml/min per gram, portosystemic shunt cannot be avoided.
Both splenic artery ligation (SAL) and splenectomy
can be performed and are comparable in terms of outcome and overall survival [47], although for the latter,
septic complications must always be taken into account.
Splenectomy is considered superior to SAL for the purpose of increasing white balance and platelet count after
LDLT, which is not achieved by SAL alone.
Splenic artery embolization represents a valid alternative to achieve portal decompression[48]. Furthermore,
a linear correlation between PVF and graft-to-recipient
spleen size ratio has been found, thus including the
spleen size as a likely predictor of post-transplant portal
hyperperfusion and SFSS[49].
Techniques of graft inflow modulation account for a
certain risk of steal phenomenon[50]: portal vein thrombosis, encephalopathy, septic complications or hampered
liver regeneration are described as principal side effects.
It remains an open question whether and when portosystemic shunts should be removed[51], since hypoperfusion, as well as hyperperfusion, can also be detrimental
for liver function.
According to the definition of Dahm et al[4], who
stated that SFSS should be considered as a distinct entity, outflow obstruction per se should be excluded as a
possible trigger, as it may reduce the hepatic function.
However, one of the most discussed topics concerns
the reconstruction of the middle hepatic vein (MHV)
in right lobe grafts, since congestion of anterior segments (Ⅴ-Ⅷ) may lead to graft dysfunction[52]. A graft
with inclusion of the MHV has been demonstrated to
be technically and physiologically superior, but the use
of this technique should be limited to selected cases in
LDLT due to an increased risk for donor safety[53]. For
MHV reconstruction, several transplant centers use various types of vascular grafts, with a predilection for large
caliber autologous vessels (i.e., the superficial femoral
vein), or also cryopreserved venous or arterial grafts[54].

future metabolic demand, a number of strategies can be
adopted to increase the liver volume, preventing posthepatectomy liver failure. Portal vein embolization (PVE)
has become the most standardized procedure due to
its safety and feasibility: it consists in the occlusion of
portal flow ipsilateral to the lesion, inducing hypertrophy in the contralateral lobe. Makuuchi et al[55] first used
this technique in 1982 to extend the limits of hepatic
resection, thus increasing the number of cases suitable
for curative surgery: in this early report, 14 patients
underwent pre-operative PVE followed by major liver
resection 6-41 d after embolization, with no occurrence
of postoperative liver failure. After almost 30 years, the
indications of PVE are still very poorly standardized:
many authors indicate a residual liver volume less than
30% of total liver volume or up to 40% in injured livers
as the critical threshold[56,57]. Surgery is usually performed
2-8 wk after PVE, with future liver remnant volume
increased by 10%-46%. From 70% to 100% of patients
who underwent PVE, hemi-hepatectomy or extended
hepatectomy could be performed. Following resection,
the perioperative morbidity and mortality was less than
15% and 0%-7%, respectively[58-60].
Portal vein ligation (PVL) represents a good alternative, although there are no controlled studies clearly
showing the superiority of PVE vs PVL. Portal vein ligation requires laparotomy and, furthermore, the volume
gain is often limited due to formation of collaterals between the two different lobes[20]. PVL is not considered
such a standardized and safe procedure as PVE, but
patients who are candidates for 2-stage hepatectomy
can benefit from this technique[61,62], recently adopted
in a new surgical approach aimed at enhancing and accelerating the regeneration of the remnant liver[63]. In
2009, Schnitzbauer et al[63] reported on a case series of 25
marginally resectable patients with massive involvement
of the right lobe by neoplastic nodules, on which an innovative 2-step technique was carried out. In the first
step, right portal vein ligation and in situ splitting of the
liver on the right side of the falciform ligament was performed; in the second step, after a median time interval
of 9 d, extended hepatectomy (right trisectionectomy)
was completed. The observed median increase in volume
of the left lobe was 74%, but morbidity and mortality
were significant (68% and 12%, respectively). Thereafter,
the so-called advanced liver partition and PVL for staged
hepatectomy, also known by the acronym ALPPS[64], has
spread to many centers worldwide: the obtained median
increase in volume ranges from 74% up to 87%, with
surgery usually performed 5-30 d after the first step.
However, mortality rates of 13%-22% are still reported[65-68]. Although the procedure is innovative and attractive, these latter figures make it imperative to increase
the number of patients treated with this strategy to better define its feasibility and limits[69].
In addition to the above, more studies are needed to
understand the exact mechanisms of hepatic regeneration, also through biopsy of the remnant liver before
and after hepatectomy, and measurements of portal flow

ATTENUATING PHLF IN EXTENDED
HEPATECTOMY
If the remnant liver volume is not sufficient to meet the
WCG|www.wjgnet.com
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and pressure should be provided. In fact, although the
preserved functional capacity of the hypertrophied remnant liver could be established with functional tests (e.g.,
indocyanine green clearance) and through the uptake of
99mTc dimethyl iminodiacetic acid[64], excessive portal
flow represents one of the main problems, determining
a possible discrepancy between the relevant increase in
volume and the amount of actually functioning parenchyma. de Santibañes et al[70], in 2012, claimed that the
diseased right hemi-liver, left in place, acts as an auxiliary liver to assist the future liver remnant for the first
and critical week after resection, but in true auxiliary
transplantation, both the portal and arterial flows to two
hemi-livers are maintained. Thus, contrary to auxiliary
transplantation, in which the growth and functional
recovery may progress harmonically with a real portal
flow modulation, this phenomenon is not certain after
extended hepatectomy with a small residual parenchyma.
In other words, how can this “beneficial” re-direction
of the entire portal flow to a “small-for-size” remnant
liver comply with established principles of portal flow
modulation in small-for-size transplantation? Research in
animal models clearly shows that a portocaval shunt has
a positive effect in attenuating liver injury after extensive
hepatectomy, suggesting that a slower regeneration following reduction of portal flow may be more advisable
than faster regeneration associated with temporary portal
hyperflow[71,72]. In this view, more insights on the mechanisms and features of liver regeneration are needed to
better understand the potential benefit of portal flow
modulation to prevent postoperative liver failure[64].

favoring post-transplant or post-hepatectomy liver function recovery, such as procedures of portal flow modulation.

PHARMACOLOGICAL INTERVENTIONS

2

CONCLUSION
Post-hepatectomy liver failure and small-for-size liver
syndrome can be viewed as two sides of the same coin,
since both of them can lead to an identical pattern of
clinical manifestations, that is cholestasis, impairment
of coagulation and development of ascites, and that can
range up to irreversible organ non-function and death
of the patient. Safe thresholds of remnant liver volume
differ between liver transplantation and after extended
hepatectomy, probably due to graft denervation, immunosuppressive therapy and severity of ischemia-reperfusion injury. However, preoperative assessment of liver
function and size is crucial, while intraoperative recording of hemodynamic changes, before and after hepatectomy or liver transplantation, should be mandatory in
order to perform inflow modulation, if necessary. Other
strategies, which include pharmacological perioperative
protection of the liver and stem cell injection, are being
explored, but further studies are needed before they can
be applied in the clinical field.
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Core tip: Transplanted alcoholic liver disease (ALD) patients who relapse have an increased long-term mortality due to cardiovascular pathologies and the onset of
de novo neoplasms, including lung and upper aerodigestive tract cancer. Nearly 40% of ALD recipients
resume smoking and resume it early post-liver transplantation (LT). Therefore, our pre-and post-LT followup efforts regarding alcoholic liver disease should be
focused not only on alcoholic relapse but also on treating and avoiding other modifiable risk factors such
as tobacco. The psychiatric and psychosocial pre-LT
evaluation and the post-LT follow-up with physicians,
psychiatrists and addiction specialists are important for
reversing these problems.

Abstract
Currently, alcoholic cirrhosis is the second leading indication for liver transplantation in the United States
and Europe. The quality of life and survival after a liver
transplantation (LT) in patients with alcoholic liver disease (ALD) are similar to those in patients with other
cirrhosis etiologies. The alcoholic relapse rate after a
LT varies from 10%-50%, and these relapse patients
are the ones who present a reduced long-term survival,
mainly due to cardiovascular diseases and the onset of
de novo neoplasms, including lung and upper aerodigestive tract. Nearly 40% of ALD recipients resume
smoking and resume it early post-LT. Therefore, our
pre-and post-LT follow-up efforts regarding ALD should
be focused not only on alcoholic relapse but also on
treating and avoiding other modifiable risk factors such
as tobacco. The psychiatric and psychosocial pre-LT
evaluation and the post-LT follow-up with physicians,
psychiatrists and addiction specialists are important for
reversing these problems because these professionals
help to identify patients at risk for relapse as well as
those patients who have relapsed, thus enabling responsive actions.
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INTRODUCTION
Excessive alcohol consumption causes approximately 2.5
million deaths per year and is responsible for almost 4%
of mortality worldwide. Alcohol has been associated with
nearly 60 types of diseases and is the third leading risk
factor for disease and disability worldwide. Furthermore,
excessive alcohol consumption contributes to multiple
social problems, including violence, child neglect and absenteeism[1].
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question, numerous studies that evaluated the quality of
life after LT have been performed[10-17]. However, it is
not easy to extrapolate the results of these studies due to
the heterogeneity of the post-transplantation follow-up
times and the instruments that were used to evaluate the
different spheres comprising the quality of life[10-17]. In
general, studies reveal a significant short-term improvement in the quality of life with no differences observed
between ALD and non-alcoholic liver disease [10-18].
Notably, although ALD patients seem less likely to be
involved in structured social activities during the postLT phase than the patients who were transplanted as a
result of other etiologies, the ALD patients return to
society to lead active and productive lives[19]. Few studies
analyzed the quality of life long-term. As a representative study, the study by Ruppert et al[17]. that included a
12-year follow-up after LT does not show a progressive
loss of quality of life in these patients after the first year
of LT[17].
Regarding job reinsertion, the age at the time of
the LT, the duration of the pre-transplant disability and
the physical and general health status of the patient are
the factors that correlate more with employment[14,20-22].
Globally, approximately half of the LT patients return to
work[20-22], with no differences between the ALD patients
and those with the remaining etiologies[15,23].

Table 1 Primary indication for liver transplantation in Europe
and the corresponding survival
Indication for LT
Alcoholic cirrhosis
Acute hepatic failure
Cirrhosis virus C
Cirrhosis viral C and alcoholic
Cirrhosis virus B
Hepatocarcinoma and cirrhosis
Cholestatic disease
Autoimmune cirrhosis
Hemochromatosis

Patients (n )
15019
6507
10753
1790
4187
9122
9114
1892
468

From 1988 to 2009
1 yr
86%
70%
80%
85%
83%
83%
87%
85%
76%

5 yr
73%
64%
65%
69%
74%
62%
78%
76%
66%

10 yr
59%
58%
53%
54%
68%
49%
70%
67%
53%

Adapted from the European Liver Transplant Registry [3]. LT: Liver
transplantation.

Alcoholic liver disease (ALD) is the main cause of
cirrhosis in Western countries and contributes to one
third of the mortality associated with liver cirrhosis. Furthermore, ALD is the second most common indication
for liver transplantation (LT) in the United States and
Western Europe[2-7], accounting for about 40% of transplants in Europe and 20% of transplants in the United
States[2-7].
If we analyze the medium- and long-term survival of
a transplant patient, there is no doubt that the recipients
with an alcoholic etiology have great results, with a European global 5-year survival rate of 73% and a 10-year
survival rate of 59%[2,3], rates that are superior to those
for recipients with other etiologies (Table 1)[3]. Therefore,
we can infer that ALD is a good indication for LT[7].
However, these excellent results are diminished when a
harmful alcohol consumption relapse occurs. These relapses and their possible consequences on the transplant
and on the survival and quality of life of the patient, as
well as possible actions to avoid relapses, are discussed
below.
An evidence-based approach was used for this review. MEDLINE search was performed to September
2013 using the following MeSH terms: liver transplantation, alcohol-related disorders, alcohol-induced disorders, drug abuse, substance abuse, tobacco, and neoplasm. Searches were limited to English language articles.
References of suitable articles were searched for other
appropriate articles.

ALCOHOLIC RELAPSE/RECIDIVISM
AFTER LT
We must recall that, although LT effectively restores the
physiological function of the liver and reverses the complications of portal hypertension, LT does not treat the
underlying alcoholism. Alcoholism is a life-long disease
that is often characterized by episodes of a relapsingremitting pattern of alcohol use despite the physical,
psychological and social consequences, wherein the probability of long-term sobriety becomes robust only after 5
years of sustained abstinence[24-26].
Dimension of the problem
Addiction specialists define relapse as the prolonged
resumption of heavy alcohol intake and distinguish this
harmful drinking behavior from so-called slips, which
are defined as sporadic drinking episodes followed by the
reestablishment of abstinence[27]. This definition of alcoholic relapse is in contrast to that by most transplant centers that consider any alcohol consumption after LT to be
unacceptable and define recidivism as any use of alcohol
after LT[28]. Most of these episodes of alcohol abuse are
effectively diagnosed with interviews and validated selfreporting questionnaires[29,30].
Reviews summarizing the post-transplantation alcoholic relapse rates note differences across studies ranging
from 10%-95%, likely due to several factors, including
variations in the study methodology, the definition and
assessment of relapse and the duration of the followup (Table 2)[28,31-60]. In general, the risk that alcoholic

QUALITY OF LIFE AFTER LT
Quality of life involves physical, mental and social wellbeing, including working life, and is considered a survival
indicator that even surpasses traditional indicators[8]. In
the cirrhotic patient, a decrease in physical, psychological
and intellectual capabilities occurs alongside liver function impairment[9]. Therefore, it is logical to believe that
those patients with advanced liver disease might have a
significant reduction in their quality of life. Therefore,
the question we might ask is the following: does LT improve the quality of life in these patients? To answer this
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follow-up over 7-8 years[27].
Being able to determine the threshold of initiation of
alcohol consumption after a liver transplant would be of
great clinical and therapeutic utility because this knowledge would allow us to plan specific interventions more
accurately. DiMartini et al[61] have described four different
patterns of alcohol consumption depending on the starting date, quantity and duration as follows: (1) Minimum
consumption over a long period; (2) Early consumption
that progresses rapidly to moderate consumption; (3)
Early consumption that progresses continuously to a
harmful consumption; and (4) Moderate consumption
with a late start. These results indicate that we should
maintain surveillance after the first year post-LT, despite
the fact that the rates for the initiation of consumption
generally attenuate over time post-transplantation, probably due to the increase in the stability of sobriety over
time[30].

Table 2 Alcohol relapse (any use) after liver transplantation
for alcohol liver disease
Ref.

Study design

[34]
Bird
Kumar et al[48]
Gish et al[42]
Knechtle et al[38]
Berlakovich et al[22]
Howard et al[45]
Krom et al[48]
Osorio et al[51]
Gerhardt et al[41]
Tringali et al[56]
Zibari et al[58]
Coffman et al[84]
Anand et al[31]
Everson et al[38]
Foster et al[40]
Lucey et al[50]
Stefanini et al[53]
Fabrega et al[39]
Tang et al[54]
Yates et al[57]
Gledhill et al[44]
Pageaux et al[75]
Pereira et al[13]
Burra et al[73]
Jain et al[79]
Dimartini et al[37]
Gish et al[43]
Mackie et al[28]
Bellamy et al[32]
Karman et al[57]
Bravata et al[93]
Pageaux et al[52]
Jauhar et al[86]
Cuadrado et al[36]
Bjornsson et al[35]
Kelly et al[85]
Pfitzman et al[83]
Karim et al[91]
Schmeding et al[60]
Rice et al[74]

Retrospective
Retrospective
Prospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Prospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Prospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Prospective
Retrospective
Prospective
Prospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective

Patients Year Follow-up Relapse
(n )
median or
rate
mean (mo)
18
1990
84
17%
52
1990
25
12%
29
1993
24
24%
32
1993 Not stated
13%
44
1994
78
32%
20
1994
43
95%
30
1994 Not stated
13%
43
1994
21
19%
41
1996
47
49%
58
1996
27
21%
29
1996 Not stated
7%
91
1997 Not stated
20%
39
1997
25
13%
42
1997 Not stated
17%
63
1997
49
21%
50
1997
63
34%
18
1997 Not stated
27%
44
1998
40
18%
56
1998
24
50%
43
1998
21
19%
24
1999
14
25%
53
1999
32
42%
56
2000
30
50%
34
2000
40
33%
185
2000
94
20%
36
2001
12
38%
61
2001
83
20%
46
2001
25
53%
123
2001
84
13%
49
2001
36
21%
313
2001 Not stated
32%
128
2003
54
31%
111
2004
44
15%
54
2005
99
26%
103
2005
31
33%
90
2006
67
31%
300
2007
89
19%
80
2010 Not stated
10%
300
2011
84
27%
300
2013
78
16%

Consequences
The impact of alcohol use on the patient is not entirely
clear. The available literature suggests that abusive drinking leads to a decrease in both graft and patient survival
and may also lead to the lack of therapeutic compliance.
Adherence to immunosuppressant medication: In LT,
adherence to the immunosuppressant treatment and any
other drugs medically prescribed is crucial for positive
short- and long-term results in the transplanted patients
because non-adherence to these measures might lead to
graft rejection and failure[62]. Reviews summarizing the
nonadherence rates post-transplantation note differences
across studies ranging from 3%-47%, probably due to
several factors, including variations in study methodology,
definitions and the small number of patients included in
the studies[63-65].
Therefore, we question whether the consumption or
abuse of substances pre-LT increases the risk of nonadherence to immunosuppressant treatment[63,66] and
whether an alcoholic relapse is associated with pre-LT
alcohol use[36,62,63]. Berlakovich et al[63] studied the effect of
alcohol consumption on adherence and found that the
patients who relapsed (15 of the 118 transplanted ALD
patients) had a non-adherence rate that was no different from that of the patients who did not relapse. This
finding was also demonstrated in a study performed in
our hospital, where there was no association between
the adherence to drug treatment and the presence or
absence of alcoholic relapse in a series of transplanted
ALD patients[36]. We believe that this concept is endorsed
by the meta-analysis of Dew et al[27], which showed a lack
of association. Specifically, these authors observed that
European studies presented a lower non-adherence rate
to immunosuppressant treatment compared to the North
American studies, despite presenting significantly higher
relapse rates of harmful alcohol consumption[27].
Thus, the lack of adherence seems to be linked to the
personality of the patient, the acknowledgement of their

recipients return to any alcohol use after LT is between
10%-50% with 8-year follow-ups[28,31-60]. More specifically,
between 20 and 50% of the patients who received a liver
transplant for end-stage ALD acknowledge some alcohol
use in the first 5 years after LT, and 10%-15% will resume
heavy drinking[28,55,59]. This finding compares favorably to
post-treatment relapse rates as high as 80%-95% in treatment studies of alcoholics without ALD[24].
In a meta-analysis performed in 2008 on the risk of
recurrence of substance use after solid organ transplantation that included 54 studies, 50 of which were on LT, it
was concluded that the relapse rate of alcohol consumption after LT was 5.6 cases per 100 patients/year, and the
relapse rate of excessive consumption was 2.5 cases per
100 patients/year[27]. Additionally, the authors concluded
that it was possible that these cumulative incidence rates
would become stable at some point that could not be established because few of the studies had a post-transplant

WCG|www.wjgnet.com

3227

January 28, 2014|First Edition|

Iruzubieta P et al . Alcohol and liver transplantation

significantly in the relapse patients (45.1% vs 85.5%), with
malignant tumors and cardiovascular events the main
cause of death in these patients (Figure 1)[36]. In addition,
tobacco consumption was observed in all the patients
with an alcoholic relapse and in only one quarter of the
abstemious patients, which might explain the higher mortality rate due to cardiovascular events and neoplasms in
these patients; this finding has been observed in other
studies, as will be discussed later. However, the transplanted ALD patients are potentially affected not only by
alcohol consumption but also by liver diseases with other
etiologies. This finding has been shown in a recent study
in which excessive alcohol consumption had a negative
impact on long-term survival after LT regardless of the
indication[82].
Despite these results, it is important to distinguish
from among the relapsers those who are “slip” drinkers (mild alcohol consumption that is usually isolated or
self-limited) and those who are “heavy” drinkers (a long
period of alcohol consumption with a loss of control)
because the former have a better survival rate compared
to the latter[83].

1.0

Probability of survival

0.9
0.8

Alcohol relapse
Yes
Yes-censored
Not
Not-censored

0.7
0.6
0.5
0.4

0

20

40
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80
100
Follow-up (mo)

120

140

160

Figure 1 Kaplan-Meier survival curves from patients with alcoholic liver
diseases, with or without alcohol recidivism[36].

disease, the complexity of the medical prescriptions, the
presence of family support and the doctor-patient relationship, more so more than to alcohol consumption[67,68].
Liver graft: Resuming alcohol consumption after LT
may damage the graft because of poor compliance with
immunosuppressive drug treatment and alcohol-related
liver injury. Graft loss from recurrent disease related to
alcohol use is rare[69,70]. Globally, graft dysfunction related
to relapse ranges from 0%-17%, although deaths related
to relapse range from 0%-5%[52,71]. There are few studies
on the severity of the liver lesions associated with alcohol
consumption after LT on ALD patients[60,72-74]. Rice et al[74]
found that alcohol relapse is associated with advanced
fibrosis on biopsy. In contrast, our histologic study revealed only mild hepatic changes directly attributable to
alcohol[36]. As reported by Pageaux et al[52,75], fatty changes
and pericellular fibrosis represented the most relevant
histological findings in patients who resumed heavy alcohol intake.
In contrast, several studies have shown that ALD LT
patients have a lower rejection risk compared to other LT
indications, suggesting an inhibitory effect of alcohol over
some components of the immune response[2,76-78]. We have
corroborated this finding and observed a lower incidence
of acute rejection among patients who relapse to alcohol
consumption compared to abstemious patients[36].

IDENTIFICATION OF THESE PATIENTS
Because of the above findings, it is important to identify
relapse patients, but it is more important to prevent this
relapse by identifying the patients at risk.
In order to predict the post-LT alcoholic relapse
risk with a high degree of accuracy, it is necessary to acknowledge the risk factors that have a strong correlation,
which has not yet been achieved. In this regard, numerous studies have identified factors related to the risk of
post-LT alcoholic relapse, such as alcohol dependence,
an age less than 40 years at the time of the transplantation, a lack of family and social support, a family history
of alcoholism, personality or psychiatric disorders, previous abstinence or substance abuse failures, younger age
at LT, and the refusal of further rehabilitation before the
LT[30,37,40,42,43,58,78,83-87]. However, this association has not
yet been corroborated in other studies[26,30,37,54,75,84-86]. For
this reason, Kotlyar et al[88] decided to perform a critical
review of the literature on LT in ALD candidates and
concluded that patients with a lack of social support,
active smoking, psychotic or personality disorders or
a pattern of nonadherence should be listed only with
reservation, and those who have a diagnosis of alcohol
abuse as opposed to alcohol dependence may make better transplant candidates. Finally, the most controversial
among these risk factors is the 6-mo pre-LT period of
abstinence, about which many studies have reported a
high predictive power regarding relapse[27,30,34,89-91], while
others have not found such a correlation[40,79,85,86,88,92].
Most LT centers in Europe and the United States
require a minimum of 6 mo of abstinence before being included in the waiting list. This common practice is
based on two points: first, the possibility of improving
liver function and possibly avoiding the LT, and second,

Long-term survival: Jain et al[79] observed that the 5-year
post-transplantation survival rate was significantly lower
for transplanted ALD patients compared to transplanted
non-alcoholic liver disease patients, mainly due to cardiovascular events and de novo neoplasms, especially of
the aerodigestive tract, which suggests that immunosuppression by itself is not an initiation factor for malignant
changes[80,81]. We reached a similar conclusion after we
evaluated the alcoholic relapse risk in a series of transplanted ALD patients and the influence of a relapse on
survival[35]. In our case, the 5-year survival rate was similar
between relapsers and non-relapsers (92.9% vs 92.4%, respectively), but after 10 years, the survival rate decreased
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compared to 26.7% of the general population of the
United States[111]. Regarding the candidates for LT, approximately 60% are smokers[112,113] and 15%-40% continue to smoke after the LT[112,114]. DiMartini et al[114] found
that nearly 40% of ALD recipients resume smoking and
resume it early post-LT, increase their consumption over
time and quickly become tobacco dependent. In a recent
meta-analysis, active smoking was revealed as one of the
major risk cofactors, independent of alcoholic relapse,
of long-term morbidity and mortality in transplant recipients, either from cardiovascular complications or
from de novo neoplasms[88]. This data was confirmed in
numerous studies[36,109,114-121]. In an interesting study from
a conceptual point of view, Herrero et al[122] showed that
smoking withdrawal after LT may have a protective effect against the development of neoplasia. In particular,
these researchers observed that patients with a smoking
history who continued smoking after the LT, presented a
hazard ratio of approximately 20 for the development of
neoplasms associated with tobacco (head and neck, lung,
esophagus, kidney and urinary tract carcinomas), while
the risk of developing these neoplasms was reduced significantly in ex-smokers[122]. Furthermore, as noted earlier, smoking is also a risk for cardiovascular disease, and
this is one of the most frequent causes of late mortality
after LT[36,123]. Pungpapong et al[113] found a higher rate of
vascular complications in LT recipients who had a history
of smoking. Those who quit smoking 2 years prior to the
transplantation reduced the incidence of vascular complications by 58%. Therefore, our pre- and post-LT followup efforts regarding ALD should be focused not only
on alcoholic relapse but also on treating and avoiding
other modifiable risk factors such as tobacco, not simply
because of what was discussed earlier, but because we
now acknowledge that tobacco is a risk factor for alcohol
abuse. In a recent study on mice, it was observed that
the rodents exposed to nicotine tended to ingest alcohol
more frequently than those that were not administered
such a substance due to a reduction in the dopamine response of the reward-response system in the brain, which
thus decreased the pleasurable response to alcohol[124].
Given all the above-mentioned observations, the establishment of control programs and post-LT interventions
could perhaps reduce the mortality in these patients, as
will be discussed below.

the higher alcoholic relapse rate reported in patients with
a period of abstinence less than 6 mo[51,93]. Both points
have been discussed. Veldt et al[94] demonstrated that
those with irreversible ALD were identified with 3 mo
of abstinence; out of 74 patients with a Child-Pugh C
liver function, the percentage of patients with improvement after 1, 2 and 3 mo of abstinence was 23%, 40%
and 66%, respectively, and the remaining 33% did not
show improvement at a 1-year follow-up. Furthermore,
it has not been proven that this 6-mo abstinence period
improves survival after LT[95]. Considering all of this, and
although improved post-LT abstinence rates have been
documented with a longer pre-LT abstinence period, a
cut-off point has not yet been established[30,40]. Therefore,
the pre-LT alcohol abstinence period could be shortened
for some patients because this factor by itself is a poor
indicator of post-LT relapse. In addition, some patients,
especially those with a high Model for End-Stage Liver
Disease score, have a considerable risk of mortality during the 6 mo abstinence period[96,97].
In conclusion, a thorough assessment by a trained
alcoholism and addiction professional, rather that defined
sobriety periods, should be the tool used to assess the future risk of alcoholic relapse in the alcoholic patient.

ALCOHOL AND TOBACCO
Patients who undergo LT have an unexpectedly high
rate of de novo extrahepatic cancer[98,99], including lung
and upper aerodigestive tract cancer[98,100,101], and studies
have reported that patients with ALD are particularly
affected[79,99,102]. Indeed, these tumors are known to be
associated with alcohol intake and smoking because the
carcinogenic or co-carcinogenic effects of smoking and
drinking might be enhanced by the post-LT immunosuppressive therapy[103]. The purported mechanisms of
alcohol-mediated oncogenesis are poorly understood, but
these pathways may involve the carcinogenic properties
of acetaldehyde and/or the inhibition of DNA methylation via the alteration of retinoid processing[104,105]. Saigal
et al[106] found that patients who underwent LT for ALD
appeared to have an increased risk of developing posttransplantation malignancies compared with those who
underwent LT for other liver diseases. These authors hypothesized that a tumorigenic action mediated by the immunosuppressive effect of alcohol on natural killer cells
could explain this observation. In fact, in the non-immunosuppressed population, alcoholism is associated with
an increased risk for several malignancies, including liver
and alimentary tract tumors[107,108]. Jain et al[79] observed a
higher rate of de novo oropharyngeal and pulmonary neoplasms in transplanted ALD patients than in those with a
non-alcoholic disease, similar to Duvoux et al[102], suggesting the presence of other initiators of malignant changes
in addition to immunosuppression. Among the identified
risk factors, alcohol and tobacco consumption were highlighted[98,99,109], data also obtained in our study[36].
Regarding tobacco, nearly 90% of alcoholics smoke[110],
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POST-LT FOLLOW-UP IN ALD
Several approaches have been evaluated to reduce alcohol
recidivism in alcoholic patients after LT, but there is no
standardized approach, and the available data are few and
often controversial. In some liver transplant centers, alcoholic patients are encouraged to attend support groups,
even if the data demonstrating the efficacy of such treatment in this cluster of patients are currently lacking. In a
pilot study, Georgiou et al[125] reported that psychological
interventions could be a valid approach to enhance motivation in these patients. However, this study was con-
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Patients with ALD

Pre-LT follow-up

LT

Post-LT follow-up

Liver disease

Liver graft

Alcoholism

Alcoholism

Liver transplant team: Medical and
surgical complications of liver disease
Psychiatrics and addiction specialists:
Identify patients at risk for relapse

Liver transplant team: Medical and surgical complications of liver graft
Identify and act on predisposing factors for the development of neoplasms:
Tobacco use
Solar exposure
Infections from oncogenic viruses
Identify relapse patients and patients at risk:
Assesment by a trained alcoholism and addiction professional
Independent caregiver report
Biochemical monitoring
[109,137,138,139,142]
Tumor screening protocols
Skin: Skin auto exam monthly
Head and neck: Consultation with an ear, nose, and throat specialist annually
Breast: Mammography every 2 yr
Colonoscopy every 10 yr
Kidney and urothelial: Urine exam and echography annually
Prostate: Prostate-specific antigen annually
Cervix cytology annually

Figure 2 Proposed pre- and post-liver transplantation follow-up in alcohol liver disease. LT: Liver transplantation; ALD: Alcohol liver disease.

ducted on a limited number of patients, and the efficacy
of this intervention on alcohol recidivism after LT was
not evaluated. Björnsson et al[35] evaluated the impact of
the management of alcoholic patients by addiction psychiatrists, social workers and tutors in the period before
LT and reported a 22% prevalence of alcohol recidivism
in the treated group vs 48% in the untreated group. The
presence of an alcohol addiction unit within a liver transplant center is not usual, but the study of Addolorato et
al[126] suggests that it could represent a useful approach
to reducing alcohol recidivism after LT. However, objective and accurate indicators of abstinence are required[127].
Direct detection in the blood or breath only assesses
alcohol intake within the preceding 10-12 h[39,128]. Carbohydrate-deficient transferrin (CDT) is an indirect marker
that reflects alcohol intake in the previous 1-4 wk[129,130];
however, the daily consumption of 60-89 g of ethanol
for a period of at least 7-10 d is required for a positive
result. Therefore, CDT is inappropriate for the detection
of low-to-moderate alcohol intake. Furthermore, wide
ranges in sensitivity and specificity of 46%-73% and
70%-100%, respectively, have been reported[131]. Nevertheless, a high rate of false-positives with the CDT test
has been reported, particularly in patients with severe
liver damage[131].
Currently, the determination of ethyl glucuronide
(EtG), a metabolic product of alcohol, either in the urine
or in the hair of patients offers a new, reliable possibility
for the detection of alcohol intake[132-135]. Urinary EtG
(uEtG) remains positive for up to 80 h after alcohol
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consumption and allows for the detection of very small
amounts of ethanol (uptake of < 5 g)[133,135] with a sensitivity and specificity of 89% and 99%, respectively[131].
However, positive uEtG tests may occur after the accidental consumption of foods containing alcohol, such as
chocolate, cake and others. To reduce this problem in the
transplant setting, a higher cut-off level for uEtG than
what is routinely used (> 0.5 mg/L instead of > 0.1 mg/
L) is recommended[132].
Furthermore, the detection of EtG in the scalp hair
of patients is a powerful tool for monitoring abstinence
over a retrospective period of up to 6 mo. Each hair segment of 1 cm in length reflects alcohol consumption
over a period of approximately 1 mo. The test has been
validated for a maximal hair length of 6 cm[135].
Thus, based on the above, we can infer that regular
monitoring after LT is critical for determining the ongoing abstinence from tobacco and alcohol and for providing treatment assistance when tobacco or alcohol use
are identified. Using a combination of methods (patient
interviews by a trained alcoholism and addiction professional connected to the transplant team, independent
caregiver reports and biochemical monitoring) provides
the greatest yield because every method can add to the
number of identified cases[27].
As we have discussed previously, patients who undergo LT have an unexpectedly high rate of de novo extrahepatic cancer[98,99], including lung and upper aerodigestive
tract cancer[100,102], and studies have reported that patients
with ALD are particularly affected[79,99,102]. Therefore,
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apart from identifying and acting on predisposing factors
for the development of neoplasms (such as tobacco use,
solar exposure and infections from oncogenic viruses),
intensive tumor screening protocols have been suggested
for these patients. Herrero et al[109] concluded that ALD
transplant patients, smokers or ex-smokers, should have a
further follow-up, including a low-radiation-dose thorax
computed tomography (CT) scan, a consultation with
an ear, nose and throat specialist and a urine exam, as
suggested by Benlloch et al[136], who recommend an annual head and neck cancer screening due to the high risk
of this type of cancer. However, only two studies have
shown that intensive screening protocols increase survival[137,138]. Therefore, at the present time, patient education,
mainly to avoid smoking and sun exposure, and periodic
clinical follow-ups continue to be the standard of care
regarding treatment[98].

4

5

6

7

CONCLUSION

8

In the last 10 years, ALD is the LT indication that has
seen the greatest increase in prevalence[3] as well as in
post-LT survival rate compared with other causes of liver
disease, although concerns over alcoholic relapse remain.
Even though less than 5% of grafts are rejected at 5 years
post-LT due to a direct or indirect consequence of alcohol
consumption[139], transplanted ALD patients who relapse
have an increased long-term mortality due to cardiovascular pathologies and the onset of de novo neoplasms.
Much has been discussed regarding the risk factors
for relapse, and the most controversial has been, and
continues to be, the pre-LT abstinence period. In view
of the foregoing, we can say that this period by itself
should not be a determining factor to include a patient
on the list because many other factors exist; therefore, a
good psychiatric and psychosocial evaluation that identifies and addresses such factors before and after the LT is
important[140,141].
The major incidence of de novo neoplasms in this type
of patient could be remedied with the detection of and
action on the predisposing factors for the development
of neoplasm in addition to the development of more
intensive programs for the detection of neoplasm; however, the efficacy of this approach must be demonstrated.
What we conclude is that the pre-LT evaluation and the
post-LT follow-up in ALD patients should be a multidisciplinary task that includes transplant specialists, psychiatrists and addiction treatment specialists (Figure 2).
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Core tip: The most appropriate treatment for Klatskin
tumor (KT) with a curative intention is multimodal
therapy based on achieving R0 resection combined with
other types of neoadjuvant or adjuvant treatment. In
irresectable non-disseminated KT patients, using liver
transplantation without neoadjuvant treatment, the
5-year survival rate increase to 38%, reaching 50% survival in early stage. In selected cases, with liver transplantation and neoadjuvant treatment (chemotherapy
and radiotherapy), the actuarial survival rate is 65%
at 5 years and 59% at 10 years. In conclusion, correct
staging, neoadjuvant treatment, living donor and priority on the LT waiting list may lead to improved results.

Abstract

Original sources: Robles R, Sánchez-Bueno F, Ramírez P, Brusadin R, Parrilla P. Liver transplantation for hilar cholangiocarcinoma. World J Gastroenterol 2013; 19(48): 9209-9215 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v19/
i48/9209.htm DOI: http://dx.doi.org/10.3748/wjg.v19.i48.9209

The most appropriate treatment for Klatskin tumor
(KT) with a curative intention is multimodal therapy
based on achieving resection with tumour-free margins (R0 resections) combined with other types of
neoadjuvant or adjuvant treatment (the most important factor affecting KT survival is the possibility
of R0 resections, achieving 5-year survival rate of
40%-50%). Thirty to forty percent of patients with
KT are inoperable and present a 5-year survival rate
of 0%. In irresectable non-disseminated KT patients,
using liver transplantation without neoadjuvant treatment, the 5-year survival rate increase to 38%,
reaching 50% survival in early stage. In selected cases, with liver transplantation and neoadjuvant treatment (chemotherapy and radiotherapy), the actuarial
survival rate is 65% at 5 years and 59% at 10 years.
In conclusion, correct staging, neoadjuvant treatment, living donor and priority on the liver transplant
waiting list may lead to improved results.

INTRODUCTION
The most appropriate treatment for cholangiocarcinoma
(CC) with a curative intention is multimodal therapy
based on achieving R0 resection combined with other
types of neoadjuvant or adjuvant treatment such as external radiation therapy or brachytherapy, systemic or
arterial chemotherapy, chemoradiation therapy and photodynamic therapy[1-10].
Thirty to forty per cent of patients with Klatskin tumour (KT) are inoperable and present a 5-year survival
rate of 0%. The other 60%-70% of patients may be
eligible for surgery, although some 15%-50% are nonresectable and have an identical prognosis to inoperable
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patients. In these non-resectable cases (due to spread to
the second-generation intrahepatic radicals), and providing there is no lymph node dissemination, liver metastases or extrahepatic spread, some authors classically have
proposed liver transplant (LT)[9]. The most important
factor affecting KT survival is the possibility of tumour
resection with tumour-free margins (R0 resections)[9,11-15].
The rate of resectability has increased over the last 20
years[16-22] as a result of several factors: (1) extending tumour resection to the hepatic parenchyma, especially caudate lobe resection[16-18], since bile drainage occurs at the
bifurcation of the hepatic ducts, performing extended
right-sided resections also increases resectability[9] and it is
often necessary to increase the residual liver volume with
portal vein[23,24] or arterial[16] embolization; (2) extending tumour resection to the pancreatic head, associating
a cephalic duodenopancreatectomy (CDP) to the liver
resection[16,25-30]. This technique has been used when performing both liver resection and LT[16,25-30]. Most authors
generally only consider CDP for KT when there is invasion of the lower biliary resection margin; (3) performing
vascular resections has led to higher rates of morbidity
and mortality, although it increases the possibility of resection and also of performing R0 resections[16]. Portal
vein resection does seem to increase the 5-year survival
rate, whereas hepatic artery resection does not appear to
increase survival but does increase postoperative morbidity and mortality; and (4) performing a lymphadenectomy
appears to be fundamental for achieving an R0 resection
by removing the lymphatic pathways of dissemination
and eliminating the frequent perineural dissemination
through the periduodenal and peripancreatic elements of
the hepatic hilum[31].

The survival rate was lower than with LT for other indications, and because of the scarcity of organs many centres considered LT contraindicated for KT. These poor
results have been related to three factors: (1) poor patient
selection, LT being indicated in patients with non-resectable tumours with biliary, portal and arterial invasion; (2)
not performing a preoperative exploratory laparotomy
and therefore many patients undergoing transplantation
with disseminated peritoneal disease (16% of the cases)
and affected regional lymph nodes; and (3) none of the
patients receiving neoadjuvant therapy.
The Spanish series[40] reported 36 LTs for KT over a
period of 18 years [3 of them associated with primary
sclerosing cholangitis (PSC)], with 52.7% recurrence and
8.3% postoperative mortality and 30% and 18% survival
at 5 and 10 years, respectively. In the early stages (stages
Ⅰ-Ⅱ) the survival rate was suitable for indicating LT
(47% at 5 years), whereas in very advanced stages (Ⅲ-Ⅳ)
it was only 15%. Despite the bad results (30% survival
at 5 years) we showed that a small group of patients undergoing LT with negative lymph nodes had prolonged
survival rates and that LT might therefore be an option
in carefully selected cases. Subsequently Kaiser et al[41], in
a similar study, presented their experience in Germany
and reported 47 patients undergoing transplantation for
KT, with a higher postoperative mortality rate (20%)
and a 5-year survival rate of 22%. As with the Spanish
series, when the selection criteria were strict (from 1998
onwards) the 5-year survival rate of the 15 transplant patients was 48% (P < 0.014). Friman et al[42] have reported
the Scandinavian experience with LT for CC and 20 of
the 53 patients in the series were KT. The same results
were reported as for the Spanish and German series, with
a 48% 5-year survival rate in patients with tumor node
metastasis (TNM) stages ≤ 2 who received transplantation from 1995 onwards (the rate of PSC in this series
was 64%, compared to 8% in the Spanish series). As
Friman et al[42] state, this survival rate was similar to that
obtained in some series with LT for hepatic cirrhosis secondary to C virus.
Some authors have compared resection with LT wi
thout neoadjuvant. Hidalgo et al[43] have reported 106
patients with KT, managing resection in 44 cases and
performing LT in 12. There were no differences between
resection and LT for sex, early stages, tumour size, lymph
node invasion (7 from the LT group were N1), differentiation grade, perineural invasion and vascular invasion.
There were also no differences for 5-year survival (28%
with resection vs 20% with LT). As in our series, the patients undergoing LT were much younger than those with
resection (P < 0.012). Factors of poor prognosis were
stages Ⅲ-Ⅳ, R1-2 resections, presence of lymph node
invasion and liver metastases, undifferentiated tumours
and vascular invasion. The Mayo Clinic in Rochester, in
a study published in 2005[44], compared 38 LTs selected
among 71 patients with the neoadjuvant protocol and 26
patients with liver resection from a total of 54 patients in
whom it was attempted (48% resectability). The authors

RESULTS OF LIVER TRANSPLANTATION
WITHOUT NEOADJUVANCY
The indications for LT in KT patients were not well
established due to the poor results reported in the literature, and each case needs to be analysed separately. When
the tumour was non-resectable and not disseminated,
palliative treatment obtains a zero 5-year survival rate but
LT may achieve complete R0 resection of the tumour[16].
Some authors associated a CDP to the LT [16,25-30] and
Starzl et al[32] and Alessiani et al[33] even extended the resection to neighbouring organs (cluster transplantation). The
drawback with LT is immunosuppression, which favours
the dissemination of tumour remains that might have
gone unnoticed, which is why the fundamental cause of
death following LT is usually abdominal tumour recurrence (occurring in 56%-96% of cases)[34-39]. The 5-year
survival rate in LT series for KT is 0%-38%[34-39] and did
not exceed 38% when it was more aggressive (cluster
transplantation)[32]. An example of these poor results was
published by the Cincinnati Transplant Tumour Registry
in 2000[36] in an analysis of 207 cases of LT for CC, with
a 23% 5-year survival rate, a 51% rate of early tumour
recurrence and a 10% rate of postoperative mortality.
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concluded that transplantation may be the ideal treatment
for KT due to a better 5-year survival rate (82% vs 21%)
and lower rates of recurrence (13% vs 27% with resection), but the drawback with the study was that the two
series were not homogeneous. The age of the LT group
was 48 years, compared to 63 years in the resection group,
and they were all stagesⅠ-Ⅱ whereas 14% of the resection group had hepatic metastases, 39% vascular invasion,
25% positive lymph nodes in the hepatic hilum and 18%
peritoneal metastases. They also performed just 38% of
caudate lobe resections in the resection group, a technique
which all authors currently claimed to be fundamental for
preventing KT recurrence. They also selected PSC patients with an early diagnosis for the transplant group, as
58% of the transplanted patients had a Klatskin tumour
besides PSC, compared to 8% of the resected patients.
These results were in contrast to those published by Iwatsuki et al[45], who found no differences between LT and
resection, in this case without neoadjuvant. When we have
compared[46] 11 LTs and 29 KT resections without neoadjuvant, we also found no differences for 5-year survival
(38% with LT and 36% with resection), and in no case
was PSC associated.

invasion); strict patient selection, as all were stages Ⅰ-Ⅱ,
unlike other series in which stages Ⅲ-Ⅳ exceed 40%, and
most were young patients; and lastly the significant rate
of PSC (65%). The neoadjuvant treatment was so effective that no tumour was found in the explanted liver (even
though cytology prior to LT had been positive). Factors
of poor prognosis in their series were age > 45 years,
carbohydrate antigen [carbohidrate antigen (CA) 19-9] <
100, previous cholecystectomy, residual tumour of > 2
cm, perineural invasion, and waiting time > 100 d, hence
the importance of living donor LT and application of a
scoring system besides the Model for End-Stage Liver
Disease (MELD) system. The drawback of this protocol
were a higher rate of late vascular complications and a
greater need for the use of grafts[55], especially when living donor LT was used. This greater difficulty was related
to the significant fibrosis encountered during the transplant as a result of radiation therapy, although it does not
affect patient or organ survival.
Results after acknowledgement of LT for KT by UNOS
The good results reported by the Mayo Clinic in Rochester lead to United Network Organ Sharing (UNOS)
adopting this protocol on 17 November 2009 and beginning to allow priority MELD exception scores for CC
patients who have completed the neoadjuvant chemoradiation protocol and for whom staging laparotomy was
negative[26,30]. Darwish Murad et al[26] re-published the results
of the Mayo Clinic in Rochester, including 199 patients
in the protocol, both intrahepatic CCs and KTs. Twenty
patients did not reach the staging laparotomy, due in 15
cases to progression of the disease and to 4 dying from
causes unrelated to the disease and 1 from intolerance
to the treatment. An exploratory laparotomy was performed in 179 at the end of the protocol and 42 patients
were excluded: 36 for metastases, 40 for progression of
the disease and 2 who died without progression prior to
transplantation. One hundred and thirty-seven patients
underwent transplantation: 131 in their hospital (66%)
and 6 in other hospitals. Thirty-six patients died (27%):
24 due to recurrence and 12 from other causes. The actuarial 5-year survival rate was 71%, with tumour recurrence in 26 patients, of whom 24 died as a result.
Darwish Murad et al[26] analysed pre-LT dropout factors and found that 62 of the 199 patients (31%) abandon the waiting list, their mean survival being just 3.6 mo.
Statistically significant factors of poor prognosis in the
univariate analysis were presentation with painless jaundice, weight loss, visible tumour mass of ≥ 3 cm, positive or suspicious intraluminal brushing or biopsy, high
CA 19-9 (> 500) and higher MELD score. Statistically
significant in the multivariate analysis were mass size of
≥ 3 cm, positive or suspicious intraluminal brushing or
biopsy, high CA 19-9 and higher MELD score.
Darwish Murad et al[26] also analysed the prognostic
factors related to tumour recurrence following liver transplantation. Statistically significant in the univariate analysis were age over 50 years, size ≥ 3 cm, CA 19-9 over

RESULTS OF LIVER TRANSPLANTATION
WITH NEOADJUVANCY
In 1987 the University of Nebraska initiated a protocol
of brachytherapy and chemotherapy with fluorouracil
(5-FU) up until transplantation and in 2002[47] published a
series of 11 patients showing prolonged survival rates for
a select group of patients with non-resectable KT who
received neoadjuvant internal radiation therapy alone or
with chemotherapy with 5-FU (external radiation therapy
was associated in 2 patients). Of these, 45% were alive
and disease-free between 2.8 and 15.5 years after the
transplant. The authors reported a high postoperative
mortality rate of 27% and a low recurrence rate of 18%.
Subsequently in 1993 the Mayo Clinic initiated a
protocol[26,44,48-53] of neoadjuvant treatment with external
radiation therapy, chemotherapy with 5-FU for three days
and internal radiation therapy, followed by capecitabine
up until transplantation. All the patients were considered non-resectable by an experienced group of hepatobiliary surgeons and all the patients had to belong to
stages Ⅰ and Ⅱ of the TNM classification[54]. For this
they established an exhaustive selection process, performing exploratory laparotomy 2 mo after the end of radiation therapy and excluding the patient from the study if
the tumour was disseminated. In 2008[50] they reported
148 patients (90 having completed neoadjuvant and LT),
of whom 71 were alive, 19 died (8 due to tumour recurrence), 19 were awaiting LT and 39 failed to complete
neoadjuvant due to progression of the disease. The 5-year
survival rate in the group was 55%, and 71% among the
transplant patients. The good results with this protocol
were related to several factors: external and internal radiation therapy (useful for controlling wall and perineural
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500 and vascular encasement. Statistically significant in
the multivariate analysis were high CA 19-9 and complete
portal vein encasement, perineural invasion and tumour
persistence in the explant. In the multivariate study tumour persistence in the explanted liver was exclusively
significant. It is worth noting in this series that the patients undergoing transplantation for KT associated with
PSC had a lower risk of recurrence than the patients with
the novo KT.
In 2012, after approving the neoadjuvant protocol in
2009 in the United States, Darwish Murad et al[30] send a
survey to 50 American centres to collected their experience in LT for cholangiocarcinoma between 1993 and
July 2010 and received 30 responses (8 of the 20 nonrespondents were because they did not applied the neoadjuvant protocol). Selection for transplantation from the
waiting list was done with a MELD score of 22 points
and with the same criteria as with hepatocarcinoma: every
3 mo 10% drop off the waiting list. The objectives have
been: (1) to assess the efficacy of neoadjuvant for KT;
(2) to analyse the intercentre impact of neoadjuvant; and
(3) to evaluate whether the MELD system applied is appropriate. They included 287 patients, of whom 22 were
excluded (16 due to progression, 3 who died of causes
unrelated to cancer, and 3 who did not tolerate the treatment). Staging laparotomy was performed in 229 patients
and extrahepatic disease detected in 40, who were also
excluded. Nine patients were excluded after the laparotomy (7 for tumour progression and 2 who died of nontumour-related causes). Transplantation was done in 184
cases following staging and in another 30 who underwent
transplantation without staging after neoadjuvant (214
liver transplants in total).
Of the 287 patients included in the study 193 belonged to the Mayo Clinic in Rochester and 94 to other
centres (between 2 and 12 transplants). A CDP was associated in 22 cases. One hundred and twenty-two patients
died: 60 prior to liver transplantation and 62 after transplantation (22%). There was a post-transplant recurrence
in 43 patients (20%), of whom 40 died. The actuarial survival rate was 65% at 5 years and 59% at 10 years. They
analysed the prognostic factors and found no differences
between living and deceased donor transplantation or
between KT associated with PSC and the novo KT; there
were also no differences between patients with and without exploratory laparotomy: 36/184 recurrences (20%) vs
7/30 recurrences (23%), respectively. A poorer prognosis
was shown by patients who do not fulfil UNOS criteria
for MELD exception: existence of a mass of > 3 cm (21
patients), with a 5-year survival rate of 32%, vs 69% for <
3 cm masses; those with liver metastases (4 patients); and
when a percutaneous biopsy was done for tumour diagnosis (16 cases). As in previous series there was a group
of patients with no preoperative biopsy for diagnosis,
no tumour in the explanted specimen and whose deaths
were not tumour-related. Of 87 patients with no reliable
preoperative tumour diagnosis 55 did have a tumour in
the explant and another 17 presented with tumour recur-
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rence during evolution. The remaining 15 cases (5%) had
no tumour in the preoperative period or in the explant
and the authors claim that even if they had been excluded
the 5-year survival rate was 50% in the other 272. They
concluded that neoadjuvant was effective, there were no
inter-centre differences and that the MELD system was
valid for waiting list selection.
Validation of the results of other centres
These results show that LT is a valid therapeutic option
for both hilar and intrahepatic cholangiocarcinoma, especially when neoadjuvant treatment is used. However,
there are doubts in the literature, as not all centres reproduce
these results, something which, as also claimed by Friman et
al[56], may be related to the high % of patients with PSC,
strict criteria for a preoperative diagnosis of malignancy
and especially[55] strict criteria for selection (performing a
staging laparotomy after performing neoadjuvant). Other
American centres have recently reported their results
for LT for cholangiocarcinoma. Panjala et al[27], from the
Mayo Clinic in Florida, reported 22 patients in whom the
protocol of the Mayo Clinic in Rochester was applied between 2001 and 2008. Seventeen cases (77%) were associated with PSC and 5 were the novo KTs. They did not
perform an exploratory laparotomy and staging was done
during LT with 2 recipients. The preoperative diagnosis
was certainty in 12 cases and suspicion in 10. During
transplantation 3 of the 12 patients with a preoperative
diagnosis of certainty presented with liver metastases in 2
cases and an intestinal implant in 1 case. Overall survival
was 63%, similar to that reported by the Rochester group.
As with the Rochester group there were patients with no
tumour in the explant, which influenced the survival rate:
there was still tumour in 77% (17 cases) but no tumour
remains could be identified in 5 cases (23%), a factor with
which survival was related, such that patients with tumour in the explant had a survival rate of 52% at 3 years
and those with no tumour in the explant had a survival
rate of 100%. Nine patients (41%) died as a result of recurrence and 3 for other non-tumour-related causes, the
recurrence rate being 27% at one year, 4.5% the second
year and 4.5% the third year. When the association with
PSC was analysed, these patients made up 93% of the
group of patients with no tumour recurrence, whereas
it constituted 50% of the patients who did have tumour
recurrence, which implies that patients with de novo KT
carry a higher risk of recurrence than those associated
with PSC: of the 17 with PSC there were 4 recurrences
and 1 with visceral metastases, whereas in the 5 de novo
KTs there were 4 recurrences and 2 visceral metastases.
Of a total of 132 cholangiocarcinomas, the UCLA
University[57,58] selected 57 for surgery and perform LT in
38 of them[57]. In a subsequent publication they reported
40 liver transplants for CC, of which 14 were for KT[58].
Only 13 patients received neoadjuvant treatment with
chemotherapy plus radiation therapy[58] and the 5-year
survival rate was 47% when neoadjuvant was applied,
compared to 20% without neoadjuvant treatment and
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33% when adjuvant treatment was administered. These
results were lower than those reported by the Rochester
group and similar to those reported for European groups
without neoadjuvant on selected early cases[40-42].
In 2012 the Anderson Cancer Center reported the efficacy of neoadjuvant treatment in patients with resection
of tumours of the bile duct. Of 157 patients 94 were
cholangiocarcinomas[59]. Forty-eight point seven per cent
received adjuvant chemotherapy, 17.8% had neoadjuvant
chemotherapy and 15.8% had chemotherapy plus neoadjuvant radiation therapy (the latter treatment delayed surgery by 6.8 mo). The 5-year survival rate was 30.4%, and
when immediate tumour resection was achieved without
neoadjuvant with a margin of at least 1 cm the survival
rate was 52.4%. Thus, immediate tumour resection increased survival from 42.3 to 53.5 mo. This protocol was
applied to patients considered initially resectable, and not
as occurs in CC patients considered non-resectable to
whom the Rochester protocol was applied before transplantation.
The results for other non-American groups[60-62] has
been contradictory, with favourable[60] and unfavourable[61]
cases, very small series and an absence of multicentric
prospective studies. Wu et al[62] achieved good results with
the protocol. They reported 6 patients with PSC and
cholangiocarcinoma, with a similar early detection protocol to that of the Mayo Clinic in Rochester; the patients
only received neoadjuvant radiation therapy before LT
with CDP and only 1 died from a non-tumour-related
cause, the other 5 having survived more than 5 years.
In conclusion, R0 resection is the most accepted treatment of KT. In non-disseminated unresectable tumours,
liver transplantation in early stages have an acceptable
survival (50% at 5 years). In these same patients (KT and
early stages), treatment with neoadjuvant chemoradiotherapy and very strict selection criteria achieves a 5-year
survival rate of over 65%. The series with neoadjuvant
treatment are not homogeneous and most tumours are
associated with PSC as compared to other series where
most are the novo KT. Therefore, some authors consider
it necessary prospective randomized studies, comparing
KT associated to PSC and the novo KT, to discover the
proper role of neoadjuvant chemoradiation[63]. Staging
correct, the priority in the waiting list LT (MELD) and
living donor LT may lead to better results.
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risk of evolution into multisystem organ failure. This review discusses the most common perioperative factors
that predispose an individual to postoperative pulmonary complications and these complications’ early clinical manifestations after OLT and influence on patient
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Core tip: This “minieview” underlines the most important perioperative factors that predispose to early
post-liver transplant respiratory complications. Despite
advances in surgical techniques and anesthesiological
management the lung may still suffer throughout the
perioperative period from various types of injury, with
different ensuing ventilatory impairments, and different
clinical outcomes. The incidence, etiology, pathophysiological features, clinical manifestations, preventing
measures, and outcomes of post-operative respiratory
disorders in this setting are also reported.

Abstract
The poor clinical conditions associated with end-stage
cirrhosis, pre-existing pulmonary abnormalities, and
high comorbidity rates in patients with high Model for
End-Stage Liver Disease scores are all well-recognized
factors that increase the risk of pulmonary complications after orthotopic liver transplantation (OLT) surgery. Many intraoperative and postoperative events,
such as fluid overload, massive transfusion of blood
products, hemodynamic instability, unexpected coagulation abnormalities, renal dysfunction, and serious adverse effects of reperfusion syndrome, are other factors
that predispose an individual to postoperative respiratory disorders. Despite advances in surgical techniques
and anesthesiological management, the lung may still
suffer throughout the perioperative period from various
types of injury and ventilatory impairment, with different clinical outcomes. Pulmonary complications after
OLT can be classified as infectious or non-infectious.
Pleural effusion, atelectasis, pulmonary edema, respiratory distress syndrome, and pneumonia may contribute
considerably to early morbidity and mortality in liver
transplant patients. It is of paramount importance to
accurately identify lung disorders because infectious
pulmonary complications warrant speedy and aggres-
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INTRODUCTION
Orthotopic liver transplantation (OLT) is currently the
only definitive treatment for patients with acute liver
failure and end-stage liver cirrhosis. Due to recipients’
generally poor preoperative clinical conditions, the extensive surgical field, and lengthy operating times, postop-
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erative respiratory disorders are very common after OLT
and significantly contribute to the related morbidity and
mortality, both in the acute postoperative stage and in the
long term.
Several factors are involved in the onset of postoperative pulmonary complications (PPCs), and many preoperative and intraoperative variables have been associated
with different degrees of severity of respiratory impairment after OLT.
Although refinements in surgical techniques, antimicrobial prophylaxis, immunosuppression, anesthesia, and
intensive care management have most likely altered the
frequency and overall spectrum of post-OLT respiratory
disorders, it is still common for pulmonary infiltrates,
atelectasis, pleural exudates, and other radiological abnormalities to be documented on chest X-ray at any time
during a patient’s stay at an intensive care unit (ICU).
All of these respiratory disorders can affect lung compliance and alveolar gas exchange and, when severe, may
necessitate tracheal intubation and mechanical ventilation.
In the early stages after transplantation, pulmonary complications may prolong intubation time and increase the
risk of systemic infectious complications. Prolonged mechanical ventilation due to refractory respiratory failure
is an extremely morbid event, as this event is a marker of
poor recipient recovery, predisposes a recipient to longterm ventilator dependency, and predicts further complications.
This review focuses on the most common perioperative factors that predispose an individual to PPCs occurring early after OLT, along with these complications’
clinical manifestations and contribution to outcome. The
main strategies for preventing the development of postOLT respiratory disorders are also mentioned.

Table 1 Common preoperative risk factors for post-orthotopic liver transplantation pulmonary complications
Recipient’s age[2,8]
Female sex[5]
Smoking history[3]
Severity of liver dysfunction[2] (Child-Pugh class[5], MELD score[12,43])
Cirrhotic encephalopathy
Cerebral dysfunction[5]
Acute renal failure
Emphysema[3]
High systolic pulmonary artery pressure[3]
Hypoxia, orthodeoxia[3]
Hepatopulmonary syndrome
Pre-existing pulmonary abnormalities[1]:
Intrinsic cardiopulmonary disease: chronic obstructive pulmonary
disease, congestive heart failure, pneumonia, asthma
Speciﬁc to liver disease: association with speciﬁc liver diseases (alpha-1
antitrypsin deﬁciency, primary biliary cirrhosis), fluid retention com
plicating portal hypertension (ascites, hepatic hydrothorax), pulmonary vascular abnormalities (hepatopulmonary syndrome, portopul
monary hypertension)
Evidence of a restrictive pulmonary syndrome[2]
Abnormal spirometry findings[3]
Preoperative ventilator support[6]
Severe preoperative respiratory failure requiring mechanical ventilation[8,9]
Higher value of INR[2]
Preexisting diabetes mellitus[6,7]
Impaired renal function[6]
Preoperative MARS use[6]
Deceased donor source of organ transplantation[6]
MELD: Model End Stage Liver Disease; INR: International normalised
ratio; MARS: Molecular adsorbent re-circulating system.

Stage Liver Disease (MELD) scores and the incidence of
PPCs has yet to be clearly elucidated, but liver transplant
recipients with high MELD scores often have a higher
incidence of pleural effusion, a need for more perioperative blood transfusions, a greater risk of fluid retention,
severe restrictive pulmonary patterns, and muscle atrophy
related to poor nutritional status. Given this higher rate
of comorbidities in patients with higher MELD scores,
cases of postoperative respiratory impairment or failure
may be more common as well[4,5].
In a retrospective study, Huang et al[6] found that preoperative ventilator support, diabetes mellitus, impaired
renal function, and OLT with grafts from deceased donors were the most significant preoperative predictors of
the risk of postoperative respiratory failure (PRF). John
et al[7] demonstrated that patients suffering from diabetes
mellitus prior to liver transplantation had a higher incidence of pulmonary complications afterward than did
non-diabetic patients.
The main reasons why liver recipients given a graft
from a deceased donor are at a higher risk of postoperative respiratory complications relate to the higher MELD
scores of such recipients compared with patients receiving grafts from living donors, the “urgent” nature of the
transplantation surgery, and the greater “marginality” of
cadaveric grafts.
Severe preoperative respiratory failure requiring me-

PREOPERATIVE RISK FACTORS
FOR POST-OLT RESPIRATORY
COMPLICATIONS
The most commonly identified risk factors for PPCs
are detailed in Table 1 and relate to a recipient’s age, the
severity of liver dysfunction, cirrhotic encephalopathy,
acute renal failure, smoking history, emphysema, high systolic pulmonary artery pressure, hypoxia, and hepatopulmonary syndrome. Pre-existing pulmonary abnormalities
per se may also make a liver transplant recipient more vulnerable to pulmonary complications. Patients with chronic liver disease have pulmonary regional hemodynamic
disturbances, with greater differences in alveolar-arterial
oxygen tension, a weaker pulmonary vascular tone, and a
poor hypoxic pulmonary vasoconstrictive response[1].
Levesque et al[2] reported that evidence of a preoperative restrictive pulmonary syndrome is one of the main
risk factors for PPCs. An association between abnormal
preoperative spirometry findings and a higher rate of
PPCs was also mentioned by Bozbas et al[3].
The relationship between patients’ Model for End-
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Huang et al[6] found that OLT recipients who developed PRF had significantly different intraoperative blood
loss, i.e., more patients in the non-PRF group completed
the surgical procedure without needing any blood transfusions. This difference greatly influenced outcome, with
patients who developed PRF staying longer in the ICU
and exhibiting significantly higher morbidity and mortality rates.
Other clinical studies have demonstrated that intraoperative fluid overload is the strongest risk factor
for PPCs[8-13]. Jiang et al[14] investigated the link between
intraoperative and postoperative fluid therapy and early
PPCs, showing that patients with net intraoperative fluid
retention volumes < 5000 mL and intraoperative bleeding volumes < 800 mL had fewer PPCs than did patients
needing more fluid therapy. The group that was administered less fluid intraoperatively experienced a faster postoperative recovery, with shorter times to extubation and
ICU stays.
Severe reperfusion syndrome is mainly characterized
by prolonged hypotension, bradycardia, hyperkalemia,
vasodilation, and pulmonary hypertension and may also
trigger generalized endothelial injury, resulting in acute
pulmonary edema and/or acute respiratory distress syndrome (ARDS)[15]. Liver ischemia-reperfusion may lead to
an increase in the levels of multiple inflammatory mediators that become active in the lungs. Inflammatory lungliver interactions, and the activation of nuclear factor κB
in particular, may be implicated in the pathogenesis of
permeability-type pulmonary edema[16,17].
A greater susceptibility to interstitial lung edema can
seriously impair patients’ postoperative oxygenation,
worsen oxygen delivery to the newly transplanted organ,
and increase the need for ventilation.
Preservation-related or graft-related factors, potentially contaminated preservation fluids, the amount of
intraoperative blood transfusion, longer ischemia times,
and poor initial graft function are other important factors
that predispose an individual to postoperative infections
that may also involve the respiratory tract[18,19].

Table 2 Major intraoperative and common postoperative risk
factors for post-orthotopic liver transplantation pulmonary
complications
Major intraoperative risk factors
Surgical procedure[2] (wide incision[19])
Intraoperative fluid transfusion volume[2,8,12]
Intraoperative blood transfusion volume[6,12]
Perioperative fluid balance[12]
Intraoperative fluid retention[14]
Intraoperative bleeding volumes[14]
Common postoperative risk factors
Excessive perioperative fluid administration[2]
Postoperative duration of mechanical ventilation[2] (delayed removal
of endotracheal tube[13,19])
Acute rejection during the hospital stay[2]
Postoperative acute renal failure[5]
Postoperative hypoproteinemia
Onset of renal insufficiency
Poor postoperative myocardial function
Right hemidiaphragm paralysis[24]
Greater exposure to nosocomial agents[34]
Significant decline in the recipient’s immune function[34]
Surgical complications[34]
Re-interventions or need for retransplantation[34]

chanical ventilation prior to OLT is one of the most serious events leading to the onset of PPC[8,9], as the presence of an endotracheal tube is a well-recognized factor
that predisposes an individual to lower respiratory tract
infectious complications[10].

INTRAOPERATIVE RISK FACTORS
FOR POST-OLT RESPIRATORY
COMPLICATIONS
OLT is a lengthy procedure that may cause numerous
physiological changes, such as mechanical derangement
of the chest wall and diaphragm, hydrostatic and oncotic
pressure abnormalities, increases in pulmonary vascular
resistance and pulmonary artery pressure, abnormal pulmonary vascular permeability, and variable coagulopathies (Table 2).
Although the administration of fluids and blood
products is adjusted in an effort to ensure hemodynamic
stability and to correct unanticipated coagulation abnormalities and bleeding, a significant loss of blood and
fluids during OLTx may be associated with excess fluid
administration and a positive fluid balance.
At the end of the transplantation procedure, significantly lower respiratory compliance than before the
operation is highly suggestive of increased extravascular
pulmonary water content, as demonstrated by Tallegren
et al[11].
In a report by Lin et al[12], a MELD score ≥ 25 points,
an intraoperative fluid transfusion volume >10 L, and an
intraoperative blood transfusion volume > 4 L were all
independent predictors of the risk of PPCs, whereas a
fluid balance of ≤ -300 mL on the first two postoperative days appeared to be a protective factor.
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POSTOPERATIVE RISK FACTORS
FOR POST-OLT RESPIRATORY
COMPLICATIONS
The most important factors involved in the development
of PPCs following the transplantation procedure are
reported in Table 2. After admission to the ICU, the residual effect of anesthetics, an excessive need for opioids
for analgesia, and a high fluid input may all interfere with
a patient’s weaning from a ventilator in various ways. Inadequate deep inspiration due to a wide incision and the
inhibitory effect of wound pain on coughing and mucus
removal also predispose patients to various respiratory
complications[20].
As in other patients undergoing upper abdominal
surgery, changes in respiratory pressures and chest wall

3245

January 28, 2014|First Edition|

Feltracco P et al . Post-liver transplant pulmonary complications

diaphragm elevation rarely develop substantial respiratory
dysfunction or need more prolonged mechanical ventilator support[25,26].
A considerable risk of acute rejection invariably persists early after OLT, which is associated with a need for
higher levels of immunosuppression. Acute allograft rejection demanding high-dose corticosteroids or cytolytic
agents is known to raise the risk of systemic infection,
which may also involve the respiratory tract.

Table 3 Major post-orthotopic liver transplantation pulmonary complications
Complication

Frequency

Pleural effusion[4,8,12,30]
Atelectasis[8,12,28,30]
Pulmonary edema[8,12-14,28,30]
Acute respiratory distress syndrome[4,8,9,12,14,28,30,55]
Pneumonia[2,4,8,12,14,28,30,36-39]

32%-47%
5%-29%
4%-47%
0.8%-42%
5%-38%

movement anomalies due to transection of the abdominal oblique muscles and rectus muscles and prolonged
retraction of the right hemidiaphragm, which is associated with diaphragmatic dysfunction, may result in a
50%-60% reduction in vital capacity and a 30% reduction
in functional residual capacity[21].
Early weaning from mechanical ventilation is a primary goal for a favorable outcome, but primary graft dysfunction, the need for re-laparotomy, respiratory distress
syndrome, the persistence of severe encephalopathy, or
surgery-related emboligenic problems may delay removal
of the endotracheal tube and correspondingly increase
the risk of respiratory infections[14].
One of the most severe, although rare, adverse effects
of massive intraoperative transfusion is transfusion-related acute lung injury (TRALI), which has the potential
to cause lung edema and severe postoperative respiratory
distress. TRALI is particularly relevant in post-OLT patient care because this injury can lead to pulmonary infiltrates, hypoxia, and respiratory failure during or within 6
h after a blood transfusion, with no other apparent cause.
According to the “two-hit” theory about the pathogenic
mechanism of TRALI, a first event (e.g., sepsis or trauma)
could induce pulmonary endothelial activation, cytokine
release, and “neutrophil priming”. Subsequent exposure
to lipids, cytokines, or antibodies associated with massive
transfusion would then prompt the activation of adherent neutrophils and a release of inflammatory mediators,
thus leading to lung injury[22,23]. TRALI and acute lung
injury (ALI) share the same pathophysiological pathway
and clinical definition, except that TRALI is temporally
and mechanistically related to the transfusion of blood or
blood components. In both conditions, capillary permeability results in plasma moving into the alveolar space
and causing pulmonary edema[24].
Postoperative hypoproteinemia, the onset of renal
insufficiency, and poor postoperative myocardial function
can also set the stage for interstitial edema, reduce pulmonary compliance, increase the effort of breathing, and
prolong the need for invasive ventilation.
Right hemidiaphragm paralysis after OLT is another
complication responsible for the development of right
lower lobe atelectasis. In an old study, McAlister et al[25]
found that 79% of liver recipients had right phrenic
nerve injury, and approximately half of these patients
also had hemidiaphragm paralysis. Phrenic nerve conduction generally tends to recover within a few months, and
most patients with phrenic nerve injury and right hemi-
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INCIDENCE AND PATHOLOGICAL
FEATURES OF PPCS IN LIVER
TRANSPLANT PATIENTS
Pulmonary complications after OLT can be classified as
infectious and non-infectious (Table 3). Although uncommon in the first few days, the former complications later
become an important cause of overall morbidity, whereas
non-infectious complications account for most early
problems but have less impact on patient outcome[27,28].
In an old study conducted by the Pittsburgh group[29],
pulmonary infiltrates characterized as pulmonary edema
occurred in 40% of patients; pneumonia, in 38%; atelectasis, in 10%; and ARDS, in 8%. Of the cases of
infiltrates, 48% occurred within 30 d of transplantation.
In total, 78% of the cases of pulmonary infiltrates and
87% of the cases of pneumonia diagnosed at the ICU
involved mechanically ventilated patients.
Glanemann et al[30] reported that 11% of liver transplant patients required ventilatory support due to pulmonary complications, and 36.1% had to be reintubated.
Among the patients who developed pulmonary complications and needed reintubation, 44.6% were intubated
within 24 h after OLT.
Hong et al[31] reported that early post-OLT pulmonary infiltrates were detected in 68 of 131 liver recipients
(42.7%), with pleural effusion in 50 patients (73.5%),
pneumonia in 6 (8.8%), atelectasis in 6 (8.8%), pulmonary
edema in 5 (7.4%), and ARDS in 1 (1.5%). Jiang et al[14]
found that 29 of 62 patients (46.77%) had pulmonary
complications after OLT, including pulmonary edema (4
cases, 13.79%), acute lung injury (7 cases, 24.14%), pneumonia (14 cases, 48.28%), and ARDS (4 cases, 13.79%).
In a series described by Bozbas et al[4], pulmonary
complications were detected in 42.1% of liver recipients; pneumonia, in 21.1%; and pleural effusion on early
postoperative chest radiographs, in 32.5%. Right hemidiaphragm elevation was the most common disorder
(25.4%).

PLEURAL EFFUSIONS
Many patients undergoing OLT develop pleural effusions
that usually mainly involve the right side, with variable
amounts of fluid accumulation. The effusions are transudative and unrelated to primary cardiovascular disease.
Pleural effusion after OLT is generally not a serious com-
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plication, but if the effusion continues to expand beyond
the first week or remains isolated to the left side, the fluid
should be sampled to rule out other causes. Patients with
large effusions may experience shortness of breath or a
nonproductive cough.
Disruption of the diaphragmatic lymphatics during
hepatectomy, along with diaphragmatic defects that allow
the transfer of ascites developing in the abdominal cavity directly into the pleural space, are postulated to be the
principal mechanisms behind fluid accumulation[26,32]. The
negative intrathoracic pressure draws ascitic fluid into the
pleural space, and analysis shows that this fluid has many
of the same characteristics as abdominal ascites.
Pleural effusions may expand during the first postoperative week but frequently disappear in the following
weeks. These effusions are usually asymptomatic and
self-limiting, and thoracentesis or chest tube placement is
rarely necessary.
Persistent pleural effusions may lead to respiratory
dysfunction by causing atelectasis or may predispose patients to pneumonia and prolong recovery. Effusions may
also recur at any time and are occasionally a sign heralding allograft rejection.
Postoperative atelectasis can also be the result of
bronchial obstruction due to changes in bronchial secretions, a defective expulsion mechanism, or a reduced
bronchial caliber.
A limited intraoperative production of surfactants reduces alveolar surface tension and thus prevents the lung
from stabilizing at low volumes, predisposing the lung to
collapse. The residual effects of anesthetics and postoperative narcotics can cause hypoventilation, ineffectual
respiration, depression of the cough reflex, immobilization, and splinting.

complications, re-interventions, and the need for retransplantation[34].
Hospital-acquired pneumonia (HAP) and ventilatorassociated pneumonia are usually diagnosed in cases of
early- or late-onset pneumonia, depending on whether
the pneumonia occurs within or after the first 4-6 d of
hospitalization, respectively[35].
The incidence of post-LT pneumonia has been
shown to vary from 5%-38%[8,36-39]. Pirat et al[8] reported
an incidence of 22.7% and a mortality rate of 40%.
These authors found that individuals who developed
pneumonia had longer times to extubation and higher
mortality. In a study by Xia et al[38], the overall incidence
of severe pneumonia was 18.2%, with an associated
mortality rate of 37.5%. Bozbas et al[4] reported a higher
rate of bacterial pneumonia (> 70%), with a 26% rate of
fungal pneumonia; lung infections were noted in 21% of
patients in their study and were responsible for 45.8% of
deaths.
In a report by Weiss et al[39], early HAP (within 6 d
after OLTx) occurred in 15.5% of liver recipients. As in
the above-mentioned reports, these cases of pneumonia
were associated with prolonged postoperative mechanical
ventilation, a long ICU stay, and a trend toward higher
short- and long-term mortality rates.
Levesque et al[2] recently reported a 22% incidence
of postoperative pneumonia, and 43% of their liver
recipients who had pneumonia developed respiratory
failure that required mechanical ventilation. Based on a
univariate analysis, the researchers found that several preoperative factors and the number of intraoperative transfusions (units of blood and fresh frozen plasma) were
associated with pneumonia However, in a multivariate
analysis, only a preoperative restrictive pulmonary pattern
and the international normalized ratio measured prior to
OLT were independent predictors of pneumonia after
surgery. Ikegami et al[40] reported the prevalence and characteristics of bacterial pneumonia after living-donor liver
transplantation (LDLT), stating that 50 of 346 patients
(14.5%) experienced bacterial pneumonia after LDLT.
The incidence of bacterial pneumonia was highest on
postoperative day 6, whereas the incidence declined on
postoperative days 8 and 9. Pneumonia was associated
with a prolonged use of mechanical ventilation, a prolonged stay in the ICU, the creation of a tracheostomy,
primary graft dysfunction, and a need for renal replacement therapy. The mortality rate of patients with earlyonset pneumonia was 25.7%. Delayed-onset pneumonia
(at least 10 d after liver transplantation) was significantly
associated with graft dysfunction and resulted in a higher
mortality rate (73.3%) than did early-onset pneumonia.
A wide variety of community-acquired and hospitalacquired microorganisms may be responsible for postOLTx pneumonia, but Gram-negative pathogens
dominate in the early post-transplant stages, as in the
population undergoing general surgery. The Gram-negative bacteria that frequently colonize the oropharyngeal
cavity are most often responsible for lower respiratory

POST-LT PNEUMONIA
Early nosocomial pneumonia after OLT is nearly exclusively a perioperative complication and is characterized by
the presence of pulmonary infiltrate, fever, leukocytosis,
and new-onset respiratory symptoms (cough, sputum,
and dyspnea). When the typical radiological picture of
pneumonia is identified, it is important to isolate the
responsible microorganism from deep tracheal aspirate
or sputum cultures or bronchoalveolar lavage cultures to
prescribe the appropriate, specific treatment.
The breakdown of the mucocutaneous defensive barriers that occurs after prolonged orotracheal intubation
is a major risk factor for post-OLT pneumonia. Massive
intraoperative bleeding during the transplantation procedure, the persistence of severe encephalopathy, diffuse
pleural exudates, postoperative ALI/ARDS, and severe
renal impairment are frequently associated with delayed
weaning from mechanical ventilation and contribute to
the development of infectious diseases[19,33].
Other important risk factors for early pneumonia
include a greater exposure to nosocomial agents, a significant decline in recipients’ immune function, surgical
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tract infections. In liver recipients on prolonged mechanical ventilation, nosocomial pathogens, including Pseudomonas aeruginosa, Escherichia coli, Klebsiella species, Acinetobacter
species, and Staphylococcus aureus (including MRSA), are
usually detected in bronchoalveolar lavage samples[41,42]. It
is worth emphasizing, however, that the microbiological
ecology may vary considerably from one ICU to another,
and previous antimicrobial consumption may have a major influence on microbial ecology.
In a report by Weiss et al[39], in a subgroup of patients
with HAP occurring within the first 4 d after ICU admission, 61.5% of the causative pathogens were Gramnegative bacilli, and 38.5% were Gram-positive cocci. Of
these microorganisms, 73% were classified as community
acquired. More than 30% of liver recipients had a history
of hospital stays and antibiotic treatments.
Given patients’ obligatory immunosuppression, prompt
isolation of the microorganisms causing post-OLT pneumonia and appropriate treatment are mandatory for a
favorable outcome. An early diagnosis may not be achievable with “conventional” diagnostic techniques in certain
patients, however, making it necessary to resort to more
“invasive” methods. If pulmonary infiltrates persist or
become worse, a histopathological diagnosis by bronchial
brushing, telescope catheter culture, fiberoptic bronchoscopy with transbronchial biopsy, or even surgical pulmonary biopsy may be needed to rule out opportunistic
infectious agents.

developing soon after the transplantation procedure. Preoperative right ventricular systolic pressure, as estimated
by echocardiography, was also higher in patients who
developed postoperative pulmonary edema, suggesting
that elevated pulmonary pressures are associated with increased interstitial lung loading.
Chen et al[45] postulated that nitric oxide (NO) flowmediated vasodilation is the pathogenic mechanism
behind the high incidence of pulmonary edema after
LDLT. In this study, the total volume of intraoperative
fluid administered was higher in patients who developed
pulmonary edema, but their net fluid retention did not
significantly differ from that of the patients who did not
experience this complication. Pulmonary edema did not
prolong the hospital stay or increase the risk of infection
and was overcome by administering diuretics.
In cirrhotic patients undergoing OLT, increased blood
flow in the lung may increase shear stress on the endothelium, and this phenomenon is associated with an increased
release of vasodilators, including NO, prostaglandins, and
endothelium-derived hyperpolarizing factors[46,47].
Pulmonary edema is diagnosed based on the strength
of radiographic criteria, clinical symptoms, the PaO2/
FIO2 (PF) ratio (< 300), and hemodynamic data. According to the American-European Consensus Conference
(AECC) on ARDS, permeability edema may be characterized by a pulmonary artery wedge pressure < 18 mmHg,
whereas the hydrostatic type is usually associated with a
wedge pressure > 18 mmHg[48]. Patients with persistent
permeability-type edema may also have a higher mean
pulmonary arterial pressure and a higher pulmonary vascular resistance, consistent with a resistance-dependent
mechanism.
In a study by Snowden et al[13], patients with pulmonary edema stayed longer in the ICU and were on mechanical ventilation for longer. Aduen et al[44] also found
that the time on mechanical ventilation and in the ICU
and hospital stays were longer in patients with persistent
permeability-type edema. In contrast to the situation
observed for the hydrostatic type, permeability-type pulmonary edema was associated with an increase in both
mean pulmonary arterial pressure and pulmonary vessel
resistance. In the series, 29% of patients with persistent
permeability-type pulmonary edema died, as opposed to
7% of patients who never developed pulmonary edema
and 0% of patients who developed hydrostatic-type pulmonary edema.

POST-LT PULMONARY EDEMA
Severe pulmonary edema is unusual in the early postoperative period, unless the liver recipient experiences
acute-onset, severe left ventricular dysfunction or acute
fluid overload in the case of renal impairment. Despite
a high incidence of postoperative radiological findings
suggestive of acute pulmonary edema, most episodes are
clinically easily overlooked, with only a mild deterioration
in gaseous exchange.
In patients with fulminant hepatic failure, pulmonary
edema is an ominous sign because it may predict evolving
acute lung injury[43].
Subclinical forms of interstitial/alveolar edema may
prompt findings of a transient increase in pulmonary
capillary hydrostatic pressure or hypoalbuminemia or
nonspecific signs of mild or moderate lung endothelial
injury. Additional causes of acute pulmonary edema include excessive amounts of fresh frozen plasma and total
fluids being administered intraoperatively, postoperative
changes in renal function (urine volume and serum creatinine), massive transfusions, large-volume thoracentesis,
and reduced lymph flow. It has been speculated that the
greater pulmonary vessel permeability associated with
end-stage liver disease may be exacerbated by the systemic inflammatory reaction induced by liver transplantation[14].
In a study by Aduen et al[44], a worse preoperative
MELD score could predict the risk of pulmonary edema
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POST-OLT ARDS
Post-OLT acute lung injury and even severe ARDS may
develop within 24 h or the first few days after the procedure. Frequent causes of ARDS include crystalloid
infusion overload, massive transfusion of blood or blood
products, prolonged operating times, severe bleeding during liver removal, and severe ischemia-reperfusion syndrome. In the early postoperative course, serious systemic
infections, gastric aspirations, disseminated intravascular

3248

January 28, 2014|First Edition|

Feltracco P et al . Post-liver transplant pulmonary complications

matory mediators cause damage to both the alveolar and
the microvascular endothelia, and this damage alters the
alveolar-capillary barrier, causing extravascular fluid accumulation. This pulmonary damage results in an increase
in extravascular lung water, which is one of the hallmarks
of mild ARDS and ARDS[54,55].
Major clinical findings in ARDS include severely
impaired pulmonary oxygen diffusion, with pulmonary
edema developing in the presence of normal pulmonary
capillary-filling pressures and in the absence of a marked
reduction in oncotic pressure.
ARDS is an important cause of PRF after OLT. In
an old study, the reported incidence of ARDS was in
the range of 4.5%-15.7%, with a mortality rate nearing
80%[9].
More than 10 years ago, Golfieri et al[56] also reported
that 4%-16% of patients who developed post-OLT lung
injury deteriorated to severe ARDS, and the mortality
rate of these patients was as high as 80%-100%.
Treatment for ARDS is primarily supportive, with fluid
restriction, lung-protective mechanical ventilation, mild
hypercapnia, and optimal PEEP[57]. The use of high
PEEP has raised certain concerns, however[58], because of
the potentially reduced venous return in a newly engrafted liver. Given the still limited data available, the literature
affords no definitive answers on the use of “permissive”
PEEP in this setting.
When critical hypoxemia ensues in patients with severe ARDS, additional rescue therapies may be administered, such as inhaled NO and prostaglandins[59].

Table 4 Major strategies to prevent postoperative pulmonary
complications after orthotopic liver transplantation
Preoperative strategies
Intraoperative strategies
Pulmonary rehabilitation prior Reduction in the degree of surgical
to OLT
insult
Reduction in the level of
aggressiveness
Reduction in the duration of procedure
Reduction in the amount of blood lost
Postoperative ventilation[60,61,64,65] Postoperative care[68]
Early extubation
Adequate postoperative pain relief
Lung expansion maneuvers
Optimal hemodynamic and fluid
Deep breathing exercises
management
Timely execution of bronchial
Improvement of general health and
toilette
nutrition
NIV
Chest percussion and vibration
Invasive mechanical
ventilation: assisted modes
with minimal sedation
OLT: Orthotopic liver transplantation; NIV: Non-invasive ventilation.

coagulation, and other nonspecific generalized insults
may also be involved.
The intraoperative transfusion of blood products, and
platelets in particular, has been identified as a risk factor
for a poor outcome after OLT. The negative impact cannot be explained simply by the activation of the coagulation system and platelet aggregation at the endothelium;
the poor outcome most likely has to do with ischemia-related endothelial cell injury[49]. Platelets contain many cytokines and vasoactive and inflammatory mediators that
are rapidly released and activated by various stimuli after
reperfusion and that may affect the lung. Several other
factors, such as the potential for viral transmission and
bacterial contamination, the risk of alloimmunization,
nonspecific immunosuppressive effects, and graft-versushost disease, may also contribute to a worse outcome[50,51].
Pereboom et al[52] demonstrated that platelet transfusion during OLT is associated with higher postoperative
mortality due to severe lung edema causing heaviness of
the lungs, as described in the clinical diagnosis of TRALI
or ARDS.
ARDS after OLT is a serious multifactorial complication associated with diffuse, bilateral pulmonary infiltrates
of acute onset (and non-cardiogenic etiology), with a PF
ratio of < 200. Based on an “old” concept, ALI was once
defined as a milder form of ARDS and was distinguished
by a PF ratio of between 200 and 300[48]. Currently, according to the Berlin definition, the term ALI is avoided
and replaced by mutually exclusive subcategories of
ARDS based on the degree of hypoxemia. ALI is now be
called “mild ARDS” and applies to cases with a PF ratio
of up to 201-300 mmHg, the upper limit for ALI according to the AECC definition[53].
A poorly controlled systemic inflammatory response
induced by severe reperfusion syndrome, along with
transfusion related-adverse events, can substantially increase the risk of postoperative pulmonary injury. Inflam-
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PREVENTING PPCS AFTER OLT
The period following transplantation surgery is marked
by variable changes in the structure and function of the
respiratory system, which can particularly affect severely
debilitated patients. The normal activity of liver recipients is usually reduced due to a low physical performance
status both before and after liver transplantation.
Similar to what is advisable after upper abdominal
surgery, important strategies for PPC reduction may
include early extubation associated with lung expansion
maneuvers, which comprise incentive spirometry, deep
breathing exercises, intermittent positive-pressure breathing, and continuous positive airway pressure (CPAP)[60].
Manual techniques, including chest percussion and vibration, are alternative treatment approaches if airway clearance is not sufficient (Table 4).
Early extubation is the key element to reduce PPCs
and ICU stay and to speed patients’ recovery. There is a
substantial body of evidence proving that patients who
undergo OLT can be extubated immediately after surgery, with few pulmonary complications, a lower risk of
postoperative infection, and no effect on 1- or 3-year
graft survival[61].
The specific benefit of each chest physical therapy
technique has not been fully evaluated, and even combining various methods does not seem to provide additional
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risk reduction. However, CPAP is particularly useful for
patients who cannot perform deep breathing or incentive
spirometry exercises after extubation[62].
In the case of reduced postoperative lung volumes,
the elevation of both hemidiaphragms, and lower-lobe
atelectasis, the work of breathing can be consistently
augmented, making it difficult to achieve and maintain
postoperative ventilatory autonomy. In liver recipients
who remain under invasive mechanical ventilation, ventilator use may significantly influence the disuse of muscle
dysfunction. Assisted modes of ventilation with minimal
sedation should be favored over “controlled” modes, as
complete diaphragm rest will rapidly lead to atrophy[63].
Due to the important restrictive respiratory pattern
of cirrhotic patients and abdominal hypertension, weaning from a ventilator after OLT can take longer because
of unsatisfactory gas exchange during various T-piece trials. Rapid extubation followed by immediate noninvasive
ventilation (NIV) application should be considered in
this setting to shorten and accelerate the weaning process
in those recipients who do not completely fulfill the criteria for safe extubation[64]. By resting and unloading the
inspiratory muscles, NIV with pressure support enables
both hypercapnic and hypoxic patients to improve faster
and may prevent basal atelectasis induced by abdominal
distension. Chest physical therapy associated with CPAP
or NIV stimulates lung expansion and improves lung
ventilation, thereby preventing or reducing the build-up
of liquid in the pleural space.
The early and “prophylactic” use of NIV may also
reduce the risk of reintubation[65]. Because NIV leaves
the upper airways intact, this method can reduce not only
bacterial colonization and nosocomially acquired infections but also hemorrhagic complications in cases of underlying coagulopathy.
Many respiratory disorders following OLT respond to
specific treatments, such as hemofiltration, pleural drainage, bronchial toilette, and abdominal drainage, with expected improvements over a period of hours or days. Supporting the failing recipient with early NIV may reduce
the work of breathing and maintain gas exchange while
awaiting an improvement in spontaneous ventilation.
Adequate postoperative pain relief, optimal hemodynamic and fluid management, the timely execution of
bronchial toilette, airway clearance maneuvers (assisted
cough and expiratory airflow techniques), and trials of
NIV in the case of respiratory fatigue are extremely useful to facilitate the rehabilitation process.
Postoperative pain is a major cause of shallow breathing and impaired coughing, resulting in retention of
secretions, atelectasis, hypoxemia, hypercapnia, and respiratory failure, especially in patients with pre-existing
lung disease. Adequate treatment of pain will prevent hypoventilation and reduce the respiratory rate. Paracetamol
at reduced doses, along with rescue doses of tramadol,
should be offered as a valid analgesic regimen[66].
The improvement of sedation management, simple
interventions aiming at actively mobilizing the recipient,
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and increasing the amount of time out of bed are further
advantageous for lung function.
Although the level of evidence for implementing
multimodal preventive measures is relatively low[67], and
although many of the procedures believed to reduce the
risk of PPCs are supported by a conventional “traditional”
consensus, early respiratory disorders associated with cirrhosis and transplantation surgery undoubtedly benefit
from an optimized patient care program with a multidisciplinary approach.
Promising new interventions may rely on more accurate preoperative respiratory assessment, e.g., with maximal inspiratory pressure and maximal expiratory pressure
measurements, quantification of the degree of respiratory
muscle weakness, optimization of chronic inflammatory
pulmonary disease, preoperative lung expansion maneuvers, inspiratory muscle training performed in a chest
physical therapy outpatient setting or a pulmonary rehabilitation clinic in the hospital, and improvement of general
health and nutritional status[68].
It should be noted, however, that pulmonary rehabilitation prior to OLT may be of unpredictable value, as the
variable waiting times before surgery, along with malnutrition and end-stage cirrhosis-related muscle weakness,
may insufficiently affect exercise capacity and are thus
unlikely to reduce postoperative risk.
Additional interventions of more expected benefit include an effort to reduce the degree of surgical insult, the
level of aggressiveness, the duration of the procedure,
and the amount of blood lost.
Better identification of patient- and procedure-related
risks of pulmonary complications, the recognition of
independent predictors of PRF, and the application of a
local treatment protocol in high-risk patients, may favorably influence both the incidence and the outcome of
PPCs.

CONCLUSION
Many reports underscore that infectious and other PPCs
are important contributors to early morbidity and mortality in liver transplant patients[4,8,55]. Despite advances in
surgical techniques and anesthesiological management,
the lung may still suffer throughout the perioperative period from various types of injury, with different ensuing
ventilatory impairments and different clinical outcomes.
Postoperative respiratory complications are not always
related to preoperative respiratory disorders, but rather
may be the result of systemic inflammatory responses
induced by surgical trauma, hemodynamic impairment,
reperfusion syndrome, “distant” organ dysfunction, or
early graft dysfunction. The severity of any PPC is also
believed to depend on a recipient’s clinical condition at
the time when the complication occurs[31]. The stress
response to the surgery is maximal soon after OLT and
is expressed by disrupted circulating hormone concentrations, with increased antidiuretic activity. Electrolyte abnormalities and water retention are also common at this
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time due to the nephrotoxic effects of the immunosuppressants administered.
Pleural effusion, atelectasis, pneumonia, and ARDS
may be severe enough to demand or prolong the need
for tracheal intubation, resulting in a higher risk of nosocomial infections, longer stays at the ICU and/or in the
hospital, and a worse clinical outcome[69]. The lungs are
particularly vulnerable to infectious diseases after OLTx
and represent the second most common site (after the
abdominal cavity) of colonization by nosocomial pathogens. Infectious complications involving the respiratory
tract are acknowledged to be an important cause of death
in liver transplant recipients[18]. In certain old studies by
Plevak et al[70] and Shieh et al[71], patients who developed
pneumonia in the early postoperative period and required
prolonged mechanical ventilation had a mortality rate of
43%. Singh et al[29] also reported an overall mortality rate
of 28% in transplant recipients with pulmonary infiltrates
in the ICU and a mortality rate of 47% after 14 d among
patients with pneumonia. Bozbas et al[4] found significantly lower survival rates for patients yielding microorganisms by deep tracheal aspirate culture. The early mortality
rate was higher for patients whose thoracentesis cultures
were positive.
Currently, the overall 1- and 5-year survival rates after
OLT are approximately 85% and 68%, respectively, with
a 10-year survival rate approaching 50%[72]. Judging from
the multicenter-based prospective data collected by Watt
et al[73], post-transplant respiratory diseases now account
for only 2.4% of all deaths. Among the deaths after OLT,
those of an infectious nature (> 19%) occur earlier, and
pneumonia is among the most important contributors to
the overall morbidity and mortality rates.
In conclusion, numerous perioperative factors may be
responsible for impaired respiratory function after OLT.
It is of paramount importance to accurately identify
any lung disorders because pulmonary infectious complications need to be treated rapidly and aggressively to
prevent diffuse lung lesions and potential evolution into
multisystem organ failure.
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Blood loss, predictors of bleeding, transfusion practice and
strategies of blood cell salvaging during liver transplantation
Feltracco Paolo, Brezzi Marialuisa, Barbieri Stefania, Galligioni Helmut, Milevoj Moira, Carollo Cristiana, Ori Carlo
transfusion devices are among the commonly adopted
procedures to limit the amount of blood transfusion.
The use of intraoperative blood salvage and autologous
blood transfusion should still be considered an important method to reduce the need for allogenic blood and
the associated complications. In this article we report
on the common preoperative and intraoperative factors
contributing to blood loss, intraoperative transfusion
practices, anesthesiologic and surgical strategies to
prevent blood loss, and on intraoperative blood salvaging techniques and autologous blood transfusion. Even
though the advances in surgical technique and anesthetic management, as well as a better understanding
of the risk factors, have resulted in a steady decrease
in intraoperative bleeding, most patients still bleed
extensively. Blood transfusion therapy is still a critical
feature during OLTx and various studies have shown
a large variability in the use of blood products among
different centers and even among individual anesthesiologists within the same center. Unfortunately, despite
the large number of OLTx performed each year, there is
still paucity of large randomized, multicentre, and controlled studies which indicate how to prevent bleeding,
the transfusion needs and thresholds, and the “evidence
based” perioperative strategies to reduce the amount
of transfusion.
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Abstract
Blood loss during liver transplantation (OLTx) is a common consequence of pre-existing abnormalities of the
hemostatic system, portal hypertension with multiple
collateral vessels, portal vein thrombosis, previous abdominal surgery, splenomegaly, and poor “functional”
recovery of the new liver. The intrinsic coagulopathic
features of end stage cirrhosis along with surgical technical difficulties make transfusion-free liver transplantation a major challenge, and, despite the improvements
in understanding of intraoperative coagulation profiles
and strategies to control blood loss, the requirements
for blood or blood products remains high. The impact
of blood transfusion has been shown to be significant
and independent of other well-known predictors of
posttransplant-outcome. Negative effects on immunomodulation and an increased risk of postoperative
complications and mortality have been repeatedly
demonstrated. Isovolemic hemodilution, the extensive
utilization of thromboelastogram and the use of auto-
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INTRODUCTION

BLOOD LOSS DURING LIVER
TRANSPLANTATION

Bleeding in major surgical procedures involving the liver,
such as partial liver resection and liver transplantation
(OLTx), occurs almost inevitably and still represents a
daunting problem when massive. Although the origin of
bleeding during OLTx is multifactorial, technical difficulties and pre-existing abnormalities of the hemostatic
system represent the principal causes of significant perioperative hemorrhages. Since there is minimal consensus
on transfusion guidelines during OLTx, massive volume
empirical transfusion was the standard practice until a
few years ago, and blood products accounted for approximately 10% of the total cost of transplantation[1,2].
As anesthesiologic and surgical teams have gained
experience blood loss in patients undergoing liver transplantation has decreased substantially and in recent years
the procedure is occasionally performed without intraoperative blood transfusion.
A variety of strategies, including acute isovolemic
hemodilution, appropriate surgical and anesthesiologic
management, and the use of autotransfusion devices
have been adopted during the last decade to limit the
amount of allogenic blood transfusion. In addition, the
extensive utilization of thromboelastogram (TEG) has
improved the understanding of intraoperative coagulation profiles of these patients and led to a reduction in
blood requirements[3].
However, the intrinsic coagulopathic features of end
stage cirrhosis make transfusion-free liver transplantation a major challenge, and despite the improvement in
strategies to control blood loss, most patients still bleed
extensively. This requires the transfusion of variable
amount of blood or blood products and may be associated with increased rates of morbidity and mortality.
Blood bank demands in complicated liver transplant
surgery are still high and even though the quality and
safety of blood products continue to improve they remain costly and increase the risks encountered by the
patient.
The relationship between intraoperative blood use,
the effects on immunomodulation and an increased
risk of postoperative complications, such as infections,
gastrointestinal, intra-abdominal, and/or pulmonary
complications, prolonged recovery, and a higher rate of
reoperation has been repeatedly demonstrated[4,5].
Among the various strategies to substantially reduce
the amount of blood product transfusions and the associated side effects, intraoperative blood salvage has been
considered and still is an important method of blood
conservation. However, controversy still surrounds its
usefulness during OLTx, with studies demonstrating either an increase or a decrease in blood transfusion.
Since the clinical conditions of the candidates who
undergo liver transplant surgery are increasingly critical
and therefore we cannot predict with accuracy which
patients will bleed, in our personal view a cell saver machine should be instituted in all OLTx.
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The liver is a highly vascular organ and the transplant
procedure usually involves a recipient with severe coagulopathy, portal hypertension, and sometimes previous
abdominal surgery. Blood losses and transfusion requirements remain difficult to predict in the intraoperative
course of OLTx and many studies have shown discordant results and no uniform conclusions[6]. In general
the predictions are based on the severity of liver disease,
preoperative coagulation function, recipient’s clinical
status, quality of the donor liver, and experience of the
transplantation team. Blood losses are frequently difficult to measure during OLTx, and quite often they are
quantified indirectly by calculating the amount of blood
necessary to maintain or reach a predetermined hematocrit (Ht) or hemoglobin (Hb) value. As previously stated,
advances in surgical technique and anesthetic management, as well as a better understanding of the risk factors, have resulted in a steady decrease in intraoperative
bleeding and transfusion requirements[7]. However, the
risk of bleeding still seems to vary from centre to centre depending on various factors such as the severity
of recipient’s clinical conditions, surgeon’s preferred
technique, the duration of surgery, the duration of the
anhepatic phase, and the time to graft function. Many
preoperative conditions and unforeseen intraoperative
events impart complex changes to the recipient’s spontaneous hemostasis; the potential occurrence of technical difficulties which require massive fluid resuscitation
may alter the substantial intraoperative coagulopathy and
predispose to further extensive bleeding. Contributing
factors to blood loss during OLTx can be categorized as
preoperative and intraoperative.

PREOPERATIVE HEMATOLOGIC AND
COAGULATION DEFECTS
Hemostatic function is determined by the interaction
of the vascular wall, platelets, coagulation factors, and
fibrinolytic function. All these components may be
abnormal in patients who have a compromised liver
function. Anemia is common in these patients as a result of chronic disease, malnutrition, or occult bleeding.
Bleeding complications may not be primarily related to
impaired coagulation; alterations in haemodynamics and
vessel wall function may play a more important role.
The hyperdynamic circulation and the presence of portal hypertension are among the most important causes
of perioperative bleeding tendency[8]. The aetiology of
impaired haemostasis in the advanced liver failure is often multifactorial and may include impaired coagulation
factor synthesis, synthesis of dysfunctional coagulation
factors, their increased consumption, altered clearance
of activated factors, hyperfibrinolysis, disseminated
intravascular coagulation (DIC), and platelet disorders.
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The reduced hepatic synthesis of clotting factors is also
associated with a significant deficit of natural anticoagulants, particularly protein C and antithrombin.
Commonly, the vitamin K-dependent factors decrease first, starting with factor Ⅶ and protein C owing
to their short half-life (6 h), followed by reductions in
factor Ⅴ, Ⅱ and Ⅹ levels[ 9].
Impaired synthesis and altered clearance of the fibrinolytic factors cause complex abnormalities in the fibrinolytic system. One of the most striking mechanisms is
an imbalance between tissue plasminogen activator (t-PA)
and its specific inhibitor plasminogen activator inhibitor-1
(PAI-1)[10]. Quantitative (thrombocytopenia) and/or qualitative platelet abnormalities (thrombocytopathies) such
as impaired platelet adhesion and aggregation are often
attributed to splenic sequestration (hypersplenism), but
may also occur as a result of platelet destruction mediated
by platelet-associated immunoglobulins, impaired hepatic
synthesis and/or increased degradation of thrombopoietin by platelets sequestered in the congested spleen[11].
Additional risk factors for extensive bleeding include
the injury of collateral vessels developing as a result of
portal hypertension, some from the raw surface of the
liver, inflammatory adhesions, as well as previous abdominal surgery.

mia and citrate toxicity. Bleeding during the postanhepatic
phase may also be related to disseminated intravascular
coagulation and platelet trapping. Platelet trapping has
been documented by simultaneous measurement of arterial and venous platelet counts. DIC has been correlated
with ischemic damage of the graft liver[14]. Transplantation
of an optimal graft restores the patient’s clotting function.
A dysfunctional graft may not immediately produce clotting factors, thereby leading to prolonged coagulopathy
mandating massive transfusions[15].

PREDICTORS OF TRANSFUSION
REQUIREMENTS
The most important variables affecting transfusion requirements include the severity of disease [Child-Turcotte-Pugh Score, United Network for Organ Sharing
priority for transplantation or in recent years model for
end-stage liver disease (MELD) classification], preoperative prothrombin time (PT), history of abdominal operations, and Factor Ⅴ levels. The Child classification is
a measure of disease severity that includes assessments
of ascites, encephalopathy and measurements of serum
bilirubin and albumin. MELD gives a score based on
how urgently the patient needs a liver transplant within
the next three months. Its impact on transfusion requirements at the time of transplantation may be difficult to
predict. The length of cold ischemia time has also been
associated with short-term graft dysfunction and negative effects on perioperative red blood cell (RBC) transfusion requirements. Other variables include cholestasis,
splenomegaly, the preoperative haematocrit value, use
of the piggyback transplantation method, and operative
time[16]. Patients with chronic active hepatitis have more
advanced disease and require more blood products than
patients with primary biliary cirrhosis[17]. Previous upper abdominal surgery tends to have vascularised adhesions which may render liver dissection hemorrhagic.
Portal vein hypoplasia and decreased donor liver size,
presenting a technical challenge for the surgeons, were
predictive of blood loss[16]. Use of a partial liver graft,
as in living-donor liver transplantation, creates a graft
with a raw surface that can bleed after reperfusion[14].
The risk of primary nonfunction after transplantation
of poor quality cadaveric graft increases proportionately
with the degree of steatosis. Graft dysfunction further
necessitates massive transfusions[18]. Inadequate graftrecipient body weight ratio, poor graft preservation and
prolonged cold ischemia time have also been associated
with increased intraoperative bleeding tendency[14]. Massicotte et al[6] in a retrospective study of 206 successive
liver transplants found that the three most important
variables related to the number of RBC units transfused
were: the starting international normalized ratio (INR)
value, the starting platelet count, and the duration of
surgery.Plasma transfusion did not decrease the amount
of RBC transfusions.

INTRAOPERATIVE FACTORS
CONTRIBUTING TO BLOOD LOSS
Complex coagulation disorders may occur during liver
transplantation due to the underlying liver disease and
haemostatic changes associated with the transplantation. The latter may result from hemodilution, platelet
consumption, disordered thrombin regulation, and fibrinolysis. Haemodilution secondary to fluid replacement
and the preservation solution from the donor liver can
additionally reduce plasma levels of coagulation factors.
Variable intraoperative blood loss may ensue in the form
of brisk bleeding through a vascular injury and/or appear
as diffuse continuous microvascular bleeding mixed with
the peritoneal ascites. Technical difficulties predisposing
to bleeding include portal vein thrombosis, post-surgical
adhesions, and, in children with biliary atresia, previous
portoenterostomy. Bleeding is greatly potentiated by the
activation of the fibrinolytic system, which occurs both
during the anhepatic and reperfusion phases. During the
anhepatic phase, circulating levels of PAI-1 are reduced
leading to an increase in t-PA. Some patients develop severe coagulopathy early after the reperfusion phase due
to an accelerated release of t-PA from the graft endothelium which causes generalized fibrinolysis and significant
bleeding[12]. Release of exogenous heparin from the harvested graft after donor heparinization or endogenous
heparin-like substances from the damaged ischaemic graft
endothelium may also play a role in the coagulopathy at
reperfusion[13]. Other intraoperative factors contributing
to prolonged hemorrhage include hypothermia, hypocale-
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Deakin et al[19] showed that in their population of
300 adult liver transplantations, blood urea nitrogen level
and platelet count had an independent correlation with
transfusion necessity. Ramos et al[20] looking for useful
variables for the preoperative identification of patients
likely to require transfusion of RBCs could not show a
statistically significant relationship between preoperative
coagulation parameters and need for intraoperative blood
products. However, age, Child class, diagnosis, INR, Hb
level and the effect of intraoperative portacaval shunt
placement were close to significance on the amount of
blood transfusion. They concluded that preoperative normalization of Hb level and placement of intraoperative
portacaval shunt could diminish the need for RBC transfusion during OLTx. In a multivariate linear regression
analysis of 526 liver transplants Mangus et al[21] demonstrated that predictors of estimated blood loss were age,
MELD score, preoperative hemoglobin, initial fibrinogen, initial central venous pressure, and total anesthesia
time. Specific predictors of RBCs usage were age, MELD
score, preoperative hemoglobin, initial fibrinogen, and
anesthesia time. On the contrary, Massicotte et al[22] found
that only two variables were linked to RBC transfusion:
starting hemoglobin value and phlebotomy. In their study
the MELD score did not predict blood losses and blood
product requirement during OLTx.
Steib et al[23] looking at the preoperative factors associated with high blood loss in 510 consecutive patients
undergoing OLTx, were unable to correctly identify patients at risk for intraoperative hemorrhage. In the recent
study by Roullet et al[24], MELD score did not appear as a
risk factor for bleeding or transfusion requirements during OLTx, nor did previous upper abdominal surgery,
preoperative coagulation defects, or Hb level. They concluded that the preoperative risk factors for bleeding and
transfusion during OLTx were of little clinical usefulness
and therefore blood products should always be available
during the procedure. Given the poor predictive value
of the single preoperative variable even in a homogeneous population some authors recommend that centres
evaluate their practice individually in order to identify
the centre-specific risk factors and high risk patients for
perioperative transfusion[25].

that liberal RBCs transfusion thresholds are associated
with better outcomes than a more restrictive approach is
still lacking, and a remarkable variability in this practice
continues to be observed. In particular, there is little
published data in support of RBCs transfusion when the
Hb level is above 7 g/dL, even if the patient has cardiac
comorbidities[15,26]. Some authors recommend to keep
the hematocrit between 30% and 35%; others think it
advisable and acceptable to maintain it between 26% and
28%[27,28]. In the study by Steib et al[23] RBCs were administered to maintain Ht levels at 30%. Even though OLTx
surgery is widely seen as a highly specialized procedure,
strict guidelines for optimal use of packed red blood
cells have not been developed. The influence of the
amount of transfusion of various blood components on
clinical outcome after liver transplantation has not been
studied in detail. Blood transfusion is generally considered a surrogate marker for sicker patients and complex
surgery, and its role on outcome has not been precisely
defined in large trials[7].
Fresh frozen plasma transfusion
The standard indication for fresh frozen plasma (FFP)
infusion is clotting improvement; in some centres FFP
is still administered for volume replacement in case of
hemodynamic derangement. Many consider transfusing
FFP while waiting for laboratory results reasonable and
preferable to not giving coagulation factors in time[29].
Freeman et al[30] support the view that FFP administration is not essential during OLTx and that platelets and
fibrinogen concentrates may be given when platelet
count and fibrinogen level fall to below 50.000 mm3
and 1 g/L, and human serum albumin can be used as a
volume expander. Liver removal during surgery leaves
the patient anhepatic for a period of time, which further
complicates the coagulation. This phase is associated
with a decrease in Factors Ⅷ and Ⅴ, a decrease in fibrinogen, and an increase in fibrinolysis. FFP is expected
to improve complex coagulation disorders in case of
severe bleeding as it contains all coagulation factors and
inhibitors. FFP should be treated with solvent-detergent
to inactivate viral particles and decrease the risk of viral infection. Treated plasma has lower factor Ⅷ and
alpha-2 antiplasmin activity, but patients who receive
treated FFP demonstrate a similar correction of the
INR and activated partial thromboplastin time (aPTT),
and they have transfusion requirements similar to those
of patients who receive untreated FFP[30]. Whether FFP
should always be used for treating a patient with major
blood loss during OLTx is still not completely defined.
In addition there is currently no consensus on the volume of FFP or rate of infusion required to prevent or
treat intraoperative persistent bleeding; in the common
practice 10-15 mL/kg are usually administered. Because
of the lack of universally shared guidelines, beside some
centre-specific indications [28], both the amount and
timing of FFP administration during OLTx still seem
guided by experienced clinical judgment, local practices

TRANSFUSION PRACTICE DURING OLTx
Blood transfusion therapy has remained a critical feature
in OLTx and various studies have shown a large variability in the use of blood products among different centers
and even among individual anesthesiologists within the
same center[2]. The decision of when a patient should be
transfused with RBCs still remains a greatly discussed
issue, in part because there is scant evidence supporting one practice over another. For example, conflicting
results derive from the adoption of different triggers
for blood transfusion or different inter-centre protocols
or protocols not driven by coagulation monitoring or
with or without the use of antifibrinolytics. Evidence
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and the assistance of timely coagulation tests (including
near-patient tests).

to surgical and anesthetic measures to minimize intraoperative blood loss, a conservative and more targeted use
of blood products, weighing the short-term benefits vs
increased postoperative risk for adverse events in each
individual patient, should be considered.

Platelets transfusion during OLTx
Although there is no consensus regarding the appropriate threshold, platelet concentrates are frequently administered during OLTx for the prevention or treatment of
bleeding. However, intraoperative platelet transfusions
have been identified as a strong independent risk factor
for patient survival after OLTx, in addition to RBCs[31].
The negative impact of platelet transfusions is independent from other well known risk factors, in accordance
with the adverse effects of platelets discovered in experimental studies. In animal models of liver transplantation,
studies have demonstrated that platelets are involved in
the pathogenesis of reperfusion injury of the liver graft
by inducing endothelial cell apoptosis. This effect is
independent of ischemia-related endothelial cell injury
and cannot simply be explained by activation of the coagulation system and aggregation of platelets at the site
of endothelial cell injury[32]. In addition, platelets contain
many cytokines and vasoactive and inflammatory mediators which are rapidly released on activation by various
stimuli after reperfusion. The specific causes that lead
to a worse outcome following platelet transfusion have
not been examined, however, several factors have been
considered such as the risk of viral transmission, the potential for bacterial contamination especially for platelets
stored at room temperature[33], the risk of alloimmunization, graft vs host disease, nonspecific immunosuppressive effects, and acute lung injury (ALI) or adult distress
respiratory syndrome (ARDS). Recent studies show that
it is not RBC, but, in fact, plasma-rich blood products,
such as FFP and platelet transfusions, that are linked to
the development of ALI/ARDS[34]. Pereboom et al[35]
demonstrated that platelet transfusion during OLTx is
associated with increased postoperative mortality due to
heavy lungs because of severe lung edema in accordance
with the clinical diagnosis of transfusion-related acute
lung injury (TRALI)/ARDS. The increased rate of graft
loss after platelet transfusion did not result from the
specific adverse effects of transfused platelets such as an
increased occurrence of graft-related thrombotic complications, but it was caused by higher rate of patients’
death with a well functioning graft. Due to the difficulty
in discerning whether a bleeding complication during
OLTx is a result of the lack of platelets or defects in
other hemostatic systems it seems reasonable not to
transfuse patients based on a low platelet count alone.
Given the reported detrimental effects of platelet transfusion, it is advisable to transfuse them only if significant bleeding complications do occur which are mostly
attributable to low platelet count or dysfunctional platelets as demonstrated by on-site coagulation monitoring.
Considering that the appropriateness of different blood
components administration schemes has not been evaluated in randomised studies, a specific approach targeted
to the individual needs may be reasonable. In addition
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OLTx WITHOUT BLOOD/BLOOD
PRODUCTS
For many uncomplicated recipients OLTx has been safely performed without transfusion of any blood products,
especially when maximum blood loss was limited to
2500-3500 mL[36]. Even though, as aforementioned, the
reports from various centres attest to the high variability
of transfusion requirements, a confirmed trend toward
a significant reduction in the use of blood products is
being observed nowadays[2]. Massicotte et al[6] reported
that up to 79% of their patient population did not need
any red cell transfusion during surgery. Transfusionfree OLTx in Jehovah’s witnesses, in combination with
preoperative stimulation of red cell production using
recombinant human erythropoietin and iron, cell salvage, volemic replacement and tolerance of moderate
anemia, have been associated with favourable results[37].
Limiting transfusions to situations where clinical bleeding and/or severe anemia are present has been shown
to reduce many perioperative complications. Bloodless
strategies also include meticulous surgical technique
and the intraoperative hemodilution procedure, where
the patient’s blood is removed and replaced with nonblood products (5% albumin and crystalloid solution)
whenever feasible. The patient’s blood is later reinfused
during the operation as needed or routinely after liver
implantation. Acute normovolemic hemodilution preserves the integrity of the red blood cells and clotting
factors, ensuring the availability of safe, fresh autologous
blood. Contraindications to the hemodilution procedure
include coronary heart disease, significant anemia, and
severe pulmonary hypertension. Both prophylactic (prior
to incision) and intraoperative administration of recombinant activated Factor Ⅶa has been considered by some
authors to prevent intraoperative blood transfusion in Jehovah’s witnesses or markedly reduce it in non-Jehovah’s
witnesses[36,37].

INTRAOPERATIVE BLOOD
TRANSFUSION, COMPLICATIONS AND
OUTCOME
The impact of blood transfusion has been shown to be
important and independent of other well-known predictors of posttransplant outcome, such as recovery of
graft function, infectious disease, renal failure, and other
comorbidities. Older studies have observed that an increased blood requirement was associated with many adverse events in the postoperative period, including higher
rates of graft failure and patient mortality[18]. Cacciarelli
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et al[38] reviewed 225 adult OLTx recipients and showed
a significant improvement in both patient and graft
survival when less than 5 U of RBCs were transfused
intraoperatively. Ramos et al[20] showed that even a moderate number of blood transfusions was associated with
a longer hospital stay and that transfusion of more than
6 U of PRBCs was associated with diminished survival.
In pediatric patients, increased blood product administration appeared as a significant independent negative
predictor of long-term patient survival[39]. As Hendriks
et al[39] stated intraoperative transfusion of RBCs was the
sole predictor of surgical reintervention after OLTx. Patients with reinterventions had a three-fold higher mortality during the observation period and had significantly
longer hospital stay compared with patients without
reinterventions. Whether the difference in outcome is
related to the transfusion as an independent risk factor
or whether the transfusion is a marker for a technically
more difficult surgery remains unclear [14]. However,
multiple observations underline that every attempt to
control blood loss and reduce transfusion requirements
should be practiced in order to lessen the probability of
surgical reintervention and improve in-hospital morbility and overall outcome. The immunosuppressive effect
and the induction of several complications may account
for the negative correlation between the intraoperative
blood transfusion and postoperative outcome. Common
complications of massive transfusions are immunologic
adverse effects, metabolic derangement, infectious exposure with increased septic episodes, and acute lung
injury. Transfusion-related immunological adverse effects
include anaphylactic reactions, hemolysis, graft vs host
disease, and nonspecific immunosuppressive effects.
Large volumes of allogenic blood result in the infusion
of large amounts of foreign antigens in both soluble and
cell-associated forms. The persistence of these antigens
in the circulation of the recipient is considered to result
in impaired cell-mediated and natural killer cell activity,
and deterioration in liver regeneration[40,41]. Severe metabolic derangement from massive transfusion may occur
as a consequence of dilutional coagulopathy, dilutional
thrombocytopenia, DIC, citrate toxicity, metabolic alkalosis, hypocalcemia, hypomagnesemia, hyperkalemia,
acid/base disturbances and hypothermia[42]. Blood products transfusions have been identified as a risk factor for
TRALI, ALI and ARDS[43].
ARDS is a serious multifactorial complication after
OLTx most likely caused by fluid overload from crystalloid liquid infusion or massive transfusion and reperfusion
syndrome[44]. The risk of developing ALI/ARDS seems
to be higher after transfusion of FFP or platelets than after RBC[34]. Other postoperative complications associated
with blood transfusion include perioperative myocardial
infarction, postoperative low-output cardiac failure, and
increased tumor recurrence[45-47]. In addition, exposure to
multiple units of allogenic blood increases the risk of developing abnormal antibodies which makes future crossmatching more difficult and time-consuming[48].

WCG|www.wjgnet.com

INTRAOPERATIVE STRATEGIES TO
REDUCE BLOOD LOSS
Anesthesiologic management
Properly balanced intraoperative fluids, use of predefined or “individualized” transfusion triggers, and
prophylactically administered pharmacologic agents capable of reducing blood loss may have a positive impact
on amount of bleeding and transfusion requirements.
Avoiding excessive fluid administration and maintaining relative hypovolemia have been firmly advocated. As
demonstrated during hepatic resections, maintaining a
low central venous pressure (CVP) via volume restriction, phlebotomy, or both, has been shown to decrease
surgical blood loss and promote graft decongestion. A
low CVP has been recommended to minimize blood
loss during explantation of the liver. With the “classical”
cava-cava technique severe hemodynamic instability may
ensue when inferior vena cava is clamped in the presence of hypovolemia; on the other hand with the wider
application of the “piggy-back” technique measures to
maintain CVP below 5 cm H2O have become possible.
Massicotte et al[49,50] reported that maintaining a low CVP
before the anhepatic phase was of utmost importance to
decrease blood loss and transfusion rate. However, the
debate on an optimal CVP value to prevent major bleeding during OLTx is still not solved; in fact, although a
low CVP is associated with reduced blood loss, it also
carries a higher risk of complications such as air embolism, systemic tissue hypoperfusion, and renal failure.
Schroeder et al[51] demonstrated that intentionally lowering the CVP to decrease blood loss during OLTx was
associated with significant morbidity and mortality; the
postoperative peak serum creatinine level, the need for
dialysis, and 30-d mortality were higher in patients who
had low CVP. Many transplant surgeons prefer that the
CVP be kept “low” after reperfusion of the graft to
avoid venous congestion of the new graft, but any quantification of this “low” number is futile. During liver
transplantation there is no evidence to support decreasing CVP and effective circulating blood volume to levels
currently practiced during hepatic resections surgery;
this practice might compromise vital organ perfusion[52].
Diuretics also often play a role in achieving euvolemia
and can help in reducing transfusion requirements. The
osmotic activity of mannitol can aid in removing free
water within abdominal organs, particularly in the setting
of hepatorenal syndrome, thus preventing hepatic distension once the graft is reperfused. Due to the lack of
adequately powered, randomized, prospective controlled
trials further investigations are needed to determine
which patients would benefit from restrictive volume
management in the intraoperative period of OLTx. Intraoperative coagulation abnormalities have long been
thought of as major culprits for blood loss and transfusion requirements. They may be aggravated by unrecognized hypothermia and acidosis. Hypothermia likely occurs when large volumes of unheated fluids are admin-
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istered; acidosis affects hemostasis as well, probably by
inhibition of platelet function[53]. Among the strategies
to attenuate surgical bleeding by reducing both graft and
portal vein pressure the use of lower tidal volumes (6-8
mL/kg) and very low positive end-expiratory pressure,
have also been advocated[3].

which consists of performing the anastomosis of the
retrohepatic inferior vena cava of the donor liver directly
to the recipient inferior vena cava, thus avoiding extensive dissection of the retroperitoneum in this area. In
recipients with portal hypertension and multiple venous
collaterals this technique may reduce the anhepatic time
and the amount of bleeding. Another advantage of the
piggy back technique is the shorter warm ischemia time
during implantation of the graft as only one cavo-caval
anastomosis has to be performed, compared to the two
end-to-end anastomoses of the inferior vena cava in the
“classic” technique. While the proponents of the extensive use of venovenous bypass claim that it improves
hemodynamic stability, reduces blood loss, and reduces
the incidence of postoperative acute renal failure[59], many
authors have shown an association between VVB and an
increased transfusion of blood products. This increase
in the amount of intraoperative bleeding during VVB
has been attributed to fibrinolysis, hemolysis, and platelet
activation by bypass tubing[60-62]. Miyamoto et al[63] demonstrated significantly lower blood transfusion requirements in patients in whom the “piggyback” technique
was used, compared with patients transplanted using the
“classic” technique. According to the recent statements
from the Cochrane database[64] no superiority of one over
another technique seems to emerge from the examined
trials. Based on the available studies there is currently no
evidence to recommend or refute the use of piggy-back
method during OLTx as far as the amount of bleeding
and blood product consumption is concerned.

Thromboelastography
Besides standard coagulation tests (i.e., PT, aPTT, fibrinogen levels), TEG allows a rapid on-site assessment
of the functional clotting status. Its use permits the
assessment of both cellular and humoral components
of whole blood coagulation and fibrinolysis, instead of
a single procoagulation or anticoagulation parameter.
Results can be obtained fairly quickly, the onset of clot
formation within a few min and platelet function within
45 min. The prognostic value of intraoperative standard
tests on bleeding or blood component requirements is
poorly documented and controversial.
TEG, on the other hand, can assist anesthesiologists
in treating intraoperative bleeding by identifying the
cause and facilitate selective use of blood components
and specific drug treatments[54]. In various studies the
amount of blood usage was significantly reduced when
TEG monitoring was compared to the conventional
“clinician-directed” transfusion management. Wang et
al[55] demonstrated that the same was true for FFP administration during OLTx as well. Fewer units of FFP
were required to keep the TEG reaction time within an
accepted transfusion threshold compared with the PT/
INR. TEG may also diagnose a heparin-like effect after
reperfusion and determine the lowest efficient dose of
protamine to correct the prolongation of the reaction
time representing the rate of initial fibrin formation[28].
In addition, TEG may help document the prothrombotic state that sometimes occurs in post liver transplant
patients because of deficiencies in antithrombin Ⅲ and
protein C causing potentially disastrous hepatic artery
thrombosis[56].
Even though the usefulness of TEG in complex coagulation defects has been questioned[57], recent literature
does reaffirm that the use of TEG and rotation thromboelastometry in more rational transfusion algorithms
can reduce the number of blood products transfused[58].

PHARMACOLOGICAL STRATEGIES TO
REDUCE BLOOD LOSS
Antifibrinolytic drugs
Hyper-fibrinolysis plays a significant role in non-surgical
blood loss requiring massive transfusion. Antifibrinolytics will decrease bleeding only in cases where it is caused
by enhanced fibrinolysis but they are potentially harmful
in patients with prothrombotic states like Budd-Chiari
syndrome, retransplantation, fulminant liver disease,
primary biliary cirrhosis, primary sclerosing cholangitis,
transplant for malignant disease, portal vein thrombosis[65]. Of the two groups of antifibrinolytics available,
lysine analogues [epsilon aminocaproic acid (EACA) and
tranexamic acid] and serine protease inhibitors (aprotinin), tranexamic acid (TA) is more commonly used.
EACA is a synthetic lysine analogue that competitively
inhibits the binding of plasminogen to lysine residue
on the surface of fibrin and prevents conversion of
plasminogen to plasmin. It may also prevent plasmin
degradation of platelet glycoprotein Ib receptors, thus
preserving platelet function[66]. EACA has demonstrated
less antifibrinolytic potency than tranexamic acid. In a
prospective, double-blinded, placebo-controlled, randomized study by Dalmau et al[67], prophylactic EACA
did not reduce intraoperative total red blood cell transfusion during OLT. In addition its use may be associated

Surgical techniques to reduce blood loss
The importance of surgical experience and skill during
hepatic dissection and meticulous hemostasis has long
been recognized as important in determining the amount
of intraoperative blood loss. One of the first techniques
introduced to reduce intraoperative bleeding was the application of the venovenous bypass (VVB) during the
anhepatic phase of “classic” OLTx. By decompressing
the splanchnic and retroperitoneal circulations, venovenous bypass contributes to reduce blood loss and avoids
important hemodynamic changes caused by a variable
reduction in venous return to the heart. Another extensively adopted method is the piggy-back technique,
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with renal complications such as acute tubular necrosis,
renal infarction, myopathy, pigment-induced renal complications, glomerular capillary thrombosis and elevated
excretion of beta-2 microglobulin. Tranexamic acid
prevents plasmin-mediated conversion of fibrinogen to
fibrinogen split products by competitively binding to the
lysine binding sites on the plasminogen molecule. As
compared to EACA, its antifibrinolytic activity is 6-10
times more potent, and higher in peripheral compartments like kidney, intestines, and prostatic tissues. Strong
evidence that TA reduces blood transfusion in various
types of surgery has been provided in a recent review,
even though its effects on thromboembolic events and
mortality remains uncertain[68]. In liver transplant surgery
the effectiveness of TA in reducing blood transfusion
is still under critical evaluation. Years ago, Boylan et al[69]
demonstrated that administration of tranexamic acid (20
mg/kg) was associated with significantly less intraoperative blood loss and reduced transfusion requirements.
No patient had hepatic artery or portal vein thrombosis.
More recently, Dalmau et al[70] did not find any significant
difference in blood loss and transfusion requirements
with TA (10 mg/kg per hour) or aprotinin. Thromboembolic events, reoperations and mortality were similar
in both groups. Massicotte et al[71] compared the efficacy
of TA vs aprotinin during OLTx. They found no intergroup difference in intraoperative RBC transfusion per
patient, final Hb concentration, and the percentage of
OLTx cases requiring no blood product administration.
In their experience, administration of aprotinin was not
superior to TA with regards to blood loss and blood
product transfusion requirement.
A study published in 2011 by the Cochrane HepatoBiliary Group[72], which included all randomised clinical trials that compared various methods of decreasing
blood loss and blood transfusion during OLTx, reported that there were no significant differences in the
allogenic blood transfusion requirements, amount of
platelets, FFP, or cryoprecipitate transfused between the
tranexamic acid and control groups.

blood-saving effect of aprotinin was particularly evident
when surgery was complicated with significant blood
loss. Subsequently, several other reports supported these
findings[76,77]. However, parallel to its widespread utilization, concerns arose about the safety of aprotinin and
an increased risk of thrombotic complications has been
reported[78]. Thromboembolic phenomena are among the
most undesirable complications during liver transplantation manifesting as hepatic artery thrombosis, venous
thromboembolism, and pulmonary thromboembolism.
Lentschener et al[78] reported that prophylactic use of
large dose aprotinin decreased blood loss and transfusion requirement only when OLTx was associated with
significant blood loss, but it did not alter the postoperative outcome. Because of its potential side effects, they
recommend that aprotinin should not be systematically
administered to patients undergoing OLTx.
It should be noted that most of the data contributing to the increased thromboembolic risk with aprotinin
came from a single study - the BART trial[74], whereas in
the recent years its negative side effects have been consistently reconsidered.
Molenaar et al[79] demonstrated that both aprotinin and
TA significantly reduce RBC transfusion requirements;
intraoperative use of FFP was significantly reduced with
aprotinin but not with TA. No increased risk of hepatic
artery thrombosis, venous thromboembolic events or
mortality was detected in patients who received antifibrinolytics. No significant difference in the proportion of
thromboembolic episodes or other serious adverse events
between the aprotinin-treated groups and controls was
also reported in the recent review by Gurusamy et al[72] and
Liu et al[80] performed a meta analysis to study the effect
of aprotinin on the intraoperative requirement for blood
products and the postoperative outcomes. They observed
that aprotinin can reduce the intraoperative requirement
of blood product, and has no significant effect on the
incidence of laparotomy for bleeding, thrombotic events
and mortality. A Cochrane Intervention Review (2011)[81]
on anti-fibrinolytic use for minimising perioperative allogenic blood transfusion concluded that anti-fibrinolytic
drugs provide worthwhile reductions in blood loss and the
receipt of allogenic red cell transfusion. Aprotinin appears
to be slightly more effective than the lysine analogues in
reducing blood loss. The lysine analogues are effective in
reducing blood loss during and after surgery, and appear
to be free of serious adverse effects.
However, given the high risk of type Ⅰ and type Ⅱ
statistical errors because of few trials and the small
sample size in some trials, the authors stated that further
large clinical randomized multicentre controlled trials are
likely needed to confirm the specific advantages of aprotinin in liver transplantation surgery.

Aprotinin
Even though a reduction in intraoperative bleeding and
transfusion requirement with aprotinin has very frequently been reported, aprotinin use has recently been
reduced and criticized as it was related to an increased
mortality in cardiac surgery[73].
Antifibrinolytic effect of aprotinin is complex and
includes inhibition of plasmin, contact activation system
(via kallikrein inhibition) and inhibition of tissue-plasminogen activator production. In addition to antifibrinolysis,
aprotinin also has antithrombotic effects, which may
be due to selective blockade of proteolytically activated
thrombin receptors on platelets[74]. The European Multicentre Study of Aprotinin in Liver transplant showed
that both high dose and regular dose of aprotinin attenuated fibrinolytic activity, and decreased blood loss and red
blood cell transfusion requirements during OLTx[75]. The
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Recombinant factor Ⅶ a
Recombinant activated Factor Ⅶa (rFⅦa) complexes
directly with tissue factor (TF) released from the subendothelium at sites of vascular disruption. The TF-rFⅦ

3261

January 28, 2014|First Edition|

Paolo F et al . Bleeding and autotransfusion in liver transplantation

a complex then activates the remainder of the common
coagulation cascade via activated factor Ⅹ. Additionally,
rFⅦa may bind to activated platelets, which also concentrates factor Ⅹ activation to sites of tissue injury. The
factor Ⅹa generated by these two mechanisms ultimately
drives the thrombin burst, which cleaves fibrinogen to fibrin, thus initiating the formation of the fibrin meshwork
critical to secondary coagulation and clot stabilization[82].
Nieman et al[83] demonstrated that in a selected group
of patients with prolonged PT and high MELD score,
the prophylactic application of rFⅦa at the start of the
OLTx may reduce perioperative transfusion requirements. However, the prophylactic administration of rF
Ⅶa during orthotopic liver transplantation has lead to
inconclusive results; there was a trend across studies
toward reduced red blood cell transfusion requirements
with prophylaxis, but neither operating room time nor
length of stay in the intensive care unit was reduced[84-86].
Nowadays the strength of evidence is low or moderate
for intraoperative blood saving capability when given as
prophylaxis; furthermore use of rFⅦa has been associated with an increased rate of thromboembolic events
in intracerebral hemorrhage and cardiac surgery [87].
Therefore the prophylactic administration may not be
the most efficient use of this drug; it should instead be
seen more as a “rescue therapy” to control bleeding in
situations of major perioperative bleeding where other
therapies have failed[88]. Case reports and studies with
small number of patients found this drug beneficial in
correcting clotting alterations, reducing frank surgical
bleeding, controlling clotting failure due to graft reperfusion, or stabilizing clotting functions before the closure
of the abdomen[89,90].
Recombinant activated factor Ⅶa is not a substitute
of clotting factors; in addition, it can also induce other
negative pharmacological effects. It seems to be useful in improving coagulation in transplant recipients
with refractory hemorrhagic complications serving as a
bridge to definitive treatment. Safety of rFⅦa in OLTx
has been demonstrated in many reports; no effects on
thromboembolism or mortality have been found in various trials[87]. However, the experience with this drug is
still too limited and the benefit/risk ratio not completely
evaluated. The role of recombinant factor Ⅶa during
OLTx still remains to be completely defined. Its administration provides a novel way to increase the thrombin
burst and acutely improve coagulation in the presence
of rapid factor consumption. It is advisable that TEG
monitoring be performed before rFⅦa administration[91].

transmissible infectious diseases. The use of cell salvage
has become an important part of intraoperative management of Jehovah’s Witnesses who refuse allogeneic blood
or blood products transfusion on religious grounds[93].
The principle of cell salvage consists of collecting
RBCs from the operative fields, storing the blood in a reservoir, separating the components, and transfusing. Blood
collection is carried out with a dedicated double-lumen
device, one for suction and the other for adding a predetermined volume of anticoagulant to the aspirated blood.
After storage the blood is centrifuged and the RBCs are
washed and filtered across a semi-permeable membrane
which removes free haemoglobin, plasma, white blood
cells, platelets and heparin. The process of concentration by centrifugation enables the plasma, platelets, and
irrigating solutions to be removed, as well as 70%-90%
of the soluble contaminants and the so called “biochemical debris” present in the salvaged blood. The salvaged
blood may then be transfused after being re-suspended in
normal saline. The resultant hematocrit ranges between
50%-80%[15]. Although the safety of cell-salvaging procedure has been widely demonstrated[94] intraoperative
red blood cell salvage and autologous transfusion is not
routinely used in major liver surgery as cost-effectiveness
is still an unsolved concern[95].
Blood salvaging techniques are controversial during
OLTx as well, since some studies demonstrated their
effectiveness in reducing allogeneic RBCs requirements
and safety, while others reported higher blood loss,
mainly through fibrinolysis, and increased costs[7,96,97].
Hendriks et al[98] reported a remarkable increase in transfusion requirements in liver transplant recipients where
cell saver blood was returned. They hypothesised that
excessive blood loss was a consequence rather than a
cause of transfusion of cell saver blood. The need for
an increased amount of RBCs, FFP, cryoprecipitate,
and platelets in autotransfused patients was also demonstrated by other studies[99,100]. The increased blood loss in
recipients receiving cell saver blood has been attributed
to the release of fibrinolytic compounds from blood
cells in the collected blood and/or from the transplanted
liver, that are not washed out by the cell saver[99]. As opposed to the above-mentioned reports many other studies underline that cell salvage is efficacious in reducing
the need for allogeneic blood transfusion in adult elective surgery, as evidenced by a recent Cochrane Collaboration meta-analysis of various studies[101]. Waters et al[102]
in a review of the cell salvage data from 2328 surgical
patients suggested that cell salvage can be significantly
less expensive than allogenic blood. Older experiences
in patients undergoing liver transplantation with large
volumes of blood loss, demonstrated that besides its
medical benefits intraoperative autologous transfusion
was also cost-effective. Use of intraoperative autologous
transfusion resulted in conservation of erythrocytes and
reduction in exposure to homologous blood and blood
components[103]. Similar observations were also reported
in a prospective study on 660 adult liver transplant pa-

BLOOD SALVAGE DURING OLTx
The use of intraoperative blood salvage and autologous
blood transfusion has been for a long time an important
method to reduce the need for allogeneic blood and the
associated complications[92].
By reducing the demand for heterologous transfusion this strategy can prevent or diminish the exposure to
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tients published more recently[104].
Sankarankutty et al[105] demonstrated that when cell
saver was used during OLTx more than half of the
blood lost was recovered and was almost entirely available for reinfusion after processing. Substantial reduction
in FFP and a lesser reduction in platelet requirement was
also seen.
Nowadays the use of cell salvage to collect and reinfuse shed, autologous blood during OLTx is a common
practice when high blood loss is anticipated. It is, in fact, a
complementary method that can replace blood in proportion to the volume lost. However, when compared with
the cost of providing allogenic blood, it becomes cost
effective when at least two or more units of blood can be
salvaged and reinfused. Massicotte et al[95] demonstrated
that when cell salvage autotransfusion was used systematically for every patient (75 OLTx) there was enough blood
salvage to retransfuse 65% of the cases; in their centre
with a low transfusion rate, it saved a mean of 21 g/L of
Hb per patient or two RBC unit transfusions.
Even though the collection of a recipient own blood
from surgical sites may result an effective, safe and costeffective procedure, there are some relative contraindications due to the presence of certain materials incorporated into the salvaged blood that could potentially harm
the patient upon readministration[106]. These include contaminants such as stool, urine, or blood aspirated from
contaminated or septic wounds, intestinal leaks, intraabdominal infections, and malignant cells.

an absolute contraindication to the use of intraoperative
cell salvage during OLTx.
Blood salvaged from patients with liver tumor
The presence of hepatocellular carcinoma has been considered a contraindication for the use of blood salvaging
techniques due to the theoretical risk of reintroducing
neoplastic cells into the circulation and disseminating the
tumor. In 1986 the American Medical Councils stated that
cell salvage was contraindicated in cases of malignancy[111].
However, in clinical practice the use of autologous
transfusion from salvaged blood of patient with malignant disease has been diffusely reported in different
surgical settings, such as urological cancer and gynaeoncology surgery[112,113]. In various studies on surgical patients with malignant disease autologous transfusion with
cell salvaged blood did not increase recurrence rates and
was effective at reducing allogenic blood requirements.
The use of leucocyte depletion filters (LDFs) has been
proposed to improve cell salvage safety, to reduce the
number of malignant cells in the blood recovered during
cancer surgery, and to attenuate the side-effects[114]. In a
prospective observational study on 32 patients undergoing OLTx for hepatocellular carcinoma, Liang et al[115]
investigated the presence of tumour cells in shed blood
and the efficiency of cell salvage in combination with a
LDF at removing them. Tumour cells were present in
the cell saver reservoir in 62.5% of patients and after
processing tumour cells were still detected in 75% of
those. After passing through an LDF, tumour cells were
only detected in 10% of samples where the tumour had
ruptured intraoperatively. Because of the incomplete
elimination of tumour cells in the autologous blood, in
circumstances where the potential rupture of the tumor
may occur intraoperatively the authors raise concerns
on the opportunity of reinfusing the salvaged blood. In
the report by Catling et al[116], the cell saver used in combination with LDFs significantly reduced the number
of tumour cells from salvaged blood. After collecting
the blood from the field and processing it, viable cells
were demonstrated in 62% of samples, but once the
processed salvaged blood was passed through an LDF
no tumor cells were found, only tumour cell fragments,
which were unable to cause metastases. Muscari et al[117]
reported no difference in the incidence of neoplastic
recurrence with the use of cell saver during liver transplantation for hepatocarcinoma. Various authors also
confirm that the use of cell salvage is useful to reduce
the exposure to allogenic blood during liver transplantation for hepatocellular carcinoma and is cost-effective as
well[95,115]. Filtration through leucodepletion filters in association with irradiation (25 Gy) prior to transfusion of
recovered blood has also been proposed to increase the
safety of blood salvaging procedure in cancer surgery[118].
Other potential complications associated with cell salvage include non-immune haemolysis, air embolus, febrile non-haemolytic transfusion reactions, coagulopathy,
contamination with cleansing solutions and incomplete

Bacterial contamination
Bacterial contamination of intraoperatively cell salvaged
and processed blood is a known phenomenon even if the
technique is applied to so-called “sterile” operations[107,108].
Contamination may occur during blood sampling and
washing. It may originate from intestinal flora or it may
be blood-borne in the recipient. Retrograde contamination of the shed blood from the bile duct has been
demonstrated as well[101]. The most common source of
contamination is thought to be the skin and the environment. The use of cell salvage has been contraindicated
in cases where there is potential contamination with
enteric contents, however, the relationship between the
transfusion of contaminated cell-salvaged blood and
an increased risk of systemic infection is not clear. Feltracco et al[109] in a prospective observational study of 38
patients undergoing OLTx found samples of processed
salvaged blood positive for microorganisms in 68.4%
cases. A variety of microorganisms were cultured, i.e.,
Staphylococcus (73%), Escherichia coli (4%), Propionibacter
(4%) and Candida (8%). All the patients in this study had
blood cultures obtained on postoperative days 1 and 3,
and none was positive for the organisms previously cultured from the salvaged blood. Studies on transfusion
of microbiologically contaminated salvaged blood have
demonstrated no adverse outcomes nor an increase in
postoperative infectious complications[109,110]. Therefore,
potential contamination should no longer be considered
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washing leading to contamination with activated leucocytes, cytokines, and other microaggregates[92]. Abnormal
suctioning of RBCs may cause sheer stress injury, which
can result in haemolysis and therefore reduction in return of RBCs[119]. Saline washing of red cells increases
sodium levels and decreases potassium and calcium levels; potassium and calcium continuous monitoring and
supplementation may be necessary during autologous
transfusion of salvaged blood. An inadeguate washing of administered blood could result in renal insufficiency and failure. As the washing process discards all
platelets and clotting factors leaving only the red cells
re-suspended in normal saline, the reinfusion of large
amount of blood from the cell saver machine may determine coagulation disturbances. Large volume transfusion of salvaged blood can, in fact, cause postoperative
hypofibrinogenemia, thrombocytopenia, prolonged prothrombin and partial thromboplastin time and elevated
fibrin split products[120]. FFP, platelet and cryoprecipitate
administered in association with reinfusion of salvaged
blood may prevent the cell saver induced coagulopathy.

4
5
6

7

8

9

10
11

CONCLUSION
Improvements in organ preservation, surgical technique,
anesthesiologic care, as well as in postoperative intensive
care management have contributed to a steady reduction
of transfusion requirements in the perioperative period
and have increased the number of patients undergoing
OLTx without any need for blood products[92,121].
Because of the progressive increased severity of end
stage liver disease of candidates undergoing OLTx with
the “MELD rules” for graft allocation, and the poor
quality of many donor livers, the bleeding risk correlated
with the surgical manoeuvres may be relevant with inevitable consequences on the amount of transfusions. Even
though the transfusion practices still vary greatly from
centre to centre, considerable progress has been made
on properly balancing intraoperative fluid, preventing
and treating clotting abnormalities as well as on “individualizing” the transfusion triggers. The understanding
that perioperative blood loss and blood transfusions
have a negative impact on postoperative outcome has
led to emphasize the need for a critical reappraisal of
the traditional heterologous transfusion policies and a
re-evaluation of cell salvage as part of a blood conservation strategy in anaesthesia.
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Core tip: Neurologic complications after liver transplantation are still a major source of morbidity and mortality
and careful approach to possible immunosuppressant
neurotoxicity and opportunistic infections is needed.
Most common neurologic complications include encephalopathy, seizures and cerebrovascular complications,
but opportunistic central nervous system infections and
central pontine myelinolysis may be associated with
significant morbidity as well. Accurate diagnosis and
timely intervention are essential to improve outcomes,
while advances in clinical management of neurologic
post-transplant complications and extended posttransplant survival are increasingly shifting the focus to
chronic post-transplant complications which are often
encountered in a community hospital and an outpatient
setting.

Abstract
Neurologic complications are relatively common after
solid organ transplantation and affect 15%-30% of
liver transplant recipients. Etiology is often related to
immunosuppressant neurotoxicity and opportunistic
infections. Most common complications include seizures
and encephalopathy, and occurrence of central pontine
myelinolysis is relatively specific for liver transplant
recipients. Delayed allograft function may precipitate
hepatic encephalopathy and neurotoxicity of calcineurin
inhibitors typically manifests with tremor, headaches
and encephalopathy. Reduction of neurotoxic immunosuppressants or conversion to an alternative medication
usually result in clinical improvement. Standard preventive and diagnostic protocols have helped to reduce
the prevalence of opportunistic central nervous system
(CNS) infections, but viral and fungal CNS infections still
affect 1% of liver transplant recipients, and the morbidity and mortality in the affected patients remain fairly
high. Critical illness myopathy may also affect up to 7%
of liver transplant recipients. Liver insufficiency is also
associated with various neurologic disorders which may
improve or resolve after successful liver transplantation. Accurate diagnosis and timely intervention are essential to improve outcomes, while advances in clinical
management and extended post-transplant survival are
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INTRODUCTION
There have been more than 6000 liver transplantations
performed in United States in 2011, including living
donor and cadaveric allografts. Since the first successful liver transplantation by Dr Starzl in 1963, there has
been tremendous and dynamic progress of surgical and
postoperative protocols leading to 1-year and 5-year post-
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transplant survival rates at 88% and 74%, respectively[1].
Successful liver transplantation is also associated with improved quality of life for allograft recipients[2]. However,
a variety of post-transplant complications, which may not
be directly related to allograft function, complicate recovery of transplant recipients. Neurologic complications
are still fairly common after solid organ transplantation
and affect 30%-60% of allograft recipients[3], including 15%-30% of liver allograft recipients (Table 1)[4-8].
More recent studies demonstrate decreasing frequency
of neurologic complications reflecting improved transplant outcomes and advanced management regimens.
Improved survival of transplant recipients has also somewhat shifted the spectrum of neurologic complications
from acute post-transplant inpatient emergencies towards
chronic outpatient complications, although severe posttransplant complications may occur at any given time.
Decreased frequency of neurologic complications was
also reported for patients receiving living donor allografts
when compared to cadaveric allografts (20% vs 27%), but
there is a donor-related morbidity and living-liver donors
may rarely suffer neurologic complications as well [7].
Major neurologic complications include alterations of
consciousness, seizures, cerebrovascular complications
and central nervous system (CNS) infections, similarly
as with other solid organ transplants, and also central
pontine myelinolysis (CPM) which is characteristic for
liver transplantation. Pre-transplant liver failure may be
associated with various neurologic complications directly
related to liver dysfunction (e.g., hepatic encephalopathy),
or related to systemic disorders associated with major
neurologic manifestations (e.g., Wilson’s disease) (Table 2).
Stabilization of liver function following successful transplantation may subsequently lead to improvement of
neurologic symptoms as well. During the post-transplant
clinical course, the surgical procedure of transplantation,
chronic immunosuppression and various toxic-metabolic
disorders may precipitate a wide spectrum of neurologic
complications[4-7,9]. Premorbid and new onset psychiatric
and behavioral disorders may also negatively affect compliance with immunosuppression regimens and complicate post-transplant management[10]. Neurologic posttransplant complications can develop at any given time
after transplantation and often multiple risk factors are
present. The outcome of transplantation is usually not
affected by neurologic complications but additional morbidity may delay post-transplant recovery[11]. Additionally,
opportunistic infections and immunosuppressant neurotoxicity may complicate management of immunosuppressive medications and effective prevention of allograft
rejection.
Overall, post-transplant neurologic morbidity in liver
allograft recipients is often related to opportunistic infections and immunosuppressant neurotoxicity, but most
patients will have multiple risk factors for development
of neurologic complications (Table 3).
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NEUROTOXICITY OF
IMMUNOSUPPRESSIVE MEDICATIONS
Long-term immunosuppression increases the risk of
opportunistic infections, but immunosuppressive medications can also exhibit direct neurotoxicity[12-15]. Maintenance immunosuppressive regimens typically include
a combination of inhibitors of calcineurin or mTOR,
antimetabolites and corticosteroids, while induction and
rejection treatments may also include polyclonal and
monoclonal antibodies[12,16].
Calcineurin inhibitors (CNI), cyclosporine and tacrolimus, are one of mainstays of immunosuppression
after organ transplantation. However their use may be
associated with various neurologic complications. In the
early posttransplant period, there is a greater risk of CNI
neurotoxicity due to higher doses, intravenous use and
impaired blood-brain barrier. Clinical manifestations of
CNI toxicity are usually accompanied by elevated levels
of tacrolimus or cyclosporine, but symptoms may present even with normal serum levels. Hypomagnesemia and
hypocholesterolemia may also increase the risk of CNI
toxicity[14]. Neurotoxicity of CNI typically manifests with
tremor, headache, and encephalopathy[12-15]. Presence of
altered consciousness and cortical blindness may indicate
posterior reversible encephalopathy syndrome (PRES)
with characteristic imaging findings on MRI of the brain
with an increased T2-signal posteriorly in white matter[17-19]. PRES is associated with reversible vasogenic subcortical edema and may accompany various medical conditions and drug neurotoxicity[17]. In transplant recipients,
PRES is most commonly reported with cyclosporine or
tacrolimus neurotoxicity, but there are also rare reports
of PRES with sirolimus[20]. There is no specific therapy
for CNI neurotoxicity other than symptomatic treatment
(e.g., antiepileptics for seizure management), and with
dose reduction or switching to alternative immunosuppressives[3,14,21].
Recently introduced mTor inhibitors, sirolimus and
everolimus, are usually better tolerated than CNI, but rare
case of sirolimus-induced PRES was reported as well[20,22].
Toxicity of other immunosuppressive medications
may also precipitate various neurologic symptoms. Corticosteroids may increase the risk of critical illness myopathy, or precipitate steroid myopathy, mood disorders or
psychosis. Other common side-effects of corticosteroids
include weight gain, osteoporosis and hyperglycemia.
Rarely, corticosteroid use may lead to epidural lipomatosis which may manifest with radiculopathies or compressive myelopathy[23]. Mycophenolate is usually well tolerated, but some patients may complain of headaches.

OPPORTUNISTIC INFECTIONS
Chronic immunosuppression increases the risk of opportunistic infection as a result of imbalance between
immune status and exposure to infectious agents[24,25].
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Table 1 Neurologic complications of liver transplantation
Ref.
Bronster et al[4]
Lewis et al[6]
Saner et al[7]
Kim et al[5]
Vizzini et al[8]

n

Total

Seizure

Stroke

463
657
174
319
395

20%
27%
25%
15%
16%

8.20%
6
2.8
1.60%
1%

0.60%
4%1
0.60%
0.30%
1.30%

Brain hemorrhage Encephalopathy
1.50%
-1
1.20%
0.60%
2.5

CNS infection

11.8
11.0
17.8
2.0
5.3

1.2
1.1
0.0
0.3
0.0

1

Combined ischemic strokes and brain hemorrhage. CNS: Central nervous system.

Table 2 Liver failure and associated neurologic complications
Underlying condition

Table 3 Risk factors for neurologic complications after liver
transplantation

Neurologic complication
Underlying condition

Hepatic failure

Encephalopathy, acquired hepatocerebral
degeneration, parkinsonism, neuropathy,
myelopathy, asterixis
Wilson’s disease
Psychiatric complications, dystonia, parkinsonism
Primary biliary cirrhosis Neuropathy, dysautonomia
Familial amyloidosis
Neuropathy, dysautonomia
(transthyretin)

Central pontine and extrapontine
myelinolysis
High levels of immunosuppression Immunosuppressant neurotoxicity,
opportunistic infections
Endemic and nosocomial exposures Opportunistic infections
Sepsis
CIM/CIP, septic encephalopathy
Multiple organ failure
CIM/CIP
Hepatic dysfunction
Encephalopathy
History of alcohol abuse
Encephalopathy

Early signs of infection in immunosuppressed patients
may be masked by medications or other medical problems, including allograft rejection. Exposure to infectious
agents may stem from donor-related infections, recipientrelated infections, nosocomial infections and community
infections. Rate of opportunistic infections has declined
due to improved surveillance measures and prophylaxis.
Most common causes of opportunistic CNS infections
in immunosuppressed transplant recipients are fungi
and viruses, while bacterial and protozoic infections are
less common[24,25]. During initial post-transplant period
(first 30 d), acquired infections are often related to pretransplant colonization or surgical procedures, and there
are also rare donor-to-recipient transmissions via allograft[26,27]. The risk of acquired opportunistic infections
increases at 1 mo following the transplantation[25]. At 6
mo after transplantation, the risk of infections gradually
diminishes as immunosuppressants are often tapered
down. However, the risk does persist long-term and this
may further rise with rejection episodes requiring more
aggressive immunotherapy. Endemic exposure and travel
may result in unusual causative agents including Naegleria, Leishmania, Coccidioides or Histoplasma[28]. Prevalence of CNS infections in transplant patients has been
previously estimated at 5%, but most recent series demonstrate much less frequent infections with better immunosuppressive and preventive strategies[3,8]. However,
potential signs of CNS infections are always to be taken
seriously in transplant recipients, and due to immunosuppression and complex metabolic disturbances, the initial
onset of symptoms may be obscured in some patients.
Clinically, opportunistic CNS infections may present
with signs of meningitis or meningoencephalitis, or with
more focal findings suggestive of an abscess (fungi, bacteria). Viral infections may also present with focal signs
due to preferential involvement of some brain regions
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Neurologic complication

Chronic hyponatremia

Modified from Linden et al[11]. CIM/CIP: Critical illness myopathy/polyneuropathy.

[e.g., limbic encephalitis with Human herpesvirus (HHV)-6
infection][29]. New onset of severe back pain may suggest
spinal epidural abscess, requiring prompt intervention[30].
Viral infections are often caused by Cytomegalovirus
(CMV), herpes simplex virus, varicella zoster virus (VZV),
Epstein-Barr virus (EBV) or HHV-6. CMV infections are
fairly common in transplant recipients, but CNS involvement is rare. Dermatomal zoster may precede CNS infection caused by VZV. Infrequently, EBV infection may
precipitate posttransplant lymphoproliferative disorder
with CNS involvement[31]. Treatment of post-transplant
lymphoproliferative disease may include irradiation, chemotherapy or biological (rituximab), and immunosuppression is often reduced as well. Reactivation of HHV-6
infection after liver transplantation is typically asymptomatic, but rarely it may lead to limbic encephalitis and postencephalitic epilepsy[32]. Progressive multifocal leukoencephalopathy (PML) is an uncommon fatal brain disorder
caused by JC virus, and its imaging features may resemble
PRES[19]. However, PML does not improve with reduction of CNI dosing and typically follows a progressive
course. It does not usually respond to antiviral treatment
or reduction of immunosuppression, and is typically associated with gradual progression over several months[33].
Most common fungal CNS infections are caused
by Cryptococcus neoformans and Aspergillus species[24,34], while opportunistic bacterial CNS infections
are less common after liver transplantation. Fungal CNS
infections are usually associated with systemic fungal
infections, and may also extend locally following fungal
sinusitis[34]. Increased risk of CNS aspergillosis has been
reported after liver retransplantation[35]. Treatment of
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fungal CNS infections in immunocompromised patients
is often limited by delayed diagnosis and drug toxicity
(nephrotoxicity with Amphotericin), so morbidity and
mortality still remain high. Clinical presentations include
meningitis, brain hemorrhage or abscesses. Vasoinvasive
CNS fungal infections (e.g., Aspergillus species) are often associated with hemorrhagic strokes[36]. Fungal brain
abscesses may also manifest with seizures or focal neurologic signs. Candida is the most common fungal infection
after liver transplantation, but CNS infections caused by
Candida species are rare.
Bacterial CNS infections are relatively rare after liver
transplantation, but the risk may be increased with environmental exposure. Exposure to contaminated dairy
may lead to CNS listeriosis which may present with
rhombencephalitis and usually responds to treatment,
especially with early diagnosis[37]. Nocardia species are
ubiquitous saprophytes and are unlikely to infect nonimmunocompromised individuals. Clinical manifestations
range from pulmonary infection to abscesses and CNS
infection[38]. Timely diagnosis usually leads to an effective
treatment, although surgical drainage may be needed for
cerebral abscesses.
Toxoplasmosis is the most common protozoal infection in transplant recipients and other immunocompromised individuals. Toxoplasmosis has been reported in up
to 0.18% of solid organ transplant recipients and may be
associated with exposure to cats. Seronegative transplant
recipients are at 15-fold greater risk of toxoplasmosis and
should be treated prophylactically with trimethoprim-sulfametoxazole or pyrimethamine[39]. Freshwater swimming
may lead to amebic encephalitis which carries almost
100% mortality[40].
Despite improved prevention and therapeutic advances, opportunistic CNS infections still carry severe
morbidity and high mortality. Therefore, prompt and accurate diagnosis and early institution of therapy of CNS
infections are essential for improvement of outcomes.

POST-TRANSPLANT ENCEPHALOPATHY
Hepatic encephalopathy is a frequent complication of
advanced liver diseases and it usually improves after successful liver transplantation. Failure to awaken after liver
transplantation may be one of the first signs of abnormal
graft function[45], and is always taken seriously. Primary
graft failure may manifest with unresponsiveness, hepatorenal syndrome and severe coagulopathy, and carries
high mortality.
Overall, common causes of post-transplant encephalopathy in liver allograft recipients include hepatic
dysfunction, medication toxicity, infectious causes (CNS
infections or septic encephalopathy), complex metabolic
disturbances (uremia, CPM), cerebrovascular events or
seizures[45]. Higher risk of encephalopathy was reported
in patients with history of severe hepatic encephalopathy, ethanol-related hepatic failure, metabolic liver
disease, greater severity of pre-transplant liver injury
(defined by Child-Pugh or MELD scores) and nonelective liver transplantation[41,46,47]. Quite often, multiple
co-existing risk factors will be identified in individual
patients and careful clinical evaluation will be needed
to determine the most appropriate course of action. In
early post-transplant course, a delayed arousal can be
related to persisting hepatic dysfunction, CNI neurotoxicity or intracranial hemorrhage. Higher doses and
intravenous delivery increase the risk of CNI neurotoxicity. Neuroimaging studies may show evidence of PRES
or intracerebral hemorrhage, while EEG might reveal
triphasic waves suggestive of hepatic encephalopathy
or nonconvulsive status epilepticus[19,48]. Chronic immunosuppression later increases the risk of opportunistic
infections with direct CNS involvement, and lumbar
puncture should be considered in patients with possible
CNS infection Opportunistic CNS infection often present in the setting of systemic infection, but systemic
infections may also precipitate septic encephalopathy in
the absence of direct CNS involvement.

CPM

HEPATIC ENCEPHALOPATHY

Relatively high prevalence of CPM or extrapontine myelinolysis (EPM) in the early period after liver transplantation is probably attributable to large fluid shifts, similarly
as in rapid correction of hyponatremia (Table 2). Due
to massive fluid shifts in early posttransplant period, the
risk of CPM/EPM is also higher in first 48 h after transplantation. It has been estimated that up to 1%-2% of
liver transplant recipients may develop CPM/EPM[5,6,49].
True prevalence of CPM remains uncertain as symptoms
may be overshadowed by other complications and imaging changes may resolve over time[50]. Greater risk of
CPM/EPM has been reported in patients with preoperative hyponatremia and worse liver dysfunction[49]. Clinical manifestations of CPM include stupor and spastic
tetraparesis[51]. Neuroimaging studies typically show area
of T2 hyperintensity on MRI imaging in central pons[19].
Supportive treatment of CPM is the standard of care,

Chronic pretransplant hepatic encephalopathy increases
the risk of posttransplant neurologic complications[41],
but the improving graft function may gradually lead to
significant cognitive improvement. Delayed allograft
function can precipitate hepatic encephalopathy and
affect pharmacokinetics of different hepatically-metabolized medications. Clinical manifestations of hepatic
encephalopathy range from subtle cognitive slowing and
memory difficulties, to somnolence, stupor and coma[42].
Patients often exhibit asterixis and parkinsonism. Pathophysiology of brain dysfunction associated with hepatic
encephalopathy is not completely understood, but the
role has been proposed for ammonia and manganese[43].
High ammonia level with improving graft function
may also be related to acquired urea cycle enzyme abnormalities, and these may be difficult to treat[44].

WCG|www.wjgnet.com

3272

January 28, 2014|First Edition|

Živković SA. Neurologic complications after liver transplantation

plasma exchange[59,60].

and at this time there is no sufficient evidence to support
other types of treatment for CPM, including plasma exchange or IVIG.

NEUROMUSCULAR COMPLICATIONS
Neuromuscular complications after liver transplantation
are relatively uncommon, but post-transplant recovery
may be complicated by critical illness myopathy in 7% of
liver transplant recipients[61]. Perioperative neuropathies
are also relatively rare and few patients may develop posttransplant demyelinating inflammatory polyneuropathy[62,63]. Uncommonly, an injury of the phrenic nerve
during liver transplantation may result in hemidiaphragm
paralysis, and trauma associated with venovenous bypass
may lead to brachial plexus injury[64].
Alcohol-induced toxic neuropathy is relatively common in patients with alcoholic liver cirrhosis. Neuropathy
related to alcohol toxicity may improve or even resolve
after successful liver transplantation [65]. Neuropathy
related to familial amyloidosis may improve after liver
transplantation, although some symptoms usually persist
(Table 2)[66].
Herpes zoster has been reported in 5.7% of liver
transplant recipients with median onset of 9 mo after
transplantation, and frequent occurrence of postherpetic
neuralgia[67].

SEIZURES
Seizures after liver transplantation are often precipitated
by CNI neurotoxicity, followed by CNS infections and
cerebrovascular complications[52,53]. Complex metabolic
and toxic disturbances may also precipitate nonconvulsive status epilepticus which may go unnoticed if EEG
is not done. In patients with failure to awaken, EEG will
also provide critical distinction between toxic metabolic
encephalopathy and NCSE, although interpretation may
present a unique challenge with multiple medical and
technical factors to be considered[48]. Focal brain lesions
after cerebrovascular complications, CNS infections, or
even PRES, may precipitate symptomatic epilepsy requiring long-term maintenance therapy with antiepileptic
medications. While acute treatment of status epilepticus after transplantation is usually the same as in nontransplant patients, long-term maintenance treatment
of seizures has to take into account complex metabolic
disturbances, altered pharmacokinetics and drug-drug
interactions[54]. The presence of liver and kidney insufficiency will affect levels of antiepileptics, and we usually
try to avoid potentially hepatotoxic medications after liver
transplantation. Additionally, for long-term maintenance
treatment of seizures after liver transplantation it is preferable to avoid medications which can affect CNI pharmacokinetics. Preferential choices include levetiracetam,
gabapentin and lacosamide, but phenytoin is still often
used due to availability and price[55].

NEUROLOGIC COMPLICATIONS IN LIVE
LIVER DONORS
Live-donor liver transplantation is a life-saving procedure,
especially in the absence of appropriate cadaveric liver
allografts. However, this is not an entirely benign procedure and it is associated with postoperative complications
in about 16% of live donors and a donor mortality of
0.2%[68]. Rarely, live-donor liver transplantation may be
also associated with donor neurologic complications, including brachial plexopathy[69].

CEREBROVASCULAR COMPLICATIONS
Cerebrovascular complications, including ischemic
strokes and intracranial hemorrhage, are rare after liver
transplantation and most studies report prevalence of
2%-4% in transplant recipients[4-7]. Higher risk of cerebrovascular complications has been reported in older
recipients and with pretransplant diabetes, similarly as in
general population[56].
Ischemic strokes are overall less common than intracranial hemorrhages, and are often associated with similar
risk factors as in general population, including hypertension and hyperlipidemia. Sudden clinical deterioration
may be related to intracranial bleeding, and vasoinvasive
fungal CNS infections may manifest with hemorrhagic
strokes. Increased risk of brain hemorrhage has been
demonstrated in patients with thrombocytopenia and
overwhelming infections[57]. That risk is further compounded by coagulopathy associated with hepatic failure.
Hepatic encephalopathy is also associated with dysregulation of cerebral blood flow autoregulation[58].
Rarely, thrombotic microangiopathy resembling
thrombotic thrombocytopenic purpura may develop leading to kidney failure and even brain ischemia. This may
improve with a switch or reduction of CNI dosage and
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NEUROLOGIC DISORDERS ASSOCIATED
WITH LIVER FAILURE
Various liver diseases are often associated with neurologic
complications including Wilson’s disease, hepatitis C (with
or without cryoglobulinemia), primary biliary cirrhosis,
and alcoholic cirrhosis. Liver failure resulting from different causes may also manifest with various neurologic
symptoms including hepatic encephalopathy, parkinsonism associated with hepatocerebral degeneration, asterixis, tremor and hepatic neuropathy[42,70-72]. Additionally,
multisystemic disorders associated with liver failure (e.g.,
familial amyloidosis) may also precipitate various neurologic complications which may improve or resolve after
successful liver transplantation (Table 2)[65,72-74].
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Core tip: Multiple donor and recipient factors impact
graft survival after liver transplantation. In addition,
interaction between donor, graft and recipient factors
may significantly affect management and outcomes.
Appropriate matching based on donor-organ-recipient
variables can avoid wastage of liver grafts, improve
outcomes and decrease graft loss. Modification of surgical techniques and innovative peri-transplant strategies can expand the donor pool by utilizing grafts from
marginal donors that are traditionally turned down.

Abstract
Achieving optimum outcomes after liver transplantation
requires an understanding of the interaction between
donor, graft and recipient factors. Within the cohort of
patients waiting for a transplant, better matching of
the donor organ to the recipient will improve transplant
outcomes and benefit the overall waiting list by minimizing graft failure and need for re-transplantation. A
PubMed search was conducted to identify published literature investigating the effects of donor factors such
as age, gender, ethnicity, viral serology; graft factors
such as size and quality, recipient factors such as age,
size, gender and transplant factors such as major or
minor blood group incompatibility and immunological
factors. We also report technical and therapeutic modifications that can be used to manage donor-recipient
mismatch identified from literature and the authors’
clinical experience. Multiple donor and recipient factors impact graft survival after liver transplantation.
Appropriate matching based on donor-organ-recipient
variables, modification of surgical technique and innovative peri-transplant strategies can increase the donor
pool by utilizing grafts from marginal donors that are
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INTRODUCTION
Transplantation involves the transfer of vascularized
organs between genetically disparate individuals. Each
individual has his/her distinct innate and acquired characteristics. Often combinations of these factors interact
to affect outcomes in liver transplant recipients.
In view of the widening disparity between organ
availability and demand, there is increasing pressure to
accept all available liver grafts for transplantation. The
only absolute contraindications at present are current or
recent malignancy (other than some cutaneous and pri-
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mary brain tumors) or infection with human immunodeficiency virus. Within the cohort of patients waiting for
liver transplantation (LT), better matching of the donor
organ to the recipient will improve transplant outcomes
and benefit the waiting list by minimizing graft failure
and need for re-transplantation. The method of choosing a recipient for a deceased donor graft varies amongst
allocation systems. In most systems, patients with acute
liver failure (ALF) are given priority over patients with
chronic liver disease (CLD). Among patients with CLD,
some systems prioritise based on MELD score while
others prioritise based on waiting time. Blood group
compatibility, graft-recipient size match are other factors
considered in matching grafts.
This review attempts to highlight interactions between donor and recipient factors that may affect LT
outcome. Ways to tailor operative technique and perioperative management to counteract these mismatched
factors is also described. Use of donation after cardiac
death (DCD) donor grafts and use of steatotic grafts is
not discussed in this review.

in the hepatic artery of grafts from elderly donors can
increase the risk of arterial complications[9]. Modification of surgical techniques such as avoiding the use of
the donor carrel patch for anastomosis, accessory right
artery reconstruction to the gastroduodenal artery has
decreased the incidence of hepatic artery thrombosis[10].
Older grafts are particularly associated with poorer outcomes in recipients with liver disease due to hepatitis C
virus (HCV). In a retrospective review of 111 patients
transplanted for hepatitis C related CLD, Rayhill et al[11]
reported that grafts from donors over 60 years of age
were associated with severe recurrent HCV. Several authors have suggested that these should be avoided in
HCV recipients[12,13]. Despite these issues, older donors
remain a valuable source of organs[14-16]. The risk can
be minimised by careful visual assessment, routine pretransplant biopsy to rule out fibrosis and keeping the
cold ischemia time to the minimum[17]. Their use can be
considered in patients with hepatocellular carcinoma
who usually have stable liver disease and can tolerate a
marginal graft better[18,19]. Similarly, these grafts will provide adequate graft function for elderly stable recipients
who otherwise may be disadvantaged in an organ allocation system where graft placement may be biased by a
utilitarian viewpoint of maximum life-years gained.

DEMOGRAPHICS FACTORS
AGE
Increasing donor age has been consistently identified as
a factor affecting transplant outcome adversely[1,2]. The
donor risk index (DRI)[3] is a mathematical formula that
predicts the risk of liver graft loss. It is calculated using several donor and graft factors including donor age,
ethnicity, donor cause of death, type of graft, etc. Donor
age greater than 40 years is considered a risk factor with
grafts from donors older than 70 years having a 65% increased risk of allograft failure.
Liver grafts from young adults are usually of excellent quality and should be split to provide grafts for two
recipients. This maximizes graft utilization and ensures
access for paediatric patients[4]. Grafts from paediatric
donors are of good quality and should be prioritized to
appropriately matched paediatric recipients. This ensures
transplantation of these grafts into recipients who theoretically will need the graft to function for the longest
duration. Full size graft paediatric transplantation into
children is technically straightforward and minimizes the
risks of biliary complications seen with split grafts[5]. Pediatric transplant outcomes using grafts from donors less
than 6 years have similar graft survival when compared
to older donors[6]. Their use for adult recipients may not
provide an adequate liver mass and may be associated
with vascular complications and potential risk of graft
rotation and outflow problems[7].
Liver grafts from elderly donors are more fatty, with
an element of fibrotic change. They may not tolerate
long periods of cold ischemia. In a retrospective study
of 772 adult transplants, Hoofnagle et al [8] reported
increased incidence of initial graft dysfunction and
early and late graft loss in transplants using grafts from
donors older than 50 years. Atherosclerotic changes
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Gender
In a UNOS database analysis of over 34000 transplants,
Rustgi et al[20] reported that grafts from female donors
transplanted into male recipients have a 20% increased
risk of graft loss as compared to gender matched male
recipients. Other authors have reported no such difference in graft loss rates. Teodorescu et al[21] analyzed the
differences in liver grafts from male and female donors
using a dataset of 28000 transplants from the UNOS database. Their analysis suggested that female donors were
shorter, older and more likely to die from cardiovascular
disease as compared to their male counterparts. Once
these factors were adjusted for, graft outcomes from
female-to-male transplantation were similar to other
gender based donor-recipient pairings.
Female recipient gender has been reported to be a
risk factor in the setting of transplantation for HCV.
Female recipient status increases the risk of advanced
fibrosis and graft loss[22]. They are also at higher risk for
treatment failure for recurrent HCV[23].
Ethnicity
Majority of studies investigating the effect of donor race
on LT have originated from the United States. Studies
have previously reported poorer outcomes with transplantation of non-Caucasian donor livers into Caucasian recipients. African-american (AA) race is a factor
included in the calculation of the donor risk index[3].
Molenaar et al[24] investigated the effect of donor race on
outcomes of liver transplant in AA race HCV recipients.
They reported poorer outcomes when Caucasian donor
livers were transplanted into AA recipients with HCV.
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closure is usually feasible[27].
Transplanting a small liver into a large adult may be
technically easier as there is adequate space for the liver
to be rotated during implantation. Difficulty may occur
during portal and bile duct anastomosis due to wide gap
between donor and recipient structures if the liver is implanted using piggyback technique. A side-to-side cavocavoplasty will enable the surgeon to tailor the level of
venous anastomosis thus bringing the donor hilar structures down to an appropriate level for safe anastomoses.
Smaller livers also have the risk of torsion in the roomier
upper abdomen increasing the risk of vascular outflow
complications. Caval replacement technique may be used
to minimize outflow problems. Firm fixation of the falciform ligament to the diaphragm also helps in minimizing this risk.

This effect disappeared in transplantation for non-HCV
and in Caucasian HCV recipients irrespective of donor
race. The authors reported that the effect was unrelated
to donor factors such as age, cause of death, weight, cytomegalovirus (CMV) status and HLA mismatch.
Wallace et al[25] investigated the relevance of ethnicity in determining graft outcomes by analyzing OPTN
data from 10874 transplants. They reported that while
unadjusted data showed increased risk of graft loss in
transplants with livers from AA, Asia-Pacific Indians
(API) and “Others” donors, the difference disappeared
in the former two racial groups when other confounding factors were adjusted. Only livers from “others” subgroup (i.e., non-Caucasian, non AA, non-API donors)
livers were associated with a higher risk of graft loss.
The authors suggested that as over 80% of the “others”
sub-group were of Hispanic ethnicity who have a higher
prevalence of fatty livers; this could explain the worse
post-transplant outcomes. Similarly, Chen et al[26] suggested that socio-economic parameters such as median
household income were more influential than the ethnicity in affecting recipient outcomes.

MISMATCH IN VIRAL SEROLOGY
CMV
The world-wide prevalence of CMV IgG positivity suggestive of previous CMV infection is around 50%. The
prevalence is highest in the developing world where
seropositivity rates can reach 90%[31]. New infection or
re-activation of previously acquired CMV infection is
a significant cause of morbidity in the post-transplant
setting.
In current clinical practice, donor-recipient pairs are
classified as high-risk and low-risk groups based on the
recipient’s risk of developing CMV disease (Table 1).
In addition, patients needing induction immunosuppression or steroid boluses for acute rejection are also
considered high-risk. Use of CMV prophylaxis varies
with some units favoring it for high-risk recipients only
while others use it universally. Two strategies for CMV
prophylaxis are available[32]. The more common strategy
is oral prophylaxis for all high-risk transplants for three
months. Use of universal CMV prophylaxis has been reported to decrease the risk of CMV disease in the early
post-transplant period. While CMV infection and disease
can occur beyond three months, the patient is on less intense immunosuppression and the risk of serious CMV
disease is lower. An alternative means is monitoring
of CMV titres using periodic assays for CMV viremia.
Treatment for CMV disease is instituted when the titres
reach a pre-determined level[33]. This is applicable in low
risk recipients.

Graft-recipient size mismatch
Space for the new liver graft is created by recipient hepatectomy. The musculoskeletal cage formed by the lower
right hemithorax, diaphragm and vertebral column limits
the size of liver graft that can be transplanted. Space
consideration is particularly important in the anteroposterior dimension, where the graft right lobe will be
positioned. In practice, the height and abdominal girth
of the individual provide an approximate measure of the
liver size.
Implantation of a large liver in a small recipient is
technically difficult. Compression after wound closure
can compromise graft perfusion. Presence of significant
pre-operative ascites may ease the situation due to chronic stretching of the abdominal wall. Graft reduction by
a right posterior sectionectomy can improve the space
constraint by decreasing the antero-posterior dimensions
of the graft. However, this leaves a large cut surface and
is not appropriate for routine use. Implanting a large
graft can also cause poor alignment in the position of
the inflow structures for the graft and recipient. In these
cases, it is preferable to site the caval anastomosis as high
as possible on the recipient cava (piggyback) to bring the
graft and recipient portal structures in alignment.
Large graft size is also an issue in transplantation of
babies. Reduced left lateral segment grafts and monosegmental grafts have been used[27,28]. Hyper-reduction
of grafts to provide liver grafts for very small babies has
been reported with satisfactory results[29]. Mismatch in
size of hepatic arteries of the graft and paediatric recipient is another factor encountered in this situation and
imaginative ways to deal with this problem have been
described[30]. Wound closure may be difficult in these babies due to the relative size of the graft. Use of temporary closure with synthetic material followed by delayed
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Hepatitis B virus
Hepatitis B virus (HBV) related liver disease (ALF, CLD
or hepatocellular carcinoma) is an important indication
for LT. Outcomes of transplantation for HBV have
greatly improved over the years[34]. Post-transplant graft
re-infection with HBV depends on donor hepatitis B
core antibody status, pre-transplant HBV DNA titre,
indication for transplant (ALF or CLD) and the use of
oral anti-viral therapy and hepatitis B immunoglobulin
(HBIG) after transplantation[35]. Almost all these patients
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Table 1 Risk stratification and need for cytomegalovirus prophylaxis
Donor CMV IgG status

1

Recipient CMV IgG status

Risk type

Need for CMV prophylaxis

Positive
Negative
Positive
Negative

Low risk
High risk
Low risk
Low risk

Low
High
Low
Low

Positive
Positive
Negative
Negative
1

Patients needing induction with antithymocyte globulin and OKT3 or steroid boluses for acute rejection are considered high-risk irrespective of their CMV mismatch status. CMV: Cytomegalovirus.

Table 2 Risk of de novo hepatitis B in recipients receiving grafts from hepatitis B core antibody positive donors
Recipient status

HBV naive
No past infection, immunized
Past infection, immune
Past infection, not immune

Recipient HBV
antibody status

Risk of de novo hepatitis
No prophylaxis

With prophylaxis

58%
18%
4%
14%

11%
2%
3%
3%

HBcAb-, HBsAbHBcAb-, HBsAb+
HBcAb+, HBsAb+
HBcAb-, HBsAb+

Incidence in patients with or without prophylaxis is shown (Modified from Skagen et al[40]). HBV: Hepatitis B virus.

need life-long anti-viral therapy in the post-transplant
period. HBIG is now primarily indicated for patients
with high pre-operative HBV DNA titres[36].
Individuals who recover from an acute HBV infection develop antibodies for the hepatitis B core antigen.
Use of the core antibody donor livers was previously
avoided except in HBsAg positive recipients. With increasing demand for donor organs, grafts from core
antibody positive donors are being used in many centres.
This is particularly pertinent in countries where more
than 50% of living donors are core antibody positive[37].
Safety of using core antibody positive grafts has been
confirmed by several retrospective studies[38,39]. Development of de novo HBV infection is the main concern
in this situation and the risk depends on the recipient’s
prior exposure to HBV, immunization status and use of
prophylaxis[40] (Table 2). The ideal prophylactic therapy is
unclear with some centres using HBIG based regimens[41]
while others have used oral antiviral-based regimens[42,43].
We maintain our patients on anti-viral therapy alone due
to cost considerations. Use of these grafts needs a careful discussion with the potential recipient regarding the
risk of de novo HBV infection and the cost of additional
prophylaxis.
Another strategy to decrease the risk of de novo HBV
is by active immunization with HBV vaccine[44]. Prospective studies have shown that both pre-transplant and
post-transplant vaccination are effective in preventing
de novo HBV infection, though additional doses of the
vaccine may be required to induce an effective immune
response[44,45]. Our current recommendation for patients
with non-HBV related liver disease is to be immunized
for HBV. This provides protection against new HBV
infection before transplant and decreases the risk of de
novo HBV infection if the patient receives a core anti-
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body positive graft.
HBsAg positive donor grafts are not routinely used
even in recipients with HBV related liver disease due
to the risk of early graft damage. It is also contraindicated in individuals who have concurrent Hepatitis
Delta virus infection. However these may be used in
life threatening situations such as ALF or HBV related
HCC where delay may make these cases untransplantable. Two small retrospective studies have reported the
safe use of HBsAg positive liver grafts in patients with
HBV related CLD[46] and HBV unrelated CLD[47] with
satisfactory results. Both groups have suggested that
long-term HBIG prophylaxis may not be effective and
advised institution of double anti-viral therapy as prophylaxis. Careful assessment of graft quality (fibrosis
and inflammation on biopsy and serum enzyme levels)
is essential to avoid transplanting chronically damaged
grafts in this setting.
Hepatitis C virus
HCV infection of the new liver graft after transplantation for HCV related liver disease is nearly universal. The
rate and severity of graft damage due to HCV is however variable and has been found to depend on several
donor and graft related factors. High viral titres, older
donors, inflammation and fibrosis on graft biopsy, prolonged cold ischemia time and more intense immunosuppression have been associated with poorer outcomes
in HCV patients[48,49].
Grafts from HCV seropositive donors are not routinely utilized due to concern regarding transmission of
the infection to recipients. Use of grafts from HCV antibody positive donors has been suggested as a way to improve access to transplantation for HCV related liver disease patients. Several case-control studies have suggested
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equivalent results in terms of frequency and severity of
HCV recurrence, graft and patient survival[50,51]. Though
the patient numbers in these studies are small and they
are all retrospective studies, the evidence is promising. It
is unlikely that a clinical trial comparing outcomes with
HCV infected or uninfected grafts can ever be organized for ethical reasons. When a HCV positive graft is
considered for transplantation, a pre-transplant biopsy
is necessary to ensure no significant hepatitis or fibrosis.
A detailed discussion with the potential recipient is also
mandatory. The significance of donor viral load and
co-infection with two different genotypes of HCV on
transplant outcome is presently unclear[52].

donor lymphocytes gradually die out and the haemolysis
stops. This has been most commonly reported in O to
A transplants though it can occur in O to B, O to AB or
minor blood group incompatibilities[61].
Rhesus factor mismatch
Rh factor is usually not considered significant in matching organs for transplantation. Bryan et al[62] investigated
the effect of Rh mismatch on the outcome of kidney
transplantation. They reported poorer 7-year graft survival in cases of Rh mismatched transplantation. Ashkenazi et al[63] reported Rh mismatched transplantation as a
significant risk factor for biliary complications after LT.
Anecdotal reports of severe haemolysis or graft versus
host disease have reported[64,65]. However, Rh-mismatch
in LT is not taken into consideration for organ matching
in most centres.

IMMUNOLOGICAL MISMATCH
ABO incompatible liver transplants
Most liver transplants are either between ABO identical
or ABO compatible donor-recipient pairs. Earlier studies had reported increased risk of humoral and cellular
rejection, arterial thrombosis and biliary complications
after ABO incompatible liver transplants (ABOiLT)[53].
Measures such as peri-operative plasmapheresis[54],
and rituximab[55] have been used to lower peri-operative
recipient antibody levels and thereby decrease the risk of
these complications. ABOiLT in the pediatric population
has been used more frequently and outcomes similar to
ABO compatible LT have been achieved[56]. Its role in
adult transplantation is still unclear though it remains an
option in desperate situations like fulminant hepatic failure when an ABO compatible organ is unavailable[57,58].
Re-transplantation will be required in some of these patients.

HLA matching
The role of HLA matching across the A, B, and DR
loci in kidney transplantation is well established. Lymphocytic cross-match prior to LT is not routinely used.
One reason is that cross-match takes 4-5 h to complete,
which can increase the cold ischemia time of the graft.
Balan et al[66] investigated the effect of HLA mismatching on outcomes in 799 patients undergoing LT.
They reported poorer 10-year survival for recipients
receiving grafts with HLA-A locus mismatch. Similarly
a mismatch at HLA-DR locus was found to increase
recurrence of auto-immune liver disease. Lan et al[67]
conducted a meta-analysis investigating the role of HLA
matching in LT. They found that increasing number of
mismatches was associated with increased risk of acute
rejection though the graft survival rates were similar.
In contrast, Muroetal[51] analysed data from 242 liver
transplants and reported that matching at HLA-A locus
increased the risk of graft failure. There is hence a lack
of clarity regarding the relevance of HLA matching in
LT. There is no current recommendation regarding its
routine use in matching liver grafts either in the DDLT
or LDLT settings.

Use of blood group A2 donors
Around 10% of all blood group A individuals can be
sub-typed as A2. A2 sub-group patients have lower expression of A antigen on their RBCs and are hence less
likely to undergo immune mediated haemolysis on coming in contact with serum containing anti-A antibodies
(present in serum of blood group B and O patients).
This fact has been exploited in the use of A2 grafts
for O and B recipients and use of A2B grafts for B recipients. While this strategy has been regularly used in
kidney transplantation, the first large series in deceased
donor LT has recently been published[59].

Immunological pre-sensitisation
Liver graft has the capacity to absorb large quantities of
antibodies and hence pre-sensitization, which is a risk
factor for poor outcome in kidney transplantation is
not relevant in LT. Hyper-acute rejection caused by preformed antibodies against donor antigens is very uncommon in LT. In fact, simultaneous liver or split LT along
with a kidney transplant in a highly sensitized recipient
protects the renal graft from immune damage[68].

Minor ABO incompatibility
Blood group-O is considered as universal donor and
O-group grafts are considered for patients of all blood
groups in acute situations. Transplantation of grafts
from O donors to A, B, AB blood groups has been
reported to cause haemolysis. This occurs due to the
passenger lymphocyte syndrome where donor lymphocytes transferred via the graft produce antibodies against
A and B antigens on the recipient red cells[60]. These
antibodies cause recipient RBC haemolysis by fixing
complement. This is a self-limited phenomenon as the
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HLA matching and graft versus host disease
Graft versus host disease (GVHD) is a rare complication after LT occurring in around 0.5%-1% of recipients[69]. It is associated with high mortality due to complications of bleeding, sepsis and multiple organ failure.
Close HLA matching has been reported as a risk factor
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for GVHD in LT. Soejima et al[70] described six cases of
GVHD after LT where the donor was homozygous at
HLA A,B and DR loci with one haplotype match with
the recipient leading HLA mismatch of 1000. This
association of donor-dominant one-way HLA matching in the 3 loci of HLA-A, -B, and -DR with GVHD
has also been confirmed from other studies[71]. This is
of particular relevance in the setting of paediatric living donor LT where a parent might be donating to the
child.

4

5 	
6 	

Glutathione S-Transferase T1 genotype mismatch and
de novo auto-immune liver disease
Glutathione S-Transferase (GST) is an enzyme present
in the liver and kidneys and is involved in drug metabolism. T1 genotype of this enzyme is absent in around
20% of Caucasian population. Patients who do not
have the GSTT1 gene (GSTT1 null) can develop antibodies against GSTT1 when a GSTT1 positive donor
liver is transplanted. In 2004, Aguilera et al[72] reported
the relation between GSTT1 donor-recipient mismatch
and the incidence of de novo auto-immune hepatitis
(AIH). Further work by this group has found an association between high titres of anti-GSTT1 antibodies
and development of de novo hepatitis. They reported
that while anti-GSTT1 antibodies are present in 6.9%
of patients with a mismatched graft, the incidence of
de novo AIH in patients with antibodies was 60% at 36
mo post-transplant. The incidence of antibodies is lower in patients maintained on tacrolimus[72]. Its clinical
significance in the pre-transplant setting is controversial. Knowledge of the mismatch may help in management of post-transplant immunosuppression as these
patients may benefit from tacrolimus and long-term
low dose steroids as part of their immunosuppression
protocol.

7 	

8 	

9 	

10 	

11 	

12 	

CONCLUSION
Multiple donor and recipient factors impact graft survival after LT. Appropriate matching based on donororgan-recipient variables can improve outcomes and
decrease graft loss. Modification of surgical techniques
and innovative peri-transplant strategies can increase the
donor pool by utilizing grafts from marginal donors that
are traditionally turned down.

13 	

14 	
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The dose should be in proportion to the fat content of
the meal, usually 40-50000 lipase units per main meal,
and half the dose is required for a snack. In cases that
do not respond to initial treatment, the doses can be
doubled, and proton inhibitors can be added to the
treatment. This review focuses on current concepts of
the diagnosis and treatment of pancreatic exocrine insufficiency.

Björn Lindkvist, Institute of Medicine, Sahlgrenska Academy,
University of Gothenburg, SE-413 45 Gothenburg, Sweden
Björn Lindkvist, Division of Gastroenterology and Hepatology,
Department of Internal Medicine, Sahlgrenska University Hospital, SE-413 45 Gothenburg, Sweden
Author contributions: Lindkvist B designed and wrote the article.
Correspondence to: Björn Lindkvist, MD, Associate Professor, Division of Gastroenterology and Hepatology, Department
of Internal Medicine, Sahlgrenska University Hospital, SE-413
45 Gothenburg, Sweden. bjorn.lindkvist@vgregion.se
Telephone: +46-31-3421000 Fax: +46-31-7412917
   Revised: August 22, 2013
Received: June 20, 2013
Accepted: September 16, 2013
Published: January 28, 2014

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Chronic pancreatitis; Pancreatic exocrine insufficiency; Pancreatic enzyme replacement therapy
Core tip: This is a review on the diagnosis and treatment of pancreatic exocrine insufficiency. The review
includes a discussion of the definition of pancreatic
exocrine insufficiency, a pragmatic approach to its
diagnosis and current concepts of indications for treatment with pancreatic enzyme replacement therapy,
including measures to optimize the effect.

Abstract
Pancreatic exocrine insufficiency is an important cause
of maldigestion and a major complication in chronic
pancreatitis. Normal digestion requires adequate
stimulation of pancreatic secretion, sufficient production of digestive enzymes by pancreatic acinar cells, a
pancreatic duct system without significant outflow obstruction and adequate mixing of the pancreatic juice
with ingested food. Failure in any of these steps may
result in pancreatic exocrine insufficiency, which leads
to steatorrhea, weight loss and malnutrition-related
complications, such as osteoporosis. Methods evaluating digestion, such as fecal fat quantification and the
13
C-mixed triglycerides test, are the most accurate tests
for pancreatic exocrine insufficiency, but the probability
of the diagnosis can also be estimated based on symptoms, signs of malnutrition in blood tests, fecal elastase
1 levels and signs of morphologically severe chronic
pancreatitis on imaging. Treatment for pancreatic exocrine insufficiency includes support to stop smoking
and alcohol consumption, dietary consultation, enzyme
replacement therapy and a structured follow-up of nutritional status and the effect of treatment. Pancreatic
enzyme replacement therapy is administered in the
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INTRODUCTION
Pancreatic exocrine insufficiency (PEI) can be defined as
a reduction in pancreatic enzyme activity in the intestinal
lumen to a level that is below the threshold required to
maintain normal digestion. This concept is crucial for
the understanding of PEI and has several important
consequences for the diagnosis and treatment of this
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Chronic
pancreatitis

Obstruction of the main
pancreatic duct by a tumor

Impaired hormonal stimulation
from the intestine due to
untreated celiac disease

Figure 1 Different causes of pancreatic
exocrine insufficiency.

Loss of pancreatic
parenchyma after
pancreatic resection
Impaired mixing
of food and
pancreatic juice

bonate secretion from ductal cells[10,11].
The pancreatic juice consists of bicarbonate and water secreted by ductal cells and several enzymes, secreted
by acinar cells, with the specific capacity to digest proteins, carbohydrates and fat. In situations with reduced
exocrine pancreatic function, the ability to digest fat is
the determining factor that causes the most important
symptoms and clinical complications because lipase, the
major lipolytic enzyme of the pancreatic juice, is the
pancreatic digestive enzyme with the poorest stability in
the gastrointestinal lumen. The destruction of lipase is
even more rapid when the pH is below 4, which is often
the situation in CP, in which the buffering of gastric acid
is insufficient due to low bicarbonate excretion by the
pancreas[12]. Furthermore, there is minimal extrapancreatic lipolytic enzyme production, as opposed to the extrapancreatic capacity to digest carbohydrates provided
by salivary amylase and intestinal oligosaccharidoses or
the proteolytic capacity provided by gastric pepsinogen.
PEI is one of the major complications in CP and
should be considered in all CP patients. The prevalence
of PEI in CP increases with disease duration, and approximately half of patients will have developed PEI
by 12 years after disease onset[13]. There are no reliable
estimates of the prevalence of PEI in the general population.
Patients with untreated PEI not only suffer from
impaired quality of life due to steatorrhea, weight loss,
abdominal discomfort and other PEI-related symptoms but are also highly likely to develop deficiencies
of micronutrients and lipid-soluble vitamins[14]. These
deficiencies in turn place patients at risk of malnutritionrelated complications, such as osteoporosis[15,16]. Hence,
an early and accurate diagnosis of PEI is of high clinical
importance.

condition. First, pancreatic exocrine secretion can be significantly reduced without PEI being present. In a landmark paper four decades ago, DiMagno et al[1] demonstrated that steatorrhea does not occur until pancreatic
lipase output is reduced to 5%-10% of normal output.
Hence, the demonstration of moderately reduced bicarbonate or enzyme output in sensitive tests of pancreatic
secretion, such as the secretin/cholecystokinin-stimulation test, is a reliable indicator of chronic pancreatitis
(CP) but does not necessarily indicate PEI. Second, any
pathology, including extrapancreatic conditions, that
interrupt the chain of events required for the normal digestion of ingested food by pancreatic digestive enzymes
may cause PEI. Thus, “pancreatic exocrine insufficiency”
is a denomination that, from a semantic point of view, is
too narrow for this condition; “pancreatic maldigestion”
could be an alternative and probably more correct term.
Diseases of the pancreatic parenchyma, such as CP, cystic fibrosis and status post necrotizing acute pancreatitis,
are the most common causes of PEI. However, PEI
may also be caused by obstruction of the pancreatic duct
system due to a tumor or a stricture, by reduced stimulatory capacity in the intestine secondary to untreated celiac disease[2] or Crohn’s disease, by increased intraluminal
inactivation of pancreatic enzymes in Zollinger-Ellison
syndrome[3] or by impaired mixing of ingested food and
the pancreatic juice after upper gastrointestinal surgery[4]
(Figure 1).
The pancreatic juice plays a pivotal role in the digestion and absorption of nutrients[5]. Pancreatic enzyme
secretion is stimulated during the cephalic[6] and gastric[7]
phases to a certain degree, but the most important stimulation occurs during the intestinal phase, when chyme
enters the duodenum. The presence of fatty acids, amino
acids and gastric acid in the duodenum is the most potent stimulator of exocrine pancreatic secretion[8]. Vagal
and neural reflexes stimulate pancreatic secretion during
the cephalic and gastric phases[6,7]. During the intestinal
phase, cells in the duodenal mucosa release CCK, which
stimulates the secretion of pancreatic enzymes from
acinar cells[9], and secretin, which elicits water and bicarWCG|www.wjgnet.com

Cystic
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fecal fat quantification and determination of the coefficient of fat absorption[17]. A major drawback of fecal
fat quantification is that the test is cumbersome and unpleasant for both the patient and laboratory personnel.
The patient is required to keep a strict diet, with 100 g
of fat per day for five days, and to collect the complete
volume of feces for three days. Laboratory personnel
need to handle large volumes of feces. Therefore, this
test is very rarely performed in daily clinical practice
and is only available at few specialized centers. Several
alternative methods for the diagnosis of PEI have been
proposed.

a normal panel of serum nutritional markers can exclude
PEI with a high negative predictive value.
The probability of PEI in CP can also be estimated
based on pancreatic imaging findings in the absence of
more advanced tests of pancreatic function[28]. Notably,
ductal changes on endoscopic retrograde pancreatography, computerized tomography (CT)[29] and endoscopic
ultrasound (EUS) have been associated with decreased
exocrine pancreatic function. The diagnosis of CP by
EUS is based on the demonstration of several different parenchymal (hyperechoic foci, hyperechoic strands,
parenchymal lobularity and cysts) and ductal (pancreatic
duct dilatation, irregular pancreatic duct contour, hyperechoic pancreatic duct margin, dilated side branches and
intraductal calcifications) abnormalities defined in the
Rosemont classification[30]. A recent study demonstrated
a clear correlation between the number of EUS criteria
met and the probability of PEI. Calcifications and main
pancreatic duct dilatation were independently associated
with PEI in a multivariate analysis, and the probability
of PEI was > 80% if these features were present[28].

Diagnosis based on symptoms, blood tests and imaging
Symptoms in patients with PEI vary, depending on the
degree and etiology of PEI. The classical clinical picture
is a patient presenting with foul-smelling, loose stools,
weight loss, muscle wasting; and flatulence. Advanced
tests of pancreatic exocrine function can usually be
avoided in patients with a well-established CP diagnosis
based on morphological findings and a clear clinical picture of PEI. A trial of pancreatic enzyme replacement
therapy (PERT) based only on the clinical picture is recommended by several national societies when the clinical
presentation is strongly suggestive of PEI[18,19]. However,
only relying on symptoms may lead to both the overand under-diagnosis of PEI. Diarrhea and weight loss
may be due to conditions other than PEI, and PEI can
also be present in the absence of overt steatorrhea.
In addition to explaining and treating clinical symptoms, the second rationale for the early diagnosis of PEI
is to prevent complications of malnutrition. It is reasonable to assume that such malnutrition-related complications will be preceded by deficiencies of macro- or
micronutrients detectable by routine blood tests. Hence,
from a theoretical point of view, serum nutritional markers could be used to support the diagnosis of PEI. Deficiencies of several nutrients in blood tests have been
demonstrated in CP, including apolipoproteins[20,21], total
cholesterol[22], magnesium[22,23], lipid-soluble vitamins[24-26],
retinol-binding protein[26], calcium, zinc and selenium[25],
but the majority of these studies have not taken the
exocrine function status of patients into consideration.
Studies investigating the association between nutritional
markers and PEI in CP patients have demonstrated that
deficiencies of lipid-soluble vitamins are associated with
an increased probability of PEI[15,26], as opposed to B12
and folate levels, which are not associated with PEI[14,27].
The possibility of diagnosing PEI based on nutritional
markers in the blood was recently studied in a cohort of
114 patients with CP, of whom 38 suffered from PEI[14].
Hemoglobin, albumin, prealbumin and retinol-binding
protein levels below the lower limit of normal magnesium levels below 2.05 mg/dL; and HbA1C levels above
the upper limit of normal were all significantly associated with PEI. No PEI patient in this study presented
with normal values for all of these parameters. The central conclusion that can be drawn from this study is that
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Fecal elastase 1
Pancreatic elastase 1 is an enzyme of the pancreatic
juice that is highly stable during passage through the
gastrointestinal tract[31]. The concentration of elastase 1
can be measured in feces using a simple enzyme-linked
immunosorbent assay [fecal elastase 1 (FE-1)] on a spot
fecal sample[32,33]. FE-1 levels have been demonstrated to
correlate with more sensitive tests of pancreatic secretion, such as the secretin test[32,34]. Low FE-1 levels have
also been demonstrated to correlate with morphological
tests for CP, such as endoscopic retrograde pancreatography[35] and magnetic resonance cholangiopancreatography[36]. However, as opposed to the relatively large
number of studies evaluating FE-1 assessment as a test
for the diagnosis of CP, studies evaluating the role of
FE-1 testing in the detection of PEI in CP are scarce.
Recently, Benini et al[37] investigated FE-1 and fecal fat in
patients with CP or pancreatic resection. Three important conclusions can be drawn from this study. First, an
FE-1 concentration of < 15 μg/g feces detects PEI with
high sensitivity and specificity in patients with CP without prior pancreatic surgery. Second, intermediate FE-1
values (15-200 μg/g feces) are more difficult to interpret
and likely warrant testing with more sensitive methods.
Third, FE-1 assessment is not a reliable test for PEI in
patients post-pancreatic resection. The fecal fat concentration was consistently higher in relation to FE-1 levels
in operated compared with non-operated cases[37]. This
finding was not unexpected; inadequate mixing of food
with the pancreatic juice and other factors not related to
pancreatic secretory capacity are likely to contribute to
the pathogenesis of PEI after pancreatic resections.
13

C-mixed triglycerides breath test
The 13C-mixed triglycerides (13C-MTG) breath test was
introduced by Vantrappen et al[38]. The test directly mea-

3288

January 28, 2014|First Edition|

Lindkvist B. Pancreatic exocrine insufficiency

below normal values (a cut-off value of 80 mEq has
been advocated by most authorities) in the secretin test
has long been considered as the most sensitive test for
early CP. A drawback of the direct function tests is that
they require the placement of a large-bore tube in the
duodenum during the complete duration of the test,
which is poorly tolerated by patients. It is also important
to keep in mind that a mild reduction in pancreatic exocrine function, occasionally called “exocrine pancreatic
dysfunction” or “mild pancreatic exocrine insufficiency”,
is not equivalent to clinically significant PEI. PEI, based
on its definition, is a reduction in exocrine pancreatic
function to a level that results in maldigestion. Since
the introduction of highly sensitive pancreatic imaging
methods, such as MRI, modern CT and endoscopic ultrasound, the need to rely on pancreatic function testing
for the diagnosis of CP has diminished, and most centers have abandoned the classic secretin test.
Recently, an endoscopic direct pancreatic function
test was developed, with a simplified protocol for pancreatic fluid collection through an endoscope. A good
correlation between the endoscopic pancreatic function
test and standard direct tests has been demonstrated[47,48].
Exocrine pancreatic secretion can also be evaluated
based on the degree of duodenal filling on MRI after
secretin stimulation, which has been demonstrated to
correlate with a combination of the FE-1 assay, the 13CMTG breath test and fecal fat testing[49] and the endoscopic pancreatic function test[50]. Further studies are
needed to evaluate the role of the endoscopic function
test and secretin-enhanced MRI in the diagnosis of PEI.
It should be noted that all tests of pancreatic secretion
share the drawback of ignoring other factors that may
alter the effect of pancreatic enzymes in the intestine.
Thus, tests of pancreatic secretion are irrelevant in situations in which factors other than the secretory capacity
of the pancreas may contribute to PEI.

Clinical suspicion
of PEI
Evaluation of serum
nutritional markers
and fecal elastase

Fecal elastase < 15

Fecal elastase 15-200
or > 15 with
abnormal nutritional
markers

Fecal elastase > 200
and normal
nutritional panel

MPD dilatation or
calcifications on imaging?

High probability of PEI

Yes

No

Low probability of PEI

Figure 2 Evaluation of the probability of pancreatic exocrine insufficiency
in the absence of advanced tests for maldigestion, such as fecal fat
quantification and the 13C-mixed triglycerides breath test. PEI: Pancreatic
exocrine insufficiency; MPD: Main pancreatic duct.

sures the clinically most relevant end-effect of exocrine
pancreatic function: the degradation of triglycerides.
This makes this test preferable to tests that measure
exocrine pancreatic secretion, such as the secretin test
and the FE-1 assay. For the 13C-MTG test, the patient
ingests a small amount of 13C-marked triglycerides
(2-octanoyl (1- 13C)-1,3 distearoyl glycerol), together
with butter on a piece of toasted bread, after an overnight fast. In the presence of normal lipase activity, 13Ctriglycerides will be degraded in the intestinal lumen,
and 13C-marked fatty acids will then be absorbed. These
fatty acids will in turn be metabolized in the liver, and
13
CO2 can finally be measured in exhaled air. Subjects
with PEI have decreased lipase activity, which can be
detected as a decreased recovery of 13CO2 in exhaled air.
Currently, there is no general agreement on the optimal
design of the test and several different protocols have
been proposed[39-43]. The protocol developed by Domínguez-Muñoz et al[44] has been adopted by several groups,
including our institution, and this protocol is described
in Table 1 [44] . Values below 29% are considered as
pathological, and the test detects fat maldigestion with a
sensitivity of > 90%[40].

Integrated use of methods to diagnose PEI
The optimal test for the diagnosis of PEI is a test that
can detect the maldigestion of fat with high sensitivity
and specificity. Fecal fat quantification and the 13C-MTG
breath test are recommended for the accurate diagnosis
of PEI because these two tests best fit this description.
However, due to the limited availability of these tests
and the odious nature of fecal fat quantification, there
is a need for a simplified way to estimate the probability
of PEI based on generally available clinical parameters.
In Figure 2, a proposal for a diagnostic algorithm to
estimate the probability of PEI based on routine blood
tests, FE-1 assessment and standard imaging is presented. The algorithm is designed to have a high negative
predictive value for PEI and integrates knowledge from
recent studies[14,28,37]. However, it should be stressed that
this algorithm provides only an estimation of the probability of PEI and that the algorithm has not been scientifically validated.

Test based on analysis of pancreatic juice after secretin/
cerulein stimulation
Exocrine pancreatic function can be measured by socalled direct pancreatic function tests. In these tests,
pancreatic secretion is stimulated by secretin and/or
cerulein[45] or by the ingestion of a standard test meal[46].
After stimulation, samples of the pancreatic juice are
aspirated from a tube that has been placed in the duodenum, and the concentrations of pancreatic digestive
enzymes and bicarbonate are measured. A peak bicarbonate concentration in pancreatic secretion significantly
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tion should be encouraged in all patients with CP with
or without PEI.
PERT
25-50000 lipase units per meal
if suboptimal effect:
-add PPI
-double PERT dose

Diet
Small, frequent meals
Normal fat intake
Fat soluable vitamins

Lifestyle
Smoking cessation
Alcohol abstinence

Pancreatic enzyme replacement therapy
Pancreatic digestive enzymes can be administered orally,
together with meals, in patients with PEI to compensate
for the lack of endogenous enzyme secretion. Modern
pancreatic enzyme preparations are extracts from the
porcine pancreas (pancrelipase) that are administered
as enteric-coated minimicrospheres. Several different
preparations are commercially available, with minor
differences in particle size and pH-related release kinetics[56]. PEI with steatorrhea and/or weight loss is an undisputed indication for PERT. Several studies have demonstrated an improved coefficient of fat absorption[57-60],
decreased maldigestion-related symptoms[57,59-61] and even
improved quality of life[61,62]. The need for PERT in PEI
without symptoms is a matter of debate, and randomized clinical trials on this issue are lacking. Nevertheless,
certain collateral evidence supports PERT, even in the
absence of overt steatorrhea and weight loss: (1) A longitudinal study in patients with CP demonstrated that
patients with no clinical symptoms of steatorrhea but
an abnormal steatocrit who did not receive PERT lost
more weight than not only CP patients with a normal
steatocrit but also patients with an abnormal steatocrit
and symptoms of steatorrhea who were treated with
PERT[63]; (2) Laboratory signs of malnutrition have been
demonstrated in a large proportion of patients with
CP and asymptomatic steatorrhea who were not under
treatment with PERT[64]. The clinical relevance of such
deficiencies has not been specifically investigated in CP
and PEI, but an increased risk of complications that are
generally associated with malnutrition can be assumed[65];
and (3) Based on observational studies in CP, it is well
known that malnutrition-related diseases and findings,
such as osteoporosis-related fractures[16], decreased bone
mineral density[15,66,67] and deficiencies of fat-soluble vitamins[15], are common in CP.
As evidence for nutritional deficiencies in patients
with PEI with and without symptoms has increased
in recent years, PERT is now increasingly regarded as
a treatment for maldigestion rather than a way to suppress diarrhea in patients with CP[65]. The goal of PERT
is stated to be the elimination of maldigestion in the
Australasian Pancreatic Club recommendations[18]. Meanwhile, the Spanish Pancreatic Club regards any clinical or
nutritional deficiency in a CP patient as an indication for
PERT[68], and the Italian Association for the Study of
the Pancreas states in its guidelines that PEI is an indication for PERT[19].
The safety and efficacy of PERT for the treatment
of PEI in CP has been investigated in four randomized,
double-blinded, placebo-controlled clinical trials including up to 72 patients over study periods of 1-2 wk[57-60].
Significant improvements in the coefficient of fat absorption[57-60], the coefficient of nitrogen absorption[58-60],
stool fat content[60] and stool weight[60] have been docu-

Follow-up
Symptoms of maldigestion
Weight and BMI
Nutritional markers
Alcohol and smoking

Figure 3 Fundamental aspects in the care of patients with pancreatic
exocrine insufficiency. PERT: Pancreatic enzyme replacement therapy; PPI:
Proton pump inhibitors.

TREATMENT OF PANCREATIC EXOCRINE
INSUFFICIENCY
Cornerstones in the treatment of PEI are PERT, support to cease smoking and alcohol consumption, consultation with a dietitian and a systematic follow-up to
assure optimal treatment effect (Figure 3). The goal of
this treatment concept is to normalize digestion, alleviate
PEI-related symptoms and prevent malnutrition-related
morbidity and mortality and disease progression.
Diet, smoking and drinking
Historically, a low-fat diet has been recommended in
PEI to reduce steatorrhea. This recommendation has
been abandoned in modern dietary counseling in PEI
due to the risk of aggravating PEI-related weight loss
and deficiencies of lipid-soluble vitamins[18,51]. By optimization of the PERT dose and supportive treatment with
PPI, most PEI patients will tolerate a normal-fat diet.
Dietary consultation should include advice for sufficient
caloric intake and normal fat content. Small, frequent
meals are usually better tolerated than large, high-caloric
meals. Deficiencies of fat-soluble vitamins are very
common in PEI patients, and vitamin supplementation therapy should be given if necessary[15]. Support
for alcohol abstinence should be offered to all patients
with alcohol-related CP. In addition to the general health
benefits of alcohol withdrawal, this withdrawal has also
been demonstrated to slow the further deterioration of
pancreatic exocrine function[52]. Smoking is a risk factor
for pancreatic cancer, acute pancreatitis and CP[53], and is
also associated with an increased probability of reduced
pancreatic exocrine function based on the endoscopic
pancreatic function test in cases with CP[54]. Continued
smoking has been associated with earlier development
of calcifications in patients with CP[55]. Smoking cessa-
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Table 1 The

13

C-mixed triglycerides breath test according to Domínguez-Muñoz et al

[44]

The patient fasts from midnight
Twenty minutes before the test, 10 mg of metoclopramide is ingested
A baseline breath sample is taken
At time 0, 250 mg of 13C-mixed triglycerides mixed with 16 g of fat on a piece of toasted bread is ingested, together with a glass (200 mL) of water
Breath samples are taken every 15 (or 30) min for 6 h
Finally, 13CO2/12CO2 is measured in collected breath samples by mass spectrometry or isotope-selective nondispersive infrared spectrometry

Table 2 Pancreatic enzyme replacement therapy: How we do it
PERT is started at 50000 lipase units per main meal and 25000 lipase units per snack
The basic concepts of the pathophysiology of PEI and how PERT works are explained to the patient. It is emphasized that PERT should be taken with
meals and that the dose should be adjusted to the fat content of the meal
If maldigestion persists, proton pump inhibitors can be added, and the dose is increased to 80000 lipase units per main meal and 40000 lipase units per
snack
If PERT is still ineffective, despite the optimization described above, small intestinal bacterial overgrowth is considered, and the evidence for a diagnosis
of PEI is revised
PEI: Pancreatic exocrine insufficiency; PERT: Pancreatic enzyme replacement therapy.

units[60] per main meal). It is noteworthy that even in a
study using 80000 lipase units per main meal, only 26%
of the patients had a normalized coefficient of fat absorption at the end of the 51-wk open-label extension
of the study[62].
There is no consensus on the definition of treatment
success in PERT. If the elimination of maldigestion is
accepted as the aim of the treatment, fecal fat quantification or an indirect test of maldigestion, such as the
13
C-MTG breath test, would be the most appropriate
examination for verifying treatment success. However,
this approach is rarely feasible in clinical practice. Most
guidelines recommend a reevaluation of symptoms and
weight and a reevaluation of serum tests of malnutrition.
In fact, it is highly likely that many patients with PEI
today are receiving PERT that is suboptimal. A recent
study from the Netherlands has indicated that as many
as 70% of patients with CP report steatorrhea-related
symptoms despite PERT[73] and that persistent deficits in
blood nutritional parameters despite PERT are common
in PEI[15,64]. What measures can be taken to optimize
the result of PERT? First, it is of utmost importance
to ensure that the patient is taking the prescribed dose
correctly. Capsules should be administered with meals
(as opposed to before or after) for optimal effect[74]. If
signs or symptoms of maldigestion persist, the PERT
dose can be increased, and proton pump inhibitors can
be added[44,75,76]. The rational for adjuvant treatment with
proton pump inhibitors is that bicarbonate secretion is
impaired in CP, resulting in insufficient buffering of the
gastric chyme when it enters the small bowel. This phenomenon may in turn compromise the effect of PERT
because lipase is rapidly degraded at a low pH and because enzyme release from microspheres is pH dependent. If PERT is ineffective despite an increased dose
and adjuvant treatment with PPI, the diagnosis of PEI
should be revised, and possible coexisting and/or alter-

mented. Two of these trials have also reported results
from open-label extension periods of 6 and 12 mo[62,69].
Continuous improvement during treatment, with a
steady-state reached at week 13, was observed for most
symptom variables[62]. In these clinical trials, PERT has
been well tolerated, and no serious adverse events have
been reported. Fibrosing colonopathy is the only serious
complication that has been associated with PERT. In the
vast majority of reported cases, this rare condition has
been observed in patients with cystic fibrosis using high
doses of PERT[70]. The pathophysiology of this condition is unknown, but factors related to cystic fibrosis disease per se, the dosing of PERT and possibly agents in
the enteric coating of the pancrelipase preparations may
play a role[71].
There are no studies investigating the long-term effects of PERT on morbidity and mortality from PEI,
which should be kept in mind if patients with no or
minimal symptoms of PEI are considered for PERT.
Dosing of pancreatic enzyme replacement therapy
The concept of PERT is to induce a lipolytic capacity that corresponds to the amount of ingested fat at
every meal. Therefore, higher doses are necessary for
large, high-fat meals, and lower doses are sufficient for
snacks and lean meals. The optimal dose of PERT in
CP has not been investigated systematically in clinical
trials. Recommendations from different national societies range from 20-40000 lipase units per main meal, as
recommended by the German Society of Digestive and
Metabolic Diseases[72], to 25-40000 lipase units per main
meal, as recommended by the Australasian Pancreatic
Club[18] and the Italian Association for the Study of the
Pancreas[19], to 40-50000 lipase units per mail mean, as
recommended by The Spanish Pancreatic Club[68]. In
general, half of the dose is recommended for snacks and
minor meals. Recent randomized clinical trials have used
higher doses (72000 USP units[59] and 80000 Ph.Eur.U
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native reasons for maldigestion, such as small intestinal
bacterial overgrowth, should be considered. A summary
of PERT concepts in clinical practice is presented in
Table 2.
In conclusion, PEI is a state of maldigestion that is
the result of a reduction of pancreatic enzyme activity in
the intestinal lumen to a level that is below the threshold
required to maintain normal digestion. CP is the most
common cause of PEI, but several other pancreatic and
extrapancreatic diseases can lead to PEI. The diagnosis
of PEI is best established by tests that directly measure
digestion, such as fecal fat quantification or the 13CMTG breath test. If these tests are not available, clinical
and biochemical signs of malnutrition; pancreatic imaging findings; and tests that measure pancreatic secretion, such as the FE-1 assay, can be used to estimate the
probability of PEI. The treatment of PEI relies on the
elimination of risk factors for disease progression, such
as smoking and alcohol consumption; consultation with
a dietitian; PERT; and a systematic follow-up of the
treatment effect on nutritional status and symptoms. If
required, PERT can be optimized by dose augmentation
and the addition of proton pump inhibitors.
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Core tip: Pancreatic exocrine insufficiency represents
a condition related to pancreatic and extrapancreatic
disease. We have reviewed the evidence related to the
pathophysiological aspects of exocrine pancreatic diseases and we have also reported the recommendations
for treating this condition in the most common pancreatic and extrapancreatic diseases. Pancreatin minimicrospheres is a drug which is cost-effective according
to a survey of Polish patients, but studies demonstrating its cost-efficacy in Italy are necessary.

Abstract
This is a medical position statement developed by the
Exocrine Pancreatic Insufficiency collaborative group
which is a part of the Italian Association for the Study
of the Pancreas (AISP). We covered the main diseases
associated with exocrine pancreatic insufficiency (EPI)
which are of common interest to internists/gastroenterologists, oncologists and surgeons, fully aware that
EPI may also occur together with many other diseases,
but less frequently. A preliminary manuscript based
on an extended literature search (Medline/PubMed,
Cochrane Library and Google Scholar) of published
reports was prepared, and key recommendations were
proposed. The evidence was discussed at a dedicated
meeting in Bologna during the National Meeting of the
Association in October 2012. Each of the proposed
recommendations and algorithms was discussed and
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INTRODUCTION
This is a medical position statement developed by the
Exocrine Pancreatic Insufficiency collaborative group
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which is a part of the Italian Association for the Study
of the Pancreas (AISP). We covered the main diseases
associated with exocrine pancreatic insufficiency (EPI)
of common interest to internists/gastroenterologists, oncologists and surgeons, fully aware that EPI may occur in
many other diseases, but less frequently (Giardia and HIV
infections, lymphoma, Whipple’s disease, amyloidosis).

Table 1 Causes of pancreatic insufficiency
Chronic pancreatitis
Primary pancreatic insufficiency
Agenesis of the pancreas
Congenital pancreatic hypoplasia
Shwachman–Diamond syndrome
Johanson–Blizzard syndrome
Adult pancreatic lipomatosis or atrophy
Isolated lipase or colipase deficiency
Pancreatic resection
Pancreatic cancers
Secondary pancreatic insufficiency
Mucosal small bowel disease: Decreased cholecystokinin release
Somastatinoma or exogenous somatostatin analog intake: Decreased
pancreatic secretion
Gastrinoma: Intraluminal destruction of enzymes
Surgery and Billroth II anastomosis: Poor mixing or decreased
hormone release, disturbance of innervations
Periampullary tumors (pancreatic duct obstruction)

LITERATURE SEARCH METHODS
A preliminary manuscript based on an extended literature
search (Medline/PubMed, Cochrane Library and Google
Scholar) of published reports was prepared, and key
recommendations were proposed. A MESH term “EPI”
was used for the search on Medline/PubMed and key
words (exocrine pancreatic insufficiency) were used for
both Cochrane Library and Google Scholar. A total of
1465 manuscript were retrieved on Medline/PubMed, 64
on Cochrane Library and 1234 on Google Scholar. After
deduplication only 282 papers regarding the specific aims
of the study were selected and 151 were utilized. The
evidence and recommendations were discussed at a dedicated meeting in Bologna during the National Meeting
of the Association in October 2012 in which was present
130 participants. Each of the proposed recommendations
and algorithms was discussed and an initial consensus
was reached. The final draft of the manuscript was then
sent to the AISP Council for approval and/or modifications. All concerned parties approved the final version of
the manuscript in June 2013.

Modified from reference 155.

are delivered to the terminal ileum[4,5]. After ingestion,
dietary lipids are initially emulsified in the stomach and
then hydrolyzed by the action of gastric and pancreatic
lipase and colipase; hydrolyzed lipids are then aggregated
into micelles or liposomes with the addition of bile salts
in the duodenum and jejunum, the micelles are absorbed
across the intact intestinal villi by both active and passive
processes and, finally, packaged into chylomicrons within
intestinal epithelial cells and transported to the circulatory system via the lymphatic system[8].

PHYSIOLOGY OF PANCREATIC
DIGESTION OF NUTRIENTS

MECHANISMS OF EXOCRINE
PANCREATIC INSUFFICIENCY

The pancreatic secretion is a clear fluid liquid, 97% of
which is water and electrolytes[1], and 3% proteins. In
turn, these are made up of proteins (3%) mainly represented by proteases (80%), amylase (7%), lipase (4%) and
nucleases (1%)[2]. The normal absorption of nutrients
involves a complex mixture of digestive enzymes and
bile salts, and an intact intestinal mucosa to enable the
uptake of these hydrophobic complexes. Under normal
condition, all major pancreatic enzymes act simultaneously with postprandial chyme decrease during duodenalileal transit[3]; the rate of intraluminal degradation differs
widely among the major enzymes due to their different
stability regarding inactivating mechanisms[4]. Pancreatic
amylase is a very stable enzyme, probably because of its
high resistance to enzymatic proteolysis[5]; the majority
of that released into the duodenum reaches the terminal
ileum in an active form[4,6,7] whereas approximately 60%
of the protease activities released into the duodenum
are delivered to the mid-jejunum, and only between 20%
and 30% reach the terminal ileum[4]. As regards lipolytic
enzymes, lipase is most susceptible to inactivation during
small intestinal transit. In the absence of triglycerides, a
large proportion of lipase activity is also lost between the
duodenum and the jejunum, and only small quantities

WCG|www.wjgnet.com

Exocrine pancreatic insufficiency results from a progressive loss of acinar pancreatic cells which leads to the
secretion of an insufficient amount of digestive enzymes
into the duodenum. As indicated in Table 1, chronic pancreatitis is the most well-known cause of EPI[9] but also
several other conditions, such as partial or total surgical
resection of the gland, loss of function of pancreatic tissue or obstruction of the main pancreatic duct as well as
diabetes, celiac disease, inflammatory bowel diseases, and
gastrectomy should also be considered. Maldigestion results when exocrine (mainly lipase and trypsin) pancreatic
function is reduced by more than 90%; other pancreatic
and extra-pancreatic causes of maldigestion are reported
in Table 2[10].

CLINICAL MANIFESTATION AND
ASSESSMENT OF EXOCRINE
PANCREATIC INSUFFICIENCY
Patient complaints
Patients with steatorrhea typically report an increase in
daily bowel movements, with fatty, bulky stools which are
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Two other tests, not presently available commercially, are
the N-benzoyl-L-tyrosyl-p-aminobenzoic acid (PABA)
test and the pancreolauryl test which are based on the
recovery of an ingested dose of PABA and fluorescein
dilaurate from the urine[16]. In clinical trials, objective
confirmation of excess fecal fat may be undertaken, and
the following methods are usually used[9]: Sudan staining
of random homogenized stool, steatocrit and quantitative fat analysis. Sudan staining evaluates the number and
size of fat globules per high-power field (hpf), and the
test results are scored as normal (≤ 20/hpf, 1 to 4 micrometers in size), moderately increased (> 20/hpf, 1 to
8 mm in size) and definitely increased (> 20/hpf, 6 to 75
[17]
mm in size) . Compared to chemical fat analysis, Sudan
staining has a sensitivity of 94% and a specificity of 95%
for diagnosing abnormal fecal fat excretion[18]. Steatocrit
is a quantitative measurement of fat and is expressed as
a proportion of an entire centrifuged homogenized stool
sample[19]. A spot acid steatocrit level (normal < 10%)
has been reported as having a sensitivity of 100% and a
specificity of 95% when compared to 72-h quantitative
fat analysis[20]. The best reported method is the 72-h fat
chemical analysis using the van de Kamer method. The
patients need to keep a food diary to ensure that adequate
dietary fat (100 g/d) is consumed during the test; the
normal output is less than 7 g of fat per 24-h period[21].
Coefficient of fat absorption (CFA) should be used to
better quantify the steatorrhea; it is calculated using the
following equation: CFA (%) = 100 [(mean fat intake mean stool fat)/mean fat intake[22]; in healthy subjects, the
CFA is usually greater than 80%[23].
A new assessment for pancreatic malabsorption
which takes into consideration some serum parameters
reflecting nutritional status (magnesium < 2.05 mg/dL,
reduced serum levels of prealbumin, albumin, retinol
binding protein, ferritin, and hemoglobin) has recently
been reported[24], but it requires further validation[25].
Finally, bioelectrical impedance has been proposed
for assessing nutritional status in patients with pancreatic
cancer[26]. This method is based on the different conductive and resistive properties of the various body tissues; it
is not invasive, it is inexpensive and it can be performed
at the bedside. In brief, fixed low-voltage and highfrequency alternating current introduced into the body is
conducted through the fluid compartment of the fat-free
mass and it is able to measure both body resistance and
capacitance. Capacitance causes the current to lag behind
the voltage, creating a phase shift; this shift is quantified
geometrically as the angular transformation of the capacitance: resistance ratio, also called phase angle.

Table 2 Pathogenesis of maldigestion
Mechanism

Explanation

Decreased pancreatic
production
Decrease in delivery
Decreased activation
Premature enzymatic
degradation

Lack of functional tissue or decreased
endogenous neurohormonal stimulation
Pancreatic duct obstruction
Low duodenal pH
Decreased contact time due to increased
motility, impaired interaction with chyme and
biliary salts, and intestinal bacterial overgrowth

difficult to flush away. This occurs mainly after high fatcontaining meals and is sometimes not a daily symptom.
As steatorrhea occurs after meals, it typically happens 2
to 3 times a day in individuals with a normal lipid-content
diet. Weight loss and anorexia may also develop over time
due to malnutrition.
Physical examination
Chronic malabsorption results in weight loss, such as
temporal scalloping, interosseous wasting, and lack of
subcutaneous fat. Nail leukonychia due to hypoalbuminemia may be present in the late stages of chronic malabsorption. Signs of liposoluble vitamin lack may appear;
ecchymoses due to clotting abnormalities in the case of
vitamin K deficiency, ataxia and peripheral neuropathy
resembling Friedreich ataxia due to vitamin E deficiency,
abnormalities of night blindness and xerophthalmia (dry
corneas) due to vitamin A deficiency; contraction or
muscle spasms, osteomalacia and osteoporosis may also
occur due to hypocalcemia. Examination of the stool is
an important tool for recognizing steatorrhea.
Investigations
Exocrine pancreatic function is currently diagnosed using two groups of tests, usually referred to as direct and
indirect (or tubeless) tests; the principal tests are reported
in Table 3. The most sensitive test is a direct test based
on aspiration of the pancreatic contents during secretin
or secretin-cholecystokinin/cerulein administration[11];
this test is only available in a few centers, it is invasive and
is not indicated in clinical practice. Other tests currently
available in clinical practice are indirect tests. At present,
fecal elastase-1 determination is the most diffuse test for
screening pancreatic exocrine insufficiency[12], usually using a monoclonal test[13]. This test does not require the
withdrawal of enzyme supplementation therapy and is
based on analysis of a single stool sample. Concentrations
of elastase-1 less than 200 μg/g in feces are compatible
with exocrine pancreatic insufficiency and less than 100
[14]
μg/g are indicative of severe pancreatic insufficiency .
14
13
The C-triolein breath test and the cholesteryl-[1- C] octanoate breath test have been used for assessing fat malabsorption[15]; the D-xylose test (normal serum D-xylose
concentration greater than 1.33 mmol/L 1 h after an oral
dose of D-xylose) for exploring the malabsorption of
carbohydrates, and fecal chymotrypsin excretion (normal
> 6 U/g) for evaluating the malabsorption of proteins[12].
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Pancreatic enzyme replacement therapy
In order to avoid maldigestion and ameliorate the nutritional status of patients with EPI, the cornerstone
of treatment is pancreatic enzyme replacement therapy
(PERT). Available formulations contain pancreatic
enzymes encapsulated in microgranules or minimicrospheres with a pH sensitive coating in order to either
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Table 3 Indirect diagnostic tests for evaluating pancreatic exocrine insufficiency
Test

In favour

Against

CFA

Gold standard

72 h stool collection; 100 g standard diet; no simultaneous
PERT; not pancreas specific
High fat diet needed; 24-72 h stool collection is ideal

Acid steatocrit
Fecal elastase 1
13C-mixed triglyceride breath test
Fecal chymotrypsin

Linear correlation with CFA also in a
single sample; Good as screening
Single stool sample; PERT can be
continued
Simple; Also for mild forms of EPI and
therapy assessment
Good for compliance control;
Single small stool sample

Secretin-enhanced magnetic resonance
Morphological and semi-quantitative
cholangiopancreatograpgy
functional changes
Nutritional status (magnesium < 2.05 mg/dL, ↓
Simple
prealbumin, ↓albumin, ↓retinol binding protein,
↓ferritin, ↓hemoglobin)

Poor sensitivity in mild EPI, watery stools and small bowel
disease
Requires further validation
Sensitivity low for clinical practice (chymotrypsin is variably
inactivated during intestinal transit); not for mild EPI; watery
stools decrease enzyme activity; PERT must be discontinued
Requires further validation
Requires further validation

CFA: Coefficient of fat absorption; PERT: Pancreatic enzyme supplementation therapy; EPI: Pancreatic exocrine insufficiency.

fected[30,34], whereas enzymes contained in gastroprotected minimicrospheres can be assumed also with food having a pH less than 5.5. Acid-suppressing agents should
be utilized only in patients who continue to experience
symptoms of maldigestion despite the adequate administration of PERT[35].

prevent the release and the subsequent inactivation of
enzymes by gastric acidity or to release the enzymes into
the intestinal lumen where the pH is higher and optimal
for the digestion and absorption of food. Currently, the
Italian guidelines also suggest minimicrospheres to be the
ideal pancreatin formulation[9].
The initial recommended dose of pancreatic extract
which should be given is 40000-50000 units of lipase
per meal and 25000 U per snack, and this dose should
be progressively increased until the steatorrhea is totally
or sufficiently reduced[27,28]; this dosage should be maintained over time.

Goal of the treatment
Steatorrhea in severe pancreatic insufficiency is very difficult to resolve completely, and only a 60%-70% reduction is usually achieved using PERT[36]. This may be due
the fact that there are numerous interactions between
pancreatic maldigestion, intestinal ecology and intestinal
inflammation; consequently, to the methods of achieving
optimal management of pancreatic maldigestion need
to be fully re-evaluated, considering not only the correction of pancreatic insufficiency using PERT and, the best
duodenal pH to allow for the optimal efficacy of these
extracts, but also the decontamination of the intestinal
lumen, the supplementation of bile acids and, probably,
the use of probiotics to attenuate intestinal inflammation
in chronic pancreatitis patients[37]. Fat soluble vitamins
and micronutrients, such as zinc and selenium, should
be routinely assessed and administered whenever necessary[38].

Dietary and drug recommendation
Food intake should be distributed between three main
meals per day, and two or three snacks. The pancreatic
extracts should be ingested during the meals.
Even if a diet which is low in fat reduces steatorrhea
and improves maldigestion, it restricts caloric intake and
is not a good option.
Medium-chain triglycerides (MCTs) have not been
shown to be effective in patients suffering from chronic
pancreatitis with EPI. Moreover, their poor palatability
and high cost reduce patient compliance. Evidence exists
that MCTs also require enzyme supplements for proper
digestion and absorption[29]. They should be used only
in patients with persistence of symptoms or weight loss
despite adequate enzyme supplementation[30]. Mediumchain triglycerides have been proposed in PERT nonresponders as an “ultima ratio”. The quantity of energy
administered by MCTs is limited (ca 8.3 kcal/g) and the
dose must be increased slowly in order to achieve intestinal adaptation, even when using enteral nutrition[31].
However, trials have shown no advantage between a normal balanced diet and MCT-enriched preparations[29,32,33].
A diet rich in fiber content is contraindicated because
the fibrous material will interfere with proteolytic and
amylolytic enzyme activity; lipolytic activity is most af-
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Warnings regarding PERT
An appropriate clinical response to PERT does not allow predicting a normal nutritional status in patients
with chronic pancreatitis. Up to 2/3 of patients with an
apparently good clinical response have some residual nutritional deficiency[39]. Crushing, chewing or holding the
pancreatic extract capsules in the mouth may cause local
irritation. The fine powder of the pancreatic enzymes
may also be irritating to the nasal mucosa and the respiratory tract and can precipitate an asthma attack. Extremely
high doses of pancreatic extracts have been associated
with hyperuricemia and hyperuricosuria[40]. Submucosal
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No PERT

No

No

No

No

Acute pancreatitis (mild or severe)

Refeeding with low-fat, solid diet

Fecal elastase 1 < 100 µg/g

Evaluate fecal elastase 1 at refeeding

PERT

Follow-up for 6-18 mo or before when necessary

After 6 mo: fecal elastase 1 < 100 µg/g?

After 12 mo: fecal elastase 1 < 100 µg/g?

After 18 mo: fecal elastase 1 < 100 µg/g?

Yes

Yes

Yes

Continue PERT and consider the diagnosis of chronic pancreatitis

Continue PERT and consider the diagnosis of chronic pancreatitis

Continue PERT and consider the diagnosis of chronic pancreatitis

Figure 1 Algorithm for monitoring and treating exocrine pancreatic insufficiency in patients hospitalized for acute pancreatitis. PERT: Pancreatic enzyme
replacement therapy.

strictures in the proximal colons of children with cystic
fibrosis have been reported (“fibrosing colonopathy”),
and it is now recommended that not more than 10000
units of lipase per kg of body weight per day be given to
children[41]; to our knowledge, this complication has been
never reported in adults[42].

ence of symptoms of malabsorption (weight loss, osteopenia, loss of muscular mass)[9,31,48,49]. Alcohol should
also be avoided to prevent additional impairment of the
pancreatic exocrine function[50].
The initial dose of pancreatic enzymes should be
40000 units as a starting dose for a meal and 20000 units
for a snack[9,31,48,51].
Increasing doses of PERT are recommended in nonresponder patients[9,48,51]. Furthermore, acid suppression is
also suggested to ensure optimal enzymatic delivery into
the duodenum, despite the lack of clinical trials[52]. Moreover, as reported by Domínguez-Muñoz et al[53], gastric
acid inhibition avoids bile acid precipitation and allows
lipase release in the proximal gut. It has been shown that
patients with EPI respond properly to PERT if bicarbonate secretion is preserved and/or gastric secretion
reduced. Calcium and magnesium-containing antacids
should be avoided as they produce soaps, precipitate with
glycine conjugated bile salts in the intestine and worsen
steatorrhea[54].
Lack of patient compliance may be a cause of treatment failure and can be discovered by measuring fecal
chymotrypsin[55]. If chymotrypsin activity in the stool is
low, the patient should be educated to take supplements
during or just after meals[9,56]. Intestinal bacterial overgrowth, found in up to 40% of the patients with chronic
pancreatitis[57,58], intestinal giardiasis or other intestinal
malabsorption disorders, should be ruled out in nonresponder patients.
Parameters to be used for the assessment of therapy
include clinical improvement/normalization of nutritional parameters and clinical symptoms [9,24]. In nonresponder patients, laboratory methods for assessing fat
absorption (CFA, C-13 mixed triglyceride breath test)
may be used. Fat soluble vitamin deficiency should be

RECOMMENDATION FOR SPECIFIC
DISEASES
Acute pancreatitis
In Italy, there are approximately 20000 admissions per
year for acute pancreatitis (AP)[43]. Acute pancreatitis is
an inflammatory disease most commonly caused by gallstones or alcohol abuse, and is associated with significant
morbidity and mortality[44]. Pathological values of fecal
elastase-1 have been found in 12.0% of patients with
AP (9.3% with mild and 2.7% with severe pancreatitis).
Pathological fecal elastase-1 was not significantly related
to sex, age or day of refeeding. Finally, only 4.0% of patients may have severe EPI (i.e., fecal elastase-1 concentrations less than 100 μg/g). Thus, in selected cases (approximately 800 Italian AP patients per year), there is the
need for enzyme supplementation during refeeding if the
elastase-1 fecal determination is clearly abnormal[45]. The
suggestion is that these patients be monitored for EPI
for at least 6-18 mo and treated with oral pancreatic enzymes at a dosage of 40000-50000 U per meal and 25000
U per snack unless otherwise indicated[27] (Figure 1).
Chronic pancreatitis
The greatest benefit of PERT is in the patients who excrete more than 15 g of fecal fat per day or have weight
loss[46,47]. However, German and Spanish guidelines treat
patients with a daily fecal fat output < 15 g in the pres-
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Chronic pancreatitis

Clinical or biochemical diagnosis of pancreatic insufficiency

Steatorrhea and weight loss, or CFA < 85% or Fecal elastase-1 <15 g/g, or Nutritional status (magnesium < 2.05 mg/dL,
↓Prealbumin, ↓Albumin, ↓retinol binding protein, ↓ferritin, ↓hemoglobin)
No

Yes

No PERT

PERT
Yes

Weight gain, stools normalization, ↑nutritional status
No

Continue PERT

PERT compliance
No
Increase the PERT dosage

Weight gain, stools normalization, ↑nutritional status

No
Add Proton pump inhibitors

Weight gain, stools normalization, ↑nutritional status

Yes

Yes

No
Check alternative or concomitant diagnosis (celiac disease, giardiasis, bacterial overgrowth, other malabsorption causes)

Figure 2 Algorithm for monitoring and treating exocrine pancreatic insufficiency. Algorithm for monitoring and treating exocrine pancreatic insufficiency summarized from Italian[9], German[47] and Spanish[31] guidelines, and a synopsis of the guidelines[51]. CFA: Coefficient of fat absorption; FE1: Fecal elastase-1; PERT: Pancreatic enzymes replacement therapy; PPI: Proton pump inhibitor.

corrected parenterally[9].
Before starting PERT, evaluation of the fasting glucose levels and quantification of the malabsorption is
suggested, if possible. Moreover, determining glucose
fasting levels during the first 1-2 wk of treatment is also
suggested[51]. An algorithm for PERT in chronic pancreatitis patients is summarized in Figure 2.

of weight loss and the risk of death, with a value greater
than 7 times the expected value when the decrease exceeded 10%[67] and these data were confirmed by a retrospective study regarding 58 patients with unresectable
pancreatic carcinomas showing that a phase angle of less
than 5 degrees was a negative prognostic factor[26] and
by a prospective non-randomized study enrolling 194
patients with unresectable advanced pancreatic cancer
showing that a value of fecal elastase-1 less than 20 μg/g
was a negative prognostic factor for survival. Of interest,
a value of fecal elastase-1 of less than 20 μg/g and extremely severe pancreatic insufficiency were found more
frequently in the group of patients with tumors in the
head of the pancreas[68].
The main question is whether replacement therapy
with pancreatic enzymes and nutritional therapy have
a positive impact on the quality of life and survival in
patients with advanced pancreatic cancer. Pancreatic enzyme replacement therapy can partially prevent weight
loss in patients with unresectable tumors of the pancreatic head, at least in the period before biliary endoprosthesis placement[69]. Two different phase Ⅱ studies have
shown that, in patients with advanced pancreatic cancer,
having a weight loss of more than 5% in the previous
4 wk and a body mass index of less than 19, parenteral
nutrition improved all nutritional parameters, as evaluated
by the bioelectrical impedance without, however, reaching normality[70,71].
The algorithm for monitoring EPI and malnutrition
in unresectable pancreatic ductal adenocarcinoma patients
is reported in Figure 3. Of course, appropriate amounts
of pancreatic extracts should be administered during each

Unresectable pancreatic ductal adenocarcinoma
The prevalence of EPI is high but of moderate degree
in the majority of cases; it has been reported that 65%
of pancreatic cancer patients have fat malabsorption, and
50% protein malabsorption[59,60]. The causes of the EPI
are mainly related to the obstruction of and/or the loss
of the pancreatic parenchyma[61]. Thus, the most important predictors of the onset of EPI malabsorption in
pancreatic cancer patients are the site of the tumor in the
pancreatic head, the tumor replacing at least 90% of the
normal pancreatic tissue and main duct obstruction[62-64].
Even if the most widely accepted prognostic factors
in unresectable pancreatic carcinoma are the presence of
metastases and the value of CA 19-9 at presentation[65,66],
the prognostic factor “weight loss” has received particular attention from the “Eastern Cooperative Oncology
Group” study[66] and in this study the weight loss ranged
from 30% in patients with non-Hodgkin’s lymphoma to
87% in patients with gastric cancer; patients with pancreatic cancer showed weight loss in 65% of cases and
it correlates with worsening of the performance status
even if this factor was not a negative prognostic factor
for survival[66]. In contrast, a more recent retrospective
study found a direct relationship between the percentage
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Unresectable pancreatic adenocarcinoma
No

Weight loss > 5%

No but tumor localized in the head of the pancreas

Yes
Bioelectrical impedance

Fecal elastase 1 determination

< 100 µg/g or > 20 µg/g

< 20 µg/g

Body mass index

Angle phase

Severe EPI

More severe EPI

< 19.5

< 5.0°

Severe malnutrition
PERT

PERT
Search other causes
of maldigestion

Parenteral nutrition
Search other causes of malabsorption

Figure 3 Algorithm for monitoring and treating exocrine pancreatic insufficiency and malnutrition in unresectable pancreatic ductal adenocarcinoma patients. EPI: Exocrine pancreatic insufficiency; PERT: Pancreatic enzymes replacement therapy.

Table 4 Fecal elastase 1 concentrations in type 1 and type 2 diabetes mellitus n (%)
Ref.

Type 1 DM
[80]

Hardt et al
Vesterhus et al[81]
Larger et al[82]
Icks et al[83]
Cavalot et al[84]
Rathmann et al[85]
Nunes et al[86]
Yilmaztepe et al[87]
Overall

Type 2 DM

Overall

FE-1 (100-200 μg/g)

FE-1 (< 100 μg/g)

Overall

FE-1 (100-200 μg/g)

FE-1 (< 100 μg/g)

322
140
195
112
37

73 (23)
10 (7)
28 (14)
22 (20)
17 (46)

92 (28)
16 (11)
38 (19)
29 (26)
4 (11)

697
63
472

108 (15)
2 (3)
35 (7)

138 (20)
6 (9)
50 (10)

100 (18)
6 (14)
9 (28)
275 (14.2)

65 (12)
9 (21)
1 (3)
283 (14.6)

837

158 (18.9)

188 (22.5)

544
42
32
1933

DM: Diabetes mellitus; FE-1: Fecal elastase-1.

meal (40000-50000 U of lipase) and per snack (25000 U).

impairment was mild in 48.9%, and severe in 51.4%. The
prevalence of EPI differed slightly between type 1 and
type 2 DM. Abnormal (< 200 μ/g) fecal elastase-1 concentrations were found in 346 (41.3%) of 837 type 1 diabetic patients, and in 558 (28.9%) of 1933 type 2 diabetic
patients, a 12.4% difference in prevalence rates. More patients with type 1 DM (188 of 837, 22.5%) had signs of
severe EPI, as compared to the 14.3% rate (277 of 1933)
in type 2 DM. Exocrine pancreatic insufficiency is usually
only of a mild to a moderate degree, and will not lead to
clinically overt steatorrhea in the majority of diabetics.
Thus, the clinical relevance of EPI and the role of functional tests in these patients are questionable. However,
patients with DM frequently suffer from a wide range of
abdominal complaints which contribute to impairment
of the quality of life[88]. Although data are controversial,
at least some of these symptoms may be attributable in

Diabetes mellitus
Exocrine pancreatic insufficiency was demonstrated in
approximately 50% of patients with insulin-dependent
diabetes, and in 30%-50% of those with non insulindependent diabetes[72-78]. Nine prospective reports evaluated EPI by means of fecal elastase-1 estimation in patients with either type-1 or type-2 diabetes[79-87] (Table 4)
and included 2770 diabetic patients, 837 of them (30%)
with type-1, and the remaining 1933 with type-2 diabetes
mellitus (DM). Overall, fecal elastase-1 concentrations
were abnormal (i.e., < 200 μg/g) in 904 patients (32.6%)
and the impairment was mild (i.e., fecal elastase-1 > 100
but < 200 μg/g) in 439 patients (15.8%, overall); severe
EPI (< 100 μg/g) was documented in 465 (16.8%). Of
the 904 diabetics with abnormal fecal elastase-1, exocrine
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Diabetes mellitus Type 1 or
Type 2 of long duration and
in insulin therapy

Fecal elastase 1 < 100 µg/g

No

Follow-up at
one year

PERT

No

Fecal elastase 1 <100 µg/g?

New diagnosis of coeliac disease

Gluten-free diet

Fecal elastase 1 < 100 µg/g

Evaluate fecal
elastase 1

Yes

Yes
No PERT

No PERT

No

Fecal elastase 1
evaluation

Yes

Continue PERT

PERT

No

Consider the diagnosis of associated chronic pancreatitis
or other pancreatic disease causing malabsorption

Follow-up at 30 d

Fecal elastase 1 < 100 µg/g

Continue PERT
Yes

Consider the diagnosis of chronic pancreatitis or other
diseases causing maldigestion or malabsorption

Figure 4 Algorithm for monitoring and treating exocrine pancreatic insufficiency in patients with diabetes mellitus. PERT: Pancreatic enzymes
replacement therapy.

Figure 5 Algorithm for monitoring and treating exocrine pancreatic insufficiency in patients with celiac disease. PERT: Pancreatic enzymes replacement therapy.

part to EPI (mild to moderate) and might respond to
enzyme treatment[81,89-94]. Thus, pancreatic tests should be
part of the diagnostic work-up in patients with symptoms
and do not respond to simple therapeutic measures. As
reported in Figure 4, patients with fecal elastase-1 < 100
μg/g should be given pancreatic enzymes in adequate
daily doses (40000-50000 U of lipase) administered during meals. Treatment improves symptoms significantly,
the supply of soluble fat vitamins is normalized, and the
risk of osteoporosis is reduced. Enzyme replacement
therapy might have an impact on glucose metabolism
since it can reduce the insulin requirement and contribute
to improved control of the glucose metabolism, but the
evidence is contradictory[93,94] as improvement of glucose
metabolism was not seen in all studies[95,96].

tion impairment may be related to the degree of mucosal
villous atrophy and that the level of fecal elastase may
improve once the mucosa has recovered after an appropriate gluten-free diet[104,108]. In addition, it seems that
pancreatic insufficiency does not depend on nutritional
status[105]. Regarding the use of PERT in these patients,
the data come from a double blind randomized study
carried out on children showing that pancreatic enzyme
therapy is certainly useful in the first 30 d after the diagnosis of CD[106]. In fact, after 30 d of a gluten-free
diet associated with pancreatic extracts, body weight significantly increases with respect to patients treated with
only a gluten-free diet. Similar results were obtained in a
longitudinal study[109]. The conclusion is that pancreatic
enzyme therapy is certainly useful in the first 30 d after
the diagnosis of CD and that enzyme supplementation
may possibly be discontinued as symptoms improve and
fecal elastase-1 concentrations normalize. The dosage of
pancreatic extracts should be 40000-50000 U per meal
and 25000 U per snack. In CD patients who continue to
experience clinical steatorrhea despite being on a glutenfree diet, a search for possible exocrine pancreatic insufficiency must be carried out[110]. In addition, we should bear
in mind that, in adult CD patients have a risk developing
chronic pancreatitis more than 3 times as compared to
general population and there is also and increased need
for PERT[111]. An algorithm for PERT in CD is reported
in Figure 5.

Celiac disease
The prevalence of adult celiac disease (CD) in the general
population is reported to be 1%-2%[96-99]; diarrhea remains a common presenting symptom[100] and it is usually
attributed to continued gluten ingestion; however, other
causes of chronic diarrhea in patients who are compliant with their gluten-free diet exist, and one of them is
exocrine pancreatic insufficiency. Using a secretin test, it
has been found a mild reduction in the pancreatic secretion of bicarbonates and pancreatic enzymes (especially
lipase) in untreated celiac patients these alterations revert
to normal after going on a gluten-free diet; mild pancreatic insufficiency is present in about 40% of untreated CD
patients and severe pancreatic insufficiency in 10%[101,102].
More recently, other authors using tubeless test, such as
fecal chymotrypsin or elastase 1 determination and the C
mixed-triglyceride breath test, confirmed that pancreatic
insufficiency in untreated CD patients in percentages
ranging from 11.4% to 56.2%[103-107].
It has also been suggested exocrine pancreatic func-
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Inflammatory bowel diseases
Crohn’s disease: About 35% of the patients with Crohn’s
disease have an impaired exocrine pancreatic function[112]
and no relationship are present between exocrine pancreatic insufficiency and age or nutritional status. Interestingly, patients having steatorrhea had a defect of lipase
output ranging from 10% to 67% and, especially in this
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latter group of patients, the use of PERT was hypothesized. In patients with Crohn’s disease, enzyme activities
were not correlated to the duration of disease or to the
extent or localization of a previous bowel resection[113].
The lowest enzyme values were found in patients with
the most extensive bowel involvement, and they were
significantly lower than in patients with disease confined
to the terminal ileum. Thus, the factors related to the
impaired pancreatic function in Crohn’s disease seem to
be disease activity, and the localization and extent of the
disease. Finally, patients with Crohn’s disease may have
an autoimmune involvement of the pancreatic gland
and those having positive serum pancreatic autoantibodies may also have impaired exocrine pancreatic function
more frequently[114]. However, we have no evidence that
PERT can be utilized in patients with Crohn’s disease
and exocrine pancreatic insufficiency to improve the maldigestion present in these patients.

secretion caused by the lack of fundus relaxation and
the reduction of exocrine pancreatic secretion due to
the absence of cholecystokinin after intestinal resection.
Rapid gastric emptying and asynchrony between gastric
emptying and biliopancreatic secretion due to new tracts
of various reconstructions, bacterial overgrowth after
gastrectomy, extensive denervation of the pancreas due
to lymph node dissection and truncal vagotomy are the
most frequent alterations involved in the pathogenesis of
EPI[123,128,129]. The latter has been shown to cause mild to
moderate EPI by itself[130,131]. In 1996, Friess et al[123] demonstrated that 100% of patients develop severe primary
EPI three mo after a total gastrectomy. Chymotrypsin
and trypsin were the most severely deficient enzymes
after gastric surgery, with a decreased production of up
to 91% three mo after surgery. Low levels of gastrin and
postprandial pancreatic polypeptides, and high levels of
cholecystokinin were also reported[123]. Exocrine pancreatic insufficiency is reported in both total and partial
gastrectomy; Büchler et al[127] demonstrated that the pancreolauryl test was pathological in 47%-64% of patients
after Billroth-I surgery and in 64%-70% after Billroth-Ⅱ
surgery. On the contrary, Heptner et al[124] reported EPI
after gastric resection in only 30% of patients, even if the
pancreolauryl test was abnormal in 90% of these patients.
Armbrecht et al[132] conducted a double-blind, crossover
study of 15 patients who underwent surgery for gastric
cancer (total gastrectomy) and compared PERT with
a placebo. The authors concluded that PERT reduced
massive steatorrhea and improved stool consistency after
total gastrectomy. Nevertheless, Bragelmann and coworkers reported an overall improvement in abdominal
symptoms, fecal frequency and fecal consistency when
following 52 institutionalized patients with a fecal fat output greater than or equal to 14 g/d after gastric resection
for cancer, but no differences were found regarding body
mass index, bowel habits or fat malabsorption[133]. Interestingly, Huddy and coworkers found that EPI contributes to postoperative morbidity after an esophagectomy,
and that these patients can benefit from PERT[134].
The main goal of the therapy in patients suffering
from EPI is to reverse all the secondary events caused
by enzyme deficiency (Figure 6). Therapeutic efficacy is
closely connected with two important aspects: time and
dosage of the pancreatic enzymes administered, and
dietary changes[135]. Nutritional changes should include
a high carbohydrate diet, with normal fat and mediumchain triglycerides[136]. It is also recommended that a
personalized diet be created after major gastrointestinal
surgery in order to prevent weight loss, anorexia, inflammation and changes in homeostasis[53]. Following a total
gastrectomy and in patients receiving therapy with proton
pump inhibitors (PPIs) for some reason, unprotected
pancreatin powder is preferred[120]. In addition to dietary
changes it is mandatory to resort to PERT, orally ingested, during meals. The dose must be adapted to the meal
and should not be less than 40000-50000 U of lipase per
meal[135]. For partial gastric resection, patients receiving

Ulcerative colitis: Pancreatic exocrine insufficiency, assessed using a secretin-cerulein test, may be present in
about 40%-50% of patients with ulcerative colitis[112,115,116]
especially during a active phase of the disease and the
majority of patients with pancreatic insufficiency had
active disease with loose stools; thus, the reduced fecal
elastase-1 concentration could have been due to dilution
of the enzyme and not to pancreatic involvement. In addition, in those patients who were also studied during the
remission phase of the disease and had a solid stool, the
fecal elastase-1 concentration became normal[112]. More
recently, the possibility of autoimmune pancreatitis associated with ulcerative colitis has been reported. Thus, it
is possible that only a small number of ulcerative colitis
patients having severe pancreatitis insufficiency due to
autoimmune pancreatitis may benefit from PERT.
Gastric surgery
Exocrine pancreatic insufficiency is a common clinical
problem after gastric surgery[117]. The side effects of gastric resections, in particular total gastrectomy, include diarrhea, anorexia, weight loss and EPI that are responsible
for a global status of malnutrition, malabsorption and
maldigestion[118]. Malnutrition is considered one of the
major complications after gastric surgery for gastric cancer[119] and EPI contributes to the pathogenesis of global
malnutrition. After gastric surgery, EPI can result from
various causes, such as a deficient trituration of nutrients,
altered gastric emptying, alteration of pancreatic denervation and post-cibal asynchrony[120,121].
Any surgical procedure, such as total or subtotal gastrectomy, total or subtotal pancreatectomy, with or without duodenal resection (e.g., in the context of a Whipple
procedure), causing distortion in the anatomo-physiology
of digestion can be responsible for EPI[122-127]. Several
events can be considered as being responsible for EPI
after gastrectomy. Alterations of gastric relaxation due
to the absence of nervous gastric reflexes; the absence
of nervous gastric stimulation responsible for pancreatic
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to duodenal resection; (4) large and hard to digest nutrient particles reaching the jejunal lumen due to resection
of the distal stomach (Whipple procedure); (5) reduction
in exocrine pancreatic secretion due to pancreatic head
resection; and (6) asynchrony between the gastric emptying of nutrients and bilio-pancreatic secretion as a result
of anatomical reconstruction[122,128,137,138].
For these reasons, every patient who is candidate
for a PD should be considered at increased risk for EPI
regardless of the underlying disease 128138. Therefore,
it has been suggested that, after PD, PERT be given to
all patients with pancreatic cancer, especially those with
impending adjuvant therapy. Furthermore, it should be
considered that pancreatic cancer is often associated with
obstructive chronic pancreatitis, a preoperative risk factor
for the development of EPI by itself[128,139]. The development of pancreatic insufficiency after PD could also be
related to the different techniques used for the pancreatic
anastomosis[117,140,141].

Gastric resection

High-carbohydrates diet, with normal fat and medium-chain triglycerides

Total gastrectomy/or
Partial gastric resection with
proton pump inhibitors

Provide PERT orally
during meals
The dose must be
adapted to meal

Partial gastric resection

Uncoated pancreatic
enzyme formulations plus
proton pump inhibitors

Mini-microsphere
with pH sensitive
coating

Figure 6 Algorithm for treating exocrine pancreatic insufficiency in patients who undergo gastric resection. PERT: Pancreatic enzymes replacement therapy.

Distal pancreatectomy: Distal pancreatectomy (DP)
is the procedure of choice for treating lesions affecting
the body-tail of the gland. A DP may affect pancreatic
exocrine function depending on the amount of normal
tissue removed[142,143]. Based on these data, permanent
postoperative EPI, as a result of parenchymal loss from
pancreatic resection, was not observed and these conclusions have been subsequently confirmed[139].

uncoated pancreatic enzyme formulations should also
require simultaneously administered proton pump inhibitors[53] since lipase is irreversibly deactivated by gastric
acid. However, the administration of PPIs can improve
fat digestion even in patients who do not benefit from
PERT[53]. Several authors agree with the need for liposoluble vitamin supplementation, especially for patients
with severe EPI[135].

Atypical resections: Middle pancreatectomy and
enucleation: Atypical resections are usually performed
for benign or borderline pancreatic tumors, such as small
(< 2 cm) pancreatic neuroendocrine tumors, cystic papillary tumors, low grade intraductal papillary mucinous
neoplasms and serous cystic adenomas. Enucleation is
usually performed for tumors smaller than 2 cm located
in any part of the pancreas but sufficiently far from the
main pancreatic duct. A MP is indicated for neoplasm
in the neck of the pancreas which could not be safely
enucleated [139,144-146]. Using the 13C-mixed triglyceride
breath test (normal test > 5%), it has been found an EPI
rate of 5% after a median follow up of 71 mo[147]. In addition, Crippa et al[148], after a median follow-up of 54 mo,
observed a rate of clinical EPI of 5% in a cohort of 100
patients who had undergone MP for benign or borderline
tumors. The authors compared this result with an EPI
rate of 15.6% in patients who underwent an extended
left pancreatectomy (at the right side of the superior
mesenteric vein), the alternative surgical procedure to MP
for lesions located in the pancreatic neck. These data are
consistent with those of others[149,150].

Pancreatic resections
Suggestions on this topic are based on a consensus
reached by the experts and are not fully based on data
coming from literature. Partial or total pancreatectomy
(TP) is frequently associated with EPI. In this setting,
PERT is essential for maintaining adequate digestion. In
a TP, the removal of the entire pancreatic parenchyma
produces inevitable exocrine failure while, in a partial
pancreatectomy, the severity of EPI depends on both the
underlying disease, the preoperative pancreatic function,
and the extent and type of the resection. Most importantly, any pancreatic neoplasm can be associated with
chronic obstructive pancreatitis (focal or extended) which
might affect pancreatic function/secretion, leading to
EPI before any type of resection.
Extent and type of the resection
Pancreaticoduodenectomy: Anatomical changes secondary to reconstruction after a pancreaticoduodenectomy (PD) lead to important physiological alterations
which frequently correlate with the severity of postoperative EPI. A PD (either Whipple or pylorus-preserving) is
associated with several and complex patho-physiological
events such as: (1) disturbance of gastric fundus relaxation caused by the disappearance of antro-fundic and
duodeno-fundic reflexes; (2) the absence of neurally
stimulated pancreatic excretion caused by the lack of
fundus relaxation; (3) the reduction of cholecystokininmediated stimulation of pancreatic secretion secondary
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Treatment of EPI in pancreatic resection
It has been reported that in patients undergoing a pylorus-preserving pancreaticoduodenectomy for pancreatic
neoplasia, gastro-protected microspheres were less effective than those in patients who had undergone a classic
Whipple technique[151] probably because microspheres
are retained in the stomach. One of the few randomized
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Pancreaticoduodenectomy

Malignant disease

Before surgery

Benign disease

After surgery

Before surgery

High preoperative
risk of EPI

After surgery

Intermediate
preoperative risk of EPI

Preoperative PERT
recommended

PERT highly
recommended

Fecal elastase-1 determination

Normal

EPI

No PERT

PERT

Figure 7 Algorithm for monitoring and treating exocrine pancreatic insufficiency in patients who receive pancreaticoduodenectomy. EPI: Exocrine pancreatic insufficiency; PERT: Pancreatic enzyme replacement therapy.

Distal pancreatectomy

Malignant disease

Before surgery

Intermediate
preoperative
risk of EPI

Fecal elastase-1
determination

EPI

PERT

Benign disease

After surgery

Typical
resection

Extended
right side
portal vein

Low
risk of
EPI

High risk of
EPI until 1
year after
surgery

Before surgery

Low
preoperative
risk of EPI

After surgery

Typical
resection

Extended
right side
portal vein

Low
risk of
EPI

High risk of
EPI until 1
year after
surgery

Normal

No PERT

No PERT

PERT

PERT

Figure 8 Algorithm for monitoring and treating exocrine pancreatic insufficiency in patients who undergo distal pancreatectomy. EPI: Exocrine pancreatic
insufficiency; PERT: Pancreatic enzymes replacement therapy.
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creatitis-related EPI with pancreatin minimicrospheres is
cost-effective according to a survey of Polish patients but
it is necessary that these results also be evaluated for the
Italian National Health System[154].

Atypical resection

Before surgery

After surgery

REFERENCES
Low preoperative risk of EPI

1

Very low risk of EPI

2

No PERT

Figure 9 Algorithm for monitoring and treating exocrine pancreatic insufficiency in patients who undergo atypical resection of the pancreas. EPI:
Exocrine pancreatic insufficiency; PERT: Pancreatic enzymes replacement
therapy.

3

4

studies explaining the efficacy of pancreatic extracts for
the control of malabsorption was carried out on a small
group of patients with chronic pancreatitis who had undergone a pancreatic resection with longitudinal pancreaticojejunostomy[152] and showed that treatment with pancreatic extracts ameliorated not only the nitrogen balance
but also the fat and protein absorption. Another randomized controlled double-blinded crossover study explored
the comparative efficacy of two pancreatin preparations
of gastroprotected microspheres with different doses
in pancreatectomized patients having chronic pancreatitis[153]. All patients were stabilized before enrollment in
the study with a standard dose of pancreatic extracts. After this stabilization period, 56% of the patients still had
a fecal fat excretion greater than 7 g/d, and 38% greater
than 15 g/d. The results demonstrated that there was a
significant relationship between fecal fat excretion, fecal
volume and evacuation frequency but there was no relationship between fecal fat excretion, and abdominal pain
or malabsorption. Both the pancreatin standard dose and
the elevated dose demonstrated equal efficacy; in pancreatectomized patients, high dose pancreatic extracts significantly reduced the number of capsules needed per day
with a better compliance to substitutive therapy. From
the clinical point of view, pancreatic enzyme replacement
therapy needs to be routinely considered and based on
pragmatic clinical evaluation of the patient[22,38,63]. The
suggested algorithms for PERT in patients undergoing
surgery, according to the type of pancreatic resection, are
reported in Figures 7-9, taking into consideration that the
dosage should be no less than 40000-50000 U of lipase
per meal and 25000 per snack.

5

6
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8
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CONCLUSION
We should point out that there is a paucity of information regarding some areas of managing EPI there is a
lack of good quality of literature. Finally, studies on the
economic aspects of this treatment with the different
formulations commercially available are also necessary;
it has been calculated that the treatment of chronic pan-
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INTRODUCTION
A central characteristic of the innate immune system
is its capability to identify constitutive and conserved
products of microbial metabolism. Several metabolic
pathways are unique for invading microorganisms and
absent in host cells. Being essential for survival, they are
even highly conserved among a given class of microorganisms. A classical example is lipopolysaccharide (LPS),
a molecule made by Gram-negative bacteria, but not by eukaryotic cells.
Molecules found in microorganisms, but not in host
cells, can serve as molecular signatures that can be recognised by the innate immune system, starting an immunological response against the invasion and if necessary, assisting in the activation of the adaptive immune system[1].
As these molecules are conserved molecular patterns,
they are called pathogen-associated molecular patterns
(PAMPs) and interact with pattern-recognition receptors
(PRRs), which are receptors of the innate immune system.
PAMPs are marvellous targets for innate immune
recognition, as they are only produced by microbes, are
invariant between microorganisms of a given class and
are essential for microbial survival. Therefore, PRRs representes a vital component of the immune system, which
probably developed early during evolution, as PRRs are
found in all mammals, invertebrates and even in plants.
PRRs are expressed on the cell surface or in intracellular

Abstract
Acute pancreatitis (AP) is a common clinical condition with an incidence of about 300 or more patients
per million annually. About 10%-15% of patients will
develop severe acute pancreatitis (SAP) and of those,
10%-30% may die due to SAP-associated complications. Despite the improvements done in the diagnosis
and management of AP, the mortality rate has not
significantly declined during the last decades. Toll-like
receptors (TLRs) are pattern-recognition receptors that
seem to play a major role in the development of numerous diseases, which make these molecules attractive as potential therapeutic targets. TLRs are involved
in the development of the systemic inflammatory
response syndrome, a potentially lethal complication
in SAP. In the present review, we explore the current
knowledge about the role of different TLRs that have
been described associated with AP. The main candidate
for targeting seems to be TLR4, which recognizes numerous damage-associated molecular patterns related
to AP. TLR2 has also been linked with AP, but there are
only limited studies that exclusively studied its role in
AP. There is also data suggesting that TLR9 may play a
role in AP.
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compartments, but they can be secreted into the blood
stream and tissue fluids as well[2]. However, the role of
PRRs in immune recognition is not solely associated to
PAMPs, since PRRs in addition can recognize alarmins[3].
Alarmins are endogenous molecules released into the extracellular compartment by activated or necrotic cells in
response to stress or tissue damage[4]. Even extracellular
matrix molecules are alarmins when up-regulated upon
injury or degraded following tissue damage[5]. Alarmins
and PAMPs constitute damage-associated molecular patterns (DAMPs), which are the main targets of PRRs[3,4].
The relative recent discovery of a main PRR family,
toll-like receptors (TLRs), has vastly increased our comprehension of the physiological and pathophysiological role of the innate immune system. While mice have
twelve TLRs (TLR1 to TLR9 and TLR11 to TLR13), humans express only ten functional TLRs (TLR1 to TLR10)
and ligands have been identified for all human TLRs,
except for TLR10[3]. A selection of PAMPs and alarmins
recognized by human TLRs are shown in Tables 1 and 2.
TLRs are type Ⅰ transmembrane glycoproteins composed of an extracellular N-terminal that contains leucinerich repeats, a single transmembrane domain and an intracellular C-terminal tail known as the Toll/IL-1 receptor
(TIR)[6]. When TLRs form heterodimers or homodimers,
an activating signal is started and TIR-TIR dimers are involved in the recruitment of five known signalling adaptor molecules: Myeloid differentiation primary response
protein 88 (MyD88), TIR domain-containing adaptor
protein (TIRAP), TIRAP inducing interferon β (TRIF),
TRIF-related adaptor molecule (TRAM) and sterile-alpha
and Armadillo containing motif protein[7-9].
Once the adaptor molecules are recruited, TLRs can
activate two major intracellular signalling pathways. All
TLRs except TLR3 can activate a MyD88-dependent
pathway, in which IL-1R-associated kinases (IRAK), TNF
receptor-associated factor 6 (TRAF-6) and mitogenactivated kinases are involved[5]. This pathway results in
the transcription of pro-inflammatory genes through
the activation of nuclear factor κβ (NFκB) and/or the
activation of activating protein 1[9]. An alternative, non
MyD88-dependent pathway can be activated by TLR3
and TLR4. In the TRIF pathway, the activation of
interferon-regulated factors (IRF) via TRIF leads to the
synthesis of interferon (IFN)[5].
As TLRs recognize several PAMPs and DAMPs, their
involvement in the pathophysiology of several diseases
has become a major research field[8,10]. Moreover, recent
studies have reported the importance of NFκB pathways
in the development of the systemic inflammatory response syndrome (SIRS) and the multiple organ dysfunction syndrome (MODS)[11,12]. However, NFκB pathways
are not restricted to TLRs, which converts the elucidation
of the role of TLRs in SIRS and MODS into a tremendous challenging task.
SIRS is a nonspecific condition that can be caused
by infection, ischemia, trauma, and inflammation, or by
the combination of several insults. Considered by many
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Table 1 Human Toll-like receptors: Localization, known
pathogen-associated molecular patterns and their producing
microorganisms
Localization

PAMP

Origin of PAMP

Plasma
Soluble factors
N. meningitidis
Triacyl lipopeptides
Bacteria, mycobacteria
membrane
TLR2
Plasma
Glycoinositolphospholipids
Trypanosoma cruzi
Glycolipids
Treponema maltophilum
membrane
Haemagglutinin
Virus
Lipoarabinomannan
Mycobacteria
Lipoprotein/lipopeptides
Various pathogens
Lipoteichoic acid
Gram-positive bacteria
Peptidoglycan
Gram-positive bacteria
Phenol-soluble modulin
S. epidermidis
Porins
Neisseria
Zymosan
Fungi
TLR3 Endosome
Double-stranded RNA
Virus
TLR4
Plasma
Envelope protein
Mouse-mammary
membrane
tumour virus
Fusion protein
Respiratory syncytial
virus
Heat-shock protein 60
Chlamydia pneumoniae
Lipopolysaccharide
Gram-negative bacteria
Taxol
Plants
TLR5
Plasma
Flagellin
Bacteria
membrane
TLR6
Plasma
Diacyl lipopeptides
Mycoplasma
Lipoteichoic acid
Gram-positive bacteria
membrane
Zymosan
Fungi
TLR7 Endosome
Single-stranded RNA
Virus
TLR8 Endosome
Single-stranded RNA
Virus
TLR9 Endosome
DNA (CpG)
Bacteria, virus
Haemozoin
Plasmodium spp.
Rhodnius spp.
Schistosoma spp.
TLR10 Endosome
Not determined
Not determined
TLR1

Modified after Akira et al[7]. TLR: Toll-like receptor; PAMP: Pathogenassociated molecular patterns.

as a self-defense mechanism, SIRS results in a complex
inflammatory cascade that involve humoral and cellular
responses, complement, and cytokines cascades. Severe
complications depend on the underlying etiology and the
magnitude of the inflammatory response, and may include e.g., single or multiple organ failure[13].
Acute pancreatitis (AP) is one common cause of SIRS
and MODS. AP occurs with an incidence of about 300
or more patients per million annually[14,15], reported to
have increased during the last decades [16,17]. Since the
principal risk factors for AP are gallstones and excessive
alcohol intake[18,19], plausible the augmented incidence reflecting the overweight epidemic observed in the Western
World[20-22].
Most cases of AP are mild and self-limiting, with only
brief need of clinical support[14,15]. However, about 10%-15%
of patients will develop severe acute pancreatitis (SAP) and
of those, 10%-30% may die due to SAP-associated complications (Table 3)[23]. Complications may be local or extrapancreatic and in up to one third, the pancreatic injury leads
to pancreatic necrosis, acute fluid collections and pseudocyst
formation. SIRS may develop early during the course of
SAP and cause e.g., adult respiratory dysfunction syndrome,
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Table 2 Human toll-like receptors and a selection of known
alarmins

Table 3 Complications of severe acute pancreatitis
Pancreatic

Proteins, peptides

Fatty acids,
lipoproteins

Proteoglycans,
glycosaminoglycans

TLR1
TLR2

β-defensin-3
Antiphospholipid
Serum
antibodies β-defensin-3 amyloid A
Eosinophil-derived
neurotoxin
Heat-shock protein 60, 70,
Gp96
High-mobility group
protein B1 (HMGB1)
HMGB1-nucleosome
complexes
Surfactant protein A, D
TLR4
Antiphospholipid
Oxidised
antibodies
low-density
protein
Saturated
β-defensin-2
fatty acids
Fibrinogen
Serum
amyloid A
Fibronectin
(extra domain-A)
High-mobility group
protein B1
Heat-shock protein 60, 70,
72, 22, Gp96
Lactoferrin MRP8, MRP14
Neutrophil elastase
Surfactant protein A, D
Tenascin-C
(fibrinogen-like globe)

Abscess
Fat necrosis
Hemorrhages
Infected necrosis
Pseudocyst formation
Sterile necrosis

Biglycan
Hyaluronic acid
fragments
Versiglycan

Modified after Baddeley et al[24].

diversity of cells, including monocytes and macrophages,
dendritic cells, polymorphonuclear leukocytes, B cells, T
cells and microglia. This PRR recognises a wide range of
DAMPs (Tables 1 and 2) and forms heterodimers with
TLR1, TLR6 or TLR10[10]. Usually associated to the innate immune response against Gram-positive bacteria (several
of its ligands origin in these microorganisms), TLR2
signals through a MyD88-dependent pathway (Figure
2A). CD14 is a protein found either in soluble form or
anchored into the plasma membrane by a glycosylphosphatidylinositol tail. It has been reported that CD14 is required for the activation of TLR2-TLR6 dimers, since it
facilitates the transport of specific ligands, such as peptidoglycan or lipoteichoic acid. Additionally, CD36, a membrane protein found in lipids rafts, seems to be important
in the activation of TLR2-TLR6 pathways. However, it
is unknown how CD36 enhances the formation of TL2TLR6 dimers. CD44 is another membrane protein that
has been associated to TLR2 and appears to enhance
TLR2-mediated pro-inflammatory response[26]. However,
the mechanisms are still unknown. There are also reports
suggesting that CD44 may interact with TLR2, downregulating TLR2-mediated inflammation[27,28].
Upon dimerization with TLR1, TLR6 or TLR10,
TIR-TIR dimers recruit TIRAP, which is needed for the
further recruitment of MyD88. MyD88 interacts with
IRAK-4, which phosphorylates IRAK-1 and IRAK-2.
IRAK-1 and IRAK-2 then activate TRAF-6, which in
turn activates TGF-β activated kinase-1 (TAK-1). TAK-1
phosphorylates I-κ-β kinase β (IKKβ), which together
with IKKα phosphorylate I-κ-β kinase α (IKKα). Upon
phosphorylation IκBα becomes inactive, allowing the nuclear translocation of NFκB, with subsequent production
of several cytokines and molecules involved in immune
responses (Table 4)[29].
Besides its role in infectious diseases, TLR2 has also
been reported involved in several non-infectious disorders, including atherosclerosis, asthma, renal disease, systemic lupus erythematosus and even sporadic colorectal
cancer[30-34]. Though, the role of TLR2 in AP has only
been evaluated in a limited number of studies.

Biglycan

Heparan sulphate
fragment
Hyaluronic acid
fragment

Modified after Paccinini et al[5]. TLR: Toll-like receptor.

acute renal and liver failure[24]. SIRS in association with SAP
may also result in MODS, which carries a 40% mortality
rate[15]. A model for the course of AP is shown (Figure 1).
Despite the improvements done in the diagnosis
and management of SAP, the rate of mortality has only
marginally declined during the last decades[24]. This is of
particular concern, considering that AP patient numbers
has been persistently increasing. In order to decrease the
mortality rates, it is imperative to find new therapeutic
strategies that target the underlying pathophysiological
mechanism of SAP.
TLRs seem to play a major role in the development
of numerous diseases[5,10], which make these molecules
attractive as potential therapeutic targets. Since SIRS is
a potentially lethal complication in AP, and TLRs are involved in the development of SIRS[25]; it is plausible that
TLRs play a major role in severe acute pancreatitis.
In the present paper, we aim to explore the current
knowledge about the role of different TLRs that have
been reported associated with AP. In addition, future
therapeutic strategies will be discussed.

TLR2-FAR AWAY FROM THE ANSWER

Pancreatic damage
The TLR2mRNA expression was found to be increased

TLR2 is expressed on the plasma membrane of a large
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Systemic
Acute kidney failure
Acute liver failure
Adult respiratory distress syndrome
Disseminated intravascular coagulation
Encephalopathy
Gut ischemia
Hypocalcemia
Paralytic ileus
Shock
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TLR2mRNA expression and pulmonary TNF- α levels. Since L-Arg stimulates the production of NO, it is
difficult to evaluate if the anti-inflammatory response
was caused by NO itself or by a L-Arg-mediated TLR2
down-regulation. Chloroquine showed similar effects
(both TLR2mRNA and TNF-α were decreased) but the
lung injury was not significantly ameliorated. Chloroquine
is a well-known anti-malaria drug that prevents against
endosomal acidification[41] and is used to study the role of
intracellular TLRs[42].
The authors concluded that SAP-associated ALI was
coupled to higher TLR2 levels in the lungs and that reduced NO levels were in part responsible for the grade
of inflammation, since NO has known anti-inflammatory
properties. However, how NO levels are associated with
TLR2 and its potential therapeutic use in AP, is still unknown.
Matsumura et al[43] reported that the expression of
TLR2mRNA decreased in pulmonary macrophages in
deoxycholate-induced AP in rats. Macrophages were
obtained through bronchoalveolar lavage fluid (6 h after
induction) and the cells were exposed to lipoteichoic acid.
No change in TLR2mRNA was initially observed, but
after six hours TLR2mRNA expression significantly decreased in macrophages. Additionally, the production of
TNF-α after lipoteichoic acid stimulation was reduced.
An important observation made was the increment of
bacterial translocation (cultured from mesenteric lymph
nodes) 18 h after AP-induction, indicating that impaired
TLR2mRNA expression in pulmonary macrophages
could partially be responsible for the development of
ALI in SAP complicated by sepsis. It is widely accepted
that TLR2-/- mice are vulnerable to infections[44,45]. Pulmonary macrophages have been pointed out as major
players in ALI in SAP, as monocyte chemoattractant protein-1 and TNF-α are released by these cells[46]. Hence,
diminished TLR2mRNA expression in pulmonary macrophages under AP is doubtfully important for the development of ALI when TLR2-related PAMPs are absent.

Uncontrolled
activation of
pancreatic enzymes
in the pancreas

Tissue injury

Systemic
inflammatory
response syndrome

Single organ failure

Recovery

Multiple organ
dysfunction syndrome

Early mortality
(first week)

Infection/sepsis

Late mortality
(MODS + infection)

Recovery

Figure 1 Systemic inflammatory response syndrome in acute pancreatitis.

in the pancreas in cerulein-induced AP in rats[35]. Furthermore, TLR2 levels in the gland were also increased,
as well as TNF- α , intracellular adhesion molecule 1
and IL-6. TLR2mRNA overexpression seemed to be
caused by peroxisome proliferator-activated receptor-α
(PPAR-α), since WY14643, a synthetic PPAR-α antagonist, decreased TLR2 levels in treated animals. Even if
the observed TLR2mRNA overexpression was associated
with PPAR-α, it is uncertain how important TLR2 was
in the development of inflammation and tissue damage.
Possibly, hyaluronic acid fragments found in the injured
pancreas could be a major source of TLR2 upregulation[36]. Small molecular weight hyaluronic acid fragments seem to need TLR2 in order to stimulate the proinflammatory state in mouse macrophages[37]. Heat shock
proteins may leak into the extracellular compartment
after necrotic cell death in AP, interact with CD14/TLR2
and induce the production of inflammatory cytokines
(especially TNF-α)[38].

Liver involvement
Liver failure is a major complication in AP. Besides, there
is increasing data suggesting that activated Kupffer cells
mediates the inflammatory response and pulmonary
damage seen in SAP[47].
Xiong et al[48] showed that hepatic TLR2mRNA expression was increased in AP-induced mice. The incremented TL2mRNA expression was observed 3 h after
the induction, peaking at 12 h. Likewise, severe damage
in the liver and SIRS ensued in the animals. However,
in order to strengthen the immunological reaction, LPS
was injected as well, leading to a TLR4mRNA expression
increment in the liver. Thus, it is difficult to establish if
SAP-related SIRS is associated with an increase in TLR2
or TLR4. Possibly, a combined increment of both TLRs
account for the observed severity. Zhang et al[49] obtained
similar results in a taurocholate-based rat model. Besides,
decreased hepatic TLR2mRNA expression, chloroquine

Lung injury
Acute lung injury (ALI) is possibly the most serious complication associated to SAP, since it accounts for most
deaths in untreated patients and in hospitalised patients
that die during the first week after the onset of AP[39].
In 2005, Wu et al [40] described that TLR2mRNA
overexpression in the lungs in a sodium taurocholatebased AP rat model was coupled to elevated TNF-α
levels and lower nitric oxide (NO) levels, when compared
to controls. Moreover, L-Arg administration decreased
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Peptidoglycan

IRAK-4

IRAK-1

MyD88

TLR2
TIRAP

MyD88

TIRAP

TLR6

CD36
TLR2

CD14
TLR1

Extracellular

IRAK-2

Cytoplasm
TAK1

TRAF6

IKKβ

IKKα
IκBα

NFκB
Nucleus

B

Bacterial DNA

IRAK-1

MyD88

TRAF3
OPN
TRAF6

IKKβ
IκBα

IRAK-4
TRAF6

IRAK-2

TAK1

Cytoplasm

TLR9

TLR9
IRAK-4

MyD88

TIRAP

TLR9

TLR9

Endosome

IRAK-1

IKKα

IKKα

IRF7
NFκB

Nucleus

Figure 2 Toll-like receptor 2 and receptor 9 signalling pathways. A: Receptor 2; B: Receptor 9.

mals. As previously shown in the lungs[40], NO levels also
decreased in the liver. This is of special interest since
reduced NO levels correlated with diminished secretion
of anti-inflammatory mediators.

or L-Arg administration attenuated the liver injury and
decreased TNF-α levels. Increased pro-inflammatory
cytokines and chemokines are released following overexpression of TLR2mRNA in the liver of untreated ani-
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alcohol stimulation appears to inhibit TLR2 expression
in monocytes, worsening by this way the innate immune
response against microorganisms that produce TLR2
specific ligands. Acute alcohol stimulation seems to be a
double edged sword, since it could induce both anti and
pro-inflammatory responses depending on which TLRs
are involved.
In summary, TLR2 seems to be up regulated in the
pancreas, lungs and liver in experimental AP animals.
Moreover, TLR2-deficiency or inhibition (chloroquine or
L-Arg) seems to ameliorate ALI in SAP.
How the increased TLR2 levels in vital organs are associated with SAP is still unknown. It is plausible that the
overexpression of TLR2 in the pancreas, lungs and liver,
amplifies the inflammatory response observed in SIRS
when DAMPs released in SAP are recognised.
Despite an association found in Japan, the relationship between modified human TLR2 genes and AP has
not been reported in other populations. Even if TLR2
seems to be relevant for the development of ALI in SAP,
further research has to be done before this important
PRR can be considered as a potential therapeutic target
in AP.

Table 4 A selection of genes regulated by nuclear factor κB
Acute phase proteins C-reactive protein
Complement factor Bf
Complement factor C3
TNFβ
Adhesion molecules E-selectin
Intracellular cell adhesion molecule 1
Vascular cell adhesion molecule 1
Chemokines
IL8
Monocyte chemoattractant protein-1
Chemokine C-C motif ligand 5 (also known as
RANTES)
Cytokines
IL2, 6, 12
ILβ
IL1β
TNFβ
TNFα
Growth factors
Granulocyte colony stimulating factor
Granulocyte-macrophage colony stimulating
factor
Macrophage colony stimulating factor
Modified after Christman et al[11]. TLR: Toll-like receptor; TNF: Tumour
necrosis factor; IL: Interleukin.

Even if several studies associate TLR2 to AP, it is still
debated if TLR2 plays a pathophysiological role. Awla et
al[50] reported that the progression of SAP was not significantly different in TLR2-/- mice when compared with
wild-type mice. No significant differences were observed
concerning pancreatic tissue damage, chemokine formation and neutrophil recruitment in taurocholate-induced
AP.

TLR4-THE MAIN CANDIDATE?
TLR4 was the first TLR identified and is widely expressed on the plasma membrane of various immune
cells, including macrophages and dendritic cells[58]. TLR4
recognises several DAMPs, including LPS, fibrinogen,
and various heat shock proteins (Tables 1 and 2). Upon
activation, TLR4 forms homodimers or heterodimers
with TLR6. The TLR4 recognition of many DAMPs demands several accessory molecules. As for TLR2, CD14
is needed for binding LPS to TLR4 dimers. Another vital
protein for LPS recognition is myeloid differentiation
protein-2[3].
In the same matter as other TLRs, except TLR3, TLR4
signals through a MyD88-dependent pathway, leading to
the activation of NFκB (see previous section). Besides,
TLR4 can signal via a TRIF-dependent pathway. Once activated, TIR-TIR dimers recruit TRIF and TRAM. TRIF
then activates I-κ-β kinase epsilon (IKKε), which binds
to TANK-binding kinase 1 (TBK1). Finally, IKKε-TBK1
phosphorylates and activates IRF3, culminating in the
transcription of IFN-α and IFN-β (Figure 3)[26].
TLR4 was initially mainly studied because of its involvement in Gram-negative bacterial infection, but has
in recent years also been associated with an increasing
number of diseases. Many reports suggest its involvement in atherosclerosis, liver disease, obesity, cardiac disease, and renal disease, among others[59-63].
Bacteria are important microorganisms in AP. In acute
haemorrhagic-necrotizing pancreatitis, intestinal bacterial translocation into the injured/necrotic pancreas
or the systemic circulation, may lead to SIRS, ALI and
MODS[16-19]. As TLR4 is related to LPS and a wide range
of alarmins released during inflammation and tissue damage, its role in AP appears to be highly possible.

TLR2 and AP in humans
In humans, microsatellite polymorphism in intron 2 in
the human TLR2 gene was associated with an increased
risk for AP in Japan[51]. For this experiment, DNA was
harvested from 202 patients of which 80 were diagnosed
with SAP. When compared to healthy Japanese controls,
AP patients showed significantly increased polymorphism
rates in TLR2 genes. Since the same polymorphism has
been associated with susceptibility to colorectal cancer,
tuberculosis, rheumatoid arthritis and sarcoidosis[34,52-54];
it is conceivable that TLR2 signalling is altered if intron
2 is changed. However, it remains to be elucidated if
the relationship between changed TLR2 genes and the
risk for AP is just limited to Japanese subjects, or if the
results can be extrapolated to other populations. Other
studies have shown that gene-related vulnerability for AP
in a country could not be demonstrated in other populations[55,56].
A very interesting observation was made by Szabo
et al[57]. Monocytes were harvested from healthy volunteers before alcohol consumption and 24 h thereafter.
The cells showed a decreased pro-inflammatory profile. Furthermore, in vitro acute alcohol stimulation of
monocytes activated the pro-inflammatory state and
decreased IL-production when TLR2 and TLR4 ligands
were added. However, if only TLR2 ligands were added,
no significant changes were observed. Therefore, acute
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Figure 3 Toll-like receptor 4 signalling pathways.

Pancreatic damage
As for TLR2, overexpressed TLR4mRNA was also found
in the pancreas in rats with cerulein-induced AP[35]. Li et
al[64,65] reported (in the same animal model) that in both
healthy and AP-induced animals, TLR4 was expressed
mainly in the epithelium of the pancreatic duct and the
pancreatic microcirculation. Even if some staining was
observed in endocrine islets, no TLR4 protein was detected in the acinar cells. Likewise, TLR4 mRNA overexpression was observed, peaking after 1 h and returning
to base levels after 4 h. In taurocholate-induced AP in
TLR4-/- mice[50], serum amylase and myeloperoxidase
levels in the pancreas decreased as compared to wild-type
induced mice. Additionally, acinar cell necrosis, oedema,
and haemorrhage significantly reduced. Interestingly, pancreas and serum levels of CXCL2, a chemokine, released
by monocytes and macrophages, recruiting neutrophils,
were strongly diminished.
Opposite results were presented by Ding et al[66] using the same AP model. No significant changes in serum
amylase levels and pancreatic histological scores were
observed between TLR4-/- and the controls. Curiously,
TLR4-/- mice showed decreased levels of pro-apoptotic
proteins in the pancreas 2 h after induction, but not after
4 h. TLR4 can increase the apoptotic rate in different
cells[67]. As some studies suggest that apoptosis is favourable in AP[68,69], it is feasible that TLR4 is involved both in
the beginning and in the resolution of AP.
Wang et al[70] showed that the administration of antiCD14 antibody prior to cerulein-induction and LPS chal-
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lenge in mice, reduced the severity of pancreatic injury,
decreased pancreatic myeloperoxidase activity and downregulated the secretion of pro-inflammatory cytokines.
TLR4 signalling pathways have been investigated in
AP. Ding et al[71] showed in TLR4-/- mice that IRAK-4
could play a role in AP, independently of TLR4. In this
experiment, lacking TLR4-mediated response did not
result in increased IRAK-4 levels as was expected. This
suggest that TLRs other than TLR4 may also play a role
in AP, as the activation of TLR2 and TLR9 also results in
decreased IRAK-4 in macrophages[72]. The hypothesis is
supported by a report in which TRAF6 mediated inflammation in AP in TLR4-/- mice[73]. The author concluded
that TLR4 may not be exclusively required for initiating
AP, but its signal pathway may be of importance.
However, the association between alarmins released
and TLR4-mediated inflammation in AP appears to be
robust. In mononuclear inflammatory cells, the enzyme
pancreatic elastase seems to activate NFκB, inducing
TNF-α secretion[74,75]. Hietaranta et al[76] found that when
human myeloid cells were exposed to porcine elastase, increased expression of NFκB and AP1 was achieved. The
effects of elastase seem to be mediated by TLR4, since
the blocking of TLR4 with a specific neutralizing antibody strongly prevented the expression of pro-inflammatory factors in elastase-exposed cells. Premature elastase
activation has been reported in AP, implying its role in
the disease[77]. Hence, TLR4-mediated inflammation may
be important in AP. Blocking elastase might attenuate the
severity of AP.
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The degradation of matrix components appears to
be connected with the pathophysiology of AP. Reports
indicate that low molecular weight polysaccharides from
degraded hyaluronan activates dendritic cells through
TLR4[78]. Besides, dendritic cells might protect the pancreas against cell stress in AP[79]. Blycans and oligosaccharides of hyaluronan seem to signal via TLR4 and
induce the production and secretion of great quantities
of TNF-α and macrophage inflammatory protein-2 in
macrophages[80]. Elastase and trypsin, both involved in
the initiation of AP, cleaves heparin sulphate (HS) from
cell surfaces and extra cellular matrix in vitro[81]. This,
probably may in turn lead to free endogenous HS in
damaged tissues in AP. Johnson et al[25] demonstrated
that the rapid degradation of HS in mice causes a TLR4mediated SIRS-like reaction in mice. When soluble HS
was injected intraperitoneally, almost all wild type, but
no TLR4-deficient mice, perish. This reaction was HS
specific since molecules structurally similar to HS did not
stimulate TLR4 and HS was not contaminated with LPS.
Moreover, wild type, but not TLR4-deficient, mice had
increased TNF-α serum levels 1 h after administration.
Continuing in this line, Axelsson et al[82] confirmed that
HS is involved in the initiation of AP in the rat.
Akbarshahi et al[83] later showed that the HS-induced
TLR4-dependent immune response in the murine pancreas is IRF3-mediated. When TLR4-/- or MyD88-/- mice
were challenged with HS or LPS, myeloperoxidase activity
was annulled in the pancreas. The same pattern with HS
was observed in IRF3-/- mice. However, LPS administration initiated a strong immune response in these animals.
This outcome could explain preceding reports about
discrepancies between TLR4-deficiency and decreased
TRAF6 and IRAK-4 levels in AP[71,73]. Additionally, in
this experiment, pre-treatment with the TLR4 antagonist
eritoran inhibited the otherwise occurring increase in myeloperoxidase production in HS-treated wild type mouse
pancreas. Eritoran is a synthetic Lipid A analogue that
bind to TLR4/myeloid differentiation protein-2, thereby
competing with Lipid A, resulting in inhibited LPS-mediated immune response[84].
Possibly, the inhibition of TLR4, elastase or HS, alone
or in combination, could ameliorate pancreatic damage
in AP, thus considerably reducing the risk for developing
SAP.

role in AP-associated ALI, but it may participate in pulmonary injury mediated by endotoxemia. In a ceruleininduced pancreatitis model in TLR4-/- mice there were
no significant changes in serum amylase levels, pancreatic
myeloperoxidase activity, and pancreatic oedema and acinar necrosis when compared to wild type mice. Additionally, cerulein-related pulmonary damage did not decrease
in TLR4-/-. Although, when cerulein was combined with
LPS, a significant decrease in pulmonary damage was reported. Thus, TLR4 would only be of importance in APrelated ALI when the disease is worsened by sepsis.
Sharif et al[86] obtained pole opposed results. TLR4-/mice showed decreased serum amylase activity and pancreatic damage (oedema, myeloperoxidase activity, necrosis). Importantly, myeloperoxidase activity in the lungs
also decreased, indicating reduced neutrophil sequestration. Furthermore, when AP was induced in CD14-/mice, pancreatic and pulmonary damage were reduced
as previously observed in TLR4-/- animals. Since TLR4/
CD14 are very important for LPS-mediated TLR4 activation, TLR4 appears to be involved in the development
of ALI in AP, even when endotoxemia is absent. Still,
the subject is controversial, since ALI can ensure LPSmediated TLR4/CD11b activation in CD14-/- mice[87].
Matsuda et al[88] proposed that the TLR4-associated
inflammatory response in AP complicated by endotoxemia is mediated by macrophage migration inhibitory
protein (MIF). Increased MIF expression in the lungs
was observed after cerulein/LPS administration in mice.
MIF levels were coupled to ALI and increased TLR4 expression in the lungs. Moreover, AP-induced MIF-/- mice
showed lower TLR4 expression than in wild type mice;
and anti-MIF antibody administration greatly suppressed
the pulmonary expression of TLR4. It is important to
stress that MIF can mediate inflammation independently
of TLR4. For instance, the induction of cytosolic phospholipase A2, an enzyme that has been linked to ALI,
may be MIF-mediated[89,90].
The role of TLR4 in AP-associated ALI is debated.
While it is generally accepted that TLR4 plays a role in
the course of ALI when endotoxemia ensues in AP; most
reports are divided between those that suggests TLR4
as an important player (even in the absence of endotoxemia) and those that minimize its role. Fortunately, this
discrepancy may lead to new experiments that focuses
not only in LPS but also in the wide range of alarmins
related to AP, ALI and TLR4. For instance, neuropeptide
substance P, which has pro-inflammatory properties that
increase vascular permeability and is correlated to AP
and ALI[91]; has also been associated to the up regulation
of TLR4 in AP[92]. Moreover, extracellular heat shock
protein 70 can induce SIRS-like immune responses in
cerulein-challenged mice[93]. The action of this protein
appears to be mediated by TLR4, as TLR4-/- mice did not
showed the same outcome.

Lung injury
As the role of TLR4 in AP has been investigated previously together with TLR2, similar results have been
reported (see TLR2 section). Briefly, TLR4mRNA expression was increased in the lungs of AP-induced rats; leading
to increased TNF-α levels combined with decreased NO
levels. Chloroquine and L-Arg decreased TLR4mRNA expression and attenuated the lung injury[40]. Moreover, pulmonary macrophages decreased the TLR4mRNA expression, which caused decreased LPS-induced TNF-α levels
and predisposition for intestinal bacterial translocation[41].
Pastor et al[85] concluded that TLR4 may not play a
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in the liver during AP-associated SIRS[48,49]. Briefly, after
AP-induction, higher levels of liver enzymes and TNF-α
were observed. Hepatic NO levels decreased. All these
changes appeared to be related to the TLR4mRNA
overexpression in the liver. The administration of chloroquine and L-Arg decreased TLR4mRNA expression, thus
reducing the liver damage.
Peng et al[94] showed that the deletion of TLR4 attenuated liver injury in AP. AP was induced in mice by choline-deficient ethionine diet. Besides the expected augmentation of TLR4 mRNA in mice liver, an increment
in protein kinase C-zeta (PKCζ) was detected. However,
induced TLR4-/- mice showed less apoptosis in hepatic
cells and the hepatic PKCζmRNA expression was clearly
reduced. PKCζ activates NFκB, which is essential for
the production of cytokines in Kupffer cells[95]. Consequently, TLR4-deficiency protects the liver in AP through
down-regulation of PKCζ, resulting in less inflammation
and hepatic cell apoptosis.
Sawa et al[96] showed that in SAP, TLR4 expression
is not only increased in the liver, but also in the kidneys
and small intestine. Closed duodenal loop operation was
performed in mice. The increased expression of TLR4
occurred 4 h after the ligation and returned to baseline
after 12 h. Curiously, TLR4-deficient mice showed the
same tendency and histological analyses of the liver and
kidney did not show any differences between the different groups. However, apoptosis was seen in the liver and
kidney of ligated TLR4-deficient, but not in wild type,
mice. Additionally, Gram-negative bacterial translocation
into the pancreas occurred in higher rates in TLR4-deficient animals. The translocation ensued 12 h after induction, but not before. Even Gram-positive bacterial translocation was registered, but the difference between the
groups was not significant. Bacterial translocation highly
correlated to fluctuations in TLR4 expression. According
to the authors, as MODS develops in the early or the late
phase of SAP, the early inhibition and late stimulation
of TLR4 could result in a milder clinical course, since it
could prevent MODS and bacterial translocation. Yet, results from another experiment in mice challenges this hypothesis[97]. van Westerloo et al showed that the immune
response against Escherichia coli in AP-induced TLR4-/mice was not different from that observed in controls.
Nevertheless, there is a chance that mice developed the
compensatory anti-inflammatory response syndrome
(CARS), which is generally (but not exclusively) related
to SIRS and sepsis[98]. CARS is a systemic deactivation of
the immune system, that can ensue after SIRS and sepsis
in order to restore homeostasis[99]. Thus, CARS could
explain why LPS-mediated TLR4-activation was not observed in TLR4+/+ mice after bacterial challenge in AP.

DNA analysis or immune cells taken from blood.
In a Chinese study 310 patients were diagnosed with
AP according to the Atlanta severity classification[100,101].
Pancreatic necrosis was recognized in 115 patients and in
37 of those, TLR4 mutation (896G allele) was identified.
When compared to AP patients without TLR4 mutation (896A allele), patients with mutated TLR4 had an
increased morbidity following Gram-negative infection.
When compared to healthy volunteers (n = 80), TLR4
mutation frequency was significantly higher in patients
with pancreatic necrotic infection. Thus, according to this
study, TLR4 Asp299Gly polymorphism appears to be associated with an increased risk for pancreatic necrotic infection in AP. However, this study may have limited value
as all patients were recruited from one hospital located in
southwestern China, thus questioning its representative
value for the whole Chinese population. In a later study,
Zhang et al[102] could not find any significant difference
in the occurrence of Asp299Gly polymorphism between
238 Chinese AP patients and 121 healthy volunteers.
DNA samples were harvested from 92 AP patients
in a Hungarian medical centre [103]. Not only TLR4
Asp299Gly polymorphism was considered, but also as
Thr399Ile polymorphism was taken into account. No
significant differences were detected between AP (n =
42) and SAP patients (n = 50) in any polymorphism
analysed. Likewise, no differences were found between
the 92 patients and healthy controls (n = 200). Perhaps,
the strongest data against the involvement of TLR4
mutations in AP comes from an intercontinental study
reported by Guenther et al[104]. No significant differences
could be found between 521 AP patients (343 from Germany and 178 from United States) and healthy controls
(128 Germans and. 265 Americans, respectively) in the
incidence of Asp299Gly and/or Thr399Ile polymorphism.
Thus, current knowledge indicates that the investigated
TLR4 polymorphisms are not important for the development and clinical course of AP, even if these mutation
have been linked to impairment of LPS-induced TLR4mediated immune response in humans[105].
In vitro acute alcohol stimulation seems to inhibit
TLR4 expression in human monocytes[57]. When LPS was
added, a decreased secretion of pro-inflammatory cytokines was observed. Intriguingly, the effect was abolished
if LPS and TLR2 ligands were added at the same time to
the cells. Li et al[106] showed that the expression of TLR4
in human peripheral blood mononuclear cells in mild AP,
raises in the beginning of the disease to return to baseline levels after a week, when the patients recovered. As
TNF-α and IL-6 showed the same pattern, the authors
concluded that TLR4 might play an important role in the
pathogenesis of AP.
In summary, there is strong data indicating that TLR4
plays an important role in experimental AP in rodents.
Nevertheless, contrary results have been published. While
most studies emphasize the role of TLR4 in the pancreas
in AP, its role in AP-associated ALI is controversial.
There is some evidence linking TLR4 levels and tissue

TLR4 and AP in humans
Despite controversy, there is an increasing amount of
data suggesting that TLR4 plays a role in experimental
AP in rodents. However, in humans, the role of TLR4
in AP patients has been investigated mainly indirectly via
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damage in the liver in AP. Likewise, the general opinion
is that TLR4 is very important in the development of endotoxemia in AP.
In humans, DNA mutations in TLR4 genes do not
seem to be of importance for the development or the
clinical course of AP, but TLR4 expression changes in
monocytes and macrophages may be of significance.
Unfortunately, the latter is only based on a very limited
number of studies. There are some promising reports
about the use of herbs from traditional Chinese medicine in AP that may act through TLR4 inhibition[107-109].
Salvia miltiorrhizae (also known as danshen) appears to inhibit the binding of LPS to TLR4 in the rat liver in SAP,
which may reduce bacterial translocation and liver injury.
Moreover, treatment with emodin and/or baicalin reduced
serum levels of amylase, IL-6 and TNF-α in AP-induced
rats. Pancreatic damage and ALI were also ameliorated.
The effect of emodin and baicalin appears to be mediated
by TLR4, since decreased TLR4mRNA expression and
protein levels were found in the pancreas and lungs in
treated animals. Its implication in experimental AP in
rodents makes TLR4 a potentially very promising therapeutic target in AP, its utility though to be demonstrated
in humans in future studies.

cerulein-induced AP. TLR9 staining was detected both
in the pancreas from AP-induced rats, as in controls.
The epithelium of the pancreatic duct and pancreatic
microcirculation were the main sites for TLR9 staining
in AP-induced animals. Controls showed staining in the
vasculature, but not in the pancreatic duct. Moreover, no
staining was detected in pancreatic acinar cells in either
group. Interestingly, a similar pattern of staining has been
reported for TLR4 in AP[64]. TLR9mRNA expression was
increased after 30 min, peaked at 1 h, and remained high
for the first eight hours after cerulein challenge.
In a more extensive study, Hoque et al[118] found that
TLR9 is involved in pancreatic acinar cell death in APinduced mice. After cerulein-administration, TLR9-/- mice
had less oedema, leukocyte infiltration and IL-1βmRNA
expression in the pancreas. Even if several cell types express TLR9 in the pancreas, bone marrow-derived CD45+
cells (mainly macrophages) had the highest expression level. Furthermore, the action of a TLR9 antagonist (IRS954)
was evaluated. TLR9+/+ animals had IRS954 administered
1 h before inducing AP by cerulein. Pancreatic oedema,
leukocyte infiltration and pancreatic cell apoptosis were
ameliorated. Moreover, pancreatic pro-IL-1β elevation
was also reduced, as serum amylase levels. These results
were observed at 1 h after AP-induction.
The authors speculated if IRS954 might have a therapeutic value. Interestingly, the administration of IRS954
after cerulein challenge reduced pancreatic oedema, leukocyte infiltration and pancreatic cell apoptosis. Similar
results were observed when another model for AP was
used. Pre-treatment with IRS954 at 1 h after AP induction through taurolithocholic acid 3-sulphate challenge
in TLR9+/+, reduced serum amylase elevation, pancreatic
necrosis and inflammatory cell infiltration in mice lungs.
Additionally, in vitro experiments were performed. When
isolated peritoneal macrophages were exposed to pancreatic homogenate and DNA, significant NFκB activation
was observed. Interestingly, pre-treatment with IRS954
reduced NFκB activation to baseline levels.
IRS954 appears to be a good candidate for further
investigation. Like TLR2 and TLR4, TLR9 may be important when AP is aggravated by sepsis. Reports indicate that during sepsis, TLR9 is expressed both in murine
and human adrenal glands and its stimulation leads to
corticosterone release and inflammatory response[119].
Macrophages and NK-cells in the liver mediates liver
toxicity and express high levels of TLR9 in murine peritonitis[120]. Chloroquine inhibits TLR9 and may prevent
sepsis-induced acute kidney injury in mice[121]. Additionally, TLR9-/- mice have reduced mortality in polymicrobial
sepsis[122].
Still, the number of studies is very limited. Hence, it is
impossible to conclude if TLR9 plays an important role
in AP with a clinical course complicated with our without
sepsis.

TLR9-UNEXPLORED IMPLICATIONS
As for TLR2 and TLR4, TLR9 is expressed intracellularly (endosomes) in several immune cells, including B
cells and dendritic cells[110]. TLR9 recognises unmethylated CpG dinucleotides found in bacteria and virus[111,112].
CpG motifs are rare in vertebrate DNA (less 1% in human genome), but they are common in bacterial DNA.
Besides, if present in vertebrate DNA, CpG motifs use
to be methylated. CpG DNA directly stimulates B cells,
macrophages and dendritic cells to secrete cytokines[113].
TLR9 can also recognize haemozoin, which is a disposal
product formed from the digestion of erythrocytes by
some parasites (e.g., Plasmodium spp.)[114].
Upon activation, TLR9 signals through a MyD88dependent pathway, leading to the production of proinflammatory cytokines (see previous sections). This
pathway is mainly observed in macrophages, B cells,
conventional dendritic cells and plasmacytoid dendritic
cells. However, in plasmacytoid dendritic cells, TLR9 can
induce the production of type Ⅰ IFN through a different
pathway. After the recruitment of Myd88 and IRAK-4,
these interact with TRAF6, TRAF3, IRAK-1, IKKα and
osteopontin. IRAK-1 and IKKα phosphorylate and activate IRF7, culminating in the production of type Ⅰ IFN
(Figure 2B)[26]. Apart from its role in bacterial, viral or
malaria infection; TLR9 has been associated with SLE
and cancer[115,116].
TLR9 and AP
To date, there are only two publications in which the
role of TLR9 in AP has been investigated. Zeng et al[117]
reported that TLR9 was expressed in rat pancreas in
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Table 5 Toll-like receptors and acute pancreatitis
Observed change
TLR2 Increased mRNA
expression
Increased protein levels
Decreased mRNA
expression
TLR4 Increased mRNA
expression

Increased protein levels

Decreased mRNA
expression
TLR9 Increased mRNA
expression
Increased protein levels

Table 6 Toll-like receptor intervention in acute pancreatitis

Tissue/cell

Ref.

Pancreas
Lungs
Liver
Pancreas
Liver
Pulmonary
macrophages
Pancreas
Lungs
Liver
Kidney
Small intestine
Pancreas
Lungs
Liver
Intestine
Blood monocytes
Pulmonary
macrophages
Pancreas

[35]
[40]
[48,49]
[35]
[48]
[43]

Pancreas

[118]

TLR2

TLR4

[117,118]

4

3

6

are involved in the pathophysiology of several important
medical conditions. In acute pancreatitis, TLRs appear to
play a role, but a general consensus has not been achieved,
since contradictory results have been presented.
The main candidate for targeting seems to be TLR4,
which recognizes numerous DAMPs associated to AP[123,124].
TLR2 has also been linked to AP, but there are few studies that exclusively has studied its role in AP. There is data
suggesting that TLR9 also can play a role in AP. The associations found between TLRs and AP, as possible novel
types of therapy are presented (Tables 5 and 6). There is
also some evidence indicating that TLR4 and TLR3 may
be involved in chronic pancreatitis[125,126]. This is of particular importance since chronic pancreatitis may develop
following repeated AP episodes, as chronic pancreatitis is
to some extent a risk factor for pancreatic cancer[127].

7
8
9

10

11

CONCLUSION

12

To our knowledge, this is the first time the current understanding of the role of TLRs in acute pancreatitis is summarized. Of course, further research and elucidation of
involved mechanisms is warranted, hopefully stimulated
by the present review giving an update and state-of-theart concerning the role of TLRs in acute pancreatitis and
its potential future clinical implications.
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Recent diagnostic and therapeutic progress for severe
acute pancreatitis (SAP) remarkably decreased the casemortality rate. To further decrease the mortality rate of
SAP, it is important to precisely evaluate the severity
at an early stage, and initiate appropriate treatment as
early as possible. Research Committee of Intractable
Diseases of the Pancreas in Japan developed simpler
criteria combining routinely available data with clinical
signs. Severity can be evaluated by laboratory examinations or by clinical signs, reducing the defect values of
the severity factors. Moreover, the severity criteria considered laboratory/clinical severity scores and contrastenhanced computed tomography (CE-CT) findings as
independent risk factors. Thus, CE-CT scans are not
necessarily required to evaluate the severity of acute
pancreatitis. There was no fatal case in mild AP diagnosed by the CE-CT severity score, whereas case-mortality rate in those with SAP was 14.8%. Case-mortality
of SAP that fulfilled both the laboratory/clinical and the
CE-CT severity criteria was 30.8%. It is recommended,
therefore, to perform CE-CT examination to clarify the
prognosis in those patients who were diagnosed as SAP
by laboratory/clinical severity criteria. Because the mortality rate of these patients with SAP is high, such patients should be transferred to advanced medical units.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Severe acute pancreatitis; Severity score;
Scoring system; Prognostic factors; Case-mortality
Core tip: The new severity criteria of acute pancreatitis
(AP) consist of two independent prognostic factors;
laboratory and/or clinical severity scores and contrastenhanced computed tomography (CE-CT) findings.
Mortality rate of severe acute pancreatitis (SAP) that
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the disease severity in AP but require 48 h of data collection before the severity can be evaluated. Thereafter,
several clinical scoring systems such as acute physiology
and chronic health evaluation (APACHE Ⅱ) score systems[12-15], SIRS[16], bedside index for severity in acute pancreatitis (BISAP)[17] and harmless acute pancreatitis score
(HAPS)[18,19] for evaluating AP have been developed, but
these methods to predict the development of SAP are
complicated, cumbersome, and insufficiently sensitive[20].
Recently a web-based consultative process involving
multiple international pancreatic societies revised and updated the Atlanta classification of AP[21-23]. Severity of the
disease is classified as mild, moderate, and severe by the
absence or presence of organ failure and local or systemic
complications. Moderately SAP has transient organ failure
of < 2 d, while SAP is defined by the presence of persistent organ failure for ≥ 2 d. Although the revised Atlanta
classification of AP is simple and will help the clinician to
predict the outcome of patients with AP, it is unable to
differentiate between moderately SAP and SAP before 48
h after onset. It is expected, therefore, to develop simpler
severity scoring system with routinely available data that
predicts outcome, the system that clinicians can use at the
bedside.

satisfied both laboratory/clinical and CE-CT severity criteria was as high as 30.8%. It is recommended
to perform CE-CT examination in those patients who
were diagnosed as SAP by laboratory/clinical severity
criteria. Patients who fulfill both severity criteria should
be transferred to advanced medical units. The revised
criteria are extremely useful to detect SAP at an early
stage of AP.
Original sources: Otsuki M, Takeda K, Matsuno S, Kihara
Y, Koizumi M, Hirota M, Ito T, Kataoka K, Kitagawa M,
Inui K, Takeyama Y. Criteria for the diagnosis and severity
stratification of acute pancreatitis. World J Gastroenterol 2013;
19(35): 5798-5805 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v19/i35/5798.htm DOI: http://dx.doi.
org/10.3748/wjg.v19.i35.5798

INTRODUCTION
Acute pancreatitis (AP) involves various clinical features
from mild cases with only transient abdominal symptoms
to severe fatal cases. It is important to identify patients
with AP who are at risk for developing persistent organ
failure early in the course of the disease[1]. Because casemortality rate of severe AP (SAP) at the survey conducted by the Research Committee of Intractable Diseases of
the Pancreas (RCIDP) supported by the Japanese Ministry of Health, Labour and Welfare was as high as 30%[2],
SAP has been designated as an intractable disease by the
Japanese Ministry of Health and Welfare since 1990, and
the cost of treatment for SAP is paid in full by the government[3]. With the start of the medical expense payment
system for patients with SAP, the RCIDP established the
criteria for the diagnosis and severity stratification of AP.
The severity scoring system was revised and the 2002 version was developed in 2002 (JPN criteria 2002)[1,4-6].
The criteria 2002 were complicated and composed
of 18 items of prognostic factors; 5 clinical sign items,
10 blood test items, computed tomography (CT) findings, the presence of systemic inflammatory response
syndrome (SIRS) and age[1,4-6]. The attending physician
cannot remember all or even most of the factors. Moreover, these numerous parameters are not available soon
enough or not available as the routine laboratory tests at
all hospitals. There is a possibility, therefore, that incomplete examinations or defect values of the prognostic
factors underestimated the severity of AP, resulting in
insufficient and inadequate treatment of the disease, and
aggravated AP[1]. There is another possibility that incomplete severity evaluation of AP overlooked the predicted
serious cases to transfer to medical institutions with the
high-level medical facilities and intensive care.
To decrease the mortality rate of the SAP, it is important to precisely evaluate the severity early in the
disease and initiate appropriate treatment as early as possible[7-9]. The Ranson[10] and the modified Glasgow (Imrie)
scores[11] represent a major advantage in the evaluation of
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PROBLEM OF THE PREVIOUS JPN
CRITERIA FOR THE DIAGNOSIS AND
STRATIFICATION OF THE SEVERITY
JPN clinical criteria for the diagnosis of AP proposed in
2002 are (1) acute abdominal pain and tenderness in the
upper abdomen; (2) elevated pancreatic enzyme levels
in serum, urine or ascitic fluid; and (3) ultrasonographic
(US) or radiologic abnormalities characteristic of AP[1,4-6].
When at least two of the above conditions are present,
then excluding other pancreatic and acute abdominal
diseases of different causes can make the diagnosis of
AP. Acute exacerbation of chronic pancreatitis is also
included in this category. When diagnosis is confirmed
by surgery and/or autopsy, the event has to be duly recorded[1,4-6].
The JPN severity criteria 2002 consisted of 5 clinical
sign items (shock, respiratory failure, mental disturbance,
severe infection, hemorrhagic diathesis), 10 blood test
items [base excess (BE), hematocrit (Ht), blood urea nitrogen (BUN) or creatinine, calcium concentration (Ca),
fasting blood glucose, arterial oxygen saturation (PaO2),
lactate dehydrogenase (LDH), total protein, prothrombin time (PT), and platelet count], and CT findings. In
cases with severity scores ≥ 2 points, SIRS and an age
over 70 had to be added to the prognostic factors[1,4-6].
These items of prognostic factors were all scored as severity scores, 1 or 2 points for each positive factor, and
the highest possible total score was 27 points. However,
blood glucose level, serum total protein concentrations
and Ht are inappropriate for the prognostic factors after
the initiation of the treatment of the disease because
initial fluid resuscitation might have an influence on the
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measurement value of these laboratory data. In addition,
the severity criteria had redundant prognostic factors indicating similar clinical condition such as shock and the
decrease in BE, and dyspnea and fall of PaO2. Bleeding
tendency, platelet counts and PT also indicate similar clinical condition. Moreover, the clinical signs such as severe
infection that rarely develops within 48 h after disease
onset were implicated in the severity criteria. The severity
criteria included CT grade by the non-enhanced plain CT
scan as one of the prognostic factors. Plain CT scans can
evaluate peripancreatic inflammatory changes, but are unable to identify pancreatic necrosis that is closely associated with various complications and prognosis[21,24-26].
Usefulness of the JPN criteria 2002 for severity stratification was evaluated in 1131 consecutive patients with
AP that had been admitted to high specific or intensive
therapy units of the affiliated research group hospitals
from January 1 1995 to December 31 1998 (survey 1998;
before the establishment of the JPN criteria 2002), and in
1768 patients who visited the hospitals in the year 2003
(survey 2003; from January 1 to December 31; after the
establishment of the criteria in 2002)[1,4-6]. The results revealed that the severity score have almost the same value
for assessment as the APACHE Ⅱ score and the Ranson
score[4].
In survey 1998, case-fatality rate of mild, moderate
and SAP was 0.2%, 1.6% and 13.8%, respectively, whereas it was 0.1%, 0.7% and 9.0%, respectively, in survey
2003[1,4-6]. The case-mortality rate of mild and moderate
AP was quite low, and there was little clinical significance
to differentiate moderate from mild AP. The case-mortality rate of SAP at stage 2 (3.7%) was low compared with
that at stage 3 (25.4%) in survey 2003[1,4-6]. Therefore, it
was inappropriate to classify these patients at stage 2 as
SAP and identify as applicants for the medical expense
payment system[3].
Although the previous severity criteria classified
prognostic factors into 2 groups; each of the items in the
first group has 2 points, while that in the second group is
1[1,4-6], there is no significant difference in case mortality
between these 2 groups with different prognostic scores.
JPN severity criteria 2002 were complicated and included
several prognostic factors which cannot be measured at
outpatient clinic or emergency room, especially at night.
In addition, multiple scoring systems of the severity
criteria were very cumbersome to use and they suffer
from their complexity[1,4-6]. Indeed, 56% of 1768 clinical
records of AP in survey 2003 had defect values of more
than 3 items of 11 laboratory examinations. Especially,
BE was measured in only 25.1%, and PT and PaO2 were
measured in only 38.3% and 38.7%, respectively[1]. These
results indicate that even if we can diagnose the patient
as AP, in the presence of many defect values a correct
stage classification is difficult, and it is very likely that we
underestimate the severity.
Because CT grade was included as one of the prognostic factors[1,4-6], it was required to perform CT examination repeatedly to precisely evaluate the severity and

WCG|www.wjgnet.com

stage of AP. However, it is unacceptable to perform CT
examination repeatedly[27], and thus one of the prognostic factors remains as a defect value. In addition, there are
many hospitals that cannot perform CT examination and
laboratory tests such as PT, especially at night. This might
be one of the reasons for many defect values in the clinical records of AP[1].

NEW DIAGNOSTIC CRITERIA OF AP
JPN diagnostic criteria of AP are revised taking into
account of the recent progress of imaging studies and
laboratory examinations of pancreatic enzymes. The revised clinical criteria for the diagnosis of AP are (1) acute
pain and tenderness in the upper abdomen; (2) elevated
pancreatic enzyme levels in in blood and/or urine; and
(3) ultrasound (US), CT or magnetic resonance imaging (MRI) abnormalities of the pancreas characteristic
of AP[1]. When at least two of the above conditions are
present, the diagnosis of AP can be made by excluding
other pancreatic and acute abdominal diseases of other
causes than pancreatitis. Acute exacerbation of chronic
pancreatitis is included in this category.
Measurement of pancreatic enzyme levels in serum
has been generally adopted in clinical practice, whereas
those in ascitic fluid and urine are rarely determined.
Since, however, recent studies have demonstrated that
urinary strip tests for trypsinogen activation peptide
(TAP) and trypsinogen-2 provide a reliable early diagnosis of AP[28-35], the revised diagnostic criteria included
the elevation of the pancreatic enzymes in serum and/or
urine, excluding that in ascitic fluid. It is well known,
however, that some patients with AP, mostly alcoholic
etiology, show normoamylasemia [28], and that serum
amylase level rises only slightly in many patients with
acute exacerbations of chronic alcoholic pancreatitis[36].
Moreover, serum amylase level seldom rises in AP caused
by hyperlipidemia[37,38] and in those with pancreatic insufficiency[39]. In addition, the elevation of serum amylase
level is only transient and declines within 3 d after onset
of AP[28,40]. On the other hand, abnormally high values
of serum lipase persist for longer period than that of serum amylase and are observed even in cases of alcoholinduced pancreatitis[41]. Although a recent case report
of AP has demonstrated that serum amylase and lipase
remain normal throughout the acute phase of AP in a
man with pancreatic insufficiency and cystic fibrosis[39],
serum lipase is considered to be a more reliable diagnostic marker of AP than serum amylase. Therefore, the
revised diagnostic criteria recommend determining pancreatitis specific enzymes in serum and/or urine such as
pancreatic-type amylase[42,43] and lipase[44].
The new diagnostic criteria require the presence of
clear findings indicating AP by imaging studies such as
US, CT and MRI. US can visualize pancreatic enlargement, inflammatory changes around the pancreas, and
abnormal findings associated with AP such as the presence of ascitic fluid and gallstones. US examination can

3329

January 28, 2014|First Edition|

Otsuki M et al . Severity stratification of acute pancreatitis
Table 1 Laboratory/clinical criteria for grading the severity
of acute pancreatitis

Table 2 Contrast-enhanced computed tomography criteria
for grading the severity of acute pancreatitis

No.

Laboratory/clinical criteria

Contrast-enhanced computed tomography criteria

1

Base excess ≤ -3 mEq/L or shock
(systolic blood pressure ≤ 80 mmHg)
PaO2 ≤ 60 mmHg (room air) or respiratory failure
(artificial respiratory ventilation)
BUN ≥ 40 mg/dL or creatininee ≥ 2.0 mg/dL or oliguria
(urinary volume ≤ 400 mL/d after hydration)
LDH: More than twice higher than the upper limit of normal
(≥ 700 IU/L)
Serum total Ca ≤ 7.5 mg/dL
Platelet count ≤ 1 × 105/mm3
CRP ≥ 15 mg/dL
Positive score of SIRS criteria ≥ 3
Age ≥ 70 yr

Extension of extrapancreatic inflammatory changes
Anterior pararenal extraperitoneal space
0 point
Root of the mesocolon
1 point
Beyond inferior renal pole
2 points
Unenhanced area in the pancreatic parenchyma
(Divide the pancreas into 3 areas for expediency, head, body and tail)
Limited to one area or peripancreatic area
0 point
Extend over 2 areas
1 point
More than 2 areas
2 points

2
3
4
5
6
7
8
9

Severe acute pancreatitis: total computed tomography severity scores ≥ 2
points.

agement of AP[55] and the Working Party of the Program
Committee of the Bangkok World Congress of Gastroenterology 2002[56], CRP ≥ 15 mg/dL is adopted as a
prognostic factor. Moreover, Gardner et al[57] have demonstrated that an age above 70 years is an independent
risk factor for mortality in patients admitted with SAP.
Based on these previous studies, the new severity criteria
included CRP and age of the patient. In spite of these
changes, the new severity criteria that employ routinely
available data are simple and easy to remember.
Since the contrast-enhanced CT (CE-CT) is the
mainstay of imaging patients with AP and recommended
for the evaluation of the severity of AP[20,24-27,34,35,49], the
revised severity criteria included the CE-CT findings of
the presence and extent of pancreatic necrosis, and the
extent of peripancreatic inflammatory changes (Table 2).
The revised Atlanta classification provided precise definitions of CE-CT findings, including peripancreatic necrosis, walled-off-necrosis and pseudocyst[21,22]. Although the
revised Atlanta classification suggested that pancreatic
necrosis can rarely be identified accurately during the first
several days of hospitalization, CE-CT findings help us
to decide special measures such as continuous regional
arterial infusion (CRAI) of protease inhibitors and antibiotics, and continuous hemodiafiltration (CHDF)[58-60].
Once it is thought that contrast medium exacerbates
pancreatitis[61-63], but denied by another studies[64,65]. Since,
however, there is a possibility that intravenous contrast
media extend pancreatic necrosis and exacerbate renal
impairment[61-63], vigorous intravenous hydration for the
purpose of intravascular resuscitation is important during
and after CE-CT examination. Attending physicians must
aware of the possibility that the contrast medium aggravates renal dysfunction associated with SAP.
The new severity criteria considered laboratory/clinical symptoms and radiographic features of CE-CT scans
as independent risk factors. Indeed, Leung et al[14] have
demonstrated that CT severity index is a useful tool in
assessing the severity and outcome of AP, and superior
to Ranson score[10] and APACHE II scoring system[12-15]
in predicting AP outcome. Thus, the CE-CT is not necessarily required to evaluate the severity of the patients
with AP. Preliminary study revealed that the case-fatality

One point for each positive factor. Severe acute pancreatitis: total scores ≥
3 points. BUN: Blood urea nitrogen; LDH: Lactate dehydrogenase; SIRS:
Systemic inflammatory response syndrome; CRP: C-reactive protein.

be performed repeatedly at bedside. CT provides clear local images without being affected by the adipose tissue in
the abdominal wall and abdominal cavity[14,45]. CT findings
of an enlarged pancreas, inflammatory changes around
the pancreas and fluid collections are useful marker for
the diagnosis of AP. Thus, CT is the most important imaging procedures for the diagnosis of AP[46-48]. MRI scanning can also visualize the enlargement of the pancreas
and the inflammatory changes around the pancreas[49,50].

SEVERITY CRITERIA OF AP BY
MULTIPLE-SCORING SYSTEM
Following the correct diagnosis of AP, severity stratification should be performed promptly and repeatedly, in
particular for the first 48 h after the onset of the disease[1]. Early recognition of severe disease and application of appropriate therapy require vigilance as decisions
regarding management need to be made shortly after
admission.
The revised severity score put the redundant factors that show similar clinical conditions together into
one, and deleted the unclear clinical signs. Since the new
severity criteria combined laboratory data with clinical
signs, the severity of AP can be evaluated by one of these
findings. BE can be substituted by shock (systolic blood
pressure less than 80 mmHg), PaO2 by respiratory failure
(artificial respiratory ventilation), and BUN or creatinine
by oliguria (urinary volume less than 400 mL/d after hydration). Thus, SAP can be properly diagnosed by reducing underestimation of severity by the defect values (Table
1).
Among several serum biochemical markers that have
been developed for severity stratification of AP, C-reactive
protein (CRP) remains the most useful[19,32,51-54]. Although
its increase delays, peaking not earlier than 72 h after the
onset of symptoms, it is accurate and widely available.
According to United Kingdom guidelines for the man-
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Table 3 Verification of the revised severity criteria
Total severity score (points) Revised severity criteria
0
1
2
3
4
5
6
7
8
9
10
11
12
Total

Table 4 Relationship between the revised laboratory/clinical
or contrast-enhanced computed tomography severity score
and incidence of organ failure

Criteria 2002

66
51
18
11 (1)
4
4 (2)
2 (1)
0
0
0
0
0
0
156 (4)

77
31
15
9
7
6
3 (1)
2 (1)
0
1
2 (2)
2
1
156 (4)

Total severity score (points)
0
1
2
3
4
5
6

0
1
2
3
Total

0

1

2

3

4

5

6

0
56
3
2
61

0
40
5
1
46

0
13
2
1
16

0
5
1
3 (1)
9 (1)

0
1
0
3
4

0
0
2 (1)
2 (1)
4 (2)

0
0
1 (1)
1
2 (1)

Total

0
115
14 (2)
13 (2)
142 (4)

Results shown are number of patients. Number of patients died of acute
pancreatitis is indicated in parenthesis. In these 142 patients, laboratory/
clinical and contrast-enhanced computed tomography (CE-CT) examinations were evaluated at the same time.

in patients with the CE-CT severity score 1 was 3.3%,
while that in those with severity score 2 and 3 points was
21.9% and 33.3%, respectively. Thus, the severity scores
of CE-CT ≥ 2 points was defined as SAP (Table 2).
Analysis of case records of 1337 consecutive patients
with AP in survey 2003[1,5,6] in that more than 5 items of
9 prognostic factors of the new severity criteria were recorded revealed that case-fatality rate of patients with severity score point 0 and point 1 was nearly the same (0.2%
vs 0.7%), whereas that of patients with severity score 2
and 3 points was greatly different (2.6% vs 11.1%). Thus,
the new criteria divided the severity of AP into mild
(severity score ≤ 2 points) and SAP (severity score ≥ 3
points). Based on this classification, case-mortality rate
of mild AP and SAP was 0.83% (9/1183) and 19.5%
(30/154), respectively.

VERIFICATION OF THE NEW SEVERITY
CRITERIA
Usefulness of the new severity criteria was prospectively
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0.0%
4.3%
42.9%
46.2%
-

studied in 156 patients with AP. CE-CT severity score
was evaluated in 142 of these 156 patients at the same
time with laboratory examinations. Overall case-mortality
of 156 patients with AP was 2.6%, and was similar to
that reported in nationwide survey in 2003[1,5,6]. Although
some survey sheets had defect data of laboratory examinations, most frequently BE (defect value 41.0%) and
PaO2 (defect value 41.0%), these data were substituted
by clinical signs of shock (defect value 0%) and respiratory failure (defect value 0%), respectively. Therefore, the
severity score could be precisely calculated even if these
laboratory data were defect values.
The revised severity criteria (Table 1) identified 13.5%
of these 156 patients with AP as SAP, whereas 30.8%
were diagnosed as SAP if the criteria 2002 were adopted.
Case-mortality of SAP diagnosed by the revised criteria
was 19.1%, whereas that by the criteria 2002 was only
8.3% due to large number of patients who are diagnosed
as SAP (Table 3). The validity of the revised classification
was further revealed by the incidence of complications
of organ failure. Complications of organ failure were far
greater in patients with SAP than in those with mild AP
(Table 4). These results clearly indicate that the patients
with SAP diagnosed by the revised criteria are suitable as
applicants for the medical expense payment system[3].
Since the new severity criteria consider laboratory
data/clinical symptoms, and the CE-CT severity score as
independent risk factors, SAP can be diagnosed either by
the laboratory/clinical severity criteria or by the CE-CT
severity criteria. There was no fatal case of mild AP diagnosed by the laboratory/clinical severity score regardless
of CT severity score. Similarly, there was no fatal case of
mild AP diagnosed by the CE-CT severity score regardless of laboratory/clinical severity scores (Table 5). Casemortality rate of patients with SAP diagnosed by the laboratory/clinical severity score was 21.1%, whereas that in
those diagnosed by the CE-CT severity score was 14.8%.
Case fatality of SAP that fulfilled both laboratory/clinical
(severity score ≥ 3 points) and CE-CT severity criteria
(severity score ≥ 2 points) was as high as 30.8%. It is recommended, therefore, to perform CE-CT examination
to clarify the prognosis in patients who were diagnosed
as SAP by laboratory/clinical severity score. Because the

Table 5 Relationship between the laboratory/clinical and the
contrast-enhanced computed tomography severity scores
Total laboratory/clinical severity score (points)

CE-CT

1.5%
7.8%
5.5%
36.4%
50.0%
75.0%
100.0%

Total number of patients evaluated by laboratory/clinical examinations
was 156, whereas contrast-enhanced computed tomography (CE-CT) severity score was evaluated in 142 of these 156 patients at the same time.

Results shown are number of patients. Number in parenthesis indicates
patients died of acute pancreatitis. The same patients with acute pancreatitis were evaluated by the revised criteria and by the criteria 2002. Total
severity score of the revised criteria ≥ 3 points, while that of the criteria
2002 ≥ 2 points was diagnosed as severe acute pancreatitis.

Total CE-CT
severity score
(points)

Incidence of organ failure
Laboratory/clinical
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mortality rate of these patients with SAP was high, such
patients should be transferred to advanced medical units
with physicians specializing in intensive care, endoscopic
treatment, radiological intervention, and biliary-pancreatic
surgery[1,5,6].

9

10

CONCLUSION
The new severity criteria consist of laboratory examinations combined with clinical symptoms and the CE-CT
severity score. The laboratory and/or clinical symptoms
and the CE-CT findings are independent risk factors. SAP
can be diagnosed either by the severity score alone, or by
the CE-CT findings alone. Mortality rate of SAP that fulfilled both laboratory/clinical and CE-CT severity criteria
was high. It is recommended, therefore, to perform CECT examination in those patients who were diagnosed as
SAP by laboratory/clinical severity criteria. Patients with
SAP who fulfill both severity criteria should be transferred to advanced medical units. The revised criteria are
extremely useful to detect SAP at an early stage of AP.

11

12

13
14
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Endotherapy in chronic pancreatitis
Manu Tandan, D Nageshwar Reddy
strictures. CP associated benign biliary strictures (BBS)
are best treated with multiple plastic stents, as the response to a single plastic stent is poor. Covered self expanding metal stents are increasingly being used in the
management of BBS though further long term studies
are needed. Pseudocysts are best drained endoscopically with a success rate of 80%-95% at most centers.
Endosonography (EUS) has added to the therapeutic
armamentarium in the management of patients with
CP. Drainage of pseudcysts, cannulation of inaccessible
pancreatic ducts and celiac ganglion block in patients
with intractable pain are all performed using EUS. Endotherapy should be offered as the first line of therapy
in properly selected patients with CP who have failed to
respond to medical therapy and require intervention.
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Abstract

Key words: Chronic pancreatitis; Endoscopic retrograde
cholangiopancreatography; Pancreatic sphincterotomy;
Extracorporeal shockwave lithotripsy; Endosonography

Chronic pancreatitis (CP) is a progressive disease with
irreversible changes in the pancreas. Patients commonly present with pain and with exocrine or endocrine
insufficiency. All therapeutic efforts in CP are directed
towards relief of pain as well as the management of
associated complications. Endoscopic therapy offers
many advantages in patients with CP who present with
ductal calculi, strictures, ductal leaks, pseudocyst or
associated biliary strictures. Endotherapy offers a high
rate of success with low morbidity in properly selected
patients. The procedure can be repeated and failed
endotherapy is not a hindrance to subsequent surgery.
Endoscopic pancreatic sphincterotomy is helpful in patients with CP with minimal ductal changes while minor
papilla sphincterotomy provides relief in patients with
pancreas divisum and chronic pancreatitis. Extracorporeal shock wave lithotripsy is the standard of care in
patients with large pancreatic ductal calculi. Long term
follow up has shown pain relief in over 60% of patients.
A transpapillary stent placed across the disruption provides relief in over 90% of patients with ductal leaks.
Pancreatic ductal strictures are managed by single large
bore stents. Multiple stents are placed for refractory
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Core tip: Chronic pancreatitis is a challenge to the therapeutic endoscopist. A patient with chronic pancreatitis
can present with ductal calculi, leaks, pseudocysts,
strictures, pancreatic malignancy or a biliary obstruction. Endoscopic therapy offers a high rate of success
in properly selected patients. It offers many advantages
over surgery, which for a long time was considered the
gold standard in the treatment of chronic pancreatitis.
This chapter deals with the management of chronic
pancreatitis associated strictures, calculi, leaks and
pseudocysts. The role of endosonography in management of pseudocysts, cannulation of inaccessible ducts
and pain relief has also been discussed.
Original sources: Tandan M, Reddy DN. Endotherapy in chronic
pancreatitis. World J Gastroenterol 2013; 19(37): 6156-6164
Available from: URL: http://www.wjgnet.com/1007-9327/full/v19/
i37/6156.htm DOI: http://dx.doi.org/10.3748/wjg.v19.i37.6156
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INTRODUCTION

CP WITH MINIMAL DUCTAL CHANGES

Chronic pancreatitis (CP) is a disease of varied etiology
and characterized by progressive and irreversible damage
to the pancreas with resultant loss of both endocrine and
exocrine functions. Alcohol, smoking, genetic factors and
metabolic disorders are common etiological causes[1]. In our
country the non alcoholic type of CP is more prevalent[2,3].
Irrespective of the etiology, the majority of patients with
CP present with pain as the dominant symptom.
As the disease is irreversible, almost all therapeutic
efforts are directed towards control of pain and management of complications associated with CP. For the
therapeutic endoscopist, CP is a challenge as patients
can present with ductal strictures, calculi, ductal disruption, pseudocysts, biliary strictures, duodenal narrowing
or a pancreatic malignancy. Endotherapy is performed
in patients with CP who are unlikely to respond or have
failed medical therapy as well as to manage the above
mentioned complications. Surgery has often been considered the best therapeutic option for patients with CP[4].
However with advances in technology and techniques,
endotherapy is offered as first line management in many
patients with CP. Endotherapy offers many distinct advantages over surgery. It has a high success rate and low
morbidity in properly selected patients. The procedure
can be repeated with no extra risk, unlike the morbidity
and difficulty associated with repeat surgery. The results
are comparable to surgery and failed endotherapy does
not hinder subsequent surgery[5-8] . The endoscopic approach can also predict the response to surgical therapy[9].
The endoscopic techniques used are endoscopic retrograde cholangiopancreatography (ERCP) and endosonography (EUS). Extracorporeal shockwave lithotripsy
(ESWL) is a part of the endoscopic armamentarium.
Advances in EUS have improved therapeutic options,
including pseudocyst drainage and cannulation of inaccessible main pancreatic duct (MPD).
In this review, we will discuss the role of endotherapy
in diagnosis and management of CP related pancreatic
ductal strictures, stones, common bile duct (CBD) strictures and pseudocyst.

Painful CP can occasionally present with minimal or no
ductal change in absence of ductal strictures or stones.
This is classified as type Ⅰ CP according to Cremer classification or mild CP of Cambridge classification[13,14].
Endoscopic pancreatic sphincterotomy (EPS) is a documented mode of therapy and offers symptomatic relief
in some of these patients. Both the standard pull type
and the needle knife sphincterotomy over a stent can
be performed. A 64% relief in pain on follow up of
6.5 years has been reported following EPS[15]. High success rates of 98% and low complication rates of around
4% have been reported on retrospective analysis [16].
Randomized studies have shown a higher incidence
of pancreatitis in high risk patients following pull type
sphincterotomy as compared to the needle knife technique[17]. Most workers report an incidence of around
12% for post EPS pancreatitis. Placement of a nasopancreatic tube (NPT) or pancreatic stent can reduce
this incidence significantly[18]. Restenosis is reported in
around 14% of patients on long term follow up[19]. It is
believed that restenosis is less common following the
longer incision with the pull type as compared to needle
knife technique[20]. The presence of periductal fibrosis
seen in patients with CP may lower the incidence of
post procedure pancreatitis. An additional biliary sphincterotomy is only indicated in the following conditions[21]:
(1) presence of cholangitis; (2) CBD > 12 mm diameter;
(3) serum alkaline phosphates > 2 times upper limit of
normal; and (4) difficult access to MPD.
Minor papilla sphincterotomy
Minor papilla sphincterotomy (MiES) was first performed by Cotton[22]. It is indicated in those patients with
CP with minimal ductal changes who have a pancreas
divisum or a dominant dorsal duct. Both the pull type
and needle knife technique can be used. The evidence
of any definite benefit from MiES is debatable as studies
include small numbers of heterogeneous patients and are
not conclusive. Significant pain relief on a 2-year follow
up has been reported following MiES and stenting of
patients with CP[23]. Relief of pain is also seen in 41% of
patients with CP following MiES as compared to 77%
with acute recurrent pancreatitis or 33% of patients with
CP with no pain[24]. Post ERCP pancreatitis has been
reported in up to 15% of patients[25] and restenosis was
seen in 20%-24% on a 6-year follow up[26].

ROLE OF ENDOSCOPY IN THE
DIAGNOSIS OF CP
ERCP was earlier used both for diagnosis and management of patients with CP. It has sensitivity of 73%-94%
and specificity of 90%-100% in visualizing duct related
changes in CP[10]. The emergence of magnetic resonance
cholangiopancreatography (MRCP) with secretin stimulation, as well as EUS, has minimized the role of ERCP in
diagnosing CP. EUS is a better diagnostic modality, especially in early and less advanced CP, as it identifies both
ductal and parenchymal changes[11]. EUS has a sensitivity
of close to 100% as compared to 80% with ERCP in patients with early CP[12]. MRCP being non-invasive offers a
better alternative to ERCP for visualizing ductal changes.
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ENDOSCOPIC MANAGEMENT OF
PANCREATIC DUCTAL STRICTURES
Strictures of MPD are frequently seen as a consequence
of CP and could be due to inflammation or fibrosis. In
our experience of 1000 patients who underwent ESWL,
the incidence of strictures was 18%[2]. MPD strictures
are defined as a high grade narrowing of MPD with one
of the following[9,27]: (1) MPD dilatation > 6 mm beyond
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the stricture; (2) failure of contrast to flow alongside the
stricture or 6 Fr NPT; and (3) presence of pain during
continuous perfusion of the NPT with normal saline for
24 h.
Endotherapy is ideal for single strictures in the head
while isolated strictures in the tail or multiple strictures
with a chain of lake appearance are not amenable to
endotherapy[9]. Prior to stent placement tight strictures
need to be dilated with Teflon bougies, Sohendra stent
retriever or a balloon dilator[9,27]. Large bore stents 7-10
Fr should be deployed as they have longer patency[27].
Delhaye et al[27] followed a protocol where a single stent
was placed across a stricture and exchanged every 6 mo
or when the patient was symptomatic. Stents were placed
for 24 mo. Patients were restented if symptoms recurred.
Surgery was considered if patients responded to stent
placement but needed frequent or repeated stenting. Cumulative data from several workers revealed pain relief
between 70%-94% for a single pancreatic stent on follow
up of 14-69 mo[9]. Recurrence of strictures was reported
in 38% of patients after 2 years follow up[28]. The concept of multiple plastic stenting for MPD strictures not
responding to a single stent placement was advocated
by Costamagna et al[29]. In their study, after removal of a
single stent, the stricture was dilated and multiple plastic
stents 8.5-11.5 Fr diameter were placed. A mean of 3
stents were used. The stents were removed 12 mo later.
Stricture resolution was seen in 95% and pain relief in
84% on a 38 mo follow up.
Complications with pancreatic stenting can occur.
Occlusion was seen with the passage of time and migration was present in 10% of patients[30]. Distal migration
and impaction on the opposite duodenal wall can cause
perforation while proximal migration into the pancreas
is a technical challenge for the endoscopist. The possibility of stent induced fibrosis has raised concerns[31].
However with the preexisting fibrosis of MPD there has
been no significant clinical impact. The search for an
ideal pancreatic stent continues and a new “wing stent”
to prevent clogging as well as an “S” shaped stent to prevent migration are undergoing evaluation[32,33]. The use of
covered metal stents (CSEMS) for pancreatic strictures
is also under evaluation. The initially used CSEMS had
the disadvantage of stent migration. Subsequently a new
“bumpy stent” has been tried for MPD strictures in 32
patients[34,35]. The stent had antimigratory properties and
its contours adapted to the MPD. These were extracted at
3 mo and were effective in resolving the MPD strictures.
However they were associated with the formation of de
novo strictures and further trials are needed to evaluate
their long term efficacy and safety.
European Society of Gastrointestinal Endoscopy
(ESGE) guidelines state that dominant PD strictures
be treated by placing a single 10 Fr stent with stent exchanges planned for 1 year. Multiple plastic stents should
be deployed in a stricture which persists after 1 year of
single stent placement[36]. Uncovered SEMS should not
be placed in MPD. ESGE guidelines also state that tem-
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porary placement of fully covered SEMS should only
performed in the setting of trials[36].

ENDOTHERAPY OF PANCREATIC
DUCTAL CALCULI
Pancreatic ductal calculi are a consequence of CP and
tend to aggravate or produce pain by obstructing pancreatic ducts and producing upstream hypertension.
They can occur in 50% of patients with CP[8]. Stones
seen in the tropics and of the non-alcoholic type of CP
tend to be larger and denser than those seen in the alcoholic variety[37,38]. The large size could also be due to delay in reporting for therapy[2]. Stones > 5 mm in size can
usually be extracted with a Dormia basket, or balloon
trawl following EPS. However stones > 5 mm in size are
often impacted and difficult to extract by the standard
techniques[2,37,39]. Large calculi need to be fragmented
prior to extraction or spontaneous expulsion from the
MPD. ESWL is now accepted as the standard of care
in the management of large PD calculi not amenable
to routine endotherapy[2,36,37,40-45]. ESWL is very effective in fragmenting both radio-opaque and radio-lucent
calculi in the MPD. A meta-analysis of 17 studies with
a total of 491 patients revealed a clearance rate between
37%-100% and good pain relief[46]. Another review of 11
studies with over 1100 patients showed successful stone
fragmentation in 89%[47]. Our own single center study of
over 1000 patients shows complete clearance in 76% patients and partial clearance in another 17% patients following ESWL and endotherapy for large calculi[2] (Figures
1 and 2).
The following protocol is followed at our center for
patients with large PD calculi[2]. Patients with large calculi
in the head or body and with pain as the main complaint
are subjected to ESWL. Patients with isolated calculi
in the tail, multiple MPD strictures, extensive calculi in
head, body and tail, associated head mass, pseudocysts
and pregnancy are excluded from ESWL. The procedure
is performed with a Ⅲ generation electromagnetic lithotripter with bi-dimensional fluoroscopy and ultrasound
targeting facility. (Delta compact-Dornier MedTech
Wessling Germany). Epidural anesthesia is preferred in
most patients[48]. It is effective and offers many advantages as reported in our study of over 1500 patients. Radioopaque calculi are subjected to ESWL under fluoroscopic
guidance. For radio-lucent calculi, a NPT is placed and
contrast is passed through this tube to help localize the
calculi. The aim of fragmentation is to break the calculi
to 3 mm or less to facilitate to their extraction or expulsion[2,49]. An average of 3 sessions is generally required
(5000-6000 shocks per session). The protocol is shown
in Figure 3. A few studies have advocated use of ESWL
alone followed by spontaneous expulsion of fragments[50].
A randomized controlled trial of 55 patients compared
results of ESWL and ERCP with ESWL alone. The only
difference was higher cost and longer stay in the ESWL
and ERCP group[51]. At our center, we prefer to extract
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A

A

B

Figure 1 Large pancreatic calculi in head (A), genu in a
patient with pancreas divisum (B) and chronic pancreatitis
cleared by extracorporeal shockwave lithotripsy followed by
pancreatic stenting[49] (C).

C

to be considered as second line management after failed
ESWL[36].

B

CHRONIC PANCREATITIS RELATED
BENIGN BILIARY STRICTURES
CBD strictures occur in 3%-46% of patients with CP[30].
Strictures can be reversible due to inflammation or compression with a pseudocyst. They are irreversible following fibrosis. ESGE guidelines recommend treating
CP related benign biliary strictures (BBS) in cases with
symptoms, secondary biliary cirrhosis, biliary stones,
asymptomatic elevation of serum alkaline phosphates
> 2-3 times upper limit of normal or raised serum bilirubin persisting for over 1 mo[36]. Placement of a single
plastic stent in the CBD is associated with poor success
rates. Long term results have disappointing and sustained
benefit is seen in around 25% of patients on follow up
of 46 mo[57]. Single plastic stents are associated with
poor resolution and higher relapse rate. The presence of
pancreatic head calcification is an important factor for
failure of this therapy[58]. Placement of multiple plastic
stents in CP related BBS is technically successful in over
95% of patients and offers the best results. Complete
therapy requires approximately four ERCP procedures
and stents exchanges performed every 3 mo for 1 year.
Single stents provided relief in 31% of 350 patients as
compared to 62% in 50 patients who received multiple
stents[36]. Catalano et al[59] performed a non-randomized
study comparing single and multiple plastic stents in CP
related BBS. Clinically, success was reported in 92% with
multiple stents as compared to 24% with single stents.
Uncovered SEMS for BBS are not advocated and partially or fully covered SEMS have been used with a success rate of 50%-80% on follow up for 22-28 mo[60,61]. A
recently conducted multicenter trial using fully covered
SEMS (FCSEMS) in BBS included 127 patients of CP. It
concluded that FCSEMS may be useful for treatment of
BBS particularly in patients with CP[62]. There has been
no head to head study comparing single or multiple plastic stents and metal stents in BBS due to CP and surgery.
The choice and option of surgery depends upon patient
preference, expertise at the treating center and the presence of co morbidities such as cirrhosis or collaterals.

Figure 2 Large pancreatic calculi in head. Post extracorporeal shockwave
lithotripsy reduction in diameter of main pancreatic duct[49] (A, B).

the fragments from the MPD by ERCP following the
ESWL procedure as fragments tend to be denser and adherent and do not clear spontaneously[2,49].
Short term pain relief following ESWL was seen in
84% of our patients[2] and similar results have been reported by others[39]. Very few long term follow up studies are available. Two-thirds of patients were found to
be pain free on long term follow up[8,52]. A recent study
showed pain relief in 85%, complete pain relief with no
narcotic use in 50% and avoidance of surgery in 84%
of 120 patients on long term follow up after ESWL[53].
Our own data on long term follow up is encouraging and
over 60% of patients are pain free on follow up of more
than 5 years[54]. In conclusion, in properly selected group
of patients with large PD calculi, ESWL is a useful tool
and provides adequate long term pain relief. A few patients also benefit in exocrine and endocrine dysfunction
though the numbers are too small to be significant[54].
ESWL is a safe procedure and well tolerated. Minor side
effects such as transient pain and bruising of skin at the
site of shock delivery have been described[2,37,49]. The incidence of pancreatitis is not higher following ESWL.
Other techniques for extraction of large PD calculi
include intraductal laser or electro hydraulic lithotripsy
through a pancreatoscope or spyscope[55,56]. Experience
with these modalities is small and success rates are discordant. These procedures are technically difficult and require non standard equipment. At present, they are only
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A

Pancreatic calculi with pain as the dominant symptom

Imaging of pancreas (US/EUS/MRCP/ERCP)

Large pancreatic ductal calculi (head and body)

Radio-opaque

Radio-lucent

B
ESWL-fragmentation (< 3 mm)

ERCP-EPS + NPT

ESWL-fragmentation (< 3 mm)

ERCP-EPS + PD
clearance +/- stent

ERCP-PD
clearance +/- stent

Figure 3 Protocol followed for extracorporeal shockwave lithotripsy in
chronic calcific pancreatitis. NPT: Naso pancreatic tube; EPS: Endoscopic
pancreatic sphincterotomy; ERCP: Endoscopic retrograde cholangiopancreatography; ESWL: Extracorporeal shockwave lithotripsy; US: Ultrasonography;
PD: Pancreatic duct; EUS: Endosonography; MRCP: Magnetic resonance cholangiopancreatography.

Figure 4 Mid body leak (arrow) with extravasated contrast in a patient
with chronic pancreatitis (A) and dilated pancreatic duct (B). Stent placed
across the leak.

Symptoms result due to compression of adjacent structures or due to infection. It has also been suggested that
prophylactic treatment be performed in certain specific
situations to prevent complications. These include Pancreatic-pleural fistula fistula, cysts > 5 mm lasting for over
6 wk, compression of major vessels or presence of large
pancreatic stones in MPD[65]. There is generally a low rate
of spontaneous resolution of PPC in patients with CP
though small asymptomatic cysts can be followed up[66].
Drainage of pseudocysts can be transmural (transgastric
or transduodenal) or transpapillary. Transmural drainage
is ideal for PPC which bulge into the lumen of stomach
or duodenum. Transduodenal drainage offers the best
success when compared to transgastric drainage[67]. This
is because cystoduodenal fistulas tend to remain patent
longer than cystogastric fistulas. Placement of one or
more pig tailed stents is better when compared to straight
stents. Straight stents are associated with a higher rate of
bleed (around 7%) as well as migration[68]. Stents should
be left in place for a longer duration as their removal
within 2 mo is associated with a higher incidence of PPC
recurrence[36]. Pseudoaneurysm can complicate management of PPC because of the associated haemorrhage and
consequent high mortality[69]. Delhaye et al[27] recommend
prophylactic embolization of pseudoaneurysms prior to
drainage of an adjacent PPC.
Transpapillary drainage is reserved for small cysts (<
6 cm size) and those in communication with the MPD.
The role of EUS guided drainage for nonbulging PPC

PANCREATIC DUCTAL LEAKS
Leaks from the MPD or side branches can occur following blow out of the ducts due to obstruction by stone or
strictures. PD leak is defined as extravasation of contrast
material from the ductal system at ERCP[63]. Disruption
may be partial or complete and leads to fluid collection,
pseudocysts, ascites, pleural effusion and external or
internal fistulas[9,27]. Placement of transpapillary stents
offers the best treatment in patients with PD disruption
as it converts the high pressure ductal system into a low
pressure one with preferential flow across the stents[27].
Resolution of leak was seen in 92% of patients when the
stent bridged the disruption, 50% when placed proximal
to the disruption and 44% when a short transpapillary
stent was placed[63] (Figure 4). In patients with complete
transection where stenting is not feasible a multidisciplinary approach with a help of interventional radiologist
or the surgeon may be required.

ENDOSCOPY OF PSEUDOCYSTS
Pancreatic pseudocyst (PPC) in CP is the result of disruption of the MPD or its side branches and occurs in
20%-40% of patients[64]. Disruption generally follows
obstruction by stones or strictures. Treatment is indicated
for symptomatic PPC or those which increase in size.
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of patients though the pain relief is transient[79,80]. Patients who are younger than 45 years or have previous
pancreatic surgery are less likely to benefit[81]. EUS guided
celiac block is shown to be superior to fluoroscopy guided celiac block for pain relief and pain preference in our
study[82]. EUS guided nerve block can produce diarrhea,
hypertension due to sympathetic blockade and unopposed parasympathetic activity[11,80].

will be discussed in the next section. Comparison of EUS
guided drainage with surgery in an RCT revealed that
endoscopic drainage was significantly better than surgery
in terms of cost and length of stay over a 3 mo follow
up[70]. Complications include bleed, infection and leak of
around 4% each with a mortality of 0.5%[71]. Infection is
more likely with transpapillary drainage and leak is more
likely with transmural drainage. Routine antibiotic administration is recommended for drainage of PPC[72]. With
a success rate of 80%-95% at most centers, a recurrence
rate of 10%-20% and results comparative or better than
surgery, endoscopy is the preferred first line of management for patients with PPC in the background of CP[27,36].

CONCLUSION
In conclusion, management of CP is a multidisciplinary
task involving the physician, endoscopist, interventional
radiologist and surgeon. Their roles are complementary
to each other. As mentioned earlier endotherapy is effective, less invasive than surgery, offers good results and
is associated with low morbidity and mortality. It can
be repeated and does not interfere with any subsequent
surgical procedure. It is therefore advisable to offer endotherapy as the first line treatment in properly selected
patients with CP.

ENDOSONOGRAPHY IN CP
EUS is an excellent diagnostic modality especially in patients with early CP. It also has a definite therapeutic role
in the following situations and these are discussed briefly.
PPC drainage
EUS is ideal for drainage of nonbulging PPC and cysts as
far as 4 cm from the stomach or duodenal wall have been
drained[73]. Around 44%-53% of PPCs belong to this category. In the presence of collaterals the site of drainage
is better identified with EUS, thus making the procedure
safer. The complication rate is however similar when
PPCs are drained with or without EUS guidance[74]. A
recent randomized trial comparing EUS guided and surgical cystogastrostomy for pseudocysts revealed shorter
hospital stay, lower cost and better physical and mental
health in the endoscopy group. None in the endoscopy
group had pseudocyst recurrence and therapy was successful in all the patients[75].
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Core tip: Pain in chronic pancreatitis (CP) has multiple
but simultaneously occurring mechanisms. Recent data
have shown expression of nociceptors and neurotrophic
factors in different neural locations. The expression of
these and other neural chemokines (fractalkine) have
positive correlation with pain. Pain also results from
global sensitization. Among the therapeutic modalities,
beneficial effects have been demonstrated with methionine containing antioxidant micronutrients supplements
and pregabalin. Of the pancreatic enzymes, only nonenteric coated preparations might benefit a subgroup of
patients. The threshold for performing celiac neurolysis
should be high in view of variable response across clinical trials.

Abstract
Chronic pancreatitis (CP) continues to be a clinical challenge. Persistent or recurrent abdominal pain is the
most compelling symptom that drives patients to seek
medical care. Unfortunately, in spite of using several
treatment approaches in the clinical setting, there is no
single specific treatment modality that can be earmarked
as a cure for this disease. Traditionally, ductal hypertension has been associated with causation of pain in
CP; and patients are often subjected to endotherapy
and surgery with a goal to decompress the pancreatic
duct. Recent studies on humans (clinical and laboratory
based) and experimental models have put forward several mechanisms, including neuroimmune alterations,
which could be responsible for pain. This might explain
the partial or no response to single modality treatment
in a significant proportion of patients. The current review discusses the recent concepts of pain generation
in CP and evidence based therapeutic approaches (other
than ductal decompression) to handle persistent or recurrent pain. We focus primarily on parenchymal and
neural components; and discuss the role of antioxidants
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INTRODUCTION
Pain in chronic pancreatitis (CP) is as enigmatic as the
disease itself. There is currently no definitive cure for the
illness; and treatment usually centers on pain relief and
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management of exocrine and endocrine dysfunction.
85%-90% patient will have abdominal pain at presentation[1]; and in our experience over two-third of patients
would present with ductal calculi and/or stricture (unpublished data). Traditionally, pain in CP has been largely
associated with ductal hypertension. However, as evident
from the literature, recurrence of pain is common even
after ductal decompression in the form of extracorporeal
shock wave lithotripsy (ESWL), endoscopic retrograde
cholangiopan-creatography (ERCP) or lateral pancreaticojejunostomy. Over the past several years, a host of
pain mechanisms have been proposed and demonstrated
directly or indirectly in humans[2]. Most important among
these are oxidative stress and inflammation induced
pancreatic nociception, pancreatic neuropathy/neuroplasticity and central neuroplasticity. There appears to be
significant cross talk among the different mechanisms,
which could explain the partial or no success of single
modality treatment approaches. This mandates a holistic
and conceptualized approach to pain management in CP,
aided by the little evidence available.
This review addresses the current concepts of genesis of pain in CP and evidence based management
approaches focusing primarily on the parenchymal and
neural components.

proliferation. Interestingly, the expression of TrkA,
BDNF and artemin has been found to correlate with the
severity of pain in patients with CP[2].
Even though ductal hypertension had been considered to be a major cause of pain in CP, the mechanism
was not known clearly. Recently, it was shown in experimental models that increase in pressure can activate
pancreatic stellate cells (PSC), which in turn can generate
oxidative stress[11]. Furthermore, ethanol and smoking
can by itself lead to oxidative stress within the PSCs[12,13].
Oxidative stress is capable of generating a pro-inflammatory state by means of activating immune cells, increasing
expression of pro-inflammatory cytokines, and activating
cytokine receptors and transcription factors (e.g., tumor
necrosis factor alpha, NF-κB)[2]. This could indirectly or
directly sensitize the intrapancreatic pain receptors. The
response of pain in CP along with normalization of circulating oxidant stress markers after treatment with highdose anti-oxidants is a testimony to this.
Once activated, the pain receptors generate an action potential in the first order sensory neurons of spinal
levels T5 to T9. The action potential travel forward (antegrade) to the dorsal horn (gray matter) of the spinal cord
where it results in the release of the neurotransmitters
glutamate, calcitonin gene related peptide (CGRP) and
substance P[14]; which subsequently excites the second order neurons in the dorsal horn via N-methyl D-aspartate,
α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid
receptors and the neurokinin 1 (NK-1) receptors[15]. The
nociceptive transmission is then propagated through the
ascending pathways in the spinal cord white mater to the
thalamus, from where third order neurons relay to the
sensory cortex, limbic system and the thalamus for cognitive and affective integration of pain. The sympathetic
efferent cell body is the other sensory component to
which the first order pancreatic nociceptive neurons project. This in turn relays to the celiac plexus via the greater
splanchnic nerves and finally synapses with the second
order sympathetic neurons. Axons of these sympathetic
neurons then travel cephalad in the vagal trunks[2].

PAIN MECHANISMS
Nociception
Nociception refers to the perception of pain sensation as
a result of activation of pain receptors (nociceptors). The
proteinase-activated receptor 2 (PAR-2) and the transient
receptor potential vanilloid 1 receptors are two discrete
types of nociceptors that have been shown to be present
in the pancreas specific sensory nerves and dorsal root
ganglia[3,4]. It is now known from experimental models
that even sub-inflammatory doses of trypsin could bind
to the PAR-2 receptor, thereby suggesting trypsin as a
potential nociceptive stimulus, independent of its inflammatory role[4]. Other nociceptive stimuli that have been
proven or speculated to stimulate pancreatic nociceptors
include tryptase, alcohol metabolites, protons, bradykinin,
hydrogen sulphide, serotonin and calcium[5]. The primary
sources of intrapancreatic tryptase are the mast cells that
infiltrate the pancreatic nerves in CP. The latter mediators
are known to be released by injured acinar cells. Recently,
another nociceptor namely the ligand-gated cation channel Transient receptor potential ankyrin 1 has also been
shown to cause pancreatic inflammation and visceral hypersensitivity[6].
Other than the above-mentioned ligands, several
neurotrophic factors like nerve growth factor (NGF),
brain derived neurotrophic factor (BDNF), glial-derived
neurotrophic factor and artemin are expressed locally in
the pancreas in response to inflammation and bind to
specific receptors at different regions within the nerves
(Figure 1)[7-10]. These factors, after binding to the respective receptors cause nociceptive sensitization and neural
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Neural mechanisms
Several neuroimmune and neuroplastic mechanisms
have been described in CP pain over the recent years in
humans and experimental models. The most conspicuous neural changes in the intrapancreatic nerves include:
(1) infiltration of inflammatory cells (especially mast
cells and eosinophils)[16]; (2) neural edema and perineural
disruption[17]; (3) Schwann cell (glial cell in peripheral
nerves) proliferation[18]; and (4) neural hypertrophy and
sprouting[19], to name a few. The magnitude of these
changes has been shown to correlate with the severity of
pain, thereby ascribing them a causal role for neuropathic
pain in CP. Possible factors that could be responsible
for neural inflammation in the pancreatic nerves include
glutamine, CGRP, substance P, and fractalkine. Some
of these mediators can travel retrograde (antidromic)
from the dorsal horn to the intrapancreatic nerve end-

3345

January 28, 2014|First Edition|

Talukdar R et al . Pain in chronic pancreatitis

Modify functions of mast cells,
B-cells, macrophages
TrkA
receptor

NGF

Lymphocyte
Macrophage
Mast cells
Fibroblasts
Schwann cells
Neurons

Receptor expression

Inflammation

Sensory/sympathetic
nerve fiber

p75
receptor

BDNF

Proliferation of nerves
Nociceptive sensitization

Perineurium

Artemin

GFRα3
receptor

Schwann cell nuclei,
Intrapancreatic ganglia

Figure 1 Schematic diagram representing neuroimmune mechanisms of pain in patients with chronic pancreatitis. The TrkA receptors (for nerve growth factor, NGF) are expressed on the sensory and sympathetic nerve fibres, p75 (for brain derived neurotropic factor, BDNF) on the perineurium and glial cell line-derived
neurotrophic factor receptor α3 (GFRα3) (for Artemin) on the Schwann cell nuclei and intrapancreatic ganglia. The receptor expression is mediated by inflammation
involving inflammatory cells and neural elements.

ing and induce chemotaxis of inflammatory cells[2,20,21].
Furthermore, overexpression of two important markers, namely, nestin and growth-associated protein-43 has
been demonstrated in pancreas of human CP[19]. These
two are markers of neuroplasticity/neural regeneration
and are responsible for Schwann cell and neural growth.
The composite of these findings and the associated pain
clearly points towards profound neural remodeling within
the pancreas (pancreatic neuroplasticity). These changes
have important bearing on pain processing in central
nervous system both at the level of the spinal cord and
higher centers. Continuous sensitization of the intrapancreatic nociceptors due to persistent inflammation results
in continuous stimulation of second order neurons present the dorsal horn of the spinal cord, a phenomenon
called global sensitization[22]. The clinical surrogate of
global sensitization is an increase in the area of referred
pain due to convergence of afferent fibres from different
visceral and somatic organs on the same hyperexcitable
secondary spinal neurons. This has been demonstrated
recently in patients with CP, in whom the areas involved
in referred pain in response to esophageal, gastric and
duodenal stimulation were significantly higher than those
in controls[23]. Global sensitization results in two important phenomenon, mechanical allodynia (generation of
pain after a physiological or non-noxious stimulus) and
inflammatory hyperalgesia (amplified pain response to
normal or minimal pain stimuli). The other manifestation
of global sensitization is an increasingly painful response
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to repetitive but isointense stimuli. This is known as temporal summation, which has been clearly demonstrated in
patients with CP[24,25]. It has also been demonstrated that
early event-related brain potentials are altered in several
key pain processing areas in the cerebral cortex in response to visceral stimulation in patients with CP[23]. This,
along with a posteromedial shift in the electrical dipoles
indicates significant neural reorganization in the cerebral cortical pain processing architecture. This is central
neuroplasticity. Other evidence of central neuroplasticity
in CP has come from clinical studies that have shown
increase in theta activity on electroencephalogram (EEG)
and increased activity in the right secondary somatosensory area on magnetic resonance spectroscopy[26,27]. Furthermore, abnormalities have been demonstrated in the
descending inhibitory pathways from the cortex, which
tilts the balance between these and ascending excitatory
pathways in favour of more central pain processing abnormalities[28].
Figure 2 depicts a conceptual model of pain in patients with CP.

CLINICAL EVALUATION
Even though different mechanisms for pain in CP have
been proposed and demonstrated, there are currently no
easily available and clinically validated tools to identify
the type of pain. A clinical history of new or wider areas
of referred pain could be an indicator of the develop-
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Figure 2 Schematic representation of the conceptual framework of pain mechanisms in chronic pancreatitis.

ment of neuropathy. An objective questionnaire based
tool namely painDETECT has been used to evaluate
neuropathic pain in the context of radiculopathy[29]. This
questionnaire evaluates components pertaining to neuropathic pain (for e.g., burning/tingling nature of pain); and
could have a potential use in patients with CP to assess
the neuropathic component of the total pain. Persistence
of theta wave on EEG is another proven feature of development of central neuroplasticity[26]. However, this has
not been tested and validated in large multicenter studies
to be recommended for use in the routine clinical setting.
Furthermore, even though few groups have used quantitative sensory testing for evaluation of pain in CP, this
may not be feasible widely[30].

ischaemia, and neural inflammation. For the management
of chronic and recurrent pain in CP, following treatment
modalities have been practiced.
Analgesics
For short-term relief of pain in CP, the World Health
Organization pain ladder, starting with an nonsteroidal
anti-inflammatory drugs may be followed[33]. It is a common practice in many western countries to use opiates
long-term to ameliorate chronic and recurrent pain. However, even though high potency opiates like morphine
and analogues are effective, they should be avoided as a
first line drug as far as possible due to the risk of drug
dependence and potentiation of side effects, including
narcotic bowel syndrome. Furthermore, morphine and
codeine can cause activation and degranulation of mast
cells, thereby overriding the beneficial effect while worsening the inflammation and pain[34]. Tramadol, though a
low potency selective μ-opiate receptor agonist, has been
shown to be as effective as higher potency narcotics but
with a significantly better safety profile[35]. Other effective
alternatives for severe continuing pain include epidural
buprenorphine and transdermal fentanyl (patch)[36].

PAIN MANAGEMENT BEYOND DUCTAL
DECOMPRESSION
In routine pancreatology practice, usually three broad
categories of CP patients with recurrent or persistent
pain are encountered, namely those with ductal obstruction (with calculi or stricture), those after ductal decompression (post-endotherapy/surgery) with a dilated duct
and those with a non-dilated duct but only parenchymal
changes. In the first category, ductal decompression in
the form of endotherapy (ESWL with/without ERCP
and ductal stenting) is the current standard of care[31,32].
Discussion of management of this group of patients is
out of the scope of the current review. In the second category, it is important to rule out recurrent stones (which
may be radiolucent), stricture, local complications (like
inflammatory mass, biliary obstruction, pseudocysts), and
cancer. In the absence of these, recurrent pain in this
group of patients (and also in the third group) is most
likely to be associated with predominant neural mechanisms resulting from interstitial hypertension, tissue

WCG|www.wjgnet.com

Antioxidant micronutrients
The primary aim of antioxidant micronutrient therapy in
CP is to supply methyl and thiol moieties for the transsulfuration pathway, which is essential for protection against
reactive oxygen species (ROS) mediated electrophilic
stress[37]. It has been demonstrated in clinical studies that
there is a significant reduction in antioxidant defense
in patients with CP. Studies from the United Kingdom,
India and Spain have used a antioxidant cocktail consisting of methionine, organic selenium, ascorbic acid,
β-carotene, and α-tocopherol; out of which 2-4 g/d of
methionine (which preserves the transsulfuration path-
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Table 1 Studies evaluating the role of antioxidant micronutrients on clinical outcomes, including pain, in patients with chronic
pancreatitis
Ref.

Study type

Antioxidant micronutrients used

Indications; study duration

Outcomes

DB double dummy
cross over
De las Heras Castaño et al[39] 2000
Open label

Vit C; Vit E; Beta carotene; Selenium;
Methionine
Vit C; Vit E; Beta carotene; Selenium;
Methionine

n = 20 (ACP, ICP, IAP) 20 wk

↓ in VAS

n = 19 (ACP, ICP, RAP) 12 mo

Dite et al[40] 2003
Kirk et al[41] 2006

Vit C; Vit E
Vit C; Vit E; Beta carotene; Selenium;
Methionine
Vit C; Vit E; Beta carotene; Selenium;
Methionine

↓ in VAS,
↓ admission,
↑ exocrine fn
Pain abolished in 44%
↑ QOL

n = 127 (ACP, ICP); 80% power;
6 mo

Vit C; Vit E; Beta carotene; Selenium;
Methionine

n = 70 (ACP, ICP); 80% power;
6 mo

[38]

Uden et al

1990

Open label
DB RCT cross over

Bhardwaj et al[42] 2009

DB RCT

Siriwardena et al[43] 2012

DB RCT

n = 70 (ACP, ICP) 12 mo
n = 19 (all ACP) 20 wk

32% patients pain free
↓ No. of painful days
↓ analgesic need
↔ pain
↔ QOL

↓: Indicates reduction; ↑: Indicates improvement; ↔: Indicates equivocal. DB: Double blind; RCT: Randomized controlled trial; QOL: Quality of life; Vit: Vitamin;
ACP: Alcoholic chronic pancreatitis; IAP: Idiopathic acute pancreatitis; RAP: Recurrent acute pancreatitis; fn.: Function; ICP: Idiopathic chronic pancreatitis.

way in acinar cells) is believed to be the most important.
Table 1 shows the clinical trials that have evaluated the
effect of antioxidant micronutrient supplementation on
pain relief in CP[38-43]. The largest randomized controlled
trial (from India) with 127 patients that used organic
selenium (600 μg), ascorbic acid (0.54 g), β-carotene
(6000 IU), α-tocopherol (270 IU) and methionine (2 g)
for six months demonstrated a significant reduction in
the number of painful days compared to placebo (7.4 ±
6.8 d vs 3.2 ± 4.0 d, respectively; P < 0.001) and use of
analgesic tablets per month[42]. There was also significant
concomitant reduction in markers of oxidative/electrophilic stress like TBARS and improvement in antioxidant
capacity. However, the clinical efficacy found in this trial
was negated by the most recent randomized trial from
Manchester (ANTICIPATE study), which concluded that
even though micronutrients increased the antioxidant levels in blood, they did not produce adequate pain relief[43].
It is important to note that in contrary to the Indian
study, patients in the ANTICIPATE study were on high
dose of narcotics, many continued to consume alcohol
and many did not respond to other forms of therapy either[44,45]. We believe that the optimal dose of antioxidant
micronutrients confers definite benefit in terms of pain
relief in carefully selected patients with CP. Even though
it is advisable to monitor plasma glutathione and micronutrient concentrations, and titrate doses accordingly, in
practice this may not be feasible.
In addition to the fixed dose antioxidant cocktail regimen, it is also important to give dietary advise on intake
of anti-oxidant rich diet, and avoid practices that can
adversely affect the bioavailability of dietary antioxidants
(e.g., vegetables cooked in high temperature)[46]. Folate
deficiency can hinder with methionine recovery for the
transsulfuration pathway[2,47]. Therefore folic acid supplementation could provide additional benefits especially to
the alcoholic CP patients.

tiline) and serotonin-norepinephrine reuptake inhibitors
(like duloxetine) are frequently used for refractory pain in
CP, based on the observed benefits in other neuropathic
states. Similarly, anticonvulsants like gabapentin and pregabalin, which are first line drugs for diabetic neuropathy
have also been used. However, among all these agents,
only pregabalin have been tested in a randomized controlled setting. A recent randomized controlled trial (RCT)
evaluated the effect of increasing doses (150-600 mg/d)
of pregabalin for three weeks on pain in 64 patients with
CP; and demonstrated that there was significant reduction
in pain score in the pregabalin arm [-36% (95%CI: -43 -29)] vs -24% (95%CI: -31 - -16); P = 0.02][48]. Significant
improvement was also observed in the patient’s global
impression of change at the end of the study. Ninety-one
percent of patients had some adverse events in this trial,
of which the most common were neurological (feeling
drunk in 35%, and light-headedness in 12%). Rest of the
adverse events was similar to those in the placebo arm.
The number (proportion) of patients with serious adverse
events in the pregabalin and placebo patients was 4 (12%)
and 2 (7%) respectively; and this difference was not statistically significant. Pregabalin is α2δ receptor blocker that
decreases presynaptic release of glutamate, noradrenaline and substance P; and has been shown to improve
pain in CP by inhibiting central sensitization[49]. Studies
have shown that the inhibition of central sensitization is
manifested by normalization of the theta band on EEG,
particularly in the parietal lobe[50]. These studies does give
a comprehensive mechanistic insight of the beneficial role
of pregabalin on chronic pain in CP. Further long-term
follow-up studies would complement the current evidence
and provide data on the long term efficacy of the drug.
Pancreatic enzymes
Pancreatic enzymes have been often used to control pain
in CP. This is based on the hypothesis that proteases in
the enzyme supplement would inhibit overstimulation of
duodenal cholecystokinin (CCK) receptors, which will

Drugs that interfere with neural transmission
In clinical practice, tricyclic antidepressants (like amitryp-
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Surgery
Other than drainage procedures, surgical interventions
for pain control in CP includes resectional procedures
like classical (Kausch Whipple) or pylorus preserving
(Traverso-Longmire) pancreaticoduodenectomy, distal
pancreatectomy and total pancreatectomy. Pancreaticoduodenectomy is particularly useful in pain with an
associated inflammatory head mass. Even though longterm pain relief has been demonstrated in 75%-95% of
patients, this procedure is associated with worsening of
exocrine and endocrine functions[59,60]. Similarly, endocrine and exocrine insufficiency is seen in 80%-95% patients undergoing distal pancreatectomy[61]; and is therefore currently performed only for recurrent pain with
localized disease (such as a stricture in the upstream duct
not amenable to endotherapy). Total pancreatectomy is
also infrequently performed in view of the associated
significant morbidity. However, with the development of
islet transplantation, there has been a renewed interest
in select centers in total pancreatectomy with autoislet
transplantation in patients with end stage CP. However,
it should be borne in mind that even after removing the
entire pancreas, as high as 40% of patients could still
require analgesics even after 2 years of follow-up[62].
Many a time, a resectional procedure is combined with a
drainage procedure, like Frey’s, Beger’s, Berne’s and the
V-shaped procedure, in order to provide the benefit of
both ductal decompression and removal of a part of the
inflamed pancreas (especially an inflammatory mass).
Bilateral thoracic splanchnicectomy is yet another
infrequently used surgical modality that could ameliorate
chronic pain in patients with CP; and have recently been
shown to inhibit pain by predominantly impairing adrenomedullary function[63].

in turn inhibit the food induced feedback loop thereby
putting the pancreas to rest. However, meta-analysis of
six double-blinded RCTs from 1983-1995 involving 186
patients concluded that pancreatic enzymes confer no
benefit in pain relief[51]. Similarly, a Cochrane Systematic
Review of 10 RCTs (2 parallel design and 8 cross over)
involving 361 patients found equivocal pain relief, fecal fat
excretion and improvement in quality of life in the pooled
analysis[52]. However, the individual trials in the two studies that used non-enteric coated preparations did show
significant improvement in pain[53,54], thereby fitting into
the notion of reducing post-prandial pancreatic secretion
by CCK receptor inhibition. This does not happen with
the enteric-coated preparations because the release of
these enzyme preparations (which should happen at a pH
of 5.5) in the duodenum is erratic and non-uniform due
to reduced ductal bicarbonate secretion in CP. The enzymes from the enteric-coated preparations are generally
released more distally in the jejunum and ileum. Unfortunately, almost all currently available enzyme preparations
are enteric coated and should not be prescribed for pain
relief as a sole indication. Non-enteric coated enzyme
preparations (wherever available) can be of some benefit
to a subgroup of patients with post-prandial pain. It is important to prescribe non-enteric preparations along with a
proton pump inhibitor or H2 receptor blocker in order to
prevent gastric acid mediated degradation of the enzymes
in the stomach.
Celiac plexus block
Celiac plexus block with a local anesthetic (bupivacaine)
with or without a combination of steroid (triamcinolone)
is another modality for treatment for pain in chronic pancreatitis. Even though this can also be performed percutaneously, endoscopic ultrasound (EUS) based procedure
has better results and negligible risk of developing paraplegia, which is associated with the percutaneous technique[55]. However, the overall benefits of celiac plexus
block are about 55% after 4-8 wk and a dismal 26% and
10% after 12 and 24 wk respectively[56]. Therefore, this
modality should be kept as rescue therapy for patients
who do not respond to conventional medical and endoscopic therapy and are not ideal surgical candidates. EUS
guided celiac ganglion neurolysis with absolute alcohol is
another option, but is too extreme for a benign disease,
especially in the presence of additional central mechanisms of chronic pain[57].
Side-effects of celiac block are seen in 10%-33% of
patients. The most common side effects include transient
self-limiting diarrhea and orthostatic hypotension, owing
to the sympathetic blockade with relatively unopposed
visceral parasympathetic activity[56,58]. Diarrhea usually
settles in 48 h. Occasionally the patient may complain of
an increase in the pain. Serious complications like retroperitoneal bleeding and peripancreatic abscess have infrequently been reported. An additional problem with the
use of alcohol is the development of dense desmoplasia,
which might make future pancreatic surgery difficult.
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Miscellaneous
Both short and long acting octreotide have been attempted in pain management in advanced CP in smallscale studies[64,65]. Even though satisfactory pain relief
has been documented, the results need to be verified in
larger trials. Furthermore, whether the pain relief is better in patients with or without ductal obstruction also
needs to be examined. Other than octreotide, secretin
infusion has also been evaluated in a recent phase Ⅱ trial
with equivocal results[66]. Few of the modalities that have
been used as adjuncts to medical/surgical therapy include
spinal cord stimulation[67], cognitive-behavioral therapy,
and other alternative approaches for chronic pain states.
However, none of these are backed by sufficient goodquality evidence to be currently recommended specifically
for pain in CP.

HURDLES IN MANAGING PAIN IN CP
Even though much have been understood on pain mechanisms in CP, there are still several hurdles in pain management in clinical practice. Firstly, several mechanisms
might be simultaneously operating at any particular time
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Recurrent/persistent pain
NSAIDs/low potency opiates for
acute/short term relief

Ductal
obstruction

Post ductal
clearance

Small duct
disease

Methionine containing antioxidant micronutrient cocktail
Ductal decompression
(endotherapy/surgery)

Inadequate response/
Pain s/o neuropathy

Evaluation for
Recurrent ductal obstruction
(stones/stricture)
Local complications
Pancreatic cancer

Recurrence of pain

Pregabalin

Absent
Present

Inadequate response

Other combinations (SSRI, NERI) ± celiac neurolysis

Treat accordingly

Figure 3 Management approach for recurrent and/or persistent pain in patients with chronic pancreatitis at the Asian Institute of Gastroenterology. SSRIs:
Selective serotonin reuptake inhibitors; NERI: Norepinephrine reuptake inhibitor; NSAIDs: Nonsteroidal anti-inflammatory drugs.

point in a particular patient, thereby posing a question on
selecting the most appropriate and optimal modality. Secondly, there are no validated objective tools that can identify the pain type, thereby precluding a fixed treatment
regimen. Thirdly, there are no data to suggest an optimal
duration of treatment with antioxidant and/or pregabalin
in order to achieve long-term pain relief; as a result of
which patients might run the risk of undertreatment or
of building up excessive antioxidant micronutrients in
circulation, which could impede with the physiological
roles of ROS. Finally, there are no data on the efficacy or
adversity of combination therapy for refractory pain.

ductal obstruction are subjected to ductal clearance by
endotherapy (ESWL with or without ERCP) or surgery
(in select patients). Pregabalin is added to the regimen
for patients who do not show satisfactory response to
antioxidant micronutrient therapy and ductal decompression; and in those who shows clinical signs suggestive of
neuropathy. In patients who have recurrence of intractable pain are evaluated for recurrence of ductal obstruction, development of local complications or cancer; and
treated with additional pregabalin in the absence of these.
Patients who respond sub-optimally to these regimens
are treated additionally with combination of SSRI and
NERI like duloxetine with or without celiac plexus block.
It is important to counsel the patients thoroughly on diet
and lifestyle changes like quitting alcohol and smoking all
along the treatment sessions.

APPROACH TO PAIN MANAGEMENT
IN CP AT ASIAN INSTITUTE OF
GASTROENTEROLOGY

CONCLUSION

Figure 3 shows the treatment approach that is followed
at Asian Institute of Gastroenterology. This is a composite of clinical evidence; concepts build on experimental
data; and clinical experience. Methionine containing
antioxidants micronutrient cocktail is started early on
after the diagnosis of CP. Dose and duration of treatment is titrated according to clinical response and patient’
s tolerance to treatment. Patient with recurrent pain with

WCG|www.wjgnet.com

Pain in CP is complex, and several independent and interdependent mechanisms may manifest simultaneously in
a patient. Therefore, pain management in CP should be
individualized for each patient rather than follow a fixed
regimen. Recent laboratory data from human and experimental CP have opened up avenues to explore new and
target specific antagonists against TRPV1, NGF, PAR2,
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NK-1, CGRP and substance P.
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CHRONIC PANCREATITIS
Chronic pancreatitis is characterized by an inflammatory
process of the pancreas, which is replaced by fibrosis
and progressive destruction. Clinically, the early phase
is typically dominated by pain or recurrent episodes of
pancreatitis and complications, whereas in the advanced
phase symptoms related to exocrine and/or endocrine
insufficiency are seen. Hence, the three major clinical
features of chronic pancreatitis are pain, maldigestion,
and diabetes. The incidence of the disease has been estimated to 2-10/100000 and seems to be increasing[1],
but there are major regional differences, and in some
countries the disease is much more prevalent. It is also
likely that there are many patients with, e.g., abdominal
pain, diarrhea and malnutrition - without diagnostic classification - that in reality suffer from chronic pancreatitis.
Apart from the illness the economic burden is also of
major importance. Chronic pancreatitis has a profound
impact on social life and employment patterns[2]. For society the disease in year 2000 accounted for 327000 hospitalizations, 200000 emergency room visits and 532000
physician visits costing 2.5 billion $ in the United States[3]. Even though excess alcohol intake still is a major
risk factor, recent data suggest that in some series less
than half of the patients have alcoholic pathogenesis
and much attention has been paid to “new” entities such
as autoimmune pancreatitis[4].
In the current issue of World Journal of Gastroenterology,
different topics highlight experimental models of chronic
pancreatitis and bridge findings from recent research to
bedside[5]. The pathogenesis of pancreatitis is reviewed

Abstract
Chronic pancreatitis is characterized by an inflammatory process of the pancreas, which is replaced
by fibrosis and progressive destruction. The three
major clinical features of chronic pancreatitis are
pain, maldigestion, and diabetes. Chronic pancreatitis has a profound impact on social life and employment patterns. In the current issue, different topics
highlight experimental models of chronic pancreatitis
and bridge findings from recent research to bedside.
Although the disease is still difficult to treat the current papers represent useful guidelines on how to approach chronic pancreatitis in the clinical settings with
the major aim to improve the patient’s suffering and
quality of life.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Chronic pancreatitis; Pathogenesis; Diabetes; Treatment
Core tip: Chronic pancreatitis has a profound impact on
social life and employment patterns. In the current issue of World Journal of Gastroenterology , different topics highlight experimental models of chronic pancreatitis and bridge findings from recent research to bedside.
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in the current issue[13]. Finally, there are many challenges
when it comes to pharmacological, endoscopical and surgical treatment of chronic pancreatitis. In the paper about
pharmacology it is discussed how the influence of complications to the disease is affecting drug absorption and
metabolism[14]. Surgical and endoscopic interventions are
mainly reserved for complications such as pseudocysts,
abscesses, and malignancies. There has been a major
development of endoscopy in diagnosing complications
and treatment of complications such as endosonographic
transmural drainage of pseudocysts and biliary strictures
and this is discussed in the paper about endoscopy[15].
Finally, surgery still has a place in treatment of chronic
pancreatitis and should be considered in selected cases.
In conclusion important advances have been made
in recent years with respect to our understanding of the
pathogenesis of chronic pancreatitis. Although the disease is still difficult to treat the current papers represent
useful guidelines on how to approach chronic pancreatitis in the clinical settings with the major aim to improve
the patient’s suffering and quality of life.

using the recent “MANNHEIM” classification, which
may help us in correct diagnostics and subsequent treatment[6]. Diagnosing of chronic pancreatitis has been
challenging and imaging techniques are emerging. The
main development has been within magnetic resonance
imaging and ultrasonography. Two review papers outlined state-of-the-art as well as arising techniques such as
diffusion-weighted imaging to indirectly assess the degree
of fibrosis[7]. Contrast enhanced ultrasonography and
elastography are other examples of new techniques to e.g.,
differentiate between malignancy and benign lesions[8].
As support for imaging in diagnostics it is of major importance to assess the degree of exocrine and endocrine
insufficiency. The so-called “direct or invasive methods”
for assessment of exocrine insufficiency such as the
Lundh test has been replaced by methods that are more
suitable for screening, although imaging methods such as
estimation of pancreatic juice flow during secretin stimulation may end up being a major supplement to screening methods. The pros and cons for different methods
to unravel exocrine insufficiency are also outlined in the
current issue[9]. Treatment of uncomplicated disease is
usually conservative, with the major aim to effectively alleviate pain, maldigestion, and diabetes. Malnutrition due
to the lack of enzymes results not only in weight loss,
but also in specific deficits in vitamins and nutrients that
are essential for normal physiological functioning. Malnutrition as complication to chronic pancreatitis is often
overlooked and it is of major importance that gastroenterologists are aware of this in the differential diagnosis
of patients with weight loss. The paper about nutrition
highlights that depletion of nutrients on the one hand
and malabsorption (with potential changes in metabolic
activity) on the other shall both be considered to avoid
severe complications[10]. Another frequent complication
is pancreatic pain. The pain is severe and often postprandial resulting in malnutrition despite adequate enzyme
replacement therapy. There has been an increasing understanding of the pathogenesis of pain in chronic pancreatitis. Hence, many patients suffering from undiagnosed
extrapancreatic causes for the pain should be treated appropriately. Although the pain can be related to strictures
and stones in the main pancreatic duct, new research
has questioned the importance of the micro-and macrostructural pathological findings. Neurogenic pain due to
destruction of the nerves may rather play a role for the
pain in the majority of patients - and should be treated
accordingly[11]. In the paper about pain treatment there
is an update on the current treatment options and it is
highly recommended that clinicians are aware of the possibilities for optimal pain relief[12]. Diabetes complicating
chronic pancreatitis (type 3c) is a special entity that differs
from type 1 and 2 as a variety of hormones apart from
insulin are lacking - and the malabsorption also has to be
taken into consideration. Despite the importance of this
complication few papers have explored the pathogenesis
and treatment of type 3c diabetes and this is also updated
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Core tip: Choosing the right model of pancreatitis is
difficult and the scientific rationale needs to be carefully considered. Furthermore, no model of pancreatitis
parallels all classical symptoms and the question under
investigation is of importance when choosing a model.
One of the main symptoms of chronic pancreatitis is
visceral pain and in order to improve the pain treatment and obtain more knowledge about the physiology
behind the pancreatitis associated visceral pain, animal models of pancreatitis associated visceral pain are
needed.
Original sources: Zhao JB, Liao DH, Nissen TD. Animal models of pancreatitis: Can it be translated to human pain study?
World J Gastroenterol 2013; 19(42): 7222-7230 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v19/i42/7222.htm
DOI: http://dx.doi.org/10.3748/wjg.v19.i42.7222

Abstract
Chronic pancreatitis affects many individuals around
the world, and the study of the underlying mechanisms
leading to better treatment possibilities are important
tasks. Therefore, animal models are needed to illustrate
the basic study of pancreatitis. Recently, animal models
of acute and chronic pancreatitis have been thoroughly
reviewed, but few reviews address the important aspect on the translation of animal studies to human
studies. It is well known that pancreatitis is associated
with epigastric pain, but the understanding regarding
to mechanisms and appropriate treatment of this pain
is still unclear. Using animal models to study pancreatitis associated visceral pain is difficult, however, these
types of models are a unique way to reveal the mechanisms behind pancreatitis associated visceral pain. In
this review, the animal models of acute, chronic and
un-common pancreatitis are briefly outlined and animal
models related to pancreatitis associated visceral pain

WCG|www.wjgnet.com

INTRODUCTION
Pancreatitis represents a common disorder of the gastrointestinal tract. Acute pancreatitis (AP) has an incidence
ranged from 4.9 to 35 per 100000 populations[1], whereas
chronic pancreatitis (CP) has an incidence from 2.4 to 4.4
per 100000 populations[2]. The etiology of this disease is
complex and so far a variety of environmental factors including alcohol abuse, nicotine habits, hereditary factors,
efferent duct obstructions, immunological factors and
rare metabolic factors have all been described. However,
the pathophysiology of AP and CP remains poorly de-
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fined[3]. As a result appropriate therapies are still limited,
and prognosis has not improved to date, which is mainly
due to the lack of a satisfactory animal model of pancreatitis[4,5].
It is well known that pancreatitis is associated with
visceral pain, however, the understanding of pain signaling related to pancreatitis is poor[6]. In order to facilitate
the development of new pharmaceutical treatments for
AP and CP, characterization of the mediators and receptors or ion channels on the sensory nerve terminals and
the pathways of the pain signaling are needed. Therefore,
in this aspect, the animal models of pancreatitis are needed in parallel in order to explore the mechanism behind
pancreatitis associated visceral pain, as this is difficult to
study in humans.
In this review, we briefly outline the animal models
of acute, chronic and un-common pancreatitis as well as
animal models related to pancreatitis associated visceral
pain.

Table 1 Different animal models of acute pancreatitis
Methods Models and examples
NonHormone-induced
Acute caerulein pancreatitis of rats[12], mice[13], dogs[14], and
invasive
syrian hamsters[15]
Trinidadian scorpion toxin induced acute pancreatitis in
dogs[16]
Alcohol-induced: rats[17-19], cats[20] and dogs[21]
Immune-mediated
Ovalbumin in rabbit[22]
Foreign serum in mice[23] and rat[24]
Spontaneous model of autoimmune acute pancreatitis mice[25]
Diet-induced: Fed a choline-deficient diet containing ethionine
in mice[26]
Gene knockout: Interleukin (IL)-1 and tumour necrosis
factor-a[27], IL-6[28], IL-10[29], chemoattractant cytokine
receptor-1[30], neurokinin-1 receptor[31], intercellular adhesion
molecule 1 (ICAM-1)[32], metallothionein-1[33], cathepsin B[34],
mouse a2-macroglobulin and murinoglobulin[35], complement
factor C5a[36], granulocyte-macrophage colony-stimulating
factor[37] and phospholipase A2[38]
L-arginine-induced: Administration of a large dose of
L-arginine in rats[39,40]
Invasive
Closed duodenal loop (CDL): Dog[41] and rat[42,43]
Antegrade pancreatic duct perfusion: Cat[44] and rat[45]
Various compounds infusion into the pancreatic duct: Rat[46]
and dog[47]
Combined intraductal glycodeoxycholic acid with
intravenous caerulein: Rat[48]
Vascular-induced
Impairment of pancreatic circulation in dogs[49]
To occlude pancreatic arteries in rats[50]
Occlusion of pancreatic veins in dogs[51] and in rats[52]
Complete but reversible ischaemia of the pancreas by
occluding different arteries using microvascular clips: Rats[53]
and canine[54]
Duct ligation
Ligating the distal bile duct at the level of the duodenum[55]
Combined pancreatic duct ligation with the secretory
stimulation, secretin in dogs[56]
Combining duct ligation with both secretory stimulation
and minimal arterial blood[57]
Duct-ligated opossums models[58]
Transient obstruction of the sphincter of Oddi (SO) in
Australian brush tailed possums[59]

ANIMAL MODELS OF ACUTE
PANCREATITIS
AP is an inflammatory condition of the pancreas characterized clinically by abdominal pain and elevated levels of
pancreatic enzymes in the blood[7]. Other characteristics
of AP include edema, acinar cell necrosis, hemorrhage,
and severe inflammation of the pancreas. Severe AP
may lead to systemic inflammatory response syndrome
and multi-organ dysfunction syndrome, which account
for the high mortality rates of AP[8,9]. As it is difficult to
study AP in the clinic, animal studies are important in
order to understand the pathogenesis of AP, however
an AP model which is strictly comparable to human AP
is still needed. The current animal models of AP have
contributed to our knowledge of mechanisms involved
in early cellular events, pathogenesis and pathophysiology
of AP[10,11]. We have illustrated the summary of existing
AP animal models in Table 1[12-59]. Details of different AP
animal models including advantages, disadvantages and
clinical relevance can be found in a recently published
review[4]. From a methodological aspect, selecting the appropriate AP animal model depends on the objectives of
each study as different animal models are targeted to different AP features. For developing the effective treatment
for AP in the clinic, continued investigation of AP animal
models are needed.

netic variants. In the same way for animal models of AP,
the models of CP can be classified into noninvasive or
nonsurgical models and invasive or surgical models. Table
2 summarizes different animal models of CP[60-100].
In the non-invasive models, repetitive caerulein injections are amongst the most widely used models. Firstly,
caerulein injections are relatively easy to perform and
show a high reliability and reproducibility. Secondly,
other compounds mediating injury such as lipopolysaccharides or cyclosporin A can easily be added to the design. Thirdly, serial caerulein injections can be performed
in transgenic or knockout animals. It is likely that there
are dose and frequency dependency for caerulein. The
most translational models include repetitive injections of
L-arginine, which appears to produce CP similar to that
in humans[70-72]. In this model, ﬁbrotic tissues are progressively replaced with adipose tissue. Due to the high

ANIMAL MODELS OF CHRONIC
PANCREATITIS
A recently published review[5] has described the most
frequently used and best established models for CP in
animals. The majority of the animal models are rodent
models, since mice and rats are easy to handle and there
is a steadily increasing number of genetic models obtained by gene deletion or transgenic expression of ge-
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infusion of NaTc[72] can generate pancreatitis, however
the structure of the pancreatic tissue will return to an
almost normal state after 14 d. Retrograde infusion of
oleic acid[72,88-91], viscous solution of zein[92], a mixture of
zein-oleic acid or a viscous solution consisting of zeinoleic acid-linoleic acid[93,94] into rat pancreatic duct will
cause severe pancreatic atrophy with irregular ﬁbrosis and
fat replacement over a period of 6 mo. However, these
models of pancreatitis appear quite distinct from CP in
humans. As one factor alone is inadequate to cause persistent pancreatic injury, a combination of transient stasis
of pancreatic juice flow and mild pancreatic duct injury
is a well established and reliable method to generate CP
in animal models[95]. It is well known that pancreatic ductal hypertension contributes to the pathogenesis of CP;
therefore animal models can also be generated by complete obstruction of the pancreatic duct[96-98], incomplete
pancreatic duct ligation[99] and occlusion with different
tissue glues[100]. Yamamoto et al[102] developed an animal
model with pancreatic ductal hypertension and demonstrated that this plays an important role in the onset and
development of CP in rats. However, models for CP
based on duct obstruction are not common and there is
only a minority of studies examining the morphological
and biochemical changes of the pancreas after duct ligation[41,103,104].

Table 2 Different animal models of chronic pancreatitis
Methods

Models and examples

Noninvasive

Caerulein-induced
Serial caerulein injections in mice[60] and rats[61]
Combination of repetitive caerulein injections with
toxins and other agents such as lipopolysaccharides[62],
cyclosporin A[63], dibutyltin dichloride[64] and Alcohol[65-67]
Intraperitoneal caerulein injections are administered in
genetically transformed mice such as TRX-1 transgenic
mice[68,69]
Arginine-induced
A single L-arginine injection in rat[70]
Serial L-arginine injections[70-72]
Alcohol feeding-induced: Lieber-DeCarli formula[73-76]
Genetic models: Wistar Bonn/Kobori (WBN/Kob) rats[77-79];
R122H transgenic mice[80]; SPINK3-deficient (SPINK3-/-)
mice[81]; CFTR-deficient (cftrm1UNC) mice[82] and CFTR(-/-)
pigs[83]; Kif3a-deficient mice[84]; PERK-deficient (PERK-/-)
mice[85]; Interleukin 1-β transgenic mice[86]
Sodium taurocholate-induced: Retrograde infusion of
sodium taurocholate (NaTc) into the pancreatic duct
system of the rat[87]
Oleic acid-induced: Retrograde infusion of oleic acid[72,88-91],
viscous solution of zein[92], mixture of zein-oleic acid,
or viscous solution consisting of zein-oleic acid-linoleic
acid[93,94] into rat pancreatic duct
Congestion of pancreatic fluid flow: Combination of
transient stasis of pancreatic juice flow and mild pancreatic
duct injury[95]
Duct ligation model
Ligation of the common bile duct close to the duodenum
pancreatic tissue in dogs[96], mouse[97] and pigs[98]
Incomplete pancreatic duct ligation in canine[99]
Occlusion with two different tissue glues in the rat[100]

Invasive

ANIMAL MODELS OF UN-COMMON
PANCREATITIS
Un-common types of pancreatitis can include autoimmune pancreatitis (AIP), hereditary pancreatitis [105],
groove pancreatitis[106], tropical pancreatitis, pancreatitis in
ectopic or heterotopic pancreatic tissue, ascaris-induced
pancreatitis, pancreatitis in cystic fibrosis, pancreas divisum, annular pancreas, pancreatic cancer manifesting as
AP, and duodenal villous adenoma with pancreatitis. With
exception of AIP and hereditary pancreatitis, no relevant
animal models were found for other un-common pancreatitis. Furthermore, hereditary pancreatitis animal models
were mentioned in the genetic animal models of CP
above. Therefore only animal models of AIP are briefly
introduced in this section.
To date, several animal models of AIP have been
described. The first model involves the adoptive transfer
of amylase-specific (an antigen mainly located in acinar
cells) CD4+ T cells and results in pancreatitis in naive
syngenic recipient animals[107]. Notably, the histological
lesions of this model mimic the lobulocentric inflammatory reaction in type 1 AIP. A model developed by immunization of neonatally thymectomized mice with CA (an
antigen mainly located on the pancreatic epithelium) and
later transfer of CD4+ lymphocytes resulted in a ductcentric pattern of pancreatitis resembling type 2 AIP[108].
In another model, NTx-NFS/sld mice spontaneously
developed sialoadenitis in which a-fodrin was involved as
an autoantigen, as reported in some patients with Sjogren
syndrome and AIP[109]. Transforming growth factor-β

impact of alcohol consumption as a risk factor on the
pathogenesis in human pancreatic diseases, alcohol has
frequently been used to trigger CP in animal models[73,74].
However, it is still being considered whether a model
for CP induced by alcohol alone is feasible or satisfactory. The combination of alcohol feeding with caerulein
injections exacerbates the course of pancreatitis and
consequently increases pancreatic fibrosis and the loss
of parenchyma.
Genetic animal models of CP are suitable for different studies. It is well known that activation of trypsinogen is one of the key events in the early phase of
pancreatitis, and therefore genetic abnormalities found
in the trypsinogen gene and in its inhibitors might be
of particular importance of which R122H transgenic
mice[80] are a good example. Transgenic expression of the
R122H mutation of murine trypsin 4 in the pancreas of
mice led to progressive fibrosis and chronic inflammation
of the pancreas. Repetitive inductions of experimental
pancreatitis with supramaximal doses of cerulein resulted
in extensive deposition of collagen in periacinar and perilobular spaces of this transgenic animal. However other
genetic models might also help us to understand how CP
develops[77-79,81,83-86,101].
Invasive animal models can also be used to induce
CP. As an example, retrograde infusion of sodium taurocholate (NaTc) into the pancreatic duct[46] or intraductal
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(TGFβ) appears to be an important regulatory factor in
maintaining immune homeostasis. Loss of TGFβ signalling contributes to AIP in TGFβ dominant negative mutant mice[110].
Recently two animal models for AIP were proposed.
The WBN/Kob rat model, associated with congenital
decreased peripheral Tregs spontaneously develops sialoadenitis, thyroiditis, sclerosing cholangitis and tubulointerstitial nephritis[111]. Although the target antigens
remain unclear, CD8+ cells may be the effector cell in this
rat model[112]. Another recently described animal model
of AIP is the Treg-deficient NOD mouse[113]. CD28KO
mice spontaneously develop AIP that closely resembles
the human disease[113]. More recently, Haruta et al[114] investigated the possible involvement of chronic, persistent
exposure to avirulent bacteria in the pathogenesis of AIP
using C57BL/6 mice.
Existing animal models for AIP have several limitations. In most models the disease is induced by adoptive
transfer of autoreactive cells and/or antibodies rather
than spontaneous development of the disease with identical antigen specificity. The distribution of lesions produced in animal models for AIP is also variable. This may
be attributed to the diversity of target antigens, different
methods of immune staining and different mouse strains.
In addition, typical histopathological findings of AIP (e.g.,
lymphoplasmacytic infiltration with fibrosis, obliterative
phlebitis and GELs) are rarely observed in animal models. Thus, there is a need to develop spontaneous animal
models with identical autoantigens and typical histopathological findings for AIP.

expression of nerve growth factor (NGF) in the pancreas
and calcitonin gene-related peptide (CGRP), substance
P (SP), proteinase-activated receptor 2 (PAR2), and
brain-derived neurotrophic factor (BDNF) in thoracic
dorsal root ganglion and spinal cord segments[118,122-124].
Increased expression of NGF, CGRP, SP and BDNF has
also been shown in human patients with CP[125-127].
Several animal models have investigated the mechanisms involved in pain accompanying CP. Takamido et
al[119] reported morphological changes of the nervous
system being involved in development of CP pain. This
study suggested that elongation of dorsal root ganglia
axons and enlargement of intrapancreatic nerve bundles
as being a possible mechanism of pain generation in
CP. On a supraspinal level, findings have suggested that
descending facilitation from the rostral ventromedial medulla plays an important role in persistent pain associated
with CP[128]. Furthermore, recent rat experiments have
suggested that spinal microglia becomes activated during
CP and has an important role in initiating and maintaining chronic pain[129].

TRANSLATION OF PANCREATITISASSOCIATED VISCERAL PAIN STUDY
FROM ANIMAL TO HUMAN
It may be difficult to use animal models to study pancreatitis associated visceral pain as pain is a subjective experience. However animal models are needed to explore the
molecular mechanisms behind pancreatitis associated visceral pain as this is difficult to study in humans. The molecular mechanisms behind the chronic pain associated
with CP are poorly understood, but within recent years,
animal experiments have suggested some mechanisms
that might be involved. The transient receptor potential
vanilloid 1 (TRPV1) and transient receptor potential ankyrin 1 (TRPA1) have been shown to be contributing factors to pain in CP[122,130,131]. It has been shown that CP is
accompanied by an increased level of NGF which caused
an up-regulation of TRPV1 expression and sensitivity,
resulting in hyperalgesia and allodynia[122,130]. TRPA1 is
important in both inflammation and pain in CP and can
be sensitized through activation of PAR2[131].
The mechanisms mentioned above could be used as
targets for the development of novel therapeutics, aiming
at treating the chronic pain accompanying CP. Neutralizing antibodies against neurotransmitters such as BDNF
and NGF[124,130] or receptor specific antagonists[122] has
proven to reverse the characteristic nociceptive behavioral changes induced by CP in several of the experimental
models. Furthermore, inhibition of trypsin or inhibition
of microglia activation has also abrogated the pain related
behavior seen in response to CP[123,129]. All these different
mechanisms of pain treatment in CP models could have
a potential as targets for novel pharmacological treatment of the chronic pain associated with CP in human
patients. Also established analgesic drugs such as gaba-

VISCERAL PAIN IN ANIMAL MODELS OF
CHRONIC PANCREATITIS
One of the main clinical symptoms of CP in humans is
pain, occurring either in episodes or as a constant disabling pain[115,116]. Hence, an important goal of treatment
for CP is to relieve the pain. The analgesic treatment is
often inadequate as the pathophysiology behind CP as
well as the mechanisms behind the accompanying pain is
not yet fully understood[117]. As described in the previous
sections, no single animal model displays all aspects of
CP and each of the different models display histological
similarities to the human condition to various degrees.
In order to improve the pain treatment and obtain more
knowledge about the physiology behind CP associated
pain, animal models of CP associated pain are needed.
Rat models of CP where pancreatic nociception was
investigated, have been established through invasive, noninvasive and spontaneous models[118,119]. In these models
pancreatic pain has been shown through both mechanical and thermal stimulation of the abdomen (referred
pain[120]) as well as direct electrical stimulation of the
pancreas[118,121]. These models had histopathological similarities to the human disease and had progressive fibrosis
and inflammation. Furthermore, the models showed
correlation between nociceptive behaviour and increased
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pentin, buprenorphine, and morphine have been tested
in animal models of CP[118,121,132], and shown to have
analgesic effect. However, many of these therapeutic approaches need to be tested in humans, before their true
potential analgesic treatment of CP pain in humans can
be established. It is known that some of these analgesic
mechanisms are species specific and specific to the different models of induced CP.

12
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CONCLUSION
Choosing the right model of pancreatitis is difficult and
the scientific rationale needs to be carefully considered.
Furthermore, no model of pancreatitis parallels all classical symptoms and the question under investigation is
of importance when choosing a model. One of the main
symptoms of CP is visceral pain and in order to improve
the pain treatment and obtain more knowledge about
the physiology behind the pancreatitis associated visceral
pain, animal models of pancreatitis associated visceral
pain are needed.
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advanced diagnostic tools, which potentially will help
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Core tip: The reported prevalence of chronic pancreatitis (CP) is approximately 0.5%. Etiological risk-factors
associated with CP are multiple and throughout the review the M-ANNHEIM classification is used comprising
environmental factors (alcohol consumption, nicotine
habits and nutrition), hereditary, well characterized
mutations, ductal obstruction and autoimmune factors.
CP is characterized by progressive fibrotic destruction
of glandular tissue, inflammation or duct obstruction,
leading to irreversible functional impairment of both
exocrine and endocrine functions. In view of the multifactorial disease and the complex clinical picture, it
is not surprising that treatment of patients with CP is
challenging and often unsuccessful.

Abstract
Chronic pancreatitis (CP) is an inflammatory disease
of the pancreas characterized by progressive fibrotic
destruction of the pancreatic secretory parenchyma.
Despite the heterogeneity in pathogenesis and involved risk factors, processes such as necrosis/apoptosis, inflammation or duct obstruction are involved.
This fibrosing process ultimately leads to progressive
loss of the lobular morphology and structure of the
pancreas, deformation of the large ducts and severe
changes in the arrangement and composition of the
islets. These conditions lead to irreversible morphological and structural changes resulting in impairment
of both exocrine and endocrine functions. The prevalence of the disease is largely dependent on culture
and geography. The etiological risk-factors associated
with CP are multiple and involve both genetic and
environmental factors. Throughout this review the
M-ANNHEIM classification system will be used, comprising a detailed description of risk factors such as:
alcohol-consumption, nicotine-consumption, nutritional
factors, hereditary factors, efferent duct factors, im-
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INTRODUCTION
The reported prevalence of chronic pancreatitis (CP) var-
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ies due to differences in study design, diagnostic criteria,
culture and geography; however in Europe and United
States it is relatively rare varying between 0.2% and 0.6%[1].
The annual incidence is estimated to be approximately 7-10
per 100000[2]. The etiological risk-factors associated with
CP are multiple and involve environmental factors (alcohol
consumption, nicotine habits and nutrition), hereditary
well characterized mutations, ductal obstruction and autoimmune factors[3]. CP is characterized by progressive
fibrotic destruction of the glandular tissue. The secretory
parenchyma is destroyed by processes such as necrosis/
apoptosis, inflammation or duct obstruction. Increasing
evidence indicates that pancreatic stellate cells (PSC) are
the major mediators of fibrosis, resulting in the formation
of extracellular matrix (ECM) in the interstitial spaces and
in the areas where acinar cells disappear or duct cells are
injured. This process ultimately leads to progressive loss
of the lobular morphology and structure of the pancreas,
bizarre deformation of the large ducts and severe changes
in the arrangement and composition of the islets. The
fibrotic destruction of the pancreatic gland is irreversible and the morphological and structural changes lead to
functional impairment of both exocrine and endocrine
functions, eventually leading to malnutrition and/or diabetes[3-6]. In many aspects the PSCs share many similar
features to hepatic stellate cells and glomerular mesangial
cells. The onset of pancreatic fibrogenesis is caused by injury which may involve interstitial mesenchymal cells, the
duct cells and/or the acinar cells. Which of these elements
is affected depends on the etiological risk factor. However,
destruction to any one of these pancreatic tissue compartments is associated with transformation of resident fibroblasts/pancreatic stellate cells into myofibroblast-like phenotypes; a process called activation. In the activated state
PSCs express α-smooth muscle actin (α-SMA), proliferate, and secrete fibrillar collagens, including collagen Ⅰ and
Ⅲ and fibronectin. All together this production and
deposition of ECM is characteristic in chronic pancreatic
fibrosis, and the PSCs likely represent the wound-healing
myofibroblasts of the pancreas[7,8]. The exact pathophysiological mechanisms initiating and maintaining the development of fibrosis in the pancreas are poorly understood,
but may be viewed as a progression similar to, e.g., liver
fibrosis[9]. Hence, the initial injury to one or all of the various tissue compartments or cell types of the pancreas,
leads to cell necrosis and/or apoptosis and consequently
release of cytokines/growth factors (e.g., tumor growth
factor b1, interleukin-8, platelet-derived growth factor and
CC-chemokines), either from immigrating inflammatory
cells, especially macrophages, and/or nearby preexistent
epithelial or mesenchymal cells[10-13]. Thereafter damaged
cells are phagocytosed by macrophages, causing release of
cytokines, which in turn causes activation and proliferation
of resident fibroblasts/PCS situated in the immediate surroundings of the original site of injury, which accordingly
induces transformation into myofibroblast cells[7,14]. However, it has also been suggested as an alternative hypothesis, that the abovementioned progression is bypassed,
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Figure 1 The etiological risk-factors associated with chronic pancreatitis
are multiple and involve both genetic and environmental factors. According to the M-ANNHEIM classification system, different synergistic risk factors
are known such as: alcohol-consumption, nicotine-consumption, nutritional factors, hereditary factors, efferent duct factors, immunological factors and miscellaneous and rare metabolic factors. CP: Chronic pancreatitis.

and the initiating etiological factor (for instance, ethanol
consumption) activates resident fibroblasts directly. In the
final stage, myofibroblasts produce and extracellular matrix deposits replace the inflammatory infiltrate and affect
the architecture and function of the remaining pancreatic
tissues[4]. Subsequently, a vicious circle has started, because
in order to facilitate the deposition of the newly formed
ECM, myofibroblasts enhance production of specialized
enzymes, such as metalloproteinase matrix metalloproteinase (MMP)-3 and MMP-9, which are able to demolish the
normal pericellular ECM. These metalloproteinases are in
return regulated by cytokine tumor growth factor (TGF)β1s, which through autocrine inhibition enhances pancreatic fibrogenesis by reducing collagen degradation[8]. As a
consequence of declined ECM production (due to withdrawal of the initiating factor), myofibroblasts may disappear either through apoptosis or retransformation into
fibroblasts. Furthermore, pancreatic stellate cells express
both mediators of matrix remodeling and the regulatory
cytokine TGF-β1 that, by autocrine inhibition of MMP-3
and MMP-9, may enhance fibrogenesis by reducing collagen degradation[8]. Pancreatic stellate cells express both
mediators of matrix remodeling and the regulatory cytokine TGF-β1 that, by autocrine inhibition of MMP-3 and
MMP-9, may enhance fibrogenesis by reducing collagen
degradation[8].
To describe the heterogeneity of the underlying pathophysiology we have throughout the review used the
M-ANNHEIM classification [3], comprising detailed
description of Multiple risk factors such as: alcoholconsumption, nicotine-consumption, nutritional factors,
hereditary factors, efferent duct factors, immunological
factors and miscellaneous including rare metabolic factors
(Figure 1). Increased knowledge of the different etiological factors may encourage the use of further advanced
diagnostic tools, which potentially will help clinicians to
diagnose CP at an earlier stage.
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Figure 2 A schematic overview showing the overall hypothesis for the pathogenesis of alcoholic chronic pancreatitis. The effect of ethanol and its metabolites on the subcellular organelles include increased digestive and lysosomal enzyme content [due to increased synthesis (increased mRNA) and impaired secretion
(1)] and destabilization of lysosomes (L) (2) and zymogen granules (ZG) [mediated by oxidant stress, cholesteryl esters (CE) and fatty acid ethyl esters (FAEE) (3)].
These changes will make the cell more sensitive to trigger factors and in the presence of appropriate trigger factors, overt acinar cell injury is initiated (alcoholic acute
pancreatitis). Pancreatic stellate cells are activated by cytokines during alcohol-induced necroinflammation, or directly by ethanol via its metabolism to acetaldehyde
and the subsequent generation of oxidant stress (4). Activated pancreatic stellate cell then increases the synthesis of extracellular matrix proteins leading to pancreatic fibrosis. Modified from Vonlaufen et al[84] (5).

However, in view of the multi-factorial disease and
the complex clinical picture, it is not surprising that treatment of patients with CP is challenging and often unsuccessful.
According to the M-ANNHEIM classification, the
following etiological risk factors are involved in the
pathogenesis of chronic pancreatitis.

(< 20 g pure ethanol per day), increased (20-80 g pure
ethanol per day), or excessive (> 80 g pure ethanol per
day)[3]. While alcohol consumption is doubtlessly a contributing factor in CP, it must be noted, that considerable
amount of recent epidemiological studies and animal
experiments suggest that alcohol alone is not sufficient
to induce CP. An overview of the associations between
alcohol consumption and other risk factors are listed in
Table 1.
A multi-centre study from Italy reported that excessive alcohol consumption was the principal factor in only
34% of cases of CP[19] and an assessment from the United States concluded it was the main factor in 44% of CP
cases[20]. Moreover, African-Americans are at particular
risk of developing alcoholic CP[21]. Overall, less than 10%
of heavy alcohol consumers develop alcoholic induced
CP[17]. Hence, several theories have been proposed as to
how alcohol might lead to CP, but no clear-cut answer exists as prolonged feeding of ethanol does not trigger the
onset of CP in itself. Therefore, there are indications that
alcohol sensitizes the pancreas to other external factors
which interact to increase ethanol toxicity in vivo, such as
cigarette smoking and diet[22] or genetic predisposition).
Interestingly, alteration of pancreatic secretory trypsin inhibitor (SPINK1, Figure 3) and CFTR genes was present
in patients with alcoholic CP and the increase of those
genes was moreover associated with higher levels of alcohol consumption[23]. In this line, a recent study[24] found a
genetic variant on chromosome X near the CLDN2 gene

ALCOHOL CONSUMPTION
A relationship between alcohol consumption and pancreatic impairment has been reported as early as 1878[15]
and hence, alcohol intake has long been regarded as the
primary cause of chronic pancreatitis. Nowadays, there is
satisfactory indication that the pancreas has the ability to
metabolize ethanol via both oxidative and the non-oxidative pathways[16]. The metabolites and their byproducts
injure acinal cells and activate stellate cells to produce
and deposit ECM (Figure 2). A study by Dufour et al[17]
suggested that CP development is associated to the dose
and duration of alcohol consumption. It was estimated
that approximately 80 g of alcohol per day for a minimum of 6-12 years is required to produce symptomatic
pancreatitis. However, the consumption of lesser quantities may also lead to pancreatic injury and may have an
impact on the progression of the disease[18]. In order to
consider the risks associated with lower consumption of
alcohol, the M-ANNHEIM classification system of CP
grouped alcohol consumption into patterns of moderate
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A

B
Trypsinogen

Trypsin

SPINK1

Mesotrypsin

Enzyme
cascade

Autodigestion

Pancreatitis

Figure 3 A scheme representing the role of digestive enzymes in normal pancreatic tissue and in the case of pancreatitis. A: In a normal pancreas, SPINK1 (first
line of defense) and mesotrypsin (second line of defense) inhibit the generation of trypsin resulting from auto-activation of trypsinogen. These defense mechanisms
prevent the pancreas from activating the pancreatic enzyme cascade and auto-digestion; B: If mutations are present in the SPINK1 and/or in the mesotrypsin gene,
they losses their ability to inhibit the generation of trypsin resulting in activation of enzyme cascade and subsequent pancreatic auto-digestion leading to pancreatitis.
SPINK1: Serine protease inhibitor, kazal type 1, gene (encodes for pancreatic secretory trypsin inhibitor).

found. Another study reported that cigarette smoking
increased the risk of pancreatic calcifications in late onset
idiopathic CP in a population that never drank alcohol[26].
Moreover, a study by Maisonneuve et al[27] showed that
smoking accelerated the degenerative alcohol induced
pancreatitis quantified by the presence of calcifications
and diabetes. Recently, a study reported that tobacco
increased the occurrence of all major complications
of alcoholic CP depending on the amount of smoking
(1 pack-year is calculated as the number of cigarettes
per day, multiplied by the number of years of smoking
divided by 20 cigarettes/pack)[28]. No differences in CP
outcome were seen at nicotine consumption corresponding to 10 pack-years. At a threshold of 15 pack-years CP
was diagnosed earlier (36 years vs 46 years) and at nicotine consumption threshold of 20 pack-years up to 76%
of patients were presented with pancreatic calcifications
and ductal changes[28]. Tobacco effect on CP has long
been considered to merely potentiate the main pancreatic
toxic role of alcohol. However, although heavy smokers
tended to be heavy drinkers, these recent findings indicate that tobacco intake is an independent risk factor in
CP and accelerates the course of the disease.

Table 1 Association with alcoholic chronic pancreatitis
Factor

Association

Yes: Vonlaufen et al[83]
Nakamura et al[84]
No: Levy et al[29]
Wilson et al[85]
Drinking pattern Yes: Lankisch et al[18]
No: Levy et al[29]
Wilson et al[85]
Diet
Yes: Levy et al[29]
No: Wilson et al[85]
Tobacco
Yes: Rebours et al[28]
Maisonneuve[27]
Imoto[26]
Lowenfels[86]
No: Levy[29]
Haber et al[87]
Genetics
Yes: Whitcomb et al[24] (PRSS1-PRSS2 and X- linked
CLDN 2)
Rosendahl[88] (Chymotrypsin C gene mutation)
Miyasaka et al[89] (Cholesteryl esterlipase
polymorphism)
Ockenga et al[90] (UDP-glucuronosyl transferase)
Witt et al[91] (SPINK1 mutations)
No: Schneider et al[92]
Perri et al[93]
Frenzer et al[94]
Schneider et al[82]
Norton et al[95]
Haber et al[96]
Wilson et al[85]
Drink type

NUTRITIONAL FACTORS
Only a few studies were conducted to investigate nutritional effect on CP[29-31], finding that diets rich in fat and
protein possibly have an impact on the development of
CP. However, due to subjective descriptions of daily nutritional customs and determination of the retrospective
body mass index make it nearly impossible to deliver a
simple report of past daily nutrition in majority of patients with CP. There is a type of CP named tropical CP
which has been first described in Indonesia in 1959[32].
Tropical CP is a form of non-alcoholic CP existing in
tropical developing countries. There is some confusion
regarding the nomenclature sine tropical CP previously
was hypothesized to be linked to diets high in consumption of cassava[33], which is a root high in carbohydrates
but low in proteins and is cultivated in tropical and
subtropical regions of the world. However, a study in
rats which were fed cassava for up to one year failed to

PRSS1: Cationic trypsinogen gene; PRSS2: Anionic trypsinogen gene; CLDN
2: Claudin 2 gene; UDP-glucuronosyltransferase: Uridine 5´-diphosphoglucuronosyltransferase; SPINK1: Serine protease inhibitor, kazal type 1,
gene (encodes for pancreatic secretory trypsin inhibitor).

that predicts which heavy drinking males were in higher
risk of developing CP.

NICOTINE CONSUMPTION
Smoking has been identified as an important risk factor
for development of chronic pancreatitis. The effect of
tobacco in CP was first described in 1994[25], where heavy
smokers had a significantly increased risk of developing
pancreatic calcifications but no effects of alcohol were
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produce CP[34]. Moreover, a study in humans comparing
the amount of consumption of cassava did not observe
a difference between healthy controls and tropical CP patients[35], and today tropical pancreatitis is - at least partly
- linked to genetic mutations[36]. Hence, tropical CP is
widespread in parts of India and Africa where cassava is
not a part of nutrition and tropical CP is not observed in
rural West Africa where cassava intake is high[37]. Therefore, the cassava theory lacks evidence.

an incidence greater than expected by chance alone, given
the size of the family and incidence of pancreatitis within
a defined population[51]. Familial pancreatitis may as well
be caused by genetic mutations.
As mentioned above SPINK1 encodes PSTI (one of
the defensive mechanisms against prematurely trypsin
activity within the acinar cells) and SPINK1 mutations
are thought to be a disease modifying factor rather than
being disease causing factor in idiopathic chronic pancreatitis[52,53].
Idiopathic chronic pancreatitis is defined as cases of
pancreatitis within a family where no associated factor
can be identified and represents 20%-30% of cases of
chronic pancreatitis[54,55]. Most of the idiopathic chronic
pancreatitis cases may be due to a variety of processes
such as mutations in SPINK1 and cystic fibrosis transmembrane conductance regulator (CFTR) gene[54-56], or
Sjögren’s syndrome[57,58].
In 1998 a relationship between the CFTR gene and
idiopathic chronic pancreatitis was described[59,60], but the
underlying mechanisms leading to the development of
chronic pancreatitis are still poorly understood. CFTR is
identified as the cystic fibrosis gene and the link between
cystic fibrosis and chronic pancreatitis is that both conditions may show abnormal sweat chloride concentrations
together with pancreatic ductal obstruction caused by
inspissated secretions. Furthermore, 1%-2% of patients
with cystic fibrosis may suffer from recurrent pancreatitis[60,61], however up to 85% suffer from exocrine insufficiency and even up to 93% take exogenous pancreatic
supplements[62].
There are two forms of idiopathic chronic pancreatitis: early- and late-onset pancreatitis, which both differ from alcoholic pancreatitis. Patients with early-onset
develop calcification and exocrine and endocrine insufficiency more slowly than patients with late-onset disease,
but they experience more severe pain[63].

HEREDITARY FACTORS
Over the last decades an association between different
types of chronic pancreatitis and hereditary factors has
been reported. Hereditary chronic pancreatitis is a rare
form which is characterized by an early onset of recurrent attacks of severe epigastric pain usually before ten
years of age[38]. Back in 1952, Comfort and Steinberg[39]
first described hereditary chronic pancreatitis as an autosomal dominant disease. In 1996, the hereditary chronic
pancreatitis disease gene was mapped to chromosome
7q35, which encodes the cationic trypsinogen gene
(PRSS1), and the first mutation, R122H, was detected[40].
Ever since then, many others mutations have been identified (A16V, D22G, K23R, N29I, N29T, R122C and
R122H)[41-46] and nowadays it is known that approximately
80% of hereditary chronic pancreatitis patients have a
PRSS1 mutation[47]. R122H is the most frequent mutation
causing hereditary chronic pancreatitis, where Arginine
(Arg) is substituted with Histidine (His) at residue 117 on
codon 122[5].
Trypsinogen is the inactive pro-enzyme for trypsin
and cationic trypsinogen is the most abundant isoform in
the human pancreatic juice (Figure 3). Trypsin becomes
active when an eight-amino acid amino-terminal peptide
is removed by an enteropeptidase, and the active trypsin
plays a central role in pancreatic exocrine physiology as it
initiates the cascade activation of other pancreatic digestive enzymes. Normally minor amounts of trypsin are
activated within pancreatic acinar cells. Despite the small
amount of active trypsin, an ongoing rapid inactivation
takes place in order to prevent the digestion enzymes activation cascade and pancreatic auto digestion. To avoid
auto digestion, two inhibitory mechanisms are present.
First line of defense is the pancreatic secretory trypsin inhibitor (PSTI, gene name: serine protease inhibitor, kazal
type 1, SPINK1), which inhibits up to 20 % of the trypsin
activity[38,48]. If SPINK1 fails to inhibit the trypsin activity,
the trypsin-like enzymes (e.g., mesotrypsin) are activated
which hydrolyses trypsin and other zymogens (second
line of defense)[49,50]. Hence, any mutation in SPINK1 or
the mesotrypsin gene will delay the protection, and therefore hereditary chronic pancreatitis patients are only protected against pancreatic auto digestion and progressive
pancreatitis as long as the level of trypsin activity is less
than SPINK1 level.
In addition, a diagnosis of familial pancreatitis refers
to pancreatitis from any cause that occurs in family with
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EFFERENT DUCT FACTORS
Anatomically, the main pancreatic duct joins the common
bile duct, after which both ducts perforate the medial side
of the second portion of the duodenum at the major
duodenal papilla. Hence any obstruction (partial or complete), compression or inflammation of the pancreatic
tissue will increase the pressure within the pancreatic efferent ducts leading to ductal dilation proximal (upstream)
of the stenosis and to atrophy of the acinar cells and replacement by fibrous tissue[4]. During embryogenesis, two
efferent pancreatic ducts, a ventral and a dorsal duct fuse
together to form one main pancreatic duct. When this
fusion fails to occur, a pancreas divisum is formed, which
is one of the most frequent congenital ductal anomalies.
Theoretically this may cause flow problems within the
pancreatic duct. However, pancreas divisum is present
in up to 9% of autopsy studies and controversies exist
whether presence of this abnormality is overrepresented
in chronic pancreatitis in comparison to the normal pop-
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ulation. Despite the rarity (5-15 cases per 100000), annular pancreas is another congenital disease which may be
linked to linked to chronic pancreatitis, as the pancreatic
tissue forms a complete or partial ring around the duodenum[64].
There are various other possible causes for a duct
obstruction, but the most important and common is the
narrowing and eventual occlusion of the main pancreatic
duct in the head of the pancreas due to a ductal adenocarcinoma. Other causes for obstruction of the main
pancreatic duct include intraductal papillary-mucinous
neoplasms, cystic and endocrine neoplasms and acquired
fibrous strictures. In the smaller pancreatic ducts, ductal
papillary hyperplasia is a common cause of narrowing of the duct lumen. Finally, obstruction caused by a
gallstones in the common bile duct (choledocholithiasis)
or sphincter of Oddi dysmotility can obstruct flow and
therefore cause retention of bile in the biliary tree and
pancreatic juice in the pancreatic duct. The former is a
frequent and well-known cause for acute pancreatitis.

atic manifestations of type 1 AIP, and hence jaundice is
a common symptom[72]. Due to the multiple extrapancreatic manifestations of type 1 AIP, Kamisawa et al[73] promoted the concept of AIP as part of a clinicopathological entity of IgG4-associated systemic disease, together
with retroperitoneal fibrosis, sclerosing sialadenitis and
sclerosing cholangitis. This systemic fibroinflammatory
disease probably also includes lesions in the aorta, breast
and prostate[73-76].
Type 2 AIP patients (45% of the cases in United
States and Europe) are typically younger than type 1 AIP,
with a mean age of 40-48 years[68,77]. AIP is often associated with Crohn’s disease and ulcerative colitis[78]. The most
characteristic histological feature which distinguishes type
2 from type 1 AIP is the so-called granulocytic epithelial
lesions which are a hallmark of type 2 AIP[77,79]. Besides,
type 2 AIP is usually not associated with the extrapancreatic manifestations observed in type 1 AIP.

MISCELLANEOUS
Tropical chronic pancreatitis
Tropical chronic pancreatitis may be referred to an idiopathic, juvenile, non-alcoholic form of chronic pancreatitis widely prevalent in the developing countries of
the tropical world. Tropical chronic pancreatitis can be
sub-grouped in two entities: Tropical calcific pancreatitis
and fibrocalculous pancreatic diabetes. Tropical calcific
pancreatitis describes the early pre-diabetic stage of the
disease and affects younger people. Tropical calcific pancreatitis is characterized by severe abdominal pain, pancreatic calcification, and signs of pancreatic dysfunction
(no diabetes mellitus at the time of diagnosis). Fibrocalculous pancreatic diabetes describes the late diabetic stage
of the disease where diabetes mellitus is the first major
clinical sign to determine the diagnosis of fibrocalculous
pancreatic diabetes. The etiology of tropical calcific pancreatitis and fibrocalculous pancreatic diabetes has shown
to be related to genetic mutations in the SPINK1 gene,
but it is still unknown if environmental factors have an
influence[36,80-82].

IMMUNOLOGICAL RISK FACTORS
Immunological risk factors involved in chronic pancreatitis leading to autoimmune pancreatitis (AIP) deserve
increased awareness as the underlying pathogenesis is
not fully elucidated. The effort to diagnose autoimmune
pancreatitis is mainly focused on the treatment possibilities with e.g., glucocorticosteroids and differentiating
the disease from pancreatic cancer. There are several
lines of evidence that immunological factors play a key
role in CP. Even though lymphoplasmacytic infiltration
in AIP is most pronounced in the pancreatic ducts, advanced cases also show intralobular lymphoplasmacytic
infiltration, and the inflammation may also specifically
attack the acinar cells. IgG antibodies to a plasminogenbinding protein homologous to the human ubiquitinprotein ligase E3 component n-recognin 2, is expressed
in pancreatic acinar cells, and have been found in the
sera of AIP patients[65]. In AIP patients auto-antibodies
to trypsinogens are also upregulated, which is not the
case in alcohol induced chronic pancreatitis patients,
corresponding to loss of trypsinogen-positive acinar
cells in AIP tissues[66]. Furthermore, basement membrane
deposits of complement C3c, IgG4 and IgG not only
around pancreatic ducts but also around acini have been
demonstrated in AIP[67].
Even though it has not yet been fully proved that
there are differences in the pathogenesis, AIP is separated
into two distinct types: Type 1 and type 2 AIP.
Type 1 AIP patients (most common type in East
Asia) are typically older than type 2 patients, with a mean
age at disease onset of 62 years[68]. Plasma levels of IgG4
are increased and in approximately 50% of the cases
other organs are affected[68,69]. The key histological feature
that distinguishes type 1 AIP from type 2 AIP is strong
infiltration of IgG4-immunopositive plasma cells and
lymphoplasmacytic infiltration[70,71] IgG4-positive sclerosing cholangitis represents one of the main extrapancre-
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Primary hypercalcemia
It has been suggested that higher serum calcium levels
may contribute to pancreatitis, as hypercalcemia may predispose the pancreatic acinar cell to abnormal, sustained
calcium levels, which leads to premature pancreatic protease activation, and consequently pancreatitis.
Hyperparathyreoidisme
Controversies exist regarding associations between primary hyperparathyroidism and acute or chronic pancreatitis. However, most studies show an increased rate of
pancreatitis among patients with primary hyperparathyroidism in comparison to general hospitalized patients
without the disease.
Hyperlipidemia
Hyperlipidemia covers abnormally elevated levels of any
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or all lipids, lipoproteins or both in the blood. Hyperlipidemia can be divided in primary and secondary subtypes. Lipid and lipoprotein abnormalities are relatively
common in the general population, and are regarded as a
modifiable risk factor associated with acute pancreatitis.

12

CONCLUSION
Increased knowledge of different etiological factors and
how they interact may encourage the use of further advanced diagnostic tools, which potentially will help clinicians to diagnose and treat CP at an earlier stage. Recent
research has increased our understanding of the disease
and has changed the approach to CP. However, in view
of the multi-factorial disease and the complex clinical
picture, it is not surprising that treatment of patients with
CP is challenging and often unsuccessful.
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Core tip: Magnetic resonance imaging (MRI) techniques for assessment of morphology and function of
the pancreas are often used in diagnosing and followup of chronic pancreatitis patients. The purpose of
the present review is to provide an update on standard and advanced MRI techniques of the pancreas
in chronic pancreatitis. In addition to standard MRI
techniques, advanced MRI techniques including magnetic resonance cholangiopancreatography (MRCP),
secretin-stimulated MRCP and diffusion weighted imaging can also provide important microstructural and
functional information.

Abstract
Magnetic resonance imaging (MRI) techniques for assessment of morphology and function of the pancreas
have been improved dramatically the recent years and
MRI is very often used in diagnosing and follow-up of
chronic pancreatitis (CP) patients. Standard MRI including fat-suppressed T1-weighted and T2-weighted imaging techniques reveal decreased signal and glandular
atrophy of the pancreas in CP. In contrast-enhanced
MRI of the pancreas in CP the pancreatic signal is usually reduced and delayed due to decreased perfusion
as a result of chronic inflammation and fibrosis. Thus,
morphological changes of the ductal system can be assessed by magnetic resonance cholangiopancreatography (MRCP). Furthermore, secretin-stimulated MRCP is
a valuable technique to evaluate side branch pathology
and the exocrine function of the pancreas and diffusion weighted imaging can be used to quantify both
parenchymal fibrotic changes and the exocrine function
of the pancreas. These standard and advanced MRI
techniques are supplementary techniques to reveal

WCG|www.wjgnet.com

Original sources: Hansen TM, Nilsson M, Gram M, Frøkjær JB.
Morphological and functional evaluation of chronic pancreatitis
with magnetic resonance imaging. World J Gastroenterol 2013;
19(42): 7241-7246 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v19/i42/7241.htm DOI: http://dx.doi.
org/10.3748/wjg.v19.i42.7241

INTRODUCTION
The diagnosis and follow-up of chronic pancreatitis (CP)
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patients rely on both clinical and imaging information
such as the Mayo Clinic diagnostic criteria[1]. Especially,
the diagnosis of CP at an early stage is a clinical challenge. The development in imaging techniques, and especially magnetic resonance imaging (MRI), has dramatically improved the information on both morphology and
function of the pancreas. In the Mayo diagnostic criteria
for CP, MRI is now an accepted method for assessing
ductal pathology and concrements[1].
A few decades ago, before the clinical introduction
of cross-sectional imaging techniques, the imaging evaluation of CP was limited to plain radiography depicting
calcifications. Traditionally, the ductal morphology has
been assessed with endoscopic retrograde cholangiopancreatography (ERCP), which is based on intraductal
contrast-enhancement with severity assessed using the
Cambridge classification[2]. Today routine imaging modalities in the evaluation of CP typically include: Computed
tomography (CT) with one or more contrast-enhancement phases, MRI with or without magnetic resonance
cholangiopancreatography (MRCP) and ultrasound with a
transabdominal or endoscopic approach. The advantage
of MRI is the superior soft tissue visualization without
radiation exposure. The main focus of imaging is typically to describe glandular atrophy and calcifications, duct
pathology, pseudocysts and complications such as abscess
formation and concomitant acute inflammation.
Recently, more advanced MRI methods have emerged
which also provide important information on both tissue
characteristics and pancreatic function.
The aim of this review is to provide an update on
standard and advanced MRI techniques of the pancreas
in CP.

A

B

C

STANDARD MRI

Figure 1 Pancreatic morphology. Axial T2-weighted magnetic resonance imaging views showing glandular atrophy (A), dilated irregular duct (B, arrow) and
irregular side-branches (C, arrow heads) in a patient with chronic pancreatitis.

Parenchymal changes can be assessed in the early stage
of CP by standard MRI typically including fat-suppressed
T1-weighted images, T2-weighted images and gadolinium-enhanced imaging[3-6].
Fat-suppressed T1-weighted images show high signal intensity in normal pancreas and decreased signal intensity in CP due to loss of aqueous protein in the acini
within the glandular elements of the pancreas caused by
chronic inflammation and fibrosis[7-9]. Fat-suppression
of T1-weighted images enhance the signal of the pancreas in relation to the surrounding retroperitoneal fat
and the signal intensity can be compared to surrounding
organs and tissue such as the spleen or muscles[9]. The
biliary system and pancreatic ducts are enhanced on fatsuppressed T2-weighted images (Figure 1). The size
of pancreas normally decreases with age but as acinar
atrophy occurs more rapidly in CP, the pancreas diminishes segmentally or diffusely in the anteroposterior dimensions. The diameter can typically be assessed at the
head, body and tail of the pancreas and compared with
age-related normal values of the anteroposterior diameter[10].

WCG|www.wjgnet.com

Gadolinium-enhanced imaging is used to investigate
the perfusion of the pancreas during a series of contrastenhanced images with repeated sequential scans. During
the arterial phase of gadolinium infusion the normal pancreas shows pronounced enhancement due to high vascular perfusion and decreased signal during the venous
phase[11]. The perfusion of the pancreas is decreased in
patients with CP due to chronic inflammation and fibrosis resulting in reduced and delayed enhancement of the
pancreatic signal[7,12].
Standard MRI is often used together with MRCP to
assess both parenchymal and ductal changes of the pancreas. One important limitation of MRI lies in its inability
to depict small parenchymal calcifications, which can easily be evaluated with CT.
MRI also has a role in diagnosing autoimmune pancreatitis (AIP) which can be a differential diagnosis to
CP[13,14]. In diffuse AIP, MRCP may show a decreased di-
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tion, small filling defects (stones and protein plugs),
strictures, irregularities of the main pancreatic duct, and
irregularity (sacculation and/or ectasia) of side branches[6]
(Figure 2). Furthermore, pseudocysts and other ductal
congenital abnormalities and normal variants (such as
pancreas divisum) can be visualized[19,20].
The Cambridge classification system of ductal dimensional changes has been modified for the MRCP
technique in the following fashion: Cambridge 1 (normal
pancreas): pancreatic ducts are normal; Cambridge 2
(equivocal pancreas): 1-2 side branches and main duct
2-4 mm; Cambridge 3 (mild disease): ≥ 3 side branches
and main duct 2-4 mm; Cambridge 4 (moderate disease):
≥ 3 side branches and main duct > 4 mm; Cambridge 5
(marked disease): as traditional Cambridge classification
system[2,6].
The acquisition of MRCP sequences following intravenous administration of secretin hormone allows a better visualization of subtle ductal changes especially in the
early stage of CP[21].

SECRETIN-STIMULATED MRCP
Figure 2 Magnetic resonance cholangiopancreatography. Upper figure displays a single coronal image and the lower figure a 3D view of the pancreatobiliary tree. In this chronic pancreatitis patient the dilated irregular main duct
has irregular side branches (arrow heads) and contains multiple rounded filling
defects (arrows).

The secretin hormone stimulates pancreatic duct cells
to produce a large volume of watery bicarbonate-rich
pancreatic juice, which is secreted into the ducts and
duodenum. Typically, images are obtained before and
frequently after secretin stimulation for a period. In the
normal pancreas the effect starts almost immediately and
peaks between 2-5 min and by 10 min the caliber of the
duct should return to baseline[21]. In secretin-stimulated
MRCP (s-MRCP) the ductal system including side branch
pathology and filling defects are better visualized compared to traditional MRCP, and s-MRCP provides images
comparable to ERCP with Cambridge classification[21-23].
Furthermore, the exocrine function can be evaluated with
assessment of duodenal filling, changes in pancreatic duct
caliber, change in anteroposterior diameter of the pancreas, and change in signal intensity ratio between pancreas
and spleen on T1-weighted and arterial-venous enhancement ratios[10,23,24]. The s-MRCP findings in CP (reduced
duodenal filling grade and reduced increase in pancreatic
duct caliber) are comparable to the results of endoscopic
pancreatic function testing (ePFT)[23]. Studies in CP by
Manfredi et al[25] and Schneider et al[26] showed correlation
between assessment of the pancreatic exocrine reserve
by dynamic s-MRCP and exocrine function assessed by
fecal elastase test and 13C-mixed chain triglyceride breath
test. Wathle et al[27] found correlation between endoscopic
aspiration-based bicarbonate test and s-MRCP findings
in healthy controls. However, the use of s-MRCP has not
yet been integrated as a part of the Mayo diagnostic criteria for CP and further evaluation of s-MRCP as a test
for exocrine function in comparison to traditional tests is
needed.
Furthermore, s-MRCP can be combined with diffusion weighted imaging (DWI) of the pancreas.

ameter of the main pancreatic duct and can be accompanied by strictures and an irregular wall. However, in AIP
the pancreas is typically with diffuse or localized enlargement with reduced signal on T1 and increased signal on
T2-weighted images. A surrounding capsule with reduced
signal in T2-weighted images can be seen[13,14].

MRCP
MRCP was first described in 1991, providing a non-invasive alternative to ERCP, which relies on the endoscopic
injection of contrast fluid into the common bile duct[15].
By applying either a single-shot breath-hold technique
or a free-breathing technique with respiratory triggering,
MRCP can provide both 2D and 3D images[16,17]. Advances in scanner technology in the recent years allow faster
image acquisition and better quality with more detailed
images including 3D reconstructions. These advances
benefit from a high signal-to-noise ratio. Additionally, the
3D free-breathing protocol makes it superior to 2D imaging in patients who are unable or unwilling to hold their
breath for the duration of the scan[18].
MRCP relies on heavily T2-weighted pulse sequences,
benefiting from the T2-weighted differences in relaxation
time between fluid-filled compartments and adjacent soft
tissue. Hence, the pancreato-biliary tree is displayed as
high signal intensity and the pancreatic duct is clearly visualized in the normal pancreas. Accordingly, the MRCP
technique is relevant in detecting pancreatic ductal dila-
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Table 1 Advantages of magnetic resonance imaging
techniques

Loss of aqueous protein
Glandular atrophy
Perfusion
Calcification1
Pancreatic ductal dilation
Filling defects
Strictures
Irregularities
Pseudocysts
Side branch pathology
Exocrine function
Parenchymal fibrosis

Figure 3 Diffusion weighted imaging. The apparent diffusion coefficient map
of a chronic pancreatitis patient is shown with a measuring region of interest
positioned in the pancreatic head to assess the degree of parenchymal fibrosis
(red is high and blue low water diffusion).

MRCP

s-MRCP

DWI

Yes
Yes
Yes
No
No
No
No
No
Yes
No
No
No

No
No
No
No
Yes
Yes
Yes
Yes
Yes
Yes
No
No

No
No
No
No
No
Yes
Yes
Yes
Yes
Yes
Yes
No

No
No
No
No
No
No
No
No
No
No
Yes
Yes

Advantages of the different magnetic resonance imaging (MRI) techniques
in diagnosing chronic pancreatitis. 1 A disadvantage of MRI is the
inability to detect calcifications. This can be achieved through computed
tomography scans. DWI: Diffusion weighted imaging; MRCP: Magnetic
resonance cholangiopancreatography; s-MRCP: Secretin-stimulated
MRCP.

DWI
DWI is an emerging technology to assess early parenchymal changes associated with CP and has shown results
comparable to other existing methods such as MRCP and
ePFT[9,28]. DWI assesses the random microscopic motion
of water protons to obtain the apparent diffusion coefficient (ADC). The flow of water is less restricted in fluidrich tissues, which will then be represented by a high
ADC value. Water molecules interacting with cell membranes and macromolecules will be restricted thereby
causing a reduction in the ADC value. A reduced amount
of diffusible water is present in fibrotic tissue and in reduced pancreatic exocrine function[28]. Hence, presence
of parenchymal fibrosis in CP causes diffusion restriction
and results in lower ADC values[29,30] (Figure 3).
Furthermore, when used in combination with secretin stimulation, the ADC value increases both in normal
pancreas and in CP as the secretion stimulation facilitates
an increased mobility of water molecules and increased
circulation in the pancreatic capillaries. Following secretin
stimulation, the diffusion coefficients have either delayed
or lower peak values in CP patients, indicating reduced
exocrine function[29,31]. Also, patients in risk of CP (such
as alcohol consumption, nicotine consumption, nutritional factors, hereditary factors, efferent duct obstructions,
immunological factors and rare miscellaneous factors)
generally exhibit a delayed peak in diffusion coefficients
compared to controls[31].
This technique can be particularly useful in patients
with early stage CP where atrophy and ductal pathology
are subtle. Furthermore, the technique is useful in differentiating between pancreatic cysts, inflammatory cysts
and cystic neoplasms and between pancreatic adenocarcinoma and normal pancreas due to different content of
cellular elements[32]. Inan et al[33] calculated ADC values
and ADC cyst-to-pancreas ratios and found significant
lower values for abscesses, hydatid cysts and neoplastic
cysts compared to values of simple cysts and pseudocysts. This technique may be useful in the diagnosis of
intraductal papillary mucinous neoplasms (IPMN), which
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is often difficult since CP and IPMN may have overlapping imaging findings[13,34]. Patients with main duct IPMN
can present with ductal dilatation and associated parenchymal atrophy, and patients with side-branch IPMN can
present with cystic lesions often confused with pseudocysts. ADC values of the cystic lesions may be helpful in
deciding the malignant potential of IPMN[34,35].

NEW TECHNIQUES
Recently, other advanced MRI techniques have become
more interesting as the development within the MR
hardware and software is expanding and allows increased
signal-to-noise ratios, shorter scan time and breath-hold
imaging.
MR spectroscopy with non-invasive in-vivo assessment
of metabolite concentrations has been applied in a variety
of different tissues (e.g., brain, prostate, breast and liver).
Hence, spectroscopy of the pancreas has the potential
to offer a more accurate tissue characterization. Due to
methodological challenges, the pancreas has only been
studied to a very limited degree with spectroscopy. Despite of this, Su et al[36] characterized the normal pancreas
at 3T and identified metabolites such as lipid, choline and
cholesterol. Cho et al[37] used MR spectroscopy to distinguish between patients with chronic focal pancreatitis and
patients with pancreatic carcinoma and found less lipid in
pancreatitis than in pancreatic carcinoma. Furthermore,
other studies also detected differences between normal
pancreatic tissue and carcinoma tissue with alterations in
lipid, choline and fatty acids[38,39]. However, to the best of
our knowledge, this technique has not yet been applied in
the characterization of CP patients.

CONCLUSION
This review provides an update on standard and ad-
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vanced MRI of the pancreas in CP. Table 1 summarizes
the capability of the different MRI techniques to display
the different aspects of pancreatic changes and dysfunction in CP. Depending on local practice, scanner configuration and radiological experience, it should be possible
to construct or customize individual MR protocols including the (or some of the) techniques reviewed in this
paper to get the best possible morphological and functional information in CP.
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Core tip: Pancreatic diseases include acute and chronic
inflammatory diseases and neoplastic tumors. It is a
clinical challenge to diagnose these patients at an early
stage because biochemical and imaging signs may be
unspecific and are only evident at an advanced stage of
the disease. Advances in pancreatic imaging are important for early detection of pancreatic diseases. Ultrasonography, as a diagnostic tool, has undergone major
technical improvements over the last decade. It still is
the preferred method for first line imaging, as well as it
is increasingly used to clarify findings by others imaging
modalities to support decision making.

Abstract
The course and outcome is poor for most patients with
pancreatic diseases. Advances in pancreatic imaging
are important in the detection of pancreatic diseases
at early stages. Ultrasonography as a diagnostic tool
has made, virtually speaking a technical revolution
in medical imaging in the new millennium. It has not
only become the preferred method for first line imaging, but also, increasingly to clarify the interpretation
of other imaging modalities to obtain efficient clinical
decision. We review ultrasonography modalities, focusing on advanced pancreatic imaging and its potential
to substantially improve diagnosis of pancreatic diseases at earlier stages. In the first section, we describe
scanning techniques and examination protocols. Their
consequences for image quality and the ability to
obtain complete and detailed visualization of the pancreas are discussed. In the second section we outline
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INTRODUCTION
Transabdominal ultrasonography still is the most used
first line imaging modality in the diagnostic workup of
abdominal diseases. Ultrasonography is, noninvasive,
widely available, inexpensive, without side effects and
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easy to perform on a daily basis, if needed. As a “realtime” imaging modality, transabdominal ultrasonography
gives first a broad overview and then can localize the
“region of interest” to perform detailed evaluation and
eventually determine the cause of the disease. It can also
reduce the use of computed tomography, magnetic resonance pancreatography, endoscopic ultrasonography or
other diagnostic methods, which are personnel-intensive
and thereby costly[1,2].
Ultrasonography (US) of the pancreas is challenging,
given its retroperitoneal location with overlying structures and relatively small size. The quality and thereby
the clinical usefulness of the pancreatic ultrasound imaging has rapidly advanced along with the technological
progress. Early works in the seventies and eighteens describe evidence of pancreatic structural changes seen by
transabdominal ultrasonography of approximately twothirds in the diagnosed chronic pancreatitis (CP) cases[3-7].
Concerning pancreatic malignancy, most early works describe, somewhat surprisingly, pathological findings in the
majority of the cases, but the distinction between malignancy and chronic pancreatitis could not be achieved[3-7].
With modern, high-end scanners, experienced physicians
could achieve complete imaging of the pancreas in 90%
in the nineties[6]. The current sensitivity and specificity of
transabdominal ultrasonography in the diagnosis of pancreatic diseases, the ability to differentiate between acute
and chronic inflammation and premalignant or malignant
lesions is not yet determined. Today we have real-time,
high-resolution imaging, where the spatial resolution is
in line with the best image quality computed tomography
(CT) or magnet resonance imaging (MRI) can offer. Furthermore, the temporal resolution far exceeds that of CT,
positron emission tomography and MRI, which is particularly relevant for contrast-enhanced ultrasonography
(CEUS). Moreover, the image quality and especially the
amount of information are evolving along with the technological progression and introduction of new modalities
such as of CEUS and elastography[8,9].
Figure 1 shows a standard B-mode image of the pancreas, liver and surrounding vessels with a 1-5 and 12-15
MHz transducer. A clear overview of the gland and surrounding structures can be obtained and by changing
the frequencies for any depth, focus on a smaller area of
interest can be achieved.
We shortly review the current and forthcoming technical modalities and methods in transabdominal ultrasonography and endoscopic ultrasonography (EUS) of the
pancreas with emphasis on CP. In our opinion, transabdominal ultrasonography has an important place in imaging of the pancreas, alongside CT, MRI and EUS.

cutaneous scanning of the pancreas[10-12].
Due to the food related production of intestinal
gas reflecting the ultrasound beams, every examination
should be performed fasting. US examination of the pancreas includes transverse, longitudinal and angled oblique
scans. Successful visualization can often be achieved by
manipulations with the transducer and is directly linked
to the skill and persistence of the examiner. By applying
graded compression by the transducer, bowel gas can
be moved away, and all the portions of the pancreatic
gland; head, neck, body and tail can often be visualized.
Further improvement can also be obtained by drinking
two glasses of water/juice, thereby using the fluid-filled
stomach as an acoustic window. Other manipulations
such as; changing the patient’s position to stand or sit; let
the patient turn from the supine position to oblique position or change/stop the breathing circle; let the patient
“blow up the belly”, can also improve visualization of the
pancreas[13].
The pancreatic tail can sometimes be difficult to access in transversal scan. Figure 2 shows trans-splenic
access, where the tail of the pancreas (cauda pancreatis)
is scanned from the left lateral side using the spleen as
acoustic window.
In a US examination of the pancreas the echotexture, the size of the gland including the main pancreatic
duct (MPD), and anatomical landmarks of the pancreas
should be evaluated. The echotexture in a normal pancreas is isoechogenic or hyperechogenic compared to the
healthy liver[14]. Frequently, the echogenicity of pancreas
is increasing with age. Orientational antero-posterior
dimensions of the pancreas are: the head (2.5 cm), body
(1.5 cm), tail (3.5 cm) and the pancreatic duct (< 2.5
mm). Fatty replacement (lipomatosis) of the pancreatic
gland and decrease in size is common with increasing age
but can also be found in patients with cystic fibrosis, CP,
some types of diabetes and other diseases[15-17].
The surrounding vascular, ductal and abdominal
organ landmarks are the portal vein, splenic vein, confluens with the mesenteric vein, vena cava, aorta, superior
mesenteric artery, common hepatic artery, splenic artery,
common bile duct, duodenum, stomach and the liver.

ULTRASOUND EXAMINATION

Tissue harmonic imaging
Tissue harmonic imaging (THI) or second harmonic
imaging overcomes several of the B-mode limits. By
receiving harmonic overtones instead of the emitted
US-frequencies, the lateral delineation is sharpened and

MODALITIES IN ULTRASONOGRAPHY
Grayscale B-mode ultrasound
Grayscale B-mode ultrasound of the pancreas is the most
used imaging modality. Complete evaluation of organ
size, borders, echo structure, surrounding vessels, and
pancreatic ducts can be obtained swiftly. These parameters are often sufficient to diagnose many diseases of
the pancreas and patients can be managed accordingly.

Ultrasonographic imaging of the pancreas can be difficult
given its retroperitoneal location, variety in appearance
among individuals and body habitus. Overlying bowel
gas and obesity are the most frequent limitations in trans-
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Figure 1 Pancreas and the surrounding anatomical landmarks. A: B-mode image (1-5 MHz); B: B-mode image with a 12-15 MHz transducer. Details shown with
high resolution. MR: Musculus rectus abdominis; RLL: Right liver lobe; Cap: Caput pancreatis; Cor: Corpus pancreatis; Cau: Cauda pancreatis; Msa: Superior mesenteric artery; Duo: Duodenum; Ao: Aorta.

the ultrasound transducer, while blue color expresses
flow away from the transducer. The recent technological
progress, in particular increased color-Doppler sensitivity
is contributing to diagnosing and staging of pancreatic
diseases. Doppler interrogation of the gland may show
the outlines of the organ more precisely, since the pancreas is surrounded by vessels. The normal intrapancreatic vessels are small and difficult to show in conventional
Doppler imaging. Color-Doppler shows flows in normal
surrounding vessels and abnormal vascularity, such as in
tumors with high vessel infiltration or tumor infiltration
in vessels[25]. This method can also discriminate between
cystic avascular processes without blood flow and aneurisms. Very small pancreatic calcifications which can be
hard to distinguish in the irregular parenchymal pancreatic tissue in CP can be identified by the presence of twinkling artifacts. Modern high- end scanners can distinguish
between inflammation (high flow) and infarction without
flow[26].

Spleen
Colon

Splenic vein

Tail

Figure 2 Left lateral side scan shows the pancreatic tail (cauda) using the
spleen as acoustic window.

reverberation artifacts are reduced[18]. The image quality
is improved by better discrimination between liquid and
solid structures increasing the spatial and contrast resolution, making millimeter sized structures detectable. Thus,
ultrasonography with THI may have better resolution
than CT and MRI, in the absence of extreme obesity or
a large amount of intestinal gas, which may temporarily
mask the pancreas[19-21]. There are only a few disadvantages of THI; reduction of frame rate, reduced penetration
depth, motion artifacts and only marginal improvement
of image quality in the near sound field. This modality is
normally used with CEUS, which is probably the most
important application of this modality[22,23].

METHODS IN ULTRASONOGRAPHY
Panoramic imaging
In a conventional ultrasound field of view, only parts of
the pancreas are visible in one image. With the panorama
technique, based on real time image reconstruction the
whole pancreas can be displayed in one image, allowing
the creation of images similar to those in CT and MRI.
However, the usefulness of these computed images regarding the evaluation of pancreatic disorders is not well
documented.

Doppler imaging
The Doppler effect in ultrasound is the change in US frequency of reflected wave from an object moving relative
to the ultrasound probe, adding the option to show and
record blood flow direction and velocity from vessels in
ultrasound imaging.
Several modalities in conventional Doppler ultrasonography exist[24]. Combining B-mode gray scale and color-Doppler ultrasonography, overall accuracy rises substantially. By international convention, Doppler color is
coded in such a way that red color expresses flow towards

WCG|www.wjgnet.com

Compound imaging
Compound imaging obtains multiple coplanar images
from different angles using computed beam steering.
Multiple views are integrated into a single compound
image with improved tissue definition, where signals
from real structures are intensified and the artifacts are
suppressed[14,18,19]. Organs appear smoother with clear
contours. The MPD and vessels are clearly accentuated.
As these images are generated from several angles, classi-
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Figure 3 Perfusion analysis of the pancreas. A: Dual view of contrast-enhanced ultrasonography examination of the pancreas in a healthy volunteer. 1.5 mL bolus
of Sonovue was given as a bolus and after approximately 45 s the area of interest was exposed to high MI ultrasound bursting the bubbles in the imaging plane; B: A
motion correcting analyzing software was used (DCE-US, http://www.isibrno.cz/perfusion/). A region of interest have been drawn including the head and body of the
pancreas (unpublished data).

cal signs in transabdominal ultrasonography such as cast
shadows behind pancreatic calcifications or ultrasound
enhancement behind pancreatic cysts are attenuated[27].

hancement and reaches its peak between 15 and 20 s after
injection of the ultrasound contrast agent. After a noticeable parenchymal enhancement in the arterial early phase,
there is a washout of contrast medium with gradual loss
of echogenicity during the late phase for approximately
120 s[36,37].
New technologies may be able to discriminate between normal pancreatic perfusion and pathological in
parenchymal pancreatic diseases or different tumor perfusion patterns that can be visualized using the small microbubbles of ultrasound contrast agents[38]. Time-intensity
curves expressing arrival time of the microbubbles, time
to peak or other parameters have so far not been able
to show significant difference in focal masses in patients
with CP and carcinomas[34]. The first generation analyzing software did not incorporate motion correction and
that can be one of the reasons for the insensitivity of this
method, since the pancreas moves in both planes, thereby
moving the region of interest out of plane. New versions of more sophisticated analyzing software are under
development. Figure 3 shows an example of a CEUS examination of the pancreas with a motion tracked area of
interest.
In the near future, microbubbles may be an important part of the therapeutic armaments[39]. Studies have
been undertaken to investigate the ability and efficacy of
sonoporation in a clinical setting to increase the overall
survival in patients with pancreatic adenocarcinoma. In
a pilot study, numbers of treatment cycles with gemcitabine were increased from an average of 9 to 16 cycles.
In two out of five patients treated, the maximum tumor
diameter was temporally decreased to 80% ± 5% and
permanently to 70% ± 5% of their original size, whilst
the other patients showed reduced growth. This study
demonstrated that it is possible to combine ultrasound,
microbubbles, and chemotherapy in a clinical setting prolonging the quality of life in patients with pancreatic adenocarcinoma when comparing to chemotherapy alone.
Figure 4 shows an experimental microbubble sonopora-

Contrast-enhanced ultrasonography
The development of microbubble contrast agents enables the display of the vasculature, down to parenchymal microvasculature. With this technique enhancement
patterns of lesions can be studied in real time in a similar
way as contrast-enhanced CT or contrast-enhanced MRI,
under full control of the operator[28-31]. Ultrasound contrast agents are confined to the blood pool where CT or
MRI contrast agents are rapidly cleared into the extravascular space. As the contrast bubbles, approximately the
size of a red blood cell, are gas-filled, they create strong
acoustic reflectors within the fluid filled blood pool. An
advantage of CEUS is the ability to study the dynamics
of lesions in real time. The excellent tolerance and safety
profiles allow repeated administrations in the same session if needed. The elimination of the contrast agent is
by breathing, independent of liver and kidney function.
Today, CEUS is increasingly incorporated in clinical use,
alongside with traditional US, in liver lesions, which is by
the far the most common use, but also in the kidneys, in
vesico-ureteric reflux, in trauma and in the cerebral circulation[28].
Transabdominal ultrasonography with CEUS in
the pancreas has probably near the same potential, and
has in some few centers been established in diagnostic
routine[14,31]. The most common application is to define
pancreatic lesions, in most cases already known lesions,
previously seen on CT/MRI or seen in the initial US
examination. Several studies show that transabdominal CEUS can be used to differentiate malignancy and
CP[32-36]. The time window in a pancreatic CEUS examination is notably shorter than in the well-known liver
CEUS study. This is due to the entirely arterial blood
supply of the pancreas. The enhancement of the pancreas begins almost simultaneously with the aortic en-
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The problem is that some of these features also are found
in healthy subjects, and increasing with age. A study compared EUS and an endoscopic pancreatic function test
(ePFT) sampling the peak bicarbonate concentration after secretin stimulation. EUS showed a good correlation
with fibrosis. The sensitivity of EUS and ePFT had similar sensitivity for diagnosing CP (0.84%-0.86%), but EUS
was more specific (100% vs 67%). By combining the two
methods, however, the sensitivity reached 100%[40]. The
Rosemont classiﬁcation is a set of EUS-based criteria for
the diagnosis of CP. These criteria are based on detailed
evaluation on pancreatic parenchymal and ducts. Both
parenchymal and ductal features are divided in major and
minor criteria[41]. Major criteria for CP are; hyperechoic
foci with shadowing, lobularity with honeycombing and
MPD calculi. Minor criteria for CP; cysts, dilated ducts
≥ 3.5 mm, irregular pancreatic duct contour, dilated
side branches ≥ 1 mm, hyperechoic duct wall, strands,
non shadowing hyperechoic foci, and lobularity with
noncontiguous lobules. The Rosemont criteria, using a
combination of major and/or minor criteria, categorize
the patient into four groups: consistent, suggestive, indeterminate of CP or normal.

Tu
Ao

Figure 4 Ultrasound targeted treatment of pancreatic cancer using combined microbubbles and a chemotherapeutic. Left: B-mode frame. Right:
The main tumor with spicules, clearly demarked, using the sonoporation settings. Tu: Tumor; Ao: Aorta.

NEW IMAGING METHODS FOR EUS IN
CP-EUS ELASTOGRAPHY
Elasticity imaging of pancreatic tissue may help the examiner distinguish between harder and softer tissue. Elasticity imaging is currently an option in ultrasonography. Two
main methodologies are commercially available. Strain
imaging provides a qualitative strain map, frequently in a
colored pattern superimposed on a B-mode echogram,
visualizing the local strain as a result of endogeneous
movements or by an acoustic pulse. Alternatively, a shear
wave method is used, providing quantitative elasticity information based on the travelling speed of shear waves.
The energy for these shear waves is deposited in the tissue by an acoustic pulse. In some systems both deformation based images and local shear-wave quantification are
combined.
Up to now, only strain based imaging systems have
been available in combination with flexible echo-endoscopes. In Figure 5 an EUS image of a pancreas with CP
is imaged with Real-Time Elastography. In Figure 6 a reactive hilar lymph node in a patient with CP is imaged as
green in the strain map indicating intermediate hardness.
Several studies including two meta-analyses conclude that EUS elastography may help characterize focal pancreatic lesions as benign or malignant based on
their imaged strain with an high accuracy[42-44]. In CP, the
pathology is sometimes more diffusely distributed, and
tissue hardness may not be limited to hypoechoic areas.
Fibrosis and calcifications, if present, also increase tissue
hardness in addition to local edema. In a transcutaneous shear wave study of acute pancreatitis Mateen et al[42]
found that pancreatic tissue undergoes a cycle of increasing tissue hardness, resulting in low strain, in the acute

Figure 5 Endoscopic ultrasound with elastography of chronic pancreatitis. Endoscopic ultrasonography B-mode sonogram (right) and an elastogram
superimposed a sonogram (left). In this image of the pancreatic head, hyperechoic foci and strands are seen in the parenchyma, as well as inhomogeneous
echogenecity, which are signs of chronic pancreatitis. The elastogram shows
predominantly a blue, indicating harder tissue, and green representing intermediate hardness in a honeycomb pattern over the pancreatic tissue.

tion therapy setup targeting a pancreatic adenocarcinoma,
using a clinical ultrasound scanner[39].

ENDOSCOPIC ULTRASONOGRAPHY IN
THE WORKUP OF CP
Even if transcutaneous US may image the pancreas in
many cases, the limitations of obesity, reverberations and
bowel gas may not always be eliminated. EUS has the
advantage over trans-cutaneous US examinations that
the US probe can be placed close to the organ of interest allowing the use of high frequency ultrasound (5-12.5
MHz). This may allow the imaging of small alterations
in the pancreatic duct and parenchyma. The findings
are usually grouped as ductal changes or parenchymal
changes. The classic features include: ductal calcifications,
hyperechoic duct walls, duct-caliber dilatation, visible side
ducts. Parenchymal changes include: lobulation with or
without honeycombing, parenchymal hyperecohic areas
with or without shadowing, echogenic strands and cysts.
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Figure 6 Endoscopic ultrasonography B-mode sonogram and elastogram
of lymph node in chronic pancreatitis. The sonogram (right) shows a lymph
node as a hypoechoic oval shape surrounded by more echogenic tissue in the
liver hilum. This lymph node approximately 18 mm × 10 mm, appeared in the
liver hilum of a patient with chronic pancreatitis. On the left, the lymph node is not
harder than the surrounding tissue as the predominant color hue is green. This
finding is frequent in reactive lymph nodes, and may be a sign of benign etiology.

Figure 7 Advanced chronic pancreatitis. Classical signs in advanced chronic
pancreatitis: main pancreatic duct dilatation in an atrophic organ with sharp, irregular contours, calcifications and small cysts. The pancreatic head is outlined.

dicated. However, visualization of the whole gland can
be a problem in very obese patients.
Chronic pancreatitis
Classical diagnostic findings of CP in transabdominal
ultrasonography reflects the spectrum of pancreatic disorders in CP. Ranging from progressive and irreversible
morphological and functional derangement, inflammatory episodes and obstruction of structures adjacent to
the pancreas[46].
Late stage, severe CP is normally easily recognizable
due to characteristic morphological changes. The presences of pancreatic or intraductal calcifications presented
as hyperechoic foci are pathognomonic[47]. Caliber abnormalities such as a dilated and irregular pancreatic duct is
seen with a sensitivity of approximately 70%[48]. The reported sensitivity is probably due to limited duct changes
in early/mild and moderate CP, where the pancreatic
duct is less than 3 mm in diameter[49]. Pseudocysts may
cause benign duct obstruction (stricture) and dilatation
upstream[50]. Solid or cystic lesions and malignant infiltration, especially if contiguous to the main duct, may also
cause duct compression, with progressive development
of obstructive CP upstream. A small atrophic gland with
focal alterations and parenchymal heterogeneity is easily identified in advanced stages. Figures 7 (B-mode US)
and 8 (CEUS image of the pancreas in the early arterial
phase) shows typical morphological changes in advanced
CP.
In moderate to severe CP, the pancreatic gland echo
texture is inhomogeneous and rough due to coexistence
of fibrotic hyperechoic and hypoechoic focal inflammation signs[49,51,52]. These findings are reported to be
observed in approximately 70% of the cases, already in
the late eighties[48,53,54]. Echogenicity of the pancreas is
usually increased in CP due to fibrosis and fatty infiltration. This is not a specific parameter due to presence of
adipose tissue in elderly and obese patients[10,53]. Increased
echogenicity of duct wall can also be detected[50]. Figure 9
show an example of elastography in moderate CP.
Early stage CP is normally without or with minimal

phase of inflammation which subsequently turned softer
as the inflammatory reaction resolved. In a study on focal
pancreatic lesions we found that hypoechoic lesions that
turned out to be inflammatory in origin were significantly
softer than the malignant lesions. However, these lesions
were imaged at a median of 8 mo after the last inflammatory attack (range: 1.2-12 mo). It is our experience that
inflammatory lesions in the pancreas may present with a
wide range of tissue strain. If a high-strain area (indicating
soft tissue) is found, corresponding to a hypoechoic area
in a sonogram, the chance of finding malignancy is however low (abstract Havre, UEGW 2011).

INFLAMMATORY DISEASES OF THE
PANCREAS
In the following morphological and sonographic characteristics of pancreatic diseases with emphasis on CP
will be outlined. Pancreatic neoplasms are also shortly
described as an important differential diagnosis.
Acute pancreatitis
Acute pancreatitis is an acute inflammatory process that
may include interstitial edema, necrosis, hemorrhage of
pancreatic tissue and fluid collections, depending on the
severity of the inflammation. The changes can be focal
enlargement or diffuse, depending on its distribution and
sometimes difficult to differentiate, especially when acute
pancreatitis occurs in a patient with CP. Furthermore,
focal pancreatitis often occurs in the pancreatic head, as
a hypoechoic mass and not easily distinguishable from a
tumor or changes seen in CP. The introduction of CEUS
and its ability to differentiate between avascular necrotic
tissue, cysts, abscesses and normal or hypervascular inflamed tissue equates US with CT[45]. CEUS has bedside
availability, better cost effectiveness and can also be used
in those patients where CT contrast agents are contrain-
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Figure 8 An example of contrast enhanced ultrasound in
advanced chronic pancreatitis. The parenchymal enhancement
is clearly irregular reflecting the parenchymal heterogeneity, calcifications and focal inflammation.

Figure 9 Elastography of the pancreas in moderate chronic
pancreatitis. The colors show tissue hardness; The scale on the
left defines the color code: Blue is hard, red is soft, yellow and
green are intermediate. The elastogram shows predominantly soft
(red) tissue with parts of green and yellow, indicating harder pancreatic tissue.

Ho

H

Corpus

L
S

Figure 10 Early chronic pancreatitis. Typical signs in early chronic pancreatitis: lobularity (L), stranding (S), hyperechoic foci (H) and honeycombing (Ho).
Pancreatic body (Corpus). This subtle changes are usually only seen in endoscopic ultrasonography.

Figure 11 Autoimmune pancreatitis. Enlarged pancreas with a tumorous
formation in the head. The inflammatory lesion is isoechoic to the rest of the
pancreas but still clearly visible.

ultrasound, subtle early changes in the pancreatic echostructure could be visualized, and a new gold standard,
based on morphological criteria correlating with pathologic features emerged[57,58]. Current transabdominal highend ultrasound scanners can visualize some of these
criteria, although the Rosemont classification is only for
EUS images. Figure 10 shows minimal morphological
changes in a patient with early CP, obtained by transabdominal US. Forthcoming studies comparing transabdominal ultrasonography findings with EUS criteria seem
to be a logical step forward.
Pancreatic functional tests are still the only option
to diagnose an early pancreatitis without morphological
changes but with physiological insufficiency. Today, the

morphological changes, where imaging modality falls
short in diagnosing CP. Late stages signs like calcifications or dilated and irregular main pancreatic duct are diagnostic for CP, but can also be absent in severe exocrine
insufficiency, depending on the type of CP[55,56].
Cambridge classification of endoscopic retrograde
pancreatography (ERP), US and CT imaging, grades the
severity of CP, based on pancreatic structural changes
and abnormalities of the main duct and side branches[52].
The sensitivity in diagnosing and grading the severity
of CP with ultrasound alone, compared to the morphological gold standard ERP, rose to over 80% in the late
eighties[53]. With the development of endosonographic
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CEUS

Cho
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Figure 12 Malignant tumor of the pancreatic body: Ductal adenocarcinoma. The tumor is clearly visible on B-mode, left upper image. Contrast enhanced ultrasonography: The characteristics are hypoechogenicity and diffuse contours. The plastic biliary stents are clearly noticeable on B-mode, right upper image. Cho: Biliary
duct (ductus choledochus); Tu: Tumor; CEUS: Contrast-enhanced ultrasonography.

short endoscopic secretin-based, pancreas function test
is reasonably validated and the best available test[59,60].
This test can be combined with bedside US, to detect
any morphological changes of the pancreas. Using this
combined method we observed that the MPD wall had
an increased echogenicity, i.e., hyperechoic duct wall and
changes in the diameter, short after secretin was given.
Data not yet published.

premalignant and malignant forms should be identified.
CEUS can classify cystic tumor’s or solid nodules through
evaluation of the vascularization pattern or absence of
vessels in pseudocysts[36].
Pancreatic solid neoplasm
Differentiation between mass-forming lesions in CP and
adenocarcinomas of the pancreas are a daily challenge.
The ultrasonographic findings are similar with homogeneous or inhomogeneous poorly defined hypoechoic
mass in both cases[64]. After the initial detection by ultrasound, the subsequent use of CEUS, with its possibility
to visualize the vascular pattern will improve the diagnostic accuracy of the lesion type. A ductal adenocarcinoma
is typically hypoechoic in arterial phase without clearcut margins, with optional central necrotic parts. On
the contrary, CP has usually more vascularity, with the
same enhancement patter as the surrounding pancreatic
parenchyma[31,65,66]. Figure 12 shows a large hypervascularized mass with marked dilatation of the main bile duct.
However, in advanced CP, due to fibrosis, inhomogenous
hypervascularization can be present, making the differential diagnosis very difficult[35,67]. Differences in vascularity
seen on CEUS, often correlate well with histology. Taking
in account the higher temporal and spatial resolution of
ultrasound into account makes CEUS equal or even superior to CT[32,34,38]. The relationship with the surrounding
arterial and venous vessels, the presence of thrombosis
of the portal or splenic vein are used for local staging and

Autoimmune pancreatitis
Autoimmune pancreatitis is a benign form with autoimmune pathogenesis and a remarkable response to steroid
therapy. From an imaging point of view, there are three
(focal, diffuse, and combined) types of autoimmune
pancreatitis where, especially the focal type can be misinterpreted as cancer[61,62]. Figure 11 shows an enlarged
pancreas with a round tumorous formation, without cysts
and calcification. On CEUS the affected tissue is hyperemic and shows an increased contrast-enhancement,
whereas pancreatic cancer lesions are typically hypervascularized[63]. The patient avoided excessive abdominal
surgery and was successfully treated with corticosteroids.
Pseudocyst
Pseudocysts can arise as a complication of acute pancreatitis and also often occur in CP. These cysts are welldefined, fibrous-walled anechoic structures without an
epithelial lining. Pseudocysts are normally easily differentiated from pancreatic cystic tumors, where especially the
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assessment of tumor resectability. The presence of liver
metastases can also be evaluated during the late phase of
the CEUS scanning procedure.

6
7

CONCLUSION
8

Today’s modern high end ultrasound scanners are still the
first line modality in abdominal and pancreatic imaging.
Ultrasonography is highly available, relative cheap and
can be repeated on a daily basis, if needed. Ultrasound
technology is developing towards smaller and really mobile scanners, implying that ultrasonography can be present in the pockets of the doctors supporting the clinical
examination. With the rapid technical development, different modalities and methods, which demands computer
processed images can be combined. This means highly
improved image quality and diagnostic accuracy. Under
good scanning conditions, ultrasonography has higher
spatial resolution than CT or MRI. Furthermore, CEUS
with its ability to show macro- and micro vascularity is
also used as a second line modality to clarify small lesions,
previously detected on CT or MRI.
Regarding transabdominal ultrasound of the pancreas, we predict that the resolution and thereby the ability
to detect small morphological changes will be approaching the performance of EUS. Elastography in pancreatic
imaging is now well known in EUS and studies’ regarding
the usefulness of this method in transabdominal ultrasonography is warranted. The ability of CEUS to visualize and quantify perfusion and thereby to characterize a
given lesion or to differentiate between vascular (solid)
and avascular (liquid/necrotic) components of the lesion
is one of the most important progresses in pancreatic
imaging today. Furthermore, the development of threedimensional technology offers new clinical possibilities
for real-time 3D volume images of the pancreas in the
future.
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tion might be beneficial. Enteral nutrition may be used
when patients do not have sufficient calorie intake as
in pylero-duodenal-stenosis, inflammation or prior to
surgery and can be necessary if weight loss continues.
Parenteral nutrition is very seldom used in patients
with chronic pancreatitis and should only be used in
case of GI-tract obstruction or as a supplement to enteral nutrition.
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Core tip: The pancreas is a major player in nutrient
digestion and malnutrition is frequently found but is often neglected. The severity of malnutrition is correlated
with malabsorption and depletion of nutrients (e.g. ,
alcoholism and pain) that causes impaired nutritional
status and increased metabolic activity due to the severity of the disease. Good nutritional practice includes
screening to identify patients at nutritional risk, followed by a thoroughly nutritional assessment and nutrition plan for risk patients. Treatment should be multidisciplinary and the mainstay of treatment is abstinence
from alcohol, pain treatment, dietary modifications and
pancreatic enzyme supplementation.

Abstract
The pancreas is a major player in nutrient digestion. In
chronic pancreatitis both exocrine and endocrine insufficiency may develop leading to malnutrition over time.
Maldigestion is often a late complication of chronic
pancreatic and depends on the severity of the underlying disease. The severity of malnutrition is correlated
with two major factors: (1) malabsorption and depletion of nutrients (e.g. , alcoholism and pain) causes impaired nutritional status; and (2) increased metabolic
activity due to the severity of the disease. Nutritional
deficiencies negatively affect outcome if they are not
treated. Nutritional assessment and the clinical severity of the disease are important for planning any
nutritional intervention. Good nutritional practice includes screening to identify patients at risk, followed
by a thoroughly nutritional assessment and nutrition
plan for risk patients. Treatment should be multidisciplinary and the mainstay of treatment is abstinence
from alcohol, pain treatment, dietary modifications
and pancreatic enzyme supplementation. To achieve
energy-end protein requirements, oral supplementa-
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INTRODUCTION
Chronic pancreatitis (CP) is an inflammatory disorder
that causes irreversible anatomical changes and damage,
including infiltration of inflammatory cells, fibrosis and
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calcification of the pancreas with destruction of the glandular structure and thereby affects normal digestion and
absorption of nutrients.
Maldigestion is often a late complication of CP and
depends on the severity of the underlying disease. The
medium latency between onset of first symptoms and
signs of maldigestion is about 8-9 years in alcoholic CP
and more than 15 years in idiopathic non-alcoholic pancreatitis. Nutrient deficiencies are common in CP, driven
by many risk factors including malabsorption, diabetes
and, in alcoholic CP, alcoholism. However, deficiencies
are frequently overlooked, leading to malnutrition[1,2].
The aim of this article is to discuss the definition of
malnutrition and good nutritional practice in patients
with CP.

as a consequence of nutrient deficiencies, which change
body composition and functional status. However, this
definition neglects the numerous causes of malnutrition.
An international guideline committee has recently proposed an aetiology-based approach that incorporates a
current understanding of the inflammatory response, as
seen in CP and many other patients. The committee proposed the following nomenclature for nutrition diagnosis
in adults in the clinical practice setting: “Starvation-related
malnutrition”, for chronic starvation without inflammation i.e., anorexia nervosa, “chronic disease-related
malnutrition”, when inflammation is chronic and of mild
to moderate degree i.e., CP, and “acute disease or injuryrelated malnutrition”, i.e., CP with a serious complication
in the intensive ward, that is, when inflammation is acute
and of severe degree[11,12].
The causes of malnutrition in patients are thus included in its definition. As such, screening tools, which
neglect to include relevant disease related parameters
such as chronic or acute inflammation, may be less efficacious in identifying malnutrition risk.
Nutritional screening should be a simple and rapid
process, which can be carried out by busy admitting nursing and medical staff. Most screening tools address four
basic questions: recent weight loss, recent food intake,
current body mass index and disease severity or some
other measure of predicting risk of malnutrition. In
2003, ESPEN published guidelines for nutrition screening in the community, in the hospital and among elderly
in institutions. The Nutrition Risk Screening 2002 (NRS
2002) seems to be the best validated screening tool, in
terms of predictive validity, i.e., that clinical outcome improves when patients identified to be at risk are treated,
however the evidence is sparse[3,5,6,9].
For adult patients in hospital it is thus suggested to
use the NRS 2002 (Figure 2)[9]. A score equal to or greater
than 3 generates a nutrition plan in all cases. If the patient
is at risk, but metabolic or functional problems prevent a
standard plan being carried out, or if there is doubt as to
whether the patient is at risk, a referral should be made to
an expert or expert team for a more detailed assessment.

DEFINITION OF MALNUTRITION AND
GOOD NUTRITIONAL PRACTICE
Generally about 20%-50% of all patients in hospital are
found at risk of undernutrition, dependent on definition,
clinical setting and screening tool amended. A large part
of these patients are at nutritional risk when admitted to
hospital and in the majority of these, undernutrition develops negatively during hospital stay[3,4].
This can be prevented if special attention is paid
to nutritional care of patients. Routine identification is
paramount as a first stage in a patient’s care in order to
identify at-risk patients, with a view to providing nutrition
support if necessary[5,6].
Good nutritional practice for the patient starts by
nutrition screening. The European Society for Clinical
Nutrition and Metabolism (ESPEN) Guidelines for Nutrition Screening recommend a continuity of issues to be
considered in all patients admitted to hospital (Figure 1)[6].
(1) Initially on admission, a simple nutritional screening is
to be done, to identify patients at actual nutritional risk; (2)
Subsequently for patients at nutritional risk, a thorough
nutritional assessment is to be completed; (3) This stage
leads to an individual evaluation of nutritional requirements, and a plan for nutrition therapy and care; and (4)
Monitoring and defining of targeted outcome should be
structured in order to reconsider therapy and care-planning. Finally, communication around results of screening,
assessment, plan and monitoring should be communicated to other health care professionals, when the patient
is transferred, either back to the community or to another
institution[7-9].
In order to give priority to nutritional intervention for
relevant patients, nutrition screening methods have been
developed and validated. These screening methods regard
nutritional status and acute disease. However, there is still
no clear consensus agreement on a uniform definition of
undernutrition or agreement for a gold standard method
of screening and identification of undernutrition[10]. This
also applies for patients with CP and malnutrition which
has been offered numerous definitions. Simply stated,
malnutrition is a sub-optimal nutrient status appearing
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HOW DOES CP INFLUENCE NUTRITIONAL
STATUS AND METABOLISM?
According to the definition, the severity of malnutrition
is correlated with two major factors: depletion of nutrients (alcoholism and pain) and malabsorption causes impaired nutritional status and increased metabolic activity
due to the inflammatory component of CP (severity of
disease). Generally patients at nutritional risk have an increased number of complications and a poorer outcome,
but specific studies investigating this issue in CP are however not available[2,13,14].
A persistent alcohol intake, pain after a meal and maldigestion are the main causes of weight loss, and weight
loss is strongly associated with maldigestion of fat[1,14,15].
It is widely acknowledged that patients with CP are
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Figure 1 The nutritional care process including screening, plan and monitoring according to the European Society for Clinical Nutrition and Metabolism
guideline[6]. REQ: Requirement.

often undernourished; however few studies have assessed
this. In a medical rehabilitation clinic setting, 32% had a
BMI < 20 kg/m2; 57% chronic diarrhea and 24% steatorrhea[2].
Others have found that patients are malnourished
prior to surgery and that the problem remains after surgery in a substantial proportion of patients with CP[16].
Furthermore, lean body mass and fat mass are found to
be decreased both in patients with or without residual
pancreatic function[17]. Decreased lean body mass may
lead to decreased functional capacity as found in 34% of
patients with moderate to severe weight loss. This also
affected quality of life[18]. In this study fatigue, found
in 46%, also had a major impact on quality of life. In a
cohort of ambulatory patients with CP (60 patients), we
found 28% at nutritional risk. These patients had a lower
fat- and muscle mass and a tendency to lower handgrip
strength. Furthermore, handgrip strength was associated
with muscle- and fat mass[19].
It has been found that 30%-50% of patients with CP
have increased resting energy expenditure[20]. We found
no difference between estimated (Harris-Benedict) and
measured resting energy expenditure (indirect calorimetric) in a cohort of ambulatory CP patients. However,
when adjusted for fat free mass and height, we found
higher resting energy expenditure (around 20%) in patients with low BMI (< 20 kg/m2)[19].

der of enterocytes where a range of disaccharidases produce the three sugars glucose, galactose and fructose that
can be absorbed. In exocrine pancreatic insufficiency, carbohydrate digestion is maintained for a long time by salivary amylase and brush-border oligosaccharidoses. The
loss of endocrine function leads to glucose intolerance
in 40%-90% of patients with severe CP. Furthermore, in
20%-30% of patients an insulin-dependent diabetes develops associated with impaired glucagon and pancreatic
polypeptide regulation (discussed in other article).
Daily protein intake in the Western world lies between
70 and 100 g and gastrointestinal secretions contain further 50-60 g of proteins per day. Protein digestion is initiated by intragastric proteolytic activity and continued by
intestinal brush-border peptidases. Luminal proteolytic
activity is maintained even in the absence of pancreatic
peptidases and azotorrhea is therefore a very late and rare
symptom in CP[21]. Trypsinogen is the inactive precursor
for trypsin, which is the key enzyme for activation of
all proteolytic enzymes in the duodenum. Trypsinogen
becomes activated by enteropeptidase that is secreted by
the brush-border of duodenal enterocytes. Proelastase is
produced by the pancreas and belong to the chymotrypsin-like elastase family (elastase-2A, elastase-2B, elastase3A, and elastase-3B). The elastase-3A isoform can be
measured and quantified by the faecal elastase test. About
40% of proteins are digested to free amino acids. Brush
border peptidases continue the digestion of peptides longer than three amino acids. Dipeptides, tripeptides, and
free amino acids are then absorbed by the enterocytes by
different transport mechanisms.
In Western diet up to 40% of the daily caloric intake
derives from lipids, although 30% is recommended.
Lipids are insoluble in water and need to be transferred
to water-soluble micelles formed by bile acids, phospho-

Substrate metabolism during chronic pancreatitis
Daily intake of carbohydrates is about 300 grams corresponding to about half the caloric intake per day. About
half of the caloric intake is carbohydrates and 30% are
sucrose. Pancreatic alfa-amylase is the only enzyme for
carbohydrate digestion that is produced by the pancreas.
The final digestion of sugars take place at the brushbor-

WCG|www.wjgnet.com

3395

January 28, 2014|First Edition|

Rasmussen HH et al . Nutrition in chronic pancreatitis
Step 1: Initial screening
Yes
No
2
1 Is BMI < 20.5 kg/m ?
2 Has the patient lost weight within the last 3 mo?
3 Has the patient had a reduced dietary intake in the last week?
4 Is the patient severely ill? (e.g. , in intensive therapy)
Yes: If the answer is ‘Yes’ to any question, the screening in Step 2 is performed.
No: If the answer is ‘No’ to all questions, the patient is re-screened at weekly intervals. If the patient e.g. , is scheduled for at major operation, a preventive nutritional care plan is considered to avoid the associated risk status.
Step 2: Final screening
Severity of disease (approximately increase in requirements)
Absent
Absent
Normal nutritional requirements
Score 0
Score 0
1
Mild
Wt loss > 5% in 3 mo
Mild
Hip fracture
or
Chronic patients, in particular with acute complications:
1
1
Food intake below 50-75% of normal requirement in preceding
cirrhosis , chronic obstructive pulmonary disease .
Score 1
week.
Score 1
Chronic hemodialysis, diabetes, oncology.
1
Moderate
Wt loss > 5% in 2 mo
Moderate
Major abdominal surgery
1
or
Stroke
BMI 18.5-20.5 + impaired gen. condition
Severe pneumonia, hematologic malignancy.
or
Food intake 25%-50% of normal requirement in preceding
Score 2
week
Score 2
1
Severe
Wt loss > 5% in 1 month (> 15% in 3 mo)
Severe
Head injury
or
Bone marrow transplantation
BMI > 18.5 + impaired general condition
Intensive care patients (APACHE >10).
or
Score 3
Food intake 0-25% of normal requirement in preceding week Score 3
Score:
+
Score:
= Total score:
Age
if ≥ 70 yr: Add 1 to total score above
= Age-adjusted total score:
Score ≥ 3: The patient is nutritionally at-risk and a nutritional care plan is initiated.
Score < 3: Weekly rescreening of the patient. If the patient e.g. , is scheduled for a major operation, a preventive nutritional care plan is considered to
avoid the associated risk status.
Impaired nutritional status
Normal nutritional status A

NRS-2002 is bases on an interpretation
of available randomized clinical trials.
1
Indicates that a trial directly supports
the categorization of patients with that
diagnosis. Diagnoses shown in italics are
based on the prototypes given below.
Nutritional risk is defined by the present
nutritional status and risk of impairment
of present status, due to increased
requirements caused by stress metabolism
of the clinical condition.

A nutritional care plan is indicated in all patients who are
(1) severely undernourished (score = 3)
or
(2) severely ill (score = 3)
or
(3) moderately undernourished + mildly ill (score 2 + 1)
or
(4) mildly undernourished + moderately ill (score 1 + 2)
Prototypes for severity of disease
Score = 1: A patient with chronic disease, admitted to
hospital due to complications. The patient is weak but
out of bed regularly.

Protein requirement is increased, but can be covered
by oral or supplement in most cases.
Score = 2: A patient confined to bed due to illness,
e.g. , following major abdominal surgery. Protein
requirement is substantially increased, but can be
covered, although artificial feeding is required in
many cases.
Score = 3: A patient in intensive care with assisted
ventilation etc. Protein requirement is increased and
cannot be covered even by artificial feeding. Protein
breakdown and nitrogen loss can be significantly
attenuated.

Figure 2 Nutrition risk screening 2002[9]. BMI: Body mass index.

Vitamin deficiency
A deficiency in vitamins A, D, E, K correlates with the
severity of steatorrhoea in patients with CP, but may
be caused by several different mechanisms including,
suboptimal dietary intakes, increased losses, increased
requirements, impaired binding of nutrients, antioxidant
activity, and fat malabsorption. E vitamin deficiency
may be seen more often than deficiencies of vitamin
A, D, and K[22-24]. However, osteopathy (osteoporosis,
osteomalacia, osteopenia) may occur in at least 25% of
CP patients[22]. The adjusted hazard ratio (HR) for any
fracture was 1.7 in patients with CP (95%CI: 1.6-1.8) in
a recently Danish study[25]. Due to inadequate protease
secretion by the pancreas, vitamin B12 deficiency can
occur[26]. Zink deficiency may be seen especially in association with diabetes[27]. Also, deficiencies in calcium,
magnesium, thiamine and folic acids have been reported.
The functional meaning of such deficiencies are how-

lipids, cholesterol and other products. This facilitates
hydrolysis by lipase. In the stomach lingual lipase and
gastric lipase hydrolyse triglycerides to glycerol and free
fatty acids. Lipases from the gastric and salivary glands
have a minor role in digestion of triglycerides and cannot
compensate an insufficient pancreatic fat digestion. Thus,
luminal lipid digestion within the small intestine depends
on the action of pancreatic lipase and cofactors such as
colipase and bile acids. There are no triglyceride-digestion enzyme systems within the intestinal brush-border
membrane. Consequently, lipid digestion is decreased by
insufficient lipase secretion and reduced luminal bile acid
concentration. Because bicarbonate secretion is also diminished in CP and postprandial intraduodenal pH may
fall < 4, luminal lipase degradation occurs more rapidly
than that of other enzymes due to its greater instability.
Gastric lipase only partly compensates for the lack of
pancreatic lipase (discussed in other article).
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Nutritional assessment in
chronic pancreatitis

Multidisciplinary

Clinical symptoms

Function of pancreas

Anorexia, nausea,
pain, diarrhea

Exocrine
Faecal elastase
C13 breath test

Biochemistry
Malabsorption: vit
ADEK, Zn, Ca, Mg

Endocrine
Glucose, HbA1C

Body composition

Bone health

Weight height
BMI
AMC,
TSF
HGS
BIA
REE

Vit D,
PTH
GGT
ALP
DXA

Diet

Lifestyle

Diet history
and diet
plan

Smoking
alcohol
physical
activity
compliance
others

Figure 3 Nutritional assessment in patients with chronic pancreatitis. AMC: Arm muscle circumference; TSF: Triceps skin fold; HGS: Hand grip strength; BIA:
Bioimpedance; REE: Resting energy expenditure; GGT: γ-glutamyl transferase; ALP: Alkaline phosphatase; PTH: Parathyroid hormone; DXA: Dexa scan.

ever undetermined and in our cohort of ambulatory patients with CP we did not find any correlation between
micronutrient deficiencies and handgrip strength as measured by bioimpedance (unpublished data). On the other
hand we recently demonstrated that the fibrotic changes
as well as atrophy and ductal-related parameters were associated with exocrine insufficiency such as reflected in
vitamin D deficiency, and future studies should explore
this in further details[28].

ference estimating lean body mass and triceps skinfold
estimating subcutaneous fat stores can be compared with
age- and gender-specific centiles and are useful especially
in patients with edema or ascites and as a long-term
follow-up for nutritional status[14].
Bioimpedance is easy, non-invasive, and relatively
inexpensive, and can be performed in almost any subject
because it is portable. ESPEN guidelines[29-31], report results for fat-free mass body fat, body cell mass total body
water, extracellular water and intracellular water from
various studies in healthy and ill subjects. The data suggests that bioimpedance works well in healthy subjects
and in patients with stable water and electrolytes balance
with a validated bioimpedance equation that is appropriate with regard to age, sex and race. Clinical use of bioimpedance in subjects at extremes of BMI ranges or with
abnormal hydration cannot be recommended for routine
assessment of patients until further validation has proven
for bioimpedance algorithm to be accurate in such conditions. Multi-frequency- and segmental-bioimpedance may
have advantages over single-frequency bioimpedance in
these conditions, but further validation is necessary. Longitudinal follow-up of body composition by bioimpedance is possible in subjects with BMI 16-34 kg/m2 without abnormal hydration, but must be interpreted with
caution.
Since muscle function correlates closely with whole
body protein, body cell mass, anthropometrically measured arm muscle mass, and even with BMI, loss of
weight or muscle mass invariably results in decreased
muscle strength which is reflected in deteriorating function tests as well as in prominently altered muscle morphology[32]. Reduced muscle strength is in turn associated
with loss of physical functionality and with negative impact on recovery of health after illness or surgery, which
partly explains the high predictive power of muscle

NUTRITIONAL ASSESSMENT
Assessment of nutrition status should include a multidisciplinary approach[14], including assessment of clinical
symptoms, exocrine and endocrine pancreatic function,
body composition, bone health, dietary evaluation and
lifestyle as illustrated in Figure 3.
Clinical symptoms should include routine medical
history and psychical examination with special emphasis
on nutrition related symptoms and risk factors (nausea,
anorexia, pain, alcohol, smoking). Micronutrient status
should be measured 1-2 times a year including malabsorption of fat-soluble vitamins, minerals and trace elements. Function of pancreas concerning the exocrineand endocrine part will not be discussed in this article.
Because both weight and BMI do not take body composition into account and may be misinterpreted as a result of fluid changes including ascites and edema, further
investigation and assessment may be made with anthropometrics and bioimpedance measurements, both for
baseline and follow-up (i.e., every 3-6 mo), because even
patients with a normal BMI may have a decreased muscle
mass that further might decrease function and lead to a
higher morbidity, i.e., higher incidence of postoperative
complications after surgery for CP[16].
Anthropometric measurements as mid-arm circum-
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function tests[2]. Hence, various studies have shown a
close correlation between muscle strength and outcome
in acute and chronic disease[32-34]. Just as measuring body
composition offers a qualitative aspect of nutritional
status, muscle function represents a dynamic indicator
of muscle mass. Measurement of muscle function as
indicator of functional as well as nutritional status has
therefore gained considerable attention in the past years.
Although hand grip strength correlates well with other
muscle function tests such as knee extension strength or
peak expiratory flow, it cannot be used as surrogate for
muscle function of lower extremities when evaluating
physical performance. Short term effects of nutritional
therapy as e.g., refeeding of acute malnutrition are seen
earlier by muscle function than by changes in body composition. Long-term nutritional therapy should result in
both changes of body composition and muscle function,
which should be paralleled by improvements of physical
status[31,35].
Reference values for age- and gender-specific percentiles exist[36].
Resting energy expenditure (REE): Institution of
appropriate nutritional therapy necessitates accurate determination of energy requirements. Data on measured
REE in CP are very limited, but has shown, that weight
loss is accompanied by hypermetabolism, and that between 30% and 50% of patients with CP have increased
REE[20]. It may help us predict the energy level necessary
to promote weight restoration and optimize nutritional
rehabilitation preventing severe medical complications
such as the refeeding syndrome[37]. Unfortunately, this
technology is not available in the majority of the hospitals, because it requires skilled technicians and sophisticated methodologies that are costly and difficult to apply
in standard clinical settings.
Predictive formulas of REE may be used as an alternative to indirect calorimetric that may be utilized by
clinicians. The most cited and used predictive formula is
the Harris-Benedict equation, which includes age, stature,
and body weight to estimate REE[38]. However, studies
are needed to validate predictive formulas vs measured
resting energy expenditure by indirect calorimetric.
Bone health: Despite the reported high incidence of
osteopathy in CP, no disease specific guideline exits for
CP. However, extrapolating from guidelines for comparable malabsorptive diseases, calcium and vitamin D
supplementation as well as regular monitoring of bone
health should be an integral part of the nutrition management of CP, hence biochemistry and DXA scan should
be performed regularly (i.e., once a year).
Diet: A detailed assessment of current and habitual
dietary intakes should be made by a dietician for all patients at nutritional risk as indicated by the NRS 2002
screening tool. Nutrient intake may be measured by a
24-h recall interview or a diet history, and analyzed using
specialized software providing detailed information about
energy- and protein intake as well as fat and micronutrients intake. For evaluating specific food items a food fre-
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quency questionnaire can be used[39]. A specific diet plan
should be made and follow-up visits evaluating intake
compared to recommended energy- and protein intake
should be employed according to clinical monitoring
practice. It has been shown, that both dietary counseling
and oral supplements for CP patients at nutritional risk
can improve weight, BMI and decrease fecal fat excretion[40].
Lifestyle: To minimize nutritional risk factors in patients with CP, an effort should be made to investigate
and eliminate possible individual barriers such as smoking and alcohol abuse. Furthermore, to assure patient
compliance regarding medical treatment (i.e., treatment
with enzymes) and to evaluate pain treatment (discussed
in another article). Physical activity should be encouraged
alongside nutritional therapy for optimal result[32-34].

NUTRITIONAL MANAGEMENT
Nutritional treatment in chronic pancreatitis
Maldigestion of macronutrients is the major cause of
progressive nutritional and metabolic impairment in patients with CP. Nutritional interventions depend on the
degree of maldigestion and the nutritional status.
The main goals for nutritional interventions are to
ensure sufficient macro- and micronutrients intake, to decrease maldigestion, malabsorption and other risk factors
in order to prevent or treat malnutrition.
The treatment of exocrine deficiency begins with
dietary recommendations and pancreatic enzyme supplementation. About 80% of patients can be managed by a
combination of analgesics, dietary recommendations and
pancreatic enzyme supplements, while 10%-15% need
oral nutritional supplements, 5% need enteral tube feeding and around 1% require parenteral nutrition[21,41,42].
Diet recommendations
Dietary recommendations begin with total abstinence
from alcohol. In addition, an adequate number of calories should be taken. Estimation of REE [or measurement in patients with a low BMI (< 20 kg/m2)] is essential in all patients to calculate the adequate caloric intake
because of risk of increased resting energy expenditure.
Frequent small meals (4-8 times a day) should be given.
The carbohydrate intake might be limited when an overt
diabetes mellitus is present (described in more detail in
other article).
A protein diet of 1.0-1.5 g/kg body weight/d is generally sufficient and well tolerated. Usually, if 30%-40%
of the calories are given as fat this is well tolerated, especially when the foods are rich in vegetable fats.
If weight gain is insufficient and/or steatorrhea persists, medium chain triglycerides (MCT) can be tried to
increase fat absorption. MCT are absorbed directly across
the small bowel into the portal vein, even in the absence
of lipase, co-lipase and bile salts. However, MCTs have
low energy density and unpalatable taste, and a maximum
of about 50 g/d might be given. Higher doses may be
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ketogenic and are associated with side effects such as
cramps, nausea and diarrhea. Fat soluble vitamins (A, D,
E and K), vitamin B12 and other micronutrients should
be supplemented if serum levels indicate deficiencies.
In general, a low fibre diet is recommended, because
fibre may absorb enzymes and delay the absorption of
nutrients. An adequate quantity of exogenous pancreatic
enzymes is necessary to correct protein and lipid maldigestion[1,43-45]. In 10%-15% of patients oral supplements
can help to attenuate weight loss and delay the use of
enteral tube feeding[42,46].
The best clinical follow-up parameters for monitoring
therapeutic success of dietary counseling are improvement of the patient’s general condition and weight gain.

gery patients showed, that LOS and costs were reduced
especially in mal-nourished patients[50].
Another recent study showed that enteral immunonutrition given post-operatively vs a standard enteral
nutrition showed a reduction of infectious complications,
anastomotic leak rate and LOS as well as an improved
immunologic outcome[51].
We therefore highly recommend a week with preoperative immunonutrition to patients going to elective
surgery for chronic pancreatitis. Early postoperative enteral nutrition is feasible and may additionally improve
outcome after surgery.
Parenteral nutrition
Parenteral nutrition is infrequently used in patients with
chronic pancreatitis. Enteral nutrition preserves immune
function and mucosal architecture and decreases the
possibility for hyperglycemia while parenteral nutrition
also increases the risk of catheter infections and sepsis
complications. Parenteral nutrition is therefore only indicated when it is impossible to use enteral nutrition[52].
This means if the patients do not reach their requirements because gastric emptying is blocked, the patient
needs gastric decompression, it is impossible to introduce
a tube into the jejunum, or a complicated fistula is present. Parenteral nutrition is mainly performed over a short
term period, e.g., in apparent severe malnutrition prior to
pancreatic surgery if enteral feeding is incomplete and
may thus be used as a supplement to fulfill their requirements. There are no reported studies of patients with
chronic pancreatic insufficiency who have been treated
with parenteral nutrition for a long period.

Enteral nutrition
The cause of inadequate caloric intake in CP can be
anatomical (due to pyloro-duodenal-stenosis or cyst
compression) or inflammatory with acute complications
(new attack of acute pancreatitis or development of fistulas). Patients suffering from serious insufficient caloric
intake may benefit by oral supplements or enteral nutrition. To test if enteral nutrition is tolerated and increases
nutritional status it is recommended to give the nutrition
via a naso-jejunal tube. However, for long-term therapy
feeding (exceeding 2-3 wk) a percutaneous endoscopic
gastrostomy with a jejunal tube extension is more convenient. Continuous overnight delivery of the nutrients
is suitable and entails more easily the patient’s nutritional
goal. From a theoretical point of view a semi-elemental
diet can be recommended, but there are no studies showing improvement in the nutritional status compared to
regular enteral nutritional formulas.
Owing to the fact that CP patients are frequently
undernourished, nutritional support before pancreatic
surgery may be beneficial. Data from patients undergoing
general abdominal surgery have provided evidence that
preoperative enteral or oral nutritional support improves
outcome compared to undernourished patients by reducing postoperative morbidity and the length of hospital
stay[47]. Thus, it should be emphasized that nutritional
therapy should go alongside surgery, and that surgery for
pain or any obstruction in the GI-channel should be a
primary indication.
The potential to modulate the activity of the immune
system by interventions with specific nutrients is termed
immunonutrition. This concept is normally applied to
any situation where nutritional formulas are supplemented with specific nutrients such as arginine, glutamine,
omega-3 fatty acids, nucleotides and others. Meta-analysis
of randomized controlled trials giving a combination
of arginine and omega-3 fatty acids at home for 5-7 d
before surgery reduced both postoperative infection rate
and length of hospital stay in patients who underwent
elective major GI surgery[48,49]. Specific trials in patients
with chronic pancreatitis are not available. A recent RCT
giving supplemental immunonutrition preoperatively in
well-nourished and mal-nourished gastrointestinal sur-
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Future perspectives
Future studies evaluating a systematic approach for assessment and treatment of CP patients at nutritional risk
should be made to further elucidate the nutritional course
of these patients. Special emphasis should be on body
composition, absorption of nutrients and metabolism,
as well as measuring micronutrient deficiencies. Furthermore, nutritional interventions should be tested in randomized controlled trials with relevant clinical outcomes,
i.e., morbidity, quality of life, physical function and mortality.
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Core tip: Type 3c diabetes mellitus is more common
than generally thought. Its prevalence is supposed to
be among 5%-10% among all diabetics. Most patients
with type 3c diabetes mellitus suffer from chronic pancreatitis as the underlying disease. Misclassification of
these patients is very common, yet identification of
these patients is very important due to some special
diagnostic and therapeutic considerations in this subset
of patients. Among these are e.g. , restoring proper fat
assimilation, preventing fat-soluble vitamin deficiency
and early identification of pancreatic cancer patients.
Specific diagnostic criteria for type 3c diabetes mellitus
are proposed within this review.

Abstract
Diabetes secondary to pancreatic diseases is commonly
referred to as pancreatogenic diabetes or type 3c diabetes mellitus. It is a clinically relevant condition with
a prevalence of 5%-10% among all diabetic subjects
in Western populations. In nearly 80% of all type 3c
diabetes mellitus cases, chronic pancreatitis seems to
be the underlying disease. The prevalence and clinical
importance of diabetes secondary to chronic pancreatitis has certainly been underestimated and underappreciated so far. In contrast to the management of
type 1 or type 2 diabetes mellitus, the endocrinopathy
in type 3c is very complex. The course of the disease
is complicated by additional present comorbidities such
as maldigestion and concomitant qualitative malnutrition. General awareness that patients with known
and/or clinically overt chronic pancreatitis will develop
type 3c diabetes mellitus (up to 90% of all cases) is
rather good. However, in a patient first presenting with
diabetes mellitus, chronic pancreatitis as a potential
causative condition is seldom considered. Thus many
patients are misdiagnosed. The failure to correctly diagnose type 3 diabetes mellitus leads to a failure to
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INTRODUCTION
Chronic pancreatitis is a disease characterized by pancreatic inflammatory and fibrotic injury resulting in irreversible parenchymal damage. Progressive nutrient maldigestion and disturbance of the timing and the interactions
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PREVALENCE OF DIABETES MELLITUS
SECONDARY TO PANCREATIC DISEASES
(TYPE 3C)

Table 1 Current classification of diabetes mellitus
Ⅰ

Ⅱ

Ⅲ

Ⅳ

Type 1 Diabetes Mellitus (β-cell destruction, usually leading to
absolute insulin deficiency)
A: Immune mediated
B: Idiopathic
Type 2 Diabetes Mellitus (may range from predominantly insulin
resistance with relative insulin deficiency to a predominantly
secretory defect with insulin resistance)
Other Specific Types Of Diabetes Mellitus
A: Genetic defects of β-cell function
B: Genetic defects in insulin action
C: Diseases of the exocrine pancreas
1: Pancreatitis
2: Trauma/pancreatectomy
3: Neoplasia
4: Cystic fibrosis
5: Hemochromatosis
6: Fibrocalculous pancreatopathy
7: Others
D: Endocrinopathies
E: Drug- or chemical-induced
F: Infections
G: Uncommon forms of immune-mediated diabetes
H: Other genetic syndromes sometimes associated with diabetes
Gestational Diabetes Mellitus

In contrast to type 1 and type 2 diabetes mellitus, detailed
data on the prevalence of type 3c diabetes mellitus hardly
exist. Some older studies estimate a rather low prevalence of about 0.5%-1.15% among all cases of diabetes
mellitus in North America[8,9]. Other studies from, e.g.,
Southeast Asia where tropical or fibrocalcific pancreatitis
is endemic, report a higher prevalence of approximately
15%-20% of all diabetes mellitus cases[10,11].
A recent review of the currently available studies on
this topic proposes a prevalence of 5%-10% for type
3c diabetes mellitus among all diabetes mellitus cases in
Western populations[12]. Data are mainly based on a large
retrospective study of 1868 patients at a German University Hospital, where type 3c diabetes mellitus accounted
for 9.2% of all diabetics[7]. This emphasizes that previous older estimates of the prevalence of type 3c diabetes
mellitus must be inaccurately low. In 78.5% of all patients
with type 3c diabetes mellitus, chronic pancreatitis was
identified as the underlying diseases, therefore resembling
the most important causative condition[7].
The previous underestimation of the prevalence of
type 3c diabetes mellitus might partly be due to the fact
that investigation of the pancreas has meanwhile been
facilitated by new diagnostic procedures. Nowadays it has
become much easier to detect exocrine pancreatic pathology as imaging methods of the pancreas have clearly
improved and noninvasive screening methods to quantify
exocrine pancreatic insufficiency are easily available.
If chronic pancreatitis accounts for nearly 80% of all
type 3c diabetes mellitus cases, and if the prevalence of
type 3c diabetes mellitus is expected to be approximately
5%-10% of all diabetes mellitus cases, the true prevalence of (subclinical) chronic pancreatitis in the general
population seems to be far underestimated. This might
especially hold true since chronic pancreatitis has previously been considered a disease of alcoholism until the
discovery that it is a multifactorial disease with an impact
of complex genetic genotypes, smoking, special anatomic conditions, toxic agents and autoimmunity, also[13].
Up to date quite a few autopsy studies[14-16], endoscopic
ultrasound studies[17] and exocrine pancreatic function
studies[18] report a high frequency of exocrine pancreatic
injury suggestive of chronic pancreatitis in the general
population. This further supports the view of an underestimation of chronic (subclinical) pancreatitis in the
general population.

Source: Ref. [4,5], with permission.

between nutrient digestion and absorption is observed
and may lead to severe metabolic derangements. Glucose
intolerance and diabetes mellitus are observed quite frequently in the course of the disease[1,2].
Development of diabetes mellitus in chronic pancreatitis mainly occurs due to the destruction of islet
cells by pancreatic inflammation. Additionally, nutrient
maldigestion leads to an impaired incretin secretion and
therefore to a diminished insulin release of the remaining beta-cells[3]. In contrast to the autoimmune mediated
destruction of the beta-cells in type 1 diabetes mellitus,
glucagon secreting alpha-cells and pancreatic polypeptide
secreting pancreatic polypeptide-cells are also subject to
destruction in chronic pancreatitis leading to a complex
deranged metabolic situation.
Diabetes mellitus secondary to pancreatic diseases
(such as chronic pancreatitis) is classified as pancreatogenic diabetes or type 3c diabetes mellitus according to
the current classification of diabetes mellitus (Table 1)[4,5].
Whereas the awareness of type 1 and type 2 diabetes
mellitus is rather good, type 3c diabetes mellitus, however, is a condition rarely considered in everyday practice.
Yet, recent data on type 3c diabetes mellitus show that it
might be more common than generally thought. Studies
also suggest that this important condition might be consistently under- and misdiagnosed[6,7].
Due to the complex pathophysiology of type 3c
diabetes mellitus it bears clinical and laboratory features
which are very distinct from both type 1 and type 2
diabetes mellitus. This review focuses on diagnosis and
treatment of diabetes mellitus secondary to chronic pancreatitis.
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DIAGNOSIS OF DIABETES MELLITUS IN
CHRONIC PANCREATITIS
As stated above glucose intolerance and diabetes mellitus
are common in chronic pancreatitis. Diagnosing diabetes
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ful in distinguishing between type 2 and type 3c diabetes
mellitus[22].

Table 2 Proposed diagnostic criteria for type 3c diabetes
mellitus

Distinguishing type 3c diabetes from other types
It is not always easy to diagnose and classify a patient
with type 3c diabetes mellitus correctly. Long-standing
type 1 and type 2 diabetes mellitus patients are associated with exocrine pancreatic failure[23] and patients with
diabetes mellitus are at a higher risk for developing acute
and/or chronic pancreatitis anyway[24,25]. Patients with
previous episodes of pancreatitis may also develop type
1 or type 2 diabetes independently of their exocrine pancreatic disease. In order to classify patients with type 3c
diabetes mellitus correctly, commonly accepted diagnosis
criteria should be established.
In distinguishing between the different diabetes types
the presence of islet cell antibodies is consistent with
type 1 diabetes mellitus, and the presence of clinical or
biochemical evidence of insulin resistance is associated
with type 2 diabetes mellitus. Due to the lack of commonly accepted diagnostic criteria up to date, we propose
the following criteria for diagnosing type 3c diabetes mellitus (Table 2).
The evaluation of pancreatic polypeptide response
to insulin-induced hypoglycemia, secretin-infusion or a
mixed nutrient ingestion might be of additional diagnostic interest as discussed elsewhere[21]. An absent pancreatic polypeptide response is able to distinguish between
type 3c diabetes mellitus from early type 1 and may also
distinguish type 3c from type 2, which is characterized
by elevated pancreatic polypeptide levels[26-28]. Routinely
testing of incretin secretion or pancreatic polypeptide
response in everyday practice, however, does not seem
feasible.

Major criteria (must be present)
Presence of exocrine pancreatic insufficiency (monoclonal fecal elas
tase-1 test or direct function tests)
Pathological pancreatic imaging (endoscopic ultrasound, MRI, CT)
Absence of type 1 diabetes mellitus associated autoimmune markers
Minor criteria
Absent pancreatic polypeptide secretion
Impaired incretin secretion (e.g., GLP-1)
No excessive insulin resistance (e.g., HOMA-IR)
Impaired beta cell function (e.g., HOMA-B, C-Peptide/glucose-ratio)
Low serum levels of lipid soluble vitamins (A, D, E and K)
MRI: Magnetic resonance imaging; CT: Computed tomography; GLP-1:
Glucagon-like peptide-1; HOMA-IR: Homeostasis model assessment of
insulin resistance; HOMA-B: Homeostasis model assessment of beta-cell.

mellitus in a patient with known chronic pancreatitis may
not be that difficult. Yet, the correct classification of type
3c diabetes mellitus is often missed and patients are commonly misclassified. In a German study only about half
of the cases of type 3c diabetes mellitus were classified
correctly. Type 3c diabetes mellitus patients were mostly
misclassified as type 2 diabetes[7]. This might be due to
the very poor awareness of this diabetes type.
However, another thing appears even more difficult:
do not forget to take into account that a patient first
presenting with diabetes mellitus might have a type 3c
diabetes mellitus. In any case of a new diabetes mellitus
manifestation we should truly use the classification criteria defined by the European Association on the Study of
Diabetes (EASD) and the American Diabetes Association (ADA)[4,5] and check for type 3c diabetes mellitus. At
least if a patient does not fit into the common presentation and complains about gastrointestinal symptoms the
physician should be aware of the existence of type 3c
and initiate further diagnostics.

TREATMENT OF DIABETES
MELLITUS SECONDARY TO CHRONIC
PANCREATITIS

Screening for type 3c diabetes mellitus in chronic
pancreatitis
Any patient with chronic pancreatitis should of course be
monitored for the development of type 3c diabetes mellitus. The prevalence of diabetes mellitus among patients
with an established diagnosis of chronic pancreatitis is
reported to be up to 70% (in chronic calcific pancreatitis
even up to 90%)[1,2]. Patients with long-standing duration
of the disease, prior partial pancreatectomy, and early onset of calcific disease seem to be at higher risk for developing type 3c diabetes mellitus. There is a clear increase in
the prevalence with the duration of chronic pancreatitis[19,20].
The initial evaluation of patients with chronic pancreatitis should include fasting glucose and HbA1c. These tests
should be repeated at least annually. Impairment in either
one requires further evaluation. If testing suggests an impaired glucose tolerance, further evaluation by a 75 g oral
glucose tolerance test is recommended[21]. A concomitant
analysis of insulin and/or C-peptide levels may be help-
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Managing hyperglycemia
The derangement in glucose metabolism in type 3c diabetes mellitus ranges from a mild impairment to a severe
form characterized by frequent episodes of hypoglycemia, commonly referred to as brittle diabetes[9]. In type 3c
diabetes mellitus, blood glucose control may be unstable
due to the loss of glucagon response to hypoglycemia,
carbohydrate malabsorption and/or inconsistent eating patterns due to concomitant pain and/or nausea or
chronic alcohol abuse. Thus it is generally reported that
type 3c diabetes mellitus is difficult to control, although
there are only very few studies in this field[29,30]. Astonishingly, all large clinical trials, including Diabetes Control
and Complications Trial[31] and United Kingdom Prospective Diabetes Study [32] specifically excluded patients
with type 3c diabetes mellitus.
Currently, there are no generally accepted guidelines
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Managing exocrine pancreatic insufficiency
Many patients with chronic pancreatitis manifest some
degree of fat malabsorption, regardless of the presence
of symptoms. In patients with type 3c diabetes mellitus
exocrine pancreatic insufficiency is nearly ubiquitous
present. Since clinically overt steatorrhea is usually not
observed until over 90% of exocrine pancreatic function have vanished, exocrine pancreatic insufficiency and
maldigestion might remain undetected. However, the
relevant maldigestion, which is present in the majority of
patients with chronic pancreatitis, may cause qualitative
malnutrition. This is especially important concerning the
absorption of fat-soluble vitamins (A, D, E and K).
Very recent studies show a vitamin D deficiency in
> 90% of patients with chronic pancreatitis[39,40]. Additionally a significant correlation of exocrine pancreatic
insufficiency and osteoporosis and/or alterations in bone
metabolism can be observed[41,42].
Further considering the possible role of vitamin D
deficiency in the pathogenesis of type 1 diabetes mellitus
and the association of low vitamin D levels and poor
glycemic control in observational studies[43,44], qualitative
malnutrition of vitamin D in patients with type 3c diabetes mellitus seems of clinical importance. Measuring
serum-25-hydroxyvitamin D levels and supplementing
deficient patients might thus be beneficial.
The incretin system may play another crucial role
in the metabolic control of type 3c diabetes mellitus.
The regulation of the beta-cell mass and the physiological incretin secretion are directly dependent on normal
exocrine pancreatic function and fat hydrolysis. Chronic
pancreatitis and exocrine dysfunction have been associated with a functional impairment of the incretin system.
Impaired GLP-1 secretion, however, can by normalized
by pancreatic enzyme supplementation as previously described[3,45,46].
Adequate oral pancreatic enzyme replacement therefore seems very important in type 3c diabetes mellitus.
Besides helping to control symptoms of steatorrhea, it
also seems capable of preventing qualitative malnutrition
and metabolic complications.

regarding treatment pathways for type 3c diabetes mellitus. Yet, a first step was taken at Pancreas Fest 2012[21].
The pharmacological agents typically used for the treatment of type 3c diabetes mellitus are the same as for type
2 diabetes mellitus. The ADA and the EASD recommend metformin as the first-line oral therapy for type
2 diabetes mellitus[33]. Therefore many type 3c diabetes
mellitus patients are initially treated with metformin as a
drug of first choice. If hyperglycemia is rather mild and
concomitant insulin resistance is additionally diagnosed
or suspected, therapy with metformin may be a good
choice in the absence of contraindications. However,
metformin treatment might not be tolerated by a majority
of patients since its main side effects include nausea, abdominal complaints, diarrhea and weight reduction. A patient with chronic pancreatitis will probably not tolerate
these symptoms. Since metformin therapy proofs capable
of reducing the risk of pancreatic cancer by as much as
70%, however, its anti-diabetic and anti-neoplastic effects
may be beneficial in patients with type 3c diabetes mellitus due to chronic pancreatitis[34]. This holds especially
true since chronic pancreatitis and diabetes mellitus are
both well accepted risk factors for the development of
pancreatic cancer[35-37].
Incretin based therapies [e.g., glucagon-like peptide-1,
(GLP-1-)analogues, dipeptidyl peptidase (DPP)-Ⅳ-inhibitors] also enhance insulin secretion. Yet, GLP-1analogues as well as DPP-Ⅳ-inhibitors are both associated with a higher risk of pancreatitis and are reported
to have a high frequency of prominent gastrointestinal
side effects (e.g., nausea, delayed gastric emptying, weight
loss)[38]. Therefore their use should best be avoided at
present time until their safety is confirmed. A better and
probably safer way to positively influence the incretin system might be a proper supplementation with pancreatic
enzymes in these patients as discussed below.
In early type 3c diabetes mellitus, oral therapy with
insulin segretagogues (sulfonylurea and glinides) may also
be considered, thiazolidines should be avoided due to
prominent side effects (e.g., bone fractures, fluid retention, congestive heart disease).
Chronic pancreatitis, however, must be seen as a
progressive disorder and many patients will eventually
require insulin therapy. Patients should then be treated
using general insulin dosing guidelines as established for
type 1 diabetes mellitus. In patients with severe malnutrition insulin therapy is commonly used as a therapy of
first choice. This is due to the desired anabolic effects of
insulin in this special subset of patients.
Insulin pump therapy may also be considered for patients who experience a brittle form of diabetes mellitus
despite being sufficiently motivated.
As it is in the other diabetes types, initial treatment
should include all efforts to correct lifestyle factors which
contribute to hyperglycemia and the risk of pancreatic
malignancy (e.g., abstinence from alcohol and smoking
cessation, weight loss in overweight subjects, physical exercise and dietary modifications).
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CONCLUSION
Type 3c diabetes mellitus is a clinically important disease
with a prevalence of 5%-10% among all patients with
diabetes mellitus. The prevalence and clinical importance
of this condition has been underestimated and underappreciated in the past.
Most patients with type 3c diabetes mellitus suffer
from chronic pancreatitis as the underlying disease. The
prevalence of (subclinical) chronic pancreatitis might
also been underestimated as some studies suggest. Recognizing a diabetic state in patients with known chronic
pancreatitis is obligatory. Patients should undergo screening tests in order to detect hyperglycemia early. Fasting
glucose, HbA1c and 75 g oral glucose tolerance testing are
appropriate diagnostic tools. When diagnosing diabetes
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mellitus in patients with chronic pancreatitis, physicians
should be aware of the existence of type 3c diabetes mellitus and should classify this condition correctly as pancreatogenic diabetes or type 3c diabetes mellitus.
To identify a (subclinical) chronic pancreatitis as the
underlying condition of patients with the established
diagnosis of diabetes mellitus certainly is the greater challenge in everyday practice. This is due to the fact that
most physicians are not aware of type 3c diabetes mellitus und (subclinical chronic) pancreatitis does not necessarily present in a clinically impressive manner. A patient
with unspecific gastrointestinal complaints and diabetes
mellitus should therefore always prompt further diagnostics with regard to type 3c diabetes mellitus.
Identifying patients with type 3c diabetes is important since the endocrinopathy in type 3c diabetes is very
complex and complicated by additional present comorbidities such as maldigestion and concomitant qualitative
malnutrition. Specific diagnostic criteria are proposed
above (Table 1). The failure to correctly diagnose type 3c
diabetes mellitus leads to failure to implement an appropriate medical therapy. It is mandatory to treat pancreatic exocrine insufficiency in these patients even if clear
clinical symptoms such as steatorrhea or gastrointestinal
complaints are missing. Adequate pancreatic enzyme
supplementation therapy might for once help preventing
a lack of fat-soluble vitamins (especially vitamin D). Additionally it might exert beneficial effects on the impaired
incretin release in patients with chronic pancreatitis. Furthermore one has to realize that type 3c diabetes mellitus
due to chronic pancreatitis might be referred to as a premalignant condition since both diseases are well accepted
risk factors for the development of pancreatic cancer.
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chronic pancreatitis, and resembles that seen in neuropathic and chronic pain disorders. However, pain
due to e.g. , complications to the disease and adverse
effects to treatment must not be overlooked as an
additional source of pain. This review outlines the current theories on pain generation in chronic pancreatitis
which is crucial in order to understand the complexity and limitations of current therapeutic approaches.
Furthermore, it may also serve as an inspiration for
further research and development of methods that
can evaluate the relative contribution and interplay of
different pain mechanisms in the individual patients,
before they are subjected to more or less empirical
treatment.
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Core tip: Pain management in chronic pancreatitis often remains unsatisfactory. An overview of the current
theories on pain generation in chronic pancreatitis is
crucial in order to understand the complexity and limitations of current therapeutic approaches. Also, optimal
treatment will only be achieved on the basis of a better
understanding of these mechanisms. Furthermore, this
review may serve as an inspiration for future research
and development of methods that can determine the
relative contribution of different mechanisms to the
“collective” abdominal pain, before patients are subjected to more or less empirical treatment.

Abstract
Despite multiple theories on the pathogenesis of pain
in chronic pancreatitis, no uniform and consistently
successful treatment strategy exists and abdominal
pain still remains the dominating symptom for most
patients and a major challenge for clinicians. Traditional theories focussed on a mechanical cause of pain related to anatomical changes and evidence of increased
ductal and interstitial pressures. These observations
form the basis for surgical and endoscopic drainage
procedures, but the outcome is variable and often
unsatisfactory. This underscores the fact that other
factors must contribute to pathogenesis of pain, and
has shifted the focus towards a more complex neurobiological understanding of pain generation. Amongst
other explanations for pain, experimental and human
studies have provided evidence that pain perception
at the peripheral level and central pain processing of
the nociceptive information is altered in patients with
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a schematic division of the pain mechanisms into five
main categories as an easy-to-remember overview (Table
1).

INTRODUCTION
Abdominal pain is the most significant symptom and a
major clinical challenge in chronic pancreatitis (CP). It
is present in up to 90% of the patients and the primary
cause of hospitalization[1]. Pancreatic pain is characteristically described as a constant, severe, dull, epigastric
pain that often radiates to the back and typically worsens
after high-fat meals. However, many different pain patterns have been described, ranging from no pain to recurrent episodes of pain and pain free intervals, to constant pain with clusters of severe exacerbations[2,3]. In the
often cited Zürich series, pain was reported to decrease
over time, coinciding with the occurrence of exocrine
insufficiency, which led to the “burn-out” hypothesis of
pain in CP[3,4]. However, evidence against this hypothesis was subsequently provided in two large prospective
studies[5,6], where no association between the duration
of CP and the quality or frequency of pain was found.
Today the “burn-out” hypothesis is regarded obsolete
by most clinicians, and even though a few patients may
experience spontaneously pain relief, pain in the majority
of patients is unpredictable and has a substantial impact
on physical and mental quality of life, employment and
health care expenses[6-8].
The etiology of pain in CP is increasingly better
understood and likely involves multiple mechanisms.
Traditional theories focused on the role of local pathology within or in close proximity to the pancreas, as the
main generator of pain, but since the late 1990’s there
has been a shift towards a neurobiological understanding of pain in CP. Accordingly, there is solid histological
and neurophysiological evidence for an abnormal pain
processing in many of these patients[1,9]. Various mechanisms responsible for this altered pain processing have
been proposed, among them sensitization of the peripheral and central nerves, reorganization of the cerebral
cortex and alterations in pain control systems. In addition, local complications (such as pancreatic pseudocysts
and duodenal and/or bile duct obstruction) and adverse
effects to treatment also contribute to the complex
symptomatology in many patients and is an often a neglected problem in the clinical settings. Also, it has been
shown, that the clinical pain pattern varies with the etiology of CP, and hypothesized that different pathogenic
mechanisms of pain are associated with or predominates
depending on etiology[2,4], but so far it is not possible to
correlate pain mechanism and clinical pain pattern to the
etiology of CP uniformly.
The aim of this review is to highlight current theories
regarding the pain mechanisms in CP. This is important
in order to understand the complexity of this debilitating
disease and why pain management is often insufficient.
Also, optimal treatment will only be achieved on the basis of a better understanding of the mechanisms underlying pain in CP[10]. There is a variety of potential pain
mechanisms that needs to be taken into consideration
(Figure 1), but in this review we present for simplicity
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“PLUMBING” PROBLEMS
The mainstay of pain treatment in CP has for many
years focused on the pancreatic gland based on the assumption, that pain is generated by increased pressure in
the pancreatic duct or in the pancreatic parenchyma[11].
This mechanistic understanding of pain, termed the “the
plumbing theory”, has been the most widely accepted
theory regarding the cause of pain and it is the theoretical background of most interventions including surgical
and endoscopic drainage procedures[12].
Pancreatic duct hypertension and pain
A direct relationship between pancreatic duct hypertension and pain was reported for the first time in a case
report by White et al[13]. A patient undergoing open necrosectomy following acute necrotizing pancreatitis had
a drainage catheter placed in a fistula tract communicating with the pancreatic duct. He reproducibly developed
pain after saline infusion when the ductal pressure exceeded 25 mmHg[13]. Inspired by this finding, subsequent
studies attempted to compare ductal pressure measurements in CP patients and other patient groups. Many of
these studies were flawed by inappropriate comparison
of intraoperative pressure measurements in CP patients
to endoscopic pressure measurement in controls. Accordingly, only a few studies have compared ductal pressure using the same technique in patients and controls.
Based on intraoperative measurement of pancreatic duct
pressure, significantly increased pressures were evident in
patients with CP undergoing a surgical pancreatic drainage procedure compared to patients undergoing surgery
for gastric cancer[14]. Moreover, in a study comparing
endoscopic manometry of the pancreatic duct, CP patients had evidence of ductal hypertension compared to
controls[15]. Other studies based on endoscopic manometry have, however, not documented ductal hypertension
in CP, and the only study comparing CP patients by the
presence or absence of pain demonstrated no difference in pressure levels[16-20]. In addition, the pathological
mechanism by which increased ductal pressure causes
pain in CP is not clear and, taken together, the link between ductal hypertension and pain in CP remains hypothetical.
Pancreatic parenchymal hypertension and pain
Measurement of intrapancreatic pressure was pioneered
by Ebbehøj et al[21], who developed a technique based on
a needle probe inserted directly into the pancreatic parenchyma. Measurements were employed directly intraoperatively or by using a percutaneous procedure guided
by ultrasonography[21]. In 39 patients with CP, they found
that the intrapancreatic pressure was higher in patients
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Wiring problems-central
Functional reorganization
Central sensitization (cortical)

Wiring problems-central
Impaired inhibitory pain modulation
Wiring problems-central
Central sensitization (spinal)

Additional causes
CCK elevation
Increased norepinephrine levels
Mesenteric ischemia (type 3c diabetes)
Diabetic neuropathy (type 3c diabetes)
Wiring problems-peripheral
Pancreatic nociception
Pancreatic neuropathy and neuroplasticity

Plumbing problems
Pancreatic duct hypertension
Pancreatic parenchymal hypertension
Pancreas morphology
Pancreatic and extrapancreatic complications
Pseudocysts
Duodenal or/and bile duct obstruction
Peptic ulcer
Splenic vein thrombosis

Adverse effects to treatment
Opioid induced bowel dysfunction
Complications to surgery and endoscopic therapy
Bacterial overgrowth due to changed bowel motility

Figure 1 Pain mechanisms in chronic pancreatitis. The source of pain in chronic pancreatitis is complex and almost certainly multifactorial, and the relative contribution of different factors can be difficult to determine in the individual patient. See manuscript for further details. Modified from Demir et al[87]. CCK: Cholecystokinin.

with pain than in patients without pain, and this intrapancreatic hypertension was reversed following surgical
drainage[22]. At one-year follow-up, patients with recurrent pain had a rebound of intrapancreatic hypertension,
while patients who remained pain free continued to have
normal intrapancreatic pressures[23]. Although intriguing, these findings were not reproduced by a subsequent
study in which no relation between intrapancreatic pressure and pain was found[24].
The pathophysiological link between intrapancreatic hypertension and pain has been explained as a
“compartment-like syndrome” induced by fibrosis of
the pancreatic parenchyma and peripancreatic capsule[2].
During secretory stimulation in an animal model of CP,
increased interstitial pressures, diminished blood flow
and ensuing tissue acidosis were documented[25]. The
latter was possibly secondary to ischemia, thus mimicking the pathophysiology underlying muscular compartment syndrome. Although no pain data were collected
in this experiment, it is plausible that acidosis may have
caused pain by activation of the transient receptor potential vanilloid-1, which is a nociceptor found to be up
regulated in CP and other conditions characterized by
neurogenic inflammation[26,27] (described further below).
However, it must be highlighted that these findings have
never been reproduced in a human study and needs confirmation.

decisions regarding surgery or endotherapy to relieve
pain rely on morphological abnormalities of the pancreas[2,11,28]. However, the relationship between ductal
or intrapancreatic pressure and pancreatic morphology
is ambiguous[29]. Furthermore, in a very recent study
by Frokjaer et al[30] magnetic resonance cholangiopancreatography including diffusion weighted imaging was
obtained in 23 patients with painful CP and 17 controls.
Compared to traditional imaging techniques (i.e., endoscopic retrograde cholangiopancreatography, magnetic
resonance cholangiopancreatography, computed tomography, and endoscopic ultrasound), which mainly focus
on atrophy and ductal pathology, this modality also
provides a measure of fibrotic changes in the pancreatic
gland[31]. Interestingly, the authors found no association
between degree of pathological imaging (fibrosis, atrophy, and ductal pathology) and pain. However, pancreatic atrophy and ductal pathology were associated with
diabetes (i.e., more severe atrophy in patients with high
levels of glycated hemoglobin), and low levels of phosphate and hemoglobin.
Taken together, pathological pancreatic morphology
does not necessarily reflect the burden of pain in CP.
Nowhere is this observation made more obvious, than
by the patient who undergoes total pancreatectomy for
painful CP and still continues to suffer from pain[11].

Pancreas morphology and pain
In clinical practice, measurement of ductal or intrapancreatic pressure is not routinely performed and most

“WIRING” PROBLEMS
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Lesions to intrapancreatic nerves and their impact on
the pathogenesis of pain in CP have been the focus of
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Table 1 Pain mechanisms in chronic pancreatitis
Main category
Plumbing problems

Wiring problems

Pancreatic and extrapancreatic complications

Adverse effects to treatment

Additional causes

Proposed mechanism/source

Ref.

Pancreatic duct hypertension
Pancreatic parenchymal hypertension
Pancreas morphology
Peripheral nociception
Pancreatic neuropathy
Central mechanisms of pain
Pseudocysts
Duodenal obstruction
Bile duct obstruction
Peptic ulcer
Splenic vein thrombosis
Opioid induced bowel dysfunction
Complications to surgery and endoscopic therapy
Bacterial overgrowth due to changed bowel motility
CCK elevation
Increased norepinephrine levels
Diabetic neuropathy (type 3c diabetes)
Mesenteric ischemia1

[14,16,20]
[21-23]
[29,30]
[35-37]
[41,42,44]
[50,52,53,56]
[62,64]
[66]
[66,67]
[71,72]
[75,78]
[79]
[12]
[81]
[82]
[85]
[86]

1

Complications to and/or possible concomitant diseases. CCK: Cholecystokinin.

a substantial amount of research past 25 years. The International Association for the Study of Pain recently
changed its definition of neuropathic pain to “pain
caused by a lesion or disease of the somatosensory system”[32]. In the context of pain and CP there is emerging
histological and neurophysiological evidence of such
lesions to peripheral nerves in the pancreatic gland and
coincident aberrant central pain processing. Three aspects of the neural basis of pain in CP are usually considered: Peripheral nociception, pancreatic neuropathy
and central mechanisms of pain.

activated afferents, especially the large family of neurotrophic factors, are gaining increasing attention. Among
others, both nerve growth factor and brain-derived neurotrophic factor have been shown to be upregulated in
CP patients[36,37], as well as many other proinflammatory
cytokines, and in some cases this upregulation has been
associated with increased pain intensity and/or frequency (for a review see[2]).
These changes render the nociceptors more sensitive
to further stimulation, so that there can be a reduction in
the threshold for activation, an increase in the response
to a given stimulus, or the appearance of spontaneous
activity[38,39]. This sensitization, called peripheral sensitization, results in an increased barrage of pain signals to
the spinal cord[40].
Taken together, several articles have demonstrated
upregulation signaling molecules involved in inflammation and pronociceptive mediators, but also neurotrophic
factors in CP. The trophic nature of the nociceptive
activation markers further suggests a link between this
altered nociception and the neuropathy of CP described
below.

Peripheral nociception
A nociceptor is a sensory nerve cell capable of integrating and transducing nociceptive stimuli into pain
signals[33]. Nociception begins with the primary afferent
nerves, whose cell bodies lies in the dorsal root ganglia
next to the spinal cord. They have two branches-one
terminating in the target tissue and one that ends in the
dorsal horn of the spinal cord. The peripheral nerve
endings sense tissue injury or pain stimuli via a variety
of receptors, which respond to physical or chemical
factors in their surroundings[12]. Depending on the excitability of the neural membrane, the stimulus leads to an
action potential, which travels to the spinal end of the
nerves in the dorsal horn. Here it triggers the release
of neurotransmitters, which cross the synapse and act
on secondary neurons and transmit the stimulus to the
brain through diverse pathways, ultimately resulting in
the sensation of pain.
Currently, it is unknown what actually activates the
intrapancreatic nociceptors in humans. However, increased expression of the transient receptor potential
vanilloid-1 has been demonstrated in an animal model
of CP[34], as well as in humans, although no correlation
to pain was seen[35]. Furthermore, studies on nociceptive
activation markers, i.e., neurotransmitters secreted by
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Pancreatic neuropathy
Increased neural density and hypertrophy, sprouting and
neuritis of the intrapancreatic nerves, as well as activation of glia and immune cells have also been reported in
pancreatic tissue from CP patients[41-43]. These changes,
collectively known as neuropathy, have been strongly
associated with clinical pain scores, and thus suggests
to be an important factor in the pathogenesis of pain
in CP[41,42,44]. Autonomic innervation, especially sympathetic, is also decreased[43], and has been correlated with
abdominal pain.
Overall, substantial evidence supports the notion that
pancreatic neuropathy leads to a remodeling of the intrapancreatic innervation, a concept known as pancreatic
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neuroplasticity, which is likely an important factor in the
pathogenesis of pain in CP.

ganization and hyperexcitability is found in studies based
on advanced magnetic resonance imaging (MRI). In one
study using diffusion weighted MRI, microstructural
changes in the insular and frontal brain areas was associated with clinical pain intensity and functional scores[56].
Patients with a constant pain pattern demonstrated the
most severe microstructural abnormalities compared to
patients with an attack-wise pain pattern. This translates
well to the clinic where patients with constant pain was
recently reported to have the most reduced quality of
life and functioning[6]. In another MRI study based on
cortical volumetry, brain areas involved in visceral pain
processing was shown to have a reduced thickness[57].
This finding suggests a central neurodegenerative response to severe and sustained pain.
The pain system has several inherent mechanisms
whereby inflowing pain signals can be modulated. In
particular, modulation of spinal pain transmission from
the brainstem and higher cortical areas has been subject
to increased interest during the last decades. Descending
pain modulation where the brain can exert a downstream
gating of the incoming spinal activity can lead to either
an increase in the spinal transmission of pain impulses
(facilitation) or a decrease in transmission (inhibition).
The balance between these states ultimately determines
the quality and strength of the pain signals perceived by
the brain. Alterations in the state of descending modulation from inhibition towards facilitation have been
implicated in the transition of acute into chronic and
neuropathic pain. In the context of pain and CP, impaired descending inhibitory pain modulation has been
reported in studies based on experimental human pain
models[52,58]. In addition, brainstem facilitation has been
reported to maintain pancreatic pain in an animal model
of CP[59].
Taken together, several lines of evidence indicate
that central pain processing is abnormal in CP. However,
it is difficult to determine whether these central abnormalities are maintained by a sustained nociceptive drive
from the pancreatic gland or whether they have become
independent of peripheral input. In favor of the latter, a
recent pilot project documented generalized hyperalgesia
(a clinical measurable proxy of central sensitization) to
be associated with failure of thoracoscopic splanchnic
denervation[60]. The authors concluded that in patients
with hyperalgesia and failure to denervation, the disease
has advanced and the generation of pain becomes selfperpetuating and independent of the initial peripheral
nociceptive drive. However, these findings need confirmation in larger and longitudinal studies.

Central mechanisms of pain
A sustained and increased peripheral nociceptive drive
may result in an increased responsiveness of central pain
transmitting neurons. This phenomenon is known as
central sensitization, and refers to an increased synaptic
efficiency established in sensory neurons in the dorsal
horn of the spinal cord (and/or at supraspinal sites), following intense peripheral noxious stimuli, tissue injury,
or nerve damage[45,46]. The end result is pain, which is no
longer coupled to the presence, intensity, or duration of
noxious peripheral stimuli[47]. Clinically these changes
manifests as allodynia (a painful response to stimuli not
normally painful), hyperalgesia (increased sensitivity to
painful stimuli) and secondary hyperalgesia (a receptive
field expansion that enables input from non-injured tissue to produce pain)[45].
Several studies have reported findings compatible
with central sensitization in CP. Patterns of referred
pain can be examined to assess central sensitization, as
viscera-somatic convergence between peripheral nerves
occurs at the spinal cord and higher levels of the central
nervous system. Hence, visceral sensitivity of the upper
gastrointestinal organs (sharing spinal innervation with
the pancreatic gland) serves as a proxy of spinal sensitization[48,49]. In one study, increased areas of referred
pain to electrical stimulation of the esophagus, stomach,
and duodenum was reported in CP patients compared
to controls[50]. Other studies reported decreased pain
thresholds to visceral stimulation of the rectosigmoid
as well as somatic stimulation of muscle and bone[51,52].
Taken together, these findings characterize a generalized
hyperalgesic state of the pain system and likely mirrors
widespread sensitization of the central nervous system
as seen in many other chronic pain disorders[45].
From the spinal cord, visceral afferents are projected
to cortical and subcortical structures of the brain. Experimental pain studies, based on somatic stimulation
of the epigastric skin area (sharing spinal segmental innervation with the pancreatic gland) as well as visceral
stimulation of the upper and lower gut with concomitant
recording of evoked brain potentials and brain source
localization, have indicated that chronic pain and hyperalgesia is associated with functional reorganization of the
cerebral cortex[50,53-55]. Hence, compared to healthy controls CP patients show reorganization of the brain areas
involved in visceral pain processing including the insula,
secondary somatosensory cortex and cingulate cortex
similar to what is seen in phantom pain[53]. Interestingly,
insular reorganization was associated with clinical pain
intensity. In addition to reorganization of the brain areas
involved in visceral pain processing, the excitability of
these neural networks is abnormal with evidence of impaired habituation to noxious stimuli, possibly reflecting
a neuronal hyperexcitability (i.e., cortical sensitization)[55].
The structural correlate of functional cortical reor-
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PANCREATIC AND EXTRAPANCREATIC
COMPLICATIONS
Although questions still remain, “plumbing” and “wiring” problems are probably important generators of
pain in CP. Nevertheless, pain due to complications to
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the disease is also likely to contribute, and should not
be overlooked, when evaluating the origin of abdominal
pain in CP patients.

be included, causing a higher prevalence than in the
background population[72].
Under all circumstances, peptic ulcer may contribute
to or be the reason for abdominal pain in CP patients
and therefore diagnostic upper gastrointestinal endoscopy should be considered on wide indications.

Pseudocysts
Pancreatic pseudocysts are relatively common in CP
with estimated incidence rates of 20%-40%[61,62], however, there is a lack of precise data based on long term
follow-up. Yet, due to the chronic nature of the disease,
CP patients are at high risk of developing pseudocyst
in the course of their disease[63]. The exact pathogenesis
of pseudocyst formation in CP is not known, but it has
been proposed, that blockage of the major branch of
the main pancreatic duct, and ongoing pancreatic secretion proximal to the obstruction leads to a saccular
dilatation of the duct. This is then filled with pancreatic
juice resulting in a pseudocyst[62]. The range of symptoms is wide-from asymptomatic to severe abdominal
pain dependent on etiology, localization, and size[64,65].

Splenic vein thrombosis
The splenic vein runs along the posterior surface of the
pancreas and may be affected by inflammation in the
pancreatic gland, leading to thrombosis and abdominal
pain. Because most patients are asymptomatic the incidence of splenic vein thrombosis in CP is not known[75],
but incidence from 4%[76] to 45%[77] have been reported.
Only few studies address the issue, but in one of the
largest studies on splenic vein thrombosis in CP, 266
patients were investigated prospectively for a mean time
of 8.2 years[78]. Splenic vein thrombosis was found in 22
patients (8.3%), but was only symptomatic in two patients. Hence, the role of splenic vein thrombosis in the
pathogenesis of pain in CP is still questionable.

Duodenal and bile duct obstruction
Advanced CP is characterized by replacement of the
pancreatic parenchyma with fibrous tissue. Due to the
close anatomical relationship of the common bile duct
and the second part of the duodenum with the head
of the pancreas, fibrosis can exert extrinsic pressure on
these structures. The end result is mechanical obstruction of the common bile duct and duodenum[66,67].
The clinical presentation of duodenal and bile duct
obstruction is variable and can be asymptomatic[66,68].
Postprandial abdominal pain, early satiety and nausea
are the most common symptoms of duodenal obstruction, while pain and abnormal liver function tests are
suggestive of bile duct stenosis and cholangitis[69]. The
mechanisms underlying such “obstructive pain” are unclear and one study concluded that bile duct obstruction
without cholangitis is not the cause of pain in patients
with CP[70].

ADVERSE EFFECTS TO TREATMENT
In many CP patients, strong opioids are often necessary
to relieve pain. Unfortunately, opioids have the potential
to produce substantial gastrointestinal adverse effects,
including constipation, reflux, nausea and abdominal
pain-a phenomenon known as opioid-induced bowel
dysfunction[79]. In a study on the prevalence of gastrointestinal symptoms in patients treated with opioids for
non-cancerous diseases, chronic abdominal pain was
reported in 58% of the patients[80]. Hence, opioid consumption may confuse the clinical picture in CP and
worsen or contribute significantly to abdominal pain.
Medications that change bowel motility may also contribute to the bacterial overgrowth that is reported in up
to 40% of the patients[81]. This may manifest as abdominal distension and pain.
In addition to side effects to medical therapy, complications to surgical end endoscopic therapy may cause
pain in a number of patients. These may include postoperative adhesions, ductal and parenchymal trauma,
pancreatic and bile duct strictures, and complications to
pancreatic stenting-all of which may result in abdominal
pain. However, the relative contribution to abdominal
pain due to surgical complications in CP is difficult to
assess, and as far as the authors are aware of, no studies
have examined this.

Peptic ulcer
Upper abdominal pain is a prominent symptom in patients with peptic ulcer. Previous studies have demonstrated, that the prevalence of duodenal ulcer is high in
patients with CP (ranges from 3.6% to 37.5%)[5,71,72]. The
reason for the higher prevalence is unclear and many
hypotheses have been suggested, including higher prevalence of Helicobacter pylori infection[71], increased gastric
acid secretion[73,74], and insufficient pancreatic exocrine
function which reduces bicarbonate secretion and decreases duodenal pH[72]. Furthermore, changes in gastric
and intestinal blood flow due to previous acute pancreatitis may also be of importance.
As peptic ulcer can be asymptomatic, the high
prevalence may be a result of a “detection bias” due to
intensive search for the “origin” of epigastric pain in a
selected group of patients. Patients with CP are more
likely to undergo an upper gastrointestinal endoscopy,
and therefore ulcers with atypical or no symptoms may
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ADDITIONAL CAUSES FOR PAIN
The above mentioned theories and mechanisms of pain
are considered the most common and well-founded by
the authors, but other rarer, less well examined causes,
and complications to concomitant and comorbid diseases may also play in role in pain generation. A thorough
evaluation of all these plausible causes is beyond the
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scope of this review, but the reader is referred Table 1
for an overview.
However, elevated cholecystokinin (CCK) levels and
increased sympathetic activity deserves to be mentioned
separately as an additional cause of pain in CP. It has
been shown, that CCK levels are elevated threefold in
some early pancreatitis patients compared to controls[82].
This may generate pain by increasing the pressure in the
pancreatic duct, but also through direct activation of
nociceptive pathways in the central nervous system[83]. In
one placebo-controlled, multicentre trial including 207
patients with chronic pancreatitis, an oral CCK receptor
antagonist significantly decreased pain over placebo, although the placebo response was 30%[84]. However, further research into CCK antagonists has been hampered
by concerns about induction of exocrine insufficiency
and gallstones[11].
Although limited by a small number of patients,
Buscher et al[85] showed significantly lower pain tolerance
thresholds to pressure pain in dermatome T10 (pancreatic dermatome) in CP patients with increased norepinephrine levels compared to CP patients with normal
norepinephrine levels, suggesting that sympathetic activity may play a role in these patients pain processing.

2

3
4

5

6

7

CONCLUSION
Intense abdominal pain is a dominant feature of CP and
it is associated with poor mental and physical quality of
life. Basic studies of pancreatic nerves and experimental
human pain research have provided evidence that pain
processing is abnormal in these patients and in many cases resembles that seen in neuropathic and chronic pain
disorders. This neurobiological view of pain is somewhat
in opposition to the traditional view of pain etiology in
CP, where pain was assumed to arise from pathology in
or in close proximity to the pancreatic gland. However,
these theories are not mutually exclusive, and aspects of
both may contribute in the generation and perpetuation
of pain. In addition, adverse effects and complications
to medical and interventional therapies may account for
a substantial morbidity in many patients and should be
considered as an additional source of pain. Therefore, it
is important to consider the different mechanisms, when
evaluating the origin of pain in CP patients (Figure 1),
and it is plausible that the “collective” abdominal pain is
a result of a complex interplay of several mechanisms.
This novel and multifaceted understanding of pain etiology in CP requires a paradigm shift in pain management.
Hence, modern mechanism based pain treatments taking
into account especially altered pain processing are likely
to increasingly replace traditional invasive therapies. In
addition, the improved understanding of pain etiology
will likely pave the way for new treatment modalities.
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Pharmacological pain management in chronic pancreatitis
Søren S Olesen, Jacob Juel, Carina Graversen, Yuri Kolesnikov, Oliver HG Wilder-Smith, Asbjørn M Drewes
generation of pain can become self-perpetuating and
independent of the initial peripheral nociceptive drive.
Consequently, the management of pain by traditional
methods based on nociceptive deafferentation (e.g. ,
surgery and visceral nerve blockade) becomes difficult and often ineffective. This novel and improved
understanding of pain aetiology requires a paradigm
shift in pain management of chronic pancreatitis.
Modern mechanism based pain treatments taking into
account altered pain processing are likely to increasingly replace invasive therapies targeting the nociceptive source, which should be reserved for special and
carefully selected cases. In this review, we offer an
overview of the current available pharmacological options for pain management in chronic pancreatitis.
In addition, future options for pain management are
discussed with special emphasis on personalized pain
medicine and multidisciplinarity.
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Core tip: Pharmacological pain management in chronic
pancreatitis is complicated and requires a multidisciplinary approach. Identification of risk factors associated with disease progression and evaluation of extra
pancreatic causes of pain and complications is essential
in all patients. Analgesics are typically titrated according to the World Health Organization ladder principle,
but in some situations a top-down approach may be
useful to control pain and avoid sensitization of central
pain pathways. Adjuvant analgesics and combinations
of drugs should be considered at an early stage. Nonencapsulated enzyme therapy, somastotatin-analogues
and antioxidants can be considered as supplements to
conventional analgesics in special situations.

Abstract
Intense abdominal pain is a prominent feature of
chronic pancreatitis and its treatment remains a major
clinical challenge. Basic studies of pancreatic nerves
and experimental human pain research have provided
evidence that pain processing is abnormal in these
patients and in many cases resembles that seen in
neuropathic and chronic pain disorders. An important
ultimate outcome of such aberrant pain processing is
that once the disease has advanced and the pathophysiological processes are firmly established, the
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the assumption that pain is generated by local pathology
within or in close proximity to the pancreas. This mechanistic understanding of pain, has for many years, been
the most widely accepted theory regarding the origin of
pain in CP[7]. However, there is no direct relationship between the presence of pancreatic pathology such as duct
dilation, pancreatic duct stones, pancreatic duct strictures,
etc. and abdominal pain in CP pain patients[8-11]. Furthermore, the experimental evidence supporting this theory is
sparse and findings have been conflicting[12].
On the contrary, many current theories of the pathophysiology of CP postulate that in a high number of
cases, repeated episodes of inflammation and pancreatic
injury drive the process within the gland towards irreversible injury and are associated with damage to the
pancreatic nerves[7,13,14]. Key in this theory is the recognition that the resulting ongoing and aggressive nociceptive
input is likely associated with altered function of the pain
processing system, particularly at the central level[15-18].
An important ultimate outcome of such aberrant pain
processing is that once the disease has advanced and the
pathophysiological processes are firmly established, the
generation of pain can become self-perpetuating and independent of the initial peripheral nociceptive drive[19,20].
Consequently, the management of pain by traditional
methods based on nociceptive deafferentation (e.g., surgery and visceral nerve blockade) becomes difficult and
ineffective[20]. This novel and improved understanding
of pain aetiology requires a paradigm shift in pain management of CP. Hence, modern mechanism based pain
treatments taking into account altered pain processing are
likely to increasingly replace invasive therapies targeting
the nociceptive source, which should be reserved for special and carefully selected cases.

agement in chronic pancreatitis. World J Gastroenterol 2013;
19(42): 7292-7301 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v19/i42/7292.htm DOI: http://dx.doi.
org/10.3748/wjg.v19.i42.7292

INTRODUCTION
Chronic pancreatitis (CP) remains a major source of
morbidity in the Northern Europe, with an annual incidence of approximately 10/100000 inhabitants[1]. It is a
disease characterised by progressive destruction of the
pancreatic gland and is typically characterised by severe
abdominal pain. As the disease evolves, significant impairment of exocrine as well as endocrine functions also
become evident[2,3]. The aetiological risk-factors associated with CP are multiple and involve both genetic and
environmental factors. In the Northern Europe, excessive
alcohol consumption is the leading cause of CP, although
genetic susceptibility is also recognised as playing an increasing role[1,4].
From the perspective of the patients (and their doctors) pain is the most significant symptom in CP, and
most patients develop chronic pain during the course of
their disease. The classic description of the pain is that
of a constant, severe, dull ache in the mid-epigastrium,
which often radiates to the back. It is typically worsened
by high-fat foods, and pain attacks may last for days.
However, just as the disease has different causes and
morphological expressions, this classic pain pattern is not
universal, and the location, character and quality of pain
can be quite variable[2]. Furthermore, pain has been associated with malnutrition, narcotic addiction, physical and
emotional disability, and major socioeconomic problems.
Consequently, the clinical evaluation of pain is often
blurred by addiction to alcohol and narcotic analgesics as
well as by the personality disorders underlying these dependencies[3,5]. In view of this complex clinical presentation, it is not surprising that treatment of pain in patients
with CP is challenging and often unsuccessful[6].
The aim of this review is to summarise current available pharmacological therapies for pain in CP. In addition, future options for pain management are discussed
with special emphasis on personalized pain medicine and
multidisciplinarity.

RISK-FACTOR MODIFICATION AND
PROPHYLAXIS
The risk-factors associated with CP can be classified according to the MANNHEIM risk-factor classification
system[4]. In this system, the multiple (M) risk factors underlying CP are categorised into six major subcategories
of alcohol consumption (A), nicotine consumption (N),
nutritional factors (N), hereditary factors (H), efferent
pancreatic duct factors (E), immunological factors (I),
and various rare miscellaneous and metabolic (M) factors.
The rationale for modifying these risk-factors is to reduce
recurrent injury to the pancreas. Hence, with repeated
episodes of acute inflammation triggered by one or more
risk factors, the inflammatory environment within the
pancreas shifts towards chronic inflammation, with subsequent activation of pancreatic stellate cells, fibrinogenesis, and irreversible pancreatic damage[21]. Although not
well established for all risk-factors (see below), it seems
likely that prevention of recurrent pancreatitis attacks,
clinical or sub-clinical, by risk-factor modification, will
translate into a slowing of disease progression, less exocrine and endocrine insufficiency and most importantly

OVERVIEW OF PAIN MECHANISMS IN
CP
A detailed overview of the complex pain mechanisms
underlying pain in CP is beyond the scope of this review and provided elsewhere in this issue of the journal.
It is important to emphasise that none of the current
acknowledged theories are mutually exclusive, and it is
most likely that several pain mechanisms act in concert to
cause pain in the individual patient.
Historically, the focus of pain treatment has been on
the pancreatic gland as a nociceptive source, based on
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Table 1 Recommended risk factor modifications in chronic pancreatitis according to the MANNHEIM criteria
Risk factor

Treatment

Comments

Alcohol
Nicotine
Nutritional
Hereditary

Alcohol cessation
Smoking cessation
No specific recommendations
Endoscopic surveillance
Pancreatectomy with autolog stem cell transplantation
Efferent duct
Endoscopy or surgical interventions
Immunological Steroid treatment
Metabolic
Lipid lowering therapy, parathyroidectomy, etc.

Decrease disease progression and may have beneficial effects on pain
Decrease disease progression and may have beneficial effects on pain
No prospective data
Currently no formal evidence, a prospective trial has been initiated
Preferred strategy in some United States centers
The benefit of intervention is controversial
Treatment of autoimmune pancreatitis follows guidelines provided in e.g., Ref. 32
Consider referral to an endocrinologist

Table 2 Treatment of extrapancreatic causes of pain in chronic pancreatitis
Treatment
Peptic ulcer
Pseudocysts
Duodenal obstruction
Bile duct obstruction

Comments

Proton pump inhibitor +/- eradication of H. pylori
Endoscopic drainage, transcutaneous drainage
or surgical drainage
Endoscopic dilation or surgical therapy
Covered metal stent or plastic stent

Avoid NSAIDs in CP Patients
Preferred treatment dependent on pseudocyst localization
and morphology
Endoscopic dilation preferred as first line therapy
Controversial, one study found no relationship between bile duct
obstruction and pain

NSAID: Nonsteroidal anti-inflammatory drugs; CP: Chronic pancreatitis; H. pylori: Helicobacter pylori.

decreased abdominal pain. In Table 1 recommended risk
factor modifications are summarized.
In patients with an alcoholic aetiology of CP, there is
evidence to support that cessation of alcohol may have
beneficial effects on disease progression and pain[22,23].
Furthermore, there is increasing evidence that tobacco
use is also an important and independent risk factor for
CP and that cigarette smoking accelerates progression
of alcoholic CP[24,25]. Hence, tobacco cessation is highly
recommended in these patients, although the association
with pain relief has yet to be determined.
Data on the association between nutritional factors
and CP are sparse. The consumption of a diet rich in fat
and protein was associated with the development of CP
in a case-control study[26]. However, retrospective descriptions of daily nutritional habits are difficult and such
data may be subject to recall bias. Thus, it is difficult to
provide a simple description of past daily nutrition in the
majority of patients with CP and these findings needs to
be confirmed in a prospective trial before specific recommendations can be made.
In patients with CP following gallstone pancreatitis,
prevention of recurrent choledocholithiasis is crucial
and reduces further damage to the pancreas[27]. In this
situation cholecystectomy is recommended for patients
suitable for surgery[28]. Also, patients with recurrent pancreatitis and efferent duct abnormalities such as pancreas
divisum may benefit from endoscopic therapy or surgery
to decrease the risk of recurrent pancreatitis and progression to CP[29]. However, data on this subject are limited
and the optimal treatment of this specific entity is still a
subject of controversy.
No specific treatment exists to modify the disease
progression in hereditary CP. These patients have a significantly increased risk of pancreatic cancer and surveil-
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lance or even total pancreatectomy with autologous isletcell transplantation is recommended in some centers[30].
Patients with autoimmune pancreatitis comprise a special
subset of patients with a potentially curable form of
pancreatitis. Management of these patients is beyond the
scope of this review and the reader is referred to reference[31].
In CP due to metabolic abnormalities such as hypertriglyceridaemia, maintenance of triglycerides within the
normal range would be expected to reduce the chance of
repeated pancreatitis attacks and thus progression to CP[32].
Also, patients with hypercalcaemia induced pancreatitis due
to hyperparathyroidism should be managed appropriately
and - if necessary - referred to an endocrinologist.

TREATMENT OF EXTRA-PANCREATIC
CAUSES OF PAIN
In addition to risk factor modifications, extra-pancreatic
causes of pain should be thoroughly investigated and
treated (Table 2). Peptic ulcers are reported to have an
increased prevalence in CP. This is possibly explained by
changes in blood flow to the mucosa following attacks of
acute pancreatitis as well as deterioration of pancreatic
exocrine function resulting in a reduction of bicarbonate
concentration and hence acidification of the milieu in
the duodenal lumen. Also, increased gastric acid secretion and an increased prevalence of Helicobacter pylori in
CP have been associated with the increased prevalence
of peptic ulcers[33]. Another important source of pain in
CP is pseudocysts, which should be investigated by an
appropriate radiological work-up and treated accordingly[34]. Some patients may have pain as a consequence of
obstruction of adjacent viscera (duodenum or common
bile duct)[35]. However, the mechanisms underlying such
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Table 3 Current available pharmacological treatments for pain in chronic pancreatitis
Pain mechanism

Treatment option(s)

Comments

Ref.

Raised levels of CCK

Pancreatic enzyme replacement therapy Only non-enteric coated enzymes have proven effective
[57-65]
Somatostatin-analogues
Conflicting results, prolonged release formulations may be of value
[67,68]
Pancreatic inflammation and Antioxidants
Conflicting results, probably most valuable in tropical calcifying CP
[71,72]
oxidative stress
Central sensitisation
Antidepressants (TCA, SSRI, SNRI)
Expert opinion, no clinical data (Ref.)
[2]
Gabapentinoids (Gabapentin/Pregabalin) Modest effect on pain in a randomised placebo controlled trial (Pregabalin) [42]
Ketamine
Reverses hyperalgesia in an experimental pain study
[54]
Analgesics
Tramadol vs morphine
No difference in pain relief in a randomised controlled trial, fewer side
[35]
effects on tramadol treatment
Fentanyl vs Morphine
No difference in pain relief in a randomised controlled trial
[41]
Oxycodone vs Morphine
Oxycodone superior to morphine on experimental pain measures
[39]
ADL 10-0101:KOR agonist
KOR agonist superior to morphine on experimental and clinical pain
[40]
measures. Limited number of patients (n = 6)
CCK: Cholecystokinin; CP: Chronic pancreatitis; TCA: Tricyclic antidepressant; SSRI: Selective serotonin reuptake inhibitor; SNRI: Serotonin
norepinephrine reuptake inhibitor; KOR: Kappa opioid receptor.

“obstructive pain” remain unclear and in the case of bile
duct obstruction there is evidence to the contrary[36].

Strong opioids, such as morphine, mainly exert their
analgesic effects in the central nervous system, although
it is now well known that opioid receptors are synthesised in the dorsal root ganglia and transported towards
both central and peripheral nerve terminals[42]. Several
opioid receptors exist, including the µ-receptor, δ-receptor
and the κ-receptor[43]. Most clinically available opioids
have their primary activity at the µ-receptor and have
been used widely to treat pain in CP patients[6]. However, animal studies have suggested that activation of the
κ-receptor may be more efficacious for attenuation of
gastrointestinal pain[44]. In keeping with these findings,
oxycodone (an opioid targeting the µ-, δ- and κ-receptor)
was shown to attenuate experimental visceral pain better
than morphine in CP patients[45]. Also, in a pilot study
including six CP patients with chronic abdominal pain,
infusion of a peripherally restricted κ-receptor agonist
(ADL 10-0101) - but not placebo - reduced clinical and
experimental pain scores[46]. These findings were not replicated in patients with pain due to pancreatic cancer[47],
but this may relate to the confounders associated with
clinical studies on opioids[48]. Taken together, these findings may suggest differentiated effects of opioids for
pain management in CP patients. However, it must be
emphasized that data from well-designed clinical studies
with long-term follow-up are not yet available.
Opioids used in the outpatient clinic can be administered either orally (i.e., tablets) or transdermally (i.e., patch
formulation). In an open label randomized crossover
trial, transdermal fentanyl plaster was compared to sustained release morphine tablets in an equipotent dosage
regime[49]. No significant differences were found for pain
control, patients’ preference or quality of life, while 44%
of patients treated with fentanyl plaster reported skin
side effects. Taken together with the increased costs of
patch formulation, the authors concluded that transdermal administration of opioids cannot be recommended
as first line opioid therapy for CP, but should be reserved
to patients having trouble with tablet ingestion[49].
As discussed above, CP patients may be suffering

ANALGESICS
The standard guideline for analgesic therapy in CP patients follows the principles of the “pain relief ladder”
provided by the World Health Organization (WHO)[37].
This principle is based on the serial introduction of drugs
with increasing analgesic potency, titrated until pain relief
is obtained. However, in patients with a severe and debilitating pain pattern, a more aggressive approach using
opioids combined with adjuvant analgesics as first line
therapy (i.e., a top-down approach), is useful to control
pain and prevent sensitization of central pain pathways.
An overview of the current available pharmacological
therapies used to treat pain in CP is reported in Table 3.
Paracetamol is usually the preferred drug in level I analgesia due to its limited side effects. It has analgesic and
antipyretic activity that work through central and peripheral non-opioid mechanisms, which have not yet been
fully characterised[38]. Nonsteroidal anti-inflammatory
drugs (NSAIDs) are particular useful for treating musculoskeletal pain and are in general less favourable for
visceral pain because of their toxicity to the GI tract[39].
Consequently, we recommend avoiding NSAIDs for
painful CP.
Codeine is a weak opioid in level Ⅱ analgesia, but is
still associated with the same spectrum of opioid-related
side effects seen for stronger opioids, e.g., constipation,
nausea, dyspepsia amongst other symptoms involved in
opioid-induced bowel dysfunction[40]. Tramadol possesses
both a weak opioid agonist activity along with an effect
on noradrenaline and serotonin uptake in the spinal cord.
It has been shown to be more potent than codeine and
may be considered as a halfway house between level Ⅱ
and level Ⅲ analgesics. Tramadol was also shown to be
more efficacious than morphine in patients with CP, with
fewer gastrointestinal side effects for the same level of
analgesia[41].
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from hyperalgesia due to sensitization of the central nervous system[14,19]. In general, opioids are not very effective
in treating established central sensitization and may even
cause hyperalgesia themselves (i.e., opioid induced hyperalgesia)[50]. Furthermore, opioid induced bowel dysfunction is a common problem in clinical practice and typically manifests as abdominal discomfort or even diffuses
abdominal pain[40]. Taken together, opioid based therapies
often become ineffective and associated with gastrointestinal side effects in the context of advanced CP and
hence other treatments are highly warranted.

sic used to reduce central sensitization in various chronic
pain conditions. It is a noncompetitive N-Methyl-Daspartate (NMDA) receptor antagonist, but it also exerts
its analgesic effects through other mechanisms including
opioid receptor activation[58]. Sensitization of the central
nervous system has been documented in several studies
of painful CP and is believed to play a prominent role
in pain generation in this entity[15,16]. One of the bestcharacterized mechanisms in the early phase of central
sensitization is activation of the NMDA receptors[59].
Multiple studies have consistently produced positive
results regarding the use of ketamine in chronic pain
patients with central sensitization and hyperalgesia and
it thus comprises an interesting remedy to revert reduce
central sensitization and its associated hyperalgesia in
CP[60]. This was supported by a double-blinded crossover
trial designed to evaluate the effect of ketamine infusion on hyperalgesia associated with CP[61]. Infusion of
ketamine temporarily reversed pressure pain hyperalgesia
and the underlying sensitized state of the pain system.
However, only short-term effects were evaluated and no
effect was seen on clinical endpoints. Hence, the use of
ketamine for pain in CP is still in its infancy and prospective clinical trials are warranted to establish its role in the
management of painful CP.

Adjuvant analgesics
Adjuvant analgesics are a heterogeneous group of drugs
initially developed for indications other than pain. However, many have proven effective in painful conditions,
which has now been widely recognised as a separate
therapeutic indication. Adjuvant analgesics modify the
nociceptive processes through several modes of action,
including anxiolytic effects (benzodiazepines, alpha-2delta ligands), antidepressive effects (antidepressants),
and anti-hyperalgesic effects (antidepressants, alpha2-delta ligands). Although they have been widely used
to treat pain associated with CP, only the alpha-2-delta
ligand pregabalin has been studied in the context of
painful CP[2,51]. Hence, in a placebo controlled double
blinded randomized trial, we recently demonstrated the
efficacy of pregabalin as an adjuvant analgesic for pain
in CP. We found that CP patients treated with pregabalin
escalated to a maximal dose of 600 mg bid had a significant reduction in self-reported pain scores compared to
placebo. Furthermore, the percentage of patients with
much or very much improved health status score was
higher in the pregabalin group compared to the placebo
group. The side effects were relatively few and of mild
to moderate severity; with a “drunk feeling” being the
most prevalent side effect (35% of patients) and typically showing a ceiling effect after one or two weeks of
treatment[51].
The analgesic mechanisms of action underlying pregabalin analgesia are not completely understood, and
it probably exerts a range of effects on pain transmission[52,53]. In vitro studies indicate that pregabalin binds
selectively to the alpha-2-delta subunit of voltage-dependent calcium channels, thereby blocking the influx of
calcium into pre-synaptic nerve terminals. This reduces
release of excitatory neurotransmitters, including glutamate, noradrenalin and substance P, and dampens pain
transmission[54,55]. These findings translate well to experimental pain studies in CP, where antinociceptive effects
of pregabalin on electrical evoked pain from the gut and
skin were observed, compatible with a reduction of central sensitization[56,57].

SUPPLEMENTARY THERAPIES
Pancreatic enzyme therapy
Pancreatic enzyme therapy for pain control in CP has
been the subject of several randomized trials and metaanalyses (Table 3). The proposed mechanism of action
is the ability to degrade cholecystokinin (CCK) releasing
factor in the duodenum and thereby lower CCK[2]. An
elevated level of CCK have been reported in CP patients
and may generate pain by increasing the pressure in the
pancreatic duct (CCK-A), but also through direct activation of nociceptive pathways in the central nervous
system (CCK-B)[62,63]. Only non-enteric coated formulations have duodenal protease activity and studies using
this type of enzymes have documented improvement in
pain[64,65]. In contrast, most studies using enteric coated
preparations (which are not active in the duodenum and
hence cannot degrade CCK-releasing factor) have not
shown any improvement on pain measures[66-69]. One
study, however, showed pain relief of enteric coated
enzymes during acid inhibition, but this study used a
measurement of pain that included symptoms of malabsorption (bloating, gas or cramping), rather than more
traditional pain measures[70]. A meta-analysis combining
all studies found no effect of enzymes on pain relief in
CP[71]. Nevertheless, combining the two types of enzyme
formulations in a metanalysis is probably not appropriate
given the proposed mechanism of action[72].

Ketamine
Introduced in 1965 as an anesthetic, today ketamine is
used not only for anesthesia, but also as a potent analgesic in acute and chronic pain as well as an antihyperalge-
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Somastotatin-analogues
Somastotatin-analogue inhibits pancreatic secretion by
blocking CCK and secretin release and also by a direct

3422

January 28, 2014|First Edition|

Olesen SS et al . Pain management in chronic pancreatitis

inhibitory effect on acinar cells[73]. As discussed above,
these effects may alleviate pain through reduction of pancreatic ductal pressure and by lowering the central effects
of CCK. There are conflicting data about the efficacy of
somastotatin-analogues for pain in CP. While early pilot
series of octreotide showed an effect on pain control,
this effect could not be confirmed in a double-blind
cross-over study enrolling 10 CP patients treated with
octreotide (100 µg tid) or placebo for 3 d[74]. Although
pancreatic secretion measured by fecal chymotrypsin was
reduced by octreotide, no differences were seen in pain
control or analgesic use. This study has been criticized for
its relatively short follow-up and limited wash out period
(48 h). Also, four patients had evidence of concrements
in the pancreatic duct, which may have compromised the
effect of octreotide. In a later pilot study, a long-acting
version of octreotide (Octreotide LAR) administered
once monthly, was compared to conventional subcutaneous octreotide treatment administered three times daily.
Although not significant, there was a trend toward improved pain control for octreotide LAR[75]. These results,
however, have never been subject to a formal placebo
controlled trial and the role of octreotide treatment for
painful CP has so far not been satisfactorily documented.
Taken together with the numerous side effects and their
cost, a general use of somastotatin-analogues for pain in
CP cannot be recommended[76].

to treat pain associated with CP, including leukotriene
antagonism and stimulation with secretin[81,82]. However,
none of these treatments have documented any effect on
pain and are regarded obsolete by most experts.

INDIVIDUALISED PAIN THERAPY AND
FUTURE ANALGESICS FOR PAIN IN
CHRONIC PANCREATITIS
A major problem in pain medicine is the lack of knowledge about which treatment suits a specific patient. In a
recent study, we tested the ability of quantitative sensory
testing to predict the analgesic effect of pregabalin and
placebo in patients with CP[83]. Pregabalin effect was associated with pretreatment sensitivity to electric tetanic
stimulation of the upper abdominal area (sharing spinal
segmental innervation with the pancreatic gland). Hence,
patients expressing lower pain thresholds in the “pancreatic viscerotome” were more likely to benefit from
pregabalin treatment compared to patients with normal
sensitivity[83]. These findings suggest sensitization of
spinal neurons in the segment innervated by pancreatic
visceral afferents to be an important predictor of pregabalin efficacy in patients with painful CP. Interestingly,
this method may be used to tailor pain medication based
on patient’s individual sensory profile and thus comprises
a significant step towards personalized pain medicine.
The novel and improved understanding of pain
mechanisms in CP may pave the way for new treatments.
Analgesics specifically targeting neural or humoral mediators of pain, such as nerve growth factor (NGF) and
transient receptor potential vanilloid-1 antagonists, are
currently being tested in clinical trials and hold promise
for the future, although these drugs have yet to be tested
in patients with CP [84,85]. Recently, a NGF-antagonist
(Tanezumab) was shown to relief pain in patients with
knee pain due to gonarthrosis[84]. As NGF has been
shown to be up-regulated in CP patients and is known to
play a pivotal role in the process of peripheral sensitization, NGF-antagonism may be effective for pain relief in
CP patients[86].

Antioxidants
The use of antioxidants for pain control in CP was presented two decades ago, but never gained widely clinical
popularity. The proposed analgesic mechanism of action underlying this therapy is an anti-inflammatory and
blocking effect on free radicals[77]. Propelled by an Indian
randomized placebo controlled trial, antioxidant therapy
recently had a rebirth for pain management in CP. In
this trial, six months antioxidant therapy was associated
with significant and prolonged pain relief compared to
placebo[78]. However, these findings were not reproduced
by a subsequent study from North America[79]. A possible
explanation for this dichotomy may be that the patients
included in the two trials were different. While the Indian
study mostly included patients with trophic calcifying
pancreatitis and malnutrition (and hence deficiency in
antioxidants), the American study included a more elderly
population who had alcohol as the leading etiology of
CP and a normal nutritional condition. Hence, the efficacy of antioxidant therapy may be related to the etiology
of CP and its associated malnutrition[80]. This idea was
supported by a subgroup analysis of the patients with alcohol etiology in the Indian trial, who, in agreement with
the American study, demonstrated no benefit of antioxidants[78]. Taken together, the evidence is not sufficient to
recommend antioxidant therapy be used routinely for the
typical Western CP patient with alcoholic pancreatitis.

Multidisciplinary pain treatment
As discussed above the mechanisms underlying pain in
CP are highly variable in the individual patient. Consequently, there is no single approach that is effective for all
patients and choosing the right algorithm for pain treatment is highly depending of the pathogenesis of pain in
the individual situation. Hence, a successful management
of pain requires a multidisciplinary approach as illustrated in Figure 1. In addition, establishing a stable doctorpatient relationship is an important factor for a successful
treatment outcome[80].

CONCLUSION

Other treatments
In addition to the abovementioned treatment options,
various other pharmacological principles have been used
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Intense abdominal pain is the most prominent feature of
CP and its treatment remains a major clinical challenge.
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Figure 1 An illustration of the multidisciplinary approach recommended for managing pain in chronic pancreatitis. The mechanisms underlying pain in chronic pancreatitis (CP) are highly variable in the individual patient and there is no single approach that is effective for all patients. Hence, choosing the right algorithm for
the pain treatment is highly depending of the pathogenesis of pain in the individual situation. Some treatments follow a typical step-up approach as indicated by the
unidirectional arrows. Other treatments follow either a step-up or a top-down approach depending on the specific situation as illustrated by the bidirectional arrows.
The latter is seen for example for analgesic therapies, where weak analgesics may be appropriate to control pain in one situation. On the other hand a more aggressive approach, using opioids combined with adjuvant analgesics as first line therapy (i.e., top-down), is useful in patients with a more aggressive and debilitating pain
pattern to control pain and prevent sensitization of central pain pathways. Often combination therapies of e.g., opioids or adjuvant analgesics are used. Surgery, endoscopic therapies etc. are included in the figure for completeness, although these therapies are beyond the scope of this review. PPI: Proton pump inhibitor; TENS:
Transcutaneous electrical nerve stimulation; SCS: Spinal cord stimulation; OIBD: Opioid-induced bowel dysfunction; TMS: Transcranial magnetic stimulation; ESWL:
Extracorporeal shock wave lithotripsy.

Medical management requires a multidisciplinary approach including identification of risk factors associated
with disease progression and appropriate modification.
A systematically evaluation of extra pancreatic causes of
pain and complications followed by appropriate treatments is essential in all patients. Analgesics are typically
titrated according to the WHO ladder principle, but in
some situations a top-down approach may be useful
to control pain and avoid sensitization of central pain
pathways. Also, adjuvant analgesics should be considered
at an early stage and combinations of drugs are often
used. Non-encapsulated enzyme therapy, somastotatinanalogues and antioxidants can be considered as supplements to conventional analgesics in special situations. An
improved understanding of pain mechanisms in CP will
undoubtedly pave the way for new treatments and future
strategies should be based on modern mechanism based
and personalized pain treatment.

5

6
7
8

9

10

REFERENCES
1
2
3
4

11

Andersen BN, Pedersen NT, Scheel J, Worning H. Incidence
of alcoholic chronic pancreatitis in Copenhagen. Scand J Gastroenterol 1982; 17: 247-252 [PMID: 7134849]
Lieb JG, Forsmark CE. Review article: pain and chronic
pancreatitis. Aliment Pharmacol Ther 2009; 29: 706-719 [PMID:
19284407 DOI: 10.1111/j.1365-2036.2009.03931.x]
Andrén-Sandberg A, Hoem D, Gislason H. Pain management in chronic pancreatitis. Eur J Gastroenterol Hepatol 2002;
14: 957-970 [PMID: 12352215]
Schneider A, Löhr JM, Singer MV. The M-ANNHEIM classification of chronic pancreatitis: introduction of a unifying
classification system based on a review of previous classifi-

WCG|www.wjgnet.com

12

13
14

3424

cations of the disease. J Gastroenterol 2007; 42: 101-119 [PMID:
17351799 DOI: 10.1007/s00535-006-1945-4]
Gardner TB, Kennedy AT, Gelrud A, Banks PA, Vege SS,
Gordon SR, Lacy BE. Chronic pancreatitis and its effect on
employment and health care experience: results of a prospective American multicenter study. Pancreas 2010; 39: 498-501
[PMID: 20118821 DOI: 10.1097/MPA.0b013e3181c5c693]
Warshaw AL, Banks PA, Fernández-Del Castillo C. AGA
technical review: treatment of pain in chronic pancreatitis.
Gastroenterology 1998; 115: 765-776 [PMID: 9721175]
Anaparthy R, Pasricha PJ. Pain and chronic pancreatitis: is it
the plumbing or the wiring? Curr Gastroenterol Rep 2008; 10:
101-106 [PMID: 18462594]
Bornman PC, Marks IN, Girdwood AH, Clain JE, Narunsky
L, Clain DJ, Wright JP. Is pancreatic duct obstruction or stricture a major cause of pain in calcific pancreatitis? Br J Surg
1980; 67: 425-428 [PMID: 7388340]
Lankisch PG, Seidensticker F, Löhr-Happe A, Otto J,
Creutzfeldt W. The course of pain is the same in alcohol- and
nonalcohol-induced chronic pancreatitis. Pancreas 1995; 10:
338-341 [PMID: 7792289]
Jensen AR, Matzen P, Malchow-Møller A, Christoffersen I.
Pattern of pain, duct morphology, and pancreatic function in
chronic pancreatitis. A comparative study. Scand J Gastroenterol 1984; 19: 334-338 [PMID: 6740208]
Malfertheiner P, Büchler M, Stanescu A, Ditschuneit H.
Pancreatic morphology and function in relationship to pain
in chronic pancreatitis. Int J Pancreatol 1987; 2: 59-66 [PMID:
3681034 DOI: 10.1007/BF02788349]
Fasanella KE, Davis B, Lyons J, Chen Z, Lee KK, Slivka A,
Whitcomb DC. Pain in chronic pancreatitis and pancreatic
cancer. Gastroenterol Clin North Am 2007; 36: 335-64, ix [PMID:
17533083 DOI: 10.1016/j.gtc.2007.03.011]
Pasricha PJ. Unraveling the mystery of pain in chronic pancreatitis. Nat Rev Gastroenterol Hepatol 2012; 9: 140-151 [PMID:
22269952 DOI: 10.1038/nrgastro.2011.274]
Demir IE, Tieftrunk E, Maak M, Friess H, Ceyhan GO. Pain

January 28, 2014|First Edition|

Olesen SS et al . Pain management in chronic pancreatitis

15

16

17

18

19

20

21

22
23

24

25

26

27

28

29

mechanisms in chronic pancreatitis: of a master and his fire.
Langenbecks Arch Surg 2011; 396: 151-160 [PMID: 21153480
DOI: 10.1007/s00423-010-0731-1]
Olesen SS, Brock C, Krarup AL, Funch-Jensen P, ArendtNielsen L, Wilder-Smith OH, Drewes AM. Descending inhibitory pain modulation is impaired in patients with chronic
pancreatitis. Clin Gastroenterol Hepatol 2010; 8: 724-730 [PMID:
20304100 DOI: 10.1016/j.cgh.2010.03.005]
Buscher HC, Wilder-Smith OH, van Goor H. Chronic pancreatitis patients show hyperalgesia of central origin: a pilot
study. Eur J Pain 2006; 10: 363-370 [PMID: 16087373 DOI:
10.1016/j.ejpain.2005.06.006]
Frøkjær JB, Olesen SS, Gram M, Yavarian Y, Bouwense SA,
Wilder-Smith OH, Drewes AM. Altered brain microstructure
assessed by diffusion tensor imaging in patients with chronic
pancreatitis. Gut 2011; 60: 1554-1562 [PMID: 21610272 DOI:
10.1136/gut.2010.236620]
Frøkjær JB, Bouwense SA, Olesen SS, Lundager FH, Eskildsen SF, van Goor H, Wilder-Smith OH, Drewes AM. Reduced
cortical thickness of brain areas involved in pain processing in patients with chronic pancreatitis. Clin Gastroenterol
Hepatol 2012; 10: 434-8.e1 [PMID: 22155560 DOI: 10.1016/
j.cgh.2011.11.024]
Bouwense SA, Olesen SS, Drewes AM, Frøkjær JB, van Goor
H, Wilder-Smith OH. Is altered central pain processing related to disease stage in chronic pancreatitis patients with
pain? An exploratory study. PLoS One 2013; 8: e55460 [PMID:
23405154 DOI: 10.1371/journal.pone.0055460]
Bouwense SA, Buscher HC, van Goor H, Wilder-Smith OH.
Has central sensitization become independent of nociceptive
input in chronic pancreatitis patients who fail thoracoscopic
splanchnicectomy? Reg Anesth Pain Med 2011; 36: 531-536
[PMID: 22005656 DOI: 10.1097/AAP.0b013e31822e0d4a]
Witt H, Apte MV, Keim V, Wilson JS. Chronic pancreatitis:
challenges and advances in pathogenesis, genetics, diagnosis,
and therapy. Gastroenterology 2007; 132: 1557-1573 [PMID:
17466744 DOI: 10.1053/j.gastro.2007.03.001]
Strum WB. Abstinence in alcoholic chronic pancreatitis. Effect on pain and outcome. J Clin Gastroenterol 1995; 20: 37-41
[PMID: 7884175]
Coté GA, Yadav D, Slivka A, Hawes RH, Anderson MA, Burton FR, Brand RE, Banks PA, Lewis MD, Disario JA, Gardner
TB, Gelrud A, Amann ST, Baillie J, Money ME, O’Connell M,
Whitcomb DC, Sherman S. Alcohol and smoking as risk factors in an epidemiology study of patients with chronic pancreatitis. Clin Gastroenterol Hepatol 2011; 9: 266-73; quiz e27
[PMID: 21029787 DOI: 10.1016/j.cgh.2010.10.015]
Maisonneuve P, Lowenfels AB, Müllhaupt B, Cavallini G,
Lankisch PG, Andersen JR, Dimagno EP, Andrén-Sandberg
A, Domellöf L, Frulloni L, Ammann RW. Cigarette smoking accelerates progression of alcoholic chronic pancreatitis. Gut 2005; 54: 510-514 [PMID: 15753536 DOI: 10.1136/
gut.2004.039263]
Tolstrup JS, Kristiansen L, Becker U, Grønbaek M. Smoking
and risk of acute and chronic pancreatitis among women
and men: a population-based cohort study. Arch Intern Med
2009; 169: 603-609 [PMID: 19307524 DOI: 10.1001/archinternmed.2008.601]
Lévy P, Mathurin P, Roqueplo A, Rueff B, Bernades P. A
multidimensional case-control study of dietary, alcohol, and
tobacco habits in alcoholic men with chronic pancreatitis.
Pancreas 1995; 10: 231-238 [PMID: 7624300]
Gullo L, Migliori M, Pezzilli R, Oláh A, Farkas G, Levy P,
Arvanitakis C, Lankisch P, Beger H. An update on recurrent acute pancreatitis: data from five European countries.
Am J Gastroenterol 2002; 97: 1959-1962 [PMID: 12190160 DOI:
10.1111/j.1572-0241.2002.05907.x]
Banks PA, Freeman ML. Practice guidelines in acute pancreatitis. Am J Gastroenterol 2006; 101: 2379-2400 [PMID: 17032204
DOI: 10.1111/j.1572-0241.2006.00856.x]

WCG|www.wjgnet.com

30
31

32
33

34
35
36

37
38
39
40

41

42
43

44

45

46
47

3425

Bhasin DK, Rana SS, Sidhu RS, Nagi B, Thapa BR, Poddar U, Gupta R, Sinha SK, Singh K. Clinical presentation and outcome of endoscopic therapy in patients with
symptomatic chronic pancreatitis associated with pancreas divisum. JOP 2013; 14: 50-56 [PMID: 23306335 DOI:
10.6092/1590-8577/1218]
Patel MR, Eppolito AL, Willingham FF. Hereditary pancreatitis for the endoscopist. Therap Adv Gastroenterol 2013; 6:
169-179 [PMID: 23503650 DOI: 10.1177/1756283X12467565]
Kamisawa T, Shimosegawa T, Okazaki K, Nishino T, Watanabe H, Kanno A, Okumura F, Nishikawa T, Kobayashi K,
Ichiya T, Takatori H, Yamakita K, Kubota K, Hamano H,
Okamura K, Hirano K, Ito T, Ko SB, Omata M. Standard
steroid treatment for autoimmune pancreatitis. Gut 2009; 58:
1504-1507 [PMID: 19398440 DOI: 10.1136/gut.2008.172908]
Etemad B, Whitcomb DC. Chronic pancreatitis: diagnosis,
classification, and new genetic developments. Gastroenterology 2001; 120: 682-707 [PMID: 11179244]
Chebli JM, de Souza AF, Gaburri PD, Bastos KV, Ribeiro
TC, Filho RJ, Chebli LA, Castro Ferreira LE. Prevalence and
pathogenesis of duodenal ulcer in chronic alcoholic pancreatitis. J Clin Gastroenterol 2002; 35: 71-74 [PMID: 12080230]
Andrén-Sandberg A, Ansorge C, Eiriksson K, Glomsaker
T, Maleckas A. Treatment of pancreatic pseudocysts. Scand J
Surg 2005; 94: 165-175 [PMID: 16111100]
Vijungco JD, Prinz RA. Management of biliary and duodenal
complications of chronic pancreatitis. World J Surg 2003; 27:
1258-1270 [PMID: 14534824 DOI: 10.1007/s00268-003-7246-7]
Kahl S, Zimmermann S, Genz I, Schmidt U, Pross M, Schulz
HU, Malfertheiner P. Biliary strictures are not the cause of
pain in patients with chronic pancreatitis. Pancreas 2004; 28:
387-390 [PMID: 15097855]
Jadad AR, Browman GP. The WHO analgesic ladder for cancer pain management. Stepping up the quality of its evaluation. JAMA 1995; 274: 1870-1873 [PMID: 7500538]
Anderson BJ. What we don’t know about paracetamol in
children. Paediatr Anaesth 1998; 8: 451-460 [PMID: 9836208]
Thiagarajan P, Jankowski JA. Aspirin and NSAIDs; benefits
and harms for the gut. Best Pract Res Clin Gastroenterol 2012;
26: 197-206 [PMID: 22542157 DOI: 10.1016/j.bpg.2012.01.007]
Brock C, Olesen SS, Olesen AE, Frøkjaer JB, Andresen T,
Drewes AM. Opioid-induced bowel dysfunction: pathophysiology and management. Drugs 2012; 72: 1847-1865 [PMID:
22950533 DOI: 10.2165/11634970-000000000-00000]
Wilder-Smith CH, Hill L, Osler W, O’Keefe S. Effect of tramadol and morphine on pain and gastrointestinal motor function in patients with chronic pancreatitis. Dig Dis Sci 1999; 44:
1107-1116 [PMID: 10389680]
Fioravanti B, Vanderah TW. The ORL-1 receptor system: are
there opportunities for antagonists in pain therapy? Curr Top
Med Chem 2008; 8: 1442-1451 [PMID: 18991730]
De Schepper HU, Cremonini F, Park MI, Camilleri M.
Opioids and the gut: pharmacology and current clinical experience. Neurogastroenterol Motil 2004; 16: 383-394 [PMID:
15305992 DOI: 10.1111/j.1365-2982.2004.00513.x]
Sengupta JN, Su X, Gebhart GF. Kappa, but not mu or delta,
opioids attenuate responses to distention of afferent fibers
innervating the rat colon. Gastroenterology 1996; 111: 968-980
[PMID: 8831591]
Staahl C, Dimcevski G, Andersen SD, Thorsgaard N, Christrup LL, Arendt-Nielsen L, Drewes AM. Differential effect of
opioids in patients with chronic pancreatitis: an experimental
pain study. Scand J Gastroenterol 2007; 42: 383-390 [PMID:
17354119 DOI: 10.1080/00365520601014414]
Eisenach JC, Carpenter R, Curry R. Analgesia from a peripherally active kappa-opioid receptor agonist in patients with
chronic pancreatitis. Pain 2003; 101: 89-95 [PMID: 12507703]
Mercadante S, Tirelli W, David F, Arcara C, Fulfaro F, Casuccio A, Gebbia V. Morphine versus oxycodone in pancreatic
cancer pain: a randomized controlled study. Clin J Pain 2010;

January 28, 2014|First Edition|

Olesen SS et al . Pain management in chronic pancreatitis

48

49
50

51

52
53

54

55

56

57

58
59

60

61

62

63

64

26: 794-797 [PMID: 20973155]
Drewes AM, Jensen RD, Nielsen LM, Droney J, Christrup
LL, Arendt-Nielsen L, Riley J, Dahan A. Differences between
opioids: pharmacological, experimental, clinical and economical perspectives. Br J Clin Pharmacol 2013; 75: 60-78 [PMID:
22554450 DOI: 10.1111/j.1365-2125.2012.04317.x]
Niemann T, Madsen LG, Larsen S, Thorsgaard N. Opioid
treatment of painful chronic pancreatitis. Int J Pancreatol 2000;
27: 235-240 [PMID: 10952406]
Brush DE. Complications of long-term opioid therapy for
management of chronic pain: the paradox of opioid-induced
hyperalgesia. J Med Toxicol 2012; 8: 387-392 [PMID: 22983894
DOI: 10.1007/s13181-012-0260-0]
Olesen SS, Bouwense SA, Wilder-Smith OH, van Goor
H, Drewes AM. Pregabalin reduces pain in patients with
chronic pancreatitis in a randomized, controlled trial. Gastroenterology 2011; 141: 536-543 [PMID: 21683078 DOI: 10.1053/
j.gastro.2011.04.003]
Finnerup NB, Sindrup SH, Jensen TS. The evidence for pharmacological treatment of neuropathic pain. Pain 2010; 150:
573-581 [PMID: 20705215 DOI: 10.1016/j.pain.2010.06.019]
Tuchman M, Barrett JA, Donevan S, Hedberg TG, Taylor CP.
Central sensitization and Ca(V)α₂δ ligands in chronic pain
syndromes: pathologic processes and pharmacologic effect.
J Pain 2010; 11: 1241-1249 [PMID: 20472509 DOI: 10.1016/
j.jpain.2010.02.024]
Fink K, Dooley DJ, Meder WP, Suman-Chauhan N, Duffy S,
Clusmann H, Göthert M. Inhibition of neuronal Ca(2+) influx
by gabapentin and pregabalin in the human neocortex. Neuropharmacology 2002; 42: 229-236 [PMID: 11804619]
Fehrenbacher JC, Taylor CP, Vasko MR. Pregabalin and gabapentin reduce release of substance P and CGRP from rat
spinal tissues only after inflammation or activation of protein
kinase C. Pain 2003; 105: 133-141 [PMID: 14499429]
Bouwense SA, Olesen SS, Drewes AM, Poley JW, van Goor
H, Wilder-Smith OH. Effects of pregabalin on central sensitization in patients with chronic pancreatitis in a randomized,
controlled trial. PLoS One 2012; 7: e42096 [PMID: 22879908
DOI: 10.1371/journal.pone.0042096]
Olesen SS, Graversen C, Olesen AE, Frøkjaer JB, WilderSmith O, van Goor H, Valeriani M, Drewes AM. Randomised
clinical trial: pregabalin attenuates experimental visceral pain
through sub-cortical mechanisms in patients with painful
chronic pancreatitis. Aliment Pharmacol Ther 2011; 34: 878-887
[PMID: 21848870 DOI: 10.1111/j.1365-2036.2011.04802.x]
Domino EF. Taming the ketamine tiger. 1965. Anesthesiology 2010; 113: 678-684 [PMID: 20693870 DOI: 10.1097/
ALN.0b013e3181ed09a2]
Woolf CJ, Thompson SW. The induction and maintenance
of central sensitization is dependent on N-methyl-D-aspartic
acid receptor activation; implications for the treatment of
post-injury pain hypersensitivity states. Pain 1991; 44: 293-299
[PMID: 1828878]
Noppers I, Niesters M, Aarts L, Smith T, Sarton E, Dahan A.
Ketamine for the treatment of chronic non-cancer pain. Expert
Opin Pharmacother 2010; 11: 2417-2429 [PMID: 20828267 DOI:
10.1517/14656566.2010.515978]
Bouwense SA, Buscher HC, van Goor H, Wilder-Smith OH.
S-ketamine modulates hyperalgesia in patients with chronic
pancreatitis pain. Reg Anesth Pain Med 2011; 36: 303-307
[PMID: 21490522 DOI: 10.1097/AAP.0b013e3182177022]
Okazaki K, Yamamoto Y, Ito K. Endoscopic measurement of
papillary sphincter zone and pancreatic main ductal pressure
in patients with chronic pancreatitis. Gastroenterology 1986; 91:
409-418 [PMID: 3721126]
Xie JY, Herman DS, Stiller CO, Gardell LR, Ossipov MH, Lai
J, Porreca F, Vanderah TW. Cholecystokinin in the rostral
ventromedial medulla mediates opioid-induced hyperalgesia
and antinociceptive tolerance. J Neurosci 2005; 25: 409-416
[PMID: 15647484 DOI: 10.1523/JNEUROSCI.4054-04.2005]

WCG|www.wjgnet.com

65
66

67
68

69

70

71

72

73
74

75

76

77
78

79

80

3426

Isaksson G, Ihse I. Pain reduction by an oral pancreatic enzyme preparation in chronic pancreatitis. Dig Dis Sci 1983; 28:
97-102 [PMID: 6825540]
Slaff J, Jacobson D, Tillman CR, Curington C, Toskes P. Protease-specific suppression of pancreatic exocrine secretion.
Gastroenterology 1984; 87: 44-52 [PMID: 6202586]
Malesci A, Gaia E, Fioretta A, Bocchia P, Ciravegna G, Cantor
P, Vantini I. No effect of long-term treatment with pancreatic
extract on recurrent abdominal pain in patients with chronic
pancreatitis. Scand J Gastroenterol 1995; 30: 392-398 [PMID:
7610357]
Halgreen H, Pedersen NT, Worning H. Symptomatic effect of
pancreatic enzyme therapy in patients with chronic pancreatitis. Scand J Gastroenterol 1986; 21: 104-108 [PMID: 3633631]
Mössner J, Secknus R, Meyer J, Niederau C, Adler G. Treatment of pain with pancreatic extracts in chronic pancreatitis:
results of a prospective placebo-controlled multicenter trial.
Digestion 1992; 53: 54-66 [PMID: 1289173]
Czakó L, Takács T, Hegyi P, Prónai L, Tulassay Z, Lakner L,
Döbrönte Z, Boda K, Lonovics J. Quality of life assessment
after pancreatic enzyme replacement therapy in chronic
pancreatitis. Can J Gastroenterol 2003; 17: 597-603 [PMID:
14571298]
Vecht J, Symersky T, Lamers CB, Masclee AA. Efficacy of
lower than standard doses of pancreatic enzyme supplementation therapy during acid inhibition in patients with
pancreatic exocrine insufficiency. J Clin Gastroenterol 2006; 40:
721-725 [PMID: 16940886]
Brown A, Hughes M, Tenner S, Banks PA. Does pancreatic
enzyme supplementation reduce pain in patients with chronic pancreatitis: a meta-analysis. Am J Gastroenterol 1997; 92:
2032-2035 [PMID: 9362186]
Winstead NS, Wilcox CM. Clinical trials of pancreatic
enzyme replacement for painful chronic pancreatitis--a review. Pancreatology 2009; 9: 344-350 [PMID: 19451744 DOI:
10.1159/000212086]
Foster E, Leung J. Pharmacotherapy for the prevention of
post-ERCP pancreatitis. Am J Gastroenterol 2007; 102: 52-55
[PMID: 17266688 DOI: 10.1111/j.1572-0241.2006.00950.x]
Malfertheiner P, Mayer D, Büchler M, Domínguez-Muñoz
JE, Schiefer B, Ditschuneit H. Treatment of pain in chronic
pancreatitis by inhibition of pancreatic secretion with octreotide. Gut 1995; 36: 450-454 [PMID: 7698708]
Lieb JG, Shuster JJ, Theriaque D, Curington C, Cintrón M,
Toskes PP. A pilot study of Octreotide LAR vs. octreotide tid
for pain and quality of life in chronic pancreatitis. JOP 2009;
10: 518-522 [PMID: 19734628]
Burton F, Alkaade S, Collins D, Muddana V, Slivka A, Brand
RE, Gelrud A, Banks PA, Sherman S, Anderson MA, Romagnuolo J, Lawrence C, Baillie J, Gardner TB, Lewis MD,
Amann ST, Lieb JG, O’Connell M, Kennard ED, Yadav D,
Whitcomb DC, Forsmark CE. Use and perceived effectiveness
of non-analgesic medical therapies for chronic pancreatitis
in the United States. Aliment Pharmacol Ther 2011; 33: 149-159
[PMID: 21083584 DOI: 10.1111/j.1365-2036.2010.04491.x]
Uden S, Bilton D, Guyan PM, Kay PM, Braganza JM. Rationale for antioxidant therapy in pancreatitis and cystic fibrosis.
Adv Exp Med Biol 1990; 264: 555-572 [PMID: 2244539]
Bhardwaj P, Garg PK, Maulik SK, Saraya A, Tandon RK,
Acharya SK. A randomized controlled trial of antioxidant
supplementation for pain relief in patients with chronic
pancreatitis. Gastroenterology 2009; 136: 149-159.e2 [PMID:
18952082 DOI: 10.1053/j.gastro.2008.09.028]
Siriwardena AK, Mason JM, Sheen AJ, Makin AJ, Shah NS.
Antioxidant therapy does not reduce pain in patients with
chronic pancreatitis: the ANTICIPATE study. Gastroenterology 2012; 143: 655-63.e1 [PMID: 22683257 DOI: 10.1053/
j.gastro.2012.05.046]
Forsmark CE, Liddle RA. The challenging task of treating painful chronic pancreatitis. Gastroenterology 2012; 143:

January 28, 2014|First Edition|

Olesen SS et al . Pain management in chronic pancreatitis

81

82

83

533-535 [PMID: 22841737 DOI: 10.1053/j.gastro.2012.07.029]
Cartmell MT, O’Reilly DA, Porter C, Kingsnorth AN. A
double-blind placebo-controlled trial of a leukotriene receptor antagonist in chronic pancreatitis in humans. J Hepatobiliary Pancreat Surg 2004; 11: 255-259 [PMID: 15368110 DOI:
10.1007/s00534-004-0890-y]
Levenick JM, Andrews CL, Purich ED, Gordon SR, Gardner
TB. A phase II trial of human secretin infusion for refractory
type B pain in chronic pancreatitis. Pancreas 2013; 42: 596-600
[PMID: 23548879 DOI: 10.1097/MPA.0b013e318273f3ec]
Olesen SS, Graversen C, Bouwense SA, van Goor H, WilderSmith OH, Drewes AM. Quantitative sensory testing predicts
pregabalin efficacy in painful chronic pancreatitis. PLoS
One 2013; 8: e57963 [PMID: 23469256 DOI: 10.1371/journal.

84

85

86

pone.0057963]
Lane NE, Schnitzer TJ, Birbara CA, Mokhtarani M, Shelton
DL, Smith MD, Brown MT. Tanezumab for the treatment of
pain from osteoarthritis of the knee. N Engl J Med 2010; 363:
1521-1531 [PMID: 20942668 DOI: 10.1056/NEJMoa0901510]
Pal M, Angaru S, Kodimuthali A, Dhingra N. Vanilloid
receptor antagonists: emerging class of novel anti-inflammatory agents for pain management. Curr Pharm Des 2009; 15:
1008-1026 [PMID: 19275664]
Friess H, Zhu ZW, di Mola FF, Kulli C, Graber HU, AndrenSandberg A, Zimmermann A, Korc M, Reinshagen M,
Büchler MW. Nerve growth factor and its high-affinity receptor in chronic pancreatitis. Ann Surg 1999; 230: 615-624 [PMID:
10561084]
P- Reviewers: Abraham P, Barauskas G, Xu CF
S- Editor: Zhai HH L- Editor: A E- Editor: Zhang DN

WCG|www.wjgnet.com

3427

January 28, 2014|First Edition|

WC G

World Clinical
Gastroenterology

2014 First Edition
bpgoffice@wjgnet.com

ISBN 978-0-9914430-0-0
© 2014 Baishideng Publishing Group Inc. All rights reserved.

PROGRESS IN PANCREATIC DISEASES
Asbjørn Mohr Drewes, MD, PhD, DMSc, Professor, Series Editor

Pharmacological challenges in chronic pancreatitis
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can modify the absorption of other drugs taken at the
same time. Furthermore, the increased fluid absorption caused by opioids will decrease water available
for drug dissolution and may hereby affect absorption
of the drug. As stated above many factors can influence drug absorption and metabolism in patients with
chronic pancreatitis. The factors may not have clinical
relevance, but may explain inter-individual variations
in responses to a given drug, in patients with chronic
pancreatitis.
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Core tip: In patients with chronic pancreatitis several
pathophysiological factors can account for malabsorption and may also affect the efficacy of pharmacological
intervention by reduced drug absorption. For example
it can be speculated that changes in gastrointestinal
intraluminal pH, motility disorder, bacterial overgrowth
and changed pancreatic gland secretion may contribute. The lifestyle of chronic pancreatitis patients may
also be a factor to gastrointestinal changes. The factors
may not have clinical relevance, but may explain interindividual variations in responses to a given drug, in
patients with chronic pancreatitis.

Abstract
Drug absorption in patients with chronic pancreatitis
might be affected by the pathophysiology of the disease. The exocrine pancreatic insufficiency is associated with changes in gastrointestinal intraluminal pH,
motility disorder, bacterial overgrowth and changed
pancreatic gland secretion. Together these factors
can result in malabsorption and may also affect the
efficacy of pharmacological intervention. The lifestyle
of chronic pancreatitis patients may also contribute
to gastrointestinal changes. Many patients limit their
food intake because of the pain caused by eating and
in some cases food intake is more or less substituted
with alcohol, tobacco and coffee. Alcohol and drug
interaction are known to influence the pharmacokinetics by altering either drug absorption or by affecting liver metabolism. Since patients suffering from
chronic pancreatitis experience severe pain, opioids
are often prescribed as pain treatment. Opioids have
intrinsic effects on gastrointestinal motility and hence
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INTRODUCTION
Chronic pancreatitis is a persistent inflammation of
the pancreas that results in irreversible morphological
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is fat malabsorption, identified as steatorrhea[4]. Steatorrhea leads to deficit of fat-soluble vitamins (A, D, E and
K) with consequent clinical manifestations[4]. Moreover,
fat malabsorption may affect absorption of lipophilic
drug formulations and as such deserves particular attention[6].
Changes in intraluminal pH: Low intraluminal pH
in the upper small intestine might be a factor in the
pathogenesis of fecal loss of bile acids in pancreatic
insufficiency[4]. The drug’s ability to cross membranes is
determined by the environmental pH and the acid dissociation constant (pKa). Therefore, decreased intraluminal
pH may affect drug absorption. However, this may be of
variable importance, as changes in intraluminal pH might
be negligible in some cases and more pronounced in others.

changes and impairment of both exocrine and endocrine
functions[1]. The etiology of chronic pancreatitis is multifactorial and the risk factors include alcohol and nicotine
consumption, hereditary factors, efferent duct obstructions, immunological factors or rare metabolic disorders[2]. It is well known that pancreatitis patients suffer
from malabsorption[3-5] and it could be hypothesized that
this would also affect drug absorption.
Drug absorption in patients with gastrointestinal disorders can be influenced by alterations in several factors.
For example; gastric and intestinal motility, changes in the
mucosal surface area available for drug absorption, and
altered physical and chemical properties of the intestinal
luminal content. These properties are usually changed
in combination and the degree of each factor impact is
dependent on the duration and severity of the disease[6].
Despite this, most of the data about bioavailability of
orally administered drugs are obtained from healthy individuals.
The knowledge about drug absorption in patients
with chronic pancreatitis is limited. It has been demonstrated that the pharmacokinetic profile of pregabalin
was not extensively affected by chronic pancreatitis[7].
However, inter-individual variations were found and several factors affecting drug pharmacokinetic profiles in
patients with chronic pancreatitis may be relevant to consider.
This aim of this review was therefore to evaluate
different factors which could possibly affect drug absorption in chronic pancreatitis patients leading to pharmacological challenges in this patient group. Moreover,
suggestions on how to diminish the impact of these factors will be provided.

Motility disorders: The rate of gastric emptying and
intestinal transit is abnormal in patients with chronic pancreatitis and this may affect the efficacy of treatments[8].
Gastric emptying can be accelerated due to diarrhea[4] or
decreased by, e.g., opioids. Because most drugs are absorbed through the small intestines, delayed gastric emptying will prolong the time to peak concentration and delay the onset of the action of a drug[9]. Clinicians should
be aware that delayed gastric emptying can delay the
onset of action of a medication if administered orally[9].
On the other hand accelerated gastric emptying will have
the opposite effect. Taken together gastric emptying is
likely to be a rate limiting step in drug absorption unless
normal absorption (prolonged release) is slow[10].
Bacterial overgrowth: One mechanism which has
been hypothesized between maldigestion and intestinal
alterations relates to bacterial overgrowth in the small
intestine. It has been speculated that lack of coordination
between motor activity and peak of secretory activity in
the gastrointestinal tract may reduce the effectiveness
of the “housekeeper” function and thereby contribute
to the intestinal bacterial overgrowth often observed in
patients with chronic pancreatitis[11]. Bacterial overgrowth
might either contribute to diarrhea or account for the
persistence of diarrhea[4]. Moreover, bacterial overgrowth
might give rise to bile acid malabsorption and changes
in intestinal permeability[4,12]. Bacterial overgrowth may
interfere with the normal intestinal environment and lead
to atrophic mucosa with structural abnormalities which
can decrease drug absorption[13].

GASTROINTESTINAL PHYSIOLOGICAL
CHANGES THAT MAY AFFECT DRUG
EFFECTS
Two primary factors influencing bioavailability of orally
administered medications is the amount of drug absorbed, and metabolism by the liver. Hence, any factor
influencing the gastrointestinal tract can alter drug absorption, such as gastric pH, regional blood flow, mucosal
surface area and gut motility[8].
Drug absorption
Chronic pancreatitis is a clinical condition in which exocrine pancreatic insufficiency occur leading to secondary
maldigestion. Several causes of exocrine pancreatic insufficiency may be associated with changes in gastrointestinal physiology such as: (1) changes in gastrointestinal
intraluminal pH; (2) motility disorders; (3) bacterial overgrowth; and (4) pancreatic secretion.
Together these factors can result in malabsorption
and may also affect the efficacy of pharmacological treatment in exocrine pancreatic insufficiency[8]. The main
clinical manifestation of exocrine pancreatic insufficiency

WCG|www.wjgnet.com

Pancreatic gland secretion: The pancreatic gland
normally secretes more than 2 L of juice per day (high
protein content) with enzymes able to digest lipids, proteins and carbohydrates. Patients with exocrine pancreatic
insufficiency exhibit decreased pancreatic bicarbonate
secretion resulting in reduction in duodenal pH postprandial, leading to inactivation of orally administered exogenous enzymes[6]. In the same line acidic inactivation of
pancreatic enzymes is considered a significant reason for
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Figure 1 Absorption of pregabalin in eight female patients with
chronic pancreatitis. Curves illustrate the variance in absorption
of pregabalin after 75 mg pregabalin (oral capsule). Especially one
patient varied from other subjects by having increased plasma
concentration of pregabalin. Not a single cause could explain this
outlier, but it could be a combination of several factors suggested.
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failure of drug therapy[8].
A combination of the above mentioned factors may
affect drug absorption in patients with chronic pancreatitis. Figure 1 illustrates the variance in absorption of pregabalin in a group of women with chronic pancreatitis.

cesses are already affected by the pancreatitis and hence
these changes could possibly affect drug bioavailability.
Consequently, reduced food intake in itself will worsen
gastrointestinal physiological processes.
Insufficient food intake due to nausea, anorexia or
alcoholism may also be of some significance[16]. Alcohol
abuse is a well known etiological factor (alcoholic chronic
pancreatitis) and the lifestyle of the alcoholic chronic
pancreatitis patient group is in general characterized by
excessive alcohol consumption and smoking. Together,
these factors can be further accompanied by insufficient
food intake and will eventually also lead to malnutrition.
Alcohol can be used as a central nervous system
depressant to relieve pain and concerns about the disease. Therefore many patients with chronic pancreatitis
continue their alcohol consumption throughout disease
progression. In relation to alcohol induced chronic pancreatitis it is relevant to consider how the lifestyle with
regard to alcohol- and alcohol related dietary habits may
provide pharmacologically challenges. The most frequent pharmacological interaction is the combination
of alcohol with other depressors of the central nervous
system[17]. Moreover, alcohol drug interactions can influence the pharmacokinetics of a drug by altering the drug
absorption or by affecting the liver metabolism. The effect will vary with, e.g., the amount of alcohol consumed,
the nature of the drug, the dosage and how the drug is
administered. There are various interactions between
alcohol and drugs. Antihistamines, analgesics and antidepressants are examples of drugs which may interact with
alcohol.
The liver is the primary site of drug metabolism and
the cytochrome P450 mixed-function oxidase enzyme
system, is primarily responsible for this process. Alcohol
inhibits the oxidation of drugs by cytochrome P450 isoenzyme (CYP2E1). In contrast, chronic alcohol consumption will cause induction of the CYP2E1 leading to increased drug metabolism. Previously, concerns have been
raised regarding interactions of paracetamol and alcohol.
However, paracetamol interaction is only a problem when
ingestion of alcohol is suddenly stopped. Consequently,
the hepatic glutathione is unable to detoxify which leads
to irreversible hepatic damage. Therefore, in chronic alco-

Drug elimination
To our knowledge only one study investigated hepatic
drug metabolism in patients with chronic pancreatitis and
found reduced drug elimination capacity in this group of
patients[14]. The results were most probably explained by
the patients’ general state, with a fairly overt malnutrition,
although theoretically, a subclinical, probably alcohol-induced, liver affection could not be ruled out[14]. Interestingly, the study results yielded the need for caution upon
administration of drugs that are biotransformed in the
liver.
Thus, to optimize the efficacy of pharmaceutical
treatment, the management of exocrine pancreatic insufficiency should ideally be individually tailored to account
for both the underlying cause and any associated disturbance in gastrointestinal physiology.
Lifestyle
The gastrointestinal physiological changes in chronic
pancreatitis can be further affected by patients’ lifestyle.
Many patients limit their food intake because of the pain
caused by eating and in some cases food intake is more
or less substituted with tobacco and coffee[15]. Due to
malabsorption and lifestyle factors, chronic pancreatitis
patients are likely to have a lower body mass index than
those not suffering from this disease[15]. Thus, body mass
index is an easy accessible but important factor to consider in dose decision in these patients, as drug disposition might be affected. This is especially important when
drugs with a narrow therapeutic index, such as, e.g., warfarin and digoxin are prescribed[14].
Furthermore, decreased food intake, could be an
important factor in several cases of chronic pancreatitis as food intake will affect some of the physiological
processes, e.g., changes in pH, reduced gastric emptying
time, increased gall secretion, increased motility, increased
gastrointestinal and liver blood flow. Most of these pro-
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pancreatin. The preparation contains a mixture of protease, lipase and amylase[22]. Löhr et al[23] analyzed the
effectiveness of different preparations and concluded
that overall pancreatin preparation replacements must
contain high lipase activity. Lipase of porcine pancreatin
is destroyed by protease and acids, thus it is necessary to
protect the pancreatin against the influence of gastric acids. Another factor that is of great importance is the particle size and the rate of which the porcine pancreatin is
released into the duodenum. The best particle size is assumed to be a diameter of ≤ 2 mm, since these particles
leaves the stomach at the same time as solid food. The
enzymes should be released within 30 min[24]. Pancreatic enzyme supplements improve fat absorption[25], and
hence reduces steatorrhea[26] and this may have beneficial
effects on drug absorption. In contrast high-dose enzyme
replacement therapy with or without gastric acid suppression may cause additional challenges related to drug
absorption and interactions if additional drug therapy is
required[6]. Thus, enzyme treatment can either enhance or
complicate drug absorption in different aspects and this
should be considered in the pharmacological management of clinical symptoms.

Table 1 Pathophysiological and lifestyle related effects on
drug absorption
Pathophysiology
Low intraluminal pH
Motility disorder
Bacterial overgrowth
Pancreatic secretion
Steatorrhea
Low body mass index

Effect on drug absorption
The drugs ability to cross the luminal wall
Delayed drug effect
Decreased absorption due to diarrhea or
structural abnormalities
Lack of enzymes leads to inactivation of prodrugs
Problems with absorption of lipophilic drugs
Increased plasma concentration

holic patients the consumption of alcohol should not be
suspended on prescribing paracetamol[17]. Additionally, extensive alcohol consumption may result in gastric mucosal
injury and hereby further affect drug absorption[8].
Smoking may increase hepatic drug metabolism to a
significant extent[14] and may in addition result in induction of the cytochrome oxidases[18]. It has also been demonstrated that body mass index is associated with cigarette smoking in chronic alcoholic-associated pancreatitis
patients; the more cigarettes smoked per day, the lower
the mean body mass index[19]. This is in line with the
hypothesis that alcohol consumption and smoking can
cause insufficient food intake and hereby affecting drug
absorptions.
Abdominal pain is usually the symptom that causes
patients with chronic pancreatitis to seek medical attention. In parallel, they can have a history of alcoholic
abuse making opioids, with their associated abuse potential together with other side effects as, for example, bowel
dysfunction, less suitable for these patients and other
treatment regimens should be considered[7]. Recently it
was demonstrated that pregabalin was superior to placebo for attenuation of experimental visceral pain in
chronic pancreatitis patients[20]. Therefore, pregabalin may
be used to treat pain in patients with chronic pancreatitis
when there is a conflict or concern with abuse.
A summary of pathophysiological effects on drug absorption is given in Table 1.

Endoscopic therapy or surgical management
More invasive treatment is recommended for patients
with pancreatic duct stones and pancreatic obstruction
in whom standard medical therapy is not sufficient. The
goals of endoscopy and surgery are to decompress ducts,
dilate stricture with stent placement and preserve pancreatic tissue and adjacent organs[27,28]. Endoscopic therapy
should be the first-line option because it is less invasive
than surgery[29]. Surgery should be the first-line option
in patients in whom endoscopic therapy failed or those
with pancreatic mass with suspicion of malignancy[29]. It
has been assumed that invasive procedures designed to
improve drainage of the main pancreatic duct, will result
in decreased pain. It could therefore be hypothesized
that pain attenuation can improve the lifestyle and hereby
indirectly affecting drug absorption. There is consensus
that endoscopical and surgical management have both
benefits and harms[26] and it has been suggested that management may include medical, endoscopic and surgical
approaches with the interaction between various specialties, calling for a concerted multidisciplinary approach[28].
Moreover, as surgery has a low rate of success with attendant morbidity, mortality and slow recovery rates, it is
not considered an option for optimizing absorption of
drug in the pharmacological management.

MANAGEMENT IN CHRONIC
PANCREATITIS
The physiological processes affected by chronic pancreatitis are widespread. This section will focus on how to
treat the pathophysiology of chronic pancreatitis in order
to reduce the impact of factors possibly affecting drug
absorption.

Lifestyle changes
Patients with chronic pancreatitis are often advised to
eat small meals with low-fat content (< 20 g of fat) in an
attempt to decrease the need of pancreatic secretion[30].
Low-fat diets decreases the amount of overall fat presented to the intestine for digestion and absorption, and
may be helpful alleviating steatorrhea[26] and hereby could
lead to better conditions for some drug absorptions.

Pharmacological management
Enzyme therapy: The main goal with enzyme treatment
is to achieve optimal enzyme activity in the duodenum[21]
and hereby improve the nutritional status, preventing
weight loss, vitamin deficiencies and exocrine pancreatic
insufficiency related symptoms, resulting in steatorrhea.
The most widely used enzyme preparation is porcine
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by opioids directly via the enteric nervous system. In the
sympathetic nervous system opioids also increase activity
and thereby decrease the secretion. Serotonin and noradrenaline as terminal transmitters seems to dominate the
local effect[37,38]. An overall decreased gut secretion of intestinal fluids takes place and together leads to harder and
dryer stools[36-38]. Therefore, patients treated with opioids
might have even more pronounced decreased motility
which will complicate drug absorption further. Furthermore, as solid drug forms must dissolve before absorption can occur; dissolution rate determines availability of
the drug for absorption. The increased fluid absorption
caused by opioid effects will decrease water available for
drug dissolution and may hereby affect absorption. If
dissolution is slower than absorption it becomes the ratelimiting step.

However, a systematic review of benefits and harms of
low-fat diet in chronic pancreatitis found no studies of
sufficient quality to confirm the effect of low-fat diet[31].
Thus, if people are given pancreatic enzyme supplements, they are usually advised to maintain a normal diet,
as there is no need to lower fat intake alongside enzyme
supplementation[31].
Overeating is dissuaded, instead smaller meals on a
more frequent basis is preferred. Frequent meals will also
benefit gastric motility and result in more normal gastrointestinal conditions, and hereby improve drug absorption. The restriction in fat intake should be monitored
by a dietitian who follows the total caloric intake and
the diet should compensate the loss in caloric intake by
carbohydrate-enriched diet. On a carbohydrate-enriched
diet 65%-70% of the total daily energy intake should
derive from carbohydrate. Hereby, it is possible for the
patient to gain weight, which again will be beneficial in
several ways, e.g., in relation to drug absorption, where
body weight and body composition is directly related to
drug distribution volumes.
In general alcohol consumption and smoking should
be diminished or avoided to reduce the impact on the
pharmacokinetic profiles. Total alcohol abstinence is only
recommended for patients whose chronic pancreatitis is
derived from alcohol abuse.

CONCLUSION
Several factors might affect drug absorption and metabolism in patients with chronic pancreatitis: gastric pH, regional blood flow, mucosal surface area and gut motility.
The impact of these factors on drug absorption may be
reduced by treating the pathophysiology of chronic pancreatitis. Treatment can be pharmacological management,
enzyme therapy, endoscopic therapy or surgical management. Moreover, as gastrointestinal physiological changes
in chronic pancreatitis can be affected by patients’ lifestyle, lifestyle changes may lead to more optimal drug
absorption. However, issues raised in this review may
not have clinical relevance, but could explain part of the
variation observed in drug effects in this patient group.

ADDITIONAL GASTROINTESTINAL
CHANGES CAUSED BY OPIOIDS
Patients with painful chronic pancreatitis are often treated
with opioids which lead to diverse issues and alterations
in the gastrointestinal tract. Opioids have intrinsic effects
on gastrointestinal motility and can modify the absorption of other drugs taken at the same time[10]. It has been
demonstrated that, e.g., tramadol is an effective oral opioid analgesic for reducing pain in people with chronic
pancreatitis, but it is also associated with gastrointestinal
adverse effect[26]. Opioids will affect opioid receptors in
the enteric nervous system and will cause changes in motility, sphincter function and secretion which affect absorption leading to opioid induced bowel dysfunction[32].
Opioid induced decreased motility occurs throughout
the entire gastrointestinal tract. In the circular muscle in
the small and large intestine, opioids induce increased
resting contractile tone and decreases tonic inhibition
of the muscle tone, which leads to increased tone in the
circular muscle layer. This is accompanied by occasional
occurrence of high-amplitude, non-propulsive phasic
contractions enhanced by rhythmic contractions and
associated changes in smooth muscle electrical activity.
These motility abnormalities result in decreased propulsive forward peristalsis, and increased segmental contraction which in clinical settings manifests as constipation,
abdominal cramps and gut spasm[33-35]. An additional consequence of this peristaltic disruption is stasis of luminal
contents, which leads to increased passive fluid absorption[36]. Furthermore, intestinal fluid secretion is inhibited
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Endoscopic management of complications of chronic
pancreatitis
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biliary strictures. In endoscopy, the gold standard
technique consists of placing simultaneous, multiple,
side-by-side, plastic stents for a one-year period. Fully
covered self-expandable metal stents are challenging
this method and have provided 50% mid-term success.
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Core tip: Endoscopy is the first-choice treatment of
pancreatic pseudocysts. The transduodenal route may
be preferable over the transgastric route. Two transmural double pigtail stents should be left for at least 2 mo.
In the case of a disconnected pancreatic tail, secretinenhanced magnetic resonance pancreatography should
be obtained to decide about stent removal. Biliary
strictures should be thoroughly investigated to rule out
malignancy. To this aim, improved methods of biliary
sampling have become available. Even with multiple
biliary stents, potentially fatal cholangitis is frequent
in the absence of regular stent revision. Fully covered
self-expandable metal stents have provided 50% midterm success.

Abstract
Pseudocysts and biliary obstructions will affect approximately one third of patients with chronic pancreatitis (CP). For CP-related, uncomplicated, pancreatic
pseudocysts (PPC), endoscopy is the first-choice therapeutic option. Recent advances have focused on endosonography-guided PPC transmural drainage, which
tends to replace the conventional, duodenoscopebased coma immediately approach. Ancillary material is being tested to facilitate the endosonographyguided procedure. In this review, the most adequate
techniques depending on PPC characteristics are presented along with supporting evidence. For CP-related
biliary obstructions, endoscopy and surgery are valid
therapeutic options. Patient co-morbidities (e.g. , portal cavernoma) and expected patient compliance to
repeat endoscopic procedures are important factors
when selecting the most adapted option. Malignancy
should be reasonably ruled out before embarking on
the endoscopic treatment of presumed CP-related
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INTRODUCTION
Common local complications of chronic pancreatitis
(CP) include pancreatic pseudocysts (PPCs) and bili-
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ary obstructions. These two complications develop in
patients during the course of CP at a rate of 20%-40%
for PPCs and 3%-23% for biliary obstructions[1,2]. PPCs
consist of a collection of pancreatic juice enclosed by
a wall of fibrous granulation tissue, which may arise as
a consequence of acute pancreatitis, pancreatic trauma
or CP[3]. Biliary obstruction may be caused by fibrosis,
compression by a PPC or cancer. The present review
covers the full spectrum of endoscopic management of
local complications of CP; it is not an analysis of specific
studies and it does not encompass the management of
uncomplicated CP, which has recently been reviewed
elsewhere[4].

made by analyzing a set of data, including demographic
data and clinical history[6], cross-sectional imaging[7], and
endosonography-guided sampling of the fluid content
and of the wall of the lesion[8,9]. Research has recently
focused on the identification of new biomarkers and on
in vivo confocal microscopic examination of the cyst wall
through a needle inserted under endosonographic guidance[10,11].
Indications for treatment
Widely accepted indications for PPC treatment include
the presence of symptoms such as abdominal pain, gastric outlet obstruction, early satiety, weight loss, jaundice,
and infected or enlarging PPC[12]. Some authors also
recommend treating PPCs in asymptomatic patients to
prevent potential PPC-related complications, although
these occur only in a minority of patients[13,14]. Other
such debated indications include compression of major
vessels, intracystic hemorrhage, pancreaticopleural fistula,
and PPCs with a diameter greater than 5 cm without any
regression after more than 6 wk and a cyst wall thickness
larger than 5 mm[15]. In patients with CP, PPCs rarely
resolve spontaneously, particularly if their diameter is
greater than 4 cm or if they have developed outside of
the pancreas[16].

SEARCHES
Searches for relevant articles were conducted in Medline
through PubMed on May 2013, without time limits, using
the following search terms: “pancreatitis, chronic”[MeSH
Terms] OR (“pancreatitis”[All Fields] AND “chronic”
[All Fields]) OR “chronic pancreatitis”[All Fields] OR
(“chronic”[All Fields] AND “pancreatitis”[All Fields])
AND pseudocyst[All Fields] AND (“endoscopy”[MeSH
Terms] OR “endoscopy”[All Fields]) OR “pancreatitis,
chronic”[MeSH Terms] OR (“pancreatitis”[All Fields]
AND “chronic”[All Fields]) OR “chronic pancreatitis”
[All Fields] OR (“chronic”[All Fields] AND “pancreatitis”
[All Fields]) AND pseudocysts[All Fields] AND (“surgery”[Subheading] OR “surgery”[All Fields] OR “surgical
procedures, operative”[MeSH Terms] OR (“surgical”[All
Fields] AND “procedures”[All Fields] AND “operative”[All Fields]) OR “operative surgical procedures”[All
Fields] OR “surgery”[All Fields] OR “general surgery”
[MeSH Terms] OR (“general”[All Fields] AND “surgery”
[All Fields]) OR “general surgery”[All Fields]); “pancreatitis, chronic”[MeSH Terms] OR (“pancreatitis”[All
Fields] AND “chronic”[All Fields]) OR “chronic pancreatitis”[All Fields] OR (“chronic”[All Fields] AND “pancreatitis”[All Fields]) AND biliary[All Fields] AND (“endoscopy”[MeSH Terms] OR “endoscopy”[All Fields]).
Articles written in English were selected for complete review on the basis of the abstract. Additional papers were
identified by manually checking the reference lists of the
articles selected for review.

Results: Choosing endoscopic vs surgical treatment
Endoscopic drainage is recommended as a first-line treatment of accessible uncomplicated PPCs because it provides significantly better results compared to surgery in
terms of cost, duration of hospital stay and quality of life
up to three months post-procedure, as demonstrated in
a small randomized controlled trial (RCT)[17]. Reviews of
non-comparative historical series of endoscopic and of
surgical treatments of PPCs have reported similar results
for both modalities in terms of morbidity, with 13% for
endoscopic treatments and 16% for surgical treatments.
A PPC recurrence rate during long-term follow-up has
also been reported of 11% vs 10%, respectively, for endoscopic and surgical treatments. An advantage was found
in favor of the endoscopic method in terms of mortality
(0.2% vs 2.5%)[15,18].
Some, but not all, authors have reported that endoscopic PPC drainage yielded higher success rates in the
setting of CP vs acute pancreatitis. For example, Baron et
al[19] reported resolution of 92% of chronic pseudocysts
vs 74% of acute pseudocysts in a series of 138 patients
while Hookey et al[20] reported resolution of 94% of
chronic pseudocysts vs 92% of acute pseudocysts in a series of 116 patients.
A first-line surgical approach is usually adopted if
necrosis has not yet liquefied and if treatment cannot be
delayed. Endoscopy carries a lower success rate and higher morbidity rate in such instances; the reader is referred
to a recent review for the comparison of currently available techniques in this particular indication[21]. Pancreatic
necrosectomy requires expert endoscopic skill, dedication
and adequate patient selection.

PANCREATIC PSEUDOCYSTS
Differential diagnosis of pseudocyst-cystic neoplasm
Pseudocysts are the most frequent pancreatic fluid collections. The differential diagnosis between PPCs and cystic
neoplasms or, less frequently, necrotized tumors, may be
difficult in patients who present for the first time with a
pancreatic fluid collection. Amongst the various cystic
neoplasms that may affect the pancreas, mucinous cystic
neoplasms and intraductal papillary mucinous neoplasms
harbor a malignant potential-many of which require
surgical resection[5]. As only a few of the available tests
provide a high degree of certainty, a diagnosis is usually
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Endoscopic technique
Access route: A direct communication between the PPC
and the main pancreatic duct (MPD) may be demonstrated in 40%-66% of all PPCs[22]. Such a communication allows drainage of the PPC via a stent inserted into
the PPC through the papilla (“transpapillary drainage”) as
opposed to a stent being inserted into the PPC through
the digestive wall (“transmural drainage”).
No RCT has compared the transpapillary vs the transmural drainage route but, in nonrandomized comparative
studies, procedure-related morbidity was lower with the
transpapillary route (2% vs 15%) and long-term success was similar[20,22,23]. The transpapillary route is usually
reserved for relatively small (diameter < 5 cm) PPCs located in the head or the body of the pancreas.

and they were associated with frequent bleeding (7% of
patients, with surgery required in two thirds of them) and
stent migration.
Stenting duration
Enterocystic transmural stents should not be retrieved
before PPC resolution and not before at least 2 mo of
stenting. This recommendation is mostly based on a RCT
that allocated 28 patients (including 15 with CP) who had
PPC resolution after transmural drainage to either stent
maintenance or early stent retrieval; in the latter allocation group, stent retrieval was performed at a median of
2 mo post stent insertion[28]. PPC recurrence was more
frequent in the early stent retrieval group (38% vs 0%)
and, in another, retrospective, series, a stenting duration
of 6 wk or less was independently associated with the
failure of endoscopic PPC drainage[27].

“Conventional” endoscopic-guided vs endosonographyguided technique
Endosonography-guided PPC drainage tends to replace
the “conventional” endoscopic approach that uses a
duodenoscope or, in some cases, a gastroscope. A recent
meta-analysis found that the single demonstrated advantage of the endosonography-guided technique is the
possibility to drain non-bulging PPCs[24], which represent
approximately half of all PPCs[22]. The most important
limitations of the endosonography-guided technique
reside in the thinner diameter of the working channel
of the echoendoscope and in the lower maneuverability
of the elevator. While the “conventional” approach is
relatively standardized, new material is constantly being
tested to make endosonography-guided PPC drainage a
single-step, reliable procedure. One of the most recent
devices allows puncturing, dilating the puncture tract and
inserting two guidewires into the PPC without any device
exchange. The device is made of a catheter with two balloons, one to anchor it to inside the PPC and the other
one to dilate the puncture tract[25].

Procedure-related complications
Reported figures largely vary from center to center with
average morbidity rates of 13% and average mortality
rates of 0.3%[15,29]. Major complications include hemorrhage, perforation and infection. Most of these can be
managed by non-operative means, including endoscopic
coagulation, arterial embolization, repeat endoscopic
drainage in the case of secondary infection and antibiotics in the case of retroperitoneal perforation. The following measures may help in preventing procedure-related
complications:
Secondary infection: Although no data on the efficacy
of antibiotic prophylaxis for endoscopic PPC drainage
are available, antibiotic administration has been recommended immediately before transmural or transpapillary PPC drainage[30]. The decision whether to continue
antibiotics or not after the procedure should be based
on drainage adequacy and on the presence or absence of
necrosis[12].

Transgastric vs transduodenal transmural route
Some PPCs may be accessed through either the gastric
or the duodenal wall. In such cases, the transduodenal
route may be preferable as long-term success has been
reported more frequently with the transduodenal vs the
transgastric route (83% vs 64%); procedure-related morbidity was 10% with both routes[26]. The difference in
long-term success may be related to the longer durability
of cystoduodenal compared with cystogastric fistulas (the
latter ones typically close a few days after stent removal).

Bleeding: Severe bleeding usually arises from dilated
arteries or veins. Pseudoaneurysms of the splenic artery
may develop in the vicinity of PPCs. Imaging preceding
the endoscopic drainage of PPCs should look for pseudoaneurysms and, in the case that one is discovered, have
its prophylactic embolization discussed if the transmural
route is elected. Extrahepatic portal hypertension develops during the course of CP in 15% or more of patients.
It is frequently associated with PPC as well as leading
to higher morbidity in patients who undergo pancreatic
surgery[31]. The endosonography-guided technique of
PPC drainage has been recommended in such patients although it has not been demonstrated to decrease the risk
of bleeding[32].

Number and type of stents
Two double pigtail stents are usually inserted for transmural drainage; a naso-cystic catheter may be left in place
to rinse the PPC cavity with saline if debris is present.
In a large retrospective series, the insertion of a single
vs multiple stent was independently associated with the
failure of endoscopic PPC drainage, defined as severe
procedure-related complication or need for another treatment modality[27]. In that series, straight stents were used
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In the case of infected PPC, should the strategy be
different?
Primary infection is a rare complication of CP-related
PPCs; secondary infection following stent occlusion or
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endoscopic attempt at draining pancreatic necrosis is
more frequent[33].
Infected PPCs present a thick content that may not
drain adequately through one or two thin plastic stents.
Traditionally, in such cases, more large-bore stents are
inserted together with a nasocystic catheter that is used
for PPC irrigation. These additional interventions have
resulted in similarly high success rates in patients with
infected PPCs as compared with those who present uncomplicated PPC[20,34]. As inserting multiple stents plus a
nasocystic catheter requires time and may be technically
challenging, fully covered self-expandable metal stents
(FCSEMSs) seem to be a promising alternative for draining PPCs with a thick content. In a series of 20 patients
with an infected PPC that was drained by endosonography-guided FCSEMS transmural insertion alone, clinical success was achieved in 17 patients[35]. The authors
suggested that using FCSEMSs rather than plastic stents
plus nasocystic drains in patients with infected PPCs may
decrease the number of endoscopic procedures, increase
the final success rate, and reduce the time required for
PPC resolution. FCSEMSs specifically designed for PPC
drainage have become available from various manufacturers; they present a short length, a large lumen, and a
diabolo shape aimed at preventing stent migration[25,36].

sampling and assessment of malignancy biomarkers, is
part of the standard work-up of a biliary stricture detected in the setting of CP. Other examination modalities
such as probe-based endoluminal real-time microscopy
are investigational. It should be kept in mind that endosonography-guided FNA is less accurate in the presence
than in the absence of CP[41,44], although this decrease in
accuracy has been suggested to be confined to a subset
of patients who present with obstructive jaundice and
a biliary stent[45]. Furthermore, in the community, the
accuracy of endosonography-guided FNA for diagnosing pancreatic cancer is likely to be much lower than the
90% figure that is widely reported in the literature (latter
reports originate from tertiary centers and use per-protocol analysis)[46,47]. The technical details of the sampling
procedure and of the sample processing are extremely
important to reach a high diagnostic accuracy; they have
recently been reviewed elsewhere for endosonographyguided FNA and for endoluminal biliary sampling[48-50].
Recent improvements in the field of endoluminal biliary sampling include the development of more effective
sampling devices and the use of rapid on-site examination for smears as well as for tissue biopsies[48,51,52].
Indications for treatment
Generally accepted indications for the treatment of CPrelated biliary strictures include symptoms such as secondary biliary cirrhosis, biliary stones, progression of
biliary stricture, and asymptomatic elevation of serum
alkaline phosphatase (greater than 2 or 3 times the upper
limit of normal values) or of serum bilirubin or both for
longer than one month.

In the case of complete MPD rupture, should the
strategy be different?
If complete MPD rupture occurs, the disconnected pancreatic tail may keep secreting pancreatic juice that, in
the absence of effective drainage, will lead to prolonged
fluid accumulation. Bridging of complete MPD ruptures
should be attempted and a combination of transmural
PPC drainage plus a transpapillary stent bridging the
MPD rupture should be considered[37,38]. The stent should
be left in place for a long duration, at least as long as
secretin-enhanced magnetic resonance pancreatography
demonstrates juice outflow from the disconnected pancreatic tail[39].

Results: Choosing endoscopic vs surgical treatment
Guidelines recently issued by the European Society of
Gastrointestinal Endoscopy propose that the choice
between endoscopic and surgical treatment should rely
on local expertise, loco-regional or systemic patient comorbidities and expected patient compliance with repeat
endoscopic procedures[53]. No strong recommendation
could be made about the choice between the endoscopic
and the surgical approach to CP-related biliary strictures
due to the lack of comparative studies. In conditions different from CP, two comparative nonrandomized studies
that included 143 patients with biliary strictures related
to a traumatism have found that long-term success was
similar (77%-83%) with the endoscopic and the surgical
approaches[54,55]. However, the endoscopic techniques
used in these studies are not current anymore and the
endoscopic treatment is more effective in post-traumatic
compared with CP-related biliary strictures[29]. Another
study has compared the endoscopic vs the surgical drainage of CP-related biliary strictures; however, surgery was
performed in only 6 patients, of whom five also had a
pancreatic resection[56].
Patient complications such as portal cavernoma or
cirrhosis are often decisive factors in the selection of the
endoscopic vs the surgical modality. Other factors that

BILIARY STRICTURES
Differential diagnosis
It is of paramount importance to reasonably rule out malignancy before embarking on the endoscopic treatment
of presumed CP-related biliary strictures, as such a treatment usually lasts for one year and the course of pancreatic cancer is rapid. Particular attention should be paid to
patients who present risk factors for pancreatic cancer;
these include patients over 50 years of age, female gender, white race, or an absence of pancreatic calcifications
and presence of exocrine insufficiency[40,41]. Patients with
hereditary pancreatitis present a very high risk of pancreatic cancer.
The accuracy of standard CT scanning and of endosonography for disclosing pancreatic cancer is limited in
patients with CP[42,43]. Endosonography, supplemented
by fine needle aspiration (FNA) plus biliary endoluminal
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may influence this selection include the expected patient
compliance with endoscopic stent exchanges and, less
importantly, the presence or absence of pancreatic calcifications. In a retrospective series of 14 patients, only two
patients presented for elective stent exchanges scheduled
at 3-mo intervals[57]. Most patients were admitted with
biliary infection due to stent occlusion after the scheduled stent exchange date. Another series that included 29
patients treated with multiple, side-by-side, plastic biliary
stents reported the occurrence of at least 20 episodes
of cholangitis (in this latter series, stents were exchanged
when symptoms of clogging developed). The mean interval between stent exchanges was 6 mo in patients who
were alive at the end of follow-up as compared to 22 mo
(P < 0.05) in the three patients who died during followup (two of them from cholangitis)[58]. The presence of
pancreatic calcifications has been associated with longterm failure of single plastic biliary stenting[59] but this
factor may be less relevant if simultaneous multiple, sideby-side, plastic stents are used[60].

side of the SEMS and a flared-ends design. Such SEMSs
remain investigational for the treatment of benign biliary
strictures.
If FCSEMSs are used to treat benign biliary strictures, a stenting duration > 90 d is recommended as this
was independently associated with stricture resolution in
a multicenter trial that included 133 patients with benign
biliary strictures, 44 of these being CP-related[67]. In this
trial, stricture resolution at the time of stent removal was
reported in 26 (59%, intention-to-treat analysis) patients
with CP. Other studies that included more than 10 patients followed up for at least one year after FCSEMS
removal showed a success rate of approximately 50%: (1)
Perri et al[66] inserted a Niti-S stent with either a straight
or a flared-ends design in 17 patients who had previously received a single plastic stent. Two years following
FCSEMS removal, 56% of patients had presented no
stricture relapse and had normal liver function tests. The
flared-ends design partially prevented FCSEMS migration
while all straight FCSEMSs migrated; and (2) Poley et al[68]
inserted a Hanaro prototype FCSEMS in 13 patients who
had previously received a single plastic stent; success was
reported in 6 (43%) of them.
FCSEMS currently are the most promising alternative to multiple, side-by-side, plastic biliary stents. Despite
their main advantages, i.e., a reduced number of endoscopy procedures and a lower incidence of stent obstruction,
FCSEMSs need improvements in their design as well as
additional large multicenter trials before they can possibly
be recommended as a first-line option for the endoscopic
treatment of CP-related biliary strictures.

Endoscopic technique
Plastic stents: If the endoscopic treatment modality is
selected, temporary placement of simultaneous multiple,
side-by-side, plastic stents is the gold standard amongst
the various techniques available. A single nonrandomized series has compared long-term results after temporary placement of single vs multiple simultaneous plastic
stents; clinical success was reported in 24% vs 92% of
patients, respectively[60].
From a practical point of view, amongst plastic biliary
stents, polyethylene models are recommended because
they allow obstruction relief more frequently than Teflon models[61], and the exchange of plastic stents with an
increasing number of stents is usually scheduled at 3-mo
intervals for a total stenting duration of 12 mo[58,60,62]. It
has recently been suggested that with multiple, side-byside, plastic stents, the interval between stent exchanges
could be extended[63]. However, as mentioned above,
special care should be taken regarding the generally poor
compliance and poor physical status of patients with
alcoholic CP. It is recommended to implement a recall
system to care for patients who do not turn up for stent
exchanges at scheduled dates.

OTHER COMPLICATIONS
Other complications of CP include splenic vein thrombosis, pancreatic adenocarcinoma, pancreatic ascites and
pleural effusion.
Splenic vein thrombosis is present in approximately
12% of patients with CP and it is usually asymptomatic
but may cause bleeding in 7% of patients[69]. In the case
of bleeding, endoscopic variceal obturation using N-butylcyanoacrylate is effective in achieving hemostasis, and
a splenectomy is an effective way to prevent recurrent
bleeding[70].
For the treatment of pancreatic adenocarcinoma, the
endosonography-guided delivery of various cytotoxic
agents is a rapidly evolving field that remains investigational[71].
Pancreatic ascites and pleural effusion are rare complications of CP; they may or may not be associated
with PPC and they present a high morbidity. The aim of
endoscopic therapy in such patients is to insert a stent to
bridge the MPD rupture that is responsible for pancreatic
juice leakage; high success rates have been reported[72].

Self-expandable metal stents: “Definitive” insertion
of self-expandable metal stents (SEMSs) (i.e., with no
intended SEMS removal) for benign biliary strictures
has almost been abandoned due to the development
of biliary epithelial hyperplasia that leads to late biliary
obstruction[64]. Recent studies of the endoscopic treatment of CP-related biliary strictures have focused on
the temporary placement of covered SEMS with a shift
of interest from partially covered to fully covered SEMS
designs[65,66]. Spontaneous SEMS migration has been the
main drawback with FCSEMSs; new stent designs aiming
to prevent migration include the adjunction of anchoring
fins, the positioning of the stent covering on the internal
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Progress has recently been made in the field of the endo-
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scopic treatment of CP-related complications.
With regard to uncomplicated PPCs, endoscopic
drainage has been shown to be feasible in almost all cases
and to be superior to surgical drainage. Techniques associated with the best clinical outcome have been identified.
With regard to CP-related biliary obstructions, improvements in the design of FCSEMSs are challenging the
standard technique and have the potential to improve
patient acceptability.
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PROGRESS IN PANCREATIC DISEASES

Pancreatic trauma: A concise review
Uma Debi, Ravinder Kaur, Kaushal Kishor Prasad, Saroj Kant Sinha, Anindita Sinha, Kartar Singh
visualized within several hours following trauma as they
are time dependent. Delayed diagnoses of traumatic
pancreatic injuries are associated with high morbidity
and mortality. Imaging plays an important role in diagnosis of pancreatic injuries because early recognition of
the disruption of the main pancreatic duct is important.
We reviewed our experience with the use of various
imaging modalities for diagnosis of blunt pancreatic
trauma.
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Core tip: The pancreas is a relatively uncommon organ
to be injured in abdominal trauma and difficult to diagnose. Pancreatic injuries are usually subtle to identify
by different diagnostic imaging modalities and these
injuries are often overlooked in cases with extensive
multiorgan trauma. They are associated with considerably high morbidity and mortality in cases of delayed
diagnosis, incorrect classification of the injury, or delays
in treatment. This review provides an overall concise
update on pancreatic trauma and highlights the findings of pancreatic trauma on various imaging modalities.
Original sources: Debi U, Kaur R, Prasad KK, Sinha SK,
Sinha A, Singh K. Pancreatic trauma: A concise review. World J
Gastroenterol 2013; 19(47): 9003-9011 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v19/i47/9003.htm DOI:
http://dx.doi.org/10.3748/wjg.v19.i47.9003

Abstract
Traumatic injury to the pancreas is rare and difficult
to diagnose. In contrast, traumatic injuries to the
liver, spleen and kidney are common and are usually
identified with ease by imaging modalities. Pancreatic
injuries are usually subtle to identify by different diagnostic imaging modalities, and these injuries are often
overlooked in cases with extensive multiorgan trauma.
The most evident findings of pancreatic injury are posttraumatic pancreatitis with blood, edema, and soft
tissue infiltration of the anterior pararenal space. The
alterations of post-traumatic pancreatitis may not be
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INTRODUCTION
The pancreas is a relatively uncommon organ to be
injured in trauma, occurring in less than 2% of blunt
trauma cases, and this injury is associated with considerably high morbidity and mortality in cases of delayed
diagnosis, incorrect classification of the injury, or delays
in treatment[1,2]. Mortality for pancreatic injuries ranges
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from 9% to 34%; however, only 5% of the pancreatic
injuries are directly related to the fatal outcome. Physical
examination is usually not reliable in the setting of acute
pancreatic trauma[3]. Early and accurate diagnosis can
decrease morbidity and mortality, and various imaging
modalities play a key role in recognition of pancreatic
injuries[4,5].
Knowledge about the mechanisms of pancreatic injury, the presence of coexisting injuries, the time to diagnosis, the presence or absence of major ductal injury, and
the roles of various imaging modalities is essential for
prompt, early and accurate diagnosis. Early detection of
disruption of the main pancreatic duct is of paramount
importance because such disruption is the main cause of
delayed complications like pseudopancreatic cyst[6]. The
most common site of traumatic pancreatic injury is at the
junction of the body and tail. Significant pancreatic injury
may occur in the absence of abnormality on various imaging modalities.
Pancreatic trauma occurs commonly in connection
with multiple injuries after motor vehicle accidents in
adults and bicycle handlebar injuries in children[7]. Conservative management is mainly advocated for pancreatic
trauma without ductal injuries. Computed tomography
(CT) is routinely used as the first-line imaging modality in
acute abdominal trauma cases and is helpful in recognizing injuries to the pancreas and other organs and their associated complications[8]. Ultrasonography (US) is useful
in cases of pancreatic ascites and pseudocyst formation,
which are more likely to occur in cases with traumatic
pancreatitis[3,9]. Magnetic resonance cholangiopancreatography (MRCP) allows direct imaging of the pancreatic
duct and its disruption[10]. The purpose of this paper is to
review the findings of pancreatic trauma on various imaging modalities.

exsanguinating hemorrhage, which is a frequent cause
of death in patients with a pancreatic injury. The splenic
artery and splenic vein run superior and posterior to the
body and tail of the pancreas and are relatively easier to
expose and control compared to the IVC and portal vein.
The vascular anatomy causes problems in repairing the
injuries to the head of the pancreas whereas injuries to
the body and tail are easier to manage[11,12].

PATHOPHYSIOLOGY OF INJURY
Injuries to the pancreas most commonly result from
penetrating trauma caused by gunshot or stab wounds
and occur in approximately 20%-30% of all patients with
penetrating traumas. The penetrating injury caused by
firearms results in the highest frequency of pancreatic
trauma. The relatively protected retroperitoneal location
of the pancreas protects it from most instances of blunt
abdominal trauma. Blunt trauma to the pancreas is, in
most instances, caused by a sudden localized force to the
upper abdomen that compresses the pancreas against the
vertebral column (e.g., steering wheel injury in a motor
vehicle accident in adults and from bicycle handlebar injury or direct blow from a kick or fall in children)[8]. Blunt
pancreatic injury is more common in children and young
adults because they have a thinner or absent mantle of
protective fat, which surrounds the pancreas in older
adults[10]. In order of frequency, injuries to the pancreas
involve the body, head and tail. Pancreatic injury is rarely
a solitary injury, and in the majority of instances there is
at least one coexistent injury; 60% are duodenopancreatic
lesions, while 90% involve at least one other abdominal
organ[1]. Therefore, multiple organ injuries are a red flag
suggesting the possibility of coexistent pancreatic injury.

CLINICAL PRESENTATIONS

ANATOMIC CONSIDERATIONS

Patients with pancreatic trauma present usually with features of acute pancreatitis. The typical clinical triad of
pancreatic trauma is upper abdominal pain, leukocytosis,
and elevated serum amylase level, that may, however, be
absent in adults during the first 24 h and even for several days[12,13]. Pancreatic trauma is difficult to recognize
because of coexisting injuries to other intra-abdominal
organs and its retroperitoneal location, which makes
signs and symptoms less marked, and consequently this
trauma ends up causing higher morbidity and mortality
rates than observed in injuries to other intra-abdominal
organs[14,15]. Symptoms of injury to other intra-abdominal
organs or structures commonly mask or supersede that
of pancreatic injury, both early and late in the course of
trauma. Therefore, a high degree of suspicion is required
to ensure that pancreatic injuries are not overlooked or
missed either early or late in their course.

The pancreas is a long J-shaped, soft, lobulated retroperitoneal organ. It is situated transversely across the posterior abdominal wall, at the back of the epigastric and left
hypochondriac regions at level of lumbar (L1-2) spine
(Figure 1). In adults, the pancreas is about 15-20 cm long,
1.0-1.5 cm thick and weighs approximately 90-100 g[11].
The main pancreatic duct of Wirsung traverses the entire
length of the gland. The superior pancreaticoduodenal
artery from the gastroduodenal artery and the inferior
pancreaticoduodenal artery from the superior mesenteric
artery run in the concave contour of the second part
of the duodenum to supply the head of the pancreas.
The pancreatic branches of the splenic artery supply the
neck, body and tail of the pancreas. The body and neck
of the pancreas drain into the splenic vein, whereas the
head drains into the superior mesenteric and portal veins.
The lymphatic drainage of the pancreas is via the splenic,
celiac and superior mesenteric lymph nodes. The proximity of many larger vessels such as the inferior vena cava
(IVC), portal vein and abdominal aorta makes injuries to
the pancreas difficult to manage because of the risk of
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LABORATORY FINDINGS
Raised amylase in serum or diagnostic peritoneal lavage (DPL) fluid can be useful in diagnosis, but there is
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Figure 1 Gross anatomy of the pancreas.

Figure 2 Ultrasound image. Axial ultrasound image shows localized traumatic
enlargement of the pancreas with diffuse edema. Transection of distal body of
pancreas communicating with large fluid collection anterior to pancreas (white
arrow).

poor correlation between raised amylase and pancreatic
trauma because amylase may be elevated in injuries of
the salivary gland, in duodenal trauma, hepatic trauma,
and injuries to the head and face, and in an intoxicated
patient[16-18]. A raised amylase level after blunt pancreatic
trauma is time dependent, and a persistently elevated or
a rising amylase level is a more reliable indicator of pancreatic trauma, but it does not indicate the severity of the
injury[14]. Amylase detected in DPL fluid is a much more
sensitive and specific indicator of pancreatic injury than
blood or serum amylase estimations. Serum lipase activity
is also not specific for pancreatic injury[12].

reliable in the follow-up of complications such as pseudocysts. Real-time contrast-enhanced US is an effective
technique in emergency imaging, but its role should not
be considered as a replacement for CT[20].
US may show localized traumatic enlargement of the
pancreas or diffuse edema simulating inflammatory pancreatitis. In trauma patients, peripancreatic fluids may be
a sign of pancreatic contusion[21]. A traumatic pseudocyst
of the pancreas may be detected by US and monitored
on serial examinations. Since complications of trauma
are most likely to occur from rupture or stenosis of the
main pancreatic duct, it is important to try to delineate
this structure in all cases of pancreatic injury. Transection
throughout the pancreas parenchyma is suggestive of
ductal injury (Figure 2).

RADIOLOGIC STUDIES
Diagnostic imaging plays an important role in the recognition, evaluation, and follow-up of traumatic pancreatic
injuries. The imaging findings in patients with pancreatic
trauma are nonspecific and often indistinguishable from
those of inflammatory pancreatitis.

CT
CT is the simplest and least invasive diagnostic modality
currently available for evaluating suspected pancreatic
trauma and its complications, because of the subtlety of
the US findings. However, this study is only rarely useful
in acute penetrating injury. Computed tomography is the
radiographic examination of choice for hemodynamically
stable patients with abdominal trauma as it provides the
safest and most comprehensive means of diagnosis of
traumatic pancreatic injury[10].
The pancreas may appear normal in 20%-40% of
patients when CT is performed within 12 h after trauma
because pancreatic injuries may produce little change in
the density which may not be detectable on CT scan[1,22].
In addition, there may be minimal separation of lacerated pancreatic fragments (Figure 3A). Currently, multidetector-row CT scanners are used for evaluation of
abdominal trauma cases as they are faster to scan, which
greatly reduces bowel artifacts and resolves many previous technical problems[8]. Lacerations tend to occur at the
junction of the body and tail due to shearing injuries with
compression against the spine (Figure 3A).
Direct signs of pancreatic injury include laceration,
transection, focal pancreatic enlargement and inhomo-

Conventional radiography
A plain X-ray of the abdomen in patients with pancreatic
trauma is nonspecific and none of the radiologic abnormalities on plain films can be used for specific diagnostic
purposes. Conventional radiography can be valuable in
detecting penetrating trauma by visualizing and localizing
foreign bodies such as bullet fragments and projectileinduced bony injury, as well as pulmonary parenchymal
injury, gastric dilatation and pneumoperitoneum.
Findings are often indistinguishable from those of
inflammatory pancreatitis. Pancreatic hemorrhage and
edema widen the duodenal sweep with distension of the
duodenum. Dissection along the transverse mesocolon
results in gaseous distension of the colon, which may terminate abruptly usually at the splenic flexure to produce
the “colon-cutoff sign”. A sentinel loop representing
localized ileus may be seen in the mid-abdomen.
US
Although US is easy to perform, portable and costeffective, pancreatic injuries are difficult to diagnose in
spite of technically adequate sonograms[19]. However, it is
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A

B

C

D

E

F

Figure 3 Computed tomography images.
A, B: Axial contrast-enhanced computed
tomography shows a heterogeneous appearance of the body and tail of pancreas with a
linear laceration (white arrow) across the distal body of the pancreas. There is also fluid
in the lesser sac, perihepatic space, perisplenic space and hemoperitoneum. There
is free air into chest wall muscles on right
side in a case of blunt pancreatic trauma (A),
and transection throughout extent of pancreatic parenchyma in proximal body region
(suggestive of ductal injury) with a large fluid
collection (white arrow) anterior to pancreas
communication with the transection in another case of blunt injury to upper abdomen
(B); C: Contrast-enhanced computed tomography demonstrating mild diffuse hypodensity of the body of pancreas. Contusions of
the head and neck also demonstrated (white
arrow) with secondary signs of traumatic
pancreatitis, i.e., increased density of the
peripancreatic fat, thickening of left anterior
pararenal fascia, fluid in the lesser sac and
hemoperitoneum; D: Plain axial computed
tomography section at the level of pancreas
shows a large hyperdense hematoma (black
arrow) in proximal body of pancreas suggestive of pancreatic injury. E: Multiplanar
reconstruction image of contrast-enhanced
computed tomography demonstrating a pancreatic fracture (white arrow) in neck region
with separation of pancreatic fragments; F:
Contrast-enhanced axial computed tomography scan in a child with bicycle handlebar
injury more than a month old shows a large
lobulated pseudocyst anterior to pancreas
communicating with pancreatic laceration
in the neck of pancreas representing ductal
injury. There is fluid between posterior pancreas and the splenic vein (arrow heads).

injuries[7]. So it is important that imaging focuses on the
integrity of the duct or findings that suggest damage to
the pancreatic duct. The accuracy of detecting a major
ductal injury by CT has been reported to be as low as
43%[10,17,29-31].
Computed tomography may not always directly demonstrate the ductal disruption; injury to the duct can be
suggested based on the degree of parenchymal injury and
can only be inferred following visualization of a through
and through laceration of the pancreas (Figure 3E). A
computed tomography grading scheme has been devised
(Table 2), which parallels the surgical classification of
Moore[10,32]. Grade A injuries with laceration involving <
50% pancreas are usually seen with an intact pancreatic
duct by surgical grading, whereas grade B and C injuries
correlate with duct disruption, especially when CT shows
deep lacerations or pancreatic transection[32]. Overestimation on CT can occur in grade CⅠ and CⅡ injuries if
merely deep lacerations or “single scan” transections are
identified at the pancreatic head. However, urgent endoscopic retrograde cholangiopancreatography (ERCP)
may be quite valuable in such patients with strong clinical

geneous enhancement. Fluid collections like hematoma
and pseudocyst are usually seen communicating with the
pancreas at the site of laceration or transection (Figure
3B). Secondary signs include peripancreatic fat stranding,
peripancreatic fluid collections, fluid between the splenic
vein and pancreas, hemorrhage, thickening of the left anterior pararenal fascia and associated injuries to adjacent
structures[10] (Figure 3C, Table 1).
Contusion appears as focal or diffuse low attenuation areas and laceration is seen as a linear hypodense
line perpendicular to the long axis of the pancreas[6,23,24].
Pancreatic fracture on CT is diagnosed if there is a clear
separation of fragments across the long axis of the pancreas[25]. Intrapancreatic hematoma is a very specific sign
of pancreatic injury[26] (Figure 3D). Fluid between the
splenic vein and pancreas is a very non-specific sign but
it may suggest pancreatic injury if associated with history of blunt abdominal trauma[27]. Pseudocysts are more
likely to occur in patients with traumatic pancreatitis[28].
The risk of abscess or fistula formation in patients with
disruption of the pancreatic duct approaches 25% and
50%, respectively, in comparison with 10% without duct
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Table 1 Computed tomographic signs of pancreatic injury

Table 3 Classification of pancreatic injuries by endoscopic
retrograde cholangiopancreatography

Specific signs Fracture of the pancreas
Pancreatic laceration
Focal or diffuse pancreatic enlargement/edema
Pancreatic hematoma
Active bleeding/extravasation of intravenous contrast
Fluid separating the splenic vein from posterior aspect of
pancreas
Non-specific Inflammatory changes in peripancreatic fat and mesentery
Fluid surrounding the superior mesenteric artery
signs
Thickening of the left anterior renal fascia
Pancreatic ductal dilatation
Acute pseudocyst formation/peripancreatic fluid
collection
Fluid in the anterior and posterior pararenal spaces
Fluid in transverse mesocolon and lesser sac
Hemorrhage into peripancreatic fat, mesocolon and
mesentery
Extraperitoneal fluid
Intraperitoneal fluid

CT grading

CT findings of blunt pancreatic injury
Pancreatitis and/or superficial lacerations at any site

Ⅰ
Ⅱa

Normal main pancreatic duct on ERCP
Injury to branches of main pancreatic duct on ERCP with
contrast extravasation inside the parenchyma
Injury to branches of main pancreatic duct on ERCP with
contrast extravasation into the retroperitoneal space
Injury to the main pancreatic duct on ERCP at the body or
tail of the pancreas
Injury to the main pancreatic duct on ERCP at the head
the pancreas

Ⅲa
Ⅲb

Reproduced from Takishima et al[38]. ERCP: Endoscopic retrograde cholangiopancreatography.

in up to 97% of cases and within the pancreatic tail in
up to 83%[35]. In addition, MRCP may demonstrate abnormalities not visible at ERCP, such as fluid collections
upstream of the site of duct transection (Figure 4A), and
is helpful in assessing parenchymal injury[36]. For assessing the parenchyma, fat-suppressed T1- and T2-weighted
sequences are performed. Magnetic resonance pancreatograms are acquired by using heavily T2-weighted breathhold or non-breath-hold sequences. Fast spin-echo (twodimensional or three-dimensional) and rapid acquisition
with relaxation enhancement sequences performed in the
coronal and axial planes are usually sufficient[10].

Deep laceration at distal pancreas
Transections at distal pancreas
Deep lacerations at proximal pancreas
Transections at proximal pancreas

ERCP
ERCP is increasingly being used to help in both early
and in delayed diagnosis of pancreatic ductal injuries in
patients with strong clinical evidence of pancreatic injury
and an equivocal CT scan. Endoscopic retrograde cholangiopancreatography is the most accurate investigation
for diagnosing the site and extent of ductal injury by
demonstrating extravasation or a cutoff, especially in patients with delayed presentations[37]. It can be performed
preoperatively, intraoperatively or postoperatively in patients with pancreatic injury. Although ERCP is the most
useful procedure for the diagnosis of pancreatic ductal
injury in stable patients, surgery should be considered in
hemodynamically unstable patients. A classification of
pancreatic injuries (Table 3) has been devised according
to the findings on ERCP[38]. Although MRCP (Figure 4B)
has become the noninvasive imaging method of choice
when evaluating for pancreatic duct injury, ERCP remains important because of its potential to direct imageguided therapy (Figure 5). Endoscopic retrograde cholangiopancreatography in selected patients allows nonoperative treatment in the absence of ductal injury and
earlier operative treatment or primary therapy as stent
placement in the presence of ductal injury[39]. It also aids
the treatment of late complications of pancreatic duct
injuries such as pseudocysts and pancreatic fistulae. Both
endoscopic transpapillary and transmural drainage are effective options for managing delayed local complications
of pancreatic trauma. The endoscopist must be skilled

Reproduced from Wong et al[32]. CT: Computed tomography.

evidence of pancreatic injury and an equivocal CT scan,
to establish the final diagnosis[10,32]. A patient with a posttraumatic pseudocyst should be considered to have a
ductal leak until proven otherwise[1] (Figure 3F).
MRCP
Since the outcome of pancreatic trauma patients largely
depends upon the integrity of the pancreatic duct, evaluation of the duct is essential. In the past, ERCP was
the only method available for evaluating pancreatic duct
integrity. More recently, MRCP has emerged as an attractive alternative non-invasive diagnostic tool for direct
imaging of the pancreatic duct and it is being used more
frequently to assess injury to the ductal components[33].
Dynamic secretin-stimulated (DSS) MRCP is a variation on standard MRCP and may compete with ERCP
in diagnostic accuracy. Like ERCP, DSS MRCP provides
dynamic information as to whether there is continuing leakage from an injured main pancreatic duct. The
advantages of DSS MRCP include it being noninvasive,
faster and more readily available than ERCP, and it can
illustrate the entire pancreatic parenchymal and ductal anatomy, as well as pathologic ﬂuid collections and
ductal disruptions[34]. The main pancreatic duct (MPD)
can be identified by MRCP within the pancreatic head
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Ⅱb

Table 2 Computed tomographic grading of blunt pancreatic
injuries

Grade A
Grade B
BⅠ
BⅡ
Grade C
CⅠ
CⅡ

Grade
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A

Figure 4 Magnetic resonance images. T2 weighted
axial image (A) and magnetic resonance cholangiopancreatography (B) in a case of traumatic pancreatitis
show heterogenous signal intensity of pancreas with
peripancreatic stranding. Main pancreatic duct is dilated
in the body and tail region (black arrow). A lobulated
pseudopancreatic cyst is seen in lesser sac anterior aspect of body of pancreas (white arrow) demonstrated in
magnetic resonance cholangiopancreatography.

B

10 cm

Table 4 American Association for the surgery of trauma
classification of pancreatic trauma
Grade
Ⅰ

Ⅲ
Ⅳ

Laceration

Ⅴ

Laceration

Ⅱ

Description
Minor contusion without ductal injury
Superficial laceration without ductal injury
Major contusion without ductal injury or tissue loss
Major laceration without ductal injury or tissue loss
Distal transection or pancreatic parenchymal injury
with ductal injury
Proximal transection or pancreatic parenchymal
injury involving the ampulla
Massive disruption of the pancreatic head

Reproduced from Campbell et al[42].

Figure 5 Endoscopic retrograde cholangiopancreatography image. Another case of traumatic pancreatitis. Fluoroscopic image showing main pancreatic
duct disruptions during endoscopic retrograde cholangiopancreatography with
multiple contrast filled outpouching is seen, suggestive of pseudocysts (white
arrow). Multiple contrast filled tracts are also visualized (black arrowhead). Few
tracts are seen in retroperitoneum and one of the tracts is reaching into mediastinum (black arrow). Endoscope is visible.

common complications. Other less frequent complications include peritonitis, intestinal obstruction, gastrointestinal bleeding, endocrine or exocrine insufficiency,
splenic artery pseudoaneurysm formation or rupture and
splenic vein thrombosis[6,24].

and experienced in its use as this procedure has potential
complications that can limit its usefulness in patients with
pancreatic trauma.

CLASSIFICATION AND GRADING OF
PANCREATIC INJURIES
Pancreatic injuries are classified and graded according to
the damage to the pancreatic parenchyma and the ductal
system. Grading of pancreatic injuries enables an exact
description of injuries, can influence management, and
allows a comparison of outcomes and effective quality
control of treatment[12]. There are several classification
systems of traumatic pancreatic injuries[32,38] (Tables 2 and
3) but the pancreatic organ injury scale (OIS) proposed
by the American Association for the Surgery of Trauma
(AAST) fulfills most of these criteria and at present is the
universally accepted classification scheme[43]. This OIS
scale involves five grades, which concedes the significance
of more complex injuries to the pancreas, and particularly those injuries affecting the pancreatic duct and the
pancreatic head (Table 4). This classification scheme can
also be correlated with other organ injury scales, as well
as integrated into more complex scoring systems, such
as injury severity score or trauma score - injury severity
score from which probability of survival of an individual
case is determined.

COMPLICATIONS OF PANCREATIC
TRAUMA
Early diagnosis and treatment are associated with better
overall outcomes in traumatic pancreatic injury patients.
Mortality associated with pancreatic injuries approximates
20% and results primarily from hemorrhage caused by
injuries to other intra-abdominal organs and from sepsis[40,41]. There is an increase in infectious complications in
patients who have pancreatic wounds co-associated with
injury to small and large intestine. Blunt pancreatic injuries without ductal leak usually resolve with mere conservative management. On the other hand, damage to the
ductal system, if inadequately treated or untreated, can
result in prolonged morbidity. Complications of traumatic pancreatic injury are manifold and range from minor
pancreatitis to death[40,42]. Fistula formation is the most
frequently observed complication. Traumatic pancreatitis,
pseudocyst formation, abscesses and duct stricture are
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Injury
Hematoma
Laceration
Hematoma
Laceration
Laceration
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Blunt pancreatic injury
Hemodynamically stable patient
Helical multislice CT of abdomen
AAST - OIS grade

Low-grade blunt pancreatic injuries
Grade Ⅰ
Grade Ⅱ

Figure 6 Management algorithm for traumatic pancreatic injury patients. Reproduced from Ilahi et al[14].
ERCP: Endoscopic retrograde cholangiopancreatography; MRCP: Magnetic resonance cholangiopancreatography.

High-grade blunt pancreatic injuries
Grade Ⅲ
Grade Ⅳ
Grade Ⅴ

Surgical intervention

ERCP or MRCP

Ductal injury

Yes

No

Non-operative management

Surgical intervention

grade Ⅲ or higher injuries often require resection with
possible reconstruction and/or drainage procedures[47].
There are a number of alternative procedures that can be
used for the management of high-grade blunt pancreatic
injury, such as duodenal diversion, pyloric exclusion, the
Whipple procedure or simple drainage, with the choice
dependent on the patient’s hemodynamic status and the
presence or absence of associated duodenal injury[48,49].
Sometimes, the decision to perform a pancreaticoduodenectomy is unavoidable in select cases. If the patient
is hemodynamically unstable, pancreaticoduodenectomy
should be performed as a two-step procedure. After the
initial damage control surgery, anastomoses are completed at a second surgery when the patient is stable[50].
The standard of care in penetrating injuries is a surgical approach depending upon the location of the injury
and associated abdominal injuries. Damage control surgery in hemodynamically unstable patients with massive
injury to the pancreas and associated intra-abdominal
organs reduces morbidity and mortality.

MANAGEMENT OF PANCREATIC
INJURIES
Many patients with pancreatic injuries have multiple
associated injuries including vascular and other intraabdominal organs injury; priority must be given to stabilizing the patient before any definitive management of
the pancreatic injury. The initial priorities include control
of hemorrhage and spillage of intestinal contents. The
decision regarding therapeutic approach of the traumatic
pancreatic injury, either with a conservative approach
or a surgical approach, depends upon the integrity of
the MPD, extent of pancreatic parenchymal damage,
anatomical location of the injury, stability of the patient
and degree of associated organ damage (Figure 6)[44]. In
patients with an isolated pancreatic contusion or superficial lacerations without ductal disruption, conservative
management may be warranted. Treatment of traumatic
pancreatitis consists of bowel rest, nasogastric suction,
and nutritional support[29]. ERCP-guided stent placement
to the MPD injury has been indicated in select cases[45].
Endoscopic transpapillary drainage has been successfully used to heal duct disruptions in the early phase
of pancreatic trauma and in the delayed phase to treat
the complications of pancreatic duct injuries. However,
in patients with major ductal injury in blunt pancreatic
trauma cases, morbidity and mortality greatly increase
unless surgery is undertaken within the first 24 h. By using the pancreatic OIS grading system of the AAST to
help to guide the appropriate surgical management, the
morbidity and mortality in blunt pancreatic injury are decreased[46]. Grades Ⅰ and Ⅱ are treated with non-operative management techniques or simple drainage, whereas
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CONCLUSION
Pancreatic injury is uncommon and usually difficult to
diagnose. Because of the subtlety of the ultrasound findings, computed tomography is the preferred method
for evaluating suspected pancreatic trauma; however,
pancreatic duct injury may not be detected on computed
tomography scan except when there is through and
through laceration. In select situations, including minor
injuries, a conservative approach may be successful. With
modern imaging modalities and expertise in endoscopic
retrograde cholangiopancreatography, isolated pancreatic
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duct injury can be successfully managed. A surgical approach is appropriate with major pancreatic injury that
necessitates urgent surgical intervention.
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PROGRESS IN PANCREATIC DISEASES

Endoscopic management of chronic pancreatitis
Veeral M Oza, Michel Kahaleh
tions in this review, and attempt to extract the most
up to date information from the current literature. The
treatment of CP and its complications are discussed extensively. Complications such as biliary strictures. pancreatic pseudocysts, and chronic pain are common issues that arise as long-term complications of CP. These
often require endoscopic or surgical management and
possibly a combination of approaches, however choosing amongst the various therapeutic and palliative modalities while weighing the risks and benefits, makes
the management of CP challenging. Treatment goals
should be not just to control symptoms but also to prevent disease progression. Our aim in this paper is to
advocate and emphasize an evidence based approach
for the management of CP and associated long term
complications.
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Abstract
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2013; 5(1): 19-28 Available from: URL: http://www.wjgnet.com/1948-5190/full/v5/i1/19.htm DOI: http://dx.doi.
org/10.4253/wjge.v5.i1.19

Chronic pancreatitis (CP) is a common gastrointestinal
illness, which affects the quality of life with substantial
morbidity and mortality. The management includes
medical, endoscopic and surgical approaches with the
need for interaction between various specialties, calling
for a concerted multidisciplinary approach. However, at
the time of this publication, guidelines to establish care
of these patients are lacking. This review provides the
reader with a comprehensive overview of the studies
summarizing the various treatment options available,
including medical, surgical and endoscopic options. In
addition, technological advances such as endoscopic
retrograde cholangiopancreatogrophy, endoscopic
shock wave lithotripsy and endoscopic ultrasound can
now be offered with reasonable success for pancreatic
decompression, stricture dilatation with stent placement, stone fragmentation, pseudocyst drainage, and
other endoscopic interventions such as celiac plexus
block for pain relief. We emphasize the endoscopic op-
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INTRODUCTION
Chronic pancreatitis (CP) is debilitating illnesses, with a
prevalence estimated between 4% to 5%[1]. The chronicity of CP and the frequent acute exacerbations significantly impact patients’ quality of life. Alcohol is the most
common etiology of CP in the western world. Sarles et
al[2] reported that 60% to 70% of patients with CP have
a 6 to 12 year history of alcohol abuse. Other common
etiologies of CP include autoimmune pancreatitis, hypercalcemia, as well as idiopathic CP[3].
CP is characterized by irreversible damage that leads
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to fibrosis and necrosis of the pancreatic tissue[4]. This
destruction of the pancreatic tissue manifests as abdominal pain, the most common presenting symptom of
CP[5-9]. Steatorrhea and diabetes are other common presenting symptoms seen with the loss of endocrine and
exocrine function of the pancreas[10]. Medical, endoscopic
and surgical methods are available for management of
CP. Medical management revolves around pain medications, fluid hydration and pancreatic enzyme supplementation surgery seem to be efficacious, at least in the short
and mid term but is associated with high morbidity and
mortality[11-13]. Technological advances such as endoscopic
retrograde cholangiopancreatogrophy (ERCP), endoscopic shock wave lithotripsy (ESWL) and endoscopic
ultrasound (EUS) can now be offered with reasonable
success for pseudocyst drainage, stricture dilatation with
stent placement, and other endoscopic interventions
such as celiac plexus block or neurolysis for pain relief[14].
However, choosing amongst the various therapeutic and
palliative modalities while weighing the risks and benefits,
makes the management of CP challenging.
This review is focused on the current management of
CP with emphasis on pain control and treatment of complications. We aim to provide the reader with the most upto-date evidence on endoscopic modalities available for CP.

to relieve pain in CP. Isakson and co-workers showed a
30% reduction in pain after treatment with oral enzyme
preparations in a small number of patients with CP[19].
The mechanism through which enzymatic preparations
work is presumed to be via a negative feedback pathway
involving the pancreas, specifically involving the cholecystokinin pathway[20]. In recent years, this theory has
been challenged by conflicting evidence[21].
It is well documented that in CP there is a decreased
absorption of vitamins and minerals[22]. Deficiencies lead
to increase in oxygen free radicals. There is some data to
suggest that removal of oxygen free radicals may have an
increased therapeutic effect in controlling pain[23].
Endoscopic management
Advances in understanding the pathogenesis of CP combined with progress in technology have led to an emerging role of endoscopy in the management of CP. Experts
believe that endoscopic management has an important
role in patients[24] as a primary therapeutic measure in
poor surgical candidates where medical management
fails. Recent evidence by Díte et al[25] suggests that surgical
outcomes were more durable than endoscopic therapy in
patients with a dilated pancreatic duct (PD), stones and/
or strictures[25]. Cahen et al[26] recently reported better outcomes in pain control after surgery than with endoscopic
intervention. Although these studies indicate surgery
might be a better intervention than endoscopy, it needs
to be pointed out that neither one of those studies came
from centers using routinely ESWL, which is now incorporated into the management of patients with pancreatic
stones[27]. Finally, endoscopy remains a highly effective intervention in patients with severe comorbidities and can
also serve as a bridge to surgery[28].

MANAGEMENT OF CP
Pain is the most common presenting symptom of CP,
and ranges from mild discomfort to severe pain that often requires hospitalization. The origin of pain is much
debated; and the consensus at this time is that the etiology of pain is multifactorial[4,15-17]. It can be caused by
pancreatic duct obstruction, which subsequently leads to
ductal hypertension[9]. Pancreatic duct obstruction can
be frequently caused by complications of CP such as
pancreatic duct strictures, pseudocysts, intraductal stones,
and sphincter stenosis[9].

PANCREATIC STRICTURES
Pancreatic strictures can be caused by prior stones, recurrent inflammation or fibrosis[29]. In cases of pancreatic
stricture, where malignancy is suspected it is crucial to
obtain cross sectional imaging followed by endoscopic
ultrasound with fine needle aspiration (EUS-FNA) of
any pancreatic masses. In the absence of a definitive
mass, pancreatic brushing should be performed, keeping
in mind that the threshold for referral to surgery in those
cases should be low[30-32].
The management of benign strictures includes dilation and stenting (Figure 1). The number of strictures,
the location of the strictures and the length of the stricture play key roles in determining the efficacy of endotherapy.
Symptomatic patients with a single stricture in the
main PD in the head of the pancreas are the best candidates for ERCP with stenting[33]. It is generally accepted
that patients with multiple strictures along the main PD,
the so-called “chain of lakes” appearance, are not good
candidates for endotherapy[33].
Table 1 summarizes the results of endotherapy in ref-

Medical management
Alcohol abuse is the most common cause of CP in the
United States, and the association of binge drinking
with acute exacerbation of abdominal pain in CP is well
known. Therefore emphasis on alcohol cessation with
offering resources on alcohol cessation such as support
groups is the first step to manage CP. In addition to alcohol, smoking has also been shown to be an independent
risk factor for both acute and CP[18], and smoking cessation is equally important in patients with CP. If the avoidance of exacerbating factors fails to control flare-up of
abdominal pain, pain medications should be considered
for symptom relief.
Acetaminophen and non-steroidal anti-inflammatory
agents should be used for pain relief, if there are no contraindications. Narcotics should never be the first line
for control of pain and offering narcotics as first line of
pain medication poses a real risk of addiction[16]. Pancreatic enzymes and antioxidants have also been shown
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A

B

C

Figure 1 Management of benign strictures includes dilation and stenting. A: Distal pancreatic stricture in a patient with chronic pancreatitis; B: Dilation of the
distal pancreatic stricture; C: Placement of a pancreatic stent (8.5 Fr x 12 cm).

Table 1 Summary of endotherapy in treatment of pancreatic strictures
Study

No. of patients
[103]

Weber et al
Costamagna et al[40]
Eleftherladis et al[39]
Rosch et al[35]
Eisendrath et al[104]
Layer et al[105]
Cremer et al[106]

19
19
100
1018
100
66
75

Tech success (%)
89.4
83.3
70
88
100
NA
NR

Average follow up time (mo)

Percent improvement in pain (%)

24
38
69
60
69
36
37

89.4
84
70
85
70
50
94

NR: Not reported; NA: Not applicable.

erence to pancreatic strictures. Wilcox[34] summarized the
available studies on this topic. The 15 series analysis has a
total of 1500 patients. Among the 1500 patients, benefit
was seen in 31%-100% of patients with a wide follow-up
time period from 8-72 mo. An important finding from
these studies was that complete stricture resolution is not
needed for the resolution of pain.
The technique of stenting the PD in the event of
strictures involves dilation prior to stenting. Dilation can
be performed by wire guided balloons (4-6 mm), bougie
or with a Soehendra stent retriever. Polyethylene pancreatic stents are then deployed for main pancreatic duct
MPD stricture as large as possible to mimic a “pancreatico-duodenostomy”[12,27,33,35,36].
Pain relief is seen in 70%-94% of patients after stent
placement (Table 1). Ductal decompression is indicated
if the main PD above the stricture is significantly dilated
(large duct disease). The strategy remains that the stents
are prophylactically exchanged every three months[37].
In some cases, the stent can get clogged, however it will
continue to remain effective by what is known as the
“wick” effect[38].
It is important to note, however, that after stent removal the rate of recurrence of a main PD stricture is
high. In fact, Eleftherladis et al[39] reported the stricture
relapse rate after a 2 year follow up period was as high as
38%, with these patients require repeat stenting.
Although the approach of multiple stents for PD
strictures seems promising[40-42], to our knowledge, at the
time of writing, there have been no studies comparing
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single and multiple stenting procedures for PD strictures
caused by CP.
For patient in whom conventional ERCP is not feasible
or fails, access and decompression of the main pancreatic
duct using EUS-guided pancreatography has increased
the success for PD drainage[30-32,43-45]. This constitutes a
minimally invasive alternative to surgery in patient with
altered anatomy or severe stone burden not responding
to ESWL.

PANCREATIC STONES
Obstruction of the PD by calcified stones leads to increased pressure upstream from the stone causing increased intraductal hypertension. The data surrounding
pancreatic stone removal is clear. Endoscopic therapy
alone was found to be successful in 72% of patients with
a 68% symptomatic improvement[35,46,47]. ESWL can relieve the elevated intraductal pressure by fragmentation
of intraductal stone.
Upon fragmentation the stones can pass spontaneously[48,49], therefore ERCP is not obligatory unless there is an
associated stricture. The primary limitation of ESWL is
that it cannot be used to fragment larger stones. In such
cases, laser lithotripsy might be more effective[50-53].
In 2007, Dumonceau et al[54] compared ESWL alone
with ESWL in conjunction with endoscopic drainage of
the main PD for pain relief. Two years after intervention, they noted a similar decrease in the number of
pain episodes per year. As such, it was concluded that
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Table 2 Studies that evaluated endoscopic shock wave lithotripsy with endoscopic retrograde cholangiopancreatogrophy for
chronic pancreatitis
Study
Sauerbruch et al[107]
Den Toom et al[108]
Sauerbruch et al[109]
Delhaye et al[60]
Schneider et al[110]
Van der Hul et al[111]
Wolf et al[112]
Schreiber et al[113]
Johanns et al[114]
Ohara et al[115]
Matthews et al[116]
Costamagna et al[117]1
Adamek et al[49]
Brand et al[55]
Karasawa et al[118]
Kozarek et al[36]
Rubenstein et al[119]

Total patients

No. of patients in any amount of pain at follow up

Duct clearance

Mean follow up time (mo)

8
8
24
123
50
17
12
10
35
32
19
35
80
48
24
40
23

8
8 (7 pain relief)
24
88
39
17
9
7
23
7
13
32
80
17
12
28
NA

8
8
24
123
48
17
12
10
16
24
19
35
NA
48
24
NA
23

11
17
24
20
30
19-22
12
NA
44
6 mo-6 yr
6
NA
7
12
2.4 yr
NA

1

Pain relief was not a primary end point. NA: Not applicable.

techniques (CTDT)[69-71]. Our team[64] and others[72] have
demonstrated that EUS-guided drainage and conventional transmural drainage techniques have fairly comparable
rates of success and similar rates of complications if non
bulging collection and patient at higher risk of bleeding
are selectively drained using EGPD.

ESWL alone was a safe and effective modality of treatment in reducing pain in CP with stone only disease and
addition of endoscopic measures added costs to patient
care, with no significant reduction in pain relief[54]. Endotherapy in conjunction with ESWL has been shown to
increase stone clearance rates and to improve long-term
outcomes[36,49,55-60] in patients with stone and stricture disease. In one study Kozarek et al[36] were able to show that
surgery was avoided in 80% of patients who underwent
ESWL. with decrease in narcotic use and reduction in
hospitalizations (Table 2).

ENDOTHERAPY ON BILIARY DUCT
STRICTURES
Benign strictures can also form within the biliary ductal
system in CP, and if left untreated can lead to jaundice,
cholangitis and biliary cirrhosis[41,73]. Traditionally benign
biliary strictures in CP are treated by surgery, but as with
all surgeries the procedure is invasive and can involve
significant morbidity especially if patients have other
accompanying co-morbidities such as CP and/or liver
disease. Morbidity and mortality of surgical treatment of
post-operative biliary strictures is low, with mortality rates
ranging from 0%-2.2%, whereas post-operative morbidity
rates approaching almost 43% in some studies[74-76]. The
multiple stent placement technique was initially popularized by Costamagna et al[40] for the treatment of postoperative strictures. In their study, stricture resolution was
observed in 95% of patients at stent removal, and at follow up (average time of 38 mo after stent removal) 84%
of patients were pain free and only 10.5% (2 patients)
had recurrence of stricture.
They reported good long term results in treatment
of post-operative biliary strictures by insertion of plastic stents after greater than a ten year follow up. While,
success is dependant on the number of sessions and the
number of stents placed, it appears that this maybe a reasonable first-line option[42]. Several groups have studied
biliary strictures and endoscopic approach to treatment,
and in all cases average stricture resolution was reported
between 10%-33% (Table 3)[57,77-83].

PANCREATIC PSEUDOCYSTS
A total of 20%-40% of patients with CP can develop
this complication[61]. Intraductal hypertension within the
main PD, or the rupture of a branching duct can lead
to formation of pseudocysts. Pseudocysts[62] who fail to
resolve spontaneously and are symptomatic require drainage. Drainage is indicated if there is pain, infection or
evidence of obstruction[61,63,64].
The modality employed for drainage is also important. There are two major routes of endoscopic drainagetransmural and transpapillary. The route chosen depends
on the size, possible communication between the pseudocyst and the pancreatic duct. There appears to be a
trend in the literature for transmural drainage versus
transpapillary[65] with an attempt to seal any possible leak
or draining a proximal duct by crossing a stricture[65].
Several studies place the technical success of transmural
drainage of pseudocyst at 85%-100%. The recurrence
rate range from 10%-15% with complications between
10%-34%[63,66-68].
In recent years, EUS-guided pseudocyst (EGPD) drainage
has gained in popularity since it allow to avoid intervening vessels and target more challenging collections safely
when compared to conventional transmural drainage
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Table 3 Summary of studies that evaluated efficacy of endoscopic biliary polyethylene stents for treatment of common bile duct
strictures
Study

Total patients Success rate (%)-short term Stricture resolution (%) Stent occlusion (%) Stent migration (%) Follow up time (mo)

Deviere et al[85]
Barthet et al[83]
Smits et al[82]
Kiehne et al[81]
Vitale et al[80]
Farnbacher et al[79]
Eickhoff et al[78]
Average

25
19
58
14
25
31
39
30

100
100
100
100
100
100
100
100

3 (12)
2 (11)
16 (28)
2 (16)
20 (80)
10 (32)
12 (31)
30

32
0
62
36
12
29
33
29.14

40
5
7
NA
8
23
10
17.16

14
18
49
NA
32
24
58
32.5

NA: Not applicable.

Uncovered metal stents have also been evaluated.
Since biliary strictures related to CP can be difficult to
treat with plastic stents, there have been several studies that examined the use of uncovered self-expanding
metal stents (USEMS) in patients with primarily CP[84-87].
Deviere et al[85] deployed USEMS in patients (n = 20)
with CP, and initially demonstrated relief of cholestasis
for up to 33 mo for 18 patients. Repeat ERCP 3 mo
later demonstrated that the stent was embedded within
the bile duct wall. All subsequent studies confirmed that
uncovered metal stents proved to be problematic due to
epithelial hyperplasia, occlusion, and the inability to easily remove the stent without overwhelming evidence of
improved patency or stricture resolution[88]. This lack of
removability also predisposes the patient to chronic inflammation and a potential for cholangiocarcinoma.
Covered metal stent, partially or fully covered have
been used, with stricture resolution for partially covered
metal stent[89] noted to be about 77% in CP, whereas fully
covered metal stents provided a success rate of 83%[90].
Given the limitations noted with uncovered stents, and
in an effort to improve patency, partially covered selfexpanding metal stents (PCMS) were assessed in this
biliary stricture related to CP. They were noted to be easier to remove, offering the option of temporary placement[91-93]. Cantù et al[94] placed PCMS in patients with CP
and associated common duct stricture who failed prior
plastic stent therapy. All the patients responded initially
but with a median follow up of 22 mo (range 12-33 mo),
7 patients developed stent dysfunction, requiring re-intervention. Stent patency, however, decreased over time,
from 100% at 12 mo to 37.5% at 36 mo and none of
the PCMS were removed during the study period, demonstrating that PCMS left in place over time decrease in
patency, requiring additional endoscopic interventions[94].
Another similar study deployed PCMS in 6 patients with
limited patency (2/6) at 35 mo (range 33-37 mo) follow
up. In addition, this study compared uncovered (n =
18) to PCMS and found longer patency with uncovered
stents (mean 46 mo vs 20 mo, P = 0.002), although overall follow up was much longer for uncovered stents (mean
61 mo), which could account for the significant difference[86].
Kahaleh et al[95] performed the largest series of pa-
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tients (n = 79) with partially covered metal stents coated
with Permalume (Wallstent, Boston Scientific, Natick,
MA). Sixty five patients had stent left in place for a median of 4 mo (range 1-28 mo) and removed once successful
treatment was confirmed. Follow up after stent removal
was a median of 12 mo (range 3-26 mo). Three patients
developed a stricture at uncovered proximal portion, 3
failed primary therapy and 2 developed duodenal edema
preventing SEMS insertion, resulting in 90% success
(59/65). Successful resolution of the stricture was noted
to be lowest with strictures related to CP (17/22, 77%)[95].
As a follow up to this study, Sauer et al[96] further analyzed
long term response of those patients. Notably, migration
occurred with 15 stents, as well as intimal hyperplasia and
stent embedment into the mucosa in 7 patients each respectively[96].
Fully-covered self-expandable metal stents
With limitations related to partially covered metal stents
namely epithelial hyperplasia at the uncovered portions
and migration, fully covered metal stents (FCSEMS)
were then tried in this indication (Figure 2). Cahen et al[97]
published a series of 6 patients with strictures resulting
from CP receiving FCSEMS (Hanaro; M.I.Tech Co., Ltd.,
Seoul, South Korea), with 66% resolution, however 2
stents were unable to be removed requiring plastic stents
placement through the other metal stent. More recently,
Mahajan et al[90] analyzed a FCSEMS with anchoring fins
(Viabil, Conmed, Utica, NY) to treat benign biliary strictures. A total of 44 patients (28 men, median age 53.5
years) were included. Etiologies included 19 CP. Complications were observed in 6/44 (14%) patients after placement, and 4/44 (9%) patients after removal, mainly pain
and post ERCP pancreatitis. Lower rate of resolution was
seen with CP (58%) and moderate difficulty in deploying
and removing the stent due to its anchoring fins proved
to be limitations in its widespread use. The anchoring
fins also caused ulceration and bleeding with stent extraction[90].
A follow up study came from the same group with 55
patients and subsequent mean stent time of 126 ± 74 d
and follow up of 524.2 ± 297.7 d. The success rate was
67% for those with CP and 71% for other etiologies[96].
The data that we are seeing in literature on FCSEMS
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A

B

Figure 2 Fully-covered self-expandable metal stents. A: Distal biliary stricture in the setting of chronic pancreatitis; B: Placement of a fully covered metal stent (10
mm x 60 mm) draining the bile duct.

are promising, but larger randomized control trials are
needed to evaluate this treatment modality. It is conclusive however, that endotherapy in treatment of biliary
strictures is a good option for high risk surgical patients
and for those who prefer a less invasive approach.

bined with progress in technology have led to an emerging role of endoscopy in the management of CP. Experts
believe that endoscopic management has an important
role in patients[24] as a primary therapeutic measure in
poor surgical candidates where medical management
fails. Recent evidence by Díte et al[25] suggests that surgical
outcomes were more durable than endoscopic therapy
in patients with a dilated PD, stones and/or strictures.
Cahen et al[26] recently reported better outcomes in pain
control after surgery than with endoscopic intervention.
Although these recent studies that indicate surgery as a
better intervention than endoscopy, endoscopy is a highly
effective intervention especially in patients who are highrisk surgical candidates especially if combined to ESWL.
Delhaye et al[28], concluded that endotherapy can also
serve as a bridge to surgery.
Díte et al [25] analyzed patients with CP secondary
to large duct CP and compared endoscopic therapy to
lateral pancreatojejunostomy procedure, and found that
in the randomized and the non-randomized groups the
results were similar. Moreover, on a five year follow up,
patients in the surgery group were more likely to be pain
free than in the endoscopic group. Cahen et al[26] also
reported similar results. The primary difference between
the two studies was that in the former study, endoscopic
techniques were not optimized. Specifically, it did not involve patients undergoing cumulative stenting, or repeat
treatment after recurrence, and it did not include ESWL.

EUS-GUIDED CELIAC PLEXUS BLOCK
Celiac plexus block (CPB) is performed via a gastric approach using EUS-guidance and has high success rates
and relatively low complication rates. EUS-guided CPB is
preferred over CT-guided CPB not only because there are
fewer side effects[98] but also because of clarity obtained
via EUS. CPB can be performed by injection of anesthetics and/or steroids. Celiac plexus neurolysis, used for pain
secondary to malignancy, is similar but involves injection
of pure ethanol which results in complete destruction of
the celiac plexus. EUS allows for live imaging of the celiac space which improves visualization. EUS guided celiac
plexus block improves pain in about 50% of patients for
a period of 3-6 mo[98]. In a prospective randomized study,
Gress et al[98,99] compared EUS to CT-guided CPB for the
treatment of CP pain and discovered that about 50% of
patients in the EUS group had significant pain reduction.
In addition, about 40% (8 wk group) and 30% (24 wk
group) of the EUS-guided CPB had continued benefit.
This, when compared to 12% (12 wk) in the CT-guided
CPB, clearly suggest superiority of the EUS method.
Several retrospective and prospective studies have put
the success rate was as high as 95%[98-101]. While technical
success has been high, long term pain relief are disappointing. Short-term pain improvement was approximately 50%, whereas long term pain relief at 24 wk was
only 10%. A similar number has been achieved for shortterm pain relief by Kaufman et al[102].
Given the low long-term success rates, EUS-guided
celiac block should be considered as a temporary measure. It should be considered in acute flares of chronic
pain in those patients with limited options.

CONCLUSION
CP is a disabling disease with serious complications affecting quality of life. There have been significant advances particularly on the endoscopic front with advent
of endoscopic techniques such as pancreatic stenting,
ESWL, pseudocyst drainage and EUS-guided access and
therapy. A multidisciplinary team approach with judicious
and appropriate utilization of the medical, endoscopic
and surgical treatment options holds promise to revolutionize patient care. Given the variability in the presentation and patient preferences, treatment should be tailored
on a case-to-case basis.

Surgical options
Advances in understanding the pathogenesis of CP com-
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developing pancreatitis increases with increasing doses
of alcohol and the average of alcohol consumption vary
since 80 to 150 g/d for 10-15 years. With regard to PC,
the role of alcohol consumption remains less clear, and
low to moderate alcohol consumption do not appear
to be associated with PC risk, and only chronic heavy
drinking increase the risk compared with lightly drinkers. In a population of 10%-15% of heavy drinkers,
2%-5% of all PC cases could be attributed to alcohol
consumption. However, as only a minority (less than
10% for pancreatitis and 5% for PC) of heavily drinkers develops these pancreatic diseases, there are other
predisposing factors besides alcohol involved. Genetic
variability and environmental exposures such as smoking and diet modify the risk and should be considered
for further investigations.
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Abstract
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JM, Cosme A, Bujanda L. Alcohol consumption on pancreatic
diseases. World J Gastroenterol 2013; 19(5): 638-647 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v19/i5/638.
htm DOI: http://dx.doi.org/10.3748/wjg.v19.i5.638

Although the association between alcohol and pancreatic diseases has been recognized for a long time, the
impact of alcohol consumption on pancreatitis and pancreatic cancer (PC) remains poorly defined. Nowadays
there is not consensus about the epidemiology and
the beverage type, dose and duration of alcohol consumption causing these diseases. The objective of this
study was to review the epidemiology described in the
literature for pancreatic diseases as a consequence of
alcoholic behavior trying to understand the association
between dose, type and frequency of alcohol consumption and risk of pancreatitis and PC. The majority of the
studies conclude that high alcohol intake was associated with a higher risk of pancreatitis (around 2.5%-3%
between heavy drinkers and 1.3% between non drinkers). About 70% of pancreatitis are due to chronic
heavy alcohol consumption. Although this incidence
rate differs between countries, it is clear that the risk of
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INTRODUCTION
Alcohol causes different diseases and they are considered
an important medical and social burden on society. Alcohol has been identified as a leading risk factor for death
and disability globally, accounting for 3.8% of death and
4.6% of disability adjusted life years lost in 2004[1].
Pancreas is one of the most important organs adversely affected by alcohol consumption. An association
between alcohol abuse and pancreatic injury was reported
by Friedreich[2] as early as 1878. Freidreich recognized an
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association of alcohol abuse with chronic pancreatic injure.
Since Friedreich’s initial observation, many studies
have confirmed that excessive alcohol intake is associated
with pancreatic damage. Nowadays it is widely recognized
that pancreatic injure due to alcohol consumption ranges
from isolated episodes of acute pancreatitis (AP) to
chronic manifestations that with time could move to pancreatic cancer (PC). However, there is not a consensus in
the epidemiology and it is no clear how different drinks
or dose of alcohol affect to the development of pancreatic diseases and finally, how drinking trigger pancreatic
injury only in a minority of alcoholics.
Here, we review different studies and meta-analysis
that have been published in the last years relating alcohol
and pancreatic diseases as AP, chronic pancreatitis (CP)
and PC. We summarize the effects of alcohol consumption in these diseases and at the end we present the possible mechanisms that have been proposed as a cause of
this pancreatic pathogenesis.

pain and interference with normal pancreatic functions.
Although the prevalence of alcoholic pancreatitis in the
population is unknown, clinicians usually agree that both
acute and chronic alcoholic pancreatitis are responsible
for a significant amount of illness and death in the world.
However, the proportion of cases of pancreatitis attributed to alcohol varies widely among countries and even
among different studies in the same country.
There are not universally accepted criteria to assign
alcohol as an etiology of patient’s pancreatitis but experts
defines that varying from consumption of over 50 to 80
g (4-7 drinks/d) with or without a minimum drinking
duration[6-9]. An international consensus defined alcoholic
CP based on typical clinical history, threshold alcohol
consumption (80 g or more of alcohol for a few years in
males and less in females) and morphological evidence of
CP on imaging studies or histology[10].
Besides the alcohol intake, other list of etiologies have
been described as factors that could increase the risk for
pancreatitis as gallstones, cystic fibrosis, hyperlipidemia,
hyperparathyroidism, pancreas divisum or traumas, infections, genetic factors and autoimmune disease[11,12].
There is only a few numbers of epidemiological studies on the quantitative aspects of risk estimations for
pancreatitis in relation to alcohol. In 2004, Corrao et al[13]
conducted a meta-analysis of case-control and cohort
studies published between 1966 and 1995 that assessed
the association between alcohol consumption and CP.
Then, Irving et al[14] in a review and meta-analysis published in 2009 analyzed studies published between 1980
and 2008 and assessed the association between alcohol
consumption and the risk of pancreatitis. They concluded that the threshold between alcohol consumption and
pancreatitis is 4 drinks daily.
However, about 70% of pancreatitis cases are believed
to be attributable to chronic, heavy alcohol consumption but this percentage differs between countries[13,15,16].
Autopsies done on alcohol abusers have shown that up
to 75% of them present CP[17]. On another hand, as less
than 10% of consumers of alcohol in excess develop CP,
other factors modify ethanol toxicity in vivo[16].

Alcohol consumption measures
The incidence and prevalence of alcoholic pancreatic diseases are difficult to ascertain with precision, in part because of the variable considerations of drinking behavior
and alcohol intakes measures.
Most of the studies in cohorts measures alcohol intake
from wine, beer, and spirits separately. The final value
of the daily alcohol intake is expressed in grams for each
beverage based on the frequency of consumption, the
alcohol content of the beverage, and the average quantity
consumed. The United States Department of Agriculture
established that alcoholic beverages are 12.8 g for 335 mL
of alcohol for a bottle of beer (12-oz, 5% alcohol), 11.0
g for 118 mL (4-oz, 12% alcohol) glass of wine, and 14.0
g for 44 mL (1.5 oz, 40% alcohol) of 80-proof liquor.
The definition of a ‘‘standard drinker’’ differs between countries[3,4]: in United States it is 14 to 15 g, in
Great Britain is 8 g and 19.75 g of alcohol in Japan. In
addition to the amount to alcohol in one drink, the cut
points to define “moderate’’ and “heavy’’ drinking also
vary. In general, and to simplify a ‘‘standard drink’’ can be
considered equal to 10 g of alcohol. A glass of wine, beer
or half a glass of liquor would equivalente a beverage. For
example in United States the standards are as following:
moderate drinking is for women less than 2 drinks per
day and less than 3 drinks for men; Heavy drinking is
more than 7 drinks per week or 3 per occasion and more
than 14 drinks per week or 4 per occasion; Bingo drinkers is 4 or more drinks in a row for women and more
than 5 for men[5].

ACUTE PANCREATITIS
Historically it has been well-known that the risk of developing AP increases with increasing doses of alcohol[18]
and with the duration of alcohol abuse[19], although epidemiological studies have shown that only a minority of
heavy drinkers develop evident pancreatitis episodes[20,21].
This correlation shows again that besides of alcohol effects, additional factors are involved in AP develop.
Alcohol is the second most common cause of AC
after gallstones[22]. The clinical features at the time of
initial presentation are abdominal pain, jaundice, distal
common bile duct obstruction and exocrine or endocrine
insufficiency. Generally, the onset of alcoholic pancreatitis occurs in the 4th decade of males with an average
of alcohol consumption around 150 g/d for a period of

PANCREATITIS
Alcoholic pancreatitis is a potentially fatal illness that may
be short term (i.e., acute) or long term (i.e., chronic). The
relationship between acute and CP is complex. Symptoms are shared by acute and CP and include abdominal
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The incidence rates of CP and the proportion of
cases attributed directly to alcohol etiology differ based
on geographic distribution (see Table 1).
In United States alcohol etiology accounts around
50%-55% depending on the study. Layer et al[7] published
a study with patients obtained since 1976 to 1982 and
they found that 56% were heavy drinkers (> 50 g/d) and
present alcoholic etiology. Coté et al[31] published their
results from a multicenter study (2000-2006) in 2010
concluding that alcohol contributes to CP in 45% of the
patients. In 2011, Yadav et al[32] published a populationbased study with patients from Mayo Clinic in Olmsted
County, MN concluding that 51% presented alcoholic
CP. In these studies patients with alcohol consumption
of > 50 g/d were defined as alcoholic CP.
In general this percentage is lower than Europeans
series[6,9,33,34] or other regions[35] (67%-89%) but similar to
those from Japan (56%)[36].
In European series there is some variability between
countries. For example in Italy the described percentage
was 43%-79%[6,37], Germany 78%[9], Denmark 44%[29],
Czech Republic 60%[33] and Switzerland 71%[38].
The series published in Mexico show 68% [39] of
patients with alcoholic etiology, while alcohol is the responsible factor in 90%[40] of patients in Brazil, 80%[41] in
South Africa and 33%[42] in India.
Taken together the data presented above, independently of the region it has been shown that 50% or more
of AP or CP are associated with alcohol consumption.
Besides of the geographic distribution, CP due to
alcohol consumption could be different based on the
race but not on the sex. Lowenfels et al[43] determined
that at equal levels of consumption the rates of alcoholic
pancreatitis are similar for males and females although
patients with alcoholic pancreatitis are more likely males.
This is due to the overrepresentation of males among patients with alcoholic pancreatitis, showing a higher prevalence of alcohol consumption than sex-based differences
in susceptibility.
Also, regardless to the race it was initially described
by Lowenfels et al[30] and then confirmed by other authors[44-46] that blacks have two to three folds higher rates
of alcoholic pancreatitis. Other authors have described
that polymorphisms associated to specific populations
and races are associated with functional differences in
alcohol metabolizing enzymes leading to variation in pancreas damage[47].
However, detailed reasons for geographic or racial differences in susceptibility to alcoholic pancreatitis are still
unknown and most likely are because differences in alcohol intake influenced by habits and genetic susceptibility.
Further investigations are needed to confirm that or look
in detail for cofactors associated to alcohol consumption.
Based on alcohol consumption, Kristiansen et al[48]
estimated that the risk of any pancreatitis among non
drinkers (abstainers) is 1.33% while it is among 2.5%
(1.6% acute and 1.6% chronic) in heavy drinkers (> 35
drinks/wk or > 5 drinks/d). Lowenfels et al[30] concluded
that the risk of pancreatitis among heavy drinkers (> 5

Table 1 Alcoholic pancreatitis epidemiology in the different
countries
Ref.
Layer et al[7]
Coté et al[31]
Yadav et al[32]
Lin et al[36]
Cavallini et al[6]
Frulloni et al[37]
Lankisch et al[9]
Nøjgaard et al[29]
Díte et al[33]
Ammann et al[38]
Robles-Díaz et al[39]
Dani et al[40]
Marks et al[41]
Balakrishnan et al[42]

Country

Alcoholic etiology

United States
United States
United States
Japan
Italy
Italy
Germany
Denmark
Czech Republic
Switzerland
Mexico
Brazil
South Africa
India

56%
45%
51%
56%
43%
79%
78%
44%
60%
71%
68%
90%
80%
33%

10-15 years[23]. Initially patients present acute abdominal
pain, elevated serum levels of pancreatic enzymes and
evidence of pancreatic damage in imaging studies.
These acute toxic effects of alcohol on the pancreas
are considered AP but the progression of acute episodes
(potentially reversible) leads to chronic disease with irreversible changes in the pancreas.
Traditionally, AP has been classed as fundamentally
different from CP as the first one is characterized by
restoration of normal pancreatic histology after full clinical recovery[24]. However, acute, recurrent acute and CP
are now regarded as a disease continuum[25,26]. For this
reason, the majority of the epidemiologic studies of alcoholic pancreatitis are referred to CP.
There is no data in the literature showing whether the
heavy alcohol intake (> 80 g/d) in abstainers or moderately drinkers is a risk factor for AP. Also it is unknown
whether this risk would be the same for all alcoholic beverages (wine, beer or spirits).

CHRONIC PANCREATITIS
CP is an inflammatory disorder of the pancreas typically
associated with heavy alcohol consumption. Clinical features of CP consist of abdominal pain, recurrent attacks
of clinical AP, and exocrine and/or endocrine insufficiency[27].
Alcohol is the most common cause for CP[22]. Clinical
and experimental studies analyzing alcoholic CP development have concluded that alcoholic pancreatitis begins
as a acute process that progresses to chronic irreversible
pancreatic damage as a consequence of repeated acute
attacks[23,28].
The overall survival in patients with alcoholic pancreatitis is significantly lower compared with the background
population, but most of the patients die from causes unrelated to pancreatitis[29,30].
Dufour et al[16] concluded that CP development is proportional to the dose and duration of alcohol consumption (minimum, 6-12 years of approximately 80 g of
alcohol per day).
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drinks/d) is about 2%-3%.
Also, some studies have been made to evaluate whether
the type of beverage (beer, wine or spirits) or the frequency of drinking (daily, almost daily, weekly or monthly) is associate with the risk of pancreatitis[48]. This study
concluded that consumption (> 14 drinks/wk) of beer
but not wine or spirits increase the risk of pancreatitis.
However this analysis was limited by the number of cases
at high levels of consumption. These authors did not
find an independent association between the frequency
of consumption and risk. In addition some experimental
studies carried out in animals conclude that prolonged
ethanol feeding does not induce CP although causes
little histological changes and variation in pancreatic enzymes[49,50].
Although it has been well established that pancreatic
inflammation appears to increase the risk of PC[51] and
it could be that alcoholic pancreatitis could leads also to
PC, future epidemiological studies are needed to analyze
this correlation in population.
Some studies have indicated that CP can result in
type 2 diabetes, and with a time (up to 20 years) 2%-4%
of these pancreatitis cases will develop PC[52]. Also, longstanding type 2 diabetes is a risk factor for PC[53]
Even in heavy alcoholics, CP and alcoholic cirrhosis
seldom occur together in the same patient[54,55], despite a
few contradictory reports. The mechanisms or factors determining this dichotomy of some alcoholics developing
pancreatitis and others developing liver cirrhosis have not
been adequately explained. Whether this can be explained
by the quantity, duration, and pattern of drinking, or by
other cofactors, tobacco smoking, genetic predispositions
or dietary factors is debatable.
Veena et al[56] showed that a longer duration of use
and bigger amounts of alcohol consumption are necessary before cirrhosis disease compared with CP.

Since 2009 three pooled data analysis and one metaanalysis have been performed. The first pooled study
published in 2009 was adjusted for age, smoking status,
diabetes, weight, food intake and time of exposure. The
control group was no drinkers (0 g ethanol/d). The authors showed a moderate effect of heavy drinking (> 30
g ethanol/d or approximately more than 2-3 alcoholic
beverages/d) in women but not in men although the difference in the results by gender was not statistically significant. No associations were observed for the different
types of beverage (beer, wine or liquor). This finding is
consistent with a modest increase in risk of PC for alcohol intakes of at least 30 g/d[58].
The second pooled analysis[59] was performed using
PanScan study. Analysis was adjusted for age, study, race,
smoking status, diabetes and body mass index. The control group was a very light drinkers (> 0-4.99 g ethanol/d)
for the total alcohol intake and non-drinkers (0 ethanol/d)
for the beverage type group. The author concluded that
heavily consumption of alcohol from liquor (> 45 g ethanol/d) was associated with PC in men but not in women
and not in men and women combined.
The third pooled analysis[60] included a big number of
PC cases. Analysis was adjusted for age, sex, race, area,
smoking status, education, body mass index and diabetes.
The study concluded that heavy drinkers (> 9 drinks/d)
have a moderately increased risk of PC compared with
lightly drinkers (< 1 drink/d).
The meta-analysis of alcohol consumption and PC
includes 21 case-control studies and 11 cohort studies
published since 2009[61]. The results obtained indicate that
heavy drinkers (> 3 drinks/d) but not moderate or low
drinkers, have an increased risk of PC. This result is valid
for both men and women.
In summary, these analysis and meta-analysis suggest
that heavy drinkers (>30-40 g ethanol/day or > 3 drinks/
d) can result in an increased risk of PC. The authors conclude that in a population of 10%-15% of heavy drinkers, 2%-5% of all PC cases could be attributed to alcohol
consumption.
Most of the data published in the literature indicate
that alcohol drinking at the levels typically consumed by
the general population is probably not a risk factor for
PC, however heavy alcohol drinking may be related to PC
risk[62]. As an extreme case, Gupta et al[63] conclude that
men binge drinkers (> 5 drinks/episode or > 70g ethanol/episode) leads to a 3.5-fold increased risk of PC and
this risk is higher with the numbers of drinks per binge
episode. This effect is greater in current smokers than in
former or never smokers.
In contrast, most previous epidemiological studies
could not demonstrate an excess risk for PC associated
with moderate alcohol intake. Velema et al[64] did not find
sufficient evidence for a causal relationship. Ye et al[65]
concluded that the excess risk for PC among alcoholics
was small, and may be totally attributable to a mix of
causes, for example also increased by smoking.
Some of these studies demonstrated no significant

PANCREATIC CANCER
Looking at the risk factors of PC, cigarette smoking represent one of the most important contributing lifestyle
risk factor accounting around 20% of the patients. Other
factors include CP, diabetes, Helicobacter pilory infection,
obesity, family history of PC and also heavy alcohol consumption[57].
While the association between alcohol abuse and
pancreatitis is well established the association between
alcohol consumption and PC is less clear and remains
controversial.
Historical studies in different cohorts have shown
that patients with CP have an increased risk of PC; the
excess risk was observed in men and women[52].
Epidemiological data on alcohol and PC are difficult
to interpret due to several reasons as: the small sample
size (and limited power to detect a possible weak effect
of a rare exposure), variability in dose and time of alcohol exposure and other causes influencing (genetic or
environmental).
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premature activation of zymogens[72]; (2) potentiation
of the effect of CCK on the activation of transcription
factors, nuclear factor-ĸB and activating protein-1[73,74];
(3) generation of toxic metabolites such as acetaldehyde
and fatty acid ethyl esters; (4) sensitization of the pancreas to the toxic effects of coxsackievirus B3[75]; and (5)
activation of pancreatic stellate cells by acetaldehyde and
oxidative stress and subsequent increased production of
collagen and other matrix proteins[76].
Chronic alcohol exposure leads to impaired exocytosis mediated by acetaldehyde-induced microtubular dysfunction and apical cytoskeleton reorganization in acinar
cells, with a subsequent accumulation of intracellular
enzymes[77]. In addition, alcohol decreases the stability of
zymogen and lysosomal membranes and enhancers acinar
cell sensibility to CCK further increasing susceptibility to
pathological enzyme activation[78,79]. Some theories also
show that physiologically ethanol leads to the formation
of protein secretory plugs that obstruct pancreatic ducts,
spam of the sphincter of Oddi or decreased tone of the
sphincter causing reflux[80-82].
Ethanol and its major metabolite, acetaldehyde, are
classified by the International Agency for Research on
Cancer as group 1 carcinogens[83].
Alcohol metabolism depends on enzymes that transform ethanol. Genes for these modifying enzymes have
specific polymorphisms that differ between subjects and
races leading to differences in susceptibility to alcohol effects and alcohol dependence[47].
Although the liver is the major ethanol-metabolizing
organ in the body, the pancreas can metabolize alcohol
both via oxidative and non-oxidative pathways.
The oxidative pathway is catalyzed by the enzyme
alcohol dehydrogenase (ADH) and the cytochrome P450
and produces the metabolite acetaldehyde. Finally, the
oxidative alcohol metabolism results in the generation
of oxygen species (ROS)[84] and a depletion of the ROS
scavenger glutathione[85]. The increased ROS production
(which damage DNA and proteins) and a reduction of
proteins that eliminate this ROS (glutathione and enzymes related) lead to oxidant stress and resultant damage in tissue. This stress could be responsible for induce
alcoholic pancreatitis as has been demonstrated by several
models[86-88].
But in pancreas, the non-oxidative pathways may be
more important than oxidative metabolism, generating
fatty acid ethyl esters (FAEE) by fatty acid ethyl ester synthases (FAEE synthases)[89]. It has been shown that pancreas exhibits higher FAEE synthase activity than liver[90]
and FAEEs accumulation have been observed in human
and rat pancreas after alcohol intake[91-93].
The products of alcohol oxidation (acetaldehyde
and ROS) and of non-oxidative metabolism have been
reported to cause acinar cell injury. Acetaldehyde cause
morphological changes in rat and dog’s pancreas[94] and
it has been showed that inhibits CKK-simululated cinar
cell secretion[95]. Also, several studies have demonstrated
that alcohol intake causes oxidant stress within the pan-

elevation in risk of PC was observed among alcohol consumers less than 55 years old; however, no similar elevation in risk was observed among those 55 or more years
old[66].
In conclusion, there is several difficulties to evaluate
the association between alcohol and PC and in epidemiological studies the small sample size has probably contributed to the problem of limited power to detect a possible
weak effect of a rare exposure (i.e., chronic heavy alcohol
drinking). Also causes like exposure measurement error, limited number of cases under study and competing
causes have made difficult study the potential effects of
alcohol consumption on the risk of PC[67].
Compared with the general population, alcoholic
drinkers without alcoholic CP or alcoholic liver cirrhosis have a modest 40% excess risk to develop PC. Even
patients diagnosed with alcoholic CP or liver cirrhosis,
have only two folds risk for PC. In addition, it has been
shown that non-alcoholic CP patients have a markedly
greater excess risk for PC, and this risk is higher than that
among alcoholic CP patients[65]. These data suggest that
in some circumstances, pancreatitis may be an early manifestation of an as yet undiagnosed PC. Also Kudo et al[68]
concluded that alcohol drinking was not significant risk
factor for developing PC in CP patients. So far, no studies have demonstrated that alcoholic pancreatitis leads
to an increased risk of PC compared with non-alcoholic
pancreatitis.
Taking these data together, although the role of alcohol consumption in PC remains unclear, it appears that
low to moderate alcohol consumption is not associated
with PC risk, but chronic heavy drinking (and perhaps
prolonged bingering, although available data are confusing) may increase risk of PC[58,59,61,63]. Heavy alcohol consumption may increase PC risk by potentiating the effects
of other risk factors such as tobacco smoking, poor nutrition, and inflammatory pathways related to CP, but also
may have independent genetic and epigenetic effects.
Overall alcohol intake is only one dimension of
drinking behavior. Other considerations such as spacing
of drinking occasions, quantity of alcohol consumed,
type of alcoholic beverages, ways in which beverages are
mixed and commodities consumed in conjunction with
alcoholic beverages as salt[69], coffee or tobacco or food[70]
are important of pancreatic disease and were described
many years ago.

POTENTIAL MECHANISMS OF ALCOHOL
CONSUMPTION AND PANCREATIC
DISEASES
Over the last decades there have been numerous efforts
to elucidate the mechanisms by which alcohol damages
the pancreas.
The injurious effects of ethanol on the pancreas are
mediated through different mechanisms[71] as (1) sensitization of acinar cells to cholecystokinin (CCK) inducing
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creas[86-88] which may play a role in the alcohol-induced
destabilization of zymogen granules and lysosomes. In
addition, alcohol oxidation contributes to acinar damage
altering the intracellular redox state (a reduced NAD/
NADH ratio and increased lactate/piruvate ratio). Other
results obtained in isolated mouse pancreatic acinar cells
suggest that FAEEs leads to mitochondrial damage, loss
of ATP and rise in cytosolic free calcium, which leads
to acinar cell toxicity[96]. Other authors have shown that
acute application of ethanol at clinically relevant concentrations (1-50 nmol/L) of isolated acinar cells resulted
in calcium influx due to the production of oxidative metabolites of alcohol[97]. Together, these data show that the
role of alcohol metabolites in acinar cell damage could
be due to aberrant calcium signals[98]. FAEEs can elevate
Calcium greater that ethanol alone. In addition, FAEEs
and their products, fatty acids induces necrosis in acinar
cells and this process could be avoided by calcium chelation[99].
These physiological changes leads to the pathobiology
found in alcoholic pancreatitis including acute and chronic inflammation, elimination of parenchymal cells of the
pancreas by a deregulation of apoptosis/necrosis and/or
modification in cell proliferation[49]. The hypothesis called
‘‘necrosis-fibrosis sequence’’ shows these pathological changes where in the early episodes of pancreatitis,
patients present focal necrosis and mild fibrosis while
patients evaluated years later of the onset of symptoms
presents fibrosis and calcifications but not necrosis[100].
But the fact that only a minority of heavily drinkers
develops pancreatitis or PC indicates that other susceptibility factors as lipid tolerance, smoking or hereditary
factors play an important role. In the last decades, genetic
susceptibility has been considered between the factors
that contribute mainly to the development to alcoholic
pancreatic diseases.
One study showed an association between a polymorphism of the gene for one FAEE synthase enzymes,
carboxylester lipase and risk of developing alcoholic pancreatitis[101].
In addition, the G191R variant in the anionic trypsinogen gene PRSS2, has been shown to result in a form
of trypsin that is easily degraded, is more infrequent in
alcoholic pancreatitis patients compared with healthy
controls[102].
Other studies have demonstrated that mutation N34S
in SPINK1 gene is found in 5%-5.8% of patients with
pancreatitis compared with 1% in healthy controls[103,104].
But still the functional consequences of this mutation are
unknown.
One of the enzymes that have been also related to
alcoholism and drug dependence for decades is ADH. Li
et al[105] performed a recent meta-analyses and confirmed
strong associations of the ADH1B and ALDH2 genes
with alcoholism and alcohol-related medical diseases[106].
Recently, Celorrio et al[107] demonstrated that some specific polymorphism in the genes TH, ADH1B increase
the risk to develop diseases a consequence of excessive
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consumption of alcohol.
Although it is clear that alcohol consumption is genetically influenced, but characterized by incomplete
penetrance, phenocopies, heterogeneity, and polygenic
inheritance.
In conclusion, nowadays it appears clear that alcohol consumption is the first or second most common
cause of pancreatitis. Based on the different epidemiology studies published in the literature the percentage of
pancreatitis cases attributable to alcohol abuse vary since
30% to 90% between countries. A statistical association
has been shown with a threshold of ≥ 5 drinks per day
with a dose of alcohol ≥ 50 g/d.
But despite that excessive alcohol consumption is primarily responsible for most cases of pancreatitis, alcohol
intake alone is not sufficient to lead to this disease, as less
than 10% of heavily drinkers develop pancreatitis.
Regarding to PC, the role of alcohol consumption remains less clear, and low to moderate alcohol consumption do not appear to be associated with PC risk, but only
chronic heavy drinking increase the risk compared with
lightly drinkers.
Genetic variability and environmental exposures such
as smoking and diet could act synergistically with regard
to pancreatitis and PC and should be considered for further investigations. Probably heavy alcohol consumption
may increase pancreatic disease risk most likely potentiating the effects of these other risk factors, but also may
have independent genetic and epigenetic effects.
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Abstract
Several gastrointestinal and gynecological malignancies have the potential to disseminate and grow in the
peritoneal cavity. The occurrence of peritoneal carcinomatosis (PC) has been shown to significantly decrease
overall survival in patients with liver and/or extraperitoneal metastases from gastrointestinal cancer. During the last three decades, the understanding of the
biology and pathways of dissemination of tumors with
intraperitoneal spread, and the understanding of the
protective function of the peritoneal barrier against
tumoral seeding, has prompted the concept that PC is
a loco-regional disease: in absence of other systemic
metastases, multimodal approaches combining aggressive cytoreductive surgery, intraperitoneal hyperther-
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INTRODUCTION
Several gastrointestinal and gynecological malignancies have the potential to disseminate and grow in the
peritoneal cavity. This condition is often associated with
disease progression and poor prognosis. The occurrence
of peritoneal carcinomatosis (PC) has been shown to
significantly decrease overall survival in patients with
liver and/or extraperitoneal metastases from gastrointestinal cancer. Moreover, overall survival in patients with
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PC is generally only slightly influenced by systemic chemotherapy, so that the occurrence of PC is traditionally
regarded by the surgeon as a terminal condition.
In 10%-35% of patients with recurrent colorectal
cancer (CRC) and in up to 50% of patients with recurrent gastric cancer (GC), tumor recurrence is confined
to the peritoneal cavity: those patients have been shown
to ultimately die from complications of locoregional tumoral widespread, in most cases without occurrence of
metastases in other sites. This natural unfavorable evolution of recurrence is commonly observed in epithelial
ovarian cancer (EOC) too, a condition always associated
with PC and in which locoregional widespread of the
tumor is the most common cause of death. However,
while in EOC there is general agreement that complete
removal of peritoneal seedings is associated with longer
survival, in CRC and GC complete removal of peritoneal carcinomatosis is usually followed by short-term recurrence, so that patients are usually treated with limited
palliative resection or gastrointestinal bypass without the
intent for complete cytoreduction.
On the other hand, almost 15% of patients with
colorectal cancer and almost 40% of patients with stage
Ⅱ-Ⅲ gastric cancer present with PC at abdominal exploration: in these cases there are no standardized indications for surgery, and operations vary from simple
exploration and biopsy to palliative resection of the primary tumor, the latter procedure being associated with
wide interruption of the peritoneal integrity and further
seeding of neoplastic cells.
Preoperative diagnosis of PC could be very difficult.
Imaging techniques (mainly based upon computed tomography-scan and magnetic resonance imaging), could
assist in planning cytoreduction but also in preventing
unwarranted laparotomy in patients with unresectable
disease. However, they are limited in their ability to visualize localized PC, having low sensitivity for smallvolume disease. The gold standard in diagnosing PC
continues to be the direct peritoneal visualization, either
by laparotomy or laparoscopy.
During the last three decades, the understanding of
the biology and pathways of dissemination of tumors
with intraperitoneal spread, and the understanding of
the protective function of the peritoneal barrier against
tumoral seeding, has prompted the concept that PC is
a loco-regional disease: in absence of other systemic
metastases, multimodal approaches combining aggressive cytoreductive surgery (CRS), intraperitoneal hyperthermic chemotherapy (HIPEC) and systemic chemotherapy have been proposed and are actually considered
as promising methods to improve loco-regional control
of the disease and ultimately to increase survival. Even
if evidence of efficacy of these multimodal approaches
comes from several phase-Ⅱ studies, a few phaseⅢ studies have been published for CRC and GC, and
other are ongoing for EOC. HIPEC privileges consist
in increasing loco-regional drugs concentration limiting
their systemic diffusion and consequentially their tox-
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icitys and adverse events. The role of peritoneal plasma
barrier in promoting a loco-regional high-dose effect is
very important. Indeed, peritoneum has the capability to
limit the systemic drugs diffusion in the peritoneal space.
Moreover, the hyperthermia enhances the efficacy and
the penetration of many of the drugs employed.
The renewed interest on treatment of PC is going to
change the attitude of the surgeon towards tumors with
peritoneal seeding, thus new paradigms are focusing on
the proper behavior that the surgeon should adopt when
PC is encountered during operation. Consideration
should be given to the different proposed approaches
facing different degrees of peritoneal cancer dissemination, but, above all, the question should be: what
shouldbe done if PC is encountered? In presence of PC,
therapeutic algorithms should be addressed, taking into
account the different pathologies and the risk-benefit
balance.
The aim of this review article is to present the evidence on treatment of PC in different tumors and to
give indications to surgeons who deal with patients with
PC, in order to provide patients with a proper surgical
and multidisciplinary treatment focused on optimal control of their locoregional disease.

ROLE OF CYTOREDUCTIVE SURGERY
AND HIPEC IN THE TREATMENT OF
ABDOMINAL CARCINOMATOSIS FROM
DIFFERENT PRIMARY MALIGNANCIES
Biological research has identified three pattern of peritoneal cancer spread: (1) random proximal distribution
(RPD), in which early peritoneal implantation is due
to the presence of adherence molecules on cancer cell
surface, even when ascites is present; this is typical of
moderate-grade and high-grade cancers, such as adenocarcinoma and carcinoid of the appendix, non-mucinous
colorectal cancer, gastric cancer and serous ovarian cancer; (2) complete redistribution (CRD), in which there
is no adhesion to the peritoneal surface close to the
primary tumor, due to the low biologic aggressiveness
of tumor cells; this distribution is typical of pseudomyxoma peritonei and diffuse malignant mesothelioma;
and (3) widespread cancer distribution (WCD), in which
there is presence of adherence molecules on the surface
of cancer cells that produce a great amount of mucus,
interfering with cell adherence: this biological behavior is
found in aggressive and undifferentiated tumors such as
G2-G3 cistoadenocarcinoma of the appendix, mucinous
colorectal cancer and mucinous ovarian cancer.
Information about patterns of spread are very important to plan the best surgical treatment. In fact, while
RPD should be treated by a selective parietal peritonectomy of the macroscopically involved regions, for CRD
and WCD a complete peritonectomy and an extended
cytoreduction are needed[1].
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rare cases have been reported in children and males. Histologically most reported PPC cases are primary peritoneal serous papillary carcinoma, while rarely are they are
described as peritoneal mixed epithelial carcinoma and
malignant mixed Mullerian tumor.
The prognosis of PPC is poor, the median survival
time ranging between 7 and 27.8 mo; 5-year survival
rates range from 0% to 26.5%[9].
PPC diagnosis cannot be easily made preoperatively,
being typically made by exclusion after both operative assessment and pathological study. In fact if ovaries seem
normal with widespread disease elsewhere in the abdomen, PPC may be considered as a diagnostic possibility.
However, because surface involvement of the ovaries is
present in approximately 96% of the cases, the distinction between extra ovarian primary peritoneal cancer
and epithelial ovarian carcinoma may only be made after
histological examination to evaluate the extent of ovarian invasion by tumor[10].
Therefore, surgery remains critically important for
both diagnosis and therapy of PPC. Once the diagnosis
has been established and the extent of disease documented, maximal cytoreduction becomes the primary
goal of the procedure. Excision of all visible implants
is the hallmark of cytoreductive efforts. To the best of
our knowledge, no study has been conducted assessing
the efficacy of CRS with HIPEC for this kind of carcinomatosis, even if it is reasonable that this approach
should be taken in consideration in the contest of clinical studies.

PERITONEAL MESOTHELIOMA
Malignant mesothelioma is an uncommon tumor arising
from the serosal layer of pleura, peritoneum, pericardium and tunica vaginalis testis.
The incidence of this disease has been rising worldwide since 1970, due to widespread exposure to asbestos during previous decades, and it is not expected to
decrease before the next 20 years. In the United States,
approximately 2500 new cases of mesothelioma are registered each year. Diffuse malignant peritoneal mesothelioma accounts for 10% to 30% of all mesotheliomas.
Despite the absence of randomized studies, which
are obviously difficult in a rare disease, clinical results
obtained with the combination of CRS and HIPEC support the adoption of this procedure as a treatment of
choice for peritoneal mesothelioma.
In historical series, standard therapy with palliative
surgery and systemic chemotherapy is associated with
a median survival of about one year, ranging from 9 to
15 mo. Whit such a classical approach, the disease tends
to remain within the abdominal cavity throughout its
clinical course; an autopsy study demonstrated that 78%
of patients had died because of complications directly
related to local-regional progression .
On the contrary, Yan et al[2] in a recent multi-institutional study examined 407 patients affected by peritoneal
mesothelioma treated with CRS and HIPEC in 7 different surgical centers. The mean age of the patients was
50 years, 89% of the cases were epithelial mesothelioma
while 11% were sarcomatoid or bifasic. CC0-CC1 rates
was achieved in 46% of cases, lymph nodes metastases
were find in 6% and distant metastases in 3% of the
patients. After a mean follow up of 30 mo, the median
survival was 53 mo. A multivariate analysis showed as
independent prognostic factor the histological type of
the mesothelioma, the level of cytoreduction achieved,
lymph node metastases, and the possibility to perform
HIPEC.

PSEUDOMYXOMA PERITONEI
Pseudomyxoma peritonei (PMP), a syndrome firstly
described by Rokitansky in 1842, is an enigmatic, often
fatal intra-abdominal disease characterized by gelatinous
ascites and multifocal peritoneal epithelial implants secreting copious globules of extracellular mucin. This
condition is almost always due to a perforated epithelial appendix cancer. Three pathologic variant of PMP
are known: disseminated peritoneal adenomucinosis
(DPAM), peritoneal mucinous carcinomatosis (PMCA),
and peritoneal mucinous carcinomatosis with intermediate or discordant features.
The natural history of this disease has been drastically changed by the introduction of CRS combined with
HIPEC. Ronnett et al[11] found a significant difference in
the prognosis of patients affected by this three different
form of PMP. The most important prognostic variable
affecting 10 years survival rates are the possibility to
achieve CC0-CC1 (the more the complete cytoreduction, the longer the survival) and the pathological feature
of PMP. Deraco et al [12] reported an overall 10 years
survival rate of 78.9% in patients affected by PMP and
treated with CC0-CC1 CRS, while no patient with CC2CC3 CRS survived 10 years. Patients affected by DPAM
had a 10 years survival of 67% while those affected by
PMCA had no more than 40.7% 10 years survival rate.
Baratti et al[13] recently published a study on prognostic

PRIMARY PERITONEAL CARCINOMA
Primary peritoneal carcinoma (PPC), was described for
the first time by Swerdlow[3]. Its pathogenesis has been
controversial. Some Authors believe that PPC develops
from a malignant transformation of embryonic germ
cell nests cells[4], other from the celomic epithelium lining the abdominal cavity (peritoneum) and the ovaries
(germinal epithelium), manifesting a common response
to an oncogenic stimulus [5]. A multifocal origin have
been suggested by Muto et al[6] with clonality studies,
while other authors suggest an unifocal origin[7].
Even if from an histological and a clinically point
of view PPC is similar to advanced epithelial ovarian
cancer, it diffusely involves the peritoneum by papillary
carcinoma in the absence of an obvious primary site
and grossly normal ovaries[8]. It accounts for 10% of all
pelvic serous carcinomas. Most reported cases of PPC
have been described in women, usually elderly; however,
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value of serum tumor markers in patients with PMP undergoing CRS and HIPEC. It is clear that pre-operative
normal values of C385 were statistically related to the
ability to perform an adequate cytoreduction and that
elevated pre-operative values of C17.9 were associated
with reduced progression-free survival. CEA has also
been shown to have good sensitivity in case of progression. Chua et al[14] published the results of a retrospective multi-institutional study. The purpose of this study
was to evaluate outcome and long-term survival after
CRS and HIPEC in PMP patients. The registry included
2296 patients from 16 centers with a mean PCI of 20,
CCR0/1 was achieved in 83%, mortality was 2% and
major morbidity was 24%. Median survival was 196 mo,
disease free median survival was 98 mo, and 10 and 15
years survival was respectively 63% and 59%. Multivariate analysis have identified as negative prognostic factor
for overall survival: previous chemotherapy courses,
PMCA histological type, major postoperative complication, CCR 2/3, older age, while negative prognostic factor for progression free survival were all the above plus
high peritoneal cancer index and not using HIPEC.

that systemic chemotherapy inadequately reaches the abdominal cavity[44]. Yonemura et al[45] demonstrated a survival benefit by treating patients with PFTC with radical
resection followed by adjuvant systemic chemotheraphy.
Patients treated with adjuvant chemotherapy survived
significantly longer than patients in control group: the 1
and 2-year survival rates were 88% and 44%, and 53%
and 9%, in adjuvant group and control group, respectively. The mean overall survival was 21.1 and 9.1 mo for
adjuvant and control group (P < 0.05). The ineffectiveness of systemic chemotherapy in PC may be related
to a number of factors, such as the peritoneal-plasma
barrier, the intraperitoneal poor blood supply and oxygenation of cancer cells, and the low apoptotic potential
of such hypoxic tumor cells[37,46-48]. Neoadjuvant chemotherapy (NACT) has been described to decrease the load
of macroscopic PCGC[37,49]. Yano et al[50] reported a small
series of 4 out of 26 (15.4%) patients affected by PCGC
with complete remission of peritoneal metastasis with
after NACT. All these patients subsequently underwent
curative resection. Inokuchi et al[51] reported a partial
response in 9 out of 13 patients (69%). However,one
further study suggests that after NACT the detection
of FPTC can change from positive to negative and vice
versa. This change is not linked to the response to the
systemic chemotherapy. Ten out of 42 (24%) patients
with negative peritoneal cytology shifted into positive
for FPTC during NACT, while 7 out of 19 (37%) with
FPTC positive cytology at staging laparoscopy turned
negative[52].
GC peritoneal spread remains a major problem, and
some Authors finally suggest that there is no role for
surgery in PCGC[53]. Since the 80s, Japanese surgeons
combined CRS, regional hyperthermia and intraperitoneal chemotherapy in a multimodal approach[54]. As
for other types of PC, in GC HIPEC after CRS is accomplished to eliminate FPTC and to prevent or delay
PC[53,55]. A number of studies have been conducted, with
the aim to demonstrate a significant reduction in the
rate of subsequent PC and an increase in survival of
patients with AGC when radical surgery was combined
with HIPEC[20,56-61]. Yonemura et al[62] demonstrated that
HIPEC could improve significantly the median survival
from 15 to 48 mo and the 5-years survival rate from 12%
to 42% in patients with PFTC. On the other hand, the
combined CRS and HIPEC treatment of PCGC seems
to be the one with less encouraging results in terms of
survival and of morbidity and mortality when compared
to other types of PC[63,64]. A French retrospective, multicenter study published in 2010 evaluated toxicity and significant prognostic factors after CRS and HIPEC (and/
or early postoperative intraperitoneal chemotherapy,
EPIC) for PC from nongynecologic neoplasms[65]. The
study involved 1290 patients from 25 French institutions
who underwent 1344 CRS procedures between 1989
and 2007. HIPEC was made in 1154 cases (86.4%). The
principal origin of PC was CRC (n = 523, 40.5%), and
no more than 159 GC cases were present in this series

PERITONEAL CARCINOMATOSIS FROM
GASTRIC CANCER
Penetration of the gastric serosa and lymphatic spread
are the two most important factors affecting prognosis
in gastric cancer (GC)[15-17]. When the gastric serosa is
infiltrated by tumor, PC becomes pravery frequent[18].
Subsequently, up to half of the patients with advanced
gastric cancer (AGC) will develop a peritoneal carcinomatosis in spite a radical surgery[19-22], and PC is quite
common in gastric cancer, being already present in
5%-20% of patients explored for potentially curative
resection[18,23]. There are several methods for detecting
the presence of free peritoneal tumor cells (FPTC) with
different sensitivity[24-26]. FPTC in the washing could be
identified in up to 24% of stage IB and up to 40% of
stage Ⅱ or Ⅲ GC patients[27]. Moreover, after radical resection, the peritoneum is the only site of recurrence in
10%-34% of cases, and one of the recurrences sites in
29%-44% of cases[28-32].
The five-year survival rate in patients with peritoneal
carcinosis from GC (PCGC) is lower than 3%[33], with an
overall mean and median survival of 6.5 and 3.1 mo, respectively[34]. Among the non-gynecologic malignancies,
PCGC has a better prognosis than PC from pancreatic
cancer but worse than PC from CRC[34]. Saito et al[35] reported a 5-year survival rate of advanced GC with FPTC
of 15.3%, similar to that of patients having macroscopical peritoneal metastasis (14.8%). As a counterpart, there
are no 5-year survivors among patients with distant peritoneal metastases.
Systemic chemotherapy may improve median survival up to 12 mo in advanced/metastatic GC[36-39], but
a similart survival benefit has not been reported in macroscopic PC[40-43]. One possible explanation seems to be
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(12.3%). The whole group overall 3- and 5-year survival
rates were 49% and 37% respectively. The PCGC group
showed the worse outcome with a 3- and 5-year survival
rates of 18% and 13%, respectively. The overall median
survival of the whole group and of the PCGC group
were 34 and 9 mo respectively. Li et al[66] from China
reported in 2010 a series of 128 patients with PCGC.
Fifty-four (42.2%) underwent gastrectomy, and 10 underwent resection with HIPEC. The other 74 (57.8%)
received non-resection surgery. The median survival in
the unresected group was 6 mo compared to 11.8 mo
of the resected patients. Moreover, they observed a significantly improved survival in the patients treated with
surgery and HIPEC compared to those treated with surgery alone[67]. Post-operative complications were more
frequent in the HIPEC than in the resection alone group
(20.0% vs 13.2%, P = 0.34). Yang et al[68] published the
final results of a phase Ⅲ randomized trial, performed
in China in order to evaluate the efficacy and safety
of CRS plus HIPEC for the treatment of PCGC. The
median overall survival was 6.5 mo in CRS alone group
and 11 mo in the CRS + HIPEC group (P = 0.046).
This outcome was even more significant in patients with
synchronous PCGC (n = 51), being the median overall
survival 12 mo in CRS + HIPEC group (n = 24) and 6.5
mo in the CRS group (n = 27, P = 0.029). The 1-, 2-, and
3-year survival rates were 29.4%, 5.9% and 0% for CRS
group, and 41.2%, 14.7% and 5.9% for CRS + HIPEC
group, respectively. The CC-score has been demonstrated to influence survival, but HIPEC obtained a significant advantage both in CC 0-1 and CC 2-3 patients.
In the CRS + HIPEC patients, the median overall survival in CC 0-1 (n = 20) and in CC 2-3 subgroups (n =
14) was 12 and 8.2 mo respectively. In CRS patients, the
median overall survival in CC 0-1 (n = 20) and in CC 2-3
subgroup (n = 14) was 11 and 4 mo respectively. Serious
adverse events arose in 9 patients, 4 in the CRS group
(11.7%) and 5 in the CRS + HIPEC group (14.7%) (P =
0.839). Multivariate analysis recognized CRS + HIPEC,
synchronous PC, CC 0-1, systemic chemotherapy and no
serious adverse events as major independent predictors
for better survival. HIPEC was about 2.6 times likely to
increase survival.
Gill et al[67] published a systematic review analyzing
survival, mortality and morbidity in the treatment of
PCGC with CRS and HIPEC. Ten studies were included.
Overall median survival was 7.9 mo. In the subgroup of
patients with residual nodules after CRS, less than 0.25
cm in size, the median survival raised up to 15 mo. The
1- and 5-year survival were 43% and 13%. The treatment-related mortality rate was 4.8% and the morbidity
was 21.5%.
Recently, Yonemura et al[61], proposed a multimodal
strategy which associates neoadjuvant intraperitoneal
and systemic chemotherapy (NIPS), CRS + HIPEC and
early postoperative intraperitoneal chemotherapy (EPIC).
The rationale of this method is to reduce tumor burden
before surgery with NIPS, a bidirectional chemotherapy
that attacks PC from both sides of peritoneum (from the
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peritoneal cavity and from sub-peritoneal blood vessels),
and reducing macroscopic and microscopic PC with
CRS + HIPEC. At the end, the use of EPIC is proposed
to eradicate residual intraperitoneal cancer cells before
fibrin and adhesion development. Authors recommend
two cycles of NIPS to achieve a negative cytology status.
Severe complication post-NIPS have been reported in
4 out of 79 patients. This strategy allowed to obtain a
change in washing cytology from positive to negative in
41 out of 79 patients (63%).
Three recent meta-analysis of randomized trials
analyzing patients with advanced GC (with or without PC) demonstrated the survival benefit offered by
HIPEC[69-71].
In the last ten years, a new drug for intraperitoneal
treatment of GC has been developed in Germany. Catumaxomab (trade name Removab®) is a rat-mouse hybrid
monoclonal antibody that is made up of one “half ” (one
heavy chain and one light chain) of an anti-Epithelial
cell adhesion molecule (EpCAM) antibody and one half
of an anti-CD3 antibody, thus finally binding both EpCAM and CD3. EpCAM is an epithelial differentiation
antigen that is expressed on normal epithelial cells and
on almost all carcinomas (especially gastrointestinal and
ovarian carcinomas) and functions as cell adhesion molecule[72]. In addition, the Fc-region can bind to an Fc receptor on accessory cells like other antibodies, which has
led to calling the drug a trifunctional antibody. Actually
Catumaxomab is used to treat malignant ascites, because
of the intraperitoneal application of this anti-EpCAM
antibody has shown significant benefits in puncturefree survival (survival without repeated paracentesis) for
patients with malignant ascites in a phase Ⅲ randomized trial [73]. This study demonstrated no statistically
significant increases in median overall survival for other
cancers, while in patients with GC a small survival increase was associated with the use of Catumaxomab[73].
Progression-free survival has been analyzed in a phase
Ⅱ studie with the use of intraperitoneal catumaxomab
in gastrointestinal EpCAM+ tumors[74]. Furthermore two
phase 2 studies are ongoing (follow-up phase), evaluating
resectable advanced GC patients treated with adjuvant
intraperitoneal Catumaxomab.
In conclusion, in PCGC CRS and HIPEC proved
with good evidence to improve survival with acceptable
morbi-mortality. It is very important to obtain the diagnosis and the diffusion grade of PCGC before the CRS
and HIPEC with the use of staging laparoscopy. The
role of surgery is fundamental, complete cytoreduction
demonstrated to be strictly related to an improvement in
survival. In patients with PCGC, multimodal treatment
should be mandatory, leaving a pivotal role to HIPEC
after CRS.

PERITONEAL CARCINOMATOSIS FROM
OVARIAN CANCER
Nowadays, the treatment diagram for advanced EOC
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has been universally accepted as a combination of maximal CRS and adjuvant chemotherapy, including cases
with grossly peritoneal diffuse disease. Grade ⅢC and
Ⅳ are no longer considered as “lost”. Different studies
demonstrated that a progressively more aggressive surgical effort is associated with improvements in disease-free
and overall survival rates. It is suggested that aggressive
surgery should be performed in dedicated centers with
high volume of cases, offering in-hospital mortality significantly lower than low volume ones[75]. The more the
surgeon became radical and increases his/her surgical
volume, the more he/she prolongs the disease-free and
overall survival and reduces the in-hospital mortality. As
a counterpart, the tumor biology and the initial disease
diffusion have been suggested as the most important factors in survival benefit of surgery[76-79]. It’s still undefined
how the intrinsic features of the tumor make intra-abdominal implants easier to remove[80]. In general, upper
abdominal tumor implants are suggestive of an aggressive tumor biology[81]. Covens and Berman criticized the
role of CRS in advanced EOC. They proposed that both
survival and surgical resectability are mostly determined
by tumor biology instead of the operative effort by the
surgeon[82,83]. The retrospective review of data from the
Scottish Randomized Trial in Ovarian Cancer revealed
in a population of 889 patients with disease stage ranging from IC to Ⅳ that the benefit of optimal debulking
surgery seems to depend from the extent of disease before surgery[79]. Hager et al[84] analyzing 456 women with
advanced stage Ⅲ/Ⅳ ovarian cancer, demonstrated no
correlation between nodal status and survival. Moreover
in advanced EOC nodal status was not a prognostic factor for patients undergone to optimal cytoreduction.
Complete cytoreduction is reached when no visible
tumor remains after the surgical procedure. Starting
from this classification a number of prospective and
retrospective studies have been conducted to investigate
the feasibility and the impact on survival of CRS in advanced EOC.
Up to now, the majority of available series report
cases treated with the standard systemic platinum-taxanes chemotherapy and CRS. Only one study analyzed
cases treated also with intraperitoneal chemotherapy[85].
Between 2003 and 2010, 15 studies have been published analyzing patients treated with CRS and systemic
chemotherapy for advanced EOC. The overall survival
(OS) ranges between 46.5 and 106 mo for patients with
complete CRS (no residual disease) and between 12 and
39 mo for incomplete CRS (residual disease of more
than 1 cm)[85-92]. All these papers demonstrated that CRS
plays a central role in advanced EOC treatment. The
necessity of adjuvant chemotherapy has already been
demonstrated. Surgical effort must be absolute.
Between 2000 and 2010, 20 observational studies
have been published about CRS + HIPEC in treating
PC from advanced and recurrent EOC. The first was
published by Cavaliere et al[93] reporting about 20 patients
with recurrent EOC. They reported a median OS of 25
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mo with a 3-year survival of 50%.
De Bree et al[94] and Chatzigeorgiou et al[95] reported
about 19 and 20 patients respectively with recurrent
ovarian cancer. They found median DFS of 26 and 21
mo, respectively. De Bree reported a median OS of 54
mo and Chatzigeorgiou a median OS for optimally cytoreducted patients (considered as residual disease of < 1.5
cm) of 29 mo. De Bree found a 3 and 5 year survuival
of 63% and 42%. Both studies reported a perioperative
mortality rate of about 10%.
Four studies have been published in 2004[96-98]. Zanon
et al[96] described a cohort of 19 patients with recurrent
EOC. They reported a median DFS of 17 mo with a
median OS and OS in optimally cytoreducted patients
(residual disease < 0.25 cm) of 28 and 38 mo respectively.
Three and 5-year survival were 35% and 12% respectively.
Perioperative mortality rate was 3 % with grade 1 or 2
morbidity rate of 27% and 3% respectively and with grade
3 and 4 morbidity of 7%.
Piso et al[97] reported a series of 19 patients with peritoneal carcinomatosis due to primary or recurrent EOC.
The median DFS was 18 mo, with mean OS and OS in
optimally cytoreducted patients (residual disease < 0.25
cm) of 33 and 44 mo respectively and a 5-year survival
rate of 15%. Perioperative mortality rate was 3%, grade
1-2 morbidity rate was 10% and grade 3-4 morbidity of
10% and 15% respectively[97].
Ryu et al[98] reported a series of 57 patients with advanced EOC. The median DFS was 26 mo. Median OS
in optimally cytoreduced patients (residual disease < 1
cm) was 41 mo. The OS at 5-year was 54%. The survival
advantage has been found to be more pronounced in
stage 3 disease. Multivariate analysis showed HIPEC as
an independent prognostic factor. Perioperative mortality was 4 % with grade 1, 2 and 4 morbidity rate of 14%,
5% and 4%, respectively.
Gori et al[99] and Reichman et al[100] reported about 29
and 13 patients respectively with advanced EOC. Median DFS were 15 and 11 mo respectively, with a median
OS in Gori’s paper of 64 mo and a 3-year survival rate
in Reichman’s study of 55%. None of these two studies
reported morbidity nor mortality.
Raspagliesi et al[101] and Rufián et al[102] published two
reports with 40 and 33 patients respectively, with advanced and recurrent EOC. Median DFS and OS in the
first paper were 11 and 32 mo, and median OS and OS
in optimally cytoreduced patients (residual disease < 1
cm) were 48 and 66 mo respectively. Five-year survival in
Raspagliesi’ series was 15%; 3 and 5-year survival rate in
Rufian study were 46% and 37%, respectively. Reported
mortality for both papers was 0%. Raspagliesi reported
20% of grade 1 morbidity. Rufian reported grade 1 and
2 morbidity rate of 12% and 10% and grade 3 and 4
morbidity of 10% and 6% respectively.
Helm et al[103], Cotte et al[104] and Bae et al[105] published
series of 18, 81 and 67 patients with recurrent (Helm
and Cotte) and advanced EOC (Bae). Helm et al[103] reported a median DFS of 10 mo and median OS and OS
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and two have been only proposed[116].
Ansaloni et al[117] reported about 39 patients with advanced and recurrent EOC. The mean DFS was 14 mo.
Grade 1-3 post-operative complications occurred in 18%
of patients. Perioperative mortality was 0.3%.
In conclusion, despite the lack of high evidence data
that will be brought from the ongoing randomized trials,
HIPEC associated to complete CRS seems to give survival results comparable to the standard treatment. Data
are still heterogeneous due to the different meaning
given to the completeness of cytoreduction, as showed
in all the aforementioned studies. Some centers consider
cytoreduction complete when there is no macroscopic
residual disease, others follow more permissive limits.
Moreover, confusion exists about “optimal” and “complete” cytoreduction. However, data clearly show as in
patients with no macroscopic residual disease CRS +
HIPEC increases the survival rates. These results could
be overcome in terms of surgical effort and morbidity
rate reduction by the use of NACT.

in optimally cytoreduced patients (residual disease < 0.5
cm) was 31 and 31 mo respectively Perioperative mortality was 6% and grade 1, 2, 3 and 4 complications have
been reported in 11%, 50%, 40% and 13% of patients
respectively.
Cotte et al[104] described a median DFS of 19 mo and
an OS and OS in optimally cytoreduced patients (residual
disease < 0.25 cm) of 28 and 55 mo respectively. Perioperative mortality was 3% and grade 1, 2, 3 and 4 complications have been reported in 6%, 1%, 5% and 2% of
patients respectively.
Bae et al[105] reported a 5-year survival rate of 66%,
with a 0% perioperative mortality and grade 1, 2, 3 and 4
morbidity rate of 14%, 13%, 0% and 0%, respectively.
Di Giorgio et al[106] published data about 47 patients
with advanced and recurrent EOC. They reported a
median DFS of 20 mo with an OS and OS in optimally
cytoreduced patients (residual disease < 0.25 cm) of 24
and 26 mo respectively. Five-year survival rate was 17%
and perioperative mortality 4%. Grade 2, 3 and 4 complication rate were 21%, 9% and 13% respectively.
Bereder et al[87], Guardiola et al[107], Fagotti et al[108],
Pavlov et al[109] described results of CRS + HIPEC in advanced and recurrent EOC and in recurrent EOC.
Guardiola et al[107] published a series of 47 patients
with a median DFS of 14 mo and a 5-year survival of
63%. Perioperative mortality rate was 0% and grade 4
complication rate was 13%. Fagotti et al[108] reported a
median DFS of 10 mo, with 0% perioperative mortality
and grade 2, 3 and 4 complication rate 36%, 8% and 8%
respectively. Pavlov et al[109] described 56 patients with a
median DFS and OS of 26 and 38 mo respectively. Perioperative mortality was 2% and grade 1, 2 and 4 complication rate were 5%, 11% and 2% respectively. Bereder
et al[87] published the widest series reporting about 246
patients with advanced and recurrent EOC. Median DFS
was 13 mo, median OS and OS in optimally cytoreduced
patients (residual disease < 0 cm) were 49 and 56 mo respectively. Three and 5-year survival were 60% and 35%.
Reported intraoperative mortality was 0.4% and grade 3
morbidity 12%.
Lastly, Deraco et al[110] published a multi-institutional
phase 2 study evaluating the impact of CRS + HIPEC
as upfront treatment on PFS and OS in 26 women
with stage 3-4 advanced EOC. All enrolled patients underwent CRS, followed by HIPEC. Patients were then
treated with adjuvant systemic chemotherapy. Macroscopically complete cytoreduction was achieved in 57%
of patients, with minimal residual disease (≤ 2.5 mm)
remaining in the other 43%. Five-year OS was 60.7%
and 5-year DFS 15.2%. Excluding operative death, all
the patients underwent a median of 6 cycles of systemic
chemotherapy at a median of 46 d from combined treatment. Four patients experienced ≥ grade 3 morbidity,
with one post-operative death due to sepsis.
Globally, 7 randomized controlled trials evaluating
the effectiveness of HIPEC in advanced and recurrent
OEC have been proposed: five are already ongoing[111-115]
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PERITONEAL CARCINOMATOSIS FROM
COLO-RECTAL CANCER
The multi-disciplinary treatment of CRC is actually standardized up to stage ⅢC[118-120], while it is unclear and not
supported by strong evidences for stages Ⅳa and Ⅳb.
American guidelines from NCI recently consider liver resection as available treatment for Ⅳa stage, but they don’t
mention nowadays HIPEC as treatment option for Ⅳb
CRC, including the peritoneal carcinomatosis (PCCRC).
Another way to assess the actual relationship between HIPEC for PCCRC and Evidence Based Medicine is to measure the percentage of ongoing trials from
the NCI database: worldwide, among 239 active registered trials on Ⅳb stage CRC, only eight include HIPEC
as keyword (2 phase Ⅲ, 4 phase Ⅱ and 2 phase Ⅰ trials:
from www.cancer.gov, consulted 26th of June 2013). The
only concluded randomised clinical trial comparing systemic chemotherapy with cytoreduction plus HIPEC is
the Dutch trial published in 2003[121]: 105 patients with
PCCRC without evidence of hematogenous metastases
enrolled between 1998 and 2001 were randomly allocated to receive 5-fluorouracil and leucovorin with or without palliative surgery or “aggressive” cytoreduction plus
HIPEC followed by the same chemotherapy regimen.
They demonstrated a median overall survival of 22.3
mo for the HIPEC arm against 12.6 mo for the standard therapy, with a significant difference (P = 0.032).
Unfortunately, the value of this RCT is limited by several factors: it was based on a chemotherapy scheme that
is not the actual gold standard (not including i.e., Irinotecan and Oxaliplatin); appendiceal (n = 18) and rectal
(n = 12) tumors were not balanced in the two groups;
the HIPEC protocol was based only on mitomycin C in
the perfusate; the role of surgery in the control arm was
unclear and impossible to determine on available data.
Another randomized trial was designed by Elias to com-
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pare early postoperative intraperitoneal chemotherapy
plus systemic chemotherapy with chemotherapy alone
after complete cytoreductive surgery for the PCCRC
treatment. In 2000, after 4 years and only 35 patients
enrolled, the study was stopped and the partial results
analysis did not demonstrate any advantage in term of
survival[122].
Another attempt to design a RCT comparing standard systemic therapy with CRS + HIPEC + chemotherapy is the USMCI8214/ACOSOG Z6091 trial[123], a
well designed study, trying to overcome the Dutch trial
limitations, with a specific target population (peritoneal
carcinomatosis only, colon cancer) and using advanced/
state-of-the-art chemotherapy. This trial recently closed,
failing to meet accrual and amplifying the concerning
from Elias et al[122] about the feasibility of this kind of
studies: basically, even if few trials are active nowadays
(in particular the last could be the PRODIGE 7 French
trial[124], with 150/280 patients enrolled at January 2012),
the idea to get a level of evidence Ⅰa/Ⅰb in support of
HIPEC for PCCRC is near to be abandoned.
Anyway, the Dutch study was the base for several
other trials more adequate and focusing on singular aspect, but without the same level of evidence: in particular three case control studies (evidence Ⅲa) have been
published between 2009 and 2011. Elias et al[125] had the
merit to include the oxaliplatin at 460 mg/m2 dose in
the perfusate, plus Irinotecan in 18/48 patients, comparing the HIPEC group with a standard therapy based
on 5-fluorouracile (5-FU), folinic acid and systemic
postoperative oxaliplatin (OX) or Irinotecan (IRI). They
reached the impressive median survival of 63 mo, with
a 5-year survival rate of 51% for the HIPEC group patients with a complete CRS. Franko et al[126] compared 67
patients treated with mitomycin C-based HIPEC with 38
controls and all the 105 patients received 5-FU, IRI, OX
and bevacizumab/cetuximab. Unfortunately they included patients with liver metastases and the use of OX and
target therapies was greater in the HIPEC group (78% vs
18% and 59% vs 18% respectively). Chua et al[127] included 294 patients, comparing supportive care and palliation with postoperative systemic chemotherapy based on
5-FU, IRI, OX, Capecitabine and monoclonal antibodies,
with or without HIPEC (low-dose mitomycine C) and
EPIC (high dose 5-FU). The difference between curative
or palliative therapy was based on preoperative assessment of the Peritoneal Surface Disease Severity Score
Among not randomized, retrospective multi-institutional studies, the largest published series comes from
the French registry, including 523 patients with PCCRC
treated from 1990 to 2007 with CRS and HIPEC[128].
Even if a 16% of incomplete CRS, with macroscopic
residual (CCR-1) makes it difficult to extrapolate data
about survival and the great number of participants
centres adds variability (relating in particular to learning curve and surgical standardization), the reported
30-d mortality was only 3%, absolutely lower than in the
Dutch trial (8%).
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The peritoneal cancer index (PCI) is a semi-quantitative powerful tool, easily reproducible and validated by
several studies and expert consensus[129-132], which aims
at defining and measuring the peritoneal involvement.
However, using PCI to select PCCRC patients and to
guide the therapeutic strategy need some comments: a
threshold value to get a formal contraindication to CRS
+ HIPEC is not available today; a PCI greater than 20
is associated with a worse prognosis, even if in a small
series (24 patients). Elias et al[133] described a significant
advantage in survival even when PCI was over 24; for
PCI < 10, there is agreement about the usefulness of
CRS + HIPEC, and the median survival for these patients ranges from 31 to 48 mo[128,134-136]; similar data are
provided by Gilly et al[137]; in currently active trials a high
PCI value is generally not an exclusion criteria; different
studies from the same center stressed the difference between the PCI declared at the beginning and at the end
of surgery, suggesting to systematically add 2 point at
the preoperative score[138]; Sugarbaker et al[139] suggest to
correlate PCI with patients demographic when deciding
to add or not HIPEC to their therapeutic scheme.
Pioneering studies about chemotherapeutic agent
penetration in the tumor were available since early
90s[140,141] and have recently been confirmed[142], showing, for example, a diffusion depth of about 1-2 mm for
Mitomycin C[143]. Nevertheless, even if the rationale is
something more than the common principle of resect as
more tumor as possible, the attitude to consider useful
HIPEC only after an adequate CRS is a recent acquisition. Moreover, there is no accordance on the dimensional cut-off (1, 2.5 or 5 mm) and in different series the
impact of CCR on survival varies enormously[129,131,136,144].
In particular, if the role of macroscopic residual (CCR-2)
nodules seems clear and formally contraindicate HIPEC,
it is unclear the difference between nothing (CCR-0)
and very small nodules (up to 2.5 mm, CCR-1 in some
series). Indeed, even in CCR-1 cases, CRS + HIPEC was
reported to be related to a better prognosis[134,145-147].
Surprisingly, the tumor progression during neoadjuvant chemotherapy is not demonstrated to be an
independent prognostic factor as for gastric cancer with
PC and actually is not a formal contraindication to CRS
+ HIPEC[148,149].
As for other organs and pathologies, in the treatment
of PCCRC the acronym HIPEC correlate to a wide
spectrum of possible variation in temperature, molecules, concentration and contact time[129,131,134,145,146,150,151].
The associated systemic chemotherapy is highly variable
too. This great number of parameters makes a standardization difficult: the statement from Elias et al[124] on the
necessity to follow the most experienced centers protocols is acceptable and functional, though not methodologically correct. Finally, the lack of evidence suggests
the enrollment of as many patients as possible into well
designed randomized trials.
Among the most significant HIPEC protocols, those
based on Oxaliplatin in the perfusate have to be report-
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ed. From first demonstrations of the rationale[152] and
the pharmacokinetic[153] during hyperthermic application,
few phase Ⅱ trials included OXt in their protocols[145,154].
In particular, Elias et al[133] published a series of 24 patients treated with Oxaliplatin in the perfusate at 460
mg/m2 in 2 L/m2, during 30 min at 43 ℃ and later a revised protocol including 106 consecutive patients treated
with lower dose of oxaliplatin (360 mg/m2) combined
with irinotecan (360 mg/m2) in 2 L/m2 of 5% dextrose,
for the same time at 43 ℃. The usefulness of the Irinotecan association is controversial and may be the cause
of an increased toxicity[155].
Starting from 1995, several attempts were done to
clarify the relationship between the primary tumor pathology and the outcome of PCCRC: tumor site (appendix, colon and rectum), grading, nodal and liver
metastases were analyzed[130,131,146,150,156-158]. Following the
substantial failure of this search (no strong correlation
at several multivariate analysis), researchers lost their attention on tumor demographic in more recent publication, maintaining some interest only for tumor size[159].
Moreover, earlier reports on HIPEC suffered from the
very small number of included patients, making any
stratification impossible. However, beside their role as
independent prognostic factors, tumor characteristics
are mandatory to get a better stratification, given that
the only outcome parameter used is the overall survival,
whereas only few studies considered quality of life and
PC-free survival[160-162].
The combined treatment of synchronous liver metastases in patient with PCCRC is beyond the scope of
this review, but this topic is strongly related to HIPEC: a
variable percentage of patients included in retrospective
studies underwent at the same time liver resection and
CRS[128-130,145,163,164]; the report of a different impact of
liver metastasis in patient accordingly to the CCR (with
a significant prognostic negative value only for CCR-0
patients) underlines the possible different meaning of
these two types of tumor spread (“local” vs “systemic”);
even if a liver metastasis is not considered an absolute
but only a relative contraindication to HIPEC, it seems
logical that all the randomized recently designed study
on HIPEC should exclude cases with liver involvement.
Currently, the main research effort is forwarded to
RCTs evaluating mandatory second-look surgery with
CRS + HIPEC in patients at high risk of developing
PCCRC versus standard of care (control arms)[165]. Background for this new field of interest mainly are: increasing importance assigned to metachronous PC in the
natural history of the tumor; definition of parameters to
estimate the risk of secondary PC[166], including synchronous completely resected PC, ovarian metastases, perforated primary tumor and in some experiences pT4 tumor,
colon occlusion and positive peritoneal cytology[124,167]; a
great percentage of asymptomatic and work up negative
high risk patients were diagnosed to harbor macroscopic
PC during second look laparotomy at one year[168]. As
expression of the two main groups working on HIPEC
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for CRC (American and French), two different RCTs are
enrolling patients to demonstrate the usefulness of an
early second look treatment for high risk patients to detect and treat (with CRS + HIPEC) metachronous PC,
with acceptable morbidity and mortality[165].
In summary, to date there is no level Ⅰ or Ⅱ evidence
that HIPEC increases the survival of patients with PCCRC when added to modern perioperative chemotherapy
protocols. The role of a complete cytoreduction, even if
well recognized as beneficial and mandatory to allow a
rational use of HIPEC, is not supported by RCTs.
In this lack of evidence, there are two opposite attitudes: the NCI does not even mention HIPEC among
the treatment options, while the French guidelines recommended it in the treatment of patients with PC from
CRC.
Beside its role as prognostic factor, the PCI is a fundamental tool to guide toward a tailored therapy, shifting
from the idea of a threshold value to a parameter integrating with every tumor biology data and the clinical
status of the single patient.
The next goal will be the demonstration of the usefulness of the “second-look strategy” for high risk patients in terms of overall survival and PC-free survival.

CONCLUSION
Peritoneal carcinomatosis is a real challenge for oncologists and surgeons, which treatment is very difficult.
Many surgeons and oncologists are still use to raise the
white flag in discovering them. The loco-regionality of
PC and the real characteristic and barrier ability of peritoneum with its proper lymphatic system have not still
sufficiently investigated.
Substantial differences exist in treating the different
form of PC from different diseases among different
centers and countries. Consequently different evidences
in results still remain and are undoubtedly discussed. For
this reason the chemosurgery (association of chemotherapy and surgery as one entity) is not yet considered
as a definitive valid option.
The different forms of PC from different diseases
should not continue to be treated in unique centers.
Advanced diseases should be centralized in all countries,
and centers performing chemosurgery should not continue to treat all diseases, but disease-specialized centers
should start to apply chemosurgery to the different
forms of PC. The major risk is to lose the link between
the PC and the primary tumor: waiting for a better understanding of the peritoneal diffusion pathophysiology
and trying to redefine its prognostic role, it would be
prudent to mention the pathological classification of the
primitive tumor, that is frequently missed.
Lastly, to increase knowledge and overcome the actual
limits, we all need a big effort toward a multidisciplinary
approach, selection and discussion of the different cases
with a reciprocal knowledge increase. More importance
and credit should be given to translational medicine.
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PROGRESS IN PERITONEAL DISEASES

Retroperitoneal fibrosis associated with immunoglobulin G4related disease
Nao Fujimori, Tetsuhide Ito, Hisato Igarashi, Takamasa Oono, Taichi Nakamura, Yusuke Niina, Masayuki Hijioka,
Lingaku Lee, Masahiko Uchida, Ryoichi Takayanagi
retroperitoneal fibrosis has no specific symptoms,
diagnosis is primarily based on diagnostic imaging
(computed tomography and magnetic resonance imaging), which is also useful in evaluating the effect of
therapy. Idiopathic retroperitoneal fibrosis can occur
at different times with other lesions of IgG4-related
disease including AIP. Thus, the IgG4 assay is recommended to diagnose idiopathic retroperitoneal fibrosis.
High serum IgG4 levels should be treated and monitored as a symptom of IgG4-related disease. The first
line of treatment for retroperitoneal fibrosis is steroid
therapy regardless of its cause. For patients with concurrent AIP, i.e., IgG4-related retroperitoneal fibrosis,
the starting dose of steroid is usually 30-40 mg/d. The
response to steroid therapy is generally favorable. In
most cases, the pancreatic lesion and retroperitoneal
fibrosis improve after the initial treatment. However,
the epidemiology, treatment for recurring retroperitoneal fibrosis, and long-term prognosis are still largely
unknown. Further analysis of such cases and research
are necessary.
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Abstract

Key words: Autoimmune pancreatitis; Extrapancreatic lesion; Immunoglobulin G4; Immunoglobulin G4related disease; Retroperitoneal fibrosis

Retroperitoneal fibrosis is a rare disease characterized
by the development of inflammation and fibrosis in the
soft tissues of the retroperitoneum and other abdominal organs. Retroperitoneal fibrosis can be of 2 types:
idiopathic and secondary. The recently advocated
concept and diagnostic criteria of immunoglobulin G4
(IgG4)-related disease, derived from research on autoimmune pancreatitis (AIP), has led to widespread
recognition of retroperitoneal fibrosis as a condition
caused by IgG4-related disease. We now know that
previously diagnosed idiopathic retroperitoneal fibrosis includes IgG4-related disease; however, the actual
prevalence is unclear. Conversely, some reports on AIP
suggest that retroperitoneal fibrosis is concurrently
found in about 10% of IgG4-related disease. Because
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INTRODUCTION
Retroperitoneal fibrosis is a rare disease characterized by
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development of inflammation and fibrosis in the soft tissue of the retroperitoneum and other abdominal organs.
The fibro-inflammatory tissue is most frequently found
peripheral to the abdominal aorta, and the next most frequent location is peripheral to the iliac arteries, urinary
duct, and renal arteries. In some cases, fibro-inflammatory tissue is most frequently found surrounding the pancreas. In a recently advocated concept, retroperitoneal
fibrosis is regarded as part of chronic periaortitis[1]. Retroperitoneal fibrosis is generally divided into 2 types: idiopathic retroperitoneal fibrosis for which no clear cause
is found, and secondary retroperitoneal fibrosis which
occurs secondary to, for example, drug therapy and malignant tumors[1]. Idiopathic retroperitoneal fibrosis was
first reported as retroperitoneal fibrosis causing ureteral
obstruction by Albarran, a French urologist, in 1905. In
1948, 2 similar cases were reported by Ormond. Since
then, idiopathic retroperitoneal fibrosis is also known
as Ormond’s disease[1,2]. About 30% of retroperitoneal
fibrosis occurs secondary to drug therapy and malignant
tumors[1,3].
The recently advocated concept of immunoglobulin
G4 (IgG4)-related disease has led to widespread recognition of retroperitoneal fibrosis as one of the conditions
caused by IgG4-related disease. The aforementioned
concept of IgG4-related disease was derived from clinical experience and research on autoimmune pancreatitis
(AIP). AIP was first reported as pancreatitis caused by
autoimmunity in Japan[4,5]; subsequently, AIP was found
to be often associated with increased serum IgG4 levels[6]. Hamano et al[7] reported in 2002 that abundant
infiltration of IgG4-positive plasma cells was found in
both pancreatic and retroperitoneal lesions from patients
with AIP having concurrent retroperitoneal fibrosis.
AIP is concurrently found not only with retroperitoneal
fibrosis, but also with sclerosing cholangitis, sclerosing
sialadenitis, and other various extrapancreatic lesions.
Histopathologically, these lesions are characterized by
the infiltration of IgG4-positive plasma cells as seen in
pancreatic lesions. Based on these observations, the concept of IgG4-related sclerosing disease was proposed by
Kamisawa et al[8,9]. Since the same disease condition can
be found all over the body, the concept and diagnostic
criteria for IgG4-related disease have been published not
only in association with AIP, but also with rheumatological and nephrological diseases, and have attracted considerable attention in recent times[10,11]. In a consensus
meeting, Japanese investigators recommended the adoption of the term “IgG4-related disease” from among
many suggested names, and proposed comprehensive
diagnostic criteria for this condition[12,13]. The concept of
IgG4-related disease has been more or less established,
and AIP is now regarded as a pancreatic lesion of IgG4related disease. The number of reports on retroperitoneal fibrosis as an extrapancreatic lesion of AIP has
increased, and retroperitoneal fibrosis is now regarded as
a typical lesion of IgG4-related disease[12].
Because retroperitoneal fibrosis is essentially a rare
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disease, and the concept of IgG4-related disease is relatively new, not many studies have been published on
IgG4-related retroperitoneal fibrosis. Moreover, the percentage of retroperitoneal fibrosis that is IgG4-related
and the clinical differences, if any, between IgG4- and
non-IgG4-related retroperitoneal fibrosis are unknown.
In this report, based on our observation of patients with
AIP, we describe the relationship between retroperitoneal fibrosis and IgG4-related disease, their clinical features, and the effect of therapies.

EPIDEMIOLOGY
Idiopathic retroperitoneal fibrosis is a rare disease, and
epidemiological data are seldom found. However, epidemiological data from Finland indicate that idiopathic retroperitoneal fibrosis affects 0.1 in every 100 000 people,
and the prevalence is 1.38 in every 100 000 people[14]. Onset of idiopathic retroperitoneal fibrosis most frequently
occurs at and above the age of 50 years. Idiopathic retroperitoneal fibrosis is 2-3 times more common in men
than in women[1,14]. About 30% of retroperitoneal fibrosis occurs secondary to a particular cause such as drug
therapy, malignant tumors, infection, radiation therapy, or
surgery[1,3] (Table 1).
Owing to the establishment of the concepts of AIP
and IgG4-related disease, we now know that many previously diagnosed cases of idiopathic retroperitoneal
fibrosis are IgG4-related (extrapancreatic lesions of
AIP)[3,15]. However, the concept of IgG4-related disease
is relatively new, and no large-scale epidemiological data
are available to estimate what percentage of retroperitoneal fibrosis is actually IgG4-related. Thus, the exact
frequency of IgG4-related retroperitoneal fibrosis is unknown. Corradi et al[3] reported that IgG4-positive cells
were found in most cases of idiopathic retroperitoneal
fibrosis. Neild et al[16] studied 12 patients with idiopathic
retroperitoneal fibrosis and reported that the number of
IgG4-positive plasma cells was > 20 per high power field
in 7 of 9 patients whose retroperitoneal tissues were examined. Zen et al[15] reported that among 17 patients who
had a histological diagnosis of retroperitoneal fibrosis,
10 patients (59%) had increased serum IgG4 levels and
extensive IgG4-positive plasma cell infiltration, all of
whom were men 50 years or older. Yamashita et al[17]
reported that among 29 patients studied, the ratio of
IgG4-positive plasma cells to IgG-positive plasma cells
was > 20% in 9 patients (31%), and these 9 patients were
considered to have IgG4-related retroperitoneal fibrosis.
As described above, the proportion of IgG4-related retroperitoneal fibrosis among all cases of retroperitoneal
fibrosis varies between the studies (30%-60%), and the
scale of the studies is invariably small. Further studies at
a larger scale need to be conducted.
On the other hand, most of the studies to assess
the frequency of concurrent retroperitoneal fibrosis in
IgG4-related disease were conducted in patients with
AIP[18-27]. In many of the studies, concurrent retroperi-

3488

January 28, 2014|First Edition|

Fujimori N et al . Retroperitoneal fibrosis
Table 2 Retroperitoneal fibrosis as extrapancreatic lesions of
autoimmune pancreatitis

Table 1 Etiological factors of retroperitoneal fibrosis
Etiological factors
Idiopathic RF
IgG4-related lesions
Secondary RF
Drugs
Malignant diseases
Infections
Radiotherapy
Surgery
Others

Cases studied: 51 patients with AIP (2002–2011)
Concurrent RF
8 patients (15.7)
Synchronized onset
5 patients
Heterochronic onset
3 patients
Preceding the diagnosis of AIP
2 patients
Following the diagnosis of AIP
1 patient
Treatment: Steroid therapy at a dose of 30–40 mg per day
Improved
7 patients (87.5)
Unchanged
1 patient (12.5)

Frequency unknown
Analgesics, β-blockers, etc.
Malignant lymphoma, etc.
Tuberculosis, etc.
Colon cancer, pancreatic cancer, etc.
Lymphadenectomy, colectomy, etc.
Trauma, etc.

RF: Retroperitoneal fibrosis; AIP: Autoimmune pancreatitis.

RF: Retroperitoneal fibrosis.

out of 132 Japanese patients with AIP (6.1%). Moreover,
the results of a Japanese multicenter study indicate that
concurrent retroperitoneal fibrosis was found in 50 out
of 459 patients with AIP who received steroid therapy
(11%)[19]. The frequencies of concurrent retroperitoneal
fibrosis reported in other countries are as follows: about
3%-4% in Asian countries including South Korea and
China[23,24], about 8%-10% in the United States[25,26], and
3.6% in Europe[27]. In our experience, retroperitoneal
fibrosis, as represented by an extrapancreatic lesion, was
found in 8 of 51 patients (15.7%) diagnosed with AIP
and treated at Kyushu University Hospital (Table 2). Of
these, the onset of retroperitoneal fibrosis was synchronized with the onset of AIP in 5 patients (case presented
in Figure 1), and was heterochronic to the onset of AIP
in 3 patients. Regarding heterochronic onset of retroperitoneal fibrosis, the onset of retroperitoneal fibrosis
preceded the onset of AIP in 2 patients (cases presented
in Figure 2) and occurred 6.5 years after pancreatectomy
in 1 patient with suspected pancreatic cancer.
There are reports on IgG4-related retroperitoneal
fibrosis in diseases other than AIP. Ohta et al[28] reported
concurrent retroperitoneal fibrosis in 1 out of 10 patients (10%) with IgG4-related sclerosing sialadenitis.
Zen et al[29] reported concurrent retroperitoneal fibrosis
in 13 out of 114 patients (11.4%) with histologically
diagnosed IgG4-related sclerosing disease. Although further accumulation of case data is necessary to determine
the accurate frequency of concurrent retroperitoneal
fibrosis, the aforementioned studies suggest that concurrent retroperitoneal fibrosis occurs in about 10% of
IgG4-related disease (Table 3). The concept of IgG4-related disease encompasses various disease conditions occurring in various organs; however, the primary cause of
IgG4-related disease has not been elucidated. Moreover,
it is unclear what clinical features determine the involvement of various organs, including the retroperitoneum.
This needs to be elucidated in the future.

Table 3 Frequency of concurrent retroperitoneal fibrosis in
immunoglobulin G4-related disease
Ref.

Disease

Takuma et al[18]
AIP
Kamisawa et al[19]
AIP
Hirano et al[20]
AIP
Ohara et al[21]
AIP
Hamano et al[22]
AIP
Ryu et al[23]
AIP
Song et al[24]
AIP
Chari et al[25]
AIP
Raina et al[26]
AIP
Maire et al[27]
AIP
Ohta et al[28]
IgG4-related
sclerosing
sialadenitis
Zen et al[29]
IgG4-related
sclerosing
disease
Our cases
AIP
Total
IgG4-related
disease

Total
number of
patients

Patients Frequency of
with RF concurrent
RF
n

56
459
42
132
64
67
25
29
26
28
10

4
50
8
8
8
2
1
3
2
1
1

7.1
10.9
19.0
6.1
12.5
3.0
4.0
10.3
7.7
3.6
10.0

114

13

11.4

51
1103

8
109

15.7
9.9

RF: Retroperitoneal fibrosis; AIP: Autoimmune pancreatitis; IgG4: Immunoglobulin G4.

toneal fibrosis, represented by an extrapancreatic lesion, was reported in about 10% of patients with AIP.
Takuma et al[18] reported that concurrent retroperitoneal
fibrosis was found in 4 out of 56 patients with AIP (7%);
of these, the onset of retroperitoneal fibrosis coincided
with the onset of AIP in 2 patients, preceded the onset
of AIP in 1 patient, and occurred 1 year after bypass
surgery performed for AIP in 1 patient. Hamano et al[22]
reported that concurrent retroperitoneal fibrosis was
found in 8 out of 64 patients with AIP (12.5%). The
onset of retroperitoneal fibrosis was heterochronic to
the onset of AIP in 6 patients; the onset of retroperitoneal fibrosis preceded the onset of AIP in 3 patients
and followed the onset of AIP in the other 3 patients[22].
Hirano et al[20] reported that concurrent retroperitoneal
fibrosis was found in 8 out of 42 patients with AIP (19%).
Ohara et al[21] reported that retroperitoneal fibrosis, as
represented by an extrapancreatic lesion, was found in 8
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DIAGNOSIS
Retroperitoneal fibrosis has no specific symptoms. However, dull abdominal (flank) pain, back pain, general malaise, fever, and weight loss have been known to occur.
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Figure 1 Typical retroperitoneal fibrosis associated with autoimmune pancreatitis. A, B: Soft tissue (arrow) surrounds the abdominal aorta and common iliac
artery; C: Bilateral hydronephrosis (arrows); D: Swelling and capsule-like rim are seen in the body and tail of the pancreas. This case was diagnosed as autoimmune
pancreatitis; E, F: Fluorodeoxyglucose positron emission tomography images from the same patient; high fluorodeoxyglucose uptake is seen in the body and tail of
the pancreas (arrowhead) and in the retroperitoneal fibrosis lesions (arrowhead) surrounding the common iliac artery (arrows indicate dilated urinary ducts).

ease[15,16]. Zen et al[15] reported that obliterative phlebitis
is significantly more frequent in IgG4-related retroperitoneal fibrosis than in non-IgG4-related retroperitoneal
fibrosis. However, because surgery for retroperitoneal
fibrosis is rarely performed and because a biopsy of the
retroperitoneum cannot be easily carried out, it is often
difficult to obtain the tissue specimens needed for diagnosis. Clinically, retroperitoneal fibrosis is diagnosed
based on the results of diagnostic imaging such as CT
scan and magnetic resonance imaging (MRI)[30]. Involvement of IgG4 is usually determined based on serum
IgG4 levels and the presence/absence of other lesions
such as AIP. Moreover, the effect of therapies is usually
assessed using diagnostic imaging techniques.
There is no hematological parameter specifically
associated with retroperitoneal fibrosis; however, an increased white blood cell count and increased C-reactive

Retroperitoneal fibrosis often surrounds the urinary duct
or inferior vena cava, and is often found in association
with hydronephrosis or swelling of the lower extremities[1]. In recent times, retroperitoneal fibrosis is often
detected during diagnostic imaging, such as a computed
tomography (CT) scan, in asymptomatic patients undergoing a work-up for AIP (Figure 1). However, it should
be noted that the onset of retroperitoneal fibrosis may
or may not be synchronized with the onset of AIP.
Furthermore, the onset of retroperitoneal fibrosis may
either follow or precede the onset of AIP as described
earlier. The histological features of retroperitoneal fibrosis associated with AIP (i.e., IgG4-related retroperitoneal
fibrosis) include diffused fibrosis, infiltration of IgG4positive plasma cells, obliterative phlebitis, eosinophilic
infiltration, and the formation of lymphoid follicles;
these are similar to other lesions of IgG4-related dis-
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D

Figure 2 Retroperitoneal fibrosis occurring before the onset of autoimmune pancreatitis. A 65-year-old man developed hydronephrosis and renal failure. A,
B: Soft tissue was observed surrounding the abdominal aorta and common iliac artery. No abnormality was found in the pancreas. The patient was diagnosed with
idiopathic retroperitoneal fibrosis, and started receiving prednisolone (PSL) at the dose of 40 mg/d. The dose was gradually reduced over approximately 6 mo and
discontinued. The hydronephrosis improved, and the patient continued to be followed up; C, D: Swelling of the pancreas observed on computed tomography images
taken about 1 yr and 6 mo after the discontinuation of PSL. Compared with the initial observation, retroperitoneal fibrosis improved, but persisted. The serum immunoglobulin G4 level was 366 mg/dL. At that point, the patient was diagnosed with autoimmune pancreatitis, and started receiving PSL again at the dose of 40 mg/d. The
swelling of the pancreas and retroperitoneal fibrosis were improved.

need to be differentiated from retroperitoneal fibrosis[1,3].
Although the onset of retroperitoneal fibrosis surrounding the pancreas is rare, this condition is sometimes difficult to distinguish from the invasion of pancreatic cancer to the area surrounding the superior mesenteric artery. In patients with previously diagnosed AIP in whom
the onset of retroperitoneal fibrosis has occurred simultaneously with the onset (Figure 1) or relapse of AIP,
retroperitoneal fibrosis can be relatively easily diagnosed
based on the aforementioned characteristic findings on
US/CT/MRI images and the presence of increased serum IgG4 levels. On the other hand, in some patients,
the onset of retroperitoneal fibrosis precedes the onset
of AIP (Figure 2); thus, the measurement of serum
IgG4 levels is recommended for idiopathic retroperitoneal fibrosis[34]. When the IgG4 level is high, it should be
treated and monitored as an IgG4-related disease.

protein levels can be seen as a reflection of acute inflammation. Moreover, renal dysfunction may be observed due to ureteral obstruction. Diagnostic imaging
techniques, such as ultrasound (US), CT, and MRI, are
used to diagnose retroperitoneal fibrosis. US is usually
performed first, because it is a simple and minimally
invasive technique. Typically, retroperitoneal fibrosis is
depicted as a hypo- to iso-echoic mass encasing an aorta;
however, the sensitivity is low, and US is rather important in determining the presence/absence of concurrent
hydronephrosis. The most useful diagnostic imaging
techniques are CT and MRI. On CT images, retroperitoneal fibrosis is depicted as a soft tissue mass encasing
an aorta, which often spreads laterally to involve the
inferior vena cava and urinary duct[31] (Figure 1A-C). On
MRI images, retroperitoneal fibrosis shows low signal
intensity on T1-weighted images, and high signal intensity on T2-weighted images[1,31]. Moreover, although CT
and MRI excel in their specificity, fluorodeoxyglucose
positron emission tomography is also a useful tool for
determination of the presence/absence of retroperitoneal fibrosis as well as other lesions of IgG4-related
disease[1,32,33] (Figure 1D-F).
The retroperitoneum is also a site where tumor lesions, such as malignant lymphoma, desmoid fibromatosis, and liposarcoma, often develop. Thus, these diseases
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TREATMENT AND PROGNOSIS
The first line of treatment for retroperitoneal fibrosis is
steroid therapy, regardless of its cause. Although a few
asymptomatic patients might need only monitoring, steroid therapy is usually necessary for patients with clinical
symptoms (e.g., fatigue, weight loss, and abdominal or
back pain) or those with hydronephrosis and acute renal
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failure caused by ureteral obstruction[35]. The efficacy of
immunosuppressants (e.g., azathioprine) and tamoxifen
has been reported mainly in Europe and the United
States[1,36,37]. However, a randomized controlled trial recently conducted in patients with idiopathic retroperitoneal fibrosis demonstrated that the efficacy of steroids
in preventing the relapse of retroperitoneal fibrosis was
significantly better than that of tamoxifen[35]. Moreover,
Zen et al[15] reported that steroid therapy was effective
regardless of the presence/absence of IgG4-related disease or serum IgG4 levels[15].
Steroid therapy is also recognized as a standard the
rapy for AIP[38]. The indications of steroid are symptoms such as obstructive jaundice due to sclerosing
cholangitis, abdominal pain, and hydronephrosis due
to associated retroperitoneal fibrosis[19]. Therefore, steroid therapy is strongly recommended for patients with
concurrent AIP, that is, IgG4-related retroperitoneal
fibrosis. The starting dose of steroid is usually 30-40
mg/d (0.6 mg/kg per day)[38]. The response to steroid
therapy is generally favorable. In most cases, the pancreatic lesion and retroperitoneal fibrosis improve after
the initial treatment. Among the 8 patients we studied,
clinical improvement was achieved in 7 patients. In 1
patient, the disease condition did not change (Table 2).
As mentioned earlier, the response to steroid therapy is
generally good; however, some patients are resistant to
steroid. Further, the mechanism of steroid resistance is
unclear, and it is difficult to predict the efficacy of steroid therapy before treatment. In our patient who was
refractory to steroid, soft tissue mass surrounding the
abdominal aorta and hydronephrosis did not improve;
however, his pancreatic lesion was improved and renal
function was stabilized. Therefore, we continued with
the maintenance steroid treatment. Zen et al[15] reported
that 8 of 10 patients with IgG4-related retroperitoneal
fibrosis received steroid therapy. One of these steroidtreated patients experienced relapse twice; however,
remission of retroperitoneal fibrosis was achieved by readministration of steroid. In some cases, relapse occurs
after withdrawal from steroid therapy. In other cases, the
ureteral stent cannot be removed because of inadequate
response to steroid therapy. Thus, further study should
be conducted to assess the long-term prognoses of
retroperitoneal fibrosis. Although the use of immunosuppressants has been reported in patients with IgG4related disease that is recurrent or non-responsive to steroid therapy, no consensus has been reached yet[26,27,39].

from more cases need to be collected in order to assess
the long-term prognoses of retroperitoneal fibrosis.
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Core tip: Non-dietary forms of treatment for adult celiac
disease are currently being evaluated and some have
reached clinical trials. Some novel approaches being
investigated include hydrolysis of gliadin peptides, inhibition of intestinal permeability, blockade of T lymphocytes and transglutaminase 2/human leukocyte antigenDQ2 functions as well as induction of immune tolerance.
Future evaluations will need to define effects on specific
endpoints and ensure an improvement in symptoms,
laboratory test results and, most important, mucosal
inflammatory changes. Therapeutic trials with novel
agents will be difficult from an ethical perspective as
the current form of management with a gluten-free diet
already provides an excellent result for most compliant
patients with celiac disease. Finally, effects on other
known superimposed diseases will need close evaluation
(i.e. , lymphoproliferative and other malignancies).

Abstract
At present, treatment for celiac disease includes a
strict gluten-free diet. Compliance, however, is difficult
and gluten-free food products are costly, and, sometimes very inconvenient. A number of potential alternative measures have been proposed to either replace
or supplement gluten-free diet therapy. In the past,
non-dietary forms of treatment were used (e.g. , corticosteroids) by some clinicians, often to supplement a
gluten-free diet in patients that appeared to be poorly
responsive to a gluten-free diet. Some of new and
novel non-dietary measures have already advanced to
a clinical trial phase. There are still some difficulties
even if initial studies suggest a particularly exciting
and novel form of non-dietary treatment. In particular,
precise monitoring of the response to these agents will
become critical. Symptom or laboratory improvement
may be important, but it will be critical to ensure that
ongoing inflammatory change and mucosal injury are
not present. Therapeutic trials will be made more difficult because there is already an effective treatment
regimen.

Original sources: Freeman HJ. Non-dietary forms of treatment for adult celiac disease. World J Gastrointest Pharmacol
Ther 2013; 4(4): 108-112 Available from: URL: http://www.
wjgnet.com/2150-5349/full/v4/i4/108.htm DOI: http://dx.doi.
org/10.4292/wjgpt.v4.i4.108

INTRODUCTION AND DIAGNOSIS
Celiac disease is a small bowel disorder that appears to respond clinically and histopathologically to a strict glutenfree diet. Indeed, the only universally accepted form of
effective therapy for celiac disease is a gluten-free diet for
life after the diagnosis has been accurately established.
Diagnosis involves demonstration of the following,
ideally in a sequential fashion: (1) classical histopathological features of celiac disease shown in biopsies from the
proximal small bowel; and (2) a response to a gluten-free
diet[1]. A very recent review and update on the prevalence,
diagnosis, pathogenesis and treatment of celiac disease
has appeared[2]. Some, but not all clinicians, particularly
those evaluating the pediatric age group, believe that se-

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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rological testing (especially with tissue transglutaminase
antibodies) coupled with definition of human leukocyte
antigen (HLA)-DQ2 and HLA-DQ8, rather than biopsy
may be sufficient for diagnosis[3,4].
Most patients present with diarrhea and weight loss.
However, in recent years, more and more patients are
now being detected with limited or no intestinal symptoms. In part, this reflects a greater appreciation by physicians for a widening spectrum of extra-intestinal changes
associated with celiac disease and increased performance
of screening using widely available serological markers
(e.g., antibodies to tissue transglutaminase, or tTG). In addition, however, some recent studies have also suggested
that there may be a very real increase in celiac disease
even over the past decade or so, possibly related to some,
as yet, unrecognized environmental factor[5,6]. Typical biopsy changes include “flattening” of the villi with extension of the crypt epithelial cell compartment, increased
numbers of plasma cells and lymphocytes in the lamina
propria region, and increased numbers of intraepithelial
lymphocytes. Although typical, these changes are not, in
themselves, diagnostic as several disorders may mimic the
changes of celiac disease[7]. Only celiac disease responds
to a gluten-free diet, although some symptoms, incorrectly attributed to celiac disease, may also respond to
removal of gluten from the diet.

costly and, often inconvenient, remains a highly effective
management approach.

GLIADIN PEPTIDE HYDROLYSIS
Some plants and micro-organisms express endoproteolytic
enzyme activities that can hydrolyze the proline-containing
gluten in foods to amino acids and smaller length oligopeptides that might permit later hydrolysis by human intestinal brush border enzymes. The prolyl-endopeptidases
(PEP) are a family of enzymes with the ability to cleave
internal proline residues in a proline-containing peptide[13].
Even though PEP activity is expressed in the human small
intestine, a gliadin peptide (i.e., 33-mer) that appears to
be highly immunogenic is poorly hydrolyzed by human
PEP[14]. Other species, including some bacteria and fungi,
express PEP activities and may, in theory, be very effective.
Aspergillus niger PEP can hydrolyze a number of gliadin peptides and its activity has been shown to inhibit the
gliadin-induced immunologic response by gluten-specific
T-cells[15]. In a gastrointestinal model system, most hydrolysis appeared to occur in the stomach compartment with
little activity required in the small intestine[16]. Alternative
PEPs from other microbial species (Flavobacterium meningosepticum, Sphingomonas capsulata, Myxococcus Xanthus) can
hydrolyze gliadin peptides in vivo in the rat[17,18], and pretreatment of gluten with PEP appeared to reduce malabsorption of fat or carbohydrate in patients with celiac
disease[19].
Use of enzymes that involve other mechanisms could
provide different treatment approaches. For example,
specific proteases cleave storage proteins during germination of different grains and, as a result, may increase the
rate of gluten degradation. A barley proteinase that hydrolyzes wheat gluten in rats has been reported to potentially provide protection against ingested gluten in glutensensitive rhesus monkeys[20,21].
Additional studies have also suggested that different
hydrolytic enzyme activities may be used in combination
to improve efficiencies. For example, ALV003 consisting
of PEP from Sphinogomonas capsulata and a barley protease
may prevent the T-cell response in patients with known
celiac disease[19]. In early clinical studies, orally-administered ALV003 was well tolerated without significant
adverse effects[22]. Phase 2 trials are in process and, have
appeared in abstract form, suggesting possible benefit.
Alternative approaches to hydrolyze toxic gluten peptides have also employed enzyme mixtures isolated from
germinating Triticeae, including wheat, rye and barley. In
vitro studies using intestinal epithelial cells and organ cultures of intestinal biopsies from untreated patients with
celiac disease have demonstrated a reduction in markers
of epithelial cell injury[23].
Another suggested alternative to facilitate gluten degradation includes use of whole cultured bacteria. Normally, a complex microbial population is present in the intestinal lumen. A number of studies from different groups[24,25]
have described substantial quantitative and qualitative dif-

GLUTEN-FREE DIET AND COMPLIANCE
It is well known that life-long compliance to a gluten-free
diet is difficult and expensive. In reality, a major problem
underlying this form of prescribed diet therapy in celiac
disease is complete removal of gluten since this substance is ubiquitous and present in many foods[8]. Even
foods that some authorities consider as safe, such as oats,
may be contaminated with other grains that contain the
injurious peptide sequences. The Food and Drug Administration in the United States has arbitrarily established a
limit of < 20 ppm gluten (i.e., about 10 ppm gliadin) to
be established as a “gluten-free” food. Total daily consumption of gluten also appears to be critical and some
experts have estimated a threshold for some individuals with celiac disease to be lower than 50 mg daily[9].
Even with these numerical considerations though, some
patients with celiac disease may be even more sensitive,
after only single ingestion of minute amounts of gluten.
Even small amounts may provoke increased circulating
levels of tissue transglutaminase antibodies and induce
inflammatory changes in small bowel biopsies.
In recent years, a number of alternative dietary (e.g.,
genetically-modified gluten) and non-dietary approaches
have been considered[10-12]. Some are further detailed here
including those already studied in some clinical trials as
well as some that have not yet been evaluated. These
might potentially serve, at least in part, in the future horizon for treatment of celiac disease. It is unlikely that any
of these will be designated for independent treatment
alone since the gluten-free diet, in spite of being difficult,
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ferences in the intestinal microbiome of patients with celiac disease. More specifically, bifidobacteria, among several
bacterial species, are reportedly abnormal in patients with
celiac disease. In vitro cell culture studies as well as studies
in animals have demonstrated reduced gluten toxicity and
results of clinical trials are anticipated[26,27].
Sequestration of gluten by polymeric binders acting in
the intestinal lumen of patients with celiac disease could
be a further alternative approach. Gluten may complex
with linear co-polymers of hydroxyethylmethracylate and
sodium-4-styrene sulfonate to reduce toxic changes of
gliadin induced in intestinal epithelial cells[28]. In addition,
this agent also reduced gliadin-induced alterations in barrier function and the numbers of immunoreactive cells,
including intra-epithelial lymphocytes, in mice[29]. Human
effects of polymeric binders are not known, but the apparent limitation in side effects, low cost and potential
for improved compliance compared to gluten-free diets is
attractive.

avenue for further evaluation.

TG2 AND HLA-DQ2 BLOCKADE
Several approaches may emerge for blockade of the
adaptive immune response in celiac patients. One involves blockade of TG2 effects. TG2 enhances the binding of gliadin peptides to HLA-DQ2 and enhances T-cell
activation in the small intestinal mucosa[35]. Inhibition of
in vitro TG2 activity inhibits gliadin-specific T-cell clones
from celiacs. Similar inhibition occurs in the gliadininduced proliferations of some, but not all (e.g., CD8positive lymphocytes) lamina propria lymphocytes and
epithelial cells. Although TG2 is found in other tissues,
TG2 inhibitors could theoretically provide a potential avenue for future therapy.
Another area of focus has been related to development of HLA-DQ2 blocking agents using gluten peptide
analogues. These include both cyclic and dimeric gluten
peptide analogues as well as gluten peptides with azidoproline residues substituted for proline. By changing the
gliadin T-cell stimulatory sequence, conversion to an agonist or antagonist may result[36].

INHIBITION OF INTESTINAL
PERMEABILITY
The small intestinal mucosa in celiac disease is “leaky”
with increased permeability. One of the proteins that
contributes to permeability is zonulin. Larazotide
acetate (i.e., AT-1001) is a synthetic peptide derived
from zonula occludens toxin of Vibrio cholera[30]. It has
been hypothesized to inhibit zonulin receptor binding
to reduce the gliadin-induced increases in intestinal
permeability. A phase 1 evaluation in treated celiac patients suggested that the medication was well tolerated,
reduced intestinal permeability, decreased pro-inflammatory cytokine production and symptoms in celiacs
after gluten exposure[31]. A phase 2 evaluation showed
a reduction in symptoms and autoantibodies. Added
studies are needed[32].

IMMUNE TOLERANCE INDUCTION
In celiac disease, antigen-based therapy specific for a
specific peptide sequence in gliadin might be an important future avenue of treatment. A peptide vaccine could
promote tolerance by altering the effects of some immune-mediated cells involved in celiac disease pathogenesis. To date, however, definition of the precise antigen
involved may not be sufficiently precise, to permit development of an effective vaccine for all celiac patients.
A clinical phase 1 trial with Nexvax 2 peptide vaccinecontaining a mixture of immunotoxic gliadins has been
initiated[37].

CONCLUSION

T-CELL LYMPHOCYTE BLOCKADE AND
INHIBITION

A number of avenues of treatment for celiac disease
have been proposed as alternatives to a strict gluten-free
diet. Some of these appear to be already advanced at
the level of the bench in the laboratory, and even at the
bedside in some clinical trials. At this time, there are still
difficult issues that need to be addressed. First, the endpoint of any treatment regimen will require detailed evaluation. The gold standard is mucosal biopsy, but other
forms of non-invasive evaluation require assessment to
precisely define, not only the degree of responsiveness to
a specific treatment regimen, but also the quality of the
treatment response. For example, improved symptoms or
improved laboratory parameters may signal an improved
state, but if there is ongoing inflammatory change and
mucosal injury, the treatment may not be a real advance
in management and may still carry the long-term risks of
only partially-treated celiac disease. Second, therapeutic
trials will be difficult and, by necessity from an ethical

Another broad category of agents being explored include
agents that function to block key lymphocyte effects on
the small intestinal mucosa. Specific antagonists as well as
monoclonal antibodies that affect specific lymphokines
are being explored[33,34].
For example, gluten effector T-cells may be directed,
at least in part, to the small intestinal mucosa by chemokine 25 and its receptor CC chemokine receptor 9. Blockade of this interaction by a selective antagonist has been
hypothesized as a potential clinical approach in celiac
disease.
Another suggested approach involves development of
monoclonal antibodies, including anti-CD3, anti-CD20,
anti-interleukin (IL)-10 anti-IL-15 antibodies[33,34]. For example, reversal of mucosal damage in the small intestine
of mice with overexpression of IL-15 could provide an
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perspective, still require that patients with celiac disease
be treated in both a treatment arm and the “placebo”
arm with a known effective therapy, i.e., gluten-free diet.
At best, in spite of the burdens imposed on the celiac patient at present, the goal of these potentially new forms
of therapy in celiac disease may predictably be to supplement the gluten-free diet in long-term management of
celiac disease. Finally, the long-term effects of these therapies may not be immediately evident and require many
years to define. In celiac disease, there appears to be an
increased risk for some malignant diseases, including lympho-proliferative diseases, such as T-cell lymphoma[38-40].
It is conceivable that some of these novel non-dietary
forms of therapy may actually alter this background risk,
especially over an extended period.
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Core tip: Burst abdomen and open abdomen are clinical
conditions apparently disconnected. In order to assess
the management of these disorders in a more comprehensive and integral fashion, the concept of “acute
postoperative open abdominal wall” (acute POAW) is
presented. The understanding of the acute POAW as a
single clinical process allows stratification and collection
of data in different patient subsets, favoring a better
knowledge of conditions involved in the surgical reconstruction of the abdominal wall.
Original sources: López-Cano M, Pereira JA, ArmengolCarrasco M. “Acute postoperative open abdominal wall”: Nosological concept and treatment implications. World J Gastrointest
Surg 2013; 5(12): 314-320 Available from: URL: http://www.
wjgnet.com/1948-9366/full/v5/i12/314.htm DOI: http://dx.doi.
org/10.4240/wjgs.v5.i12.314

Abstract
The so-called “burst abdomen” has been described
for many years and is a well-known clinical condition,
whereas the concept of the “open abdomen” is relatively new. In clinical practice, both nosological entities
are characterized by a complex spectrum of symptoms
apparently disconnected, which in many cases poses a
great challenge for surgical repair. In order to assess the
management of these disorders in a more comprehensive and integral fashion, the concept of “acute postoperative open abdominal wall” (acute POAW) is presented,
which in turn can be divided into “intentional” or planned
acute POAW and “unintentional” or unplanned POAW.
The understanding of the acute POAW as a single clinical
process not only allows a better optimization of the ther-
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INTRODUCTION
Excluding the defects of the abdominal wall secondary
to trauma, tumors or necrotizing infections, the ‘‘acute
postoperative open abdominal wall’’ (acute POAW) embracing evisceration and the open abdomen, appears to
include a number of heterogeneous and unrelated processes[1]. Different descriptors found in the PubMed data-
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base[2] may be applicable to the concept of acute POAW,
such as ‘‘burst abdomen’’, “postoperative burst abdomen”, “abdominal evisceration”, “bowel evisceration”,
“abdominal wall dehiscence”, “abdominal fascial dehiscence”, “acute abdominal wound failure”, “open abdomen”, “abdominal wound dehiscence”, “abdominal wall
rupture” and “disruption of abdominal wall wounds”. In
this previous context, definition of what constitutes an
acute POAW becomes a maze.
We here propose that acute POAW is a single nosological entity formed by patients with different interrelated categories of treatment approaches. Therefore,
the purpose of this article is to present the conceptual
frame for an analysis of the acute POAW and their subgroup categories of treatment. For clarity purposes, the
information is divided into definition of acute POAW,
description and treatment of intentional (planned) and
unintentional (unplanned) acute POAW, followed by
some concluding remarks.

among others: skin approximation with towel clips or
running suture, application of a plastic silo (the Bogota
bag), absorbable synthetic meshes [Safil®Mesh (BBraun,
Rubí, Barcelona, Spain); BIO-A Tissue Reinforcement®
mesh (Gore and Associates, Flagstaff, AZ)], non-absorbable synthetic meshes (polypropylene, e-PTFE), dynamic
methods [ABRA® (Canica Design Inc, Almonte, Ontario,
Canada); Wittmann Patch ® (Starsurgical, Burlington,
WI)], biological implants or negative pressure dressing
systems [RENASYS AB® Abdominal Kit (Smith and
Nephew, Hull, United Kingdom); ABThera® (KCI International, San Antonio, TX)][12]. The capacity of tissues for
healing without tension depends on wound-related factors and the patient’s general condition[11]. Independently
of the technique used for temporary abdominal wall closure, there is a limited window of 2-3 wk to assess early
vs delayed closure[8-11,13,14]. Early definitive closure (final
closure of the abdominal defect within the window of 2-3
wk) is based on the resolution of interstitial edema and
the evidence of non-adherence between the bowel loops
and the abdominal wall. In contrast, when the abdominal content adheres to the undersurface of the anterior
abdominal wall (“frozen abdomen” generally beyond 2-3
wk), delayed closure (“planned” incisional hernia repair)
is the only realistic alternative in the operative management of the open abdomen. There are mixed situations
between non-adherent loops and abdominal wall and the
“frozen abdomen”.
The development of enteroatmospheric fistulas is the
most serious and challenging local complication[15], with
an overall incidence still reported between 5% and 75%.
Mortality of patients with fistula can be still high, up to
42% according to a review of different studies[15].

DEFINITION OF ACUTE POAW
Acute POAW consists of the separation of the cutaneous, muscular and aponeurotic layers of the abdominal
wall that occurs immediately or within the first hours
or days after laparotomy. It may be considered a unique
nosological clinical entity resulting from intentional or
unintentional surgical-related actions and composed by
different interrelated clinico-therapeutical scenarios.

INTENTIONAL (PLANNED) ACUTE POAW
Intentional acute POAW is the result of a deliberate
therapeutic procedure, the so-called “open abdomen”[3,4].
This entity was described for the first time in the context
of patients with intra-abdominal infection due to pancreatitis or peritonitis[5,6], but the indications for the use of
the open abdomen technique have expanded to patients
without intra-abdominal infection[7]. Nowadays the main
indications are (1) damage control for life-threatening
intra-abdominal bleeding; (2) management of severe
intra-abdominal sepsis; and (3) prevention or treatment
of intra-abdominal hypertension.
Once the therapeutic objective has been achieved,
closure of the musculofascial layers should be performed[3,4,8-10]. However, closure of the open abdomen
depends on the method used for temporary abdominal
wall closure[3,8,9], the capacity of tissues for healing without tension, and whether or not enteroatmospheric fistulas are present.
The ideal temporary abdominal wall closure should
protect the abdominal contents, prevent evisceration, allow removal of infected or toxic fluid from the peritoneal
cavity, avoid damage to the musculofascial tissue, preserve
the abdominal wall domain, facilitate reoperation for definitive closure and, very importantly, prevent the formation of enterocutaneous fistulas[11]. Different methods for
temporary abdominal closure have been used, including
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Treatment options
According to the aforementioned features, we have four
different subgroup categories of treatment options:
(1) Patients within the 2-3 wk time window with nonadherent bowel loops/abdominal wall and without intestinal fistula are candidates for definitive fascia-to-fascia
closure using a continuous slowly absorbable monofilament suture and following the 4:1 suture length (SL):
wound length (WL) ratio[16,17]. Also, autologous tissue
reconstruction procedures (component separation technique, anterior rectus sheath flaps, oblique muscles) to
improve closure or to further reduce tension have been
reported[13,18-20]. There are no data in the literature on the
usefulness of synthetic (absorbable or non-absorbable)
meshes or biological implants to reinforce the repair,
which mostly relies on the surgeon’s experience and
decision and the risk factors present in each individual
patient; (2) Patients within the 2-3 wk time window with
partially non-adherent bowel loops/abdominal wall and
without enteroatmospheric fistula are candidates for
a definitive early progressive abdominal wall closure,
which will depend on the progressive improvement of
the patient’s general condition and the interstitial edema.
In these cases, combinations of non-absorbable synthet-
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ic meshes and negative pressure wound therapy (NPWT)
are generally indicated. NPWT and non-absorbable synthetic mesh traction (pleating or serial excision of the
mesh as the fascial edges are re-approximated) have been
reported to be a practical wound closure system for the
treatment of the open abdomen[21-25]. In addition, several
types of extracellular matrix-derived biological implants
have been used[26,27], although they are not recommended
to bridge a fascial defect, and the long-term durability
and functional outcome of biological implants is still
unknown[28]. Other techniques for progressive closure of
the abdominal wall, in combination or not with NPWT,
include dynamic wound closure systems based on continuous dynamic tension to achieve re-approximation of
the fascial edges of the abdominal wall[29,30] or the use
of patches of synthetic material as a temporary, gradual
means for abdominal closure[31]; (3) Patients beyond the
2-3 wk window without progress towards closure or
improvement of general condition and interstitial edema
(“frozen abdomen”) and without bowel fistulization.
In these cases, the treatment options include skin cover
over the defect or allow wound granulation (absorbable synthetic mesh implant, NPWT) and thereafter
cover with skin grafts and subsequent definitive delayed
closure (after 6-12 mo) in the context of a “planned”
incisional hernia repair[32-37]; and (4) Patients with enteroatmospheric fistula. In these cases, the constant leak of
enteric contents on the open abdomen aggravates the
inflammation and encourages the formation of new fistulas. The control is extremely difficult[3]. Management
includes systemic treatment (nutritional support) and
temporary local control to prevent spillage of the enteric
contents and excoriation of the surrounding skin while
planning for definitive closure of the fistula. Due to the
large variability of enterocutaneous fistulas, treatment
should be individualized[15,38-40].

of incision, indication for operation (emergency operations, malignant tumors, infectious diseases), raised intraabdominal pressure (coughing, vomiting, abdominal distension from ileus or vigorous postoperative ventilation),
age > 65 years, chronic obstructive pulmonary disease
(COPD), hemodynamic instability, malnutrition, diabetes, obesity, ascites, jaundice and steroid use[43]. However, wound infection due to intra-abdominal infection
(20%-40% of cases)[52,53] or wound contamination (up to
52% of cases)[52] is the single most important risk factor
for abdominal wound disruption[43].
Unintentional acute POAW may occur during the
first 24 h after surgery[43], although it may range from 1 to
more than 23 d[41,47], with an average of 7 d postoperatively[41]. The preferred treatment of unplanned acute POAW
regarding definitive early or delayed closure[43-45,47,48,51-53]
should be established according to the possibility of early
reclosure without tension during the window period of
2-3 wk (as in planned acute POAW), the identification
and proper treatment of intra-abdominal infection including intra-abdominal abscesses (appropriate antibiotic
treatment and drainage preferably by the percutaneous
route) and the presence or absence of enterocutaneous
fistulas.
Treatment options
According to the aforementioned features, we have different subgroup categories of treatment which are also
closely interrelated with the subgroup categories of intentional acute POAW. (1) Patients with unintentional acute
POAW with complete wound dehiscence shared the same
characteristics and should be managed as patients with
intentional acute POAW; (2) Patients with incomplete
unintentional acute POAW with non-adherent bowel
loops/abdominal wall and without fistula are candidates
for fascia-to-fascia closure using a continuous slowly absorbable monofilament suture and following the 4:1 SL:
WL ratio[16,17,41-48,51-53]. Placement of retention sutures is
controversial and negative side-effects of the retention
closure technique have been reported[41,54-58]. Development of recurrence of unintentional acute POAW has
been described with a 5% incidence and development in
long term follow-up of incisional hernia in 40%-60% of
the cases[49,50]. For this reason, reinforcement with a synthetic mesh may be useful, especially in the absence of
intra-abdominal infection, although mesh closure has also
been recommended in clean-contaminated/contaminated
wounds[59-63]. Use of absorbable mesh is discouraged
by the high incidence of incisional hernias in the longterm[64]. In contaminated/dirty fields, other methods such
as NPWT or dynamic wound closure systems are more
appropriate[65]. The usefulness and long-term results of
biological implants is uncertain and are not recommended in cases of large bacterial inocula[28]; (3) Patients within
the 2-3 wk time window with incomplete unintentional
acute POAW and partially non-adherent bowel loops/abdominal wall and without enteroatmospheric fistula are
candidates for a definitive early progressive abdominal
wall closure in the same way as planned acute POAW; (4)

UNINTENTIONAL (UNPLANNED) ACUTE
POAW
Unintentional acute POAW or acute wound failure (also
known as burst abdomen, evisceration, wound dehiscence, wound disruption and fascial dehiscence) is a postoperative complication after primary closure of an abdominal laparotomy incision[41]. The incidence of fascial
dehiscence ranges between 0.5% and 3% of all laparotomies[42,43]. The morbidity is high, with prolonged hospital
stay and an increase in direct costs[44-48]. The dehiscenceassociated mortality rate (range 34%-44%) does not appear to be declining[49,50]. Moreover, unintentional acute
POAW is associated with a high incidence of subsequent
incisional hernia (40%-60%)[49,50]. Wound breakdown may
be complete, affecting all layers of the abdominal wall including the skin[51,43] or incomplete when the skin remains
intact. Drainage of serosanguinous fluid from the incision precedes dehiscence in up to 84% of cases[41].
Predisposing factors to the development of wound
disruption include the technique of wound closure, type
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Acute POAW

Intentional
acute POAW
(open abdomen)

Clinical/therapeutic scenario 1

Clinical/therapeutic scenario 2

Non-adherent bowel loops
/abdominal wall
< 2-3 wk
Without fistula
Suture, meshes (?)
Early definitive closure

Non-adherent bowel loops
/abdominal wall
< 2-3 wk
Without fistula
Suture, mesh
Early definitive closure

Clinical/therapeutic scenario 2

Clinical/therapeutic scenario 3

Partially non-adherent bowel loops
/abdominal wall
< 2-3 wk
Without fistula
NPWT, meshes, dynamic closure
Early progressive definitive closure

Partially non-adherent bowel loops
/abdominal wall
< 2-3 wk
Without fistula
NPWT, meshes, dynamic closure
Early progressive definitive closure

Clinical/therapeutic scenario 3

Clinical/therapeutic scenario 4

Frozen abdomen
>2-3 wk
Without fistula
Skin, NPWT, skin graft
Delayed closure (IH)

Frozen abdomen
>2-3 wk
Without fistula
Abdominal girdle
Delayed closure (IH)

Unintentional
acute POAW
(evisceration/
fascial dehiscence)

Incomplete
(intact skin)

Complete
(without skin cover)
Clinical/therapeutic scenario 1

Clinical/therapeutic scenario 5
Clinical/therapeutic scenario 4

Enteroatmospheric fistula
Individualized treatment

Enteroatmospheric fistula
Individualized treatment

Clinical/therapeutic scenario 6
Highly selected patients at high risk
Conservative treatment

Figure 1 Treatment strategies of acute postoperative open abdominal wall (intentional and unintentional) for the different clinical/therapeutic scenarios.
POAW: Postoperative open abdominal wall; NPWT: Negative pressure wound therapy; IH: Incisional hernia.

evisceration/fascial dehiscence and the open abdomen
are viewed as different and unrelated processes, possibly because the first is considered a complication of
surgery[41,43] and the second as a procedure of surgery[1,3].
On the other hand, the abdominal wall is a complex and
unique biological “organ”/mechanism contributing to the
correct maintenance of the organism homeostatic balance through contention of the abdominal viscera in the
right position, dynamics of respiratory activity[66], movement of the trunk[67], statics of the spine[68,69] and generation of intra-abdominal pressure for physiological functions such as cough, micturition and defecation. In this
context, acute postoperative open abdominal wall as a
result of unintended complications of surgery (i.e., burst
abdomen/evisceration/fascial dehiscence) or intended
surgical options (i.e., the open abdomen) originates from
different and interrelated groups of patients with a common characteristic: impaired abdominal wall, which in
turn may be grouped together under the term of acute
POAW. Conceptual understanding of acute POAW as a
nosological entity would allow stratification and collection of data in different patient subsets, favoring a better
knowledge and optimization of the therapeutic approach
of patients with this kind of abdominal wall-related disorders. In addition, it allows considering the abdominal
wall system as an independent “organ” involved in other
pathological and/or therapeutic conditions with a final

In patients with incomplete wound dehiscence and bowel
loops adherent to the abdominal wall beyond 2-3 wk
(frozen abdomen), abdominal girdles may be used before
planning a delayed closure method (after 6-12 mo) in the
context of an incisional hernia repair[49,50]; (5) Patients
with incomplete wound failure and enterocutaneous fistula should be managed individually and the technique
of closure of the wound depends on the surgeon’s discretion (as in planned acute POAW); and (6) In highly
selected patients at high risk for surgery, the use of some
type of compression garment (such as a girdle) is recommended and attempts of closure of the musculofascial
layers are contraindicated.
Treatment strategies and relationships of acute
POAW (intentional and unintentional) for the different
clinical/therapeutic scenarios are summarized in Figure 1
and Tables 1 and 2. However, the description of different
options do not lead to the definitive concept of “how I
do it” in each scenario because of a lack of a systematic
approach (low level of evidence) in the management of
this serious and heterogeneous surgical problem. In addition, the use of different techniques is still dependent on
the individual surgeon’s decision and experience.

CONCLUSION
We believe that in daily surgical practice, burst abdomen/
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Table 1 Groups and therapeutic options in complete intentional and unintentional acute postoperative open abdominal wall
Clinical/therapeutic Intestinal fistula

Non-adherent

Free inner

Window

Window

abdominal wall
Yes

≤ 2-3 wk

No

bowel loops
Yes

> 2-3 wk
-

2

No

Partially

Partially

3

No

No
“Frozen abdomen”

No
“Frozen abdomen”

4

Yes

-

-

scenario
1

Yes
Early definitive
closure
Yes
Definitive early
progressive
closure
-

-

-

Yes
Delayed
closure
-

Therapeutic option
Fascia to fascia closure. Continuous
slowly absorbable monofilament
suture, 4:1 rule
Vacuum-assisted wound closure
and mesh traction or dynamic
wound closure systems
Skin cover or after granulation skin
graft
“Planned” incisional hernia repair
Individualized

Table 2 Groups and therapeutic options in incomplete (intact skin) unintentional acute postoperative open abdominal wall
Clinical/therapeutic

Intestinal fistula

Non-adherent

Free inner

Window

Window

scenario
2

abdominal wall
Yes

≤ 2-3 wk

No

bowel loops
Yes

> 2-3 wk
-

3

No

Partially

Partially

4

No

5
6 High surgical risk

Yes
-

No
“Frozen
abdomen”
-

No
“Frozen
abdomen”
-

common challenge: closure of the abdominal wall.

Yes
Early definitive
closure
Yes
definitive early
progressive closure

-

8
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